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Important User Information

Solid-state equipment has operational characteristics differing from those of electromechanical equipment. Safety
Guidelines for the Application, Installation and Maintenance of Solid State Controls (publication SGI-1.1 available from
your local Rockwell Automation sales office or online at http://www.rockwellautomation.com/literature/) describes some
important differences between solid-state equipment and hard-wired electromechanical devices. Because of this difference,
and also because of the wide variety of uses for solid-state equipment, all persons responsible for applying this equipment
must satisfy themselves that each intended application of this equipment is acceptable.

In no event will Rockwell Automation, Inc. be responsible or liable for indirect or consequential damages resulting from
the use or application of this equipment.

The examples and diagrams in this manual are included solely for illustrative purposes. Because of the many variables and
requirements associated with any particular installation, Rockwell Automation, Inc. cannot assume responsibility or
liability for actual use based on the examples and diagrams.

No patent liability is assumed by Rockwell Automation, Inc. with respect to use of information, circuits, equipment, or
software described in this manual.

Reproduction of the contents of this manual, in whole or in part, without written permission of Rockwell Automation,

Inc., is prohibited.

Throughout this manual, when necessary, we use notes to make you aware of safety considerations.

WARNING: Identifies information about practices or circumstances that can cause an explosion in a hazardous
environment, which may lead to personal injury or death, property damage, or economic 10ss.

ATTENTION: Identifies information about practices or circumstances that can lead to personal injury or death,
property damage, or economic loss. Attentions help you identify a hazard, avoid a hazard, and recognize the
consequence.

SHOCK HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that
dangerous voltage may be present.

BURN HAZARD: Labels may be on or inside the equipment, for example, a drive or motor, to alert people that
surfaces may reach dangerous temperatures.

> B>

IMPORTANT Identifies information that is critical for successful application and understanding of the product.

Allen-Bradley, Rockwell Automation, MicroLogix and TechConnect are trademarks of Rockwell Automation, Inc.

Trademarks not belonging to Rockwell Automation are property of their respective companies.


http://literature.rockwellautomation.com/idc/groups/literature/documents/in/sgi-in001_-en-p.pdf
http://www.rockwellautomation.com/literature/

Summary of Changes

Firmware Revision
History

Firmware Upgrades

The information below summarizes the changes to this manual since the last
printing as publication 1762-RMO01F-EN-P, October 2009.

To help you locate new and updated information in this release of the manual, we
have included change bars as shown to the right of this paragraph.

Features are added to the controllers through firmware upgrades. See the latest
release notes, 1762-RN001, to be sure that your controller’s firmware is at the level
you need. Firmware upgrades are not required, except to allow you access to the
new features. See “Firmmware Upgrades” for details.

Enhanced features are added to the controllers through a firmware upgrade. This
Sfirmware upgrade is not required, except to allow you access to the latest features. To use the
newest features, be sure your controller’s firmware is at the following level:

Programmable |Firmware Revision Catalog Numbers
Controller

MicroLogix 1200 | Series C, Revision H, FRN14 | 1762-L24AWA, 1762-L24BWA, 1762-L24BXB,
1762-L40AWA, 1762-L40BWA, 1762-L40BXB,
1762-L24AWAR, 1762-L24BWAR,
1762-L24BXBR, 1762-L40AWAR,
1762-L40BWAR, 1762-L40BXBR.

MicroLogix 1500 | Series C, Revision D, FRN14 | 1764-LSP, 1764-LRP processors

To upgrade the firmware for a MicroLogix controller visit the MicroLogix web site
at http://www.ab.com/micrologix.

To use all of the latest features, RSLogix 500 programming software must be
version 6.10.10 or higher.

New Information The table below lists pages of this manual where new information appears.
For This New Information See Page
Added a note on the Clear Controller Memory feature not being supported in FRN 14 and later. b4
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Who Should Use this
Manual

Purpose of this Manual

Common Techniques
Used in this Manual

Preface

Read this preface to familiarize yourself with the rest of the manual. It provides
information concerning;:

e who should use this manual

e the purpose of this manual

e related documentation

e conventions used in this manual

e Rockwell Automation support

Use this manual if you are responsible for designing, installing, programming, or
troubleshooting control systems that use MicroLogix 1200 or MicroLogix
1500 controllers.

You should have a basic understanding of electrical circuitry and familiarity with
relay logic. 1f you do not, obtain the proper training before using this product.

This manual is a reference guide for MicroLogix 1200 and MicroLogix 1500
controllers. It describes the procedures you use to program and troubleshoot your
controllet. This manual:

® gives you an overview of the file types used by the controllers
e provides the instruction set for the controllers

e contains application examples to show the instruction set in use

The following conventions are used throughout this manual:

e Bulleted lists such as this one provide information, not procedural steps.
e Numbered lists provide sequential steps or hierarchical information.
e [talic type is used for emphasis.

e Change bars appear beside information that has been changed or added
since the last revision of this manual. Change bars appear in the margin as
shown to the right of this paragraph.
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14 Preface

Related Documentation

The following documents contain additional information concerning Rockwell

Automation products. To obtain a copy, contact your local Rockwell Automation

office or distributor.

For Read this Document Document Number
Information on mounting and wiring the MicroLogix 1200 Programmable |MicroLogix 1200 Programmable 1762-IN006
Controller, including a mounting template and door labels. Controllers Installation Instructions
Detailed information on planning, mounting, wiring, and troubleshooting |MicroLogix 1200 Programmable 1762-UM001
your MicroLogix 1200 system. Controllers User Manual
Information on mounting and wiring the MicroLogix 1500 Base Units, MicroLogix 1500 Programmable 1764-IN001
including a mounting template for easy installation Controllers Base Unit Installation
Instructions
Detailed information on planning, mounting, wiring, and troubleshooting |MicroLogix 1500 Programmable 1764-UM001
your MicroLogix 1500 system. Controllers User Manual
A description on how to install and connect an AIC+. This manual also  |Advanced Interface Converter (AIC+) User | 1761-6.4
contains information on network wiring. Manual
Information on how to install, configure, and commission a DNI DeviceNet™ Interface User Manual 1761-6.5
Information on DF1 open protocol. DF1 Protocol and Command Set 1770-6.5.16
Reference Manual
In-depth information on grounding and wiring Allen-Bradley Allen-Bradley Programmable Controller  {1770-4.1
programmable controllers Grounding and Wiring Guidelines
A description of important differences between solid-state programmable | Application Considerations for SGI-1.1

controller products and hard-wired electromechanical devices

Solid-State Controls

An article on wire sizes and types for grounding electrical equipment

National Electrical Code - Published by the National Fire

Protection Association of Boston, MA.

A glossary of industrial automation terms and abbreviations

Allen-Bradley Industrial Automation
Glossary

AG-7.1

Rockwell Automation
Support

Before you contact Rockwell Automation for technical assistance, we suggest you
b ggesty
please review the troubleshooting information contained in this publication first.

If the problem persists, call your local distributor or contact Rockwell Automation

in one of the following ways:

Phone United States/Canada 1.440.646.3434

Outside United States/Canada

You can access the phone number for your country via the Internet:

1. Go to http://www.ab.com

2. Click on Product Support (http://support.automation.rockwell.com)

3. Under Support Centers, click on Contact Information

Internet

1. Goto http://www.ab.com

2. Click on Product Support (http://support.automation.rockwell.com)

Publication 1762-RMO00TH-EN-P - July 2014
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Chapter 1

Embedded 1/0

I/0 Configuration

This section discusses the various aspects of Input and Output features of the

MicroLogix 1200 and MicroLogix 1500 controllers. Each controller comes with a
certain amount of embedded 1/ O, which is physically located on the controller. The
controller also allows for adding expansion 1/ O.

This section discusses the following 1/O functions:

¢ “Embedded I/O” on page 15

e “MicroLogix 1200 Expansion 1/O” on page 16

® MicrolLogix 1200 Expansion I /O Memory Mapping on page 17

e MicroLogix 1500 Compact Expansion I/O on page 24

e MicroLogix 1500 Compact Expansion I/O Memory Mapping on page 26
e “I/O Addressing” on page 37
e “I/O Forcing” on page 38

e “Input Filtering” on page 38

e “Latching Inputs” on page 39

The MicroLogix 1200 and 1500 provide discrete I/O that is built into the
controller as listed in the following table. These I/O points are referred to as

Embedded I/0.
Controller Family Inputs Qutputs
Quantity Type Quantity Type
MicroLogix 1200 |1762-L24BWA |14 24V dc 10 relay
Controllers 1762-L24AWA |14 120Vac |10 relay
1762-L124BXB |14 24V dc 10 5 relay
5 FET
1762-L40BWA |24 24V dc 16 relay
1762-L40AWA |24 120V ac 16 relay
1762-L40BXB |24 24V dc 16 8 relay
8 FET
MicrolLogix 1500 |1764-24BWA |12 24V dc 12 relay
Base Units 1764-24AWA |12 120Vac |12 relay
1764-28BXB 16 24V dc 12 6 relay
6 FET
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16  1/0 Configuration

MicroLogix 1200
Expansion 1/0

Publication 1762-RMO00TH-EN-P - July 2014

AC embedded inputs have fixed input filters. DC embedded inputs have
configurable input filters for a number of special functions that can be used in your
application. These are: high-speed counting, event interrupts, and latching inputs.
The 1764-28BXB has two high-speed outputs for use as pulse train output (PTO)
and/or pulse width modulation (PWM) outputs. The 1762-1.24BXB and -L40BXB
each have one high-speed output.

If the application requires more I/O than the controller provides, you can attach
I/O modules. These additional modules are called exparnsion 1/ O.

Expansion I/0 Modules

MicroLogix 1200 expansion I/O (Bulletin 1762) is used to provide discrete and
analog inputs and outputs, and specialty modules. For the MicroLogix 1200, you
can attach up to six additional I/O modules. The number of 1762 I/O modules
that can be attached to the MicroLogix 1200 is dependent on the amount of power
required by the I/O modules.

See the Micrologix 1200 User Manual, publication 1762-UMO001 for more
information on valid configurations.

TIP Visit the MicroLogix web site (http://www.ab.com/micrologix.) for the
MicroLogix 1200 Expansion /0 System Qualifier.

Addressing Expansion 1/0 Slots

The figure below shows the addressing for the MicroLogix 1200 and its I/O.

The expansion I/O is addressed as slots 1 through 6 (the controllet’s embedded
I/0O is addressed as slot 0). Modules ate counted from left to right as shown below.

Expansion 1/0


http://www.ab.com/micrologix

I/0 Configuration 17

MicroLogix 1200
Expansion I/0 Memory
Mapping

TIP

In most cases, you can use the following address format:
X:s/b (X = file type letter, s = slot number, b = bit number)

See 1/0 Addressing on page 37 for complete information on address formats.

Discrete I/0 Configuration

1762-1A8 and 1762-108 Input Image

For each input module, the input data file contains the current state of the field
input points. Bit positions 0 through 7 correspond to input terminals 0 through 7.

'.g Bit Position
= |15 (14 |13 (12 |11 |10 6 (5 4 |3 (2 |1 0
0 |x X X X X X r r r r r

r=read only, x = not used, always at a 0 or OFF state

1762-1Q16 Input Image

For each input module, the input data file contains the current state of the field
input points. Bit positions 0 through 15 correspond to input terminals 0
through 15.

Bit Position

-

;°151413121110 6 |5 |4 (3 (2 (1 |0
0 r r r r r r r r r r r r r
r=read only

1762-1032T Input Image

For each input module, the input data file contains the current state of the field
input points. Bit positions 0...15 together with word 0/1 correspond to input
terminals 0...31.

— |BitPosition

;° 15 (14 |13 |12 |11 |10 6 |5 4 3 (2 (1 0
0 r r r r r r r r r r r r r
1 r r r r r r r r r r r r r
r=read only
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1762-0X6/ Output Image

For each output module, the output data file contains the controller-directed state
of the discrete output points. Bit positions 0 through 5 correspond to output
terminals O through 5.

Bit Position

1% |14 13 12 11 (10 9 |8 (7 (6 |5 4 (3 |2 |1 |0

“IWord

0 |0 |0 (0 |0 |0 (0 |0 (0 |0 |r/w |r/w |r/w |r/w |r/w |r/w

r/w = read and write, 0 = always at a 0 or OFF state

1762-0A8, 1762-0B8, and 1762-0W8 Output Image

For each output module, the output data file contains the controller-directed state
of the discrete output points. Bit positions 0 through 7 correspond to output
terminals O through 7.

Bit Position

1 |14 13 12 11 (10 9 |8 |7 (6 |5 4 (3 |2 |1 |0

“IWord

0 0 0 0 0 0 0 0 r/w |r/w [r/w |r/w |{r/w |[r/w |r/w [r/w

r/w = read and write, 0 = always at a 0 or OFF state

1762-0B16 and 1762-0W16 Output Image

For each output module, the output data file contains the controller-directed state
of the discrete output points. Bit positions 0 through 15 correspond to output
terminals O through 15.

Bit Position

1% |14 |13 12 11 (10 9 (8 {7 6 |5 |4 3 (2 |1 |0

“IWord

r/w {r/w [r/w |r/w |r/w [r/w [r/w [r/w |[r/w |r/w [r/w [r/w [r/w |[r/w |r/w |r/w

r/w = read and write

1762-0V32T, 1762-0B32T Output Image

For each output module, the output data file contains the controller-directed state
of the discrete output points. Bit positions 0...15 together with word 0/1
correspond to output terminals 0...31.

Bit Position

1% |14 |13 12 11 (10 9 (8 |7 6 |5 |4 3 (2 |1 |0

“IWord

r/w {r/w [r/w |r/w |r/w [r/w [r/w [r/w |[r/w |r/w [r/w [r/w [r/w |[r/w |r/w |r/w
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- Bit Position
;°1514131211109876543210
1 Ir/w |r/w |r/w [r/w [r/w |r/w |r/w |r/w [r/w [r/w |[r/w |r/w |r/w [r/w [r/w [r/w

r/w = read and write

Analog 1/0 Configuration

The following table shows the data ranges for 0 to 10V dc and 4 to 20 mA.

Valid Input/Output Data Word Formats/Ranges

Normal Operating Range |Full Scale Range |Raw/Proportional Data |Scaled-for-PID
0to 10V dc 10.5V dc 32760 16380

0.0Vdc 0 0
41020 mA 21.0mA 32760 16380

20.0 mA 31200 15600

4.0 mA 6240 3120

0.0 mA 0 0

1762-1FZ0F2 Input Data File

For each input module, slot x, words 0 and 1 contain the analog values of the
inputs. The module can be configured to use either raw/proportional data or
scaled-for-PID data. The input data file for each configuration is shown below.

Raw/Proportional Format

= |BitPosition

§ 15 [14 |13 12 |11 10 |9 |8 |7 |6 |5 |4 |3 2 1170
0 |0 Channel 0 Data 0 to 32/68 0 [0 |0
1T [0 [Channel 1 Data 0 to 32768 0 [0 |0
2 |reserved

3 [reserved

4 [reserved |S1 |SO
5 [UO |OO |U1 |O1 |reserved

Scaled-for-PID Format

= |BitPosition

é’ 15 [14 (13 [12 1 |10 |9 |8 |7 |6 |5 |4 |3 |2 T |0
0 [0 10 Channel 0 Data 0 to 16,383 0 |0
1 10 [0 [Channel T Data 0to 16,383 0 |0
2 |reserved

3 |reserved

4 Treserved |S1 |80
5

uo |OO |U1 |01 |reserved
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The bits are defined as follows:

e Sx = General status bits for channels 0 and 1. This bit is set when an error

(over- or under-range) exists for that channel, or there is a general module
hardware error.

® Ox = Over-range flag bits for channels 0 and 1. These bits can be used in
the control program for error detection.

e Ux = Under-range flag bits for channels 0 and 1. These bits can be used in
the control program for error detection.

1762-IF20F2 Output Data File

For each module, slot x, words 0 and 1 contain the channel output data.

Raw/Proportional Format

< |BitPosition

S5 [B32]1nw0fs [8 |7 6 5 4 3 2 )1
0 Channel 0 Data 0 to 32,768 0

1 Channel 1 Data 0 to 32,768

Scaled-for-PID Format

< |BitPosition

S5 [B3121niofo [8 7 6 5 4 321 Jo
0 Channel 0 Data 0 to 16,383

1 Channel 1 Data 0 to 16,383

1762-1F4 Input Data File

For each module, slot x, words 0 and 1 contain the analog values of the inputs. The
module can be configured to use either raw/proportional data or scaled-for-PID
data. The input data file for either configuration is shown below.

1762-1F4 Input Data File

Bit Position

-

;° 15 14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1 |0
0 |SGNO |[Channel 0 Data

1 [SGN1 |Channel 1 Data

2 |SGN2 |[Channel 2 Data

3 |SGN3 |Channel 3 Data

4 reserved ’SB ‘82 |S1 ’SO
5 [UO |00 ‘U1 ‘01 |U2 ‘02 ‘US ‘03 ‘reserved

6 |reserved
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The bits are defined as follows:

Sx = General status bits for channels 0 through 3. This bit is set when an error (ovet- or
under-range) exists for that channel, or there is a general module hardware error.

Ox = Over-range flag bits for channels 0 through 3. These bits are set when the input
signal is above the user-specified range. The module continues to convert data to the
maximum full range value during an over-range condition. The bits reset when the
over-range condition clears.

Ulx = Under-range flag bits for input channels 0 through 3. These bits are set when the
input signal is below the user-specified range. The module continues to convert data to
the maximum full range value during an under-range condition. The bits reset when the
under-range condition clears.

SGNx = The sign bit for channels 0 through 3.

1762-0F4 Input Data File

For each module, slot x, words 0 and 1 contain the analog output module status
data for use in the control program.

1762-0F4 Input Data File

= |Bit Position

sisa[B21njwole 87 [6 [5 [4 3 [2 1 o
0 |Reserved S03 [S02 {SO1 |S00
1 [Reserved uoo [000 [uo1 001 [uO2 |002 [UO3 [003

The bits are defined as follows:

e SOx = General status bits for output channels 0 through 3. This bit is set
when an error (over- or under-range) exists for that channel, or there is a
general module hardware error.

e OOx = Over-range flag bits for output channels 0 through 3. These bits
indicate an input signal above the user range and can be used in the control
program for error detection. The module continues to convert analog data
to the maximum full range value while this bit is set (1). The bit is reset (0)
when the error cleats.

e UOx = Under-range flag bits for output channels 0 through 3. These bits
indicate an input signal below the user range. They can be used in the
control program for error detection. The module continues to convert
analog data to the minimum full range value while this bit is set (1). The bit is
reset (0) when the error clears.
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1762-0F4 Output Data File

For each module, slot x, words 0 through 3 contain the channel output data.

Raw/Proportional Format

Bit Position

15 |14 \13 |1z \11 \10 |9 \s \7 \s |5 \4 \3

Channel 0 Data 0 to 32,760

Channel 1 Data 0 to 32,760

Channel 2 Data 0 to 32,760

w| N = 2IWord

0
0
0
0

ol ool ol NN
ol ol ol O -
olo|lo|lol o

Channel 3 Data 0 to 32,760

Words 0 through 3 contain the analog output data for channels 0 through 3,
respectively. The module ignores the “don’t care” bits (0 through 2), but checks the
sign bit (15). If bit 15 equals 1, the module sets the output value to OV or 0 mA.

Scaled-for-PID Format

Bit Position

15 [14 [13 |1z \11 \10 |9 \s \7 \s |5 \4 \3 |2

Channel 0 Data 0 to 16,380

Channel 1 Data 0 to 16,380

Channel 2 Data 0 to 16,380

@ ™~ = 2Word

ol ol o O -
o|lo|lolol o

0 |0
0 |0
0 |0
0 |0

Channel 3 Data 0 to 16,380

Words 0 through 3 contain the analog output data for channels O through 3,
respectively. The module ignores the “don’t care” bits (0 and 1), but checks the sign
bit (15), and bit 14. If bit 15 equals 1, the module sets the output value to OV or

0 mA. If bit 15 equals zero and bit 14 equals 1, the module sets the output value to
10.5V dc or 21 mA.

Specialty I/0 Configuration

1762-IR4 RTD/resistance Module Input Data File

For each module, slot x, words 0 through 3 contain the analog values of the inputs.
Words 4 and 5 provide sensor/channel status feedback. The input data file for each
configuration is shown below.

Word (15 (14 (13 (12 |11 (10 (9 |8 |7 |6 |5 (4 (3 |2 |1 |0
/Bit

0 Analog Input Data Channel 0
1 Analog Input Data Channel 1
2 Analog Input Data Channel 2
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Word[15 [14 [13 [12 J11 [10 |9 [8 [7 [6 [5 [4 [3 [2 [1 o
/Bit
3 Analog Input Data Channel 3
4 Reserved 0c3 [0c2 [oc1 [0Co |Reserved |33 |sz \31 \so
5 uo |00 |U1 |01 U2 |02 [u3 |03 [Reserved

The bits are defined as follows:

® Sx = General status bits for input channels 0 through 3. This bit is set (1)
when an error (over- or under-range, open-circuit or input data not valid
condition) exists for that channel, or there is a general module hardware
error. An input data not valid condition is determined by the user program.
See the Microl ogix™ 1200 RTD/ Resistance Input Module User Manual,
publication number 1762-UMO003, for details.

e OCx = Open-circuit indication for channels 0 through 3, using either RTD
or resistance inputs. Short-circuit detection for RTD inputs only.
Short-circuit detection for resistance inputs is not indicated because 0 is a
valid number.

e Ox = Over-range flag bits for input channels 0 through 3, using either RTD
or resistance inputs. These bits can be used in the control program for
error detection.

e Ux = Under-range flag bits for channels 0 through 3, using RTD inputs only.
These bits can be used in the control program for error detection.
Under-range detection for direct resistance inputs is not indicated because 0
is a valid number.

1762-1T4 Thermocouple Module Input Data File

For each module, slot x, words 0 through 3 contain the analog values of the inputs.
The input data file is shown below.

Word/|{15 (14 (13 (12 |11 (10 |9 (8 (7 |6 (5 |4 (3 (2 |1 |0
Bit
0 — |Analog Input Data Channel 0
3
1 — |Analog Input Data Channel 1
3
2 — |Analog Input Data Channel 2
3
3 — |Analog Input Data Channel 3
(&)
[72]
Reserved 0C4 [0C3 [0C2 [0CT |0CO [Reserved  [S4 [S3 [S2 [S1 [SO
o [00 [ur o1 |uz [02 [u3 |03 |U4 |04 |Reserved
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The bits are defined as follows:

e Sx = General status bits for channels 0 through 3 (SO through S3) and the
CJC sensor (S4). This bit is set (1) when an error (over-range, under-range,
open-circuit, or input data not valid) exists for that channel. An input data
not valid condition is determined by the user program. Refer to the
MicroLogix™ 1200 1/ O Thermocouple/ mV" Input Module User Manual,
publication number 1762-UMO002 for additional details.

e OCx = Open-circuit indication for channels 0 through 3 (OCO through
OC3) and the CJC sensor (OC4).

e Ox = Over-range flag bits for channels 0 through 3 (OO0 through O3) and
the CJC sensor (O4). These bits can be used in the control program for
error detection.

e Ux = Under-range flag bits for channels 0 through 3 (U0 through U3) and
the CJC sensor (U4). These bits can be used in the control program for error
detection.

Microl_ogix 1500 If the application requires more I/O than the embedded I/O that the controller

Compact Expansion 1/0

provides, you can attach I/O modules. These additional modules are called
expansion 1/ O.

Expansion I/0 Modules

Compact I/O (Bulletin 1769) is used to provide discrete and analog inputs and
outputs and, in the future, specialty modules. For the MicroLogix 1500, you can

attach up to 16D additional I/O modules. The number of modules that can be
attached is dependent on the amount of power required by the I/O modules.

See the MicroLogix 1500 User Manunal, publication 1764-UMO001, for more
information on valid configurations.

TIP Visit the MicroLogix web site (http://www.ab.com/micrologix) for the
MicroLogix 1500 Expansion 1/0 System Qualifier.

Addressing Expansion 1/0

The figure below shows the addressing for the MicroLogix 1500 and its I/O.

The expansion I/O is addressed as slots 1 through 16 (the controllet’s embedded
I/0 is addressed as slot 0). Power supplies and cables ate not counted as slots, but

(1) Limit of 8 modules for Series A Base Unit.
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must be added to the RSLogix 500 project in the I/O configuration. Modules atre
counted from left to right on each bank as shown in the illustrations below.

Vertical Orientation
Embedded 1/0 = Slot 0
i5))

Expansion

Expansion

Horizontal Orientation

Embedded 1/0 = Slot 0
o] [

]

Sloth

E‘M Slot 4 é‘ﬂ

Expansion ' Expansion

TIP In most cases, you can use the following address format:
X:s/b (X = file type letter, s = slot number, b = bit number)

See /0 Addressing on page 37 for complete information on address formats.

Expansion Power Supplies and Cables

To use a MicroLogix 1500 controller with a 1769 Expansion I/O Power Supply,
verify that you have the following:

e MicroLogix 1500 Processor:
Catalog Number 1764-LSP, FRN 3 and higher
Catalog Number 1764-LRP, FRN 4 and higher

e Operating System Version: You can check the FRN by looking at word S:59
(Operating System FRN) in the Status File.
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IMPORTANT [f your processor is at an older revision, you must upgrade the operating system
to FRN 3 or higher to use an expansion cable and power supply. On the Internet,
go to http://www.ab.com/micrologix to download the operating system
upgrade. Select MicroLogix 1500 System; go to downloads.

The expansion power supply cannot be connected directly to the controller. It
must be connected using one of the expansion cables. Only one expansion
power supply may be used in a MicroLogix 1500 system. Exceeding these
limitations may damage the power supply and result in unexpected operation.

2 ATTENTION: LIMIT OF ONE EXPANSION POWER SUPPLY AND CABLE

MicroLogix 1500 Discrete I/0 Configuration
Compact Expansion 1/0
Memory Mapping 1769-1A8! Input Image

For each input module, the input data file contains the current state of the field
input points. Bit positions 0 through 7 correspond to input terminals O through 7,
bits 8 through 15 are not used.

Bit Position
15 |14 |13 (12 |11 |10

X X X X X X X X r r r r r r r r

[1-]
[--]
~J
(-]
(2]
=
w
N
—
[—]

“(Word

r=read, x = not used, always at a 0 or OFF state

1769-IM12 Input Image

For each input module, the input data file contains the current state of the field
input points. Bit positions 0 through 11 correspond to input terminals 0 through
11, bits 12 through 15 are not used.

Bit Position
% |14 |13 (12 |11 (10 (9 |8 |7 |6 |5 (4 (3 |2 |1 |0
X Ix o Ix o x |r r r r r r r r r r r r

“(Word

r=read, x = not used, always at a 0 or OFF state
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1769-1A16, 1769-1Q16, and 1769-1Q16F Input Image

For each input module, the input data file contains the current state of the field

input points. Bit positions 0 through 15 correspond to input terminals 0
through 15.

Bit Position
15 (14 (13 |12 |11 (10 (9 8 (7 |6 |5 (4 (3 |2 |1 0

r r r r r r r r r r r r r r r r

“|Word

r=read

1769-1032 Input Data File

For each input module, slot x, word 0 in the input data file contains the current
state of the field input points.

- Bit Position

;c %5 (14 (13 (12 (11 |10 (9 (8 |7 (6 (5 (4 (3 (2 |1 0
0 |r r r r r r r r r r r r r r r r
1T r r r r r r r r r r r r r r r r
r=read

1769-106X0W4 Input Image

For each module, the input data file contains the current state of the field input

points. Bit positions 0 through 5 correspond to input terminals 0 through 5, bits 6
through 15 are not used.

Input Bit Position
15 (14 (13 |12 |11 |10
X xo xo o Ixoxx o x o pxxor qr e frr

=|Word
©
(-]
(=]
(2]
=
w
N
=
o

r=read, X = not used, always at a 0 or OFF state

Publication 1762-RM001H-EN-P - July 2014



28  1/0 Configuration

Publication 1762-RMO00TH-EN-P - July 2014

1769-106X0W4 Output Image

For each module, the output data file contains the current state of the control
program’s directed state of the discrete output points. Bit positions 0 through 3
correspond to output terminals 0 through 3, bits 4 through 15 are not used.

Output Bit Position

% (14 |13 |12 |11 |10 |9 (8 (7 (6 | (4 (3 |2 |1 |0
XX Ix Ix o Ixo o [xo {x o |x Ix [x o |x X r/w (r/w [r/w [r/w

>(Word

r/w = read and write, x = not used, always at a 0 or OFF state

1769-0A8, 1769-0B8, 1769-0W8, and 1769-0W8I Output Image

For each module, the output data file contains the current state of the control
program’s directed state of the discrete output points. Bit positions 0 through 7
correspond to output terminals 0 through 7, bits 8 through 15 are not used.

Output Bit Position

% (14 13 |12 |11 |10 |9 (8 (7 (6 > (4 |3 |2 |1 0
X X X X X X X X r/w {r/w [r/w |r/w |r/w [r/w [r/w |[r/w

>(Word

r/w = read and write, x = not used, always at a 0 or OFF state

1769-0A16, 1769-0B16, 1769-0B16F 1769-0V16, and 1769-0W16 Output Image

For each module, the output data file contains the current state of the control
program’s directed state of the discrete output points. Bit positions 0 through 15
correspond to output terminals 0 through 15.

Output Bit Position
% 14 13 (12 |11 (10 |9 (8 |7 |6 | (4 (3 (2 (1 |0
r/w [r/w {r/w [r/w |r/w [r/w |r/w |r/w [r/w [r/w [r/w |[r/w |[r/w |r/w |r/w |r/w

>(Word

r/w = read and write

1769-0B32 Output Data File

For each module, slot x, word 0 in the output data file contains the control
program’s directed state of the discrete output points.

T |Output Bit Position
§°1514131Z11109876543210
0 |r/w |r/w |r/w [r/w |r/w [r/w |r/w [r/w [r/w |[r/w [r/w |r/w [r/w |r/w [r/w |r/w
1T Ir/w |r/w |r/w |r/w |r/w [r/w [r/w [r/w |[r/w |r/w |r/w |r/w |r/w [r/w [r/w [r/w
r/w = write
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Analog 1/0 Configuration

1769-IF4 Input Data File

For each input module, words O through 3 contain the analog values of the inputs.

= |BitPosition

=[5 321 jwolfs 8765 a4 327 o
0 |SGN |Analog Input Data Channel 0

1 |SGN [Analog Input Data Channel 1

2 |SGN |Analog Input Data Channel 2

3 |SGN |Analog Input Data Channel 3

4 |not used |S3 ISZ ‘81 |SO
5 [uo ][00 |ur |o1 [U2 |02 |U3 |03 [SettoD

The bits are defined as follows:

e SGN = Sign bit in two’s complement format.

e Sx = General status bits for channels 0 through 3. This bit is set (1) when an
error (over- or under-range) exists for that channel.

e Ux = Under-range flag bits for channels 0 through 3. These bits can be used
in the control program for error detection.

® Ox = Over-range flag bits for channels 0 through 3. These bits can be used
in the control program for error detection.

1769-0F2 Output Data File

For each module, words 0 and 1 in the output data file contain the channel 0 and
channel 1 output data.

- Bit Position

=15 Bz [8 76 [5 4 32T |
0 |SGN |Channel 0 Data 0 to 32,768

1 |SGN [Channel 1 Data 0 to 32,768

SGN = Sign bit in two's complement format.
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1769-IF4X0F2 Input Data File

The input data file provides access to input data for use in the control program,
over-range indication for the input and output channels, and output data feedback
as described below.

= Bit Position

= [15 14 [13 12 [11 |10 J9 [8 |7 [6[5[a[32]1]o
0 |[SGN Analog Input Data Channel 0 0 [0 (0 [0 |0]|0 |0
17 |SGN Analog Input Data Channel 1 0 [0 (00|00 |O
2 |SGN Analog Input Data Channel 2 0 |0 [0 (00|00
3 |SGN Analog Input Data Channel 3 0 [0 [0 (0|00 |O
4 INot Used [3 112 111 {0
5 [NotUsed [HO |NotUsed [HT |Not Used™ E1|E0 01|00
6 |SGN Output Data Echo/Loopback for Output Channel 0

7 |SGN Output Data Echo/Loopback for Output Channel1 {0 |0 |0 |0 [0 [0 |0

(1) All unused bits are set to 0 by the module.

IMPORTANT Input words 6 and 7 contain the Output Data Echo/Loopback information for
output channels 0 and 1 respectively. Bits 0 through 6 and Bit 15 of words 6
and 7 should always be set to zero in your control program. If they are not
set to 0, the invalid data flag (Ex) will be setfor that channel by the module.
However the channel will continue to operate with the previously
converted value.

The bits are defined as follows:

e SGN = Sign bit in two’s complement format. Always positive (equal to zero)
for the 1769-1F4XOF2 module.

e Ix = Over-range flag bits for input channels 0 through 3. These bits can be
used in the control program for error detection. When set to 1, the bits
signal that the input signal is outside the normal operating range. However,
the module continues to convert analog data to the maximum full-range

value. When the over-range condition is cleared, the bits automatically
reset (0).

e Ox = Word 5, bits 0 and 1 provide over-range indication for output channels
0 and 1. These bits can be used in the control program for error detection.
When set to 1, the bits signal that the output signal is outside the normal
operating range. However, the module continues to convert analog data to
the maximum full-range value. When the over-range condition is cleared, the
bits automatically reset (0).

TIP Under-range indication is not provided because zero is a valid number.

e Ex = When set (1), this bit indicates that invalid data (e.g: the value sent by
the controller is outside the standard output range or increment; e.g. 128,
2506, etc.) has been set in the output data bits O through 06, or the sign bit (15).
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e Hx = Hold Last State bits. When set (1), these bits indicate that the channel
is in a Hold Last State condition.

e Words 6 and 7 = These words reflect the analog output data echo of the
analog value being converted by the digital/analog converter, not necessarily
the electrical state of the output terminals. They do not reflect shorted or
open outputs.

IMPORTANT Itisonly important to use the loopback function of input words 6 and 7 if the
controller supports the Program Mode or Fault Mode functions, and if it is
configured to use them.

1769-1F4X0OF2 Output Data File

The output data file applies only to output data from the module as shown in the
table below.

Bit Position
15 [14 1312 1m[109 [8 [7 [6 [5 [4 [3 21 |o
SGN  |Analog Output Data Channel 0
SGN  |Analog Output Data Channel 1

—| “Word

IMPORTANT Bits 0 through 6 and Bit 15 of output data words 0 and 1 should always be
set to zero in your control program. If they are not set to 0, the invalid data
flag (Ex) will be set for that channel. However the channel will continue to
operate with the previously converted value. If a MVM (Move with Mask)
instruction is used with a mask of 7F80 (hexidecimal) to move data to the
output words, writing to bits 0 through 6 and bit 15 can be avoided.

Specialty I/0 Configuration

1769-IR6 RTD/resistance Module Input Data File

The first six words (0 to 5) of the input data file contain the analog RTD or
resistance values of the inputs. Words 6 and 7 provide sensor/channel status
feedback for use in your control program as shown below.

Bit Position

15 14 [13 [12 |11 10 [9 [8 [7 [6 [5 [4 [3 [2 [1 |0
RTD/resistance Input Data Channel 0

RTD/resistance Input Data Channel 1

RTD/resistance Input Data Channel 2

RTD/resistance Input Data Channel 3

RTD/resistance Input Data Channel 4

= o= SfWord
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Bit Position

15 (14 (13 [12 [11 [10 [9 [8 [7 [6 |5 [4 |3 [2 [1 [0

RTD/resistance Input Data Channel 5

Not Used  |0C5|0C4|0C3|0C2 |0C1|0CO |Not Used S5 |S4 |S3 ISZ |S1 |SO

~| o oIWord

uo |OD ur |01 |uz |02 (U3 |03 |U4 |04 U5 |05 |NotUsed

Word 6 and 7 status bits are defined as follows:

e Sx = General status bit for channels 0 through 5. This bit is set (1) when an
error (over- or under-range, open-circuit, or input data not valid) exists for
that channel. An input data not valid condition is determined by the user
program. This condition occurs when the first analog-to-digital conversion
is still in progress at power-up or after a new configuration has been sent to
the module. Refer to the RTD/ resistance Input Module User Manual, publication
number 1769-UMO005, for details.

e OCx = Open-circuit detection bit for channels 0 through 5. These bits are
set (1) when either an open or shorted input for RTD inputs or an open
input for resistance inputs is detected.

TIP Short-circuit detection for resistance inputs is not indicated because 0 is a
valid number.

e Ux = Under-range flag bits for channels O through 5, using RTD inputs
only. These bits can be used in the control program for error detection.
There is no under-range error for a direct resistance input, because 0 is a
valid number.

® Ox = Over-range flag bits for channels O through 5, using either RTD or
resistance inputs. These bits can be used in the control program for
error detection.

1769-1T6 Thermocouple Module Input Data File

The input data file contains the analog values of the inputs.

Bit Position

15 [14 131211109 [8 [7 [6 |5 [4 [3 ]2 1]

Analog Input Data Channel 0

Analog Input Data Channel 1

Analog Input Data Channel 2

Analog Input Data Channel 3

Analog Input Data Channel 4

Analog Input Data Channel 5

0C7 |0C6|0C5|0C4|0C3|0C2|0C1 |0CO(S7 |S6 |S5 |S4 |S3 |S2 |S1 |SO

uo 00 |u1r |01 |Uz |02 (U3 |03 |U4 |04 |U5 |05 (UG (06 [U7 |07

The bits are defined as follows:
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-
=

e Sx = General status bit for channels 0 through 5 and CJC sensors (S6 and

S7). This bit is set (1) when an error (over-range, under-range, open-circuit,
or input data not valid) exists for that channel. An input data not valid
condition is determined by the user program. This condition occurs when
the first analog-to-digital conversion is still in progress, after a new
configuration has been sent to the module.

OCx = Open circuit detection bits indicate an open input circuit on
channels 0 through 5 (OCO through OC5) and on CJC sensors CJCO (OC6)
and CJC1 (OC7). The bit is set (1) when an open-circuit condition exists.

Ux = Under-range flag bits for channels 0 through 5 and the CJC sensors
(U6 and U7). For thermocouple inputs, the under-range bit is set when a
temperature measurement is below the normal operating range for a given
thermocouple type. For millivolt inputs, the under-range bit indicates a
voltage that is below the normal operating range. These bits can be used in
the control program for error detection.

Ox = Over-range flag bits for channels 0 through 5 and the CRC sensors
(O6 and O7). For thermocouple inputs, the over-range bit is set when a
temperature measurement is above the normal operating range for a given
thermocouple type. For millivolt inputs, the over-range bit indicates a
voltage that is above the normal operating range. These bits can be used in
the control program for error detection.

1769-HSC High-Speed Counter Module Output Array

The information in the following table is a quick reference of the array. Refer to
the Compact 1/ O High Speed Counter User Manual, publication 1769-UMO006, for
detailed information.

The default value for the Output Array is all zeros.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0 Description
Out15 | Out14 | Out13 | Out12 [ Out11 | Out10 | Out09 | Out08 | Out07 | Out06 | Out05 | Out04 | Out03 | Out02 | Out01 | Out00 |OutputOnMask.0 -- OutputOnMask.15
Out15 | Out14 | Out13 | Out12 | Out11 | Out10 | Out09 | Out08 | Out07 | Out06 | Out05 | Out04 | Out03 | Out02 | Out01 | Out00 |OutputOffMask.0 -- OutputOffMask.15
R15 R14 R13 R12 R11 R10 R09 RO8 RO7 R06 RO5 R04 R03 R02 RO1 R00 |RangeEn.0 -- RangeEn.15
Reserved
RBF ResetBlownFuse
RPW | RREZ | ZInh | ZInv | Dinh | DInv | RCU | RCO SP En |CtrOControlBits — |CtrOEn
RPW | RREZ | ZInh | ZInv | Dinh | DInv | RCU | RCO SP En |Ctr1ControlBits
RPW Dinv | RCU | RCO | SP | En |Ctr2ControlBits CtrOSoftPreset
RPW Dinv | RCU | RCO SP En |Ctr3ControlBits CtrOResetCountOverflow
Reserved
CtrOResetCountUnderflow

Range12To15[0].HiLimOrDirWr

Range12To15[0].HiLimOrDirWr
CtrODirectionlnvert

Range12To15[0].LowLimit

CtrODirectionInhibit
Ctr0ZInvert

Range12To15[0].LowLimit Ctr0ZInhibit
CtrOResetRisingEdgeZ

CtrOResetCtrPresetWarning

Out15 | Out14 | out13 | Out12 | Outl1 | Out10 | 0ut09 | 0ut08 | 0Out0? | 0ut06 | 0Out05 | Outod | Out03 | Outd2 | Outd1 | 0ut00 |Range12To15[0].0utputControl 0 ....15
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15 ‘ Inv | LOW l Type ‘ | ToThisCtr g;r;geﬂToﬁ[D].Config l_) Range12To15[0].ToThisCounter_0
16 Range12To15[0].ToThisCounter_1
Range12To15[1].HiLimOrDirWr Range12To15[1].HiLimOrDirWr
17 Range12To15[0].Type
18 Range12To15[0].LoadDirectWrite
Range12To15[1].LowLimit Range12To15[1].LowLimit 9 !
19 Range12To15[0].Invert
20 0ul15|0ut14|0ut13|0ut12|0ut11 | 0ut10|0u109 Out08 | Out07 | Out06 | Out05 | Out04 | Out03 | Out02 | Out01 | Out00 |Range12To15[11.0utputControl.0 ....15
27 Inv LDW | Type ToThisCtr Eﬂ]r;ge1ZTo15[1].Cunfig N ‘Range1ZT015[1].ToThisCuumer_0
2 Range12To15[1].ToThisCounter_1
Range12To15[2].HiLimOrDirWr Range12To15[2]. HiLimOrDirWr
23 Range12To15[1].Type
24 . -
L. . Range12To15[1].LoadDirectWrite
Range12To15[2].LowLimit Range12To15[2].LowLimit
% Range12To15[1].Invert
26| Out15 | Out14 | 0ut13 | Out12 | Outl1 | 0ut10 | 0ut09 | Out08 | Out07 | Out06 | Out05 | Out04 | Out03 | Out02 | Outd1 | Out00 |Range12To15[2].0utputControl.0....15
27 Inv LOW | Type ToThisCtr ?g;ge]ZTMS[Z].Cunfig N ‘Range12T015[2].ToThianunter70
28 Range12To15[2].ToThisCounter_1
Range12To15[3].HiLimOrDirWr Range12To15[3].HiLimOrDirWr
29 Range12To15[2].Type
30 Range12To15[2].LoadDirectWrite
Range12To15[3].LowLimit Range12To15[3].LowLimit 9 ’
3 Range12To15[2].Invert
32| Out15 | Out14 | Out13 | Out12 | Out11 | Out10 | 0ut09 | Out08 | Outd7 | Out06 | Out05 | Out04 | Out03 | Outd2 | Out01 | Outdd [Range12To15[3].0utputControl.0 ... .15
3 Inv LOW | Type ToThisCtr Elzr;ge12To15[3].Config N lRange12To15[3].ToThisCounter70
Range12To15[3]. ToThisCounter_1
Range12To15[3].Type
Range12To15[3].LoadDirectWrite
Range12To15[3].Invert
1769-HSC High-Speed Counter Module Input Array
The information in the following table is a quick reference of the array. Refer to
the Compact 1/ O High Speed Counter User Manual, publication 1769-UMO006, for
detailed information.
The default value for the Input Array is all zeros.
15|14|13|1z|11|10|9|s|7|6 5 4 3 2 1 0 Description
0| pA| B1 A1 20 B0 A0 |InputStateAO -- InputStateZ1
1{ Outt5 | Out14 | Outt3 | Out12 [ Outt1 | Out10 [ Out09 | Outo8 | Outd7 | Outd6 | Outd5 | Outdd | Outo3 | Outd2 | Outdl | Outdd |Readback. - Readback.15
2 InvalidRangeLimit12...15 InvalidCtrAssignToRange12...15 | GenErr | InvOut | MCfg Out0Overcurrent -- Qut3... Status Flags — |InvalidRangeLimit12 ... 15
3 Ri5 | R4 | R13 | Rz | R11 | RO | Ros | Ros | Ro7 | Ros | Ros | Ro4 | Ro3 | Roz | Ro1 | Rop [RamgeActiveo- )
g 15 Assign gel12..15
4
Ctr[0].CurrentCount Ctr[0].CurrentCount GenError
5|
6 nvalidOutput
Ctr[0].StoredCount Ctr[0].StoredCount
7 ModConfig
8
Ctr[0].CurrentRate Ctr[0].CurrentRate OutdOvercurrentd ...3
9
10
Ctr[0].Pulselnterval Ctr[0].Pulselnterval
1"
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15
16

17
18

19
20

21

23
24/

25

26

21

28
29
30

3

32

33

COvf |Ctr[0].StatusFlags [— |Ctr[0].0verflow

Ctr[0].Underflow
Ctr[1].CurrentCount Ctr[1].CurrentCount

Ctr[0].RisingEdgeZ
Ctr[1].StoredCount Ctr[1].StoredCount Cur{0}lvalidDirectWrite
Ctr[1].CurrentRate Ctr[1].CurrentRate Ctr[0] RateValid

Ctr[0].PresetWarning
Ctr[1].Pulselnterval Ctr[1].Pulselnterval

CIPW | RV IC IDW REZ | CUdf | COvf |[Ctr[1].StatusFlags (— |Ctr[1].0verflow
Reserved

Ctr[1].Underflow
Ctr[2].CurrentCount Ctr[2].CurrentCount

Ctr[1].RisingEdgeZ

Ctr[1].InvalidDirectWrite

Ctr[1].InvalidCounter
Ctr{2].CurrentRate Ctr[2].CurrentRate

Ctr[1].RateValid

Ctr[1].PresetWarning

C2PW RV Ic IDw Cudf COvf |(Ctr[2].StatusFlags [— |Ctr[2].0verflow
Reserved

Ctr[2].Underflow
Ctr[3].CurrentCount Ctr[3].CurrentCount

Ctr[2].InvalidDirectWrite

Ctr[2].InvalidCounter
Ctr[3].CurrentRate Ctr[3].CurrentRate

Ctr[2].RateValid

Ctr[2].PresetWarning
Ctr[3].StatusFlags (— |Ctr[3].0verflow

Ctr[3].Underflow

Ctr[3].InvalidDirectWrite

Ctr[3].InvalidCounter

Ctr[3].RateValid

Ctr[3].PresetWarning

1769-SDN DeviceNet Scanner Module Data Organization

The scanner uses the input and output data images to transfer data, status and
command information between the scanner and the controller. The basic structure
is shown below. Refer to the Compact 1/ O DeviceNet Scanner Module User Manual,
publication 1769-UMO009, for more detailed information.

Input Data Image

The input data image is transferred from the scanner module to the controller.
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Word Description Data Type
0to 63 Status Structure 64-word array
64 and 65 Module Status Register 2 words

66 to 245 Input Data Image 180-word array

Output Data Image

The output data image is transferred from the controller to the scanner module.

Word Description Data Type
Oand1 Module Command Array 2-word array
2t0 181 Output Data Image 180-word array

The following table shows the bit descriptions for the Module Command Array.

Word Bit Operating Mode
0 0 1=Run, 0=Idle
1 1 = Fault
2 1 = Disable Network
3 Reserved'!
4 1 =Reset
Sto15 Reserved'"
1 Oto 15 Reserved!")

(1) DO NOT manipulate Reserved Bits. Doing so may interfere with future compatibility.

1769-SM1 Compact I/0 to DPI/SCANport Module

The 1769-SM1 Compact I/O to DPI/SCANport module provides a Compact I/
O connection for up to three DPI or SCANport-enabled drives or power products.
It can be used with a MicroLogix 1500, 1764-LRP, Series C or higher. Refer to the
1769-SM1 Compact 1/ O DPI/ S CANport Module User Manual, publication
1769-UMO10, for detailed information on using the module.
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I/0 Addressing

Addressing Details

The I/O addressing scheme and examples are shown below.

Slot Number (!

Data File Number ¢

File Type

| |
Input (1) or Qutput (0) —PXd . S .

/4

Slot Delimiter

(1) 1/0 located on the controller (embedded 1/0) is slot 0.
1/ added to the controller (expansion 1/0) begins with slot 1.

Word Delimiter

Word

y
w/b-—

Bit Delimiter

Format |Explanation
Od:s.w/b |X File Type Input (1) or Output (0)
d Data File Number (optional) 0 =output, 1 =input
Id:s.w/b : Slot delimiter (optional, not required for Data Files 2 to 255)
s Slot number (decimal) Embedded 1/0: slot 0

Expansion 1/0:

e slots 1 to 6 for MicroLogix 1200 (See page 16 for an illustration.)
e slots 1to 16" for MicroLogix 1500 (See page 24 for an illustration.)

Word delimiter. Required only if a word number is necessary as noted below.

Word number Required to read/write words, or if the discrete bit number is above 15.
Range: 0 to 255
/ Bit delimiter
b Bit number [0to 15

(1) Slots 1 to 8 for Series A Base Units.

Addressing Examples

Addressing Level Example Address!!  [Slot Word Bit
Bit Addressing 0:0/412 Qutput Slot 0 (Embedded 1/0) word 0 output bit 4
0:2/7% Output Slot 2 (Expansion 1/0) word 0 output bit 7
1-1/402) Input Slot 1 (Expansion 1/0) word 0 input bit 4
:0/1512) Input Slot 0 (Embedded 1/0) word 0 input bit 15
Word Addressing 0:1.0 Output Slot 1 (Expansion 1/0) word 0
1:7.3 Input Slot 7 (Expansion 1/0) word 3
[:3.1 Input Slot 3 (Expansion 1/0) word 1

(1) The optional Data File Number is not shown in these examples.

(2) A word delimiter and number are not shown. Therefore, the address refers to word 0.
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I/0 Forcing

Input Filtering
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1/0 forcing is the ability to override the actual status of the I/O at the
uset’s discretion.

Input Forcing

When an input is forced, the value in the input data file is set to a user-defined
state. For discrete inputs, you can force an input “on” or “off”. When an input is
forced, it no longer reflects the state of the physical input or the input LED. For
embedded inputs, the controller reacts as if the force is applied to the physical
input terminal.

TIP When an input is forced, it has no effect on the input device connected to the
controller.
Output Forcing

When an output is forced, the controller overrides the status of the control
program, and sets the output to the uset-defined state. Discrete outputs can be
forced “on” or “off”. The value in the output file is unaffected by the force. It
maintains the state determined by the logic in the control program. However, the
state of the physical output and the output LED will be set to the forced state.

TIP If you force an output controlled by an executing PTO or PWM function, an
instruction error is generated.

The MicroLogix 1200 and 1500 controllers allow users to configure groups of DC
inputs for high-speed or normal operation. Users can configure each input group’s
response time. A configurable filter determines how long the input signal must be
“on” or “off” before the controller recognizes the signal. The higher the value, the
longer it takes for the input state to be recognized by the controller. Higher values
provide more filtering, and are used in electrically noisy environments. Lower
values provide less filtering, and are used to detect fast or narrow pulses. You
typically set the filters to a lower value when using high-speed counters, latching
inputs, and input interrupts.

Input filtering is configured using RSLogix 500 programming software. To
configure the filters using RSLogix 500:

1. Open the “Controller” folder.
2. Open the “I/O Configuration” folder.

3. Open slot 0 (controller).
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Latching Inputs

4. Select the “embedded I/O configuration” tab.

The input groups are pre-arranged. Simply select the filter time you require for
each input group. You can apply a unique input filter setting to each of the input

groups:
Controller MicroLogix 1200 MicroLogix 1500
Input Groups e(and1 e(0and1
eZand3 eZand3
¢ 4 and above e 4andb
e6and7

e 8 and above

The minimum and maximum response times associated with each input filter
setting can be found in your controller’s User Manual.

The MicroLogix 1200 and 1500 controllers provide the ability to individually
configure inputs to be latching inputs (sometimes referred to as pulse catching
inputs). A latching input is an input that captures a very fast pulse and holds it for a
single controller scan. The pulse width that can be captured is dependent upon the

input filtering selected for that input.

The following inputs can be configured as latching inputs:

Controller

MicroLogix 1200

MicroLogix 1500

DC Inputs

0 through 3

0 through 7

You enable this feature with RSLogix 500 programming software. With an open
project:

1.

Open the “Controller” folder.

Open the “I/O Configuration” folder.

Open slot 0 (controller).

Select the “embedded I/O configuration” tab.

Select the mask bits for the inputs that you want to operate as latching
inputs.

elect the state for the latching inputs. The controller can detect bo on
Select the state for the latching inputs. Th troll detect both “on”

(rising edge) and “off” (falling edge) pulses, depending upon the
configuration selected in the programming software.
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The following information is provided for a controller looking for an “on” pulse.
When an external signal is detected “on”, the controller “latches” this event. In
general, at the next input scan following this event, the input image point is turned
“on” and remains “on” for the next controller scan. It is then set to “off” at the
next input scan. The following figures help demonstrate this.

Rising Edge Behavior - Example 1

Scan Number (X) Scan Number (X+1) Scan Number (X+2)
Input Ladder Output Input Ladder Output Input Ladder Output]
Scan Scan Scan Scan Scan Scan Scan Scan Scan

External
Input

Latched
Status

Input File
Value

Rising Edge Behavior - Example 2

Scan Number (X) Scan Number (X+1) Scan Number (X+2)
Input Ladder Output Input Ladder Output Input Ladder Output
Scan Scan Scan Scan Scan Scan Scan Scan Scan
External
Input _ I
Latched
Status
Input File
Value
TIP The “gray” area of the Latched Status waveform is the input filter delay.

IMPORTANT The input file value does not represent the external input when the input is
configured for latching behavior. When configured for rising edge behavior,
the input file value is normally “off” (“on” for 1 scan when a rising edge
pulse is detected).
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The previous examples demonstrate rising edge behavior. Falling edge behavior
operates exactly the same way with these exceptions:

® The detection is on the “falling edge” of the external input.

e The input image is normally “on” (1), and changes to “off” (0) for one scan.

Falling Edge Behavior - Example 1

Scan Number (X) Scan Number (X+1) Scan Number (X+2) Scan Number (X+3)

Input | Ladder | Output Input | Ladder | Output Input | Ladder | Output Input | Ladder | Output
Scan | Scan | Scan Scan | Scan | Scan Scan | Scan | Scan Scan | Scan | Scan

External
Input L

Latched
Status

Input File
Value

Falling Edge Behavior - Example 2

Scan Number (X) Scan Number (X+1) Scan Number (X+2)
Input Ladder Output Input Ladder QOutput Input Ladder QOutput
Scan Scan Scan Scan Scan Scan Scan Scan Scan
External
Input
Latched
Status
Input File
Value
TIP The “gray” area of the Latched Status waveform is the input filter delay.

IMPORTANT The input file value does not represent the external input when the input is
configured for latching behavior. When configured for falling edge behavior,
the input file value is normally “on” (“off” for 1 scan when a falling edge
pulse is detected).
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conﬁguring Expansion Expansion I// O must be configured for use with the controller. Configuring
1 : ion I/O can be done either manually, or automatically. Using RSLogix 500:
/0 Using RSLogix 500  “***" ¥, y. Using RSLog

1. Open the “Controller” folder.

2. Open the “I/O Configuration” folder.

3. For manual configuration, drag the Compact I/O module to the slot.
For automatic configuration, you must have the controller connected online
to the computer (either directly or over a network). Click the “Read 1/O
Config” button on the I/O configuration screen. RSLogix 500 will read the
existing configuration of the controllet’s I/O.

Some I/O modules support or require configuration. To configure a specific

module, double-click on the module, an I/O configuration screen will open that is
specific to the module.
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Chapter 2

Controller Memory and File Types

This chapter describes controller memory and the types of files used by the
MicroLogix 1200 and MicroLogix 1500 controllers. The chapter is organized
as follows:

e “Controller Memory” on page 43

e “Data Files” on page 48

e “Protecting Data Files During Download” on page 49
e “Static File Protection” on page 51

e “Password Protection” on page 52

® “Clearing the Controller Memory” on page 53

e “Allow Future Access Setting (OEM Lock)” on page 53

Controller Memory File Structure

MicroLogix 1200 and 1500 user memory is comprised of Data Files, Function
Files, and Program Files (and B-Ram files for the MicroLogix 1500 1764-LRP
processor). Function Files are exclusive to the MicroLogix 1200 and 1500
controllers; they are not available in the MicroLogix 1000 or SLC controllers.

TIP The file types shown below for data files 3 through 7 are the default
filetypes for those file numbers and cannot be changed. Data files 9 through
255 can be added to your program to operate as bit, timer, counter, control,
integer, string, long word, message, or PID files.

Data Files Function Files Program Files Specialty Files
0 Output File HSC High Speed Counter |0 System File 0 0 Data Log Queue 0
1 Input File pTO@  |Pulse Train Qutput 1 System File 1 1 Data Log Queue 1
2 Status File PWMIZ [Pulse Width 2 Program File 2 210 255 |Data Log Queues 2 to
Modulation 255
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Data Files Function Files Program Files Specialty Files!
3 Bit File STI Selectable Timed 3t0 255 |Program Files 3 to 255 (0 Recipe File 0
Interrupt
4 Timer File Ell Event Input Interrupt 1 Recipe File 1
5 Counter File RTC Real Time Clock 2 to 255 |Recipe Files 2 to 255
6 Control File TPI Trim Pot Information
7 Integer File MMI Memory Module
Information
8 Floating Point File DAT®)  |Data Access Tool
9to 255 |(B) Bit BHI Base Hardware
Information
(T) Timer CS Communications Status
(C) Counter 10S I/0 Status
1
) Control pLsl"  [Data Log Status
(N) Integer

(F) Floating Point™
(ST) String'®

(L) Long Word
(MG) Message
(PD)PID

(PLS) Programmable
Limit Switch”

(1) Specialty files for Data Logging are only used by the MicroLogix 1500 1764-LRP processor. Specialty files for Recipes are only used by MicroLogix 1500 Series C
processors.

(2) The PTO and PWM files are only used in MicroLogix 1200 and 1500 BXB units.
(3) The DAT files are only used in MicroLogix 1500 controllers.
(4) The floating point and programmable limit switch files are available in MicroLogix 1200 and 1500 Series C controllers.

(5) The string file is available in MicroLogix 1200 controllers and MicroLogix 1500 1764-LSP Series B (and later) and 1764-LRP processors.

User Memory

User memory is the amount of storage available to a user for storing ladder logic,
data table files, I/O configuration, etc., in the controller.

User data files consist of the system status file, I/O image files, and all other

user-creatable data files (bit, timer, counter, control, integer, string, long word,
MSG, and PID).
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A word is defined as a unit of memory in the controller. The amount of memory
available to the user for data files and program files is measured in user words.

Memory consumption is allocated as follows:

e For data files, a word is the equivalent of 16 bits of memory. For example,
— 1 integer data file element = 1 user word
— 1 long word file element = 2 user words
— 1 timer data file element = 3 user words

TIP Each input and output data element consumes 3 user words due to the
overhead associated with 1/0 forcing.

e For program files, a word is the equivalent of a ladder instruction with one
operand. For example(1),
— 1 XIC instruction, which has 1 operand, consumes 1 user word
— 1 EQU instruction, which has 2 operands, consumes 2 user words
— 1 ADD instruction, which has 3 operands, consumes 3 user words

® Function files do not consume user memoty.

TIP Although the controller allows up to 256 elements in a file, it may not
actually be possible to create a file with that many elements due to the user
memory size in the controller.

MicrolLogix 1200 User Memory

The MicroLogix 1200 controller supports 6K of memory. Memory can be used for
program files and data files. The maximum data memory usage is 2K words as

shown below.

2.0K

0.5K
0K

Data Words

0K Program Words 4K 43K

See “MicroLogix 1200 Memory Usage and Instruction Execution Time” on page
375 to find the memory usage for specific instructions.

(1) These are approximate values. For actual memory usage, see the tables in Appendix A and B of this manual.
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MicroLogix 1500 User Memory

MicroLogix 1500, 1764-LSP Processor

The 1764-LSP processor supports over 7K of memory. Memory can be used for
program files and data files. The maximum data memory usage is 4K words as
shown below.

)
(=]
~

o

[Za]

=
|
T

¢ Data Words ;

(=]
~

0K Program Words 365K 4.35K

MicroLogix 1500, 1764-LRP Processor

The 1764-LRP processor supports 14K of memory. Memory can be used for
program files and data files. The maximum data memory usage is 4K words as
shown below.

S Data Words Py
-~ -~
|

(=]
F

0K 10K 10.7K
Program Words

IMPORTANT For the MicroLogix 1500, the maximum file size of any single ladder file is 6.4K
words. You can utilize the entire programming space by using multiple ladder
files through the use of subroutines.

The 1764-LRP processor also supports 48K bytes of battery backed memory
for Data Logging or Recipe operations. See Chapter 22 for Data Logging and
Recipe information.

See “MicroLogix 1500 Memory Usage and Instruction Execution Time” on page
381 to find the memory usage for specific instructions.
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Viewing Controller Memory Usage

1. Highlight and open Controller Properties.

78, 1500 LRP I =]
=21 Praject =
D Help
1] Cartraller

----- i Cortroller Properties 4_
----- Q Processor Status

----- Q Function Files

----- m 10 Configuration

----- i)}E Channel Configuration
=-{_] Program Files

[-{Z7) Data Files —
----- B Cross Reference

..... [ oo-outrut

..... 0 1 - mpuT

..... [ s2-sTatus

..... [ B3-BNARY

..... [ 74 - TMER

L I ]

2. The amount of Memory Used and Memory Left will appear in the Controller
Properties window once the program has been verified.

Controller Properties E3

General ] Cnmpiler] F'asswnrds' Controller Eornmuricalion@l

Processar Type:

Bul 1764

Micrologix 1500 LRP Series C
Processor Name: ]RE
Program Checksum: 8933

Program Files: 4
Data Files: 24

Memomn Used: 13888 Instruction Words Used - 4096 Data Table
Memory Left: 0 Instruction Words Left

oK I Cancel Lpply Help
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Data Files

Data files store numeric information, including 1/O, status, and other data
associated with the instructions used in ladder subroutines. The data file types are:

File Name File File Words per | File Description
Identifier | NymberV | Element

Output File 0 0 1 The Output File stores the values that are written to the physical outputs
during the Qutput Scan.

Input File | 1 1 The Input File stores the values that are read from the physical inputs
during the Input Scan.

Status File S 2 1 The contents of the Status File are determined by the functions which
utilize the Status File. See “System Status File” on page 389 for a detailed
description.

Bit File B 3,91t0255 1 The Bit File is a general purpose file typically used for bit logic.

Timer File T 49t025 |3 The Timer File is used for maintaining timing information for ladder logic
timing instructions. See “Timer and Counter Instructions” on page 153 for
instruction information.

Counter File C 59t025 |3 The Counter File is used for maintaining counting information for ladder
logic counting instructions. See “Timer and Counter Instructions” on page
153 for instruction information.

Control File R 6, 9 to 255 3 The Control Data file is used for maintaining length and position
information for various ladder logic instructions. See Control Data File on
page 283 for more information.

Integer File N 7,910 255 1 The Integer File is a general purpose file consisting of 16-bit, signed
integer data words.

Floating Point F 8,91t0255 1 The Floating Point File is a general purpose file consisting of 32-bit

File I[EEE-754 floating point data elements. See Using the Floating Point (F)
Data File on page 171 for more information.

String File ST 910 255 42 The String File is a file that stores ASCII characters. See String (ST) Data
File on page 282 for more information.

Long Word File | L 9to 255 2 The Long Word File is a general purpose file consisting of 32-bit, signed
integer data words.

Message File MG 910255 25 The Message File is associated with the MSG instruction. See
“Communications Instructions” on page 309 for information on the MSG
instruction.

Programmable | PLS 9to 255 6 The Programmable Limit Switch (PLS) File allows you to configure the

Limit Switch File High-Speed Counter to operate as a PLS or rotary cam switch. See
Programmable Limit Switch (PLS) File on page 112 for information.

PID File PD 9to 255 23 The PID File is associated with the PID instruction. See “Process Control

Instruction” on page 253 for more information.

(1) File Number in BOLD is the default. Additional data files of that type can be configured using the remaining numbers.
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Protecting Data Files
During Download

Data File Download Protection

Once a user program is in the controller, there may be a need to update the ladder
logic and download it to the controller without destroying user-configured
variables in one or more data files in the controller. This situation can occur when
an application needs to be updated, but the data that is relevant to the installation
needs to remain intact.

This capability is referred to as Data File Download Protection. The protection feature
operates when:

e A User Program is downloaded via programming software

e A User Program is downloaded from a Memory Module

Setting Download File Protection

Download File Protection can be applied to the following data file types:

¢ Output (O)

e Input (I)

¢ Binary (B)

e Timer (T)

e Counter (C)

e Control (R)

o Integer (N)

¢ Floating Point (F)

e String (ST)

¢ Long Word (L)

e Proportional Integral Derivative (PD)
® Message (MG)

e Programmable Limit Switch (PLS)

TIP The data in the Status File cannot be protected.
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D ata File Properties

General |

Access the Download Data File Protect feature
using RSLogix 500 programming software. For each
data file you want protected, check the Memory
Module/Download item within the protection box
in the Data File Properties screen as shown in this

illustration. To access this screen, right mouse click

on the desired data file.

File: 7
Type: N
MName: IlNTEGEFl
Desc: I /
Elements: IB_ Last: IN?:S
Attributes /
= | Debug

™ Skip When Deleting Unuy#d Memary

Scope
(= (&t
) [lazal i Files ILF«D B j
&) Hore
Cancel Apply Help
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User Program Transfer Requirements

Data File Download Protection only operates when the following conditions are
met during a User Program or Memory Module download to the controller:

e The controller contains protected data files.

e The program being downloaded has the same number of protected data files
as the program currently in the controller.

e All protected data file numbers, types, and sizes (number of elements)
currently in the controller exactly match that of the program being
downloaded to the controller.

If all of these conditions are met, the controller will not write over any data file in
the controller that is configured as Download Protected when a program is
downloaded from a memory module or programming software.

If any of these conditions are not met, the entire User Program is transferred to the
controller. Additionally, if the program in the controller contains protected files,
the Data Protection Lost indicator (S:36/10) is set to indicate that protected data
has been lost. For example, a control program with protected files is transferred to
the controller. The original program did not have protected files or the files did not
match. The data protection lost indicator (S:36/10) is then set. The data protection
lost indicator represents that the protected files within the controller have had
values downloaded and the user application may need to be re-configured.

TIP The controller will not clear the Data Protection Lost indicator. It is up to
the user to clear this bit.
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Static File Protection

When a data file is Static File Protected, the values contained in it cannot be
changed via communications, except during a program download to the controller.

Using Static File Protection with Data File Download Protection

Static File Protection and Data File Download Protection can be used in
combination with any MicroLogix 1200 Controller Series B and higher, and
MicroLogix 1500 Processor Series B and higher.

Setting Static File Protection

Static File Protection can be applied to the following data file types:

¢ Output (O)

e Input (I)

e Status ()

¢ Binary (B)

e Timer (T)

e Counter (C)

e Control (R)

o Integer (N)

e Floating Point (F)

e String (ST)

¢ Long Word (L)

e Proportional Integral Derivative (PD)
¢ Message (MG)

e Programmable Limit Switch (PLS)
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Password Protection
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Access the Static File Protect feature using RSLogix 500 programming software.

For each data file you want protected, select the Static protection in the Data File
Properties screen as shown in this illustration. To access this screen, right mouse
click on the desired data file.

Data File Properties
General |
File: 7

Type: M

Name: IlNTEGEFI

Desc: I
Elements: IE Last: |N7:5

Attributes

= et
I Skip When Deleting Unused Memory

Scope

=) (&t
€5 Lol TaFile; [LAD 2- =

Pratection

=) Constant
I~ Memory Module / Download

oK I Cancel | Apply | Help

MicroLogix controllers have a built-in security system, based on numeric
passwords. Controller passwords consist of up to 10 digits (0-9). Each controller
program may contain two passwords, the Password and the Master Password.

Passwords restrict access to the controller. The Master Password takes precedence
over the Password. The idea is that all controllers in a project would have different
Passwords, but the same Master Password, allowing access to all controllers for
supervisory or maintenance purposes.

You can establish, change, or delete a password by using the Controller Properties
dialog box. It is not necessary to use passwords, but if used, a master password is
ignored unless a password is also used.

Controller Properties E

Generall Compiler Paszwords |Eontroller Communicationsl

i Paszaword

Mew:
|| HEMOVE

— Master Password

MNew:

I Hemaye

i

ok | caneel | s | Hep |

TIP If a password is lost or forgotten, there is no way to bypass the password to
recover the program. The only option is to clear the controller's memory.
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Clearing the Controller
Memory

Allow Future Access
Setting (OEM Lock)

If the Memory Module User Program has the “Load Always” functionality
enabled, and the controller User Program has a password specified, the controller
compares the passwords before transferring the User Program from the Memory
Module to the controller. If the passwords do not match, the User Program is not
transferred and the program mismatch bit is set (S:5/9).

If you are locked out because you do not have the password for the controller, you
can clear the controller memory and download a new User Program.

You can clear the memory when the programming software prompts you for a
System or Master Password to go on-line with the controller. To do so:

1. Enter 652576306 (the telephone keypad equivalent of MLCLRMEM,
MicroLogix Clear Memory).

2. When the Programming Software detects this number has been entered, it
asks if you want to clear the memory in the controller.

3. If you reply “yes” to this prompt, the programming software instructs the
controller to clear Program memory.

The controller supports a feature which allows you to select if future access to the
User Program should be allowed or disallowed after it has been transferred to the
controller. This type of protection is particularly useful to an OEM (original
equipment manufacturer) who develops an application and then distributes the
application via a memory module or within a controller.

The Allow Future Access setting is found in the Controller Properties window as
shown below.

Controller Properties | x|

Gereral Compiler | Pazswords | Contrallar Cnmmunicationsl

= &llaw rdevina Acioss Files
= Enable Sitale Step Test

I™ | Eniatile Foree Protestion

0K I Cancel Snllr Help
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When Allow Future Access is deselected, the controller requires that the User
Program in the controller is the same as the one in the programming device. If the
programming device does not have a matching copy of the User Program, access
to the User Program in the controller is denied. To access the User Program, clear
controller memory and reload the program.

TIP Functions such as changemode, clear memory, restore program, and transfer
memory module are allowed regardless of this selection.

Controller passwords are not associated with the Allow Future Access setting.

IMPORTANT  The Clear Controller Memory feature is not supported in FRN 14 and later.
Controllers with FRN 14 and later, do not clear the program and the project
remains open when you execute the Clear Processor Memory function using
the RSLogix 500/RSLogix Micro Version 9.00 or earlier.




Chapter 3

Overview

Function Files

Function Files

This chapter describes controller function files. The chapter is organized
as follows:

e “Overview” on page 55

® “Real-Time Clock Function File” on page 56

e “Trim Pot Information Function File” on page 59

e “Memory Module Information Function File” on page 60
e “DAT Function File (MicroLogix 1500 only)” on page 63
e “Base Hardware Information Function File” on page 66
e “Communications Status File” on page 66

e “Input/Output Status File” on page 79

Function Files are one of the three primary file structures within the MicroLogix
1200 and MicroLogix 1500 controllers (Program Files and Data Files are the
others). Function Files provide an efficient and logical interface to controller
resources. Controller resources are resident (permanent) features such as the
Real-Time Clock and High-Speed Counter. The features are available to the control
program through either instructions that are dedicated to a specific function file, or
via standard instructions such as MOV and ADD. The Function File types are:

File Name File File Description
Identifier

High-Speed Counter HSC This file type is associated with the High-Speed Counter function. See “Using the
High-Speed Counter and Programmable Limit Switch” on page 87 for more information.

Pulse Train Output PTO This file type is associated with thePulse Train Output Instruction. See “Pulse Train Outputs
(PTO) Function File” on page 123 for more information.

(MicroLogix 1200 and 1500

BXB units only.)

Pulse Width Modulation PWM This file type is associated with the Pulse Width Modulation instruction. See “Pulse Width
Modulation (PWM) Function File” on page 138 for more information.

(MicroLogix 1200 and 1500

BXB units only.)

Selectable Timed Interrupt | STI This file type is associated with the Selectable Timed Interrupt function. See “Using the
Selectable Timed Interrupt (STI) Function File” on page 242 for more information.

Event Input Interrupt Ell This file type is associated with the Event Input Interrupt instruction. See “Using the Event
Input Interrupt (Ell) Function File” on page 247 for more information.

Real-Time Clock RTC This file type is associated with the Real-Time Clock (time of day) function. See “Real-Time

Clock Function File” on page 56 for more information.
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Function Files

File Name File File Description
Identifier

Trim Pot Information TPI This file type contains information about the Trim Pots. See “Trim Pot Information Function
File” on page 59 for more information.

Memory Module MMI This file type contains information about the Memory Module. See “Memory Module

Information Information Function File” on page 60 for more information.

Data Access Tool DAT This file type contains information about the Data Access Tool. See “DAT Function File

Information (MicroLogix 1500 only)” on page 63 for more information.

(MicroLogix 1500 only.)

Base Hardware Information | BHI This file type contains information about the controller's hardware. See “Base Hardware
Information Function File” on page 66 for the file structure.

Communications Status CS This file type contains information about the Communications with the controller. See

File “Communications Status File” on page 66 for the file structure.

I/0 Status File 10S This file type contains information about the controller I/0. See “Input/Output Status File”

on page 79 for the file structure.

Real-Time Clock
Function File

The real-time clock provides year, month, day of month, day of week, hour,
minute, and second information to the Real-Time Clock (RTC) Function File in
the controller.

The Real-Time Clock parameters and their valid ranges are shown in the
table below.

Real-Time Clock Function File

Feature Address Data Format |Range Type User Program Access
YR - RTC Year RTC:0.YR word 1998 to 2097 status read-only
MON - RTC Month RTC:0.MON word 11012 status read-only
DAY - RTC Day of Month RTC:0.DAY word 110 31 status read-only
HR - RTC Hours RTC:0.HR word 0 to 23 (military time) status read-only
MIN - RTC Minutes RTC:0.MIN word 0to5h9 status read-only
SEC - RTC Seconds RTC:0.SEC word 0to 59 status read-only
DOW - RTC Day of Week RTC:0.D0W word 0 to 6 (Sunday to Saturday) |status read-only
DS - Disabled RTC:0/DS binary Oor1 status read-only
BL - RTC Battery Low RTC:0/BL binary Oor1 status read-only
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Writing Data to the Real-Time Clock

The programming screen is shown below:

73 Function Files [_[O] =]
Hee | PTO | 5T | EN HE | MM | DaT TR | cs | PwM | ios |
Day o ek Sl o

&@FRTCO . [{} ]

DO/ MM 2 e TR -Year 0

Date=[0 ][]/ @] || MON-Month D

HH : MM : 55 II:DAY-Day 0

R . . HR - Hour 0

Tme=[o]-[0] ] £ MIN - Minute 0

|- SEC - Second 0

Set Date & Time | |- DOW - Day OF The 'Week 0

I DS - Disabled 0

Dl Dl | L BL-RTC Battery is Low i

When valid data is sent to the real-time clock from the programming device or
another controller, the new values take effect immediately. In RSLogix 500, click
on Set Date & Time in the RT'C Function File screen to set the RTC time to the
current time on your PC.

The real-time clock does not allow you to load or store invalid date or time data.

TIP Use the Disable Clock button in your programming device to disable the
real-time clock before storing a module. This decreases the drain on the
battery during storage.

Real-Time Clock Accuracy

The following table indicates the expected accuracy of the real-time clock for
various temperatures.

Real-Time Clock Accuracy at Various Temperatures

Ambient Temperature Accuracy'?

0°C (+32°F) +34 to -70 seconds/month
+25°C (+77°F) +36 to -68 seconds/month
+40°C (+104°F) +29 to -75 seconds/month
+55°C (+131°F) -133 to -237 seconds/month

(1) These numbers are worst case values over a 31 day month.
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RTA - Real Time Clock
Adjust Instruction

RTA
~| Real Time Clock Adjust [
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RTC Battery Operation

The real-time clock has an internal battery that is not replaceable. The RTC
Function File featutes a battery low indicator bit (RTC:0/BL), which represents
the status of the RTC battery. When the battery is low, the indicator bit is set (1).
This means that the battery will fail in less than 14 days, and the real-time clock
module needs to be replaced. When the battery low indicator bit is clear (0), the
battery level is acceptable, or a real-time clock is not attached.

ATTENTION: Operating with a low battery indication for more than 14 days
may result in invalid RTC data if power is removed from the controller.

RTC Battery Life Expectancy

Battery State | Temperature Time Duration

Operating 0°C to +40°C (+32°F to +104°F) 5 years!!)

Storage -40°C to +25°C (-40°F to +77°F) 5 years minimum
+26°C to +60°C (+79°F to +140°F) 3 years minimum

(1) The operating life of the battery is based on 6 months of storage time before the real-time clock is used.

Instruction Type: output

Execution Time for the RTA Instruction

“Controller Wmung Is:
True False
MicroLogix 1200 47 ps 3.7 s
556.2 ps (false-to-true transition)
MicroLogix 1500 4.1 ps 2.6 ps
426.8 ps (false-to-true transition)

The RTA instruction is used to synchronize the controllers Real-Time Clock
(RTC) with an external source. The RTA instruction will adjust the RTC to the
nearest minute. The RTA instruction adjusts the RTC based on the value of the
RTC Seconds as described below.

IMPORTANT The RTA instruction will only change the RTC when the RTA rung is evaluated
true, after it was previously false (false-to-true transition). The RTA instruction
will have no effect if the rung is always true or false.

RTA is set:

o If RTC Seconds are less than 30, then RT'C Seconds is reset to 0.

e If RTC Seconds are greater than or equal to 30, then the RTC Minutes ate
incremented by 1 and RTC Seconds are reset to 0.
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Trim Pot Information
Function File

The following conditions cause the RTA instruction to have no effect on the
RTC data:

o No RTC attached to the controller
e RTC is present, but disabled

e An external (via communications) message to the RTC is in progress when
the RTA instruction is executed. (External communications to the RTC
takes precedence over the RTA instruction.)

To re-activate the RTA instruction, the RTA rung must become false, and

then true.
TIP There is only one internal storage bit allocated in the system for this
instruction. Do not use more than one RTA instruction in your program.
TIP You can also use a MSG instruction to write RTC data from one controller

to another to synchronize time. To send (write) RTC data, use RTC:0 as the
source and the destination. This feature not available with the Series A
controllers.

The composition of the Trim Pot Information (TPI) Function File is
described below.

Trim Pot Function File

Data Address Data Format Range |(Type User Program
Access

TPD Data O TPI:0.POTO Word 0-250 |Status |Read Only
(16-bit integer)

TPD Data 1 TPI:0.POT1 Word 0-250 |Status |Read Only
(16-bit integer)

TPO Error Code |TPI:0.ER Word (bits 0 to 7) 0-3 Status  |Read Only

TP1 Error Code Word (bits 8 to 15)

The data resident in TPI:0.POTO represents the position of trim pot 0. The data
resident in TPI:0.POT1 corresponds to the position of trim pot 1. The valid data
range for both is from 0 (counterclockwise) to 250 (clockwise).
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Memory Module
Information Function
File
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Error Conditions

If the controller detects a problem with either trim pot, the last values read remain
in the data location, and an error code is put in the error code byte of the TPI file
for whichever trim pot had the problem. Once the controller can access the trim
pot hardware, the error code is cleared. The error codes are described in the

table below.

Trim Pot Error Codes

Error Code |Description

0 Trim pot data is valid.

Trim pot subsystem detected, but data is invalid.

1
2 Trim pot subsystem did not initialize.
3 Trim pot subsystem failure.

The controller has a Memory Module Information (MMI) File which is updated
with data from the attached memory module. At power-up or on detection of a
memory module being inserted, the catalog number, seties, revision, and type
(memory module and/or real-time clock) are identified and written to the MMI file
in the user program. If a memory module and/or real-time clock is not attached,
zeros are written to the MMI file.

The memory module function file programming screen is shown below:

74 Function Files

HsC | PTO | Pw | sTI |EN | RTC | TR

Address
MOTE: kM| Data values are a reflection of what iz stored in
the memory madule, not your program.

(= M0 i}
— B CH[4] - Catalog Mumber {lnteger
— SRS - Series 0
- REY - Revizion 0
- FT - Functionality Tppe 0
- MP - Module Prezent 0
- WP - \Wiike Protect Indicator 1]
1]
1]
1]
1]
1]

| W alue

—FO - Fault Ovemide

- LPC - Load Program Compare
- LE - Load Orn Error

- LA - Load Always

- ME - Mode Behaviar
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The parameters and their valid ranges are shown in the table below.

MMI Function File Parameters

Feature Address Data Fermat |Type User Program
Access
FT - Functionality Type MMI:0.FT word (INT) status read-only
MP - Module Present MMI:0/MP binary (bit) status read-only
WP - Write Protect MMI:0/WP binary (bit) control read-only
FO - Fault Override MMI:0/FO binary (bit) control read-only
LPC - Program Compare  |MMI:0/LPC binary (bit) control read-only
LE - Load On Error MMI:0/LE binary (bit) control read-only
LA - Load Always MMI:0/LA binary (bit) control read-only
MB - Mode Behavior MMI:0/MB binary (bit) control read-only

FT - Functionality Type

The LSB of this word identifies the type of module installed:

e 1 = Memory Module (MM1)

e 2 = Real-Time Clock Module (RTC)

® 3 = Memory and Real-Time Clock Module (MM1RTC)
¢ 4 = Memory Module (MM2)

® 5 = Memory and Real-Time Clock Module (MM2RTC)

MP - Module Present

The MP (Module Present) bit can be used in the user program to determine when
a memory module is present on the controller. This bit is updated once per scan,
provided the memory module is first recognized by the controller. To be
recognized by the controller, the memory module must be installed prior to
power-up or when the controller is in a non-executing mode. If a memory module
is installed when the controller is in an executing mode, it is not recognized. If a
recognized memory module is removed during an executing mode, this bit is
cleared (0) at the end of the next ladder scan.

WP - Write Protect

When the WP (Write Protect) bit is set (1), the module is write-protected and the
user program and data within the memory module cannot be overwritten

IMPORTANT  Once the WP bit is set (1), it cannot be cleared. Only set this bit if you want
the contents of the memory module to become permanent.

Publication 1762-RM001H-EN-P - July 2014



62 Function Files

Publication 1762-RMO00TH-EN-P - July 2014

FO - Fault Override

The FO (Fault Override) bit represents the status of the fault override setting of
the program stored in the memory module. It enables you to determine the value
of the FO bit without actually loading the program from the memory module.

IMPORTANT The memory module fault override selection in the Memory Module
Information (MMI) file does not determine the controller’s operation. It
merely displays the setting of the user program’s Fault Override bit (S:1/8) in
the memory module.

See “Fault Override At Power-Up” on page 392 for more information.

LPC - Load Program Compare

The LPC (Load Program Compare) bit shows the status of the load program
compare selection in the memory module’s user program status file. It enables you
to determine the value without actually loading the user program from the
memory module.

See “Memory Module Program Compare” on page 396 for more information.

LE - Load on Error

The LE (Load on Error) bit represents the status of the load on error setting in the
program stored in the memory module. It enables you to determine the value of
the selection without actually loading the user program from the memory module.

See “Load Memory Module On Error Or Default Program” on page 393 for
more information.

LA - Load Always

The LA (Load Always) bit represents the status of the load always setting in the
program stored in the memory module. It enables you to determine the value of
the selection without actually loading the user program from the memory module.

See “Load Memory Module Always” on page 393 for more information.

MB - Mode Behavior

The MB (Mode Behavior) bit represents the status of the mode behavior setting
in the program stored in the memory module. It enables you to determine the
value of the selection without actually loading the user program from the
memory module.

See “Power-Up Mode Behavior” on page 393 for more information.
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DAT Function File
(MicroLogix 1500 only)

TIP

This section describes the DAT Function File. For instructions on operating
the DAT, see the MicroLogix 1500 User Manual, publication 1764-UM001.

Data Access Tool (DAT) configuration is stored in the processor in a specialized
configuration file called the DAT Function File. The DAT Function File, which is
part of the user’s control program, is shown below.

Ml = Function Files

HsC | FTD | Pwh | TI

| EN

| RTC

DAT |7R | mmi |ewi | cso | csele

Address
- DP - Data Access Terminal present
- F1P - F1 key Pressed
—F1L - F1 Key Latched
- F2P - F2 Key Pressed
- F2L - F2 Key Latched

- DFT - DAT Functional Type

- Frdd, - Firrnware Major Rev # [1.2]
- FMI - Firrware Minor Rey # (1]
[ CM[4] - Catalag Mumber

- TIF - Target Integer File

- TEF - Target Bit File

<

- PST - Power Save Timeout [minukes 0-255)

ntegert

ooooooooooo o

| ©

The DAT function file contains the Target Integer File, the Target Bit File, and the
Power Save Timeout parameter. These three parameters are described in the

table below.

Feature Address Data Format | Type User Program
Access
Target Integer File DAT.0.TIF Word (int) Control Read Only
Target Bit File DAT:0.TBF Word (int) Control Read Only
Power Save Timeout DAT:0.PST Word (int) Control Read Only

Target Integer File (TIF)

The value stored in the TIF location identifies the integer file with which the DAT
will interface. The DAT can read or write to any valid integer file within the
controller. Valid integer files are N3 through N255. When the DAT reads a valid
integer file number, it can access the first 48 elements (0 to 47) of the specified file
on its display screen. The next 48 bits (words 48 to 50) are used to define the
read-only or read/write privileges for the 48 elements.

The only integer file that the DAT interfaces with is the file specified in the TIF
location. The TIF location can only be changed by a program download.
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IMPORTANT  Use your programming software to ensure that the integer file you specify
in the TIF location, as well as the appropriate number of elements, exist in
the controller's user program.

The example table below shows a DAT configured to use integer file number 50
(DAT:0.TIF = 50).

Element Data Address |Protection Bit |Element Data Address |Protection Bit | Element Data Address |Protection Bit
Number Number Number

0 N50:0 N50:48/0 16 N50:16 N50:49/0 32 N50:32 N50:50/0
1 N50:1 N50:48/1 17 N50:17 N50:49/1 33 N50:33 N50:50/1
2 N50:2 N50:48/2 18 N50:18 N50:49/2 34 N50:34 N50:50/2
3 N50:3 N50:48/3 19 N50:19 N50:49/3 35 N50:35 N50:50/3
4 N50:4 N50:48/4 20 N50:20 N50:49/4 36 N50:36 N50:50/4
5 N50:5 N50:48/5 21 N50:21 N50:49/5 37 N50:37 N50:50/5
6 N50:6 N50:48/6 22 N50:22 N50:49/6 38 N50:38 N50:50/6
7 N50:7 N50:48/7 23 N50:23 N50:49/7 39 N50:39 N50:50/7
8 N50:8 N50:48/8 24 N50:24 N50:49/8 40 N50:40 N50:50/8
9 N50:9 N50:48/9 25 N50:25 N50:49/9 4 N50:41 N50:50/9
10 N50:10 N50:48/10 26 N50:26 N50:49/10 42 N50:42 N50:50/10
11 N50:11 N50:48/11 27 N50:27 N50:49/11 43 N50:43 N50:50/11
12 N50:12 N50:48/12 28 N50:28 N50:49/12 44 N50:44 N50:50/12
13 N50:13 N50:48/13 29 N50:29 N50:49/13 45 N50:45 N50:50/13
14 N50:14 N50:48/14 30 N50:30 N50:49/14 46 N50:46 N50:50/14
15 N50:15 N50:48/15 31 N50:31 N50:49/15 47 N50:47 N50:50/15

The element number displayed on the DAT corresponds to the data register as
illustrated in the table. The protection bit defines whether the data is read/write or
read-only. When the protection bit is set (1), the corresponding data address is
considered read-only by the DAT. The Protected LED illuminates whenever a
read-only element is active on the DAT display. When the protection bit is clear (0)
or the protection bit does not exist, the Protected LED is off and the data within
the corresponding address is editable from the DAT keypad.

IMPORTANT  Although the DAT does not allow protected data to be changed from its
keypad, the control program or other communication devices do have
access to this data. Protection bits do not provide any overwrite protection
to data within the target integer file. It is entirely the user’s responsibility to
ensure that data is not inadvertently overwritten.

TIP Remaining addresses within the target file can be used without restrictions
(addresses N50:51 and above, in this example).

The DAT always starts at word 0 of a data file. It cannot start at any other
address within the file.
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Target Bit File (TBF)

The value stored in the TBF location identifies the bit file with which the DAT will
interface. The DAT can read or write to any valid bit file within the controller.
Valid bit files are B3 through B255. When the DAT reads a valid bit file number, it
can access the first 48 bits (0 to 47) of the specified file on its display screen. The

next 48 bits (48 to 95) are used to define the read-only or read/write privileges for
the first 48 bits.

The only bit file that the DAT interfaces with is the file specified in the TBF
location. The TBF location can only be changed by a program download.

IMPORTANT  Use your programming software to ensure that the bitfile you specify in the
TBF location, as well as the appropriate number of elements, exist in the
MicroLogix 1500 user program.

The example table below shows how the DAT uses the configuration information
with bit file number 51 (DAT:0.TBF=51).

Bit Number |Data Address |Protection Bit |Bit Number |Data Address |Protection Bit |Bit Number |Data Address |Protection Bit
0 B51/0 B51/48 16 B51/16 B51/64 32 B51/32 B51/80
1 B51/1 B51/49 17 B51/17 B51/65 33 B51/33 B51/81
2 B51/2 B51/50 18 B51/18 B51/66 34 B51/34 B51/82
3 B51/3 B51/51 19 B51/19 B51/67 35 B51/35 B51/83
4 B51/4 B51/52 20 B51/20 B51/68 36 B51/36 B51/84
5 B51/5 B51/53 21 B51/21 B51/69 37 B51/37 B51/85
6 B51/6 B51/54 22 B51/22 B51/70 38 B51/38 B51/86
7 B51/7 B51/55 23 B51/23 B51/71 39 B51/39 B51/87
8 B51/8 B51/56 24 B51/24 B51/72 40 B51/40 B51/88
9 B51/9 B51/57 25 B51/25 B51/73 41 B51/41 B51/89
10 B51/10 B51/58 26 B51/26 B51/74 42 B51/42 B51/90
" B51/11 B51/59 27 B51/27 B51/75 43 B51/43 B51/91
12 B51/12 B51/60 28 B51/28 B51/76 44 B51/44 B51/92
13 B51/13 B51/61 29 B51/29 B51/77 45 B51/45 B51/93
14 B51/14 B51/62 30 B51/30 B51/78 46 B51/46 B51/94
15 B51/15 B51/63 31 B51/31 B51/79 47 B51/47 B51/95

The bit number displayed on the DAT corresponds to the data bit as illustrated in
the table. The protection bit defines whether the data is editable or read-only.
When the protection bit is set (1), the corresponding data address is considered
read-only by the DAT. The Protected LED illuminates whenever a read-only
element is active on the DAT display. When the protection bit is clear (0) or the
protection bit does not exist, the Protected LED is off and the data within the
corresponding address is editable from the DAT keypad.
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IMPORTANT

Although the DAT does not allow protected data to be changed from its
keypad, the control program or other communication devices do have
access to this data. Protection bits do not provide any overwrite protection
to data within the target bit file. It is entirely the user’s responsibility to
ensure that data is not inadvertently overwritten.

TIP Remaining addresses within the target file can be used without restrictions
(addresses B51/96 and above, in this example).
The DAT always starts at bit 0 of a data file. It cannot start at any other
address within the file.
Base Hardware The base hardware information (BHI) file is a read-only file that contains a
|nf0rmati0n Function description of the MicroLogix 1200 Controller or the MicroLogix 1500 Base Unit.
File Base Hardware Information Function File (BHI)
Address Description
BHI:0.CN CN - Catalog Number
BHI:0.SRS SRS - Series
BHI:0.REV REV - Revision
BHI:0.FT FT - Functionality Type

Communications Status The Communications Status (CS) File is a read-only file that contains information
File on how the controller communication parameters are configured and status
information on communications activity.

The communications status file uses:

Communications Status File Size

Controller Number of Word Elements
MicroLogix 1500 1764-LSP Series A Processor 44 1-word elements
MicroLogix 1200 71 1-word elements

MicroLogix 1500 1764-LSP Series B and 1764-LRP Processors

There is one Communications Status File for each communications port.
Communications Status File CSO corresponds to Channel 0 on the controller.
Communications Status File CS1 corresponds to Channel 1 on the 1764-LRP

processof.

TIP

Publication 1762-RMO00TH-EN-P - July 2014

You can use the Communications Status File information as a
troubleshooting tool for communications issues.
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The data file is structured as:

Communications Status File

Word Description Applies to Controller Details
on Page

Otob General Channel Status Block MicroLogix 1200 and 1500 67

6to22 |DLL Diagnostic Counters Block MicroLogix 1200 and 1500 69

23t042 |DLL Active Node Table Block MicroLogix 1200 and 1500 78

words 43 to 70 when using DF1 Full-Duplex, DF1 Half-Duplex, DH-485, or ASCII ")

43 End of List Category Identifier Code MicrolLogix 1200 and 1500 -
(always 0)

43t0 70 |Reserved o MicroLogix 1200 --

e MicroLogix 1500 1764-LSP
Series B and 1764-LRP

Processors
words 43 to 70 when using Modbus RTU Slave:
431069 |Modbus Slave Diagnostic Counters Block| e MicroLogix 1200 74
o MicrolLogix 1500 1764-LSP
Series B and 1764-LRP
Processors
70 End of List Category Identifier Code o MicrolLogix 1200 --

(always 0) e MicrolLogix 1500 1764-LSP

Series B and 1764-LRP
Processors

(1) ASClI can only be used with the MicroLogix 1200 and MicroLogix 1500 1764-LSP Series B (and higher) and 1764-LRP
Processors.

The following tables show the details of each block in the Communications
Status File.

General Status Block of Communications Status File

General Channel Status Block

Word |Bit Description

0 - Communications Channel General Status Information Category Identifier
Code
1 - Length

- Format Code

- Communications Configuration Error Code
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General Channel Status Block

4

0

ICP — Incoming Command Pending Bit

This bit is set (1) when the controller determines that another device has
requested information from this controller. Once the request has been
satisfied, the bit is cleared (0).

MRP — Incoming Message Reply Pending Bit

This bit is set (1) when the controller determines that another device has
supplied the information requested by a MSG instruction executed by this
controller. When the appropriate MSG instruction is serviced (during
end-of-scan, SVC, or REF), this bit is cleared (0).

MCP — Outgoing Message Command Pending Bit

This bit is set (1) when the controller has one or more MSG instructions
enabled and in the communication queue. This bit is cleared (0) when the
queue is empty.

SSB — Selection Status Bit

This bit indicates that the controller is in the System Mode. It is always set.

CAB — Communications Active Bit

This bit is set (1) when at least one other device is onthe DH-485 network. If
no other devices are on the network, this bit is cleared (0).

51014

Reserved

15

Communications Toggle Push Button Communications Defaults Active. This
bit is set (1) whenever Channel 0 is in the default communications mode. The
bit is cleared (0) when Channel 0 is in user configured communications
mode. (Always 0 for 1764-LRP Processor Channel 1) This bit is not available
with the Series A controllers.

Oto7

Node Address - This byte value contains the node address of your controller
on the network.

81015

Baud Rate - This byte value contains the baud rate of the controller on the
network.

Diagnostic Counter Block of Communications Status File

With RSLogix 500 version 6.10.10 and later, formatted displays of the diagnostic
counters for each configured channel are available under Channel Status. These
displays include a Clear button that allows you to reset the diagnostic counters
while monitoring them online with the programming software.
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TIP

For the MicroLogix 1500 LRP with OS Series C, FRN 8, and higher, clicking on
the Clear button while online monitoring Channel Status of either channel 0
or channel 1 will reset all of the channel status diagnostic counters for both
channels to zero.

Prior to OS Series C, FRN 8, the only channel status diagnostic counters that
are reset when the Clear button is clicked are the ones on the channel that
the programming terminal is connected through. For instance, if your
programming terminal is connected online via channel 0 and you are
monitoring the Channel Status of channel 1, when you click on the Clear
button, only the channel 0 diagnostic counters will be reset - the channel 1
diagnostic counters will not be reset.

Diagnostic Counter Blocks are shown for:

e DH-485 ( on page 69)
e DF1 Full-Duplex ( on page 70)
e DF1 Half-Duplex Slave ( on page 71)
e DF1 Half-Duplex Master ( on page 72)
e DF1 Radio Modem ( on page 73)
e Modbus RTU Slave ( on page 74)
e Modbus RTU Master ( on page 76)
e ASCII ( on page 77)
DH-485 Diagnostic Counters Block

Word |Bit Description
6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 0)
9 - Total Message Packets Received
10 - Total Message Packets Sent
11 Oto7 Message Packet Retries
8to 15 |Retry Limit Exceeded (Non-Delivery)
12 Oto7 |NAK—No Memories Sent
8to 15 |NAK—No Memaries Received
13 Oto7 |Total Bad Message Packets Received
8to 15 |Reserved
141022 |- Reserved
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=4 Channel Status

Channel 0

Messages Received = D
Meszages Sent = D

Meszages Retried = [0

Fretry Limi

it Exceeded = |0

SentNAK NoMemoryl+ [0 |
Feceived MAK [Mo Memony] = D

Active Modes:
i

10

[H-485

20

=10/ x|

Total Bad Packets Received = D

30

[o]o]o]o]olo]ofo] [ofofafofafofo]o] [ojo]ojofojofolo] [ofafalofafojo]o]

LClear |

DF1 Full-Duplex Diagnostic Counters Block

Word Bit

Description

6

Diagnostic Counters Category Identifier Code (always 2)

Length (always 30)

Format Code (always 1)

7
8
9

CTS

RTS

Reserved

Channel 0 - Reserved, Channel 1 - DCD

to 15

Reserved

Total Message Packets

Sent

Total Message Packets Received

Undelivered Message Packets

ENQuiry Packets Sent

NAK Packets Received

ENQuiry Packets Received

Bad Message Packets Received and NAKed

No Buffer Space and NAK'ed

Duplicate Message Packets Received

to 22

Reserved
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=4 Channel Status ;|g|5|
Chaninel 0 | Channel 1 I
DF1 Full Duplex
teszages Sent = _ Undelivered Meszages = D
tezsages Feceived = D Duplicate Meszages Received = D
EMQ: Received = |Q ENOsz Sent= |0
Lack of Memar/Sent MAK = [q Bad Packet/Sent NAK. = |0
Received Mak= [0 |
Modem Lines: RTS CTS
|
Clear

DF1 Half-Duplex Slave Diagnostic Counters Block
Word |Bit Description
6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 2)
9 0 CTS

1 RTS

2 Reserved

3 Channel 0 - Reserved, Channel 1 - DCD

4t015 |Reserved
10 - Total Message Packets Sent
11 - Total Message Packets Received
12 - Undelivered Message Packets
13 - Message Packets Retried
14 - NAK Packets Received
15 - Polls Received
16 - Bad Message Packets Received
17 - No Buffer Space
18 - Duplicate Message Packets Received
191022 |- Reserved
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=4 Channel Status o] x|

DF1 Half Duplex Slave

Meszages Sent = El tezzages Retred = El
Meszages Received = D Undelivered Meszsages = El

Fall: Received = |7 Duplicate Mezsages Received = |0

Receired Mak = |[ Bad Packetz Received = [

Lackof Memoy = [0 |

todem Lines: RTS CTS DCD

[oFF ] [oFF] [oFF ]
Clear |

DF1 Half-Duplex Master Diagnostic Counters Block
(MicroLogix 1200, FRN 7 and higher

MicrolLogix 1500 1764-LSF FRN 8 and higher

MicrolLogix 1500 1764-LRP FRN 8 and higher [Channel 1 only])

Word |Bit Description

- Diagnostic Counters Category Identifier Code (always 2)

- Format Code (always 3)

6
7 - Length (always 30)
8
9

CTS

RTS

Channel 0 - Reserved, Channel 1 - DCD

0
1
2 Reserved
3
4

to 15 |Reserved

- Total Message Packets Sent

- Total Message Packets Received

- Undelivered Message Packets

- Message Packets Retried

- Reserved

Polls Sent

- Bad Message Packets Received

- No Buffer Space, Received Packet Dropped

- Duplicate Message Packets Received

= s s =2 =] = =] =2 = —
O O N o) O | W N —| O
'

- Last Normal Poll List Scan

N
o
[

Max. Normal Poll List Scan

N
—_
'

Last Priority Poll List Scan

N
N
'

Max. Priority Poll List Scan
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i—i Channel Status - 101 x|

Chatinel 0

DF1 Half Duplex bazter

MessagesSent= [0 | Messages Retiied= [0 |

Meszages Received = El Undelivered Meszages = El
Fuallz Sent = El Duplicate Messages Received = El
Lack of memon = D Bad Packetz Received = D

Lazt Mormal Poll Ligt Scan [100ms] = | tdan Mormal Poll List Scan [100ms] = |0
Laszt Priority Poll List Scan [100ms] = g & Priority Pall List Scan (100ms) = (g
todem Lines: RTS CTS DCD

Clear | [oFF ] [oFF] [oFF ]

DF1 Radio Modem Diagnostic Counters Block
(MicroLogix 1200, FRN 7 and higher

MicroLogix 1500 1764-LSR. FRN 8 and higher

MicroLogix 1500 1764-LRR FRN 8 and higher [Channel 1 only]

Word |Bit Description

6 - Diagnostic Counters Category Identifier Code (always 2)
7 - Length (always 30)
8 - Format Code (always 1)
9 0 CTS
1 RTS
2 Reserved
3 Channel 0 - Reserved, Channel 1 - DCD
4t015 |Reserved
10 - Total Message Packets Sent
11 - Total Message Packets Received
12 - Undelivered Message Packets
13t0 15 |- Reserved
16 - Bad Message Packets Received
17 - No Buffer Space, Received Packet Dropped
18 - Duplicate Message Packets Received
19t022 |- Reserved

Publication 1762-RM001TH-EN-P - July 2014



74 Function Files

Publication 1762-RMO00TH-EN-P - July 2014

= Channel status 10l x|

DF1 Radio Modem

teszages Sent = D Undelivered Meszages = D
i eszanes Received = D Duplicate Messages Received = D

Lack of Mem/Pkt Dropped = D Bad Packets Received = D

tadem Lines: RTS CTS DCD

[oFF ] [ore] [oFF ]
Clear |

Modbus RTU Slave Diagnostic Counters Block (Data Link Layer)
(MicroLogix 1200 Controllers, and MicroLogix 1500 1764-LSP Series B and 1764-LRP Processors)

Word |Bit Description

Diagnostic Counters Category Identifier Code (always 2)

Length (always 30)

6

7

8 - Format Code (always 4)
9 CTS

RTS

Channel 0 - Reserved, Channel 1 - DCD

0
1
2 Reserved
3
4

to 15 |Reserved

Total Message Packets Sent

Total Message Packets Received for This Slave

Total Message Packets Received

Link Layer Error Code

0
1
2
3 - Link Layer Error Count
4
5

t022 |- Reserved

Modbus RTU Slave Diagnostic Counters Block (Presentation Layer)
(MicroLogix 1200 Controllers, and MicroLogix 1500 1764-LSP Series B and 1764-LRP Processors)

Word |Bit Description

43 - Diagnostic Counters Category Identifier Code (always 10)
44 - Length (always 14)

45 - Format Code (always 0)

46 - Pre-Send Time Delay

47 Oto7 Node Address

81015 [Reserved

48 Inter-Character Timeout

49 - RTS Send Delay
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Modbus RTU Slave Diagnostic Counters Block (Presentation Layer)
(Micrologix 1200 Controllers, and MicroLogix 1500 1764-LSP Series B and 1764-LRP Processors)

Word  [Bit Description
50 - RTS Off Delay
51 Oto7 Baud Rate

8and9 |Parity

10to 15 |Reserved
52 Diagnostic Counters Category Identifier Code (always 6)
53 Length (always 32)
4 Format Code (always 0)
b5 Presentation Layer Error Code
b6 Presentation Layer Error Count
57 Execution Function Error Code
58 - Last Transmitted Exception Code
59 - Data File Number of Error Request
60 Element Number of Error Request
61 Function Code 1 Message Counter
62 Function Code 2 Message Counter
63 Function Code 3 Message Counter
64 Function Code 4 Message Counter
65 Function Code 5 Message Counter
66 Function Code 6 Message Counter
67 Function Code 8 Message Counter
68 Function Code 15 Message Counter
69 Function Code 16 Message Counter

=4 Channel Status

Channel 0 | Channel 1 I

Meszages Sent = D
teszages Received = IC'

Modbuz RTU Slave

Modem Lines: RTS

tezzages Received Thiz Slave = D
Lirk Layer Eror Count = D
Link Layer Enror Code = D

=10/

CTs
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Modbus RTU Master Diagnostic Counters Block (Data Link Layer)
(Micrologix 1200, FRN 8 and higher

MicroLogix 1500 1764-LSF FRN 9 and higher

MicroLogix 1500 1764-LRE FRN 9 and higher)

Word

Bit

Description

Diagnostic Counters Category Identifier Code (always 2)

Length (always 30)

Format Code (always 9)

6
7
8
9

CTS

RTS

Reserved

Channel 0 - Reserved, Channel 1 - DCD

Bl W N = O

to 15

Reserved

Total Message Packets Sent

Reserved

Total Message Packets Received

Link Layer Error Count

Link Layer Error Code

to 22

Reserved

Modbus RTU Master Diagnostic Counters Block (Presentation Layer)
(MicroLogix 1200, FRN 8 and higher

MicroLogix 1500 1764-LSF FRN 9 and higher

MicroLogix 1500 1764-LRE FRN 9 and higher)

Word Bit Description

52 Diagnostic Counters Category Identifier Code (always 6)
53 Length (always 32)

54 Format Code (always 0)

55 ERR 1: lllegal Function

56 Last Device Reporting ERR 1

57 ERR 2: lllegal Data Address

58 Last Device Reporting ERR 2

59 ERR 3: lllegal Data Value

60 Last Device Reporting ERR 3

61 ERR 4: Slave Device Failure

62 ERR 5: Acknowledge

63 ERR 6: Slave Device Busy

64 ERR 7: Negative Acknowledgement

65 ERR 8: Memory Parity Error

66 Non-Standard Response

67 Last Device Reporting ERR 4 to ERR 8 or Non-Standard Response
68 and 69 Reserved (always 0)
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:-_;:4 Channel Status ;Iglﬁl

Channel 0 | Charnel 0 - Ext | Channel 1
tadbus RTU Master

Messages Sent= (g

Mezsages Received = |p Link Layer Ermor Count = (g
Link Lawer Errar Code = |
Modem Lines: RTS CTS
=2 Channel Status (o)
Channel 0 hannel 1 |
Modbus PL
Emor Code 1 Counter = D Emor Code 4 Counter = El
Lazt Device Reporting Error Code 1= |0 Eror Code 5 Counter = |
Emor Code 2 Counter= [0 Ermor Code E Counter = |
Lazt Device Reporting Error Code 2= |0 Eror Code 7 Counter = |
Ermor Code 3 Counter= |0 Ermor Code 8 Counter = |
Last Device Reporting Error Code 3= |0 Mon-Standard Response Counter = g
Last Device Reporting Error Code 4-8 or Mon-Standard Responze = [

Clear

ASCII Diagnostic Counters Block
(MicroLogix 1200 Series B Controllers, and MicroLogix 1500 1764-LSP Series B and 1764-LAP
Processors)

Word |Bit Description

6 - DLL Diagnostic Counters Category Identifier code (always 2)
7 - Length (always 30)
8 - Format Code (always 5)
9 0 CTS
1 RTS
2 Reserved
3 Channel 0 - Reserved, Channel 1 - DCD

4t0 15 |Reserved
10 0 Software Handshaking Status
11015 |Reserved

11 - Echo Character Count

12 - Received Character Count
131018 |- Reserved

19 - Bad Character Count
20t0 22 |- Reserved
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i3 Channel Status 10| X
= =10l x|

Character Count Received =

Channel 0 | Channel 1

Generic ASCI

Echo Character Count = D Trarzmitter = [EMABLED
Bad Character Count = D

Modem Lines: RTS CTS

Active Node Table Block of Communications Status File

Active Node Table Block

Word  |Description

23 Active Node Table Category Identifier Code (always 3)
24 Length:

e always 4 for DH-485
e always 18 for DF1 Half-Duplex Master

e always 0 for DF1 Full-Duplex, DF1 Half-Duplex Slave, Modbus RTU Slave, Modbus
RTU Master, and ASCII

25

Format Code (always 0)

26

Number of Nodes:

e always 32 for DH-485
e always 255 for DF1 Half-Duplex Master

e always 0 for DF1 Full-Duplex, DF1 Half-Duplex Slave, Modbus RTU Slave, Modbus
RTU Master, and ASCII

27

Active Node Table (DH-485 and DF1 Half-Duplex Master) — Nodes 0 to 15

(CS0:27/1 is node 1, CS0:27/2 is node 2, etc.)

This is a bit-mapped register that displays the status of each node on the network. If a
bit is set (1), the corresponding node is active on the network. If a bit is clear (0), the
corresponding node is inactive.

28

Active Node Table (DH-485 and DF1 Half-Duplex Master) — Nodes 16 to 31

(CS0:28/1 is node 16, CS0:28/2 is node 17, etc.)
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19

Active Node Table Block

29 Active Node Table (DF1 Half-Duplex Master) — Nodes 32 to 47

(CS0:29/1 is node 32, CS0:29/2 is node 33, etc.)

42 Active Node Table (DF1 Half-Duplex Master) — Nodes 240 to 255

(CS0:42/1 is node 240, CS0:42/2 is node 241, etc.)

If you are using RSLogix 500 version 6.10.10 or higher, you can view the active
node table by clicking on “Processor Status” and then selecting the tab for the

configured channel.

FiDataFile 52 -- STATUS

Mode

32
B4
96
128
160
192
224

I ain | Proc | Secan Timesl Iath | Chan0

—loj x|

DF1 Half Duplex Master Active Node Table

1]

0 0o00-0000-0000-00

QOO0 —0000- 000000
[slaleloPalelaloyelolsle by ele)
QOO0 —0000- 000000
[slaleloPalelaloyelolsle by ele)
QOO0 —0000- 000000
[slaleloPalelaloyelolsle by ele)
QOO0 —0000- 000000

16
0000-0000-0000-00

[sIslalaTaTolala Ty elalsle by nle]
[elelelaPelolala By elals o by ale]
[sIslalaTaTolala Ty elalsle by nle]
[elelelaPelolala By elals o by ale]
[sIslalaTaTolala Ty elalsle by nle]
[elelelaPelolala By elals o by ale]
[sIslalaTaTolala Ty elalsle by nle]

Debugl Errars I Protectionl Memr 4 I 4

|52 :II

Properties |

Usage |

Radis: I Structured - I
Help |

Inputlo utput Status File The input/output status (I0S) file is a read-only file in the controller that contains

I/0 Status File

information on the status of the embedded and local expansion I/O. The data file
is structured as:

Word Description

0 Embedded Module Error Code — Always zero

1t06 Expansion Module Error Code — The word number corresponds to the module’s slot number. Refer to the 1/0 module’s

documentation for specific information. (MicrolLogix 1200)

1to 16/ |Expansion Module Error Code — The word number corresponds to the module’s slot number. Refer to the 1/0 module’s

documentation for specific information. (MicroLogix 1500)

(1) 1 to 8 for Series A Base Units.

Publication 1762-RM001H-EN-P - July 2014



80 Function Files

Notes:

Publication 1762-RMO00TH-EN-P - July 2014



Chapter 4

Instruction Set

Programming Instructions Overview

The following table shows the MicroLogix 1200 and 1500 programming

instructions listed within their functional group. O

Functional Group  |Description Page

High-Speed Counter  |HSL, RAC — The high-speed counter instructions (along with the HSC function file) allow you to monitor |87
and control the high-speed outputs. Generally used with DC inputs.

High-Speed Outputs  |PTO, PWM — The high-speed output instructions (along with the PTO and PWM function files) allow you | 119
to monitor and control the high-speed outputs. Generally used with FET outputs (BXB units).

Relay-Type (Bit) XIC, XI0, OTE, OTL, OTU, OSR, ONS, OSF — The relay-type (bit) instructions monitor and control the status|147
of bits.

Timer and Counter TON, TOF, RTO, CTU, CTD, RES — The timer and counter instructions control operations based on time or |153
the number of events.

Compare EQU, NEQ, LES, LEQ, GRT, GEQ, MEQ, LIM — The compare instructions compare values by using a specific [163
compare operation.

Math ADD, SUB, MUL, DIV, NEG, CLR, ABS, SQR, SCL, SCP. SWP — The math instructions perform arithmetic | 169
operations.

Conversion DCD, ENC, TOD, FRD, GCD — The conversion instructions multiplex and de-multiplex data and perform | 181
conversions between binary and decimal values.

Logical AND, OR, XOR, NOT — The logical instructions perform bit-wise logical operations on words. 191

Move MOV, MVM — The move instructions modify and move words. 195

File CPW, COP, FLL, BSL, BSR, FFL, FFU, LFL, LFU — The file instructions perform operations on file data. 199

Sequencer SQC, SQO, SAL — Sequencer instructions are used to control automatic assembly machines that have  |215
consistent and repeatable operations.

Program Control JMP. LBL, JSR, SBR, RET, SUS, TND, MCR, END — The program flow instructions change the flow of 223
ladder program execution.

Input and Output [IM, 10M, REF — The input and output instructions allow you to selectively update data without waiting 229
for the input and output scans.

User Interrupt STS, INT, UID, UIE, UIF — The user interrupt instructions allow you to interrupt your program based on {233
defined events.

Process Control PID — The process control instruction provides closed-loop control. 253

ASCII ABL, ACB, ACI, ACL, ACN, AEX, AHL, AIC, ARD, ARL, ASC, ASR, AWA, AWT — The ASCII instructions 279
convert and write ASCII strings. They cannot be used with MicroLogix 1500 1764-LSP Series A
processors.

Communications MSG, SVC — The communication instructions read or write data to another station. 309

Recipe RCP — The recipe instruction allows you to transfer a data set between the recipe database and a set of |359

(MicroLogix 1500 only/ |user-specified data table elements.

Data Logging DLG — The data logging instruction allow you to capture time-stamped and date-stamped data. 359

(MicroLogix 1500
1764-LARP only)

(1) The RTA - Real Time Clock Adjust Instruction appears on page 58 following the Real-Time Clock Function File information.
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Using the Instruction Throughout this manual, each instruction (or group of similar instructions) has a
Descri p tions table similar to the one shown below. This table provides information for all
sub-elements (or components) of an instruction or group of instructions. This
table identifies the type of compatible address that can be used for each
sub-element of an instruction or group of instructions in a data file or function file.
The definitions of the terms used in these tables ate listed below this example table.

Valid Addressing Modes and File Types - Example Table

. L Address | Address
Data Files Function Files 1)
2| Mode Level
» -

Parameter = £ S|2 =
= £ lo ®|® - S|
Q = oI=als o S|g
e a. - —| O|T||alo|e® s> E
5 seleBels= zEEz|n|2|2|E2E =8| 2|5
ol_lwalrlzlelkBl SREZEREEESESGSRES EE =S

Source A oo (oo |0o (0o (o 0|0 |0 (0o 0 0o/0|0 0 0 0|j0o|0o 0|0 (e o e e oo

Source B oo (oo |0o (0o o 0|0 |0o (0o 0 0o/0|0 (0 0 0o|j0o|0e /0|0 (e e e e oo

Destination |e|e|e|e|e|e e (e (e | e e e |e|e e e . o|e o|e

(1) See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

The terms used within the table are defined as follows:

e Parameter - The parameter is the information you supply to the instruction.
It can be an address, a value, or an instruction-specific parameter such as a
timebase.

e Data Files - See Data Files on page 48.

¢ Function Files - See Function Files on page 55.

® CS - See Communications Status File on page 66.

e 10S - See Input/Output Status File on page 79.

® DLS - See Data Log Status File on page 370.

e Address Mode - See Addressing Modes on page 82.

e Addressing Level - Address levels describe the granularity at which an
instruction allows an operand to be used. For example, relay type
instructions (XIC, XIO, etc.) must be programmed to the bit level, timer
instructions (TON, TOF, etc.) must be programmed to the element level
(timers have 3 words per element) and math instructions (ADD, SUB, etc.)
must be programmed to the word or long word level.

Addressing Modes

The MicroLogix 1200 and MicroLogix 1500 support three types of data
addressing:

o Immediate
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e Direct

e Indirect

The MicroLogix 1200 and 1500 do not support indexed addressing. Indexed
addressing can be duplicated with indirect addressing. See Example - Using
Indirect Addressing to Duplicate Indexed Addressing on page 85.

How or when each type is used depends on the instruction being programmed and
the type of elements specified within the operands of the instruction. By
supporting these three addressing methods, the MicroLogix 1200 and 1500 allow
incredible flexibility in how data can be monitored or manipulated. Each of the
addressing modes are described below.

Immediate Addressing

Immediate addressing is primarily used to assign numeric constants within
instructions. For example: You require a 10 second timer, so you program a timer
with a 1 second time base and a preset value of 10. The numbers 1 and 10 in this
example are both forms of immediate addressing.

Direct Addressing

When you use direct addressing, you define a specific data location within the
controller. Any data location that is supported by the elements of an operand
within the instruction being programmed can be used. In this example we are
illustrating a limit instruction, where:

e Low Limit = Numeric value (from -32,768 to 32,767) entered
from the programming software.

e Test Value = TPL:0.POTO (This is the current position/value of
trim pot 0.)

e High Limit = N7:17 (This is the data resident in Integer file 7,
element 17.)

The Test Value (TPL:0.POTO0) and High Limit (N7:17) are direct addressing
examples. The Low Limit is immediate addressing.

Indirect Addressing

Indirect addressing allows components within the address to be used as pointers to
other data locations within the controller. This functionality can be especially
useful for certain types of applications, recipe management, batch processing and
many others. Indirect addressing can also be difficult to understand and
troubleshoot. It is recommended that you only use indirect addressing when it is
required by the application being developed.
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The MicroLogix 1200 and 1500 support indirection (indirect addressing) for Files,
Words and Bits. To define which components of an address are to be indirected, a
closed bracket “[ ] is used. The following examples illustrate how to use indirect
addressing;

Indirect Addressing of a Word

B3:.0 ADD
0000 1 F Add

0 Source A N7:[N10:1]
0<

Source B 1234
1234<

Dest N11:33
0<

e Address: N7:[N10:1]

e In this example, the element number to be used for source A in the ADD
instruction is defined by the number located in N10:1. If the value of
location N10:1 = 15, the ADD instruction operates as
“N7:15 + Source B”.

e In this example, the element specified by N10:1 must be between 0 and 255,

because all data files have a maximum individual size of 256 elements.

TIP If a number larger than the number of elements in the data file is placed in
N10:1 (in this example), data integrity cannot be guaranteed, because a file
boundary will be crossed. This may not generate a controller fault, but the
data location is invalid/unknown.

Indirect Addressing of a File

LIM B3:0 cop
0001 — Limit Test 1 E Copy File o

Low Lim 10 0 Source  #N[N50:100]:10
10< Dest #N7:0

Test N50:100 Length 15
10<

High Lim 25
25<

e Address: N[N50:100]:10

e Description: In this example, the source of the COP instruction is indirected
by N50:100. The data in N50:100 defines the data file number to be used in
the instruction. In this example, the copy instruction source A is defined by
N[N50:100]:10. When the instruction is scanned, the data in N50:100 is used
to define the data file to be used for the COP instruction. If the value of
location N50:100 = 27, this instruction copies 15 elements of data from
N27:10 (N27:10 to N27:24) to N7:0 (N7:0 to N7:14)

TIP If a number larger than 255 is placed in N50:100 in this example, a
controller fault occurs. This is because the controller has a maximum of
255 data files. In addition, the file defined by the indirection should match
the file type defined by the instruction, in this example an integer file.
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TIP This example also illustrates how to perform a limit check on the indirect
address. The limit instruction at the beginning of the rung is monitoring the
indirect element. If the data at N50:100 is less than 10 or greater than 25,
the copy instruction is not processed. This procedure can be used to make
sure an indirect address does not access data an unintended location.

Indirect Addressing of Bit

B3:0 B3:0 ‘
0002 J E P
[B25:0] 10

0003 C END

e Address: B3/[B25:0]

e Description: In this example, the element to be used for the indirection is
B25:0. The data in B25:0 defines the bit within file B3. If the value of
location B25:0 = 1017, the XIC instruction is processed using B3/1017.

TIP If a number larger than 4096 (or larger than the number of elements in the
data file) is placed in B25:0 in this example, data integrity cannot be
guaranteed. Exceeding the number of elements inthe data file would cause
the file boundary to be crossed.

These are only some of the examples that can be used; others include:

e File and Element Indirection: N|N10:0]:[N25:0]
e Input Slot Indirection: 11:[N7:0].0

Each group of instructions may or may not allow indirection. Please review the
compatibility table for each instruction to determine which elements within an
instruction support indirection.

IMPORTANT  You must exercise extreme care when using indirect addressing. Always be
aware of the possibility of crossing file boundaries or pointing to data that
was not intended to be used.

Example - Using Indirect Addressing to Duplicate Indexed
Addressing

In this section, an indexed addressing example is shown first. Then an equivalent
indirect addressing example is shown. Indexed addressing is supported by SLC 500
and MicroLogix 1000 programmable controllers. The MicroLogix 1200 and 1500
do not support indexed addressing, This example is shown for comparison
purposes.
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Indexed Addressing Example

The following ADD instruction uses an indexed address in the Source A and
Destination addresses. If the indexed offset value is 20 (stored in S:24), the
controller uses the data stored at the base address plus the indexed offset to
perform the operation.

Indexed ADD Working ADD
— Add — — Add —
Source A #N7:0 Source A N7:20
Source B 25 Source B 25
Dest #N15:0 Dest N15:20
In this example, the controller uses the following addresses:
Operand Base Address Offset Value in S:24 |Working Address
Source A N7:0 20 N7:20
Destination N15:0 20 N15:20
TIP In the SLC and ML1000 controllers, there are some instructions that clear

S:24 after the instruction completes. For this reason, you must insure that
the index register is loaded with the intended value prior to the execution

of an indexed instruction.

Indirect Addressing Example

An equivalent example using indirect addressing is shown below. In place of using
the index register, S:24, the user can designate any other valid word address as the
indirect address. Multiple indirect addresses can be used within an instruction.
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The following ADD instruction uses an indirect address in the Source A and
Destination addresses. If the indirect offset value is 20 (stored in N7:3), the
controller uses the data stored at the base address plus the indirect offset to
perform to instruction.

Indirect ADD Working ADD
— Add — — Add
Source A N7:[N7:3] Source A N7:20
SourceB 25 Source B 25
Dest N15:[N7:3] Dest N15:20
In this example, the controller uses the following addresses:
Operand Base Address Offset Value in N7:3 Working Address
Source A N7:0 20 N7:20
Destination N7:0 20 N15:20




Chapter 5

High-Speed Counter
Overview

Programmable Limit
Switch Overview

High-Speed Counter
(HSC) Function File

Using the High-Speed Counter and
Programmable Limit Switch

The MicroLogix 1200 has one 20 kHz high-speed counter; the MicroLogix 1500
has two. Functionally, the counters are identical. Each counter has four dedicated
inputs that are isolated from other inputs on the controller. HSCO utilizes inputs 0
through 3 and HSC1 (MicroLogix 1500 only) utilizes inputs 4 through 7. Each
counter operates independently from the other.

TIP HSCO is used in this document to define how any HSC works. The MicroLogix
1500's HSC1 is identical in functionality.

IMPORTANT The HSC function can only be used with the controller's embedded I/0. It
cannot be used with expansion 1/0 modules.

This chapter describes how to use the HSC function and also contains sections on
the HSL and RAC instructions, as follows:

e High-Speed Counter (HSC) Function File on page 87.
e HSL - High-Speed Counter Load on page 110.
e RAC - Reset Accumulated Value on page 111.

The Programmable Limit Switch function allows you to configure the High-Speed
Counter to operate as a PLS (programmable limit switch) or rotary cam switch. See
page 112 for more information.

Within the RSLogix 500 Function File Folder, you see a HSC Function File. This
file provides access to HSC configuration data, and also allows the control
program access to all information pertaining to each of the High-Speed Counters.

TIP If the controller is in the run mode, the data within sub-element fields may
be changing.
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+ PFM - Program File Mumber
—ER - Emor Code
= UL - Uzer Interupt Executing
 UIE - User Interrupt Enable
— UIL - Uzer Interupt Lozt
= UIP - Uszer Interrupt Pending
- FE - Function Enabled
- AS - Auto Start
—ED - Ermor Detected
- CE - Counting Enabled
5P - Set Parameters
— LPM - Low Preset Mazk
- HPM - High Prezet Mask
— UFM - Underflow Mask
— OFM - Owerflow bask
- LPI - Low Preset [ntemupt
- HFI - High Prezet Intemupt
— UFI - Underflow nterrupt
- OFI - Overflow Intermupt
- LPR - Low Preset Reached
 HFR - High Freszet Reached
— DIR - Count Direction
- UF - Underflow
— OF - Overflow
- MD - Mode Done
- CD - Count Down
- CU - Count Up
- MOD - H5C Made
- ACC - Accumulatar

DDDDDDDDDDDDDD—‘—‘—‘-—‘DDDDDDDDDDDl

- HIP - High Preset 2147483647

- LOF - Low Preset 2147483648

- OWF - Overflow 2147483647

= UNF - Underflaw 2147483648

- OMB - Output kagk Bits 0

- HPD - High Preset Output 1] b
L LPO - Low Preset Output 0 ;l

The HSC function, along with the PTO and PWM instructions, are different than
most other controller instructions. Their operation is performed by custom
circuitry that runs in parallel with the main system processor. This is necessary
because of the high performance requirements of these functions.

The HSC is extremely versatile; the user can select or configure each HSC for any
one of eight (8) modes of operation. (Operating Modes are discussed later in this
chapter. See section HSC Mode (MOD) on page 101). Some of the enhanced
capabilities of the High-Speed Counters are:

e 20 kHz operation
e High-speed direct control of outputs
e 32-bit signed integer data (count range of & 2,147,483,647)

e Programmable High and Low presets, and Overflow and Underflow
setpoints

e Automatic Interrupt processing based on accumulated count

e Run-time editable parameters (from the user control program)
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The High-Speed Counter function operates as described in the following diagram.

Overflow —5— <+—— +2,147,483,647 maximum

High Preset —f—

Low Preset ——

-2,147 483,648 minimum

Underflow —%— «+—

H|gh-Speed Counter Each HSC is comprised of 36 sub-elements. These sub-elements ate either bit,

Function File word, or long word structures that are used to provide control over the HSC

function, or provide HSC status information for use within the control program.

Sub-Elements summary Each of the sub-clements and their respective functions are described in this
chapter. A summary of the sub-elements is provided in the following table. All
examples illustrate HSCO. Terms and behavior for HSC1 are identical.

High-Speed Counter Function File (HSC:0 or HSC:1)

Sub-Element Description Address Data Format HSC Function|User Program |For More
Modes'! Access Information

PEN - Program File Number HSC:0.PFN word (INT) Oto7 control  |read only 90
ER - Error Code HSC:0.ER word (INT) Oto7 status read only 90
UIX - User Interrupt Executing HSC:0/UIX bit Oto7 status  |read only 93
UIE - User Interrupt Enable HSC:0/UIE bit Oto7 control  |read/write 93
UIL - User Interrupt Lost HSC:0/UIL bit Oto7 status  |read/write 94
UIP - User Interrupt Pending HSC:0/UIP bit Oto7 status  |read only 94
FE - Function Enabled HSC:0/FE bit Oto7 control  |read/write 91
AS - Auto Start HSC:0/AS bit Oto7 control  |read only 91
ED - Error Detected HSC:0/ED bit Oto7 status  |read only 92
CE - Counting Enabled HSC:0/CE bit Oto7 control  |read/write 92
SP - Set Parameters HSC:0/SP bit Oto7 control  |read/write 92
LPM - Low Preset Mask HSC:0/LPM bit 2t07 control  |read/write 95
HPM - High Preset Mask HSC:0/HPM bit Oto7 control  |read/write 96
UFM - Underflow Mask HSC:0/UFM bit 2t07 control  |read/write 98
OFM - Overflow Mask HSC:0/0FM bit Oto7 control  |read/write 99
LPI - Low Preset Interrupt HSC:0/LPI bit 2to7 status  |read/write 95
HPI - High Preset Interrupt HSC:0/HPI bit Oto7 status  |read/write 96
UFI - Underflow Interrupt HSC:0/UFI bit 2to7 status  |read/write 98
OFI - Qverflow Interrupt HSC:0/0FI bit O0to7 status  |read/write 99
LPR - Low Preset Reached HSC:0/LPR bit 2t07 status  |read only 96
HPR - High Preset Reached HSC:0/HPR bit 2t07 status  |read only 97
DIR - Count Direction HSC:0/DIR bit Oto7 status  |read only 100
UF - Underflow HSC:0/UF bit Oto7 status  |read/write 97
OF - Qverflow HSC:0/0F bit Oto7 status  |read/write 99

Publication 1762-RM001H-EN-P - July 2014



90  Using the High-Speed Counter and Programmable Limit Switch

High-Speed Counter Function File (HSC:0 or HSC:1)

Sub-Element Description Address Data Format HSC Function|User Program |For More
Modes!! Access Information
MD - Mode Done HSC:0/MD bit Oor1 status  |read/write 100
CD - Count Down HSC:0/CD bit 2t07 status  |read only 101
CU - Count Up HSC:0/CU bit 0to7 status  [read only 101
MOD - HSC Mode HSC:0.MOD word (INT) Oto7 control  |read only 101
ACC - Accumulator HSC:0.ACC long word (32-bit INT) Oto7 control  |read/write 106
HIP - High Preset HSC:0.HIP long word (32-bit INT) Oto7 control  |read/write 106
LOP - Low Preset HSC:0.LOP long word (32-bit INT) 2t07 control  |read/write 107
OVF - Overflow HSC:0.0VF long word (32-bit INT) Oto7 control  |read/write 107
UNF - Underflow HSC:0.UNF long word (32-bit INT) 2t07 control  |read/write 108
OMB - Qutput Mask Bits HSC:0.0MB word (16-bit binary) Oto7 control  |read only 109
HPO - High Preset Output HSC:0.HPO word (16-bit binary) Oto7 control  |read/write 110
LPO - Low Preset Output HSC:0.LPO word (16-bit binary) 2t07 control  |read/write 110

(1) For Mode descriptions, see HSC Mode (MOD) on page 101. N/a = not applicable

HSC Function File
Sub-Elements

All examples illustrate HSCO. Terms and behavior for HSC1 are identical.

Program File Number (PFN)

Description

Address

Data Format

HSC Modes'"

Type

User Program Access

PFN - Program

HSC:0.PFN

word (INT)

Oto7

control

read only

File Number

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The PFN (Program File Number) variable defines which subroutine is called
(executed) when HSCO counts to High Preset or Low Preset, or through Overflow
or Undertlow. The integer value of this variable defines which program file will run
at that time. A valid subroutine file is any program file (3 to 255).

See also:Interrupt Latency on page 236.

Error Code (ER)

Description |Address |Data Format |HsC Modes!! |Type |User Program Access

ER - Error Code [HSC:0.ER |word (INT) Oto7 status |read only

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The ERs (Error Codes) detected by the HSC sub-system are displayed in this word.
Errors include:
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HSC Error Codes

Error Code |Name Mode!!  |Description

1 Invalid File n/a Interrupt (program) file identified in HSC:0.PFN is
Number less than 3, greater than 255, or does not exist

2 Invalid Mode n/a Invalid Mode™

3 Invalid High 0.1 High preset is less than or equal to zero (0)
Preset 2t07 High preset is less than or equal to low preset

4 Invalid Overflow |0to7 High preset is greater than overflow

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

Function Enabled (FE)

Description |Address |Data Format |Hsc Modes!! |Tvpe |User Program Access
FE - Function [HSC:0/FE |bit Oto?7 control |read/write

Enabled

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The FE (Function Enabled) is a status/control bit that defines when the HSC
interrupt is enabled, and that interrupts generated by the HSC are processed based
on their priority.

This bit can be controlled by the user program or is automatically set by the HSC
sub-system if auto start is enabled.

See also:Priority of User Interrupts on page 235.

Auto Start (AS)

Description |Address |Data Format |HSC Modes!!|Type |User Program Access
AS - Auto Start |HSC:0/AS |bit Oto7 control |read only
(1) For Mode descriptions, see HSC Mode (MQOD) on page 101.

The AS (Auto Start) is configured with the programming device and stored as part
of the user program. The auto start bit defines if the HSC function automatically
starts whenever the controller enters any run or test mode. The CE (Counting
Enabled) bit must also be set to enable the HSC.
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Error Detected (ED)

Description |Address |Data Format |Hsc Modes'! |Type |User Program Access
ED - Error HSC:0/ED |bit Oto7 status |read only

Detected

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The ED (Error Detected) flag is a status bit that can be used in the control
program to detect if an error is present in the HSC sub-system. The most common
type of error that this bit represents is a configuration error. When this bit is set
(1), you should look at the specific error code in parameter HSC:0.ER.

This bit is maintained by the controller and is set and cleared automatically.

Counting Enabled (CE)

Description |Address |Data Format |HSC Modes!! |Type |User Program Access
CE - Counting [HSC:0/CE |bit Oto7 control |read/write

Enabled

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The CE (Counting Enabled) control bit is used to enable or disable the
High-Speed Counter. When set (1), counting is enabled, when clear (0, default)
counting is disabled. If this bit is disabled while the counter is running, the
accumulated value is held; if the bit is then set, counting resumes.

This bit can be controlled by the user program and retains its value through a
power cycle. This bit must be set for the high-speed counter to operate.

Set Parameters (SP)

Description |Address |Data Format |HSC Modes!! |Type |User Program Access
SP - Set HSC:0/SP | bit 0to7 control |read/write

Parameters

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The SP (Set Parameters) control bit is used to load new variables to the HSC
sub-system. When an OTE instruction with the address of HSC:0/SP is solved
true (off-to-on rung transition), all configuration variables currently stored in the
HSC function are checked and loaded into the HSC sub-system. The HSC
sub-system then operates based on those newly loaded settings.
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This bit is controlled by the user program and retains its value through a power
cycle. It is up to the user program to set and clear this bit. SP can be toggled while
the HSC is running and no counts are lost.

User Interrupt Enable (UIE)

Description Address |Data HSC Type |User Program
Format |Modes'" Access
UIE - User Interrupt Enable |HSC:0/UIE |bit Oto7 control |read/write

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UIE (User Interrupt Enable) bit is used to enable or disable HSC subroutine
processing. This bit must be set (1) if the user wants the controller to process the
HSC subroutine when any of the following conditions exist:

e [ow preset reached
e High preset reached
e Overflow condition - count up through the overflow value

e Underflow condition - count down through the underflow value

If this bit is cleared (0), the HSC sub-system does not automatically scan the HSC

subroutine. This bit can be controlled from the user program (using the OTE,
UIE, or UID instructions).

OTE, or UIE, this instruction must be the /ast instruction executed on the rung
(last instruction on last branch). It is recommended this be the only output
instruction on the rung.

c ATTENTION: If you enable interrupts during the program scan via an OTL,

User Interrupt Executing (UIX)

Description Address |Data HSC Modes'! |Type |User Program
Format Access
UIX - User Interrupt Executing |[HSC:0/UIX |bit Oto7 status |read only

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UIX (User Interrupt Executing) bit is set (1) whenever the HSC sub-system
begins processing the HSC subroutine due to any of the following conditions:

e Low preset reached
e High preset reached

e Overflow condition - count up through the overflow value
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e Underflow condition - count down through the underflow value

The HSC UIX bit can be used in the control program as conditional logic to detect
if an HSC interrupt is executing,

The HSC sub-system will clear (0) the UIX bit when the controller completes its
processing of the HSC subroutine.

User Interrupt Pending (UIP)

Description |Address |Data Format |HScC Modes'! |Type |User Program Access

UIP - User HSC:0/UIP |bit Oto7 status |read only
Interrupt
Pending

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UIP (User Interrupt Pending) is a status flag that represents an interrupt is
pending. This status bit can be monitored or used for logic purposes in the control
program if you need to determine when a subroutine cannot be executed
immediately.

This bit is maintained by the controller and is set and cleared automatically.

User Interrupt Lost (UIL)

Description |Address |Data Format |Hsc Modes! |Type |User Program Access

UIL - User HSC:0/UIL |bit Oto7 status |read/write
Interrupt Lost

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UIL (User Interrupt Lost) is a status flag that represents an interrupt has been
lost. The controller can process 1 active and maintain up to 2 pending user
interrupt conditions.

This bit is set by the controller. It is up to the control program to utilize, track if
necessary, and clear the lost condition.
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Low Preset Mask (LPM)

Description |Address |Data Format |Hsc Modes!!|Type |User Program Access
LPM - Low HSC:0/LPM |bit 2to7 control |read/write

Preset Mask

(1) For Mode descriptions, see HSC Mode (MQOD) on page 101.

The LPM (Low Preset Mask) control bit is used to enable (allow) or disable (not
allow) a low preset interrupt from occurring. If this bit is clear (0), and a Low
Preset Reached condition is detected by the HSC, the HSC user interrupt is not
executed.

This bit is controlled by the user program and retains its value through a power
cycle. It is up to the user program to set and clear this bit.

Low Preset Interrupt (LPI)

Description |Address |Data Format |HsC Modes!! |Type |User Program Access
LPI - Low HSC:0/LPI |bit 2t07 status |read/write
Preset Interrupt

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The LPI (Low Preset Interrupt) status bit is set (1) when the HSC accumulator
reaches the low preset value and the HSC interrupt has been triggered. This bit can
be used in the control program to identify that the low preset condition caused the
HSC interrupt. If the control program needs to perform any specific control action
based on the low preset, this bit would be used as conditional logic.

This bit can be cleared (0) by the control program and is also be cleared by the
HSC sub-system whenever these conditions are detected:

e High Preset Interrupt executes
e Underflow Interrupt executes
e Overflow Interrupt executes

e Controller enters an executing mode
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Low Preset Reached (LPR)

Description |Address |Data Format |HSc Modes!! |Type |User Program Access

LPR - Low HSC:0/LPR |bit 2t07 status |read only
Preset
Reached

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The LPR (Low Preset Reached) status flag is set (1) by the HSC sub-system
whenever the accumulated value (HSC:0.ACC) is less than or equal to the low
preset variable (HSC:0.LOP).

This bit is updated continuously by the HSC sub-system whenever the controller is
in an executing mode.

High Preset Mask (HPM)

Description |Address |Data Format |HSC Modes!! |Type |User Program Access
HPM - High  |HSC:0/HPM |bit Oto7 control |read/write

Preset Mask

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The HPM (High Preset Mask) control bit is used to enable (allow) or disable (not
allow) a high preset interrupt from occurring. If this bit is clear (0), and a High
Preset Reached condition is detected by the HSC, the HSC user interrupt is not
executed.

This bit is controlled by the user program and retains its value through a power
cycle. It is up to the user program to set and clear this bit.

High Preset Interrupt (HPI)

Description |Address (Data Format |HSc Modes'" |Type |User Program Access

HPI - High HSC:0/HPI |bit Oto7 status |read/write
Preset Interrupt

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The HPI (High Preset Interrupt) status bit is set (1) when the HSC accumulator
reaches the high preset value and the HSC interrupt is triggered. This bit can be
used in the control program to identify that the high preset condition caused the
HSC interrupt. If the control program needs to petform any specific control action
based on the high preset, this bit is used as conditional logic.
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This bit can be cleared (0) by the control program and is also cleared by the HSC
sub-system whenever these conditions are detected:

¢ Low Preset Interrupt executes
¢ Underflow Interrupt executes
e Overflow Interrupt executes

e Controller enters an executing mode

High Preset Reached (HPR)

Description  |Address |Data Format |Hsc Modes!! |Type |User Program Access

HPR - High HSC:0/HPR |bit 2t07 status |read only
Preset Reached

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The HPR (High Preset Reached) status flag is set (1) by the HSC sub-system
whenever the accumulated value (HSC:0.ACC) is greater than or equal to the high
preset variable (HSC:0.HIP).

This bit is updated continuously by the HSC sub-system whenever the controller is
in an executing mode.

Underflow (UF)

Description |Address |Data Format |HsC Modes!! |Type |User Program Access
UF - Underflow |HSC:0/UF |bit Oto7 status |read/write
(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UF (Underflow) status flag is set (1) by the HSC sub-system whenever the
accumulated value (HSC:0.ACC) has counted through the underflow vatiable
(HSC:0.UNF).

This bit is transitional and is set by the HSC sub-system. It is up to the control
program to utilize, track if necessary, and clear (0) the underflow condition.

Underflow conditions do not generate a controller fault.
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Underflow Mask (UFM)

Description |Address |Data Format |HSC Modes'! |Type |User Program Access
UFM - HSC:0/UFM |bit 2t07 control |read/write

Underflow

Mask

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UFM (Underflow Mask) control bit is used to enable (allow) or disable (not
allow) a underflow interrupt from occurring. If this bit is clear (0), and a Underflow
Reached condition is detected by the HSC, the HSC user interrupt is not executed.

This bit is controlled by the user program and retains its value through a power
cycle. It is up to the user program to set and clear this bit.

Underflow Interrupt (UF)

Description |Address |Data Format |Hgc Modes!! |Type |User Program Access

UFI - Underflow |HSC:0/UFI |bit 2to7 status |read/write
Interrupt

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The UFI (Underflow Interrupt) status bit is set (1) when the HSC accumulator
counts through the underflow value and the HSC interrupt is triggered. This bit
can be used in the control program to identify that the underflow condition caused
the HSC interrupt. If the control program needs to perform any specific control
action based on the underflow, this bit is used as conditional logic.

This bit can be cleared (0) by the control program and is also cleared by the HSC
sub-system whenever these conditions are detected:

¢ Low Preset Interrupt executes
e High Preset Interrupt executes
e Overflow Interrupt executes

e Controller enters an executing mode
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Overflow (OF)

Description |Address |DataFormat |HSc Modes'! |Type |User Program Access
OF - Overflow |HSC:0/0F |bit O0to? status |read/write
(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The OF (Overflow) status flag is set (1) by the HSC sub-system whenever the
accumulated value (HSC:0.ACC) has counted through the overflow variable
(HSC:0.0F).

This bit is transitional and is set by the HSC sub-system. It is up to the control
program to utilize, track if necessary, and clear (0) the overflow condition.

Overflow conditions do not generate a controller fault.

Overflow Mask (OFM)

Description |Address |Data Format |HSC Modes!!|Type |User Program Access
OFM - Overflow |HSC:0/0FM |bit Oto7 control |read/write

Mask

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The OFM (Overflow Mask) control bit is used to enable (allow) or disable (not
allow) an overflow interrupt from occurring. If this bit is clear (0), and an overflow
reached condition is detected by the HSC, the HSC user interrupt is not executed.

This bit is controlled by the user program and retains its value through a power
cycle. It is up to the user program to set and clear this bit.

Overflow Interrupt (OFl)

Description |Address |Data Format |HSC Modes!! |Type |User Program Access

OFI - Overflow |HSC:0/0FI [bit Oto7 status |read/write
Interrupt

(1) For Mode descriptions, see HSC Mode (MQOD) on page 101.

The OFI (Overflow Interrupt) status bit is set (1) when the HSC accumulator
counts through the overflow value and the HSC interrupt is triggered. This bit can
be used in the control program to identify that the overflow variable caused the
HSC interrupt. If the control program needs to perform any specific control action
based on the overtlow, this bit is used as conditional logic.
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This bit can be cleared (0) by the control program and is also cleared by the HSC
sub-system whenever these conditions are detected:

¢ Low Preset Interrupt executes
e High Preset Interrupt executes
e Underflow Interrupt executes

e Controller enters an executing mode

Count Direction (DIR)

Description |Address |Data Format |Hsc Modes! |Type |User Program Access

DIR - Count  |HSC:0/DIR |bit Oto7 status |read only
Direction

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The DIR (Count Direction) status flag is controlled by the HSC sub-system. When
the HSC accumulator counts up, the direction flag is set (1). Whenever the HSC
accumulator counts down, the direction flag is cleared (0).

If the accumulated value stops, the direction bit retains its value. The only time the
direction flag changes is when the accumulated count reverses.

This bit is updated continuously by the HSC sub-system whenever the controller is
in a run mode.

Mode Done (MD)

Description [Address |Data Format |Hsc Modes!! |Type |User Program Access
MD - Mode  [HSC:0/MD |bit Oort status |read/write

Done

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The MD (Mode Done) status flag is set (1) by the HSC sub-system when the HSC
is configured for Mode 0 or Mode 1 behavior, and the accumulator counts up to
the High Preset.
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Count Down (CD)
Description  |Address |Data Format |Hsc Modes!! |Type |User Program Access
CD - Count Down |HSC:0/CD |bit 2t07 status |read only

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The CD (Count Down) bit is used with the bidirectional counters (modes 2 to 7).
If the CE bit is set, the CD bit is set (1). If the CE bit is clear, the CD bit is
cleared (0).

Count Up (CU)
Description |Address |Data Format |Hsc Modes!! |Type |User Program Access
CU - Count Up |HSC:0/CU |hit Oto7 status |read only

(1) For Mode descriptions, see HSC Mode (MOD) on page 101.

The CU (Count Up) bit is used with all of the HSCs (modes 0 to 7). If the CE bit is
set, the CU bit is set (1). If the CE bit is clear, the CU bit is cleared (0).

HSC Mode (MOD)
Description Address Data Format Type User Program Access
MOD - HSC Mode |HSC:0.MOD |word (INT) control read only

The MOD (Mode) variable sets the High-Speed Counter to one of 8 types of
operation. This integer value is configured through the programming device and is
accessible in the control program as a read-only variable.

HSC Operating Modes

Mode Type

Number

0 Up Counter - The accumulator is immediately cleared (0) when it reaches the high

preset. A low preset cannot be defined in this mode.

Up Counter with external reset and hold - The accumulator is immediately cleared
(0) when it reaches the high preset. A low preset cannot be defined in this mode.

Counter with external direction

—_

Counter with external direction, reset, and hold

Two input counter (up and down)

Two input counter (up and down) with external reset and hold
Quadrature counter (phased inputs A and B)

Quadrature counter (phased inputs A and B) with external reset and hold

~N| O O B W N
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HSC Mode 0 - Up Counter
HSC Mode 0 Examples(”
Input Terminals |11.0.0/0 (HSCO) 11:0.0/1 (HSCO) |11:0.072 (HSCO) [11:0.0/3 (HSCO) |GE Bit |Comments
11:0.0/4 (HSC1) 11:0.0/5 (HSC1) |11:0.0/6 (HSC1) {11:0.0/7 (HSC1)

Function Count Not Used Not Used Not Used
Example 1 i on (1)  [HSC Accumulator + 1 count
Example 2 M fon [U [off(0) off(0)  [Hold accumulator value

(1)

(1) HSC1 only applies to the MicroLogix 1500.

Blank cells = don't care, ﬂ: rising edge, U =falling edge

HSC Mode 1 Examples(”

TIP

Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.

HSC Mode 1 - Up Counter with External Reset and Hold

InputTerminaIs 11:0.0/0 (HSCO) [11:0.0/1 (HSCO) ]11:0.0/2 (HSCO) 111:0.0/3 (HSCO) |CE Bit |Comments
11:0.0/4 (HSC1) |11:0.0/5(HSC1) |{11:0.0/6 (HSC1) |11:0.0/7 (HSC1)
Function Count Not Used Reset Hold
Example 1 n on [U Joff off [on (1) [HSC Accumulator + 1 count
(1) (0) (0)
Example 2 on [U off on Hold accumulator value
(1 (0) (1)
Example3 on [J [off off (0)  [Hold accumulator value
(1) (0)
Example 4 on [ |off on [J [off Hold accumulator value
(1) (0) (1) (0)
Example 5 n Clear accumulator (=0)

(1) HSC1 only applies to the MicroLogix 1500.

Blank cells = don't care, M- rising edge, U- falling edge

TIP

Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.

HSC Mode 2 - Counter with External Direction

HSC Mode 2 Examples(”
Input Terminals |11:0.0/0 (HSCO) [11:0.0/1 (HSCO] |11:0.0/2 (HSCO] |11:0.0/3 (HSCO] |CE Bit |Comments
11:0.0/4 (HSC1) {11:0.0/5 (HSC1) |11:0.0/6 (HSC1) {11:0.0/7 (HSC1)
Function Count Direction Not Used Not Used
Example 1 n off on(1)  [HSC Accumulator + 1 count
(0)
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HSC Mode 2 Examples“)

Input Terminals [11:0.0/0 (HSCO) [11:0.0/1 (HSCO] [11:0.0/2 (HSCO] [11:0.0/3 (HSCO) |CGE Bit |Comments
11:0.0/4 (HSC1) {11:0.0/5 (HSC1) |11:0.0/6 (HSC1) {11:0.0/7 (HSC1)

‘Example 2 m on on (1)  [HSC Accumulator - 1 count
(1)

Example3 off (0)  |Hold accumulator value

(1) HSC1 only applies to the MicroLogix 1500.

Blank cells = don't care, ﬂ: rising edge, U = falling edge

TIP Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.

HSC Mode 3 - Counter with External Direction, Reset, and Hold

HSC Mode 3 Examplesm
Input Terminals |11:0.0/0 (HSCO) |11:0.0/1 (HSCO) |11:0.0/2 (HSCO] |11:0.0/3 (HSCO] |CE Bit |Comments
11:0.0/4 (HSC1) |11:0.0/5 (HSC1) {I1:0.0/6 (HSC1) {11:0.0/7 (HSC1)
Function Count Direction Reset Hold
Example 1 m off on [U Joff off [on (1) [HSC Accumulator + 1 count
(0) (1) (0) (0)
Example 2 m on on [U Joff off fon (1) [HSC Accumulator - 1 count
(1) (1) (0) 0)
Example3 on [ [off on Hold accumulator value
(1) (0) (1)
Example 4 on [ [off off (0)  |Hold accumulator value
(1) (0)
Example 5 on |[J |off on [ [off Hold accumulator value
(1) 0) (1) (0)
Example 6 ] Clear accumulator (=0)

(1) HSC1 only applies to the MicroLogix 1500.

Blank cells = don't care, M- rising edge, U- falling edge

TIP Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.

HSC Mode 4 - Two Input Counter (up and down)

HSC Mode 4 Examplesm

InputTerminaIs [1:0.0/0 (HSCO) [11:0.0/1 (HSCO) [11:0.0/2 (HSCO) [11:0.0/3 (HSCO) |CE Bit Comments
11:0.0/4 (HSC1) |11:0.0/5(HSC1) {I11:0.0/6 (HSC1) {I1:0.0/7 (HSC1)

“Function Count Up Count Down |Not Used Not Used

Example 1 n on [J [off on(1)  |HSC Accumulator + 1 count
(1) 0)
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HSC Mode 4 Examples(”

Input Terminals [11.0.0/0 (HSCO) [11:0.0/1 (HSCO] |11:0.0/2 (HSCO) ]11:0.0/3 (HSCO) |CGE Bit |Comments
11:0.0/4 (HSC1) {11:0.0/5 (HSC1) |11:0.0/6 (HSC1) {11:0.0/7 (HSC1)

"Example 2 on [U Joff [T on (1)  [HSC Accumulator - T count
(1) (0)

Example3 off (0)  |Hold accumulator value

(1) HSC1 only applies to the MicroLogix 1500.

Blank cells = don't care, ﬂ: rising edge, U =falling edge

TIP Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.

HSC Mode 5 - Two Input Counter (up and down) with External Reset and Hold

HSC Mode 5 Examplesm
InputTerminaIs 11:0.0/0 (HSCO) [11:0.0/1 (HSCO) ]11:0.0/2 (HSCO) 111:0.0/3 (HSCO) |CE Bit |Comments
11:0.0/4 (HSC1) |11:0.0/5(HSC1) |{11:0.0/6 (HSC1) |11:0.0/7 (HSC1)
Function Count Direction Reset Hold
Example 1 n on [U Joff on [U Joff off [on (1) [HSC Accumulator + 1 count
(1) (0) (1) 0) 0)
Example 2 on [U [off [N on [U Joff off [on (1) [HSC Accumulator - 1 count
(1) (0) (1) 0) 0)
Example3 on [J |off on Hold accumulator value
(1) (0) (1)
Example 4 on [J [off off (0)  [Hold accumulator value
(1) 0)
Example 5 on [ [off on [J [off Hold accumulator value
(1) (0) (1) 0)
Example 6 ] Clear accumulator (=0)

(1) HSC1 only applies to the MicroLogix 1500.

Blank cells = don't care, M- rising edge, U- falling edge

TIP Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.

Using the Quadrature Encoder

The Quadrature Encoder is used for determining direction of rotation and
position for rotating, such as a lathe. The Bidirectional Counter counts the rotation
of the Quadrature Encoder.

The figure below shows a quadrature encoder connected to inputs 0, 1, and 2. The

count direction is determined by the phase angle between A and B. If A leads B,
the counter increments. If B leads A, the counter decrements.
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The counter can be reset using the Z input. The Z outputs from the encoders
typically provide one pulse per revolution.

al

Quadrature Encoder

A : o Input0
I
O Input 1
8 I
O Input2
VA
L - - -

(Reset input)

Forward Rotation

HSC Mode 6 - Quadrature Counter (phased inputs A and B)

HSC Mode 6 Examplesm
Input Terminals |11.0.0/0 (HSCO) IT:0.077 (HSCO) IT:0.0/2 [HSCO] |11:0.0/3 [HSCO] | CE Bit |Comments

11:0.0/4 (HSC1) 11:0.0/5 (HSC1) 11:0.0/6 (HSC1) {11:0.0/7 (HSC1)
Function CountA CountB Not Used Not Used
Example 1? i) off (0) on (1) [HSC Accumulator + 1 count
Example 29 U off (0) on (1) [HSC Accumulator - 1 count
Example3 off (0) Hold accumulator value
Example 4 on (1) Hold accumulator value
Example 5 on (1) Hold accumulator value
Example 6 off (0) |Hold accumulator value

(1) HSC1 only applies to the MicroLogix 1500.

(2) Count input A leads count input B.

(3) Count input B leads count input A.
Blank cells = don't care, - rising edge, Y- falling edge

TIP

Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
functions regardless of the HSC being used.
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HSC Mode 7 - Quadrature Counter (phased inputs A and B) With External Reset
and Hold

HSC Mode 7 Examples(”
Input 11:0.0/0 (HSCO) 11:0.0/1 (ASCO) _ |11:0.0/2 (HSCO) _ |11:0.0/3 (HSCO] _ |CE_|Comments
Terminals Bit
11:0.0/4 (HSC1) 11:0.0/5 (HSC1) 11:0.0/6 (HSC1) 11:0.0/7 (HSC1)

Function Count A CountB Z reset Hold
Example 12 |11 off (0) off (0) [on (1) [HSC Accumulator + 1 count
Example 2 off (0) off (0) off (0){on (1) {HSC Accumulator - 1 count
Example3 off (0) off (0)| [on (1) Reset accumulator to zero
Example 4 on (1) Hold accumulator value
Example 5 on (1) Hold accumulator value
Example 6 off (0)| {on (1) Hold accumulator value
Example 7 off (0) off (0) [Hold accumulator value
(1) HSC1 only applies to the MicroLogix 1500.
(2) Countinput A leads count input B.
(3) Count input B leads count input A.
Blank cells = don't care, M= rising edge, U= falling edge

TIP Inputs 11:0.0/0 through 11:0.0/7 are available for use as inputs to other
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functions regardless of the HSC being used.

Accumulator (ACC)

Description Address |Data Format Type |User Program Access

ACC - Accumulator |HSC:0.ACC |long word (32-bit INT) |control |read/write

The ACC (Accumulator) contains the number of counts detected by the HSC
sub-system. If either mode 0 or mode 1 is configured, #he value of the software
accummulator is cleared (0) when a high preset is reached or when an overflow
condition is detected.

High Preset (HIP)

Description Address |Data Format Type User Program Access

HIP - High Preset [HSC:0.HIP {long word (32-bit INT)  |control read/write

The HIP (High Preset) is the upper setpoint (in counts) that defines when the HSC
sub-system generates an interrupt. To load data into the high preset, the control
program must do one of the following:
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e Toggle (low to high) the Set Parameters (HSC:0/SP) control bit. When the
SP bit is toggled high, the data currently stored in the HSC function file is
transferred/loaded into the HSC sub-system.

e [.oad new HSC parameters using the HSL instruction. See HSL -
High-Speed Counter Load on page 110.

The data loaded into the high preset must be less than or equal to the data resident
in the overflow (HSC:0.OVF) parameter or an HSC error is generated.

Low Preset (LOP)

Description Address Data Format Type |User Program Access
LOP - Low Preset HSC:0.LOP long word (32-hit INT) [control |read/write

The LOP (Low Preset) is the lower setpoint (in counts) that defines when the HSC
sub-system generates an interrupt. To load data into the low preset, the control
program must do one of the following:

e Toggle (low to high) the Set Parameters (HSC:0/SP) control bit. When the
SP bit is toggled high, the data currently stored in the HSC function file is
transferred/loaded into the HSC sub-system.

® Load new HSC parameters using the HSL instruction. See HSL -
High-Speed Counter Load on page 110.

The data loaded into the low preset must greater than or equal to the data resident
in the undertlow (HSC:0.UNF) parameter, or an HSC error is generated. (If the
underflow and low preset values are negative numbers, the low preset must be a
number with a smaller absolute value.)

Overflow (OVF)

Description Address Data Format Type User Program Access
OVF - Overflow HSC:0.0VF  |long word (32-bit INT){control  |read/write

The OVF (Overtlow) defines the upper count limit for the counter. If the counter’s
accumulated value increments past the value specified in this variable, an overflow
interrupt is generated. When the overflow interrupt is generated, the HSC
sub-system rolls the accumulator over to the underflow value and the counter
continues counting from the underflow value (counts are not lost in this
transition). The user can specify any value for the overflow position, provided it is
greater than the underflow value and falls between -2,147,483,648 and
2,147,483,647.
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To load data into the overflow variable, the control program must toggle (low to
high) the Set Parameters (HSC:0.0/SP) control bit. When the SP bit is toggled
high, the data currently stored in the HSC function file is transferred/loaded into
the HSC sub-system.

TIP Data loaded into the overflow variable must be greater than the data
resident in the high preset (HSC:0.HIP) or an HSC error is generated.

Underflow (UNF)

Description Address Data Format Type User Program Access

UNF - Underflow [HSC:0.UNF  |long word (32-bit INT) |control read/write

The UNF (Underflow) defines the lower count limit for the counter. If the
counter’s accumulated value decrements past the value specified in this variable, an
underflow interrupt is generated. When the underflow interrupt is generated, the
HSC sub-system resets the accumulated value to the overflow value and the
counter then begins counting from the overflow value (counts are not lost in this
transition). The user can specify any value for the underflow position, provided it is
less than the overflow value and falls between -2,147,483,648 and 2,147,483,647.

To load data into the underflow variable, the control program must toggle (low to
high) the Set Parameters (HSC:0.0/SP) control bit. When the SP bit is toggled
high, the data currently stored in the HSC function file is transferred/loaded into
the HSC sub-system.
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TIP Data loaded into the overflow variable must be greater than the data
resident in the high preset (HSC:0.HIP) or an HSC error is generated.

Output Mask Bits (OMB)

Description Address Data Format Type |User Program Access
OMB - Qutput Mask Bits [HSC:0.0MB  [word (16-bit binary) [control |read only

The OMB (Output Mask Bits) define which outputs on the controller can be
directly controlled by the high-speed counter. The HSC sub-system has the ability
to directly (without control program interaction) turn outputs ON or OFF based
on the HSC accumulator reaching the High or Low presets. The bit pattern stored
in the OMB variable defines which outputs are controlled by the HSC and which
outputs are not controlled by the HSC.

The bit pattern of the OMB variable directly corresponds to the output bits on the
controller. Bits that are set (1) are enabled and can be turned on or off by the HSC
sub-system. Bits that are clear (0) cannot be turned on or off by the HSC
sub-system. The mask bit pattern can be configured only during initial setup.

The table below illustrates this relationship:

Affect of HSC Output Mask on Base Unit Qutputs

T)utput Address 16-Tt8igned Integer Data Word
15 (14 (13 (12 (11 (10 |9 |8 |7 5 |4 |3 1 |0
HSC:0.HPO (high preset output) o (1T |17 (0o {1 |0 [0 |1 0 |0 |

HSC:0.0MB (output mask)

00:0.0

The outputs shown in the black boxes are the outputs under the control of the
HSC sub-system. The mask defines which outputs can be controlled. The high
preset output or low preset output values (HPO or LPO) define if each output is
either ON (1) or OFF (0). Another way to view this is that the high or low preset
output is written through the output mask, with the output mask acting like a filter.

The bits in the gray boxes are unused. The first 12 bits of the mask word are used
and the remaining mask bits are not functional because they do not correlate to any

physical outputs on the base unit.

The mask bit pattern can be configured only during initial setup.
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HSL - High-Speed
Counter Load

HSL

HSC Number HSCO
High Preset N7:0
Low Preset N7:1
Output High Source N7:2
Output Low Source N7:3
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High Speed Counter Load  —

High Preset Output (HPO)

Description Address Data Format Type |User Program Access

HPO - High Preset Output |HSC:0.HPO  |word (16-bit binary)|control |read/write

The HPO (High Preset Output) defines the state (1 = ON or 0 = OFF) of the
outputs on the controller when the high preset is reached. See Output Mask Bits
(OMB) on page 109 for more information on how to directly turn outputs on or
off based on the high preset being reached.

The high output bit pattern can be configured during initial setup, or while the

controller is operating, Use the HSL instruction or the SP bit to load the new
parameters while the controller is operating,

Low Preset Output (LPO)

Description Address Data Format Type User Program Access

LPO - Low Preset Output [HSC:0.LPO  |word (16-bit binary) {control |read/write

The LPO (Low Preset Output) defines the state (1 = “on”, 0 = “off ) of the
outputs on the controller when the low preset is reached. See Output Mask Bits
(OMB) on page 109 for more information on how to directly turn outputs on or
off based on the low preset being reached.

The low output bit pattern can be configured during initial setup, or while the

controller is operating, Use the HSL instruction or the SP bit to load the new
parameters while the controller is operating,

Instruction Type: output

Controller Data Size Execution Time Wﬁung Is:
True False
MicroLogix 1200 {word 46.7 ps 0.0ps
long word 473 us 0.0pus
MicroLogix 1500  |word 39.7 us 0.0 us
long word 40.3 ps 0.0 s

The HSL (High-Speed Load) instruction allows the high and low presets, and high
and low output source to be applied to a high-speed counter. These parameters are
described below:
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e Counter Number - Specifies which high-speed counter is being used;
0 = HSCO and 1 = HSC1 (MicroLogix 1500 onby).

e High Preset - Specifies the value in the high preset register. The data ranges
for the high preset are -32786 to 32767 (word) and -2,147,483,648 to
2,147,483,647 (long word).

e Low Preset - Specifies the value in the low preset register. The data ranges
for the low preset are -32786 to 32767 (word) and -2,147,483,648 to
2,147,483,647 (long word).

e Output High Source - Specifies the value in the HPO - high preset output
register. The data range for the output high source is from 0 to 65,535.

e Output Low Source - Specifies the value in the LPO - low preset output
register. The data range for the output low source is from 0 to 65,535.

Valid Addressing Modes and File Types are shown below:

HSL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . i Address
Data Files Function Files Address Level
=2 Mode
7 -
£ © |® =
Parameter § E o |E I8 5 s |
2 a Q= A |s © s |
o N — © T |+ | |8 |2 T | |8
[T gmelgel=_zEEl=|lsle2|E|E|E|=|5]|2|E
© |- |» |m zlulblsREEEGIEEEISEBICEIEISEES S|
Counter Number .
High Preset o | o R . R o | o
Low Preset o | o o | o | o . R °
Output High Source o[ e IR . o | o | o o | o
Output Low Source o | o R . o | o | o o | o

RAC - Reset

Accumulated Value
Instruction Type: output
RAC
ggﬁﬁigccumU|ated \lfgg% Controller Execution Time When Rung Is:
Source 0
True False

MicroLogix 1200 |21.2 us 0.0ps
MicroLogix 1500 [17.8 us 0.0ps

The RAC instruction resets the high-speed counter and allows a specific value to
be written to the HSC accumulator. The RAC instruction uses the following
parameters:

e Counter Number - Specifies which high-speed counter is being used:
— Counter Number 0 = HSCO (Microlggixc 1200 and 1500)
— Counter Number 1 = HSC1 (MicroLogix 1500 onky)

e Soutce - Specifies the location of the data to be loaded into the HSC
accumulator. The data range is from -2,147,483,648 to 2,147,483,647.
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112 Using the High-Speed Counter and Programmable Limit Switch

Valid Addressing Modes and File Types are shown below:

RAC Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files Function Files (LTS Address Level
“ §> Mode
£
Parameter § £ ° £ |8 'g -
e £ & _ SELEEIBIE] = 5|2
o shlklRBielclelzEElREEle@I|E|EE|=|5]|E
ol lwwpklzlz S 2EREGEEIESEBB 2 ESIEEIS|S =
Counter Number .
Source . o | o | o .
Programmable Limit The Programmable Limit Switch function allows you to configure the High-Speed

Switch (PLS) File

Counter to operate as a PLS (programmable limit switch) or rotary cam switch.

When PLS operation is enabled, the HSC (High-Speed Counter) uses a PLS data
file for limit/cam positions. Each limit/cam position has corresponding data

parameters that are used to set or clear physical outputs on the controller’s base

unit. The PLS data file is illustrated below.

IMPORTANT  The PLS Function only operates in tandem with the HSC of a MicroLogix
1200 or 1500. To use the PLS function, an HSC must first be configured.

PLS Data File

Data files 9 to 255 can be used for PLS operations. Each PLS data file can be up to
256 elements long. Each element within a PLS file consumes 6 user words of

memory. The PLS data file is shown below:

=3 Data File PLS10

0 0000-0000-0000-0000 0000-0000-0000-0000

A1 2]
[FLS1:0.HIP N |

Symbol; | | e [ m
Desc: | |

F'LS'IEI::II Eropertiesl Uszage |

Help |
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PLS Operation

When the PLS function is enabled, and the controller is in the run mode, the HSC
will count incoming pulses. When the count reaches the first preset (High - HIP or
Low - LOP) defined in the PLS file, the output source data (High - OHD or Low -
OLD) will be written through the HSC mask.

At that point, the next preset (High - HIP or Low - LOP) defined in the PLS file
becomes active.

When the HSC counts to that new preset, the new output data is written through
the HSC mask. This process continues until the last element within the PLS file is
loaded. At that point the active element within the PLS file is reset to zero. This
behavior is referred to as circular operation.

TIP The Qutput High Data (QHD) is only written when the High preset (HIP) is
reached. The Output Low Data (OLD) is written when the low preset is
reached.

TIP Output High Data is only operational when the counter is counting up.

Output Low Data is only operational when the counter is counting down.

If invalid data is loaded during operation, an HSC error is generated (within the
HSC function file). The error will not cause a controller fault. If an invalid
parameter is detected, it will be skipped and the next parameter will be loaded for
execution (provided it is valid).

You can use the PLS in Up (high), Down (low), or both directions. 1f your
application only counts in one direction, simply ignore the other parameters.

The PLS function can operate with all of the other HSC capabilities. The ability to
select which HSC events generate a user interrupt are not limited.
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Addressing PLS Files

The addressing format for the PLS file is shown below.

Format Explanation

PLSf.e.s |PLS |Programmable Limit Switch file

f File number |The valid file number range is from 9 to 255.

Element delimiter

e Element number |The valid element number range is from 0 to 255.

Sub-Element delimiter

s Sub-Element number | The valid sub-element number range is from 0 to 5
Examples: | PLS10:2 PLS File 10, Element 2
PLS12:36.5 PLS File 12, Element 36, Sub-Element 5 (Qutput Low Source)
PLS Example
Setting up the PLS File

1. Using RSLogix 500, create a new project, give it a name and select the

appropriate controller.

Select Processor Type

Processor Mame: I PLS

Bul.1764

Bul . 1762
Bul. 1762
Bul . 1761
Bul. 1761
Bul. 1761
1747-L404
1747-1L40E

Caormrmunication settings

Diriveer

Hicrologix
H i |::1"|:|I.|:|l:[ i =
Hicrologix
Hicrologix
Hicrologix
Hicrologix
Hicrologix
24-115 VAC
24-115 VAC

1500 ISP Series

Serie ;
1200
1200
1000 Analog

1000 DH-485-HDSlawve
1000

In., 16-ELY Out

In. 16-TRIAC Out

1747-1511 5-01 CPU - 1K Mem. .:J
Bul 1764 Micrologix 1500 LRP Series C
Bul 1764 Hicrologixz 1500 LEFP Serie=s B
Bul 1764 Micrologix 1500 LSP Series C
Bul 1764 Hicrologixz 1500 LSP Series B
I

||

Proceszsor Mode:

4B_DF141

Reply Timeout:

ﬂ I1 Decimal [=1 who Active.. | |1D [Sec.)

Octal]
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2. Right click on Data Files and select New.

123 Program Files

Propetties. ..

3. Enter a file number (9 to 255) and select Programmable Limit Switch as
the type. A Name and/or Description may be entered as well, but is
not required.

Create Data File i x|

File:

LU= Frogrammable Limit

Binary
Tirner
Conter
Contral
Integer
Float
String

Attributes Lang
Meszage

PID
L De.bug Pragrammable Limit 5
[~ Skip When Deleling Unuzed b

Mame;

Desc:

Elements:

Scope

& Global

" Local T File: |2 - =l
Fratection

= Constart " Static % MNone

[~ Memary Module / Download

0K | Cancel | Help |

4. Elements refers to the number of PLS steps. For this example enter a value
----- B} cross Reference of 4.
----- B oo - output

""" 0 - vt If more steps are required at a later time, simply go to the properties for the
..... B s2-s1aTUS P q > ply g prop

[ B3- BNARY PLS data file and increase the number of elements.

..... [ 14 - TMER

----- [ c5- COUNTER 5. Under Data Files, PL.S70 should appear as shown to the left.
..... [ re - conTROL

..... [ w7 - NTEGER

..... [3 Fa-FLOAT
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6. Double-click on PLS70 under Data Files. For this example, enter the values
as illustrated below.

{4 Data File PL510 ] 1

OHLD LD
0000-0000-0000-0001 0000-0000-0000-0000
0 0000-0000-0000-0010 0000-0000-0000-0000
0 0000-0000-0000-0100 0000-0000-0000-0000
0 0000-0000-0000-1000 0000-0000-0000-0000

kI 2=
[PL51C:0.HIF | Fiadix:l |
Symbal; | | Lalurmis: I 4 VI

Desc: | |
FLS10 j FBroperties | Usage | Help |

PLS Data File Definitions:

Data Description Data Format

HIP High Preset 32-bit signed integer

LOP Low Preset

OHD Output High Data 16-bit binary
OLD Output Low Data

(bit 15--> 0000 0000 0000 0000 <--bit 0)

Once the values above have been entered for HIP and OHD, the PLS is
configured.

Configuring the HSC for Use with the PLS
1. Under Controller, double-click on Function Files.

2. For HSC:0, configure the HSC.MOD to use PLS10 and for the HSC to
operate in mode 00.

IMPORTANT The value for MOD must be entered in Hexadecimal.
For example, PLS10 = 0A and HSC Mode = 00

— HPR - High Preszet Reached i
- DIR - Count Direction ]
= UF - Underflow ]
- OF - Overflow ]
WD - Mode Done ]
- CD - Count Down ]
- CU - Count Up i
0D - PLS file [bits 15-8] HSC Mode [bits 7-0] [

- ALCC - Accumulator

- HIP - High Preset 1000
- LOP - Low Preset ]
- OWF - Qwerflow 2147483647
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PLS Operation for This Example

When the ladder logic first runs, HSC.ACC equals 0, therefore PLS10:0.0LD's
data is sent through the HSC.OMB mask and sets all the outputs off.

When HSC.ACC equals 250, the PLS10:0.OHD is sent through the HSC.OMB
mask and energizes the outputs.

This will repeat as the HSC.ACC reaches 500, 750, and 1000. Once completed, the
cycle resets and repeats.
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Chapter 5

PTO - Pulse Train Qutput

PTO
Pulse Train Output —
PTO Number 0
Pulse Train Qutput
Function

Using High-Speed Qutputs

The high-speed output instructions allow you to control and monitor the PTO and
PWM functions which control the physical high-speed outputs.

Instruction Used To: Page
PTO - Pulse Train Qutput Generate stepper pulses 119
PWM - Pulse Width Modulation Generate PWM output 137

IMPORTANT The PTO function can only be used with the controller's embedded /0. It
cannot be used with expansion 1/0 modules.

IMPORTANT  The PTQ instruction should only be used with MicroLogix 1200 and 1500

BXB units. Relay outputs are not capable of performing very high-speed
operations.

Instruction Type: output

Execution Time for the PTO Instruction

Controller When Rung Is:

True False
MicroLogix 1200 [75.6 us 244 us
MicroLogix 1500 |72.6 us 211 us

The MicroLogix 1200 1762-1.24BXB and 1762-1.40BXB controllers each support
one high-speed output. A MicroLogix 1500 controller utilizing a 1764-28BXB Base
Unit supports two high-speed outputs. These outputs can be used as standard
outputs (not high-speed) or individually configured for PTO or PWM operation.
The PTO functionality allows a simple motion profile or pulse profile to be

generated directly from the controller. The pulse profile has three primary
components:

e Total number of pulses to be generated
e Accelerate/decelerate intervals

e Run interval
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The PTO instruction, along with the HSC and PWM functions, are different than
most other controller instructions. Their operation is performed by custom
circuitry that runs in parallel with the main system processor. This is necessary
because of the high performance requirements of these functions.

In this implementation, the user defines the total number of pulses to be generated
(which corresponds to distance traveled), and how many pulses to use for each
acceleration/deceleration petiod. The number of pulses not used in the
acceleration/deceleration period defines how many pulses are generated during the
run phase. In this implementation, the acceleration/deceleration intervals are the
same.

TIP With MicroLogix 1200 FRN 8, MicroLogix 1500 FRN 9 and RSLogix 500
version 6.10.10 and higher, the accelerate/decelerate intervals are no
longer required to be the same. Independent values can now be defined for
these intervals. The ADI bit in the PTO function file is used to enable this
feature. See page 124.

Within the PTO function file, there are PTO element(s). An element can be set to
control either output 2 (00:0/2 on 1762-1.24BXB, 1762-1.40BXB and
1764-28BXB) or output 3 (00:0/3 on 1764-28BXB only).

The interface to the PTO sub-system is accomplished by scanning a PTO
instruction in the main program file (file number 2) or by scanning a PTO
instruction in any of the subroutine files. A typical operating sequence of a PTO
instruction is as follows:

1. The rung that a PTO instruction is on is solved true.

2. The PTO instruction is started, and pulses are produced based on the
accelerate/decelerate (ACCEL) parameters, which define the number of
ACCEL pulses and the type of profile: s-curve or trapezoid.

3. The ACCEL phase completes.

4. The RUN phase is entered and the number of pulses defined for RUN
are output.

5. The RUN phase completes.

6. Decelerate (DECEL) is entered, and pulses are produced based on the
accelerate/decelerate parameters, which define the number of DECEL
pulses and the type of profile: s-curve or trapezoid.

7. The DECEL phase completes.

8. The PTO instruction is DONE.
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While the PTO instruction is being executed, status bits and information are
updated as the main controller continues to operate. Because the PTO instruction
is actually being executed by a parallel system, status bits and other information are
updated each time the PTO instruction is scanned while it is running, This
provides the control program access to PTO status while it is running,

TIP PTO status is only as fresh as the scan time of the controller. Worst case
latency is the same as the maximum scan of the controller. This condition
can be minimized by placing a PTO instruction in the STI (selectable timed
interrupt) file, or by adding PTO instructions to your program to increase
how often a PTQ instruction is scanned.

The charts in the following examples illustrate the typical timing sequence/
behavior of a PTO instruction. The stages listed in each chart have nothing to do
with controller scan time. They simply illustrate a sequence of events. In actuality,
the controller may have hundreds or thousands of scans within each of the stages
illustrated in the examples.

Conditions Required to Start the PTO

The following conditions must exist to start the PTO:

® The PTO instruction must be in an idle state.
e For idle state behavior, all of the following conditions must be met:
— Jog Pulse (JP) bit must be off
- Jog Continuous (JC) bit must be off
— Enable Hard Stop (EH) bit must be off
— Normal Operation (NS) bit must be off
— The output cannot be forced

e The rung it is on must transition from a False state (0) to a True state (1).

Momentary Logic Enable Example

In this example, the rung state is a momentary or transitional type of input. This
means that the false-to-true rung transition enables the PTO instruction and then
returns to a false state prior to the PTO instruction completing its operation.

If a transitional input to the PTO instruction is used, the Done (DN) bit turns on

when the instruction completes, but only remains on until the next time the PTO
instruction is scanned in the user program. The structure of the control program
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determines when the DN bit goes off. So, to detect when the PTO instruction
completes its output, you can monitor the Done (DN), Idle (ID), or Normal
Operation (NO) status bits.

[Stage 0 12 3 4 |5 61 8 [9 10 |11 |12

Rung State

Sub-Elements:

Relative ﬁming

Normal Operation/NO

Accelerate Status/AS

Run Status/RS

Decelerate Status/DS

]

Enable/EN

T
| I
]
.

Done/DN

| [ ]

dle/ID

Jog Pulse/JP

Jog Continuous/JC
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I
Start of PTO Start of PTO

Standard Logic Enable Example

In this example, the rung state is a maintained type of input. This means that it
enables the PTO instruction Normal Operation (NO) and maintains its logic state
until after the PTO instruction completes its operation. With this type of logic,
status bit behavior is as follows:
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The Done (DN) bit becomes true (1) when the PTO completes and remains set
until the PTO rung logic is false. The false rung logic re-activates the PTO
instruction. To detect when the PTO instruction completes its output, monitor the

done (DN) bit.

Stage

0 12 |3 4 [5 161 8 [9 (10 |11 |12

Rung State

| L]

Sub-Elements:

Relative ﬁming

Normal Operation /NO

Accelerate Status /AS

Run Status /RS

Decelerate Status /DS

Enable /EN ]
Idle /ID L 1] y—\:
Jog Pulse /JP ]

Jog Continuous /JC ]

Pulse Train Qutputs
(PTO) Function File

l
l
j +

Start of PTO Start of PTO

Within the RSLogix 500 Function File Folder, you see a PTO Function File with
two elements, PTOO (1762-1.24BXB, 1762-L.40BXB, and 1764-28BXB) and PTO1
(1764-28BXB only). These elements provide access to PTO configuration data and
also allow the control program access to all information pertaining to each of the
Pulse Train Outputs.

TIP If the controller mode is run, the data within sub-element fields may be
changing.
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;_;:4 Function Files ;IEIEI

HsC PTO |Pwm | sTi |en | RTC |oar | 1A | <]

Addreszs | W alle | e
= PTO:O [
— OUT - Dutput -

1
— DM - Done 1]
— D5 - Decelerating Status 1]
— RS - Run Statuz 1]
— A5 - Accelerating Statuz 1]
— AP - Ramp Frofile 1]
— C5 - Control Stop 1]
— |5 - ldle Statuz 1]
— ED - Error Detected Status 1]
— M5 - Normal Operation Statug 1]
— JPS - Jog Pulze Statuz 1]
— JCS - Jog Continuous Status 1]
— A0 - Accel/Decel Pulzes Independent 1]
— JP - Jog Fulze 1]
— JC - Jog Continuous 1]
— EH - Enable Hard Stop 1]
— EM - Enable Status [follows rung state) 1]
— ER - Ermor Code 1]
— OF - Output Frequency [Hz) 1]
— OF5 - Operating Frequency Status [Hz) 1]
— JF - Jog Frequency [Hz) 1]
— TOP - Total Output Pulzes To Be Generated 1]
— PP - Output Pulzes Produced 1]
| = A0P - Accel/Decel Pulzes or File:Elem, i ADI=1 0

|+

Pulse Train Outp ut The variables within each PTO sub-element, along with what type of behavior and
Function Fil access the control program has to those variables, are listed individually below. All
unctio e examples illustrate PTO 0. Terms and behavior for PTO 1 (MicroLogix 1500 only)
Sub-Elements Summary  arc identical

Pulse Train Output Function File (PT0:0)

Sub-Element ﬁescription Address Data ﬁange Type User F’rogram For More
Format Access Information
OUT - Output PTO:0.0UT word (INT) [2or3 control  [read only 125
DN - Done PTO:0/DN bit Oor1 status  |read only 126
DS - Decelerating Status PT0:0/DS bit Oor1 status  |read only 126
RS - Run Status PT0:0/RS bit Oor1 status  |read only 126
AS - Accelerating Status PTO:0/AS bit Oor1 status  |read only 127
RP - Ramp Profile PTO:0/RP bit Oor1 control  |read/write 127
IS - Idle Status PTO:0/IS bit Oor1 status  |read only 127
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125

Pulse Train Qutput Function File (PT0:0)

"Sub-Element ﬁescription Address Data ﬁange Type User I-’rogram For More
Format Access Information
ED - Error Detected Status PTO:0/ED bit Oor1 status  [read only 128
NS - Normal Operation Status PTO:0/NS bit Oor1 status  [read only 128
JPS - Jog Pulse Status PT0:0/JPS bit Oor1 status  |read only 134
JCS - Jog Continuous Status PT0:0/JCS bit Oor1 status  |read only 135
ADI - Accel/Decel Pulses Independent PTO:0/ADI bit Oort control  |read/write 131
JP - Jog Pulse PTO:0/JP bit Oor1 control  |read/write 134
JC - Jog Continuous PT0:0/JC bit Oor1 control  |read/write 135
EH - Enable Hard Stop PTO:0/EH bit Oor1 control  [read/write 129
EN - Enable Status (follows rung state) PTO:0/EN bit Oor1 status  |read only 129
ER - Error Code PTO:0.ER word (INT) |-2to7 status read only 136
OF - Output Frequency (Hz) PTO:0.0F word (INT) {0 to 20,000 control  |read/write 129
OFS - Operating Frequency Status (Hz) PT0:0.0FS word (INT) {0 to 20,000 status  |read only 130
JF - Jog Frequency (Hz) PTO:0.JF word (INT) {0 to 20,000 control  |read/write 134
TOP - Total Qutput Pulses To Be Generated  |PT0:0.TOP long word |0 to control  |read/write 130
(32-bit INT) |2,147,483,647
OPP - Output Pulses Produced PT0:0.0PP long word |0 to status  |read only 130
(32-bit INT) |2,147,483,647
ADP - Accel/Decel Pulses PTO:0.ADP long word |see p. 131 control  |read/write 131
(32-bit INT)
CS - Controlled Stop PT0:0/CS bit Oor1 control  |read/write 133
PTO Qutput (OUT)
Sub-Element |Address |Data Format Range Type User Program
Description Access
OUT - Output  |PTO:0.0UT |word (INT) 20r3 control  |read only

The PTO OUT (Output) vatiable defines the output (O0:0/2 or O0:0/3) that the
PTO instruction controls. This variable is set within the function file folder when
the control program is written and cannot be set by the user program.

e When OUT = 2, PTO pulses output 2 (00:0.0/2) of the embedded outputs
(1762-1.24BXB, 1762-1.40BXB, and 1764-28BXB).

e When OUT = 3, PTO pulses output 3 (00:0.0/3) of the embedded outputs
(1764-28BXB only).

TIP

Forcing an output controlled by the PTO while it is running stops all output

pulses and causes a PTO error.
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PTO Done (DN)

Sub-Element Address |Data Format |Range |Type |User Program
Description Access

DN - Done PTO:0/DN |bit Oor1 status [read only

The PTO DN (Done) bit is controlled by the PTO sub-system. It can be used by

an input instruction on any rung within the control program. The DN bit operates
as follows:

e Set (1) - Whenever a PTO instruction has completed its operation
successfully.
e Cleared (0) - When the rung the PTO is on is false. If the rung is false when

the PTO instruction completes, the Done bit is set until the next scan of the
PTO instruction.

PTO Decelerating Status (DS)

Sub-Element Address
Description

DS - Decelerating Status |PT0:0/DS  |bit

Data Format |Range |Type User Program

Access
Oor1 status |read only

The PTO DS (Decel) bit is controlled by the PTO sub-system. It can be used by an

input instruction on any rung within the control program. The DS bit operates as
follows:

e Set (1) - Whenever a PTO instruction is within the deceleration phase of the
output profile.

e Cleared (0) - Whenever a PTO instruction is not within the deceleration
phase of the output profile.

PTO Run Status (RS)

Sub-Element Address
Description

RS - Run Status ~ |PTO:0/RS bit

Data Format Range |Type User Program

Access
Oort status read only

The PTO RS (Run Status) bit is controlled by the PTO sub-system. It can be used

by an input instruction on any rung within the control program. The RS bit
operates as follows:

e Set (1) - Whenever a PTO instruction is within the run phase of the
output profile.
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e Cleared (0) - Whenever a PTO instruction is not within the run phase of the
output profile.

PTO Accelerating Status (AS)

Sub-Element Address |Data Range |Type |UserProgram
Description Format Access
AS - Accelerating Status ~ |PTO:0/AS | bit Oor1 status |read only

The PTO AS (Accelerating Status) bit is controlled by the PTO sub-system. It can

be used by an input instruction on any rung within the control program. The AS
bit operates as follows:

e Set (1) - Whenever a PTO instruction is within the acceleration phase of the
output profile.

® Cleared (0) - Whenever a PTO instruction is not within the acceleration
phase of the output profile.

PTO Ramp Profile (RP)

Sub-Element Address |Data Format |Range Type |User Program
Description Access

RP - Ramp Profile PTO:0/RP |bit Oor1 control |read/write

The PTO RP (Ramp Profile) bit controls how the output pulses generated by the
PTO sub-system accelerate to and decelerate from the Output Frequency that is
set in the PTO function file (PTO:0.0F). It can be used by an input or output

instruction on any rung within the control program. The RP bit operates as
follows:

e Set (1) - Configures the PTO instruction to produce an S-Curve profile.

e Cleared (0) - Configures the PTO instruction to produce a Trapezoid profile.

PTO Idle Status (IS)

Sub-Element Address |Data Format |Range |Type |User Program
Description Access

IS - Idle Status PTO:0/IS |hit Oor1 status  |read only
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The PTO IS (Idle Status) is controlled by the PTO sub-system. It can be used in
the control program by an input instruction. The PTO sub-system must be in an
idle state whenever any PTO operation needs to start.

The IS bit operates as follows:

e Set (1) - PTO sub-system is in an idle state. The idle state is defined as the
PTO is not running and no errors are present.

e Cleared (0) - PTO sub-system is not in an idle state (it is running)

PTO Error Detected (ED)

Sub-Element Address |Data Format [Range |Type |User Program
Description Access

ED - Error Detected Status [PTO:0/ED |bit Oor1 status [read only

The PTO ED (Error Detected Status) bit is controlled by the PTO sub-system. It
can be used by an input instruction on any rung within the control program to
detect when the PTO instruction is in an error state. If an error state is detected,
the specific error is identified in the error code register (PTO:0.ER). The ED bit
operates as follows:

e Set (1) - Whenever a PTO instruction is in an error state

e Cleared (0) - Whenever a PTO instruction is not in an error state

PTO Normal Operation Status (NS)

Sub-Element Description  |Address |Data Format |Range |Type |User Program
Access

NS - Normal Operation Status [PT0:0/NS |bit Oor1 |status |read only

The PTO NS (Normal Operation Status) bit is controlled by the PTO sub-system.
It can be used by an input instruction on any rung within the control program to
detect when the PTO is in its normal state. A normal state is ACCEL, RUN,
DECEL or DONE, with no PTO errors. The NS bit operates as follows:

e Set (1) - Whenever a PTO instruction is in its normal state

e Cleared (0) - Whenever a PTO instruction is not in its normal state
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PTO Enable Hard Stop (EH)

Sub-Element Address |Data Format |Range |Type |User Program
Description Access
EH - Enable Hard Stop  |PTO:0/EH  |bit Oor1 control |read/write

The PTO EH (Enable Hard Stop) bit is used to stop the PTO sub-system
immediately. Once the PTO sub-system starts a pulse sequence, the only way to
stop generating pulses is to set the enable hard stop bit. The enable hard stop
aborts any PT'O sub-system operation (idle, normal, jog continuous or jog pulse)
and generates a PTO sub-system error. The EH bit operates as follows:

e Set (1) - Instructs the PT'O sub-system to stop generating pulses
immediately (output off = 0)

e Cleared (0) - Normal operation

PTO Enable Status (EN)

Sub-Element Address |Data Format Range |Type User Program
Description Access

EN - Enable Status PTO:0/EN  |bit Oor1 status  |read only
(follows rung state)

The PTO EN (Enable Status) is controlled by the PTO sub-system. When the
rung preceding the PTO instruction is solved true, the PTO instruction is enabled
and the enable status bit is set. If the rung preceding the PTO instruction
transitions to a false state before the pulse sequence completes its operation, the
enable status bit resets (0). The EN bit operates as follows:

e Set (1) - PTO is enabled
e Cleared (0) - PTO has completed, or the rung preceding the PTO is false

PTO Output Frequency (OF)

Sub-Element Description |Address |Data Range Type User Program
Format Access

OF - Output Frequency (Hz) ~ |PT0:0.0F {word (INT) {0 to 20,000 |control |read/write

The PTO OF (Output Frequency) variable defines the frequency of the PTO
output during the RUN phase of the pulse profile. This value is typically
determined by the type of device that is being driven, the mechanics of the
application, ot the device/components being moved. Data less than zero and
greater than 20,000 generates a PTO error.
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PTO Operating Frequency Status (OFS)

Sub-Element Address |Data Format [Range Type |User Program
Description Access

OFS - Operating PTO:0.0FS |word (INT)  |0t0 20,000 |status |read only
Frequency Status (Hz)

The PTO OFS (Output Frequency Status) is generated by the PTO sub-system
and can be used in the control program to monitor the actual frequency being
produced by the PTO sub-system.

TIP The value displayed may not exactly match the value entered in the
PTO:0.0F. This is because the PTO sub-system may not be capable of
reproducing an exact frequency at some of the higher frequencies. For PTO
applications, this is typically not an issue because, in all cases, an exact
number of pulses are produced.

PTO Total Output Pulses To Be Generated (TOP)

Sub-Element Address |Data Range Type |User
Description Format Program

Access
TOP - Total Output PTO:0.TOP {long word |0 to 2,147,483,647 |control |read/write
Pulses To Be Generated (32-bit INT)

The PTO TOP (Total Output Pulses) defines the total number of pulses to be
generated for the pulse profile (accel/run/decel inclusive).

PTO Output Pulses Produced (OPP)

Sub-Element Address |Data Range Type |User Program
Description Format Access

OPP - Qutput PT0:0.0PP |{longword |0to2,147,483,647 |status |read only
Pulses Produced (32-bit INT)

The PTO OPP (Output Pulses Produced) is generated by the PTO sub-system and
can be used in the control program to monitor how many pulses have been
generated by the PTO sub-system.
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PTO Accel/Decel Pulses Independent (ADI)

Sub-Element Address |Data Format |Range Type User Program
Description Access

ADI - Accel/Decel  |PTO:0/ADI |bit Oor1 control  |read/write
Pulses Independent

The PTO ADI (Accel/Decel Pulses Independent) bit is used to define whether the
acceleration and deceleration intervals will be the same, or if each will have a
unique value. When this bit is set (1), separate profiles are used. When this bit is
clear (0), the PTO will operate with the deceleration profile as a mirror of the
acceleration profile.

If separate acceleration and deceleration profiles are desired, you must choose a
long integer file number and a starting element. There must be four long elements
available in the file:

Element 1: Acceleration Count
Element 2: Deceleration Count
Elements 3 and 4: reserved

The choice of selecting a common profile or separate profiles must be made at the
time of programming. This cannot be changed once the program is downloaded
into the controller. The selection of the ramp type must be made prior to going to
run. The acceleration and deceleration counts must be entered before the PTO is
enabled. If the four long elements are not properly identified, the controller will
return a -3 error in the PT'O function file when going to run.

PTO Accel / Decel Pulses or File:Elem, if ADI=1 (ADP)

Sub-Element Address Data Format |Range Type User Program
Description Access

ADP - Accel/Decel  |PTO:0.ADP  [longword (32-hit |see below |control |read/write
Pulses INT)

The PTO ADP (Accel/Decel Pulses) defines how many of the total pulses (TOP
variable) will be applied to each of the ACCEL and DECEL components. The
ADP will determine the acceleration and deceleration rate from 0 to the PTO
Output Frequency (OF). The PTO Output Frequency (OF) defines the operating
frequency in pulses/second during the run portion of the profile.
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TIP When entering the ADP parameters, the PTO will generate an Accel/
Decel Error if one of the following conditions occur:

” The total pulses for the acceleration and deceleration phases is less than
0.

” The total pulses for the acceleration and deceleration phases is greater
than the total output pulses to be generated (TOP).

Acceleration and deceleration values can either be identical (ADI = 0), or
a unique value for each (ADI = 1).

In the example below,

e TOP (total output pulses) = 12,000

e ADP (accelerate/decelerate pulses)= 6,000 (This is the maximum ADP
value that may be entered without causing a fault. The run portion will

equal 0.)
A T T \
/ \
, \
, \
, \
/ \
y \
/ \
/ \
/ \
Accel Run Decel
- 12,000 ——
Accel Run Decel
6,000 0 6,000

In this example, the maximum value that could be used for accelerate/decelerate is
6000, because if both accelerate and decelerate are 6000, the total number of pulses
= 12,000. The run component would be zero. This profile would consist of an
acceleration phase from 0 to 6000. At 6000, the output frequency (OF variable) is
generated and immediately enters the deceleration phase, 6000 to 12,000. At
12,000, the PT'O operation would stop (output frequency = 0).

If you need to determine the ramp petiod (accelerate/decelerate ramp duration):
e 2 x ADP/OF = duration in seconds (OF = output frequency)

The following formulas can be used to calculate the maximum frequency limit for

both profiles. The maximum frequency = the integer which is less than or equal to
the result found below (OF = output frequency):

e For Trapezoid Profiles: [OF x (OF/4)] + 0.5
e For S-Curve Profiles: 0.999 x OF x SQRT(OF/6)
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PTO Controlled Stop (CS)

Sub-Element Description  |Address Data Range |Type |UserProgram
Format Access
CS - Controlled Stop PTO:0/CS  |bit Oor1 control |read/write

The PTO CS (Controlled Stop) bit is used to stop an executing PTO instruction, in
the run portion of the profile, by immediately starting the decel phase. Once set,
the decel phase completes without an error or fault condition.

Normal Ramp Function without CS

Accel Run Decel

Controlled
Stop (CS) Set

Ramp Function \_ Normal Ramp

Decel After CS \ Function

is Set \
\
\

Accel Run Decel

If the CS bit is set during the accel phase, the accel phase completes and the PTO
immediately enters the decel phase.

Controlled
Stop (CS) Set

Ramp Function \\ Normal Ramp
Decel After CS \ Function

is Set \
\

\

Accel Decel
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PTO Jog Frequency (JF)
Sub-Element Address |Data Range Type User Program
Description Format Access

JF - Jog Frequency (Hz)  |PTO:0.JF  |{word (INT) |0t0 20,000 |control |read/write

The PTO JF (Jog Frequency) variable defines the frequency of the PTO output
during all Jog phases. This value is typically determined by the type of device that is
being driven, the mechanics of the application, or the device/components being
moved). Data less than zero and greater than 20,000 generates a PTO error.

PTO Jog Pulse (JP)

Sub-Element Address |Data Format Range Type User Program
Description Access

JP - Jog Pulse PTO:0/JP  |bit Oor1 control  |read/write

The PTO JP (Jog Pulse) bit is used to instruct the PT'O sub-system to generate a
single pulse. The width is defined by the Jog Frequency parameter in the PTO
function file. Jog Pulse operation is only possible under the following conditions:

e PTO sub-system in idle
® Jog continuous not active

e Enable not active
The JP bit operates as follows:

e Set (1) - Instructs the PT'O sub-system to generate a single Jog Pulse
e Cleared (0) - Arms the PTO Jog Pulse sub-system

PTO Jog Pulse Status (JPS)

Sub-Element Address Data Range Type |User Program
Description Format Access
JPS - Jog Pulse Status PTO:0/JPS bit Oor1 status |read only

The PTO JPS (Jog Pulse Status) bit is controlled by the PTO sub-system. It can be
used by an input instruction on any rung within the control program to detect
when the PTO has generated a Jog Pulse.
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The JPS bit operates as follows:

e Set (1) - Whenever a PTO instruction outputs a Jog Pulse
e Cleared (0) - Whenever a PTO instruction exits the Jog Pulse state

TIP The output (jog) pulse is normally complete with the JP bit set. The JPS bit
remains set until the JP bit is cleared (0 = off).

PTO Jog Continuous (JC)

Sub-Element Address |Data Format |Range Type |User Program
Description Access
JC - Jog Continuous PT0:0/JC |bit Oor1 control |read/write

The PTO JC (Jog Continuous) bit instructs the PT'O sub-system to generate
continuous pulses. The frequency generated is defined by the Jog Frequency
parameter in the PTO function file. Jog Continuous operation is only possible
under the following conditions:

e PTO sub-system in idle
® Jog Pulse not active

e Enable not active
The JC bit operates as follows:

e Set (1) - Instructs the PT'O sub-system to generate continuous Jog Pulses
e Cleared (0) - The PTO sub-system does not generate Jog Pulses

When the Jog Continuous bit is cleared, the current output pulse is truncated.

PTO Jog Continuous Status (JCS)

Sub-Element Description |Address Data Range Type |User Program
Format Access
JCS - Jog Continuous Status [PT0:0/JCS  |bit Oor1 status |read only

The PTO JCS (Jog Continuous Status) bit is controlled by the PTO sub-system. It
can be used by an input instruction on any rung within the control program to

detect when the PTO is generating continuous Jog Pulses. The JCS bit operates as
follows:

e Set (1) - Whenever a PTO instruction is generating continuous Jog Pulses

e Cleared (0) - Whenever a PTO instruction is not generating continuous Jog
Pulses.
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Pulse Train Output Error Codes

PTO Error Code (ER)

Sub-Element Address |Data Format |Range Type User Program
Description Access

ER - Error Code PTO:0.ER  |word (INT) -3to7 status read only

PTO ER (Error Codes) detected by the PTO sub-system are displayed in this
register. The error codes are shown in the table below:

Error |Non-User |Recoverable |Instruction |Error Description
Code |Fault Fault Errors Name
-3 No Yes Yes Undefined |Acceleration Count and Deceleration not defined during going to run mode
Accel/ when Accel/Decel Pulses Independent (ADI) is set (1).
Decel
-2 Yes No No Overlap  |An output overlap is detected. Multiple functions are assigned to the same
Error physical output. This is a configuration error. The controller faults and the
User Fault Routine does not execute. Example: PTO0 and PTO1 are both
attempting to use a single output.
-1 Yes No No Output An invalid output has been specified. Qutput 2 and output3 are the only valid
Error choices. This is a configuration error. The controller faults and the User Fault
Routine does not execute.
0 - Normal Normal (0 = no error present)
1 No No Yes Hardstop |This error is generated whenever a hard stop is detected. This error doesnot
Detected |fault the controller.
To clear this error, scan the PTO instruction on a false rung and reset the EH
(Enable Hard Stop) bit to 0.
2 No No Yes Qutput The configured PTO output (2 or 3) is currently forced. The forced condition
Forced must be removed for the PTO to operate.
Error
This error does not fault the controller. It is automatically cleared when the
force condition is removed.
3 No Yes No Frequency |The operating frequency value (OFS) is less than 0 or greater than 20,000.
Error This error faults the controller. It can be cleared by logic within theUser Fault
Routine.
4 No Yes No Accel/ The accelerate/decelerate parameters (ADP) are:
Decel
Error e |ess than zero
e greater than half the total output pulses to be generated (TOP)
o Accel/Decel exceeds limit (See page 131.)
This error faults the controller. It can be cleared by logic within theUser Fault
Routine.
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Pulse Train Output Error Codes

Error |Non-User |[Recoverable |Instruction |Error Description
Code |Fault Fault Errors Name
5 No No Yes Jog Error |PTO is in the idle state and two or more of the following are set:
e Enable (EN) bit set
e Jog Pulse (JP) bit set
e Jog Continuous (JC) bit set
This error does not fault the controller. It is automatically cleared when the
error condition is removed.
6 No Yes No Jog The jog frequency (JF) value is less than 0 or greater than 20,000. This error
Frequency [faults the controller. It can be cleared by logic within the User Fault Routine.
Error
7 No Yes No Length The total output pulses to be generated (TOP) is less than zero. This error
Error faults the controller. It can be cleared by logic within the User Fault Routine.
PWM - Pulse Width
MOdlllatIOH IMPORTANT The PWM function can only be used with the controller's embedded 1/0. It
cannot be used with expansion 1/0 modules.
PWM
— Pulse Width Modulation
PWM Number 1
IMPORTANT The PWM instruction should only be used with MicroLogix 1200 and 1500

PWM Function

BXB units. Relay outputs are not capable of performing very high-speed
operations.

Instruction Type: output

Execution Time for the PWM Instruction

Controller When Rung Is:

True False
MicrolLogix 1200 126.6 us 247 us
MicroLogix 1500 107.4 us 21.1 us

The PWM function allows a field device to be controlled by a PWM wave form.
The PWM profile has two primary components:

e Frequency to be generated

¢ Duty Cycle interval

The PWM instruction, along with the HSC and PTO functions, are different than
all other controller instructions. Their operation is performed by custom circuitry
that runs in parallel with the main system processor. This is necessary because of
the high performance requirements of these instructions.

Publication 1762-RM001H-EN-P - July 2014



138  Using High-Speed Outputs

Pulse Width Modulation
(PWM) Function File

Publication 1762-RMO00TH-EN-P - July 2014

The interface to the PWM sub-system is accomplished by scanning a PWM
instruction in the main program file (file number 2), or by scanning a PWM
instruction in any of the subroutine files. A typical operating sequence of a PWM
instruction is as follows:

1. The rung that a PWM instruction is on is solved true (the PWM is started).
2. A waveform at the specified frequency is produced.

3. The RUN phase is active. A waveform at the specified frequency with the
specified duty cycle is output.

4. The rung that the PWM is on is solved false.
5. The PWM instruction is IDLE.

While the PWM instruction is being executed, status bits and data are updated as
the main controller continues to operate. Because the PWM instruction is actually
being executed by a parallel system, the status bits and other information are
updated each time the PWM instruction is scanned while it is running. This
provides the control program access to PWM status while it is running,

TIP PWM status is only as fresh as the scan time of the controller. Worst case
latency is the maximum scan of the controller. This condition can be
minimized by placing a PWM instruction in the STl (selectable timed
interrupt) file, or by adding PWM instructions to your program to increase
how often a PWM instruction is scanned.

Within the PWM function file are two PWM elements. Each element can be set to
control either output 2 (00:0/2 on 1762-1.24BXB, 1762-1.40BXB, and
1764-28BXB) or output 3 (00:0/3 on 1764-28BXB only). Function file element
PWM:0 is shown below.

= Function Files

HsC | PTo PwM |sTi Jen | RTC | Dat | TR | Mw <]
Address | Walue I
BP0 .}

—OUT - Output

DS - Decelerating Status

RS - Run Status

— AS - Accelerating Status

— PP - Profile Parameter Select

15 - Idle Status

— ED - Error Detected Status

— M5 - Normal Operation Status

—EH - Enable Hard Stop

— ES - Enable Status [followes rung state]
— EF - Error Code

— OF - Output Frequency [Hz]

— OFS - Operating Frequency Status [Hz)
— DC - Duty Cycle [e.g.. 456 = 45.6%)

|DDDDDDDDDDDDD_.




Using

High-Speed Outputs

Pulse Width Modulated The variables within each PWM element, along with what type of behavior and

Function File Elements
Summary

access the control program has to those variables, are listed individually below.

“Element [-)escription Address Data Format I-{ange Type User F-’rogram For More
Access Information

OUT - PWM Qutput PWM:0.0UT word (INT) |2 o0r3 status  [read only 139

DS - Decelerating Status PWM:0/DS bit Oor1 status  |read only 140

RS - PWM Run Status PWM:0/RS bit Oor1 status  |read only 140

AS - Accelerating Status PWM:0/AS bit Oor1 status  |read only 140

PP - Profile Parameter Select PWM:0/PP bit Oor1 control |read/write 141

IS - PWM Idle Status PWM:0/IS bit Oort status  |read only 141

ED - PWM Error Detection PWM:0/ED bit Oor1 status  |read only 141

NS - PWM Normal Operation PWM:0/NS bit Oor1 status  |read only 142

EH - PWM Enable Hard Stop PWM:0/EH bit Oor1 control |read/write 142

ES - PWM Enable Status PWM:0/ES bit Oor1 status  |read only 142

OF - PWM Qutput Frequency PWM:0.0F word (INT)  |0t0 20,000 |control |read/write 143

OFS - PWM Operating Frequency Status PWM:0.0FS word (INT)  |0to 20,000 |status |read only 143

DC - PWM Duty Cycle PWM:0.DC word (INT)  [1t0 1000 |control |read/write 143

DCS - PWM Duty Cycle Status PWM:0.DCS word (INT)  |1to 1000 |status |read only 144

ADD - Accel/Decel Delay PWM:0.ADD word (INT)  |0t0 32,767 |control |read/write 144

ER - PWM Error Codes PWM:0.ER word (INT)  |-2to 5 status  |read only 144
PWM Output (OUT)
Element Address Data Range |Type |User Program Access
Description Format
OUT - PWM QOutput  |PWM:0.0UT |word (INT) |2o0r3 |status |read only

The PWM OUT (Output) variable defines the physical output that the PWM
instruction controls. This variable is set within the function file folder when the
control program is written and cannot be set by the user program. The outputs are

defined as O0:0/2 or O0:0/3 as listed below:

e 00:0.0/2: PWM modulates output 2 of the embedded outputs
(1762-1.24BXB, 1762-1.40BXB, and 1764-28BXB)

e 00:0.0/3: PWM modulates output 3 of the embedded outputs
(1764-28BXB only)
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PWM Decelerating Status (DS)

Element Description Address |Data Format |Range |Type User Program
Access
DS - Decelerating Status ~ |PWM:0/DS |bit Oor1 |status (read only

The PWM DS (Decel) bit is controlled by the PWM sub-system. It can be used by
an input instruction on any rung within the control program. The DS bit operates
as follows:

e Set (1) - Whenever a PWM output is within the deceleration phase of the
output profile.

e Cleared (0) - Whenever a PWM output is not within the deceleration phase
of the output profile.

PWM Run Status (RS)

Element Description |Address |Data Format |Range |Type |User Program
Access

RS - PWM Run Status  |PWM:0/RS |bit Oor1 status |read only

The PWM RS (Run Status) bit is controlled by the PWM sub-system. It can be
used by an input instruction on any rung within the control program.

e Set (1) - Whenever the PWM instruction is within the run phase of the
output profile.

e Cleared (0) - Whenever the PWM instruction is not within the run phase of
the output profile.

PWM Accelerating Status (AS)

Element Description Address |Data Format |Range |Type User Program
Access
AS - Accelerating Status  |PWM:0/AS |bit Oor1 |status |read only

The PWM AS (Accelerating Status) bit is controlled by the PWM sub-system. It
can be used by an input instruction on any rung within the control program. The
AS bit operates as follows:

e Set (1) - Whenever a PWM output is within the acceleration phase of the
output profile.

e (Cleared (0) - Whenever a PWM output is not within the acceleration phase
of the output profile.
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PWM Profile Parameter Select (PP)

Element Description Address |Data Format [Range |Type |UserProgram
Access
PP - Profile Parameter Select  |PWM:0/PP |bit Oor1 [control |read/write

The PWM PP (Profile Parameter Select) selects which component of the
waveform is modified during a ramp phase:

e Set (1) - selects Frequency
e Cleared (0) - selects Duty Cycle

The PWM PP bit cannot be modified while the PWM output is running/enabled.
See PWM ADD on page 144 for more information.

PWM Idle Status (IS)

Element Description |Address |Data Format [Range |Type |User Program
Access

IS - PWM Idle Status  |[PWM:0/IS |bit Oor1 |status |read only

The PWM IS (Idle Status) is controlled by the PWM sub-system and represents no
PWM activity. It can be used in the control program by an input instruction.

e Set (1) - PWM sub-system is in an idle state.
e Cleared (0) - PWM sub-system is not in an idle state (it is running).

PWM Error Detected (ED)

Element Description Address |Data Range |Type |UserProgram
Format Access

ED - PWM Error Detection  |PWM:0/ED |bit Oort status |read only

The PWM ED (Error Detected) bit is controlled by the PWM sub-system. It can
be used by an input instruction on any rung within the control program to detect
when the PWM instruction is in an error state. If an error state is detected, the
specific error is identified in the error code register (PWM:0.ED).

® Set (1) - Whenever a PWM instruction is in an error state.

e Cleared (0) - Whenever a PWM instruction is not in an error state.
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PWM Normal Operation (NS)

Element Description Address Data Range |Type |UserProgram
Format Access
NS - PWM Normal Operation  |PWM:0/NS  |bit Oor1 status |read only

The PWM NS (Normal Operation) bit is controlled by the PWM sub-system. It
can be used by an input instruction on any rung within the control program to
detect when the PWM is in its normal state. A normal state is defined as ACCEL,
RUN, or DECEL with no PWM errorts.

® Set (1) - Whenever a PWM instruction is in its normal state.

® Cleared (0) - Whenever a PWM instruction is not in its normal state.

PWM Enable Hard Stop (EH)

Element Description Address Data Range |Type |User Program
Format Access
EH - PWM Enable Hard Stop  |PWM:0/EH |bit Oor1 |control |read/write

The PWM EH (Enable Hard Stop) bit stops the PWM sub-system immediately. A
PWM hard stop generates a PWM sub-system error.

e Set (1) - Instructs the PWM sub-system to stop its output modulation
immediately (output off = 0).
e (Cleared (0) - Normal operation.

PWM Enable Status (ES)

Element Description  |Address |Data Format |Range |Type |User Program
Access

ES - PWM Enable Status [PWM:O/ES |bit Oor1 |status |read only

The PWM ES (Enable Status) is controlled by the PWM sub-system. When the
rung preceding the PWM instruction is solved true, the PWM instruction is
enabled, and the enable status bit is set. When the rung preceding the PWM
instruction transitions to a false state, the enable status bit is reset (0) immediately.

e Sct (1) - PWM is enabled.
e Cleared (0) - PWM has completed or the rung preceding the PWM is false.
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PWM Output Frequency (OF)

Element Description Address |Data Range Type |User Program
Format Access

OF - PWM Output Frequency |PWM:0.0F |word (INT) [0 to 20,000 |control [read/write

The PWM OF (Output Frequency) variable defines the frequency of the PWM
function. This frequency can be changed at any time.

PWM Operating Frequency Status (OFS)

Element Description |Address Data Range Type |User Program
Format Access

OFS - PWM Operating  |PWM:0.0FS word (INT) |0t0 20,000 |status [read only
Frequency Status

The PWM OFS (Output Frequency Status) is generated by the PWM sub-system
and can be used in the control program to monitor the actual frequency produced
by the PWM sub-system.

PWM Duty Cycle (DC)

Element Description |Address Data Format |Range Type |User Program
Access

DC - PWM Duty Cycle  [PWM:0.DC |word (INT) 1101000 |control |read/write

The PWM DC (Duty Cycle) variable controls the output signal produced by the
PWM sub-system. Changing this variable in the control program changes the
output waveform. Typical values and output waveform:

e DC = 1000: 100% Output ON (constant, no waveform)
e DC = 750: 75% Output ON, 25% output OFF

e DC = 500: 50% Output ON, 50% output OFF

e DC = 250: 25% Output ON, 75% output OFF

e DC = 0: 0% Output OFF (constant, no waveform)
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PWM Duty Cycle Status (DCS)

Address Data Range |Type |User Program
Format Access

Element Description

DCS - PWM Duty Cycle Status|PWM:0.DCS |word (INT) |1to 1000 |status |read only

The PWM DCS (Duty Cycle Status) provides feedback from the PWM sub-system.
The Duty Cycle Status variable can be used within an input instruction on a rung
of logic to provide PWM system status to the remaining control program.

PWM Accel/Decel Delay (ADD)

Address User Program

Access

Element Description Data Format [Range Type

ADD - Accel/Decel Delay [PWM:0.ADD |word (INT)  |0to 32,767 |control |read/write

PWM ADD (Accel/Decel Delay) defines the amount of time in 10 millisecond
intervals to ramp from zero to the specified frequency or duration. Also specifies
the time to ramp down to zero.

The PWM ADD value is loaded and activated immediately (whenever the PWM
instruction is scanned on a true rung of logic). This allows multiple steps or stages
of acceleration or deceleration to occur.

PWM Error Code (ER)

Element Description |Address Data Format Range Type |User Program
Access

ER - PWM Error Codes  |PWM:0.ER  |word (INT) -2t05 status |read only

PWM ER (Error Codes) detected by the PWM sub-system are displayed in this
register. The table identifies known errors.

"Error |Non-User |Recoverable |Instruction | Error [-)escription
Code |Fault Fault Errors Name
-2 Yes No Overlap  [An output overlap is detected. Multiple functions are assigned to the same
Error physical output. This is a configuration error. The controller faults and the
User Fault Routine does not execute. Example: PIWMO and PWM1 are both
attempting to use a single output.
-1 Yes No Output An invalid output has been specified. Output 2 and output 3are the only valid
Error choices. This is a configuration error. The controller faults and the User Fault
Routine does not execute.
0 Normal Normal (0 = no error present)
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No No Yes Hardstop |This error is generated whenever a hardstop is detected. This error does not

Error fault the controller. It is automatically cleared when the hardstop condition is
removed.

No No Yes Output The configured PWM output (2 or 3) is currently forced. The forced condition
Forced must be removed for the PWM to operate. This error does not fault the
Error controller. It is automatically cleared when the force condition is removed.

Yes Yes No Frequency |The frequency value is less than 0 or greater than 20,000. This error faults
Error the controller. It can be cleared by logic within the User Fault Routine.

Reserved

Yes Yes No Duty Cycle |[The PWM duty cycle is either less than zero or greater than 1000.
Error

This error faults the controller. It can be cleared by logic within the User Fault
Routine.
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Notes:
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Chapter 7

Relay-Type (Bit) Instructions

Use relay-type (bit) instructions to monitor and/or control bits in a data file or
function file, such as input bits or timer control-word bits. The following
instructions are described in this chapter:

Instruction Used To: Fage
XIC - Examine if Closed Examine a bit for an ON condition 147
XIO - Examine if Open Examine a bit for an OFF condition 147
OTE - Output Enable Turn ON or OFF a bit (non-retentive) 148
OTL - Output Latch Latch a hit ON (retentive) 149
OTU - Output Unlatch Unlatch a bit OFF (retentive) 149
ONS - One Shot Detect an OFF to ON transition 150
OSR - One Shot Rising Detect an OFF to ON transition 151
OSF - One Shot Falling Detect an ON to OFF transition 151

These instructions operate on a single bit of data. During operation, the processor
may set or reset the bit, based on logical continuity of ladder rungs. You can
address a bit as many times as your program tequires.

XIC - Examine if Closed  Instruction Type: input
XIO - Exami“e |f Ope“ Execution Time for the XIC and XIO Instructions

B30 Controller When Instruction Is:
%0% True False
MicroLogix 1200 {0.9 us 0.8 us
B30 MicroLogix 1500 {0.9 us 0.7 us
0

Use the XIC instruction to determine if the addressed bit is on. Use the XIO
instruction to determine if the addressed bit is off.

When used on a rung, the bit address being examined can correspond to the status
of real world input devices connected to the base unit or expansion 1/O, or
internal addresses (data or function files). Examples of devices that turn on or off:

e 2 push button wired to an input (addressed as 11:0/4)
e an output wired to a pilot light (addressed as O0:0/2)
e a timer controlling a light (addressed as T4:3/DN)

e 2 bit in the bit file (addressed as B3/16)
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The instructions operate as follows:

X10 and XIC Instruction Operation

Rung State  |Addressed |XIC Instruction XIO Instruction
Bit
True Off Returns a False Returns a True
True On Returns a True Returns a False
False -- Instruction is not evaluated Instruction is not evaluated

Addressing Modes and File Types can be used as shown in the following table:

XIC and XI0 Instructions Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. _ Address
Data Files Function Files!! g @) Address Level
2 | Mode
wn -
Parameter = E s |2 =
o
) 2 E2|S8IE|. |8 = |E
L] a- - —_ © 3 v |l |8 |@ T | |8
< gL @R ==IEEElE|lnle |2IE|E& |5 |« |8 |5 |s
o |— |vn |m |= |z 5 oS EEEEGEERBERIESEEGES|2IEE|ElE|Z |8 |=
Operand Bit . . O . . . . . . . . B . . . O . . . . O . .

(1) DA files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500 BXB units.

(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3) See Important note about indirect addressing.

OTE - Output Energize

B3:0
>
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IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Instruction Type: output

Execution Time for the OTE Instructions

“Controller Wmung Is:

True False
MicroLogix 1200 {1.4 us 1.1 us
MicroLogix 1500 1.2 us 0.0us

Use an OTE instruction to turn a bit location on when rung conditions are
evaluated as true and off when the rung is evaluated as false. An example of a
device that turns on or off is an output wired to a pilot light (addressed as O0:0/4).
OTE instructions are reset (turned OFF) when:

¢ You enter or return to the program or remote program mode or power is
restored.

e The OTE is programmed within an inactive or false Master Control Reset
(MCR) zone.
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TIP A bit that is set within a subroutine using an OTE instruction remains set
until the OTE is scanned again.

OTE, or UIE, this instruction must be the /ast instruction executed on the rung
(last instruction on last branch). It is recommended this be the only output
instruction on the rung.

2 ATTENTION: If you enable interrupts during the program scan via an OTL,

logic program. Always be fully aware of the load represented by the output

ATTENTION: Never use an output address at more than one place in your
A coil.

Addressing Modes and File Types can be used as shown in the following table:

OTE Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i < Address
Data Files Function Files!! i~ 3 Address Level

2 Mode®

%) —
= £ c @ =
Parameter s E o |EI[B - 5 |
=) S = |els © = |5
o = - e T |F B 8 (@ = (= |E
o MR RLE =EEEEE R BIREIER IS5 e
oL lwmlirzh bl ErEEELEnEERrEB8CaEEEEIS T
Destination Bit 0 0 O . 0 O O . 0 O 0 0 O | 0 | 0 0 0 0

(1) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500 BXB units.
(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3) See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

OTL - OQutput Latch
OTU - OQutput Unlatch

Instruction Type: output

B3:0
%%} Execution Time for the OTL and OTU Instructions
Controller OTL - When Rung Is: 0TU - When Rung Is:
B3:0
By - True False True False
! MicroLogix 1200 [1.0 us 0.0 us 1.7 us 0.0 us
MicroLogix 1500 [0.9 us 0.0 us 09 s 0.0 us

The OTL and OTU instructions are retentive output instructions. OTL turns on a
bit, while OTU turns off a bit. These instructions are usually used in pairs, with
both instructions addressing the same bit.
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OTE, or UIE, this instruction must be the /ast instruction executed on the rung
(last instruction on last branch). It is recommended this be the only output
instruction on the rung.

c ATTENTION: If you enable interrupts during the program scan via an OTL,

Since these are latching outputs, once set (or reset), they remain set (or reset)
regardless of the rung condition.

power was lost.

ATTENTION: Under error conditions, physical outputs are turned off. Once
the error conditions are cleared, the controller resumes operation using the

ATTENTION: In the event of a power loss, any OTL controlled bit (including
A field devices) energizes with the return of power if the OTL bit was set when
A data table value.

Addressing Modes and File Types can be used as shown in the following table:

OTL and OTU Instructions Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

_ |Address Address
Data Files ion Files!! g
Function Files 2 Mode®® Level
1)
Parameter = E se i=
= = Ele| &gl |z é =
< a & = ST 3|5|e| |=lz|8
o slalelBSlel- 2 E Ex|a|a| AE|E|E|=|5|E|5
ol_lwanl-lzl.BLSE2ERERESSSEES|adESEE=2 ST
OperandBit (e |e[e|e[e|e o|e e|o|o|eofe . . e|eo]e

(1) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500
BXB units.

(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3) See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

ONS - One Shot

Instruction Type: input

N7:1
-4 ONS } Execution Time for the ONS Instructions
0 _— S
Controller When Rung Is:
True False
MicroLogix 1200 {2.6 ps 19us
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Execution Time for the ONS Instructions

“Controller Wmung Is:
True False
MicroLogix 1500 2.2 us 1.7 s
TIP The ONS instruction for the MicroLogix 1200 and 1500 provides the same
functionality as the OSR instruction for the MicroLogix 1000 and SLC 500
controllers.

The ONS instruction is a retentive input instruction that triggers an event to occur
one time. After the false-to-true rung transition, the ONS instruction remains true
for one program scan. The output then turns OFF and remains OFF until the

logic preceding the ONS instruction is false (this re-activates the ONS instruction).

The ONS Storage Bit is the bit address that remembers the rung state from the
previous scan. This bit is used to remember the false-to-true rung transition.

ONS Instruction Operation

Rung Transition Storage Bit Rung State after Execution
false-to-true (one scan) storage hit is set true
true-to-true storage bit remains set false
true-to-false, false-to-false |storage bit is cleared false

Addressing Modes and File Types can be used as shown in the following table:

ONS Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . . Address
Data Files Function Files Address Level

2 Mode

©n -
= £ c |@ =
Parameter a s E o |B |& - 5 =
P> = a S 2B |s |8 = |5
. " - — ' ' ® (o (@ 2 |= |
o S REREI=EIEE R RIEIZIEIEIR |=|8|5 |2
ol lwlmlrlzu Bl ERE2ERE=EEREBIEAI|IEE|EEIE|S |
Storage Bit . . . .

OSR - One Shot Rising
OSF - One Shot Falling

Instruction Type: output

OSR
——1 One Shot Rising — Execution Time for the OSR and OSF Instructions
Storage Bit B3:0/0
Output Bit B3:.01 Controller OSR - When Rung Is:  |OSF - When Rung Is:
True False True False
OSF MicroLogix 1200 3.4 us 3.0 s 2.8 s 3.7 us
—— One Shot Falling — ; ;
Storage Bit B3.0/0 MicroLogix 1500 3.2 s 2.8 s 2.7 s 3.4 ps
Output Bit B3:0/1
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TIP The OSR instruction for the MicrolLogix 1200 and 1500 does not provide the
same functionality as the OSR instruction for the MicroLogix 1000 and SLC
500 controllers. For the same functionality as the OSR instruction for the
MicroLogix 1000 and SLC 500 controllers, use the ONS instruction.

Use the OSR and OSF instructions to trigger an event to occur one time. These
instructions trigger an event based on a change of rung state, as follows:

e Use the OSR instruction when an event must start based on the false-to-true
(tising edge) change of state of the rung.

e Use the OSF instruction when an event must start based on the true-to-false
(falling edge) change of state of the rung,

These instructions use two parameters, Storage Bit and Output Bit.

e Storage Bit - This is the bit address that remembers the rung state from the
previous scan.

e Output Bit - This is the bit address which is set based on a false-to-true
(OSR) or true-to-false (OSF) rung transition. The Output Bit is set for one
program scan.

To re-activate the OSR, the rung must become false. To re-activate the OSF, the
rung must become true.

OSR Storage and Output Bit Operation

Rung State Transition Storage Bit Output Bit
false-to-true (one scan) bit is set bit is set

true-to-true bit is set bit is reset
true-to-false and false-to-false bit is reset bit is reset

OSF Storage and Output Bits Operation

Rung State Transition Storage Bit Qutput Bit
true-to-false (one scan) bit is reset bit is set

false-to-false bit is reset bit is reset
false-to-true and true-to-true bit is set bit is reset

Addressing Modes and File Types can be used as shown in the following table:

OSR and OSF Instructions Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Address

Data Files Function Files . Address Level
g Mode
) —
-
Parameter £ E g & 5
= s 52 |8 S ° = ]
e« o rd — o T |7 |8 |8 |@ s = |2
o g 4@ 82 |= s EElxglml|e Q2@ I|EIE|S |z |8 |E |8
= (7] — = = o
ol-lwlolrlzlueBlolSlzEZEE G IE=nEaFE8cealEEaleldl2 |8 |m
Storage Bit . . . .
Output Bit o | o o | o | o . . .
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Chapter 8

Timer Instructions
Overview

Timer and Counter Instructions

Timers and counters are output instructions that let you control operations based
on time or a number of events. The following Timer and Counter Instructions are
described in this chapter:

Instruction Used To: Page
TON - Timer, On-Delay Delay turning on an output on a true rung 155
TOF - Timer, Off-Delay Delay turning off an output on a false rung | 156
RTO - Retentive Timer On Delay turning on an output from a true rung. | 156
The accumulator is retentive.
CTU - Count Up Count up 159
CTD - Count Down Count down 159
RES - Reset Reset the RTO and counter's ACC and status | 160
bits (not used with TOF timers).

For information on using the High-Speed Counter output(s), see Using the
High-Speed Counter and Programmable Limit Switch on page 87.

Timers in a controller reside in a timer file. A timer file can be assigned as any
unused data file. When a data file is used as a timer file, each timer element within
the file has three sub-elements. These sub-elements ate:

e Timer Control and Status

® Preset - This is the value that the timer must reach before the timer times
out. When the accumulator reaches this value, the DN status bit is set (TON
and RTO only). The preset data range is from 0 to 32767. The minimum
required update interval is 2.55 seconds regardless of the time base.

e Accumulator - The accumulator counts the time base intervals. It represents
elapsed time. The accumulator data range is from 0 to 32767.

Timers can be set to any one of three time bases:

Timer Base Settings

Time Base Timing Range

0.001 seconds 0 to 32.767 seconds
0.01 seconds 0 to 327.67 seconds
1.00 seconds 0 to 32,767 seconds
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Each timer address is made of a 3-word element. Word 0 is the control and status
word, word 1 stores the preset value, and word 2 stores the accumulated value.

Timer File

Word Bit

15 [14 [13 n|n|m\9\8\7@ ﬁ|4p p|1m

Word0 |EN |TT |[DN [Internal Use

Word 1 |Preset Value

Word 2 |Accumulated Value

EN = Timer Enable Bit
TT =Timer Timing Bit
DN = Timer Done Bit

ATTENTION: Do not copy timer elements while the timer enable bit (EN) is
set. Unpredictable machine operation may occur.

Addressing Modes and File Types can be used as shown in the following table:

Timer Instructions Valid Addressing Modes and File Types
For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Address| Address

o) -
Data Files Function Files 2| Mode Level
E = [} =
1] T
Parameter - § EloEIE| |5 5.
e & & _ SZ21315|8| |=f3|2
o guLPe =_|zEk|z|l,le2E|LS|=|S|S
ol_lulnl=lzlBlLSREREGEESESERSEESEES S
Timer 0 o .
Time Base . o
Preset . .
Accumulator . .
(1) Valid for Timer Files only.
TIP Use an RES instruction to reset a timer's accumulator and status bits.

Timer Accuracy

Timer accuracy refers to the length of time between the moment a timer
instruction is enabled and the moment the timed interval is complete.

Timer Accuracy

Time Base Accuracy
0.001 seconds -0.001 to 0.00
0.01 seconds -0.01 to 0.00
1.00 seconds -1.00to 0.00
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TON - Timer, On-Delay

TON
Timer On Delay
Timer T4:0
Time Base 1.0
Preset 0<
Accum 0<

EN>—
DN >—

If your program scan can exceed 2.5 seconds, repeat the timer instruction on a
different rung (identical logic) in a different area of the ladder code so that the rung
is scanned within these limits.

Repeating Timer Instructions

Using the enable bit (EN) of a timer is an easy way to repeat its complex
conditional logic at another rung in your ladder program.

TIP Timing could be inaccurate if Jump (JMP), Label (LBL), Jump to Subroutine
(JSR), or Subroutine (SBR) instructions skip over the rung containing a timer
instruction while the timer is timing. If the skip duration is within 2.5
seconds, no time is lost; if the skip duration exceeds 2.5 seconds, an
undetectable timing error occurs. When using subroutines, a timer must be
scanned at least every 2.5 seconds to prevent a timing error.

Instruction Type: output

Execution Time for the TON Instructions

Controller When Rung Is:

True False
MicroLogix 1200 {18.0 us 3.0us
MicroLogix 1500 |15.5us 2.5us

Use the TON instruction to delay turning on an output. The TON instruction
begins to count time base intervals when rung conditions become true. As long as
rung conditions remain true, the timer increments its accumulator until the preset
value is reached. When the accumulator equals the preset, timing stops.

The accumulator is reset (0) when rung conditions go false, regardless of whether
the timer has timed out. TON timers are reset on power cycles and mode changes.

Timer instructions use the following control and status bits:

Timer Control and Status Bits, Timer Word 0 (Data File 4 is configured as a timer file for this example.)

Bit Is Set When: And Remains Set Until One of the
Following Occurs:
bit 13 - T4:0/DN DN - timer done accumulated value > preset value rung state goes false
bit 14 - T&:0/TT TT - timer timing rung state is true and accumulated e rung state goes false
value < preset value o DN bit is set
bit15 - T4:0/EN EN - timer enable rung state is true rung state goes false
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Timer and Counter Instructions

TOF - Timer,

TOF

Oft-Delay

—{ Timer Off Delay —CEN >—
Timer T4:0
Time Base 1.0 —CDN >—
Preset 0<
Accum 0<

Instruction Type: output

Execution Time for the TOF Instructions

Controller Wmung Is:

True False
MicroLogix 1200 2.9 us 13.0 us
MicroLogix 1500 2.5 us 10.9 us

Use the TOF instruction to delay turning off an output. The TOF instruction
begins to count time base intervals when rung conditions become false. As long as
rung conditions remain false, the timer increments its accumulator until the preset

value is reached.

The accumulator is reset (0) when rung conditions go true, regardless of whether
the timer is timed out. TOF timers are reset on power cycles and mode changes.

Timer instructions use the following control and status bits:

Timer Control and Status Bits, Timer Word 0 (Data File 4 is configured as a timer file for this example.)

Bit

Is Set When:

And Remains Set Until One of the
Following Occurs:

hit 13 - T4:0/DN

DN - timer done

rung conditions are true

rung conditions go false and the accumulated
value is greater than or equal to the preset

value
bit14 - T&:0/TT  |TT - timer timing |rung conditions are false and accumulated value |rung conditions go true or when the done bit is
is less than the preset value reset

bit15 - T4:0/EN

EN - timer enable

rung conditions are true

rung conditions go false

RTO - Retentive Timer,

On-Delay

RTO
—— Retentive Timer On
Timer T4:0
Time Base 1.0 —CDN>—
Preset 0<
Accum 0<
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VAN

ATTENTION: Because the RES instruction resets the accumulated value and
status hits, do not use the RES instruction to reset a timer address used in a
TOF instruction. If the TOF accumulated value and status bits are reset,

unpredictable machine operation may occur.

Instruction Type: output

—CEN>—  Execution Time for the RTO Instructions

“Controller Wmung Is:

True False
MicroLogix 1200 18.0 us 24 us
MicroLogix 1500 15.8 us 2.2us
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Use the RTO instruction to delay turning “on” an output. The RTO begins to
count time base intervals when the rung conditions become true. As long as the

rung conditions remain true, the timer increments its accumulator until the preset
value is reached.

The RTO retains the accumulated value when the following occur:

e rung conditions become false
e you change the controller mode from run or test to program
e the processor loses power

e a fault occurs
When you return the controller to the RUN or TEST mode, and/or the rung
conditions go true, timing continues from the retained accumulated value. RTO

timers are retained through power cycles and mode changes.

Timer instructions use the following control and status bits:

Counter Control and Status Bits, Timer Word 0 (Data File 4 is configured as a timer file for this example.)

Bit Is Set When: And Remains Set Until One of the
Following Occurs:
bit 13 - T4:0/DN DN - timer done accumulated value > preset value the appropriate RES instruction is enabled
bit 14 - T&:.0/TT TT - timer timing rung state is true and accumulated e rung state goes false, or
value < preset value e DN bit is set
bit15 - T4:0/EN EN - timer enable rung state is true rung state goes false

How Counters Work

To reset the accumulator of a retentive timer, use an RES instruction. See RES -
Reset on page 160.

The tigure below demonstrates how a counter works. The count value must remain
in the range of -32,768 to +32,767. If the count value goes above +32,767, the
counter status overflow bit (OV) is set (1). If the count goes below -32,768, the
counter status underflow bit (UN) is set (1). A reset (RES) instruction is used to
reset (0) the counter.

-32,768 0 +32,767

[
Count Up

h

| |
| |
| Counter Accumt'ﬂator Value |
| | |
| |
| |

Count Down

I
Underflow Overflow
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Using the CTU and CTD Instructions

Counter instructions use the following parameters:

e Counter - This is the address of the counter within the data file. All counters
are 3-word data elements. Word 0 contains the Control and Status Bits,
Word 1 contains the Preset, and Word 2 contains the Accumulated Value.

Word Bit
15 (14 |13 {12 (11 |10 |9 8 |7 |6 |5 |4 |3 |2 |1 |0
Word 0 CU [CD [DN [0V [UN [Not Used
Word 1 Preset Value
Word 2 Accumulated Value

CU = Count Up Enable Bit
CD = Count Down Enable Bit
DN = Count Done Bit

0V = Count Overflow Bit

UN = Count Underflow Bit

e Preset - When the accumulator reaches this value, the DN bit is set. The
preset data range is from -32768 to 32767.

e Accumulator - The accumulator contains the current count. The
accumulator data range is from -32768 to 32767.

The accumulated value is incremented (CTU) or decremented (CTD) on
each false-to-true rung transition. The accumulated value is retained when
the rung condition again becomes false, and when power is cycled on the
controller. The accumulated count is retained until cleared by a reset (RES)
instruction that has the same address as the counter.

TIP The counter continues to count when the accumulator is greater than the CTU
preset and when the accumulator is less than the CTD preset.

Addressing Modes and File Types can be used as shown in the following table:

CTD and CTU Instructions Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files!! Function Files Jliress| Address
atatiies 2| Mode Level
7} —
Parameter = E _g % -‘g
=] E s2lals |8 = k]
= o olo S |= Sl le g8 HEER
< glRRelEl=EEE x4l E LS =|SE|e
ol_lnanl-lzl.B L SREIRERE=SSEESRES EES ST
Counter . . .
Preset . .
Accumulator . .

(1) Valid for Counter Files only.
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Using Counter File Control and Status Bits

Like the accumulated value, the counter status bits are also retentive until reset, as

described below.

CTU Instruction Counter Control and Status Bits, Counter Word 0
(Data File 5 is configured as a timer file for this example.)

Bit Is Set When: And Remains Set Until One of the Following
Occurs:

bit 12 - C5:0/0V |0V - overflow |the accumulated value wraps from +32,767 |a RES instruction with the same address as the CTU
indicator t0-32,768 and continues to count up instruction is enabled

bit13 - C5:0/DN |DN - done accumulated value > preset value e accumulated value < preset value or,
indicator e a RES instruction with the same address as the

CTU instruction is enabled

bit 15 - C5:0/CU |CU - countup |rung state is true e rung state is false

enable

e a RES instruction with the same address as the
CTU instruction is enabled

CTD Instruction Counter Control and Status Bits, Counter Word 0
(Data File 5 is configured as a timer file for this example.)

Bit

Is Set When:

And Remains Set Until One of the Following
Occurs:

bit 11 - C5:0/UN

UN - underflow

the accumulated value wraps from -32,768

a RES instruction with the same address as the CTD

indicator to +32,767 and continues to count down  |instruction is enabled
bit 13 - C5:0/DN |DN - done accumulated value > preset value e accumulated value < preset value o,
indicator

e a RES instruction with the same address as the
CTU instruction is enabled

bit 14 - C5:0/CD

CD - count down
enable

rung state is true

e rung state is false

¢ a RES instruction with the same address as the
CTD instruction is enabled

CTU - Count Up
CTD - Count Down

CTU
—— Count Up —CCU >—
Counter C5:0
Preset 0< —CDN >—
Accum 0<
CTD
—1 Count Down —CCU >—
Counter C5:0
Preset 0< —CDN >—
Accum 0<

Instruction Type: output

Execution Time for the CTU and CTD Instructions

“Controller CTU - Wmung Is: m
True False True False

MicroLogix 1200 9.0 us 9.2 us 9.0 us 9.0 s

MicroLogix 1500 6.4 us 8.5us 7.5us 8.5us
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The CTU and CTD instructions are used to increment or decrement a counter at
each false-to-true rung transition. When the CTU rung makes a false-to-true
transition, the accumulated value is incremented by one count. The CTD
instruction operates the same, except the count is decremented.

TIP If the signal is coming from a field device wired toan input on the controller,
the on and off duration of the incoming signal must not be more than twice
the controller scan time (assuming 50% duty cyde). This condition is needed
to enable the counter to detect false-to-true transitions from the incoming
device.

RES - Reset

Instruction Type: output

R6:0
~CRES > Execution Time for the RES Instructions
“Controller When Rung Is:
True False
MicroLogix 1200 [5.9 us 0.0 us
MicroLogix 1500 4.8 us 0.0 s

The RES instruction resets timers, counters, and control elements. When the RES
instruction is executed, it resets the data defined by the RES instruction.

The RES instruction has no effect when the rung state is false. The following table
shows which elements are modified:

RES Instruction Operation

When using a RES instruction with a:

Timer Element Counter Element Control Element
The controller resets the: The controller resets the: The controller resets the:
ACC value to 0 ACCvalue to 0 POS value to 0
DN bit OV bit EN bit
TT bit UN bit EU bit
EN bit DN bit DN bit

CU bit EM bit

CD bit ER bit

UL bit
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Because the RES instruction resets the accumulated value and status bits, do
not use the RES instruction to reset a timer address used in a TOF instruction.
If the TOF accumulated value and status bits are reset, unpredictable machine
operation or injury to personnel may occur.

Addressing Modes and File Types can be used as shown in the following table:

RES Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . X Address| Address
Data Files Function Files
2| Mode Level
) —

= £ c @ =
Parameter a s Elo|B|&8| |w S =
3 o o S=9 = = =2
S|_| | IgeleBiElel=zEzlz|x2(2|E|E[E|=|E|E|5
ol-lunllzluebloaEaElZE KBTS alFdCalElaEnlZST
Structure . . .
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Notes:
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Chapter 9

Using the Compare
Instructions

Compare Instructions

Use these input instructions when you want to compare values of data.

Instruction Used To: Page

EQU - Equal Test whether two values are equal (=) 164

NEQ - Not Equal Test whether one value is not equal to a 164
second value ()

LES - Less Than Test whether one value is less than a second | 165
value (<)

LEQ - Less Than or Equal To Test whether one value is less than or equal | 165
to a second value (<)

GRT - Greater Than Test whether one value is greater than a 165
second value (>)

GEQ - Greater Than or Equal To Test whether one value is greater than or 165
equal to a second value (=)

MEQ - Mask Compare for Equal | Test portions of two values to see whether | 166
they are equal

LIM - Limit Test Test whether one value is within the range of | 167
two other values

Most of the compare instructions use two parameters, Source A and Source B
(MEQ and LIM have an additional parameter and are described later in this
chapter). Both sources cannot be immediate values. The valid data ranges for these

instructions are:

-32768 to 32767 (word)

-2,147,483,648 t0 2,147,483,647 (long word)

Addressing Modes and File Types can be used as shown in the following table:

EQU, NEQ, GRT, LES, GEQ and LEQ Instructions

Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files Function Files!!) _ |Address| Address
N
unction Files S Mode® | Level
wl |2
Parameter = £ | @ =
a s Ele|SE|_|g Sz
e e Col Il - olT| e8|e s> GE,
S Iz s atel=EEE w8l IEE =S5
ol_lumnl-lzlilklESRER2ERE=SISE8 S| aElslslal2|S T
SOUrCeA [ ] L] L] L] L] [ ] L] L] L] L] L] L] [ ] L] L] L] [ ] L] L] L] L] L] L] L] L]
SOUrCeB L] L] L] L] L] L] L] L] L] L] [ ] [ ] L] L] L] [ ] L] L] L] L] L] L] L] L] L]
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EQU - Equal

NEQ - Not Equal

EQU
—— Equal
Source A N7:0
0<
Source B N7:1
0<
NEQ
—— Not Equal
Source A N7:0
0<
Source B N7:1
0<
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(1) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500
BXB units.

(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3) See Important note about indirect addressing.

(4) The Ffile is valid for MicroLogix 1200 and 1500 Series C and higher controllers only.

(5) Only use the High Speed Counter Accumulator (HSC.ACC) for Source A in GRT, LES, GEQ and LEQ instructions.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TP, CS, 10S, and DLS files.

When at least one of the operands is a Floating Data Point value:

e For EQU, GEQ, GRT, LEQ, and LES - If either Source is not a number
(NAN), then rung state changes to false.

e For NEQ - If either Source is not a number (NAN), then rung state remains
true.

Instruction Type: input

Execution Time for the EQU and NEQ Instructions

“Controller Instruction Data Size When Rung Is:
True False
MicroLogix 1200 |EQU word 1.3 us 1.1us
long word 2.8us 1.9 us
NEQ word 1.3us 1.1 us
long word 2.5us 2.7 us
MicroLogix 1500 |EQU word 1.2 us 1.1 us
long word 2.6 us 1.9 us
NEQ word 1.2 us 1.1 us
long word 2.3 us 2.5us

The EQU instruction is used to test whether one value is equal to a second value.
The NEQ instruction is used to test whether one value is not equal to a
second value.

EQU and NEQ Instruction Operation

Instruction ﬁelationship of Source Values ﬁesulting ﬁung State
EQU A=B true

A8 false
NEQ A=B false

A#B true
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GRT - Greater Than
LES - Less Than

GRT
Greater Than (A>B)
Source A N7:0
0<
Source B N7:1
0<
LES
Less Than (A<B) —
Source A N7:0
0<
Source B N7:1
0<

GEQ - Greater Than or
Equal To

LEQ - Less Than or Equal
To

GEQ
Grtr Than or Eql (A>=B)
Source A N7:0
0<
Source B N7:1
0<
LEQ
Less Than or Eql (A<=B) —
Source A N7:0
0<
Source B N7:1
0<

Instruction Type: input

Execution Time for the GRT and LES Instructions

Controller Data Size Wmung Is:
True False
MicroLogix 1200 |word 1.3 us 1.1us
long word 2.8us 2.7us
MicrolLogix 1500 |word 1.2 us 1.1us
long word 2.6us 2.5us

The GRT instruction is used to test whether one value is greater than a second
value. The LES instruction is used to test whether one value is less than a

second value.

GRT and LES Instruction Operation

Instruction ﬁelationship of Source Values ﬁesulting ﬁung State
GRT A>B true

A< B false
LES A>B false

A<B true

IMPORTANT Only use the High Speed Counter Accumulator (HSC.ACC) for Source A in

GRT, LES, GEQ and LEQ instructions.

Instruction Type: input

Execution Time for the GEQ and LEQ Instructions

Controller Data Size Wmung Is:
True False
MicroLogix 1200 |word 1.3 us 1.1us
long word 2.8us 2.7us
MicrolLogix 1500 |word 1.2 us 1.1us
long word 2.6 us 2.5us
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The GEQ instruction is used to test whether one value is greater than or equal to a
second value. The LEQ instruction is used to test whether one value is less than or

equal to a second value.

GEQ and LEQ Instruction Operation

Instruction ﬁelationship of Source Values ﬁesulting ﬁung State
GEQ A>B true

A<B false
LEQ A>B false

A< B true

IMPORTANT Only use the High Speed Counter Accumulator (HSC.ACC) for Source A in
GRT, LES, GEQ and LEQ instructions.

MEQ - Mask Compare

for Equal

MEQ

Instruction Type: input

Source

Mask

Masked Equal

Compare

— Execution Time for the MEQ Instructions
N7:0 —
0< Controller Data Size When Rung Is:
N7:1
0000h< True False
N7z MicroLogix 1200 |word T9 s T8 1S
long word 3.9 us 3.1 us
MicroLogix 1500  |word 1.7 us 1.7 us
long word 35us 29us
The MEQ instruction is used to compare whether one value (source) is equal to a
second value (compare) through a mask. The source and the compare are logically
ANDed with the mask. Then, these results are compared to each other. If the
resulting values are equal, the rung state is true. If the resulting values are not equal,
the rung state is false. For example:
Source: Compare:

P[0 1[0

TP

Mask:

Mask:

PP [TPOEP[]

RN R R N R CRCRCR L

Intermediate Result:

Intermediate Result:

T [OPO o]

Trjoforirtfojojofojolofo]o

Comparison of the Intermediate Results: not equal

The source, mask, and compare values must all be of the same data size (either
word or long word). The data ranges for mask and compare are:

o -32768 to 32767 (word)

e -2,147,483,648 to 2,147,483,647 (long word)
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The mask is displayed as a hexadecimal unsigned value from 0000 to FFFF FFFE

Addressing Modes and File Types can be used as shown in the following table:

MEQ Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files Function Files'" o Address| Address
S
unction Files _,g Modem Level
]

Parameter = £ s e T
e 2 Ee|8E| |8 S|t
= S luloloBL|_elzll S E a2 ]3E]_|23E
S salelglelz_lzEklzlele|vElElE|<5| 25
ol_lwnl=lzubsSEEEEGE =S SEE S aESEE2 ST

Source o(e|o|efe]e oo of(e|o|efeo|e[e e e|e]|e]e oo oo
Mask e|o|ofefe]e o|e o o|o|o (o oo |0o|0o 0|0 00|00 o|e
Compare e(oe|o 000 oo oo/ o|o (o (o 0|0 (0 0o (0|0 0|00 oo

(1) DA files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500
BXB units.

(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3)  See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

LIM - Limit Test

Instruction Type: input

LIM
Limit Test — Execution Time for the LIM Instructions
Low Lim N7:0 — —_—
0< Controller Data Size When Rung Is:
Test 0
0< True False
High Lim N”[k MicroLogix 1200  [word 6.4 us 6.1 us
long word 14.4 us 13.6 us
MicroLogix 1500 |{word 55us 5.3 us
long word 12.2 us 11.7 us

The LIM instruction is used to test for values within or outside of a specified
range. The LIM instruction is evaluated based on the Low Limit, Test, and High
Limit values as shown in the following table.

LIM Instruction Operation Based on Low Limit, Test, and High Limit Values

When: And: Rung State
Low Limit < High Limit Low Limit< Test< High Limit true

Low Limit < High Limit Test < Low Limit or Test > High Limit false

High Limit < Low Limit High Limit < Test < Low Limit false

High Limit < Low Limit Test > High Limit or Test < Low Limit true

The Low Limit, Test, and High Limit values can be word addresses or constants,
restricted to the following combinations:
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e If the Test parameter is a constant, both the Low Limit and High Limit
parameters must be word or long word addresses.

e If the Test parameter is a word or long word address, the Low Limit and
High Limit parameters can be either a constant, a word, or a long word

address. But the Low Limit and High Limit parameters cannot both be
constants.

When mixed-sized parameters are used, all parameters are put into the format of

the largest parameter. For instance, if a word and a long word are used, the word is
converted to a long word.

The data ranges are:

* -32768 to 32767 (word)
o -2,147,483,648 to 2,147,483,647 (long word)

Addressing Modes and File Types can be used as shown in the following table:

LIM Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. Address
Data Files Function Files!" s 3 | Address Level
2 | Mode
» e |
Parameter § E % % -E
(=] e - -
= g e — S = |98 |z 8 - ;m é
S| s slelellell_lgEElzlslo|alE|8|E |- |5 |2 |5
ol-lwlmclzE5 - EERELEEGEEESEBSIaIESIEEEEI|S S
Low Limit . . . . . . . 0 . . . . . . . . . . . . . . . . .
Test EEEREEEERE o | o o | e | o | e | oo e | e |0 || e oo e e o | o
High Limit o | o[ o | o[ e | e o | o o | o | o | e | oo | e e | e e . o | o | o | @ .

(1) DA files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500 BXB units.
(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3) See Important note about indirect addressing.

(4) The Ffile is valid for MicroLogix 1200 and 1500 Series C and higher controllers only.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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Chapter 10

Using the Math
Instructions

Math Instructions

General Information

Before using math instructions, become familiar with the following topics at the
beginning of this chapter:

e Using the Math Instructions
e Updates to Math Status Bits
e Using the Floating Point (F) Data File

Instructions

Use these output instructions to perform computations using an expression or a
specific arithmetic instruction.

Instruction Used To: Page
ADD - Add Add two values 174
SUB - Subtract Subtract two values 174
MUL - Multiply Multiply two values 175
DIV - Divide Divide one value by another 175
NEG - Negate Change the sign of the source value and plce it | 175
in the destination
CLR - Clear Set all bits of a word to zero 176
ABS - Absolute Value Find the absolute value of the source value 176
SQR - Square Root Find the square root of a value 180
SCL - Scale Scale a value 177
SCP - Scale with Parameters Scale a value to a range determined by creating | 178

a linear relationship

Most math instructions use three parameters, Source A, Source B, and Destination
(additional parameters are described where applicable, later in this chapter). The
mathematical operation is performed using both Source values. The result is stored

in the Destination.

When using math instructions, observe the following:
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e Source and Destination can be different data sizes. Sources are evaluated at
the highest precision (word or long word) of the operands. Then the result is
converted to the size of the destination. If the signed value of the Source
does not fit in the Destination, the overflow shall be handled as follows:

— If the Math Overflow Selection Bit is clear, a saturated result is stored in
the Destination. If the Source is positive, the Destination is +32767

(word) or +2,147,483,647 (long word). If the result is negative, the

Destination is -32768 (word) or -2,147,483,648 (long word).

— If the Math Overflow Selection Bit is set, the unsigned truncated value of

the Source is stored in the Destination.

e Sources can be constants or an address, but both soutrces cannot be
constants.

e Valid constants are -32768 to 32767 (word) and -2,147,483,648 to
2,147,483,647 (long word).

Addressing Modes and File Types can be used as shown in the following table:

Math Instructions (ADD, SUB, MUL, DIV, NEG, CLR) Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. 1 _ Address
Data Files Function Files'" g (3 | Address Level
2 | Mode
) —
Parameter E E .g % '.g
(<) - -
[=] = =
o & = - SEITEgE| =58
o = g v e |88 |= s Eklzlole|2lE|8E|=|58|2|5
= [7) = = = o
ol-lwlpmlklzilbloSlzlEZEEGE E@ESEES|IaES=Enl2 |8 |n
SOU[CBA L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
SOU[CBB L] L] L] L] L] L] L] L] L[] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
Destination . . . . . . . . . . . . . . . ° . .

(1) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are only for use with MicroLogix 1200 and 1500 BXB units.

(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor for the following math instructions: ADD, SUB, MUL, DIV, NEG, and SCP.
(3) See Important note about indirect addressing.

(4) The Ffile is valid for MicroLogix 1200 and 1500 Series C and higher controllers only.

IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,

PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Updates to M ath Status After a math instruction is executed, the arithmetic status bits in the status file are

Bits updated. The arithmetic status bits are in word 0 in the processor status file (S2).
Math Status Bits
"With this Bit: The Controller:
S:0/0 Carry sets if carry is generated; otherwise resets

S:0/1 Overflow
destination, otherwise resets

sets when the result of a math instruction does not fit into the

S:0/2 Zero Bit sets if result is zero, otherwise resets

S:0/3 Sign Bit sets if result is negative (MSB is set), otherwise resets
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Using the Floating Point
(F) Data File

Floating Point Data File Structure

Math Status Bits

"With this Bit: The Controller:

$:2214  [Math Overflow examines the state of this bit to determine the value of the
Selected!! result when an overflow occurs

S:5/0 Overflow Trap!! sets if the Overflow Bit is set, otherwise resets

(1) Control bits.

Overflow Trap Bit, S:5/0

Minor error bit (S:5/0) is set upon detection of a mathematical overflow or
division by zero. If this bit is set upon execution of an END statement or a
Temporary End (TND) instruction, the recoverable major error code 0020 is
declared.

In applications where a math overflow or divide by zero occurs, you can avoid a
controller fault by using an unlatch (OTU) instruction with address S:5/0 in your
program. The rung must be between the overflow point and the END or TND
statement.

The following illustration shows the rung you can use to unlatch the overflow

trap bit.

File Description

Floating point files contain IEEE-754 floating point data elements. One floating
point element is shown below. You can have up to 256 of these elements in each
floating point file.

Floating Point Element

31 30|29|28\27|2s|25|24|23

22\21\zo|19\18\17\16\15\14\13|12\11\10|09\os\o7|06\05\04|03\02\01\oo

s(1 | Exponent Value

Mantissa

High Word

‘ Low Word

(1) S=SignBit

Floating point numbers are represented using the IEEE-754 format, where:

e Bit 31 is the sign bit. This bit is set for negative numbers (note that negative
zero is a valid value).
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® Bits 23 to 30 are the exponent.

e Bits 0 to 22 are the mantissa.

The value represented by a 32-bit floating point number (not one of the exception
values defined on page 172) is given by the following expression. Note the
restoration of the suppressed most significant bit of the mantissa.

) x2 2 x 1+ m)
where:

” sis the sign bit (0 or 1)
” ¢is the exponent (1 to 254)
” m is the mantissa (0 < f < 1)

The valid range for floating point numbers is from -3.4028 x 108 to 3.4028 x 10°8,

Definitions

Overflow - occurs when the result of an operation produces an exponent that is
greater than 254.

Underflow - occurs when the result of an operation produces an exponent that is
less than one.

Floating Point Exception Values

Zero - represented by an exponent and a mantissa of zero. Both positive and
negative zero are valid.

Denormalized - represented by an exponent of zero and a non-zero mantissa
part. Since denormalized numbers have very small, insignificant values, they are
treated as zero when used as source operand for most instructions. This reduces
execution time. Denormalized numbers are not generated by the instructions (but
are propagated by some instructions). Zero is generated on an underflow.

Infinity - represented by an exponent of 255 and a mantissa part of zero. Both
positive and negative infinity are generated when operations overflow. Infinity is
propagated through calculations.

NAN (not a number) - is represented by an exponent of 255 and a non-zero
mantissa part. NANs are used to indicate results that are mathematically undefined
such as 0/0 and adding plus infinity to minus infinity. All operations given a NAN
as input must generate a NAN as output.
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LSB Round-to-Even Rule

Floating point operations are rounded using the round-to-even rule. If the bits of
the result to the right of the least significant bit (LSB) represent a value less than
one-half of the LSB, then the result remains as is. If the bits to the right of the LSB
represent a value greater than one-half of the LSB, the result is rounded up by
adding one LSB. If the bits to the right of the LSB represent a value of exactly
one-half LSB, the result is rounded up or down so that the LSB is an even number.

Addressing Floating Point Files

The addressing format for floating point data files is shown below.

Format Explanation
Ff.e F Floating Point file
f File number The valid file number range is from 8 (default) to 255.

Element delimiter
e Element number | The valid element number range is from 0 to 255.

Examples: |F8:2 Floating Point File 8, Element 2
F10:36 Floating Point File 10, Element 36

Programming Floating Point Values

The following table shows items to consider when using floating point data.

IMPORTANT  These rules do not apply to the SCP instruction. See page 179 for the rules for
that instruction.
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ADD - Add

SUB - Subtract

ADD
— Add
Source A N7:0
0<
Source B N7:1
0<
Dest N7:2
0<
SUB
— Subtract
Source A N7:0
0<
Source B N7:1
0<
Dest N7:2
0<

Publication 1762-RMO00TH-EN-P - July 2014

Considerations When Using Floating Point Data

When at least one of the operands is a Floating Data Point value:

o [f either Source is NAN, then the result is NAN.

o All overflows result in infinity with the correct sign.

o All underflows result in plus zero.

o All denormalized Source values are treated as plus zero.
o Results are always rounded using the Round to Even rule.

o [f Destination is an integer and the result is NAN or infinity, a saturated result (-32768 or
+32767 for word or -2,147,836,648 or +2,147,836,647 for long word) is stored in
Destination and the Math Overflow Selection Bit is ignored.

o |f Destination is an integer, the rounded result is stored. If an overflow occurs after rounding,
a saturated result is stored in Destination and the Math Overflow Selection Bit is
ignored. The saturated results are:

— If Destination is an integer and the result is positive, overflow Destination is +32767
(word) or +2,147,483, 648 (long word).

— If Destination is an integer and the result is negative, overflow Destination is -32767
(word) or -2,147,483, 648 (long word).

Updates to Math Status Bits:

o Carry - is reset

o Qverflow - Is set if the result is infinity, NAN, or if a conversion to integer overflows;
otherwise it is reset.

e Zero - Is set if the lower 31 hits of the Floating Point Data result is all zero's, otherwise it is
reset.

o Sign - Is set if the most significant bit of the Destination is set (bit 15 for word, bit 31 for
long word or floating point data); otherwise it is reset.

o Qverflow Trap - The Math Overflow Trap Bit is only set if the Overflow bit is set. Otherwise,
it remains in its last state.

Instruction Type: output

Execution Time for the ADD and SUB Instructions

“Controller Instruction Data Size Wmung Is:
True False
MicroLogix 1200 [ADD word 2.7us 0.0us
long word 11.9 us 0.0 us
SuB word 3.4 us 0.0 us
long word 12.9 us 0.0 us
MicroLogix 1500 |ADD word 25us 0.0 us
long word 10.4 us 0.0 us
SUB word 29 us 0.0 us
long word 11.2 us 0.0 us
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Use the ADD instruction to add one value to another value (Source A + Source B)
and place the sum in the Destination.

Use the SUB instruction to subtract one value from another value (Source A -
Source B) and place the result in the Destination.

MUL - Multiply
DIV - Divide

Instruction Type: output

MUL
—1 Multiply — Execution Time for the MUL and DIV Instructions
Source A N7:0 -
0< Controller Instruction Data Size When Rung Is:
Source B N7:1
0< True False
Dest N72 Micrologix 1200 |MUL word 6.8 s 0.0 s
long word 31.9 us 0.0 us
DIV word 12.2 us 0.0 us
_ DivideDlV long word 428 us 0.0us
Source A N73%< MicroLogix 1500 [MUL word 5.8 us 0.0 us
Source B N7:1 long word 27.6 us 0.1 us
Dest - DIV word 103 us 0.0 us
0< long word 36.7 us 0.0 us

Use the MUL instruction to multiply one value by another value (Source A x
Source B) and place the result in the Destination.

Use the DIV instruction to divide one value by another value (Soutrce A/Source B)
and place the result in the Destination. If the Sources are single words and the
Destination is directly addressed to S:13 (math register), then the quotient is stored
in S:14 and the remainder is stored in S:13. If long words are used, then the results
are rounded.

NEG - Negate

Instruction Type: output

] NegateNEG | Execution Time for the NEG Instruction
Source N7:00< Controller Data Size Wmung Is:
Dest N”[k True False
MicroLogix 1200 {word 29 us 0.0ps
long word 12.1 us 0.0 us
MicroLogix 1500  |word 1.9us 0.0 us
long word 10.4 us 0.0ps

Use the NEG instruction to change the sign of the Source and place the result in
the Destination.
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CLR - Clear

Instruction Type: output

CLR
Clear Execution Time for the CLR Instruction
Dest N7:0 —
0< Controller Data Size When Rung Is:
True False
MicroLogix 1200 |{word 1.3 us 0.0 s
long word 6.3 us 0.0pus
MicrolLogix 1500 |word 1.2 us 0.0 us
long word 55us 0.0 s

Use the CLR instruction to set the Destination to a value of zero.

ABS - Absolute Value

Instruction Type: output

ABS Execution Time for the ABS Instruction
Absolute Value - M
Source N7:0 Controller When Rung Is:
0< True False
Dest N73(1]< NMicroLogix 1200 38 1S 0.0 s
MicroLogix 1500 3.1 us 0.0 us

The ABS instruction takes the absolute value of the Source and places it in the

Destination. The data range for this instruction is -2,147,483,648 to 2,147,483,647
or IEEE-754 floating point value.

Source and Destination do not have to be the same data type. However, if the
signed result does not fit in Destination, the following will occur.

ABS Result Does Not Fit in Destination

When Both Operands Are Integers

When At Least One Operand is Floating Point Data

o |f the Math Overflow Selection Bit is clear, a saturated result
(32767 for word or 2,147,836,647 for long word) is stored in
the Destination.

o |f the Math Overflow Selection Bit isset, the unsigned truncated
value of the result is stored in the Destination.

e The ABS instruction clears the sign bit. No operation is
performed on the remaining bits.

o |f Destination is an integer and Source is NAN or infinity, a
saturated result (32767 for word or 2,147,836,647 for long
word) is stored in Destination and the Math Overflow
Selection Bit is ignored.

o |f Destination is an integer, the rounded result is stored. If an
overflow occurs after rounding, a saturated result (32767 for
waord or 2,147,836,647 for long word) is stored in Destination

and the Math Overflow Selection Bit is ignored.
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The following table shows how the math status bits are updated upon execution of
the ABS instruction:

Updates to Math Status Bits

When Both Operands Are Integers When At Least One Operand is Floating Point Data

o Carry - Is set if input is negative, otherwise resets. o Carry - Is reset.

o Overflow - Is set if the signed result cannot fit in the o Overflow - Is set if the signed result is infinity NAN, or cannot fit
Destination; otherwise it is reset. in the Destination; otherwise it is reset.

e Zero - Is set if Destination is all zero's, otherwise it is reset. e Zero - Is set if Destination is all zero's, otherwise it is reset.

o Sign - Is set if the most significant bit of the Destination is set, o Sign - Is set if the most significant bit of the Destination is set,
otherwise it is reset. otherwise it is reset.

o Qverflow Trap - The Math QOverflow Trap Bit is only set if the o Qverflow Trap - The Math Qverflow Trap Bit is only set if the
Overflow bit is set. Otherwise, it remains in its last state. Overflow bit is set. Otherwise, it remains in its last state.

Addressing Modes and File Types are shown in the following table:

ABS Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 4-2.

. - Address | Address
Data Files Function Files 1)
Mode' Level
- -
Parameter o |3 3
= El_|E|g e
©| © o
< g z Sg°§3§ g;-gg
~ = ~ — (N - =,a—-E
o SRRSO =|_ =52 RE|L S |=|SE|S
-1 [Z2] =|xz << (7] - =8| oo
ol-lnnl z.kiSEEZEHEnESEBSAlES s =2 SET
| o (0|0 0|0 |0 oo (o |0 0|0 0 0|0 |0 oo | @ o | o | @ oo | o
ource
ination |e|e|e|e|e|e|e o|o|o|o(o(o|0]|e oo o|e
Destination

(1) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTO, PWM,
STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

SCL - Scale

Instruction Type: output

SCL
— Scale — Execution Time for the SCL Instruction
Source N7:0 —
0< Controller When Rung Is:
Rate [/10000] N7:1
0< True False
Offset N7 MicroLogix 1200 05 1S 0.0 s
Dest N7:?6 MicroLogix 1500 8.7 us 0.0 us
<

The SCL instruction causes the value at the Source address to be multiplied by the
Rate (slope) value. The resulting value is added to the Offset and the rounded
result is placed in the Destination.

The following equations express the linear relationship between the input value
and the resulting scaled value:
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SCP - Scale wi

th

scaled value = [(rate x source)/10000] + offset, where

e rate = (scaled max. - scaled min.)/(input max. - input min.)

e offset = scaled min. - (input min. x rate)

Rate and Offset can both be immediate values. The data range for rate and offset is
-32768 to 32767.

Addressing Modes and File Types can be used as shown in the following table:

SCL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. L Address| Address
Data Files Function Files 1)
2| Mode Level
7 -
= £ c | @ -
Parameter S ElolE|E - S|
- 2 - S=PlE|=8 =5
N _ NERE IR Bl g
[ galL@Cl==EIEEElnleRE|IES|=|S|E|a
= (7] = = = o
ol-lnlnllzluGluSREIZEGE xS SE8SalElalslaZSa
Source oo efeofe oo .
Rate oo efeo|e efeo|e .
Offset o|e e|eo e oo e .
Destination |e | e o|efe ole .

(1) See Important note about indirect addressing.

IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

IMPORTANT Do not use the High Speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the SCL instruction.

Parameters
SCP
— Scale w/Parameters
Input N7:0
0<
Input Min. N7:1
0<
Input Max. N7:2
0<
Scaled Min. N7:3
0<
Scaled Max. N7:4
0<
Output N7:5
0<
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Instruction Type: output

Execution Time for the SCP Instruction

“Controller Data Size Wmung Is:
True False
MicroLogix 1200 |{word 315pus 0.0 s
long word 52.2 us 0.0us
MicrolLogix 1500 |word 27.0 us 0.0 us
long word 447 us 0.0 s

The SCP instruction produces a scaled output value that has a linear relationship
between the input and scaled values. This instruction solves the following equation
listed below to determine scaled output:
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y = [0 - yo) / (x1 - Xp)I(x - Xp) + ¥

Addressing Modes and File Types can be used as shown in the following table:

SCP Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files Function Files!" Addreszs Address Level
" E’ Mode?

Parameter = E s |8 T

£ £ = B EE| |k A

ol Bl | EEEEEE s EEEEls 8B EEE s B
|nput(x) . o | o . o | o I EEEEEEEEEEEEE . . o | o o | o
|ﬂpUtMiﬂ.(Xg) o | o | o . o | o | @ o | o

Input Max. (X1) o | o | o . o | o | @ .

Scaled Min. (\/0) ° ° . . ° ° ° ° °
Scaled Max. (\/1) . . . . . . . . .
Output(y) . o | o . . . . o | o | o . o | o o | o

(1) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are only recommended for use with MicroLogix 1200 and 1500 BXB units.

(2) See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

IMPORTANT Do not use the High Speed Counter Accumulator (HSC.ACC) for the Scaled
Output parameter in the SCP instruction.

Special Considerations when Using Floating Point Parameters

If any of the parameters (except Output) are NAN (not a number), Infinity, or
De-normalized; then the result is -NAN.

If yy - yg or xq - x( result in an overflow, then the result is -NAN

Other Considerations

If yy - yg = 0, the Result becomes the Scaled Start value
If x; - x5 = 0 and x = x, the Result becomes the Scaled Start value

If x4 - x5 = 0 and x does not equal x(, The Result becomes a negative overtlow (for

integer values) or a negative NAN (for floating point values)
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SQR - Square Root

Instruction Type: output

SQR
— Square Root Execution Time for the SQR Instruction
Source N7:0 -
0< Controller Data Size When Rung Is:
Dest N7:1
0< True False
MicroLogix 1200 |{word 26.0 us 0.0 s
long word 309 s 0.0pus
MicrolLogix 1500 |word 223 us 0.0 us
long word 26.0 us 0.0 s

The SQR instruction calculates the square root of the absolute value of the source
and places the rounded result in the destination.

The data ranges for the source is -32768 to 32767 (word) and -2,147,483,648 to
2,147,483,647 (long word). The Carry Math Status Bit is set if the source is
negative. See Updates to Math Status Bits on page 170 for more information.

SOR Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . . Address
Data Files Function Files ) Address Level
2 | Mode
1) —
= £ c |@ =
Parameter s E o £ |8 - s |_
2 o Q = B |8 | |[© S |E
e o o s | <l e g |8 £ T > |E
o g v e (3 = |- |z Elz lo 2 9 e |= (. |E|2I|E
© |- | |m z2h o EEREEEGEEaEB SREIESERIEI|S|T
Source o | o . e | o o | o o | o . . .
Destination o | o o | o | o o | o o | o o | o

(1) See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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Chapter 11

Conversion Instructions

The conversion instructions multiplex and de-multiplex data and perform
conversions between binary and decimal values.

Instruction Used To: Page

DCD - Decode 4 to 1-of-16 Decodes a 4-bit value (0 to 15), turning on the 182
corresponding bit in the 16-bit destination.

ENC - Encode 1-0f-16 to 4 Encodes a 16-bit source to a 4-bit value. 182
Searches the source from the lowest to the
highest bit and looks for the first set bit. The
corresponding bit position is written to the
destination as an integer.

FRD - Convert From Binary Converts the BCD source value to an integerand | 184
Coded Decimal stores it in the destination.
TOD - Convert to Binary Coded | Converts the integer source value to BCD format | 187
Decimal and stores it in the destination.

Using Decode and Addressing Modes and File Types can be used as shown in the following table:

Encode Instructions

Conversion Instructions Valid Addressing Modes and File Types
For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

) ) ) Address
Data Files Function Files ) Address Level
2 | Mode
7} —
Parameter = £ s (= T
o s Elo BE|E| |« 5 |
o S = P |5 - o ; @
= e o |o s = < e g |8 s T |= |E
© g2 e |a E = = Tz |w |8 |4 = |8 = |8 |5 |
© |- | |m 2zl SlEEEEGEEESEB S RIEE|EE2|S|n
Source . ° . ° . Y Y Y
Destination o | o e | e o o | o .

(1) See Important note about indirect addressing.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTQ,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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DCD - Decode 4 to

1-0f-16
Instruction Type: output
DCD
——1 Decode 4to 1 0f 16 — Execution Time for the DCD Instruction
Source N7:0 -
0000h< Controller When Rung Is:
Dest N7:1
0000000000000000< True False
MicroLogix 1200 1.9 us 0.0 us
MicroLogix 1500 0.9 us 0.0 us

The DCD instruction uses the lower four bits of the source word to set one bit of
the destination word. All other bits in the destination word are cleared. The DCD
instruction converts the values as shown in the table below:

Decode 4 to 1-0f-16

Source Bits Destination Bits
15t004| 03 | 02 | 01 | 00 | 15 | 14 | 13 [ 12 (11 |10 | 09 | 08 | 07 | 06 | O5 | 04 | 03 | 02 | 01 | 00
X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
X 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
X 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
X 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
X 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
X 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
X 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
X 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
X 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
X 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
X 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
X 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
X 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X = not used
ENC - Encode 1-0f-16 .
to 4 Instruction Type: output
ENC
—— Encode 10f16t0 4 — Execution Time for the ENC Instruction
Source N7:0 - -
0000000000000000< Controller When Rung Is:
Dest N7:1
0000h< True False
MicroLogix 1200 1.2 us 0.0 us
MicroLogix 1500 6.8 us 0.0us
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Encode 1-0f-16 to 4

The ENC instruction searches the source from the lowest to the highest bit,
looking for the first bit set. The corresponding bit position is written to the

destination as an integer. The ENC instruction converts the values as shown in the
table below:

Source Bits Destination Bits
15 |14 |13 |12 |11 |10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 [15to04| 03 | 02 | 01 | 00
X X X X X X X X X X X X X X X 1 0 0 0 0 0
X X X X X X X X X X X X X X 1 0 0 0 0 0 1
X X X X X X X X X X X X X 1 0 0 0 0 0 1 0
X X X X X X X X X X X X 1 0 0 0 0 0 0 1 1
X X X X X X X X X X X 1 0 0 0 0 0 0 1 0 0
X X X X X X X X X X 1 0 0 0 0 0 0 0 1 0 1
X X X X X X X X X 1 0 0 0 0 0 0 0 0 1 1 0
X X X X X X X X 1 0 0 0 0 0 0 0 0 0 1 1 1
X X X X X X X 1 0 0 0 0 0 0 0 0 0 1 0 0 0
X X X X X X 1 0 0 0 0 0 0 0 0 0 0 1 0 0 1
X X X X X 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0
X X X X 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1
X X X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0
X X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
X 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
x = determines the state of the flag
TIP If source is zero, the destination is zero and the math status is zero, the flag

issetto 1.

Updates to Math Status Bits

Math Status Bits

"With this Bit:

The Controller:

S:0/0 Carry always resets

S:0/1 Overflow |sets if more than one bit in the source is set; otherwise resets. The math
overflow bit (S:5/0) is not set.

S:0/2 Zero Bit  |sets if result is zero, otherwise resets

$:0/3 Sign Bit  |always resets
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FRD - Convert from

Binary Coded Decimal

(BCD)

FRD
—— From BCD
Source S:0
0000h<
Dest N7:0
0<

Instruction Type: output

Execution Time for the FRD Instructions

Controller Wmung Is:

True False
MicroLogix 1200 14.1 us 0.0ps
MicroLogix 1500 12.3 us 0.0us

The FRD instruction is used to convert the Binary Coded Decimal (BCD) source
value to an integer and place the result in the destination.

Addressing Modes and File Types can be used as shown in the following table:

FRD Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . . Address
Data Files Function Files ) Address Level

2 | Mode

1) —
= £ c (@ =
Parameter s Elo |E|E - s |
[=] = e I= B |5 | o ; =
= e o o s |= e e g (8 £ T | |8
o g |92 B |a == |= = P L R E B (= | |§ |=
o |- alrlzlulzlolEEEEREGEEIEESEE S EES|Enl|2 |8 |=
Source o [ o o o | @ o (o . (2)
Destination o | o o o | o o | o .

(1) See Important note about indirect addressing.

(2) See FRD Instruction Source Operand on page 184.
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IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

FRD Instruction Source Operand

The source can be cither a word address or the math register. The maximum BCD
source values permissible are:

® 9999 if the source is a word address (allowing only a 4-digit BCD value)

e 32768 if the source is the math register (allowing a 5-digit BCD value with
the lower 4 digits stored in S:13 and the high order digit in S:14).

If the source is the math register, it must be directly addressed as S:13. S:13 is the
only status file element that can be used.
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Updates to Math Status Bits

Math Status Bits

‘With this Bit: The Controller:

S:0/0 Carry always resets

S:01 Overflow sets if non-BCD value is contained at the source or the value to be
converted is greater than 32,767; otherwise resets. On overflow,
the minor error flag is also set.

S:0/2 Zero Bit sets if result is zero, otherwise resets

S:0/3 Sign Bit always resets

TIP

Always provide ladder logic filtering of all BCD input devices prior to

performing the FRD instruction. The slightest difference in point-to-point
input filter delay can cause the FRD instruction to overflow due to the
conversion of a non-BCD digit.

S

I

15

— EQU — FRD
EQUAL FROM BCD -
Source A N7:1 Source 1:0.0
0 0
Source B 1:0.0 Dest N7:2
0 0
— MOV
MOVE
Source 1:0.0
0
Dest N7:1
0

The two rungs shown cause the controller to verify that the value I:0 remains the
same for two consecutive scans before it executes the FRD. This prevents the FRD
from converting a non-BCD value during an input value change.

TIP

To convert numbers larger than 9999 BCD, the source must be the Math

Register (S:13). You must reset the Minor Error Bit (S:5.0) to prevent an error.
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Conversion Instructions

Example

The BCD value 32,760 in the math register is converted and stored in N7:0. The
maximum source value is 32767 (BCD).

FRD
—— From BCD —

Source S:13

00032760<

Dest N7:0

32760<

S:14 S$:13

0000 0000 0000 0011 0010 0111 0110 0000

15 0 15 0 5-digit BCD

I O I I o, ]

IR

N7:0 Decimal 0111 1111 1111 1000

You should convert BCD values to integer before you manipulate them in your
ladder program. If you do not convert the values, the controller manipulates them
as integers and their value may be lost.

TIP If the math register (S:13 and S:14) is used as the source for the FRD
instruction and the BCD value does not exceed four digits, be sure to dear
word S:14 before executing the FRD instruction. If S:14 is not cleared and
a value is contained in this word from another math instruction located
elsewhere in the program, an incorrect decimal value is placed in the
destination word.

Clearing S:14 before executing the FRD instruction is shown below:

11 — MOV
MOVE —
! Sourcs N72 |l 000100100011 0100
4
4660
Dest S:13
4660
—CR —m
CLEAR —
Dest S:14
0
— MR —m¥
FROM BCD — S:13and S:14 are
Source 00001233:13 ‘//displayed in BCD format.
Dest N7:0
1230 €
0000 0100 1101 0010
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When the input condition 1:0/1 is set (1), a BCD value (transferred from a 4-digit
thumbwheel switch for example) is moved from word N7:2 into the math register.
Status word S:14 is then cleared to make certain that unwanted data is not present

when the FRD instruction is executed.

TOD - Convert to Binary

Coded Decimal (BCD)

TOD
— ToBCD
Source N7:0
0<
Dest N7:1
0000h<

Instruction Type: output

Execution Time for the TOD Instructions

Controller Wﬁung Is:

True False
MicrolLogix 1200 17.2 us 0.0 us
MicroLogix 1500 14.3 us 0.0 us

The TOD instruction is used to convert the integer source value to BCD and place
the result in the destination.

Addressing Modes and File Types can be used as shown in the following table:

TOD Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i . . Address
Data Files Function Files - Mode! Address Level
ode
] S
Parameter = E g % '.g
-] o -
2 = SeiB gl 5| L E
Iy slhwlelelgl-l_l=zEk|l-|2|slel|E|2|E|. |52
o |— |n |=o z SR EREGFGEEESEBSEIEBSIEEE|S S
Source . . . . . . O .
Destination ° ° ° ° ° ° ° ° ° (2)
(1) See Important note about indirect addressing.
(2) See TOD Instruction Destination Operand below.
IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,

PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

TOD Instruction Destination Operand

The destination can be either a word address or math register.

The maximum values permissible once converted to BCD are:

® 9999 if the destination is a word address (allowing only a 4-digit BCD value)

e 32768 if the destination is the math register (allowing a 5-digit BCD value
with the lower 4 digits stored in S:13 and the high order digit in S:14).
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If the destination is the math register, it must be directly addressed as S:13. §:13 is
the only status file element that can be used.

Updates to Math Status Bits

Math Status Bits

‘With this Bit: The Controller:

S:0/0 Carry always resets

S:011 Overflow sets if BCD result is larger than 9999. On overflow, the minor error
flag is also set.

S:0/2 Zero Bit sets if result is zero, otherwise resets

S:0/3 Sign Bit sets if the source word is negative; otherwise resets

Changes to the Math Register

Contains the 5-digit BCD result of the conversion. This result is valid at overflow.

TIP To convert numbers larger than 9999 decimal, the destination must be the Math Register
(S:13). You must reset the Minor Error Bit (S:5/0) to prevent an error.

Example

The integer value 9760 stored at N7:3 is converted to BCD and the BCD
equivalent is stored in N7:0. The maximum BCD value is 9999.
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7 6 0 N73

1]

7 6 0 N7:0

TOD
— ToBCD o _
Source N7:3 The destination value is
9760< displayed in BCD format.
Dest N10:0
9760<
MSB LSB

Decimal 0010 0110 0010 0000

4-digit BCD 1001 0111 0110 0000



Conversion Instructions 189

GCD - Gray Code

GCD
Gray Code
Source 11:2.0
225<
Dest N7:1
190<

Instruction Type: output

Execution Time for the GCD Instructions

“Controller Wmung Is:

True False
MicroLogix 1200 95us 0.0ps
MicroLogix 1500 8.2 us 0.0ps

The GCD instruction converts Gray code data (Source) to an integer value

(Destination). If the Gray code input is negative (high bit set), the Destination is
set to 32767 and the overflow flag is set.

Addressing Modes and File Types are shown in the following table:

GCD Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 4-2.

Data Files Function Files KOO Address Level
2 Mode
» -
Parameter = £ s | =
a s Ee 8|2 | |Is S |z
o < v oo |o s |z S e | g |8 |& El=z|E
Pl P — - [ 7] =2 R =
ol btz EEREREREESESEBEEIEREEE 252
Source . o | o . . . .
Destination . R o | o .
Updates to Math Status Bits
Math Status Bits
With this Bit: The Controller:
$:0/0 (Carry always reset
S:01 Overflow set if the Gray code input is negative, otherwise is reset
$:0/2 Zero Bit set if the destination is zero, otherwise reset
$:0/3  |[SignBit always reset
$:5/0  |Overflow Trap set if the Overflow Bit is set, otherwise reset
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Notes:
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Logical Instructions

The logical instructions perform bit-wise logical operations on individual words.

Instruction Used To: Page
AND - Bit-Wise AND Perform an AND operation 192
OR - Logical OR Perform an inclusive OR operation 193
XOR - Exclusive OR Perform an Exclusive Or operation 193
NOT - Logical NOT Perform a NOT operation 194
Using Logical When using logical instructions, observe the following:

Instructions e Source and Destination must be of the same data size (i.e. all words or all
long words).

IMPORTANT Do not use the High Speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

e Source A and Source B can be a constant or an address, but both cannot be
constants.

e Valid constants are -32768 to 32767 (word) and -2,147,483,648 to
2,147,483,647 (long word).

Addressing Modes and File Types can be used as shown in the following table:

Logical Instructions Valid Addressing Modes and File Types
For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i Address
Data Files Function Files'! a Mode® Address Level
[=d
) S
Parameter § E s % 'g
(=) © [.= - -
e E e —_ S ? a. B3 |8 § = E., §
5 skl zEEER|eg|2IE2|E|=|8|E|5
ol_lwmplkrlzle BlolSlEZEEL ERESEEBBIS|IaEESEn|2 |8 |z
Source A ° . ° . . . . ° . ° ° . . . . . . . ° ° ° ° . . .
SOUI’CE B(4) L] L] L] L] L] [ ] L] L] L] L] L] [ ] [ ] [ ] L] L] L] L] [ ] L] L] L] L] L] L]
Destination . . . . . . . . . . . . . . .

(1) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are valid for MicroLogix 1200 and 1500 BXB units.
(2) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(3) See Important note about indirect addressing.

(4) Source B does not apply to the NOT instruction. The NOT instruction only has one source value.
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192  Logical Instructions

IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Updates to Math Status  After a logical instruction is executed, the arithmetic status bits in the status file are

B- ts updated. The arithmetic status bits are in word 0 bits 0-3 in the processor status
' file (S2).

Math Status Bits

"With this Bit: The Controller:

S:0/0 Carry always resets

S:01 Overflow always resets

S:0/2 Zero Bit sets if result is zero, otherwise resets

S:0/3 Sign Bit sets if result is negative (MSB is set), otherwise resets

AND - Bit-Wise AND

Instruction Type: output

AND
Bitwise AND — Execution Time for the AND Instruction
Source A N7:0 —
0000h< Controller Data Size When Rung Is:
Source B N7:1
0000h< True False
Dest s Micrologix 1200 |word AT 00 s
long word 9.2 us 0.0ps
MicroLogix 1500 |word 20ps 0.0 s
long word 79us 0.0us

The AND instruction performs a bit-wise logical AND of two sources and places
the result in the destination.

Truth Table for the AND Instruction
Destination = A AND B

Source: A

1‘1 |1 |1 |1 ‘0 |1 |0 |0 ‘0 |0 |0 |1 ‘1 |0 |0
Source: B

1 ‘1 ‘0 |O ‘1 ‘1 ‘1 |1 ‘1 ‘1 ‘0 |O ‘0 ‘0 ‘1 |1
Destination:

R RN R R R R CHCHERERCRE

IMPORTANT Do not use the High Speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

For more information, see Using Logical Instructions on page 191 and Updates to
Math Status Bits on page 192.
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OR - Logical OR

Instruction Type: output

OR
Bitwise Inclusive OR Execution Time for the OR Instruction
Source A N7:0 -
0000h< Controller Data Size When Rung Is:
Source B N7:1
0000h< True False
Dest s MicroLogix 1200 | word 77 s 00 s
long word 9.2us 0.0us
MicrolLogix 1500 |word 20us 0.0us
long word 7.9 s 0.0ps

The OR instruction performs a logical OR of two sources and places the result in
the destination.

Truth Table for the OR Instruction

Destination=A OR B

Source: A

1|1 ‘1 ‘1 ‘1 |0 ‘1 ‘0 ‘O |0 ‘0 ‘0 ‘1 |1 ‘0 ‘0
Source: B

R RN RN R R CRC CRERNE
Destination:

1 |1 ‘1 ‘1 ‘1 |1 ‘1 ‘1 ‘1 |1 ‘U ‘0 ‘1 |1 ‘1 ‘1

IMPORTANT Do not use the High Speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

XOR - Exclusive OR

Instruction Type: output

XOR
Bitwise Exclusive OR Execution Time for the XOR Instruction
Source A N7:0 - — —
0000h< Controller Data Size When Rung Is:
Source B N7:1
0000h< True False
Dest N7:2 - -
es 000Gh< MicroLogix 1200 |word 3.0us 0.0 us
long word 99 s 0.0ps
MicroLogix 1500 |word 2.3 us 0.0us
long word 8.9 us 0.0ps

The XOR instruction performs a logical exclusive OR of two sources and places
the result in the destination.

Truth Table for the XOR Instruction

Destination = A XOR B
Source: A
AT oo o[i[i[o]o
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194 Logical Instructions

Truth Table for the XOR Instruction

Source: B

1 ‘1 ‘0 |0 ‘1 ‘1 ‘1 |1 ‘1 ‘1 ‘0 |0 ‘0 ‘U ‘1 |1
Destination:

0 ‘0 ‘1 |1 ‘0 ‘1 ‘0 |1 ‘1 ‘1 ‘0 |0 ‘1 ‘1 ‘1 |1

IMPORTANT Do not use the High Speed Counter Accumulator (HSC.ACC) for the
Destination parameter in the AND, OR, and XOR instructions.

For more information, see Using Logical Instructions on page 191 and Updates to
Math Status Bits on page 192.

NOT - Logical NOT

Instruction Type: output

NOT
— NOT — Execution Time for the NOT Instruction
Source N7:0 -
LS Controller Data Size When Rung Is:
Dest N7:1
0< True False
MicroLogix 1200 |{word 24 s 0.0 s
long word 9.2 us 0.0us
MicrolLogix 1500 |word 24 us 0.0 us
long word 8.1us 0.0 s

The NOT instruction is used to invert the source bit-by-bit (one’s complement)
and then place the result in the destination.

Truth Table for the NOT Instruction
Destination = A NOT B

Source:
1‘1 ‘1 |1 ‘1 ‘0 ‘1 |O ‘0 ‘0 ‘0 |O ‘1 ‘1 ‘0 |O
Destination:

OO POO O[T

For more information, see Using Logical Instructions on page 191 and Updates to
Math Status Bits on page 192.
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MOV - Move

MOV
— Move
Source N7:0
0<
Dest N7:1
0<

Move Instructions

The move instructions modify and move words.

Instruction
MOV - Move
MVM - Masked Move

Used to: Page

Move the source value to the destination. 195

Move data from a source location to a selected | 197
portion of the destination.

Instruction Type: output

Execution Time for the MOV Instruction

Controller Data Size Wmung Is:
True False
MicroLogix 1200 |{word 24 s 0.0ps
long word 8.3 us 0.0us
MicroLogix 1500 |word 2.3 us 0.0 us
long word 6.8 us 0.0ps

The MOV instruction is used to move data from the source to the destination. As
long as the rung remains true, the instruction moves the data each scan.

Using the MOV Instruction

When using the MOV instruction, observe the following:

e Source and Destination can be different data sizes. The source is converted
to the destination size when the instruction executes. If the signed value of
the Source does not fit in the Destination, the overflow is handled as follows:

— If the Math Overflow Selection Bit is clear, a saturated result is stored in
the Destination. If the Source is positive, the Destination is 32767 (word).
If the result is negative, the Destination is -32768.

— If the Math Overflow Selection Bit is set, the unsigned truncated value of
the Source is stored in the Destination.

e Source can be a constant or an address.

e Valid constants are -32768 to 32767 (word) and -2,147,483,648 to
2,147,483,647 (long word).
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Addressing Modes and File Types can be used as shown in the following table:

MOV Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

S ) i o) _ Address
Data Files Function Files 8 @) Address Level
2 | Mode
7} —
Parameter § g g % 'g
=) 8 - -
= £ B _ SEITREIE] =2
(1) 5 g QO |l=_ I Bl @ |2IE |2 |5 |= |8 |5 |&
ol _lwlmwlclz2l .S EEEGIEEISESEBe2IEE|EEISI|S |
Source L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] [ ] L] L] L] L] L] L] L] L] L]
Destination . . . . . . . . . . (6) | (6) | (6) | (6) Y ° . .

(1) The ST file is not valid for MicroLogix 1500 1764-LSP Series A processors.

(2) DAT files are valid for the MicroLogix 1500 only. PTO and PWM files are valid for MicroLogix 1200 and 1500 BXB units.

(3) The Data Log Status file can only be used by the MicroLogix 1500 1764-LRP Processor.

(4) See Important note about indirect addressing.

(5) The Ffile is valid for MicroLogix 1200 and 1500 Series C and higher controllers only.

(6) Some elements can be written to. Consult the function file for details.
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IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Updates to Math Status Bits

After a MOV instruction is executed, the arithmetic status bits in the status file are
updated. The arithmetic status bits are in word 0, bits 0 to 3 in the processor status

file (S2).

Math Status Bits

"With this Bit: The Controller:

S:0/0 Carry always resets

S:011 Overflow sets when an overflow, infinity, or NAN (not a number)

condition is detected, otherwise resets

S:0/2 Zero Bit sets if result is zero, otherwise resets

S:0/3 Sign Bit sets if result is negative (MSB is set), otherwise resets
S:5/0 Math Overflow Trap  |sets Math Overflow Trap minor error if the Overflow hit is set,

Bit" otherwise it remains in last state
(1) Control bit.
TIP

If you want to move one word of data without affecting the math flags, use a
copy (COP) instruction with a length of 1 word instead of the MOV instruction.
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MVM - Masked Move

MVM
—— Masked Move

Source N7:0
0<

Mask N7:1
0000h<

Dest N7:2
0<

Instruction Type: output

Execution Time for the MVM Instruction

Controller Data Size WW%ung Is:
True False
MicroLogix 1200 |{word 7.8 us 0.0ps
long word 11.8 us 0.0us
MicrolLogix 1500 |word 7.2 us 0.0 us
long word 10.0 us 0.0ps

The MVM instruction is used to move data from the source to the destination,
allowing portions of the destination to be masked. The mask bit functions

as follows:

Mask Function for MVM Instruction

Source Bit Mask Bit Destination Bit
1 0 last state

0 0 last state

1 1 1

0 1 0

Mask data by setting bits in the mask to zero; pass data by setting bits in the mask
to one. The mask can be a constant, or you can vary the mask by assigning a direct
address. Bits in the Destination that correspond to zeros in the Mask are not

altered.

Using the MVM Instruction

When using the MVM instruction, observe the following:

e Source, Mask, and Destination must be of the same data size (i.e. all words
or all long words).

To mask data, set the mask bit to zero; to pass data, set the mask bit to one.

The mask can be a constant value, or you can vary the mask by assigning a
direct address.

TIP

Bits in the destination that correspond to zeros in the mask are not altered
as shown in the shaded areas in the following table.
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Mask Example (Word Addressing Level)

Word Value in Value in §inary

Hexadecimal (1571411371211 [10[9 (8 [7 (6 [5 (4 [3 [2 |1 |0
Value in Destination |FFFF TN 11
Before Move
Source Value 5555 0 |7 ({0 |1 (0 1T |0]|1]01{11011|0O 0|1
Mask FOFO 111 11 1 0 |0/0|11(11(11]11]0/0|0]|0
Value in Destination  |5F5F o (110 {1T |1 11T (1|1({0|1(01(11 111
After Move

e Valid constants for the mask are -32768 to 32767 (word) and -2,147,483,648
to 2,147,483,647 (long word). The mask is displayed as a hexadecimal

unsigned value from 0000 0000 to FFFF FFFE

Addressing Modes and File Types can be used as shown in the following table:

MVM Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i . Address
Data Files!" Function Files (2 | Address Level
=g Mode
» -
Parameter § E ‘E % 'E
<) 8 - -
= g e - S =98 |8 8 = i g,
o = |0 |»n |© 3 (= - e =S E -— 'len |0 |E | @ S | S | H
= (7] - = = o
ol-lwalkrlzulb|ZscEZEEEE xS cE8 e Elslslal|=|S|a
Source . . . ° ° ° ° o o ° °
Mask o | o o | o | o o | o o | o | o o | o
Destination o | o R e | o < e "

(1) The ST file is not valid for MicroLogix 1500 1764-LSP Series A processors.

(2) See Important note about indirect addressing.

(3) Inearlier firmware versions, when the MVM instruction was configured to execute with a Long Word Source value set to zero, the processor could potentially lose
communications or hard fault. This was corrected in MicroLogix 1200 FRN 7 and MicroLogix 1500 FRN 8 firmware.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM,

STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Updates to Math Status Bits

After a MVM instruction is executed, the arithmetic status bits in the status file are
updated. The arithmetic status bits are in word 0 bits 0-3 in the processor status

file (S2).

Math Status Bits

"With this Bit:

The Controller:

S:0/0 Carry

always resets

S:0/1 Overflow

always resets

S:0/2 Zero Bit

sets if destination is zero, otherwise resets

S:0/3 Sign Bit

sets if the MSB of the destination is set, otherwise resets
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CPW - Copy Word

CPW

—— Copy Word
Source #HSC:0.2
Dest #N7:0
Length 1

File Instructions

The file instructions perform operations on file data.

Instruction Used To: Page

CPW - Copy Word Copy words of data from one location to another | 199

COP - Copy File Copy a range of data from one file location to 200
another

FLL - Fill File Load a file with a program constant or a value 201
from an element address

BSL - Bit Shift Left

Load and unload data into a bit array one bitata | 203

BSR - Bit Shift Right time 204
FFL - First In, First Out (FIFO) Load | Load words into a filg and unload them in the 206
FFU - First In, First Out (FIFO) same order (firstin, first out) 208

Unload

LFL - Last In, First Out (LIFO) Load

Load words into a file and unload them in reverse | 210
order (last in, first out)

LFU - Last In, First Out (LIFO) 212
Unload
SWP - Swap Swap low byte with high byte in a specified 214

(MicroLogix 1200 and 1500 Series | number

B and higher controllers only)

of words

Instruction Type: output

Execution Time for the CPW Instruction

Controller

When Rung Is:

True False
MicroLogix 1200 Series C and higher only  {18.3 us + 0.8 ws/word ~ [0.0 s
MicroLogix 1500 Series C and higher only {158 us + 0.7 us/word ~ {0.0 s

The CPW instruction copies words of data, in ascending order, from one location
(Soutce) to another (Destination). Although similar to the File Copy (COP)
instruction, the CPW instruction allows different source and destination

parameters. Examples include:

e integer to long word
e long word to floating point
e long word to integer

e integer to PTO function file
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COP - Copy File

cop
—— Copy File
Source #N7:0
Dest #N7:1
Length 1
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Observe the following restrictions when using the CPW instruction:

e The length of the data transferred cannot exceed 128 words.
e Function files can be used for Source or Destination, but not both.

e When referencing either a PLS file or a function file, addressing must be
specified to the sub-element level.

® You can reference a sub-element of bits in a function file containing a
combination of read-only and read/write bits.
® You cannot directly reference the high word of a long word as an operand in

the CPW instruction.

e A Major fault (O03F) is generated if the execution of the instruction exceeds
the data table space.

e A Major fault (0044) is generated if a write attempt fails to the RT'C function
file. This only occurs when attempting to write invalid data to the RTC
function file. Examples of invalid data are: setting the Day of Week to zero
or setting the Date to February 30th.

Addressing Modes and File Types are shown in the following table:

CPW Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 4-2.

. L Address | Address
Data Files Function Files "
2 Mode Level
73 —
Parameter § E .g % '.g
(=) - =
=) = 1=}
™ & a _ SE2E[s(8| =58
) — guelglel= =g lzlnl2|2E|2|S|=|8|E|8
= [7] - = = o
ol_lnanl-zimliS2EZEERE =S SEESEE|lS|Ea2 8T
Source o0 . o0 . oo (o o o o(o|e . o | e .
Destination | ® | ® . o|e . eo|o|o o o0 o | e
Length .

(1) See Important note about indirect addressing.

(2) The Ffile is valid for MicroLogix 1200 and 1500 Series C and higher controllers only.

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTO, PWM,
STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Instruction Type: output

Execution Time for the COP Instruction

“Controller Wmung Is:

True False
MicroLogix 1200 19.08 us + 0.8 ps/word 0.0 s
MicroLogix 1500 15.9 us + 0.67 ps/word 0.0 us
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The COP instruction copies blocks of data from one location into another.

COP Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i . Address
Data Files'") Function Files @ | Address Level

2 | Mode

» -
= £ c | =
Parameter S Elo IE I8 - s (.
[=] a 1= 8 |8 |- |© ; =
o« o s — o |T |7 |2 |8 |e = > |2
< s BEErl=EEEEz|lnl2Q|EI|E|E|=|E|5|E
o ErlzlelB oS RIEEERIERIESEE S RIES|IEE|=2 IS |n
Source 0 o | o | o | o | e Py -
Destination . R s e o
Length .

(1) The ST file is not valid for MicroLogix 1500 1764-LSP Series A processors.

(2) See Important note about indirect addressing.

FLL - Fill File

FLL
Fill File
Source N7:0
Dest #N7:1
Length 1

IMPORTANT  You cannot use indirect addressing with: S, MG, PD, RTC, HSC, PTO, PWM,
STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

The source and destination file types must be the same except bit (B) and integer
(N); they can be interchanged. It is the address that determines the maximum
length of the block to be copied, as shown in the following table:

Maximum Lengths for the COP Instruction

"Source/Destination Data Type ﬁange of Length Operand
1 word elements (ie. word) 110128
2 word elements (ie. long word) 11064
3 word elements (ie. counter) 11042
42 word elements (ie. string) 1t03
Instruction Type: output
Execution Time for the FLL Instruction
Controller Data Size When Rung Is:
True False
MicroLogix 1200 |word 14 + 0.6 ps/word 0.0 us
long word 15+ 1.2 us/longword (0.0 pus
MicroLogix 1500 |word 12.1 +0.43 ps/word 0.0 us
long word 12.3+0.8 us/long word  [0.0 us

The FLL instruction loads elements of a file with either a constant or an address
data value for a given length. The following figure shows how file instruction data
is manipulated. The instruction fills the words of a file with a source value. It uses
no status bits. If you need an enable bit, program a parallel output that uses a
storage address.

Publication 1762-RM001H-EN-P - July 2014



202 File Instructions

Destination

Source

Word to File

This instruction uses the following operands:

e Source - The source operand is the address of the value or constant used to
fill the destination. The data range for the source is from -32768 to 32767
(word) or -2,147,483,648 to 2,147,483,647 (long word), or any IEEE-754
32-bit value.

TIP A constant cannot be used as the source in a timer (T), counter (C), or
control (R) file.

e Destination - The starting destination address where the data is written.

e Length - The length operand contains the number of elements. The length
can range from 1 to 128 (word), 1 to 64 (long word), or 1 to 42 (3 word
element such as counter).

TIP The source and destination operands must be of the same file type, unless
they are bit (B) and integer (N).

Addressing Modes and File Types can be used as shown in the following table:

FLL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. B ) Address
Data Files Function Files 1) Address Level
=4 Mode
7} —
Parameter = £ s |2 s
. s Elo B IE| |« 5 |
e & a — SEIEg(EB| |38
< = o |« e QO |= SIS E|l=lp|lo|? |E|IL |5 |« |6 |
S 7 = [x= < 7 e E (B = 2
ol lwlmllzlilbloSldE2EGE S SEBSea|EaEE2|S|n
Source ° o 3 ° ° ° ° ° . ° ° . °
Destination o | o LI R I . o (o
Length .

(1) See Important note about indirect addressing.

(2) The Ffile is valid for MicroLogix 1200 and 1500 Series C and higher controllers only.

Publication 1762-RMO00TH-EN-P - July 2014

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DATI, TPI, CS, 10S, and DLS files.
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BSL - Bit Shift Left

BSL
—{ Bit Shift Left —CEN D>—
File #B3:1
Control R6:0 —CDN >—
Bit Address B32:0/0
Length 1<

Instruction Type: output

Execution Time for the BSL Instruction

Controller Wmung Is:

True False
MicroLogix 1200 32 us + 1.3 pus/word 1.3 us
MicrolLogix 1500 26.1 us + 1.06 ps/word 1.4 us

The BSL instruction loads data into a bit array on a false-to-true rung transition,
one bit at a time. The data is shifted left through the array, then unloaded, one bit
at a time. The following figure shows the operation of the BSL instruction.

Source Bit

:22/12

Data block is shifted one bit at

a time from bit 16 to bit 73.

3130 |29 (28 |27 [26 |25 [24 |23 [22 |21 [20 |19 [18 |17 [16
47 |46 [45 |44 |43 [42 |41 |40 |39 [38 |37 |36 (35 |34 |33 |32
63 (62 |61 |60 |59 |58 |57 |56 |55 |54 |53 |52 |51 |50 |49 |48 58 Bit Array #B83:1
RESERVED 73 [72 [77 |70 |69 |68 |67 |66 |65 |64

|
Unload Bit ﬁ
(R6:0/10)

If you wish to shift more than one bit per scan, you must create a loop in your
application using the JMP, LBL, and CTU instructions.

This instruction uses the following operands:

e File - The file operand is the address of the bit array that is to be
manipulated.

e Control - The control operand is the address of the BSL’s control element.
The control element consists of 3 words:

15 14 13 (12 [11 |10 |9 |a \7 \6 \5 |4 \3 \2 |1 \o
Word0 |\ |- DN |- ER® |yl |not used

Word 1 |Size of bit array (number of bits).
Word 2 |not used

(1) EN - Enable Bit is set on false-to-true transition of the rung and indicates the instruction is enabled.
(2) DN - Done Bit, when set, indicates that the bit array has shifted one position.

(3) ER - Error Bit, when set, indicates that the instruction detected an error such as entering a negative number for the
length or source operand.

(4) UL - Unload Bit is the instruction’s output. Avoid using the UL (unload) bit when the ER (error) bit is set.
e Bit Address - The soutce is the address of the bit to be transferred into the
bit array at the first (lowest) bit position.

e Length - The length operand contains the length of the bit array in bits. The
valid data range for length is from 0 to 2048.
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BSL Instruction Valid Addressing Modes and File Types

Addressing Modes and File Types can be used as shown in the following table:

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . . Address
Data Files Function Files 1) Address Level
= Mode
[} —
Parameter = £ ] =
= € o ® |® - S |w
[=] o 1= B |85 o ; s
e« a. n'. — o 7 ' e |6 |@ s > °E’
o sl -EElerlenlg@ @ |EIEIE|=|E|E|5
ol_lwpnllzlulb oS EIZEGER S SEESES|ER|2|S|T
File o | o . . O o | o . .
Control 2 . .
Length . .
Source o | o . o | o . o | o | o

(1) See Important note about indirect addressing.

(2) Control file only. Not valid for Timers and Counters.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DATI, TPI, CS, 10S, and DLS files.

BSR - Bit Shift Right

Instruction Type: output

BSR
— E_ilt Shift Right 433 —CEN >— Execution Time for the BSR Instruction

e :

Control R6:0 —CDN>— TController When Rung Is:

Bit Address 1:0/15

Length 1< True False
MicroLogix 1200 32 us + 1.3 ps/word 1.3 us
MicroLogix 1500 26.1 us +1.07 us/word 1.4 us

If you wish to shift more than one bit per scan, you must create a loop in your
application using the JMP, LBL, and CTU instructions.

The BSR instruction loads data into a bit array on a false-to-true rung transition,
one bit at a time. The data is shifted right through the array, then unloaded, one bit
at a time. The following figure shows the operation of the BSR instruction.

Unload Bit
(R6:0/10)

L]

T
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47 |46 |45 |44 |43 |42 |41 (40 |39 |38 |37 (36 |35 |34 |33 |32 38 Bit Array
63 |62 |61 (60 |59 (58 |57 |56 (55 |54 |53 [52 |51 (50 |49 |48 #B32
INVALID '69 68 |67 |66 |65 Ei4
) Data block is shifted one hit at
Source Bit D/ a time from bit 69 to bit 32.
:23/06
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This instruction uses the following operands:

e File - The file operand is the address of the bit array that is to be
manipulated.
e Control - The control operand is the address of the BSR’s control element.
The control element consists of 3 words:

15 14 [13 [12 |11 [10 [9[8[76[5][4 3210
Word0 g\ |- DN |- ER® |y |notused
Word 1 |Size of bit array (number of bits).
Word 2 |not used

(1) EN - Enable Bit is set on false-to-true transition of the rung and indicates the instruction is enabled.

(2) DN - Done Bit, when set, indicates that the bit array has shifted one position.

(3) ER - Error Bit, when set, indicates that the instruction detected an error such as entering a negative number for the
length or source operand.

(4) UL - Unload Bit is the instruction’s output. Avoid using the UL (unload) bit when the ER (error) bit is set.

e Bit Address - The source is the address of the bit to be transferred into the

bit array at the last (highest) bit position.

e Length - The length operand contains the length of the bit array in bits. The

data range for length is from 0 to 2048.

Addressing Modes and File Types can be used as shown in the following table:

BSR Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. L Address
Data Files Function Files ) Address Level
=4 Mode
7 —
£ s |@ =
Parameter § ECIE I8 _ S |
[=] S I= B |5 © s |5
e« a n'. — o 7T ' @ ° < s | GE,
g gl RRRelz=EEElznlg|2|E |E B = |8 |5 |2
o |- ozl oIS 2EEES ER S SEBCEREIE S |E 82|88
File 0 . . 0 . . . . .
Control (2 o .
Length U U
Source o | o o | o | @ . ) . .

(1) See Important note about indirect addressing.

(2) Control file only. Not valid for Timers and Counters.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTQ,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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FFL - First In, First Qut

(FIFO) Load

FFL

Instruction Type: output

- ElFO Load N7 —CEN>—  Execution Time for the FFL Instruction
ource .
(F:|F0t | #l%lg:g] —CON>—  Controller Data Size When Rung Is:
ontro :
Length 1< —CEMD>— True False
Position 0< " "
MicroLogix 1200 |{word 11.3 us 1117 us
long word 11.7 us 11.2 us
MicrolLogix 1500 |word 10.0 us 9.8 us
long word 10.9 us 9.7 us
On a false-to-true rung transition, the FFL instruction loads words or long words
into a user-created file called a FIFO stack. This instruction’s counterpart, FIFO
unload (FFU), is paired with a given FFL instruction to remove elements from the
FIFO stack. Instruction parameters have been programmed in the FFL - FFU
instruction pair shown below.
— FFL
— GF0 LOAD N7-10 :((Ew)— Destination Position
FIFO #N7:12 : :
mro 712 {Em) [N7:11 |<— N7:12 0
Length 34 N7:13 1
Position s FFU instruction N7:14 2
- unloads data from 3
—_F|FO UNLOAD EU}— stack #N7:12 at 4
FIFO #N7:12 L{DN) position 0, N7:12
Dest N7:11 | {EM) 5 34 words are allocated
Eggéqﬂl Hsﬁ 6 for FIFO stack starting
Position 9 7 at N7:12, ending at
N7:45
FFL and FFU Instruction Pair Source 8
N7:10 g 9
FFL instruction loads
data into stack
#N7_:1 2 at the_ r_1ext N7-45 33
available position, 9
in this case.
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Loading and Unloading of Stack #N7:12

This instruction uses the following operands:

e Source - The source operand is a constant or address of the value used to fill
the currently available position in the FIFO stack. The address level of the
source must match the FIFO stack. If FIFO is a word size file, source must
be a word value or constant. If FIFO is a long word size file, source must be
a long word value or constant. The data range for the source is from -32768
to 32767 (word) or -2,147,483,648 to 2,147,483,647 (long word).



File Instructions 207

e FIFO - The FIFO operand is the starting address of the stack.

e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of

3 words:
15 14 [13 |12 |11 |10 |9 8[7[6[543[2]1]0
Word 0 |pN() |- DN@  [EMB) |not used
Word 1 |Length - maximum number of words or long words in the stack.
Word 2 |Position - the next available location where the instruction loads data.

(1) EN - Enable Bit is set on false-to-true transition of the rung and indicates the instruction is enabled.

(2) DN - Done Bit, when set, indicates that the stack is full.

(3) EM - Empty Bit, when set, indicates FIFO is empty.

e Length - The length operand contains the number of elements in the FIFO
stack to receive the value or constant found in the source. The length of the
stack can range from 1 to 128 (word) or 1 to 64 (long word). The position is
incremented after each load.

e Position - This is the current location pointed to in the FIFO stack. It
determines the next location in the stack to receive the value or constant
found in source. Position is a component of the control register. The
position can range from 0 to 127 (word) or 0 to 63 (long word).

Addressing Modes and File Types can be used as shown in the following table:

FFL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

! N Address
Data Files Function Files 1) Address Level
= Mode
7} —
Parameter = E s (2 e
aramete s E o |B |B - S |«
a o 1= |a |5 © S |5
= a n'. — o 7T T B |8 [ = | GE,
o g R kE=EEEELELBIE|IE|E |=|8|5 |2
ol-_lwpnllzlelB oS 2EEEGIERESEBCSRBIEIS |=E|a |2 |8 |z
Source o | o o | o | o . o | o | @ o | o
FIFO o | o . . . o | o o | o
Control @) o o
Length . .
Position . .

(1) See Important note about indirect addressing.

(2) Control file only. Not valid for Timers or Counters.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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FFU - First In, First Out
(FIFO) Unload

Instruction Type: output

FFU

— F:Eg Unload PR —CEU>—  Execution Time for the FFU Instruction
(Dlgrs]iml gga —CON>—  Controller Data Size  |When Rung Is:
Length 1< —CEMD>— True False
Position 0< NicroLogix 1200 |word 33 s + 0.8 ps/word 0.4 15
long word 36 us + 1.5 us/ long word 10.4 us
MicrolLogix 1500 |word 27.7 us + 0.65 ps/word 9.7 us

long word 29.4 us +1.25 us/long word  |9.7 us

On a false-to-true rung transition, the FFU instruction unloads words or long
words from a user-created file called a FIFO stack. The data is unloaded using
first-in, first-out order. After the unload completes, the data in the stack is shifted
one element toward the top of the stack and the last element is zeroed out.
Instruction parameters have been programmed in the FFL - FFU instruction pair
shown below.

I
- E'glgmeLOAD N7:10 :((EN))_ Destination Position_
FIF #N7:12 N7:11 N7:12 0
Control R6:0 -{EM) | I‘_
Length 34 N7:13 1
Position s FFU instruction N7:14 2
U unloads data from 3
— FIFQ UNLOAD HEU—  stack #N7:12 at 4
Elggt #N;EH :((El\’\/ll)) position 0. N7-12 5 34 words are allocated
Egr?é;ﬂl RB:S% 6 for FIFQ stack starting
Position 9 7 at N7:12, ending at
N7:45
FFL and FFU Instruction Pair Source 8

N7:10 |—> 9

FFL instruction loads
data into stack
#N7:12 at the next
available position, 9
in this case.

N7:45 33

Loading and Unloading of Stack #N7:12

This instruction uses the following operands:

e FIFO - The FIFO operand is the starting address of the stack.

e Destination - The destination operand is a word or long word address that
stores the value which exits from the FIFO stack. The FFU instruction
unloads this value from the first location on the FIFO stack and places it in
the destination address. The address level of the destination must match the
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FIFO stack. If FIFO is a word size file, destination must be a word size file.
If FIFO is a long word size file, destination must be a long word size file.

e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of 3

words:

15 [14 13 12 1" \10 |9 |s |7 |6 \5 \4 \3 \z \1 \o

Word0 |- |y [pN@  |EM®@)  [not used

Word 1 |Length - maximum number of words or long words in the stack.

Word 2 |Position - the next available location where the instruction unloads data.

(1) EU - Enable Unload Bit is set on false-to-true transition of the rung and indicates the instruction is enabled.

(2) DN - Done Bit, when set, indicates that the stack is full.

(3) EM - Empty Bit, when set, indicates FIFO is empty.

e |ength - The length operand contains the number of elements in the FIFO
stack. The length of the stack can range from 1 to 128 (word) or 1 to 64

(long word).

e Position - Position is a component of the control register. The position can
range from 0 to 127 (word) or 0 to 63 (long word). The position is
decremented after each unload. Data is unloaded at position zero.

Addressing Modes and File Types can be used as shown in the following table:

FFU Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . i Address
Data Files Function Files 1 Address Level
=4 Mode!"
7} —
Parameter § E .g % '.g
(=] = - =
e £ & - SELEIBIE| EIE
X g (o |9 O = [_ T I=EE Izl @« £ 2 |5 - |6 |E |5
ol_lwlmlclzlelz|losl@EIZEGIEEISSEBE2IE & |2 &I12]8|=
FIFO o [ o . . . . . o [ o
Destination o | o o | o | o . . o | o
Control (2) . .
Length . .
Position . .

(1) See Important note about indirect addressing.

(2) Control file only. Not valid for Timers and Counters.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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LFL - Last In, First Out
(LIFO) Load

LFL
LIFO Load EN >—
Source N7:0
LIFO #N7:1 DN >—
Control R6:0
Length 1< EM >—
Position 0<

— LFL
——| LIFO LOAD
Source

Length
Position

Instruction Type: output

Execution Time for the LFL Instruction

Controller Data Size Wmung Is:
True False
MicroLogix 1200 |{word 25.5 us 10.4 us
long word 316 us 10.4 us
MicrolLogix 1500 |word 222 us 9.7 us
long word 27.4 us 9.7 us

On a false-to-true rung transition,

the LFL instruction loads words or long words

into a user-created file called a LIFO stack. This instruction’s counterpart, LIFO
unload (LFU), is paired with a given LFL instruction to remove elements from the
LIFO stack. Instruction parameters have been programmed in the LFL - LFU
instruction pair shown below.

HEN) —
HDN)
HEM)

— LFU

—— LIF0O UNLOAD
LIFO

Dest

Control

Length
Position

HEU) —
DN
HEM)

#N7:12
N7:11
R6:0
34

9

LFL and LFU Instruction Pair
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Destination Position
[N7:11 |<—N7:12 0 ]
N7:13 1

LFU instruction N7:14 2

unloads data from 3

stack #N7:12 at 4

position 0, N7:12 5 34 words are allocated
6 for FIFO stack starting
7 at N7:12, ending at

N7:45

Source 8

N7:10 |—> 9

LFL instruction loads

data into stack

#N7:12 at the next N7-45 33

available position, 9

in this case.

Loading and Unloading of Stack #N7:12

This instruction uses the following operands:

e Source - The source operand is a constant or address of the value used to fill
the currently available position in the LIFO stack. The data size of the
source must match the LIFO stack. If LIFO is a word size file, source must
be a word value or constant. If LIFO is a long word size file, source must be
a long word value or constant. The data range for the source is from -32768
to 32767 (word) or -2,147,483,648 to 2,147,483,647 (long word).

e LIFO - The LIFO operand is the starting address of the stack.
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e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of

3 words:
15 14 13 12 1 \10 \9 |8 \7 \6 |5 \4 \3 |2 \1 \0
Word0 [gN( |- DN |[EMB@) |not used

Word 1  |Length - maximum number of words or long words in the stack.

Word 2 |Position - the next available location where the instruction loads data.

(1) EN - Enable Bit is set on false-to-true transition of the rung and indicates the instruction is enabled.

(2) DN - Done Bit, when set, indicates that the stack is full.

(3) EM - Empty Bit, when set, indicates that LIFO is empty.

o Length - The length operand contains the number of elements in the FIFO
stack to receive the value or constant found in the source. The length of the
stack can range from 1 to 128 (word) or 1 to 64 (long word). The position is
incremented after each load.

e Position - This is the current location pointed to in the LIFO stack. It
determines the next location in the stack to receive the value or constant
found in source. Position is a component of the control register. The
position can range from 0 to 127 (word) or 0 to 63 (long word).

Addressing Modes and File Types can be used as shown in the following table:

LFL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. N Address
Data Files Function Files 1 Address Level
=g Mode'"
»n -
Parameter § E .E % 'g
[=] = —— -
™ & & _ SEEEIgIB] =B |2
o s B EekrEl=FEEEIElwle|29|E|IE|E|=|5 |5 |8
clzllb o EERELEGEEESEBBESREIEESEE SIS |E
Source o | o . . o | o o | o
LIFO . . o | o o | o
Control (2) o .
Length . .
Position . o

(1) See Important note about indirect addressing.

(2) Control file only. Not valid for Timers and Counters.

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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LFU - Last In, First Out
(LIFO) Unload

LFU
LIFO Unload EU >—
LIFO #N7:0
Dest N7:1 DN >—
Control R6:0
Length 1< EM >—
Position 0<

— LFL
——| LIFO LOAD
Source

Length
Position

Instruction Type: output

Execution Time for the LFU Instruction

Controller Data Size Wmung Is:
True False
MicroLogix 1200 |{word 29.1 us 10.4 us
long word 316 us 10.4 us
MicrolLogix 1500 |word 256 us 9.7 us
long word 27.4 us 9.7 us

On a false-to-true rung transition,

the LFU instruction unloads words or long

words from a user-created file called a LIFO stack. The data is unloaded using
last-in, first-out order. Instruction parameters have been programmed in the LFL -
LFU instruction pair shown below.

HEN) —
—DN)
HEM)

— LFU

—— LIFO UNLOAD
LIFO

Dest

Control

Length
Position

HEU) —
HDN)
HEM)

#N7:12
N7:11
R6:0
34

9

LFL and LFU Instruction Pair
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Destination Position
N7:11 |<— N7:12 0 ]
N7:13 1

LFU instruction N7:14 2
unloads data from 3
stack #N7:12 at 4
position 0, N7:12 5

6

7
Source 8
N7:10 g 9
LFL instruction loads
data into stack
#N7:12 at the next N7-45 33
available position, 9
in this case.

34 words are allocated
for FIFQ stack starting
at N7:12, ending at
N7:45

Loading and Unloading of Stack #N7:12

This instruction uses the following operands:

e LIFO - The LIFO operand is the starting address of the stack.

e Destination - The destination operand is a word or long word address that
stores the value which exits from the LIFO stack. The LLFU instruction
unloads this value from the last location on the LIFO stack and places it in
the destination address. The address level of the destination must match the
LIFO stack. If LIFO is a word size file, destination must be a word size file.
If LIFO is a long wotd size file, destination must be a long word size file.
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e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of 3

words:
15 (14 |13 12 11 [10 98[76[543[2]1]0
Word0 |-- eul [pN@ [EMI) [not used
Word 1 |Length - maximum number of words or double words in the stack.
Word 2 |Position - the next available location where the instruction unloads data.

(1) EU - Enable Unload Bit is set on false-to-true transition of the rung and indicates the instruction is enabled.

(2) DN - Done Bit, when set, indicates that the stack is full.

(3) EM - Empty Bit, when set, indicates LIFO is empty.

e Length - The length operand contains the number of elements in the LIFO
stack. The length of the stack can range from 1 to 128 (wotd) or 1 to 64
(long word).

e Position - This is the next location in the LIFO stack where data will be
unloaded. Position is a component of the control register. The position can
range from 0 to 127 (word) or 0 to 63 (long word). The position is
decremented after each unload.

LFU Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . ) Address
Data Files Function Files 1) Address Level
=4 Mode
»n -
= E c |@ =
Parameter S E o |E I8 - S (.
[=] o = |8 |5 o ; s
-3 a a. o |7 |V | |8 |@ = @
< gl BEEREEEERERKIGIZIE IE |E |2 |5 (T8
ol-_lvwplclzlulnlalEElzEbllaElaEd2eal|E &8 |E a2 l8 |z
LIFO . . . . . . . . .
Destination o | o o | e (o . . . o | o
Control (2 o .
Length . .
Position . .

(1) See Important note about indirect addressing.

(2) Contraol file only. Not valid for Timers and Counters.

IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.
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SWP - Swap

SWp
— Swap
Source
Length

#ST10:1.DATA[0]
13

Instruction Type: output

Execution Time for the SWP Instruction

Wmung Is:

True

MicroLogix 1200 Series B and higher [13.7 us + 2.2 ps/swapped word
MicroLogix 1500 Series B and higher [11.7 s + 1.8 s/swapped word

Controller

False
0.0 s
0.0us

Use the SWP instruction to swap the low and high bytes of a specified number of
words in a bit, integer, or string file. The SWP instruction has 2 operands:

e Source is the word address containing the words to be swapped.

e Length is the number of words to be swapped, regardless of the file type.
The address is limited to integer constants. For bit and integer filetypes, the
length range is 1 to 128. For the string filetype, the length range is 1 to 41.
Note that this instruction is restricted to a single string element and cannot
cross a string element boundary.

Addressing Modes and File Types can be used as shown in the following table:

SWP Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

(1)
Data Files Function Files Address Address Level
=4 Mode
©n -
Parameter = £ s |2 B
= € o ® |® . S |w
[=] S = B |8 © s |5
o o e - © |7 |y |e |8 |@ s > E
o sl BERrlzEERwEI2IEIE|E |=|E|E |5
o |— | |m | eSS EZEEGIES SEB S EIEIE|EE 2|8 |n
Source . . . .
Length . .

(1) See Important note about indirect addressing.

SWp
— Swap
Source #3T10:1.DATA[0]
Length 13
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IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Example:
Source Value before executing SWP instruction: abcdefghijklmnopgrstuvwxyzabcdefg

Source Value before executing SWP instruction: badcfehgjilknmporgtsvuxwzyabcdefg

The underlined characters show the 13 words where the low byte was swapped
with the high byte.



Chapter 15

Sequencer Instructions

Sequencer instructions are used to control automatic assembly machines or
processes that have a consistent and repeatable operation. They are typically time
based or event driven.

Instruction Used To: Page
SQC - Sequencer Compare Compare 16-bit data with stored data 215
SQ0 - Sequencer Output Transfer 16-bit data to word addresses 218
SQL - Sequencer Load Load 16-bit data into a file 221

Use the sequencer compare instruction to detect when a step is complete; use the
sequencer output instruction to set output conditions for each step. Use the
sequencer load instruction to load data into the sequencer file.

The primary advantage of sequencer instructions is to conserve program memory.
These instructions monitor and control 16 (word) or 32 (long word) discrete

outputs at a time in a single rung.

You can use bit integer or double integer files with sequencer instructions.

SQC- Sequencer

Compare
Instruction Type: output
Sac
Eﬁguencer Com%rg:o EN>—  Execution Time for the SQC Instruction
g/éausr'ée II\IS([]] ON>—  Controller Data Size When Rung Is:
Control R6:0 D >— True False
Length IS NICroLogix 1200 [ word 735 15 7T1s
long word 26.3 us 7.1 us
MicrolLogix 1500 |word 20.1 us 6.3 us
long word 22.7 us 6.3 us

On a false-to-true rung transition, the SQC instruction is used to compare masked
source words or long words with the masked value at a reference address (the
sequencer file) for the control of sequential machine operations.

When the status of all non-masked bits in the source word match those of the

corresponding reference word, the instruction sets the found bit (FD) in the
control word. Otherwise, the found bit (FD) is cleared.
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The bits mask data when reset (0) and pass data when set (1).

The mask can be fixed or variable. If you enter a hexadecimal code, it is fixed. If
you enter an element address or a file address (direct or indirect) for changing the
mask with each step, it is variable.

When the rung goes from false-to-true, the instruction increments to the next step
(word) in the sequencer file. Data stored there is transferred through a mask and
compared against the source for equality. While the rung remains true, the source is
compared against the reference data for every scan. If equal, the FD bit is set in the
SQCs control countert.

Applications of the SQC instruction include machine diagnostics.

The following figure explains how the SQC instruction works.

Sac

—— Sequencer Compare  —CEN >—
File #B10:11
Mask FFF0 DN >—
Source 1:3.0
Control R6:21 —CFD >—
Length A<
Position 2<

Input Word 1:3.0

‘0010 ‘0100 ||1001 ‘1101 ‘

Mask Value FFF0
‘1111 ‘1111 ||1111 ‘OOOO ‘

Sequencer Ref File #B10:11

Word Step
B10:11 0
B10:12 1
B10:13 (0010 ‘0100 ‘1001 |OOOO 2
B10:14 3
B10:15 4

SQC FD bit is set when the instruction detects that an input word matches
(through mask) its corresponding reference word.

The FD bit R6:21/FD is set in the example, since the input word matches the
sequencer reference value using the mask value.
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This instruction uses the following operands:

e File - This is the sequencer reference file. Its contents, on an
element-by-element basis, are masked and compared to the masked value
stored in source.

TIP If file type is word, then mask and source must be words. If file type is long
waord, mask and source must be long words.

® Mask - The mask operand contains the mask constant, word, or file which is
applied to both file and source. When mask bits are set to 1, data is allowed
to pass through for comparison. When mask bits are reset to 0, the data is
masked (does not pass through to for comparison). The immediate data
ranges for mask are from 0 to OxFFFF or 0 to OxFFFFFFFE

TIP If mask is direct or indirect, the position selects the location in the
specified file.

e Source - This is the value that is compared to file.

e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of

3 words:

15 (14 |13 12 (11 [10 [9 |8 7|s\5|4\3|2\1|0

Word0 |gNM |- [DN@ |- |ERB) [notused [fpt4) |not used

Word 1 |Length - contains the number of steps in the sequencer reference file.

Word 2 |Position - the current position in the sequence

(1)
(2)

(3)

(4)

EN - Enable Bit is set by a false-to-true rung transition and indicates that the instruction is enabled.

DN - Done Bit is set after the instruction has operated on the last word in the sequencer file. It is reset on the next
false-to-true rung transition after the rung goes false.

ER - Error Bit is set when the controller detects a negative position value, or a negative or zero length value. When the
ER bit is set, the minor error bit (S2:5/2) is also set.

FD - Found bit is set when the status of all non-masked bits in the source address match those of the word in the
sequencer reference file. This bit is assessed each time the SQC instruction is evaluated while the rung is true.

e Length - The length operand contains the number of steps in the sequencer
file (as well as Mask and/or Source if they ate file data types). The length of
the sequencer can range from 1 to 256.

e Position - This is the current location or step in the sequencer file (as well as
Mask and/or Source if they ate file data types). It determines the next
location in the stack to receive the current comparison data. Position is a
component of the control register. The position can range from 0 to 255 for
words and 0 to 127 for long words. The position is incremented on each

false-to-true transition.
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Addressing Modes and File Types can be used as shown in the following table:

SQC Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. i . Address
Data Files Function Files ) Address Level
= Mode
) -
Parameter § E g % '.'é
(=] i - -
e = & - SELEIIE| 5|8
g s RE2EeEIEEEEREIQIXIEI|IE|E = | |5 |2
ol _lwmomlklzlu BloE2EZEEGEIESESEB S AIESE|IERZ IS |T
File .o . ° [} . . ° o
Mask . . . . . . . . . . .
Source . . . . . . . . . .
Control 2 o o
Length . .
Position . .

(1) See Important note about indirect addressing.

(2) Control file only.

SQ0- Sequencer OQutput

SQ0

File
Mask
Dest
Control
Length
Position

Sequencer Output

#B3:0
N7:0
N7:1
R6:0

1<
0<

—CEND—
—CON>—
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IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Instruction Type:output

Execution Time for the SQO Instruction

“Controller Data Size Wmmng Is:
True False
MicroLogix 1200 {word 23.2 us 7.1 us
long word 26.6 us 7.1 us
MicroLogix 1500  |word 20.0 us 6.3 us
long word 23.1 us 6.3 us

On a false-to-true rung transition, the SQO instruction transfers masked source
reference words or long words to the destination for the control of sequential
machine operations. When the rung goes from false-to-true, the instruction
increments to the next step (word) in the sequencer file. Data stored there is
transferred through a mask to the destination address specified in the instruction.
Data is written to the destination word every time the instruction is executed.

The done bit is set when the last word of the sequencer file is transferred. On the
next false-to-true rung transition, the instruction resets the position to step one.

If the position is equal to zero at start-up, when you switch the controller from the
program mode to the run mode, the instruction operation depends on whether the
rung is true or false on the first scan.
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Word
B10:1
B10:2
B10:3
B10:4
B10:5

e If the rung is true, the instruction transfers the value in step zero.

e If the rung is false, the instruction waits for the first rung transition from
false-to-true and transfers the value in step one.

The bits mask data when reset (0) and pass data when set (1). The instruction will
not change the value in the destination word unless you set mask bits.

The mask can be fixed or variable. It is fixed if you enter a hexadecimal code. It is
variable if you enter an element address or a file address (direct or indirect) for

changing the mask with each step.

The following figure indicates how the SQO instruction works.

SQ0
Sequencer Output EN >—
File #B10:1
Mask OFOF DN >—
Dest 014:0
Control R6:20
Length 4<
Position 2<
Destination 0:14.0 External Outputs (0:14)
at Step 2
15 87 0 00
‘0000 |0101 |0000 ‘1010 | 01 |¢——ON
02
Mask Value OFOF 03 l¢—ON
15 87 0 04
‘0000 ‘1111 ‘0000 ‘1111 | 05
06
Sequencer Qutput File #B10:1 07
Step 08 ¢ ON
0000 (0000 {0000 (0000 |0 09
1010 {0010 [1111 {0101 |1 10 |¢——0ON
1111|0101 |0100 {1010 |2 <— Current Step 1
0101|0101 {0101 (0101 |3 12
0000 (1111|0000 [1111 |4 13
14
15
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This instruction uses the following operands:

e File - This is the sequencer reference file. Its contents, on an
element-by-element, basis are masked and stored in the destination.

TIP If file type isword, then maskand source must be words. If filetype is long
word, mask and source must be long words.

e Mask - The mask operand contains the mask value. When mask bits are set
to 1, data is allowed to pass through to destination. When mask bits are reset
to 0, the data is masked (does not pass through to destination). The
immediate data ranges for mask are from 0 to OxFFFF (wotd) or 0 to
O0xFFFFFFFF (long wotd).

TIP If mask is direct or indirect, the position selects the location in the
specified file.

® Destination - The destination operand is the sequencer location or file.

e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of

3 words:
15 14 |13 12 11 [10 [9 [8 |7 |6 \5 \4 \3 |2 \1 \0
Word0 |gn( |- [pN@ |~ |ER®) |notused |FD |notused

Word 1 |Length - contains the index of the last element in the sequencer reference file
Word 2 |Position - the current position in the sequence

(1) EN - Enable Bit is set by a false-to-true rung transition and indicates that the instruction is enabled.

(2) DN - Done Bit is set after the instruction has operated on the last word in the sequencer file. It is reset on the next
false-to-true rung transition after the rung goes false.

(3) ER- Error Bit is set when thecontroller detects a negative position value, or a negative or zero length value. When the
ER bit is set, the minor error bit (S2:5/2) is also set.

e Length - The length operand contains the number of steps in the sequencer
file (as well as Mask and/or Destination if they ate file data types). The
length of the sequencer can range from 1 to 256.

e Position - This is the current location or step in the sequencer file (as well as
Mask and/or Destination if they are file data types). It determines the next
location in the stack to be masked and moved to the destination. Position is
a component of the control register. The position can range from 0 to 255.
Position is incremented on each false-to-true transition.

Addressing Modes and File Types can be used as shown in the following table:

$Q0 Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i . i Address
Data Files Function Files 1) Address Level
> Mode
(=]
73 —
Parameter § E g % -E
=) .8 =
(3 g a- S| 918 |8 § 8 = =
= ~ y = 1 ! ; S £ - =1
g g« LB e |E 2 gz L2 |EIE|E |8 |= |8 |5
= (7] i = o (=
oclrlvwplkrlzulrlolElalEZEE S E=xnElaE8Sea|El6|lsnla |2 |8
File'z) o | o . . . . . o | o
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SQO0 Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. - Address
Data Files Function Files 1) Address Level
= Mode
73 )
Parameter § E .E % ."é
=) 8 - =
. 2 & - SEITIBgElE| =3
o gl @ L= Bl @[« |E |8 |5 - |8 |E
_ ol lbwlmblzllz S22 s ESSEn 83 E 522528
Mask(z) o | o o | o | @ . o | o | o o | o
Destination'z) o | o o | o | @ . o | o o | o
Control &) o .
Length . .
Position . .
(1) See Important note about indirect addressing.
(2) File Direct and File Indirect addressing also applies.
(3) Control file only.
IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,

SQL - Sequencer Load

SaL
Sequencer Load EN >—
File #N7:0
Source 1:0.0 DN >—
Control R6:0
Length 1<
Position 0<

PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Instruction Type: output

Execution Time for the SQL Instruction

Controller Data Size Wmung Is:
True False
MicroLogix 1200 |word 21.7 us 70us
long word 24.3 us 7.1 us
MicroLogix 1500 |word 19.1 us 6.3 us
long word 211 us 6.3 us

On a false-to-true rung transition, the SQL instruction loads words or long words

into a sequencer file at each step of a sequencer operation. This instruction uses

the following operands:

e File - This is the sequencer reference file. Its contents are received on an

element-by-element basis from the source.

TIP

If file type is word, then mask and source must be words. If file type is long

word, mask and source must be long words.

e Soutce - The source operand is a constant or address of the value used to fill

the currently available position sequencer file. The address level of the

source must match the sequencer file. If file is a word type, then source must
be a word type. If file is a long word type, then source must be a long word

type. The data range for the source is from -32768 to 32767 (word) or
-2,147,483,648 to 2,147,483,647 (long word).
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e Control - This is a control file address. The status bits, stack length, and the
position value are stored in this element. The control element consists of

3 words:
15 14 [13 12 1 0 (9 [8 |7 \6 |5 \4 |3 \z \1 \o
Word0 [N |- [pN@) |- |Er@® |notused |FD |notused

Word 1 |Length - contains the index of the last element in the sequencer reference file

Word 2 |Position - the current position in the sequence

(1) EN - Enable Bit is set by a false-to-true rung transition and indicates that the instruction is enabled.

(2) DN - Done Bit is set after the instruction has operated on the last word in the sequencer file. It is reset on the next
false-to-true rung transition after the rung goes false.

(3) ER-Error Bit is set when the controller detects a negative position value, or a negative or zero length value. When the

ER bit is set, the minor error bit (S2:5/2) is also set.

e Length - The length operand contains the number of steps in the sequencer
file (this is also the length of source if it is a file data type). The length of the

sequencer can range from 1 to 256.

e Position - This is the current location or step in the sequencer file (as well as
source if it is a file data type). It determines the next location in the stack to
receive the value or constant found in source. Position is a component of the
control register. The position can range from 0 to 255.

Addressing Modes and File Types can be used as shown in the following table:

SOL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. i . Address
Data Files Function Files ) Address Level
=4 Mode
©» -
Parameter § E .g % 'g
[=] — - =
= s = < SECERE| REIE
[ gl =_lzE|E|=[.|nl|r|E|® |5 |. |5 |2
ol bzl B EREREREZEFSESSEQBSRIEBSIEES|S S
File®@ o | o . o | o o | o
Source(z) L] L] L] L] L] L] L] L]
Control (3) o .
Length . .
Position . .
(1) See Important note about indirect addressing.
(2) File Direct and File Indirect addressing also applies.
(3) Contral file only.
IMPORTANT  You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,
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PWM, STI, Ell, BHI, MM, DAT, TPI, CS, 10S, and DLS files.




Chapter 15

JMP - Jump to Label

02:0
~CIMP -

Program Control Instructions

Use these instructions to change the order in which the processor scans a ladder
program. Typically these instructions are used to minimize scan time, create a more
efficient program, and troubleshoot a ladder program.

Instruction Used To: Page
JMP - Jump to Label Jump forward/backward to a corresponding | 223

(3L~ Label label instruction o
JSR - Jump to Subroutine Jump to a designated subroutine and return | 224

SBR - Subroutine Label 7
RET - Return from Subroutine 225
SUS - Suspend Debug or diagnose your user program 225

TND - Temporary End Abort current ladder scan 225

END - Program End End a program or subroutine 226

MCR - Master Control Reset Enable or inhibit a master control zone in 226

your ladder program

Instruction Type: output

Execution Time for the JMP Instruction

Controller When Rung Is:

True False
MicroLogix 1200 {1.0 us 0.0pus
MicroLogix 1500 |1.0 us 0.0ps

The JMP instruction causes the controllet to change the order of ladder execution.
Jumps cause program execution to go to the rung marked LBL Jabel number. jamps
can be forward or backward in ladder logic within the same program file. Multiple
JMP instructions may cause execution to proceed to the same label.

The immediate data range for the label is from 0 to 999. The label is local to a

program file.
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LBL - Label

Instruction Type: input

Q2:0
LB F Execution Time for the LBL Instruction
Controller When Rung Is:
True False
MicroLogix 1200 1.0 us 1.0 us
MicroLogix 1500 |1.0 us 1.0 us

The LBL instruction is used in conjunction with a jump (JMP) instruction to
change the order of ladder execution. Jumps cause program execution to go to the
rung marked LBL Jabel nuniber.

The immediate data range for the label is from 0 to 999. The label is local to a
program file.

JSR - Jump to
Subroutine

Instruction Type: output

JSR
Jump To Subroutine Execution Time for the JSR Instruction
SBR File Number U:255

“Controller Wmung Is:

True False
MicroLogix 1200 |8.4 us 0.0ps
MicroLogix 1500 |8.0 us 0.0 us

The JSR instruction causes the controller to start executing a separate subroutine
file within a ladder program. JSR moves program execution to the designated
subroutine (SBR file number). After executing the SBR, control proceeds to the
instruction following the JSR instruction.

The immediate data range for the JSR file is from 3 to 255.

SBR - Subroutine Label

Instruction Type: input

SBR
Subroutine P Execution Time for the SBR Instruction
“Controller When Rung Is:
True False
MicroLogix 1200 1.0 us 1.0 us
MicroLogix 1500 |1.0 us 1.0 us
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RET - Return from

Subroutine

RET
—{ Return

F,

SUS - Suspend

SUS
Suspend
Suspend ID

in

TND - Temporary End

~CTND >~

The SBR instruction is a label which is not used by the processor. It is for user
subroutine identification purposes as the first rung for that subroutine. This
instruction is the first instruction on a rung and is always evaluated as true.

Instruction Type: output

Execution Time for the RET Instruction

Controller When Rung Is:

True False
MicroLogix 1200 {1.0 us 0.0 us
MicroLogix 1500 |1.0 us 0.0ps

The RET instruction marks the end of subroutine execution or the end of the
subroutine file. It causes the controller to resume execution at the instruction
following the JSR instruction, user interrupt, or user fault routine that caused this
subroutine to execute.

Instruction Type: output

The SUS instruction is used to trap and identify specific conditions for program
debugging and system troubleshooting. This instruction causes the processor to
enter the suspend idle mode, causing all outputs to be de-energized. The suspend
ID and the suspend file (program file number or subroutine file number

identifying where the suspend instruction resides) are placed in the status file (S:7
and S:8).

The immediate data range for the suspend ID is from -32768 to 32767.

Instruction Type: output

Execution Time for the TND Instruction

“Controller Wmung Is:

True False
MicroLogix 1200 [0.9 us 0.0ps
MicroLogix 1500 {1.0 us 0.0ps
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END - Program End

~CEND >

MCR - Master Control
Reset

—CMCR -
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The TND instruction is used to denote a premature end-of-ladder program
execution. The TND instruction cannot be executed from a STT subroutine, HSC
subroutine, EII subroutine, or a user fault subroutine. This instruction may appear
more than once in a ladder program.

On a true rung, TND stops the processor from scanning the rest of the program
file. In addition, this instruction performs the output scan, input scan, and
housekeeping aspects of the processor scan cycle prior to resuming scanning at
rung 0 of the main program (file 2). If this instruction is executed in a nested
subroutine, it terminates execution of all nested subroutines.

Instruction Type: output

The END instruction must appear at the end of every ladder program. For the
main program file (file 2), this instruction ends the program scan. For a subroutine,
interrupt, or user fault file, the END instruction causes a return from subroutine.

Instruction Type: output

Execution Time for the MCR Instructions

“Controller Instruction Wmung Is:
True False
MicroLogix 1200 [MCR Start 1.2 us 1.2 us
MCR End 1.6 us 1.6 us
MicroLogix 1500 |MCR Start 0.8 us 0.8 us
MCR End 1.0 us 1.0 us

The MCR instruction works in pairs to control the ladder logic found between
those pairs. Rungs within the MCR zone are still scanned, but scan time is reduced
due to the false state of non-retentive outputs. Non-retentive outputs are reset
when the rung goes false.

This instruction defines the boundaries of an MCR Zone. An MCR Zone is the
set of ladder logic instructions bounded by an MCR instruction pair. The start of
an MCR zone is defined to be the rung that contains an MCR instruction
preceded by conditional logic. The end of an MCR zone is defined to be the first
rung containing just an MCR instruction following a start MCR zone rung as
shown below.
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I:1
0030 £ CMCR >——|
0
0031 - L ]
Ladder Logic within MCR Zone
0032 - |
0033 CMCR >—

While the rung state of the first MCR instruction is true, execution proceeds as if
the zone were not present. When the rung state of the first MCR instruction is
false, the ladder logic within the MCR zone is executed as if the rung is false. All
non-retentive outputs within the MCR zone are reset.

MCR zones let you enable or inhibit segments of your program, such as for
recipe applications.

When you program MCR instructions, note that:

” You must end the zone with an unconditional MCR instruction.
” You cannot nest one MCR zone within another.

” Do not jump into an MCR zone. If the zone is false, jumping into it activates
the zone.

TIP The MCR instruction is not a substitute for a hard-wired master control relay
that provides emergency stop capability. You still must install a hard-wired
master control relay to provide emergency 1/0 power shutdown.

If you start instructions such as timers or counters in an MCR zone, instruction
operation ceases when the zone is disabled. Re-program critical operations

outside the zone if necessary.
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Notes:
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Chapter 17

IIM - Immediate Input
with Mask

[IM

— Immediate Input w/Mask

Slot
Mask
Length

1:0.0
N7:0
1

Input and Output Instructions

The input and output instructions allow you to selectively update data without
waiting for the input and output scans.

Instruction Used To: Page

[IM - Immediate Input with Mask | Update data prior to the normal input scan. 229

IOM - Immediate Qutput with Update outputs prior to the normal output scan. | 230
Mask

REF - 1/0 Refresh Interrupt the program scan to execute the 231
/0 scan (write outputs, service
communications, read inputs)

Instruction Type: output

TIP This instruction is used for embedded /0 only. It is not designed to be used
with expansion 1/0.

Execution Time for the IIM Instruction

“Controller Wmung Is:

True False
MicroLogix 1200 26.4 us 0.0ps
MicroLogix 1500 225us 0.0us

The IIM instruction allows you to selectively update input data without waiting for
the automatic input scan. This instruction uses the following operands:

e Slot - This operand defines the location where data is obtained for updating
the input file. The location specifies the slot number and the word where
data is to be obtained. For example, if slot = I:0, input data from slot O
starting at word 0 is masked and placed in input data file I:0 starting at word
0 for the specified length. If slot = 10.1, word 1 of slot 0 is used, and so on.

IMPORTANT  Slot 0 is the only valid slot number that can be used with this instruction.
[IM cannot be used with expansion I/0.

® Mask - The mask is a hex constant or register address containing the mask
value to be applied to the slot. If a given bit position in the mask is a “1”, the
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corresponding bit data from slot is passed to the input data file. A “0”
prohibits corresponding bit data in slot from being passed to the input data
file. The mask value can range from 0 to OxFFFE.

Bit 15 14 131211109 8 [7 [6 |5 [4 3 [2 [1 |0
Real Input  |Input Word

Mask 0 fojofofojofofolft vt |ttt 1]t
lF?IZUt Data  |Data is Not Updated Updated to Match Input Word

e Length - This is the number of masked words to transfer to the input data
file.

Addressing Modes and File Types can be used as shown below:

lIM Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files Function Files o A:n(:]r::s Address Level
o
Parameter = £ s |2 B
£ © |®© - ™
= el LLEL| Lk LEGBEREIE| REE
ol lolmlctlzl bl SR ERERE s ESEERERES|EES|SS
Slot . . .
Mask . . . . . . . . .
Length .
IOM - Immediate Qutput
with Mask
Instruction Type: output
Iom
] 'Sr?gt‘ed'ateomp“tw/'\gf‘os_g 7 TIP This instruction is used for embedded I/0 only. It is not designed to be
Mask N7:0 used with expansion /0.
Length 1
Execution Time for the IOM Instruction
“Controller When ﬁung Is:
True False
MicroLogix 1200 22.3 us 0.0 us
MicroLogix 1500 1764-LSP |18.4 us 0.0 us
MicroLogix 1500 1764-LRP {19.4 us 0.0 us

The IOM instruction allows you to selectively update output data without waiting
for the automatic output scan. This instruction uses the following operands:

e Slot - The slot is the physical location that is updated with data from the
output file.

IMPORTANT Slot O is the only valid slot number that can be used with this instruction.
IOM cannot be used with expansion I/0.
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e Mask - The mask is a hex constant or register address containing the mask
value to be applied. If a given bit position in the mask is a “1”, the
corresponding bit data is passed to the physical outputs. A “0” prohibits
corresponding bit data from being passed to the outputs. The mask value
can range from 0 to OxFFFE

Bit 15 \14 \13 \12 \11 \10 \9 |s |7 |6 \5 \4 \3 \2 \1 \o
Output Data |Qutput Word

Mask o fojofofojofofoft [ttt |ttt
Real Outputs |Data is Not Updated Updated to Match Output Word

e Length - This is the number of masked words to transfer to the outputs.
Addressing Modes and File Types can be used as shown below:

I0M Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i . . Address
Data Files Function Files Address Level
=4 Mode
»n -
= 5 c @ =
Parameter s E o |B |& = S |
a o 1= |a |5 © s (5
= e e — o T |7 (8|8 |2 = |3 |8
o sk EElzln|a|2|E|E|E|=|E|E |5
ol-_lwlmkrlzlulb |l lE2EZEEHG ER S SEBSRBIES|IEEIR S|
Slot . . .
Mask . . o | o . . o | o .
Length o

REF - /0 Refresh

Instruction Type: output

REF
R Execution Time for the REF Instruction
“Controller When Rung Is:
True False
MicroLogix 1200 see p. 380 0.0ps
MicroLogix 1500 see p. 386 0.0us

The REF instruction is used to interrupt the program scan to execute the I/O scan
and service communication portions of the operating cycle for all communication
channels. This includes: write outputs, service communications (all communication
channels, communications toggle push-button, DAT [Microl ggix 1500 only/, and
comms housekeeping), and read inputs.

The REF instruction has no programming parameters. When it is evaluated as true,
the program scan is interrupted to execute the 1/O scan and service
communication portions of the operating cycle. The scan then resumes at the
instruction following the REF instruction.

The REF instruction cannot be executed from an STT subroutine, HSC subroutine,
EII subroutine, or a user fault subroutine.
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TIP

Using an REF instruction may result in input data changing in the middle of
a program scan. This condition needs to be evaluated when using the
REF instruction.

ATTENTION: The watchdog and scan timers are reset when executing the
REF instruction. You must insure that the REF instruction is not placed inside a
non-terminating program loop. Do not place the REF instruction inside a
program loop unless the program is thoroughly analyzed.




Chapter 18

Information About Using
Interrupts

Using Interrupts

Interrupts allow you to interrupt your program based on defined events. This
chapter contains information about using interrupts, the interrupt instructions, and
the interrupt function files. The chapter is arranged as follows:

e Information About Using Interrupts on page 233.

e User Interrupt Instructions on page 237.

e Using the Selectable Timed Interrupt (STI) Function File on page 242.
e Using the Event Input Interrupt (EII) Function File on page 247.

See also: Using the High-Speed Counter and Programmable Limit Switch on page
87.

The purpose of this section is to explain some fundamental properties of the User
Interrupts, including:

e What is an interrupt?

e When can the controller operation be interrupted?
e Priority of User Interrupts

e Interrupt Latency

e User Fault Routine

What is an Interrupt?

An interrupt is an event that causes the controller to suspend the task it is currently
performing, perform a different task, and then return to the suspended task at the
point where it suspended. The Micrologix 1200 and MicroLogix 1500 support the
following User Interrupts:

e User Fault Routine

e Bvent Interrupts (4)

e High-Speed Counter Interrupts(l>
e Selectable Timed Interrupt

An interrupt must be configured and enabled to execute. When any one of the
interrupts is configured (and enabled) and subsequently occurs, the user program:

(1) The MicroLogix 1200 has one HSC Interrupt, HSCO. The MicroLogix 1500 has two, HSCO and HSC1.
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1. suspends its execution
2. performs a defined task based upon which interrupt occurred

3. returns to the suspended operation.

Interrupt Operation Example Program File 2

Program File 2 is the main control program. rung 0 Program File 10

Program File 10 is the interrupt routine. ‘ /
rung 123+——
o An Interrupt Event occurs at rung 123.
o Program File 10 is executed.

o Program File 2 execution resumes
immediately after program file 10 is
scanned.

rung 275-——

Specifically, if the controller program is executing normally and an interrupt
event occurs:

1. the controller stops its normal execution
2. determines which interrupt occurred

3. goes immediately to rung 0 of the subroutine specified for that
User Interrupt

4. begins executing the User Interrupt subroutine (or set of subroutines if the

specified subroutine calls a subsequent subroutine)

5. completes the subroutine(s)

6. resumes normal execution from the point where the controller program was

interrupted

When Can the Controller Operation be Interrupted?

The Micrologix 1200 and 1500 controllers only allow interrupts to be serviced
during certain periods of a program scan. They are:

o At the start of a ladder rung
e Anytime during End of Scan

® Between data words in an expansion I /O scan

The interrupt is only serviced by the controller at these opportunities. 1f the
interrupt is disabled, the pending bit is set at the next occurrence of one of the
three occasions listed above.
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OTE, or UIE, this instruction (OTL, OTE, or UIE) must be the /ast instruction
executed on the rung (last instruction on last branch). It is recommended this
be the only output instruction on the rung.

2 ATTENTION: If you enable interrupts during the program scan via an OTL,

Priority of User Interrupts

When multiple interrupts occur, the interrupts are serviced based upon their
individual priority.

When an interrupt occurs and another interrupt(s) has already occurred but has
not been serviced, the new interrupt is scheduled for execution based on its
priority relative to the other pending interrupts. At the next point in time when an
interrupt can be serviced, all the interrupts are executed in the sequence of highest
priority to lowest priority.

If an interrupt occurs while a lower priority interrupt is being serviced (executed),
the currently executing interrupt routine is suspended, and the higher priority
interrupt is serviced. Then the lower priority interrupt is allowed to complete
before returning to normal processing;

If an interrupt occurs while a higher priority interrupt is being serviced (executed),
and the pending bit has been set for the lower priority interrupt, the currently
executing interrupt routine continues to completion. Then the lower priority
interrupt runs before returning to normal processing.

The priorities from highest to lowest are:

User Fault Routine highest priority

Event Interrupt 0

Event Interrupt 1

High-Speed Counter Interrupt 0

Event Interrupt 2

Event Interrupt 3

High-Speed Counter Interrupt 1

(MicroLogix 1500 only.)

Selectable Timed Interrupt lowest priority
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Interrupt Latency

Interrupt Latency is defined as the worst case amount of time elapsed from
when an interrupt occurs to when the interrupt subroutine starts to execute. The
tables below show the interaction between an interrupt and the controller
operating cycle.

Program Scan Activity When an Interrupt Can Occur

Input Scan Between word updates
Ladder Scan Start of Rung

Output Scan Between word updates
Communications Service Anytime!12)
Housekeeping Anytime

(1) Communications Services includes 80 s to get into a subroutine

(2) Communication Service includes 60 s for a time tick.

To determine the interrupt latency:

1. First determine the execution time for the longest executing rung in your
control program (maximum rung time). See MicroLogix 1200 Memory
Usage and Instruction Execution Time on page 375 or MicroLogix 1500
Memory Usage and Instruction Execution Time on page 381 for more
information.

2. Multiply the maximum rung time by the Communications Multiplier
corresponding to your configuration in the MicroLogix 1200 Scan Time
Worksheet on page 380, or MicroLogix 1500 Scan Time Worksheet on page
386.

Evaluate your results as follows:

Controller If the time calculated in step 2 is: |Then the Interrupt Latency is:
MicroLogix 1200 |less than 133 ps 411 us
greater than 133 ps the value calculated in step 2
plus 278 ps
MicroLogix 1500 |less than 100 ps 360 ps
greater than 100 ps the value calculated in step 2
plus 260 ps
User Fault Routine

The user fault routine gives you the option of preventing a controller shutdown
when a specific user fault occurs. The fault routine is executed when any
recoverable or non-recoverable user fault occurs. The fault routine is not executed
for non-user faults.
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User Interrupt
Instructions

Faults are classified as recoverable, non-recoverable, and non-user faults. A
complete list of faults is shown in Fault Messages and Error Codes on page 413.
The basic types of faults are described below:

Recoverable

Non-Recoverable

Non-User Fault

Recoverable Faults are caused by
the user and may be recovered
from by executing logic in the
user fault routine. The user can
attempt to clear the Major Error
Halted bit, S:1/13.

Note: You may initiate a MSG
instruction from the controller to
another device to identify the
fault condition of the controller.

Non-Recoverable Faults are
caused by the user, and
cannot be recovered from. The
user fault routine executes
when this type of fault occurs.
However, the fault cannot be
cleared.

Note: You may initiate aMSG
instruction to another device

to identify the fault condition
of the controller.

Non-User Faults are caused by
various conditions that cease
ladder program execution. The
user fault routine does not
execute when this type of
fault occurs.

Status File Data Saved

The Arithmetic Flags (Status File word S:0) are saved on entry to the user fault
subroutine and re-written upon exiting the subroutine.

Creating a User Fault Subroutine

To use the user fault subroutine:

1. Create a subroutine file. Program Files 3 to 255 can be used.

2. Enter the file number in word S:29 of the status file.

Controller Operation

The occurrence of recoverable or non-recoverable faults causes the controller to
read S:29 and execute the subroutine number identified by S:29. If the fault is
recoverable, the routine can be used to correct the problem and clear the fault bit
S:1/13. The controller then continues in its current executing mode. The routine

does not execute for non-user faults.

Instruction

Used To:

Page

INT - Interrupt Subroutine |Use this instruction to identify a program file as an 238

interrupt subroutine (INT label) versus a regular
subroutine (SBR label). This should be the first
instruction in your interrupt subroutine.
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INT - Interrupt
Subroutine

STS - Selectable Timed

Start

STS

Time

— Selectable Timed Start
1
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Instruction Used To: Page

STS - Selectable Timed Use the STS (Selectable Timed Interrupt Start) 238

Start instruction to the start the STI timer from the control
program, rather than starting automatically.

UID - User Interrupt Disable |Use the User Interrupt Disable (UID) and the User 239

UIE - User Interrupt Enable Interrupt Enable (UIE) instructions to create zones in 40
which I/0 interrupts cannot occur.

UIF - User Interrupt Flush  |Use the UIF instruction to remove selected pending 241

interrupts from the system.

Instruction Type: input

Execution Time for the INT Instruction

Controller When Rung Is:

True False
MicroLogix 1200 1.0 us 1.0 us
MicroLogix 1500 |1.0 us 1.0 us

The INT instruction is used as a label to identify a user interrupt service routine
(ISR). This instruction is placed as the first instruction on a rung and is always
evaluated as true. Use of the INT instruction is optional.

Instruction Type: output

Execution Time for the STS Instruction

Controller When Rung Is:

True False
MicroLogix 1200 57.5 us 0.0ps
MicroLogix 1500 50.7 us 0.0pus

The STS instruction can be used to start and stop the STI function or to

change the time interval between STT user interrupts. The STI instruction has

one operand:

e Time - This is the amount of time (in milliseconds) which must expire prior
to executing the selectable timed user interrupt. A value of zero disables the

STI function. The

time range is from 0 to 65,535 milliseconds.

The STS instruction applies the specified set point to the STI function as follows:
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e If a zero set point is specified, the STI is disabled and STI:0/TIE is

cleared (0).

If the STT is disabled (not timing) and a value greater than 0 is entered into
the set point, the STT starts timing to the new set point and STL0/TIE is
set (1).

If the STT is currently timing and the set point is changed, the new setting
takes effect immediately and the STI continues to time until it reaches the
new set point.

Note that if the new setting is less than the current accumulated time, the
STI times-out immediately. For example, if the STI has been timing for 15
microseconds, and the STT set point is changed from 20 microseconds to 10
microseconds, an STT user interrupt occurs at the next start-of-rung.

Addressing Modes and File Types can be used as shown below:

STS Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

(1)
Data Files Function Files Address Address Level

2 Mode

) —
= £ c o =
Parameter a s Elo | |E = (= S
o« o a S=EF9E|s|8 |2 = >
- 5 = ' ! = |E = |2
o gl CkEl=EEElElle€2I|E|E|5|zg|=|8|E
ocl_lvlplkrlzlelbloE@EEE G E@ S SEBESEIEE|Enm |2 |S
Time . . . . . . . . .

(1) See Important note about indirect addressing.

UID - User Interrupt
Disable

uiD
—— User Interrupt Disable
Interrupt Types 5

IMPORTANT You cannot use indirect addressing with: S, ST, MG, PD, RTC, HSC, PTO,

PWM, STI, Ell, BHI, MMI, DAT, TPI, CS, 10S, and DLS files.

Instruction Type: output

Execution Time for the UID Instruction

Controller When Rung Is:

True False
MicroLogix 1200 {0.8 us 0.0 us
MicroLogix 1500 |0.8 us 0.0ps

The UID instruction is used to disable selected user interrupts. The table below
shows the types of interrupts with their corresponding disable bits:

Types of Interrupts Disabled by the UID Instruction

Interrupt Element Decimal Corresponding
Value Bit
Ell - Event Input Interrupts Event 0 64 bit 6
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Types of Interrupts Disabled by the UID Instruction

Interrupt Element Decimal Corresponding
Value Bit
Ell - Event Input Interrupts Event 1 32 bit 5
HSC - High-Speed Counter HSCO 16 bit 4
Ell - Event Input Interrupts Event 2 8 bit 3
Ell - Event Input Interrupts Event 3 4 bit 2
HSC - High-Speed Counter!" HSC1 2 bit 1
STl - Selectable Timed Interrupts ST 1 bit 0

Note: Bits 7 to 15 must be set to zero.

(1) The MicroLogix 1200 has one HSC Interrupt, HSCO. The MicroLogix 1500 has two, HSCO and HSC1.
To disable interrupt(s):
1. Select which interrupts you want to disable.
2. Find the Decimal Value for the interrupt(s) you selected.
3. Add the Decimal Values if you selected more than one type of interrupt.
4. Enter the sum into the UID instruction.
For example, to disable E1I Event 1 and EII Event 3:
EIl Event 1 = 32, EIl Event 3 = 4

32 + 4 = 306 (enter this value)

UIE - User Interrupt
Enable

Instruction Type: output

UIE
— User Interrupt Enable Execution Time for the UIE Instruction
Interrupt Types 4
Controller When Rung Is:
True False
MicroLogix 1200 0.8 us 0.0 s
MicroLogix 1500 0.8 us 0.0 us

The UIE instruction is used to enable selected user interrupts. The table below
shows the types of interrupts with their corresponding enable bits:

Types of Interrupts Disabled by the UIE Instruction

Interrupt Element Decimal Corresponding
Value Bit
Ell - Event Input Interrupts Event 0 64 bit 6
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Flush

UIF

ﬂ

User Interrupt Flush
Interrupt Types

in
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Types of Interrupts Disabled by the UIE Instruction

Interrupt Element Decimal Corresponding

Value Bit

Ell - Event Input Interrupts Event 1 32 bit 5

HSC - High-Speed Counter HSCO 16 bit 4

Ell - Event Input Interrupts Event 2 8 bit 3

Ell - Event Input Interrupts Event 3 4 bit 2

HSC - High-Speed Counter!" HSC1 / bit 1

STI - Selectable Timed Interrupts STI 1 bit 0

Note: Bits 7 to 15 must be set to zero.

(1) The MicroLogix 1200 has one HSC Interrupt, HSCO. The MicroLogix 1500 has two, HSCO and HSC1.

To enable interrupt(s):

1. Select which interrupts you want to enable.

2. Find the Decimal Value for the interrupt(s) you selected.

3. Add the Decimal Values if you selected more than one type of interrupt.

4. Enter the sum into the UIE instruction.

For example, to enable EII Event 1 and EII Event 3:

EII Event 1 = 32, EIl Event 3 = 4

32 + 4 = 36 (enter this value)

OTE, or UIE, this instruction must be the /ast instruction executed on the rung

2 ATTENTION: If you enable interrupts during the program scan via an OTL,

(last instruction on last branch). It is recommended this be the only output

instruction on the rung.

Instruction Type: output

Execution Time for the UIF Instruction

Controller When Rung Is:

True False
MicrolLogix 1200 12.3 us 0.0 us
MicroLogix 1500 10.6 us 0.0ps

The UIF instruction is used to flush (remove pending interrupts from the system)
selected user interrupts. The table below shows the types of interrupts with their
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Using the Selectable
Timed Interrupt (STI)
Function File
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corresponding flush bits:

Types of Interrupts Disabled by the UIF Instruction

Interrupt Element Decimal Corresponding
Value Bit
Ell - Event Input Interrupts Event 0 64 bit 6
Ell - Event Input Interrupts Event 1 32 bit 5
HSC - High-Speed Counter HSCO 16 bit4
Ell - Event Input Interrupts Event 2 8 bit 3
Ell - Event Input Interrupts Event 3 4 bit 2
HSC - High-Speed Counter!” HSC1 2 bit 1
STI - Selectable Timed Interrupts ST 1 bit 0

Note: Bits 7 to 15 must be set to zero.

(1) The MicroLogix 1200 has one HSC Interrupt, HSCO. The MicroLogix 1500 has two, HSCO and HSC1.

To flush interrupt(s):
1. Select which interrupts you want to flush.

2. Find the Decimal Value for the interrupt(s) you selected.

3. Add the Decimal Values if you selected more than one type of interrupt.

4. Enter the sum into the UIF instruction.
For example, to disable EII Event 1 and EII Event 3:
EIl Event 1 = 32, EIl Event 3 = 4

32 + 4 = 36 (enter this value)

«—4 Function Files

HsC | PTO

Jen JRTC |BH MM | paT TR 4]»

[0 x]

Address Yalue

- PFM - Program File Mumber

- ER - Emor Code

Ul - Uger Intermupt Executing

- UIE - Usger Interrupt Enable

- UIL - Uszer Interrupt Lost

— UIF - Uzer Intermupt Pending

- TIE - Timed Interrupt Enabled

- A5 - Auto Start

- ED - Ermor Detected

5P - Set Point Meec [between intermupts)

GEDDDDGEDDl
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The Selectable Timed Interrupt (STI) provides a mechanism to solve time critical
control requirements. The STI is a trigger mechanism that allows you to scan or
solve control program logic that is time sensitive.

Example of where you would use the STT are:

e PID type applications, where a calculation must be performed at a specific
time interval.

e A motion application, where the motion instruction (PTO) needs to be
scanned at a specific rate to guarantee a consistent acceleration/deceleration
profile.

e A block of logic that needs to be scanned more often.

How an STT is used is typically driven by the demands/requirements of the
application. It operates using the following sequence:

1. The user selects a time interval.

2. When a valid interval is set and the ST1 is propetly configured, the controller
monitors the STT value.

3. When the time period has elapsed, the controller’s normal operation is
interrupted.

4. The controller then scans the logic in the STI program file.

5. When the STI file scan is completed, the controller returns to where it was
prior to the interrupt and continues normal operation.

Selectable Time Interrupt (STI) Function File Sub-Elements Summary

Selectable Timed Interrupt Function File (STI:0)

Sub-Element Description Address Data Format Type User Program  |For More
Access Information
PFN - Program File Number STI:0.PFN word (INT) control read only 244
ER - Error Code STI:0.ER word (INT) status read only 244
UIX - User Interrupt Executing STI:0/UIX binary (bit) status read only 245
UIE - User Interrupt Enable STI:0/UIE binary (bit) control read/write 245
UIL - User Interrupt Lost STI:0/UIL binary (bit) status read/write 245
UIP - User Interrupt Pending STI:0/UIP binary (bit) status read only 246
TIE - Timed Interrupt Enabled STI:0/TIE binary (bit) control read/write 246
AS - Auto Start STI:0/AS binary (bit) control read only 246
ED - Error Detected STI:0/ED binary (bit) status read only 247
SPM - Set Point Msec STI:0.SPM word (INT) control read/write 247
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STI Function File Sub-Elements

STI Program File Number (PFN)

Sub-Element Description Address Data Format |Type User Program
Access

PFN - Program File Number STI:0.PFN word (INT) control read only

The PFEN (Program File Number) variable defines which subroutine is called
(executed) when the timed interrupt times out. A valid subroutine file is any
program file (3 to 255).

The subroutine file identified in the PFN variable is not a special file within the
controller; it is programmed and operates the same as any other program file.
From the control program perspective it is unique, in that it is automatically
scanned based on the STT set point.

ST Error Code (ER)

Sub-Element Description Address Data Format |Type User Program
Access

ER - Error Code STI:0.ER word (INT) status read only
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Error codes detected by the STI sub-system are displayed in this register. The table
below explains the error codes.

STl Error Code

Error |Recoverable Fault [-)escription
Code |(Controller)

1 Invalid Program File |Program file number is less than 3, greater than 255, or does na
Number exist.

STl User Interrupt Executing (UIX)

Sub-Element Description Address Data Format |Type User Program
Access

UIX - User Interrupt Executing | STI:0/UIX binary (bit) status read only

The UIX (User Interrupt Executing) bit is set whenever the STI mechanism
completes timing and the controller is scanning the STI PFN. The UIX bit is
cleared when the controller completes processing the STI subroutine.

The STI UIX bit can be used in the control program as conditional logic to detect
if an STT interrupt is executing.

STI User Interrupt Enable (UIE)

Sub-Element Description Address Data Format |Type User Program
Access
UIE - User Interrupt Enable STI:0/UIE binary (bit) control read/write

The UIE (User Interrupt Enable) bit is used to enable or disable ST1 subroutine
processing. This bit must be set if you want the controller to process the ST1
subroutine at the configured time interval.

If you need to restrict when the ST1 subroutine is processed, clear the UIE bit. An
example of when this is important is if a series of math calculations need to be
processed without interruption. Before the calculations take place, clear the UIE
bit. After the calculations are complete, set the UIE bit and STI subroutine
processing resumes.

STl User Interrupt Lost (UIL)

Sub-Element Description Address Data Format |Type User Program
Access
UIL - User Interrupt Lost STI:0/UIL binary (bit) status read/write

The UIL (User Interrupt Lost) is a status flag that indicates an interrupt was lost.
The controller can process 1 active and maintain up to 2 pending user interrupt
conditions before it sets the lost bit.
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This bit is set by the controller. It is up to the control program to utilize, track if
necessaty, and clear the lost condition.

STI User Interrupt Pending (UIP)

Sub-Element Description Address Data Format |Type User Program
Access

UIP - User Interrupt Pending STI:0/UIP binary (bit) status read only

The UIP (User Interrupt Pending) is a status flag that represents an interrupt is
pending. This status bit can be monitored or used for logic purposes in the control
program if you need to determine when a subroutine cannot execute immediately.

This bit is automatically set and cleared by the controller. The controller can

process 1 active and maintain up to 2 pending user interrupt conditions before it
sets the lost bit.

STl Timed Interrupt Enabled (TIE)

Sub-Element Description Address Data Format |Type User Program
Access

TIE - Timed Interrupt Enabled STI:0/TIE binary (bit) control read/write

The TIE (Timed Interrupt Enabled) control bit is used to enable or disable the
timed interrupt mechanism. When set (1), timing is enabled, when clear (0) timing
is disabled. If this bit is cleared (disabled) while the timer is running, the
accumulated value is cleared (0). If the bit is then set (1), timing starts.

This bit is controlled by the user program and retains its value through a power

cycle.

STl Auto Start (AS)

Sub-Element Description Address Data Format |Type User Program
Access

AS - Auto Start STI:0/AS binary (bit) control read only

The AS (Auto Start) is a control bit that can be used in the control program. The
auto start bit is configured with the programming device and stored as part of the
user program. The auto start bit automatically sets the STI Timed Interrupt Enable
(T1E) bit when the controller enters any executing mode.
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Using the Event Input
Interrupt (Ell) Function
File

STI Error Detected (ED)

Sub-Element Description Address Data Format |Type User Program
Access

ED - Error Detected STI:0/ED binary (bit) status read only

The ED (Error Detected) flag is a status bit that can be used by the control
program to detect if an error is present in the STI sub-system. The most common
type of error that this bit represents is a configuration error. When this bit is set,
the user should look at the error code in parameter STT:0.ER

This bit is automatically set and cleared by the controller.

STI Set Point Milliseconds Between Interrupts (SPM)

Sub-Element Address |Data Format |Range |Type User Program
Description Access

SPM - Set Point STI:0.SPM  |word (INT) Oto control read/write
Msec 65,535

When the controller transitions to an executing mode, the SPM (set point in
milliseconds) value is loaded into the STI. If the STT is configured correctly, and
enabled, the program file identified in the STI variable PFN is scanned at this

interval. This value can be changed from the control program by using the
STS instruction.

TIP The minimum value cannot be less than the time required to scan the STI
program file (STI:0.PFN) plus the Interrupt Latency.

The EII (event input interrupt) is a feature that allows the user to scan a specific
program file (subroutine) when an input condition is detected from a field device.
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74 Function Files

Hsc | PTO |s5T1  Ell

|RTc Jemi MM |oat TR 4]0

Within the function file section of RSLogix 500, the user sees an EII folder. Within
the folder are four EII elements. Each of these elements (E11:0, EI:1, EII:2, and
EI1:3) are identical; this explanation uses El1:0 as shown below.

Address
FMCETTT
- PFM - Program File Mumber
—ER - Error Code
- I - User Interupt Executing
— UIE - User Interupt Enable
— UIL - Usger Interapt Lost
— UIP - Uszer Intermupt Pending
- EIE - Event Interrupt Enabled
A5 - Auto Start
- ED - Error Detected
ES - Edge Select

=15 - Input Select

Y alue

DDGDDGEDDEDl

-

Kl

Each EII can be configured to monitor any one of the first eight inputs (11:0.0/0
to 11:0.0/7). Each EII can be configured to detect rising edge or falling edge input
signals. When the configured input signal is detected at the input terminal, the
controller immediately scans the configured subroutine.

Event Input Interrupt (Ell) Function File Sub-Elements Summary

Event Input Interrupt Function File (EII:0)

Sub-Element Description Address Data Format Type User Program  |For More
Access Information
PFN - Program File Number Ell:0.PFN word (INT) control read only 249
ER - Error Code Ell:0.ER word (INT) status read only 249
UIX - User Interrupt Executing Ell:0/UIX binary (bit) status read only 249
UIE - User Interrupt Enable Ell:0/UIE binary (bit) control read/write 250
UIL - User Interrupt Lost Ell:0/UIL binary (bit) status read/write 250
UIP - User Interrupt Pending Ell:0/UIP binary (bit) status read only 250
EIE - Event Interrupt Enabled Ell:0/EIE binary (bit) control read/write 251
AS - Auto Start Ell:0/AS binary (bit) control read only 251
ED - Error Detected Ell:0/ED binary (bit) status read only 251
ES - Edge Select Ell:0/ES binary (bit) control read only 251
IS - Input Select Ell:0.IS word (INT) control read only 252
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Ell Function File Sub-Elements

Ell Program File Number (PFN)

Sub-Element Description |Address Data Format Type User Program
Access
PEN - Program File Number  |EIl:0.PFN word (INT) control read only

PFN (Program File Number) defines which subroutine is called (executed) when
the input terminal assigned to EII:0 detects a signal. A valid subroutine file is any
program file (3 to 255).

The subroutine file identified in the PFN variable is not a special file within the
controller. It is programmed and operated the same as any other program file.
From the control program perspective it is unique, in that it is automatically
scanned based on the configuration of the EII.

Ell Error Code (ER)

Sub-Element Description |Address Data Format Type User Program
Access

ER - Error Code Ell:0.ER word (INT) status read only

Any ER (Error Code) detected by the EII sub-system is displayed in this register.
The table below explains the error codes.

Ell Error Codes

Error |Recoverable Fault -Description
Code |(Controller)
1 Invalid Program File Program file number is less than 3, greater than 255, or
Number does not exist
2 Invalid Input Selection Valid numbers mustbe 0, 1,2, 3,4,5,6, or 7.
3 Input Selection Overlap Ells cannot share inputs. Each Ell must have a unique
input.

Ell User Interrupt Executing (UIX)

Sub-Element Description |Address Data Format Type User Program
Access
UIX - User Interrupt Executing | Ell:0/UIX binary (bit) status read only

The UIX (User Interrupt Executing) bit is set whenever the EII mechanism
detects a valid input and the controller is scanning the PFN. The EII

mechanism clears the UIX bit when the controller completes its processing of the
EII subroutine.
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The EII UIX bit can be used in the control program as conditional logic to detect
if an EII interrupt is executing.

Ell User Interrupt Enable (UIE)

Sub-Element Description |Address Data Format Type User Program
Access
UIE - User Interrupt Enable | EIl:0/UIE binary (bit) control read/write

The UIE (User Interrupt Enable) bit is used to enable or disable EII subroutine
processing. This bit must be set if you want the controller to process the EII
subroutine when an EII event occurs.

If you need to restrict when the EII subroutine is processed, clear the UIE bit. An
example of when this is important is if a series of math calculations need to be
processed without interruption. Before the calculations take place, clear the UIE
bit. After the calculations are complete, set the UIE bit and EII subroutine
processing resumes.

Ell User Interrupt Lost (UIL)

Sub-Element Description |Address Data Format Type User Program
Access
UIL - User Interrupt Lost Ell:0/UIL binary (bit) status read/write

UIL (User Interrupt Lost) is a status flag that represents an interrupt has been lost.
The controller can process 1 active and maintain up to 2 pending user interrupt
conditions before it sets the lost bit.

This bit is set by the controller. It is up to the control program to utilize, track, and
clear the lost condition.

Ell User Interrupt Pending (UIP)

Sub-Element Description |Address Data Format Type User Program
Access
UIP - User Interrupt Pending  |EII:0/UIP binary (bit) status read only

UIP (User Interrupt Pending) is a status flag that represents an interrupt is
pending. This status bit can be monitored, or used for logic purposes, in the
control program if you need to determine when a subroutine cannot execute
immediately.

This bit is automatically set and cleared by the controller. The controller can

process 1 active and maintain up to 2 pending user interrupt conditions before it
sets the pending bit.
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Ell Event Interrupt Enable (EIE)

Sub-Element Description |Address Data Format Type User Program
Access
EIE - Event Interrupt Enabled |EIl:0/EIE binary (bit) control read/write

EIE (Event Interrupt Enabled) allows the event interrupt function to be enabled
or disabled from the control program. When set (1), the function is enabled, when
cleared (0, default) the function is disabled.

This bit is controlled by the user program and retains its value through a
power cycle.

Ell Auto Start (AS)

Sub-Element Description |Address Data Format Type User Program
Access

AS - Auto Start Ell:0/AS binary (bit) control read only

AS (Auto Start) is a control bit that can be used in the control program. The auto
start bit is configured with the programming device and stored as part of the user
program. The auto start bit automatically sets the E1I Event Interrupt Enable
(EIE) bit when the controller enters any executing mode.

Ell Error Detected (ED)

Sub-Element Description |Address Data Format Type User Program
Access

ED - Error Detected Ell:0/ED binary (bit) status read only

The ED (Error Detected) flag is a status bit that can be used by the control
program to detect if an error is present in the EII sub-system. The most common
type of error that this bit represents is a configuration error. When this bit is set,
look at the specific error code in parameter EII:0.ER

This bit is automatically set and cleared by the controller.

Ell Edge Select (ES)

Sub-Element Description |Address Data Format Type User Program
Access

ES - Edge Select Ell:0/ES binary (bit) control read only

The ES (Edge Select) bit selects the type of trigger that causes an Event Interrupt.
This bit allows the EII to be configured for rising edge (off-to-on, 0-to-1) or falling
edge (on-to-off, 1-to-0) signal detection. This selection is based on the type of field
device that is connected to the controller.
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The default condition is 1, which configures the EII for rising edge operation.

Ell Input Select (IS)

Sub-Element Description |Address Data Format Type User Program
Access

IS - Input Select Ell:0.1S word (INT) control read only

The IS (Input Select) parameter is used to configure each EII to a specific input on
the controller. Valid inputs are 0 to 7, which correspond to 11:0.0/0 to 11:0.0/7.

This parameter is configured with the programming device and cannot be changed
from the control program.
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Notes:
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Chapter 19

The PID Concept

Process Control Instruction

This chapter describes the MicroLogix 1200 and MicroLogix 1500 Proportional
Integral Derivative (PID) instruction. The PID instruction is an output instruction
that controls physical properties such as temperature, pressure, liquid level, or flow
rate using process loops.

The PID instruction normally controls a closed loop using inputs from an analog
input module and providing an output to an analog output module. For
temperature control, you can convert the analog output to a time proportioning
on/off output for driving a heater or cooling unit. An example appeats on

page 269.

The PID instruction can be operated in the timed mode or the Selectable Time
Interrupt (STI mode). In the timed mode, the instruction updates its output
periodically at a user-selectable rate. In the STI mode, the instruction should be
placed in an STT interrupt subroutine. It then updates its output every time the STI
subroutine is scanned. The STI time interval and the PID loop update rate must be
the same in order for the equation to execute properly. See Using the Selectable
Timed Interrupt (STI) Function File on page 242 for more information on

STI interrupts.

PID closed loop control holds a process variable at a desired set point. A flow
rate/fluid level example is shown below.
Feed Forward Bias

Set Point @ Error PID

Flow Rate Equation
Process Control
_____ Variable Output
Level
Detector

Control Valve

The PID equation controls the process by sending an output signal to the control
valve. The greater the error between the setpoint and process variable input, the
greater the output signal. Alternately, the smaller the error, the smaller the output
signal. An additional value (feed forward or bias) can be added to the control
output as an offset. The PID result (control variable) drives the process variable
toward the set point.
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The PID Equation

PD Data File
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The PID instruction uses the following algorithm:

Standard equation with dependent gains:

_ 1 AT
Output = KC[(E) + T[.[(E)dt+ Ty 7 } + bias

Standard Gains constants ate:

Term Range (Low to High) Reference
Controller Gain K¢ 0.01 to 327.67 (dimensionless) " Proportional
Reset Term 1/T, 327.67 t0 0.01 (minutes per repeat)! Integral
Rate Term T 0.01 to 327.67 (minutes)\") Derivative

(1) Applies to MicroLogix 1200 and 1500 PID range when Reset and Gain Range (RG) bit is set to 1. For more information
on reset and gain, see PLC 5 Gain Range (RG) on page 265.

The derivative term (rate) provides smoothing by means of a low-pass filter. The
cut-off frequency of the filter is 16 times greater than the corner frequency of the
derivative term.

The PID instruction implemented by the MicroLogix 1200 and 1500 controllers is
virtually identical in function to the PID implementation used by the Allen-Bradley
SLC 5/03 and higher processors. Minor differences primarily involve
enhancements to terminology. The major difference is that the PID instruction
now has its own data file. In the SLC family of processors, the PID instruction
operated as a block of registers within an integer file. The Micrologix 1200 and
1500 PID instruction utilizes a PD data file.

You can create a PD data file by creating a new data file and classifying it as a PD
file type. RSLogix automatically creates a new PD file or a PD sub-element
whenever a PID instruction is programmed on a rung. The PD file then appears in
the list of Data Files as shown in the illustration.

Each PD data file has a maximum of 255 elements and each PID instruction
requires a unique PD element. Each PD element is composed of 20 sub-elements,
which include bit, integer and long integer data. All of the examples in this chapter
use PD file 10 sub-element 0.
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PID - Proportional

Integral Derivative

PID
— PID
PID File PD8:0
Process Variable N7:0
Control Variable N7:1
Setup Screen

Instruction Type: output

Execution Time for the PID Instruction

Controller Wmung Is:

True False
MicroLogix 1200 |295.8 us 11.0 us
MicroLogix 1500 |251.8 us 8.9 us

It is recommended that you place the PID instruction on a rung without any
conditional logic. If conditional logic exists, the Control Variable output remains at
its last value, and the CVP CV% term and integral term are both cleared when the
rung is false.

TIP In order to stop and restart the PID instruction, you need to create a
false-to-true rung transition.

The example below shows a PID instruction on a rung with RSLogix 500
programming software.

‘ B3:0 PID
0047 JF PID
0 PID File PD8:0
Process Variable N7:0
Control Variable N7:1
Setup Screen

When programming, the setup screen provides access to the PID instruction
configuration parameters. The illustration below shows the RSLogix 500
setup screen.

x|
— Tuning Parameters —Inputs —Flags

Contraller Gain ke = [ETHIN Sealed SetPoint SPS = [0 | ™ = 1
L Setpoint MAX[Sman] = AM =0 |

F: = Setpoint MIN(Smin] = [ ChM = 0]

ate Td = OL- [0

Loop Lipdate = lWl Process Wanable P = D Al = Z
Contral Mode = — Dutput ?E: %
FID Cartal = Control Dutput C¥ (%] = [0 ] Dii=[0]
Time Made = OuputMax C¥(z=[0__ | DB-[d]
Limit Dutput C = Output Min - Cv (%)= [0 | Li'; %
Deadband= [0 | ScaledEnarSE=[0____ | P = [0
Feed Forward Bias= D Error Code = El = 0]
DN = [0]
ok | Cancel | Help | EN =[7]
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|nput Parameters The table below shows the input parameter addresses, data formats, and types of

user program access. See the indicated pages for desctiptions of each parameter.

Input Parameter Descriptions | Address Data Format | Range Type User For More
Program Information
Access

SPS - Setpoint PD10:0.SPS word (INT) 010 16383") control | read/write | 256

PV - Process Variable user defined word (INT) 0to 16383 control | read/write 256

MAXS - Setpoint Maximum PD10:0.MAXS word (INT) -32,768 to +32,767 control | read/write 257

MINS - Setpoint Minimum PD10:0.MINS word (INT) -32,768 to +32,767 control | read/write 257

0SP - Old Setpoint Value PD10:0.0SP word (INT) -32,768 to +32,767 status | read only 257

OL - Qutput Limit PD10:0/0L binary 1 =enabled control | read/write 258

0 = disabled

CVH - Control Variable High PD10:0.CVH word (INT) 0to 100% control | read/write 258

Limit

CVL - Control Variable Low Limit | PD10:0.CVL word (INT) 0to 100% control | read/write 258

(1) The range listed in the table is for when scaling is not enabled. With scaling, the range is from minimum scaled (MINS) to maximum scaled (MAXS).

Setpoint (SPS)
Input Parameter | Address Data Format | Range Type User Program
Descriptions Access

SPS - Setpoint PD10:0.SPS | word (INT) | gt 16383!") | control | read/write

(1) The range listed in the table is for when scaling is not enabled. With scaling, the range is from minimum scaled
(MINS) to maximum scaled (MAXS).

The SPS (Setpoint) is the desired control point of the process variable.

Process Variable (PV)
Input Parameter | Address Data Format | Range Type User Program
Descriptions Access
PV - Process user defined | word (INT) 0to0 16383 | control | read/write
Variable

The PV (Process Variable) is the analog input variable.
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Setpoint MAX (MAXS)

Input Address Data Range Type User
Parameter Format Program
Descriptions Access

MAXS - Setpoint | PD10:0.MAXS | word -32,768 to +32,767 | control | read/write
Maximum (INT)

If the SPV is read in engineering units, then the MAXS (Setpoint Maximum)
parameter corresponds to the value of the setpoint in engineering units when the
control input is at its maximum value.

Setpoint MIN (MINS)
InputParameter | Address Data Range Type User
Descriptions Format Program

Access

MINS - Setpoint | PD10:0.MINS | word -32,768 to +32,767 | control | read/write
Minimum (INT)

If the SPV is read in engineering units, then the MINS (Setpoint Minimum)
parameter corresponds to the value of the setpoint in engineering units when the
control input is at its minimum value.

TIP MinS - MaxS scaling allows you to work in engineering units. The
deadband, error, and SPV are also displayed in engineering units. The
process variable, PV, must be within the range of 0 to 16383. Use of MinS -
MaxS does not minimize PID PV resolution.

Scaled errors greater than +32767 or less than -32768 cannot be represented. If the
scaled error is greater than +32767, it is represented as +32767. If the scaled error
is less than -32768, it is represented as -32768.

0ld Setpoint Value (OSP)

InputParameter | Address Data Range Type User
Descriptions Format Program

Access
0SP-0ld PD10:0.0SP | word -32,768 10 +32,767 | status | read only
Setpoint Value (INT)

The OSP (Old Setpoint Value) is substituted for the current setpoint, if the current
setpoint goes out of range of the setpoint scaling (limiting) parameters.
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Output Limit (OL)
Output Parameter | Address Data Range Type User Program
Descriptions Format Access
OL - Qutput Limit PD10:0/0L | binary 1 =enabled control | read/write
0 =disabled

An enabled (1) value enables output limiting to the values defined in PD10:0.CVH
(Control Variable High) and PD10.0.CVL (Control Variable Low).

A disabled (0) value disables OL (Output Limiting).

Control Variable High Limit (CVH)

Output Parameter | Address Data Format | Range Type UserProgram
Descriptions Access

CVH - Control PD10:0.CVH | word (INT) 0to100% | contral | read/write
Variable High Limit

When the output limit bit (PD10:0/OL) is enabled (1), the CVH (Control Value
High) you enter is the maximum output (in percent) that the control variable
attains. If the calculated CV exceeds the CVH, the CV is set (overridden) to the
CVH value you entered and the upper limit alarm bit (UL) is set.

When the output limit bit (PD10:0/OL) is disabled (0), the CVH value you enter
determines when the upper limit alarm bit (UL) is set.

If CV exceeds the maximum value, the output is not overridden and the upper
limit alarm bit (UL) is set.

Control Variable Low Limit (CVL)

Output Parameter | Address Data Range Type User Program
Descriptions Format Access

CVL - Control PD10:0.CVL | word 0to 100% control | read/write
Variable Low Limit (INT)

When the output limit bit (PD10:0/OL) is enabled (1), the CVL (Control Value
Low) you enter is the minimum output (in percent) that the Control Variable
attains. If the calculated CV is below the minimum value, the CV is set (overridden)
to the CVL value you entered and the lower limit alarm bit (LL) is set.
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Output Parameters

When the output limit bit (PD10:0/OL)) is disabled (0), the CVL value you enter
determines when the lower limit alarm bit (LL) is set. If CV is below the minimum
value, the output is not overridden and the lower limit alarm bit (LL) is set.

The table below shows the output parameter addresses, data formats, and types of
user program access. See the indicated pages for descriptions of each parameter.

T)utput Parameter [-)escriptions Address Data Format |Range Type User Program For More
Access Information
CV - Control Variable User-defined word (INT) 0t0 16,383  [control  [read/write 259
CVP - Control Variable Percent PD10:0.CVP word (INT) 0to 100 control  |read/write 259
SPV - Scaled Process Variable PD10:0.SPV word (INT) 0to 16383 status  |read only 260
Control Variable (CV)
Output Parameter |Address Data Range Type User Program
Descriptions Format Access
CV - Control Variable [User-defined  |word (INT) |0 to 16,383 control  |read/write

The CV (Control Variable) is user-defined. See the ladder rung below.

‘ PID
0000 PID
PID File PD10:0
Process Variable N7:0
Control Variable N7:1
Setup Screen

Control Variable Percent (CVP)

Output Parameter Address Data Range (Type |User Program
Descriptions Format Access
CVP - Control Variable Percent  |PD10:0.CVP  |word (INT) [0 to 100 |control |status read

CVP (Control Variable Percent) displays the control variable as a percentage. The
range is 0 to 100%.

If the PD10:0/AM bit is off (automatic mode), CVP tracks the control variable
(CV) output being calculated by the PID equation.

If the PD10:0/AM bit is on (manual mode), CVP tracks the value that can be
manipulated in the Control Variable (CV) data word.

The only way for a programmer to have control of the PID CV is to place the P1ID
instruction in manual mode and write to the CV word via the control program or
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programming software. If no change is made to CV while in manual mode, the
CVP will display the last value calculated by the PID equation.

Scaled Process Variable (SPV)

Input Parameter Address |Data Range Type |User Program
Descriptions Format Access

SPV - Scaled Process Variable |PD10:0.SPV |word (INT) [0to 16383 |status |read only

The SPV (Scaled Process Variable) is the analog input variable. If scaling is
enabled, the range is the minimum scaled value (MinS) to maximum scaled
value (MaxS).

If the SPV is configured to be read in engineering units, then this parameter
corresponds to the value of the process variable in engineering units. See Analog 1/
O Scaling on page 269 for more information on scaling.

Tuning Parameters The table below shows the tuning parameter addresses, data formats, and types of
user program access. See the indicated pages for descriptions of each parameter.

Tuning Parameter Address Data Format |Range Type User For More

Descriptions Program Information

Access

KC - Controller Gain - K PD10:0.KC word (INT) 0to 32,767 control  |read/write 261

TI - Reset Term - T, PD10:0.Ti word (INT) 0to 32,767 control  |read/write 261

TD - Rate Term - T PD 10:0.TD word (INT) 0to 32,767 control  |read/write 262

TM - Time Mode PD10:0.TM binary Oort control  |read/write 262

LUT - Loop Update Time PD10:0.LUT word (INT) 110 1024 control  |read/write 262

ZCD - Zero Crossing Deadband ~ |PD10:0.Z2CD word (INT) 0to 32,767 control  |read/write 263

FF - Feed Forward Bias PD10:0.FF word (INT) -16,383 to +16,383 control  |read/write 263

SE - Scaled Error PD10:0.SE word (INT) -32,768 to +32,767 status  |read only 263

AM - Automatic/Manual PD10:0/AM binary (bit) Oor1 control  |read/write 264

CM - Control Mode PD10:0/CM binary (bit) Oor1 control  |read/write 264

DB - PV in Deadband PD10:0/DB binary (bit) Oor1 status  |read/write 264

RG - PLC 5 Gain Range PD10:0/RG binary (bit) Oor1 control  |read/write 265

SC - Setpoint Scaling PD10:0/SC binary (bit) Oor1 control  |read/write 265

TF - Loop Update Too Fast PD10:0/TF binary (bit) Oor1 status  |read/write 265

DA - Derivative Action Bit PD10:0/DA binary (bit) Oor1 control  |read/write 266

UL - CV Upper Limit Alarm PD10:0/UL binary (bit) Oor1 status  |read/write 266

LL - CV Lower Limit Alarm PD10:0/LL binary (bit) Oor1 status  |read/write 266

SP - Setpoint Out of Range PD10:0/SP binary (bit) Oor1 status  |read/write 267

PV - PV Out of Range PD10:0/PV binary (bit) Oor1 status  |read/write 267
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Tuning Parameter Address Data Format |Range Type User For More
Descriptions Program Information
Access
DN - Done PD10:0/DN binary (bit) Oor1 status  [read only 267
EN - Enable PD10:0/EN binary (bit) Oor1 status  |read only 267
IS - Integral Sum PD10:0.1S long word -2,147,483,648 to status  |read/write 268
(32-bit INT)  |2,147,483,647
AD - Altered Derivative Term PD10:0.AD long word -2,147,483,648 to status  |read only 268
(32-bit INT)  |2,147,483,647

Controller Gain (K;)
Tuning Parameter Address |Data Format |Range Type User Program
Descriptions Access

KC - Controller Gain - K, [PD10:0.KC  {word (INT) 010 32,767 |control |read/write

Gain K (word 3) is the proportional gain, ranging from 0 to 3276.7 (when RG=0),

or 0 to 327.67 (when RG=1). Set this gain to one-half the value needed to cause
the output to oscillate when the reset and rate terms (below) are set to zero.

TIP Controller gain is affected by the reset and gain range (RG) bit. For
information, see PLC 5 Gain Range (RG) on page 265.

Reset Term (T;)

Tuning Parameter |Address |Data Range Type User Program

Descriptions Format Access

TI-Reset Term - T;  [PD10:0.Ti  |word 0to 32,767 control  |read/write
(INT)

Reset T; (word 4) is the Integral gain, ranging from 0 to 3276.7 (when RG = 0), or

327.67 (when RG = 1) minutes per repeat. Set the reset time equal to the natural
period measured in the above gain calibration. A value of 1 adds the maximum
integral term into the PID equation.

TIP Reset term is affected by the reset and gain range (RG)bit. For information,
see PLC 5 Gain Range (RG) on page 265.
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Rate Term (T)
Tuning Parameter |Address Data Format |Range Type User Program
Descriptions Access

TD - Rate Term - Ty |PD 10:0.TD  |word (INT) 0to 32,767 |control |read/write

Rate T4 (word 5) is the Derivative term. The adjustment range is 0 to 327.67
minutes. Set this value to 1/8 of the integral gain T;.

TIP This word is not effected by the reset and gain range (RG) bit. For
information, see PLC 5 Gain Range (RG) on page 265.

Time Mode (TM)
Tuning Parameter |Address Data Range |Type User Program
Descriptions Format Access

TM - Time Mode PD10:0.TM binary Oor1 control read/write

The time mode bit specifies when the PID is in timed mode (1) or STI mode (0).
This bit can be set or cleared by instructions in your ladder program.

When set for timed mode, the PID updates the CV at the rate specified in the loop
update parameter (PD10:0.LUT).

When set for STI mode, the PID updates the CV every time the PID instruction is
scanned in the control program. When you select ST1, program the PID
instruction in the STT interrupt subroutine. The STT routine should have a time
interval equal to the setting of the PID “loop update” parameter (PD10:0.LUT).
Set the STT period in word STL:0.SPM. For example, if the loop update time
contains the value 10 (for 100 ms), then the STT time interval must also equal 100
(for 100 ms).

TIP When using timed mode, your processor scan time should be at least ten
times faster than the loop update time to prevent timing inaccuracies or
disturbances.

Loop Update Time (LUT)
Tuning Parameter Address Data Format |Range Type User Program
Descriptions Access

LUT - Loop Update Time  |PD10:0.LUT |word (INT) 1101024 |control |read/write
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The loop update time (word 13) is the time interval between PID calculations. The
entry is in 0.01 second intervals. Enter a loop update time five to ten times faster
than the natural period of the load. The natural period of the load is determined by
setting the reset and rate parameters to zero and then increasing the gain until the
output begins to oscillate. When in STI mode, this value must equal the STI time
interval value loaded in STI:0.SPM. The valid range is 0.01 to 10.24 seconds.

Zero Crossing Deadband (ZCD)

Tuning Parameter  |Address Data Range Type User Program
Descriptions Format Access

ZCD - Zero Crossing PD10:0.ZCD  |word (INT)|0 to 32,767 control  |read/write
Deadband

The deadband extends above and below the setpoint by the value entered. The
deadband is entered at the zero crossing of the process variable and the setpoint.
This means that the deadband is in effect only after the process variable enters the
deadband and passes through the setpoint.

The valid range is 0 to the scaled maximum, or 0 to 16,383 when no scaling exists.

Feed Forward Bias (FF)
Tuning Parameter |Address |Data Range Type User Program
Descriptions Format Access

FF - Feed Forward PD10:0.FF |word -16,383 t0 +16,383  |control  [read/write
Bias (INT)

The feed forward bias is used to compensate for disturbances that may affect the
CV output.

Scaled Error (SE)
Tuning Parameter |Address |Data Range Type User Program
Descriptions Format Access

SE - Scaled Error  {PD10:0.SE  |word (INT){-32,768 to +32,767 status  |read only

Scaled error is the difference between the process variable and the setpoint. The
format of the difference (E = SP-PV or E = PV-SP) is determined by the control
mode (CM) bit. See Control Mode (CM) on page 264.
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Automatic / Manual (AM)
Tuning Parameter Address Data Format |Range |Type User Program
Descriptions Access

AM - Automatic/Manual  |PD10:0/AM  [binary (bit) Oor1 control  |read/write

The auto/manual bit can be set or cleared by instructions in your ladder program.
When off (0), it specifies automatic operation. When on (1), it specifies manual
operation. In automatic operation, the instruction controls the control

variable (CV). In manual operation, the user/control program controls the CV.
During tuning, set this bit to manual.

TIP Output limiting is also applied when in manual.
Control Mode (CM)
Tuning Parameter  |Address Data Format |Range |Type User Program
Descriptions Access

CM - Control Mode PD10:0/CM  |binary (bit) Oor1 control  [read/write

Control mode, or forward-/reverse-acting, toggles the values E=SP-PV and
E=PV-SP.

Forward acting (E=PV-SP) causes the control variable to increase when the
process variable is greater than the setpoint.

Reverse acting (E=SP-PV) causes the control variable to decrease when the
process variable is greater than the setpoint.

PV in Deadband (DB)
Tuning Parameter Address Data Format |Range |Type User Program
Descriptions Access

DB - PVin Deadband |PD10:0/DB  |binary (bit) Oor1 status read/write

This bit is set (1) when the process variable is within the zero-crossing
deadband range.
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PLC 5 Gain Range (RG)
Tuning Parameter Address Data Format |Range |Type User Program
Descriptions Access

RG - PLC 5 Gain Range  |PD10:0/RG  |binary (bit) Oor1 control  |read/write

When set (1), the reset (TI) and gain range enhancement bit (RG) causes the reset
minute/repeat value and the gain multiplier (KC) to be divided by a factor of 10.
That means a reset multiplier of 0.01 and a gain multiplier of 0.01.

When clear (0), this bit allows the reset minutes/repeat value and the gain

multiplier value to be evaluated with a reset multiplier of 0.1 and a gain multiplier
of 0.1.

Excample with the RG bit set: The reset term (T1I) of 1 indicates that the integral value
of 0.01 minutes/trepeat (0.6 seconds/repeat) is applied to the PID integral
algorithm. The gain value (KC) of 1 indicates that the error is multiplied by 0.01
and applied to the PID algorithm.

Example with the RG bit clear: The reset term (TI) of 1 indicates that the integral
value of 0.1 minutes/tepeat (6.0 seconds/repeat) is applied to the PID integral

algorithm. The gain value (KC) of 1 indicates that the error is multiplied by 0.1 and
applied to the PID algorithm.

TIP The rate multiplier (TD) is not affected by this selection.

Setpoint Scaling (SC)

Tuning Parameter Address Data Format (Range |Type User Program
Descriptions Access

SC - Setpoint Scaling  [PD10:0/SC  |binary (bit) Oor1 control  |read/write

The SC bit is cleared when setpoint scaling values are specified.

Loop Update Too Fast (TF)

Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access

TF - Loop Update Too  [PD10:0/TF  |binary (bit) Oor1 status read/write
Fast

The TF bit is set by the PID algorithm if the loop update time specified cannot be
achieved by the controller due to scan time limitations.

Publication 1762-RM001H-EN-P - July 2014




266 Process Control Instruction

Publication 1762-RMO00TH-EN-P - July 2014

If this bit is set, correct the problem by updating your PID loop at a slower rate or
move the PID instruction to an STT interrupt routine. Reset and rate gains will be
in error if the instruction operates with this bit set.

Derivative Action Bit (DA)

Tuning Parameter Address Data Format |Range |Type
Descriptions

DA - Derivative Action Bit [PD10:0/DA  |binary (bit) Oor1

User Program
Access

control  |read/write

When set (1), the derivative (rate) action (DA) bit causes the derivative (rate)
calculation to be evaluated on the error instead of the process variable (PV). When

clear (0), this bit allows the derivative (rate) calculation to be evaluated where the
derivative is performed on the PV.

CV Upper Limit Alarm (UL)

Tuning Parameter Address |Data Format [Range |Type User Program
Descriptions Access
UL - CV Upper Limit Alarm |PD10:0/UL |binary (bit) Oor1 |status |read/write

The control variable upper limit alarm bit is set when the calculated CV output
exceeds the upper CV limit.

CV Lower Limit Alarm (LL)

Tuning Parameter Address |Data Format |Range
Descriptions

LL - CV Lower Limit Alarm |PD10:0/LL |binary (bit) Oor1

Type User Program
Access

status read/write

The control variable lower limit alarm bit is set (1) when the calculated CV output

is less than the lower CV limit.
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Setpoint Out Of Range (SP)

Tuning Parameter Address |Data Format |Range |Type User Program
Descriptions Access
SP - Setpoint Out of Range  |PD10:0/SP  [binary (bit) Oor1 status  |read/write
This bit is set (1) when the setpoint:
e cxceeds the maximum scaled value, or
® is less than the minimum scaled value.
PV Out Of Range (PV)
Tuning Parameter Address Data Format |Range |Type User Program
Descriptions Access
PV - PV Out of Range  [PD10:0/PV  |binary (bit) Oor1 status read/write

The process variable out of range bit is set (1) when the unscaled process variable

® exceeds 16,383, or

® is less than zero.

Done (DN)

Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access

DN - Done PD10:0/DN |binary (bit) Oor1 status read only

The PID done bit is set (1) for one scan when the PID algorithm is computed. It

resets (0) whenever the instruction is scanned and the PID algorithm was not
computed (applies to timed mode only).

Enable (EN)

Tuning Parameter |Address Data Format |Range |Type User Program
Descriptions Access

EN - Enable PD10:0/EN  |binary (bit) Oor1 status  |read only

The PID enabled bit is set (1) whenever the PID instruction is enabled. It follows

the rung state.
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Runtime Errors

Integral Sum (IS)
Tuning Parameter |Address |Data Format |Range Type |User Program
Descriptions Access
IS - Integral Sum ~ |PD10:0.IS  |long word -2,147,483,648 to |status |read/write
(32-bit INT)  |2,147,483,647
This is the result of the integration ]%' J. E(dt) -
1
Altered Derivative Term (AD)
Tuning Parameter |Address |Data Format |Range Type User Program
Descriptions Access
AD - Altered PD10:0.AD |{long word -2,147,483,648 to |status |read only
Derivative Term (32-bit INT)  |2,147,483,647

This long word is used internally to track the change in the process variable within

the loop update time.

Error code 0036 appears in the status file when a PID instruction runtime error

occurs. Code 0036 covers the following PID error conditions, each of which has
been assigned a unique single byte code value that appears in the MSB of the
second word of the control block. The error code is also displayed on the PID
Setup Screen in RSLogix 500.

Error Code |Description of Error Condition or Conditions Corrective Action
11H 1. Loop update time D, > 1024 Change loop update time 0 < D; < 1024
2. Loop update time D;=0
12H Proportional gain K, <0 Change proportional gain K, to 0 <K
13H Integral gain (reset) T, < 0 Change integral gain (reset) Ty to 0< T,
14H Derivative gain (rate) Tq<0 Change derivative gain (rate) Tyto 0< Ty
15H Feed Forward Bias (FF) is out-of-range. Change FF so it is within the range -16383 to +16383.
23H Scaled setpoint min Change scaled setpoint min MinS to

MinS > Scaled setpoint max MaxS

-32768 < MinS < MaxS < +32767
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Error Code Description of Error Condition or Conditions Corrective Action
31H If you are using setpoint scaling and If you are using setpoint scaling, then change
MinS > setpoint SP > MaxS, or the setpoint SP to MinS < SP < MaxS, or
If you are not using setpoint scaling and If you are not using setpoint scaling, then change
0> setpoint SP > 16383, the setpoint SP to 0 < SP < 16383.
then during the initial execution of the PID loop, this error
occurs and bit 11 of word 0 of the control block is set.
However, during subsequent execution of the PID loop if an
invalid loop setpoint is entered, the PID loop continues to
execute using the old setpoint, and bit 11 of word 0 of the
control block is set.
41H Scaling Selected Scaling Deselected Scaling Selected Scaling Deselected
1. Deadband < 0, or 1. Deadband <0, or  |Change deadband to Change deadband to
0 < deadband < 0 < deadband < 16383
2. Deadband > 3. Deadband > 16383 | > o = =
(l\/IaxS—l\/IinS) (I\/IaxS- MIHS)§16383
51H 1. Output high limit <0, or Change output high limit to
0 < output high limit < 100
2. Qutput high limit > 100
52H 1. Output low limit <0, or Change output low limit to
0 < output low limit < output high limit < 100
2. Qutput low limit > 100
53H Output low limit > output high limit Change output low limit to
0 < output low limit < output high limit < 100

Analog I/0 Scaling

To configure an analog input for use in a PID instruction, the analog data must be
scaled to match the PID instruction parameters. In the MicroLogix 1200 and 1500,
the process variable (PV) in the PID instruction is designed to work with a data
range of 0 to 16,383. The 1769 Compact I/O analog modules (1769-1F4 and
1769-OF2) are capable of on-board scaling. Scaling data is required to match the
range of the analog input to the input range of the PID instruction. The ability to
petform scaling in the I/O modules reduces the amount of programming required
in the system and makes PID setup much easier.

The example shows a 1769-1F4 module. The 1F4 has 4 inputs, which are
individually configurable. In this example, analog input 0 is configured for 0 to 10V
and is scaled in engineering units. Word 0 is not being used in a PID instruction.
Input 1 (word 1) is configured for 4 to 20 mA operation with scaling configured
for a PID instruction. This configures the analog data for the PID instruction.

Field Device Input Signal Analog Register Scaled Data
>20.0 mA 16,384 t0 17,406

20.0 mA 16,383

40mA 0

<4.0mA -81910 -1
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The analog configuration screen is accessed from within RSLogix 500. Simply
double click on the I/O configuration item in the “Controller” folder, and then
double click on the specific I/O module.

The configuration for the analog output is virtually identical. Simply address the
PID control variable (CV) to the analog output address and configure the analog
output to “Scaled for PID” behavior.

Module #1: 1769-IF4 - Analog 4 Channel Input Module E
E wpanzion General Configuration  Analog Input Configuration I Generic Extra Data Config |
—Word 0 Fiter —ford 1 Fiter
¥ Enable |5|j Hz vI ¥ Enable IBD Hz 'I
Input Range Input Range
IDtU+‘IUVDC VI 410 20 méb 'I
Data Format Data Format
IEngineering Units j IScaIed for PID j
cwod2——— 0 pWod3d
Filter Filter
[ Enable [f0H: -] T Enable [f0Fz 7]
Input Fange Input Range
I»‘I 0 to+10%00C VI A0t +10%0DCE -
D ata Format Data Format
IH aw/Propartional j IFIaL-‘-.L-"F‘ropmtiona\ j
ok | ceneel |[ ion ] Hel
App lication Notes The following paragraphs discuss:

e Input/Output Ranges

e Scaling to Engineering Units

® Zero-crossing Deadband

e Output Alarms

e Output Limiting with Anti-reset Windup
e The Manual Mode

e Feed Forward

fully understand its function and how it will affect your process. Unexpected

ATTENTION: Do not alter the state of any PID control block value unless you
A operation could result with possible equipment damage and/or personal injury.

Input/Output Ranges

The input module measuring the process variable (PV) must have a full scale
binary range of 0 to 16383. If this value is less than O (bit 15 set), then a value of
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zero is used for PV and the “Process var out of range” bit is set (bit 12 of word 0 in
the control block). If the process vatiable is greater than 16383 (bit 14 set), then a
value of 16383 is used for PV and the “Process var out of range” bit is set.

The Control Variable, calculated by the PID instruction, has the same range of 0 to
16383. The Control Output (word 16 of the control block) has the range of 0 to
100%. You can set lower and upper limits for the instruction’s calculated output

values (where an upper limit of 100% corresponds to a Control Variable limit
of 16383).

Scaling to Engineering Units

Scaling lets you enter the setpoint and zero-crossing deadband values in
engineering units, and display the process variable and error values in the same
engineering units. Remember, the process variable PV must still be within the
range 0 to 16383. The PV is displayed in engineering units, however.

Select scaling as follows:

1. Enter the maximum and minimum scaling values MaxS and MinS in the PID
control block. The MinS value corresponds to an analog value of zero for
the lowest reading of the process variable. MaxS corresponds to an analog
value of 16383 for the highest reading. These values reflect the process
limits. Setpoint scaling is selected by entering a non-zero value for one or
both parameters. If you enter the same value for both parameters, setpoint
scaling is disabled.

For example, if measuring a full scale temperature range of -73°C (PV=0) to
+1156°C (PV=16383), enter a value of -73 for MinS and 1156 for MaxS.
Remember that inputs to the PID instruction must be 0 to 16383. Signal
conversions could be as follows:

Example Values

Process limits -73to +1156°C
Transmitter output (if used) +4 10 +20 mA
Output of analog input module 0 to 16383

PID instruction, MinS to MaxS -731t0 +1156°C

2. Enter the setpoint (word 2) and deadband (word 9) in the same scaled
engineering units. Read the scaled process variable and scaled error in these
units as well. The control output percentage (word 10) is displayed as a
percentage of the 0 to 16383 CV range. The actual value transferred to the
CV output is always between 0 and 16383.

When you select scaling, the instruction scales the setpoint, deadband, process

variable, and error. You must consider the effect on all these variables when you
change scaling.
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Zero-Crossing Deadband DB

The adjustable deadband lets you select an error range above and below the
setpoint where the output does not change as long as the error remains within this
range. This lets you control how closely the process variable matches the setpoint
without changing the output.

+DB
Sp >7 Error range

-0B

Time

Zero-crossing is deadband control that lets the instruction use the etror for
computational purposes as the process variable crosses into the deadband until it
crosses the setpoint. Once it crosses the setpoint (error crosses zero and changes
sign) and as long as it remains in the deadband, the instruction considers the error
value zero for computational purposes.

Select deadband by entering a value in the deadband storage word (word 9) in the
control block. The deadband extends above and below the setpoint by the value
you enter. A value of zero inhibits this feature. The deadband has the same scaled
units as the setpoint if you choose scaling.

Output Alarms

You may set an output alarm on the control variable at a selected value above and/
or below a selected output percent. When the instruction detects that the control
variable has exceeded either value, it sets an alarm bit (bit LL for lower limit, bit UL
for upper limit) in the PID instruction. Alarm bits are reset by the instruction
when the control variable comes back inside the limits. The instruction does not
prevent the control variable from exceeding the alarm values unless you select
output limiting,

Select upper and lower output alarms by entering a value for the upper

alarm (CVH) and lower alarm (CVL). Alarm values are specified as a percentage of
the output. If you do not want alarms, enter zero and 100% respectively for lower
and upper alarm values and ignore the alarm bits.

Output Limiting with Anti-Reset Windup

You may set an output limit (percent of output) on the control variable. When the
instruction detects that the control variable has exceeded a limit, it sets an alarm bit
(bit LL for lower limit, bit UL for upper limit), and prevents the control variable
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from exceeding either limit value. The instruction limits the control variable to 0
and 100% if you choose not to limit.

Select upper and lower output limits by setting the limit enable bit (bit OL), and
entering an upper limit (CVH) and lower limit (CVL). Limit values are a percentage
(0 to 100%) of the control variable.

The difference between selecting output alarms and output limits is that you must
select output limiting to enable limiting. Limit and alarm values are stored in the
same words. Entering these values enables the alarms, but not limiting. Entering
these values and setting the limit enable bit enables limiting and alarms.

Anti-reset windup is a feature that prevents the integral term from becoming
excessive when the control variable reaches a limit. When the sum of the PID and
bias terms in the control variable reaches the limit, the instruction stops calculating
the integral sum until the control variable comes back in range. The integral sum is
contained in element, IS.

The Manual Mode

In the MANUAL mode, the PID algorithm does not compute the value of the
control variable. Rather, it uses the value as an input to adjust the integral sum (IS)
so that a smooth transfer takes place upon re-entering the AUTO mode.

In the MANUAL mode, the programmer allows you to enter a new CV value from
0 to 100%. This value is converted into a number from 0 to 16383 and written to
the Control Variable address. If your ladder program sets the manual output level,
design your ladder program to write to the CV address when in the MANUAL
mode. Remember that the new CV value is in the range of 0 to 16383, not 0 to 100.
Writing to the CV percent (CVP) with your ladder program has no effect in the
MANUAL mode.

PID Rung State

If the PID rung is false, the integral sum (IS) is cleared and CV remains in its
last state.

Feed Forward or Bias

Applications involving transport lags may require that a bias be added to the CV
output in anticipation of a disturbance. This bias can be accomplished using the
processor by writing a value to the Feed Forward Bias element (word FF). (See
page 263.) The value you write is added to the output, allowing a feed forward
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action to take place. You may add a bias by writing a value between -16383 and
+16383 to word 6 with your programming terminal or ladder program.

Application Examples  PID Tuning

PID tuning requires a knowledge of process control. If you are inexperienced, it
will be helpful if you obtain training on the process control theory and methods
used by your company.

There are a number of techniques that can be used to tune a PID loop. The
following PID tuning method is general and limited in terms of handling load
disturbances. When tuning, we recommend that changes be made in the
MANUAL mode, followed by a return to AUTO. Output limiting is applied in the
MANUAL mode.

TIP This method requires that the PID instruction controls a non-critical
application in terms of personal safety and equipment damage.
The PID tuning procedure may not work for all cases. It is strongly

recommended to use a PID Loop tuner package for the best result (i.e.
RSTune, Rockwell Software catalog number 9323-1003D).

Procedure

1. Create your ladder program. Make certain that you have properly scaled your
analog input to the range of the process variable PV and that you have
propetly scaled your control variable CV to your analog output.

2. Connect your process control equipment to your analog modules.
Download your program to the processor. Leave the processor in the
program mode.

ATTENTION: Ensure that all possibilities of machine motion have been
A considered with respect to personal safety and equipment damage. It is

possible that your output CV may swing between 0 and 100% while tuning.

TIP If you want to verify the scaling of your continuous system and/or
determine the initial loop update time of your system, go to the procedure
on page 276.

3. Enter the following values: the initial setpoint SP value, a reset T; of 0, a rate

Ty of 0, a gain K. of 1, and a loop update of 5.

Set the PID mode to STI or Timed, per your ladder diagram. If STT is
selected, ensure that the loop update time equals the STI time interval.
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10.

11.

12.

13.

14.

Enter the optional settings that apply (output limiting, output alarm,
MaxS - MinS scaling, feed forward).

Get prepared to chart the CV, PV, analog input, or analog output as it varies
with time with respect to the setpoint SP value.

Place the PID instruction in the MANUAL mode, then place the processor
in the RUN mode.

. While monitoring the PID display, adjust the process manually by writing to

the CO percent value.

. When you feel that you have the process under control manually, place the

PID instruction in the AUTO mode.

. Adjust the gain while observing the relationship of the output to the

setpoint over time.

. When you notice that the process is oscillating above and below the setpoint

in an even manner, record the time of 1 cycle. That is, obtain the natural
period of the process.

Natural Period = 4x deadtime

Record the gain value. Return to the MANUAL mode (stop the process
if necessary).

Set the loop update time (and STI time interval if applicable) to a value of 5
to 10 times faster than the natural period.

For example, if the cycle time is 20 seconds, and you choose to set the loop
update time to 10 times faster than the natural rate, set the loop update time
to 200, which would result in a 2-second rate.

Set the gain K value to 1/2 the gain needed to obtain the natural period of

the process. For example, if the gain value recorded in step 9 was 80, set the
gain to 40.

Set the reset term T; to approximate the natural period. If the natural period

is 20 seconds, as in our example, you would set the reset term to 3 (0.3
minutes per repeat approximates 20 seconds).

Now set the rate T equal to a value 1/8 that of the reset term. For our

example, the value 4 is used to provide a rate term of 0.04 minutes
per repeat.

Place the process in the AUTO mode. If you have an ideal process, the PID
tuning is complete.
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15. To make adjustments from this point, place the PID instruction in the
MANUAL mode, enter the adjustment, then place the PID instruction back
in the AUTO mode.

This technique of going to MANUAL, then back to AUTO, ensures that
most of the “gain errot” is removed at the time each adjustment is made.
This allows you to see the effects of each adjustment immediately. Toggling
the PID rung allows the PID instruction to restart itself, eliminating all of

the integral buildup. You may want to toggle the PID rung false while tuning
to eliminate the effects of previous tuning adjustments.

Verifying the Scaling of Your Continuous System

To ensure that your process is linear, and that your equipment is propetly
connected and scaled, do the following:

1. Place the PID instruction in MANUAL and enter the following parameters:

— type: 0 for MinS
— type: 100 for MaxS
- type: 0 for CO%

2. Enter the REM RUN mode and verify that PV=0.
3. Type: 20 in CO%
4. Record the PV =
5. Type: 40 in COY%.
6. Record the PV =
7. Type: 60 in COY%.
8. Record the PV =
9. Type: 80 in COY%.
10. Record the PV =
11. The values you recorded should be offset from CO% by the same amount.

This proves the linearity of your process. The following example shows an
offset progression of fifteen.

— CO 20% = PV 35%
— CO 40% = PV 55%
— CO 60% = PV 75%
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— CO 80% = PV 95%

If the values you recorded are not offset by the same amount:

e Either your scaling is incorrect, or

e the process is not linear, or

e your equipment is not propetly connected and/or configured.

Make the necessary corrections and repeat steps 2-10.

Determining the Initial Loop Update Time

To determine the approximate loop update time that should be used for your
process, perform the following:

1.

Place the normal application values in MinS and MaxS.

. Type: 50 in CO%.
. Type: 60 in CO% and immediately start your stopwatch.

. Watch the PV. When the PV starts to change, stop your stopwatch. Record

this value. It is the deadtime.

Multiply the deadtime by 4. This value approximates the natural period. For
example, if deadtime = 3 seconds, then 4 x 3 = 12 seconds (=natural period)

Divide the value obtained in step 5 by 10. Use this value as the loop updated
time. For example, if natural period = 12 seconds, then 12/10 = 1.2 seconds.

Therefore, the value 120 would be entered as the loop update time
(120 x 10 ms = 1.2 seconds).

Enter the following values: the initial setpoint SP value, a reset T; of 0, a rate
T4 of 0, a gain K, of 1, and the loop update time determined in step 17.

Set the PID mode to STI or Timed, per your ladder diagram. If STT is
selected, ensure that the loop update time equals the STI time interval.

Enter the optional settings that apply (output limiting, output alarm,
MaxS - MinS scaling, feed forward).

Return to page 275 and complete the tuning procedure starting with step 4.

Publication 1762-RM001H-EN-P - July 2014



278 Process Control Instruction

Notes:
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Chapter 20

General Information

ASCII Instructions

This chapter contains general information about the ASCII instructions and

explains how they function in your control program. This chapter is arranged into

the following sections:

e Instruction Types and Operation on page 280

® Protocol Overview on page 281
e String (ST) Data File on page 282
e Control Data File on page 283

ASCII Instructions The ASCII instructions are arranged so that the Write instructions precede the
Read instructions.

Instruction Function Valid Controller(s) Page

ACL - ASCII Clear Buffer Clear the receive and/or transmit buffers. e MicrolLogix 1200 284

AIC - Integer to String Convert an integer value to a string. e MicrolLogix 1500 Series B, 286

AWA - ASCII Write with Append | Write a string with user-configured characters appended. | 1IN 4 or later 287

AWT - ASCII Write Write a string. 289

ABL - Test Buffer for Line Determine the number of characters in the buffer, up to e MicroLogix 1200 Series B, 291
and including the end-of-line character. FRN 3 or later

ACB - Number of Characters in Determine the total number of characters in the buffer. e Micrologix 1500 Series B, 293

Buffer FRN 4 or later

ACI - String to Integer Convert a string to an integer value. 294

ACN - String Concatenate Link two strings into one. 295

AEX - String Extract Extract a portion of a string to create a new string. 296

AHL - ASCII Handshake Lines Set or reset modem handshake lines. 298

ARD - ASCII Read Characters Read_ characters from the input buffer and place them into 299
a string.

ARL - ASCII Read Line Read one line of characters from the input buffer and 301
place them into a string.

ASC - String Search Search a string. 302

ASR - ASCII String Compare Compare two strings. 304
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Instruction Types and
Operation

Publication 1762-RMO00TH-EN-P - July 2014

There are two types of ASCII instructions, ASCII string control and ASCII port
control. The string control instruction type is used for manipulating data and
executes immediately. The port control instruction type is used for transmitting
data and makes use of the ASCII queue. More details are provided below.

ASCII String Control

These instructions are used to manipulate string data. When a string control
instruction is encountered in a ladder logic program, it executes immediately. It is
never sent to the ASCII queue to wait for execution. The following tables list the
ASCII string control instructions used by the MicrolLogix 1200 and

1500 controllers:

MicroLogix 1200 Series A

AIC (Integer to String)

MicroLogix 1200 Series B, FRN 3 and later
MicroLogix 1500 Series B, FRN 4 and later

ACI (String to Integer) AIC (Integer to String)

ACN (String Concatenate) ASC (String Search)

AEX (String Extract) ASR (ASCII String Compare)
ASCII Port Control

These instructions use or alter the communication channel for receiving or
transmitting data. The following tables list the ASCII port control instructions
used by the MicroLogix 1200 and 1500 controllers:

MicroLogix 1200 Series Al

ACL (ASCII Clear Buffer)

AWA (ASCII Write with Append)

AWT (ASCII Write)

(1) For the MicrolLogix 1200 Series A, these instructions only transmit data.

MicroLogix 1200 Series B, FRN 3 and later
MicroLogix 1500 Series B, FRN 4 and later

ABL (Test Buffer for Line) ARD (ASCII Read Characters)
ACB (Number of Characters in Buffer) ARL (ASCII Read Line)

ACL (ASCII Clear Buffer) AWA (ASCII Write with Append)
AHL (ASCII Handshake Lines) AWT (ASCII Write)

When the ACL (ASCII Clear Buffer) instruction is encountered in a ladder logic
program, it executes immediately and causes all instructions to be removed from
the ASCII queue, including stopping execution of the ASCII instruction currently

executing. The ER (error) bit is set for each instruction that is removed from the
ASCII queue.
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Protocol Overview

When any of the other port control instructions are encountered in a ladder logic
program, it may or may not execute immediately depending on the contents of the
ASCII queue. The ASCII queue is a FIFO (first-in, first-out) queue which can
contain up to 16 instructions. The ASCII queue operates as follows:

e When the instruction is encountered on a rung and the ASCII queue is
empty, the instruction executes immediately. It may take several program
scans for the instruction to complete.

e When the instruction is encountered on a rung and there are from 1 to 15
instructions in the ASCII queue, the instruction is put into the ASCII queue
and is executed when the preceding instructions are completed. If the ASCII
queue is full, the instruction waits until the next program scan to determine
if it can enter the ASCII queue. The controller continues executing other
instructions while the ASCII port control instruction is waiting to enter
the queue.

Programming ASCII Instructions

When programming ASCII output instructions, always precede the ASCII
instruction with conditional logic that detects when new data needs to be sent or,
send data on a time interval. If sent on a time interval, use an interval of 0.5 second
or greater. Do not continuously generate streams of ASCII data out of a
communications port.

IMPORTANT  If ASCIl write instructions execute continuously, you may not be able to
re-establish communications with RSLogix 500 when the controller is
placed into the RUN mode.

MicroLogix 1200 Series A and MicroLogix 1500 Series A

The AWA and AWT instructions only successfully transmit an ASCII string out of
the RS-232 port when the channel is configured for DF1 Full-Duplex protocol. 1f
the RS-232 port is configured for any protocol other than DF1 Full-Duplex, the
AWA and AWT instructions will error out with an error code of 9.

DF1 Full-Duplex packets take precedence over ASCII strings, so if an AWA or
AWT instruction is triggered while a DF1 Full-Duplex packet is being transmitted,
the ASCII instruction will error out with an error code of 5.

See on page 427 for the DF1 Full-Duplex protocol parameters that you set via the
Channel 0 configuration screens in your programming software. Configuration of
the two append characters for the AWA instruction can be found in the General tab
of Channel Configuration option in RSLogix 500.
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String (ST) Data File

MicroLogix 1200 Series B, FRN 3 and later, and MicroLogix 1500
Series B, FRN 4 and later

For the AWA and AWT instructions, you can use DF1 Full-Duplex protocol as
described above. To use the full ASCII instruction set, use ASCII protocol as
described below.

See on page 456 for the ASCII parameters that you set via the Channe/ 0 (and
Channel 1 for the 1764-LRP) configuration screens in your programming software.
Configuration of the two append characters for the AWA instruction can be found
in the General tab of Channel Confignration option in RSLogix 500.

File Description

The string data file is used by the ASCII instructions to store ASCII character data.
The ASCII data can be accessed by the source and destination operands in the
ASCII instructions. The string data file can also be used by the copy (COP) and
move (MOV, MVM) instructions.

String files consist of 42-word elements. One string file element is shown below.
You can have up to 256 of these elements in the string file.

String Data File Structure

String Element

Bit [15 [14 [13 [12 [11 [10 [09 [08 [07 [06 [05 [04 |03 |02 |01 |00
Word upper byte lower byte

0 String Length - number of characters (range is from 0 to 82)

1 character 0 character 1

2 character 2 character 3

l l l

40 character 78 character 79

1 character 80 character 81

Addressing String Files

The addressing scheme for the string data file is shown below.

Format Explanation
ST |String file
STfe.s f File number The valid file number range is from 3 to 255.
Element delimiter
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Format Explanation

e Element number

The valid element number range is from 0 to 255.

Each element is 42 words in length as shown in .

Subelement delimiter

s Subelement number

The valid subelement number range is from 0 to 41.
You can also specify .LEN for word 0 and .DATA[0] through .DATA[40] for words 1 to 41.

The subelement represents a word address.

Examples: |ST9:2
ST17:1.LEN
ST13:7.DATA[1]

String File 9, Element 2
String File 17, Element 1, LEN Variable

String File 13, Element 7, word 2 (characters 2 and 3)

Control Data File

NOTE: The RN bit is not addressable
via the Control (R) file.

File Description

The control data element is used by ASCII instructions to store control
information required to operate the instruction. The control data element for
ASCII instructions includes status and control bits, an error code byte, and two
character words as shown below:

ASCII Instructions Control Data File Elements

Control Element
Word (15 [14 [13 |12 |11 [10 [09 |08 07\06\05\04\o3|02\01 \oo
0 N TEU@ | DNB) [EME) {ER®) [uL®) [RNI7)|Fp!®) |Error Code Byte

1 Number of characters specified to be sent or received (LEN)
2 Number of characters actually sent or received (POS)

(1) EN=Enable Bit - indicates that an instruction is enabled due to a false-to-true transition. This bit remains set until the
instruction completes execution or generates an error.

(2) EU=Queue Bit - when set, indicates that an ASCI! instruction was placed in the ASCII queue. This action is delayed if
the queue is already filled.

(3) DN = Asynchronous Done Bit - is set when an instruction successfully completes its operation.
(4)  EM = Synchronous Done Bit - not used
(5) ER = Error Bit - when set, indicates that an error occurred while executing the instruction.

(6) UL =Unload Bit - when this bit is set by the user, the instruction does not execute. If the instruction is already
executing, operation ceases. If this bit is set while an instruction is executing, any data already processed is sent to
the destination and any remaining data is not processed. Setting this bit will not cause instructions to be removed
from the ASCII queue. This bit is only examined when the instruction is ready to start executing.

(7) RN =Running Bit - when set, indicates that the queued instruction is executing.

(8) FD = Found Bit - when set, indicates that the instruction has found the end-of-line or termination character in the
buffer. (only used by the ABL and ACB instructions)
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Addressing Control Files

The addressing scheme for the control data file is shown below.

Format Explanation
R Control file
R:e.s/b f File number The valid file number range is from 3 to 255.
Element delimiter
e Element number The valid element number range is from 0 to 255.

Each element is 3 words in length as shown in .

Subelement delimiter

3 Subelement number | The valid subelement number range is from 0 to 2. You can also specify .LEN or .POS.

Bit delimiter
Bit number The valid bit number range is from 0 to 15.
The bit number is the bit location within the string file element.
Bit level addressing is not available for words 1 and 2 of the control element.
Examples: |R6:2 Element 2, control file 6
R6:2.0/13 Bit 13 in sub-element 0 of element 2, control file 6
R18:1.LEN Specified string length of element 1, control file 18
R18:1.POS Actual string length of element 1, control file 18

ACL - ASCII Clear
Buffers

Instruction Type: output

ACL
éﬁcn Clrlaar Buffers . Execution Time for the ACL Instruction
anne
Transmit Buffer Yes Controller When Instruction Is:
Receive Buffer No
True False
MicroLogix 1200 clear buffers: 0.0 us

both 249.1 us
receive 28.9 us

transmit 33.6 s

MicroLogix 1500 Series B, FRN 4 or later |clear buffers: 0.0 us
both 203.9 us

receive 24.7 us

transmit 29.1 us
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The ACL instruction clears the Receive and/or Transmit buffer(s). This instruction
also removes instructions from ASCII queue.

TIP

For MicroLogix 1200 FRN 7 and MicroLogix 1500 FRN 8 and higher, the
ACL instruction can also be used to clear the DF1 communication buffers
when the channel is configured for any of the DF1 communication drivers.

Select 0 for the channel number that is configured for DR (or 7 for channel
1 on the 1764-LRP only)and Yes for both the Receive and Transmit Buffers.
When the ACL instruction is executed, any pending outgoing DF1 replies,
any pending incoming DF1 commands and any pending outgoing DF1
commands are flushed. Any MSG instructions in progress on that channel
will error out with an error code of 0x0C.

This instruction executes immediately upon the rung transitioning to a true state.
Any ASCII transmissions in progress are terminated when the ACL

instruction executes.

TIP

Entering Parameters

The ASCII queue may contain up to 16 instructions that are waiting to run.

Enter the following parameters when programming this instruction:

e Channel is the number of the RS-232 port, Channel 0. (For #he 1764-L.RP
only, you can select either Channel 0 or Channel 7).

e Receive Buffer clears the Receive buffer when set to “Yes” and removes the
Receive ASCII port control instructions (ARL and ARD) from the ASCII

queue.

e Transmit Buffer clears the Transmit buffer when set to “Yes” and removes
the Transmit ASCII port control instructions (AWA and AWT) from the

ASCII queue.

Addressing Modes and File Types can be used as shown below:

ACL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

.. Address
Data Files'" Function Files Address Level
2 Mode
7} —
= £ c @ =
Parameter a s E o |& |&® - S |«
o QS I= O |8 |w o ; E
o ln o lo o S |- Sl e [B |8 |E RERE
© <o £ 7] == |= S Elnle |4 E B (= |8 |S |e
© |- |»n |m 2GSl lEZEESEnIEaEBIeEElglslaE |8 |=
Channel . .
Receive Buffer o o
Transmit Buffer o o

(1) The Control data file is the only valid file type for the Control Element.

Publication 1762-RM001H-EN-P - July 2014



286 ASCII Instructions

AIC - ASCII Integer to
String

AIC
—— Integer to String —
Source N7:0
Dest ST14:1

AIC Instruction Valid Addressing Modes and File Types

Instruction Operation

When Clear Receive Buffer and Clear Transmit Buffer are both set to Yes, all
Receive and Transmit instructions (ARL, ARD, AWA, and AWT) are removed

from the ASCII queue.

When instructions are removed from the ASCII queue, the following bits are set:
ER =1,RN =0, EU = 0, and ERR = 0xOE.

Instruction Type: output

Execution Time for the AIC Instruction

Controller Data Size |When Instruction Is:
True False
MicroLogix 1200 word 29.3 us +5.2 us/character [0.0 us
long word {82.0 us 0.0 us
MicroLogix 1500 Series B, FRN 4 or later |word 25 us + 4.3 us/character 0.0 us
long word |68.7 us 0.0 us

The AIC instruction converts an integer or long word value (source) to an ASCII
string (destination). The source can be a constant or an address. The source data

range is from -2,147,483,648 to 2,147,483,647.

Addressing Modes and File Types can be used as shown below:

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

i . i Address
Data Files Function Files Address Level
= Mode
[7) —
= £ s @ =
Parameter S E o | |B - S .
a S |I= e |5 © = |5
e« e & = o |7 (7 |8 |8 |2 = | |8
o sl =-zEklwlg|2|E|EE|z|E|E|5
ol-lwlonllzle Bl ElEIEE B E =S SEEBSa|EElsal2|8 |
Source . . . . . . . . .
Destination . . .
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AWA - ASCII Write with
Append

AWA ———
ASCII Write Append —CEN >—
Channel 0

Source ST14:3 DN >—
Control R6:2
String Length 12 —CER >—
Characters Sent 0
Error 0

Instruction Type: output

Execution Time for the AWA Instruction

“Controller When Instruction Is:

True False
MicroLogix 1200 268 us + 12 us/character |14.1 us
MicroLogix 1500 Series B, FRN 4 or later 236 s + 10.6 us/character|12.5 us

Use the AWA instruction to write characters from a source string to an external

device. This instruction adds the two appended characters that you configure on
the Channel Configuration screen. The default is a carriage return and line feed

appended to the end of the string.

TIP You configure append characters via the Channel Configuration screen.
The default append characters are carriage return and line feed.

Programming AWA Instructions

When programming ASCII output instructions, always precede the ASCII
instruction with conditional logic that detects when new data needs to be sent or,
send data on a time interval. If sent on a time interval, use an interval of 0.5 second
or greater. Do not continuously generate streams of ASCII data out of a
communications port.

IMPORTANT If ASCIl write instructions execute continuously, you may not be able to
re-establish communications with RSLogix 500 when the controller is
placed into the RUN mode.

This instruction will execute on either a false or true rung, However, if you want to
repeat this instruction, the rung must go from false-to-true.

When using this instruction you can also perform in-line indirection. See page 305
for more information.

Entering Parameters

Enter the following parameters when programming this instruction:

¢ Channel is the number of the RS-232 port, Channel O. (For the 1764-L.RP
onty, you can select either Channel 0 or Channel 7).
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® Source is the string element you want to write.

e Control is the control data file. See page 283.

e String Length (LEN) is the number of characters you want to write from
the source string (0 to 82). If you enter a 0, the entire string is written. This is

word 1 in the control data file.

e Characters Sent (POS) is the number of characters that the controller
sends to an external device. This is word 2 in the control data file. Characters
Sent (.POS) is updated after all characters have been transmitted.

The valid range for .POS is from 0 to 84. The number of characters sent to
the destination may be smaller or greater than the specified String Length

(.LEN) as described below:

— Characters Sent (POS) may be smaller than String Length (LEN) if the
length of the string sent is less than what was specified in the String

Length (LEN) field.

— Characters Sent (POS) can be greater than the String Length (LEN) if
the appended characters or inserted values from in-line indirection are
used. If the String Length (LEN) is greater than 82, the string written to
the destination is truncated to 82 characters plus the number of append
characters (this number could be 82, 83, or 84 depending on how many

append characters are used).

e Error displays the hexadecimal error code that indicates why the ER bit was
set in the control data file. See page 306 for error code descriptions.

Addressing Modes and File Types can be used as shown below:

AWA Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

Data Files'" Function Files - A:nd':::s Address Level
= g :
Parameter s |2 i<
£ c | ® - ™
- 2 £ SEERIGE| BB
(X o |l o | e | _ = E = = | VI! w |[E |2 |= - |5 >
ol vzl SEREREEGEESSERESEZ|EESEEES SIS
Channel . .
Source . . .
Control . . .
(1) The Control data file is the only valid file type for the Control Element.
Example
11 — AWA —(EN )
] I ASCIl WRITE APPEND
10 Channel 0
Source ST37:42 _<DN)
: : : Control R6:23
|f|np.ut sIoH,b!Hle set, rgad 25 chqracters from String Length % |~ )
ST37:42 and write it to the display device. Then
. . . Characters Sent 0
write a carriage return and line feed (default). Error 00
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AWT - ASCII Write

AWT

ASCII Write

Channel 0
Source ST14:4
Control R6:1
String Length 40
Characters Sent 0
Error

N >
N>
—CER >

In this example, when the rung goes from false-to-true, the control element
Enable (EN) bit is set. When the instruction is placed in the ASCII queue, the
Queue bit (EU) is set. The Running bit (RN) is set when the instruction is
executing. The DN bit is set on completion of the instruction.

The controller sends 25 characters from the start of string ST37:42 to the display
device and then sends user-configured append characters. The Done bit (DN) is
set and a value of 27 is present in .POS word of the ASCII control data file.

When an error is detected, the error code is written to the Error Code Byte and the

Error Bit (ER) is set. See ASCII Instruction Error Codes on page 306 for a list of
the error codes and recommended action to take.

TIP For information on the timing of this instruction, see the timing diagram on
page 305.

Instruction Type: output

Execution Time for the AWT Instruction

“Controller When Instruction Is:

True False
MicroLogix 1200 268 us + 12 us/character ~ [14.1us
MicroLogix 1500 Series B, FRN 4 or later |237 s + 10.6 ws/character |12.8 us

Use the AWT instruction to write characters from a source string to an
external device.

Programming AWT Instructions

When programming ASCII output instructions, always precede the ASCII
instruction with conditional logic that either detects when new data needs to be
sent or, send data on a time interval. If sent on a time interval, use an interval of
0.5 second or greater.

IMPORTANT Do not continuously generate streams of ASCII data out of a
communications port. If ASCII write instructions execute continuously, you
may not be able to re-establish communications with RSLogix 500 when the
controller is placed into the RUN mode.

This instruction executes on a true rung, Once started, if the rung goes false, the
instruction continues to completion. If you want to repeat this instruction, the
rung must transition from false-to-true.
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When using this instruction you can also perform in-line indirection. See page 305
for more information.

Entering Parameters

Enter the following parameters when programming this instruction:

e Channel is the number of the RS-232 port, Channel 0. (For #he 1764-L.RP
only, you can select either Channel 0 or Channel 7).

® Source is the string element you want to write.

e Control is the control data file. See page 283.

e String Length (LEN) is the number of characters you want to write from
the source string (0 to 82). If you enter a 0, the entire string is written. This is
word 1 in the control data file.

e Characters Sent ((POS) is the number of characters that the controller

sends to an external device. This is word 2 in the control data file. Characters
Sent (.POS) is updated after all characters have been transmitted.

The valid range for .POS is from 0 to 82. The number of characters sent to
the destination may be smaller or greater than the specified String Length
(.LEN) as described below:

— Characters Sent (POS) may be smaller than String Length (LEN) if the
length of the string sent is less than what was specified in the String
Length (LEN) field.

— Characters Sent (POS) can be greater than the String Length (LEN) if
inserted values from in-line indirection are used. If the String Length
(.LEN) is greater than 82, the string written to the destination is truncated
to 82 characters.

e Error displays the hexadecimal error code that indicates why the ER bit was
set in the control data file. See page 306 for error code descriptions.

Addressing Modes and File Types can be used as shown below:

AWT Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . Address
Data Files'" Function Files Address Level
> Mod
Z ode
» i |
Parameter = E s (@ =
£ c |(© S
a 2 S8 |5 |« |B 2 |5
“ e o o s |= <1 e g |3 £ T |= |E
s g 9 B & = = | T @ |4 E B = |8 |§ |
ol lwlpllzl Gl SR EREGEEEESERREEIEEIEEIS|S|E
Channel . .
Source . . .
Control . . .

(1) The Control data file is the only valid file type for the Control Element.
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ABL - Test Buffer for Line

ABL
Ascii Test For Line
Channel 0
Control R6:0
Characters 1<
Error 0<

EN>—
DN>—
ERO>—

Example
11 — AWT
1t ASCII WRITE —(eN)
10 Channel 0
Source s137:20 [—(DN )
Control R6:23
If input slot 1, bit 10 is set, write 40 characters from String Length 40 ()
ST37:20 to the display device. Characters Sent 0
Error 0

In this example, when the rung goes from false-to-true, the control element
Enable (EN) bit is set. When the instruction is placed in the ASCII queue, the
Queue bit (EU) is set. The Running bit (RN) is set when the instruction is
executing. The DN bit is set on completion of the instruction.

Forty characters from string ST37:40 are sent through channel 0. The Done
bit (DN) is set and a value of 40 is present in the POS word of the ASCII control
data file.

When an error is detected, the error code is written to the Error Code Byte and the
Error Bit (ER) is set. See ASCII Instruction Error Codes on page 306 for a list of
the error codes and recommended action to take.

TIP For information on the timing of this instruction, see the timing diagram on
page 305.

Instruction Type: output

Execution Time for the ABL Instruction

Controller When Instruction Is:

True False
MicroLogix 1200 Series B, FRN 3 or later 115 us + 8.6 ws/character {125 us
MicroLogix 1500 Series B, FRN 4 or later |94 us + 7.6 us/character |11.4 us

The ABL instruction is used to determine the number of characters in the receive
buffer of the specified communication channel, up to and including the end-of-line
characters (termination). This instruction looks for the two termination characters
that you configure via the channel configuration screen. On a false-to-true
transition, the controller reports the number of characters in the POS field of the
control data file. The channel configuration must be set to ASCIL.
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Entering Parameters

Enter the following parameters when programming this instruction:

e Channel is the number of the RS-232 port, Channel 0. (For #he 1764-L.RP

only, you can select either Channel 0 or Channel 7).
e Control is the control data file. See page 283.

e Characters are the number of characters in the buffer that the controller
tinds (0 to 1024). This parameter is read-only and resides in word 2 of the

control data file.

e Error displays the hexadecimal error code that indicates why the ER bit was
set in the control data file. See page 306 for error code descriptions.

Addressing Modes and File Types can be used as shown below:

ABL Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . Address
Data Files'" Function Files Address Level

2 Mode

» —
= £ c @ =
Parameter s E o | |B - s |
e - Q1= O |8 | |© S (£
“ e o o S |= < e g |3 s T | |8
< g4 e = E = |Z = E w2 |4 = |8 |= |8 |5 |2
ol_lvwpnlklzlu Bl EE2PEGERSSEEISRIEISE =EEI2 S|z
Channel . .

Control . . .

(1) The Control data file is the only valid file type for the Control Element.

Instruction Operation

When the rung goes from false-to-true, the Enable bit (EN) is set. The instruction
is put in the ASCII instruction queue, the Queue bit (EU) is set, and program scan
continues. The instruction is then executed outside of the program scan. However,

if the queue is empty the instruction executes immediately. Upon execution, the

Run bit (RN) is set.

The controller determines the number of characters (up to and including the
termination characters) and puts this value in the POS field of the control data file.
The Done bit (DN) is then set. If a zero appears in the POS field, no termination
characters were found. The Found bit (FD) is set if the POS field is set to a

non-zero value.
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ACB - Number of
Characters in Buffer

Instruction Type: output

ACB
— é\ﬁcii Chlars In Buffer . —CEN >—  Execution Time for the ACB Instruction
anne

Control R6:1 —CON>— Controller When Instruction Is:

Characters 2<

Error 0< —CER >— True False
MicroLogix 1200 Series B, FRN 3 or later 103.1 12.1
MicroLogix 1500 Series B, FRN 4 or later 84.2 us 11.0 us

Use the ACB instruction to determine the number of characters in the buffer. On a
false-to-true transition, the controller determines the total number of characters
and records it in the POS field of the control data file. The channel configuration
must be set to ASCIL.

Entering Parameters

Enter the following parameters when programming this instruction:

¢ Channel is the number of the RS-232 port, Channel 0. (For the 1764-L.RP
onty, you can select either Channel 0 or Channel 7).

e Control is the control data file. See page 283.

e Characters are the number of characters in the buffer that the controller
tinds (0 to 1024). This parameter is read-only.

e Error displays the hexadecimal error code that indicates why the ER bit was
set in the control data file. See page 306 for error descriptions.

Addressing Modes and File Types can be used as shown below:

ACB Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. i Address
Data Files'") Function Files Address Level
2 Mode
) —
Parameter = £ s |2 b
£ © | ® S
(=} E s 2 l|al|s|. |8 = |
e~ a- - - o (T |V |e |8 |2 = |5 E
o g [\ (O g S |= |- | |2 '3: _ v': » |91 £ |2 |5 |. |5 |2 |E
o |— | |m z bl SEEZEERIEESE8ca|EEleld 2SS |z
Channel . .
Control . . .

(1) The Control data file is the only valid file type for the Control Element.
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Instruction Operation

When the rung goes from false-to-true, the Enable bit (EN) is set. When the
instruction is placed in the ASCII queue, the Queue bit (EU) is set. The Running
bit (RN) is set when the instruction is executing. The Done bit (DN) is set on
completion of the instruction.

The controller determines the number of characters in the buffer and puts this
value in the POS field of the control data file. The Done bit (DN) is then set. If a
zero appears in the POS field, no characters were found. The Found bit (FD) is set
when the POS filed is set to a non-zero value

ACI - String to Integer
Instruction Type: output
AC|
——1 String to Integer — Execution Time for the ACI Instruction
Source ST10:0 - -
Dest N71%< Controller Data Size |When Instruction Is:
True False
MicroLogix 1200 Series B, word 17.6 us + 7.2 ps/character 0.0 us
FRN 3 or later longword  [24.6 us + 11.6 us/character 0.0 s
MicroLogix 1500 Series B, 14.2 us + 6.3 us/character ~ |0.0 ps
FRN 4 or later

Use the ACI instruction to convert a numeric ASCII string to an integer (word or
long word) value.

Entering Parameters

Enter the following parameters when programming this instruction:

® Source - The contents of this location are converted to an integer value.

e Destination - This is the location which receives the result of the
conversion. The data range is from -32,768 to 32,767 if the destination is a
word and from -2,147,483,648 to 2,147,483,647 if the destination is a
long word.
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Addressing Modes and File Types can be used as shown below:

ACl Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . Address
Data Files!" Function Files . Mod Address Level
g ode
©n -
= £ s |@ =
Parameter a s E |o g = - ] =
. I a S = s |« |8 2 |5
o " - — ' ' ® (o |@ s = |8
o g BEelkl=EEEIzlele!@2|E|E& |8 || |5 |8
o |— o = Lo SEREREGR ERESRE8 cR|EE|lElE 2|8 T
Source . - =
Destination o | o o | o . = e

(1) The Control data file is the only valid file type for the Control Element.

ACN - String
Concatenate

ACN

String Concatenate
Source A
Source B
Dest

ST10:11
ST10:12
ST10:10

Instruction Operation

The controller searches the source (file type ST) for the first character between 0
and 9. All numeric characters are extracted until a non-numeric character or the
end of the string is reached. Action is taken on/y if numeric characters are found.
The string length is limited to 82 characters. Commas and signs (+, -) are allowed in
the string. However, only the minus sign is displayed in the data table.

This instruction sets the following math flags in the controller status file:

Math Flag Description

S:0/1 Overflow (V) Flag is set if the result is outside of the valid range.

S:0/2  Zero(Z) Flag is set if the result is zero.

S:0/3  Sign(S) Flag is set if the result is negative.

S:5/0  Overflow Trap Flag is set when the Qverflow flag (S:0/1) is set.

S:5/15  ASCII String Flag is set if the Source string exceeds 82 characters.

Manipulation Error

When S:5/15 is set, the Invalid String Length Error (1F39H) is
written to the Major Error Fault Code (S:6).

Instruction Type: output

Execution Time for the ACN Instruction

Controller

When Instruction Is:

True

False

MicroLogix 1200 Series B, FRN 3 or later

22.6 us + 11.5 us/character

0.0 us

MicrolLogix 1500 Series B, FRN 4 or later

17.9 us + 10.2 us/character

0.0 us

The ACN instruction combines two ASCII strings. The second string is appended
to the first and the result stored in the destination.
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Entering Parameters

Enter the following parameters when programming this instruction:

e Source A is the first string in the concatenation procedure.
e Source B is the second string in the concatenation procedure.

e Destination is where the result of Source A and B is stored.

Addressing Modes and File Types can be used as shown below:

ACN Instruction Valid Addressing Modes and File Types

For definitions of the terms used in this table see Using the Instruction Descriptions on page 82.

. . Address
Data Files!" Function Files Address Level
=g Mode
7} —
= £ s | =
Parameter s E o |B |® = S |
a o 1= |a |5 17} =S (5
e« a & = e [T (7 |8 |8 |2 = |3 |8
s gl BRREIEEEERRERI|ZIZIEIE B |= |8 |5 |
o |— = LBl SlREEEGERISESEEBISEIEISE =2 |8 |
Source A . ) Py
Source B . . .
Destination . . .

(1) The Control data file is the only valid file type for the Control Element.

AEX - String Extract

AEX
— String Extract
Source ST10:0
Index 1
Number 5
Dest ST10:3
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Instruction Operation

This instruction executes on a false-to-true rung transition. Source B is appended
to Source A and the result is put in the Destination. Only the first 82 characters (0
to 81) are written to the destination. If the string length of Source A, Source B, or
Destination is greater than 82, the ASCII String Manipulation 