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CHAPTER 1
INTRODUCTION AND DESCRIPTION

Type 164 Magnetic Core Memory System (Frontispiece), manufactured by Digital Equipment
Corporation, stores standard PDP-6* 36-bit words, and can accommodate a parity bit if required. This
memory performs with either a single- or multiple-processor configuration. In addition, a system con-
figuration can incorporate several of these memories. A single memory can accommodate up to four pro-
cessors and includes priority logic to control processor access. All memories for use with a single pro-
cessor are connected to the processor-memory bus, and each memory can be connected through to as

many as four processor-memory buses. The standard Type 164 Memory stores 16,384 words.

1.1 PURPOSE AND SCOPE

This manual provides initial instruction in the use of the Type 164 Memory System. Information
suitable for maintenance of the system sufficient for use by personnel with experience in servicing similar
types of equipment also is included.

This document is one of several associated with the PDP-6 computer. For complete and com-
prehensive coverage of areas not included in this manual, the operator should refer to the list of docu-

ments under Paragraph 1.3.

1.2 SYSTEM REQUIREMENTS AND CHARACTERISTICS

Table 1-1 lists the system requirements.

Table 1-1
System Requirements

Access time from processor Single processor 850 ns + 50

Multiple processors 950 ns + 50
Total cycle time of memory 1.65 ps
Input ac voltage 105-125 at 60 ¢/s

220-250 at 50 ¢/s
Current Nominal TTA

Surge 16A
Power dissipation ‘ 995W
VA 1265

*PDP is a registered trademark of Digital Equipment Corporation
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Table 1-1 (cont)

System Requirements

Heat dissipation

Temperature range
(Operating)

Humidity range

3396 Btu/hr

70° to 85° F
30% to 80%

1.2.1 Access Time

Total cycle time for the core memory is 1.65 ps, but this time is not a factor in system operating
speed unless calls to the same memory are so frequent that processor time is lost in waiting, in which case
memories should be interleaved. The total time required for access by the processor is of importance when
considering system operating speed. This time is dependent both on the speed of the memory and the time
required by the memory subroutine in the processor. In Table 1-2, all times are in nanoseconds. The time
in memory is the actual time consumed within the memory for read access and write access (the time from

the appearance of the request signal at the memory until acknowledgement or the read restart is generated).

(See Chapter 4.) The access time is the total access time for the Arithmetic Processor Type 166 and is

the interval between the pulse which requests memory access subroutine and the return pulse which restarts
the waiting sequence. The times are given below for a call without relocation or stopping on parity er-

rors, with a bus length of 10 ft. For each additional foot of cable, add 3 ns; when a core address is re-

located, an additional 100 ns is required; for parity checking with error stop, add 100 ns to the read-

access time for core.

Table 1-2
Access Times

Time in
Memory (ns)

Type 166 (Exec Mode)
Access Time (ns)

Core Memory

Read access

Write access

Single processor 500+50
Multiple processors 600+50

Single processor 100+50
Multiple processors 200£50

Single processor 850+50
Multiple processors 950+50

Single processor 500+50
Multiple processor 550+50




NOTE: Add 150 ns to read and write access time when
Type 166 Arithmetic Processor is in the user mode.

For read/write access, the time required for the first memory call is the time given for read. No time is
required within the memory for the second call because it is already waiting for data and the write re-
start, and no response is expected of it. (See Chapter 4.) The time required for the call in the proces-

sor is the time required to send the restart and terminate the subroutine.

1.2.2 Physical Description

The Type 164 Memory System is housed in a single standard 19-in. DEC cabinet. Figure 1-1
shows the major equipment layout within the cabinet, and Table 1-3 presents the major physical char-
acteristics. Inside the doors at the rear of the rack is an inner plenum door on which are mounted the

required power supplies and power control panels.

Table 1-3
Physical Characteristics

Dimensions

Width:  22-1/4 in.
Depth: 27-1/16 in.
Height: 69-1/8 in.

Service Clearance

Front: 8-3/4 in.
Rear: 14-7/8 in.

Weight
560 Ib

The figures listed in Table 1-3 are for memories that stand alone. Whenever a memory is added to a
frame containing either a processor or another memory, the width is decreased by 2 in. Clearance re-
quired for the double doors is 9 in., and for the rear plenum doors, 15 in.

Intake fans at the middle protion of the rack cool the top and bottom logic modules by blow=
ing filtered air between them. Additional fans mounted on the plenum door cool ambient temperature

of the bay.
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1.3 REFERENCE DOCUMENT §

The listing of Table 1-4 itemizes the standard documentation provided for use with the PDP-6

system. Other documents may be furnished if they are applicable to customer requirements.

Table 1-4
Hardware and Software Documentation
Central Processor Type 166 Instruction and servicing information.
Maintenance Manual, F67
PDP-6 Users Handbook, F65 Programmers manual for PDP-6 system.
Module Catalog, C105 Complete data concerning modules and
module circuits used in the PDP-6 system.
PDP-6 Program Library Detailed description, listings and tapes.
PDP-6 Software Documents Includes software system manuals such as

FORTRAN, DDT debugging, etc.

1.4 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 while reading the text that
follows. Any reference to figure numbers or table numbers indicates that the illustration or table is
located in text. For example, Figure 3-1 is located Chapter 3 and is the first illustration in that Chapter.

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-164-0-SBD

Mnemonic identifier

Drawing set identifier and
no. in set

Drawing original size

For this number, the first reference in text is 164-0~SBD; all subsequent references are -SBD.

To locate a specific signal or function, the origin of the signal on a specific drawing is stated
in one of two conventions.
1. "The OGN pulse developed at PA (D23, SBD)..., where PA is the module type."
D23 is the physical location of the module by rack and module slot, and
SBD is the specific drawing on which the reference can be found.
2. "The CLR pulse is generated at module PA (SBD:C4)..., where PA is module type."
SBD is the drawing, and

C4 is the coordinate location on the drawing for the module.
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CHAPTER 2

INSTALLATION AND INDICATORS

2.1 SYSTEM CABLING

2.1.1 Power Cabling

The standard power cables supplied with the 164 Memory System are 25 ft long and 11/16 in.

in diameter and permanently wired to the unit. These cables have a Hubbel Twist-loc plug number

34-3331, rated at 115V, 30A. Thus, the primary power source must have a 115V, 30A Hubbel Twist-

loc flush receptable part number 34-3333 or equivalent.

2.1.2

Bus Cable Requirements

The central processor and memory system are interconnected by eight 9-conductor coaxial

cables. Four of these have two DEC 10350 female connectors (two 9-conductor cables per 10350) on

one end, and four DEC W028 connectors on the other as shown on Dwg. D-164-0-CCD, sheet 1. The

other four cables have DEC 10360 male connectors at one end and four DEC W028 connectors on the

other end of each cable, as shown on Dwg. D-164-0-CCD, sheet 2.

The signals transmitted over these cables are listed in Table 2-1.

Table 2-1
PDP-6 Memory Bus Interface
164
PDP-6 PROCESSOR END Memory
End
DEC 10360 DEC 10360 DEC 10350 DEC 10350 DEC*
Pin Memory Cable Memory Cable Memory Cable Memory Cable w028
No. 1 No. 2 No. 3 No. 4 Pin No.
A | Gnd Gnd Gnd Gnd
B |ADDR ACK —» | MA22 (1) —@ | MBO (1) —» | MB18 (1) — | D
C [RDRS —» | MA23(1) —@ [ MB1 (1) —» | MB19 (1) — | E
D | WRRS —» | MA24 (1) —@» | MB2(1) —» | MB20 (1) —» | H
E |PAR (1) —> | MA25(1) —@ | MB3 (1) —» | MB21 (1) —» | K First
F [RQCYCLE —@ | MA26 (1) —@ | MB4 (1) — | MB22(1) — | M wo28
H | Spare MA 27 (1) —@ | MB5(1) —— | MB23 (1) — | P [Connector
J | Gnd Gnd Gnd Gnd
K IMAT8 (1) —> | MA28 (1) —@ | MB6 (1) — | MB24 (1) — | S
L [MAIB(0) —> | MA29 (1) —@ | MB7 (1) —» | MB25(1) — | T
M IMAT9 (1) —> | MA30 (1) —@ | MB8 (1) —— | MB26 (1) — | V
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Table 2-1 (cont)
PDP-6 Memory Bus Interface

164
PDP-6 PROCESSOR END Memory
End
DEC 10360 DEC 10360 DEC 10350 DEC 10350 DEC *
Pin Memory Cable Memory Cable Memory Cable Memory Cable w028
No. 1 No. 2 No. 3 No. 4 Pin No.
N|{MAT9 (0 —> | MA3I (1) <@ | MB9(1) — | MB27 (1) — |D
P | MA20 (1) — MA 32 (1) @ | MB10 (1) —» | MB28 (1) —» |E
R | MA 20 (0) —<> | MA33(1) —@ | MBT1 (1) — | MB29 (1) — [H
S | Gnd Gnd Gnd Gnd Second
T | MA2I (1) = MA 34 (1) —@ | MB12(1) — | MB30 (1) — [ K w028
U | MA 21 (0) MA 35 (1) —@ | MB13 (1) —s | MB31 (1) —s | M|Connector
V | MA 22 (1) MCRDRQ @ | MB14 (1) —» | MB32 (1) —» |P
W | MA 22 (0) MC WRRQ @ | MB15(1) —» | MB33 (1) —» | S
X | MA 22- Spare MB16 (1) —» | MB34 (1) —» |T
Y | 31=0 —> Spare MB17 (1) — | MB35(1) —» |V
Z | Gnd Gnd Gnd Gnd

(SOURCE 2L5)

*NOTE: Each DEC 10350 and DEC 10360 connector and cable is terminated to two DEC WO028 connectors.

(SOURCE 2L20)

(SOURCE 2E25)

PO

P1

P2

P3

PO

P1

P2

P3

PO

P1

P2

P3

PO

P1

P2

P3

(Refer to BUS CABLE REQUIREMENTS Paragraph 2.1.2.)

(SOURCE 2J25)

r CABLE 1

- CABLE 2

> CABLE 3

» CABLE 4




2.1.3 Inter-Memory Cabling

Interconnection between Type 164 Memory to another Type 164 Memory is accomplished by

eight 9-conductor coaxial cables with DEC W028 connectors on each end.

2.1.4 Margin Check and Remote Power Cable

Each system is supplied with a margin check and remote power turn-on cable which plugs into

the power connector bracket between the Type 164 Memory and processors. (See Dwg. 1A-B-7405423-0-0).

2.1.5 Termination Requirements

Each 164 Memory System on the end of a bus should be supplied with eight DEC W028 con-
nectors with handles. These should be ordered separately. Each W028 will have nine 100 ohms, 1/4W,
5% or 10% wired-in terminators to ground. (Refer to Dwg. 1A-B-5403930-0-0.)

2.1.6 Pressurized Cabinets

A 164 Memory System which is to be connected mechanically to a unit that contains system
type modules, must have a side panel installed so that pressurization can be maintained in the unit with
system modules. Cable access through the side panel is 8 in. x 4 in. These side panels are not neces-
sary when two Type 164 Memories are connected together. These panels should be ordered separately

(Part No. 74-05415 and Dwg. D-MD-7405415-0-0).

2.1.7 Cable Access

If the Type 164 Memory is remotely located, cable access is through the bottom of the cabinet.

If the Type 164 Memory is connected mechanically to another Type 164 unit or non-system type
module unit, cable access is through the side or bottom of the cabinet.

If the Type 164 Memory is connected mechanically to a system type module unit, cable access

is through the side panel as explained under pressurized cabinets.

2.1.8 Cooling

All modules will have styrofoam strips 1/8 in. x 2-1/4 in. x 16 in. between handles. These

must remain in place to insure that modules are not damaged by excessive heat.
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2.1.9 Multiprocessor Input Module Requirement

10 each - W102 per additional processor input
1 each - B684 per additional processor input

8 each - W028 (cable terminator) per additional processor input if Type 164 Memory unit is
at the end of the bus.

2.2 INDICATOR PANEL AND SWITCHES

The indicator panel (Figure 2-1) contains the POWER, RESTART, and SINGLE STEP switches
and register flip-flop indicator lights that illustrate system conditions for memory address and memory
buffer plus control conditions.

A processor selection switch and restart switch are mounted on the rack as shown in Figure 2-2.

Table 2-2 lists the system switches and functions.

seo00ee0o0e
N b helbuing

b

Figure 2-1 The Indicator Panel

Table 2-2
System Controls
Switch Location Function
POWER Indicator Panel Primary power for memory
RESTART Indicator Panel To restart memory cycle manually
SINGLE STEP Indicator Panel Allows one-step operation for main-
tenance under control of RESTART switch
PROCESSOR SELECTION S6 Front of Cabinet Manual selection of a single processor
or multi-processor operation
RESTART S5 Front of Cabinet Manual restart




Table 2-2 (cont)
System Controls

Switch Location Function

SEL/DES PO . 523 Front of Cabinet Manual selection or deselection of in-
dividual processors

SEL/DES P1 S24 Front of Cabinet

SEL/DES P2 S25 Front of Cabinet

SEL/DES P3 S26 Front of Cabinet

PO NORM/INTL S1 Front of Cabinet Select normal or interleaving memory
operation (more than one) (Type 164
Memory)

P1 NORM/INTL S2 Front of Cabinet

P2 NORM/INTL S3 Front of Cabinet

P3 NORM/INTL S4 Front of Cabinet

MA 18 0-1 PO, P1, P2, P3 S7, S8, 59, S10 Select code

MA 19 0-1 PO, P1, P2, P3 S1t1, S12, S13, S14
MA 20 0-1 PO, P1, P2, P3 St5, S16, 517, S18
MA 21 0-1 PO, P1, P2, P3 S19, 520, S21, S22

Figure 2-2 System Switches
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2.3 OPERATION

A standard panel (Figure 2-1) is installed on all memories, although some of the indicators
may not be used. The controls and indicators are primarily for maintenance; most of the lights change
too rapidly to be significant when the computer is running normally. On the upper left of the panel are
two toggles and a pushbutton. Memory power can come on only when the POWER switch is up, so this
switch is usually left on at all times so that the memory comes on when poyet is applied to the computer
system. The POWER light at the lower left furns on immedigtely when power is applied. If the SINGLE
STEP switch is up, the memory stops with the STOP light on af the end of every cycle; it can be restarted
by pressing the RESTART button.

Following a stop, the memory appears to the proeessor to be nonexistent when the next access
is requested. Therefore, to use single=step mode at the memory, the operator should latch on the MEM-
ORY STOP key at the processor console so that he may single-step the processor by memory subroutine-
calls or turn on the DISABLE MEMORY swltch so that the progesser stops whenever the memory does not
respond to a request for access. If a malfunction causes the memory to hang up with the STOP light off,
it can be restarted by pressing RESTART while holding on the stop override button. This button is located
behind the double doors on the front of the bay.

2.3.1 Core Memory Indicators

If the AW RQ light on a core memory remains on while the computer is running, the particular
memory is not currently in use. One of the LAST lights may also stay on during operation. This light
indicates which of processors 2 and 3 was the last to have access. The remaining indicators display use-
ful information only when the memory has stopped (during maintenance procedures) or the computer has
stopped. MEMORY ADDRESS indicates the location within the memory to which the last access was
made; MEMORY BUFFER displays the word read or written, but all the lights are off following the read
portion of a read-write cycle. When a memory cycle starts, the AW RQ light goes off, and one of the
four ACTIVE lights goes on, indicating which processor gained access. The RD RQ and WR RQ lights
indicate whether there is a read request, a write request, or both. At the end of the read portion of the
memory cycle, the SYNC light goes on, and if new data is to be written, the RESTART light goes on
when the processor sends the write restart. The READ, WRITE, and INHIBIT lights represent the drive
currents applied to the cores, and they can be on at the completion of a cycle only if a malfunction
occurs.

If the memory is stopped independently of the processor, the ACTIVE lights will be out, STOP
will be on, and the remaining lights will reflect the cycle just performed. On an instruction stop, or the
stop following an examine or deposit from the processor console, the AW RQ light will be on, indicating

that the memory is free and awaiting a request; ACTIVE will be off; and the other lights will reflect last
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cycle. On a memory stop at the processor (i.e., a stop following the completion of a memory subroutine),
the lights reflect the type of stop. If the stop follows the read part of a read/write access, the memory
is at the middle of its cycle, so AW RQ will be off; one of the ACTIVE lights will be on; and RESTART
will not yet be on. For any other type of memory stop, the lights are the same as for an instruction stop.

The remaining controls are located behind the double doors. The operator selects normal or
interleave operation by using the toggle switch mounted on a bracket and listed in Table 2-2. In normal
operation, the switch is in the NC position and the memory responds to a block of 16K consecutive ad-
dresses. To interleave the locations in a pair of memories, are interleaved, the MEMORY ADDRESS lights
still indicate the internal location to which access was made. Bit 35 at the memory now corresponds
to bit 21 at the processor, and processor bit 35 determines memory module selection. This exchange must
be considered when working with the memories from the processor console.

Power supplies are mounted on the rack plenum door. The red light on the power supply is on
whenever the ac line is plugged in. Beside the light are the ac circuit berakers.

Switching ST to LOCAL turns on memory power; with the switch in REMOTE, memory power

goes on and off with system power which is controlled from the control panel POWER switch.
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CHAPTER 3
SYSTEM DESCRIPTION

All core memories associated with a central processor are connected to the processor memory
bus. Also, each memory can be connected to up to four memory buses (four processors). A core memory
responds to a request for access over any associated processor memory bus and includes within its logic
a priority network that determines which processor shall have access. In addition to standard 36-bit word
storage, the core memory also accommodates a parity bit when the Type 169 Parity Option is installed.

A processor may request three types of access to memory: read, in which the memory subrou-
tine (in the processor) retrieves a word from memory; write, in which the subroutine sends a word to
memory to be stored; read/pause/write, in which the processor combines two memory subroutine calls
into one memory-access, the first to retrieve a word, the second to store a new one.

A single processor can select any location out of 262,144 ysing an 18-bit address. A 16K
memory module is selected by the 4 MSBs of the address, and the remaining 14 bits select a location with-
in that memory. The address of each memory is prewired within its interface with the memory bus.

In systems with added memory modules, interleaving memory addresses between two modules
can be selected to reduce processor waiting time. The two core memories are n and nt1 where n is even.
Consecutive addresses supplied by the processor switch access back and forth between modules. Inter-
leaving is accomplished by throwing a switch that makes jumper changes in the module involved. These
changes substitute address bit 35 for bit 21 in the selection of memory and substitute 21 for 35 in the
address of a location within the selected memory. In the first 16K block, all even addresses address the
even locations in the first memory, and all odd addresses address the even locations in the second mod-
ule. In the second 16K block, all even addresses address odd locations in first module, and all odd ad-
dresses address odd locations in the second module. In this way, the processor cycles can overlap mem-
ory cycles; that is, after addressing the first module, the processor does not need to wait for completion

of the memory cycle in module one and can go on to address the second module.

3.1 DISCUSSION OF SYSTEM BLOCK DIAGRAM

As shown in Figure 3-1, system block diagram, pulses transfer data between the processor(s)
and memory over 36 data lines. (See Table 2-2.) With a parity option included, a pulse line carries
the parity bit between the memory and the parity logic. The processor provides 14 levels (MA22-35) as
the address and 2 levels as read and write request signals. Memory module selection and interleaving are

selected by five level times, MA18-21 and MA35, respectively.
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In return to processor requests, the memory control logic provides an ADDRESS ACKNOW-
LEDGE pulse which initiates processor functions to execute the requested access (read or write).

For read access, the processor sends a READ REQ (request), and the memory control responds
by sending an ADDRESS ACKNOWLEDGE pulse. Then data and a READ RESTART trigger completion of
the access routine. For write access, the processor sends the WRITE REQUEST SIGNAL. When the mem-
ory controls return ADDRESS ACKNOWLEDGE, the processor sends data and a WRITE RESTART pulse to
memory control. For read/write access, the processor sends both READ and WRITE requests at the be-
ginning of the first memory subroutine. After acknowledgment, data and READ RESTART trigger com-
pletion of the read portion of the access, then the WRITE RESTART is generated at the processor to com-
plete the write portion of the cycle. In the memory, the cycle stops after completing the read part to
await the WRITE RESTART and new data (READ/PAUSE/WRITE).

The memory control section sends the acknowledge signal and, simultaneously, loads the ad-
dress and request signals from the selected bus into the address register (CMA) and read and write request
flip-flops. The outputs of CMA are applied to the core logic to select the proper address in the core
stack. In read access, the processor waits during the read portion of the memory cycle until the memory
strobes the sense-amplifier outputs, sending data into the CMB and over the bus. For read access, data
is retained in the CMB,

After returning the READ RESTART and disconnecting itself from the bus (so that the processor
can use another memory), the active memory completes its cycle, writing the word in CMB back into
the same location. For write access, acknowledgment causes the processor to send the WRITE RESTART
and data immediately. Memory control gates the data into CMB and disconnects from the bus. The
memory then performs its complete cycle, first readingto clear the location and then writing the CMB
information into it. For read/write access, the memory begins by performing the same function as in read
access. The processor completes its first memory subroutine upon receiving the data, but the memory
does not disconnect; instead it completes only the read portion of its cycle, and then pauses with a gate
open to allow data from the bus into CMB. When the processor makes the second call, it sends the data
and the write restart. The memory then disconnects and continues with the write portion of its cycle,
writing the new data into the cleared location.

The processor selection portion (CMPC) of memory control decodes bits 18 through 21 to de-
termine when this memory is being addressed. For interleave operation, bit 21 is substituted for 35 at
CMA and 35 for 21 in CMPC. In addition, the CMPC receives signals from S6, the processor selection
switch for manucﬂ selection of up to four processors, PO, P1, P2 or P3, and for automatic operation of
all four processors through the MULTI position of S6.

To select a single location within the stack, CMA provides a 14-bit address; two 7-bit halves

are decoded separately to select individual X= and Y-windings.



The stack is also divided into four quadrants with four sense windings per plane (every X- and
Y-winding crosses two quadrants). The most significant bits for both halves of the address (bits 22 and 29)
determine which quadrant (Q0, 1, 2, 3) contains the addressed location. Sense amplifiers detect the
sense windings from only the selected quadrant. Separate strobe pulses are applied to sense amplifiers for
load reasons and due to the characteristics of the stack, the strobe for bits 9 through 17 and 18 through
26 is delayed 20 ns as compared to bits 0 through 8 and 27 through 35. The delaying process is achieved
by the addition of two inverters.

WRITE and 14 ADDRESS bits (7 bits for X and 7 for Y) accomplish X~ and Y-selection for data
input to the core stack. INHIBIT and four lines of SEGMENT SELECTION provide the current for switch-

ing the cores of the selected address in accordance with the 36 data inputs.

3.1.1 Central Processor/Memory Interface

Up to four CPs can address a single memory module and/or a single CP can address up to four
memory modules. Within a memory module, the CMC logic contains a priority system to control multi-
processor access to the memory. The processor sends bits 18 through 21 and ~ FM as the code for a
module, and each module recognizes its own code.

In the processor, the interface that connects with the memory bus includes:

Memory address register (MA)

Memory buffer (MB)

User mode registers (PR and RLR)
Memory indicator register (MI)

Control logic for the memory subroutine.

Flow and control for the memory subroutine for the processor is shown in Dwg. FD-D-167-0-FD

contained in the Type 166 Central Processor Maintenance Manual.

3.1.2 Memory Control (Prints CMPC, CMC1, CMC2 (1 of 2), CMA, CMB, CMBR)

The basic memory control scheme is shown in Figure 3-2 and consists of the major logic ele-
ments as follows.

Processor control logic (CMPC)
Memory control logic (CMC)
Memory address logic (CMA)
Memory buffer logic (CMB).

The CMPC logic receives from the processor MA bits 18, 19 and 20 which carry the code of the
processor requesting access, and bits 21 and 35 for interleaving. The processor priority logic provides a
processor request signal (PORQ, PIRQ, etc.) to set the proper flip-flop in the CMC logic. These flip-
flops and/or settings of a processor selection switch initiate address acknowledge and read restart signals
to the processor, and control gating of memory address bits to the X- and Y-selection inhibit and sense

logic.
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Figure 3-2 Memory Control Block Diagram

The CMA receives read and write request signals to drive the sense amplifier strobe logic in

the CMA logic. The outputs of this logic provide strobe signals for all word bits 0 through 35 plus parity

for the sense logic.

The CMB logic receives 36 data lines from the processor bus for execution of a write command

and 36 bits from the sense logic for execution of a read command as indicated earlier.

In CMB, information is strobed in from or out to only that bus which connects the processor se-

lected by the processor priority logic in CMPC. Bits 22 through 35 are provided for normal mode. Inter-

leaving is under switch control (S10 on CMPC logic) to substitute bit 21 for 35.
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3.1.3 Detail Control Logic (Prints CMPC, CMC1, CMC2 (2 sheets), CMA, CMB, CMBR)

3.1.3.1 Data In and Out - The first three logic drawings for memory control show the 14-bit address
register on BS-D-164-0-CMA and the 36-bit data buffer on BS-D-164-0-CMBR and CMBL. On all three

drawings, input connections from all four possible processor/memory buses are shown. Data is strobed in
from or out to only the processor/memory bus that is selected by the memory control logic; that is, either
CMC PO, P1, P2 or P3 SEL.

The read and write request flip-flops are shown on CMA location B7, 8. Either or both of
these control flip-flops is set at the beginning of the memory cycle by the READ REQUEST or WRITE
REQUEST signal from the processor. The flip-flop output enables gates for sensing, clearing CMB, and
starting the write portion of read access. The MA PO SEL, etc., signals are enabled by manual selec-
tion at S6 on Dwg. CMC2 (Sheet 2), or by the active flip-flop in multiprocessor mode.

CMBR and CMBL show the left and right halves of the core memory buffer CMB. The (CMC)
CMB CLR pulse is generated at the beginning of every cycle by TIB. TIB was generated by RQ SYNC
flip-flop set state which is controlled by TO pulse, generated by any processor request for access and
CMC SP (single processor mode), or by CMC RQ SYNC (— 1) (for multiprocessor mode) on Dwg.
CMC2 (Sheet 1).

CMB CLR is also generated again in the same cycle of a READ/WRITE. This is done 300 ns
after T2 along with the gating of READ and WRITE RQ on a (1). This will clear the CMB prior to sending
of new data to be written into memory.

There are two logically equivalent gating levels for each processor/memory bus. One gates
the output pulses from the core bank sense amplifiers onto the bus; the other gates pulses from the bus
into the CMB register. In this structure and in a read access, pulses from the sense amplifiers ot the first
level of gating are applied to the bus and to the second level gating for regeneration of data. During
write access, data from the bus passes through the second level gating into the CMB register . (Drawing
CMB shows the buffers through which the CMB outputs are applied to the core logic (to sense and inhibit

lines.)

3.1.3.2 Memory Access Control Logic - The sequence of events and timing of memory access is de-

scribed in Paragraph 3.3 and Figure 3-11. Here, the memory access control logic is described. This logic
is shown on Dwg. CMPC, CMC1, and CMC2 (Sheets 1 and 2).

Drawing CMPC shows the control connections between the memory and the processor/memory
buses. The left-hand half of each bus connecting module (1W31, 1X31, 1Y31, 1Z31, etc.) determines
whether the memory is being addressed by decoding address bits according to switch selected connections.

For interleaving, bit 35 can be switch-selected to replace bit 21. These signals are ANDed with two
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control inputs: the processor request signal (PORQ, PIRQ, P2RQ or P3RQ) from the processor shown at
the right center of the drawing; and the AWAIT RQ(!) from the await request flip-flop on Dwg. CMC2
(Sheet 1). The processor request signal initiates an access to memory, a CMC AW RQ(1) enables the
gate to allow the CMPC PQ RQ, etc., whenever a processor request arrives over the bus.

The four processor request signals are ORed in 1V28 as shown on Dwg. CMC1 (Core Memory
Control Timing) to provide TO and thus trigger the time chain.

The four CMPC processor request signals are also applied to the processor selection logic on
CMC2 (Sheet 2). They serve as set inputs to the processor active flip-flops (PQ ACT, etc.) to determine
which processor will have access for the current memory cycle. During a cycle, only one active flip-
flop is set and it generates a pair of selection levels (CMC MB PO SEL, etc.) that are inputs to the two-
level gating structure on CMBR and CMBL, thereby controlling data transfers over the bus. These signals
are also enabling inputs to control gating on the right-hand side of CMPC to control transfer of address
acknowledge signals at T1 time (Figure 3-=11, Timing Chart), read restart signals (CMC RD RS), and write
restart signals from the memory and processor to the bus.

On Dwg. CMC2 (Sheet 2), the processor priority logic controls processor access. If PO re-
quests access (the highest priority), PO ACT is set and the other three flip-flops are held reset. If no
PO request is present and P1 requests access, P1 ACT becomes set and P2 and P3 are held reset. - This
order does not hold true for the last two flip-flops; if it did, processor 3 might never gain access. To
avoid this, the last processor flip-flop (LAST PROC) is connected to remember which of P2 or P3 had last
access. (The gating is enabled by the T2 timing pulse.) Thus, whenever P2 and P3 request access simul-
taneously, and neither PO or P1 request access, the current cycle is given to whichever processor has gone
without access the longer time. This is accomplished because simultaneous access requests of P2 and P3
complement the flip-flop. The LAST PROC flip-flop outputs are each applied to a gate at the reset side
of each flip~flop. The other input to these two gates are the set sides of the flip-flops (i.e., P3ACT (1)
is applied to the gate at the reset input to P2 ACT flip~flop and the converse of this). Thus a P3 RQ and
P2 LAST (1) resets P2 ACT and allows P3 access. Conversely, a P2 request and P3 LAST (1) allows P2
access.

If only one CMPC processor request signal is present, when the memory becomes free, the
corresponding active flip-flop is set and all others are left clear. When there are conflicting requests,
the nets below the flip-flops determine priority. Every processor requesting access tries-to set its active
flip-flop by grounding its unbuffered 1 output. But the highest priority flip-flop that is set grounds the
0 sides of the others. This situation becomes stablized when the first pulse in the timing chain TO clears
the AWAIT RQ flip-flop (1V30, CMC2 (Sheet 1)) negating all processor request signals so that the in-

determinate flip~flops become clear. Thus only one flip-flop is set.

3-9



The flip-flop that remains 1 generates the selection levels which connect CMBR and L logic
to the selected bus, and gates control signals shown at the right in CMPC. Thus the address acknowledge
and the read restart are sent back to the selected processor, the write restart from that processor is re-
ceived, and the address strobe jam pulse, generated by the timing chain, loads CMA from the selected
bus.

If a priority option is installed on a bus, the parity bit in or out passes through the right-most
circuit on CMPC. In reading, the parity sense amplifier signal accompanies the data out; in writing,

the parity bit accompanies the delayed write restart following the data.

3.1.3.3 Control Flip-Flops - Figure 3-3 illustrates basic sequencing of control flip-flops shown on
engineering drawings CMC1 and CMC2 (Sheets 1 and 2). The three flip-flops READ, WRITE, and INH

control the read, write, and inhibit drivers in the core logic. All these flip-flops are initially cleared
by PWR CLR.

The READ flip-flop is triggered by the T1A pulse from the timing chain. The control is ar-
ranged to reset READ 450 ns after TIA, INHIBIT is set by T3 and WRITE by T4; then, T5 resets all three
and sets AWAIT REQUEST on Dwg. CMC2 (Sheet 1). At this time, the memory becomes again free.
READ (1) is on 450 ns, WRITE (1) is on 500 ns, and INHIBIT (1) is on 550 ns. CMC RQ SYNC flip-flop
and CMC CYCLE DONE flip-flop on Dwg. CMC1 are used as synchronizing flip-flops. The RQ SYNC
flip-flop monitors the priority network to see whether a processor request has been generated. This is
done in two modes of operation. The first mode being SINGLE PROCESSOR MODE on which TO which
was generated by a processor request will set the RQ SYNC flip-flop. Second being MULTIPROCESSOR
MODE in which TO again is used, but is delayed by 100 ns (the time allowed for the priority network
to deselect and settle down) and regenerated as RQ SYNC (—#1) pulse which set RQ SYNC flip-flop.

The CYCLE DONE flip-flop monitors the timing control of the memory at the time the timing
cycle has been completed. CMC Té will set the CYCLE DONE flip-flop to a one provided that the
CMC STOP flip-flop has not been set (this STOP FF is set by a switch or T2 on the indicator panel for
single cycle operation) at the completion of a memory cycle.

When both RQ SYNC and CYCLE DONE flip-flop are set, the timing chain will be initiated
starting with TIA, TIB, and MA JAM. These flip-flops are both cleared at T2 time and are also cleared
by power clear pulse.

On Dwg. CMC2 (Sheet 1), the AWAIT RQ flip~flop is set at T5 or AW RQ (—1) from
1X26H. AW RQ (—»1) pulse is an automatic setting of the AW RQ flip-flop in the event of a lower
priority being first selected then deselected by noise on a higher priority bus line in which case all the
active flip-flops would be left in the zero state, and the AW RQ FF being clear by TO developed by the

lower priority being selected first. This case is rare, but gives the priority network a second chance to
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see what processor desires access. AWAIT RQ (1) indicates that the memory is free. The PSE SYNC flip-
flop is set by the control signal PSE SYNC (— 1), and functions to synchronize the write part of the
cycle. PSE SYNC flip-flop is a synchronizing flip=flop which monitors the completion of the read pro-
tion of a cycle in either READ ACCESS, WRITE ACCESS or READ/WRITE. It is generated 100 ns after
clearing the READ flip-flop. In the READ ACCESS, PSE SYNC is ANDed with WR RQ (1) to generate

T3 which starts the write portion of the cycle. In the WRITE ACCESS, and READ/WRITE MODE PSE
SYNC is ANDed with PROC RS to generate T3, which starts again the write portion of the cycle. The
PROC RS flip-flop, through the RS —1 signal from CMPC, receives the restart signal from the pro-
cessor. The STOP flip-flop is controlled by a single step switch which allows T2 to set it.

3.1.3.4 Single Step Operation - If the CMC STOP flip-flop on Dwg. CMC2 (Sheet 1) is a ONE by T2
in a single operation selected by the SINGLE STEP switch, the timihg chain stops at T6. To restart, the
operator must push the RESTART button shown on CMC1 to generate the CMC RESTART pulse. This pulse
provides CMC START and thus CMC STATE CLR. CMC START provides T6 to set up the CYCLE DONE
flip-flop for a new memory access, and T5 to set AW RQ flip-flop.

3.1.4 Core Logic

The core logic consists of X- and Y=-selection, inhibit logic, and sense logic. The core stack

consists of 37 planes for 36 data bits and one parity. A simplified core stack arrangement is shown in

Figure 3-4.
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Figure 3-4 Simplified Core Stack Arrangement

Through all planes, the memory is divided into four quadrants for sensing and four segments for

inhibiting. Figure 3-5 shows the addressing bit assignments for the memory .
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In aread cycle, X~ and Y-selection is controlled by the 14 CMA bits shown and sense quad-
rant selection by the 22 and 29 bits, inhibit segment selection by 23 and 24 for odd bits and 30 and 31
for even bits. By this arrangement, any address can generate a proper sense quadrant selection signal

and inhibit segment selection level. In this way, when an address is called only sufficient drive current

Figure 3-5 Core Memory Type 164 Addressing Bit Assignments

is required to drive the selected sense quadrant and inhibit segment.

3.1.4.1

DMSX, and DSMY. The schemes for selection are the same for both X and Y; therefore, only the X se-

lection is described and shown in the simplified diagram Figure 3-6.

X- and Y-Selection Logic - The details of the logic are contained on drawings CMX, CMY,
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The READ and WRITE flip-flops of CMC provide the enabling signals to the X selection logic
which receives address bits 29 through 35. The outputs are 1 of 8 write or read lines that provide a single
line into one of the 16 octal group circuits of the diode matrix, and 1 of 16 lines selects the proper octal
group. The Y selection is accomplished in the same way. Bits 33, 34, and 35 select the 0 to 7 count
within each octal group; bits 29, 30, 31 and 32 select 1 of 16 separate octal groups. The output of the

diode matrix is 1 of 128 X-selection lines to the core stack.

3.1.4.2 1Inhibit Logic - Inhibit logic details are contained on drawings CMI-1 and CMI-2. The simp-

lified scheme is shown in Figure 3-7.
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Figure 3-7 Inhibit Logic

The nets determine which segment contains the addressed location by decoding address bits 23
and 24 for odd bits and 30 and 31 for even bits. The inhibit driver for a plane provides an output pair
for each of four segments. Inhibit current flows only for the duration of the inhibit signal from memory
control, and only through drivers corresponding to CMB 0Os at the CMB bit inputs. Thus, during a write
cycle, 1s are written into all cores of the addressed location except into those planes which receive

inhibit current.



Figure 3-8 shows the winding configuration for four segment inhibit winding for a 16K memory

Type 164 System.
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Figure 3-8 A Segment Inhibit Winding for 16K - 164 System
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3.1.4.3 Sense Logic - Details of the sense logic are contained on MSSAT1, (Sheets 1 and 2) and MSSA2.

Figure 3-9 is a simplified diagram of the sense logic.

For read-sense quadrant selection, bits 22 and 29 are decoded. These are the MSB's of the

X- and Y-addresses. The decoding circuits provide four signals for each quadrant to drive the sense

amplifiers. Strobe inputs provide timing control. As in the inhibit scheme, the sense logic provides one

pair of sense lines for each quadrant.

Figure 3-10 shows the winding configuration for four-quadrant sense winding for a 16K mem-

ory Type 164 System.
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3.2 TIMING
The memory system timing chain and associated logic are shown on Dwg. CMC1. Figure 3-11

briefly summarizes generation of the timing chain pulses.



READ PORTION OF CYCLE WRITE PORTION OF CYCLE

WRITE ACCESS ONLY
AND
READ/WRITE

CMC START - -250 NSEC
-~ 750 NSEC

1
CMPC PO RQ | CMC PSE SYNC'
CMPC Pt RQ CMC RQ SYNC' s | CMC PROC RS'
CMPC P2 RQ CMC CYC DONE' -~ 250 NSEC PSE SYNC'
CMPC P3 RQ l CMA WR RQ°
| (READ ACCESS ONLY) - 550 NSEC
35 NSEC | - - 50 NSEC —l
v l  / | v
TO TiA TiB JAM T2 T3 T4 T5 T6
READ MA  (STROBE) | {INHIBIT) (WRITE)
(COARSE) l
VARIABLE |
DELAY STROBE |
(FINE)

Figure 3-11  Timing Chart

Any CMPC processor request signal triggers the chain by generating T0. The TO pulse sets
the RQ SYNC flip-flop which generates TIA to provide JAM CMA 22 through 29 and JAM CMA 30
through 35 to set the address into CMA. This same flow generates CMB CLR 0 through 35 and the PAR
BIT signal to clear CMB at the start of the cycle.

At this time, the processor priority logic on Dwg. CMC2 (Sheet 2) selects the processor that
has priority for access.

If access is for write, the processor upon receiving ADDRESS ACKNOWLEDGE immediately
loads CMB and returns the WRITE RESTART signal to CMPC. The processor generates a restart strobe RS
< (1) which sets the PROC RS flip-flop on Dwg. CMC2 (Sheet 1). Because the memory at this point has
the information for writing during the second part of the cycle, the PROC RS flip-flop transition triggers
the STATE CLR signal on CMCI to clear the active flip-flops on CMC2 (Sheet 2). PROC RS flip~flop is
also ANDed with PSE SYNC flip~flop which initiates T3, the write portion. In this way, the memory is
effectively disconnected from the processor and can then finish the write process while the processor is
free to address another memory bank.

If access is for read, TIA occurs 35 ns after TIB and turns on the read signal to the core logic
by setting the READ flip-flop on CMC1. Signal T1B on drawing CMPC enables the logic to send the
ADDRESS ACKNOWLEDGE pulse back to the processor that has access. Then, 250 ns after TIA (READ),

T2 (STROBE) occurs and triggers strobes for the sense amplifiers at the proper time during the read interval.
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The logic at the right of CMC1 shows T2 connected to a variable delay to generdte RD RS, and the strobe
signals SA STB 0-8, 9-17, 18-26, and 27-35. While information is strobed from the sense amplifiers into
CMB and out over the bus, the RD RS signal goes to CMPC for return to the processor.

In restoring the information the CMC WR RQ flip-flop is ANDed with PSE SYNC flip-flop to
initiate T3 the write portion. T3 also is gated with WR RQ on a 0 to develop a state clear the active
flip-flop, and thus disconnect the bus from memory to processor. No WR RS signal is initiated during a
read access only. Again the memory will go on and write leaving the processor free to address another
memory bank.

The READ/WRITE is much the same as a read access except for the following: The condition
of CMA RD RQ (1) and CMA WR RQ (1) is true. This enables a second CMB CLR pulse to be generated
300 ns after T2 so that the CMB register will be cleared when it is ready to accept new information for
the write portion of a READ/WRITE CYCLE. A WR RS pulse is sent back to the memory to set the PROC
RS flip-flop which is gated with PSE SYNC flip-flop to generated T3 which is the start of the write por-
tion. The PROC RS flip-flop also generates a state CLR pulse to clear the active flip-flop and again
disconnect the bus and leave the processor free to access another memory bank.

In the second part of the cycle, the word CMB, whether supplied by the processor or read from
memory during the first part, is written in the addressed location. T3 starts the inhibit level by setting
the INH flip-flop on CMC1. Then, 30 ns later, T4 sets the WRITE flip-flop to provide the WRITE(B) 1
level. At 500 ns after T4, T5 is generated to terminate the write cycle by resetting the WRITE and INH
flip-flops, and setting the AWAIT RQ flip-flop on CMC2 (Sheet 1) to indicate that the memory is again
available for a processor request. Té or CMC STOP B (0) provides the CMC CYC DONE (1) to set the
CYC DONE flip-flop.

3.3 POWER SUPPLIES AND CONTROLS

The remaining logic to be discussed is associated with memory power turn on and power failure.
Connections to the power control relay Type 836 are shown on Dwg. 164-0-CMC2 (Sheet 1). The PSOK
signal generated from the 739D power supply, and W505 (low voltage detector) which indicates when
power levels are satisfactory for operation, are shown on Dwg. 164-0-CMCT.

The PSOK logic level is an input to the 200 ms leakout delay (IUV32). The 0 output of this
delay supplies the input to pin V of the start delay (IUV31). This type of delay is triggered by a trans-
ition to ground at pin V (delay period does not begin until the pulse at V disappears). Thus when the

power comes on, both delays come on in the 1 state.

At turn-on time, power voltage changes are slow so that the 1 output of the upper delay that
triggers the power start through PA at IU30-U is slow. To prevent premature processor access, the 1 out-

put of the lower delay held asserted by PSOK, holds CMC AW RQ in the 0 state and thus prevents any

processor from gaining access.



When the start delay (1UV31) times out (100 ms), its O output supplies a power clear level
that holds off the core-control flip-flops.

When power becomes satisfactory (PSOK), the period of the lockout delay (200 ms) begins.

At its completion, it drops the request lockout (& AWAIT RQ), and its 0 output sets and holds the
start delay (100 ps). The transition in this generates the START signal and enables T5, which sets the
AWAIT RQ flip-flop to indicate that the memory is available to the bus, and Té which sets CYC DONE
flip-flop (1).

When the memory is operating, the lockout delay (IUV32) is off and its O output holds the
start delay on to insure continuous operation. If power levels become unsatisfactory, PSOK is negated,
triggering the lockout delay and allowing the start delay to begin. During this period, the current mem-
ory cycle is completed. After this delay times out, the 0 output power—clear level inhibits further
operation.

Each memory has a pair of power controls, Types 836 and 834, shown on Dwg. CMC2 (Sheet 1).
The Type 836 Power Control contains a diode gate that receives the =15V turnon signals supplied from
the power terminal. The output of the gate goes through the power switch on the control panel and back
to the 836 to energize a relay that turns on the Type 834 Power Control. The Type 834 Power Control
receives the local ac line voltage and provides this to the system power supplies.

Power supply Type 728 provides +10 and -15 Vdc and Type 778 Power Supply also provides
=15 Vdc for the memory logic and the core memory control. Power Supplies 739 provide voltage for

circuits associated with the driving of the core bank.
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CHAPTER 4
SPECIAL MEMORY MODULES

This chapter explains the seven special memory modules used in the Type 164 Magnetic Core
Memory System. These modules are analogue in nature and are not explained in the standard logic
handbook. To aid the maintenance personnel with troubleshooting, a brief functional description of each
module that indicates the input and output signals is provided. A block diagram of each module is also

provided.

4.1 G005 SENSE AMPLIFIER

This double-height module detects the ONE and ZERO outputs from coincident-current core
memouy systems. Each module has the capability of sensing one of four fields. The field being sensed
is selected by holding the appropriate preamplifier field select gate at the -3 Vdc level and the other
three field select gates are deselected with a -6 Vdc level. Refer to Figure 4-1 for the following func-
tional description.

To obtain optimum operation, each preamplifier has a balance potentiometer that is used to
adjust the preamplifiers output within £200 mV of balance. The outputs of the four preamplifiers are
connected in parallel to a common amplifier. From the common amplifier, the output signal is applied
to a rectifying slicer and the resultant signal from the slicer is used to enable a DCD gate. When the
selected core output is a ONE, the DCD gate is enabled and the pulse amplifier is gated by the 40 ns
strobe pulse. The pulse amplifier generates a 100 ns output pulse.

A G008 Master Slice Control determines the operating current of the preamplifier and the

common amplifier and also the slice level for the rectifying slicer.

Inputs
Preamplifier: Accepts a signal up to a 50 mV from the sense lines.
Strobe: A 40 ns negative pulse that draws 1 mA at -3 Vdc and negligible current
at ground.

Field Select: SELECT: A -3V level that draws approximately 5 mA due to the transient
effect of the memory stack capacitance.

DESELECT: A -6V level that draws approximately 10 mA.,

First ‘Stage Operates at 3.8 Vdc with respect to +15 Vdc and draws 0.7 mA.
(Clamp Level):

Second Stage  Operates at 8.0 Vdc with respect to +15 Vdc and draws 0.3 mA.,
(Clamp Level):

Slice Level: Operates at a dc level between 5.5V to 5.9V with respect to +10 Vdc and
draws 0.4 mA.
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Figure 4-1 GO05 Sense Amplifier

Output

Amplifier: Overall amplifier gain between 65 and 85, measured single - ended at the
outputs AJ or AH.

Rectifying Output capable of driving 1.0 mA at ground level and 8.5 mA at -3 Vdec.
Slicer:

Pulse Amplifier: A 100 ns 3V negative pulse capable of driving 10, 2-mA diode gates. A
negative pulse out is a ONE.



4.2 G008 MASTER SLICE CONTROL

This module supplies the first stage clamp level, the second stage clamp level, and the slice
level required by the G005 Sense Amplifier. Refer to Figure 4-2 for the module block diagram. Each
circuit consists of a zener diode network with silicone diodes for temperature compensation. Emitter

follower stages provide current driving capability and low-impedance outputs.
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Figure 4-2 Master Slice Control

Output

First Stage 3.9 Vdc with respect to =15 Vdc
(Clamp Level):

Second Stage  Variable between +0.6 and +13 Vdc with respect to -15 Vdc.
(Clamp Level):



Slice Level: Variable between 0 and -11.6 Vdc with respect to +10 Vdc.

4.3 G010 SENSE AMPLIFIER SELECTOR

This module contains two noninverting driver circuits. Using standard input levels, each drive
circuit can drive a large number of base loads and diode loads with levels of -3V and -6V. Refer to

Figure 4-3 for the module block diagram.

INPUT F S.A. SEL. 0 OUTPUT D
(Ov, -3V) DRIVER (=3V,-6V)

C,MyV 0—_L
INPUT R . | S.A. SEL. o OUTPUT N
oV, -3v) DRIVER (=3v, -6V)

Figure 4-3 Sense Amplifier Selector

Input: Standard DEC logic levels are used; 2 mA of base load are used when the
input is =3 Vdc.

Output: A -3 Vdc level occurs when the input level is at ground; a -6 Vdc level
occurs when the input level is at =3 Vdc. These levels can drive £40 mA
at 10 Mc. Drive delay is approximately 40 ns.

4.4 G206 MEMORY SELECTOR

This module is used as a selector switch in the read/write matrix of coincident current mem-
ories. Refer to Figure 4-4 for the following functional description. Each module contains two read gates
and two write gates. Due to the decoding, only one read gate and one write gate may be enabled at

one time. Although this module is primarily intended for four-bit decoding, it may be used for three-

bit decoding by grounding pin AK.

Input: Standard DEC -3 Vdc levels are used for turn on. The decoding gates and
the LSB gate draw one unit of base current. The read or write gates draw
two units of base current.

Output: Each output can drive 425 mA for 500 ns at a PRF of 1 MHz. The following
specifications refer to the output waveform.

Maximum delay for output fall: 80 ns
Maximum delay for output rise: 50 ns

Minimum cycle time: 1.3 ps
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TMB
AM
AL
SMB
AK
AJ
MsSB
Figure 4-4 G206 Memory Selector
4.5 G207 INHIBIT DRIVE

This module is used to drive the inhibit winding of magnetic core memory planes. Refer to

Figure 4-5 for the following functional description. Each module contains four identical gated circuits.

A balun (1/1 balanced trap) at the output is used to obtain balanced drive. The switched current is de-

termined by the inhibit resistor.

Input:

Output:

Standard DEC -3 Vdc levels are used for turn on. The quadrant

selection gates draw two units of base current and the MB gate-input draws
three units of base current. Each of the inhibit gate inputs draws 1 unit of
base current.

Each output can drive 350 mA for 600 ns at a PRF of 750 KHz. The following
specifications refer to the output pulse.

Maximum delay for output fall: 60 ns
Maximum delay for output rise: 60 ns
Minimum cycle time: 1.3 ps
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Figure 4-5 Inhibit Drive

G212 MEMORY COMMON DRIVE

This double height module is used as a common drive in the read/write matrix of coincident

current memories. Refer to Figure 4-6 for the following functional description. Each module contains

two read gates and two write gates but the decoding gate enables only one read gate and one write gate

at a time. The decoding circuit is used to decode a 4-bit address. Clamping diodes are connected fo

terminals AE and AF to limit transients, and compensating resistors are connected to terminals BE and BK

to bias the

diode balun matrix.
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Figure 4-6 Memory Common Drive

Standard DEC -3 Vdc levels are used for turn on. All input gates draw 2 mA
of current at ground.



Output: Each output can drive 425 mA for 600 ns at a PRF of 750 KHz. The following
specifications refer to the output waveform.

Maximum TTT of output fall: 150 ns

Maximum TTT of output rise: 100 ns

Minimum cycle time: 1.5 ps
4.7 G604 MEMORY SELECTOR MATRIX

This module is used to select the read or write windings of a coincident current memory. Refer
to Figure 4-7 for the following functional description. There are four diode-balun networks on each
module. Each diode-balun network provides a current path through one winding for read and the reverse

current path for write. A balun transformer is used to provide balanced drive.

WRITE READ WRITE READ WRITE READ WRITE READ
(SELECT) (SELECT) (SELECT) (SELECT) (SELECT) (SELECT) (SELECT) (SELECT)

i 11 11 1T

READ
(DRIVE) .
"y .
S U
. < L4 <
1, 2,
»:\' “L,
MEMORY T v
WRITE WIND|NG

(DRIVE)

Figure 4-7 Memory Selector Matrix

Input: A 425 mA current for 500 ns at a PRF of 1 MHz. The output pulse from a
G206 module.

Output: Each output can drive 425 mA for 500 ns at a PRF of 1 MHz. The following
specifications refer to the output waveform.

Maximum TTT output fall: < 130 ns
Maximum TTT output rise: <85ns
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CHAPTER 5
MAINTENANCE

Preventive and corrective maintenance at the system level are discussed in this chapter.
Since the memory must operate with a Type 166, Arithmetic Processor the discussions presented here,
should be used with a full knowledge of the processor and in conjunction with the descriptions in Chap-
ter 9 of the Type 166 Arithmetic Processor Maintenance Manual. Many memory maintenance procedures
such as MAINDEC programs use the processor.

The following equipment, with that listed in Chapter 9 of the Type 166 Maintenance Man-
val, is required fo support testing of the Type 164 Memory .

Oscilloscope current probe Hewlett Packard I110A or equivalent, calibrated to
1 mV per mA
Dual-channel oscilloscope Tektronix Model CA or equivalent; must have
preamplifier algebraic-add facility.
5.1 MAINDEC DESCRIPTIONS

There are six basic MAINDEC programs fo use in trouble shooting the memory system; all
use the processor to exercise either fast or core memory. Each consists of a program tape and a write-
up in the 6-MD-DEC reference manual. As an introduction to the MAINDEC write-ups, see Chapter
9 of the Type 166 Processor manual. Always consult the program write-ups for information on start
addresses, address modification, or details of program operation. MAINDECS for the memories are as

follows.

MAINDEC 603-1 Low-End Address Test - This address test checks registers for unique

contents.

MAINDEC 603-2 High-End Address Test = This program, which is loaded into the top of

memory (highest available addresses), checks each location for unique contents by loading it with its

own address.

MAINDEC 613 Core Data Test = This MAINDEC tests all locations from 40 up, except the

top 27, which are occupied by the program. Each time the test word, originally supplied by the DATA
switches, is read in‘and out, the contents of core are tested for accuracy; then the test word is rotated
once and the same location is tested again. After 36 rotations the address is indexed and the next

location is tested in the same manner. Installations having the two core memories can use this program

5-1



most efficiently by modifying its address limits so that the program is contained in one memory while
the other is tested completely. The program is then immune to marginal checking or trouble shooting

procedures on the memory under fest.

MAINDEC 622A High Speed Checkerboard Test = This program, in the presence of a noise-

producing data pattern, tests the Type 164 Memory for read-out errors. The program has several options,
one of which allows the worst case noise to be generated for any memory or interleaved configuration
currently produced. This test should be used to verify correct operation of the memory sense amplifier

and inhibit drivers.

MAINDEC 691 Automatic Block Transfer Test - This test detects and diagnoses malfunctions

occurring in the block transfer instruction. When run with data switches 19-35 down, it serves as a
relocation test for adders and the memory address register. It calculates and prints the time every four
or five minutes thereby providing a time record of the program run. The program is executed in the
user mode. With data switches 19-35 down, the block transfer buffer size and relocation are generated
by random numbers; otherwise, they are controlled by the data switches. The block transfer effective

address is a function of the buffer size and the "from" and "to" addresses.

MAINDEC 693 Time Sharing Instruction Test - This test runs Parts 1, 2, 4 and 5 of the PDP-6

instruction tests in the user mode to test the time sharing hardware while concurrently testing the in-

struction set of the PDP-6.

5.2 PREVENTIVE MAINTENANCE PROCEDURE

Preventive maintenance consists of performing specific procedures at scheduled times, using
maintenance programs, marginal checks, and other electrical and mechanical checks, including clean-

ing and inspections.

5.2.1 Daily Operator Maintenance

Check that all cooling fans are running and cooling air flows freely through the filters.

Run the following MAINDEC programs with no margins; log all error halts, and note the
cause, if known. Refer to each MAINDEC program write-up for proper operation.

MAINDEC 603-2 High-End Address Test

MAINDEC 603-1 Low-End Address Test

MAINDEC 613 Core Data Test



MAINDEC 622A High-Speed Checkerboard Test
MAINDEC 691 Automatic Block Transfer Test
MAINDEC 693 T/S Main Test

Replace any noncritical components such as indicators, etc. Note any replacement in the log.

5.2.2 Weekly

Using MAINDEC 622A High-Speed Checkerboard, take moderate margin voltage +5V on

sense amplifier panels 1P and 1S 10V line. Log all error halts, noting cause, if known.

5.2.3 Every Two Weeks

Change lower fan filter for memory stack.

5.2.4 Every 1000 Hours

Run the following MAINDEC programs taking margins in the following panels as shown below.
Refer to each MAINDEC program write-up for proper operation.

MAINDEC 603-2 High-End Address Test

MAINDEC 603-1 Low-End Address Test

MAINDEC 613 Core Data Test

MAINDEC 622A High-Speed Checkerboard Test

MAINDEC 691 Automatic Block Transfer Test

MAINDEC 693 T/S Main fest

(+10V margins are taken in the following panels, in groups as shown.)

1A through 1F (Inhibit and R/W)

1P and 1S (Sense amplifiers)

IR, 1T, 1U, 1V '
W, 1X - (MB and control)
1Yand 1Z (MA and control)
(-15V margins are taken in the following panels, in groups and separately as shown.)
1A through 1F (Inhibit and R/W)

1P and 1S (Sense amplifiers)

1R (MB)

1T (MB)

U (Control and interface)
v (Control and interface)
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W
X
1Yand 1Z

(Control and interface)

(Control and interface)

(MA and control)

NOTE: Log all margins on preventative maintenance
voltage charts, form #SA-1, dated 5/25/64.

Change and clean all air filters.

5.3

CORRECTIVE MAINTENANCE

The Type 166 manual contains a general discussion of troubleshooting and repair for DEC

logic, with a corrective maintenance procedure assigned, to make most efficient use of field engineer-

ing time.

5.3.1 Power Supply Checks

Before troubleshooting, always check the power supplies for proper voltage output and

ripple content as shown in Table 5-1.

It is essential that this material be understood.

Table 5-1

Power Supply Outputs

Blue (-), Red (&)

Nominal *% .
Output Permissible Permissible
Measurement Terminals Peak-to-Peak
Voltage Range Riopl
(70 F) 'Ppie
Type 728
Orange (+), Black (=) 10 9.5t011.0 0.7V
Blue (=), Black (+) -15 -14.5t0-16.0 0.7v
Type 739
(Jones Strip)
2(+), 1(-) - Inhibit - 53* 52 to 55 250 mV
4(+), 3(-) - R/W - 65*% 63 to 65 250 mV
Type 778
Blue (-), Red (+) -15 14.5 to 16.5 0.7V

(*) Exact voltage dependent on stack temperature .
(**) 20% more ripple on 50-cycle types.
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The Type 728 and 778 Supplies are not adjustable, therefore, if output or ripple is not with-
in the tolerance specified, the supplies should be considered defective and replaced. The Type 739
Supply is adjustable; but, if outputs are outside tolerance, do not attempt to restore the voltages
given above without first checking the core drive currents. If all supply outputs are within tolerance,

continue logic troubleshooting procedures.

5.3.2 MAINDEC Testing

The most efficient method of troubleshooting a memory is by tracing signals with an os-
cilloscope. To set up repetitive, predictable behavior, deposit test routines derived from a MAINDEC
info a memory other than the one under test, so that even the most severe malfunctions in the latter do
not affect the testing routine. After diagnostics have categorized a malfunction, a small part of the
memory logic can be operated repetitively by using the processor EXAMINE or DEPOSIT key with the
REPEAT switch ON and the speed controls set to the desired repetition rate. These keys make requests
only for read or write access, but read/write access can be requested from the computer console by
executing an appropriate instruction, preferably the slowest (e.g., subtract in memory mode).

For apparent malfunctions in memory, examine the processor for faults by checking for
the presence of signals on the bus without distrubing it; to do this, wheel the scope down to the last
memory where the probe can be attached to the bus without distrubing it. Alternatively, there are many
points in the processor wiring where memory return signals or their derivatives appear; signclytracing in
that area can determine whether the memory sends back the appropriate responses. When trouble-
shooting, always turn the DISABLE MEMORY switch at the processor ON so that it will hang up when-

ever it cannot gain access.

5.3.3 Marginal Checking

Nearly all core memory malfunctions are discovered during marginal check process. As
margins are increased from nominal bias values, a single bit generally fails first; such failure may be
random or systemic. Check for randomness of failure by increasing margins still further: whenever a
very slight increase produces errors in several additional bits, the first error can be considered random .
Errors occurring at margin levels substantially below those at which most bits are not random; instead,
they signify some systemic malfunction that must be corrected. The remainder of this chapter correlates
symptoms to their most probable causative malfunctions, assuming that the malfunction is isolated
within a single 16K memory. When errors are truly random, but occur at unsatisfactory margins, the

adjustment procedure detailed in the following section should be performed to improved marginal



operation before continuing troubleshooting. When margins for properly operating circuits are wide
enough, nonrandom malfunctions are more easily detected. Nonrandom errors always occur in specific

data patterns.

5.4 ACCESS MALFUNCTIONS

All access troubles a single symptom; either the processor or the memory hangs up. The
fault is always a lack of communication between the two, or a signal ambiguity caused by noise or
internal memory control malfunction. With the DISABLE MEMORY switch ON, the system will wait
after an access failure, allowing examination of the indicators. If the memory AW RQ indicator is
OFF, the memory has failed to complete its cycle. If AW RQ is ON, the hang up is at the processor,
which has not received the read restart or address acknowledgment over the bus. These pulses turn off
indicators at the top of bay 1 at the processor. If the MC RD indicator is lit, the processor failed to
receive the read restart during a read or read/write access. If MC RQ is ON, the address acknowl|-
edgment was missing. If either system is confined to a single processor in a multiprocessor system, the

fault is almost certainly in the CMPC bus associated with it.

5.5 TROUBLESHOOTING GUIDE FOR MEMORY TYPE 164

5.5.1 Memory Does Not Recognize a Processor Request

Check to make sure that all switches on the memory are in the proper position for memory
module address and named processor. Check the CMPC (Core Memory Processor Control) cables for

bad connections, or for misalignment. Scope for proper memory module address signals.

5.5.2 Memory Hangs-up With AWAIT REQUEST Zero

A possible cause is multiple selection due to noisy module address lines from the computer.
If there are negative-going transients on the module address lines after MC REQUEST has appeared on
the bus, one memory may not be completely selected; that is, the active flip-flop in that memory may
not get set to 1. If this occurs, then no addressing information and no READ or WRITE REQUEST will
get strobed into the memory. TO, will probably have been generated, and will clear the AWAIT
REQUEST flip-flop, but that is as far as it will go. The next time the computer tries fo reference the
memory, the memory will not be available so the non existent memory flag will be set.

Another cause may be the READ-RESTART or ADDRESS ACKNOWLEDGE not getting back
to the processor on a READ. If the ACKNOWLEDGE does not get back to the CP on a WRITE, the
memory will also hang with AWAIT REQUEST zero. On READ/PAUSE/WRITE the memory will hang
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with AWAIT REQUEST zero if the RESTART does not get back, and on either a READ/PAUSE/WRITE or
a WRITE, the memory will also hang if the WRITE RESTART does not get from the processor to the mem-
ory. The best way of determining which of these things is happening is simply to understand the exact
interchange of signals between the memory and the CP, for each type of memory cycle.

The following malfunctions also could cause problems: the failure of the REQUEST SYNC
flip-flop to be set to L by either TO in the single processor mode or REQUEST SYNC in the multi
processor mode; the failure of the PSE SYNC flip~flop to set, thus preventing T3 from being generated;
the failure of T5 to set the AWAIT REQUEST flip~flop to 1; a noisy W505 in the 739 Power Supply
causing transients on the PSOK line; or the self-triggering R303 hangs AW RQ FF to 0.

5.6 FULL-WORD FAILURES

Check the pattern of locations that exhibit full-word failures to determine whether they are
limited to one or two quadrants or occur throughout a memory. Pickup errors throughout a single
quadrant indicate trouble in the sense quadrant selection; check memory address bits 22 and 29 and
trace the decoder outputs through. Full-word drop errors in two quadrants indicate that CMABB22 or
29 does not govern quadrant selection in the sense amplifiers; check these levels. Errors affecting the
full word in all locations cannot be due to malfunction in the core logic; troubleshooting should thus
concentrate on the power supply, memory control, or selection logic. If the power supply outputs are
within the tolerances specified at the beginning of this section, malfunction in the supply is doubtful.
In general, supply malfunctions can be distinguished from control malfunctions by taking margins on the
control panels; poor marginal operation here is due to control-logic faults, since power supply ad-
justments affect only the sense amplifier margins.

For all types of full-word faults, begin by checking the address logic. Errors in the transfer
of addresses from MA in the processor or malfunction in CMA bits or their buffers cause duplication of
addressing; a given core location is selected by more than one MA configuration. Thus the same in-
formation is read twice, once erroneously, causing data errors in the checkerboard or BTL program
(block transfer). If the system is dropping bits, check the logic for transfers into CMB; compare the
CMB and processor MB indicators to check data transmission over the bus; check the memory strobe
generating logic. For pickup errors check the timing and duration of the inhibit level, and check the
CMB clear logic. When the memory exhibits generally poor margins and is both picking up and drop-
ping bits, check the timing of the read and write levels. If necessary, replace the delay lines (W301)

to restore this timing requirement.
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5.7 SINGLE -BIT FAILURES

A single-bit error that affects only one address results from a single core whose characteristics
have drifted out of specifications. Since every memory is checked out thoroughly before shipment, it
can be assumed that the cores are not malfunctioning unless they have been subjected to extreme pun-
ishment. A single-bit pickup error throughout memory can be caused by a chort or other low impedance
path between an X or Y winding and a sense winding, but this is easily recognized by checking the sense
preamplifier outputs. Each sense amplifier has test points on the wiring panel for checking internal
waveforms. The waveforms at the test point is the differential output of the selected preamp and is

shown in Figure 5~1.

Single ended core read output Single ended core read/write
in reference to strobe. output in reference to strobe.
Time: 100 ns/cm Time: 200 ns/cm

Core output: 2 volts/cm Core output: 2 volts/cm
Strobe: 5 volts/cm Strobe: 5 volts/cm

Figure 5-1 Sense Amplifier Waveforms

For a 1, these show a half-sinusoid pulse of either polarity, approximately 350 to 400 MS long at its base,
base, and superimposed on noise that occurs at the beginning and end of the read and write current
waveforms. For a 0, only the noise is present; absence of the half-sinusoid indicates that the selected
core has not changed state.

To check the slice waveform, an oscilloscope is connected to pin AM on the G005 modules.
The oscilloscope should show a sense amplifier slice waveform, quiescent at + .05V, which falls to
-3.5V whenever the preamp waveform has sufficient amplitude. Consequently, the level is +.05V
for a 0 and -3.5V approximately 200 to 300 ns for a 1. Figure 5-2 shows the sense and slice wave-
forms for both 1 and 0 core outputs. Both of the above single-bit faults require replacement of the

entire stock.



Single ended core with relation-
ship to slice.

Time: 100 ns/cm
2 volts/cm

Figure 5-2 Sense Amplifier Slice Waveform

A single=bit pickup error throughout memory can also be caused by a faulty inhibit-driver
output section or an open inhibit winding; a drop error similarly confined results from a faulty quadrant
sense—amplifier preamps or anopen sense line.

Failures in this class turn up initially with a single bit failing at a particular address. Then the
problem is to determine whether the failure was due to a faulty bit or a faulty address. To make this deter-
mination, some test programs should be run; memory address tests, which sometimes will show up multiple
addressing which checkerboard won't; checkerboard with sense amp margins; and block transfer tests.

While running checkerboard, vary sense amp margins until a particular bit begins to fail, then
continue to move the voltage and see if the addresses on which the bit fails seem to stay concentrated on
a single or a very small group of addresses and if other bits begin to fail quickly as the margin is increased.
If they do, then the failure probably is an address failure and not a bit failure. If, however, the failure
sticks to a single bit until the margins reach the normal failing points, then the failure is almost certain
to be in the sense amplifier or inhibit rather than an address failure.

On the other hand, if many bits and large numbers of consecutive addresses fail, something
common fo the entire memory system is probably at fault, such as drivers, selectors, power supplies,
address register, quadrant selection, segment selection for inhibit, if even or odd bits are dropping or
picking up.

In the case of a bit failure, first try changing the sense amplifier and inhibit driver card for

that bit.
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5.8 ADDRESS FAILURES

If the failure is always on one and only one address, until margins are varied up to the
normal failure points, the failure must be in the stack. With a multiple address failure, the trouble is
usually a balun card, G604 or G206. The fault may lie on a balun card other than the one pointed to
by the address decoding points, beacuse these cards are connected in a matrix. All the cards on both
selection axes should be checked by substitution.

If sense amp margins have no effect on a failure which looks like a bit failure, the failure
is usually occurring in the MB flip-flop or the W102 board. If it is a single bit failure occurring
only in every address of a single quadrant (determined by address bits 22 and 29) then there is most
probably a wire broken; there are four sets of inhibit windings and four sets of sense amp windings to
each module.

An open diode on a balun card will be pointed to by failures one every address on that selec-
tion line. A shorted or leaky diode will not be pointed to directly, as the address affected will probably
appear to be all right and other addresses will appear to be failing. Be sure that you obtain a complete
table of every address that fails, far enough into memory to obtain a pattern. This clue will enable you
to pinpoint a particular G206 or balun (G604) failure and can be done, quickly and easily, using the
checkerboard to inhibit address lines, or by halting on error and pressing CONTINUE. If the errors
occur every fourth address or every 1000th address on the Y lines, exercise extreme caution. The error
may only be in a single address, but it may be propagated throughout memory because the process by
which the program loads the pattern. Address test may help here, but simple deposit examine may also
be helpful.

If the address failure pattern is random rather than patterned, there is a chance that the
memory common driver G212 may be bad; or, if the failure has occurred throughout the entire word, then
it probably is a control failure; i.e. the timing is off or there is a power supply problem. In this case,
the bits may not be scattered evenly through the word. It might also be an address bit problem since the
MAs are used to feed the G206. If this is the case, expect the failures to show up readily when that bit
is inhibited on the checkerboard test.

The best way to test for problems on any of the modules, that have been mentioned so far, is
by substitution. A good point at which to start checking bit multi-address failures is to take a current
probe and check all the read and write currents while cycling through checkerboard using the test stubs
provided for. Open circuits, either in the drivers or selector, will show up as complete absence of cur-
rent. Photographs provided in Figure 5-3 show waveforms for some typical patterns. These are read and
write current waveforms, sense amplifier waveforms and inhibit current waveforms. Generally speaking,

the sense amplifier outputs, when looked at differentially, should be approximately 4V peak-to-peak.



X read select current measured
between pins 1F04S and TFO6M
white bus.

Time: 100 ma/cm
100 ns/cm

X read-write total current
through the stack

Time: 200 ma/cm
200 ns/cm

X write drive current measured
between pins 1FO6V and TFOR
brown bus.

Time: 100 ma/cm
100 ns/cm

X read drive current measured
between pins TF06U and 1FO9M

white bus.

Time: 100 ma/cm
100 ns/cm

X write select current measured
between pins 1F04V and 1F06N
brown bus.

Time: 100 ma/cm
100 ns/cm

Open
address

Figure 5-3 Type 164 Memory System Waveforms (Sheet 1 of 2)
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Single ended core with relation-
ship to slice.

Time: 100 ns/cm
2 volts/cm

Single ended core read/write
output in reference to strobe.

Time: 200 ns/cm
Core output: 2 volts/cm
Strobe: 5 volts/cm

Total inhibit current measured
from the resistor panel reference,
with time pulse 3.

Time: 200 ns/cm
100 ma/cm

Time Pulse 3: 2 volts/cm

Single ended core read output
in reference to strobe.

Time: 100 ns/cm
Core output: 2 volts/cm
Strobe: 5 volis/cm

Total inhibit current with rela-
tionship to total read/write cur-
rent,

Time: 200 mo/cm
200 ns/cm

Figure 5-3 Type 164 Memory System Waveforms (Sheet 2 of 2)
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5.9 TUNE-UP PROCEDURE

This procedure should only have to be followed, if the stack or power supply regulator cards
have been replaced or if someone has misadjusted all the knobs on the power supply; under no circumstances
should the balance pots on the sense amplifier cards be touched out in the field.

On the back of the power supply, there is a label giving read-write voltage, inhibit voltage,
slice voltage, first and second stage clamp voltages; the memory was set to these when voltages left the
plant. A good starting point when reregulating is to set the voltages to these values. Inhibit voltage
should be 52-55V, read-write voltage should be 63-65V, and slice should be set at +5.5 to 5.9V at pin
AV of the sense amplifiers. The read-write should never be over 70V or below 60V; the inhibit should
never be above 60 or below 50V. If these limits are exceeded, the memory simply will run with errors;
no damage will be done.

When the voltages are set as described, start moving the sense amp margins using checker-
board. Adjust the read-write voltage for maximum positive margin, and the inhibit voltage for maximum
negative margin. Don't worry if the margins are not balanced as long as failure points can be detected
on both ends. If failure points cannot be detected, adjust the slice voltage to move the margins so that
failure points can be detected and continue tuning. The last thing to be done is adjusting the slice for
balanced positive and negative margins. Remember that by using this procedure margins are being opti-
mized for a checkerboard pattern; other patterns will have different margins. Next, look at the slice
output pin AM on any sense amp, while simultaneously looking at strobe. Strobe should be about in the

middle of the sliced output; if it is offset, the margin range will be too narrow.






CHAPTER 6
ENGINEERING DRAWINGS

This chapter contains copies of all of the engineering drawings and replacement schematics

necessary to understand and maintain the Type 164 Memory System. The engineering drawings in this

chapter are in addition to the complete set of full-size drawings supplied with each system; should any

discrepancy exist between the drawings in this manual and those supplied with the equipment, assume

the drawings supplied with the equipment are correct. The drawings supplied should be used by main-

tenance personnel when working on the memory, because they show variations peculiar to an individual

installation. Replacement schematics are furnished for test and maintenance purposes. The circuits on

these drawings are proprietary in nature and should be treated accordingly.

The engineering drawings* appear in the order listed below.
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PW-C-164-0-1PW
PW-D~164-0-50ACPW
UML-D-164-0-11

WD-D-164-0-TSWD

UML-D-164-0-UML-1
UML-D-164-0-UML-2

UML-D-164-0-3

SD-D-164-0-SBD
BS-D-164-0-MSSA-1
BS-D-164-0-MSSA-2
BS-D-164-0-MCX
BS-D-164-0-MCY
FD-D~164-0~-FD
CD-D-164-0-ICD
WD-D-164-0-1RP
BS-D-164-0-DMSY
BS-D-164-0-CMY

BS-D-~164-0-DMSX
BS-D-164-0-CMC2
BS-D-164-0-CMI-1
BS-D-164-0-CMI-2
BS-D-164-0-CMPC
BS-D-164-0-CMX
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*Standard DEC drawing terminology is used in the drawings contained in this chapter. For an explana-
tion of DEC logic, symbology, and information on the drawings, the reader can refer to Chapter 4 of

this manual and Appendix 1 of the Arithmetic Processor 166 Instruction Manual, F-67 (166).
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3 o— ;
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S6E

b d<

C

WD-D-164-0-TSWD Toggle Switch Wiring
Diagram for 164 Memory. Rev. A

6-11



2 , 3 , 4 5 3] 7 8 ] ¢ 11 12 13 14 15 16 {7 18 19 29 21 22 23 24 25 26 27 28 29 ., 3@ 3 | 32
T 1 WOZE_ 1 W02E | B6B4 S T G0 L ST T T L G0t L Go0r L eo0r | Co07 G207 1 G207 | G207 | G207 1 G207 | G207 | G207 | Goo7 5207 | G207 | BesZ TWoo5s 1 1 1
SEG cMmI Ml
29 (B) BITS B-8| BITS
b-14
o™i CLAMPS
MB® | MB® |2IA38 A
0-8 S-17 ﬁlﬁ?ﬂ‘ CMmt o "]} cMmt CMt CcMI CMI [o«1] cMmt cMl cMmL CMI CMI CMI ("] CcMmI Mt cmt Ccmt
TO T0 1L BN | 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16 17
sl PR3 oMt
{ ? SEG BITS 947
@i (B)
cMt
3INA3g
EVEN &
PAR BITY
1) N[O AT Woos —
CMI
SEG 31TS
@2(B) 15-17
DECODER cypny | CMI ﬁi‘;
BEGMENTS| g7 [31/A38 CLAMPS
¢-3 SEG |EVEN &
(EVEN) b osEL gi‘%
CABLE ACCESS BITS M1 CABLE  ACCESS
B PLATE SIN38 PLATE B
((@@-23)] SEG
$3(B)
CMI
3LN3P
EVEN &
PAR BITY
NOon LR E e Bent 0T I as0T T G207 | Co0T | G207 I Go07 | 62071 G207 | GOt | Ceor I czor To0r | oo Cear oo [ oeor ] obT | G207 | G207 | Besa | Wwao0H
SEG cMI CM!
22(B8 BITS
=) BITS 18-32 =
ve® | me@ | M 18-28|c ampsl
18-26 27-35 23/N\24 (1] CMmt CMt CMI Cmt (9]} CMI CMI CMI CMmtI CcMmt CMt CM] CMmI Mt cMmt CM! CMI Cm
00D i8 19 20 21 22 23 24 25 26 27 28 29 30 30 32 33 34 35 | PaR
TO TO BITS : BIT
C 1P95 | 1P@7
SEG cMmi
?1(8) BITS
CMI 27-35
GPAR
23A24 C
oDD
BITS
Wo0e [ W02 | 5155 | B0 | Besa Wooe 1 Woss
) SES
% X | #2(B) Y Y
SELECT | DRIVE i 051;— M SELECT| DRIVE
CLAMPS| CLAMPS|DECODER 201 7| 13 A 24 CLAMPS| CLAMPS
SEGMENT|  sgL oDD
D g-3 | cmi | BITS -
L /oppy| 230N24 : i : . ;
(eime ) 2o 23| ses ‘ | ; ; | j;
L ] g3(8) ' | i i i
™I : ; : '
23N 24 ! | i i
oDD 1 ! ! | i ' !
BITS | i i i ! | i ,
| | | , 1 | |
1 2 3 | 4 5 6 7 | 8

UML-D-164-0-UML-1 Utilization Module

List Inhibit

6-13



1 | 2 | 3 | 4 ) 5 | 6 | 7 l 8
—~ H H t H i ‘ i
2 314 56 70890112 13145 6|7 |I18|19]20]2 [22]23 24|25 26|27 2829 30 3 |32
* »’ 1 5 : '~ L
i - - - - - ‘
i : | : :
{ i i i
f d i ;
| ; ]
1‘ ]
i
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w TO SEL SEL.
5 1219 10 PARINH B . S
3 1Zi8 TOAYI8 : Lyiz
2 B684 ! ! T 8684
w RD B(1) Loy RDB()
] 1 "
3 X X +R/W | Y i
i I FUSE ! !
tRIW SWITCH !
i FUSE . —— :
F SWITCH WRB() ! WRB(H)
X i Y
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@3 P13 | 26-23 | 3p-33  46-43 56-53 | 6g-63 8- 73 | 19@-163 | 1P~ 193] 120-123 13¢-133 |1ag- 143 | 15¢-153 {16¢-163 17¢-173 -3 | 1g-13 | 2¢-23 | 3p-33, ap-4a3 | 5¢-53 | 6p-63 | 7673 [IPF-103| N@-113 | 126123 | 136133 148-143 | 150153 | i6g-163 | 178173
X-SEL.| XSEL | XSEL.| XSEL | X SEL.| XSEL | XSEL.| XSEL. | XSEL | XSEL.| XSEL | XSEL | XSEL | XSEL | XSEL | XSEL || YSEL | YSEL | YSEL, YSEL | YSEL | YSEL | YSEL | YSEL | YSEL | YSEL | YSEL | YSEL , YSEL | YSEL | YSEL | YSEL
H H +
i
| |
|
Ge0d | GECE 1T CBO4T GBOA | GB0A | GB04 | GBO4 | G604 | Ge04 | G604 | G604 | GBDA | G604 | G604 | GBOA | G604 || GBO4 | GG0A | G604 | G604 | G604 | GBO4 | G604 | G604 [ G604 | GEO4 | G604 | G604 | G604 | G604 | G604 | G604
ADDR | ACDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR = ADDR | ADDR | ADDR || ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADDR | ADOR | ADDR | ADDR | ADDK | ADDR | ADDR
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and specifications, herein, are the prop-
Egulpment Corporation and shail not be
copied Or used in wnole or in part as
the manufacture or sale of items without|
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. POCF THRU PBGF ARE 22 PIN AMPHENOL FEMALE PLUGS USING SINGLE TEFLON INSULATED WIRES TO Wp2p. (REFER TO NOTE #5)

3. WL - WIRE LENGTH

4. A. PIN Z OF Pg2F THRU PP6F ARE BUSSED TOGETHER BY TWP (BLK)
B. PIN YOF P2F THRU P@6F ARE BUSSED TOGETHER BY TWP (BLU). D
C. WIRE TWP BLU/BLK FROM PPSF TO POWER CONNECTOR BRACKET.

* X 5 USE SUFLEX ASTRA 185 ¥I EXTRUDED FLEX TUBING.
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1 2 [

3 ] 4 —f 5 T 6 7 T 5 ;

CD-D-164-0-ICD Indicator Switch
Cable Diagram. Rev. A
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NOTES 1. RESISTORS R! THRU R37 ARE DALE
15@ 4 NH-25, 17, OR SAGE 3225 NM,158N,1%.

2.(s) DESIGNATES (NSULATED SPADE STANDOFF
*4-40 THD,WINCHESTER #753
3. ALL CAPACITORS ARE 1 LIF, 158V, WiTH
INSULATION PLACED OVER LEADS.

4YEL/BLK TWISTED PAIRS TO

APPROPRIATE  INHIBIT DRIVERS

FROM ALL RESISTORS
5.USE SILICON GREASE WHEN
MOUNTING 153 RESISTORS
6.R38 & R39 ARE OHMITE 8@gEN 1P w RES

7. FOR ASSEMBLY REFER TO MAD-D-64—@-4

8. COVER LEADS¥2 AND™3 ON T2 wiTH¥!1:S
AWG BLK INSULATION.

WD-D-164-0-IRP Inhibit Resistor Panel
164 Memory. Rev. A
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PW-D-164-0-ACPW AC Power Wiring. Rev. A
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CD-D-164-0-CD Cable Diagram Core Memory

164 (Part 1). Rev. A
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CD-D-164-0-CD Cable Diagram Core Memory

164 (Part 2). Rev. A
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WE28 o -

END

FLIP-CHIP CONNECTOR

JUMPER
o—=0

H22AWG BUSS WIRE

YFoR usE BerweEN:
THFE /6F AND CR
TYE /64 7O THF /K3C
TYPE /6F AND MEMORY FXERCISER

CABIE LENGTH WiLl BE SFECIFIED
WHEN ORDERED

CD-D-164-0-CCD Coaxial Cable
Diagram (Part 1)
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TIFE/6F AND C.P.
TYPE /6% 7O TYPE /653C
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CABLE LENGTH Wil BE
SPEC/F/ED WHEN ORDERED

CD-D-164-0-CCD Coaxial Cable
Diagram (Part 2)
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NOTES?®
L DRILL THRU 232 DA =0 I N
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e 8 THIS ASSEMRLY, LOC TO Bt
o} H SPECIFIED BY PROJ ENG.
‘E ool S5 LENGTH OF CABLE TO BE SPEC
H lox BY PROJ ENG.
] 3 G.LABEL TO BE PLACED IN THIS
% LOCATION WHICH READS "THIS UNIT | o
K REQ A 800D BOARD'
.Sg X 7. REVIOVE 4 A SCREWS, 2LEFT SIDE, 2 RYGHT
Y SIDE, & ASSEMBLE ITEMS™N2 416 USING
e FLT W'D SCREWS ITEWM ™IS TO REPLACE
<3 K SCREWS.
7
l—
72
loe
B
FRONT VIEW WITH DOORS —
| AND END PANELS REMOVED
A
8 7 6 5 * 4 1 3 | 2 | 1

D-UA-164-0-1 Core Memory Type 164
(Part 1). Rev. J
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D-UA-164-0-1 Core Memory Type 164
(Part 2). Rev. J
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77
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D-UA-164-0-1 Core Memory Type 164

(Part 3). Rev. J
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¥ 7394 POWER SUPPLY MODIF |CATIONS
FOR TYPE 164MEMORY
D
REFER TQOMA-D-735-O-I
WIRE  CHANGES
CHANGE |LOCATION|COLORSSIZE [LOCATION
DELETE IDIEDE e [reD awg 4 Jor@
TE {DI£D4 TEINAD OF W |
DELETE 1DIED3 e [PED awc 18 |[RINA
ADD IPINADOF |rED awe 18 Jca® —
ADD [DIED4 TERM # 10
2,080 [prue aws 14 TR Paip
ADD 2 TTERM.* 4
i (le ® i YELLOW AWG | e ap
A INAS OF PIN BK OF
A‘DD ?,/W 2800 | WHT w6 22 EBOEJKE R/W
IN AS OF N FNA
NN G285 |wHT Awe 22 [HO
TRANS [™®Pcaances (T 157144 TRANS,
_FROM TAP_[ 70 mP__~ ONLY) C
s 20 %
T 25
NOTE:  INSTALL G800-D BOARDS IF PRIOR
BOARDS ARE PREVIOUSLY IN
COMPONENT CHANGES ONFLIP CHIP
MOUNTING BLOCK
le—
ICHANGE |LOCATIONICOMPONENT |LOCATION
BIN BM OF R/WIRO-1G2K.LW 1% MF [PINEN OF R/W
i ISI%:OQDM OFRI/W R9-2 J_S ™ caog RW |
-2K, 17% MF PIN F
ADD 6800 g " fa00"
DELETE [2HLBMOF INHTRIo- 162K Lw,i2MF [FIN G OF INH
ADD. PIN BMOF TNA [R10— 2K W, 1 4MF PINBNOT TN
PIN AE OF RfW - iR g PIN AC OF R/W
DELETE Sads OFF:Z R3-909/L, LW, 1% MF 4565 R
| Wi - ] P IN AC OF R/W
ADD aNde YWIR 3 33K 4w, 5% [QNJE O W
B
NOTE: THESE CHANGES APPLY ONLY TO 739A POWER SUPPLIES
AND NO CHANGES ARE NECESSARY ON 739E'S. —
*
THIS CHANGE ALSO APPLIES TO 739E POWER
SUPPLIES ALREADY USED IN THE FI'ELD
A

PW-D-164-0-50PSM 73%9A Power Supply
Modification for 50 cps, 220V
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739 POWER SUPPLY MODIF ICATIONS
FOR TYPE [64MEMORY
D
REFER TOMA-D-739-0-I
WIRE  CHANGES
CHANGE |LOCATION|COLORSSIZE |LOCATION
DELETE E’LT‘ZHDQDE RED AWG 14  |CI @) -
TE |[DI&D PIN AD W
DELETE | fhope  |PED AwG 18 5800 7 |
ADD PNy  |RED awe 18 c4 ;)
ADD DI&D4 TERM-FT0
215050 [BLuE awe 14 @opzussﬁsmw)
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=5 i' @ YELLOWAWG 14 | (BnEs st
x iNAS OF SN BK OF R/W
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NN G286 [wHT Awe 22 (o800
TRANS  [®Pcrancges (T 157109 TRANS.
FROM TAP | TO TAP ONLY) C
3 17
R
NOTE:  INSTALL GS0O-D BOARDS IF PRIOR
BOARDS ARE PREVIOUSLY IN
COMPONENT CHANGES ONFLIP CHIP
MOUNTING BLOCK
—
CHANGE [ LOCATION|COMPONENT {LOCATION
DELETE [DEMOF AW oo | cok 4w, ILMF |omENOF A/W
0D PINBNIOF R/Wlag— ok 4w, 1MF [EINENOF A/W
SIN BMOF TNH |Rio=1 62K Lw 1 ZMF [FIN.EBN OF TNA
DELETE |oiiB) RIO-1,62K, LW, ZMF 8
5 SR A TN BNOF INH
ADD L BMOF INH [mi0 2K,—s;w,I/.,MF 6800 /
PIN AE OF R/W[R3- T 17 ur [PINAC OF FwW
DELE TE i R3-909N, 5w, 17 MF G365
PIN A F RV - LW P I F /W
. ADD A /WIR3 33K, AW, 5% |ahas Y
B
SK NOTE: THESE CHANGES APPLY ONLY TO 739 POWER SUPPLIES
AND NO CHANGES ARE NECESSARY ON 739D’
% ¥ THIS CHANGE ALSO APPLIES TO 739D POWER
SUPPLIES ALREADY USED IN THE FIELD
A

PW-D-164-0-PSM 739A Power Supply
Modification for 60 cps, 11V. Rev. B
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1A-B-7405423-0-0 Marginal Check and Remote
Control Cables for Installation Only. Rev. A
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APPENDIX A
TYPE 169 PARITY OPTION

The Type 169 Parity Option is connected across the PDP-6 memory bus (MBUS). It is used
to check the parity of each data word transferred between the central processor and the memory. In
the write cycle, the parity of each data word being transferred to memory is checked. If the parity of
the data word is even, a parity bit is generated and is routed to memory along with the data word.

The data word including the parity bit is stored in memory with odd parity.

When a data word is transferred out of memory during a read cycle, the data word is checked
for odd parity. If an even parity condition is located, an error condition exists. The parity option de-
tects the error condition and reacts according to the selected operating mode.

The parity option will not check the data word parity or generate a parity bit when a fast

memory control is referenced or when a memory plane returns a bypass signal .

Al INSTALLATION

To install the parity option, the MBUS cable connectors from the central processor are dis~
connected at the memory and the cables are inserted into the parity option, according to Table A-1.
Record the memory slot number from which the cables were removed in Table A-1. Then, install the

supplied jumper cables between the parity option and the memory according to Table A-1.

Table A-1
Cable Installation
Processor End Parity Option End Parity Option End Memory End
1A1 1A2
215 (W028) (W028)
(DEC 10360) 1B1 1B2
(W028) (WO028)
1C1 1C2
2124 (W028) (W028)
(DEC 10360) 1D1 1D2
(W028) (W028)
1A31 1A32
2E25 (wo028) (W028)
(DEC 10350) 1B31 1B32
(W028) (W028)




Table A-1 (cont)
Cable Installation

Processor End Parity Option End Parity Option End Memory End
1C31 1C32
2425 (W028) (W028)
(DEC 10350 1D31 1D32
(W028) (W028)
A2 CONTROLS AND INDICATORS

The controls and indicators for the parity option are contained on the indicator panel.

Figut;e A-1 shows the indicator panel and Table A-2 contains a brief description of the function of each.

Table A-2
Controls and Indicators
Number Nomenclature Type Function
1 STOP Micro toggle Selects Normal or Stop-on-Error operating
switch mode .
2 PAR ODD Indicator Indicates odd parity
3 CLEAR ERROR Push button Clears PAR ERR flip-flop
switch
4 PARITY Indicator Indicates the presence of a parity bit.
5 RESTART Push button Clears PAR ERR flip-flop, clears ERROR stop
switch flip-flop, clears Memory Buffer flip-flops
and generates RDRS signal .
ERROR Indicator Indicates a parity error
7 FMC SEL Indicators Indicates when a fast memory control is
selected.
8 MEMORY 36 Indicators Displays the data word being transferred
BUFFER
9 MEMORY 18 Indicators Displays the memory address being referenced.
ADDRESS
A3 THEORY OF OPERATION

In this section, the circuit operation of the parity option during the write cycle, read cycle,

and the read/pause/write cycle is discussed. When only a zone number is referenced, refer to drawing

BS-D-169-0-POC. The other references in the text will refer to the drawing number containing the

circuits under discussion.
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A3.1 Write Cycle

When the central processor requests a write cycle, the PMA 18 through PMA 35 flip~flops
(drawing BS-D-169-0-POMA) are cleared by the CLR PAR MEM ADRS signal (zone A2) which is
generated from the PROC RQ signal (zone Al). After a 100-ns delay, the STRB PAR MEM ADRS signal
(zone A3) is generated and the PMA flip-flops are set equal to the address presently being referenced.

In addition, at the start of the write cycle, the PAR MB O through PAR MB 35 flip-flops
(drawing BS-D-169-0-POMB) and the parity flip-flop (zone A7) are cleared by the CLR PAR MEM BUF
signal (zone B8) which is generated from the PROC RQ signal (zone B7). Then, the PAR MB flip-flops
are connected to the parity option circuit (drawing BS-E-169-0-PO).

In the parity option circuit, the 1 and O sides of each PAR MB flip-flops are connected to a
parity checking circuit. When odd parity is detected, the desired condition, no parity bit is generated.
If even parity is detected, the WR RS (write restart) signal (zone B7), which signifies the end of the
central processor write=access time, is ANDed with the PAR EVEN signal. The resultant signal, PAR
BIT (zone B7), is transferred via the MBUS and stored in the parity plane of the memory.

A3.2 Read Cycle

When the central processor requests a read cycle, the PMA 18 through PMA 35 flip=-flops are
cleared and set equal to the address presently being referenced. At the same time, the parity flip-flop
and the PAR MB 0 through PAR MB 35 flip-flops are cleared and a data word is placed on the MBUS.

If the data word being transferred to the central processor via the MBUS contains a parity bit, the PAR
BIT signdl (zone B7) is ANDed with the PAR EVEN level and the resultant signal is used to set the
parity flip-flop.

After the PAR MB flip-flops are cleared, they are set equal to the data word being trans=-
ferred to the central processor. The output lines from the PAR MB flip-flops are routed to the parity
option circuit along with the output lines from the parity flip-flop. In the parity option circuit, the
parity of the data word, including the parity bit, is checked. Since the combination of the data word
and the parity bit was stored in the memory with odd parity, the data word being transferred should cause
the PAR ODD levels from the parity option circuit to be in the true condition. If an odd number of bits
are lost from the data word during transfer, an error condition exists. When an error condition does
exist, the generation of the RDRS signal to the central processor (zone B4), which signifies the end of
the central processor read access time, is dependent upon the selected operating mode and is explained

in Section A3.3.



The RDRS signal (zone B1) from the memory is used to start a 200 ns delay. The resultant
signal from the delay is ANDed with the PAR EVEN level. If an error condition does exist, the re-
sultant signal is used to generate the PAR ERROR signal which is routed to the central processor for fur-

ther action and is used to set the PAR ERR flip~flop (zone A3).

A3.3 Read/Pause/Write Cycle

In this cycle, the read portion of the cycle is performed in an identical fashion as the read
cycle explained above. The write portion of this cycle is performed in a slightly different fashion.
The main difference between the write portion of the read/pause/write cycle and the write cycle is the
way in which the PAR MB flip-flops are cleared. It is recalled that the PROC RQ signal was used at the
start of the write cycle to generate the CLR PAR MEM BUF signal. In this cycle, the PROC RQ signal
is generated at the start of the read portion and is not present at the start of the write portion. To gen-
erate the CLR PAR MEM BUF signal before the write portion of this cycle, the RD RS (read restart)
signal starts a 200 ns delay and the resultant signal from the delay causes the CLR PAR MEM BUF signal
to be generated, just prior to the write portion of the cycle. The CLR PAR MEM BUF signal clears the
PAR MB flip~flops and the parity flip-flop.

A3.4 Operating Modes

The parity option can be operated in a normal mode or a stop-on-error mode. Either mode
can be selected with S1 (zone D4 and C5) on the indicator panel. Differences between the two modes
are explained below. In this section, circuit operation, when a fast memory control is selected and

when the parity option is placed in by-pass, is also explained.

A3.4.1  Stop-on-Error Mode - This mode has no effect on the write cycle. During aread cycle, the

RD RS signal (zone C2) from the memory is gated with the output from the parity option circuit and the
STOP MODE signal. If an even parity exists, an error condition, the RD RS signal (zone C4) to the
central processor is inhibited. At the same time, the PAR ERR, and the ERROR STOP flip-flops are set
and the PAR ERROR (zone B3) signal is routed to the central processor. When this occurs, the transfer
operation is stopped. The address being referenced and the data word are displayed on the indicator
panel. To resume operation, the RESTART pushbutton (S3-zone C1) on the indicator panel is depressed.
If the ERROR STOP (1) signal is true, the RESTART pushbutton sends a RD RS pulse to the central processor
which restarts the processor. The RESTART pushbutton also starts a 100 ns delay which clears the ERROR
STOP flip-flop.



A3.4.2  Normal Mode - In this mode, the write cycle is not affected. During a read cycle, the
RD RS signal is returned to the central processor without a delay except for the logic delay. If an error
condition does exist, the PAR ERR flip~flop is set and the PAR ERROR signal is returned to the central

processor for further action. Normal operation continues without an interruption.

A3.4.3  Fast Memory Control Operation - When a fast memory control is selected, parity of the

transfer is not checked and the parity option circuit operation is not affected.

A3.4.4  BYPASS Operation - When the parity plane in the memory is used for storing information

other than parity information or when the parity bit is not in the stack the parity option must be by-
passed. A jumper is inserted in the memory, when parity is not used, to generate the PAR BYPASS

signal that sets the PAR BYPASS flip-flop. The information is then transferred without checking parity.

A4 ENGINEERING DRAWINGS

This section contains reduced copies of the engineering drawings required for understanding
and maintaining the Type 169 Parity Option. The drawings are in addition to a complete set of full-
size drawings supplied with each system. Should any discrepance exist between the drawings in this
manual and those supplied with the equipment, assume the full-size drawings are correct.

Standard DEC drawing terminology is used in the drawing contained in this appendix. For
an explanation of DEC logic symbology and information on the drawings, the reader can refer to Ap-

pendix 1 of the Arithmetic Processor 166 Instruction Manual, F-67 (166).
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