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Notice:

OMRON products are manufactured for use according to proper procedures by a qualified operator
and only for the purposes described in this manual.

The following conventions are used to indicate and classify precautions in this manual. Always heed
the information provided with them. Failure to heed precautions can result in injury to people or dam-
age to property.

/\DANGER Indicates an imminently hazardous situation which, if not avoided, will result in death or
serious injury.

&WARNING Indicates a potentially hazardous situation which, if not avoided, could result in death or
serious injury.

&Caution Indicates a potentially hazardous situation which, if not avoided, may result in minor or
moderate injury, or property damage.

OMRON Product References

All OMRON products are capitalized in this manual. The word “Unit” is also capitalized when it refers
to an OMRON product, regardless of whether or not it appears in the proper name of the product.

The abbreviation “Ch,” which appears in some displays and on some OMRON products, often means
“word” and is abbreviated “Wd” in documentation in this sense.

The abbreviation “PC” means Programmable Controller and is not used as an abbreviation for any-
thing else.

Visual Aids

The following headings appear in the left column of the manual to help you locate different types of
information.

Note Indicates information of particular interest for efficient and convenient operation
of the product.

1,2, 3... 1. Indicates lists of one sort or another, such as procedures, checklists, etc.

(1 OMRON, 1999
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form, or by any means, mechanical, electronic, photocopying, recording, or otherwise, without the prior written permis-
sion of OMRON.

No patent liability is assumed with respect to the use of the information contained herein. Moreover, because OMRON is
constantly striving to improve its high-quality products, the information contained in this manual is subject to change
without notice. Every precaution has been taken in the preparation of this manual. Nevertheless, OMRON assumes no
responsibility for errors or omissions. Neither is any liability assumed for damages resulting from the use of the informa-
tion contained in this publication.
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About this Manual:

This manual describes programming of the CQM1H Programmable Controller, including memory struc-
ture, memory contents, ladder programming instructions, etc., and includes the sections described below.
Refer to the COM1H Operation Manual for hardware information and Programming Console operating
procedures.

Please read this manual carefully and be sure you understand the information provided before attempting
to program and operate the CQM1H.

Section 1 explains the PC Setup and related PC functions, including interrupt processing and commu-
nications. The PC Setup can be used to control the operating parameters of the PC.

Section 2 describes the Inner Boards that can be mounted in the CPU Unit to expand functionality. Refer
to the Serial Communications Board Operation Manual (W365) for details on the Serial Communications
Board. Only an outline of this Board is provided in Section 2.

Section 3 describes the structure of the PC's memory areas, and explains how to use them. It also de-
scribes Memory Cassette operations used to transfer data between the CPU Unit and a Memory Cas-
sette.

Section 4 explains the basic steps and concepts involved in writing a basic ladder program. It introduces
the instructions that are used to build the basic structure of the ladder program and control its execution.

Section 5 individually describes the ladder-diagram programming instructions that can be used to pro-
gram the CQM1H.

Section 6 explains the methods and procedures for using Host Link commands, which can be used for
host link communications via the PC ports.

Section 7 explains the internal processing of the PCs, and the time required for processing and execu-
tion. Refer to this section to gain an understanding of the precise timing of PC operation.

Section 8 describes how to diagnose and correct the hardware and software errors that can occur during
PC operation.

The following appendices are also provided: A Programming Instructions , B Error and Arithmetic
Flag Operation , C Memory Areas , D Using the Clock , E 1/O Assignment Sheet , F Program Cod -
ing Sheet, G List of FAL Numbers , and H Extended ASCII.

&WARNING Failure to read and understand the information provided in this manual may result in
personal injury or death, damage to the product, or product failure. Please read each
section in its entirety and be sure you understand the information provided in the section
and related sections before attempting any of the procedures or operations given.
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PRECAUTIONS

This section provides general precautions for using the CQM1H-series Programmable Controllers (PCs) and related devices.

The information contained in this section is important for the safe andeliable application of Pmgrammable Control-

lers. You must read this section and understand the information containetlefore attempting to set up or operate a PC
system.

lintendedAUdiENCE. . . . . . i
2 General Precautions
3 Safety Precautions. . . .. ...
4 Operating Environment Precautions
5 Application Precautions. . . ... ...t
6 Conformance to EC DIreCtives. . . . . . ..o
6-1 Applicable Directives
6-2 L0} o 07T o] £
6-3 Conformance to EC DireCtives. . . ... ..ottt e
6-4 Relay Output Noise Reduction Methods
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Safety Precautions

1

2

3

Xiv

Intended Audience

This manual is intended for the following personnel, who must also have knowl-
edge of electrical systems (an electrical engineer or the equivalent).

« Personnel in charge of installing FA systems.
 Personnel in charge of designing FA systems.
» Personnel in charge of managing FA systems and facilities.

General Precautions

/N WARNING

The user must operate the product according to the performance specifications
described in the operation manuals.

Before using the product under conditions which are not described in the manual
or applying the product to nuclear control systems, railroad systems, aviation
systems, vehicles, combustion systems, medical equipment, amusement ma-
chines, safety equipment, and other systems, machines, and equipment that
may have a serious influence on lives and property if used improperly, consult
your OMRON representative.

Make sure that the ratings and performance characteristics of the product are
sufficient for the systems, machines, and equipment, and be sure to provide the
systems, machines, and equipment with double safety mechanisms.

This manual provides information for programming and operating the PC. Be
sure to read this manual before attempting to use the PC and keep this manual
close at hand for reference during operation.

It is extremely important that a PC and all PC Units be used for the specified
purpose and under the specified conditions, especially in applications that can
directly or indirectly affect human life. You must consult with your OMRON
representative before applying a PC System to the above-mentioned
applications.

Safety Precautions

/N WARNING

/N WARNING
/N WARNING

/N WARNING

The CPU Unit refreshes I/O even when the program is stopped (i.e., even in
PROGRAM mode). Confirm safety thoroughly in advance before changing the
status of any part of memory allocated to I/O Units, Dedicated 1/O Units, or Inner
Board. Any changes to the data allocated to any Unit may result in unexpected
operation of the loads connected to the Unit. Any of the following operation may
result in changes to memory status.

« Transferring 1/0 memory data to the CPU Unit from a Programming Device.
» Changing present values in memory from a Programming Device.
* Force-setting/-resetting bits from a Programming Device.

« Transferring /0 memory from a host computer or from another PC on a net-
work.

Do not attempt to take any Unit apart or touch the interior while the power is
being supplied. Doing so may result in electric shock.

Do not touch any of the terminals or terminal blocks while the power is being
supplied. Doing so may result in electric shock.

Provide safety measures in external circuits (i.e., not in the Programmable
Controller), including the following items, in order to ensure safety in the system
if an abnormality occurs due to malfunction of the PC or another external factor
affecting the PC operation. Not doing so may result in serious accidents.
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/N WARNING

/N WARNING

& Caution

&Caution

& Caution

» Emergency stop circuits, interlock circuits, limit circuits, and similar safety
measures must be provided in external control circuits.

» The PC will turn OFF all outputs when its self-diagnosis function detects any
error or when a severe failure alarm (FALS) instruction is executed. As a coun-
termeasure for such errors, external safety measures must be provided to en-
sure safety in the system.

» The PC outputs may remain ON or OFF due to deposition or burning of the
output relays or destruction of the output transistors. As a countermeasure for
such problems, external safety measures must be provided to ensure safety in
the system.

* When the 24-VDC output (service power supply to the PC) is overloaded or
short-circuited, the voltage may drop and result in the outputs being turned
OFF. As a countermeasure for such problems, external safety measures must
be provided to ensure safety in the system.

Do not attempt to disassemble, repair, or modify any Units. Any attempt to do so
may result in malfunction, fire, or electric shock.

Do not touch the Power Supply Unit while power is being supplied or
immediately after power has been turned OFF. Doing so may result in burns.

Execute online edit only after confirming that no adverse effects will be caused
by extending the cycle time. Otherwise, the input signals may not be readable.

Confirm safety at the destination node before transferring a program to another
node or changing contents of the I/O memory area. Doing either of these without
confirming safety may result in injury.

Tighten the screws on the terminal block of the AC Power Supply Unit to the
torque specified in the operation manual. The loose screws may result in burning
or malfunction.
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Operating Environment Precautions

& Caution

&Caution

& Caution

Do not operate the control system in the following locations:

* Locations subject to direct sunlight.

« Locations subject to temperatures or humidity outside the range specified in
the specifications.

* Locations subject to condensation as the result of severe changes in tempera-
ture.

* Locations subject to corrosive or flammable gases.

* Locations subject to dust (especially iron dust) or salts.

« Locations subject to exposure to water, oil, or chemicals.
« Locations subject to shock or vibration.

Take appropriate and sufficient countermeasures when installing systems in the
following locations:

* Locations subject to static electricity or other forms of noise.
« Locations subject to strong electromagnetic fields.

« Locations subject to possible exposure to radioactivity.

* Locations close to power supplies.

The operating environment of the PC System can have a large effect on the lon-
gevity and reliability of the system. Improper operating environments can lead to
malfunction, failure, and other unforeseeable problems with the PC System. Be
sure that the operating environment is within the specified conditions at installa-
tion and remains within the specified conditions during the life of the system.

Application Precautions

Observe the following precautions when using the PC System.

&WARNING Always heed these precautions. Failure to observe the following precautions

&Caution

could lead to serious or possibly fatal injury.

 Always ground the system to 100 Q or less when installing the Units. Not con-
necting to a ground of 100 Q or less may result in electric shock.

» Always turn OFF the power supply to the PC before attempting any of the fol-
lowing. Not turning OFF the power supply may result in malfunction or electric
shock.

» Assembling the Units.

» Connecting cables or wiring the system.

« Connecting or disconnecting the connectors.
« Setting DIP switches.

» Replacing the battery.

Failure to observe the following precautions could lead to faulty operation of the
PC or the system, or could damage the PC or PC Units. Always heed these pre-
cautions.

« Fail-safe measures must be taken by the customer to ensure safety in the
event of incorrect, missing, or abnormal signals caused by broken signal lines,
momentary power interruptions, or other causes.
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Fail-safe measures must be taken by the customer to ensure safety in the
event that outputs from Output Units remain ON as a result of internal circuit
failures, which can occur in relays, transistors, and other elements.

Always turn ON power to the PC before turning ON power to the control sys-
tem. If the PC power supply is turned ON after the control power supply, tempo-
rary errors may result in control system signals because the output terminals
on DC Output Units and other Units will momentarily turn ON when power is
turned ON to the PC.

Do not turn OFF the power supply to the PC when data is being transferred. In
particular, do not turn OFF the power supply when reading or writing a Memory
Card. Also, do not remove the Memory Card when the BUSY indicator is lit. To
remove a Memory Card, first press the memory card power supply switch and
then wait for the BUSY indicator to go out before removing the Memory Card.

If the 1/0 Hold Bit (SR 25212) is turned ON, the outputs from the PC will not be
turned OFF and will maintain their previous status when the PC is switched
from RUN or MONITOR mode to PROGRAM mode. Make sure that the exter-
nal loads will not produce dangerous conditions when this occurs. (When op-
eration stops for a fatal error, including those produced with the FALS(07)
instruction, all outputs from Output Unit will be turned OFF and only the internal
output status will be maintained.)

Install the Units properly as specified in the operation manuals. Improper
installation of the Units may result in malfunction.

Mount Units only after checking terminal blocks and connectors completely.
When assembling the Units or mounting the end cover, be sure to lock them

securely as shown in the following illustrations. If they are not properly locked,
desired functionality may not be achieved.

Be sure to mount the end cover to the rightmost Unit.

Be sure that all the mounting screws, terminal screws, and cable connector
screws are tightened to the torque specified in the relevant manuals. Incorrect
tightening torque may result in malfunction.

Be sure that the terminal blocks, Memory Units, expansion I/O cables, and oth-
er items with locking devices are properly locked into place. Improper locking
may result in malfunction.

Be sure to confirm the orientation and polarities when connecting terminal
blocks and connectors.

Leave the label attached to the Unit when wiring. Removing the label may re-
sult in malfunction if foreign matter enters the Unit.

Remove the label after the completion of wiring to ensure proper heat dissipa-
tion. Leaving the label attached may result in malfunction.

Wire all connections correctly.

When supplying power at 200 to 240 V AC from a CQM1-PA216 Power Supply
Unit, always remove the metal jumper from the voltage selector terminals. The
product will be destroyed if 200 to 240 V AC is supplied while the metal jumper
is attached.

A ground of 100 Q or less must be installed when shorting the GR and LG ter-
minals on the Power Supply Unit.

Use crimp terminals for wiring. Do not connect bare stranded wires directly to
terminals. Connection of bare stranded wires may result in burning.

Do not apply voltages to the Input Units in excess of the rated input voltage.
Excess voltages may result in burning.

Do not apply voltages or connect loads to the Output Units in excess of the
maximum switching capacity. Excess voltage or loads may result in burning.
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Install external breakers and take other safety measures against short-circuit-
ing in external wiring. Insufficient safety measures against short-circuiting may
result in burning.

Always use the power supply voltages specified in the operation manuals. An
incorrect voltage may result in malfunction or burning.

Take appropriate measures to ensure that the specified power with the rated
voltage and frequency is supplied. Be particularly careful in places where the
power supply is unstable. An incorrect power supply may result in malfunction.

Disconnect the functional ground terminal when performing withstand voltage
tests. Not disconnecting the functional ground terminal may result in burning.

Check switch settings, the contents of the DM Area, and other preparations
before starting operation. Starting operation without the proper settings or data
may result in an unexpected operation.

Check the user program for proper execution before actually running it on the
Unit. Not checking the program may result in an unexpected operation.
Double-check all wiring and switch settings before turning ON the power sup-
ply. Incorrect wiring may result in burning.

Confirm that no adverse effect will occur in the system before attempting any of
the following. Not doing so may result in an unexpected operation.

» Changing the operating mode of the PC.

« Force-setting/force-resetting any bit in memory.

» Changing the present value of any word or any set value in memory.
Before touching a Unit, be sure to first touch a grounded metallic object in order
to discharge any static build-up. Not doing so may result in malfunction or dam-
age.

Do not pull on the cables or bend the cables beyond their natural limit. Doing
either of these may break the cables.

Do not place objects on top of the cables or other wiring lines. Doing so may
break the cables.

Resume operation only after transferring to the new CPU Unit the contents of
the DM Area, HR Area, and other data required for resuming operation. Not
doing so may result in an unexpected operation.

Do not short the battery terminals or charge, disassemble, heat, or incinerate
the battery. Do not subject the battery to strong shocks. Doing any of these
may result in leakage, rupture, heat generation, or ignition of the battery. Dis-
pose of any battery that has been dropped on the floor or otherwise subjected
to excessive shock. Batteries that have been subjected to shock may leak if
they are used.

UL standards required that batteries be replaced only by experienced techni-
cians. Do not allow unqualified persons to replace batteries.

When replacing parts, be sure to confirm that the rating of a new part is correct.
Not doing so may result in malfunction or burning.

When transporting or storing circuit boards, cover them in antistatic material to
protect them from static electricity and maintain the proper storage tempera-
ture.

Do not touch circuit boards or the components mounted to them with your bare
hands. There are sharp leads and other parts on the boards that may cause
injury if handled improperly.

Before touching a Unit or Board, be sure to first touch a grounded metallic ob-
ject to discharge any static build-up from your body. Not doing so may result in
malfunction or damage.

Provide sufficient clearances around the Unit and other devices to ensure
proper heat dissipation. Do not cover the ventilation openings of the Unit.
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For wiring, use crimp terminals of the appropriate size as specified in relevant
manuals.

Do not allow metallic objects or conductive wires to enter the Unit.

Set the operating settings of the Temperature Controller properly according to
the system to be controlled.

Provide appropriate safety measures, such as overheat prevention and alarm
systems, in separate circuits to ensure safety of the entire system even when
the Temperature Controller malfunctions.

Allow at least 10 minutes after turning ON the Temperature Controller as war-
mup time.

Do not use thinner to clean the product. Use commercially available cleaning
alcohol.

Mount the 1/0 Control Unit on the right of the CPU Block.

When using Expansion 1/O Blocks, configure the system so that the current
consumptions for the CPU Block and each of the Expansion 1/0 Blocks do not
exceed the specified values, and that the total current consumption does not
exceed the current capacity of the Power Supply Unit.

Configure the system so that the number of Units in both the CPU Block and
Expansion 1/0O Blocks do not exceed the maximum number of connectable
Units for the Block.

XiX



Conformance to EC Directives 6

6 Conformance to EC Directives

6-1  Applicable Directives

6-2 Concepts

Note

* EMC Directives
 Low Voltage Directive

EMC Directives

OMRON devices that comply with EC Directives also conform to the related
EMC standards so that they can be more easily built into other devices or ma-
chines. The actual products have been checked for conformity to EMC stan-
dards (see the following note). Whether the products conform to the standards in
the system used by the customer, however, must be checked by the customer.

EMC-related performance of the OMRON devices that comply with EC Direc-
tives will vary depending on the configuration, wiring, and other conditions of the
equipment or control panel in which the OMRON devices are installed. The cus-
tomer must, therefore, perform final checks to confirm that devices and the over-
all machine conform to EMC standards.

Applicable EMC (Electromagnetic Compatibility) standards are as follows:

EMS (Electromagnetic Susceptibility): EN61131-2
EMI (Electromagnetic Interference): EN50081-2

(Radiated emission: 10-m regulations)
Low Voltage Directive

Always ensure that devices operating at voltages of 50 to 1,000 V AC or 75 to
1,500 V DC meet the required safety standards for the PC (EN61131-2).

6-3 Conformance to EC Directives

1,2 3.

The CQM1H-series PCs comply with EC Directives. To ensure that the machine
or device in which a CQM1H-series PC is used complies with EC directives, the
PC must be installed as follows:

1. The PC must be installed within a control panel.

2. Reinforced insulation or double insulation must be used for the DC power
supplies used for the communications and I/O power supplies.

3. PCs complying with EC Directives also conform to the Common Emission
Standard (EN50081-2). When a PC is built into a machine, however, noise
can be generated by switching devices using relay outputs and cause the
overall machine to fail to meet the Standards. If this occurs, surge killers
must be connected or other measures taken external to the PC.

The following methods represent typical methods for reducing noise, and
may not be sufficient in all cases. Required countermeasures will vary de-
pending on the devices connected to the control panel, wiring, the configu-
ration of the system, and other conditions.

6-4  Relay Output Noise Reduction Methods

XX

The CQM1H-series PCs conforms to the Common Emission Standards
(EN50081-2) of the EMC Directives. However, noise generated by relay output
switching may not satisfy these Standards. In such a case, a noise filter must be
connected to the load side or other appropriate countermeasures must be pro-
vided external to the PC.

Countermeasures taken to satisfy the standards vary depending on the devices
on the load side, wiring, configuration of machines, etc. Following are examples
of countermeasures for reducing the generated noise.
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Countermeasures

Refer to EN50081-2 for more details.

Countermeasures are not required if the frequency of load switching for the
whole system including the PC is less than 5 times per minute.

Countermeasures are required if the frequency of load switching for the whole
system including the PC is 5 times or more per minute.

Countermeasure Examples

When switching an inductive load, connect a surge protector, diodes, etc., in par-
allel with the load or contact as shown below.

Circuit Current Characteristic Required element
AC DC
CR method Yes |Yes If the load is a relay or solenoid, there | The capacitance of the capacitor must
R is a time lag between the moment the | be 1to 0.5 puF per contact current of
o circuit is opened and the moment the | 1 A and resistance of the resistor must
@ 9 load is reset. be 0.5to 1 Q per contact voltage of
So If the supply voltage is 24 or 48 V, 1 V. These values, howevgr, vary with
' ES insert the surge protector in parallel th? lo"’g a_ndd thhe charalcten?m:s of the
o with the load. If the supply voltage is {e ay. eC|de tkes_e va ues_drom_
100 to 200 V, insert the surge ﬁstlnk?, and take into consideration )
protector between the contacts. that the capacitance suppresses spar
discharge when the contacts are
separated and the resistance limits
the current that flows into the load
when the circuit is closed again.
The dielectric strength of the capacitor
must be 200 to 300 V. If the circuit is
an AC circuit, use a capacitor with no
polarity.
Diode method No Yes | The diode connected in parallel with The reversed dielectric strength value
S o the load changes energy accumulated | of the diode must be at least 10 times
5 by the coil into a current, which then as large as the circuit voltage value.
2 flows into the coil so that the current The forward current of the diode must
é-g will be converted into Joule heat by be the same as or larger than the load
ES;‘ST; £0 the resistance of the inductive load. current.
This time lag, between the moment The reversed dielectric strength value
the circuit is opened and the moment | of the diode may be two to three times
the load is reset, caused by this larger than the supply voltage if the
method is longer than that caused by | surge protector is applied to electronic
the CR method. circuits with low circuit voltages.
Varistor method Yes |Yes | The varistor method prevents the
ST imposition of high voltage between the
‘ el contacts by using the constant voltage
! ~ 2 characteristic of the varistor. There is
@ S5 time lag between the moment the
‘ Power 28 circuit is opened and the moment the
! supply load is reset.
If the supply voltage is 24 or 48 V,
insert the varistor in parallel with the
load. If the supply voltage is 100 to
200 V, insert the varistor between the
contacts.

XXi
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When switching a load with a high inrush current such as an incandescent lamp,
suppress the inrush current as shown below.

Countermeasure 1 Countermeasure 2
R
ouT ouT
+ +
R
COM COM
Providing a dark current of approx. Providing a limiting resistor

one-third of the rated value through
an incandescent lamp
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Section 1-1

1-1 PC Setup

Default Values

& Caution

The PC Setup contains operating parameters that control CQM1H operation. To
make the maximum use of CQM1H functionality when using interrupt proces-
sing and communications functions, the PC Setup may be customized accord-
ing to operating conditions.

The general PC Setup settings are contained in DM 6600 to DM 6655 and the
Serial Communications Board settings are contained in DM 6550 to DM 6559.
Strictly speaking, the Serial Communications Board settings are part of the read-
only DM area, not the PC Setup, but they are included here because they are so
similar to PC Setup settings.

The PC Setup defaults are set for general operating conditions, so that the
CQM1H can be used without having to change the settings. You are, however,
advised to check the default values before attempting operation.

The default values for the PC Setup are 0000 for all words. The default values for
DM 6600 to DM 6655 can be reset at any time by turning ON SR 25210.

When data memory (DM) is cleared from a Programming Device, the PC Setup
settings will also be cleared to all zeros.

1-1-1 Changing the PC Setup

Making Changes from a
Programming Device

Write-protecting the PC
Setup

Errors in the PC Setup

PC Setup settings are read at various times depending on the setting, as de-
scribed below.

* DM 6550 to DM 6559: Read regularly when the power is ON.

« DM 6600 to DM 6614: Read only when PC’s power supply is turned ON.
DM 6615 to DM 6644: Read only when program execution begins.

« DM 6645 to DM 6655: Read regularly when the power is ON.

Changes in the PC Setup become effective only at the times given above. The
CQM1H will thus have to be restarted to make changes in DM 6600 to DM 6614
effective, and program execution will have to be restarted to make changes in
DM 6615 to DM 6644 effective.

The PC Setup can be read, but not written, from the user program. Writing can
be done only by using a Programming Console or other Programming Device.

DM 6600 to DM 6644 can be set or changed only while in PROGRAM mode.
DM 6550 to DM 6559 and DM 6645 to DM 6655 can be set or changed while in
either PROGRAM mode or MONITOR mode.

After PC Setup settings have been made, pin 1 on the DIP switch on the front of
the CPU Unit can be turned ON to prevent Programming Devices from overwrit-
ing the PC Setup. When pin 1 is ON, the user program, the read-only DM area
(DM 6144 to DM 6568), and the PC Setup (DM 6600 to DM 6655) cannot be
overwritten from a Programming Device.

If an incorrect PC Setup setting is accessed, a non-fatal error (error code 9B) will
be generated, the corresponding error flag will be turned ON, and the default set-
ting will be used.

Flag(s) Function
AR 2400 Turns ON when there is an error in DM 6600 to DM 6614 (read when the power is turned ON).
AR 2401 Turns ON when there is an error in DM 6615 to DM 6644 (read at the beginning of operation).
AR 2402 Turns ON when there is an error in DM 6645 to DM 6655 (read regularly when power is ON).
AR 0400 to AR 0407 | An error code of 10 is written to this byte when there is an error in DM 6550 to DM 6559 (read
regularly when power is ON).
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1-1-2 Serial Communications Board Settings

The following table shows the Serial Communications Board settings in the DM
area. For details, refer to the Serial Communications Board Operation Manual.

Word(s) ‘ Bit(s) ‘ Function

Serial Communications Board Settings

The following settings are effective after transfer to the PC. (The settings for port 2 are contained in words DM 6550 to
DM 6554 and the settings for port 1 are contained in words DM 6555 to DM 6559.)

DM 6550 00 to 03 | Port Settings

(port 2) 0: Standard (1 start bit, 7-bit data, even parity, 2 stop bits, 9,600 bps)
DM 6555 1: Settings in DM 6551 (DM 6556 for port 1)
(port 1)

04 to 07 | CTS Control Settings
0: Disable; 1: Set

08to 11 | Link Words for 1:1 Data Link  (when bits 12 to 15 are set to 3)
0:LRO0to LR 63; 1: LR0OO to LR 31; 2: LR 00 to LR 15

Maximum Programmable Terminal unit number (when bits 12 to 15 are set to 5)
lto7

12 to 15 | Communications Mode
0: Host Link; 1: No-protocol; 2: 1:1 Data Link Slave; 3: 1:1 Data Link Master; 4: NT Link in 1:1
Mode; 5: NT Link in 1:N Mode; 6: Protocol Macro

DM 6551 00 to 07 | Baud Rate

(port 2) 00: 1.2K, 01: 2.4K, 02: 4.8K, 03: 9.6K, 04: 19.2K

DM 6556 08 to 15 | Frame Format

(port 1) Start Length Stop Parity
00: 1 bit 7 bits 1 bit Even
01: 1 bit 7 bits 1 bit Odd
02: 1 bit 7 bits 1 bit None
03: 1 bit 7 bits 2 bit Even
04: 1 bit 7 bits 2 bit Odd
05: 1 bit 7 bits 2 bit None
06: 1 bit 8 bits 1 bit Even
07: 1 bit 8 bits 1 bit Odd
08: 1 bit 8 bits 1 bit None
09: 1 bit 8 bits 2 bit Even
10: 1 bit 8 bits 2 bit Odd
11: 1 bit 8 bits 2 bit None

DM 6552 00 to 15 | Transmission Delay (Host Link or No-protocol)

(port 2) 0000 to 9999 (BCD): Set in units of 10 ms, e.g., a setting of 0001 equals 10 ms

DM 6557

(port 1)

DM 6553 00 to 07 | Node Number (Host Link)

(port 2) 00 to 31 (BCD)

DM 6558 08to 11 | Start Code Enable (No-protocol)

(port 1) 0: Disable; 1: Set

12 to 15 | End Code Enable (No-protocol)
0: Disable (number of bytes received)
1: Set (specified end code)

2:CR, LF
DM 6554 00 to 07 | Start Code (No-protocol)
(port 2) 00 to FF (hexadecimal)
DM 6559 08 to 15 | When bits 12 to 15 of DM 6553 or DM 6558 are set to O:
(port 1) Number of Bytes Received

00: Default setting (256 bytes)
01 to FF: 1 to 255 bytes

When bits 12 to 15 of DM 6553 or DM 6558 are set to 1:
End Code (No-protocol)
00 to FF (hexadecimal)
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1-1-3 PC Setup Settings

The following table shows the PC Setup settings in order in the DM area. For

details, refer to the page numbers shown.

Word(s) | Bit(s) | Function Page
Startup Processing (DM 6600 to DM 6614)
The following settings are effective after transfer to the PC only after the PC is restarted.
DM 6600 00 to 07 | Startup Mode (effective when bits 08 to 15 are set to 02). 11
00: PROGRAM; 01: MONITOR 02: RUN
08 to 15 | Startup Mode Designation
00: Depends on CPU Unit DIP switch pin 7 and Programming Console switch settings
01: Continue operating mode last used before power was turned OFF
02: Setting in DM 6600 bits 00 to 07
DM 6601 00 to 07 | Not used.
08to 11 |1/O Hold Bit Status (SR 25212) 12
0: Reset; 1: Maintain
12 to 15 | Forced Status Hold Bit Status (SR 25211)
0: Reset; 1: Maintain
DM 6602 to | 00to 15 |Inner Board Slot 1 Settings (See 1-2 Inner Board Settings for details.) 8
DM 6603
DM 6604 to |00to 15 | Not used.
DM 6610
DM 6611to |00to 15 |Inner Board Slot 2 Settings (See 1-2 Inner Board Settings for details.) 8
DM 6612
DM 6613 00 to 15 | Servicing Time Setting for Serial Communications Board Port 2 8
DM 6614 00 to 15 | Servicing Time Setting For Serial Communications Board Port 1
Pulse Output and Cycle Time Settings (DM 6615 to DM 6619)
The following settings are effective after transfer to the PC the next time operation is started.
DM 6615 00 to 07 | Word for Pulse Output 41
00: IR 100; 01: IR101; 02: IR 102... 15: IR 115
Sets the word used for pulse output from an output on a Transistor Output Unit. Pulses
can be output only from one output at a time.
08 to 15 | Not used. Set to 00.
DM 6616 00 to 07 | Servicing Time for RS-232C Port  (when bits 08 to 15 are set to 01) 12
00 to 99 (BCD): Percentage of cycle time used to service RS-232C port. The servicing
time must be between 0.256 ms and 65.536 ms.
08 to 15 | RS-232C Port Servicing Setting Enable
00: 5% of the cycle time
01: Use time in 00 to 07.
(When the PC is stopped, the servicing time will always be 10 ms.)
DM 6617 00 to 07 | Servicing Time for Peripheral Port  (when bits 08 to 15 are set to 01) 13
00 to 99 (BCD): Percentage of cycle time used to service peripheral port. The servic-
ing time must be between 0.256 ms and 65.536 ms.
08 to 15 | Peripheral Port Servicing Setting Enable
00: 5% of the cycle time
01: Use time setting in bits 00 to 07.
(When the PC is stopped, the servicing time will always be 10 ms.)
DM 6618 00 to 07 | Cycle Monitor Time (when bits 08 to 15 are set to 01, 02, or 03) 16
00 to 99 (BCD) x setting units (See bits 08 to 15.)
08 to 15 | Cycle Monitor Enable
00: 120 ms (setting in bits 00 to 07 disabled)
01: Setting units: 10 ms
02: Setting units: 100 ms
03: Setting units: 1 s
DM 6619 00to 15 | Cycle Time 13

0000: Variable (no minimum)
0001 to 9999 (BCD): Minimum cycle time in ms
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Word(s)

| Bit(s) |

Function

| Page

Interrupt Processing (DM 6620 to DM 6639)
The following settings are effective after transfer to the PC the next time operation is started.

DM 6620

00 to 03

Input Time Constant for IR 00000 to IR 00007
0:8ms;1:1ms;2:2ms;3:4ms; 4:8ms; 5:16 ms; 6: 32 ms; 7: 64 ms; 8: 128 ms

13

04 to 07

Input Time Constant for IR 00008 to IR 00015

(Setting same as bits 00 to 03)

08to 11

Input Time Constant for IR 001

(Setting same as bits 00 to 03)

12 to 15

Not used. Set to 0.

DM 6621

00 to 07

Input Constant for IR 002

00: 8 ms; 01: 1 ms; 02: 2 ms; 03: 4 ms; 04: 8 ms; 05: 16 ms; 06: 32 ms; 07: 64 ms;

08: 128 ms

13

08 to 15

Input Constant for IR 003

(Setting same as for IR 002.)

DM 6622

00to 07

Input Constant for IR 004

(Setting same as for IR 002.)

08 to 15

Input Constant for IR 005

(Setting same as for IR 002.)

DM 6623

00 to 07

Input Constant for IR 006

(Setting same as for IR 002.)

08 to 15

Input Constant for IR 007

(Setting same as for IR 002.)

DM 6624

00 to 07

Input Constant for IR 008

(Setting same as for IR 002.)

08 to 15

Input Constant for IR 009

(Setting same as for IR 002.)

DM 6625

00 to 07

Input Constant for IR 010

(Setting same as for IR 002.)

08to 15

Input Constant for IR 011

(Setting same as for IR 002.)

DM 6626

00 to 07

Input Constant for IR 012

(Setting same as for IR 002.)

08to 15

Input Constant for IR 013

(Setting same as for IR 002.)

DM 6627

00 to 07

Input Constant for IR 014

(Setting same as for IR 002.)

08to 15

Input Constant for IR 015

(Setting same as for IR 002.)

DM 6628

00 to 03

Interrupt Enable for IR 00000
0: Normal input; 1: Interrupt input in Interrupt Input Mode or Counter Mode

22

04 to 07

Interrupt Enable for IR 00001
0: Normal input; 1: Interrupt input in Interrupt Input Mode or Counter Mode

08to 11

Interrupt Enable for IR 00002
0: Normal input; 1: Interrupt input in Interrupt Input Mode or Counter Mode

12 to 15

Interrupt Enable for IR 00003
0: Normal input; 1: Interrupt input in Interrupt Input Mode or Counter Mode

DM 6629

00 to 07

Number of TIMH(15) High-speed Timers to Refresh by Interrupt Refreshing
00 to 15 (BCD; e.g., set 3 for timers 00 to 02)

14

08 to 15

High-speed Timer Interrupt Refresh Enable
00: 16 timers (setting in bits 00 to 07 disabled)
01: Use setting in 00 to 07

DM 6630

00 to 07

First Input Refresh Word for I/O Interrupt 0: 00 to 11 (BCD)

22

08 to 15

Number of Input Refresh Words for I/O Interrupt O: 00to 12 (BCD)

DM 6631

00 to 07

First Input Refresh Word for I/O Interrupt 1: 00 to 11 (BCD)

08 to 15

Number of Input Refresh Words for I/O interrupt 1: 00to 12 (BCD)

DM 6632

00 to 07

First Input Refresh Word for I/O Interrupt 2: 00 to 11 (BCD)

08 to 15

Number of Input Refresh Words for I/O Interrupt 2: 00to 12 (BCD)

DM 6633

00to 07

First Input Refresh Word for I/O Interrupt 3: 00 to 11 (BCD)

08 to 15

Number of Input Refresh Words for I/O Interrupt 3: 00 to 12 (BCD)

DM 6634

00 to 07

First Input Refresh Word for High-speed Counter 1: 00 to 11 (BCD)

22

08to 15

Number of Input Refresh Words for High-speed Counter 1: 00 to 12 (BCD)

DM 6635

00 to 07

First Input Refresh Word for High-speed Counter 2: 00 to 11 (BCD)

22

08 to 15

Number of Input Refresh Words for High-speed Counter 2: 00 to 12 (BCD)
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Word(s) Bit(s) Function Page
DM 6636 00 to 07 | First Input Refresh Word for Interval Timer 0: 00 to 15 (BCD) 27,34
08 to 15 | Number of Input Refresh Words for Interval Timer O: 00 to 16 (BCD)
DM 6637 00 to 07 | First Input Refresh Word for Interval Timer 1: 00 to 15 (BCD)
08 to 15 | Number of Input Refresh Words for Interval Timer 1: 00 to 16 (BCD)
DM 6638 00 to 07 | First Input Refresh Word for Interval Timer 2 or High-speed Counter O:
00 to 15 (BCD)
08 to 15 | Number of Input Refresh Words for Interval Timer 2 or High-speed Counter 0:
00 to 16 (BCD)
DM 6639 00 to 07 | Output Refresh Method 15,
00: Cyclic; 01: Direct 469
08 to 15 | Number of Digits for DIGITAL SWITCH (DSW(87)) Instruction 15,
00: 4 digits; 01: 8 digits 420
High-speed Counter Settings (DM 6640 to DM 6644)
The following settings are effective after transfer to the PC the next time operation is started.
DM 6640to |00to 15 |Inner Board Slot 1 Settings (See 1-2 Inner Board Settings for details.) 8
DM 6641
DM 6642 00 to 03 | High-speed Counter 0 Input Mode 34
0: Differential phase mode; 4: Incrementing mode
04 to 07 | High-speed Counter 0 Reset Mode
0: Phase-Z and software reset; 1: Software reset only
08 to 15 | High-speed Counter 0 Enable
00: Don't use high-speed counter 0; 01: Use high-speed counter 0.
DM 6643 to |00to 15 |Inner Board Slot 2 Settings (See 1-2 Inner Board Settings for details.) 8
DM 6644
RS-232C Port Settings
The following settings are effective after transfer to the PC.
DM 6645 00 to 03 | Port Settings (Host Link or No-protocol mode) 42
0: Standard (1 start bit, 7-bit data, even parity, 2 stop bits, 9,600 bps)
1: Settings in DM 6646
04 to 07 | CTS Control Settings (Host Link or No-protocol mode)
0: Disable; 1: Set
08to 11 |Link Words for 1:1 Data Link (1:1 data link master mode)
0: LROOto LR 63; 1: LROO to LR 31; 2: LR 00 to LR 15
12 to 15 | Communications Mode
0: Host Link; 1: No-protocol; 2: 1:1 Data Link Slave; 3: 1:1 Data Link Master; 4: NT
Link in 1:1 Mode
DM 6646 00 to 07 | Baud Rate
00: 1.2 kbps, 01: 2.4 kbps, 02: 4.8 kbps, 03: 9.6 kbps, 04: 19.2 kbps
08 to 15 | Frame Format
Start Length Stop Parity
00: 1 bit 7 bits 1 bit Even
01: 1 bit 7 bits 1 bit Odd
02: 1 bit 7 bits 1 bit None
03: 1 bit 7 bits 2 bit Even
04: 1 bit 7 bits 2 bit Odd
05: 1 bit 7 bits 2 bit None
06: 1 bit 8 bits 1 bit Even
07: 1 bit 8 bits 1 bit Odd
08: 1 bit 8 bits 1 bit None
09: 1 bit 8 bits 2 bit Even
10: 1 bit 8 bits 2 bit Odd
11: 1 bit 8 bits 2 bit None
DM 6647 00to 15 | Transmission Delay (Host Link or No-protocol)

0000 to 9999 (BCD): Set in units of 10 ms, e.g., a setting of 0001 equals 10 ms
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Word(s) Bit(s) Function Page
DM 6648 00 to 07 | Node Number (Host Link): 00 to 31 (BCD) 42
08to 11 | Start Code Enable (No-protocol)
0: Disable; 1: Set
12 to 15 | End Code Enable (No-protocol)
0: Disable (number of bytes received)
1: Set (specified end code)
2: CR, LF
DM 6649 00 to 07 | Start Code (No-protocol)
00 to FF (hexadecimal)
08 to 15 | When bits 12 to 15 of DM 6648 are set to 0:
Number of Bytes Received
00: Default setting (256 bytes)
01 to FF: 1 to 255 bytes
When bits 12 to 15 of DM 6648 are set to 1:
End Code (No-protocol)
00 to FF (hexadecimal)
Peripheral Port Settings
The following settings are effective after transfer to the PC.
DM 6650 00 to 03 | Port Settings (Host Link or No-protocol mode) 15, 42
0: Standard (1 start bit, 7-bit data, even parity, 2 stop bits, 9,600 bps)
1: Settings in DM 6651
04 to 07 | CTS Control Settings (Host Link or No-protocol mode)
0: Disable; 1: Set
08to 11 | Not used.
12 to 15 | Communications Mode (when bits 00 to 03 are set to 1)
0: Host Link; 1: No-protocol
When a Programming Console is connected to the peripheral port, turn OFF pin 7 of
the CPU Unit's DIP switch. (Pin 5 and the PC Setup settings are disabled in this case.)
When connecting a personal computer to the peripheral port for use as a Program-
ming Device, turn pin 7 ON and set the communications mode to “Host Link.” When
these settings have been made and the personal computer is set for peripheral bus
operation, the CPU Unit's peripheral port communications mode will automatically
switch to peripheral bus mode.
DM 6651 00 to 07 | Baud Rate (Host Link, peripheral bus, or No-protocol mode) 42
00: 1.2 kbps, 01: 2.4 kbps, 02: 4.8 kbps, 03: 9.6 kbps, 04: 19.2 kbps
08 to 15 | Frame Format (Host Link or No-protocol mode)
Start Length Stop Parity
00: 1 bit 7 bits 1 bit Even
01: 1 bit 7 bits 1 bit Odd
02: 1 bit 7 bits 1 bit None
03: 1 bit 7 bits 2 bit Even
04: 1 bit 7 bits 2 bit Odd
05: 1 bit 7 bits 2 bit None
06: 1 bit 8 bits 1 bit Even
07: 1 bit 8 bits 1 bit Odd
08: 1 bit 8 bits 1 bit None
09: 1 bit 8 bits 2 bit Even
10: 1 bit 8 bits 2 bit Odd
11: 1 bit 8 bits 2 bit None
DM 6652 00 to 15 | Transmission Delay (No-protocol or Slave-initiated Host Link communications only)
0000 to 9999 (BCD): Set in units of 10 ms, e.g., a setting of 0001 equals 10 ms
DM 6653 00to 07 | Node Number (Host Link): 00 to 31 (BCD)
08to 11 | Start Code Enable (No-protocol)
0: Disable; 1: Set
12to 15 | End Code Enable (No-protocol)

0: Disable (number of bytes received)
1: Set (specified end code)
2: CR, LF




Inner Board Settings Section 1-2

Word(s) Bit(s) Function Page

DM 6654 00 to 07 | Start Code (No-protocol) 42
00 to FF (hexadecimal)

08 to 15 | When bits 12 to 15 of DM 6653 are set to 0:
Number of Bytes Received

00: Default setting (256 bytes)

01 to FF: 1 to 255 bytes

When bits 12 to 15 of DM 6653 are set to 1:
End Code (No-protocol)
00 to FF (hexadecimal)

Error Log Settings (DM 6655)
The following settings are effective after transfer to the PC.

DM 6655 00to 03 | Style 16
0: Shift after 10 records have been stored
1: Store only first 10 records (no shifting)
2 to F: Do not store records

04 to 07 | Not used. Set to 0.

08to 11 | Cycle Time Monitor Enable
0: Detect long cycles as non-fatal errors
1: Do not detect long cycles

12 to 15 | Low Battery Error Enable
0: Detect low battery voltage as non-fatal error
1: Do not detect low battery voltage

1-2 Inner Board Settings

This section explains the PC Setup settings related to Inner Boards mounted in
Inner Board slots 1 and 2.

1-2-1 Settings for a Serial Communications Board

Use the settings in DM 6613 and DM 6614 to set the servicing times for a Serial
Communications Board mounted in Inner Board slot 1. (A Serial Communica-
tions Board cannot be mounted in slot 2.)

Word Bits Function

DM 6613 | 00 to 07 | Servicing Time for Serial Communications Board Port 2
(enabled by bits 08 to 15)

00 to 99 (BCD): Sets the percentage of the cycle time used
to service port 2. The servicing time must be between 0.256
ms and 65.536 ms.

08 to 15 | Serial Communications Board Port 2 Servicing Setting

00: Fixed at 5% of the cycle time.

01: Use time setting in bits 00 to 07.

(When the PC is stopped, the servicing time will always be
10 ms.)

DM 6614 | 00 to 07 | Servicing Time for Serial Communications Board Port 1
(enabled by bits 08 to 15)

00 to 99 (BCD): Sets the percentage of the cycle time used
to service port 1. The servicing time must be between 0.256
ms and 65.536 ms.

08 to 15 | Serial Communications Board Port 1 Servicing Setting

00: Fixed at 5% of the cycle time.

01: Use time setting in bits 00 to 07.

(When the PC is stopped, the servicing time will always be
10 ms.)
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1-2-2 Settings for a High-speed Counter Board

Note

The settings in DM 6602, DM 6640, and DM 6641 determine the operation of a
High-speed Counter Board mounted in Inner Board slot 1.
The settings in DM 6611, DM 6643, and DM 6644 determine the operation of a
High-speed Counter Board mounted in Inner Board slot 2.

Word Bits Function Settings
DM 6602 | 00 High-speed Counter PV Data Format | OFF: 8-digit hexade-
(Slot 1) cimal
DM 6611 ON: 8-digit BCD
(Slot2) |01to07 |Notused Setto 0.

08 External Output Transistor Selector OFF: Sourcing
ON: Sinking
09 to 15 | Not used. Setto 0.
DM 6640 | 00 to 03 | High-speed Counter 1 Input Mode See note 1.
(Slot 1) 04 to 07 | High-speed Counter 1 Count Fre- See note 2.
DM 6643 quency, Numeric Range, and Counter
(Slot 2) Reset Mode
08 to 11 | High-speed Counter 2 Input Mode See note 1.
12 to 15 | High-speed Counter 2 Count Fre- See note 2.
quency, Numeric Range, and Counter
Reset Mode
DM 6641 | 00 to 03 | High-speed Counter 3 Input Mode See note 1.
(Slot 1) 04 to 07 | High-speed Counter 3 Count Fre- See note 2.
DM 6644 quency, Numeric Range, and Counter
(Slot 2) Reset Mode
08 to 11 | High-speed Counter 4 Input Mode See note 1.
12 to 15 | High-speed Counter 4 Count Fre- See note 2.
quency, Numeric Range, and Counter
Reset Mode

1. The settings for the high-speed counter input mode are as follows:

Setting Input Mode
0 Hex Differential Phase Inputs, 1x

1 Hex Differential Phase Inputs, 2x

2 Hex Differential Phase Inputs, 4x

3 Hex Up/Down Input

4 Hex Pulse/Direction Input

2. The settings for the high-speed counter count frequency, numeric range,
and counter reset mode are as follows:

Setting | Count frequency Numeric range Reset mode

0 Hex 50 kHz Linear Counting Phase-Z + Software Reset
1 Hex Software Reset Only

2 Hex Ring Counting Phase-Z + Software Reset
3 Hex Software Reset Only

4 Hex 500 kHz Linear Counting Phase-Z + Software Reset
5 Hex Software Reset Only

6 Hex Ring Counting Phase-Z + Software Reset
7 Hex Software Reset Only
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1-2-3 Settings for a Pulse I/O Board

The settings in DM 6611, DM 6643, and DM 6644 determine the operation of a
Pulse 1/0 Board mounted in Inner Board slot 2. (A Pulse 1/0O Board cannot be
mounted in slot 1.)

Word

Bits

Function

DM 6611

00to 15

Mode Setting for Ports 1 and 2
0000: High-speed Counter Mode
0001: Simple Positioning Mode

DM 6643

00to 03

Port 1 Input Mode

0: Differential Phase Mode
1: Pulse/Direction Mode
2: Up/Down Mode

04 to 07

Port 1 Counter Reset Method
0: Phase-Z and software reset; 1: Software reset only

08to 11

Port 1 Numeric Range
0: Linear counting; 1: Ring counting

12to 15

Port 1 Pulse Output Duty Factor
0: Fixed duty factor; 1: Variable duty factor

DM 6644

00to 03

Port 2 Input Mode

0: Differential Phase Mode
1: Pulse/Direction Mode
2: Up/Down Mode

04 to 07

Port 2 Counter Reset Method
0: Phase-Z and software reset; 1: Software reset only

08to 11

Port 2 Numeric Range
0: Linear counting; 1: Ring counting

12 to 15

Port 2 Pulse Output Duty Factor
0: Fixed duty factor; 1: Variable duty factor

1-2-4 Settings for an Absolute Encoder Interface Board

The settings in DM 6611, DM 6612, DM 6643, and DM 6644 determine the op-
eration of an Absolute Encoder Interface Board mounted in Inner Board slot 2.
(An Absolute Encoder Interface Board cannot be mounted in slot 1.)

Word

Bits

Function

DM 6611

00to 15

Origin Compensation for Port 1 (4-digit BCD)

Origin will be compensated when the Port 1 Origin Com-
pensation Bit (SR 25201) is turned ON. The compensation
value will be recorded in BCD between 0000 and 4095
whether the counter is set to BCD mode or 360° mode.

DM 6612

00to 15

Origin Compensation for Port 2 (4-digit BCD)

Origin will be compensated when the Port 2 Origin Com-
pensation Bit (SR 25202) is turned ON. The compensation
value will be recorded in BCD between 0000 and 4095
whether the counter is set to BCD mode or 360° mode.

DM 6643

00 to 07

Port 1 Input Resolution
00: 8 bits; 01: 10 bits; 02: 12 bits

08 to 15

Port 1 Operating Mode
00: BCD mode; 01: 360° mode

DM 6644

00 to 07

Port 2 Input Resolution
00: 8 hits; 01: 10 bits; 02: 12 bits

08to 15

Port 2 Operating Mode
00: BCD mode; 01: 360° mode

10
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1-2-5 Settings for an Analog I/O Board

The settings in DM 6611 determine the operation of an Analog 1/0O Board
mounted in Inner Board slot 2. (An Analog I/O Board cannot be mounted in
slot 1.)

Word Bits Function Settings

DM 6611 | 00 to 01 | Analog Input 1 Input Signal Range | Set the bit status of the
two bits as follows:

00: -10to +10 V

04 to 05 | Analog input 3 Input Signal Range | 01:0to 10V

02 to 03 | Analog input 2 Input Signal Range

10:0to5Vor
06 to 07 | Analog input 4 Input Signal Range 0to 20 mA
08 Analog Input 1 Usage Selection 0: Support (use) input.
09 Analog Input 2 Usage Selection 1: Do not support input.
10 Analog Input 3 Usage Selection
11 Analog Input 4 Usage Selection
12 to 15 | Not used. Set to 0.

1-3 Basic PC Operation and 1/O Processes

This section explains the PC Setup settings related to basic operation and 1/0
processes.

1-3-1 Startup Mode
The operating mode the PC will start in when power is turned ON can be set as

shown below.

Bit 15 0

\_T_l L
Startup Mode Designation

00: Depends upon Programming Device and DIP switch settings (See table below.)
01: Operating mode last used before power was turned OFF
02: Mode set in bits 00 to 07

Startup Mode (Bits 08 to 15: Valid when bits 00 to 07 are set to 02)
00: PROGRAM mode
01: MONITOR mode
02: RUN mode

Default: Operating mode determined by Programming Device and DIP switch settings
as shown in the table below.

Programming Device Pin 7 of the CPU Startup mode
connected at startup Unit's DIP switch
None connected. OFF PROGRAM mode

ON RUN mode
Programming Console | OFF Operating mode set on the Program-
connected. ming Console’s mode switch

ON PROGRAM mode (See note 1.)
Other Programming OFF PROGRAM mode (See note 1.)
Device connected. ON Depends upon the Connecting

Cable being used. (See note 2.)

Note 1. Inthese cases, the CQM1H will not be able to communicate with the con-
nected Programming Device.

11
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1-3-2 Hold Bit Status

2. The startup mode will be PROGRAM mode or RUN mode, depending on the
Connecting Cable being used.

Connecting Cable Startup mode
CS1W-CN114 + CQM1-CIF01/02 PROGRAM mode
CS1W-CN118 + XW2Z-200/500S(-V) PROGRAM mode
CS1W-CN226/626 RUN mode
CS1W-CN118 + XW2Z-200/500S-CV RUN mode

Make the settings shown below to determine whether, when the power supply is
turned ON, the Forced Status Hold Bit (SR 25211) and/or /O Hold Bit
(SR 25212) will retain the status that was in effect when the power was last
turned OFF, or whether the previous status will be cleared.

Bit 15 0
DM 6601 0 O

L
Always 00

SR 25211 setting ——
0: Clear status
1: Retain status

SR 25212 setting
0: Clear status
1. Retain status

Default: Clear both.

The Forced Status Hold Bit (SR 25211) determines whether or not the forced
set/reset status is retained when changing from PROGRAM mode to MONITOR
mode.

The I/O Hold Bit (SR 25212) determines whether or not the status of IR bits and
LR bits is retained when PC operation is started and stopped.

1-3-3 RS-232C Port Servicing Time

12

The following settings are used to determine the percentage of the cycle time
devoted to servicing the RS-232C port.

Servicing time setting enable

Bit 15 0
DM 6616

\_\_1 L
00: Disabled (5% of the cycle time)
01: Enabled (setting in bits 00 to 07 used)

Servicing time (%, valid when bits 08 to 15 are set to 01)
00 to 99 (BCD, two digits)

Default: 5% of cycle time

Example: If DM 6616 is set to 0110, the RS-232C port will be serviced for 10% of
the cycle time.

The minimum servicing time is 0.256 ms.
The entire servicing time will not be used unless processing requests exist.
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1-3-4 Peripheral Port Servicing Time

The following settings are used to determine the percentage of the cycle time
devoted to servicing the peripheral port.

DM 6617

Servicing time setting enable

Bit 15 0
\_\_1 L

00: Disabled (5% of the cycle time)

01: Enabled (setting in bits 00 to 07 used)

Servicing time (%, valid when bits 08 to 15 are set to 01)
00 to 99 (BCD, two digits)

Default: 5% of cycle time

Example: If DM 6617 is set to 0115, the peripheral port will be serviced for 15%
of the cycle time.

The minimum servicing time is 0.256 ms.
The entire servicing time will not be used unless processing requests exist.

1-3-5 Minimum Cycle Time
Make the settings shown below to standardize the cycle time and to eliminate

variations in 1/0 response time by setting a minimum cycle time.

Bit 15 0

I

Cycle time (4-digit BCD)
0000:Cycle time variable
0001 to 9999: Minimum cycle time (Unit: 1 ms)

Default: Cycle time variable

If the actual cycle time is shorter than the minimum cycle time, execution will wait
until the minimum time has expired. If the actual cycle time is longer than the
minimum cycle time, then operation will proceed according to the actual cycle
time. AR 2405 will turn ON if the minimum cycle time is exceeded.

1-3-6 Input Time Constants

Make the settings shown below to set the time from when the actual inputs from
the DC Input Unit are turned ON or OFF until the corresponding input bits are
updated (i.e., until their ON/OFF status is changed). Make these settings when
you want to adjust the time until inputs stabilize.

Increasing the input time constant can reduce the effects from chattering and
external noise.

Input from an input device ﬁ‘—

such as a limit switch Lo

4 F t 4 ‘k t Input time constant

Input bit status

13
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Input Time Constants for IR 000 and IR 001

Bit 15 0

DM 6620 |
| |

Time constant for IR 00100 to IR 00115 (1-digit BCD; see below.) ———

Time constant for IR 00008 to IR 00015 (1 digit BCD; see below.)

Time constant for IR 00000 to IR 00007 (1 digit BCD; see below.)
Default: 0000 (8 ms for each)

Input Time Constants for IR 002 to IR 015

DM 6621: IR 002 and IR 003
DM 6622: IR 004 and IR 005

DM 6623: IR 006 and IR 007 Bit 15 0
DM 6624: IR 008 and IR 009 DM 6621 to DM 6627@
DM 6625: IR 010 and IR 011 ]

DM 6626: IR 012 and IR 013
DM 6627: IR 014 and IR 015

Time constant for IR 003, IR 005, IR 007, IR 009, IR 011, IR 013, and IR 015
Time constant for IR 002, IR 004, IR 006, IR 008, IR 010, IR 012, and IR 014
Default: 0000 (8 ms for each)

The nine possible settings for the input time constant are shown below. Set only
the rightmost digit for IR 000.

0:8ms 1:1ms 2:2ms 3:4ms 4:8 ms
5:16 ms 6: 32 ms 7:64 ms 8:128 ms

1-3-7 High-speed Timers

Make the settings shown below to set the number of high-speed timers created
with TIMH(15) that will use interrupt processing.

Bit 15 0

High-speed timer interrupt setting enable
00: Setting disabled (Interrupt processing for all high-speed timers, TIM 000 to TIM 015)
01: Enabled (Use setting in bits 00 to 07.)

Number of high-speed timer for interrupts (valid when bits 08 to 15 are 01) ———
00 to 15 (2-digit BCD)

Default: Interrupt processing for all high-speed timers,TIM 000 to TIM 015.

The setting indicates the number of timers that will use interrupt processing be-
ginning with TIM 000. For example, if “0108” is specified, then eight timers,
TIM 000 to TIM 007 will use interrupt processing.

Note 1. High-speed timers will not be accurate without interrupt processing unless
the cycle time is 10 ms or less.

2. If the SPED(64) instruction is used and pulses are output at a frequency of
500 Hz or greater, then set the number of high-speed timers with interrupt
processing to four or less. Refer to information on the SPED(64) instruction
for details.

3. Interrupt response time for other interrupts will be improved if interrupt proc-
essing is set to 00 when high-speed timer processing is not required. This
includes any time the cycle time is less than 10 ms.

14
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1-3-8 DSW(87) Input Digits and Output Refresh Method

Make the settings shown below to set the number of input digits for the DSW(87)
instruction, and to set the output refresh method.

Bit 15 0

Number of input digits for the DSW(87) ——
00: 4 digits
01: 8 digits

Output refresh method

00: Cyclic
01: Direct

Default: The number of input digits for the DSW(87) instruc-
tion is set to “4” and the output refresh method is cyclic.

Refer to page 420 for details on the DSW(87) instruction and to Section 7 PC
Operations and Processing Time for details on 1/O refresh methods.

1-3-9 Peripheral Port Settings

Serial communications settings for the peripheral port are determined by pins 5
and 7 of the CPU Unit's DIP switch, the hexadecimal setting in DM 6650, and the
device connected to the peripheral port.

DIP switch | DM 6650 Connected device Serial communications mode
settings setting.

Pin5 | Pin7

OFF | OFF | Ignored Programming Console | Programming Console bus

OFF |ON 0000 Programming Device Host Link, standard settings
other than a Peripheral bus mode if
Programming Console | CX-Programmer is set for
(such as a personal peripheral bus.

0001 computer) Host Link, custom settings

Peripheral bus mode if
CX-Programmer is set for
peripheral bus.

10010 No-protocol
ON OFF | Ignored Programming Console | Programming Console bus
ON ON Ignored Programming Device Host Link, standard settings

other than a Peripheral bus mode if
Programming Console | CX-Programmer is set for
(such as a personal peripheral bus.
computer)

15
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1-3-10 Error Log Settings

Cycle Monitor Time
(DM 6618)

Error Detection and Error
Log Operation (DM 6655)

16

Note

Make the settings shown below for detecting errors and storing the error log.

The cycle monitor time is used for checking for extremely long cycle times, as
can happen when the program goes into an infinite loop. If the cycle time ex-
ceeds the cycle monitor setting, a fatal error (FALS 9F) will be generated.

Bit 15 0

(I I T

Cycle Monitor T ime Enable and Unit —f

00: Setting disabled (time fixed at 120 ms)
01: Setting in 00 to 07 enabled; unit:10 ms
02: Setting in 00 to 07 enabled; unit:100 ms
03: Setting in 00 to 07 enabled; unit:1 s

Cycle monitor time setting  (When bits 08 to 15 are not 00)
00 to 99 (2-digit BCD; unit set in bits 08 to 15.)

Default: 120 ms.

1. The units used for the maximum and current cycle times recorded in AR 26
and AR 27 (4-digit BCD) depend on the unit set for the cycle monitor time in
DM 6618, as shown below.

Bits 08 to 15 setto 01: 0.1 ms
Bits 08 to 15 setto 02: 1 ms
Bits 08 to 15 setto 03: 10 ms

2. If the cycle time is 1 s or longer, the cycle time read from Programming De-
vices will be 999.9 ms. The correct maximum and current cycle times will be
recorded in the AR area.

Example

If 0230 is set in DM 6618, an FALS 9F error will not occur until the cycle time
exceeds 3 s. If the actual cycle time is 2.59 s, the current cycle time stored in the
AR area will be 2590 (ms), but the cycle time read from a Programming Device
will be 999.9 ms.

A “cycle time over” error (non-fatal) will be generated when the cycle time ex-
ceeds 100 ms unless detection of long cycle times is disable using the setting in
DM 6655.

Make the settings shown below to determine whether or not a non-fatal error is to
be generated when the cycle time exceeds 100 ms or when the voltage of the
built-in battery drops, and to set the method for storing records in the error log
when errors occur.

Bit 15 0

DM 6655 0
I

Low battery voltage detection Always 0
0: Detect
1: Don't detect

Cycle time over detection
0: Detect
1: Don't detect

Error log storage method
0: Error records for 10 most recent errors always stored (older errors deleted).
1: Only first 10 error records stored (no errors stored beyond that point).

2 to F: Error records not stored.

Default: Low battery voltage and cycle time over errors detected, and error records
stored for the 10 most recent errors.
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Battery errors and cycle time overrun errors are non-fatal errors. For details on
the error log, refer to Section 8 Troubleshooting.

1-4 Interrupt Functions

This section explains the settings and methods for using the CQM1H interrupt
functions.

1-4-1 Types of Interrupts

Interrupt Processing

1,2 3.

Note

The CQM1H has four types of interrupts, as outlined below.

Input Interrupts:
Interrupt processing is executed when an input from an external source to one of
CPU Unit bits IR 00000 to IR 00003 turns ON.

Interval Timer Interrupts:
Interrupt processing is executed by an interval timer with a precision of 0.1 ms.

High-speed Counter Interrupts:

Interrupt processing is executed according to the present value (PV) of the built-
in high-speed counter. CQM1H CPU Units are equipped with the following 3
types of high-speed counter interrupts. All can function as target-value inter-
rupts or range-comparison interrupts. (A target-value interrupt is generated
when the PV matches the SV, and a range-comparison interrupt is generated
when the PV is within a preset SV range.)

1. High-speed counter 0 (built into the CPU Unit)
High-speed counter 0 counts pulse inputs to CPU Unit inputs 4 to 6. Two-
phase pulses up to 2.5 kHz can be counted.

2. High-speed counters 1 and 2 (Pulse I/O Board)
High-speed counters 1 and 2 count high-speed pulse inputs to ports 1 and 2
on the Pulse I/0 Board. Two-phase pulses up to 25 kHz can be counted.

3. Absolute high-speed counters 1 and 2 (Absolute Encoder Interface Board)
High-speed counters 1 and 2 count absolute rotary encoder codes input to
ports 1 and 2 on the Absolute Encoder Interface Board.

Interrupt processing is not performed for high-speed counters 1, 2, 3, and 4 on a
High-speed Counter Board. A High-speed Counter Board can count pulses up to
50 kHz or 500 kHz. The high-speed counter PVs can be checked against a target
value or an SV range and a bit pattern can be output internally or externally
instead of generating an interrupt.

Serial Communications Board Interrupts:
Interrupt processing is requested from the CPU Unit when the Serial Commu-
nications Board receives the desired message.

When an interrupt is generated, the specified interrupt subroutine is executed.

Defining Subroutines
Just as with ordinary subroutines, interrupt subroutines are defined using
SBN(92) and RET(93) at the end of the main program.

When interrupt subroutines are executed, a specified range of input bits can be
refreshed.

When an interrupt subroutine is defined, a “no SBS error” will be generated dur-
ing the program check but execution will proceed normally. If this error occurs,
check all normal subroutines to be sure that SBS(91) has been programmed be-
fore proceeding.

Interrupt Priority
Interrupts have the following order of priority. Input interrupts and interrupts from

17
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high-speed counters 1 and 2 have the highest priority and the interrupt notifica-
tion from a Serial Communications Board has the lowest.

1,2 3.

Pulse Output Instructions
and Interrupts

18

High-speed counter
1 or 2 interrupts - High-speed Interrupt
int?r?tljn ts | = (from Pulse I/O > Initﬁ{gﬁhtl?;er = | counterO | >| notification from
p Board or Absolute P interrupt Serial
Encoder Interface Communications
Board) Board

When an interrupt with a higher priority is received during interrupt processing,
the current processes will be stopped and the newly received interrupt will be
processed instead. After that routine has been completely executed, then pro-
cessing of the previous interrupt will be resumed.

When an interrupt with a lower or equal priority is received during interrupt pro-
cessing, then the newly received interrupt will be processed as soon as the rou-
tine currently being processed has been completely executed.

If two interrupts with the same priority level occur simultaneously, the interrupts
will be executed in the following order:

1. Input interrupt O > Input interrupt 1 > Input interrupt 2 > Input interrupt 3
> High-speed counter interrupt 1 > High-speed counter interrupt 2

2. Interval timer interrupt O > Interval timer interrupt 1 > Interval timer interrupt 2
(Interval timer interrupt 2 is high-speed counter interrupt 0.)

The following instructions cannot be executed in an interrupt subroutine when
an instruction that controls pulse I/O or high-speed counters is being executed in
the main program: (SR 25503 turns ON)

INI(89), PRV(62), CTBL(63), SPED(64), PULS(65), PWM(—), PLS2(—)

and ACC(—)
The following methods can be used to circumvent this limitation:
Method 1

All interrupt processing can be masked while the instruction is being executed.

@INT(89)
100

000

000

@PLS2(—)
001

000

DM 0010

@INT(89)
200

000

000

Method 2
Execute the instruction again in the main program.
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1-4-2 Input Interrupts

Processing

Procedure

(Input Interrupt Mode)

1,2 3.

This is the program section from the main program:

@PRV(62)

001

002

DM 0000

@CTBL(63)

001

000

DM 0000

—-RSET LR 0000

This is the program section from the interrupt subroutine:

: : I SBN(92) 000 I

| @CTBL(63)
001

000

DM 0000

25313
1l LR
11 0000

The CPU Unit’s inputs allocated IR 00000 to IR 00003 can be used for interrupts
from external sources. Input interrupts 0 through 3 correspond respectively to
these bits and are always used to call subroutines 000 through 003 respectively.
When input interrupts are not used, subroutines 000 to 003 can be used for ordi-
nary subroutines.

There are two modes for processing input interrupts. The first is the Input Inter-
rupt Mode, in which the interrupt is carried out in response to an external input.
The second is the Counter Mode, in which signals from an external source are
counted at high speed, and an interrupt is carried out once for every certain num-
ber of signals.

The INT(89) instruction determines which mode is used.
In the Input Interrupt Mode, signals with a length of 100 us or more can be de-
tected. In the Counter Mode, signals up to 1 kHz can be counted.

Follow the steps outlined below when using input interrupts in input interrupt
mode.

1. Determine the input interrupt number.

Terminal Corresponding bit address Subroutine number
BO INO | IR 00000 000
A0 IN1 |IR 00001 001
B1 IN2 | IR 00002 002
Al IN3 | IR 00003 003

2. Wire the input. (See page 21 for more detalils.)
3. Make PC Setup settings. (See page 22 for more details.)
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a) Write 1 in the corresponding digit in DM 6628 to indicate that the input will
be used as an input interrupt (input interrupt or counter mode.)

b) Bits in DM 6630 through DM 6633 can be turned ON to cause the input to
be refreshed before the interrupt subroutine is executed.

4. Program the associated program sections.

a) Use INT(89) to unmask the input interrupt. (See pageg33 for more de-
tails.)

b) Write an interrupt subroutine within SBN(92) and RET(93).

_____________________

Input interrupt 0 00000——>(_Interrupt 0 . {} —l Generate interrupt.

1 0ocot Execute specified
2 00002— Ladder Program subroutine.
3 00003 Interrupt Subroutine

SBN(92)
| Enable interrupts. |

. G )
P ——{ RET(93) ]

1
]
:
|
| INT(89) | INTERRUPT CONTROL
i
]
i

PC Setup
DM 6628
Procedure Follow the steps outlined below when using input interrupts in counter mode.
(Counter Mode)
1,2, 3. 1. Determine the input interrupt number.
Terminal Corresponding bit address Subroutine number
BO INO | IR 00000 000
A0 IN1 IR 00001 001
B1 IN2 IR 00002 002
Al IN3 | IR 00003 003

2. Determine the initial count SV.
3. Wire the input. (See page 21 for more details.)
4. Make PC Setup settings. (See page 22 for more details.)

a) Write 1 in the corresponding digit in DM 6628 to indicate that the input will
be used as an input interrupt (input interrupt or counter mode.)

b) Bits in DM 6630 through DM 6633 can be turned ON to cause the input to
be refreshed before the interrupt subroutine is executed.

5. Program the associated program sections.

a) Use INT(89) to refresh the counter SV in counter mode. (See page 24 for
more details.)

20
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b) Write an interrupt subroutine within SBN(92) and RET(93) (only when
using count-up interrupts.)

Input interrupt 0 00000 -»(__Counter 0 ]J———=[ Input interrupt (counter mode) |———[ Generate interrupt. |
1 00001 ﬁ Execute specified

2 00002 — subroutine.
3 00003 — Ladder Program Subroutine
INT(89) | INTERRUPT —[SBN(QE)]
CONTROL
i~ Refresh counter SV g
(decrementing mode.) I:
Counter SV RET(93)]
v{ Counter 2 l ' Counter 0 | SR 244 onlv wh —
Counter 1 | SR 245 nly when using interrupts.

‘{ Counter 3 ' Counter 2 | SR 246

Counter 3 | SR 247

PC Setup Each cycle

.

DM 6628

Counter PV -1
Counter 0 | SR 248
Counter 1 | SR 249
Counter 2 | SR 250
Counter 3 |_SR 251

Wiring Inputs Before using input interrupts, wire the input interrupt signal or count input signal
to the CPU Unit’s input terminal as shown below.

Interrupt Input Signal (Input Interrupt Mode) Wiring Example

Terminal Corresponding bit address
BO (INO) IR 00000
AO (IN1) IR 00001
B1 (IN2) IR 00002
Al (IN3) IR 00003

CPU Unit

Input interrupt signal

-------- O O

21
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Count Input Signal (Counter Mode) Wiring Example

Terminal Corresponding bit address Decrementing mode
BO (INO) IR 00000 Pulse inputs (4 inputs max.)
A0 (IN1) IR 00001
B1 (IN2) IR 00002
Al (IN3) IR 00003

CPU Unit
Count input signal
O O

(00000)

+_i. L -

- T4

------- BS) CoM
PC Setup Parameters Before executing the program, make the following settings in the PC Setup in

PROGRAM mode.
Interrupt Input Settings (DM 6628)
If these settings are not made, interrupts cannot be used in the program.

Bit 15 0

DM 6628

Input interrupt 3 setting 4|

Input interrupt 2 setting

Input interrupt 1 setting

Input interrupt O setting
0: Normal input
1: Interrupt input

Default: All normal inputs.

Input Refresh Word Settings (DM 6630 to DM 6633)

Make these settings when it is necessary to refresh inputs for input interrupt or
counter mode.

Bit 15 0

DM 6630: Interrupt O DM 6630 to DM 6633 l:::l:j

DM 6631: Interrupt 1
DM 6632: Interrupt 2 ‘ N |
DM 6633: Interrupt 3

Number of words (2-digit BCD) 00 to 16

Beginning word (2-digit BCD) 00 to 15
(IR 000 to IR 015)

Default: No input refresh

Example
If DM 6630 is set to 0100, IR 000 will be refreshed when a signal is received for
interrupt 0.

Note If input refreshing is not used, input signal status within the interrupt routine will
not be reliable. This includes even the status of the interrupt input bit that acti-
vated the interrupt. For example, IR 00000 would not be ON in interrupt routine
for input interrupt O unless it was refreshed (in this case, the Always ON Flag,
SR 25313 could be used in place of IR 00000).
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Input Interrupt Mode

Counter Mode

Note

1,2 3.

Use the following instructions to program input interrupts using the Input Inter-
rupt Mode.

Masking of Interrupts
With the INT(89) instruction, set or clear input interrupt masks as required.

—1 (@)INT(89) Make the settings with the D bits 0 to 3, which correspond to
000 input interrupts O to 3.
0: Mask cleared. (Input interrupt permitted.)

1: Mask set. (Input interrupt not permitted.)

000

At the beginning of operation, all of the input interrupts are masked. Use INT(89)
to unmask input interrupts before using input interrupts in input interrupt mode.

Clearing Masked Interrupts

If the bit corresponding to an input interrupt turns ON while masked, that input
interrupt will be saved in memory and will be executed as soon as the mask is
cleared. In order for that input interrupt not to be executed when the mask is
cleared, the interrupt must be cleared from memory.

Only one interrupt signal will be saved in memory for each interrupt number.
With the INT(89) instruction, clear the input interrupt from memory.

—1 (@)INT(89) If D bits 0 to 3, which correspond to input interrupts 0 to 3, are
001 set to “1,” then the input interrupts will be cleared from memory.
0: Input interrupt retained.

1: Input interrupt cleared.

000

Reading Mask Status
With the INT(89) instruction, read the input interrupt mask status.

—1 (@)INT(89) The status of the rightmost digit of the data stored in word D (bits
002 0 to 3) show the mask status.
0: Mask cleared. (Input interrupt permitted.)

1: Mask set. (Input interrupt not permitted.)

000

Use the following steps to program input interrupts using the Input Interrupt
Mode.

The SR words used in the Counter Mode (SR 244 to SR 251) all contain binary
(hexadecimal) data (not BCD).

1. Write the set values for counter operation to SR words correspond to inter-
rupts 0 to 3. The set values are written between 0000 and FFFF (0 to
65,535). A value of 0000 will disable the count operation until a new value is
set and step 2, below, is repeated.

Note These SR bits are cleared at the beginning of operation, and must be
written from the program.

That maximum input signal that can be counted is 1 kHz.

Interrupt Word containing counter SV
Input interrupt O SR 244
Input interrupt 1 SR 245
Input interrupt 2 SR 246
Input interrupt 3 SR 247

If the Counter Mode is not used, these SR bits can be used as work bits.
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Note

Note

2. With the INT(89) instruction, refresh the Counter Mode set value and enable
interrupts.

— (@)INT(89) If D bits 0 to 3, which correspond to input interrupts 0 to 3,
are set to “0,” then the set value will be refreshed and inter-
rupts will be permitted.

000 0: Counter mode set value refreshed and mask cleared.
D 1: Nothing happens. (Set to 1 the bits for all interrupts
that are not being changed.)

003

The input interrupt for which the set value is refreshed will be enabled in Counter
Mode. When the counter reaches the set value, an interrupt will occur, the count-
er will be reset, and counting/interrupts will continue until the counter is stopped.

1. If the INT(89) instruction is used during counting, the present value (PV) will
return to the set value (SV). You must, therefore, use the differentiated form
of the instruction or an interrupt may never occur.

2. The set value will be set when the INT(89) instruction is executed. If inter-
rupts are already in operation, then the set value will not be changed just by
changing the content of SR 244 to SR 247, i.e., if the contents is changed,
the set value must be refreshed by executing the INT(89) instruction again.

Interrupts can be masked using the same process as for the Input Interrupt
Mode, but if the masks are cleared using the same process, the Counter Mode
will not be maintained and the Input Interrupt Mode will be used instead. Interrupt
signals received for masked interrupts can also be cleared using the same pro-
cess as for the Input Interrupt Mode.

Counter PV in Counter Mode

When input interrupts are used in Counter Mode, the counter PV will be stored in
the SR word corresponding to input interrupts 0 to 3. Values are 0000 to FFFE (0
to 65,534) and will equal the counter PV minus one.

Interrupt Word containing counter PV — 1
Input interrupt O SR 248
Input interrupt 1 SR 249
Input interrupt 2 SR 250
Input interrupt 3 SR 251

Example: The present value for an interrupt whose set value is 000A will be re-
corded as 0009 immediately after INT(89) is executed.

Even if input interrupts are not used in Counter Mode, these SR bits cannot be
used as work bits.
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Application Example

25315 (ON for 1 scan)
1L

In this example, input interrupt 0 is used in Input Interrupt Mode and input inter-
rupt 1 is used in Counter Mode. Before executing the program, check to be sure

the PC Setup.

PC Setup: DM 6628: 0011 (IR 00000 and IR 00001 used for input interrupts) The
default settings are used for all other PC Setup parameters. (Inputs are not re-
freshed at the time of interrupt processing.)

i | MOoV(21)
#O00A
245
00100
1 (@)INT(89)
001
000
#0003
(@)INT(89)
000
000
H#O00E
(@)INT(89)
003
000
#000D
BCD (24)
249
D000
INC(38)
D000
00100
HF (@)INT(89)
000
= 000
#000F
SBN(92) 000
25313 (Always ON)
1 ADB(50)
245
#000A
245
INT(89)
003
000
#000D
: RET(93) I
SBN(92) 001
=

: RET(93) I

Sets 10 as the counter mode SV for input interrupt 1.

When IR 00100 turns ON:
Masked interrupts for input interrupts 0 and 1 are cleared.

Interrupts are enabled in input interrupt mode for interrupt 0.

Interrupts are enabled in counter mode for interrupt 1.
(SV:10)

The contents of SR 249 (PV — 1) are converted to BCD
and stored in DM 0000.

The content to DM 0000 is incremented to the PC.

When IR 00100 turns OFF, input interrupts O and 1 are
masked and interrupts are prohibited.

When the Input interrupt is executed for interrupt 0, sub-
routine 000 is called and the counter mode is refreshed
with the SV for input interrupt 1 with 10 added (SV = 20)

When the count is reached for the input interrupt 1
counter, subroutine 001 is called and the interrupt sub-
routine is executed.
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When the program is executed, operation will be as shown in the following dia-
gram.

00000 H

Subroutine 000
hlo,countsh %Qcounts,.ﬁ 20_counts_ _ .H
oor —AAAAN. RAOD. . NOORO. ORO0
! 1 Y T‘
Subroutine 001 : | | | |

‘ (see note 1) (see note 1)

00100 |

(see note 2)

Note 1. The counter will continue operating even while the interrupt routine is being
executed.

2. The input interrupt will remain masked.

1-4-3 Masking All Interrupts

The INT(89) instruction can be used to mask and unmask all interrupts as a
group, including input interrupts, interval timer interrupts, and high-speed count-
er interrupts. The mask is in addition to any masks on the individual types of in-
terrupts. Furthermore, clearing the masks for all interrupts does not clear the
masks on the individual types of interrupts, but restores them to the masked
conditions that existed before INT(89) was executed to mask them as a group.

Interrupts masked/unmasked by INT(89) Source Unit or Board
Input interrupts CPU Unit

Interval timer interrupts
High-speed counter 0 interrupt
High-speed counter 1 and 2 interrupts Pulse 1/0 Board

High-speed counter 1 and 2 interrupts Absolute Encoder Interface Board
Do not use INT(89) to mask interrupts unless it is necessary to temporarily mask

all interrupts and always use INT(89) instructions in pairs to do so, using the first
INT(89) instruction to mask and the second one to unmask interrupts.

INT(89) cannot be used to mask and unmask all interrupts from within interrupt
routines.

Masking Interrupts Use the INT(89) instruction to disable all interrupts.

—1 (@)INT(89)

100

000

000

If an interrupt is generated while interrupts are masked, interrupt processing will
not be executed but the interrupt will be recorded for the input, interval timer, and
high-speed counter interrupts. The interrupts will then be serviced as soon as
interrupts are unmasked.

Unmasking Interrupts Use the INT(89) instruction to unmask interrupts as follows:

—1 (@)INT(89)

200

000

000
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1-4-4 Interval Timer Interrupts

Processing

Procedure

PC Setup

Operation

High-speed, high-precision timer interrupt processing can be executed using in-
terval timers. The CQM1H provides three interval timers, numbered from 0 to 2.

Note 1. Interval timer O cannot be used when pulses are being output to a Transistor
Output Unit by means of the SPED(64) instruction.

2. Interval timer 2 cannot be used at the same time as high-speed counter 0.

There are two modes for interval timer operation, the One-shot Mode, in which

only one interrupt will be executed when time expires, and the Scheduled Inter-
rupt Mode in which the interrupt is repeated at a fixed interval.

Follow the steps outlined below when using interval timer interrupts.

1,2, 3... 1. Determine whether the timer will operate in one-shot mode or scheduled in-
terrupt mode.
2. Program the associated program sections.

a) Use STIM(69) to set the timer SV and start the timer in one-shot or
scheduled interrupt mode.

b) Write an interrupt subroutine within SBN(92) and RET(93).

Interval timers O to 3 -
(See notes 1 and 2.) | Generate interrupt|

Ladder Program Execute specified subroutine.
‘(STW(BQ):I INTERVAL TIMER I SBN(92) :l
Start the timer.
One-shot mode S
Scheduled interrupt mode
Read elapsed time. —_{RET (93) 3

Note 1. Interval timer 2 and high-speed counter O cannot be used at the same time.
2. Interval timer 0 cannot be used at the same time as pulse outputs from Tran-
sistor Output Units produced by SPED(64).
When using interval timer interrupts, make the following settings in the PC Setup
in PROGRAM mode before executing the program.
Input Refresh Word Settings (DM 6636 to DM 6638)
Make these settings when it is necessary to refresh inputs.

Bit 15 0

DM 6636: Timer0 DM 6636 to DM 6638 EI]

DM 6637: Timer 1 \ | | |
DM 6638: Timer 2

Number of words (2-digit BCD) 00 to 16

Beginning word (2-digit BCD) 00 to 15 I —
(IR 000 to IR 015)

Default: No input refresh

High-speed Counter Settings (DM 6642)

When using interval timer 2, check before beginning operation to be sure that the
high-speed counter (PC Setup: DM 6642) is set to the default setting (0000:
High-speed counter not used).

Use the following instruction to activate and control the interval timer.

27



Interrupt Functions

Section 1-4

28

Starting Up in One-Shot Mode
Use the STIM(69) instruction to start the interval timer in the one-shot mode.

— (@)STIM(69) C1: Interval timer No.
c Interval timer O: 000
c Interval timer 1: 001
2 Interval timer 2: 002
G C,: Timer set value (first word address or constant)

C3: Subroutine No. (4-digit BCD): 0000 to 0255

Word Function
C, Decrementing counter set value (4-digit BCD): 0000 to 9999

C+1 Decrementing time interval (4-digit BCD; unit: 0.1 ms): 0005 to 0320
(0.5 ms to 32 ms)

Note If a constant is used for C,, the decrementing time interval is fixed at
0010 or 1 ms, so the set value in C, is expressed in ms.

Each time that the interval specified in word C, + 1 elapses, the decrementing
counter will decrement the present value by one. When the PV reaches 0, the
designated subroutine will be called just once and the timer will stop.

When a word address is used for C», the time from when the STIM(69) instruc-
tion is executed until time elapses is calculated as follows:
(Contents of word C») x (Contents of word C, + 1) x 0.1 ms = (0.5 to 319,968 ms)

Starting Up in Scheduled Interrupt Mode

Use the STIM(69) instruction to start the interval timer in the scheduled interrupt
mode.

—1.(@)STIM(69) Cj: Interval timer No. + 3
c Interval timer O: 003
c Interval timer 1: 004
2 Interval timer 2: 005
Cs C,: Timer set value (first word address or constant)

C3: Subroutine No. (4-digit BCD): 0000 to 0255

Word Function
C, Decrementing counter set value (4-digit BCD): 0000 to 9999

Cr+1 Decrementing time interval (4-digit BCD; unit: 0.1 ms): 0005 to 0320
(0.5 ms to 32 ms)

Note If a constant is used for C5, the decrementing time interval is fixed at
0010 or 1 ms, so the set value in C, is expressed in ms.

The meanings of the settings are the same as for the one-shot mode, but in the
scheduled interrupt mode the timer PV will be reset to the set value and decre-
menting will begin again after the subroutine has been called. In the scheduled
interrupt mode, interrupts will continue to be repeated at fixed intervals until the
operation is stopped.

Reading the Timer’s Elapsed Time
Use the STIM(69) instruction to read the timer’s elapsed time.

—1 (@)STIM(69) C1: Interval timer No. + 6
c Interval timer O: 006
z Interval timer 1: 007
2 Interval timer 2: 008
G C,: First word address of parameter 1

C3: Parameter 2



Interrupt Functions Section 1-4
Word Function
C, Number of times the counter has been decremented (4-digit BCD)
Cr+1 Decrementing counter time interval (4-digit BCD; unit: 0.1 ms)
Cs Time elapsed since last decrement (4-digit BCD; unit: 0.1 ms)
Note This value will be less than the decrementing counter time interval.

Application Example

The time from when the interval timer is started until the execution of this instruc-
tion is calculated as follows:

{(Contents of word C2) x (Contents of word C2 + 1) + (Contents of word C3)} x 0.1 ms
If the specified interval timer is stopped, then “0000” will be stored.

Stopping Timers

Use the STIM(69) instruction to stop the interval timer.

— (@)STIM(69)
&1 Cy: Interval timer No. + 10
000 Interval timer O: 010
000 Interval timer 1: 011
Interval timer 2: 012

The specified interval timer will stop.

In this example, an interrupt is executed every 2.4 ms (0.6 ms x 4) by means of
interval timer 1. Assume the default settings for all of the PC Setup. (Inputs are
not refreshed for interrupt processing.)

253%)5,“%?100{,%"%”39 Interval timer set values:
1 MOV(21) )
Sets 4 for the decrementing counter
#0004
set value.
DM 0010
MOV(21) Sets 0.6 ms for the decrementing time inter-
#oo0s | Val-
DM 0011
00100
11
1 @STIM(69) Interval timer 1 starts when IR 00100 turns ON.
004
DM 0010
#0023
00100
HF @STIM(69) Interval timer 1 stops when IR 00100 turns
011 OFF.
000
000
=
SBN(92) 023 . .
| Every 2.4 ms the count is reached for interval
=— timer 1, subroutine 023 is called, and the inter-
{ RET(93) | rupt processing is executed.

When the program is executed, subroutine 023 will be executed every 2.4 ms
while IR 00100 is ON.

IR 00100 |

Subroutine 023
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1-4-5 High-speed Counter O Interrupts

Input Signal Types and

Input Modes

30

Pulse signals from a pulse encoder to CPU bits 00004 through 00006 can be
counted at high speed using high-speed counter O (the built-in high-speed
counter), and interrupt processing can be executed according to the count.

Two types of signals can be input from a pulse encoder. The input mode used for
high-speed counter 0 will depend on the signal type.

Mode Operation

Differential A phase-difference 4X two-phase signal (phase-A and phase-B) and
phase mode |a phase-Z signal are used for inputs. The count is incremented or
decremented according to differences in the 2-phase signals.

Incrementing | One single-phase pulse signal and a count reset signal are used for

mode inputs. The count is incremented according to the single-phase sig-
nal.
Differential phase mode Incrementing mode

Phase-A T _Pulse T
| input : } ‘ i
I I I I I I I I I ! ! ! !
I | I | | I | I | ! ! ! !
Phase-B | | | | | \ ‘ : : : |
[ | L | ! ! ! !
Yy vy vy vy vy yvyvyvyyYyyvyvyvyvyyyyvwyy v v v v
Count 12345678766543210-1-2 Count 1 2 3 4
\ |1 |
Incremented Decremented Incremented only

Note One of the methods in the following section should always be used to reset the

counter when restarting it. The counter will be automatically reset when program
execution is started or stopped.

The following signal transitions are handled as forward (incrementing) pulses:
phase-A leading edge to phase-B leading edge to phase-A trailing edge to
phase-B trailing edge. The following signal transitions are handled as reverse
(decrementing) pulses: phase-B leading edge to phase-A leading edge to
phase-B trailing edge to phase-A trailing edge.

The count range is from —32,767 to 32,767 for differential phase mode, and from
0 to 65,535 for Incrementing Mode. Pulse signals can be counted at up to
2.5 kHz in differential phase mode, and up to 5.0 kHz in incrementing mode.

The differential phase mode always uses a 4X phase-difference input. The num-
ber of counts for each encoder revolution would be 4 times the resolution of the
counter. Select the encoder based on the countable ranges.
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Reset Methods

Either of the two methods described below may be selected for resetting the PV
of the count (i.e., setting it to 0).

Method Operation

Phase-Z signal | The PV is reset when the phase-Z signal (reset input) turns ON
+ software reset | after the High-speed Counter 0 Reset Bit (SR 25200) is turned
ON.

Software reset | The PV is reset when the High-speed Counter 0 Reset Bit
(SR 25200) is turned ON.

Phase-Z signal + software reset Software reset

1 or more cycles

Phase-Z
(reset input)

| | 1 or more cycles
: ‘

SR25200

| | B e E—
‘ - ‘ SR25200 -
1 or more cycles v Within 1 cycle ¢ v Within 1 cycle "
Reset by interrupt. Reset by cycle. Not reset. Reset by cycle.

Note The High-speed Counter 0 Reset Bit (SR 25200) is refreshed once every cycle,

so in order for it to be read reliably it must be ON for at least one cycle.

The “Z” in “phase-Z” is an abbreviation for “Zero.” It is a signal that shows that the
encoder has completed one cycle.

High-speed Counter O Interrupt Count

For high-speed counter 0O interrupts, a comparison table is used instead of a
“count up.” The count check can be carried out by either of the two methods de-
scribed below. In the comparison table, comparison conditions (for comparing to
the PV) and interrupt subroutine combinations are saved.

Method Operation

Target value | A maximum of 16 comparison conditions (target values and count
directions) and interrupt subroutine combinations are saved in the
comparison table. When the counter PV and the count direction
match the comparison conditions, then the specified interrupt routine
is executed.

Range com- | Eight comparison conditions (upper and lower limits) and interrupt
parison routine combinations are saved in the comparison table. When the
PV is greater than or equal to the lower limit and less than or equal to
the upper limit, then the specified interrupt subroutine is executed.

Target Value Comparisons

The current count is compared to the target values in the order that target values
are set in the comparison table and interrupts are generated as the count equals
each target value. Once the count has equaled all of the target values in the
table, the target value is set to the first target value in the table, which is again
compared to the current counted until the two values are equal.
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Count

Interrupts [f Comparison Table

/_f Target value 1
Target value 2

[f Target value 3

[f Target value 4
Target value 5

Initial value —
Target value

(N RS

1 -2 -3 -4+ 5
J

Range Comparisons
The current count is compared in cyclic fashion to all of the ranges at the same
time and interrupts are generated based on the results of the comparisons.

Comparison Table

0 Rage setting 1
} Count Rage setting 2

Rage setting 3
1 3 Rage setting 4

Note When performing target value comparisons, do not repeatedly use the INI in-
struction to change the current value of the count and start the comparison op-
eration. The interrupt operation may not work correctly if the comparison opera-
tion is started immediately after changing the current value from the program.
(The comparison operation will automatically return to the first target value once
an interrupt has been generated for the last target value. Repetitious operation
is thus possible merely by changing the current value.)

Procedure Follow the steps outlined below when using high-speed counter 0 (the CPU
Unit's built-in high-speed counter.)

1,2,3... 1. Determine the input mode (differential phase mode or incrementing mode)

32

and reset method (phase-Z signal + software reset, or software reset) to be
used.

. Determine the interrupt specifications.

a) No interrupt (Read high-speed counter PV or range comparison results.)
b) Use target-value interrupts or range-comparison interrupts.

. Wire the inputs. (Refer to the COM1H Operation Manual for details.)

Terminal Corresponding bit address
B2 IN4 | IR 00004
A2 INS | IR 00005
B3 IN6 | IR 00006

. Make PC Setup settings in DM 6642. (See page 35 for more details.)

a) Set 01 in the leftmost byte to indicate that high-speed counter O will be
used.
b) Set the input mode (differential phase mode or incrementing mode.)

c) Set the reset method (phase-Z signal + software reset, or software re-
set.)

Note High-speed counter O cannot be used while interval timer 2 is being
used. (The setting in the leftmost byte of DM 6642 determines wheth-
er high-speed counter 0 or interval timer 2 can be used.)
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5. Program the associated program sections.
a) Use CTBL(63) to register the comparison table and start comparison.
b) Use INI(61) to change the high-speed counter PV or start comparison.
c) Use PRV(62) to read the high-speed counter PV, comparison status, or

comparison results.

d) Write an interrupt subroutine within SBN(92) and RET(93) (only when
using the high-speed counter 0 interrupt.)

lHigh-speed counter 0 ' <:|

PC Setup

DM 6642 bits
08 to 15

/

Encoder| | 00004
inputs| | 00005 = Input mode }—{ Reset method _|—{Count | Generate
00008 Differential phase Phase-Z + software ﬁ .
Incrementing Software @ Execute specified
Ladder Program subroutine.
ﬁ ﬁ ‘[CTBL(ng REGISTER COMP TABLE Interrupt Subroutine
Register table.
PC Sewp PC Setup ez
DM 6642 bits DM 6642 bits (
00 to 03 04 to 07 N MODE CONTROL
N Change counter PV. —[RET(SS)]
Start/stop comparison.
When using interrupts.
. Range
Each cycle Each execution comparﬁ AR 110010
l results AR 1107

Counter PV
SR 231 and SR 230

«I:PRV(GZ)}

HIGH-SPEED COUNTER
PV READ

Read counter PV.
Read status of comparison.
Read comparison results.

The following instructions are used to control high-speed counter operation.

Instruction

Control function

CTBL(63)

Register a target value comparison table and start comparison.

Register a range comparison table and start comparison.

Register a target value comparison table.
(Start comparison with INI(61).)

Register a range comparison table.
(Start comparison with INI(61).)

INI(61)

Start comparison with registered comparison table.

Stop comparison.

Change high-speed counter PV.

PRV(62)

Read high-speed counter PV.

Read range comparison results
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Wiring

Note

PC Setup

34

The following flags and control bits are used to monitor and control high-speed
counter operation.

Word Bits Name Function
SR 230 | 00to 15 | High-speed Counter 0 PV | Contains the present value of
(rightmost 4 digits) high-speed counter 0 (the CPU

SR 231 | 00to 15 | High-speed Counter 0 PV Unit's built-in high-speed counter.)

(leftmost 4 digits)

SR 252 |00 High-speed Counter 0 Resets the PV of high-speed
Reset Bit counter 0.
AR 11 | 00to 07 |High-speed Counter O Indicate the range comparison

Range Comparison Flags | results for high-speed counter 0.
0: Range condition not satisfied.

1: Range condition satisfied.

Depending on the input mode, the input signals from the pulse encoder to the
CPU Unit’s input terminal are as shown below.

Terminal Allocated bit Differential phase mode Incrementing mode
address

B2 (IN4) | 00004 Encoder phase-A Pulse count input

A2 (IN5) | 00005 Encoder phase-B

B3 (IN6) | 00006 Encoder phase-Z Reset input

If the software reset is to be used, IR 00006 can be used as an ordinary input.
1. When the input mode is set to incrementing mode, IR 00005 can be used as
an ordinary input.
2. When the reset method is set to software reset, IR 00006 can be used as an
ordinary input.
The following diagram shows a wiring example with an E6B2-CWZ6C NPN
open-collector output.

CPU Unit

Encoder
(Voltage: 12 V)

@8 com

Blue g v (com)
®

12-V DC power supply
ov
+i2v

When using high-speed counter 0 interrupts, make the settings in PROGRAM
mode shown below before executing the program.
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Programming

1,2 3.

Input Refresh Word Settings (DM 6638)

Make these settings when it is necessary to refresh inputs. The setting is the
same as that for interval timer 2.

Bit 15 0
DM 6638
(I
Number of words (2-digit BCD) 00to 16 J
Beginning word (2-digit BCD) 00to 15
(IR 000 to IR 015)

Default: No input refresh

High-speed Counter 0 Settings (DM 6642)

If these settings are not made, high-speed counter 0 cannot be used in the pro-
gram.

Bit 15 0
DM6642| 0 1
|
L

1

High-speed counter 0 used:

Reset method
0: Phase-Z and software reset
1: Software reset

Input mode
0: Differential phase mode
4: Incrementing Mode

Default: High-speed counter 0 not used.

Changes in the setting in DM 6642 become effective only when power is turned
ON or PC program execution is started.
Use the following steps to program high-speed counter 0.

High-speed counter 0 begins the counting operation when the proper PC Setup
settings are made, but comparisons will not be made with the comparison table
and interrupts will not be generated unless the CTBL(63) instruction is executed.

High-speed counter 0 is reset to “0” when power is turned ON and when opera-
tion begins.

The present value of high-speed counter 0 is maintained in SR 230 and SR 231.
Controlling High-speed Counter 0 Interrupts

1. Use the CTBL(63) instruction to save the comparison table in the CQM1H
and begin comparisons.

— (@)CTBL(63)
000 C: (3-d|glt BCD)
c 000: Target table set and comparison begun
001: Range table set and comparison begun
B 002: Target table set only
003: Range table set only

TB: Beginning word of comparison table

If C is set to 000, then comparisons will be made by the target matching
method; if 001, then they will be made by the range comparison method.
The comparison table will be saved, and, when the save operation is com-
plete, then comparisons will begin. While comparisons are being executed,
high-speed interrupts will be executed according to the comparison table.
For details on the contents of the comparison tables that are saved, refer to
the explanation of the CTBL(63) instruction in Section 5 Instruction Set.
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1,2 3.

Note The comparison results are normally stored in AR 1100 through
AR 1107 while the range comparison is being executed.

If C is set to 002, then comparisons will be made by the target matching
method; if 003, then they will be made by the range comparison method. For
either of these settings, the comparison table will be saved, but compari-
sons will not begin, and the INI(61) instruction must be used to begin com-
parisons.

2. To stop comparisons, execute the INI(61) instruction as shown below.

— 1 (@)INI(61)

000

001

000

To start comparisons again, set the second operand to “000” (execute com-
parison), and execute the INI(61) instruction.
Once a table has been saved, it will be retained in the CQM1H during opera-
tion (i.e., during program execution) as long as no other table is saved.
Reading the PV
There are two ways to read the PV. The first is to read it from SR 230 and SR 231,
and the second to use the PRV(62) instruction.
1. Reading SR 230 and SR 231

The PV of high-speed counter 0 is stored in SR 230 and SR 231 as shown
below. The leftmost digit will be F for negative values.

Leftmost 4 digits ~ Rightmost 4 digits Differential phase mode Incrementing mode
SR 231 SR 230 F0032768 to 00032767 00000000 to 00065535
(-32,768)

Note These words are refreshed only once every cycle, so there may be a
difference from the actual PV.

When high-speed counter 0 is not being used, the bits in these words can be
used as work bits.

2. Using the PRV(62) Instruction
Read the PV of high-speed counter 0 by using the PRV(62) instruction.

—1 (@)PRV(62)

o0 P1: First word address of PV

000

P1

The PV of high-speed counter 0 is stored as shown below. The leftmost digit
will be F for negative values.

Leftmost 4 digits Rightmost 4 digits  Differential phase mode Incrementing mode
F0032768 to 00032767 00000000 to 00065535
(-32,768)

The PV is read when the PRV(62) instruction is actually executed.
Changing the PV
There are two ways to change the PV of high-speed counter 0. The first way is to
reset it by using the reset methods. (In this case the PV is reset to 0.) The second
way is to use the INI(61) instruction.
The method using the INI(61) instruction is explained here. For an explanation of
the reset method, refer to the beginning of this description of high-speed counter
0.
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Operation Example

25315 (ON for 1 scan)

Change the timer PV by using the INI(61) instruction as shown below.

—.(@)INI(61)

D: First word address for storing PV change
000 data

002

Leftmost 4 digits
[o]

To specify a negative number, set F in the leftmost digit.

Rightmost 4 digits  Differential phase mode Incrementing mode

F0032768 to 00032767 00000000 to 00065535

This example shows a program for using high-speed counter 0 in the Increment-
ing Mode, making comparisons by means of the target matching method, and
changing the frequency of pulse outputs according to the counter’s PV. Before
executing the program, set the PC Setup as follows:

DM 6642: 0114 (High-speed counter 0 used with software reset and Increment-
ing Mode). For all other PC Setup, use the default settings. (Inputs are not re-
freshed at the time of interrupt processing, and pulse outputs are executed for
IR 100.)

In addition, the following data is stored for the comparison table:

DM 0000: 0002 — Number of comparison conditions: 2
DM 0001: 1000 — Target value 1: 1000

DM 0002: 0000

DM 0003: 0101 — Comparison 1 interrupt subroutine: 101
DM 0004: 2000 — Target value 1: 2000

DM 0005: 0000

DM 0006: 0102 — Comparison 2 interrupt subroutine: 102

(

CTBL(63)

000 Saves the comparison table in target matching format,

and begins comparing.
000

DM 0000

)

SPED(64)

020

Begins continuous pulse output to IR10002 at 500 Hz.
001

#0050

25313 (Always ON)

SBN(92) 101

SPED(64)

020 When the high-speed counter value reaches 1000, subroutine

101 is called and the frequency of the pulse output is changed to
oo 200 Hz.

#0020

25313 (Always ON)
]l

: RET(93) I

SBN(92) 102
SPED(64) ) )
- When the high-speed counter value reaches 2000, subroutine 102
o is called and the pulse output is stopped by setting the frequency
001 to 0.
#0000

: RET(93) I
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When the program is executed, operation will be as follows:

Pulse frequency (Hz)
A

500

200 T

‘ ‘ ‘ ‘ ‘ ‘ # Time elapsed (s)

1-4-6 High-speed Counter 0 Overflows/Underflows

Recovery

38

Note

1,2 3.

1,2 3.

If the allowable counting range for high-speed counter 0 is exceeded, and un-
derflow or overflow status will occur and the counter’'s PV will remain at
OFFF FFFF for overflows and FFFF FFFF for underflows until the overflow/un-
derflow status is cleared by resetting the counter. The allowable counting ranges
are as follows:

Differential phase mode: FO03 2768 to 0003 2767

Incrementing Mode: 0000 0000 to 0006 5535

1. The values given above are theoretical and assume a reasonably short
cycle time. The values will actually be those that existed one cycle before the
overflow/underflow existed.

2. The 6th and 7th digits of high-speed counter 0’s PV are normally 00, but can
be used as “Overflow/Underflow Flags” by detecting values beyond the al-
lowable counting ranges.

High-speed counter 0 can be reset as described in the previous section or it can
be reset automatically by restarting program execution. High-speed counter 0
and related operations will not function normally until the overflow/underflow
status is cleared. Operations during overflow/underflow status will be as follows.

» Comparison table operation will stop.
» The comparison table will not be cleared.
* Interrupt routines for the high-speed counter will not be executed.

« CTBL(63) can be used only to register the comparison table. If an attempt is
made to start comparison table operation, operation will not start and the com-
parison table will not be registered.

« INI(61) cannot be used to start or stop comparison table operation or to change
the present value.

* PRV(62) will read out only OFFF FFFF or FFFF FFFF as the present value.

Use the following procedure to recover from overflow/underflow status.
With Comparison Table Registered

1. Reset the counter.

2. Set the PV with PRV(62) if necessary.

3. Set the comparison table with CTBL(63) if necessary

4. Start comparison table operation with INI(61).
Without Comparison Table Registered

1. Reset the counter.
2. Set the PV with PRV(62) if necessary.
3. Set the comparison table and start operation with CTBL(63) and INI(61).
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Note

Reset Operation

Startup Counter Status

Stopped Counter Status

The range comparison results in AR 11 will remain after recovery. The interrupt
routine for a interrupt condition meet immediately after recovery will not be
executed if the interrupt condition was already met before the overflow/under-
flow status occurred. If interrupt routine execution is necessary, clear AR 11 be-
fore proceeding.

When high-speed counter 0 is reset, the PV will be set to 0, counting will begin
from 0, and the comparison table, execution status, and execution results will be
maintained.

When high-speed counter 0 is started, the counter mode in the PC Setup will be
read and used, the PV will be set to 0, overflow/underflow status will be cleared,
the comparison table registration and execution status will be cleared, and
range execution results will be cleared. (Range execution results are always
cleared when operation is begun or when the comparison table is registered.)

When high-speed counter 0 is stopped, the PV will be maintained, the compari-
son table registration and execution status will be cleared, and range execution
results will be maintained.

1-5 Pulse Output Function

This section explains the settings and methods for using the CQM1H pulse out-
put function. Refer to the CQOM1H Operation Manual for details on hardware
connections to output points and ports.
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Pulse Output Operations

Standard pulses can be output from a Transistor Output Unit's output using
SPED(64). Pulses can be output from just one bit at a time. The duty factor of the
pulse output is 50% and the frequency can be set from 20 Hz to 1 kHz.

Transistor Output Unit

|

—d

t"?“ — 50% (0.5)

if

Item

Specification

Applicable Unit

Transistor Output Unit

Pulse output

Pulse output from specified bit

Any output word from IR 100 to IR 115 can be specified, but
pulses can be output from just one bit of the word at a time.

Features Frequency: 20 Hz to 1 kHz
Duty factor: 50%
Word specification: PC Setup (DM 6615)
Bit specification: In the ladder instruction
Applicable Setting number of pulses: PULS(65)
instructions Starting the pulse output: SPED(64)
Changing the frequency: SPED(64)

Stopping the pulse output: SPED(64) or INI(61)

Transistor Output Unit

+v Motor driver
Nplpipht
ouT
COM F—
-+
24V DC

The following table shows the pulse output operations that can be made with
combinations of PULS(65), SPED(64), and INI(61).

Frequency change Instruction Operand settings
Start pulse output at the specified frequency. | PULS(65) Number of pulses
Outputs continuously (continuous mode) or (independent mode only)
until the specified number of pulses have
been output (independent mode.) SPED(64) I\P/lorcti

ode
(Execute PULS(65) and then SPED(64) Frequency
when using independent mode.)
Change the frequency (in steps) of pulses SPED(64) Port
/—,7 being output. Mode
Frequency
Stop pulse output with an instruction. SPED(64) Port
(Execute SPED(64) or INI(61).) Frequency=0
INI(61) Control word=003
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Note A Transistor Output Unit must be used for this application.
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Procedure

1,2 3.

When outputting pulses from an output point, the frequency can be changed in
steps by executing SPED(64) again with different frequencies, as shown in the
following diagram.

Frequency

Time

Pulses can be output from an output in continuous mode or independent mode.

Continuous Mode
Pulses are output continuously until stopped with SPED(64) or INI(61).

Independent Mode

The pulse output stops automatically once the number of pulses specified in
SPED(64) have been output. (The pulse output can also be stopped premature-
ly with SPED(64) or INI(61).)

Follow the steps outlined below when outputting pulses from a Transistor Output
Unit. Pulses can be output from only one terminal on the Transistor Output Unit
at a time.

1. Determine the IR word (IR 100 to IR 115) to be used for the pulse output.

2. Wire the Transistor Output Unit. Wire the terminal corresponding to the bit
that will actually be used in the selected word.

3. Set the desired IR word address in DM 6615 of the PC Setup. Settings 0000
to 0015 BCD correspond to IR 100 to IR 115. (See page 41 for more details.)

4. Program the associated program sections.
a) PULS(65) can be used to set the number of output pulses.

b) SPED(64) can be used to control the pulse output (a pulse output without
acceleration or deceleration.)

¢) INI(61) can be used to stop the pulse output.
Transistor pulse output

(from an Output Unit allocated a
word between IR 100 and IR 115)

N =y | Pulse
No. of pulses [ FrequenCy| 'E‘ output
Ladder Program Ladder Program G
PULS(65)] SET PULSES SPED(B4)] SPEED OUTPUT PC Setup
Set th d i
Set the number of out- inztetp:n(é:ﬁj)‘ mode (continuous of _DM 6615
put pulses (8-digit BCD.) Set the pulse frequency (20 Hz to 1 bits 00 to 07

«{lwaﬂ) } MODE CONTROL

Stop the pulse output.

kHz.)
Start the pulse output.

vy Each cycle

PC Setup Settings

Pulse output status

Before executing SPED(64) to output pulses from an Output Unit, set the PC to
PROGRAM mode and make the following settings in the PC Setup.

In DM 6615, specify the output word that will be used for SPED(64) pulse output
to Output Units. (The bit is specified in the first operand in SPED(64).)
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Continuous Pulse Output

Setting the Number of Pulses

Changing the Frequency

The content of DM 6615 (0000 to 0015) specifies output words IR 100 to IR 115.
For example, if DM 6615 is set to 0002, pulses will be output to IR 102.

Bit 15 0

L
Always 00
Output word (rightmost 2 digits, BCD): 00 to 15

Default: Pulse output to IR 100.

Pulses will begin to be output at the specified output bit when SPED(64) is
executed. Set the output bit from 00 to 15 (D=000 to 150) and the frequency from
20 Hz to 1000 Hz (F=0002 to 0100). Set the mode to continuous mode (M=001).

I Execution condition

: : @SPED(64)

D

F

The pulse output can be stopped by executing INI(61) with C=003 or executing
SPED(64) again with the frequency set to 0. The frequency can be changed by
executing SPED(64) again with a different frequency setting.

The total number of pulses that will be output can be set with PULS(65) before
executing SPED(64) in independent mode. The pulse output will stop automati-
cally when the number of pulses set by PULS(65) have been output.

| Execution condition

I I @PULS(65)

000

000

P1

PULS(65) sets the 8-digit number of pulses P1+1, P1. These pulses can be set
from 00000001 to 16777215. The number of pulses set with PULS(65) is ac-
cessed when SPED(64) is executed in independent mode. (The number of
pulses cannot be changed for pulses that are being output.)

I Execution condition

I I @SPED(64)

D

M

=

When SPED(64) is executed, pulses will begin to be output at the specified out-
put bit (D=000 to 150: bit 00 to 15) at the specified frequency (F=0002 to 0100:
20 Hz to 1000 Hz). Set the mode to independent mode (M=000) to output the
number of pulses set with PULS(65). The frequency can be changed by execut-
ing SPED(64) again with a different frequency setting.

The frequency of the pulse output can be changed by executing SPED(64) again
with a different frequency setting. Use the same output bit (P) and mode (M) set-
tings that were used to start the pulse output. The new frequency can be fre-
quency 20 Hz to 1000 Hz (F=0002 to 0100).

1-6 Communications Functions
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The following table shows which communications modes are supported by the
CQM1H CPU Unit's communications ports. (The CQM1H-CPU11 CPU Unit is
not equipped with an RS-232C port.)
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Automatic Mode Change

Note

The PC Setup settings and communications procedures for these communica-
tions modes are described later in this section.

Communications Uses Port
Peripheral RS-232C

Programming Console | Programming Console connec- | YES No

bus tion

Peripheral bus Connection to a personal com- | YES No
puter with Support Software

Host Link Host Link or Programmable YES YES
Terminal connection

Protocol Macro Data transfer with standard ex- | No No
ternal devices using arbitrary
protocol

No-protocol No-protocol communications YES YES
with standard external devices

1:1 data link Establishing a data link with No YES
another CPU Unit

NT Link in 1:1 mode Establishing a 1:1 Data Link No YES
with a Programmable Terminal (See note.)

NT Link in 1:N mode Establishing a 1:1 Data Link No No
with a Programmable Terminal
or a 1:N connection with two or
more Programmable Terminals

1. The Programmable Terminal's Programming Console functions can be
used, but pin 7 on the DIP switch must be ON.

2. Turn ON pin 7 of the CPU Unit's DIP Switch when using the peripheral port
for any device other than a Programming Console.

When the PC is in RUN mode with a Programming Console connected to the
peripheral port of the CPU Unit, if a PT is connected to the CPU Unit’s built-in
RS-232C port or either of the ports of a CQM1H-SCB41 using Host Link mode,
the following message will be displayed at the Programming Console indicating
that a password is required to continue operation (using the Programming Con-

sole).

This is because, in order to write data to the CPU Unit, the PT changed the
operation mode from RUN mode to MONITOR mode. To continue operation
using the Programming Console, it is hecessary to input the password again.

Inputting the Password

» The mode will not be changed if the PT is connected via an NT Link.

* When a Programming Device installed on a computer is connected to the
peripheral port, the display (at the computer) for the CPU Unit's operation
mode will simply change from “RUN” to “MONITOR.”
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1-6-1 Host Link and No-protocol Communications Settings

This section explains the PC Setup settings that are shared by the Host Link and
no-protocol communications modes. Make the required PC Setup settings be-
fore attempting to establish Host Link or no-protocol communications.

Note If pin 5 on the CQM1H’s DIP switch is turned ON, the PC Setup communications
parameters will be ignored and the following settings will be used.

Parameter Setting when DIP Switch pin 5 is ON
Communications mode Host Link
Node number 00
Start bits 1 bit
Data length 7 bits
Stop bits 2 bit
Parity Even
Baud rate 9,600 bps
Transmission delay None

The PC Setup parameters in DM 6645 through DM 6654 are used to set parame-
ters for the communications ports.

Communications The settings in DM 6645 and DM 6650 determine the main communications pa-

Settings rameters, as shown in the following diagram.
(DM 6645 and DM 6650)

Bit 15 0
DM 6645: RS-232C port
DM 6650: Peripheral port !

Communications mode
0: Host Link
1: No-protocol
2: One-to-one data link slave*
3: One-to-one data link master*
4: NT Link in 1:1 mode*

Link words for 1:1 data link* I
0:LROOto LR 63
1: LR0O0Oto LR 31
2:LR00to LR 15

CTS control settings
0: Disabled
1: Enabled

Port settings
0: Standard communication conditions
1: According to setting in DM 6646, DM 6651

Default (0000): Host Link using standard parameters, no CTS control

Note *These settings can be made for the RS-232C port (DM 6645), but
not for the peripheral port (DM 6650).

Communications When pin 5 of the CPU Unit's DIP Switch is OFF and the settings in DM 6646 (or
Settings DM 6651) are enabled in DM 6645 (or DM 6650), these settings determine the
(DM 6646 and DM 6651) transmission frame format and baud rate, as shown in the following diagram.

Bit 15 0
DM 6646: RS-232C port
DM 6651: Peripheral port
T

Transmission Frame Format (See table below.)

Baud rate (See table below.)

Default: Standard communication conditions.
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Transmission Frame Format

Setting Stop bits Data length Stop bits Parity
00 1 7 1 Even
01 1 7 1 Odd
02 1 7 1 None
03 1 7 2 Even
04 1 7 2 Odd
05 1 7 2 None
06 1 8 1 Even
07 1 8 1 Odd
08 1 8 1 None
09 1 8 2 Even
10 1 8 2 Odd
11 1 8 2 None
Baud Rate
Setting Baud rate
00 1,200 bps
01 2,400 bps
02 4,800 bps
03 9,600 bps
04 19,200 bps
Transmission Delay Time Depending on the devices connected to the communications port, it may be nec-
(DM 6647 and DM 6652) essary to allow time for transmission. When that is the case, set the transmission
delay to regulate the amount of time allowed.
Bit 15 0

DM 6647: RS-232C port
DM 6652: Peripheral port

Transmission delay (4 digits BCD; unit: 10 ms)

]

I

Default: No delay

]

The transmission delay is set in the PC Setup to create a minimum interval be-
tween sending data from the PC. The transmission delay is used for the follow-
ing serial communications modes.

Serial communications
mode

Application

Host Link, responses

Once the PC has sent a response to the host
computer, it will not send the next response until the
time set for the transmission delay has expired.

Host Link, PC-initiated
communications

No-protocol communications

Once the PC has sent data using TXD(48), it will not
send data again until the time set for the

transmission delay has expired.

The delay is not used the first time data is sent from the PC. The delay will affect
other sends only if the normal time for the send comes before the time set for the
transmission delay has expired.

If the delay time has already expired when the next send is ready, the data will be
spent immediately. If the delay time has not expired, the send will be delayed
until the time set for the transmission delay has expired.
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The operation of the transmission delay for data sent from the PC is illustrated

below.
Transmission delay Transmission delay Transmission delay,
Response/data Response/data Response/data Response/data
sent sent sent sent
r r }
1st send 2nd send 3rd send 4th send ime
from PC from PC from PC from PC

1-6-2 Host Link Communications Settings and Procedures

This section explains the PC Setup settings and procedure required for Host
Link communications.

PC Setup Settings Be sure to write 00 in the leftmost digits of DM 6645 (RS-232C port) or DM 6650
(peripheral port) to specify Host Link communications. Other Host Link commu-
nications parameters are set in the rightmost two digits of DM 6645/DM 6650
and DM 6646/DM 6651.

A node number must be set for Host Link communications to differentiate be-
tween nodes when multiple nodes are participating in communications. This set-
ting is required only for Host Link communications.

Bit 15 0

DM 6648: RS-232C port nn—
DM 6653: Peripheral port

Node number j

(2 digits BCD): 00 to 31
Default: 00

The node number is normally set to 00. Other settings are not required unless
multiple nodes are connected in a network.

Overview of Host Link Host Link communications were developed by OMRON for the purpose of con-

Communications necting PCs and one or more host computers by RS-232C cable, and controlling
PC communications from the host computer. Normally the host computer issues
a command to a PC, and the PC automatically sends back a response. Thus the
communications are carried out without the PCs being actively involved. The
PCs also have the ability to initiate data transmissions when direct involvement
is necessary.
In general, there are two means for implementing Host Link communications.
One is based on C-mode commands, and the other on FINS (CV-mode) com-
mands. The CQM1H supports C-mode commands only. For details on Host Link
communications, refer to Section 6 Host Link Commands.

Communications This section explains how to use the Host Link to execute data transmissions

Procedure from the CQM1H. Using this method enables automatic data transmission from
the CQM1H when data is changed, and thus simplifies the communications pro-
cess by eliminating the need for constant monitoring by the computer.

1,2,3... 1. Check to see that AR 0805 (RS-232C Port Transmission Enabled Flag) is
ON.

2. Use the TXD(48) instruction to transmit the data.

—1 (@)TXD(48) S: Beginning word address of transmission data

S C: Control data
c 0000: RS-232C port
1000: Peripheral port

N: Number of bytes of data to be sent (4 digits BCD)
0000 to 0061
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From the time this instruction is executed until the data transmission is complete,
AR 0805 (or AR 0813 for the peripheral port) will remain OFF. It will turn ON
again upon completion of the data transmission. The TXD(48) instruction does
not provide a response, so in order to receive confirmation that the computer has
received the data, the computer’s program must be written so that it gives notifi-
cation when data is written from the CQM1H.

The transmission data frame is as shown below for data transmitted in the Host
Link Mode by means of the TXD(48) instruction.

\ T \ \
@ Ix10t x100 E X | x !
Node Header code Data (up to 122 characters) FCS Terminator
No. (Must be “EX”)

Application Example

To reset the RS-232C port (i.e., to restore the initial status), turn ON SR 25209.
To reset the peripheral port, turn ON SR 25208. These bits will turn OFF auto-
matically after the reset.

If the TXD(48) instruction is executed while the CQM1H is in the middle of re-
sponding to a command from the computer, the response transmission will first
be completed before the transmission is executed according to the TXD(48)
instruction. In all other cases, data transmission based on a TXD(48) instruction
will be given first priority.

This example shows a program for using the RS-232C port in the Host Link
Mode to transmit 10 bytes of data (DM 0000 to DM 0004) to the computer. The
default values are assumed for all the PC Setup (i.e., the RS-232C port is used in
Host Link Mode, the node number is 00, and the standard communications
conditions are used.) From DM 0000 to DM 0004, “1234" is stored in every word.
From the computer, execute a program to receive CQM1H data with the stan-
dard communications conditions.

00100 AR0805

— — ———— emxpus

DM 0000 If AR 0805 (the Transmission Enabled Flag)
is ON when IR 00100 turns ON, the ten bytes
#0000 of data (DM 0000 to DM 0004) will be trans-
#0010 mitted.

a7
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The following type of program must be prepared in the host computer to receive
the data. This program allows the computer to read and display the data re-
ceived from the PC while a Host Link read command is being executed to read
data from the PC.

10 'CQM1H SAMPLE PROGRAM FOR EXCEPTION
20 CLOSE 1

30 CLS

40 OPEN "COM:E73" AS #1

50 >kKEYIN

60 INPUT "DATA- ————",S$

70 IF S$="" THEN GOTO 190

80 PRINT "SEND DATA =";S$

90 ST$=S$

100 INPUT "SEND OK? Y or N?=",B$

110 IF B$="Y" THEN GOTO 130 ELSE GOTO *KKEYIN

120 S$=ST$

130 PRINT #1,S% ' Sends command to PC

140 INPUT #1,R$ " Receives response from PC
150 PRINT "RECV DATA =";R$

160 IF MID$(R$,4,2)="EX"” THEN GOTO 210"’ Identifies command from PC

170 IF RIGHT$(R$,1)<>" *k” THEN S$="":GOTO 130
180 GOTO >kKEYIN

190 CLOSE 1

200 END

210 PRINT "EXCEPTION!! DATA”

220 GOTO 140

The data received by the computer will be as shown below. (FCS is “59.”)
“@00EX1234123412341234123459>*CR”"

1-6-3 No-protocol Communications Settings and Procedures

PC Setup Settings
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This section explains the PC Setup settings and procedure required for No-pro-
tocol communications. No-protocol communications allow data to be ex-
changed with standard devices. For example, data can be output to a printer or
input from a bar code reader.

Be sure to write 10 in the leftmost digits of DM 6645 (RS-232C port) or DM 6650
(peripheral port) to specify No-protocol communications. Other communica-
tions parameters are set in the rightmost two digits of DM 6645/DM 6650 and
DM 6646/DM 6651.

The start and end codes or the amount of data to be received can be set as
shown in the following diagrams if required for no-protocol communications.
This setting is required only for no-protocol communications. These settings are
valid only when pin 5 on the DIP Switch is OFF.

Enabling Start and End Codes
Bit 15 0

DM 6648: RS-232C port
DM 6653: Peripheral port . nn
End code
0: Not set (Amount of reception data specified.)

1: Set (End code specified.)
2: CR/LF

Start code
0: Not set
1: Set (Start code specified.)

Defaults: No start or end code (Specify number of bytes to receive.)

Specify whether or not a start code is to be set at the beginning of the data, and
whether or not an end code is to be set at the end. Instead of setting the end
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Communications Procedure

1,2 3.

1,2 3.

code, it is possible to specify the number of bytes to be received before the re-
ception operation is completed. Both the codes and the number of bytes of data
to be received are set in DM 6649 or DM 6654.

Setting the Start Code, End Code, and Amount of Reception Data

Bit 15 0
DM 6649: RS-232C port
DM 6654: Peripheral port
\_1_1 L
End code or number of bytes to be received

For end code: (00 to FF)
For amount of reception data: 2 digits hexadecimal, 00 to FF (00: 256 bytes)

Start code 00 to FF

Defaults: No start code; data reception complete at 256 bytes.

Transmissions
1. Check to see that AR 0805 (the RS-232C Port Transmission Enabled Flag)
has turned ON.
2. Use the TXD(48) instruction to transmit the data.

—_(@)TXD(48) S: Leading word of data to be transmitted
S C: Control data
¢ N: Number of bytes to be transmitted (4 digits BCD), 0000 to 0256
N

From the time this instruction is executed until the data transmission is complete,
AR 0805 (or AR0813 for the peripheral port) will remain OFF. (It will turn ON
again upon completion of the data transmission.)

Start and end codes are not included when the number of bytes to be transmitted
is specified. The largest transmission that can be sent with or without start and
end codes in 256 bytes, N will be between 254 and 256 depending on the desig-
nations for start and end codes. If the number of bytes to be sent is set to 0000,
only the start and end codes will be sent.

256 bytes max.

J

Start code Data End code

To reset the RS-232C port (i.e., to restore the initial status), turn ON SR 25209.
To reset the peripheral port, turn ON SR 25208. These bites will turn OFF auto-
matically after the reset.

Receptions
1. Confirm that AR 0806 (RS-232C Reception Completed Flag) or AR 0814
(Peripheral Reception Completed Flag) is ON.
2. Use the RXD(47) instruction to receive the data.

(@RXD7) D: Leading word for storing reception data

C: Control data
Bits 00 to 03
0: Leftmost bytes first
1: Rightmost bytes first
Bits 12 to 15
0: RS-232C port
1: Peripheral port

N: Number of bytes stored (4 digits BCD), 0000 to 0256
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Application Example

3. The results of reading the data received will be stored in the AR area. Check
to see that the operation was successfully completed. The contents of these
bits will be reset each time RXD(47) is executed.

RS-232C Peripheral Error
port port

AR 0800to |ARO0808to |RS-232C port error code (1 digit BCD) 0: Normal

AR 0803 AR 0811 completion 1: Parity error 2: Framing error 3:
Overrun error

AR 0804 ARO0812 Communications error

AR 0807 AR0815 Reception Overrun Flag (After reception was
completed, the subsequent data was received
before the data was read by means of the
RXD(47) instruction.)

AR 09 AR10 Number of bytes received (4-digit BCD)

To reset the RS-232C port (i.e., to restore the initial status), turn ON SR 25209.
To reset the peripheral port, turn ON SR 25208. These bits will turn OFF auto-
matically after the reset.

The start code and end code are not included in AR 09 or AR 10 (humber of bytes
received).

This example shows a program for using the RS-232C port in the no-protocol

mode to transmit 10 bytes of data (DM 0100 to DM 0104) to the computer, and to

store the data received from the computer in the DM area beginning with

DM 0200. Before executing the program, the following PC Setup setting must be

made.

DM 6645: 1000 (RS-232C port in no-protocol mode; standard communications
conditions)

DM 6648: 2000 (No start code; end code CR/LF)

The default values are assumed for all other PC Setup settings. From DM 0100

to DM 0104, 3132 is stored in every word. From the computer, execute a pro-

gram to receive CQM1H data with the standard communications conditions.

00100

o wo]

00101 AR0805

|

— 1} @TXD(48) If AR 0805 (the Transmission Enabled Flag) is
DM 0100 ON when IR 00100 turns ON, the ten bytes of
data (DM 0100 to DM 0104) will be transmitted,
leftmost bytes first.

#0000

#0010

AR0806

— | @RXD(47) When AR 0806 (Reception Completed Flag)
DM 0200 goes ON, the number of bytes of data specified in
AR 09 will be read from the CQM1H'’s reception
buffer and stored in memory starting at DM 0200,
ARO09 leftmost bytes first.

#0000

The data will be as follows: “31323132313231323132CR LF”

1-6-4 One-to-one Data Links
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Note

If a CQM1H is linked one-to-one by connecting it to another CPU Unit through
their RS-232C ports, they can share common LR areas. One of the PCs will
serve as the master and the other as the slave. A CQM1H can be linked one-to-
one with any of the following PCs: CQM1H, CQM1, C200HX/HG/HE, C200HS,
CPM1, CPM1A, CPM2A, CPM2C, or SRM1(-V2).

The peripheral port cannot be used for 1:1 Data Links. Use the CPU Unit’s built-
in RS-232C port or a Serial Communications Board's RS-232C or RS-422A/485
port.
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One-to-one Data Links

Master area

Slave area

PC Setup Settings

A 1:1 Data Link allows two CQM1Hs to share common data in their LR areas. As
shown in the diagram below, when data is written into a word the LR area of one
of the linked Units, it will automatically be written identically into the same word of
the other Unit. Each PC has specified words to which it can write and specified
words that are written to by the other PC. Each can read, but cannot write, the
words written by the other PC.

Master Slave
Write “1" —> = = =|= === ====q---=-=---2-=-~-----= > 1| Master area
"""""" Written automatically. ===~ =-==-1
l<------93--------k------- ---1 -~— Write| Slave area

Note

Communications Procedure

Link Errors

Application Example

The word used by each PC will be as shown in the following table, according to
the settings for the master, slave, and link words. Set the link area to LR 00 to
LR 15 if the CQM1H is being linked with a CPM1, CPM1A, CPM2A, or
SRM1(-V2) PC.

DM 6645 setting
LR 00 to LR 15
LR 00 to LR 31
LR 00 to LR 63

Slave area
LR O8to LR 15
LR 16to LR 31
LR 32t0 LR 63

Master area
LR 00 to LR O7
LROOto LR 15
LRO0Oto LR 31

To use a 1:1 Data Link, the only settings necessary are the communications
mode and the link words. Set the communications mode for one of the PCs to the
1:1 Data Link Master and the other to the 1:1 Data Link Slave, and then set the
link words in the PC designated as the master.

Bit 15 0

Communications mode
2: One-to-one data link slave
3: One-to-one data link master

Link words
0:LROOto LR 63
1: LR00to LR 31
2:LR00to LR 15

Default: Communications mode = 0 (Host Link)

These settings are valid only when pin 5 of the CPU Unit's DIP Switch is OFF.
Bits 08 to 11 are valid only in the 1:1 Data Link Master.

If the settings for the master and the slave are made correctly, then the One-to-
one Data Link will be automatically started up simply by turning on the power
supply to both of the CPU Units and operation will be independent of the CPU
Units’ operating modes.

If a slave does not received a response from the master within one second, the
1:1 Data Link Error Flag (AR 0802) and the Communications Error Flag
(AR 0804) will be turned ON.

This example shows a program for verifying the conditions for executing a One-
to-one Data Link using the RS-232C ports. Before executing the program, set
the following PC Setup parameters.

Master: DM 6645; 3200 (1:1 Data Link Master; Area used: LR 00 to LR 15)

Slave: DM 6645: 2000 (1:1 Data Link Slave)
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The defaults are assumed for all other PC Setup parameters. The words used
for the One-to-one Data Link are as shown below.

Master Slave

LR 00 LR 00

Area for writing Area for reading
LRO7 _________41 YL LR 07

LR 08 j LR 08

Area for reading Area for writing

LR 15 LR 15

When the program is executed at both the master and the slave, the status of
IR 001 of each Unit will be reflected in IR 100 of the other Unit. Likewise, the sta-
tus of the other Unit’s IR 001 will be reflected in IR 100 of each Unit. IR 001 is an
input word and IR 100 is an output word

In the Master

25313 (Always ON)
1 MOV(21)

001

LROO

MOV(21)

LRO8

100

In the Slave

25313 (Always ON)
1 MOV(21)

001

LRO8

MOV(21)

LROO

100

1-6-5 NT Link 1:1 Mode Communications

Settings

Overview of NT Link 1:1
Mode Communications

52

This section explains communications with a Programmable Terminal with the
communications mode set to NT Link in 1:1 mode. The peripheral port cannot be
used for NT Link communications.

Set the communications mode to NT Link in 1:1 mode by setting DM 6645 to
4000. Be sure that pin 5 of the CPU Unit’s DIP Switch is OFF.

For details on Programmable Terminal settings, refer to the Programming Termi-
nal’'s Operation Manual.

NT Link communications were developed by OMRON to provide high-speed
communications between the PC and a Programmable Terminal. There are two
kinds of NT Link communications: 1:1 mode in which a single Programmable
Terminal is connected to the PC and 1:N mode in which several Programmable
Terminals can be connected to the PC. The CQM1H’s built-in RS-232C port sup-
ports only 1:1 mode communications, but both 1:1 and 1:N modes can be used if
an optional Serial Communications Board is installed in the PC.

Some Programmable Terminals are equipped with Programming Console func-
tions which allow the Programmable Terminal to program and monitor the
CQM1H. The Programmable Terminal's Programming Console functions can-
not be used if a Programming Console is connected to the CQM1H’s peripheral
port. Refer to the Programming Terminal’'s Operation Manual for details on the
Programming Console functions.
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Communications
Procedure

1-6-6 Wiring Ports

With NT Link communications, the PC automatically responds to commands is-
sued from the Programmable Terminal, so communications programming is not
required in the CQM1H and there is no NT Link communications procedure to
perform.

Refer to the COM1H Operation Manual for information on wiring the commu-
nications ports.

1-7 Calculating with Signed Binary Data

The CQM1H PCs allow calculations on signed binary data. The following
instructions manipulate signed binary data. Signed data is handled using 2’s
complements.

The following signed-binary instructions are available in CQM1H PCs:
Single-word Instructions

* 2'S COMPLEMENT — NEG(—)

* BINARY ADD — ADB(50)

* BINARY SUBTRACT — SBB(51)

» SIGNED BINARY MULTIPLY — MBS(—)

» SIGNED BINARY DIVIDE — DBS(—)

Double-word (Long) Instructions

* DOUBLE 2'S COMPLEMENT — NEGL(—)

* DOUBLE BINARY ADD — ADBL(—)

» DOUBLE BINARY SUBTRACT — SBBL(—)

* DOUBLE SIGNED BINARY MULTIPLY — MBSL(—)
» DOUBLE SIGNED BINARY DIVIDE — DBSL(—)

1-7-1 Definition of Signed Binary Data

The CQM1H provides instructions that operate on either one or two words of
data. Signed binary data is manipulated using 2's complements and the MSB of
the one- or two-word data is used as the sign bit. The range of data that can be
expressed using one or two words is thus as follows:

* One-word data:
—32,768 to 32,767 (8000 to 7FFF hexadecimal)

» Two-word data:
-2,147,483,648 to 2,147,483,647 (8000 0000 to 7FFF FFFF hexadecimal)
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The following table shows equivalents between decimal and hexadecimal data.

Decimal 16-bit Hex 32-bit Hex
2,147,483,647 — | 7FFFFFFF
2,147,483,646 — | 7FFF FFFE

32,768 — 0000 8000
32,767 7FFF | 0000 7FFF
32,766 7FFE | 0000 7FFE
2 0002 0000 0002

1 0001 0000 0001

0 0000 0000 0000

-1 FFFF | FFFF FFFF

2 FFFE | FFFF FFFE

—32,767. 800i FFFF SOOi

-32,768 8000 | FFFF 8000

-32,769 — | FFFF7FFF
~2,147,483,647 — | 80000001
—2,147,483,648 — | 8000 0000

1-7-2 Arithmetic Flags

The results of executing signed binary instructions is reflected in the arithmetic
flags. The flags and the conditions under which it will turn ON are given in the
following table. The flags will be OFF when these conditions are not met.

Flag ON conditions
Carry Flag (SR 25504) Carry in an addition.
Negative results for subtraction.
Equals Flag (SR 25506) The results of addition, subtraction,

multiplication, or division is 0.
Results of converting 2's complement is 0.

Overflow Flag (SR 25404) 32,767 (7FFF) was exceeded in results of
16-bit addition or subtraction.

2,147,483,647 (7FFF FFFF) was exceeded in
results of 32-bit addition or subtraction.

Underflow Flag (SR 25405) —32,768 (8000) was exceeded in results of
16-bit addition or subtraction, or conversion of
2's complement.

—-2,147,483,648 (8000 0000) was exceeded in

results of 32-bit addition or subtraction, or
conversion of 2's complement.

1-7-3 Inputting Signed Binary Data Using Decimal Values

Although calculations for signed binary data use hexadecimal expressions, in-
puts from the Programming Console or CX-Programmer can be done using dec-
imal inputs and mnemonics for the instructions. The procedure for using the Pro-
gramming Console to input using decimal values is shown in the COM1H Opera-
tion Manual. Refer to the CX-Programmer Operation Manual: C-series PCs for
details on using the CX-Programmer.
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Input Instructions

Only 16-bit operands can be input for the following instructions: NEG(—),
ADB(50), SBB(51), MBS(—), and DBS(—). Refer to the CQM1H Operation
Manual for details on inputting instructions from the Programming Console.

1-7-4 Using Signed-binary Expansion Instructions

Allocating Function Codes

The following CQM1H instructions must be allocated function codes in the
instructions table before they can be used.

* 2'S COMPLEMENT — NEG(—)

* DOUBLE 2'S COMPLEMENT — NEGL(—)

* DOUBLE BINARY ADD — ADBL(—)

» DOUBLE BINARY SUBTRACT — SBBL(—)

» SIGNED BINARY MULTIPLY — MBS(—)

» DOUBLE SIGNED BINARY MULTIPLY — MBSL(—)

» SIGNED BINARY DIVIDE — DBS(—)

» DOUBLE SIGNED BINARY DIVIDE — DBSL(—)

The procedure to using the Programming Console to allocate function codes is
shown in the COM1H Operation Manual. Be sure that pin 4 of the CQM1H’s DIP

switch is turned ON to enable use of a user-set instruction table before perform-
ing this operation.
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1-7-5 Application Example Using Signed Binary Data

The following programming can be used to performed calculations such as the
following in the CQM1H:

((1234 + (-123)) x 1212 — 12345) + (-1234) = -1081, Remainder of 232

000 = 04D2 - 1234
001 = FF85 P -123
LROO = 04BC . 1212
HR50 = 3039 - 12345
HR51 = 0000 .
DM1000 = FB2E - -1234
DM1001 = FFFF -
10000
—F——{ocw ]
ADB(50)
000 04D2
001 X F585
010 | ~—— 0457
MBS(—)
010
0457
LR0O X_04BC
020 [ =—  (00148BE4
SBBL(—)
020
00148BE4
HRS0 00003039
030 | — _— 0
00145BAB
DBSL(—)
030
00145BAB
DM1000 ~ FFFFFB2E
040 | =— FFFFFBC7 =-— Result
000000E8 <— Remainder
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Inner Boards
This section describes software applications information for the following Inner Boards: High-speed Counter Board, Pulse

I/O Board, Absolute Encoder Interface Board, Analog Setting Board, Analog I/O Board, and Serial Communications Board.
Refer to theaCQM1H Operation Manudbr hardware information.
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2-1 High-speed Counter Board

2-1-1 Model

Name Model Specification
High-speed Counter Board | CQM1H-CTB41 | Four pulse inputs

Four external outputs of comparison
result

2-1-2 Functions

The High-speed Counter Board is an Inner Board that handles four pulse inputs.

High-speed Counter Pulse Inputs 1 to 4

The High-speed Counter Board counts high-speed pulses from 50 to 500 kHz
entering through ports 1 to 4, and performs tasks according to the number of
pulses counted.

Input Modes
The following three Input Modes are available:

« Differential Phase Mode (1x/2x/4x)
» Up/Down Mode

» Pulse/Direction Mode

Comparison Operation

When the PV (present value) of the high-speed counter matches a specified tar-
get value or lies within a specified range, the bit pattern specified in the compari-
son table is stored in internal output bits and external output bits. A bit pattern
can be set for each comparison result, and the external output bits can be output
through an external output terminal as described below.

External Outputs
Up to four external outputs can be produced when either the target value is
matched or a range comparison condition is satisfied.

Note The High-speed Counter Board does not provide high-speed counter interrupts.
It simply compares the PV to target values or comparison ranges, and produces
internal and external bit outputs.

2-1-3 Example System Configuration

High-speed Counter Board
High-speed Counter Board

Incremental encoders
(8 maximum)
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2-1-4 Applicable Inner Board Slots

The High-speed Counter Board can be installed in either slot 1 (left slot) or slot 2
(right slot) of the CQM1H-CPU51/61 CPU Unit. Both slots can be used at the

same time.

Slot 1 Slot 2

M — s —

2-1-5 Names and Functions

High-speed Counter Board

One High-speed Counter Board provides two connectors that accept high-
speed pulse inputs. CN1 is used for inputs 1 and 2, and CN2 is used for inputs 3

and 4.

LED Indicators

CQM1H-CTB41 High-speed Counter Board

) L—cent
jf Pulse input 1 Compatible connector
= Pulse input 2 Socket: XM2D-1501 (OMRON)
5 Hood: XM2S-1511 (OMRON)
\g“ | ——CN2 Two Socket+Hood sets are provided as
j Pulse input 3 standard accessories.
- Pulse input 4
©
e -

RDY: Operational (Green)
[ Lit when pulse inputs can be received.
Pulse Inputs (Orange)
Al, A2, A3, A4:
Lit when phase-A input is ON in port 1, 2, 3, or 4.

B1, B2, B3, B4:
Lit when phase-B input is ON in port 1, 2, 3, or 4.

71,272,273, Z4:
Lit when phase-Z input is ON in port 1, 2, 3, or 4.

External Outputs (Orange)
OUT1, OUT2, OUT3, OUT4:
Lit when the corresponding output (1, 2, 3, or 4) is ON.

L ERR: Error (Red)
Lit when an error is detected in the PC Setup settings for the input pulse

function, or when an overflow or underflow occurs in the high-speed count-
er’s present value.
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2-1-6 Specifications

Instructions

Instruction Meaning

CTBL(63) Used to register target or range comparison tables or used to
start comparisons for previously registered comparison tables. A
table can be registered and comparison started with separate
instructions or the same instruction.

INI(61) Used to start or stop comparison using registered comparison
table or used to change the PV of a high-speed counter.

PRV(62) Used to read the PV or status of a high-speed counter.

Related Control Bits, Flags, and Status Information

Word Bits Name Function
Slot 1 Slot 2
IR 200 IR 232 00to 15 | Counter 1 | PV (rightmost four digits) | The PV of the high-speed counter on
IR 201 IR233  [00to15 PV (leftmost four digits) | ©aCh port of the High-speed Counter
- — Board is stored after each cycle.
IR 202 IR 234 00 to 15 | Counter 2 | PV (rightmost four digits) N The ) hich d ) d
— ote e form in which data is store
IR 203 IR 235 00to 15 PV (leftmost four digits) (BCD or hexadecimal) can be speci-
IR 204 IR 236 00to 15 | Counter 3 | PV (rightmost four digits) fied in the PC Setup (DM 6602 and
IR 205 IR 237 00 to 15 PV (leftmost four digits) DM 6611).
IR 206 IR 238 00 to 15 | Counter 4 | PV (rightmost four digits)
IR 207 IR 239 00to 15 PV (leftmost four digits)
IR 208: IR 240: 00 to 07 | Comparison Results: Internal Output | Contains the bit pattern specified by
Counter1 | Counter 1 Bits 00 to 07 operand in CTBL(63) when a condition is
IR 209: IR 241: satisfied.
Counter2 | Counter2 |08to 11 | Comparison Results: Bits for External | Contains the bit pattern specified by
IR 210 IR 242: Outputs 1 to 4 ggﬁ;ﬁgg in CTBL(63) when a condition is
Counter 3 | Counter 3 . :
IR 211: IR 243: 12 Counter Operating Flag i): gtogrp;%ﬂ
Counter 4 | Counter 4 P 9
13 Comparison Flag Indicates whether or not a comparison is
in progress.
0: Stopped
1: Operating
14 PV Overflow/Underflow Flag Indicates whether or not an overflow or
underflow has occurred.
0: Normal
1: Overflow or underflow has occurred
15 SV Error Flag 0: Normal

1: Setting error
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Word Bits Name Function
Slot 1 Slot 2
IR 212 AR 05 00 High-speed counter 1 Reset Bit Phase Z and software reset
- - 0: Counter not reset on phase Z
02 High-speed counter 3 Reset Bit Software reset only
- - 0: Counter not reset
03 High-speed counter 4 Reset Bit 0-1: Counter reset
08 High-speed Counter 1 Comparison 0 - 1: Comparison starts
Start Bit 1 - 0: Comparison stops
09 High-speed Counter 2 Comparison
Start Bit
10 High-speed Counter 3 Comparison
Start Bit
11 High-speed Counter 4 Comparison
Start Bit
12 High-speed Counter 1 Stop Bit 0: Operation continues
13 High-speed Counter 2 Stop Bit 1: Operation stops
14 High-speed Counter 3 Stop Bit
15 High-speed Counter 4 Stop Bit
IR 213 AR 06 00 External Output 1 Force-set Bit 0: No effect on output status
01 External Output 2 Force-set Bit 1: Forces output ON
02 External Output 3 Force-set Bit
03 External Output 4 Force-set Bit
04 External Output Force-set Enable Bit | 0: Force-setting of outputs 1 to 4 disabled
1: Force-setting of outputs 1 to 4 enabled
SR 254 15 Inner Board Error Flag 0: No error
1: Error
Turns ON when an error occurs in an
Inner Board mounted in slot 1 or slot 2.
The error code for slot 1 is stored in
AR 0400 to AR 0407 and the error code
for slot 2 is stored in AR 0408 to AR 0415.
AR 04 00 to 07 | Error code for Inner Board in slot 1 00 Hex: Normal
- 01 or 02 Hex: Hardware error
08 to 15 | Error code for Inner Board in slot 2 03 Hex: PC Setup error
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Related PC Setup Settings

Word Bits Function When setting_is
Slot 1 Slot 2 read
DM 6602 DM 6611 00 to 03 Data format in which PVs of high-speed counters 1to | When power is
4 are stored turned ON.

0: Eight-digit hexadecimal (BIN)

1: Eight-digit BCD

04 to 07 Not used.

08to 11 Sourcing/Sinking setting for external outputs 1 to 4

0: Sourcing (PNP)
1: Sinking (NPN)

12 to 15 Not used.
DM 6640 DM 6643 00 to 03 Input Mode for high-speed counter 1 When operation
0 Hex: 1x Differential phase input starts.

1 Hex: 2x Differential phase input
2 Hex: 4x Differential phase input
3 Hex: Up/Down pulse input
4 Hex: Pulse/Direction input

04 to 07 Count frequency, Numeric Range Mode and counter
reset method of high-speed counter 1. Refer to the
following table.

08to 11 Input Mode of high-speed counter 2
(Refer to the explanation given above for high-speed
counter 1.)

12to 15 Count frequency, Numeric Range Mode, and counter

reset method of high-speed counter 2
(Refer to the explanation given above for high-speed

counter 1.)
DM 6641 DM 6644 00to 03 Input Mode of high-speed counter 3
(Refer to the explanation given above for high-speed
counter 1.)
04 to 07 Count frequency, Numeric Range Mode, and counter

reset method of high-speed counter 3
(Refer to the explanation given above for high-speed

counter 1.)

08to 11 Input Mode of high-speed counter 4
(Refer to the explanation given above for high-speed
counter 1.)

12to0 15 Count frequency, Numeric Range Mode, and counter

reset method of high-speed counter 4
(Refer to the explanation given above for high-speed
counter 1.)

Count Frequency, Numeric Range Mode, and Counter Reset Method of High-speed Counters

Value Count frequency Numeric Range Mode Counter reset method
0 Hex 50 KHz Linear Mode Phase Z + software reset
1 Hex Software reset only
2 Hex Ring Mode Phase Z + software reset
3 Hex Software reset only
4 Hex 500 KHz Linear Mode Phase Z + software reset
5 Hex Software reset only
6 Hex Ring Mode Phase Z + software reset
7 Hex Software reset only
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2-1-7 High-speed Counters 1 to 4

The High-speed Counter Board counts pulse signals entering through ports 1 to
4 from rotary encoders and outputs internal/external output bit patterns accord-
ing to the number of pulses counted. The four ports can be used independently.
An outline of the processing performed by high-speed counters 1 to 4 is provided

below.
Overview of Process
Input Signals and Input High-speed counters 1 to 4 can be set to different Input Modes in response to the
Modes type of signal input.

Differential Phase Mode (Counting Speed: 25 kHz or 250 kHz)

Two phase signals (phase A and phase B) with phase difference multiples of 1x,
2x, or 4x are used together with a phase-Z signal for inputs. The count is increm-
ented or decremented according to differences in the two phase signals.
Up/Down Mode (Counting Speed: 50 kHz or 500 kHz)

Phase A is the incrementing pulse and phase B is the decrementing pulse. The
counter increments or decrements according to the pulse that is detected.
Pulse/Direction Mode (Counting Speed: 50 kHz or 500 kHz)

Phase A is the pulse signal and phase B is the direction signal. The counter in-
crements when the phase-B signal is ON and decrements when it is OFF.

Differential Phase Mode

Phase A
Phase B
1x
2x Lol alslefs] o [salsfe] o+ f2fs]«]
4x ‘ 0 |1Iz[3|4|5|s]7lalsltoln| 12 |n|1o|9[a|7|s|s|4 |3|2I 1 Izlslals]s|7|el
Phase A Phase B 1x 2X 4x
1 L Increment Increment Increment
H ) Increment
! H Increment Increment
L | Increment
L ) Decrement
1 H Decrement Decrement
H | Decrement
! L Decrement Decrement Decrement
Up/Down Mode Pulse/Direction Mode

Encoder input A
(UP input)

Encoder input A
(Pulse input)

Encoder input B : : : : | Encoder input B
(DOWN input) v v v v v (Direction input)
2 3 2

1 1 1 2 3 1
~
Increment Decrement Increment Decrement
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Numeric Ranges

64

The values counted by high-speed counters 1 to 4 can be counted using the fol-
lowing two range settings:

Ring Mode
In Ring Mode, the maximum value of a numerical range can be set using

CTBL(63), and when the count is increment beyond this maximum value, it re-
turns to zero. The count never becomes negative. Similarly, if the count is decre-
mented from 0, it returns to the maximum value. The number of points on the ring
is determined by setting the maximum value (i.e., the ring value) to a value be-
tween 1 and 8388607 BCD or between 1 and 7FFFFFFF Hex. When the maxi-
mum value is set to 8388607, the range will be 0 to 8388607 BCD.

Linear Mode

In Linear Mode, the count range is always —8388608 to 8388607 BCD or
F8000000 to 07FFFFFF Hex. If the count decrements below —8388608 BCD or
F8000000 Hex, an underflow is generated, and if it increments above 8388607
BCD or 07FFFFFF Hex, an overflow is generated.

Ring Mode Linear Mode

Max. count value
(Ring value)

Decrement l

<

0

F8000000 Hex

—-8388608 BCD 0 07FFFFFF Hex
L 1 i
l Increment P, . L
Underflow Overflow

If an overflow occurs, the PV of the count will remain at 08388607 BCD or
07FFFFFF Hex, and if an underflow occurs, it will remain at F8388608 BCD or
F8000000 Hex. In either case, counting and comparison will stop, but the com-
parison table will be retained in memory. The PV Overflow/Underflow Flag
shown below will turn ON to indicate the underflow or overflow.

Counter PV Overflow/Underflow Flag
Slot 1 Slot 2
High-speed counter 1 IR 20814 IR 24014
High-speed counter 2 IR 20914 IR 24114
High-speed counter 3 IR 21014 IR 24214
High-speed counter 4 IR 21114 IR 24314

When restarting the counting operation, use the reset methods given below to
reset high-speed counters 1 and 2. (Counters will be reset automatically when
program execution starts and finishes.)
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Reset Methods

Checking Methods for
High-speed Counter
Interrupts

Note

The following two methods can be set to determine the timing at which the PV of
the counter is reset (i.e., set to 0):

» Phase-Z signal + software reset
* Software reset

Phase-Z Signal (Reset Input) + Software Reset

The PV of the high-speed counter is reset in the first rising edge of the phase-Z
signal after the corresponding High-speed Counter Reset Bit (see below) turns
ON.

1 or more cycles
Phase-Z T 1 1 ﬂ
(reset input) ! ! :

High-speed Counter ‘
Reset Bit

1 or more cycles‘

v Within 1 cycle ¢ y

Reset by interrupt. Reset by cycle. Not reset.

Software Reset
The PV is reset when the High-speed Counter Reset Bit turns ON. There are
separate Reset Bits for each high-speed counter 1 to 4.

1 or more cycles
- -

High-speed Counter
Reset Bit

Within 1 cycle V

Reset by cycle.

The Reset Bits of high-speed counters 1 to 4 are given in the following table.

Counter Reset Bit
Slot 1 Slot 2
High-speed counter 1 IR 21200 AR 0500
High-speed counter 2 IR 21201 AR 0501
High-speed counter 3 IR 21202 AR 0502
High-speed counter 4 IR 21203 AR 0503

Reset Bits for high-speed counters 1 to 4 are refreshed only once each cycle. A
Reset Bit must be ON for a minimum of 1 cycle to be read reliably.

The comparison table registration and comparison execution status will not be
changed when the PV is reset. If a comparison was being executed before the
reset, it will continue.

The following two methods are available to check the PV of high-speed counters
1to 4. (These are the same methods as those used for built-in high-speed count-
er0.)

« Target value method
* Range comparison method
Refer to page 31 for a description of each method.

For the target value method, a maximum of 48 target values can be registered in
the comparison table. When the PV of the counter matches one of the 48 regis-
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Comparison

tered target values, the corresponding bit pattern (1 to 48) will be output to spe-
cific bits in memory.

When matched
0

|

1
|—>[ Bit pattern (1)

PR > l?arget value (1)

| Target value (2)

|

|—>| Bit pattern (2)

PV of high-speed counter |-~1

E-----}[Targetvalue (48) 4'—9! Bit pattern (48) J

Note

N4
A
r~ Al
11 87 0
208 to 211/240 to 243 Wd r I | I
External Internal output

output bits  bits (8 bits)

‘ I;___> An OR is taken of

corresponding bits
of IR 208 to IR 211,
or IR 240 to IR 243.

External outputs
(four outputs)

When using target values, comparison is made to each target value in the order
of the comparison table until all values have been met, and then comparison will
return to the first value in the table. With the High-speed Counter Board, it does
not make any difference if the target value is reached as a result of incrementing
or decrementing the PV.

With high-speed counter 0 in the CPU Unit or high-speed counter 1 or 2 on the
Pulse I/0 Board or Absolute Encoder Interface Board, the leftmost bit of the word
containing the subroutine number in the comparison table determines if target
values are valid for incrementing or for decrementing the PV.

Examples of comparison table operation and bit pattern outputs are shown in the
following diagrams.

Counter PV

Comparison table

Targetvalue 1| Target value 5

Targetvalue 2| Target value 4

Target value 3

Target value 3
Target value 4

Target value 2

Target value 5

Target value 1

0

Target value for

comparison
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Counter PV
A

™ Bit pattern output to memory

Target value 1

Target value 2

Target value 3

Target value 4

Target value 5

0

Target value for
comparison

Time

Comparison values 1 through 48 and bit patterns 1 through 48 are registered in
the target value table. Of bits 00 to 11 of each of these bit patterns, bits 0 to 7 are
stored as internal output bits, and bits 08 to 11 are stored as external output bits.
As shown in the diagram below, the bits in the external bit pattern are used in an
OR operation on the corresponding bits of high-speed counters 1 to 4, the re-
sults of which are then output as external outputs 1 to 4.

Example:

Slot 1 Slot 2
i i

High-speed counter 1 comparison result (IR 208 or IR 240)
High-speed counter 2 comparison result (IR 209 or IR 241)
High-speed counter 3 comparison result (IR 210 or IR 242)
High-speed counter 4 comparison result (IR 211 or IR 243)

11 10 09 08 « Bit
“fofofofr]
:[oJoJ1 o] An OR is taken of the bits in
. the same position and the
: ﬂllﬂn result is output.
) 0 010

L.——> External output 1 ON
————> External output 2 ON
———————> External output 3 ON

7 External output 4 OFF

For the range comparison method, 16 comparison ranges are registered in the
comparison table. When the PV of the counter first enters between the upper
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and lower limits of one of the ranges 1 to 16, the corresponding bit pattern (1 to
16) will be output once to specific bits in memory.

Bit pattern output when PV is inside a range.

Comparison — — u 2
;..>l Lower limit 1 to upper limit 1 ]._.>r Bit pattern 1 |
PV of high-speed counter}--%v--}l Lower limit 2 to upper limit 2 |%I Bit pattern 2 ]
>| Lower limit 16 to upper limit 16 ]%I Bit pattern 16 I
A
r Rl
H 87 0
IR 208 to IR 211 or I l I I I
IR 240 to IR 243
External Internal output
output bits  bits (8 bits)
|“—=| AnORistaken of
corresponding bits
of IR 208 to IR 211,
or IR 240 to IR 243.
External outputs
(four outputs)
Counter PV ™ Bit pattern output to memory

Comparison range 4 I Comparison table

Comparison range 1

Comparison range 3 I Comparison range 2

Comparison range 3

Comparison range 2 4 ]
Comparison range 4

Comparison range 1 I

P Time (s)

The PV is continually compared to all comparison ranges.

Lower and upper limits for ranges 1 through 16 and bit patterns 1 through 16 are
registered in the range comparison table. Of bits 0 to 11 of each of these bit pat-
terns, bits 0 to 7 are stored as internal output bits, and bits 8 to 11 are stored as
external output bits. As shown in the diagram below, the bits in the external bit
pattern are used in an OR operation on the corresponding bits of high-speed
counters 1 to 4, the results of which are then output as external outputs 1 to 4.

Example:

Slot 1 Slot 2 .
} } 10 09 08 ~ Bit

High-speed counter 1 comparison result (IR 208 or IR 240)  * ﬂlﬂﬂll

High-speed counter 2 comparison result IR 209 0rIR241) : [0 [ o] 1 [o | An OR is taken of the bits in

the same position and the
High-speed counter 3 comparison result (IR 2100r1R242) : [0 [ 1 Jo [0 | result is oStput.

High-speed counter 4 comparison result IR2110orlIR243) |0 [0 ] o0 {0

> External output 1 ON
—————> External output 2 ON
——————> External output 3 ON

—> External output 4 OFF
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Reading High-speed
Counter Status

Note

Note

External outputs 1 to 4 are controlled by ORs performed on corresponding bits
(i.e., bits with the same bit number) in the comparison result bits 08 to 11 for high-
speed counters 1 to 4. The user must determine which outputs should be turned
ON for each possible comparison result and set the bit patterns so that the OR
operations will produce the desired result.

Range Comparison Flags are supported by the built-in high-speed counter
(high-speed counter 0) and the Pulse 1/0 Board for rangesl to 8. These flags,
however, are not supported by the High-speed Counter Board. The internal bit
patterns must be used to produce the same type of output result.

The following two methods can be used to read the status of high-speed count-
ers 1to 4:

 Using CPU Unit memory words
* Using PRV(62)

Using CPU Unit Memory Words
The memory area words and bits in the CPU Unit that indicate the status of high-
speed counters 1 to 4 are given below.

Inner Board Error Codes

Word Bits Function
Slot 1 | Slot2
AR 04 00to 07 |Slot1 | The following 2-digit error codes are stored.
00 Hex: Normal
0810 15 | Slot2 |01 or 02 Hex: Hardware error
03 Hex: PC Setup error

Operating Status Words

High-speed counter Word
Slot 1 Slot 2
High-speed counter 1 IR 208 IR 240
High-speed counter 2 IR 209 IR 241
High-speed counter 3 IR 210 IR 242
High-speed counter 4 IR 211 IR 243

The functions of the bits in each operating status word are as follows:

Bits Function

00 to 07 Comparison Results: Internal Output Bits

08to 11 Comparison Results: External Output Bits for Outputs 1 to 4

The result of an OR operation on bits in same bit positions for all the
high-speed counters 1 to 4 will be output. (See note.)

12 Counter Operating Flag (0: Stopped; 1: Running)
13 Comparison Flag (0: Stopped; 1: Running)

14 PV Overflow/Underflow Flag (0: No; 1: Yes)

15 SV Error Flag (0: Normal; 1: Error)

The following table shows the relationship between external outputs 1 to 4 and
Comparison Results External Output Bits.
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High-speed External output Slot 1 Slot 2
counter

Counter 1 External output 1 OR of bits 08 of OR of bits 08 of
IR 208 to IR 211 IR 240 to IR 241

Counter 2 External output 2 OR of bits 09 of OR of bits 09 of
IR 208 to IR 211 IR 240 to IR 241

Counter 3 External output 3 OR of bits 10 of OR of bits 10 of
IR 208 to IR 211 IR 240 to IR 241

Counter 4 External output 4 OR of bits 11 of OR of bits 11 of
IR 208 to IR 211 IR 240 to IR 241

Using PRV(62)

The status of high-speed counters 1 to 4 can be read using PRV(62) in the man-

ner shown below.

— (@)PRV(62)

P P: Port specifier

c C: 001

D D: First destination word

High-speed counter Value specified in P
Slot 1 Slot 2

High-speed counter 1 101 001
High-Speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004

The meaning of the individual bits of D, in which the status of high-speed count-

ers 1to 4 is stored, is given in the following table.

Bits Function

00 to 07 Comparison Results: Internal Output Bits

08to 11 Comparison Results: External Output Bits for Outputs 1 to 4
The result of an OR operation on bits in same bit positions for all the
high-speed counters 1 to 4 will be output. (See note.)

12 Counter Operating Flag (0: Stopped; 1: Running)

13 Comparison Flag (0: Stopped; 1: Running)

14 PV Overflow/Underflow Flag (0: No; 1: Yes)

15 SV Error Flag (0: Normal; 1: Error)
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Procedure for Using High-speed Counters

Determine counting rate, Input Mode,
reset method, Numeric Range Mode,
form in which PV of high-speed counter
data is stored, and external output
method.

Set input voltages
(switches on Board).

|

Mount Board and wire inputs.

PC Setup
(Slot 1: DM 6602, DM 6640, DM 6641
Slot 2: DM 6611, DM 6643, DM 6644)

Determine count check (comparison)

method and internal/external bit patterns.

Ladder program

Counting rate: 50 kHz/500 kHz

Input Modes:
Differential Phase Mode; Pulse/Direction Mode; Up/Down Mode

Reset methods: Phase Z + software reset; software reset
Numeric Range Modes: Ring Mode or Linear Mode

Form in which PV of high-speed counter data is stored:
8-digit BCD or 8-digit hexadecimal

External output method:
Sourcing or Sinking switching of transistor output

Counting rate: 50 kHz/500 kHz

Input Modes:
Differential Phase Mode; Up/Down Mode; Pulse/Direction Mode

Reset methods:
Phase Z + software reset; software reset

Numeric Ranges: Ring Mode or Linear Mode

External output method:
Sourcing or Sinking switching of transistor output

Form in which PV of high-speed counter data is stored:
8-digit BCD; 8-digit hexadecimal

Count check methods: Target value or range comparison

Output bit patterns when conditions met:
Internal and external output bits

REGISTER COMPARISON TABLE (CTBL(63)):
Port specification; comparison table registration; comparison start

MODE CONTROL (INI(61)):
Port specification; PV change; comparison start

HIGH-SPEED COUNTER PV READ (PRV(62)):
Reading PV of high-speed counter and status of comparison.
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High-speed Counter Function

[A]
—1 Input -
FCO'Gl% E — L( Counting rate ] flnput Mode ]—»[ Reset Method ]—> Numeric Range ]—.I Count I_.®
encoder | Z Differential phase Phase-Z + software Ring Mode
input  — Up/Down pulse Software only Linear Mode
— Pulse/Direction
Port 2 i ot PC Setup G ﬁ
npui
(cNy) | Bf— Bits 04 to 07 or bits 12 to ﬁ
encoder ? 15 of DM 6640/ DM 6641/
input | < | DM 6643/DM 6644 PC Setup PC Setup
- PC Setup Bits 04 to 07 or bits 12 to Bits 04 to 07 or bits 12 to
A Bits 00 to 03 and 08 to 11 15 of DM 6640/ DM 6641/ 15 of DM 6640/ DM 6641/
Port 1 F — Input of DM 6640/DM 6641/ DM 6643/DM 6644 DM 6643/DM 6644
(cN2) |~ voltage DM 6643/DM 6644
encoder | z
input —
Y
A PC Setup [ PV of Counter ]
Port2 [ Input - —
cN2) | B[] voitage Bits 00 to 03 of Data stored as 8-digit hex-
encoder [ 7 | DM 6611 adecimal or 8-digit BCD.
input | — J Each cycle
I i Each execution
HIGH-SPEED COUNTER PV READ
PRV(62)
Slot 1 Slot 2
Port 1: IR 201 and IR 200 Port 1: IR 233 and IR 232
Port 2: IR 203 and IR 202 Port 2: IR 235 and IR 234 PV
Port 3: IR 205 and IR 204 Port 3: IR 237 and IR 236 i
Port 4: IR 207 and IR 206 Port 4: IR 239 and IR 238 Comparison status
@ Count Check
ﬁ (comparison)
l Bit pattern stored
Ladder Program
CTBL(63) REGISTER COMPARISON TABLE Bits00to 11 External Internal
¢ ofIR208to 1t 87 0
Table registration IR 211 or |
Comparison start IR 240 to .
IR 243 —
INI(61) | MODE CONTROL
PV change ¥
Comparison start/sto|
P P (Transistor Outputs ] PC Setup
Flags indicated counter start/stop (IR 21212 to - — <,‘T_I Bits 08 10 1L of
IR 21215 or AR 0512 to AR 0515) and counter Sourcing/Sinking DM 6602/0M 6611
comparison start/stop (IR 21308 to IR 21311 or
1 AR 0508 to AR 0511).
2 |
3
4
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Preliminary PC Setup Settings

To use high-speed counters 1 to 4, make the following settings in PROGRAM

mode.

Data Format and Sourcing/Sinking Setting for External Outputs

Slot 1: DM 6602
Slot 2: DM 6611

External Outputs 1 to 4 Transistor Selector
0 Hex: Sourcing (PNP)
1 Hex: Sinking (NPN)

Bit 15
DM 6602

DM 6611

Lo [of |
1

High-speed Counters 1 to 4 PV Data Format
0 Hex: 8-digit hexadecimal (BIN)

1 Hex: 8-digit BCD

Default: 0000 (8-digit hexadecimal and sourcing (PNP))

Input Mode, Count Frequency, Numeric Range Mode, and Counter Reset Method

Count Frequency, Numeric Range Mode, and Counter
Reset Method (See following table.)

High-speed counter 1
Slot 1: Bits 00 to 07 of DM 6640 Slot 2: Bits 00 to 07 of DM 6643
High-speed counter 2
Slot 1: Bits 08 to 15 of DM 6640 Slot 2: Bits 08 to 15 of DM 6643
High-speed counter 3
Slot 1: Bits 00 to 07 of DM 6641 Slot 2: Bits 00 to 07 of DM 6644
High-speed counter 4
Slot 1: Bits 08 to 15 of DM 6641 Slot 2: Bits 08 to 15 of DM 6644

High-speed Counter Input Mode

0 Hex: 1x Differential phase input
1 Hex: 2x Differential phase input
2 Hex: 4x Differential phase input

3 Hex: Up/Down pulse input
4 Hex: Pulse/Direction input

Default: 0000 (1x differential phase input, 50 kHz, Linear Mode, phase-Z + software reset)

Count Frequency,

Numeric Range Mode,

and Reset Method

Usage

Bit 15 0

DM 6640, DM 6641,
DM 6643, DM 6644

L]

LI \_H_‘l

Value Count Numeric Range Counter reset
frequency Mode method

0 Hex 50 KHz Linear Mode Phase Z + software
reset

1 Hex Software reset only

2 Hex Ring Mode Phase Z + software
reset

3 Hex Software reset only

4 Hex 500 KHz Linear Mode Phase Z + software
reset

5 Hex Software reset only

6 Hex Ring Mode Phase Z + software
reset

7 Hex Software reset only

High-speed counters are programmed as follows:
* The count operation is started as soon as valid settings are made.
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Starting Comparison Operation

Note

Note

Stopping Comparison Operation

74

» The PV is reset to 0 when power is turned ON and when program execution is
started or stopped.

» The count operation alone does not start the comparison operation with the
comparison table.

» The PV can be monitored using the words shown in the following table.

High-speed counter Word
Slot 1 Slot 2
High-speed counter 1 IR 200, IR 201 IR 232, IR 233
High-speed counter 2 IR 202, IR 203 IR 234, IR 235
High-speed counter 3 IR 204, IR 205 IR 236, IR 237
High-speed counter 4 IR 206, IR 207 IR 238, IR 239

The comparison table is registered in the CQM1H and the comparison started
with CTBL(63). Comparison can also be started using the relevant control bits
(IR 21208 to IR 21211 for slot 1 AR 0508 to AR 0511 for slot 2).

Starting Comparison with CTBL(63)

—J @cmLes) P: Port
P C: Mode
000: Target value table registration and comparison start
¢ 001: Range comparison table registration and comparison start
B 002: Target value table registration only
003: Range comparison table registration only
TB: First word of comparison table
High-speed counter Value specified in P
Slot 1 Slot 2
High-speed counter 1 101 001
High-speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004

Setting 000 as the value of C registers a target value comparison table, and set-
ting 001 registers a range comparison table. Comparison begins upon comple-
tion of this registration. While comparison is being executed, a bit pattern is
stored as internal output bits and external output bits, as determined by the com-
parison table. Refer to the description of CTBL(63) for details on comparison
table registration.

Although setting the value of C to 002 registers a target value comparison table,
and setting C to 003 registers a range comparison table, comparison does not
start automatically for these values. A control bit or INI(61) must be used to start
the comparison operation.

Starting Comparison with Control Bits

The comparison operation will start when the bit corresponding to the high-
speed counter in IR 21208 to IR 21211 for slot 1 or AR 0508 to AR 0511 for slot 2
is turned ON. It is necessary to have registered a comparison table beforehand.
Comparisons cannot be performed in PROGRAM mode.

The High-speed Counter Board outputs the results of comparison as bit patterns
to specific bits in memory, and does not execute interrupt subroutines. Bit pat-
terns consist of internal bits and external bits, and the external bits are output on
external output 1 to 4.

To halt a comparison operation, execute INI(61) as shown below. Halting a com-
parison can also be accomplished using a control bit.
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Stopping Comparison with INI(61)

—1 (@)INI(62)
P P: Port
001
000
High-speed counter Value setin P
Slot 1 Slot 2

High-speed counter 1 101 001
High-speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004

Stopping Comparison with Control Bits

The comparison operation will stop when the bit corresponding to the high-
speed counter in IR 21208 to IR 21211 for slot 1 or AR 0508 to AR 0511 for slot 2
is turned OFF.

Note 1. To restart a comparison, either execute INI(61) with the port number as the
first operand and 000 (execute comparison) as the second operand, or
change the status of the control bit from 0 to 1.

2. Once a table has been registered, it is retained in the CQM1H throughout
the operation (i.e., while a program is running) until a new table is registered.

Reading the PVs The following two methods can be used to read the PVs of the high-speed count-

Slot 1:

Slot 2:

ers 1to 4:

» Reading the PV words in memory

 Using PRV(62)

Reading PV Words in Memory

The PVs of high-speed counters 1 to 4 are stored in memory in the following way.
The form in which the PV data is stored is determined by the setting of bits 00 to

03 of DM 6602 for slot 1, and DM 6611 for slot 2. The default setting is 8-digit
hexadecimal.

Leftmost four digits

Port 1 IR 201 IR 200

Linear Mode Ring Mode

IR 202 8-digit Hex: F8000000 to 07FFFFFF Hex 00000000 to 07FFFFFF Hex
8-digit BCD: F8388608 to 08388607 00000000 to 08388607

Port 2 IR 203

Port 3 IR 205 IR 204

(The leftmost digit will be F if the number is negative.)

Port 4 IR 207 IR 206

Leftmost four digits
Linear Mode Ring Mode

Port 1 IR 233 IR 232

8-digit Hex: F8000000 to 07FFFFFF Hex 00000000 to 07FFFFFF Hex

Port 2 IR 235 IR 234 8-digit BCD: F8388608 to 08388607 00000000 to 08388607

Port 3 IR 237 IR 236

(The leftmost digit will be F if the number is negative.)

Port 4 IR 239 IR 238

D D
«Q «Q
>0 =0
= =
3 3
(o] o
[%2] n
-~ -
— —
o o
c c
= =
=3 =2
Q Q
— —_
7] 2]

Note These words are refreshed only once every cycle, so the value read may differ
slightly from the actual PV.
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Using PRV(62
PRV(62) can also be used to read the PVs of high-speed counters 1 to 4.
—1 (@)PRV(62)
Pl P:Port
C| C:000
D | D: First destination word
High-speed counter No. Value specified in P
Slot 1 Slot 2
High-speed counter 1 101 001
High-speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004
The PVs of high-speed counters 1 to 4 are stored as shown in the following dia-
gram.
Leftmost Rightmost . .
four digits ~ four digits Linear Mode Ring Mode
‘ D+1 ‘ ‘ D ‘ 8-digit Hex: F8000000 to 07FFFFFF Hex 00000000 to 07FFFFFF Hex

8-digit BCD: F8388608 to 08388607 BCD 00000000 to 08388607 BCD

(The leftmost digit will be F if the number is negative.)

Note PRV(62) reads the current PV when it is executed.

Changing PVs The following 2 methods can be used to change the PVs of high-speed counters
1to 4:
» Reset the counter (i.e., setting the counter to 0) using one of the reset methods
« Using INI(61)
The following is an explanation of the use of INI(61). Refer to Reset Methods on
page 65 for an explanation of the use of the reset methods.

Changing PV with INI(61)
INI(61) is used to change the PV of high-speed counters 1 to 4.

— 1 (@)INI(61)
P| P: Port specifier
C| C:002
PL{ P1: First PV word
High-speed counter No. Value specified in P
Slot 1 Slot 2
High-speed counter 1 101 001
High-speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004
;‘OeJ:rS%Si:S ;'é’i?stmoa four Ring Mode Ring Mode
‘ P1+1 ‘ ‘ P1 ‘ F8000000 to 07FFFFFF Hex 00000000 to 07FFFFFF Hex
F8388608 to 08388607 BCD 00000000 to 08388607 BCD

(The leftmost digit will be F Hex
if the number is negative.)

Note After matching the final target value in a target value comparison table, the com-
parison process returns automatically to the first target value in the table. There-
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fore, following completion of a sequence of comparisons, the process can be
repeated by initializing the PV.

Stopping and Restarting It is possible to stop the counting operation of one of the high-speed counters 1
the Counting Operation to 4 by turning ON a control bit. The PV of the counter will be retained.

The counting operation can be stopped by turning ON bits 12 to 15 of IR 212 for
slot 1 or AR 05 for slot 2. These bits correspond to high-speed counters 1 to 4.
Turn OFF these bits to restart the counting operation. The high-speed counter
will restart from the value at which it was stopped.

Note The Counter Operating Flag can be used to determine whether the count opera-
tion is running or stopped (0: Stopped; 1: Operating).

High-speed counter Counter Operating Flag
Slot 1 Slot 2
High-speed counter 1 IR 20812 IR 24012
High-speed counter 2 IR 20912 IR 24112
High-speed counter 3 IR 21012 IR 24212
High-speed counter 4 IR 21112 IR 24312

Examples

The following example illustrates the use of high-speed counter 1 on a High-
speed Counter Board mounted in slot 2. Target value comparison is performed
to turn ON bits in the internal/external bit patterns stored in memory according to
the PV of the counter. The status of the internal output bits is used to control the
frequency of a contact pulse output.

The Reset Bit is kept ON in the program so that the PV of the counter is reset on
the phase Z signal after the last target value has been reached.

Before running the program, the PC Setup should be set as shown below, and
the CQM1H restarted to enable the new setting in DM 6611.
DM 6611: 0001 (Sourcing outputs for external outputs 1 to 4, 8-digit BCD for
PV storage of high-speed counters 1 to 4)
DM 6643: 0003 (High-speed counter 1: Count frequency of 50 kHz; Linear
Mode; phase-Z signal + software reset; Up/Down Mode).
When the PV reaches 2500, IR 05000 will be turned ON and external output 1
will be turned ON.

When the PV reaches 7500, IR 05001 will be turned ON and external output 2
will be turned ON.
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When the PV reaches 10000, IR 05002 will be turned ON and external output 3
will be turned ON.

Counter PV
4 PV reset on [~ PVreseton
phase Z signal Y phase Z signal Three
comparison
Target value 3: 10000 O conditions
Target value 1 { g g g g > 2500
Target value 2: 7500 0100| Bitpatternl
Target value 2 { (7) ¢ g g 7500
0201 Bit pattern 2
Target value 3 { 8 g g ? 10000
Target value 1: 2500 o407 DBitpattern3
e —— A K R » Time
IR 240 0000Hex|  0100Hex  |0201Hex|0402Hex 0100Hex OZOIHGXW
0000Hex 0000Hex
Contents of IR 240 . .
External bit pattern Internal bit pattern
H A
15141312111098765432
JHEN |°|°|°l‘ i°|° |°|°|0|0]0i0] 0100 Hex: External output
: ; 1 ON
: : IR 05000 ON
» | 1] ]0[0]1 ]0|0}0|0|0|0|0|0|—| 0201 Hex: Eg?qrnaloutput
‘ , ; IR 05001 ON
._>L| [ ] [o]1 o [o]0 |°l°l°[°|°|‘]—| 0402 Hex: ?I?)g?\lrnaloutput
IR 05002 ON
External output 1

External output 2
External output 3

As shown in the following programming example, the frequency of the contact
pulse output is changed from the value of 500 Hz set when CTBL(63) is execut-
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ed to 200 Hz, 100 Hz, and then 0 Hz when IR 05000, IR 05001, and then
IR 05002 turn ON.

25313 (Always ON) ) )
{| @ Keeps the Reset Bit for the high- DM 0000: 0003 — Three comparison conditions
speed counter ON. DM 0001: 2500 — Target value: 2,500
00000 Reset Bit DM 0002: 0000

DM 0003: 0100 — Bit pattern (1)

' - .
1 @CTBL(63) Specifies target comparison for DM 0004: 7500 — Target value: 7,500
high-speed counter 1 in slot 2,, .
001 : ! DM 0005: 0000
registers a target value compari- DM 0006: 0201 — Bit pattern (2)
000 Son table, and begins compar- DM 0007: 0000 — Target value 2: 10,000
DM 0000 g : DM 0008: 0001
s . DM 0009: 0402 — Bit pattern (3)
@SPED(64) ets continuous contact pulse
output from output position 02 at
020 500 Hz and starts pulse output.
001
#0050
25313 (Always ON)
1 @ANDW(34) ANDs the contents of the bit pat-
WOFFF tern stored in IR 240 and stores
the result in DM 0100.
240
DM 0100
25313 (Always ON)
: : @CMP(20) Compares DM 0100 to #0100.
DM 0100
#0100
25506
——— ———{ os000 Turns ON IR 05000 if DM 0100
contains #0100.
Equals Flag
25313 (Always ON)
i | @CMP(20) Compares DM 0100 to #0201.
DM 0100
#0201
25506
—| |— Turns ON IR 05001 if DM 0100
contains #0201.
Equals Flag
25313 (Always ON)
i | @CMP(20) Compares DM 0100 to #0402.
DM 0100
#0402

25506 )
_| l_ Turns ON IR 05002 if DM 0100
contains #0402.
Equals Flag
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05000
1} @SBS(9L)
001
05001
1 @SBS(91)
002
05002
i | @SBS(91)
003
SBN(92)
001
25313 (Always ON)
i} SPED (64)
020
001
#0020

: RET(93) I

25313 (Always ON)
]|

SBN(92)
002
SPED (64)
020
001
#0010

: RET(93) I

25313 (Always ON)
1L

SBN(92)
003
SPED (64)
020
001
#0000

: RET(93) I
: END (01) I

Executes subroutine 001 when
IR 05000 turns ON.

Executes subroutine 002 when
IR 05001 turns ON.

Executes subroutine 003 when
IR 05002 turns ON.

Subroutine 001

Sets continuous contact pulse
output from output position 02 at
200 Hz and starts pulse output.

Subroutine 002

Sets continuous contact pulse
output from output position 02 at
100 Hz and starts pulse output.

Subroutine 003

Sets continuous contact pulse
output from output position 02 at
0 Hz and starts pulse output.
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Operation will be as illustrated below when the program is executed.

Pulse frequency (Hz)

2-2 Pulse |/O Board

2-2-1 Model

2-2-2 Function

Pulse Inputs 1 and 2

Pulse Outputs 1 and 2

Ports 1 and 2

Note

A
500
200 +
100 | j_ﬁ

» Time
Name Model Specifications
Pulse 1/0 Board CQM1H-PLB21 Two pulse input points and two
pulse output points

The Pulse I/0 Board is an Inner Board that supports two pulse inputs and two
pulse outputs.

Pulse inputs 1 and 2 can be used as high-speed counters to count pulses input at
either 50 kHz (signal phase) or 25 kHz (differential phase). Interrupt processing
can be performed based on the present values (PV) of the counters.

Input Mode
The following three Input Modes are available:

« Differential Phase Mode (4x)
* Pulse/Direction Mode
« Up/Down Mode

Interrupts
The Board can be set to execute an interrupt subroutine when the value of the

high-speed counter matches a specified target value, or an interrupt subroutine
when the PV falls within a specified comparison range.

Two 10 Hz to 50 kHz pulses can be output from port 1 and port 2. Both fixed and
variable duty factors can be used.

* The fixed duty factor can raise or lower the frequency of the output from 10 Hz
to 50 kHz smoothly.

 The variable duty factor enables pulse output to be performed using a duty fac-
tor ranging from 1% to 99%.

While pulse inputs and pulse outputs can be performed simultaneously, it is not
possible to use all high-speed counter and pulse output functionality at the same
time. The Port Mode Setting (High-speed Counter Mode/Simple Positioning
Mode) in the PC Setup (DM 6611) will determines which has full functionality en-
abled.

Two pulse inputs (high-speed counter) and two pulse outputs can be used simul-
taneously via ports 1 and 2. To determine which has functional priority, the ap-
propriate Port Mode setting must be entered in the PC Setup (DM 6611).
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Mode Content High-speed counter Pulse output functions DM 6611
functions setting.
Reading High- No Identical Separate
PV with speed trapezoidal acceleration/ | acceleration/
PRV(62) | counter acceleration/ | deceleration | deceleration
interrupts | deceleration rates rates
with (SPED(64)) (PLS2(—)) (ACC(—))
CTBL(63)
High- High-speed counter Yes Yes Yes Mode 0 0000
speed given priority. disabled Hex
Counter . (Modes 1to 3
All high-speed counter
Mode functions are enabled. enabled) See
note 1.
Trapezoidal acceleration/
deceleration for pulse
outputs is limited.
Simple | Pulse output given Yes No Yes Yes Yes 0001
Position- | priority. Hex
ing All pulse output functions
Mode are enabled.
Interrupts for the
high-speed counter are
disabled.

Note

1. Mode 0: Acceleration + Independent Mode; Mode 1: Acceleration + Contin-
uous Mode; Mode 2: Deceleration + Independent Mode; Mode 3: Decelera-
tion + Continuous Mode.

2. The port modes for both ports 1 and 2 is always set to the same mode, i.e.,
either High-speed Counter Mode and Simple Positioning Mode. The mode
cannot be set separately for each port.

2-2-3 System Configuration
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2-2-4 Applicable Inner Board Slot

The Pulse I/O Board can only be mounted in slot 2 (right slot) of the CQM1H-
CPU51/61 CPU Unit.

Slot 1: NO Slot 2: OK

M e

Pulse 1/0 Board

2-2-5 Names and Functions

The CQM1H-PLB21 Pulse I/O Board has a CN1 connector for pulse input 1 and
pulse output 1, and a CN2 connector for pulse input 2 and pulse output 2.

CQM1H-PLB21 Pulse I/O Board

u

| _—— CN1: Pulse input/output 1 Compatible connector

Socket: XM2D-1501 (OMRON)
Hood: XM2S-1511 (OMRON)

Two Sockets and two Hoods are
provided as standard with the
Pulse 1/0 Board.

| _—— CN2: Pulse input/output 2

[@\\ooomoo// @‘ \@ Coroukoss] ©

LED Indicators

—— Ready (green)
Lit when the pulse 1/O functions are ready.

Pulse output (orange)
Refer to the following table.

Pulse input (orange)
Refer to the following table.

——Error (red)
Lit when there is an error in the PC Setup settings for pulse 1/O, or
when operation is interrupted during pulse output.

Pulse Output Indicators Indicator | Port Function
CwW1 Port 1 | Lit during CW pulse output to port 1.
CcCcwi Lit during CCW pulse output to port 1.
Cw2 Port 2 | Lit during CW pulse output to port 2.
CCw2 Lit during CCW pulse output to port 2.
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Pulse Input Indicators Port 1 | Port2 Function
Al A2 Lit when the phase-A pulse input is ON at the port.
B1 B2 Lit when the phase-B pulse input is ON at the port.
Z1 Z2 Lit when the phase-Z pulse input is ON at the port.
2-2-6 Specifications
High-speed Counter Specifications
Instructions
Instruction Control Meaning
(@)CTBL(63) Range comparison table registration + Registers range comparison table and starts
comparison start comparison.
Target value table registration + comparison Registe_rs target value table and starts
start comparison.
Range comparison table registration Registers range comparison table.
Target value table registration Registers target value table.
(@)INI(61) Comparison start Starts comparison using registered
comparison table.
Comparison stop Stops comparison.
PV change Changes PV of high-speed counter.
(@)PRV(62) PV read Reads PV of high-speed counter.
Status read Reads status of high-speed counter.
Range comparison result read Reads range comparison result.
(@)INT(89) Masking all interrupts asking all interrupts, such as input interrupts,
interval t_imer interrupts, and high-speed
counter interrupts.
Clearing interrupt masks Clears masks from interrupts.

Relevant Flags and
Control Bits for Pulse
Inputs

Bits for Slot 2 of Inner Board when Using Pulse I/O Board
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Reset Bit (port 1)

Word Bits Name Function

IR 232 00to 15 Port 1 PV word (rightmost four | The PV of the high-speed counter for each port of

digits) the Pulse 1/0O Board is stored as an 8-digit BCD
IR 233 00 to 15 PV word (leftmost four value after each cycle.

digits)
IR 234 00to 15 Port 2 PV word (rightmost four

digits)
IR 235 00 to 15 PV word (leftmost four

digits)

SR Area Bits
Word Bit Name Function
SR 252 01 High-speed Counter 1 Phase Z and software reset

0: Counter not reset on phase Z
1: Counter reset on phase Z

02 High-speed Counter 2
Reset Bit (port 2) 0:

Software reset only
Counter not reset
0-1: Counter reset
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AR Area Flags

Word Bit Name Function
AR 05 00 Port 1 High-speed Counter 1 ON when meeting first | When the high-speed
Range Comparison condition. counter is used for
Flags - range comparisons, a
01 ON when meeting
second condition. flag trns O.N when _the
- - corresponding condition
02 ON when meeting third | js met.
condition.
03 ON when meeting
fourth condition.
04 ON when meeting fifth
condition.
05 ON when meeting sixth
condition.
06 ON when meeting
seventh condition.
07 ON when meeting
eighth condition.
08 High-speed Counter 1 Indicates the status of the comparison operation.
Comparison Flag 0: Stopped
1: Running
09 High-speed Counter 1 Indicates the overflow/underflow status of the PV.
Overflow/Underflow 0: Normal (No overflow/underflow)
Flag 1: Overflow/Underflow has occurred.
AR 06 00 Port 2 High-speed Counter 2 ON when meeting first | When the high-speed
Range Comparison condition. counter is used in range
Flags - comparison format, a
01 ON when meeting '
second condition. flag turns O.N when Fhe
_ . corresponding condition
02 ON when meeting third | is met.
condition.
03 ON when meeting
fourth condition.
04 ON when meeting fifth
condition.
05 ON when meeting sixth
condition.
06 ON when meeting
seventh condition.
07 ON when meeting
eighth condition.
08 High-speed Counter 2 Indicates the status of the comparison operation.
Comparison Flag 0: Stopped
1: Running
09 High-speed Counter 2 Indicates the overflow/underflow status of the PV.

Overflow/Underflow 0: Normal (No overflow/underflow)
Flag 1: Overflow/Underflow has occurred.
SR Area Flags
Word Bit Function
SR 254 15 Inner Board Error Flag
AR Area Flags
Word Bit Function
AR 04 08 to 15 Error codes for Inner Board in slot 2
00 Hex: Normal
01,02 Hex: Hardware error
03 Hex: PC Setup error
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Relevant PC Setup Settings

Word Bits Function When activated
DM 6611 00to 15 Port Mode Setting (for ports 1 and 2) When power is turned
0000 Hex: High-speed Counter Mode ON.
0001 Hex: Simple Positioning Mode
DM 6643 00 to 03 Port 1 High-speed counter input mode When operation starts.

0 Hex: Differential phase input
1 Hex: Pulse/Direction input
2 Hex: Up/Down pulse input

04 to 07 High-speed counter reset method
0 Hex: Phase-Z signal + software reset
1 Hex: Software reset

08to 11 High-speed counter numeric range
0 Hex: Linear Mode
1 Hex: Ring Mode

12 to 15 (Setting for pulse output use.)

DM 6644 00 to 03 Port 2 High-speed counter input mode
0 Hex: Differential phase input
1 Hex: Pulse/Direction input

2 Hex: Up/Down pulse input

04 to 07 High-speed counter reset method
0 Hex: Phase-Z signal + software reset
1 Hex: Software reset

08to 11 High-speed counter numeric range
0 Hex: Linear Mode
1 Hex: Ring Mode

12to 15 (Setting for pulse outputs.)

Pulse Output Specifications

Instructions Pulse outputs are controlled using the seven instructions shown in the following
table. The table also shows the relationship between the instruction and the type
of pulse output.
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Instruction Control summary Single-phase Single-phase Single-phase | Variable
pulse output pulse output pulse output duty
without with same with separate factor
acceleration/ acceleration/ acceleration/ pulse
deceleration deceleration deceleration output
rates rates
PULS(65) Sets number of output pulses. Yes Yes ---
(SET PULSES) (Independent (Independent
Mode only) Mode only)
SPED(64) Controls pulse outputs without Yes
(SPEED OUTPUT) | acceleration/deceleration.
PLS2(—) Controls trapezoidal Yes
(PULSE OUTPUT) | acceleration/deceleration pulse
outputs having same
acceleration/deceleration rate.
ACC(—) Controls trapezoidal Yes
(ACCELERATION | acceleration/deceleration pulse
CONTROL) outputs having separate
acceleration/deceleration rate.
PWM(—) Controls variable duty factor Yes
(PULSE WITH pulse outputs.
VARIABLE DUTY
FACTOR)
INI(61) Halts pulse output. Yes Yes Yes Yes
(MODE
CONTROL)
PRV(62) Reads pulse output status. Yes Yes Yes Yes
(HIGH-SPEED
COUNTER PV
READ)

Instructions Applicable during Output

Some instructions relating to pulse output cannot be altered once output has be-
gun. The following table lists those instructions that can and cannot be executed
to change pulse output after another instruction has been executed (i.e., while

pulse output is being performed as a result of a former instruction).
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Instruction Instruction used to change pulse output

thf‘tStarttedt SPED | SPED | PULS | PULS | PULS | PLS2 | AcC ACC ACC ACC | PwM

pulse outpu (Inde- | (Contin- | (Oorl: | (20r3: | (4or5: Mode O | Mode 1 | Mode 2 | Mode 3

pen- uous) Pulse pulse No (Accel- | (Accel- | (Decel- | (Decel-
dent) setting) accel- pulse eration eration eration eration

eration/ | setting) +Inde- | +Con- | +Inde- | + Con-
decel- pen- tinu- pen- tinu-
eration dent) ous) dent) ous)
setting)

SPED(64) Enabled | --- Enabled | --- Enabled | ---

(Independent

Mode

SPED(64) Enabled | Enabled | Enabled | Enabled | --- --- -—- Enabled | --- Enabled | ---

(Continuous

Mode)

PULS(65) 0,1 | Enabled | Enabled | Enabled | Enabled | Enabled | Enabled | --- Enabled | Enabled | Enabled | ---

(Pulse

setting)

PULS(65) 2,3 | Enabled | Enabled | Enabled | Enabled | Enabled | Enabled | Enabled | Enabled | Enabled | Enabled | ---

(Pulse

acceleration/

deceleration

setting)

PULS(65) 3,4 | --- Enabled | Enabled | Enabled | Enabled | Enabled | --- Enabled | --- Enabled | ---

(No pulse

setting)

PLS2(—) Enabled | ---

when
stopped

ACC(—) Enabled | ---

Mode 0 (Ac -

celeration +

Independent)

ACC(—) Enabled | Enabled | Enabled | --- --- --- Enabled | --- Enabled | ---

Mode 1 for (see (see for

(Acceleration constant | note) note) constant

+ speed speed

Continuous)

ACC(—) Enabled | --- Enabled | ---

Mode 2 for

(Deceleration | constant

+ speed

Independent)

ACC(—) Enabled | Enabled | Enabled | Enabled | --- Enabled | --- Enabled | ---

Mode 0 for (see (see (see for

(Deceleration constant | note) note) note) constant

+ speed speed

Continuous)

PWM(—) Enabled

Relevant Flags and

Control Bits (for Pulse

Note The number of pulses can be changed, but the direction cannot be changed.

Output)
Bits for Slot 2 of Inner Board when Using Pulse I/O Board
Word Bits Name Function
IR 236 00to 15 |Portl PV word (rightmost four digits) | The PV of the pulse output associated with each port
IR 237 00to 15 PV word (leftmost four digits) of the Pulse I/O Board is stored as an 8-digit BCD
- — after each cycle.
IR 238 00to 15 | Port2 PV word (rightmost four digits) | whnen pulse output is not used, these bits can be
IR239 |00to 15 PV word (leftmost four digits) used as internal auxiliary bits.
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AR Area Flags

Word

Bit

Name

Function

AR 05

12

13

14

15

Port 1
Pulse
Output
Flags

Deceleration Specified Flag

Indicates passage through deceleration point when
deceleration is specified.

0: Not specified

1: Specified

Number of Pulses Specified
Flag

Indicates whether or not the number of pulses has
been set using PULS(65).

0: Not specified

1: Specified

Pulse Output Completed Flag

Indicates completion of the pulse output by
SPED(64), PLS2(—), or ACC(—).

0: Not completed

1: Completed

Pulse Output In Progress Flag

Indicates the execution status of the pulse output.
0: No pulse output
1: Pulse output in progress

AR 06

12

13

14

15

Port 2
Pulse
Output
Flags

Deceleration Specified Flag

Indicates passage through deceleration point when
deceleration is specified.

0: Not specified

1: Specified

Number of Pulses Specified
Flag

Indicates whether or not the number of pulses has
been set using PULS(65).

0: Not specified

1: Specified

Pulse Output Completed Flag

Indicates completion of the pulse output by
SPED(64), PLS2(—), or ACC(—).

0: Not completed

1. Completed

Pulse Output In Progress Flag

Indicates the execution status of the pulse output.
0: No pulse output
1: Pulse output in progress

Number of Pulses Specified Flag ON
OF

(AR 0513/AR 0613)

Pulse Output In Progress Flag

(AR 0515/AR 0615)

Deceleration Specified Flag

(AR 0512/AR 0612)

OoN
Pulse Output Completed Flag OFF

(AR 0514/AR 0614)

Operation Timing Example

Deceleration point

*= Acceleration target

+ Deceleration target

F

ON
OFF |
N
oFF ]
-
t

PULS(65) or PLS2(—)
executed (when setting
number of pulses).

Note The status of the AR Area flags shown above may differ from the actual pulse
output status due to the output frequency.
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Relevant PC Setup Settings

Word Bit Function When setting is
activated
DM 6611 00 to 15 Port Mode Setting (ports 1 and 2) When power is turned
0000 Hex: High-speed Counter Mode ON.
0001 Hex: Simple Positioning Mode
DM 6643 00to 11 Port 1 (Setting for pulse input.) When operation starts.
12 to 15 Fixed/Variable setting of pulse output duty factor
0 Hex: Use fixed duty factor pulse output (default).
1 Hex: Use variable duty factor pulse output.
DM 6644 00to 11 Port 2 (Setting for pulse input.)
12 to 15 Fixed/Variable setting of pulse output duty factor
0 Hex: Use fixed duty factor pulse output (default).
1 Hex: Use variable duty factor pulse output.

2-2-7 High-speed Counters 1 and 2

Pulse signals from rotary encoders to ports 1 and 2 of the Pulse 1/0 Board can be
counted at high speed, and interrupt processing can be executed according to
the number of pulses counted. The two ports can be used independently, and
the counters used for ports 1 and 2 are high-speed counter 1 and high-speed
counter 2.

This section describes how to use high-speed counters 1 and 2.

Note The instructions that can be used are limited by the port mode setting of the
Board, which is set in the DM 6611 of the PC Setup.

Port Mode Setting and Applicable Instructions

In Simple Positioning Mode, CTBL(63) (REGISTER COMPARISON TABLE)
cannot be used, and high-speed counter interrupts cannot be performed. Only
PV reads can be performed.

Processing
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1,2 3.

Instruction CTBL(63) INI(61) PRV(62)
Function Comparison table | PV change PV read
registration Comparison Comparison status
Comparison start | start/stop read
Range comparison
result read
High-speed Enabled Enabled Enabled
Counter Mode
Simple Positioning | Disabled Enabled (PV Enabled
Mode change only)

Input Signals and Input Modes

The Input Modes that can be used for high-speed counters 1 and 2 are deter-
mined by the signal types.

1. Differential Phase Mode (Counting Rate = 25 kHz):

Two phase-difference 4x signals (phase A and phase B) and a phase-Z sig-
nal are used for inputs. The count is incremented or decremented according
to differences in the two phase signals.

2. Pulse/Direction Mode (Counting Rate = 50 kHz):

Phase A is the direction signal and phase B is the count pulse. The counter
increments when the phase-A signal is OFF and decrements when it is ON.

3. Up/Down Mode (Counting Rate = 50 kHz):
Phase A is the decrementing signal and phase B is the incrementing signal.
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The counter decrements when an A-phase pulse is detected and incre-
ments when a phase-B pulse is detected.

Differential Phase Mode Pulse/Direction Mode Up/Down Mode

Encoder T Encoder Encoder ﬂ ﬂ
input A ! input A _— input A ‘ !
(Phase A) w w w w w w (Direction) (Down) w w
Encoder | | : | : Encoder ﬂ ﬂ ﬂ ﬂ ﬂ Encoder ﬂ ﬂ ﬂ | |
inputB — : : : : : ‘ input B | ‘ | ‘ | input B | ‘ | : :
(PhaseB)y y vy v vy v vy vy vy v v (Pulse) v v v v v (Up) v v v Y Y
Count 123 456787665432 Count 1 2 3 2 1 Count 1 2 3 2 1

| |1 | | | | | | |

Incremented Decremented Incremented Decremented Incremented  Decremented

Reset Methods

1,2 3.

Note

Numeric Ranges

The range of values counted by high-speed counters 1 and 2 are determined by
the following two modes.

1. Ring Mode
In Ring Mode, the maximum value of the counting range can be set with
CTBL(63). The counter will go from the maximum count value to 0 when in-
crementing, and from 0 to the maximum count value when decrementing;
there are no negative values. The maximum count value + 1 (i.e., the ring
value) is entered as the setting. Settings can range from 1 to 65,000, making
the counting range 0O to 64,999.

2. Linear Mode
The counting range in Linear Mode is fixed at —8,388,608 to 8,388,607. If the
count falls below the lower limit an underflow is generated, and if it exceeds
the upper limit an overflow is generated. The PV will remain at 0838 8607 for
overflows and F838 8608 for underflows, counting or comparison will be
stopped (and the comparison table retained), and AR 0509 (port 1) or
AR 0609 (port 2) will be turned ON.

Ring Mode Linear Mode
Max. count value o 0
—8.388,608 0 8.388,607
| |
Decrementl l Increment . .
Underflow Overflow

One of the methods in the following section should be used to reset the counter
when restarting the counting operation. The counter will be reset automatically
when program execution is started or stopped.

The following signal transitions are handled as forward (incrementing) pulses:
Phase-A leading edge - phase-B leading edge — phase-A trailing edge -
phase-B trailing edge.

The following signal transitions are handled as reverse (decrementing) pulses:
Phase-B leading edge - phase-A leading edge — phase-B trailing edge —
phase-A trailing edge.

The following two methods can be used to determine the timing by which the PV
of the counter is reset (i.e., set to 0):

» Phase-Z signal + software reset

* Software reset

Either the phase-Z signal + software reset or software reset alone may be used
to reset the PV of the count. These resets operate in the same way as for high-
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Count Check Methods for
High-speed Counter
Interrupts

Procedure for Use

Note

speed counter 0 (the built-in high-speed counter). Refer to page 31 for details.
The Reset Bits of high-speed counters 1 and 2 are as follows:

Reset Bit of high-speed counter 1: SR 25201

Reset Bit of high-speed counter 2: SR 25202

1. Since the reset bits for high-speed counters 1 and 2 (SR 25201 and SR
25202) are refreshed during each cycle, a flag must be ON for a minimum of
1 full cycle to be read reliably.

2. Even after a reset, the comparison table registration status, comparison ex-
ecution status, and range comparison results are retained unchanged. (If a
comparison was being executed before the reset, it will continue.)

Just as for high-speed counter 0, the following two count check methods can be
used for high-speed counters 1 and 2:

* Target value method
* Range comparison method
Refer to page 31 for a description of each method.

For the target value method, up to 48 conditions can be registered in the compar-
ison table. When the PV of the counter matches one of the 48 registered com-
parison values, the corresponding interrupt subroutine will be executed.

For the range comparison method, 8 comparison conditions are always regis-
tered in the comparison table. When the PV of the counter lies within the upper
and lower limits for one of the ranges 1 to 8, the corresponding interrupt subrou-
tine will be executed.

and Numeric Range.

Determine Input Mode, reset method,

Input Modes:
Differential Phase, Pulse/Direction, or Up/Down

Reset methods: Phase Z + software reset or Software reset

|

Numeric Range: Ring Mode or Linear Mode

Check method:

Determine settings for ports1 and 2 High-speed Counter Mode:
(Determine interrupt specifications). Target value interrupts, range comparison interrupts

|

Simple Positioning Mode:
No interrupts (PV read; range comparison result read)

Mount Board and wire 1/O.

Determine the PC Setup
(DM 6611, 6643, 6644).

Port Mode
Input Modes: Differential Phase, Pulse/Direction, Up/Down

|

Reset methods: Phase Z + software reset; Software reset
Numeric Range: Ring Mode; Linear Mode

Ladder program

REGISTER COMPARISON TABLE, CTBL(63):
Port-specific comparison table registration and comparison start
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MODE CONTROL, INI(61):
Port-specific PV change and comparison start

HIGH-SPEED COUNTER PV READ, PRV(62):

Port-specific high-speed counter PV read, high-speed counter com-
parison status read, and range comparison result read

SUBROUTINE DEFINE, SBN(92) and RETURN, RET(93):
Creation of interrupt subroutines (Only when using high-speed
counter 1 and 2 interrupts.)
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Pulse 1/0 Board: High-speed Counter Function

Fconll) Al (3,10
encoder| B | (4, 11) [ Input Mode ]—»f Reset Method ]—»[ Numeric Range ]—»[ Port Mode Setting ]—»I Count |—>®
input 1751 2,9 Differential phases Phase-Z signal + Ring Mode High-speed Counter Mode
— Pulse/Direction software reset Linear Mode Simple Positioning Mode
- Up/Down pulses Software reset
Port2 | A | (3.10)
CN2) 1B |11 ﬁ G G ﬁ
encoder |
input 1 Z | (2,9) | PC Setup PC Setup PC Setup
PC Setup Bits 04 to 07 of Bits 08 to 11 of Bit 00 to 15 of
Bits 00 to 03 of DM 6643/DM 6644 DM 6643/DM 6644 DM 6611
DM 6643/DM 6644
Each cycle Each execution
PV of Counte r l l
HIGH-SPEED
Port 1: IR 233 to IR 232 PRV(€2) COUNTER PV
Port 2: IR 235 to IR 234 READ
PV read
Comparison operation status read
Range comparison result read
@ Interrupts
ﬁ Generated
@ Note: When using
Ladder Program count check interrupts
r - REGISTER COMPARISON Specified Subroutine
—{ CTBL(63) | TABLE
Comparison table registra- SBN(92)
- - tion and comparison start
Note: Cannot be used in
Simple Positioning Mode. S
—TiNie1y ] MODE CONTROL {RET(93) ]
L A g%cshtgpugs(ioapnd compart- Range Comparison Result
Note: Cannot be used in L Port 1:
imple Positioning Mode. :
Simple Positioning Mode AR 0500 to AR 0509
Port 2:
AR 0600 to AR 0609
Preliminary PC Setup Before using high-speed counters 1 and/or 2, enter the following settings in

PROGRAM mode.

Port Mode Setting (DM 6611)
Specify High-speed Counter Mode for ports 1 and 2. This setting is read when
the PC is turned ON. If it is changed, the PC must be restarted.

Bit 15 0

Port Mode Setting j—l

0000 Hex: High-speed Counter Mode

(Must be set to High-speed Counter Mode when using high-speed
counter interrupts.)

0001 Hex: Simple Positioning Mode

Default: 0000 (High-speed Counter Mode)

Note 1. When using high-speed counter 1 and 2 interrupts, the port must be set to
High-speed Counter Mode. Although the PV of the high-speed counter can
be read in Simple Positioning Mode, high-speed counter 1 and 2 interrupts
cannot be used.

2. This setting is only recognized when the CQM1H is started. To change the
setting, turn the power OFF and then ON again before executing the pro-
gram.
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Programming

94

Note

3.

If DM 6611 is used to set ports 1 and 2 to Simple Positioning Mode, it is pos-
sible to use the BCMP(68) instruction to check the contents of the PV words
of high-speed counters 1 and 2 (IR 232 to IR 235) and use this information in
place of high-speed counter 1 and 2 interrupts. However, the PV obtained
using this method may vary slightly from the actual PV.

Port 1 and Port 2 Operation Settings

DM 6643 contains the settings for port 1, and DM 6644 contains the settings for
port 2. These settings determine the operating parameters for these high-speed
counters. Use settings that match the operating environment of each port.

Bit 15 0

DM6643/DM 6644 | —
\

Numeric Range
0: Linear Mode
1: Ring Mode

Reset Method
0: Z-phase and software reset
1: Software reset

Input Mode
0: Differential Phase Mode
1: Pulse/Direction Mode
2: Up/Down Mode

Default: 0000 (Linear Mode, Z-phase and software reset, Differential Phase)
Mode

Input Refresh Word Settings

DM 6634 and DM 6635 contain the input refresh word settings for high-speed
counters 1 and 2 respectively. Make these settings when it is necessary to re-
fresh inputs before interrupt execution.

Bit 15 0

DMecaDMEs3s| | |

(I I T

Number of words (2-digit BCD) 00to 16 —I
Beginning word (2-digit BCD) 00 to 15
(Correspond to IR 000 to IR 015)

Default: 0000 (No input refresh)

Use the following steps to program high-speed counters 1 and 2.

1.

High-speed counters 1 and 2 begin counting when the proper PC Setup set-
tings are made.

. The PVs of high-speed counters 1 and 2 are reset to 0 when power is turned

ON, when operation begins, and when operation stops.

. Comparison with the comparison table and interrupts will not be performed

using the count operation alone.

. The PV of high-speed counter 1 is stored in IR 232 and IR 233, and the PV of

high-speed counter 2 is stored in IR 234 and IR 235.
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1,2 3.

Note

Leftmost four digits

Port 1:
Port 2:

Note

Starting and Stopping Comparison

1. Use CTBL(63) to save the comparison table in the CQM1H and begin com-

parisons.
— (@)CTBL(63)
p P: Port
c 001: Portl
002: Port 2
e C: Mode

000: Target value table registered and comparison begun
001: Range table registered and comparison begun

002: Target table registered only

003: Range table registered only

TB: Beginning word of comparison table

If C is set to 000, then comparisons will be made using the target value meth-
od; if 001, they will be made using the range comparison method. In both
cases the comparisons will begin after the comparison table is registered.
While comparisons are being performed, high-speed counter 1 and 2 inter-
rupts will be executed according to the comparison table. Refer to the ex-
planation of CTBL(63) in Section 5 Instruction Set for details on the contents
of the comparison tables that are saved.

Note Although setting the value of C to 002 registers a target value com-
parison table, and setting C to 003 registers a range comparison
table, comparison does not start automatically. In these cases,
INI(61) must be used to start the comparison operation.

2. To stop comparisons, execute INI(61) as shown below. Specify port 1 or 2 in
P (P=001 or 002).

—_(@)INI(61)

P: Port
P 001: Port1l
001 002: Port 2

000

1. To restart comparisons, set the first operand to the port number, and the sec-
ond operand to “000” (execute comparison), and execute the INI(61)
instruction.

2. A table that has been registered will be retained in the CQM1H during opera-
tion (i.e., during program execution) until a new table is registered.

Reading the PV of High-speed Counters 1 and 2
The following two methods can be used to read the PVs of high-speed counters
1and 2:

* Reading the PV from memory
 Using PRV(62)
Reading the PV from Memory

The PVs of high-speed counters 1 and 4 are stored in the corresponding data
area words in the following way.

Rightmost four digits Linear Mode Ring Mode
IR 232 F8388608 to 08388607 00000000 to 00064999

(-8,388,608 to 8,388,607)

IR 234 (The leftmost digit becomes F when the number is

negative.)

These words are refreshed only once every cycle, so they may differ from the
actual PV.
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Note

Using PRV(62)
PRV(62) is used to read the PVs of high-speed counters 1 and 2. Specify high-
speed counter 1 or 2 in P (P=001 or 002).

—— (@)PRV(62)
P: Port
P 001: Port1
000 002: Port2
D D: First destination word

The PV of each high-speed counter is stored as shown below. In Linear Mode,
the leftmost bit will be F for negative values.

Leftmost four digits  Rightmost four digits Linear Mode Ring Mode

D+1 IEI F8388608 to 08388607 00000000 to 0006499
(-8,388,608 to 8,388,607)

The PV can be read accurately at the time PRV(62) is executed.
Changing the PV

There are two ways to change the PV of high-speed counters 1 and 2.
 Resetting to 0 using one of the reset methods

« Using INI(61)

The method using INI(61) is explained here. Refer to Reset Methods on page 65
for an explanation of the use of the reset methods.

Changing the PV with INI(61)
Change the PV of high-speed counters 1 and 2 by using INI(61) as shown below.

T L@)INIE1) P: Port
p 001: Portl
002 002: Port 2

Pl P1: First PV word

Leftmost four digits  Rightmost four digits Linear Mode Ring Mode
F8388608 to 08388607 00000000 to 0006499

To specify a negative number in Linear Mode, set F Hex in the leftmost digit.

Reading Status of High-speed Counters 1 and 2
There are 2 ways to read the status of high-speed counters 1 and 2:

» Reading the relevant flags in the AR area of the CQM1H

 Using PRV(62)

Reading the Relevant AR Area Flags

The CQM1H data words relating to high-speed counters 1 and 2 are shown be-

low. It is possible to know the status of high-speed counters 1 and 2 by reading
these words.

 Inner Board Error Codes

Word Bits Function
AR 04 08 to 15 Slot 2 The stored error codes are as follows:
00 Hex: Normal
01, 02 Hex: Hardware error
03 Hex: PC Setup error
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» Operating Status
Word Bit Name Function
Counter 1 | Counter 2
AR 05 AR 06 00 High-speed Counter ON when meeting first When the high-speed
Range Comparison condition. counter is used in range
Flags : comparison format, a bit
01 ON when meeting
second condition. trns ON when the .
: . corresponding condition
02 ON when meeting third is met.
condition.
03 ON when meeting fourth
condition.
04 ON when meeting fifth
condition.
05 ON when meeting sixth
condition.
06 ON when meeting
seventh condition.
07 ON when meeting eighth
condition.
08 High-speed Counter Indicates the status of the comparison operation.
Comparison Flag 0: Stopped
1: Running
09 High-speed Counter Indicates the overflow/underflow status of the PV.
Overflow/Underflow Flag | 0: Normal (No overflow/underflow)
1: Overflow/Underflow has occurred
Using PRV(62)
The status of high-speed counters 1 and 2 can also be determined by executing
PRV(62). Specify high-speed counter 1 or 2 (P=001 or 002) and the destination
word D. The status information will be written to bits 00 and 01 of D. Bits 02 to 15
will be set to 0.
— |@FRVE) P: Port
P 001: Portl
000 002: Port 2
D D: Destination word
The status of the specified high-speed counter is stored in bits 00 and 01 of P1,
as shown in the following table.
Bit Function
00 Comparison Operation Flag (0: Stopped; 1: Running)
01 High-speed Counter 1 and 2 PV Overflow/Underflow Flag (0: Normal; 1:
Underflow or overflow occurred)
Bits 04 to 07 indicate the pulse output status; all other bits are 0.
Example This example shows a program that outputs standard pulses from port 1 while

counting those pulses with high-speed counter 1. The high-speed counter oper-
ates in Up/Down Mode, with the pulse output’'s CW pulses incrementing the
counter (B-phase input) and the CCW pulses decrementing the counter (A-
phase input). Before executing the program, set the PC Setup as follows and
restart the PC to enable the DM 6611 settings.

DM 6611: 0000 (High-speed Counter Mode).

DM 6643: 0002 (Port 1: Fixed duty factor pulse output, Linear Mode, Z-phase
signal with software reset, and Up/Down Mode).

Other PC Setup settings use the default settings. (Inputs are not refreshed be-
fore interrupt processing.)
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In addition, the following data is stored for the comparison table:

Number of target values: 3

Comparison 1 interrupt processing routine No.: 100

Comparison 2 interrupt processing routine No.: 101

Comparison 3 interrupt processing routine No.: 102

Specifies port 1, saves the comparison
table in target value format, and begins
comparing.

Sets CW pulses for port 1. (Number of
pulses not set.)

Begins continuous pulse output from port
1 at frequency unit of 10 Hz.

ACC(—) mode 1 accelerates the fre-
guency to 25 kHz at about 500 Hz/4 ms.

DM 0010: 0050 500 Hz acc./4 ms.
DM 0011: 2500 Target value 25 kHz.

DM 0000: 0003 —
DM 0001: 2500 — Target value 1: 2,500
DM 0002: 0000
DM 0003: 0100 —
DM 0004: 7500 — Target value 2: 7,500
DM 0005: 0000
DM 0006: 0101 —
DM 0007: 0000 — Target value 3: 10,000
DM 0008: 0001
DM 0009: 0102 —
00000
i | @CTBL(63)
001
000
DM 0000
@PULS(65)
001
004
000
@SPED(64)
001
001
#0001
@ACC(—)
001
001
DM 0010
SBN(92) 100

25313 (Always ON)
11

10000

: RET(93) I

25313 (Always ON)
1L

25313 (Always ON)
11

SBN(92) 101
@ACC(—)
001
003
DM 0012
: RET(93) I
SBN(92) 102
SPED(64)

001

001

#0000

: RET(93) I

Turns ON IR 10000.

ACC(—) mode 3 decelerates the fre-
guency to 500 Hz at about 500 Hz/4 ms.

DM 0012: 0050 500 Hz acc./4 ms.
DM 0013: 0050 Target value: 500 Hz.

Pulse output from port 1 is stopped by set-
ting the frequency to 0.
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2-2-8 Functions

The pulse output functions of the Pulse I/O Board are given in the following table.

Classification Characteristics Instructions used
Ports 1 and 2 pulse | 10 Hz to 50 (20) kHz frequency. Set number of pulses: PULS(65)
output (Fixed duty | Fixed duty factor. Start pulse output: SPED(64)
factor) Bidirectional output (CW and CCW). Change frequency: SPED(64)

Frequency can be changed smoothly. Stop pulse output: SPED(64)/INI(61)

Acceleration/Deceleration at same rate: PLS2(—)
Acceleration/Deceleration at separate rates: ACC(—)

Ports 1 and 2 pulse | 91.6 Hz, 1.5 kHz, or 5.9 kHz frequency. Start pulse output: PWM(—)

output (Variable Duty factor variable between 1% to 99%. | Stop pulse output: INI(61)
duty factor) Unidirectional output only.
Note When a stepping motor is connected to the pulse output of port 1 or 2, use a max-

imum frequency not exceeding 20 kHz.

2-2-9 Fixed Duty Factor Pulse Output

Outline

Note

The following is a description of the procedure for performing pulse outputs from
ports 1 and 2 using a duty factor of 50%.

Pulse outputs from ports 1 and 2 are performed as shown in the diagram below.
Ports 1 and 2 can be used simultaneously. The pulse output of each port can be
switched to either CW (clockwise) or CCW (counterclockwise) direction.

CPU Unit

|

| s | s | | s s f | s |

_D Frequency = 10 to 50 kHz

D E [} Duty factor = " = 50% (0.5)

ton
Port 1 CWwW >
CCWwW
Port 2 CWwW
-
CCwW T

When outputting pulses from ports 1 and 2, the frequency can be changed in
steps or by a specified rate, as shown in the following diagram.

H

Time

Frequency

Pulse output from ports 1 and 2 can be performed in the following two modes:

» Continuous Mode: Pulse output continues until it is stopped by either a
SPED(64) instruction or an INI(61) instruction.

* Independent Mode: Pulse output stops automatically when a specified num-
ber of pulses has been output. Output can also be stopped by a SPED(64) or
INI(61) instruction.

Use INI(61) when pulse output has to be stopped immediately, as for an emer-
gency stop, etc. Pulse output will not stop even if a SPED(64), PLS2(—), or
ACC(—) signal turns input OFF.
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Only stop pulse output when it is actually being output. Confirm the status of
pulse output using the Pulse Output In Progress Flag (AR0515/AR0615).

The following table shows the types of frequency changes that can be made with
combinations of PULS(65), SPED(64), INI(61), PLS2(—), and ACC(—).

Frequency change Instruction Operand settings Page
Start pulse output at the specified frequen- | PULS(65) Cw/CCWwW 105
cy. (Number of pulses)
» | Execute PULS(65) followed by SPED(64). SPED(64) Port
Continuous/Inde-
pendent Frequency
Change frequency by steps during pulse SPED(64) Port
output. Continuous/Inde-
> pendent Frequency
Stop pulse output with an instruction. SPED(64) Port 107
Execute SPED(64) or INI(61). Frequency= 0
> INI(61) Set control data to
stop pulse output.
Outputs a specified number of pulses. The | PLS2(—) Port 108
/! '\ pulse output accelerates to the target fre- cw/cCcw
s \ guency at a specified rate, and decelerates Acceleration/Decel-
to a stop at the same rate. eration rate
Target frequency
Number of pulses
Outputs a specified number of pulses. The | PULS(65) Ccw/CcCCw 109
/ LN pulse output accelerates to the target fre- Number of pulses
X » | quency at a specified rate, and decelerates Deceleration point
to a stop at another specified rate. ACC(—) Port
ACC(—) instruction mode 0: Acceleration + | (Mode 0) Acceleration rate
Independent Mode Target frequency 1
Execute PULS(65) followed by ACC(—). Deceleration rate
Target frequency 2
Accelerates pulse output from the current PULS(65) Cw/CCcw 109
f frequency to the target frequency at a spe-
» | cified rate.
Pulse output will continue. ACC(—) Port _
Execute PULS(65) followed by ACC(—). (Mode 1) Acceleration rate
Target frequency
ACC(—) instruction mode 1: Acceleration +
Continuous Mode
Decelerates pulse output from the current PULS(65) Cw/CCWwW 110
frequency to the target frequency at a spe- Number of pulses
» | cified rate.
Pulse output will stop when the specified
number of pulses have been output. ACC(—) Port _
Execute PULS(65) followed by ACC(—). | (Mode 2) | Deceleration rate
) ) ) Target frequency
ACC(—) instruction mode 2: Deceleration +
Independent Mode
Decelerates pulse output from the current PULS(65) Cw/CCwW 110
x frequency to the target frequency at a spe-
» | cified rate.
Pulse output will continue. ACC(—) Port
(Mode 3) Deceleration rate

Execute PULS(65) and then ACC(—).

ACC(—) instruction mode 3: Deceleration +
Continuous Mode

Target frequency
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Single-phase Fixed Duty
Factor Pulse Outputs

Determine pulse output port.

l

Wire output.

PC Setup
(DM 6611/DM 6643/DM 6644)

l

Ladder Program

Pulse output port 1 or 2.

Output:
CW/CCW with/without 1.6 kQ resistance.
Power supply for output: 5/24 V DC

Port Mode Setting (DM 6611): Sets to High-speed Counter Mode
(0000 Hex) or Simple Positioning Mode (0001 Hex).

Operation settings for ports 1 and 2 (DM 6643/DM 6644):

Set to fixed duty factor.

SET PULSES, PULS(65):
Set number of output pulses for each port.

SPEED OUTPUT, SPED(64):

Port-specific pulse output control without acceleration/deceleration.

MODE CONTROL, INI(61):
Stop pulse output to a specified port.

HIGH-SPEED COUNTER PV READ, PRV(62):
Read pulse output status of a specified port.

Single-phase Fixed Duty Factor Pulse Output without Acceleration/Deceleration

( Fixed duty factor pulse output ]<\;, PC Setup

Bits 12 to 15 of
DM 6643/DM 6644 set to 0.

\
Pulse 1/0 Board

I Output ]

factor pulse output without
acceleration/deceleration

i

[Single—phase fixed duty l

— Pulse output
—Port 1 (CN1)

| S |

i

Ladder Program

Ladder Program

— Pulse output
— Port 2 (CN2)

PULS(65) SET PULSES
No. of pulses out-

put (8-digit BCD)

~I:SPED(64):|
Mode: Continuous/Independent|

SPEED OUTPUT

Unit: 1 Hz or 10 Hz
Target: 10 Hz to 50 kHz
Starting pulse output

INK61) MODE CONTROL
Stopping output; Each cycle

Each cycle

Each execution

:

!

}

Pulse output status
Port 1: AR 05
Port 2: AR 06

Pulse output PV
Port 1: IR 237, IR 236
Port 2: IR 239, IR 238

HIGH-SPEED COUN-

~|:PRV(62) } TER PV READ
Pulse output sta-
tus read

The following flowchart shows the procedure for using PULS(65) and SPED(64)
to perform single-phase fixed duty factor pulse outputs without acceleration or
deceleration.
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Trapezoidal Pulse Output
With Same Acceleration/

Deceleration

Determine port mode.

|

Determine pulse output port.

|

Mount Board and wire outputs.

|

PC Setup

(DM 6611/DM 6643/DM 6644)

|

Ladder Program

The following flowchart shows the procedure for using PLS2(—) to perform trap-
ezoidal pulse outputs with the same acceleration/deceleration rate.

Simple Positioning Mode
(PLS2(—) cannot be used in High-speed Counter Mode.)

Port 1 or port 2.

Output:
CW/CCW with/without 1.6 kQ resistance.
Power supply for output: 5V DC/24 V DC

Port mode setting (DM 6611):
Simple Positioning Mode (DM 6611 to 0001 Hex). See Note.

Operation settings for ports 1 and 2 (DM 6643/DM 6644):
Set to fixed duty factor (0000 Hex).
(PLS2(—) cannot be used in High-speed Counter Mode.)

PULSE OUTPUT, PLS2(—):
Port-specific trapezoidal acceleration/deceleration pulse output control with
same acceleration/deceleration rate.

MODE CONTROL, INI(61):
Stop pulse output to a specified port.

HIGH-SPEED COUNTER PV READ, PRV(62):
Read pulse output status of a specified port.

Trapezoidal Acceleration/Deceleration Pulse Outputs

( Fixed duty factor pulse output ] <9

PC Setup

Bits 12 to 15 of
DM 6643/DM 6644 set to 0.

[Port Mode Setting

(Trapezoidal Acceleration/

l Simple Positioning Mode

lDeceIeralion Pulse Outputs

]—,l Output I

i

\
Pulse 1/0 Board

(6, 14)
(5,13

— Pulse output
—Port 1 (CN1)

&

(6, 14)
(5,13)

— Pulse output
— Port 2 (CN2)

PC Setup Ladder Program Ladder Program
Bits 00 to 15 INIi61) ] MODE CONTROL PLS2(—) PULSE OUTPUT
of DM 6611 - —
Setting number of pulses (8-digit
Stopping output BCD: 00000001 to 16777215)

102

Target: 100 Hz to 50 kHz
Acc/dec rate (separate): 4.08 ms

10 Hx to 2 kHz
Starting pulse output

Each cycle Each cycle Each execution

' ! '

HIGH-SPEED
Pulse output status Pulse output PV COUNTER PV
Port 1: AR 05 Port 1: IR 237, IR 236 READ

Port 2: AR 06

‘[PRV(GZ) }

Port 2: IR 239, IR238
Output status read
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Trapezoidal Pulse Output The following flowchart shows the procedure for using PULS(65) and ACC(—)
With Different Accelera- to perform trapezoidal pulse outputs with different acceleration/deceleration
tion/Deceleration
rates.
Determine port mode. Simple Positioning Mode:
All functions of ACC(—) can be used.
l High-speed Counter Mode:
Modes 1 to 3 of ACC(—) can be used; Mode 0 (Acceleration + Indepen-
dent) is disabled.
Determine pulse output port. Port 1 or port 2.
Mount Board and wire output. Output:
CW/CCW with/without 1.6 kQ resistance.
l Power supply for output: 5/24 V DC
PC Setup Port Mode Setting (DM 6611):
(DM 6611/DM 6643/DM 6644) Set to High-speed Counter Mode (0000 Hex) or Simple Positioning Mode

(0001 Hex). See note.

Operation settings for ports 1 and 2 (DM 6643/DM 6644):
Set to fixed duty factor.

Note: ACC(—) Mode 0 (Acceleration + Independent) cannot be used in
High-speed Counter Mode.

SET PULSES, PULS(65):

Ladder Program Set number of output pulses for each port.

ACCELERATION CONTROL, ACC(—):

Port-specific trapezoidal acceleration/deceleration pulse output control with
different acceleration/deceleration rates.

MODE CONTROL, INI(61):

Stop pulse output to a specified port.

HIGH-SPEED COUNTER PV READ, PRV(62):

Read pulse output status of a specified port.

Trapezoidal Acceleration/Deceleration Pulse Outputs

{_ Fixed duty factor puise output )<= [ pC Setup

Bits 12 to 15 of
DM 6643/DM 6644 set to 0.

/ \

IPort Mode Setting - 5 Pulse 1/0 Board

Simple Positioning or — E?fjé?;?iiln/-\lbcﬁgsrg:(t)glﬁts ] |I Output |I 6, 14) — Pulse output
High-speed Counter Mod¢] J !

(5,13) — Port 1 (CN1)

{ i {

6.14) |cw |- Pulse output
PC Setup Ladder Program Ladder Program (614 S,
(5, 13) — Port 2 (CN2)
538 EM 6611 to puLs(es)] OUTPUT PULSES ACC(—) ] ACCELERATION CONTROL
. No. of pulses output Mode setting

8-digit BCD (00000001
to 16777215)

Target: 0 to 50 kHz
Acc/dece rate (separate):
4.08 ms

10 Hz to 2 kHz
INi{61
‘[ (81) :| MODE CONTROL Starting pulse output
Pulse output stop
Pulse output PV change
Each cycle Each cycle Each execution
HIGH-SPEED
Pulse output status Pulse output PV PRV(62) COUNTER PV
AR 05 to AR 06 Port 1: IR 237, IR 236 READ
Port 2: IR 239, IR238
Output status
read
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PC Setup Settings Before outputting pulses from port 1 or 2, switch the PC to PROGRAM mode and

enter the following settings in the PC Setup.
Port Mode Setting (DM 6611)

Bit 15 0

Port Mode Setting for Pulse /O Board
0000 Hex: High-speed Counter Mode
0001 Hex: Pulse Output Mode

Default: 0000 (High-speed Counter Mode)

The instructions that can be used are limited by the Port Mode setting for ports 1
and 2 of the Pulse I/O Board. The Port Mode is specified in the PC Setup
(DM 6611).

Port Mode Setting and

The following tables show the port mode settings and the instructions that can be
Instructions

used with various pulse outputs.

Pulse Output without Trapezoidal Acceleration/Deceleration
All instructions can be used regardless of the port mode setting.

104

Instruction PULS(65) SPED(64) INI(61) PRV(62)

Function Sets number Sets frequency | Stops pulse Reads pulse
of pulses output output status
(Used in combination.)

High-speed Enabled

Counter Mode

Simple Enabled

Positioning

Mode

Pulse Output with Trapezoidal Acceleration/Deceleration and the Same

Acceleration/Deceleration Rate

PLS2(—) (PULSE OUTPUT) cannot be used in High-speed Counter Mode. It
is not possible to perform trapezoidal acceleration/deceleration pulse output
using the same acceleration/deceleration rates.

Instruction PLS2(—) INI(61) PRV(62)
Function Sets number of Stops pulse output | Reads pulse
pulses output status
High-speed Disabled Enabled
Counter Mode

Mode

Simple Positioning | Enabled
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Examples

Example 1: Starting
Pulse Output with
PULS(65) and SPED(64)

Pulse Output with Trapezoidal Acceleration/Deceleration and Separate
Acceleration/Deceleration Rates

The only limitation that exists is that ACC(—) (ACCELERATION CONTROL) in
Mode 0 (Acceleration + Independent) cannot be used in High-speed Counter
Mode.

Instruction PULS(65) ACC(—) INI(61) PRV(62)
Function Sets number Acceleration/ | Stops pulse Reads pulse
of pulses Deceleration output output status
rates
(separate
settings)

Sets frequency
Starts pulse

output
(Used in combination.)

High-speed Enabled Mode 0 (Acc.+ | Enabled
Counter Mode Independent):

Disabled

Mode 3:

Enabled
Simple Enabled
Positioning
Mode

The setting in DM 6611 is read only when the CQM1H is started. If this setting is
changed, the PC must be turned OFF and ON again to enable the new value.

Operation Settings for Ports 1 and 2 (DM 6643 and DM 6644)

The diagram below shows how port 1 (DM 6643) and port 2 (DM 6644) are set to
perform fixed duty factor pulse output, which is the default pulse output format.
The settings for ports 1 and 2 can differ.

Bit 15 0 Bit 15 0
Port 1 Pulse Type Port 2 Pulse T ype

0: Fixed duty factor pulse output 0: Fixed duty factor pulse output
Set to fixed duty factor when per- Set to fixed duty factor when per-
forming standard pulse output. forming standard pulse output.
1: Variable duty factor pulse output 1: Variable duty factor pulse output
Default; 0 Default: 0
(Fixed duty factor pulse output) (Fixed duty factor pulse output)

Variable duty factor pulses cannot be output from a port if it has been set to per-
form standard pulse output.

The following examples show programs that controls pulse output from ports 1
and 2. Before running the programs, check that the settings in the PC Setup are
as follows:

DM 6611: 0001 (Simple Positioning Mode)

DM 6643: 0000 (Fixed duty factor pulse output from port 1)

DM 6644: 0000 (Fixed duty factor pulse output from port 2)

Starting Pulse Output at Specified Frequency

The following example shows PULS(65) and SPED(64) used to control a pulse
output from port 1. The number of pulses specified in PULS(65) (10,000) are out-
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put as the frequency is changed by executions of SPED(64) with different fre-
guency settings.

05000

00000

@PULS(65)

001

000

DM 0000

@SPED(64)

001

000

#0100

00001

@SPED(64)

001

000

#0150

@SPED(64)

00002

001

000

#0100

@SPED(64)

001

000

#0050

When IR 05000 turns ON, PULS(65) sets port 1 for 10,000
CW pulses.

DM 0000: 0000
DM 0001: 0001

Starts pulse output from port 1 at 1,000 Hz in Independent

Mode.

When IR 00000 turns ON, the pulse frequency from port 1
is changed to 1,500 Hz.

When IR 00001 turns ON, the pulse frequency from port 1
is changed to 1,000 Hz.

When IR 00002 turns ON, the pulse frequency from port 1
is changed to 500 Hz.

The following diagram shows the frequency of pulse outputs from port 1 as the
program is executed.

Frequency
15kHz} - - - - - - - - - - ¢
1.0kHz}| - - - -
0.5kHz}| - - - -
> Time
! } }
IR 05000 IR 00000 [IR00001 IR 00002 10,000
turns ON  turns ON  turns ON  turns ON pulses

&Caution Be sure that the pulse frequency is within the motor’s self-starting frequency
range when starting and stopping the motor.

Note Speed control timing will be accurate when frequency changes are performed
as input interrupt processes.
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Example 2: Stopping The following example shows PULS(65) and SPED(64) used to control a pulse
Pulse Output with output from port 1. The frequency is changed by executions of SPED(64) with
SPED(64) different frequency settings and finally stopped with a frequency setting of 0.
05000
|1 @PULS(65) When IR 05000 turns ON, PULS(65) sets port 1 for CW
I oL pulse output. There is no number of pulses setting.
004
000
@SPED(64) Starts pulse output from port 1 at 1 kHz in Continuous
Mode.
001
001
#0100
00005
!l @SPED(64) When IR 00005 turns ON, the frequency from port 1 is
Ll changed to 1,500 Hz.
001
001
#0150
00006
1| @SPED(64) When IR 00006 turns ON, the frequency from port 1 is
L changed to 1,000 Hz.
001
001
#0100
00007
!l @SPED(64) When IR 00007 turns ON, the pulse output from port 1 is
H stopped with a frequency setting of 0 Hz.
001 Note: Use INI(61) if it is necessary to force pulse
output to stop, as in emergency situations.
001
#0000

The following diagram shows the frequency of pulse outputs from port 1 as the
program is executed.

Frequency

y * ’ > Time

IR05000 IR 00005 IR 00006 IR 00007
turns ON turns ON turns ON turns ON

&Caution Be sure that the pulse frequency is within the motor’s self-starting frequency
range when starting and stopping the motor.
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Example 3: Using
PLS2(—) to Accelerate/
Decelerate the Frequency
at the Same Rate

108

The following example shows PLS2(—) used to output 100,000 CW pulses from
port 1. The frequency is accelerated to 10 kHz at approximately 500 Hz/4 ms

and decelerated at the same rate.

Five seconds after the CW pulses have been output, another PLS2(—) instruc-
tion outputs 100,000 CCW pulses with the same settings.

DM 0000 | 0050
DM 0001 | 1000
DM 0002 | 0000
DM 0003 | 0010

00000

05000

“ I SET 05000 I

IR 05000 is turned ON when IR 00000 is ON.

@PLS2(—)

When IR 05000 turns ON, PLS2(—) starts CW pulse output

001

from port 1.

Acceleration rate: Approx. 500 Hz/4 ms

000

Target frequency: 10,000 Hz

DM 0000

Number of pulses: 100,000

AR 0514

TIM 000

When AR 0514 (Pulse Output Completed Flag) turns ON,

#0050

a 5-second timer is started.

TIM 000

11 _
I} @PLS2(—)

After 5 seconds elapses following completion of CW pulse

001

output, PLS2(—) starts CCW pulse output from port 1 using
same conditions:

001

Acceleration rate: Approx. 500 Hz/4 ms

DM 0000

Target frequency: 10 kHz
Number of pulses: 100,000

—-RSET 05000

Turns 05000 OFF when TIM 000 times out.

The following diagram shows the frequency of pulse outputs from port 1 as the

program is executed.

Frequency
CW pulse output CCW pulse output
10kHz | - - - - -
500 Hz 500 Hz About 500 Hz/4 ms
approx. 4 ms approx. 4 ms
| .
1 kHz T | l T | Time

100,000 pulses 100,000 pulses

IR 05000 AR 0514 After5s

turns ON turns ON
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Example 4: Using
ACC(—) to Accelerate/
Decelerate the Frequency
at Different Rates

Example 5: Using
ACC(—) to Accelerate
the Frequency at a
Specified Rate

The following example shows Mode 0 of ACC(—) used to output 10,000 CW
pulses from port 1. The frequency is accelerated to 10 kHz at approximately
1 kHz/4 ms and decelerated to 1 kHz at approximately 250 Hz/4 ms. Decelera-
tion begins after 9,100 pulses have been output.

DM 0000 | 0000 DM 0004 | 0100
DM 0001 | 0001 DM 0005 | 1000
DM 0002 | 9100 DM 0006 | 0025
DM 0003 | 0000 DM 0007 | 0050
00000
!l @PULS(65) When IR 00000 turns ON, PULS(65) sets port 1 for CW
L pulse output. The total number of pulses is set to 10,000
001 and the deceleration point is set to 9,100 pulses.
002
DM 0000
@ACC(—) Starts CW pulse output from port 1.
001 Acceleration rate: Approx. 1000 Hz/4 ms
Target frequency after acceleration: 10,000 Hz
000 Deceleration rate: Approx. 250 Hz/4 ms
Target frequency after deceleration: 1 kHz
DM 0004 Following deceleration, pulse output starts at target fre-

quency of approx. 500 Hz/4 ms.

The following diagram shows the frequency of pulse outputs from port 1 as the
program is executed.

Frequency
10kHz | - - - - - -
: About 250 Hz/4 ms
About 1 kHz/4 ms
LTKHZF - - - - - - e o e oo oo oo )
* * * Time
IR 00000 9,100 10,000
turns ON pulses pulses

The following example shows Mode 1 of ACC(—) used to increase the frequen-
cy of a pulse output from port 1. The frequency is accelerated from 1 kHz to
20 kHz at approximately 500 Hz/4 ms.

DM 0000 | 0050
DM 0001 [ 2000
00000
!l @PULS(65) When IR 00000 turns ON, PULS(65) sets port 2 for CCW
L pulse output. The number of pulses is not set.
002
005
000
@SPED(64) Starts 1,000 Hz (1 kHz) pulse output from port 2 in Continu-
ous Mode.
002
001
#0100
00001
il @ACC(—) When IR 00001 turns ON, ACC(—) begins accelerating the
I port 2 pulse output at about 500 Hz/4 ms until it reaches the
002 target frequency of 20,000 Hz.
001
DM 0000
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Example 6: Using
ACC(—) to Decelerate
the Frequency at a
Specified Rate and Stop
Output

Example 7: Using
ACC(—) to Decelerate
the Frequency at a
Specified Rate
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The following diagram shows the frequency of pulse outputs from port 2 as the
program is executed.

Frequency

About 500 Hz/4 ms

1kHz [- -

Time
’

IR 00000 IR 00001
turns ON turns ON

The following example shows Mode 2 of ACC(—) used decrease the frequency
of a pulse output from port 1. The 2-kHz pulse output is already in progress in
independent mode and stops automatically when the number of pulses is
reached.

DM 0000 | 0050
DM 0001 [ 0001

00000

1| @ACC(—) When IR 00000 turns ON, ACC(—) begins decelerating the
L port 1 pulse frequency at about 500 Hz/4 ms until it reaches
001 the target frequency of 10 Hz. Pulse output stops when the

002 specified number of pulses is reached.

DM 0000

The following diagram shows the frequency of pulse outputs from port 1 as the
program is executed.

Frequency
2kHz |- -
N\ About 500 Hz/4 ms
1kHz |----------- -
* Time
IR 00000 Specified number
turns ON of pulses output

Note The pulse output can be stopped by executing ACC(—) Mode 2 with a target
frequency of 0. However, since the pulse output cannot be stopped at the correct
number of pulses, this method should not be used except for emergency stops.

The following example shows Mode 3 of ACC(—) used to decrease the frequen-
cy of a pulse output from port 1. The 20-kHz pulse output is already in progress
in Continuous Mode.

DM 0000 | 0100
DM 0001 [ 0500

00000

1| @ACC(—) When IR 00000 turns ON, ACC(—) begins decelerating the
L port 1 pulse output at about 1,000 Hz/4 ms until it reaches
001 the target frequency of 5,000 Hz.
003
DM 0000
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The following diagram shows the frequency of pulse outputs from port 1 as the
program is executed.

Frequency
20kHz |- -
! About 1 kHz/4 ms
SkHz [----------1-----
* Time
IR 00000
turns ON

2-2-10 Variable Duty Factor Pulse Outputs

The following is the procedure for outputting pulses with varying duty factors
(i.e., the ratio of the pulse ON time and the pulse cycle) from ports 1 and/or 2.
This function can be used for various kinds of control outputs, such as light inten-
sity output or speed control output to an inverter.

Outline Variable duty factor pulse outputs from ports 1 and/or 2 are executed as shown
in the diagram below. Ports 1 and 2 can be used at the same time.

CPU Unit

'

| s | s | | s f s | s
Frequency = 91.6 Hz,
1.5 kHz,
-D 5.9 kHz
[ _ on _ 1or 10 000
Duty factor = T = 1% to 99%
= TEEETET ton
>
e LT
Port 2
<—T—>

Variable Duty Factor Pulse Outputs Using PWM(—)

Determine pulse output port. Port 1 or port 2.

'
Output:
Wire outputs. PWM(—) with/without 1.6 kQ resistance.
Power supply for output: 5/24 V DC

Port Mode Setting (DM 6611):

PC Setu
(DM 6612,[,,\,, 6643/DM 6644) High-speed Counter Mode (0000 Hex) or Simple Positioning Mode (0001 Hex)
Operation settings for ports 1 and 2 (DM 6643/DM 6644):
| Set to variable duty factor (1000 Hex).
PULSE WITH VARIABLE DUTY FACTOR, PWM(—):
Ladder Program Set frequency and duty factor.

MODE CONTROL, INI(61):
Stop pulse output to a specified port.

HIGH-SPEED COUNTER PV READ, PRV(62):
Read pulse output status of a specified port.
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Variable Duty Factor Pulse Outputs

(Variable duty factor pulse output ) <o PC Setup

Bits 12 to 15 of
DM 6643/DM 6644 set to 1.

f \

Pulse I/0 Board
Variable Duty Factor
Pulse Outputs

(6, 14) |Ccw/| Port 1 pulse
output (CN1)

Port 2 pulse
(6.14) output (CN2)

Ladder Program
= - Duty factor: Ratio of
— PWM(82) gld%-?(EFng;%\R/ARIABLE ON time to pulse cycle.
L | | Target: 91.6 Hz, 1.5 kHz, or Each cycle Each execution
5.9 kHz
Duty factor: 1 to 99 (see note) l l
Pulse output start HIGH-SPEED
- - Pulse output status *I:PRV(GQ) } COUNTER PV
—{Nige1) MODE CONTROL Port 1: AR 05 READ
L Pori2: AR 05 PufSe oufpuT
PC Setup Settings Before outputting variable duty factor pulses from port 1 or 2, switch the PC to

PROGRAM Mode and make the following settings in the PC Setup.

Operation Settings of Ports 1 and 2
Make the following settings to set port 1 (DM 6643) or port 2 (DM 6644) to vari-
able duty factor pulse output mode. Ports 1 and 2 can be set separately.

Bit 15 0 Bit 15 0
Port 1 Pulse Type Port 2 Pulse T ype
0: Fixed duty factor pulse output 0: Fixed duty factor pulse output
1: Variable duty factor pulse output 1: Variable duty factor pulse output
Default: 0 Default: 0
(Fixed duty factor pulse output ) (Fixed duty factor pulse output )

Note 1. When a port is set to variable duty factor pulse output, it cannot output fixed
duty factor pulses.

2. When using variable duty factor pulse output, all instructions can be used,
regardless of the Port Mode.

Instruction PWM(—) INI(61) PRV(62)
Function Frequency setting | Pulse output stop | Pulse output status
Duty factor setting read
Pulse output start
High-speed Enabled

Counter Mode

Simple Positioning | Enabled
Mode
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Example: Using PWM(—)

Starting the Pulse Output
PWM(—) is used to specify the port number, the pulse frequency, and the duty
factor, and to start pulse output.

— @PWM(—) P: Port
P 001: Portl
002: Port 2

F: Output frequency
P 000 = 5.9 kHz
001 =1.5kHz
002 =91.6 Hz

D: Duty factor

Specify either a 4-digit BCD constant or a word address
where the value of D is stored as a 4-digit BCD represent-
ing a percentage value. The setting must be between 0001
and 0099 (i.e., 1% to 99%).

E

Pulse output will start using the settings specified by PWM(—), and will continue
with those settings until PWM(—) is executed again with different settings, or
until INI1(61) is executed to stop pulse outputs from the specified port.

Stopping the Pulse Output
The pulse output from a port can be stopped by executing INI(61) with C=003.
Specify port 1 or 2 (P=001 or 002).

—1  @INI(61)
P P: Port

001: Portl

003 002: Port 2

000

The following example shows PWM(—) used to start a 1.5 kHz pulse output
from port 1 and then change the duty factor from 50% to 25%.The pulse output is
then stopped with INI(61). Before running the program, check that the settings in
the PC Setup are as follows:

DM 6643: 1000 (variable duty factor pulse setting for port 1).

00000

1| @PWM(—) When IR 00000 turns ON, a 1.5 kHz signal is output from
L port 1 with a duty factor of 50%.
001

001

#0050

00001

!l @PWM(—) When IR 00001 turns ON, the duty factor is changed to
I 25%.

001

001

#0025
00002

1| @INI(61) When IR 00002 turns ON, INI(61) stops the pulse output
I from port 1.

001

003

000

The following diagram shows the duty factor of the pulse output from port 1 as
the program is executed.

50% duty factor pulses 25% duty factor pulses
50% [~~~ 50% 25% 75%
1.5 kHz 1.5 kHz
IR 00000 IR 00001 IR 00002

turns ON turns ON turns ON
(Stop)
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2-2-11 Determining the Status of Ports 1 and 2

The status of pulse outputs (fixed or variable duty factor pulses) of ports 1 and 2
can be determined either by reading the status of the relevant flags in the SR and
AR areas or by executing PRV(62).

The memory words associated with the status of pulse outputs from ports 1 and
2 are shown in the following tables. The pulse output status can be determined

Reading Flag Status

by reading the contents of the words and flags shown in these words.

* Inner Board Error Codes

Word Bits Slot

Function

AR 04 08to 15 | Slot 2

Error codes are stored as two-digit hexadecimals:

00 Hex:

01 and 02 Hex:

02 Hex:
03 Hex:

Normal

Hardware error
PC Setup error
PC stopped during
pulse output

» Operation Status Indicators

Status Flag

Word Bit Name Function
Port 1 Port 2
AR 05 AR 06 12 Deceleration | Indicates the passage through a
Flag deceleration point when
deceleration is specified.
0: Not specified
1: Specified
13 Number of Stores whether or not the number
Pulses Flag of pulses have been specified.
0: Not specified
1: Specified
14 Pulse Output | Indicates the completion status of
Completed the pulse output.
Flag 0: Not completed
1: Completed
15 Pulse Output | Indicates the operation status of

the pulse output.

0: Pulse output stopped
1: Pulse output in progress

Using PRV(62) The status of pulse outputs can be determined by using PRV(62). Specify port 1

or 2 (P=001 to 002) and the destination word D.

— | @PRV(62)
P P: Port specifier
001 C: 001
D D: First destination word

The bits comprising the pulse output status information stored in D have the fol-
lowing meanings:

Bit Function Description
04 Deceleration Flag Indicates deceleration.
(O: Not decelerating; 1: Decelerating)
05 Number of Pulses Indicates whether the total number of pulses have

Flag been specified. (0: Not specified; 1: Specified.)

06 Pulse Output Com- | Indicates whether pulse output has been completed.
pleted Flag (0: Not completed; 1: Completed.)

07 Pulse Output Status | Indicates whether pulses are being output.
Flag (0: No output; 1: Output in progress.)

In addition to the above, bits 0 and 1 store information about the status of the
high-speed counter. All other bits are O.
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Note When PRV(62) is used to read a port’s status, the most recent information will be
read regardless of the PC's cycle time.

2-2-12 Precautions When Using Pulse Output Functions

The Pulse I/0 Board divides the 500 kHz source clock by an integer value to gen-
erate an output pulse frequency. For this reason, the frequency setting and the
frequency actually produced may differ. Refer to the following formula to calcu-
late the actual frequency.

Pulse Output Structure Setting frequency:
Output frequency set by User.
Division ratio:
An integer value set at the division circuit to generate output pulses of the set
frequency.

Actual frequency:
Actual output pulse frequency produced by the division circuit.

Set division ratio (integer value) according
to frequency set by User.

Output pulse (Actual frequency)

"R, [ s e
Clock for generating pulses ——% ci:'\(/:ljilton _)

Actual frequency (kHz) = 500 (kHz) / INT(500 (kHz) / Set frequency (kHz) )

INT: Function to derive integer value
INT (500 / Set frequency): Division ratio

The difference between the set frequency and the actual frequency increases as
the frequency increases, as shown in the examples in the following table.

Set frequency (kHz) Actual frequency (kHz)
45.46 to 50.00 50.00
41.67 to 45.45 45.45
38.47 t0 41.66 41.67
31.26 t0 33.33 33.33
29.42 t0 31.25 31.25
27.78 10 29.41 29.41
20.01 to 20.83 20.83
19.24 to0 20.00 20.00
18.52t0 19.23 19.23
10.01 to0 10.20 10.20
9.81 to 10.00 10.00
9.62 t0 9.80 9.80
5.01to 5.05 5.05
4.96 to 5.00 5.00
4.90 to 4.95 4.95
3.02t0 3.03 3.03
3.00t0 3.01 3.01
2.98 t0 2.99 2.99

2-3 Absolute Encoder Interface Board
2-3-1 Model

Name Model Specifications

Absolute Encoder CQM1H-ABB21 2 inputs for absolute encoders
Interface Board
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2-3-2 Functions

Absolute High-speed
Counter with Interrupt
Function

Note

The Absolute Encoder Interface Board is an Inner Board that counts two gray
binary code inputs from an absolute (ABS) rotary encoder.

The Absolute Encoder Interface Board reads binary gray codes (inverted binary
codes) input from an absolute encoder through ports 1 and 2 at a maximum
counting rate of 4 kHz, and performs processing according to the input values.

Operating Modes
BCD Mode and 360° Mode.

Resolutions
One of the following can be set: 8 bits (0 to 255), 10 bits (0 to 1023), or 12 bits (0
to 4095). The resolution should be set to match that of the encoder connected.

Interrupts
An interrupt subroutine can be executed when the PV (present value) of the ab-

solute high-speed counter matches a specified target value or lies within a speci-
fied comparison range.

The use of an absolute encoder means that the position data can be retained
even during power interrupts, removing the need to perform an origin return
when power is returned. In addition, the origin compensation function allows the
user to specify any position as the origin.

2-3-3 System Configuration

/ Absolute Encoder Interface Board

D

A

ﬂ% %] %I Workpieces

< | ’ Processing table

: 1>
0 Motor driver
N (Inverter)

Absolute Encoder

E69-DC5 connector cable

Detects angle of rotation and controls processing table.

2-3-4 Applicable Inner Board Slots
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The Absolute Encoder Interface Board can only be mounted in slot 2 (right slot)
of the CQM1-CPU51/61 CPU Unit.

Slot1 Slot 2

I Y Absolute Encoder
Interface Board
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2-3-5 Names and Functions

The Absolute Encoder Interface Board is provided with port 1 connector CN1
and port 2 connector CN2 to receive binary gray code input from absolute rotary
encoders.

CQM1H-ABS02

B

o)
s L —cna _
5 Input from absolute encoder 1 Compatible connector
5] Socket: XM2D-1501 (OMRON)
=
Lo Hood: XM2S-1511 (OMRON)
% | _—CcN2 Two Socket+Hood sets are provided
it Input from absolute encoder 2 as standard accessories.
LS |
~LlJ
LED Indicators
 Ready (green)
Lit when the Absolute Encoder Interface Board is ready.
Encoder input (orange)
Refer to the following table.
— Error (red)
Lit when there is an error in the PC Setup for the Absolute
Encoder Interface Board.
Encoder input Function
indicators
Port 1 Port 2
IN1 IN2 Lit when input bit 0 is ON.
INC1 INC2 Lit when value input is incremented.
DEC1 DEC2 | Lit when value input is decremented.

2-3-6 Absolute Encoder Input Specifications

Instructions

Instruction Meaning

(@)CTBL(63) Used to register target or range comparison tables or to start comparisons for previously registered
comparison tables.

(@)INI(61) Used to start or stop comparison using registered comparison table or to change the PV of a
high-speed counter.

(@)PRV(62) Used to read the PV or status of a high-speed counter.

(@)INT(89) Used to perform mask all interrupts, such as input interrupts, interval timer interrupts, and high-speed
counter interrupts.
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Relevant Flags and Bits

Bits for Absolute Encoder Interface Board in Slot 2

Word Bits Name Function
IR 232 00to15 |Portl PV word (rightmost four bits) | The PV of the absolute high-speed counter attached to
IR 233 00 to 15 PV word (leftmost four bits) port 1 of t_hg Absolute Encoder Interface Board is stored
- - as an 8-digit BCD after each cycle.
IR 234 00to15 |Port2 PV word (rightmost four bits)
IR 235 00 to 15 PV word (leftmost four bits)
IR 236 to |00 to 15 Not used.
IR 243
AR Flags
Word Bit Name Function
AR 05 00 Port 1 High-speed | ON when counter PV satisfies When using high-speed counter 1
Counter conditions for comparison range 1 | in range comparison mode, each
01 gange . ON when counter PV satisfies bit turns O(;\.] when (tjhte .
omparison | ¢4nditions for comparison range 2 corresponding condition 1S
Flags satisfied.
02 ON when counter PV satisfies
conditions for comparison range 3
03 ON when counter PV satisfies
conditions for comparison range 4
04 ON when counter PV satisfies
conditions for comparison range 5
05 ON when counter PV satisfies
conditions for comparison range 6
06 ON when counter PV satisfies
conditions for comparison range 7
07 ON when counter PV satisfies
conditions for comparison range 8
08 High-speed | Indicates status of comparison operation.
Counter OFF: Stopped
Comparison | ON: Comparing
Flag
AR 06 00 Port 2 High-speed | ON when counter PV satisfies When using high-speed counter 2
Counter conditions for comparison range 1 | in range comparison mode, each
01 CR:ange . ON when counter PV satisfies bit turns Oc’i\'] when (tjhte .
o0mparson | ¢,ngitions for comparison range 2 corresponaing conaition 1S
Flags satisfied.
02 ON when counter PV satisfies
conditions for comparison range 3
03 ON when counter PV satisfies
conditions for comparison range 4
04 ON when counter PV satisfies
conditions for comparison range 5
05 ON when counter PV satisfies
conditions for comparison range 6
06 ON when counter PV satisfies
conditions for comparison range 7
07 ON when counter PV satisfies
conditions for comparison range 8
08 High-speed | Indicates status of comparison operation.
Counter OFF: Stopped
Comparison | ON: Comparing
Flag
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Related PC Setup Settings

SR Area Flags

Word Bit Function
IR 252 01 Absolute High-speed Counter 1 Origin Compensation
Bit (Port 1)
02 Absolute High-speed Counter 2 Origin Compensation
Bit (Port 2)
IR 254 15 Inner Board Error Flag
AR Area Bits
Word Bits Name Function
AR 04 08to 15 Error code for Inner 00 Hex: No error
Board in slot 2 01 or 02 Hex: Hardware error
03 Hex: PC Setup error

Word

Bits

Function

When setting is
activated

DM 6611

00to 15

Stored origin compensation value
(BCD) for port 1

DM 6612

00to 15

Stored origin compensation value
(BCD) for port 2

0000 to 4095 (4-digit BCD)

The origin is compensated when
the Origin Compensation Bit

(SR 25201 for port 1, SR 25202 for
port 2) is turned ON. The
compensation value is set as a
4-digit BCD between 0000 and
4095 in either BCD Mode or 360°
Mode.

When Origin
Compensation
Bit turns ON in
PROGRAM
mode.

DM 6643

00 to 07

08to 15

Port 1

Resolution

00 Hex: 8 hits
01 Hex: 10 bits
02 Hex: 12 bits

When operation
starts.

Operating mode settings
00 Hex: BCD Mode
01 Hex: 360° Mode

DM 6644

00 to 07

08 to 15

Port 2

Resolution

00 Hex: 8 hits
01 Hex: 10 bits
02 Hex: 12 bits

Operating mode settings
00 Hex: BCD Mode
01 Hex: 360° Mode

2-3-7 High-speed Counter Interrupts

The Absolute Encoder Interface Board interfaces an absolute encoder. Interrupt
processing can be performed in response to binary gray code signals input to
ports 1 or 2 from an absolute rotary encoder.
The two ports can be operated separately. The counter for port 1 is called abso-
lute high-speed counter 1 and the counter for port 2 is called absolute high-
speed counter 2. This section describes how to use absolute high-speed count-
ers 1 and 2. The counting rate is 4 kHz.

Processing

1,2 3.

Input Signals and Operating Modes

There are two operating modes that can be used for absolute high-speed count-

ers 1 and 2.
1. BCD Mode:

The absolute rotary encoder’s binary gray code is first converted to normal

binary (hexadecimal) data, and then converted to BCD.

2. 360° Mode:

With the maximum value of the resolution taken to be 360°, the input from
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the absolute rotary encoder is converted to an angle between 0° and 359°.
CTBL(63) settings are made in 5° units.

The resolution of the binary gray code inputs to ports 1 and 2 must be one of the
three resolutions listed in the following table. The table also shows the range of
values associated with each resolution in each operating mode.

Resolution Possible PVs
BCD Mode 360° Mode
8-bit 0to 255 PV output: 0° to 359° (1° units)
10-bit 0to 1023 Comparison table settings: 0° to 355° (5° units)
12-bit 0 to 4095

Setting Absolute High-speed Counter in 360  ° Mode
The following table shows how the settings, which are made in units of 5°, are
converted into binary gray codes according to the resolution.

5°1to0 45°

Resolution 5° 10° 15° 20° 25° 30° 35° 40° 45°

8-bit 4 7 11 14 18 21 25 28 32

10-bit 14 28 43 57 71 85 100 114 128

12-bit 57 114 171 228 284 341 398 455 512
50° to 355°

Based on the conversions in the range 5° to 45° given above, conversions for the
remaining values are calculated as follows:

Setting (°) + 45° = A with B(°) remaining.
Conversion = (Conversion of 45°) x A + (Conversion of B)

E.g., 145° at a resolution of 8 bits
145° + 45° = 3 with 10° remaining.
Therefore, converted value =32 x 3+ 7 =103

At resolutions of 10 and 12 bits, it is possible that small differences in computa-
tions may result in interrupt processing not being executed even when the PV
matches the comparison conditions.

Absolute High-speed Counter Interrupt Count
The counter’s PV can be checked using the following two methods:

* Target value method
» Range comparison method
Refer to page 31 for a description of each method.
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Procedure for Using Absolute High-speed Counters

Determine operating mode and resolution. Operating mode: BCD Mode or 360° Mode
l Resolution: 8-bit, 10-bit, or 12-bit

Mount Board and wire inputs.

|

PC Setup Operating mode: BCD Mode or 360° Mode
(DM 6643/DM 6644) Resolution: 8-bit, 10-bit, or 12-bit

|

Origin compensation

Set encoder to position desired as origin.
Check PV of absolute high-speed counter
1 or2 (IR 232/IR 233 or IR 234/IR 235).

Turn ON Origin Compensation Bit for ab-
solute high-speed counter (SR 25201 or
SR 25201).

The origin compensation (4-digit BCD) will
be stored in PC Setup (DM 6611 or
DM 6612).

Verify that 0000 is stored as the PV of ab-
solute high-speed counter 1 or 2 (IR 232
or IR 234).

REGISTER COMPARISON TABLE, CTBL(63):

Ladder program Port-specific comparison table registration and comparison start
MODE CONTROL, INI(61):

Port-specific PV change and comparison start

HIGH-SPEED COUNTER PV READ, PRV(62):

Port-specific high-speed counter PV read; high-speed counter com-
parison status read; range comparison result read

SUBROUTINE DEFINE, SBN(92) and RETURN, RET(93):

Creation of interrupt subroutine program (Only when using absolute
high-speed counter 1 and 2 interrupts.)
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High-speed Counter Function

Port 1
Bit 20

Bit 21

Bit 22

Bit 29
Bit 210

Bit 211

Port 2
Bit 20

Bit 211

§

Pin No.

(15)
(7)
(14)
(6}
(13)
)
(12)
[C)
an
3
(10)
@

(15)

§

-
Mode/Resolution

]—>r0rigin compensatior}»l Count } Count check

A

@ |

interrupt
BCD Mode/360 Mode Port 1: SR 25201 ﬁ
8-bit, 10-bit, or 12-bit Port 2: SR 25202 @ Specified subroutine
\ Ladder Program executed.
G ﬁ cTBL(E3)] REGISTER Interrupt Subroutine
COMPARISON
PC Setup PC Setup | TABLE —[ssm(gz) ]

DM 6643/DM 6644

Origin compensation
storage location

Table registration S

Preliminary PC Setup

122

Port 1: DM 6611
Port 2: DM 6612

Comparison start
_ ——RET(93) ]
INI(81)
Note: For absolute high-

speed counter interrupts.
Each cycle Each execution

' :

MODE CONTROL

PV change
Comparison

Range comparison result
start/sto

AR 0500 to AR 0508 (Port 1)
AR 0600 to AR 0608 (Port 2)

PVs of counters PRV (62)] HIGH-SPEED
Port 1: IR 233 IR 232 COUNTER PV
Port 2: IR 235 IR 234 <|: i| READ

PV read

Comparison operation status

read

Range comparison result read

Make the following settings in PROGRAM mode before using absolute high-
speed counter 1 or 2 interrupts in a program.

Absolute High-speed Counter Settings

DM 6643 contains the settings for absolute high-speed counter 1, and DM 6644
contains the settings for absolute high-speed counter 2. These words determine
the operating modes and resolution settings.

Bit 15 0

(I I
S

Operating mode:
00: BCD mode
01: 360° mode

Resolution setting:
00: 8-hit
01: 10-bit
02: 12-bit
Defaults: 0000
(BCD Mode, 8-bit resolution)

Input Refresh Word Settings

DM 6634 contains the input refresh word settings for absolute high-speed count-
er 1, and DM 6635 contains the settings for absolute high-speed counter 2.
Make these settings when it is necessary to refresh inputs.

Bit 15 0

I O I
00to 12 —T
00to 11

Default: 0000 (No inputs refreshed)

Number of words (2-digit BCD)
First word (2-digit BCD)
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Origin Compensation

Programming

1,2 3.

1,2 3.

It is possible to compensate for a discrepancy between an absolute encoder’s
origin and the actual origin. After origin compensation has been set, the data
from the absolute encoder will be adjusted before being output as the PV. Once
set, the origin compensation will remain in effect until the next origin compensa-
tion is executed; it remains in effect even after power has been turned OFF. Ori-
gin compensation can be set separately for ports 1 and 2.

The default setting is for no origin compensation.
Follow the procedure below to set origin compensation.

1. Set the absolute encoder to the desired origin location.

2. Make sure that pin 1 of the CQM1H CPU Unit’s DIP switch is OFF (enabling
Programming Devices to write DM 6144 through DM 6568), then switch the
PC to PROGRAM mode.

3. Set the absolute resolution in DM 6643 or DM 6644.

4. Make sure that a fatal error or FALS 9C error has not occurred.

5. Read the absolute high-speed counter’s PV from IR 232 and IR 233 (port 1)
or IR 234 and IR 235 (port 2) to determine the value before origin compensa-
tion.

6. Turn ON the Absolute High-speed Counter 1 Origin Compensation Bit
(SR 25201) or Absolute High-speed Counter 2 Origin Compensation Bit
(SR 25202) from a Programming Device.

The compensation value will be written to DM 6611 (port 1) or DM 6612
(port 2) and the Origin Compensation Bit will be turned OFF automatically.
The compensation value will be stored as a 4-digit BCD between 0000 and
4095 regardless of whether the counter is set to BCD mode or 360° mode.

7. Read the high-speed counter’s PV word to verify that origin compensation
has completed normally. (The PV should be 0000 after origin compensa-
tion.)

The compensation value will remain in effect until it is changed again by the pro-
cedure above.

Use the following steps to program absolute high-speed counters 1 and 2.

Absolute high-speed counters 1 and 2 begin counting when the PC Setup set-
tings are enabled, but comparisons will not be made with the comparison table
and interrupts will not be generated unless the CTBL(63) instruction is executed.
The PV of absolute high-speed counter 1 is maintained in IR 232 and IR 233,
and the PV of absolute high-speed counter 2 is maintained in IR 234 and IR 235.

Starting and Stopping Comparisons

1. Use the CTBL(63) instruction to save the comparison table in the CQM1H
and begin comparisons.

— (@)CTBL(63) P: Port
001: Portl
P 002: Port 2
°|  c: Mode (3-digit BCD)
B 000: Target value table registration and comparison start

001: Range comparison table registration and comparison start
002: Target value table registration only
003: Range comparison table registration only

TB: First word of comparison table

P specifies the port. Set P=001 to specify absolute high-speed counter 1
(i.e., port 1), or P=002 to specify absolute high-speed counter 2 (port 2).

Setting 000 as the value of C registers a target value comparison table, and
setting 001 registers a range comparison table. Comparison begins upon
completion of this registration. While comparisons are being performed, ab-
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Note

solute high-speed counter interrupts will be executed according to the appli-
cable comparison table. Refer to 5-16-7 REGISTER COMPARISON TABLE
—CTBL(63) for details on comparison table registration.

If C is set to 002, then comparisons will be made using the target value meth-
od; if 003, then they will be made using the range comparison method. In
both cases the comparison table will be saved but comparisons will not actu-
ally begin until INI(61) is used.

Note Unlike other high-speed counters, the interrupts of absolute high-
speed counters 1 and 2, the target value, and upper and lower limits
registered in the comparison table are all set in one word each.

2. To stop comparisons, execute INI(61) as shown below. Specify port 1 or 2 in
P (P=001 or 002).

—_(@)INI(61)

P: Port
001: Port1l
002: Port 2

o

001

000

To restart comparisons, set the first operand to the port number, and the sec-
ond operand to 000 (execute comparison), and execute INI(61).
A table that has been saved will be retained in the CQM1H during operation
(i.e., during program execution) until a new table is saved.
Reading the PV of Absolute High-speed Counters 1 and 2
The following two methods can be used to read the PVs of absolute high-speed
counters 1 and 2:
* Reading PVs from memory (IR 232 or IR 234)
 Using PRV(62)
Reading PVs from Memory
The PVs of high-speed counters 1 and 4 are stored in the data area words as
8-digit BCDs, regardless of whether the Board is in BCD Mode or 360° Mode.

Leftmost Rightmost
4 digits 4 digits

Port1: | IR233 | [ IR232 |

BCD Mode 360° Mode

0000 0000 to 0000 4095 0000 0000 to 0000 0359

Port2: | IR235 | | IR234 |

These words are refreshed only once every cycle, so they may differ from the
actual PV.

Using PRV(62)
PRV(62) is used to read the PVs of absolute high-speed counters 1 and 2. Spec-
ify absolute high-speed counter 1 or 2 in P (P=001 or 002).

— (@)PRV(62)
P: Port
P 001: Port 1
000 002: Port 2
D D: First destination word

The PV of the specified absolute high-speed counter is stored as shown below.
The PV is stored as 8-digit BCD, regardless of whether the Board is in BCD
Mode or 360° Mode.

Leftmost Rightmost
4 digits 4 digits

E] 0000 0000 to 0000 4095 0000 0000 to 0000 0359

BCD Mode 360° Mode
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Note

The PV can be read accurately at the time PRV(62) is executed.

Reading Absolute High-speed Counter Status

There are two ways to read the status of high-speed counters 1 and 2:

» Reading AR area flags

 Using PRV(62)

Reading AR Area Flags

The CQM1H words relating to absolute high-speed counters 1 and 2 are listed

below. It is possible to determine the status of absolute high-speed counters 1
and 2 by reading these data words.

 Inner Board Error Codes

Word Bits Function
AR 04 081to 15 | Slot 2 The stored error codes are as follows:
00 Hex: Normal
01 or 02 Hex: Hardware error
03 Hex: PC Setup error

» Words Indicating Operational Status

Word Bit Name Function
Counter 1 | Counter 2
AR 05 AR 06 00 High-speed Counter ON when meeting first When the high-speed
Range Comparison condition. counter is used in range
Flags : comparison format, a bit
01 ON when meeting
second condition. turns ON when the .
_ . corresponding condition
02 ON when meeting third is met.
condition.
03 ON when meeting fourth
condition.
04 ON when meeting fifth
condition.
05 ON when meeting sixth
condition.
06 ON when meeting
seventh condition.
07 ON when meeting eighth
condition.
08 High-speed Counter Indicates the status of the comparison operation.
Comparison Flag 0: Stopped
1: Running

Using PRV(62)

The status of absolute high-speed counters 1 and 2 can also be determined by
executing PRV(62). Specify high-speed counter 1 or 2 (P=001 or 002) and the
destination word D.

—1 @PRrv(62)
P P: Port

001 001: Port 1

002: Port 2

D

D: First destination word

The status of the specified high-speed counter is stored in bit 00 of D, as shown
in the following table.

Bit Function
00 Comparison Operation Flag (0: Stopped; 1: Running)

Bits 01 to 15 are set to 0.
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126

This example shows programming that receives an input signal from an abso-
lute rotary encoder at port 1 and uses this input to control outputs IR 10000
through IR 10003. Absolute high-speed counter 1 is set for 8-bit resolution and
360° Mode, and range comparisons are performed. Before executing the pro-
gram, set DM 6643 to 0100 (Port 1: 360° Mode, 8-bit resolution).

Other PC Setup settings use the default settings. (Inputs are not refreshed at the
time of interrupt processing.)

In addition, the following data is stored for the comparison table:

DM 0000 | 0000 Lower limit #1 (0°)

DM 0001 | 0085 Upper limit #1 (85°)

DM 0002 | 0100 Subroutine number 100
DM 0003 | 0090 Lower limit #2 (90°)

DM 0004 | 0175 Upper limit #2 (175°)
DM 0005 | 0101 Subroutine number 101
DM 0006 | 0180 Lower limit #3 (180°)
DM 0007 | 0265 Upper limit #3 (265°)
DM 0008 | 0102 Subroutine number 102
DM 0009 | 0270 Lower limit #4 (270°)
DM 0010 | 0355 Upper limit #4 (355°)
DM 0011 | 0103 Subroutine number 103
DM 0012 | 0000 Lower limit #1 (0°)

DM 0013 | 0000 Upper limit #1 (0°)

DM 0014 | FFFF No subroutine number
DM 0015 | 0000 Lower limit #1 (0°)

DM 0016 | 0000 Upper limit #1 (0°)

DM 0017 | FFFF No subroutine number
DM 0018 | 0000 Lower limit #1 (0°)

DM 0019 | 0000 Upper limit #1 (0°)

DM 0020 | FFFF No subroutine number
DM 0021 | 0000 Lower limit #1 (0°)

DM 0022 | 0000 Upper limit #1 (0°)

DM 0023 | FFFF No subroutine number

-~

/\

/\

J\

/\

]\

— First range setting (0° to 85°)

— Second range setting (90° to 175°)

— Third range setting (180° to 265°)

[~ Fourth range setting (270° to 355°)

— Fifth range setting (Not used.)

—® Sixth range setting (Not used.)

— Seventh range setting (Not used.)

—® Eighth range setting (Not used.)

In 360° Mode, upper and lower limits are set in units of 5°.
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00000

((

))

25313 (Always ON)
11

25313 (Always ON)
1L

25313 (Always ON)

25313 (Always ON)
Nl

@CTBL(63)
001
001
DM 0000
SBN(92) 100
MOV(21)
#0001
100
: RET(93) I
SBN(92) 101
MOV(21)
#0002
100
: RET(93) I
SBN(92) 102
MOV(21)
#0004
100
: RET(93) I
SBN(92) 103
MOV(21)
#0008
100

: RET(93) I

Specifies port 1, saves the comparison
table in range matching format, and be-

gins comparing.

Turns ON IR 10000. Turns OFF other bits

in IR 100.

Turns ON IR 10001. Turns OFF other bits

in IR 100.

Turns ON IR 10002. Turns OFF other bits

in IR 100.

Turns ON IR 10003. Turns OFF other bits

in IR 100.

The following diagram shows the relationship between the PV of absolute high-
speed counter 1 and Range Comparison Result Flags AR 0500 to AR 0507 as
the above instructions are executed.

AR 0500

AR 0502

AR 0503

AR 0504 to AR 0507

PV=0

T

175 180

A

265 270

A

355 360
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2-4  Analog Setting Board
2-4-1 Model

Name Model Specifications
Analog Setting Board | CQM1H-AVB41 Four analog setting screws

2-4-2 Function

Each of the values set using the four variable resistors located on the front of the
Analog Settings Board is stored as a 4-digit BCD between 0000 and 0200 in the
analog settings words (IR 220 to IR 223).

By using the Analog Setting Board, an operator can, for example, set the value of
a timer instruction using an analog setting (IR 220 to IR 223), and thereby slight-
ly speed up or slow down the speed or timing of a conveyor belt simply by adjust-
ing a control with a screwdriver, removing the need for a Programming Device.

Using the Analog Timer The following example shows the 4-digit BCD setting (0000 to 0200) stored in
IR 220 to IR 223 being used as a timer setting.

: : TIMOOO The setting of TIMOOO is set externally
220 in IR 220. (Timer is executed using
the setting of analog control 0.)

IR 220
IR 221
IR 222
IR 223

Phillips screwdriver

2-4-3 Applicable Inner Board Slots

The Analog Setting Board can be installed in either slot 1 (left slot) or slot 2 (right
slot) of the CQM1H-CPU51/61 CPU Unit. Both slots, however, cannot be used at
the same time.

Slot 1 Slot 2

T LT

Install in one slot only.

o000
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2-4-4 Names and Functions

&Caution

2-4-5 Specifications

Relevant Bits

Related PC Setup
Settings

The four analog controls of the Analog Setting Board are located on the front
panel. The front panel does not have any indicators.

The value of the setting increases as the control is rotated clockwise. Use a
small Philips screwdriver for this purpose.

Specifying IR 220 to IR 223 as the set value of a TIM instruction enables the
Board to be used as an analog timer. When the timer is started, the analog set-
tings are stored as the timer set value.

®-— The value for this control is stored in IR 220.
®—— The value for this control is stored in IR 221.
@+1—— The value for this control is stored in IR 222.
®'-— The value for this control is stored in IR 223.

While the power is turned ON, the contents of IR 220 to IR 223 are constantly
refreshed with the values of the corresponding controls. Be sure that these
words are not written to from the program or a Programming Device.

The values of the Analog Setting Board analog controls are stored in the follow-
ing addresses of the Inner Board area regardless of the slot in which the Board is
mounted.

Word Bits Name Function
IR 220 00to 15 Analog control 1 With each cycle, the values of
IR 221 00to 15 Analog control 2 analog controls 0 to 3 are
9 stored as 4-digit BCD values
IR 222 00 to 15 Analog control 3 between 0000 and 0200.
IR 223 00 to 15 Analog control 4
None

2-5 Analog I/O Board

2-5-1 Model

2-5-2 Function

Name Model Specifications

Analog 1/0 Board CQM1H-MAB42 4 analog inputs (-10to +10 V; 0to 5
V; 0 to 20 mA; separate signal range
for each point)

2 analog outputs (-10 to +10 V; 0 to
20 mA; separate signal range for
each point)

The Analog I/O Board is an Inner Board featuring four analog inputs and two
analog outputs.
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The signal ranges that can be used for each of the four analog input points are
—10to +10V,0to 5V, and 0 to 20 mA. A separate range is set for each point. The
settings in DM 6611 determine the signal ranges.

The signal ranges that can be used for each of the two analog output points are
—10to +10 V and 0 to 20 mA. A separate signal range can be selected for each
point. The settings in DM 6611 determine the signal range.

/ Analog I/O Board

2-5-3 System Configuration

—

l_!@

®_
®_
®____

T

Four analog input points Two analog output points

2-5-4 Applicable Inner Board Slot

The Analog I/0 Board can only be mounted in slot 2 (right slot) of the CQM1H-
CPU51/61 CPU Unit.

Slot 1 Slot 2

1
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2-5-5 Names and Functions

The Analog I/0 Board has a CN1 connector for the four analog inputs and a CN2
connector for 2 analog outputs.

CQM1H-MAB42
Analog I/0 Board

o
= L—cNt
2 Analog inputs 1 to 4 Compatible connector
B8 Socket: XM2D-1501 (OMRON)
% Hood: XM2S-1511 (OMRON)
) | _——CN2 Two Socket+Hood sets are pro-
o.‘; Analog outputs 1 to 2 vided as standard accessories.
LO |
S~
LED Indicators
—— ERR (Red)

Lit when there is an error in the PC Set-
up for analog 1/O, or when an error has
occurred during analog conversion.

L— RDY (Green)
Lit when analog I/0 can be performed.
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2-5-6 Specifications

Analog Inputs: Input Data and Converted Values

-10to +10 V Oto+10V
Converted value Converted value
(12-bit binary data) (12-bit binary data)
'y 'y
07FF Hex f - ==~ =~= ==~ - OFFF HexF---------------------
0400 Hex |. . ...

0000
—-10V -5V Hex

O 45y +10V

. Analog input signal 0800 Hex + v vovon--- /
N A FCO0 Hex :
) +
o] F800 Hex 0000 Hex . » Analog input signal
ov 5V ov
0to5Vor0to20 mA
Converted value
(1€l—bit binary data)
OFFF Hexf------------c-cec--o---
0800 Hox | - cvccconn- '
' Ll
0000 Hex : “—» Analog input signal
oV 25V 5V
0 mA 10 mA 20 mA
Analog Outputs: Settings and Output Data
-10to +10 V 0to 20 mA
Analog output signal Analog output signal
4 A
+10V |- , 20mMAf----------------mo-o-
45V fo--- !
FBO0  FCOD :
Hex ex 0 V| . ) : . !
; : » Setting (12-bit I0mMAp---------- ,
, ) 0000 0400 : f ,
: ; Hexo Hex OJ:XF binary data) : :
o -5V ! !
o] -10V 0 mA : . Setting (11-bit
0000 0400 7FF b
Hex Hex OHex binary data)
Applications Examples The Board uses no special instructions. MOV(21) is used to read analog input

values and set analog output values.
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Relevant Bits
Bits Used by Inner Board in Slot 2

Word Bits Name Function
IR 232 00 to 15 Analog input 1 converted The converted value from each input from the Analog I/O
value Board is stored as a 4-digit Hex each cycle.
: -10to +10 V: F800 to 07FFF Hex
IR 233 00 to 15 c‘:ﬁlé)g input 2 converted 010 10 V- 0000 to OFFE Hex
. 0to 5 V/0to 20 mA: 0000 to OFFF Hex
IR 234 00 to 15 Analog input 3 converted
value
IR 235 00to 15 Analog input 4 converted
value
IR 236 00to 15 Analog output 1 setting The setting of each output from the Analog I/O Board is
stored as a 4-digit Hex. (Read each cycle.)
IR 237 00 to 15 Analog output 2 setting —-10t0o +10V:  F800 to 07FF Hex
0 to 20 mA: 0000 to 07FF Hex
SR Area Flags
Word Bit Function
SR 254 |15 Inner Board Error Flag
AR Area Flags
Word Bits Function
AR 04 08to 15 | Error codes for Inner | 00 Hex: Normal
Board in slot 2 01 or 02 Hex: Hardware error
03 Hex: PC Setup error
04 Hex: A/D or D/A conversion error

Relevant PC Setup Settings
Word Bits Function

DM 6611 00 to 07 00, 01: Analog input 1 input signal range 00: -10to +10 V

02, 03: Analog input 2 input signal range 01:0to 10V

04, 05: Analog input 3 input signal range 10: 0 to 5V/0 to 20 mA

06, 07: Analog input 4 input signal range 11: Not used.

(0 to 20 mA are distinguished by the
connected terminal.)

08 Analog input 1 usage selection Specifies use or non-use of A/D conversion
09 Analog input 2 usage selection for each port. .
- - 0: Use input (conversion)
10 Analog input 3 usage selection 1: Do not use input (no conversion)
11 Analog input 4 usage selection
12to 15 Not used. (Fixed at 0.)

Note The level of the analog output signal is determined by the connected terminal,
and there is no PC Setup setting. These settings are reflected in status at power
ON.

133



Serial Communications Board

Section 2-6

2-5-7 Application Procedure

Determine analog input ranges and
number of inputs.

Determine analog output ranges and
number of outputs.

|

Wire analog inputs and analog outputs.

0to 5V and 0 to 20 mA analog inputs are se-
lected by the terminals connected.

|

0to 5V and 0 to 20 mA analog outputs are
selected by the terminals connected.

PC Setup
(DM 6611)

Set signal ranges for analog inputs.
Set whether or not to use analog inputs.

|

Ladder Program

Analog inputs: Read converted values.
Analog outputs: Write settings.

2-6 Serial Communications Board

2-6-1 Model Number

This section provides an introduction to the Serial Communications Board. De-

tailed information can be found in the Serial Communications Board Operation
Manual (W365).

Name

Model Specifications

Serial Communications Board

CQM1H-SCB41

One RS-232 port
One RS-422A/485 port

2-6-2 Serial Communications Boards

2-6-3 Features

134

i
id

Port 1:

Port 2:

The Serial Communications Board is an Inner Board for the CQM1H-series PCs.
One Board can be installed in Inner Board slot 1 of a CQM1H-series CPU Unit.
The Board cannot be installed in slot 2.

The Board provides two serial communications ports for connecting host com-
puters, Programmable Terminals (PTs), general-purpose external devices, and
Programming Devices (excluding Programming Consoles). This makes it pos-

sible to easily increase the number of serial communications ports for a CQM1H-
series PC.

RS-232C

RS-422A/485

The Serial Communications Board is an option that can be mounted in the CPU
Unit to increase the number of serial ports without using an 1/O slot. It supports
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protocol macros (which are not supported by the ports built into the CPU Units),
allowing easy connection to general-purpose devices that have a serial port.

Inside controlled machine

Serial Communications Board

7

T

Bar code reader Dedicated controller
or other device  Of other device

RS-232C

Temperature controller
or other device

] ]
External device with RS-232C or
RS-422A/485 port

Both RS-232C and RS-422A/485 ports are provided. The RS-422A/485 port en-
ables 1:N connections to general-purpose external devices without going
through Converting Link Adapters. The 1:N connections can be used with proto-

col macros or 1:N-mode NT Links.
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2-6-4 System Configuration

The following serial communications modes are supported by the Serial Com-
munications Board: Host Link (SYSMAC WAY), protocol macro, no-protocol, 1:1
Data Links, 1:N-mode NT Link, and 1:1-mode NT Link modes. The devices
shown in the following diagram can be connected.

Note The 1:1-mode NT Link and 1:N-mode NT Link communications modes use dif-
ferent protocols that are not compatible with each other.

Programming
Device
excludin
General-purpose  Programmable (Programr?wing
external device Terminal (PT) C-series PC Console) Host computer

] L
o R —

Protocol macros| | NT Link 1l - ,
Data Link | | Host Link| | Host Link|
No-protocol

[ |
RS-232C CQM1H-series CPU Unit

Serial Communications Board

bl

(=10 ]

RS-422A/485
| 1
General-purpose Prog(ammable C-series PC I I I
external device Terminal (PT) Programming  Host computer

1:1 Device

Protocol macros| | NT Link . (excluding :
‘ ‘ ‘ ‘ Data Link Programming Host Link

Console)

No-protocol Host Link

Note An NT-ALOO1-E Converting Link Adapter can be used to convert between
RS-232C and RS-422A/485. This Link Adapter requires a 5-V power supply.
Power is provided by the RS-232C port on the Serial Communications Board
when the Link Adapter is connected to it, but must be provided separately when
connecting the Link Adapter to other devices.
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SECTION 3
Memory Areas

This section describes the structure of the CQM1H PC memory areas and explains how to use them. It also describes the
Memory Cassette operations used to transfer data between the CPU Unit and a Memory Cassette.

3-1  Memory Area StrUCIUIE . . . . . ..t
G | T
3-2-1  Inputand OUIPUL Areas. . . . ..o e e
3-2-2  WOIK ArasS . . . oo
3-2-3 MO AIOCALION . . ..o
3-2-4  Flags/Bits for an Inner Board in Slot 1 (IR200t0 IR 215). . .............
3-2-5 Flags/Bits for an Inner Board in Slot 2 (IR 232t0 IR 243)...............
3-2-6  Flags/Bits for Communications Units. . . ... ... .. i
3-8 SR AIEa . . .o
3-4 TR AIBA . . o o
3-5 HR ArBa . . .o
3-6 AR ArCa . . .o
3-6-1 Shared Flags/Bits (AR O0tO AR O4). . . ... ... i
3-6-2  Flags/Bits for Inner Boards (AR 05and ARO6) . . ........... ...
3-6-3 Shared Flags/Bits (AR O7t0 AR 27). . . . . o oo e
3-6-4 Usingthe Clock. . . ... .. e
-7 LR AICa . . oo
3-8  TIMEr/COUNIEr ATCa . . . ottt e e e e e e
3-9 DM AN . . . o o
3-10 EM ArCa. . . o oo
3-11 Using Memory Cassettes. . . .. oottt e
3-11-1 Memory Cassettesand Contents. . . ...ttt
3-11-2 Memory Cassette Capacity and Program Size. . ... ...... ... ... ......
3-11-3 Wrting to the Memory Cassette. . . ... ...
3-11-4 Reading from the Memory Cassette . . ............ ...
3-11-5 Comparing Memory Cassette Contents . .. ........ ...
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3-1 Memory Area Structure
The following memory areas can be used with the CQM1H.
Data area Size Words Bits Function
IR area | Input area 256 bits | IR 000 to IR 00000 to | Input bits can be allocated to Input Units or 1/0 Units.
(note 1) IR 015 IR 01515 The 16 bits in IR 000 are always allocated to the CPU
Unit's built-in inputs.
Output area | 256 bits | IR 100 to IR 10000 to | Output bits can be allocated to Output Units or 1/O
IR 115 IR 11515 Units.
Work areas | 2,528 IR 016 to IR 01600 to | Work bits do not have any specific function, and they
bits IR 089 IR 08915 can be freely used within the program.
m'”t- oy |IR116t0 IR 11600 to
(note 2) | |R 189 IR 18915
IR 216 to IR 21600 to
IR 219 IR 21915
IR 224 to IR 22400 to
IR 229 IR 22915
Controller Link status | 96 bits | IR 090 to IR 09000 to | Used to indicate the Controller Link Data Link status
areas IR 095 IR 09615 information. (Can be used as work bits when a Control-
ler Link Unit is not mounted.)
96 bits | IR 190 to IR 19000 to | Used to indicate the Controller Link error and network
IR 195 IR 19615 participation information. (Can be used as work bits
when a Controller Link Unit is not mounted.)
MACRO | Input area 64 bits | IR 096 to IR 09600 to | Used when the MACRO instruction, MCRO(99), is
operand IR 099 IR 09915 used. (Can be used as work bits when the MACRO
are? 1 Output area | 64 bits | IR 196 to IR 19600 to | 'Nstruction is not used.)
(note 1) IR 199 IR 19915
Inner Board slot 1 area | 256 bits | IR 200 to IR 20000 to | These bits are allocated to the Inner Board mounted in
IR 215 IR 21515 slot 1 of the CQM1H-CPU51/61. (Can be used as work
bits when the CQM1H-CPU11/CPU21 is being used or
slot 1 is empty.)
CQM1H-CTB41 High-speed Counter Board:
IR 200 to IR 213 (14 words): Used by the Board
IR 214 and IR 215 (2 words): Not used.
CQM1H-SCB41 Serial Communications Board:
IR 200 to IR 207 (8 words): Used by the Board
IR 208 to IR 215 (8 words): Not used.
Analog settings area 64 bits | IR 220 to IR 22000 to | Used to store the analog settings when the
(note 1) IR 223 IR 22315 CQM1H-AVBA41 Analog Setting Board is mounted.
(Can be used as work bits when an Analog Setting
Board is not mounted.)
High-speed Counter 0 | 32 bits | IR 230to IR 23000 to | Used to store the present values of the built-in high-
PV (note 1) IR 231 IR 23115 speed counter (high-speed counter 0). (Can be used

as work bits when high-speed counter 0 is not being
used.)
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Data area Size Words Bits Function
Inner Board slot 2 area | 192 bits | IR 232 to IR 23200 to | These bits are allocated to the Inner Board mounted in
IR 243 IR 24315 slot 2 of the CQM1H-CPU51/61. (Can be used as work
bits when the CQM1H-CPU11/21 is being used or slot
2 is empty.)
CQM1H-CTBA41 High-speed Counter Board:
IR 232 to IR 243 (12 words): Used by the Board
CQM1H-PLB21 Pulse I/O Board:
IR 232 to IR 239 (8 words): Used by the Board
IR 240 to IR 243 (4 words): Not used.
CQM1H-ABB21 Absolute Encoder Interface Board:
IR 232 to IR 239 (8 words): Used by the Board
IR 240 to IR 243 (4 words): Not used.
CQM1H-MAB42 Analog I/O Board:
IR 232 to IR 239 (8 words): Used by the Board
IR 240 to IR 243 (4 words): Not used.
SR area 184 bits | SR 244to | SR 24400 to | These bits serve specific functions such as flags and
SR 255 SR 25507 control bits.
HR area 1,600 HR 00 to HR 0000 to These bits store data and retain their ON/OFF status
bits HR 99 HR 9915 when power is turned OFF.
AR area 448 bits | AR 00 to AR 0000 to | These bits serve specific functions such as flags and
AR 27 AR 2715 control bits.
TR area 8 hits TR Oto TR 7 | These bits are used to temporarily store ON/OFF sta-
tus at program branches.
LR area (note 1) 1,024 LR 00 to LR 0000 to Used for 1:1 Data Link through the RS-232 port or
bits LR 63 LR 6315 through a Controller Link Unit.
Timer/Counter area 512 bits | TIM/CNT 000 to The same numbers are used for both timers and count-
(note 3) TIM/CNT 511 ers. When TIMH(15) is being used, timer humbers 000
(timer/counter numbers) to 015 can be interrupt-refreshed to ensure proper tim-
ing during long cycles.
DM area | Read/write | 3,072 DM 0000 to | --- DM area data can be accessed in word units only.
words | DM 3071 Word values are retained when power is turned OFF.
3,072 DM 3072 to | --- Available in CQM1H-CPU51/61 CPU Units only.
words DM 6143
Read-only | 425 DM 6144 to | --- Cannot be overwritten from program (only a Program-
(note 4) words DM 6568 ming Device).
DM 6400 to DM 6409 (10 words):
Controller Link DM parameter area
DM 6450 to DM 6499 (50 words):
Routing table area
DM 6550 to DM 6559 (10 words):
Serial Communications Board settings
Error log 31 DM 6569 to | --- Used to store the time of occurrence and error code of
area words | DM 6599 errors that occur.
(note 4)
PC Setup 56 DM 6600 to | --- Used to store various parameters that control PC op-
(note 4) words | DM 6655 eration.
EM area 6,144 EM 0000 to | --- EM area data can be accessed in word units only.
words | EM 6143 Word values are retained when power is turned OFF.
Available in the CQM1H-CPU61 CPU Unit only.
Note 1. IR and LR bits that are not used for their allocated functions can be used as

work bits.

2. A minimum 2,528 bits are available as work bits. Other bits can be used as
work bits when they are not used for their allocated functions, so the total
number of available work bits depends on the configuration of the PC.
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3. When accessing a PV, TIM/CNT numbers are used as word data; when
accessing Completion Flags, they are used as bit data.

4. Data in DM 6144 to DM 6655 cannot be overwritten from the program.
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3-2 IR Area

The functions of the IR area are explained below.

3-2-1 Input and Output Areas

IR area bits are allocated to terminals on 1/0 Output Units and Dedicated /O
Units. They reflect the ON/OFF status of input and output signals. Input bits be-
gin at IR 00000, and output bits begin at IR 10000. With the CQM1H, only IR
00000 through IR 01515 can be used as input bits and only IR 10000 through IR
11515 can be used as output bits.

Note Input bits cannot be used in output instructions. Do not use the same output bit in
more than one OUT and/or OUT NOT instruction, or the program will not execute

properly.

3-2-2 Work Areas

The work bits can be used freely within the program. They can only be used with-
in the program, however, and not for direct external 1/0. Work bits are reset (i.e.,
turned OFF) when the CQM1H power supply is turned OFF or when operation
begins or stops. The following table shows the parts of the IR area that have
been set aside for use as work areas.

Words Bits
IR 016 to IR 089 (74 words) IR 01600 to IR 08915 (1,184 bits)

IR 116 to IR 189 (74 words) IR 11600 to IR 18915 (1,184 bits)

IR 216 to IR 219 (4 words) IR 21600 to IR 21915 (64 bits)
IR 224 to IR 229 (6 words) IR 22400 to IR 22915 (96 hits)

The bits in the ranges shown below have specific functions, but can still be used
as work bits when their specific functions are not being used.

Range Function
IR 001 to IR 015 | When allocated to Input Units, these bits serve as input bits.

IR 090to IR 095 | When a Controller Link Unit is mounted to the PC, these bits
indicate the status of the Data Link.

IR 096 to IR 099 | When the MACRO instruction is used, these bits serve as oper-
and input bits.

IR 100 to IR 115 | When allocated to Output Units, these bits serve as output bits.

IR 190 to IR 195 | When a Controller Link Unit is mounted to the PC, these bits
indicate information on errors and nodes in the network.

IR 196 to IR 199 | When the MACRO instruction is used, these bits serve as oper-
and output bits.

IR 200 to IR 215 | These bits are used by an Inner Board mounted in slot 1.

IR 220 to IR 223 | These bits serve to store the analog settings when an Analog
Setting Board is installed.

IR 230 to IR 231 | When high-speed counter 0 is used, these bits are used to
store its present value.

IR 232 to IR 243 | These bits are used by an Inner Board mounted in slot 2.

3-2-3 1/0O Allocation

I/O words are allocated to 1/0 Units and Dedicated I/O Units in order from the left,
beginning with IR 001 for inputs and IR 100 for outputs. The CPU Unit’s 16 input
points are allocated to IR 000. I/O bits are allocated in one-word units, even for
I/O Units that require only 8 bits.

Note Input and output bits are not allocated to Inner Boards or Communications Units.
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There isn’t a registered I/O table in CQM1H PCs, so it isn’t necessary to register
an I/O table from a Programming Device. Just mount the desired Units in the PC
and /O is allocated automatically.

CPU Unit

T._. <
16 built-in Other Units

s Input area . inputs (1 word) (1) Units and Dedicated 1/O Units)

Inputs and outputs are allocated sepa-
F rately from the left in the order that the
rom Units are connected.

16 words max. here
(256 bits) J
Inputs [Outputs | Inputs Inputs and out-
only lonly only puts
(—
15Output area
From
here
16 words max.
(256 bits) — |
8-point I/O Units I/0 bits are allocated in one-word units, even for 1/0 Units that require only 8 bits.
8-point Units
15 87 0 A
One word allocated [ | & s
—— ]
L These bits are allocated.
The unused input bits (08 to 15) cannot be used as work bits, but unused output
bits (08 to 15) can be used as work bits.
16-point I/O Units One input word is allocated to each 16-point Input Unit and one output word is
allocated to each 16-point Output Unit. Input or output points 0 to 15 correspond
to bits 00 to 15 of the allocated word.
16-point Units
5
One word allocated |[_
32-point I/O Units Two input words are allocated to each 32-point Input Unit and two output words

are allocated to each 32-point Output Unit. I/O points 0 to 15 of connector pin A
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Dedicated 1/0O Units

I/O Allocation Example

correspond to bits 00 to 15 of the first allocated word (n) and I/O points O to 15 of
connector pin B correspond to bits 00 to 15 of the next allocated word (n+1).

32-point Units

15 0 o
s 1

Two words allocated {Ez } A
5

i

Dedicated I/O Units require a predetermined number of input bits, output bits, or
both input and output bits. In some Dedicated I/O Units, the number of words
required may depend on the Unit's DIP switch settings.

For example, a CQM1-AD041 Analog Input Unit requires either 4 input words or
2 input words. (The Analog Input Unit requires 4 input words when 4 analog in-
puts are being used and 2 input words when 2 analog inputs are being used.)

Analog inputs

Four words allocated — ®
< %®
—®
—®

Input words and output words that were not allocated to Units can be used as
work words.

CPU Block Only
This example shows the 1/O allocation for a PC with two DC Input Units, two
Transistor Output Units, and a Sensor Unit.

IN:  Input Unit
OUT: Output Unit
SEN: Sensor Unit

Input area
15 0

IR 000 (CPU Unit inputs) <

IR001 | 16 inputs -«
IR 002 8 inputs «

IR 003 L Sensor Unit- r <€

IR 004

Output area
15 0

IR 100 16 outputs D

IR 101
IR 102

- 32 outputs —

H_,
A
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Order Unit Specifications Number of Allocated word(s)
in PC words

- CPU Unit 16 inputs 1 input word IR 000
1 CQM1-1D111 16 inputs 1 input word IR 001
2 CQM1-OD212 | 16 outputs 1 output word IR 100
3 CQM1-1D211 8 inputs 1 input word IR 002
4 CQM1-0D213 | 32 outputs 2 output words | IR 101 and IR 102
5 CQM1-SENO1 |1 sensorinput |2 input words IR 003 and IR 004
CPU Block and Expansion 1/O Block
When an Expansion 1/O Block is connected, words are allocated started with the
CPU Block and then continuing in order to the Expansion I/O Block. Input words
are allocated from IR 001 and output words are allocated from IR 1000.
CPU Block I/0O Control Unit I/O Interface Unit Expansion I/O Block
15 Input area o
IR 000 [(CPU Unitinputs)| -g—
IR 001 16 inputs <«
IR 002 )
IR003 [ 32 inputs -} <«
IR004 | 16 inputs | <
IR 005 _
IR006 [ 32inputs [ %
IR 007 _
IR 008 ~ 2|nputwords—} <€
IN: Input Unit
OUT: Output Unit
Outout area AD: Analog Input Unit
15 utpu 0 IPS: Analog Power Supply Unit
IR 100 - P DA: Analog Output Unit
IR 101 outputs }‘
IR 102 | 16 outputs <
IR 103 <
IR 104 2 output words —| [ "%
Order Unit Specifications Number of Allocated word(s)
in PC words
- CPU Unit 16 inputs 1 input word IR 000
1 CQM1-1D111 16 inputs 1 input word IR 001
2 CQM1-ID112 32 inputs 2 input words IR 002 and IR 003
3 CQM1-0OD213 | 32 outputs 2 output words | IR 100 and IR 101
4 CQM1-1D111 16 inputs 1 input word IR 004
5 CQM1-1D112 32 inputs 2 input words IR 005 and IR 006
6 CQM1-0C222 |16 outputs 1 output word IR 102
7 CQM1-AD041 | 2 input words 2 input words IR 007 and IR 008
8 CQM1-IPS01
9 CQM1-DA021 |2 output words |2 output words |IR 103 and IR 104
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Section 3-2

I/O Capacity and
Requirements

2. 1/0 words are not allocated to the Analog Power Supply Unit, but it is
counted as one of the mounted Units.

The number of I/O bits that can be allocated depends on the CQM1H CPU Unit
being used, as shown in the following table. Be sure to take into account the one
input word (IR 000) that is automatically allocated to inputs on the CPU Unit. If
the number of words allocated exceeds the capacity of the CPU Unit, a fatal I/O
UNIT OVER error (error code E1) will occur.

CPU Unit Max. number of I/O bits Number of 1/0 words available to
Units other than the CPU Unit

CQM1H-CPU61 | 512 bits (256 inputs and | 31 (15 input words, 16 output words)
256 outputs)

CQM1H-CPU51 | (32 words: 16 input and
16 output words)

CQM1H-CPU21 | 256 bits 15
CQM1H-CPU11

Refer to page 146 for a table showing how many 1/0O words are required by each
I/O Unit and page 147 for a table showing how many 1/0O words are required by
each Dedicated 1/O Unit.

AR 22 indicates the number of input words and output words that have been allo-
cated, as shown in the following diagram.

Word Bits Function Data range

AR 22 00 to 07 | The number of input words that 01 to 16 (2-digit BCD)
have been allocated.

08 to 15 | The number of output words that | 00 to 16 (2-digit BCD)
have been allocated.

The CQM1H does not have a Backplane, so it isn't necessary to deal with empty
slots when allocating I/O words. The lowest available /0 word addresses are
allocated automatically.

Inputs are automatically allocated to input words and outputs are automatically
allocated to output words regardless of the order in which the Input Units and
Output Units are mounted. Even though I/O allocation is not affected, it is recom-
mended that the Input Units be mounted together and Output Units be mounted
together to make the word allocation easier to understand and help eliminate
problems with noise.
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I/O Words Required by Name I/0 Model Input words Output words
/O Units points (starting from (starting from
IR 001) IR 100)
DC Input |8 CQM1-D211 |1
Units 16 CQM1-ID111 |1
CQM1-D212 |1
32 CQM1-ID112 |2
CQM1-ID213 |2
CQM1-ID214 |2
AC Input 8 CQM1-A121 |1
Units CQM1-1A221 |1
Relay 8 CQM1-0C221 |--- 1
Output 16 CQM1-0C222 1
Units
CQM1-0C224 1
Transistor 8 CQM1-0D211 1
Output 16 CQM1-0D212 1
Units
32 CQM1-0D213 2
CQM1-0D216 2
16 CQM1-0D214 1
8 CQM1-0D215 1
AC Output |8 CQM1-0A221 1
Units 6 CQM1-0A222 1
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I/O Words Required by
Dedicated I/O Units

Section  3-2
Name Model Input words Output words
(starting from | (starting from
IR 001) IR 100)
Analog Input Unit CQM1-AD041 2or4
Analog Output Units CQM1-DA021 2
Power Supply Units CQM1-1PSO1
CQM1-IPS02
B7A Interface Units CQM1-B7A02 1
CQM1-B7A12 1
CQM1-B7A03 2
CQM1-B7A13 2
CQM1-B7A21 1 1
G730 Interface Units CQM1-G7M21 2orl 2or1l
CQM1-G7N11 2orl
CQM1-G7NO01 2orl
I/0 Link Unit CQM1-LK501 2 2
Sensor Units CQM1-SENO1 1 (See note.)
Optical Fiber E3X-MA1l 1
Photoelectric Module
Photoelectric Module E3C-MA11 1
with Separate Amplifier
Proximity Module with E2C-MA11 1
Separate Amplifier
Dummy Module E39-M11 1
Remote Console CQM1-TU001
Temperature Control Units CQM1-TC001 2orl 2orl
CQM1-TC002
CQM1-TC101
CQM1-TC102
CQM1-TC201 1 1
CQM1-TC202 1 1
CQM1-TC203 1 1
CQM1-TC204 1 1
CQM1-TC301 1 1
CQM1-TC302 1 1
CQM1-TC303 1 1
CQM1-TC304 1 1
Linear Sensor Interface CQM1-LSEO1 1 1
Units CQM1-LSE02 1 1
CompoBus/S Master Unit CQM1-SRM21-V1 | 4,2,0r1 4,2,0rl
CompoBus/D /O Link Unit CQM1-DRT21 1 1

E2C-MAL1l, and E39-M11) are mounted.

Note A total of 5 words are required when the next 4 Modules (E3X-MA11, E3C-MA11,
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3-2-4 Flags/Bits for an Inner Board in Slot 1 (IR 200 to IR 215)

Serial Communications Board Flags/Bits

Word Bits Function Communications
modes
IR 200 | 00 Serial Communications Board Hardware Error Flag All modes
01 Port Identification Error Flag  (hardware error)
02 Protocol Data Error Flag Protocol macro
03 to 10 | Not used.
11 Port 2 Protocol Macro Execution Error Flag
12 Port 1 Protocol Macro Execution Error Flag
13 Port 2 PC Setup Error Flag All modes
14 Port 1 PC Setup Error Flag
15 PC Setup Error Flag
IR 201 | 00 to 03 | Port1 | Error Code All modes
0: Normal operation  1: Parity error 2: Framing error
3: Overrun error 4: FCS error 5: Timeout error
6: Checksum error ~ 7: Command error
04 Communications Error Flag
05 Transmission Enabled Flag Host Link or
06 Reception Completed Flag No-protocol
07 Reception Overflow Flag
Sequence Abort Completion Flag Protocol macro
08to 11 | Port 2 | Error Code All modes
0: Normal operation  1: Parity error 2: Framing error
3: Overrun error 4: FCS error 5: Timeout error
6: Checksum error  7: Command error
12 Communications Error Flag
13 Transmission Enabled Flag Host Link or
14 Reception Completed Flag No-protocol
15 Reception Overflow Flag
Sequence Abort Completion Flag Protocol macro
IR 202 | 00 to 07 | Port 1 | Communicating with PT Flags (Bits 00 to 07 = PTs 0 to 7) NT Link in 1:N mode
Repeat Counter PV (00 to FF hexadecimal) Protocol macro
00 to 15 Reception Counter (4-digit BCD) No-protocol
IR 203 | 00 to 07 | Port 2 | Communicating with PT Flags (Bits 00 to 07 = PTs 0 to 7) NT Link in 1:N mode
Repeat Counter PV (00 to FF hexadecimal) Protocol macro
00 to 15 Reception Counter (4-digit BCD) No-protocol
IR 204 | 00 Port 1 | Tracing Flag, Protocol macro
01 Port 2
02 to 05 | Not used.
06 Port 1 | Echoback Disabled Flag _ (Only used for modem control in protocol
07 Port 2 | macro mode. See note.)
08to 11 | Port1 | Protocol Macro Error Code Protocol macro
0: Normal operation 1: No protocol macro function
2: Sequence number error 3: Reception data/write area overflow
121015 | Port 2 | 4: protocol data grammar error
5: Protocol macro executed during port initialization
IR 205 | 00 to 03 | Port 1 | Completed Reception Case Number Protocol macro
04 to 07 Completed Step Number
08to 14 Not used.
15 IR 20408 to IR 20411 Data Stored Flag
0: No data stored; 1: Data stored
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Word Bits Function Communications
modes
IR 206 | 00 to 03 | Port 2 | Completed Reception Case Number Protocol macro
04 to 07 Completed Step Number
08to 14 Not used.
15 IR 20412 to IR 20415 Data Stored Flag
0: No data stored; 1: Data stored
IR 207 | 00 Port 1 | Serial Communications Port Restart Bits All modes
01 Port 2
02 Port 1 | Continuous Trace Start/Stop Bits Protocol macro
03 Port 2
04 Port 1 | Shot Trace Start/Stop Bits
05 Port 2
06 Port 1 | Echoback Disable Bit (Only used for modem control in protocol
07 Port 2 | macro mode. See note.)
08 Port 1 | Protocol Macro Executing Flag No-protocol or
Protocol macro
09 Step Error Processing Flag Protocol macro
10 Sequence End Completion Flag
11 Forced Abort Bit
12 Port 2 | Protocol Macro Executing Flag No-protocol or
Protocol macro
13 Step Error Processing Flag Protocol macro
14 Sequence End Completion Flag
15 Forced Abort Bit
IR 208 | 00 to 15 | Not used. ---
to
IR 215

Note Applicable only for CQM1H-SCBA41, lot numbers 0320 or later.

High-speed Counter Board Flags/Bits

Word Bits Name Function
IR 200 00 to 15 | High-speed | PV (rightmost 4 digits) Contains the high-speed counter PV for each of
IR 201 00to 15 | Counterl oy, (Ieftmost 4 digits) the High-speed Counter Board’s ports.
IR 202 00 to 15 | High-speed | PV (rightmost 4 digits) Note The PV data format (BCD or hexadecimal)
IR 203 00 to 15 | COUNter 2 oy leftmost 4 digits) can be setin the PC Setup (DM 6602.)
IR 204 00 to 15 | High-speed | PV (rightmost 4 digits)
IR 205 00 to 15 | Counter 3 'py (jeftmost 4 digits)
IR 206 00 to 15 | High-speed | PV (rightmost 4 digits)
IR 207 00 to 15 | Counter 4 oy (jeftmost 4 digits)
IR 208 00 to 07 | Comparison Results: Internal Output Bits Contains the bit pattern specified by operand in
(High-speed CTBL(—) when conditions are satisfied.
counter 1) 08 to 11 | Comparison Results: External Output Bits | Contains the bit pattern specified by operand in
IR 209 for Outputs 1 to 4 CTBL(—) when conditions are satisfied.
(ngh-spzeed 12 Counter Operating Flag 0: Stopped
counter 2) 1: Operating
IR 210 13 Comparison Flag Indicates whether comparison is in progress.
(High-speed 0: Stopped; 1: Operating
counter 3)

14 PV Overflow/Underflow Flag 0: Normal

'R,le 1: Overflow or underflow occurred.
(High-speed
counter 4) |15 SV Error Flag 0: Normal

1: SV error occurred.
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Word Bits Name Function
IR 212 00 High-speed Counter 1 Reset Bit Phase Z and software reset
- - 0: Counter not reset on phase Z
01 High-speed Counter 2 Reset Bit 1: Counter reset on phase Z
02 High-speed Counter 3 Reset Bit Software reset only
0: Counter not reset

03 High-speed Counter 4 Reset Bit 0_1: Counter reset
04 to 07 | Not used.
08 High-speed Counter 1 Comparison Stop Bit | 0 1: Starts comparison.
09 High-speed Counter 2 Comparison Stop Bit | 1~ 0: Stops comparison.
10 High-speed Counter 3 Comparison Stop Bit
11 High-speed Counter 4 Comparison Stop Bit
12 High-speed Counter 1 Stop Bit 0: Continues operation.
13 High-speed Counter 2 Stop Bit 1: Stops operation.
14 High-speed Counter 3 Stop Bit
15 High-speed Counter 4 Stop Bit

IR 213 00 External Output 1 Force-set Bit 0: No effect on output status
01 External Output 2 Force-set Bit 1: Forces output ON
02 External Output 3 Force-set Bit
03 External Output 4 Force-set Bit
04 External Output Force-set Enable Bit 1: Force-setting of outputs 1 to 4 enabled

0: Force-setting of outputs 1 to 4 disabled
05 to 15 | Not used.
Analog Setting Board (Slot 1 and 2) Flags/Bits
Word Bits Function

IR 220 00to 15 | Analog SV 1: 0000 to 0200 (4-digit BCD)

IR 221 00to 15 | Analog SV 2: 0000 to 0200 (4-digit BCD)

IR 222 00 to 15 | Analog SV 3: 0000 to 0200 (4-digit BCD)

IR 223 00 to 15 | Analog SV 4: 0000 to 0200 (4-digit BCD)

3-2-5 Flags/Bits for an Inner Board in Slot 2 (IR 232 to IR 243)
High-speed Counter Board Flags/Bits

Word Bits Name Function
IR 232 00 to 15 | High-speed | PV (rightmost 4 digits) Contains the high-speed counter PV for each of
IR 233 001to 15 | Counter 1 |5y, (Ieftmost 4 digits) the High-speed Counter Board’s ports.
IR 234 00 to 15 | High-speed | PV (rightmost 4 digits) Note The PV data format (BCD or hexadecimal)
IR 235 00 to 15 | COUNter 2 oy leftmost 4 digits) can be setin the PC Setup (DM 6602.)
IR 236 00 to 15 | High-speed | PV (rightmost 4 digits)
IR 237 00 to 15 | Counter 3 'y (jeftmost 4 digits)
IR 238 00 to 15 | High-speed | PV (rightmost 4 digits)
IR 239 00 to 15 | Counter4 oy (eftmost 4 digits)
IR 240 00 to 07 | Comparison Results: Internal Output Bits Contains the bit pattern specified by operand in
(High-speed CTBL(—) when conditions are satisfied.
counter 1) 08 to 11 | Comparison Results: External Outputs Bits | Contains the bit pattern specified by operand in
IR 241 for Outputs 1 to 4 CTBL(—) when conditions are satisfied.
(High-speed [, Counter Operating Flag 0: Stopped
counter 2) 1: Operating
IR_ZﬁZ 13 Comparison Flag Indicates whether comparison is in progress.
(High-speed 0: Stopped; 1: Operating
counter 3)
14 PV Overflow/Underflow Flag 0: Normal
'R,243 1: Overflow or underflow occurred.
(High-speed
counter 4) |15 SV Error Flag 0: Normal
1: SV error occurred.
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Word Bits Name Function
AR 05 00 High-speed Counter 1 Reset Bit Phase Z and software reset
- - 0: Phase-Z reset disabled
01 High-speed Counter 2 Reset Bit 1: Phase-Z reset enabled
02 High-speed Counter 3 Reset Bit Software reset only _
0: Software reset disabled
03 High-speed Counter 4 Reset Bit 0- 1: Executes software reset
04 to 07 | Not used.
08 High-speed Counter 1 Comparison Stop Bit | 0 1: Starts comparison.
09 High-speed Counter 2 Comparison Stop Bit | 1~ 0: Stops comparison.
10 High-speed Counter 3 Comparison Stop Bit
11 High-speed Counter 4 Comparison Stop Bit
12 High-speed Counter 1 Stop Bit 0: Continues operation.
13 High-speed Counter 2 Stop Bit 1: Stops operation.
14 High-speed Counter 3 Stop Bit
15 High-speed Counter 4 Stop Bit
AR 06 00 External Output 1 Force-set Bit 0: No effect on output status
01 External Output 2 Force-set Bit 1: Forces output ON
02 External Output 3 Force-set Bit
03 External Output 4 Force-set Bit
04 External Output Force-set Enable Bit 1: Force-setting of outputs 1 to 4 enabled
0: Force-setting of outputs 1 to 4 disabled
05 to 15 | Not used.

Pulse I/O Board Flags/Bits

Word Bits Function
IR 232 00 to 15 | High-speed Counter 1 PV (rightmost 4 digits)
IR 233 00 to 15 | High-speed Counter 1 PV (leftmost 4 digits)
IR 234 00 to 15 | High-speed Counter 2 PV (rightmost 4 digits)
IR 235 00 to 15 | High-speed Counter 2 PV (leftmost 4 digits)
IR 236 00to 15 | Port 1 Pulse Output PV (rightmost 4 digits)
IR 237 00to 15 | Port 1 Pulse Output PV (leftmost 4 digits)
IR 238 00to 15 | Port 2 Pulse Output PV (rightmost 4 digits)
IR 239 00 to 15 | Port 2 Pulse Output PV (leftmost 4 digits)

IR 240 to IR 243

00 to 15 | Not used.

Absolute Encoder Interface Board Flags/Bits

Word Bits Function
IR 232 00 to 15 | Absolute Encoder High-speed Counter 1 PV (rightmost 4 digits)
IR 233 00 to 15 | Absolute Encoder High-speed Counter 1 PV (leftmost 4 digits)
IR 234 00 to 15 | Absolute Encoder High-speed Counter 2 PV (rightmost 4 digits)
IR 235 00 to 15 | Absolute Encoder High-speed Counter 2 PV (leftmost 4 digits)

IR 236 to IR 243

00 to 15 | Not used.

Analog I/O Board Flags/Bits
Word Bits Function
IR 232 00 to 15 | Analog Input 1 Conversion Value
IR 233 00 to 15 | Analog Input 2 Conversion Value
IR 234 00 to 15 | Analog Input 3 Conversion Value
IR 235 00 to 15 | Analog Input 4 Conversion Value
IR 236 00to 15 | Analog Output 1 SV
IR 237 00 to 15 | Analog Output 2 SV

IR 236 to IR 243

00 to 15 | Not used.
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Analog Setting Board (Slot 1 and 2) Flags/Bits
Word Bits Function
IR 220 00to 15 | Analog SV 1: 0000 to 0200 (4-digit BCD)
IR 221 00to 15 | Analog SV 2: 0000 to 0200 (4-digit BCD)
IR 222 00 to 15 | Analog SV 3: 0000 to 0200 (4-digit BCD)
IR 223 00 to 15 | Analog SV 4: 0000 to 0200 (4-digit BCD)
3-2-6 Flags/Bits for Communications Units
Controller Link Status Word Bits Function
Area 1 (IR 090 to IR 095) IR 090 001014 | Aways 0
15 Local Node’s Data Link Participation Status
0: The local node not in the Data Link or Data Link is
stopped.
1: The local node is participating in the Data Link.
IR 091 00to 07 | Data Link Status: Node 1
08to 15 | Data Link Status: Node 2
IR 092 00to 07 | Data Link Status: Node 3
08to 15 | Data Link Status: Node 4
IR 093 00to 07 | Data Link Status: Node 5
08to 15 | Data Link Status: Node 6
IR 094 00to 15 | Not used.
IR 095 00to 10 |Always O
11 Terminator Status
0: Terminating resistance switch OFF
1: Terminating resistance switch ON
12to 15 | Always 0
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Controller Link Status Word Bits Function
Area 2 (IR 190 to IR 195) IR 190 00 Network Parameters Error Flag
1: Error occurred; 0: No error
01 Data Link Table Error Flag
1: Error occurred; 0: No error
02 Routing Table Error Flag
1: Error occurred; 0: No error
03 to 06 Always 0
07 EEPROM Write Error Flag
1: Error occurred; 0: No error
08 Always 0
09 Node Number Duplication Error Flag
1: Error occurred; 0: No error
10 Network Parameters Mismatch Error Flag
1: Error occurred; 0: No error
11 Communications Controller Transmitter Error Flag
1: Error occurred; 0: No error
12 Communications Controller Hardware Error Flag
1: Error occurred; 0: No error
13 and 14 | Always 0
15 Error Log Flag
1: Error record recorded; O: No error records recorded
IR 191 00 to 07 Polling Node’s Node Number
08 to 15 Startup Node’s Node Number
IR 192 and | 00to 15 Network Participation Status
IR 193 1: Participating in network; 0: Not participating in network
IR 194 and |00 to 15 Not used.
IR 195

3-3 SR Area

These bits mainly serve as flags related to CQM1H operation. The following

table provides details on the various bit functions.

SR 244 to SR 247 can also be used as work bits when input interrupts are not

used in Counter Mode.

Word Bit(s) Function Page
SR 244 00 to 15 | Input Interrupt O Counter Mode SV 24
SV when input interrupt 0 is used in Counter Mode (4-digit hexadecimal, 0000 to
FFFF). (Can be used as work bits when input interrupt 0 is not used in Counter Mode.)
SR 245 00 to 15 | Input Interrupt 1 Counter Mode SV
SV when input interrupt 1 is used in Counter Mode (4-digit hexadecimal, 0000 to
FFFF). (Can be used as work bits when input interrupt 1 is not used in Counter Mode.)
SR 246 00 to 15 | Input Interrupt 2 Counter Mode SV
SV when input interrupt 2 is used in Counter Mode (4-digit hexadecimal, 0000 to
FFFF). (Can be used as work bits when input interrupt 2 is not used in Counter Mode.)
SR 247 00to 15 | Input Interrupt 3 Counter Mode SV
SV when input interrupt 3 is used in Counter Mode (4-digit hexadecimal, 0000 to
FFFF). (Can be used as work bits when input interrupt 3 is not used in Counter Mode.)
SR 248 00 to 15 | Input Interrupt O Counter Mode PV Minus One 24
Counter PV-1 when input interrupt 0 is used in Counter Mode (4-digit hexadecimal).
SR 249 00 to 15 | Input Interrupt 1 Counter Mode PV Minus One
Counter PV-1 when input interrupt 1 is used in Counter Mode (4-digit hexadecimal).
SR 250 00 to 15 | Input Interrupt 2 Counter Mode PV Minus One
Counter PV-1 when input interrupt 2 is used in Counter Mode (4-digit hexadecimal).
SR 251 00 to 15 | Input Interrupt 3 Counter Mode PV Minus One
Counter PV-1 when input interrupt 3 is used in Counter Mode (4-digit hexadecimal).
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Section

3-3

Word

Bit(s)

Function

Page

SR 252

00

High-speed Counter O Reset Bit

31

01

Control Bit for Inner Board in Slot 2

Pulse 1/0 Board: High-speed Counter 1 Reset Bit
Turn ON to reset PV of high-speed counter 1 (port 1).

Absolute Encoder Interface Board:

Absolute High-speed Counter 1 Origin Compensation Bit

Turn ON to set origin compensation for absolute high-speed counter 1 (port 1). Auto-
matically turns OFF when compensation value is set in DM 6611.

139

02

Control Bit for Inner Board in Slot 2

Pulse 1/0 Board: High-speed Counter 2 Reset Bit
Turn ON to reset PV of high-speed counter 2 (port 2).

Absolute Encoder Interface Board:

Absolute High-speed Counter 2 Origin Compensation Bit

Turn ON to set origin compensation for absolute high-speed counter 2 (port 2). Auto-
matically turns OFF when compensation value is set in DM 6612.

139

03 to 07

Not used.

08

Peripheral Port Reset Bit
Turn ON to reset peripheral port. (Not valid when Programming Device is connected.)
Automatically turns OFF when reset is complete.

09

RS-232C Port Reset Bit
Turn ON to reset RS-232C port. Automatically turns OFF when reset is complete.

47

10

PC Setup Reset Bit
Turn ON to initialize PC Setup (DM 6600 through DM 6655). Automatically turns OFF
again when reset is complete. Only effective if the PC is in PROGRAM mode.

11

Forced Status Hold Bit

OFF:Bits that are forced set/reset are cleared when switching from PROGRAM mode
to MONITOR mode.

ON: The status of bits that are forced set/reset are maintained when switching from
PROGRAM mode to MONITOR mode.

12

12

I/0 Hold Bit
OFF:IR and LR bits are reset when starting or stopping operation.
ON: IR and LR bit status is maintained when starting or stopping operation.

12

13

Not used.

14

Error Log Reset Bit
Turn ON to clear error log. Automatically turns OFF again when operation is complete.

499

15

Output OFF Bit
OFF: Normal output status.
ON: All outputs turned OFF.

156

SR 253

00 to 07

FAL Error Code

The error code (a 2-digit number) is stored here when an error occurs. The FAL number
is stored here when FAL(06) or FALS(07) is executed. This byte is reset (to 00) by
executing a FAL 00 instruction or by clearing the error from a Programming Device.

225

08

Low Battery Flag
Turns ON when a CPU Unit battery voltage drops.

496

09

Cycle Time Over Flag
Turns ON when a cycle time overrun occurs (i.e., when cycle time exceeds 100 ms).

496

10to 12

Not used.

13

Always ON Flag

14

Always OFF Flag

15

First Cycle Flag
Turns ON for 1 cycle at the start of operation.
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SR Area Section  3-3
Word Bit(s) Function Page
SR 254 00 1-minute Clock Pulse (30 seconds ON; 30 seconds OFF) ---

01 0.02-second Clock Pulse (0.01 second ON; 0.01 second OFF) ---

02 to 03 | Not used.

04 Overflow (OF) Flag 321
Turns ON when the result of a calculation is above the upper limit of signed binary data.

05 Underflow (UF) Flag 321
Turns ON when the result of a calculation is below the lower limit of sighed binary data.

06 Differential Monitor Complete Flag 139
Turns ON when differential monitoring is complete.

07 STEP(08) Execution Flag 226
Turns ON for 1 cycle only at the start of process based on STEP(08).

08 HKY(—) Execution Flag 424
Turns ON during execution of HKY(—).

09 7SEG(88) Execution Flag 417
Turns ON during execution of 7SEG(88).

10 DSW(87) Execution Flag 420
Turns ON during execution of DSW(87).

11to 12 | Not used.

13 Communications Unit Error Flag 420
Turns ON when an error occurs in a Communications Unit. This flag mirrors the opera-
tion of the Communications Unit Error Flag (AR 0011).

14 Not used.

15 Inner Board Error Flag
Turns ON when an error occurs in an Inner Board mounted in slot 1 or slot 2. The error
code for slot 1 is stored in AR 0400 to AR 0407 and the error code for slot 2 is stored in
AR 0408 to AR 0415.

SR 255 00 0.1-second Clock Pulse (0.05 second ON; 0.05 second OFF)

01 0.2-second Clock Pulse (0.1 second ON; 0.1 second OFF)

02 1.0-second Clock Pulse (0.5 second ON; 0.5 second OFF)

03 Instruction Execution Error (ER) Flag ---
Turns ON when an error occurs during execution of an instruction.

04 Carry (CY) Flag ---
Turns ON when there is a carry in the results of an instruction execution.

05 Greater Than (GR) Flag ---
Turns ON when the result of a comparison operation is “greater.”

06 Equals (EQ) Flag ---
Turns ON when the result of a comparison operation is “equal,” or when the result of an
instruction execution is 0.

07 Less Than (LE) Flag ---
Turns ON when the result of a comparison operation is “less.”

SR 25211 When the forced set/reset status is cleared, the bits that were forced will be

(Forced Status Hold Bit)

SR 25212

(/0 Hold Bit)

turned ON or OFF as follows:

Forced set cleared: Bit turned ON

Forced reset cleared:  Bit turned OFF

All force-set or force-reset bits will be cleared when the PC is switched to RUN
mode unless DM 6601 in the PC Setup has been set to maintain the previous
status of the Forced Status Hold Bit when power is turned ON. This setting can
be used to prevent forced status from being cleared even when power is turned
ON.

Turn this bit ON and OFF from a Programming Device.

When this bit is ON, the status of bits in the IR and LR areas will be retained when
the PC is switched from PROGRAM to RUN or MONITOR mode. (If the 1/O Hold
Bit is OFF, all IR and LR bits will be reset when the PC starts operation.)

Turn this bit ON and OFF from a Programming Device.
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AR Area

Section 3-6

SR 25215
(Output OFF Bit)

SR 25308
(Battery Low Flag)

SR 25309
(Cycle Time Over Flag)

3-4 TR Area

3-5 HR Area

&Caution

3-6 AR Area

156

DM 6601 in the PC Setup can be set to maintain the previous status of the 1/0
Hold Bit when power is turned ON. When this setting has been made and the 1/0
Hold Blt is ON, the status of bits in the IR and LR areas will not be cleared when
the power is turned ON.

When this bit is turned ON, all outputs will be turned OFF and the CPU Unit's INH
indicator will light. As long as the Output OFF BIt is ON, outputs will remain OFF
even if output bits are turned ON by the program.

Pulse outputs from Transistor Output Units and Pulse 1/0 Boards will remain
OFF as long as the Output OFF Bit is ON. If a High-speed Counter Board has
been installed, the Board’s external outputs (1 to 4) will remain OFF as long as
the Output OFF Bit is ON.

When the Output OFF Bit will normally be OFF, turn it OFF regularly from the
program. If the Output OFF Blt is not turned OFF from the program, its ON/OFF
status will be retained when the power is OFF (although its status may not be
retained if the backup battery fails.)

A setting can be made in the PC Setup (DM 6655) so that these errors will not be
generated.

A setting can be made in the PC Setup (DM 6655) so that these errors will not be
generated.

When a complex ladder diagram cannot be programmed in mnemonic code just
as it is, these bits are used to temporarily store ON/OFF execution conditions at
program branches. They are used only for mnemonic code. When programming
directly with ladder diagrams, TR bits are automatically processed for you.
The same TR bits cannot be used more than once within the same instruction
block, but can be used again in different instruction blocks. The ON/OFF status
of TR hits cannot be monitored from a Programming Device.

Examples showing the use of TR bits in programming are provided on page 189.

These bits retain their ON/OFF status even after the CQM1H power supply has
been turned OFF or when operation begins or stops. They are used in the same
way as work bits.

Never use an input bit in a NC condition on the reset (R) for KEEP(11) when the
input device uses an AC power supply (see diagram below). The delay in shut-
ting down the PC’s DC power supply relative to the AC power supply to the input
device can cause the designate bit of KEEP(11) to be reset.

A B
e Set KEEP

1L
[ HRO0000,

A
AC Ly Reset
7

Input Unit

These bits mainly serve as flags related to CQM1H operation. The flags in AR 05
and AR 06 relate to the operation of Inner Boards and their functions are different
for each Inner Board. The following table has been split to show the functions of
the shared flags (AR 00 to AR 04 and AR 07 to AR 27) and the flags unique to
particular Inner Boards (AR 05 and AR 06.)

With the exception of AR 23 (Power-off Counter), the status of AR words and bits
is refreshed each cycle. (AR 23 is refreshed only for power interruptions.)



AR Area Section 3-6

3-6-1 Shared Flags/Bits (AR 00 to AR 04)

Word Bit(s) Function
AR 00 00to 10 | Not used.
11 Communications Unit Error Flag

Turns ON when an error occurs in a Communications Unit.
12to 15 | Not used.
AR 01 00 to 10 | Not used.

11 Communications Unit Restart Bit
Turn this bit ON and then OFF to restart the Communications Unit.

12 to 15 | Not used.

AR 02 00 to 07 | Network Instruction Completion Code
Contains the completion code for network instructions (SEND(90), RECV(98), or CMND(—).)
08 Network Instruction (SEND(90), RECV(98), or CMND(—)) Error Flag
Turns ON when an error occurred in execution of a network instruction (SEND(90), RECV(98),
or CMND(—).)
09 Network Instruction (SEND(90), RECV(98), or CMND(—)) Enabled Flag

Turns ON when a network instruction (SEND(90), RECV(98), or CMND(—)) can be executed.

10to 14 | Not used.

15 Communications Unit Connected Flag
Turns ON when a Communications Unit is mounted to the PC.

AR 03 00 to 15 | Communications Unit Servicing Time

Indicates the servicing time for the last cycle in 0.1-ms units (4-digit BCD.)
AR 04 00to 07 | Slot 1 Inner Board Error Code (Hex)

00: Normal

01, 02: Hardware error

04: Serial Communications Board error

08 to 15 | Slot 2 Inner Board Error Code (Hex)

00: Normal

01, 02: Hardware error

03: PC Setup error

04: PC stopped during pulse output or A/D (D/A) conversion error

3-6-2 Flags/Bits for Inner Boards (AR 05 and AR 06)

High-speed Counter Board Slot 2 Flags/Bits (AR 05 to AR 06)

Word Bit(s) Function Operation
AR 05 00 High-speed Counter 1 Reset Bit Z Phase and software reset
- - 0: Z-phase reset disabled
01 High-speed Counter 2 Reset Bit 1: Z-phase reset enabled
02 High-speed Counter 3 Reset Bit Software reset only _
0: Software reset disabled
03 High-speed Counter 4 Reset Bit 0- 1: Executes software reset
04 to 07 | Not used.
08 High-speed Counter 1 Comparison Stop Bit 0- 1: Starts comparison.
09 High-speed Counter 2 Comparison Stop Bit 1-0: Stops comparison.
10 High-speed Counter 3 Comparison Stop Bit
11 High-speed Counter 4 Comparison Stop Bit
12 High-speed Counter 1 Stop Bit 0: Continues operation.
13 High-speed Counter 2 Stop Bit 1: Stops operation.
14 High-speed Counter 3 Stop Bit
15 High-speed Counter 4 Stop Bit
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Section

3-6

Word

Bit(s)

Function

Operation

AR 06

00

External Output 1 Force-set Bit 0: Not valid

01

External Output 2 Force-set Bit

02

External Output 3 Force-set Bit

03

External Output 4 Force-set Bit

1: Forced ON

04

External Output Force-set Enable Bit

0: Force-setting of outputs 1 to 4 disabled
1: Force-setting of outputs 1 to 4 enabled

05to 15

Not used.

Pulse I/O B

oard Slot

2 Flags/Bits (AR 05 to AR 06)

Word

Bit(s)

Operation

AR 05

00 to 07

High-speed Counter 1 Range Comparison Flags

Bit 00 ON: Counter PV satisfies conditions for comparison range 1
Bit 01 ON: Counter PV satisfies conditions for comparison range 2
Bit 02 ON: Counter PV satisfies conditions for comparison range 3
Bit 03 ON: Counter PV satisfies conditions for comparison range 4
Bit 04 ON: Counter PV satisfies conditions for comparison range 5
Bit 05 ON: Counter PV satisfies conditions for comparison range 6
Bit 06 ON: Counter PV satisfies conditions for comparison range 7
Bit 07 ON: Counter PV satisfies conditions for comparison range 8

08

High-speed Counter 1 Comparison Flag
OFF: Stopped
ON: Comparing

09

High-speed Counter 1 Overflow/Underflow Flag
OFF: Normal
ON: Overflow or underflow occurred.

10to 11

Not used.

12to 15

Port 1 Pulse Output Flags

Bit 12 ON: Deceleration specified. (OFF: Not specified.)

Bit 13 ON: Number of pulses specified. (OFF: Not specified.)
Bit 14 ON: Pulse output completed. (OFF: Not completed.)
Bit 15 ON: Pulse output in progress. (OFF: No pulse output.)

AR 06

00 to 07

High-speed Counter 2 Range Comparison Flags

Bit 00 ON: Counter PV satisfies conditions for comparison range 1
Bit 01 ON: Counter PV satisfies conditions for comparison range 2
Bit 02 ON: Counter PV satisfies conditions for comparison range 3
Bit 03 ON: Counter PV satisfies conditions for comparison range 4
Bit 04 ON: Counter PV satisfies conditions for comparison range 5
Bit 05 ON: Counter PV satisfies conditions for comparison range 6
Bit 06 ON: Counter PV satisfies conditions for comparison range 7
Bit 07 ON: Counter PV satisfies conditions for comparison range 8

08

High-speed Counter 2 Comparison Flag
OFF: Stopped
ON: Comparing

09

High-speed Counter 2 Overflow/Underflow Flag
OFF: Normal
ON: Overflow or underflow occurred.

10to 11

Not used.

12 to 15

Port 2 Pulse Output Flags

Bit 12 ON: Deceleration specified. (OFF: Not specified.)

Bit 13 ON: Number of pulses specified. (OFF: Not specified.)
Bit 14 ON: Pulse output completed. (OFF: Not completed.)
Bit 15 ON: Pulse output in progress. (OFF: No pulse output.)
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AR Area

3-6

Absolute Encoder Interface Board Flags/Bits (AR 05 to AR 06)

Word

Bit(s)

Operation

AR 05

00 to 07

High-speed Counter 1 Range Comparison Flags

Bit 00 ON:
Bit 01 ON:
Bit 02 ON:
Bit 03 ON:
Bit 04 ON:
Bit 05 ON:
Bit 06 ON:
Bit 07 ON:

Counter PV satisfies conditions for comparison range 1
Counter PV satisfies conditions for comparison range 2
Counter PV satisfies conditions for comparison range 3
Counter PV satisfies conditions for comparison range 4
Counter PV satisfies conditions for comparison range 5
Counter PV satisfies conditions for comparison range 6
Counter PV satisfies conditions for comparison range 7
Counter PV satisfies conditions for comparison range 8

08

High-speed Counter 1 Comparison Flag
OFF: Stopped
ON: Comparing

09to 15

Not used.

AR 06

00 to 07

High-speed Counter 2 Range Comparison Flags

Bit 00 ON:
Bit 01 ON:
Bit 02 ON:
Bit 03 ON:
Bit 04 ON:
Bit 05 ON:
Bit 06 ON:
Bit 07 ON:

Counter PV satisfies conditions for comparison range 1
Counter PV satisfies conditions for comparison range 2
Counter PV satisfies conditions for comparison range 3
Counter PV satisfies conditions for comparison range 4
Counter PV satisfies conditions for comparison range 5
Counter PV satisfies conditions for comparison range 6
Counter PV satisfies conditions for comparison range 7
Counter PV satisfies conditions for comparison range 8

08

High-speed Counter 2 Comparison Flag
OFF: Stopped
ON: Comparing

09to 15

Not used.

3-6-3 Shared Flags/Bits (AR 07 to AR 27)

Word Bit(s) Function
AR 07 00 Controller Link Data Link Start Bit

OFF - ON: Start (This bit is ON when the power is turned ON.)
ON - OFF: Stop

01to 11 | Not used.

12 DIP Switch Pin 6 Flag
OFF: CPU Unit's DIP switch pin No. 6 is OFF.
ON: CPU Unit's DIP switch pin No. 6 is ON.

13to 15 | Not used.
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Word

Bit(s)

Function

AR 08

00to 03

RS-232C Port Error Code (1-digit number)
0: Normal completion; 1: Parity error; 2: Framing error; 3: Overrun error

04

RS-232C Port Error Flag
Turns ON when a communications error occurs at the CPU Unit’s built-in RS-232C port.

05

RS-232C Port Transmission Enabled Flag
Valid only when host link or RS-232C communications are used at the CPU Unit’s built-in
RS-232C port.

06

RS-232C Port Reception Completed Flag
Valid only when RS-232C communications are used at the CPU Unit’s built-in RS-232C port.

07

RS-232C Port Reception Overflow Flag
Valid only when host link or RS-232C communications are used at the CPU Unit’s built-in
RS-232C port.

08to 11

Peripheral Port Error Code  (1-digit number)
0: Normal completion; 1: Parity error; 2: Framing error; 3: Overrun error

12

Peripheral Port Error Flag
Turns ON when a peripheral port communications error occurs.

13

Peripheral Port Transmission Enabled Flag
Valid only when host link or RS-232C communications are used.

14

Peripheral Port Reception Completed Flag
Valid only when RS-232C communications are used.

15

Peripheral Port Reception Overflow Flag
Valid only when host link or RS-232C communications are used.

AR 09

00to 15

RS-232C Port Reception Counter
4 digits BCD; valid only when RS-232C communications are used.

AR 10

00to 15

Peripheral Port Reception Counter
4 digits BCD; valid only when RS-232C communications are used.

AR 11

00 to 07

High-speed Counter 0 Range Comparison Flags

Bit 00 ON: Counter PV satisfies conditions for comparison range 1
Bit 01 ON: Counter PV satisfies conditions for comparison range 2
Bit 02 ON: Counter PV satisfies conditions for comparison range 3
Bit 03 ON: Counter PV satisfies conditions for comparison range 4
Bit 04 ON: Counter PV satisfies conditions for comparison range 5
Bit 05 ON: Counter PV satisfies conditions for comparison range 6
Bit 06 ON: Counter PV satisfies conditions for comparison range 7
Bit 07 ON: Counter PV satisfies conditions for comparison range 8

08to 14

Not used.

15

Pulse Output Status for Pulse Output Bit Specification
0: Stopped; 1: Output

AR 12

00to 15

Not used.

AR 13

00

Memory Cassette Installed Flag
Turns ON if the Memory Cassette is installed at the time of powering up.

01

Clock Available Flag
Turns ON if a Memory Cassette equipped with a clock is installed.

02

Memory Cassette Write-protected Flag
ON when an EEPROM or Flash-memory Memory Cassette is mounted and write protected or
when an EPROM Memory cassette is mounted.

03

Not used.

04 to 07

Memory Cassette Code (1-digit number)

: No Memory Cassette installed.

EEPROM, 4-Kword Memory Cassette installed.
EEPROM, 8-Kword Memory Cassette installed.
Flash memory, 16-Kword Memory Cassette installed.
EPROM-type Memory Cassette installed.

ArwNMRO

08to 15

Not used.
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Word

Bit(s)

Function

AR 14

00

CPU Unit to Memory Cassette Transfer Bit
Turn ON for transfer from the CPU Unit to the Memory Cassette. Automatically turns OFF again
when operation is complete.

01

Memory Cassette to CPU Unit Transfer Bit
Turn ON for transfer from the Memory Cassette to the CPU Unit. Automatically turns OFF again
when operation is complete.

02

Memory Cassette Compare Bit
Turn ON to compare the contents of the PC with the contents of the Memory Cassette. Automat-
ically turns OFF again when operation is complete.

03

Memory Cassette Comparison Results Flag
ON: Difference found or comparison not possible
OFF:  Contents compared and found to be the same.

04to 11

Not used.

12

PROGRAM Mode Transfer Error Flag
Turns ON when transfer could not be executed due to being in PROGRAM mode.

13

Write-protect Error Flag
Turns ON when transfer could not be executed due to write-protection.

14

Insufficient Capacity Flag
Turns ON when transfer could not be executed due to insufficient capacity at the transfer des-
tination.

15

No Program Flag
Turns ON when transfer could not be executed due to there being no program in the Memory
Cassette.

AR 15

00 to 07

Memory Cassette Program Code

Code (2- dlglt number) indicates the size of the program stored in the Memory Cassette.
00: There is no program, or no Memory Cassette is installed.

04: The program is less than 3.2 Kwords long.

08: The program is less than 7.2 Kwords long.

12: The program is less than 11.2 Kwords long.

16: The program is less than 15.2 Kwords long.

08 tol15

CPU Unit Program Code

Code (2-digit number) indicates the size of the program stored in the CPU Unit.
04: The program is less than 3.2 Kwords long.

08: The program is less than 7.2 Kwords long.

12: The program is less than 11.2 Kwords long.

16: The program is less than 15.2 Kwords long.

AR 16

00to 10

Not used.

11

PC Setup Initialized Flag
Turns ON when a checksum error occurs in the PC Setup area and all settings are initialized
back to the default settings.

12

Program Invalid Flag
Turns ON when a checksum error occurs in the UM (user program) area, or when an improper
instruction is executed.

13

Instructions Table Initialized Flag
Turns ON when a checksum error occurs in the instructions table and all settings are initialized
back to the default settings.

14

Memory Cassette Added Flag
Turns ON if the Memory Cassette is installed while the power is on.

15

Memory Cassette Transfer Error Flag
Turns ON if a transfer cannot be successfully executed when DIP switch pin No. 2 is set to ON
(i.e., set to automatically transfer the contents of the Memory Cassette at power-up.)

AR 17

00 to 07

“Minutes” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)

08 to 15

“Hour” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)

AR 18

00 to 07

“Seconds” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)

08to 15

“Minutes” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)
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Word Bit(s) Function
AR 19 00 to 07 | “Hour” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)
08 to 15 | “Date” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)
AR 20 00 to 07 | “Month” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)
08 to 15 | “Year” portion of the present time, in 2 digits BCD
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)
AR 21 00 to 07 | “Day of week” portion of the present time, in 2 digits BCD [00: Sunday to 06: Saturday]
(Valid only when a Memory Cassette with a clock is installed. See page 163 for details.)
08to 12 | Not used.
13 30-second Adjustment Bit
Valid only when a Memory Cassette with a clock is installed. See page 163 for details.
14 Clock Stop Bit
Valid only when a Memory Cassette with a clock is installed. See page 163 for details.
15 Clock Set Bit
Valid only when a Memory Cassette with a clock is installed. See page 163 for details.
AR 22 00 to 07 | Input Words
Number of words (2 digits BCD) allocated for input bits (Only a recognized value will be stored.
A value of 00 will be stored if an I/0 UNIT OVER error has occurred.)
08 to 15 | Output Words
Number of words (2 digits BCD) allocated for output bits (Only a recognized value will be stored.
A value of 00 will be stored if an I/O UNIT OVER error has occurred.)
AR 23 00 to 15 | Power-off Counter (4 digits BCD)
This is the count of the number of times that the power has been turned OFF. To clear the count,
write “0000” from a Programming Device.
AR 24 00 Power-up PC Setup Error Flag
Turns ON when there is an error in DM 6600 to DM 6614 (the part of the PC Setup area that is
read at power-up).
01 Startup PC Setup Error Flag
Turns ON when there is an error in DM 6615 to DM 6644 (the part of the PC Setup area that is
read at the beginning of operation).
02 RUN PC Setup Error Flag
Turns ON when there is an error in DM 6645 to DM 6655 (the part of the PC Setup area that is
always read).
03 CPU Unit Peripheral Port Settings Changing Flag
04 CPU Unit RS-232C Port Settings Changing Flag
05 Long Cycle Time Flag
Turns ON if the actual cycle time is longer than the cycle time set in DM 6619.
06, 07 Not used.
08 to 15 | Code (2 digits hexadecimal) showing the word number of a detected 1/O bus error
00 to 15 (BCD): Correspond to input words 000 to 015.
80 to 95 (BCD): Correspond to output words 100 to 115.
FO (hexadecimal): Inner Board mounted in slot 1 cannot be identified.
F1 (hexadecimal): Inner Board mounted in slot 2 cannot be identified.
FF (hexadecimal): End cover cannot be identified.
AR 25 00 to 07 | Not used.
08 FPD(—) Teaching Bit
09to 11 | Not used.
12 Trace Completed Flag
13 Tracing Flag
14 Trace Trigger Bit
15 Sampling Start Bit (Do not overwrite this bit from the program.)
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Word

Bit(s)

Function

AR 26

00to 15

Maximum Cycle Time (4 digits BCD)
The longest cycle time since the beginning of operation is stored. It is cleared at the beginning,
and not at the end, of operation.

The unit can be any of the following, depending on the setting of the 9F monitoring time
(DM 6618). Default: 0.1 ms; “10 ms” setting: 0.1 ms; “100 ms” setting: 1 ms; “1 s” setting: 10 ms

AR 27

00to 15

Current Cycle Time (4 digits BCD)
The most recent cycle time during operation is stored. The Current Cycle Time is not cleared
when operation stops.

The unit can be any of the following, depending on the setting of the 9F monitoring time
(DM 6618). Default: 0.1 ms; “10 ms” setting: 0.1 ms; “100 ms” setting: 1 ms; “1 s” setting: 10 ms

3-6-4 Using the Clock

Words Containing the

Date and Time

Setting the Time

The CQM1H PCs can be equipped with a clock by installing a Memory Cassette
with a clock. This section explains how to use the clock.

There is an “R” at the end of the model number of Memory Cassettes with a built-
in clock. For example, the CQM1-MEO4R Memory Cassette has a built-in clock.
The R comes from “real-time clock.”

Note The clock will stop and the current date and time clock data will be lost if the
Memory Cassette is removed from the CPU Unit.

The following illustration shows the configuration of the words (AR 17 through
AR 21) that are used with the clock. These words can be read and used as re-
quired. (AR 17 is provided so that the hour and minute can be accessed quickly.)

15 8 7 0
AR 17 | Hour Minute g N
: 2 digits BCD each.
AR 18 | Minute Second (Only the last 2 digits of the
AR 19 | Date Hour year are displayed.)
AR 20 | Year Month
AR 21 ‘ ‘ ‘ Day of week | =— 00 to 06: Sunday to Saturday
L 1

!

AR 2115 | Clock Set Bit
AR 2114 | Clock Stop Bit
AR 2113 | 30-Second Adjustment Bit

To set the time, use a Programming Device as follows:

Note The time can be set easily using menu operations from a Programming Device
such as a Programming Console. Refer to the CQM1H Operation Manual for the
Programming Console procedure.

Setting Everything
Set the time and date with the following procedure:

1,2,3... 1. Turn ON AR 2114 (Clock Stop Bit) to stop the clock and allow AR 18 through
AR 21 to be overwritten.

2. Using a Programming Device, set AR 18 through AR 20 (minute/second,
date/hour, and year/month) and AR 2100 through AR 2107 (day of week).

3. Turn ON AR 2115 (Clock Set Bit) when the time set in step 2 is reached. The
clock will start operating from the time that is set, and the Clock Stop Bit and
Clock Set Blt will be turned OFF automatically.

Setting Only the Seconds

It is also possible, by using AR 2113, to simply set the seconds to “00” without
going through a complicated procedure. When AR 2113 is turned ON, the clock
time will change as follows:
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Timer/Counter Area

Section 3-8

3-7 LR Area

One-to-one Data Link

Note

Controller Link Data Link

If the seconds setting is from 00 to 29, the seconds will be reset to “00” and the
minute setting will remain the same.

If the seconds setting is from 30 to 59, the seconds will be reset to “00” and the
minute setting will advance by one.

When the time setting is complete, AR 2113 will turn OFF automatically.

These bits are used to share data in a 1:1 Data Link (between the CQM1H and
another PC) or Controller Link Data Link. These two functions cannot use the
same LR bits simultaneously.

LR bits can be used as work bits when not used for a 1:1 Data Link.

Two CPU Units can be connected to establish a 1:1 Data Link that shares data in
the LR areas of the two PCs. A CQM1H can be linked one-to-one with any of the
following PCs: CQM1H, CQM1, C200HX/HG/HE, C200HS, CPM1, CPM1A,
CPM2A, CPM2C, or SRM1(-V2). Refer to 1-6-4 One-to-one Link Communica-
tions for more details.

Because the CPM1, CPM1A, CPM2A, and SRM1(-V2) PCs have a smaller LR
area, the CQM1H’s link area setting (DM 6645) must be setto LR 00 to LR 15
when connecting 1:1 with one of these PCs.

A Controller Link Unit can be mounted to establish a Controller Link Data Link
using automatic or manual settings. Refer to the Controller Link Unit's Operation
Manual for more details.

3-8 Timer/Counter Area

Ensuring TIMH(15) Accuracy

Conditions Resetting TIM
and TIMH(15) PVs

Conditions Resetting
TTIM(—) PVs

Conditions Resetting
CNT and CNTR(12) PVs
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This area is used to manage timers and counters created with TIM, TIMH(15),
CNT, CNTR(12), and TTIM(—). The same numbers are used for both timers and
counters and each number can be used only once in the user program. Do not
use the same TIM/CNT number twice even for different instructions.

TIM/CNT numbers are used to create timers and counters, as well as to access
Completion Flags and present values (PVs). If a TIM/CNT number is designated
for word data, it will access the present value (PV); if it is used for bit data, it ac-
cess the Completion Flag for the timer/counter.

The Completion Flag turns ON when the PV of the timer/counter that is being
used goes to 0.

Refer to instructions beginning on page 228 for details on timers and counters.

TIM/CNT numbers 000 through 015 and interrupt processing should be used for
TIMH(15) whenever the cycle time is longer than 10 ms. Using other timer/
counter numbers or not using interrupt processing will lead to inaccuracy in the
high-speed timers. Interrupt processing can be set in DM 6629 of the PC Setup.

The PV will be reset to the SV when program execution begins, the instruction’s
input condition goes OFF, or the interlock condition goes OFF when the instruc-
tion is in an interlocked program section (IL—ILC).

The PV will be reset to 0000 when the timer’s reset input goes ON.

The PV will be maintained when program execution begins, the instruction’s in-
put condition goes OFF, or the interlock condition goes OFF when the instruction
is in an interlocked program section (IL-ILC).

The PV will be reset to the SV when the counter’s reset input goes ON.

The PV will be maintained when program execution begins, the instruction’s in-
put condition goes OFF, or the interlock condition goes OFF when the instruction
is in an interlocked program section (IL—ILC).
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3-9 DM Area

Data is accessed in word units. As shown below, the read/write part of the DM
area can be freely read and written from the program. The rest of the DM area is
assigned specific functions in advance.

Name Range
Read/write All CQM1H CPU Units DM 0000 to DM 3071

CQM1H-CPU51/61 only DM 3072 to DM 6143

Read-only area Entire read-only area DM 6144 to DM 6568

(see notes 1 and Controller Link DM parameters area | DM 6400 to DM 6409

2
) Routing table area DM 6450 to DM 6499

Serial Communications Board DM 6550 to DM 6559
settings

Error log area DM 6569 to DM 6599
PC Setup (see note 2) DM 6600 to DM 6655

Note 1. The read-only area ranges from DM 6144 to DM 6568.

2. The read-only area, PC Setup, program, and expansion instruction assign-
ments can be transferred to and from the Memory Cassette as a single block
of data. See 3-11 Using Memory Cassettes for details.

Read/Write DM Area The read/write area has no particular functions assigned to it and can be used
freely. It can be read and written from the program or Programming Devices. The
size of the read/write area depends upon the model of CPU Unit, as shown in the
following table.

CPU Unit Range Access from Access from
instructions Programming Devices

Read Write Read Write
CQM1H-CPUI1l |DMO0000to |YES YES YES YES
CQM1H-cPu21 |DM3071
CQM1H-CPU51 | DM 0000 to
CQM1H-cPU6l |DM6143

Read-only Area DM addresses from DM 6144 to DM 6568 make up the read-only area. Data in

(DM 6144 to DM 6568) the read-only area can be read from instructions (not overwritten) and it can be
read and overwritten from Programming Devices. Use the read-only area to
store data that you don’t want to be changed from the program.

To prevent data from being overwritten by Programming Devices, turn ON pin 1
on the DIP switch on the front of the CPU Unit.

When a Controller Link Unit or Serial Communications Board is being used, part
of the read-only area is used for the Controller Link parameters/routing table or
Serial Communications Board settings, as shown in the following table.

Name Range Access from Access from
instructions Programming Devices
Read | Write Read Write
Controller Link DM pa- DM 6400to | YES No YES YES
rameters area DM 6409 (See note.)
Routing table area DM 6450 to
DM 6499
Serial Communications | DM 6550 to
Board settings DM 6559

Note Data cannot be overwritten from Programming Devices when pin 1 on the DIP
switch on the front of the CPU Unit is ON.
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Error Log Area The CPU Unit automatically records the error code and date/time of up to 10 er-
(DM 6569 to DM 6599) rors (fatal and non-fatal) in the error log area.
Access from instructions Access from Programming Devices
Read Write Read Write
YES No YES No
PC Setup The PC Setup contains all of the PC Setup settings except for the Serial COm-
(DM 6600 to DM 6655) munications Board settings (stored in DM 6550 to DM 6559). Make the PC Setup
settings from a Programming Device.
Access from instructions Access from Programming Devices
Read Write Read Write
YES No YES YES

3-10 EM Area

The EM area can be used in CQM1H-CPU61 CPU Units only. EM data is ac-
cessed in word units. Since only one bank of EM is available, bank specification
is not necessary.

EM area addresses range from EM 0000 to EM 6143. The area has no particular
functions assigned to it and can be used freely. It can be read and written from
the program or Programming Devices.

3-11 Using Memory Cassettes

This section provides general information on Memory Cassette specifications
and explains how to read, write, and compare information in a Memory Cassette.
Refer to the CQM1H Operation Manual for details on installing the Memory Cas-
sette, write-protecting flash-memory or EEPROM Memory Cassettes, replacing
EPROM chips, and changing the EPROM version switch settings.

An optional Memory Cassette can be used to record the program, read-only DM
(DM 6144 to DM 6568), PC Setup (DM 6600 to DM 6655), and expansion in-
struction assignments. Recording this data on a Memory Cassette prevents the
program and vital settings from being changed accidentally. In addition, the set-
tings and the program required for different control processes can be easily
changed by simply replacing the Memory Cassette.

The program can be written to the CPU Unit's internal RAM to operate the
CQM1H without a Memory Cassette, but the CQM1H can operate even if the
CPU Unit’s battery fails when a Memory Cassette is used and it's contents are
transferred at startup.

Clock Function The CQM1H PCs can be equipped with a clock by installing a Memory Cassette
with a clock. There is an “R” at the end of the model humber of Memory Cas-
settes with a built-in clock. See 3-6-4 Using the Clock for more details.

Compatibility Between Data written to a Memory Cassette by a CQM1H CPU Unit cannot be read by a
Different CPU Units CQM1 CPU Unit, but data written by a CQM1 CPU Unit can be read by a CQM1H
CPU Unit.

Data written to a Memory Cassette by a CQM1H-CPU61 can be read by
CQM1H-CPU51, CQM1H-CPU21, and CQM1H-CPU11 CPU Units, but the pro-
gram will not operate properly if EM area addresses have been used.

3-11-1 Memory Cassettes and Contents

Available Memory Cassettes  The following Memory Cassettes are available.
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Memory Model Specifications
EEPROM | CQM1-MEO4K 4 Kwords without clock

(see note  'cOM1-ME0O4R | 4 Kwords with clock

2

) CQM1-MEO8K 8 Kwords without clock
CQM1-MEO8R 8 Kwords with clock
Flash (see | CQM1H-ME16K |16 Kwords without clock

notes 1 :

and 2) CQM1H-ME16R | 16 Kwords with clock

EPROM CQM1-MPO8K 8 Kwords, 16 Kwords, or 32 Kwords without clock
see note

(2) CQM1-MPO8R | 8 Kwords, 16 Kwords, or 32 Kwords with clock

Note 1. Data can be read and written for a EEPROM Memory Cassette with a Pro-
gramming Device.

2. Data can be read from a EPROM Memory Cassette with a Programming
Device, but must be written with a PROM Writer. An EPROM chip with
8 Kwords, 16 Kwords, or 32 Kwords can be installed in the Memory Cas-
sette.

3. The CQM1H-ME16K and CQM1H-ME16R cannot be used in CQM1 PCs.
The following EPROM chips (sold separately) are required for EPROM Memory

Cassettes.

Model ROM version Capacity Access speed
ROM-ID-B 27128 or equivalent | 8 Kwords 150 ns
ROM-JD-B 27256 or equivalent | 16 Kwords 150 ns
ROM-KD-B 27512 or equivalent | 32 Kwords 150 ns

Refer to the COM1H Operation Manual for details on replacing EPROM chips
and changing the Memory Cassette’s EPROM version switch settings.

Contents The data stored in a Memory Cassette is mainly the CPU Unit's read-only DM,
PC Setup, and program, as shown in the following table. All of this data is hand-
led as a single unit; the 4 areas cannot be read, written, or compared individually.

Information Contents
DM Read-only area Read-only DM cannot be written from the program.
area The range is DM 6144 to DM 6568. These words can
be used freely.
PC Setup The PC Setup sets the operating parameters of the

CQM1H and it stored in DM 6600 to DM 6655.

Expansion instruc- | These settings indicate which expansion instructions
tion assignments have been assigned function codes.

User program The entire user program

3-11-2 Memory Cassette Capacity and Program Size

The following table shows the largest program that can be stored in each size
Memory Cassette.

Memory Cassette size Max. program size
4 Kwords 3.2 Kwords
8 Kwords 7.2 Kwords
16 Kwords 15.2 Kwords
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A non-fatal error will occur and the transfer will not be executed if an attempt is
made to store a program that is too large for the Memory Cassette or read a pro-
gram that is too large for the CPU Unit. Two examples are shown below.

1,2,3... 1. When a 4-Kword EEPROM Memory Cassette is installed in a CPU Unit with
a 7.2-Kword UM (user program) area, programs up to 3.2 Kwords long can
be written to the Memory Cassette. A non-fatal error will occur if an attempt
is made to write a program larger than 3.2 Kwords to the Memory Cassette.

Program

than 3.2 Kwords

larger

UM area (7.2 Kwords) Memory Cassette (4 Kwords)

XD

2. When a 8-Kword or larger Memory Cassette is installed in a CPU Unit with a
3.2-Kword UM (user program) area, programs up to 3.2 KW long can be
read from the Memory Cassette. A non-fatal error will occur if an attempt is
made to read a program larger than 3.2 Kwords from the Memory Cassette.

UM area (3.2 Kwords)

Memory Cassette (8 Kwords)

<)# Program larger

than 3.2 Kwords

Note The two transfers shown above would be completed normally if the program
were 3.2 Kwords or smaller.

The approximate sizes of the programs in the UM (user program) area and
Memory Cassette can be determined by the content of AR 15, as shown in the
following table.

Location Bits Content Meaning
Memory | AR 1500 | 00 No Memory Cassette is installed or no program is
Cassette |to saved in the Memory Cassette.
AR 1507 04 The program is less than 3.2 Kwords long and can
be read from any CQM1H CPU Unit.

08 The program is less than 7.2 Kwords long and can
be read from CQM1H-CPU51/61 CPU Units only.

12 The program is less than 11.2 Kwords long and
can be read from CQM1H-CPU61 CPU Units only.

16 The program is less than 15.2 Kwords long and
can be read from CQM1H-CPU61 CPU Units only.

UM area | AR 1508 | 04 The program is less than 3.2 Kwords long and can
to be written to any flash-memory or EEPROM
AR 1515 Memory Cassette.

08 The program is less than 7.2 Kwords long and can
be written to an 8-Kword or 16-Kword flash-
memory or EEPROM Memory Cassette.

12 The program is less than 11.2 Kwords long and
can be written to a 16-Kword flash-memory
Memory Cassette only.

16 The program is less than 15.2 Kwords long and

can be written to a 16-Kword flash-memory
Memory Cassette only.

In CQM1H-CPU11/21 CPU Units, the content of AR 1508 to AR 1515 is normally
04. The content of AR 1500 to AR 1507 is normally 04 when a 4-Kword Memory

Cassette is installed.
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The size of the program indicated in AR 15 does not include the NOP(00)
instructions after END(01), but will include any instructions other than NOP(00).
Be sure to clear any unneeded instructions after END(01) to get an accurate
measurement of the program’s size.

3-11-3 Writing to the Memory Cassette

Procedure

Note

1,2 3.

& Caution

Note

This section explains how to write the CPU Unit's data to a Flash-memory or EE-
PROM Memory Cassette.

A PROM Writer and Support Software are needed to write data to an EPROM
Memory Cassette. Refer to the Support Software’s Operation Manual for details.

Follow the procedure outlined below to write to a Flash-memory or EEPROM
Memory Cassette.

1. Check to see that the write-protect switch on the Memory Cassette is OFF
(i.e., writing enabled). The Memory Cassette Write-protected Flag
(AR 1302) will be OFF if writing is enabled.

If the switch is ON (i.e., writing not enabled), then turn the CQM1H power
supply OFF and remove the Memory Cassette before changing the switch.

2. Check to see that the CQM1H is in PROGRAM mode. If it is in either RUN or
MONITOR mode, use a Programming Device to change the mode.

3. Turn ON AR 1400 from a Programming Device. The information will be writ-
ten from the CQM1H to the Memory Cassette. When the operation is com-
pleted, AR 1400 will be turned OFF automatically.

Data cannot be written to the Memory Cassette if a memory error has occurred.

If an error occurs while data is being transmitted, a non-fatal error (FAL 9D) will
be generated and the appropriate AR bit (from AR 1412 to AR 1415) will turn
ON/OFF. If this occurs, refer to Section 8 Troubleshooting and make the neces-
sary corrections.

3-11-4 Reading from the Memory Cassette

Programming Device
Procedure

1,2 3.

There are two ways to read from the Memory Cassette. The Memory Cassette to
CPU Unit Transfer Bit (AR 1401) can be turned ON from a Programming Device
or pin 2 of the CPU Unit's DIP switch can be turned ON to automatically read data
from the Memory Cassette at startup.

If the program on the Memory Cassette has expansion instructions with function
codes different from the default settings, make sure that pin 4 of the CPU Unit's
DIP switch is ON (indicating user-allocated function codes).

The contents of the Memory Cassette cannot be read from the program.

Reading from the Memory Cassette can be executed regardless of the type of
Memory Cassette.

If an error occurs while data is being transmitted, a non-fatal error (FAL 9D) will
be generated and the appropriate AR bit (from AR 1412 to AR 1415 will turn ON/
OFF. (If this occurs, refer to the Troubleshooting section and make the neces-
sary correction.)

To use a Programming Device to read from the Memory Cassette, follow the pro-
cedure outlined below.

1. Check to see that the CQM1H is in PROGRAM mode. If it is in either RUN or
MONITOR mode, use the Programming Device to change the mode.

2. Use the Programming Device to turn ON AR 1401. The information will be
read from the Memory Cassette to the CQM1H and AR 1401 will be turned
OFF automatically when the read operation is completed.
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Automatic Transfer at
Startup

&Caution

If pin 2 of the CPU Unit’s DIP switch is ON, data will automatically be read from
the Memory Cassette when the power supply is turned ON to the CQM1H. A
memory error will occur and operation won't be possible if an error occurs during
transfer of data between the Memory Cassette and CQM1H memory.

Be absolutely sure that the power is turned OFF before changing CQM1H DIP
switch settings.

3-11-5 Comparing Memory Cassette Contents

Procedure

1,2 3.
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The contents of the Memory Cassette can be compared to the contents of the
CQM1H’s memory to check to see if they are the same. This comparison can be
performed for any type of Memory Cassette.

Use the following procedure.

1. Check to see that the CQM1H is in PROGRAM mode. If it is in either RUN or
MONITOR mode, use the Programming Device to change to PROGRAM
mode.

2. Turn ON AR 1402 from the Programming Device. The contents of the
Memory Cassette will be compared to the contents of CQM1H memory and
AR 1402 will be turned OFF automatically when the comparison is com-
pleted.

3. Check the status of AR 1403 to see the results of the comparison. AR 1403
will be ON if the contents were not the same or if the comparison was not
possible because the CQM1H was not in PROGRAM mode. If AR 1403 is
OFF, the comparison was successful and the contents were the same.

AR 1403 cannot be controlled from the program or from a Programming Device.
It is controlled by the results of comparison only.

If a comparison is attempted with the CQM1H in any mode but PROGRAM
mode, a non-fatal error will occur (FAL 9D) and AR 1412 will turn ON. Although
AR 1403 will also turn ON, no comparison will have been performed. AR 1403
will also turn ON if a comparison is attempted without a Memory Cassette
mounted in the CQM1H.



SECTION 4
Ladder-diagram Programming

This section explains the basic steps and concepts involved in writing a basic ladder diagram program. It introduces the
instructionsthat areused to build the basic structure of the ladder diagram and control its execution. The entire set-of instruc
tions used in programming is describe®eactiorb Instruction Set

4-1 BasiC Procedure . .. ... .
4-2 Instruction Terminology . . . . .. ..ottt
4-3 Basic Ladder Diagrams . . . ..ot
4-3-1  BaSIC IS . . .t
4-3-2  MNemoniC Code . . . ...
4-3-3  Ladder InStructions . . .. .. .. e
4-3-4  OUTPUT and OUTPUT NOT. . .. ... e
4-3-5 The END INStruction . . ... ... e
4-3-6  Logic BIOCK INStrUCtions . . . . . .. ..o e
4-3-7  Coding Multiple Right-hand Instructions. .. ...........................
4-3-8 Branching Instruction Lines . . . . ... ... i
4-3-9  JUMIPS. . oottt
4-4  Controlling Bit STatUS . . . . . ..o e
4-4-1  SET and RESET. .. ..ot e
4-4-2  DIFFERENTIATE UP and DIFFERENTIATE DOWN. . .................
4-4-3  KEEP. ...
4-4-4  Self-maintaining Bits (Seal) . . ... ... .
4-5 Work Bits (Internal Relays) . . . .. ..o
4-6  Programming PreCcautions. . . . ... .ot ti
4-7  Program EXECULION. . . . ...ttt e e e e e
4-8 Indirectly Addressingthe DM and EM Areas . . ...t
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4-1

4-2
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Basic Procedure

1,2 3.

There are several basic steps involved in writing a program. Sheets that can be
copied to aid in programming are provided in Appendix E I/O Assignment Sheet
and Appendix F Program Coding Sheet.

1. Obtain a list of all I/O devices and the 1/O points that have been assigned to
them and prepare a table that shows the 1/O bit allocated to each 1/0O device.

2. Ifyou are using LR hits to link two PCs, prepare sheet showing the usage of
these bits.

3. Determine what words are available for work bits and prepare a table in
which you can allocate these as you use them.

4. Also prepare tables of TC numbers and jump numbers so that you can allo-
cate these as you use them. Remember, the function of a TC number can
be defined only once within the program; jump numbers 01 through 99 can
be used only once each. (TC number are described in 5-16 Timer and
Counter Instructions; jump numbers are described later in this section.)

5. Draw the ladder diagram.

6. Input the program into the CPU Unit. When using the Programming Con-
sole, this will involve converting the program to mnemonic form.

7. Check the program for syntax errors and correct these.

Execute the program to check for execution errors and correct these.

9. After the entire Control System has been installed and is ready for use,
execute the program and fine tune it if required.

©

The basics of ladder-diagram programming and conversion to mnemonic code
are described in 4-3 Basic Ladder Diagrams. Preparing for and inputting the pro-
gram via the Programming Console are described in the CQM1H Operation
Manual and via the CX-Programmer in the CX-Programmer User Manual.

The rest of Section 4 covers more advanced programming, programming pre-
cautions, and program execution. All special application instructions are cov-
ered in Section 5 Instruction Set. Debugging is described in the CQM1H Opera-
tion Manual and CX-Programmer User Manual. Section 8 Troubleshooting also
provides information required for debugging.

Instruction Terminology

There are basically two types of instructions used in ladder-diagram program-
ming: 1) instructions that correspond to the conditions on the ladder diagram
and are used in instruction form only when converting a program to mnemonic
code and 2) instructions that are used on the right side of the ladder diagram and
are executed according to the conditions on the instruction lines leading to them.

Most instructions have at least one or more operands associated with them. Op-
erands indicate or provide the data on which an instruction is to be performed.
These are sometimes input as the actual numeric values, but are usually the ad-
dresses of data area words or bits that contain the data to be used. For instance,
a MOVE instruction that has IR 000 designated as the source operand will move
the contents of IR 000 to some other location. The other location is also desig-
nated as an operand. A bit whose address is designated as an operand is called
an operand bit; a word whose address is designated as an operand is called an
operand word. If the actual value is entered as a constant, it is preceded by # to
indicate that it is not an address.

Other terms used in describing instructions are introduced in Section 5 Instruc-
tion Set.
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4-3 Basic Ladder Diagrams

Note

4-3-1 Basic Terms

Normally Open and
Normally Closed
Conditions

A ladder diagram consists of one line running down the left side with lines
branching off to the right. The line on the left is called the bus bar. The branching
lines are called instruction lines or rungs. Along the instruction lines are placed
conditions that lead to other instructions on the right side. The logical combina-
tions of these conditions determine when and how the instructions at the right
are executed. A ladder diagram is shown below.

00000 06315 25208 HR 0109 LR 2503 24400 24401
L 1L )4 LK 1L i
I 11 1 v 4 11 : Instruction I
00001 00501 00502 00503 00504
1L )4 )4 )4 )4
LAl Al Al Al Al
00100 00002 00003 HR 0050 00007 TIM 001 LR 0515 00403 00405
—| | I Instruction
| LAl
00010 21001 21002
1L )4 )4
LAl Al Al
00011 21005 21007
1L )4 )4
LAl Al Al

As shown in the diagram above, instruction lines can branch apart and they can
join back together. The vertical pairs of lines are called conditions. Conditions
without diagonal lines through them are called normally open conditions and
correspond to a LOAD, AND, or OR instruction. The conditions with diagonal
lines through them are called normally closed conditions and correspond to a
LOAD NOT, AND NOT, or OR NOT instruction. The number above each condi-
tion indicates the operand bit for the instruction. It is the status of the bit
associated with each condition that determines the execution condition for fol-
lowing instructions. The way the operation of each of the instructions corre-
sponds to a condition is described below. Before we consider these, however,
there are some basic terms that must be explained.

When displaying ladder diagrams with the CX-Programmer, a second bus bar
will be shown on the right side of the ladder diagram and will be connected to all
instructions on the right side. This does not change the ladder-diagram program
in any functional sense. No conditions can be placed between the instructions
on the right side and the right bus bar, i.e., all instructions on the right must be
connected directly to the right bus bar. Refer to the CX-Programmer User
Manual for details.

Each condition in a ladder diagram is either ON or OFF depending on the status
of the operand bit that has been assigned to it. A normally open condition is ON if
the operand bit is ON; OFF if the operand bit is OFF. A normally closed condition
is ON if the operand bit is OFF; OFF if the operand bit is ON. Generally speaking,
you use a normally open condition when you want something to happen when a
bit is ON, and a normally closed condition when you want something to happen
when a bit is OFF.

00000
11
I
Normally open
condition
00000
)2 :
v di Instruction

Instruction is executed
when IR bit 00000 is ON.

Instruction

Instruction is executed
when IR bit 00000 is OFF.

0

Normally closed
condition
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Execution Conditions

Operand Bits

Logic Blocks

Instruction Block

In ladder diagram programming, the logical combination of ON and OFF condi-
tions before an instruction determines the compound condition under which the
instruction is executed. This condition, which is either ON or OFF, is called the
execution condition for the instruction. All instructions other than LOAD instruc-
tions have execution conditions.

The operands designated for any of the ladder instructions can be any bit in the
IR, SR, HR, AR, LR, or TC areas. This means that the conditions in a ladder dia-
gram can be determined by /O bits, flags, work bits, timers/counters, etc. LOAD
and OUTPUT instructions can also use TR area bits, but they do so only in spe-
cial applications. Refer to 4-3-8 Branching Instruction Lines for details.

The way that conditions correspond to what instructions is determined by the
relationship between the conditions within the instruction lines that connect
them. Any group of conditions that go together to create a logic result is called a
logic block. Although ladder diagrams can be written without actually analyzing
individual logic blocks, understanding logic blocks is necessary for efficient pro-
gramming and is essential when programs are to be input in mnemonic code.

An instruction block consists of all the instructions that are interconnected
across the ladder diagram. One instruction block thus consists of all the instruc-
tions between where you can draw a horizontal line across the ladder diagram
without intersecting any vertical lines and the next place where you can draw the
same type of horizontal line.

4-3-2 Mnemonic Code

Program Memory Structure
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The ladder diagram cannot be directly input into the PC via a Programming Con-
sole; the CX-Programmer is required. To input from a Programming Console, it
is necessary to convert the ladder diagram to mnemonic code. The mnemonic
code provides exactly the same information as the ladder diagram, but in a form
that can be typed directly into the PC. Actually you can program directly in mne-
monic code, although it is not recommended for beginners or for complex pro-
grams. Also, regardless of the Programming Device used, the program is stored
in memory in mnemonic form, making it important to understand mnemonic
code.

Because of the importance of the Programming Console as a peripheral device
and because of the importance of mnemonic code in complete understanding of
a program, we will introduce and describe the mnemonic code along with the
ladder diagram. Remember, you will not need to use the mnemonic code if you
are inputting via the CX-Programmer (although you can use it with the CX-Pro-
grammer if you prefer).

The program is input into addresses in Program Memory. Addresses in Program
Memory are slightly different to those in other memory areas because each ad-
dress does not necessarily hold the same amount of data. Rather, each address
holds one instruction and all of the definers and operands (described in more
detail later) required for that instruction. Because some instructions require no
operands, while others require up to three operands, Program Memory address-
es can be from one to four words long.
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Program Memory addresses start at 00000 and run until the capacity of Program
Memory has been exhausted. The first word at each address defines the instruc-
tion. Any definers used by the instruction are also contained in the first word.
Also, if an instruction requires only a single bit operand (with no definer), the bit
operand is also programmed on the same line as the instruction. The rest of the
words required by an instruction contain the operands that specify what data is
to be used. When converting to mnemonic code, all but ladder diagram instruc-
tions are written in the same form, one word to a line, just as they appear in the
ladder diagram symbols. An example of mnemonic code is shown below. The
instructions used in it are described later in the manual.

Address | Instruction Operands
00000 LD HR 0001
00001 AND 00001
00002 OR 00002
00003 LD NOT 00100
00004 AND 00101

00005 | AND LD
00006 | MOV(21)

000
DM 0000
00007 | CMP(20)
DM 0000
HR 00
00008 | AND 25505
00009 | OuT 10000
00010 | MOV(21)
DM 0000
DM 0500
00011 | LD 00502
00012 | AND 00005
00013 | OUT 10003

The address and instruction columns of the mnemonic code table are filled in for
the instruction word only. For all other lines, the left two columns are left blank. If
the instruction requires no definer or bit operand, the operand column is left
blank for first line. It is a good idea to cross through any blank data column
spaces (for all instruction words that do not require data) so that the data column
can be quickly scanned to see if any addresses have been left out.

When programming, addresses are automatically displayed and do not have to
be input unless for some reason a different location is desired for the instruction.
When converting to mnemonic code, it is best to start at Program Memory ad-
dress 00000 unless there is a specific reason for starting elsewhere.

4-3-3 Ladder Instructions

The ladder instructions are those instructions that correspond to the conditions
on the ladder diagram. Ladder instructions, either independently or in combina-
tion with the logic block instructions described next, form the execution condi-
tions upon which the execution of all other instructions are based.
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LOAD and LOAD NOT

AND and AND NOT
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The first condition that starts any logic block within a ladder diagram corre-
sponds to a LOAD or LOAD NOT instruction. Each of these instruction requires
one line of mnemonic code. “Instruction” is used as a dummy instruction in the
following examples and could be any of the right-hand instructions described lat-

er in this manual.

00000
1L - -
" . Address | Instruction Operands
A LOAD instruction.
00000 LD 00000
00000 00001 Instruction
H --- [ooo0oz | LDNOT 00000
A LOAD NOT instruction. 00003 Instruction

When this is the only condition on the instruction line, the execution condition for
the instruction at the right is ON when the condition is ON. For the LOAD instruc-
tion (i.e., a normally open condition), the execution condition would be ON when
IR 00000 was ON; for the LOAD NOT instruction (i.e., a normally closed condi-
tion), it would be ON when 00000 was OFF.

When two or more conditions lie in series on the same instruction line, the first
one corresponds to a LOAD or LOAD NOT instruction; and the rest of the condi-
tions, to AND or AND NOT instructions. The following example shows three
conditions which correspond in order from the left to a LOAD, an AND NOT, and
an AND instruction. Again, each of these instructions requires one line of mne-
monic code.

oEx:Joo oi?o LR= (iooo @l
Address | Instruction Operands
00000 LD 00000
00001 AND NOT 00100
00002 AND LR 0000
00003 Instruction

The instruction would have an ON execution condition only when all three condi-
tions are ON, i.e., when IR 00000 was ON, IR 00100 was OFF, and LR 0000 was
ON.

AND instructions in series can be considered individually, with each taking the
logical AND of the execution condition (i.e., the total of all conditions up to that
point) and the status of the AND instruction’s operand bit. If both of these are ON,
an ON execution condition will be produced for the next instruction. If either is
OFF, the result will also be OFF. The execution condition for the first AND
instruction in a series is the first condition on the instruction line.

Each AND NOT instruction in a series would take the logical AND between its
execution condition and the inverse of its operand bit.
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OR and OR NOT

When two or more conditions lie on separate instruction lines running in parallel
and then joining together, the first condition corresponds to a LOAD or LOAD
NOT instruction; the rest of the conditions correspond to OR or OR NOT instruc-
tions. The following example shows three conditions which correspond in order
from the top to a LOAD NOT, an OR NOT, and an OR instruction. Again, each of
these instructions requires one line of mnemonic code.

00000
}II/ : Instructionl
00100
Y4
Al
LR 0000
11
Al
Address | Instruction Operands
00000 LD NOT 00000
00001 OR NOT 00100
00002 OR LR 0000
00003 Instruction

The instruction would have an ON execution condition when any one of the three
conditions was ON, i.e., when IR 00000 was OFF, when IR 00100 was OFF, or
when LR 0000 was ON.

OR and OR NOT instructions can be considered individually, each taking the
logical OR between its execution condition and the status of the OR instruction’s
operand bit. If either one of these were ON, an ON execution condition would be
produced for the next instruction.

When AND and OR instructions are combined in more complicated diagrams,
they can sometimes be considered individually, with each instruction performing
a logic operation on the execution condition and the status of the operand bit.
The following is one example. Study this example until you are convinced that
the mnemonic code follows the same logic flow as the ladder diagram.

Combining AND and OR
Instructions

00000 00001 00002 00003
I L

—| I + : Instruction I

00200

Address | Instruction Operands
00000 LD 00000
00001 AND 00001
00002 OR 00200
00003 AND 00002
00004 AND NOT 00003
00005 Instruction

Here, an AND is taken between the status of IR 00000 and that of IR 00001 to
determine the execution condition for an OR with the status of IR 00200. The
result of this operation determines the execution condition for an AND with the
status of IR 00002, which in turn determines the execution condition for an AND
with the inverse (i.e., and AND NOT) of the status of IR 00003.
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In more complicated diagrams, however, it is necessary to consider logic blocks
before an execution condition can be determined for the final instruction, and
that's where AND LOAD and OR LOAD instructions are used. Before we consid-
er more complicated diagrams, however, we’ll look at the instructions required to
complete a simple “input-output” program.

OUTPUT and OUTPUT NOT

00000
Il

The simplest way to output the results of combining execution conditions is to
output it directly with the OUTPUT and OUTPUT NOT. These instructions are
used to control the status of the designated operand bit according to the execu-
tion condition. With the OUTPUT instruction, the operand bit will be turned ON
as long as the execution condition is ON and will be turned OFF as long as the
execution condition is OFF. With the OUTPUT NOT instruction, the operand bit
will be turned ON as long as the execution condition is OFF and turned OFF as
long as the execution condition is ON. These appear as shown below. In mne-
monic code, each of these instructions requires one line.

00001

Address | Instruction Operands
10000
00000 LD 00000
00001 ouT 10000
10001 Address | Instruction Operands
00000 LD 00001
00001 OUT NOT 10001

In the above examples, IR 10000 will be ON as long as IR 00000 is ON and IR
10001 will be OFF as long as IR 00001 is ON. Here, IR 00000 and IR 00001
would be input bits and IR 10000 and IR 10001 output bits assigned to the Units
controlled by the PC, i.e., the signals coming in through the input points assigned
IR 00000 and IR 00001 are controlling the output points assigned IR 10000 and
IR 10001, respectively.

The length of time that a bit is ON or OFF can be controlled by combining the
OUTPUT or OUTPUT NOT instruction with Timer instructions. Refer to Exam-
ples under 5-16-1 Timer — TIM for details.
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4-3-5 The END Instruction

The last instruction required to complete a simple program is the END instruc-
tion. When the CPU Unit scans the program, it executes all instructions up to the
first END instruction before returning to the beginning of the program and begin-
ning execution again. Although an END instruction can be placed at any point in
a program, which is sometimes done when debugging, no instructions past the
first END instruction will be executed until it is removed. The number following
the END instruction in the mnemonic code is its function code, which is used
when inputting most instruction into the PC. These are described later. The END
instruction requires no operands and no conditions can be placed on the same
instruction line with it.

' 00000 00001
I I j,r = Instruction I
@ Program execution
ends here.
Address | Instruction Operands

00500 LD 00000
00501 AND NOT 00001
00502 Instruction
00503 END(01)

If there is no END instruction anywhere in the program, the program will not be
executed at all.

Now you have all of the instructions required to write simple input-output pro-
grams. Before we finish with ladder diagram basic and go onto inputting the pro-
gram into the PC, let’s look at logic block instruction (AND LOAD and OR LOAD),
which are sometimes necessary even with simple diagrams.

4-3-6 Logic Block Instructions

Logic block instructions do not correspond to specific conditions on the ladder
diagram; rather, they describe relationships between logic blocks. The AND
LOAD instruction logically ANDs the execution conditions produced by two logic
blocks. The OR LOAD instruction logically ORs the execution conditions pro-
duced by two logic blocks.

AND LOAD Although simple in appearance, the diagram below requires an AND LOAD
instruction.

'. N 0.00-OO. 1 '. -0.00-02. 1

: : : : : : : E : Instruction I
: o?c:m ' : 0(:(:93 '

L A

L e e == L e e ==

Address | Instruction Operands

00000 LD 00000

00001 OR 00001

00002 LD 00002

00003 OR NOT 00003

00004 AND LD
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OR LOAD
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The two logic blocks are indicated by dotted lines. Studying this example shows
that an ON execution condition will be produced when: either of the conditions in
the left logic block is ON (i.e., when either IR 00000 or IR 00001 is ON), and
when either of the conditions in the right logic block is ON (i.e., when either IR
00002 is ON or IR 00003 is OFF).

The above ladder diagram cannot, however, be converted to mnemonic code
using AND and OR instructions alone. If an AND between IR 00002 and the re-
sults of an OR between IR 00000 and IR 00001 is attempted, the OR NOT be-
tween IR 00002 and IR 00003 is lost and the OR NOT ends up being an OR NOT
between just IR 00003 and the result of an AND between IR 00002 and the first
OR. What we need is a way to do the OR (NOT)’s independently and then com-
bine the results.

To do this, we can use the LOAD or LOAD NOT instruction in the middle of an
instruction line. When LOAD or LOAD NOT is executed in this way, the current
execution condition is saved in special buffers and the logic process is repeated
from the beginning. To combine the results of the current execution condition
with that of a previous “unused” execution condition, an AND LOAD or an OR
LOAD instruction is used. Here “LOAD” refers to loading the last unused execu-
tion condition. An unused execution condition is produced by using the LOAD or
LOAD NOT instruction for any but the first condition on an instruction line.

Analyzing the above ladder diagram in terms of mnemonic instructions, the
condition for IR 00000 is a LOAD instruction and the condition below it is an OR
instruction between the status of IR 00000 and that of IR 00001. The condition at
IR 00002 is another LOAD instruction and the condition below is an OR NOT
instruction, i.e., an OR between the status of IR 00002 and the inverse of the
status of IR 00003. To arrive at the execution condition for the instruction at the
right, the logical AND of the execution conditions resulting from these two blocks
would have to be taken. AND LOAD does this. The mnemonic code for the lad-
der diagram is shown below. The AND LOAD instruction requires no operands of
its own, because it operates on previously determined execution conditions.
Here too, dashes are used to indicate that no operands needs designated or in-
put.

The following diagram requires an OR LOAD instruction between the top logic
block and the bottom logic block. An ON execution condition would be produced
for the instruction at the right either when IR 00000 is ON and IR 00001 is OFF or
when IR 00002 and IR 00003 are both ON. The operation of and mnemonic code
for the OR LOAD instruction are exactly the same as those for a AND LOAD
instruction except that the current execution condition is ORed with the last un-
used execution condition.

(]
y o000z~ Too003
|1 ]l
JL A L AU
Address | Instruction Operands

00000 LD 00000
00001 AND NOT 00001
00002 LD 00002
00003 AND 00003
00004 ORLD

Naturally, some diagrams will require both AND LOAD and OR LOAD instruc-
tions.
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Logic Block Instructions in

Series

To code diagrams with logic block instructions in series, the diagram must be
divided into logic blocks. Each block is coded using a LOAD instruction to code
the first condition, and then AND LOAD or OR LOAD is used to logically combine
the blocks. With both AND LOAD and OR LOAD there are two ways to achieve
this. One is to code the logic block instruction after the first two blocks and then
after each additional block. The other is to code all of the blocks to be combined,
starting each block with LOAD or LOAD NOT, and then to code the logic block
instructions which combine them. In this case, the instructions for the last pair of
blocks should be combined first, and then each preceding block should be com-
bined, working progressively back to the first block. Although either of these
methods will produce exactly the same result, the second method, that of coding
all logic block instructions together, can be used only if eight or fewer blocks are
being combined, i.e., if seven or fewer logic block instructions are required.

The following diagram requires AND LOAD to be converted to mnemonic code
because three pairs of parallel conditions lie in series. The two means of coding
the programs are also shown.

00000 00002 00004
L | K Il 10000
| kgl Al

00001 00003 00005

K. 11 11

(| 1T 1T
Address | Instruction Operands Address | Instruction Operands
00000 LD 00000 00000 LD 00000
00001 OR NOT 00001 00001 OR NOT 00001
00002 LD NOT 00002 00002 LD NOT 00002
00003 OR 00003 00003 OR 00003
00004 AND LD — 00004 LD 00004
00005 LD 00004 00005 OR 00005
00006 OR 00005 00006 AND LD —
00007 AND LD — 00007 AND LD —
00008 ouT 10000 00008 ouT 10000

Again, with the method on the right, a maximum of eight blocks can be com-
bined. There is no limit to the number of blocks that can be combined with the
first method.

The following diagram requires OR LOAD instructions to be converted to mne-
monic code because three pairs of conditions in series lie in parallel to each oth-

er.
00000 00001
_| |_H/ 10001

00002 00003

00004 00005

— i —
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The first of each pair of conditions is converted to LOAD with the assigned bit
operand and then ANDed with the other condition. The first two blocks can be
coded first, followed by OR LOAD, the last block, and another OR LOAD, or the
three blocks can be coded first followed by two OR LOADs. The mnemonic code
for both methods is shown below.

Address | Instruction Operands Address | Instruction Operands
00000 LD 00000 00000 LD 00000
00001 | AND NOT 00001 00001 | AND NOT 00001
00002 LD NOT 00002 00002 LD NOT 00002
00003 AND NOT 00003 00003 AND NOT 00003
00004 | ORLD — 00004 LD 00004
00005 LD 00004 00005 | AND 00005
00006 | AND 00005 00006 OR LD —
00007 OR LD — 00007 OR LD —
00008 ouT 10001 00008 ouT 10001

Combining AND LOAD and

OR LOAD

182

Again, with the method on the right, a maximum of eight blocks can be com-
bined. There is no limit to the number of blocks that can be combined with the
first method.

Both of the coding methods described above can also be used when using AND
LOAD and OR LOAD, as long as the number of blocks being combined does not
exceed eight.

The following diagram contains only two logic blocks as shown. It is not neces-
sary to further separate block b components, because it can be coded directly
using only AND and OR.

00000 00001 00002 00003
HV l|_|l 10001
| | |

00201
]l
L]

00004

|1
I

Block Block
a b

Address | Instruction Operands

00000 LD 00000
00001 AND NOT 00001
00002 LD 00002
00003 AND 00003
00004 OR 00201
00005 OR 00004
00006 AND LD —
00007 ouT 10001

Although the following diagram is similar to the one above, block b in the diagram
below cannot be coded without separating it into two blocks combined with OR
LOAD. In this example, the three blocks have been coded first and then OR
LOAD has been used to combine the last two blocks followed by AND LOAD to
combine the execution condition produced by the OR LOAD with the execution
condition of block a.
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Complicated Diagrams

When coding the logic block instructions together at the end of the logic blocks
they are combining, they must, as shown below, be coded in reverse order, i.e.,
the logic block instruction for the last two blocks is coded first, followed by the
one to combine the execution condition resulting from the first logic block
instruction and the execution condition of the logic block third from the end, and
on back to the first logic block that is being combined.

Block,
bl

00000 00001 00002 00003
| | H K 10002
| | |

00004 00202
]
|

Block
b2

Block Block
a b

Address | Instruction Operands
00000 LD NOT 00000
00001 | AND 00001
00002 LD 00002
00003 | AND NOT 00003
00004 LD NOT 00004
00005 | AND 00202
00006 OR LD —
00007 | AND LD —
00008 ouT 10002

When determining what logic block instructions will be required to code a dia-
gram, it is sometimes necessary to break the diagram into large blocks and then
continue breaking the large blocks down until logic blocks that can be coded
without logic block instructions have been formed. These blocks are then coded,
combining the small blocks first, and then combining the larger blocks. Either
AND LOAD or OR LOAD is used to combine the blocks, i.e., AND LOAD or OR
LOAD always combines the last two execution conditions that existed, regard-
less of whether the execution conditions resulted from a single condition, from
logic blocks, or from previous logic block instructions.

When working with complicated diagrams, blocks will ultimately be coded start-
ing at the top left and moving down before moving across. This will generally
mean that, when there might be a choice, OR LOAD will be coded before AND
LOAD.
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The following diagram must be broken down into two blocks and each of these
then broken into two blocks before it can be coded. As shown below, blocks a
and b require an AND LOAD. Before AND LOAD can be used, however, OR
LOAD must be used to combine the top and bottom blocks on both sides, i.e., to

combine al and a2; bl and b2.

Block Block
al bl

00000 00001 00004 00005
|

I I )4 I I I

| | |
00002 00003 00006 00007

I | I I I

| | |

Address | Instruction Operands
00000 LD 00000
00001 AND NOT 00001
00002 LD NOT 00002
00003 AND 00003
00004 OR LD —
00005 LD 00004
00006 AND 00005
00007 LD 00006
00008 AND 00007
00009 OR LD —
00010 AND LD —
00011 ouT 10003

The following type of diagram can be coded easily if each block is coded in order:
first top to bottom and then left to right. In the following diagram, blocks a and b
would be combined using AND LOAD as shown above, and then block ¢ would
be coded and a second AND LOAD would be used to combine it with the execu-
tion condition from the first AND LOAD. Then block d would be coded, a third
AND LOAD would be used to combine the execution condition from block d with
the execution condition from the second AND LOAD, and so on through to block

n.

I—|::|::I—II——II—|
(e | s | s s |

Block Block Block
a b c

10003

Blocks al and a2

Blocks bl and b2
Blocks a and b

'—'
[

e
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00000

00001

The following diagram requires an OR LOAD followed by an AND LOAD to code
the top of the three blocks, and then two more OR LOADSs to complete the mne-

monic code.

00004

Il
Al
00002

00005

00003

Al
00006

Al
00007

Al

00002 00003
L )4

00000
]|

LR 0000

Address | Instruction Operands
00000 LD 00000
00001 LD 00001
00002 LD 00002
00003 AND NOT 00003
00004 OR LD -
00005 AND LD --
00006 LD NOT 00004
00007 AND 00005
00008 OR LD -
00009 LD NOT 00006
00010 AND 00007
00011 OR LD --
00012 ouT LR 0000

Although the program will execute as written, this diagram could be drawn as
shown below to eliminate the need for the first OR LOAD and the AND LOAD,
simplifying the program and saving memory space.

| Al
00001

_“—

00004
LKL

00005

Al

00006
LKL

Al
00007

Al

00001
Il

00002
Il

LR 0000

Address | Instruction Operands
00000 LD 00002
00001 AND NOT 00003
00002 OR 00001
00003 AND 00000
00004 LD NOT 00004
00005 AND 00005
00006 OR LD -
00007 LD NOT 00006
00008 AND 00007
00009 OR LD -
00010 ouT LR 0000

The following diagram requires five blocks, which here are coded in order before
using OR LOAD and AND LOAD to combine them starting from the last two
blocks and working backward. The OR LOAD at program address 00008 com-
bines blocks d and e, the following AND LOAD combines the resulting execution
condition with that of block c, etc.

00003
|

Block b

|-— Block ¢ —-l |-— Block d —-l

00004
|

00005
]l

00006

|o— Block e—.l

00007

LR 0000

Blocks d and e
Block c with result of above
Block b with result of above

Block a with result of above

Address | Instruction Operands
00000 LD 00000
00001 LD 00001
00002 AND 00002
00003 LD 00003
00004 AND 00004
00005 LD 00005
00006 LD 00006
00007 AND 00007
00008 OR LD -
00009 AND LD --
00010 OR LD -
00011 AND LD -
00012 ouT LR 0000
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Again, this diagram can be redrawn as follows to simplify program structure and
coding and to save memory space.

00006 00007 00003 00004 00000
—f | i [ O
_oi)oos

|—
00001 00002
]l ]l
] ]

Address | Instruction Operands
00000 LD 00006
00001 | AND 00007
00002 OR 00005
00003 AND 00003
00004 | AND 00004
00005 LD 00001
00006 | AND 00002
00007 OR LD --
00008 | AND 00000
00009 ouT LR 0000

The next and final example may at first appear very complicated but can be
coded using only two logic block instructions. The diagram appears as follows:

Block a
Fe-==-==-- '
r-=-=-=-- = ' '
1 00000 00001 00002 00003 1 00004 00005,
L 11 1L | L 11 1L
10000
.__I____I_I__‘ 1l Al ML LN
1 01000 01001 4 ' 00006 '
I I I ) I 1
....... - ' '
10000 N
Block b \ Block ¢
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The first logic block instruction is used to combine the execution conditions re-
sulting from blocks a and b, and the second one is to combine the execution
condition of block ¢ with the execution condition resulting from the normally
closed condition assigned IR 00003. The rest of the diagram can be coded with
OR, AND, and AND NOT instructions. The logical flow for this and the resulting
code are shown below.

Block a

Block b

00000 00001 01000 01001
LD 00000 LD 01000
AND 00001 AND 01001
| OR LD |
l Block ¢
10000 00004 00005
LD 00004
OR 10000 AND 00005
00002 00003 00006
AND 00002
AND NOT 00003 OR 00006
|— AND LD Q
Address | Instruction Operands

00000 LD 00000

00001 AND 00001

00002 LD 01000

00003 AND 01001

00004 ORLD -

00005 OR 10000

00006 AND 00002

00007 AND NOT 00003

00008 LD 00004

00009 AND 00005

00010 OR 00006

00011 AND LD --

00012 ouT 10000
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4-3-7 Coding Multiple Right-hand Instructions

If there is more than one right-hand instruction executed with the same execu-
tion condition, they are coded consecutively following the last condition on the
instruction line. In the following example, the last instruction line contains one
more condition that corresponds to an AND with IR 00004.

0?0.00 O(.)?OS Address | Instruction Operands
1 i | HR 0001
00000 LD 00000
00001 00001 OR 00001
—— 10000 00002 | OR 00002
00003 OR HR 0000
00002 00004
_| I_ I I 10006 00004 AND 00003
00005 ouT HR 0001
HR|f:000 00006 ouT 10000
LA 00007 AND 00004
00008 ouT 10006

4-3-8 Branching Instruction Lines

00000 point
11

Branching

When an instruction line branches into two or more lines, it is sometimes neces-
sary to use either interlocks or TR bits to maintain the execution condition that
existed at a branching point. This is because instruction lines are executed
across to a right-hand instruction before returning to the branching point to
execute instructions on a branch line. If a condition exists on any of the instruc-
tion lines after the branching point, the execution condition could change during
this time making proper execution impossible. The following diagrams illustrate
this. In both diagrams, instruction 1 is executed before returning to the branching
point and moving on to the branch line leading to instruction 2.

00000 point
11

Diagram A: Correct Operation

Branching

Address | Instruction Operands
: Instruction 1| 00000 LD 00000
00002 00001 Instruction 1
]l i
1l @l 00002 [ AND 00002

00001

00003 Instruction 2

188

{| : Instruction 1| Address | Instruction Operands
00002 00000 LD 00000
]l i
I @l 00001 | AND 00001
Diagram B: Incorrect Operation 00002 | Instruction 1
00003 AND 00002

00004 Instruction 2

If, as shown in diagram A, the execution condition that existed at the branching
point cannot be changed before returning to the branch line (instructions at the
far right do not change the execution condition), then the branch line will be
executed correctly and no special programming measure is required.

If, as shown in diagram B, a condition exists between the branching point and the
last instruction on the top instruction line, the execution condition at the branch-
ing point and the execution condition after completing the top instruction line will
sometimes be different, making it impossible to ensure correct execution of the
branch line.

There are two means of programming branching programs to preserve the
execution condition. One is to use TR bits; the other, to use interlocks
(IL(02)/1L(03)).
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TR Bits

| 00000 00001
]l ]l

The TR area provides eight bits, TR 0 through TR 7, that can be used to tempo-
rarily preserve execution conditions. If a TR bit is placed at a branching point, the
current execution condition will be stored at the designated TR bit. When return-
ing to the branching point, the TR bit restores the execution status that was
saved when the branching point was first reached in program execution.

The previous diagram B can be written as shown below to ensure correct execu-
tion. In mnemonic code, the execution condition is stored at the branching point
using the TR bit as the operand of the OUTPUT instruction. This execution
condition is then restored after executing the right-hand instruction by using the
same TR bit as the operand of a LOAD instruction

Address | Instruction Operands
Instruction 1 00000 LD 00000

L]
00002
]l

00001 ouT TR 0

Diagram B: Corrected Using a TR bit

fimsucton|

[Instrucion ] 00002 | AND 00001
00003 Instruction 1
00004 LD TR 0
00005 AND 00002
00006 Instruction 2

In terms of actual instructions the above diagram would be as follows: The status
of IR 00000 is loaded (a LOAD instruction) to establish the initial execution
condition. This execution condition is then output using an OUTPUT instruction
to TR 0 to store the execution condition at the branching point. The execution
condition is then ANDed with the status of IR 00001 and instruction 1 is executed
accordingly. The execution condition that was stored at the branching point is
then re-loaded (a LOAD instruction with TR 0 as the operand), this is ANDed with
the status of IR 00002, and instruction 2 is executed accordingly.

The following example shows an application using two TR bits.

Address | Instruction Operands
o opa0z ; 00000 | LD 00000
v oo [ 00001 | OUT TR 0
: : @l 00002 | AND 00001
00004 00003 | OUT TR 1
: : | Instruction 3| 00004 AND : 00002
00005 00005 Instruction 1
j,r llnstruction 4| 00006 LD TR 1
00007 | AND 00003
00008 Instruction 2
00009 LD TR 0
00010 | AND 00004
00011 Instruction 3
00012 LD TR 0
00013 | AND NOT 00005
00014 Instruction 4

In this example, TR 0 and TR 1 are used to store the execution conditions at the
branching points. After executing instruction 1, the execution condition stored in
TR 1 is loaded for an AND with the status IR 00003. The execution condition
stored in TR 0 is loaded twice, the first time for an AND with the status of IR
00004 and the second time for an AND with the inverse of the status of IR 00005.
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00000

Note

TR bits can be used as many times as required as long as the same TR bit is not
used more than once in the same instruction block. Here, a new instruction block
is begun each time execution returns to the bus bar. If, in a single instruction
block, it is necessary to have more than eight branching points that require the
execution condition to be saved, interlocks (which are described next) must be
used.

When drawing a ladder diagram, be careful not to use TR bits unless necessary.
Often the number of instructions required for a program can be reduced and
ease of understanding a program increased by redrawing a diagram that would
otherwise required TR bits. In both of the following pairs of diagrams, the bottom
versions require fewer instructions and do not require TR bits. In the first exam-
ple, this is achieved by reorganizing the parts of the instruction block: the bottom
one, by separating the second OUTPUT instruction and using another LOAD
instruction to create the proper execution condition for it.

Although simplifying programs is always a concern, the order of execution of
instructions is sometimes important. For example, a MOVE instruction may be
required before the execution of a BINARY ADD instruction to place the proper
data in the required operand word. Be sure that you have considered execution
order before reorganizing a program to simplify it.

00000 00003
00001 Il |1

Instruction 1.

00000

|

il Instruction 1 L 1T

i

Instruction 2 @
00001 00002

I

Instruction 2,

Interlocks
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Instruction 2

00001

Note

i

11 Instruction 1

00001 00002 00003
I P4l 11 Instruction 1

|

00000
!

00001 00004
]| 11 -
I 11 Instruction 2

I

TR bits are must be input by the user only when programming using mnemonic
code. They are not necessary when inputting ladder diagrams directly because
they are processed for you automatically. The above limitations on the number
of branching points requiring TR bits, and considerations on methods to reduce
the number of programming instructions, still hold.

The problem of storing execution conditions at branching points can also be
handled by using the INTERLOCK (IL(02)) and INTERLOCK CLEAR (ILC(03))
instructions to eliminate the branching point completely while allowing a specific
execution condition to control a group of instructions. The INTERLOCK and IN-
TERLOCK CLEAR instructions are always used together.
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00000
Il

When an INTERLOCK instruction is placed before a section of a ladder pro-
gram, the execution condition for the INTERLOCK instruction will control the
execution of all instruction up to the next INTERLOCK CLEAR instruction. If the
execution condition for the INTERLOCK instruction is OFF, all right-hand
instructions through the next INTERLOCK CLEAR instruction will be executed
with OFF execution conditions to reset the entire section of the ladder diagram.
The effect that this has on particular instructions is described in 5-12 INTER-
LOCK and INTERLOCK CLEAR — IL(02) and ILC(03).

Diagram B can also be corrected with an interlock. Here, the conditions leading
up to the branching point are placed on an instruction line for the INTERLOCK
instruction, all of lines leading from the branching point are written as separate
instruction lines, and another instruction line is added for the INTERLOCK
CLEAR instruction. No conditions are allowed on the instruction line for INTER-
LOCK CLEAR. Note that neither INTERLOCK nor INTERLOCK CLEAR re-
quires an operand.

00001

Al
00002

I| IL(02) I Address | Instruction Operands
00000 LD 00000
finstruction 1| 00001 | IL(02)
00002 LD 00001
||'”5"U°ti°" 2| 00003 | Instruction 1
00004 LD 00002
: ILC(03) I 00005 Instruction 2|
00006 | ILC(03)

If IR 00000 is ON in the revised version of diagram B, above, the status of IR
00001 and that of IR 00002 would determine the execution conditions for
instructions 1 and 2, respectively. Because IR 00000 is ON, this would produce
the same results as ANDing the status of each of these bits. If IR 00000 is OFF,
the INTERLOCK instruction would produce an OFF execution condition for
instructions 1 and 2 and then execution would continue with the instruction line
following the INTERLOCK CLEAR instruction.

As shown in the following diagram, more than one INTERLOCK instruction can
be used within one instruction block; each is effective through the next INTER-
LOCK CLEAR instruction.

00000
11
1 : IL(©02) I Address | Instruction Operands
00001 00000 LD 00000
: : Illnstruction 1| 00001 "_(02) e
00002 00002 LD 00001
: : : IL(02) I 00003 Instruction 1
00004 LD 00002
00003 00004
- 00005 1L(02)
11 X
I A frsrucionz] 00006 | LD 00003
00005
“ @l 00007 AND NOT 00004
00006 00008 Instruction 2
I | Instruction 4 00009 LD 00005
LAl
:| 00010 Instruction 3|
:l 00011 LD 00006
ILC(03) -
00012 Instruction 4
00013 ILC(03)
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4-3-9

Jumps

00000

If IR 00000 in the above diagram is OFF (i.e., if the execution condition for the
first INTERLOCK instruction is OFF), instructions 1 through 4 would be
executed with OFF execution conditions and execution would move to the
instruction following the INTERLOCK CLEAR instruction. If IR 00000 is ON, the
status of IR 00001 would be loaded as the execution condition for instruction 1
and then the status of IR 00002 would be loaded to form the execution condition
for the second INTERLOCK instruction. If IR 00002 is OFF, instructions 2
through 4 will be executed with OFF execution conditions. If IR 00002 is ON, IR
00003, IR 00005, and IR 00006 will determine the first execution condition in
new instruction lines.

A specific section of a program can be skipped according to a designated execu-
tion condition. Although this is similar to what happens when the execution
condition for an INTERLOCK instruction is OFF, with jumps, the operands for all
instructions maintain status. Jumps can therefore be used to control devices
that require a sustained output, e.g., pneumatics and hydraulics, whereas inter-
locks can be used to control devices that do not required a sustained output,
e.g., electronic instruments.

Jumps are created using the JUMP (JMP(04)) and JUMP END (JME(05))
instructions. If the execution condition for a JUMP instruction is ON, the program
is executed normally as if the jump did not exist. If the execution condition for the
JUMP instruction is OFF, program execution moves immediately to a JUMP
END instruction without changing the status of anything between the JUMP and
JUMP END instruction.

All JUMP and JUMP END instructions are assigned jump numbers ranging be-
tween 00 and 99. There are two types of jumps. The jump number used deter-
mines the type of jump.

A jump can be defined using jump numbers 01 through 99 only once, i.e., each of
these numbers can be used once in a JUMP instruction and once in a JUMP
END instruction. When a JUMP instruction assigned one of these numbers is
executed, execution moves immediately to the JUMP END instruction that has
the same number as if all of the instruction between them did not exist. Diagram
B from the TR bit and interlock example could be redrawn as shown below using
a jump. Although 01 has been used as the jump number, any number between
01 and 99 could be used as long as it has not already been used in a different part
of the program. JUMP and JUMP END require no other operand and JUMP END
never has conditions on the instruction line leading to it.

L]
00001

L]
00002
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Diagram B: Corrected with a Jump

:JMP(O4) o1 I Address | Instruction Operands
00000 LD 00000
:'"S““C“"” 1| 00001 | JMP(04) 01
- 00002 LD 00001
@l 00003 Instruction 1
@ 00004 LD : 00002
00005 Instruction 2
00006 | JME(05) 01

This version of diagram B would have a shorter execution time when IR 00000
was OFF than any of the other versions.
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00000
Il

The other type of jump is created with a jump number of 00. As many jumps as
desired can be created using jump number 00 and JUMP instructions using 00
can be used consecutively without a JUMP END using 00 between them. It is
even possible for all JUMP 00 instructions to move program execution to the
same JUMP END 00, i.e., only one JUMP END 00 instruction is required for all
JUMP 00 instruction in the program. When 00 is used as the jump number for a
JUMP instruction, program execution moves to the instruction following the next
JUMP END instruction with a jump number of 00. Although, as in all jumps, no
status is changed and no instructions are executed between the JUMP 00 and
JUMP END 00 instructions, the program must search for the next JUMP END 00
instruction, producing a slightly longer execution time.

Execution of programs containing multiple JUMP 00 instructions for one JUMP
END 00 instruction is similar to that of interlocked sections. The following dia-
gram is the same as that used for the interlock example above, except redrawn
with jumps. The execution of this diagram would differ from that of the diagram
described above (e.g., in the previous diagram interlocks would reset certain
parts of the interlocked section, however, jumps do not affect the status of any bit
between the JUMP and JUMP END instructions).

00001
Il

00002
|1

00003

00004

Il
Al
00005

Al

Il
Al
00006

: IMP(04) 00 I Address | Instruction Operands
00000 LD 00000
@l 00001 | JMP(04) 00
00002 LD 00001
00003 Instruction 1
@l 00004 | LD 00002
00005 | JMP(04) 00
:Instruction 2| 00006 LD 00003
00007 AND NOT 00004
='“S“U°“°” 3| 00008 | Instruction 2
00009 LD 00005
:'“S‘“‘C“O” 4| 00010 | Instruction 3
00011 LD 00006
[ame(s) 00] 00012 | Instruction 4
00013 | JME(05) 00

4-4  Controlling Bit Status

There are seven basic instructions that can be used generally to control individu-
al bit status. These are the OUTPUT, OUTPUT NOT, SET, RESET, DIFFER-
ENTIATE UP, DIFFERENTIATE DOWN, and KEEP instructions. All of these
instructions appear as the last instruction in an instruction line and take a bit ad-
dress for an operand. Although details are provided in 5-9 Bit Control Instruc-
tions, these instructions (except for OUTPUT and OUTPUT NOT, which have
already been introduced) are described here because of their importance in
most programs. Although these instructions are used to turn ON and OFF output
bits in the IR area (i.e., to send or stop output signals to external devices), they
are also used to control the status of other bits in the IR area or in other data
areas.

4-4-1  SET and RESET

The SET and RESET instructions are very similar to the OUTPUT and OUTPUT
NOT instructions except that they only change the status of their operand bits for
ON execution conditions. Neither instructions will affect the status of its operand
bit when the execution condition is OFF.

193



Controlling Bit Status Section 4-4

SET will turn ON the operand bit when the execution condition goes ON, but un-
like the OUTPUT instruction, SET will not turn OFF the operand bit when the
execution condition goes OFF. RESET will turn OFF the operand bit when the
execution condition goes OFF, but unlike OUTPUT NOT, RESET will not turn ON
the operand bit when the execution condition goes OFF.

In the following example, IR 10000 will be turned ON when IR 00100 goes ON
and will remain ON until IR 00101 goes ON, regardless of the status of IR 00100.
When IR 00101 goes ON, RESET will turn IR 10000 OFF.

0?%00 Address | Instruction Operands

" @l 00000 | LD 00100
00001 | SET 10000

00101 00002 LD 00101

{l [ rseT 10000 | 00003 | RSET 10000

DIFFERENTIATE UP and DIFFERENTIATE DOWN

DIFFERENTIATE UP and DIFFERENTIATE DOWN instructions are used to
turn the operand bit ON for one cycle at a time. The DIFFERENTIATE UP
instruction turns ON the operand bit for one cycle after the execution condition
for it goes from OFF to ON; the DIFFERENTIATE DOWN instruction turns ON
the operand bit for one cycle after the execution condition for it goes from ON to
OFF. Both of these instructions require only one line of mnemonic code.

4-4-2

00000

00001

DIFU(13) 01000

DIFD(14) 01001

[orus o]
EZZEEA

Address

Instruction

Operands

00000

LD

00000

00001

DIFU(13)

01000

Address

Instruction

Operands

00000

LD

00001

00001

DIFD(14)

01001

Here, IR 01000 will be turned ON for one cycle after IR 00000 goes ON. The next
time DIFU(13) 01000 is executed, IR 01000 will be turned OFF, regardless of the
status of IR 00000. With the DIFFERENTIATE DOWN instruction, IR 01001 will
be turned ON for one cycle after IR 00001 goes OFF (IR 01001 will be kept OFF
until then), and will be turned OFF the next time DIFD(14) 01001 is executed.

4-4-3 KEEP

The KEEP instruction is used to maintain the status of the operand bit based on
two execution conditions. To do this, the KEEP instruction is connected to two
instruction lines. When the execution condition at the end of the first instruction
line is ON, the operand bit of the KEEP instruction is turned ON. When the
execution condition at the end of the second instruction line is ON, the operand
bit of the KEEP instruction is turned OFF. The operand bit for the KEEP instruc-
tion will maintain its ON or OFF status even if it is located in an interlocked sec-
tion of the diagram.
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00002

00003

In the following example, HR 0000 will be turned ON when IR 00002 is ON and IR
00003 is OFF. HR 0000 will then remain ON until either IR 00004 or IR 00005
turns ON. With KEEP, as with all instructions requiring more than one instruction
line, the instruction lines are coded first before the instruction that they control.

00004

Al

Al
00005

Address | Instruction Operands
S: set input KEEPQ 00000 LD 00002
00001 AND NOT 00003
HR 0000 00002 LD 00004
- - 00003 OR 00005
R:resetinput 00004 KEEP(11) HR 0000

4-4-4

00002
L

Self-maintaining Bits (Seal)

Although the KEEP instruction can be used to create self-maintaining bits, it is
sometimes necessary to create self-maintaining bits in another way so that they
can be turned OFF when in an interlocked section of a program.

To create a self-maintaining bit, the operand bit of an OUTPUT instruction is
used as a condition for the same OUTPUT instruction in an OR setup so that the
operand bit of the OUTPUT instruction will remain ON or OFF until changes oc-
cur in other bits. At least one other condition is used just before the OUTPUT
instruction to function as a reset. Without this reset, there would be no way to
control the operand bit of the OUTPUT instruction.

The above diagram for the KEEP instruction can be rewritten as shown below.
The only difference in these diagrams would be their operation in an interlocked
program section when the execution condition for the INTERLOCK instruction
was ON. Here, just as in the same diagram using the KEEP instruction, two reset
bits are used, i.e., HR 0000 can be turned OFF by turning ON either IR 00004 or
IR 00005.

00003 00004 Address | Instruction Operands
WK K HR 0000

I 4 g 00000 | LD 00002
00005 00001 | AND NOT 00003
HR 0000 iy 00002 | OR HR 0000
i | 00003 [ AND NOT 00004
00004 | ORNOT 00005
00005 | ouT HR 0000

4-5 Work Bits (Internal Relays)

In programming, combining conditions to directly produce execution conditions
is often extremely difficult. These difficulties are easily overcome, however, by
using certain bits to trigger other instructions indirectly. Such programming is
achieved by using work bits. Sometimes entire words are required for these pur-
poses. These words are referred to as work words.

Work bits are not transferred to or from the PC. They are bits selected by the
programmer to facilitate programming as described above. I/O bits and other
dedicated bits cannot be used as works bits. All bits in the IR area that are not
allocated as I/0 bits, and certain unused bits in the AR area, are available for use
as work bits. Be careful to keep an accurate record of how and where you use
work bits. This helps in program planning and writing, and also aids in debugging
operations.
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Work Bit Applications

Reducing Complex

Examples given later in this subsection show two of the most common ways to
employ work bits. These should act as a guide to the almost limitless number of
ways in which the work bits can be used. Whenever difficulties arise in program-
ming a control action, consideration should be given to work bits and how they
might be used to simplify programming.

Work bits are often used with the OUTPUT, OUTPUT NOT, DIFFERENTIATE
UP, DIFFERENTIATE DOWN, and KEEP instructions. The work bit is used first
as the operand for one of these instructions so that later it can be used as a
condition that will determine how other instructions will be executed. Work bits
can also be used with other instructions, e.g., with the SHIFT REGISTER
instruction (SFT(10)). An example of the use of work words and bits with the
SHIFT REGISTER instruction is provided in 5-17-1 SHIFT REGISTER —
SFT(10).

Although they are not always specifically referred to as work bits, many of the

bits used in the examples in Section 5 Instruction Set use work bits. Understand-
ing the use of these bits is essential to effective programming.

Work bits can be used to simplify programming when a certain combination of

Conditions conditions is repeatedly used in combination with other conditions. In the follow-
ing example, IR 00000, IR 00001, IR 00002, and IR 00003 are combined in a
logic block that stores the resulting execution condition as the status of
IR 21600. IR 21600 is then combined with various other conditions to determine
output conditions for IR 10000, IR 10001, and IR 10002, i.e., to turn the outputs
allocated to these bits ON or OFF.

00000 00001 Address | Instruction Operands
1 W @ 00000 | LD 00000
00001 | AND NOT 00001
o?(:oz 00002 OR 00002
1 00003 | ORNOT 00003
00004 | OUT 21600
00003 00005 | LD 21600
A 00006 | AND 00004
00007 | AND NOT 00005
21600 00004 00905 @ 00008 | OUT 10000
" 1 00009 | LD 21600
00010 | ORNOT 00004
21600 00005 Q 00011 | AND 00005
11 11 10001
00012 | OUT 10001
00013 | LD NOT 21600
Ny 00014 | OR 00006
. 00015 | OR 00007
21600 00016 | OUT 10002
00006
11
LAl
00007
11
LAl
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Differentiated Conditions

00000

Work bits can also be used if differential treatment is necessary for some, but not
all, of the conditions required for execution of an instruction. In this example,
IR 10000 must be left ON continuously as long as IR 001001 is ON and both
IR 00002 and IR 00003 are OFF, or as long as IR 00004 is ON and IR 00005 is
OFF. It must be turned ON for only one cycle each time IR 00000 turns ON (un-
less one of the preceding conditions is keeping it ON continuously).

This action is easily programmed by using IR 22500 as a work bit as the operand
of the DIFFERENTIATE UP instruction (DIFU(13)). When IR 00000 turns ON,
IR 22500 will be turned ON for one cycle and then be turned OFF the next cycle
by DIFU(13). Assuming the other conditions controlling IR 10000 are not keep-
ing it ON, the work bit IR 22500 will turn IR 10000 ON for one cycle only.

_|

00004

_|

00001 00002 00003

00005

Address | Instruction Operands
: DIFU(13) 22500|
00000 LD 00000
00001 DIFU(13) 22500
10000 00002 | LD 22500
00003 LD 00001
00004 AND NOT 00002
00005 | AND NOT 00003
00006 OR LD
00007 LD 00004
00008 AND NOT 00005
00009 OR LD
00010 ouT 10000

4-6 Programming Precautions

00000

00002

The number of conditions that can be used in series or parallel is unlimited as
long as the memory capacity of the PC is not exceeded. Therefore, use as many
conditions as required to draw a clear diagram. Although very complicated dia-
grams can be drawn with instruction lines, there must not be any conditions on
lines running vertically between two other instruction lines. Diagram A shown
below, for example, is not possible, and should be drawn as diagram B. Mne-
monic code is provided for diagram B only; coding diagram A would be impossi-

ble.

00001
11

00004

00003
L

Instruction 1

00001

Al

00004

Diagram A: Not Programmable

Instruction 2

i

LAl
00000

LAl
00000

00004

Al
00001
|1

Diagram B: Correct Version

0??02 @l Address | Instruction Operands
00000 LD 00001
00001 AND 00004
00003 00002 OR 00000
)4 - 00003 AND 00002
. @l 00004 Instruction 1
00005 LD 00000
00006 AND 00004
00007 OR 00001
00008 AND NOT 00003
00009 Instruction 2
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The number of times any particular bit can be assigned to conditions is not lim-
ited, so use them as many times as required to simplify your program. Often,
complicated programs are the result of attempts to reduce the number of times a
bit is used.

Except for instructions for which conditions are not allowed (e.g., INTERLOCK
CLEAR and JUMP END, see below), every instruction line must also have at
least one condition on it to determine the execution condition for the instruction
at the right. Again, diagram A , below, must be drawn as diagram B. If an instruc-
tion must be continuously executed (e.g., if an output must always be kept ON
while the program is being executed), the Always ON Flag (SR 25313) in the SR
area can be used.

: Instruction I

Diagram A: Not Programmable for Most Instructions

25313

“ || Instructionl Address | Instruction Operands
| 00000 LD 25313
Diagram B: Correct Version 00001 | Instruction

00000
1

There are a few exceptions to this rule, including the INTERLOCK CLEAR,
JUMP END, and step instructions. Each of these instructions is used as the se-
cond of a pair of instructions and is controlled by the execution condition of the
first of the pair. Conditions should not be placed on the instruction lines leading to
these instructions. Refer to Section 5 Instruction Set for details.

When drawing ladder diagrams, it is important to keep in mind the number of
instructions that will be required to input it. In diagram A, below, an OR LOAD
instruction will be required to combine the top and bottom instruction lines. This
can be avoided by redrawing as shown in diagram B so that no AND LOAD or OR
LOAD instructions are required. Refer to 5-8-2 AND LOAD and OR LOAD for
more details.

00001 10007

H—

00001 10007
L

00000
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Diagram A

Address | Instruction Operands
@ 00000 LD 00000
00001 LD 00001
00002 | AND 10007
00003 | ORLD
00004 | ouT 10007
Address | Instruction Operands
@ 00000 LD 00001
00001 | AND 10007
00002 | OR 00000
00003 ouT 10007

Diagram B



Indirectly Addressing the DM and EM Areas Section 4-8

4-7 Program Execution

When program execution is started, the CPU Unit scans the program from top to
bottom, checking all conditions and executing all instructions accordingly as it
moves down the bus bar. It is important that instructions be placed in the proper
order so that, for example, the desired data is moved to a word before that word
is used as the operand for an instruction. Remember that an instruction line is
completed to the terminal instruction at the right before executing an instruction
lines branching from the first instruction line to other terminal instructions at the
right.

Program execution is only one of the tasks carried out by the CPU Unit as part of
the cycle time. Refer to Section 7 PC Operations and Processing Time for de-
tails.

4-8 Indirectly Addressing the DM and EM Areas

Direct Addresses

Indirect Addresses

The DM and EM areas can be addressed either directly or indirectly. Indirect
addresses are indicated using an asterisk before the address, e.g., *xDM 0000.

| 00000
| i} MOV(21)

H#FFFF

DM 0000

When IR 00000 is ON, the constant FFFF is moved to DM 0000.
#FFFF

| DM 0000| FFFF |

With indirect addresses, the contents of the address given in the operand is
treated as BCD and used as the final address in the EM or DM area.

| 00000
i} MOV(21)

H#FFFF

*DM 0000

When IR 00000 is ON, the constant FFFF is moved to the address
specified in DM 0000, i.e., DM 0123.

| DM0000| 0123 |
|

|
,,,,,,,

‘DM'OlZS‘ #FFFF

Note The contents of a word used as an indirect must be BCD and must not exceed

the addressing range of the DM or EM area. If it is not BCD, a BCD error will
occur. If the DM or EM area is exceeded, an indirect addressing error will occur.
The Error Flag (SR 25503) will turn ON for either of these errors and the instruc-
tion will not be executed.
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SECTION 5
Instruction Set

The CQM1H has darge programming instruction set that allows for easy programming of complicated control processes.
This section explains instructions individually and provides the ladder diagram symbol, data areas, asddlagth each.

Themany instructions provided by these PCs agawized in the following subsectiohy instruction group. These groups
include Ladder Diagram Instructions, instructions with fixed function codes, and set instructions.
Some instructions, such as Timer and Counter instructions, are used to control execution of other instructions, e.g., a TIM
Completion Flag might be used to turn ON a bit when the time period set for the timer has expired. Although these other
instructionsare often used to control output bits through the Output instruction, they can be used to control execution of other
instructions as well. The Output instructions used in examples in this manual can therefore generally be replaced by other
instructions to modify the program for specific applications other than controlling output bits directly.
B5-1  NOtatiON . . ..
5-2 INStruction FOrmat . . . ... ...
5-3 Data Areas, Definerdlues, and Flags. . .. ......... ... . i
5-4 Differentiated INSIrUCLIONS . . . . . . . ..o
5-5 EXpansion INStrUCtiONS. . . . . .. ..o
5-6 Coding Right-hand InStructions . . . ... . e
5-7 Instruction Tables . . ... ...
5-7-1 Instructions with Fixed Function Codes. . . ....... ... ... ... ..
5-7-2  EXpansion INStruCtions . . . .. ... ..
5-7-3  Alphabetic Listby Mnemonic. . ........ . ... . .
5-8 Ladder Diagram INStruCtions. . . . . . ... oot
5-8-1 LOAD, LOAD NOT, AND, AND NOTOR,andORNOT .. ..............
5-8-2 ANDLOAD and OR LOAD. . . ... i e
5-9  Bit Control INStrUCHIONS. . . . . ... e
5-9-1 OUTPUT and OUTPUT NOT-OUTand OUTNOT...................
5-9-2 SETand RESET —SETand RSET. . ....... ...ttt
5-9-3  KEEP — KEEP(11). .. ..ot e
5-9-4 DIFFERENTIATE UP and DOWN — DIFU(13) and DIFD(14). . ... .......
5-10 NO OPERATION = NOP(00) . . . .t ittt e et e e e e e e e e
5-11 END — END(OL) . . .ottt e e e
5-12 INTERLOCK and INTERLOCK CLEAR —IL(02) and ILC(03). . . ... .............
5-13 JUMP and JUMP END —JMP(04) and IME(05) . . . .. .ot oot i

5-14 User Error Instructions:
FAILURE ALARM AND RESET — FAL(06) and
SEVERE FAILURE ALARM — FALS(07). . . ot e e e

5-15 Step Instructions:
STEP DEFINE and STEP START-STEP(08)/SNXT(09) . . .. ...t ..

5-16 Timerand Counter INStruCtionsS . . . ... ... e
5-16-1 TIMER — TIM . .. e
5-16-2 COUNTER — CNT . ... e e e
5-16-3 REVERSIBLE COUNTER —CNTR(12). ... .ottt
5-16-4 HIGH-SPEED TIMER —TIMH(15) . . . ... oo e
5-16-5 TOTALIZING TIMER = TTIM(—) . . . . oo e
5-16-6 INTERVAL TIMER —STIM(69) ... ...t e
5-16-7 REGISTER COMPARISON TABLE —CTBL(63). . .. ...
5-16-8 MODE CONTROL — INI(B1). . . . v ot o ettt e e e e
5-16-9 HIGH-SPEED COUNTER PVREAD —PRV(62) ... ...,
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B-17 Shift InStrUCtiONS. . . . . ..
5-17-1 SHIFTREGISTER —SFT(10) . . .ttt e e
5-17-2 WORD SHIFT —WSFT(16) . . . . .ottt e e e
5-17-3 ARITHMETIC SHIFT LEFT —ASL(25). . .. ... e
5-17-4 ARITHMETIC SHIFT RIGHT —ASR(26) . . . . .« o oo
5-17-5 ROTATE LEFT — ROL(27) . . .ottt
5-17-6  ROTATE RIGHT —ROR(28). . . . .. o oo e
5-17-7 ONEDIGIT SHIFT LEFT —SLD(74). . . . .o oo e
5-17-8 ONE DIGIT SHIFT RIGHT —=SRD(75). . . . .« oo oo
5-17-9 REVERSIBLE SHIFT REGISTER —SFTR(84). . .. ... ...
5-17-10 ASYNCHRONOUS SHIFT REGISTER —ASFT(17) . .. ..o o

5-18 Data Movement INStruCtioNS . . . . ... ...
5-18-1 MOVE — MOV(21). . ..ot e e e e e
5-18-2 MOVE NOT = MVN(22) . . .o e e e e e e e
5-18-3 BLOCK TRANSFER — XFER(70) . . ... it
5-18-4 BLOCK SET — BSET(71) . ..ottt e e e e
5-18-5 DATA EXCHANGE — XCHG(73). . . .o oo oo e e e
5-18-6 SINGLE WORD DISTRIBUTE=DIST(80) . . ... ..ot iene
5-18-7 DATACOLLECT —COLL(8B1) . ... oo oo e e e e
5-18-8 MOVE BIT = MOVB(82). . . . oottt it e e e
5-18-9 MOVEDIGIT = MOVD(83). . . .o ottt it e e e
5-18-10 TRANSFERBITS — XFRB(—) . . .« oo e

5-19 Comparison INStrUCHIONS . . . . .. o e e
5-19-1 COMPARE — CMP(20) . . .. oo e e e e e e e e
5-19-2 TABLE COMPARE —TCMP(85) . . . . .ot
5-19-3 BLOCK COMPARE —BCMP(68) . . . .. oottt e e e e
5-19-4 DOUBLE COMRARE —CMPL(60). ... ... 0o
5-19-5 MULTI-WORD COMPARE —MCMP(19) . . . ...
5-19-6 SIGNED BINAR COMPARE —CPS(—) .« oo i e
5-19-7 DOUBLE SIGNED BINAR COMPARE —CPSL(—). . . ..o ie e
5-19-8 AREA RANGE COMRARE — ZCP(—). . . . o it
5-19-9 DOUBLE AREA RANGE COMPARE —ZCPL(—). ... .o

5-20 Conversion INStrUCtiONS . . . .. .ttt e
5-20-1 BCD-TO-BINARY —BIN(23). . . . oo e e e e e
5-20-2 BINARY-TO-BCD —BCD(24) . . . .ottt e e e
5-20-3 DOUBLE BCD-TO-DOUBLE BINARY —BINL(58). .. .............ov...
5-20-4 DOUBLE BINARY-TO-DOUBLEBCD -BCDL(59) . .........covvv...
5-20-5 4-TO-16 DECODER — MLPX(76). ... .. e
5-20-6 16-TO-4 ENCODER — DMPX(77). . o oo oo e e e e
5-20-7 7-SEGMENT DECODER —SDEC(78). . . . ...ttt
5-20-8 ASCII CONVERT — ASC(86) . . . .\ vt i ittt e e e
5-20-9 ASCII-TO-HEXADECIMAL —HEX(—). . e
5-20-10 SCALING — SCL(B6). . . .« e oot ettt e e e e
5-20-11 SIGNED BINARY TO BCD SCALING —SCL2(—). . . . .o e e
5-20-12BCD TO SIGNED BINARY SCALING —SCL3(—) .+« + e v e e e
5-20-13 HOURS-TO-SECONDS — SEC(—) « « + + v v e et e et e e i
5-20-14 SECONDS-TO-HOURS —HMS(—). . . . o oo e
5-20-15 COLUMN-TO-LINE = LINE(—). . . ot e e e e
5-20-16 LINE-TO-COLUMN — COLM(—) . . oo oo o e e
5-20-17 2’S COMPLEMENT — NEG(—) « + « « oottt e e i i e
5-20-18 DOUBLE 2'S COMPLEMENT = NEGL(—). . .« oo e e
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5-21 BCD Calculation INStructions. . . . . . . ...
5-21-1 SET CARRY — STC(40) . . .ottt e e e e e
5-21-2 CLEAR CARRY —CLC(41) . . o\ttt e e e e e e e
5-21-3 BCD ADD — ADD(30) . .« vttt et
5-21-4 BCD SUBTRACT —SUB(3L). . . .o ot o et e e i e
5-21-5 BCD MULTIPLY = MUL(32) . . . oottt
5-21-6 BCD DIVIDE = DIV(33). « vt vttt e e e e
5-21-7 DOUBLE BCD ADD — ADDL(54) . .« oottt e e e
5-21-8 DOUBLE BCD SUBTRACT —SUBL(55). . ... .o
5-21-9 DOUBLE BCD MULTIPLY = MULL(56) . ...t
5-21-10 DOUBLE BCD DIVIDE = DIVL(57). . . oottt
5-21-11 SQUARE ROOT — ROOT(72). . .ttt e et e e e e e i e

5-22 Binary Calculation InStructions. . . . ... .. i
5-22-1 BINARY ADD — ADB(50) . . . o vt oot et e e e
5-22-2 BINARY SUBTRACT —SBB(51). .. ..o oot
5-22-3 BINARY MULTIPLY —MLB(52) . ...ttt e e
5-22-4 BINARY DIVIDE = DVB(53) ... oottt
5-22-5 DOUBLE BINARY ADD — ADBL(—) .+« « v it e e e
5-22-6 DOUBLE BINARY SUBTRACT —SBBL(—). . . . o oo e e i
5-22-7 SIGNED BINARY MULTIPLY —=MBS(—). . . .o oo e
5-22-8 DOUBLE SIGNED BINARY MULTIPLY —=MBSL(—). . . ... . oo oo
5-22-9 SIGNED BINARY DIVIDE —DBS(—). . .+« v e e oo e
5-22-10 DOUBLE SIGNED BINARY DIVIDE-DBSL(—). . . . ..o i

5-23 Special Math INStruCtions. . . . . ... . e
5-23-1 FIND MAXIMUM — MAX(—) vttt e e e e e
5-23-2 FIND MINIMUM = MIN(—) .« oot e e e
5-23-3 AVERAGE VALUE — AVG(—) « + vttt e e et
5-23-4 SUM — SUM(—). « ottt e e e
5-23-5 ARITHMETIC PROCESS —APR(—). .+« oo oo

5-24 Floating-point Math INStructions. . . . ... ... .
5-24-1 FLOATING TO 16-BIT: FIX(—). .« o oot e e e e e
5-24-2 FLOATING TO 32-BIT: FIXL(—). « o o v et e
5-24-3 16-BIT TO FLOATING: FLT(—). « v v it e e e e e e
5-24-4 32-BIT TO FLOATING: FLTL(—) « o vt oot e e e e
5-24-5 FLOATING-POINT ADD: +F(—). . o ottt e e e
5-24-6 FLOATING-POINT SUBTRACT: =F(—) . . oo e
5-24-7 FLOATING-POINT MULTIPLY: *F(—) . . o ot oo e e e
5-24-8 FLOATING-POINT DIVIDE: /F(—) . o ot e e e
5-24-9 DEGREES TO RADIANS: RAD(— ). « « o vt i et et e i e
5-24-10 RADIANS TO DEGREES: DEG(—). .« o+« v v et e e e
5-24-11 SINE: SIN(— ) . . ottt
5-24-12 COSINE: COS(— )+« « v oottt e e e e e
5-24-13 TANGENT: TAN(—) . o ot e e e e e e
5-24-14 ARC SINE: ASIN(—) . . .ot
5-24-15 ARC COSINE: ACOS(— ) v vt i et et e e e e
5-24-16 ARC TANGENT: ATAN(—) .« ottt e e e
5-24-17 SQUARE ROOTS ORI (— ) « + o ot et et e e e e e e e e e
5-24-18 EXPONENT: EXP(—). . oot e e e e
5-24-19 LOGARITHM: LOG(—) .+« o v oot e e e e e e e
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5-25 LOQIC INSITUCLIONS . . . . o ottt e e e
5-25-1 COMPLEMENT —COM(29). . ..ot e e e e e e e e
5-25-2 LOGICAL AND — ANDW/(34). . . oottt e e e e
5-25-3 LOGICAL OR —ORW(35) . . .ottt e e e e e e
5-25-4 EXCLUSIVE OR = XORW(36). . . . v ottt et e e e
5-25-5 EXCLUSIVENOR — XNRW(37) . .ot e e

5-26 Increment/Decrement INSrUCtIONS. . . . . ... .ottt e e
5-26-1 BCDINCREMENT —INC(38) ... ..o e e e e
5-26-2 BCD DECREMENT —DEC(39). .. . .t ittt e e

5-27 Subroutine INStrUCtioNS . . . . . . ... e
5-27-1 SUBROUTINEENTER —=SBS(91). .. ... ..o e e
5-27-2 SUBROUTINE DEFINE and RETURN — SBN(92)/RET(93). .. . .........

5-28 Special INStrUCtioNS . . . . . e
5-28-1 TRACE MEMORY SAMPLING —=TRSM(45) . ... ..o
5-28-2 MESSAGE DISPLAY —MSG(46) . . . oo oo
5-28-3 1/O REFRESH — IORF(97). . . . oottt e oo
5-28-4 MACRO —MCRO(99) . . ..ottt e e e e e
5-28-5 BIT COUNTER —BCNT(B7) . . o o oottt et i e e e e
5-28-6  FRAME CHECKSUM — FCS(—) + + « v vt e et et i i
5-28-7 FAILURE POINT DETECTION —FPD(—) . . . .ot
5-28-8 INTERRUPT CONTROL —INT(89) . . ...ttt i i e
5-28-9 SET PULSES — PULS(B5). . ... oo e e
5-28-10 SPEED OUTPUT=SPED(B4) . . . .« o oottt e e i e
5-28-11 PULSE OUTPUT — PLS2(—) -+ e o oot e e e e e e et
5-28-12 ACCELERATION CONTROL —ACC(—) + « « v o e e e e
5-28-13 PULSE WITH VARIABLE DUTY FACTOR-PWM(—/). . .. .............
5-28-14 DATA SEARCH — SRCH(—) . . . o o
5-28-15 PID CONTROL — PID(—) . . o ot oo e e e e e e e

5-29 Network INStruCtioNS. . . . . .. . e e
5-29-1 NETWORK SEND —SEND(9Q). . . . . ..ottt e
5-29-2 NETWORK RECEIVE—RECV(98) . . ... e
5-29-3 DELIVER COMMAND: CMND(—). . o e

5-30 Communications INStrUCLIONS . . . . . .o ottt e e e e e
5-30-1 RECEIVE — RXD(47) . . vttt e e e e e e e
5-30-2 TRANSMIT — TXD(48) . . . oo ettt ettt
5-30-3 CHANGE SERIAL PORT SETUP —STUP(—). .+« v oo ee e e
5-30-4 PRODCOL MACRO —PMCR(—) .+« ottt i e e

5-31 Advanced /O INStrUCHIONS. . . . . . oo e
5-31-1 7-SEGMENT DISPLAY OUTPUT —7SEG(88).........coviiiiiiin...
5-31-2 DIGITAL SWITCH INPUT —DSW(87) . . . . . oo oo
5-31-3 HEXADECIMAL KEY INPUT —HKY(—). . . .. .o e
5-31-4 TENKEY INPUT = TKY(18). . . . oot e e e e e
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Data Areas, Definer Values, and Flags Section  5-3

5-1 Notation

In the remainder of this manual, all instructions will be referred to by their mne-
monics. For example, the OUTPUT instruction will be called OUT; the AND
LOAD instruction, AND LD. If you're not sure of the instruction a mnemonic is
used for, refer to Appendix A Programming Instructions.

If an instruction is assigned a function code, it will be given in parentheses after
the mnemonic. These function codes, which are 2-digit decimal numbers, are
used to input most instructions into the CPU Unit. A table of instructions listed in
order of function codes is also provided in Appendix A Programming Instruc-
tions. Lists of instructions are also provided in 5-7 Instruction Tables.

An @ before a mnemonic indicates the differentiated version of that instruction.
Differentiated instructions are explained in Section 5-4.

5-2 Instruction Format

Most instructions have at least one or more operands associated with them. Op-
erands indicate or provide the data on which an instruction is to be performed.
These are sometimes input as the actual numeric values (i.e., as constants), but
are usually the addresses of data area words or bits that contain the data to be
used. A bit whose address is designated as an operand is called an operand bit;
a word whose address is designated as an operand is called an operand word. In
some instructions, the word address designated in an instruction indicates the
first of multiple words containing the desired data.

Each instruction requires one or more words in Program Memory. The first word
is the instruction word, which specifies the instruction and contains any definers
(described below) or operand bits required by the instruction. Other operands
required by the instruction are contained in following words, one operand per
word. Some instructions require up to four words.

A definer is an operand associated with an instruction and contained in the same
word as the instruction itself. These operands define the instruction rather than
telling what data it is to use. Examples of definers are TIM/CNT numbers, which
are used in timer and counter instructions to create timers and counters, as well
as jump numbers (which define which Jump instruction is paired with which
Jump End instruction). Bit operands are also contained in the same word as the
instruction itself, although these are not considered definers.

5-3 Data Areas, Definer Values, and Flags

&Caution

In this section, each instruction description includes its ladder diagram symbol,
the data areas that can be used by its operands, and the values that can be used
as definers. Details for the data areas are also specified by the operand names
and the type of data required for each operand (i.e., word or bit and, for words,
hexadecimal or BCD).

Not all addresses in the specified data areas are necessarily allowed for an oper-
and, e.g., if an operand requires two words, the last word in a data area cannot
be designated as the first word of the operand because all words for a single op-
erand must be within the same data area. Other specific limitations are given in a
Limitations subsection. Refer to Section 3 Memory Areas for addressing con-
ventions and the addresses of flags and control bits.

The IR and SR areas are considered as separate data areas. If an operand has
access to one area, it doesn’t necessarily mean that the same operand will have
access to the other area. The border between the IR and SR areas can, howev-
er, be crossed for a single operand, i.e., the last bit in the IR area may be speci-
fied for an operand that requires more than one word as long as the SR area is
also allowed for that operand.
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Indirect Addressing

Designating Constants

206

The Flags subsection lists flags that are affected by execution of an instruction.
These flags include the following SR area flags.

Abbreviation Name Bit
ER Instruction Execution Error Flag 25503
CY Carry Flag 25504
GR Greater Than Flag 25505
EQ Equals Flag 25506
LE Less Than Flag 25507

ER is the flag most commonly used for monitoring an instruction’s execution.
When ER goes ON, it indicates that an error has occurred in attempting to
execute the current instruction. The Flags subsection of each instruction lists
possible reasons for ER being ON. ER will turn ON if operands are not entered
correctly. Instructions are not executed when ER is ON. A table of instructions
and the flags they affect is provided in Appendix B Error and Arithmetic Flag Op-
eration.

When the DM area is specified for an operand, an indirect address can be used.
Indirect DM addressing is specified by placing an asterisk before the DM: xDM.

When an indirect DM address is specified, the designated DM word will contain
the address of the DM word that contains the data that will be used as the oper-
and of the instruction. If, for example, *xDM 0001 was designated as the first op-
erand and LR 00 as the second operand of MOV(21), the contents of DM 0001
was 1111, and DM 1111 contained 5555, the value 5555 would be moved to LR
00.

Word Content
DM 0000 4C59
¥M000L | ————— . DM 0001 1111

LR 00 Indirect Indicates
address DM 0002 F35A DM 1111.

| 1
DM 1111 5555

DM 1113 | 2506 | . 5555 moved
DM 1114 | D541 to LR 00.

- === — MOVl

When using indirect addressing, the address of the desired word must be in BCD
and it must specify a word within the DM area. In the above example, the content
of xDM 0000 would have to be in BCD between 0000 and 1999.

Although data area addresses are most often given as operands, many oper-
ands and all definers are input as constants. The available value range for a giv-
en definer or operand depends on the particular instruction that uses it.
Constants must also be entered in the form required by the instruction, i.e., in
BCD or in hexadecimal.



Expansion Instructions

Section 5-5

5-4 Differentiated Instructions

| 00000

Most instructions are provided in both differentiated and non-differentiated
forms. Differentiated instructions are distinguished by an @ in front of the
instruction mnemonic.

A non-differentiated instruction is executed each time it is scanned as long as its
execution condition is ON. A differentiated instruction is executed only once af-
ter its execution condition goes from OFF to ON. If the execution condition has
not changed or has changed from ON to OFF since the last time the instruction
was scanned, the instruction will not be executed. The following two examples
show how this works with MOV(21) and @MOV/(21), which are used to move the
data in the address designated by the first operand to the address designated by
the second operand.

| 00000

Address | Instruction Operands
MOV(21)
HR 10 00000 | LD 00000
. 00001 | MOV(21
Diagram A DM 0000 (1)
HR 10
DM 0000
@MOV(21) Address | Instruction Operands
HR 10 00000 | LD 00000
Diagram B DM 0000 00001 | @MOV(21)
HR 10
DM 0000

In diagram A, the non-differentiated MOV(21) will move the content of HR 10 to
DM 0000 whenever it is scanned with 00000. If the cycle time is 80 ms and 00000
remains ON for 2.0 seconds, this move operation will be performed 25 times and
only the last value moved to DM 0000 will be preserved there.

In diagram B, the differentiated @MOV/(21) will move the content of HR 10 to DM
0000 only once after 00000 goes ON. Even if 00000 remains ON for 2.0 seconds
with the same 80 ms cycle time, the move operation will be executed only once
during the first cycle in which 00000 has changed from OFF to ON. Because the
content of HR 10 could very well change during the 2 seconds while 00000 is
ON, the final content of DM 0000 after the 2 seconds could be different depend-
ing on whether MOV(21) or @MOV(21) was used.

All operands, ladder diagram symbols, and other specifications for instructions
are the same regardless of whether the differentiated or non-differentiated form
of an instruction is used. When inputting, the same function codes are also used,
but NOT is input after the function code to designate the differentiated form of an
instruction. Most, but not all, instructions have differentiated forms.

Referto 5-12 INTERLOCK and INTERLOCK CLEAR — IL(02) and IL(03) for the
effects of interlocks on differentiated instructions.

The CQM1H also provides differentiation instructions: DIFU(13) and DIFD(14).
DIFU(13) operates the same as a differentiated instruction, but is used to turn
ON a bit for one cycle. DIFD(14) also turns ON a bit for one cycle, but does it
when the execution condition has changed from ON to OFF. Refer to 5-9-4 DIF-
FERENTIATE UP and DOWN - DIFU(13) and DIFD(14) for detalils.

5-5 Expansion Instructions

A set of expansion instructions to aid in special programming needs. Function
codes can be assigned to up to 18 of the expansion instructions to enable using
them in programs. This allows the user to pick the instructions needed by each
program to more effectively use the function codes required to input instructions.
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The mnemonics of expansion instructions are followed by “(—)” as the function
code to indicate that they must be assigned function codes by the user in the
instructions table before they can be used in programming (unless they are used
under their default settings).

Any of the instructions not assigned function codes will need to be assigned
function codes by the Programming Device and the CQM1H before they can be
used in programming. Changing the function codes assigned to expansion
instructions will change the meaning of instructions and operands, so be sure to
assign the function codes before programming and transfer the proper expan-
sion instruction settings to the CQM1H before program execution.

Example The following example shows how default function code settings can be
changed.

. INI . INI
Function code 61 Z/I/ Function code 61

SPED SPED
Function code 64 ﬂf PULS Function code 64 PULS

MAX MAX
Function code 65 MIN Function code 65 MIN

SUM SUM
At the time of shipping, the functio_n codes are If pulse outputs are not being used, and if
assigned as shown above. (In this example, maximum values, minimum values, and
the instructions all relate to pulse outputs.) sums are required, then the Set Instructions

operation can be used as shown above to
reassign instructions in the instruction table.

Function Codes for The following 18 function codes can be used for expansion instructions:
Expansion Instructions 17, 18, 19, 47, 48, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 87, 88, and 89

The 74 expansion instructions that can be used are listed below, along with the
default function codes that are assigned when the CQM1H is shipped.

Mnemonic Code Mnemonic Code Mnemonic Code Mnemonic Code
ASFT 17 ACC FIXL RAD
TKY 18 ACOS FLT SBBL
MCMP 19 ADBL FLTL SCL2
RXD 47 APR FPD SCL3
TXD 48 ASIN HEX SEC
CMPL 60 ATAN HKY SIN
INI 61 AVG HMS SQRT
PRV 62 CMND LINE SRCH
CTBL 63 COLM LOG STUP
SPED 64 cos mgé ::I\'\IA
PULS 65 CPS MBSL Y
SCL 66 CPSL MIN XFRB
BCNT 67 DBS NEG 7Cp
BCMP 68 DBSL --- NEGL . ZCPL —
STIM 69 DEG --- PID - +E -
DSW 87 EXP PLS2 —F
7SEG 88 FCS PMCR *F
INT 89 FIX PWM IF
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The expansion instruction assignments can be stored on Memory Cassettes
when they are used. Exercise care when using a Memory Cassette that has
been used with another CQM1H and be sure the proper expansion instruction
assignments are being used.

&Caution If pin 4 of the CQM1H's DIP switch is OFF, the default function codes will be used

and user-set expansion instruction assignments will be ignored. The default
function code assignments will also be set whenever power is turned on, delet-
ing any previous settings.
Make sure that pin 4 of the CPU Unit DIP switch is ON when reading a program
from the Memory Cassette that has user-set expansion instruction assign-
ments. If pin 4 is OFF, the default function code assignments will be used for ex-
pansion instructions in programs read from a Memory Cassette. (In this case,
the program read from the Memory Cassette and the program on the Memory
Cassette will not match when the two are compared.)

5-6 Coding Right-hand Instructions

Writing mnemonic code for ladder instructions is described in Section 4 Ladder-
diagram Programming. Converting the information in the ladder diagram symbol
for all other instructions follows the same pattern, as described below, and is not
specified for each instruction individually.

The first word of any instruction defines the instruction and provides any defin-
ers. If the instruction requires only a signal bit operand with no definer, the bit
operand is also placed on the same line as the mnemonic. All other operands are
placed on lines after the instruction line, one operand per line and in the same
order as they appear in the ladder symbol for the instruction.

The address and instruction columns of the mnemonic code table are filled in for
the instruction word only. For all other lines, the left two columns are left blank. If
the instruction requires no definer or bit operand, the data column is left blank for
first line. It is a good idea to cross through any blank data column spaces (for all
instruction words that do not require data) so that the data column can be quickly
scanned to see if any addresses have been left out.

If an IR or SR address is used in the data column, the left side of the column is left
blank. If any other data area is used, the data area abbreviation is placed on the
left side and the address is placed on the right side. If a constant is to be input, the
number symbol (#) is placed on the left side of the data column and the number
to be input is placed on the right side. Any numbers input as definers in the
instruction word do not require the number symbol on the right side. TIM/CNT
bits, once defined as a timer or counter, take a TIM (timer) or CNT (counter) pre-
fix.

When coding an instruction that has a function code, be sure to write in the func-
tion code, which will be necessary when inputting the instruction via the Pro-
gramming Console. Also be sure to designate the differentiated instruction with
the @ symbol.

Note The mnemonics of expansion instructions are followed by “(—)” as the function
code to indicate that they must be assigned function codes by the user in the
instructions table before they can be used in programming. Refer to page 17 for
details.
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00000

00001

The following diagram and corresponding mnemonic code illustrates the points

described above.

Al
00002

00100

00200

21600

Il
LAl
01001 01002

00005
]l

L
Al
LR 6300

TIM 000

HR 0015

210

Address |nstruction Data
Il DIFU(13) 21600| 00000 LD ' 00000
00001 |AND ' 00001
00002 |OR ' 00002
00003 |DIFU(13) 1 21600
BCNT(E7) 00004 (LD » 00100
#0001 T
- 00005 |AND NOT + 00200
00006 |LD ' 01001
HR 00
00007 |AND NOT ' 01002
00008 |ANDNOT |LR ! 6300
00009 |ORLD —
TiM 000 00010 |AND | 21600
#0150 T
00011 |BCNT(67) . —
# 1 0001
MOV(21) .
v 004
HR 00 ]
HR ' 00
LR 00 ]
00012 |LD ' 00005
00013 [TIM © 000
00500 # : 0150
00014 |LD TIM + 000
00015 |MOV(21) v —
]
HR ' 00
LR ! 00
00016 |LD HR , 0015
00017 |[OUT NOT , 00500
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Multiple Instruction Lines

If a right-hand instruction requires multiple instruction lines (such as KEEP(11)),
all of the lines for the instruction are entered before the right-hand instruction.
Each of the lines for the instruction is coded, starting with LD or LD NOT, to form
‘logic blocks’ that are combined by the right-hand instruction. An example of this

for SFT(10) is shown below.

SFT(10)

00000 00001
] ]
00002
11 P
LA}
00100 00200 21600
11 [y 11 R
I Al I

HR 00

HR 00

01001 01002 LR 6300

HR 0015

00500

Address [Instruction Data
00000 | LD ' 00000
00001 | AND ' 00001
00002 |[LD ' 00002
00003 |LD ' 00100
00004 | AND NOT ' 00200
00005 |[LD , 01001
00006 | AND NOT \ 01002
00007 [ANDNOT [LR + 6300
00008 |ORLD v
00009 | AND ' 21600
00010 | SFT(10) HR ' 00
HR ' 00
00011 |[LD HR ! 0015
00012 |OUTNOT } 00500
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S5-7

5-7-1

Instruction Tables

This section provides tables of the instructions available in the CQM1H. The first
two tables can be used to find instructions by function code. The last table can be
used to find instructions by mnemonic.

Instructions with Fixed Function Codes

The following table lists the instructions that have fixed function codes. Each
instruction is listed by mnemonic and by instruction name. Use the numbers in
the leftmost column as the left digit and the number in the column heading as the
right digit of the function code. The @ symbol indicates instructions with differen-
tiated forms.

Expansion instructions without default function codes must be allocated func-
tion codes to enable using them. Even the expansion instructions with default
function codes have been omitted from the following table and space has been
provided so that you can write in the ones you will be using. Refer to the next
page for details on expansion instructions.

Left Right digit
digit 0 1 2 3 4 5 6 7 8 9
0 NOP END IL ILC JMP JME (@) FAL FALS STEP SNXT
NO END INTERLOCK INTERLOCK JUMP JUMP END FAILURE SEVERE STEP STEP START
OPERATION CLEAR ALARM AND FAILURE DEFINE
RESET ALARM
1 SFT KEEP CNTR DIFU DIFD TIMH (@) WSFT
SHIFT KEEP REVERS- DIFFER- DIFFER- HIGH- WORD
REGISTER IBLE ENTIATE UP ENTIATE SPEED SHIFT (Expansion (Expansion (Expansion
COUNTER DOWN TIMER Instruction) Instruction) Instruction)
2 CMP (@) MOV (@) MVN (@) BIN (@) BCD (@) ASL (@) ASR (@) ROL (@) ROR (@) COM
COMPARE MOVE MOVE NOT BCD TO BINARY TO SHIFT LEFT SHIFT ROTATE ROTATE COMPLE-
BINARY BCD RIGHT LEFT RIGHT MENT
3 (@) ADD (@) suB (@) MUL (@) DIV (@) ANDW (@) ORW (@) XORW (@) XNRW (@) INC (@) DEC
BCD ADD BCD BCD BCD LOGICAL LOGICAL OR | EXCLUSIVE EXCLUSIVE INCREMENT DECRE-
SUBTRACT MULTIPLY DIVIDE AND OR NOR MENT
4 (@) sTC (@) cLC TRSM (@) MSG
SET CARRY CLEAR TRACE MESSAGE
CARRY MEMORY DISPLAY (Expansion (Expansion
SAMPLE Instruction) Instruction)
5 (@) ADB (@) sBB (@) MLB (@) bvB (@) ADDL (@) SuBL (@) MULL (@) DIVL (@) BINL (@) BCDL
BINARY ADD | BINARY BINARY BINARY DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE DOUBLE
SUBTRACT MULTIPLY DIVIDE BCD ADD BCD BCD BCD BCD-TO- BINARY-TO-
SUBTRACT MULTIPLY DIVIDE DOUBLE DOUBLE
BINARY BCD
6
(Expansion (Expansion (Expansion (Expansion (Expansion (Expansion (Expansion (Expansion (Expansion (Expansion
Instruction) Instruction) Instruction) Instruction) Instruction) Instruction) Instruction) Instruction) Instruction) Instruction)
7 (@) XFER (@) BSET (@) ROOT (@) XCHG (@) SLb (@) SRD (@) MLPX (@) DMPX (@) SDEC
BLOCK BLOCK SET SQUARE DATA ONE DIGIT ONE DIGIT 4-TO-16 16-TO-4 7-SEGMENT
TRANSFER ROOT EXCHANGE SHIFT LEFT SHIFT DECODER ENCODER DECODER
RIGHT
8 (@) DIST (@) coLL (@) MOVB (@) MOVD (@) SFTR (@) TCMP (@) AsC
SINGLE DATA MOVE BIT MOVE DIGIT | REVERS- TABLE ASCII
WORD COLLECT IBLE SHIFT COMPARE CONVERT (Expansion (Expansion (Expansion
DISTRIBUTE REGISTER Instruction) Instruction) Instruction)
9 (@) SEND (@) sBs SBN RET - - (@) IORF (@) RECV (@) MCRO
NETWORK SUBROU- SUBROU- SUBROU- /10 NETWORK MACRO
SEND TINE TINE TINE REFRESH RECEIVE
ENTRY DEFINE RETURN
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5-7-2 Expansion Instructions

The 74 expansion instructions that can be used are listed below, along with the
default function codes that are assigned when the CQM1H is shipped. Refer to
|j—4 Expansion Instructions for more details.

Mnemonic Code Mnemonic Code Mnemonic Code Mnemonic Code
ASFT 17 ACC FIXL RAD
TKY 18 ACOS FLT SBBL
MCMP 19 ADBL FLTL SCL2
RXD 47 APR FPD SCL3
TXD 48 ASIN HEX SEC
CMPL 60 ATAN HKY SIN
INI 61 AVG HMS SQRT
PRV 62 CMND LINE SRCH
CTBL 63 COLM :A(ZC;( 2“::
SPED 64 cos VBS T:N
PULS 65 CPS MBSL —
SCL 66 CPSL MIN XFRB
BCNT 67 DBS NEG 7Cp
BCMP 68 DBSL --- NEGL - ZCPL -
STIM 69 DEG - PID - = -
DSW 87 EXP PLS2 +F
7SEG 88 FCS PMCR —F
INT 89 FIX PWM *F
5-7-3 Alphabetic List by Mnemonic

Dashes (

—") in the Code column indicate expansion instructions, which do not

have fixed function codes. “None” indicates instructions for which function
codes are not used. The @ symbol indicates instructions with differentiated

forms.

Mnemonic Code | Words Page
7SEG 88 4 7-SEGMENT DISPLAY OUTPUT 417
ACC (@) — 4 ACCELERATION CONTROL 392
ACOS (@) |— 3 ARC COSINE 359
ADB (@) 50 4 BINARY ADD 321
ADBL (@) — 4 DOUBLE BINARY ADD 325
ADD (@) 30 4 BCD ADD 310
ADDL (@) 54 4 DOUBLE BCD ADD 316
AND None |1 AND 217
AND LD None |1 AND LOAD 218
AND NOT None 1 AND NOT 217
ANDW (@) |34 4 LOGICAL AND 365
APR (@) — 4 ARITHMETIC PROCESS 337
ASC (@) 86 4 ASCIlI CONVERT 294
ASFT(@) 17 4 ASYNCHRONOUS SHIFT REGISTER 261
ASIN (@) |— 3 ARC SINE 358
ASL (@) 25 2 ARITHMETIC SHIFT LEFT 256
ASR (@) 26 2 ARITHMETIC SHIFT RIGHT 256
ATAN (@) |— 3 ARC TANGENT 360
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Mnemonic | Code | Words Name Page
AVG — 4 AVERAGE VALUE 334
BCD (@) 24 3 BINARY TO BCD 285
BCDL (@) |59 3 DOUBLE BINARY-TO-DOUBLE BCD 286
BCMP (@) |68 4 BLOCK COMPARE 275
BCNT (@) |67 4 BIT COUNTER 378
BIN (@) 23 3 BCD-TO-BINARY 284
BINL (@) 58 3 DOUBLE BCD-TO-DOUBLE BINARY 285
BSET (@) |71 4 BLOCK SET 265
CLC (@) 41 1 CLEAR CARRY 310
CMND (@) |— 4 DELIVER COMMAND 406
CMP 20 3 COMPARE 273
CMPL 60 4 DOUBLE COMPARE 277
CNT None |2 COUNTER 230
CNTR 12 3 REVERSIBLE COUNTER 231
COLL (@) |81 4 DATA COLLECT 268
COLM(@) |— 4 LINE TO COLUMN 306
COM (@) 29 2 COMPLEMENT 365
COS (@) — 3 COSINE 356
CPS — 4 SIGNED BINARY COMPARE 279
CPSL — 4 DOUBLE SIGNED BINARY COMPARE 280
CTBL(@) 63 4 COMPARISON TABLE LOAD 237
DBS (@) — 4 SIGNED BINARY DIVIDE 330
DBSL (@) |— 4 DOUBLE SIGNED BINARY DIVIDE 331
DEC (@) 39 2 BCD DECREMENT 368
DEG (@) — 3 RADIANS TO DEGREES 354
DIFD 14 2 DIFFERENTIATE DOWN 221
DIFU 13 2 DIFFERENTIATE UP 221
DIST (@) 80 4 SINGLE WORD DISTRIBUTE 266
DIV (@) 33 4 BCD DIVIDE 314
DIVL (@) 57 4 DOUBLE BCD DIVIDE 319
DMPX (@) |77 4 16-TO-4 ENCODER 289
DSW 87 4 DIGITAL SWITCH 420
DVB (@) 53 4 BINARY DIVIDE 324
END 01 1 END 222
EXP (@) — 4 EXPONENT 362
FAL (@) 06 2 FAILURE ALARM AND RESET 225
FALS 07 2 SEVERE FAILURE ALARM 225
FCS (@) — 4 FCS CALCULATE 378
FIX (@) — 3 FLOATING TO 16-BIT 345
FIXL (@) — 3 FLOATING TO 32-BIT 346
FLT (@) — 3 16-BIT TO FLOATING 347
FLTL (@) — 3 32-BIT TO FLOATING 348
FPD — 4 FAILURE POINT DETECT 380
HEX (@) — 4 ASCII-TO-HEXADECIMAL 295
HKY — 4 HEXADECIMAL KEY INPUT 424
HMS — 4 SECONDS TO HOURS 304
IL 02 1 INTERLOCK 222
ILC 03 1 INTERLOCK CLEAR 222
INC (@) 38 2 INCREMENT 368
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Mnemonic | Code | Words Name Page
INI (@) 61 4 MODE CONTROL 248
INT (@) 89 4 INTERRUPT CONTROL 384
IORF (@) 97 3 I/O REFRESH 375
JME 05 2 JUMP END 224
JMP 04 2 JUMP 224
KEEP 11 2 KEEP 220
LD None |1 LOAD 217
LD NOT None |1 LOAD NOT 217
LINE — 4 LINE 305
LOG (@) — 3 LOGARITHM 364
MAX (@) — 4 FIND MAXIMUM 332
MBS (@) — 4 SIGNED BINARY MULTIPLY 328
MBSL (@) |— 4 DOUBLE SIGNED BINARY MULTIPLY 329
MCMP (@) |19 4 MULTI-WORD COMPARE 333
MCRO (@) |99 4 MACRO 376
MIN (@) — 4 FIND MINIMUM 333
MLB (@) 52 4 BINARY MULTIPLY 323
MLPX (@) |76 4 4-TO-16 DECODER 287
MOV (@) 21 3 MOVE 262
MOVB (@) |82 4 MOVE BIT 270
MOVD (@) |83 4 MOVE DIGIT 271
MSG (@) 46 2 MESSAGE 374
MUL (@) 32 4 BCD MULTIPLY 313
MULL (@) |56 4 DOUBLE BCD MULTIPLY 318
MVN (@) 22 3 MOVE NOT 263
NEG (@) — 4 2'S COMPLEMENT 307
NEGL (@) |— 4 DOUBLE 2'S COMPLEMENT 308
NOP 00 1 NO OPERATION 222
OR None |1 OR 217
OR LD None |1 OR LOAD 218
OR NOT None |1 OR NOT 217
ORW (@) 35 4 LOGICAL OR 366
ouT None |2 OUTPUT 218
OUT NOT None |2 OUTPUT NOT 218
PID — 4 PID CONTROL 397
PLS2 (@) — 4 PULSE OUTPUT 390
PMCR (@) |— 4 PROTOCOL MACRO 415
PRV (@) 62 4 HIGH-SPEED COUNTER PV READ 250
PULS (@) |65 4 SET PULSES 385
PWM (@) — 4 PULSE WITH VARIABLE DUTY FACTOR | 394
RAD (@) — 3 DEGREES TO RADIANS 353
RECV (@) 98 4 NETWORK RECEIVE 403
RET 93 1 SUBROUTINE RETURN 372
ROL (@) 27 2 ROTATE LEFT 257
ROOT (@) |72 3 SQUARE ROOT 320
ROR (@) 28 2 ROTATE RIGHT 257
RSET None |2 RESET 219
RXD (@) 47 4 RECEIVE 408
SBB (@) 51 4 BINARY SUBTRACT 322
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Mnemonic | Code | Words Name Page
SBBL (@) — 4 DOUBLE BINARY SUBTRACT 326
SBN 92 2 SUBROUTINE DEFINE 372
SBS (@) 91 2 SUBROUTINE ENTRY 370
SCL (@) 66 4 SCALING 298
SCL2 (@) — 4 SIGNED BINARY TO BCD SCALING 300
SCL3 (@) — 4 BCD TO SIGNED BINARY SCALING 301
SDEC (@) |78 4 7-SEGMENT DECODER 291
SEC — 4 HOURS TO SECONDS 303
SEND (@) |90 4 NETWORK SEND 399
SET None |2 SET 219
SFT 10 3 SHIFT REGISTER 254
SFTR(@) |84 4 REVERSIBLE SHIFT REGISTER 259
SIN (@) — 4 SINE 355
SLD (@) 74 3 ONE DIGIT SHIFT LEFT 258
SNXT 09 2 STEP START 226
SPED (@) |64 4 SPEED OUTPUT 387
SQRT (@) |— 3 SQUARE ROOT 361
SRCH (@) |— 4 DATA SEARCH 395
SRD (@) 75 3 ONE DIGIT SHIFT RIGHT 259
STC (@) 40 1 SET CARRY 310
STEP 08 2 STEP DEFINE 226
STIM (@) 69 4 INTERVAL TIMER 235
STUP (@) |— 4 CHANGE SERIAL PORT SETUP 412
SUB (@) 31 4 BCD SUBTRACT 311
SUBL (@) |55 4 DOUBLE BCD SUBTRACT 317
SUM (@) — 4 SUM 335
TAN (@) — 3 TANGENT 357
TCMP (@) |85 4 TABLE COMPARE 274
TIM None |2 TIMER 229
TIMH 15 3 HIGH-SPEED TIMER 232
TKY (@) 18 4 TEN KEY INPUT 427
TRSM 45 1 TRACE MEMORY SAMPLE 372
TTIM — 4 TOTALIZING TIMER 234
TXD (@) 48 4 TRANSMIT 410
WSFT (@) |16 3 WORD SHIFT 255
XCHG (@) |73 3 DATA EXCHANGE 266
XFER (@) |70 4 BLOCK TRANSFER 264
XFRB (@) |— 4 TRANSFER BITS 272
XNRW (@) |37 4 EXCLUSIVE NOR 367
XORW (@) |36 4 EXCLUSIVE OR 367
ZCP — 4 AREA RANGE COMPARE 282
ZCPL — 4 DOUBLE AREA RANGE COMPARE 283
+F (@) — 4 FLOATING-POINT ADD 348
-F (@) — 4 FLOATING-POINT SUBTRACT 349
*F (@) — 4 FLOATING-POINT MULTIPLY 351
IF (@) — 4 FLOATING-POINT DIVIDE 352
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5-8 Ladder Diagram Instructions

Ladder diagram instructions include ladder instructions and logic block instruc-
tions and correspond to the conditions on the ladder diagram. Logic block
instructions are used to relate more complex parts.

5-8-1 LOAD, LOAD NOT, AND, AND NOT, OR, and OR NOT

LOAD - LD

LOAD NOT — LD NOT

AND — AND

AND NOT — AND NOT

OR-OR

OR NOT - OR NOT

Limitations

Description

Flags

Ladder Symbols Operand Data Areas

| B B: Bit
L
I

IR, SR, AR, HR, TIM/CNT, LR, TR

| B B: Bit

IR, SR, AR, HR, TIM/CNT, LR

B B: Bit
L
I

IR, SR, AR, HR, TIM/CNT, LR

B B: Bit
(P4
A IR, SR, AR, HR, TIM/CNT, LR
B: Bit
B
JI F IR, SR, AR, HR, TIM/CNT, LR
B: Bit
B
x IR, SR, AR, HR, TIM/CNT, LR
AN

There is no limit to the number of any of these instructions, or restrictions in the
order in which they must be used, as long as the memory capacity of the PC is
not exceeded.

These six basic instructions correspond to the conditions on a ladder diagram.
As described in Section 4 Ladder-diagram Programming, the status of the bits
assigned to each instruction determines the execution conditions for all other
instructions. Each of these instructions and each bit address can be used as
many times as required. Each can be used in as many of these instructions as
required.

The status of the bit operand (B) assigned to LD or LD NOT determines the first
execution condition. AND takes the logical AND between the execution condi-
tion and the status of its bit operand; AND NOT, the logical AND between the
execution condition and the inverse of the status of its bit operand. OR takes the
logical OR between the execution condition and the status of its bit operand; OR
NOT, the logical OR between the execution condition and the inverse of the sta-
tus of its bit operand.

There are no flags affected by these instructions.
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5-8-2 AND LOAD and OR LOAD

AND LOAD — AND LD

: ) 0.00-00- .: : -0.00-02- .:
T
Ladder Symbol ' ooo01 ! ' 00003
:_ : : ' :_ }]I/ '
OR LOAD - OR LD S, .
[ 00000 00001 '
" 1L | L
L R § R
Ladder Symbol PoTTTITITIILLLL .
] 00002 00003 ]
1l 1L
L D .
Description When instructions are combined into blocks that cannot be logically combined

using only OR and AND operations, AND LD and OR LD are used. Whereas
AND and OR operations logically combine a bit status and an execution condi-
tion, AND LD and OR LD logically combine two execution conditions, the current
one and the last unused one.

In order to draw ladder diagrams, it is not necessary to use AND LD and OR LD
instructions, nor are they necessary when inputting ladder diagrams directly, as
is possible from the CX-Programmer. They are required, however, to convert the
program to and input it in mnemonic form.

In order to reduce the number of programming instructions required, a basic un-
derstanding of logic block instructions is required. For an introduction to logic
blocks, refer to 4-3-6 Logic Block Instructions.

Flags There are no flags affected by these instructions.

5-9 Bit Control Instructions

There are seven instructions that can be used generally to control individual bit
status. These are OUT, OUT NOT, DIFU(13), DIFD(14), SET, RSET, and
KEEP(11). These instructions are used to turn bits ON and OFF in different
ways.

5-9-1 OUTPUT and OUTPUT NOT — OUT and OUT NOT

OUTPUT - OUT

Ladder Symbol Operand Data Areas
B: Bit
B
O IR, SR, AR, HR, LR, TR
OUTPUT NOT — OUT NOT
Ladder Symbol Operand Data Areas
Q B: Bit
B
IR, SR, AR, HR, LR
Limitations Any output bit can generally be used in only one instruction that controls its sta-
tus.
Description OUT and OUT NOT are used to control the status of the designated bit according

to the execution condition.
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Flags

OUT turns ON the designated bit for an ON execution condition, and turns OFF
the designated bit for an OFF execution condition. With a TR bit, OUT appears at
a branching point rather than at the end of an instruction line. Refer to 4-3-8
Branching Instruction Lines for details.

OUT NOT turns ON the designated bit for a OFF execution condition, and turns
OFF the designated bit for an ON execution condition.

OUT and OUT NOT can be used to control execution by turning ON and OFF bits
that are assigned to conditions on the ladder diagram, thus determining execu-
tion conditions for other instructions. This is particularly helpful and allows a
complex set of conditions to be used to control the status of a single work bit, and
then that work bit can be used to control other instructions.

The length of time that a bit is ON or OFF can be controlled by combining the
OUT or OUT NOT with TIM. Refer to Examples under 5-16-1 TIMER — TIM for
details.

There are no flags affected by these instructions.

5-9-2 SET and RESET — SET and RSET

Description

Precautions

Flags

Examples

Ladder Symbols Operand Data Areas

SETB B: Bit

IR, SR, AR, HR, LR

— RSET B B: Bit

IR, SR, AR, HR, LR

SET turns the operand bit ON when the execution condition is ON, and does not
affect the status of the operand bit when the execution condition is OFF. RSET
turns the operand bit OFF when the execution condition is ON, and does not af-
fect the status of the operand bit when the execution condition is OFF.

The operation of SET differs from that of OUT because the OUT instruction turns
the operand bit OFF when its execution condition is OFF. Likewise, RSET differs
from OUT NOT because OUT NOT turns the operand bit ON when its execution
condition is OFF.

The status of operand bits for SET and RSET programmed between 1L(02) and
ILC(03), or IMP(04) and JME(05), will not change when the interlock or jump
condition is met (i.e., when IL(02) or IMP(04) is executed with an OFF execution
condition).

There are no flags affected by these instructions.
The following examples demonstrate the difference between OUT and SET/

RSET. In the first example (Diagram A), IR 10000 will be turned ON or OFF
whenever IR 00000 goes ON or OFF.
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In the second example (Diagram B), IR 10000 will be turned ON when IR 00001
goes ON and will remain ON (even if IR 00001 goes OFF) until IR 00002 goes

5-9

5-9-3

ON.
00000 :
: : 10000 Address | Instruction Operands
00000 | LD 00000
Diagram A 00001 | OUT 10000
00001
]|
" @l Address | Instruction Operands
o?(:oz 00000 | LD 00001
L {esero0 | ogo01 [ seT 10000
. 00002 LD 00002
Diagram B 00003 | RSET 10000

KEEP — KEEP(11)

Limitations

Description

Flags
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Ladder Symbol Operand Data Areas

KEEP(11) B: Bit

B IR, SR, AR, HR, LR

Any output bit can generally be used in only one instruction that controls its sta-
tus.

KEEP(11) is used to maintain the status of the designated bit based on two
execution conditions. These execution conditions are labeled S and R. S is the
set input; R, the reset input. KEEP(11) operates like a latching relay that is set by
S and reset by R.

When S turns ON, the designated bit will go ON and stay ON until reset, regard-
less of whether S stays ON or goes OFF. When R turns ON, the designated bit
will go OFF and stay OFF until reset, regardless of whether R stays ON or goes
OFF. The relationship between execution conditions and KEEP(11) bit status is
shown below.

S execution condition ﬂ i

R execution condition

— "3
1]

Status of B

There are no flags affected by this instruction.
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Precautions

Exercise caution when using a KEEP reset line that is controlled by an external
normally closed device. Never use an input bit in an inverse condition on the re-
set (R) for KEEP(11) when the input device uses an AC power supply. The delay
in shutting down the PC’s DC power supply (relative to the AC power supply to
the input device) can cause the designated bit of KEEP(11) to be reset. This situ-
ation is shown below.

Input Unit
A | S
—_ I |
KEEP(11)
NEVER .
v R
i‘l

Bits used in KEEP are not reset in interlocks. Refer to the 5-12 INTERLOCK —
and INTERLOCK CLEAR IL(02) and ILC(03) for details.

5-9-4 DIFFERENTIATE UP and DOWN — DIFU(13) and DIFD(14)

Limitations

Description

Flags

Ladder Symbols Operand Data Areas

——  DIFU(13) B B: Bit

IR, SR, AR, HR, LR

——  DIFDA4)B B: Bit

IR, SR, AR, HR, LR

Any output bit can generally be used in only one instruction that controls its sta-
tus.

DIFU(13) and DIFD(14) are used to turn the designated bit ON for one cycle
only.

Whenever executed, DIFU(13) compares its current execution with the previous
execution condition. If the previous execution condition was OFF and the cur-
rent one is ON, DIFU(13) will turn ON the designated bit. If the previous execu-
tion condition was ON and the current execution condition is either ON or OFF,
DIFU(13) will either turn the designated bit OFF or leave it OFF (i.e., if the desig-
nated bit is already OFF). The designated bit will thus never be ON for longer
than one cycle, assuming it is executed each cycle (see Precautions, below).

Whenever executed, DIFD(14) compares its current execution with the previous
execution condition. If the previous execution condition was ON and the current
one is OFF, DIFD(14) will turn ON the designated bit. If the previous execution
condition was OFF and the current execution condition is either ON or OFF,
DIFD(14) will either turn the designated bit OFF or leave it OFF. The designated
bit will thus never be ON for longer than one cycle, assuming it is executed each
cycle (see Precautions, below).

These instructions are used when differentiated instructions (i.e., those prefixed
with an @) are not available and single-cycle execution of a particular instruction
is desired. They can also be used with non-differentiated forms of instructions
that have differentiated forms when their use will simplify programming. Exam-
ples of these are shown below.

There are no flags affected by these instructions.
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Precautions

Example

00000
L

DIFU(13) and DIFD(14) operation can be uncertain when the instructions are
programmed between IL and ILC, between JMP and JME, or in subroutines. Re-
fer to 5-12 INTERLOCK and INTERLOCK CLEAR — IL(02) and ILC(03), 5-13
JUMP and JUMP END — JMP(04) and JME(05), 5-27 Subroutine Instructions,
and 5-28-8 INTERRUPT CONTROL — INT(89).

In this example, IR 10014 will be turned ON for one cycle when IR 00000 goes
from OFF to ON. IR 10015 will be turned ON for one cycle when IR 00000 goes
from ON to OFF.

: DIFU(13) 10014| Address | Instruction Operands
00000 | LD 00000
:l 00001 | DIFU(13) 10014
DIFD(14) 10015
00002 DIFD(14) 10015

5-10 NO OPERATION — NOP(00)

Description

Flags

NOP(00) is not generally required in programming and there is no ladder symbol
for it. When NOP(00) is found in a program, nothing is executed and the program
execution moves to the next instruction. When memory is cleared prior to pro-
gramming, NOP(00) is written at all addresses. NOP(00) can be input through
the 00 function code.

There are no flags affected by NOP(00).

5-11 END — END(01)

Description

Flags

Ladder Symbol — END(01)

END(01) is required as the last instruction in any program. If there are subrou-
tines, END(01) is placed after the last subroutine. No instruction written after
END(01) will be executed. END(01) can be placed anywhere in the program to
execute all instructions up to that point, as is sometimes done to debug a pro-
gram, but it must be removed to execute the remainder of the program.

If there is no END(01) in the program, no instructions will be executed and the
error message “NO END INST” will appear.

END(01) turns OFF the ER, CY, GR, EQ, LE, OF, and UF Flags.

5-12 INTERLOCK and INTERLOCK CLEAR — IL(02) and ILC(03)

Description
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Ladder Symbol — IL(02)

Ladder Symbol — ILC(03)

IL(02) is always used in conjunction with ILC(03) to create interlocks. Interlocks
are used to enable branching in the same way as can be achieved with TR bits,
but treatment of instructions between 1L(02) and ILC(03) differs from that with
TR bits when the execution condition for IL(02) is OFF. If the execution condition
of IL(02) is ON, the program will be executed as written, with an ON execution
condition used to start each instruction line from the point where IL(02) is located
through the next ILC(03). Refer to 4-3-8 Branching Instruction Lines for basic
descriptions of both methods.
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DIFU(13) and DIFD(14) in
Interlocks

If the execution condition for IL(02) is OFF, the interlocked section between
IL(02) and ILC(03) will be treated as shown in the following table:

Instruction

Treatment

OUT and OUT NOT

Designated bit turned OFF.

TIM and TIMH(15)

Reset.

CNT, CNTR(12)

PV maintained.

KEEP(11)

Bit status maintained.

DIFU(13) and DIFD(14)

Not executed (see below).

All other instructions

The instructions are not executed, and all IR, AR, LR,

HR, and SR bits and words written to as operands in the
instructions are turned OFF.

IL(02) and ILC(03) do not necessarily have to be used in pairs. IL(02) can be
used several times in a row, with each IL(02) creating an interlocked section
through the next ILC(03). ILC(03) cannot be used unless there is at least one
IL(02) between it and any previous ILC(03).

Changes in the execution condition for a DIFU(13) or DIFD(14) are not recorded
if the DIFU(13) or DIFD(14) is in an interlocked section and the execution condi-
tion for the IL(02) is OFF. When DIFU(13) or DIFD(14) is execution in an inter-
locked section immediately after the execution condition for the IL(02) has gone
ON, the execution condition for the DIFU(13) or DIFD(14) will be compared to
the execution condition that existed before the interlock became effective (i.e.,
before the interlock condition for IL(02) went OFF). The ladder diagram and bit
status changes for this are shown below. The interlock is in effect while 00000 is
OFF. Notice that 01000 is not turned ON at the point labeled A even though
00001 has turned OFF and then back ON.

00000 oFF

ON
01000  oFF

El Address | Instruction Operands
00000 | LD 00000
|| DIFU(13) 01ooo| 00001 | I1L(02)
00002 LD 00001
@ 00003 DIFU(13) 01000
00004 | ILC(03)

a
ON
00001  oFF

Precautions

Flags

There must be an ILC(03) following any one or more IL(02).

Although as many IL(02) instructions as are necessary can be used with one
ILC(03), ILC(03) instructions cannot be used consecutively without at least one
IL(02) in between, i.e., nesting is not possible. Whenever a ILC(03) is executed,
all interlocks between the active ILC(03) and the preceding ILC(03) are cleared.

When more than one IL(02) is used with a single ILC(03), an error message will
appear when the program check is performed, but execution will proceed nor-
mally.

There are no flags affected by these instructions.
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Example

00000

The following diagram shows IL(02) being used twice with one ILC(03).

Ll
00001

00002
|1

L]
00003

00004

Al

Address | Instruction Operands
Il IL(02) I 00000 LD 00000
00001 [ IL(02)
TIM 127 00002 [ LD 00001
#0015 | 001.5 s 00003 | TIM 127
# 0015
{ 1o 00004 [ LD 00002
00005 | IL(02)
SN - 00006 [ LD 00003
R 001 00007 | AND NOT 00004
IR 010
00008 | LD 00100
00009 [ LD 00100
00010 [ CNT 001
00502 010
00011 [LD 00005
{ 1cos | 00012 [ouT 00502
00013 | ILC(03)

When the execution condition for the first IL(02) is OFF, TIM 127 will be reset to
1.5 s, CNT 001 will not be changed, and 00502 will be turned OFF. When the
execution condition for the first IL(02) is ON and the execution condition for the
second IL(02) is OFF, TIM 127 will be executed according to the status of 00001,
CNT 001 will not be changed, and 00502 will be turned OFF. When the execution
conditions for both the IL(02) are ON, the program will execute as written.

5-13 JUMP and JUMP END — JMP(04) and JME(05)

Limitations

Description
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Ladder Symbols Definer Values
IMP(04) N N: Jump number
#
IME(05) N N: Jump number
#

Jump numbers 01 through 99 may be used only once in JMP(04) and once in
JME(05), i.e., each can be used to define one jump only. Jump number 00 can be
used as many times as desired.

Jump numbers run from 00 through 99.

JMP(04) is always used in conjunction with JIME(05) to create jumps, i.e., to skip
from one point in a ladder diagram to another point. JMP(04) defines the point
from which the jump will be made; JME(05) defines the destination of the jump.
When the execution condition for IMP(04) is ON, no jump is made and the pro-
gram is executed consecutively as written. When the execution condition for
JMP(04) is OFF, a jump is made to the JME(05) with the same jump number and
the instruction following JME(05) is executed next.

If the jump number for IMP(04) is between 01 and 99, jumps, when made, will go
immediately to JME(05) with the same jump number without executing any
instructions in between. The status of timers, counters, bits used in OUT, bits
used in OUT NOT, and all other status bits controlled by the instructions between
JMP(04) and JMP(05) will not be changed. Each of these jump numbers can be
used to define only one jump. Because all of instructions between JMP(04) and
JME(05) are skipped, jump numbers 01 through 99 can be used to reduce cycle
time.



User Error Instructions

Section 5-14

DIFU(13) and DIFD(14) in
Jumps

Precautions

Flags

Examples

Jump Number 00

If the jump number for IMP(04) is 00, the CPU Unit will look for the next IME(05)
with a jump number of 00. To do so, it must search through the program, causing
a longer cycle time (when the execution condition is OFF) than for other jumps.

The status of timers, counters, bits used in OUT, bits used in OUT NOT, and alll
other status controlled by the instructions between JMP(04) 00 and JMP(05) 00
will not be changed. Jump number 00 can be used as many times as desired. A
jump from JMP(04) 00 will always go to the next IME(05) 00 in the program. It is
thus possible to use JIMP(04) 00 consecutively and match them all with the same
JME(05) 00. It makes no sense, however, to use JME(05) 00 consecutively, be-
cause all jumps made to them will end at the first JIME(05) 00.

Although DIFU(13) and DIFD(14) are designed to turn ON the designated bit for
one cycle, they will not necessarily do so when written between JMP(04) and
JMP (05). Once either DIFU(13) or DIFD(14) has turned ON a bit, it will remain
ON until the next time DIFU(13) or DIFD(14) is executed again. In normal pro-
gramming, this means the next cycle. In a jump, this means the next time the
jump from JMP(04) to JME(05) is not made, i.e., if a bit is turned ON by DIFU(13)
or DIFD(14) and then a jump is made in the next cycle so that DIFU(13) or
DIFD(14) are skipped, the designated bit will remain ON until the next time the
execution condition for the JMP(04) controlling the jump is ON.

When JMP(04) and JME(05) are not used in pairs, an error message will appear
when the program check is performed. This message also appears if JIMP(04)
00 and JME(05) 00 are not used in pairs, but the program will execute properly
as written.

There are no flags affected by these instructions.

Examples of jump programs are provided in 4-3-9 Jumps.

5-14 User Error Instructions:
FAILURE ALARM AND RESET - FAL(06) and
SEVERE FAILURE ALARM — FALS(07)

Ladder Symbols Definer Data Areas

FAL(06) N

N: FAL number

@FAL(06) N

# (00 to 99)

FALS(07) N N: FAL number

Description

# (01 to 99)

FAL(06) and FALS(07) are provided so that the programmer can output error
numbers for use in operation, maintenance, and debugging. When executed
with an ON execution condition, either of these instructions will output a FAL
number to bits 00 to 07 of SR 253. The FAL number that is output can be be-
tween 01 and 99 and is input as the definer for FAL(06) or FALS(07). FAL(06)
with a definer of 00 is used to reset this area (see below).

FAL Area
25307 25300

X101 X100
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Resetting Errors

FAL(06) produces a non-fatal error and FALS(07) produces a fatal error. When
FAL(06) is executed with an ON execution condition, the ALARM/ERROR indi-
cator on the front of the CPU Unit will flash, but PC operation will continue. When
FALS(07) is executed with an ON execution condition, the ALARM/ERROR indi-
cator will light and PC operation will stop.

The system also generates error codes to the FAL area.

FAL error codes will be retained in memory, although only one of these is avail-
able in the FAL area. To access the other FAL codes, reset the FAL area by
executing FAL(06) 00. Each time FAL(06) 00 is executed, another FAL error will
be moved to the FAL area, clearing the one that is already there. FAL error codes
are recorded in numerical order.

FAL(06) 00 is also used to clear message programmed with the instruction,
MSG(46).
If the FAL area cannot be cleared, as is generally the case when FALS(07) is

executed, first remove the cause of the error and then clear the FAL area through
the Programming Console or the CX-Programmer.

5-15 Step Instructions:
STEP DEFINE and STEP START-STEP(08)/SNXT(09)

Limitations

Description
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Ladder Symbols Definer Data Areas

B: Control bit

STEP(08) B —— STEP(08) ontrot ™
IR, AR, HR, LR

—— SNXT(09) B B: Control bit
IR, AR, HR, LR

All control bits must be in the same word and must be consecutive.

The step instructions STEP(08) and SNXT(09) are used together to set up
breakpoints between sections in a large program so that the sections can be
executed as units and reset upon completion. A section of program will usually
be defined to correspond to an actual process in the application. (Refer to the
application examples later in this section.) A step is like a normal programming
code, except that certain instructions (i.e., END(01), IL(02)/ILC(03),
JMP(04)/IJME(05), and SBN(92)) may not be included.

STEP(08) uses a control bit in the IR or HR areas to define the beginning of a
section of the program called a step. STEP(08) does not require an execution
condition, i.e., its execution is controlled through the control bit. To start execu-
tion of the step, SNXT(09) is used with the same control bit as used for
STEP(08). If SNXT(09) is executed with an ON execution condition, the step
with the same control bit is executed. If the execution condition is OFF, the step is
not executed. The SNXT(09) instruction must be written into the program so that
it is executed before the program reaches the step it starts. It can be used at dif-
ferent locations before the step to control the step according to two different
execution conditions (see example 2, below). Any step in the program that has
not been started with SNXT(09) will not be executed.

Once SNXT(09) is used in the program, step execution will continue until
STEP(08) is executed without a control bit. STEP(08) without a control bit must
be preceded by SNXT(09) with a dummy control bit. The dummy control bit may
be any unused IR or HR bit. It cannot be a control bit used in a STEP(08).
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Precautions

Execution of a step is completed either by execution of the next SNXT(09) or by
turning OFF the control bit for the step (see example 3 below). When the step is
completed, all of the IR and HR bits in the step are turned OFF and all timers in
the step are reset to their SVs. Counters, shift registers, and bits used in
KEEP(11) maintain status. Two simple steps are shown below.

: SNXT(09) LR 1500 I Starts step execution

(
)

: STEP(08) LR 1500 I

((

! . st step
L T T e e e Y
00001
} : SNXT(09) LR 1501 I
: STEP(08) LR 1501 I
...................... -
- ' '
= ! Step controlled by LR 1501 ' 2nd step
L T T T Y
00002
I : SNXT(09) LR 1502 I
: STEP(08) I Ends step execution
Address | Instruction Operands Address | Instruction Operands
00000 | LD 00000 00102 | STEP(08) LR 1501
00001 | SNXT(09) LR 1500
00002 | STEP(08) LR 1500 | =R Step controlled by LR 1501. =
= Step controlled by LR 1500. = 00200 | LD 00002
00201 | SNXT(09) LR 1502
00100 LD 00001 00202 STEP(08) -
00101 SNXT(09) LR 1501

Steps can be programmed in consecutively. Each step must start with STEP(08)
and generally ends with SNXT(09) (see example 3, below, for an exception).
When steps are programmed in series, three types of execution are possible:
sequential, branching, or parallel. The execution conditions for, and the position-
ing of, SNXT(09) determine how the steps are executed. The three examples
given below demonstrate these three types of step execution.

Interlocks, jumps, SBN(92), and END(01) cannot be used within step programs.

Bits used as control bits must not be used anywhere else in the program unless
they are being used to control the operation of the step (see example 3, below).
All control bits must be in the same word and must be consecutive.

If IR or LR bits are used for control bits, their status will be lost during any power
interruption. If it is necessary to maintain status to resume execution at the same
step, HR bits must be used.
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Flags

25407: Step Start Flag; turns ON for one cycle when STEP(08) is executed and
can be used to reset counters in steps as shown below if necessary.

00000

1 ENXT(O9) 01000 I Start

01000

STEP(08) 01000

00100

CNT 01
25407
25407

R #0003
: : —P‘ ‘4— 1 cycle

Address | Instruction Operands Address | Instruction Operands
00000 | LD 00000 00004 | LD 25407
00001 | SNXT(09) 01000 00005 | CNT 01
00002 STEP(08) 01000 # 0003
00003 LD 00100

5-16 Timer and Counter Instructions
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TIM and TIMH(15) are decrementing ON-delay timer instructions which require
a TIM/CNT number and a set value (SV). STIM(69) is used to control the interval
timers, which are used to activate interrupt routines.

CNT is a decrementing counter instruction and CNTR(12) is a reversible counter
instruction. Both require a TIM/CNT number and a SV. Both are also connected
to multiple instruction lines which serve as an input signal(s) and a reset.
CTBL(63), INT(89), and PRV(62) are used to manage the high-speed counter.
INT(89) is also used to stop pulse output.

Any one TIM/CNT number cannot be defined twice, i.e., once it has been used
as the definer in any of the timer or counter instructions, it cannot be used again.
Once defined, TIM/CNT numbers can be used as many times as required as op-
erands in instructions other than timer and counter instructions.

TIM/CNT numbers run from 000 through 511. No prefix is required when using a
TIM/CNT number as a definer in a timer or counter instruction. Once defined as a
timer, a TIM/CNT number can be prefixed with TIM for use as an operand in cer-
tain instructions. The TIM prefix is used regardless of the timer instruction that
was used to define the timer. Once defined as a counter, a TIM/CNT number can
be prefixed with CNT for use as an operand in certain instructions. The CNT is
also used regardless of the counter instruction that was used to define the count-
er.

TIM/CNT numbers can be designated as operands that require either bit or word
data. When designated as an operand that requires bit data, the TIM/CNT num-
ber accesses a bit that functions as a ‘Completion Flag’ that indicates when the
time/count has expired, i.e., the bit, which is normally OFF, will turn ON when the
designated SV has expired. When designated as an operand that requires word
data, the TIM/CNT number accesses a memory location that holds the present
value (PV) of the timer or counter. The PV of a timer or counter can thus be used
as an operand in CMP(20), or any other instruction for which the TIM/CNT area
is allowed. This is done by designating the TIM/CNT number used to define that
timer or counter to access the memory location that holds the PV.
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5-16-1 TIMER — TIM

Limitations

Description

Precautions

Note that “TIM 000" is used to designate the TIMER instruction defined with TIM/
CNT number 000, to designate the Completion Flag for this timer, and to desig-
nate the PV of this timer. The meaning of the term in context should be clear, i.e.,
the first is always an instruction, the second is always a bit operand, and the third
is always a word operand. The same is true of all other TIM/CNT numbers pre-
fixed with TIM or CNT.

An SV can be input as a constant or as a word address in a data area. If an IR
area word assigned to an Input Unit is designated as the word address, the Input
Unit can be wired so that the SV can be set externally through thumbwheel
switches or similar devices. Timers and counters wired in this way can only be
set externally during RUN or MONITOR mode. All SVs, including those set ex-
ternally, must be in BCD.

Definer Values

Ladder Symbol N: TIM/ICNT number

#

TIM N
SV

Operand Data Areas

SV: Set value (word, BCD)

IR, SR, AR, DM, EM, HR, LR, #

SV is between 000.0 and 999.9. The decimal point is not entered.
The EM area is available in CQM1H-CPU61 CPU Units only.

Each TIM/CNT number can be used as the definer in only one TIMER or
COUNTER instruction.

TIM/CNT 000 through TIM/CNT 015 should not be used in TIM if they are re-
quired for TIMH(15). Refer to 5-16-4 HIGH-SPEED TIMER — TIMH(15) for de-
tails.

A timer is activated when its execution condition goes ON and is reset (to SV)
when the execution condition goes OFF. Once activated, TIM measures in units
of 0.1 second from the SV.

If the execution condition remains ON long enough for TIM to time down to zero,
the Completion Flag for the TIM/CNT number used will turn ON and will remain
ON until TIM is reset (i.e., until its execution condition is goes OFF).

The following figure illustrates the relationship between the execution condition
for TIM and the Completion Flag assigned to it.

ON
oN X
Completion Flag OFF __! ' ._

Timers in interlocked program sections are reset when the execution condition
for IL(02) is OFF. Power interruptions also reset timers. If a timer that is not reset
under these conditions is desired, SR area clock pulse bits can be counted to
produce timers using CNT. Refer tq§-16-2 COUNTER — CNT for details.
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Flags

Note The timer set value must be BCD between #0000 and #9999. Operation will be

as follows if #0000 or #0001 is set.
« If #0000 is set, the Completion Flag will turn ON as soon as the timer’s execu-
tion condition turns ON.

« If #0001 is set, the Completion Flag may turn ON as soon as the timer’s execu-
tion condition turns ON because timer accuracy is 0 to —0.1 s.

Consider the timer accuracy ( 0 to —0.1 s) when determining the proper set value.

ER: SVis not in BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-16-2 COUNTER — CNT

Limitations

Description
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Definer Values

Ladder Symbol N: TIM/CNT number

#

CP

CNTN

R sv Operand Data Areas

SV: Set value (word, BCD)

IR, SR, AR, DM, EM, HR, LR, #

Each TIM/CNT number can be used as the definer in only one TIMER or
COUNTER instruction.

The EM area is available in CQM1H-CPU61 CPU Units only.

CNT is used to count down from SV when the execution condition on the count
pulse, CP, goes from OFF to ON, i.e., the present value (PV) will be decrem-
ented by one whenever CNT is executed with an ON execution condition for CP
and the execution condition was OFF for the last execution. If the execution
condition has not changed or has changed from ON to OFF, the PV of CNT will
not be changed. The Completion Flag for a counter is turned ON when the PV
reaches zero and will remain ON until the counter is reset.

CNT is reset with a reset input, R. When R goes from OFF to ON, the PV is reset
to SV. The PV will not be decremented while R is ON. Counting down from SV will
begin again when R goes OFF. The PV for CNT will not be reset in interlocked
program sections or by power interruptions.

Changes in execution conditions, the Completion Flag, and the PV are illus-
trated below. PV line height is meant only to indicate changes in the PV.

Execution condition ON
on count pulse (CP) OFF
)

Execution condition ON :
on reset (R) OFF

ON
Completion Flag OFF

PV
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Precautions

Flags

Example

00000 25502

Program execution will continue even if a non-BCD SV is used, but the SV will
not be correct.

ER: SV is not in BCD.
Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

In the following example, CNT is used to create extended timers by counting SR
area clock pulse bits.

CNT 001 counts the number of times the 1-second clock pulse bit (SR 25502)
goes from OFF to ON. Here again, IR 00000 is used to control the times when
CNT is operating.

Because in this example the SV for CNT 001 is 700, the Completion Flag for
CNT 002 turns ON when 1 second x 700 times, or 11 minutes and 40 seconds
have expired. This would result in IR 01602 being turned ON.

cP Address | Instruction Operands

—

00001

Sor 00000 | LD 00000
00001 | AND 25502

—

CNT 001

#0700 00002 | LD NOT 00001

—

&Caution

00003 CNT 001
01602 # 0700
00004 LD CNT 001

00005 | OUT 01602

The shorter clock pulses will not necessarily produce accurate timers because
their short ON times might not be read accurately during longer cycles. In partic-
ular, the 0.02-second and 0.1-second clock pulses should not be used to create
timers with CNT instructions.

5-16-3 REVERSIBLE COUNTER — CNTR(12)

Limitations

Description

Definer Values

Ladder Symbol N: TIM/CNT number

#

CNTR(12)
ol N Operand Data Areas
SV

SV: Set value (word, BCD)

IR, SR, AR, DM, EM, HR, LR, #

Each TIM/CNT number can be used as the definer in only one TIMER or
COUNTER instruction.

The EM area is available in CQM1H-CPU61 CPU Units only.
The CNTR(12) is a reversible, up/down circular counter, i.e., it is used to count

between zero and SV according to changes in two execution conditions, those in
the increment input (II) and those in the decrement input (DI).

The present value (PV) will be incremented by one whenever CNTR(12) is
executed with an ON execution condition for Il and the last execution condition
for I was OFF. The present value (PV) will be decremented by one whenever

231



Timer and Counter Instructions Section 5-16

Precautions

Flags

CNTR(12) is executed with an ON execution condition for DI and the last execu-
tion condition for DI was OFF. If OFF to ON changes have occurred in both Il and
DI since the last execution, the PV will not be changed.

If the execution conditions have not changed or have changed from ON to OFF
for both Il and DI, the PV of CNT will not be changed.

When decremented from 0000, the present value is set to SV and the Comple-
tion Flag is turned ON until the PV is decremented again. When incremented
past the SV, the PV is set to 0000 and the Completion Flag is turned ON until the
PV is incremented again.

CNTR(12) is reset with a reset input, R. When R goes from OFF to ON, the PV is
reset to zero. The PV will not be incremented or decremented while R is ON.
Counting will begin again when R goes OFF. The PV for CNTR(12) will not be
reset in interlocked program sections or by the effects of power interruptions.

Changes in Il and DI execution conditions, the Completion Flag, and the PV are
illustrated below starting from part way through CNTR(12) operation (i.e., when
reset, counting begins from zero). PV line height is meant to indicate changes in
the PV only.

Execution condition ON
on increment (I1) OFF

Execution condition ON
on decrement (DI) OFF

Completion Flag OF

PV

0000 0000

Program execution will continue even if a non-BCD SV is used, but the SV will
not be correct.

ER: SV is not in BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-16-4 HIGH-SPEED TIMER — TIMH(15)

Limitations
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Definer Values

Ladder Symbol N: TIM/CNT number

#

TIMH(15) N
Y

Operand Data Areas

SV: Set value (word, BCD)

IR, SR, AR, DM, EM, HR, LR, #

SV is between 00.00 and 99.99. (Although 00.00 and 00.01 may be set, 00.00
will disable the timer, i.e., turn ON the Completion Flag immediately, and 00.01 is
not reliably scanned.) The decimal point is not entered.

The EM area is available in CQM1H-CPU61 CPU Units only.
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Description

Precautions

Flags

Flags

Example

00000

Note

Each TIM/CNT number can be used as the definer in only one TIMER or
COUNTER instruction. Use TIM/CNT numbers from 000 through 015. High-
speed timers with timer numbers TIM/CNT 016 through TIM/CNT 511 should not
be used if the cycle time exceeds 10 ms.

TIMH(15) operates in the same way as TIM except that TIMH measures in units
of 0.01 second. Refer to 5-16-1 TIMER — TIM for operational details.

Timers in interlocked program sections are reset when the execution condition
for IL(02) is OFF. Power interruptions also reset timers. If a timer that is not reset
under these conditions is desired, SR area clock pulse bits can be counted to
produce timers using CNT. Refer to 5-16-2 COUNTER — CNT for details.

Timers in jumped program sections will not be reset when the execution condi-
tion for IMP(04) is OFF, but the timer will stop timing if jump number 00 is used.
The timers will continue timing if jump numbers 01 through 99) are used.
High-speed timers with timer numbers TIM/CNT 000 through TIM/CNT 015 will
not be inaccurate when the PC Setup (DM 6629) is set to perform interrupt proc-
essing on these timers.

High-speed timers with timer numbers TIM/CNT 016 through TIM/CNT 511 will
be inaccurate when the cycle time exceeds 10 ms. If the cycle time is greater
than 10 ms, use TIM/CNT 000 through TIM/CNT 015 and set DM 6629 for inter-
rupt processing of the timer numbers used.

The timer set value must be BCD between #0000 and #9999. Operation will be
as follows if #0000 or #0001 is set.

« If #0000 is set, the Completion Flag will turn ON as soon as the timer’s execu-
tion condition turns ON (but there may be a delay if TIM 000 to TIM 015 are
used).

« If #0001 is set, the Completion Flag may turn ON as soon as the timer’s execu-
tion condition turns ON because timer accuracy is 0 to —0.01 s.

Consider the timer accuracy ( 0 to —0.01 s) when determining the proper set
value.

ER: SVis not in BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ER: SVis not in BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

The following example shows a timer set with a constant. 01600 will be turned
ON after 00000 goes ON and stays ON for at least 1.5 seconds. When 00000
goes OFF, the timer will be reset and 01600 will be turned OFF.

TIMH(L5) Address | Instruction Operands

—1

TIM 000

000 1 508 00000 | LD 00000

#0130 00001 | TIMH(15) 000

— |

61600 # 0150
00002 | LD TIM 000

00003 | OUT 01600

233



Timer and Counter Instructions Section 5-16

5-16-5 TOTALIZING TIMER — TTIM(—)

Limitations

Description

Precautions
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Note

Note

Definer Values

Ladder Symbol N: TIM/CNT number
# (000 through 511)
—1 TTIM(—)

N Operand Data Areas
SV SV: Set value (word, BCD)
IR, AR, DM, EM, HR, LR

RB
RB: Reset bit

IR, SR, AR, HR, LR

SV is between 0000 and 9999 and must be in BCD. The decimal point is not en-
tered.

The EM area is available in CQM1H-CPU61 CPU Units only.

Each TIM/CNT number can be used as the definer in only one TIMER or
COUNTER instruction.

TTIM(—) is used to create a timer that increments the PV every 0.1 s to time
between 0.1 and 999.9 s. TTIM(—) increments in units of 0.1 second from zero.
TTIM(—) accuracy is +0.0/-0.1 second. A TTIM(—) timer will time as long as its
execute condition is ON until it reaches the SV or until RB turns ON to reset the
timer. TTIM(—) timers will time only as long as they are executed every cycle,
i.e., they do not time, but maintain the current PV, in interlocked program sec-
tions or when they are jumped in the program.

The PVs of decrementing timers such as TIM indicate the time remaining until
the timer times out, but the PVs of TTIM(—) timers indicate the time that has
elapsed.The TTIM(—) PV can be used “as is” to represent the elapsed time in
calculations and displays.

The PV will be reset to 0000 and the Completion Flag will be turned OFF when a
power interruption occurs or the PC is switched from PROGRAM mode to MON-
ITOR or RUN mode (or vice-versa).

The PV of TTIM(—) in an interlocked program section will be maintained when
the execution condition for IL(02) is OFF. The PV will also be maintained in a
jumped program section, unlike timers and high-speed timers which continue
timing.

TTIM(—) will not operate properly if the cycle time exceeds 0.1 s because the
PV is refreshed only when TTIM(—) is executed and the PV is incremented in
0.1-s units.

A delay of one cycle is sometimes required for a Completion Flag to be turned
ON after the timer times out because the Completion Flag is refreshed only
when TTIM(—) is executed.

TTIM(—) will not restart after timing out unless the PV is changed to a value be-
low the SV or the reset input is turned ON.

The timer set value must be BCD between #0000 and #9999. Operation will be
as follows if #0000 or #0001 is set.

« If #0000 is set, the Completion Flag will turn ON as soon as the timer’s execu-
tion condition turns ON.

« If #0001 is set, the Completion Flag may turn ON as soon as the timer’s execu-
tion condition turns ON because timer accuracy is 0 to —0.1 s.
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Flags

Flags

Example

00000

Consider the timer accuracy ( 0 to —0.1 s) when determining the proper set value.

ER: SVis not in BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ER: N is not a TIM number.
SV is not BCD.

RB is not a valid bit address.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

The following figure illustrates the relationship between the execution conditions
for a totalizing timer with a set value of 2 s, its PV, and the Completion Flag.

(TIM 000)

Address | Instruction Operands
TTIM(—,
o 00000 | LD 00000
TIM 000
00001 | TTIM(—)
#0100
TIM 000
20000 % 0100
20000
Timer input |
(I: IR 00000) t
1
Ll
Reset bit |_| ' | |
(RB: IR 20000) : 1
] )
' 1
Completion Flag ' | |
)
1
1
1

Present value: 0100

0000

5-16-6 INTERVAL TIMER - STIM(69)

Ladder Symbols Operand Data Areas
C1: Control data #1
— STIM(69) —1 @STIM(69)
000 to 008, 010 to 012
C1 C1
C2: Control data #2
Cc2 Cc2
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
c3 c3 C3: Control data #3
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Limitations

C1 must be 000 to 008 or 010 to 012.

If C1is 000 to 005, a constant greater than 0255 cannot be used for C3.
If C1is 006 to 008, constants and DM 6143 to DM 6655 cannot be used for C2 or
C3.1fC1is 010 to 012, both C2 and C3 must be set to 000.
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Description

Starting Interrupts

Reading T imer PVs

Stopping Timers
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Note

Note

Note

STIM(69) is used to control the interval timers by performing four basic func-
tions: starting the timer for a non-shot interrupt, starting the timer for scheduled
interrupts, stopping the timer, and reading the timer’s PV. Set the value of C1 to
specify which of these functions will be performed and which of the three interval
timers it will be performed on, as shown in the following table. Refer tq4-4-4 In-
terval Timer Interrupts for more detailed descriptions of using interval timer inter-
rupts. STIM(69) is also described in more detail after the table.

Function Timer | C1value
Starting timers 000
001
002
003
004
005
006
007
008
010
011
012

Starting scheduled interrupts

Reading timer PV

Stopping timers

NIFPIOINIPIODNIFP|IOINIFR|O

1. Interval timer O cannot be used when a pulse output is being output by the
SPED(64) instruction.

2. Interval timer 2 cannot be used when high-speed counter 0 operation has
been enabled in DM 6642 of the PC Setup.

Set C1=000 to 002 to start timers O to 2 to activate a one-shot interrupt. Set
C1=003 to 005 to start scheduled interrupts using timers 0 to 2.

C2, which specifies the timer’s SV, can be a constant or the first of two words
containing the SV. The settings are slightly different depending on the method
used.

If C2 is a constant, it specifies the initial value of the decrementing counter (BCD,
0000 to 9999). The decrementing time interval is 1 ms.

If C2 is a word address, C2 specifies the initial value of the decrementing counter
(BCD, 0000 to 9999), and C2+1 specifies the decrementing time interval (BCD,
0005 to 0320) in units of 0.1 ms. The decrementing time interval can thus be 0.5
to 32 ms.

C3 specifies subroutine number 0000 to 0255.

The time required from interval timer start-up to time-up is:
(the content of C2) x (the content of C2+1) x 0.1 ms

Set C1=006 to 008 to read the PVs of timers 0 to 2.

C2 specifies the first of two destination words that will receive the timer’s PV. C2
will receive the number of times the decrementing counter has been decrem-
ented (BCD, 0000 to 9999) and C2+1 will receive the decrementing time interval
(BCD in 0.1 ms units).

C3 specifies the destination word that will receive the time which has elapsed
since the last time the timer was decremented (BCD in 0.1 ms units).
(Must be equal to or less than the decrementing time interval set in C2+1.)

The time that has elapsed since the timer was started is computed as follows:
(Content of C2 x (Content of C2 + 1) + Content of C3) x 0.1 ms

Set C1=010 to 012 to stop timers 0 to 2.
C2 and C3 have no function and should both be set to 000.



Timer and Counter Instructions Section 5-16

Flags

ER: Interval timer O is started while a pulse output is operating.

(C1=000 only)
Interval timer 2 is started while the high-speed counter O is enabled
(C1=002 only)

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

A data area boundary has been exceeded.

5-16-7 REGISTER COMPARISON TABLE — CTBL(63)

Ladder Symbols Operand Data Areas
P: Port specifier
— CTBL(63) — @CTBL(63)
000 to 004 or 101 to 104

P P

C: Control data
C C

000 to 003
TB TB - -
TB: First comparison table word
IR, SR, AR, DM, EM, HR, LR

Limitations

Description

CPU Unit, Pulse I/O
Board, and Absolute
Encoder Interface Board

The first and last comparison table words must be in the same data area. (The
length of the comparison table varies according to the settings.)

CTBL(63) cannot be used if the PC Setup (DM 6611) is set to pulse output mode.

CTBL(63) is used to register comparison tables and start comparison for high-
speed counters. The following table shows the functions of CTBL(63).

Unit/Board Function
CPU Unit High-speed counter 0 (IR 00004 to IR 00006)
Pulse 1/0 Board High-speed counters 1 and 2
Absolute Encoder Interface Board | Absolute high-speed counters 1 and 2
High-speed Counter Board High-speed counters 1 to 4

The description of CTBL(63) operation is divided into two parts. Refer to page
237 for a description of operation for the CPU Unit, Pulse 1/0 Board, and Abso-
lute Encoder Interface Board. Refer to page 242 for details on CTBL(63) opera-
tion with the High-speed Counter Board.

When the execution condition is OFF, CTBL(63) is not executed. When the exe-
cution condition is ON, CTBL(63) registers a comparison table for use with the
high-speed counter PV. Depending on the value of C, comparison with the high-
speed counter PV can begin immediately or it can be started separately with
INI(61).

The port specifier (P) specifies the high-speed counter that will be used in the
comparison.

Unit/Board Function Port specifier (P)
CPU Unit High-speed counter 0 (built-in) | 000
Pulse 1/0 Board High-speed counter 1 001
(See notes 1 and 2) High-speed counter 2 002
Absolute Encoder High-speed counter 1 001
Interface Board -
(See note 1) High-speed counter 2 002
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1. The Pulse 1/O Board and Absolute Encoder Interface Board must be
installed in slot 2.

2. When a Pulse 1/0 Board is being used, the mode for ports 1 and 2 must be
set to high-speed counter mode in DM 6611 of the PC Setup. CTBL(63) can-
not be used if the mode is set to simple positioning mode.

The function of CTBL(63) is determined by the control data, C, as shown in the
following table. These functions are described after the table.

C CTBL(63) function
000 Registers a target value comparison table and starts comparison.
001 Registers a range comparison table and starts comparison.
002 Registers a target value comparison table. Start comparison with INI(61).
003 Registers a range comparison table. Start comparison with INI(61).

When the PV agrees with a target value or falls within a specified range, the spe-
cified subroutine is called and executed. Refer to 1-4-5 High-speed Counter O
Interrupts for more details on table comparison.

If the high-speed counter is enabled in the PC Setup (DM 6642), it will begin
counting from zero when the CQM1H begins operation. The PV will not be
compared to the comparison table until the table is registered and comparison is
initiated with INI(61) or CTBL(63). Comparison can be stopped and started, or
the PV can be reset with INI(61).

Once a comparison table has been registered, it is valid until the CQM1H is
halted or until an error occurs in attempting to register a new table. The differen-
tiated form of CTBL(63) is recommended when possible to reduce cycle time.

Target Value Comparison

For high-speed counter 0 in the CPU Unit, up to 16 target values can be regis-
tered. A subroutine number (1 to 16) is also registered for each target value. For
high-speed counters 1 and 2 on a Pulse /O Board or Absolute Encoder Interface
Board, up to 48 target values can be registered. A subroutine number (1 to 48) is
also registered for each target value. In either case, the corresponding subrou-
tine is called and executed when the PV matches a target value. (When interrupt
processing is not required, an undefined subroutine number may be entered.)

Match

~| Target value 1 — Execute subroutine.
High-speed counter PV ‘ -'-»=| Target value 2 — Execute subroutine.

~| Target value 16/48——— Execute subroutine.

Target value comparisons are performed one item at a time in order of the com-
parison table. When the PV reaches the first target value in the table, the inter-
rupt subroutine is executed and comparison continues to the next value in the
table. When processing has been completed for the last target value in the table,
comparison returns to the first value in the table and the process is repeated.

The following diagram shows the structure of a target value comparison table for
use with the CPU Unit’s built-in high-speed counter 0 or the Pulse 1/0 Board's
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high-speed counters 1 or 2 set for linear counting. The number of target values
can be 0001 to 0048.

TB Number of target values (BCD)

TB+1 Target value #1, lower 4 digits (BCD)

TB+2 Target value #1, upper 4 digits (BCD) —® One target value setting
TB+3 Subroutine number (See note 1.)

The following diagram shows the structure of a target value comparison table for
use with the Pulse 1/O Board’s high-speed counters 1 or 2 set for ring counting.
Input the target values in ascending or descending order.

The ring value specifies the number of points in the ring and the maximum count
value (ring value = max. count value+1). The ring value can be 0 to 65, 000. Do
not change the ring value while a comparison is in progress.

TB Ring value, lower 4 digits (BCD) [ ]
TB+1 Ring value, upper 4 digits (BCD) Ring value setting
TB+2 Number of target values (BCD)
TB+3 Target value #1, lower 4 digits (BCD)
TB+4 Target value #1, upper 4 digits (BCD) | [ One target value setting
TB+5 Subroutine number (See note 1.)

' ' ' '

' ' ' '

The following diagram shows the structure of a target value comparison table for
use with the Absolute Encoder Interface Board’s high-speed counters 1 and 2.
Input the target values in ascending or descending order. The number of target
values can be 0001 to 0048.

TB Number of target values (BCD)
TB+1 Target value #1 (BCD) )

- — One target value setting
TB+2 Subroutine number (See note 1.)

Note 1. The subroutine number can be FO00 to F255 to activate the subroutine
when decrementing and can be 0000 to 0255 to activate the subroutine
when incrementing.

2. Allow an interval of at least 0.2 ms for interrupt processing when setting the
target value for high-speed counters 1 and 2.
Target Value Comparison Operation
The following diagram illustrates the operation of target value comparisons for
target values 1 through 5 set consecutively in the comparison table.

Count
Interrupts

Initial —»

el T T T T T

Target —» Target —» Target —» Target —» Target
1 2 3 4 5

As illustrated above, the current count is compared with each target value in the
order that they are registered in the target value comparison table. When the
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count is the same as the current target value, an interrupt is generated, and com-
parison starts with the next target value. When all target values in the compari-
son table have been matched and interrupts for them generated, the target val-
ue is reset to the first target value in the table and the operation is repeated.

Range Comparison

A range comparison table contains 8 ranges which are defined by an 8-digit low-
er limit and an 8-digit upper limit, as well as their corresponding subroutine num-
bers. The corresponding subroutine is called and executed when the PV falls
within a given range. (When interrupt processing is not required, an undefined
subroutine number may be entered.)

Within
range

" Lower limit 1 « Upper limit 1 ‘—» Execute subroutine.

High-speed counter PV ‘ -l- >‘ Lower limit 2 « Upper limit 2 ‘—» Execute subroutine.

" Lower limit 8 — Upper limit 8 ‘4’ Execute subroutine.

Always set 8 ranges. If fewer than 8 ranges are needed, set the remaining sub-
routine numbers to FFFF. If more than 8 ranges are needed, another compari-
son instruction such as BCMP(68) can be used to compare ranges with the high-
speed counter PVs in IR 230 through IR 235. Bear in mind that these words are
refreshed just once each cycle.

There are flags in the AR area which indicate when a high-speed counter’s PV
falls within one or more of the 8 ranges. The flags turn ON when a PV is within the
corresponding range.

Counter AR area flags
High-speed counter 0 | AR 1100 to AR 1107 correspond to ranges 1 to 8.
High-speed counter 1 | AR 0500 to AR 0507 correspond to ranges 1 to 8.
High-speed counter 2 | AR 0600 to AR 0607 correspond to ranges 1 to 8.

The following diagram shows the structure of a range comparison table for use
with the CPU Unit’s built-in high-speed counter 0 or the Pulse I/O Board'’s high-
speed counters 1 or 2 set for linear counting.

TB Lower limit #1, lower 4 digits (BCD)

TB+1 Lower limit #1, upper 4 digits (BCD)

TB+2 Upper limit #1, lower 4 digits (BCD) —® First range setting
TB+3 Upper limit #1, upper 4 digits (BCD)

TB+4 Subroutine number (See note 1.)

TB+35 Lower limit #8, lower 4 digits (BCD)
TB+36 Lower limit #8, upper 4 digits (BCD)
TB+37 Upper limit #8, lower 4 digits (BCD) — Eighth range setting
TB+38 Upper limit #8, upper 4 digits (BCD)

TB+39 Subroutine number (See note 1.)
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The following diagram shows the structure of a range comparison table for use
with the Pulse I/O Board'’s high-speed counters 1 or 2 set for ring counting. The
ring value specifies the number of points in the ring and the maximum count val-
ue (ring value = max. count value+1); the setting range fro the ring value is 0 to
65,000. Do not change the ring value while a comparison is in progress.

Ring value, lower 4 digits (BCD)

Ring value, upper 4 digits (BCD)

— Ring value setting

Lower limit #1, lower 4 digits (BCD)

Lower limit #1, upper 4 digits (BCD)

Upper limit #1, lower 4 digits (BCD)

Upper limit #1, upper 4 digits (BCD)

Subroutine number (See note 1.)

— First range setting

TB+37

Lower limit #8, lower 4 digits (BCD)

TB+38

Lower limit #8, upper 4 digits (BCD)

TB+39

Upper limit #8, lower 4 digits (BCD)

TB+40

Upper limit #8, upper 4 digits (BCD)

TB+41

Subroutine number (See note 1.)

— Eighth range setting

The following diagram shows the structure of a range comparison table for use
with the Absolute Encoder Interface Board'’s high-speed counters 1 and 2.

Lower limit #1(BCD)

Upper limit #1 (BCD)

Subroutine number (See note 1.)

First range setting

Lower limit #8 (BCD)

Upper limit #8 (BCD)

Subroutine number (See note 1.)

— Eighth range setting

Note

1. The subroutine number can be 0000 to 0255 and the subroutine will be

executed as long as the counter’s PV is within the specified range. A value of
FFFF indicates that no subroutine is to be executed.

2. Allow a time interval of at least 2 ms between the lower and upper limits (up-
per limit — lower limit > 0.002 x input pulse frequency) in range comparisons
with high-speed counters 1 and 2.

The following table shows the possible values for target values, lower limit val-
ues, and upper limit values. The hexadecimal value F in the most significant digit
indicates that the value is negative.

Counter Possible values
High-speed counter O Differential phase mode: FO03 2768 to 0003 2767
(CPU Unit) Incrementing mode: 0000 0000 to 0006 5535

High-speed counters 1 and 2
(Pulse I/0O Board)

Linear counting: F838 8607 to 0838 8608
Ring counting: 0000 0000 to 0006 4999

Absolute high-speed counters
1 and 2 (Absolute Encoder In-
terface Board)

BCD mode: 0000 to 4095
360° mode: 0000 to 0355 (5° units)

In 360° mode the absolute high-speed counter’s angular values are internally
converted to binary values. The binary value after conversion depends on the
resolution selected in the PC Setup (DM 6643 and/or DM 6644). The following

table shows the converted values for 5° to 45°.
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& Caution

Operation with the
High-speed Counter
Board

242

Resolution Converted value

5° 10° 15° 20° 25° 30° 35° 40° 45°
8-bit (0 to 255) 4 7 11 14 18 21 25 28 32
10-bit (0 to 1023) |14 28 43 57 71 85 100 |114 128

12-bit (0 to 4095) | 57 114 171 |228 |284 |341 |398 |455 |512

For higher values, find the converted value to the nearest 45° and add the re-
mainder from the table. For example, to convert 145° into 8-bit resolution:
32x3 (for 135°) + 7 (for 10°) = 103.

With 10-bit and 12-bit resolution, interrupt processing might not be triggered
when the angular value matches the comparison value because the converted
values do not match exactly.

Range Comparison Operation
The following diagram illustrates the operation of range comparisons for range
settings 1 through 4 set consecutively in the comparison table.

0
Count | >
- -
Range Range
1 - 3 -
Range Range
2 4

As illustrated above, the current count is compared against all the comparison
ranges at the same time and the result for each range is output.

AR Area Flags

The following AR area flags indicate the status of comparison operations for
high-speed counter 0 in the CPU Unit and high-speed counters 1 and 2 in the
Pulse 1/0 Board or Absolute Encoder Interface Board.

Word Bit(s) Operation

AR 05 | 00to 07 | High-speed Counter 1 (Port 1) Range Comparison Flags
Bits 00 to 07 will be turned ON when the counter PV is within
the corresponding range (1 to 8).

08 High-speed Counter 1 (Port 1) Comparison Flag
This flag will be ON during PV comparison.
09 High-speed Counter 1 (Port 1) Overflow/Underflow Flag

This flag will be ON when an overflow or underflow occurred.

AR 06 | 00to 07 | High-speed Counter 2 (Port 2) Range Comparison Flags
Bits 00 to 07 will be turned ON when the counter PV is within
the corresponding range (1 to 8).

08 High-speed Counter 2 (Port 2) Comparison Flag
This flag will be ON during PV comparison.
09 High-speed Counter 2 (Port 2) Overflow/Underflow Flag

This flag will be ON when an overflow or underflow occurred.

AR 11 | 00to 07 | High-speed Counter 0 Range Comparison Flags
Bits 00 to 07 will be turned ON when the counter PV is within
the corresponding range (1 to 8).

When the execution condition is OFF, CTBL(63) is not executed. When the exe-
cution condition is ON, CTBL(63) registers a comparison table for use with the
high-speed counter PV. Depending on the value of C, comparison with the high-
speed counter PV can begin immediately or it can be started separately with
INI(61).

The port specifier (P) specifies which one of the High-speed Counter Board'’s
high-speed counters will be used in the comparison.
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Function Port specifier (P)
For a Board in slot 1 For a Board in slot 2
High-speed counter 1 | 101 001
High-speed counter 2 | 102 002
High-speed counter 3 | 103 003
High-speed counter 4 | 104 004

The function of CTBL(63) is determined by the control data, C, as shown in the
following table. These functions are described after the table.

C CTBL(63) function
000 Registers a target value comparison table and starts comparison.
001 Registers a range comparison table and starts comparison.
002 Registers a target value comparison table. Start comparison with INI(61).
003 Registers a range comparison table. Start comparison with INI(61).

When the PV agrees with a target value or falls within a specified range, a bit
pattern is output to the allocated IR word. Refer to 1-4-5 High-speed Counter O
Interrupts for more details on table comparison.

If the high-speed counter is enabled in the PC Setup (DM 6642), it will begin
counting from zero when the CQM1H begins operation. The PV will not be
compared to the comparison table until the table is registered and comparison is
initiated with INI(61) or CTBL(63). Comparison can be stopped and started, or
the PV can be reset with INI(61).

Once a comparison table has been registered, it is valid until the CQM1H is
halted or until a error occurs in attempting to register a new table. The differen-
tiated form of CTBL(63) is recommended when possible to reduce cycle time.

Target Value Comparison

Up to 48 target values can be registered. A bit pattern is also registered for each
target value. The registered bit pattern is output to the allocated IR word when
the PV matches a target value. The High-speed Counter Board does not gener-
ate interrupts; the registered bit pattern is reflected in the allocated IR word and
at the external outputs.

Compare Match 1 0

-~| Targetvalue 1 |—— | Bit pattern 1 (see note)
High-speed counter PV ‘ -~| Target value 2 | —=| Bit pattern 2 (see note)

~| Target value 48 Bit pattern 48 (see note)

Note Bit patterns 1 to 48 are configured as follows:

11 87 0
IR 208 to IR 211 or
IR 240 to IR 243
——
External Internal bit
bit pattern pattern (8 bits)

L Takes the logical OR of the
same 4 bits in IR 208 to IR 211
or IR 240 to IR 243 and out-
puts the result to the 4 external

outputs.
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Target value comparisons are performed one item at a time in order of the com-
parison table. When the PV reaches the first target value in the table, the bit pat-
tern is output to the allocated IR word and comparison continues to the next val-
ue in the table. When processing has been completed for the last target value in
the table, comparison returns to the first value in the table and the process is
repeated.

The following diagram shows the structure of a target value comparison table for
use with high-speed counters 1 to 4 when set for linear counting.

TB Number of target values (BCD)

TB+1 Target value #1, lower 4 digits (BCD)

TB+2 Target value #1, upper 4 digits (BCD) One target value setting
TB+3 Bit pattern #1

The following diagram shows the structure of a target value comparison table for
use with high-speed counters 1 to 4 when set for ring counting. Input the target
values in ascending or descending order.

The ring value specifies the number of points in the ring and the maximum count
value (ring value = max. count value+1). Do not change the ring value while a
comparison is in progress.

TB Ring value, lower 4 digits (BCD) [ )
TB+1 Ring value, upper 4 digits (BCD) Ring value setting
TB+2 Number of target values (BCD)
TB+3 Target value #1, lower 4 digits (BCD)
TB+4 Target value #1, upper 4 digits (BCD) | [ One target value setting
TB+5 Bit pattern #1

' ' ' '

' ' ' '

Target values 1 to 48 and bit patterns 1 to 48 are stored in the comparison table.
Bits O to 7 of the bit pattern are stored as the internal bit pattern. Bits 8 to 11 are
stored as the external bit pattern, the logical OR of these bits is calculated for the
four high-speed counters, and the result is output to external outputs 1 to 4.

The following example shows how the bit patterns for high-speed counters 1 to 4
are ORed to produce the resulting output at the external outputs.

Slot1  Slot2 Bit
11 10 09 08
High-speed counter 1 comparison results (IR 208 or IR 240) | 0 | 0 | 0 | 1 |
11 10 09 08
High-speed counter 2 comparison results (IR 209 or IR 241) | 0 | 0 | 1 | 0 |
Calculate the logical
11 10 09 08 OR and output.
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High-speed counter 3 comparison results (IR 210 or IR 242) | 0 | 1 | 0 | 0 |

High-speed counter 4 comparison results (IR 211 or IR 243) | 0 | 0 | 0 | 0 |

11 10 09 08

— = External output 1: ON
External output 2: ON
External output 3: ON
External output 4: OFF
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Compare

High-speed counter PV |- -

Target Value Comparison Operation
The following diagram illustrates the operation of target value comparisons for
target values 1 through 5 set consecutively in the comparison table.

Count Bit pattern output

Initial —»

valee T T T T T

|—>Target —» Target —» Target —» Target —» Target _|

1 2 3 4 5

As illustrated above, the current count is compared with each target value in the
order that they are registered in the target value comparison table. When the
count is the same as the current target value, the registered bit pattern is output
to the allocated IR word, and comparison starts with the next target value. When
all target values in the comparison table have been matched and their bit pat-
terns have been output, the target value is reset to the first target value in the
table and the operation is repeated.

Range Comparison

A range comparison table contains 8 ranges which are defined by an 8-digit low-
er limit and an 8-digit upper limit, as well as the bit pattern. The registered bit
pattern is output to the allocated IR word when the PV falls within a given range.
The High-speed Counter Board does not generate interrupts; the registered bit
pattern is reflected in the allocated IR word and at the external outputs.

Within

range 11 0

- '| Lower limit 1 « Upper limit 1 | Bit pattern 1 (see note)
- ’| Lower limit 2 — Upper limit 2 | (see note)

~| Lower limit 16 . Upper limit 16 | Bit pattern 16 | (See note)

Note Bit patterns 1 to 16 are configured as follows:

11 87 0
IR 208 to IR 211 or
IR 240 to IR 243
-
External Internal bit
bit pattern pattern (8 bits)

|—» Takes the logical OR of the
same 4 bits in IR 208 to IR 211
or IR 240 to IR 243 and out-

puts the result to the 4 external
outputs.

Register a lower limit, upper limit, and bit pattern for each range (1 to 16) in the
range comparison table. Bits 0 to 7 of the bit pattern are stored as the internal bit
pattern. Bits 8 to 11 are stored as the external bit pattern, the logical OR of these
bits is calculated for the four high-speed counters, and the result is output to ex-
ternal outputs 1 to 4.
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The following example shows how the bit patterns for high-speed counters 1 to 4
are ORed to produce the resulting output at the external outputs.

Slot1  Slot2  Bit
11 10 09 08
High-speed counter 1 comparison results (IR 208 or IR 240) | 0 | 0 | 0 | 1 |
11 10 09 08
High-speed counter 2 comparison results (IR 209 or IR 241) | 0 | 0 | 1 | 0 |
11 10 09 08
High-speed counter 3 comparison results (IR 210 or IR 242) | 0 | 1 | 0 | 0 |

High-speed counter 4 comparison results (IR 211 or IR 243)

11 10 09 08
[ofofofo]

Calculate the logical
OR and output.

External output 1: ON
External output 2: ON

External output 3: ON

External output 4: OFF

The following diagram shows the structure of a range comparison table for use
with high-speed counters 1 to 4 when set for linear counting.

Lower limit #1, lower 4 digits (BCD)

Lower limit #1, upper 4 digits (BCD)

Upper limit #1, lower 4 digits (BCD)

Upper limit #1, upper 4 digits (BCD)

Bit pattern #1

TB+75

Lower limit #16, lower 4 digits (BCD)

TB+76

Lower limit #16, upper 4 digits (BCD)

TB+77

Upper limit #16, lower 4 digits (BCD)

TB+78

Upper limit #16, upper 4 digits (BCD)

TB+79

Bit pattern #16

— First range setting

—® Sixteenth range setting

The following diagram shows the structure of a range comparison table for use
with high-speed counters 1 to 4 when set for ring counting. The ring value speci-
fies the number of points in the ring and the maximum count value (ring value =
max. count value+1). Do not change the ring value while a comparison is in prog-

ress.

Ring value, lower 4 digits (BCD)

Ring value, upper 4 digits (BCD)

— Ring value setting

Lower limit #1, lower 4 digits (BCD)

Lower limit #1, upper 4 digits (BCD)

Upper limit #1, lower 4 digits (BCD)

Upper limit #1, upper 4 digits (BCD)

Bit pattern #16

— First range setting

TB+77

Lower limit #16, lower 4 digits (BCD)

TB+78

Lower limit #16, upper 4 digits (BCD)

TB+79

Upper limit #16, lower 4 digits (BCD)

TB+80

Upper limit #16, upper 4 digits (BCD)

TB+81

Bit pattern #16

— Sixteenth range setting

The following table shows the possible values that can be set for high-speed
counters 1 to 4 for target values, lower limit values, and upper limit values. The
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Note

hexadecimal value F in the most significant digit indicates that the value is nega-
tive (a negative 7-digit value.)

Data format Possible values
Linear counting Ring counting
BCD F838 8608 to 0838 8607 0000 0001 to 0838 8607
Hexadecimal F800 0000 to 07FF FFFF 0000 0001 to O7FF FFFF

Range Comparison Operation
The following diagram illustrates the operation of range comparisons for range
settings 1 through 4 set consecutively in the comparison table.

0
Count } >
P — -
Range Range
1 - 3 -
Range Range
2 4

As illustrated above, the current count is compared against all the comparison
ranges at the same time and the result for each range is output.

When the High-speed Counter Board is installed in slot 1, the bit patterns are
output to IR 208 through IR 211. When the Board is installed in slot 2, the bit pat-
terns are output to IR 240 through IR 243.

Counter number Allocated IR word
For a Board in slot 1 For a Board in slot 2

High-speed counter 1 | IR 208 IR 240

High-speed counter 2 | IR 209 IR 241

High-speed counter 3 | IR 210 IR 242

High-speed counter 4 | IR 211 IR 243

The following table shows the function of the bits in the allocated IR word.

Bit(s) Function
00 to 07 | Contains the internal bit pattern.
08 to 11 | Contains the external bit pattern.

12 Counter Operating Flag (0: Stopped; 1: Operating)

13 Comparison Flag (0: Stopped; 1: Operating)

14 PV Overflow/Underflow Flag (0: Normal; 1: Overflow/underflow occurred)
15 SV Error Flag (0: Normal; 1: SV error occurred)

1. When using target comparison for high-speed counters 1 to 4, set the target
values so that bit patterns are output at an interval of 0.2 ms or greater.

2. When using range comparison for high-speed counters 1 to 4, set the limits
so that the PV of the counter remains between the upper and lower limit for
0.5 ms or greater. (Upper limit — Lower limit > 0.0005 x Input frequency)

3. When using target comparison for high-speed counters 1 to 4, it does not
matter if the target value is reach by incrementing or decrementing. This is
also true for target value comparison for the High-speed Counter Board, but
is different from high-speed counters 1 and 2 in Ring Mode on the Pulse 1/0
Board or high-speed counters 1 and 2 on the Absolute Encoder Interface
Board.

High-speed counters 1 to 4 begin counting from 0 when CQM1H program opera-
tion begins, but the bit pattern will not be output until comparison begins. Use
INI(61) to stop comparison.

A comparison table registered with CTBL(63) is valid until CQM1H program op-
eration ends or a different comparison table is registered. The cycle time can be
reduced by executing a differentiated variation of CTBL(63) when required.
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Flags

ER:

The specified port and function are not compatible.

There is another CTBL(63) instruction with a different comparison
method in the subroutine called by CTBL(63) instruction.

A CTBL(63) instruction with a different comparison method is executed
during comparison.

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

The comparison table exceeds the data area boundary, or there is an
error in the comparison table settings.

CTBL(63) is executed in an interrupt subroutine while a pulse 1/0 or
high-speed counter instruction is being executed in the main program.

Subroutines or bit pattern output is executed only once when the execution
conditions are first met. AR status is refreshed only once per cycle. If conditions
are met for more than one item in the table at the same time, the first item in the

table takes priority.

5-16-8 MODE CONTROL — INI(61)

Limitations

Description
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Ladder Symbols

INI(61)

P

C

P1

Operand Data Areas

— @INI(61)

P: Port specifier

000 to 004 or 101 to 104

P

C: Control data

C

000 to 003

P1

P1: First PV word

IR, SR, AR, DM, EM, HR, LR

P1 must be 000 unless C is 002.
P1 and P1+1 must be in the same

data area.

DM 6143 to DM 6655 cannot be used for P1.

INI(61) can be used with the functions listed in the following table.

Unit/Board

Function

CPU Unit

High-speed counter O (IR 00004 to IR 00006)

Transistor Output Unit

Pulse outputs

Pulse I/O Board

High-speed counters 1 and 2
Pulse outputs 1 and 2

Absolute Encoder Interface Board

Absolute high-speed counters 1 and 2

High-speed Counter Board

High-speed counters 1 to 4

When the execution condition is OFF, INI(61) is not executed. When the execu-

tion condition is ON, INI(61) is used to control high-speed counter operation and

stop pulse output.
The port specifier (P) specifies the
be controlled.

high-speed counter or pulse output that will

Unit Function Port specifier (P)

CPU Unit High-speed counter 0 000

Transistor Output Unit | Pulse output

000
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CTBL(63) Table Comparison

PV Change

Inner Board Function Port specifier (P)
Slot 1 Slot 2
Pulse 1/0 Board High-speed counter 1 or pulse 001
output 1
High-speed counter 2 or pulse 002
output 2
Absolute Encoder Absolute high-speed counter 1 001
Interface Board Absolute high-speed counter 2 002
High-speed Counter High-speed counter 1 101 001
Board High-speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004

The function of INI(61) is determined by the control data, C. (P1 and P1+1 con-
tain the new high-speed counter PV when changing the PV.)

C P1 INI(61) function
000 000 Starts CTBL(63) table comparison.
001 000 Stops CTBL(63) table comparison.
002 New high-speed counter PV Changes high-speed counter PV.
003 000 Stops pulse output.
The following table shows which values of C can be used with each function.
Unit/Board Function Values of C
000 | 001 | 002 | 003
CPU Unit High-speed counter O YES | YES | YES | ---
Transistor Output Unit Pulse output - YES
Pulse 1/0 Board High-speed counters 1 and 2 | YES | YES | YES | ---
Pulse outputs 1 and 2 --- YES
Absolute Encoder Absolute high-speed YES | YES | ---
Interface Board counters 1 and 2
High-dspeed Counter High-speed counters 1 to 4 YES | YES | YES | ---
Boar

If C is 000 or 001, INI(61) starts or stops comparison of the high-speed counter’s
PV to the comparison table registered with CTBL(63). Refer to 1-4-5 High-speed
Counter 0 Interrupts for details on table comparison.

If Cis 002, INI(61) changes the high-speed counter’s PV to the 8-digit value in P1
and P1+1. The leftmost 4 digits are stored in P1+1 and the rightmost 4 digits are
stored in P1. A hexadecimal value of F in the most significant digit of PV indicates
that the PV is negative.

CPU Unit: Built-in High-speed Counter 0

The following table shows the possible 8-digit BCD values for the PV of high-
speed counter 0.

Possible values
FO03 2768 to 0003 2767
0000 0000 to 0006 5535

Mode
Differential phase mode
Incrementing mode

Pulse 1/0 Board: High-speed Counters 1 and 2
The following table shows the possible 8-digit BCD values for the PV of high-
speed counters 1 and 2 on a Pulse I/O Board.

Possible values
F838 8608 to 0838 8607
0000 0000 to 0006 4999

Numeric range
Linear counting
Ring counting
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Stop Pulse Output

Note

Flags

Absolute Encoder Interface Board: High-speed Counters 1 and 2
The PV of absolute high-speed counters 1 and 2 cannot be changed.

High-speed Counter Board: High-speed Counters 1 to 4
The following table shows the possible 8-digit values (BCD or hexadecimal) for
the PV of high-speed counters 1 to 4 on a High-speed Counter Board.

Numeric range Possible values

BCD format
F838 8608 to 0838 8607

Hexadecimal format
F800 0000 to 07FF FFFF

Linear counting

Ring counting 0000 0000 to 0838 8607 0000 0000 to 07FF FFFF

If C is 003, INI(61) stops pulse output. Refer to 1-5 Pulse Output Functions for
details on stopping Pulse I/O Board pulse outputs 1 and 2.

Pulse output can be stopped only when pulses are not currently being output.
The Pulse Output Flag (AR 0515 or AR 0615) can be used to check pulse output
status.

ER: The specified port and function are not compatible.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

P1+1 exceeds the data area boundary. (C=002)
There is an error in the operand settings.

INI(61) is executed in an interrupt subroutine while a pulse 1/O or high-
speed counter instruction is being executed in the main program.

5-16-9 HIGH-SPEED COUNTER PV READ - PRV(62)

Ladder Symbols Operand Data Areas
P: Port specifier
— PRV(62) — @PRV(62)
000 to 004 or 101 to 104
P P
C: Control data
C C
000 to 004 or 101 to 104
D D

Limitations

Description
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D: First destination word

IR, SR, AR, DM, EM, HR, LR

ID and D+1 must be in the same data area.
DM 6143 to DM 6655 cannot be used for D.

PRV(62) can be used with the functions listed in the following table.

Function
High-speed counter 0 (IR 00004 to IR 00006)

Unit/Board

CPU Unit

Pulse 1/0 Board High-speed counters 1 and 2

Pulse outputs 1 and 2

Absolute Encoder Interface Board | Absolute high-speed counters 1 and 2

High-speed Counter Board High-speed counters 1 to 4

When the execution condition is OFF, PRV(62) is not executed. When the exe-
cution condition is ON, PRV(62) reads data specified by P and C and writes it to
D or D and D+1.
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High-speed Counter PV
(C=000)

The port specifier (P) specifies the high-speed counter or pulse output that will
be controlled.

Unit Function Port specifier (P)
CPU Unit High-speed counter 0 000
Transistor Output Unit | Pulse output 000
Inner Board Function Port specifier (P)
Slot 1 Slot 2
Pulse I/O Board High-speed counter 1 or pulse 001
output 1
High-speed counter 2 or pulse 002
output 2
Absolute Encoder Absolute high-speed counter 1 001
Interface Board Absolute high-speed counter 2 002
High-speed Counter High-speed counter 1 101 001
Board High-speed counter 2 102 002
High-speed counter 3 103 003
High-speed counter 4 104 004

The control data, C, determines which type of data will be accessed.

C Data Destination word(s)
000 High-speed counter PV D and D+1
001 Status of high-speed counter or pulse output D
002 Range comparison results D

The following table shows which values of C can be used with each function.

Unit/Board Function Values of C
000 | 001 | 002
CPU Unit High-speed counter O YES |--- YES

Transistor Output Unit
Pulse 1/0 Board

Pulse output
High-speed counters 1and 2 | YES | YES | YES

Pulse outputs 1 and 2 YES |---
Absolute Encoder Interface Absolute high-speed YES |YES |YES
Board counters 1 and 2

High-speed Counter Board High-speed counters 1 to 4 YES |YES |---

If Cis 000, PRV(62) reads the specified high-speed counter’s PV and writes the
8-digit value in D and D+1. The leftmost 4 digits are stored in D+1 and the right-
most 4 digits are stored in D. A hexadecimal value of F in the most significant
digit of PV indicates that the PV is negative.

PRV(62) reads the same high-speed counter PV information stored in the IR
words allocated for that purpose (IR 230 and IR 231 for high-speed counter 0,
IR 200 to IR 207 or IR 232 to IR 239 for high-speed counters 1 to 4), but the allo-
cated IR words are refreshed just once each cycle while PRV(62) reads the most
up-to-date values.

CPU Unit: Built-in High-speed Counter O

The following table shows the possible 8-digit BCD values for the PV of high-
speed counter 0.

Mode Possible values
Differential phase mode | FO03 2768 to 0003 2767
Incrementing mode 0000 0000 to 0006 5535
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High-speed Counter or
Pulse Output Status
(C=001)
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Pulse 1/0 Board: High-speed Counters 1 and 2
The following table shows the possible 8-digit BCD values for the PV of high-
speed counters 1 and 2 on a Pulse I/O Board.

Numeric range Possible values
Linear counting F838 8608 to 0838 8607
Ring counting 0000 0000 to 0006 4999

Absolute Encoder Interface Board: High-speed Counters 1 and 2
The following table shows the possible values for the PV of absolute high-speed
counters 1 and 2.

Mode Possible values
BCD mode 0000 0000 to 0000 4095
360° mode 0000 0000 to 0000 0359

High-speed Counter Board: High-speed Counters 1 to 4
The following table shows the possible 8-digit values (BCD or hexadecimal) for
the PV of high-speed counters 1 to 4 on a High-speed Counter Board.

Numeric range Possible values
BCD format Hexadecimal format
Linear counting F838 8608 to 0838 8607 F800 0000 to 07FF FFFF
Ring counting 0000 0000 to 0838 8607 0000 0000 to 07FF FFFF

If C is 001, PRV(62) reads the operating status of the specified high-speed
counter or pulse output and writes the data to D.

PRV(62) reads the same information stored in the AR and IR words allocated for
that purpose (AR 05 and AR 06 for the Pulse 1/O Board or Absolute Encoder In-
terface Board, IR 208 to IR 211 or IR 240 to IR 243 for the High-speed Counter
Board), but the allocated AR and IR words are refreshed just once each cycle
while PRV(62) reads the most up-to-date values.

Pulse I/O Board

The following table shows the function of bits in D for high-speed counters 1 and
2 or pulse outputs from ports 1 and 2 on a Pulse 1/0O Board. Bits not listed in the
table are not used and will always be 0.

Bit Function

00 High-speed counter comparison status. (0: Stopped; 1: Comparing)

01 High-speed counter underflow/overflow.
(0: Normal; 1: Underflow/Overflow occurred.)

04 Deceleration of pulse frequency. (0: Not specified; 1: Specified.)
05 Total number of pulses specified. (0: Not specified; 1: Specified.)
06 Pulse output completed. (0: Not completed; 1: Completed)

07 Pulse output status (0: Stopped; 1: Outputting)

Absolute Encoder Interface Board

For absolute high-speed counters 1 and 2, Bit 00 of D indicates the comparison
status (0: Stopped; 1: Comparing). The other bits in D (01 through 15) are not
used and will always be 0.

High-speed Counter Board
The following table shows the function of bits in D for high-speed counters 1 to 4
on a High-speed Counter Board.

Bit(s) Function
00 to 07 | Contains the internal bit pattern.
08 to 11 | Contains the external bit pattern.
12 Counter Operating Flag (0: Stopped; 1: Operating)
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Range Comparison Results
(C=002)

Flags

Bit(s) Function
13 Comparison Flag (0: Stopped; 1: Operating)
14 PV Overflow/Underflow Flag (0: Normal; 1: Overflow/underflow occurred)
15 SV Error Flag (0: Normal; 1: SV error occurred)

If Cis 002, PRV(62) reads the results of the range comparison results for built-in
high-speed counter 0, Pulse 1/0 Board high-speed counters 1 and 2, or Absolute
Encoder Interface Board absolute high-speed counters 1 and 2.

Bits 00 through 07 of D contain the Comparison Result flags for ranges 1 to 8.
(O: Not in range; 1: In range)

PRV(62) reads the same information stored in the AR words allocated for that
purpose (AR 05 and AR 06 for the Pulse I/O Board or Absolute Encoder Inter-
face Board, AR 11 for built-in high-speed counter 0), but the allocated AR words
are refreshed just once each cycle while PRV(62) reads the most up-to-date val-

ues.

ER:

The specified port and function are not compatible.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

D+1 exceeds the data area boundary. (C=000)
There is an error in the operand settings.

PRV(62) is executed in an interrupt subroutine while a pulse I/O or high-
speed counter instruction is being executed in the main program.
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5-17 Shift Instructions

5-17-1 SHIFT REGISTER — SFT(10)

Limitations

Description

Ladder Symbol Operand Data Areas

I St: Starting word
SFT(10)
P IR, SR, AR, HR, LR
St

R . E: End word

IR, SR, AR, HR, LR

E must be greater than or equal to St, and St and E must be in the same data
area.

If a bit address in one of the words used in a shift register is also used in an
instruction that controls individual bit status (e.g., OUT, KEEP(11)), an error
(“COIL/OUT DUPL") will be generated when program syntax is checked on the
Programming Console or another Programming Device. The program, howev-
er, will be executed as written. See Example 2: Controlling Bits in Shift Registers
for a programming example that does this.

SFT(10) is controlled by three execution conditions, I, P, and R. If SFT(10) is
executed and 1) execution condition P is ON and was OFF in the last execution,
and 2) R is OFF, then execution condition | is shifted into the rightmost bit of a
shift register defined between St and E, i.e., if 1 is ON, a 1 is shifted into the regis-
ter; if | is OFF, a 0 is shifted in. When | is shifted into the register, all bits previously
in the register are shifted to the left and the leftmost bit of the register is lost.

St+1, St+2, ... St

/ YUYV W YUUUUUUYIUUUUUY UUUUUUUUUUUUUUUU\

Lost data

Flags
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Execution condition |

The execution condition on P functions like a differentiated instruction, i.e., | will
be shifted into the register only when P is ON and was OFF the last time SFT(10)
was executed. If execution condition P has not changed or has gone from ON to
OFF, the shift register will remain unaffected.

St designates the rightmost word of the shift register; E designates the leftmost.
The shift register includes both of these words and all words between them. The
same word may be designated for St and E to create a 16-bit (i.e., 1-word) shift
register.

When execution condition R goes ON, all bits in the shift register will be turned
OFF (i.e., set to 0) and the shift register will not operate until R goes OFF again.

There are no flags affected by SFT(10).
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Example

The following example uses the 1-second clock pulse bit (25502) so that the
execution condition produced by 00000 is shifted into IR 010 every second. Out-
put 10000 is turned ON whenever a “1” is shifted into 01007.

| Address | Instruction Operands
SFT(0) 00000 | LD 00000
a 010 00001 | LD 25502
" 00002 | LD 00001

010

00003 | SFT(10) 010
010
00004 | LD 01007

O 00005 | OUT 10000
10000

5-17-2 WORD SHIFT — WSFT(16)

Limitations

Description

Flags

Ladder Symbols Operand Data Areas
St: Starting word
WSFT(16) @WSFT(16) IR, SR, AR, DM, EM, HR, LR
St St
E: End word
E E
IR, SR, AR, DM, EM, HR, LR

St and E must be in the same data area, and E must be greater than or equal to

St.

DM 6144 to DM 6655 cannot be used for St or E.

When the execution condition is OFF, WSFT(16) is not executed. When the
execution condition is ON, WSFT(16) shifts data between St and E in word units.
Zeros are written into St and the content of E is lost.

ER:

E St+1 St
3| 4] s[ 2] 1] o] 2] 9| 0f0]0]0

The St and E words are in different areas, or St is greater than E.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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5-17-3 ARITHMETIC SHIFT LEFT — ASL(25)

Ladder Symbols Operand Data Areas
ASL(25) @ASL(25) Wd: Shift word
IR, SR, AR, DM, EM, HR, LR
wd wd

Limitations DM 6144 to DM 6655 cannot be used for Wd.

Description When the execution condition is OFF, ASL(25) is not executed. When the execu-
tion condition is ON, ASL(25) shifts a 0 into bit 00 of Wd, shifts the bits of Wd one
bit to the left, and shifts the status of bit 15 into CY.

Bit Bit

CY 15 00
[] [aloJofa[z]a]oJo]o1]ofa]ofo]a]a]
— A4

Precautions A 0 will be shifted into bit 00 every cycle if the undifferentiated form of ASL(25) is
used. Use the differentiated form (@ASL(25)) or combine ASL(25) with
DIFU(13) or DIFD(14) to shift just one time.

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: Receives the status of bit 15.
EQ: ON when the content of Wd is zero; otherwise OFF.

5-17-4 ARITHMETIC SHIFT RIGHT — ASR(26)

Ladder Symbols Operand Data Areas
ASR(26) @ASR(26) Wd: Shift word
IR, SR, AR, DM, EM, HR, LR
wd wd
Limitations DM 6144 to DM 6655 cannot be used for Wd.
Description When the execution condition is OFF, ASR(25) is not executed. When the

execution condition is ON, ASR(25) shifts a 0 into bit 15 of Wd, shifts the bits of
W(d one bit to the right, and shifts the status of bit 00 into CY.
Bit Bit
15 cY
o[t[2fofo]2 o 1 1 ofo 11 oo a]o] []
N4 ~—r

Precautions A 0 will be shifted into bit 15 every cycle if the undifferentiated form of ASR(26) is
used. Use the differentiated form (@ASR(26)) or combine ASR(26) with
DIFU(13) or DIFD(14) to shift just one time.

Flags ER: Indirectly addressed EM/DM word is hon-existent.

(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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CY: Receives the data of bit 00.
EQ: ON when the content of Wd is zero; otherwise OFF.

5-17-5 ROTATE LEFT — ROL(27)

Ladder Symbols Operand Data Areas
ROL(27) @ROL(27) Wd: Rotate word
IR, SR, AR, DM, EM, HR, LR
wd wd
Limitations DM 6144 to DM 6655 cannot be used for Wd.
Description When the execution condition is OFF, ROL(27) is not executed. When the

execution condition is ON, ROL(27) shifts all Wd bits one bit to the left, shifting
CY into bit 00 of Wd and shifting bit 15 of Wd into CY.
Bit Bit
cy 15 00
@ [1]o]1[s]ofo[1]1]1]ofofo[s]1]0]1]
“—

Precautions Use STC(41) to set the status of CY or CLC(41) to clear the status of CY before
doing a rotate operation to ensure that CY contains the proper status before
executing ROL(27).

CY will be shifted into bit 00 every cycle if the undifferentiated form of ROL(27) is
used. Use the differentiated form (@ROL(27)) or combine ROL(27) with
DIFU(13) or DIFD(14) to shift just one time.

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: Receives the data of bit 15.
EQ: ON when the content of Wd is zero; otherwise OFF.

5-17-6 ROTATE RIGHT — ROR(28)

Ladder Symbols Operand Data Areas
ROR(28) @ROR(28) Wd: Rotate word
IR, SR, AR, DM, EM, HR, LR
wd wd
Limitations DM 6144 to DM 6655 cannot be used for Wd.
Description When the execution condition is OFF, ROR(28) is not executed. When the

execution condition is ON, ROR(28) shifts all Wd bits one bit to the right, shifting
CY into bit 15 of Wd and shifting bit 00 of Wd into CY.
Bit Bit
CY 15 00
@ [o]1]o[1]o]1[ofofo[1]1]1]0[o]0]1]
A
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Precautions

Flags

Use STC(41) to set the status of CY or CLC(41) to clear the status of CY before
doing a rotate operation to ensure that CY contains the proper status before
execution ROR(28).

CY will be shifted into bit 15 every cycle if the undifferentiated form of ROR(28) is
used. Use the differentiated form (@ROR(28)) or combine ROR(28) with
DIFU(13) or DIFD(14) to shift just one time.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: Receives the data of bit 00.
EQ: ON when the content of Wd is zero; otherwise OFF.

5-17-7 ONE DIGIT SHIFT LEFT — SLD(74)

Limitations

Description

Precautions

Flags
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Ladder Symbols Operand Data Areas
St: Starting word
SLD(74) @SLD(74) IR, SR, AR, DM, EM, HR, LR
St St
E: End word
E E
IR, SR, AR, DM, EM, HR, LR

St and E must be in the same data area, and E must be greater than or equal to
St.

DM 6144 to DM 6655 cannot be used for St or E.

When the execution condition is OFF, SLD(74) is not executed. When the execu-
tion condition is ON, SLD(74) shifts data between St and E (inclusive) by one
digit (four bits) to the left. O is written into the rightmost digit of the St, and the
content of the leftmost digit of E is lost.

E st
8|F|c|s p[7]9]1
Lost data 0

If a power failure occurs during a shift operation across more than 50 words, the
shift operation might not be completed.

A 0 will be shifted into the least significant digit of St every cycle if the undifferen-
tiated form of SLD(74) is used. Use the differentiated form (@SLD(74)) or com-
bine SLD(74) with DIFU(13) or DIFD(14) to shift just one time.

ER: The St and E words are in different areas, or St is greater than E.

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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5-17-8 ONE DIGIT SHIFT RIGHT — SRD(75)

Ladder Symbols Operand Data Areas
E: End word
SRD(75) @SRD(75) IR, SR, AR, DM, EM, HR, LR
E E :
St: Starting word
St St IR, SR, AR, DM, EM, HR, LR
Limitations St and E must be in the same data area, and E must be less than or equal to St.

DM 6144 to DM 6655 cannot be used for St or E.

Description When the execution condition is OFF, SRD(75) is not executed. When the
execution condition is ON, SRD(75) shifts data between St and E (inclusive) by
one digit (four bits) to the right. 0 is written into the leftmost digit of St and the
rightmost digit of E is lost.

St E
3l4]5]2 Fls[c|1
0 Lost data

Precautions If a power failure occurs during a shift operation across more than 50 words, the

shift operation might not be completed.

A 0 will be shifted into the most significant digit of St every cycle if the undifferen-
tiated form of SRD(75) is used. Use the differentiated form (@SRD(75)) or com-
bine SRD(75) with DIFU(13) or DIFD(14) to shift just one time.

Flags ER: The St and E words are in different areas, or St is less than E.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-17-9 REVERSIBLE SHIFT REGISTER — SFTR(84)

Operand Data Areas

Ladder Symbols C: Control word
IR, SR, AR, DM, EM, HR, LR
— SFTR(84) — @SFTR(84)
St: Starting word
C C
IR, SR, AR, DM, EM, HR, LR
St St E: End word
E E
IR, SR, AR, DM, EM, HR, LR
Limitations St and E must be in the same data area and St must be less than or equal
to E.

DM 6144 to DM 6655 cannot be used for C, St, or E.

Description SFTR(84) is used to create a single- or multiple-word shift register that can shift
data to either the right or the left. To create a single-word register, designate the

259



Shift Instructions

Section 5-17

Flags

Example

00000

same word for St and E. The control word provides the shift direction, the status
to be put into the register, the shift pulse, and the reset input. The control word is
allocated as follows:

15|14 |13 |12 Not used.

Shift direction
1 (ON): Left (LSB to MSB)
0 (OFF): Right (MSB to LSB)

Status to input into register

Shift pulse bit

Reset

The data in the shift register will be shifted one bit in the direction indicated by bit
12, shifting one bit out to CY and the status of bit 13 into the other end whenever
SFTR(84) is executed with an ON execution condition as long as the reset bit is
OFF and as long as bit 14 is ON. If SFTR(84) is executed with an OFF execution
condition or if SFTR(84) is executed with bit 14 OFF, the shift register will remain
unchanged. If SFTR(84) is executed with an ON execution condition and the re-
set bit (bit 15) is OFF, the entire shift register and CY will be set to zero.

ER: St and E are not in the same data area or ST is greater than E.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: Receives the status of bit 00 of St or bit 15 of E, depending on the shift
direction.

In the following example, IR 00000, IR 00001, IR 00002, and IR 00003 are used
to control the bits of C used in @SFTR(84). The shift register is in DM 0010, and
it is controlled through IR 00004.

00001

00002

00003

00004

Address | Instruction Operands
@ Direction 00000 | LD 00000
00001 ouT 03512
00002 LD 00001
03513 Status to input 00003 ouT 03513
00004 LD 00002
00005 ouT 03514
@ Shift pulse 00006 LD 00003
00007 ouT 03515
00008 LD 00004
00009 @SFT(10)
03515 Reset 035
DM 0010
DM 0010
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035

DM 0010

DM 0010
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5-17-10 ASYNCHRONOUS SHIFT REGISTER — ASFT(17)

Limitations

Description

Control Word

Flags

Operand Data Areas

C: Control word
Ladder Symbols
IR, SR, AR, DM, EM, HR, LR, #
ASFT(17) @ASFT(17) St: Starting word
c c IR, SR, AR, DM, EM, HR, LR
St St E: End word
E E
IR, SR, AR, DM, EM, HR, LR

Note

St and E must be in the same data area, and E must be greater than or equal to
St.

DM 6144 to DM 6655 cannot be used for St or E.

When the execution condition is OFF, ASFT(17) does nothing and the program
moves to the next instruction. When the execution condition is ON, ASFT(17) is
used to create and control a reversible asynchronous word shift register be-
tween St and E. This register only shifts words when the next word in the register
is zero, e.g., if no words in the register contain zero, nothing is shifted. Also, only
one word is shifted for each word in the register that contains zero. When the
contents of a word are shifted to the next word, the original word’s contents are
set to zero. In essence, when the register is shifted, each zero word in the regis-
ter trades places with the next word. (See Example below.)

The shift direction (i.e. whether the “next word” is the next higher or the next low-
er word) is designated in C. C is also used to reset the register. All of any portion
of the register can be reset by designating the desired portion with St and E.

Bits 00 through 12 of C are not used. Bit 13 is the shift direction: turn bit 13 ON to
shift down (toward lower addressed words) and OFF to shift up (toward higher
addressed words). Bit 14 is the Shift Enable Bit: turn bit 14 ON to enable shift
register operation according to bit 13 and OFF to disable the register. Bit 15 is the
Reset bit: the register will be reset (set to zero) between St and E when
ASFT(17) is executed with bit 15 ON. Turn bit 15 OFF for normal operation.

If the non-differentiated form of ASFT(17) is used, data will be shifted every cycle
while the execution condition is ON. Use the differentiated form to prevent this.

ER: The St and E words are in different areas, or St is greater than E.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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Example The following example shows instruction ASFT(17) used to shift words in an
11-word shift register created between DM 0100 and DM 0110 with C=#6000.
Non-zero data is shifted towards St (DM 0110).

00000

: ASFTAT) Address | Instruction Operands
75000 00000 | LD 00000
V0100 00001 | ASFT(17)
DM 0110 # 6000
DM 0100
DM 0110
Before After one After seven
execution execution executions
DM 0100 1234 1234 1234
DM 0101 0000 0000 2345
DM 0102 0000 2345 3456
DM 0103 2345 >< 0000 4567
DM 0104 3456 3456 5678
DM 0105 0000 4567 6789
DM 0106 4567 ><: 0000 789A
DM 0107 5678 5678 0000
DM 0108 6789 6789 0000
DM 0109 0000 789A 0000
DM 0110 789A >< 0000 0000

Note The zeroes are shifted “upward” if C=4000, and the entire shift register is set to
zero if C=8000.

5-18 Data Movement Instructions
5-18-1 MOVE — MOV(21)
Ladder Symbols Operand Data Areas

S: Source word
— MOV(21) —1 @MOV(21)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

S S

D: Destination word

D D

IR, SR, AR, DM, EM, HR, LR

Limitations DM 6144 to DM 6655 cannot be used for D.

Description When the execution condition is OFF, MOV/(21) is not executed. When the
execution condition is ON, MOV(21) copies the content of S to D.

Source vg)ri Destination word

L o B T T 1711 !
-

—_———
Bit status
not changed.

Precautions TIM/CNT numbers cannot be designated as D to change the PV of the timer or
counter. You can, however, easily change the PV of a timer or a counter by using
BSET(71).

Flags ER: Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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EQ: ON when all zeros are transferred to D.

Example The following example shows @MOV(21) being used to copy the content of
IR 001 to HR 05 when IR 00000 goes from OFF to ON.

00000

: @Mov(21) Address | Instruction Operands
001 00000 LD 00000
HR 05 00001 | @MOV(21)
001
HR 05

IR000 [0]1]1]1]ofo]1]1]1]ofofofo[1]o]1]

{ {

HR 05 [0]1]1]1]ofo]1]1]1]ofofofo[1]o]1]

5-18-2 MOVE NOT — MVN(22)

Ladder Symbols Operand Data Areas
S: Source word
— MVN(22) — @MVN(22)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
S S
D: Destination word
D D
IR, SR, AR, DM, EM, HR, LR

Limitations DM 6144 to DM 6655 cannot be used for D.
Description When the execution condition is OFF, MVN(22) is not executed. When the

execution condition is ON, MVN(22) transfers the inverted content of S (speci-
fied word or four-digit hexadecimal constant) to D, i.e., for each ON bitin S, the
corresponding bit in D is turned OFF, and for each OFF bit in S, the correspond-
ing bit in D is turned ON.

A __Sourceword | 1 Destination word
| _—
Bit status
be———— = - inverted.
Precautions TIM/CNT numbers cannot be designated as D to change the PV of the timer or

counter. However, these can be easily changed using BSET(71).

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when all zeros are transferred to D.
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Example

00001
I

The following example shows @MVN(22) being used to copy the complement of
#F8C5 to DM 0010 when IR 00001 goes from OFF to ON.

I @MVN(22) Address | Instruction Operands
#FBC5 00000 | LD 00001
DM 0010 00001 | @MOV(21)
# F8C5
DM 0010

srecs [1[1]2[1]z]o[o[o]a]1]o[o[0]1]o]]

{ {

DM 0010 [0]o]ofo]o[1]1]1]o]o[1]1]1]o]1]0]

5-18-3 BLOCK TRANSFER — XFER(70)

Operand Data Areas

Ladder Symbols N: Number of words (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
XFER(70) — @XFER(70)
S: Starting source word
N N
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
S S D: Starting destination word
D D IR, SR, AR, DM, EM, HR, TIM/CNT, LR

Limitations S and S+N must be in the same data area, as must D and D+N.
DM 6144 to DM 6655 cannot be used for D.
Description When the execution condition is OFF, XFER(70) is not executed. When the
execution condition is ON, XFER(70) copies the contents of S, S+1, ..., S+N to
D, D+1, ..., D+N.
S D
3l4]5[2]| = [3]4]5]2
S+1 D+1
3l4]5[1] ——— [3]4][5]1
S+2 D+2
3l4]2]2| ——— [3]4]2]2
S+N D+N
6l4]5]2] ——— [6]4]5]2
Flags ER: N is not BCD.

S and S+N or D and D+N are not in the same data area.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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5-18-4 BLOCK SET — BSET(71)

Limitations

Description

Flags

Example

00000
I

Operand Data Areas

Ladder Symbols S: Source data
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
BSET(71) — @BSET(71)
St: Starting word
S S
IR, SR AR, DM, EM, HR, TIM/CNT, LR
St St E: End Word
E E IR, SR, AR, DM, EM, HR, TIM/CNT, LR

St must be less than or equal to E, and St and E must be in the same data area.
DM 6144 to DM 6655 cannot be used for St or E.
When the execution condition is OFF, BSET(71) is not executed. When the

execution condition is ON, BSET(71) copies the content of S to all words from St
through E.

s st
3|4]5]2 3|4]5]2

St+l
3|4]5]2

St+2
3|4]5]2

E
3l4]5]2

BSET(71) can be used to change timer/counter PV. (This cannot be done with
MOV(21) or MVN(22).) BSET(71) can also be used to clear sections of a data
area, i.e., the DM area, to prepare for executing other instructions. It can also be
used to clear words by transferring all zeros.

ER: St and E are not in the same data area or St is greater than E.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

The following example shows how to use BSET(71) to copy a constant (#0000)
to a block of the DM area (DM 0000 to DM 0500) when IR 00000 is ON.

Address | Instruction Operands
@BSET(71)
70000 00000 | LD 00000
00001 | @BSET(71)
DM 0000 7 0000
DM 0500 DM 0000
DM 0500
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5-18-5 DATA EXCHANGE — XCHG(73)

Ladder Symbols Operand Data Areas
E1l: Exchange word 1
— XCHG(73) —1 @XCHG(73)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
E1l E1l
E2: Exchange word 2
E2 E2
IR, SR, AR, DM, EM, HR, TIM/CNT, LR

Limitations

Description

Flags

DM 6144 to DM 6655 cannot be used for E1 or E2.

When the execution condition is OFF, XCHG(73) is not executed. When the
execution condition is ON, XCHG(73) exchanges the content of E1 and E2.

El E2
RN e—

If you want to exchange content of blocks whose size is greater than 1 word, use
work words as an intermediate buffer to hold one of the blocks using XFER(70)
three times.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-18-6 SINGLE WORD DISTRIBUTE — DIST(80)

Operand Data Areas

Ladder Symbols S: Source data
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
—1 DIST(80) —1 @DIST(80)
DBs: Destination base word
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
DBs DBs
C: Control word (BCD)

¢ ¢ IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Limitations

Description

Single-word Distribution

Note
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C must be BCD.
DM 6144 to DM 6655 cannot be used for DBs or C.

DIST(80) can be used for single-word distribution or for a stack operation de-
pending on the content of the control word, C.

When bits 12 to 15 of C=0 to 8, DIST(80) can be used for a single word distribute
operation. The entire contents of C specifies an offset, Of.

When the execution condition is OFF, DIST(80) is not executed. When the
execution condition is ON, DIST(80) copies the content of S to DBs+0f, i.e., Of is
added to DBs to determine the destination word.

DBs and DBs+Of must be in the same data area and cannot be between
DM 6144 and DM 6655.

Example
The following example shows how to use DIST(80) to copy #00FF to HR 10 + Of.
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00000

The content of LR 10 is #3005, so #00FF is copied to HR 15 (HR 10 + 5) when IR
00000 is ON.

Stack Operation

00000
I

Note

Address | Instruction Operands
@DIST(80)
00000 | LD 00000
#00FF
00001 | @DIST(80)
AR10 # 00FF
LR 10 HR 10
LR 10
LR 10 #OOFF HR 10
3lo]o][s olo[F[F olofo]o
HR 15
o|o|F[F

When bits 12 to 15 of C=9, DIST(80) can be used for a stack operation. The other
3 digits of C specify the number of words in the stack (000 to 999). The content of
DBs is the stack pointer.

When the execution condition is OFF, DIST(80) is not executed. When the
execution condition is ON, DIST(80) copies the content of S to DBs+1+the con-
tent of DBs. In other words, 1 and the content of DBs are added to DBs to deter-
mine the destination word. The content of DBs is then incremented by 1.

1. DIST(80) will be executed every cycle unless the differentiated form
(@DIST(80)) is used or DIST(80) is used with DIFU(13) or DIFD(14).

2. Be sure to initialize the stack pointer before using DIST(80) as a stack op-
eration.

Example
The following example shows how to use DIST(80) to create a stack between
DM 0001 and DM 0005. DM 0000 acts as the stack pointer.

Flags

IR 001
IR 216

DM 0000
DM 0001
DM 0002
DM 0003
DM 0004
DM 0005

Address | Instruction Operands
@DIST(80)
o 00000 | LD 00000
o 00001 | @DIST(80)
oV 001
216 DM 0000
216
FFFF
9005
0000 . ) DM 0000 | 0001 DM 0000 | 0002
First execution Second
0000 DM 0001 | FFFF execution DM 0001 | FFFF
0000 ':{> DM 0002 | 0000 ::> DM 0002 | FFFF
0000 Stack pointer DM 0003 | 0000 ) DM 0003 | 0000
0000 incremented by go4 [ 0000 stack pointer 1004 o000
incremented
0000 DM 0005 | 0000 DM 0005 | 0000
ER: The offset or stack length in the control word is not BCD.

Indirectly addressed EM/DM word is hon-existent.

(Content of xEM/XDM word is not BCD, or the EM/DM area boundary

has been exceeded.)
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During stack operation, the value of the stack pointer+1 exceeds the
length of the stack.

EQ: ON when the content of S is zero; otherwise OFF.

5-18-7 DATA COLLECT — COLL(81)

Limitations

Description

Data Collection

00001
I

Operand Data Areas

Ladder Symbols SBs: Source base word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR
COLL(81) — @COLL(81)
C: Control word (BCD)
SBs SBs
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
c c D: Destination word

D D IR, SR, AR, DM, EM, HR, TIM/CNT, LR

Note

C must be BCD.
DM 6144 to DM 6655 cannot be used for D.

COLL(81) can be used for data collection, an FIFO stack operation, or an LIFO
stack operation depending on the content of the control word, C.

When bits 12 to 15 of C=0to 7, COLL(81) is used for data collection. The entire
contents of C specifies an offset, Of.

When the execution condition is OFF, COLL(81) is not executed. When the
execution condition is ON, COLL(81) copies the content of SBs + Of to D, i.e., Of
is added to SBs to determine the source word.

SBs and SBs+Of must be in the same data area.

Example

The following example shows how to use COLL(81) to copy the content of
DM 0000+0f to IR 001. The content of 010 is #0005, so the content of DM 0005
(DM 0000 + 5) is copied to IR 001 when IR 00001 is ON.

FIFO Stack Operation
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Address | Instruction Operands
@COLL(81)
00000 | LD 00001
DM 0000
00001 | @DIST(80)
h DM 0000
001 010
001
010 DM 0000 001
olofo[s olofo]o o|o[F[F

DM 0005
o|o|[F[F

When bits 12 to 15 of C=9, COLL(81) can be used for an FIFO stack operation.
The other 3 digits of C specify the number of words in the stack (000 to 999). The
content of SBs is the stack pointer.

When the execution condition is ON, COLL(81) shifts the contents of each word
within the stack down by one address, finally shifting the data from SBs+1 (the
first value written to the stack) to the destination word (D). The content of the
stack pointer (SBs) is then decremented by one.
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00000

Note COLL(81) will be executed every cycle unless the differentiated form
(@COLL(81)) is used or COLL(81) is used with DIFU(13) or DIFD(14).

Example

The following example shows how to use COLL(81) to create a stack between
DM 0001 and DM 0005. DM 0000 acts as the stack pointer.

When IR 00000 goes from OFF to ON, COLL(81) shifts the contents of DM 0002
to DM 0005 down by one address, and shifts the data from DM 0001 to IR 001.
The content of the stack pointer (DM 0000) is then decremented by one.

LIFO Stack Operation

00000
I

Note

Address | Instruction Operands
@COLL(81)
00000 | LD 00000
DM 0000
00001 | @COLL(81)
210 DM 0000
001 516
001
IR 216 9005
Stack pointer
DM 0001 | AAAA / DM 0001 | BBBB
DM 0002 | BBBB " DM 0002 | cccc
DM 0003 CCCC / DM 0003 DDDD
DM 0004 DDDD / DM 0004 EEEE
DM 0005 EEEE DM 0005 EEEE

When bits 12 to 15 of C=8, COLL(81) can be used for an LIFO stack operation.

The other 3 digits of C specify the number of words in the stack (000 to 999). The
content of SBs is the stack pointer.

When the execution condition is ON, COLL(81) copies the data from the word
indicated by the stack pointer (SBs+the content of SBs) to the destination word
(D). The content of the stack pointer (SBs) is then decremented by one.

The stack pointer is the only word changed in the stack.

COLL(81) will be executed every cycle unless the differentiated form
(@DIST(80)) is used or DIST(80) is used with DIFU(13) or DIFD(14).

Example

The following example shows how to use COLL(81) to create a stack between
DM 0001 and DM 0005. DM 0000 acts as the stack pointer.

When IR 00000 goes from OFF to ON, COLL(81) copies the content of DM 0005
(DM 0000 + 5) to IR 001. The content of the stack pointer (DM 0000) is then de-
cremented by one.

Address | Instruction Operands
@COLL(81)
00000 | LD 00000
DM 0000
00001 | @COLL(81)
219 DM 0000
001 16
001
IR 216 8005
Stack pointer
DM 0000 | 0005 decrenr”)lented DM 0000 | 0004 IR 001 EEEE
DM 0001 | AAAA — DM 0001 | AAAA
DM 0002 BBBB DM 0002 BBBB
DM 0003 | CCCC DM 0003 | CCcCC
DM 0004 | DDDD DM 0004 | DDDD
DM 0005 EEEE DM 0005 EEEE
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Flags ER: The offset or stack length in the control word is not BCD.

Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

During stack operation, the value of the stack pointer exceeds the
length of the stack; an attempt was made to write to a word beyond the
end of the stack.

EQ: ON when the content of S is zero; otherwise OFF.
5-18-8 MOVE BIT — MOVB(82)

Operand Data Areas

Ladder Symbols S: Source word
IR, SR, AR, DM, EM, HR, LR, #
— MOVB(82) — @MOVB(82)
Bi: Bit designator (BCD)
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Bi Bi D: Destination word

D D IR, SR, AR, DM, EM, HR, LR

Limitations The rightmost two digits and the leftmost two digits of Bi must each be between
00 and 15.

DM 6144 to DM 6655 cannot be used for Bi or D.

Description When the execution condition is OFF, MOVB(82) is not executed. When the
execution condition is ON, MOVB(82) copies the specified bit of S to the speci-
fied bit in D. The bits in S and D are specified by Bi. The rightmost two digits of Bi
designate the source bit; the leftmost two bits designate the destination bit.

Bit Bit
15 00
- Bi |o]o|o[1]o]o[1]o]o]o]o]o]o]0]0]1]
MS|31|2 0|1 LSB ?'st ! 2 0 ! gg
| S [ofafo[1]o[1]o]ofo[1]1[1]o]0fo]1]
Source bit (00 to 15)
Bit Bit
Destination bit (00 to 15) 15 00
D [o]ifofofo[1]ofofo]1[1]1]o[o]o]1]
Flags ER: Bi is not BCD, or it is specifying a non-existent bit (i.e., bit specification

must be between 00 and 15).

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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5-18-9 MOVE DIGIT — MOVD(83)

Operand Data Areas

Ladder Symbols S: Source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
—1 MOVD(83) — @MOoVD(83)
Di: Digit designator (BCD)
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
DI DI D: Destination word
D D IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Limitations The rightmost three digits of Di must each be between 0 and 3.
DM 6144 to DM 6655 cannot be used for Di or D.
Description When the execution condition is OFF, MOVD(83) is not executed. When the

execution condition is ON, MOVD(83) copies the content of the specified digit(s)
in S to the specified digit(s) in D. Up to four digits can be transferred at one time.
The first digit to be copied, the nhumber of digits to be copied, and the first digit to
receive the copy are designated in Di as shown below. Digits from S will be co-
pied to consecutive digits in D starting from the designated first digit and contin-
ued for the designated number of digits. If the last digit is reached in either S or D,
further digits are used starting back at digit 0.

Digit number: 3210

L First digitin S (0 to 3)

— Number of digits (0 to 3)
0: 1 digit
1: 2 digits
2: 3 digits
3: 4 digits

—— First digit in D (0 to 3)

— Not used. (Set to 0.)

Digit Designator The following show examples of the data movements for various values of Di.
Di: 0010 Di: 0030
S D S D
0 0 0 0
1 1 1 1
2 2 2 2
3 3 3 3
Di: 0031 Di: 0023
S D S D
0 0 0 0
1 1 1 1
2 2 2 2
3 3 3 3

Flags ER:

At least one of the rightmost three digits of Di is not between 0 and 3.

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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5-18-10 TRANSFER BITS — XFRB(—)

Note

Ladder Symbols Operand Data Areas
C: Control word
XFRB(—) —1 @XFRB(—)
IR, SR, AR, DM, EM, TIM/CNT, HR, LR, #
C C
S: First source word
S S
IR, SR, AR, DM, EM, TIM/CNT, HR, LR
D D
D: First destination word
IR, SR, AR, DM, EM, HR, LR

The specified source bits must be in the same data area.
The specified destination bits must be in the same data area.
DM 6144 to DM 6655 cannot be used for D.

When the execution condition is OFF, XFRB(—) is not executed. When the
execution condition is ON, XFRB(—) copies the specified source bits to the spe-
cified destination bits. The two rightmost digits of C specify the starting bits in S
and D and the leftmost two digits indicate the number of bits that will be copied.

c
|

| | LsB

|—> First bit of S (O to F)

-—— Firstbitof D (Oto F)
Number of bits (00 to FF)

MSB | |

Up to 255 (FF) bits can be copied at one time.

In the following example, XFRB(—) is used to transfer 5 bits from IR 020 and
IR 021 to LR 00 and LR 01. The starting bit in IR 020 is D (13), and the starting bit
in LR 00 is E (14), so IR 02013 to IR 02101 are copied to LR 0014 to LR 0102.

XFRB(—) Address | Instruction Operands
4O05ED 00000 | LD 00001
020 00001 | XFRB(—)
LR 00 # 05ED
020
LR 00
S+1: 021 oot S: 020 o

lo]1]o]2]o]1]o]ofofo]o]o[ofo]1]o] 2[zi1]1]o[z]o]o]ofo]o]1]ofz]o]o]

[t]1]]ofo]ofo[1]ofos[1[s]2]ofa] [2]z]o]o]o[z]o[o]1]o[1]o]ofo[o]1]

Limitations
Description
Example
00001
i

Bit

15

Bit

15
Flags
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. Bit  Bit . Bit
D+1: LR 01 0 15 D: LR 00 00
ER: The specified source bits are not all in the same data area.

The specified destination bits are not all in the same data area.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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5-19 Comparison Instructions
5-19-1 COMPARE — CMP(20)

Ladder Symbols Operand Data Areas
Cpl: First compare word
— CMP(20)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Cpl
Cp2: Second compare word
Cp2
P IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Limitations When comparing a value to the PV of a timer or counter, the value must be in
BCD.
Description When the execution condition is OFF, CMP(20) is not executed. When the

execution condition is ON, CMP(20) compares Cpl and Cp2 and outputs the
result to the GR, EQ, and LE flags in the SR area.

Precautions Placing other instructions between CMP(20) and the operation which accesses
the EQ, LE, and GR flags may change the status of these flags. Be sure to ac-
cess them before the desired status is changed.

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON if Cpl equals Cp2.
LE: ON if Cplis less than Cp2.
GR: ON if Cpl is greater than Cp2.

Flag Address Cl<C2 Cl=C2 Cl>C2
GR 25505 OFF OFF ON
EQ 25506 OFF ON OFF
LE 25507 ON OFF OFF
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Example:

Saving CMP(20) Results

ooooo

The following example shows how to save the comparison result immediately. If
the content of HR 09 is greater than that of 010, 10200 is turned ON; if the two
contents are equal, 10201 is turned ON; if content of HR 09 is less than that of
010, 10202 is turned ON. In some applications, only one of the three OUTs would
be necessary, making the use of TR 0 unnecessary. With this type of program-
ming, 10200, 10201, and 10202 are changed only when CMP(20) is executed.

CMP(20)

HR 09

010
25505
_“ 10200 ) Greater Than
25506
—“ 10201 ) Equal
25507
_“ 10202 ) Less Than
Address | Instruction Operands Address | Instruction Operands
00000 LD 00000 00005 LD TR 0
00001 ouT TR 0 00006 AND 25506
00002 CMP(20) 00007 ouT 10201
HR 09 00008 LD TR 0
010 00009 AND 25507
00003 AND 25505 00010 ouT 10202
00004 ouT 10200
5-19-2 TABLE COMPARE — TCMP(85)
Operand Data Areas
Ladder Symbols CD: Compare data
IR, SR, DM, EM, HR, TIM/CNT, LR, #
—1 TCMP(85) —1 @TCMP(85)
TB: First comparison table word
CD CD
IR, SR, DM, EM, HR, TIM/CNT, LR
TB TB
R: Result word
R R
IR, SR, DM, EM, HR, TIM/CNT, LR

Limitations

Description

Flags
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DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, TCMP(85) is not executed. When the
execution condition is ON, TCMP(85) compares CD to the content of TB, TB+1,
TB+2, ..., and TB+15. If CD is equal to the content of any of these words, the
corresponding bit in R is set, e.g., if the CD equals the content of TB, bit 00 is
turned ON, if it equals that of TB+1, bit 01 is turned ON, etc. The rest of the bits in
R will be turned OFF.

ER: The comparison table (i.e., TB through TB+15) exceeds the data area.

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary

has been exceeded.)
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Example The following example shows the comparisons made and the results provided
for TCMP(85). Here, the comparison is made during each cycle when IR 00000
is ON.

00000 Address | Instruction Operands
i TCMP(85) 00000 | LD 00000
001 00001 | TCMP(85)
DM 0000 001
216 DM 0000
216
| CD: 001 | [ Upper limits | [ R:216
| IR__oo1] 0210 | DM 0000 0100 IR 21600 0
Compare the data in IR 001 DM 0001 0200 IR 21601 0
with the given ranges. DM 0002 0210 IR 21602 1
DM 0003 0400 IR 21603 0
DM 0004 0500 IR 21604 0
DM 0005 0600 IR 21605 0
DM 0006 0210 IR 21606 1
DM 0007 0800 IR 21607 0
DM 0008 0900 IR 21608 0
DM 0009 1000 IR 21609 0
DM 0010 0210 IR 21610 1
DM 0011 1200 IR 21611 0
DM 0012 1300 IR 21612 0
DM 0013 1400 IR 21613 0
DM 0014 0210 IR 21614 1
DM 0015 1600 IR 21615 0

5-19-3 BLOCK COMPARE — BCMP(68)

Operand Data Areas

Ladder Symbols CD: Compare data
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
BCMP(68) — @BCMP(68)
CB: First comparison block word
CD CD
IR, SR, DM, EM, HR, TIM/CNT, LR

cB cB R: Result word

R R IR, SR, AR, DM, EM, HR, TIM/CNT, LR

Limitations

Description

Each lower limit word in the comparison block must be less than or equal to the
upper limit.

DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, BCMP(68) is not executed. When the
execution condition is ON, BCMP(68) compares CD to the ranges defined by a
block consisting of CB, CB+1, CB+2, ..., CB+31. Each range is defined by two
words, the first one providing the lower limit and the second word providing the
upper limit. If CD is found to be within any of these ranges (inclusive of the upper
and lower limits), the corresponding bit in R is set. The comparisons that are
made and the corresponding bit in R that is set for each true comparison are
shown below. The rest of the bits in R will be turned OFF.
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CB <CD <CB+1 Bit 00
CB+2 <CD <CB+3 Bit 01
CB+4 <CD <CB+5 Bit 02
CB+6 < CD <CB+7 Bit 03
CB+8 < CD < CB+9 Bit 04
CB+10 < CD < CB+11 Bit 05
CB+12 <CD < CB+13 Bit 06
CB+14 < CD < CB+15 Bit 07
CB+16 < CD < CB+17 Bit 08
CB+18 < CD < CB+19 Bit 09
CB+20 < CD < CB+21 Bit 10
CB+22 < CD < CB+23 Bit 11
CB+24 <CD <CB+25 Bit 12
CB+26 < CD < CB+27 Bit 13
CB+28 < CD < CB+29 Bit 14
CB+30 < CD < CB+31 Bit 15

Flags ER: The comparison block (i.e., CB through CB+31) exceeds the data area.
Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

Example The following example shows the comparisons made and the results provided
for BCMP(68). Here, the comparison is made during each cycle when IR 00000
is ON.

00000
I BCMP(68) Address |Instruction Operands
001 00000 | LD 00000
DM 0010 00001 | BCMP(68)
LR 05 001
DM 0010
LR 05
| CD 001 Lower limits | Upper limits | [ RLRO5
[ oot | 0210 DM 0010 0000 DM 0011 0100 LR 0500 0
Compare data in IR 001 DM 0012 0101 DM 0013 0200 LR 0501 0
(which contains 0210) with DM 0014 0201 DM 0015 0300 [T ™ __LR 0502 1
the given ranges. DM 0016 0301 DM 0017 0400 LR 0503 0
DM 0018 0401 DM 0019 0500 LR 0504 0
DM 0020 0501 DM 0021 0600 LR 0505 0
DM 0022 0601 DM 0023 0700 LR 0506 0
DM 0024 0701 DM 0025 0800 LR 0507 0
DM 0026 0801 DM 0027 0900 LR 0508 0
DM 0028 0901 DM 0029 1000 LR 0509 0
DM 0030 1001 DM 0031 1100 LR 0510 0
DM 0032 1101 DM 0033 1200 LR 0511 0
DM 0034 1201 DM 0035 1300 LR 0512 0
DM 0036 1301 DM 0037 1400 LR 0513 0
DM 0038 1401 DM 0039 1500 LR 0514 0
DM 0040 1501 DM 0041 1600 LR 0515 0
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5-19-4 DOUBLE COMPARE — CMPL(60)
Ladder Symbols Operand Data Areas
Cp1: First word of first compare word pair
— CMPL(60)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Cpl
P Cp2: First word of second compare word pair
Cp2
P IR, SR, AR, DM, EM, HR, TIM/CNT, LR

Limitations

Description

Precautions

Flags

Example:

Saving CMPL(60) Results

_|

oooo

Cpl and Cpl+1 must be in the same data area.
Cp2 and Cp2+1 must be in the same data area.
Set the third operand to 000.

When the execution condition is OFF, CMPL(60) is not executed. When the
execution condition is ON, CMPL(60) joins the 4-digit hexadecimal content of
Cpl+1 with that of Cp1, and that of Cp2+1 with that of Cp2 to create two 8-digit
hexadecimal numbers, Cp+1,Cpl and Cp2+1,Cp2. The two 8-digit numbers are
then compared and the result is output to the GR, EQ, and LE flags in the SR
area.

Placing other instructions between CMPL(60) and the operation which ac-
cesses the EQ, LE, and GR flags may change the status of these flags. Be sure
to access them before the desired status is changed.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

GR: ON if Cp1+1,Cpl is greater than Cp2+1,Cp2.
EQ: ON if Cp1+1,Cpl equals Cp2+1,Cp2.
LE: ON if Cp1+1,Cpl is less than Cp2+1,Cp2.

The following example shows how to save the comparison result immediately. If
the content of HR 10, HR 09 is greater than that of 011, 010, then 10000 is turned
ON; if the two contents are equal, 10001 is turned ON; if content of HR 10, HR 09
is less than that of 011, 010, then 10002 is turned ON. In some applications, only
one of the three OUTs would be necessary, making the use of TR 0 unnecessary.
With this type of programming, 10000, 10001, and 10002 are changed only
when CMPL(60) is executed.

25505

25506

25507

Address | Instruction Operands

CMPL(60) 00000 | LD 00000
R 09 00001 | OUT TR 0

00002 | CMPL(60)

010

HR 09
010
@ Greater Than 00003 | AND 25505
00004 | OUT 10000
00005 | LD TR 0
@ Equal 00006 | AND 25506
00007 | OUT 10001
00008 | LD TR 0
10002 ) Less Than 00009 [ AND 25507
00010 | OUT 10002
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5-19-5 MULTI-WORD COMPARE — MCMP(19)

Limitations

Description

Flags
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Operand Data Areas

Ladder Symbols TB1: First word of table 1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
MCMP(19) —1 @MCMP(19)
TB2: First word of table 2
TB1 TB1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
82 82 R: Result word
R R IR, SR, AR, DM, EM, HR, TIM/CNT, LR

TB1 and TB1+15 must be in the same data area.
TB2 and TB2+15 must be in the same data area.
DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, MCMP(19) is not executed. When the
execution condition is ON, MCMP(19) compares the content of TB1 to TB2,
TB1+1to TB2+1, TB1+2 to TB2+2, ..., and TB1+15 to TB2+15. If the first pair is
equal, the first bit in R is turned OFF, etc., i.e., if the content of TB1 equals the
content of TB2, bit 00 is turned OFF, if the content of TB1+1 equals the content of

TB2+1,

ER:

EQ:

bit 01 is turned OFF, etc. The rest of the bits in R will be turned ON.

One of the tables (i.e., TB1 through TB1+15, or TB2 through TB2+15)
exceeds the data area.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the entire contents of both tables are equal and R=0000.
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Example

00000
I

The following example shows the comparisons made and the results provided
for MCMP(19). Here, the comparison is made during each cycle when 00000 is
ON.

[ MCMP(19) Address | Instruction Operands
10 00000 | LD 00000
v 0200 00001 | MCMP(19)

DM 0300 100

DM 0200

DM 0300
TB1: IR 100 TB2: DM 0200 | [ RrR:DM 0300
IR 100 0100 - > DM 0200 0100 |—*1 DM 030000 0
IR 101 0200 < > DM 0201 0200 |—™*1 DM 030001 0
IR 102 0210 - > DM 0202 0210 |—*1 DM 030002 0
IR 103 ABCD [«+—={ DM 0203 0400 |—=| DM 030003 | 1
IR 104 ABCD |= > DM 0204 0500 |—*1 DM 030004 1
IR 105 ABCD |- > DM 0205 0600 |—*1 DM 030005 1
IR 106 ABCD |= > DM 0206 0700 |—*1 DM 030006 1
IR 107 0800 [<—{ DMo0207 0800 |—=| DM030007| 0
IR 108 0900 [<—| DM0208 0900 |—= DM030008] o0
IR 109 1000 < > DM 0209 1000 |[—* DM 030009 0
IR 110 ABCD |= > DM 0210 0210 |—* DM 030010 1
IR 111 ABCD [e—| DM 0211 1200 |— DM 030011 | 1
IR 112 ABCD |= > DM 0212 1300 |—=1 DM 030012 1
IR 113 1400 - > DM 0213 1400 |—=1 DM 030013 0
IR 114 0210 - > DM 0214 0210 |— DM 030014 0
IR 115 1212 |e—s DM 0215 1600 |—={ DM030015| 1

5-19-6 SIGNED BINARY COMPARE — CPS(—)

Description

Precautions

Ladder Symbols Operand Data Areas
Cp1: First compare word
—1 CPS(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Cpl
Cp2: Second compare word
Cp2
P IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
000 000
Not used. Set to 000.

When the execution condition is OFF, CPS(—) is not executed. When the
execution condition is ON, CPS(—) compares the 16-bit (4-digit) signed binary
contents in Cpl and Cp2 and outputs the result to the GR, EQ, and LE flags in the
SR area.

Placing other instructions between CPS(—) and the operation which accesses

the EQ, LE, and GR flags may change the status of these flags. Be sure to ac-
cess them before the desired status is changed.
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Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON if Cpl equals Cp2.
LE: ON if Cplis less than Cp2.
GR: ON if Cpl is greater than Cp2.

Comparison result Flag status
GR (SR 25505) | EQ (SR 25506) | LE (SR 25507)
Cpl<Cp2 0 0 1
Cpl=Cp2 0 1 0
Cpl>Cp2 1 0 0
Example In the following example, the content of 102 is greater than that of DM 0020, so

10000 is turned ON and the other bits, 10001 and 10002, are turned OFF.

Address | Instruction Operands
ﬂﬁ’o p— 00000 | LD 00500
o 00001 | OUT TR 0
00002 | CPS(—)
DM 0020
102
% DM 0020
25505 000
: 10000 ) Greater Than 00003 | AND 25505
00004 | ouTt 10000
25506 00005 | LD TR 0
f @ Equal 00006 | AND 25506
00007 | OuUT 10001
00008 | LD TR 0
25507
I 10002 ) | ess Than 00009 AND 25507
00010 |OuUT 10002
Cpl: 102 S Cp2: DM 0020
6| F| A] 4 Al E| 3] 5
(28,580 decimal) (20,939 decimal)
5-19-7 DOUBLE SIGNED BINARY COMPARE — CPSL(—)
Ladder Symbols Operand Data Areas
Cp1: First compare word
— CPSL(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Cpl
Cp2: Second compare word
Cp2
P IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
000 000
Not used. Set to 000.
Description When the execution condition is OFF, CPSL(—) is not executed. When the

execution condition is ON, CPSL(—) compares the 32-bit (8-digit) signed binary
contents in Cpl+1, Cpl and Cp2+1, Cp2 and outputs the result to the GR, EQ,
and LE flags in the SR area.
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Precautions Placing other instructions between CPSL(—) and the operation which accesses
the EQ, LE, and GR flags may change the status of these flags. Be sure to ac-
cess them before the desired status is changed.

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON if Cpl+1, Cpl equals Cp2+1, Cp2.
LE: ON if Cpl+1, Cplis less than Cp2+1, Cp2.
GR: ON if Cp1+1, Cpl is greater than Cp2+1, Cp2.

Comparison result Flag status
GR (SR 25505) | EQ (SR 25506) | LE (SR 25507)
Cpl+1, Cpl < Cp2+1, Cp2 0 0 1
Cpl+1l, Cpl = Cp2+1, Cp2 0 1 0
Cpl+1, Cpl > Cp2+1, Cp2 1 0 0
Example In the following example, the content of 103, 102 is less than that of DM 0021,
DM 0020, so 10002 is turned ON and the other bits, 10000 and 10001, are
turned OFF.
Address | Instruction Operands
fﬁ)o p——— 00000 | LD 00500
o 00001 | OUT TR 0
00002 | CPSL(—)
DM 0020
102
000 DM 0020
25505 000
: 10000 ) Greater Than 00003 | AND 25505
00004 | ouTt 10000
25506 00005 | LD TR 0
I 10001 ) Equal 00006 | AND 25506
00007 | out 10001
00008 | LD TR 0
25507
I 10002 Less Than 00009 AND 25507
00010 | OUT 10002
Cpl+1: 103 Cpl: 102 < Cp2+1: DM 0021 Cp2: DM 0020
8| 2| Bl 6| F]5]7]8B o/s5]6[Aa] 9] 9] D|B

(-2,101,938,823 decimal) (90,872,283 decimal)
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5-19-8 AREA RANGE COMPARE - ZCP(—)

Limitations

Description

Precautions

Flags

282

Ladder Symbol

— zCP(—)

CD

LL

UL

Operand Data Areas

CD: Compare data

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

LL: Lower limit of range

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

UL: Upper limit of range

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

LL must be less than or equal to UL.

When the execution condition is OFF, ZCP(—) is not executed. When the
execution condition is ON, ZCP(—) compares CD to the range defined by lower
limit LL and upper limit UL and outputs the result to the GR, EQ, and LE flags in
the SR area. The resulting flag status is shown in the following table.

Comparison result

Flag status

GR (SR 25505)

EQ (SR 255086)

LE (SR 25507)

0

1

CD<LL 0
LL<CD=<UL 0 1 0
UL<CD 1 0 0

Placing other instructions between ZCP(—) and the operation which accesses
the EQ, LE, and GR flags may change the status of these flags. Be sure to ac-
cess them before the desired status is changed.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary

has been exceeded.)
LL is greater than UL.

EQ: ONifLL<CD <UL
LE: ON if CD < LL.
GR: ON if CD > UL.
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Example

ooooo
1

In the following example, the content of IR 002 (#6FA4) is compared to the range
#0010 to #AB1F. Since #0010 < #6FA4 < #AB1F, the EQ flag and IR 10001 are
turned ON.

ZCP(—)

25505

#0010

#AB1F

Greater Th
i (=) s
25506
| Equal
ml 10001 (withigl::nge)
25507 Lese T
1 ess an
_l | 10002 (below range)
Address | Instruction Operands Address | Instruction Operands
00000 LD 00000 00004 ouT 10000
00001 ouT TR 0 00005 LD TR 0
00002 ZCP(—) 00006 AND 25506
002 00007 ouT 10001
# 0010 00008 LD TR 0
# AB1F 00009 AND 25507
00003 AND 25505 00010 ouT 10002
. . . 10000: OFF
LL: #0010 < CD: 002 < UL: #AB1F 10001 ON
ojof1]o 6| Fl Al 4 AlB[1]F 10002: OFF

5-19-9 DOUBLE AREA RANGE COMPARE — ZCPL(—)

Limitations

Description

Operand Data Areas

Ladder Symbol CD: Compare data
IR, SR, AR, DM, EM, HR, LR
ZCPL(—)
LL: Lower limit of range
CD
IR, SR, AR, DM, EM, HR, LR
LL —
UL: Upper limit of range
uL IR, SR, AR, DM, EM, HR, LR

The 8-digit value in LL+1,LL must be less than or equal to UL+1,UL.

When the execution condition is OFF, ZCPL(—) is not executed. When the
execution condition is ON, ZCPL(—) compares the 8-digit value in CD, CD+1 to
the range defined by lower limit LL+1,LL and upper limit UL+1,UL and outputs
the result to the GR, EQ, and LE flags in the SR area. The resulting flag status is
shown in the following table.
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Precautions

Flags

Comparison result Flag status
GR EQ LE
(SR 25505) (SR 25506) (SR 25507)
CD, CD+1< LL+1,LL 0 1
LL+1,LL<CD,CD+1<UL+1,UL |O 1
UL+1,UL < CD, CD+1 1 0 0

Placing other instructions between ZCPL(—) and the operation which accesses
the EQ, LE, and GR flags may change the status of these flags. Be sure to ac-
cess them before the desired status is changed.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

LL+1,LL is greater than UL+1,UL.
EQ: ON if LL+1,LL £CD, CD+1 < UL+1,UL
LE: ON if CD, CD+1 < LL+1,LL.
GR: ON if CD, CD+1 > UL+1,UL.

5-20 Conversion Instructions
5-20-1 BCD-TO-BINARY — BIN(23)

Limitations

Description

Flags
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Ladder Symbols Operand Data Areas
S: Source word (BCD)
BIN(23) — @BIN(23)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
S S
R: Result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, BIN(23) is not executed. When the execu-
tion condition is ON, BIN(23) converts the BCD content of S into the numerically
equivalent binary bits, and outputs the binary value to R. Only the content of R is
changed; the content of S is left unchanged.

BCD S
Binary R

BIN(23) can be used to convert BCD to binary so that displays on the Program-
ming Console or any other programming device will appear in hexadecimal rath-
er than decimal. It can also be used to convert to binary to perform binary arith-
metic operations rather than BCD arithmetic operations, e.g., when BCD and
binary values must be added.

ER: The content of S is not BCD.

Indirectly addressed EM/DM word is hon-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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EQ: ON when the result is zero.

5-20-2 BINARY-TO-BCD — BCD(24)

Limitations

Description

Flags

Ladder Symbols Operand Data Areas
S: Source word (binary)
BCD(24) —] @BCD(24)

IR, SR, AR, DM, EM, HR, LR

S S
R: Result word

R R

IR, SR, AR, DM, EM, HR, LR

If the content of S exceeds 270F, the converted result would exceed 9999 and
BCD(24) will not be executed. When the instruction is not executed, the content
of R remains unchanged.

DM 6144 to DM 6655 cannot be used for R.
BCD(24) converts the binary (hexadecimal) content of S into the numerically

equivalent BCD bits, and outputs the BCD bits to R. Only the content of R is
changed; the content of S is left unchanged.

Binary S
BCD R

BCD(24) can be used to convert binary to BCD so that displays on the Program-
ming Console or any other programming device will appear in decimal rather
than hexadecimal. It can also be used to convert to BCD to perform BCD arith-
metic operations rather than binary arithmetic operations, e.g., when BCD and
binary values must be added.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is zero.

5-20-3 DOUBLE BCD-TO-DOUBLE BINARY — BINL(58)

Limitations

Ladder Symbols Operand Data Areas
S: First source word (BCD)
BINL(58) — @BINL(58)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
S S
R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6143 to DM 6655 cannot be used for R.
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Description When the execution condition is OFF, BINL(58) is not executed. When the
execution condition is ON, BINL(58) converts an eight-digit number in S and S+1
into 32-bit binary data, and outputs the converted data to R and R+1.

BCD S+1 S
Binary R+1 R
Flags ER: The contents of S and/or S+1 words are not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary

has been exceeded.)
EQ: ON when the result is zero.

5-20-4 DOUBLE BINARY-TO-DOUBLE BCD - BCDL(59)

Ladder Symbols Operand Data Areas
S: First source word (binary)
— BCDL(59) — @BCDL(59)
IR, SR, AR, DM, EM, HR, LR
S S
R: First result word
R R
IR, SR, AR, DM, EM, HR, LR
Limitations If the content of S exceeds O5F5EOFF, the converted result would exceed

99999999 and BCDL(59) will not be executed. When the instruction is not
executed, the content of R and R+1 remain unchanged.

DM 6143 to DM 6655 cannot be used for R.

Description BCDL(59) converts the 32-bit binary content of S and S+1 into eight digits of
BCD data, and outputs the converted data to R and R+1.
Binary S+1 S
BCD R+1 R
Flags ER: Content of R and R+1 exceeds 99999999.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary

has been exceeded.)
EQ: ON when the result is zero.
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5-20-5 4-TO-16 DECODER — MLPX(76)

Operand Data Areas

Ladder Symbols S: Source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
— 1 MLPX(76) — @MLPX(76)

Di: Digit designator

S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
DI DI R: First result word
R R
IR, SR, AR, DM, EM, HR, LR
Limitations The rightmost two digits of Di must each be between 0 and 3.

All result words must be in the same data area.
DM 6144 to DM 6655 cannot be used for R.

Description When the execution condition is OFF, MLPX(76) is not executed. When the
execution condition is ON, MLPX(76) converts up to four, four-bit hexadecimal
digits from S into decimal values from 0 to 15, each of which is used to indicate a
bit position. The bit whose number corresponds to each converted value is then
turned ON in a result word. If more than one digit is specified, then one bit will be
turned ON in each of consecutive words beginning with R. (See examples, be-
low.)

The following is an example of a one-digit decode operation from digit number 1
of S, i.e., here Di would be 0001.

Source word

o — e ——

/ Bit C (i.e., bit number 12) turned ON.

" First result word
olojoji1fojofjojojojojofojoy|ojoj]o

The first digit and the number of digits to be converted are designated in Di. If
more digits are designated than remain in S (counting from the designated first
digit), the remaining digits will be taken starting back at the beginning of S. The
final word required to store the converted result (R plus the number of digits to be
converted) must be in the same data area as R, e.g., if two digits are converted,
the last word address in a data area cannot be designated; if three digits are con-
verted, the last two words in a data area cannot be designated.

Digit Designator The digits of Di are set as shown below.

Digit number: 3210

J

L___» Specifies the first digit to be converted (0 to 3)

— Number of digits to be converted (0 to 3)
0: 1 digit
1: 2 digits
2: 3 digits
3: 4 digits

L Not used (Set to zero)
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Some example Di values and the digit-to-word conversions that they produce
are shown below.

Di: 0010 Di: 0030
S S
0 R 0 R
1 R+1 1 R+1
2 2 R+2
3 3 R+3
Di: 0031 Di: 0023
S S
0 R 0 R
1 R+1 1 R+1
2 R+2 2 R+2
3 R+3 3
Flags ER: Undefined digit designator, or R plus number of digits exceeds a data

area.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

Example The following program converts digits 1 to 3 of data from DM 0020 to bit positions
and turns ON the corresponding bits in three consecutive words starting with HR
10. Digit 0 is not converted.

OO?OO MLPX(76) Address | Instruction Operands
I DM 0020 00000 LD 00000
40021 00001 | MLPX(76)
R 10 DM 0020
# 0021
HR 10
S: DM 0020 R: HR 10 | | R+1: HR 11 | | R+2: HR 12
DM 0020 00 HR 1000 0 HR 1100 0 r-% HR 1200 1
DM 0020] 01 Not HR 1001 0 HR 1101 0 : HR 1201 0
DM 0020 02 Converted| HR 1002 0 HR 1102 0 . HR 1202 0
DM 0020 03 i HR 1003 0 HR 1103 0 : HR 1203 0
DM0020f 04 | 1 15 HR 1004 0 HR 1104 0 : HR 1204 0
DM0020] O5 | 1 | f------ . HR 1005 0 HR 1105 0 ' HR 1205 0
DM 0020] 06 | 1 : HR 1006 0 :- -» HR 1106 1 : HR 1206 0
DM 0020 07 | 1 i : HR 1007 0 ' HR 1107 0 : HR 1207 0
DM 0020f 08 | O 6 ' HR 1008 0 : HR 1108 0 ' HR 1208 0
DM0020] 09 | 1 | | .-.--- a : HR 1009 0 : HR 1109 0 : HR 1209 0
DM 0020 10 | 1 : : HR 1010 0 ' HR 1110 0 : HR 1210 0
DM 0020 11 0 i : : HR 1011 0 : HR 1111 0 : HR 1211 0
DM 0020f 12| O 0 ) HR 1012 0 : HR 1112 0 ' HR 1212 0
DM 0020| 13| O [ __ 2 HR 1013 0 ' HR 1113 0 . HR 1213 0
DM 0020|] 14 | O : : : HR 1014 0 : HR 1114 0 : HR 1214 0
DM0020] 15| O i : : Lt HR 1015 1 : HR 1115 0 : HR 1215 0
' ' '
)
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5-20-6 16-TO-4 ENCODER — DMPX(77)

Operand Data Areas

Ladder Symbols SB: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
—1 DMPX(77) — @DMPX(77)
R: Result word
SB SB
IR, SR, AR, DM, EM, HR, LR
R R — -
Di: Digit designator
Di Di IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Limitations The rightmost two digits of Di must each be between 0 and 3.

All source words must be in the same data area.
DM 6144 to DM 6655 cannot be used for SB, R, or Di.

Description When the execution condition is OFF, DMPX(77) is not executed. When the
execution condition is ON, DMPX(77) determines the position of the highest ON
bit in S, encodes it into single-digit hexadecimal value corresponding to the bit
number of the highest ON bit number, then transfers the hexadecimal value to
the specified digit in R. The digits to receive the results are specified in Di, which
also specifies the number of digits to be encoded.

The following is an example of a one-digit encode operation to digit number 1 of
R, i.e., here Di would be 0001.

First source word

e L
000|1|000100010110
L_‘_.
\  C transferred to indicate bit number 12 as
\\the highest ON bit.

Result word \‘
C

Up to four digits from four consecutive source words starting with S may be en-
coded and the digits written to R in order from the designated first digit. If more
digits are designated than remain in R (counting from the designated first digit),
the remaining digits will be placed at digits starting back at the beginning of R.

The final word to be converted (S plus the number of digits to be converted) must
be in the same data area as SB.

Digit Designator The digits of Di are set as shown below.

Digit numbers: 32 1 0

L Specifies the first digit to receive converted data (0 to 3).

— Number of words to be converted (0 to 3)
0: 1 word
1: 2 words
2: 3 words
3: 4 words

Not used.
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Flags

Example

00000

Some example Di values and the word-to-digit conversions that they produce
are shown below.

Di: 0011 Di: 0030
R R
S 0 [ 0
S+1 \ 1 S+1 » 1
\ 2 S+2 > 2
3 S+3 » 3

Di: 0013 Di: 0032
R R
S 0 S 0
S+1 1 S+1 1
2 S+2 2
3 S+3 3
ER: Undefined digit designator, or S plus number of digits exceeds a data
area.

Content of a source word is zero.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

When 00000 is ON, the following diagram encodes IR words 010 and 011 to the
first two digits of HR 10 and then encodes LR 10 and 11 to the last two digits of
HR 10. Although the status of each source word bit is not shown, it is assumed
that the bit with status 1 (ON) shown is the highest bit that is ON in the word.
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DMPX(77) Address | Instruction Operands
010 00000 | LD 00000
HR 10 00001 | DMPX(77)
#0010 010
HR 10
DMPX(77) # 0010
0 00002 | DMPX(77)
LR 10
HR 10
HR 10
ro # 0012
IR 010 IR 011
01000 01100
01011 — 01109 | 1
01012 01110
- R HR 10
01015 01115 | O —
| Digit 0 B
> Digit 1 9
LR 10 LR 11 I—D Digit 2 1
LR 1000 LR 1100 ™ Digit 3 8
LR 1001 — :
LR 1002| O LR 1108| 1
s LR 1109{ O
LR 1015 LR 1115( O
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5-20-7 7-SEGMENT DECODER — SDEC(78)

Limitations

Description

Digit Designator

Operand Data Areas

Ladder Symbols S: Source word (binary)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
SDEC(78) — @SDEC(78)
Di: Digit designator
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

DI DI D: First destination word
D D IR, SR, AR, DM, EM, HR, LR

Di must be within the values given below.
All destination words must be in the same data area.
DM 6144 to DM 6655 cannot be used for D.

When the execution condition is OFF, SDEC(78) is not executed. When the
execution condition is ON, SDEC(78) converts the designated digit(s) of S into
the equivalent 8-bit, 7-segment display code and places it into the destination
word(s) beginning with D.

Any or all of the digits in S may be converted in sequence from the designated
first digit. The first digit, the number of digits to be converted, and the half of D to
receive the first 7-segment display code (rightmost or leftmost 8 bits) are desig-
nated in Di. If multiple digits are designated, they will be placed in order starting
from the designated half of D, each requiring two digits. If more digits are desig-
nated than remain in S (counting from the designated first digit), further digits will
be used starting back at the beginning of S.

The digits of Di are set as shown below.

Digit number: 3210

L » Specifies the first digit of S to be converted (0 to 3).

— Number of digits to be converted (0 to 3)
0: 1 digit
1: 2 digits
2: 3 digits
3: 4 digits

—® First half of D to be used.
0: Rightmost 8 bits (1st half)
1: Leftmost 8 bits (2nd half)

= Not used; set to 0.
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Some example Di values and the 4-bit binary to 7-segment display conversions
that they produce are shown below.

Di: 0011 Di: 0030
S digits D S digits D
0 P 1st half 0 1st half
. 1 2nd half L 2nd half
2 2
3 3 \ D+1
\ 1st half
2nd half
Di: 0112 Di: 0130
S digits D S digits D
0 1st half (1) e
1 2nd half 2nd half
2 / 2
3 D+1 3 D+1
\
1st half 1st half
2nd half 2nd half

D+2

1st half
2nd half
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Example

LR 07

o

[N

x100

x101

x102

x103

oO|l]o|]o]|]o|]o]|]o|]o]|]o|]o|]o |o |o |o |o

—

1: Second digit

0: One digit

Oorl:

The following example shows the data to produce an 8. The lower case letters
show which bits correspond to which segments of the 7-segment display. The
table underneath shows the original data and converted code for all hexadeci-

0 Bits 00 through 07
1 Bits 08 through 15.

Not used.

mal digits.
00000
_“ @ SDEC(78)
DM 0010
LR 07
100
DM 0010 IR 100 —-—
1
1 —
2| 1 1 b e' 'C
Of22f o 1> c amm
23| o 1= d d
—
2010 1> e
21fo| |8 1> f
1
221 0 19
23| 1 Bito7| O
201 0
21| 1
2
22| 1
23| 1
201 1
3|2 o
22| 1
231
Original data Converted code (segments) Display
Digit Bits - g f e d c a
0 0 0 0 0 |0 0 1 1 |0 0o |0 |o 0
1 0 0 0 1 0 0 1 1 |0 0 |0 |o !
2 0 0 1 0 |0 0 1 1 |0 0 1 1 2
3 0 0 1 1 0 0 1 1 |0 0 1 1 3
4 0 1 0 0 |0 0 1 1 |0 1 (0o |o u
5 0 1 0 1 0 0 1 1 |0 1 |0 1
6 0 1 1 0 |0 0 1 1 |0 1 |0 1 5
7 0 1 1 1 0 0 1 1 |0 1 1 1 m
8 1 0 0 0 |0 0 1 1 1 0o |0 |o g
9 1 0 0 1 0 0 1 1 1 0 |o 1 q
A 1 0 1 0 |o 1 0o |0 |o 0 |o 1 A
B 1 0 1 1 0 1 0o |0 |o 0 1 |0 b
C 1 1 0 0 |o 1 0o |0 |o 0 1 1 r
D 1 1 0 1 0 1 0 |0 |o 1 |0 |oO d
E 1 1 1 0 |o 1 0o |0 |o 1 |0 1 £
F 1 1 1 1 0 1 0 |0 |o 1 1 |0 E

293



Conversion Instructions

Section 5-20

Flags

ER: Incorrect digit designator, or data area for destination exceeded.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-20-8 ASCII CONVERT — ASC(86)

Limitations

Description

Digit Designator

294

Operand Data Areas

Ladder Symbols S: Source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
ASC(86) — ] @ASC(86)
Di: Digit designator
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Di Di - —
! ! D: First destination word
D D IR, SR, AR, DM, EM, HR, LR

Note

Di must be within the values given below.
All destination words must be in the same data area.
DM 6144 to DM 6655 cannot be used for D.

When the execution condition is OFF, ASC(86) is not executed. When the
execution condition is ON, ASC(86) converts the designated digit(s) of S into the
equivalent 8-bit ASCII code and places it into the destination word(s) beginning
with D.

Any or all of the digits in S may be converted in order from the designated first
digit. The first digit, the number of digits to be converted, and the half of D to re-
ceive the first ASCII code (rightmost or leftmost 8 bits) are designated in Di. If
multiple digits are designated, they will be placed in order starting from the des-
ignated half of D, each requiring two digits. If more digits are designated than
remain in S (counting from the designated first digit), further digits will be used
starting back at the beginning of S.

Refer to Appendix H for a table of ASCII characters.

The digits of Di are set as shown below.

Digit number: 32 1 0

L » Specifies the first digit to be converted (0 to 3).

— Number of digits to be converted (0 to 3)
0: 1 digit
1: 2 digits
2: 3 digits
3: 4 digits

— First half of D to be used.
0: Rightmost 8 bits (1st half)
1: Leftmost 8 bits (2nd half)
—— Parity 0: none
1: even
2: odd
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Parity

Flags

Some examples of Di values and the 4-bit binary to 8-bit ASCII conversions that
they produce are shown below.

Di: 0011 Di: 0030
S D S D
0 P 1st half 0 1st half
1 / 2nd half 1 2nd half
2 2
3 3 \ D+1
\ 1st half
2nd half
Di: 0112 Di: 0130
S D S D
0 1st half 0 \ 1st half
1
1 2nd half 2nd half
2 / 2
3 ~——_ D+1 3 D+1
1st half 1st half
2nd half 2nd half

D+2

1st half
2nd half

The leftmost bit of each ASCII character (2 digits) can be automatically adjusted
for either even or odd parity. If no parity is designated, the leftmost bit will always
be zero.

When even parity is designated, the leftmost bit will be adjusted so that the total
number of ON bits is even, e.g., when adjusted for even parity, ASCII “31”
(00110001) will be “B1” (10110001: parity bit turned ON to create an even num-
ber of ON bits); ASCII “36” (00110110) will be “36” (00110110: parity bit turned
OFF because the number of ON bits is already even). The status of the parity bit
does not affect the meaning of the ASCII code.

When odd parity is designated, the leftmost bit of each ASCII character will be
adjusted so that there is an odd nhumber of ON bits.

ER: Incorrect digit designator, or data area for destination exceeded.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-20-9 ASCII-TO-HEXADECIMAL — HEX(—)

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
HEX(—) —1 @HEX(—)
Di: Digit designator
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Di Di
! ! D: Destination word
D D
IR, SR, AR, DM, EM, HR, LR
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Limitations

Description

Digit Designator
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Di must be within the values given below.
All source words must be in the same data area.

Bytes in the source words must contain the ASCII code equivalent of hexadeci-
mal values, i.e., 30 to 39 (0 to 9) or 41 to 46 (A to F).

DM 6144 to DM 6655 cannot be used for D.

When the execution condition is OFF, HEX(—) is not executed. When the
execution condition is ON, HEX(—) converts the designated byte(s) of ASCII
code from the source word(s) into the hexadecimal equivalent and places it into
D.

Up to 4 ASCII codes may be converted beginning with the designated first byte
of S. The converted hexadecimal values are then placed in D in order from the
designated digit. The first byte (rightmost or leftmost 8 bits), the number of bytes
to be converted, and the digit of D to receive the first hexadecimal value are
designated in Di. If multiple bytes are designated, they will be converted in order
starting from the designated half of S and continuing to S+1 and S+2, if
necessary.

If more digits are designated than remain in D (counting from the designated first
digit), further digits will be used starting back at the beginning of D. Digits in D
that do not receive converted data will not be changed.

The digits of Di are set as shown below.

Digit number: 3210

L Specifies the first digit of D to be used (0 to 3).

— Number of bytes to be converted (0 to 3)
0: 1 byte (2-digit ASCII code)
1: 2 bytes
2: 3 bytes
3: 4 bytes

— [irst byte of S to be used.
0: Rightmost 8 bits (1st byte)
1: Leftmost 8 bits (2nd byte)

——— Parity 0: none
1: even
2: odd
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ASCII Code Table

Parity

Some examples of Di values and the 8-bit ASCII to 4-bit hexadecimal conver-
sions that they produce are shown below.

Di: 0011 Di: 0030
S D S D
1st byte 0 1st byte > 0
2nd byte \ 1 2nd byte > 1
3 s+1 / 3
1st byte /
2nd byte
Di: 0023 Di: 0133
S D S
1st byte 0 1st byte D
2nd byte 1 2nd byte 0
2 1
S+1 3 S+1 >
1st byte 1st byte 3
2nd byte 2nd byte
S+2
1st byte
2nd byte

The following table shows the ASCII codes before conversion and the hexadeci-
mal values after conversion. Refer to Appendix H for a table of ASCII characters.

Original data Converted data

ASCII Code Bit status (See note.) Digit Bits

30 * 0 1 1 0 0 0 0 0 0 0 0 0
31 * 0 1 1 0 0 0 1 1 0 0 0 1
32 * 0 1 1 0 0 1 0 2 0 0 1 0
33 * 0 1 1 0 0 1 1 3 0 0 1 1
34 * 0 1 1 0 1 0 0 4 0 1 0 0
35 * 0 1 1 0 1 0 1 5 0 1 0 1
36 * 0 1 1 0 1 1 0 6 0 1 1 0
37 * 0 1 1 0 1 1 1 7 0 1 1 1
38 * 0 1 1 1 0 0 0 8 1 0 0 0
39 * 0 1 1 1 0 0 1 9 1 0 0 1
41 * 1 0 1 0 0 0 1 A 1 0 1 0
42 * 1 0 1 0 0 1 0 B 1 0 1 1
43 * 1 0 1 0 0 1 1 C 1 1 0 0
44 * 1 0 1 0 1 0 0 D 1 1 0 1
45 * 1 0 1 0 1 0 1 E 1 1 1 0
46 * 1 0 1 0 1 1 0 F 1 1 1 1

Note The leftmost bit of each ASCII code is adjusted for parity.

The leftmost bit of each ASCII character (2 digits) is automatically adjusted for
either even or odd parity.
With no parity, the leftmost bit should always be zero. With odd or even parity, the
leftmost bit of each ASCII character should be adjusted so that there is an odd or
even number of ON bits.

If the parity of the ASCII code in S does not agree with the parity specified in Di,
the ER Flag (SR 25503) will be turned ON and the instruction will not be
executed.
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Flags ER: Incorrect digit designator, or data area for destination exceeded.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

Example In the following example, the 2nd byte of LR 10 and the 1st byte of LR 11 are
converted to hexadecimal values and those values are written to the first and
second bytes of IR 010.

00000 Address | Instruction Operands
i | @HEX(—)
LR 10 00000 | LD 00000
HR 10 00001 @HEX(—)
010 LR 10
HR 10
010

R 10 [G]]2]0]
LR 12 LR 11

Conversion to

hexadecimal
5-20-10 SCALING - SCL(66)
Ladder Symbols Operand Data Areas
S: Source word
—1 SCL(66) —] @SCL(66)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
S S
P1: First parameter word
P1 P1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
R R
R: Result word
IR, SR, AR, DM, EM, HR, LR
Limitations S must be BCD.

P1 through P1+3 must be in the same data area.
DM 6144 to DM 6655 cannot be used for P1 through P1+3 or R.

Description SCL(66) is used to linearly convert a 4-digit hexadecimal value to a 4-digit BCD
value. Unlike BCD(24), which converts a 4-digit hexadecimal value to its 4-digit
BCD equivalent (Shex — Secp), SCL(66) can convert the hexadecimal value ac-
cording to a specified linear relationship. The conversion line is defined by two
points specified in the parameter words P1 to P1+3.

When the execution condition is OFF, SCL(66) is not executed. When the execu-
tion condition is ON, SCL(66) converts the 4-digit hexadecimal value in S to the
4-digit BCD value on the line defined by points (P1, P1+1) and (P1+2, P1+3),
and places the results in R. The results is rounded off to the nearest integer. If the
results is less than 0000, then 0000 is written to R, and if the result is greater than
9999, then 9999 is written to R.
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The following table shows the functions and ranges of the parameter words:

Parameter Function Range Comments

P1 BCD point #1 (Ay) | 0000 to 9999

P1+1 Hex. point #1 (Ax) | 0000 to FFFF Do not set P1+1=P1+3.
P1+2 BCD point #2 (By) | 0000 to 9999

P1+3 Hex. point #2 (Bx) | 0000 to FFFF Do not set P1+3=P1+1.

The following diagram shows the source word, S, converted to D according to
the line defined by points (Ay, Ax) and (By, By).

Value after conversion
(BCD)

BY """""""""""

AY """"

Value before conversion
Ax s By (Hexadecimal)

The results can be calculated by first converting all values to BCD and then using
the following formula.

Results = By — [(By — Ay)/(Bx — Ax) X (Bx — S)]

Flags ER: The value in P1+1 equals that in P1+3.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

P1 and P1+3 are not in the same data area, or other setting error.

EQ: ON when the result, R, is 0000.

Example When 00000 is turned ON in the following example, the BCD source data in
DM 0100 (#0100) is converted to hexadecimal according to the parameters in
DM 0150 to DM 0153. The result (#0512) is then written to DM 0200.

00000 Address | Instruction Operands
I} @SCL(66)
DM 0100 00000 LD 00000
oV 0150 00001 | @SCL(66)
pypo— DM 0100
DM 0150
DM 0200
DM 0150 | 0010 [ o™ 0100 | 0100 |
DM 0151 | 0005 ‘
DM 0152 | 0050
DM 0153 | 0019 [ o™ 0200 | 0512 |
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5-20-11 SIGNED BINARY TO BCD SCALING — SCL2(—)

Limitations

Description

300

Ladder Symbols Operand Data Areas
S: Source word
SCL2(—) — @SCL2(—)
IR, SR, AR, DM, EM, HR, LR
S S
P1: First parameter word
P1 P1
IR, SR, AR, DM, EM, HR, LR
R R
R: Result word
IR, SR, AR, DM, EM, HR, LR

S must be BCD.
P1 through P1+2 must be in the same data area.
DM 6144 to DM 6655 cannot be used for R.

SCL2(—) is used to linearly convert a 4-digit signed hexadecimal value to a
4-digit BCD value. Unlike BCD(24), which converts a 4-digit hexadecimal value
to its 4-digit BCD equivalent (Spex — Sgcp), SCL2(—) can convert the signed
hexadecimal value according to a specified linear relationship. The conversion
line is defined by the x-intercept and the slope of the line specified in the parame-
ter words P1 to P1+2.

When the execution condition is OFF, SCL2(—) is not executed. When the
execution condition is ON, SCL2(—) converts the 4-digit signed hexadecimal
value in S to the 4-digit BCD value on the line defined by the x-intercept (P1, 0)
and the slope (P1+2 + P1+1) and places the results in R. The result is rounded off
to the nearest integer.

If the result is negative, then CY is set to 1. If the result is less than —9999, then
—9999 is written to R. If the result is greater than 9999, then 9999 is written to R.

The following table shows the functions and ranges of the parameter words:

Parameter Function Range

P1 x-intercept (signed hex.) |8000 to 7FFF (32,768 to 32,767)
P1+1 AX (signed hex.) 8000 to 7FFF (-32,768 to 32,767)
P1+2 AY (BCD) 0000 to 9999

The following diagram shows the source word, S, converted to R according to
the line defined by the point (P1, 0) and slope AY/AX.

Value after conversion
(BCD)

. Value before conversion
' s (Signed hexadecimal)

X-intercept
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The result can be calculated by first converting all signed hexadecimal values to
BCD and then using the following formula.

Flags ER:

_ AY

T AX

X (S—-P1)

Indirectly addressed EM/DM word is non-existent.

(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary

has been exceeded.)

P1 and P1+2 are not in the same data area, or other setting error.

CY: ON when the result, R, is negative.

EQ: ON when the result, R, is 0000.

Example

When 05000 is turned ON in the following example, the signed binary source

data in 001 (#FFEZ2) is converted to BCD according to the parameters in
DM 0000 to DM 0002. The result (#0018) is then written to LR 00 and CY is
turned ON because the result is negative.

05000 Address | Instruction Operands
1 @sCL2(—)
001 00000 | LD 05000
DM 0000 00001 | @SCL2(—)
LR 00 001
DM 0000
LR 00
— ﬁz/ [IrRoo1 | Fre2 |
DM 0000 | FFFD . 3
DM 0001 | 0003 FFE2 ! ‘
DM 0002 | 0002 T
i [Lroo [ o018 | cv=1
"""" -0018 ]

_ 0002 _
R = goos X (FFE2-FFFD)

- % X (-1B) = —18

5-20-12 BCD TO SIGNED BINARY SCALING —

Ladder Symbols

— SCL3(—) — @SCL3(—)
S S
P1 P1
R R

Limitations P1+1 must be BCD.

CY flag is turned ON because
the conversion result is negative.

SCL3(—)

Operand Data Areas

S: Source word

IR, SR, AR, DM, EM, HR, LR

P1: First parameter word

IR, SR, AR, DM, EM, HR, LR

R: Result word

IR, SR, AR, DM, EM, HR, LR

P1 through P1+4 must be in the same data area.
DM 6144 to DM 6655 cannot be used for R.
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Description SCL3(—) is used to linearly convert a 4-digit BCD value to 4-digit signed hexa-
decimal. SCL3(—) converts the BCD value according to a specified linear rela-
tionship. The conversion line is defined by the y-intercept and the slope of the
line specified in the parameter words P1 to P1+2.

When the execution condition is OFF, SCL3(—) is not executed. When the
execution condition is ON, SCL3(—) converts the 4-digit BCD value in S to the
4-digit signed hexadecimal value on the line defined by the y-intercept (0, P1)
and the slope (P1+2 + P1+1) and places the result in R. The result is rounded off
to the nearest integer.

The content of S can be 0000 to 9999, but S will be treated as a negative value if
CY=1, so the effective range of S is actually —9999 to 9999. Be sure to set the
desired sign in CY using STC(40) or CLC(41).

Parameter words P1+3 and P1+4 define upper and lower limits for the result. If
the result is greater than the upper limit in P1+3, then the upper limit is written to
R. If the result is less than the lower limit in P1+4, then the lower limit is written to
R.

Note The upper and lower limits for a 12-bit Analog Input Unit would be 07FF and
F800.

The following table shows the functions and ranges of the parameter words:

Parameter Function Range

P1 x-intercept (signed hex.) | 8000 to 7FFF (-32,768 to 32,767)
P1+1 AX (BCD) 0001 to 9999

P1+2 AY (signed hex.) 8000 to 7FFF (32,768 to 32,767)
P1+3 Upper limit (signed hex.) | 8000 to 7FFF (—32,768 to 32,767)
P1+4 Lower limit (signed hex.) | 8000 to 7FFF (—32,768 to 32,767)

Note Do not set 0000 for AX (4 digits BCD) in the second word (P1+1). The contents of
P1+1 is used for division and correct conversion cannot be obtained when divid-
ing by 0000. Correct results also cannot be obtained if a hexadecimal value is
used. Always use BCD data between 0001 and 9999 for P1+1.

The following diagram shows the source word, S, converted to R according to
the line defined by the point (0, P1) and slope AY/AX.

Value after conversion
(Signed hexadecimal)

AY
Upper limit - -
R .......
Y-intercept - - ; 1
j Value before con-
s version (BCD)
Lower limit - - * - -

The result can be calculated by first converting all BCD values to signed binary
and then using the following formula.

_ (AY
R = (Axxs) + Pl
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Flags

Example

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

The content of S is not BCD.

CY: CY is not changed by SCL3(—). (CY shows the sign of S before execu-
tion.)

EQ: ON when the result, R, is 0000.

The status of 00101 determines the sign of the BCD source word in the following
example. If 00101 is ON, then the source word is negative. When 00100 is
turned ON, the BCD source data in LR 02 is converted to signed binary accord-
ing to the parameters in DM 0000 to DM 0004. The result is then written to
DM 0100. (In the second conversion, the signed binary equivalent of —1035 is
less than the lower limit specified in DM 0004, so the lower limit is written to
DM 0100.)

25313
(Always ON) Address | Instruction Operands
1L
1 [ ccen | %0000 | 1D 50
o101 00001 | CLC(41)
I [ scan_| 00002 | LD 00101
00101 | STC(40)
0(:1|00 00004 LD 00100
i} @SCL3(—) 00005 | SCL3(—)
LR 02 LR 02
DM 0000 DM 0000
Signed hex.
CY=0 cy=1
6 DM 0000 | 0005
LR 02 0100 LR 02 1035
3 DM 0001 | 0003 | | | | | |
0005- '/ DM 0002 | 0006 ‘ ‘
BCD | DMO00S | O7FF [ bmo100 | ooco | | bmo100 | Fsoo |
/ DM 0004 | F800

5-20-13 HOURS-TO-SECONDS - SEC(—)

Limitations

Ladder Symbols Operand Data Areas
S: Beginning source word (BCD)
SEC(—) — @SEC(—)
S s IR, SR, AR, DM, EM, HR, TIM/CNT, LR
R: Beginning result word (BCD)
R R
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
000 000
000: No function
000

S and S+1 must be within the same data area. R and R+1 must be within the
same data area. S and S+1 must be BCD and must be in the proper hours/min-
utes/seconds format.

DM 6143 to DM 6655 cannot be used for R.
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Description

Flags

Example

00000

SEC(—) is used to convert time notation in hours/minutes/seconds to an equiv-
alent in just seconds.

For the source data, the seconds are designated in bits 00 through 07 and the
minutes are designated in bits 08 through 15 of S. The hours are designated in
S+1. The maximum is thus 9,999 hours, 59 minutes, and 59 seconds.

The result is output to R and R+1. The maximum obtainable value is 35,999,999
seconds.

ER: S and S+1 or R and R+1 are not in the same data area.
S and/or S+1 do not contain BCD.
Number of seconds and/or minutes exceeds 59.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is zero.
When 00000 is OFF (i.e., when the execution condition is ON), the following

instruction would convert the hours, minutes, and seconds given in HR 12 and
HR 13 to seconds and store the results in DM 0100 and DM 0101 as shown.

Address | Instruction Operands

Al

SEC(—)

TR12 00000 | LD NOT 00000
o 0100 00001 | SEC(—)

000

HR 12
DM 0100

HR 12 3l 21 0

7 2,815 hrs, 32 min, 000

HR 13 2

5 07s

(o]
=

DM 0100 5 9] 2

7 | 10,135,927 s

DM 0101 1] 0| 1

5-20-14 SECONDS-TO-HOURS — HMS(—)

Ladder Symbols Operand Data Areas

HMS(—) — @HMS(—)

S: Beginning source word (BCD)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR

S S

R: Beginning result word (BCD)

R R
IR, SR, AR, DM, EM, HR, TIM/CNT, LR

000 000 -
000: No function

Limitations

Description

304

000

S and S+1 must be within the same data area. R and R+1 must be within the
same data area. S and S+1 must be BCD and must be between 0 and
35,999,999 seconds.

DM 6143 to DM 6655 cannot be used for R.
HMS(—) is used to convert time notation in seconds to an equivalent in hours/
minutes/seconds.

The number of seconds designated in S and S+1 is converted to hours/minutes/
seconds and placed in R and R+1.
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For the results, the seconds are placed in bits 00 through 07 and the minutes are
placed in bits 08 through 15 of R. The hours are placed in R+1. The maximum is
9,999 hours, 59 minutes, and 59 seconds.

Flags ER: S and S+1 or R and R+1 are not in the same data area.
S and/or S+1 do not contain BCD or exceed 36,000,000 seconds.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is zero.
Example When 00000 is OFF (i.e., when the execution condition is ON), the following

instruction would convert the seconds given in HR 12 and HR 13 to hours, min-
utes, and seconds and store the results in DM 0100 and DM 0101 as shown.

S Add | i Operand
} r HMS() ress | Instruction perands
'R 12 00000 | LD NOT 00000
DM 0100 00001 HMS(—)
000 HR 12
DM 0100
HR 12 5 9 2 7 10,135,927 s 000
HR 13 1 0 1 3
DM 0100 3 2 0 7 X
DM 0101 > 8 1 5 2,815 hrs, 32 min, 07 s
5-20-15 COLUMN-TO-LINE — LINE(—)
Ladder Symbols Operand Data Areas
S: First word of 16 word source set
—1 LINE(—) —1 @LINE(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
S S
C: Column bit designator (BCD)
C C
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
D D D: Destination word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Limitations S and S+15 must be in the same data area.

C must be BCD between #0000 and #0015.
DM 6144 to DM 6655 cannot be used for D.
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Description

Flags

Example

00000
I

When the execution condition is OFF, LINE(—) is not executed. When the
execution condition is ON, LINE(—) copies bit column C from the 16-word set (S
to S+15) to the 16 bits of word D (00 to 15).

C

Bit Bit

15 l 00
S olofoJolsT1]2]ofofol2 0lo]ofo]2
s+1 |1|1]of1]o]of2lofol2121 10001
s+2 |ofofofa[1]of2[2]o]olz ofol2]1]2
s+3 [1]ofofofolof1[1]o]olo ofof2]1]2

s+15 [0]1]1]1]ofofo[1]1]o0 0fz]0]1]0]

ER:

EQ:

Bit Bit
15 00
-0f] -

The column bit designator C is not BCD, or it is specifying a non-existent
bit (i.e., bit specification must be between 00 and 15).

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

S and S+15 are not in the same data area.

ON when the content of D is zero; otherwise OFF.

The following example shows how to use LINE(—) to move bit column 07 from
the set (IR 100 to IR 115) to DM 0100.

LINE(—)

100

#0007

DM 0100

5-20-16 LINE-TO-COLUMN — COLM(—)

Limitations

306

Ladder Symbols
COLM(—) — @COLM(—)
S S
D D
C C

Address | Instruction Operands
00000 | LD 00000
00001 | LINE(—)
100
# 0007
DM 0100

Operand Data Areas

S: Source word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR

D: First word of the destination set

IR, SR, AR, DM, EM, HR, TIM/CNT, LR

C: Column bit designator (BCD)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

D and D+15 must be in the same data area.
DM 6129 to DM 6655 cannot be used for D.
C must be BCD between #0000 and #0015.
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Description

Flags

Example

00000
I

When the execution condition is OFF, COLM(—) is not executed. When the
execution condition is ON, COLM(—) copies the 16 bits of word S (00 to 15) to
the column of bits, C, of the 16-word set (D to D+15).

D

D+1
D+2
D+3

Bit Bit
15 00
[0] 0.1]1]1)
Bit C Bit
15 ‘ 00
olo|o|o|1|1|1|o|0|O[2|0|0O|O|O]|2
1/1|o|1|o|of1|0|o|1[2|1|0|0O|O]|1
olo|of1|1|o|1|1|0|O[2|0|O|2]|2]|2
1/olo|ofo|of1|1|o|o0|O|O|1|1]|1

D+15 [0]1]1]1]ofofo[1]1]o]o]o[1]o]1]o]

ER:

The bit designator C is not BCD, or it is specifying a non-existent bit (i.e.,

bit specification must be between 00 and 15).

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

D and D+15 are not in the same data area.

EQ:

ON when the content of S is zero; otherwise OFF.

The following example shows how to use COLM(—) to move the contents of
word DM 0100 (00 to 15) to bit column 15 of the set (DM 0200 to DM 0215).

5-20-17

Limitations

Description

COLM(—)

DM 0100

DM 0200

#0015

2'S COMPLEMENT — NEG(—)

Ladder Symbols
— NEG(—) — @NEG(—)
S S
R R
000 000

Address | Instruction Operands
00000 | LD 00000
00001 | coLM(—)
DM 0100
DM 0200
# 0015

Operand Data Areas

S: Source word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

R: Result word

IR, SR, AR, DM, EM, HR, LR

000

Not used. Set to 000.

DM 6144 to DM 6655 cannot be used for R.

Converts the four-digit hexadecimal content of the source word (S) to its 2's
complement and outputs the result to the result word (R). This operation is effec-
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Flags

Example

5-20-18

Limitations

Description

308

Note

tively the same as subtracting S from 0000 and outputting the result to R; it will
calculate the absolute value of negative signed binary data.

If the content of S is 0000, the content of R will also be 0000 after execution and
EQ (SR 25506) will be turned on.
If the content of S is 8000, the content of R will also be 8000 after execution and
UF (SR 25405) will be turned on.

Refer to 1-7 Calculating with Signed Binary Data for more details.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the content of R is zero after execution; otherwise OFF.
UF: ON when the content of S is 8000; otherwise OFF.

The following example shows how to use NEG(—) to find the 2’'s complement of
the content of DM 0005 and output the result to IR 105.

00100 -
: NEG(—) Address | Instruction Operands
DM 0005 00000 | LD 00100
105 00001 | NEG(—)
000 DM 0005
105
000

#0000

— #001F -<+— Content of DM 0005.

#FFEL — OQutput to IR 105.

DOUBLE 2'S COMPLEMENT — NEGL(—)

Ladder Symbols Operand Data Areas
S: First source word
NEGL(—) — @NEGL(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR

S S

R: First result word
R R

IR, SR, AR, DM, EM, HR, LR
000 000

000

Not used. Set to 000.

DM 6143 to DM 6655 cannot be used for R.
S and S+1 must be in the same data area, as must R and R+1.

Converts the eight-digit hexadecimal content of the source words (S and S+1) to
its 2's complement and outputs the result to the result words (R and R+1). This
operation is effectively the same as subtracting the eight-digit content S and S+1
from $0000 0000 and outputting the result to R and R+1; it will calculate the ab-
solute value of negative signed binary data.

If the content of S is 0000 0000, the content of R will also be 0000 0000 after
execution and EQ (SR 25506) will be turned on.
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Flags

Example

Note

If the content of S is 8000 0000, the content of R will also be 8000 0000 after
execution and UF (SR 25405) will be turned on.

Refer to 1-7 Calculating with Signed Binary Data for more details.

ER: Indirectly addressed EM/DM word is hon-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary

has been exceeded.)

EQ: ON when the content of R+1, R is zero after execution; otherwise OFF.
UF: ON when the content of S+1, S is 8000 0000; otherwise OFF.

The following example shows how to use NEGL(—) to find the 2's complement
of the hexadecimal value in IR 151, IR 150 (001F FFFF) and output the result to

HR 04, HR 03.

00000 -
: NEGL(—) Address | Instruction Operands
150 00000 | LD 00000
LR 03 00001 | NEGL(—)
000 150
LR 03
000
0000 0000
S+1:1R151 S:IR 150
—_— 001F FFFF
R+1: LR 04 R: LR 03
FFEO 0001
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5-21 B
5-21-1

5-21-2

5-21-3

Limitations

Description

Flags

310

CD Calculation Instructions

SET CARRY — STC(40)
Ladder Symbols

— STC(40) —| @STC(40)

When the execution condition is OFF, STC(40) is not executed. When the
execution condition is ON, STC(40) turns ON CY (SR 25504).

Note Refer to Appendix B Error and Arithmetic Flag Operation for a table listing the
instructions that affect CY.

CLEAR CARRY - CLC(41)

Ladder Symbols

— cLCc@) —— @CLC(41)

When the execution condition is OFF, CLC(41) is not executed. When the
execution condition is ON, CLC(41) turns OFF CY (SR 25504).

CLEAR CARRY is used to reset (turn OFF) CY (SR 25504) to “0.”

Note Referto Appendix B Error and Arithmetic Flag Operation for a table listing the
instructions that affect CY.

BCD ADD — ADD(30)

Operand Data Areas

Ladder Symbols Au: Augend word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
—1 ADD(30) —1 @ADD(30)
Ad: Addend word (BCD)
Au Au
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Ad Ad
R: Result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, ADD(30) is not executed. When the
execution condition is ON, ADD(30) adds the contents of Au, Ad, and CY, and
places the result in R. CY will be set if the result is greater than 9999.

Aul+|Ad| + [CY|— |CY| |R

ER: Au and/or Ad is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: ON when there is a carry in the result.
EQ: ON when the result is 0.



BCD Calculation Instructions

Section 5-21

Example

0000

If 00002 is ON, the program represented by the following diagram clears CY with
CLC(41), adds the content of IR 030 to a constant (6103), places the result in DM
0100, and then moves either all zeros or 0001 into DM 0101 depending on the
status of CY (25504). This ensures that any carry from the last digit is preserved
in R+1 so that the entire result can be later handled as eight-digit data.

—

25504

25504

Address | Instruction Operands
00000 | LD 00002
[ ccan | 00001 | OUT TR 0
00002 | CLC(41)
o000 00003 | AND(30)
030
030
# 6103
#6103
DM 0100
DM 0100 00004 | AND 25504
00005 | MOV(21)
MOV(21)
— # 0001
DM 0101
DM 0101 00006 | LD TR 0
00007 | AND NOT 25504
MOV(21
ey 00008 | MOV(21)
#0000 # 0000
DM 0101 DM 0101

Although two ADD(30) can be used together to perform eight-digit BCD addition,
ADDL(54) is designed specifically for this purpose.

5-21-4 BCD SUBTRACT — SUB(31)

Operand Data Areas

Ladder Symbols Mi: Minuend word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
SUB(31) —] @SUB(31)
Su: Subtrahend word (BCD)

Mi Mi

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Su S R: Result word
R R IR, SR, AR, DM, EM, HR, LR

Limitations

Description

Flags

DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, SUB(31) is not executed. When the
execution condition is ON, SUB(31) subtracts the contents of Su and CY from
Mi, and places the result in R. If the result is negative, CY is set and the 10's com-
plement of the actual result is placed in R. To convert the 10’s complement to the
true result, subtract the content of R from zero (see example below).

ER:

CY:
EQ:

Mi|—|Su|—-|CY|— |CY| [R

Mi and/or Su is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON when the result is negative, i.e., when Mi is less than Su plus CY.
ON when the result is O.
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Example

312

& Caution

00002

Be sure to clear the carry flag with CLC(41) before executing SUB(31) if its pre-
vious status is not required, and check the status of CY after doing a subtraction
with SUB(31). If CY is ON as a result of executing SUB(31) (i.e., if the result is
negative), the result is output as the 10’s complement of the true answer. To con-
vert the output result to the true value, subtract the value in R from 0.

When 00002 is ON, the following ladder program clears CY, subtracts the con-
tents of DM 0100 and CY from the content of 010 and places the result in HR 10.

If CY is set by executing SUB(31), the result in HR 10 is subtracted from zero
(note that CLC(41) is again required to obtain an accurate result), the result is
placed back in HR 10, and HR 1100 is turned ON to indicate a negative result.

If CY is not set by executing SUB(31), the result is positive, the second subtrac-
tion is not performed, and HR 1100 is not turned ON. HR 1100 is programmed as
a self-maintaining bit so that a change in the status of CY will not turn it OFF
when the program is rescanned.

In this example, differentiated forms of SUB(31) are used so that the subtraction
operation is performed only once each time 00002 is turned ON. When another
subtraction operation is to be performed, 00002 will need to be turned OFF for at
least one cycle (resetting HR 1100) and then turned back ON.

: cLC(41) I\

@SUB(31) First

25504

010 subtraction

DM 0100

HR 10

25504

: cLC(41) I\

@SUB(31) Second
40000 subtraction

HR 10

HR 10 J/

HR

Turned ON to indicate
negative result.

1100|
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Note

5-21-5 BCD MULTIPLY — MUL(32)

Address | Instruction Operands
00000 | LD 00002
00001 | OuT TR 0
00002 | CLC(41)

00003 | @SUB(31)
010
DM 0100
HR 10
00004 AND 25504
00005 | CLC(41)
00006 | @SUB(31)
# 0000
HR 10
HR 10
00007 | LD TR 0
00008 LD 25504
00009 OR HR 1100
00010 | ANDLD
00011 | OuT HR 1100

The first and second subtractions for this diagram are shown below using exam-
ple data for 010 and DM 0100.

The actual SUB(31) operation involves subtracting Su and CY from 10,000 plus

Mi. For positive results the leftmost digit is truncated. For negative results the
10s complement is obtained. The procedure for establishing the correct answer

is given below.

1

2423

First Subtraction
1029
— 3452

-0

(negative result)

In the above case, the program would turn ON HR 1100 to indicate that the value
held in HR 10 is negative.

7577 (1029 + (10000 — 3452))
(negative result)

Second Subtraction
0000
—7577

(0000 + (10000 — 7577))

Operand Data Areas

Md: Multiplicand (BCD)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Mr: Multiplier (BCD)

Ladder Symbols
MUL(32) @MUL(32)
Md Md
Mr Mr
R R

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Limitations

R: First result word

IR, SR, AR, DM, EM, HR, LR

DM 6143 to DM 6655 cannot be used for R.
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Description When the execution condition is OFF, MUL(32) is not executed. When the
execution condition is ON, MUL(32) multiplies Md by the content of Mr, and
places the result In R and R+1.

Example When IR 00000 is ON with the following program, the contents of IR 013 and
DM 0005 are multiplied and the result is placed in HR 07 and HR 08. Example
data and calculations are shown below the program.

00000

I Address | Instruction Operands
17 MUL(32)
013 00000 LD 00000
00001 MUL(32)
DM 0005
HR 07 013
DM 0005
HR 07

Mr: DM 0005
X 0| 0| 2 | 5
R+1: HR 08 R: HR 07

0|0|0|8 3|9|0|0

Flags ER: Md and/or Mr is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: ON when there is a carry in the result.
EQ: ON when the result is 0.

5-21-6 BCD DIVIDE — DIV(33)

Operand Data Areas

Ladder Symbol Dd: Dividend word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
— DIV(33)
Dr: Divisor word (BCD)
Dd
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Dr R: First result word (BCD)
R IR, SR, AR, DM, EM, HR, LR
Limitations R and R+1 must be in the same data area. DM 6143 to DM 6655 cannot be used

for R.
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Description When the execution condition is OFF, DIV(33) is not executed and the program
moves to the next instruction. When the execution condition is ON, Dd is divided
by Dr and the result is placed in R and R + 1: the quotient in R and the remainder
inR+ 1.

Remainder Quotient
e J[® ]
Flags ER: Dd or Dr is not in BCD.
Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
EQ: ON when the result is 0.

Example When IR 00000 is ON with the following program, the content of IR 216 is divided
by the content of HR 09 and the result is placed in DM 0017 and DM 0018. Exam-
ple data and calculations are shown below the program.

00000 Address | Instruction Operands
]l DIV(33)
" 00000 | LD 00000
d 00001 | DIV(33)
HR 09 216
DM 0017 HR 09
Quotient Remainder DM 0017
R: DM 0017 R + 1: DM 0018
1] 1] 5] o] o] o] o] 2
Dd: H Dd: IR 216
o]l of[o]s 3] 4] 5] 2
5-21-7 DOUBLE BCD ADD - ADDL(54)

Limitations

Operand Data Areas

Ladder Symbols Au: First augend word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
ADDL(54) —1 @ADDL(54)
Ad: First addend word (BCD)
Au Au
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Ad Ad R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6143 to DM 6655 cannot be used for R.
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Description When the execution condition is OFF, ADDL(54) is not executed. When the
execution condition is ON, ADDL(54) adds the contents of CY to the 8-digit val-
ue in Au and Au+1 to the 8-digit value in Ad and Ad+1, and places the resultin R
and R+1. CY will be set if the result is greater than 99999999.

Au+1 Au

Ad+1 Ad

+ cy
CcYy R+1 R

Flags ER: Au and/or Ad is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: ON when there is a carry in the result.

EQ: ON when the result is 0.

Example When 00000 is ON, the following program section adds two 12-digit numbers,
the first contained in LR 00 through LR 02 and the second in DM 0010 through
DM 0012. The result is placed in HR 10 through HR 13.

The rightmost 8 digits of the two numbers are added using ADDL(54), i.e., the
contents of LR 00 and LR 01 are added to DM 0010 and DM 0011 and the results
is placed in HR 10 and HR 11. The second addition adds the leftmost 4 digits of
each number using ADD(30), and includes any carry from the first addition. The
last instruction, ADB(50) (see 5-22-1 BINARY ADD — ADB(50)) adds two all-
zero constants to place any carry from the second addition into HR 13.

00000 Address | Instruction Operands
I : CcLC(41) I
00000 LD 00000
@ADDL(54) 00001 CLC(41)
LR 00 00002 | @ADDL(53)
DM 0010 LR 00
HR 10 DM 0010
HR 10
@ADD(E0) 00003 | @ADD(30)
LR 02 R >
DM 0012 oM 0012
HR 12 TR 2
Py 00004 | @ADB(50)
#0000 # 0000
#0000 # 0000
HR 13 HR 13
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5-21-8 DOUBLE BCD SUBTRACT — SUBL(55)

Limitations

Description

Flags

Example

Operand Data Areas

Ladder Symbols Mi: First minuend word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
SUBL(55) —1 @SUBL(55)
Su: First subtrahend word (BCD)
Mi Mi
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
S S -
5 5 R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, SUBL(55) is not executed. When the
execution condition is ON, SUBL(55) subtracts CY and the 8-digit contents of Su
and Su+1 from the 8-digit value in Mi and Mi+1, and places the result in R and
R+1. If the result is negative, CY is set and the 10’'s complement of the actual
result is placed in R. To convert the 10's complement to the true result, subtract
the content of R from zero. Since an 8-digit constant cannot be directly entered,
use the BSET(71) instruction (see 5-18-4 BLOCK SET — BSET(71)) to create an
8-digit constant.

Mi+ 1 Mi
Su+1l Su
— CY
CcY R+1 R

ER: Mi, M+1,Su, or Su+1 are not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: ON when the result is negative, i.e., when Mi is less than Su.
EQ: ON when the result is 0.

The following example works much like that for single-word subtraction. In this
example, however, BSET(71) is required to clear the content of DM 0000 and
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DM 0001 so that a negative result can be subtracted from 0 (inputting an 8-digit
constant is not possible).

00003
|

I : CLC(41) I

@SUBL(55) First
HR 00 subtraction
120
DM 0100
25504
L @BSET(71)

|
#0000

DM 0000

DM 0001

: cLC(41) I

@SUBL(55) Second
DM 0000 subtraction
DM 0100
DM 0100
25504
HR 0100 Turned ON to indicate
— negative result.
Address | Instruction Operands Address | Instruction Operands
00000 LD 00003 00006 CLC(41)
00001 ouT TR 0 00007 @SUBL(55
00002 CLC(41) DM 0000
00003 @SUBL(55, DM 0100
HR 00 DM 0100
120 00008 LD TR 0
DM 0100 00009 LD 25504
00004 AND 25504 00010 OR HR 0100
00005 @BSET(71 00011 AND LD
# 0000 00012 ouT HR 0100
DM 0000
DM 0001

5-21-9 DOUBLE BCD MULTIPLY — MULL(56)

Operand Data Areas

Ladder Symbols Md: First multiplicand word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
—1 MULL(56) —1 @MULL(56)
Mr: First multiplier word (BCD)
md md
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
M M
' ' R: First result word
R R
IR, SR, AR, DM, EM, HR, LR
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Limitations DM 6141 to DM 6655 cannot be used for R.

When the execution condition is OFF, MULL(56) is not executed. When the
execution condition is ON, MULL(56) multiplies the eight-digit content of Md and
Md+1 by the content of Mr and Mr+1, and places the result in R to R+3.

Description

Md + 1 Md
X Mr+1 Mr
R+3 R+2 R+1 R
Flags ER: Md, Md+1,Mr, or Mr+1 is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary

has been exceeded.)
CY: ON when there is a carry in the result.
EQ: ON when the result is 0.

5-21-10 DOUBLE BCD DIVIDE - DIVL(57)

Operand Data Areas

Ladder Symbols Dd: First dividend word (BCD)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
— DIVL(57) — @DIVL(57)
Dr: First divisor word (BCD)
Dd Dd
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Dr br R: First result word
R R IR, SR, AR, DM, EM, HR, LR
Limitations DM 6141 to DM 6655 cannot be used for R.
Description When the execution condition is OFF, DIVL(57) is not executed. When the

execution condition is ON, DIVL(57) the eight-digit content of Dd and D+1 is di-
vided by the content of Dr and Dr+1 and the result is placed in R to R+3: the quo-
tient in R and R+1, the remainder in R+2 and R+3.

Remainder Quotient
| R+3 | R+2 | | R+1 | R |
| Dr+1 | Dr | > | Dd+1 | Dd |
Flags ER: Dr and Dr+1 contain O.

Dd, Dd+1, Dr, or Dr+1 is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary

has been exceeded.)
EQ: ON when the result is 0.
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5-21-11 SQUARE ROOT — ROOT(72)

Limitations

Description

Flags

Example

Ladder Symbols Operand Data Areas

Sq: First source word (BCD)
—1 ROOT(72) —1 @ROOT(72)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Sq Sq
R: Result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6144 to DM 6655 cannot be used for R.
When the execution condition is OFF, ROOT(72) is not executed. When the
execution condition is ON, ROOT(72) computes the square root of the eight-dig-

it content of Sq and Sg+1 and places the result in R. The fractional portion is trun-
cated.

[ = ]

J s T

ER: Sq is not BCD.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.

The following example shows how to take the square root of an eight digit num-
ber. The result is a four-digit number, with the remainder rounded off. and then
round the result.

In this example, V63250561 = 7953.0221..., which is rounded off to 7953.
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00000

@ROOT(72)

DM 0000

001

DM 0001

DM 0000

6/3]2]5

o]s]e6]1

| 63,250,561 = 7953.0221

(The remainder is rounded off.)

001

71953

Address

Instruction

Operands

00000

LD

00000

00001

@ROOT(72)

DM 0000

001
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5-22 Binary Calculation Instructions

5-22-1 BINARY ADD — ADB(50)

Ladder Symbols
ADB(50) — @ADB(50)
Au Au
Ad Ad
R R

Limitations

Description

Flags

Example

00000

Operand Data Areas

Au: Augend word (binary)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Ad: Addend word (binary)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

R: Result word

IR, SR, AR, DM, EM, HR, LR

DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, ADB(50) is not executed. When the
execution condition is ON, ADB(50) adds the contents of Au, Ad, and CY, and

places the result in R. CY will be set if the result is greater than FFFF.

Au

+

Ad

+

CY| — [CY

R

ADB(50) can also be used to add signed binary data. The Overflow and Under-
flow Flags (SR 25404 and SR 25405) indicate whether the result has exceeded
the lower or upper limits of the 16-bit signed binary data range.

ER:

CY:
EQ:
OF:
UF:

Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary

has been exceeded.)

ON when the result is greater than FFFF.
ON when the result is 0.
ON when the result exceeds +32,767 (7FFF).
ON when the result is below —32,768 (8000).

The following example shows a four-digit addition with CY used to place either
#0000 or #0001 into R+1 to ensure that any carry is preserved.

: cLC(41) I

25504

ADB(50)

010

DM 0100

HR 10

Al

25504

MOV(21)

#0000

HR 11

MOV(21)

#0001

HR 11

=R+1

=R+1

Address | Instruction Operands
00000 | LD 00000
00001 | OUT TR 0
00002 | CLC(41)

00003 | ADB(50)
010
DM 0100
HR 10
00004 | AND NOT 25504
00005 | MOV(21)
# 0000
HR 11
00006 | LD TR 0
00007 | AND 25504
00008 | MOV(21)
# 00001
HR 11
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In the case below, AGE2 + 80C5 = 127A7. The result is a 5-digit number, so CY
(SR 25504) = 1, and the content of R + 1 becomes #0001.

Au: IR 010
A| 6| E| 2

+ Ad: DM 0100
8| 0| c| 5

R+1: HR 11 R: HR 10
0| o|0|1 2|7|A|7

Note For signed binary calculations, the status of the UF and OF flags indicate wheth-
er the result has exceeded the signed binary data range (-32,768 (8000) to
+32,767 (7FFF)).

5-22-2 BINARY SUBTRACT - SBB(51)

Operand Data Areas

Ladder Symbols Mi: Minuend word (binary)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
— SBB(51) — @SBB(51)
Su: Subtrahend word (binary)
Mi Mi
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Su Su R: Result word
R R
IR, SR, AR, DM, EM, HR, LR
Limitations DM 6144 to DM 6655 cannot be used for R.
Description When the execution condition is OFF, SBB(51) is not executed. When the

execution condition is ON, SBB(51) subtracts the contents of Su and CY from Mi
and places the result in R. If the result is negative, CY is set and the 2's comple-
ment of the actual result is placed in R.

Mi|—[Sul —|CY|— |CY]| [R

SBB(51) can also be used to subtract signed binary data. The Overflow and Un-
derflow Flags (SR 25404 and SR 25405) indicate whether the result has ex-
ceeded the lower or upper limits of the 16-bit signed binary data range.

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CcY: ON when the result is negative, i.e., when Mi is less than Su plus CY.
EQ: ON when the result is 0.
OF: ON when the result exceeds +32,767 (7TFFF).
UF: ON when the result is below —32,768 (8000).
Example The following example shows a four-digit subtraction. When IR 00001 is ON, the

content of LR 00 and CY are subtracted from the content of IR 002 and the result
is written to HR 01.
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00001
I

CY is turned ON if the result is negative. If normal data is being used, a negative
result (signed binary) must be converted to normal data using NEG(—). Refer to
5-20-17 2’s COMPLEMENT — NEG(—) for details.

Address | Instruction Operands
00000 | LD 00001

[ cwcen ] 00001 | oUT i T

00002 | CLC(41)

SBB(51)
00003 | SBB(51)
002 002
LROO LR 00
HR 01 HR 01

In the case below, the content of LR 00 (#7A03) and CY are subtracted from
IR 002 (#F8C5). Since the result is positive, CY is 0.

If the result had been negative, CY would have been set to 1. For normal (un-
signed) data, the result would have to be converted to its 2's complement.

Mi: IR 002
Fls|c|s
_ Su: LR 00
7| Al o] 3 Cy=0
(from CLC(41))
— [ofofolo] *
R: HR 01
7] E| c] 2

Note For signed binary calculations, the status of the UF and OF flags indicate wheth-

er the result has exceeded the signed binary data range (—32,768 (8000) to
+32,767 (7TFFF)).

5-22-3 BINARY MULTIPLY — MLB(52)

Limitations

Operand Data Areas

Ladder Symbols Md: Multiplicand word (binary)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
MLB(52) — @MLB(52)
Mr: Multiplier word (binary)
md md
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Mr Mr R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

DM 6143 to DM 6655 cannot be used for R.

MLB(52) cannot be used to multiply signed binary data, but MBS(—) can be
used. Refer to 5-22-7 SIGNED BINARY MULTIPLY — MBS(—).
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Description When the execution condition is OFF, MLB(52) is not executed. When the
execution condition is ON, MLB(52) multiplies the content of Md by the contents

of Mr, places the rightmost four digits of the result in R, and places the leftmost
four digits in R+1.

X
| R+ | R |
Flags ER: Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.

5-22-4 BINARY DIVIDE — DVB(53)

Operand Data Areas

Ladder Symbols Dd: Dividend word (binary)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
—1 DVB(53) —1 @DVB(53)
Dr: Divisor word (binary)
Dd Dd
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Dr Dr R: First result word
R R
IR, SR, AR, DM, EM, HR, LR
Limitations DM 6143 to DM 6655 cannot be used for R.

DVB(53) cannot be used to divide signed binary data, but DBS(—) can be used.
Refer to 5-22-9 SIGNED BINARY DIVIDE — DBS(—) for details.

Description When the execution condition is OFF, DVB(53) is not executed. When the
execution condition is ON, DVB(53) divides the content of Dd by the content of
Dr and the result is placed in R and R+1: the quotient in R, the remainder in R+1.

Quotient Remainder

Flags ER: Dr contains 0.

Indirectly addressed EM/DM word is non-existent.

(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.
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5-22-5 DOUBLE BINARY ADD — ADBL(—)

Limitations

Description

Flags

Operand Data Areas

Ladder Symbols Au: First augend word (binary)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
ADBL(—) —1 @ADBL(—)
Ad: First addend word (binary)
Au Au
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Ad Ad -
R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

Au and Au+1 must be in the same data area, as must Ad and Ad+1, and R
and R+1.

DM 6142 to DM 6655 cannot be used for R.

When the execution condition is OFF, ADBL(—) is not executed. When the
execution condition is ON, ADBL(—) adds the eight-digit contents of Au+1 and
Au, the eight-digit contents of Ad+1 and Ad, and CY, and places the result in R.
CY will be set if the result is greater than FFFF FFFF.

Au+1 Au

Ad+1 Ad

+ cy
CY R+1 R

ADBL(—) can also be used to add signed binary data. The Overflow and Under-
flow Flags (SR 25404 and SR 25405) indicate whether the result has exceeded
the lower or upper limits of the 32-bit signed binary data range.

ER:

CY:
EQ:
OF:
UF:

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON when the result is greater than FFFF FFFF.

ON when the result is 0.

ON when the result exceeds +2,147,483,647 (7TFFF FFFF).
ON when the result is below —2,147,483,648 (8000 0000).
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Example

The following example shows an eight-digit addition with CY (SR 25504) used to

represent the status of the 9th digit. The status of the UF and OF flags indicate
whether the result has exceeded the signed binary data range (-2,147,483,648
(8000 0000) to +2,147,483,647 (7FFF FFFF)).

00100
I

: CLC(41) I

Au+1:LRO1

ADBL(—)

LR 00

DM 0010

DM 0020

Au: LR 00

[8]o]o]of

[o]oJo]o]f

Ad+1 : DM 0011

Ad : DM 0010

HEEE

[FIF]F]oO]

Address | Instruction Operands
00000 | LD 00100
00001 | CLC(41)

00002 | ADBL(—)
LR 20
DM 0010
DM 0020

[0] ---- cY(Cleared with CLC(41))

CY R+ 1:DM 0021

R : DM 0020

HEEE

[FIF]F]oO]

- - - - UF (SR 25405)

[0] - - - - OF (SR 25404)

Note 1. For unsigned binary addition, CY indicates that the sum of the two values
exceeds FFFF FFFF. (UF and OF can be ignored.)

2. For signed binary addition, the UF flag indicates that the sum of the two val-
ues is below —2,147,483,648 (8000 0000). (CY can be ignored.)

5-22-6 DOUBLE BINARY SUBTRACT - SBBL(—)

Operand Data Areas

Mi: First minuend word (binary)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Su: First subtrahend word (binary)

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Ladder Symbols
— SBBL(—) —1 @SBBL(—)
Mi Mi
Su Su
R R

Limitations
R+1.

R: First result word

IR, SR, AR, DM, EM, HR, LR

Mi and Mi+1 must be in the same data area, as must Su and Su+1, and R and

DM 6142 to DM 6655 cannot be used for R.

326




Binary Calculation Instructions Section 5-22

Description

Flags

Example

00101

When the execution condition is OFF, SBBL(—) is not executed. When the
execution condition is ON, SBBL(—) subtracts CY and the eight-digit value in Su
and Su+1 from the eight-digit value in Mi and Mi+1, and places the result in R and
R+1. If the result is negative, CY is set and the 2’'s complement of the actual re-
sult is placed in R+1 and R. Use NEGL(—) to convert the 2's complement to the
true result.

Mi+ 1 Mi
Su+1 Su
— CY
CY R+1 R

SBBL(—) can also be used to subtract signed binary data. The Overflow and
Underflow Flags (SR 25404 and SR 25405) indicate whether the result has ex-
ceeded the lower or upper limits of the 32-bit signed binary data range.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
CY: ON when the result is negative, i.e., when Mi is less than Su plus CY.
EQ: ON when the result is 0.
OF: ON when the result exceeds +2,147,483,647 (7TFFF FFFF).
UF: ON when the result is below —2,147,483,648 (8000 0000).

The following example shows an eight-digit subtraction with CY (SR 25504)
used to indicate a negative result (with unsigned data). The status of the UF and
OF flags indicate whether the result has exceeded the signed binary data range
(~2,147,483,648 (8000 0000) to +2,147,483,647 (7TFFF FFFF)).

Address | Instruction Operands

: CLC(41) I 00000 | LD 00101

00001 | CLC(41)

SBBL(—) 00002 | SBBL(—)
LR 02 LR 22
DM 0012 DM 0012
DM 0022 DM 0022
Mi+1:LR03 Mi: LR 02
[7IF[F]F] [FIF[F[O]
Su+1 : DM 0023 Su : DM 0022
- [ELFIF[F] [FIF[F[oO]
_ [0] ---- cY(Cleared with CLC(41))
CcY R+1:LRO03 R:LR 02
[8lofo]o] [0]ofofo]
[0] - - - - UF (sR 25405)
- - - - OF (SR 25404)
Note 1. For unsigned binary data, CY indicates that the result is negative. Take the

2’'s complement using NEGL(—) to obtain the absolute value of the true re-
sult. (UF and OF can be ignored.)

2. For signed binary data, the OF flag indicates that the result exceeds
+2,147,483,647 (TFFF FFFF). (CY can be ignored.)
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5-22-7 SIGNED BINARY MULTIPLY — MBS(—)

Operand Data Areas

Ladder Symbols Md: Multiplicand word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
—1 MBS(—) —1 @MBS(—)
Mr: Multiplier word
Md Md
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Mr Mr R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

Limitations

Description

Note

Flags

Example

00100

DM 6143 to DM 6655 cannot be used for R.

MBS(—) multiplies the signed binary content of two words and outputs the
8-digit signed binary result to R+1 and R. The rightmost four digits of the result
are placed in R, and the leftmost four digits are placed in R+1.

Refer to 1-7 Calculating with Signed Binary Data for more details.

R

X r
| R+ | |
ER: Indirectly addressed EM/DM word is non-existent.

(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0000 0000, otherwise OFF.
In the following example, MBS(—) is used to multiply the signed binary contents

of DM 0010 with the signed binary contents of DM 0012 and output the result to
DM 0100 and DM 0101.
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Address | Instruction Operands
MBS(—) 00000 LD 00100
DM 0010 00001 | MBS(—)
DM 0012 DM 0010
DM 0100 DM 0012
DM 0100
Md: DM 0010
1]s5]Bl1]---- (5559
Mr: DM 0012
X Flcl 1] 3] ---- (1005
R+1: DM 0101 R: DM 0100
FIF|A|A][ D] 8] 2] 3]----(s5580765
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5-22-8 DOUBLE SIGNED BINARY MULTIPLY — MBSL(—)

Ladder Symbols
MBSL(—) —1 @MBSL(—)
Md Md
Mr Mr
R R

Operand Data Areas

Md: First multiplicand word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Mr: First multiplier word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

R: First result word

IR, SR, AR, DM, EM, HR, LR

Limitations Md and Md+1 must be in the same data area, as must Mr and Mr+1.
R and R+3 must be in the same data area.
DM 6143 to DM 6655 cannot be used for R.
Description MBSL(—) multiplies the 32-bit (8-digit) signed binary data in Md+1 and Md with
the 32-bit signed binary data in Mr+1 and Mr, and outputs the 16-digit signed
binary result to R+3 through R.
Note Referto 1-7 Calculating with Signed Binary Data for more details.
Md + 1 Md
X Mr+ 1 Mr
R+3 R+2 R+1 R
Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)
EQ: ON when the result is zero (content of R+3 through R all zeroes), other-
wise OFF.
Example In the following example, MBSL(—) is used to multiply the signed binary con-
tents of IR 101 and IR 100 with the signed binary contents of DM 0021 and
DM 0020 and output the result to LR 24 through LR 01.
00000 Address | Instruction Operands
f MBSL(—) 00000 | LD 00000
100 00001 | MBSL(—)
DM 0020 100
LR 01 DM 0020
LR 21
Md+1: IR 101 Md: IR 100
ol oflof[s8]| 7] 9] 3] 8]|----@s5320
Mr+1: DM 0021 : DM 0020
X FIF[Flo] Al 8] 1] 2| ---- (1005550
R+3: LR 04 R+2: LR 03 R+1: LR 02 R: LR 01
FIFI|F|F|F]F] 7] D] F]c|A|5]a]5]F][o0]---- (55840206000
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5-22-9 SIGNED BINARY DIVIDE — DBS(—)

Ladder Symbols
DBS(—) — @DBS(—)
Dd Dd
Dr Dr
R R

Limitations

Description

Note

Flags

Example

00000
I

Operand Data Areas

Dd: Dividend word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

Dr: Divisor word

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

R: First result word

IR, SR, AR, DM, EM, HR, LR

DM 6143 to DM 6655 cannot be used for R.

DBS(—) divides the signed binary content of Dd by the signed binary content of

Dr, and outputs the 8-digit signed binary result to R+1 and R. The quotient is
placed in R, and the remainder is placed in R+1.

Refer to 1-7 Calculating with Signed Binary Data for more details.

ER:

EQ:

Quotient

Remainder

| R+1

Dr Dd
) ]

Dr contains 0.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON when the content of R (the quotient) is 0000, otherwise OFF.

In the following example, DBS(—) is used to divide the signed binary contents of
DM 0010 with the signed binary contents of DM 0020 and output the result to
LR 21 and LR 02.

330

DBS(—)

DM 0010

DM 0020

LRO1

Address | Instruction Operands
00000 | LD 00000
00001 | DBS(—)
DM 0010
DM 0020
LR 21
Dd: DM 0010
D[ D[DJA|---- (8742
Dr: DM 0020
ofo[1]A]----(e

R+1: LR 02

R: LR 01

FIFIF|A

FIE[ B O

Remainder (-6)

Quotient (—336)

- - - - (-336 and —6/26)
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Limitations

Description

Flags

Example

00000
L

5-22-10 DOUBLE SIGNED BINARY DIVIDE — DBSL(—)

Operand Data Areas

Ladder Symbols Dd: First dividend word (binary)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
DBSL(—) —1 @DBSL(—)
Dr: First divisor word (binary)
Dd Dd
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
D D
' ' R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

Dd and Dd+1 must be in the same data area, as must Dr and Dr+1.
R and R+3 must be in the same data area.
DM 6143 to DM 6655 cannot be used for R.
DBS(—) divides the 32-bit (8-digit) signed binary data in Dd+1 and Dd by the
32-bit signed binary data in Dr+1 and Dr, and outputs the 16-digit signed binary
result to R+3 through R. The quotient is placed in R+1 and R, and the remainder
is placed in R+3 and R+2.
Note Referto 1-7 Calculating with Signed Binary Data for more details.
Remainder Quotient
[ Re3 | Re2 || Rra | R |
| om1 | o | > | b1 | Dbd |
ER: Dr+1 and Dr contain 0.
Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
EQ: ON when the content of R+1 and R (the quotient) is 0, otherwise OFF.
In the following example, DBSL(—) is used to divide the signed binary contents
of IR 101 and IR 100 with the signed binary contents of DM 0021 and DM 0020
and output the result to LR 24 through LR 01.
Address | Instruction Operands
I DBSL(—) 00000 | LD 00000
100 00001 | DBSL(—)
DM 0020 100
LR 01 DM 0020
LR 21
Dd+1: IR 101 Dd: IR 100
. LFIF[7]AalB[1]5]cC]|---- (8736420
Dr+1: DM 0021 Dr: DM 0020
ofo[ofo|ofo[1]A]|----(p
R+3: LR 04 R+2: LR 03 R+1: LR 02 R: LR 01
FIrI|F|IF]F[F]F]c|F][F[F|[A] D] F|]7]0]---- (336016 and-4/26)

Remainder (—4)

Quotient (—336)
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5-23 Special Math Instructions
5-23-1 FIND MAXIMUM — MAX(—)

Ladder Symbols Operand Data Areas

— MAX(—)

C

R1

D

Limitations

Description

1,2 3.

&Caution

332

C: Control data

— @max(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

C

R;: First word in range

R
. IR, SR, AR, DM, EM, HR, TIM/CNT, LR

D

D: Destination word

IR, SR, AR, DM, EM, HR, LR

N must be BCD between 0001 to 9999.
R; and R1+N-1 must be in the same data area.
DM 6144 to DM 6655 cannot be used for D.

When the execution condition is OFF, MAX(—) is not executed. When the
execution condition is ON, MAX(—) searches the range of memory from R4 to
R1+N-1 for the address that contains the maximum value and outputs the maxi-
mum value to the destination word (D).

If bit 15 of C is ON, MAX(—) identifies the address of the word containing the
maximum value in D+1. The address is identified differently for the DM area:

1. For an address in the DM area, the word address is written to C+1. For ex-
ample, if the address containing the maximum value is DM 0114, then #0114
is written in D+1.

2. For an address in another data area, the number of addresses from the be-
ginning of the search is written to D+1. For example, if the address contain-
ing the maximum value is IR 114 and the first word in the search range is
IR 014, then #0100 is written in D+1.

If bit 14 of C is ON and more than one address contains the same maximum val-
ue, the position of the lowest of the addresses will be output to D+1. The position
will be output as the DM address for the DM area, but as an absolute position
relative to the first word in the range for all other areas.

The number of words within the range (N) is contained in the 3 rightmost digits of
C, which must be BCD between 001 and 999.

When bit 15 of C is OFF, data within the range is treated as unsigned binary and
when it is ON the data is treated as signed binary.

C:|15/14|13 (1211 - - - - - - - - 00

Number of words
in range (N)

Not used — set to zero.

Output address to D+1?
1 (ON): Yes.

Data type .
1 (ON): Signed binary 0 (OFF): No.

0 (OFF): Unsigned binary

If bit 14 of C is ON, values above #8000 are treated as negative numbers, so the
results will differ depending on the specified data type. Be sure that the correct
data type is specified.
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Flags

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

R1 and R1+N-1 are not in the same data area.

EQ: ON when the maximum value is #0000.

5-23-2 FIND MINIMUM — MIN(—)

Ladder Symbols Operand Data Areas

—— MIN(—)

C

R1

D

Limitations

Description

1,2 3.

C: Control data

| @MIN(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

C

R;: First word in range

R
. IR, SR, AR, DM, EM, HR, TIM/CNT, LR

D

D: Destination word

IR, SR, AR, DM, EM, HR, LR

N must be BCD between 0001 to 9999.
R; and R1+N-1 must be in the same data area.
DM 6144 to DM 6655 cannot be used for D.

When the execution condition is OFF, MIN(—) is not executed. When the execu-
tion condition is ON, MIN(—) searches the range of memory from Rq to R{+N-1
for the address that contains the minimum value and outputs the minimum value
to the destination word (D).

If bit 15 of C is ON, MIN(—) identifies the address of the word containing the
minimum value in D+1. The address is identified differently for the DM area:

1. For an address in the DM area, the word address is written to C+1. For ex-
ample, if the address containing the minimum value is DM 0114, then #0114
is written in D+1.

2. For an address in another data area, the number of addresses from the be-
ginning of the search is written to D+1. For example, if the address contain-
ing the minimum value is IR 114 and the first word in the search range is
IR 014, then #0100 is written in D+1.

If bit 14 of C is ON and more than one address contains the same minimum val-
ue, the position of the lowest of the addresses will be output to D+1. The position
will be output as the DM address for the DM area, but as an absolute position
relative to the first word in the range for all other areas.

The number of words within the range (N) is contained in the 3 rightmost digits of
C, which must be BCD between 001 and 999.

When bit 15 of C is OFF, data within the range is treated as unsigned binary and
when it is ON the data is treated as signed binary.

C:|15/14|13 (12|11 - - - - - - - - 00

Number of words
in range (N)

Not used — set to zero.

Output address to D+1?
1 (ON): Yes.

Data type .
1 (ON): Signed binary 0 (OFF): No.

0 (OFF): Unsigned binary
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Flags

& Caution

If bit 14 of C is ON, values above #8000 are treated as negative numbers, so the
results will differ depending on the specified data type. Be sure that the correct
data type is specified.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

R; and R1+N-1 are not in the same data area.

EQ: ON when the minimum value is #0000.

5-23-3 AVERAGE VALUE - AVG(—)

Limitations

Description

Precautions
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Ladder Symbols Operand Data Areas
S: Source word
—1 AVG(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
S
N: Number of cycles
N
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
D
D: First destination word
IR, SR, AR, DM, EM, HR, LR

S must be hexadecimal.

N must be BCD from #0001 to #0064.

D and D+N+1 must be in the same data area.

DM 6144 to DM 6655 cannot be used for S, N, or D to D+N+1.

AVG(—) is used to calculate the average value of S over N cycles.

When the execution condition is OFF, AVG(—) is not executed.

Each time that AVG(—) is executed, the content of S is stored in words D+2 to
D+N+1. On the first execution, AVG(—) writes the content of S to D+2; on the
second execution it writes the content of S to D+3, etc. On the Nth execution,
AVG(—) writes the content of S stored in D+N+1, AVG(—) calculates the aver-
age value of the values stored in D+2 to D+N+1, and writes the average to D.

The following diagram shows the function of words D to D+N+1.

D Average value (after N or more executions)

D+1 Used by the system.

D+2 Content of S from the 1st execution of AVG(—)

D+3 Content of S from the 2nd execution of AVG(—)
L}

D+N+1 Content of S from the Nth execution of AVG(—)

The average value is calculated in binary. Be sure that the content of S is in
binary.

N must be BCD from #0001 to #0064. If the content of N = #0065, AVG(—) will
operate with N=64.

The average value will be rounded off to the nearest integer value. (0.5 is
rounded up to 1.)

Leave the contents of D+1 set to #0000 after the first execution of AVG(—).
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Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

One or more operands have been set incorrectly.

D and D+N+1 are not in the same data area.

Example In the following example, the content of IR 040 is set to #0000 and then increm-
ented by 1 each cycle. For the first two cycles, AVG(—) moves the content of
IR 040 to DM 1002 and DM 1003. On the third and later cycles AVG(—) calcu-
lates the average value of the contents of DM 1002 to DM 1004 and writes that
average value to DM 1000.

00001
I @movl) Address | Instruction Operands
#0000
o0 00000 LD 00001
00001 | @MOV(21)
# 0000
AVED) 040
040 00002 | AVG(—)
#0003 040
DM 1000 # 0003
DM 1000
I CLC(41) I 00003 | CLC(41)
00004 | ADB(50)
ADB(50) 040
# 0001
040
040
#0001
040
1stcycle 2ndcycle 3rdcycle 4th cycle
IR 040 0000 0001 0002 0003
1st cycle  2nd cycle 3rd cycle 4th cycle
DM 1000 | 0000 0001 0001 0002 Average
DM 1001 Used by the system.
DM 1002 | 0000 0000 0000 0003 Previous
DM 1003 | --- 0001 0001 0001 values of
DM 1004 | --- --- 0002 0002 IR 40
5-23-4 SUM — SUM(—)
Ladder Symbols Operand Data Areas
C: Control data
—1 SUM(—) —1 @SUM(—)
IR, SR, AR, DM, EM, HR, LR, #
C C
R;: First word in range
Ry Ry
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
D D - —
D: First destination word
IR, SR, AR, DM, EM, HR, LR
Limitations The 3 rightmost digits of C must be BCD between 001 and 999.

335



Special Math Instructions

Section 5-23

Description

DM 6143 to DM 6655 cannot be used for D.

If bit 14 of C is OFF (setting for BCD data), all data within the range R; to R{+N-1
must be BCD.

When the execution condition is OFF, SUM(—) is not executed. When the
execution condition is ON, SUM(—) adds either the contents of words R; to
R1+N-1 or the bytes in words Rq to R1+N/2—1 and outputs that value to the des-
tination words (D and D+1). The data can be summed as binary or BCD and will
be output in the same form. Binary data can be either signed or unsigned.

The function of bits in C are shown in the following diagram and explained in
more detail below.

13

12|11 - - - - - - - - 00

Number of Items in Range

Addition Units

Data Type

Flags
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L Numberofitemsin range (N, BCD)

Number of words or number of bytes
001 to 999

First byte (when bit 13 is ON)
1 (ON): Rightmost
0 (OFF): Leftmost

Addition units

1 (ON): Bytes
Data type .
1(ON): Binary 0 (OFF): Words
0 (OFF): BCD

Data type
1 (ON): Signed binary
0 (OFF): Unsigned binary

The number of items within the range (N) is contained in the 3 rightmost digits of
C, which must be BCD between 001 and 999. This number will indicate the num-
ber of words or the number of bytes depending the items being summed.

Words will be added if bit 13 is OFF and bytes will be added if bit 13 is ON.

If bytes are specified, the range can begin with the leftmost or rightmost byte of
R1. The leftmost byte of R; will not be added if bit 12 is ON.

MSB LSB
Ry 1 2
Ry+1 3 |4
Ry+2 5 6
R1+3 7 8
! . .
' ]

The bytes will be added in this order when bit 12 is OFF: 1+2+3+4....

The bytes will be added in this order when bit 12 is ON: 2+3+4....

Data within the range is treated as unsigned binary when bit 14 of C is ON and bit
15 is OFF, and it is treated as signed binary when both bits 14 and 15 are ON.

Data within the range is treated as BCD when bit 14 of C is OFF, regardless of the
status of bit 15.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

R1 and R1+N-1 are not in the same data area.
The number of items in C is not BCD between 001 and 999.

The data being summed is not BCD when BCD was designated.
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Example

EQ: ON when the result is zero.

In the following example, the BCD contents of the 8 words from DM 0000 to
DM 0007 are added when IR 00001 is ON and the result is written to DM 0010
and DM 0011.

5-23-5

Limitations

Description

Flags

0o001 Address | Instruction Operands
| @SUM(—)
#0008 00000 LD 00001
DM 0000 00001 | @SUM(—)
DM 0010 # 0008
DM 0000
DM 0010
DM 0000 | 0001
DM 0001 | 0002
DM 0002 | 0003
DM 0003 | 0004 - DM 0010 | 0036
DM 0004 | 0005 DM 0011 | 0000
DM 0005 | 0006
DM 0006 | 0007
DM 0007 | 0008
ARITHMETIC PROCESS - APR(—)
Ladder Symbols Operand Data Areas
C: Control word
APR(—) —1 @APR(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
C C
S: Input data source word
S S
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
D D D: Result destination word
IR, SR, AR, DM, EM, HR,TIM/CNT, LR

For trigonometric functions S must be BCD from 0000 to 0900 (0°< 6 < 90°).
DM 6144 to DM 6655 cannot be used for D.
When the execution condition is OFF, APR(—) is not executed. When the

execution condition is ON, the operation of APR(—) depends on the control
word C.

If C is #0000 or #0001, APR(—) computes sin(0) or cos(0)*. The BCD value of S
specifies 0 in tenths of degrees.

If C is an address, APR(—) computes f(x) of the function entered in advance be-
ginning at word C. The function is a series of line segments (which can approxi-
mate a curve) determined by the operator. The BCD or hexadecimal value of S
specifies x.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

For trigonometric functions, x > 0900. (x is the content of S.)
A constant other than #0000 or #0001 was designated for C.
The linear approximation data is not readable.

EQ: The result is 0000.
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Examples

Sine Function

The following example demonstrates the use of the APR(—) sine function to cal-
culate the sine of 30°. The sine function is specified when C is #0000.

00000 Address | Instruction Operands
I APR() 00000 | LD 00000
#0000 00001 | APR(—)
DM 0000 # 0000
DM 0100 DM 0000
DM 0100
Input data, x Result data
S: DM 0000 D: DM 0100
0 101 | 109 | 101 101 | 102 | 103 | 104
0 3 0 0 5 0 0 0

Enter input data not exceed-
ing #0900 in BCD.

Cosine Function

Result data has four significant
digits, fifth and higher digits are
ignored. The result for sin(90) will
be 0.9999, not 1.

The following example demonstrates the use of the APR(—) cosine function to
calculate the cosine of 30°. The cosine function is specified when C is #0001.

00000 Address | Instruction Operands
i APRE) 00000 | LD 00000
#0001 00001 [ APR(—)
DM 0010 # 0001
DM 0110 DM 0010
DM 0110
Input data, x Result data
S: DM 0010 D: DM 0110
0 101 100 101 101 | 102 | 103 | 104
0 3 0 0 8 6 6 0

Enter input data not exceed-
ing #0900 in BCD.

Linear Approximation
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Result data has four significant
digits, fifth and higher digits are
ignored. The result for cos(0) will
be 0.9999, not 1.

APR(—) linear approximation is specified when C is a memory address. Word C
is the first word of the continuous block of memory containing the linear approxi-
mation data.

The content of word C specifies the number of line segments in the approxima-
tion, and whether the input and output are in BCD or BIN form. Bits 00 to 07 con-
tain the number of line segments less 1, m-1, as binary data. Bits 14 and 15 de-
termine, respectively, the output and input forms: 0 specifies BCD and 1 speci-
fies BIN.

C: 15 |14 [13| Notused. |07]06|05]04]03]02]01]00]

Source data form

1 (ON): f(x)=f(Xn—S) .

0 (OFF): f(x)=f(S) — Number of coordinates
minus one (m-1)

Output form

Input form
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00000

Enter the coordinates of the m+1 end-points, which define the m line segments,
as shown in the following table. Enter all coordinates in BIN form. Always enter
the coordinates from the lowest X value (X4) to the highest (Xi,). Xq is 0000, and
does not have to be entered.

Xo

Word Coordinate
C+1 Xm (max. X value)
C+2 Yo
C+3 X1
C+4 Y1
C+5 X2
C+6 Yo
! !
C+(2m+1) | Xy
X | C+2m+2) | i

X1 Xp X3 Xg Xm

If bit 13 of C is set to 1, the graph will be reflected from left to right, as shown in the
following diagram.

Y Y

Xo Xm Xm Xo

The following example demonstrates the construction of a linear approximation
with 12 line segments. The block of data is continuous, as it must be, from DM
0000 to DM 0026 (Cto C + (2 x 12 + 2)). The input data is taken from IR 010, and
the result is output to IR 011.

DM 0000
DM 0001
DM 0002
DM 0003
DM 0004
DM 0005
DM 0006
!

DM 0025
DM 0026

Address | Instruction Operands
APRCD 00000 | LD 00000
DM 0000 00001 | APR(—)
o1 DM 0000
011 010
011
[ Content[[ Coordinate | Elst g(th

$coB |- - - - - - - -|1][1]o]o|o]o]o]o[ofo]ofo]1]o]1]1]
$05F0 X12 N— :
$0000 Yo (g;ltﬁtgoatlﬂdBlN) ggg r}q entg" 12 line
$0005 X1

$0F00 Y,

$001A | X,

$0402 Y,

l l

$05F0 X12

$1F20 Y1z
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In this case, the input data word, IR 010, contains #0014, and f(0014) = #0726 is

output to R, IR 011.

Y
SIF20| - - o ol P
-
// ‘
$0F00| - py ;
/ |
/ 1
// :
$0726 y ;
$0402 :
(0,0) ‘ ‘ : :
$0005 $0014  $001A $05F0

5-24 Floating-point Math Instructions

The Floating-point Math Instructions convert data and perform floating-point
arithmetic operations. CQM1H-series CPUs support the following instructions.

Data Format
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Instruction Mnemonic Function code Page
FLOATING TO 16-BIT FIX — 345
FLOATING TO 32-BIT FIXL — 346
16-BIT TO FLOATING FLT — 347
32-BIT TO FLOATING FLTL — 348
FLOATING-POINT ADD +F — 348
FLOATING-POINT —F — 349
SUBTRACT
FLOATING-POINT MULTIPLY | xF — 351
FLOATING-POINT DIVIDE IF — 352
DEGREES TO RADIANS RAD — 353
RADIANS-TO-DEGREES DEG — 354
SINE SIN — 355
COSINE COS — 356
TANGENT TAN — 357
ARC SINE ASIN — 358
ARC COSINE ACOS — 359
ARC TANGENT ATAN — 360
SQUARE ROOT SQRT — 361
EXPONENT EXP — 362
LOGARITHM LOG — 364

Floating-point data expresses real numbers using a sign, exponent, and mantis-

sa. When data is expressed in floating-point format, the following formula ap-

plies.

Real number = (=1)s 26127 (1.f)

s:  Sign
e: Exponent
f:  Mantissa

The floating-point data format conforms to the IEEE754 standards. Data is ex-

pressed in 32 bits, as follows:



Floating-point Math Instructions Section 5-24

Number of Digits

Floating-point Data

Special Numbers

Writing Floating-point Data

Sign Exponent Mantissa
| 5 | e f |
31 30 23 22 0
Data No. of bits Contents
s:sign 1 0: positive; 1: negative
e:exponent 8 The exponent (e) value ranges from 0 to 255.

The actual exponent is the value remaining
after 127 is subtracted from e, resulting in a
range of —127 to 128. “e=0" and “e=255"
express special numbers.

f: mantissa 23 The mantissa portion of binary floating-point
data fits the formal 2.0 > 1.f =1.0.

The number of effective digits for floating-point data is 24 bits for binary ( approx-
imately seven digits decimal).

The following data can be expressed by floating-point data:
+ —3.402823 x 1038 + value + —1.175494 x 1038

0]

* 1.175494 x 10738 + value + 3.402823 x 1038

° +

« Not a number (NaN)

—1.175494 x 1038 1.175494 x 10-38
N s
}__I | I__}_,I | I,,{
[y 1 1 1
- —3.402823 x 1038 -1 0 1 3.402823 x 1038 +

The formats for NaN, = , and O are as follows:

NaN*: e=255f20

+ e=255=0,s=0

- e=255f=0,s=1

0: e=0

*NaN (not a number) is not a valid floating-point number. Executing floating-
point calculation instructions will not result in NaN.

When floating-point is specified for the data format in the :1/O memory edit dis-
play in the CX-Programmer, standard decimal numbers input in the display are
automatically converted to the floating-point format shown above (IEEE754-for-
mat) and written to I/O Memory. Data written in the IEEE754-format is automati-
cally converted to standard decimal format when monitored on the display.

n f

n+1 S‘ € ‘

It isn't necessary for the user to be aware of the IEEE754 data format when read-
ing and writing floating-point data. It is only necessary to remember that floating
point values occupy two words each.

Numbers Expressed as Floating-point Values

The following types of floating-point numbers can be used.
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Mantissa (f), Exponent (e)
0 Not 0 and All 1's (255)
not all 1's
0 0 Normal number Infinity
Not O Non-normal NaN
number

Normal Numbers

Non-normal Numbers

Zero

Infinity

NaN

342

Note A non-normal number is one whose absolute value is too small to be expressed

Note

as a normal number. Non-normal numbers have fewer significant digits. If the
result of calculations is a non-normal number (including intermediate results),
the number of significant digits will be reduced.

Normal numbers express real numbers. The sign bit will be 0 for a positive num-
ber and 1 for a negative number.

The exponent (e) will be expressed from 1 to 254, and the real exponent will be
127 less, i.e., —126 to 127.

The mantissa (f) will be expressed from 0 to 233 — 1, and it is assume that, in the
real mantissa, bit 233 is 1 and the binary point follows immediately after it.

Normal numbers are expressed as follows:
(_1)(sign s) x 2(exponent €)-127 y (1 + mantissa x 2—23)

Example
3130 2322 0
[1][10000000011000000000000000000000
Sign: -
Exponent: 128 -127=1
Mantissa: 1+ (222+221)x2728=1+(21+22)=1+0.75=1.75
Value: -1.75x21=-35

Non-normal numbers express real numbers with very small absolute values.
The sign bit will be 0 for a positive number and 1 for a negative number.

The exponent (e) will be 0, and the real exponent will be —126.

The mantissa (f) will be expressed from 1 to 233 — 1, and it is assume that, in the
real mantissa, bit 233 is 0 and the binary point follows immediately after it.

Non-normal numbers are expressed as follows:
(—1)ign s) x 2-126 x (mantissa x 2-23)

Example
3130 2322 0
‘0‘00000000011000000000000000000000
Sign: -
Exponent: -126
Mantissa: 0+ (222+221)x223=0+(21+22)=0+0.75=0.75
Value: -0.75 x 27126

Values of +0.0 and —0.0 can be expressed by setting the sign to 0 for positive or 1
for negative. The exponent and mantissa will both be 0. Both +0.0 and —0.0 are
equivalent to 0.0. Refer to Floating-point Arithmetic Results, below, for differ-
ences produced by the sign of 0.0.

Values of + and - can be expressed by setting the sign to O for positive or 1
for negative. The exponent will be 255 (28 — 1) and the mantissa will be 0.

NaN (not a number) is produced when the result of calculations, such as 0.0/0.0,
[/ ,or — ,does notcorrespond to a number or infinity. The exponent will be
255 (28 — 1) and the mantissa will be not 0.

There are no specifications for the sign of NaN or the value of the mantissa field
(other than to be not 0).
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Floating-point Arithmetic Results

Rounding Results

Overflows, Underflows,
and lllegal Calculations

Precautions in Handling
Special Values

The following methods will be used to round results when the number of digits in
the accurate result of floating-point arithmetic exceeds the significant digits of
internal processing expressions.

If the result is close to one of two internal floating-point expressions, the closer
expression will be used. If the result is midway between two internal floating-
point expressions, the result will be rounded so that the last digit of the mantissa
is 0.

Overflows will be output as either positive or negative infinity, depending on the
sign of the result. Underflows will be output as either positive or negative zero,
depending on the sign of the result.

lllegal calculations will result in NaN. lllegal calculations include adding infinity to
a number with the opposite sign, subtracting infinity from a number with the op-
posite sign, multiplying zero and infinity, dividing zero by zero, or dividing infinity
by infinity.

The value of the result may not be correct if an overflow occurs when converting
a floating-point number to an integer.

The following precautions apply to handling zero, infinity, and NaN.

» The sum of positive zero and negative zero is positive zero.

» The difference between zeros of the same sign is positive zero.

« If any operand is a NaN, the results will be a NaN.

« Positive zero and negative zero are treated as equivalent in comparisons.

» Comparison or equivalency tests on one or more NaN will always be true for =
and always be false for all other instructions.

Floating-point Calculation Results

Example

When the absolute value of the result is greater than the maximum value that
can be expressed for floating-point data, the Overflow Flag (SR 25404) will turn
ON and the result will be output as = . If the result is positive, it will be output as
+ ; if negative, then —

The Equals Flag will only turn ON when both the exponent (e) and the mantissa
(f) are zero after a calculation. A calculation result will also be output as zero
when the absolute value of the result is less than the minimum value that can be
expressed for floating-point data. In that case the Underflow Flag (SR 25405)
will turn ON.

In this program example, the X-axis and Y-axis coordinates (x, y) are provided by
4-digit BCD content of DM 0000 and DM 0001. The distance (r) from the origin
and the angle (8, in degrees) are found and output to DM 0100 and DM 0101. In
the result, everything to the right of the decimal point is truncated.

P (100, 100)
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000000
1l

BIN

DM 0000

DM 0200

BIN

DM 0001

DM 0201

FLT

DM 0200

DM 0202

FLT

DM 0201

DM 0204

*F

DM 0202

DM 0202

DM 0206

s

DM 0204

DM 0204

DM 0208

+F

DM 0206

DM 0208

DM 0210

SQRT

DM 0210

DM 0212

/F

DM 0204

DM 0202

DM 0214

ATAN

DM 0214

DM 0216

DEG

DM 0216

DM 0218

FIX

DM 0212

DM 0220

FIX

DM 0218

DM 0221

BCD

DM 0220

DM 0100

BCD

DM 0221

DM 0101

END

@)

®)
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Calculations Example
Distancer=x?  y? Distance r = 100* 10C? = 141.4214
1Y ~, (100
Angle 6 = tan~! (—X ) Angle 6 = tan-1 ( 100 ) =45.0

DM Contents

DM 0000 X DM 0100 r

(BCD) —>
DM 0001 | 0100 | y DM 0101 [0045] ©
(BCD)

. This section of the program converts the data from BCD to floating-point.

a) The data area from DM 0200 onwards is used as a work area.

b) First BIN(23) is used to temporarily convert the BCD data to binary data,
and then FLT(—) is used to convert the binary data to floating-point data.

c) The value of x that has been converted to floating-point data is output to
to DM 0203 and DM 0202.

d) The value of y that has been converted to floating-point data is output to
to DM 0205 and DM 0204.

. In order to find the distance r, Floating-point Math Instructions are used to

calculate the square root of x2+y2. The result is then output to DM 0213 and
DM 0212 as floating-point data.

. In order to find the angle 6, Floating-point Math Instructions are used to cal-

culate tan~ (y/x). ATAN(—) outputs the result in radians, so DEG(—) is
used to convert to degrees. The result is then output to DM 0219 and DM
0218 as floating-point data.

. The data is converted back from floating-point to BCD.

a) First FIX(—) is used to temporarily convert the floating-point data to
binary data, and then BCD(024) is used to convert the binary data to
BCD data.

b) The distance r is output to to DM 0100.
c) The angle 6 is output to to DM 0101.

5-24-1 FLOATING TO 16-BIT: FIX(—)

Limitations

Description

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
FIX(—) —1 @FIX(—)
R: Result word
S S
IR, SR, AR, DM, EM, HR, LR
R R -
Third operand : Always 000
000 000 I

The content of S+1 and S must be floating-point data and the integer portion
must be in the range of —32,768 to 32,767.

DM 6144 to DM 6655 cannot be used for R.

When the execution condition is OFF, FIX(—) is not executed. When the execu-
tion condition is ON, FIX(—) converts the integer portion of the 32-bit floating-
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Flags

point number in S+1 and S (IEEE754-format) to 16-bit signed binary data and
places the result in R.

S+1 | S | Floating-point data (32 bits)

E Signed binary data (16 bits)

Only the integer portion of the floating-point data is converted, and the fraction
portion is truncated. The integer portion of the floating-point data must be within
the range of —32,768 to 32,767.

Example conversions:

A floating-point value of 3.5 is converted to 3.

A floating-point value of —3.5 is converted to —3.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the data in S+1 and S is not a number (NaN).

ON if the integer portion of S+1 and S is not within the range of —32,768
to 32,767.

EQ: ON if the result is 0000.

5-24-2 FLOATING TO 32-BIT: FIXL(—)

Limitations

Description
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Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
FIXL(—) —1 @FIXL(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R
Third operand : Always 000
000 000 L

The content of S+1 and S must be floating-point data and the integer portion
must be in the range of —2,147,483,648 to 2,147,483,647.

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, FIXL(—) is not executed. When the
execution condition is ON, FIXL(—) converts the integer portion of the 32-hit
floating-point number in S+1 and S (IEEE754-format) to 32-bit signed binary
data and places the result in R+1 and R.

| S+1 S | Floating-point data (32 bits)

\i
| R+1 | R | Signed binary data (32 bits)

Only the integer portion of the floating-point data is converted, and the fraction
portion is truncated. (The integer portion of the floating-point data must be within
the range of —2,147,483,648 to 2,147,483,647.)

Example conversions:

A floating-point value of 2,147,483,640.5 is converted to 2,147,483,640.

A floating-point value of —2,147,483,640.5 is converted to —2,147,483,640.
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Flags

5-24-3

Limitations

Description

Flags

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the data in S+1 and S is not a number (NaN).

ON if the integer portion of S+1 and S is not within the range of
-2,147,483,648 to 2,147,483,647.

EQ: ON if the result is 0000 0000.

16-BIT TO FLOATING: FLT(—)

Ladder Symbols Operand Data Areas
S: Source word
L — | @FLT) IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
S S R: First result word
R R IR, SR, AR, DM, EM, HR, LR
000 000 Third operand : Always 000

The content of S must contain signed binary data with a (decimal) value in the
range of —32,768 to 32,767.

DM 6143 to DM 6655 cannot be used for R.
When the execution condition is OFF, FLT(—) is not executed. When the execu-
tion condition is ON, FLT(—) converts the 16-bit signed binary value in S to

32-bit floating-point data (IEEE754-format) and places the result in R+1 and R. A
single 0 is added after the decimal point in the floating-point result.

Signed binary data (16 bits)

| R+1 | R | Floating-point data (32 bits)

Only values within the range of —32,768 to 32,767 can be specified for S. To con-
vert signed binary data outside of that range, use FLTL(—).

Example conversions:
A signed binary value of 3 is converted to 3.0.
A signed binary value of —3 is converted to —3.0.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON if both the exponent and mantissa of the result are 0.
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5-24-4 32-BIT TO FLOATING: FLTL(—)

Limitations

Description

Flags

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
FLTL(—) —1 @FLTL(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R
Third operand : Always 000
000 000 L

The result will not be exact if a number with an absolute value greater than
16,777,215 (the maximum value that can be expressed in 24-bits) is converted.

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, FLTL(—) is not executed. When the
execution condition is ON, FLTL(—) converts the 32-bit signed binary value in
S+1 and S to 32-bit floating-point data (IEEE754-format) and places the result in
R+1 and R. A single 0 is added after the decimal point in the floating-point result.

| S+1 S | Signed binary data (32 bits)

| R+1 R | Floating-point data (32 bits)

Signed binary data within the range of -2,147,483,648 to 2,147,483,647 can be
specified for S+1 and S. The floating point value has 24 significant binary digits
(bits). The result will not be exact if a number greater than 16,777,215 (the maxi-
mum value that can be expressed in 24-bits) is converted by FLTL(—).
Example Conversions:

A signed binary value of 16,777,215 is converted to 16,777,215.0.

A signed binary value of —16,777,215 is converted to —16,777,215.0.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON if both the exponent and mantissa of the result are 0.

5-24-5 FLOATING-POINT ADD: +F(—)

Limitations
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Operand Data Areas

Ladder Symbols Au: First augend word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
+F(—) — | @+F() :
Ad: First addend word
Au Au
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Ad Ad R: First result word
R R IR, SR, AR, DM, EM, HR, LR

The augend (Au+1 and Au) and Addend (Ad+1 and Ad) data must be in
IEEE754 floating-point data format.
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Description

Flags

Note

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, +F(—) is not executed. When the execu-
tion condition is ON, +F(—) adds the 32-bit floating-point number in Ad+1 and
Ad to the 32-bit floating-point number in Au+1 and Au and places the result in
R+1 and R. (The floating point data must be in IEEE754 format.)

| Au+l | Au | Augend (floating-point data, 32 bits)
+ | Ad+1 | Ad | Addend (floating-point data, 32 bits)
| R+1 | R | Result (floating-point data, 32 bits)

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +
If the absolute value of the result is less than the minimum value that can be ex-
pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.
The various combinations of augend and addend data will produce the results
shown in the following table.

Augend
Addend 0 Numeral + - NaN
0 0 Numeral + -
Numeral Numeral See note 1. + -
+ + + + See note 2.
- - - See note 2. -
NaN See note 2.
1. The results could be zero (including underflows), a numeral, +co, Or —co.
2. The Error Flag will be turned ON and the instruction won't be executed.
ER: Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the augend or addend data is not recognized as floating-point
data.

EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + .)

UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)

5-24-6 FLOATING-POINT SUBTRACT: —F(—)

Operand Data Areas

Ladder Symbols Mi: First minuend word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
—F(—) —1 @-F-) ,
Su: First subtrahend word

Mi Mi

IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Su Su R: First result word
R R

IR, SR, AR, DM, EM, HR, LR
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Limitations

Description

Flags
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Note

The Minuend (Mi+1 and Mi) and Subtrahend (Su+1 and Su) data must be in
IEEE754 floating-point data format.

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, —F(—) is not executed. When the execu-
tion condition is ON, —F(—) subtracts the 32-bit floating-point number in Su+1
and Su from the 32-bit floating-point number in Mi+1 and Mi and places the result
in R+1 and R. (The floating point data must be in IEEE754 format.)

| Mi+1 | Mi | Minuend (floating-point data, 32 bits)
— | Su+l | Su | Subtrahend (floating-point data, 32 bits)
| R+1 | R | Result (floating-point data, 32 bits)

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

If the absolute value of the result is less than the minimum value that can be ex-
pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.

The various combinations of minuend and subtrahend data will produce the re-
sults shown in the following table.

Minuend
Subtrahend 0 Numeral + - NaN
0 0 Numeral + -
Numeral Numeral See note 1. + -
+ - - See note 2. -
- + + + See note 2.
NaN See note 2.

1. The results could be zero (including underflows), a numeral, +co, Or —co.

2. The Error Flag will be turned ON and the instruction won't be executed.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the minuend or subtrahend data is not recognized as floating-point
data.
EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + .)

UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)
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5-24-7 FLOATING-POINT MULTIPLY: *F(—)

Limitations

Description

Flags

Operand Data Areas

Ladder Symbols Md: First multiplicand word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
*F(—) — 1 @xF(—) : —
Mr: First multiplier word

Md Md

IR, SR, AR, DM, EM, HR, TIM/CNT, LR
M M

' ' R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

The Multiplicand (Md+1 and Md) and Multiplier (Mr+1 and Mr) data must be in
IEEE754 floating-point data format.

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, xF(—) is not executed. When the execu-
tion condition is ON, xF(—) multiplies the 32-bit floating-point number in Md+1
and Md by the 32-bit floating-point number in Mr+1 and Mr and places the result
in R+1 and R. (The floating point data must be in IEEE754 format.)

| Md+1 | Md | Multiplicand (floating-point data, 32 bits)
X | Mr+1 | Mr | Multiplier (floating-point data, 32 bits)
| R+1 | R | Result (floating-point data, 32 bits)

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

If the absolute value of the result is less than the minimum value that can be ex-

pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.

The various combinations of multiplicand and multiplier data will produce the re-
sults shown in the following table.

Multiplicand
Multiplier 0 Numeral + - NaN
0 0 0 See note 2. | See note 2.
Numeral 0 See note 1. +/—- +/—-
+ See note 2. +— + -
- See note 2 +/— - +
NaN See note 2.

1. The results could be zero (including underflows), a numeral, +co, Or —co.
2. The Error Flag will be turned ON and the instruction won't be executed.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the multiplicand or multiplier data is not recognized as floating-
point data.

EQ: ON if both the exponent and mantissa of the result are 0.
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OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + .)

UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)

5-24-8 FLOATING-POINT DIVIDE: /F(—)

Limitations

Description
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Operand Data Areas

Ladder Symbols Dd: First dividend word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
IF(—) — @/F(—) —
Dr: First divisor word
Dd Dd
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
Dr Dr R: First result word
R R
IR, SR, AR, DM, EM, HR, LR

The Dividend (Dd+1 and Dd) and Divisor (Dr+1 and Dr) data must be in IEEE754
floating-point data format.

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, /F(—) is not executed. When the execu-
tion condition is ON, /F(—) divides the 32-bit floating-point number in Dd+1 and
Dd by the 32-bit floating-point number in Dr+1 and Dr and places the result in
R+1 and R. (The floating point data must be in IEEE754 format.)

| Dd+1 | Dd | Dividend (floating-point data, 32 bits)
= | Dr+1 | Dr | Divisor (floating-point data, 32 bits)
| R+1 | R | Result (floating-point data, 32 bits)

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

If the absolute value of the result is less than the minimum value that can be ex-
pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.

The various combinations of dividend and divisor data will produce the results
shown in the following table.

Dividend
Divisor 0 Numeral + - NaN
0 See note 3. +/— + —
Numeral 0 See note 1. +/— +/—
+ 0 See note 2. | See note 3. | See note 3.
- 0 See note 2. See note 3. | See note 3.
NaN See note 3.

1. The results could be zero (including underflows), a numeral, +co, Or —co.
2. The results will be zero for underflows.
3. The Error Flag will be turned ON and the instruction won't be executed.
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Flags

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the dividend or divisor data is not recognized as floating-point
data.
EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + .)

UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)

5-24-9 DEGREES TO RADIANS: RAD(—)

Limitations

Description

Flags

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
RAD(—) — @RAD(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R -
Third operand : Always 000
000 000 I

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, RAD(—) is not executed. When the
execution condition is ON, RAD(—) converts the 32-bit floating-point number in
S+1 and S from degrees to radians and places the result in R and R+1. (The
floating point source data must be in IEEE754 format.)

| S+1 S | Source (degrees, 32-bit floating-point data)

| R+1 R | Result (radians, 32-bit floating-point data)

Degrees are converted to radians by means of the following formula:
Degrees x 17180 = radians

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

If the absolute value of the result is less than the minimum value that can be ex-
pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.

EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + .)
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UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)

5-24-10 RADIANS TO DEGREES: DEG(—)

Limitations

Description

Flags

354

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
DEG(—) —] @DEG(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R -
Third operand : Always 000
000 000 _

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, DEG(—) is not executed. When the
execution condition is ON, DEG(—) converts the 32-bit floating-point number in
S+1 and S from radians to degrees and places the result in R+1 and R. (The
floating point source data must be in IEEE754 format.)

| S+1 S | Source (radians, 32-bit floating-point data)

| R+1 R | Result (degrees, 32-bit floating-point data)

Radians are converted to degrees by means of the following formula:
Radians x 180/ = degrees

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as *

If the absolute value of the result is less than the minimum value that can be ex-
pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.

EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + )

UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)



Floating-point Math Instructions Section 5-24

5-24-11 SINE: SIN(—)

Limitations

Description

Flags

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
SIN(—) ] @SIN(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R -
Third operand : Always 000
000 000 -

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, SIN(—) is not executed. When the execu-
tion condition is ON, SIN(—) calculates the sine of the angle (in radians) ex-
pressed as a 32-bit floating-point value in S+1 and S and places the result in R+1
and R. (The floating point source data must be in IEEE754 format.)

SIN (l S+1 S |) Source (32-bit floating-point data)

| R+1 | R | Result (32-bit floating-point data)

Specify the desired angle (-65,535 to 65,535) in radians in S+1 and S. If the ab-
solute value of the angle exceeds 65,535, an error will occur and the instruction
won't be executed. For information on converting from degrees to radians, see
5-24-9 DEGREES-TO-RADIANS: RAD(—).

The following diagram shows the relationship between the angle and result.

R S: Angle (radian) data
R: Result (sine)

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
ON if the absolute value of the source data exceeds 65,535.

EQ: ON if both the exponent and mantissa of the result are 0.
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5-24-12 COSINE: COS(—)

Limitations

Description

Flags

356

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
COS(—) —1 @COS(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R
Third operand : Always 000
000 000 L

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, COS(—) is not executed. When the
execution condition is ON, COS(—) calculates the cosine of the angle (in ra-
dians) expressed as a 32-hit floating-point value in S+1 and S and places the
result in R+1 and R. (The floating point source data must be in IEEE754 format.)

cos(| S+1 S | ) Source (32-bit floating-point data)

| R+1 | R | Result (32-bit floating-point data)

Specify the desired angle (-65,535 to 65,535) in radians in S+1 and S. If the ab-
solute value of the angle exceeds 65,535, an error will occur and the instruction
won't be executed. For information on converting from degrees to radians, see
5-24-9 DEGREES-TO-RADIANS: RAD(—).

The following diagram shows the relationship between the angle and result.

R S: Angle (radian) data
R: Result (cosine)

ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
ON if the absolute value of the source data exceeds 65,535.

EQ: ON if both the exponent and mantissa of the result are 0.
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5-24-13 TANGENT: TAN(—)

Limitations

Description

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
TAN(—) — @TAN(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R -
Third operand : Always 000
000 000 —

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, TAN(—) is not executed. When the execu-
tion condition is ON, TAN(—) calculates the tangent of the angle (in radians) ex-
pressed as a 32-bit floating-point value in S+1 and S and places the result in R+1
and R. (The floating point source data must be in IEEE754 format.)

TAN (l S+1 S | ) Source (32-bit floating-point data)

\

| R+1 | R | Result (32-bit floating-point data)

Specify the desired angle (-65,535 to 65,535) in radians in S+1 and S. If the ab-
solute value of the angle exceeds 65,535, an error will occur and the instruction
won't be executed. For information on converting from degrees to radians, see
5-24-9 DEGREES-TO-RADIANS: RAD(—).

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

The following diagram shows the relationship between the angle and result.

R
S: Angle (radian) data

R: Result (tangent)
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Flags

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
ON if the absolute value of the source data exceeds 65,535.

EQ: ON if both the exponent and mantissa of the result are 0.

5-24-14 ARC SINE: ASIN(—)

Limitations

Description

358

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
ASIN(—) —1 @ASIN(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R -
Third operand : Always 000
000 000 -

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

ASIN(—) calculates the arc sine of a 32-bit floating-point number and places the
result in the specified result words. (The arc sine function is the inverse of the
sine function; it returns the angle that produces a given sine value between —1
and 1.)

When the execution condition is OFF, ASIN(—) is not executed. When the exe-
cution condition is ON, ASIN(—) computes the angle (in radians) for a sine value
expressed as a 32-hbit floating-point number in S+1 and S and places the result in
R+1 and R. (The floating point source data must be in IEEE754 format.)

SIN—l( | S+l S |) Source (32-bit floating-point data)

| R+1 R | Result (32-bit floating-point data)

The source data must be between —1.0 and 1.0. If the absolute value of the
source data exceeds 1.0, an error will occur and the instruction won't be
executed.

The result is output to words R+1 and R as an angle (in radians) within the range
of —1v2 to 1v2.

The following diagram shows the relationship between the input data and result.
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Flags

R
S: Input data (sine value)
R: Result (radians)
___________ R e

[} ? {
i 1
1 3
1 1
1 t
I t

1 3 S

—10] 0 1.0
j ;
1 ]
] ]
1 ]
1
SRS AN F U
i _x
2
ER: Indirectly addressed EM/DM word is non-existent.

(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
ON if the absolute value of the source data exceeds 1.0.

EQ: ON if both the exponent and mantissa of the result are 0.

5-24-15 ARC COSINE: ACOS(—)

Limitations

Description

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
ACOS(—) — @ACOS(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R Third operand : Always 000
000 000 -

The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.

ACOS(—) calculates the arc cosine of a 32-bit floating-point number and places
the result in the specified result words. (The arc cosine function is the inverse of
the cosine function; it returns the angle that produces a given cosine value be-
tween -1 and 1.)

When the execution condition is OFF, ACOS(—) is not executed. When the exe-
cution condition is ON, ACOS(—) computes the angle (in radians) for a cosine
value expressed as a 32-bit floating-point number in S+1 and S and places the
result in R+1 and R. (The floating point source data must be in IEEE754 format.)

Cos—l( | S+1 S |) Source (32-bit floating-point data)

| R+1 R | Result (32-bit floating-point data)
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The source data must be between —1.0 and 1.0. If the absolute value of the
source data exceeds 1.0, an error will occur and the instruction won't be
executed.

The result is output to words R+1 and R as an angle (in radians) within the range
of 0 to 1L

The following diagram shows the relationship between the input data and result.

S: Input data (cosine value)
R: Result (radians)

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
ON if the absolute value of the source data exceeds 1.0.

EQ: ON if both the exponent and mantissa of the result are 0.
5-24-16 ARC TANGENT: ATAN(—)

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
— ATAN(—) — @ATAN(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R Third operand : Always 000
000 000 I
Limitations The source data in S+1 and S must be in IEEE754 floating-point data format.

DM 6143 to DM 6655 cannot be used for R.

Description ATAN(—) calculates the arc tangent of a 32-bit floating-point number and places
the result in the specified result words. (The arc tangent function is the inverse of
the tangent function; it returns the angle that produces a given tangent value.)

When the execution condition is OFF, ATAN(—) is not executed. When the exe-
cution condition is ON, ATAN(—) computes the angle (in radians) for a tangent
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value expressed as a 32-bit floating-point number in S+1 and S and places the
result in R+1 and R. (The floating point source data must be in IEEE754 format.)

TAN-L ( | S+1 S |) Source (32-bit floating-point data)

| R+1 R | Result (32-bit floating-point data)

The result is output to words R+1 and R as an angle (in radians) within the range
of —102 to 1v2.

The following diagram shows the relationship between the input data and result.

R
S: Input data (tangent)
R: Result (radians)
e e
0 S
_%' """""""""""""""""
Flags ER: Indirectly addressed EM/DM word is non-existent.

(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.

EQ: ON if both the exponent and mantissa of the result are 0.
5-24-17 SQUARE ROOT: SQRT(—)

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
— SQRT(—) — @SQRT(—) .
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R Third operand : Always 000
000 000 —
Limitations The source data in S+1 and S must be in IEEE754 floating-point data format.

DM 6143 to DM 6655 cannot be used for R.

Description When the execution condition is OFF, SQRT(—) is not executed. When the exe-
cution condition is ON, SQRT(—) calculates the square root of the 32-bit float-
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ing-point number in S+1 and S and places the result in R+1 and R. (The floating
point source data must be in IEEE754 format.)

.\/l S+1 S | Source (32-bit floating-point data)

| R+1 R | Result (32-bit floating-point data)

The source data must be positive; if it is negative, an error will occur and the
instruction won’t be executed.

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

The following diagram shows the relationship between the input data and result.

R
S: Input data
R: Result
2 S . -0
- 5
of 1 § s
Flags ER: Indirectly addressed EM/DM word is non-existent.

(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
ON if the source data is negative.

EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be output as + )

5-24-18 EXPONENT: EXP(—)

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
—1 EXP(—) —1 @EXP(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R Third operand : Always 000
000 000 —
Limitations The source data in S+1 and S must be in IEEE754 floating-point data format.
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Description

Flags

Note

DM 6143 to DM 6655 cannot be used for R.

When the execution condition is OFF, EXP(—) is not executed. When the exe-
cution condition is ON, EXP(—) calculates the natural (base e) exponential of
the 32-bit floating-point number in S+1 and S and places the result in R+1 and R.
In other words, EXP(—) calculates eX (x = source) and places the result in R+1
and R.

Source (32-bit floating-point data)

| R+1 | R | Result (32-hit floating-point data)

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

If the absolute value of the result is less than the minimum value that can be ex-
pressed as floating-point data, the Underflow Flag (SR 25405) will turn ON and
the result will be output as 0.

The constant e is 2.718282.

The following diagram shows the relationship between the input data and result.

R
1
L}
' S: Input data
R: Result
2718282-»--'
/] s
o s
ER: Indirectly addressed EM/DM word is non-existent.

(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.

EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be output as + )

UF: ON if the absolute value of the result is too small to be expressed as a
32-bit floating-point value. (The result will be output as 0.)
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5-24-19 LOGARITHM: LOG(—)

Operand Data Areas

Ladder Symbols S: First source word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
— LOG(—) — @LOG(—)
R: First result word
S S
IR, SR, AR, DM, EM, HR, LR
R R Third operand : Always 000
000 000 I
Limitations The source data in S+1 and S must be in IEEE754 floating-point data format.
DM 6143 to DM 6655 cannot be used for R.
Description When the execution condition is OFF, LOG(—) is not executed. When the exe-

cution condition is ON, LOG(—) calculates the natural (base e) logarithm of the
32-bit floating-point number in S+1 and S and places the result in R+1 and R.

|09e| S+1 S | Source (32-bit floating-point data)

| R+1 R | Result (32-bit floating-point data)

The source data must be positive; if it is negative, an error will occur and the
instruction won't be executed.

If the absolute value of the result is greater than the maximum value that can be
expressed as floating-point data, the Overflow Flag (SR 25404) will turn ON and
the result will be output as +

Note The constant e is 2.718282.
The following diagram shows the relationship between the input data and result.

R

S: Input data
R: Result

+ 0 . S
[ 2718282

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

ON if the source data is not recognized as floating-point data.
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EQ: ON if both the exponent and mantissa of the result are 0.

OF: ON if the absolute value of the result is too large to be expressed as a
32-bit floating-point value. (The result will be outputas + .)

5-25 Logic Instructions

5-25-1 COMPLEMENT — COM(29)

Ladder Symbols Operand Data Areas
COM(29) @COM(29) Wd: Complement word
IR, SR, AR, DM, EM, HR, LR
wd wd

Limitations DM 6144 to DM 6655 cannot be used for Wd.

Description When the execution condition is OFF, COM(29) is not executed. When the
execution condition is ON, COM(29) clears all ON bits and sets all OFF bits in
wd.

Precautions The complement of Wd will be calculated every cycle if the undifferentiated form

of COM(29) is used. Use the differentiated form (@COM(29)) or combine
COM(29) with DIFU(13) or DIFD(14) to calculate the complement just once.

Example 15 00
Origina||1|o|o|1|1|o|o|1|1|0|o|1|1|o|o|1|

15 I 00

Complement|0|1|1|0|0|1|1|O|O|1|1|0|0|1|1|0|

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.

5-25-2 LOGICAL AND — ANDW(34)

Operand Data Areas

Ladder Symbols I1: Input 1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
— ANDW(34) —1 @ANDW(34)
12: Input 2
11 11
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
12 12 R: Result word
R R IR, SR, AR, DM, EM, HR, LR
Limitations DM 6144 to DM 6655 cannot be used for R.
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Description When the execution condition is OFF, ANDW(34) is not executed. When the
execution condition is ON, ANDW(34) logically AND'’s the contents of 11 and 12
bit-by-bit and places the result in R.

Example 15 00
n [rfofofafsfofofafsfofofafsfofofs]
15 00
2 [ofsfofsfofsfofsfofsfofafofsfofs]
15 A oo
R [ofofofufofofofsfofofofsfofofofu]
Flags ER: Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.

5-25-3 LOGICAL OR — ORW(35)

Operand Data Areas

Ladder Symbols 11: Input 1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
— ORW(35) — @ORW(35)
12: Input 2
11 11
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
12 12 R: Result word
R R IR, SR, AR, DM, EM, HR, LR
Limitations DM 6144 to DM 6655 cannot be used for R.
Description When the execution condition is OFF, ORW(35) is not executed. When the

execution condition is ON, ORW(35) logically OR’s the contents of 11 and 12 bit-
by-bit and places the result in R.

Example 15 00
11 |1|o|o|1|1|o|o|1|1|o|o|1|1|o|o|1|
15 00
12 |0|1|o|1|o|1|0|1|o|1|0|1|0|1|0|1|
15 ‘ 00
R [rfefofsfafafofafafajofafr]sjofu]
Flags ER: Indirectly addressed EM/DM word is hon-existent.

(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)
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EQ:

ON when the result is 0.

5-25-4 EXCLUSIVE OR — XORW(36)

Operand Data Areas

11: Input 1

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

12: Input 2

Ladder Symbols
XORW(36) — @XORW(36)
11 11
12 12
R R

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #

R: Result word

IR, SR, AR, DM, EM, HR, LR

Limitations DM 6144 to DM 6655 cannot be used for R.
Description When the execution condition is OFF, XORW(36) is not executed. When the
execution condition is ON, XORW(36) exclusively OR’s the contents of I1 and 12
bit-by-bit and places the result in R.
Example 15 00
11 |1|0|0|1|1|0|0|1|1|0|0|1|1|0|0|1|
15 00
12 [of{s]ofa]ofe]ofafofafo|afo]a]o]1]
15 ‘ 00
R [t]iofofsfr]oofsfafofofafsfo]o]
Flags ER: Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.
5-25-5 EXCLUSIVE NOR — XNRW(37)

Operand Data Areas

Ladder Symbols 11:Input 1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
—1 XNRW(37) —1 @XNRW(37)
12: Input 2
11 11
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
12 12
R: Result word
R R
IR, SR, AR, DM, EM, HR, LR

Limitations DM 6144 to DM 6655 cannot be used for R.
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Description

Flags

When the execution condition is OFF, XNRW(37) is not executed. When the
execution condition is ON, XNRW(37) exclusively NOR'’s the contents of |1 and
12 bit-by-bit and places the result in R.

15 00
11 [1{o]ofa]afofofa]|s|ofofa]s]ofo]1]
15 00
12 [of{s]ofa]ofs]ofafofafofafo]a]o]1]
15 ‘ 00
R [ofofufafofofsfafofofafafofofafu]
ER: Indirectly addressed EM/DM word is non-existent.

(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is 0.

5-26 Increment/Decrement Instructions
5-26-1 BCD INCREMENT — INC(38)

Limitations
Description

Precautions

Flags

5-26-2

Limitations
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Ladder Symbols Operand Data Areas

—1 INC(38) — @INC(38) Wd: Increment word (BCD)

IR, SR, AR, DM, EM, HR, LR

wd wd

DM 6144 to DM 6655 cannot be used for Wd.

When the execution condition is OFF, INC(38) is not executed. When the execu-
tion condition is ON, INC(38) increments Wd, without affecting Carry (CY).

The content of Wd will be incremented every cycle if the undifferentiated form of
INC(38) is used. Use the differentiated form (@INC(38)) or combine INC(38)
with DIFU(13) or DIFD(14) to increment Wd just once.

ER: Wd is not BCD

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the incremented result is 0.
BCD DECREMENT — DEC(39)
Ladder Symbols Operand Data Areas
DEC(39) @DEC(39) Wd: Decrement word (BCD)
IR, SR, AR, DM, EM, HR, LR
wd wd

DM 6144 to DM 6655 cannot be used for Wd.
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Description When the execution condition is OFF, DEC(39) is not executed. When the
execution condition is ON, DEC(39) decrements Wd, without affecting CY.
DEC(39) works the same way as INC(38) except that it decrements the value
instead of incrementing it.

Precautions The content of Wd will be decremented every cycle if the undifferentiated form of
DEC(39) is used. Use the differentiated form (@ DEC(39)) or combine DEC(39)
with DIFU(13) or DIFD(14) to decrement Wd just once.

Flags ER: Wd is not BCD.

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the decremented result is 0.
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5-27 Subroutine Instructions

Subroutines break large control tasks into smaller ones and enable you to reuse
a given set of instructions. When the main program calls a subroutine, control is
transferred to the subroutine and the subroutine instructions are executed. The
instructions within a subroutine are written in the same way as main program
code. When all the subroutine instructions have been executed, control returns
to the main program to the point just after the point from which the subroutine
was entered (unless otherwise specified in the subroutine).

5-27-1 SUBROUTINE ENTER — SBS(91)

Ladder Symbol Definer Data Areas
SBS(91) N N: Subroutine number
000 to 255
Description A subroutine can be executed by placing SBS(91) in the main program at the

point where the subroutine is desired. The subroutine number used in SBS(91)
indicates the desired subroutine. When SBS(91) is executed (i.e., when the
execution condition for it is ON), the instructions between the SBN(92) with the
same subroutine number and the first RET(93) after it are executed before
execution returns to the instruction following the SBS(91) that made the call.

Main program

SBS(91) 00

Main program

SBN(92) 00

Subroutine

RET(93)
END(01)

SBS(91) may be used as many times as desired in the program, i.e., the same
subroutine may be called from different places in the program).
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Flags

&Caution

SBS(91) may also be placed into a subroutine to shift program execution from
one subroutine to another, i.e., subroutines may be nested. When the second
subroutine has been completed (i.e., RET(93) has been reached), program
execution returns to the original subroutine which is then completed before re-
turning to the main program. Nesting is possible to up to sixteen levels. A sub-
routine cannot call itself (e.g., SBS(91) 000 cannot be programmed within the
subroutine defined with SBN(92) 000). The following diagram illustrates two lev-
els of nesting.

SBN(92) 010 SBN(92) 011 | SBN(92) 012 |
i i
SBS(91) 010 SBS(91) 011 SBS(91) 012
i i

RET(93) | RET(93) |

The following diagram illustrates program execution flow for various execution
conditions for two SBS(91).

A
SBS(91) 000 OFF execution conditions for
subroutines 000 and 001
5 A-B~_C
Main ‘—,
program SBS(91) 001 f—

ON execution condition for
subroutine 000 only

ON execution condition for
SBN(92) 000 subroutine 001 only

A-B—-E~C
D ! |

— _RET(93) ON execution conditions for
: SBN(92) 001 | subroutines 000 and 001
Subroutines

A-D-B-E-C

. t |
RET(93)
END(01)

ER: A subroutine does not exist for the specified subroutine number.

A subroutine has called itself.

An active subroutine has been called.

SBS(91) will not be executed and the subroutine will not be called when ER is
ON.
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5-27-2 SUBROUTINE DEFINE and RETURN — SBN(92)/RET(93)
Ladder Symbols Definer Data Areas
SBN(92) N N: Subroutine number
000 to 255
— RET(93)

Limitations

Description

Precautions

Flags

Each subroutine number can be used in SBN(92) only once.

SBN(92) is used to mark the beginning of a subroutine program; RET(93) is
used to mark the end. Each subroutine is identified with a subroutine number, N,
that is programmed as a definer for SBN(92). This same subroutine number is
used in any SBS(91) that calls the subroutine (see 5-27-1 SUBROUTINE EN-
TER — SBS(91)). No subroutine number is required with RET(93).

All subroutines must be programmed at the end of the main program. When one
or more subroutines have been programmed, the main program will be
executed up to the first SBN(92) before returning to address 00000 for the next
cycle. Subroutines will not be executed unless called by SBS(91).

END(01) must be placed at the end of the last subroutine program, i.e., after the
last RET(93). It is not required at any other point in the program.

If SBN(92) is mistakenly placed in the main program, it will inhibit program
execution past that point, i.e., program execution will return to the beginning
when SBN(92) is encountered.

If either DIFU(13) or DIFU(14) is placed within a subroutine, the operand bit will
not be turned OFF until the next time the subroutine is executed, i.e., the oper-
and bit may stay ON longer than one cycle.

There are no flags directly affected by these instructions.

5-28 Special Instructions
5-28-1 TRACE MEMORY SAMPLING — TRSM(45)

Description
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Data tracing can be used to facilitate debugging programs. To set up and use
data tracing it is necessary to have a host computer running SSS; no data tracing
is possible from a Programming Console. Data tracing is described in detail in
the SSS Operation Manual: C-series PCs. This section shows the ladder symbol
for TRSM(45) and gives an example program.

Ladder Symbol

——  TRSM@45)

TRSM(45) is used in the program to mark locations where specified data is to be
stored in Trace Memory. Up to 12 bits and up to 3 words may be designated for
tracing. (Refer to the CX-Programmer Operation Manual for details.)

TRSM(45) is not controlled by an execution condition, but rather by two bits in
the AR area: AR 2515 and AR 2514. AR 2515 is the Sampling Start bit. This bit is
turned ON to start the sampling processes for tracing. The Sampling Start bit
must not be turned ON from the program, i.e., it must be turned ON only from the
peripheral device. AR 2514 is the Trace Start bit. When it is set, the specified
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AR Control Bits and Flags

Precautions

Example

Note

data is recorded in Trace Memory. The Trace Start bit can be set either from the
program or from the Programming Device. A positive or negative delay can also
be set to alter the actual point from which tracing will begin.

Data can be recorded in any of three ways. TRSM(45) can be placed at one or
more locations in the program to indicate where the specified data is to be
traced. If TRSM(45) is not used, the specified data will be traced when END(01)
is executed. The third method involves setting a timer interval from the peripher-
al devices so that the specified data will be tracing at a regular interval indepen-
dent of the cycle time. (Refer to the SSS Operation Manual: C-series PCs.)

TRSM(45) can be incorporated anywhere in a program, any number of times.
The data in the trace memory can then be monitored via a Programming Con-
sole, host computer, etc.

The following control bits and flags are used during data tracing. The Tracing
Flag will be ON during tracing operations. The Trace Completed Flag will turn
ON when enough data has been traced to fill Trace Memory.

Flag Function
AR 2515 Sampling Start Bit*
AR 2514 Trace Start Bit
AR 2513 Tracing Flag
AR 2512 Trace Completed Flag

*Do not change the status of AR 2515 from the program.

If TRSM(45) occurs TRSM(45) will not be executed within a IMP(08) — JME(09)
block when the jump condition is OFF.

The following example shows the basic program and operation for data tracing.
Force set the Sampling Start Bit (AR 2515) to begin sampling. The Sampling
Start Bit must not be turned ON from the program. The data is read and stored
into trace memory.

When IR 00000 is ON, the Trace Start Bit (AR 2514) is also turned ON, and the
CPU Unit looks at the delay and marks the trace memory accordingly. This can
mean that some of the samples already made will be recorded as the trace
memory (negative delay), or that more samples will be made before they are re-
corded (positive delay).
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5-28-2

Limitations
Description

00000

The sampled data is written to trace memory, jumping to the beginning of the
memory area once the end has been reached and continuing up to the start
marker. This might mean that previously recorded data (i.e., data from this sam-
ple that falls before the start marker) is overwritten (this is especially true if the
delay is positive). The negative delay cannot be such that the required data was
executed before sampling was started.

AR

2514 Starts data tracing.

Designates point for

AR 2513 ON when tracing
1L
!

TRSM(5) tracing

00200 ) Indicates that tracing is in

progress.

ooz201 ) Indicates that tracing has

AR 2512 ON when trace is complete
11
LAl

volle

been completed.

Address | Instruction Operands Address | Instruction Operands
00000 | LD 0000 00004 | OUT 00200
00001 ouT AR 2514 00005 LD AR 2512
00002 | TRSM(45) 00006 | OUT 00201
00003 | LD AR 2513

MESSAGE DISPLAY — MSG(46)

Ladder Symbols Operand Data Areas

MSG(46) — @MSG(46)

FM: First message word

IR, SR, AR, DM, EM, HR, LR

FM FM

Message Buffering and

Priority
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DM 6649 to DM 6655 cannot be used for FM.

When executed with an ON execution condition, MSG(46) reads eight words of
extended ASCII code from FM to FM+7 and displays the message on the Pro-
gramming Console. The displayed message can be up to 16 characters long,
i.e., each ASCII character code requires eight bits (two digits). Refer to Appen-
dix H for the ASCII codes. Japanese katakana characters are included in this
code.

If not all eight words are required for the message, it can be stopped at any point
by inputting “OD.” When OD is encountered in a message, ho more words will be
read and the words that normally would be used for the message can be used for
other purposes.

Up to three messages can be buffered in memory. Once stored in the buffer, they
are displayed on a first in, first out basis. Since it is possible that more than three
MSG(46)s may be executed within a single cycle, there is a priority scheme,
based on the area where the messages are stored, for the selection of those
messages to be buffered.
The priority of the data areas is as follows for message display:

LR >IR >HR > AR > TIM/CNT > DM

In handling messages from the same area, those with the lowest ad-

dress values have higher priority.
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Clearing Messages

In handling indirectly addressed messages (i.e. *xDM), those with the
lowest final DM addresses have higher priority.

To clear a message, execute FAL(06) 00 or clear it via a Programming Console
or the SSS.

If the message data changes while the message is being displayed, the display
will also change.

Flags ER: Indirectly addressed EM/DM word is hon-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

Example The following example shows the display that would be produced for the instruc-
tion and data given when 00000 was ON. If 00001 goes ON, a message will be
cleared.

00000 Address | Instruction Operands
I MSG(46)
00000 | LD 00000
DM 0010
00001 00001 | MSG(46)
00002 | LD 00001
00003 | FAL(06) 00
DM contents ASCII
equivalent
DM 0010 |4 1 4 2 A B
DM 0011 |4 3 4 4 c D
DM 0012 |4 5 4 6 E F
DM 0013 |4 7 4 8 G H
DM 0014 |4 9 4 A | J
DM 0015 |4 B 4 C K L
DM 0016 |4 D 4 E M N
DM 0017 |4 F 5 0 @) P
5-28-3 1/0 REFRESH - IORF(97)
Ladder Symbol Operand Data Areas
St: Starting word
—1 IORF(97)
IR 000 to IR 115
St
E: End word
E
IR 000 to IR 115

Limitations St must be less than or equal to E.

Description To refresh I/O words, specify the first (St) and last (E) I/O words to be refreshed.
When the execution condition for IORF(97) is ON, all words between St and E
will be refreshed. This will be in addition to the normal I/O refresh performed dur-
ing the CPU Unit’s cycle.

Note This instruction will have no effect on words that are not being used for 1/O.

Flags There are no flags affected by this instruction.
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5-28-4 MACRO — MCRO(99)

Limitations
Description

Using Macros

376

Operand Data Areas

Ladder Symbols N: Subroutine number
000 to 127
MCRO(99) — @MCRO(99)
I1: First input word
N N
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
11 11
O1: First output word
o1 01 IR, SR, AR, DM, EM, HR, LR

1,2 3.

DM 6144 to DM 6655 cannot be used for O1.

The MACRO instruction allows a single subroutine to replace several subrou-
tines that have identical structure but different operands. There are 4 input
words, IR 096 to IR 099, and 4 output words, IR 196 to IR 199, allocated to
MCRO(99). These 8 words are used in the subroutine and take their contents
from 11 to 11+3 and O1 to O1+3 when the subroutine is executed.

When the execution condition is OFF, MCRO(99) is not executed. When the
execution condition is ON, MCRO(99) copies the contents of 11 to 11+3 to IR 096
to IR 099, copies the contents of O1 to O1+3 to IR 196 to IR 199, and then calls
and executes the subroutine specified in N. When the subroutine is completed,
the contents of IR 196 through IR 199 is then transferred back to O1 to O1+3
before MCRO(99) is completed.

The macro function allows a single subroutine (programming pattern) to be used
by simply changing the 1/0 word. A number of similar program sections can be
managed with just one subroutine, thereby greatly reducing the number of steps
in the program and making the program easier to understand.

To use a macro, call a subroutine by means of the MACRO instruction,
MCRO(99), as shown below, instead of SBS(91) (SUBROUTINE ENTRY).

i | MCRO(99)

Subroutine No

First input word

First output word

When MCRO(99) is executed, operation will proceed as follows:

1. The contents of the four consecutive words beginning with the first input
word will be transferred to IR 096 through IR 099. The contents of the four
consecutive words beginning with the first output word will be transferred to
IR 196 through IR 199.

2. The specified subroutine will be executed until RET(93) (Subroutine Return)
is executed.

3. The contents of IR 196 through IR 199 will be transferred to the four consec-
utive words beginning with the first output word.

4. MCRO(99) will then be finished.

When MCRO(99) is executed, the same instruction pattern can be used as

needed simply by changing the first input word or the first output word.

The following restrictions apply when the macro function is used.

« The only words that can be used for each execution of the macro are the four
consecutive words beginning with the first input word number (for input) and
the four consecutive words beginning with the first output word (for output).
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Note

Application Example

Macro not used

 The specified inputs and outputs must correctly correspond to the words used
in the subroutine.

» Even when the direct output method is used for outputs,subroutine results will
be actually reflected in the specified output words only when the subroutine
has been completed (step 3 above).

IR 096 to IR 099 and IR 196 to IR 199 can be used as work bits when MCRO(99)
is not used.

The first input word and the first output word can be specified not only with I/O
bits, but also with other bits (such as HR bits, work bits, etc.) or with DM words.

Subroutines called by MCRO(99) are defined by SBN(92) and RET(93), just as
are ordinary subroutines.

When a macro is used, the program can be simplified as shown below.

Macro used
25313 (Always ON)

Flags

00000 10001 N : : MCRO(99)
1 (P4
—| 10000
| Al 090
10000 [ R 000
— — | 100
00001 00002 MCRO(99)
_| : : : 10001 090
J
N\ 002
00200 10501 | —
1 )4 | —] 105
_| f 4 10500
10500 / MCRO(99)
_| : 090
00201 00202 005
— | {1 10501 | 120
/ /
00500 12001 MCRO(9)
1 )4
_| } w4 12000 090
010
12000
_| |_ 150
00501 00502 / — -
_| | !t 12001 2
| ]
09600 19601
01000 15001 | [y 19600
_| | )4 15000 | I A1
| Al
19600
15000 /< _| |_
01o|01 01|o|02 Subroutine used 09601 19602
_| 15001 ) _| | 1| 19601
! I to define macro [ 11
: RET(93) I

ER: A subroutine does not exist for the specified subroutine number.

An operand has exceeded a data area boundary.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

A subroutine has called itself.

An active subroutine has been called.
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5-28-5 BIT COUNTER — BCNT(67)

Limitations

Description

Flags

Ladder Symbols Operand Data Areas
N: Number of words (BCD)
BCNT(67) — @BCNT(67)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
N N
SB: Source beginning word
SB SB
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
R R R: Destination word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR

N cannot be 0.
DM 6144 to DM 6655 cannot be used for R.
When the execution condition is OFF, BCNT(67) is not executed. When the

execution condition is ON, BCNT(67) counts the total number of bits that are ON
in all words between SB and SB+(N-1) and places the result in R.

ER: N is not BCD, or N is 0; SB and SB+(N-1) are not in the same area.
The resulting count value exceeds 9999.

Indirectly addressed EM/DM word is hon-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

EQ: ON when the result is O.

5-28-6 FRAME CHECKSUM - FCS(—)

Limitations

Description

378

Ladder Symbols Operand Data Areas
C: Control data
FCS(—) —1 @FCS(—)
IR, SR, AR, DM, EM, HR, LR, #

C C

R;: First word in range
Ry R1

IR, SR, AR, DM, EM, HR, TIM/CNT, LR

D D - —

D: First destination word

IR, SR, AR, DM, EM, HR, LR

The 3 rightmost digits of C must be BCD between 001 and 999.
DM 6143 to DM 6655 cannot be used for D.

FCS(—) can be used to check for errors when transferring data through commu-
nications ports.

When the execution condition is OFF, FCS(—) is not executed. When the
execution condition is ON, FCS(—) calculates the frame checksum of the speci-
fied range by exclusively ORing either the contents of words Rq to R1+N-1 or the
bytes in words R; to R{+N-1. The frame checksum value (hexadecimal) is then
converted to ASCII and output to the destination words (D and D+1).
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The function of bits in C are shown in the following diagram and explained in
more detail below.

13

12011 - - - - - - - - 00

Number of Items in Range

Calculation Units

Conversion to ASCII

Flags

E— Number of items in range (N, BCD)
001 to 999 words or bytes

First byte (when bit 13 is ON)
1 (ON): Rightmost
0 (OFF): Leftmost

Calculation units

—— Not used. Set to zero. 1 (ON): Bytes

0 (OFF): Words

The number of items within the range (N) is contained in the 3 rightmost digits of
C, which must be BCD between 001 and 999.

The frame checksum of words will be calculated if bit 13 is OFF and the frame
checksum of bytes will be calculated if bit 13 is ON.

If bytes are specified, the range can begin with the leftmost or rightmost byte of
R;. The leftmost byte of R, will not be included if bit 12 is ON.

MSB LSB
R4 1 2
Ri+1 3 4
R1+2 5 6
R1+3 7 8

When bit 12 is OFF the bytes will be ORed in this order: 1, 2, 3, 4, ....
When bit 12 is ON the bytes will be ORed in this order: 2, 3, 4, 5, ....

The byte frame checksum calculation yields a 2-digit hexadecimal value which is
converted to its 4-digit ASCII equivalent. The word frame checksum calculation
yields a 4-digit hexadecimal value which is converted to its 8-digit ASCII equiva-
lent, as shown below.

Byte frame checksum value Word frame checksum value
4A F10B
D|3]4]4]1] D+1[3]0]4]2]
ER: Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

The number of items is not 001 to 999 BCD.
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Example When IR 00000 is ON in the following example, the frame checksum (0008) is
calculated for the 8 words from DM 0000 to DM 0007 and the ASCII equivalent
(30 30 30 38) is written to DM 0010 and DM 0011.

00000 Address | Instruction Operands
1 @FCS(—)

#0008 00000 LD 00000

DM 0000 00001 | @FCS(—)
DM 0010 # 0008
DM 0000
DM 0010

DM 0000 | 0001 FCS

lculat
pmooot | o002 | N roroToToo oo o]0 o ofo[1]0]0]0]
DM 0002 | 0003 2

DM 0003 [ 0004 0 0 0 8
DM 0004 | 0005 ASCIl code
DM 0005 | 0006 conversion

DM 0006 | 0007
DM 0007 | 0008

pm 0010 |[3[0[3]0] pmoo1 [3]0]3]8]

5-28-7 FAILURE POINT DETECTION — FPD(—)

Ladder Symbols Operand Data Areas
C: Control data
— FPD(—)
#
C
T: Monitoring time (BCD)
T
IR, SR, AR, DM, EM, HR, TIM/CNT. LR, #
D D: First register word
IR, SR, AR, DM, EM, HR, LR
Limitations D and D+8 must be in the same data area when bit 15 of C is ON.

DM 6144 to DM 6655 cannot be used for T or D.
C must be input as a constant.

Description FPD(—) can be used in the program as many times as desired, but each must
use a different D. It is used to monitor the time between the execution of FPD(—)

and the execution of a diagnostic output. If the time exceeds T, an FAL(06) non-
fatal error will be generated with the FAL number specified in C.
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1,2 3.

Control Data

Logic Diagnostic Instructions

The program sections marked by dashed lines in the following diagram can be
written according to the needs of the particular program application. The proces-
sing programming section triggered by CY is optional and can be used any
instructions but LD and LD NOT. The logic diagnostic instructions and execution
condition can consist of any combination of NC or NO conditions desired.

l-Execution -!
i condition !
d

Branch

FPD(—)(50)
C

T

D

SR 25504
(CY Flag)
11

r———=—/n"7
y Processing after I
1 | error detection.
.

—_—

Diagnostic
output

When the execution condition is OFF, FPD(—) is not executed. When the
execution condition is ON, FPD(—) monitors the time until the logic diagnostics
condition goes ON, turning ON the diagnostic output. If this time exceeds T, the
following will occur:

l-Logic 1
diagnostic |
|_instructions 1

1. An FAL(06) error is generated with the FAL number specified in the first two
digits of C. If 00 is specified, however, an error will not be generated.

2. The logic diagnostic instructions are searched for the first OFF input condi-
tion and this condition’s bit address is output to the destination words begin-
ning at D.

3. The CY Flag (SR 25504) is turned ON. An error processing program section
can be executed using the CY Flag if desired.

4. If bit 15 of C is ON, a preset message with up to 8 ASCII characters will be
displayed on the Peripheral Device along with the bit address mentioned in
step 2.

The function of the control data bits in C are shown in the following diagram.

C:. (1514 - - - -

\
Not used. Set to zero.

-08|07- - - - - 00

L FAL number
(2-digit BCD, 00 to 99)

Diagnostics output
0 (OFF): Bit address output (binary)
1 (ON): Bitaddress and message output (ASCII)

If the time until the logic diagnostics condition goes ON exceeds T, the logic diag-
nostic instructions are searched for the OFF input condition. If more than one
input condition is OFF, the input condition on the highest instruction line and
nearest the left bus bar is selected.

00000 00002 . .
11 9% Diagnostic
[N} P4l output

00001 00003
Il ()4
Al kg

When IR 00000 to IR 00003 are ON, the normally closed condition IR 00002
would be found as the cause of the diagnostic output not turning ON.
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Diagnostics Output

1,2 3.

382

There are two ways to output the bit address of the OFF condition detected in the
logic diagnostics condition.

1. Bit address output (used when bit 15 of C is OFF).

Bit 15 of D indicates whether or not bit address information is stored in D+1.
If there is, bit 14 of D indicates whether the input condition is normally open
or closed.

D: [15(14(13 - - - - - - - - - - - 00

L l— Not used.

Input condition
0 (OFF): Normally open
1 (ON): Normally closed

Bit address information
0 (OFF): Not recorded in D+1.
1 (ON): Recorded in D+1.

D+1 contains the bit address code of the input condition, as shown below.
The word addresses, bit numbers, and TIM/CNT numbers are in binary.

Data D+1 bit status

Area 115 T14 131211 [10]09 |08 07 [06 [05 [04 [03]02 [01 [ 00
IR, SR 1 |0 [0 |0 |Wordaddress Bit number
HR 1 |0 |0 |1 |1 |Wordaddress Bit number
LR 1 /0 (0 |1 |0 |0 |Wordaddress Bit number
TIM/CNT*|1 |0 |0 |1 |O |1 |* | Timer or counter number

Note a) *For the TIM/CNT area, bit 09 of D+1 indicates whether the hum-
ber is a timer or counter. A 0 indicates a timer, and a 1 indicates a
counter.

b) The status of the leftmost bit of the bit number (bit 03) is reversed.

Example : If D + 1 contains 1000 0110 0100 1000, IR 10000 would be indi-

cated as follows:

\1009 0110 0100 \1OOOI
\ \ \
IR $64 =100 Bit 00 (inverting status of bit 03)

. Bit address and message output (selected when bit 15 of C is ON).

Bit 15 of D indicates whether or not there is bit address information stored in
D+1 to D+3. If there is, bit 14 of D indicates whether the input condition is
normally open or closed. Refer to the following table.

Words D+5 to D+8 contain information in ASCII that are displayed on a Pe-
ripheral Device along with the bit address when FPD(—) is executed.
Words D+5 to D+8 contain the message preset by the user as shown in the
following table.

Word Bits 15 to 08 Bits 07 to 00
D+1 20 = space First ASCII character
D+2 Second ASCII character Third ASCII character
D+3 Fourth ASCII character Fifth ASCII character
D+4 2D =" “0"=normally open, “1"=normally closed
D+5 First ASCII character Second ASCII character
D+6 Third ASCII character Fourth ASCII character
D+7 Fifth ASCII character Sixth ASCII character
D+8 Seventh ASCII character Eighth ASCII character

Note If 8 characters are not needed in the message, input “OD” after the
last character.
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Determining Monitoring Time  The procedure below can be used to automatically set the monitoring time, T,
under actual operating conditions when specifying a word operand for T. This
operation cannot be used if a constant is set for T.
1,2,3... 1. Switch the CQM1H to MONITOR Mode operation.
2. Connect a Peripheral Device, such as a Programming Console.
3. Use the Peripheral Device to turn ON control bit AR 2508.
4

. Execute the program with AR 2508 turned ON. If the monitoring time cur-
rently in T is exceeded, 1.5 times the actual monitoring time will be stored in
T. FAL(06) errors will not occur while AR 2508 is ON.

5. Turn OFF AR 2508 when an acceptable value has been stored in T.

Example In the following example, the FPD(—) is set to display the bit address and mes-
sage (“ABC”) when a monitoring time of 123.4 s is exceeded.

SR 25315
1 Movi(21) Address | Instruction Operands
#4142
00000 LD 25315
HR 15
00001 | MOV(21)
SR 25315 # 4142
{l Moveet) HR 15
#430D 00002 | LD 25315
HR 16 00003 | MOV(21)
LR 0000 # 430D
| FPD(—) HR 16
#8010 00004 LD LR 0000
#1234 00005 | FPD(—)
'R 10 # 0010
SR 25504 # 1234
(CY Flag)
!l INC(38) HR 10
I 00006 | AND 25504
DM 0100
00007 | INC(38)
10000 10002 DM 0100
{| K LR 0015 00008 | LD 10000
00009 OR 10001
10001 10003 00010 LD NOT 10002
1} H 00011 | OR NOT 10003
00012 AND LD
00013 ouT LR 0015

FPD(—) is executed and begins monitoring when LR 0000 goes ON. If LR 0015
does not turn ON within 123.4 s and IR 10000 through IR 10003 are all ON,
IR 10002 will be selected as the cause of the error, an FAL(06) error will be gen-
erated with an FAL number of 10, and the bit address and preset message
(“10002—-1ABC”) will be displayed on the Peripheral Device.

HR 10 0000 HR 10 C000 Indicates information, normally closed condition
HR 11 0000 HR 11 2031 “1"

HR 12 0000 HR 12 3030 “00”

HR 13 0000 HR 13 3032 ‘02"

HR 14 0000 — ™ | HR14 2D31 ‘1"

HR 15 4142 HR 15 4142 “AB”

HR 16 430D HR 16 430D “C”, and CR code

HR 17 0000 HR 17 0000 The last two words are ignored.

HR 18 0000 HR 18 0000 (Displayed as spaces.)
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Flags

ER: T is not BCD.
C is not a constant or is not BCD 00 to 99.
Indirectly addressed EM/DM word is non-existent.

(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: ON when the time between the execution of FPD(—) and the execution
of a diagnostic output exceeds T.

5-28-8 INTERRUPT CONTROL — INT(89)

Operand Data Areas

Ladder Symbols CC: Control code
# (000 to 003, 100, or 200)
—— INT(89) — 1 @INT(89) i

000: No function

CcC CcC
# (000)
000 000 D: Control data
D D IR, SR, AR, DM, EM, HR, TIM/CNT, LR, TR, #

Limitations

Description

Note

Mask/Unmask 1/O Interrupts
(CC=000)

Clear I/O Interrupts
(CC=001)

384

DM 6644 to DM 6655 cannot be used for D when CC=002.

When the execution condition is OFF, INT(89) is not executed. When the execu-
tion condition is ON, INT(89) is used to control interrupts and performs one of the
six functions shown in the following table depending on the value of CC.

Refer to 1-4 Interrupt Functions for more details.

INT(89) function CcC
Mask/unmask input interrupts 000
Clear input interrupts 001
Read current mask status 002
Renew counter SV 003
Mask all interrupts 100
Unmask all interrupts 200

These six functions are described in more detail below. Refer to page 39 for
more information on these functions.

This function is used to mask and unmask I/O interrupt inputs 00000 to 00003.
Masked inputs are recorded, but ignored. When an input is masked, the interrupt
program for it will be run as soon as the bit is unmasked (unless it is cleared be-
forehand by executing INT(89) with CC=001).

Set the corresponding bit in D to 0 or 1 to unmask or mask an 1/O interrupt input.
Bits 00 to 03 correspond to 00000 to 00003. Bits 04 to 15 should be set to 0.

Word D bhits: 3210

| L Interrupt input 00000 (0: unmask, 1: mask)

Interrupt input 00001 (0: unmask, 1: mask)

—— Interrupt input 00002 (0: unmask, 1: mask)
—® Interrupt input 00003 (0: unmask, 1: mask)

This function is used to clear 1/O interrupt inputs 00000 to 00003. Since interrupt
inputs are recorded, masked interrupts will be serviced after the mask is re-
moved unless they are cleared first.
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Read Current Mask Status
(CC=002)

Renew Counter SV
(CC=003)

Mask/Unmasking All
Interrupts (CC=100/200)

Flags

Set the corresponding bit in D to 1 to clear an I/O interrupt input. Bits 00 to 03
correspond to 00000 to 00003. Bits 04 to 15 should be set to 0.

Word D bits: 3210

| L - Interrupt input 00000 (0: Do not clear, 1: clear)

Interrupt input 00001 (0: Do not clear, 1: clear)
— Interrupt input 00002 (0: Do not clear, 1: clear)
—® Interrupt input 00003 (0: Do not clear, 1: clear)

This function is used to write the current mask status for 1/O interrupt inputs
00000 to 00003 to word D. The corresponding bit will be ON if the input is
masked. (Bits 00 to 03 correspond to 00000 to 00003.)

Word D bits: 3210

| L - Interrupt input 00000 (0: not masked, 1: masked)

Interrupt input 00001 (O: not masked, 1: masked)
— |nterrupt input 00002 (0: not masked, 1: masked)
—® Interrupt input 00003 (0: not masked, 1: masked)

This function is used to renew the counter SV for I/O interrupt inputs 00000 to
00003 to word D. Set the corresponding bit in D to 1 in order to renew the input’s
counter SV. (Bits 00 to 03 correspond to 00000 to 00003.)

Word D bits: 3210

| L » Interrupt input 00000 counter SV (0: Change, 1: Don’t change)

Interrupt input 00001 counter SV (0: Change, 1: Don’t change)
—— Interrupt input 00002 counter SV (0: Change, 1: Don't change)
—® Interrupt input 00003 counter SV (0: Change, 1: Don’t change)

This function is used to mask or unmask all interrupt processing. Masked inputs
are recorded, but ignored. Refer to page 26 for details.
The control data, D, is not used for this function. Set D to #0000.

ER: A counter’s SV is incorrect. (CC=003 only)

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CC=100 or 200 while an interrupt program was being executed.
CC=100 when all inputs were already masked.
CC=200 when all inputs were already unmasked.

CC and/or D are not within specified values.

5-28-9 SET PULSES — PULS(65)

Ladder Symbols Operand Data Areas
P: Port specifier
— PULS(65) — @PULS(65)
000, 001
P P
C: Control data
C C
000 to 005
N N
N: Number of pulses
IR, SR, AR, DM, EM, HR, LR
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Limitations

Description

Port Specifier (P)

Control Data (C)

386

Note

Note

N and N+1 must be in the same data area.
DM 6143 to DM 6655 cannot be used for N.

PULS(65) can be used with the functions listed in the following table.

Unit/Board Function

Transistor Output Unit Pulse outputs

Pulse 1/0 Board Pulse outputs 1 and 2

PULS(65) is used to set parameters for pulse outputs that are started later in the
program using SPED(64) or ACC(—). The parameters that can be set are the
number of pulses that will be output in independent mode, the direction of pulse
outputs from ports 1 and 2, and the deceleration point for pulse outputs con-
trolled by ACC(—) mode 0.

Since PULS(65) has a relatively long execution time, the cycle time can be re-
duced by executing the differentiated version (@PULS(65)) of this instruction
only when it is needed.

Refer to 1-5 Pulse Output Functions for more details.
The port specifier indicates the pulse output location. The parameters setin C

and N will apply to the next SPED(64) or ACC(—) instruction in which the same
port output location is specified.

Pulse output location P
Output bits 00 to 15 000
(See note.)
Port 1 001
Port 2 002

The bit between 00 and 15 that is output as the contact pulse is specified by the P
operand in SPED(64),

The control data determines the direction of the pulse output to ports 1 and 2 and
indicates whether the number of pulses and/or the deceleration point are speci-
fied in N to N+3. This operand should be set to 000 when an output bit is specified
in P (P=[1CJ0).

C Direction Number of pulses Deceleration point
000 CwW Setin N and N+1 Not set.
001 CCwW Setin N and N+1 Not set.
002 CwW Setin N and N+1 Set in N+2 and N+3
003 CCW Setin N and N+1 Setin N+2 and N+3
004 CwW Not set. Not set.
005 CCW Not set. Not set.

The direction setting is valid until program execution is stopped or PULS(65) is
executed again.

Number of Pulses (C=000 or C=001)

When C=000 or 001, N+1, N contains the 8-digit number of pulses setting for
independent mode pulse outputs. N+1, N can be from 0000 0001 to 1677 7215.
The pulse output started by SPED(64) or ACC(—) will stop automatically when
this number of pulses has been output.

Leftmost 4 digits Rightmost 4 digits Possible range

Number of Pulses and Deceleration Point (C=002 or C=003)
When C=002 or 003, N+1, N contains the 8-digit number of pulses setting for

Number of pulses: 0000 0001 to 1677 7215
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Frequency Changes

Flags

independent mode pulse outputs. N+1, N can be from 0000 0001 to 1677 7215.
The pulse output started by ACC(—) will stop automatically when this number of
pulses has been output.

Leftmost 4 digits Rightmost 4 digits Possible range

Number of pulses: 0000 0001 to 1677 7215

N+3, N+2 contains the 8-digit number of pulses setting for the deceleration point
used in ACC(—) mode 0. N+3, N+2 can be from 0000 0001 to 1677 7215. The
pulse output started by ACC(—) will begin deceleration when this nhumber of
pulses have been output.

Leftmost 4 digits Rightmost 4 digits Possible range
Deceleration point: N+3 N+2 0000 0001 to 1677 7215

Change Output Destination (C=004 or C=005)

When C=004 or 005, neither the number of pulses nor the deceleration point are
set. Set N=000 when C=004 or 005. Use these settings to change the output
destination for continuous mode pulse outputs from port 1 or port 2.

The number of pulses set to be output will be used even if SPED(64) is used to
change the pulse frequency during operation. (The number of pulses cannot be
changed during operation.)

For example, if the number of pulses setting is 2,100 and the frequency is
changed from 1 KHz to 100 Hz, pulse output will stop in:

12 s if the pulse frequency is changed after 1 s at 1 KHz.
3 s if the pulse frequency is changed after 2 s at 1 KHz.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

A data area boundary is exceeded.
There is an error in the instruction settings.

PULS(65) is executed in an interrupt subroutine while a pulse 1/0O or
high-speed counter instruction is being executed in the main program.

5-28-10 SPEED OUTPUT- SPED(64)

Limitations

Description

Ladder Symbols Operand Data Areas
P: Port specifier
SPED(64) — @SPED(64)
001, 002, or 010 to 150
P P
M: Output mode
M M
000 or 001
F
F F: Pulse frequency
IR, SR, AR, DM, EM, HR, LR, #

F must be BCD, #0000 to #5000 when a port is specified, #0000 or #0002 to
#0100 when an output bit is specified.

DM 6144 to DM 6655 cannot be used for F.
SPED(64) can be used with the functions listed in the following table.

Unit/Board Function
Transistor Output Unit Pulse outputs
Pulse 1/0 Board Pulse outputs 1 and 2
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Port Specifier (P)

Output Mode (M)

Pulse Frequency (F)

388

Note

Note

1,2 3.

SPED(64) is used to set, change, or stop pulse output from the specified port or
output bit. When the execution condition is OFF, SPED(64) is not executed.
When the execution condition is ON, SPED(64) sets the pulse frequency F for
the port or output bit specified by P. M determines the output mode.

Since SPED(64) has a relatively long execution time, the cycle time can be re-
duced by executing the differentiated version (@SPED(64)) of this instruction
only when it is needed.

Refer tq4-5 Pulse Output Functions for more details.

The port specifier specifies the port or output bit where the pulses will be output.

P Pulse output location
001 Port 1
002 Port 2

000 to | Output bits IR 10000 to IR 10015.

150 | The first two digits of P specify which bit of IR 100 is the output bit and the
third digit of P is always set to 0. For example, P=000 specifies IR 10000,
P=010 specifies IR 10001, ... and P=150 specifies bit IR 10015.

The value of M determines the output mode.

M Output mode
000 Independent mode, frequency set in units of 10 Hz
001 Continuous mode, frequency set in units of 10 Hz
002 Independent mode, frequency set in units of 1 Hz (See note.)
003 Continuous mode, frequency set in units of 1 Hz (See note.)

Settings of 002 and 003 can be specified only for ports 1 and 2 of a Pulse 1/O
Board (P=001 or P=002).

In independent mode, the pulse output will continue until one of the following oc-
curs:

1. The number of pulses specified by the PULS(65) instruction is reached.
(Execute PULS(65) before SPED(64) when specifying independent mode.)

2. The INI(61) instruction is executed with C=003.

3. SPED(64) is executed again with the output frequency, F, set to 000.

When outputting pulses in independent mode, specify the number of pulses be-
forehand by executing PULS(65). When outputting from port 1 or 2, specify the
direction (CW or CCW) as well.

In independent mode, the number of pulses that have been output to ports 1 and
2 are contained in IR 236 and 237 (port 1) and IR 238 and IR 239 (port 2).

Leftmost 4 digits Rightmost 4 digits

Port 1 pulse output PV:
Port 2 pulse output PV:

In continuous mode, pulses will be output until the INI(61) instruction is executed
with C=003 or SPED(64) is executed again with F=0000. If the direction (CW or
CCW) is not specified when outputting from port 1 or 2, the pulses will be CW.

The value of F sets the pulse frequency, as shown below. Setting F to 0000 will
stop the pulse output at the specified location.

Output Units Possible values of F
Output bits | 10 Hz | 0000 (Stops output.) or 0002 to 0100 (20 Hz to 1 kHz)
Port1or2 |10 Hz | 0000 (Stops output.) or 0001 to 5000 (10 Hz to 50 kHz)

1Hz 0000 (Stops output.) or 0010 to 9999 (10 Hz to 9,999 Hz)
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Precautions Regarding Pulse Output

The pulse frequency output from the CQM1H-PLB21 Pulse I/O Board is gener-
ated by dividing the 500-kHz basic clock pulse by an integer value, which results
in a difference between the set frequency and actual frequency. Refer to the fol-
lowing equation for calculating an actual frequency.

Set Frequency: Output frequency set in the instruction by the user

Dividing Unit: An integer set in the dividing circuit to generate an output
pulse of the set frequency

Actual Frequency: Output pulse frequency actually output from the dividing cir-
cuit
The dividing unit is set based on
the frequency set by the user.

Output pulse
(actual frequency)

500 kHz
Pulse- o o
generating — ™ Dividing circuit — m‘_
clock
Equation:

Actual frequency (KHz) = 500 (KHz)/INT (500 (kHz)/Set frequency (kHz))
INT: Function for obtaining an integer value
INT (500/Set frequency): Dividing unit

The difference between the set frequency and actual frequency becomes larger
as the frequency becomes higher.

Example:

Set frequency (kHz) Actual frequency (kHz)
45.46 to 50.00 50.00
41.67 to 45.45 45.45
38.47 t0 41.66 41.67
31.26 to 33.33 33.33
29.42t0 31.25 31.25
27.781029.41 29.41
20.01to0 20.83 20.83
19.24 to 20.00 20.00
18.52 to 19.23 19.23
10.01 to 10.20 10.20
9.81 to 10.00 10.00

9.62 to0 9.80 9.80
5.01t0 5.05 5.05
4.96 to 5.00 5.00
4.90 to 4.95 4.95
3.02 to 3.03 3.03
3.00to 3.01 3.01
2.98 t0 2.99 2.99
Precautions The pulse output cannot be used when interval timer O is operating.
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Flags

Note

When a pulse output with a frequency of 500 Hz or higher is output from an out-
put bit, set interrupt processing for the TIMH(15) TIM/CNT numbers 000 to 003
by setting #0104 in DM 6629 of the PC Setup.

Only one output bit at a time can have a pulse output.

Pulse output can be stopped only when pulses are not currently being output.
The Pulse Output Flag (AR 0515 or AR 0615) can be used to check pulse output
status.

ER: SPED(64) is executed while interval timer 0 is operating.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/*DM word is not BCD, or the EM/DM area boundary
has been exceeded.)

There is an error in the instruction settings.

SPED(64) is executed in an interrupt subroutine while a pulse 1/O or
high-speed counter instruction is being executed in the main program.

5-28-11 PULSE OUTPUT — PLS2(—)

Limitations

Description

390

Ladder Symbols Operand Data Areas
P: Communications port
PLS2(—) — @PLS2(—)
001 or 002
P P
D: Direction specifier
D D
000 or 001
C C -
C: First control word
IR, SR, AR, DM, EM, HR, LR

PLS2(—) cannot be used if the PC Setup (DM 6611) is set to high-speed counter
mode.

P must be 001 or 002 and D must be 000 or 001.
C to C+3 must be in the same data area.

PLS2(—) can be used with the functions listed in the following table.

Unit/Board Function
Pulse 1/0 Board Pulse outputs 1 and 2

(The mode for ports 1 and 2 must be set to the simple position-
ing mode in DM 6611 of the PC Setup. PLS2(—) cannot be
used if the mode is set to high-speed counter mode.)

PLS2(—) is used to output a specified number of CW or CCW pulses from port 1
or 2. The pulse output accelerates to the target frequency at a specified rate and
decelerates at the same rate. (Pulse output stops at 100 Hz.)

Target frequency - - - - - - - -

100 Hz
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The following equations show how to calculate the approximate acceleration/
deceleration time T4 and running time T,. Both times are in seconds.

Target frequency
Acceration) deceleration rate

T, ( 0.004 X

Number of pulses + (T, X Target frequency)
Target frequency

T, |

Note 1. Although T; and T, will vary slightly depending on the operating conditions,
the number of pulses output will be accurate.

2. PLS2(—) will not operate if pulses are already being output from the speci-
fied port. Check the pulse output flags (AR 0515 for port 1 and AR 0615 for
port 2) before executing PLS2(—).

3. Refer to 1-5 Pulse Output Functions for more details.
Operand Settings P specifies the port where the pulses will be output. Pulses are output from port 1
when P=001, and pulses are output from port 2 when P=002.

D specifies whether the output signal is clockwise (CW) or counter-clockwise
(CCW). The output is CW when D=000 and CCW when D=001.

The content of C determines the acceleration/deceleration rate. During accel-
eration or deceleration, the output frequency is increased or decreased by the
amount set in C every 4.08 ms. C must be BCD from 0001 to 0200 (10 Hz to
2 kHz).

The content of C+1 specifies the target frequency. C+1 must be BCD from 0010
to 5000 (100 Hz to 50 kHz).

The 8-digit content of C+3,C+2 determines the number of pulses that will be out-
put. C+3, C+2 must be BCD between 0000 0001 and 1677 7215.

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

There is an error in the operand settings.
PLS2(—) is executed without a Pulse I/O Board installed.
The PC Setup is not set for pulse output.

The target frequency, acceleration/deceleration rate, and number of
pulses are incorrect. (Number of pulses < T, x Target frequency)

PLS2(—) is executed in an interrupt subroutine while a pulse 1/O or
high-speed counter instruction is being executed in the main program.

AR 0515: Port 1 output flag. ON when pulses are being output from port 1.
AR 0615: Port 2 output flag. ON when pulses are being output from port 2.

&Caution With PLS2(—), conditions such as acceleration/deceleration speed and the tar-
get speed can cause low-speed pulse output (100 Hz) to continue for an ex-
tended period of time when stopping. Even when this happens, the correct num-
ber of pulses will be output.

Time required for
complete stop

/

\ I 100 Hz
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Correct the system by adjusting the acceleration/deceleration speed and/or the
target speed, or by using the ACC(—) instruction (mode 0) to increase the speed
(deceleration target frequency) when stopping.

5-28-12 ACCELERATION CONTROL — ACC(—)

Ladder Symbols Operand Data Areas
P: Communications port
— ACC(—) — @ACC(—)
001 or 002
P P
M: Mode specifier
M M
000 to 003
C C -
C: First control word
IR, SR, AR, DM, EM, HR, LR
Limitations Mode 0 of ACC(—) cannot be used if the PC Setup (DM 6611) is set to high-

speed counter mode.
P must be 001 or 002 and M must be 000 to 003.
C to C+3 must be in the same data area.

Description ACC(—) can be used with the functions listed in the following table.

Unit/Board Function
Pulse 1/0 Board Pulse outputs 1 and 2

(In order to use ACC(—) mode 0, ports 1 and 2 must be set
simple positioning mode in DM 6611 of the PC Setup. ACC(—)
cannot be used if the mode is set to high-speed counter mode.)

ACC(—) is used together with PULS(65) to control the acceleration and/or de-
celeration of pulses output from port 1 or 2. The 4 available modes are described
briefly below.

The function of the control words varies in the 4 modes, but P always specifies
the port where the pulses will be output and M always specifies the mode. Set
P=001 or 002 to indicate port 1 or 2. Set M=000 to 003 to indicate modes 0 to 3.

Note Referto 1-5 Pulse Output Functions for more details.

Mode 0 (M=000) Mode 0 is used to output a specified number of CW or CCW pulses from port 1 or
2. The acceleration rate, frequency after acceleration, deceleration point, decel-
eration rate, and frequency after deceleration can all be controlled.

Deceleration rate
Frequency after | _ _ _ _ _ _ _ _

acceleration |
\ Frequency after
| deceleration
Acceleration rate :
I

Deceleration point Output stops.

PULS(65) Operand Settings

PULS(65) must be executed before ACC(—) in order to specify direction, the
total number of pulses to be output, and the deceleration point. The function of
PULS(65) operands are described below. Refer to 5-28-9 SET PULSES -
PULS(65) for more details.

1,2,3... 1. The first operand of PULS(65) specifies the output port. Pulses are output
from port 1 when P=001, and from port 2 when P=002.

392



Special Instructions Section 5-28

2. The second operand specifies the direction. The output is clockwise (CW)
when C=002 and counter-clockwise (CCW) when C=003.
3. The third operand specifies the first of 4 control words.
a) The 8-digit content of N+1, N (0000 0001 to 1677 7215) determines the
total number of pulses that will be output.
b) The 8-digit content of N+3, N+2 (0000 0001 to 1677 7215) determines
the deceleration point.
ACC(—) Control Words
The 4 control words indicate the acceleration rate, frequency after acceleration,
deceleration rate, and frequency after deceleration.

1,2, 3... 1. The content of C determines the acceleration rate. During acceleration, the
output frequency is increased by the amount set in C every 4.08 ms. C must
be BCD from 0001 to 0200 (10 Hz to 2 kHz).

2. The content of C+1 specifies the frequency after acceleration. C+1 must be
BCD from 0000 to 5000 (0 Hz to 50 kHz).

3. The content of C+2 determines the deceleration rate. During deceleration,
the output frequency is decreased by the amount set in C+2 every 4.08 ms.
C must be BCD from 0001 to 0200 (10 Hz to 2 kHz).

4. The content of C+3 specifies the frequency after deceleration. C+3 must be
BCD from 0000 to 5000 (0 Hz to 50 kHz).

Mode 1 (M=001) Mode 1 is used to increase the frequency being output to a target frequency at
the specified rate. Pulse output continues until stopped.

Targetfrequency [ ----------------~--

Frequency before | _ _ _ _ _ _ _ _ Acceleration rate

acceleration .

Execution of ACC(—)

The 2 control words indicate the acceleration rate and target frequency.

1,2, 3... 1. The content of C determines the acceleration rate. During acceleration, the
output frequency is increased by the amount set in C every 4.08 ms. C must
be BCD from 0001 to 0200 (10 Hz to 2 kHz).

2. The content of C+1 specifies the target frequency. C+1 must be BCD from
0000 to 5000 (0 Hz to 50 kHz).

Mode 2 (M=002) Mode 2 is used to decrease the frequency being output to a target frequency at
the specified rate. Output stops when the total number of pulses specified in
PULS(65) have been output.

Frequency before | =

deceleration A\

Targetfrequency -------------- T ‘

Deceleration rate

Execution of ACC(—) Output stops.

The 2 control words indicate the deceleration rate and target frequency.

1,2, 3... 1. The content of C determines the deceleration rate. During deceleration, the
output frequency is decreased by the amount set in C every 4.08 ms. C must
be BCD from 0001 to 0200 (10 Hz to 2 kHz).

393



Special Instructions Section 5-28

2. The content of C+1 specifies the target frequency. C+1 must be BCD from
0000 to 5000 (0 Hz to 50 kHz).

Mode 3 (M=003) Mode 3 is used to decrease the frequency being output to a target frequency at
the specified rate. Pulse output continues until stopped.

Frequency before

deceleraton [~~~ 7~
Deceleration rate

Targetfrequency [ -------------- oo

Execution of ACC(—)

The 2 control words indicate the acceleration rate and target frequency.

1,2,3... 1. The content of C determines the acceleration rate. During acceleration, the
output frequency is increased by the amount set in C every 4.08 ms. C must
be BCD from 0001 to 0200 (10 Hz to 2 kHz).

2. The content of C+1 specifies the target frequency. C+1 must be BCD from
0000 to 5000 (0 Hz to 50 kHz).

Flags ER: Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/xDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

There is an error in the operand settings.
ACC(—) is executed without a Pulse 1/O Board installed.
The PC Setup is not set for pulse output.

ACC(—) is executed with M=000 and the specified output port is al-
ready in use.

ACC(—) is executed in an interrupt subroutine while a pulse 1/O or high-
speed counter instruction is being executed in the main program.

AR 0515: Port 1 output flag. ON when pulses are being output from port 1.
AR 0615: Port 2 output flag. ON when pulses are being output from port 2.

5-28-13 PULSE WITH VARIABLE DUTY FACTOR — PWM(—)

Ladder Symbols Operand Data Areas
P: Communications port
— | PWM(—) — @PWM(—)
001 or 002

P P

F: Frequency
F F

000, 001, or 002

D D

D: Duty factor

IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
Limitations PWM(—) cannot be used unless the PC Setup (DM 6643 or DM 6644) is set for

variable duty factor pulse outputs.
P must be 001 or 002 and F must be 000, 001, or 002.
D must be BCD between 0001 and 0099.
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Description

Note

Operand Settings

Flags

PWM(—) can be used with the functions listed in the following table.

Unit/Board Function

Pulse 1/0 Board Pulse outputs 1 and 2

PWM(—) is used to output pulses with the specified duty factor from port 1 or 2.
The output can be set to one of three frequencies: 5.9 kHz, 1.5 kHz, or 91.6 Hz.
The pulse output continues until INI(61) is executed to stop it.

In order for PWM(—) to be executed, the specified port must be set for variable
duty factor pulse outputs in the PC Setup. Set the leftmost digit of DM 6643 to 1
to enable variable duty factor pulse output from port 1, and set the leftmost digit
of DM 6644 to 1 to enable variable duty factor pulse output from port 2. It is not
possible to output normal pulses from a port that is set for variable duty factor
output.

Refer to 1-5 Pulse Output Functions for more details.

P specifies the port where the pulses will be output. Pulses are output from port 1
when P=001, and pulses are output from port 2 when P=002.

F specifies the frequency of the pulse output, as shown in the following table.

F Frequency
000 5.9 kHz
001 1.5 kHz
002 91.6 Hz

D specifies the duty factor of the pulse output, i.e., the percentage of time that the
output is ON. D must be BCD from 0001 to 0099 (1% to 99%). The duty factor is
75% in the following diagram.

‘ton‘

-—

tOT" = D (1% to 99%) J u U U L
—
l T !

ER: There is an error in the operand settings.
PWM(—) is executed without a Pulse I/O Board installed.

The PC Setup is not set for variable duty factor pulse output.

PWM(—) is executed in an interrupt subroutine while a pulse 1/O or
high-speed counter instruction is being executed in the main program.

Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

5-28-14 DATA SEARCH — SRCH(—)

Ladder Symbols Operand Data Areas
N: Number of words
— SRCH(—) — @SRCH(—)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR, #
N N
R;: First word in range
Ry R1
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
C c C: Comparison data, result word
IR, SR, AR, DM, EM, HR, LR
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Limitations

Description

Flags

Example

00001

1,2 3.

N must be BCD between 0001 to 9999.
R; and R1+N-1 must be in the same data area.
DM 6143 to DM 6655 cannot be used for C.

When the execution condition is OFF, SRCH(—) is not executed. When the
execution condition is ON, SRCH(—) searches the range of memory from R4 to
R1+N-1 for addresses that contain the comparison data in C. If one or more ad-
dresses contain the comparison data, the EQ Flag (SR 25506) is turned ON and
the lowest address containing the comparison data is identified in C+1. The ad-
dress is identified differently for the DM area:

1. For an address in the DM area, the word address is written to C+1. For ex-
ample, if the lowest address containing the comparison data is DM 0114,
then #0114 is written in C+1.

2. For an address in another data area, the number of addresses from the be-
ginning of the search is written to C+1. For example, if the lowest address
containing the comparison data is IR 114 and the first word in the search
range is IR 014, then #0100 is written in C+1.

If none of addresses in the range contain the comparison data, the EQ Flag (SR
25506) is turned OFF and C+1 is left unchanged.

ER: Indirectly addressed EM/DM word is non-existent.
(Content of xEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

N is not BCD between 0001 and 9999.

EQ: ON when the comparison data has been matched in the search range.

In the following example, the 10 word range from DM 0010 to DM 0019 is
searched for addresses that contain the same data as DM 0000 (#FFFF). Since
DM 0012 contains the same data, the EQ Flag (SR 25506) is turned ON and
#0012 is written to DM 0001.
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P Address | Instruction Operands
#0010 00000 LD 00001
DM 0010 00001 @SRCH(—)
DM 0000 # 0010
DM 0010
DM 0000
DM 0010 [ 0000
DM 0011 | 9898
DM 0012 | FFFF
DM 0013 | 9797
DM 0014 [ AAAA DM 0000 | FFFF
DM 0015 | 9595 DM 0001 [ 0012

DM 0016 | 1414
DM 0017 | 0000
DM 0018 | 0000
DM 0019 | FFFF
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5-28-15 PID CONTROL — PID(—)

Ladder Symbol

I PID(—)

W

P1

ow

Operand Data Areas

IW: Input data word

IR, SR, AR, DM, EM, HR, LR

P1: First parameter word

IR, SR, DM, EM, HR, LR

OW: Output data word

IR, SR, AR, DM, EM, HR, LR

Limitations DM 6144 to DM 6655 cannot be used for IW, P1 to P1+32, or OW.
P1 to P1+32 must be in the same data area.

&Caution A total of 33 continuous words starting with P1 must be provided for PID(—) to
operate correctly. Also, PID(—) may not operate dependably in any of the fol-
lowing situations: In interrupt programs, in subroutines, between IL(02) and
ILC(03), between JMP(04) and JME(05), and in step programming
(STEP(08)/SNXT(09)). Do not program PID(—) in these situations.

Description PID(—) performs PID control based on the parameters specified in P1 through
P1+6. The data in IW is used to calculate the output data that is written to OW.
The following table shows the function of the parameter words.
Word Bits Parameter name Function/Setting range

P1 00 to 15 | Set value (SV). This is the target value for PID control. It can be set to any binary
number with the number of bits set by the input range parameter.

P1+1 00 to 15 | Proportional band width. | This parameter specifies the proportional band width/input range ratio
from 0.1% to 999.9%. It must be BCD from 0001 to 9999.

P1+2 00 to 15 | Integral time Sets the integral time/sampling period ratio used in integral control. It
must be BCD from 0001 to 8191, or 9999. (9999 disables integral con-
trol.)

P1+3 00 to 15 | Derivative time Sets the derivative time/sampling period ratio used in derivative con-
trol. It must be BCD from 0001 to 8191, or 0000.

P1+4 00 to 15 | Sampling period Sets the interval between samplings of the input data from 0.1 to
102.3 s. It must be BCD from 0001 to 1023.

P1+5 00 to 03 | Operation specifier Sets reverse or normal operation. Set to 0 to specify reverse operation
or 1 to specify normal operation.

04 to 15 | Input filter coefficient Determines the strength of the input filter. The lower the coefficient,
the weaker the filter.
This setting must be BCD from 100 to 199, or 000. A setting of 000
sets the default value (0.65) and a setting of 100 to 199 sets the coef-
ficient from 0.00 to 0.99.

P1+6 00 to 07 | Output range Determines the number of bits of output data. This setting must be
between 00 and 08, which sets the output range between 8 and 16
bits.

08 to 15 | Input range Determines the number of bits of input data. This setting must be be-
tween 00 and 08, which sets the input range between 8 and 16 bits.

P1+7to |00to 15 | Work area Do not use.

P1+32 (Used by the system.)

When the execution condition is OFF, PID(—) is not executed and the instruc-
tion’s data is maintained. While the execution condition is OFF, the desired out-
put data can be written directly to OW for manual control.
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&Caution

Note

When the execution condition first goes from OFF to ON, PID(—) reads the pa-
rameters and initializes the work area. There is a built-in function to change the
output data continuously at startup because sudden changes in the output data
might adversely affect the controlled system.

Changes made to the parameters will not be effective until the execution condi-
tion for PID(—) goes from OFF to ON.

Do not use PID(—) in the following situations; it may not be executed properly.
In interrupt programs

In subroutine programs

In interlocked program sections (between IL and ILC)

In jump program sections (between JMP and JME)

In step ladder program section (created with STEP)

When the execution condition is ON, PID(—) performs the PID calculation on
the input data when the sampling period has elapsed. The sampling period is the
time that must pass before input data is read for processing.

The following diagram shows the relationship between the sampling period and

PID processing. PID processing is performed only when the sampling period
(100 ms in this case) has elapsed.

1 cycle
V V |V |V
70 ms 60 ms 70 ms —-T<— 70 ms
No processing PID processing
(70 ms) (70+30=100 ms,
PID  processing no carryover)
with initial values PID processing No processing
(0 ms) (130 ms, 30 ms carryover) (60 ms)
ER: There is an error in the parameter settings.

The cycle time is more than twice as long as the sampling period, so
PID(-) cannot be executed accurately. PID(—) will be executed in this
case.

Indirectly addressed EM/DM word is non-existent.
(Content of XxEM/XDM word is not BCD, or the EM/DM area boundary
has been exceeded.)

CY: ON when PID processing has been performed. (OFF when the sam-
pling period has not elapsed.)
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5-29 Network Instructions

The network instructions are used for communicating with other PCs host com-
puters linked through the Controller Link System.

5-29-1 NETWORK SEND - SEND(90)

Ladder Symbols Operand Data Areas
S: Source beginning word
— SEND(90) — @SEND(90)
IR, SR, AR, DM, EM, HR, TIM/CNT, LR
S s D: Destination beginning word

b b IR, SR, AR, DM, EM, HR, TIM/CNT, LR

C c C: First control data word
IR, SR, AR, DM, EM, HR, TIM/CNT, LR

Limitations C through C+2 must be within the same data area and must be within the values

specified below. To be able to use SEND(90), the system must have a Controller
Link Unit mounted.

Description When the execution condition is OFF, SEND(90) is not executed. When the
execution condition is ON, SEND(90) transfers data beginning at word S, to ad-
dresses specified by D in the designated node on the Controller Link System.
The control words, beginning with C, specify the nu