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1.1 GENERAL 

SECTION 1 
INTROOUCTION 

The 684 Programmable Controller (PC) (Figure 
1-1), a solid-state device, is designed to 
perform logical decision making for industrial 
control applications. The PC is commonly used as 
a direct replacement for relays or solid-state 
electronics in an industrial environment. 
Features of the PC include the following: 

Solid-state device for maximum reliability. 

Operates in hostile industrial environment 
(i.e. heat, electrical transients, EMI, 
vibration, etc.) without fans, air 
conditioning, or electrical filtering. 

Programmed with a simple relay ladder 
diagram language. 

Easily reprogrammable with a portable CRT 
programming panel, when requirements change. 

Reusable if PC no longer required for 
original application. 

Indicator lights located at major diagnostic 
points to simplify troubleshooting. 

Easy maintenance, based upon module 
replacement, insuring minimum downtime and 
maximum production. 

The 684 Controller is one of the finest examples 
of PC technology available today. It is designed 
to replace control systems that previously 
required 40-400 relays. Some of the numerous 
advantages in addition to all the above features 
include: 

Low cost - MOOICON 684 Controller is more 
cost effective than installed relays. 

Smaller cabinet size and floor space 
requirement. 

Fast scan rate - 20 milliseconds (typical). 

Expanoable 1/0 with eight point modules. 

Easy field wiring installation, intermixing 
any 1/0 type within a single housing. 
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1.2 PROCESSOR 

Retentive memory for logic and timer/counter 
values. 

Real-Time, on-line programming for maximum 
flexibility. 

A typical programmable controller can be divided 
into three components as shown in Figure 1-2. 
These components are the Processor, Power Supply, 
and Input/Output (I/O) Sections. 

684 
MAINFRAME 

't--1~+-7 8620 I/O 
HOUSING 

Figure 1-1. Typical 684 Controller 
System 
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IPROGRAMMING 
I DEVICE ~ f-'> PROCESSOR I/O 
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EXPANDER 
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USER'S 
EQUIPMENT 
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USER FIELD 

POWER WIRING 
SUPPLY 

Figure 1-2. System 810ck Diagram 

The processor can be thought of as the system's 
brain. It is a completely solid-state device 
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designed to replace relays and timer/counters. 
It also simulates stepper switches and provides 
numerous computational capabilities. The 
processor is programmed using a relay ladder 
diagram symbology with up to ten relay contacts 
per rung. 

Consisting of a Central Processing Unit (CPU) and 
memory board, the processor operates on DC power 
provided by a power supply. This internal DC 
power routes through the processor to also 
operate the I/O modules within the I/O sections. 

Once the ladder diagram program is entered into 
the processor, it remains intact until 
deliberately changed by the user with one of the 
programming devices. The program is unaltered in 
the event of power failure or power off 
conditions. 

The Processor provides an access port for 
entering data and instruction and for monitoring 
previously entered information. The most common 
method for entering data or programs through this 
port is with the P180 CRT Programming Panel (see 
Figure 1-3 and Appendix A). Other devices that 
could also be connected to the port include any 
of the following: A P190 multi-family 
programming panel, a P464 Monitor, a J470 EIA 
interface, or a tape cassette program loader such 
as the L206 Universal Tape Loader (see Appendix 
B) • 

Figure 1-3. P180 Programming 
Panel 
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1.3 POWER SUPPLY 
The Power Supply is mounted inside the cover on 
the left side of the Processor and operates on 
115/220 VAC, 50 or 60 Hz interchangeably. 
Adjustments or maintenance are not required. An 
indicator lamp (POWER) is provided to show 
operational power-ready status. No external 
cooling is required; however, free air 
circulation should be provided. The Power Supply 
has sufficient capacity to operate the Processor, 
as well as 128 input points and 128 output 
points. An Expander Power Supply is used to 
extend the controller's capability to 256 
inputs/256 outputs. 

1.4 INPUT/OUTPUT SECTION 
A major characteristic of the MODICON 684 
Programmable Controller is that input and output 
control devices are directly connected to the 
controller. User wiring to and from the 
controller is provided through I/O housings, each 
of which is designed to contain eight I/O 
modules. Each module generally contains eight 
circuits, either input or output. 

A wide variety of I/O modules are offered, 
designed either to be output driving or input 
handling circuits. Appendix C contains 
specifications for the various modules that are 
available. Once inserted, electrical contact is 
automatically made through plated spring 
connectors. I/O modules can be removed and 
replaced without removing power from either the 
field devices or internal logic; there is no 
requirement to shut the system down to replace 
I/O modules. 

NOTE: When an input or output module is removed, 
all eight circuits on the module will be 
disconnected. 

All input and output circuits are individually 
isolated with optical couplers to prevent 
transients on the field wiring from affecting the 
internal logic. Periodic maintenance is not 
required. Indicators are provided on each module 
to indicate the field power status and output 
fuse condition. Modules can be intermixed within 
each housing regardless of their type (input or 
output) or voltage level. 

Table 1-1 provides a summary of 684 Controller 
specifications. 
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1.5 P180 CRT PROGRAMMING PANELS 
The standard device used to program the 684 
Controller is the model P180 CRT Programmer, 
shown in Figure 1-3. This unit incorporates a 
125 mm CRT enclosed in a rugged case, which is 
easily moved to the work site where the 
controller is located. The entire unit is 
ideally suited for an industrial environment; it 
is designed to operate in locations where 
electromagnetic noise, high temperature, 
humidity, mechanical shock, etc. are prevalent. 

The P180 CRT connects directly to the 684 
Controller and provides a simple method to 
program the Processor by a ladder diagram. The 
"language" used to program the controller is a 
familiar relay symbology; there are no 
requirements to learn a complex programming 
language. In addition, the CRT also allows rapid 
and easy system checkout and maintenance. 

The 684 may also be programmed by the P190 CRT 
Programming Panel. The P190 connects to the 684 
through the J470 EIA adapter. It features a 225 
mm CRT and a built-in cassette tape mechanism. 
By using different tapes, the P190 may also be 
used in conjunction with other MODICON 
Programmable Controllers, including the 184, 384, 
484, and 584. The tape drive also makes the P190 
capable of storing on tape logic programs taken 
from the 684's memory, which can be saved and 
reloaded into the controller should the original 
program be damaged. 

1.6 OTHER PERIPHERALS 
Standard MODICON support units, other than the 
CRT Programmers, are available for use with the 
684 Controller. These units provide a wide 
variety of support functions. Included in this 
group of support equipment are the following: 

The L206 Program Loader for local recording 
of the user's program. 

The P464 Monitor, which is a system 
debugging and troubleshooting aid. 

The J671 I/O Expander. 

The J470 Computer Interface 

For details on the use and capabilities of these 
peripheral units, see Appendices A and B. 
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Table 1-1. Basic 684 Controller Specifications 

Power Requirements: 98 - 132 VAC or 187-253 VAC, 
47/63 Hz, 150 Volt-amps (max) 
3 amp peak start-up transient 
(2 amp. on 220 V) 

Environmental Requirement: 

Ambient Temperature OOC to SooC 

Humidity S% to 95% (non-condensing) 

Dimensions (W x H x 0): 

Processor (w/Power Supply) 478.5mm x 442mm x 280mm 

I/O Housing 478.5mm x 221mm x 280mm 

Weight: 

Processor (w/Power Supply) 15 kg 

I/O Module 0.3 kg (Input Module) 
0.7 kg (Output Module) 

I/O Housing (w/o Modules) 4.4 kg 

Controls & Indicators: 

CPU RUN light 
POWER ON light 
BATTERY OK light 

I/O Modules (Discrete) Circuit Status 
Blown Fuse (outputs only) 
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2.1 SYSTEM REQUIREMENTS 

SECTION 2 
CONFIGURATION 

Each 684 Programmable Controller system requires 
a Processor (with Power Supply), several 110 
housings and a variable number of 110 modules. 
The Processor's memory size is 2048, 4096, 8192 
words, depending on model number. 

2.1.1 Battery Considerations for Memory Protection 
The memory utilized with the 684 Controller is 
CMOS semi-conductor memory with battery backup. 
The controller is shipped with two alkaline 
batteries. As long as AC power is maintained, 
each battery or both can be removed and replaced 
without disturbing the memory while the system is 
operating. 

Advanced electronic technology allows the 
batteries to support the memory without 
unreliable and expensive battery charging 
circuitry. The alkaline batteries can support 
the memory in its worst configuration and 
environment for more than 12 months without 
application of AC power. The batteries do not 
support the memory when AC power is available, 
allowing the power supply to provide the required 
DC voltages. It is recommended that these 
batteries be replaced occasionally, "but not more 
frequently than once every 12 months. The 
batteries are only designed to maintain the 
controller's memory, not to continue system 
operation. External AC power must be provided 
for system operation. The batteries have a shelf 
life of four years. 

2.1.2 InputlOutput Considerations 
The 684 Controller communicates to a maximum of 
128 input points and 128 output points. These 
are separate limitations; inputs cannot be traded 
for outputs nor can outputs be traded for 
inputs. This represents one channel of 110. A 
second channel of discrete 110 can be added to 
the controller by using the J671 110 Expander. 
Thus, the maximum discrete 110 is two channels, 
total 256 inputs and 256 outputs. A 684 110 
channel is defined simply as a subdivision 
representing 50 percent of the total 110 
capability. 

NOTE: In addition to Discrete 110, the 684 
Controller can support up to 32 input and 
32 output registers. See Section 3. 
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The I/O modules include the specific circuitry 
required to convert the various field voltages to 
signal levels compatible with the Processor. 
Oiscrete I/O modules are either totally input or 
totally output with eight circuits on each module 
(see Figure 2-1): Register or analog modules may 
contain different numbers of circuits. Combining 
inputs and outputs in one discrete module is NOT 
possible. 

Figure 2-1. Typical I/O Modules 

The I/O modules are installed into housings with 
each housing capable of receiving up to eight I/O 
modules of any type. Normally, four housings are 
connected together to form a complete channel of 
discrete I/O (up to 128 inputs and 128 outputs), 
which allows up to 16 input modules and 16 output 
modules to be installed in each channel. Figure 
2-2 displays a sample 684 system. 

NOTE: Certain terms such as I/O, channel, etc., 
are being defined and will be used 
throughout this manual relative to the 
controller. Appendix D summarizes unique 
terms and their definitions. 
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2.2 HARDWARE CONFIGURATION 

2.2.1 System 
Figure 2-2 displays a typical system layout. 
Figure 2-3 shows mounting dimensions for all major 
components. For proper heat flow, all units must 
be oriented vertically. 

(LEFT SIDE VIEW) 

290 _ 

(OVERALL) 

,--, 

/ 

\ 
f- KNURLED 

THUMBSCREWS 

1 
4-

-
TRAY FOR 
FIELD 
WIRING 
(FOUR SHOWN) 

/ 
-

-

-

-

-

"' <t 

"' <t 

"' <t 

"' .... 

"' <t 

10 ..... 

Figure 2-2. 

(FRONT VIEW) 

478.5 

458.5 ..... 10 

.0 
A 684 MAINFRAME 

64 I/o POINTS) 

if 
684 '" $ 

.0 
<t 
<t 

/ 
~~.I~/ ---<$ 

b' J 

'" 
9) 

~ 
'" ~ 10) '" j3 , 

'" 
$> (~ J 

'" 
9) 

~ 
'" (~. 10) '" 

j. , 
'" 

I> (~ . .J 

$~ 9) 

'" 
I> '" 

Typical 684 System 
Configuration 

2-3 

/ 
I /0 CABLE W621 

/( SHOWN THREE PLACES) 

B620 I/o HOUSING 
641/0 POINTS) 

t/) 

B620 I/O HOUSING 
64 I/o POINTS) V( 

B620 I/o HOUSING 
64 I/o POINTS) Y 
NOTE: ALL DIMENSION 

SHOWN IN MM 



2.2.2 Mainframe 
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Figure 2-3. Typical 684 Mounting Dimensions 

The mainframe is mounted directly onto a back 
panel or in a standard 480 mm equipment rack. It 
comprises the processor and the power supply on 
the left and an integrated 1/0 housing on the 
right. The housing is connected to the processor 
with a backplate. 80th the processor and the 
power supply can be removed separately from the 
mainframe. 

NOTE: As long as batteries are installed, 
controller memory will NOT be affected when 
the power supply shuts off. 

On the front of the mainframe are three 
indicators, a keylock, and an interface connector 
(see Figure 2-4). The three LEO indicators show 
presence of DC power (POWER), which shows proper 
operation of the power supply; controller 
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operation (RUN); and satisfactory battery output 
(BATTERY OK). Once DC power is applied, the 
controller will continue to operate until DC power 
is removed (or the RUN light is turned OFF). DC 
power is generated by the power supply as soon as 
AC power is applied to the 684 Controller. AC 
power must be applied to operate the BATTERY OK 
LED; when this LEO is extinguished, the batteries 
should be replaced within seven days. The keylock 
switch controls the Memory Protection feature. 
When placed in the ON position, the user logic is 
inhibited from being changed. Items that must 
change during normal operation such as IIO status 
and register content, are not prevented from 
changing even with Memory Protect ON. 

NOTE: Loss of BATTERY OK LED only indicates that 
battery voltage is low. Batteries will 
continue to maintain memory for at least 7 
days without application of AC power. 

Below the memory protect switch is a connector 
for use with auxiliary units r The P180 CRT 
Programmer or the P464 Monitor can be is attached 
directly into this connector. Other peripheral 
units, such as a program loader, computer 
interface, or P190 also can be attached through 
the connector via the J470 EIA adapter. 

Inside the front cover on the left side of the 
chassis is a terminal board (see Figure 2-5) to 
which AC power is supplied. Table 2-1 summarizes 
the ranges of AC power over which the 684 
Controller can operate. Voltage sensing 
circuitry is provided in the power supply to 
detect out-of-tolerance line voltages. If the AC 
power is not within the specifications of Table 
2-1, the processor may cease operation, forcing 
all outputs to the OFF condition and turning OFF 
the RUN light. Operation will be automatically 
restored when AC power is within tolerances; 
there will be a one scan delay in restoring 
processor operation after a failure while the 
processor goes through its power-up sequence. 
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Figure 2-4. 
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Table 2-1. Summary of Required AC Power 

Normal Voltage: 98 - 132 VAC 
or Jumper 

187-253 VAC Selectable 

Transient Voltage 
Max. 10 seconds: 80- 150 or 115-285 VAC 
Max. 17 msec: 0 - 200 or 0-400 VAC 

·Line Spikes: 1000 V max (500 u Sec. 
duration, 0.5% max duty cycle) 

Frequency: 47 - 63 Hz 

Normal Load: 150 Volt-amps max (depending 
upon I/O and peripheral 
devices connected) 

Recommended Distribution 500 Volt-amps ( fuse 
Transformer: secondary at 5 amps) (3 amp 

peak ON transient) 
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2.2.3 Input/Output (I/O) 
The I/O section consists of I/O housings (see 
Figures 2-6 through 2-8), I/O modules, and bus 
connecting cables. At top and bottom of the I/O 
housing in the mainframe are two locations for 
communications to other I/O housings (see Figure 
2-2). The I/O bus connecting cable is used for 
connecting the mainframe I/O housing to other 
housings and between other I/O housings. Up to 
four housings, including the mainframe I/O 
housing, can be used for the controller. The 
J671 expander allows communications to an 
additional channel (up to four housings including 
the housing already incorporated into the 
right-half section of the J671). See Figure 2-7. 

Figure 2-6. Input/Output Housing 
in Mainframe 
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Figure 2-7. Input/Output Housing in Expander 

Within each channel, addressing is accomplished 
at each housing: 64 I/O points per housing (see 
Figure 2-8). On the back plane of each housing 
are two sets of four switches (see Figure 2-9) to 
address that housing (the housing in the 
mainframe provides one at the upper right and the 
other at the lower right); one switch in each set 
is closed to select address-CSee Figure 2-9). 
One set labelled "51" is for the left-half 
section of a housing (upper section for the 
mainframe and J671 housings), and the other "52" 
is for the right (lower section). Any section 
can have any address from one to four; the 
address does NOT depend upon physical position, 
but instead upon the position of the switches. 
Within a housing, the eight modules (eight input 
or output points per module) can be of any type 
(input or output). However, since there are a 
maximum of eight housing sections per channel and 
only four address positions, two sections of a 
channel can have the same address (see Figure 
2-10). Any two sections with the same address 
must have an I/O configuration which is the exact 
opposite of each other as shown in Figure 2-10. 
The J671 expander is provided with the same 
addressing system as that of the 684 Controller. 
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(684 MAINFRAME) (J671 I/O EXPANDER) 

(8620 1/0 HOUSING) 

Figure 2-9. Address Selecting Switches 
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Figure 2-10. 

684 MAINFRAME ADDRESS SWITCH SETTINGS 

I} NOTE: 

II = CLOSED (ON) 

o = OPEN (OFF) 

(INPUTS 1001-1032) 

~[} 
(OUTPUTS 1-32) 

8620 1/0 HOUSING ADDRESS SWITCH SETTING 
SI S2 

IJ ~[] 
(INPUTS 1033-1064) (OUTPUTS 33-64) 

8620 1/0 HOUSING ADDRESS SWITCH SETTING 

~u 
(OUTPUTS 65-96) 

Typical Address 
Selection 

S2 

~~ 
(INPUTS 1065-1096) 
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NOTE: If two output modules are in the same 
position with identically addressed 
housings, both modules will have the same 
status. When two input modules have the 
same address, the inputs will be the 
log'ical "OR" of these modules (OFF only if 
both OFF). 

A channel with only four 1/0 housing sections 
(two housings) can be addressed 1 to 4. In this 
case, 1/0 modules may be inserted in any order. 
Beyond four sections (128 1/0 points), each 
section must contain modules of the opposite type 
(input versus output) of the previous similarly 
addressed section position for position. For 
example, if section number 2 contains the 
following type of modules (left to right, I = 
input, 0 = output): I, I, 0, 0, the other 
section addressed to number 2 must contain: 0, 
0, I, I. At a maximum, sections are addressed in 
pairs; no more than two sections can be addressed 
to the same value. 

The optical coupler in the 110 modules isolates 
the 110 signals electrically from the 684 
Controller internal circuits. This function 
prevents external surge from invading the 684 
Controller. An input module is provided with 
eight input status indicators. The indicator is 
turned ON when the input is ON. An output module 
is also provided with eight output status 
indicators each of which is turned ON when the 
output is ON. See Figure 2-11. (a) and (b). 

Every two output circuits in the output module 
(AC or DC), except B688 and B690, is fused with a 
field replaceable fuse and incorporates a blown 
fuse indicator. The indicator is viewable from 
the front of the module. To replace fuses, the 
module must be removed from the 110 housing. 

All fuses are 6 amp. fast blow. Once the module 
is removed, fuses are easily removed from the 
module's right side. See Figure 2-12. (b). 
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3.1 INTRODUCTION 

SECTION 3 
BASIC CONTROL DESIGN 

This section includes the following information. 

a. Important machine concepts, which will enable 
the reader to better understand subsequent 
descriptions of 684 Controller functions. 

b. A detailed discussion of each logic 
function: relay, timer, counter, arithmetic, 
register 1/0, transitional contacts, 
sequencers, convert (including binary 
convert) move, skip, and bypass 1/0. 

c. A brief description of the use of the P180 
CRT Programming Panel required for entry or 
altering stored logic and data. 

3.2 IMPORTANT MACHINE CONCEPTS 

3.2.1 Controller Reference Numbers 
Throughout the programming of the 684 Controller, 
four-oigit reference numbers are utilized to 
build the user's logic. These references are 
divided into two broad categories: discrete and 
registers. Discrete references are used for 
individual items that can be either ON or OFF, 
such as limit switches, pushbuttons, relay 
contacts, motor starters, relay coils, and 
solenoid valves. Register references are used to 
store numerical values such as counts, times, and 
analog values. All register references are 3-BCD 
digits long (maximum value 999). 

Only five reference types are required to program 
the 684 Controller. Specific references can be 
used as many times as required by the particular 
application; there are no limitations on the 
number of times a reference is used. References 
are defined as follows: 

OXXX 
lXXX 
2XXX 
30XX 
4XXX 

coilsldiscrete outputs 
discrete inputs 
sequencer steps 
input registers 
holding registers 

The address of each 1/0 housing, previously 
discussed as part of the 1/0 configuration, is 
important in establishing proper references. 
Table 3-1 defines the exact reference for each 
1/0 module installed in channel one; similar 
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numbering is used for channel two, with each 
reference increased by 128. See Appendix C for 
details on wiring I/O modules. 

3.2.2 The Programming Format 

Circui t 
Address Number 

1 
2 
3 

1 4 
5 
6 
7 
8 

1 
2 
3 

2 4 
5 
6 
7 
8 

1 
2 
3 

3 4 
5 
6 
7 
8 

1 
2 
3 

4 4 
5 
6 
7 
8 

The 684 Controller directs the user's equipment 
through the Input/Output section from a program 
stored in the controller's memory. In block 
diagram form, this can be illustrated as shown in 
Figure 3-1. 

Table 3-1. IIO Reference Configuration 

MODULE POSITION NUMBER* 
1 2 3 4 

Input Output Input Output Input Output Input Output 

1001 0001 1009 0009 , 1017 0017 1025 0025 
1002 0002 1010 0010 1018 0018 1026 0026 
1003 0003 1011 0011 1019 0019 1027 0027 
1004 0004 1012 0012 1020 0020 1028 0028 
1005 0005 1013 0013 1021 0021 1029 0029 
1006 0006 1014 0014 1022 0022 1030 0030 
1007 0007 1015 0015 1023 0023 1031 0031 
1008 0008 1016 0016 1024 0024 1032 0032 

1033 0033 1041 00101 1049 0049 1057 0057 
1034 0034 1042 0042 1050 0050 1058 0058 
1035 0035 1043 0043 1051 0051 1059 0059 
1036 0036 1044 0044 1052 0052 1060 0060 
1037 0037 1045 0045 1053 0053 1061 0061 
1038 0038 1046 0046 1054 0054 1062 0062 
1039 0039 1047 0047 1055 0055 1063 0063 
1040 0040 1048 0048 1056 0056 1064 0064 

1065 0065 1073 0073 1081 0081 1089 0089 
1066 0066 1074 0074 1082 0082 1090 0090 
1067 0067 1075 0075 1083 0083 1091 0091 
1068 0068 1076 0076 1084 0084 1092 0092 
1069 0069 1077 0077 1085 0085 1093 0093 
1070 0070 1078 0078 1086 0086 1094 0094 
1071 0071 1079 0079 1087 0087 1095 0095 
1072 0072 1080 0080 1088 0088 1096 0096 

1097 0097 1105 0105 1113 0113 1121 0121 
1098 0098 1106 0106 1114 0114 1122 0122 
1099 0099 1107 0107 1115 0115 1123 0123 
1100 0100 1108 0108 1116 0116 1124 0124 
1101 0101 1109 0109 1117 0117 1125 0125 
1102 0102 1110 0110 1118 0118 1126 0126 
1103 0103 1111 0111 1119 0119 1127 0127 
1104 0104 1112 0112 1120 0120 1128 0128 

*The module position number is numbered sequentially from the left of the IIO 
housing. 
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USER I/O 
LOGIC 

SECTION 
PROGRAM ;' , 

~-L 
'--<>- I: j INPUTS 

J OUTPUTS 

{;:;\ 
,1 
• ~ ~~ 

COIL/ 
REGISTER 
STORAGE 

Figure 3-1. Mainframe Block 
Diagram 

All user programs are entered in a multi-node 
format as follows (see Figure 3-2): 

LEFT 
LEG 

MAX. 
7 

T 

1oI------MAX. 10 ELEMENTS I 
234567~ 

+ + + + + + + + + 
ANY MIX OF RE LAY CONTACTS, 

+ + + + + + + + + 

+ + + + + + + + + 
TIMER, COUNTER, AND ARITHMETIC 

+ + + + + + 

+ + + + + + 
ELEMENTS 

+ + + + + + 

+ + + + + + 

+ 

+ 
+ 

+ 

+ + 

+ + 
+ + 

+ + 

MAX. 7 COILS 
(ANY ORDER) 

Figure 3-2. Multi-Node Program 
Format 

RIGHT 
LEG 

The multi-node format allows for up to ten 
program elements in each horizontal rung of the 
ladder diagram. Up to seven of these rungs can 
be combined into a network of relay contacts and 
other programming elements (timers, counters, 
etc. ) . Each network can have up to seven coils 
placed at the extreme right of each rung. 

The network becomes one 
ladder diagram program. 
of program elements 
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comprising from one to seven rungs, each with up 
to ten elements, that are connected. The 
quantity of elements that can be entered depend 
upon the complexity of the network, as some 
element types occupy more than one of the 70 
available "nodes" in a given network. Each 
programmed node requires two, 8-bit words of 
memory as does each coil, resulting in very 
efficient memory utilization. See Section 4.1.3 
for exact details on memory utilization. 

NOTE: The P180 Programming Panel will display 
the amount of memory currently in use for 
stored logic. 

The basic element of the program is the relay 
contact, as shown in Figure 3-3. The contact can 
be either open or closed; the branch to the next 
rung is optional. Below the contact is a four 
digit reference number that controls the 
contact's power flow. Within a network, power 
will flow only from left to right or vertically 
(up and down); it is never allowed to flow from 
right to left. When a network is displayed on 
the screen of the P180 Programming Panel, power 
flow will be indicated for all relay contacts by 
intensifying those contacts that are passing 
power from left towards the right. 

-H- -N-- -Hf- -1+1-
x x x x x x x x x x x x XXXX 

OFF TOON ON TO OFF 

-jx~ ~ -j!h ----j}xtT 
OFF TO ON ON TO OFF 

NORMALLY OPEN NORMALLY CLOSED TRANSITIONAL 
CONTACTS CONTACTS CONTACTS 

Figure 3-3. Relay Contact Types 

Whenever data (references, contact type, disable 
status, etc.), is entered into the controller by 
a P180 Programming Panel, it is entered directly 
into the controller memory. If power should be 
interrupted prior to completion of programming, 
the data entered will be retained. No additional 
processing is required. Networks 
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3.2.3 Scan 

can be changed either in whole or in part, as 
well as added and deleted at any time. In 
addition, any coil output or input may be tested 
by simulating outputs and inputs with the disable 
feature. 

The 684 Controller examines (solves) each network 
of logic elements in their numerical sequence. 
Network one is the first network to be solved on 
each scan, followed by network two, three, etc., 
until all available networks are solved. The 
controller then goes back and reexamines network 
one. This fixed scanning proceeds at a very 
rapid rate from the time power is applied to the 
Processor until power is removed. Within each 
network, logic elements are solved by columns 
from the left rail to the right rail (where coils 
are located), and from top to bottom within each 
column. 

Since the scanning rate is extremely fast, it 
appears to the operator that all logic is solved 
simultaneously. Each network's result is 
immediately available to all subsequent networks 
regardless of whether this result is a change in 
coil state or change in numerical value. 
Networks are solved in order of their numerical 
step number and NOT by the numerical val'Je 
assigned to any coil. 

All inputs and outputs are updated once per scan 
at the end of each scan. The time from solving 
any individual network on one scan until that 
network is again solved on the next scan is 
defined as the "scan time" of the controller. 
The scan time will vary depending upon the amount 
and type of logic entered. 

3.2.4 Memory Protect 
The 684 Controller is provided with a Memory 
Protect hardware feature designed to prevent 
accidental or unauthorized changes to the 
memory. When the Memory Protect keylock switch 
(see Figure 2-4) is placed in the ON position, 
the user's logic can be examined but not altered 
by any external device, such as the Programming 
Panel, Monitor, or Computer Interface. Thus, by 
placing Memory Protect ON and removing the key, 
maintenance personnel can use the Programming 
Panel to monitor the system, but they cannot make 
unauthorized changes. Only specific personnel 
who are given a key can change the system. 
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NOTE: The Memory Protect feature protects the 
user's logic, but aoes not protect those 
elements that normally change in the 
course of running the 684, such as 
registers and I/O status. 

3.2.5 Disable/Enable 
To simplify the testing and maintenance of a 
control system using the 684 Controller, a 
Disable/Enable function is incorporated into the 
controller. The Disable can be used only if 
Memory Protect is OFF. Any logic coil selected 
by the CRT's cursor can be disconnected from its 
logic by depressing the DISABLE push button. If 
the coil was OFF when the push button was 
depressed, it will remain OFF; if it was ON, it 
will remain ON. The coil is no longer controlled 
by the program in the controller, but is now 
controlled by the operator via the P180 
Programming Panel. The coil can be toggled 
ON/OFF/ON/OFF by successively depressing the 
FORCE pushbutton. 

When disabled, the logic coil, all coil 
references in the ladder diagram, and any coil 
driven outputs, will be affected solely by the 
disable condition. The internally programmed 
logic still remains in the controller and will 
reestablish control when the coil is again 
enabled; however, this internal logic has been 
completely bypassed for this coil by the disable 
function. New networks can be displayed, other 
coils disabled, power interrupted, memory protect 
turned ON, or any other change made to the system 
without affecting the disable status of any 
coils. Any coil disabled either OFF or ON will 
retain that state until changed by a programming 
device. 

NOTE: To reenable a logic coil, the DISABLE 
pushbutton is depressed a second time 
while the cursor is on that coil. 

In addition to logic coils, discrete inputs can 
also be disabled in a manner similar to logic 
coils. The cursor is placed on the input when 
displaying its status, and the DISABLE pushbutton 
is depressed. This action removes control of 
that input from "real time" and assigns that 
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control to the operator via the P180 Programming 
Panel. The input can be forced either ON or OFF, 
and all logic that uses this discrete input will 
now respond to the disable status. 

NOTE: Sequencer (2XXX) references cannot be 
disabled. 

The disable status is permanent and can be 
altered only by programming devices with memory 
protect OFF. At any time, as many logic coils 
and discrete inputs as desired can be disabled 
either ON or OFF. 

NOTE: Since the disable status is permanent, a 
record should be maintained of all 
disabled logic coils and inputs so that 
they can be enabled at a later date. 

In testing a system, the disable function can be 
used to verify the proper wiring and operation of 
all discrete outputs. Each output is displayed 
on the P180 Programming Panel and disabled. The 
coil can be cycled ON-OFF-ON-OFF, etc., with 
proper operation of the discrete device being 
observed. It is recommended that the logic coil 
be enabled before the next output is tested to 
prevent confusion regarding disable status. 

CAUTION: Insure that disabling of outputs or 
inputs does not create hazardous 
machine operation. 

If an input, such as a limit switch, fails to 
operate properly, it can be temporarily simulated 
by disabling the input and forcing it to the 
required state (ON or OFF). This is particularly 
useful if the input is preventing the control 
system from functioning. Disabling inputs can 
also simulate the operation of the control system 
prior to connections of the real 1/0. Since the 
disable feature for either inputs or logic coils 
is extremely powerful, it can cause catastrophic 
results if improperly used. The keylock memory 
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protect is used to ensure that changes of the 
disable states are made only by qualified and 
authorized personnel. 

NOTE: Transitional contacts will not respond 
properly to disabled references. 

3.3 BASIC PROGRAMMING 
The 684 Controller is provided with the 
capability to program or simulate relays, timers, 
and counters. All programming is done on the 
basic format of up to ten elements in each 
horizontal row or rung, with up to seven of these 
rungs connected to form a network. A network can 
be a single rung, two rungs, or up to seven rungs 
as long as there is a connection between the 
elements of each rung. This connection can be as 
simple as the left leg of the ladder diagram. 
Each network can have up to seven coils, located 
to the extreme right of any/all rungs of the 
network. These coils can be assigned any valid 
logic coil numbers available in the controller; 
logic coil numbers can be used only once. The 
quantity of logic coils, discrete inputs, storage 
locations (registers-used with timers and 
counters), etc., depend upon memory size as shown 
in Table 3-2. 
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Table 3-2. 684 Memory Configuration 

Typical 
Model Memory Elements Maximum 1/0** Holding/ 
684- (8 Bit (Contacts Internal Output 
XYZ* Words) & Coils) Inputs Outputs Coils Registers 

XY2 2048 800 192 192 192 190 

XY4 4096 1600 256 256 256 254 

XY8 8192 3200 256 256 256 254 

NOTES: 

* The 684 model number is in the form: 

AS-684A-XYZ 

1.. ~2 • 2K """, 4 = 4K Memory 
8 = 8K Memory 

(~ = 115 VAC, 50/60 Hz 
= 220 VAC, 50/60 Hz 

(The particular voltage, 115 VAC or 
220 VAC, is selected by a jumper.) 

(
1 = ENH 1 
2 = ENH 2 

** I/O capacity beyond either 128 inputs of 128 outputs 
require J671 Expander. 

*** Typical Scan Time computed for CPU memory full of relay 
logic and representative Timer/Counter logic. 

Typical 
Scan 

Input Time*** 
Registers (m sec) 

32 12 

32 20 

32 40 



3.3.1 Relays 
When programming relay contacts into the general 
programming format (see Figure 3-2), any 
horizontal arrangement of Normally Open or 
Normally Closed contacts can be used. 

Normally Open: -11-
Normally Closed: ~ 

In addition, shunts (short circuits) or opens can 
be placed either vertically or horizontally 
between any two adjacent nodes (contacts cannot 
be placed vertically). Power flow can occur only 
from the left leg towards the right or vertically 
(up or down); power flow is not possible in the 
reverse direction (right to left). Logic coils 
(OXXX references) are divided into references 
that can be used to control discrete outputs 
(output coils) or to provide completely internal 
references (internal coils). The exact quantity 
of each type of coil available depends on memory 
size (see Table 3-2). 

Regardless of memory size, internal coil 0257 is 
an internal indication of battery voltage. This 
reference will be ON as long as this voltage is 
sufficient to insure retention of memory. 
Whenever the battery capacity is reduced to a 
minimum level, this coil will be deenergized and 
the BATTERY OK LED extinguished (see Figure 
2-4). This is a warning level only; the 
batteries will still be able to maintain memory 
for at least 7 days without AC power. 

Any logic coil (output or internal) can be used 
as a coil only once; however, references to 
contacts controlled by that coil can be used as 
many times as required. There is no limit to how 
many times any reference (OXXX-coils, 
lXXX-discrete inputs, 2XXX-sequencer steps, 
3XXX-input registers, and 4XXX-holding registers) 
is used in a program. Output coils that are not 
used to drive discrete outputs (e.g., no output 
module assigned to that address in the I/O 
section), can still be used as coils in 
programming. Thus any unused output coils can be 
used for internal functions, exactly as internal 
coils are used. 
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Example Logic: 

PERMISSIVE SAFETY 

START 

1M 

Figure 3-4. Example Relay Logic 

If the logic in Figure 3-4 were to be implemented 
in the 684 Controller, the sensors and control 
elements must be connected to individual circuits 
in the I/O section and references assigned. Any 
available inputs of the proper voltage level can 
be used. Figure 3-5 illustrates typical input 
and output assignments. The resultant logic 
which must be programmed into the 684 by the user 
is shown in Figure 3-6. 

----L-
0 0 01001 
START 

~ 1006 
PERMISSIVE 

I 
0 o 1002 0012 

STOP 

1010 
SAFETY 

J I 
OVEIRLOAD 

01027 

ASSUMED INPUT ASSUMED OUTPUT 
CONNECTIONS CONNECTIONS 

Figure 3-5. Assumed I/O Wiring 
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3.3.1.1 Latches 

tnl '}kl:---ill-I ---l'ji- - - - - -( )-
10~ 1006 1002 1010 

0012 

---< }-- REV FI 
0012 

1027 

NET NO. 
0001 

Figure 3-6. Equivalent 684 
Program 

0012 

NOTE: Any input that is wired normally closed 
(e.g., 1006 and 1010), will be normally 
energized (ON reference). When used in 
logic it should be programmed as a 
normally-open contact which will allow 
power flow unless the input is 
de-energized. 

Any logic coil can be latched to return to its 
previous state (ON or OFF) after a power failure, 
similar to a latching relay. Thus, if a latched 
coil is ON and power is lost, it will return to 
the ON state when power is restored, regardless 
of how long power was lost. Of course, if the 
coil was OFF, it will remain OFF when power is 
restored. All logic coils that are not latched 
will be de-energized when power is restored 
(power up). 

A latch coil is shown as the programming symbol 
-(L)- in lieu of the normal -()-. No relay 
contacts need be programmed to implement a latch 
function, nor is there any time delay between 
logic coils and their latch. As soon as a logic 
coil is energized or deenergized, the latch is 
also set or cleared, respectively. All logic 
coils (outputs or internal) are latchable. If 
the logic coil of Figure 3-6 were to be latched, 
it would be programmed as Shown in Figure 3-7. 
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!Tj 1-1 ---=l'1k-" ---111-1 -41+ -. -- .". - -( d-
10~ 1006 1002 1010 1027 0012 

0012 

--( L)-- REV DX 
0012 

NET NO. 
0001 

USED REF 
0052 VAL 

Figure 3-7. 684 Latched Program 

3.3.1.2 Extended Logic 
If more than ten elements are required in a rung 
to satisfy a complex control function, an 
internal coil can be used to represent a partial 
result. A contact referenced to this coil is 
then placed as the first element in another 
network and additional contacts are entered into 
this second network. The coil of this second 
network can be an output that represents the 
resultant logic of up to 19 series elements or an 
internal coil for further extension of the 
logic. There is no limit to how many times the 
logic can be cascaded in this manner. Internal 
coils can also be used with up to ten elements to 
represent a single block of logic that is to be 
used repetitively in the program. As an example 
of extended logic, refer to Figure 3-8. 

I09~OIH2~ff-0I--71-00l'-7k-S-':'ON721.-,......:N~"':<OON'-6 ..jOO;; 
1086 0121 1123 0095 

d05~16 OUSI ----- ------~O,~ 

1079 1098 

--I f-- REV FI 
1036 

Figure 3-8. 
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3.3.1.3 Programming Example Using P180 Programming Panel 
To enter the logic of Figure 3-6 into the 684 
Controller, the following steps would be utilized 
(assuming the P180 Programming Panel has already 
been connected to the 684). For details on P180 
Programming Panel installation, connection, and 
operation, see Appendix A. 

a. Depress START NEXT to create a new network. 
Verify that the left leg has a small break 
indicating where the new network will be 
constructed. The cursor will be positioned 
at the upper left where the first element is 
to be entered. 

b. Develop the first element in the assembly 
area at the lower left of the CRT screen. 
The normally open (- -) pushbutton is 
depressed, reference number entered with the 
keypad (1,0,0,1) below the contact, and, 
finally, the vertical short entered at the 
right end of the contact. This element can 
be developed in any order convenient for the 
operator. 

NOTE: Errors are easily corrected by re-entry of 
incorrect elements or values. 

c. Once the element is completely developed, 
move it into the network by depressing the 
ENTER pushbutton. If corrections to an 
element already in the network are desired, 
only the corrected portion of this element 
(contact type reference numbers, or vertical 
connector) need be placed in the assembly 
area. 

d. Move the cursor to the next element location 
in the network. 

e. Repeat steps b, c, and d for other elements 
in the network. After all elements are 
entered, the coil is entered and labeled with 
any unused output or internal logic coil. 

NOTE: The P18D Programming Panel will 
automatically display horizontal shunts 
between the last proQrammed element and 
the coil in the extreme right column. 
These shunts will appear as dotted lines 
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3.3.2 Timers 

and do not use any memory locations in the 
684 Controller. Were these shunts to be 
programmed by the user, they would require 
memory. 

Timers can be placed anywhere in a network where 
sufficient space exists. More than one timer can 
be placed in a network. Timers are built 
vertically and require two nodes, one on top, the 
other on the bottom. The general form of a timer 
is shown in Figure 3-9. Within the 684 
Controller are three crystal-controlled clock 
signals that drive all timers. Any timers can 

CONTROL ---I 

RESET ---I 

PRESET 
TIME 

TXXX 

CURRENT 
TIME 

OUTPUT 

OUTPUT 

Figure 3-9. Timer Format 

be programmed to respond to either the seconds 
clock, 1/10 second clock, or 1/100 second clock; 
there are no limitations on which or how many 
timers are referenced to any clock signal. 

Referring to the typical timer in Figure 3-9, 
there are two input nodes for entry of relay 
contact type control to the left of the timer. 
The upper input node controls when the timer 
accumulates time and the lower node controls when 
the timer is reset to zero. The timer is enabled 
when the lower node receives power flow, and 
reset whenever power flow is not available. The 
upper node of the timer itself contains the 
preset value which limits the maximum value of 
the timer. This preset can be a fixed value of 
three digits (0001 to 0999), which represents up 
to 999 seconds (timer in seconds), up to 99.9 
seconds (timer in tenths of seconds), or up to 
9.99 seconds (timing in hundredths of second). 
The timer can never exceed this preset value. 
The lower element refers to a storage location 
within the controller where the currently 
accumulated time is stored. In the center of the 
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timer is a display to indicate the rate at which 
that particular timer is programmed to operate 
(Tl.O = seconds, TO.l = tenths of seconds, and 
T.Ol = hundredths of seconds). 

On the right of the timer are two output nodes. 
These nodes will provide power to any contacts, 
shunts, coil, etc. programmed to the right of 
the timer. The upper node provides power only 
when the timer is at its preset value. This 
output will be deenergized and stop providing 
power whenever the lower node on the left (reset) 
stops receiving power. When this output is 
energized, the timer stops and no further time 
accumulation beyond the preset is possible. The 
lower node provides power whenever the timer is 
NOT at its preset (exact opposite of upper 
nOde). This output will stop passing power only 
when the timer is at its preset. 

With the timer enabled (lower node on left 
receiving power), the timer will accumulate time 
whenever the upper node on the left receives 
power. The upper signal can be turned ON-OFF-ON 
as many times as necessary, and the timer will 
accumulate the time the signal was ON up to the 
preset value. Each time the upper node is 
reenergized, time begins to accumulate from its 
previous value, regardless of how long this 
signal was OFF. Timers are reset only by the 
lower node signal, and they are completely 
retentive on power failure. Whenever the reset 
signal (lower left node) is de-energized, 
regardless of the time value, the timer will be 
reset to zero and held at that value until this 
signal is reenergized. 

3.3.2.1 Specifying Time 
The upper node of the timer is reserved for 
entering the amount of time desired to be 
tracked, either in seconds, tenths of a second, 
or hundredths of a second. The units digit is a 
value from zero to nine; whether it specifies up 
to 9 seconds, or 0.9 seconds or 0.09 seconds will 
depend on which type of timer is selected. This 
reference can be a fixed value up to 999 or a 
register quantity (30XX or 4XXX). When 
referenced to a register value, the content of 
that register is used as the preset value, again 
up to three digits (999). 

3.3.2.2 Storing Time 
The number entered into the lower node of the 
timer must be a storage register (reference 4XXX) 
where the current time is stored. Registers are 
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extremely useful and should be examined closely. 
Figure 3-10 illustrates the 684 memory in a block 
diagram format. 

LOGIC RAM 

ETC. 

DYNAMIC RAM 

STATUS OF 
ALL COILS 
AND INPUTS 

STORAGE OF 
NUMERICAL 

VALUES 

NOTE: BOTH LOGIC AN D 
DYNAMIC RAM ARE 
RETENTIVE UPON 
POWER FAILURE 

Figure 3-10. Relationship Between 
Logic and Dynamic RAM 

Registers are locations within the memory where 
numerical values up to three digits (999) are 
stored. A simple definition of registers would 
be a "mailbox" or "bucket" where information (in 
this case, time) is permanently stored. The 
registers are referred to or named by reference 
numbers beginning with 4001 and continuing 
consecutively to the memory maximum. 

NOTE: Holding Registers retain stored numerical 
values upon power failure. 

Normally, each timer will have its own holding 
register selected by the user. Thus, the maximum 
number of timers available with each memory size 
equals the quantity of holding registers. Do not 
use a holding register as the storage location 
for more than one timer. 

Figure 3-11 shows a programmed example of a timer. 
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1001 1002 0096 

1---4-l--I T 0.1 

1018 4007 

---< )-- REV FI 
0165 

---------{ }-

NET NO. 
0001 

USEDREF 
0098 VAL 

0165 

I] 

Figure 3-11. Sample Timer 

The timers in the 684 Controller are ON-delay 
energizing timers. To obtain other types such as 
OFF-delay energizing, ON-delay deenergizing, or 
OFF-delay deenergizing, the programming is 
altered to obtain the desired result. For 
OFF-delaying action, the energizing logic (upper 
node, left side) is programmed with reverse logic 
(i.e., normally closed contacts instead of 
normally open contacts). To have deenergizing 
action, the lower output of the timer is used in 
lieu of the upper output. 

In addition, a shunt can be connected to any 
timer between the nodes on the left of the 
timer. with the shunt, the timer is both 
energized and enabled by the same logic; thus, 
the timer will not accumulate time, and is reset 
to zero whenever it stops timing. Figures 3-12 
to 3-15 illustrate four various types of timers, 
none of which are accumulative. Input 1053 is 
used to start the timers, and coil 0019 is the 
output which reflects the desired timing signal. 
Of course, additional logic can be added to 
either the timer input, the output, or both for 
up to ten elements per horizontal rung. Figure 
3-16 illustrates the timing relationship of the 
various types shown in Figures 3-12 to 3-15. 
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0369 ------------( r-
1053 0019 

T 0.1 

4047 

--{ }-- REV FI 
0019 

NET NO. 
0001 

USED REF 
0022 VAL 

Figure 3-12. ON Delay Energizing 
Timer 

0015 

T 1.0 

4017 

T 1.0 
0015 REV FI 

-------{ )-
0019 

NET NO. 
0001 

USED REF 
0018 VAL 

Figure 3-13. ON Delay De-energizing 
Timer 
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--.--"'i::-rl 0025 - - - - - - - - - - -( )-

T 1.0 

4003 

REV FI 
NET NO. 
0001 

USED REF. 
0022 VAL 

Figure 3-14. OFF Delay Energizing 
Timer 

--,.-N---.-l 0017 + -

0019 

D 

T 1.0 

4021 

----------{ )-

--( )-- REF FI 
0019 

NET NO. 
0001 

USED REF 
0018 VAL 

Figure 3-15. OFF Delay De-energizing 
Timer 
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3.3.3. Counters 

ON ON 

~, : 3 •. 98EC i OFF 
INPUT 1053 ON , 

I 
, 

ON DELAY 
, 

OFF OFF , 
ENERGIZING 

, 
-I'58EC-

ION: ON 
ON DELAY , 

I DE-ENERGIZING 
, , OFF , 

25 SEC I ON , ., ON 
OFF DELAY I I ENERGIZING OFF , 

-,1.'71-, 
ON , I SEC , 

OFF DELAY ~ 
! I OFF DE-ENERGIZING OFF 

Figure 3-16. Timing Relationships 

Counters operate exactly the same as timers 
except for the control node (upper left node). 
The counter increments its count by one whenever 
the control signal goes from OFF (de-energized) 
state to the ON (energized) state. Only on this 
positive (OFF to ON) transition is the count 
incremented. If the control signal remains ON 
for several hours, it represents only one 
transition and, thus, one count. 

The lower left node still controls the 
enable/reset of the counter; whenever this signal 
is deenergized (no power flow), the counter is 
reset to zero and held until the signal is again 
energized. The number of events to be counted 
(up to 999) is entered into the upper node of the 
counter, and the current count is stored in a 
holding register identified in the lower node of 
the counter. Unique registers should be used to 
store the current time or count of each 
timer/counter. Do not share holding registers 
between timers or counters. 

The output of the counter (upper node on right 
side) is energized whenever the current count 
equals the preset count; counting stops at the 
preset value. When the counter is reset to zero 
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via the lower node on the left side, the coil is 
de-energized. The current count is retained 
during power failure since it is stored in a 
holding register (reference 4XXX). Counters also 
have a second output (lower right node) that 
provides power flow as long as count is NOT at 
its preset. 

3.3.3.1 Cascaded Counters/Timers 
Timers and counters can be cascaded or 
interconnected to satisfy any required logic. 
Figure 3-17 illustrates a cascaded timer and 
counters to produce a clock measuring time in 
seconds, minutes, and hours. 

0060 -------( )-
0091 0091 

+ T 1.0 0060 -------{ )-
4041 0092 

eTR + 0024 -- - ----{ }-
4042 

eTR 
0093 

0093 4043 

no 
0060 REF FI 

NET NO. 
0001 

USED REF 
0064 VAL 

Figure 3-17. Sample Timer/Counter 
Cascaded Logic 

3.3.3.2 Entering a Timer or Counter 
If the logic of Figure 3-11 is to be entered into 
a 684 Controller with the P180 Programming Panel, 
the following steps are utilized. It is assumed 
that memory protect is OFF and the PI80 
Programming Panel has been properly connected 
(see Appendix A): 

a. Oepress START NEXT to create a new network. 
Verify that only the left leg is displayed 
indicating where the new network will be 
constructed. The cursor will be positioned 
at the location where the first element is to 
be entered (upper left). 
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b. Deveop the first element in the assembly area 
at the lower left of the CRT screen. Depress 
the normally open - - pushbutton and then 
the vertical open key. Finally, enter the 
reference number with the keypad (l,D,D,l). 

c. Once fully developed, move the element into 
the network by depressing the ENTER 
pushbutton. Move the cursor to the right. 

d. Enter the next element (1002) by repeating 
steps b. and c. Move the cursor to the right 
again (into the third column). 

e. Depress the SHIFT pushbutton. 

NOTE: The letter S will appear in the message 
space at the bottom of the CRT screen as 
long as the shift control is active. 

f. Depress the digit 2 on the keyboard to create 
a timer incrementing tenths of a second. 
This key is labeled TO.l near the top of the 
key. 

g. Enter value 96 from the keypad into the 
assembly area (0,0,9,6); then press the 
vertical open key. Depress the ENTER 
pushbutton to move the node into the 
network. The CRT screen will display the 
timer format in the third column, with a 
preset of 0096 and a current time storage 
location of 4000. 

h. Move the cursor down, and enter the value 
4007 into the assembly area. Depress the 
ENTER pushbutton. The timer will use 
register 4D07 to store its current time. 
Move cursor to the left, and enter the 
contact - - into the assembly area along 
with its reference number (1018). 

i. Depress the ENTER pushbutton. Move the 
cursor to the left again (next to power rail) 
and assemble and enter a horizontal shunt. 
Move the cursor to the upper right node of 
the timer. 

j. Depress the coil -()- pushbutton, and enter 
the value 165 into the assembly area. 
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k. Depress the ENTER pushbutton. The P180 
Programming Panel will automatically place 
the coil at the right power rail and connect 
it with dotted shunts. Dotted shunts do not 
require memory within the controller. 

3.4 ENHANCED CAPABILITIES 
The Enhanced I 684 Controller provides other 
capabilities in addition to relays, timers, and 
counters. These features are as follows: 

a. Arithmetic functions, including add, 
subtract, multiply, and divide. 

b. Register Input/Output. 

c. Transitional Contacts. 

d. Sequencers. 

e. BCD Convert discrete operations. 

The optional Enhanced II instruction set for the 
684 also provides: 

f. Binary Converts. 

g. Move Functions. 

h. Skip Logic. 

i. By-pass 1/0. 

j. MODBUS communications compatibility. 

3.4.1 Arithmetic Functions 
All arithmetic operations require three nodes 
placed vertically, one above the other (see 
Figure 3-18). Both the top and middle node can 
be either a fixed three digit value (maximum 
0999) or a register reference; however, the 
bottom element must be a holding register (4XXX 
reference). 

NOTE: If register 1/0 is provided, input 
registers (30XX) can be used in the upper 
or middle element. The last holding 
register (e.g., 4254) and the last input 
register (e.g., 3032) can NOT be used in 
any node of an arithmetic operation. 
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3.4.1.1 Addition 

Each arithmetic function has one input node at 
the top left that controls when the operation is 
performed, and up to three output nodes at the 
right. The arithmetic function is performed for 
each scan of the controller that the input node 
receives power flow. Up to three outputs are 
possible from a single arithmetic function, 
depending upon type. These outputs are updated 
every scan the input node receives power. 

CONTROL OUTPUTS OXXX 
OR 

30XX 
OR 

4XXX 
--6xxx--

OR 
30XX 

OR 
4XXX -------

4XXX 

Figure 3-18. Typical Arithmetic 
Element 

NOTE: No outputs are energized until the input 
node receives power. 

The addition function adds the upper value to the 
middle value, and places the sum into the holding 
register addressed in the lower node. The upper 
or middle values can be fixed (000 to 999) or 
register reference (30XX or 4XXX); the lower 
element must be a holding register (4XXX). If 
the sum of an add function is a value greater 
than the maximum permitted for a holding register 
(999), only the portion of that sum that will fit 
into the register is placed there. For example, 
if 850 is added to 325, the result is 1175. The 
value 175 (three least significant digits of 
result) is placed in the holding register and the 
upper output energized to indicate an overflow 
has occurred. This is the only output available 
for the addition function. 

3-25 



3.4.1.2 Addition Example 
Referring to the example in Figure 3-19, when 
inputs 1017, 1123, and 1095 are energized, the 
content of register 4027 is added to the fixed 
value 0050, and the sum is placed in register 
4021. If the content of register 4027 was 523, 
the result placed in register 4021 would be 573; 
this operation is performed for every scan that 
the input node receives power flow. In this 
example, the output is utilized and connected to 
coil 0033; the use of this output and the coil 
assigned to it are optional. With the previously 
assumed value in register 4027, the output would 
not pass power; thus coil 0033 would be OFF. If 
the value in register 4027 was greater than 949 
(i.e., 963), the output would energize coil 33. 
In the last example, since 963 plus 50 is 1013, 
and register 4021 can contain only a three digit 
value, the quantity 013 would be placed in 
register 4021 and coil 33 would be ON. 

---,--l H 11--1 4027 

+ 
0050 

--------{ }-
0033 

3.4.1.3 Subtraction 

1017 1123 1095 

--( }--
4021 REV FI 

'" 4021 

NET NO. USED REF. 1017 1123 10954027 4021 IIrq 
0001 0022 VAL OFF OFF OFF 000 117 •• , ••••••••• 

Figure 3-19. Sample Addition Logic 

The subtraction function operates similarly to 
the addition function, except that the difference 
of the upper and middle nodes is placed in the 
lower element holding register. Additionally, 
there are three outputs available. The upper 
output passes power when the upper value is 
greater than the middle value. The middle output 
is energized when the upper value and the middle 
element are exactly equal. Finally, the lower 
output passes power when the upper element is 
less than the middle element. The use of any or 
all of these outputs is at the user's option. 
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Adjacent outputs can be connected with a shunt to 
provide "greater than and equal" or "less than 
and equal" functions when required. 

3.4.1.4 Subtraction Example 
The use of the subtraction function is 
illustrated in Figure 3-20. When coil 080 and 
input 1012 are energized and coil 137 is 
deenergized, the content of register 4040 is 
subtracted from the content of register 4062 with 
the difference placed in register 4063. If the 
content of register 4062 is 729 and register 4040 
contains 453 and power flows to the input node, 
register 4063 is loaded with the value 276. This 
occurs for each scan that the input node receives 
power. When input 1028 is energized and the 
subtraction is performed, coil 139 will be 
energized since the result is a positive value 
(729 - 453 = +276). If the value in register 
4040 is increased to 730 or greater while 
register 4062 remains the same, coil 139 would be 
deenergized since the subtraction function would 
no longer output power (729 - 730 = -1). 

NOTE: The value placed in register 4063 (in this 
example) is the absolute value of the 
difference of the register entries. No 
sign is associated with the content of 
register 4063. 

---r-i H 4062 ~ - - - - --( r-
0080 1012 0137 1028 0139 

4040 
,j. 

4063 

------{)-

-{ }-
4040 REV FI 

Figure 3-20. Sample Subtraction 
Logic 
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When the values in registers 4062 and 4040 are 
equal, the middle output passes power, and coil 
153 is energized. 

3.4.1.5 Multiplication 
The multiplication function takes the product of 
the upper and middle value and places the result 
in the two registers indicated by the lower 
node. Multiplication is performed for every scan 
that the input node receives power flow. One 
output is utilized adjacent to the upper node 
which provides power whenever the multiplication 
is performed (i.e., input node receives power). 
Since the multiplication of two 3-digit values 
can result in a product up to six digits, the 
product is stored in two consecutive holding 
registers. For example, 150 multiplied by 325 is 
48,750. This result is separated into 048 (high 
order) and 750 (low order) for storage into two 
holding registers. The register addressed in the 
lower element always receives the high order 
portion of the product, even if it is zero; the 
next holding register in numerical sequence 
receives the low order portion of the product. 

NOTE: The lower node cannot be programmed with 
the last available holding register 
provided with that controller's memory 
size. 

3.4.1.6 Multiplication Example 
As illustrated in Figure 3-21, the multiplication 
function operates upon two 3-digit numbers to 
produce a six-digit product. In this example, 
when input 1007 is energized, the value in 
register 4005 is multiplied by the value in 
holding register 4059, and the resulting product 
stored in registers 4036 and 4037. If registers 
4005 and 4059 contained the values 217 and 065, 
registers 4036 and 4037 would be loaded with the 
values 014 and 105, respectively, when input 1007 
is energized. For every scan that this input is 
energized, a new value is placed in registers 
4036 and 4037. If the values in registers 4005 
or 4059 are altered, the resultant product will 
change accordingly. In this example, the output 
is not utilized (its use is optional). If an 
output were used, the upper output would pass 
power whenever input 1007 was energized. 
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3.4.1.7 Division 
The division function operates similarly to the 
multiplication function, except that it results 
in the quotient of two numbers. The quantity 
referred to in the upper node (dividend) is 
divided by the quantity referred to by the middle 
node (divisor) with the resultant quotient placed 
in the holding register indicated by the lower 
node. When the dividend is a register reference, 
it is always a double precision number (maximum 
999,999) utilizing two consecutive registers. 
This can also be the result of a multiply. 

NOTE: If the upper node is a fixed value 
(maximum 999), it becomes the dividend as 
a single precision value. If it is a 
register reference, it cannot be the last 
available register of that type. 

The middle node is the divisor (maximum 999), 
either a single register reference or a fixed 
value. The lower node is a holding register 
reference (4XXX) in which the quotient is stored. 

4005 

1007 X 

4059 

+ 
4036 

MUL NET NO. USED REF. 1007 4005 4059 4036 D 
4036 REV FI 0001 0014 VAL OFF 100 000 000 

Figure 3-21. Sample Multiplication 
Logic 

All three outputs are utilized by this function, 
and all require the input to receive power to 
operate. The upper output will pass power 
whenever the division is successful; the lower 

3-29 



two outputs indicate when division is 
unsuccessful. The middle output will pass power 
if the quotient is too large (but not infinite) 
to fit on one register (exceeds 999). The lowest 
output will pass power if the divisor is exactly 
zero. When either of the last two outputs is 
energized, the value 000 is placed into the lower 
node register as the quotient. 

~--1 1----111-1 ---I t- 3009 I- +. 4103 ,- ------( }-
0035 0091 10 X 0090 

4103 0010 
.j. .j. 

4053 4102 

MUL. NET NO. USED REF. 3009 4010 4053 0 
4053 REV F I 0001 0036 VAL 000 000 000 

Figure 3-22. Sample Division Logic 

3.4.1.8 Division Example 
The operation of the divide function is 
illustrated in Figure 3-22. When coils 0035, 
0091, and input 1046 are all energized, the 
content of registers 3009 and 3010 (double 
precision number) is divided by the content of 
register 4103, placing the quotient into register 
4053. For every scan that the input node 
receives power flow, the division is 
accomplished. Assuming the values in registers 
3009, 3010 and 4103 are 010, 742, and 013, 
respectively, the value 826 (10,742 divided by 
13) will be placed in the holding register 4053. 
If the value in register 3009 is reduced to 008, 
the value placed in register 4053 becomes 672 
(8,742 divided by 13). 

NOTE: Division is a whole number integer 
operation. 
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3.4.2 Register I/O 

If the content of register 4103 becomes zero, or 
register 3009 becomes 013 or greater, the 
quotient becomes too large for register 4053 to 
store. When this occurs, a divide output will 
pass power and, in this example, energize the 
multiplication operation. 

The capability to handle numerical values in the 
I/O structure is also provided. These numerical 
values can both be received from an external 
source (input registers) and be driven to an 
external destination (output registers). Each 
register holds a three digit quantity, values 
from 000 to 999. There are 32 input registers, 
(references 3001 to 3032) and 32 output registers 
(references 4001 to 4032). The input registers 
receive their values from devices connected to 
the I/O structure and can be only referenced, not 
altered from within the controller. The output 
registers are special holding registers; they can 
perform the dual purpose of storing (holding) 
numerical values, as well as outputting them. 

NOTE: If any register 4001-4032 is not used as 
an output register, it can be used as an 
internal holding register without 
additional hardware in the I/O structure. 
These registers are always available for 
programming. The I/O hardware merely 
provides the capability to drive their 
values to external devices. 

Register I/O is normally provided by utilizing 
the 8671 and 8670 Register Multiplexers (see 
Figure 3-23). The 8671 multiplexer provides up 
to 16 input registers, and the model 8670 
provides up to 16 output registers. These 
multiplexers are mounted in the 8620 I/O 
housing. Register I/O can be used without 
decreasing the total quantity of discrete I/O 
available. Each multiplexer module can be 
individually set to provide 8 or 16 registers. 

On the rear of each multiplexer module are four 
switches used to select the proper address. 
These switches are utilized as shown in Table 3-3. 
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B670 Output Multiplexer 
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Figure 3-23. Register Multiplex 
Modules 



Table 3-3. Addressing Switches For Register Multiplexers 

PROPER SWITCH SETTINGS RESULTANT REGISTERS 

(only legal 

Sl S2 

ON OFF 
OFF ON 
OFF OFF 
OFF OFF 
ON ON 
OFF OFF 

positions) Input Output 

S3 S4 8671 8670 

OFF OFF 3001-3008 4001-4008 
OFF OFF 3009-3016 4009-4016 
ON OFF 3017-3024 4017-4024 
OFF ON 3025-3032 4025-4032 
OFF OFF 3001-3016 4001-4016 
ON ON 3017-3032 4017-4032 

8y utilizing all available register multiplexers, 
a complete 684 I/O system can contain up to 256 
discrete inputs and 256 discrete outputs, as well 
as 32 input registers and 32 output registers. 
When connected to a multiplexer, all external 
register devices such as thumbwheels and LED 
display are serviced by the multiplexer. Each 
device is serviced at least three times a 
second. All input devices must be diode 
isolated, and all output devices (displays) must 
be provided with memory such as a latch. 
Complete wiring details and installation 
requirements are provided in Appendix C for the 
Model 8670 and 8671 Multiplexers. If only one 
switch is ON, eight registers will be utilized by 
that multiplexer module. No change in 
multiplexer rate is made when eight registers are 
used. 

Analog input or output modules can be placed in 
the 8620 housing in addition to register 
multipliers. Each module provides independent 
circuits to accept (input) or drive (output) 
signals such as 0-10 VDC or 1-5 VOC. Complete 
wiring details specifications, and model numbers 
are available in Appendix C. 

3.4.3 Transitional Contacts 
In addition to the conventional normally open and 
normally closed contacts, the 684 Controller also 
provides transitional contacts as follows: 
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Transitional ~ontacts can be used anywhere in 
networks where normal NO and NC contacts could 
have been utilized. The transitional contacts 
will pass power for exactly one scan whenever the 
coil to which they are referenced changes from 
either OFF to ON or ON to OFF (depending upon 
transitional type selected). The timing diagram 
of Figure 3-24 illustrates the operation of 
transitional contacts. 

TRANSITION CONTACT 
TYPE SELECTED 

SYMBOL 

REFERENCE TRANSITION 

CONTACT POWER FLOW 

Figure 3-24. 

OFF TO ON ON TO OFF 

ON ON 

_ --,O:,:..:FF'-jl IOFF 
, I 
I I 
I I 
I I 
'CLOSE I CLOSE 

~N OPENnOPEN 

~ ~ 71 ~ 

~~ 
TIME TIME 

Transitional 
contact Timing 

Transitional contacts can be referenced to any 
input or coil (output or internal); they cannot 
be referenced to sequencer references. 

NOTE: Transitional contacts will not respond 
properly to disabled references. 

As an example, refer to Figure 3-25. When input 
1062 is energized, zero is added to the content 
of register 4007 and the result placed in 
register 4093. Since a transitional contact is 
used, this calculation is only performed on the 
first scan that contact 1062 is energized. Thus, 
this circuit will sample the content of register 
4007, store the unchanged sample into register 
4093, and only update the value (even if the 
register changes) when input 1062 is ·deenergized 
and then reenergized. This example is typical of 
transitional contact operation. 

3-34 



3.4.4 Sequencers 
The 684 Controller is ptovided with eight 
independent 32 step sequencers. Each sequencer 
operates in a fashion similar to a stepping 
switch with a single specific reference energized 
at each switch position. These references start 
with the digit 2 and take the form 2YXX. The 
significance of the remaining three digits is as 
follows: 

2 Y X X 

SEQUENCER _____ --'1 T'--_____ SEQUENCER STEP 
NUMBER (I-B) (1-32) NUMBER 

--r-lt 4007 
1062 + 

0000 , 
4093 

ADD. 
4093 REVFI 

NET NO. USED REF. 1062 4007 4093 
0001 0014 VAL OFF 000 000 

Figure 3-25. Sample of 
Transitional 
Contact Logic 

o 

Sequencers one to eight are controlled by 
numerical values placed in registers 4051-4058, 
respectively. 

NOTE: If all sequencers are not being used, the 
spare sequencer driving registers can be 
used in the same manner as any other 
holding register. 

The numerical values can be placed in these 
registers by any of the non-relay functions, such 
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as counter, timers, or any arithmetic 
operations. A value of zero or greater than 32 
will result in deenergizing all references to 
that sequencer. Values between one and 32 will 
result in energizing that single reference with 
all other references to that sequencer being 
deenergized. As an example, refer to Figure 3-26. 

1047 

0012 

0031 CTR 

4053 

2301 
2312 f.\ 2302 

t;2\\.0r;'\ 
2311®VJ \.:.J (;'\2303 

II 0 
"" @ I"~ 'W. 
2309 0

0 
7 0 5 2305 

2308 ~ 2306 
2307 

EQUIVALENT CIRCUITRY 

Figure 3-26. Sample Sequencer 
Logic 

The counter, with a preset of 12, stores its 
current count in register 4053. Each time input 
1047 is energized, the value in register 4053 is 
incremented by one. This is equivalent to moving 
the stepping switch one position. If register 
4053 contains the value five, reference 2305 
(third sequencer, step five) is energized. When 
the current count equals the preset (0012), the 
stepping switch stops with reference 2312 
energized. 

NOTE: This example is a twelve step sequencer; 
32 steps are available in ALL sequencers. 
The counter limits this circuit to 12 
steps since that is its preset. 

Whenever coil 0031 is energized, the counter is 
reset to zero and the stepping switch goes back 
to home (no references energized) regardless of 
its current count. Intermediate references are 
not energized. 

Each sequencer is completely independent since it 
is controlled by separate register values. 
Sequencer references can be used as 
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3.4.5 BCD Convert 

often as necessary anywhere in the logic where 
relay contacts are appropriate. By using 
appropriate logic, any sequencer can be made to 
skip steps, jump forward, or move backwards as 
necessary; intermediate references are NOT 
energized. Sequencer references are updated as 
soon as a change in the content of a sequencer 
register is made. Thus, one network can drive 
the sequencers; the next network can use the most 
recent value of the sequencer references. 

Note: Sequencer references cannot be used on 
transitional contacts. 

This function allows register devices such as 
thumbwheels and LED displays to be connected to 
discrete I/O modules. This is especially useful 
when only a few registers (e.g., one or two of 
each type) are required; the discrete modules can 
be of any voltage type necessary to interface to 
external equipment. Each module (eight circuits 
per module) is capable of interfacing to two BCD 
digits. Up to 12 adjacently numbered circuits 
can be combined to provide full numerical range 
(000-999) for a single register. Since the 
Convert function always utilizes three digits, 
locations not provided with modules should be 
left vacant. Each register value will be 
converted and supplied to/from the I/O Section on 
every scan (i.e., no multiplexing). 

The general form of the Convert is as shown in 
Figure 3-27. 

- IXXX ~ 

CONY 

- 4XXX 

4XXX 

CONY 

OXXX 

INPUTTING OUTPUTTING 

Figure 3-27. Convert General 
Form 

In general, the upper left node controls the 
conversion. If an input convert receives power 
flow from the left, the conversion is performed. 
When it receives power flow, the inputs are 
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0010 

converted from BCD to binary (the normal internal 
numerical representation), then stored in the 
holding register. A similar conversion is 
performed to output binary data to BCD. The 
upper output (right side, top node) provides 
power flow when a BCD conversion is done. The 
lower output is not used. 

When inputting values, the upper node is the 
first input in the I/O structure that contains 
numerical values. The conversion will always use 
this input reference plus the next eleven (total 
12 discrete inputs). Typically, this input 
represents the 800 BCD value. If less than three 
digits of BCD are supplied, any unused discrete 
input in the series of twelve should not be 
used. For example, if a two-digit thumbwheel is 
wired to inputs 1021-1028, inputs 1017-1020 
should, nonetheless, not be used. Inputs 
1021-1028 are converted from BCO to binary with 
the result placed into register 4062. See Figure 
3-28. 

When outputting, the upper node is a register 
from which the numerical values are taken on 
every scan the top left node receives power 
flow. The lower node is the first output coil to 
be controlled by the result of the conversion; 
the convert always uses this coil plus the next 
eleven. A typical output wiring diagram and the 
logic to drive it are shown in Figure 3-29. 
Output coils 0041-0052 are provided with the BCD 
equivalent of the value stored in register 4096. 
None of the 12 coils used by a convert operation 
can be used as logic coils elsewhere in the 
program. 

1017 

CON 

4062 

THUMBWHEELS INPUT REFERENCE 

SECOND 
DIGIT 

FIRST DIGIT 

7 

8 

80 

40 

20 

10 

8 

4 

2 

I 

OFF 
1021 

ON 
1022 

ON 
1023 

ON 
1024 

ON 
1025 

OFF 
1026 

OFF 
1027 

OFF 
1028 

Figure 3-28. Example of Input 
Conversion 
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BINARY/BCD 
CONVERSION 

OUTPUT COIL 
/ 

41 

42 

43 

44 

45 

46 

OFF 

OFF 

ON 

ON 

ON 

OFF 

LED DISPLAYS 

800 

400 

200 

100 

80 

40 

3 THIRD 
DIGIT 

f-- 4096 >-- 4096 OFF 
9 SECOND 

DIGIT 
0011 

CON 

0041 

47 

48 
ON 

49 
OFF 

50 ON 

OFF 
51 

52 
ON 

\. 

Figure 3-29. Example of Output 
Conversion 

20 

10 

8 

4 

2 

I 

5 ONE 
DIGIT 

3.4.6 Binary Convert 

NOTE: The functions described in paragraphs 
3.4.6 thru 3.4.9 that follow are available 
only with the optional Enhanced II 
Instruction Set. Read and understand 
these functions before programming an 
Enhanced II Controller. 

The BCD Convert function, described in paragraph 
3.4.5, operates with BCD devices wired to 
discrete I/O modules; typically, thumbwheels and 
LED displays are used. The BCD Convert will 
accept BCD inputs, convert their data to binary 
(normal internal numerical format), and store the 
result in a holding register (4XXX reference). 
Similarly, numerical values in a holding register 
can be converted from binary to BCD and output 
via logic output coils (references 0001 to 0256) 
to control output devices. 

Conversions that do not use BCD data formats are 
also possible. These conversions input and 
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*IGNORED 

output the binary data directly. Binary 
conversions operate upon 10 bits of data in lieu 
of 12 bits required by the BCD format to 
represent three digit values (000 to 999). 
Conversions are still possible in both directions 
where inputs (lXXX references) control the 
contents of holding registers and holding 
registers control output coils (OXXX references). 

To select which type of conversion is 
implemented, the lower input node is utilized 
(see Figure 3-27). If this input does not 
receive power flow, the conversion will be BCD. 
Binary conversion is utilized when this input 
receives power flow. Of the 12 references used 
by the binary convert, only the first 10 will 
represent the binary digits. The last two will 
be ignored by the input conversion or turned OFF 
by the output conversion. For example, if the 
input binary convert is programmed to start at 
reference 1010, the 10 inputs used will be 1010 
through 1019. If the output binary convert is 
programmed to start at reference 0041, coils 0041 
through 0050 will reflect the binary data. 

NOTE: In this example, coils 0041 through 0052 
cannot be programmed elsewhere in the 
logic. The last two, 0051 and 0052, are 
always OFF. 

Refer to Figure 3-30 for an example of binary 
convert. Until coil 510 (normally closed) is 
energized, the status of inputs 1017-1026 will be 
placed in register 4062, and the binary content 
of register 4096 will control output coils 41-50, 
updated every scan. The vertical connections 
will ensure that both converts will be performed 
in binary. With the assumed inputs, the 
following will result from the input convert: 

REGISTER 4062 
INPUT STATUS BIT PATTERN NUMERICAL VALUE 

1017 OFF 0 (MSB) 
1018 OFF 0 
1019 ON 1 
1020 OFF 0 
1021 ON 1 180 
1022 ON 1 
1023 OFF 0 
1024 ON 1 
1025 OFF 0 
1026 OFF 0 (lSB) 
1027 * -
1028 * -
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3.4.7 Move 

--.---IN-,,..l 1017 

CON 

4062 

_r-..I-.-I 4096 

0510 
CON 

0041 

NET NO. USED REF. 0 
0001 0022 VAL. 

Figure 3-30. Example Binary.Convert 

The following will be the output results 
with the value 287 in register 4096. 

REGISTER 4096 
BIT PATTERN OUTPUT COIL STATUS 

0 (MSB) 0041 OFF 
1 0042 ON 
0 0043 OFF 
0 0044 OFF 
0 0045 OFF 
1 0046 ON 
1 0047 ON 
1 0048 ON 
1 0049 ON 
1 (LSB) 0050 ON 
- 0051 OFF (Permanently) 
- 0052 OFF (Permanently) 

Numerical values contained in input and holding 
registers can be transferred or moved to other 
holding registers within the controller with this 
function. Oata is not altered, only moved. Each 
move logic operation can transfer the content of 
a single register into another on each scan. Two 
forms of move are possible: Register to Table 
and Table to Register. 

The "table" is a group of consecutive registers 
and can be all holding registers (4XXX) or all 
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input registers (3XXX). The specific register in 
the table that is to be "moved" is controlled by 
a pointer. The pointer is the contents of a 
register referred to by the move logic function. 
The content 1 to 254 refers to holding registers 
4001 to 4254, respectively; the content 801 to 
832 refers to input registers 3001 to 3032. The 
move logic will not operate if the pointers are 
beyond these limits. Data movement can be 
symbolically represented as shown in Figure 3-31 . 

TABLE 

SOURCE REG 1ST ER 
30XX OR 40XX 

D ) 

REGISTER
TO-TABLE 

,. 4001 

L-_---' 4254 

.--__ ,.TABLE 
4001 
OR 

3001 

4254 

DESTINATION REGISTER 
4XXX 

) ) I I 

OR I" 
3032 L-_----' TABLE-TO-REGISTER 

Figure 3-31. Mdve Schematic 

The general form of the move function is 
displayed in Figure 3-32. For every scan that 
the input receives power flow the move is 
performed. In the case of a Register-to-Table 
move, the value in the source register is moved 
into the holding register specified by the 
pointer. The value in the source register is NOT 
altered; the previous value in the table register 
is destroyed and replaced with a copy of the 
content of the source register. The pointer is 
NOT altered. 

A similar operation occurs with the 
Table-to-Register move. The content of a 
register in the table (either input or holding 
register) as selected by the pointer is moved to 
its destination register. The value in the table 
register is NUT altered; the previous value in 
the destination register is destroyed and 
replaced by a copy of the table register. The 
pointer is NOT altered. 
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INPUT OUTPUTS 
_ SOURCE t-

30XX OR 

4XXX 
POINTER 

30XX OR t-
4XX X 

INPUT OUTPUTS 
_ POINTER I-

30XX OR 
4XXX 

DESTINATION 

4XXX f-

REGISTER-TO-TABLE TABLE-TO-REGISTER 

Figure 3-32. Move General Form 

NOTE: Since the pointers are not automatically 
incremented, additional logic such as a 
counter or arithmetic function should be 
used to increment the pointer value. 
Limits can be easily implemented in this 
logic to restrict the moves to smaller 
tables. 

The upper output will provide power flow for 
every scan the input is enabled (supplying 
power). The lower output will provide power flow 
only if a move is attempted (input enabled) with 
an illegal pointer value. Use of either output 
is optional and depends upon the application 
requirements. 

For an example, refer to Figure 3-33 noting the 
content of the registers shown in the status 
area. When inputs 1001 and 1065 are energized 
and coil 236 is deenergized, the move will be 
performed. Since the content of register 4037 
(pointer) is 156, the value in register 4156 will 
be moved into register 4083 (Destination 
register). The current content of 4083 (value 
917) will be replaced with the content of 4156 
(value 361); all other registers will retain 
their content. In this example, coil 64 will be 
energized whenever the move is attempted, and 
coil 261 will be OFF. If the pointer was 305 or 
999, both coils 64 and 261 would be energized. 
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3.4.8 Skip 

-.--1 I--+'N: 4037 
1001 0236 1065 

T~R 

4083 

- - - ------{ }-
0064 

- - - -----{ )-
0261 

--< }-- NET NO. USED REF. 4037 4083 4156 0 
0156 REV OX 0001 0020 VAL 156 917 361 

Figure 3-33. Example Move 

This function allows a group of consecutive 
networks to be skipped or omitted in the scanned 
logic solution. The status (ON/OFF) of all coils 
and the register content controlled by these 
networks will not be altered while they are being 
skipped. 

NOTE: If the controller should lose AC power, 
the coils will follow their 
latched/non-latched condition upon 
restoration of power even if the skip is 
enabled. 

The skip is the only non-relay function currently 
available that utilizes only one node for 
programming. The number of networks to be 
skipped is entered into this element. This 
quantity can be a fixed value from zero to 255 or 
a register reference (30XX or 4XXX) whose content 
indicates the quantity of networks to be 
skipped. The remainder of the current network is 
skipped; this is the first network skipped. 

The value zero indicates to skip all remaining 
logic and go directly to the end of scan 
functions. If the quantity of networks to be 
skipped is greater than the number of networks 
remaining, only those networks remaining will be 
skipped. 
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3.4.9 By-Pass I/O 

The skip function is useful to build shift 
registers and reduce scan time. The skip of zero 
networks (go to end of scan) will save the scan 
time required to process all subsequent logic. 
When skipping a non-zero quantity of networks, 
the scan time is reduced to that required to 
solve the remaining relay logic. 

~ 
1126~ 

--11-
1126 REV DX 

NET NO. USED RE F. 
0001 0010 VAL 

Figure 3-34. Example Skip 

D 

For an example, refer to Figure 3-34. When input 
1126 is energized, the remainder of the current 
network and the eleven following networks are 
skipped. Any outputs, coils, or registers 
controlled by these networks are "frozen" and not 
change state/content. When input 1126 is 
deenergized, these networks return to their 
normal logic solving capabilities. They will be 
solved based upon the current state of inputs and 
non-skipped logic results. 

To further optimize the scan, the Enhanced II 684 
Controller is provided with the ability to 
"by-pass" or skip I/O servicing, as well as 
portions of the logic. Both inputs and outputs 
can be by-passed in small segments as selected by 
the user. Any discrete or register I/O that is 
not currently being utilized can be by-passed 
resulting in a slightly faster scan. Scan rates 
are reduced by approximately 60 microseconds per 
eight inputs and eight outputs, or one input and 
one output register. 

This function is selected by disabling ON the 
last input available in the controller (see Table 
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Value 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33-999 

3-4). If this input is not disabled, or if it is 
disabled OFF, no by-passing of I/O is possible. 

Register 4059 is dedicated to controlling the 
by-passing of discrete I/O. Register 4060 
controls register I/O. The value zero in either 
of these registers implies servicing all I/O of 
that category. Values 1-32 limit the I/O 
servicing; values greater than 32 have no effect 
on I/O servicing. Table 3-4 defines the effect 
of values 1-32 within these registers on I/O 
servicing 

Table 3-4. I/O Servicing 

Register 4059 Register 4060 
Discrete I/O Serviced Register I/O Serviced 

Inputs Outputs Inputs Outputs 

1001-1256 0001-0256 3001-3032 4001-4032 
1001-1248 0001-0248 3001-3031 4001-4031 
1001-1240 0001-0240 3001-3030 4001-4030 
1001-1232 0001-0232 3001-3029 4001-4029 
1001-1224 0001-0224 3001-3028 4001-4028 
1001-1216 0001-0216 3001-3027 4001-4027 
1001-1208 0001-0208 3001-3026 4001-4026 
1001-1200 0001-0200 3001-3025 4001-4025 
1001-1192 0001-0192 3001-3024 4001-4024 
1001-1184 0001-0184 3001-3023 4001-4023 
1001-1176 0001-0176 3001-3022 4001-4022 
1001-1168 0001-0168 3001-3021 4001-4021 
1001-1160 0001-0160 3001-3020 4001-4020 
1001-1152 0001-0152 3001-3019 4001-4019 
1001-1144 0001-0144 3001-3018 4001-4018 
1001-1136 0001-0136 3001-3017 4001-4017 
1001-1128 0001-0128 3001-3016 4001-4016 
1001-1120 0001-0120 3001-3015 4001-4015 
1001-1112 0001-0112 3001-3014 4001-4014 
1001-1104 0001-0104 3001-3013 4001-4013 
1001-1096 0001-0096 3001-3012 4001-4012 
1001-1088 0001-0088 3001-3011 4001-4011 
1001-1080 0001-0080 3001-3010 4001-4010 
1001-1072 0001-0072 3001-3009 4001-4009 
1001-1064 0001-0064 3001-3008 4001-4008 
1001-1056 0001-0056 3001-3007 4001-4007 
1001-1048 0001-0048 3001-3006 4001-4006 
1001-1040 0001-0040 3001-3005 4001-4005 
1001-1032 0001-0032 3001-3004 4001-4004 
1001-1024 0001-0024 3001-3003 4001-4003 
1001-1016 0001-0016 3001-3002 4001-4002 
1001-1008 0001-0008 3001 4001 
NONE NONE NONE NONE 
ALL ALL ALL ALL 
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For example, on the 8K word controller with input 
1256 disabled ON, if the value 9 is placed in 
register 4059 and the value 26 in register 4060, 
only discrete inputs 1001-1184 and outputs 
0001-0184, as well as registers 3001-3006 and 
4001-4006 will be serviced in the I/O structure. 
The approximate I/O servicing time in the scan 
time will be reduced from 7 mSec to 4.9 mSec. 
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SECTION 4 
INTERNAL PRINCIPLES 

4.1 THEORY OF OPERATION 

4.1.1 Introduction 

4.1.2 Scan 

The 684 Controller represents a new dimension in 
programmable controllers. Its combination of 
speed, and sophisticated capabilities has not 
been previously available in compact 
controllers. Memory utilization is the result of 
a compromise between programming flexibility and 
minimum memory usage. This section describes the 
system software data base, as well as memory 
utilization and conventions. Also provided is a 
description of the procedures required to 
properly integrate the controller into a data 
processing system. 

This information is normally NOT required for the 
designer to program the controller. The designer 
enters his program by means of the various 
programming devices, in the multi-node (10 X 7) 
format. However, when the controller is 
interfaced to a computer system, this information 
will assist the user in obtaining the data he 
requires. 

The 684 Controller processes its logic data by 
solving networks in numerical sequence, beginning 
at network 1 and continuing through the last 
network programmed. A network is defined as a 
group of connected programmed elements; these 
elements can be relay contacts or numerical 
references. 

NOTE: The controller scans only memory actually 
programmed with logic. 

After all logic is solved, the inputs and outputs 
are serviced together in one group. This 
completes one scan. As soon as one scan is 
completed, the next scan begins again with 
network 1. 

Each network is independently solved from column 
one to column ten and then to its coils. Within 
each column, the logic is solved from the top 
rung to the bottom rung of that column. The new 
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results from each network (either coil status or 
register contents) are immediately available for 
use by the next network. The scan is by network 
number, NOT by output coil number. The scanning 
technique is very basic to the operation of the 
684 Controller and should be understood prior to 
proceeding. 

During every scan, each network is solved, and 
each I/O module is serviced. The exact time to 
complete a scan varies from application to 
application, and depends on the number of 
networks programmed and the types of logic 
utilized. 

NOTE: When power is applied, a power-up sequence 
is performed. The time required for power 
up operation is the typical scan time 
provided in Table 3-2, plus 400 mSec for 
update of input registers. 

After this power up sequence, scanning is 
performed based upon real data (inputs, disables, 
and latched coils updated) beginning at network 
1. If a power failure is detected, scanning is 
terminated at whichever network is currently 
being solved, and the power-down sequence is 
initiated, which includes turning all outputs OFF. 

Whenever an output transfer occurs, the status of 
the I/O bus lines is compared to the output 
data. If they do not agree, a fault has occurred 
in the I/O Section which may cause unreliable 
operation. Thus, the processor will stop, 
forcing all outputs OFF, and extinguish the RUN 
light. Since the same bus lines are used to read 
inputs, error checking the output transfers will 
also verify bus lines for input transfers. 

4.1.3 Memory Utilization 
The logic program entered by the user is stored 
in the User Memory in successive words. The 
logic is stored by network number, with the first 
network in the lower memory addresses (first to 
be scanned), and the last network in the upper 
memory addresses. If new networks are to be 
added, they are normally placed after all 
existing networks. However, the P180 Programming 
Panel has the ability to add either logic 
elements to a network or to insert networks 
between existing networks. If additional memory 
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is required, existing logic is moved down as 
necessary to make room for new logic. 

Each network is stored in memory by vertical 
columns. The first column is stored, then the 
second column, etc., until finally all the coils 
(if any) are stored. Since coils are optional, 
there are two words of memory used to indicate 
when one network ends and another begins. These 
words are the first two words stored in memory 
for a network (start of network indication). 
Each node (contact, preset, register reference, 
coil, etc.) in the network requires two 8-bit 
words of memory. 

The first rung of a network must be complete, 
from left power rail towards the right, for as 
many columns as this network is going to require 
in any rung (excluding coils). Horizontal shunts 
or opens are added as necessary to complete the 
required elements in the top rung. Within each 
column, elements must be programmed from the top 
(first rung) down to the last element OF THAT 
COLUMN that will contain user logic. Any column 
that is to be used can have from one to seven 
elements. There is no requirement to "match" 
columns in size. Empty columns to right of all 
user logic, but prior to the coils, do not 
require ANY memory. If there are any vertical 
connections in a column, two additional words of 
memory are required for each column to indicate 
the location of these connections. Only two 
words are required regardless of the quantity, 
location, or continuity of these vertical 
connections in any column. The column containing 
coils requires two words for each coil or space 
between coils. 

Figure 4-1 displays a network which utilizes 
three horizontal rungs (X,Y, and Z) and eight 
vertical columns (1 to 8). To determine the 
quantity of 8-bit memory words required for this 
network, each column is analyzed as follows: 

COLUMN 1: Only the A node requires memory (two 
words). Since only one node is desired in this 
column, the vacant areas opposite rung Y and Z do 
NOT require memory. 

COLUMN 2: Similar to column 1, only the B node 
requires memory (two words). 

COLUMN 3: 
as does a 
asterisk) 

Node C requires two words of memory, 
horizontal open node (indicated with an 
used to specify location of vertical 
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connectors. Vertical connections themselves 
require two more words of memory. 

COLUMN 4: All three nodes (contact 0, E, and F) 
require two words each. 

2 3 4 5 6 7 8 9 10 II 

ABC D G J K L x: HH r-1'H ~------e-

y: 

z: 

----------§-

Figure 4-1. Sample Multi-Node 
Diagram 

COLUMN 5: All three nodes (contacts G, H, and I) 
require two words each. 

COLUMN 6: All three nodes (contact J, preset 
0276, and register reference 4037) require two 
words of memory each. Single vertical connection 
at element J requires an additional two words. 

COLUMN 7: Only contact K requires memory (two 
words) since there are no programmed nodes except 
for coil 271 to the right of the vertical 
connector in column 6. 

COLUMN 8: Only contact L requires memory (two 
words) . 

COLUMNS 9 
& 10: No memory required for columns 9 and 
~ 

COLUMN 11: Coils 10 and 271 each require two 
words of memory. 

Summary of required memory is as follows: 
Column Words 

1 
2 
3 
4 

4-4 

2 
2 
6 
6 



5 6 
6 8 
7 2 
8 2 
Coils 4 
start Network 2 

TOTAL 40 

Although the coils are displayed by the P180 
Programmable Panel in the extreme right column, 
they are actually placed in memory immediately 
after all programmed logic in that rung. Within 
the User's memory, coil 010 is placed after 
contact L as the 9th element of the top rung. 
Coil 271 is similarly placed after the timer in 
rung two (below contact K). Thus, coil 271 will 
be updated prior to coil 010 since the logic is 
solved by columns. 

4.1.4 Data Base 

Memory 

User RAM 

Dynamic RAM 

Scratchpad 

Details of the data base are NOT required to 
effectively program the 684 Controller. The 
following information is provided to document the 
internal operation of the controller and, thus, 
complement the user's understanding. Those users 
who wish to interface the 684 Controller to a 
computer via the EIA adapter (model J470) will 
also require a working knowledge of the data 
base. Within the 684 Controller, there are three 
separate memories connected by a data bus. The 
characteristics of each memory are provided in 
Table 4-1. 

Table 4-1. 684 Internal Memory Characteristics 

Battery 
Memory Size Backup Used For 

Model Dependent Yes Storage of user 
(See Table 3-2) program 

Model Dependent Yes Storage of logic 
coils, inputs, and 
holding register 
content 

256 eight bit No Temporary storage of 
words program results and 

status of input 
registers 
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4.1.4.1 User RAM 
Except for the first two words, which are 
utilized for system error checking, the User RAM 
is dedicated entirely to the storage of the 
user's logic program. 

An end-of-Iogic element is always required to 
terminate the scan; thus, the smallest logic 
space is four words, two for error checking and 
two for end of logic. 

octal memory addresses 00000 to 17777 are 
assigned to the User RAM (maximum 8K); the first 
node of network one (start of network) is stored 
in words 00002 and 00003. The exact location of 
any network's node will depend upon the network 
number and the previous network's content, as 
well as the previous nodes of that network. To 
address a complete node, an even address must be 
used. 

Each node of the program is stored in successive 
words of memory, two words per node. In general, 
these two words indicate the type of element, 
whether it is the last element in a column, and 
which reference (if any) it uses. These 
references can be to coils, inputs, or sequencer 
states for relay contacts, and register or fixed 
values for numerical elements. These two words 
are coded as follows: 

WORD NO. 

~---~---~ ( zz\ 
x YYYYY 

f 
END OF COLUMN 

I'YES, 0' NO 

ELEMENT TYPE 

98 

WORD NO.2 

~ 
76543210 

t 
REFERENCE 

The end of a column bit (X) is a one if this 
element is the last element of a column which 
does not contain vertical connectors. X is a 
zero if it is not the last element of column or 
if the column requires an end of column element 
to store vertical connections. The significance 
of the element type as coded in the Y bits is 
defined in Table 4-2. The reference value is 
stored in the Z bits and decoded in accordance 
with the chart provided as part of Table 4-2. 

The relay contacts (codes 3-10) are controlled by 
discrete references such as inputs, output coils, 
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internal coils, or sequencer steps. Bits Z9 and 
Z8 define the type of reference as follows: 

00 = discrete inputs (lXXX) 
01 = output coils (0001-0256) 
10 = internal coils (0257-0512) 
11 = sequencer steps (2YXX) 

The remaining eight bits contain the Dynamic RAM 
address minus one, in binary, where that 
reference's status is maintained. Those codes 
indicated by a single asterisk (7-10) can be 
referenced only to output or internal coils, not 
inputs or sequencer steps. Sequencer references 
are also NOT allowed to codes 5 and 6. 

Numerical references (codes 14-18 and 21) can be 
made to holding registers as shown in Table 4-2. 
The Z9 and Z8 bits must be 00 to indicate a holding 
register (4XXX). Those codes indicated with a 
double asterisk (14, 16, 21) also can be referenced 
to input registers (30XX)j this is indicated by 
bits Z9 and Z8 being 01. These are the only legal 
configurations for Z9 and Z8 with register 
references. Since code 22 uses only holding 
registers, bits Z9 and Z8 indicate the type of 
arithmetic function defined as follows: 
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.l>
I 

(Xl 

Code 
(BINARY) 

00000 
00001 
00010 
00011 
00100 
00101 

00110 

00111 
01000 
01001 

01010 

01011 
01100 
01101 

01110 

01111 
10000 
10001 
10010 
10011 

10100 
10101 
10110 

10111 
11000 
11001 
11010 
11011 
11100 
11101 
11110 
11111 

(DECIMAL) 

0 
1 
2 
3 
4 
5 

6 

7 
8 
9 

10 

11 
12 
13 

14 

15 
16 
17 
18 
19 

20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 

----

Table 4-2. Definition of Elements of Data Base 

Z Bit Coding 

DIS- REG- CDN-
SIGNIFICANCE CRETE ISTER STANT NONE 

Start of Network X 
End-of-Logic X 
End-of-Column 
Normally Open Contact X 
Normally Closed Contact X 
Positive Transitional X 

Contact 
Negative Transitional X 

Contact 
Non-retentive Coil x* 
Retentive (Latch) Coil x* 
Disabled Non-retentive x* 

Coil 
Disabled Retentive (Latch) X* 

Coil 
Horizontal Open X 
Horizontal Shunt X 
Constant-TIC Preset or X 

Arith. Upper 
Register-TIC or Move X** 

Preset or Arith. Upper 
Counter Sto,rage X 
Timex (Seconds) Storage X" 
Timer (1/10 Sec) Storage X 
Timer (1/100 Sec) Storage X 
Convert 

Constant Arithmetic Middle X 
Register Arithmetic Middle x** 
Arithmetic Lower Storage X 

Null Element X 
Table to Register Move X 
Register to Table Move X 
Not Assigned X 
Not Assigned 
Not ASSigned 
Not Assigned 
Not Assigned 
Skip 

- - -_. ------ - , - - . 

Approx. Effect on 
Scan Time 

(uSec per element) 

OTHER INACTIVE ACTIVE 

23 23 
10 10 

X 16 16 
9 9 
9 9 

13 13 

13 13 

10 10 
10 10 
10 10 

10 10 

9 9 
9 9 

25 25 

25 25 

55 55 
52 52 
52 52 
52 52 

X 35/25 (Inl 60/100 (Inl 
Out) Out) 

20 20 
20 20 
20 60/270/200 

(=.IX/Oiv. ) 

5 5 
12 12 
55 55 
55 55 

X 16 16 
- L _. - _ .. 



00 
01 
10 
11 

= 
= 
= 
= 

Add 
Subtract 
Multiply 
Divide 

In any case, bits Z7 through ZO contain the 
register number minus one, in binary. Two of the 
codes (13 and 20) indicate a constant value in lieu 
of a register reference. The three digit constant 
value is stored as binary in bits Z9 through ZOo 
Also there are seven codes that need no other 
reference/value. Thus bits Z9 through ZO will be 
zero for these codes. 

Three element types have unique significance to the 
Z bits; these are codes 2, 19 and 31. Code 2 
indicates the end of a column of logic; this code 
is used if there are any vertical connections in 
the column. Bits Z9, Z8, Zl, and ZO are zero; bits 
Z7 to Z2 indicate if there are any vertical 
connections between adjacent rows. Bit Z7 is a one 
if there is a vertical connection between rows 1 
and 2, bit Z6 is a one if there is a vertical 
connection between rows 2 and 3, etc., until bit Z2 
which indicates a connection between rows 6 and 7. 
Code 19 is used with convert operations, both 
inputting and outputting. Bits Z9 and Z8 define 
the type of convert as follows: 

00 = Source, Oiscrete Inputs 
01 = Source, Holding Register 
10 = Oestination, Oiscrete Coils 
11 = Oestination, Holding Registers 

The remaining eight bits define the reference 
number (coils or relative holding register) minus 
one in binary. Code 31 is the skip function used 
to bypass certain logic networks. The quantity 
of networks skipped either is stored in a 
register or is a fixed (constant) value. 

4.1.4.2 Dynamic RAM 
The dynamic RAM stores the ON/OFF state of the 
discrete inputs, outputs, and internal coils. 
The disable condition of discrete inputs is also 
stored in the Dynamic RAM; the disable condition 
of the coils is stored in the user RAM (see Table 
4-2). The content of all holding registers (12 
bits per register) is stored in the Dynamic RAM. 
Finally, it adds a series of history bits to 
record the previous status (one scan old) of 
inputs, outputs, and internal coils. These 
history bits are used to detect transitions of 
these contacts for use with transitional 
contacts. The Dynamic RAM is retentive upon 
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Bit No. 

o (LSB) 

1 

2 

3 

4 

5 

6 

7(MSB) 

power failure; it is cleared selectively upon 
power restart in accordance with the 
latched/unlatched coils and disable states. 

The size of the dynamic RAM varies with 
controller model as follows: 

User RAM Dynamic RAM 
Model (8-bit words) (4-bit words) 

684A-XY2 2048 1024 
684A-XY4 4096 1280 
684A-XY8 8192 1280 

Within the dynamic RAM, discrete storage is 
assigned internal addresses (20000)8 through 
(20377)8. Within these addresses is stored the 
status of discrete inputs (lXXX references), 
outputs (0001-0256), internal coils (0257-0512), 
and input disable conditions. The following 
illustrates the assignment of specific memory 
bits; any controller that does not contain 
sufficient memory for all logic references, also 
will not have corresponding addresses. 

Function 

Internal Coil state 

Output Coil state 

Input state 

Input Disable status 

Internal Coil History 
(Previous Scan) 

output Coil History 
(Previous Scan) 

Input History 
(Previous Scan) 

Not Used 

o 

OFF 

OFF 

OFF 

Value 

Enable 

OFF 

OFF 

OFF 

1 

ON 

ON 

ON 

Disable 

ON 

ON 

ON 

To obtain exact memory address for discrete 
inputs, output coils, or internal coils, subtract 
one from relative value of that reference and 
translate to octal designation. For example, 
address (20000)8 contains the status of input 
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Octal 
Address 7 

20024 Not 
20025 US-
20026 EO 

... 

4.1.4.3 Scratchpad 

1001, output 0001, and internal coil 0257. 
Address (20025)8 contains the status of input 
1022, output 0022, and internal coil 0278. 

Bit Number 

6 5 4 3 2 1 0 

1021 0021 0277 01- 1021 0021 0277 
1022 0022 0278 SA- 1022 0022 0278 
1023 0023- 0279 BLE 1023 0023 0279 

History III! ... State ... 
Holding registers are assigned internal address 
(40002)8 through (40377)8' locations 40000 
and 40001 are used for internal system use. To 
obtain the correct address, add one to the 
relative address of the holding register and 
translate to octal designation, e.g., 4001 = 
address (40002)8, 4020 = address (40025)8, 
etc. The register addresses are assigned to 12 
bit locations, used to store values 000 to 999 in 
binary. If the holding register is used to store 
the current value of a counter, the high order 
bit (number 11) is used to store the history of 
the count signal. Since values up to 999 can be 
stored in ten bits of binary information, the 
counter history does not affect the capabilities 
of the register to store counts up to 999. Since 
holding registers are retentive upon power 
failure, the count signal history will also be 
retentive. If more than one counter is 
referenced to a holding register, the count 
signal history can be confused resulting in 
incorrect counting. 

The scratchpad memory is used to store system 
status information, as well as input register 
content and temporary values during arithmetic 
operations. This memory is not supported by 
battery back-up and, thus, will automatically be 
cleared to zero upon power up. Addresses 
assigned to the 32 input register locations are 
(60300)8 through (60377)8 for references 3001 
to 3032, respectively. Each register requires 
two a-bit locations; the first containing the 
high order binary equivalent and the second the 
low order binary content. Thus, location 
(60300)8 contains the Ho portion of 3001, and 
(60301)8 the Lo portion, both calculated in 
binary. These locations are updated with values 
upon every scan of the controller. Any input 
register not used in the I/O structure will be 
loaded with zero on each scan of the controller. 
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4.1.5 Power Up/power Down 
When AC power is applied to the mainframe's power 
supply, it begins producing DC power. There is a 
slight delay of approximately 5 mSec after the DC 
voltages are within regulation before the 
processor begins operating. This delay allows 
sufficient power to be stored to insure proper 
power down if AC power is removed. Thus, a 
controlled power down is always assured whenever 
the power up operation is initiated. The time 
required for the 'power up sequence varies with 
memory size but is roughly equal to the typical 
scan time shown in Table 3-2 plus 400 mSec. 

As soon as DC power has been established for 
5 mSec, the controller begins its special power 
up sequence. The User Logic RAM is verified 
against a stored parity checksum. The Dynamic 
RAM, containing previous coil status and holding 
register content, is also separately verified 
against another stored checksum. If either or 
both of these parity verifications fail, the 
controller will not start, and the error 
condition is stored within its memory. 

Assuming no malfunction of the logic or dynamic 
RAM is detected, the controller will turn OFF 
(set to zero) any logic coil (OXXX references) 
that is not latched or disabled. Coils that are 
latched or disabled are not altered and, thus, 
will retain their previous state (ON or OFF). 
All inputs (lXXX references) are turned OFF 
except for those that are disabled; disabled 
inputs retain their previous state (ON or OFF). 
Finally, all inputs - discrete (lXXX references) 
as well as registers (30XX references) - are 
serviced and their status entered into the 
controller. Reading all inputs completes the 
power up operation. The controller now begins to 
solve its'logic at network one. No logic is 
solved without first verifying RAM contents, 
establishing latched and disabled coils, and 
reading all inputs. 

When AC power is removed, the controller 
continues to operate using internally stored 
power. If AC power is not restored, the 
controller will execute an orderly power down 
operation. There is sufficient storage capacity 
to operate for at least one cycle of the AC power 
(20 mSec). Longer operation is possible 
depending upon exact configuration of devices 
(P180 Programming Panel, J470 Interface, I/O 
Modules, etc.) connected to the mainframe. Prior 
to actual loss of DC power, a warning signal is 
provided from the power supply to the processor. 
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This warning signal causes the processor to stop 
solving logic no matter what its stage in the 
scanning process and to begin the power down 
operation. 

NOTE: Power down occurs at whatever network is 
being processed when the power failure 
warning signal is received. 

The power down sequence will be accomplished 
whenever the warning signal is received, even if 
AC power is restored. The power down sequence 
requires less than 5 mSec. 

During the power down sequence, the controller 
calculates a checksum for the Dynamic RAM; logic 
RAM checksum is constantly being kept. This 
checksum is used during power up to verify the 
content of these RAM's. In addition, all outputs 
are turned OFF by removing the output enable 
signal from the I/O bus. All coil and input 
status and their history (previous scan's status 
for transitional detection), holding registers' 
content, logic, etc. is retained for use during 
the power up operation. Whenever the power down 
sequence is initiated, it must be followed by a 
complete power up operation before logic and 
outputs can again be established. 

4.2 COMMUNICATIONS WITH A COMPUTER 

4.2.1 Hardware 
The 684 Controller has the option to be equipped 
with a model J470 Adapter (see Figure 4-2). This 
option can be added to any 684 Controller by 
mounting the adapter adjacent to the controller's 
mainframe and plugging the 3-foot cable into the 
communications connector (this connector is 
normally used to communicate with the programming 
panel). The adapter has two connectors: one for 
the EIA device (computer), the other for a 
programming panel. Simultaneous operation with 
both units is possible; however, when the ErA 
device is actively communicating, the Programming 
Panel is inhibited for a short period of time 
(0.5 seconds). During this "lockout", the P180 
Programming Panel will display the message COMM 
BUSY and store all requests until the 
communications port becomes available. Power 
flow, register content, program status, etc., 
will "freeze" on the screen. The controller 
continues to operate during this lockout time. 

4-13 



The user can select the J470's options from a 
series of small switches as shown in Figure 4-3. 

These switches allow the user to select his EIA 
communication speed (baud rate), parity, and 
quantity of stop bits. There is also a rotary 
switch to select which device is active (EIA, 
P180, or BOTH). As shown in Table 4-3, eight 
standard baud rates are available, each with 
either even, odd or no parity, as well as one or 
two stop bits. Any combination of baud rate, 
parity, or stop bit is allowed. The P180 
programming panel always communicates at 9600 
baud, even parity, with one stop bit. 
Communications to a computer can be at any option 
selected by the user. 

NOTE: The computer software required to utilize 
the BOTH position without adverse effects 
is considerably more complex than that 
required for the EIA position. Contact 
MODICON or your distributor for further 
details. 

Figure 4-4 is a block diagram of the connections 
to the J470 Adapter. Most computers are capable 
of communicating at distances up to 15 meters (50 
feet per EIA specification RS-232C). To allow 
communication with a computer at distances 
greater than 15 meters, modems are required at 
the J470 and the computer. MODICON manufactures 
the J478 modem for this purpose. A J478 is 
placed within 15 meters of the computer and 
another is placed within 15 meters of the J470. 
A four wire twisted pair connection is made 
between the J478's. MOOICON recommends the use 
of Belden 8777 or 8227 for this connection. The 
two modems may be as far as 4500 meters (15,000 
feet) away from each other. 
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J470 
ADAPTER 

684 MAINFRAME 
/ (CONTROLLER) 

11m::::""''''·' "~j~-~-:-- - -"F - ". ;~~ 

, . ., .",-. 
" :. 'i 

Figure 4-2. Model J470 Adapter 

J 

OPTION { 
SELECTION 
SWITCHES 

(SEE TABLE 
4-3 THAT 
FOLLOWS) 

EIA 
ACTIVE , 

ROTARY 
SELECTOR 
SWITCH 

Figure 4-3. Option Selection 
on J470 
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Table 4-3. Setting of J470 Option Switches 

BAUD RATE 

9600 

4800 

2400 

1200 

300 

200 

150 

110 

684 

MAINFRAME 

DEVICE 

L206 
TI58 

51 

1 

0 

1 

1 

0 

0 

1 

0 

52 53 54 55 & 56 

1 1 54-STOP BITS 

1 1 (O=TW 0; l=ONE) 

0 1 

1 0 55-PARITY ENABLE 

0 0 (O=INHIBIT; l=ENABLE) 

0 1 

0 0 56-PARITY SELECT 

1 0 (0=000; l=EVEN) 

~470 EIA 

ADAPTER DEVICE 

l' 
60.6M 

(200 FT) 

Mf 

PI80 

rL~ 
(SEE TABLE) 

MAXIMUM 
DISTANCE 

MAXIMUM 
BAUD RATE 

COMPUTER wlo ADAPTERS 
COMPUTER W/~478 

15 M (50 FT) 
30M (100 FT) 
4.5M (15 FT) 

4500 M (1500 FT) 

9600 
300 

9600 
9600 

Figure 4-4. 
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4.2.2 Communications Protocol 

4.2.2.1 Introduction 
The EIA port on the J470 Adapter conforms to EIA 
specification RS-232C (type E) for signal levels 
and hardware compatibility. RS-232C interfaces 
are recognized industrial standards for a 
synchronous, full-duplex, serial communication 
device. Any mating computer should be provided 
with a matching data port, normally a standard 
hardware option with most computer 
manufacturers. FiQure 4-5 illustrates the 
general format of serial data communications. 
The quantity of stop bits depend upon the option 
selected; however, the time required to transmit 
a single 8-bit character (including parity) plus 
required start and stop bits is mainly dependent 
upon the baud rate selected. Table 4-4 
summarizes the time for a single character to be 
transmitted for the various available baud rates. 

The communication is in the form of messages sent 
by the computer and then responded to by the 
controller (via the adapter). All messages will 
be responded to. Messages are a series of 8-bit 
characters of variable length; Figure 4-6 
illustrates the general form of these messages. 
The first character is a start of message 
characters (00000010); the second character is a 
message type identification. The third character 
indicates total quantity of characters in the 
message (start Character to Checksum inclusive). 
After the message length character are from 0 to 
20 data characters followed by a checksum 
character. 

The checksum is prepared by adding the bit 
patterns of the characters and then adding the 
result to the binary equivalent of 255 (start 
chr. + message type chr. + message length chr + 
data + 255 in binary). The additions are 
performed with carries from one column to the 
next, ignoring wrap-around carries. 

Information obtained from the controller is 
addressed by its actual location within the 
controller's memory. See Sections 4.1.4.1 
through 4.1.4.3 for definition of these addresses 
(00000-60377)8. Eleven different types of 
messages are available and are defined in the 
following paragraphs, concluding with a 
discussion of error responses. 
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Baud Rate . 
110 
150 
200 
300 

1200 
2400 
4800 
9600 

TRANSMISSION DIRECTION ... 

Figure 4-5. Format of RS-232C 
Serial Transmission 

Table 4-4. Single Character 
Transmission Times 

One stop Bit Two stop Bits 
(mSec) (mSec) 

90.9 100.0 
66.7 73.3 
50.0 55.0 
33.3 36.7 
8.3 9.2 
4.2 4.6 
2.1 2.3 
1.0 1.1 
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1 ....... 11-- 8 BIT --t~ .... 

4.2.2.2 READ N (0001 NNNN) 

START MESSAGE 

MESSAGE TYPE 

MESSAGE LENGTH 

DATA 

CHECKSUM 

Figure 4-6. General Form of 
Messages 

This message reads up to eight pairs of 8-bit 
words from the controller's memory (see 
format/response in Figure 4-7). Following the 
message type and length characters are two data 
characters indicating the high order and low 
order portion of the address at which the read 
starts. The message type character includes the 
read code (0001) plus the quantity of word pairs 
to be read. The address is converted to binary 
and separated with the eight most significant 
bits in the high order (first) data character and 
the remainder in the low order data character. 
For example, if the status of input 1005 is 
desired, location (20004)8 is addressed. When 
converted to binary and separated into its high 
order/low order components it becomes 0010 0000 
0000 0100 or 00100000 (High Order) and 00000100 
(Low Order). A completed message would be: 
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start of Message: 
Message Character: 
Message Length: 
HO Address: 
LO Address: 
Checksum: 

00000010 
0001'0001 
00000110 
00100000 
00000100 
00111100 

When a valid request has been received by the 684 
Controller, the data is obtained and transmitted 
back to the computer. This response includes the 
complete read message plus the requested data 
(see Figure 4-7). Register information is 
transmitted as 16-bit binary. When addressing 
logic RAM or obtaining discrete (ON/OFF) status 
from Dynamic RAM, two successive 8-bit words are 
obtained. See Section 4.1.4.1 for definition of 
the word types. 

4.2.2.3 WRITE N (0010 NNNN) 
This message changes the content of up to eight 
pairs of 8-bit words within the controller, 
provided memory protect is OFF. The format shown 
in Figure 4-8 is similar to the Read operation, 
except for the addition of a two character mask. 
The response is to echo what was transmitted, 
provided a valid message is received. Bits are 
set to a one in the mask to inhibit changing 
those respective bits in the controller. For 
example, to change register 4003 to the value 
(928)10, the following represents a complete 
message: 

Start of Message: 
Message Character: 
Message Length: 
HO Address: 
LO Address: 
HO Data: 
LO Data: 
HO Mask: 
LO Mask: 
Checksum: 

00000010 
00100001 
00001010 
01000000 
00000100 
00000011 
10100000 
11111100 
00000000 
00001111 

= (40004)8 

In this example, the mask is set such that the 
high order bits of the register cannot be set. 
This insures the value will never exceed 1023. 
In practice, the value in any register should be 
limited to the values zero to 999 inclusive. 
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READ REQUEST READ RESPONSE 

START MESSAGE START MESSAGE 
00000010 00000010 

READ CODE/QUANTITY READ CODE/QUANTITY 
0001 NNNN 0001 NNNN 

MESSAGE LENGTH MESSAGE LENGTH 
00000110 6 + 2(N) 

HO ADDRESS HO ADDRESS 

LO ADDRESS LO ADDRESS 

CHECKSUM HD DATA 

LO DATA 

CHECKSUM 

Figure 4-7. Format of Read Message 

WRITE REQUEST WRITE RESPONSE 

START OF MESSAGE START OF MESSAGE 
00000010 00000010 

WRITE CODE/QUANTITY WRITE CODE/QUANTITY 
0010 NNNN 0010 NNNN 

MESSAGE LENGTH MESSAGE LENGTH 
8 + 2(N) 8 + 2(N) 

HO ADDRESS HO ADDRESS 

LD ADDRESS LO ADDRESS 

HO DATA HO DATA 

LO DATA LO DATA 

HO MASK HO MASK 

LO MASK LD MASK 

CHECKSUM CHECKSUM 

Figure 4-8. Format of Write 
Message 
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4.2.2.4 SEARCH (0011 0000) 
This message examines the logic area for a bit 
pattern starting at the address provided. 
Message format is provided in Figure 4-9. A mask 
is added to allow searches to be performed while 
ignoring certain bits. A one set in the mask 
will cause those corresponding bits to be ignored 
during the search. The content of the 
controller's memory is NOT altered by this 
message type. Searches can be performed ONLY of 
the User's RAM. As an example, assume the logic 
to be searched is for normally open contacts 
referenced to 1026 ( ). Referring to 
Section 4.1.4.1, the YYYYY becomes 00011, Z9 and 
ZS are 00, and Z7 to ZO are 00011001. X is of no 
significance. The complete Search message is as 
fo11 ows: 

Start of Message: 00000010 
Message Character: 00110000 
Message Length: 00001010 

HO Address: 00000000 = Commence search 
LO Address: 00000010 at start of 

logic 

HO Data: 00001100 = XYYYYY Z9 
LO Data: 00011001 ZS, Z7 ZO 

HO Mask: 10000000 
LO Mask: 00000000 = Ignore bit X 

Checksum: 11100010 

The response to this example will be the first 
location (address) within the User's RAM that 
contains a NO contact reference to 1026. If 
successive searches are required to determine all 
references to this contact, the starting address 
can be increased by one greater than the 
responded address, and a new message transmitted 
with the altered starting address. When no 
locations are found that match the searching 
parameters, the address (17777)S will be 
responded. Also included in the response are the 
elements (pairs of words) between the start 
address and the address returned. 

4.2.2.5 POWER FLOW (0100 0000) 
This message obtains the resultant power flow of 
each column of a network including the coils. 
This information represents the power flow from 
the left rail towards the right, including 
vertical connections prior to that column. The 
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SEARCH REQUEST SEARCH RESPONSE 

START OF MESSAGE START OF MESSAGE 
00000010 00000010 

SEARCH CODE SEARCH CODE 
00110000 00110000 

MESSAGE LENGTH MESSAGE LENGTH 
00001010 00001010 

HO ADDRESS HO ADDRESS 

LO ADDRESS LO ADDRESS 

HO DATA HO DATA 

LO DATA LO DATA 

HO MASK HO QUAN. 

LO MASK LO QUAN. 

CHECKSUM CHECKSUM 

Figure 4-9. Format of Search 
Message 
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power status of any column does not include the 
vertical connections at that column. Since the 
J470 Adapter is serviced at the end of the scan, 
the power flow obtained will be that used by the 
network on the next scan. Referring to Figure 
4-10, the network number is provided following 
the message start and message type characters. 
This network number is divided into a high order 
and low order portion, similar to high order and 
low order addresses provided with the READ and 
WRITE messages. 

If the power flow of network 47 is desired, the 
following message is sent: 

Start of Message: 
Message Character: 
Message Length: 
HO Network Number: 
LO Network Number: 
Checksum: 

00000010 
01000000 
00000110 
00000000 
00101111 
01110110 

The controller will respond with the requested 
network number and eleven data characters. Each 
data character represents the power flow of the 
various rungs (up to seven) within a column of 
the network. Each data character indicates the 
power flow as follows: 

Bit No. ONE if power flows through rung 
(LSB to MSB) ( bot t om tot op ) 

0 Not Used 

1 Rung 7 (bottom) 

2 Rung 6 

3 Rung 5 

4 Rung 4 

5 Rung 3 

6 Rung 2 

7 Rung 1 (top) 

NOTE: If the network is being skipped, bit zero 
of column 11 will be set to a one. 
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POWER REQUEST POWER RESPONSE 

START OF MESSAGE START OF MESSAGE 
00000010 00000010 

POWER CODE POWER CODE 
01000000 01000000 

MESSAGE LENGTH MESSAGE LENGTH 
00000110 00010001 

HO NETWORK NUMBER HO NETWORK NUMBER 

LO NETWORK NUMBER LO NETWORK NUMBER 

CHECKSUM POWER COLUMN 1 

POWER COLUMN 2 

POWER COLUMN 3 

POWER COLUMN 4 

POWER COLUMN 5 

POWER COLUMN 6 

POWER COLUMN 7 

POWER COLUMN 8 

POWER COLUMN 9 

POWER COLUMN 10 

POWER COLUMN 11 

CHECKSUM 

Figure 4-10. Format of Power 
Flow Message 

4.2.2.6 INSERT START (0101 NNNN) 
This message inserts into the User's RAM N pairs 
of 8-bit words to start a new column of'logic. 
To add to an existing column, see code 1011. Any 
existing logic from the entry point to the end of 
logic element will be automatically shifted down 
to make room for the new data. A pair of words 
in the logic RAM represent one node of the ladder 
diagram. This code is used to start a new column 

4-25 



with a node at the top rung (rung number 1) of a 
network. The end of the column bit must be set, 
since at this time, only this node exists in the 
column. Inserts can be made only into the User's 
RAM (logic area). If there is insufficient room 
in the User's RAM for the new nodes, no logic is 
altered and an error code is responded. The 
general form of the Insert message is shown in 
Figure 4-11; the response is to transmit exactly 
the same message it received. 

NOTE: To insert data between two nodes but not 
within a node, an even address must be 
sent. 

For example, if a counter fixed preset of 275 is 
to be inserted at RAM octal addresses 00534 and 
00535, the following message is sent: 

start of Message: 
Message Character: 
Message Length: 
HO Address: 
LO Address: 
HO Oata: 
LO Data: 
Checksum: 

00000010 
01010001 
00001000 
00000001 
01011100 
10110101 
00010011 
01111111 

This address is calculated in 16 bit binary 
(00000001 01011100) and divided in half for 
transmission as the HO and LO addresses. 
Referring to Table 4-2, the counter fixed preset 
is code 01101 (decimal 13). This is prefaced 
with a single one to indicate end of column, and 
then followed with ten bits representing the 
binary preset value (275). The resulting data is 
again divided in half for transmission as HO data 
and LO data. If the message is received with 
proper checksum and sufficient room in the User's 
RAM, the insertion is performed at the end of the 
controller's scan, and the entire message is 
retransmitted to the computer for error checking. 

4.2.2.7 DELETE GENERAL (0110 NNNN) 
This message operates similar to the insert 
previously discussed, except that it removes N 
pairs of nodes from the User's RAM. These nodes 
can be any node within a column, except the last 
node. To remove the last node of a column, 
message 1100 must be used. All words in the data 
base (down to End of Logic element) are 
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automatically moved up to fill the gap made by 
this deletion. Only the first word to be deleted 
need be addressed; it and the following words, 
each eight bits long, will be deleted. The 
response (see Figure 4-11) will be to echo the 
same message as transmitted after the deletion 
has been performed. 

NOTE: To delete a complete node (two words) and 
no half of two adjacent nodes, the address 
sent must be even. 

4.2.2.8 STOP (1000 0000) 
This message stops the controller from scanning 
and turns all outputs OFF, (assuming Memory 
Protect is OFF). The controller will respond to 
messages from the computer or from the P180 
Programming Panel. The general form of this 
message is shown in Figure 4-11. The normal 
response is to echo to the computer the same 
message it received No data characters are 
required. 

4.2.2.9 GO (1001 0000) 
This message restarts the controller after it has 
been halted by a stop message, (if Memory Protect 
is OFF). If the controller is not in a halt 
condition, an error message will be sent and no 
action taken. The normal response is to echo the 
message as received (see Figure 4-11). 

4.2.2.10 INITIALIZE (1010 0000) 
This message is effective only if the controller 
is in a halt condition as the result of a 
previous STOP message and if Memory Protect is 
OFF. It alters all words in the User's RAM to 
End of Logic elements (see Table 4-2). The 
normal response is to echo the message as 
received (see Figure 4-11). Register contents 
are also set to zero by this message. All 
outputs will be OFF if the controller is 
restarted by a GO message without further changes. 

4.2.2.11 INSERT CONTINUE (1011 NNNN) 
This message operates similar to INSERT START. 
It is designed to append elements to an existing 
column. If the last element of the existing 
column is an end of column element, the new 
element is inserted prior to this element. 
Otherwise, its end of column bit is set to one, 
and the preceding element's end of column bit is 
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cleared to zero. The format of this message is 
identical to Figure 4-11 (INSERT) except that the 
message code 1011 is used. 

4.2.2.12 DELETE LAST (1100 NNNN) 
This message operates similar to DELETE GENERAL 
except that it is designed to delete the last 
element of a column. In addition to deleting the 
addressed words, this message also sets the end 
of column bit of the preceding element. The 
format of this message is identical to Figure 
4-11 (DELETE) except that the message code 1100 
is used. 

4.2.3 Error Checking 
When communicating with a computer or any other 
EIA compatible device, error checking is 
performed before the message is executed. There 
are 11 different error conditions that can be 
detected; however, not all error conditions can 
occur with all message 

INSERT DELETE 

START OF MESSAGE START OF MESSAGE 
00000010 00000010 

INSERT COOE/QUANTITY DELETE COOE/QUANTITY 
0101 NNNN 0110 NNNN 

MESSAGE LENGTH MESSAGE LENGTH 
6 + 2(N) 00000110 

HO ADDRESS HO ADDRESS 

LO ADDRESS LO ADDRESS 

HO DATA CHECKSUM 

LO DATA 

CHECKSUM 

STOP GO INITIALIZE 

START OF MESSAGE START OF MESSAGE START OF ~IESSAGE 
00000010 00000010 00000010 

STOP CODE GO CODE INITIALIZE CODE 
10000000 10010000 10100000 

MESSAGE LENGTH MESSAGE LENGTH MESSAGE LENGTH 
00000100 00000100 00000100 

CHECKSUM CHECKSUM CHECKSUM 
10000101 10010101 10100101 

Figure 4-11. Format of Five Message Types 
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types. Table 4-5 summarizes the error types and 
their corresponding error message. If an error 
is detected, the appropriate error message will 
be generated. To correct the error, the message 
must be retransmitted. All messages are acted 
upon by the controller at the end of its scan and 
responses are generated only after the action is 
completed. The following paragraphs discuss each 
error message type; the general form of an error 
response is shown in Figure 4-12. 
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ERROR CODES 

NAME 

Parity/Framing 

Overrun 

Incorrect Checksum 

Incorrect Address 
Range 

Incorrect Address 
Boundary 

Illegal Command 

I nvalid Data 

Memory Protect ON 

System Not Stopped 

Incorrect Length 

Memory Full 

OCTAL READ 
VALUE 0001 

001 X 

002 X 

003 X 

004 X 

005 X 

006 X 

012 

013 

014 

015 X 

021 

Table 4-5. Communications Error Codes 

MESSAGE TYPE 

INSERT DELETE 
WRITE SEARCH POWER 0101/ 0110/ STOP GO INITIALIZE 
0010 0011 0100 1011 1100 1000 1001 1010 

X X X X X X X X 

X X X X X X X X 

X X X X X X X X 

X X X X 

X X X X 

X X X X X 

X X X 

X X X X X X 

X X 

X X X X X X X X 

X 



START OF MESSAGE 
00000010 

NOT ACKNOWLEOGED 
11010000 

MESSAGE LENGTH 
00000101 

ERROR CODE 

CHECKSUM 

Figure 4-12. General Form of 
Error Response 

4.2.3.1 PARITY/FRAMING (00000001) 
Parity is defined by the extra (ninth) bit added 
to each character transmitted or received by the 
J470 Adapter. User Options, set by the user, can 
select: (1) No Parity (ninth bit is not included 
between start/stop bits), (2) Even Parity (sum of 
one bit including data plus parity bit will be an 
even number), or (3) Odd Parity (sum of one bit 
including data plus parity bit will be an odd 
number). If a single character is received with 
incorrect parity, this error message is 
transmitted by the J470 Adapter to the computer. 
Framing refers to the format of the message. Too 
few data characters, too many data characters, or 
improper message characters are examples of 
Framing errors. This error message is also 
transmitted upon detection of a framing error. 

4.2.3.2 OVERRUN (00000010) 
This message indicates a character has been lost 
by the controller. This is possible only with a 
hardware malfunction within the J470 
Adapter/Mainframe combination. The character was 
lost since the controller was not able to respond 
to it before the next character was received. 
Loss of characters should not normally be 
expected unless a serious hardware malfunction 
has occurred. This code is also transmitted if a 
second message is sent to the J470 Adapter with 
one unexecuted message already queued. The 
system is capable of storing one complete 
message, while a previous message is being 
executed. Any attempt to store more than one 
message, will cause subsequent character 
transmissions to be ignored and lost. As soon as 
the first character (Start of Message) is lost, 
the entire message will be lost up to the next 
Start of Message character. 
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4.2.3.3 INCORRECT CHECKSUM (00000011) 
The last character of a message provides a 
checksum for the vertical array of characters in 
that message. Parity works horizontally, 
checksum vertically. If any single column has an 
incorrect checksum, this error message is 
transmitted to the computer and no action 
occurs. The system does not attempt to correct 
any errors it detects with either parity or 
checksum. It simply disregards that message and 
sends an error message indicating the type of 
error detected. 

4.2.3.4 INCORRECT ADDRESS RANGE (00000100) 
The address provided, both high order (HO) and 
low order (LO) portions, results in an address 
beyond the range assigned to that message. This 
range includes not only memory architecture and 
allocated addresses (per Section 4.1.4), but also 
includes the actual memory provided with the 
controller (see Table 3-2). Examples include 
addressing memory beyond (60377)8, searching, 
insert, or delete logic information beyond 17777, 
etc. 

4.2.3.', j,'CORRECT ADDRESS BOUNDARY (00000101) 
Since each node of the user's logic requires two 
words of memory, addressing words in the User's 
RAM must be performed in pairs. Each pair is 
addressed by the lower numerical value, which 
must be an EVEN value. If an ODD value address 
is sent, this error message will be the 
response. The only other limitation to 
addressing memory locations is that they be 
within their proper range. 

4.2.".G ILLE~AL COMMAND (00000110) 
When a message is received without parity, 
framing, or checksum error, yet the message 
character does not correspond with valid message 
types, this error response is provided. The 
message is not acted upon and the controller is 
reset to accept the next series of characters 
that begin with a Start of Message character. 

4.2.37 INVALID DATA (00001010) 
Data destined for storage in the User's RAM is 
examined to insure its validity. If a fault is 
discovered in this data, such as invalid node 
type or reference, the data is rejected, and this 
error message is transmitted. Node types and 
references are examined based upon the types of 
nodes available with any 684 Controller (see 
Table 4-2) and the possible range of references 
(e.g., coils 0001 to 0512, inputs 1001-1256, 
registers 4001-4254 etc.). 
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4.2.3.8 MEMORY PROTECT ON (00001011) 
Whenever a change is required to the controller's 
memory, the keylock on the front of the 
controller must be turned OFF. The J470 Adapter 
cannot by-pass this hardware protection against 
accidental or unauthorized changes to the 
controller's memory. When memory Protect is ON, 
only messages that do not alter memory can be 
used. If unauthorized changes to memory are 
attempted, this message is sent, and changes to 
memory are not performed. 

4.2.3.9 SYSTEM NOT STOPPED (00001100) 
Before a controller can be commanded to GO or 
INITIALIZE, it must be stopped by a previous STOP 
message. If this was not done, this error 
message is sent. 

4.2.3.10 INCORRECT LENGTH (00001101) 
The length character received does not agree with 
message type. The message length information is 
used to locate the checksum character and is 
validated prior to verifying checksum. 

4.2.3.11 MEMORY FULL (00010001) 
Any attempt to insert an element in the data base 
where there is insufficient memory (memory full) 
will generate this message. The received message 
is cleared and the next message will be acted 
upon. 
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5.1 INTRODUCTION 

SECTION 5 
INSTALLA TIDN 

The various parts of the 684 Controller system 
are packed in separate shipping containers. Each 
container displays the part number of its 
contents. For example, if a carton shows "684A" 
as a portion of the part number, it contains the 
684 mainframe with its processor and power 
supply. Use this part number to determine the 
contents of each shipping container. 

The contents of each shipping container is listed 
as follows: 

Mainframe, which includes processor, power 
supply, and integral I/O housing, (684A). 

I/O Housing, (B620). 

110 Expander, which includes 110 expander 
circuit board, power supply, and integral 110 
housing, (J67l). 

I/O Modules, (B6XX). 

I/O Bus Cable, (W62X). 

Follow the general procedure presented below for 
installation of the 684 Controller system. 

a. Perform the preliminary procedures listed in 
Section 5.2, "PRELIMINARY PROCEDURES". 

b. Mount the mainframe, the 110 housing, and the 
I/O expander, if included, in place. Refer 
to Section 5.3, "MOUNTING OF 684 MAINFRAME, 
B620 I/O HOUSING, AND 671 EXPANDER". 

c. Set the address switches to meet your address 
selection requirements, and connect each unit 
with the 110 bus cable. Refer to Section 
5.4, "I/O HOUSING ADDRESS SELECTION AND I/O 
BUS CABLE CONNECTION". 

d. Install field wiring. Refer to Section 5.5, 
"INSTALLATION OF FIELD WIRING". 

e. Insert the 110 modules into the applicable 
110 housing. Refer to Section 5.6, 
"INSERTION AND REMOVAL OF I/O MODULES". 
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f. C'onnect AC power to the mainframe and I/O 
expander. Refer to Section 5.7, "AC POWER 
CONNECTION" . 

5.2 PRELIMINARY PROCEDURES 
a. Open each shipping container and unpack 

equipment. 

b. Check each piece of equipment against the 
shipping list. Notify your MODICON 
representative if a piece is missing. 

c. If you receive a 8620 I/O housing, assemble 
it following the instructions provided within 
the shipping container. 

5.3 MOUNTING OF 684 MAINFRAME, 8620 I/O HOUSING, AND J67l EXPANDER 
The 684 Controller is easily installed on any 
vertical surface capable of sustaining the 
specific weight. Each unit is provided with 
holes for mounting to either panels at the rear 
of the unit or a standard 480mm EIA rack. Figure 
5-1 shows various mounting configurations for the 
684 Controller, 8620 I/O housing, and J67l I/O 
housing. Study this figure to determine the best 
configuration for your establishment. Figure 5-2 
shows a typical mounting plan for marking the 
wall prior to bolt-hole drilling. Table 5-1 
summarizes the installation requirements of the 
684 Controller. 

5-2 



H 
E 

WI" 
(SHOW 
TH"E 

T'" 0) 

H 
Wt21 
(SHOW 
fOUR 
TIME 5) 

,----
I'" • 

f-

' ... • , 
INOI 

6"f-----;;;--: '" 
~'O: ~86ijll well 

SHOWN 
FIVE 

86201 T' .... ) 
1 

8820' 

r-- -----, 

:f. -t.-
"'0' 8620i 

• 
86201 H201 

_01 

:i 

w 
(8 H 6" 
""" VE FI 

T ,"" 5) 

W626 

1 r---------·, 

6"1- rn~ , .... 
S!IO 
OUR ,. Be20f 

• 8820, 

• 86201 

r--- --, ... £ J67'~ 

... 0' 86201 , 1 

8620' 86201 

• 
86201 

<:>1 WH 
-F 

T E5) 

.. g, H 
we21 
SHOO 
SIX 
TIMES) 

Figure 5-1. Various 684 

-, 
I ~ 

! 
~ 
~ 

~ 

! . 
~ 
~ .. 
! , .. 
!~~llIlIrIIJ 

System Installation 
Configurations 

I/O CABLE /W626 

I , 

I 

v 
, 

·V' 

N 

" 

;; 

p 

8620 I/O 
HOUSING v: 

~=rllllllrIIJ ~ IlIlIIlll 
8620 I/O n ~ HOUO'HO 

(::j -",oll~1 ==4!4 ~ll~D'~c=~11 j'?~OO~-~2i:6'3it1!:~ =:j:Ii~~!j.~t==~II-""o 

Figure 5-2. 

5-3 

684 System Mounting 
Dimensions 

W626 
1 r-----------, 

~l- J67'r 
8620t Bt201 ~ 

, , !'! 

"20' • 
86201 

we .. 
I .... -------- , 

6S4f. J67I~ 

~ 

8620' B6201 0 
1 • 8620l B62.0 1 
1 • 

86201 8620 1 



Table 5-1. 684 Controller Installation 
Specifications 

Power Requirements: 

Standard: 

Optional: 

115 VAC 15%, 60 Hz + 5% 
150 VA (max). 
3 Amp peak start-up 
transient. 

115/220 VAC 15%, 50 Hz 5% 
150 VA (max). 
3 Amp peak start-up 
transient 
(2 Amp on 220V). 

Environmental Requirement: 

Ambient temperature: 

Relative humidity: 

Dimensions (W x H x D): 

684 Mainframe & 
J671 Expander 

Single 8620 I/O 
Housing 

Four Housings 
(one channel) 

Weight: 

684 Mainframe 
(with modules) 

J671 Expander 
(with modules) 

8620 I/O Housing 
(with modules) 

Typical Input 
Housing 

Typical Output 
Housing 

ooC to 50oC. 

0% to 95% 
(non-condensing). 

478.5mm X 442mm X 280mm 

478.5mm X 221mm X 280mm 

478.5mm X 1108mm X 280mm 

15 kg. (approx.) 

14 kg. (approx.) 

4.4 kg. (approx.) 

0.3 kg. (approx.) 

0.7 kg. (approx.) 
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One 684 Mainframe 
(with modules) plus 
three 8620 I/O 
housings (with 
modules) 

One J671 Expander 
(with modules) plus 
three 8620 I/O 
housings (with 
modules) 

Total Weight 
(one 684 mainframe 
plus three 8620 I/O 
housings; one J671 
expander plus three 
I/O housings) 

31.5 kg. (approx.) 

30.5 kg. (approx.) 

62 kg. (approx.) 

NOTE: Mounting hardware is not provided with the 
controller. It is suggested that you use 
5/16 X 1-1/2 in. machine bolts (24 UNF) or 
a comparable metric substitute. 

5.4 I/O HOUSING ADDRESS SELECTION AND I/O BUS CABLE CONNECTION 

5.4.1 Procedures for Selecting I/O Housing Address 
a. Turn to Table 3-1, "I/O Reference 

Configuration" in Section 3 of this manual. 

b. Study both this table and your system design 
to determine the address of each circuit 
number of your input and output modules. 

NOTE: There are two groups of four 
micro-switches labeled Sl and S2. The 
switches within each group are numbered 1, 
2, 3, and 4. These switches are mounted 
on the backplane of the 684 mainframe, 
8620 I/O housing, and J671 expander. Use 
these switches to select the desired 
addresses. Only one micro-switch in Sl 
and S2 can be CLOSED ("ON") for the 
desired addressing; the rest must be OPEN 
("OFF"). Refer to Section 2.2.3, 
"Input/Output (I/O)" for the location and 
operation of these switches. 
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Follow step", (c.) through (t •. ; that follow to 
gain access to these switches. Before performing 
these steps, it is assumed that th~ I/O modules 
have not been inserted into their desired 
positions within the appropriate I/O housl~gs. 
If they have, follow the procedures listed in 
Section 5.6.2 to remove them. 

c. Withdraw top and bottom slider approximately 
lOmm to first detent (see Figure 5-3 which 
shows withdrawing bottom slider; top slider is 
the same). 

ERMINAL 
LOCKS 

~ SLIDE 

~ 

Figure 5-3. Withdrawal of 
Bottom Slider 
to First Detent 
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d. Rotate terminal block clockwise to expose 
terminals (see Figure 5-4). 

Figure 5-4. Rotation of 
Terminal Block 

5-7 



e. Lift up top on bottom slider and then top 
slider and withdraw each slider to second 
detent (see Figure 5-5). 

® PULL OUT 

Figure 5-5. Withdrawal of 
Slider to Second 
Detent 

f. Move terminal block 3mm to 5mm to left to 
clear top and bottom sliders and withdraw 
terminal block from front of I/O housing (see 
Figure 5-6). 

I~TERMINAL BLOCK 

I 

Figure 5-6. Removal of 
Terminal Block 
from I/O Housing 
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g. Remove plastic wiring conduit by squeezing it 
at both top and bottom to disengage it from 
the tab and then by rotating it toward the 
front of the I/O housing and withdrawing it 
from housing. 

CD SQUEEZE 0 
GD ROTATE FORWARD 

AND REMOVE 

Figure 5-7. Removal of Plastic 
Wiring Conduit from 
I/O Housing 

NOTE: After completing step g. for the last 
terminal block and plastic wiring conduit, 
you now have access to switches Sl and S2 
and to the connectors for the I/O cables 
(Jl and JIO for 684 mainframe and J671 
extender and J9 and JIO for 8620 I/O 
housing) . 

h. Set one micro-switch in Sl and S2 to the 
proper addresses in accordance with Table 3-1 
and your system design. 

5.4.2 Procedures for Selecting and Connecting I/O Cables 
The cables you ordered will be either shielded or 
non-shielded, (see Table 5-2 and Figure 5-8). 
Each cable, whether it is shielded or 
non-shielded, consists of a 50-wire ribbon cable 
with female connectors assembled to each end. 
The shielded cable is surrounded by an integrated 
copper mesh (see Figure 5-8). 

If your 684 Controller is mounted in separate 
cabinets, you will use shielded cable to 
interconnect the various cabinets. 
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Table 5-2. I/O Cables for 
684 Controller 

Cable Part No. Cable Length Shielded Non-Shielded 

AS-W621-001 100mm X 

AS-W621-002 500mm X 

AS-W621··003 1000mm X 

AS-W626-001 500mm X 

AS-W626-002 1000mm X 

AS-W626-003 2000mm X 

If your controller is to be mounted in integrated 
single-, double-, or triple-sectioned, EIA equipment 
racks, you will use non-shielded cable to interconnect 
housings within each rack. 

5.4.2.1 Connecting I/O Cables to a 684 Controller Mounted Either on a 
Vertical Surface or Within an EIA Equipment Rack 

a. Before connecting cables between the various I/O 
housings, study Figure 5-1 to determine the general 
location of the I/O cables for your particular 684 
Controller configuration. 

b. Connect I/O cable AS-W621-00N between JIO of either 
a 684 mainframe (see Figure 5-9) or a J671 expander 
(see Figure 5-10) and J9 of a B620 I/O housing (see 
Figure 5-11) located immediately below it. Run the 
cables through access ports on top and bottom of 
mainframe, expander, and I/O housing provided for 
each cable (see Figures 5-12 and 5-13 respectively 
for location of these ports). 

c. Connect I/O cable AS-W626-00N between the equipment 
of the 684 Controller as follows: 

l. Connector Jl of a 684 mainframe and 
connector J9 of a B620 I/O housing. 

2. Connector Jl of a 684 mainframe and 
connector Jl of a J671 expande r. 

Run the cables through access ports located at 
the top of each equipment. 
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AS-W621-001 

AS-W621-002 

UNSHIELDED 
PART OF CABLE 

BRACKET AS-W626-002 

BR KET 
SHIELDED 
PART OF 
CABLE 

(BRACKETS NOT 
PART OF CABLE 
ASSEMBLY) 

Figure 5-8. Typical 1/0 Cables 

J I 

Jl0 

Figure 5-9. 684 Mainframe Showing 
Location of 1/0 Connectors 
Jl and J10 
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Figure 5-10. J671 Expander 
Showing Location of 
I/O Connectors Jl 
and Jl0 
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ill -
ACCESS PORT FOR I/O CABLE 

(SIMILAR ONE LOCATED ON 
BOTTOM OF MAINFRAME) 

_\ti~_ 

Figure 5-12. 684 Mainframe, Top 
View Showing Location 
of Access Port for 1/0 
Cable 

Figure 5-13. B620 1/0 Housing, Top 
View Showing Location 
of Access Port for 1/0 
Cable 
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5.4.2.2 Connecting Shielded 110 Cables to a 684 Controller Mounted 
Within EIA Equipment Racks 

Before you can connect 110 cables between the 684 
Controller, the J671 Expander, or the B620 110 
Housing, you must measure the distance between 
the cabinets to be sure that you have the proper 
length of cable to run between them. Also, you 
must cut a slot in the side of each cabinet to 
allow the cable to pass through to the equipment 
inside. This section provides the instructions 
to accomplish these tasks. 

a. Measure the distance between the cabinets 
containing your 684 Controller. Be sure that 
this distance does not exceed the length of 
the shielded portion of your cable. 

NOTE: The maximum length of the shielded portion 
of the cable that you can receive is 
2000mm. The distance between the cabinets 
cannot exceed this length. The unshielded 
portion of the cable is 500mm long, which 
is located on each end of the cable. The 
unshielded portion extends into each 
cabinet, the shielded portion runs between 
the cabinets. 

b. Inspect the equipment rack that will hold your 
684 Controller equipment as follows: 

1. Locate the slot so that the 500mm length of 
unshielded cable can easily reach the 
connector of the equipment it will mate 
with. 

2. Make sure that the area where you intend to 
cut the slot is free of obstacles both in 
front of and behind the panel. 

3. Oetermine whether or not you can remove the 
panel from the rack. If you can, it will 
make the cutting process easier. 

c. Open the package containing cable clamps that 
will mount on the side of the equipment. 

d. Using the instruction sheet within the 
package, cut the slot in the panel of the rack 
and mount the cable clamps. 
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e. After assembling the cable to each equipment 
cabinet, torque the retaining screws on each 
side of the bracket that contains the cable to 
5 in-lbs. maximum. 

f. Install the remaining screws to secure the 
brackets to the cabinet. 

g. Connect a ground strap between each EIA 
equipment rack and the earth ground system of 
your facility. 

NOTE: Be certain that each rack is an integral 
part of the facility ground system. 

5.5 INSTALLATION AND ALTERATION OF FIELD WIRING 
Install or alter field wiring by the following 
procedure: 

a. Insure that power to I/O housing is OFF. 

b. Remove the two mounting screws for the 
bottom-front trim strip on the housing. 
Remove the strip (see Figure 5-14). 
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MOUNTING 
SCREW 

TRIM STRIP 

... ~. 

TRIM STRIP 

Figure 5-14. 684 Mainframe 
and 8620 I/O 
Housing, Removal 
of Trim Strip 
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c. Remove the I/O modules requlrlng field wiring 
from the housing (see Section 5.6.2). 

d. Expose the terminal section of the terminal 
block (see Section 5.4.1 and Figure 5-15). 

TWO WIRES 
ON 0 N E -==-"" 
TERMINAL 

CD PULL 
OUT 

® ROTATE 
TERMINAL 

~ BLOCK 

Figure 5-15. Exposing Terminal 
Section of Terminal 
Block 

e. Install or alter field wiring. Route wires 
through wiring tray along bottom of housing 
from right side. (See Figure 5-16.) Each 
terminal is capable of accommodating two AWG 
No. 22 wires. (See Figure 5-15.) 
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Figure 5-16. 

II
' j : : ' 
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Installation of Field Wiring 

f. Place wires vertically in conduit. Turn the 
terminal block clockwise fitting wires into 
the wire conduit (see Figure 5-17). 

(WIRES IN c:-:c:-:--~'~ 
WIRING TRAY) 

Figure 5-17. Placing Wires 
Vertically in Conduit 
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g. Push both upper and lower sliders in fully 
(approximately 10mm). See Figure 5-18. 

h. Insure that the sliders are fully engaged by 
verifying that the terminal block cannot be 
rotated. See Figure 5-19. 

Figure 5-18. 

CD PUSH BLOCK 

® PUSH IN SLIDER 

Pushing Upper and 
Lower Sliders In Fully 

i. Secure I/O modules into place (see Section 
5.6.1) . 

@ 
I I 

~ 02 
0 

= [:J 04 

~SE 
;= 
05 
06 
0 

~ 
07 
08 
0 
FUSE 

6655 
® 

Figure 5-19. 

TERMINAL 
BLOCK 

= 
TRY TO 
ROTATE 
TERMINAL 
BLOCK. IT 
SHOULD 
NOT 
MOVE. 

'~O/ 

I 

8655 

® 

01 
02 
0 

~ 
03 
04 
0 

~ 
05 
06 
0 

~ 
~ 
08 
0 
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@ 

@ 
I I I 

01 
02 
0 1 

~ 
03 
04 
0 

~ 
05 
06 
0 

~ 
07 
08 
0 
FUSE 

8655 
@ 

Insuring that Sliders 
are Fully Engaged 
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5.6 INSERTION AND REMOVAL OF I/O MODULES 

5.6.1 Insertion of I/O Modules 
Insert I/O modules as follows: 

a. Check that the upper and lower sliders are 
pushed in fully and that the terminal block 
cannot rotate. (See Figure 5-20.) 

~ UPPER SLIDER 
~ PUSHED IN FULLY 

Figure 5-20. Checking Security of 
Upper and Lower Sliders 

b. Insert I/O module into the housing by aligning 
the module PC board edges with the grooves in 
the top and bottom sliders (see Figure 5.21). 

~ 
~MODULE SLIDES 

INTO MAINFRAME 
TRACK GUIDE 

Figure 5-21. Alignment of I/O 
Module with Top and 
Bottom Grooves 
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c. To close the gap between the housing and two 
front bezels (top and bottom), insert the 
module completely as shown in Figure 5-22. 

Figure 5-22. Inserting I/O Module 
Into Mainframe 

d. Fully seat the module, then tighten two screws 
on the top- and bottom-front bezels to fix the 
module to the housing. 

5.6.2 Removal of I/O Modules 
Remove I/O modules as follows: 

a. To assure reinsertion into the correct slot, 
write down the location number on the front 
bezel label. 

b. Unscrew two captive front bezel screws (see 
Figure 5-23). 
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Figure 5-23. Typical I/O Module 
Showing Top and Bottom 
Mounting Screw 

c. Withdraw the module, holding two bezels 
between fingers (see Figure 5-24). 

Figure 5-24. Withdrawal of Typical 
I/O Module from 684 
Mainframe 
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5.7 AC POWER CONNECTION 

5.7.1 General Considerations 
Refer to Table 2-1, "Summary of Required AC 
Power". It lists the power requirements for the 
684 Controller. 

Normally the controller requires either 115 VAC 
or 220 VAC at a line frequency of either 50 or 60 
Hz. Either voltage is selected by making the 
proper jumper connections at a terminal strip 
mounted on a power supply located behind the 
front cover of the 684 mainframe. 

A few 684 Controllers, however, operate on 115 
VAC, 50 or 60 Hz only. These are recognized by 
the terminal strip illustrated as follows: 

This terminal strip is visible from the front 
panel of the 684 mainframe. 

Obtain a power cord that will meet the voltage 
and current requirements listed in Table 2-1 and 
that will be sufficiently long to reach the AC 
source. Also, be certain that it has the proper 
male plug to mate with the female receptacle at 
the AC source, if one is used. 

The 684 Controller does not have an ON-OFF 
switch. Therefore, an external circuit breaker 
or a fuse and a switch must be used to control 
application of AC primary power. Be sure that 
the circuit breaker or fuse meets the voltage and 
current requirements listed in Table 2-1. 

5.7.2 Procedures for AC Power Connection 
The procedures that follow apply to both the 684 
mainframe or J671 1/0 extender. 

a. Loosen the four knurled thumbscrews that hold 
the front cover to the 684 mainframe (see 
Figure 5-25). 

b. Remove the front cover. 

c. Remove the protective cover from terminal 
strip mounted on the power supply (see Figure 
5-26). 

d. Connect jumper wires between the terminals of 
the strip according to the voltage of the 
power source. Use the table that follows as a 
guide. 
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Applied Voltage 

115 VAC 

220 VAC 

Terminal Connections 

4 to 6 
and 

5 to 7 

5 to 6 

e. Insert the power cord through the grommeted 
hole on the left side of the 684 mainframe 
(see Figure 5-28). 

f. Connect the three wires of the power cord to 
the AC LINE, GND, and AC NEUTRAL terminals of 
the strip. Be sure to follow the proper color 
code for each wire when making these 
connections. 

g. Dress all wiring neatly using lugs where 
necessary. 

h. Replace the protective cover over the terminal 
strip. 

i. Replace the front cover. 

The 684 Controller is now ready to receive power. 

Figure 5-25. 684 Mainframe, Front 
Panel Showing Location of 
Knurled Thumbscrew 
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Figure 5-26. 

POWE 
CABLE 

I 
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I 
I 
I 
I 

I 
I 
I 
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(CLOSE UP OF POWER SUPPLY 
SHOWING TERMINAL STRIP) 

684 Mainframe Showing Wiring 
and Jumper Connections for 
Terminal Strip 

Figure 5-27. 684 Mainframe Left Side 
View Showing Location of 
Power Cable 
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6.1 INTRODUCTION 

SECTION 6 
TROUBLESHOOTING 

The 684 Controllers are modular systems designed 
specifically for industrial environments. They 
require no regular maintenance and, in the event 
of failure, any module can be quickly replaced. 
Indicator lights are provided to indicate proper 
operation of the mainframe's subassemblies. 

If a failure is suspected, there are several 
procedures which can be followed to locate the 
failure, and if it exists, to isolate that 
failure to a particular module. These procedures 
are outlined in this section. They require no 
special test equipment, only a basic 
understanding of the functions of the modules. 

The major troubleshooting method available to the 
user is to check out the processor using the p180 
Programming Panel. This Panel allows any 
network, input, output, or register to be 
examined and changed in a variety of ways. In 
addition, by using this panel in conjunction with 
the troubleshooting charts in Section 6.4, a 
customer will be able to isolate a trouble to one 
of these elements. 

Through the combination of logic examination, 
visual inspection, and electrical test of field 
wiring terminals, failures may be isolated to the 
processor, 1/0 module, power supply, or 
customer's hardware. The maintenance philosophy 
is based on the assumption that when a major 
subsystem is proved faulty, it should be removed 
immediately and replaced in its entirety. This 
procedure will greatly increase system 
flexibility. 

6.2 MAINFRAME (TYPE AS-684A) 
The 684 Mainframe consists of the Processor, the 
Power Supply (on the left) and 600 series 1/0 
housing (64 1/0, on the right). See Figure 6-1. 
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I 
,~ 

POWER 600 
SUPPL SERIES 

HOUSING 

Figure 6-1. 684 Mainframe with Front Panel 
Removed Showing Processor, Power 
Supply, and 600 Series I/O 

UJJII· 

Figure 6-2. 684 Mainframe Front Panel 
Showing LED Indicators 
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6.2.1 Processor (Type 684) 

The main function of the Processor is to monitor 
the status of all inputs continuously and direct 
the status of all outputs, based upon the 
solution of user logic. Refer to Figure 6-2 and 
notice that there are two LED indicators (RUN and 
BATTERY OK) that, when energized, reflect proper 
operation of the Processor. RUN indicates proper 
operation of the Processor; BATTERY OK indicates 
proper battery voltage. 

NOTE: AC Power must be applied to mainframe 
before any LED will function. 

If the RUN light goes out and the POWER light is 
ON, the Processor has ceased operation. When the 
Processor stops, its memory should be reloaded 
with the logic program by either the L206 Program 
Loader (see Appendix B) or by the P180 
Programming Panel. Operation of the controller 
can also be restored by initializing memory with 
either the P180 or P190 Programming Panel (see 
Appendix A). Initializing memory will erase all 
user logic. If the RUN light cannot be restored 
by the appropriate peripheral device, the 
processor should be replaced. 

BOTTOM KNURLED THUMBSCREWS 

Figure 6-3. 684 Mainframe Front Panel 
Showing Locations of 
Knurled Thumbscrews 
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6.2.1.1 Replacement of Processor 
Replace the Processor as follows: 

a. Loosen four screws (two top and two bottom) 
on the front panel, and remove the panel from 
the mainframe. (See Figure 6-3.) 

b. Remove AC power from 684 mainframe. 

c. To remove the processor from the mainframe, 
loosen two screws (one at top, the other at 
bottom) on the processor's front cover. See 
Figure 6-4, (a). 

d. Withdraw the processor from the mainframe 
while holding the cover. See Figure 6-4 (b). 

e. Insert new processor into the mainframe. 

f. Attach the processor to the mainframe by 
refastening two screws. 

g. Reapply AC power to 684 mainframe. 

h. Replace front panel to mainframe. 

(a) LOOSENING OF PROCESSOR (b) WITHDRAWING OF PROCESSOR 
SCREW 

Figure 6-4. Removal of Processor 
From 684 Mainframe 
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6.2.1.2 Replacement of Batteries 
AC power is required to run a controller and to 
energize all LED indicators. When the BATTERY OK 
LED is energized, the battery has sufficient 
power to retain the controller's memory for 
prolonged periods of time either upon loss of AC 
power or disconnection of the controller. A 
programming panel can be attached to the 684 
Controller, if the BATTERY OK LED should fail 
while the AC power is still being supplied to the 
controller. A check of the internal coil 257 can 
then be made. If this coil is ON, then the LED 
lamp has failed. However, if this coil is OFF, 
the batteries should be replaced within seven 
days of the LED going out, in order to maintain 
memory if AC power should fail. 

Use the following procedure to replace the 
batteries. 

CAUTION: Alkaline batteries are fitted as 
standard equipment. It is recommended 
that AC power be left on while 
replacing batteries. Memory will be 
lost if either of the alkaline 
batteries are removed during a loss of 
AC power. 

a. Check that the POWER LED is ON. 

b. Remove the mainframe front panel (see step a, 
Section 6.2.1.1), exposing the two batteries. 

Figure 6-5. Replacement of Batteries 
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c. Cut the bands holding the batteries in 
place. (See Figure 6-5.) 

d. Unplug the 4-wire connector from memory board 
and remove batteries. (See Figure 6-5.) 

e. Using a soldering iron, remove the wires from 
both ends of each battery (see Figure 6-6). 

f. Re-solder the wires to the new batteries. Do 
not overheat batteries by prolonged contact 
with the soldering iron. The red wire goes 
to the (+) end of the battery and the black 
wire to the (-) end of the battery. 

CAUTION: If the batteries are reversed in the 
receptacles during reassembly, then 
memory protection will fail, and the 
user's program will require reloading. 
Both batteries should be replaced 
simultaneously. 

g. Replace the batteries in their receptacles 
and reconnect the 4-wire connector to the 
processor (see Figure 6-5). 

BLACK 
WIRE 

Figure 6-6. Location of Wires 
Soldered to Batteries 

h. Check for the light on the LED indicator. 

i. Reclamp the batteries in the receptacles. 

j. Replace front panel. 
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Memory boards can be removed, stored, 
transported, and exchanged without loss of memory 
as long as batteries are installed and PC boards, 
components, and connectors are not handled. 
Boards should not be placed on metal surfaces or 
on top of other boards. 

6.2.1.3 Replacement of Processor (CPU) Fuse 

VIEWING 
HOLE 
FOR FUSE 

LOCK 

The CPU board is provided with a glass tube fuse 
(3A). It protects the DC Power Supply when a 
peripheral device connected to an interface 
connector is damaged. If the fuse is blown, 
remove it from fuse holder, and insert new one 
into the holder. See Figure 6-7. 

Figure 6-7. Fuse on Processor (CPU) Board 

6.2.2 Power Supply (Type AS-P684) 
The Power Supply is located in the left section 
of the mainframe. Its proper operation is 
indicated by the POWER LED on the mainframe. As 
long as this LED is ON, the Power Supply is 
outputting the proper voltages. If this 
indicator is OFF, verify proper supply voltage at 
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AC power terminals. If AC power voltage is 
correct, inspect the Power Supply, referring to 
troubleshooting charts in Figures 6-16 and 6-22. 
If faulty, replace the Power Supply as follows: 

a. Loosen four screws holding mainframe front 
panel in place, and remove front panel (see 
Section 6.2.1.1). 

b. Remove AC power from 684 mainframe. 

c. Disconnect AC power leads from terminal strip 
(see Figure 6-8, (a» on power supply. 

d. Remove processor (see Section 6.2.1.1). 

e. Loosen slightly six screws holding power 
supply to left side panel of mainframe (see 
Figure 6-8 (a) and (b». 

f. Lift power supply up and away from left side 
panel. 

g. Disconnect power supply connector from 
backplane (see Figure 6-8 (c». 

h. Remove faulty power supply. 

i. Replace with new power supply by reversing 
steps a. through g. 
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6.2.2.1 Checking Output Voltage 
The Power Supply provides voltages to the 
Processor and/or I/O section via the cables 
and a backplane. Insure that proper output 
voltage is verified at the checking jacks on 
the front cover of Processor using a tester. 

Power Supply 
Application 

+5 V Logic 

+12 V I/O 

+5 V I/O 

See Figure 6-9. The cover is exposed by removing 
the front panel of the mainframe. 

The proper output voltage ranges are as follows: 

output Voltage Range 
Checking Jacks (V) 

Across VCC and GNO +4.85 to +5.15 

Across VL and GNO +11. 2 to +13.2 

Across Vo and GNO +5.2 to +6.0 

NOTE: Insert tester's "_" plug into GNO jack, 
and "+" plug into other jack. 

Figure 6-9. Checking Front Panel 
Jacks for Output Voltage 
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6.2.2.2 Replacement of Power Supply Fuse 
The Power Supply is provided with a glass tube 
fuse (3A) in a fuse holder (see Figure 6-10). 
When replacing the fuse, remove the fuse holder 
from the power supply and replace the fuse. 
Reinsert the holder. 

! 

• ••• •••• •••• •••• 

•••• •••• •••• •••• 

Figure 6-10. Power Supply Fuse 

6.3 INPUT/OUTPUT EXPANDER (TYPE AS-J67l) 
The model J67l I/O Expander is a peripheral 
device designed to add a second channel of 256 
points to the 684. It has the same configuration 
and dimensions as the mainframe and consists of 
the I/O Expander Circuit Board, Power Supply, and 
600 Series I/O Housing (see Figure 6-11). 
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POWER 
SUPPLY 

I/O EXPANDER 
CIRCUIT BOARD 

Figure 6-11. I/O Expander, Type AS-J671 

6.3.1 Replacement of I/O Expander Circuit Board 
The I/O Expander Circuit Board includes two LED's 
that indicate its proper operation: ACTIVE and 
BUSY (see Figure 6-12 (b». ACTIVE will be on 
whenever the J671 is operating properly. BUSY 
will flicker on and off whenever the J671 is 
communicating with its I/O modules. 

NOTE: AC power must be applied to the mainframe 
before the LED's will function. 

Should either LED go out, which indicates 
improper operation of the I/O Expander Circuit 
Board, perform the troubleshooting procedures 
shown in Figures 6-24 and 6-30. If the board is 
faulty, replace it as follows: 

a. Remove the front panel of the expander by 
first removing the top two and bottom two 
knurled thumbscrews (see Figure 6-12 (a». 
The I/O expander circuit board and the power 
supply are exposed. See Figure 6-11. 
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FRONT 
PANEL 

b. Remove two screws (top and bottom) on the 
front cover of the board. See Figure 6-13. 

c. Withdraw the board from the expander while 
holding the cover. See Figure 6-14. 

d. Insert a new board into the expander. 

e. Attach the board to the expander by fastening 
two screws. 

f. Refasten front cover of the Expander. 

TOP TWO KNURLED 

BOTTOM TWO KNURLED 
THUMBSCREWS 

Figure 6-12. J671 I/O Expander Front Panel 
Showing Location of Knurled 
Thumbscrews and LED Indicators 
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BOTTOM SCREW 

Figure 6-13. Removal of 1/0 Exp~nder 
Circuit Board from J671 
I/O Expander 

Figure 6-14. Withdrawal of 1/0 Expander 
Circuit Board 
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6.3.2 Replacement of Power Supply 
Type, dimensions, features and replacement 
procedures for the I/O Expander's power supply 
are the same as those for the mainframe power 
supply. See Section 6.2.2. 

6.3.2.1 Checking Output Voltages 
The Power Supply provides voltages to the I/O 
expander circuit board and/or I/O section. The 
output voltages can be inspected/tested at the 
checking jacks located on the board. See Figure 
6-15. 

POWER SUPPLY 
APPLICATION 

+12 V I/O 

+5 V I/O 

The proper voltages should be within the 
following range. 

OUTPUT VOLTAGE RANGE 
CHECKING JACKS (V) 

Across VL and GNO +11.2 to +13.2 

Across Vo and GNO +5.2 to +6.0 

Figure 6-15. Checking I/O Expander 
Jacks for Output Voltage 

l 

6.3.2.2 Replacement of Power Supply Fuse 
The J671 power supply fuse is the same as that of 
mainframe power supply. See Section 6.2.2.2 for 
fuse replacement procedure. 
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6.4 TROUBLESHOOTING FLOW CHARTS 
Figures 6-16 through 6-33, which follow, are the 
troubleshooting charts for the 684 Controller. 
Use them to help isolate a trouble to a faulty 
module like a processor or a power supply. When 
attempting to isolate a trouble, start first with 
Figure 6-16. This figure is the main 
troubleshooting flow chart. This chart will then 
direct you to other charts that will help you 
isolate the trouble to a specific module. 

If a peripheral device is suspected to be faulty, 
use Figure 6-18. Also, to check the J671 
(Input/Output Expander) error code "04", use 
Figures 6-25 and 6-26. 

In general, maintenance to be performed on the 
684 Controller is limited to isolating a 
suspected trouble to a faulty module and then 
replacing it with one known to be operating 
properly. 
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6.5 TROUBLESHOOTING FLOW CHART 

( FailuTp. 
Observed. 

I 
, 

II NO Verify proper supply 

AC input voltage > voltage at AC power 
terminals on mainframe 

has been checked? power supply. 
indicator NO POWER on I. YES 9 controller is on? 

(;c :>-NO Refer to Figure 6-17 power is in range 
YES Checking Power Supply of 85 to 121 VAC? 

Section - 6.2.2.1 YES "5V LOGIC (Vee) " 
"12 VDC (VL) ", 

81-\ TTERY OK indicator NO Put it in range 
on controller is on? 85 to 121 VAC. 

Refer to Figure 6-19 I 
YES Checking Battery. 

( Proper AC Power. ) 
I 

RUN indicator on NO 
controller goes on? 

'" Power was cycled NO 
YES ON-OFF-ON? • l YES Perform power ON-

OFF-ON operation. 
Refer to Figure 6-20 
Checking Processor. 

Controller operates NO 
properly? 

Connect L206 Program 
YES Loader or P190 Pro-

gramming Panel to 
Controller. 

Reload user logic or 
program previously 
recorded in tape into 
Processor memory. 

YES Controller operates 
properly? 

NO 
, 

NO 
Inputs are correct? Refer to Figure 6-27 

0 Checking Input Module. 

T ® r 6 

( Controller OK. ) Outputs are correct? Refer to Figure 6-28 
NO Checking Output Module. 

YES 

Figure 6-16. Main Troubleshooting 
Flow Chart 
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Checking of Power 
supply Section -
6.2.2.1 "5V LOGIC" (Vcc) 
"12 VDC" (VL) • 

• Power supply fuse is VES 

blown? It 

NO Replace it with new one. 

J. 

• 
POWER indicator of NO 

controller goes on? 1 
~ VES Is fuse blown r-Power Supply OK. ) again? 

Peripheral devices had VES 

~ 
It YES 

been used for 684 
(FaUlty system operation? (See Figure Power Supply. 

6-16. ) 

'::'0 * 
t 

Replace power supply 
Refer to 6-18 with new one. (See Figure I Output voltage (12 VDC}I Checking peripheral Section 6.2.2.) 

is proper? Oevic€s . 

• Check output voltages. NO 

I 

(See Section 6.2.2.1.) 
Replace power supply 

t VES Withdraw all 110 with new one. 

)- modules from mainframe 
Output voltage (5V I/O housing. 
LOGIC) is proper? • POWER indicator\. NO 

t VES 
goes on? / • Disconnect bus cables VES Faulty processor) 

Failure of POWER between mainframes and (proper Output 
Indicator. external I/O housings. voltage(5V LOGIC). * + Replace it with , • (See new one. (See 

Replace processor I POWER indicator ~ NO CD figure Section 6.2.1.1.) 
with new one. (See 6-16. ) 
Section 6.2.1.1.) goes on? / Replace power supply 

'" VE5 
with new one. (See 

~periPherals had been Section 6.2.2.) 
used for 684 system 

(POWER indicator\. NO operation? 

'" YES 
goes on? / 

,Connect peripherals ,I YES 
to mainframe again. 

Proper Output 
/, Voltage(12 VOC). 

POWER indicator '\ NO I {see 
goes on? / !CD Figure 

VES 6-16. ) 

Faulty I/O section.) Faulty periPherals) , 
Refer to Figure 6-23 Inspect peripherals. 
Checking Input/Output If failure, replace 
Section 12 VOC (V l ). them with new ones. 

Figure 6-17. Checking Power Supply 
"5V LOGIC" (Vee) and 
"12 VDC" (VL) 

6-18 

, 
Faulty processor) , 

Replace it with new 
one. (See Section 
6.2.1.1.) 



Checking of Peripheral 
Devices. 

I 
f 

Remove peripherals 
from mainframe. 

W 
POWER indicator YES 
goes on? • NO 

Processor fuse has YES 
blown? 

~ 
NO 

Fuse has been NO 
replaced with 
new one? 

YES 
, 

Faulty Per ipherals. ') Replace it with 
new one. 

* • Inspect peripheral. 
If failure, replace Connect peripherals 
it with new one. to mainframe. 

W 
Processor fuse has YES 
blown? POWER indicator NO 

goes on? 

NO 
,YES 

Fuse has been NO <D replaced with 
• (See Figure 6-16.) new one? 

with 
-IYES 

Replace it 
new one . 

( Faulty Peripherals. ) • Connect peripherals 
to mainframe. 

Inspect peripheral. 

* If failure, replace 
it with new one. POWER indicator NO 

goes on? 

YES 

Q) 
(See Figure 6-17.) <D 

(See Figure 6-16.) 

Figure 6-18. Checking Peripheral Devices 
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Checking of Batteries. 

Batteries have been NO 
replaced within 
6 months? 

YES 

Replace the batteries 
with new ones. 
(See Section 6.2.1.2.) 

NO BATTERY OK indicator 
on Controller goes on? 

YES 

Faulty Processor. 

Replace Processor ( with New One Battery OK. 
(See Section 6.2.1.1.) 

(See Figure 6-16.) 

Figure 6-19. Checking Battery 
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Checking of Processor. 

• Connect PlaO 0' P190 
CRT programming panel 
to processor. 

I 
f' 

r·jessage "NO ANSWER" YES 
is displayed on CRT 

+ 
screen? 

NO 
Connection of P laO NO 
CRT and mainframe 
is proper? 

YES 

l-lake proper connection. 

Enter SUPERVISORY 
mode. 

Replace processor 
with new one. 
(See Section 6.2.1.1.) 

CRT displays YES 
error code "Ol"? 

NO 

Restart proceSsor. 

RUN light on NO 

Controller goes on? 

YES 
Replace processor 
wi th new one. 
(See Section 6.2.1.1.) 

Processor OK. 

~ CRT displays 
YES (see Figure 6-16.) error codes "09", 

1110", "13", "14", • and 1I15"? 

to Replace processor 
with new one. 
(See Section 6.2.1.1.) 

® 
(See Figure 6-21.) 

Figure 6-20. Checking Processor
Part 1 
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® 

+ 
CRT displays error 

YES codes "02 1t 
, "03 11 

, 

"06" , "II", and , 
"12117 

Turn memory protect 
NO key to the OFF 

position. 

1 
Clear the controller 
memory. 

~ 
Restart processor. I 

f 
RUN light on NO 
Controller 

/ J goes on? 

• YES Replace processor 
with new one. 

( Processor OK. (See Section 6.2.1.1.) 

f 
Reload program with 
L206 program loader 
or P190 CRT. 

CRT displays YES 
efror code "04"7 , 

Withdraw all I/O 
NO modules from main-

frame I/O housing. , 
Remove bus cable 
between mainframe 
and external I/O 
housing, 

II 

Error code 110411 NO 
on 

CRT screen goes off? 

Refer to Figure 6-22 lVES 
Power Supply Section Replace processor "5 VOC" (VO). Faulty I/O Section. with new one. 

(See Section 6.2.1.1.) 

f 
Refer to figure 6-25, 
Checking Input/Output 
Section-Error 
Code "04", 

Figure 6-21. Checking Processor
Part 2 
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Checking of Power 

I Supply Section 
"5 VOCII (Vo) . 

Inspect output voltages 
at Vo Jack 
(See Section 6.2.2.1.) 

Power supply is outputting YES 
proper voltages at Vo Jack? 

NO 

Withdraw all liD modules 
from mainframe I/O 
housing. 

• Remove bus cable 
between mainframe 
and external I/O 
housing. 

• Restart processor. 

• RUN indicator on 
mainframe goes on? 

• YES 

C Faulty I/O Section. 

• Refer to Figure 6-24, 
Checking Input/Output 
Section - 115 VOC u (Vo) . 

Figure 6-22. 

Power Supply OK. 

( Failure of RUN 
indicator. 

Replace processor with 
new one. 
(See Section 6.2.1.1.) 

NO 

• Faulty Power Supply. 

Replace power supply 
with new one. 
(See Section 6.2.2.) 

Checking Power Supply -
"5 VOC" (Vol 

6-23 
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Checking of Input/Output 
Section - "12 VOC" (Vl) • 

* Connect bus cable bet\','een 
mainframe and 110 housing. 

~ 
Insert all I/O modules into 
malnframe 110 housing. 

liD expander ha, YES 

been used? 

• NO 
Disconnect I/O expander 
from mainframe. 

I 
~ PO'II'ER indicator 

goes on? 

YES r 
Withdraw liD module beginning, 

+ 
in turn, then the 110 housing 
nea res t the processor. 

+ 
Faulty I/O Expander. 

When any module is 
" YES ! removed, does POWER 

indicator go on? 
Replace the expander 

• NO with new one. 

~ All I/O modules have 
been removed? • • 

NO 

-' YES The I/O housing or the bus The module removed when 
cable removed when turned POWER LEO turned on is -. on is faulty. faulty. 

Disconnect bus cable • • beginning, in turn, with 
the housing farthest 

Replace the module from the processor. Replace the bus cable 
with new one. with new one. 

~ l'r ~ When any bus cable 
removed does POWER ~ Does POWER indicator LED go on? go on? 

• NO 

All bus cabl es have 
been removed? 

YES 

CD 
(See Figure 6-16.) 

Figure 6-23. 

~ NO 

( Faulty 110 Housing. 

• Replace the housing 
with new one. 

Checking 
section 

Input/Output 
"12 VDC" (VL ) 
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(CheCking of InpUtiOutPu~ 
Section - "5 vue" (Vo). 

Connect bus cable between 
mainframe and I/O housing. 

~ 
Insert all 1/0 modules into 
mainframe liD housing. 

Withdraw I/O modules 
beginning t in turn, ..... ith 
the I/O housing nearest 
the processor. 

When any module is YES 
removed, does RUN 
indicator go on7 

~ NO 

NO /All I/O modules have 
been removed? 

_. YES 

Oisconnect bus cable 
beginning, in turn, 
with the housing farthest 
from the processor. 

• When any bus cable ;~ 
is removed, RUN goes 
on? 

• NO 

NO / All bus cables have 
been removed? 

YES 

CD 
<See Figure 6-16.} 

Figure 6-24. 

• 
The module removed 
when turned on is 
faulty. 

1 ~ 
I/O housing 

Replace the module 
The or the bus with new one. 
cable removed when turned 
on is faulty. 

• Replace the bus cable 
with new one. 

• r< RUN indicator 
goes on? 

~ NO 

( Faulty I/O Housing. ) 

• Replace the housing 
with new one. 

Checking 
Section 

Input/Output 
"5 VDC" (VD) 
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( Checking of Input/Output 
Section-Error Code 04. 

• 
I Connect bus cable between 

mainframe and I/O housing. 

• I Insert all I/O modules 
into mainframe 110 housing. 

• I/O expander has 
\. YES 

been used? J 
NO 

Withdraw I/O modules 
beginning, in turn, with 
the I/O housing nearest 
the processor. 

• When any module is \. YES 
drawn out does error 
code "04" go off? 

• NO 
NO All I/O modules have 

been removed? 

_. YES 

Disconnect bus cable 
beginning, in turn, with 
the housing farthest 
from the processor. 

• < When any bus cable ~ ~ 
is removed, error code 
"04 11 goes off? 

• NO 

~ All bus cables have 
been removed? 

YES 

Q) 
(See Figure 6-17.> 

Figure 6-25. 

Disconnect I/O expander 
from mainframe. 

* NO / Error code "04" 

\. goes off? 

II YES 

( Faulty I/O Expander. 

• Refer to Figure 6-26, 
Checking Input/Output 
Expander - Error Code 
"04" • 

1 
The module removed • when turned on is 
faulty. 

The I/O housing Of the 
bus cable removed when • turned on is faulty. 

-r Replace the module 
with new one. 

Replace the bus cable 
with new one. 

~ 

~ Error code "04" 
goes off? 

.NO 

( Faulty I/U Housing. ) 
-r 

Replace the housing 
with new one. 

Checking 
Section 

Input/Output 
Error Code "04" 
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( 

~ 

~ 

Checking of Input/Output 
Expander - Error 
cooe "04". 

Connect I/O expander 
to mainframe. 

BUSY indicator on 
the expander goes on? 

YES 

Faulty I/O Section. 

J • 
Withdraw I/O modules 
beginning, in turn, the 
I/O housing nearest the 
expander. 

When any module is 
drawn out, does error 
code "04" go off? 

NO 

All I/O modules have 
been removed? 

J YES -. 
Disconnect bus cable 
beginning, in turn, 
with the hQusing 
farthest from the 
expander . 

• When any bus cable is 
removed does error code 
"04" go off? 

NO 

All bus cables have 
been removed? 

YES 

0) 
(See Figure 6-16.) 

Figure 6-26. 

NO 

/ 

) 

YES 

YES 

Checking 
Expander 
110411 
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+ 
Faulty 1/0 Expander Board. 

! 
Replace the board with 
new one. (See Section 
6.3.1. ) 

• The module removed 
when turned on is 
faulty. 

~ 
Replace the module 
with new one. 

• The I/O housing or the 
bus cable removed when 
turned on is faulty. 

• Replace the housing 
or bus cable. 

Input/Output 
Error Code 



Checking of Input 
I~odule. 

Input module in I/O YES 
expander housing is }----------------------~.L 
faulty? , 

NO Refer to Figure 6-30, 
Checking Input/Output 
Expander. 

To display IION'I or "OFF" 
on reference area of CRT 
screen, turn ON or OFF 
field devices such as a 
limit switch. 

Input is correctly NO 
indica ted as liON" or }-______________ --, 
IIOFF" in reference t 
area? 

( Input Module OK. 

(3) 
(See Figure 6-16.) 

<Jnput status indicator 
goes on at input-ON or 
goes off at input-OFF? 

ow YES 

J'Input module has been 
"replaced with new one? 

W 
Refer to Figure 6-29, 
Checking Input/Output 
Housing. 

' (Input module has been 
inserted into I/O 
housing firmly? 

YES 

'" External voltage is 
"within proper range? 

L---____ ---J YES 

NO 

NO 

NO 

Replace the module 
with new one. 

Insert input module 
into I/O housing 
firmly. 

NO I 

Adjust the voltage 
to proper value. 

I 

Figure 6-27. Checking Input Module 
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( Checking of output MOdUle.) 

• Output module in I/O YES 
expander hous ing is --. faulty. 

NO Refer to Figure 6-30, 

0 
Checking Input/Output 
Expander. 

Turn ON or OFF output 
signal by DISABLE 
function of PlaO 
Programming Panel. 

* ~:utPut status indicator 
goes on at output - ON 
and goes off at output -
OFF? 

• YES 

Output 1-iodule OK. ) 

Field devices NO 
perform ON-OFF • operation? 

ct;ES 

Output module has been NO 
inserted into I/O 

~ 1 (See Figure 6-16) 
housing firmly? 

• * YES 

Inspect field devices. Insert output module 
Output fuses are YES into the housing firmly. 
blown? • 

NO Has the fuse been NO 
replaced with new one? 

• Output module has been NO -rYES Replace the fuse 
inserted into I/O housing Inspect field devices. 

with new one. 
firmly? 

• YES -. I 

External voltage is, yo. Insert the module 
within proper range? into the housing 

firmly. 

YES 

Output module has bee~~ replaced with new one? Adjust the voltage 
to proper value. * YES 

Refer to Figure 6-29, 
Checking Input/Output Replace the module 
Housing. with new one. 

L 

Figure 6-28. Checking Output Module 
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( Checking of I nputJOutput 
Housing. 

• Address switch has NO 
been set properly? 

YES 

Are there troubles 
in two or more I/O 
housings? NO 

YES 

Withdraw I/O modules 
beginning, in turn, 
from the I/O housing 
farthest from the 
processor. 

I/O section except vacant YES 
housing has been returned 
to operating condition? 

to 
Oisconnect bus cable 
from vacant housing. 

I/O section except vacant 
housing without bus cable YES 

has been returned to 
operating condition? 

NO 

NO All I/O modules and bus 
cables have been removed 
from the housings? 

rES 

<D 
(See Figure 6-16,) 

Figure 6-29. 

, 
set the s'Nitch 
properly. 

Inspect I/O modules in 
suspected I/O housing. 
See Figures 6-27 and 
6-28. 

• I/O sect ion has been 
returned to operating 
condi lion? 

• NO 

Improper I/O Housing 
or Bus Cable. 

• Replace the bus cable 
connected to processor 
side of suspected I/O 
housing with new one. 

• I/O section has been 
returned to operating 
condition? 

• NO 
Faulty I/O Hous i ng. 

• Replace the housing 
wi th new one. 

<D 
(See Figure 6-16.) 

Checking Input/Output 
Housing 
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~ Checking of Input/Output 
Expander. 

f 
POWER indicator on NO 
the expander is on? 

~ 
YES AC supply voltage NO 

has been verified? 
~ 

YES 
Veri fy supply vol tage 
at AC power terminals 
on Expander. 

Refer to Figure 6-31, 
Checking Power Supply 
in Input/Output Expander -
tl12 VOCI! (Vel. 

The supply voltage i~r in specified range 2. 

! NO 

Set the voltage in 
the range specified. 

I 
I 

ACTIVE indicator on NO 

the expander is on? 

YES 

, 
I/O expander board NO 

NO 
has been replaced? 1 All inputs are 

functioning normally? YES 
Replace the board 

YES with new one. (See 

G) Section 6.3.1.) 
(See Figure Refer to Figure 6-32, 

6-2?) Checking Power Supply in 
All outputs are NO Input/Output Expander -
functioning normally? "5 VOC" (VO) . 

rES 0 
(See Figure 6-28,) 

(See Figure 6-16,) 

Figure 6-30. Checking Input/Output Expander 
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Checking of Power Supply 
in InputlOutput Expander. 
"12 VDC" (VL). 

Inspect output voltages. 
(See Section 6.3.2.1.) 

Power supply is outputting YES 

proper voltage at VL jack? 

NO 

Withdraw all I/O modules 
from 110 housing in 
expander. 

Remove bus cable between 
expander and I/O housing. 

POWER indicator on NO 
expander goes on? 

YES 

Faulty 110 Section. ) 

Refer to Figure 6-33, 
Checking Input/Output 
Section of Expander. 
"12 VOCI! (VL) J "5 
VOC" (VO) . 

Figure 6-31. 

( Failure of ) POWER 
LEO Lamp 

Replace I/O expander 
board with new one. 
(See Section 6.3.1.) 

Replace power supply 
with new one. (See 
Section 6.2.2.) 

~ 
POWER indicator NO 
goes on? 

• • YES ( Improper I/O Expander 
Board. 

Proper Supply VOItage~ 

• 
"12 VOC" (VL). 

Replace the board 
with new one. 
(See Section 6.3.1.) 

CD 
(See Figure 6-16.> 

Checking Power Supply 
in Input/Output Expander 
"12 VOC" (V L) 

6-32 



~heCking of Power Supply '\ 
( in Input/Output Expander -

"5 VDC" (VD). 

• 
Inspect output voltages. 
(See Sec t i on 6.3.2.1.) 

• Power Supply is outputting YES 
proper voltage at VD Jack? 

• NO 

r 'I 
Withdraw all I/O modules (Failure of ACTIVE LED Lamp. ) 
from liD hous ilng in expander. 

• Remove bus cable between 
expander and I/O housing. 

• ACTIVE indicator on 
expander goes on? 

• YES 

Faulty liD Section. 

t 
Refer to Figure 6-33, 
Checking Input/Output 
Section of Expander -
"12 VDC" (VL), "5 
YOe ll (VD) . 

Figure 6-32. 

Replace I/O expander 
board with new one. 
(See Section 6.3.1.) 

NO 

( Faulty Power Supply. 

Replace power supply 
with new one. (See 
Section 6.2.2.) 

Checking Power Supply 
in Input/Output Expander -
"5 VOC" (VO) 
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Checking of Input/Output 
Section of Expander -
"12 VDC" (V L) , ".5 VDC" 
(VO) . 

~ 
Remove bus cable between 
expander and I/O housing. 

Insert all I/O modules 
into I/O housing in expander. 

Withdraw I/O modules 
beginning, in turn, from 
the I/O housing nearest 
the expander. 

\. YES 

< See Table, 
/ 

NO 

NO All I/O modules have 
been removed? 

.1 YES -. 
Disconnect bus cable 
beginning, in turn, with 
the housing farthest 
from the expander, 

~ 
<- " 

YES 
See Table. 

/ 
NO 

NO 
All bus cables have 

\. been removed? 

YES 

(See Figure 6-16.) 

Figure 6-33. 

Table 

Checking of "12 VOC" (VL) When any rna 
POWER ind 

Checking of "5 VDC" (VO) When any 
ACTIVE 

mo 
in 

* The module removed 
when turned on is 
faulty. 

~ 
Replace the module 
with new one. 

I 
The I/O housing or the 
bus cable removed when 
turned on is faulty. 

• Replace the housing 
or bus cable. 

Checking Expander Input/ 
Output Section - "12 VOC" 
(V L), "5 VDC" (V D) . 
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Al.l INTRODUCTION 

APPENDIX A 
P180 CRT PROGRAMMING PANEL 

This Appendix describes the operation and 
capabilities of the P180 CRT Programming Panel 
used with the 684 Controller. It is designed to 
be temporarily connected to the controller and 
switched to another controller as required. This 
greatly enhances the 684 Controller's 
flexibility. The controller's operation is not 
interrupted when the P180 Programmer is 
connected. One programmer can support many 
controllers. 

NOTE: This Appendix covers only the P180 CRT 
Programming Panel. However, other 
peripheral devices are available to you. 
These are the L206 Tape Loader, the P190 
Programming Panel, and the P464 Monitor. 
The L206 Tape Loader is described in 
Appendix B of this manual, and the P190 
Programming Panel and the P464 Monitor are 
covered in separate user's manuals. 

A2.l P180 CRT PROGRAMMING PANEL 
The P180 CRT Programming Panel (see Figure A-I) 
is the primary device for entering the user's 
logic into the 684 Controller, as well as 
troubleshooting the overall control system. 
Whenever a fault is detected in the control 
system (user equipment, interdevice timing, 
controller 1/0, controller mainframe, etc.), the 
P180 Programmer can be connected to the mainframe 
to verify input operation, power flow of relay 
ladder diagram, current time or count values, and 
output status. This unit is invaluable in 
rapidly identifying the faulty component and, 
thus, keeping downtime to a minimum. Maximum 
control system availability and production is the 
goal of every system designer. The P180 
Programmer will help the 684 Controller realize 
its maximum reliability. As logic is entered 
into and deleted from the ladder diagram, the 
controller's memory is also altered. Programming 
is accomplished in Real Time; no further 
processing of the logic is required once 
programmed on the CRT screen. 
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Figure A-l. P180 CRT Programming 
Panel 

Table A-l. P180 Specifications 

Normal Voltage 98 - 132 VAC 
or 

187 - 253 VAC 

Frequency 47 - 63 Hz 

Operating Temperature 50 to 45 0C 

Humidity 
(Non-Condensing) 10 to 80% 

Size (W x H x 0) 350mm x 200mm x 470mm 

Weight 12 kg 

A2.l.l Major Components 

A2.l.l.l Screen 
The P180 Programmer incorporates a 5-inch (125mm) 
CRT Screen through which logic is developed and 
status information is presented to the operator. 
Excellent clarity is provided since the character 
generator has been redesigned specifically for 
ladder diagram presentations; other CRT's adapt a 
standard ASCII character set in an attempt to 
represent ladder diagrams. 
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The CRT screen is divided into two unequal 
portions as illustrated in Figure A-2. A large 
white block can be moved within the screen to 
"point" to specific areas; this is called the 
cursor and is under operator control. To the 
right of the screen is a red LED. This indicator 
will automatically display the real-time power 
flow of any discrete reference within the logic 
area at which the cursor is located. 

- T - -j- - 1- - -
ASSEMBLYjMESSAGE I MACHINE I REFERENCE 

Figure A-2. General CRT Screen 
Format 

LOGIC 
AREA 

The upper portion of the screen (14 lines) 
displays the user logic in any order selected by 
the operator. The smallest unit displayed is a 
network. A network is a group of logic elements 
(relay contacts, fixed numerical values, register 
references, coils, etc.) that are connected 
together. Networks are identified by a step 
number assigned when the network is constructed 
by the user. The minimum size of a network is 
one rung of the ladder diagram; the maximum size 
is seven rungs. Each rung can contain up to ten 
logic elements and a coil; coils are always 
optional. The flow of power through the network 
will be shown on the CRT screen. Within a 
network, all elements that require memory must be 
programmed by the user. Coils can be assigned 
any legal reference, in any order desired by the 
user. 

The lower portion of the screen (2 lines) 
contains four status areas to provide information 
to the operator. The first is the assembly area 
on the left into which the various elements of 
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A2.1.1.2 Keyboard 

the program are built prior to insertion into the 
ladder diagram. All portions of an element must 
be specified before it is moved into the 
network. White areas in the assembly area 
indicate a portion of the element has not been 
specified. Next to the assembly area is the 
message space. Messages are provided to the 
operator in this area, such as Memory Protect ON, 
INCOMPLETE elements, etc. 

In the center of the status area are two values 
related to the controller (machine) program 
status. The first is the step number of the 
displayed network. Power flow, alterations, etc. 
are possible only to the network on the screen. 
Also shown in this area is the amount of memory 
currently in use in 8-bit words. The final 
status area to the right is programmed by the 
operator to display up to six legal references. 
They can be logic coils, inputs, or registers. 
These references will have their current status 
displayed at all times, regardless of where the 
cursor may be. Discrete references (OXXX, and 
lXXX) will be indicated as ON or OFF; registers 
will have their numerical content displayed (000 
to 999). 

Below the CRT Screen are a series of keys 
currently in use or pushbuttons that are touch 
sensitive. It is via these pushbuttons that the 
operator controls the logic to be displayed on 
the CRT screen, as well as the entry of new logic 
information. Figure A-3 illustrates the keyboard 
layout. In general, there are four groups of 
keys. The left group controls changes to 
networks. The next group selects relay contacts 
for entry into the assembly area. The center 
group enters numerical values into the assembly 
area. The group farthest right controls the 
cursor and entry of logic into the CRT screen. 
Detailed information on each group of keys is 
discussed in the following paragraphs. 
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* 

I 
O~~DCJITJGJGJ BOJEJ 
o OIGill g [2j]1[TI rn rn I 0 0 g 

I B,S:.L 0 I ~ EJKIP [0ilJI 0 r;;l0CTR j.:l I 0 ~ ~ I 
II DI~ ~ 0 Lk2J_~ I t;J ~ ~ 

Figure A-3. P18D Keyboard Layout 



A2.1.2 Network Controls 
These controls are discussed as follows: 
Pushbuttons indicated with an asterisk (*) will 
not function unless Memory Protect is OFF. 

A2.1.2.1 *START NEXT 
This pushbutton causes a new network to be 
created after the network currently on the 
screen. All networks following the current 
network will have their step numbers increased by 
one. If no logic is on the screen, the new 
network will be created at network number one 
(before all existing logic). All existing 
networks will have their step numbers increased 
by one, providing space for the new logic. 

A2.1.2.2 SUPERVISORY 
This pushbutton allows the operator to enter the 
most powerful level of programming. The 
Supervisory mode should be used only with great 
care since major changes can occur once in the 
Supervisory mode. Oepressing the SUPERVISORY 
pushbutton clears the screen and displays seven 
options available to the operator as follows: 

0 = Exit Supervisory State 
*1 = stop Controller Sweep 
*2 = Start Controller Sweep 
*3 = Clear Controller Memory 

4 = Load Memory through ASCII Port 
*5 = Oump Memory from ASCII Port 

6 = Verify Memory Against ASCII Port 

A2.1.2.3 J470 EIA Adapter 
The Pl80 Programmer is connected directly into 
the 684 Controller or via the model J470 
Adapter. The J470 Adapter (Figure A-4) allows 
simultaneous connection to the controller of the 
Pl80 Programmer, as well as one other EIA-type 
device. This second device can be a monitoring 
computer. The J470 Adapter incorporates a switch 
to allow communications only to the P180, only to 
the EIA device, or to both. When operating with 
both devices (P180 and EIA), a message will 
appear on the Pl80 CRT screen if the EIA device 
is active. 

NOTE: The controller can communicate to only one 
device at a time. The Pl80 will be 
"locked out" during active EIA 
communications. 
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Figure A-4. J470 EIA Adapter 

A2.1.2.4 Keyboard Controls 
Entering the proper numerical digit from the 
keyboard will cause the corresponding function to 
occur. Exit returns CRT to normal functions; 
stop/start controls the scanning of controller 
and turns all outputs OFF when sweep stopped. 
Clear removes all stored logic from controller 
memory. Dump Memory causes the entire controller 
memory (logic and coil/register storage) to be 
outputted via an ASCII port built into the P180 
Programmer. The ASCII device connected to the 
P180 port should be a simple ASCII tape loader 
capable of operating at 600 baud. The scanning 
of the controller is NOT halted when a dump is 
made. The Load Memory allows a previous ASC}I 
Dump to be placed into the controller memory. 
Scanning must be stopped prior to a load. To 
restart scanning after a successful load, use 
either a start command or recycle AC power. 
Verify will compare controller's memory against 
tape record made by the ASCII device. 

To prevent accidental changes to the control 
system whenever a 1 (stop) or a 3 (Clear) is 
selected, the CRT will display the option "7 = 
Confirm." The operation is performed only after 
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A2.1.2.5 "DELETE" 

A2.1.2.6 *DISABLE 

A2.1.2.7 *FDRCE 

the digit 7 is selected as the second step. To 
cancel an operation before it is executed, select 
any other option (0-6). The controller must be 
stopped (option 1) prior to selecting a Clear 
(option 3) or Load (option 4). 

When depressed, this pushbutton will cause the 
element of the ladder diagram where the cursor is 
positioned to be deleted. Relay elements can be 
deleted only from the bottom of a column or from 
the right top rung when only one element remains 
in the column. Elements can always be replaced 
by horizontal and vertical opens. To delete a 
non-relay function, the cursor is placed at the 
top of the function; all elements of this 
function will be deleted simultaneously. If the 
shift has been previously selected, the DELETE 
pushbutton will cause the entire network that the 
cursor is on to be removed. All existing 
networks that follow the deleted network will 
have their step numbers decreased by one. 
Deletions occur simultaneously both from the CRT 
screen, and from the memory of the controller. 

Both logic coils and discrete inputs can be 
disconnected from their normal control when this 
pushbutton is depressed. The normal control 
still exists within the controller, but is 
temporarily bypassed. Disables are retained upon 
power failure. Coils (OXXX) are disabled by 
placing the cursor on the coil in the logic area 
and depressing the DISABLE pushbutton. Inputs 
(IXXX) are similarly disabled by placing the 
cursor on the input in the reference area. Once 
disabled, these references are no longer under 
control of the controller until manually 
changed. Disabled references "freeze" their 
state (ON/OFF); as many references as desired can 
be simultaneously disabled. All contacts/outputs 
controlled by this reference, wherever they are 
in the ladder diagram, will reflect the ON/OFF 
state of the disabled reference. Depressing this 
pushbutton a second time for a disabled reference 
will return it to the normal (enabled) condition. 

This pushbutton can be used to alter the ON/OFF 
state of any disabled reference. The cursor is 
placed on a previously disabled reference in the 
ladder diagram. Only logic coils (OXXX) and 
discrete inputs (IXXX) can be disabled. When the 
pushbutton is depressed, the state of the 
reference will be altered (e.g., OFF to ON or ON 
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to OFF). Successive depressing of the pushbutton 
will cause the reference to be toggled OFF to ON 
to OFF to ON, etc. 

A2.1.3 Relay Contact Controls 
When programming relay contacts into the assembly 
area, ten pushbuttons will control which contact 
type is selected. Changes are easily made by 
entering the corrected contact type prior to 
entry into the network, or by constructing a new 
element if the existing logic element of a 
network is to be altered. The relay element can 
be either a normally open contact -ll- ,or a 
normally closed contact -"N::- ,or either a 
horizontal shunt ( ), or a horizontal open 
( .. ). In addition, any relay element can have a 
vertical connection to the next lower rung 
( I ) or no vertical connection (:). 
Vertical connections are possible only to the 
right of the elementj vertical connections are 
not possible with coils or the bottom (seventh) 
rung of a network. If enhanced capabilities are 
available, transitional contacts can be 
used -HI- or -i+I-. Otherwise, an error 
message will appear when these contacts are 
selected. Transitional contacts pass power for 
exactly one scan when their referenced coil or 
input goes from OFF to ON or ON to OFF. Coils of 
any network can be normal (- ( ) -) or 
latched (- (L) -)j all logic coils are 
latchable. Normal coils will be deenergized if a 
power failure occurs. Latched coils are restored 
following a power failure to the state (ON or 
OFF) that they held prior to the power failure. 

A2.1.4 Numerical Entry 
These controls are used to enter numerical values 
into the assembly area. The values can be 
discrete references to control relay contacts, 
fixed values or register references for numerical 
elements, or values for storage in a holding 
register. All four digits must be entered, with 
existing digits moved one position to the left 
for each new digit entered at the units 
position. Numerical values must first be entered 
into the assembly area prior to use as part of 
the controller's logic. 

All numerical keys, except for the digit five, 
have dual functions controlled by the shift key. 
In addition to the entry of numerical values, 
these keys insert non-relay functions to the 
assembly area. The upper element of the 
non-relay function is specified by these keys. 
For example, if the SHIFT is depressed followed 
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A2.1.4.l SHIFT 

Basic Key Label 

DELETE Element 
T R Move 
Commence SEARCH 
o (zero) 
1 (one) 
2 (two) 
3 (three) 
4 (four) 
6 (six) 
7 (seven) 
8 (eight) 
9 (nine) 
CLEAR Assembly 

Area 

A2.1. 4.2 CLEAR 

by the digit zero, the assembly area will be 
prepared to construct the preset of a counter 
block. When this element is placed into the 
ladder diagram, the next lower element will be 
coded to accent a holding register reference 
(4XXX) since the counter is a two element 
function. If a SHIFT, then the seven key is 
depressed, and the assembly area is prepared to 
construct the upper element of an ADD function. 
When this element is placed into the ladder 
diagram, the next two elements will be coded for 
arithmetic references since the add is a three 
element function. The non-relay functions are 
listed under the SHIFT operation. 

This pushbutton is depressed prior to another key 
to alter the key's function. A letter S inside a 
small rectangle is displayed in the message space 
next to the assembly area after the SHIFT is 
depressed. The shift will be cancelled after 
depressing the SHIFT key a second time or after 
depressing any of the 13 dual function keys. The 
SHIFT key operates similar to the upper case 
shift control on a typewriter. A complete 
discussion of shifted controls is provided as 
part of the discussion of basic keys' functions. 
The following is a list of dual function keys: 

Shifted (Upper Case) 
Function 

DELETE Network 
R T Move 
Continue Search 
Counter 
Timer 1/100 Sec 
Timer 1110 Sec 
Timer Seconds 
Subtract 
Divide 
Add 
Convert 
Mul tiply 
CLEAR Entire Screen 

Upper Label 

NETWORK 
R T 
CONT 
CTR 
T.Ol 
TO.l 
n.o 

+ 
CONY 
X 
ALL 

When depressed, this pushbutton clears the 
assembly area. If a SHIFT has been commenced 
prior to the CLEAR, the entire CRT screen will 
be cleared, including assembly area, error 
codes, and step (network) number. 
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A2.l.5 Entry Controls 
These controls affect the entry of logic elements 
into the ladder diagram from the assembly area. 
Logic elements are checked for validity and 
changes are made to the controller's memory, only 
when their entry into the ladder diagram is 
attempted. The element is moved from the 
assembly area to the ladder diagram where the 
cursor is positioned. If logic exists at the 
cursor position, it will be replaced by the 
element in the assembly area. Any portion of the 
assembly area not specified (i.e., left blank -
indicated by a white area), will not be altered 
when new logic is entered. All portions of the 
assembly area must be specified if new logic is 
to be entered into vacant spaces of the ladder 
diagram. 

Any combination of relay contacts, vertical 
connections, and non-relay functions (timers, 
counters, arithmetics, etc.) are possible as long 
as space remains within the 10 X 7 network 
format. Logic coils can be entered at the end of 
any rung. 

NOTE: The logic format requires the top rung to 
be complete for any column that will store 
logic. Each column that stores logic must 
be programmed from the top down to the 
last element desired by the user. Where 
necessary, elements must be programmed 
with horizontal shunts or horizontal opens 
to complete the format. 

Non-relay elements can be entered into any column 
with sufficient space, as long as the existing 
logic is blank. Non-relay elements cannot be 
replaced with relay elements directly; the 
non-relay functions must first be deleted, and 
then the relay functions entered. Programming 
starts at the top of the left most column and 
then proceeds along the top rung towards the 
right or down the first column. 

A2.1.5.1 Cursor Controls 
There are four pushbuttons marked with arrows 
( .... , t , -+ , or t ) that control the 
position of the cursor. When one of these 
controls is depressed, the cursor is moved one 
position in the direction indicated, unless the 
cursor is at the boundary of the screen. At the 
right and left boundary the cursor will "wrap 
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around" when forced beyond either side to the 
opposite side. At the top or bottom of the 
screen there is no "wrap around", and the cursor 
will not move beyond these boundaries. 

A2.1.5.2 ERROR RESET 

A2. 1. 5.3 ENTER 

A2 . 1. 5 . 4 SEARCH 

If an error is detected in the operation of the 
P180 Programmer, a message will be flashed and 
the ENTER and NETWORK controls will be locked 
out. When any other pushbutton (including ERROR 
RESET) is depressed, the message is erased 
assuming the error condition does not continue to 
exist. The keyboard is then completely 
functional. 

If Memory Protect is OFF, the ENTER pushbutton 
will cause the assembly area to be copied into 
the location selected by the cursor. The 
assembly area is not altered and the cursor 
remains at its previous location. If this 
location is in the logic area, the entire 
assembly area will be moved as a logic element 
after passing appropriate error checking. If the 
cursor is in the reference status area and on a 
holding register reference, the number of the 
assembly area will only be moved into the 
register, thereby altering the numerical content 
of the register itself. 

This pushbutton initiates a search of all logic 
entered into the controller's data base. The 
search will be started at the first (upper left) 
contact of network one and continue through all 
networks column by column, until either the 
desired element is located or end of logic is 
detected. Searches are performed based upon data 
in the assembly area; blank (undefined) portions 
of the element will not be considered during the 
search. For example, if all references to input 
1029 are desired (normally open or normally 
closed contacts with or without vertical 
connector), only the reference value 1029 is 
entered into the assembly area. When this 
pushbutton is depressed, the search begins, and 
the first network using this reference is 
displayed in its entirety. If additional 
networks are desired, the SHIFT key is depressed 
prior to pressing the SEARCH key a second time. 
The shifted search will continue the search from 
where the previous match was found (not at start 
of logic). 
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A2 . 1. 5.5 GET 

A2.l.5.6 GET NEXT 

A2.l.5.7 GET PREY 

A2.l.6 Operation 

This pushbutton is used to load the reference 
status area. The desired reference is entered 
into the assembly area, and the cursor is 
positioned in the reference (right side) status 
area where the operator desires to display its 
status. The status of logic coils (OXXX), 
discrete inputs (lXXX), or registers (30XX or 
4XXX) can be displayed; sequencer references 
(2YXX) cannot be displayed. Up to six references 
of any type can be displayed simultaneously, with 
the reference number on top and the status 
immediately below it. Discrete status will be 
provided as ON or OFF; a "0" prior to the input 
status indicates a disable reference. Register 
status is provided as a three digit value 
indicating the content of the register. 

Successively depressing the GET pushbutton with 
the cursor on a reference in the status area will 
cause that reference to increase by one for each 
depression. The assembly area will also copy 
this reference regardless of its previous 
content. To remove a reference from the status 
area, a DELETE is selected while the cursor is on 
that reference area. 

When depressed, the network following the one 
currently on the screen will be displayed. For 
example, if the network on the screen is step 
number 23, this pushbutton will cause the network 
step 24 to be displayed. Network one will be 
displayed if no network is currently shown. 

This pushbutton operates similar to GET NEXT, 
except that when depressed the previous network 
is obtained. Using the previous example, with 
network 23 on screen, this pushbutton causes 
network 22 to be displayed. 

The P180 Programming Panel is a portable, 
reliable, programming device that is designed 
specifically for the industrial environment. It 
is easy to use, can be quickly moved to the work 
site, and provides excellent system status 
display for troubleshooting. In preparation for 
use, the P180 programmer is placed near the 
controller, either on the floor in an upright 
position (see Figure A-5), or on a table or other 
horizontal surface (see Figure A-6). The front 
cover is removed and the communications cable is 
obtained from inside the cover. Connect one end 
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of this cable to the controller port on the Pl80 
Programmer (see Figure A-7) and the other into 
either the controller's mainframe (maximum SO 
feet) or the Pl80 connector on the J470 Adapter 
(maximum 200 feet). Finally, plug Pl80 AC power 
cord into a local source of AC power. The Pl80 
Programmer is now ready for operation, when the 
ON/OFF power switch is turned ON. One fuse is 
incorporated into Pl80 AC power circuit. Replace 
with 3-amp size. To alter any logic within the 
controller, the Memory Protect Keylock on the 
controller must be in the OFF position. 

Figure A-S. Pl80 in Upright 
Position 

A-l4 



Figure A-6. Pl80 in Horizontal 
Pos it ion 

Figure A-7. Pl80 Cable Connection/ 
Controls 
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A2.1.6.1 Starting a Network 
When power is first applied to the P180 
Programmer, the screen logic area will appear 
blank after a short warmup period. To enter a 
new network, the START NEXT pushbutton is 
depressed. This will cause the left power rail 
to appear and the cursor to move to the top of 
the screen. The first element of the network is 
entered into the assembly area. If the first 
element is to be a normally open contact, 
referenced to 1025, and with a vertical 
connection, the following steps can be used (in 
any order): 

1. Depress normally open contact -i~ 

2. Depress vertical shunt. 

3. Enter value 1, 0, 2, 5 from numerical keypad. 

The resultant display is shown in Figure A-8. 
The ENTER pushbutton is depressed after all 
portions of the element are selected. This will 
cause the element to be moved into the cursor 
location (see Figure A-9). The assembly area is 
not cleared, and the cursor is not moved. The 
memory of the controller now contains this 
contact. 

A2.1.6.2 Entering Timer/Counter Elements 
To develop a Timer/Counter in a network, the 
SHIFT key is depressed, followed by the 
appropriate digit on the numerical keyboard. The 
digit 2 is depressed for timers in tenths of a 
second (upper label on digit 2 is TO.l). If a 
preset of 14.7 seconds is desired, the preset is 
entered from the keyboard as 0, 1, 4, 7. To 
complete the element, a vertical open (:) is 
specified. The resultant display is shown in 
Figure A-10. The cursor is moved to the location 
where the timer is to be located (preset 
displayed) and the ENTER depressed (see Figure 
A-ll). Note that the value 4000 is automatically 
placed into the current time storage address. 
This reference must be replaced by a valid 
holding register reference (4XXX) before the 
timer will operate. If the timer is to store its 
value into register 4049, that reference is 
entered into the assembly area from the keyboard 
as 4, 0, 4, 9. The cursor is moved down, and the 
ENTER pushbutton depressed. This causes the 
value 4049 to be placed into the current time 
reference location (see Figure A-12). 
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A2.1.6.3 Entering Arithmetic Operations 
If an arithmetic operation, such as subtraction, 
is desired immediately to the right of the timer, 
the cursor is moved to the top of the next column 
(up one and to the right one position). The·· 
SHIFT and then the digit 4 are depressed. The 
upper element of the subtraction is placed into 
the assembly area. The value (fixed or register 
reference) is then entered. If the reference is 
to register 4005, the digits 4, 0, 0, 5 are 
entered from the keypad. Assuming that no 
vertical connection between the top and middle 
outputs of the subtract block is desired, the 
vertical key (:) is depressed. When the ENTER 
pushbutton is depressed, the preset is moved to 
the cursor location, and the subtract format is 
displayed as shown in Figure A-13. If the middle 
and lower elements are to be 0251 and 4099, 
respectively, the cursor is moved down one rung 
at a time. Their values are entered into the 
assembly area (0, 2, 5, 1 and 4, 0, 9, 9), and 
then moved into the proper position as indicated 
by the cursor position with the ENTER pushbutton. 

REV OX 
NET NO. USED REF> 
0001 0006 VA L > 

Figure A-8. CRT Screen, Relay 
Contact in Assembly 
Area 
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REV OX 
NET NO. USED REF> 
0001 0010 VAL> 

Figure A-9. CRT Screen, Initial 
Start of Network 

102~ 

TO.I-

0147 REV OX 
NET NO. USED REF.> 
0001 0010 VAL> 

Figure A-10. CRT Screen, Timer 
Element in Assembly 
Area 
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102~ TO. I 
4000 

TO.I-
0147 REV DX 

NET NO. USED REF. > 
0001 0014 VAL> 

Figure A-II. CRT Screen, Timer 
in Network 

~ 1025

U 

TO.I-
4049 REV DX 

NET NO. USED REF.> 
0001 0014 VAL> 

Figure A-12. CRT Screen, Completed 
Timer 
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A2.1.6.4 Adding 

A2.1.6.S Typical 

1025 I----r' 1
0~ ~7-f-

SUB-

TO.I f-
4049 ---

4005 REV OX 
NET NO. USED REF. > 
0001 0020 VAL> 

Figure A-13. CRT Screen, Subtract 
Format in Network 

The completed network is shown in Figure A-14. 

Logic Coils 
In any network, coils are optional; if they are 
desired, they can be entered at the end of any or 
all rungs in any network. To add a coil to the 
network of Figure A-14 that is energized whenever 
the timer is at its preset and the value in 
register 400S is equal to or greater than 251, 
the following procedure can be used. To obtain 
the function 'equal to or greater than', the 
first two outputs of the subtract function must 
be connected in parallel. Position the cursor 
over the first element of the subtract function 
(i.e. over reference 400S). Clear the assembly 
area and then put a vertical short circuit into 
it and press ENTER. The two upper outputs are 
now connected in parallel. Move the cursor to 
the next column (see Figure A-1S) and place the 
coil in the assembly area. A latched coil 
reference to 0015 is selected and entered by 
depressing the ENTER pushbutton. The final 
network is as shown in Figure A-16. The coil is 
automatically placed on the right side of the CRT 
screen, and connected to the logic by dotted 
lines. These dotted lines indicate no memory is 
required for these positions. 

Relay Network 
To enter the logic of Figure A-17, the following 
steps are used. Networks are built either 
horizontally (by rungs) or vertically (by 
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columns), or some mix that is convenient to the 
operator. This example enters logic by columns. 

a. Depress START NEXT to create new network; 
cursor will be moved up to upper left. 

b. Place normally closed contact ( '""'+4:::- ) with 
reference 1007 and vertical connector into 
assembly area. 

c. Depress the ENTER pushbutton and move the 
cursor down one position. 

d. Place horizontal open ( .. ) contact without 
reference or vertical connector into assemhly 
area. 

e. Depress the ENTER pushbutton, observe * 
(asterisk) in cursor area to indicate a null 
element in data base, then move the cursor 
down one position. 

f. 

g. 

Place normally open contact ( 
reference 1009 and no vertical 
into assembly area. 

-il- ), with 
connector, 

Depress the ENTER pushbutton and move the 
cursor to top of next column (up two, right 
one position). 

SUB-
4099 REV DX 

NET NO. USED REF. > 
0001 0020 VAL> 

Figure A-14. CRT Screen, Completed 
Subtract Function 
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~'~~' 1025 
TO.I 

4049 

-u-
0015 REV C 

---
40015 

0251 

+ 
4099 ---

-

NET NO. US ED REF. > 
0001 0022 VAL> 

Figure A-IS. CRT Screen, Cursor 
Position for Coil Entry 

1
0~;7 4005 

-------------(L}-
1025 

TO.I 

4049 

-<L>-
0015 REV C 

0251 

4099 

NET NO. USED 'REF. > 
0001 0024VAL> o 

Figure A-16. CRT Screen, Network 
wi th Coil's 
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1007 0178 1054 1055 1058 

1023 

I--'N: 
1009 0166 0183 1092 0071 

Figure A-17. Typical Relay 
Network 

0071 

0059 

h. Change assembly area to reference 0178; other 
symbols in assembly area not to be altered. 

i. Depress the ENTER pushbutton and move the 
cursor down one position. 

j. Place reference 1023 into assembly area; it 
remains a normally open contact. 

k. Depress the ENTER pushbutton and move the 
cursor down one position. 

1. Place a normally closed contact ( -"N:::- ) 
with reference 0166 into the assembly area. 

m. Depress the ENTER pushbutton and move the 
cursor to the top of next column (up two, 
right one position). 

n. Place a normally open contact ( -i I- ) with 
reference 1054 and vertical connector into 
assembly area. 

o. Depress the ENTER pushbutton and move the 
cursor down one position. 

p. Place a horizontal shunt ( 
vertical connector (no reference 
into assembly area. 

) with 
required) 

q. Depress the ENTER pushbutton and move the 
cursor down one position. 

r. Place a normally open contact ( -i I- ) with 
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reference 0183 and no vertical connection 
into assembly area. 

s. Depress the ENTER pushbutton and move the 
cursor to the top of the next column. 

t. Place a normally closed ( -'No:-) contact 
with reference 1055 into assembly area. 

u. Depress the ENTER pushbutton and move the 
cursor down one position. 

v. Place a horizontal open ( .. ) without vertical 
connection (no reference required) into 
assembly area. 

w. Depress the ENTER pushbutton and move the 
cursor down one position. 

x. Place a normally open contact ( -i I- ), 
with reference 1092 and no vertical 
connections, into the assembly area. 

y. Depress the ENTER pushbutton and move the 
cursor to the top of next column (up two, 
right one position). 

z. Change reference in assembly area to 0058; 
other parameters are not altered. 

aa. Depress the ENTER pushbutton and move the 
cursor down one position. 

abo Place horizontal open ( .. ) without vertical 
connections (no reference required) into 
assembly area. 

ac. Depress the ENTER pushbutton and move the 
cursor down one position. 

ad. Place a normally closed contact ( -i I- ) 
with reference 0071 and no vertical 
connection into assembly area. 

ae. Depress the ENTER pushbutton and move the 
cursor to the top of the next column (up two, 
right one position). 

af. Place a normal (unlatched) coil ( -{ }- ) 
with reference 0071 into assembly area. 

ago Depress the ENTER pushbutton and move the 
cursor down one position. This coil will be 
automatically placed to the right side of the 
CRT screen and connected to the top rung's 
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logic by dotted horizontal shunts. These 
shunts do NOT require memory or programming 
by user. 

ah. Place a horizontal open ( .. ) with no vertical 
connection into assembly area (no reference 
required) . 

ai. Depress ENTER pushbutton and move cursor down 
one position. 

aj. Place a latched coil ( -{L}- ) referenced to 
0059 into the assembly area. 

ak. Depress ENTER pushbutton and observe coil is 
placed to right of CRT screen and is 
connected to third rung's logic by dotted 
shunts. 

al. Completed logic is shown in Figure A-18. 

!--------{( lr--
0071 

r---+-.-,-.-.-.-.-.- .-.-
1023 

H--+:--I 
1009 0166 0183 

-{l}-
0059 REV OX 

~~~~------~(ll~---
1092 0071 0059 

NET NO. USED REF. 0 
0001 0066 VAL 

Figure A-18. CRT Screen with 
Relay Network 

A2.1.6.6 Altering an Element 
Any element of a network can be altered at any 
time as long as Memory Protect is in the OFF 
position. In general, the following steps are 
used: 

a. The network is placed on the CRT screen. 
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b. The cursor is placed on the element to be 
altered. 

c. Only the portion to be changed is placed in 
the assembly area. 

d. The ENTER pushbutton is depressed, causing 
both the controller's memory and the CRT 
display to be altered. 

For example, if a relay contact is to be altered 
to change type (NO to NC), reference number, or 
vertical connection, the CLEAR pushbutton is 
depressed. This clears the assembly area (all 
white assembly area). Only the altered portion, 
such as a normally closed contact, new reference 
number, or vertical connection, is placed in the 
assembly area. The portion of the relay element 
to remain unaltered remains white in the assembly 
area. The ENTER pushbutton is depressed to 
change the portion of the element in the assembly 
area. Changes to relay elements can be as 
follows: 

- Change contact type (normally open to normally 
closed, or normally closed to normally open). 

- Change reference number to any legal discrete 
reference (OXXX, lXXX, or 2XXX). 

- Add or delete vertical connection. 

- Any combination of the above three including 
all three. 

Non-relay elements can be changed from fixed 
values to register references, or from register 
references to fixed values (when legal) at any 
time. The cursor is placed on the element to be 
changed, the new value (OXXX, 30XX, or 4XXX) is 
placed in the assembly area, and the ENTER 
pushbutton is depressed to perform the change. 
Relay elements can be changed to numerical 
elements whenever there is sufficient space 
within the network. Timer/counter functions can 
start at any rung except the last (7th) rung; 
arithmetic functions can be placed at any rung 
except the last two (6th and 7th) rungs. To 
change relay elements to numerical references, 
delete relay elements (starting at bottom of 
column) and then enter numerical references as 
discussed under enter above. Non-relay functions 
must be entered starting with their upper 
element. No relay contacts can be below this 
element where numerical references are required 
for the function selected. 
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Non-relay functions, since they are 
interdependent, cannot be independently changed 
directly to relay contacts. To convert non-relay 
elements to relay contacts, the non-relay 
function must be first deleted. The function 
must be the last elements of a column of logic. 
The cursor is placed at the top of the function 
and the DELETE pushbutton depressed. All 
elements of the non-relay functions are removed 
from the network, and any or all elements can now 
be entered as relay contacts. 

A2.1.6.7 Monitoring status 
Up to six references, in any order selected by 
this operator, can be placed at the bottom right 
of the CRT screen (see Figure A-2). If these 
references are discrete logic coils or inputs 
(OXXX and lXXX), their status will be shown as ON 
or OFF. The letter D precedes the status of the 
input if it is disabled. Sequencer references 
(2YXX) CANNOT be monitored. If the reference is 
a register (30XX or 4XXX, including sequencer 
holding registers 4051-4058), the three digit 
value stored in the registers will be displayed 
immediately below the reference. The status of 
these six references, in any order chosen by the 
operator, will be updated as often as the refresh 
rate of the CRT at 9600 baud will allow. To 
place a reference in the display area, the cursor 
is positioned in any of the six areas allocated 
to status display. The desired reference is 
entered into the assembly area, and the GET 
pushbutton depressed. The status is always shown 
directly below the reference. 

To disable an input reference, it is first placed 
in the status area. With the cursor placed on 
the reference to be disabled, the DISABLE 
pushbutton is depressed. This reference and all 
contacts referred to it will hold their current 
(ON or OFF) state. The only way to alter its 
state (ON to OFF or OFF to ON) is by depressing 
the FORCE pushbutton. Every time this pushbutton 
is depressed, the disabled reference under the 
cursor will be changed. Successive activation of 
the FORCE pushbutton will cause the disabled 
reference to cycle ON to OFF to ON to OFF, etc. 
Any network can be called up or deleted, 
reference status entered or replaced, power 
turned ON or OFF, etc., without changing the 
disable status of any input reference. As many 
inputs as desired can be disabled, each either ON 
or OFF. To restore the normal operation of a 
disabled reference, the reference is placed into 
the status area with the cursor on it. When the 
DISABLE pushbutton is depressed a second time, 
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A2.l.6.8 Search 

the reference is restored to its normal (enabled) 
condition. 

The controller's logic can be searched for 
specific elements. Networks containing the 
desired element will be placed on the CRT screen, 
one at a time. The desired element is first 
built into the assembly area. Only those 
portions of a relay contact pertinent to the 
search need be entered. For example, if all 
networks using input 1009 are desired, the 
assembly area is cleared with the CLEAR 
pushbutton. The reference 1009 is entered from 
the keypad as 1, 0, 0, 9; all other portions of 
the assembly area are left blank (white) (see 
Figure A-19. When the SEARCH pushbutton is 
depressed, the first network to use this input 
(1009) on any contact (NO or NC) will be placed 
on the CRT screen with the cursor on that contact. 

To search for other networks using this element, 
the SHIFT followed by the SEARCH pushbuttons are 
depressed. Successive networks will be placed on 
the CRT screen until the end of the stored logic 
is detected. At the end of the logic, a message 
will appear to inform the operator that all logic 
has been searched. If normally closed contacts 
(with or without vertical connections) referenced 
to 0265 are to be located, the assembly area is 
cleared and the desired element entered along 
with its reference (0, 2, 6, 5). The vertical 
connector is left unaltered (white) (see Figure 
20). Searching is started by depressing the 
SEARCH pushbutton. Searches can similarly be 
performed on coils latched or normal) or register 
references (30XX or 4XXX). 
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REV DX 
NET NO. USED REF> 
0001 0006 VAL> 

Figure A-19. Search for Reference 
1009 

NOTE: Vertical connections are not considered 
during the search operation. 

-,-

START 
STEP NO. USE D REF> 
0002 % VAL> 

Figure A-20. Search for NC Contacts 
Referenced to 0265 
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A2.1.6.9 Inserting/Deleting Networks 
To insert a new network between existing 
networks, the lower network step number is placed 
on the CRT SCREEN. For example, to insert a 
network between steps 7 and 8, network 7 is 
called up. With the cursor on this network, the 
START NEXT pushbutton is depressed. This causes 
all networks following step number 7 to be 
increased by one; for example, step 8 becomes 9, 
9 becomes 10, 10 becomes 11, etc. to the end of 
the stored logic. A new network is started on 
the CRT screen and any old networks removed. The 
step number becomes, for the new network, the 
value 8, and the logic for this network can now 
be entered. 

To delete a network, it is placed on the CRT 
screen with the cursor on it. The SHIFT 
pushbutton followed by the DELETE pushbutton is 
depressed. This action causes the entire network 
to be deleted both from the CRT screen and the 
controller's memory; all subsequent networks will 
have their step numbers decreased by one. For 
example, if network 8 is to be deleted, network 9 
becomes network 8, 10 becomes 9, 11 becomes 10, 
etc. 
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Bl.l DESCRIPTION 

APPENDIX B 
MODEL L206 TAPE LOADER 

The model L206 Tape Loader (Figure B-1) is a 
magnetic tape cartridge unit designed for field 
recording and reloading of user programs from the 
684 Controller. This loader is also compatible 
with models 084, 184, 284, 384 and 1084 
Controllers wlth different interface units. The 
Tape Loader features ease of operation and fully 
automatic error detection and protection. The 
Model L206 Tape Loader permits the user to: 

Record his control programs on magnetic tape 
cartridges. 

Load a control program from a magnetic tape 
cartridge. 

Verify a tape, either against the 
controller's memory or internal (tape only) 
parity check. 

The model L206 Loader is housed in a rugged case 
and requires a model J470 Adapter set for any 
standard baud rate. The case also provides space 
for storage of up to five magnetic tape 
cartridges. Each cartridge can store only one 
MODICON program regardless of controller type. 
The program from a 484 Controller consists of the 
entire logic memory as well as the dynamic 
memory. In addition to user logic, all disable 
status, coil states, and holding register 
contents will be included in a tape record or 
load. 

Bl.2 SPECIFICATIONS 
Dimensions: 381mm x 533mm x 203mm 

Weight: 

Cartridge size: 

Cartridge capacity: 

B-1 

15.9Kg 

91.5m 

512 blocks, each 
block 256, 8-bit words 



Speed: 

Write protect: 

Baud rates: 

Power 
requirements: 

Environment: 

Figure B-1. 

B-2 

Read/Write - 46cm (18 in) 
per sec. Rewind - 254cm 
(100 in) per sec. 

Rotating or removing the 
coded flap on the bottom 
of the tape cartridge 
inhibits recording on 
that cartridge. 

110, 150, 200, 300, 600, 
1200, 1800, 2400, 3600, 
4800, 7200, 9600, and 
19,200 baud. 

115 VAC + 10%, 50-60 Hz 
or 220 VAC + 10%, 
50-60 Hz, 60 VA. 

Ambient Temperatures 
10-50 0 C, Humidity up to 
95% non-condensing. 

L206 Tape Loader 



Bl.3 CONTROLS 
See Figure B-2 for location of controls. 

ON/OFF: 

Main Power: 

Operate/ 
Verify: 

Record/Load: 

Pause Tape: 

GO: 

RESET: 

Controller 
Type: 

Bl.4 INDICATOR LIGHTS 

Run: 

Pause: 

Idle: 

B-3 

Controls application of 
AC power. 

Indicates when AC power 
has been applied. 

Selects mode of 
operation, either 
operating with tape 
(record tape or load 
controller) or verify 
data on tape. 

Selects type of 
operation, either 
recording on tape or load 
from tape to controller. 
Spring loaded toward 
RECORD position. 

Interrupts tape 
operation; tape operation 
continued from where 
stopped by depressing GO 
or returned to beginning 
of tape by depressing 
RESET. 

Pushbutton that initiates 
selected mode of 
operation. 

Pushbutton that 
terminates operation and 
returns tape to beginning.' 

Twelve position 
thumbwheel used to select 
type of controller that 
is connected to program 
loader. Set to four for 
684 Controll er. 

Indicates when loader is 
in operating condition. 

Blinks when loader is in 
pause condition. 

Indicates when loader is 
not operating but 
ava ilabl e. 



DC Pwr OK: 

NoComm.: 

Error Halt: 

Comm. Error: 

Tape Error: 

Rewind: 

BOT/EOT: 

Write Protect: 

Record: 

Baud Rate: 

Indicates DC power from 
internal power supply is 
within regulation. 

Indicates when operation 
was started but 
terminated due to 
inability to communicate 
with controller. 

Indicates when operation 
was halted by detection 
of sufficient errors to 
result in unreliable 
operation. 

Indicates whenever error 
is detected in 
communications between 
controller and loader. 

Indicates whenever error 
is detected in tape 
operation. 

ON when rewind in 
progress or tape has been 
completely rewound. 

ON when tape is at 
beginning of tape (BOT) 
or end of tape (EOT). 

ON when inserted tape is 
protected from being 
written ON. 

ON when tape is being 
recorded from controller. 

Four indicators that 
indicate baud rate and an 
active communication 
channel to controller. 

Bl.5 OPERATING PROCEDURES 

B1. 5.1 Set-up 
a. Connect communications cable to J470 Adapter 

with X338 on J470 adapter. Select either EIA 
or both and S5 to zero (no parity). 

b. Turn loader's AC power ON. Insure controller 
has AC power applied and RUN light lit. 
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Figure B-2. 
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and Indicators 



B1.5.2 Record 

B1.5.3 Load 

B1.5.4 Verify 

c. Select Controller Type (four = 684 
Controller). Insert tape cartridge with side 
A up. 

a. Insure Write Protect indicator is not lit. 
Select Operate mode and Record operation. 

b. Depress GO pushbutton. Loader will 
automatically select proper baud rate, 
starting with 19,200 baud, that matches the 
setting on the Adapter to which it is 
connected. 

c. A record of the program can be made with the 
controller operating or not operating (RUN 
light out). The record operation will not 
change the status of the controller's RUN 
light. 

NOTE 
At the end of the record the tape is 
automatically rewound to the beginning. 

a. At controller, turn Memory Protect to the OFF 
position. 

b. At loader, select Operate mode. 

c. Depress and hold spring return switch toward 
load operation; simultaneously depress GO 
pushbutton. 

d. Release both switches. 

Loader will automatically select proper baud 
rate starting with 19,200 baud, that matches 
the setting on the Adapter to which it is 
connected. 

Once communication at the proper baud rate is 
established, the loader automatically "traps" the 
controller, ceasing its scanning. To untrap, the 
controller AC power must be cycled ON/OFF/ON. 

At the end of the load, the tape is automatically 
rewound to the beginning. 

Select Verify mode. Two types of verify are 
possible, selected as follows: 

a. Verify tape format (parity check). Select 
Record Operation. 
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b. Verify tape against controller memory. 

c. Select and hold Load Operation. Memory 
Protect must be OFF at controller. 

d. After type of verify is determined, depress GO 
pushbutton to start COMPARE. Verify will NOT 
alter the RUN light status if it is done 
against the controller's memory. 

Failure of the verify will result in 
terminating of the operation with ERROR HALT 
indicator ON. 

Bl.6 OPERATING NOTES 
a. Once an operation has begun, all controls have 

no effect on the operation except the RESET 
and PAUSE. The RESET pushbutton, when 
depressed, terminates any operation in 
progress and rewinds the tape to the 
beginning. The PAUSE switch causes any 
operation in progress to be suspended and tape 
stopped. All other controls can be 
repositioned without affecting any operation 
once begun. 

b. The following indicators will be ON for the 
various modes of operation: 

MODE RUN RECORD BAUD RATE 

Record X X X 
Load X X 
Verify Tape X 
Verify Against X X 

Memory 

c. The dust cover can be opened without affecting 
an operation in progress. 

d. If a tape is not rewound to the beginning at 
the start of the operation it will be 
automatically rewound prior to commencing the 
operation. 

e. Whenever an error is detected, a single tone 
is provided by the loader. If the error is 
recoverable, the operation continues and a 
valid result is obtained; if the error is not 
recoverable, the operation is halted with 
ERROR HALT indicator lit. Poor communications 
or gradual degradation of the tape after many 
uses can be detected by the number of tones 
issued during a successful load. 
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f. Communications is compatible with RS-232 type 
D. In the Service Center position the 
communications cable can be connected to a 
computer (via Telephone Interface, if 
necessary) to load/record from the computer. 

Bl.7 FUNCTIONAL DESCRIPTION 
All data is recorded at least twice in 256 word 
blocks with parity on each block. If the first 
block has good parity, the second is not used; if 
the first has incorrect parity, data is obtained 
from the second block. During a record 
operation, parity is verified on each block. If 
incorrect parity is detected, successive blocks 
are written until at least two blocks have valid 
parity. The Record is terminated, if more than 
seven blocks are required to record any single 
block due to successive parity failures. 

During a load operation invalid parity, when 
reading from the tape, causes successive blocks 
to be used until good parity is obtained. If 
invalid parity is obtained for all records of the 
same block, the operation is terminated with TAPE 
ERROR indicated. Once good parity is obtained, 
all successive records of that block will be 
ignored until the next block is located. 

Time required to record/load depends upon baud 
rate and memory size. The following are some 
typical times to record a 4K 684 program. 

BAUD RATE TIME 

9600 15 Seconds 
4800 25 Seconds 
1200 90 Seconds 

300 5 Minutes 
110 14 Minutes 

Loading or Verifying typically takes 50 percent 
of the time required to record a program. 
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Cl.l INTRODUCTION 

APPENDIX C 
INPUT/OUTPUT MODULES 

The 684 Controller can operate with both 500 
series and 600 series I/O modules. The 684 
Controller will interface with 600 series I/O 
modules within its mainframe, as well as the J671 
Expander, and the 8620 I/O Housing. The 500 
series I/O modules is fully explained in the 
MODICON 484 User's Manual, and the 600 series is 
covered in this appendix. 

Paragraph Cl.2 provides general information 
covering the discrete I/O modules, and paragraph 
Cl.3 provides general information covering the 
register I/O modules. 

The information listed in this appendix is 
intended to be used as reference material only. 
It will help you both to select and understand 
the operation and use of the particular I/O 
module used or planned to be used in your 
facility. 

Cl.2 GENERAL INFORMATION FOR DISCRETE I/O MOOULES 
Oiscrete input modules convert and condition 
signals from user equipment into logic voltage 
levels used by the controller's processor. 
Discrete output modules perform the reverse. 
Each module is capable of conditioning up to 
eight input or eight output signals. Operating 
voltages other than 12 VDC and 5 VDC supplied by 
the processor must be supplied to the module 
housing by the user. The processor bus provides 
12 VDC to the module's logic to drive the CMOS 
components, and 5 VDC to drive the opto-isolation 
LEOs in the output module, which are part of 
optical couplers. 

All input and output circuits are isolated by 
optical couplers from the processor logic and 
will withstand severe voltage transients without 
damage or adverse effect on the controller. (The 
modules are designed to withstand 25,000 volt 
spark noise from a Tesla coil type device.) Each 
input or output is provided with an "ON" LEO or 
neon indicator. These indicators energize when 
an input or output is ON. The indicator devices 
are connected to the field side of the circuits. 
The outputs are provided with fuses to limit 
current. When a fuse is blown, a "blown fuse 
indicator" turns ON. Each pair of output 
circuits has its own blown fuse indicator. 
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The AC output points turn ON at zero-crossing of 
the voltage curve (sinusoidal) to avoid energy 
dissipation when the switching element in the 
circuit (triac) is switched. 

The DC modules are universal for a wide range of 
voltages. Each DC input point has a turn-on 
threshold of approximately one-half the supply 
voltage. 

The discrete modules are 50mm X 200mm X 252mm and 
weigh approximately 0.3 - 0.7 kg. User 
connections are made to standard barrier strips 
on the 8620 InputlOutput Housings. There are 14 
terminals for each card. A module is plugged 
into the housing and secured by two screws. This 
configuration permits a replacement of modules 
without disturbing the field wiring. 

Environmental Conditions: 
The following applies to all inputloutput modules: 

Temperature: 00 to 500 C ambient 
Humidity: 0% to 95% relative (non-condensing) 

Cl.3 GENERAL INFORMATION FOR REGISTER liD MODULES 
Register liD for the 684 Controller is capable of 
receiving numerical values from the user's equipment, 
as well as providing numerical values to the 
equipment. These numerical values are up to three 
digits long (000 to 999). A 684 Controller can 
receive up to 32 values as inputs to registers 
(references 3001 to 3032), as well as driving 32 
values via output registers (references 4001 to 4032). 

Register liD does not use addresses normally assigned 
to discrete liD. Thus, adding register liD does not 
subtract from discrete liD capacity. A 684 
Controller can accommodate up to 256 discrete inputs, 
256 discrete outputs, as well as 32 input registers 
and 32 output registers. 

NOTE: Output registers (40XX references) not 
used in the liD structure can still be 
used internally as holding registers (4XXX 
references) without adding any hardware to 
the liD structure. 

All liD register modules are housed in the 
standard 8620 liD Housing. Address settings are 
performed at the register modules, not on the 
housing. Communications to the modules are 
performed in binary, every register is updated 
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"DIP" 

(only 

ON 
OFF 
OFF 
OFF 
ON 
OFF 

every scan, and conversions BCD to binary (input) 
and binary to BCD (outputs) accomplished by the 
1/0 module when necessary. 

The register 1/0 are BCD Multiplexer, 
Digital-to-Analog (D to A), and Analog-to-Digital 
(A to D) 1/0 Modules. 

The BCD Multiplexer 1/0 modules can be connected 
to up to 16 separate 3-digit devices. The 
modules service these devices one at a time at 
least three times a second and possibly up to 
nine times a second depending upon numerical 
values. Each module can be set to utilize only 
eight devices in lieu of the 16. A set of four 
small "dip" switches, located at the rear of each 
module, establish the module's address. Any 
single switch can be turned ON, or the first two 
or last two switches can be turned ON. Any other 
setting of these switches will result in 
unreliable operation. To get the desired module 
address, set the switches as follows: 

SWITCH SETTINGS ADDRESS OF REGISTER 1/0 
(Sl) MODULES 

legal positions) Input Module Output Module 

8671-001 B670-001 
OFF OFF OFF 3001-3008 4001-4008 
ON OFF OFF 3009-3016 4009-4016 
OFF ON OFF 3017-3024 4017-4024 
OFF OFF ON 3025-3032 4025-4032 
ON OFF OFF 3001-3016 4001-4016 
DFF ON ON 3017-3032 4017-4032 

The A to D input modules receive analog inputs 
from up to eight devices. They convert the 
analog inputs to digital data, and feed these 
data to the controller's processor. The inputs 
received from the (up to) eight devices are 
completely isolated from each other. New inputs 
are provided on each scan. 

The D to A output modules receive digital data 
from the processor. They convert the data to 
analog values, and feed these values to up to two 
user analog devices. The outputs are isolated 
from each other. New values are provided on each 
scan. The analog values are expressed in 10-bit 
binary (0-1023). 
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C1.4 600 SERIES DISCRETE AND REGISTER I/O MODULES 

TYPE 

8637-001 

8638-001 

8639-001 

8640-001 

8641-001 

8642-001 

8643-001 

8644 -001 

8645-001 

8646-001 

8647-001 

8650-001 

8651-001 

8654-001 

8655-001 

8656-001 

Paragraphs C1.4.1 through C1.4.23 provide general 
information covering discrete and register I/O 
modules. Each paragraph provides a simplified 
schematic diagram and a terminal numbering and 
connections diagram that shows typical external 
connections for the module. Each subsection also 
provides a brief description of the module and 
lists its electrical characteristics. 

Table C-l lists all discrete and register 
modules available for the 684 controller. 
this table to locate the paragraph number 
module you desire. 

Table C-1. List of 600 Series 
Discrete and Register 
Input/Output Modules 

I/O 
Use 

of the 

DISCRETE! REFERENCE 
DESCRIPTION REGISTER PARA. NO. 

24 VAC Input Discrete C1. 4 . 1 

24 to 48 VAC Output Discrete C1. 4.2 

48 VAC Input Discrete C1. 4.3 

24 VDC True Hi Output Discrete C1. 4.4 

24 VDC True Hi Input Discrete C1. 4.5 

24 VDC True Lo Output Discrete C1. 4.6 

24 VDC True Lo Input Discrete C1. 4.7 

48 VDC True Hi Output Discrete C1. 4.8 

48 VDC True Hi Input Discrete C1. 4.9 

48 VDC True Lo Output Discrete C1.4.10 

48 VDC True Lo Input Discrete C1.4.11 

115 VAC Output Discrete C1.4.12 

115 VAC Input Discrete C1.4.13 

220 VAC Output Discrete C1.4.14 

220 VAC Input Discrete C1.4.15 

5V TTL Output Discrete C1.4.16 
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TYPE 

8657-001 

8670-001 

8671-001 

8672-005 

8672-010 

8673-005 

8673-010 

8688-001 

8690-001 

Table C-l. List of 600 Series 

DESCRIPTION 

5V TTL Input 

8CO Multiplexer Output 
Module 

8CO Mul tiplexer Input 
Module 

Oigital-to-Analog 
Voltage Output Module 

Oigital-to-Analog 
Voltage Output Module 

Analog-to-Oigital 
Voltage Input Module 

Analog-to-Oigital 
Voltage Input Module 

Reed Relay 220 VAC 
(24 VDC coil) 

Reed Relay 220 VAC 
(48 VDC coil) 

Discrete and Register 
InputlOutput Modules (Con't) 

DISCRETE! 
REGISTER 

Discrete 

Register 

Register 

Register 

Register 

Register 

Register 

Discrete 

Discrete 

REFERENCE 
PARA. NO. 

Cl.4.17 

Cl.4.18 

Cl.4.19 

Cl.4.20 

C1.4.20 

C1.4.21 

C1.4.21 

C1.4.22 

Cl. 4.23 

NOTE: 8679-001 Position Control and 8687-001 0 
to 40 KHz Pulse Counter Register 110 
Modules are covered under separate manuals. 
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Cl.4.1 8637-001 24 VAC Input Module 
The 8637-001, 24 VAC input module converts eight 
independent 24 VAC inputs into usable signals for 
the 684 Controller. The module provides the 
circuits that condition each of the 24 VAC input 
signals received from user equipment and converts 
them into logic levels used by the controller's 
processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand the severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

The 8637-001, 24 VAC Input Module is compatible 
with the 8638-001 24/48 VAC Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of circuits 
per module: 8 circuits isolated into two 

groups of four inputs. 

ON Condition: 

ON Levels: 

contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 

C-7 

20 VAC - 28 VAC, 40 to 70 Hz 

Input Status Indicator ON 

Control Input Line ON 

20 VAC - 28 VAC, 40 to 70 Hz 

10 ma at 24 VAC 

200 ohms, 40 to 70 Hz 

Less than 9 VAC, or less than 28 
VAC with source impedance 
greater than 40K ohms, 40 to 70 
Hz 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: Less than 9 VAC 

Open Circuit, or less than 28 
VAC with source impedance 
greater than 40K ohms, 40 to 70 
Hz 

Threshold Voltage: Approximately 12 VAC rms 

Common Mode Voltage: 300 VAC steady state 
maximum (at 60 Hz), 1500 
VOC for 100 ms between the 
inputs and the controller, 
and between the groups of 
inputs 

Response Timl': 
OFF to ON: 10 ms 
ON to OFF: 20 ms 

Indicators: 

Allowable Range of Input 
Voltage: 

Each input is provided 
with an Input status 
Indicator 

0-28 VAC, rms 
continuous 

36 VAC, rms 10 seconds 

60 VAC, rms, 1 cycle 
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INPUT 
I 4 

AC 3 
NEUTRAL 

A 

INPUT STATUS 
INDICATOR 

LED 120J\. 

.-.;f 
IW 

,.", 1.2K 680"", 680""-
IW IW 

O.lut 
50V 

2.2K 120 

IW 

Figure C-l. 8637-100 24 VAC 
Input Module, 
Simplified Schematic 

TERMINAL 
NUMBERS 

CD IN/C} 
24 VAC 

POWER SUPPLY ® (NIC) 

'V}-----t( AC NEUTRAL A 

INPUT 1 

24VAC 
POWER SUPPLY 

INPUT 2 

INPUT 3 

INPUT 4 

(N/C) 

(NIC) 

'V.}-----l-<i AC NEUTRAL B 

Figure C-2. 

INPUT 5 

INPUT 6 

INPUT 7 

INPUT 8 

NOTE: TERMINALS 1,2,8, AND 
9 ARE CONNECTED TOGETHER 
INTERNAllY 

8637-001 24 VAC Input 
Module, Terminal Numbering 
and Corrections 
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OPTICAL 
COUPLER 

10M 

2.2K 

GNO 
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Cl.4.2 8638-001 24/48 VAC Output Module 
The 8638-001, 24/48 VAC Output Module converts 
logic voltage levels used within the 684 
Controller into eight, independent 24 to 48 VAC 
outputs. The module contains eight output 
circuits each of which is capable of driving a 
variety of loads up to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from either a 24 or 48 VAC 
source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses a triac device to switch 
the loads. It is shielded from inductive 
transients by a protective circuit. When an 
output circuit is enabled ON by the controller's 
processor, the triac switches on current from the 
voltage source to the load, which also turns on 
an output indicator. 

The 8638-001, 24/48 VAC Output Module is 
compatible with either a 8637-001, 24 VAC Input 
Module or a 8639-001 48 VAC Input Module. 

ELECTRICAL CHARACTERISTICS 
Number of circuits per module: 

Voltage Range: 

C-ll 

8 circuits, 
source current, 
isolated into two 
groups of four 
outputs 

20 VAC to 56 VAC 
continuous, 40 to 
70 Hz 

75 VAC, rms 
maximum, 10 
seconds 



Maximum Load 
Current: 

Maximum Off state 
Current: 

ON state voltage: 

output status 
Indicator: 

Output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 
OFF to ON: 

ON to OFF: 

C-12 

200 VAC, rms maximum 1 
cycle 

2 ampere maximum 
continuous, 50 ampere 
surge current, 1 cycle. 

5 ma maximum 

1.2V at 2 ampere 

output status 
indicators will 
indicate ON load state 

Blown fuse indicators 
are ON with a blown 
fuse 

One 6 amp fuse is 
provided for each 
group of two outputs 

Each output is 
protected against 
overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz), 
1500 VOC for 10 ms 

0.3 ms to 10 ms 

0.3 ms to 8.3 ms (60 
Hz) 
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Cl.4.3 8639-001 48 VAC Input Module 
The 8639-001, 48 VAC Input Module converts eight 
independent 48 VAC inputs into usable signals for 
the 684 Controller. The module provides the 
input circuits that condition each of the 48 VAC 
input signals received from user equipment and 
converts them into logic levels used by the 
controller's processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

The 8639-001, 48 VAC Input Module is compatible 
with the 8638-001, 24/48 VAC Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

ON Condition: 

ON Levels: 

contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 

OFF Levels: 

C-15 

36 VAC - 54 VAC, 40 to 70 
Hz 

Input Status Indicator ON 

Control Input Line ON 

36 VAC - 54 VAC, 40 to 70 
Hz 

10 ma at 48 VAC 

200 ohms, 40 to 70 Hz 

Less than 18 VAC, or less 
than 54 VAC with source 
impedance greater than 40K 
ohms, 40 to 70 Hz 

Input Status Indicator OFF 

Control Input Line OFF 

Less than 18 VAC 

Open Circuit, or less than 
54 VAC with source 



Threshold 
Voltage: 

Common Mode 
voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

Indicators: 

Allowable Range 
of Input Voltage: 

C-16 

impedance greater than 40K 
ohms, 40 to 70 Hz 

Approximately 24 VAC 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 100 ms between the 
inputs and the controller, 
and between the groups of 
inputs 

10 ms 

20 ms 

Each input is provided 
with an Input status 
Indicator 

0-54 VAC, rms, continuous 

72 VAC, rms, 10 seconds 

120 VAC, rms, 1 cycle 

l 
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Cl.4.4 8640-001 24 VOC True Hi Output Module 
The 8640-001, 24 VOC True Hi Output Module 
converts logic voltage levels used within the 684 
Controller into eight, independent 24 VOC true hi 
outputs. The module contains eight output 
circuits containing transistor power switches 
each of which is capable of driving a variety of 
loads up to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 24 VOC source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses a PNP power transistor 
driven by a switch amplifier to switch the 
loads. It is shielded from inductive transients 
by a protective circuit. When an output circuit 
is enabled ON by the controller's processor, the 
transistor switches on current from the voltage 
source to the load, which also turns on an output 
indicator. 

The 8640-001, 24 VOC True Hi Output Module is 
compatible with a 8641-001, 24 VOC True Hi Input 
Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits, source 

current, isolated in two 
groups of four outputs 

Working Voltage 
Range: 

Maximum Load 
Current: 

C-19 

18-30 VOC, Unipolar 

2 ampere maximum 
continuous, 5 ampere surge 
current, maximum (10 ms) 



Maximum Off state 
Current: 

ON state Voltage: 

Output status 
Indicator: 

output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus and Between 
Outputs: 

Response Time: 

C-20 

1 ma maximum 

1.2 VOC at 2 ampere 

output status indicators 
will indicate ON load state 

Blown fuse indicators are 
ON with a blown fuse 

One 6 amp fuse is provided 
for each group of two 
outputs 

Each output is protected 
against reverse polarity 
and overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz) 1500 
VOC for 10 ms 

1 ms maximum 
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Cl.4.5 8641-001 24 VOC True Hi Input Module 
The 8641-001, 24 VOC True Hi Input Module 
converts eight independent, 24 VOC true hi inputs 
into usable signals for the 684 Controller. The 
module provides the circuits that condition each 
of the 24 VOC true hi input signals received from 
user equipment and convert them into logic levels 
used by the controller's processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

Each input circuit uses a voltage controlled 
current Schmidt trigger. When the input circuit 
receives an input signal, the Schmidt trigger 
drives the optical coupler and also turns on the 
LED indicator. 

The 8641-001, 24 VOC True Hi Input Module is 
compatible with the 8640-001, 24 VOC True Hi 
Output Module 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

ON Condition: 

ON Levels: 18-30 VOC 

Contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 

C-23 

+18 to 3D VOC 

Input Status Indicator ON 

Control Input line ON 

10 rna at 24 VOC 

1,000 ohms at 18 VOC 

Less than 10 VOC, with +24 
VOC supply voltage 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: 

Threshold Voltage: 

Common Mode 
Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

Indicators: 

C-24 

Less than 10 VDC, with +24 
VDC supply voltage 

Open Circuit, or 25,000 
ohms resistive in series 
with 30 VDC 

One-half the supply 
voltage + 20% 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 100 ms between the 
inputs and the controller, 
and between the inputs 

10 ms 

10 ms 

Each input is provided 
with an Input status 
Indicator 
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Cl.4.6 8642-001 24 VDC True Lo Output Module 
The 8642-001, 24 VDC True Lo Output Module 
converts logic voltage levels used within the 684 
Controller into eight, independent, 24 VDC true 
10 outputs. The module contains eight output 
circuits each of which is capable of driving a 
variety of loads up to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 24 VDC source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses an NPN power transistor 
driven by a switch amplifier to switch the 
loads. It is shielded from polarity reversals 
and inductive transients by a protective 
circuit. When an output circuit is enabled ON by 
the controller's processor, the transistor 
switches on current from the voltage source to 
the load, which also turns on an output indicator. 

The 8642-001, 24 VDC True Lo Output Module is 
compatible with a 8643-001, 24 VDC true 10 input 
module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits, sink current, 

isolated in two groups of 
four outputs 

Working Voltage 
Range: 

Maximum Load 
Current: 
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18 to 30 VOC, Unipolar, 
continuous 

50 volts maximum, 10 ms 

2 ampere maximum 
continuous, 5 ampere surge 
current, maximum 10 ms 



Maximum Off state 
Current: 

ON state Voltage: 

Output status 
Indi'cator: 

output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 

C-28 

1 ma maximum 

1.2 VOC at 2 ampere 

output status indicators 
will indicate ON load state 

Blown fuse indicators are 
ON with a blown fuse 

One 6 amp fuse is provided 
for each group of two 
outputs 

Each output is protected 
against reverse polarity 
and overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VOC for 10 ms 

1 ms maximum 
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Cl.4.7 6643-001 24 VOC True Lo Input Module 
The 6643-001, 24 VOC True Lo Module converts 
eight independent, 24 VAC inputs into usable 
signals for the 684 Controller. The module 
provides the circuits that condition each of the 
24 VAC input signals received from user equipment 
and convert them into logic levels used by the 
controller's processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

Each input circuit uses a voltage controlled 
current Schmidt trigger. When the input circuit 
receives an input signal, the Schmidt trigger 
drives the optical coupler and also turns on the 
LED indicator. 

The 6643-001, 24 VOC True Lo Input Module is 
compatible with the 6642-001, 24 VOC True Lo 
Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

ON Condition: 

ON Levels: 

Contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 

C-31 

Less than 10 VOC 

Input Status Indicator ON 

Control Input line ON 

Less than 10 VOC 

-10 ma at 0 VDC 

1,DOO ohms at 10 VDC 

+18 to +30 VOC, with +24 
VDC supply voltage 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: 

Threshold Voltage: 

Common Mode 
Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

External Power 
Supply: 

Indicators: 

Allowable Range 
of Input Voltage: 

C-32 

+18 to +30 VDC, with +24 
VDC supply voltage 

Open Circuit, or 25,000 
ohms resistive to DC return 

One-half the supply 
voltage + 20% 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 100 ms between the 
inputs and the controller 

10 ms 

10 ms 

100 ma maximum with +24 
VDC power supply and all 
inputs ON. 

Each input is provided 
with an Input Status 
Indicator 

o - 30 VDC, continuous 

50 VDC, 10 ms 
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Cl.4.8 8644-001 48 VDC True Hi Output Module 
The 8644-001, 48 VDC True Hi Output Module 
converts logic voltage levels used within the 684 
Controller into eight, independent 48 VDC true hi 
outputs. The module contains eight output 
circuits each of which is capable of driving a 
variety of loads up to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 48 VOC source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses a PNP power transistor 
driven by a switch amplifier to switch the 
loads. It is shielded from inductive transients 
by a protective circuit. When an output circuit 
is enabled ON by the controller's processor, the 
transistor switches on current from the voltage 
source to the load, which also turns on an output 
indicator. 

The 8644-001, 48 VDC True Hi Output Module is 
compatible with a 8645-001, 48 VDC True Hi Input 
Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits, source 

current, isolated in two 
groups of four outputs 

Working Voltage 
Range: 

Maximum Load 
Current: 
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30 to 60 VDC, Unipolar, 
continuous 

70 volts maximum, 10 ms 

2 ampere maximum 
continuous, 5 ampere surge 
current, maximum 10 ms 



Maximum Off state 
Current: 

ON state Voltage: 

Output status 
Indicator: 

Output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 

C-36 

1 ma maximum 

1.2V at 2 ampere 

output status indicators 
will indicate ON load state 

Blown fuse indicators are 
ON with a blown fuse 

One 6 amp fuse is provided 
for each group of two 
outputs 

Each output is protected 
against reverse polarity 
and overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 10 ms 

1 ms maximum 
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Cl.4.9 8645-001 48 VOC True Hi Input Module 
The 8645-001, 48 VDC True Hi Input Module 
converts eight independent 48 VDC true hi inputs 
into usable signals for the 684 Controller. The 
module provides the circuits that condition each 
of the 48 VDC input signals received from user 
equipment and converts them into logic levels 
used by the controller's processor: 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

Each input circuit uses a voltage controlled 
current Schmidt trigger. When the input circuit 
receives an input signal, the Schmidt trigger 
drives the optical coupler and also turns on the 
LED indicator. 

The B645-001, 48 VDC True Hi Input Module is 
compatible with the B645-001, 48 VDC True Hi 
Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

ON Condition: 

ON Levels: 

Contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 
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+30 to 60 VOC, with +48 
VDC supply voltage 

Input Status Indicator ON 

Control Input Line ON 

+30 to 60 VDC, with +48 
VDC supply voltage 

-10 rna at 48 VDC 

1,000 ohms at 30 VDC 

Less than 20 VDC, with 48 
VDC supply voltage 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: 

Threshold Voltage: 

Common Mode 
Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

External Power 
Supply: 

Indicators: 

Allowable Range of 
Input Voltage: 

C-40 

Less than 20 VOC, with 48 
VOC supply voltage 

Open Circuit, or 47,000 
ohms resistive to OC return 

One-half the supply 
voltage.±. 20% 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VOC for 100 ms between the 
inputs and the controller 

10 ms 

10 ms 

100 ma maximum with 48 VOC 
power supply and all 
inputs ON 

Each input is provided 
with an Input Status 
Indicator 

o to 60 VOC, continuous 

70 VOC, 10 ms 
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Cl.4.10 B646-001 48 VDC True Lo Output Module 
The B646-001, 48 VDC True Lo Output Module 
converts logic voltage levels used within the 684 
controller into eight, independent 48 VDC true 10 
outputs. The module contains eight output 
circuits each of which is capable of driving a 
variety of loads up to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 48 VDC source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses an NPN power transistor 
driven by a switch amplifier to switch the 
loads. It is shielded from inductive transients 
by a protective circuit. When an output circuit 
is enabled ON by the controller's processor, the 
transistor switches on current from the voltage 
source to the load, which also turns on an output 
indicator. 

The B646-001, 48 VDC True Lo Output Module is 
compatible with a 8647-001, 48 VDC True Lo Input 
Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits, sink current, 

isolated in two groups of 
four outputs 

Working Voltage 
Range: 

Maximum Load 
Current: 
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30 to 6D VDC, Unipolar, 
continuous 

70 VDC maximum, 10 ms 

2 ampere maximum 
continuous, 5 ampere surge 
current, maximum 10 ms 



Maximum Off state 
Current: 

ON state Voltage: 

Output status 
Indicator: 

Output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 
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1 ma maximum 

1.2V at 2 ampere 

output status indicators 
will indicate ON load state 

Blown fuse indicators are 
ON with a blown fuse 

One 6 amp fuse is provided 
for each group of two 
outputs 

Each output is protected 
against reverse polarity 
and overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 10 ms 

1 ms maximum 
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Cl.4.11 8647-001 48 VDC True Lo Input Module 
The 8647-001, 48 VDC True Lo Input Module 
converts eight independent, 48 VDC true 10 inputs 
into usable signals for the 684 Controller. The 
module provides the circuits that condition each 
of the 48 VDC input signals received from user 
equipment and convert them into logic levels used 
by the controller's processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

Each input circuit uses a voltage controlled 
current Schmidt trigger. When the input circuit 
receives an input signal, the Schmidt trigger 
drives the optical coupler and also turns on the 
LED indicator. 

The 8647-001, 48 VDe True Lo Input Module is 
compatible with the 8646-001, 48 VDC True Lo 
Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

ON Condition: 

ON Levels: 

Contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 

C-47 

Less than 20 VOC 

Input Status Indicator ON 

Control Input Line ON 

Less than 20 VDC 

-10 ma at 0 VDC 

1,000 ohms at 20 VDC 

+30 to +60 VOC, with +48 
VDC supply voltage 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: 

Threshold Voltage: 

Common Mode Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

External Power 
Supply: 

Indicators: 

Allowable Range of 
Input Voltage: 
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+30 to +60 VDC, with +48 
VDC supply voltage 

Open Circuit, or 47,000 
ohms resistive to DC return 

One-half the supply 
voltage + 20% 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 100 ms between the 
inputs and the controller 

10 ms 

10 ms 

100 ma maximum with +48 
VDC power supply and all 
inputs ON 

Each input is provided 
with an Input Status 
Indicator 

o - 60 VDC, continuous 

70 VDC, 10 ms 
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Cl.4.12 8650-001 115 VAC Output Module 

The 8650-001, 115 VAC Output Module converts 
logic voltage levels used within the 684 
Controller into eight, independent 115 VAC 
outputs. The module contains eight output 
circuits each of which is capable of driving a 
variety of loads up to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 115 VAC source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses a triac device to switch 
the loads. It is shielded from inductive 
transients by a protective circuit. When an 
output circuit is enabled ON by the controller's 
processor, the triac switches on current from the 
voltage source to the load, which also turns on a 
neon output indicator. 

The 8650-001, 115 VAC Output Module is compatible 
with a 8651-001, 115 VAC Input Module. 

ELECTRICAL CHARACTERISTICS 
Number of circuits per module: 

Voltage Range: 

Maximum Load Current: 
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8 circuits, source 
current, isolated in 
two groups of four 
outputs 

80 VAC to 130 VAC 
continuous, 40 - 70 Hz 

150 VAC, rms maximum, 
10 seconds 

200 VAC, rms maximum, 
1 cycle 

2 ampere maximum 
continuous, 50 ampere 
surge current, 1 cycle 



Maximum Off state 
Current: 

ON state Voltage: 

Output status 
Indicator: 

output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 
OFF to ON: 

ON to OFF: 
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5 ma maximum 

1.2V at 2 ampere 

output status 
indicators will 
indicate ON load state 

Blown fuse indicators 
are ON with a blown 
fuse 

One 6 amp fuse is 
provided for each 
group of two outputs 

Each output is 
protected against 
overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz), 
1500 VDC for 10 ms 

0.3 ms to 10 ms 

0.3 ms to 8.3 ms (60 
Hz) 
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Cl.4.13 8651-001 115 VAC Input Module 
The 8651-001, 115 VAC Input Module converts eight 
independent 115 VAC inputs into usable signals 
for the 684 Controller. The module provides the 
circuits that condition each of the 115 VAC input 
signals received from user equipment and convert 
them into logic levels used by the controller's 
processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

The 8651-001, 115 VAC Input Module is compatible 
with the 8650-001, 115 VAC Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

ON Condition: 

ON Levels: 

Contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 
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80 VAC - 130 VAC 40 to 70 
Hz 

Input Status Indicator ON 

Control Input Line ON 

80 VAC - 130 VAC, 40 to 70 
Hz 

10 ma at 115 VAC 

1,000 ohms, 40 to 70 Hz 

Less than 48 VAC or less 
than 150 VAC with source 
impedance greater than 40K 
ohms, 40 to 70 Hz 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: 

Threshold Voltage: 

Common Mode 
Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

Indicators: 

Allowable Range of 
Input Voltage: 
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Less than 48 VAC 

Open circuit, or less than 
150 VAC with source 
impedance greater than 40K 
ohms, 40 to 70 Hz 

Approximately 60 VAC 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 100 ms between the 
inputs and the controller, 
and between the groups of 
inputs 

10 ms 

20 ms 

Each input is provided 
with an Input status 
Indicator 

0-130 VAC, rms, continuous 

150 VAC, rms, 10 seconds 

200 VAC, rms, 1 cycle 
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Cl.4.14 8654-001 220 VAC Output Module 
The 654-001, 220 VAC Output Module converts logic 
voltage levels used within the 684 Controller 
into eight, independent 220 VAC outputs. The 
module contains eight output circuits each of 
which is capable of drawing a variety of loads up 
to two amperes. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 220 VAC source. 

All output circuits are fuse protected. Groups 
of two outputs are applied through a common 6 
ampere fuse that protects the outputs from 
overload currents. 

Each output circuit uses a triac device to switch 
the loads. It is shielded from inductive 
transients by a protective circuit. When an 
output circuit is enabled ON by the controller's 
processor, the triac switches on current from the 
voltage source to the load, which also turns on 
an output indicator. 

The 8654-001, 220 VAC Output Module is compatible 
with a 8655-001, 220 VAC Input Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits, source 

current, isolated in two 
groups of four outputs 

Working Voltage 
Range: 
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160 VAC to 260 VAC, 
continuous, 40 - 70 Hz 

300 VAC, rms maximum, 10 
seconds 

400 VAC, rms maximum, 1 
cycle 



Maximum Load 
Current: 

Maximum Off state 
Cu rrent: 

ON state Voltage: 

Output status 
Indicator: 

output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 
OFF to ON: 

ON to OFF: 

C-60 

2 ampere maximum 
continuous, 50 ampere 
surge current, 1 cycle 

5 ma maximum 

1.2V at 2 ampere 

output status indicators 
will indicate ON load state 

Blown fuse indicators are 
ON with a blown fuse 

One 6 amp fuse is provided 
for each group of two 
outputs 

Each output is protected 
against overvoltage 
conditions. 

400 VAC steady state 
maximum (at 60 Hz) 2500 
VDC for 10 ms 

0.3 ms to 10 ms 

0.3 ms to 8.3 ms (60 Hz) 
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Cl.4.15 8655-001 220 VAC Input Module 
The 8655-001, 220 VAC Input Module converts eight 
independent 220 VAC inputs into usable signals 
for the 684 Controller. The module provides the 
circuits that condition each of the 220 VAC input 
signals received from user equipment and convert 
them into logic levels used by the controller's 
processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encounterea in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be OFF 
when not connected to an input voltage. 

The 8655-001, 220 VAC Input Module is compatible 
with the 8654-001, 220 VAC Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 

ON Condition: 

ON Levels: 

Contact "Wetting" 
Current: 

Maximum Source 
Resistance: 

OFF Condition: 
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8 circuits isolated into 
two groups of four inputs 

140 VAC to 260 VAC, 40 to 
70 Hz 

Input Status Indicator ON 

Control Input Line ON 

140 VAC to 260 VAC, 40 to 
70 Hz 

10 ma at 220 VAC 

1,000 ohms, 40 to 70 Hz 

Less than 90 VAC, or less 
than 260 VAC with source 
impedance greater than 80K 
ohms, 40 to 70 Hz 

Input Status Indicator OFF 

Control Input Line OFF 



OFF Levels: 

Threshold Voltage: 

Common Mode Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

Indicators: 

Allowable Range of 
Input Voltage: 
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Less than 90 VAC 

Open Circuit, or less than 
260 VAC with source 
impedance greater than 80K 
ohms, 40 to 70 Hz 

Approximately 120 VAC 

400 VAC steady state 
maximum (at 60 Hz), 1500 
VOC for 100 ms between the 
inputs and the controller, 
and between the groups of 
inputs 

10 ms 

20 ms 

Each input is provided 
with an Input status 
Indicator 

0-260 VAC, rms, continuous 

300 VAC, rms, 10 seconds 

400 VAC, rms, 1 cycle 
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Cl.4.16 8656-001 5V TTL output Module 
The 8656-001, 5V TTL Output Module converts logic 
voltage levels used within the 684 Controller 
into eight, independent 5V outputs to drive TTL 
circuitry. The module contains eight output 
circuits. An LEO indicator, provided for each 
output circuit, indicates when the output is at a 
logical "1" (+5 VDCl. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and a regulator circuit that suppress 
line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a +5 VOC source. 

All output circuits are protected from accidental 
polarity reversal and over voltage. 

Each output circuit uses an NPN transistor to 
switch the loads. It is shielded from polarity 
reversals and voltage transients by a protective 
circuit. When an output circuit is enabled "OFF" 
by the controller's processor, the transistor 
switches on current from the voltage source to 
the load, which also turns on the output 
indicator. 

The 8656-001, 5V TTL Output Module is compatible 
with a 8657-001, 5V TTL Input Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits, sink current, 

isolated in two groups of 
four outputs 

Logic "I" Condition: 

Logic "1" Levels: 
Output Voltage: 

Output Current: 
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Line Output ON 

Output Transistor OFF 

Output Indicator ON 

+4 VOC, minimum 

1 ma output current with 
output voltage of 4.75 VDC 
and external power supply 
of 5.0 VOC 



Logic "0" Condition: 

Logic "0" Levels: 
Output Voltage: 

Rated Current: 

output status 
Indicator: 

Output Protection: 

Common Mode Voltage 
Between Outputs and 
I/O Bus: 

Response Time: 
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Line Output OFF 

Output Transistor ON 

Output Indicator OFF 

0.4 VDC maximum at 75 ma 

75 ma maximum, continuous 
100 ma peak, 10 ms 

Output status indicators 
will indicate logic "1" 
load state 

Each output is protected 
against reverse polarity 
and overvoltage conditions 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 10 ms 

1 ms maximum 
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Cl.4.17 8657-001 5V TTL Input Module 
The 8657-001, 5V TTL Input Module converts eight 
independent 5V inputs received from TTL circuitry 
into usable signals for the 684 Controller. The 
module provides the circuits that conditions each 
of the 5V TTL input signals received from user 
equipment and converts them into logic levels 
used by the controller's processor. 

All eight circuits are electrically isolated from 
the processor by optical couplers. This enables 
the processor to withstand severe voltage 
transients normally encountered in an industrial 
environment. The eight circuits are separated 
into two groups of four, and the two groups are 
isolated from each other for flexible field 
wiring. Each circuit has been designed to be at 
a logical "I" (+5 VOC) with no connection applied 
to the input. 

The 8657-001, 5V TTL Input Module is compatible 
with the 8656-001, 5V TTL Output Module. 

ELECTRICAL CHARACTERISTICS 
Number of Circuits 
Per Module: 8 circuits isolated into 

two groups of four inputs 

Logic "1" Condition: 

Logic "1" Levels: 

Maximum Input 
Voltage: 

Logic "0" Condition: 

Logic "0" Levels: 
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Input "High", or Open 
Circuit 

Input Status Indicator ON 

Control Input Line ON 

VIH = 2.0 VOC maximum 
IIH = 0.1 ma maximum at 
VIH = 5.5 VOCj V source 
= 5.0 VOC 

8.0 VOC at clamp current = 
25 ma 

Input "Low" 

Input Status Indicator OFF 

Control Input Line OFF 

VIL = 0.8 VOC maximum 
IlL = 1.1 ma maximum at 
V source = 5.25 VOC 

VIL = 0 V 



Maximum Negati ve 
Input Voltage: 

Threshold Voltage: 

Common Mode Voltage: 

Response Time: 
OFF to ON: 

ON to OFF: 

-2 VDC with clamp current 
= 15 ma 

Approximately 2.0 VDC 

300 VAC steady state 
maximum (at 60 Hz), 1500 
VDC for 100 ms between the 
inputs and the controller, 
and between the groups of 
inputs 

2 ms maximum 

2 ms maximum 

External power supply rated at 5.0V ~ .25 VDC, 
130 ma (all inputs "Low"). 

Indicators: 

Allowable Range of 
Input Voltage: 
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Each input is provided 
with an Input status 
Indicator 

-2 VDC to +8 VDC 

100 volts 10 ms 
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Cl.4.18 B670-001 BCO Multiplexer Output Module 
The B670-001 BCD Multiplexer Output Module is 
capable of driving up to 16, 3-digit, BCD coded 
LED display devices. Each device should be 
equipped with a retentive capability such as a 
latch. This latch is normally a standard option 
on LED display devices. 

Any unused register that is not wired, does not 
require termination. To drive the LED display 
device, the user must supply +5 VDC. 

Field wiring to the 8670-001 module is made to a 
30-pin Buchanan connector which is located on the 
front panel of each module (MODICON part number 
52-2109-000). This connector can be removed from 
the module. Thus, the module can be replaced 
without disturbing field wiring. To facilitate 
removal of the module, leave a service loop in 
the field wiring bundle. 

The register address switch is located in the 
rear top section of the module. 

ELECTRICAL CHARACTERISTICS 
Power Source: 

Isolation: 

Refresh Cycle: 

Indicators: 

Input Impedance: 

Environmental Condition: 
Temperature: 

Humidity: 
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+5 VDC must be 
supplied to terminals 
29 and 30 as shown, 
rated at 90 ma 
maximum, and regulated 
to better than + 5%. 

50 meg ohm 
1500 VAC 
200 VAC 

144-288 ms 

Bus Active 
Field Active 

12K ohm 

500 VDC 
1 Minute 
Continuous 

00 to 50 0 C ambient 

0% to 95% relative 
(non-condensing) 
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Cl.4.19 8671-001 8CD Multiplexer Input Module 
The 8671-001 Input 8CD Multiplexer module is 
capable of receiving numerical values from up to 
16, 3-digit, 8CD coded thumbwheel type devices. 
Each thumbwheel must be diode isolated, this is a 
standard option normally available on thumbwheel 
switches. Data from the thumbwheel is supplied 
to the module in a standard BCD format. 

If the standard BCD thumbwheels are not locally 
available, 9's complement 8CD coded thumbwheel 
switches may be used. A user program will then 
be required to convert the 9's complement input. 

Any unused register that is not wired does not 
require special termination. Input registers not 
wired will be loaded with the value 000 every 
time the multiplexer attempts to read that 
thumbwheel. On every scan of the processor the 
input register values will be buffered in the 
multiplexer input to the processor. No external 
power is required to operate the 8671-001. 

Field wiring is made via the 30-pin Buchanan 
connector which is located on the front panel of 
the module (MODICON part number 52-2109-000). 
This connector can be removed from the front of 
the module. Thus, the module can be replaced 
without disturbing the field wiring. To 
facilitate removal leave a service loop in the 
field wiring bundle. 

ELECTRICAL CHARACTERISTICS 

Isolation: 

Refresh Cycle: 

Output Current: 

DC Source: 

Environmental Condition: 

Temperature: 

Humidity: 
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50 meg ohm, 500 VDC 

144 to 288 ms 

50 ma maximum 

+5 VDC ~ 5%, 90 ma 

00 to 500C ambient 

0% to 95% relative 
(non-condensing) 
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Cl.4.20 B672-0XX Oigital to Analog Voltage Output Module 

1 

o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

The B672-0XX Digital to Analog Voltage Output 
Module is available in two versions: 

- AS B672-005 

- AS B672-010 

the B672-005 provides a 0 to 5 VDC signal, and 
the B672-010 provides a 0 to 10 VDC signal. Both 
the B672-005 and the B672-010 are factory 
calibrated to meet the specifications outlined. 
The B672-0XX output modules are addressed to a 
pair of output registers. Specific selection is 
made by set ting; 

Switch Sl 
2 3 

o 
o 
o 
o 
1 
1 
1 
1 
o 
o 
o 
o 
1 
1 
1 
1 

o 
o 
1 
1 
o 
o 
1 
1 
o 
o 
1 
1 
o 
o 
1 
1 

4 

o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 

Selection Registers 
Output 

4001/4002 
4003/4004 
4005/4006 
4007/4008 
4009/4010 
401114012 
4013/4014 
4015/4016 
401714018 
4019/4020 
4021/4022 
4023/4024 
4025/4026 
4027/4028 
4029/4030 
4031/4032 

The output signal will be linearly related to the 
numerical value placed in the appropriate holding 
register as it varies from 000 to 999. Outputs 
are updated on each scan of the controller. The 
following illustrates typical output values: 

Value 

000 
250 
500 
999 

AS B672-005 

0.00 VDC 
1. 25 VDC 
2.50 VDC 
5.00 VDC 

AS B672-010 

0.1 VDC 
2.5 VDC 
5.0 VOC 

10.0 VDC 

Each B672-0XX analog output module incorporates 
an active indicator, CKT 1 and 2, that will be ON 
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as long as the 684 Programmable controller is 
communicating to the module, at least once every 
100 milliseconds. The minimum load that can be 
driven by the B672-0XX analog output modules is 
1000 ohms with a single external power supply 
connected. 

Wiring to the B672-0XX analog output module is 
made via a 30-pin Buchanan connector (MODICON 
part number 52-2109-000) located on the front of 
each module. This connector can be removed for 
replacement of the module without disturbing the 
field wiring. To facilitate removal of the 
module, a service loop in the user wiring bundle 
should be used. 

ELECTRICAL CHARACTERISTICS 
Output Voltage: 0-5 VDC (Model 005) 

Cross Talk: 

output Impedance: 

Settling Time 
(within 0.01% of 
final value): 

Resolution: 

Linearity Error: 

Accuracy: 

Temperature 
Coefficient 

Offset and 
Lineari ty: 

Gain: 

External Power 
Supply: 
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0-10 VDC (Model 010) 

-80 dB 

less than one ohm 

100 microsecond 

1 bit in 1024 

less than 0.1% of full 
scale 

0.15% at 250C 

0.5% at 0-500C 

0.0001% per 0c of full 
scale 

0.005% per Oc 

+15 VDC at 100 ma 

-15 VDC at 20 ma 

250 mV max. ripple 

5% regulation 



Isola tion: 

output to Output: 

Output to Controller: 

50 Meg ohms (500 VDC) 

50 Meg ohms (500 VDC) 

1000 VAC for 1 minute 

~ CKT. ACTIVE \f./ LED PROVIDED 

~-~--------{:3 OUTPUT 

.1 @)RETURN 

GND 

TYPICAL FOR CIRCUIT I a 2 

GND IS}------=F----.!--+-3> GND 

-15V 20 -VEE 

CHASSIS 
GND 

Figure C-37. B672-0XX, Digital to Analog 
Voltage Output Module, 
Simplified Schematic 
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Figure C-38. B672-0XX, Digital to Analog 
Voltage Output Module, 
Terminal Numbering and 
Connections 
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Cl.4.21 B673-0XX Analog to Digital Voltage Input Module 
The B673-0XX Analog to Digital Voltage Input 
Modules are available in two options: 

- 8673-005 

- B673-010 

Each is capable of servicing up to eight analog 
signals. The 8673-005 is designed to handle a 1 
to 5 VOC signal, and the B673-010 can handle a 0 
to 10 VDC signal. Both modules are factory 
calibrated to meet specification. The analog 
input modules can be addressed to anyone of four 
groups of eight consecutive input registers. 
This selection is made by setting one of the four 
switch sections on the four section toggle switch 
on the rear of the module. Select register 
groups as follows: 

Switch Sl Section 

(Top) 1 
2 
3 

(Bottom) 4 

Input Registers 

3001-3008 
3009-3016 
3017-3024 
3025-3032 

ELECTRICAL CHARACTERISTICS 
Input Voltage: 1-5 VOC (Model 005) 

0-10 VOC (Model 010) 

Common Mode Rejection: -70 d8 

Cross Talk (between 
inputs): -70 d8 

Input Impedance: 2 Meg Ohm 

Frequency Response: DC to 100 Hz (-3 dB 
points) 

Settling Time 
(within 0.01% of 
final value): 10 microsecond 

Resolution: 1 bit in 1024 

Linearity Error: Less than 0.05% of full 
scale 

Accuracy: 0.05% of full scale at 
25 0 c 
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0.25% of full scale at 
0-50oC 



Temperature 
Coefficient: 

Offset and 
Lineari ty: 

Gain: 

External Power 
Requirements: 

Isolation: 
Input to Input: 

Input to 
Controller: 
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0.005% per oC of full 
scale 

0.005% per 0C of input 
voltage 

+15 VDC at 120 ma 

-15 VDC at 40 ma 

250 mV max. ripple 

5% regulation 

2 Meg ohms (100 VAC) 

1000 VAC for 1 minute 
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Figure C-39. B673-0XX Analog to Digital 
Voltage Input Module, 
Simplified Schematic 
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Figure C-40. B673-0XX Analog to Digital 
Voltage Input Module, Terminal 
Numbering and Connections 
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Cl.4.22 8688-001 Reed Relay, 220 VAC (24 VOC Coil) Output Module 
The 8688-001, Reed Relay 220 VAC (24 VOC coil) 
Output Module converts logic voltage levels used 
within the 684 Controller into eight independent 
220 VAC outputs. The module contains eight 
output circuits which are capable of driving a 
variety of loads up to 30 amperes each 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 220 VAC source. 

Each output circuit uses a reed relay to switch 
the loads. The relay is protected from voltage 
surges and accidental polarity reversals by a 
varistor and a diode. Each relay requires +24 
VDC to energize it. All eight relays obtain 
their energizing voltage from a single external 
source. When an output circuit is enabled ON by 
the controller's processor, it performs two 
functions: First it turns on an output indicator 
and it energizes the relay. Energized the relay 
switches on current from the 220 VAC source to 
the load. 

ELECTRICAL CHARACTERISTICS 
Number of Outputs: 8 outputs per module, 

isolated in two groups of 
four outputs 

Output Status 
Indicator: 

Contact Ratings: 

Rated Operational 
Voltage & Current: 

Minimum Operational 
Voltage & Current: 
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An LED is provided for 
each output. The LED is 
ON when output is ON 

220 VAC, 1 amp (inductive 
load); 

110 VOC, 0.5 amp 
(inductive load) 

lV, 1 ma 



Maximum Closing 
Cu rrent: 

Maximum Breaking 
Current: 

Contact Resistance: 

Electrical Life: 

Response Time: 
OFF to ON: 

ON to OFF: 

Power Supply for 
Coil : 

Isolation Voltage: 
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30 amp at 220 VAC (power 
factor - 0.7) 

30 amp at 220 VAC (power 
factor - 0.4) 

1 amp at 110 VDC (time 
constant - 0.1 s) 

Less than 100 milliohms 

More than 500,000 
operations (rated load) 

7 ms maximum 

3 ms maximum 

24 VDC +10% (Less than 
-20% 

5% ripple) 

320 ma/8 outputs ON 

1000 VAC for 1 minute 



, 

I~ 

OUTPUT 

OPTICAL 
STATUS 
INDICATOR 

COUPLER 15K LED 
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Figure C-41. 
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OUTPUT 6 

OUTPUT 7 

OUTPUT 8 

Figure C-42. 
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8688-001, Reed Relay 220 VAC 
(24 VOC Coil) Output Module, 
Simplified Schematic 
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8688-001, Reed Relay 220 VAC 
(24 VDC Coil) Output Module, 
Terminal Numbering and 
Connections 
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Cl.4.23 8690-001 Reed Relay 220 VAC (48 VDC Coil) Output Module 
The 8690-001, Reed Relay 220 VAC (48 VDC Coil) 
Output Module converts logic voltage levels used 
within the 684 Controller into eight independent 
220 VAC outputs. The module contains eight 
output circuits which are capable of driving a 
variety of loads up to 30 amperes each. 

All eight circuits are electrically isolated from 
the controller's processor by optical couplers. 
In addition, the circuits contain damping 
networks and voltage limiting varistors that 
suppress line voltage spikes and prevent false 
triggering. This prevents severe voltage 
transients prevalent in an industrial environment 
from damaging the processor or the module. The 
eight circuits are separated into two groups of 
four outputs, and the two groups are isolated 
from each other for flexible system wiring. Each 
group can be driven from a 220 VAC source. 

Each output circuit uses a reed relay to switch 
the loads. The relay is protected from voltage 
surges and accidental polarity reversals by a 
varistor and a oiode. Each relay requires +48 
VDC to energize it. All eight relays obtain 
their energizing voltage from a single external 
source. When an output circuit is enabled ON by 
the controller's processor, it performs two 
functions. First it turns on an output indicator 
and it energizes the relay. Energized the relay 
switches on current from the 220 VAC source to 
the load. 

ELECTRICAL CHARACTERISTICS 
Number of Outputs: 8 outputs per module, 

isolated in two groups of 
four outputs 

Open Status 
Indicator: 

Contact Ratings: 

Rated Operational 
Voltage & Current: 

Minimum Operational 
Voltage & Current: 
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An LED is provided for 
each output. The LED is 
ON when output is ON 

220 VAC, 1 amp (inductive 
load); 

110 VDC, 0.5 amp 
(inductive load) 

1 V, 1 ma 



Maximum Closing 
Current: 

Maximum Breaking 
Cu rrent: 

Contact Resistance: 

Electrical Life: 

Response Time: 
OFF to ON: 

ON to OFF: 

Power Supply for 
Coil : 

Isolation Voltage: 
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30 amp at 220 VAC (power 
factor - 0.7) 

30 amp at 220 VAC (power 
factor - 0.4) 

1 amp at 110 VDC (time 
constant - O.ls) 

Less than 100 milliohm 

More than 500,000 operation 

7 ms maximum 

3 ms maximum 

48 VDC +10% (Less than 
-20% 

5% ripple) 

160 ma/8 outputs ON 

1000 VAC for 1 minute 



OUTPUT 
STATUS 

OPTICAL INDICATOR 
COUPLER 33K LEO 

I 
~ ~~ 'iF~K 

15K 61 
12K yl 

NPN REED RELAY G B TRANSISTOR MODULE 
SWITCH RI-AI4M/D48 

3.3K 

Figure C-43. B690-001, Reed Relay 220 VAC 
(48 VOC Coil) Output Module, 
Simplified Schematic 
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-SOURCE 
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111111 SUPPLY A 

DC RETURN A 
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OUTPUT t 
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OUTPUT 2 

OUTPUT 3 

OUTPUT 4 , 
N/C 

N/C 

COMMON B 
220 VAC 

OUTPUT 5 
SOURCE 

OUTPUT 6 
, , 

OUTPUT 7 , , 
OUTPUT 8 

Figure C-44. B690-001, Reed Relay 220 VAC 
(48 VOC Coil) Output Module, 
Terminal Numbering and 
Connecti on s 
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ADDRESS SELECTOR 

ARITHMETIC 

BCD (Binary-Coded 
Decimal) 

BINARY 

BIT 

CHANNEL 

CHECKSUM 

CMOS 

TERM OEFINITION 

A switch inside of each I/O 
establish housing address. 
contains four sections, one 
to establish the address as 

APPENDIX 0 
GLOSSARY OF TERMS 

Housing to 
Each switch 
can be selected 
housing 1 to 4. 

A logic used to add, subtract, multiply or 
divide two numerical values. Optional 
outputs detect addition overflow, make 
comparisons (greater than, equal to, or 
less than), and prevent illegal division. 

A number system representing single decimal 
digits (0-9) with four binary (ON/OFF) 
lines. BCD is a recognized industrial 
standard; BCD input (e.g., thumbwheels) and 
output (e.g., numerical displays) devices 
are readily available. 

A numerical system wherein values are 
represented only by numerals 1 and 0 
(ON/OFF). This system is commonly employed 
in modern electronic hardware since 
circuits can be economically designed for 
ON/OFF status. 

A single number whose value can be either a 
ONE or a Zero. It is commonly represented 
in hardware by a small magnetic toroid 
device that can be either magnetized or not 
magnetized. 

A portion of the total I/O capability of 
the Controller; each channel represents 50% 
of the total available I/O. 

An error detection code that sums all bits 
of a group of data storage locations. 
Summation is performed with carries from 
one column to another. The result is 
stored; any variance from this result 
indicates data has been altered. Checksums 
can be prepared for any portion of logic 
memory, coil storage, or register 
content. 

Advanced 
requires 
content. 
power is 

0-1 

semi-conductor memory that 
DC power to retain its 

However, the amount of DC 
very low when compared to 



CORE MEMORY 

COUNTER 

CPU (Central 
Processor Unit) 

DISABLE 

DISCRETE 

DOUBLE PRECISION 

DUMP 

ELEMENT 

FORCE 

HEXADECIMAL 

INPUT 

other memory techniques, allowing 
relatively small batteries to maintain 
this memory for years without 
application of AC power. 

An electronic component used to store 
data magnetically for future use. 
This data is retained upon power 
failure. 

A type of logic that is used to 
simulate the operation of external 
counters. 

See PROCESSOR. 

The capability to disconnect a logic 
coil or a discrete input from its 
normal control and force it ON or OFF. 

Input, output, or internal references 
that are either ON or OFF. 

The technique of storing a single 
numerical value in two consecutive 
registers. Since each register can 
store up to three digits (maximum 
value 999), double-precision allows 
magnitudes of up to 999,999 to be 
stored. 

Recording the entire memory of a 
Controller onto an external storage 
medium such as a magnetic tape 
cassette. 

The basic building block of the 684 
logic. An element can be a relay 
contact, horizontal shunt, fixed 
numerical value, register reference, 
or coil representation. 

The key on the P180 Programming Panel 
used to change the state of a Disable 
reference. The reference will be 
changed OFF to ON or ON to OFF every 
time this key is depressed. 

The numbering system that permits 
representations of four bits with 
sixteen unique digits (0-9 then A-F). 

A signal that provides information to 
the controller, either discrete input 
(pushbutton, relay contacts, limit 
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I/O 

LATCH 

MAINFRAME 

MEMORY PROTECT 

MOOULE 

NETWORK 

NOOE 

OUTPUT 

PRESET 

switches, etc.) or numerical input 
(thumbwheel, external solid-state 
device, etc.). 

Input/Output, signals to and from the 
684 Controller, includes both discrete 
and register signals. 

A coil which is retained upon power 
failure and is used similarly to a 
latching relay. Coils are normally 
reset to OFF conditions upon power up; 
those coils selected by the user as 
latched (L) will not be altered and, 
thus, retain their previous condition 
(ON/OFF). 

See PROCESSOR. 

A hardware capability which prevents 
memory from being altered by an 
external device. This hardware feature 
is under keylock control. 

A hardware subassembly, either the 
processor, power supply, or I/O module; 
that is quickly removed and replaced 
for easy controller maintenance. 
System downtime is kept to a minimum. 

A group of connected logic elements 
used to perform a specific function. 
The network can be from one element to 
an intricate 10 X 7 element matrix. 

Point on a ladder diagram that can 
receive power from left or provide 
power flow to right. This can be an 
input to a logic element (left side) or 
an output from a logic element (right 
side). 

A signal transmitted from the 
Controller to either a discrete output 
(solenoid valve, relay, motor starter, 
indicator lamp, etc.), or a numerical 
output (e.g., display of values stored 
within the controller). 

The limit established for a counter or 
timer. The current count or time 
available from the register referred to 
in the lower element cannot exceed this 
limit. At the preset value, the logic 
output is energized. 
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PROCESSOR 

RAM (Random-Access 
Memory) 

REFERENCE 

REGISTER 

RELAY ELEMENT 

REMOTE PRESET 

RS-232C 

RUN LIGHT 

The "brain" of the controller system, 
wherein the customer's logic is stored 
and executed; all logic solving and 
decision making is performed by the 
Processor. Also referred to as the CPU 
or mainframe. 

A memory in which individual bits are 
stored and accessed (in lieu bf groups 
of bits used for numerical storage). 

Four-digit numbers used in the 
construction of the customer's logic. 
References can be either discrete 
(logic coils, inputs, or sequencer 
steps), or register (input or holding). 

A location within the controller 
allocated to the storage of numerical 
values (up to 999). All holding 
registers are retained upon power 
failure. There are three types of 
registers: input, whose contents are 
controlled by signal inputs outside the 
controller; holding registers, whose 
contents are controlled from within the 
Controller; and output registers which 
are special holding registers whose 
contents are provided to external 
control devices. 

A logic symbol used to simulate the 
effect of relays. Contacts can be 
normally open, normally closed, or 
transitional. 

The capability for placing the timer 
preset or counter line into a register 
and referring to that register in the 
upper element of the logic. The preset 
is no longer fixed since the contents 
of the register (and thus the preset) 
can be altered at any time. 

Electronic Institute of America (EIA) 
standard for data communications, 
RC-232 type C. Data is provided at 
various rates, eight data bits pej 
character. 

A LEO indicator on the Processor that 
indicates, when lighted, that logic is 
being processed. 
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SCAN 

SOLID-STATE 

TIMER 

TRAPPED 

The technique for examlnlng or solving 
logic networks, one at a time, in 
numerical order. After the last 
network is solved, the next scan begins 
at network one; logic is always solved 
in this fixed cyclic process. 

Circuitry designed using only 
integrated circuits, transistors, 
diodes, etc.; no electromechanical 
devices such as relays are utilized. 
Higher reliability is obtained with 
solid-state logic as opposed to 
electromechanical devices. 

A logic element used to measure and 
record the time of an event or sequence 
of events. Timers can accumulate time 
in either seconds, tenths of seconds, 
or hundredths of seconds. 

A controller which is stopped from 
scanning. The controller can still 
communicate to the computer, but will 
have all outputs OFF. 
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