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DRUM PROCESSOR 167

CHAPTER 1
INTRODUCTION AND DESCRIPTION

1.1 PURPOSE OF EQUIPMENT
The 167 Drum Processor is designed to transfer data directly between an input/output device
and the random access memory of a modular PDP-6 system. The drum processor can transfer characters

of various sizes at a 4-mhz rate.,

1.2 GENERAL DESCRIPTION

In systems using magnetic drums, the drum processor is normally housed in a single-bay
cabinet, which also provides space for the Type 236 Magnetic Drum Control. The front panel of the
cabinet displays register and status indicators, as shown in figure 1-1, and the cabinet contains an

integral power supply and a cooling system. The logic circuits are packaged on standard DEC FLIP
CHIP ™ modules.

1.3 PERTINENT DOCUMENTS
The following documents are pertinent to the study of the material in this manual:
PDP-6 Handbook, F-65
Type 166 Central Processor Maintenance Manual, F-67
Digital System Modules Handbook
FLIP CHIP Modules Handbook

1.4 SPECIFICATIONS

Physical and electrical specifications for the drum processor are listed in section 3-1.

1.5 REFERENCE CONVENTIONS

The Digital Equipment Corporation engineering drawing conventions and instruction manual
referencing should be understood at this point. A study of the reference conventions in this paragraph
and chapter 6 will save considerable time and preserve thought continuity when reading the text that

follows. Any reference to figure numbers or table numbers indicates that the illustration or table is

located in text.

™ Registered trademark of the Digital Equipment Corporation.
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All engineering drawings have a full drawing number. These drawings are included in
chapter 6. In text, references to engineering drawings are abbreviated. For example:
Full drawing no. D-\\_é_z—_())—SBQ
T Mnemonic identifier
Drawing set identifier and no. in set
—-Drawing original size

For this number, the first reference in text is 167-0-SBD; all subsequent references are -SBD.
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CHAPTER 2

R
THEORY OF OPERATION

Discussion of the operation of the 167 Drum Processor (DP), for the purpose of this manual,

begins with general system operations. These are illustrated by a DP system block diagram and a com-
prehensive flow diagram. Detailed treatment of functional units, with particular reference to the

engineering drawings in the appendix, follows.

2.1 FUNCTIONAL DESCRIPTION
The primary functional units of the 167 DP in furnishing a direct memory path for high-speed
input/output devices are represented in the following diagram (figure 2-1):

166 ARITHMETIC PROCESSOR I/0 BUS
A

-

LDATA REGISTER BITS —I LCONTROL REGISTER BITS ]

O Q)
(te) (1) 2 4 seLEcT

O Q
MEMORY WORD
( ARP/DP
@ (18— ADORESS |- COUNTER N
O REG (MA} (we) INTERFACE 10P READY o
7oy
WCMA(1)-#108
-
WCMA @—T08(1)
NT
o SR-BR |SR@®BRT!| CHAR |CHCCOUNT |SR sHiFT P_ZSZ‘ZEIOP
CONTROLS COUNTER CONTROLS |- SRSHIFT g | 1,4
(sBC)  |(CHC PRESETY (cpc) (SRSH) [—— @ [ DEVICE
BRe-SR Wl SRa—BRIi) DATA XFER I CHARACTER
MEMORYJ
BUS
BUFFER —..—‘ SHIFT ——‘ (MAX) — @
- 36—»| REGISTER > REGISTER
BR R) | -
(BR) 36 (SR) 0—. (MAX) )
LOAD BR FROM PLACE BR ON
MEM. BUS MEM. BUS
 MEMORY ACCESS REQUESTS
< WRITE RESTART MEMORY
< CONTROLS
MEMORY RESPONSE (MC)
~

Figure 2-1  Type 167 Drum Processor System Block Diagram

In operation, the volume of data for transfer and the memory addresses for use in the transfer
process are established in a 166 Arithmetic Processor (AP) program, noted below in chapter 4, (The
data transfer continues asynchronously without regard for further attention from the program which may
operate simultaneously in other memory areas.) When the transfer is complete, the 167 DP requests

an interrupt. Its units perform the following functions:

2-1
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a. Interface - The AP/DP interface section sets up the data transfer between the 1/0
device and system memory under control of the AP program. The interface contains bits
26-35 of the DP control register (figure 2-2), which can be examined by a CONI instruction
or set by a CONO instruction. The significance of control register bits is explained in

table 2-1 af the end this chapter.

NEGATIVE WORD COUNT MEMORY ADDRESS

clov b et b v b b v b b by

17 18 35

A.DRUM PROCESSOR DATA REGISTER

READ BY CONI
A

I N
SET BY CONO
AL
— N
CHARACTER COUNTER BR | SR | T | RoY | In- | DaTA | NON | yB PIA
RQ | RQ OUT |MISSED DN
MEM | |
21 24 25 26 27 28 29 30 34 32 33 34 35

B. DRUM PROCESSOR CONTROL REGISTER

Figure 2-2 Drum Processor Data and Control Registers

b. Memory Address Register (MA) - This 18-bit register controls the addressing of

memory locations required for the data transfer operation, and is incremented by one with
each word transferred. The memory address register comprises bits 18=35 of the DP data
register (figure 2-2), and is loaded with the starting memory address by a DATAO or BLKO

instruction.

¢. Word Counter (WC)~ This is an 18-bit register loaded with the negative of the

number of words to be transferred by a DATAO or BLKO instruction, and is incremented by
one with each word transferred. The word counter comprises bits 0-17 of the DP data register.
The contents of the word counter and memory address registers may be read at any time by the
AP program with a DATAI or BLKI instruction, provided that the RDY flag is reset.

d. Buffer Register (BR) - The buffer register buffers the flow of 36-bit words between

the system memory and the shift register, in response to signals from the memory control: and

the SR-BR confrois,

2-2
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e. Shift Register (SR)- Characters or bytes from the [/O device are assembled into

36-bit words in the shift register for transfer to memory through the buffer register during a
memory write operation. During a memory read operation, 36é-bit memory words are dis-
assembled in the shift register for character-sequential transfer to the 1/O device. Bytes
transferred between the DP and the I/O device may assume one of several sizes, as shown in
table 3-1.

f. SR Shift Controls (SRSH) - The SR shift controls control word assembly and disassembly

in the shift register, and synchronizes character transfer between the DP and the 1/O device.

g. Character Counter (CHC) - The character counter counts the characters or bytes

transferred between the DP and the external [/O device, to determine when one complete
36-bit word has been transferred. The contents of the character counter prior to each word
transfer are determined by a plug-in card, wired to accommodate the number of 1/0 device
characters that make up one memory word. The character counter forms bits 21-24 of the
DP control register (figure 2-2), and may be examined by means of a CONI instruction.

h. SR-BR Controls (SBC) - The SBC controls the parallel transfer of 36-bit words between

the shift register and the buffer register. Data word transfers are synchronized by the SR RQ
and BR RQ flip-flops located within the SBC. These flip-flops form bits 25 and 26 of the DP
control register (figure 2-2), and may be examined by a CONI instruction.

i. Memory Controls (MC) - The memory controls synchronize the flow of data between

the buffer register and the system memory, and step the memory address register with each

word transferred .

2.1.1  System Flow Diagram

In executing a programmed data transfer through the DP 167, as shown in the system flow
diagram, drawing D-167-0-FD, the following principle phases are significant (the numbers in paren-
theses refer to the index numbers on the flow diagram):

a. Initializing the DP (1, 2, 3, 4)

b. Requesting memory access to transfer data between the DP and the system memory (5)
c¢. Transferring characters between the DP and the 1/O device (7)

d. Internal transfer of the data word between the shift register and the buffer register (6)

In the initialization phase, the AP program may elect to read the control and data registers
with CONI and DATAI instructions, respectively. Then, when the control and data words returned to
the computer indicate that the DP is ready for a programmed data transfer, @ CONO instruction may be

issued. The CONO instruction causes the AP to send a CONO CLR puise, followed by a CONO SET
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pulse to the interface. The CONO CLR pulse clears the DP control register. The CONO SET pulse
enables loading of the control register with the direction of the requested data transfer and the number
of the priority interrupt line assigned to the DP by the program.

A DATAQ instruction (index no. 4 on the flow chart) may now be issued to clear and reload
the word counter and memory address registers, clear the JB DN flag, and enable presetting of the
character counter. The system sets certain control flip-flops (explained in table 2-1), and branches to
one of two control cycles, depending upon the requested direction of data transfer:

a. IN: Data from the [/O device is to be written into system memory. The first step

is to accept sequential characters from the 1/O device, and assemble them into a 36-bit word

in the shift register (data transfer cycle).

b. OUT: Data is to be read from memory for disassembly and transfer to the 1/O device.

The first step is to request memory access to read one word (memory request cycle).

After one of the two cycles listed above is executed, a 36-bit data word is present in either
the buffer register or the shift register, and the system moves to point 7 on the flow chart to transfer
the word to the alternate internal register (BR or SR). The three word-transfer cycles thus generated

operate as follows:

2.1.1.1 Memory Request Cycle (Index No.5) - The memory request cycle is initiated by a transition

of the BR RQ flip-flop to the set state. Logic for controlling the memory request cycle is shown in
drawing D-167-0-MC. For a memory write operation, the DP sends a RQ CYC signal to memory,
accompanied by a WR RQ signal. The core memory responds to the request by decoding the lines from
the DP memory address register and initiating a write cycle at the resultant address. The memory then
returns on address acknowledge (ADR ACK) pulse to the DP. The DP clears the RGQ CYC flip-flop,
steps the memory address, and sends a write restart (WR RS) pulse to memory, accompanied by data
pulses on 36 lines,

For a memory read operation, the DP sends simultaneous RQ CYC and RD RQ signals to
memory, and enables loading of the buffer register from the memory bus. If the memory responds with
an ADR ACK within 100 psec, the MA is stepped and the RQ CYC flag is cleared. A read restart pulse
is sent from memory at MC TO time, indicating that memory has transferred the word to the buffer regis-
ter.

Data transfer in either direction is completed at MC Tl time, established by a delay line in

the memory control section of the DP. The BR RQ and read-or-write request flags are cleared at this

time.

2-4
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2.1.1.2 Data Transfer Cycie (Index No. 5) - The presence of the IOP ~ BUSY level signals the 1/0O

device to start sending or receiving characters. The I/O device responds with a DCRW «—» [OP pulse
that causes the IOP to
a. assemble the sequential characters from the I/O device if @ memory write operation
is in progress; or
b. disassemble the 36-bit word in the SR for character-sequential transmission to the

1/O device if a memory read operation is in progress.

The character counter is incremented with each character transferred, and the word assembly,/
disassembly process is stopped when the character counter reaches zero. The SR RQ flag is set at this
time,

The word assembly/disassembly process is discussed in detail in the subsections on the buffer

and shift registers, the shift register shift controls, and the character counter.

2.1.1.3 Internal Transfer Cycle (Index No. 7) - Word transfer between the buffer register and the

shift register is initiated by either
a. a fransition of the BR RQ flip~flop from 1 to 0 when the SR RQ flip-flop is in the set
state, shown in drawing D-167-0-SBC, which indicates that the BR has been loaded from
memory, and the DP responds by transferring the contents of the BR to the SR; or
b. a transition of the SR RQ flip-flop from 0 to 1 while the BR RQ flip=flop is in the set
state, which indicates that the SR has been loaded from or unloaded by the I/O device, and
the DP responds by transferring the contents of the SR to the BR.

Note that the set states of these request flip-flops (SR RQ and BR RQ) indicate that the
corresponding register is ready to accept a word from the alternate internal register (SR or BR).
Consequently, transitions of these flip-flops indicate that the corresponding register is ready to trans-
fer a word to the alternate internal register.

The character counter is preset at the start of the internal word transfer cycle. The transfer
is completed at time T1, and the INIT flag is checked. If the INIT flag is set, indicating that the
first word has just been read from memory, the system transfers the contents of the BR to the SR, and
branches to the data transfer cycle., If the INIT flag is clear, the word counter is incremented as the
internal transfer is executed, If the word counter is equal to -1, the system sets the JB DN flag, and
completes the word transfer operation in progress.

Note that in the output operation, the DP reads the next word from memory while the current
word is being disassembled and transferred to the /O device. Similarly, in the input operation, the

DP begins assembly of the next word from the drum while the current word is being written into memory .

2-5
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2.1.2  System Timing Diagram

A read/write timing diagram for the DP, operating in conjunction with a 163 Core Memory
and a 236 Drum Control is shown on drawing D-167-0-RWT. The 236 Drum Control generates and
accepts 4-bit characters. Note that the relatively slow word assembly/disassembly process governs the
data rate.

The system timing diagram must be studied in connection with the previous description of

the system flow chart, and referenced as necessary in the discussions of functional units that follow.
2.2 DETAILS OF FUNCTIONAL UNITS

2.2.1  AP/DP Interface

The communication link between the AP and the DP is set up in the interface section, shown
in drawings D-167-0-IOPI 1, 2. Each control signal to the interface (CONO CLR, CONO SET,
DATAO CLR, DATAO SET, DATAI, CONI) is accompanied by the DP selection code, formed by the
program in bits 3-9 of the /O instruction word. The selection code is interpreted in the interface,
which generates an enabling level, and permits an exchange of data between the control and data
registers and the AP.

The interface section contains nine flip-flops, which comprise bits 27-35 of the DP control
register (refer to figure 2-2 and table 2-1). The three PIA flip-flops store the number of the priority
interrupt line assigned to the DP by the AP program. This number is decoded by a binary-to-octal
decoder (A2 and B2), to enable a transition on one of the seven PIA lines whenever one of the three

interrupt flip-flops (DATA MISSED, NON EX MEM, JB DN) is set.

2.2.2  Word Counter (WC)

The word counter (drawings D=167-0-WC 1, 2) is an 18-bit register that comprises bits 0-17
of the DP data register. The word counter is loaded from the I/O bus by a DATAO SET pulse to the
interface with the number of words to be transferred in negative, 2's complement form. (Thus, three
would be represented as octal 777775, and decimal 310 would be represented as octel 777324.) The
counter is stepped with each word transferred by a count pulse from the SBC. The count pulse foggles
all flip-flops that have been enabled by their associated interstage NAND gates (A18, A24, and
A30). Each NAND gate monitors the states of all less significant flip-flops to inhibit toggling of its
associated flip-flop until the previous stages have reached their maximum count.

When the word counterreaches -1, a logic level transition is generated at terminal T of

Al8 to signal the SBC that the last data word is in the DP.
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Signals from the interface provide for clearing the word counter (WCMA « 0), loading the
word counter from the 1/O bus (WCMA - IOB(1) ), and placing the contents of the word counter on
the 1/O bus (WCMA (1)~ 10B).

2.2.3  Memory Address Register (MA)

The 18-bit memory address register and its associated memory bus drivers are shown in
drawings D-167-0-MA 1, 2, and D-167-0-MAL. The memory address register comprises bits 18-35 of
the DP data register. The memory address register is a binary counter similar to the word counter, and
is stepped with each data word transferred by count pulses from the memory controls. Signals from

the interface clear the word counter, load the word counter from the I/O bus, and place the contents

available to memory via the memory bus.

2.2.,4  Buffer (BR) and Shift (SR) Registers

The buffer register and shift register (drawings BRSR 1=~ 4) buffer the flow of data through the
DP under control of signals from the SR-BR controls (drawing SBC), SR shift controls (drawing SRSH),
and the memory controls (drawing MC).

The SRSH DATA XFER pulse transfers characters of up to 36 bits from the 1/O device to the
shift register. To implement an output operation, characters of less than 36 bits must be transferred to
the low-order stages of the shift register from the I/O device. Conversely, to implement an output
operation, characters of less than 36 bits must be accepted by the I/O device from the high-order
stages of the shift register. If, for example, the 236 Drum Control is the I/O device, and data is to
be written into memory, the first 4-bit character will be loaded into stages 32-35 of the shift register.
The first shift pulse from the SR shift controls (SR SH 4) will transfer this character to SR stages 28-31,
to permit loading the next character into stages 32-35, and so on.,

The shift register is also capable of shifting on increments of three bits (SR SH 3). Shift

register control is discussed below. Signals controlling parallel data word transfers are as follows:

Signal Designation Origin_ Effect

MEM BUS < BR LT(1) MC Contents of BR to memory

MEM BUS EN LT MC Memory data word allowed to enter BR
BR — SR(1) SBC : Contents of SR to BR

SR < BR(1) SBC Contents of BR to SR
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2.2.5 Shift Register Shift Controls (SRSH)

The SRSHshift controls(drawing D-167-0-SRSH) send shift pulsesto the SR to control assembly,/
disassembly of 36-bit data words for transfer between the /O device and the DP. The SR is shifted in
increments of either three or four bits, and at intervals of 100 nsec. Five shift pulses (SRSH TO -

SRSH T4) are available to position each chracter or byte within the shift register, either for character
transfer to the 1/O device or for word assembly and transfer to the buffer register.

The number of shift pulses used for positioning each byte and the shift line selected for each
pulse (SRSH 3 or SRSH 4) are determined by a module. The wiring of the module for the several possible
modes of operation is shown on the referenced drawing. The drawing also includes a table showing the
shift pulses generated by the SRSH controls for each mode . All five shift pulses, for example, are
used to position an 18-bit character within the shift register. The first three pulses are applied on the
SH4 line, and the next three pulses are applied on the SH3 line, for a total shift of 18 positions.

A pulse designated DCRW+— IOP is sent from the /O device to initiate each shift cycle.
During an input operation, this pulse gives rise to a DATA XFER pulse, which loads the shift register
with a character from the I/O device. During an output operation, the DCRW ¢ IOP pulse indicates
that the I/O device has accepted the character placed on the data lines by the IOP.

A pulse is generated to step the character counter after each character is positioned in the
shift register. The SHIFT flip-flop is reset at this time, causing the DP to generate a transition on the
IOP ~BUSY line. This informs the I/O device that the DP is ready for another character, if an opera-

tion is in progress.

2.2.6  Character Counter (CHC)

The character counter (drawing D-167-0-CHC) counts down with each character transferred
between the DP and the I/O device. When the character counter reaches zero, a CHC = 0 signal is
generated, to signal the SBC that the word assembly/disassembly and transfer between the SR and the
/O device is complete. The character counter is preset to the number of characters per word, minus
one, by a pulse from the SBC prior to each word transfer operation between the DP and the external
device. The number loaded into the character counter is determined by a plug-in module. Wiring of
the plug-in module to implement the several possible modes of operation is shown in a table appearing

on the referenced drawing.

The character counter forms bits 21-24 of the DP control register, and may be examined by a

CONII instruction.,



DRUM PROCESSOR 167

2.2.7  SR-BR Controls
The shift register and buffer register (SBC) controls monitor the status of the buffer register
and the shift register to determine
a. If the BR is ready to accept a word from memory
b. If the BR is ready to send a word to memory
c. If the SR is ready to accept a word from the BR
d. If the SR is ready to send a word to the BR
The SR-BR controls contain the SR RQ and BR RQ flip-flops, which define the ready states of
the buffer register and the shift register. The sequencing of the SR RQ and BR RQ flip~flops as the DP
executes word transfer operations is covered previously in this section in the discussion of the system
flow diagram ,
The SR-BR controls contain a timing generator, consisting of one 100 nHz delay. The genera-
tor times the internal transfer cycle, described earlier in this section and illustrated in the system flow
diagram. The SBC also contains logic for clearing the BR and the SR, enabling BR/SR transfer, enabling

character counter preset, and stepping the word counter.

2.2.8  Memory Controls (MC)

The memory controls (drawing D-167-0-MC) synchronize the exchange of data words between
the buffer register and system memory, and generate a count pulse to step the memory address register
with each word transferred. The memory controls execute the memory request cycle, discussed earlier

in this section and illustrated in the system flow diagram .
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EXPLANATION OF CONTROL REGISTER BITS

Bits

Name

Function

21-24

25

26

27

28

29

30

31

32

33-35

CHC

BR RQ

SR RQ

INIT

RDY

IN/OUT
DATA
MISSED
NON EX
MEM

JB DN

PIA

Character counter. Contains one less than the number of bytes
necessary to complete the current word transfer. Preset to the
number of bytes/word minus one for each new word, and is
counted down for each byte transferred.

Buffer register request. Set on input to memory each time a
word has been transferred from the shift register to the buffer
register, and reset when the word is accepted by memory. Set
on output when initializing, and each time a word is sent to the
shift register, unless the word transferred was the last one. Reset
when a new word arrives from memory .

Shift register request. Set on output from memory when initial-
izing, and when shift register is emptied. Reset when the shift
register is reloaded from the buffer register, Set on input when
shift register is full, and reset when shift register contents have
been transferred to the buffer register. This bit may be set by

the AP program to force a jam transfer between the BR and the SR.

Initialize. Set by a DATAO on output. Reset by RDY turning
on. Causes first word to be read from memory. Always reset on
input to memory .

Ready. Indicates DP ready to transmit data to/from the 1/0O
device. Set on input by a DATAQ, and on output by first word
arriving in shift register. Reset by occurrence of an interrupt
condition (JB DN, NON EX MEM, or DATA MISSED).

A 1 indicates output to the device; O indicates input to the
memory .

Set if /O device attempts to transfer a byte when SR RQ is on,
Requests interrupt and turn off RDY.

Set if non-existent memory location is addressed, or if a memory
cycle cannot be obtained within 100 psec after requested.
Requests interrupt and turns off RDY.

Set when last word has been transferred to the DP on input or
output. If an input operation is in progress, the last word will

be written into memory before interrupt is acknowledged, provided
that the DP has at least as high a memory access priority as the
AP. Otherwise, it may be necessary to wait for the BR RQ to
clear before issuing another CONO or DATAQ to the DP. The

JB DN flag requests an interrupt, and may be reset by a DATAO.

Priority interrupt assignment. Specifies which of seven program
interrupt lines is to be used to inform the AP of an interrupt
condition,
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CHAPTER 3
INSTALLATION AND INTERFACE

3.1 SPECIFICATIONS FOR 167 DRUM PROCESSOR
The physical and electrical specifications for the processor are listed below.

Dimensions 23-1/2 inches wide
27-1/16 inches deep
69-1/8 inches high

Weight
Cabinet 160 lbs.
Logic 84
728 Power Supply 20
836 Power Control 18
Indicator panels and
blank panels 30
Total 312
Service clearances 8-3/4 inches in front, 14-3/4 inches in back
Color Raffi and Swansen Tweed, DEC Blue #5150-565
Power 115 vac 60 cps 3-wire single phase; é-amp starting
current, 4-amp operating current
Ambient temperature 50-105° F
Signal cables 8 Type WO028 1/O Bus Cables

8 Type W028 Memory Bus Cables
7 Type W020 Indicator Cables
9 Type W028 DP Interface Cables

(Lengths of all types above dependent upon
system configuration.)

3.2 INSTALLATION
The drum processor requires 115v, single-phase, 60-cps power, and must be operated within an
environment defined in section 3.1. Locations of cable connectors are shown in drawing D-167-0-10CD.
Jumpers on modules on the DP determine the number of characters or bytes from the 1/0 de-
vice that make up one memory word and the number of shifts required to position each byte for transfer
between the DP and the 1/O device. The modules are normally wired before shipment of the unit.
Module wiring is shown in drawing D-167-0-SRSH. The data rates for the several possible byte sizes

are shown in table 3-1.
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TABLE 3-1 DATA RATES FOR VARIOUS BYTE SIZES

Byte Size 7 o semeen bytes e
3 12 250 nsec 4.0 hz
4 9 250 nsec 4.0 hz
6 6 350 nsec 2.86 hz
7 5 350 nsec 2.86 hz
8 4 350 nsec 2.86 hz
9 4 400 nsec 2.5 hz
10-12 3 400 nsec 2.5 hz
13-16 2 500 nsec 2.0 hz
17-18 2 600 nsec 1.67 hz
36 1 250 nsec* 4.0 hz

3.3 INTERFACE

Drawing D-167-0-10SD gives a functional picture of all signals passing between the DP and
the AP, the core memory, and the connected 1/O device. Drawing D-167-0-10DI shows the pin
assignments for each of the interface signals between the DP and the 1/O device., In table 3-2,

functions of all interface signals are explained.

* Limited also by memory speed.
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TABLE 3-2 167 DP INTERFACE SIGNALS
Type Name Function
POWER ON -15v Turn on DP power. Present whenever AP power
ison,
POWER RESET Clears control register, Present
(a) Whenever the /O reset key on the com-
puter console is pressed.
(k) Whenever the program gives a CONO
instruction to the priority interrupt system
to clear the system .
(c) Whenenver the power is turned on.
10S 3-9 (0/1) Carry 167 selection code. Set up 1 psec before
any other command signal occurs.
DATAO CLR, Sequential pulses generated by DATAO command.
DATAQO SET Clears and loads data register .
Signals CONO CLR, Sequential pulses generated by CONO command .
Between .
166 AP < CONO SET Clears and loads control register.
and IOB - DATA Places data register bits on 1/O bus.
167 DP IOB «~ STATUS Places control register on 1/O bus.
PIA 1-7 A signal is present on one of these lines when
an interrupt request occurs.
IOB 0-35 AP input/output bus lines.
DCRWe— IOP Indicates /O device is ready to send/receive
one character (byte).
IOP READY Data is available at the DP, or the DP is ready
. to accept data,
Signals
Between SR LAST CHAR Sent by DP to indicate DP has only two char-
DP and acters to send or receive to complete operation
I/O Device < in progress.
Note IOP ~BUSY Signals I/O device whether an I/O operation
All data is in progress.
levels are DATA IN 0-35 Input data lines available to I/O device.
;03;50{ ° DATA OUT 0-35 Output data lines available to I/O device.
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167 DP INTERFACE SIGNALS (continued)

Type Name Function
RQ CYC Read cycle-DP requests memory access for a read or
write operation.
RD RQ Read request-DP requests memory read operation.
WR RQ Write request-DP requests memory write operation.
ADR ACK Address acknowledge-returned by memory within
Signals 0.2 usec in response to RQ CYC signal if memory
Between '< module is free.
I?Air:'c:(ri RD RS Read restart-indicates memory has transferred one
4 word to DP (sent by memory).
WR RS Write restart-sent by DP to indicate that next word
is available.
MA (18-35) Memory address lines from DP.
MB (0-35) Memory bus lines for bidirectional transfer of data.
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CHAPTER 4
OPERATION AND PROGRAMMING

4.1 PROGRAMMING
The AP program must condition the DP for a data transfer before initializing the connected
I/O device. The DP is set up by a CONO instruction to specify the direction of data transfer,
followed by a DATAQ instruction specifying the number of words to be transferred and the initial
memory address selected for the transfer. (See figure 2-2 for the configurations of the DP control and
data registers.)
As an example, the following symbolic instructions may be used to set up the DP for output:
CONO DP, ouT
DATAO DP, WCMA
The location OUT might contain the octal configuration 101, to set the DP output bit and
allocate priority interrupt channel number 1 for the DP, Similarly, location WCMA contains the
desired word count in negative 2's complement form, plus the first memory address to be used. The
mnemonic DP causes the PDP-6 assembler (MACRO=6) to generate the DP selection code in bits 3-9
of the CONO and DATAQ instruction words.
The AP program to service DP interrupts should include @ CONI instruction to enable examin-
ation of bits 30, 31, and 32 of the DP control register. The program can then respond appropriately to
the condition that caused the interrupt (DATA MISSED, NON EX MEM, or JB DN).
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CHAPTE

PTER
MAINTENANCE

Since the Type 167 Drum Processor must operate with a Data Processor Type 166, a full
knowledge and understanding of the descriptions of chapter 9 of Type 166 Arithmetic Processor Mainte-
nance Manual form the basis of maintenance instructions. Many of the drum processor maintenance
procedures can be conducted using Maindec programs associated with the 166.

Suggested tools and test equipment suitable for use while performing maintenance procedures
on the 167 Drum Processor are listed in chapter 9 of the Type 166 Maintenance Manual. The principal
maintenance tool is a detailed understanding of the principles of operation of the drum processor, as
outlined in chapter 2 of this manual. Diagnostic programs (Maindecs) are provided to check on-line
operation of the DP. For more specific checks, the maintenance technician may use the PDP-6 console
controls and indicators to exercise the communication links between the DP and the AP, the DP and the
system memory, and the DP and the connected /O device. The DP front panel indicators allow visual

monitoring of the DP registers as instructions are executed in the single step mode .
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CHAPTER 6
ENGINEERING DRAWINGS

This section contains reduced copies of the engineering drawings and replacement schematics
required for understanding and maintaining the 167 Drum Processor. These reduced copies are in addition
to the complete set of full-size drawings forwarded with each DP. Maintenance personnel should use
only the full-size drawings for work on units. The replacement schematics are furnished only for test

and maintenance purposes. These circuits are proprietary in nature and should be treated accordingly.

6.1 CIRCUIT SYMBOLS

The block schematics of DEC equipment are multipurpose drawings that combine signal flow,

logical function, circuit type and physical location, wiring, and other pertinent information. Individua!
circuits are shown in block or semiblock form, using special symbols that define the circuit operation.
These symbols are similar to those appearing in "The Digital Logic Handbook" but are often simplified.
Figure 6-1 illustrates some of the symbols used in the DEC engineering drawings for the 167 Drum

Processor.

6.1.1 Logic Levels

The standard DEC logic level is either ground (0 to —0.3v) or =3v (-=2.5 to 3.5v). DEC logic
levels are indicated by an open diamond (——) for a ground level and by a closed diamond (—@)
for a negative (=3v) level. The DEC logic symbols shown at the inputs of most circuits indicate the
enabling conditions required to produce a desired output; e.g., an open diamond at a circuit input in=

dicates that a ground level is required to produce the desired output.

6.1.2 FLIP CHIP Pulse

Two types of pulses, R series and B series, are used in FLIP CHIP circuit operation. The pulse
produced by R-series modules (see figure 6-2) starts at —3v, goes to ground (=0.2v) for 100 nsec, then
returns to —3v.

The B-series negative pulse is 2.5v in amplitude and 40 nsec in width as shown in figure 6-3.
If this pulse is applied to the base of an inverter, the inverter output will be a narrow pulse, similar in
shape to the R-series standard pulse. The B-series positive pulse, which goes from ground to +2.5v, is

the inverse of the B-series pulse.



NON-STANDARD SIGNAL

—_———
e 4
—p NEGATIVE PULSE
— GROUND LEVEL
_ NEGATIVE LEVEL

LEVEL TRANSITION USED AS A PULSE
R OR TRIGGERING ON THE LEADING EDGE
OF 4 GROUND LEVEL

TRIGGERING ON THE TRAILING EDGE
R oo OF A PULSE

-15V LOAD RESISTOR CLAMPED AT -3v

2 3 PNP TRANSISTOR INVERTER
P 1 BASE
. or [ or 1 2 COLLECTOR
3+ 3 EMITTER
- 3 3
”4#*\}q — @ —_— GROUND -LEVEL NAND, NEGAT!VE-LEVEL
- or ~A or ~V NOR DIODE GATE
4‘)(}——4 be —
[}
— GROUND-LEVEL NOR, NEGATIVE - LEVEL
or ~A or ~V NAND DIODE GATE

Figure 6-1 DEC Symbols
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DIODE - CAPACITOR DIODE CAPACITOR-DIODE
GATE GATE

1. PULSE INPUT
2 CONDITIONING LEVEL INPUT
3 PULSE OUTPUT

PULSE INVERTER

. PULSE AMPLIFIER
02 ! PULSE INPUT POLARITY INDICATED
‘—{1 ra BY INPUT SIGNAL
L — o3 2,3 TRANSFORMER - COUPLED PULSE
OUTPUT EITHER TERMINAL MAY

'

BE GROUNDED

FLIP-FLOP (MOST FLIP-F_OPS HAVE ONLY SCMF
OF THE FOLLOWING):

OIRECT CLEAR INPUT

6
!
. 2 GATED-CLEAR INPUT
3 DIRECT-SET INPUT
0 \ 4 GATED SET INPUT
, S COMPLEMENT INPUT
? 3 6 OUTPUT LEVEL, -3V IF 0. Ov F 1
T I 7 OUTPUT LEVEL, OV F 7o -3y F 1
) ‘5 N 8 CARRY PULSE OUTPUT, JPON BEING C. FARED
2
’ + DELAY (ONE - SHOT MULTIVIBRATOR)
o0 3 I INPUT PULSE
1 — OE 2 OUTPUT LEVEL, -3V DURING DELAY
l ~oa 3,4 TRANSFORMER - COUPLED PULSE
OUTPUT EITHER TERMINAL MAY

Bf GR. NDED

Figure 6~1 DEC Symbols (continued)
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Figure 6-2 FLIP CHIP R-Series Standard Pulse

_OVERSHOOT

GND

-2 5V

| PULSE
re- WIDTH —

Figure 6-3 FLIP CHIP B-Series Standard Pulse

6.2 DEC ENGINEERING DRAWING CONVENTIONS

6.2.1 Coordinate System

DEC engineering drawings are subdivided into zones bounded by horizontal sections A through
D and vertical sections 1 through 8. Circuit locations are referenced by a numeral(s)- letter-numeral
combination (e.g., 3A3). The first numeral is the last number of the drawing number; the letter-numeral

combination (e.g., A3) designates the module location in drawing coordinates.

6.2.2 Module Identification and Symbology

Circuits enclosed by dotted lines on the engineering drawings are FLIP CHIP modules and are
labeled on the drawings by two 4-character designations. The upper designation (i.e., a letter followed
by three numerals) specifies the module type as listed in DEC catalog C~105, "The Digital Logic Hand-

book."™ The lower 4-character designation indicates the location of the module. In this designation,
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the first character (sometimes omitted) is a numeral specifying the number of the bay that contains the
equipment; the second character is a letter indicating the mounting panel; the third and fourth characters
are numerals indicating the module location from left to right within a specified panel. Individual mod-
ule pins are labeled from top to bottom by the letters A through Z (excluding letters G, 1, O, and Q).
Pin letters on logic diagrams are written near their respective terminals. On flow charts and timing
diagrams, pin designations are formed by adding the pin letter to the module location code; e.g.,
2M10H indicates pin H of module 10 in panel M of bay 2.

Figure 6-4 is an example illustrating module identification, DEC symbols and nomenclature
on engineering drawings. The module shown is a Type R202 Flip-flop and is located in the twelfth slot
from the left (when viewed from the wiring side) of row B (the second row of modules from the top). The
symbol marked FF is a flip-flop with two complementary outputs, terminals S and T. The output of ter-
minal S is connected to terminals D18F and B6M, while the output at terminal T is connected to terminal
A3C.

In the O state, terminal S is at =3v and terminal T is at ground (as shown by the diamonds in-
side the symbol at the left). The —3v output is the enabling condition for D18F (SAFE signal) and is
also the disabling level for B6M. The ground level at terminal T is a disabling condition for A3C. In
the 1 state, terminal T is at =3v and terminal S is at ground (as shown by the diamonds at the right).

The ground level is enabling condition for B6M (SAFE) and is also a disabling level for D18F. The —3v
at terminal T is the enabling for A3C (GO).

SAFE > TO 1Bi5M
@ - .
TO 20:3F f ® 70 1002
D e Y |
I igi2 ‘ <> DELAY O ‘ |
O | R GO
| ej'\/JL ﬁ% 1CI2H
: VARIABLE 5| START
| I i B0
D 'E \
| | LJ Y K| . SAMPLE
| ! | 21z
S S - I L

RS 10KQ | ol OPEN
TIME 1813H

Figure 6-4 Typical DEC Logic Symbology
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Ti  flip-flop is triggered to the 1 state through its DCD (diode-capacitor-diode) set gate.
The two ground-level enabling inputs to this gate are the START pulse (applied to pulse=-input terminal
B12U) and the OPEN signal (applied to level-input terminal B12V). The OPEN signal must be present
for at least 400 nsec before the START pulse can enable the DCD gate to set the flip-flop. The START
pulse comes from terminal B11J, and the OPEN signal from terminal C21C.

The flip-flop is cleared to the O state either through its DCD reset gate or through its direct-
clear input terminal. Since the level-input terminal (B12P) of the DCD gate is permanently grounded,
the flip-Fflop is cleared whenever the RST pulse arrives at terminal BI2ZN. This pulse is received from
terminal F4A. The flip-flop is also cleared by the CLR pulse which arrives at direct-clear B12R from
DéB.

6.3 REPLACEMENT SCHEMATICS

Drawing numbers for replacement schematics are formed by a letter-numeral combination as
follows: RS-(letter)-(3 or 4 numerals). The letter indicates the drawing size, and the numerals indicate
the circuit type. Another numeral to the right of these numerals indicates the number of the revision,
while a letter to the left indicates the circuit board revision. This revision letter is etched on the cir-

cuit board and embossed after the type numbers on the aluminum frame of the module.

6.3.1 Semiconductor Substitution

Standard EIA components specified in table 6-1 can replace the majority of DEC semicon-

ductors used in modules of the drum processor. Exact replacement is recommended for seméconductors

not listed.
TABLE 6-1 SEMICONDUCTOR SUBSTITUTION

DEC EIA DEC EIA
D662 1N645 DEC2894-3B DEC2894-3A
D664 1N3606 D3009 2N3009
D668 Two 1N3606 in series DEC3639,-0 2N3639
DEC2219 2N2219 DEC3639B 2N3639
DEC2894,-1,-2,-3 DEC2894
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THRU THRY THRU THRy | 10 BUS josus | 10BUS | 10BUS | 10 BUS | 10 BUS | 10 BUS | 10 BUS THRU THRU THRU THRU MEM MEM MEM MEM ~T— MEM MEM MEM ~T— MEM MEM  —T~ MEM MEM T MEM T WA 35
1088 | 10817 | 10826 | 108 35 10835 | 10825 | 108 17 | 1088 BUS 8US BUS BUS BUS BUS BUS Bus Bus BUS BUS BUS 10P1 shsn LT par
RDY{B)
e —_ROY(O | e C
COUNT out MisC
| 0 i 1 il 1 1 | i i i 1 N A1A 15 ] HDICATORS
hon-ExMem(})
JB DN( 1)
P1A33(1)
PIASL(1)
— - e — — — — - - — EIASS(L)
W28 [ W28 w528 Wo07 o8N 650 Eea B105 R2QY BIg5 B105 W6 87 BII3 607 B2k B602 Wig2 R602 R602 B105 R6G2 300 5300 | 5360 5360 368 WB2e (8 W28 Wo28
c MC WR MC R re re o e e S L He - Moo
He Bus 0 MC RD MC WR RS RQ PAR NON COUNT
—Br(1)| RS (B)| ROQ ] MC EXIST MA
PULSE | MC ADR
(g-11) MC RS MC NON
MC RD MC RQ ACK b
MEM | _| RO EXIST —
BUS —
MC WR RQ PULSE
MC BUS ENABLE ] MC BR # BR I8 SR @ SR 18
MC RD !
MA A M M cerin LT |Mc Ro cve MO WR ) MC RO He R0 B | cont | sec | SBC | SRSH | SRSH | SRSH | SRSH | S?;" THRU THRU | THRU Ty |
MEM ZEZ EEZ gﬁ: (12-23) |MC RQ CYQMC WR RQ & ig: PULSE e RS MA COUNT COUNT it T3 T L BR 8 BR 35 SR 8 SR 35
BuS v RT L e — MC NON T L owe ke THRU THRU
ve WR | MC RQ EXIST RD I0PI - - BR 17 SR 17
MC BUS MC MC WR -—I08B(l) !
I | NON - CHC —
«BR(1) SRSH MC NON  Tye Bus EX1ST RQ
(24-35) | | swer |EXIST | gr(1) o gy |MC WR RQ | PULSE | SBC CHC PAR L —¢
(24-35) PULSE PRESET i
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| 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16 17 '8 19 20 21 22 23 24 25 26 27 28 29 30 31 32

B20| B2@1 Bl13 B602 BIgY B36Z Bloy B6@2 Bigy B6@2 Blgy w687 s_E_Bmu W607 R123 B2@1 Bog1 B2g1 B2g1 BIol B117 Wo9og WGQs WoOog Bl2Y BEG2 Bl24 BE622 BII3 W657 BIgy weg7 |
SBC SBC SR SBC BR «— ¢ SR SRSH DATA SRSH
MC BUS ¢ BRe— @ g SR|  ssC BR(1)| SBC 108 XFER SRSH | pepy >
SBC BR 3-17 9-17 g-17 SR <« BR( | g-17 DATA 10p
- ] BR(1) — BR ¢— SR 2526 SRSH o
RQ SBC SBC _ g-17 — —1  cHe SRSH SRSH 4 XFER
SBC (g-11 g-17 TP-T4 | SRSH 4 ~| SRSH u L~
BR<— @ SRe— @ CHC CHC CHE CHC - CHC B-17 (1) 2-17 () 179 2-17% 4-17
SR seese PRESET =174 -
—> SBE SR 2-8  I'sBC BR SBC SR S SRSH DATA SRSH |
SBC ssc  |°FC SRem) poELOATA SEC 9 <— SR BR( | JUMPER ["sR 33 XFER DCRW ¢ [ -
BR(TE) SBC BR<— § - - 0-17 SBC S0ARD f
BR SR 1 — g-17 7 sBC SR 34 18-35 | spsy |- 1OF |
& SR SREBR( 1)
RQ RO |« _| BR &— SR 18-35 — ] 4 N - SR 35 DATA E
BR 18-35 - SR 32 SRSH 4 SRSH 1 AFER
B N 0PI DATA| (TD) SRC SR SBC SR 18-35( %) 18-35(") SRSH 18-35
MISSED SEC g B R 8R(1) N L] e SR 33 | shier SRS 10
B B — BR¢— 0| sBC g-17 SBC 18-35 18-35 g . > 3 = SR 3y SRSH SRSH 4 SRSH SRSH 4 Lo
oHe SRé— 8 Lop or1 7 SR35 1 st 1e-350)| TGley | 18 SRH | Chag SEC
EER(B?)S‘_ 65— 26 DATA —3 | _ DCRW COUNT
= — - SRSH 10P - —
SBC SR SBC BR SRSH SRSH SBC SR WC
(12-23} «—— g Sﬂfﬁ 2 sk M|sszo| T2 LAST CHAR e SHIFT 1op RO
g-17 2217 18-26 — = _ _
[~Woze We2E W28 Wo28 Wige Wig Wge Wige W02 W2 wl%z W2 W12 BooN BI13 Bogn BI13 5 BI13 T2 113 Bogn BII3 B2pn Bris oo EHlE Boon K Bogn BI13 W20
PAR ERR
BR BR 4 BR 8 BR 12 BR 86 BR 20 BR 2u BR 28 BR32 | oo
MB 8 MB 4 MB 8 MB 12 MB 16 MB 20 MB 24 MB 28 ME 32 BR @ BR U BR 8 BR 12 BR 16 BR 20 BR 24 BR 28 BR 32 ;
PAR(1)
R BR 5 BR 9 BR 13 BR 17 BR 21 BR 25 BR 29 BR 33 MC RD
M8 ME O | MB 18 M8 2T 1 g ME 5 meo | me13 | ws17 | ms2r | we2s | mees | me33 | BRI ' BR & BR 9 BR 13 BR 17 BR 21 BR 25 BR 20 BR 33
THRU THRU THRU THRU
MB 8 MB 17 | MB 26 MB 35 Mo wr |F
I
MB 2 MB 6 MB g | MB Il MB 18 MB 22 MB 26 MB 30 MB 34 BR 2 o 2 BR 6 B8R 6 BR 19 BR 16 BR BR Il BR 18 gr 1g | BR 22 BR 22 BR 26 BR 26 | BR 3@ BR 3¢ BR 34 BR 34 MC RQ
SRSH
SHIFT
BR 3 BR 7 BR 1 BR I5 BR 19 BR 23 BR 27 BR 31 BR 35
B 3 MB 7 MB Il | MB I5 MB 19 MB 23 MB 27 MB 31 MB 35 B 3 BR 7 1t o 15 o 1o or 23 or 27 o8 31 88 35
%0
B2g | B20 1 8201 B27 | B2Gi B2g1 B2gY Bog| B20| B2G | 526 B2g1 820 820 | 820 Bog 1 B2G | B20 | 82D 8201 B20 B201 B2 | B2G1 B20 | 820 | B20 | B27 527 B2g) B2 820!
i
|
| spe -l sk -l-sr2 —J-sr3 | SRud SRE5_] g6 A sR7 —— SR8 — SRO —~ SR 16— SR || — SR 12~ SR 13—SR 14 —— SR 15—~ SR 16—~ SR 17 —- SR 18 —- SR 19 —~ SR 20 — SR 2| —- SR 22 - SR23 L SR24_L SR25 1 SR 26 I SR 27 - SR 28 -~ SR 20 —— SR 3¢ 4 SR 31—
-
8113 BII3 NE BII3 BII3 BII3 B1I3 BII3 BlI3 B113 BII3 BII3 BLI3 BII3 BII3 BII3 EIE BIIS | BIpS B2G | B2G| B2D B2p1 Wg2s [T w028 11628 Wg28 o8 Wges Wg28 We2s
SR 8 SR @ SR U SR U SR 8 SR 8 SR 12 SR 12 SR 16 SR 16 SR 20 SR 26 | SR 24 SR 2u sR28 | sk 28 SR 32 SR 32 ]
SR | SR I SR 5 SR 5 SR 9 SR 9 SR 13 SR 13 SR 17 SR 17 SR 21 SR 21 SR 25 SR 25 SR 29 SR 29 SR 33 SR 33 -
- DATA @ | DATA @ | DATA I8 | DATA 27 | SR @ SR 9 SR 18 SR 27 DCRW
— 1 | THRU THRU THRU THRU THRU THRU THRU THRU <y |
| _ TSR 32 777 SR83 77 SR 34 77 SR 3577 DATA 8 | DATA 17| DATA 26 | DATA 35 | SR 8 SR 17 | SR 26 SR 35 10p
L. BUS
SR 2 SR 2 SR 6 SR 6 SR 1 SR 10 SR 1y SR 1y SR I8 SR 18 SR 22 SR 22 SR 26 SR 26 SR 39 SR 38 SR 34 SR 34 —
o PAR
SR 3 SR 3 SR 7 SR 7 SR 11 SR 11 SR 15 SR 15 SR 19 SR 19 SR 23 SR 23 SR 27 SR 27 SR 31 SR 31 | SR 35 SR 35 —QODD
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| 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16 17 '8 19 20 2| 22 23 24 25 26 27 28 29 30 32
8602 B2p1 B204 B105 B360 B6p2 BIPT Bi3g B130 B130 B130 B130 B130 B130 Bi30 8130 B13D E136 B130 BI3g B130 BI30 130 FE] B130 BN SE02 [ B2 [ 522 T
PAR_RD PAR RD SEC SR¢
PAR DATA (5- | gan e .
ERR DATA \ ,| s3¢ PEvrs Irerae ICEER B
STOP SR— S d SHE=D o L
PAR PAR _ f5—-7) S-7{y s-35 ) T 2 -
B P cK RD SBCSSH
I RD | puse paTa | PARRD (27-35)
| DATA DATA PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR PAR
0DD 0pD oDD 0DD 0DD oDD 00D 00D 0DD 00D 00D 00D DD 0DD 00D oDD 00D 0DD
PAR | 0-8 -8 -8 3-8 9-17 0-17 9-17 9-17 18-26 18-26 18-26 18-26 27-35 | 27-35 27-35 27-35 SRsw3 |2ron 3
ERR g LS
— n PAR RD 53¢ G~TE 15— 350 snie 4 (2nga s
DATA
- PAR — -1 PAR PAR SA—g T N
L i8-8 %
ERR - 4 1o RD (27 —35)
PAR PULSE RS §
_ERRA ] PAR | . PAR RD
STOP DATA
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cl c2 c3 cs
56 F 56 56 R 56 v
i — Q2 — Q3 —
R9S RI DECZE04-1 RIOS R2 C2894-1 RIIS RS 2894-1 RI2S RS DEC28944
100 3,000 100> 3000 1002 3000 100 3000
E P
5% 5% 5% 5% -
D J T
pmm———
1 1
+—9 | O8-15V
|
1 o75% 1
-39 H
1
1
DI R3 >Re D3 ¢Re ! |
D-6642 1,500 D-864¢ 1,500 D-664 Q1,500 | Mp-e62 |
5% 5% 5% 1 !
ce | Bo-ee2i | ce
o[ ] :":g.Fﬂ : c5 E—:gD
9 2 Q i &o-eez;
1 D4 :
| #pD-662 |
UNLESS OTHERWISE INDICATED: v |2 1
RESISTORS ARE 1/4W: 10% * +
CAPACITORS ARE MMFD S i Oc ono
| 1
LSTRATE
Inverter CS-B-B104
My 1
ISTRATE |
— L 0B-I15V
IPLI
{Sizoo |
. vl ]
[} ]
> 09 l
DI SR3 D2 SRe D3 SRe D4 SR? D5 SR9 ce | |Zpesz! 351
D-664 $1,500 D-664%1,500 D-66451,500 -66451,500 D-66451,500 ik o ! b
|4D8 1
D-662 |
des| | | dC8
T2 | 107 1 T2
MFD| (2 ceat |MFD
1 N v i i
{406 !
1 &o-ee2,
]
* ’ %.z : OC GND
| S —_—
ce c3 34
56 56 s6
RI3 — RI4 — I%Ig —
100 100
al R2 Q2 RS @ Q4 RIO Qs
3,000 1o 3,000 10% 3000
H L T
E " R 1]
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFD
TRANSISTORS ARE DEC 2894-18
Inverter  CS-B-B105
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-O AHOMA)
OB-15V
R7
12,000
DI3 D4
Dil | D-662 D-662 Q4
DIo
T C GND
|
|
1
H ) |
|
S
1 K
| | weo
R4 RE 1
|
1
I
|
1
1
I
\
T [
1 -3V |
| STRATE |
UNLESS OTHERWISE INDICATED: AR |
RESISTORS ARE 1/4W; 5%
TRANSISTORS ARE DEC2894-18
DIODES ARE D-664
Diode Gate  RS-B-B113
QA+ I0V(A)
-OB- I8V
R2 R4
68,000 %n.ooo
© lea
.0l
MFD
R
¢ ®
@i 12
DEC 2894-1 DEC2894-1
-OC GND

20—

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; i0%
DIODES ARE D-664

Diode Gate CS-B-B117
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OC GND
/ \ [ | [
) gor |
4 | ¥ 0-662 |
ci 4RI c2 R3 C3 SR& (] RS c5 R7 Cc6 | i
56 ¢ 56 3,000 s6 53000 56 56 $3,000 56 I |
1 lwos |
Ri4 RIS R16 RI7 RIS RIS | ] o-es2)
oOF " J u N | i
]
I
v v ]
05
OF oL i o-«z:
! |
1
0o j"" Igpos |
. | ¥ p-ee2
\ 1
-3v !
(o] D2 ! A ! i
D-664 D-864 0-664 MFDT MFD JI STRATE:
SRr2 \Re QRIO ]
;; 1,500 in,soo f 1,506 |
B-15V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFD
TRANSISTORS ARE DEC 2894-1
RESISTORS ARE (00, V4 W;10%
Inverter ~ RS-B-B124
K 4 H
pu o2 {13 14 o1s loie
Q7 Q8
DEC2894-1 L DEC2894-1 L
SR20 SR23
;,7,500 27,500
v OA+IOV(A)
$Thoosis00 oz
Sh b QR? c2 SR9 QR
3220 =00 31,500 31,500 Y <’§§2 i p-eez
MFD 310% 310% s p2|
Ql 1 D-662
DEC2894-1
o2 — * B2
LRI foLi R2I L2
< —AAA—4 K S0 Tuhy 2100 Stuhy
> 10% 10% DI9
D-662
- DIg
D-662
o7
v D-662
SDA-8
R2 RS 2! R8  (RiO 26 RI3 Eé%o ‘L
R24 R25 SR26
1,500 1,500 $1000 F 1,500 1,000 1000 $1,000
2 .
* * ¢ ——0B-I5V
—22V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
DIODES ARE D-664
Three-Bit Parity Circuit ~ RS-B-B130
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A+IOV(A)
O

e R2 SRS :[RO qull
3 68,000 268,000 3 ©8,000 3 68,000 ~————00
37" GNO*
L R
Q4 ! psz |
Ql 02 Q3 : Des2 |
4 4 4 ! , :
1
Per ¢ Bl g AN b
[] - N D-862 al ! I ez
os o2 D28 o= |B30, 1=<01
ez s 22 T 0882 V NEp T 1 Tweo
b o7 Di4 ] oze | I o !
] D3 | ] Do oIS o D24 | %!
Sw R3 R4 SRE Sric SRz ||| !
D2 D4 $12,000 $1500 ] oIt $12,000 $1,500 Dis 023 D25512,000 $1,500 || | i
23 5% 5% I |
o T 1
1 Smis |
| g 4500
L{8% ! -1sv
_ + +—O8
SV
ISTRATE!
o o o o 0
Lk E F H ]
o | 1
ENABLE \—\g—/ v
UNLESS OTHERWISE INDICATED 2 2
RESISTORS ARE I1/4W; 10%
DIODES ARE D-664
TRANSISTORS ARE DEC2694-1
Half Binary to Octal Decoder ~ RS-B-B155
A+IOV (A
Di2 T © a)
H -0B-I5V
on R3 R4 (Las R6
1,500 12,000 2 68,000 1,500 [ . -
J 5% 5% > 5% [ 2 |
» 1 + +—OC GND
DIO D23 16 DI7 |
pi6 D Q2 ) ozz |
K oec ! 0-662
os D-662 D-662 2094+ ! !
$—OD £ F ! !
L t gy Yozt
LG S hng | D-662 |
o~ 01 1 v5°/ I
D8 MFD | o
p20 |
1 1
[ Ao oie 1 o-662 |
o7 ! I
N h ols |
6 D-662 |
. 1
D6 H |
PO——Pt— ! -3v J
0s L__STRATE
RO——p—
04
s L
03
.
D2
uvo- Pt
ol
v o———Pp}——
UNLESS OTHERWISE INDICATED;
RESISTORS ARE 1/4W; 10%
CAPACITORS ARE MMFD
DIODES ARE D-664
Diode Gate  RS~B-B171
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o ?
OC GND
-
"
S
R — a . ,
[}
] 5 K i 8 5
|
H D-664 _|D-664 } ;
| |
| 0664 | D-c64 | 2 O M
! P10 P 4 +—P——1€¢——or P47 ¢ "‘K-°"; -
a 1
100 r D-662
| 1Al | !
] 1L 1L 1L
| 1€ 1 1y ‘ —H—ie—d 1C 1c i€ : :
! cl D-662
El E2 h E5 E6 €7 E8 Sim= | |
: o, : e ) A DG DCD o | 1
i 5 i ! | ¥o-ss2 |
T i H | ]
1 1 | H 1 I
I i I 1 : D-662 :
! | ! ] Y i
! i ! 1 vagal T 14ea ] |
| 1 : | I 7,5000 | 1
| Pd ] 2 2 P4 s > 3 > S S 1 5 ]
<, ! S ; o H - < P
| <15,000 <;55€‘oo| S i lS,Ogg:,l <:7* i é 4 2 2 13 'é?o |
| ! f | | |
| | I | LPo_
{ 2 ! 1 2], 2 |
Lo ] - T 2 . ¢ —0B-I5V
Flip-Flop  RS-B-B201
—OAHOV(A)
SRI2 Ri4 R20 R24
3100,000 100,000 100,000 100,000
P,
—e- ¢ oND
|
i 4q !
1 o-ssz:
I
|
| Woas
I | o-es2,
1 1
L pra
ro! D-662!
! 1
! 1
i Yoa
RIS RI& 1 | D-662
4,700 [ 4,700 ! |
5% 5% I "
; roB8-15v
26 ! i
ls| Ras||
b 500 |
H 5%
\ I
i -3V 1
L sTRATE_!

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 10%
DIODES ARE D-664
TRANSISTORS ARE DEC 3639

Four Flip-Flops ~ CS-B-B204
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QA +I0V(A)

’ ’ OBV
R3 PORI3 ORI2 Oc.M eND
D5 R7
oIl >
Fou | ﬁ) 664 ?o.ooo
D2
D664 DIS
R c3 p-662]
Qi '3;0
D4
DEC2894-3 "
J \'&4 ;:%? D-662
WFD | MFD
i3
s 0-662]
DI N3009 .
D-664 b DI
ELAY LINE
w oS Q = 2 oL e =
D pEc|2894-2 BSes |
ly o
DIo
IN7S0A
a7v
5%
S RI dle RS ORE RIO SRit
1,500 Ta 4,700 4,700 860 < 560
™ MFD
+ 3
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 10%
Delay with Pulse Amplifier ~ RS-B-B360
—OA+IOV(A)
—OB.15v
e R G
| smm-::
n3 lra  Jmrs o pe 12 Lo Lor
4,700 4, ; D-e62 y
i
n p2 - cs
| Yo-se2 ol
I MFD
of ! |
: D5 |
m ! ¥ose
1-2010 § 1 |
F 3 | ogore !
(-] ! D-662 !
' g ]
Lo d
ol n2 Q2 Q4
1S 320 2 T4
i \ 4 T-200 T7-2000
LAY 2¢ = 4 =
D8 DIt *ous
o
4 Rre { Ri2 .
S390 390 %
) 3.
}l o3 J . o® €
o ca RIS QRI4
1,500 =0 = 390 Q390
% MFD WFD
L d

RESISTORS ARE M4

UNLESS OTHER'ISS' l.%D‘ICA‘I’ED'
TRANSISTORS ARE -3
DIODES ARE D-664

Pulse Amplifier
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T SR 5 38§ S0 ST
) @0 | T 5% o5% § 100,000 2w
5% | I’y
o DEC |
GND ~ gRa Qe 06 2894-34| 28
20 D-662
RIE  QR20
R3 o 560 560
82 az aa o Yoz
2N2904 3 | ce [DEC 2219 1€ D-662
E 9 C( 56 MMFD
fo Ol MFD 0l MFD < <
D DIg
K O— D-e62 D662
gﬁll RI3 éRl.’) éRZl
“6 750 S750 $12,000 100,000
15 PA
A I ° DEC
- ;fssoo i" o o o 2894-34 Q7
. 220 >'5% [ 06640l 0-662
RI7 QRIS
RI R Phea 560 560
82 al a3 co VYoz3
P 22904 [C2 [c5 [pEC2219 5ol amro * ! D-662
[ s
D
"o :‘37662 B%e2
uo
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 10%
TRANSISTORS ARE DEC 2894-38
.
Two Bus Drivers  RS-B-B684
[ ExampLE |
| “oeLz |
> 5 : —0 AtHiOV)
RI R2 R3 R4 RS R6 i R7 1
100,000 100,000 100,000 100,000 100,000 100,000 i 100,000 |
B B e T
: : i > X C(GND)
1 ps8 |
Q2 a3 Qe ¢ Q5 ¢ as | 8 a7 | ¥ peez |
1 1
1 1
[ | D9 |
a L5 1Y B
MFD |
ro—1 o0 o1 no— ro4— ||l L TN
o2 y ) D4 ) e | 1 r G R
e ' ¥ oesz
e o 1 T 18 !
D12 R9 o3 RIO Di4 RIl oS RI2 D6 Ri3 1 LOIT 45Re b oms !
picie S7300 Wosee $nsoo Woesz Sasoo Yossz g7soo Woeez $7300 | Woeesz $ 7,500 | i $hsoo !
[}
! o :
] |
1 2 + '3 L—0B(-i5v)
pig QRIS pio RI7 p20 QRI8 ‘t p2i 2RI D22  GR20 w23 QSR2I | D24 JR22 H Vsrme !
besz Sisooo ¥ beee Sis,000 Woeez 15,000 ¥ Des2 15,000 pesz2 15,000 ¥ pesz < 15000 | ¥ peez < 15,000, LSTRATE_ J
] !
4 p . 4 i L i
: i
L5
o028 Aoz Ao2r D28 D29 030 D31
o
2 % R ¢
UNLESS OTHERWISE INDICATED;
RESISTORS ARE I/4W, 5%
DIODES ARE D-664
TRANSISTORS ARE DEC 3639
PRINTED CIRCUIT REV. FOR
DGL BOARD IS SIA
Inverter  CS-B-R107
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Py P P L 2 ~0 A + 10V (A)_

R & R It RI4 RI?
100,000 100,000 00,000 100000
-0 C GND
O B -I5V
UNLESS OTHERWISE INDICATED:
TRANSISTORS ARE DEC 3639
RESISTORS ARE 1/4W,5%
DIODES ARE D-664
Diode Gate  RS-B-R123
—O A(+iOV)
RI R2 R3 R4 RS %ns R7
$ 100,000 100, 000 100,000 100,000 100,000 100,000 100,000
O € (GND)
D8
e | 03 a4 ¢ a5 4 es | a7 Dee2
D9
c
.0l bee2
WFD
RO NO—4 pO—4 TO—4 uo—4 gé%z
02 o3 D4 03 De (14 out
D662
R Di3 RIO Di4 RN RI2 oe RI o Ri4 RIS
7300 WYosez 57500 Yoee2 27300 Tossz 7,500 D662 27. Tncez 7.500 1,500
O B(-15V)
pis RIE o RI7 w020 RIB p2i RP * p22 R20 p23 2 R2l D24 2R2
pe62 < 15,000 *ose is.000 ¥ pee2 $15,000 ¥ peez $15,000 D86z 215,000 Dss2 < 13,000 De62 g 15,000

i £Eaz 4311
32 T |38 |3

D jolo 2]
33({34 |3536/3 9 40 |41

UNLESS OTHERWSE INDICATED:
TRANSISTORS ARE DEC 3639

DIODES ARE D-664
RESISTORS ARE 1/74W; 5%

DC Carry Chain  CS-B-R181
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OC 6ND

h —OA + IOV(A)

UN OTHERWISE 1N
3 ARE (/4w |
CAPACITORS ARE MMED
TRANSISTORS A

DIODES ARE D-

OB-18V

12,000

Flip-Flop ~ RS-B-R201

A+IOV {(A)
O

—OC GND

0-662

RI R3 4 RS RT
?IS.OOO%‘IJOO 4,700 %ls\ooo %ISDOO

D32
D-662 pidzly Des2
D31
—ig—

RIl RI2 QRI3 RIS RIS
4,700 | $4,700Q15000 15000 15,000

Al

D46
D-662

D45
D-662

D44
D-662

043
D-662

B-I15v

DI ?DG

fuzo

UNLESS OTHERWISE INDICATED:
RESISTORS ARE i/4W35%
CAPACITORS ARE MMFD
DIODES ARE D-664
TRANSISTORS ARE DEC 3639

Triple Flip-Flop
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C,M,V GND

D2
Qs Q7
06 DI,
D-662
D5
D-662 ce co )
b4 .0l 56 56
D-662 MFD RIT RI9
3,000 | {3000
N I3
D3 O—4 —O
D-662
] o1z Aois
L 4
2 8o
Rl R2 R RS 1500 R9 Rl b RIS RI6 1,500 R20
1,500 $3,000 1,500 $1,500 1,500 1,500 1,500 1,500 1,500
L
- -15v
UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W; 5%
DIODES ARE D-664
CAPACITORS ARE MMFD
TRANSISTORS ARE DEC2894-18
Quadruple Flip-Flop  RS-B-R204
D56 D57 %DSS %nex
N
———QA+IOV(A)
K T
R4 RS RI6 R2O
100,000 100,000 D2! Wro24 D27 D30 $100,000 100,000 D45 gy D48
. OC GND
cl al c3 ca o3 c6
K0 | oS DEC 3639 o7 | 1% 10 | 029 DEC3639 b4 | 100 dcs
ITi Tool
ps2
* Q2 " =3-9H Q4 " p-6e2| MFD
o2 i) DEC 3639 DIe 020 26 DEC 3639 D38| D44
Sam o8 i3 { D32 037 -+ psI
D-662 D-662) D-662 D-662| D-662
D4 7N DIz p28 D36
A7
-~
D7 § E 031 P "D W DSO
D-662
o1 Dic DM 019 D43
p i i 1 3 049
> [ \ D-662
Rt QR2 QA3 QRS R6 CR7 RO QRI2 R22 QR24
%ls 18,0001 4,700 4,700Q15,000 000 Q15000 3: 15,000
-OB-I15V
F
PR9 2RIl | PR21 QR23 PR25
15,000915,000 015,000 1,500
pie ¢ DiB ¢ D23 D40  pa2§ D47
UNLESS OTHERWISE INDICATED: —m
RESISTORS ARE I/4W; 5 % 2 cs
CAPACITORS ARE MMFD
DIODES ARE D-664 o3 100 | be2 D33 | 100 | D4s
H \y M 8 v
D55 D58 060 D62

Dual Flip-Flop

RS-B-R205

6-62



vie
3

. . - o
R4 c=c2 Rit Ri4 £"° A o
100,000 | 001 15,000 4,700 4,700
5% 5%
o8 M Vo5 M ¢ oD
&5 %64 | ¥o ces a3 % ¥oza N
i
I |
uo—s —Lcs D27
.0022
o5 .
¥o'ssq Ql Q2 RI3
D4 D8 82
D-864 D-ged D26
L4l
7 Q4
o L1200 %605 0B
100 5%

i N =55
MR Yol D12 “l@lov
D-664 \ 21

3 v D24
RI2 RI RIS R32 18 19
ésso éa,ooo émoo 15,000; 5% D664 664 | Wo23
5% 5%
¥ozz
DS R9
0-664 20,000 iDZ'
b .
' PRSS| !
Ri R2 R3 RS BOURNS R2i R24 R25 & R28 R28 QR30
15,000 15 15,000 1,500 OR Les Ler —les -les 7,500 15003 17,500 < 1,500 680 680
5% < 5% 5% 5% WESTON T.027 TN39 T39  L38 5% 5% 5% | 5%
O
B- 15V
&Lv (L o) o o o} o) 0 tL
UNLESS OTHERWISE INDICATED: R s P K L M N J b 1 £ F
RESISTORS ARE V4W,10%
DIODES ARE D-662, RO 1S A 275P
TRANSISTORS ARE DEC 3639, CAPACITORS ARE MFD
Intergrating One-Shot  CS-B-R303
, A+IOV (A)
O
‘r S;!gXTE i 8
» " : IL O-15V
6 RS RI2 rI3 ria  Lris RIT 1 Lmis
15000 5% 15000 5% $15000 5% ot $|oqmq-|,5oa 2'* 18 7500 [ :: 1,500 :
> Dis D30  ce > > 8% >5% o 5% 10,000 5% 0 [ 1
U L] E 1 \ :
Das i
21 Y024 100 E & ] .
o8 D27 D33 038 y 053 1 '
—Pt H 050 1
ewo | 0as | oee X
| D49
1 e & p-ge2|
RS L Q2 | i
15000 5% L A DEC 1 p4s !
Di4 g x D29 2894-28| D45 | | D-662!
4 D& D42 al 13 !
§ 3 042 | D47 i
02 D23
or 026 os2| | p-se2 D662 3639-0 (2T . 0-ce2
Pt - P OC GND
D40 o]
1
.ol
R4 MFD
15,000 5%
013 p H D28 JI\
_l(_n. cid
020 100 OIMFD
oIS D25 D3 oz , |05l
>
D34
Iy
UNLESS OTHERWIS INDICATED:
RESISTORS ARE 1/4W; 10%
CAPACITORS ARE MMFD
DiODES ARE D-664
Pulse Amplifier  RS-B-R601

6-63



° —OA+IOV

R4 RI3 RI7
100,000 100,000 10,000
5 0% re——===1
2 1 } o)
b3 D7 a3 M RS i o one
O L = i
pec. P "% ¥ Twro g?gsz:
D-662 D662 a2z 3380 L) e ' I
b o DEC J—e A D5a4-28041 'Y 3%z
o7 D6 2894-28 Nes T a7 e | oze !
Lo wFo | || ¥ o-c62 A
R2 RS
15,000 kos 1,500 0I5 go-33 |
I°F o-662 |
’ § ' +oB-i1sv
e !
gm SR3 R i W
< De Di4 ¥ i
>
315,00015,000) t : !
E ) L \
ol | -3V
UR 4d 0I3 ~c3 LSTRATE_
100 < Tmo
Da DI0
02 D12
F J
D43 Yo4aa D 45 Dso
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFD
DIODES ARE D-864
Pulse Amplifier CS-B-R602
0B -1V
bz oQrz  loa Qre o6 ¢re s ORs |0 ORI iz Qriz e Qri4  Iois Qmis
3,000 3,000 3000 3,000 000 3,000 3,000 30
E ¥ 1 ] K ]
0 OC GND
|
1
I
N v |
] ¢
RO 1 =R.0
wro | doir ! [mro
1 ¥o-ee2!
) p ez dos Lrs  Jor lrr  jps  lme il 0 oz s |
1,000 3000 3,000 2,000 3000 3000 ' DI i
] D-662 |
< sv! |
- 6 1
’ + e | '
| QRIS |
1 S )
! 1
i |
Vv |
] i

UNLESS OTHERWISE INDICATED:
RESISTORS ARE I/4W, 5% [ )
DIODES ARE D-664

Clamped Loads ~ CS-B-W005

6-64



RI 1,500 5%
A

AD —AN/ O BLK ~N
R21,500 5%

B O————————AAA———————O BRN
R3 1,500 5%

cO AN O RED
R4 1,500 5%

DO~ —\W\ —O ORN
R5 1,500 5%

£O By y il —_ T
R6 1,500 5%
ANA—

FO —O GRN
R7 1,500 5%
H O——————AAA—————————0 BLU
R8 1,500 5%
Jo- AN —O vio
R9 1,500 5%
K O—————— AAN—————————0 GRY RIBBON
RIO_(,500 5% CABLE

LO—————ARA————————O WHT
RIl 1,500 5%
—AAA

MO- ~O BLK
RI2 1,500 5%

NC -AAA O BRN
RI3 1,500 5%

PO AAA O RED
RI4 1,5005%

RO —AAAS O ORN
RI5 1,500 5%

$ O0————AM——————O0 YEL

RIE 1,500 5 %
TO— —ANA——— O GRN

uo AR 0 BLU
RIB 1,500 5%
v O AAA o vio 7

UNLESS OTHERWISE (NDICATED®
RESISTORS ARE I/4W

Indicator Cable Connector  RS-B-W020

. . Py p O A HOV (A)
R2(
3,000
5%
—~OC GND
. —OB-ISV

UNLESS OTHERWASE INDICATED:
RESISTORS ARE 1/4W; 10%
CAPACITORS ARE 120 MMFD

Emitter Follower  RS-B-W100

6-65



O A+IOV

——OB-15V
—QO C GND
030
D-662
D29
D-662
R26
22
ov
R 25 el
21,500 é8
5o MFe
F¥aLum
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 174W; 10%
DIODES ARE D-664
Pulse Bus Transceiver  CS-B-W102
» 0
R33 A+iOV (A)
10,000
10% Ql4
16Ji
R34
100
10%
3
R4 014
1,500 ™
T M
R 3 R35
1,500 3,000
b .
INPUT - S_.sv
0
» ¢ GND

UNLESS OTHERWISE INDICATED:
DIODES ARE D- 864
TRANSISTORS ARE DEC 2894-3
RESISTORS ARE 1/4W, 5%

d

U
R2i R29
1,500 3,000

High Impedance Follower

RS-B-W500



C GND

R4

i00

Q2
OEC 2894-38

B2c

2894-18 R8
VAA—
100

T3
1-2003
Q
2 3

Q4
DEC 2894-3B

RI2

vV
100

Qe
DEC 2894-38B

Di2
0-662

T4
T-2046 oIl
> D-662
3 5
02
D6
(3 Dto
Xos D-662
Ri5 4 6 RI6
100 <2 100
220
RI R3 RS R? R ca RI3
1,500 100 1,500 100 100 .ol 1,500
5% 5% TMFD 5%
——OB-I5V

UNLESS OTHERWISE INDICATED:
RESISTORS ARE |/4W; 10%

CAPACITORS ARE MMFD
DIODES ARE D-664

Pulse Amplifier

6-67

CS-B-W607






	001
	002
	003
	004
	005
	006
	1-01
	1-02
	2-01
	2-02
	2-03
	2-04
	2-05
	2-06
	2-07
	2-08
	2-09
	2-10
	3-01
	3-02
	3-03
	3-04
	4-01
	4-02
	5-01
	5-02
	6-01
	6-02
	6-03
	6-04
	6-05
	6-06
	6-07a
	6-07b
	6-09a
	6-09b
	6-11a
	6-11b
	6-13a
	6-13b
	6-15a
	6-15b
	6-17a
	6-17b
	6-19a
	6-19b
	6-21a
	6-21b
	6-23a
	6-23b
	6-25a
	6-25b
	6-27a
	6-27b
	6-29a
	6-29b
	6-31a
	6-31b
	6-33a
	6-33b
	6-35a
	6-35b
	6-37a
	6-37b
	6-39a
	6-39b
	6-41a
	6-41b
	6-43a
	6-43b
	6-45a
	6-45b
	6-47a
	6-47b
	6-49a
	6-49b
	6-51a
	6-51b
	6-53
	6-54
	6-55
	6-56
	6-57
	6-58
	6-59
	6-60
	6-61
	6-62
	6-63
	6-64
	6-65
	6-66
	6-67
	6-68

