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MANUAL TO EQUIPMENT LEVEL CORRELATION SHEET

|50 O

This manual reflects the equipment configurations listed below,

EXPLANATION: Locate the equipment type and series number, as shown on the equipment FCO log, in the list below,
Immediately to the right of the series number is an ECO or FCO number, If that number and all of the numbers
underneath it match all of the numbers on the equipment FCO log, then this manual accurately reflects the equipment,

EQUIPMENT TYPE ‘SERIES ~ WITH FCOs COMMENTS
BA209-A 01
BA210-A 01
 BA210-B 02
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PREFACE

This manual contains hardware maintenance information
prepared to aid maintenance personnel in understanding the
circuit operation and application. The content is intended
for personnel who have had training and/or experience in the
operation and application of similar equipment.

Logic diagrams are not included in this manual. They are
incorporated in the field print package that accompanies the
system employing random-access memory instruction micro
memories,
These boards provide random-access memory storage and
retrieval facilities for micro-memory instructions employed
Publication

BA209-A Field Print Package

BA210-A Field Print Package

BA210-B Field Print Package

Basic Micro-Programmable Processor
Hardware Maintenance Manual

Operational Diagnostic System (ODS)
Reference Manual
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in processing systems with micro level programs. The
capabilities for each are as follows:

® BA209-A micro memory — 512 x 32 bit instruetions
e BA210-A micro memory — 2048 x 32 bit instructions

e BA210-B micro memory — 2048 x 32 bit instructions plus
parity check bits

The following documents may be useful to the readers of
this' manual:

Publication Number

96751600
96751000
96751100
39451400

39452100
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GENERAL DESCRIPTION

1R s i G N L S S

GENERAL

This manual contains maintenance information relative to
the 512-instruction micro-memory, the 2048-instruction (2K)
micro-memory, and the 2048-instruction (2K) miero-memory
with parity printed ecircuit boards. One to four of any one
category (512, 2048, or 2048 with parity) of these boards are
employed in the Control Data Corporation 16-bit data word
family of CYBER 18 processors. The 2K-instruction micro-
memory with parity board is also used in the micro-
processor portion of the tape library adaptor (TLA).

DESCRIPTION

PHYSICAL DESCRIPTION

The 2K-instruction micro-memory is a four-layer printed
circuit board, and the 512-instruction micro memory and 2K
instruction miero-memory with parity boards are three-layer
printed circuit boards that measure 11 x 14 inches (see
figures 1-1, 1-2, and 1-3). The boards contain capacitors,
resistors, and integrated circuits that produce the logical,
address, and memory functions. Integrated circuits provide
semiconductor memory facilities for two 512/2048 32-bit
instructions. One to four of any single type of these micro-
memory boards can be installed in any of the four processor
slots labeled pMEMORY. The processor backplane may also
be custom-wired to double the word length for 32-bit data
word machines.

FUNCTIONAL DESCRIPTION

The 512- and 2K-instruction miero-memory boards provide
nonvolatile storage of 512 or 2048 32-bit micro instructions
for the CD CYBER 18-20 and 18-30 processors
(figure 1-4). The 2K-instruction micro-memory with parity
configuration contains storage for an additional four bits
(two bits for each 32-bit instruction) to accommodate the

parity bits. All three micro-memory boards are random- °

access memory (RAM) configurations consisting of
read/write memory semiconductor chips that can be loaded
externally or under control of the miero program.

The description contained in the following paragraphs
pertains to both the 512- and 2K-instruction miero-memory
boards. Since both memories funection similarly, reference is
made to the 2K-instruction miecro-memory board only.

The micro memory stores 1024 64-bit words. This storage is
subdivided into two 1024 32-bit micro-instruction memories
(upper and lower) to provide read/write facilities for 2048
32-bit micro instructions. Each of the 1024 32-bit memories
is subdivided into two 1024 16-bit memories, which are
referred to as upper and lower. All write data to the micro
memory is executed 16 bits at a time and is stored in any of
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the four 1024 16-bit locations designated by the address
code and control logic conditions. Read outputs ean be in
the form of instructions or operands. These instructions and
operands contain 32 bits composed of 16 bits from the upper
1024 x 32-bit memory, to provide the instruction's upper 16
bits (00 through 15) and 16 bits from the lower 1024 x 32-bit
memory, to provide the instruction's lower 16 bits (16
through 31). When the write enable signal is low, the
data/instruction is written to the upper or lower
1024 x 16-bit locations of the upper or lower 1024 x 32-bit
memories designated by the control logic (upper enable and
lower enable). When the write enable signal is high, the
data/instruction is read from the addressed locations. Then
the retrieved 32 bits are gated by the enable B control logic
signal to the processor transform board (16 bits from the
upper to provide the 00 through 15 bits, and 16 bits from the
lower to provide the 16 through 31 bits).

In the CYBER 18 processors, up to four instruction micro-
memory boards may be employed. Each board contains four
switches that are set to designate the miero-memory page
assignment. This switch code (A) and the processor designa-
tion code (B) are sensed by the designation comparator.
When the two codes coincide (A code = B code), the desig-
nated miero-memory board is enabled. Enabling any one of
the micro-memory boards disables all associated micro-
memory (page) boards.

When enabled, the selected miero-memory boards' selection
detectors enable the upper or lower 1024 x 32-bit memory
that is to store (write) or release (read) the data/instruction
bits. The bits are stored in or released from the locations
designated by the address bits. Released (read) bits are
applied to the associated A and B inputs of the upper and
lower selectors. All 32 bits from the addressed locations of
the enabled (upper or lower) 1024 x 32-bit memories are
applied to the selectors. The state of the enable B signal
determines which bits (A or B) are placed on the output
lines. When the enable B state is low the A inputs are
selected, and when the enable B state is high the B inputs
are selected. The selected output data/instruction bits are
coupled to the transform, control 1, and control 2.

When either of the 2K-instruction miero-memory boards is
employed in a 32-bit data processor, 32 data bits are coupled
via the read gates to the processor. This requires custom
wiring of the backplane connectors.

The 2K-instruction miero-memory with parity boards add a
parity check bit with each 16 bits stored or released.
Therefore, an instruction consists of 34 bits and an operand
consists of 17 bits.

The 512-instruction micro-memory boards do not contain
output selection muiltiplexers. Therefore, selection of the
instruction bits and operand bits to be coupled to the
processor is determined by chip enable signals.
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Figure 1-1. 2K-Instruction Micro-Memory Board

REFERENCE DATA

MEMORY CAPACITY
2K-instruction micro memory: 2048 micro instruetionst

2K-instruction miero memory with parity: 2048 micro
instructions plus 4 parity bitst

512-instruction micro memory: 512 micro instructionst

tOne micro instruction equals 32 bits.

POWER REQUIREMENTS

2K-instruction micro-memory board: +4.75 to +5.25 vde at
approximately 7.0 amperes. Average power consumption is
35 watts.

512-instruction miero-memory board: +4.75 to 5.25 vde at

approximately 5.3 amperes. Average power consumption is
28 watts.
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Figure 1-3.

DATA FORMAT
Parallel 16 bit in

Parallel 16 and 32 bit out

LOGIC (TTL)
Logical zero (low) 0.0 to 0.8 vde

Logical one (high) 2.0 to 5.25 vde

" SIZE
Height:

Width:

512-Instruction Micro-Memory Board

14 inches

11 inches
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Figure 1-4.

RAM Micro Memory Bloek Diagram






OPERATION

There is no operation or programming information associ-
ated with the operation of any of the micro-memory boards.

«
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INSTALLATION 3

The miero-memory printed circuit board plugs into the
processor chassis in any one of the slots marked phMEMORY
(slots S, T, U, or V). Before a board is inserted, the page
switches (F1) must be set to designate the board's page
assignment (0 through 15). (Page/switch selection is given in
section 4,) Once the switches are set, they designate the
specific pages of micro memory assigned to the board, and
the board cannot be changed to another location without
first resetting these switches,
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Processors that process 32-bit operands utilize full 32-bit
input. Therefore, the S200 through S215 lines load the upper
32 memory chips and the *S200 through *S215 lines load the
lower 32 memory chips. The *S200 through *S215 lines
require separate connection at the backplane. If data is to
be coupled to the processor three-state bus via bus lines 00
through 31, the *MMO00 through *MM31 lines must be
connected at the backplane terminals to the corresponding
MMO00 through MM31 lines.






THEORY OF OPERATION 4

This section contains the external and internal interface
signal diagrams and tables. The external output/input
diagrams depict the signal source and termination, and
table 4-1 defines the write, read, and control signals that
enter and leave the RAM micro memory. Detailed descrip-
tions of the internal miero-memory functions are illustrated
in block diagram form. The numbers in the upper right-hand
corner of the blocks indicate the field print package pages
that contain the logic that the block represents.

EXTERNAL INTERFACE

Table 4-1 tabulates the data, address, and control signals
applicable to the RAM micro memory and provides a
functional description for each. A graphic representation of
this information is included in figures 5-1 and 5-2. The
logic diagrams in_the field print package contain diagonal
(xxxx/) and bar (xxxxx) symbols to indicate active low (not)
conditions of signals. The diagonal is used toc designate the
low condition of micro-memory external signals. The bar is
used to designate the low condition of the micro-memory
internal signals. = (Example: MAO00/ through MAO07/_and
5200/ through S215/ are external signals; S200 through S215
and ENMML are internal signals.) Some signals are preceded
by an asterisk (*). The asterisk applied to input signals
designates signals applicable to the development of the
lower 16 bits (16 through 31) for a 32-bit data word system,
as in the case of *S200 through *S215; otherwise, these
signals are paralleled with the S200 through 5215 bit lines.
The asterisk applied to output signals *MMO00 through
*MM31 indicates signals that are applicable to 32-bit word
processors. These signals are coupled via the bus lines to
the central processing unit.

MICRO MEMORY

The miero memory has three configurations: 2K, 2K with
parity, and 512 instructions. The 2K-instruction micro-
memory configuration provides storage for 2048 x 32-bit
data/instructions; the 2K-instruction miero-memory with
parity configuration provides storage for 2048 x 36-bit
(including four parity bits) data/instructions; and the 512-
instruetion micro-memory configuration provides storage for
512 x 32-bit data/instructions. Data is stored 16 bits at a
time into one of four 1024 x 16-bit mincr (upper or lower)
memories contained within the 1024 x 32-bit major (upper or
lower) memories. Retrieved data/instructions (32 bits) are
composed of 16 bits from either the upper or lower minor
memory of the upper major memory and 16 bits from the
respective minor memory of the lower major memory.
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2K-INSTRUCTION MICRO MEMORY
WITH/WITHOUT PARITY -

NOTE

In the following paragraphs,
references to the 2K-instruction
micro-memory with parity board
are enclosed in parentheses ().
When reference designations do
not differ, no parentheses are
used.

The 2K-instruction miero-memory board stores a total of
1024 64-bit words (1024 64-bit words plus four parity bits in
2K-instruction micro-memory with parity board) in two 32
(34)-bit major memories, upper and lower. See figure 4-1
for a functional block diagram of the 2K-instruction miero-
memory board. Each of these upper and lower 32 (34)-bit
major memories contains two 16 (17)-bit minor memories,
also designated upper and lower. Therefore, signal mne-
monies contain references to the upper and lower minor
memories of the upper major memory; and likewise for the
lower major memory (upper of the lower and lower of the
lower). Mnemonies used to designate the enable signals for
these memory locations are arranged to indicate the upper
of upper, lower of upper, upper of lower, and lower of lower
destinations for the input data. (For example, the mnemonic
MMWU16-U designates a write enable for the upper 16-bit
minor memory of the upper 32-bit major memory, and
likewise for the MMWL16-U, MMWU16-L, and MMWL16-L.)
Each major memory consists of 32 (34) 1024-bit write/read
integrated circuit chips. Data (parity) bits are stored in
memory cells designated by the write signal, the location
enables, and the address bits. Data (parity) bits are
retrieved from memory cells designated by the address bits,
write enable low, and the selection multiplexer enable
signals. Stored data (parity) bits are the-complement of the
input data, received from the processor. Retrieved data
(parity) bits, at the selection multiplexer output, are the
complement of the stored data bits. The output
data/instruction is composed of 16 (17) bits from the upper
major memory and 16 (17) bits from the lower major
memory. This data/instruction output from the selection
multiplexers is coupled to the transform, control 1, and
control 2 facilities of the processor.

1-1



TABLE 4-1. EXTERNAL INPUT/CUTPUT SIGNAL APPLICATION

Signal

Source

Applieation

BUS00-BUS15
*BUS00-*BUS15

CONENUM-1,2,x
DISABLE x

ENMM
ENMML
ENMMU
MAO00-MAO07

MM00-MM31
*MMO00-*MM31

MMWL16
MMWUIG
PG0-PG3
SELGETMAK

$200-S215
*5200-*S215

TEST POINT1-3

XTPAGE 0

ENMML/ENMMU-A
ENMML/ENMMU-B
ENMML/ENMMU-C
(512 RAM only)

ENMMLB .
(512 RAM only)

ENMMUB
(512 RAM only)

MML-PAR
(2K with parity only)

Miero memory

Miero memory

Micro memory

Control 1
Control 2
Control 2

Control 2

Miero memory

Micero memory

Control 1

Control 1

Control 2

Control 1
ALU(S2)
2K-instruction
miero memory

Transform

512-instruction
miero memory

Miero memory

Miero memory

Micro memory

Memory data applied to the centrel processing unit
three-state bus

Constant enable of miero memory

Micro-memory disable of the associated undesig-
nated miero-memory boards

Enable micro-memory read or write operation
Enable micro-memory lower instruction
Enable micro-memory upper instruction

Memory address bits to designate the location in
memory where the data bits are to be stored

Micro-memory output data bits to transform

Miero-memory output data bits transferred to
central processing unit three-state bus (applicable
to 32-bit word configurations)

Miero-merory write lcwer 16 bits, writes data
instruetion bits into the lower memory banks
(16 through 31)

Miero-mermory write upper 16 bits, writes data
instruction bits into the upper memory banks
(0 through 15)

Page address bits to select a respective board; and
in 2K boards provide address designation along
with memory address signals

Miero level signal that inhibits the miero-memory
output when GETMAK is initiated

Data bits from selector 2 of ALU to be stored in
micro-memory upper and lower banks

Provides facilities for testing switeh conditions
Transform page 0 disable of miero memory, when
transform micro-memory feature is selected
Enable miero-memory lower/enable, micro-memory

upper A, B, C; used to produce the micro-memory
enable logic for enabling the minor memory banks

Enables read gates of the lower 16 bits (16 through
31) of word applied to the bus line output

Enables read gates of the upper 16 bits (00 through
15) of word applied to the bus line output

Output parity bit associated with lower 16 bits
(16 through 31)
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TABLE 4-1. EXTERNAL INPUT/OUTPUT SIGNAL APPLICATION (Continued)

Signal Source Application
MMU-‘PAR ] Miero memory Output parity bit associated with upper 16 bits
(2K with parity only) (00 through 15)
S2PAR Input parity bit associated with the upper and

lower 16 bits of the upper 32-bit memory bank

S2PAR* Input parity bit associated with the upper and
lower 16 bits of the upper 32-bit memory bank

1
XX EMMU-"
[5-12
ADDRESS MAO-MA7, PG2, PG3 | __ _ _ __ =
5200-5215 _st——. UPPER 16 BITS L] DATA MMO0-MM15 B 214
——————
ATY ::Tszxs OF UPPER 32-BIT | | PARITY BITY B UPPER g:g‘]én ‘
TA 5200~ UPPER/ =——
pARTT MEMORY ___ -
= b roweR 7o~ |-PARITY BIT! A LOWER Temmoo-+mmastt
1] | OF UPPER 32-BIT || DATA MMOG-MMI5 A SELECTION H
] .,
DESIGNATION (MEMORY _ _ i'—Assr,clA'rm_' [23 @3, 29)
SWITCHES DISABLE | MICRO
INVERTER [———— MEMORY | :’;;f:
1
[+] LB0ARD READ GATES|
B pESIGNATION o
PCO AND PG1 - A COMPARATOR BUS00-BUSI5T
———= J——
' | r—
l_— ITRANS- | |
IFORM, PRO-
. CONENUM-X | [4] [4] jcontroL 1} cessor!
Mmwuie! T XTPAGEO INHIBIT OUTPUT |CONTROL 2 THREE~-
DMAO-MAT = |MMWUI6-L q SELECTION (PART OF |sTATE |
Mywre! MEMORY 'L16-U DIEABLE-X DETECTOR DETECTOR P BUS
PG2 ANDPG3 | o SELECTOR |MMWLI6-U E ROCES- | % |
Exmmr | MMWL16-1 o | | |
JENMMU 1 L ] [Ep—
MMWUI16 . ENMML - BUs16-BUs31TT
t‘sm!‘::ns LINE ENMMU ENLIC
15200078215 ]
~s2pAPTT RECEIY- 22
: MM16- LOWER
’ EMMU-2 A3 16-BIT
READ GATES
[13-20 ™
ADDRESS MA0-MA7, PG2, PG3 m———— - 22 (24)
n :-U’PER 16 BITS I_|__DATA MM1G-MM31 2y I
ITS! . OF LOWER 32-BIT \"[™ D0 ot LOWER A |
DATA *$200-*S215 MEMORY _ _ _ T oo UPPER/  [PARITY!
PARITY BIT! |
| LOWER 16 BITS LOWER
| OF LOWER 32-BIT | | DATA MMIG-MM31 ' SELECTION
IMEMORY _ __ hg-rumut |
LEGEND
[ LoGIC SHEET NUMBER FOR 2K-INSTRUCTION MICRO MEMORY WITH AND
WITHOUT PARITY., NUMBERS IN PARENTHESES REFER ONLY TO INSTRUCTIONS
WITH PARITY,
T APPLICABLE TO 2K-INSTRUCTION MICRO MEMORY WITH PARITY BOARD ONLY.
T EXTERNALLY CONNECTED WHEN EMPLOYED IN 32-BIT COMPUTERS ONLY,
0261
Figure 4-1. 2K Micro Memory Functional Block Diagram
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Selection

The designation switch F1, is set at the time of installation
to indicate the assigned micro-memory page of each
individual board: pages 0 through3, 4 through?7, 8
through 11, and 12 through 15. Refer to table 4-2 for switch
settings. The switch code is applied to the B input of the
comparator F9 (F10). When the page bits (PG0 and PG1)
code applied to the A input equals the B code, the output at
A =B goes high. This high enables the memory selector
AND gates G10 and H9 (Gll1 and H10), the selection
detector AND gates F10 and G10 (E11 and Gi11), and the
disable inverter, F8.

TABLE 4-2. PAGE SWITCH SELECTION

S0 S1 S2 S3 RAM Board Selected

OFF | OFF | OFF | Notused | Pages 0 through 3
OFF | ON | OFF | Notused| Pages 4 through 7
ON OFF | OFF | Notused | Pages 8 through 11
ON ON |OFF | Notused| Pages 12 through 15

Write

The memory selector AND gates decode the write memory
selection inputs MMWL16, MMWU16, ENMM, ENMML, and
ENMMU to determine which memory bank stores the input
data (parity) bits. The state of these input signals
(table 4-3) causes one of the AND gate outputs,
MMWL16-U, MMWL16-L, MMWU16-U, or MMWU16-L, to

go low, and enables storage of data (parity) by the enabled
memory chips. Refer to table 4-4 for mnemonic
descriptions.

When logic states A =B high, MMWU16 low, and ENMMU
high exist, they produce a low state of MMWU16-U at
output pin 12 of AND gate H9 (H10). This low state is
applied to the write enable input, pin 15, of memory chips
Bl through B8 and H1 through H8 (B1 through B8 and H1
through H9) to select the write (store) operation. With the
write function selected, the data (parity) on lines S200
through S215 (S2PAR) is stored in the memory data (parity)
location designated by the address bits MAO through MA?Y,
PG2, and PG3. When logic states A = B high, MMWL16 low,
and ENMMU high exist, they produce a low state of
MMWU16-L at output pin 12 of AND gate G10 (G11). This
low state is applied to the write enable inputs of memory
chips Al through A8 and G1 through G8 (A1 through A8 and
G1 through G9) to select the write (store) operation. With
the write function selected, the data (parity) on lines S200
through S215 (S2PAR) is stored in the memory data (parity)
locations designated by the address bits. Data (parity)
storage into the lower 32 (34)-bit memory bank is accom-
plished in the same manner as the upper memory banks,
through utilization of AND gates H9 (H10) associated with
write control signals MMWU16-L and MMWL16-L. The
lower. 32 (34)-bit memory banks store the *S200 through
¥5215 data (S2PAR*) bits.

Read

The memory banks are always enabled for data retrieval
(read) since the write enable input at the memory chip is
high. An individual printed cireuit board is enabled for
reading when the comparator's output, A =B, goes high.
This enables the output selection detector AND gates F10,
G10 (E11, G11) and initiates the disable output from

TABLE 4-3. DATA STORAGE

Input Signals Write Enable Memory Data (Parity)
ENMMU ENMML | MMWU16 | MMWL16 | A=B Signal Chips Stored
H L H MMWU16-U | B1 through B8 $200 through 8215

H : . L H MMWL16-U E1 through E8 *5200 through *S215
H L » H MMWU16-L | A1 through A8 S200 through S215

H L H MMWL16-L D1 through D8 | *s200 through *8215

H1 through H8 .
(B1 through B8) | S200 through S215 + parity
(H1 through H9)

L1 through L8 .
(E1 through E8) | *S200 through *S215 + parity
(L1 through L9)

G1 through G8 .
(A1 through A8) | S200 through S215 + parity
(G1 through G9) i

K1 through K8 .
(D1 through D8) | *200 through *215 + parity
(K1 through K9)
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TABLE 4-4. INTERNAL SIGNAL DESCRIPTION

MMO00-A through

Micro-memory read bits 00

Mnemonic Description Funetion
ENL16 Enable lower 16 . Enable/inhibit lower and upper read
ENU16 Enable upper 16 selection multiplexers
ENMMU-1 Enable micro memory Selection of read selection multi-
ENMMU-2 Upper 1 and 2 (A and B) plexers A and B outputs

Read data bits transferred from
memory cells to read selection

-2, -3, -4, and -5

S200 through S215
*5200 through *S215

Send data bits

MM31-A through 31 (00=LSB, 31=MSB)
MMO00-B through
MM31-B
MMWL16-L Miero-memory write
lower 16 lower
MMWL16-U Micro-memory write
lower 16 upper
MMWU16-L Micro-memory write
upper 16 lower
MMWU16-U Micro-memory write
upper 16 upper
MML16PAR-A Miero-memory lower 16
parity-A
MML16PAR-B Micro-memory lower 16
parity-B
MMU16PAR-A Micro-memory upper 16
parity-A
MMU16PAR-B Micro-memory upper 16
parity-B
MAO through MA7 Memory address register bits
-2, -3, -4, and -5
PG2 and PG3 Page register bits

multiplexers

Enable signals for selecting upper
and lower 16-bit storage cells of the
upper and lower 32-bit banks

Parity bits associated with the read
data bits transferred to the read
selection multiplexers

Address bits
Address bits

Data bits from processor A register

inverter F8. The disable signal inhibits the write and read
operations of all associated micro-memory boards.

When the ENU16 and ENL16 outputs of the output selection
detectors F10 and G10 (E11 and G11) are high, they inhibit
the respective upper and lower selection multiplexers by
enabling the high impedance state. When the ENU16 is low,
the upper 16 (17) bit memory data, MM00 through MM15, is
enabled; and when the ENL16 is low, the lower 16 (17) bit
memory data, MM16 through MM31, is enabled. Each 32
(34)-bit memory bank has an upper 16-bit bank that provides
signals to the multiplexer A inputs, and a lower 16-bit bank
that provides signals to the multiplexer B inputs. When

96767900 A

either the upper or lower 32 (34)-bit output (ENU or ENL
low, respectively) is enabled, the high or low state of the
ENMMU and ENMMU signals select the A and B inputs, An
ENMMU low state selects the MMO00-A through MM31-A
(S2PAR) data bits to be placed on the MM00 through MM31
(MMU-PAR) lines, and an ENMMU high state selects the
MMO00-B through MM31-B (S2PAR) data bits to be placed on
the MMOO through MM31 (MMU-PAR) lines. This 32 (34)-bit
word is applied to the transform, control 1, and control 2
logic elements. In a 32-bit word computer, these data bits
are also coupled via *MMO00 through *MM31 lines to the
processor three-state bus under control of the upper and
lower read gates. ‘



During any read cycle, the retrieval of data may be
interrupted by the XTPAGEO signals going low. This drives
the ENU16 and ENL16 output high to inhibit the output
multiplexers. In addition, if the SELGETMAK signal goes
low, the ENU16 signal goes high and inhibits output from the
upper 32 (34)-bit memory bank but does not affeet output
from the lower 32 (34)-bit memory bank.

When any associate micro-memory printed-circuit board has
been selected, the disable signal applied to AND gate G10
(G11) causes the ENU16 and ENL16 signal to go high. This
causes the read output to be disabled.

512-INSTRUCTION MICRO-MEMORY
BOARD

The 512-instruction micro-memory board (figure 4-2) stores
a total of 512 x 64 data bits in two 32-bit memory banks,
upper and lower. Each upper and lower memory bank
contains two 16-bit memory banks, also designated upper
and lower. Data being stored (written) or retrieved (read) is
under control of the write enable, chip enable, and address
bit signals. Stored data bits are the complement of the
central processing unit A register output and retrieved data
is recomplemented by the chip output. Output data is
transferred directly from the chip to the transform, con-
trol 1, and control 2. The output 32-bit word is composed of
16 bits from the upper 32-bit memory and 16 bits from the
lower 32-bit memory.

Selection

The designation switch (C1) is set at the time of installation
to the assigned micro-memory page designation of each
individual board. (See table 4-2 for switch settings.) The
switeh code is applied to the B input of the comparator (C2).
When the page bit (PG0 through PG3) code applied to the A
input equals the B code, the ecomparator A =B output at
pin 6 goes high. This high state enables the memory selector
AND gates (H3 and J3) and applies a low input to OR
gate K3 to generate a disable low signal that inhibits the
associated miero-memory boards.

Write

When all memory enable (write and chip) signals applied to
the memory chips of a 16-bit memory bank are low, the
memory bank stores (writes) data in the locations designated
by the address bits MAO through MA7. The write enable
signals MMWL16 and MMWU16 are connected to the
respective lower and upper 32-bit memory banks to enable
data storage into the designated 32-bit zone. The signals,
which are applied to the chip enables, select the subordinate
(upper or lower) 16-bit memory of the 32-bit zone in which
the data is to be stored.

Assume that the MMWUL16 signal input to the line drivers is
active low. This applies a low to all memory chips to select
the upper 32-bit memory zone (B4 through B11, C4 through

C11, F4 through F11, and G4 through G11) to store the data
present on lines S200 through S215. If the SELGETMAK,
CONSTANT 1-1, and CONSTANT 1-2 inputs to the line
drives are high, the upper 32-bit memory zone is enabled and
ready for selection of the subordinate upper or lower 16-bit
memory. A low output of AND gate H3 (ENMMURAM-1) or
J3 (ENMMLRAM-1) activates the respective upper or lower
16 bits of the upper 32-bit memory zone when the enable
miero-memory upper (ENMMU) input is active (high). When
the output signal (ENMMLRAM-1) of AND gate J3 is low,
the lower 16-bit memory storage area of the upper 32-bit
memory stores the data in chips C4 through C1l1 at the
locations specified by the address bits. If the output signal
(ENMMURAM-1) of AND gate H3 is low, the upper 16-bit
memory storage area of the upper 32-bit memory stores the
data in chips B4 through Bl1l at locations specified by the
address bits.

Storage of the *S200 through *S215 data in the lower 32-bit
memory banks (D4 through D11, H4 through H11l for the
upper 16; E4 through E11, J4 through J11 for the lower 16) is
accomplished in the same manner as described for storage in
the upper 32-bit memory, as described in the preceding
paragraph. Exceptions to the preceding description include
signals CONENABLE 1 and CONENABLE 2 that replace
SELGETMAK 1 and 2, and CONSTANT 1-3 and 1-4 that
replace CONSTANT 1-1 and 1-2, respectively.

Read

Retrieval (read) of data is enabled when the memory chip
write enable is high and all other chip enables are low. This
permits the data residing in the addressed location to be
placed on the memory output lines for coupling to the
transform, control 1, and control 2 logic elements. In
systems that employ a 32-bit word, the auxiliary memory
outputs (*MMO00 through *MM31) are coupled to the central
processing unit three-state bus by enabling the upper and
lower read gates.

When the MMWU16 signal is high, the read state of the
upper 32-bit memory is enabled. If SELGETMAK, CON-
STANT 1-1, and CONSTANT 1-2 are all high, the upper 32-
bit memory bank is enabled. When the ENMMURAM-1
signal at AND gate H3 goes low, the addressed data bits
from the upper 16-bit memory are placed on the MMO00
through MM15 lines. These data bits are directly coupled to
the transform, control1l, and control 2. If the
ENMMLRAM-1 signal at AND gate J3 is low instead of
ENMMURAM-1, the lower 16~-bit memory is activated. This
causes the addressed lower 16 bits to be placed on the MM00
through MM15 lines. If the SELGETMAK, CONSTANT 1-1,
or CONSTANT 1-2 signals go low at any time, the read
output is inhibited by driving the chip output to the high
impedance state.

The lower 32-bit memory bank retrieval (read) is accom-
plished in the same manner as retrieval of the upper 32-bit
memory, described in the preceding paragraphs. When
either the upper or lower 32 bit bank is activated, the data
bits residing in the addressed locations are placed on the
MM16 through MM31 lines. Also, if any one of the chip
enable signals goes high, the output is inhibited.
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MMWU16 ADDRESS MA0-MA7, PG2, PG3 5-8
———————
MMWU16 A AND B Y crPuiiai
DATA §200-5215 {(16 BIT MEMORYL!
. SELEGETMAK N F“AM z |
SELEGETMAK CONSTANT 1-1 OR 1-2 » ' BIT MEMORY)
CONSTANT 1-1 e )
P e
CONSTANT 1-2 UPPER (32 BITS)
R ]
DESIGNATION
SWITCHES
=B
PGO-PG3 . B pEsiGNATION 2
’| COMPARATORS
$200-5215
S200-8215
MAO-MA7 . !'_
[ ENMMURAM 1
ENMML ENMMU R ENMMLRAM 1
S E—— ENMML MEMORY ENMMLRAM 2
EnvMu | =———~—————— SELECTOR |ENMMURAM 2
1
*5200-*s2151 1
MEMORY-
ReCEIV- ENABLE
ERS DETECTOR
MMWL16
—_— ENMML/ENMMU. A 1
ENMML/ENMMU.B
ENMML/ENMMU.C
ADDRESS MAO-MA7, PG2, PG3 [o-12
MMWL16 A ANDB v "7
DATA *S200-*$215 | (16-BIT MEMORY)|
CONSTANT 1-3 CONSTANT 1-3 OR 1-4 o — — —

CONSTANT 1-4
CONSTANT 1-5

CONENABLE 1 OR 2

t
M2
IRA 2 '

exvmust
MMoo-MM15 T
DATA MM00-MM15
MMo0-
MM15
| | upper U3}
" I associatep | 16-BIT
DISABLE },Ng‘:csgrzy l READ GATES
DETECTOR r—9
| BoARD | | |
| | |
! l
|
BUS00-BUSI5 '] CPU
THREE- |
- BUS16-BUS31 , STATE |
- =9 BUS
| o I |
TRANSFORM |
™M conTROL1 [ ! |
CONTROL 2 !
—_———d S S —
Lower L1}
16-BIT
READ GATES
DATA MM16-
MM31 Mm16-MM31T

Lto-BIT MENORY)

LEGEND

D LOGIC SHEET NUMBER

LOWER (32 BITS)

T EXTERNALLY CONNECTED WHEN EMPLOYED IN 32-BIT COMPUTERS ONLY
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Figure 4-2.
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512 Micro Memory Functional Block Diagram







DIAGRAMS . 5

Figures 5-1 and 5-2 present the external input and output
signals for the micro memories. Figure 5-1 indicates the
external connections for the 2K-instruction micro memory

Figure 5-2 indicates the external connections for the 512-
instruction micro memory.

and the 2K-instruction miecro memory with parity. Logic diagrams for the micro memory are contained in the
field print package for the appropriate board.
I—c o;\rm-—'ru;sj coneNuM-X [ o5 | CONENUM-1 e - —}
» CONNECTIONS
M-X co -2 |
PECULIAR TO |__CONENU »{21 209 NENUM2 .  PECULIAR TO
32-BIT WORD | CONENUM-X |, .. o |_DISABLE-X :l 32-BIT WORD |
| SYSTEMSONLY | pisABLE-X __|,c0 oo | DISABLE-X | SYSTEMS ONLY |
! > >
| 55 N MME 263 59 |—BUS00 A'gg SMI,

o57 |__ENMMU »| 267 6o | BUS0L 160 TRANSFORM, |
| 273 »| 205 61 20502 1 ;I(‘)U:r v |
| 68 L MA1 s 62 |_BUSO3 Joo 4

276 —MA2 o293 35 | BUS04 o35 —
| oo L MAS o1 43 |_BUSS 43 |
| 282 | MA4 276 ’ 44 | BUSCG Jlad

CONTROL I > > |
o6 | MAS 278 11 | BUS08 p11 I
I g5 | MAT 282 K- 50 |_BUS09 J50 TRANSFORM
| %co INSTRUCTION BUSTo 7 A I
| 283 136 MICRO MEMORY 64 [ Ap—
PG1 AND 2K BUS11
| 258 | 1236 ND 2K~ 67 {67 CONTROL 1
. L_Pa2 ,s;  INSTRUCTION s |BUst2 o
30 68 > MICRO MEMORY BUSI3 I '
l 267 p234 o o RITY 76 76
TRANSFORM 275 |~ SELGETMAK 15,7 10 |_BUS14 110 |
T T Tag pMMLIS 72 9 | -BUSIS js
I CONTROL 233 ENMM l204 249 *BUS16 5 — — — _!
| ' g5 |- MMULS 98 253 0ol »60 7o 4
1 5200 *BUS18 e = — —-
[ 282 | 1225 264 p161  SMI, |

o83 , 5201 wl226 266 |_"BUS19 jez ALU
| o0 |_5202 »{227 23 | "BUS20 A“GE T
| o1 L5203 L9 4o |_*BUS21 4 |

ALU 5204 *
71 } {13 241 BUS22 ;|44 1/0-TTY,
SELECTOR |
| 261 5209 »{15 24¢ | *BUS23 3¢ SMI, |
| 72 | 8206 7 09 |_*BUS24 !, CONTROL 2

271 5207 16 229 | TBUS25 50 |
I 31 '[ 5208 pl281 289 | TBUS26 »l6a |
w 241 | S209 280 — —

e T~ — 1.~ —~ S~ - - L ~ /I
—

NOTE: ALL SIGNALS WITH ASTERISKS (*) ARE APPLICABLE TO 32-BIT DATA CONFIGURATION SYSTEMS.
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’ Figure 5-1. 2K-Instruction Micro Memory and 2K-Instruction Miero Memory With

Parity External Input and Output Signals (Sheet 1 of 3)

96767900 A



/\— - — —
% r ﬁ
241 5210 88 69 BUS27 > 67
s211 *BUS28 .
231 90 85 {75 L/O-TTY, |
18 s212 o o7 *BUS29 |, SMI,
) S213 g *BUS30 :] CONTROL 2 I
16 S214 "] 96 18 *pusar11°
225 97 219 > 9 l
s215 MMO00 e
19 sl 291 28 - » 28 o
216 MMO |
282 S B 222 31 31
S217 MMO2
283 221 27 27 l
MMO3
90 5218 s 220 26 M 26
S219 g MMo04 )
91 s 228 25 yrwr » 25 I
ALU .
sELEcTOR 2 71 p— 216 24 — 24
261 o 14 23 | 23
" S222 ol 29 MMO07 o 22 l
s223 MMO8 :]
271 > 4 55 »l 55
S224 MMO9
31 »l 279 56 » 56
§225 g - MM10
241 =76 B 277 57 YR :|57
232 e > g7 : 58 — P58
231 B 89 2K- RUCTION 63 63
18 S228 o o1 INST (;J 6 MM13 o
16 §229 o5 MICR 66 MM14 o6
S230 g MEMORY MM15 g
225 290 WITH 70 70 BREAKPOINT
19 5231 273 PARITY 40 MM16 40 PANEL,
* 1
o, ST o[l conTRoL, |
*
a1 MMo1 047 49 MM18 19
o7 * MMO02 | 260 48 MM19 olas |
2K- 26 *MMO3 »] 259 47 MM20 =I|47
INSTRUCTION 25 IMMO4 i 38 46 MM21 oy 46 I
x‘:hi‘gm 24 *MMO5 239 45 MMz s
— 03 * MMOG 39 10 MM23 "l 45 |
PARITY 22 TMMOT ol 243 77 MM24 o
. *MMO8 MM25
(32-BIT 55 231 78 »{78 I
SYSTEMS *MMO9 ' MM26
ONLY) 56 - > 230 79 — »179 I
57 MMI0 )75 80 MM27 ») 80
*
58 MMIL____ o) o074 81 MM28 {81 |
63 TMMIZ o 270 82 MM29 »52
I/'\es MmM13 | g 83 MM30 oy '
84 MMs31 =|84
L —" J

NOTE: ALL SIGNALS WITH ASTERISKS (*) ARE APPLICABLE TO 32-BIT DATA CONFIGURATION SYSTEMS.
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Figure 5-1.

2K-Instruction Micro Memory and 2K-Instruction Micro Memory With
Parity External Input and Output Signals (Sheet 2 of 3)
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| 66 MM14t R
| 70 MMi‘r 19
40 Mxl T 250
l 41 M 71‘ 54
| 19 MM18T A 53
MM19
| 2x- 48 B 265
| INSTRUCTION Mm20T
47 37
| MICRO mm21T a3
MEMORY 46 >
| Mm22 T
WITH 45 > 206
|PARITY 42 MM23 »| 242
(32-BIT 77 myzat b oo
| sYsTEMS Mm25T 30
| ONLY) 78 MMZ6T ‘
79 74
| MM27T
80 > 68
| mmzst
| 81 ——F 271
. 82 » 71
| 83 mm3ot |,
MM31T
[ 84 s| 20
I 048 : XTPAGEO 268
ITRANSFORM I
- s2pArit
I 26 | - TF 244
2 |- S2PAR o 255
| ALU |

2K-
INSTRUCTION
MICRO
MEMORY
WITH PARITY

m TS
sos |_XTPAGEO ﬁ_l o MICRO |
| MEMORY |
L — —
—— "
086 MML-PARI: o 86 s, |
085 | MMU-PAR %  FORM ’
L _

TAPPLICABLE TO 32-BIT DATA CONFIGURATION SYSTEMS
"APPLICABLE TO 2K~-INSTRUCTION MICRO MEMORY WITH PARITY ONLY
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Figure 5-1.
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(Sheet 3 of 3)

2K-Instruction Micro Memory and 2K-Instruction Miero Memory With
. Parity External Input and Output Signals
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207
94

223
275

93
258

21

233
269

${ 268

263
267

205

293
215
276
292

278
282

36

236
235

234
217

72

r | consTANTI-1
I . CONSTANT1-2
I consTANT1-3 -
I CONNECTIONS __CONSTANT1-4
PECULIAR TO CONSTANT1-5
32-BIT WORD ENMML/ENMMU-B
SYSTEMS ONLY .. ENMMB "~
| ENMMLB ”
ENMML/ENMMU-A
| ENMML/ENMMU-C
— — — _ENMML 4
o517 |—ENMMU >
I MAO
273 M ya1 >
| 68
MA2
l 276 l MA3
9 " Mag
282
ICONTROL o7 |_MAS >
2 5 MAS
o MA7
| % -
PGO "~
283 [~
258
| o7
30
PG3
—_—— 267 ] p——s
TRANSFORM 275 bl MAK .
—_——— MMWL16
285
MMWU16
I 85
CONTROL
| 2
I_ ] 200
| 282 *§200
$201
| 283 *S201
ALU
SELECTOR $202
2 90 *5202
S203
I 91 *S203
| S204
n |"_——{ *$204
L—\

98

225
222
226
221
227
220
12

228
13

216

\ﬁ

512-
INSTRUCTION
MICRO
MEMORY

99

59
249

60

253

61
264
62
266
35
238
43
32
44
241
34

246.

11
29
50

229
64

289
67
69
75
85
76

/\.}

+5VF,A

DISABLE"

BUS00 |
*BUS00 59

BUS01
'*BUSO01 60
BUS02
BUS03

*BUS03 62
BUS04
*BUS04 35

BUS05

BUS06 ALU
*BUS0 44 SELECTOR

J

BUSO07 2

*BUS07 34
BUS08

BUS09

*BUS09 50

BUS10

*BUS10 64

BUS11
*BUS11 67

:

:

BUS12
) *BUS12 5

|
|
|
|
|

BUS13
*BUS13 76

NOTE: ALL SIGNALS WITH ASTERISKS (*) ARE APPLICABLE TO 32-BIT DATA CONFIGURATION SYSTEMS.
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(Sheet 1 of 3)

512-Instruction Micro Memory External Input and Output Signals
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—

—
BUS14
*BUS14 10 vy
BUS1S | SELECTOR
*BUS15 9
MMO0 _I_ - T T =
MMo1 o 28
MM02 o3
—»| 27
MMO3 O
MMO4 1 26
¥ 25
MMO5 ¢ iy
MMO06 i
B 23
MMO7 I vo
MMO8 | s
MMO09 1 |
MMi0 | :3
MM11 M I
B 58
MM12 | o5
MMIZ |
Mii14 2‘2
MM15 - |
)
» 70 TRANSFORM
xx:: —3| 40 CONTROL 1,
’-"u 41 CONTROL 2
MM18 -
B 49
1
MM19
# 48
MM20 ¢
MM21 i 47
=|' 46
MM22 ,
» 45
MM23 4
MM24 i
P 77
MM25 78
MM26 7
MM27
MM28 > 80
MM29 > 81
R
»| 82
MM30 ,
MM31 » 83
o
—»| 84

|
L ———J

'/
r . \ 5205 m
26 . ‘
1}——'{ $205 1a i
| S206 .
, v 5206 6 219
I 207 16
271———{ *§20
I S207 4 28
5208 281 31
31-—-—-{ *$208
I 279 27
$209
I 241 %5209 380 26
A 77 25
LU 5210
SELECTOR 88 24
232 *S210
2 :: 87 23
' 211
l 231l_ 5 90 22
*
—{ S211 8 o5
S212
I | *5212 92 56
18 o1 57
| S213
96 58
16— *
| o
2250 = 97 65
*
| 5214 290 66
1
5215 201 70
|‘ 19— #5215 o0s 512 40
o INSTRUCTION 41
' *MMO0 MICRO
' | ppmp »248 MEMORY 49
I I 1247 48
*
I MMo2 51260 47
*
MMO3 959 46
| *MMO04 ss ‘5
I *MMO5 230 .
| *MMO6
39 77
CONNECTIONS l *MMO7
PECULIARTO | P—— 243 78
32-BIT WORD - B1231 . 79
SYSTEMS ONLY MMO9 230 80
*MM10 73 81
I' *MM11 - 82
*
MM12 070 g3
*
MM13 o6 o4
| *MMi4 17
|
NOTE: ALL SIGNALS WITH ASTERISKS (*) ARE APPLICABLE TO 32-BIT DATA
CONFIGURATION SYSTEMS.
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Figure 5-2.
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512-Instruction Micro Memory External Input and Output Signals
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I ~1 *MM15 ol 19 |
MM16 250
*MM17 54 |
*
o s
265
*
F MM20 37
L *MM21 v l
CONNECTIONS vz 33 s12- .‘
PECULIAR TO » 206 INSTRUCTION
32-BIT WORD | *MM23 242 MICRO
SYSTEMS ONLY | *MMm24 932 MEMORY
" :
'L MM25 J 30
*
© o *MM26 74
*
l TN
*
L *MM28 271
| I *xMm2e "
*MM30
| — 218
. *MM31 20
L ———J

NOTE: ALL SIGNALS WITH ASTERISKS (*) ARE APPLICABLE TO
32-BIT DATA CONFIGURATION SYSTEMS.
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Figure 5-2.  512-Instruction Micro Memory External Input and Output Signals
(Sheet 3 of 3)
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PREVENTIVE MAINTENANCE

This equipment consists of printed circuit boards that plug
into the processor chassis. All preventive maintenance for
the memory is covered by the preventive maintenance
procedure in the system-level hardware maintenance man-
ual. This consists of cleaning dirt and dust from the boards
while performing preventive maintenance on the processor.
No additional preventive maintenance is required.
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MAINTENANCE 6

CALIBRATION AND
ALIGNMENT

No field calibration and alignment procedures are required.

TROUBLESHOOTING

Troubleshoot to the board level using the MSMP17 and ODS
diagnostic memory tests.






PARTS DATA

Parts data can be obtained in the field print packages listed
in the preface.
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