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SECTION I

INTRODUCTION

1-1.  SCOPE OF MANUAL

This manual contains technical information pertinent to the Sigma 3 Core
Memory which is one of the main units included as part of the Sigma 3
Computer system. This manual describes the Sigma 3 Core Memory both

physically and functionally as applied in the Sigma 3 Computer system.

This manmual also includes information necessary to install and maintain

the memory unit in the field of operation.

1-2. CONTENT OF MANUAL

The contents of this manual are sectionalized as follows: Section I
contains awn introduction to the equipment covered by the manual and to

the method and type of coverage.

Section II contains a general description of the basic memory system
operation. The overall hode of operation is divided into several func-
tional groups of logic and each group is analyzed in the order of data

transfer to, within, and from the memory system.

Section III provides detailed descriptions of the logic elaments which

comprise each functional group outlined in Section II.

Section IV provides unit installation and checkout procedures.

1-1



Section V contains preventive and corrective maintenance prodedures for

the equipment in the field of operation.

Section VI provides an illustrated parts breakdown and parts list of
those field replaceable items and also provides a list of option items

for basic memory systes expansion.

1-3. RELATED PUBLICATIONS

A list of related publications, page » preceding Section I, ii
provided as additional reference material essential toc the maintenance
personnel to insure a complete awareness of proper installation, oper-
ation and maintenance of the memory system relative to the Sigma 3

Computer system.

1-4, PREREQUISITES TO MANUAL USE

In the construction of this lnnnnl,»it is assumed the user is familiar
with the functions of transistorized digital circuitry and can inter-
pret MIL-STD-80GB logic symbology. It is also assumed the user can in-
terpret logic functions expressed in logic equation form and is familiar

with machine language programming.

It is essential the user is capable of using standard test equipment in
diagnosing and repairing hardware malfunction associated with digital
equipment and has experience in the operation and treabdléeshooting :of

magnetic core memories.



1-5. SIGMA 3 CORE MEMORY

1-6. PHYSICAL DESCRIPTION

The Sigma 3 Core Memory consista of a basic building block of memory .
with provisions for optional expansion, This basic memory system is
physically located in the No. 1 frame position of the Sigma 3 Computer

system (Models 8101/8162) cabinet, as shown in figure 1-1.

The basic memory frame assembly consists of a nine<high frame and

chassis which contain the logic for a single port access to a stafter
8K expandable memory. The frame assembly also provides for the in-

| sertion of additional modules for optiocnal memory expansion to a maximum

32K capacify.

The basic memory system occupies'five chassis locations; C, D, &, H,
and J. Chassis iAgéa_B aré reserved for system logic other fhan the
memory system, and.ciﬁssis F and G are resérved for basic memory

system expansion. Power supply PT16B, mounted on frame No. 2 provides
regulated dc operating voltages of +4.0, -3.0 and +8.9 for logic
circuits, and PT17B, mounted on frame No. 1, provides +25 volts (ad-
justable #ndAnonsadjustahle) to drive the memory cores. High velocity
fans at thd top and bottom of the frame provide cooling for the drive
circuitry and to keep the core diode modules at a temperatgre approach-

ing the ambient air. The fans operate from 120V, 60 Hz power.

The basic memory system is physically and functionally divided into
two sectionsj the basic memory unit (BMU) which provides an 8K stack
of core and core drive logic, and memory port multiple (MPM) which pro-

vides a multiple port memory controlwith a single port interface.
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Figure 1-1. Sigma 3 Core Memory Location in 8101/8102 Model Cabinet




1-7. Basic Memory Unit (BMU)

Chassis H and J provide for a fully expanded BMU.or 16K of core and core
drive logic. The basic memory system, however, contains a BMU consisting
of four core diode modules (8K), twelve modules of core drive and sense
logic and two ribbon cable connector cards for signal connection to the

MPM, Refer to figure 1-2.

Extractor levers on all modules provide easy extraction of the module
from the associated commector. Each module assembly terminates in printed
cifcuit connector contacts which mate with spring type contacts in the
associated connector mounted om an stched backwiring board (motherboard)

at the rear of the chassis.

1-8.  Core Diode Module (CDM), Each core diode module (figure 1-3)

consists of hinged printed boards (2) with magnetic core arrays and
associated decoding diodes; the pfinted circuit anrds are insulated
from each other by nylon spacers. The CIM is completely sjmmetrical
both physically and electrically which provides for proper operation

when inserted in either poasible direction.

1-9. Core Drive and Sense Logic, The modules which contain the core

drive and sense logic (refer to figure 1-2) are single 2-Hi printed
circuit boards with board mounted detail electronic parts. These
modules are not reversable (for insertion) as the CDMS, however, the

modules conform to the general description in paragraph 1-7.
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1-10. Memory Port Multiple (MPM)

Chassis C, D, and E provide for a fully expanded MPM (four-port access
to two expanded BMUS) However, the MPM portion of the basic memory
system provides the logic for multiple port control and one port to

access one expanded BMU (16K), this configuration is shown in figure 1-k,

The MPM section of the basic memory system consists of 35, one-chassis
high modules and the necessary ribbon cable connector cards for con-
nections between one port and the BMU and one port and the user. Each
module is a printed circuit board wiph board mounted detail electronic
parts. The modules terminate in printed circuit conﬁector contacts

and mate with spring-type contacts in the appropriate connector mounted
on an etched backwiring board (motherboard) at the rear of the chassis.
Provisions for electrical connections are identical to the basic memory
unit, figure l-2, view i, with the exceptions allowed for single-chassis

high modules.

1-11. CAPABILITIES

The basic memory frame assembly provides the basic building block of the
Sigma 3 Core Memory system. Figure 1-5 is a simplified block diagram
showing the relation of this building block to a Sigma 3 Computer system

when all optional memory expansion capabilities are utilized.

The basic memory frame assembly provides an 8K stack of core (8196 words)
and one memory access port to a central processor (CPU) with an integral
I/0 processor (IIOP), With the addition of optional module kits, the
basic memory can‘be expanded to provide for an access to a storage

capacity of 32,768 words.
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Further port expansion provides for direct communication with special
devices selected to use the Sigma 3 Core Memory, and direct communication
with an external I/0 processor (EICP) which greatly increases the speed
of computation.

For a complete Sigma 3 Computer configuration, two fully expanded basic
frame assemblies are used to provide a 64K memory. The second frame

of memory, however, requires the No. 1 frame portion in an additional

cabinet.

The expansion capabilities of the Sigma 3 Core Memory provide for a very

flexible memory unit. A single port user can have access to a core memory
ranging from 8K to 64K, several ports can share 64K of memory, or there is

the availability of any variation of application in between.

1-12. Basic Memory System Zxpansion
The basic memory system is a fully operatioral system for controlling
the transfer of data in and out of one 8K stack of storage area to one

~

memory port user.

Physically, the Sigma 3 Core Memory system provides for expanding the
basic system to a variety of larger memory configurations by the avail-
ability of optional module kits. Refer to figure 1-6. The basic memory
unit (3MU) is expanded to 16K capacity by the installation of the optional
8K to 16K memory expansion kit. A second 16K bank is added to the memory
system by the installation of the Aptional bank B drive (MPM expansion),
an optional BMU and an 8K-16K memory expansion kit. A one to four-way
memory access is obtained by the installation of the appropriate optional

memory port assembly kits. With this type of expansion capability, two memory
1-11



banks of 16K operate independently, and different memory cycles take

place simultaneously in the two banks under control of different ports.

1-13. MEMORY ADDRESS AND DATA WORD YORMAT
The Sigma 3 Core Memory uses an address word of 16 bits which allows
for the addressing of 64K of memory. However, two fully expanded basic

memory systems (32K) are required to utilize the entire address field.

The Sigma 3 Core Memory providss storage for a data word conaisting of

. 16 bite of data and a parity bit.

1-14, MEMORY SYSTEM POUER’REQUIREHENTS

The memory system utilizes voltage tabs on voltage bus-bar assemblies
mounted on the memory frame assembly. FPower is available from ene
side on the back panel. The voltages are referenced to the power supply

ground. The power requirements are as follows:

VOLTAGE MAXIMUM CURRENT VOLTAGE TOLERANCE
+22 VIC 8.5 amps . 1%

(Nom) -

+24 VDC 1.8 + 1%

+8 VDC 4.0 +1%
v 2,0 1%

+4 VDO w0 - $1%



901594

MEMORY FRAME ASSEMBLY

OPTIONAL ASSEMBLIES FOR MEMORY EXPANSION

| |
153259 |
MPM l |
| . S ——— ——
| | || MEMORY | | MEMORY | MEMORY
PORT 1 PORT2 | | PORT3 | | PORT4 | ]
| || I ASSEMBLY l ] ASSEMBLY I | ASSEMBLY |
| ‘ 1 L@ _2 o 1 L_2_4 |
L | F _f P
I PgRT : : - ;‘"’ |
MPM |
| |SEECTIoNt ] EXPANSION | |
AND | BANK B |
| BANK A | | I I
' LOGIC L] |
N N O |
v
| rre ! f"sx TO 16K | I
BMU | | memory | BMU MEMORY |
ok e »| EXPANSION | | e k——»l EXPANSION | |
@ b ki l @ | kT |
, L9 3 L Y 1 L@_g]
i — R
LEGEND: (1) 148418 - 8K BASIC MEMORY ASSEMBLY (BMU)
148423 - MEMORY CHASSIS ASSEMBLY
154492 - MODULE KIT ASSEMBLY (4 CORE DIODE
MODULES, 12 CORE DRIVE AND SENSE .
MODULES) AND ASSOCIATED HARDWARE
(@ 149395 - MEMORY PORT MULTIPLE (MPM)
116231 - 32-MODULE CHASSIS (3)
149400 - WIRED BOARD
154643 -~ MODULE KIT ASSEMBLY (35 MPM MODULES,
4 RIBBON CABLES) AND ASSOCIATED HARDWARE
(@) 149668 - 8K TO 16K MEMORY EXPANSION KIT
, (4 CORE DIODE MODULES AND 2 CORE DRIVE MODULES
@) 149401 - BANK B DRIVE
(KIT OF 17 MPM MODULES AND 2 RIBBON CABLES)
(® 158910 - MEMORY PORT 2 ASSEMBLY
(KIT OF 3 MPM MODULES, 2 RIBBON CABLES)
(® 149403 - MEMORY PORT 3 ASSEMBLY
(KIT OF 7 MPM MODULES, 2 RIBBON CABLES)
@ 149404 - MEMORY PORT 4 ASSEMBLY
(KIT OF 3 MPM MODULES, 2 RIBBON CABLES) 0015544106

Figure 1-6. 8K Basic Memory Frame Assembly and Expansion Capabilities



1-14

. ’

1-15. Power Supplies
Power to the memory system is supplied by the PT-16B and PT-17B power

supplies. The PT-16B, located on frame M3, 2 which houses the CPU, supplies

the +8V, -8V and +4V for logic circuit operation. These voltages are cabled
from the PT-16B power supply to the bus-bar assembly on the memory frame

assembly, frame No. 1.

Poworvsupply PT-17B is located on frame No. 1 and supplies a non-adjustable
+24V and an adjustable core drive voltage (nom. +22V) to the bus-bar
assembly on the frame. The PT-17B is capable of supplying power to two

fully expanded BMUS,



SECTION II

FUNCTIONAL DESCRIPTION

2-1. INTRODUCTION

The function of the Sigma 3 Core Memory in the Sigma 3 Computer system
is dual-purpose; (1) to provide a core storage facility for data, and
(2) to provide the means to control the interchange of data between core

memory and a memory port user.

This section describes the logical methods used to perform the required
data access and storing function of the Sasic memory system and follows
the functional flow of figure 2-1. To facilitate an understanding of
basic memory system operation, the following functional description is
divided logically into two sections; the basic memory unit (BMU) section

and the memory port multiple (MPM) section.
2-2. MEMORY PORT MULTIPLE (MPM) SECTION

The logic assigned to the memory port nultiplé section of the basic
memory system provides the interface to one port, the capability to
select multiple port input/output, and to control the data transfer

to and from memory bank A (an expanded BMU of 16K.)

The memory address lines (16) from a port user will address two 32K
frames of memory (64K)., Since the functional description of data flow
from one port to one bank of mcﬁcry iﬁ typical for a coméle;e'memory
system, figure 2-1 shows the interface between one port, fort No., 1 and

one bank, bank A,

The logic utilized in this section is grouped as follows: Port select,

" address decode and reset early logic which provides fbf (1) selecting a

particular port for interface with memory

.y . L

(on a port priority basis), (2) for

221 /2-2
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decoding the address for memory bank selection; and (3) for establishing

a memory reset condition; the memory address register logic which supplies
temporary stbrage for the selected memory address during the memory cycle;
the memor& information register logic which supplies temporary storage for
data during the memory cyéle; the MPM timing and control logic which pro=-
vides the memory timing cycle and the port to/from memory data transfer sig-
nals; and the current direction and memory timing logic which supplies the
timing signals to control the direction and application of core driveline

current.

2-3. . ADDRESS DECODE-RESET EARLY~PORT SELECT LOGIC

A poft user requiring the use of the core memory will transmit a memory
request signal. At the receipt of this signal the 16 memory address bits,
which are-aiso. presented by the port user, are examined to determine

if the address is within eithe'r bank (BMU) connected to the MPM, The

basic I'PM contains memory address select switéhes for ports lyand 2 which
define the starting address in terms of 8K increments for two banks of
memory and the BMU supplies a rﬁemory-size signal (8K or not 8K) which indi-
cates the size of each bank, 8K or 16K. The MPM also contains port disable

switches to break with a particular port user.

If the port is disabled, fhe memory request from the port user is not
recognized and alsoc the user r;;et—e;rly signal cannot res#t the memory
timing cycle. If the port has not been disabled and the memory address is
available, the following ;vents take place: A memcry;addréss-here signal is
developed and the memory timing cycle circuitry is enabled in the MPM timing
and control logic; a port-to-memory gate is developed to connect the selected
port to the selected memory bank and the memory-address~here signal is trans-
mitted to the port user. A port-select transfer signal is also developed for

transferring the address bits to logic within the MPM, and after the memory timing
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cycle has started a memory-request-release is transmitted to the
port user permitting the user to drop the memory request and change the

address bits,.

fers those address bits (14) to the memory address register associated
with the bank which is addressed. At the same time, three of the address
bits are also selected for decoding by the current direction and memory

timing logic.

The MPM has two modes of priority determination between ports; the mode
is selected by the setting of the priority-normal toggle switch. When
the priority-normal switch is set to normal, port select logic selects
port 4, port 3, port 2 and port 1, in this order. If two or more memory
requests are received at the same time, the port with the higher priority
is processed first, then each one in descending ofder is processed before
any new requests are considered. This prevents high data rate devices

from locking out other devices.

When the priority-normal switch is set to a position other than normal,
a straight priority scheme prevails where the higher priority port may

use every memory access to the exclusion of the other ports.

2-4-. MPM TIMING AND CONTROL LOGIC
After the address-here condition has been satisfied and the MPM timing
and control logic has been enabled, the following events can take place:

If the memory is not busy with a previous request and a port has not



commanded an early reset (return to initial condition) of the timing cycle,
the memory timing cycle (read/write sequence) is started at th§ receipt of
the first clock B pulse from the CPU, This clock pulse is used only to

synchronize the beginning of each memory cycle; after the cycle has started

the memory timing and control is asynchronous.

The MPM timing and control logic provides & timing delay line with the
necessary control circuitry. A full timing cycle comnsists of two consecutive
transmissions through the delay line, Pickoff signals at specific time-from-
start points on the delay line establish the time for certain events to take
place during the fead sequence (first transmission) and the write sequence
(second transmission). The pickoff signals determine the on/off time and
direction of the driveline current in the BMU as well as time to generate

strobe signals for the sense line circuits.

2-5 MEMORY ADDRESS REGISTER LOGIC

At the time port priority has been established, 14 of the 16 original address
bits from the port user are transferred (by the port-select transfer signal)

to the memory address register associated with the addressed memory bank (refer
to paragraph 2~3). These address bits enable the X and Y driveline circuitry
associated with specific core locations in memory. The addressed bits are
latched in the register until the register is reset near the end of the write

half cycle of the memory cycle.

2-6 CURRENT DIRECTION AND MEMORY TIMING LOGIC

Reading out of or writing in to memory involves the requirement to establish
coincident X and Y current at the cores selected for information; part of the
address, therefore, determines the direction of each current in relation to

the other (both positive or both negative).
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When a port has been selected three bits of the memory address are converted,
by the current direction and memory timing logic, to X and Y current direction
codes. ThQse codes are transferred by the port-select signal to an X and Y
driveline timing circuit within the same logic group. During specific phases
of the timing cycle, these codes are used to develop the twelve X and Y drive-
s

line timing signals which turm on the positive and negative current and voltage

driveline awitches in the BMU,

2-7 MEMORY INFORMATION REGISTER LOGIC

The memory infomatioh register logic group contains a memory information
register for temporarily storing 17 bits of data r§ad out of memory or pre-
sented by the port user, and additional circuitry for restoring data back into

memory or writing new data into memory.

A mode control signal (read or not read) from the user determines the source

of data written into core during the write portion of the memory cycle.

At the beginning of the memory Eyclo, if the logic state of the user's mode
control signal is at the hyo‘l to select the read mode of operation,l? bits

of data are strobed from memory to the memory information regiéter and .transo
ferred from the register to the port user. During the write half cycle portion
of the memory cycle this data is gated back into memory (data restore operation)
through the inhibit circuitry in the BMU, |



At the beginning of the memesSy timing cycle, if the logic state of the
user's mode control signal is at the level to select the write mode of
operation, the transfer from memory is inhibited during the read half

cyc}e portionsand the i@ bits presented by the user for writing in to
memory is transferred, during the write half cycle, through the inhibit

circuitry.

The memory information is cleared (reset) near the end of the write
half cycle of the memory cycle by the change in the logic levels of the

mode -control -sighal and/or the port-tosmemary: gata.

2-8.. PARITY BIT STROBE LOGIC

The parity bit is generaged by the user, and since 16 bits of data must
be assembled baf#Pe this bit is generated, it lags the data presented
and is processed separately. The MPM section provides the circuitry
to transfer the parity bit from memory (parity bit A) to the port user,

and strobe the parity bit from the user (parity bit B) into memory.
2.4, BASIC MEMORY UNIT (BMU) SECTION

The basic memory unit section receives 14 bits of a décoded address on
parallel address lines. These address bits locate the core storage

area for writing in or reading out information in memory. Two separate
groups of data lines are provided for the input and output of 16 data
bits (plus parity.) There are no registers in the BMU and therefore

the MPM section of the basic memory system performs the storage function
of the address and data bits during the memory cyclg. The memory cycle'
(read and write sequence) is controlled by timing pulses generated in

logic circuits also provided by the MPM section.

At the beginning of the memory cycle, if the read mode is selected, data is
' 2-9
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port memory information register for output; conversly, if the write mode
is selected, data from the cores are blocked during the read portion and,
at the beginning of the write portion of the cycle, port input data is

transferred to memory on the write data lines.

The BMU employs a 3-wire (X,Y, and sense) memory system or what is known
as the 2-1/2 D organization. The system does not have an inhibit wire; the

¥ wire is common to both core driving and inhibiting.

The logic ﬁtilized in this section is grouped as follows: The X and Y
driveline logic which drives the magnetic memory cores, the memory sense

and preamp logic which provides signal amplification and discrimination when
reading out a core, and additional logic necessary to support the drive

and sense circuitry.

2-i0, X AND Y DRIVELINE LOGIC

Each magnetic core represents a bit position in memory and is located by a
unique set of X and Y drivelines and each line‘is driven by bipolar current.
and voltage switches. BEach line carries one-half the current required to
change the logic state of the core. Predrive switch circuits, selected by
address terms and gated by X and Y driveline timing signals (12) from the

MPM section, drive the bipolar current and voltage switches.

Each bit plane has an inhibit circuit which controls current flow through
a selected Y driveline, this inhibit action prevents (writes a zero) or

allows the writing of a logic one in an addressed core.



“he BMU contains protect features which prevent damage to the X and Y .
driveline circuitry when abnormal airflow, voltage or timing conditions

exist. Refer to BMU ancillary logic, paragraph 2-{Z..

2-t}. MEMORY CORE SENSING AND PREAMP LOGIC
The logic state of each bit position (core) in a word is sensed by a

sense wire threaded through the core together with the X and Y drivelines.

During a read cycle, the address select circuits in the X and Y driveline

logic feed current through the appropriate X and Y drivelines. If the

currents are additive in either the positive or negative direction the

core switches from one polarity (representing a logic one or zero) to The
.other. This switching of the logic state causes a pulse on the associa-

ted sense line. At the arrival of the senseline strobe signals generated

in the BNU ancillary logic, paragraph 2-17, the pulse is amplified by the

selected preamp circuits, and discriminated and~een1§rtedfby.aenscfanplifier

circuits to a convential logic level. These logic levels (data) are fed

onto the memory read data lines for memory information retister output to

the selected port user and back to the core.

2-\2., BMU ANCILLARY LOGIC

iThe BMU ancillary logic provides protect features which prevent damage to
driveline switches when power drops below‘opérating limits er timing éon-
ditions exist; data-save is also. provided. The ancillary - .

logic also augments theé -drive, predrive and sensing circuitry.

This logic group is mechanized by airflow and veoltage monitor circuits,
timing pulse protection circuits, a predrive disable circuit, voltage
generation and regulation circuits and preamp select and strobe driver

circuits.
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243, Airflow and Voltage Monitor Circuits
The airflow monitor circuit senses airflow rate (fan-vane position) of

either of twé cooling fans installed in the bottom section of the memory b
frame; and provides a signal to disable the PT-17B power supply (power
shutdown signal.) '

During power-up or power-down cycle, the memory disable signal from the
power monitor circuit is used to override the airflow monmitor circuit oufput.
This action prevents false tripping of the PT-17B circuit breaker during a

temporary low-fan<power coh@itien.

" The voltage monitor circuit senses the value of +8V, +4V, +24V, and -8V

supply voltagda and causes a predrive disable circuit to be activated

when any of these voltages fall below predefined limits. In addition to

activating the predrive disable circuit, this monitor allows a memory status

signal to go true (memofy not operating.) The memory status signal is true

when the output of both the voltage monitor and airflow monitor circuits is
to the MPM section

true. (Note: Although the memory status aignal is made available/through

the logic contained in the BMU, it is not used in the Sigma 3 configuration.)

2=, Timing Pulse f;gtoct;og Circujts

Zach pair (pos & neg-X or pos & neg-T) voltage switch timing pulses are

guarded against overlap by the provision of delay latch. circuits in the

ancillary logic. These circuits control minimum apacinglbetw;on p-;fttvd/cnd nega-,
tive timiag puljot' to prevent damage to the eorroapondingbvoltago switéfhes.

when switching from a read to a write opirafion. The latches also prevent

damage due to complete loss of timing pulses. An interlock signal grounds

the timing pulses in case the ancillary logic module is removed while the

power is still applied.



2-5, Predrive Disable Circuit

The predrive disable circuit prevents memory accessing by grounding the
predrive circuits in the X and Y driveline logic during the following
conditions: Power turn-on/turn-off cjclc-, airflow failure and voltage
fail;re. During power trun-on/turn-off cyclés, the memory disable signal
activates the predrive disable circuit. The output from the airflow and
voltage monitor circuite (paragraph 2-43) activate the predrive disable

circuit during airflow failure and voltage failure.

The predrive disable circuit causes data to be saved and damage to the

voltage switches is prevented when power drops.

2=l Voltége Generation and Regulation Circuits
The voltage generator and regulator circuits in the ancillary logic provide

for the following: (1) Discrimination level voltage (threshold) for the
sense amplifiers in the memory core sensing and preamp logic, (2) Start
level voltage for the sense amplifier strobe driver, (3) Bias voltage for
the current source circuit in the preamplifier circuit, and (4) Bias

voltage for the X and Y voltage switches developed from the driveline

voltage.

2-Y}. Preamp Select and Strobe Driver Circuits
Two timing pulses from the MPM section (memory strobe enable) are used to

activate the preamp select circuit and the strobe driver circuit in the
ancillary logic. Two address bits and one of th§ timiﬁg pudses turnon

the preamp select ciréuit which generates one of the sense line strobe
signals used in the memory core sensing and preamp logic. The other timing
pulse is used to gate the strobe driver circuit which gesherates.the re-
paining. senseviine .strobe-signal.” Refer to-paragraph.2:\ for applicatien.

of these sense line strobe signals.

2-13/2-14



SECTION III

DETAIL PRINCIPL=S OF OPERATION

3.1,  INTRODUCTICN

Tris section contains detail descriptions of the logic and the mechanization
of the logic used in the sigma 3 Core riemory system in the performance of the
required data access and storing functions of the Sigma 3 Computer System,
Ihis section follows the outline of Section II, however, the logic groups

are further divided in order to key the detail principles of operation to the
Engineering Support Manual (ESM) 902401, Sigma 3 Core Memory (hereafter
referred to as ESM 902401). The text content is based, generally, on figure

3-4, Detail Principles of Operation, Block Diagram.

individual logic diagrams are used throughout the text to support the de-
tailed descriptions of the mechanization of the logic equations contained

in Section I of the 53F.902401.

A module location is designated by a code representing the module position
number (slot) in the chassis and the chassis position (row) in the frame.

The module slots are numbered (01 - 32) as viewed from the module-inser-

tion side of the chassis. The chassis positions (9) are lettered A through J.

(excluding I) beginning at the top of the frame. An example of module

location is as follows:

. Module Location
_J_ ~ (Slot number)
27 B
T - ‘ Chassis position

(row letter)



In most cases another code is added to the module location code to desig-

nate the type of module, as follows:

[ Module Location Code
275/AT63 |
Module Type

The information contained in this section pertinent to the Sigma 3 Core
Memory power is general technical coverage. For detail theory of operation
and maintenance nfox; to the applicable Data Package for tho PT-14B,
PI-15B, PT-16B and PT-17B power supplies; 901655, 901656, 901657 and

901658, respectively.

3-2 SIGMA 3 POWER DISTRIBUTION

Figure 3-1, a block diagram of the Sigma 3 Power Distribution, in included

- in this section.in order to show the position of the Sigma 3 Core Memory

in the overall power supply structure.
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wWhen the POWER switch on the Sigma 3 Computer system processor control panel
(PCP) is pressed, 3 phase, 120/208V, 60 aliay, facility power is applied to
the first internal power supply, PT-lkB; The PT-14B supply converts the
facility power to 60 VDC to power the PT-15B power supply. Also, a 120V,
50/60 mBz output . - Irom the PT-15B is Qiiildﬂ to a power junction box

for distribution within the system,

The PT-15B power supply converts the 60VDC to an ac voltage of 109V,

1800 mHz which is connected to the power junction box for distribution to

the fT-lGB and PT-17B power supplies. This voltage (109V, 1800 8H3z) is also
available to peripheral stations and the power junction box in other cabinets

of the computer system.

The PT-15B also contains circuitry which monitors overvoltage, overload and
fan failure. Wwhen anyone of these conditions prevail, the main circuit

breaker in the PT-14B is opened, disconnecting the facility power. If the

' power fail safe option is included in the Sigma 3 System, PT-15B will contain

power monitor circuits. Refer to paragraph 3-3 for detail description.

The 120V, 50/60 mEz junction box output is used to operate the fans on the
CPU and memory frames and is available as auxiliary power for -other general

applications.

The PT-16B power supply converts the 109V, 1800 mEz vpower from the PT-15B
to regulated dc power for logic circuit 6peration: The d¢ cutput is +8 V, =8 V,
+4 V and is made available to all logic circuits in frame No. 2 through

bus-bar assemblies mounted on the frame.



iwo pip tails terminating in connectors Fl and F2 from the PI-17B power
sunply (refer to figure 3-2) are connected to 109V, 1800 mHz and 120V,

50/60 mHg, respectively, from the system junction box. PT-17B converts the
109V, 1800 mHz to two regulated dc voltages. Cne voltage is VC, a non-
Zdiustable +24 volts used for the predrive circuits in core memory. The
othier, an adjustable nominal +22 volts is used to ‘drive the X 'and Y ‘drivelines
in core memory. These voltages are distributed to both BNUS via the core
voltave bus-bar. The 120V, 50/60 mHz is routed out through connectors

-5 and P4 to the upper and lower frame-ventilating fans.

The memory logic circuit operating voltages are cabled (7) from the voltage
bus-bar on frame No, 2 from the PT-16B power supply. These logic operating
voltages are distributed to all chassis in the memory frame (No. 1) via the logic

voltage bus-bar.

3~3 MEMORY PROTECT FEATURES

.During power turnon/turnoff or failure the power monitor system (optional)
generates signals which provide for the selection of two interrupt levels
(CPU option), a system reset-early sequence (MPM), as well as a signal to
the predrive disable circuit in the BMU to protect the voitage switches in

core memory.

Le predrive disable circuit is also enabled when a voltage monitor circuit

in the BliU detects the dc power supplies have dropped below the following

limits: 4 +3V supply £ +6V .
+4V supply = +3V
-8V supply < =4V
+24 supply < +20V

T:e voltage monitor circuit operates independent of the power monitov

system output.
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Figure 3-2. Power Distribution to Sigma 3 Core Memory




3.4,  POWER MONITOR SYSTEM

Refer to.figure 3-3., The 60 VDC input to the PT-15B power supply is moni-
tored, which in effect, is monitoring the facility input power to the

PT-14B power supply. When power is turned off or there is a power failure,
IONEN (powerwon enable interrupt) and IOFF (power-off interrupt) are true.
IOFF is true for 5 milliseconds during which time the CPU performsh7aeftware
interrupt subroutine to store all volatile registers to prevent critical
program loss. At the end of 5 milliseconds, an ST (start/stop) signal

~ goes true and stays true until the output of the dc supplies have decayed

to a minimum of 15% of the initial values.

The ST signal is one of two possible input &ignals to the reset-early
circuit (paragraph 3- [0 ) in the AT63 module in memory (MPM) where it
inititates the reset-early sequence. During the reset-early sequence,
memory port input is inhibited and latches are drbpped on MPM timing logic.
The ST signal is also applied to a special line receiver circuit in the
WIT10 module (BMU). This circuit prevents damage to the predrive voltage
switches (when power is unstable) by grounding the drive voltage (VC) at
predrive resistors, YVPR and XVPR., Refer to ESM 902401, drawing No. 153726,

sheet 4, for further details.

When power starts up (or turned on) ST goes true and after 3 microseconds
STM enables the predrive disable circuit. ST stays tfue until the dc

power supplies are stabilized (1 to 3 seconds). -When ST .goes figlse, ION
(power-on intefrupt) is true and the CPU performs a subroutine to restore

all critical conditions existing prior to the power-off state.

The LFC (PWRFREQ) line frequency clock is the output of a schmitt trigger
circuit—in the AT67 module and éanpbeiuacdallilnutnput"boucauntéxi,4' 3.

and-2.in the CPU-internal priortty -interrupt: systenm.
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Figure 3-3. Sigma 3 Power Monitor System (Power Fail-Safe) and PT17B Shutdown



3-5, PT-17B SHUTDOWN

The BMU provides an airflow moﬁitor circuit which monitors the temperature
of the lower memory frame fan areas. ®he output of two thermistor circuits
instal;ed on the WIT10 module is input to the monitor circuit. Wwhen the
monitor senses airflow failure (rise in temperature) PSSDOFP (which is nor-
mally false) goes true and turns on a circuit in the VC and VD overvoltage
monitoring circuit on the WT61l module in the PT-17B power supply. (Refer to

the associated ESM, Section II, drawing No. 153726, sheet 4.) 4 subsequent

pulse generated by the overvoltage circuit triggers the SCR in the PT-17B power

supply which in turn triggers the circuit breaker (CBl).

The ST signal from the power monitor system (paragraph 3-35 is also used to
keep POSDOFP low during power turnon/turnoff se@uence and therefore not

trigger the PT-17B circuit breaker if the airflow fails at this time.

3=H. SIGMA 3 CORE MEMORY LOGIC

Sigma 3 Core Memory logic is documented in Section III of this manual and in
ESM 902401. The cifcuit diagrams in this section are keyed to the line
numbers in the Logic Zguations, Pin List an& Pin Index in Section I of the
associated ZSK. The text contained in this section is referenced to infor-
mation contained in Section II of the ESM 902401 for Logic Glossary and

further details pertinent to ecircuit descriptions.

Figure 3-4, Detail Principles of Operation, Block Diagram , is an overall
representation of the logic involved in the Sigma 3 Core liemory. Priﬁary
internal and interface terms associated with the system are shown. Terms
at the port interface are enclosed within two diagonal lines / /. The
first character, if a number in the compiete term, represents a port

(1, 2, 3, or 4); or if a letter, the letter represents a memory bank (A orB).

The second character , if A or B and preceded by a port number, is the
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memory bank A or B. Three typical complete logic terms are:

.o

-l Port (1, 2, 3, or &)
1l

MRR

Term (Memory Request Release)

‘[ Memory Bank A or B
APSEN

Term (Port Select Enable)

Port (1, 2, 3, or &)

}'J_ Memory Bank A or.B
1A

Term (Memory Address Here)

The letter iV preceding a complete term designates the negation of the term.

3.7,  SIGNAL DISTRIBUTION

Refer to MPM Cable Table ESM 902401, Section II, drawing 155369, MPM Module
lLocation Chart 153272, and BMU Module Location Ghart 153726.

The major portion of signal distribution, externally between a user and a
memory port and internally between the MPM and BMU sections, is achieved
through ribbon cable assemblies. Two ribbon cable assemblies (ZT45), term-

inating in etched-circuit boards at right angles to the cables, distribute

signals between the MPM and BMU sections (two for each, bank A and bank B).

The ribbon cables extending from OlD to OlK and O1F to OlJ distribute the

signals listed in the Interface Table in 153726.
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The major portion of the MPM logic is mechanized using the 309 buffered
latch. - Figure 3-5 includes a logic diagram showing the AND/OR input to
a typical buffered latch and a general description of circuit operation.
Ali registers, the major portion of the MPM timing and control logic and
stack phasing (current direction) logic are mechanized using the 309 buf-

¥

fered latch.

3-13/3-14



901594

BUFFERED LATCH

M
L l>o——>BL

.

— . —“>}—-!>O—-—>NBL

— A - l 309 l

CIRCUIT OPERATION: WHEN THE ERASE TERM (E) IS HIGH, BL FOLLOWS THE MARK (M) INPUT
TERM AND NBL IS THE INVERSION OF BL. IF THE MARK (M) TERM IS
LOW WHILE THE ERASE (E) TERM IS HIGH, OUTPUT BL IS LOW AND NBL
IS HIGH. THEREAFTER,IF E GOES LOW WHILE M IS LOW, BL AND NBL
REMAIN LOW AND HIGH, RESPECTIVELY. SUBSEQUENTLY, IF M GOES
HIGH, OUTPUT BL GOES HIGH AND NBL IS LOW AND THIS OUTPUT
REMAINS REGARDLESS OF CHANGES IN M, UNTIL E GOES HIGH AGAIN

BL

|

NBL

JE
1

901594A.305

Figure 3-5. Buffered Latch, 309
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3-9 ALDRESS DECCDE (PORT ADDRESS-HZRE) LOGIC

Fort address-here logic is implemented separately for each port and bank
connected to an MPM so that any port can connect to any bank, independently.
The logic descriptions for one pprt and one bank are identical for all ports

and both banks, therefore, the following description covers port 1 connected

" to bank A.

3-16

The input to port address-here logic is as follows: (1) memory request
/1¥Q/ and the most significant address lines /1100 - 1102/ from the port
user, (2) starting address information for each port from switch logic
(1ASW0 - 14SW2), (3) not-port disable (N1DISABLE) information from switch
logic and (4) memory bank size information, 8K or not 8K (16K) from the

BMU section.

Refer to figure 3-6. An STlhk module in position 08C provides the toggle
switches for switch logi¢ inpat to the addresé decode logic féf bank A,
Three switches, each, are provided for ports 1 and 2 for setting the
starting address for each port for bank A of memory. Two switches are pro-
vided to disable port 1 or 2, if required. Table 3-1 provides a reference
for switch designations and locations for a complete system of 4 ports and

2 banks.



Table 3-1. Port iddress~Here Switch Designations and locations

Switoh No. For | Switch No. Por| Module Switen No. For
Starting iddress E214 Priority-
MPM: 2 er 2 | Port | SWO | SWl | SW2 Port Disable Locatiog Neo
1 5 4 3 15 08¢
Bank A 2 I 8 1€ L 08¢ 2 on 08C
’ 3 5 L 3 2 o2c
4 9 8 6 15 ‘02¢
Bank B 1 b 8 3 - 04C
2 ? 8 6 - 04 14 on 08C
3 2 1 u - 04C
. 4 15 14 12 - 04C
i :
[ e —
Table 3-2. Port Address-Here Decoding
Memory iddiress : Starting iAddress Bank Size L-Lines
Degimal Hexidecimal SWO | 8wl | Swi Tera BSK e 1 2
0-8191 0000-=1FF? ] 0 0o High o 0 ©
0-16383 0000=3777 0 0 0 low o 0 o
or
0 0 1
8192-16383 2000-3777 0 0 1 Low 0O 0 1
163B4-24575 | 4000-5777 0 1 o] High c 1 0
1638432767 | 4000-7¥FF o] 1 0 Low 0 1 o
or
0o 1 1
24576-32767 | 6000-7FFF o 1 1 Low o 1 1
12768-40959 | 8000-9FF? 1 (¢} 0 High 1 0‘ [+]
32768-49151 | 8000-BFFF 1l 0 0 Low 1 0 o
or
. . — 1 0 1
.80960-49151 | AOOO-BFFF 1 o} 1 Low 1 0 1
49152-57343 | COO0-DFP? 1 1 o High 71 1 0
49152-65535 | COCO-FFFY 1 1l 0 Low 1 1 0o
or
1 1 1
57344-65535 | EQCQ-FPIY 1 1 1 Low 1 1 1
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All input to the address decode portion of the port address-here logic
must establish a false condition to have selected a legal address in bank A,
Refer to table 3-2 showing the address-here decoding method. Table 3-2 is

used in conjunction with figure 3-6, in the area showing module 26D/IT24.' .

The following is an example oflconditions used to detemmine a legal address.
Assume the following input to the address decoding logic: NLASWO, N1ASWl

and N1ASW? ind+cating a starting address of zero. The A8K term from the BN
is low (bank 4 contains a full 16K). The L-lines are N1LOO, N1LOl and

1L02. Under these conditions not one of the input AND conditions is sat-
isfied, therefore the address is legal. However, if the A8K term is high
indicating bank A has only 8K, the AND condition N1ASW2.1L02,A3K is satisfied,

therefore the address is illegal and 1AMAH is inhibited.

“hen the address decode has determined a legal address, the 1AMAH term can
zo high if there's a memory request, the port is not disabled and a reset-
early -.as not been generated. The YAMAH term is used as input to the

menory-start cycle logic in. memory timing and control logic and as inpuf

to the priority logic in the port selection logic.
The 1AMAH or 1BMAH term:-is selected as the 1MAH output to the port user

through a buffered latch on 08E. The inversion of 1¥AH is also sent to

the port user.
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3-10. RESET-EARLY LOGIC
' Reset-early logic inhibits memory access and initializes all logic in the
MPM section. The reset-early logic also provides signals to the port user

to reset ihternal logic.

There are several donditions which could occur in the Sigma 3 Computer
System operation which would cause reset-early (RSTE/1/ - /4) to go high.
RSTE/2/1 - /4 is generated and reset-early is initiated when the RESET
button on the PCP panel of the CFU is pressed or the automatic reset feature
on the FCP panel is utilized, or a system reset is generated by users on
ports 2, 3, or 4. Also if the power monitor system option has been included

in the system the ST term from the monitor system will injtiate an RSTE/1,

In any of the previously described conditions, the arrival of an RSTE/2

or an ST at the reset-early loéic will initiate the following sequence of
events (refer to resef-early timing diagram on figure 3=6:) RSTE/2 or ST
is high at the input to reset-early logic and alsc to a 5 microsecond délgy
line in module 27E/AT63. Aftgr a 1.5 microsecond delay RSTE/1 goes high
and remains high for aminisum of 5 microseconds or as long as RSTE/2 or ST
remain high. RSTE/1/1 - /4 are used by the associated port user to control

internal logic.

During the time RSTE/1l is high, NRSTE is low thereby inhibiting MAH for all
ports. Also, during the time RSTE/1 is high, RST is high and

1lifts all latches on all MPM timing termss RST-1 through 4 are used by the
associated port user to reset in;erqal 1ogic. RST-5 holds NRST low; NRST
is used to disable certain key timing signals (refer to equations at lines

0151300 and 0151800 in Section I of the ESH). With NRST low ARHC is not



'generated, APS/E is high (refer to figure 3-9).and the latches are reset on
all port select and memory address register logic as well as current phasing
logic; also memory strobe signals are inhibited., RST-6 resets the latches on

all port-tao-memory gates (AG).

While RSTE/1 is high, at each clock B (approximately every 325 nanoseconds)
the memory timing delay line is restarted (refer to figure 3-7). This re-
cycling of the memory delay line is to insure all timing latches are initialized

(the mark input low) when the erase term (RST) goes low again.
Within 500 nanoseconds after RSTE/2 or ST goes low, RSTE/] is low. At the

next clock A, NRSTE goes high, and at the following clock B, NRST goes high;

when NRSTE is high the memory may be accessed again.
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3.11., MPM TIMING AND CONTROL LOGIC

The Kill timing and control logic provides the overall synchronization for
a memory cycle, The circuitry consists of a 600 nanosecond delay line,
the delay line sensors and 309 tuffered latches for ceatrol sigmal -~ .
generation. The Sigma 3 MPM provides separate timing and control logic

for each bank connected to an MMM,

The memory cycle is divided into two halves; the first half is the read half
cycle, the last half, the write half cyclé. The two half cycles are providéd
by recirculating the delay line at the end of the read half cycle. Each mem-
. ory cycle always consists of a full read half cycle followed by a full write

half cycle. There is no provision for a partial cycle.

The delay line is tapped at specific intervals (between ATLO20 - ATL430)
and these taps are sensed by delay-line sensors, the output of which
(ATS020 - ATSL20.N430) is applied to buffered latches. The buffered latches

nrovide the MPM control terms.

Refer to figure 3-7 and 3-8. The memory timing sequence is as follows:

The previous cycle ended with NABUSY latched high. If a legal address

(AMAH) has been established in the port address-here logic, startsA-time -

liné (S/ATL) will go high at the arrival of a clock B pulse and the delay

line is stgrted. The clock B pulse is derived froﬁ not-cloek-A enable (NCLAEN)
and the 6 MHz pulse,both from the CFU, and is used only to synchronize the
beginning of each memory cycle; After the cycle has started, the memory

timing and control is asynchranous.

Jutput ATS020.NO8O from delay line sensors are returned to the input of the

delay line to develop a theoretical delay line pulse width of 60 nanoseconds. 3-27
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In actual pratice, however, logic and other circuit delays will cause the
delay line pulse width to range between 90 and 120 nanoseconds. The MPM
timing diagram in Section II, drawing No. 155365, sheet 7, of the ZSM is

by
derived/taking this tolerance into consideration.

The read half cycle (ARHC) is actually started at ATS020; ARHC goes high
when NRST,NABUSY,ATLO20 (0151300) are all high.and is:latched high until
ATS4L20 of the read cycle. ABUSY2 goes high at ATSO60 of the read cyéle and
th; inversion of this term (NABUSY2) is used to control the buffered latches
in the port select an%\memory address register logic (figure 3-9). The

term NABUSY2 enables the port-to-memory gate (AG) to enable the selected
port to control the associated memory information register (Mﬁ), as well

as latch the current direction (stack phasing) logic (figure 3-12).

At ATS080 of the read cycle sense-decode enable (ASDECEN) is high to enable
the preamp select circuit in the BMU. At ATS100,NABUSY goes low causing

the port-select enable (APSEN) term to go low inhibiting further port
selection during/:ﬁgory cycle (refer to port select logic paragraph 3-11.)

At ATS180 in the read cycle,not-time-for sense strobe (NATSQ%B)ggneSLlawﬁto
the strobe driver circuita in the BMU and, at a point between ATS180 and
ATS340 data is strobed from the sense lines onto the AMD lines in the
selected port memory information register (MR). With ASTROBZ high at ATSL20,
lAG.STROBEiis high and data is gated to the selected port ﬁser if the read

mode of operation was selected.

At (ATSA20Q.M480Q),NARHC goes high and pulls the write half cycle term (AWHC)
high. The AWHC term is latched high with ABUSY/E held low by NASTROBZ,
Also at AT53420, with memory write gate (AMWGATE) previously latched high,

the delay line is recirculated (starting at T zero); this is the start of —
| 3-29/3-30
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the write half cycle. At this time, if the write mode of operation was

selected, data from the port user (MW) is transferred to the MR.

At ATS160 in the write half cycle, NASTROBE goes high enabling ABUSY/E to go
high at ATS5340.NS4LOO. When ABUSY/E goes high the latch is dropped on AWHC

and NABUSY, With NABUSY high, a new memory cycle can be initiated.

A start-A-time delay line (S/ATL) can be generated when 1lAMAH is inhibited

during a reset-early (RSTE/1) sequence as described in paragraph 3-10.

3-12 DPORT SELECTION AND MEMORY ADDRESS REGISTER LOGIC

It is possible that all four ports will present memory requests (MQ) simul-
taneously to the same bank and memory address~here conditions can be esta-
blished for all ports. Since only one port may access memory at a time, the
port selection logic is repeated for each bank connected to an MPM. The output
of the port selection logic (APS and AG) are gating signals with the primary
purpose to enable memofy address and data transfers between the selected

port and the correct bank.

fort priority is established in one of two modes depending on the position

of the APRIORITY-NCRMAL switch located on card 08C (refer to figure 3-6.)

3-13,  APRIORITY-NORMAL True

In the true position (down) the APRIORITY-NGRMAL toggle switch seiects the
port priority mode which effectively selects all ports,with an AMAH pending
at one time,and connects each in a priority sequence until the lowest
priority port has been serviced. In the evant of two simultaneous requests,

the lower priority will wait only a maximum of one full memory cycle
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(in addiﬁion‘to the remaining portion of the current cycle, if any) after

raising the memory request line.

Refer to figure 3-9, 3-10 and 3-1ll. At the ond.of a memory timing cycle,
NAPSZ/E is low due to NATI (not-A-time inhibit) going high. NAPSZ is low
since one of the conditions satisfying the mark input (ARHC) is low causing
APSZ to be high. NABUSY was latched high near the end of the previous

memory cycle and this condition allows the APSEN term (port-select-enable for
bank A) to go high. Assume two address-here conditions are simultaneously
met; 3AMAH and 4AMAH, Raising MAPE.-(0087300) depends on only APSEN, 4AMAH
and NABUSY-1 to be high, therefore port 4 is serviced first and the L-lines
(/4L02 - /4L15/) from port 4 are latched in the memory address register for
bank A. At the.same-time thm:port-to~bank.i memotry gate (4HAG) is latched
high by NABUSY2 (low) and 3APS is held low by the inverted LAPS term (N4APS).
A memory cycle started with 4AMAH high and, at ATSO20, ARHC goes high making the
mark input to NAPSZ high,causing APSZ to drop low. W¥When APSZ is low port-
seléct enable (APSEN) is low and shei.séart of another :port priority:sequence
is inhibited.during this memory cycle. At ATS100 the latch is dropped on '
NABUSY. bringing term 4APS low; port 4 can change address lines in anti-

cipation of the next request.

With 4AG and ARHC high, memory request release (4MRR) is high to the port
user at ATSO80 (figure 3-11), After the arrival of /4MRR/, the port user
will drop the memory requeat (4 MQ) before the end of the read cycle (NRHC)

at ATS420; dropping 4MQ will cause LAMAH to drop. At ATS420 APS/E goes

high to 1ift the latches on all port APS terﬁs. However, only N4APS gbcs high
since N1APS and N2APS are already high and N3APS/4 is latched low by 3APS/E;

3APS/E is held low by the 3AMAH term remaining high.
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Figure 3-10. Port Selection Timing Diagram
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Figure 3-11. Memory Request Release Logic




When ARHC goes low at the end of the read cycle, the mark input to NAPSZ goes
low. The NAPSZ reset term NAPSZ/E does ﬁot change state when NATI goes

low at ATS060 of the write cycle due to N3APS/4; this condition keeps APSZ
low which will keep APSEN disabled. With APSEN low, if port b tries another
request during the current cycle, it will not be serviced. When NABUSY

gzoes high at AT3340 in the write cycle, 3APS will go high and the address
lines (ASO2 = AS15) will reflect port 3 L-lines when NABUSY2 goes high at
ATSL0O0. Aiso,svhen-NABUSYz goes high the latch is lifted on 4AG, removing

port 4 from memory and 3AG goes high connecting port 3 to memory.

The next memory cycle starts with the remaining 3AMAH still high; APSZ

and APSZN are &£i1]1 low and with the port-select enable term low, port .4

is inhibited from service, After /3MRR/ is sent to port 3 at ATSO80 of
the read éycle, vort 3 will cause 3AMAH to drop low before ARIHC goes low
at AT34L20., #ith both 3AMAH and ARHC low, 3APS/Z will go high, lifting

the latch on N3APS/4, When NATI goes low at ATS060 in the write cycle,
all conditions to satisfy NAPSZ/Z will be met and APSZ will go high. With
AP3Z high when NABUSY goes high at ATS340, APSEN will go high allowiné the

initation of another port priority seguence.

4
345,  APRIORITY-NORMAL False

In the false position (up) APRIORITY-NCRMAL toggle switch selects the priority
mode which will service port requests in a straight priority sequence, Fort &
has the highest priority and port 1 the lowest. Multiple requests by a
higher priority port will be permitted access to core. Using the same

example set up in paragraph 3-12 for APRICRITY-NORMAL true, the detailed

sequence of the port selection is as follows: Port 4 will be connected in
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an identical manner as outlined in the second paragraph under patragraph 3-12.
However, the condition met at ATSO20 (ARHC true) has no significance since
APRIORITY-NQRMAL is fadse. With NAPSZ/M and NAPSZ/E low, APSZ is latched

high and stays high throughout the entire memory cycle. With APSZ high, a

port request from a higher priority port is not imhibited during the currest

memory cycle.

The remaining steps in this prigrity sequence are the same as tholq ouflinod
\in APRIORITY-NORMAL true with the exception that at ATS340 of the write cycle,
NABUSY goes high bringing APSEN high to enable a new port selection. If

port 4 is able to request access to bank A again (4AMAH) prior to or simul-
taneously with NABUSY high at ATS340, port 4 will once again assume control
of memory as described in the preceding paragraphs and 3APS term will be
held low with N4APS, Port 3 will have to wait one (or more) memory cycli (s)

to gain acceas to core.

3«15  Memory Address Register Logic

The basic MP¥:¢asaeibly:i1493953:provides~the memory address register (S)

for memory bank A. When bank B (optional) is added and identical memory
address register is provided for bank B, The Borogtltor.is a lb-bit register

which tcl‘.rl:tluy#ltur-idthnznd-ﬂt;giddrnsa during the memory cycle.

Refer to figure 3-9. The memory address register for bank A is contained
on FT68/FT83 modules in positions 03, O4 and 07 in chassis D. The FT68/¥r83
modules contain 309 buffered latches; these latches form the Seregister,

When a port (or ports) raise a memory request,the L-lines (102 - L15) from
the port are presedt:at:the-inpni gatse-sef-she memory address register.

When the port selection logic determines which port will access memory, the

o~



associated APS term gates the L-lines to the BMU on the ribbon cable assembly

from OlZ in the MPM to OlJ in the BNMU,

With NABUSY2-1 high during TO to T60, the BL output (ASO2 - AS15) to the BMU
follows the mark input (high or low) and the NBL (NASO2 - NAS15) is the
inversion of the BL output. At ATSO60 of the read cycle NABUSY2-l goes low
and the address terms are latched and will remain stable until NABUSY2-1

goes high at ATS400 of the write cycle. At this time, if changes have been
made in the I~lines and the associated porf APS term is high, the output will

reflect these changes in the memory address to the BMU,
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3-16 STACK PHASING (CURRENT DIRECTION) AND TIMING LOGIC

The stack phasing and.timing logic developes signals which determine the
direction of current through the X and Y-drivelines in order to produce
coincident current at the addreaéod core, When current direction is deter-
mined, timing signals are developed at the beginning of the read and write
half c&cles, These timing signals are applied to the X and Y-driveline
circuitry in the BMU to turnon positive and/or negativc current and voltage
switches. The same Y-driveline current direction Signals are also applied to
circuits in the stack phasing and timing logic during the write half cycle,
to establish the time to inhibit the writing of a logic one (write a zero
instead). These asignals are transferred to the positive and negative Y-

current inhibit circuits in the EMU.

Current direction is determined by the decoding of the logic levels of
3 L-bits from the port user, bits 6, 7, and 9. The X and Y truth tables
on figure 3-4 list the possible combinations of these bits and the result-

ing selection of AX and AY,

Refer to figure 3-12. On the read half cycle, time-for-positive Y-curfent

and time-for-negative Y-voltage (ATPYC. and ATNYV), time-for negative Y-current
and time-for-positive Y-voltage (ATNYC and ATPYV), and time-for-negative or
positive X-voltage (ATNXV or ATPXV)are enabled by ATS020,NBUSY, Only time-
for-negative or positive X-current (ATNXC or ATPXC) are established at ATS100
of the read cycle. This is to prevent excessive noise in the stack drivelines
which might result if both X and T-drivelines were pulsed at the same time.

Zxcessive noise could result in erroneous signals on the sense lines., On the



write half cycle, however, (when sense lines are not used) all the above

signals are developed at ATS100. .

An eéxample to determine the resultant timing signals for L-lines 6, 7, and 9

from port 1, is as follows: Without the use of the truth tables, assume a

bit configuration of 1L06.N1L07.1L09 (101). Terms 1106 and 1LO9 satisfy the mark
input to 1X, Term 1X is high and 1APS-1 from port selection logic gates the
resultant AX to the timing signal circuits. The output 1X is fed back to

the 1Y buffered latch and ANDS with N1LO7 to satisfy the mark input to 1Y, Temm
1Y is high and 1AP5-1 from port selection logic gates the resultant AY to

the timing signal circuits.

Refering to the table for X and Y timing signal pin numbers, the second -~
column (AX pin number) shows that during the read cycle with ATS020.NBUSY
on pin 42 AND with AX on pin‘33 the resultant output is ATNXV on pin 34.
Also with ATS100,RHC on pin 14 AND with AX on pin 10 the result is ATPXC
on pin 22. The forth column (AY pin No.) shows that during the same read
cycle with ATSO20,NBUSY on pin 42 and AY on pin 37 the result is ATPYC on
pin 30; and with AY on pin 19 the result is ATNYV on pin 23. With ATS340
low at this time, all read timing signals are latched until ATS340 goes high
near the end of the read cycle. Obviously, timing signals are gmnerated in
pairs; if the result is ATPYC (positive Y-current) there must be ATNYV |
(negative'Y-voltage) to enable the circuits which control the correct pair
of switches for a selected Y-driveline. At ATS340 of the read cycle the

latches are dropped on the read timing signals.

When the memory cycle recirculates to the write half cycle the polarity of

the current and voltage timing signals are reversed. Refer again to the table of
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timing signal pin numbers. During the write cycle with ATS100.WHC on pin 1
and AX on pin 17 the result is ATPXV on pin 25. With ATS100.WHC on pin 20
and AX on pin 44 the result is ATNXC on pin 24%. Also with ATS100.WHC on
pin 1 and AY on pin 47 the result is ATNYC on pin 40; and withAY on pin 41
the result is ATPYV on pin 45. At ATS340 of the write cycle the latches are

dropped on the write timing signals.

Another method to determine the timing signals is to scan the 3 L-bits as
follows:

( like values = TPAC

]unlikc values = TNXC

l | \
Bit Bit Bit
6 7 9 .

/

L07 . TPXC = TNYC

Lo7 . TNXC = TPYC

NLO7 . TPXC = TPYC

\ NLO7 . TNXC = TNYC

Bit 7 determines the Y-current direction in relation to the X-current direc-
tion. If LO7 is high the Y-current is the opposite polarity of the X-current.

If 107 is low (NLO7) the Y-current is in the same direction as the X-current.

The time-for-negative or positive inhibit (ATNYI or ATPYI) is determined at
ATSQ60 of the write cycle. These timing terms are written with the last
character as a 1 or O. The term ATNYIO is used with bit p}anes zero through
7 and ATNYI1 is used with bit planes 8 through 16, Refer to the table of
inhibit timing signal pin numbers and with ATSO60 on pin 28 and AWHC.AY on
pin 7 the result is ATNYIO on pin 6 and ATNYI1 on pin 17. Ac;ording to this
result, time-for negative Y-inhibit (ATNYi) is high during the write cycle.
Since negative Y-current (ATNYC) was selected for the write cycle it is
essential that the Y-current is inhibited if the data to be written in core

is a zero. ' , 3-45
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3-17. MEMORY INFORMATION REGISTER‘IDGIC>

The basic MPM (assembly 149395) provides the meﬁ;ry information register
logic for port 1. When ports 2, 3, or 4 (optional) are added, identical
logic is provided for each port. Refer to figure 3-13, The memory infor-
mation register (MR) is a 16-bit register which temporarily stores data going
td and from a port during a memory cycle. Additional logic is provided to

develop the required signals for the transfer of data to and from the MR, "

At a point between ATS180 and ATS340 of the read cycle, data is strobed from -

core onto the AMDOO-AMD1S5 lines via the OlH to O1D ribbon cable assembly. At

° the teginning of the memory cycle, if the mode control signal, memory-read

(IMREAD). is high from the port user, the transfer-memory-data to the MR
(1IMRXAMD) is developed at ATS420 and is used to gate the nemory‘data lines to
the port user on the risbcn cable assembly 31D to port 1. The BL output
(1MROO-1MR16) follows the mazk input (AMDOO-AMD16) and the NBL output (N1MROO-
N1MR16) is the inversion of the mark input. These ocutput levels are latched
since the MRX term is low at ATSO60 of the read cycle through ATS420 of the
write half cycle. The MR output cannot follow a change (if any) in the mark

input when MRX is low.

At the same time the memory data lines are transferred to the port user on 31D,

the inversion of data (NADOO-NAD1§) is gated by 1AG-1 from the port selection

logic back (restored) to memory via ribbon cable assembly 01D to OlH, The -
NADOO-NAD16 buffered latches are wired to perform only as buffers, not as

latches for temporary storage. The inversion of data, plus £he proper timing -
pulse (TN/PYI), control the Yecurrent inhibit switches which control the

writing into memory. Also at ATS420 the term MRX goes high lifting the latches

on the MR; this action clears the register for the next input.
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At the beginning of the memory cycle, if the mode control (1MREAD) from the

port user is low, the signal is inverted (NlﬁREAD) to indicate the write

mode and transfer-memory-write-data to the MR (1MRXMW) is developed at ATS420

of the read cycle; this termiis.used to gate the-memory=write lines-(1IMWOO-1MW1S)
from the port user on 32D. (Gating data from memory was inhibited during the

read half cycle because 1M3EAD was low.)

The NBL output (N1MROO-N1MR15) is the inversion of the mark input (1HWOO-1NW15)
and these data are applied to the AND gate input to the NADOO-NAD1S buffers
to memory. Data is written into memory in the same manner described in the

third paragraph under 3-16 covering the restore-function of the logic.

3.18., PARITY BIT STROBE LOGIC

lhe parity bit is generated by the port user and stored in the 17th bit
position of a memory word on a separate data line., “hen a werd is read -
from memory the parity bit is transfered ocut to the port user on a separate
data line. Since the data must be assembled to generate or check a parity

the parity bit lags the data. Therefore, a separate latch and gating cirbuit

is provided to transfer-this bit.

Refer to figure 3-13, During the read half cycle, the parity bit foom memory
(AlD16) is gated by the same transfer signal (1MRXAMD) to the port user on
ribbon cable 31D to port 1. The BL and NBL output is latched by MRX in the
same manner as the associated word from memory, paragraph 3-16., To restore
the varity bit in memory the NBL output (N1MR16) is gated back into memory

by 1AG.3TROBE at ATSL20 of the read cycle.

The parity bit from the user is written into memory in the same manner as

the restored parity bit.
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3-19. BASIC MEMORY UNIT (BMU) - ASSEMBLY NO. 148418

Basic Memory Unit Assembly 148418 provides the chassis (2-high) amd hardware
required to support the core and logic for a full bank of 16K, Hewever, only
the core and logie for 0-8K is included. When memory expansion kit assembly
149668 (optional) is utilized the BMU provides the storage for a maximum of 16K.
A Basic Hemory Unit Assembliy 11&83-%4.8 for bank A is dvways located im 2-high
chassis H/J. A BMU for bank B (optional) is located im 2-high shasais F/G.

Both banks are identical in operation and hardware except for the airflow
sensor and power supply control, whichris loeated only in bank A, Therefore,
only the BMU in bank A is described in the following paragraphs. A fully
expanded BMU contains eight core diode modules for data storage and 1k modui;n
contiining X and Y-driveline and inhibit logic, core sense liﬁe logic and a
module of miscellaneous logic. Refer to the module location chart in Section II,

sheet 1 of BMU logic diagrams in ESM 902401.

3-20. CORE DIODE MODULES FFT13 AND FFT1h4

Two each of FTT13 and FIT1h core diode modules (4) provide 0-8K storage for a
16-bit word plus parity. The modules are located in slots 32/31, 28/27, 24/23,
and 20/19. The core diode portion of the optional memory expansion kit for'
8-16K is an additional set of FIT13 and FTT14 core diode modules occupying slots
30/29, 26/25, 22/21, and 18/17. Two FTT13 core diode modules (4 bit planes each)
supply the storage area for the first eight bits of the 17-bit word and are
designated 1/2-byte O and 1 or byte O. Two FTT14 core diode modules (4% bit
planes each) supply the storage area for the remaining eight bits plas parity

of the 17-bit word and are designated 1/2-byte 2 and 3 or byte 1 and parity.

The Sigma 3 word organization is as follows:

Bits 0-3 L7 8-11 | 12-15 | P
% Byte 0 1 2 3

Byte ’ o 1

Parity o ' X




Figure 3-14 provides the core diode module layout for both the four and four and
one-half bit configurations. The Sigma 3 Core Memory emplays a 2%D organiza-

tion or a 3-wire (X, Y, and sense) memory system. The Y-wire is common to both

core. driving and inhibiting. As shown in figure 3-1k, the X-wire begins at one
side of the 4%-bit array and terminates at the other side. However, the Y-wire
'lobps and reenters the Y-plane before the Y-line is terminated. The sense

lihes are not shown to avoid the confusion of additional lines. The sense

lines are described in paragraph 3-30.

i
l

Orive current through both the X and Y lines is applied through a pair of bi-
di}ectional diodes that gate current direction.. Thereiare a total of 128 X-lipe;
pe} 4 or Whi-bit array requiring 256 diodes and there are 288 (or 256) diodes
feLding 144 (er 128) Y-line loops, 32 loops per bit plane (64 Y-lines) and

i6 loops per 1/2-bit plane; Each bit plane, therefore is an XY matrix of

128 x 64 cores or 8192. and the ¥-bit is equal to 4,096 cores.

VY]
)
8
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Figure 3-14. 8K x 4 1/2 Bits - Core Diode Module Layout




The core diode modules are driven by external X and Y driveline and Y-inhibit
logic and sensed by memory core sensing and preamp logic contained orn 2-high,
single modules located in the remaining positions mhown on the BMU module

Jocation chart in the nsaociatod ESM,

3-23. NMAGNETIC CORE

Since the magnetic core is the basic element in the forming of a cors memory
the following is a description of the properties of the magnetic core and

how these properties function to provide the reguired capability of computer
megory. Knowledge of the theory of magnetism and the hysteresis effect
produced in magnetic materials are prerequisite to understanding the following.

information.

Figure B-JEL Hysteresis Loop (f}pical ferrpmagnetic material) is ; graphic
explanation of the effect of a magnetizing force on an iron core within the
field of the magnetizing force, Curves a~b and d-e illustrate that the flux
density of the iron core does not become zero each time the magnetizing force
is removed.. A coercive force (one in the re;erne dire?tion of the original
force) is necessary to reduce it to zero. This lagging‘of the magnetic flux

" behind the m#gnetizing force which produces it, is hysteresis, or the iﬁternal

resistance to change.,

It is knowﬁ that the energy loss due to hysteresis is propertional to the amea

of the hysteresis loop. For this reason the materialifor cores in the con=-

2_R7



struction of electromagnets and transformers has a hysteresis loop with a
very small area. The distance c-f must be relatively small, preferably a
loop which is neariy a straight line. In contrast, the hysteresis effect is

exploited in the design of the magnetic core used in a computer memory. _ -

The magnetic core of the basic memory unit is contructed of a special ferrite
powdered material which broadens the c-f distance considerably. This material
retains most of the magnetism once departed, as shown by the almost aquare

hysteresis loop developed in firuge 3-1p. The remanent flux density is almost

mqual: o mmmmmﬁmwmmhim o 'r-:::ult,

j variations in the field intensity less than a critical lwitching value have
pratically no otfcct on the flux density, while a chlngtlin H, grnatof‘thln -
the critical.;lluc, abruptly reverses the nagnotization‘of~tho core nateriai.

-
Because 'of the square-loop effect, magnetic cores in'tho baiic memory unit
are always in one of two stable states, either near pblitivc sqtﬁration or
ncaQ negative saturation, indicating one of two binnfy states -inilinpﬁto

the flip-flop eircuit. Unlike the flip-flop, there is no way to determine

3-54



901594

-H } 5 ~ : / T +H
e
d
-B
-H TO +H = EXTERNAL MAGNETIZING FIELD
-B TO +B = INDUCED FLUX DENSITY FIELD
0-a = INCREASE IN FLUX DENSITY VERSUS INCREASE IN MAGNETIZING FORCE ON
UNMAGNETIZED MATERIAL (THIS CURVE IS NEVER REPEATED)
a = MAGNETIC SATURATION POINT -
a-b = DECREASE OF FLUX DENSITY AFTER REMOVAL OF MAGNETIZING FORCE
b-0 = REMANENT FLUX DENSITY
0-c¢ = COERCIVE FORCE (REVERSED MAGNETIZING FORCE) CAUSING
FLUX DENSITY TO RETURN TO ZERO
c-d = MAGNETIZATION IN OPPOSITE DIRECTION DUE TO INCREASE
IN MAGNETIZING FORCE
d-e =a-b
e-0 =b-0
0-f =0-¢c

901594A.315

Figure 3-15. Hysteresis Loop (Typical Ferromagnetic Material)
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Figure 3-16. Square Hysteresis Loop - Memory Magnetic Core




the logic state of the core and therefore a sense wire is inserted through
the core to provide this information. In order to understand the use of the
magnetic core as a memory or storage celi, the following is a read/write
seguence of»events concerned with a single core. The sequence provides a

step-by-step generation of the square hysteresis loop, figure 3-16.

Assume the magnetic memory core read/write sequence begins with an unpolarized
core. The magnetic core has been located (addressed) by the X and Y drivelines
and at the beginning of the read cycle, the X and Y drivelines apply a magnet-
izing force (additive 1/2 currents) on the core in the direction shown in

state 1. The force is removed and the core remains magnetized to near sat-

uration for the first time.

During the restore/write cycle the magnetizing force is reversed, stgge 2,

but the Y-driveline is inhibited in order to write in a zero. The magnetizing
force therefore is less than the critical switching value and has no effect on
the flux density; a zero is stored in the core. With the magnetic core
polarized asvshown in stage 3, the read cycle starts again with the same

X and Y driveline coincidence and a magnetizing force is applied in the same
direction as in the first read cycle. The core is already near saturation

and the force has little or no effect on the flux densit&, There is no reversal
of polarity and therefore no pulse on the sense line. The absense of a pulse

is interpreted as a zero and this state is stéred in the memory information

register (MR), °

A write cycle is started and the magnetizing force (X and Y-driveline coin-
cidence)is reversed, stage 4; the Y-driveline is not inhibited therefore the

change in H is greater than the critical value and this change abruptly
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reverses the magnetization of the core. The core changes state from zero to
one. This change is not stored in any external register as the sense line is

inhibited during the write operaticon.

During the following memory cycle (read half-cycle portion) the magnetizing
force (the same X and Y currents) is revarsed, stage 5. This force is greater
than the critical switching value ahd the core is switched to the opposite state,
or the core is cleared to a zero. This clearing pulse is sensed by the sense
line and is interpreted as a one; this affects a change in the state of the

data bit stored in the MR register. The previously stored zero (in the MR
register) is replaced hyAa one and the core has returned to a zero state. This
last oporatipn indicated that the read half-cycle is destructive, therefore the
read-cycle is always followed by the write-cycle in order to restore the core

to the previous state or to write in new information.

3-22 X AND Y-DRIVELINE AND Y-INHIBIT LOGIC

As previously described in paragraph 3-20, each magnetic core in memory is located
(addressed) by a set of X and Y-drivelines. The drivelines supply the magnetizing
force to switch the state of the core in reading out data or writing in daﬁa.
Refer to figure 3-4, The X and Y-driveline and Y-inhibit logic consists of cur-
rent and voltage predrive circuits and bipolar-current and voltage switches (YCPS,
YCNS, XCPS, XCNS, YVPS, YVNS, XVPS and XVNS) controlled by the associated predrive
circuits. The predrive and inhibit circuits are gated by appropriate timing
pulses ATPYC, ATNYC, ATPYV, ATNYV, ATNXC, ATPXC, ATNXV, ATPXV, ATPYI and ATNYI
from the MPM stack and phasing and timing logic (paragraph 3-15). The X and Y-
driveline and Y-inhibit logic is contained on 2-high modules in slots 7 through 16

of chassis HJ, The X and Y drivelines require a source of drive current (positive)
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at one end and a sink for this current at the other. The source and sink are
both provided by the current and voltage switches depending on the configuration

of address bits LO6, LO? and 109 (refer to paragraph 3-16).

At the beginning of a memory cycle, after the port selection logic in the MPM
section determines which port will access memory, the associated address bits
(ASQ2-AS15) are gated to the X and Y predrive circuits in the BMU. Tﬁe fol~
lowing is the 16-bit address word format showing the bit assignments foryx and

Y-predrive circuit selection.

V,—-—‘)—_"—\ v % — A \
c 1 2 3,4 5 6 7,8 9 10 11,12 13 14 15
2
glyglo 4 121t lglal lelosl2li
_ l S T R | | T N R I } 1
which MPM X-voltage .
Predrive
#hich Bank
" (A or B) — o e e e e - o L———— X~current
Predrive (16K)
Which 8K 3tack e L ]
{0-8K or 8-16K) le—— Y.voltage Predrive (16K)

Y-current Predrive

Refer to figure 3-17 in conjunction with the address word format shown above.
Zach bit plane is divided into 64-16 x 8 core groupse. . The X-Y elements
(cores) of the 64 matrices are assigned to coded areas O through 7 in both

dimensions. Address bits 3, 4, 5, 6 and 8 select the Y-voltage and current predrive
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Figure 3-17. Typical Bit Plane Division for Core Location




circuits which control the Y-dimension of core matrices in 8k of memory. Address
bits 9 through 15 select the X-current and voltage predrive circuits which control
the X-dimension for 8K of memory. Address bit 2 determines which group of pre-
drive circuits are to be selected, those controlling O-8K or 8-16K. Address bit

7 i§ used in the MPM logic to determine Y-current direction (paragraph 3-16) and
also (in conjunctioh with bit 2) to determine preamplifier selection in the

sensing and preamp logic, paragraph 3-35.

In the X-dimension, the binary value of bits 9, 1Q, and 11 plus a timing pulse,
select an X~-band (O through 7) and the direction of X=-current. The binary value
of bits 12 through 15 plus a timing pulse select one of 16 X-lines in the selected
X-band. In the Y-dimension, the binary value of bits 3, &4, and 5 plus a timing
pulse select a Y-column (O through 7) and the direction of the Y-current. The
binary value of bits 6 and 8 plus a timing pulse select one of four Y-line loops
in the selected Y-column. Address bit 2 determines in which 8K the four Y-line

loops are located, 0-8K or 8-1€K.

3-23 X-Driveline Circuits - Modules RTT1l and RTTl2

The X-current predrive circuits and éurrent switches for O~5K of bank 4 are pro-
vided for by two RTT1l modules in slots 12 and 14 of 2-high chassis HAJ, Two
additional RTT1l modules (optional) are added in slots 8 and 10 to pro%ide the
current predfive and current switches for an additional 8K (8-16K} for bank 4.
The X-voltage predrive circuits and.voltage switches for 0-16K of bank A are

provided for by two RIT12 modules in slots 15 and 16..

Theoretically, the core diode module (% byte, O, 1, 2, or 3) is folded longi-
tudinelly along the X-dimension intu-tﬁumr and lower sections. Memory address
register bit 2 determines which 8K is selected (0=8K or 8-16K) and address bit 9

determines which section (upper or lower) of the X-bands is selected.
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Refer to figure 3-18 and ESM 902401, Section II, sheet 8 of BMU logic diagrams.
Address bits 2, 9, 10 and 1l select the four predrive circuits whick control a

L x 4'matri¥ of X-current switches arranged in 16 groups of four current switches
each. . Each RTT1l module provides four groups of eight pairs (eight positive

and eight negative switches). Bach group of switches control a specific peir

of complement X-bands (0/7, 1/6, ... 8/15, 9/14, etc.). Note: X-bands in

8-16K are numbered 8-15 and are located in equivalent positions to O through

7 in 0-8K,

Address bits 2 and 9 plus a current direction timing pulse (TPXC or TNXC) select
the top of a predrive line (XPNCKO through XrNCK3) and address bits 10 and 11
plus the same timing pulse select the bottom of the same predrive line. Zach
predrive circuit provides control for four groups of switches (i.e., XPNCKO
controls groups O, 4, 8, and 12 or complement X-bands 0/7, 4/3, 8/15, 12/11).

Only one group is selected at any given time.

If predrive XPNCKO is selected for the read half cycie, the complement predrive
(XPNCK3) is selected for the write half cycle by a change to the other current
direction timing pulse (TFPXC/TNXC). The X-current predrive address bits and
the timing pulses, therefore, select a pair of predrive circuits, for a com-
plete read/write memory cycle. (i.e., XPNCKO and XFNCK3, XPNCK1l and XPNCK2,

XPNCK3 and XPNCKO or XPNCK2 and XPNCK1.)

Each group of switches selected by a predrive circuit contains twe pairs of
unipolar switches. Each pair provides the aource or sink for complement X-
bands in alternate 1/2-bytes (O and 2, and 1 and 3). Fositive (P) designations

represent a source and negative (N) designations represent a sink.

3-24, X-Band Selection. An example X-baamd selection is as follows: Assume

a binary coded decimal address of NASO2, NASQ9, AS10, and NAS1l (0O at the top
of the predrive line and 10 at the bottom or 0010 = 2) and the TPXC current

direction timing pulse. Fredrive circuit XPNCK2 is selected and the switch



901594

RITI2-15H/J

RTT12-16H/)

Figure 3-18. X-Drive Line Logic
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pairs in group two are pulsed by the predrive circuit.

two is coded as follows:

12 Gl

o (e
I

%ebyte O and 2

X-~current switech,
X-band 2, positive
(source)

X-current switch,
X-band 5, negative
(sink)

¥=byte 1 and 3

X-current switch,
X-band 2, positive
( source)

X-current switch,
X-band 5, negative
(sink)

The 02XC2P portion of group two provides the source for X-band 2 in

1/2-byte O and X-band 5 in 1/2-byte 2. The O2XCSN portion of group two

provides the sink for X-band 2 in 1/2-byte 2 and X-band 5 in 1/2-byte O.

The unipolar switch pair 13XC2P/13XCS5N provides the same potentials for

1/2-byte 1 and 3.

3«25,

X-Line Selection,

Address bits 12 through 15 and a timing pulse

(TPXV or TNAV) select one of eight predrive circuits which control a L4Xh

matrix ~f X-voltage switches arranged in 16 groups of two bipelar switches

each. Each group controls a specific X-line (lines O through 15) in each

X-bande There are a total of eight pairs of switches per RTT1O module.

The output of group
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address bits 12 and 13 plus a voltage timing pulse select the top of one

of eight predrive lines (XPNVKO through XPNVK3 and XNEVKO through XNPV3) and
adiress bits.l4 and 15 plus the same timing nulse select the bottom of

the predrive line. Zach predrive circuit controis the wpu.arity of the output

of four groups of two bipolar voltage switches (i.e., XNFCK2 controls the polarity
output of growps 2, 6, 10 and 1t or the control of lines 2, 6, 10, and 14

of eaci £-band,)

If predrive XNPVi2 is selected for the read half cycle, the complement

nredrive (XPNV?E)is selected for the write half cycle b& a change in the

timing pulse (i.e., TNXV to TPXV). The X-voltage predrive address bits and the
timing pulses, therefore, select both:the source and sink circuits for a pair of
predrive lines for a complete read/write memory cycle (i.e., XPNVKO and XNFVKO,
XPNVK1l and XNPVK1l, etc.). One predrive circuit selects one polarity output

each (opposite polarities) from a pair of bipolar switches. If one switch
output provides the sink for X-lines in byte O (¥-byte O and 1) the other pro=
vides the source for the same X-lines in byte 1 (}>=byte 2 and 3). Therefore,

when the complement predrive circuit is selected by a change in the timing pulse,
the opposite output from the same bipolar switches provide the opposite polﬁrities
to the same X-lines in byte O and byte l. Positive (P) designations represent a
source and negative (ﬁ) represent a sink.

An exarple of A-line selection is as follows: Assume a binary coded decimal
édureus of 1AS12, AS13, AS1lh, and HaslS (01 at the top of the predrive line

and 10 at the bottom, or 0110 = 6) and a timing pulse of TNX¥. /gzzz;nt direction
timing pulse TPXC was selected previously (paragraph 3-24) for X-current, therefore,
TNXV is selected for X-voltage predrive. Address 0110 and TNXV select predrive

KEPVK2 and alternate polarity outvnut is -ulsed from the bhinolar switch pair

01XV06/23XV06. Bipolar switch O1Y¥O6 is negative with respect to Vm and provides



the sink for line 6 in complement X-bands in byte O (¥=byte O and 1) and
bipolar switch 23XVO6 is positive with respect to Vm and provides the source

for line 6 in complement X-bands for byte 1 (Y-byte 2 and 3).

Considering both examples, X-band selection (02XC2P/02XCSN and 13XC2P/13XC5N,
paragraph 3-24) and the X-line selection, the only X-line'in which drive current
is completed is in line 6, X-band 2 of both bytes O and 1. The drive current

in line 6 of complementary X-band 5 is not completed due to the same polarity

~ present at each end of the line (i.e.; O2XC5N to OLXVEN and 13XC2P to 23XV6P.)
However, the drive current in line 6 of X-band 5 can be completed when X—currentﬁ_
predrive XPNCK2 is addressed by bits 2, 9, 10 and 11 in the configuration of

0101 = 5 in conjunction with timing pulse TNXC and voltage predrive XPNVK2

selected by a change in the timing pulse from TNXV to $PXY.

3-26.  Y-Driveline Circuits - Modules RTT10 and RTT1l

The Y-current predrive circuits and current switches for 16K (bank A) are
nrovided for by four RIT10 modules located in slots 7, 9, 11, and 13 of 2-high
chassis H/J. The Y-voltage predrive and voltage switches for 0-8K are provided
for by two RTT1l modules in slots 12 and 14. Two additional RTT1l modules
(optional) are added in slots 8 and 10 to provide for voltage predrive aﬁd
voltage switches for an additional 8K (8-16K) for bank A, Slots 7 through 14

of chassis H/J, therefore, contain the Y-driveline logic for bank A.

Theoretically, the bit-plane is f?ldpd vert;cally into two halves, four‘
Y-columns each. Y-columns O-3 in one half and Y-columns 4-7 in the remaining
half. The logic level of address bit 3 determins which half of the bit-plane
is selected; NASQO3 = Y-columns 0O-3 and ASQ} = Y-columns 4-7, Y-columns are
selected from both halveé in complementary pairs, O and 7, 1 and 6, etc., and
one bit-plane is a mirror image of the adja;ent bit-plane from bit zero

through bit 15.
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Refer to figure 3-19 and ESM 902401, Section II, sheets 6 and 7 of BMU logic
diagrans. Address bits 3, 4, and 5 select an 8X9 matrix of Y-current switches
which control all 16K. One of eight predrive cirecuits is addressed by bits

3, 4, énd 5 in the configuration of 'a binary coded decimal value of O through

7 plus TPYC,or the inversion (complement) value,plus TNYC (i.e.; 000=0 and TPYC

or 111=7 and TNYC selects predrive YENCO.)

Each predrive circuit selects a string of nine bipolar pairs of current switches
(18 unipolar switches, nine positive and nine negative). There are four pairs (8)
for byte O, for pairs (8) for byte 1 and one pair for bit 16. There is a pair as-
signed for each two adjacent bit-planes zefo through 15 and one pair for bit-plane
18. During the read half cycls, if one string is selected by a predrive circuit
and TFYC, the complement predrive is selected durigg the write half cycle by a
change in the Y=-current direction timing pulse to TNYC. The Y-current predrive
address bits and the timing pulécs, therefore, select a pair of predrive circuits
for a complete read/write memory cycle (i.e., YPNCO/YNPC?, YPNC1/YNPC6, YPNC2/
YNPCS, or YPNC3/YNPFCh), Positive (P) designations represent a source and negative
(N) represent a sink,

Four bipolar pairs of switches in a selected string provide the source for a
T-column and the sink for the comgplementary Y-column (i.e.; YCOP/YC7N, YC1P/YCAN,
etc.) in adjacent bit-planes in byte O (bits 0-7). The next four pairs in the
string prcvide the source and sink for complementary Y-columns in adjacent
bit-planes in byte 1 (bits 8-15), however, the current is in the opposite
direction to that chosen for the same Y-columns in byte b (i.?.; YC7P/YCON,
YCoF/YCIN, etc.) Only one of the paif assigned to bit 16 is used in each

string; if the positive switch is used in one string, the negative switch is

used in the complement string (i.e.; YCON/YCOP for predrives YPNCO/YNPC7,

respectively,
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3-27. Y-Column Selection. An example of Y-column selection is as follows:

Assume a binary coded decimal address configuration of ASO3, ASOk, and ASOS

(111 = ?)‘and Y-current direction pulse TPYC. With these conditions, predrive
YNPC? is selected and the switch pairs in the second string (figure 3-19) are
pulsed by the predrive circuit. The output from the first four bipolar pairs

of current switches are coded as follows:

- , Adjacent bits O and 1, 4 and 5,
‘ 2 and 3, and 6 and 7

Positive Y-current (source) for
Y-column 7

XXX YC7P
XXX YCON
Negative Y-current (sink) for
Y—column O
The next four pairs:
Adjacent bits 8 and 9, 12 and 13,
10 and 11, and 14 and 15
Positive Y-current (source) for
Yecolumn O '
XXX ¥YCoP
X0 YC7N
Negative Y-current (sink) for
Y-column 7 ’
The last pair:
Zven bit 16
Adjacent Odd bit 17 (not used)
J_ [ Fositive Y-current (source)

XX YCOP for Y=column O

The 0001-0607YC7P portion of the first four pairs provide the source for
Y-column 7 in byte O and the 0001-O60?YCON.portion provides the sink for the
complement column>0. The 0809-1415YC7N portion of the sécond four pairs provide
the sink for Y-column 7 and the source for Y-column O in byte 1. The positive
portion of 16YCO provides the source for Y-column O on bit-plane 16.

3-71



3-28, Y-Line Loop Selection. Address bits 2, 6, and 8 and a timing pulse,

TPYV or TNYV, select an 8X10 Y-voltage switch matrix controlling 16K, The

binary value of address bits 2, 6, and & (C00=0 through 111=7) select ome of

eight strings (YVO through YV?) of 10 bipolar Qoltage switches., Zach side

of the string consists of one-half the polarity output from 10 switches,

arranged in alternate polarity 6utput sequence. »3ach side of the string is
selected by a separate predrive circrit and there are 16 predrive cireuits

which are selected by one of eight address configurations and ome of two timing
pulses. For example: Predrives YPNVO through TPNV7 are selected by OOO=O0 through
111=7 and TPYV, and YNPVO through INFV7 are selected by the same address config-

urations, and TNYV,

sach Y-column of a bit plane is made up of four Y-line loops (O through 3)
providing eight Y-lines per Y-column. One end of each loop terminates at the
same Y-curreht switch and the other at one of four voltage switches (refer to
figure 3-20.) Zach string of bipolar voltage switcheé (YVO through YV?) control
a Y-line loop in Y-columns in one bit plane and the complement Y-line loop

in Y-columns in the adjacent bit-plane; one Y-line loop in all even bits and

the complement Y-line loop in all odd bits throughout the 16-bit data word.

Two loops are selocéod in bit-plane 16 (179 bit) but the current in only one

is completed. Switch strings designated as VO through IV3 contrel Y-line loops
O through 3 and those designated s YV4 through YV7? control equivalent loopa

in 8-16K. o

. During the read half cycle, if one of the INPVO through INPV7? predrive circuits
is Belected,the associated string of bipolar‘voltage switches are pulsed by the

predrive. The first four switches of the string provide the sink for one
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Figure 3-20. Coincident and Anticoincident Selection and Sense Line Pattern
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of four Yeline loops in the even bit~planes and the source for the complement
Y-line loops in the odd bite-planes in byte O. The next four provide the reverse
polarities for the same loops in byte 1. The remaining two provide the sink
and source for complement Y-loops of bit 16, During the write half cycle the

compleﬁent predrive is selected by a change in the timing pulse from TNYV to

- TPYV and the complement predrive selects the opposite output from the string

3-74

ne loops are driven in the opposite direction.

~ = +
WAAG AT CALE e ) P -4 - —— ==

An example of Y-line loop selection is as follows: Assume a binary coded decirmal
address of NASO2, NASO6 and ASO8 (001=1', The YV1 string is selected and if
TUYV is generated (TPYC was generated for the Y-current in the example in
paragraph 3-27) the N to P side of the switch string is selected by predrive
circuit YNPV1, The associated string is pulsed by the predrive and the output

from the first four switches of the string are coded as feollows:

Even bits (0-6)

Y-voltage switch,
Y-loop 1, negative (sink)

Byte O

XX XX YVIN
—_— XX XX YV2P
N I

Y-voltage switch, 4 '
Y-loop 2, positive (source)

0dd bits (1-7)

The next four. are coded as follows:

Even bits (8-14)

Y-voltage switch,
Y-loop 1, positive (source)

ol

eyte { X XX YV1P
XX XX YV2N
—nam, | p—

Y-voltage switch,
Y-loop 2, negative (sink)

0dd bits (9-15)

The last two are coded as follows: :
- Y.voltage switch,
A Y-loop 2, negative (sink)

16 YV2N
T

Bit 16 (1/2-byte 3)

[ YVIP Y-voltage switch,
RIT W(‘Il'b'{'ﬁhz - — Y-loop 1, positive (source)




With reference to the Y-column selection procedure in paragraph 3-27, the
following Y-loop selection takes place: The &ink for Y-line loop 1 in byte O
and source for Y-line loop 1 in byte 1 is provided for Y-column 7 for all

even bits, The source for complement Y-line loop 2 in byte O and the sink for
Y-line loop 2 in byte 1 is provided for complement Y-column O for all odd bits.
Since only the source for Y-column O was provided for bit 16 in the Y-column
example, only the sink for loop‘E will complete the current in this loop; the
source for loop 1 cannot be completed with the same polarity preéent at both

ends of the loop.



Refer to ESM 902401, Section II, Sheet 6 of BMU Logic Diagrams. The Y-driveline
inhibit circuits drop the operating level of the source output and raise the
operating level of the sink output of the Y-current bipolaf switches controlling
the Yhdrive;ines. This action inhibits the function of the selected Y-current
bipolar switches. Inhibit circuits for bit planes O through 15 are provided by
RTT10 modules in slots 7, 9, 11, and 13 of 2-high chassis H/J. The inhibit cir-

cuit for bit plane 16 is provided by RTT12 module in slot 15.

During the write half-cycle when the data to be stored in core is a zero, the '
Y-driveline circuits must be inhibited in order not to write in a one. Therefore,
the negation §f data terms (NDOO through ND16) plus the app;opriate timing

pulse for inhibiting are used to satisfy the conditions to snergive an inhibit.
circuit. There iz a pair of source/sink inhibit circuits for each two

adjoining bit planes. These circuits are acoded.as follows:

~ Even bits (0-16)

Cdd bits (1-15,16)

Y-current,positivey
source resistor

i
r
=]

o]
a
R

Y-current negative,
sink resistor

B

The timing pulse used by the inhibit circuit represents the same polarity -

(TFYCI or TNYCI) as the ¥-current timing pulse (TPYC or TNYC) used during

the write cycls.
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3-50., ‘X and Y-Driveline Coincidence

A magnetic core switches state when the X and Y-drivelines at the core are in
coincidence. Coincidence at & core occurs when the direction of current flow

in both drivelines is in the same direction as the current approaches the

same face of the core. Coincidence at a core (if a one has been previously
stored) results in a pﬁlse on a senseline threaded through the cores parallel
to the Y=line. Figure 3-20 illustrates the configuration of bit-planes O and
1 as a result of the address used in the examples described in paragraphs 3«24

through 3-28,

The X-line, line 38, is X-line 6 in X-band 2 and is driven by 02XC2P
X-current switch (paragraph 3-24) and the sink for the current oﬁ this line
is provided by X-voltage switchVOIXVO6N (paragraph 3-25). The X-line 86

is line 6 in X-band 5. The drive current on this line, however, was not

completed by the example address.

On bit-plane 0, column 7, Y-line loop 1 is selected by Y-voltage switch
OOOZfVIN ( paragraph 3-28). This switch provides a sink for the current flow
on line 3 provided by Y-current switch O001YC7P (paragraph 3-€7’. The current
flow (conventional) is up line 3 and down line 1 to the simkx switch. In bit-
plane 1, column O, Y-line loop 2 is driven by Y-voltage switch 0103YV2P
(paragraph 3-28), This switch provides tﬁe source for the'current flow on
line 3 which is completed through line 1 by Y-curreﬁt switch OOO1YCON -

(paragraph 3-27).

Coincidence occurred on line 1 on both bit-planes in complementary columns;
bit-plane zero, therefore, is a mirror image of bit one. The same pattern
prevails in the remaining bit-planes of ¥>~byte zero; bit-plane 2 mirrors

bit-plane 3 and each half of the 1/2-byte is a mirror of the other half.
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As indicated in figure 3-20, the selected Y-line also meets the X-line at a
core in anti-coincidence. (Refer to Y-column 7 in bit-plane zero,)
Coincidence cannot occur at this core due to the direction of the Y-current
on the way up line 3. However, if address bit 7 was high in the example

address, the Y-current would be reversed and coincidence would occur at this
T to para-
graph 3=16), Address bit 7 (in conjunction with bit 2) also determines which

senseline loop of the biteplane ia_to be monitored for data information.

3-31. CORE SENSING AND PREAMP LOGIC - MODULE HTT10

The switching of a core in memory causes a pulse on a sense line threaded
through the core. This pulse is strobed (discriminated and converted) to

a logic level of a one or zero by the core sensing and preamp logic. Three

each of HIT10, 2-high modules located in slots 4, 5, and 6 of chassis F/G

‘or H/J provide the logic for strobing the core sense lines.

Figure 3-20, bit-plane one, Y-column zero, shows the sense line as a wire .
threaded through the cores parallel to a Y-line, skipping three Y-lin;s,
and entering the fourth. This pattern of'thrending is continued throughout
the entire bit-plane and is then looped back in a manner to allow the sense
line to parmllel two adjacent Y-lines, skip two Y-lines and continue this
pattern of threading until the senseline is returned to parallel the Y-line
adjacent to the point of origin. Another sense line loop parallels the re-

maining Y-lines in the same manner.

Each sense line monitors ene-half the cores (4096) on each bit-plane. Zach

Sense line loop terminates at the input to a preamp circuit; there are, therefore,

four preamp circuits tﬁ euck sense-amp circuit. Each HTT1O module contains six

sense-amp circuits represemting the data output of one core each of six dit-planes.



Figure 3-21 illustrates a sense line channel for bit-plane zero; also refer

to ESM 902401, Section II, BMU logic diagram, sheet 5. One of four preamp
select circuits (PASLO through PASL3) contained in the BMU ancillary logic
(module WTT10, paragraph 3-32) selects the preamp circuit receiving input

from a sense line loop in a group of 18 sense-amp circuits in one 8K stack.
iiemory data output MDOO through MD15 requires 16 sengsiaﬁp circuits and parity

bit D16 requires two sense-amp circuits (refer to paragraph 3-31.)

The output Ve from a generator/regulator circuit (module WIT10, paragraph 3=36)
provides the bias voltage for the nreamp circuit (~6.5V referanced to the
-3.,0V sunplv). The input to a preamp circuit 18';;¥;£ed, during the read half
cycle, by a strobe driver clrcuit in the BMU ancillary logic (WTTlo module,
_paragraph 3=35)., The strobe driver provides the input timing pulse for the
strobe/reference circuit in the sense-amp circuit. The discrimination level
at which the sense-amp circuit yields a one output with a differential input
signal is determined by the strobe/reference circuit. A4 v, vclfage (0.35V from
V, regulator, paragrarh 3-38) is varied to determine the value at which & one

is discriminated.
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Figure 3-21. Typical Sense Line Channel for 0K - 8K — Bit 0 Shown




3-32. Parity Bit-Plane Sense Line Pattern and Channel

The parity bit-plane is divided between two 1/2-bytes, 2 and 3. ZHEach one-half
of the bit-plane is again divided into two parts, A and B as illustrated on
the core diode module layout, figure 3-14, The sense line pattern and channel

for parity dit-plane 1% is illustrated by fiszure 3-22,

A sense line enters the bit-plane and is threaded in the same manner as

~ described in paragraph 3-30, however, unlike the other bit-planes, the senae
line leaves the core diode module before it loops back to its origin. The
sense line in bit-part A of one 1/2-byte is threaded into part A of the other
1/2-byte before the line makes a return loop. The same pattern prevails for

bit-part B of each 1/2-byte. Bit-plane 16, therefore, requires four sense line

loops instead of two, each sense-line monitoring 2024 cores. The four senmse
line loops require four preamp circuits per 8K, and as in the other bit-planes,
there is a set of four preamp select circuits per semse-amp circuit. The output
of the two sense-amp circuits are ORed prior to the logic output to provide the

MD16 ocutput.

3=33. BﬁU ANCILLARY LOGIC - MODULE WIT10

Hodule WIT10 is located in slot 3 of chassis F/G and/or H/J. This module
provides miscellaneous support logic and regulated dc voltages for the

core sensing and preamp logic (paragraph 3-30) as well as a threshold voltage
for voltage switch (driveline) operation. The WIT10 module also provides
memory protect circuits to inhibit the X and Y predrive circuits and shutdown
the PT17B power supply if module cooling is interrupted or dc operating voltage

levels drop below a safe level.

3-34, Sense Amplifier Support Logic

The sense-amp support logic contained in the WIT10 module consists of four pre-
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s
amp select circuits (PASLO - PASL3), one strobe driver (SAST), a V, generator/
k A

regulator, a Vs regulator and a‘Vt'reghlator.

3-35. Preamp Select Circuit. Four preamp select circuits provide an address

decode group which selects the appropriate preamp circuit monitoring the
sense line associated with the addressed cores. Two address bits (2 and 7)
and timing pulse sense-decode-enable (SDECZN) gate a preamp select circuit
wuich turns on the appropriate preamp circuit. Preamp select terms PASLO and
FASL]1 turn on the preamp circuits for two sense line loops in 0-8K and terms
TASL2 and PASL3 turn on the preamp circuits for two sense line loops in 8-16K,
tefer to figure 3-21 for an illustration of PASLO/FASL1 input to the preamp

circuit controlling bit-plane zero,

3.36, Strobe Driver Cirguit. One strobe driver circuit controls the timing

for all sense amplifier circuits. The term not-time-for-sense strobe (NTSSTB)
from the FHPM timing and control logic is held high, inhibiting sense-amp-strobe
(SAST) for most of the memory cycle. At ATS180 of the read half-cycle NTSSTB
goes low for approximately 160 nanoseconds. when NI3STB drops low the strobe
driver circuit is turned on and a negative going pulse (SAST) is developed.

The up level of the pulse is determined by Vg (4,0V) and the lower level by

v, (0.35V). Refer to figure 3-21 and paragraph 3-30 describing the application

of the strobe driver.

3-37. Vo Generator/Regulator. AV, generator/regulator contained in the

sense armplifier support logic provides a bias voltage for the preamp circuits.
This bias voltage (=6.5V referenced to the -8.0V supply) tracks with temperature
and has a nominal value of -14.5V at 25°C. 4s VD (driveline voltage) varies

with temperature, V, varies as follows:
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vD = +18,0V : Vg = 7.55 to 7.25V
vy = +21.0V : Ve = 6,55 to 6.25V
Vp = +24.0V : Ve = 5.55 to 5.25V

Refer to figure 3-21 for an illustration of Ve application,

3.38 Es Regulator, The Vg regulator contained ih the sense amplifier sunport
logic defines the strobe driver up-level output. Vg is nominally set at 4.0V

and is adjustable; refer to Section IV for procedures.
lefer to Figure 3-21 and paragraph 3-35 for V8 application.

3=39. Xt Regulator. Tpe v, regulator contained in the sense amplifier support
logic defines the strobe driver down-level; this voltage is adjustable, refer
to Section IV for procedures. Refer to figure 3-21 and paragraph 3-30 for

Vi application.

3=ko, Vy Regulator

The wmo module contains a VH regulator' which provides the voltage for biasing
the driveline voltage switches at the switch output to the core diode modules.
This regulated output provides the source or sink for driveline recovery.
Nominally, V, is equal to one-half the drive voltage (VD/Z) and tracks with V.
3-41 Memory Protect Circuits

The BMU ancillary logic contains protect features which presvent damage to the
BMU circuits when abnormal airflow, voltage or timing conditions exist. Datsa

save is also provided when an ST (start/stop) signal is provided from the



power monitor system (paragraph 3-4) All protect circuits are located on the
#TT10 module in location O3H/J or F/G. The protect circuits are the predrive
disable, airflow monitor, voltage monitor and tiﬁing pulse protection. Refer

to &SH 902L01, Section II, BMU logic diagram, sheet L,

342, Eredrive Disable Circuit. The predrive disable circuit prevents memory
accessing by logically grounding the predrive resistors for the driveline voltage
switches. In addition to preventing data accessing, damage to the voltage switches
is prevented since the drive power is eliminated. A three microsecond delay
occurs before the predrive disable circuit responds to any of the following
input:

a. During system power turn-on/turn-off sequence fia STM signal from
the power monitor system (STM occurs during ST; refer to paragraph 3«l4),

b. During airflow failure, via PSSDOFP signal to the PT17B (refer
to paragraph 3-5.)

c. During voltage failure via voltage monitor circuit output (refer

to paragraph 3-3.)

%43 Airflow Monitor Circuit. The airflow monitor circuit senses airflow

rate and disables the PT17B power supply via a PSSDOFP signal in case of air-
flow failure. PS3SDOFP is normally false and goes true when the monitor senses
airflow failure. During turn-on/turn-off times, STM.is used to override

the output of the airflow monitor circuit. An STM invérter circuit clamps
P3SDUFP low (false). This action prevents false tripping of the PT17B circuit
breaker during times when the de¢ voltéges'drop low ‘enough to cause an airflow

failure condition.
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Sulth, Voltage Monitor Circuit. The voltage monitor circuit senses the value
of +8V, +4V, +24V and -8V supply voltages and causes the predrive disable
circuit (paragraph 3-41) to activate when any of these voltages fall below
limits defined by: |

+8V supply +6V

+4V supply +3V

-6V supply -4V

+24 supply +20V
A failure causes a true signal to be presented to the predrive disable circﬁit

and causes MSTAT to go true.

3=45., MNSTAT. MSTAT goes true when airflow or voltage monitor circuit output
is true. MSTAT can be unstable during the period of discrimination of either
airflow or voltage monitor failures. After failure has been discriminated,

WOTAT will be stable.

3-46, Timing Pulse Protection Circuit. Zach pair of voltage switch timing

pulses (TPYV/TNYV and TPXV/TNXV) are guarded against overlap by a delay latch.
The action of the delay latch (for one pair of timing pulses) is illustrated

as follows:

TPYW ) > __r—": {1
!
! |
conTRoL I |
\2D |
NSEC 120
Circr v L _,__: e N&TC
. U
TNYVY > > 1

The latch ensures a space between a pair of timing pulses by establishing a
delay of approximately 120 nanoseconds between the trailing edge of the pre-

ceding pulse and the leading edge of the following pulse.
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SECTION IV

INSTALLATION AND VZRIFICATION

Lel. INTRODUCTICN

This section contains information on the installation and verification of
Sigma 3 Core Memory Frame Assembly 153259 and optional assemblies and/or

kits for memory expansion.

ha2, REFZRENCES
Tables 4-1 and 4=-2 are lists of documents, test equipment, special tools and
materials required to perform the procedures described im this section. Alsc

refer to Section VI, Illustrated Farts Breakdown and Parts Lists.

Table 4-1. Maintenance and Support:Decumentation

Number Title Use

704022 Sigma 3 Memory Diagnostic Used during verification and
(Medic 2/3) troubleshooting '

K900676) Sigma 3 Core Memory, Bank B

installations.

1205672 Sigma 3 Multi-Fort Liemory Used during verification and
- . troubleshooting

(901615) Ramdom Exercisor Sigma 3 Core Memory and Memory

Port expansion installations.

902401 Gngineering Support Manual Used during verification and

Sigma 3 Core Memory Aroubleshcoting

Sigma 3 Core FKemory and all

meriory expansion options.

Option and kNemory Port expansion

4-1



4-2

Table 4-2,

Test Zquipment, Special Tools and Materials Required

(or equivalent)

Model Name Use

1804 Oscilloscope General signal verification
. ilewlet Packard N

260 VOM, Simpson ‘General resistance and

voltage measurements

Verification of onerating
voltages

£230 (7140-53) Production Tool Vg and V, voltage adjustment

VACO in the BMU

153253 Thermoneter, XDS Verify Vd adjustment rang.

4=3, SIGMA 3 CORE MEMORY INS TION

Lo, FAMCRY FRAME ASSZMBLY 153259

nemory Frame Assembly 153259 is part of the Sigma 3 System Configuration 153253
and is shipped to the site installed in place in the system cabinet. Therefore,
any installation procedures pertinent to the memory frame assembly is included
in the installation instruction/control ;heot for the particular system in-

-

stallation. ) )
CAUTION

System power (lqgic, VC and VD) must be off during
all removal and/or replacement procedures. Do not
remove any module for at least five seconds after
power is shut down due to required power supply bleed

down time.
4.5,  BANK B OPTION
The bank B option consists of Bank B Drive Assembly 149401 (a kit of 17 single
modules of logic and 2 ribbon cables) and 8K Basic Memory Unit (BNU) Assembly

148418, Assembly 148418 contains chassis Assembly 148423 and Module Kit



Assembly 154492 containing four 2-high core diode modules, 12 X and Y-driveline
anq senseline modules and a module of miscellaneous supporting logic. The

modules of the BMU are alresdy imstalled in the chassis when received at the site.

k-6, Basic Memory Unit (BMU) 148418

To install the BMU proceed as foilows:

a. Remove Basic Memory Umit Assembly 148418 from packing
case and store case and packing for possible reshipment.of assembly.

b. Check material received against packing list and visually inspect
the unit for obvious damage; inspect backwiring board for bent pins, broken
wires, etb.

c. On Memory Frame Assembly 153259, remove two ribbon cables (137481-182)
extending from slots OlD to OlH and OlE to 01J,

d. Remove PT17B power supply'in accordance with paragraph 5-12 .

e, On the BMU, remove washers and nuts from power input studs on
backwiring boérd and insert BMU in memory frame in rows F/G and guide power
input studs through associated lugs on power bus bars.

f. Secure BMU in place using attachment hardware.

g. Replace PT17B power supply in accordance with paragraph 5- 13 .

h. Secure BMU power input studs tc bus bars using attachment hardware
removed in step e; tighten nuts sufficiently to provide proper electrical

contact between BMU and power bus bars.

L7, Bank B Drive Assembly 149401

To install Bank B Drive Assembly 149401 pfoceed as follows:

4-3



a.. Check material received against packing list.
NOTE
while performing the following step,
visually inspect modules and cables
for obvious damage; broken components,

etc., clean contacts, if necessary {para 5-1l)

b. Install modules in assigned slots in chassis C, D, and E in
accordance with slot identification provided on the internal shipping case
cr/:igule location chart in ESM.902401. Set appropriate starting address
switches on ST1l4 module to proper configuration (refer to table 5=1 and 3-2).

c. Replace two ribbon cables removed in step lL-6¢c, by threading
the cables through empty No., 1 slot in chassis F/G.

d. Install two new ribbon cables (137481-122 and =201) between slots
02D and Q1G and alofs 02E and OlF;.

e. Store shipping container and padking for possible reshipment of

assembly.

L8, 8K to 16K MEMCRY EXPANSION KIT 149668
Memory Zxpansion Kit 149668 is an assembly of two FTT13 and two FTT1h4 core
diode modules and two RTT1l modules of driveline circuitry. Install the kit

as follows:

CAUTION
Do not disassemble core diode modules.
This action will void all warranties by
XDS and/or the vendor. CLxercise extreme
care when cleaning module contacts. Do not
allow cleaning material to project internally

beyond contact surface.
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a. Check material received against packing list.

b. Install modules in assigned slots in chassis H/J or F/G in accordance
with slot identification provided on the internal shipping case or BMU module lo=-
cation chart in ESM 902401. Visually inspect modules for clean contacts; clean, if
neceséary (paragraph 5-11).

¢c. Store shipping container and packing for possible reshipment of assembly.

4-g MEMORY PORT 2, 3, or 4 ASSEMBLIES
Memory Port 2 Assembly 158910 and Memory Port 4 Assembly 149404 are kits of three
modules each; two FT80 (FTé4) and one FT66. Memory Port 3 Assembly 149403 is a kit
of seven modules, two FTSO‘(FTS&), and one each FT66, STik, IT13, IT2k and XT1O.
Install any memory port assembly kit as follows:

a. Check material received against packing list.
. bf Install modules in assigned slots in chassis in accordance with slot
identification provided on the internal shipping container or MPM module location
chart in ESM 902401. Visually inspect modules for clean contacts; clean, if necessary
(paragraph 5-11).

¢c. Store shipping container and packing for possible reshipment of assembly.

d. Set appropriate starting address switches on ST14 module to proper con-

figuration (refer to table 3-1 and 3-2) and properly set the port disable switches.

4-10 SIGMA 3 CORE MEMORY INSTALLATION VERIFICATION

Verification of Sigma 3 Core Memory installation is accomplished by running diag-
nostic programs as well as performing certain manual ch#ckoui.procedures. The -
diagnostic programs listed in table 4«1 are delivered in the form required by a
particular site installation. Therefore, it is assumed the equipment reqdired to
run the programs is available., Special tools and test eqnipment>required

for manual checkout are listed in table 4-2. The following paragraphs describe
the verification procedures for the memory frame assembly and all available

options for memory expansion,

4-5 -



Lo1l., MEMORY FRAME ASSEMBLY 153259

Femory Fram; Assembly 153259 is delivered pb the site as part of the Sigma 3

System configuration., Therefore, verification procedures for the memory frame
assembly is limited to the running of the diagnostic programs associated with

Sigma 3 Core liemory in relation to the complete system. Refer to table 4-1

for the list of diagnostics and programs used at the system level. If these diag=-
nostics cannot‘be run without error refer to table 5-3 for troubleshooting procedures.
4-12. BANK B OPTION

To verify the proper installation of the bank B option (assemblies 149401

and 143418) perform the following procedures:

a. vith system power off, check continuity between voltage busses and
ground (backwiring panel etch). Use low ohm scale on VOM to measure a typical
resistance of 0.1 to 0.5 ohms. Zero indicates open contact hetween power stud
and power bus lug; tighten associated hardware.

b, Set circuit breaker OFF on PT17B power supply and turn system
power on.

NOTE
In the following step, if all ones do not appear
refer to module swaﬁping information on NPM module
1ocati§n chart in B3M 902401 to determine problem
module. If problem cannot be determined by module
swapping, isolate problem using oscilloscope and
appropriate logic equations, Section I of ZSM 902401.
Also refer to table 5-% 1or troubdleshooting prucedures.

.c. With PT-17B power supply off, manually perform a read-from-memory.
Enter any address configuration contained in bank B; except to fetch all ones.

d. Manually perform a read-from-memory cycle and increment using switch
on PCP (processor control panel). Enter any address configuration contained in

bank B and allow a continuous memory fetch from that address; expect all or-s.



e, While performing the read-from-memory cycle, use oscilloscope and
check the B timing and address lines to insure & changing state on both types
of lines,

f. Use Uscilloscope at BTPXV and BTNXV invut to the BMU (01G33 and
01334) to insure no overlap of timing pulses; repeat procedure for BTPYV and
3TEYV at 01G37 and 01G38.

g. Discontinue read-frome-memory cycle and turn on PT17B power supplye.

h. Using digital voltmeter, check PT1GB output to be within the

following tolerances and adjust as necessary:

+8 VDC = +8,08 to +7.92
+4 VDC = +4,04 to +3.96
-8 VIC = =7.92 to -8.08

i, Using digital voltmeter, check the following internal voltages:

VC = +24,24 to +23.76 (pin O3FL5)

Vo = =1h.k ](ﬁin O3F18-voltage not adjustable)
AN AR L4 -

Vt = +0.35 at 03F14 (use special tool 7104.5 through

top hole in module WIT1O and adjust pot. ‘
jo Manually perform a read-from-memory cycle (withoét incrementing. Ente

any address configuration contained in Bank B and allow a continuous memory fetch
from that address. 'VS at O3F11 is set at +4.0 nominal; adjust Vs as follows:

1. Use cscillosc;pe énd probe sense strobe (SAST) a£-03F22
in reference to TPAC at 01G30 or TNXC at 0I@31 - {whichever is available at
strobe time), |

2. With special production tool 7104=5 (P230) adjust vV, pot (through

lower hole in ¥TT10 module) to position the sense strobe as follows:
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4-8

V 50% \  TPXC or TNXC

140 Nsec .

s .
\ 3,04V

NOTE
In the following step, if the diagnostic fails to
run over address range of interest, refer to

table 5-3 for information to determine the problem.

ke Load Sigma 3 MSBDIC (2/3) diagnostic 704022; set address switches
to encompass the maximum area to be tested; perform test in accordance with
900676 MEDIC (2/3) program manual.
CAUTION
Do not remove any module for at least five seconds
after power is shut down due to required bleed off
time, Installation of modules in wrong module.

vosition may lead to module damage.

l. FPerform optimum VD adjustment \paragraph 4-13),
m. Load and perform Sigma 3 MPM Random Exercisor 705672, if ZIOP is

installed.

n. Load and perform all appropriate diagnostics for other port users.



4-\8  Uptimum VD Adjustment (Schmooing)

Perform the optimum VD adjustment as follows:
‘a. Load KEDIC diagnostic.
b. Znter address, lamits of. memory area to be tested. .
c. Set parity switch to HALT position.
d. Delete test 15 from program

e, With KEDIC running, perform the following:
1. With digital voltmeter at O3H4l, adjust VD (very slowly) towards hig

limit using VD adjust Heli-pot on PT17B, and if necessary, adjust (with productioh

tool PEBO) the VCR null pot i"*‘f} the PT17® (Madnia WPEO),
2. Record value of vVu (VD max) when rawit fails

3, Adjust VD towards low limit using VD adjust Heli-pot on PT17B
and record value of VD (VD min) when MEZDIC fails

4, Determine the VD limits obtained meet the reQuirements of
figure 4-1. Note the ambient air temperature (TA) mﬁst be obtained before
proper determination can be hade. (Refer to table 4=2 for thermometer used.)
IA must be measured adjacent to the air filter directly under the lower fan.

5. Set Heli-pot on PT17B to 5.0 and adjust VCR pot for the value
determined by

VD = VDmax + VD min
=

f. If optimum adjustment camnot be obtained, refer to paragraph 5-(0,

g. Discontinue running MEDIC; remove digital voltmeter.

beyd. 8K to 186K MEMORY EXPANSION KIT 149668 INSTALLATION VERIFICATION
To verify the proper installation of the 8K to 16K memory expansion kit,
nerform the following procedures:

a. Turnon system power,

b. Perform procedural steps 4-12h through 4-12L.
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SECTION V

FIELD MAINTENANCE PROCEDURES

5«1,  INTRODUCTICN

This section contains information on preventivevand corrective maintenance
nécessary to support the Sigma 3 Core Memory in the field. The major portion
of preventive maintenance is performed by periodically running appropriate
diagnostic programs for system checkout, verifying operating voltages, and
"testing the airflow monitor circuit. Corrective maintenance includes

troubleshooting and the replacement of faulty components.

S=2.,  REFZREHCES

Table 5-1 is a list of maintenance support documents and special tools used
to perform:field maintenance on the Sigma 3 Core Memory. Refer to tables
‘4-1 and 4-2 for additional information and special tools required to perform
srocedures in this section. Also refer to Section VI, Illustrated Parts

Sreakdown and rarts Lists.

Table 5-1. Maintenance Support Documents, Special Tools and Materials

Number Title ' Use

70552¢ Sigma 3 Memory Diagnostic- To isolate malfunctions
(701604} Fault Locator in BMU

GC1655 PT14B Power Supply Troubleshoot power supply

Data Package

Q01656 PT15B Power Supply Troubleshoot power supply
Data Package

901¢57 PT16B Power Supply Troubleshoot power supply
Data Package '

A01658 PT17B Bower Supply Troubleshoot power supply
Data Padkage

153253 Thermometer, XDS Optimum VD adjustment

F1b Sigma Tool Kit - Field repair procedures

Isopropyl Alcohol (ASC or equivalent) Cleaning module contacts

% Ineh Brush (fine brass or nylom) Cleaning module contacts




5-%,  PREVENTIVZ MAINTENANCE

Preventive maintenance performed on Sigma 3 Core Memory consists of '‘Procedures

listed in table S5-2.

Table 5=2., Preventive Maintenance Procedures

Feriod Description Results
Daily Visually inspect internal External appearance:
and external appearance 1. Surfaces shall be clean

of equipment and free of dust.

2. Doors and panels shall close
completely in reasonable align-

ment

3. Top of cabinet shall be free
of all materials to allow freedom
of air exhaust and intake.

Internal appearance:
l. No clip leads or push-on=-
jumbers in use (unresolved and

unoffical changes)

2. Cables shall be neatly dressed

by sufficient ties and/or routing

3. No wire cuttings, dust, or

other trash within equipment cabinet

4, All chassis and frames shall be
sufficiently and properly bolted

down,

Frequency Clean Air Filter In accordance with para 5-5
determined by
site condi-

tions




Table 5-2., Preventive Maintenance Procedures, Contd.

Feriod Description Results

Lvery Run Sigma 3 MiDIC All tests run without error
2 weeks . . .

Diagnostic (do not margin

system)
gaarterly Run 3igma 3 MEDIC All tests run without error

Diagnostic (include system

margin test para 5-8 )

<uarterly rerform voltage verification In accordance with para 5-6
orocedure (para 5-6 )
wuarterly Ferform temperature sense In accordance with sara 5 7

shutdown test (para 5-7)

S=4.  CLEANING

Cleaninig procedures concerned with thie Sigma 3 Core Memory is limited to
the cleaning of the air filter located at the bottom of the memory frame
assembly. Module contacts are cleaned, 'if necessary, -when received-in the

field and during corrective maintenance (refer to paragraph S5-11).

5=-5 Air Filter

Remove filter from lower fan assembly and shake filter over waste receptacle;

5-3
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5-4

Verify operating voltages by performing the following procedures:
a. Using digital voltmeter, check PT16B output to be within the

following tolerances and adjust as necessary:

[

+8 VDC = +8,08 to +7.92

+4 VDC = +4,04 to +3.96

-8 VIC = -7,92 to -8,08

b. Using digital voltmeter, check the following internal voltages:

VC = +24.2L4 to +23,76 (pin O3H4S)
Vi = 0.35 (pin O3H14)
V_ = 2.0 to 5.0V (pin 03il1)
at 03H18
V, = Approx. -6.4V (measured/with respect to -3)
VD = at O3H41l,nominal as determined by optimum VD adjust.
VM = at O3H46, 1/2 VD & 1,0V

c. If correct voltages cannot be obtained, refer to paragraph 5-10,
5=9 .  TZMIERATURS SENSE SHUTDOWN TEST
The airflow monitor circuit in the BMU monitors temperature of the lower
memory frame blower area. Test the operation of this circuit ag follows:

a. With system power on, set COMPUTE switch to IDLE

b. Disconnect power to lower memory frame blowers

¢, Observe PT17B circuit breaker is tripped within 1/2 minute after
blowers are disabled

d. If correct results are not obtained, refer to paragraph 5=10.-



5- 8. MEMORY SYSTEM MARGIN TEST
41l dc output voltages from the PT16B power supply are externally adjustable
to kithin £ 10% of the nominal output level. The adjustments are made using
the three-vosition margzin switch on the PT163 power supply. <he system margin
test is performed using this switch. Perform the memory system margin test
a.. follows:

a, Load NHzDIC diagnostic

b. ZInter address configuration of memory area

¢. Successfully run MEDIC for five minutes; rotate margin switch on
PT1nB power supply to HI; after five minutes rotate margin switch te LOW and
allow five mingtes in this position

d. Rotate margin switch back to.NOM; run MEDIC for five minutes in this
position

e, If +iDIC fails during steps ¢ and d; refer to paragraph 5-10

f. Discontinue running MEDIC.

=9 CCARLCTPIVE MAINMTENANCE

Corrective maintenance consists of troubleshooting and repair. Troubleshooting
orocedures are performed as the result of running the diagnostics listed in
osection IV and V, performing manual test procedures ,and intermittent memory

rroulens; these procedures are listed in table 5-3. Repair is the replacement

of faulty items and the cleaning of module contacts as a result of troubleshooting.

The level of field repair is outlined in table 5-3 in the probable cause/remedy

column.
5-10 TROUBLESHOOTING AND REPAIR PROCEDURES

CAUTION
System power must be off during all removal and/or re-
placement procedures. Do not remove any modple for at
least five seconds after power is shut down due to the
required bleed off time. Installation of modules in the

a - PREEY - LY - LI T [ R



56

CAUTION

Do not disassemble core diode modules. This action

will void all warranties by XDS and/or vendor.

1. I ihe remedy sug ails to

o
a
(4]}
ck
[+
£L
'-'o
Lo
-
<
cr
..J
a
\in

\

repair the fault, contique troubleshooting by using
oscilloscope and logic equations in.ESM 902401, and
logic diagrams and detail descriptions of eircuit
operation in Section III. Also clean module con-
tacts, if necessary, in accordance with paragraph S-ll.
2. Refer to paragraph 5-14 f;r typical waveform

information.

3. A method to determine timing signals is to scan
three address bits as follows:

r like values = TPXC

L_-L—j L unlike values = TNXC

( S07 , TPXC = TNYC
S07 . THXC = TPYC

NSO7 . TPXC = TPYC
L NSO7 . TNXC = TNYC

Bit 7 determines the Y-current direction in relation
to X-current direction. If SO7 is high the Y-current
is the opposite polarity of the X-current. If S07

is low (NSO?7) the Y-current is-in the same direction

as the X-current.
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Table 5-3, Troubleshootings and Repair Procedures

ITtem

Test Procedure

Froblem

Frobable Cause/Remedy

lemory completely

inoperative

- 19

b.

Ce

d.

f.

Be

h.

External dc voltage supplies; troubleshoot
PT15B, PT16B and PT17B power supplies in
accordance with data packages 901656, 901657
and 901658, respectively

Run Memory Diagnostic-Fault Locator; refer
to item 13 for troubleshooting procedures

X-voltage predrive circuits XPNVKO-3 and
XNPVKO=3, RIT12 modules in slots 15 and 16;
F/G or H/J; replace modules

X-current predrive circuits XPNCKO-3, RTT11
modules in slots 8, 10, 12 and 14, F/G or

M/J; replace modules

Y~-current predrive circuits YPNCO-3 and
INPC4-7, RTT1O modules in slots 7, 9, 11 and
13; F/G or H/J; replace modules

Y-voltage predrive circuits YPNVO-3 and
INPVO~3, RTT1]l modules in slots 8, 19, 12,
and 14; F,'G or H/J; replace modules

Check XVPR and YVPR. If both are low the
predrive is disabled. Check STM to deter-
mine if low; replace WTT10 module

Check SAST at 03H22/03F22; check NTSSTB;
check MSTAT (refer to BMU logic Diagram,
Page 1, ESM 902401, Section II); replace
WIT10; replace FT66 in 16E or 18E
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Table 5-3. Troubleshooting and Repair Procedures Contd. - -
Item | Test Yrocedure Problenm Frobable Cause/lemedy
L, Check SDECEN at 03J0€; replace wIT10;
replace FT66 in 410,
INTSRMITTENT PROBLEMS
2 - All memory failing d.. Refer to item 1, remedy A
b. Airflow monitor circuit; perform steps
5-7a through 5-7cj: replace WIT10 module
in »J
C. Timing pulses (refer to Bhl logic Diagram
Page 1 3SM 902401, Section II); replace
FT65 in 5E or 6E and/or FT64 in 8% or 9B
3 - Part of memory failing a. Address lines (refer to BuU logic Diagram
Page 1 ESM 902401, Section 1I); revlace
FT68 slots 3D, 4D, and 7D and/or 3E, 4E,
and 5D
/ b. X and Y predrive circuits; refer to item 1,
remedies ¢ through f.
4 - Full byte (1/2-byte a. X-voltage switches; refer to figure 3-18

O and 1 or 2 and 3)

for avpronriate switches; replace RIT12
in slots 15 and 16F/3 or H/J
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Table 5-3, Troubleshootins and Repair Procedures Contd.

.ltem Test Procedure Problem Probable Cause/Remedy
b. Inhibit timing; refer to BNU logic Diagram,
Page 1,ESh 902401, Section II1); replace
FT6h in 8E or 9E
5 - Alternate 1/2-bytesr X-current switches; refer to figure 3-18
(0O and 2 or 1 and 3) for appropriate switches; replace
RIT11 in slots 8, 10, 12 and 14F/G or H/J
6 - Two adjacent bits Y-current switches; refer to figure 3-19
for appropriate switches; replace
RIT10 in slots 7, 9, 11, and 13F/G or H/J
? - Two alternate bits Y-voltage switches; refer to figure 3-19
for appropriate switches; replace
RTT11 in slots 12 and 14F/G or H/J
8 - One bit, all memory 0. GSense amplifiers; refer to BMU logic

diagram, page 5, Section II, ESM 902401;
replace HTT10 modules in slots 4, 5, and 6
6F/G or H/J

Data linesy refer to BMU logic diagram,
page 1, BSM 902401, Section II; replace
FT63 modules in slots 9C, 10C, 11C or 12C
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Table 5-3. Troubleshooting and Repair Procedures Contd.
item | Test Procedure Problem Probable Cause /Reredy
9 - One bit, part of memory A, Pre-amp select circuit; refer to BLU
' logic diagram, page 4, i&SM 902401,
Section II; replace WIT10 in slot 3F/G,
or H/J
be Pre-amp circuits; refer to BlU logic
diagram, page 5, ESM 902401, Section II;
replace HTT10 in slots 4, 5, and 6F/G or
H/J
10 - 1/2-byte or one bit, Core diode module; replace appropriate
at one address module in slots 17 through 32F/G or H/J
11 MZDIC 2/3 Fajled any test 0-15 Refer to applicable remedies for
704022D intermittent memory problems, items
(900676D) 2 through 10.
12 MPM Exercisor Failed any test 1-3 d. Refer to logic diagrams in Section 1II
Test 705672A (after I/0 operatidn b. Refer to applicable remedies for

(9016154)

has been verified)

intermittent memory problems, items
2 through 10.
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Table 5-3.

Troubleshootin~ amd ‘Répairs Procedures Contd.

Item | Test Procedure Problem Probable Cause/Remedy
13 Fault Locator Failed any test ' a. Troubleshoot in accordance with
7055298 ‘ directions in program listing
(9016043) b, Refer to applicable remedies for
intermittent memory problems,
items 2 through 10
14 Voltage verification a. DC output of PT16B a. Troubleshoot PT16B in accordance with
(para 5-6) | not within tolerance data package 201657
b. VC and VD not b. Troubleshoot PT17B in accordance with
within tolerance data package 901658
' G; adjust V 7
¢. Vi or Vg not within ¢, WIT10 module in slot 3J or 3 ,“- h) 1ft
h 4=123; ne~
tolerance anq Vs according to paragrap 33
Acessary,_;eplgpe module
15 Temperature Sense Circuit breaker on a. Troubleshoot PT17B in accordance“gggg Power
" _ Supply, Model PT17B, Assy. No. 1 » Power
Shutdown Test PT17B did not trip Supply data package 901658
(para 5-7)" within 1/2 minute b. WIT1O module in slot 3J; replace module
16 Memory System Margin a, MEDIC failed during HI | a. Voltage sensitive module; isolate module;

Test (para 5-6 |

b. MEDIC fajled during
1OW

b. Voltage sensitive module; isolate module;

replace module in MPM or BMU

replace module in MPM or BMU



Z1=s

Table 5-1,

Troubleshooting and Repair Procedures Cont.

lten  lest Procedure Froblem Probable Ususe/Remedy
17 Optimum VD Adjustment Cotimum VD adjust a. Refer to applicable reredies for
(para 4.a) canrot be made intermittent merory nroblenms,
items 2 through 1O
b. Troubleshoot PT17B in accordance

vith data package 901658




5=11 CLEANING MODULE CONTACTS

Exercise extreme care wher cleaning Core Diode
Modules (CDM). Do not allow cleaning material
to project internally beyond contact surface.
a. Brush module contacts with alcohol (table 5-1) until clean. Remove
residue'with additional alcohol. -
5-12 PT17B POWER SUPPLY 148806 REMOVAL
Remove PT17B power supply as follows:
a. Disconnect power supply omt¥ut lines (3) from bus bar
b. Disconnect blower cable conmectors (2)
c. Disconnect memory-sense cable connector
d.  Disconnect power input cables (2) from system power distribution box
e. HRemove cable ties on power supply which dress signal cables to side of
memory frame
f. At bottom of power supply, remove air filter and loosen power supply
mounting screws, utilizing screwdriver clearance slots provided at bottom of power supply
Ee At top of power supply, remove power supply mounting hardware and 1lift

power supply from frame

5-13 PT17B POWER SUPPLY 148806 REPLACEMENT
Replace PT17B power supply as follows:

a., If required, remove PT17B power supply from shipping container; store con-
tainer and packing for possible reshipment of unit.

be If necessary, remove air filter from bottom of power supply

¢. On memory frame assembly, install power supply by sliding slotted bracket
of power supply over loosened mounting screws; do not tighten sc?ews

d. At top of power supply, install mounting hardware and engage top mounting
screws sufficiently to hold power supply; do not tighten séreus

e. Connect power supply output lines (3)rto bus bar; tighten for proper
electrical contact.

f. Connect blower cable connectors (2) and menory-sense.eable connector to power

supply; connect power input cables (2) from power supply to system power distribution box



g. Tighten power supply mounting screws at top and bottom; replace
air filter at béttom of power supply.

iie . Install cable ties on signal cables; dress cables to the left =zide
of the memory frame providing suificient clearance for module removal and

replacenent; secure cacle ties to power supply case.

5-1%,  GAVERGRS

fhis paragraph contains analysis of illustrated waveform patterns which will

be encounter;d during troubleshooting procedures. Reactivé»conpcnents in the
memory circuits, or a poor grounding technique of a scope probe, will tend to pro-
duce distortion in w#veform pattern. Therefore, the following information is
inciuded to aid in the Adéseriminatian Af arcantable waveforna. lefer . to

a. Waveform Group No. l. The readehalf cycle timing pulse (RHC) is used to

sync the patterns in the waveform group No. 1. The areas of importance are 1 through

4 and are described as follows:
ls Linear amplifier output; negative excursion indicates the reading out

of a one.

2. Distortion created b, X and Yedriveline switches turning off (positive
distortion), on (negative) and off again.

3. This positive excursion indicates a one is being written into the

addressed core.

k. A memory cycle (both read and write half-cycles).

Note
SDECEN occurs near the beginning of each
memory cycle.

b. Waveform Group No. 2. The RHC timing pulse is also used to sync the
patterns shown in waveform group No. 2. The areas of importance are 1 through 3

and are described as followa: ,
1. Linear amplifier cutput; n~gative excursion indicates the reading
out of a zero., (Note: This excursion is smaller in amplitude than the excursion

4 for one in the previous waveform pattern.)
5-
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2. legative distortion created by X and Y-driveline switches turning
off.(ilote: Tﬁis distorticn is of opvosite polarity to the distortion of the:
switches turning off in G;oup No. 1. If the negative amplitude does not
extuud beyord the negativé level of tue atrobe 1, it is normal. If for some
reason the negative distortion extends beyond atrobe L, the sense amplifier
would outnut a short pulse which might be strobed into the mémory information
reyister (k-register) as a one,)

2, Distortion caused by £ and Y-driveline switches being set up for the
write portion of the memory cycle. HNote: NTSSTB drops low (initiating SAST

for strobing) approximately 40 nanoseconds after 3DiCEN goes high.
k. A zero is beirg written into this core. Comvare to 3 of group 1.

c. VYaveform Group No. 3. The timing pulse TPXC is used to sync the patterns

shown in waveform group No. 3, many addresses are being bycled. The areas of im~-
portance are 1 through 6 and are described as follows:

1l and 2. Linear amplifier output for ones and zeros; 1 = a one and
2 = a zero.

3 and 4., Indicates the writing in of a zero, 3 and a one 4.

S. Timing pulse TPXC during read, at one address.

S5a. Timing pulse NTPXC during read at a different address.

6. Timing pulse TPXC during write, at the same address as 5.

6a. Timing pulse NTPXC during write at a different address. Note: The
delay between TFXC gnd the X and Y switch turnon (distortion prior to strobe 1 or 2)
is due to the predrive and driveline switch delays. The delay from TPXC turnoff to

switch turnoff is also due to the same condition in the switches.

d. Waveform Group No. 4. Timing pulse TPXC is also used to sync the wave-

form patterns in group No. 4. The patterns represent one address being cycied.
TPXC appears during the write portion and the linear amplifiers dutput have dif-
ferent ground reference levels for wave separation. Areas 1 through 4 are described

in waveform 3 analysis.
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e, Haveforqnﬁrpup No, S

Timing pulse TPYI/TNYI is used to sync the waveform patterh of group No. 5. The
arcas of interest are 1 through4. and are described as follows:

1, width of drive volta;se pulse measured ag OO0C1YFR positive inhibit
switch circuit out»nut durinz a write-zero; VD is the quiescent voltage level.

2. Width of drive voltage pulse measured at OOOlYPR positive innhibit
switch circuit output during a write-one; VD is the quies&cnt voltage level.

3. anplitude of drive voltage during write-zero.

L, Amplitude of drive voltage during write-one.
iote: The difference in pulse width between 1 and 2 is due to the inhibit
switch turning on in the writing of a zero. 4Also timing pulse TPYI/TYNI is a
wider pulse than TPYV or TPIC used during the writing of a one. The difference
ir amplitude between 3 and 4 is due to the different paths to ground for both
currents. In 3 the inhibit switch, switches directly to groung and in 4 the
drive current from the Y-current switch is completed to ground through the
Y-current switch, driveline diode, core, and finally the Y-voltage switch

wi.ichh sinks the current.

f. Waveform Group No. 6. Timing pulse TPYI/TNYI is also used to sync the
#aveform patterns of group No. 6. These waveforms are identical to group No. 5
with the exception that the patterns are of the output of a negative inhibit
switch and the 1011YNR quiescent voltage is zero.

g. Waveform Group No. 7. This waveform diagram is the vaﬁefbrn diagram of

No. 6 with the drive voltage pulses for a zero and one superimposed to convey the
differences in pulse width and amplitude. Bits 10 and 11 are different, one is a

zero and the other a one.
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h. Waveform Group No. 8. Timing pulse TYNC is used to sync the waveform

patterns of group No. 8. Area 1 and 2 are described as follows:

1. This positive excursion is normal and is due to IC predrive
lineldischarging.

2. JYCPR drops to zero again during the write half-cycle with

timing pulse TPYC (not shown) and a complement Y-current predrive address.

i. Waveform Group No. 9. Timing pulse TFYC or TNYC is used to sync wave-

form group No. 9. The areas of interest are 1 through 4 and are described as
follows:
1. Time of interest (TYC during write zeros - inhibit switch is on)
2. Disregard excursions during this period as no useful work
is being performedby this YC switche
3. IC7N is normally recovered to approximately Vm; the negative

spike which follows is due to the positive voltage switch turning on.

L, This spike due to voltage switch turningboff.
Note: Trace three (YCOP) is for a positive YC switch and is approximately an
inverse of trace two which is for a negative YC switch. Trace two and three
show line fluctuations as a result one switch turning on. ' No useful work was

accomplished since the time was for a write-zero.

jo Waveform Group No. 10, This waveform group is for the same set of cir-

cumstances as group 9 except a one is being written. -The areas of interest are 1
and 2 and are described as follows:

1. At TYC time the YC?N switch turned on slightly ;head of the
negative voltage switch and caused the first spike; the second spike is
caused by YCOP switch turning off slightly before the voltage switch.

2. This long recovery curve is normal for any YC switch and occurs

during the time when useful work is not being performed by this Y¥C switch.
lote: If a Y-line has no noise or spikes, etc., it may be shorted to ground orVD.

5-21
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K. Waveforg_Grpup No., 11. Timing pulse TPYV (during write) is used to

sync the waveform patternlin, group: No. 11. -:These "areas-of-importance are 1 through 3
and are described as follows:
1. YVFR responds to both half portions (read and write) of the
memory cycle. These areas show VC during read (lst negative excursion - longer
duration) and write (2nd negative excursion - shorter duration). The difference
in duration is due to the YV predrive being turned on longer during the read
cycle.
2. This negative excursion is predrive switch turnon.
3. This positive spike is caused by the inductive discharge
(kickback) of the predrive‘line; this is normal and will vary in amplitude on

different lines.

1. Waveform Group No. 12, This waveform shows a Y-voltage switch output

in relation to timing pulses TPYV and TNYV, The areas of importance are
1 through 5 and are described as follows:

1. Note the longer timing pulse (TNYV) during the read portion
of the cycle; this allows for longer ontime for voltage switch during read.

2. This slight delay in voltage switch turnon and tarneff is
normal, however, tﬁe delay at turnoff must not be excessive (extend into the
write portion of the memory cycle.) ‘

3; Hormal recovery to the direction of Vm. Thg voltage does not
quite reach Vm, however, before the switch goes positive (during write) and
forces it t§ VD.

L, Rapid recovery to Vm after write may or may not occur (see 3 of
group 13). No;e: Zither recovery patterh th er 5) can occur after read or write
and both are acceptable. The important facts in waveform group No. 12 are that the
voltage switch switched from Vm to ground, recovered to Vm and switched from Vm to

VD as directed by the timing pulses, and made proper recoveries between cycle and

half cycles. . 5-23



901594

5V/CM A*er ,:J{.-\-J (08J17) TPYV)
1ov/CMm 7\\ / ] 1\\ m {- i YVPR (15123)
Vdaelrr/ | Usd | Vi) | e/
N\ R\
10V/CM \W- \ . - f N
\
200 NS/CM \

g b

WAVEFORM GROUP NO, 11

_HM TPYV (08J17)

TNYV (08J08)

SAME AS NO, 11

VD (WRITE)
vm 0002YVé

\\ \ M 0V (READ)
o8 ®60 ©

WAVEFORM GROUP NO. 12

901684A.501/6

5-24

Figure 5-1. BMU Waveforms {Sheet 6 of 10)




m. Waveform Group No. 13, Timing pulse TPYV or TNYV is used to sync these
waveform pﬁttenns. The areas of interest are 1 through 3 and are dascriﬁed as
follows: .

1. YVPR properly switches from VC fo ground at turnmon time. (This
pattern is made while memory is being cyéled.)

2. All predrive lines but one are turming off together; one is slower
in turning off, this predrive switch should be replaced (refer to waveform group
No. 14 for further analysis).

3. Proper output and recovery pattern (during read and write) from
0002YV6 voltage switch (output from a good voltage switch, i.e., not a voltage
switch driven by the bad predrive line).

n. Maveform Groyp No, 14, The same set of conditions prevail for these

pétterns as for No. 13. The areas of interest are 1 and 2 and are described as
follows: .

1. This is the defective Y voltage predrive line described in waveform
pattern No. 13.

2. Note the extended ontime of the voltage switch. This is due to the
predrive being on for a longer duration.

3. Note the recovery area of the waveform from the defectivevvaltage
~switch. The positive side always recovers much later than that shown in the
above waveform (good switch) and the recovery on the negative side is damped.

This group illustrates a condition which may result in an intermittent memory

failure due to decreased recovery time.
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o. Waveform Grbup No. 15. Timing pulse TPXC is used to sync waveform

Group No. 15. The areas of importance are 1 through 3 and are described as
follows:

1. This positive spike at turnon time on trace three is due to the
inductance in the predrive line and is normal. Trace three is the output at
1427 of the positive predrive switch at the upper end of the 4X4 X-current
switch matrix.

2. This positive spike at turnoff time is caused by the switch
at the lower end of the switch matrix turning off first; this is also normal.

3. This indicétes a momentary recovery to the wvalue of ihe predrive
switch emitter bias (+8V) when the lower switch turns off. The return to
ground occurs when the upper switch turns off.
liote: Trace two is the result of current through the predrive resistor and

indicates the predrive switches turned on.

p. Waveform Group No. 16. The same timing pulse used in group No. 15 is

used to sync group No. 16, Trace two is the output at 14HSO(XPNCKO) of the switch
at the lower end of the switch_matrix described in the analysis of waveform group
No. 15. Trace two shows tﬁe switch turned on and off properly during the timing
pulse. The recovery after turnoff is quick due to the fact that the upper switch
is still on as described in step 2 of waveform analysis No. 15. However, after

the predrive emitter bias diode turns off at +8V (step 3 of Noy 15) the recovery is

slower (1); this is normal.
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g. Waveform Group No, 17, Timing pulse TPXC is used to sync the

waveform group No. 17. Refer to groups 15 and 16, Trace three of No. 15 is

the outpuﬁ of an addressed upper predrive switch. Trace two of No. 17 is the

output of an unaddressed upper switch; this trace is /fr:mpoint which is not

selected to carry current for the addressed lower switch, which is trace three of

no. 17. The noise and spikes of trace two are caused by electrical coupling between &
selected predrive line and the unselected predrive line. These are normal

distortions which are not of interest since very little current flows. therefore,

AC switches on this unaddressed AT predrive line will not turn on.
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r. Waveform Group No. 18. Timing pulse TPXV.is-used to sync waveform

No. 18. The memory is being cycled and the group of waveforms illustrate
almostvideal results of switching. Trace two is the XV predrive resistor wave-
form, Trace three is the output of a voltage switch during a memory cycle. DNote
area No. 1; the group of lines at turnoff time for XVFR illustrate several switches
on the same line of the 4X4 voltage switch matrix, are turning off and have similar
turnoff characteristics (i.e., none are too slow). |

s. Haveform Group No. 19, Timing pulse TFXV is used to sync wave-

form group No. 19. The waveforms in this group are similar to those in group

No. 18 except that the memory is being cycled on oniy one address. This group

is included to illustrate another acceptable configuration of the conditions shown
in group Nos 18. The areas of interest are 1 through 3 and are described as fol=
lows: |

1. The first excursion is negative during read (as opposed to
the line

nositive in group lio. 13); the switch turned on and/dropped immediately to
ground and recovered to a value slightly above ground when the X-current
switch turned on.

2« At switch turnoff, an inductive ofershoot occurs and the line
recovers to near Vm,

3. The write portion is uneventful until recovery time at turnoff°
the voltage switch line recovers very slowly and is eventually driven ;nat
Vm = to ground when the switch goes negative again during read. °f the next cycle.

Note: Although the overall action of the voltage switch shown in this group

differ:from the one. in group No. 18, the action is considered normal.
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Paragraphs 6~1 to 6-2

SECTION VI
- ILLUSTRATED PARTS BREAKDOWN

6-1 GROUP ASSEMBLY PARTS LIST

The Group Assembly Parts List is a breakdown of all systems,
assemblies, and subassemblies which can be disassembled,
reassembled, or replaced and which are contained in the
end article. The Group Assembly Parts List consists of co=
fumnar listings of parts related to illustrations. Parts are
listed in order of disassembly sequence, except in cases -
where sequence of disassembly cannot be maintained. At-
taching parts are listed below the related assembly or sub-
assemblies. ltems which are purchased in bulk form (for
example, wire and insulating materials) are not listed.

Each parts list table is arranged in seven columns as fol-
lows:

a. The figure number of the part listed and the index
number corresponding to the illustration reference

b. The XDS manufacturer's part number for the part
¢. The vendor's part number for the part (if available)
d. A brief description of the part

e. The manufacturer's code for the part

f. The quantity of the part used per assembly

g. Usable on code column indicating that when a
letter is used in the code column, the use of the coded part -
is restricted to the mode! identified by the code letter.

{Where no letter symbol appears in this column, the part is
used on all models of this configuration. )

How to use the Illustrated Parts Breakdown.

To obtain information about a part, the following steps
should be taken:

a. Refer to the applicable assembly breakdown.

b. Compare the part with the illustration until part
is located.

c. Note the index number.

d. Locate the index number in the corresponding

.Group Assembly Parts List.

e. Find the part humber and name of part opposite
the index number listed.

6-2 NUMERICAL INDEX

This index is a listing of the items contained in the Group
Assembly Parts List. The numerical order of the index
(table 6~8) is determined by the XDS part number.
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ILLUSTRATED PARTS BREAKDOWN CONTENTS

Sect. - Fig. Page
é=1 Sigma 3 Core Memory (Model 8151) , . .. ..... 0 ivvnnns e e e .
6~2 Sioma 3 Memory Frome Assembly , ... ..... eee e cieseens PR e e
6=2 8K Basic Memory Assembly (Used with Bank B Location Only) ................. .
6-3 8K Basic Memory Assembly, . . ... ..... 00ttt e
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Table 6=1. Sigma 3 Core Memory (Model 8151)

901594

Fig. &

XDsS

Vendor Description Mfg.  |Units Per [Usable on
Index Ne. Part Number | Part Number{1 2 3 4 5 6 7 Code Assy Code
6-1- Sigma 3 Core Memory (Model 8151) XDS 8151
-1 1532590 Sigma 3 Memory=-Frame Assy XDS 1
- 139204G Hardware Kit Assy, Front Frame XDS 1
=2 148586 CPU Frame Assy XDS I‘QEF
-3 148557 EIOP Assy XDS | REF
-4 148721 PCP Door Assy XDs REF
-5 131416 Basic Cabinet Assy XDS REF

6-4
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Table 6-2. Sigma 3 Memory Frame Assembly

Fig. & XDS Vendor Description Mfg.  |Units Per [Usable on
Index No. Part Number | Part Number|1 2 3 4 5 6 7 Code Assy Code
6-2- 153259D Sigma 3 Memory~Frome Assy XDS REF 8151
6-2- 153372C . Basic-Frame Assy 1
=1 152009 . . Frame, Swing 1
C-2 152010 . . Bracket, Chassis Mtg 1
-3 152011 . . Angle, Chassis Mtg ]
(Attaching Parts)
- . . Screw, Flat Hd 10-32 8
R .
-4 152240 . . Plate, Frame Latch 2
{(Attaching Parts)
- . . Screw, Pan Hd 8-32 4
R -
-5 147595 .' . Latch 2
) 108051 . . Spring, Pre=Load 2
-7 147596 . . Bracket, Laotch Mtg 2
(Attaching Parts)
- . . Screw, Pan Hd 8-32 4
SR
-8 153767 . Brocket, Pin Protect , 2
(Attaching Parts)
- 100012~408 . Screw, Pan Hd Rec Phil 8
- 100024-400 . Washer, Lock Int Tooth 8
- 100008-400 . Washer, Flat 8
R
-9 100012-510 . Screw, Pan Hd Rec Phil 3
-10 100024~500 . Washer, Lock Int Tooth 3
=11 100018-500 . Washer, Flat i 3
(Continued)
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Table 6~2. Sigma 3 Memory Frame Assembly (Cont.)

Fig. &

*

Index No, Par:< Elsumber Poxe:l?;rrlber 123456 ?%CV'PNO" Z\:ge Uf:::ype' Usgl;:i: >
6-2-
-12 | 148806 Power Sﬁpply Assy, Memory (PT178) 1
(Attaching Parts)
- 100012-509 Screw, Pan Hd Rec Phii 4
- 100018-500 . Washer, Flat 4
- 100024~500 . Washer, Lock Int Tooth 4
e Faaa
-13 158047-001 Busbar, Memory/Logic (Laminar) 1
-14 158055-001 . Busbar, Memory-4 High (Laminar) 1
(Attaching Parts)
- 100008-300 . Nut, Hex Mach 29
- 100024~300 Washer, Lock Int Tooth 29
- 100018-300 . Washer, Flat 29
R .
-15 148418G . 8K Basic Memory Assy (See Fig 6=3) 1
(Attaching Parts)
- 100012-405 Screw, Pan Hd Rec Phil 8
- 100008-400 . Washer, Flat \ 8
- 100024~-300 . Washer, Lock Int Tool'h 8
S
-16 148418G . 8K Basic Memory Assy (Rows F and G are REF
Reserved for 8K Basic Assy Required for
Memory B Bank Option)
=17 149395E Memory Port Multiple (MPM) (See Fig 6~5) 1
(Attaching Parts)
- 100013-405 Screw, Pan Hd Rec Phil 16
- 100008-400 . qusher, Flat 16
- 100024~300 . Washer, Lock Int Tooth 16

(Continued)
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Table 6-2. Sigma 3 Memory Frame Assembly (Cont.)
Injéi.Ni. Portxl\tiimber Paxe:lctl:on:ber 1 23456 ?escripﬁon g‘;gie Urz::yl’er Usggldz o
6-2-

-18 153704 Top Fan Assy, High Velocity 1
-19 153705 . Bottom Fon Assy, Highb\/elocity 1
(A’rtochiu:\g Parts)

- 100012-406 Screw, Pan Hd Rec Phil 6
- 100008-400 . Washer, Flat 6
- 100024~400 Washer, Lock Int Tooth 6
- 100012~205 . Screw, Pan Hd Rec Phil 4
- 100018-200 Washer, Flat 4
- 100024-200 Washer, Lock Int Tooth 4
- 100008-200 Nut, Hex Mach 4

I
-20 130639 . Bracket, Door Latch Mtg Support 1
R (Attaching Parts)
- 100012-408 . Screw, Pan Hd Rec Phil 4
- 100024-400 . Washer, Lock Int T.oofh 4
- 100008-400 Nut, Hex Mach 4
e e ¥
=21 152012 Bracket, Door Latch Mtg VI
222 | 1589%0 . Bracket, Door Latch Mtg !
(Attaching Parts)
- 100012-205 . Screw, Pan Hd Rec Phil 6
- 100018-200 Washer, Flat )
- 100024~200 . Washer, Lock Int Tooth 6

(Continued)
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Table 6-2. Sigma 3 Memory Frame Assembly (Cont.)

and 32D to MPM #1, 27E)

Fig. & XDS$ Vendor Description Mfg.  |Units Per |Usable on
Index No. Part Number |Part Number | 1 2 3 4 5 6 7 Code Assy Code
6-2-
-23 134171 . Spring, Door Latch 4
(Attaching Parts)
- 100012-203 Screw, Pan Hd Rec Phil 8
- 100018-300 Washer, Flat 8
- 100024~300 Washer, Lock Int Tooth 8
N
-24 129554 . Trigger, Door Latch 4
(Attaching Parts)
- 100012-103 . Screw, Pan Hd Rec Phil 4
e -
-25 134169 . Door, Chassis 1
(Attaching Parts)
- 100012-205 . Screw, Pan Hd Rec Phil 5
- 100018-200 .  Washer, Flat - 5
- 100024-200 . Washer, Lock Int Tooth 5
S .
- 110871 Connector, Male, 14 Contacts 1
- 137481-182 ZT45 Interframe Ribbon Cable Assy 2
(1 from MPM, O1E fo BMU,01,J)
{1 from MPM, 01D to BMU,01H)
- 135633401 Marginal Volt Indicqt.or Cable Assy 1
(From PT17B, MPM #1)
- 153732-132 ZT123 Interconnecting Cable Assy (From 1
PT158 to MPM #1, 27E to MPM #2, 27E)
- 152035-152 . Co-ax Cable-Clock, Assy (From CPU, 13C 1

610
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Table 6-3. 8K Basic Memory Assembly

Locations)

Fig. & XDS Vendor Description Mfg. |Units Per [Usable on
Index No. Part Number |Part Number|{1 2 3 4 5 6 7 Code Assy Code
6-3~ 148418G 8K Basic Memory Assy REF 8151
Ref 8151-
1/2
6-3- 148423D Memory Chassis Assy 1
-1 148425 . . . Backwiring Board Assy, Memory 1
(Attaching Parts)
-2 148832-512 . . . Screw, Thread Forming 36
- - * - - -
-3 131891-007 Cable~Busbar Pick=Up Assy 1
- 152235C Memory Chassis Assy 1
-4 149485 Chassis, Memory Module 1
-5 154630 « +« . « Support, Bar 1
.(Attaching Parts)
-6 148832-506 . . . . Screw, Thread Forming 4
- ew = * - e -
- 1544928 . . Module Kit Assy (See Fig 6-4 for Module| 1

6-12
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Table 6-4.

901594

Module Locations, 8K Basic Memory Assembly

Fig. &
Index No.

XDS
Part Number

Vendor
Part Number

Description
1 23456 7

Mfg.
Code

Units Per
Assy

Usable on
Code

6-4-

6midm

-4

1544928

149647

149348

148850

149040

149164

147860

147869

149668C*

149040

147860

147869

Module Locations, 8K Basic Memory Assy

. Module Kit Assy

. Module Assy, WTT10 Memory Voltage
Regulator (Loc 3H=3J)

. . . Module Assy, HTT10 Memory Sense
Amp (Loc 4H=4J, 5H-5J, 6H-61)

Module Assy, RTT10 Y Current Drive
(Loc 7H=7J,9H-9J, 11H=11J, 13H-13)

. . . Module Assy, RTT11 X.Current Y
Voltage Drive (Loc 12H=12J,
14H-14J)

Module Assy, RTT12 X Voltage Drive
(Loc 15H=-15J, 16H=16J)

. . . Core Diode Module Assy (FTT14)
(1 in Loc 19H-19J-20H~-20J)
(1 in Loc 23H=-23J-24H-24))

Core Diode Module Assy (FTT13)
(1 in Loc 27H-27J-28H-28))
(1 in Loc 31H-31J-32H-32))

8K to 16K Memory Expansion Kit Assy
{Model 8152)

. . . Module Assy, RTT11 X Current Y
Voltage Drive {Loc 8H~8J-10H-10J)

Core Diode Module Assy (FTT14)
(1 in Loc 17H-17)-18H=18J)
(1 in Loc 21H=21J-22H-22)J)

. . .

Core Diode Module Assy (FTT13)
(1 in Loc 25H=251-26H-26J)
(1-in Loc 29H=29J~30H-30J)

*Memory Expansion Kit for addition to 8151-1
and 8151-2. Expansion of Basic 8K Module to
16K.

XDS

REF

1-2

8151
Ref 8151~
1/2

8152
Ref 8151+
1/2

614
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Figure 6-5. Memory Port Multiple Assembly (MPM)
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Table 6=5. Memory Port Multiple Assembly (MPM)

Fig. & XDs Vendor Description Mfg.  [Units Per [Usable on
Index No. Part Number | Part Number (1 2 3 4 5 6 7 Code Assy Code
6-5- 149395€ Memory Port Multiple (MPM) REF 8151
Ref 8151-
1/2

-1 116231 . . Chassis, 32 Module 3
- 1546438 . . Modules Assy (MPM) (See Fig 66 for 1

Module Locations)
-2 1520]3 . Channel, Cable Routing 1
-3 158225-001 . Channel, Cable Routing 1

(Attaching Parts)
-4 100012-204 . . Screw, Pan Hd Rec Phil 9
-5 100024-204 . . Washer, Lock Int Tooth 9
-6 100018-200 . Washer, Flat 9

———Feaa

-7 149400 . Wired Boan;d Assy (MPM) 1

{(Attaching Parts)
-8 148832-512 . Screw, Thread Forming 54

—— e Fema

-9 131891-001 Cable-Busbar Pick-Up Assy 1

6-16
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Table 6~6. Module Locations, MPM Assembly

*This Module may be either an FT79 or an

FT63.

**This Module may be either an FT80 or an
1 FT80 or FTé4 goes in the CPU

FT64.

***This Module may be either an FT83 or an

FT68

"This Module may be either an FT82 or an

F167

" his Module may be either an FT81 or an

FT65

Fig. & XDS Vendor Description Mfg.  |Units Per |Usable on
Index No. Part Number | Part Number |1 2 3 4 5 6 7 Code | Assy Code
6-6- Module Locations, MPM Assy 8151
Ref 8151~
1/2
b6~ 1546438 Modules Assy, MPM XDS REF
-1 123008 . Module Assy, ST14 Toggle Switch Mod 1
-2 156459 Medule Assy, FT79 Buff Latch 2
-3 116257 . Module Assy, XT10 Term Module 6
-4 156468** Module Assy, FT80 Buff Latch 4
-5 125262 Module Assy, BT16 Gated Buffer 3
-6 128188 . . Module Assy, 1T24 NAND/NOR Gate 2
-7 116056 } Module Assy, BT10 Buff AND/OR Gate 2
-8 156495%** . Module Assy, FT83 Buff Latch 3
-9 117000 . Module Assy, IT13 Inverter Matrix 2
-10 | 156486" ’ Module Assy, FT82 Buff Latch ]
-11 148711 Module Assy, FTé6 Buff Latch 4
-12 116407 Module Assy, BT13 Buff Matrix 2
-13 | 156477" Module Assy, FT81 Buff Latch 1
-14 127391 Module Assy,. HT15 Delay Line Sensor 1
-15 126963 Module Assy, DT11 Delay Line 1
-16 149793 . Module Assy, ATé43 Delay Line Driver 1

6-18
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Table 6=7. Module Locations, Bank B Drive and Port Assemblies

901594

(Loc 2E)

*This Module may be either an FT79 or an
FT63.

**This Module may be either an FT83 or an
FT68.

***This Module may be either an FT82 or an
FT67.

"his Module may be either an FT81 or an
FTé5.

"This Module may be either an FT80 or an
FT64,

Fig. & XDS Vendor Description Mfg.  |Units Per |Usable on
In‘dex No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
6-7- 149401C Bank-B Drive Assy (Option) XDS 1 8151
(Used for expanding 8151 above 16K) I;ef 8151~
-1 123008 . . Module Assy, ST14 Toggle Switch Module 1
-2 156459* . . Module Assy, FT7§ Buff Latch 2
-3 156495** Module Assy, FT83 Buff Latch 3
-4 156486*** . Module Assy, FT82 Buff Latch 1
-5 116407 . . Module Assy, BT13 Buff Matrix 1
-6 117000 Module Assy, IT13 Inverter Matrix 1
-7 128188 . . Module Assy, 1T24 NAND/NOR Gate 1
-8 156477 Module Assy, FT81 Buff Latch 1
-9 148711 . . Module Assy, FT66 Buff Latch 1
.10 | 156468" Module Assy, FT80 Buff Latch 1
=11 149793 . . Module Assy, ATé63 Delay Line Driver 1
-12 126963 . . Module Assy, DT11 Delay Line 1
-13 127391 . . Module Assy, HT15 Delay Line Sensor 1
-13A | 116257 Module Assy, XT10 Term Module 1
-14 137481-122 . . ZT45 Interframe Ribbon Cable Assy 1
(Loc 2D)
-15 137481-201 ZT45 Interframe Ribbon Cable Assy 1

6-20
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Table 6-7. Module Locations, Bank B Drive and Port Assemblies (Cont.)

Fig. & XDS Vendor | - Descripti i
ption Mfg.  [Units Per |Usabl
Index No. Part Number |Part Number |1 2 3 4 5 6 7 Coge Assy - s(O:odee "
&=7-
Optional:
Port Expansion Module Kit for 1 Memory: Ref
(8101/8102 is pre-requisite) 8155-11
- 158910C . Memory Port 2 Assy (1-2) 1 8155
<15 | 156468" . . Module Assy, FT80 Buff Latch (Loc 19C 2
: 20C)
-15 148711 . . Module Assy, FT66 Buff Latch (Loc 20D) 1
Port Expansion Module Kit for 2 Memory: Ref
(8151-1 is pre~requisite) 8155-12
- 158910C . Memory Port 2 Assy (1-2) 2
Port Expansion Module Kit for 1 Memory: Ref
(8155-11 is pre-requisite) 8155-21
- - 149403D . Memory Port 3 Assy (2-3) 1 8155
=16 123008 . . Module Assy, ST14 Toggle Switch 1
Module (Loc 2C)
~16 116257 . . Module Assy, XT10 Term Module 1
(Loc 13C)
216 | 156468 . . Module Assy, FT80 Buff Latch 2
{Loc 17C 18C)
-16 | 117000 . . Module Assy, IT13 Inverter Matrix 1
. (Loc 14D)
~16 148712 Module Assy, FT66 Buff Latch (Loc 19D) 1
~16 128188 Module Assy, 1T24 NAND/NOR Gate 1
{Loc 30D)
Port Expansion Module Kit for 2 Memory: Ref
(8155-12 is pre-requisite) 8155-22
- 149423D Memory Port 3 Assy (2-3) 2

Mrhis Module may be either an FT80 or an
FT64.

(Continued)
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Table é=7. Module Locations, Bank B Drive and Port Assemblies (Cont.)

Fig. & XDS Vendor Description Mfg.  |Units Per {Usable on
Index No. Part Number | Part Number|1 2 3 4 5 6 7 Code Assy Code
4=7-
Optional:
Port Expansion Module Kit for 1 Memory: Ref
(8155-11 and 8155-21 are pre-requisite) 8155-31
- 149404C . Memory Port 4 Assy {3-4) i 8158
217 | 156468" Module Assy, FT80 Buff Latch 2
(Loc 14C 15C)
=17 148711 . Module Assy, FT66 Buff Latch (Loc 18D) 1
Port Expansion Module Kit for 2 Memory: Ref
(8155-12 and 8155-22 are pre-requisite) 8155-32
- 149404C . Memory Port 4 Assy (3-4) 2

6-22
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Table 6-8. Numerical Index

133; ilo. Partxr\?jmber Description

6=8- Numerical Index
2- 100008-200 | Nut, Hex Mach
2~ 100008-300 | Nut, Hex Mach
2- 100008~400 - | Washer, Flat
2- 100012-103 | Screw, Pan Hd Rec Phil
2- 100012-203 | Screw, Pan Hd Rec Phil
2- 100012-205 | Screw, Pan Hd Rec Phil
4~ 100012-204 | Screw, Pan Hd Rec Phil
2- 100012-405 | Screw, Pan Hd Rec Phil
2- 100012-406 |’ Screw, Pan Hd Rec Phil
2- 100012-408 | Screw, Pan Hd Rec Phil
2~ 100012-509 | Screw, Pan Hd Rec Phil
2-9 100012-510 | Screw, Pan Hd Rec Phil
2- 100018-200 | Washer, Flat
5-6 100018-200 | Washer, Flat
2 100018-300 | Washer, Flat
2-11 100018~500 | Washer, Flat
2~ 100024-206 Washer, Lock Int Tooth
5-5 100024204 | Washer, Lock Int Tooth
2- 100024-300 | Washer, Flat
2- 100024~400 | Washer, Lock Int Tooth
2-10 100024~-500 | Washer, Lock Int Tooth
2-6 108051 Spring, Pre-Load
2- 110871 Connector, Male 14

Contacts
6-7 116056 Module Assy, BT10 Buff
d AND/OR Gate

5-1 116231 Chassis, 32 Module

Fig. & XDS " Bescriofi
Index No. | Part Number scription
6-3 116257 Module Assy, XT10 Term
Module
7-13A 116257 Module Assy, XT10 Temm
Module
7-16 116257 Module Assy, XT10 Tem
Module
6-12 116407 Module Assy, BT13 Buff
Matrix
7-5 116407 Module Assy, BT13 Buff
Motrix
6=5 117600 Moduie Assy, IT13 Inverier
Matrix
7=6 117000 Module Assy, IT13 Inverter
Matrix
7-16 117000 Module Assy, IT13 Inverter
Matrix
6~1 123008 Module Assy, ST14 Toggle
Switch Module
7-1 123008 Module Assy, ST14 Toggle
Switch Module
7-16 123008 Module Assy, ST14 Toggle
Switch Module
6-5 125262 Module Assy, BT16 Gated
Buffer
6~15 126963 Module Assy, DT11 Delay
Line :
7-12 126963 Module Assy, DT11 Delay
Line
6~14 127391 Module Assy, HT15 Delay
Line Sensor
7-13 127391 Module Assy, HT15 Delay
Line Sensor
6~6 128188 Module Assy, 1T24
NAND/NOR Gate
7=7 128188 Module Assy, 1T24
NAND/NOR Gate

(Continued)
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Table 6-8. Numerical Index (Cont.)

Fig. & XDS Descrioti
Index No. | Part Number escription
6-8-

7-16 128188 Module Assy, 1724
NAND/NOR Gate

2-24 129554 Trigger, Doer Latch

2-20 130639 Bracket, Door Latch Mtg
Support

1-5 131416 Basic Cabinet Assy

5-9 131891-001 | Cable-Busbar Pick-Up Assy

3-3 131891-007 | Cable~Busbar Pick=Up Assy

2-25 134169 Door, Chassis

2-23 134171 Spring, Door Latch

2- 135633-601 | Marginal Volt Indicator
Cable Assy

7-14 137481-122 | ZT45 Interframe Ribbon
Cable Assy

2- 137481-182 | ZT45 Interframe Ribbon
Cable Assy

7-15 137481-201 | ZT45 Interframe Ribbon
Cable Assy

- 139204G Hardware Kit Assy, Front
Frame

2-5 147595 Latch

2-7 147596 Bracket, Latch Mtg

4-4 147860 Core Diode Module Assy
(FTT14)

4-8 147860 Core Diode Module Assy
(FTT14)

!

4-7 147869 Core Diode Module Assy
(FTT13)

4-8 147869 Core Diode Module Assy
(FTT13)

2-15 148418G 8K Basic Memory Assy

3- 148418G 8K Basic Memory Assy

6-24
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Fig. & XDsS —
Index No. | Part Number Description

2-16 148418G 8K Basic Memory Assy
(Used with Bank B only)

3- 148423D Memory Chassis Assy

2.1 148495 Backwiring Board Assy
Memory

1-3 148557 EIOP Assy

1-2 148586 CPU Frame Assy

611 148711 Module Assy, FT66 Buff
Latch

7-9 148711 Module Assy, FTé6 Buff
Latch

7-15 148711 Module Assy, FT66 Buff
Latch

7-17 148711 Module Assy, FT66 Buff
Latch

7-16 148712 Module Assy, FT66 Buff
Latch

1-4 148721 PCP Door Assy

2-12 148806 Power Supply Assy Memory
(PT17B)

REL) 148832-506 | Screw, Thread Foming

3-2 148832-512 | Screw, Thread Forming

5-8 148832-512 | Screw, Thread Forming

4-3 148850 Module Assy, RTTI0 Y
Current Drive

4-4 149040 Module Assy, RTT11 X
Current Y Voltage Drive

4-8 149040 Module Assy, RTT11 X
Current Y Voltage Drive

4-5 149164 Module Assy, RTT12 X
Voltage Drive

4-2 149348 Module Assy, HTT10

Memory Sense Amp

(Continued)




Table 6-8. Numerical Index (Cont.)

Fig. & XDS Descripti
Index No. |- Part Number escription
6-8-
©2-13 158047-001 | Busbar, Memory/Logic
(Laminar)
2-14 158055-001 | Busbar, Memory-4 High
(Laminar)
5-3 158225-001 | Channel, Cable Routing
7= 158910C Memory Port 2 Assy
2-22 158990 Bracket, Door Latch Mig

901594

Fig. &
Index No,

XDS
Part Number

Description




Table 6=8. Numerical Index (Cont.)

Fig. & XDs Descrioti
Index No. | Part Number eserniption
6-8-

2=17 149395E Memory Port Multiple
(MPM)

3= 149393E Memory Pori Muitipie
(MPM)

5-7 149400 Wired Board Assy (MPM)

7= 149401C Bank B Drive Assy

7- 1494030 Memory Port 3 Assy

7= 149404C Memory Port 4 Assy

3-4 149485 Chassis, Memory Module

4-1 149647 Module Assy, WTT10
Memory Voltage

4= 149668C 8K to 16K Memory
Expansion Kit Assy

7-11 149793 Module Assy, AT43 Delay
Line Driver

7-16 149793 Module Assy, AT43 Delay
Line Driver

2-1 152009 Frame, Swing

2-2 152010 Bracket, Chassis Mtg

2-3 152011 Angle, Chassis Mtg

2-21 152012 Bracket, Door Latch Mtg

5-2 152013 Channeli, Cable Routing

2« 152035132 | Co~Ax Cable~Clock Assy

3~ 152235C Memory Chassis Assy

2-4 152240 Plate, Frame Latch

1=1 1532590 Sigma 3 Memory~Frame
Assy

2- 1532590 Sigma 3 Memory=-Frame
Assy

2- 153372C Basic=Frame Assy

6-26
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Fig. & XDS$ A
Index No. | Part Number Description

2-18 153704 Top Fan Assy, High
Velocity

2=19 153705 Bottom Fan Assy, High
Velocity

2- 153732«132 | ZT23 Interconnecting
Cable Assy

2-8 153767 Brackat, Pin Protect

K 1544928 Module Kit Assy

4= 1544928 Module Kit Assy

35 154630 Suppert, Bar

5= 1546438 Modules Assy (MPM)

62 156459 Module Assy, FT79 Buff
Latch

6~4 156459 Module Assy, FT79 Buff
Latch

7-10 156468 Module Assy, FT80 Buff /
Latch

7-15 156468 Module Assy, FT80 Buff
Latch '

7-16 156468 Module Assy, FT80 Buff
Latch

7-17 156468 Module Assy, FT88:Buff
Latch

_6-10 | 156486 Module Assy, FT82 Buff

Latch

7-4 156486 Module Assy, FT82 Buff
Latch

6-8 156495 Module Assy, FT83 Buff
Latch

7-3 156495 Module Assy, FT83 Buff
Latch

6-13 156477 Module Assy, FT81 Buff
Latch

7-8 156477 Module Assy, FT81 Buff
Latch

(Continued)
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