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RESTRICTIONS ON USE

This product has been designed, developed and manufactured for general-purpose
application in machinery and equipment. Accordingly, when used in the applications
outlined below, special care should be taken to implement a fail-safe and/or redundant
design concept as well as a periodic maintenance program.

» Safety devices for plant worker protection

* Start/stop control devices for transportation and material handling machines

* Aeronautical/aerospace machines

» Control devices for nuclear reactors :
Never use this product in applications where human safety may be put at risk.

REQUEST

Ensure that this User's Manual is handed over to the user before the
product is used.

Copying or duplicating this User's Manual in part or in whole is forbid-
den. The information and specifications in this User's Manual are sub-
ject to change without notice.

Considerable effort has been made to ensure that this User's Manual is
free from inaccuracies and omissions.

If you should find any inaccuracies or omissions, please contact
Yamatake Corporation.

In no event is Yamatake Corporation liable to anyone for any indirect,
special or consequential damages as a result of using this product.

©1994 Yamatake Corporation ALL RIGHTS RESERVED

Machine controller MX200/MX100/MX50/MX30/MX20 is a trademark of
Yamatake Corporation.
PC-9801 series is a trademark of NEC.







The Role of This Manual
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In all, 7 manuals have been prepared for the Machine controller MX200/MX100/MX50/MX30/MX20. Read the
manual according to your specific requirements. The following lists all the manuals that accompany this controller
and gives a brief outline of the manual: If you do not have the required manual, contact Yamatake Corporation or

your dealer.

MX200 Specifications & Installation Manual
Manual No. CP-UM-1604E

This manual is required reading for first-time users of the Machine Controller
MX200, those who design hardware for integrating the MX200 into operator control
panels, and those who carry out maintenance.

It outlines the hardware configuration, product features and the other products
used in combination with the MX200.

It also describes how to install and wire the MX200 for integrating into instruments,
method of operation, maintenance and inspection, troubleshooting, and hardware
specifications.

MX100 Specifications & Installation Manual
Manual No. CP-UM-1257E

This manual is required reading for first-time users of the Machine Controller
MX100, those who design hardware for integrating the MX100 into operator control
panels, and those who carry out maintenance.

It outlines the hardware configuration, product features and the other products
used in combination with the MX100.

It also describes how to install and wire the MX100 for integrating into instruments,
method of operation, maintenance and inspection, troubleshooting, and hardware
specifications.

MX50 Manual No. CP-UM-1654E

This manual is required reading for first-time users of the Machine Controller
MX50, those who design hardware for integrating the MX50 into operator control
panels, and those who carry out maintenance.

This manual describes how to install and wire the MX50 into a device, maintenance
and inspection, troubleshooting and hardware specifications.

MX30 Manual No. CP-UM-1423E

This manual is required reading for first-time users of the Machine Controller
MX30, those who design hardware for integrating the MX30 into operator control
panels, and those who carry out maintenance.

This manual describes how to install and wire the MX30 into a device, maintenance
and inspection, troubleshooting and hardware specifications.

Basic Programming Manual No. CP-UM-1562E
This manual.

This manual describes the basic knowledge required for programming the MX
series, the internal structure of MX200/MX100/MX50/MX30/MX20 registers and
memory, and basic programming procedures.




Programming Instruction Words Manual No. CP-UM-1563E

This manual is required reading for programmers who write programs for the
MX200/MX100/MX50/MX30/MX20 of machine controllers.

It gives detailed explanations of each instruction word and so can be used for refer-
ence.

Personal Computer Loader Operation Manual No. CP-UM-1602E

This manual is required reading for those who write programs for the
MX200/MX100/MX50/MX30/MX20 series of machine controllers.

This manual comes with a loader software package supplied on floppy disk. The
loader software package supports the MX200, MX100, MX50, MX30 and MX20,
and runs on an IBM PC AT series computer or an IBM compatible machine. This
manual describes how to create an “execution system disk” and how to operate the
personal computer loader.




Organization of This User’s Manual

This manual is organized as follows.

Chapter 1 INTRODUCTION
This chapter describes MX programming characteristics, system configuration and

operation modes.

Chapter2 DEVICE TABLE & I/0O ASSIGNMENTS
This chapter describes the structure of device tables, devices, I/O assignments and

the OP link.

Chapter 3 PROGRAMMING NOTES
This chapter describes factors in the ladder design and function instructions that

require special attention.

Chapter 4 DEBUGGING FUNCTION
This chapter describes debugging by inserting breakpoints and debugging through

step operations.

Chapter 5 CONFIGURING & OPERATING PROCESSOR MODULES
This chapter describes the internal configuration, execution operations and scan
times of the processor module.

Conventions Used in This Manual

T R R R

The following conventions are used in this manual.

M Handling Precautions
: Handling Precautions: Handling Precautions indicate items that the

user should pay attention to when handling the MX series.
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Chapter 1 INTRODUCTION

1-1 Design Procedures
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The following flow chart describes each step involved in system design and provides references to related user man-

uals when using the MX series. The Basic Programming user manual mainly deals with 1/O assignments and cre-
ation of ladder circuits.

Planning

@ Check controller functions.
Basic design @ Estimate the number of /O points.
@ Determine memory capacity.

A

Creating operation
flow

@ For details on registered /O assignments of
external relays (X, Y), see “Chapter 2, Device
Tables and 1/O Assignments.”

@ When designing ladder programs using MX
instruction words, see “Chapter 3,
Programming Notes" and “Programming
Instruction Words, Manual No. CP-UM-1563E.”

® Use the loader to load the program to

Y

Creating system
wiring diagram

{

Installation and . Programming ' - the processor module.
wiring e s meaengmnnmmnan
l i
prosRmemn ' TTTRA @ For details on using breakpoints and step
' Debugging . operation to debug programs, see
TeTEERyTTRATUCT “Chapter 4, Debugging Function.”
Defective ’

@ Save the program to floppy disk (when using a
Program saving personal computer loader) or memory card
(when using a handy loader).

3

Operation

Indicates sections related to MX200/MX100/MX50/MX30/MX20
Programming Instruction Words (Manual No. CP-UM-1563E).

— Indicates sections related to MX200/MX100/MX50/MX30/MX20
Specifications & Installation Manual (Manual No. CP-UM-
1604E).

' + — Indicates sections related to MX200/MX 100/MX50/MX30/MX20
Personal Computer Loader Operation (Manual No. CP-UM-
1602E).
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1-2 MX Series Programmin

Programming characteristics are as follows:

1-2

@ A ladder language and mnemonic language are provided as standard.

@ When a startup is standard during the processing of an instruction, the pulse can
be specified by the instruction itself.

® Data table instructions can be used to define preset multiple data items.

@ Strobe type instructions are provided to facilitate printer control and use of smart
terminal (ST).

® The use of conditional breakpoints allows real-time debugging something which
was not possible with conventional controllers.




Chapter 1 INTRODUCTION

1-3 MX Series Programming Basics

W Basic system
® Connect the processor module to the personal computer loader using an RS-

232C crossover cable.
® If you connect operator’s I/O to the processor module or MX50 using the RS-

485 cable, only five wires will be required for operation button inputs and lamp

outputs.

Personal computer loader

‘ RS-232C cross-over cable

[ * \ Module cannot be connected to the
1
]

MX30.

l | MX100/200

Personal computer loader % MX30/MX50
floppy disk package E
B or
D {
I

3%

-4
| e | [ | o
| | \
Processor /0 module or
module special function module Operator’s I/O module

1-3
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B Communication systems

There are two types of communications: host communication and OP link commu-

nication.

© Host communication: Communication commands from a host computer are
used for reading and writing MX data (I/O and alarms).
The RS-232C port on the processor module is used for
communications.
The following shows an example of a point-to-point and a
multi-drop configuration that includes a host computer
and an MX.

Host communication Description

Host computer: MX=1:1
The host computer can also be

[B‘:‘ used as a personal computer

loader.

Host computer - e e MX20/MX30/MX50

Host computer: MX=1:N

D Host computer (On the MX20, N=9, while on
) the MX30 N=1.)

RS-232C/RS-485 converter module

R |
RS-232C/RS-485 converter module

1-4
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]

@ OP link: An MX100/200 is used as the master and an operator's I/O (simplified
remote [/O) module, ST (smart terminal) or an MX100/200 are used as
slave stations in a data link that does not require a program.

OP link

Description

MX100/200 master station

An OP link (RS-485) can
contain up to five of the
following modules.

® Operator’s 1/O

@ ST100/220

® MX100/MX200

The link can comprise a total
of 160 input processing points

and 160 output processing
points.

Smart terminal

MX100 (slave station)

N

Operator's I/O

—~

{The link can comprise a tofal of 320 pracessing points)

* 8T100 has 16 input and 32
* 8T220 has 80 input points

(Notes)

A total of five MX100/200
modules can be connected as
slave stations.

output points.

and 64 output points.

OP link: OP link stands for Operational Communication link.

This link is basically used for transmitting operational data between mod-
ules. It can be used by MX100 and MX200 controllers to establish a
processor link (data link) as shown in the figure above.
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MX Operation Modes

S R

There are four MX operation modes:

. RUN mode

This mode is used to execute user programs

. TEST mode
" Like the RUN mode, this mode is used for executing user programs and for real-

time debugging using breakpoints during user program execution.

. STOP mode

The controller is in the STOP mode when the controller is turned ON or reset.
User programs are stopped and I/O output is in OFF status in this mode. All
other modes are accessed via this mode.

. PROGRAM mode

This mode is used to create programs. User programs are then stopped and I/O
outputs are set to OFF.

Migration between the four modes is performed as follows.

Power OFF —————— Power ON
S-ERR RESET
RUN C 4
RUN input
System error RUN € STOP
mode > mode
STOP input
STOP C
TEST C PROG C
STOP C STOPC
STOP input -
TEST PROGRAM
mode mode

Internal memory “device table” is held during migration from the RUN or TEST
modes to the STOP mode, but is reset when the mode migrates from the STOP
mode to the RUN or TEST modes.

™ Handling Precautions

When “forced set/reset” is used, the output conforms to the specified set-
ting.

When a “data change” is executed, output is for one scan only.

RUN input and STOP input are contact inputs from the processor module
terminal, while RUN C, STOP C and PROG C are mode selection com-
mands input from the loader.

The MX30/MX20 are not provided with contact inputs. They have an auto
RUN function instead.

The MX50 is not provided with contact inputs. They have an auto RUN
function instead excluding when special settings are made.
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Device Table Configuration
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The MX series has an internal memory called a “device table.” The data in the table are assigned numbers which the

instructions use to perform reading and writing.

No. of

Device Type | Address range points Description
input relay MX200( X000 to X19F 320 Assigns DI modules.
MX100| X000 to X09F 160
X000 to X19F 320 When the high-speed counter is not provided
When the high-speed counter is provided,
MX50 X000 to X15F 256 addresses X160 to X19F are assigned for the
high-speed counter.
MX30 X000 to X03F 64 Assigns DI modules.
MX20 X000 to X00B 12
OP link input relay MX200
” MX100( X200 to X29F 160 | Assigns OP |/O ST and other modules.
& MX50
g Remote 1/O input relay| MX30 X200 to X29F 160 Assigns CBL remote inputs.
g Output relay MX200| YOO0O to Y19F 320 |. Assigns DO modules.
£ MX100| YOOOto YOOF | 160
- Y000 to Y19F 320 | When the high-speed counter is not provided
When the high-speed counter is provided,
MX50 Y000 to Y15F 256 addresses Y160 to Y19F are assigned for the
high-speed counter.
MX30 Y000 to YO3F 64 Assigns DO modules.
MX20 YOOO to YOOB 12
OP link output relay MX200
MX100( Y200 to Y29F 160 Assigns OP /O ST and other modules.
MX50
Remote [/O output relay| MX30 Y200 to Y29F 160 Assigns CBL remote outputs.
Auxiliary relay MX200| MOQQ to MBOF 1440 | This area stores bit data. Bit data is cleared
MX100{ MO0OO to M49F 800 | when the power is turned OFF and when the
MX50 | MOQOO to MB3F | 1440 | controller mode changes from STOP to RUN.
MX30 MOQO to M49F 800
MX20
> Latch relay MX200 This battery-backed up area stores bit data.
T MX100
k= MX50 | LOOOto L49F | 800
g MX30
2 MX20
- Special relay MX200( MBS00 to M9I9F 160 Indicates alarm and error status.
MX100 M900 to M94F 112
M980 to M9SF
MX50 |  M900 to M9SF 160
MX30 | MB900 to M94F 112
MX20 | M980 to MI9F
Timer/Counter MX200| T/CO00 to T/C255| 256 Indicates when a set timer or counter value has
MX100| T/CO00 to T/C199| 200 been reached. Indicates set value when used
MX50 | T/COQ0 to T/C255| 256 | with WTCS and RTCS instructions, and current
MX30 T/C000 to T/C199| 200 Yalue w.hen used with WTCA and RTCA
MX20 instructions.
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Device Type | Address range s;'n?; Description
Data register VX200 R0O000 to RO499 4500W This battery-backed up area stores word data.
R1000 to R4999
MX100| RO000 to R0499 | 500W
MX50 RO000 to R0499 A500W
R1000 to R4999
MX30 RO0O00 to R0499 | 500W
MX20
Input register MX200| RO500to RO519 | 20W | Assigned to special function modules
MX100| RO0500 toc R0O519 | 20W
RO500 to RO519 | 20W | When the high-speed counter is not provided
When the high-speed counter is provided,
MXS0| Roso8 to RO519 | 12W | addresses R0500 to ROS07 are assigned for
the high-speed counter.
MX30
MX20 — -
g Output register MX200| RO0600 to RO619 [ 20W | Assigned to special function modules
B MX100| R0600 to R0O619 | 20W
2 RO600 to R0619 | 20W | When the high-speed counter is not provided
When the high-speed counter is provided,
MX80 | Rogos to ROB19 | 12W | addresses ROB0O to ROBO7 are assigned for
the high-speed counter.
MX30
MX20 B B
Special register MX200| R0900 to R0999 | 100W | Registers all types of special data.
MX100| R0O900 to R0939 | 40W
MX50 | R0900 to R0999 | 100W
MX30 R0O900 to R0938 | 40W
MX20
Link register MX200| PO000 to P3999 [400Q0W { CBL communication data register
MX100 — —
MX50 | P0O00O0 to P3999 |4000W
MX30
MX20 — —

2-2
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2-2 Device Description

W External relay area (X, Y)

Relay Type | Address range g:i.nct);
Input relay MX200| X000 to X19F 320

MX100j X000 to X09F 160
MX50 X000 to X19F 320"
MX30 X000 to XO3F 64

MX20 X000 to X00B 12
OP link output relay MX200

MX100| X200 to X29F 160

MX50
Remote 1/O input relay MX30 X200 to X29F 160
Output relay MX200| YOOO to Y19F 320

MX100| YOOO to YO9F 160
MX50 Y000 to Y19F 3207
MX30 YOOO to YO3F 64

MX20 Y000 to YOOB 12
OP link output relay MX200

MX100{ Y200 to Y29F 160

MX50

Remote I/O output relay MX30 Y200 to Y29F 160

*1 When the high-speed counter is provided, addresses X160 to X19F are
assigned for the high-speed counter.

*2 When the high-speed counter is provided, addresses Y160 to Y19F are
assigned for the high-speed counter.

These bit devices are used in transactions between the MX and external devices.
This area consists of the following relays:

® DI/DO input and output relays

@ OP link input and output relays

® Remote /O input and output relays

OP link input and output is used to link to operator’s I/O or to MX slave stations.

® 1/O assignment assigns each X and Y device to input and output modules and
operator’s I/O terminals. For details, see 2-4 I/O Registration (page 2-33).

® Non-I/O assigned areas, except X areas, can be used as internal relays.

® There is no limit to the number of a and b contacts for a given XY device in the
program.

® The first bit address determines whether data in these areas is to be read as 1-bit,
4-bit, 8-bit, 16-bit or 32-bit data. The number of bits is identified by each
instruction word.

Example X001

— }——— Bit X001

MOV X000:R0001 “‘l

16 bits X000 to X00F
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M Internal relay area

No. of
Relay Type | Address range points
Auxiliary relay MX200| MOOO to M8YF 1440

MX100] MOOQO0 to M49F 800
MX50 | MOO0O to MB9F 1440
MX30
MX20
Latch relay MX200
MX100
MX50 LOOO to L49F 800
MX30
MX20
Special relay MX200| M9O00 to MOSF 160
MX100 M900 to M94F 112
M280 to MO9F
MXE50 | MS00 to MO9F 160
MX30 | MO900 to M94F
MX20 | M980 to MO9F

MOOO to M49F 800

112

Some internal MX relays cannot directly deal with external devices. There are no
limits to the number of a and b contacts that can be used in a program.

® Auxiliary relay (M):
This internal bit device is not battery-backed up, and data is not held when any
of the following conditions occur;

® The MX power supply is turned OFF.
@ STOP mode changes to RUN.

® The RESET switch is pressed.

@ The device is reset (RST).

® Latch (hold) relay (L):
This internal bit device is battery-backed up, and data is held when any of the
following conditions occur:

® The MX power supply is turned OFF
@ The RESET switch is pressed
The latch relay is reset by issuing a latch clear from the loader.

® Special relay (M):
These internal bit devices automatically store alarm and error conditions. M980
to MO9F cannot be used by the user program. See 2-3 Special Relays and
Registers for details.

2-4
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M Timer/counter area

Chapter 2 DEVICE TABLE & /0 ASSIGNMENTS

Device Type | Address range g:i'n?;
Timer/Counter MX200] T/CO00 to T/C255| 256

MX100| T/C000 to T/C199] 200
MX50 | T/C000 to T/C255} 256
MX30
MX20

T/CO00 to T/C198 | 200

The timer (T) and the counter (C) have a total of 256 points for the MX200 and a
total of 200 points for the MX100/30/20. The timer and the counter cannot use the
same numbers. Contacts, current values and set values are not distinguished by the
numbers used but by the type of instruction used.

® Timer (T):
Timer and counter area is used only for the ON delay timer (TMR), integrating
timer (STM), timer/counter setting value write (WTCS), read (RTCS), writing
current timer values (WTCA), and reading current timer values (RTCA) instruc-
tion words.

® Counters (C):

Timer and counter area is used only for the addition counter (CNT), double-
length addition counter (DCNT), up-down counter (UDC), double-length up-
down counter (DUDC), timer counter set value write (WTCS), read (RTCS),
current value write (WTCA) and read (RTCA) instruction words. The double-
length addition counter and the double-length up-down counter use two areas
each. For example, when COO01 is used for the double-length addition counter,
CO002 is also occupied. As a result, CO02 cannot be used by any other timer or
counter.

The table below gives the range of timer and counter settings.

Instruction word Mnemonic Setting range
ON delay timer T™MR 0.01 to 9999 sec.
Integrating timer STM 0.01 to 9999 sec.
Addition counter CNT 1to 99999
Double-length addition counter DCNT 1 to 99999999
Up-down counter uDC 0to 9999
Double-length up-down counter DuDC 0 to 99999999
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M Register area

O )

Register Type Address range s;'n?;
Data register MX200 ROO00 to R0499 4500W
R1000 to R4999
MX100 R0O0OO to RO499 | 500W
MX50 R0O0Q0 to R0499 4500W
R1000 to R4999
MX30/MX20 | R00OCO to R0499 | 500W
Input register MX200 RO500 to RO519 | 20W
MX100 RO500 to RO519 | 20W
MX50 RO500 to RO519 | 20W"
RO508 to RO519 | 12W?*
MX30/MX20 — —
Output register MX200 RO600 to RO619 | 20W
MX100 ROB00 to ROB19 | 20W
MX50 RO600 to RO619 | 20W™
RO608 to ROB19 | 12W?
MX30/MX20 — —
Special register MX200 RO900 to RO299 | 100W
MX100 R0900 to RO939 | 40W
MXS50 R0900 to R0999 | 100W
MX30/MX20 | R0900 to R0939 | 40W
Link register MX200 P0O000 to P3999 | 4000W
MX100 — —
MX50 P0O000 to P3999 | 4000W
MX30/MX20 — —

*1 When the high-speed counter is provided

*2 When the high-speed counter is provided, addresses R0500 to R0507 are

assigned for the high-speed counter,

The register area, like the latch (hold) relay, is battery-backed up and the data it
contains is not cleared when the power is turned OFF or the device is reset.

® Data register area:

The data register area is a 16-bit device for storing data in the MX. So, two reg-
isters are required to store 32-bit data. The specified address is the lower-order
16 bits and the specified address +1 is the upper-order 16 bits.

Example Specified address + 1
—DBC R0000:R0005 —l RO001 Upper-order 16 bits
Specified address
R0O000 Lower-order 16 bits

® [/O register area:

32-bit data

This is a 16-bit device for storing the word data of special function modules.

This area is assigned by I/O assignment.
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AN

® Special register area:

This is a 16-bit device for storing scan time data, module verification and stored
data. These data items are stored automatically.

® Link register area:
The link register is a data register for CBL communications. It is used for the
following functions:
* PC link
* Remote I/O
* Mail communication settings
* Network information
When CBL is not used, PO050 to P3199 can be used as a data register.

2-7
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2-3 Special Relays and Registers

R Special relays
Applicable MX series
device
Address] Contact Type Description 200(100} 50 | 30 | 20
M900 | Shift carry Carry used for shift related instructions O OREONES)
M901 | Overflow Turns ON when operation result exceeds the allowable OO0 |0 |0
numeric range.
M902 | Underflow Turns ON when operation result is below the allowable OREOREOREORES)
numeric range.
M903 | Result of character Turns ON when a character string comparison indicates a | O O
string comparison match. Otherwise OFF. :
M904 | Remote transmission Turns ON when Y200 data onwards is transmitted to the O
completed MX200. Turns OFF when the data is moved to the CBL LSI
oscillation buffer,
M905 | Remote data reception Turns ON when data received from MX200 is placed in O
X200 onwards. (When the END instruction has been
executed, does not automatically turn OFF.)
Library input conditions Input conditions for fibrary instructions O O
MO06 | Excessive remote Turns ON when data received from MX200 is transmitted O
speed at a speed that exceeds the MX30 scan time.
User flag 1 for library User flag 1 for library: the entry No. corresponds to bits 0 | O O
to 15 of RO960 and R0961.
M907 | Undefined CBL Turns ON when the module receives a CBL command it O
instruction received does not support.
User flag 2 for library User flag 2 for library: the entry No. corresponds to bits0 | O O
RIW to 15 of R0962 and R0963.
M908 | Instantaneous power Turns ON after a recovery of an instantaneous power o0
failure failure lasting longer than 20 ms is detected in the AC
power supply and the MX power supply continued
operation.
M908 | Unsuccessful CBL ring Turns ON when there is an unsuccessful communication O
ring.
MOOA | MT failure Turns ON when an MT problem causes a loopback. O
MSO0B | MR failure Turns ON when an MR problem causes a loopback. O
User alarm The M92D turns ON when the contact is turned ON by the | O O
ladder.
M90C | Unsuccessful CBL sub- Turns ON when a failure occurs in the sub-ring during a O
ring non-loopback state.
Expansion program Turns ON when the expanded program receives a CBL or | O O
interface malfunction ASCIl communication that it cannot directly handle.
M90D | Special module retry Turns ON when the READY wait time of a special function | O
occurred module is exceeded.
MS0E | Operation error 1 Turns ON when an operation error occurs during the Ol101010 |0
execution of a function instruction. Turns OFF when the
error is recovered or no other instruction caused an error.
MQOF | Operation error 2 Operation error 1 latch O|l0|lO0|lO |0

(Note)

The “Type” column means the following:
R/W: Reading and writing is supported in a user program
R Only reading is supported in a user program
M:  Only monitoring is supported (from the loader)
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Applicable MX series

device
Address Contact Type Description 200|100 50 | 30 | 20
M910 | Transmission of CBL CBL: Turns ON when a request for transmission of a read O
read command command is received. The system turns it OFF when a
response is received. (See MX30 CBL specifications for
details.)
M911| Transmission of CBL CBL: Turns ON when a request for transmission of a write O
write command command is received. The system turns it OFF when a
response is received. (See MX30 CBL specifications for
details.)
One-shot execution of When ON this contact issues a communication.command | O | O | O
OP link to OP link station number 1. it automatically turns OFF
after execution.
M912 | Reception of CBL CBL: The system turns this contact OFF when a polling O
polling communication communication command is received. (See MX30 CBL
specifications for details.)
One-shot execution of When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 2, It automatically turns OFF
after execution.
M913 | Transmission of CBL CBL: Turns ON when a request for transmission of a O
polling communication polling communication command is received. The system
turns it OFF when the transmission is completed. (See
MX30 CBL specifications for details.)
One-shot execution of When ON this contact issues a communication command { O | O | O
OP link RIW to OP link station number 3. It automatically turns OFF
after execution.
MS814 [ Abnormal termination of A CBL reception message terminated abnormally. O
CBL reception
One-shot execution of When ON this contact issues a communicationcommand | O { O | O
OP link to OP link station number 4. It automatically turns OFF
after execution.
M815 | Abnormal termination of A CBL transmission message terminated abnormalily. O
CBL transmission
One-shot execution of When ON this contact issues a communicationcommand [ O | O [ O
OP link to OP link station number 5. It automatically turns OFF
after execution. :
M916 | Reception of CBL Two or more WRITE commands and polling O
multiplex command communications were received during one scan of MX30.
(Processing during reception is determined by bit 15 of
R0909.)
One-shot execution of When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 6. It automatically turns OFF
after execution.
M917 | Excessive CBL The amount of CBL data received exceeds processing O
reception commands capacity.
One-shot execution of When ON this contact issues a communicationcommand | O [ O | O
OP link to OP link station number 7. it automatically turns OFF
after execution.
M918 | Errorin CPL read CBL: The parameter setting in the read command is in O
parameter error, (See MX30 CBL specifications for details.)
One-shot execution of When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 8. It automatically turns OFF
after execution.
M919| Error in CBL write CBL: The parameter setting in the write command is in O
parameter error. (See MX30 CBL specifications for details.)
One-shot execution of When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 9. It automatically turns OFF
after execution. .
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Applicable MX series
device
Address Contact Type Description 200|100( 50 | 30 | 20
M31A | One-shot execution of When ON this contact issues a communication command | O | O | O
OP link to OP link station number 10. it automatically turns OFF
after execution.
MO1B | Parameter error in CBL CBL: The parameter setting in a transmitted polling O
polling communication communication is in error. (See MX30 CBL specifications
transmission for details.)
One-shot execution of When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 11. It automatically turns OFF
after execution.
M91C | Error in CBL read -.CBL: The read response is in error. (See MX30 CBL O
response specifications for details.)
One-shot execution of R/MW | When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 12. It automatically turns OFF
after execution.
M91D | Error in CBL write CBL: The write response is in error. (See MX30 CBL O
response specifications for details.)
One-shot execution of When ON this contact issues a communicationcommand | O | O | O
OP link to OP link station number 13. It automatically turns OFF
after execution.
MS1E | Error in CBL polling CBL: An error was found in a received polling O
communication communication. (See MX30 CBL specifications for details.)
reception
One-shot execution of When ON this contact issues a communication command | O | O | O
OP link to OP link station number 14. It automatically turns OFF
after execution.
M91F [ CBL communication OR output for CBL alarm related contacts O
error M906, M907, M209, M3OA, M30B, MS0C, MI0D, M914,
M915, M916, M917, M918, M919, M91B, M91C, M91D,
M91E
One-shot execution of When ON this contact issues a communication command | O | O | O
OP link to OP link station number 15. It automatically turns OFF
after execution.
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Applicable MX series
device

Address Contact Type Description 200(100( 50 | 30 | 20

M920 | Normally ON Turns ON when the power is turned ON. OlOI1010 |10

M921 | Normally OFF Turns OFF when the power is turned ON. O|O0O1O01010

M922 | ON during 1 scan Turns ON for only one scan after start of program in O NCREOREOREG
RUN/TEST mode.

M923 | OFF during 1 scan Turns OFF for only one scan after start of program in O|C|O010|0

Rw | BUN/TEST mode.

M824 | Scan pulse Turns ON and OFF repeatedly for each scan inRUNTEST | O | O | O 1 O | O
mode.

M925 | 20 ms clock Turns ON and OFF repeatedly according to ciockeycles. [ O | O | OO 10O

M926 | 100 ms clock

M927 | 1 second clock

M928 | 1 minute clock

M928 | OP link scan completed| R/W | Turns ON for only one scan when the OP link scan 0100
completes.

M92A | Remote I/O data valid R/MW | Turns ON when a remote 1/O is set up and updated. O O

M92B — — Not used (always set to 0)

Ma2C

M82D | Alarm OR output Turns OR output caused by alarm. See table below for ORR®. 010
details.

M@2E | Loader monitor ON RMW | Turns ON when the loader is connected and the monitoris| O | O | O
ON.

MO92F | OP I/O connected Turns ON when an OP /O is connected. OO0

M930 — —_ Not used (always set to 0)

M931 | Battery failure Turns ON when the voltage of the backup batteriesis low | O | O OO0
and the batteries should be replaced.

M932 | Fuse blown Turns ON when a fuse in one of the modules in the slotsis | O | O
blown.

M933 | Loader communication | gy | A communication error occurred in the loader (asumerror| O | O [ O | O | O

error or frame error).
M934 | OP I/O communication Turns ON when a communication error occurred between | O | O | O
error an OP I/O and a processor module.
M935 | OP I/O verification error Turns ON when a registered OP 1/O does not respond. O10 1|0

M92D Description of alarm output OR
MX200 | OR for M908, M90B, MIOC, M90D, M9OE, MOOF, M931 to M35,
(M936, M93A to MI3F)*, M970 to MQ7E, M98C, M28D
MX100 | OR for M908, MOOE, MOOF, M931 to M35
MX30 | M909, MOOE, MOOF, M931, M933
MX20 | M9OE, MOOF, M931, M933
* When bit 4 of R0903 is ON, the alarm OR is canceled.
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R R R O O3

Contact ' - Description
frddress ontac ype Dedicated mode General-purpose mode
M936 | ASCIl parameter error | R/W | Turns ON when transmission and Transmission and reception parameter
reception parameters exceed the register | error
area. Turns ON when there is a nonconformity
Also MOOE turns ON at this time. in data stored in R0941 to R0949.

M837 | Request for forced R/W | Do not use this request. Turns ON by the ladder program when
termination of ASCII ASCII reception is forcibly terminated.
reception Turns OFF automatically when ASCII

reception is completed.

M938 | Request for ASCII R/W | Turns ON automatically when there is a Turns ON by the ladder program when
transmission request for ASCIl communication (by there is a request for ASCII transmission.

execution of the SXRS or SXWS Turns OFF automatically when ASCII
instructions). Turns OFF automatically transmission is completed.
when the transmission is completed.
MO39 | Request for ASCII RW + Turns ON automatically when there is a Turns ON by the ladder program when
reception request for ASCII communication (by there is a request for ASCII reception.

execution of the SXRS or SXWS Turns OFF automatically when ASCI!
instructions). Turns OFF automatically reception is completed.
when the reception is completed.

M83A | ASCII time-out error R/W | Turns ON automatically when the Turns ON when the time set from
response monitoring time set by the completion of ASCI! transmission (M338
SNOD instruction is exceeded during OFF) up to ASClHI reception (M939 OFF)
ASCIl communication (by execution of the| exceeds the mdnitoring time preset by
SXRS or SXWS instructions) and the R0%41. Turns OFF automatically at the
number of retries is completed. Turns startup of the request for ASCII reception
OFF automatically when a new request for| (M339). ‘
ASCIl communication (by execution of the
SXRS or SXWS instructions) is issued.

M93B | ASCIl reception buffer | R/W | Normally OFF Turns ON when the data in the reception
full buffer exceeds 1024 bytes or when the

data exceeds 768 bytes during RTS
control.

MO3C | ASCIlI response error R/W | Turns ON automatically when the Normally OFF

response code for the reception data is a
value other than “00". Turns OFF
automatically when a new request for
ASCH communication (by execution of the
SXRS or SXWS instructions) is issued.

M93D | ASCIl reception data RW | Turns ON when a parity, framing or Turns ON when a parity, framing or

error overrun error is found in ASCII reception overrun error is found in ASCIi reception
data. Turns OFF automatically when a data. Turns OFF automatically when a
new request for ASCIl communication (by | request for ASCI} reception (M939) starts.
execution of the SXRS or SXWS
instructions) is issued.

MO3E | ASCII reception R/MW | Turns ON when an incorrect checksum Turns ON when an incorrect checksum

checksum error result is found in ASCII reception data. result is found in received data. Turns
Turns OFF automatically when a new OFF automatically when a request for
request for ASCIl communication (by ASCI!I reception (M939) starts.
execution of the SXRS or SXWS
instructions) is issued.

M83F | ASCIl alarm RMW | Turns ON when an address between MI3A to MI3E is ON and turns OFF when all

addresses are OFF,

Note) M936 to M93F can only be used with the MX200/MX50.
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Applicable MX series
device
Address Contact Type Description 200/100| 50 | 30 | 20
M940 Y000 to 008 | ON during execution of STB instruction O|l010|1010
M941 Y010to 018 | OFF when instruction is not being
Mo42 Y020 to 028 | executed
M943 Y030 to 038
M944 | STB instruction is being | R/W | Y040 to 048 | ON during execution of STB instruction OO0
Mo4s | executed. Y050 t0 058 | OFF when instruction is not being
M946 Y060 to 068 | executed
M947 Y070 to 078
M948 Y080 to 088
M949 Y090 to 098
M94A
to — — Not used (always set to 0)
M94D
MO4E | Clock data setting R/W | When the state of this contact changes from OFF to ON, O O
the data in the R0994 to R0997 check registers is written
to the internal clock. This is used to adjust the clock.
M94F | Fixed /O RMW | Turns ON when /O registration data is used to fixthe /O | O | O [ O | O
configuration.
Applicable MX series
device
Address Contact Type Description 200{100| 50 | 30 | 20
M950 R/W buffer 0 | Conditions for turning ON:
M951 buffer 1 Turns ON by the ladder program when
MOs52 buffer 2 a request for transmission of a read or
write command is issued. Automatically
M953 buffer 3 turns ON at periodic intervals.
M954 buffer 4
M9SS Communication to one bufer 5 Conditions for turning OFF:
Mo56 destination (response buffer 6 When a response is received
MO57 | given) | Rw buffer 7 When the following errors occur: O O
Mosg | Command ‘transmxssxon buffer 8 Transmission parameter error
V959 and reception flag buffer 9 Transmission error
Time-out
MOSA buffer 10 Reception parameter error
M95B buffer 11 Reception of error frame
MO5C buffer 12 Periodically occurring error
M85D buffer 13
MSS5E buffer 14
MO5F buffer 15
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Applicable MX series

device
Address| Contact Type Description 200|100| 50 | 30 | 20
M960 | Communication to one Transmission | Conditions for turning ON:
destination buffer 0 Turns ON by the ladder program when
M961 I(Dn?rresponse) e buffer 1 a request for command transmission is
Mgba| oo oo eaen buffer2 | issued. .
M963 | Transmission flag Turns ON automatically at periodic
intervals.
Conditions for turning OFF: o o
RW Turns OFF when transmission starts or
when any of the following errors occur:
* Transmission error
* Transmission parameter error
* Periodically occurring error
M964 | Communication to one Reception Conditions for turning ON:
destination buffer 0 Turns ON by the ladder program to O O
M965 gu?rresponse) e buffer 1 check reception.
olling communication - ; .
Mo66 command buffer 2 [ Conditions for turning OFF:
M967 | Reception flag Turns OFF when a command is
received.
M968
M969
M96A ,
M968 — — Not used (always set to 0)
M96C
M96D
M96E
MO6F
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Y R R
Applicable MX series
device
Address Contact Type Description 200(100( 50 | 30 | 20
M970 | CBL communication Turns ON when any of addresses M971 to M97E is ON, O O
error and OFF when they are OFF.
M971 | Mail communication Turns ON when a mail communication error occurs. O O
error
M972 { PC link error Turns ON when a PC link error occurs. O O
M873 | Remote I/O error Turns ON when remote I/O is in error or when a registered | O O
remote {/O configuration is not matched.
M974 | CBL address setting Turns ON when the communication setting is in error. O O
error
M975 | Unsuccessful ring Turns ON when communication with an adjacent CBL O O
node is not possible.
M876 | MT error R/Ww | Turns ON when there is a loopback on the MT. @) O
MS77 { MR error Turns ON when there is a loopback on the MR. O O
M978 | Loopback Turns ON when a loopback occurs somewhere in the local| O O
station and CBL.
M879 | Sub-ring error Turns ON when a sub-ring error occurs somewhere in the | O O
local station and CBL.
M97A | PC link Turns ON when data is received from a link station other | O O
P area error than the local station and in a different operation mode.
M978 [ Remote I/O Turns ON when a data input or output of more than 26 O O
: P area error words is specified in the single mode, when a data input
or output of more than 51 words is specified in the dual
mode or when data is received from a node with an
address No. greater than 32 in the dual mode.
MQ7C — — | Not used (always set to 0) O O
M97D | Remote I/O Turns ON when an error occurs in the EEPROM that stores| O @)
EEPROM error the remote /O assignment data.
MO7E | Duplicate CBL address | RW [ Turns ON when there is a node with the same addressas | O O
error the local address.
MO7F | CBL option Turns ON when a CBL option board is installed. O QO

2-15




Chapter2 DEVICE TABLE & /O ASSIGNMENTS

e
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Applicable MX series

device
Address Contact Type Description 200100} 50 | 30 | 20
MS80 | In compilation in compilation OO0
M981 { RUN mode In RUN mode OO0 1010
M982 | TEST mode M In TEST mode O|l0|O0|JO0|0O
M983 | STOP mode In STOP mode O|0O|O0JO1O
M984 | PROG mode In PROG mode ONECERORECORES)
M85 — — Not used (always set to 0)
M986 { Error Cause of error: OR output from address range M990 to OO0 |10 |0
M MO9OF
M987 | Alarm OR output caused by alarm: same as for M92D O|010|10 |0
Ma88 — — Not used (always set to 0)
MS89 { RUN terminal M Turns ON when the RUN terminal input is ON. o110
MO8A —_— — Not used (always set to 0)
M98B | STOP terminal M Turns ON when the STOP terminal input is ON. O10
MO8C | Special register A reset was performed during a data write to the EEPROM | O O
EEPROM transmission and data was corrupted. This is caused by a checksum
error M error in the special register storage EEPROM.
M98D | User EEPROM write Turns ON when data is not properly written to a user O
error EEPROM.
MO8E — — Not used (always set to 0)
MO98F
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Applicable MX series

device
Address Contact Type Description 200|100( 50 | 30 | 20
M990 | Bus error M Turns ON when an |/O bus line failure prevents normal O
access to all 1/O modules.
M291 | /O verification error M | Turns ON when the /O module configuration does not OO0 |0
match registered 1/0 (FIX).
M992 | 1/O module error M | Turns ON when the system contains an I/O module that |00
cannot be identified or does not respond normally.
M993 — - Not used (always set to 0)
M994 | User ROM/memory Defective user program ROM or memory card (MX100) ClOoO|O0|l0O |0
card error M
M985 | CBL communication LSI Error occurred during communication LSI check. O
error
M996 — — Not used (always set to 0)
Me97
M998 | User WDT error User watchdog timer time-out OREOREORECOR NG
M999 | Program damaged Checksum verification error in user program O|CIO|O|0O
M99A | Program incomplete M Syntax error in user program O1010 1010
M98B | Compile error Some code in user program cannot be compiled. OREORECHEORN®)
MO9C | Obiject code size The size of the object code exceeds the capacity of the O O
exceeded compiler RAM.
MaoD — — Not used (always set to 0)
MO9E | AC power supply The power supply is set for 200V ac, but 100V ac is O
setting error supplied.
MOSF | Sub-processor failure M Turns ON when an error occurs in the sub-processor, O O
preventing data transactions between the sub-processor
and the main processor.
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W Special registers

Applicable MX series
device
Bit configuration L
Address Register g Description 200(100| 50 [ 30 | 20
15 12|11 8]7 4i3 o0
R0OS00 | Min. scan time x10°| x102| x10 | x1 | Min. scan time vaiue (ms) OO0 1010
Default = 9999
RO901 | Last scan time x10°[ x102} x10| x1 | Lastscan time value OlO0|0|0|0
Default = 0000
R0O902 | Max. scan time x10°| x102{ x10 | x1 | Max. scan time value O|lO0|C|]0O|0O
Default = 0000
R0903 | CBL address _ LED Sets CBL node address in a lower-order O
display LED display byte at power up
data
Hardware Switching between OP link of OP I/O O O
switching terminal and ASCII or between
instantaneous alarm latch and clear (See
Note 1).
RO904 | Operation error 1 Step No. The step No. where an operation error O|lOo|O|O 0O
R0O905 | Operation error 2 Step No. occurred. When the mode is changed from
RO906 | © i 3 Step N STOP to RUN or STOP to TEST, the oldest
peration error ep No. errors are cleared. Only four errors are
R0S07 | Operation error 4 Step No. stored at any one time.
Step number 1 is the oldest error and step
number 4 is the latest. A binary value in
the range #0000 to FFFF
RO908 | Personal computer | Personal | Notused | Data for setting host communication with OO
link computer computer personal computer. (See Note 2.)
setup data link data
Personal | OP link Data for setting host communicationwith | O | O | O
computer | data personal computer and data for setting OP
link data link communication. (See Note 2.)
R0909 | CBL set address Group| Set CBL node address, group node address, O
address etc. (See Note 3.)
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Note 1) Data for setting hardware switching

The following table describes the meaning of the bits in register R0903.
To change the setting of register R0O903 in the ladder program, use the MOV (F-00) instruction. Note that
data preset to the ladder program is enabled from the next scan whose setting was changed.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bt
R0903 Applicable MX series
device
Bit Description 200(100{ 50 | 30 | 20
15 | 0: The OP I/O terminal is used by the OP link function. O @)
1: The OP I/O terminal is used by the ASCIi function.
14 Not used (always set to 0)
13 0: Places battery alarm in M931 when battery voitage is too low. @) O
1: Does not place battery alarm in M931 when battery voltage is too low.
12 0: Places alarm in M908 during detection of instantaneous alarm. @)
1: Does not place alarm in M908 during detection of instantaneous alarm.
1110 1| Not used (always set to 0)
0 0: PC link errors are stored in M972 latch. O O
1: PC link errors are periodically cleared.
Note 2) Data for setting host communications
The following table describes the meaning of the bits in register R0O908.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bt
R0g08 Applicable MX series
device
Bit Description 200|100( 50 | 30 | 20
:i Baud rate —8- 19200 bps —?— 9600 bps —;— 48006ps | 2a00bps | O | © o0
13 | Dataformat 0: 8 bit data, even parity, 1 stop bit 0|0 O
1: 8 bit data, no parity, 2 stop bits
12 | 0: Restart after instantaneous power failure O|0
1. Processing continues after instantaneous power failure
11 | Hostaddress (Oto 15) MX100:0to 15 O ONN®)
10 MX30: fixed address 1
9 MX20: 1to 9
(Specified in RO950 for MX200/MX50)
8
; Baud rate % 19200 bps —?— 9600 bps % 4800 bps — 2400 bps 01010
5 Data format  0: 8 bit data, even parity, 1 stop bit O|10i0
1: 8 bit data, no parity, 2 stop bits
4 0: Set to OP link slave 1: Set to OP link master OO0 |0
3 OolO|0O
f OP link station (O to 15)
0
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Note 3) Address for setting CBL
Register RO909 is used only on the MX30.

The following table describes the meaning of the bits in register R0909.

15 14 13 12 11 10 ¢ 8 7 6

Bit

R0909 o000 (3 ]

l L Address setting procedure I

L CBL node station No.

Polling communication setting

Multiptex reception mode

Bit Description

15 0: During polling reception when two or more write commands are received during one
scan, all received data is directly written during the interrupt process.
The simultaneity of data is lost, but all data is received.

1: During polling reception when two or more write commands are received during one
scan, the second command onwards is ignored. The data of the second command is not
received.

14 Procedure for setting address format of parameter setting area*
0: Decimal setting
1: BCD setting * Applicable to MX30 version S09 or higher.
13to 11| Alwayssetto 0
10 Polling communication of destination group 3 (FAH)
0: Not received
1: Received
9 Polling communication of destination group 2 (FoH)
0: Not received
1: Received
8 Polling communication of destination group 1 (F8H)
0: Not received
1: Received
7 Always set to 0
6 Always set to 0
CBL node station No. (2 to 63)
5to0 The CBL function cannot be used when the station No. is 0.
When the station No. is 1, host communications from MX30 station Nos. 2 to 63 cannot
be accessed via CBL.

M Handling Precautions
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When the R0909 setting is changed using the loader, the new setting is
enabled after a system reset (by shutting down and turning ON the power
again).
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Applicable MX series

device
. Bit configuration b L. 10 0
Address Register s 12]n 8|7 4ls o escription 200|100 50 | 30 | 20
R0910 | CBL: Parameter 0 to 499 Defines the parameter setting area O
setting of read (register No. setting) required for reception and transmission
command using the CBL read command.
OP link verification | Verification failure This bit turns ON to indicate theaddress | O | O | O
alarm address where registered OP link data and stored
OP link data do not match.
R0911 | CBL: Parameter 0to 499 Defines the parameter setting area O
setting of write (register No. setting) required for reception and transmission
command using the CBL write command.
Identifier indicating | Used address The bit corresponding to an addressused | O | O | O
use/non-use of OP for an OP link turns ON.
link
R0912 | CBL: Parameter 0to 499 Defines the parameters required for O
setting of polling (register No. setting) polling reception.
reception
OP link verification [ 0000 0000 Address 1| See R0913 to R0919. O|l0|0
data I'TO
R0913 | CBL: Parameter 0 1o 499 Defines the parameters required for O
setting of polling (register No. setting) polling transmission.
transmission
OP link verification | Address 2| Address 3| The number of registered /O words for OP
data ' [O I [ O | linkaddresses are stored as 4-bit
R0914 | OP link verification | Address 4 | Address 5| hexadecimals.
data ! | 0] | ] 6] If not registered, stored data is used at
R0915 | OP link verification | Address 6 | Address 7| eset
data i 1o I'TO
R0916 | OP link verification | Address 8| Address 9 ORECORECHES)
data I'10O i 1O
R0917 | OP link verification | Address 10| Address 11
data ' 10O I'T0O
R0S18 | OF link verification | Address 12| Address 13
data 1o T TO
R0919 | OP link verification |Address 14 [ Address 15
data 1 1O I ] O
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Applicable MX series

device
. Bit configuration o
Address Register Description 200|100| 50 | 30 | 20
15 12[11 87 43 o

R0920 | Remote 30H 0000 0000| When the value of the upper-order byte is O

communication or 30H, the number of remote /O words is

defauit/variable other than changed to the value specified in R0921.

length switching 30H When the value of the upper-order byte is

other than 30H, the default (3 word input/3
word output),

Stored OP link data | 0000 0000| Address 1 | The number of registered /O words of O|O 10O
each address of the OP link is stored as 4-
| 0 bit hexadecimals.

R0921 | Remote No. of input | No. of output| When the upper-order byte is R0920 is O
communication words words 30H, upper-order byte in R0921 indicates
data length setting |(00H to 0AH) [(00H to 0AH) | the number of remote input words.

The lower-order bytes in R0921 indicate
remote output words. (When the entry
exceeds 10 words, it is corrected to 10

words.)
Stored OP link data | Address 2| Address 3 |00
I o | | O
R0922 | Stored OP link data Addrless 4 Addrless 5| The number of registered |/O words of
10 170 each addregs of the OP link is stored as 4-
R0923 | Slored OP Iink data | Address 6] Address 7| O "exadecimals.
! | O I [ o
R0924 | Stored OP link data | Address 8| Address 9
e e
R0925 | Stored OP link data | Address 10| Address 11
Il ol 1 Jo
R0926 | Stored OP link data | Address 12| Address 13
Lol 1 TJo
R0827 | Stored OP link data | Address 14| Address 15
L lol1 o
R0928 | No. of CBL No. of CBL reception The number of remote communication O
receptions counter receptions from MX200 (binary)
R0929 | Blown fusein /O | 0000 0000| SlotNo. | The bit corresponding to the I/O module OO
module where the fuse was blown turns ON.
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Applicable MX series
device
] Bit configuration L

Address Register Description 200|100( 50 | 30 | 20

15 12]11 sl7 4la o
R0930 | /O module 0000 0000| SiotNo. | The relevant bitturns ONwhen /O module| O [ O 1O 1 O 1 O

verification error verification data and stored data differ.
R0831 | I/O bit/word 0000 0000| 0000 0000| Indicates that all I/Os are general-purpose | O O
identifier I/Os (fixed data).
Stored data| Verification| The bit of each slot indicates the type of O O 10
data module.
0: General-purpose 1/O module
1: Special /O module

R0932 | I/O verification error | Slot 1 data | Siot 2 data | Indicates I/O verification dataofeachslot. [ O O O [ O | O
R0933 Slot 3 data | Slot 4 data
R0934 Slot 5 data | Slot 6 data
R0935 Slot 7 data { Slot 8 data
R0936 | Stored I/O data Slot 1 data | Slot 2 data | Indicates stored 1/O data of each slot. ONRONEOREOREG)
RO937 | Slot 3 data | Slot 4 data
R0938 Slot 5 data | Slot 6 data
R0939 Slot 7 data | Slot 8 data
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The data of /O modules installed in each slot is stored in the following format:

2-24

@ Bit modules
Bit configuration

15 14 13 12 11 10 9 8 Description

7 6 5 4 3 2 1 0
0 0 0O 0 0 0 0 Not defined
0 0 00 0 0 0 1 16-point input
00 0O 00 1 0 32-point input

o (7) 0 0 1 1 32 point input + o. (*)
0 0 0 O 01 0 1 16-point input/32-point output
00 0O 0 1 0 1 16-point output
0 0 0O 01 1 0 32-point output
o (%) 01 1 1 32-point output + o (*)

0 0 0O 10 0 O Not defined
60 0 0O 1 0 0 1 8-point input
00 0O 10 1 0 24-point input
00 00 10 1 1 Not defined
00 00O 11 0 0 8-point input/18-point output
0 0 0O 11 0 1 8-point output
0 0 0O 11 1 0 24-point output
0 0 0O 11 1 1 Not defined

(*) o In addition to a: 32-point input (output), a device code is added.
161, 321, ....
160, 320, ....

® Word modules

15 14 13 12 11 10 9
7 6 5 4 3 2 1

0 0 00 0 00O

No. of input words  No. of output words
(BIN value) (BIN value)
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Applicable MX series
device
Bit configuration
Address Register Description 200(100| 50 | 30 | 20
15 12[11 8l7 4la o

R0940 | ASCI Data defining ASCII Sets communication mode, RTS control,
communication communications communication speed, data format, etc.
setting

R0941 | Monitoring time of Set data 0 to 9999 Sets the time (in 10 ms increments) for
ASCH (specified in BCD) monitoring response to ASCIi
communication communication.
response When set to 0, the response is not

monitored.

-Example: when R0941=100H, the
response time is monitored for
1s.

R0942 | Transmission data | Oto 499, 1000 to 4999 | Indicates where data transmitted in an
storage (register Nos. are ASCIl communication comes from.

specified in BCD) Example: when R0942=2000H, data
stored in R2000 onwards is
transmitted.

R0943 | Transmission frame | Start code | End code | Sets the start and end code of data in an
definition ASCII transmission.

R0944 | Procedure for Procedure | Position of | Procedure for adding/not adding
creating for checksum | transmission checksum data and how to '®) O
transmission adding/not data create checksum data.
checksum data adding : (Example:00 is 8 bit addition and 01 is 1's

checksum complement.)
data It also sets the position of checksum data.

R0945 | Range of Position for | Position for | Sets the start and end position of a
transmission starting ending transmission data checksum calculation.
checksum checksum | checksum
calcutation calculation | calculation

R0946 | Reception data 0 to 499, 1000 to 4999 | Indicates where data received in an ASCI|
storage (register Nos. are communication is stored.

specified in BCD) Example: when R0946=3000H, received
data is stored in R3000
onwards.

R0947 | Reception frame Start code | End code | Sets the start and end code of data in an
definition ASCII reception.

R0948 | Procedure for Procedure | Position of | Procedure for adding/not adding reception
creating reception for checksum | checksum data and how to create
checksum data adding/not data checksum data.

adding (Example:00 is 8 bit addition and 01 is 1's
checksum complement.)

It also sets the position of checksum data.

R0949 | Range of reception | Position of | Position of | Sets the start and end position of a
checksum checksum | checksum | reception data checksum calculation.
calculation start data | end data
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Data for setting host communication

The following table describes the meaning of the bits in register R0940.

To change the setting of register R0903 in the ladder program, use the MOV (F-00) instruction. Note that
data preset to the ladder program is enabled from the next scan whose setting was changed.

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

R0940 0 oo 0

Bit Description

15 0: ASCII communication function 1: Loader, host communication function

14 0: General-purpose mode 1: Dedicated mode

13 Not used: Always set to 0

12 0: RS-232C 1: RS-485

11 0: 5-wire RS-485 (full duplex) 1: 3-wire RS-485 (half duplex)

10 0: No control 1: RTS controt

9 Not used: Always set to 0

8

7 0 0 0 0 1 1 1 1

6 0 19200 |0 9600 |1 4800 |1 2400 [0 1200 |0 600 |1 Not 1 Not

5 0O bps [t bps 0 bps 1 bps |0 bps 1 bps |0 used 1 used

4 0: 7 bits 1: 8 bits

3 0 No parity 0 No parity 1 Even parity 1 Odd parity

2 0 1 0 1

1 0: 1 stop hit 1: 2 stop bit

0 Not used: Always set to 0

2-26
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Half duplex:

RST control:

When data transmission is completed, the output driver is disabled
within 500 us.

When the reception buffer contains 768 or more data items, the RTS
signal is automatically set to a non-active state.
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Applicable MX series
device
. Bit configuration L
Address Register Description 200100350 |30 | 20
15 12[11 8[7 4f3 o
R0950 | MX address 1to 63, 7FH MX address for CBL and host
communication. When the MX address is
setto 7H, the MX is set not to participlate
in the CBL network.
R0951 | Group class of Oto7 No reception when set to 0
polling (default: 0)
communication
reception
R0952 | Single/dual mode Oto1 0: Single mode
setting 1: Dual mode (default)
R0953 | Group address for Oto3 No transmission when set to 0
destination of PC (defauit: 0)
link transmission . O ®)
R0954 | Group class for PC Oto7 No reception when set to 0
link reception (defauit: 0)
R0O955 | PC link monitoring Oto1 0: 500 ms (default)
time 1:1s
R0956 | No. of connected 0to 31 0: Default
remote slave
stations
R0957 — — Not used (always set to 0)
R0S58 | ROM version Main CPU | Sub-CPU | Indicates the ROM versions for the main
ROM ROM and sub-CPUs in a 2-digit decimal format.
version version
R0859 | MX operation 1t0 63, 7FH Copy of R0950
address
Note) The following table describes the meaning of the bits in register R0950.
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0 Bit

R0950

0olojJojoto

0 0 0 0 0

Bit

Description

1510

6 | Not used: Always setto 0

Address 1 to 63

Of{~~INMDJW| M~ i
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The following table describes the meaning of the bits in register R0951.

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

RO951 1 0| O | O 00| O 0 cJojojo0 0] 0

Bit Description
15t0 3 | Not used: Always setto 0

2 Polling communication of destination group 3 (FAH)
0: Not received
1: Received

1 Polling communication of destination group 2 (FOH)
0: Not received
1. Received

0 Polling communication of destination group 1 (F8H)
0: Not received
1: Received

The following table describes the meaning of the bits in register R0954.

15 14 13 12 11 10 9 8 7 6 Bit
R0954 | © 0 0 0 0 0 0 0 0 0
Bit Description
15to 3 { Not used: Always setto 0

2 PC link group 3
0: Not received
1: Received
1 PC link group 2
0: Not received
1: Received
0] PC link group 1
0: Not received
1: Received
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Applicable MX series

device
. Bit configuration o
Address Register Description 200(100| 50 | 30 | 20
15 12]11 e|7 4|3 0

R0O960 | Library Entry Nos, 1510 0 Special contact used in the library. Save

Internal flag . correspond to bits 15 | data of each M306 library

MB06: Save data 1 | toO.
R0961 | Library Entry Nos. 31to 16

Internal flag correspond to bits 15 .

MQ906: Save data 2 | toO.
R0962 | Library Entry Nos. 15100 Special contact used in the library. Save

internal flag correspond to bits 15 | data of each M907 library )

M907: Save data 1 | to 0.
R0963 | Library Entry Nos. 31 to 16 O O

Internal flag correspond to bits 15

M907: Save data 2 | toO.
ROS64 | Library Entry Nos. 15t0 0 Indicates numbers of executable libraries.

Entry data 1 correspond to bits 15

to 0.

R0965 | Library Entry Nos. 31to 16

Entry data 2 correspond to bits 15

to 0.

R0966 — — Not used (always set to 0)
ROS67
RO968 | Incremented every This register is incremented every 10 ms

10 ms, BCD data 0000 to 9999 by adding a BCD value (substitute

function of library timer).

R0969 | Incremented every This register is incremented every 10 ms

10 ms, BIN data 0to 65535 by adding a BIN value (substitute function

of library timer).
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Applicable MX series

device
. Bit configuration L
Address Register Description 200(100| 50 | 30 | 20
15 12|11 8[7 43 o
R0980 | Mounted memory | 0000 **** 0000 00*0| Indicates whether memory for user
device *0or1 program library stored in processor PCB
is available or not.
0: Available 1: Not available
R0981 | User program 0000 00 0000 Q0*t| Indicates whether the area assigned to
Stored memory *Qor1 user programs in the installed memory
device device is used or not.
0: Not used 1: Used
R0982 | Memory device 0000 00** 0000 00**| Indicates whether an error has occurred
where user *0or1 in the memory area assigned to user
program error programs or not.
occured 0: No error 1: Error occurred o o
R0983 | Library storage 0000 00" 0000 0000} Indicates whether an area assigned for
memory device »0ori library use is used or not.
0: Not used 1: Used
R0984 |. Library memory 0000 *=** 0000 0000| Indicates whether an error has occurred
device *:0or1 in the memory area assigned to the library
or not.
0: No error 1: Error occurred
R0985 | Ladder program 0000 00** 0000 0000| Defines whether the ladder program is to
ROM — RAM *0or1 be transferred from ROM to RAM or not.
transfer setting 0: Not transferred 1: Transferred
R0886 | Data table 0000 00** 0000 0000| Defines whether the data table is to be
ROM — RAM *“0ort transferred from ROM to RAM or not.
transfer setting 0: Nottransferred 1: Transferred’
R0987 | EEPROM write 0000 **** 0000 0000| Indicates whether writing to EEPROM is
enable device *0or1 enabled or disabled.
0: Disabled 1: Enabled
R0968 — — Not used (always set to 0)
R0989

The meaning of each bit is described in the table on the next page.
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registers R0980 to R0987.

The following table describes the meaning of the bits in

15 14 13 12 11 10 9 8 7 6 5 4 3 2 A1 0 Bit

0cjJojJoj|o 6|]0]oO c{ofo

Bit Description

1510 12| Not used: Always set to 0

11 Indicates state of EPROM/EEPROM (192 to 256 Kbytes)
10 Indicates state of EPROM/EEPROM (128 to 192 Kbytes)
9 Indicates state of EPROM/EEPROM (64 to 128 Kbytes)
Indicates state of EPROM/EEPROM (0 to 64 Kbytes)

7102 | Notused: Always setto 0

1 Indicates state of expanded RAM
0 Indicates state of standard RAM
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Applicable MX series
device

Bit configuration
15 12[11 8|7 4]a o
R0990 — — Not used (always set to 0)

R0991 | Basic display Sets the data normally displayed on the
setting processor module

0: User mode

1: MX address

2: Error/Alarm

R0992 | User display code |0toF|OtoF|OtoF|0OtoF| Data displayed in the user mode by the 7-
1 (7-segment LED) segment LED on the processor module

R0O993 | User display code 00to FF | Data displayed in the user mode by the 8- 0O
2 (8-bit data LED) bit data LED on the processor module

R0994 | Clock register Year Indicates the year
Example: 1993 is displayed as 1993[H]

R0995 Month Day Upper-order byte: Month,

Lower-order byte: Day .

Example: November 5 is displayed as
1105[H]

R0996 Hour Minute Upper-order byte: Hour, O

Lower-order byte: Minute

Example: PM3:28 is displayed as
1528[H]

R0997 Second | Day of the | Upper-order byte: Seconds,

week Lower-order byte: Days of the week
Days of the week: Sunday, Monday,
Tuesday, Wednesday, Thursday, Friday,
Saturday -0123456

Address| Register Description 200{100| 50 | 30 | 20

R0998
R0999

— — Not used (always set to 0)
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2-4 I/O Registration

'l General-purpose /O modules
The MX series processor module automatically reads the data (stored data) in I/O
modules in the I/O slots when the power is turned ON or when the RESET switch
is pressed. Assignment is based on how close an I/O module is to the processor
module. Inputs start from X000 and outputs from Y000. Assignments are automat-
ically left justified if there are any unoccupied slots.

Processor 32 16 Unocc 16 32
module input output upied input output
points points points points
X000 Y000 X020 Y010
X01F YOOF X02F YO02F

I/Os exceeding 512 points (a maximum of 320 input points and 320 output points)
are ignored. When I/Os are registered by the loader, their data is registered as veri-
fication data, and a difference between stored data and the verification data is indi-
cated as an error. If not registered, the stored data is taken as verification data, each
time the power is turned ON.

Refer to the MX Series User’s Manual “Personal Computer Loader” CP-UM-
1602E for details.

B Operator’s I/O

The 1/O for the OP link are registered by setting the number of words required by
the number of /O points with the loader. Inputs are assigned from X200, while out-
puts are assigned from Y200. Note that inputs/outputs exceeding 160 points are
ignored.

An alarm is displayed in the following cases:

® No OP I/O response at startup.

® Stored OP I/O data differs from registered data

® No OP /O response during operation

Unless the OP I/Os are assigned with the loader they will not function even if they
are connected.

Processor
l7 module
[ | |
OP /O OP /O OP I/O
Station Station Station
No.1 No.2 No.3
32 inputs 32 inputs 32 inputs
32 outputs 32 outputs 32 outputs

X200 Y200 X220 Y220 X240 Y240
to to to to to to
X21F  Y21F  X23F Y23F X25F Y25F

[J Handling Precautions
The processor module does not automatically read the OP I/O data when
the OP link I/O is not registered.
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s TS 250

M Special I/0O modules

MX special function modules are assigned to I/O registers in word units (16 bits.)
Inputs are assigned to R0O500 to RO519 and outputs are assigned to R0O600 to R0O619
starting from those closest to the processor module.

Assignment starts automatically when the power is turned ON or when the RESET
switch is pressed. Special function modules may be mounted in any I/O slot.

After assignment, a missing I/O module is detected by comparing the I/O module
data with registered /O module data (if /O assignments are registered in the per-
sonal computer loader) or with the data stored in the processor when the power was
turned ON or when the RESET switch was pressed.

Processor Special Special

module function function
Input Input

4 words 2 words

Output Output

2 words 4 words

Input Output input Output
R0O500 R0600 R0504 R0602

g to to to to
R0503 R0601 R0505 R0605

See the user manual supplied with the special module for details.
Special I/O modules refers to analog I/O modules and special function modules.

B MX200/MX100/MX50

When MX200/MX100/MX50 devices are connected to an OP link (RS-485) to
form a data link between host and slave stations, I/O registration is required just as
in the case of operator’s /O connections.

Note that 32 inputs and 32 outputs (fixed values) can be assigned to an
MX200/MX100/MX50 device used as a slave station.

Example
Processor
module
MX200/MX100/MX50
(host station)
OP link

MX200/MX100/MX50 MX200/MX100/MX50

(slave station) (slave station)

Station No.1 Station No.2

Output: . Output:

Y200 to Y21F Y200 to Y21F

Input: Input:

X200 to X21F X200 to X21F

MX200/MX100/MX50

(slave station) device

[ Input: X220 to X23F
\ Output: Y220 to Y23F

_ [ Input; X200 to X21F
\ Output: Y200 to Y21F
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MX200/

MX100/MX50 controllers

When operator’s I/O and MX200/MX 100/MX50 slave stations are connected to an
OP link (RS-232C), they are assigned as normal operator’s I/O. (In this environ-
ment, MX200/MX100/MX50 each has 32 input and 32 output points.)

Example
Processor
module
MX200
OP link
OP I/O OP /O MX100 OP /O
Station Station Station No.3 Station
No.1 No.2 Output: No.4
32 inputs 32 inputs Y200 to Y21F 32 inputs
32 outputs | |32 outputs Input: 32 outputs
X200 to X21F
MX200 (host

station) device

Input: X260 to X27F
Output: Y260 to Y27F

/ Input: X240 to X25F

\ Output: Y240 to Y25F
{ Input: X220 to X23F

 Output: Y220 to Y23F
{ Input: X200 to X21F

"\ Output: Y200 to Y21F
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2-5 OP Links

The following factors have to be kept in mind when data transactions are performed between
MX100/MX200/MX50 host and slave stations connected to an OP link (RS-485).

1. The data link area in the MX100/MX200/MX50 host stations is the OP link area
(X200 onwards , Y200 onwards). '

2. The data link area for MX100/MX200/MX50 slave stations is fixed at X200 to
X21F and Y200 to Y21F.

3. Host stations receive the values of slave station output relays (Y200 to Y21F)
through the local station input relay (X200 onwards) and outputs the value of the
local station output (Y200 onwards) to the slave station input relay (X200 to
X21F).

4. The host (master) station, slave station and slave station numbers of an MX200
are set on a personal computer loader or processor module key operation. On the
MZX50 controller, the personal computer loader is used, and on the MX100 con-
troller the DIP switches on the processor module are used to do the same. These
are also the only procedure available.

5. Modules connected to an OP link must be I/O registered.

MX100/MX200/MX50 used as host station

X200 X220 X240 Y200 Y220 Y240
to to to to to to
X21F X23F X25F Y21F Y23F Y25F

OP link
X200 Y200 X200 Y200 X200 Y200
to to to to to to
X21F Y21F X21F Y21F X21F Y21F
Slave station Slave station Slave station
MX100/MX200/MX50 MX100/MX200/MX50 MX100/MX200/MX50
sation No.1 sation No.2 sation No.3

When Y200 on an MX100/MX200/MX50 controller used as slave station No.1
turns ON, the MX200 on host station MX200 also turns ON. Alternatively, when
the Y200 on the host station turns ON, the X200 on slave station No.2 also turns
ON.
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Ladder Design Notes

B Program execution sequence
The sequence of program execution is shown by the mnemonics listed below,

(Ladder)
| 2 3 4
! I I Q—*
From left to right g

1 2 4 6 7

— | | —— ——} Q—‘
3

5

1 3 4

2 5 6
— — I

(Mnemonic)

LD

AND
AND
ouTt

WN = S WON =

~No O

WM
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bz SR R R R R

M Program shortcuts

The position of the instruction will change the number of bytes needed when other
factors in the ladder program are identical. The number of bytes can be reduced by
placing contact instructions to the left and reducing the number of contacts as the
column descends.

(Example 1) (Ladder) {(Mnemonic)
No. of bytes
| 1 2 4 | D 1 2
n I M LD 2 2
| LR} LA \_/ | OR 3 2
3 ANB 2
11 ouT 4 2
i
Total 10
2 1 /‘}\ | o 2 2
11 It OR 3 2
" H —/ AND 1 2
3 ouT 4 2
|} Total 8
(Example 2) (Ladder) {(Mnemonic)
No. of bytes
1 4 | 1 2
I R LD 2 2
N AND 3 2
2 3 ORB 2
i i ouT 4 2
1 11
Total 10
2 3 /4\ | b 2 2
11 11 AND 3 2
11 LA \./ OR 1 2
1 ouT 4 2
| Total 8
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(Example 1) (Ladder)
1 2 3 7
—
4 5
—| L
6
3 2 1 7
——t———)
5 4
—| 1
6
— —

Chapter 3 PROGRAMMING NOTES

(Mnemonic)

No. of bytes

-
[w)
DN pHWN =

-
O
OGO W

NP DD

Total 16
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B Creating programs for serial and parallel circuits
Programs for serial circuits are created by dividing the circuit into blocks which are
placed on top of each other,

(Example 1) (Ladder) {Mnemonic)
poTTTmTenTes e senanmaees : LD 1 =
P o) ' R 2 — IA
P i LD 3
LA LB on 4 B
O A ANB AND block for A and B above
A L S B Y 4 heee G
Ll nmlan:s O b 5
D P HE AND 6 — f D
rhos 2 SN 4 EHE ORB OR block for C and D above
N i = out 7
t] 5 6 |
A
[ D ........... 1

(Example 2)

--------- . LTI LD 1 e
_.;.‘.-A--._\ '\\ ,:'__.---I_;-._\ AND 2 :I' A

,’: " s“ ‘\ '::¢ s~‘ \\\ LD 3 ------
",l 1 I? ': ‘\ "I:‘ l? 11 ': “‘ }3\ AND 4 B

I: J\ .,,--‘=-L_L: _____ N :’ ‘;Ll‘_- ~£1r s - LD 5 ______

DT BT BT S bt Nty M I ~ AND 6 : C

Pt 3 % 70 A 10 A1 o ORB OR block for B and C above

S T R LoD

IRV AT R S I AND 7

; N ' e ORB OR biock for A and D above

Iy dl~ ‘—l¢ l'll P ‘u‘ :: T ,'ll LD I T F :-- E
Ny e D 9 |
S | R LD L[ T e G
~ 1 - LD "H—
g N ) S
ANB AND block for G and H above
Lo E
ORB AND block for F and I.above
tee
ANB AND block for E and J above
ouT 13
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® Repeated entries of ANB or ORB can be made after repeated creation of blocks

including LD or LDNOT. However, as only 8 blocks can be stored temporarily,

it is not possible to create nine or more blocks at one time. If more blocks are
required, use ANB (or ORB) after creating the first blocks, then add more

blocks.
(Example)
1 2 0
Nl J i f_\
i ] v
3 4
{1 {1
5 6
{1 {l
7 8
9 10
{1 1
11 12
13 14
il d
15 16
{1 {1
17 18

Program as indicated above.

More than 9 blocks
s0 not executable

LD
AND
LD
AND
LD
AND
LD
AND
LD
AND
LD
AND
LD
AND
LD
AND
LD
AND
ORB
ORB
ORB
ORB
ORB
ORB
ORB
ORB
ouT

ONO DO

LD
AND
LD
AND
ORB
LD
AND
ORB
LD
AND
ORB
LD
AND
ORB
LD
AND
ORB
LD
AND
ORB
LD
AND
ORB
LD
AND
ORB
ouT

WD =

[4)]

11
12

13
14

15
16

17
18
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B Ladder display constraints

The following describes constraints that apply to writing ladder programs. They do
not apply to the entry of mnemonics, so they are entry constraints and not execution

constraints.

@ Maximum range of circuit blocks
The maximum number of entries for a circuit block (section connected by the right
and left buses) is 10 columns (nine contacts plus a coil) times 22 lines.

10 columns (9 contacts plus a coil)

—t A e A e e e e e O

— = P A A A A A O

A -

22 lines

— A

1 — — —( -

[ Handling Precautions
® A program written in mnemonics that exceed this constraint cannot be
displayed as a ladder, but can be executed.
e A total of 10 LPSs (branch start) can be used in one circuit block.

® Line loopback
Up to 169 contacts can be connected in series in a ladder display.

......................................................

{10 11 12 13 14 15 16 17
01\ — — F— — — — ]|

.....................................................

J Handling Precautions
® A program written in mnemonics that exceed this constraint cannot be
displayed as a ladder, but can be executed.
® Branch lines cannot be looped back using LPS (branch start), LRD and
LPP.
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W Precautions to be taken in creating circuits
® Writing from relay panel circuit
The current in a relay circuit panel flows in both directions. Such circuits are con-
figured as follows. However, as such a circuit cannot be handled by the MX series
of controllers it must be adapted as shown.

(Example)
Y000

This kind of circuit is not possible
on the MX series.

@ Redraw the circuit as shown below.

X000 Y000

i1
1

X001

Take care to prevent ladder
circuits from interfering with
each other.
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® Branch back circuit not permitted

Do not write branch back circuits like the one shown below.

(Example)

X000
-

X002

X004
Y S

O O

‘& Redraw the circuit as shown below.

X000

X001 X002

X004

O

11 11

— Do not write branch backs into
X000 ladder programs.
I
i —
X004
— |
X000 X001 X002
— ——— ——F -
X003
—
{} Redraw the circuit as shown below.
X000 X001 X002
]1L [ 11 m
1T — 1 i ' U
X003 X004

Enter by a branch from the bus.

This kind of circuit is not possibie
on the MX series.

This kind of circuit is not possible
on the MX series.
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® Notes on the use of the compare instruction

Do not write branch back circuits like the one shown below.
Enter the compare instruction in parallel circuits under the ladder block.

(Example)
X000 X001

[ [— |
1T L

@ Redraw the circuit as shown below.

X000 X001
— —

Enter the compare instruction in
paralfle! circuits under the ladder block.

@® Notes on the use of branches in parallel circuits

Do not write branch back circuits like the one shown below.

Y000

Y001

@ {Example 1)

@ (Example 2)

X000 Y000 Y000
" Y001 Yg%
M?}OO O
MOO1

i
Add a normaily ON contact (M920) Divide the ladder circuit into

at the start of the ladder row. two rows.

3-9
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@ Duplicated output

When an OUT instruction with the same number is used twice, the loader displays

a syntax alarm. The YOOI state is output when the END instruction is executed.
The last written operation has priority.

X000 Y001
¥ )
! )

X001 Y001

1 W, « This instruction has priority.  Due to the state of the X100,
Y001 is output.

F-40
END

® Instructions which require care during changing of modes (STOP — RUN)
The pulse rise instruction is executed when the input condition during the change
from STOP to RUN takes place. The instruction is not executed when the input
condition is OFF.

Instruction Condition Input ON Input OFF
CNT

STB (F-08)

PLST (F-20)

ubC (F-26) Executed Not executed
DCNT  (F-27)

pudC  (F-28)

SR (F-60)

Optional pulse instruction
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® Notes on the use of branch instructions
* Insert the JMP instruction after the branch instruction.

1 Compare N\
I instruction \_/

@ Redraw the circuit as shown below.

Compare

I L m
W instruction \_/

* When several outputs follow a JMP instruction, the JMP instruction is executed,
but not the following JMP instruction.

#
i} JMP 12
N\ « Not executed when the
—/_/ : input contact is ON.

* When several outputs follow a CALL instruction, the execution of the instruction
following the CALL instruction is not guaranteed.

#
CALL 34

()

\_/ « Execution is not guaranteed.

* When several outputs follow a LIB instruction, the execution of the instruction
following the LIB instruction is not guaranteed.

#
1} LIB 0, R1000, R2000
O « Execution is not guaranteed.
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3-2 Using Function Instruct

B Range of numeric values
The MX series of controllers use instructions that handle both 16-bit and 32-bit
numerics. The most significant bit (MSB) of 16-bit or 32-bit BIN data is used for
the plus and minus sign bit (1: minus, 0: plus). Hexadecimal constants and BCD

R R

constants are all positive and have no sign bit. BIN data is expressed as decimal
constants.
The range of numeric data is shown in the table below.

Symbol 16-bit data 32-hit data
Decimal constants K -32768 to +32767 -2147483648 to +2147483647
(stored as BIN values)
Hexadecimal constants # 0000 to FFFF 00000000 to FFFFFFFF
BCD constants # 0000 to 9999 00000000 to 99993999

Handling Decimal Constants as Binary Data

Since the MSB of word data is a plus or minus identification bit, the decimal con-
stant K is handled as follows:

+32767 +———— 0 -1 <-———— 32768
7FFFH <———— 0000H FFFFH <«———— 8000H
(Example)
F-00 K

The decimal “100" is stored in register

— F———— MOV 100 :R0O000 [ R0000 as a BIN value.

F-00 K- ) ) o
The decimal “-50" is stored in register
1 MOV 50 :RO000 Ro000 as a BIN value.
F-00 # . ) ,
The hexadecimal “0050" is stored in
1 MOV 50 :RO000 register RO000 as a hexadecimal value.
F-10 # #

8992H, the result of adding BCD values
——— BCD+5551+4441=R0000 [ “5551" and “4441", is stored in register

R0000.
K #
Y/O% K-1 and #1 are compared. Since signs are
-1> 1 W ignored in the comparison, Y000 is set
’ to ON.
(FFFFH) (0001H)
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B Source and destination

® Source (S)
This is the storage source of operation data. There are four types of sources: 4-
bit, 8-bit, 16-bit and 32-bit data. Each source is specified by an instruction word.

® Destination (D)
This is the storage destination of operation data. There are five types of destina-
tions: 4-bit, 8-bit, 16-bit, 32-bit and 64-bit data. Each destination is specified by
an instruction word.

® Bit device (Z)
This is the storage destination for operation inputs or output bit data.

@ Constants (n)
This is the storage destination for operation constants (set values and numbers.)

S

MX instruction words store device data in the four data storage destinations.

R0001

K 4

Word specification

S BCD conversion D
—_—

The same device number can be used for both a source (S) and a destination (D).

3-13
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B Instruction types

MX instructions consist of an instruction part and a device.

The instruction part indicates the function of the instruction, and the device indi-
cates the data that is used by the instruction. The combination of instruction parts
and devices makes it possible to distinguish instructions as shown below.

(See page 3-13 for information on abbreviations such as S,D,Zorn.)

This is a type of instruction whose device does not change
status. .

It is mainly used for program control.

(Exampie) END and AND

.._. This type of instruction performs operation specified by
constant (n) data.
(Example) MC and CALL

3] Instruction part |+ | Z |---- g’;__l‘s: type of instruction is used for turning bit devices ON and

(Example) AND, OUT and PLS T

.... This type of instruction performs operations on destination (D)
data and stores the result in destination (D).
(Example) BCDI, RST

-... This type of instruction performs operations on
constants (n) and stores the result in bit device (2).
(Example} TMR and CNT and other timer and count
instructions

1] Instruction part | (only) -=---

[2] Instruction part |+ n

[4] Instruction part |+ | D

[5] Instructionpart {+| D | +{ n

This type of instruction performs operations on
""" source (S) data and stores the result in destination
(D).
(Example) MOV — BCD and other transfer and
conversion instructions

[6] Instructionpart {+| S |+ D

____ This type of instruction performs operations
on source 1 (S1) and Source 2 (S2) data
and stores the result in destination (D).
(Example) Compare, BCD + and other
compare and operation instructions

[7] Instructionpart |+ s1|+|s2{+{ D

[8] Other instruction types

... (Example) DMPX and other distribution and

Instruction part | +| 8 | +/D1 |+ D2 extraction instructions

Instructionpart [+| n | +| D1 {+]| D2 =--- (Example) SFL and other shift instructions

etc.

B Specifying pulse
Function instructions are used for specifying pulses.
When the execution condition is in the input ON mode, some instructions are used
to specify a “rise” (referred to as “pulse setting”) for the execution status. Pulses
are specified by inserting T in the instruction sheet.
See User’s Manual “Programming Instruction Words” CP-UM-1563E for informa-
tion.
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W Specifying data
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Data is specified using the source (S) and destination (D) of MX instructions as .
shown below.
(1) Specifying l/O area (X, Y) and internal contact area (L, M)

O Enter the relevant device number to specify a bit.

(Example)
XOOF XO0O0E X00D X00C X00B XO00A X009 X008 X007 X006 X005 X004 X003 X002 X001 X000

L X00A

@ Enter the first device number whose least significant digit is 0, 4, 8 or C to specify four bits.

(Example)
X0OF XOOE X00D X00C X00B X00A X009 X008 X007 X008 X005 X004 X003 X002 X001 X000

L L L T T T [T T]
L X0oC L X008 L— X004 ' L X000

® Enter the first device number whose least significant digit is 0 or 8 to specify eight bits.

(Example)
X00F XOOE X00D X00C X0OB X0D0A X009 X008 X007 X006 X005 X004 X003 X002 X001 X000

|1 [ ] ||
LX008 t—-XOOO

@ Enter the first device number whose least significant digit is 0 to specify 16 bits.

(Example)
X00F XO00E X00D X00C X00B XO00A X008 X008 X007 X006 X005 X004 X003 X002 X001 X000

L X000
® Enter the first device number whose least significant digit is 0 to specify 32 bits double-
length.
(Example)
X01F X01E X01D X01C X01B X01A X019 X018 X017 X016 X015 X014 X013 X012 X011 X010
Upper-order bits

XO0F XO0E X00D X00C XO00B X00A X009 X008 X007 X006 X005 X004 X003 X002 X001 X000

Lower-order bits
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(2) Specifying register area (R)

® Enter the relevant device number to specify 16 bits.

(Example)

R0001

L R0001

@ Enter the lower-order 16-bit device number to specify 32 bits.

{Example)

Upper-order bits
R0002

Lower-order bits
R0001:|

L RO0001

(Note) The least significant bit may be even or odd.

M Handling Precautions : ,
Data in the register area is generally handled in 16-bit units. However, as

an exception, when a register area is specified in S or D, 4-bit data transfers
(M4BT) or 8-bit data transfers (M8BT) may be handled as lower-order 4-bits

or lower-order 8-bits.




Z

M Indirect addressing
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Some instructions allow the use of the BCD value in register R as an indirect
address in an MX application instruction instcad of addressing register R itself.
This can be achieved by prefixing register R with the “@” symbol in addressing
with the loader.

(Example) MOV (data transfer) instruction

When S: X000, D: @R0000, the X000 to X00F 16-bit data item is not moved to
register RO0OO. Instead, if the RO0O0O value is a BCD value “0015”, it is moved to
register ROO1S.

X00F X000

— MOV X000, @R0000

R0O000 | “0015” RO015

(Example) BCD + (BCD addition) instruction

When S1@R0000, S2#1234, D: @R0020, the R0000 value and #1234 are not
added directly. If the RO000 value is BCD value “0030” and the value in R0020 is
*0040”, the R0030 value and #1234 are added and the result is stored in R0040.

— BCD + @R0000 + #1234 = @R0020 —l

R0000 | “0030" R0030
+
R0020 | “0040" # 1234
R0040

n Handling Precautions

® As shown in the above examples, indirect addressing can be used for several (2
or 3) registers of the same instruction. '

® When the value in register R prefixed with “@” to indicate indirect accessing
does not contain a BCD value or when the range of register R is exceeded, an
operational error flag (M90E or M90F) is set.
See the User’s Manual “Programming Instruction Words” CP-UM-1563E for
information on which instruction words allow indirect addressing.
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The MX series of controllers have the following five type of flags:

N Flags
1.
2.
3.
4.
5.
® Flag handling
[ ]
[ J

3-18

® The shift carry flag

Shift carry flag (M900)

Overflow flag (M901)

Underflow flag (M902)

Character string compare flag (M903) (MX200 only)
Operational error flag (M90E, M90F)

Flag operation

Once a flag is set, it stays ON until an instruction that affects its operation is exe-
cuted. However, the operational error latch type (M90F) stays ON when set to
ON.

Flag holding

As stated earlier, flags are turned ON or OFF during scanning. So, in order to
monitor the state using a loader, apply self-holder or breakpoints after the
instruction that affects the flag. (See Chapter 4, “Debugging” for information on
breakpoints.) :

The shift carry flag (M900) is used in the following cases.
Instruction words:

SR (shift in both directions) ® RLC (leftward rotation including carry)
SFL (left shift) ® RRC (rightward rotation including carry)
SFR (right shift) ® RL (leftward rotation)

® RR (rightward rotation)

{(Example) SFL
As shown below, when one bit is shifted leftwards, “1” is stored in the carry
(M900).

Shitt
carry
(M900)

[Zil_010°010100010110<-|3
,—10110010000010004'|

Placed in carry.

(Example) RLC
As shown below, when four bits are rotated leftwards, “0” is stored in the carry
(M900).

Shift
carry
(Mg00)

|£|—1010001001000000-—-J

‘0000‘100001000001<J

Placed in carry.
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® Overflow and underflow
An overflow flag (M901) or an underflow flag (M902) is set in the following cases:

Instruction Words When flag is set
BIN addition/subtraction When result exceeds #FFFF (see note)
E’ Double-length BIN addition/subtraction | When result exceeds #FFFFFFFF
% BIN increment When result exceeds #FFFF
% BCD addition When result exceeds 9999
3 Double-length BCD addition When result exceeds 99999999
BCD increment When result exceeds 9999
BIN addition/subtraction When result is lower than #0000
§ Double-length BIN addition/subtraction | When result is lower than #00000000
2 BIN decrement When result is lower than #0000
E BCD subtraction When result is negative
5 Double-length BCD subtraction When result is negative
BCD decrement When result is negative

E] Handling Precautions
As shown below, an overflow occurs when there are too many digits. BIN
values has a minus sign bit, so the numeric range (32767) it can handle is
not an overflow.

M901 {Decimals)
15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 ©
ofj1 1t i1 {11111 ]1 11111 ]1]1 132767
v
V V A4
Hexadecimals: 7 F F F +1

E1000000000000000:-32768

Vo
Hexadecimals: 8 0 0 0 +1

E|1000000000000001:-32767

/ :
vV V V A4 !
Hexadecimals: 8 0 0 1 1o+l
Y
IEI £ O T T T T T e e I O Y T O O O R B O | -1
,
vV vV v vV
Hexadecimals: F F F F +1
Overflow digit
8}(19'"”” oloJofojofofo]|ofojofjo|ofojofo]o| 0
J/
V V v A4
Hexadecimals: 0 0 0 0
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The same is true for underflow conditions.

M902 {Decimals)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ojofofofojojojojojojojojofofoflo] :0

J
Vo ' A4
Hexadecimals: 0 0 0 0 -1
Digit borrow \
Tttt 11111111 (11117111 -1
J
Y4 v V A4
Hexadecimals: F F F F -1
Y
IZI {11 {1{1{1j1{1{1f1p1]l1}11{1{1]o0 -2
Y, N H
NV TV "4 !
Hexadecimals: F F F E vo-1
¥
E 1lJojojo|ojojo0f{o0o]|]Oo|OjOolo|lo}lOjoOo]1 -32767
J J\.
TV Vo Vo vV
Hexadecimals: 8 0 0 1 -1

ofjof1|1y1jr 1)ttt {1|1j1|1{1]1} :32767

Hexadecimals: 7 F F F

See the User’s Manual “Programming Instruction Words” CP-UM-1563E for
information on character string compare result flags.

3-20




Chapter 3 PROGRAMMING NOTES

O e e T
® Operational error flags
The table below shows examples when error flags (M90E: unlatched flags and
MO0F: latched flags) are set.

Operational error Example

1 No BCD data can be found. « The operand of a BCD operation is not a
BCD value.

» The offset data of a data distribution
instruction or extraction instruction is not
a BCD value.

* The write data of a timer/counter set
value write or current value write
instruction is not a BCD value.

» The table specified vaiue of a data table
read instruction is not a BCD value.

« The conversion object of a double-
length BCD to BIN conversion is not a

BCD value.
2 A digit-over condition resuits when » The result of a BIN to BCD conversion
data is converted to BCD values. instruction exceeds 9998.

¢ The result of a double-length BIN to
BCD conversion instruction exceeds
99999999.

3 Division by 0 executed. « BIN division or double-length BIN
division by 0 is executed.

* BCD division or double-length BCD
division by 0 is executed.

4 The offset of the distribution « The address of distribution destination
destination, extraction source or D1 + (D2) of data instruction exceeds
storage destination data is too great. the area to which D1 belongs.

* The address of extraction source S1 +
(82) of data instruction exceeds the area
to which S1 belongs.

* The data table read instruction was
specified for an area where there was
no table.

« The storage destination D + (S2) of data
table read instruction exceeds the area
to which D belongs, and S2 is not a
constant (#).

5 Although 1 is to be raised, there isna| « A 16 to 4 encode instruction is used on

such rise. an operand that is all O's.
6 A value other than a BCD value or a | ¢ #FFFF is transferred to the register by
value outside the address range is MOV.

stored in the register when an
indirect instruction is specified.

7 A value other than a character string | * The specified data string exceeds 256.

was specified in the process of a * The result of the character string
character string processing process exceeds 256.
instruction '

© Handling Precautions
e When several operational errors occur, check the special registers
(R0904 to R0907) to locate the step where the error occurred.
e Latch type (M9OF) operational errors are reset with a table change or
forced set/reset from the loader.
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® Syntax errors

A o R R

The conditions listed in the table below cause a syntax error. This causes a syntax

error (M99A) to be set. A syntax error message is also displayed on the loader.

Such an error is detected during the program check performed at powering up or

during the loader program check.

Code

Error

Cause of Error

02

Parameter error

Incorrect parameter value (device No., constant #, constant K)

03

Device area exceeded

The device No. value exceeds the defined area.
{Example) X000 to X09F — X100
X200 to X29F — X11F
(Correct) (Wrong)

04

llegal constant #

® The value of constant # exceeds the specified number of digits.
@ A decimal point (timer values are excluded) has been set.
@ Numeric values Ato F, ato f are used.

05

lilegal constant K

® Symbols other than *-", "+" and “0 to 9" are used in a K value.

@ The value of a double-length instruction -2747483648 <to <
2147483647.

@ The value of K (other than double-length instruction) -32768 <to <
32767,

06

Same area error

The parameter value is not the same area.

® The D1 and D2 values of DCPY (FUNQ7), SR (FUNB0), SFL (FUN61)
SFR (FUNB62), RCL (FUNB3), RRC (FUNG4), RL (FUNG5) and RR
(FUNGBB) are in the same area, and D1 must be equal to or less than
D2.

® General-purpose Y output (YOO to YO90) and OP 1/O output (Y200 to
Y290) are in different areas. Register R (RO000 to R0499) and
output register (RO600 to R0619) are also in different areas.

@ S1and S2 of BMOV (01) are in the same area, and S1 must be
equal to or less than S2.

® General-purpose X output (X00 to X090) and OP 1/O input (X200 to
X290) are in different areas. General-purpose Y input and OP I/O
input are in different areas, too.

® Register R (RO000 to R0499) and input register (RO600 to R0619)
are in different areas.

® Only register (RO000 to R0499) can use indirect addressing which is
assumed to be in the same area as register (R0000 to R0499).
When indirect addressing is used for S1 and S2, an S1 € S2 check
is not performed.

07

Parameter area exceeded

- Parameter values (device No., constant #, constant K) exceed the set

area.

® BMOV (FUNO1) is exceeded
The number of D words exceed the S2 - S1 + 1 word value of
device set in D.

(Example) BMOV ~ S1:X0009-0 + 1 = 10 words
(FUNO1) S2: X090
D: R498498 + 9 > 499 (error)

@ Words (n + 1)/2 + 1 (all decimals are rounded off) were added to a
device specified in STB (FUNO08) area over S and the area was
exceeded.

(Example) STB n: #11 - (11-1)/2 = 6 words
(FUNO8) S: X080
D: Y000 — 8 + 5 = 13 > 9 (error)

12

Multiple defective outputs

Several output instructions (OUT, MOV, CALL, etc.) were issued after a
CALL and LIB instruction. (This occurs because the line logic after a
CALL instruction is the value of the corresponding RET value. The line
logic after execution of a LIB instruction becomes undefined
depending on the content of the library.)

20

Undefined instruction

An undefined instruction was found in the program.
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Code Error Cause of Error

21 Circuit error The following errors occurred on the circuit block.

® The total of ANB, ORB plus 1 does not match the total of LD,
LDNOT, LD compare and DLD compare.

@ The total of LD, LDNOT, LD compare and DLD compare exceeds 8.

® |ninternal processing of LD, LDNQOT, LD compare and DLD
compare, the internal count is +1; with ANB and ORB the internal
count is -1. When the internal count is more than 9 or less than 0, an
error has occurred.

® There is an ORB or ANB instruction following an output instruction.
(Note) Output instructions: OUT, TMR, CNT, INV (FUN22), LPS

(FUN34), LRD (FUN35) and LPP (FUN36)

@ There is an output instruction immediately after JPE (FUN33), RBP
(FUN41), SBR (FUN43) and RET (FUN44).
However, an output instruction is allowed immediately after MCR
(FUN31), JPE (FUN33), RBP (FUN41), BSR (FUN43), RET (FUN44)
and END (FUN40)

® There is no LD instruction at all in front of an output instruction.
However, this is possible with MCR (FUN31), JPE (FUN33), RBP
(FUN41), BSR (FUN43), RET (FUN44) and END (FUN40).

22 | CALL, SBR, RET error ® There is no SBR (FUN43) having the No. called by CALL (FUN42).

@ There is no RET (FUN44) having the same No. as an SBR (FUN43),

® There are CALL (FUN42) instructions having the same Nos. as SBR
(FUN43) and RET (FUN44),

@ There is no RBP (FUN41) or RET (FUN44) immediately before SBR
(FUN43).

23 | MC, MCR error ® There is no MC (FUN30) No. corresponding to MCR (FUN31).
@ There is no MCR (FUN31) having a No. of #n or less between MC
(FUN3O0) #n and END (FUN40).

24 JMP, JPE error There is.no JPE (FUN33) with the same No. as JMP (FUN32).

25 Mutti-input instruction error @ The total number of LD, LDNOT, LD compare and DLD compare
output instructions preceding a multi-input instruction (see note 1)
does not match the total number of ANB and ORB instructions. This
condition is the cause of the error.

2 inputs: The total number of LD, LDNOT and other instructions must
equal 2 + (the total number of ANB and ORB instructions).

3 inputs: The total number of LD, LDNOT and other instructions must
equal 3 + (the total number of ANB and ORB instructions).

4 inputs: The total number of LD, LDNOT and other instructions must
equal 4 + (the total number of ANB and ORB instructions).

(Note 1) Multi-input instructions are instructions that are used for

entering inputs other than execution conditions such as
counter and shift.
2 inputs: CNT, STM (FUN25)
3 inputs: UDC (FUN26), DUDC (FUN28)
4 inputs; SR (FUN40)
@ There is an output instruction foliowing the multi-input instruction.

26 | STOP instruction error There is no LD or LDNOT input immediately before the STOP (FUN94)
instruction,
27 | LPS, LRD, LPP error ® LPS (FUN34) count is not equal to LPP (FUN36) count in a block.
@ There is no output instruction before an LRD (FUN35) or LPP
(FUN38).

® The LPS (FUN34) count in a block exceeds 32.
30 | Timer and counter using the | The same No. is used by the timer and counter instructions.

same number Timer instruction:  TMR, STM (FUN25)
Counter instruction; CNT and UDC (FUN26), DCNT (FUN27), DUDC
(FUN28)

(Note 2) DCNT {(FUN27) and DUDC (FUN28)} occupy specified
devices and specified devices plus 1.

31 JPE duplicated There are two or more JPEs (FUN33) having the same No.
32 | SBR duplicated There are two or more SBRs (FUN43) having the same No.
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Code Error Cause of Error
33 | Pulse specification More than 2000 pulse instructions are used.
exceeded Pulse instructions
® P S[T] (FUN20) ® P S[{] (FUN21)
® STB (FUN08) ® SR (FUNG0)
® Function instructions using pulse options
34 DTBL instruction The instruction immediately preceding the DTBL instruction (FUN98) is
(MX100, MX30) not an END instruction (FUN40).
(An error is also caused if it is preceded by a NOT instruction.)
The set value n {(number of data items) does not meet the following
requirement:
2n < (total byte count) - (used byte count including this instruction + 2)
35 | RTBL instruction error ® Although the RTBL instruction (FUN99) is used, the DTBL instruction
(FUN98) has not been written.
@ The DTBL instruction caused an error.
® When the S1 constant is used, the set count in the DTBL instruction
(FUNO98) does not meet the following requirement: n 2 S1 + 1
@ When the S1 and S2 constants are used, the set count in the DTBL
instruction (FUN98) does not meet the following requirement: n = S1
+ 82

M Handling Precautions

e Multi-input instructions are instructions such as counter and shift that are
used for entering inputs other than execution conditions.
2 inputs: CNT, STM (FUN25)

" 3inputs: UDC (FUN26), DUDC (FUN28)

4 inputs: SR (FUN40)

® When two or more operational errors occur, special registers (R0904 —
R0907) store data identifying which step the error occurred.

o When a latch type (MQOF) is reset to clear an operational error by chang-
ing operation modes (—> STOP - RUN) or loader opel:ation (table opera-
tion or forced set/reset).

The following conditions do not produce an error but an alarm. When they occur,
the program cannot be transferred to an MX controller or to disk.

Code Error Cause of Error
40 Duplicated coil used Y, M and L having the same number are used in the output instruction
(OUT), PLS[T] (FUN20), PLF[{] (FUN21), SET (FUN23) and RST
(FUN24)
41 No JMP to JPE . There is no JMP (FUN32) having the same number as in JPE (FUN33).
42 | No CALL to SBR There is no CALL instruction (FUN42) having the same number as in
(MX100, MX30) SBR (FUN43).
43 No END instruction There is no END instruction (FUN40Q) in the program.
(MX100, MX30)
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Programs often do not run as intended when they have been written. This is often caused by an incorrect under-
standing or the setting of instruction words, errors in programming sequence and other errors that are referred to as
“bugs”. “Debugging” is the process of removing these bugs to enable the program to run smoothly.

The MX series of controllers are provided with the following functions to allow
efficient debugging:

® Functions for observing internal data
® Functions for manipulating the program execution process
® Functions for directly changing internal data from outside

® Functions for observing internal data

® Hot-line monitor

® Multi-point monitor .
These functions are ideal for monitoring ON and OFF conditions of “contacts”,
“coils” and other relay image devices. These monitors allow you to execute the
program from the first step to the END instruction as the internal data is read
out, and to check the result of execution.

¢ Time chart display
This is a chart displaying time series changes of bit data.

@ Functions for directly changing internal data from outside
® Data changes
® TForced setting/forced resetting
These functions allow you to change the data in the user program from outside
without having to operate the program itself which greatly facilitates the debug-
ging process.

® Functions for manipulating the program execution

® Breakpoints

® Step execution
You must be able to monitor the result produced after the execution of an
instruction in programs that repeatedly operate on data in several data registers
to be able to judge whether the program is operating normally. To make this pos-
sible, the program is executed in separate steps which allow you to monitor the
result produced by execution.
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W Forced setting, resetting and data changing _
The MX series of controllers are provided with the following two ways of changing
a device table. Both operations are performed on the loader.

® Forced setting and resetting

® Data change

@ Forced setting and resetting
The states of the device table can be forcibly set or reset before the user program is
executed. For example, if a forced Y001 setting is made, the program is set to ON
before the execution of the next scan program even if the user program is OFF.

® Data changes

[

Forced Setting, Resetting and Data Changing

Like forced setting and resetting, the states of the device table can be forcibly
changed. For example, even if Y0O1 is set to ON as a result of a table change, the
program stops at the next scan if an OFF condition is set in the user program.

T

/O refresh

l

(Data change)

l

Forced processing

l

User program
execution

l

Communication
processing

B

H Handling Precautions

® Forced setting, resetting and table changes can be set in the device table
before execution. As a result, the result of the user program may not
match the result produced by the forced result.

o Communication processing and table changes are processed off-line.

(See figure above.)

)

Forced setting or
reset from loader

B

/O refresh

!

Data change

l

(Forced processing)

l

User program
execution

!

Communication
processing

Data change
request from
the loader

]
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Breakpoints allow you to interrupt (break) a program when execution reaches a preset instruction step (the break-

point), and monitor the result of execution p'roduced at that point. This speeds up debugging of programs that per-

form a great number of data operations. A total of 16 breakpoints can be inserted in a program.

The conditions set at each breakpoint to stop the program can be set separately. The table on the following page

describes break conditions.

(Example)

When a program does not operate as intended, the instruction words that are used to

operate a device are called up and their changes are traced using the following pro-

cedure.

)

—/

BP

Instruction —

o
U

)

/

(O]
@

®

@

Set the controller to the TEST mode.

Insert a breakpoint before the
instruction word whose operation is
to be checked.

Make a monitor setting for the target
device.

Set the execution (RUN) mode and
specify start.

Execution stops when the program
reaches the instruction with the
breakpoint. The device data at this
time are the values immediately
before execution of the instruction.

Restart execution by specifying
continue.

® The program now stops (breaks)

immediately after executing the
instruction with the breakpoint. The
device data at this point is the result
of executing the instruction.

Check the data immediately before
and after execution of the instruction
to make sure that the intended
process is taking place.

This procedure allows to check operation of a selected part of a program that runs

erratically and identify the bugs (program errors) in them.

4-3
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The table below lists the nine break conditions. Set one of the following conditions.

Break condition Description
® | Normal break User program execution is stopped at positions where
processing breakpoints have been inserted.
@ | Line logic ON When the user program reaches the breakpoint, the line
logic turns ON and break processing starts.
® | Line logic OFF When the user program reaches the breakpoint, the line
logic turns OFF and break processing starts.
® | Linelogic OFF - ON - | When the user program reaches the breakpoint, the line
logic turns from OFF to ON and break processing starts.
® | Line logic ON — OFF When the user program reaches the breakpoint, the line
logic turns from ON to OFF and break processing starts.
® | Operational error 1 When the user program reaches the breakpoint, break
(MOOE) is ON processing starts if operation error 1 (M30E) is ON.
@ | Shift carry (M900) is ON | When the user program reaches the breakpoint, break
processing starts if shift carry (M900) is ON.
Overflow flag (M901)is | When the user program reaches the breakpoint, break
ON processing starts if the overfiow flag (M301) is ON.
® | Underflow flag (M902) is| When the user program reaches the breakpoint, break
ON processing starts if the underflow flag (M902) is ON.
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This function is used to exccute a program in instruction steps.

Step execution is used after program execution is stopped at a breakpoint, and enables detailed analysis of operation
results.

Step execution allows 300 steps to be set at two locations or a total of 600 steps.

Step execution is performed as follows:

Set the controller to the TEST mode.

Specify step execution at the start of a
program step range you want to check.
Make monitor setting for device that is
to be observed.

Set step execution to “enable”.

Set the controller to the execution
(RUN) mode and specify start.
Execution stops (breaks) at the start of
step where step execution was set. The
300 Steps Step operation device data at this point are the values
of the instruction indicated by the cursor
before execution.

Restart execution by specifying
continue.

The instruction word indicated by the

Step 0

®@ ©®©6 6 06

o OO

)

]} () cursor is executed and then execution
N\ stops. The cursor now indicates the
300 Steps §
P next instruction to be executed. The
m I 2 device data at this point is the result of
_/ ot y execution of the instruction in step ®.
' 7\ ep operation ® Steps @ and ® are repeated.
' N
' : )
& N\
END

n, m: destination step

This procedure allows to check operation of a selected range part of a pro-
gram that runs erratically and identify the bugs (program errors) in them.

™ Handling Precautions
Care is required in inserting breakpoints and performing step execution.
e No outputs are updated to the output module during break operation. An
update is made when the END instruction is executed.
e Inputs from input modules are accepted during break processing.

4-5
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5-1 Processor Module Conf|gurat|on

R S G

R MX200

D Personal computer loader

(host communication)

ASCII communication
RS-232C/RS-485

ﬂ ﬂns-zazo
Vv

AV AV [

—> | omL

A 4

AV| AV

Y ) Up to 5 units
Main 1/0 data transactions Sub- OP 10
cPU - cru 14
RS-485
______________________________ -
System 1o leotl work ; [> L
] orking ' <r'__""—")
ROM Ho RAM 5 <] g
~i| PRAM | EEPROMor | il
_ . = Modules
> |-
> Up to 8 units -
<»| Compile
RAM

LD
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N MX100

[EEESS )
. .

RS-232C

Handy loader

D R T L TS S B s

Personal computer loader
(host communication)

LB

System

ROM

Sub-
CPU

I/0 data transactions
chU D -

~>i | Working

: RAM
! PRAM Memory card

! or EPROM
<] Compile

RAM

OP /O
Up to § units

[
l

:_J‘> Modules
> Up to 8 units
-

\/7
|
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|

ASCIl communication
RS-232C/RS-485

Personal computer loader
(host communication)

RS-232C

&
AV

A
Y

Up to 5 units

Sub-
CPU

System
ROM

A
|
Main I/O data transactions
CPU >
|1 Working
: RAM
<_> PRAM EPROM
<«»]| Compile
RAM

AV  |AV

ATV
J

Expansion boards

. s> > Up to 4 boards

-

\
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M MX30/MX20

RS-232C e |

R B 8 P e s

Personal computer loader
(host communication)

Handy loader

Main | >
cPU < —> | csL
* Registered only on MX30.
System Ly lestl  Workin i
H g :
ROM : RAM .
4_»' PRAM EPROM :
e k
<] Compile
RAM
Device Description

Main CPU This is the main CPU. This CPU is in charge of overall control of the processor module. It
conducts 1/O transactions with the sub-CPU and handles self diagnosis, program execution
and peripheral services for ASCIlI communication.

Sub-CPU This CPU controls I/O transactions between CBL, I/O modules and operator's 1/O terminals.
It also provides the main CPU with data of its operations and diagnoses key inputs, 1/O bus
checks, etc.

Working RAM Stores the device table data.

(The latch relay, timer/counter and register data are stored in registers that are battery
backed up to ensure that it lasts through a power failure.)

PRAM This RAM memory (31 K) stores user program source code.

User programs from personal loaders, handy loaders* and PROM cards are written to this
memory as source code.

Compile RAM PRAM compiles stored user program source code i.e. converts it to machine language
(object code) and stores it in this form.
The CPU reads user programs stored in the compile RAM during execution to fetch
required machine code data.
This ensures speedy processing.

System ROM This system ROM is used for self diagnosis.

* Only for MX100/MX30/MX20.
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5-2 Processor Module Operation

B Operation flow

[Main CPU] [Sub-CPU]

Power up or reset

, Y

Initial diagnosis Ity Synchronized =--------- > Initial diagnosis
\ q Error
Device table initialized Check of /0
l ] installation

No

PROM equipped?

Self diagnosis of
slot 11O

PROM transfer NO Data input rzTOP
] quest
possible? l
Operator's /O
control
PROM check and data read
r :
CBL control
Data check and syntax check of -
user program RAM Not on MX20
l ‘ Status display
control
Program compilation l

Request for

Error handshake?

Self diagnosis check

Normal
D .
Peripheral service (To STOP mode) 2t ransacton
STOP, TEST and i
PROG modes
Data output
NO
RUN mode \LJ/
YES

Data transactions with Sub-CPU /0 data, alarm and

error data transactions

y

- (Note) « Self diagnosis is carried out successively.
E t f
xeet 'ﬁ,ljzc?iiLZ;"gram * The MX30/MX20 does not have a sub-CPU and must
T perform the tasks of the sub-CPU using one CPU.
+ The MX100 does not support CBL processing.
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W Main CPU operations

1. Initial diagnosis

The CPU performs a ROM sumcheck and a read and write test of RAM.

2. Initialization of device table

The CPU checks the status of the device table when the MX controller is pow-
ered up or when the operation mode is changed from STOP to RUN/TEST
modes.

Devise state

Device Master (MX200) Slave (MX100, OP, ST100, etc.) |
Used Not used Used Not used
MQOOO to X19F Clear - Input data Clear (no moduie) Clear — Input data Clear (no module)
X X200 to X29F Clear - Input data Clear (no module) Clear — Master data from Clear (no module)
X200 to 21F ‘
Y000 to Y19F Clear Clear — Can be used as Clear Clear — Can be used as
M contact M contact
Y Y200 to Y29F Clear Clear — Can be used as Clear Clear — Can be used as
M contact M contact
MO00O0 to M89F
T/C contact Clear
1000 to L49F
RO000 to R0499 Hold
R1000 to R4999
Current T/C value Cleared when used with a TMR instruction.
T/C contact Held when used with CNT, STM, UDC, DCNT and DUDC instructions.
RO500 to RO519 Hold — Input data Hold Hold — Input data Hold

R0600 to R0619

Clear — Input data

Clear — When used as
general-purpose
register

Clear — When used as
general-purpose
register

Clear — Input data

*

PO050 to P3199

Hold — PC link for
remote |/O data

Hold — When used as
general-purpose
register

Hold — PC link for
remote 1/O data

Hold — When used as
general-purpose
register

P0000 to PO049 is CBL network data and P3800 to P3999 is mail communication
setting data.

See Chapter 2, “Device Table and I/0 Assignment” for information on device
tables.

. Check of user program (RAM)

A sumcheck of the user program is performed, and a program damage error
(M999) is generated if an error is found.

. Program check

Users programs undergo a syntax check before they are compiled. If a syntax
error is found, the syntax error flag (M99A) is set and the program is not com-
piled.

. Program compile

Compiling turns the user program into machine code which normally takes
about 2 seconds.

. Self diagnosis check

The result of the self diagnosis determines the operation mode.




B Sub-CPU operations
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. Peripheral service

Data transactions are performed between the loader (Handy Loader or personal
computer loader) or a host computer.

. Data transactions with the sub-CPU

I/O, alarms and error data is passed between the main and sub-CPU.

Initial diagnosis
The sub-CPU performs a ROM sumcheck and a read and write test of RAM.

. Registered I/O check

The sub-CPU compares registered I/O modules and opefator’s ¥/O information
with registered I/O modules and operator’s /O data. A verification error is out-
put if they do not match.

. Slot I/O self diagnosis

The sub-CPU issues a STOP request if a slot I/O self diagnosis discovers an
erTor.

. Data input

The sub-CPU fetches data from input modules.

. Control of operator’s I/O

The sub-CPU controls data transactions with operator’s I/O.

. Status display control

The sub-CPU outputs a status display on the front panel of the processor mod-
ule. '

. Data output

The sub-CPU outputs data to output modules.

5-7
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M Ladder processing flow
® Internal flow

(Example) User program

Source code Obiject code
X000 MO000 Y000 LD X000 Machine
I 11 language
' N / OR | Y000 ,
Y000 Compile
I = AND | M00O -
X001
— F—————— FUN n OUT | Y000
PRAM Compile RAM
END ( ) (Comp )

X000

Line /\ Device table

Logic memory {x000 to X09F

Mounted /O modules

170

II] Y000 to YOOF | ™ [> B 0O
<1H —5 0
\/ * /O refresh
Y000 ROS500 onwards
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® Process flow

X000 is extracted
Y LD X000

Stored in line logic memory

e
~

Line logic = 1

OR Y000

Y000 is extracted

Y

Stored in line logic memory

/ \

YES
Line logic=0

NO AND  MO000

MO0QO is extracted

1

Stored in line logic memory

/' \

Line logic = 1

OUT Yoo0

Y0001 Y000+0
I= ' -

X000 is extracted

1

Stored in line logic memory

NO

Line logic =1

Conditions for branching to
subroutine set

|

Jump to FUN-n sub-routine

Y

FUN-n equivalent executed

f<

END
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5-3 Scan Time and Response Time
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M Scan time
The scan time is the sum of the times required for @ execution of peripheral ser-
vices, @ data transactions with the sub-CPU, and ® execution of the user program.

0]

Y

A
@)

¥
User program execution ®

LD X000 Estimate of instruction processing time
AND MO000
END

]

(® Peripheral service execution:
This is the time taken to perform data transactions between the loader (personal
computer or Handy Loader) or host computer.

@ Data transactions with sub-CPU:
This is the time taken to perform data transactions between the sub-CPU and
registered I/O modules, operator’s /O and alarm and other data.

® User program execution:
This is the time taken to process each instruction word.

@ Update frequency of registered 1/0 module data
The sub-CPU continues to enter data in the registered I/O modules until the main
CPU issues a handshake request. The data that the main CPU fetches from the sub-
CPU is the latest data.

® ® ) |
+— i |

f i
Sub-CPU }

f
i A
Registered /O] T l 1 T T ..... l T l l .....

modules | =
Scan time

Main CPU E
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® Update frequency of operator’s I/0 data

Chapter 5 CONFIGURING AND OPERATING PROCESSOR MODULES

Operator’s I/O data is not input or output with the same frequency as data from reg-
istered I/O modules. As shown in the diagram below, the sub-CPU inputs and out-
puts data to and receives data from the operator’s I/O once every several scans.
When data from all connected operator’s I/0 modules is fetched, the sub-CPU
issues a handshake request to the main CPU and passes all address data to the main
CPU while it receives the data of all addresses that should be output.

| | i i ! ! ! ! { !
1 I { 1

Output data for T Input data for
address 1to 5 address 1to 5

Main CPU

Sub-CPU

N

Operators O and aggress 1 Address2 Address3  Address4  Address5 Address 1 Address 2
other modules |

(When 5 units |
are connected.) l

- Update frequency of |
i operator's 1/O and other data {

(Notes) = Update cycles are reflected in special contact M929,
» The MX30 and MX20 does not have an OP link function.
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@ How to Estimate Scan Time for MX200
' The scan time is the sum of the following:

@ peripheral service time + @ data transactions with the sub-CPU + @ user pro-
gram execution

(Scan time estimate)

The minimum scan time for the MX200 depends on whether or not CBL is used,
operation methods and I/O configuration.

The following graph shows the relationship between program size and scan time
(reference value).

100 —

Scan time [ms)

| | ] ] ] I ] | ] I
O 500 1000 2000 3000 4000 5000 6000 7000 8000 000 10000

Program capacity {step]
Factors that affect scan time

® No CBL but DI/O
Input module :32INXx3,64INX1
Output module :320UT x 3,64 0UT x 1
® No CBL, but DI/O and special module
Input module :32INx1,64INx1
Output module :320UTx1,640UTx1
Special module (IN/OUT) : Al (4w/2w), AO (2w/2w), HSC (3w/3w),
PPM (6w/6w)
® CBL and DI/O
CBL : Five MX200 modules operating in dual mode; PC
link execution
Input module :32INx3,64 INX1
Output module :320UTx 3,640UTx 1
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@ CBL, DI/O and special module

CBL : Five MX200 modules operating in dual mode;
PC link execution

Input module :32INx1,64INx 1

Output module :320UTx1,640UTx 1

Special module (IN/OUT) : Al (4w/2w), AO (2w/2w), HSC (3w/3w),
PPM (6w/6w)

® to @ shared conditions
® The ladder program uses a combination of the following ten instructions
(1 instruction takes an average of 9 uS):
Contact instruction 4
Output instruction 2
Compare instruction 1
BCD addition (F-10) 1
BIN subtraction (F-71) 1
8-word block transfer 1
@ The loader is used for monitoring multi-contacts.
® Data is changed according to the ASCII connector loader settings.
® No OP link
® Calculate maximum scan time.

@ Notes on estimating scan time
® When a jump instruction is executed, the area of the program that is bypassed is
not executed, but the scan time can be shortened proportional to the size of the
skipped area. Master control instructions, on the other hand, execute the pro-
gram between MC and MCR which means that the scan time does not change.

® The execution of instructions (ISS and IOS) that refresh I/O in a user program
lengthens the scan time by 2 to 3 msec per instruction.

@ Monitoring scan times
® The scan time is managed by a watchdog timer. When the scan time exceeds the
value set in the watchdog timer, a scan time-out (M998) is generated. The pro-
gram then enters the STOP mode. The initial value set in the watchdog timer is
100 ms. This can be changed with the watchdog timer refresh WDT instruction.
Execute this instruction regularly.

® The MIN., LAST and MAX. scan time values are stored in the R0900 to R0902
special registers

® When the processor module is in the STOP mode, the value indicated by special
register RO901 is the sub-CPU scan time.
This value indicates the minimum (=0) scan that is required by any step.
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W 1/O response time
When there is a change in an external input signal, the time it takes from when the
signal is output until a result is produced on the output terminal is referred to as the
I/O response time.
@ Minimum value: When the sub-CPU fetches a registered 1/O module change
immediately before a data transaction with the main CPU.
® Maximum value: When the sub-CPU fetches a registered /O module change
immediately after a data transaction with the main CPU.

® Minimum scan time:
I/O response time is the sum of (input module response time) + 1 scan + (output
module response time).

Output module |

Registered I/O module ~—] delay“
Input module
delay
Sub-CPU
Main CPU : ]'
Peripheral | Data trans- | Program | Peripheral | Data trans- Program
service actions with | execution | service actions with | execution
sub-CPU sub-CPU
j~——— 1 Scan time >| 1 Scan timg ————]

® Maximum scan time:

I/O response time is the sum of (input module response time) + 2 scans + (output
module response time).

Output module
delay

Registered 1/O module |«
Input module
delay
Sub-CPU
Main CPU 1 }
Peripheral | Data trans- | Program | Peripheral { Data trans- Program | Periphéral | Data trans-
service actions with | execution | service actions with | execution | service actions with
sub-CPU sub-CPU sub-CPU
J¢———— 1 Scan time _ 1 Scan time —————»]
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