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SECTION 1

INTRODUCTION AND DESCRIPTION

INTRODUCTION

The purpose of this instruction manual is to aid personnel in the installation, operation, and

maintenance of the DEC Data Control Type 136.

Anyone who wishes to learn the details of the system logic can save considerable time by first
noting the conventions used on the engineering drawings. These conventions are explained in
Appendix 2. It is recommended that this section of the manual be scanned before reading

Section 2.

Abbreviations

The following abbreviations are used throughout this manual .

CCT _ Character Counter

C(DA) Contents of Data Accumulator
CHAR Character

CLBD Clobbered

CLR Clear

CONI Condition In

CONO Condition Out

CPO, CP1 Command Pulse 0, 1

DA Data Accumulator

DASH Data Accumulator Shift
DATAI Data In

DATAO Data Out

DB Data Buffer

DC Data Control

DEC Digital Equipment Corporation

DEV Device
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GV Give

IC Control Status Register
(IC is mnemonic for Initial Conditions)
/O Input/Output
10OB Input/Output Bus
10S Input/Output Selection
10T Input/Output Transfer
IR Instruction Register
LT Left
MCV Marginal Check Voltage
PA Pulse Amplifier
Pl Priority Interrupt
PIA Priority Assignment
PDP Programmed Data Processor
RQ Request
RT Right
SCT Shift Counter
STRB Strobe
TK Take

Pertinent Documents

The following publications serve as source material and complement the information in this

manual .

Programmed Data Processor-6 Handbook, F-65 = contains programming information for the Data

Control Type 136.

System Modules Catalog, C-100 -describes the functional operation of the elements of the vari-

ous logical modules comprising the data control. It is suggested that this handbook be referenced

when reviewing the data control logic diagrams in Appendix 2 of this manual.

PDP-6 Installation Manual, F-68 - gives environmental, power, and cabling requirements as

well as other information for installation of the 136 Data Control in a PDP=6 system.
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PDP-6 Maintenance Manual, F-67 - covers topics not repeated in this manual which are essential

to efficient maintenance of the data control when used with the PDP-6.

GENERAL DESCRIPTION

The Data Control Type 136 is a programmable buffer unit through which the PDP-6 Processor
can control up to six input-output devices (Figure 1-1). Of the six I/O devices, two are uni-
directional é-bit devices, iwo are bidirectional é6-bif devices, and two are variabie character-
length devices. The variable character-length devices can handle data words composed of
three 12-bit characters, two 18-bit characters, or one n=bit character where n can be any in-

teger from 1 to 36.

Purpose of Data Control System

Besides saving processor time by matching the format and timing requirements of the various
asynchronous I/O devices to the PDP=6 processor, the data control also frees the processor

from the necessity of exercising detailed program control over the micro-operations required

for the various in-out transfers. Because most of the required sub-operations are built into the
data control logic, the programmer need not be concerned with the detailed byte manipulations
required by the various |/O devices. The CONO DATA CONTROL instruction need only spec-
ify the device to be used, the number of bits per character, and whether an output or mpu'r

operation is fo be performed

Programmed Operations

The details of data control programming are described in Section 4; the present paragraph
briefly lists the primary variables of data control opera’rlons whlch are controlled by a CONO
DATA CONTROL instruction in the processor program. 4

Device Selection

A 3-bit field of the CONO-instruction effective address specifies to which of the six possible

I/O devices a given output or input sequence is to apply.



PDP-6 ARITHMETIC
PROCESSOR 166

/\

IN-OUT BUS (36 BITS)

\/

DATA CONTROL
TYPE 136

VARIABLE
BIDIRECTIONAL UNIDIRECTIONAL CHARACTER}'(.'ENGTH DEVICES
6-~BIT DEVICES 6-BIT DEVICES (12,18,0R N BITS
I0 I0 IO
DEVICE B —— DEVICE — DEVICE
NO.1 NO. 3 NO.5
(3]
12,18,0R N
10 10 10
DEVICE —————————— DEVICE o DEVICE
NO. 2 NO.4 NO. 6
¥I1SN<36

Figure 1-1 System Application
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Input/Output

A single bit of the CONO-=-instruction effective address determines whether the data control is

to treat the operations that follow as an output or input sequence.

Character Mode

A 2-bit field of the CONO-=instruction effective address determines whether the data control
is to transfer out (or read in) characters of 6, 12, 18, or n bits. Once the character mode has
been specified, the built=in logic of the data control internally programs the requisite number

of data shifts.

Priority Interrupt Assignment

A 3-bit field of the CONO-=-instruction effective address can assign a priority interrupt request
channel to the data control. If such assignment is made, a Pl channel can be chosen at any
of seven ranked priority levels. This permits the data control to request a priority interrupt

break with the Arithmetic Processor Type 166.

Logical Organization of Data Control

The data control contains a 16-bit control=status register called IC (Initial Conditions) and two
36-bit data registers, the data accumulator DA, and the data buffer DB (Figure 1-2). The in-
ternal logic of the data control governs the transfer of data through these registers and between

them, the processor, and the 1/O devices.

The data control internal logic is controlled by signals from two sources: the processor, and the
IC register of the data control itself. Eight control inputs are sent to the data control from the
processor (See Input Signals from Processor in Section 2). During CONI DATA CONTROL in-

structions, the processor can sample the contents of all 16 IC bits (see Figure 1-2).

Bidirectional Output and Input

The capability for both left and right data shifts is built into the data accumulator, DA. This
enables the data control to operate with bidirectional input-output devices for example, DECtape

(formerly Microtape) Control 551 and DECtape Transport 555. Because the direction of tape
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PDP-6 ARITHMETIC
PROCESSOR 166

7 PRIORITY - INTER-
RUPT REQUEST LINES

7 IN-OUT
SELECTION LINES

IN-OUT BUS (36 BITS)

(36) (13 OUT, I8 IN)
l'_' T - 1
DATA CONTROL 136
DATA BUFFER DCDB CONTROL
(36 BITS) DCIC (i6BITS)
8 {(7) 4] I
8 CONTROL LINES
(36)

(36 BITS)

I ACCUMULATOR DCDA

I (6,12,i8,0R N)

INTERNAL LOGIC
OF DATA CONTROL

L]
|
|

]

TRANSFERS TO OR FROM

10 DEVICES -6

Figure 1=2 Logical Organization of Type 136 Data Control
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motion determines the sequence of data bytes within a data word, the data control's bidirectional
accumulator is a particularly useful feature. Depending on the current direction of tape motion,
bytes can be shifted in or out from either end of the DA. The bidirectional accumulator permits
correctly ordered data words to be read or written immediately while the DECtape moves in
either direction. This frees the processor program from the necessity of reshuffling the bytes

within a data word to remedy an inversion.

System Operating Specifications

APPLICATION PDP=6 input-Output Buffer

TIMING Asynchronous

INPUT-OUTPUT DEVICES

Number of Devices Controlled 1-6

Unidirectional 6~Bit Devices 0-2

Bidirectional é-Bit Devices 0-2

Variable Character Length Devices 0-2

Character Modes Available Three 12-bit characters per word

(Variable Character Length Devices

Only) Two 18=bit characters per word

Character Modes Available (cont'd) One n=bit character per word
1<n<36

BUFFER STORAGE

Media 500 kc flip-flops

Quantity Two 36-bit registers (one a bidirectional
shift register)

STATUS-CONTROL REGISTER 16 bits, 13 programmable

MAXIMUM DATA RATE OF

DATA CONTROL LOGIC Minimum Characters
Character Interval Between per

Mode Characters Second

(Ordinarily not relevant. é-bit 3 psec 333K

System speed normally 12-bit 4 psec 250K

limited by 1/O device data 18-bit 5 psec 200K

rate.) 36-bit 3 psec 333K
(n-bit)

PROGRAMMABLE FUNCTIONS Selection of 1/O device from up to six devices
Selection of character mode from four available
modes

Selection of input or output mode
Selection of priority interrupt request channel
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ERROR BIT

PRIORITY INTERRUPT CHANNELS

CONSTRUCTION
MODULES

POWER EQUIPMENT
LOGIC

DIMENSIONS

Height
Width
Depth

CLEARANCE

Front Doors
Rear Door

WEIGHT

LINE VOLTAGE INPUT

CURRENT CONSUMPTION
POWER CONSUMPTION
HEAT DISSIPATION

One lost-data flag (described in Section 2)

7 ranked channels available. Any one, or
none, may be used

Physical Characteristics

One standard all steel construction DEC cabinet,
containing four logic racks

Standard DEC system plug=in units, series 1000,
4000, and 6000

Power Supply unit 728; Power Contirol unit 811

Solid-state. Transistors and crystal diodes utiliz-
ing static logic levels (0 vdc and -3 vdc)

69-1/2 inches
22-1/4 inches
27-1/8 inches

8-3/4 inches
14-7/8 inches

73 pounds

Power Requirements

105 to 125 volts, 60 cycle, single phase
Power plug - Hubble Twist-Loc 3-prong,
30-ampere, 250-volt

5 amperes surge [ WQO amperes normal
345 Watts
1175 BTU per hour
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SECTION 2

THEORY OF OPERATION

Tables Al-1 through Al-6 are referenced throughout this and subsequent sections. These

tables are contained in Appendix 1 on foldout pages.

Engineering drawings pertinent to the 136 Data Control are also referred to in this chapter.
They are included in Appendix 2 and listed in the table of contents. The entire engineering
drawing number is given with each reference so that either the reduced drawings in Appendix 2
of this manual or those that were supplied with the equipment may be consulted. Each block
schematic number is followed by a comma and letters and/or numbers which refer to zones on

the drawing. See Appendix 2 for an explanation on DEC logic symbols and codes.

PROCESSOR INTERFACE

These paragraphs describe the interchange of data and control information between the PDP-6

and the data control.

Cabling - Processor to Data Control

There are four 18-conductor cables from the PDP-6 processor to the 1/O control units. Each
cable is wired to two 22-terminal Methode plugs connected in parallel. The remaining four
terminals, A, J, S, and Z, are used for grounding the shielding of the 18 conductors. Two of
the four 18-conductor cables from the processor comprise the 36-bit I/O bus. These two cables
are connected fo Methode plugs 1A1-1B1 and 1A2-1B2 respectively. The 18 more significant
data bits IOB0-17 enter the data control through Methode plugs TA1-1B1. Methode plugs
1A2-1B2 receive the remaining 18 data bits IOB18-35 and also (via bus lines 1OB20-35) the
16 IC control register bits 1C20-35.

The remaining two 18-conductor cables between the processor and the data control are used
for control information. One of these two cables is connected to Methode plugs 1A4-1B4.
This cabie carriesthe 14 1OS seiection iines (described below under Device Selection Decoding)

as well as the two ungated input signals, POWER ON and IOB RESET.
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The second 18-conductor control cable enters through Methode plugs 1A3-1B3. This cable car~
ries the six gated command signal inputs from the procéssor to the data control (IOB CONO SET,
IOB CONO CLEAR, IOB DATAO SET, 10OB DATAO CLEAR, IOB STATUS, and I0B DATAI; all

described under Input Signals from Processor). The same cable also includes the seven priority

interrupt request lines from the data control to the processor.

The specific terminal assignments of all four of the 18-conductor cables connected to Methode

plugs 1A1-1A4 are listed in engineering drawing CD-D-166~0-IOMB in Appendix 2.

IC Register as Control Interface

The 16-bit control-status register, IC, is the principal interface for the exchange of control
information between the processor and the data control. Most of the processor control infor-
mation that governs the data control operation is transferred through the 1/O bus and stored in
the IC register. During the CONO instruction the processor determines the state of 13 of the
16 IC bits. The resulting state of IC determines the operations carried out by the data control

logic during subsequent output or input instructions.

The IC register also serves to store conirol information moving in the opposite direction - from
the data control to the processor. Since the processor samples the contents of all 16 IC bits
with a CONI instruction, the state of DB RQ, status bit number 26, can readily be used to
synchronize processor operations to appropriate phases of the data control output or input se~
quence. In a similar manner DA RQ, status bit number 25, synchronizes the operations of the

I/O devices to the data control output or input sequence (see Table Al-1).

Device Selection Decoding

The device selection code portion of the IOT instructions determines which /O device is to be
utilized by a given instruction. The command levels produced by the IOT instruction must ac-
tuate only the selected 1/O device, and must not be allowed to affect other non-selected de-
vices. The gating function is performed by the device selection levels. These levels are applied

to the data control and other I/O devices through the 1/O selection lines.

The 14 1/O selection lines 10S3-9 represent both states of the seven bits of the device code

contained inbits 3=9of the processor instruction register, IR. (Assertion is at ground.) Seven
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of the 14 IOS lines, one from each bit in IR3-9, are applied to an 1OS decoder in the data
control. The specific input connections made determine the selection code for a given data
control unit. The decoder is shown in Appendix 2 in system block diagram SD-D-136-0-DCSD,
D1, and in drawing BS-D-136-0-DC1, C-D1. The first data control incorporated in the PDP-6

installation is assigned the device selection code 200 octal.

Input Signals from Processor

Various input levels and pulses are applied to the data control by the processor. These include
two ungated signals (not associated with any |OT instruction and applied to all I/O devices
and control units), and six gated command signals applied only to the specific unit specified

by the device selection code of the current |OT instruction.

Ungated Signals

There are two ungated input signals, the POWER ON level, and the IOB RESET pulse (see
column 1, BS-D-136-0-DC1.

POWER ON - The POWER ON line drops to =15 vdc whenever computer power is turned on.
This line is connected to the remote terminal of the LOCAL/REMOTE switch on the power
control for each device. Normally, the LOCAL/REMOTE switches are left in the REMOTE
position, so that the -15 vdc POWER ON level causes all peripheral equipment to be turned

on when computer power is turned on.
OB RESET - This line supplies negative pulses to clear the control registers and data buffers
of all equipment attached to the |/O bus. The IOB RESET pulse is generated when computer

power goes on or when the operator presses the /O RESET key on the computer console.

Gated Command Signals

The six command lines are applied to the data control through Methode plugs 1A3-1B3 (draw-
ing BS-D-136-0-DC1, column 1). These lines are connected to all control units, but are gated
by the selection level from the 10S decoder so that they can affect only the control unit for
the addressed device. The six command lines carry four output command pulses and two input

command levels.
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Output Command Pulses - There are two pairs of negative command pulses which implement

the basic output instructions. Each of these two pairs includes a clear pulse followed by a

set pulse.

The CONO instruction (see Section 4) produces an IOB CONO CLEAR pulse followed 1 psec
later by an IOB CONO SET pulse. The principal function of the CONO CLEAR is to clear

the data control IC register and shift counter. The CONO SET then loads the 13 low order IC
register bits from the I/O bus. The processor places information on the bus for 2.5 psec. The

clear occurs at the 1 psec point; the set occurs at the 2 psec point.

Similarly, the DATAQ instruction (see Section 4) produces an IOB DATAO CLEAR pulse
followed 1 psec later by an IOB DATAO SET pulse. These pulses clear the data contro! data
buffer, and then load it from the /O bus. The processor again places information on the bus

for 2.5 psec, and again the clear is at the 1 psec point and the set at the 2 usec point.

Input Command Levels - There are two negative command levels which implement the basic

input instructions. These command levels gate the input information that is held by the data

control onto the I/O bus for 2.5 psec. The processor reads the information from the bus onto

its 1/O register at the 2 psec point. The IOB STATUS level gatesthe contents of the entire

IC register onto the /O bus during the execution of each CONI instruction. Similarly, OB
DATAI gates the contents of the data buffer onto the bus during DATAI instructions.

Priority Interrupt Request Lines

There are seven priority interrupt request lines running from data control to processor. The
data control requests a priority interrupt by placing a ground on one of these seven Pl request
lines. To assign a priority to the data conirol, a CONO instruction loads a 3-bii number info
the PIA (priority assignment) field of the IC register, 1C33-35. (Refer to Priority Interrupt
Assignment Bits IC33-35).

DATA BUFFER AND DATA ACCUMULATOR

The data control contains two 36-bit data registers, the data buffer register DB, and the data
accumulator DA, Both the data buffer and the data accumulator are shown in engineering
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drawing BS-D-136-0-DAB1. Each of the 12 4230 flip-flop modules shown in simplified block
form is composed of iogicai eiements identicali to those iiiustrated in the detaiied biock sche-
matic at column 8 of .the figure. Each of the 12 4230 modules contains 3 bits of the data buffer
DB, and 3 bits of the data accumulator DA. The 12 modules are arranged in 6 pairs of 2 mod-
ules each; each pair contains 6 bits of DB and 6 bits of DA. The 6 DA bits are connected to

form a bidirectional 6-bit shift register.

Note that the bits contained in each module pair do not represent adjacent bit positions.
Rather, each bit in a given module pair represents a bit position six bits less significant than
the next bit to the left. Therefore, when the accumulator is operated as a conventional bi-
directional shift register, each shift of one bit position to the left or to the right on the six
module pairs causes the entire contents of the accumulator to be shifted six bits to the left or

the right.

Data Buffer (DCDB)

The data buffer DB is a 36-bit storage register with no shift requirement. The various oper-

ations it performs in response to applied input signals are described below.

I/O Bus Transfers

Processor output data can be parallel transferred from the 36-bit /O bus into DB. This trans-
fer is produced by the application of a negative-going pulse, DC DB «— |OB, to the ter-
minal Y ("LOAD BUFFER") inputs of the 12 4230 modules. For input, the 36-bit data word
in the buffer can be read into the processor via the I/O bus. The data is placed on the bus
by applying a negative level, DC DB —> |OB, to the terminal K ("BUFFER BUS") emitter-

follower inputs.

Buffer-Accumulator Transfers

When the DC DB —J> DA pulse is applied to the W terminals, it jam transfers the contents
of DB into the data accumulator. Note that the apparently converse pulse DC DA —> DB
(applied to the X and T terminals) not only jam transfers the contents of the accumulator into

the buffer, but aiso ciears the accumuiator.



Buffer Clear

The buffer is cleared by DC CLR DB at terminal E.

Data Accumulator (DCDA)

The data accumulator DA is a 36-bit bidirectional shift register capable of successive 6-bit
shifts in either direction. The various operations it performs in response to applied input

signals are described below.

Accumulator Output

The accumulator contents are always available at output terminals J, N, and R of each mod-
ule. Ground levels at these terminals correspond to ones in the corresponding bits of the ac-
cumulator. These accumulator output levels are applied to the output inverter buffers shown
in engineering drawing BS-D-136-0-DAB2, A-B. During output operations, the /O devices
sample the inverter outputs at appropriate phases of the device operating cycles (negative

levels at the inverter outputs correspond to accumulator bits containing ones).

Devices 3 and 4 receive only the six high order bits DA0-5. The bidirectional devices, I/O
devices 1 and 2, receive the six high order bits during normal tape motion, but during reverse
tape motion these devices receive instead the six low order bits DA30-35. The variable

character-length devices, 1/O devices 5 and 6, receive data in bytes of 12, 18, or n bits

(1<'n < 36) (refer to Data Control Outputs to I/O Devices).

Accumulator-Buffer Transfers

The application of DC DA —> DB to the X and T terminals of the 12 4230 modules causes
the jam transfer of C(DA)* into DB and clears DA.

Accumulator Dash Data Inputs

Data can be read in from |/O devices 1-4 to the six low order (right-end) bits of the accumu-
lator, DA30-35. In addition to this right-end readin, the bidirectional 1/O devices, devices

1 and 2, can also read data into the six high order (left-end) bits of the accumulator, DAO-5.

*C(DA) means contents of data accumulator.
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Data transfer from I/O devices 1-4 into the low order bits is carried out as follows. Data is
presented to the six terminai S inputs shown in engineering drawing BS-D-136-0-DABI1, B.

The data inputs are designated DASH DATA IN 30 RT through DASH DATA IN 35RT. A ground
DASH DATA IN level corresponds to a 1 input from the corresponding bit position of the se-
lected I/O device. The detailed block schematic in column 8 of BS-D-136-0-DAB] shows

how the data is read into the accumulator applying @ DASH LT pulse to the U terminals of all
12 4230 modules. This pulse strobes the input data from the I/O device into the six low order
bits of the accumulator, and simultaneously shifts the previous contents of the entire accumu-

lator six bit-positions left. (See page 2-5, second paragraph).

During reverse tape motion, the bidirectional devices, 1/O devices 1 and 2, read data into
the six high order bits of the accumulator, DAO-5. This operation is exactly similar to the
low-order-bits transfer described above. The terminal H data inputs (BS—D—]36—O—DAB],. C)
are designated DASH DATA [N O LT through DASH DATA IN 5 LT. The data is strobed in by
presenting a DASH RT pulse to the Z terminals of all 12 4230 modules. This pulse reads the
input data from the I/O device into the six high order bits and shifts the accumulator right

six bit-positions.

Accumulator Dash Strobe Inputs

The two variable-character-length devices, |/O devices 5 and 6, can read data into the
accumulator in bytes of 12, 18, or n bits (15 n <36). These devices always send each input

byte of less than 36 bits into the low order end of the accumulator.

The data transferred in from devices 5 and 6 does not enter the accumulator in the same way

as the data from I/O devices 1 through 4. If the IC30-32 bits select I/O device 5 for a read-

in sequence, that device sends the data control @ TK CHAR 5 pulse (take a character from

device 5) when it is ready to send data into the data control. This pulse (BS-D-136-0-DASH,C1)
generates DASH STRB LT and DASH STRB RT pulses. Similarly, if 1C30-32 select I/O device

6 for a readin sequence, the TK CHAR 6 pulse generates DASH STRB LT and DASH STRB RT

pulses.

drawing BS-D-136-0-DAB2, 7C; negative levels correspond to 1 bits. The number of input
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terminals used, 12, 18 or n, depends on the size of the input bytes that device 5 sends to the
data control. For bytes of less than 36 bits the active input terminals are always those at the

low order end of the accumulator.

The input data levels are strobed into the accumulator by device 5 DASH STRB pulses. If a
negative input level is applied to a given capacitor-diode gate, the pulse inverter output
of that gate generates a positive pulse at DASH STRB time, thereby setting the flip-flop to

the 1 state. Input levels from device 6 are strobed into the accumulator by the same process.

Accumulator Shifts

The entire contents of the accumulator are shifted left six bit-positions by applying a DASH
LT pulse to the U terminals of all 12 4230 modules. Application of a DASH RT pulse to the
Z terminals produces a 6-bit right shift.

For 1/O devices 1-4 the contents of the accumulator are always shifted left six bit-positions
whenever a character is read info the six low order bits of the accumulator. This is necessary
to prevent the destruction of the data previously read in. When reading in data from the bi-
directional devices in reverse tape motion, C(DA) (the contents of DA) are shifted right six

bit-positions as each new character is read in.

Devices 5 and 6, the variable character-length devices, are read in at the DASH STRB pulse
but do not start to shift C(DA) until 1 usec after DASH STRB. The accumulator is then shifted
left six bit-positions every microsecond until there is room for the next byte of input data to be
read in. For 12-bit byfe:,,“)‘:;;’shms are required; 18-bit bytes take Three shifts; n-bit bytes
are not shifted at all. For operations involving devices 5 or 6, no shifts ever follow the final

character of the data word.

For output operations of all six /O devices, the direction and number of accumulator shifts
is the same as for input. Data is normally transferred out to the |/O devices from the high
order (left-end) accumulator bits, and C(DA) are shifted left for each character that is trans-
ferred out. In reverse tape motion, the bidirectional devices 1 and 2 transfer out data from

the low order (right-end) accumulator bits, and shift right as each new character is transferred

nnt
Wl
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CONTROL STATUS REGISTER (DCIC)

The internal logical operations of the data control are controlled largely by the 16-bit control-
status register IC (mnemonic for Initial Conditions) and the 2-bit shift counter SCT. The IC
register is composed of 16 identical 500-kc flip-flops. However, the conditions controlling
these flip-flops and the uses to which they are applied are so diverse that each of the nine
data fields (which together comprise the 16 IC bits) may be regarded as an essentially sep-
arcte register. Thirteen of the 16 IC bits, 1C23-35, are shown on engineering drawing
BS-D-136-0-DC2, A-B. The remaining three IC bits, 1C20-22, make up the 3-bit character
counter shown in drawing BS-D-136-0-DC1, B6-7. The nine data fields making up the IC
register are listed in Table Al-1, a foldout sheet in Appendix 1.

The 2-bit shift counter SCTO-1 is a separate auxiliary register, entirely internal to the data
control. Because it can neither be controlled nor sampled by the processor, it is not consid-
ered to be part of the IC register. However, because the logical conditions governing the
shift counter operations are closely interrelated withthe conditions governing the operation

of the character counter, the two counters are described together below. The shift counter

is shown in BS-D-136-0-DC1, B5.

Character Counter 1C20-22 and Shift Counter

The character counter (CCT 0-2) and the shift counter (SCT 0-1) are shown in drawing
BS-D-136-0-DC1, B. Decoder nets which determine when the counters have reached the
assigned count (DC CCT DONE and DC SCT DONE) are shown immediately above the counters.
The control nets which govern the counting and clearing of the counters are also shown in the

same drawing at zone C7-8.

Function

The character counter keeps track of the number of characters of a given data word which have
been read in or transferred out. It completes its count at a number one less than the number
of characters in the data word. The resulting DC CCT DONE (Character Counter Done) level

serves two functions. First, during operations by I/O devices 5 or 6, it prevents the final



character from being shifted left. Second, and even more important, it is the character
counter done level which enables the final command pulse of the readin or transfer out se-

quence to terminate the sequence by setting the DA RQ flip-flop.

The shift counter is only used by the variable character-length devices. When devices 5 or
6 are operating in the 12 or 18-bit mode, the shift counter keeps track of the number of 6-bit
left shifts which have been made after the readin or transfer out of a given character. The
DC SCT CONT level (which is asserted until the shift counter completes its assigned count)
controls the generation of the repetitive DASH LT pulses that shift all non-final 12 or 18-bit

characters left to make room for the next character.

CP1 Pulses

The CP1 pulse strobes all stepping and clearing of both counters. The generation of this pulse
is described later in this section. A CP1 pulse is generated whenever any I/O device sends a
command pulse to the data control. A CP1 pulse is also generated by the DASH LT pulse
whenever the accumulator contents are shifted left.

‘.

Counter Done Levels

The character mode in which the data control operates (see Character Mode Bits 1C28-29)
determines the correct final count for both the shift counter and the character counter. The
final count of the shift counter corresponds to the number of shifts required per character

(after the command pulse that reads the character in or transfers it out). The final count of

the character counter is always one less than the number of characters in the data word. The
shift counter done level DC SCT DONE is generated by the decoders in BS-D-136-0-DC1, A-B5;
the decoders in zone A-B7 of this drawing generate the character counter done level DC CCT

DONE. Operation of these two sets of decoders is summarized in Table AT-2.

Shift Counter Continue

The shift counter is stepped and a DASH LT pulse is generated at each CP1 pulse which occurs
while the DC SCT CONT (Shift Counter Continue) level is asserted negative. The level rises
to ground if either the shift counter or character counter finishes its assigned count, that is,

at the assertion of either SCT DONE or CCT DONE (see BS-D-136-0-DC1, C8).
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Character Counter Continue

The character counter is stepped at each CP1 pulse which occurs while the DC CCT CONT
(Character Counter Continue) level is asserted negative. The level is asserted only when the
shift counter is done (BS-D-136-0-DC1, C8). This insures that the character counter is stepped
only by those CP1 pulses corresponding to actual command pulses from the I/O devices, and
not by the CP1 pulses resulting from repetitive DASH LT pulses in 12 or 18-bit operation. The
latter class of CP1 pulses are counted by the shift register only; they represent merely shifts

within a given character and not new characters. When the DC CCT DONE level is asserted,
the DC CCT CONT level ends.

Clear Counter Levels

The circuits which clear the shift counter and character counter are also shown in BS-D-136-
0-DC1, C7. Both shift counter and character counter are cleared by the initial data control
clear pulse, DC IC CLR. The character counter is also cleared by the first CP1 pulse which
occurs after the character counter completes its count. There is one further possibility of
clearing the character counter. Under certain circumstances it may be desirable to clear the
character counter by an externally generated clear pulse from one of the /O devices. The
negative capacitor-diode gate permits the option of connecting any of |/O devices 1-4 for

an external character counter clear.

The shift counter is always cleared at the first CP1 pulse occurring after either fhe shift counter
or the character counter is done.

.

B ¢

Error Bit 1C23

The DATA CLBD (Data Clobbered) error bit is set to 1 by any CPO pulse generated when DA RQ
contains 1. This error condition indicates either that an output command pulse has been sent
to the data control while DA is empty, or else that an input command pulse has been sent to

the data control while DA is still loaded with the previous data word.

The lafter condition is the more serious one; its detection is the primary purpose of the data

CLBD error bit. If an I/O device should attempt to read in data before the previous data word



were advanced from the accumulator to the data buffer, data would be lost. This error condi-
tion could arise only through an equipment malfunction or a programming error at the I/O

device.

Dcta Control Status Bits 1C24-26

The three status bit flip-flops DBDA MOVE, DA RQ, and DB RQ synchronize the processor
and 1/O device operations to the data control as well as governing the internal operations of

the data control itself.

DBDA MOVE IC24

The DBDA MOVE (data buffer data accumulator move) flip-flop is shown inBS-D-136-0-DC2, A2.
Its output is applied to input terminal M of diode gate 1B7 (BS-D-136-0-DC1, C3); a negative-
to-ground transition at the output of that gate initiates all transfers (in either direction) be-
tween the data buffer and the data accumulator. A transfer can be initiated in either of two
ways. When the DA RQ flip-flop is in the 1 state, the 0 to 1 transition of DBDA MOVE causes

a rising edge at the output of gate 1B7, thus triggering pulse amplifier 1A9 and producing a

DA —> DB or DB —> DA transfer. Similarly, when the DBDA MOVE flip-flop is in the

1 state, the O to 1 transition of the DA RQ flip-flop causes the transfer.

DA RQ Flip-flop IC25

The data accumulator request flip-flop DA RQ (BS-D-136-0-DC1, A2) indicates the status of
the accumulator both to the I/O devices and to the internal logic of the data control. At
most phases of the data control operating cycle, the state of DA RQ indicates whether or not
the data accumulator is fully loaded with data. During output operations, a 0 in the DA RQ
indicates that the accumulator is loaded. During input operations, however, a 1 in DARQ
indicates that the accumulator is loaded, and a 0 indicates that the accumulator is empty and

free to receive data.

For either output or input operations, a 0 in DA RQ indicates that the data control is

ready to act on commands from the I/O devices (to transfer out the data word in DA during



output, or to read in a new data word to the empty DA during input). Conversely, during
both output and input operations, a i in DA RQ indicates that the accumuiator is not ready

to execute a transfer. out or readin sequence (refer to Table A1-3).

DB RQ Flip-flop 1C26

The data buffer request flip-flop DB RQ (BS-D-136-0-DC1, A3) indicates the status of the data
buffer both to the |/O devices and to the internal logic of the data control. At most phases

of the data control operating cycle, the state of DB RQ indicates whether or not the data
buffer DB is loaded with data. The immediate meaning of the state of DB RQ is the same as
that of DA RQ described above. Either flip-flop in the O state during output, or in the 1 state
during input, signifies that the corresponding register is loaded with data. When DB RQ con-
tains a 1 during output (indicating that the buffer is empty), the data control is ready to accept
output data from the processor. Moreover, when DB RQ contains a 1 during input (indicating

that the buffer is loaded) the data control is ready to read data into the processor.

Status-Bit Configuration Tables (Tables Al-4 and Al-5)

flip-flops after each phase of the data control output

The configurations of the three status-bit
operations are summarized in Table Al1-4. Input configurations are similarly summarized in
Table AT1-5. These two tables are frequently referred to in the paragraphs below describing
the data control output and irput cycles. Once the data control logic has been learned, these
two tables and the system flow diagram, FD-D-136-0-FD1, can serve as a ready-reference

summary of the data control operating cycle.

Input/Output Flip-flop 1C27

The input/output flip-flop, DC IN/OUT, is shown in engineering drawing BS-D-136-0-DC2, AB
It indicates to the data control logic whether the current operation is an input operation or an
output operation. The outputs of the in/out flip-flop are applied to input terminals Z and T

of pulse amplifiers 1A10 (BS-D-136-0-DC1, C5). The state of the flip-flop determines whether
the dual purpose transfer pulse DC DB €3> DA produces a DC DA —> DB pulse which jom
transfers C(DA) into DB during input cycles, or a DC DB —=> DA pulse, which jam transfers
C(DB) into DA during output cycles.



Character Mode Bits 1C28-29

The two character-mode flip-flops CH MODE 0 and CH MODE 1 are shown in
BS-D-136-0-DC2, B4. The states of these flip-flops determine the character mode in w.‘hich
the data control operates (refer to Table Al1-2). The outputs fromthe character mode flip-flops
are applied to the decoder nets shown in BS-D-136-0-DC1. Thus they determine the final
contents of the shift counter that produce the DC SCT DONE level, and the final contents of
the character counter that produce the DC CCT DONE level.

Internal Device Address 1C30-32

The three internal device address flip-flops, DC DEVICE 0, DC DEVICE 1, and DC DEVICE 2,
are shown in BS-D-136-0-DC2, 5-6. The 3-bit binary number contained in these three flip-flops
indicates to the data control logic which of the six subsidiary devices is to be used for a given

input or output operation.

The contents of the three internal device address flip-flops correspond directly to the 1/0
device numbers. When the flip-flops contain 010 (2 octal) I/O device 2.is selected; 100

(4 octal) selects I/O device 4, and so on. This 3-bit internal device address addresses an
I/O device only from the selected data control. It should not be confused with the 7-bit
device selection code used by the processor to address the selected 1/O device directly, nor
with the second 7-bit device selection code used by the processor to address the selected data

control; levels 1-4 are first sent through the buffer-inverter circuits shown in BS-D-136-0-

DC2, A5-6.

Priority Interrupt Assignment Bits IC33-35

The three priority interrupt assignment flip-flops, PIA-0, PIA-1, and PIA-2, are shown in
BS-D-136-0-DC2, B7-8. The processor can assign a priority-interrupt request channel to the
data control by means of a CONO instruction which sets these three bits to some number from

1 to 7. If all three PIA bits are left 0, no priority interrupt channe! is assigned (see Secticn 4).

Until the contents of PIA0-2 are changed by another CONO from the processor, the data
control can request a break on the assigned channel. The data control requests a break on

the assigned channel when the DB RQ flip-flop is set to the 1 state. [f this occurs during
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an output sequence, it indicates that the DB register is empty and is therefore ready to receive
more data from the processor. If it occurs during an input sequence, it indicates that the DB
register is loaded with data and is therefore ready to read data into the processor. Both out-
put levels from each of the three PIA flip-flops are applied to the binary-to-octal decoder

1B8 (BS-D-136-0-DC2, B7-8). When inactive, the seven PIA outputs from this decoder are
negative levels. When the DB RQ flip-flop is set to 1, the PIA line corresponding to the

assigned channel is grounded.

DEVICE INTERFACE

This section describes the interchange of data and control information between the data con-

trol and its subsidiary 1/O devices.

Cabling - Data Control to |/O Devices

There are 16 22-conductor coaxial cables from the data control to the six I/O devices. De-
vices 1 and 2, the bidirectional devices, require two cables each. Unidirectional devices

3 and 4 have only one cable apiece. Devices 5 and 6, the variable character-length devices,
are each assigned five cables. The 16 cables are wired to 22-pin Methode plugs in rack

positions 1D10 through 1D25. The specific terminal assignments of all 16 cables are shown

in engineering drawing ID-D-136-0-EDC.

Data Control Outputs to /O Devices

The data control sends the 1/O devices both control information and data levels.

Control Information

Output control information is sent to /O Devices 1 through 6 through the six Methode plugs
shown in BS-D-136-0-DASH, D. All six devices receive the state of the DA RQ flip-flop;
furthermore each device receives its own device select signal. The negative 1 output of the
DA RQ flip-flop is amplified by the 6684 Bus Driver 1B21 (BS-D-136-0-DC2, A3). The
amplified output is then sent to the six 1/O devices through the W terminals of the six Methode
plugs (BS-D-136-0-DASH, D). When DA RQ contains a 1, the output is quiescent in the

assertion state shown (W terminals negative). This indicates to the selected 1/O device that
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the data control is not ready. When the DA RQ output is active, the W terminals are at
ground. This indicates to the |/O devices that the DA RQ flip~flop contains 0 and that the

data control is ready.

The data control sends DC DEVICE SEL levels to the six |/O devices so that a given device
responds to data control operations only when the internal device address in 1C30-32 selects
that device; refer to Internal Device Address IC30-32. The negatively asserted DC DEVICE

SELECT level for each device is applied to the X terminal of the corresponding Methode plug
(BS-D-136-0-DASH, D).

Data-Level Outputs

The ground assertion 1 outputs of the 36 accumulator flip-flop are applied to the output buffer-
inverters shown in BS-D-136-0-DAB2, A-B. During output operations, the |/O devices sample
the inverter outputs at appropriate phases of the device operating cycles. Negative levels at
the inverter outputs correspond to accumulator bits containing ones. The outputs from the six
high order accumulator bits, DAO-5, are applied to all six /O devices. The output data
levels are sampled only by the selected device. If bidirectional I/O device 1 or 2 is selected
the high order (left-end) accumulator bits are sampled only during normal tape motion. During
reverse tape motion output cycles, the bidirectional devices 1 and 2 receive the six low order
bits CA30-35. All 36 outputs are available for connection to the variable character-length
devices 5 and 6. Data may be transferred out to these two devices in bytes of 12, 18, or n
bits. For 12 or 18-bit characters |/O devices 5 and é always sample data from the high order
end of the accumulator. For n-bit (n < 36) single-character data words, devices 5 and &

sample from the low order end of the DA.

Inputs to Data Control from |I/O Devices

Besides providing input levels that read data into the data control, the 1/O devices also send
command pulses fo the data control. During output cycles, these pulses indicate to the data
conirol when the selected |/O device is ready to accept another data character. During in-

put cycles, command pulses from the I/O device let the data control know when a new data
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character is ready to be read in. The command pulse inputs from the /O devices govern the
generation by the data controi of internai command puises, which in turn cause the data con-

trol to sample and shift at appropriate intervals.

Command Pulses from I/O Devices

Command pulse control information to the data control is not the same for all six /O devices;

the specific command pulses sent to the data control depend upon which |/O device is selected.

Bidirectional Devices 1 and 2 - The bidirectional devices send the same command pulses to

the data control during both the output cycle and the input cycle. However, the command
pulses from these devices do vary depending upon whether the device is functioning in normal
tape motion. For both output and input cycles in normal tape motion, a TK/GV CHAR LT

(Take or Give a Character Left) command pulse is sent to the data control.

During an output cycle, this pulse indicates to the data control that the |/O device has sam-
pled the output levels from the six high order accumulator bits, DAO-5, and that the data
control may shift the accumulator contents left six bits, thus bringing the next character of
the data word into position to be sampled by the device. During an input cycle, the TK/GV
CHAR LT command pulse indicates that the |/O device has applied a 6-bit input character to
the low order accumulator DASH DATA [N RT inputs (described under Data-Level Inputs from
I/O Devices below) and that the data control may shift the contents of the accumulator left
six bit-positions, and at the same time strobe the input character into the six low-order bit-

positions which are made available by the shift.

For both output and input cycles in reverse tape motion, the bidirectional devices send a

TK/GV CHAR RT (Tcke or Give a Character Right) command pulse to the data control .

Unidirectional Devices 3 and 4 - For both output and input cycles, devices 3 and 4 send a

TK/GV CHAR LT command pulse to the data control. This pulse serves exactly the same
function for unidirectional devices 3 and 4 as it does the bidirectional devices 1 and 2 during

normal tape motion.



Variable Character-Length Devices 5 and 6 - The variable character-length devices send -

the data control a GV CHAR command pulse during the output cycle, but send a TK CHAR
command pulse during the input cycle. The GV CHAR command pulse indicates to the data
control that the device has accepted the character, and that unless that character was the
last in the output data word, the data control must shift the accumulator left by one character

length in order to bring the next character into the high order bit positions.

During input operations, devices 5 and 6 send the data control a TK CHAR command 'pul'se
when they have presented an input character to the low order strobe data inputs of the ac-
cumulator (refer to the following paragraph). This indicates to the data control that it may
strobe the character into the low order accumulator bits and then begin to shift the accumula-
 tor contents left to make room for the next character that will be read in (unless the character

was the last one in the input data word).

Data-Level Inputs from |/O Devices

The paths by which the |/O devices transmit data into the data control also vary depending
upon which device is selected for input and (for the bidirectional devices 1 and 2) depending

upon which direction of tape motion the device is using.

Dash Data In Right - Devices 1 through 4 read information into the low order (right-end ac-
cumulator bits through the DASH DATA IN RT. networks shown in BS-D-136-0-DASH, B4-8.

These input networks are used by bidirectional devices 1 and 2 only during normal tape motion.
The I/O devices apply six input data levels (called DATA IN RT levels) to the Methode-plugs
shown in BS-D-136-0-DASH, C4-8. Negative levels correspond to 1 bits.

If one of the DC DEVICE SELECT levels 1-4 is asserted negative, data from the corresponding
device is gated into the six diode gates 1D2-1D4, and appears at the output terminals of these
gates as the six data levels DASH DATA IN 30 RT through- DASH DATA IN 35RT. Since the
gates invert the data levels, ground DASH DATA IN RT levels correspond to 1 bits from the
devices. The DASH DATA IN RT outputs from the diode gates are strobed into the six low
order (right-end) accumulator bits DA30-35 by the same DASH LT pulse that shifts the accumu-
lator contents left. The accumulator readin is described earlier in this section under Accumu-

lator Dash Data Inputs.
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Dash Data In Left - During reverse tape motion, bidirectional devices 1 and 2 read information

into the high order (ieft-end) accumuiator bits through the DASH DATA iN LT networks shown
in BS-D-136-0-DASH, A5-8. The I/O devices apply six DATA IN LT input levels to the
Methode plugs 1010 and 1D12. Negative levels at the gate inputs correspond to 1 bits read
in from the I/O devices; the gate outputs are inverted and thus generate ground DASH DATA

IN LT levels to represent 1 bits from the devices.

Variable Character-Length Data - The variable character-length devices 5 and 6 send data

into the data control through the negative capacitor diode gates shown in BS-D-136-0-DAB2, C-D.
The number of active inputs depends on the length of the input data byte; for bytes of less than

36 bits, the data is always sent into the low order bits of the accumulator. Negative inputs
represent 1 bits; inactive inputs are not connected. Data from I/O device 5 is gated into the
accumulator by the DASH STRB LT (DEV 5) and DASH STRB RT (DEV 5) pulses; data from 1/O
device 6 is gated into the accumulator by the (DEV 6) DASH STRB pulses.

Resulting Internal Command Pulses

Three sets of internally generated command pulses are produced by the data control in response
to the incoming command pulses from the I/O devices. These pulses are: the dash strobe
pulses; the dash left and dash right pulses; and the CPO and CP1 pulses. These pulses strobe
data into the accumulator, initiate the accumulator shifts, and control the shift and character
counters that indicate to the data control when it has become to the end of a character or data

word.

Dash Strobe Pulses

The dash strobe pulses, DASH STRB (DEV 5) and DASH STRB (DEV 6) gate in the variable
character-length input data for I/O devices 5 and 6. The pulse amplifiers which generate
the DASH STRB (DEV 5) pulse and those which generate the DASH STRB (DEV 6) pulse are
shown in BS-D-136-0-DASH, D1. Each of these pulses is generated by two pulse amplifiers
and applied to two independent lines, DASH STRB LT (which strobes data through capacitor-
diode gates into the 18 high order accumulator bits) and DASH STRB RT (for the 18 low order
bits of DA). For either device, the DASH STRB RT and DASH STRB LT lines are always pulsed
together .



Dash Left and Dash Right Pulses

The DASH LT pulse always causes the accumulator contents to be shifted left six bit-positions.
Furthermore, during input cycles of /O devices 1-4, DASH LT strobes the input data carried
by the six levels DASH DATA IN 30 RT through DASH DATA IN 35 RT into the six low order
(right-end) bit-positions of the accumulator (the six bit-positions made available by the left

shift).

The DASH RT pulse always causes the accumulator contents to be shifted right six bit-positions,
and during input cycles strobes the DASH DATA IN 0 LT through DASH DATA IN 5 LT levels

from bidirectional 1/O device 1 or 2 into the six high order (lefi-end) accumulator bit-positions.

Conditions When Dash Right and Dash Left Are Generated (/O Devices 1-4) - The pulse
amplifiers that generate the DASH LT and DASH RT pulses are shown in BS-D-136-0-DASH, A2-3.

Pulse amplifier 1A21 generates DASH RT whenever |/O device 1 or 2 is selected and takes

or gives a character in reverse tape motion.

Pulse amplifier 1A18 generates the DASH LT pulse under two sets of conditions; one set of
conditions applies to |/O devices 1-4, the other applies to I/O devices 5 and 6. The first
set of DASH LT conditions, which is implemented by the negative capacitor diode gate at
input terminal F of the pulse amplifier, is almost exactly similar to the DASH RT conditions.
This set of conditions causes a DASH LT pulse to be generated when a character has been
transferred out to or read in from selected |/O device 1-4. (If bidirectional device 1 or 2

is selected, the device must be in normal tape motion to produce a DASH LT.)

Condititons When Dash Left is Generated (I/O Devices 5 and 6) - The second set of input

conditions which causes the generation of a DASH LT pulse is less self-evident. The variable
character-length devices 5 and 6 can read in or accept data in bytes of 12, 18, or n bits.

The n-bit bytes are single-character data words which are not shifted, and thus require no
DASH LT pulses. However, each 12-bit character which is read in or transferred out (except
the final character in the data word) must be followed by a 12-bit left shift of the accumulator

contents. Each non-final 18-bit character is followed by an 18-bit left shift. To implement
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these left accumulator shifts, it is necessary, when operating in 12-bit mode, to generate two

-----

DASH LT pulses are needed. Each DASH LT pulse produces a 6-bit left shift.

Circuits Used to Produce Dash Left Pulse - There are four sets of circuits involved in producing

the correct dash left shift operations: 1) Pulse amplifier 1A18 is the final circuit which gen-
erates the required DASH LT output pulses; 2) the shift counter keeps track of the number of
shifts executed; 3) the character counter indicates when the final character of the data word
is being transferred out or read in; 4) finally the CPO-CP1 (Command Pulse 0 - Command
Pulse 1) network produces the CP1 pulses which initiate the DASH LT pulses and step the

shift counter.

The conditions for generating DASH LT during output and input cycles of I/O devices 1-4

are implemented by the capacitor-diode gate at input F of pulse amplifier 1A18 (BS-D-136-
0-DASH, A2). Terminals K and L of this same pulse amplifier receive the inputs which govern
the generation of DASH LT during output and input cycles by I/O devices 5 and 6. Pulse
amplifier 1A18 generates a DASH LT pulse at the arrival of each CP1 pulse at terminal K so
long as the DC SCT CONT (Shift Counter Continue) level is asserted at terminal L.

As soon as either the shift counter or the character counter completes its assigned count (in-
dicating that the contents of the accumulator have been sufficiently shifted) the SCT CONT
level rises to ground. This prevents any further CP1 pulses from generating a DASH LT, and
also resets the shift counter. For a more detailed description of the shift counter operations

and logic levels refer to Character Counter 1C20-22 and Shift Counter.

DASH CPO and CP1 Pulses

The DASH CPO and CP1 pulses (Command Pulse 0 and Command Pulse 1) are generated by the
network shown in BS-D-136-0-DASH, B2-3. The CP1 pulse is simply a CPO pulse delayed 1 psec
by 1310 Delay Line 1A22. The CP1 pulse is the signal that steps the shift counter and char-
acter counter and that initiates the appropriate number of DASH LT signals during device 5

and 6 operations with 12- and 18-bit characters. The CPO pulse is used only for the single
purpose of setting the DATA CLBD error flip-flop.
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Generated by Device Command Pulses - A CPO pulse and a CP1 pulse are generated whenever

any 1/O device sends a command pulse to the data control. Any command pulse from I/O
devices 1-4 must produce either a DASH LT or a DASH RT; either of these pulses triggers CPO
and CP1. The variable character-length device command pulses also initiate CPO and CP1.
When a character is transferred out to device 5 or 6, the GV CHAR 5 or GV CHAR 6 pulse
directly produces CPO and CP1. When a character is read in from /O device 5 or 6, the
TK CHAR 5 or TK CHAR 6 pulse first generates a corresponding DASH STRB (DEV 5) or

DASH STRB (DEVS6) pulse which then triggers pulse amplifier 1A18 to produce CPO and CP1.

Repetitive Shifts - In addition to following every command pulse from the six I/O devices,

CPO and CP1 may also be produced by DASH LT pulses which are not themselves initiated by
command pulses. As mentioned previously, each DASH LT pulse produces a CP1 1 psec later.
Note, however, that the DASH LT pulse itself can in turn be produced by CP1 so long as the
DC SCT CONT level is asserted negative (BS-D-136-0-DASH, A2).

The result of this reciprocal causal relationship is a loop. The external command pulse from
the I/O device which occurs when a character is first transferred out or read in (for example,
GV CHAR 5) causes the generation of the first CP1 pulse for that character. This first CP1
pulse in turn produces a DASH LT pulse (the first DASH LT of the current character) and also
constitutes the first shift counter step signal of the current character; CP1 steps the SCT to 01.
The first DASH LT pulse initiates a second CP1 (after a delay of 1 psec). This second CP1
pulse steps the shift counter to 10 (2 octal) and at the same time produces a second DASH LT

pulse.

If 12-bit characters are being transferred out to the I/O device, the shift counter is done
after being stepped by the second CP1. The second DASH LT can then produce a third CP1
(delayed 1 psec), but that third CP1 cannot get through to trigger pulse amplifier 1A18. (It
is no longer gated through by the DC SCT CONT level. That level ceased to be asserted
when the shift counter reached its assigned count, 2 octal, at the second CP1 pulse.) Con-
sequently, no third DASH LT pulse is ever generated. The third CP1 does not step the shifi
counter, but instead resets it. If 18-bit characters are being transferred out to the 1/O de-
vice, or being read in from it, the process is similar, except that the shift counter is not done

until it reaches a count of 11 (3 octal).
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Final Characters Not Shifted for |/O Devices 5 and é - During input cycles involving devices

5 and 6, the last character of the data word (the first and only character in n-bit mode, the
second character in 18-bit mode, or the third character in 12-bit mode) must not be shifted.

If it were shifted, data would be lost out the left end of the accumulator (or for n-bit input
cycles at least displaced). During output cycles involving devices 5 and 6, it would of course
do no harm to shift the empty accumulator after the last character is transferred out, but this

would be useless and is not done.

The logic which implements the data control shift operations prevents any shift pulses from
being generated by the readin or transfer out of the final 12, 18, or n-bit character. The
command pulse from |/O device 5 or é concurrent with the transfer out or readin of the final
character does produce a CPO and CP1 pulse. However, the CP1 is prevented from triggering
a DASH LT by the removal of the DC SCT CONT level when the character counter reaches

its final assigned count.

The final count of the character counter is always one less than the number of characters in
the data word; refer to Table A1-2. The character counter is done at the count of zero for
n-bit characters, at the count of one for 18-bit characters, and at the count of two for 12-bit
characters. When it reaches its final count in 12- or 18-bit mode, it produces a DC CCT
DONE (Character Counter Done) level, thereby terminating the negative DC SCT CONT
level and preventing the generation of further DASH LT pulses. In n-bit mode, there is only
one character to a data word. Both the character counter and the shift counter are done at

the initial zero count. Consequently, no DASH LT pulses are generated.

During output or input cycles involvingl/O devices 1-4, completion of the character counter
count does not prevent generation of a DASH LT or DASH RT pulse. Such a shift pulse is gen-
erated concurrently with the final (sixth) character of the output or input data word. The

sixth and final shift pulse is harmless for output cycles, and necessary during input cycles.

OUTPUT CYCLE

The simplified output cycle described in the present section consists of a CONO (Conditions

Out) instruction followed by a series of DATAQ instructions. Although for practical operations
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other routines are employed (refer to Section 4 for a description of sample programs), the input
signals to the data control, and the resulting internal cycle, are identical in both cases; the

only difference lies in the intervening instructions executed by the processor.

CONO Out Instruction

The CONO Out (Conditions Out) instruction clears the IC register and the accumulator (pre-
serving the contents of the accumulator in DB), and then sets the contents of the IC register
to control codes such as those shown in Table A1-6. This prepares the data control for the
following DATAQ instructions, enabling it to dispatch the data out in appropriate bytes to a
selected I/O device, and if required, enabling it to generate a priority interrupt request

when more data is needed from the processor. Also see Table Al-7.

CONO Clear Pulse

The processor initiates the data control output sequence by sending the data control on 10B
CONO CLR pulse (I/O Bus Conditions Out Clear). This pulse is represented by the initial
operation (CONO CLR) of the output flow chart, engineering drawing FD-D-136-0-FD1.

It occurs 1 psec before time 0 of the output timing sequence shown in TD-D-136-0-TD1. The
data control receives IOB CONO CLR over one of the I/O bus command lines (BS-D-136-0-
DC1, Al); it clears all flip-flops in the IC and DA; the accumulator contents are preserved
in the DB.

The OB CONO CLR triggers pulse amplifiers 1A8 and 1A9, which generate negative and
positive DC IC CLR pulses (Data Control Initial Conditions Clear). The positive DC IC CLR
from PA TAQ clears the shift counter and the entire IC register (drawings BS-D-136-0-DC1, B4-7
and BS-D-136-0-DC2, A-B). The negative DC IC CLR from 1A8 is applied to pulse amplifier
1A10 (BS-D-136-0-DC1, C5) which generates DC DA <3> DB. At the conclusion of DC IC
CLR, the three status bits, DB DA MOVE, DA RQ, and DB RQ are all in the O state; refer to
line 1 of Table Al1-4,

IOB Reset Pulse

The clearing Fﬁnci‘ion described above can be initiated not only by IOB CONO CLR, but also
by IOB RESET (BS-D-136-0-DC1, Al). The latter command line is pulsed whenever computer
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power is turned on, and whenever the operator presses the |/O reset key on the computer con-
sole. The 10B reset triggers puise ampiifiers 1A8 and 1A9, generating negative and positive
DC IC CLR pulses in the same manner as IOB CONO CLR. However, 10B RESET also triggers
pulse amplifier 1A10 (BS-D0136-0-DC1, B2), generating an additional clear pulse, DC CLR
DB, which clears the data buffer.

Device Selection Gating

Because 10B RESET is intended to clear all I/O control units, it causes an unconditional
triggering of pulse amplifiers 1A8, 1A9, and 1A10. It is not gated by any device selection
code. In contrast, IOB CONO CLR, and in fact all of the eight control line inputs to the
data control except OB RESET and POWER ON, are intended only for one specific addressed
control unit, the unit selected by the device selection code in bits 3 through 9 of the CONO
instruction. Consequently, these signals are all gated by the output of diode net 1A6
(BS-D-136-0-DC1, D1).

CONO Set Pulse

One psec after IOB CONO CLR (at time 0 of the output sequence in TD-D-136-0-TD1) the
processor sends an IOB CONO SET pulse (/O Bus Conditions Out Set) to the data control
(BS-D-136-0-DC1B2). The CONO SET is gated by the data control device selection level
and then triggers pulse amplifier 1A8 (BS-D-136-0-DC1, A2). The resulting DC IC SET output
pulse causes the parallel transfer of the information on the 1/O bus into bits 23 through 35 of

the IC register. It is assumed for the present example that this sets the IC register flip-flops
to the states indicated in Table A1-6. (See also line 2 of Table A1-4.)

First DATAO Instruction

At the completion of the CONO Out instruction, the data control is ready to respond to the
next processor instruction, a DATAO (Data Out) instruction. The purpose of this instruction
is to transfer a 36-bit data word from the processor into the data control data buffer, from
there to transfer it to the data control accumulator, and then finally to shift it out into the

selected I/O device.
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DATAOQ Clear Pulse

The first processor signal to reach the data control during the DATAQ instruction is the |OB
DATAO CLR (I/O Bus Data Out Clear) pulse (BS-D-136-0-DC1, B1). This pulse is represented
by the DATAO CLR operation on the output flow chart (FD-D-136-0-FD1). The DATAO CLR,
is gated by the device selection level and then triggers pulse amplifier 1A10 (BS-D-136-0-
DC1, B2). The resulting DC CLR DB output pulse from PA TA10 produces two effects. First,
it clears the data buffer register DB. Second, DC CLR DB clears the DB RQ flip-flop through
diode gate 1B6 (BS-D-136-0-DC2, B3). The latter operation indicates that the DB register is
in use, or at any rate is about to be used, and that succeeding instructions must not attempt to
transfer data info it until the DB RQ is again set (indicating that DB is once more free to
receive data). The state of the three status bits after the DATAO CLR and DC CLR DB pulses
is indicated in line 3 of Table Al-4. '

DATAO Set Pulse

One psec after [OB DATAO CLR, the processor sends an |OB DATAO SET pulse (I/O Bus
Data Out Set) to the data control (BS-D-136-0-DC1, C1). This pulse is represented by the
DATAO SET operation in flow chart FD-D-136~-0-FD1. After being gated by the device
selection level, DATAO SET is applied to pulse amplifier 1A9. |

I/O Bus Loads DB - Pulse amplifier 1A9 produces a 1-psec negative output pulse, DC DB «—
IOB, which is applied to the Y inputs of the 4230 modules shown in BS-D-136-0-DAB1, D.
The leading (negative-going) edge of the DC DB €— IOB pulse loads the 36-bit output data

word which the processor has applied to the 1/O bus into bits 0 through 35 of the data buffer.

Set DB DA MOVE - Besides gating the Y inputs of DB, the DC DB <— OB pulse is also sent
to input terminal S of inverter 1B9 (BS-D-136-0-DC2, B2), the output of which is in turn

applied fo input M of capacitor-diode 1B10. One psec later, the positive-going trailing edge
of the puise sets the DB DA MOVE flip-flop momentarily to the 1 state.

FD-D-136-0-FD1, the output flow diagram, shows the 1-psec width of the DC DB <«— |OB
pulse as the delay between the transfers IOB —> DB and DB DA MOVE €— 1. Line 4 of
Table Al-4 shows that the DATAO SET pulse and the leading edge of DC DB «<— [OB have
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no immediate effect on the configuration of the three status bits. Line 5 shows the change
in the state of these status bits 1 psec later, immediately after the positive-going edge of

DC DB «— |OB sets the DB DA MOVE flip-flop.

Generation of DC DB <3 DA

The setting of the DB DA MOVE flip-flop causes the sudden appearance of a negative input

at terminal M of negative diode 1B7 (BS-D-136-0-DC1, C3). Since the DA RQ flip-flop is
already in the 1 state (see line 4 of Table Al-4), the 0 to 1 transition of DB DA MOVE (line 5
of Table Al-4) causes diode 1B7 to generate a positive output pulse, thereby triggering 4604
Pulse Amplifier 1A9 (BS-D-136-0-DC1, C4) which generates a 1-psec negative output pulse,
DC DB <3 DA. The double arrow indicates that the puise occurs whenever there is any

transfer (in either direction) between the data buffer and the accumulator (line 6 of Table A1-4).

During this first DATAO instruction, DA RQ is in the 1 state, and it is the transition of the
DB DA MOVE flip-flop from 0 fo 1 that produces the DC DB <3 DA pulse. This is repre-
sented by the left branch of the loop in the output flow diagram FD-D-136-0-FD1.

Transfer C(DB) Into DA - During the output sequence, the in/out flip-flop is in the out state
(1C27 = 1). Consequently the negative-going leading edge of the 1-psec pulse DC DB <> DA
is gated by DC OUT, and pulse amplifier 1A10 (BS-D-136-0-DC2, C5-6) generates

DC DB «3> DA. Application of this pulse to the terminal W inputs of the 4230 modules
shown in BS-D-136-0-DAB1, D causes the jam transfer of the contents of the data buffer into

the accumulator. The 36-bit output data word from the processor is thus stored in the accumu-
lator, ready to be shifted out in a series of bytes to be selected I/O device. The data buffer
is free to receive another 36-bit output data word at the execution of the next DATAO in-

struction (line 6 of Table A1-4),

Other Effects of DC DB «3-> DA (Leading Edge) - Besides transferring C(DB) into DA, the
leading edge of the 1-psec DC DB €«3-> DA pulse produces two other important results. The

application of this negative-going leading edge to input terminals W and Y of inverter 1B19
(BS-D-136-0-DC2, A2-3), causes DB DA MOVE to be reset from 1 to 0, and DB RQ to be set

from 0 to 1. The resulting configuration of the three status bits is shown in line 6 of Table A1-4.
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Reset of DA RQ - Because the DB RQ flip-flop is again in the 1 state, indicating that the data

buffer is free, the processor can immediately execute another DATAQ instruction. There is,
however, one more operation remaining to be executed in the current, first DATAQO instruction.
One psec after DB RQ is set, the positive-going trailing edge of the DC DB <3 DA pulse
resets the DA RQ flip-flop through terminal P of inverter 1B9 (BS-D-136-0-DC2, B2). The
final configuration of the status bits at the end of the first DATAO instruction is reflected by
line 7 of Table Al1-4.,

Further Operations

The reset of the DA RQ flip-flop is represented by the last output operation in the left column
of the system flow diagram (FD-D-136-0-FD1). From that point on (any time after line 7 of
Table AT-4) the actual transfer-out sequence to the external 1/O device can begin. The
transfer-out sequence is represented by the right-hand column of the system flow diagram; it

is described in Output Transfer Sequence below.

Concurrently with the transfer-out sequence, the data control can, of course, start responding
to a second DATAOQ instruction from the processor. The second DATAQ instruction can be
commenced any time after the setting of DB RQ to 1 (that is, at any time after line 6 of

Table A1-4). However, before the processor executes a second DATAQ, it must by some
means be notified that DB RQ has in fact been set. The two customary programming methods
that let the processor know that DB RQ =1 (that is, data control is ready to accept more data)
are described in Section 4. The second DATAO executed by the processor differs from the
first in that the DA RQ flip-flop contained 1 at the commencement of the first DATAO (line 2
of Table Al-4), and in conirast contains 0 (line 7 of Table A1-4) at the beginning of the
second DATAO.

Second DATAOQ Instruction

The data control responds to the second DATAQ instruction executed by the processor in a
slightly different manner than it responded to the first DATAO. In particular, the jam trans-

fer of C(DB) into DA must wait for the |/O device to complete the first transfer-out sequence.
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DATAO Clear and Set Pulses

As with the first DATAO instructions, the first processor signal to reach the data control during
the second DATAO instruction is IOB DATAO CLEAR. In following the second DATAO in-
struction on drawing FD-D-136-0-FD1, jump from the bottom of the diagram (at the conclusion

of the first DATAO) back to the point just above the DATAO CLR operation. The initial phase

of the second DATAOQ instruction, down to the branch point, is identical with the first DATAO.

Note, however, that the three status bits (shown in line 8 of Table A1-4) are not in the same
configuration as they were at the same stage of the first DATAO (line 3 of Table A1-4). The
DA RQ flip-flop contains 0, indicating that the accumulator is not yet available to receive

data during the current instruction.

As in the first DATAO, 1 psec after the IOB DATAO CLR the processor sends the data control
an |OB DATAO SET. This pulse again produces a 1-psec DC DB €«— [OB pulse, the leading
edge of which loads the 36-bit output data word from the I/ O bus into the data buffer. The leading
edge of this pulse has no effect on the status bits (Table A1-4, line 9), but 1 psec later, the
trailing edge sets the DB DA MOVE flip-flop to the 1 state (line 10 of Table Al-4).

Generation of DC DB «J> DA

During the first DATAQO instruction, the 0 to 1 transition of DB DA MOVE triggered the gener-
ation of the pulse DC DB €3> DA; this corresponded to the left FIRST PASS ONLY branch
of the FD-D-136-0-FD1 output flow diagram. However, during the current second DATAO
instruction, the 0 to 1 transition of DB DA MOVE has no immediate effect on the contents of
DB. The DA RQ flip-flop does not contain 1, but 0 (see Table A1-4, line 9), when DB DA
MOVE is set to 1. Consequently, the system halts with a 1 in the DB DA MOVE flip-flop (at
line 10 of Table A1-4). No further operations can be carried out until the word in the ac-

cumulator is completely transferred out into the selected I/O device.

When the /O device transfer-out sequence is complete, and the accumulator is again free to
receive data, the final operations of the second output cycle can be carried out. As the last

data byte is transferred out from the accumulator info the I/O device, the DC CCT DONE
(Character Counter Done) level gates the final DASH CP1 pulse of the current data word
through negative capacitor-diode 1B10 (BS-D-136-0-DC2, B2), thereby setting the DA RQ

flip-flop to 1, and indicating the end of the transfer-out sequence.
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Completion of Second DATAO Cycle

The setting of the DA RQ flip-flop to the 1 state causes the sudden appearance of a negative

input at terminal N of negative diode 1B7 (BS-D-136-0-DC1, C3). Since DB DA MOVE =1,

(see line 10 of Table A1-4), the 0 to 1 transition of DA RQ (Table Al-4, line 11) causes

diode 1B7 to generate a positive output pulse, thereby triggering pulse amplifier 1A9
(BS-D-136-0-DC1, C4). The pulse amplifier then generates a DC DB €3> DA pulse (rep-
resented by the right-hand "A" branch of the output flow diagram at the left of FD-D-136-0-FD1).

The remaining operations of the second DATAO cycle exactly correspond to the final operations
of the first DATAO cycle. The leading edge of DC DB €3> DA resets DB DA MOVE to 0 and
sets DB RQ to 1. The trailing edge resets the DA RQ flip-flop. The last three configurations
of the status bits during the second DATAO (lines 11, 12, and 13 of Table Al-4) are identical
to the final configurations of the first DATAO (lines 5, 6, and 7 of Table A1-4).

Additional DATAQ Instructions

At the completion of the first DATAO instruction, DB is clear so that the processor can execute
a second DATAO immediately. However, the accumulator is still loaded at the completion
of the first DATAO instruction, and it remains loaded until the |/O device can receive its
contents. This means that after the second DATAO instruction loads the data buffer, the
processor must wait for the completion of the first transfer-out sequence to the I/O device.

The data control cannot accept a third DATAQO instruction until the accumulator is free and
the contents of DB have been advanced into the accumulator. The interval between successive

DATAO's is governed by the rate at which the /O device can clear the data control accumulator.

When the last data word has been advanced into the accumulator and transferred out to the
I/O device, the DA RQ flip-flop is once more set to 1, indicating that the accumulator is

empty and ready to receive data.

Output Transfer Sequence

As soon as DA RQ is reset to 0 (line 7 of Table Al-4) the selected |/O device is free to initiate
the output transfer sequence by sending a command pulse to the data control. The output trans-
fer sequence is summarized in the right hand portion (headed by the "B" connector) of FD-D-
136-0-FD1, the system flow diagram.
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For 1/O devices 1-4, the only branch point in the output sequence is that following the CP1

pulse. If the character counter is not done, the output transfer sequence loops back to point
B and continues. If the character counter is done, the character counter is reset, and DA RQ
is set. The setting of DA RQ terminates the transfer-out sequence, and the output cycle then

proceeds to point A in column 3 of the system flow diagram.

Output cycles of I/O devices 5 and 6 are executed in exactly the same manner for n-bit mode
(single-character) cycles. For 12-bit and 18-bit mode operations, there is a nested subor-
dinate loop after the CP1 pulse (the left-hand loop). This loop executes the repetitive shifts
described in Resulting Internal Command Pulses. Successive DASH LT pulses are produced
until the shift counter is done. This requires one return through the left-hand loop for both
the first and second character of the data word in 12-bit mode, and two returns through the

left-hand loop for the first character in 18-bit mode.

When the character counter is done, the command pulse associated with the final character
produces the final CP1 pulse, thereby resetting both the shift counter and the character coun-
ter and setting DA RQ. As in the case of output cycles of devices 1-4, the setting of DA RQ

terminates the transfer-out sequence and the output cycle again proceeds to point A.

INPUT CYCLE

The operations making up the data control input cycle are listed in Table A1-5, and are shown

in the center portion of the system flow diagram, FD-D-136-0-FD1.

Input Cycle CONO Instruction

The CONO instruction which sets up the data control for the input cycle is executed in the
same manner as the output cycle CONO. There are, however, two differences in the coding
of the effective address. First, for input operations, the in/out bit is 0. Second, the status
bits are set to a different initial configuration. The DB DA MOVE flip-flop must be set to 1,
and both DA RQ and DB RQ are 0. (See Table A1-2.)
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First Readin Sequence

As soon as the IC register is set up, (line 2 of Table A1-5) the selected |/O device is free to
initiate the readin sequence by sending an input command pulse to the data control. The
readin sequence is summarized by the same portion of the FD-D-136-0-FD1 flow diagram
(headed by the "B" connector) which illustrates the transfer-out sequence. The data control
performs exactly the same shift operations during the readin sequence as during the transfer-
out sequence. The only difference between the two sequences is that for I/O devices 5 and
6 the DASH STRB internal command pulses are generated only during the readin sequence, but

not during the transfer-out sequence.

Completion of First Readin Sequence

At the completion of the first readin sequence, DA RQ is set to 1. This causes the input
cycle to advance to point A in column 3 of the system flow diagram, FD-D-136-0-FD1. For
the first input cycle, the data control follows the left branch of the loop, the branch imme-
diately below the "A" connector. The contents of the accumulator are advanced to the data
buffer (line 4 of Table Al1-5), and DB RQ is set to 1, indicating to the processor that the
data control is ready to read in data. The processor is then free to execute the first DATAI
of the input cycle (from line 7 of Table A1-5). One psec later DA RQ is reset to 0 (line 5

of Table A1-5). This permits the I/O device to initiate a second readin sequence.

Second Readin Sequence

This second sequence is exactly similar to the first. |f the processor has not executed a

DATAI instruction before the completion of the second readin sequence, the first data word
read in will still be stored in the data buffer. Consequently, the second data word read in
(stored in the accumulator) should not be advanced to the buffer until the processor reads in

the first data word.

Completion of Second Readin Sequence

At the completion of the second readin sequence, the DB DA MOVE contains 0 rather than 1
as it did at the end of the first readin sequence. Consequently, the 0 to 1 transition of DA RQ

cannot carry the input cycle to point A as it did after the first readin. Instead, the data
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control must follow the left hand branch of the loop. This means that the DA —> DB transfer
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DB DA MOVE. This transition does not occur until the end of the first DATAI instruction

executed by the processor.

First DATAI Instruction

During the DATAOQ instruction, the processor sends a 2.5-usec negative level |OB DATAI

into the data control (BS-D-136-0-DC1, Al). This level is gated by the data control device
selection level, and then (as DC DB —> [OB) the gated level is applied to the K terminals
of the data buffer (BS-D-136-0-DAB1, D). The negative level at the K terminals places
C(DB) on the 1/O bus for sampling by the processor. The leading edge of this level (that is,
the 0 to 1 transition; see the last line at the left-hand of TD-D-136-0-TD1, the system timing
diagram) resets the DB RQ flip-flop to 0, thus indicating that the buffer is empty (or about to
be empty) and that the processor should not send any further DATAI instructions until the buffer
is reloaded (Table A1-5, line 7). The 1 to O transition at the trailing edge of the DC DB —>
IOB level sets the DB DA MOVE flip-flop to 1 (Table Al1-5, line 8).

Subsequent Operations

When DB DA MOVE is set to 1, the input cycle advances through the left side of the loop
below point A. The data word in the accumulator is advanced into the buffer and DB RQ is
set to 1 (Table A1-5, line 9). The 1 in DB RQ indicates to the processor that the buffer is
loaded, and that the data control is ready to read in a second data word. The processor is
therefore free to execute a second DATAI instruction. One psec later, DA RQ is reset to 0
(Table A1-5, line 10). The selected I/O device is then free to send the command pulse

initiating the next readin sequence.

This process continues until the final data word has been read in from the selected I/O device.
When that word has been advanced from the accumulator to the buffer, and then read into

the processor by a final DATALI instruction (not followed by a DA —3> DB transfer), the

DB DA MOVE is left in the 1 state. The next readin, or series of readins, executed by the

I/O device then encounters a completely cleared data control (both accumulator and buffer
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empty). The first readin of the new series encounters the 1 in DB DA MOVE and therefore
functions like the "first readin sequence" described above. The I/O device can then complete

two readin sequences without any requirement to wait for the processor to execute a DATAI
instruction.
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SECTION 3

INSTALLATION

SITE SELECTION

Before installing the data control, select a suitable location near the PDP-6 arithmetic pro-
cessor. The data controi should be instailed within 25 feet of the processor, and the |/O

devices should be within 25 feet of the data control.

The data control cabinet is 69-1/2 inches high; width is 22~1/4 inches; depth is 27-1/8 inches.
At least 3 feet of clearance shouid be allowed on all sides of the equipment for access dur-

ing maintenance. A level floor is required because the equipment frames are mounted on
casters. The floor should be capable of supporting 150 psf. The system is designed to operate
efficiently from 50° to 100° F. The plug-in modules are cooled by blowing air out the front
of the bay. Intake fans are factory~installed in the floor of the bay. No additional cooling

equipment is required.

The data control runs on ordinary 115-volt, 60-cycle current. A 10-ampere line is sufficient.
The data control power cable is equipped with a Hubble Twist-Loc 3-prong, 30-ampere,
250-volt plug. Although the data control draws only about 3 amperes in normal operation,

turn-on surges may reach approximately 5 amperes.

UNPACKING

The data control is shipped on a skid, and may be crated or not, depending on the mode of

transportation. For truck shipment it may be left uncrated. A crate is furnished for air ship-
ment. The crate is approximately 74 inches high, 27 inches wide, and 32 inches deep.* The
skid upon which it rests is about 6 inches high and 3 feet square. Interconnecting cables are

specially made up for each installation, and are shipped with the equipment.

1. If the data control is crated, carefully remove all crating and strapping,
and any packing material. [f the unit is shipped uncrated, remove the skid

and any protective padding.

* The skid upon which it rests is about 6 inches high and 3 feet square.
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2. The plenum doors at the rear of the bay have spring catches. To reinforce
these doors during shipment two bolts are used to hold each door shut. Remove

these bolts and store them in the plastic loops provide_d,

3. Remove any packing material, shipping blocks, etc. from the inside of

the data control.

4. The plug-in modules are taped into the logic panels to prevent damage

in shipment. Remove the tape.

NOTE: If the user plans to reship the equipment (or move it more
than a short distance) in the near future, special containers and
packing materials should be saved for reuse. These items are de-
signed especially to accomodate the equipment and are the safest
means of packing it for reshipment.

INSPECTION

The data control is thoroughly tested and checked before it leaves the factory. However, it
should be inspected and checked again when installed to make sure that no damage has oc-

curred during shipment. After the data control is unpacked, check the following:

1. Have all the shipping blocks, packing materials, tape, etc. been removed?

If not, remove them.

2. Are all plug-in units inserted firmly in position? Secure any that are

loose.

3. Aue there any loose nuts or bolts? If so, tighten them.

4. Are there any loose or broken wires? If so, repair them.

CABLE CONNECTIONS

Before connecting cables, complete the inspection procedure given above.

1. Route the four cables from the PDP-6 processor in through the hole in the
bottom of the bay. This hole is located directly in front of the fan.
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2. Connect the four 22-pin Methode receptacles to the correct Methode
plugs at the upper left of the data control logic racks. The four receptacles
can be plugged in either to Methode Plugs 1A1-1A4 or to 1B1-1B4, depend-
ing on the layout of the specific installation. Each A plug is paralleled with
the corresponding B plug; 1A1 is paralleled with 1B1, 1A2 with 1B2, and so
on. It is essential that each of the four Methode receptacles at the ends of
the processor cables should be connected to the correct pair of plugs. The
receptacles should each be marked with the correct plug position. Consult

CD-D-166-0-10OMB in Appendix 2 of this manual to make sure that the correct

connections are made.

3. Route the 16 I/O device cables (fewer if less than six 1/O devices are
used) through the hole in the bottom of the bay, and connect the Methode

receptacles at the cable ends to the correct plugs 1D10-1D25 at the lower
right of the data control logic racks (ID-D-136-0-EDC).

4. A coiled ac power cable is taped to the fan at the bottom of the bay.
Remove the tape, route the power cable out through the hole in the bottom

of the bay, but do not plug it in.

PREOPERATIONAL CHECKOUT

Before using the data control, make sure that the system turns on and off properly, and that
- the correct voltages are present at all four logic racks. The checkout procedure makes use

of the following switches:

The LOCAL/REMOTE switch at the left of the 811 Power Control. The power

control is at the bottom rear of the data control.
The POWER circuit breaker slightly left of center on the 811 Power Control.

The three MCV switches (Marginal Check Voltage) at the front left of each
of the four logic racks. In each of these four sets of MCV switches, the top
switch is +10 vdc (A), the middle switch is +10 vdc (B), and the bottom

switch is =15 vde. All controls and indicators are described in detail in Section 4.
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The following checkout procedure should be carried out after completing the cable connections
described above. All voltages are measured from chassis ground with a Multimeter (Simpson

Model 260A, Triplett Model 630NA, or equivalent).

1. Put the LOCAL/REMOTE switch in LOCAL position (up).
2. Turn POWER circuit breaker OFF (down).

3. Plug in power cable to 110-volt ac outlet.

4. Put all 12 MCV switches in FIXED position (down).

5. Turn POWER circuit breaker ON (up). |

6. Check the fixed (internal) supply voltages at the terminals listed below.

Voltages: +10 vdc (A) +10 vdc (B) -15 vdc

Terminals: 1A25A 1A258B 1A25C
1B25A 1B25B 1B25C
1C25A 1C258 1C25C
1D25A 1D25B 1D25C

The +10 vdc fixed supply voltages should be between +9.5 vdc and +11 vdec.
The ~15 vdc should be between -14.5 vdc and -16 vdc. If either voltage
falls outside the specified range, the 728 Power Supply probably needs main-

tenance.

7. With the PDP-6 processor turned off, put the LOCAL/REMOTE switch in
the REMOTE position (down). Check each of the fixed voltages at any ter-

minal listed in step 6. No voltage should be present.

8. Turn on the PDP-6 processor. Again check each of the three fixed voltages.
The same voltage recorded in step 6 should be present at each of the three

terminals checked.
9. Put the LOCAL/REMOTE switch in the LOCAL position {(up).

10. Put the four MCV switches which control the +10 vdc (A) lines (upper
switch at the left of each logic rack) in the MARGINAL position (up).
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11. Make the following settings at the MCV controls above the PDP-6
operator’s conirol panei:

a. Set polarity switch to +10 volt position (left).

b. Adjust variac until marginal check voltage meter indicates

+5 vde.

12. Check the +10 vdc (A) voltage at the four terminals specified in step 6.
It should coincide with the +5 vdc voltage shown on the marginal check volt-

age meter,

13. Return the MCV switches for +10 vdc (A) to the FIXED position (down)
and set the MCV switches which control the +10 vdc (B) lines (middle switch
at the left of each logic rack) to the MARGINAL position (up).

14. Check the +10 vdc (B) voltage at the four terminals specified in step 6.
It should coincide with the +5 vdc voltage shown on the marginal check volt-

age meter.
15. Return the MCV switches for +10 vdc to the FIXED position (down).

16. At the PDP-6 MCV controls, set the MCV polarity switch to the ~15
volt position (right) and adjust the variac until the marginal check voltage

meter indicates -10 vdc.

17. Set the MCV switches which control the =15 vdc lines (bottom switch
at the left of each logic rack) to the MARGINAL position (up).

18. Check the -15 vdc voltage at the four terminals specified in step 6.
It should coincide with the -8 vdc voltage shown on the marginal check

voltage meter.

19. Return the MCV switches for =15 vdc to the FIXED position (down).
20. Return the LOCAL/REMOTE switch to REMOTE.

21. Return the polarity switch at the PDP-6 to the center (off) position.

22. Turn off the PDP-6.






SECTION 4

OPERATING PROCEDURES AND PROGRAMMING

The purpose of this section is fo provide the operator with the information needed to operate
and program Data Control Type 136. A short section is devoted to descriptions of the few
controls and indicators included in the data control. The remainder of the section describes
the PDP-6 programming techniques used to govern the output and input cycles of the data
control and its associated /O devices. A thorough understanding of the relevant PDP-6
programming will not only facilitate operational use of the data control and its 1/O devices,

but also will be the best aid to efficient maintenance.

CONTROLS AND INDICATORS

Controls

811 Power Control

The 811 Power Control is mounted at the bottom of the data control cabinet. On its front

panel (at the rear of the data control) are two controls, a circuit breaker, and a switch.

LOCAL/REMOVE Switch - This switch is located at the left of the 811 Power Control. In

the LOCAL position (up), the processor has no effect on the data control power turn-on. The
data control power can then be turned on or off by the POWER circuit breaker. The LOCAL
position is used primarily for maintenance purposes. For normal operation it is usually more
convenient to leave the circuit breaker on and the switch in the REMOTE position (down).
The data control power is then turned on by the -15 vdc POWER ON level which is sent to

all 1/O units while the processor is turned on; refer to Ungated Signals in Section 2.

POWER Circuit Breaker - This circuit breaker is located to the right of the LOCAL/REMOTE

switch. When the circuit breaker is in the OFF position (down) the data control power can-

not be turned on. When it is in the ON position (up), and the LOCAL/REMOTE switch is
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set to LOCAL, the data control power is on. When the circuit breaker is in the ON position,
and the LOCAL/REMOTE switch is set to REMOTE, the data control power is on only when

the processor power is on.

828 Power Distribution Panel

This convenience panel is located at the front of the data control just below the four logic
racks. At the left of the panel is the DISTRIBUTION PANEL circuit breaker. When turned
ON (up), this circuit breaker applies power from the hot side of the POWER circuit breaker
to the four 110-volt ac 3-prong receptacles on the 828 Distribution Panel. This arrangement
permits the application of power to the distribution panel whether or not the data control

power is turned on. Power can be removed from all four receptacles by turning the DISTRIBU-

TION PANEL circuit breaker off (down).

MCYV Switches

There are 12 MCV (Marginal Check Voltage) switches on the front of the data control. One
set of three MCV switches is located at the left of each of the four data control logic racks.
The top switch in each set governs the +10 vdc (A) power lines, the middle switch governs the
+10 vdc (B) lines, and the bottom switch governs the =15 vdc lines. There are two indepen-
dent +10 vdc supply lines, A and B. The two lines are applied to different logical circuits

in each module. This is an aid to trouble isolation because it permits selective application
of marginal check voltages. In the FIXED position (down) each MCV switch connects the
associated logic rack to the fixed supply voltage from the data control internal 728 Power
Supply. In the MARGINAL position (up) each MCV switch connects the associated logic
rack to the variable MCV voltage from the processor. This variable MCV voltage can be

adjusted at the MCV controls over the operator’s control panel of the PDP-6.

MCYV Controls at Processor

The processor MCV controls include a 3-position polarity switch (+10 volts, OFF, -15 volts),
a variac, and a marginal check voltage meter. When the polarity switch is in the +10 volts

position, the variac can apply from 0 vdc to +20 vdc to the +10 vdc (A) and (B) lines. When
the polarity switch is in the -15 volis position, the variac can apply from 0 vdc to =20 vdc fo

the =15 vdc lines.
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Indicators

There are nine indicator lights on indicator card 1B22 (on the front of the data control) at
the right of the second logic rack). These indicator lamps display the contents of nine bits
of the data control IC register. When the lamps are on, the corresponding bits contain ones,
when off, zeros. The nine bits represented by the nine front panel indicator lamps are shown

in Table 4-1.

TABLE 4-1 FRONT PANEL INDICATOR LAMPS
(Listed from Top to Bottom)

Bit Designation Location
DA RQ IC25
DB RQ 1C26
DBDA MOVE IC24
IN/OUT 1C27
CH MODE 0 IC28
CH MODE 1 IC29
CCTO 1IC20
CCT1 IC21
CCT2 1C22

PROCESSOR INSTRUCTION CODING

Input-output instructions executed by the processor initiate all data control operations. Every
IOT instruction in the PDP-6 repertoire is coded with the format shown with PDP-6 Handbook,
F-65, page 22. The CONO-DATA CONTROL address coding is summarized for the operator's

convenience in Table Al-7 in Appendix 1.
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SAMPLE PROGRAMS

There are two ways in which the processor can be notified that the data control is ready for
another data word: by an active priority interrupt request, or by passively waiting for the

processor to sample 1C26, the DB RQ flip-flop.

The first method of notifying the processor, the passive sampling method, is illustrated by the
output and input programs presented in Use of Data Control Without Priority Interrupt, below.
This method has the disadvantage of keeping the processor tied up during the entire output or
input cycle even though the operations required of it take only a small fraction of the time
used by the I/O device. Nevertheless, this method might be used if the programmer wished to
to have the processor complete an output or input sequence before proceeding to other opera-

tions.

The second method of notifying the processor that the data control is ready, the active priority
interrupt request, is illustrated by the output and input programs presenfea in Use of Data
Control with Priority Interrupt, below. This second method is often the more efficient, in

that neither the processor nor the I/O device ever need be idle. The I/O device operates
asynchronously at its own speed, and the processor takes part in the output or intput sequence
only during the brief intervals needed to transfer a data word out to DB or to read a data word
in from DB. The processor never has to wait for the comparatively slow output transfer sequence
or readin sequence of the |/O device, but instead is used only for fast, parallel, full data-

word transfers to and from the data control itself.

Use of Data Control Without Priority Interrupt

The following sample programs illusirate the use of the data control without the priority inter-

rupt system.

SAMPLE OUTPUT PROGRAM PI

100/CONO DC, (DARQ, DBRQ, OUT, MODE, DEVICE #)
101/CONSO DC, DBRQ

102/JRST, .-1

103/BLKO DC, STORE

104/JRST, DISMISS

105/JRST, .-4

4-4



SAMPLE INPUT PROGRAM PI

100/CONO DC, (DBDA MOVE, IN, MODE, DEVICE #)
101/CONSO DC, DB RQ

102/JRST, .-1

103/BLKI DC, STORE

104/JRST, DISMISS

105/JRST, .-4

When using the Data Control out of the Pl system, the IC register is set up by the instruction
in 100. At the next instruction (101) the DB RQ flag is interrogated. If it isa 1, the next
instruction (102) is skipped; if it is a 0, instruction 102 is executed. Instruction 102 says:
jump from this location minus one instruction (fo instruction 101). Therefore the program
remains in this loop until DB RQ becomes a 1. The next instruction is BLKO or BLKi (depend-
ing on direction of word transfer). This instruction executes a data instruction (DATAO or
DATALI) and skips the next instruction and jumps back to 101. This process is repeated until
the entire block of information has been read in or transferred out. When the block is com-
plete, the program executes 104 and jumps to a dismiss routine or another part of the main

program.

Use of Data Control With Priority Interrupt

The following sample programs illustrate the use of the data control with the priority interrupt

system,

SAMPLE OUTPUT PROGRAM PI

100/CONO DC, (DARQ, DBRQ, OUT, MODE, DEVICE #, Pl #1)
101/JRST, .

42/BLKO DC, STORE

43/JSR, DISMISS

SAMPLE INPUT PROGRAM PI

100/CONO DC, (DBDA MOVE, IN, MODE, DEVICE #, P| # 1)
101/JRST, .

42/BLKI DC, STORE

43/JSR, DISMISS
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When using the data control with the Pl system, the IC register is set up by the instruction in
100; note also thdf Pl channel #1 is selected. The program then executes 101, which jumps
to itself until an interrupt occurs. When an interrupt has occurred, the program executes the
BLKO or BLKI instruction in location 42. After each data instruction (DATAO or DATAI) the
program returns to 101, and iterates that one-instruction loop until the next interrupt. The
instruction in 43 will be executed only when the entire block of information has been trans-
ferred. In these two sample programs, the JRST one-instruction loop in 101 takes the place
of an actual operating routine. For actual working programs, the return would be to a more

useful routine.

Further discussion of input-output programming is presented in the PDP-6 Handbook, F-65, on
pages 51, 52, and 65 through 68. '
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SECTION 5

MAINTENANCE

The data control is ordinarily used as a peripheral system of the PDP-6 processor installation.
The maintenance chapter of the processor manual covers a number of topics not repeated in the
data control manual, but essential to efficient maintenance of all DEC systems used with the
PDP-6, including the data control. These topics include Special Tddls and Test Equipment,
Log Entries, Maintenance Programs, Use of Marginal Check, TrouBleshoéﬁng, and Module

Removal and Repair.

CAUTION

The procedures described in the maintenance chapter of the PDP-6
processor manual should be thoroughly understood before under-
taking the troubleshooting and repair of the data control.

USE OF DRAWINGS

The complete system logic is shown in the engineering logic drawings, in Appendix 2.
BS-D-136-0-DC1 and DC2, BS-D-136-DAB1 and DAB2, and BS-D-136-0-DASH. Because
these five drawings are the most frequenily used source of troubleshooting information, it is
important to be familiar with the symbols and conventions which they employ. The symbols
used on these drawings are explained in Figure A2-1, DEC Logic Symbols, which precedes the
engineering drawings in Appendix 2. A more detailed explanation of DEC logical design is

presented in the Digital Logic Handbook.

Equipment Layout

The data control logic is contained in four DEC logic racks designated from top to bottom

1A-1D. The modules located in each rack position, and the function of each module, are

shown in UML-D-136-0-DCML, Sheets 1 and 2, the logic-rack layout diagrams in Appendix 2.

Power wiring is shown in PW-D-136-0-DCPW. The power supply is shown in RS-728. The
power control is in RS-811. Circuit schematics of all data control modules are also presented

in Appendix 2.




PREVENTIVE MAINTENANCE

Preventive maintenance procedures should be performed on a regular basis. By appropriate use
of scheduled preventive maintenance techniques (described in the Arithmetic Processor portion
of the PDP-6 Maintenance Manual) most potential malfunctions can be detected before they

OCCur.

The cooling fan in the bottom of the bay should be checked daily for proper operation and free
flow of air. Under normal operating conditions the air filter at the bottom of the bay should
be changed and cleaned monthly. The correct procedure for changing and cleaning filters is

described in the maintenance chapter of F-67(166).

RECOMMENDED SPARE PARTS

The most economical quantity of spare parts to be maintained depends on the requirements of

the individual user, but the following listing is suitable for most installations.

Module Spares

Module Quontity

1310 1
1669 1
4102 1
4112 1
4113 1
4118
4127
4129
4143
4150
4151
4215

4217
4230

PO = el el et i et el
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Module Quom‘if}/

4604 1
4606 1
4657 1
6102 1
6115 1
6117 1
6684 1

Component Spares

Type Quantity
Transistors: 2N456A  RCA 2
2N 485 Sprague / 2
2N 489 Sprague 3
2N599 GE 5
2N711A  GE 3
2N1184 RCA 3
2N1184B RCA 2
2N1204  Motorola 3
2N1304 GE 2
2N1305 GE 5
2N527 GE 5
2N2451 Sprague 8
2N1754*  General Instruments 3
2N1754  General Instruments 5
2N393 General Instruments 2

*BVCES 40V at 100 pa

Diodes: 1N270 Transitron 1
1N276 Transitron 20
1N645 Transitron 15

S

1N994 Transitron
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Type Quantity
IN1217 GE 2
1N1220 GE 1
1N429 (Zener) Motorola
1N3316 (Zener) Motorola

— et

GRS20SP4B4 GE 1
Pulse Transformers: 72003 DEC 3
T2006 DEC 1.
T2010 DEC 2
T2012 DEC 1
T2017 DEC 1
T2018 DEC 1
T2019 DEC 1
T2020 DEC 1
T2021 DEC 1
T2023 DEC 1
T2024 DEC 2
T2029 DEC 2
T2033 DEC 1
Mechanical Spares
Part Number and Description Quantity

53E168, Type CFG: Rotron fan with

#2R blade 1

X=1431, 10" x 10" x 2" EZ Kieen

Filter 1

Type 418 Super Filter Kote, pints 1



Table A1-1 IC Register Bit Assignment
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APPENDIX 1

FOLDOUT TABLES

TABLE A1-1 IC REGISTER BIT ASSIGNMENT

) ] Flip-flop
Field Bit No. Designation Meaning of Designation
Character 20 CCTO Character Counter Bits 0-2
Counter
21 CCT1
22 CCT 2
Error Bit 23 DATA CLBD Data lost; error condition
(clobbered)
Status 24 DBDA MOVE Buffer-Accumulator Transfer
Bits Synchronization Flip~flop
25 DA RQ Data Accumulator Request
Flip-flop
26 DB RQ Data Buffer Request Flip-flop
Input/Output 27 IN/OUT Input/Output Flip-flop
Character 28 CH MODE 0 Character Mode Bits 0-1
Mode
29 CH MODE 1
Internal 30 DEVICEO Internal Device Address
Device Bits 0-2
Address
31 DEVICE 1
32 DEVICE 2
Priority 33 PIA O Priority Interrupt Assignment
Interrupt Bits 0-2
Assignment 34 PIA 1
35 PIA 2
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Table A1-2 Shift-Counter and Character Counter Done
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TABLE Al1-2 SHIFT-COUNTER AND CHARACTER COUNTER DONE

No. of | C(SCT) No. of | C(CCT)
AC/:\h:; ';ic:'s. ic:‘f Shifts | When Asserted Ngl_;c:f Char When | Asserted
IC2°8—29 Char per [DC SCT | Output Word per DC CCT| Output
Char |DONE PErWOre 1 word-1 | DONE
I/O Devices 1-4
00 6 1* 00 T1A13V 6 5 101 1A15Z
I/O Devices 5 and 6
01 n** | 0 00 1A13V 1 0 000 1A15T
10 12 2 10 T1A13R 3 2 010 1A15L
11 18 3 11 1A13K 1 001 TAT4L

* Occurs at read in or transfer out command. Not governed by SCT.

** 1<n<36



Tabie AT-3 Significance of DA RQ and DB RQ States
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TABLE A1-3 SIGNIFICANCE OF DA RQ AND DB RQ STATES

DA RQ
State In/Out Data Data Control is:
Accumulator is:

DARQ=0 Out Loaded READY to transfer
out to I/O device

DARQ=0 In Empty READY to read in
from 1/O device

DARQ =1 Out Empty NOT READY to
transfer out

DARQ =1 In Loaded NOT READY to
read in

DBRQ
State In/Qut Data ) Data Control is:
Accumulator is:

DBRQ =0 Out Loaded NOT READY for
transfer out from
processor

DBRQ =0 In Empty NOT READY to
read in to processor

DBRQ =1 Out Empty READY for transfer
out

DBRQ =1 In Loaded READY to read in
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Table Al-4 Configurations of Status Bits During Output Cycle
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TABLEA1-4 CONFIGURATIONS OF STATUS BITS DURING OUTPUT CYCLE

Configuration of Status Bits

Line Preceding Event DBDA DARQ DBRQ Loaded
MOVE (IC 25) (IC 26) Registers
(1C 24)
CONO (Out) Instruction:
] CONO CLR, DC ICCLR 0 0 0 None
2 CONO SET, DC iC SET 0 i I None
First DATAQ Instruction:
3 DATAQO CLR, DC CLR DB 0 ] 0 None
4 DATAO SET, DC DB «—I10OB 0 ] DB
5 1 psec delay: 1 ] DB
DC DB «—IOB (t.e.)* \
6 DC DB «J> DA (l.e.) 0 ] 1 DB-DA
(same word)
7 1 psec delay: 0 0 1 DB-DA
DC DB <J> DA (r.e.) same word)
Second DATAOQ Instruction:
(can begin any time after line 6)
8 DATAO CLR, DC CLR DB 0 0 0 DA
9 DATAQO SET, DC DB «—I10B 0 0 DB, DA
10 1 psec delay: 1 0 0 DB,DA
DC DB «—IOB (t.e.)
Transfer-out Sequence:
{can begin any time after line 7;
duration depends on |/O device data rate)
11 Transfer-out completed 1 1 0 DB
(CCT DONE and CP1)
12 DCDB &3> DA (l.e.) 0 1 1 DA
13 lusec delay: 0 0 1 DA

DC DB &> DA (t.e.)
(at any time hereafter a second
transfer-out sequence can begin)

Third and Succeeding DATAQ Instructions:
(Same as second DATAO. Can begin any time after line 12.)

* Note: |.e. = leading edge of pulse; t.e. = trailing edge.
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Table A1-5 Configurations of Status Bits During Input Cycle
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TABLE A1-5 CONFIGURATIONS OF STATUS BITS DURING INPUT CYCLE

Configuration of Status Bits

Line Preceding Event DBDA DARQ DB RQ Loaded
MOVE  (IC 25) (IC 26) Registers
(IC 24)
CONO (In) Instruction:
] CONO CLR, DC IC CLR 0 0 0 None
2 CONO SET, DC iC SET I 0 0 None
First Read-in Sequence:
{Note that read-in duration depends
on |/O device data rate.)
3 Read-in completed. 1 i 0 DA
(CCT DONE and CP1)
4 DC DB &> DA (1.e.)* 0 ] ] DB
5 1 psec delay: 0 0 1 DB
DC DB <> DA (t.e.)
Second Read-in Sequence:
(can begin any time after line 5)
) Read-in completed 0 1 1 DA, DB
(CCT DONE and CP1)
First DATAI Instruction:
(can occur any time after line 4)
7 IOB DATAI0 — 1, 0 1 0 DA
DB—> 108
8 2.5 psec delay: ] ] 0 DA
IOBDATAI1 —> 0
9 DC DB &> DA (l.e.) 0 1 1 DB
(at any time hereafter a
second DATAI can begin.)
10 1 psec delay: 0 0 ] DB
DC DB &> DA (t.e.)
(at any time hereafter
another read-in can begin.)
* Note: |.e. = leading edge of pulse; t.e. = trailing edge.
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Table A1-6 CONO Bit Assignments = Output Cycle
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TABLE A1-6 CONO BIT ASSIGNMENTS - OUTPUT CYCLE

Bit No.

23
24

25

26

27
28-29

30-32
33-35

Contents Meaning

0 No DATA CLBD error condition present.

0 Initial state of DADB MOVE synchronizing
flip-flop.

1 DA RQ = 1; indicates that accumulator is
initially empty.

1 DB RQ = 1; indicates that data buffer is
initially empty.

1 An output cycle follows.

00 Data to be sent out in é6-bit character
mode.

001 Data to be sent to I/O device No. 1.

011 Priority Interrupt Channel No. 3 assigned

to data control.
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Table A1-7 Effective Address Coding for CONO Data Control Instructions
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TABLEAI-7 EFFECTIVE ADDRESS CODING FOR
CONO DATA CONTROL INSTRUCTIONS

Bit Nos. ~ Field Configuration When Applicable
e—— — — -_—'—_-4:—-————____*
23 Error Bit 0 All Cycles
24-26 Status Bits X11 Output Cycles
100 Input Cycles
27 In/Ovut 1 Output Cycles
0 Input Cycles
28-29 Character Mode 00 All 6-bit Cycles
01 All n-bit Cycles
' (1<n < 36)
10 All 12-bit Cycles
11 All 18-bit Cycles
30-32 Internal Device 001 I/O Device No. 1
Address 010 1/O Device No. 2
110 I/O Device No. 6
33-33-35 Priority Interrupt 000 No Pl Assignment
Assignment 001 Pl Request Channel 1
Assigned
111 Pl Request Channel 7
Assigned
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APPENDIX 2 1

ENGINEERING DRAWINGS

Reduced engineering drawings are produced in this appendix as an aid to understanding and
maintaining the system. A complete set of formal engineering drawings is supplied separately
with each system. Should any discrepancy exist between the drawings in this manuai and

those supplied with the equipment, assume the formal drawings to be correct.

Refer to the Table of Contents for a complete list of engineering drawings for this system and

the pages on which the drawings appear.

For all modules illustrated, circuit type is always shown as a 4-digit number. This number is

the same type number used to identify the circuit in the DEC System Modules Catalog.

Examples: 1310 - - - Delay Line (5-mc series)
4112 - - - Six 2-Input Negative Diode Gates (500-kc series)

On all circuit modules the circuit location code is lettered directly below the circuit type
number. Circuit location code is shown as a single letter preceded by one digit and followed

by one or two digits.

Example:

—— —— the module located in position 12

A 1 2 E~-~PinEof
|
|

— —— — of logic rack A

1
|
|
l—————inbay]

As indicated on certain block schematics, the normal 4-digit module identification number is
followed by the letter "R." This letter indicates that these modules contain internal jumpers
which connect output terminals to clamped load resistors located on the module. Such modules
are shipped from Digital with all jumpers connected. Before these modules can be installed

in a particular Digital component, the module user must consult the block schematic for that
component to determine which jumpers are to be removed and which jumpers are to remain

connected.

A2-1



Each engineering logic drawing is divided into 32 zones (4 horizontal, and 8 vertical) by mar-
ginal map coordinates. Figure references in the text are usually followed by a letter and a

digit specifying the zone in which the referenced circuit is located.

SYMBOLS AND TERMINOLOGY

Engineering drawing numbers for this equipment contain five pieces of information, separated
by hyphens. Read from left to right these bits of information are a 2-letter code specifying
the type of drawing, a T-letter code specifying the size of the drawing, the type number of
the equipment, the manufacturing series of the equipment, and a 2-digit number specifying

the number of a drawing within a particular series. The drawing type codes are:

BS, block schematic or logic diagram

o~ Q

CD, cable diagram

CS, circuit schematic

o 0

FD, flow diagram
e. ID, interconnection drawing
f. PW, power wiring
RS, replacement schematic
SD, system diagram
i. TD, timing diagram
j. TFD, timing and flow diagram
k. UML, utilization module list

I. WD, wiring diagram

Logic Signals

All logic signals are either standard Digital logic levels or standard Digital pulses. A standard
Digital logic level is either a ground (0 to 0.3 volts) or =3 volts (-2.5 to -3.5 volis). Logic
signals are generally given mnemonic names which indicate the condition represented by as-
sertion of the signal. An open diamond (——) indicates that the signal is a level and that

ground represents assertion; a solid diamond (——@ ) indicates that the signal is a level and
that -3 volts represents assertion. All logic levels applied to the conditioning-level inputs of
capacitor-diode gates must be present either 1 or 3 microseconds {(depending on the module used)

before an input triggering pulse is applied to the gate.
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The standard Digital negative pulse is indicated by a solid triangle (——) and goes from
ground to = 2.5 or -3 voits (~2.3 to =3.5 voit toierances). The standard Digitai positive
pulse, indicated by an open triangle (——T>), goes either from -3 volis to ground or from
ground to +2.5 volis (+2.3 to +3.0 volts). The width of the standard pulses used in this equip-

ment is either 1.0, 0.4, or 0.07 microseconds, depending on the module and application.

Occasionally, the transition of a level is used at an input where a standard pulse is otherwise
expected and a composite symbol (———C>) is drawn to indicate this fact. The triangle is
drawn open or solid depending respectively on whether the positive (=3 volt to ground) or the
negative (ground to -3 volt) transition triggers circuit action. The shading of the diamond
either is the same as that of the triangle to indicate triggering on the leading edge of a level,

or is opposite that of the triangle to indicate triggering on the trailing edge.

Any other signal is non-standard and is indicated by an arrowhead (——> ) pointing in the

direction of signal flow. Figure AZ=1 shows the standard symbols used in all Digital logic

drawings.
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NON-STANDARD SIGNAL
—_—

—_—D POSITIVE PULSE
—_—_— NEGATIVE PULSE
—_—_— POSITIVE LEVEL
—_—mn— NEGATIVE LEVEL
oD LEVEL TRANSITION USED AS A PULSE
_  » TRIGGERING ON THE TRAILING EDGE
OF A PULSE
O \\— CLAMPED LOAD
2 2 PNP TRANSISTOR INVERTER
2 1. BASE
! or 1 or 1 2. COLLECTOR
3= 3. EMITTER
- 3 3
or ~A or ~V POSITIVE NAND, NEGATIVE NOR DIODE GATE
— e
—<
or ~A or ~V POSITIVE NOR, NEGATIVE NAND DIODE GATE
— —_—

Figure A2-1 DEC Logic Symbols
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CAPACITOR-DIODE GATE, POSITIVE OR NEGATIVE
INDICATED BY POLARITY OF THE INPUTS.

4 P AC IMDHIT
Se FULOL ST W 1

2. CONDITIONING LEVEL INPUT
3. PULSE OUTPUT

PULSE INVERTER

PULSE AMPLIFIER
—0 +2 . PULSE INPUT, POLARITY INDICATED
{— PA BY INPUT SIGNAL
b0 -3 2,3. TRANSFORMER - COUPLED PULSE
OUTPUT
6 7 6 7 FLIP-FLOP (MOST FLIP-FLOPS HAVE ONLY SOME

n—Ly4 ©

o —D)

> —p)

OF THE FOLLOWING):

. DIRECT-CLEAR INPUT

. GATED-CLEAR INPUT

. DIRECT-SET INPUT

GATED-SET INPUT

. COMPLEMENT INPUT

. OUTPUT LEVEL,-3VIFO,0VIF 1
. OUTPUT LEVEL,OV IFO,-3VIF {
. CARRY PULSE OUTPUT

ONOND OGN —

DE

Figure A2-1

DELAY (ONE -SHOT MULTIVIBRATOR)
I. INPUT PULSE
2. OUTPUT LEVEL,-3V DURING DELAY
3,4. TRANSFORMER-COUPLED PULSE
OUTPUT

DEC Logic Symbols (continued)



U

»
%L ks o
T-4i513
5 > 4 RED O +iov
CINCH JONES
NO. Wl ; 03
TERMINAL STRIP IN3208 + . ;fo' 1 ocozo . *
35000 MFD = 38, MFD
: >t e - 999 15 z&x YEL
ov
] YEL
NPUT
1BV _AC -0
60nrv
| _c¢3 +] c4 +L +
35,000 MFD - 35000 MFD _-35,000 MFC 35000 MFD
- 25v - 25v - -
2 awe‘
o—|5V

BLU

* HEYMAN  MFG. CO,
NOTE: TAB TERMINALS
IN ORDER TO KEEP OUTPUT VOLTAGE WITHIN THE FOLLOWING LIMITS:
+10V: +95 TO +NV
—15V: -14.5 TO -6V
THE LOADING SHOULD BE WITHIN THE FOLLOWING LIMITS:

BOTH SIDES +I0V O TO 7.0 AMPS
LOADED =15V 10 TO 80 AMPS

ONE SIDE +i0v 0 TO 75 AMPS
LOADED ~15V {0 TO 85 AMP

SUM OF THE OUTPUT CURRENTS ARE LIMITED BY THE FOLLOWING
EQUATION: 5710 + 6115 < 53

TRANSISTOR & DIODE CONVERSION CHART
A DEC A

IN32068 IN3208

Power Supply RS-728

BLACK RED "0
GREEN
|— wPuT O;ilL
WHITE WHITE *10
12/3 BLLE
INPUT" 7 )
CoRD [io] o1
R2 BLUE
3,900 WHITE e |
WHITE 1/72W 5%
@— s GREY
O— HO——=—
BLaCK $— N
(@&— ¥
. ® BROWN K3C K(C SREY/ WHITE
1,500 -0— -O—— 1— Sl GREY/RED
vewsw | oo K3 «—0—3]
YELLOW "25v0C DI,D2, AND D3 ARE GE THYRECTOR DIODES 6RS205P4BA GREY / YELLOW
- FLI, FL2,FL3 AND FL4 ARE FILTEROL #3 SPRAGUE 2
D4 - YELLOW Ki i AN ARROW HART ¥ MUAA3000 XXX
0-003 K2 AND K3 ARE C.P. CLARE HGS 1009
[7] cinen vones staip CBI IS A 20A HE!NEMANN XAM33 CURVE 4

SI SPDT 1I5VAC |5AMPS
(O ReLaY PINS

TRANSISTOR & DIODE CONVERSION CHART )
C 413 DEC Eix

N394

Power Control RS-811
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T A+10V (&)

R3
330
1
MA30
R4 RS o
68 88 b-003
& b ) é 0b6sd ¢ é é 6 6
D e F H J K LM N P R s T u v w X
UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/2W; 0%
DEi= TECHNITROL 0.2 p 56C DELAY LINE 330 OHMS
TAPPED AT 0.05) sec. INTERVAL
DE2= DES TECHNTROL 0.2 p sec. DELAY LINE
TR;AN___SISTOR & DIODE _CONVERSION CHART )
[t BEC _ T |
MASO N2
D-003 INO:
Delay Line RS-1310
—O A+10v (A)
RI R3 RS R7 R9 RIl RI3 RIS RI7
68,000 68,000 68,000 68,000 68,000 68,000 68,000 68,000 68,000
< <
—O D GND
Qt Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
R2 R4 RE R8 RIO RI2 R4 RIS RI8
00 300 3,300 3,300 3300 3300 3,300 3,300 3300
5% 5% 5% 5% 5% 5% 5% 5% 5%

E F H J K L M N P R

UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W; 10%
TRANSISTORS ARE 4JXIC741

TRANSISTOR & DIODE_CONVERSION CHART
LT N | -+ ETR

4JXICT4l 2N827 .

Indicator Driver RS-1669




O A + 10V (A)

R3 Re ) R2I R24 R27
ése,ooo %sapoo 68,000 %ss,ooo €8,000 66,000 68,000
< < <
0D GND
al as s, Q7 ) Q9
2N1305 2N305 2NI305 2M30s 21308 o
-O - -0 | T
012
D-662
C _F > _r > F> r F F L 4 ot
) Rz |c2 ce Rz |c7 R20 [cs r23 |co R26 -~ Yoee
€80 3,000 [680 3 3p00 3,000 |80~ 33,000 3000
S% 5% 5% % 5%
| DIO
D-662] cu
- -0
—OF —OR l;—of —OVv —OX Fuso
BN e e b s o9 b ¢
Y Y S : 7
Q ] [e] o] o)
o1 05 06 o7 o8
D-001 D-001 D-00I D-00I 0-001
S Ri Ra I3 RI6 RO 2 r22 R28
1500 1,500 1800 1,800 1560 1,500 560
T P l o 5% 5% 5% 5% vaw
OcC-15v
UNLESS OTHERWISE INDICATED
RESISTORS ARE 1/4%, 10%
CAPACITORS ARE  MMFD
TRANSISTOR & DIODE_CONVERSION CHAR
DEC EIR DEC
[awmos ~ Tewmses || 7
0-001 INZ768 1
D-682 INGAS i -
T Inverter RS-4102
OANOVIA)
-OB+IOV (B
—OD GNO
cr
]
04
EQO—¢—
N R2!
Fo® e S
V2w
ce
L0
~MFD
02 !
R O———1
W oo
SO———— 580 oS on YO i 1 o7
UNLESS OTHERWISE INDICATED: 59 5% y 3
RESISTORS ARE VAW 10%
CAPACITORS ARE MMFD.
DIODES ARE D-003 1 o¢ -1sv

TRANSISTOR & DIODE CONVERSION CHART
DEC A

[MD54. 2N2488
5-G03 IN994
r_g-_a_i..t___ _[IRBAT
7
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|
OANOVIA) ‘
————————————————0B+OVB)  °
D GND
. & [
"o i ;
68,000, e ¥ - |
D-662) e ‘
al a3 ) 4 .
DEC 2894-4 DEC 2894-4 05?22 de
-662 0l
02 ¥ [wo
yo? p-652
D-662 P v
H ut ouT D31
D6 o Ip-662
EO———Pt—4
N DS
FO——P— KO—t—1 B
Ao RIO n 4020 RIS ri7 4030
R4 RS 000 < 1,500 RS
12000 %00 %zz.ooo gz‘oo 124 hsc R
' T l 172w
| J
R3 RIS
68000, €8,050,
dce
a4 Qs =0l
DEC 2894-4 DEC 2894-4 MFD
A
T 4
D2 i our Di2 i out D22 ! out
R O——P—4 uO—P—4 xO—P——+
N N N
s O———P— v ' YO— P '
DI Ao oIt }[ D19 oel RI3 Ri4 4 029 i
R2 R? RE
UNLESS OTHERWISE INDICATED 1500 §IZOOO 1,500 12,000 < 1,300 i
RESISTORS ARE (/4 W, 0% 5% 5% _
CAPACITORS ARE MMFD A [ 1 l J
DIODES ARE D-664 121000 : — 4 —4Ocsy
TRANSISTOR & DIODE CONVERSION CHART
DEC EIA DEC ETA
[oEczmoaa (oecaeea T~ T
D662 IN645 [ 1 ]
-66. IN3606
[D-664 Tnseos )l T .
I : Diode RS-4113
I -OB+10V (B)
4 L ¢ —Oc-15v
RS R6 R7
68,000 1,500 560
5% 2w
o8
c2
R
56
MMF D
¢
DI R4
" 1 o To—j{4—e 3,000 i
D2 5% 2NITS4 Ot 5% NTS4 00«15952
Jo—id—e L Oo—ig—e
03 Bi2
x O—j¢—o v Oo——e D20
D4 o3 0-662
Lo—id—¢ wo—id—e Lec3 Lca
D5 oiq T o T o1
MO—id—e xO—id—e MED MFD D21
06 oI5 D662
NO—id—e ro—4—s :
D7 Di6 1
Po—i4— Zo—¢— o2
o8 D17 0 662
UNLESS OTHERWISE INDICATED
RESISTORS ARE 1/4W,10% - 0D GND

DIODES ARE D 003

E1A 1
R {

USE THE ETCHED BOAR™ ~F "HE 6:18

TRANSISTOR & DIODE CONVERSION CHART
Lo bec ™ | ERA I |
57963 I NSS4 1
D662 ING 45 :
2N754 2NIT34 ;

Diode Gate RS-4118
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E

UNLESS

RESISTORS
CAPACITORS

[__TRANSISTOR & DIODE CONVERSION CHART

) 1 —— O A+IOVIA)
r ~—Q B+10V(B)
R3 R@ RI3 RS R23 R28
33,000 33,000 33,000 33,800 33,000 33,000
¢ < < <
al i Nl Xl ol b Bl
L4 Lal L Lol T Lt
3 o7 oil oIS Di9 D22
0-00I D-001 D-001 D-001 D-001 D-001
OD 6ND
o6
MDlia ‘%‘32:2
z Yoze |,
o662 15" w0
=ov
Yoer
D-662
D26
500 o X 02 “o-s&
5% 3020 D-001
R29 R3|
1,500 1,500 560
5% 2w
—QC-18v

F

OTHERWISE

ARE
ARE

[DZ

D-00i

D23
KD-OOI

O
J

INDICATED:

1/4W, 10%

MMFD

h EEC- [31'Y TTDEC Fia
woII4 2N1499A r
D00t IN278
D-s62 NG4S H H
| Capacitor Diode Inverter RS-4127
—O A +10V(A)
OB +10v(E)
R3 R4
33,000 33,000
D3 < 03
= Lal
——OD GND
MDI(4 u%zm o5
! Yoss2
] ) oo, Ly cn
P A 2:: s.awuru
- c7 -
1 -0 H “D?'e‘sz
A o HFo ol
J_g P L"—l p 013
T™Fo i 0-662
RE
és.ooo
5%
—Oc-1sv
68,000
Koo
€
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 4w ; 10%
CAPACITORS ARE MMFD
DIODES ARE D-00I
TRANSISTOR & DIODE_CONVERSION CHART
DEC ETA PHe ETA
MOI4 2N 14994 : ’1’ “
D-001 N 278
ID-SCZ INS4S . . .
L 1 Capacitor Diode Inverter R5-4129
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Dle

oI5 !

=13

i

=
3

R9
68,000

—QA +i0V (A)

i
|
|
o3 ! DIg
L o—Pr——— —¢-
R7
D2 12,000 :
M O—P—0 | O F
o | Dig !
N o L
)
oio 12,000 !
P o——0 a T
os | D20 !
R O—Ppr—b—— S
o8 12.600
s O_H - —O B +0V (B)
0__’._6.07 I o2 _9 RIO
T T R4 68,000
o—u—qbs RN I al ' OD GND
! ! L D32
DS ! D22 ! 0-662 D-662
vV O—P—O—— —-—— 31 l
pa & R3 | 0-662 ct
12,000 | E 030 0l WFD
wo g ? : | D-662
b3 D23 4 D27 29
x O—Ppi—b-—— } ——¢ 0662 |
R2 | \»~ £ 14 J
UNLESS OTHERWISE INDICATED D2 12,000 1 RIl ba2s
DIODES ARE D-664 v o—P—0 y 1800 0y
RESISTORS ARE (/4 W, (0% o H 24 | Rz :Sug
7 o—Ppr—b-—- 4 y ] "55"": 172w
Y s___‘ OC -I5V
12.000
TRANSISTOR & DIODE CONVERSION CHART
DEC EiA DEC EIA
[DEC2894-4 | OEC 2894
D-664 IN3606
[ D66z [INees R .
1 Diode Unit RS-4143
—OA+OV(A
m% §m7 asé éme ns% %ms R7% %nzo Rsé %RZI RII% gazz msg gazs ms% §R24
[ r 4 7 ——OB+0V (8)
%RZ %R‘l %RG %RS %RIO %RIZ %RM %RIG
S d ~O 0P GND
al Q2 Q3 Q4 Qs Q6 Q7 Q8
i€ @ HE) HE)| -+ ) D D P s
T I A
I\ Iy Iy N \ \ g U % =3
0 1 2 3 4 5 6 7
—O —0 +—0 +—O +—O +—O O Toss
R s T U v W X z ¢
01
D36 mFp
5 D26 D27 D28 D29 D30 031 D32
k: f P 12 12 IE E Iz "
R R R R % R R % §$60
L 25 R33 L R34 ‘I; 7 R35 Lza R36 ‘l; 37 ‘l; q R38 L | 39 ‘L,SZ R4O 12w
oC ~-I5v
Lo !oz D3 D4 !os!os !m Ds¥r>9 DIO_[DIi [DI2 YEB 0153'5 D16 [oi7| DI8 ¥m9 Dz:zl p22| 023 %za
KFFOO
J"IO
H 00O
Fep!O-
E 00 —

QI-Q8 ARE 2NI305. DI-D32 ARE IN276
D33-D36 ARE IN645 :
RI7—R24 ARE 56,000, I/4W, 0% *
R33-R40 ARE 4500, AW, 5% :

RI-RI6 ARE 2Z000, V4w, 0%
R25—-R32 ARE 2,200, I/4W, 5 %
Ci-C8 ARE <001 MFD

Binary-to-Octal Decoder RS-4150
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O A+HOV(A)
68,000 68,000 68,000 68000 £8,000 68,000 66,000 % 68,000
O,P GND
al 02 Q3 Q4 Qs Q6 Q7 LT
2Ni308 2NI308 2NI308 2NI305 2NI305 2NI305 2N1308 2NI308
( ( fl K y } gf 4 ING4S =01
AN U \ \ U \ \ [~ uFo
0 | 3 4 e muaj
] T [ v w X z 01
MFD
NG4S
1500, 4,500 1500 1500 1500, 1,500 1,500 1500
IN64s
weas| ING4S (2 NG4S NG48 560
[ 172w
OC—15v
12,000 12,000 12,000 12,000 12000 12,000 12,000 12,000
ING4S IN64S ING4S ING4S IN64s IN64S ING45 NG4S
Lt -
xToo-
J !
FF
H 00—
FoplO—
F
E 00—
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W, 0% H
DIODES ARE  IN276 Binary~to-Octal Decoder RS-4151
x s F
ct c2 ¢3
i.ooa MFD Ilo:.oa MFD T~ BOMNFD i D
’ 3 ’
R? Ri4 Rl R28
30002  Wos 3000 Yoo 3000> Yois 3000 Yois
5% 5% 5% 5%
| — * pY » 4 Yy . 4 ry —OA4OV(A)
! ! ; ~OBHOVE)
Ri R4 é ) é RII é RIS é RIB é R22 § R25 é
68000 68000, 68,000 68000 68000 68,000 68,000 66,000
@ 02 o5 3 6 o T -OD GND
!
+ &0
1 L
B b 7 = co | [en5 3 Yoz
o [ e |5 %6 150 ‘lsor [se| bee o
R2 RS RIS RI9 R23 R26 MFD
§woo 3000 § é&ow 3000 § 3000 3000 Yoz
5% 5% 5% % 5% 5%
il 3 » IR A7)
j;o:s e &0 4;%3 Ao o3 ?24_84; Ao ]
RI7 R20 R27
Boi '-";‘,’? Lgao Gse][os -E’B‘.' 1,500 1500 DI6 1,5340 500 4020 229
Decd - La 5% 5% 5% 5% o-e68 S 523
2w
—1 - ———— SR
'.5%%' R35 1500
S% 1500 0pg =
2 & 5% 1 5% 1509 i 1,500 5%
CI5 T~ AN o7 == % % % [y
330 330 R34 e 330 5% L2
1 5% 4 5% 1,500 D26 4 330
6 e 201 T
330 330 e 6% > 330
33 Yo2s
& e onr & 2B 2o
SET ZERO
ONE OUT  ‘MGicaTeDr= '€ QUT zEROFFB OUT du (BK N Om L Se bn J
FFA FFA FFA EFA FFB Q INHIBIT &
CEsioTons 4 v s R, O RFP W WMy &
i
%‘.‘6’3@?"?& ADR-Ess'!MFD FEATURE IS NOT NEEDED AND FFC FFC FFD FFD

®THIS JUMPER IS INSTA!
1T 1S NEEDED WHEN INHIBI

ED DURING MFG
FEATURE

STANDARD LOADING OF FFC
iS DESIRED.

IS DESIRED. TRANSISTORS ARE DEC 2894-4

{ TRANSISTOR & DXODE CONVERSION CHAR
DEC ETA DEC

T
A

NOTES
* (TWO) IN3606 IN SERIES

DEC 28944
D-668

U-662
' LE XS

DEC 2894

C-668%

INEIS

IN3606
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A
T T T O +10 (A)
O +10(8}
r
[ I S 13 | 2 > o B
. r2 R3S R4 RS 3 R7 R8 R9 RI19
Y ri 68000 68,000 68,000 68,000 e 4 68,000 68,000 04 1[ 68,000 68,000 3006
68000 5%
D
O GND
Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
D26
¥o-s2
08 D9
Rl RI3 RI% < |peee) RIS RIE RIT, RI8 27
30 §3€.,°f 3% AR 3000 3000$ [o:0Z | Hoir| S3000 30009 |01z | Yo 662
s 5 | S s s L9 5% 5% {_Ioees bess| § 5% 5%
1507 ~ TI50 150 T NS P Dl?ggz
c22 =
h "0l MFOT™
R20 zois LY 3 £ Dis 017 % €018 cis Ao o2 029
1,500 5% | F 3 3 D662
Mo w2
R21 {1500 RZS 1500 R27 R4 1
1500 < 5% 1500 5% QR26 500
1 4 5% OR28 560
5% 5% Jsoo 1500 1500 12w
5% 5% 5% -O-I5V
K R 29 R3| R33 R3% <
FFD O
1 OUTPUT i500 5% R30 ippp 1: 500 5% R32 D23 2£ 1500 5% R34 D24 1500 5% R36 025 X
90-668 AN\N\~9D-668 A/N\A~4D-668 AN\ D-658
CI0 - gélol lggg glszo"“‘ g;%l I550£ cia L cis_L 1500 cie L cir L 1500
s30T 7 330 T 330 5% 30T 330T 5%
I
€20 A
UNLESS OTHERWISE INDICATED P , 330 e 330
RESISTORS ARE 1/4 W,10% € Ly € 10UT FFA
CAPACITCRS ARE MMFD cig R37 c1s | gz Su or &s R3g R40
DIODES ARE D-664 330 1500 330 | 1500 | QUT  COMPLEMENT 0 OUT 1500 1500
TRANSISTORS ARE DEC 2894-4 5% 5% 5%V 5%
o FFB B FFB LN
oY <L“ .Y N oM R FFB x w &2
COMPLEMENT O OUT [N | OUT COMPLEMENT 0 OUT | IN COMPLEMENT OOQUT | [N
0 FFD FFD  FFC c FFC  FFC A FFA FFA

DIODE CONVERSION CHART
EIA

NOTES

TRANSISTOR &
BE ER DEC
DEC 2654

DEC 2894-4
D-668

D-668%
D-662 INS.
D-664 IN3606

*(TWO) IN3606 IN SERIES

Four-Bit Counter RS-4217

Oatiovias

Oc-15v

‘&7“

ol | A

O GND.

5%

A

—% "I ioer o - 0oL r—*
' Ace ‘LG‘ 027 ooy [WFFER K RO%6 :uFeFER & Aors
o13 & 4NN Tale 40 i 067e—
Cx] s 2o Moo r T Eez =) e
| Tleamso g 5 vz casio_ | 0 Tl casol

N et

EP RS

| AP rﬂ—-—o
. = cA-33c__ -T0%3- 0SB 065 |

%

§

i

; ¥ = -
i toe—i} ——i—|
£ | N e PN v
260 e el osa ¥ |
as VAN .
sy Rt
1 + * + i
. ,
EXAMPLE CR-330 EXAMPLE F-i50 TRERITRYY G ez 262 A e
finilindinteiole Baiuiely = F150 750 “oze, QMC £-150 Fis0g [ Gse QMO0
: s nEEe i ¢ —f e
[ 1,500 NV\/“‘ il WQ L% 2 A Znd
RS [ ] ey
| s ; ! if-—ea22
. | e s - i | )
e s RIS 2 MA%@
i : T T
i e on s
L ; 3tk & Qe Zoer
------ [ St S 2 Feer
o1l r &2 -i LEV! CEVEL
UNLESS OTHERWISE INOICATED | ==
RESISTORS ARE ./a W, 5% .
CAPACITORS ARE MMFD ON sR 2 ouT

I

o=
SR 3 ouT

hree-Bit Shift Register with Buffer Register RS-4230
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06 D12 R19 R 33
y RS DI4
c4 330 oz Y 4700 oo 330 o8 ) 4 4700 ci6 330 Yo Pised
o) — ! [ ¢ 4 o9l ¢ 1
-IN -IN an -IN Qiz
c3 330 2N2714 €9 330 5 330 2N27H
; N2714 X
FO— | } YO |
+IN +IN +IN
R30
RI6
a2 1,500 1,500
1500, 5% 5%
5%
1 -OA+IOV(A)
T ——OB +10V(B)
R24 R38
RI7 R27 R3i R4l
. 50 1500 68,0002 265500 | rsoo 59'°°°§ 8,000
3% Q2 5% a5 3% g8 00 &
Qi DE Q4 1 Dec w23 06 a7 DE . b
DEC 2894 DEGC 28949 500 2N1309 DEC 2894 66,000
2894-4 2894~ 2894~ ’
LC v 9 —a ’ 4
J_ j &2 I 11022
' c2 R7 c8 R2I R22 o= cia R35 > R36 L|"[o-ee2
150 3,000 150 3,000 1,500, cn MFO 150 3,000S 1,500 les
‘1‘ Q0 T 5% 5% ‘I‘ooo 2 ‘[ 5% 5% Yoo Tiro
KO 1 D} DEC wOrH | D-662
"‘):Il s 72037 207%
270 270
on !E)&_:szgz
o & 22 ook
y Y CEl R26 Ao Yoo
470 AN
R RIS oiok R29 o1 3
3000 3000 P 3000
5% 5% 150 5%
5%
172w
R4 & g RII RIB /20 R25 Rz < A3q R39
1500 <1500 180 1,500 <1,500 180 1500 <1500 180
5% oo V2w 5% 5% So% < 172w 5% 5% 5% 1/2w,5% Sc-isv
UNLESS OTHERWISE INDICATED
RESISTORS ARE 1/4W,10%
CAPACITORS ARE MMFD
DIODES ARE D-664
TRANSISTOR & DIODE_CONVERSION CHART
DEC EIA DEC EIA
INZTi4 T TNETIA ]
DEC 2894-4 i DEC 2894 . e
2N1309 _] 2N1309 . —— -
D-664 IN3606 I N PU |Se Ampl |f|er RS-4604
0-662 ING4S
ce 330 " cis, 330
“o— I vo—i¢ ¢
ol ~IN olo ~N ol9
c1 330 D-003 D-003 D-003 A
-IN EO—] * -O+iov(al
- O+ioviBI
40 H
R2I R39
RI9 6 R3? sapooé gsa.ooo
1500 5% 1500 5% < 2 o
Q5 Q6 Q9 Q10 D28
po-662
ca2
) Lrea 3000 SN
- co 3R =cie 5% MFD
150 26 fivdas 150 car Ra3 oz,
a7 1500 7 1500 D-662]
5% 5%
p 030
D-662|
R27 o2 R4S o2
hOI | 1500 4Dz0] 1500
5% 5% ¢ D31
0-662)
R26 R44
\ 1500
L
2 R4 c24
R34 R28 R4 RS2 6 ~501 MFD
éi,soo 180 1/2W 3000 él::oo 180 172w T.c23 T
< 5% 5% 5% 5% 5% .0l MFD
. e -15v]
¢ c
4
09303 €20 ips) RS3
"0l MFD 4700
1500.
vod 5% ol 2n2ia
19 2 rag
3305 1500
2n2714 RSO 3 5% o
el = UNLESS OTHERWISE INDICATED:
2z P} 8 RFSISTORS ARS /4 W; 10 %
LEVEL IN D25 v S ARE MMFD
wyor D-003 N \W3" ARE DEC 2894-4
0s T b2y 1.10DFS ARE D-664
|0
T TRANSISTOR & DIODE_CONVERGION CHART |
DEC EA DEC [0 !
DEC 2894-4 DEC 2894 0-003 IN994 i
2N2714 2N27I4 1
2"!303 2N1309 | e
D-E6 iN3606
e Pulse Amplifier RS-4606
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QA +10V(A)
0B+ 10V(B)
. —OD GND
R6 \ris
68,000 €8,000
Ql Q2 Q3
g MDI{4 MDII4 S MD1I4
8
b 4 g-esz A
RS RI RI7
¥ o7 100 100 . 100
.1 D-662 Dl4 D22
€ . Jo—p—¢ No—D—
D-003 D-003 D-003
IN H IN IN 4
DS ouT DI3 b2l ouT
F ] K O——Pohi ] 0-—’;—0
0-003 D-0 p-00
R4 RIO RI6
12,000 12,000 12,000 o
.ol
WFD
R3 RIS
68,000 68,000
Q4 Qs Q6
b MDil4 MDII4 p MDH4
y b
b2 !! DIs
D ¥ ois
D-003 R2 Re D-003 RI4
R 100 u 100 X 100
IN N IN
s b ) v b ) Y b é
Dt RI T D9 R7 w DI7 RI3 z
0-003 12,000 OUT p-003Q12,000 OUT 0-003 { 12000 OUT
-0 C-15V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W;10%
CAPACITORS ARE MMFD
TRANSISTOR & DIODE_CONVERSION CHAR :
DEC EIA DEC EIR
WDI 14 | ZNT499A
(o008 — 1 iwsss
| D-e82 .
I S ] I/O BUS Drlver RS-4657
T R R34 R35 st R3 R38! ! $—04 +iov
R0 100000, 0o S8 100083 00,053 100,000 106, 100, 100,000
R3 R6 RS RI2 RI RI8 R21 R24 R27 o3 cla
68,000 68,000 68,000 68,000 68,000 68,000 68,000 68,000 68,000 = o = o
9 9 MFD MFD o
* GND
al Q2 Q3 Q4 [} Q6| Q7| Q8 Q9
! D3 D14 y
* * yid i i D-662 |D-662 ¥
A\ S N S AN \N \N A NET
o-e62 y MED
4
f F f f F F F o = oe g
cl Rz [c2 RS [C3 R8 [ca RII |C5 RI4 [C6 RI7 [ C7 R20 {cB R23 |C9 R26 wed T D-622
56 3,000 |56 3,000 |56 3,000 | 56 T~ -<3,000 |56 3,000 | 56 3,000| 56 3,000 {56 3,000 | 56 3,000
5% 5% 5% 5% 5% 5% 5% 5% 5%
v.o! oI7 g
n D-662 [p-662 T
OF o oL —ON R O T oV O x 0z —
(s) Q ? K é S ¢ (E-) e (s) é u Q w é Y ?
" " Y " Y 1 Y H M 1
o) [¢] [¢] o} [} o) [¢} o} [¢] ~°°':
DI D2 03 04 D5 D6 o7 D8 D9 VED
¢ < idl
Ri R4 4 RIO RI3 RI6 RI9 R22 R25 R28 R29
1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 560 560
5% 5% 5% 5% 5% 5% 5% 5% 5% 2w 12w
Q-15v
c

UNLESS OTHERWISE INDICATED
RESISTORS ARE 1/4W, 0%
CAPACITORS ARE MMFD
TRANSISTORS ARE DEC 2894 -1
DIODES ARE D-664

TRANSISTOR & DIODE

Eid i

CONVERSION CHART

ZNZ894 |

T INSia

IN§4S
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Inverter RS-6102



-O A +10V @A)
0B +iov®
R2 éns gae éau
68,000 68,000 68,000
<
| 0D 6N
al Q2 a3 [ 030
Y2
(i
06 DI3 L] o028 "oocl ¢cs
Y62 !!o-sez Yo e2 ) £ E- S
08 * DIz " o8 v D24 . Y%
Y2 | G Yoo | Yoo | ver
o) o) (? Yo'se2
D4 DIt DI7 023 ::%7
EO—Pt—e LO—P——4 SO—P—¢ WO—P—4 WMFD
D3 DI0 16 22
FO—pi—t uO—P—4 ro—pf xo—p—4
D2 D9 IS 21
HO—Pt—t NO—pH—4 vO—pt—4 Yo—p—4
o7 Die D20 026
Jo—-—%—q- Po_ae'.—.
R
12,000
g >
UNLESS OTHERWISE INDICATED: R4 Rt 14 RS RIO .
ESISTORS ARE 1/4W, 10%. 12000 l.gOO 2000 ,500 12,000 g&o
e&oos ARE D-664 5% S% % vaw
ENSISTORS AE DEC 28941
~O¢ -8V
TRANSISTOR & DIODE CONVERSION CHART
- T | eW [ bic | EE
Diode RS-6115
O A +10V(A)
0 B +10V(B}
A2 RS §Re
68,000 ésspoo 68,000
0 0 GND
@ Q2 o3
028
os ¥o'ee2
o7 p23
¥ c62 ¥Yo-6s2 ¥o-es2
dec
¥08 - o T y0z 2 =&
Fo-662 | D-662 | ¥ p-662 H 027 MFD
L] D13 i D21 ! ¥o-6s2
£o—b—1 S wo—P—4 8 uo—p—4 6
D4 DI2 D20 :hg}
Fo—pl—1 NO—P—4 v NFD
026
D3 oit pie ¥oee2
" oO—p—b — PO—P—+ b— wO—p—4 —
bz i pIo i b8
Jo—P—4 RO—p—+ xO—p—1
Dt 08 Do ois o7 o 0%,
K O—H—1 so—p—t vo—b—3
2RI R3 R4 R6 R? <) 0
12000 1500 12000 1,500 12,000 1500 560
% % 5% % %1%
c-isv

UNLESS OTHERWISE INDICATED
RESISTORS ARE [/4W, 10%
DIODES ARE D-664
TRANSISTORS ARE DEC 2894-1

TRANSISTOR & DIODE CONVERSION CHAI
DEC EIA DEC
| __[DEC 2894

-662

RT
EIA

e
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Diode RS-6117



et s e

¢33
1L
LAY
0Ll 5 aviovia)
5 —{ B HOVIB
R20 R24 ct Tass R37 c2 rR4G t R5Q pie D o
LMY
15000f cj12 2120 —] 15000 | c20 D120 15000 | ¢z o120 ¥ocen e
Ol >2W GIMFD 01 >2W OV MFD 01 Q2w
TwFD TMFD TMFD Yois R
D-6625 1
Q8 cia R27 Qio cii ¢ gg&o Qls c(&l‘ o 2w
(o
ol 0l .0l
den MFOD 3:?029 L MFD 3,R42 d.ca7 MFD DI4
Ts? 5 T %2 s%p T8 ¥o'ce o
o2 a7 Qs 03 Qu i3 04 . ais o3 T O-662
S P
A Q'-G X ¢ @ Y W ¥o-se2)
-3 -3 -3
% \V cl.u
" 5, 01 MFD
47 Qs | Cl& Qiz | c24 47 | Qle{ C32 D12
-0l ol . K] ¥olss
MED o > Y MPD
Re3 | 1 R36 - R49
A% 200 &°7" 200 ES Ral A°® 210 L you
2w 2w 3,000 2w D-662
5 t:ll-"L cal T2 5% c2s
25
ks 1T A DI
i orweotf 4 o mFD";lza e 01 MFD! Y05
c
17 R22 Gr QRes R385 023 SR39 43 Rés c31 oms2
b uFD & 30 wFD Q330 500 mFD Q330 woo
"% 1,500 - 1,500 1,500 5% 1,500 ¥ D-662
5% t 5% t 5% t 5% 1 -4
T oc-Isv
RS, R3 Ri2 RIS R21 R25 R34 R38 R44 R4T RS| RS3
100,000 1,800 82 100,000 4,500 82 1,500 82 100, 1,500 82 %
5% - 5% | 3y 5% R 5% v %
3 OH Ox L ot Ow z
INPUT 1 OUTPUT I INPUT 2 OUTPUT 2 INPUT 3 OUTPUT 3 INPUT 4 oUTPUT 4
UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W; 10%
AMACITORS AR ‘ulro
@3,07,Q11,8 QI5 ARE 2N3009

2

E 2N2504

04,086,028
ALL otHER TRANSISTORS ARE DEC 2894-1

TRANSISTOR & DIODE CONVERSION CHART
DEC

O
TDECZ894-1 | g94
_2N2904
2N3009

_D-8 .
-6 1

EIA

A2-17

Bus Driver RS-6684






Data Buffer-Data Accumulator (sheet 1)
BS-D-136-0-DABI
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(= <t x-lmw_\f 1 1 kyLAIA“mtx?«_m
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== Ys 8 29 18
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- T ue310| T T T ssng
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seaa 6280 cz80 Mt 1180 118a 580 meowﬁln%auwc by Mm_w
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AL vV VU e v v VU e ——80l~=80 50 5 A
u# lu% lh_% \:% l.w luw o}
[ A
(@) ue He )28 (T 4 ue He )ty b
)
(a8 e Hé 2w (x® e Hé TV a
2
1Y € NI VIVOHSVQ - o
2701 go1 17 ¥ NI viva HSva 0
mw peev z% mmV pev :%
vEva 82va zzva el 91va piva tva A:l[t»u Heva
’ Bl 1 B 1 D el T o 1 B 1 PleZ—v0.r_aa 20
g L
I NO ro s/ I 1) NQ ro N
- = 801—+-80 20
v¢eq 8280 zz280 X 21aa p18a +aa”
7 1 1 1 1 1 80--—vad 00
¢ 0 ? X ? P slrm 80 419 20
Y VL Y 5 VL vV VU @5—80R-90 00 —
(_xo a9 0 Jzar  ( xe de TEDL: L
(_xe de 16 evi ( xé dé 46 Wi
14 €€ NI VIV HSYG - 6N vva e w
1107 Sor viva HSYQ
ww pe2y :% S ey x%
B - p l——11 HSV(
£eva 22va 12va n Siva 6va ¢va |1y Hsva
1 ol 1 Bl 1 0 lai— 1 ol 1 Bl 1 f el ——vae—L-aa 5a
Y NO ro . 15T NO ro it
¢80 L280 1 = 901 =@a 2a
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Data Buffer-Data Accumulator (sheet 2)
BS-D-136-0-DAB2
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1D24
DEV 6 ( [ =] 9C [ 19] ®E OF oH 1023 oK oL oM N [ ®R pT U [ A oW [ >4 oY [ =] ®C oD ®E oF o H oK oL oM eN [ 1] SR OT U eV oW 9X oY
DEV S C [Y:) oC oD $E - OF ®H 1048 oK oL oM N oP oR T ouU [ 1% W pX ' »Y)( o8B oC oD eE oF oH oK oL oM N oP PR OT U eV oW  OX uY)
. { 1Dig '
peva (K oL *™ N [ $R )1D15
pEv3 ( ¢K oL M oN P $R )1D14
1D43
pEva (__$K e pM N *P $R )1D12 ~ | (8K 6L "6M N ¢F R
pevi (8K oL oM oN 'Y3 ®R )1D1¢ . ( ok 6L ém &N
¢ * ¢ 1011
| | | a2 ' \
1D5 g
- F J L N R T v X Z F N p |R T vV w y Zg |F J Lm N R T Vw X Z F J Lm IN R Ty
£ ZL'ib H K M P S y w @ Y IJ__Q E H S Y H K [ S y Y E H K P S
T l ns ns 1 | & = o R e =3 = = e = = | = = = =T e :*t :ﬁ- ‘:%:
e = e = = = = = = - = = = = = = = = = = -:} = = = = = = = = = = = - =
r J ! ‘ l l l , |
| ! P DAY (1) DA (1 DA13(1) DAis (1) DA17(4) DA19(1) DA21{1) DA23(1) DA25(1) [ DA27 (1) DA29(1) |  DA31(1) DA33(1) DMS(i)
| | i i f i i
| g F H_ 1Y K EL p 1R DA8 (1) DAL (1) DAR2(1) DA14 (1) CA16(1) DA18(1) DA2g(1) DA22(1) DA24(1)  DA26(1) DA28(1) DA3g(1) DA32(1) DA34(1)
| = § = = = 4192 4192 4192
| | 107 1D8 109
i
| pagi) DA1(1) DA2(1) DA3 (1) DA4(1) DAS (1)
¥ 412
I 1Ds
.
4127;* 4127 % 427 % 427 427 ¥ a7 W
1CL5 1C17 1C19 1ca1 ! 1C23 1C25
DAG() DAXL1) DA2(1) DA3(1) DA4(1) DAS() DAsl) DA7(1) DAS(1) DAS(1) DAG) DAIIE) DAL2(1) DA13(1) DAL4(1) DA15U) DALGH) DAL7(1) DAIS() DA19(D) DA2(() DA21(1) DA22t) DA23® DA2a(1) DA25( DA26(1) DA27(1) DAZS(1) DA29(1) DA3@1) DA31(1) DA32(1) DA33M) DA34(1) DA3S(1)

A A A Y A A 4

L . T S I
o

el
—
=

ke
%
0
k]
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a0
2>
= M
m
1';,\#
[
{2,
_
v
H
]
{2
3
-
(s}

[p
13
90 v
%}e]
et e—e
< 'LJ%‘E
<
l\%\E
jaZal "]

L P . . H ; z H
ENVNV-NVNVENYNVNY NNV NVNVNV N :,
N N e M L VESUR P Sul P SN =l S5 ol v Sl e = = »= DASH STRB RT——= > S wee M R Y >
2o A S I S A i i I A T e e &l " I A i e
(Dgsl F K N v oy F K N S vl o F LK N s Y iN S v Y F K iN S v ly
B_ e D | OE | 6F oH | ek oL | em NT T @R | oT @ U v | ew  éx [ év | )16 OD [ OE | oF [ OH | eK| 8L | M| eN' ep | eR | T U v  Sw ex T oy 1ot?

H L P T W F4 H L P T W 2 Hol oL P TS z H L P T W z H F‘J P T w z H 3 P T w z
) s ,(\—D \ ;o / / \
(34 (24 P P\ PI PI [P\ /PI PT P (3 PI PI PT ﬁr PT PI PT AP\ ﬁ’g pﬁ PI PT PI\  /PI QIX /P PI\ /PI\. /PT PT PIN b1 b1 b1 b1
S R L AP S P SN = S Sl s S v S A S S e s S s g Vs g s DASH STRB RT—Ewr Vet Marb R U x T e T 0 1 m T R T: u_,_f_% x T e oI MST R T x g
pasistref & Yar ¥ & ¢ ¢ ¥ ﬁi%fe;jr T " Y 3 'Wr?éfgif O 3 (DEV 6) [y T WP Sy T [ Y P M Y S T i wr ¥ &
LT . C .
(DEV &) F K NEEL e Y F K N S v Y F K N S v Y F K NP s v Y F K N2 s v y F K N s v Y
b8 6C oD et er 8H 6K 6L oM 6N éP R  eT oU 6y 6w  éx &y )ipzt (o8 bC oD 6E  &F H . 6K oL eM &N  eP bR oT U eV éw  ex &y D22
NOTES
1. ¥ PKG USED WITH FOUR OR MORE DEVICES CONNECTED
. 1D1¢ THRU 1025 GROUNDS ARE A,JS,AND Z. . )
. P & l . - { ! T;” g ﬁ P f §é
?*PF} APl U SR : B RN/ A .
_ o Data Buffer-Data Accumulator (sheet 2)
o e - BS-D-136-0-DAB2
1 . 2 3 ] 4 5 (




Data Accumulator Shift BS-D-136-0-DASH
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1 | 2 3 4 5 6 7 | 8
DASH DASH DASH DASH DASH DASH
H sEs DATA IN & DATA IN 1 DATAIN 2 DATA'IN 3 DATAIN 4 DATAIN §
PA 17 pDASH LT 2—-DASH RT LT LT LT LT LT LT
a608|, M_|4604. |1
1a18 o 1a21 s
431299 - 4123 -
1 K 1A2 . H H L L P [ T T w Z
. H
e A VAl TUA] [RA] [RA] RA] [RA] [RA] [RA] [RA] [UA] [RA A
E TK/GV CHAR RT (BEVISCCETi )3 4113 an3| 4113 4113 | 14H3 4113 | a3 13 | 413 413 1 14143 4113
TK/GV CHAR LT(DEVICE ”-ﬁé v ) Ei__ 1C1 iD1 1C1 101 1C1 1D1 1C1 1D1 1C1 104 1C1 1D1
H ‘ . H - 9% EYF % LW W W S RYs YW ulv %% x?y
TK/GV CHAR LT(DEVICE 2) = TK/GY CHAR RT(DEVICE 2) 5 |
TK/GV CHAR 3(DEVICE 3) Y . oc |2 _ i .
. DEVICE
TK/Gv CHAR 4(DEVICE 4) ) ' seLECT | !
N
X - : IS oF oH oB c D )
1 3 _ . DATA IN LT 01 .
2 4 DEVICE 2
o BEV . ( et oF oH o8B oC. »@
SELECT(B) . ‘ D/EATACW LT 1D1¢g
ASH CP@ B3z DASH CP1 DEVICE 1
¢ ,
DAGH DASH DASH DASH DASH DASH
M. [BE wal CATA IN 30 DATA IN 31 : DATA IN 32 DATA IN 33 DATA IN 34 DATA IN35
. My RT RT RT R
DASH L . la6pe 4e§4 H 2 . y RY B
1A18 1A24 Y
= WF MM—?E .W_$F 'W\—?E m—%_. : f“M—?E
33 733 . 4133 3143 4133 3143
* 402 vV 102 v 103 v 103 WV | {104 v 104 v
DASH RT =] , : . .
. % AIA]AIA 5/\[A|/\ /\‘{/\‘/\l/\ /\l/\l/\[/\ /\‘/\I/\I/\ /\l/\T/\l/\
DASH STRB RT(DEV 5)——%% | L '
5 AEARAENXA sfruvw,x 2 HW KL NTPIR TSIT JUIVv Twix v 12 THI JKIL MIN PR Js T Ju W (% z
DASH STRB RT(DEV 6) > . '
X Vv - L
GV CHAR 5———-—‘&%3( §1¢K ] 5 + T
e [E0 A 8 ES
R : -15v SELECT © 4 :
DASH STRE v 6 By *\C
(DEV 5) Z ol oc ;
o 5 >DEVICE ]
(RT LT SELECT
SATA INRT( B ; y '
e A (_#8 oC 'Y E oF bH )
BE 1H A 1P . Lt D15
46¢e 4606 7 DATA INRT
J R LR NRT(T eB oC L) [Y3 oF oH )
1A17 ﬁ:_ 1A17 '—% . ) E LEVICE 1014 i - c
T DATA N RT ) PY %) ' o oF o)
O DEVICE 2
TK CHAR 5 K:f.:‘ﬁ 5~[;" < 1512
T ‘ CATA IN RT 17 oC oD I3 oF '
- __g,,,,_,f : CEVICE 1. C : , )
- 1019
DC DEV & “TK/GV CHAR TK/GV CHAR :
: , TK/GV DEVICE 4 Gv GV
DASH STRB RT LT "RTY LT CHAR 3 . CLR CCT CHAR 5 CHAR ¢
(DEV 6) DEVICE 1 DEVICE 2 DEVICE 3 TK/GV TK T —
,—-————/&—-—\ CLR CCT CLR CCT CLRCCT CHAR 4 CHAR 5 CHAR 6
RT LT T T T T
|
PA _V!j PA ’lj (61T du v ew ex (C ot by v ow ex) (Coy dv ow ex Y( by bv ow ox ) (61 éu ov ew.ox ) (41 &y oy oy ox )
4606 | 4606 x DEVICE 1 1 DEVICE 2 DEVICE 3 DEVICE 4 ) DEVICE 5 DEVICE 6
1A17 M3 1A18 1. 101¢ 102 1014 1D15 1D2¢ 1025
DC DA RQ B{1)
TK CHAR 6—YeER Yo 0C DEV SEL 1(B)—= DC DEV SEL 2( B )— : : v
e—eeg - DC DEV SEL 3(B)—— DC DEV SEL 4(8)— DC DEV SEL 5 DC DEV SEL 6——-! D.
2 2
1
.!/

DC DEV SEL 6

: = Data Accumulator Shift BS-D-136-0-DASH

S PRI T 1 T



Data Control (sheet 1) BS-D-136-0-DC1
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DC SELECT
F1 17 108 DaTA I ¢ DC DB—~I0B
DC CH MODE eﬁ(%\:‘g‘: A 3
DC CH MODE 1 {@} w® o117 2 T M N DC CCT DONE
{0B RESET ¥ fals ap o<
‘| = a1¢2
H__ ~pc IC CLR . y 1Bo
D1 |0 108 CONO CLR J DC CH MODE @ (§) —@®f LA ~A
- - = 7l ell® | DC CH MODE 1 (1}
= 5V 617 |7
G 1A13 | (g} 1A15 [ @Y
PA M »DC IC SET —
4606 L E
X _ DC CH MODE @ (1
} Mliks = 1a2 (oD o ¥ DCCH MODE 1 (9) DA = Sl
o 108 26 ‘108 24 108 22 Nel1a13 [ (23 1415 [ (oY)
€| |E] 108 cono sET v L 5 (2} @
~—ie 132( oD (13 llF) |
2 % ? ﬁ |
E | E
— BD P T w DC el A, .
H |H| 10B+—STATUS £ Eol egs |t Mgl "L A _—R{"LW Ug( ", Ni——< DC STATUS CHMODE F 611/;\ e Fe ’\;ié\ L
. VAL T 1821 | N _|4657| o i4657| 14857 1(1) H . _ﬁ’ S s
A3 1B12 1B42 1812 e 1a13 | (3 et
Fql1B7 { 24102 u |"__._
189 D oc be —|——] ——
By ot e T2215 Ta215 - -
I0B RESET EpPA Fl—» BC CLR DB 1A12 1416
4606 PRy Wl pl HiJ  HW NP NP T T
' 1819 Y ' e | DC DC oC .
.
< I ? scrp ! | ¢ ccret L ? cera ! . $ ccro ! :
B B DC CLR SCT —{ DC CLR CCT
B! 108 paTA O CLR K >
Tt A2 ! | 1 e ] Rl
TL Lo o ol
DCCLR CCT
. DASH CP1 nc ble DC IC CLR R [Sg T
C| |C|10B DATA,OSET DC DB<—r+DA DA—G—=DB DB—3—~DA Pl 1a7 | ar LS
* L DC SCT CONT 41
M I W v U W p - P—R =
A A o DC DBDA MOVE (1 ) Y P ¥ PA PC IC CLR——— PA PA |
M 1669 1 bc 0A Ra (1)~ Nt 1a: e L 15518 w
o3 1822 ~Nef1p7 189 P 1416 X5 181g |B
sl 15 = - - Pl
: oo —fE e}l reh ok 1
1K .= £ v oCc ccT DC SCT
oo C
J U= DC DBRQ (1) e z T DASH CP1 57 CONT CONT
1&3 1B3 K | DC IN DC OUT 1A11
oC DBDA ) S DC SCT DONE be ceT W
M N ' DONE M A UL, A
~ -~ pCiNjouT (1 —f e E— Sl
Fl {F E P R DC SCT CONE 1886 YA18e
le F DC CH MODE @ (1) — {29 S 570 4961 -1852
- A .
t L H s T
MM ; OCCHMODE +(t) —F>of p—+— fR i "UDCZIT DONE
® L g !
Pl |p K | 4118 DC ceTé ) —e Y 29 A ~LDC CCT DONE
d 1A6 W W 1
T T L DC CCT 141 R .
MEEM < s
DEVICE 1 CLR CCT
o o D CeT3 —54:3—#4 T
x| Ix N L N UEVICE 2 CLR CCT -ff
8| |5 - DEVICE 3 CLR CCT Y Wep
&{—-&+—— I0B RESET Tk A
Al A DEVICE4 CLR CCT + » F
U F4
s| s DC DEVICE SELECT 1 2 3 4
i3 NG.BIT5 [CH MODE] NO.SHIF TS| NO.CHAR | _NO.CHAR
- IN CHAR [38 T 29 PER CHAR | PER WORD | PER WORD —1
c 108 811 POWER 6 K [ 6 B
@ POWER ON@ CONTROL 2 173 > 3 >
A 18 1|1 3 z 1
- 4 36 ¢ 11 ¢ | Y

Data Control (sheet 1) BS-D-136-0-DC1
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6684 —e
1821 e 5 EDVCIC R o7 e oV oW ex oY )IA3
%211_7-_—_—1?8211?————“_———_ A A sgi\él(g(a) SELECT(B) 108
: iy v e II KoK MP_ Mlp Sy __5u Y — w v | be CerR___é7 [ [ o™ o & )3
DC DC . PI-1  |PI-2 PI-3 PI-4 PI-5 PI-6 PI-7
DATA ! DBDA 1 1 1| DEVICE
}E g Oal8 1t e :STMOVE 1 ? DaRQ ) DBRQT $InjouT I SELECT
OC IC CLR— i =T — —1 A
I boe L !
DC IC SET b _‘D%E | o% 3
7] " , v % o !
| | i = DC DEVICE SELECT
Lo m—f L e R g = , A- N
OC DB Ix v 2 1 2 3 4 5 6
«3»CA — »{7
6132 8102
1B19 T 1819 S iT y v w X S T 8] \
R ’LL\/ DC DEVICE DECODE DC PI DECODE
a142 415 P 154
el 186 ' e oo
DC DB—I0B ; £ 3 = J |K
DC CLR DB P rtl Gy T T T T T T T Sl e e s & 2 A -
Pl 1B15 l1B17 ‘ |
4157 | H K _HK M P MP EIRY LY WY wlivi H! |
| 18l i oc OF ® oC 08 !
H ¢k W i ¢ CcH o1 ¢ CH 1 ¢ oC 1 ® bc 1], ) !
£ | MODE ¢ MODE 1 DEVICE @ DEVICEL™ | ¢ |
bT g b I £33 ! £ — £ |
3 iR U ' ! i
DASH CP @ f)ﬁ | il pI aun) o~ o~ ! F b
F G v I v f | !
DC DA RG (1) 1 oc cer | ! !
o s = —— ER——— A —— [ S v 2 |
¢ ; !
= P IR-15V t
i [_4;-_- i
OC DE =10 B ! -
{
i i
i i
| i
DASH CP1
142( oH oK oL "M oN oP oR oT U LYY (Y [13 [3% )
108 23 cB 24 i 108 25 B 26 168 27 108 28 10822 108 3¢ 108 31 0B 22 108 33 0B 34 IOB %
132( bH oK oL M oN bp oR oT ou [ ow ox Py )
' ¥ [\ Q ¢ T 0 0 0 q Q [ C
éz I e P T W |2 H L P . T ) v, z
DC STATUS LN ey Lo T A NN LN YN Sl Ul A ‘ol ™ A Ee LA SPR RSy LNy "o A U Al X oA
v 4;57 p|4ns? . | 4857 | 4657 . |4657 V| 4657 y 4557 £ 4657 « | 468 N | 4857 g | 4887 v 14857 y | 4657
1B12 1B14 1B14 1B14 l__. 1B14 |—_. 1814 r. 1B14 1B16 {—. 1B16 '-—. 1Bi6 ‘——-‘ 1B16 l,_. 1B16 !_. 1B16
DC DC nc DC oc DC DC . DC DC BC DC Cce DC
EgTDA*J Maem DaRGH CBRQ(Y) INJOUT (1) CH MOTE @ (1) CH MCDE 1(1) DEVICE @{1) DEVICE 1) DEVICE 24} PIA (L1} PIA 1(1} FIA 2(1)
CLBDY OVE (1 I
BRI 2 l l I ]
: 1 2 3 4 5 '

Data Control (sheet 2) BS-D-136-0-DC2



Methode Plug Connections at
Processor Interface CD-D-166-0-1OMB
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10, BUS

~PIN CAIéCt)'_E__ﬁ__ CAIB%E *2 CAISLE #3 CAIBOLE#4
A GND | GND GND GND
B I0B o)~ | 10B 18 (1) < IPOWER RESET—» IDATAQ CLEAR—
C 0B 1M— | 10B 19 ({)—<|POWER ON -5V |DATAO SET —
D 0B 20— | I0B 2p(1)—< CONO CLEAR—>
E 0B 3W—| 08B 21—~ CONO SET —»
F 0B 4(h— | I0B 22()—<|I0S 3 (@) — |IOB<«—DATAI —
H{ 1I0B5M—=| OB 23(D-—<|I0S 3 (1) — |IOB+—STATUS—
J GND ‘ GNU GND GND
K| I0Beh— | 108 24(1)—~110S 4 (@) —<
L 0B 77— ! 0B 25(1)—~{I0S 4 (1) —
M| I0B 8()—| I0B 26(1)—<1I0S 5 @) —
N IOB 99— | 10B 27(D—|10S 5 (1) —
Pl I0B 10)— | 10B 25(1)—<|I0S & @) —
R| 10B 11— | I0B 2%(1)—|10S 6 (1) —= |PI REQ 1 —<
S GND GND GND GND
T 0B 12— | 10B 30)—110S 7 (@ — |PI REQ 2 —
U 0B 13— | 10B 21()—i10S 7 (1) — [Pl REQ 3 —
Vi o10B 14— | 10B 221)—|I0S 8 () — |PI REQ 4 —
W 0B 15()— | 10B 33()—|I0S 8 (1) — |PI REQ 5 —<
X 0B 16— | 10B 34(1)—|10S 9 (@ — |PI REQ 6 —<
% 0B 17(D— | 10B 35(1)—I0S S (1) — |PI REQ 7 —<
z GND GND CND GND
(SCURCE 3Le) (SOURCE 3L7) (SOURCE 2L13) (SOURCE 2N25)
PLUG NQ.| 1A1 —1B1 1A2 — 1B2 1A4 — 1B4 1A3 — 1B3
11213443 ]2]1

Methode Plug Connections at
Processor Interface CD-D-166-0-10OMB




Flow Diagram FD-D-136-0-FD1
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ouT IN
CONO CONO
CLR CLR : DA RQ@
) ADEV SEL EXTERNAL
—->CLR IC REG —>CLR IC REG DEVICE
o= I o
- t| TK/Gv CHAR
CONO CONO A x _i
SET SET - ===
Loy [3nee o e, R T
p—— OUT,MODE —> ~e (= EL
DEV SEL 4
DEV SEL e TK/GV CHAR
DATAO GO TO B /\DEV 5,6
CLR DASH
cLg Jos
DB RQ {———SHIF T DA
_1_1“5 PG
DATAO
SET —1 \l'
1S DA RQ (1)
—> J0B—+DB
1 | l L >paTA CLBD*—1
_1js cP1
A DATAI
}——>DBDA MOVEe—1
(f—>1) DB RQe—¢@
FIRST PASS ONLY : (1—=@) _ D8 108 CCT DONE
—
AFTER CONOTOUTI " i > DBDA MOVE—+1 L RAS— é} 60 TO A
v
DBDA MOVE @—»1 DA RQ @—»l GO TO B
ADARQ (1) /\ DB DA MOVE (1)
SCT DONE A "L CCT DONE
DB4eDA L
A ",SCT DONE
> gg ga@f‘_o) N IDX CCT
"\LCCT DONE 0<-SCT
>10X SCT
] s o
' '
DA<—3—»DB DA <—3—»DB
(GO TO DATAI) (GO TO DATAQ)
/
DA RQe—@
GO TO B

Flow Diagram FD-D-136-0-FD1



External Device Connections
ID-D-136-0-EDC
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*| DEVICE 1| DEVICE 2 DE\élCE DEXICE DEVICE 5 DEVICE 6
PIN AT 551 : MT 516 36 ORLESS BIT DEVICE 36 OR LESS BIT DEVICE

1E10 | 1E11 [ 1E12 [ 1E13 | 1E14 [ 1E15 [ 1F16 [ 1E17 | 1E18 ] 1E19 [1E20 | 1E21 [1E22 [1E23 [1E24 [1E25

A GND GND Ghp GND GND GNG GhD 0D GND GND GND GND GND G GND. G

B 30 N ‘ 0 1N 30 14 NN 0N 18 I} QuT 18 CUT 0_IN 18 IN 0ot 18 ouT

C 31N 31 1K 311N 31 AN 1IN 19 IN 1_0UT 19 0.1 1IN 19 1N 1 0UT 19 OUT

D 32 1K SPARE 32 1N SPARE 321y 32 IN 2 IN 20 1§ 20Ut 20 GJI SPORF 2 iN 20 IN 20Ut 20 out SPARE

E 33 N 33 1M 33 1N 33 11 3N 211N 3 0uT 21 0uT 3N 21 N 3 0uT 21 CUT i

F 3 1A 34 IN 34 N 34 IN 4 1K 22 IN 4007 »or 4 N 22 IN 4 OUT 220Ut

H 35 IN 35 IN 35 IN 35 IN 5 IN 25 IN 5 UT 23 0ut 5 IN 23 IN 5 QUL 2300

J Gan o) GND Gt oD GND 6D GND GHD GiD Ghip GND GND GND GND. GHD

K Q QUI 30_QUT 0 T 30 0UT 0_GUT Q0T 6 IN 28 1N A QUL 24 T i 6 IN 24 IN £ OUT 24 QT

L 10Ut - 31 0T 1 04T 31 QUT 1oL 100t 7N 25 N 7 out 25 GUT. 7N 25 IN 7.0UT 25 0UT

M 2 QU7 3201 2 0T 32 T 2.0u1 2 0uT 8 IN 26 IN 8 QuT 26 0T SPARE 8 Iil 26 IN 8 QUT 26 OuT SPARE

N 30T 33 QUT 3 0UT 33 0UT 3-0uT. 3 0uT 9 Iy 27 1M 9 QI 27 OUT 9 IN 27 IN 9 QUT. 27 01

P 4 QU7 34 OUT 4 QU] 34 0UT 4 out 4,001 10_IR 28 IN 10 0uT 28 OUT. 10 IN 28 IN 10 .0UT 28 0UT

R ST 35 OUT - | 5 QUT 35 QuT 5 out SOl 1IN 29 14 10T 29.0LT 111N 29 IN 11 0UT 29 0L :

S GND GND GND AN GND GND OND GND GND G GiD Yoo GND GHD GND G!D

T TK/Gy RT IKY BT SPARE SPARE 12 1N 30 1N 12 001 30 QUT GV/CHAR 12 1K 30 N 12 0UT 30.0UT GV/CHAR

U TSV LT KAV T TKGY 3 IK/GY 4 13 I8 31 N 13 0T 31 QUT TK/CHAR 1IN 31 4N 13 OUT 31007 TK/CHAR

Vv CLR C7T 1 CLF CCT 2 CLR CCT 3 CLR CCT 4} 14 IN 32 IN 146 QUL 32 0T 14 14 32 IN 14 QT 32 OUT.

W DERQ(1)- | SPARE DARQ(: )~ | SPARE _DARO(1Y-- | DARG(1)- | 15 IN 33 IN 15 0ul 33 QUT DARQ(1)= | 15 N <3 N 15 QUT 33 OUT DaRQ(1)-

X SEL 1 - SEL 2 - SEL 3 - SEL 4- 16 IN 35 | 14 OUT 34 0T SEL &- 16 IN 34 IN 16_0UT 34 OUT SEL &

Y “PARE SPIRE SPARE SPARE 17 1N 35 IN 17 8uT 35 OUT SPARE 17 N, 35 IN 17 OUT 35 oUT SPARE

Z GND GND GND Gh GND GND GND GHD GND GND GhD ONG GND GND GND GND

* NOTE

ALL CONNECTORS ARE 22 PIN METHODE PLUGS (MALE
AND ALL MATING PLUGS SHOULD BE SAME. ( )

External Device Connections
ID-D-136-0-EDC



Data Control System Diagram

SD-D-136-0-DCSD
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IOB | FUNCTION|
Z? + & l— ONLY READABLE
oara qut o & DEVICE 1
INITIAL CONDITIONS *| (3¢) 54 | Daba °
STATUS 28— ¥ DA OC SELECT DEVICE 1 (551)
?DATAI Y % & I5 paTA IN
DATAI % H | CHARTMODES - TK/GY CHAR RT 1 6 BIT
A . 9 TCH 1 - DEVICE CLR CCT BIDIRECTIONAL
DATA O 3 £V 3 - ; TK GV CHAR LT 1
(36) 3 D Véta 10 1 (2 METHODES)
k. y. - - 6 ————————————
DATAO CLR (DAB1) 3 e DEVICE 2
DCDB ki A DC SELECT DEVICE 2 >4
DATAO SET . ‘ 6 g para
g Beotans eer
- LR C
- TK/GV CHAR LT 2 BIDIRECT!
(2 METHODES)
363~
R DEVICE 3
& _i6 DATAIN (516)
DC SELECT DEVICE 3
§ - TK/GV CHAR 3 6 BiT
- DEVICE CLR CCT  nIDIRECTIONAL
-
& DATA OUT & |36 pata out & DATA OUT ! o _ _ {METHODE)
(DABY) 16 DEVICE 4
DCDA DC SELECT DEVICE 4 ;
DASH AT sl a2 17118 2324 2913¢ __ 35— DASH LT _ <+———TK/GV CHAR 4
I/O [ [ <—-*—G‘ DEVICE CLRCCT N D|g£g;_~ro
‘ UNI IONAL
A : & DATA IN
BUSS (1 METHODE)
6 DATA IN
LA /\o—oc DEVICE SELECT 1
| 6 DATA IN 6
" le—— D DEVICE SELECT 2 DEVICE 5
\,
Vi 6 DATA IN - TK CHARS
A ; - GV CHARS
‘& DC DEVICE SELCT 3 DC SELECT
7\" 6 DATA IN DEVICE 5 36 12,18,36 BIT
@ DC DEVICE SELECT 4 UNIDIFECTIONAL
36 Pt (5 METHODES)
36 DEVICE 6
‘ . TK CHAR &
A & DC DEvicE SELECT 5 DC SELECT DEVICE 6
[ DEVICE 5 GATES| (0aB2) [— - GV CHAR & 12,18,36 BIT
Q35 Data IN UNIDIRECTIONAL
| SVICE G GATE A l&—— DC DEVICE SELECT 6 DC DA REG B(1) (5 METHODES)
DEVICE 6 GATES (0482 fe—
" ¥ EXTERNAL DEVICES
P1E> 36 DATA IN
CON I | @ DC DEVICE SELECT
o 1 1-6
STATUS [oEV oecooei
(e) v/ L
[——o PT DECODE
R . (0c2) | (oc2) focasca)pca) (oc2)| (c2) | (pc2)
CONO CL ©CD| pata |osoalDa |DB | in/| cH oeoice| Pl
cct| cLBo |MOVE|RG | Re |ouTmODE | 2EVICE|  RG
CONO SET}— >
CON © 43) ?
‘—S%%%C—To'\, A }——e DC SELECT

Data Control System Diagram
SD-D-136-0-DCSD




Timing Diagram TD-D-136-0-TD1
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Timing Diagram TD-D-136-0-TD1



Data Control Power Wiring
PW-D-136-0-DCPW
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LOGIC PANELS

GRN

GAN  BLK  YEL

SEE DETAIL "A—

WHT| 1BLK TWwWP

828 P.C.
FRONT
1A4C
(15v)
3
N
B 22 WHT «
ﬁ:22 WHT ;‘%EWHT 22WHT
R
NSO IS SIE
1 2-3 4 5 6 7 8 9 10
N NENNNNNNE
il i

Fan i m

INSIDE VIEW
OF PLENUM DOCR

3¢ AMP HUBBLE "TwIST-LOCK"

| RED | BLU | TO MC BUSS
YEL
—
alx|2 I I
Za
—
RED
) [BLK
BLK
REC
i BLU BLY
t’m BLKm . | : : ! [ g
WHT
828P.C.
POWER SUPPLY -
s811PC. BUSS BRACKET @ _— @

FEMALE
PLUG

STANDARD D.E.C.
POWER CORD

REAR VIEW
OF LOGIC PANELS

Data Control Power Wiring
PW-D-136-0-DCPW



Utilization Module List (sheet 1)
UML-D-136-0-DCML
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1A

18

832 1832 1232 1632 4118-R 4604 4606 a6ph 66 a127-75 8215 b115-02 6i17-R 6117 4215-R a6 73 2129-R 4129-R 2694 1318
A R
e oC BC o
DASH STR3 DASH
o ¢ . X DC Ser 1 ST 8 e oI o . DasH
CLR I R e == «re RT al DASH DASH
SELECT oc DORE ) cP 1
SCT CLR DB e e e — L - — — ] DEV 5 LT RT
cer 2
- — — —} — — — L e e e ST I — o Lo - ) - - - —
o SCT 1
‘ oc 0e DBa—i 0B cer 1 DASH STRB
CTLIAN 11 . ne ne : DASH DASH
MCIH\,UE PLUGS ] o Ic J _ - L - cer e — — — LT e S —— o DASH
DBe—108 DE—d—=DA P G R R RT -
cer CLR DEV 5
DONE oc CP
I Ut U E R e L] 'R S
. DASH
oC CLR
bc CLR e T T 77 asH STRB DASH STRE Py et
ccr g
e Ic o¢ - —— — DONE RT LT
SET 0B RQe—1 | DE—3—DB oc DEV & DEV &
CLR
_ SCT
L
1832 1632 1932 1832 4112-7% a113-R 4151 41g2-R 2127 4217 257 ar 4657 a7 257 a7 415p 6102- 158 6102-R 6682 1669
R oc ne oc De : .
o STATUS DCoB o8 OC DEVICE DC DARQ(1;
¢$ e — — — — oaTace DB DA | DB TA MOVE x DEVICE ¢ o — —- - o —— -~ —
b — -t - . DC STATUS SR — SR — WOVE — - — o GHMODEE L. - DEV2 SELETT (B) STATUS DC DBRQ(1)
’ ne
- — =~ oc g 0C T 4. - ———
b e = I e e ] I, o R -
DC SCT DONE AR B} DECODE DC DEDA(1)
" DEVICE 1
B Salihats. L. - . " DBDA s I e ~ DC = = = = oc RS o I —
oC be 0C CCT DOE o 108 2 DA RQ o CH MODE 1 o PR g . o 0C HH/UT(1)
MOVE DEVICE 2
s CCT CoT DB AQe~~ | 0 = — —— DB RQ ) - -+ pevice 4 02000 pFem—-—--
METH\JDE PLUGS e Rt oC. DC DA RQ e e e i S e Tt o 4 - — 4 DEVIZE DB— 08 -~ =~ —~—loc o ME g1
oc oC Pl ] ' e oC DC DECCOE | o~ — 4 SELECT RN
fC DB DA MOVE 108 21 0c 14,/0UT PIA g o DC R DC DA RQ
DB RQ DB—4»108 DECODE 0 I B, e A PIG 1 DBoAME | 1 sm IDC CH MODE 1(1)
w R DA RQ 0C ne o | Joccetam
SCT CONT I = 108 22 CH MBDE P PIA 1 - m et - .
——————— bo- = - e - —— - —— - =] — - —— - DC, DaDA s
be N o o oc o nc Wit BC CeT 1(1)
R DATA oATA I3/0uT DEV 1 PIA 2 o T el oo
CLBD CL8D CH MODE 1 PIA 2 B A DC CCT 2(1)

Utilization Module List (sheet 1)

UML-D-136-0-DCML




Utilization Module List (sheet 2)
UML-D-136-0-DCML

A2-43



1D

> §o E? Fa
e W -~ o “7{
] n 2 A = o 7 Q (o} 1m 11 (1] 12 1A 1= (W 177 [fe] [Ta) loYaY IoY] A "= A ~r
i < 9 = o O i o] I [\ i \c 19 i< 10 10 [N 1o 1 [4V; i cc o] é'—{ O
L}
a113R 4239 423 4239 4238 4238 423G 4238 4236 4235 423p 4238 4238 a7 . hr 327 4127 a0z 727 4127 a7 4127 2127 4127 az7
DASH DATA
INgLT !
DASH DATA B T T T B T T T T [~ T
N1 LT DAB(1) DA{Y) DA6(1) DAs(1) DA12(1) paz(1) DA18(1) DA18(1) DA24(1) DAZ4(1}) DA3B(1) DA3G(1)
DASH DATA THR THRU THRU THRU THRU THR P
N 2 LT D38,6.,12 091,7,13 082,8,14 DB3,9.15 084,16.16 | DBS,11,17 D818,24.38 | D319,%%, 31 082G .26,32 0821,27-33 | 0822,28,34 | DB23,20,35 U i ) THRU THRY THRY THRU THRU THRU
DASH DATA 3 % & & & & & & & & & 3 [ T T T T T T T T T T T
DAS(1) DAS(1) naT1(1) DA11(1) DM7(1) DA17(1) DA23(1) DAZ3(1 DA29(1 DES(:
I3 LT DAg,6.12 DAT,7,13 092.8.14 DA3.9.15 DA4, 12,16 | D45.°1.i7 | DAIS,24.3p |DA9.25,31 | DA2g26,32 |7 DA21,27,33 | DA22.28,34 | DAZ3,20.35 “ m o0 DAzs(1) Pz
. — - —— o = —+ =4 —+ 4 4 —
DASH DATA
IN4LT
DASH DATA T T T T
N4 LT
3 Q3R 4143-R 4:43R 4ig2-R a@-R 4192-R 4igR 41p2-R 1732 1532 1832 1832 1932 1532 1632 1832 1932 1632 1832 1932 1632 1632 1932 1932
DASH DATA
NG LT — T T B T —
5 SH
DASH DATA DASH DASH oA 4 4 " 4 ] |
W1LT DATA DATA DATA *
‘ DA @ 8(1) A @ B(1) DA,9 B(1) DA 18 B(1) | DA 27 B(1)
------ 1 IN iN IN — T - - T I
DASH DATA 38 8T 32 RT 3 AT
IN2 LT - T TR T THRU M~ THRU T THRY ] T | C D E
IR R B _ . \
- : — — —_ _ y l ' ~
DASH DATA | 1 1 B ] ] M E H P - U L2 S
N30 DASH DASH DASH DA 8 B(1) DA 5 B(Y) DA 17 B\1 DR 26 B(1) | DA 35 B(i)
DATA DATA DATA — 4 -4 L ~+ ]
DASH DATA
IN IN IN
wavr | 1 L___ | . | 1 ]
31 RT 33 RT 35 RT
DASH DATA ¢
N5 LT I S i B T ]
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