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SECTION I 

GENERAL DESCRIPTION 

1-1. INTRODUCTION 

1-2. This manual contains information required to install, operate, 

and maintain the MICROMEMORY 3000QD Memory Card Assembly (figure 

1-1) , manufactured by Electronic Memories and Magnetics Corpor

ation, Hawthorne, California. As part number 928637-001,. 

Figure 1-1. MICROMEMORY 3000QD Memory Card Assembly 

* QD: Quad Density 
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l ·-3. Contents of this manual are arranged as follows: 

Section I - General Description. Scope, contents and 

organization of the manual. General physical and electrical 

description, system orientation and general specifications. 

Section II - Installation and Operation. Information 

required to install, prepare for operation, and operate the 

equipment. 

Section III - Theory. General and detailed theory of 

operation including overall system theory, general block diagram 

description, and detailed circuit description. This section 

includes discussions of address decoding, core-drive system, 

data pattern, and system timing. 

Section IV - Maintenance. Preventive and corrective 

maintenance procedures and troubleshooting charts. 

Section V - Drawings. Circuit card schematics, assembly 

drawings, and parts lists. '"' 

1-4. P1JRPOSE OF EQUIPMENT 

1-5. The MICROMEMORY 3000QD Memory Card Assembly is designed 

for use with central processor units as a main, directly acc~ssible, 

random access storage unit. The Memory Card Assembly can be used 

alone; or by means of built-in address expansion circuits permitting 

up to eight Memory Card Assem~lies to be operated together. 

1-6. PHYSICAL DESCRIPTION 

1-7. The MICROMEMORY 3000QD Card Assembly is a complete memory 

system ·on a single card assembly consisting of two circuit cards. 

The Electronics Card contains timing, control, and inhibit drivers, 

and the Stack Card contains the core array, diodes, and sense 

amplifiers. The Stack Card is pluggable into the Electronics Card. 

1-~3. SIZE AND MOUNTING 

1-9. The memory is mounted on a 1/16-inch epoxy-glass 
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circuit card whose dimensions 

Height: 

Length: 

Mounting centers: 

1-10. I/O CONNECTORS 

are; 

11.75 inches 

15.40 inches 

1.00 inch 

1-11. ?he circuit card is designed to use two 80-pin edge connectors 

with pins on 0.125-inch centers. The recommended mating connector 

is Winchester P/N HWLfOD2-112-4086 or equivalent. 

1-12. FUNCTIONAL DESCRIPTION 

1-13. The MICROMEMORY 3000QD Memory Card Assembly is a random

access, coincident-current, ferrite-core memory arranged in a 3D, 

3-wire configuration. Except for a de power supply, the unit is 

self-sufficient, including all necessary timing and control, inhibit 

and sense, and stack circuitry. 

1-14. MEMORY CAPACITY 

1-15. Memory capacity is a function of addressing and word length 

within the following limits: 

32,768 words by 20 bits 

32,768 words by two 10-bit bytes 

65,536 words by 10 bits 

1-16. ZONES. Twenty-bit words can be divided into two 10-bit zones 

(bytes). These zones are designated Zone A (bits 0 thru 8, and 18), 

and Zone B (bits 9 thru 17, and 19). 

1-17. MODES OF OPERATION 

1-18. The memory performs in Read/Restore mode, Clear/Write mode, 

and Read-Modify-Write mode (Split Cycle). 

1-19." GENERAL SPECIFICATIONS 

1-20. Table 1-1 is a list of Memory Card Assembly general specifica

tions. 
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Table 1-1. Memory Card Assembly General Specifications 

ITEM 

Type of Memory 

Capacity 

Modes of operation 

Access Time 

Cycle Time 

Read/Restore 

Clear/Write· 

Read/Modify/Write 

Logic Levels: 

Input 

Output 

Sink/Source Capacity 

AC Power Requirements 

DC Power Requir3ments, 
(Current in amperes -
Unit operating at 850ns 
rate). 

Standby 

All ONEs 

All ZEROS 

1-'1 

SPECIFICATION 

Random access, 3-wire, 3D 
magnetic core 

32,768 words by 20 bits 

32,768 words by two 10-bit 
bytes 

65,536 words by 10 bits 

Read/Restore 

Clear/Write 

Read/Modify/Nrite (Split . 
Cycle) 

850ns 

850ns 

950ns plus modify time 
(processor response time) 

False (ZERO) = +2.5 to +5.0 
volts 

True (ONE) = 0 to +0.5 volt 

False (ZERO) = +2.5 to +5.0 
volts 

See Section II 

Non required 

CURRENT 

+15V±2% +5V±2% -rsv±2% 

0.5 3.5 0.1 

3.9 3.8 1.2 

1. 5 3.0 0.7 
" ""'· 
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Table 1-1. Memory Card Assembly General Specifications (Cont) 

ITEM SPECIFICATION 

DC Power to Termination CURRENT (Amps) 
Resistors (Current in amperes) 

Termination Termination 
In2uts 02en In2uts ov 

Terminations at Jl 0.14 0.34 
(+sv::23) 

Terminations at J2 0.16 0.39 
( +SV± 2%) 

1-21. ENVIRONMENTAL SPECIFICATIONS 

1-22. Table 1-2 is a list of envir6nmental specifications. 

1-23. EQUIPMENT SUPPLIED 

1-24. Equipment supplied is the MICROMEMORY 3000QD Memory Card 

Assembly. 

Table 1-2. Environmental Specifications 

ITEM SPECIFICATION 

Operating Conditions 

Ambient Temperature 

Thermal Shock 

Relative Humidity 

Altitude 

1-5 

0°c to +50°C 

±l0°C per hour (max) 

95% max w/o condensation 

-1000 ft to +10,000 ft msl 
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SECTION II 

INSTALLATION AND OPERATION 

2-1. UNPACKI:1G AND INSPECTION 

2-2. Use reasonable care in unpacking the equipment. ~o special 

unpacking instructions are required. Inspect the equipment for 

physical damage. 

2-3. INSTALLATION 

2-4. The Memory Card Assembly is designed to plug into an EMM 

standard MICROMEMORX 3000QD Memory System chassis. Figure 2-1 

illustrates card orientation and dimensions. 

2-5. INTERFACE SIGNALS 

2-6. All signals between the processor and the Memory Card 

Assembly should be carried on twisted-pair transmission lines. 

Termination resistors are included in each Memory Card Assembly 

for proper termination of the Transmission lines to minimize 

reflections. Connection of the termination resistors is made 

externally on the input/output connector receptacle and there

fore is at the discretion of the user. (See figure 2-2.) 

2-7. All input/output signal parameters are measured at the 

Memory Card Assembly input/output connectors with properly term

inated processor cables attached. Times shown in timing diagram 

figure 2-3 are measured at the 50% point of the signal transi

tion. 
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2-8. Input circuits to the memory system are TTL gates. The 

.._.,. input drive for individual inputs is listed in table 2-1. Drive 

requirements are expressed in units of TTL loads where 1 TTL load = 
2 ma sink from the driver in the Logic "l" (OV) state. When the 

termination resistors are used (externally connected), the source 

driver in the Logic ONE state must be capable of sinking 17 ma 

termination-resistor current in addition to the rated sink load 

for each input. No source current is required in the Logic ZERO 

state. ·Input levels required are as follows: 

False (Logic ZERO) = +2. sv to +5.0V 

True (Logic ONE) = OV to +O. SV 

Table 2-1. Memory Card Assembly Interface Signals 

SIGNAL 
NAME ABBR 

Initiate *RP 
Pulse 

Byte 
Control 
Levels 

BCLl, 
BCL2 

FUNCTION/ 
LOAD 

Inpu.t 
One TTL 
Load 

Input 
One TTL 
Load 

DESCRIPTION 

The application of an Initiate 
Pulse (RP) when the memory 
is available, initiates a 
memory cycle. The type of 
cycle (Read/Restore, Clear/ 
Write or Split-Cycle) is 
defined by BCL (Byte Control 
level) and SCL (Split-Cycle 
level) . 

The state of the two Byte 
Control Levels in conjunction 
with the Initiate Pulse (RP) 
determines the memory mode 
for each 10-bit byte. When 
BCL is true (low), the 
Initiate Pulse (RP) executes 
a clear/write cycle in the 
selected byte. When BCL is 
false (high), RP initiates 
a read/restore cycle in the 
selected byte. 

In Split Cycle mode, if BCL is 
true (low), new data is stored 
in memory; if BCL is false 
(high) , readout data is re-
stored to memory. 

* External connection of the Write Pulse (WP) to th~ Initiate 
Pulse (RP) is possible for controL by a single line. 
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Table 2-1. Memory Card Assembly Interface Signals (Cont) 

SIGNAL 
NAME 

Split
Cycle 
Level 

Write. 
Pulse 

Address 
Option 

Address 
In 

Extended 
Address 
In 

* The Write 
connected 

ABBR 

*WP 

COOP 
AI15 

AI 
(0-15) 

XAil 
Thru 
XAI3 

FUNCTION/ 
LOAD 

Input 
One TTL 
Load 

Input 
One TTL 
Load 

Input 
One TTL 
Load 

Input 
One TTL 

Load AIOO 
thru AI14 

Two TTL 
Loads 
AI15 

Input 
One TTL 
Load Per 
Bit 

DESCRIPTION 

When the Split-Cycle (SC) input 
is true (low), the Split-Cycle 
mode is initiated. The Initiate 
Pulse (RP) executes the read 
phase, and the Write Pulse (WP) 
executes the write phase. 

In Split Cycle mode, the memory 
completes the read phase, then 
waits. The Write Pulse (WP) then 
initiates the write phase of the 
same cycle. 

By wiring the ADOP, and AI15 
inputs to the levels specified 
below, the memory will function 
accordingly as 32K X 20 or 64K X 
10. 

INPUT 

COOP 

AI15 

CONFIGURATION 

16K X 20 

Low OV 

Low OV 

32K X 10 

High (open) 

Most Sig. 
Address Bit 

For 64K X 10 operation it is 
necessary to connect data-bit 
lines 0 thru 8, and 18 to data
bit lines 9 thru 17, and 19 on the 
input and output. 

Memory location to be accessed is 
established by 15 or 16 single
ended address lines; 15 lines for 
32K X 20 operation, 16 lines for 
64K X 10 operation. 

There are three extended address 
inputs. XAI outputs fan out to 
10 TTL loads per bit. Inverte~s 
are provided to accommodate 
additional memory cards for in
creasing memory capacity. When 
the address inverters are pro
oer l_y_ wired to the memory select 

Pulse (WP) and Initiate Pulse (RP) lines can be 
together externally for single-line control. 

2-6 
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Table 2-1. Memory Card Assembly Interface Signals (Cont) 

SIGNAL 
NAME 

Data-In 
Strobe 
Option 

Memory 
Protect 

ABBR 

Data In DI 
{0-19) 

Data Out** DO 
(0-19) 

FUNCTION/ 
LOAD 

Input 
4.5 TTL 
Loads 

Input 
3.5 TTL 
Loads 

Input 
One TTL 
Load Per 
Bit 

Output 

DESCRIPTION 

inputs (MS), selection among up to 
eight memory cards may be made 
without the necessity of using 
external decode circuits. 

When this pin is open, timing of 
data input (DI) is at time TO (per 
figure 2-3) . When MSOP is ground
ed, data is strobed-in from 2.00 
to 300 nsec after the leading edge 
of Initiate Pulse RP. 

The Memory Protect (MP) input pro
tects stored data during de power 
turn-on and turn-off. The MP 
input should be in the high state 
during normal memory operation. 
When MP goes low, the Memory 
completes the cycle in process 
(if any) and ignores further re
quests for operation until the 
Memory Protect line is again high. 

The Memory will complete a Split 
Cycle in process correctly, pro
vided that the Write Pulse is 
sent 600ns maximum after Initiate 
Pulse. 

During power turn-on, MP should be 
held low before any de voltage 
reaches 1 volt and held low until 
at least 20.0 µsec after all power 
supplies are in tolerance. During 
power turn-off, MP should be 
driven low before any de voltage is 
out of tolerance and should remain 
low until all de voltages are less 

,than 1.0 volt. 

In a Clear/Write or Split-Cycle, 
new data must be presented to the 
memory as shown in figure 2-3. 

In a Read/Restore or Split-Cycle, 
data readout is presented on the 
data output lines no later than 
300ns after RP and remains valid 
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Table 2-1. \lemory Card Assembly Interface Siqnals (Cont) 

SIGNAL 
NAJ.VlE 

Common 
Data Buss 

Data** 
Available 

ABBR 

Data Out- TIOP 
put/ Data 
Available 
Option 

:vlemory 
Busy** 

~·lemory 

Select 
:VlS 
( 1-3) 

FUNCTION/ 
LOAD 

Input/ 
Output 

Output 

Input 
One TTL 
Load 

Output 

Input 

DESCRIPTION 

until a subsequent RP, or will 
reset approximately 600ns after 
RP, depending on the state of 
TIOP (Data-Output/Data-Available 
option) . 

Gating is provided in the data 
input and data output ~ircuits to 
allow common-line bi-directional 
data transmission if desired. 

The Data Available signal is pro
vided by the memory to signif~' 
that data is present and stable 
on all output data lines. The 
Data Available pulse occurs no 
later than 300ns after cycle 
initiate. 

With TIOP held low (OV) , the Data 
Output (DO) and Data Available 
(DA) are as shown in the timing 
diagrams, figure 2-3. With TIOP 
high (open) the Data Output (DO) 
and Data Available (DA) will pulse 
from 300ns after RP until 600ns 
after RP. 

The Memory Busy signal (low) s1g
nifies to the processor that the 
memory is busy and will not accept 
an Initiate Pulse. 

The Memory Select inputs are used 
with the extended address invert
ers to expand addressing to 
include additional memory cards. 
When :.1s 1, :vis 2, and ;.'ls 3 are ZERO 
(high) the memory is selected: 
thus, when not used, the ~'lS inputs 
must be wired to a logic ZERO 
(high) source. 

** Output cables ilom the memorv are driven from an inte
grated circuit TTL open collector driver (SN7438) . The 
cable driver is capable of sinking 47ma. while maintaining 
a logic ONE level of from +0.25 to 0.50 volts. 

2- ~ 
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Table 2-1. Memory Card Assembly Interface Signals (Cont) 

SIGNAL 
NAME 

General 
Reset 

ABBR FUNCTION/ 
LOAD 

Input 
3.5 TTL 
Loads 

DESCRIPTION 

The General Reset input, when 
driven low, .resets all registers 
in the memory and initializes the 
timing circuits. This input 
should be high during normal 
operation of the memory. The 
memory will accept a new input 
within 5 µsec after the end of 
GH signal. 

A general reset should NOT be 
executed while a memory cycle is 
in progress - loss of data could 
result. 

2-9. INTERFACE PIN ASSIGNME~TS 

2-10. The Memory Card Assembly is designed to use two 80-pin edge 

connectors with pins on 0.125-inch centers. The reconunended mat
~ 

ing connector is Winchester P/N HWL40D2-112-4086 or equivale:lt. 

2-11. MEMORY CARD ASSEMBLY POWER REQUIREMENTS 

2-12. The power requirements for one Memory Card Assembly are 

given in table 1-1. 

2-13. The de voltages can be applied in any sequence. The power 

connections are given in table 2-3. 
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Table 2-2. Interface - Memory Card Assembly 

PIN CONNECTOR 
PIN CONNECTOR 

NUMBER NUMBER 
Pl P2 Pl P2 

01 ov ov 41 ov ov 
02 +5V DI06 42 +SV DIOl 
03 -15V DI07 43 -lSV DIOO 
04 ov DIOS 44 ov DI08 
05 +15V DI04 45 +lSV DI17 
06 +VPU D006 46 AI08 0003 
07 TERM D007 47 AI07 D002 
08 TERM DOOS 48 AI06 DOOl 
09 TERM D004 49 Aill DOOO 
10 TERM DI03 50 AilO D008 
11 TERM DI02 51 ov D017 
12 TERM TERM 52 AI09 DI16 
13 TERM TERM 53 AI03 0016 
14 TERM TERM 54 ov D015 
15 TERM TERM 55 AI04 ov 
16 TERM TERM 56 AIOS DilS 
17 TERM TERM 57 ov DI14 
18 TERM TERM 58 AIOO D014 
19 TERM TERM 59 AIOl 0013 
20 TERM TERM 60 ov ov 
21 TERM TERM 61 AI02 DI13 
22 TERM TERM 62 AI12 DI12 
23 TERH TERM 63 GR D012 
24 TERM TERM 64 AI14 ov 
25 TERM TERM 65 WP ov 
26 TERM TERM 66 ov ov 
27 sc TERM 67 ov ov 
28 MS3 TERM 68 DI18 ov 
29 MS2 TERM 69 DI19 DOll 
30 MSl TERM 70 AilS· Dill 
31 BCL2 TERM 71 D018 DilO 
32 COOP/ADOP TERM 72 D019 DOlO 
33 m TERM 73 XAil 0009 
34 AI13 TERL".1 74 XAil DI09 
35 BCLl ov 75 XAI2 +VPU 
36 BA +15V 76 XAI2 +lSV 
37 TIOP ov 77 XAi3 ov 
38 MP -15V 78 XAI3 -lSV 
39 MSOP +5V 79 RP +sv 

.Attt, 

40 ov ov 80 ov ov 

2-10 
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Table 2-3. Memory Card Assembly Power Connections 

CONN PTN VOT.,'L1AG L~ CONN PIN VOLTAGE 

Jl 02 +SV J2 39 +SV 

Jl 42 +SV J2 79 +SV 

Jl 03 -15V J2 38 -lSV 

Jl 43 -15V J2 78 -15V 

Jl 05 +lSV J2 36 +lSV 

Jl 45 +lSV J2 76 +15V 

Jl 01 OV J2 01 ov 
Jl 40 ov J2 40 OV 

Jl 41 ov J2 41 ov 
Jl 80. ov J2 80 OV 

.__,. 
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SECTION III 

THEORY OF OPERATION 

3-1. GENERAL 

3-2. This section comprises a functional description of the 

Memory Card Assembly. Description is divided into general discus

sion and detailed circuit description, each referring to appro

priate block, simplified logic, logic, schematic, and timing 

diagrams. The schematic diagram is located in Section V. 

3-3. GENER~L ORGANIZATION 

3-4. The M!CROMEMORY 3000QD is ~ complete memory system on a 

single card-pair. The card-pair consists of the Memory Electronics 

Board (Electronics Board) and the Stack Board. Contents of these 

boards are listed in table 3-1. 

3-5. 

Table 3-1. Functional Content of the 3220 System 

CARD 

Memory Electronics 

Stack Card 

GENERAL THEORY 

FUNCTIONAL CONTENT 

Timing Generator, Timing Counter, 
Control Circuits, Address Register, 
Data Receivers, and Address Decoder, 
X and Y Select, Current Generators, 
X and Y Drive Switches, X and Y Sink 
Switches, Data Register, Inhibit 
Drivers, and Memory Select. 

Sense Amplifiers, and Core Array. 

3-6. Memory. system functions, contained within one card-paii, 

consists of a~dressing, data control, storage, and timing and 

control. System organization of these functions is illustrated 

in figure 3-1 and described in the following sub-paragraphs. 
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3 - 7. 

3 -8. l\ddress i_ny is acco:i1plishcd in thrc:: d~codc levels. 

sch~rnc is illustrated i_n f i_qure 3-1. 

l'hc 

3 _(). f·'Ii<ST-u:v1·:r, !)F:Cc>U1'.'Ki. /\ddre?ss !Ji_Ls i_n groups of three arc 

appl i~cl to on0 -of -e i.yht di; coders that are· <J at cd lJ/ Read and Wr i tc 

r:; on l r o 1 s ig n a 1 s . The co :n po s i t e Re ad - or \·'i r i t e -d c= coded add r ,~ s s is 

applied to core matrix drive or sink switches. Drive- or sink-

switc~ output signals are then applied to the core matrix. 

3-10. Sl~C02\D-LEVCL DECODING. X- and Y-drivc and sink-switch 

out:Y .. 1.ts are applied as illustrated (figure 3-1) to the core !11atrix. 

The two decode signals (RX + WY and WX + RY) represent the shariny 

of four one-of-eight decoders in performing the X-Read, X-hrite, 

Y-Read, and Y-\'·:rite functions. 13ecause in any gi\1 en function 

(Read or ~rite) related to core-matrix drive, two lines are 

required (such as X-Read and Y-Read), the decode result of these 

two 1116 decoders is the same as if there were only one 1/16 

decoder that acco~modates both X and Y functions. The Y-sink 

switches are connected as illustrated to prod0ce the Y-Read/ 

Write 1/8 decode. ·rhe 1116 Y-drive decode, combined with the 1/8 

Y-sink decode, forms a 1/128 Y-line-select decoder. X-sink switches 

are connected simil~rly except that fhe X sink decode is 1/16. Thus, 

the decode system comprises a 1/256 decode scheme. 

3-11. THIRD-LEVEL DECODING. Third-level decoding takes·place in 

the matrix and consists of the selection of a single yroup of 

cores (word). The combination of X and Y lines, each representing 

an output from second level decoders arranged in a crosshatch, 

forms a core-matrix decoder. The combinatidn of outputs from X 

and Y lines (1/128 Y and 1/256 X) results in a 1/32,768 decode. 

3-12. ADDRESS-DECODING DETAILS. Address decoding details are 

illustrat~d in figur'2 3-2. This diagram, using mnemonics and 

S'f:"t1bol dsitails from the ~vlemory Card schematic diagram, shows 

address and decode routing from the decoder inputs in the Elec

tronics Card to the core array in the Stack Card. The following 

3-2 
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.._, diagram illustrates the functional allocation of address bits. 

. ....,,, 

Note that the Internal Address bits (A) differ in numerical designa

tion (nn) from Address In (AI) bits. The address scheme described 

herein refers only to Internal Address bits. 

.ERNAL ADDRESS BIT 9 2 4 10 7 6 11 8 0 l 2 5 15 12 13 

NECTOR Jl - ---- 52 53 55 50 47 48 49 46 58 59 61 56 70 62 34 

ERNAL ADDRESS BIT 14 13 12 11 10 9 8 7 6 5 4 3 2 l 0 

3-13. ADDRESS WORD. Address word configuration is illustrated as 

fo.llows: 

Y SINK 
R/W SELECT 

14 13 12 

X SINK 
R/W SELECT 

I 

RWY DRIVE RWX DRIVE 

ENSE TIMING SELECT 
__ S_I_l _ _.,. AND R/W-X/Y DRIVE 

----------------------------------------1SELECT 

* INTERNAL ADDRESS BIT DESIGNATION 

3-14. DRIVB DECODI~G. Internal Address bits AO thru AS are routed 

through Read/Write Address f1ultiplexers to Read/Write 1/8 Decoders. 

The R/N Address Multiplexers, controlled by Timing signal Ql6, 

routes the appropriate Address bits to the Drive Decoders. When 

Ql6 is high (during first phase of memory cycle), Address bits 

assigned to steer current for x/y Read operation are routed to the 

.,...., Drive Decoders; when Ql6 is low (during second phase of memory 

cycle) , Address bits assigned to steer current for x/y Write opera

tion are routed to the Drive Decoders. 
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3-15. DRIVE DISCEARGE. A Drive Discharge circuit is connected to 

the core drive lines through isolation resistors. When activated 

at the proper time by Drive Discharge Time signal DDT, this cir

cuit in effect grounds all core drive lines; thus, improving re

covery time of the system. 

3-16. CORE-ARRAY DRIVE SCHEME. As illustrated in figure 3-3, the 

entire X/Y drive system is powered-by common +15V and -15V power 

sources. 

3-17. Pulsed Current Sources 

3-18. Power is applied to the drive end of the core matrix through 

positive and negative pulsed current sources. Pulsing of the cur

rent source is accomplished by a Read Switch-pair and Write Switch

pair controlled by Read and Write control signals. 

3-19. The pulsed current source consists of eight switches (Q40 

thru Q47), four current-limiting saturable transformers (T7), and 

a bias regulator circuit. The switches separately control the 

application of Read current and ~vrite current to the X/Y drive 

switches. Separation of function is necessary here to allow suf

ficient recovery time* between Read and Write functions. Switches 

are triggered by Read or Nrite control signals. 

3-20. Current-limiting transformers (T7) are biased above their 

saturation points so that they offer little impedance in the switch 

circuit when there is no current in ~he primary winding. When a 

current switch is triggered, current is in such a direction as to. 

drive the transformer into t~e non-saturation region. Within this 

region, the transformer offers high impedance in the circuits, thus 

liniting the current. Circuit constants are such as to limit cur

rent to about 400 ma in any given core-matrix line. 

*Refers to recovery time of transformers T8 and.T9. 
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.__, 3-21. Bias Current Regulator 

3-22. The bias-current regulator consists of a voltage regulator 

IC (U86/RT1) and a constant-current generator (Q38/Q39). Circuit 

constants and the setting of (lab set) resistor R99 deterrnine the 

operating current level of the current section. 

3-23. In the voltage-regulator section of the circuit, thermistor 

RTl, located near the core matrix, changes resistance with core 

matrix ambient temperature. Thus, current through the core matrix 

changes in normal operation according to temperature. 

3-24. MEMORY SELECT 

3-25. Nhen more than one Memory Card Assembly is used in a memory 

system,· a means of selecting among the cards must be provided. 

This is done with the Extended Address Inverters and Memory Select 

Gate (figure 3-4). These inverters and gate are connected in a 

decoder configuration. (~ote that this circuit is only typical. 

For exact wiring, see related sys~em manual.) 

3-26. DATA CONTROL 

3-27. Data is stored or retrieved from the core matrix by use of 

the data-loop circ~itry. Storage and retrieval actions are some

what different; these diferences are delineated in the following 

subparagraphs. 

3-28. GENERAL. Except for current direction in X and Y lines, 

addressing is the same for both RAad and Nrite functions. Current 

di rec !:i·:m, however, determines the state of the addressed cores 

after the operations. During Read operation, all addressed cores 

are cleared to (or remain cleared in) the OUE state. During Write 

operation, addressed cores that are not subjected to inhibit 

current are set· to the ZERO state, those cores subjected to inhibit 

current remain in the ONE state*. 

3-29. DATA-LOOP READ OPERATION. Prior to a Read operation, the 

Data register is cleared by clear signal CLR. The subsequent state 

·*Set cores represent logic ZERO; cleared cores represent· logic ONE. 
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of a given register latch depe~ds on the state of the core address

ed. Addressed cores that are in the OHE state do not affect sense 

circuits; thus, the Dc.d:.a Register for these bits remains in the ONE 

state (clear). Addressed cores that are in the ZERO state are 

cleared and the changing core flux induces a voltage pulse on the 

sense inhibit line. The pulse is applied to the Sense Amplifier, 

which is activated by Sense Amp Strobe (SAS) , and then transfers 

the pulse to the set input of the Data Register latch. Data is 

routed through the output gate, which, enabled by Data Gate signals 

DAG, transfers ONE bits to interface lines as DOnn (low) and ZERO 

bits as DOnn (high). 

3-30. DATA-LOOP NRITE OPERATION. A Write operation always follows 

a Read or Clear operation. Clear is simply a Read with no Sense 

Amp Strobe. In Write operation, data is gated through the input 

gates by Data input Strobe DIST to the set input of the previously 

cleared Data Register latches. A ONE bit (high) at Data Register 

input leaves the flip-flop in the clear state; a ZERO bit (low at 

Data Register input) sets the latch. Output from the Data Register 

is applied to the Inhibit Driver input logic. 

3-31. A ZERO bit (high) from the Data Register disables the Inhibit 

Driver; thus, the Inhibit Drivers remain inactive, no inhibit cur

rent is applied to inhibit lines·. The affected core is set to ZERO. 

3-32. A ONE bit (low) from the Data Register, in conjunction with 

Inhibit Timing INHTn and the selected* Inhibit Select signal I!JHSn, 

activates the selected Inhibit Driver. At the same time, Inhibit 

Boost Drive signal INHBD momentarily activates the Boost Driver, 

that connects the power side of the inhibit drive transformers to 

+VB. The +VB voltage (about +29V) causes the inhibit current 

waveform to have a fast rise-time; and when the Boost Driver turns 

off, current is sustained by +lSV applied through a diode. 

* The stack is divided into two inhibit/sense segments. Only one 
segment is activated at any one time. Addres.s bit A6 © Al4 
selects the segment. 
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3-33. I~HIBIT-DRIVER DRIVE CONTROL. Inhibit Drivers require 

relatively high current. To save power, the Driver input logic 

must be activated only when the Inhibit Drivers are needed. Drive 

current for these Drivers is provided by the Inhibit Timing cir

cuit. This circuit is activated by Inhibit Timing signal INHTn. 

3-34. Signal INHT is fanned out directly to all Inhibit Drivers 

but I~HT signal is gated by exclusive ORed address bit Al4 and A6 

(Al4 ·(±) A6 = SIA) to generate Inhibit Select signal INHSl or INHS2. 

3-35. The Inhibit-Driver eo~trol circuit includes a data protec

tion feature. This is the Data Save input. The Data Save signal, 

f5ASA, is essentially a ground that is activated when a Memory 

Protect occurs. It is applied through isolation diodes to. the 

resistor-buffered source voltage for the Inhibit circuit. Thus, 

when ~ is active, the circuit is grounded. 

3-36. INHIBIT-DRIVE BOOST CO~TROL. The Inhibit-Driver Boost Con-

·~ trol circuit is a power driver that can supply the high current 

necessary to drive the Inhibit-Drive Boost circuit. The circuit 

is activated by the Inhibit Boost Timing signal INBT, and includes 

the data-save feature. Like the Inhibit Timing circuit, this 

circuit is disabled by the Data Save signal, DASA, when a Memory 

Protect (MP) occurs.. The DASA signal grounds the resistor-buffer 

source voltage to the circuit. 

3-37. DATA SAVE. The Data Save circuit is a power driver capable 

of sinking several resistor-buffered voltage sources to ground. 

The circuit is activated by Memory Protect signal MP, and when 

active, its output i~ essentially a ground (DASA). Circuits that 

are .grounded by the f5ASA signal are the Inhibit-Drive Control, 

the Inhibit-Drive Boost Control, and X and Y Core-Array Drive 

System (see figure 3-3). 

3-38. TIMING CONTROL 

3-38A. Timing Control Logic can be divided into the following 

functions: Clock Generator, Clock Counter, Cycle Initiate Logic, 

Split-cycle Control, Data-In Strobe Control, Cyte Control, 
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Address Configuration Control, and Data-Output/Data-Available 

Option Control. Because ti~ing signals are introduced into each 

function, the Clock Generator and Clock Counter are discussed 

first. 

3-39. Clock Generator 

3-40. The Clock Generator is a delayed negative-feedback gate 

that acts as a pulse generator. Nhen active, all inputs to the 

Clock Generator are hig~, causing a low output. This low output 

is routed through a delay network as negative feedback, switching 

off the Clock Generator Gate. Output then goes high and remains 

high until the positive transition propagates through the delay 

network - the cycle is then repeated. 

3-41. Clock Counter 

3-42. The Clock Counter is a cascade-type counter that, when 

activated, generates timing signals per figure 3-5. This Counter 

normally is enabled with a high input to the first flip-flop. 

Thus, when activated by clock signals CLKl and CLK2 applied to 

alternate latches, a positive step propagates through the counter. 

Then, as Ql6 sets, the Ql6 output disables the counter input gate, 

(U31-3) which generates a low level that propagates through the 

counter. In Split-Cycle mode, an output from a SC stop gate U44-8 

(STOP), stops the Clock Counter at Ql5 time (Split Cycle Control 

is described later). 

3-43. Cycle-Initiate Logic 

3-44. Cycle-Initiate Logic includes an Initiate Pulse (RP) Input 

Control circuit, a Memory Busy flip-flop, the Clock Generator 

(already described) and a Reset Processing circuit. 

3-45. Cycle Initiate 

3-46. Initiate Pulse ~ is routed through the RP Accept gate (U52-8) 

to set the flip-flop (U71/U30). Outputs from this flip-flop act-

ivate the Clock Generator and generate the Memory Busy signals,, _ ~ 

MB and MEMB. Signal MB is sent to the Processor, and MEMB is used 

as an enable signal for input address signals. The Memory Busy 
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~ as follows: 

a. The reset signal (GR or MP) goes high, and must remain 

high for about 4-µsec. 

b. The Data Save circuit deactivates, enabling the X and 

Y de sources. 

c. The RESET signal goes high~ enabling the HP flip-flop. 

d. The high RESET signal enables the Clock Counter Gate 

so that when a new cycle is started, the Clock Counter will prop

erly generate its cascade timing signals. 

e. The RES LOCT signal goes high, allowing the RP lockout 

Latch to reset if the RP input is high. The next RP signal then 

can initiate a memory cycle. 

3-55. Split-Cycle Control 

3-56. Split-Cycle Control compris~s the SCYL flip-flop (U49-16), 

WP gate (U47-3), and Split-Cycle Stop gate (U44-8). Split-Cycle 

signal SC is stored in the Split-Cycle flip-flop within the first 

100 nanoseconds of the memory cycle. Signal SCYL enables the SC

Stop Gate (U44-8) which at Ql5 time generates Split-Cycle Stop 

sig~al SC STOP, to stop the Clock Generator. The SCYL signal also 

enables the WP gate (U47-8) which at time Tl2 admits the Write 

Pulse, WP, to initiate the Nrite phase of the Split Cycle. Then, 
I 

the Write Pulse, tVPUL, disables the SC Stop gate, allowing the 

Clock Generator to continue. 

3-~7. Data-In Strobe Control 

3-58. Data-In Strobe Control logic is used to control access tim

ing for Data-In signals. The circuit does so by determining the 

timing of Data-In Strobe signal DIST. This circuit accorcunodates 

the Data-In Strobe Option (MSOP). When not used, MSOP input is 

left open (high) and Data is strobed in at the normal time (per 

figure 2-3). When MS"C5P is active (low), Data is strobed in 200 

to 300 nanoseconds later than normal. However, in Split-Cycle 

mode, the Data-In Strobe is dependent on the Write Pulse, WPUL. 
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flip-flop is reset by timing signals Ql5/Ql6. 

3-47. RP Lockout 

3-43. The RP Lockout latch is connected to the RP Accept gate U52 

input. This latch is activated by timing signals Qi (low) and 

when active applies a disabling low level to the RP Accept gate. 

When Ql goes high (with RP high) the RP Lockout Latch resets, dis-, 

continuing its lockout effect. The flip-flop feedback to the RP 

Accept gate keeps further Initiate Pulses locked out until this 

flip-flop resets. 

3-49. Memory Select Lockout 

3-50. The RP Accept gate is also used as a Memory-Select lockout 

element in the RP Input Control circui~. This gate, in effect is 

a part of a Memory-Select decoder used in a system where more than 

one Memory Card Assembly is included. 'Jther elements of the de

coder are the three Extended Address Inverters, U46. (RefGr to 

paragraph 3-24). '4!111;, 

3-51. Reset Processing (figure 3-6) 

3-52. Cycle Initiate Logic circuits are reset by a General Reset 

signal (GR) or a Memory Protect signal (MP). The GR signal can 

occur any time; but to protect stored data, the MP signal must 

occur before any de power loss. 

3··53. Reset Sequence. With the reception of GR or MP signal, the 

following sequence occurs: 

a. The RP Lockout Latch is set by the RES LOKT signal, pre

venting the RP Accept Gate from admitti~g any new RP signals. 

b. After about a 2-µsec delay, RESET signal is generated. 

This signal resets the Memory Busy flip-flop. If the reset se

quence is initiated by a~ MP signal, the Data Save circuit, after 

about a 5-µsec delay, generates Data Save signal 15AS'A, which dis

ables all de sources in the X and Y drive circuits, preventing 

Memdry Stack currents during power up and power down. 

3-54. Recovery From Reset. At the end of a reset sequence, Cycle 

Initiate circuitry recovers in preparation for new memory cycle 
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3-59. Byte Control 

3-60. Byte Control logic determines mode of operation for each 

data byte. When Byte Control signal BCLn is high, the memory 

performs a Read/Restore operation on the applicable byte. Nhen 

BCLn is low, the memory does a Clear/tvrite operation on the app

licable byte. In Split-Cycle mode the memory does a Read operation 

on both bytes, then a restore on the byte controlled by BCLn-high, 

and a Write (new Data) on the byte controlled by BCLn-low. The 

second operation on both bytes is initiated by the \·7ri te Pulse, WP. 

3-61. Address Configuration Control 

3-62. The Memory Card Assembly can be addressed by either of two 

methods: one for 32K by 20 bits and the other for 64K by 10 bits. 

Address Configuration Control logic is used to accorrunodate the 

Memory Card Assembly to the method used. Configurations are con

trolled by the state of signals COOP, and AilS. These signals are 

applied to the Address Configuration Control circuit (see table 3-2). 

Table 3-2. Address Configuration Signals 

SIGNAL LEVEL FOR CONFIGURATION 
SIGNAL 

32K x 20 64K x 10 

COOP ov (low) Open (high) 

AilS "don't care" Optional 

3-63. The Address Configuration Control circuit affects the Byte 

Control circuit, the Data-In Str9be Control circuit, and the Data 

Gate Control circuit. For 32K x 20-bit configuration, with the 

COOP signal low, Byte Control output is dependent of the state of 

Byte Control signals BCLl and BCL2. Also, the COOP signal (low) 

causes a high signal to be applied to the D inputs of the Data 

Gate Control flip-flops. Thus, these flip-flops set when the 

proper BCLn. signal is routed to the C inputs. Output from either 

of the Data Gate Control flip-flops is routed through the Data 

Available latch (U35-8/6) to produce the Data Available signal, 
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DA. The "selected" Data gate signal, however, is routed to the 

appropriate Data Output Gates. 

3-64. For 64K x 10 bit configuration, the COOP signal is held 

high and both Byte Control signals are jumpered ·together. Under 

these conditions, the byte is selected by AI15 and mode by BCLl/ 

BCL2. Table 3-3 summarizes control-state and mode/byte relation

ships. 

Table 3-3. Memory Address Extension Data 

DIST DIST SASl SAS2 DAGl DAG2 
BCLl BCL2 Ail5 COOP 1 2 SAS! SAS2 DAGl DAG2 MODE/BYTE CAPACITY 

0 0 0 0 1 l 0 0 0 0 CW1/CW2 

0 l 0 0 1 0 0 1 0 1 CW1/RR2 

1 0 0 0 0 1 1 0 1 0 RR1/CW2 
32K x 20 

1 1 0 0 0 0 l 1 l l RRl/RR2 

0 1 1 0 0 1 0 0 
0 0 C/W 

l l 0 l 1 0 0 0 
64K x 10 

0 l 0 0 l 1 1 0 
1 1 R/R 

1 1 0 0 1 l 0 1 

NOTE: 0 = Low 

1 = High 

3-65. Data-Output/Data-Available Option (TIOP) 

3-66. Data· Output, DOnn, and Data Available, DA, signals are al

ways generated about 300 nanoseconds after Cycle Initiate, l<P. 
Normally (without active TIOP signal) DOnn and DA signals remain 

on the line until the next ~. However, when the TIOP signal is 

active (high), the DOnn and DA signals are removed from output 

lines 300 nanoseconds after their initial appearance. 

3-67. The TIOP signal is applied to both the Data Gate Control 

flip-flop and Data Available gates through the timing control gates 
I 

to these circuits. The Data Gate Control generates Data Gate signal 

DAGn, and sets the Data available latch at Sense Amp Strobe time. 
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When TIOP is low, the reset of Data Gate Control flip-flop and 

the Data Available latch depends on Read Pulse m;rrE or (in Split

Cycle mode) rvrite Pulse WPUL. When TIOP is high, the reset of 

these two circuits depends upon a timing signal derived from the 

Clock Counter. This signal occurs 500 nanoseconds after RP. 
The TIOP signal has no effect in Clear/Write or Split-Cycle modes. 
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SECTION IV 

MAINTENANCE 

4-1. GENERAL 

4-2. This section contains maintenance information for the Memory 

Card Assembly. Maintenanc~ is divided into preventive and corrective 

tasks, and supported by tables, illustrations, and engineering 

drawings. 

4-3. PREVENTIVE MAINTENANCE 

4-4. Preventive maintenance consists of inspection and cleaning 

as required. However, these tasks should be done when the Memory 

Card Assembly MUST be removed for corrective maintenance. 

4-5. INSPECTION AND CLEANING 

4-6. Whenever a Memory Card Assembly MUST be removed from its 

card cage for corrective maintenance, inspect and clean as follows: 

Circuit board containing core array should 
never be cleaned except as a factory main
tenance procedure. Don't clean core board 
or expose core array to pressurized air. 
Memory card Assembly must be dismantled 
before cleaning Electronics card. When using 
pressurized a~r 3t 60 psi, hold air nozzle 
no closer than 2 feet from surf ace to be 
cleaned. 

a. Remove Memory Card Assembly from chassis. 

b. Remove screws that hold Stack Card to the 
Electronics Card; separate the two subassemblies .. 

c. Set the Stack Card aside. 

d. Spray the Memory Electronics Card with clean pres
surized (60 psi max) air. Keep air nozzle beyond 
2 feet from the card. 
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e. Reassemble ~·lcmory Card Assembly. 

4-7. PCB CO)JNECTOR. Only when PCB l'lUST be removed, inspect PCB 

connccL\JC cJnd clean as rGqui..red: 

Cl. llold assembly with contacts pointed dov.m. 

b. Thoroughly saturate contacts with LPS Instant Contact 
Cleaner, part number ICC-16 (or equi'.'alent). 

c. Scrub contacts with soft-bristle brush. 

d. Wipe contacts with soft clean cloth. 

Contacts are gold plated and easily scratched. 
Never use eraser or other abrasive material 
to clean contacts. Also, NEVER use freon 
as a contact cleaner. 

4-8. CO RR CCT IVE =··lA I NT ENANC C 

4-9 .. Corrective maintenance consists of isolating faults within 

the 2,lernory Card Assembly to the defective components. >lost faults 

can be isolated to a small group of components by dynamic testi.nl:f, 

using an exerciser, oscilloscope, volt/ohm/milliarn:neter (multimeter), 

digital voltmeter, and extender board. Equipment recommended for 

this purpose is listed in table 4-1. 

Table 4-1. Reco~mended Test Equipment 

TCSTER MANUFACTURER MOD CL 

Exerciser General Purpose EMSE 8000 

Oscilloscope Tektronix 547 

>lult L-neter Simpson 260 

Extender Board E.\L\l 926293 

Dig ital Voltmeter Fluke 8000A 

4 -10 . T r~0 TJBLES HOOT DJG 

4-11. :-le 111ory faults can be categorized as timing 1 control faults, 

daL;1 [<rnlls, and address faults. Troubleshootiny in all categories 
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is based upon detailed knowledge of pertinent circuit oper

ation. Theory in Section III contains circuit description 

to help acquire this knowledge. Refer to timing diagrams in 

Section III, and schematic and assembly diagrams in Section V 

as required. When a defective component is discovered, replace 

with exact replacement per parts list in Section v. 

4-12. TIMING AND CONTROL FAULTS. Timing and control faults are 

usually characterized by complete failure to cycle in one or more 

modes, or failure in all or half the memory addresses or data 

bits. Failure to cycle is characteristic of a malfunction in 

the Cycle Initiate and, Mode Control circuits. Failure in all 

or half the address or data bits is characteristic of Inhibit, 

Sense-Amp Strobe, and Data-Out Gate Control circuits. 

4-13. ADDRESS AND DATA FAULTS. When a fault is discovered in the 

address or data category, the first step is to locat~ the address 

or data bits involved. To expedite the pinpointing of address and 

data bits, refer to tables 4-2 and 4-3. Table 4-2 illustrates 

address routing and decoding from Memory card connector input 

to X and Y core matrices. 

WARNING I 
Table 4-2 also indentif ies X and Y 
wires associated with various drive 
and sink decoders. This informa
tion is for troubleshooting reference 
use only. Do NOT attempt to repair 
core matrix. 

4-14.. TROUBLESHOOTING CHART. Table 4-3 i-.s designed to pinpoint 

trouble to within a circuit area from which, with minimal effort, 

a defective component can be discovered using standard trouble

shooting techniques. This table refers to appropriate figures, 

drawings, and tables which can greatly facilitate troubleshooting. 

The procedure in table .4-3 requires a suitable exerciser. 
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Table 4-2. Memory Assembly Troubleshooting Chart 

PROCEDURE 

A. 1. C/W (Clear/ 
~vri te) all 
o~ms 

2. R/R (Read/ 
Restore) . 

B. 1 . C /rd a 11 
ZEROS 

2. R/R 

INDICATIO~:lS 

a. All ZEROS read 
out at all bit 
positions at all 
addresses. 

b. ZEROs read out 
at specific bit 
positions at all 
addresses. 

c. ZEROs read out 
at random bit po
sitions at random 
addresses. 

a. All OUEs read 
out at all bit 
positions at all 
addresses. 

4-4 

PROBABLE CAUSE 

a. Faulty Inhibit 
TiMing Control cir
cuit (drawing 
928668, sheet 3; 
drawing 928649). 

b. Faulty Inhibit 
Drivers at bit po
sitions indicated 
(table 4-2; draw
ing 928668, sheet 
2 & 3; drawing 
928649). 

c. (1) Marginal 
Inhibit Timing or 
Inhibit Boost cir
cuit (drawing 
938668, sheet 8; 
drawing 928649). 

(2) L1arginal 
voltage: +VTH, 
-VA, or +VB (dwg 
928668, sheet 7; 
dwg 928649). 

(3) Marginal 
operation of X or 
Y Current Source 
circuit (dwg 928668 
sheet 7; dwg 928649) 

a. (1) Faulty X or 
Y Address Decode 
circuit (1wg 928668 
sheets 4, 5) . 

(2) Faulty In
hibit Timing or In
hibit Boost circuit 
(dwg 927393, sheet 
8, dwg 928649). 

(3) Faulty Sense 
Amp Strobe Control 
circuit (dwg 928663 
sheet 3; dwg 928649) 



Table 4-2. Memory Assembly Troubleshooting Chart (cont). 

PROCEDURE 

c. 1. C/W worst 
pattern 

2. R/R 

INDICATIONS 

b. ONEs read out at 
specific bit posi
tions at all add
resses. 

c. ONES read out 
at random bit po
sition at random 
addresses. 

d. All ONES read 
. out at a specific 
small group of 
addresses. 

e. All ZEROs cor
rectly read out at 
a specific small 
group of addresses; 
all other addresses 
read out all ONEs. 

a. Random errors 
occur. 

4-5 

PROBABLE CAUSE 

b. Faulty Data Loop 
at bit positions 
indicated (dwg 
928668, sheet 2 & 
3, dwg 928649; dwg 
913999). 

c. ( 1) Marginal 
Data Control cir
cuit: Data-In 
Strobe Control, 
Sense Amp Strobe 
Control, Data Gate 
Control (dwg 927393, 
sheet 6; dwg 927884) 

(2) Marginal 
voltages: +VTH, 
-VA, +VB (dwg 
928668, sheet 7, 
dwg 928649). 

d. Open diode in X 
or Y diode module 
per indicated add• 
ress (table 4-2; 
dwg 913942; dwg 
913949). 

e. Shorted diode in 
X or Y diode module 
per addresses oper
ating correctly 
(table 4-2; dwg 
913942; dwg 913949) 

a. (1) Marginal 
Data Control cir
cuit: Data-In 
Strobe Control, 
Sense Amp Strobe 
Control, Data Gate 
Control (dwg 928668, 
sheet 3; dwg 928649) 

(2) Marginal 
voltages: +VTH, 
-VA, +VB (dwg 
928668, sheet 7; dwg 
928649). 



Table 4-2. Memory Assembly Troubelshootinq Chart (cont) 

PROCEDURE INDICATIOUS PROBABLE CAUSE 

D. 1. C/W Worst a. Sarne as C, a. a. Sarne as C, a, 
pattern Comp ( 1) and ( 2) 

2. R/R 

4-lS. LOCATING DEFECTIVE CORE-STACK DIODE MODULES. Defective 

stack diode modules can be isolated by using information per tabl2 

4-3, item B, Symptoms d and e. To locate diodes to be checked 

and replaced, proceed as follows: 

a. Remo~ie screws and washers holding Stack card in plac2, 
and gencly disconnect (lift) card from electronics 
card. 

:). Refer to component-location drav.1 ing 913950 for 
1 o cat ion of a pp 1 i cab 1 e d i o cl e :·nod u le . 

c. Check. applicable dipdes with oh'.nrneter. 
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Table 5-2. Glossary of Mnemonic Terr~1s 

Tl·:J:ZM DCFV.J ['I'JON 

/\ f (00-14) 

UC ( l, 2) 

SC.~ L ( l, 2) 

bCL ( 1, 2) F 

C LF ( l, 2) 

CLR ( l, 2) 

D!\ 

D!\C; ( l I 2) 

Dl\Sl\ 

Dc;c ( 1, 2) 

. DI (00-19) 

DIST (1,2) 

IY) (00-19 

EF ( 1-12) 

EQ. ( 1-12) 

CI<. 

I (0-19) A 

I (0-19) B 

IED 

1:~IIS ( 1, 2) 

T :\i IT 

I>;df (1,2) 

I:\l'A (00-14 

LOVT 

\1f: 

\1EFF 

l\ddrcss rn (bits 00 Lhru 14) 

Byte Control 1,2 (fli~ ·flop output 
l and 2) 

Byte Control Levels 1,2 

Byte Control Levels 1,2 (flip-floµ 
outputs 1 and 2) 

Clock 1.,2 

Clear 1.,2 

Data Available 

Data Gate 1,2 

Data Save 

Data Gate Control 1,2 (flip-flop 
outputs 1 and 2) 

Data-In 00 thru 19 

Data-In Strobe 1,2 

Data-out 00 thru 19 

E-tap False 1 thru 12 (clock counter 
false outputs) 

C-tap Q-output 1 thru 12 (clock countar 
true outputs) 

General Reset 

Inhibit Drive A, O thru 19 

Inhibit Drive 8, 0 thru 19 

Inhibit Boost Drive 

Inhibit Boost Timing 

Inhibit Select l and 2 

Inhibit Timing 

Inhibit T irning 1 and 2 

Internal Address 00 thru 14 

Lockout 

~emory Busy (interface siynal) 

~emory Busy Flip-Flop 



SECTION V 

DRANI~JGS 

5-1 . GE:-JE RAL 

5-2. This section contains assembly drawings, parts lists, and 

schematic diagrams for the MICROMEMORY 3000QD Memory Card Assembly. 

These drawings are listed in table 5-1 in assembly breakdown order, 

and are compiled for convenient use. Mnemonic terms used in draw

ing illustrations are listed in table 5-2. 

Table 5-1. Engineering Drawings 

TITLE DRA~vnJG :rnMBER 

Memory Assembly 32K X 20 928647-001 

Memory Card Assembly 929664 

Parts List PL929~64-001 

Schematic 928668 

Stack Assembly 913950 

Parts List 

Schematic (sheets 2&#) 

Matrix Assembly, 
(Wired) 

Parts List 

S-3. SCHEMATIC REFERENCE CODE 

PL913950-001 

913942 

9i3949 

PL913949-001 

5-4. Sheet tagging references on the schematics are coded by 

sheet number and zone, and are placed in parentheses. For 

example, reference (3B5) means that the signal is connected to 

equipment shown on sheet 3, zone BS. A reference number on 

sheet 3 will, in turn, refer back to the location of the first 

reference number. 
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Table 5-2. Glossary of Mnemonic Terms (Cont) 

TEt<.M 

\lP 

:'lS 

>'IS ( 1-3) 

:,lSOP 

RESOLD 

RES LOI<:T 

RP 

RPB 

RPCL 

RST 

RXBT 

RXD ( 0-7) 

RXD (8-15) 

RXDT 

RYBT 

RYD ( 0 -7) 

RYD (8-15) 

RYDT 

SAS T ER \·l ( 1 , 2 ) 

SC 

SCYL 

SKV 

TDEL 

T~OR"''l 

TIOP 

VA 

\78 

VTH 

DEFINITION 

:.10mory Busy (internal s i.gnal) 

>1emory Protect 

:Vlemory Se le ct 

~emory Select 1 thru 3 

Memory Strobe Option (memory register 
strobe) 

Reset Delayed 

Reset Lockout 

Read Pulse (cycle initate) 

Read Pulse Buffered 

Read Pulse (internal 

Read Sink Timing-

Read x Boos·t Timing 

Read x Drive 0 thru 

Read x Drive 8 thru 

Read x Drive Timing 

Read y Boost Timing 

Read y Drive 0 thru 

Read y Drive 8 thru 

Read y Drive Timing 

Sense Amp Strobe 

cycle 

7 

15 

7 

15 

initiate) 

Sense Amp Strobe Terminations 1 and 2 

Split Cycle (interface signal) 

Split Cycle (internal signal) 

Sink Voltage 

Timing Delayed 

Timin3 Normal 

Timing Option 

Voltage A (approximately -5V) 

Voltage, Boost (approximately +30V) 

Voltage Threshold (sense amp threshold) 

Write Drive Timing 

\vrite Pulse (finish split cycle inter
face signal) 



Table 5-2. Glossary of >lnemonic Tcr:ns (Cont) 

T ER:Vl DEF I::-:IIT CON 

\\~P Y3 \\;rite Pulse Euf f·:?rocl 

\\·p ilL \':rite Pulse ( f i_n i_sh ;~!Jlit cycle 
internal siynal/ 

\\~ s ~r \".irite Sink T irning 

\'7Z:~T hrite x Boost Ti:uiny 

\\.XD (0-7) Write x Drive 0 thru 7 

v.-:U.J ( 8-1 ~) \\irite x Drive 8 thru lS 
\\"YBT \'\/rite y Goo st T iminy 

\\-YD (0-7) Write y Drive 0 thru 7 

h~YD (8-13) \\rite y Drive 8 thru 15 
X.Z\I ( 1-3) Extended Address In 1 thru 3 

XCA (0-15) x Common Anode 0 thru 15 

xcc (0-15) x Common Cathode 0 thru 15 

XS (0-7) R x Sink 0 thru 7 Read 

XS (0-7)W x Sink 0 thru 7 Write 
XSI( (0-7) x Sink 0 thru 7 

YC!\ y Co:nmon Anode 0 thru 15 

YCC y Common Cat hod~ 0 thru 15 

YS (0-7) R y Sink 0 thru 7 Read 

YS (0-7) w ·.r Sink 0 thru 7 \'Jrite .l 

\?.SI·~ (U-7) \7 Sink 0 thru 7 l. 

.) - ) . I<.EPLJ\CEABLE PARTS 

:) -b • Tr1e parts lists in this s~ction may be used fur ordoriny 

.'·le:;·1or~' Card l\ss:::nbl~· r~plac-;ment or spare items. f' r) r ~a ch oar t s 

list ite~ there is an identifying reference desiynalion or itc~ 

Re f c: re :1 c e d '? s i g n at or s and i t: em n wn lJ er s a r .-:? a 1 so ca 11 e d 

:Jul on corr::s~J-:Jndiny asse~bly drawings which shm-.· thi:: lo cat ion of 

:::ar::h iti:?m. Darts can be ordi:?red directly from ·:~ndors and may be 

orc10red by corn:11i::ri::ial or Jf~DEC numbers. 
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eledronic memories CODI IOOfT HO. PL -?::,~t, .. - ~Ct c HAWTiffNINE. CAI.Ir. 
A. OIYISION 0,. 

16224 ELECTRONIC MEMORIES & MAGNETICS CORP. SHUT .- REV 

PARTS LIST 

~OTE 
FINO QTY PART OR 

NOMEHCt.ATURE OR DESCRIPTION 
REF'EROICE 

SPEC/SOUttCE COOE: 
HO ~£Q(1 IDENTIFYING HO. DESIGNATION IDEHT MO. 

/ I .925800-001 .=~JSS /STIFFENER 
2 I 92580<o ·005 eussZsr1;:-FENcR 
~ I 9':1.%4.:·0CI PR/Iv TED WIRING BOARD 

4 2 ~ 2Lf5'(.,2-0CI EXTRACTOR 

5 ;4_q 9 84 f"ll - oo I RECcPv1CI..~ 
~ ..... 

c., A ..... 
'/K SNC.:3WRJ'.il-f5 SOLDER CO·S-$71 ·- ..... 

7 

8 
c. 
~ 

10 
II 79 CK0~8Xt0"3K CAP ,0/ ..t.tr' 2oov /0'% C3~3] ·~i12 /3.lnS 17 - 2 ;/'; 2~ ~·0"' 

12 31 '32 ':!,73~~4,, .,:3 "14<;-t;:.:jj 
s2 54 515·~ ·"~4'._::.)6 ,d ' 

13 ~·-~; 7~".. 7.!!,bO, ~~?-b!.},':Jt,'...;.,2) 
~~3 90 103 1«:75 /OP //0 ///, 

,-.; I l..C, ll'f. II(;;;, i1:"J /2 / /,,i 3, 1..2:. 
15'2 135 15(., ~;.. .... ~ 1:f.9 ,.;; ~13 

15 144, 141, ;t:::... ::;'!= ,.l:S/', 
itc1.,,-/,,'J _ . l?I./ I #•I. 1;: .:.7 

I<> •·- ,_/:...".)<.,•BX ::?2 i< t:',-4P ?S'C Cf'r- 1t:J% :..0:.6,71 

17 ·") (.:'k-C:58X221 K [Al·? 220 f'f' 10% C109 ...... !':_1·: 9 

1.8 .. Cl(() s 6X '33C J( I 
(."";/jf? 33;:/ /.:;;% Ct:l2. 

/.9 I C.<. C;i,BX 104-K C/IP 0.. I ,,1.tf' IO'f{ t.'83 
..... 

electronic memories C0D£ IDlHT HO. PL 9'J.9 ''-'l·OOI r HAWTHORNE. CAUi'. 
A DIYISIOH 01' 

16224 
...... 

ELECTRONIC MEMORIES & MJ.GNETICS CORP. SHEET -2 REV 
~ 

PARTS UST 

~OT£1 
FINO QTY PART OR 

NOMENCLATURE OR DESCRIPTIOH 
REFERENCE 

SPEC/SOUP.CE CODE 
NO. ~EQq IDENTIFYING NO. DESIGNATION IOENT HO. 

20 7 (K058XIOcK Ct4P. 1000 ;t:Jr'" IOZ C40,C.'47, 7??;, ~.o' l j, ?.,177 

21 ~ CK058XIO/K CAP. IOOpr ;oz C: 34i C ;;s, 5~ IQ?, ! c---S: "r '1 

22 2 C<O<P8Xl52K C'41? !SOOpl' IO'Z CS8,C45, ~ .... 
23 6 CKOSBX331K CAP, 330pf' IO'Z ~~ ~, 1i,e1 '2.? /'(~. lti{,,, 

24 J C'tfl05E£)75'0J03 CAP. 75 pf' S";{ C/S!}, 

25 I CSR!3GIS~Kl. CAP. TA tSAf 50V 10'% C/8, 

2G 12 9.9953 7 - 00 I CAP. TIM 4.7-"f' 50 V 10% C28,C<P2, 
ii:/- ICC/ 

27 I CA11.s£/)47a:T03 CAP. 47pf sz C/04 

28 6·] 9.99525-01/ C'fiP. TIM 15 .,ur 25V c~~ :1,1"J19,2t,23,74~33,3~, 4 . I. 53 55 5G.GO <,:,/ G3 e5 

29 es, :J4 95, .99 100., 101, 
/02 106, //~_ L!~.Z /IC' /20 

30 /22 124, 13/J 
142 

/371"1-0,, 
151 ls3 154 

31 15"1,1'58~ IC2-/0C2 1i':I, 
in 17e-1@c ieJ; 1 e1 1 

32 3 c.SR 13 r-085 i.t.L C..~P "·8_to'\~ fOlc 1,~v (,, 1'3,1'?'-f 1/(c 

33 '2. ::..j(o~~"' ~e,.1~ C At;' l.otopF ·~-z. 
.c i =-:, ,g, 

34 \ CMoS"E.0~"2.0l~ :. AP ~"2__e_F 5"0/0 ~ '8?... 
35 I c. llv'° 61''-ltZ.O(. c 1'..P "1700 f;:::- \0 ~ c <c9 
31.:, JO 9!220fP-Al4 .0/00E /VJOO 72258 TVPE /0/111-10°'1i 

37 I 939203-~cq O!OOE ZENER G.2V IN753A C-€44 

38 I 999208-~H OIOOE ZENER IOV 1N9~1B C-€5~ 



eledronic memories HAWTHOltNI:. CAUi'. 
" orv1s10,.. Oii' 

ELECTRONIC MEMORIES & MAGNETICS CORP. 
PARTS LIST 

rE f'1JIC» QTY PART OR 
MT MO ~Eaq IDENTIFYING HO. NOMEHCl.AJURE OR DESatlPTlON 

.999203 -ci~ 1 0100E ZENcR !N7SIA :: ...) / _ _, 

~.J /4 • . 999 20(:} - 00 I 0100£ 
. • I 

6t' I 

42 
43 

4~ 

45 
f. /' "'i ..) "' 999101- oo~ I.C. SN740& 

47 I 't 9'99101- 007 .-c. SN7407 
dQ 
1'../ 2 999101- 006' £ C SN 74-08 
,_·q 
f- s 999101-038 IC. SN74~8 

5D q - :?3_9101 - 045 I.e..'": SN7445 
t::.1 I _,: ~?39101- 074 I. c. SN 74 74 

::2 I 

~3 I 
I 999101-07~ I.C. SN747~ 

::. ..; '-\ .~•.:::..;),. -/50 Z:C~ SN74/150 

5=· 10 .:,1-! ·::. -300 LC. SN74-SOO 

57 - f'?f!!'/ -3:?S' JC SN74S08 

electronic memories MAWTNORNC:., CAUl". 
A DIVISION 011' 

ELECTRONIC MEMORIES & MAGNETICS CORP. 
PARTS LIST 

to.or~ 
FINO QlY PART OR 
HO. ~EQC IDENTIFYING NO. 

NOMEHCLATURE OR DESCRIPTlOH 

~3 3 '.33.9101- 310 I.C. SN74SIO 
59 3 Cff-j,-::,."/ -311 I. C. SN74SI I 
<CO 2 9 '?CJ/;;/ -'='"'""· 

__ _, .TCSN74520 
CC I I 99 ·//:J / -?:: :::; I.C. SN74S30 

~2 ti '199/0/ -"!:? F.C. SN74S38 

<C3 I C:'Jq/01-374 lC. SN74S74 

<04 I 9 9 9 I:; I - 71 "f .T.C. SN74S 138 

(;5 dJ 9 99/tJ I - 3.95 IC. SN 745157 

(o~ 4 99 9101 - 3~ I IC. SN74 S/75 
<07 I 993/0G-OOY IC. VA 711 

<J.;8 I 999!10. 001 I.C tlA723 

<o9 2 993109-001 I:, UA.:1©02 

70 

7/ 

72 

73 / .~~~ 7~,: ?!'~ ~ /; -- z: y;;. I// S9, 
74 

.. RC076P2R7J RES . 2.7 Y-;.w Srg' .c, 

75 2 RC07GF3R.3J .€ES. 3.·3 Y4W 5'f 

76 2 RCo76F470J 12ES. 47 ~W5% 

...... 
'-
REV 

REF"ERENCE CDO£ 
DESIGNATION SPEC/SOURCE IDIE1'T HO. 

(.i49 

(//8 

.,1.;-,r.;.;7,1.113, 
l· 7:.~ • 

U' 3t~ L.'45 
t,,'7;?, Ui::.1 

COD£ IDE.KT HO. PL <1Z9G,(Glf- 001 

16224 SHEET 5_ 

REFERENCE 
DESIGNATION SPEC/SOURCE 

(/30, 035, 
1L._c: 3 
ti~(/.;?~ (/36, 

(/~ l/4~ 

t/52, 

:I~ ..,J,,q,,,, 13, 
10. 18.lf1-'-so.~2 
d27, 

vss., 
V74', 111?i u~ 
U780 Z (/. 
"125, v2tD,v~d, 
u.33 
ues 

(J81D 

v22.J V<.02_. 

,f~S' 

~38}1'18/<i'i 
(SQ. f~J,/'1_1_ I 

R94;,~9S 

£15~, 17~ 

/" ·-
REV 

COOE 
10£HT NO. 



electronic memories COD£ IDUfT HO. PL 9 2 9 ri,,¥-001 c: MAWTMOltNC. CAW • 
.. CIVISIOH 0,. 

16224 ELECTRONIC MEMORIES & MAGNETICS CORP. SHEU ./ REV <.} 

PARTS LIST 

~OTE 
FIHO QTY PART OR HOMEHa.ATURE OA DESCRIPTION 

REF£REHCE 
SPEC/SOURa.: 

COOE 
HO. ~Eaci IDENTIFYING NO. DESIGNATtON 10£MT HO. 

77 '"1 /2C076,C 820J RES.82 "4W 5% /.:!3o,..._..· ... · .... 
.. :,.,2 14 3 

73 2 P.:.,.o 76r 132 J A!ES. l.3K f"4N 5~ R3, ~4, 

7.9 1:0 RC076F!O/J J2ES. 100 f'4W 5~ 
JI! .?.9, .+! 3~.1 I< J.;,, R 4~ 

~'77 K 9o R93 ,;1oc,,.. ~1c7 x."N . .:f 

so .rvo3; L.1.1~:.!, 
K'127. R/'Z9. 1) 11.i~ .R /"'!1_ 

81 I l2C07.11=i'21 J RES. 120 ~w 5~ 
,e 14/ 

82 q J?C076,Cl51 J R€S. 1.50 Y4W s'Z KSJ!/ 4~57, 
132 133 )_,'if..' :..4 1~S" 

83 I I R.C07G22!.T A?€S. 220 Y4W 5~ £.11~2131-::.S 
~ lti 1'1:: ·,b7 11,,q 17!fJ;,; 

C;.:J. 5 RC076./:331J ~E'S. 330 .u, J4 sz /./70. ~/OJ. 
.... ' /'-I'{ ILl5", /?? 

85 II RC07G,C471J RE'S. 470 Y4W .5~ ,e~ 1217,.f?/tJP,;,,? -"l51, £82,RB-; 
-'?IZO kl..S_f ,<.? 15Z e::J 

E0 I:. l?C07GF!02J RES. IK V4W sz il2t.c..,R6,,t.,!IO,l(/8,,R1~ • ..e1<1, "2tfi: P-iC/, 
W..?ii2S.33 ~ S-1 ~c (&:2 158 /!-~ /7J. 

f 7 - "2C07GFIS2 J K.ES. !.5Kk;W 5% R5:3 54 7~ 
::- 139';.;.d 

S3 3 J?C07G,C/82 J" RES. 1.8K k;W 5'7: ~/" -'!2,R6~ 

:._~9 ;.:; "eco1G;-222 :T RES 2. 2 K h/.1'11 SCZ R48" 5~ 5~J~I, <05. l-4> . .!- /, 7.+ 7d ;::• 
v eo 83 88 124 1~.:· 130 135· 1.?(; 

:.:~·~) / r.?C07<-:,c302J PE5. 3K k,.W 5% 12121. 

9/ -:;; l?C07G~472J .QES 4. 7 K h;W 5% 1<.?Q--~1 1C8~1c'1·· _, 

92 :~ .i.:?Co 7GF/03J RES. iOK~W 5% lt25c.;i,~7(,, 
A-'134 

93 ?. 't2.~7C2- CO I .~ES. I fj :~c;.: I//) G NT} Lr.,t se-r .:/8.·~-1:. 

S-1 I PC07GF682J RES. G.BK. }4W 5% A!IS, 

s:-

electronic memories CODE 10£HT HO. PL CJ-Z9G,C,4-00I c HAWTHOlllN£. C~. 
A OIVISIOH 01'" 

16224 ELECTRONIC MEMORIES & MAGNETICS CORP. SHEET 7 REV 

PARTS LIST 

~OT~ 
FINO QTY PART OR 

NOMEHCLAT\JRE OR DESCRIPTION 
REFERENCE 

SPEC/SOURCE COOE 
NO ~EQO IDENTIFYING HO. OESIGHA TION IOEHT NO. 

Cl/ 
... i.L' 7 l?C 20<.;1--1/.?o J R£5. /.0 fl'2W 5'% ,t.! 2~; ;,d(t, 3:3 

41424344 

97 I Rc?..o(,.f=\ 2.o:r ~ES • '2. Yz. \'.J S% ~l/;'" 

95 2 ,rC20GF27/J RES. 270 //2N 5CZ 1€111 ,Rl/2, 

99 ~ RC~tJ61"39!J RES. 390 V2W 5% ~85, 
RIU4 

100 2 RC2vGl='47/J RES -:;10 V2N S'Po .12 34,~37 

IOI I 1?C?06F.9/IJ RES.910 Y2W 5'Z £57 

1/02 '1... "2C:?oG.t=i:vJ .RES ~~O f/2N 5;{ £ 8~,111 

1/03 I .<?C 3.2GF:i307 RES. 33 IW 5rg /C52 

104 I RL.o7S472G RES. 4.7K ~W 2% R.98 

105 I KL.075?3/G .t<.£5. ~~o ill w 2% ,€100 

IO(v I RL075132G /2£5. /,3K ~W 2% R97 

107 2 RL075202G k!ES. 2K kf N 2'% "2t19/<7~ 

108 I RL075392G ,RES, 3.9K I:,. N 2% R22.1 

10.9 I "21..07S5"12G ,.ees. S. J K Y4 W 2% kt!?8 

//0 2 J?i.075~82 G RES. <0,BK f/4W 2'%, .€ 9.9, R.92. 

II I I Rl..075223G RGS. 22K f/4W 2% ~73 

112 I T".(C,~C&F'2"1\= 'R-c: ~- .2'-10 'lz \,)J E% ~103 

113 

114 I 933502-027 RES. WW5.o 2W /~ /IE 102 
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FINO QTY PART OA 
NOMENCtAnJRE OR DESattPnOH SPEC/SOURCE 

NO. ~£QC IDENTIFYING NO. DESIGNATION 

115 

//td I 9:29545·C~3 ReS. '°OT /OK 
RISS 

,'/ 7 I 999005-v~~ RES. T/IER/n IS TOR 2 L)/02 RT/ 

113 4 922135-009 RES A100 //:J RAif 111 ll?M I!) 
Jr.'lt1 .?o' RM 2/ 

//.9i 10 :"99551-0DI RES. MOO 270/.910/t:JK l~M.2-/0.R;t/2 

120i 10 ~551-002 RES A'IOO 120/470 t.f:.1M I -10£1111 

121 II 999551- t)05 k"t:S. ~00 328/4-10 1~3,~M~~5,Rfl1(d, ~."17, 
13 14...t_ A 17 

l2C. 4 999551-007 £ES. MOO 4.7K ~-+f~ RNf~ 
KM/) Rhtl. 

12~ 2.. ~c 'lo CrF 'il:::>T \(>;_~ ~, lf~w i5' 0/o lt•~1 tlo.3 
124 I !':. C..o i (:, r- 2 "2 I 3' ~.;;s &4.o ·1~ \Aj ~-~ ct.~_"'\ 

125 

!2<P 

127 I 99-9415-001 XFMR - LI SQCl/IRE t..<?OPS T7 

12t I 999439·001 X,t:;·-Y1t< -2L/2:1 (POWER) /:2 

123 1 / 999440-001 XFMR 2:1 INHIBIT 1T1- /OT! 
,=(.p 

/% 2!./ 999403-C02 x,c;vtR 2:/ 8ASE .a?!V£ TS.~8, .9 
lft1.:~:5". T.l7· :511 

/-;_ I 
, -'I "';_ 9-9.944/-0:)2 XFA1R SINGLE BAI.UN r4, r~~ 

132 I li 't'l'll~ - 0 Q-9_ -:: • i")·..1c.. Tr..R. \.o.._~ '- "3 
133 I 99q'f 1&t - 01/ 7. t. S ~C. TC';'t ,. s~~ \.. 't ''fi'~c"'::;c.s 

::r ""c.. 
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PARTS LIST 
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14<J;; 

1/47 

SCHcA-1ATIC 

!SI 

152 

SPEC/SOU RC% 
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IOE.NT NO. 
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