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1-1. SCOPE OF MANUAL 

SECTION I 

INTRODUCTION 

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 systea. 

This manual 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 a V\ 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 mode of operation is divided into several func

tional groups of logic and each group is analyzed in the order ot data 

transfer to, within, and from the memory system. 

Section III provides detailed descriptions of "-the logic elements which 

comprise each functional group outlined in Section II. 

Section IV prOvides unit installation and checkout procedures. 

1-1 



1-2 

Section V contaiDS pre.enti.e aDd correcti.e .. tnteDADce proeedure. for 

the equipment. in the field of operation. 

Section -VI prondes an ill_tNted parta brMkdown &ad parta list of 

thoae field replaceable items and alao proyid .. a liat of option it ... 

for basic m.lDO~ 878t- expau1oD. 

1-3. RELATED PUBLICATIONS 

A list of related publicatiou, pap , precediDg Section I, 18 

prorlded .. additiou.l refereDCe_ter1al _eDt1al to the .uDteDaJlCe 

personnel to insure a cOilplet. awarene .. of proper installation, oper

ation and aainteD&DCe of the • ..or,r -,at .. relatiye to the S1saa 3 

Computer .,..ta. 

1-4. PRERD'SUISITP TO MANUAL USE 

In the construction" of thi. MmI&l, it i. . .... ed . the ger ia faailiar 

wi th the lunctioDa of traDIJiatorised digital circui t%'7 and can inter- . 

pret MIL-STD-806B logic SJIIbolol1. It 1. &leo unaecl the .er can iD

terpret logic tuDctioD8 expr_ed ill losic -._tioll fora ad is fud.l1ar 

with -.chiDe larspage prosra-ins. 

It is essential the user ia capable of aiDg ataDdard. t_t equ1paeDt in 

diagnosing and repairing hardware altUllCtioll ueociated Vith dicital 

equipaent and baa experience ill the operation and VeablMlaoot1Da :of 

magnetic core .eIDOne •• 



1-5. SIGMA .~ CORE, MD40RY 

1-6. PHYSICAL DESCRIPTION 

The Sigma 3 Core Memory consists 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 81Q1/81Q2) cabinet, as shown in figUre 1-1. 

The basic memory frame assemblY' consists of a nine-high trameand 

chassis which contain the losic for a single port access to a starter 

8K expandable memory. The frame assembly also provides for the in-

sertion of additional modules for optional memory expansion to a maximum 

32K capacity. 

The basic memory system occupies fiTe chassis locations; C, D, E, H, 

and J., Chassis A. ~ .~ are reserved for system logic other than the 
....... 

memory system, and chassis F and G are reserved for basic memory 

system expansion. Power supply PTl6B, mounted on frame No.2 provides 

regulated de operating voltages of +4.0, -8.0 and +8.0 for logic 

circuits,· and PTl7B, mounted on frame No.1, provides ·+25 volts (ad

justable and. non-adjustable) to ~ve the .emory cores. High velocity 

fa~ a.t th~ top and bottom of the frame ·proVide cooling for the drive 

circuitry and to keep the core diode modules at a temperature approach-

ing the ambient air. The lana operate tro. 120V, 60 Hz power. '. 

The basic memory system is physically and functionally di tided into 

two sections; the basic memory unit (EMU). which provides an 8K stack 

of core and core drive logic, and memory port multiple (MPH) which pro-

videa a multiple port memory control~'a single port interface. 

1-3 
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SIGMA 3 
COMPUTER 

901594 

MODEL 8101/8102 ~ FRAME NO.2 
CA81NET (REF) /' /' " (REF) 

\/ " 
,/ 

/ 
I / 

1/ 

Figure '-1. Sigma 3 Core Memory Location in 8101/8102 Model Cabinet 

901594A.101 



1-7. Basic Memoq Unit (BMU) 

Chassis Hand J provide for a fully expanded BMU.or 16K of core and core 

drive logic. The basic meD1O~ system, however, contains a BMU consisting 

of four. core diode modules (8K), tvelve modules of core drive and senae 

logic and two ribbon cable connector cards for signal connection to the 

HPH. Refer to figure 1-2. 

Extractor levers on all modulea proYide e861 extraction of the IIOdule 

from the associated connector. Each module asaembly termiDates in printed 

circuit connector contacta which mate with spring type contacts in the 

associated connector mounted on: an etched backwiring board (motherboard) 

at the rear of the chassis. 

1-8. Core Diode Module (Cl](). Each core diode module (figure 1-3) 

consists of hinged printed boards (2) with magnetic core ~ys and 

associated decoding diodes; the printed circuit boards are insulated 

from each other by nylon spacers. The C~ is completely symmetrical 

both physically and electrically which provides for proper operation 

when inserted in ei th:er possible direction. 

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

drive and sense logic (refer to figure 1-2) are single 2-Hi printed 

circui t boards with board mounted detail electronic parts. These 

modules are not re.ersable (for insertion) as the CDMS, however, the 

modules conform. to the general deSCription in paragraph 1-7. 

1-5 
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CORE DIODE 
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EXTRACTOR LEVER 
(2 EACH MODULE) CORE DRIVE AND 

SENSE MODULES(12) ,/\ f , , , , f I , t t t , t 
f 1ft 50S R 21 S iFf 22 21 rtf,· "\' , ~ 14 I ~ 12 II 10 9 I 4 I 

~ 

n. 

~ .... ...... 
~ 

-!--

,.... ,..... 

J 

1 ~ b 
l- I-

t 

-
I""'"" 

.... 

4 

MODULE 
ASSEMBLY 

, ~ 
~ 

I""'"" 

~ 
I-

t 4 
I 

RESERVED FOR BMU 
EXPANSION (8K-16K) 

.. 
FRONT VIEW 

END VIEW A 
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BACKWIRING 
BOARD 
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901594A.102 

Figure 1·2. BMU Configuration for Basic Memory System 



NYLON 
SPACER SCREW 

901594 

DECODING 
DIODES 

~r;J~~~_PRINTEO 
WIRING 

DECODING 
DIODES NYLON 

SPACER SCREW 

Figure '·3. Core Diode Module (COM) 

PRINTED CIRCUIT 
CONNECTOR 
CONTACTS 
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1-10. Memory Port Multiple (MPM) 

Chassis C, D, and E provide for a fully expanded MPH (four-port access 

to two expanded BMDSJ However, the MPM portion of the basic memory 

system provides the logic for multiple port control and one port to 

access one expanded B~ru (16K), this configuration is shown in figure 1-4. 

The MPH 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 EMU and one port and the user. Each 

module is R printed circuit board with board mounted detail electronic 

parts. The modules terminate in printed circuit connector 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 

uni t, figure 1-2, view At 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 

show1n~ 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/O processor (lIOF). 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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T ... * * * * 
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CABLE 1/ I ~ 
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Figure 1-4. MPM Configuration for Basic Memory System 
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TO DEVICE 
CONTROLLERS 

901594 

r----r-----, 
• " .. t'r'I!"" ft ~ , • 

I U .... ~\.:JIV'\L I CENTRAL I 

.... --tl PRO~~SOR I PROCESSOR ~ ...... ----'"'r---a..I .. 
I (I10p) I (CPU) I 

MEMORY 
FRAME 

ASSEMBLY 

L----1..--

1 
_J I I 

r- ---, I I 
I I OPTIONAL 

EXTERNAL I I ASSEMBUES I 
II PR~~SOR .~tIIIIl"'I-----r---+---"1 FOR BASIC 

I MEMORY I 
(ElOp) I EXPANSION I L ____ .J TO 32K AND 

.. 

{~---------------r----+ __ -+-_-...I .. I 4 PORTS I 
SPECIAL DEVICES ~ ... I I 

.. _I 
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8K BASIC 
MEMORY 

FRAME 
ASSEMBLY 

J OPTIONAL I "-----..-rl ASSEMBUES 

I FOR I 
ADDITIONAL I 

:-' I BASIC MEMORY I 
EXPANSION 

I TO 64K AND I 
-----------... : ADDITIONAL I 

L~~~_J 

Figure '·5. Relation of the 8K Basic Memory System to Sigma 3 
Computer System of 64K 

901594A.105 



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/O processor (ErO?) 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, require, the No.1 frame portion in an additional 

cabinet. 

The expansion capabili ties 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 Hemor: System Expansion 

The basic memory system is a fully operatio~~l ~ystem 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 optional bank B drive (MPH expansion), 

an optional EMU and an 8K-l6K 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 



1-12 

banks of 16K operate independent11, and different • ..cry C7cle& take 

place simultaneousl, in the two banka.UDder control of different porta. 

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 s1St_s (32K) are required to utUise the entlre address field. 

The SifJ18. :3 Core M..ar;r proridell· .toftp to.- 'a data' _rei" couiating of 

. 16 bite of data aDd a ~tl bit. 

1-14. MEMORY SYSTDI POWER ~trIRIHENTS 

The memory system utilizes ,voltage tabs on voltage bue-bar assemblies 

mounted on the memory frame &ase.bly. Power ia available from eee 

side on the back panel. Th. voltages are referenced to the power supply 

ground. The pover requirements are as follows: 

VOLTAGE MAXIMUM CURRENT VOLTAGE TOLERANCE 

+22 VDC 8.5 amps .~ 
(Nom) 

+24 VDC 1.8 t~ 

+8 VDC -a.o t l%' 

-8 VDC 2.0 + l"~ ,.. 

+4 VIX: 19.0 + l"~ -
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4 RIBBON CAstES) AND ASSOCIATED HARDWARE 

@ 149668 - 8K TO 161< MEMORY EXPANSION KIT 
(4 CORE DIODE MODULES AND 2 CORE DRIVE MODULES 

@ 149401 - BANK B DRIVE 
(KIT OF 17 MPM MODU LES AND 2 RIBBON CABLES) 

® 158910 - MEMORY PORT 2 ASSEMBLY 
(KIT OF 3 MPM MODULES, 2 RIBBON CAB LES) 

® 149403 - MEMORY PORT 3 ASSEMBLY 
(KIT OF 7 MPM MODULES, 2 RIBBON CABLES) 

<V 149404 - MEMORY PORT 4 ASSEMBLY 
(KIT OF 3 MPM MODULES, 2 RIBBON CABLES) 

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

901594A.106 
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1-15. Power Supplies 

Power to the .emo17 .ystem is aupplied by the Pr-:l6B and Pr-l?B power 

supplies. The Pl'-l6B, located on frame lid. 2 which hows .. the CPU, supplie. 

the +8V, -8V and +4V for logic circuit operat1oll. Th ... yoltagee are cabl.d 

from the Pr-16B poweraupp1l to the bwl-bar __ b17 011 the .... 1"7. t,raae 

Power supply PT-l?B is located on frame Mo. 1 and suppli •• a non-adjuatable 

+24V and an adjustable core drive voltage ,(nom. +22V) to the bus-bar . 

assembly on the trame. The P!-l?B is capable of supplying pQwer to two 

fully expanded BMUS. 



SETION II 

FUNCTIONAL DESCRIPTION 

2-1. INTRODUCTION 

The function of the Sigma 3 Core M-.orJ 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 _thode used to perf'orm the required 

data acce~ and storing function of' the basic memory system and follows 

the functional nov 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.. MD10RY PORT MULTIPLE (MPH) SECTION 

The logic assigned to the aaemorr port IIlUl. tiple sec"tieD of the basic 

memory S1'st811 provides the interface to one port, the capability to 

select multiple port input/output, aDd"to control the data transfer 

to and from m8m01'J baDk A (aD expandec1 BMtJ of 16K.) 

The m81101'1 address linea (16) froll a port .er will address two 32K 

frames of MIIIOl'1 (641). Since the functional description of data now 

from one port to one bank of Jl8IIIOry is typical for a complete memory 

system, figure 2-1 shows the interface between one port, port Ne. 1 and 

one bank:, bank A. 

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

address decode and ,reset ear11 logic ~ch provide. tor (1) selecting a 

particular port tor interface with 1IeIlO~ (on a port priority basis), (2) for - /2' 
2-1 -2 



PORT USER 
INPUT 
INTERFACE 
(TYPICAL) 

901694 

r----.---------------------------
RESET _______________________ _ 

r---. ______ . ______ . ____________________ ~MEM~O~R~YA~D~D~R~ES~S~H~E~RE~ _________ . __________________ _ 

.-----__ MEMORY REQUEST RELEASE ... 

I - -- --- -1- - MEMORY PORT MiJlijpi:E(MPM) SECTION -, I -- -- BASICM'EMORYUNIT (BMU) SECTlON-- ----, 

r--·-~PORT DISABLE SWITCH I I I I ADDRESS LINES ..-----~PRIORITY NORMAL SWIlCH I I 
FROM THE r-------IMEMORY ADDRESS SELECT SWITCHES I I 

I REMAININ:: G 3 PORTS MEMORY SIZE SIGNAL I 
I 1"6£ACH) r-------------j T 
JAD~~C~"_i€~}C,:t ~~~:;i. ~~~'~~:."~~S(I4) ~ MEMORY I ADORE" LINES ,'. I I 
: ~:~~:::c:QUfST " S:~~f. t~;~ PO" SELECT :~~~: I<c~T'''''W"W .. -w.w-'W'. -~'T w •• "y;;,w .• 'w ""~-'~'" I 

/ I I POWER SHUT- '~I '-_1 REGULATED VOLTAGES I 
DOWN (PTl7B) AN~~~ARY VOLTAGE SW TIMING (4) 

I 1.-. _____ .,. CURRENT I. MEMORY STATUS(NOT USED) I LOGIC VOLTAGE SW DISABLE I 
DIRECTION 

I ADDRESS LINES (3) _ AND I DRIVE LINE CURRENT AND I VOLTAGE SW TIMING (4) :: (14) I 
~" MEMORY VOLTAGE SWITCH TIMING (I,~2)~+-_---l_I---+---1 ________ -, 

I TIMING I I CURRENT SWITCH AND I 
I ADD"S""" GATE tTlMING I MEMO'Y DISABLE I SENS~N,:::' TIMING 1m X-AND yi" y.DRlVE I 
I POR:E~~/~I~~~L~ MPMA~ING --I I STRom DR~6~:~E I~~d~g I 

>-r--- --------f--~ CLOCK (CPU) C~~g~L ___ J ME~~I~d~~g~}L~~~LE I I 
I ' MEMORY D'SABLE l:'M'NG I : D"VE LINES " I 

: "A:::':~ C::,::: :'::Al 'N=~~;~~ .f"~A;~;::\;~)~~:!I~+""., A~~t~J.~~p.,.,~~,S~Y~~J :~€~~::~ I 
) ~=_.:?~~'~~lP~.'A LINES "6) 'ig~~~'"'J~E~,()'~,~~;~~?~t'~,~('?).1 LOGIC"'''M_~ __ ='' I 
I PORT TO MEMORY ;;;. I I I 

GATE AND STROBE I I 
I :: I PARITY BIT (A OR B) I I 

/ I PARITY BIT (8) :;;g: ~--------------- ------:~ -------I--~E-:::Y DA:-:~~I-;'--L ~-- - -- -- -- -- -- -- --~ 

I LOGIC f-4 ________ ~~R~~.!I.!!~___ ::;IT::;:;:;;:;:;::::8:ill;;:~~··, .. ,·,'·,··,' .... ·::;:;,:·:"',0:m= .. ·· .. ·, ........ ···,··,' .. ,' .. ,',.,., .. :.:.:.:' .. , ........ ', ........ ',' .. ,' ........ ,:.:': ... :.:.: ... :':.:': ....... ,' ...... ,',. ,., ... , ... ,' .. , ..... ,.,'.: ... :':.; ..... ,',' ....... ' ............. , ..... " .. <.:" .. ,~ 

I PARITY BIT (A) L ___________ -=--===:J-.--------- ----------------------------------------... 

MEMORY 
OUTPUT 
TO PORT 
USER 
(TYPICAL) 

----------.-

Figure 2-1. Basic Memory System, Functional 
Flow Block Diagram 

901694A.201 
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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 storage for the selec,ted memory address during the memory cycle; 

the memory information register logic which supplies temporary storage for 

data during the memory cycle; the MPM timing and control logic which pro

vides the memory timing cycle and the port tol 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., ADORESS .OfCOOE;..RfSEIEA1L Y-,PORT .sElECT lO.GIe 

A port 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 ~a180 presented by the port user, are examined to determine 

if the address is within either bank (BHU) connected to the MPH. The 

basic HPN contains memory address select switches for ports 1 and 2 which 

define the starting address in terms of 8K increments for'two banks of 

memory and the BMU supplies a memory-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 part is disable4.. ihe, .memory request from the port user is not 

recognized and also the user reset-early signal cannot reset the memory 

timing cycle. If the port has not been disabled and the memory address is 

available, the following events take place: A memory-address-here signal is 

developed and the memory timing cycle circuitry is enabled in the MFM 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 bi ts to logic wi thin the MFM t and after the memory timing 

. 2-5 
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cycle has started a memorr-requeat-rele .. e ia traD8aitted to the 

port user pel"lli tting the user to drop the -_0!'1 requ .. t and change the 

address bita. 

The port select logic determines the highest priority port that has an 

fers those address bits (14) to the •• lIOry address resister usociated 

with the bank which is addrel!l8ed. At the same time, three of the address 

bi ta are also selected for decoding by the current direction and memory 

timing logic. 

The MPM has tvo modes of priorit~ determination between ports; the mode 

is selected by the setting ot the priority-normal toggle switch. When 

the priority-normal an tch is set to normal, port select logic selects 

port 4, port 3, port 2 and ·port 1, in this order. If tvo or aore memory 

requests are received at the same time, the port with the higher priority 

is proces~ed first, then each one in descending order is processed before 

any new requests are considered. '1'b.ia pr .. enta high data rat. devicea 

from locking out other daYiees. 

When the priont,.-normal switch is set to a position other thaD. normal, 

a straight priority scheme prey,ails where the higher priority port mal 

use every memory acceS8 to the exclusion of the other ports. . 

2-+. MPH TIMIlG AND CONTROL LOGIC 

After the address-here condition baa been satisfied and the MPH timing 

and control logic has been enabled, the following eventa can take place: 

If the lIemo17 is not bue,. with. previous reque.t and a port haJJ not 



commanded an early reset (return to initial condition) of the timing cycle, 

the memory timing cycle (rea~write sequence) is started at the receipt of 

the first· clock B pulse froll the CPO. This clock pula_is used only to 

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

the memory· timing and control is asynchronous. 

The Mai timing and control logic provides· a tilling delay line with the 

necessary control circuitry. A full timing cycle consists of two consecutive 

transmissions through the delay line. Pickoff Signals at specific time-from

start points on the delli.l line establish the tilDe for certain events to take 

place during the read sequence (first transmission) and the write sequence 

(second transmission). The pickoff signals determine the o~off time and 

direction of the dri veline 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 

~its 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 addreas bi ts enable the X and Y dri veline circui try 

associated with specific core locatioDS in aemory. '!'he 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 Mn40RY TIMING 1OO1C 

Reading out of or writing in to memory involves the requirement to establish 

coi~cident X and Y current at the cores ~elect.d 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 baa been selected ~e bits ot the ...or1 addres8 are converted, 

b,. the current direction and lI8II01'1 timng logic, to X eel Y current direction 

codes. Theae codes are transferred by the port-select signal to an X and Y 

drlveline tilling circuit wi thin the s8IIe logic group. Du.ring specitic phases 

of the timing cycle, these codes are used to deyelop the tvelve X and Y drive-

ttl!'!! on the pof!i ti"~ and negative current and voltage 

driveline switchea in the BMU. 

2-7 MEX>RY INFORMATION REGISTER lOGIC 

The memory intorma~ion register logic group contaiM a .. lIOry information 

register for temporarily storing 17 bit8 ot data read out of mellOr,' or pre-

sented by the port user, and add! tional circuitry for restoring data back into 

melDOl7' or writing Dew data into memory. 

A IDOde control signal (read or DOt read) frolll the uaerdetermine. the source 

of data written into core during the write portion ot the memo17' cycle. 

At the beginning of the ...-01'1 C1cle, if the logic state ot the user's IIOde 

control signal is at the 1 • .,.1 to select the read mode ot operation,17 bi Us 

of data are strobed froID .ellOl'1 to the "1101'1 infol"ll8.tioll register and trans-

terred troll the register to the port WIer. During the vri te halt cycle portion 

ot the Jl8IDOZ"1 cycle this data is gated back into I18lDOry (data restore operation) 

through the inhibit circuit~ in the BMU. 



At the beginning of the --..r timing cycle t if the logic eta te 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 portion,and the li 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 -coBtrol:-~.igbal and! or the po~-tof'+ll_m%7·~gata. 

2-8·. PARITY BIT STROBE LOGIC 

The parity bit is generaied by the user, and since 16 bits of data must 

be assembled V.I ... this bit is generated, it lags the data presented 

and is processed separately. The MPH 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-'1. BASIC !-lEMORY UNIT (BMU) SECTION 

The basic memory unit section receives 14 bits of a decoded 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 ~ta 

bits (plus parity.) There are no registers in the BMU- and therefore 

the MPH section of the basic memory system performs the storage function 

of the address and data bits during the memory cycle. The memory cycle 

(read and write sequence) is controlled by timing" pUlses- generated in 

logic circuits also provided by the HPJ-I section • 

. . 
At the beginning of the .emol? cycle, if the rean mod. is selected, data is 

~T~nh.rl ~~nm the cores on the memory read data lines to the selected 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 i8 

transferred to memory on the write data lines. 

The EMU 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 

Y wire is common to both core driving and inhibiting. 

The logic utilized in this section is gro,:,ped 8.8 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. 

2-10. X AND Y DRIVELINE LOGIC 

Each magnetic core represents a bit position in memory and 1s located by a 

unique eet of X and Y drivelines and each line is driven by bipolar current 

and voltage switches. Each line carries one-hal! 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 

HPM section, dri ve the bipolar current and voltage switches. 

Each bit plaaehaa aD inhibit circuit which controls current now through 

a selected Y drivel1net tb1. inhibit action prevents (writes a zero) or 

allows the wri tins of a logic one in an addressed core. 



'i'he BHU contains protect features which prevent damage to the X and Y . 

driveline circuitry when abnormal airflow, voltage or timing conditions 

exist. Refer to EMU ancillary logic, paragraph 2~_ 

2-1 l. l-iEtvlORY CORE SENSINJ 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 Ohe polarity (representing a logic one or zero) to *~~ 

~other. ~isswitching of the logic state causes a pulse on the associa

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

in the B~m ancillary logic, parasraph 2-11, the pulse is amplified by the 

selected preamp circuits, I . .a 41aol'itd.lUlt .. cl and·-come'rted. b1 •• nae. ·amplifier 

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-\l... BlvlU ANCILLARY LOGIC 

The BMU ancill.ary logic proYides protect features whicb preve-at damage .to 

driveline switches when power drops below'operating limits or·timing con

ditions eXist, data-save ·is alao.provid.d~· .~Tb. •. ancillary : .... '. 

logic also augments the -dri?e, pre drive and.enaing circuitry. 

?nis logic group is mechanized by airflow and voltage monitor circuits, 

timing pulse protection circuits, a pre drive disable circuit, voltage 

generation and regulation circuits and preamp select and strobe driver 

circuits. 
2-11 
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2"~, Airnow and Voltage Monitor Circuits 

The airnow monitor circuit .e.e. urnov rate (fan-vane poaitioll) of 

ei ther ot two cooling tau iMb.lle4 1D the bott_ eeotiol1 of the • .-orr 

frue; and provid •• a signal to d4.aable the Pr-l7B power .upply (power 

shutdown signal.) 

During power-up or power-down ClCle t the • .-ory cliable sigul troll the 

power monitor circuit i. used to' override theairfiow monitor circuit output. 

This action prevents talae tripp1zag of the PT-l?B circuit breaker duriDg a 

temporary l.ov·-t .. ..,..r· coiltitMn. 

The vol tap IIOni tor circuit Benae. the value of +8V t +4V, +2Jt.V t and -BV 

aupply voltage. and cause. a predr1ve disable circuit to be activated 

when any of the.e yoltagea tall below prec:lafi.ed llaite. III addition to 

activating the predrive 41Mble circuit, this IIODitor allow. a 11"017 status 

.ignal to go true (lIerDO!'7 DOt operating.) 'the aeJIOry status signal i. true 

when the output of both the voltage moDi tor and airflow monitor circuits 1. 
to the MPH .ection 

trUe. (Note: Although the II .. Ory status signal 18 .. de a'f'a11able/through 

the logic contained in the BMU, it 1s DOt uaed in the Sigma 3'configur:atioll.) 

2-~. Timing Pulae ProtectioR Ci£cuita 

Each pair (poe & Dec or poll & neg-I) voltage .witch tilling pulaes are 

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

ancillary logiC. Theae circui ta control minillhllJ1 spacing between ,..a1tZN ad De.-,~ 

ti.,. tilllal JIU] e .. ' to preY.llt clamage to the correspoDding voltage· svi till ••. 

vhen switChing from a read to • write operation. The latch •• alao preYent ' 

damage due to complete loss of timing puls.s~ An interlock .igul grounda 

the timing pulses in case the ancillar1 logic module is removed while the 

pover is still applied. 



2-\S. Predri ve Disable Circuit 

The predrive disable circuit prevents memory accessing by grounding the 

predrive circuits in the X and Y driveline logic during the f~llowing 

condi tiona: Power turn-on/turn-off cycl •• , airfiow failure and voltage 

failure. During power trun-on/turn-orf cycles, the memory disable signal 

activates the pre drive disable circuit. The output from the airflow and 

vol tage monitor cireui ts (paragraph 2-8) acti vate the predri ve disable 

circuit during airflow failure and voltage failure. 

The predri ve disable cireui t causes. data to be .. ved and damage to the 

voltage switches is prevented when power drops. 

2~ Voltage 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 logie, (2) Start 

level voltage for the sense amplifier strobe driver, (3) Bias voltage for 

the current source circuit in the preamplifier circuit t and (4) Bias 

voltage for the X and Y voltage switches deve~oped from the driveline 

voltage. 

2-11- 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 or the timing puiaes turnon 

the preamp select circuit w~ch 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 generat.s~.there

u.i:aiJig;·s.na.··.:11il.· ;stl!ob.~:.ignd.~· -. Refer ._-to:··,uagraph L'2~'. for .appl:icatien. 

of these sense line strobe signals. 
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SECTION III 

DETAIL PRINCIPLES OF OPERATION 

3-1. I~~RODUCTION 

This section contains detail descriptions of the logic and the mechanization 

of the logic used in the Sigma 3 Core Hemory system in the performance of the 

required data access and storing functions of the Sigma 3 Computer 3ystem. 

Thi;:i section follows the outline of Section I:;:, however, the logic grou~)s 

are further divided in order to key the detail principleF of operation to the 

Engineering Support Manual (ESM) 902!tOl, 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 l':Jgic 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 .&3~'. 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 throu~l J-

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

location is as follows: 

r-------
27 E L __ 

Module Location 
(Slot number) 

----- Chassis position 
(row letter) 
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In most cases another code is added to the module location code to desig-

nate the type of module, as follows, 

L Module Location Code 

2?E/AT63 

L 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 mainteJlADce rafer to the applicable Data Packap for the PT-14B, 

Pl'-15B, Pl'-16B and Pl'-l?B pover suppUea; 901655, 901656, 901657 ad 

901658, reapecti .e11. 

3-2 SIGMA 3 POWER DISTRIBUTION 

Figure 3-1, a block diagraa of the Si_ , Po".r Diatributioll, in iDCluded 

in this aectioll.iIl order to show the position of the Sigma 3 Core Memo17 

in the overall power npp11 stntcture. 
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When the POWER switch on the Sigma 3 Computer syate. proce •• or control panel 

(pcp) is pressed. 3 phase, 120/208V, 60'" facili ty power i8 applied to 

the first internal power supply, Pl'-l4B. The Pr-14B supply COll'V'erts the 

faci11 ty pover to 60 vnc to power the Pr-l5B pover supply. Also, a 120V t 

50/60 .. output "'- "trom the PT-15B is Ciil.C&" to a power junction box 

for distribution within the system. 

The PT-15B power supply converts the Govne to an ao voltage of 109V, 

l8oo.sz which is connected to the power junction box for distribution to 

the PT-16B and Pl'-l?B _power supplies. This voltage (109V, 1800 1Illa) ia also 

available to peripheral stations and the power junction box in other cabineta 

of ' the comput~r system. 

The Pr-l5B also contains circui try which moni tora ovenol tage, overload and 

fan failure. When anyone of theae conditions prevail, the main cireui t 

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 .,Ditcr circuits. Refer to paragraph -:;-'3> for detail description. 

The 120V, 50/60 8Hz junction box output is used to operate the fans on the 

CPU and memory frames and is available as awdli.ary power for -other general 

applications. 

The Pl'-l6B power supply converts the 109V t 1800 de -power 'from the PT-l5B 

to regulated de pover for logic circuit operatiow .!be, ,~,.outPlt -1 •. ...s.. V t' ,-8 V t 

+4 V and is made available to all logic circuits in frame No. 2 through 

bus-bar assemblies mounted on the frame. 



l.:wo pit; tails terminating in connectors PI and F2 from the P'l'-17B power 

supply (refer to figure 3-2) are connected to l09V, l800mHz and l20V, 

5O/60mHz~ respectively, from the system junction box. PT-l7B converts the 

l09V, l800mHz to two regulated dc voltages. One voltage is ve, a non-

r ~djustable +24 volts used for the predrive circuits in core memory. The 

other, an adjustable nominal +22 volts is use:" to :d.rive the X 'and Y 'driveU·nes 

in core memory. These voltages are distributed to both BEU.) via the core 

vol ta~;e bus-bar. The l20V, 50/60 mHz is routed out through connectors 

.:-5 and p4 to the upper and lower frame-ventilating fans. 

The me~ory logic circuit operating voltages are cabled (7) from the voltage 

bus-bar on frame No. 2 from the PT-l6B 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 (MPK)t as well as a signal to 

the predrive disable circuit in the BMU to protect the voltage switches in 

core memort. 

~Le predrjve disable circuit is also enabled when a voltage monitor circuit 

in the Br!U detects the de power supplies have dropped below the following 

limits: +8V supply 
+4V sup~ly 
-BV supply 
+24 supply 

~ +6V 
~ +3V 
~ -4V 
:. +20V 

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

5}stem output. 
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Figure 3-2. Power Distribution to Sigma 3 Core Memory 



3-4. POWER MONITOR SYSTEM 

Refer ~o . figure 3-3. The 60 VDC input to the PT-l5B power supply is moni

tored, which in effect, is monitoring the facility input power to the 

PI'-14B power supply. When power is turned off or there is a power failure, 

IONEN (power-on enable interrupt) and IOFF (power-off interrupt) are true. 

IOFF is true for 5 milliseconds during which time the CPU performs.a -eoftware 

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 1" of the in! tial value •• 

The ST signal is one of two possible input signals to the reset-early 

circui t (paragraph 3- 10 ) 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 drmpped on MPM timing logic. 

The ST signal is also applied to a special line receiver circuit in the 

WTTlO module (BMU). This circuit prevents damage to the predrivevoltage 

switches (when power is unstable) by grounding the drive voltage (ve) 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 pre drive disable circuit. ST stays true until the dc 

power supplies are stabilized (1 to 3 seooDds).: .":Wh8n:·S'l',·;gO ••. _.~.e·t ION 

(power-on inte~rupt) is true and the CPU performs a subroutine to restore 

all critical condi tiona existing prior to the power-off sta te. 

The LFC (PWRFREQ) line frequency c~ock is the output of a schmitt trigger 

circuit in the AT6? module and CaJI~.;be1laecl~"i ... u±Dptat·:toLCcnmt.~ ,4, .,,

-.nd- 2·:iD. the ··~~l1Ir·iat.nal:p~OJ:1i)' .-i~te~Jti."1atem. 
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Figure a.3. Sigma 3 Power Monitor System (Power Fail-Safe) and PT178 Shutdown 



3-5. PT-l7B SHUTDOWN 

The B~m provides an airflow monitor circuit which monitors the temperature 

of the lower memory frame fan area. 1h~ output of two thermistor circuits 

installed on the WTTlO module is input to the monitor circuit. When the 

moni tor senses airfiow failure (rise in temperature) PSSDOFP (which is nor

mally false) goes true and turns on a circui t in the VC and VD overvol tage 

monitoring circuit on the wT6l module in the PI'-l?B power supply. (Refer to 

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

pulse generated by the overvol tage cireui t triggers the SCR in the PT-l?B power 

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

'.I'he ST signal from the power monitor system (paragraph 3-3) is also used to 

Keep P3SJOFP low during power turnon/turnoff sequence and therefore not 

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

3-6. SIGHA 3 CORE MDiORY LOGIC 

.,jigrnp -; Core Nemory logic is documented in Section III of this manual and in 

ESM 902401. The cireui t diagrams in this section are keyed to the line 

numbers in the Logic Equations, Pin List and Pin Index in Section I of the 

associated ESIJ:. 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 circuit descriptions. 

Figure 3-4, Detail Principles of Operation, Block Di~gram., is an overall 

representation of the logic involved in the Sigma 3 Core Hemory. Primary 

internal and interface terms associated with the system are shown. Terms 

at the port interface are enclosed within two diagonal lines I I. The 

first character, if a number in the complete term, represents a port 

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

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

1 'M R R 

L..-_________ Term (Memory Request Release) 

1t------------Memory Bank A or B 

APSEN 

..... I---------Term (Port Select Enable) 

_----------- Port (1, 2, 3. or 4) 11,.---------- Memory Bank A or. B 

lAMAH 

-r'-: _________ Term (Memory Address Here) 

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

3-7. SIGNAL DISTRIBUTION .. ~ 
Refer to MFM Cable Table ESM 902401, SectioD II, clrawiDl 155369, KFM MOdule 

Location Chart 153272, and BMU Module Location Cbrt 153726. 

The major portion of signal distribution, externally between a user and a 

memory port and internally between the MPM and EMU sections, is acbieved 

through ribbon cable assemblies. Two ribbon cable assemblies (ZT45), term-

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

s1pala between the MPM .. lIftJ aectio.a (t1IIO for each, 'buk A uct bUlk B). 

The ribbon cables extending from OlD to 011 aDd orr to OlJ distribute the 

signals listed in the Interface Table in 153726. 



REQUEST RelEASE LOGIC 

/IMPR/---r;-:::( CATS080 lAG ARHC 

;NIMPR/~-~BTS080 18G DRHC 

!2MPR/------r:::::l. _ CATS080 2AG ARHC 
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The major portion of the MP.M 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. 

All registers t the major portion of the MPM timing and control logic and 

stack phasing (current direction) logic are mechanized using the 309 buf

fered latch. 
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Figure 3-5. Buffered Latch, 309 
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3-9 ADDRESS DECODE (PORT ADDRESS-HERE) LOGIC 

Fort address-here logic is implemented separately tor each port and bank 

connected to an MPH so .that any port can connect to any bank, independently. 

The logic descriptions for ODe wrt and one bank are identical for all ports 

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

to bank A. 

The input to port address-here logic is as follows: (1) memory request 

/lHQ/ and the most significant address lines /lLOO - 1102/ from the port 

user, (2) starting address information tor each port from switch logic 

(l~WO - lAS'.v2), (3) not-port disable (NlDISABLE) information from switch 

logic and (4) memory bank size information, 8K or not 8K (16K) from the 

EMU section. 

Refer to figure 3-6. An STl4 module in poa1t1oll oBC provides the to.ggle 

switches for switch logic inpit to the address decode logic for bank A. 

Three switches, each, are ~~ for ports 1 and 2 for setting the 

starting address for each port for bank A of memory. Two switches ar.e pro

vided to disable port 1 or 2, if required. Table 3-1 provides a reference 

for switch des~gnations and locations for a complete system of 4 ports and 

2 banks. 



Swi teA 110. lor SWi teA 110. 701" Module Switch 10. lor 

MPII~ 1 81" 2 ~ 
Start1Dc .i.cldn •• 8tl4- Prio1"it7-

.-- m& !!!l ~ Port Di.able Locatio! lloraal 

1 5 • 3 15 080 

Iuk " 
2 <} 8 6 1 08C 2 on 080 
3 5 41- 3 2 020 
4 <} 8 6 15 . '020 

B&Dk B 1 5 4 3 - 040 
2 <} 8 6 - 040 14 o! 080-
3 2 1 11 - 040 
4- 15 14- 12 - 040 

i ~I __ --____ ~ __ ~~ __ ~ __ ~ ____ ~ __________ ~ ________ ~ __________ ~ 

L __ ---. -- ---

Table 3-2. Port A4dree.-Here Decoding 

l1nIon .l44re •• .; StartinC Adcl.re •• Bank Size L-Liae. 
DeoiaN Hexideciaal SVO 8Wl sw. Tera !ByBeE: Q 1. i 

0-8191 oooo-U'ft 0 0 0 High 0 0 0 

0-16383 0000-3"' 0 0 0 low 0 0 0 
01" 

0 0 1 

8192-16383 2000-31" 0 0 1- Low 0 0 1 

16~575 4000-57 .. ·0 1 0 High 0 1 0 

16384-32767 4000-7lJl 0 1 0 Low 0 1 0 
01" 

0 1 1 

24576-32767 6.000-7JP7 0 1 1 Low 0 1 1 

32768-40959 8000-91J':r 1 0 0 High 1 0 0 

32768-49151 8000-BPJ'I 1 0 0 Low 1 0 0 
01" 

1 0 1 

.40960-49151 J.OOO-UU 1 0 1 Low i 0 1 

49152-51343 OOOD-Dnl 1 1 0 High 1 1 0 

49152-65535 0000-':;-" 1 1 0 Low 1 1 0 
01" 

1 1 1 

57344-65535 EOOO-"n 1 1 1 Low 1 1 1 

3-17/3-18 



ADDRESS DECODE LOGIC 
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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. 

~efer to table 3-2 showing the address-here decoding method. Table 3-2 is 

us~d in conjunction with figure 3-6, in the area showing lIOdule·· 26D/IT24~ I -, , 

The following is an example of conditions used to detemmine a legal address. 

Assume the following input to the address decoding logic: NlASWQ, NIAS\;l 

and l~IASW? ind'; cating a starting address of zero. The ABK term from the BNU 

is low (bank A contains a full 16K). The L-lines are NlLOO, NlLOl and 

1102. 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 NlASW2.1L02.A8K is satisfied, 

therefore the address is illegal and IAMAH is inhibited. 

~"hen the address decode has determined a legal address, the lAMAR term can 

go high if there's a memory request, the port is not disabled and a reset

early .-.as not been generated. The .1AMAHterm·~ is used as input to the 

mer.1ory-start cycle logic 'in:nemory timing and control logic and as input 

to the priority logic in the port selection logic. 

'rhe li\1\-lAH or lBI~fAH term,·--is selected as the INAH output- to the port user 

through a buffered latch on a8E. The inversion of lKAH is .also sent to 

the port user. 
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3-10 • RESET-EARLY LOGIC 

. Reset-early logic inhibit. memory access and initializes all logic in the 

MPH section. The reset-early logic also provides signals to the port user 

to reset internal logic. 

There are several donditions which could occur in the Sigma 3 Computer 

System operation which would caus. reset-early (RSTE/l/ - /4) to go high. 

HSTE/2/l - /4 is generated and reset-early is initiated when the RESET 

button on the :pcp panel of the CHI is pressed or the automatic reset feature 

on the PCP 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 initiate an RSTE(l. 

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

or an ST at the reset-early logic will initiate the following sequence of 

events {refer to reset-early timing diagram on figure 3~:) RSTE/2 or ST 

is high at the input to reset-early logic and also to a 5 microsecond delay 

line in module 27E/AT63. After a 1.5 microsecond delay RSTE/l goes high 

~d remains high for a~ of 5 microseconda or as long as RSTE/a or ST 

remain high. RSTE/l/l - /4 are used 'by the associated port user to control 

internal logic. 

During the time R:)TE/l is high, NRSTE is low thereby inhibiting MAH for all 

ports. Also, durillg the time RSTE/l is hightRST is high and 

lifts all latches on all MPM timing terms. RST-l through 4 are used by the 

associated port user to reset internal logic. 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 ESM). Wi th NRST low ARHe is not 
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· generated, APS/E is high {refer to figure 3-9 L 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-to-memory gates (AG). 

While RSTE/l i8 high, at each clock B (approximately every 325 nanoseconds) 

the melJOry timing delay line is restarted (refer to figure 3-7). This re

cycling of the memory delal Un. is to insure all timing latches are initialized 

(the IDaric input low) when the erue term (RST) goes low again. 

Within 5OQ·nanoseconds atter RS~2 or ST goes low, RSTlVl is low. At the 

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

when NRSTE is high the Dlemory may be accessed again. 
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3-11. MPH TIEING AND CONTROL LOGIC 

The ~'J?H timing and control logic provides the overall synchroni zation for 

a memory cycle. The circuitry consists of a 600 nanosecond delay line, 

. . ~''''. 

generation. The Sigma 3 MPM provides separate timing and control logic 

for each bank connected to an MPH. 

The memory cycle is divided into two halves; the first half is the read half 

cycle t the last half, the write half cycle. The two half cycles are provided 

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. 

'.:'he delay line is tapped at specific intervals (between ATL020 - ATL48o) 

and these tapa are sensed by delay-line sensors, the output of which 

(ATJ020 - ATS420.N48o) is applied to buffered latches. The buffered ~atches 

flrovide the HP!1 control terms. 

·-,{efer to figure 3-7 and 3-8. The memory timing sequence is as~ follo\'/6: 

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

(AhAH) has been established in the port address-here logic, 8tart~A-tilbe I": 

line (SjATL) will go high at the arrival of a clock B pulse and the deia7 

line is st~rted. The clock B pulse is derived from not-clock-A enable (NCLAEN) 

and the 6 MHz pulse,both from the CPU, and is used only to synchronize the 

beginning of each memory cycle. After the cycle has started, the memory 

timing ana control is asynchronous. 

Output ATS020.N080 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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~actual pratice, however, logic and other circuit delays will cause the 

delay lin. pulse width to range between 90 and 120 nanoseconds. The KP~l 

timing diagram in Section II, drawing No. 155365, sheet 7, of the ESM is 
by 

derived/taking this tolerance into consideration. 

The read half cycle CARRe) is actually started ~t ATS020; ARHC goes high

when NRST. NABUSY • ATL020 (01'51300) are all high. and is.: latched high until 

ATS420 of the read cycle. ABUSY2 goes high at ATSo60 of the read cycle and 

the inversion of this term (NABUSY2) is used to control the buffered latches 

in the port select and memory address register logic (figure 3-9). The 
• II. 

term NABUSY2 enables the port-to-memory. gate (AG) to enable the selected 

port to control the associated memory information register (MIt), as well 

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

r 
At ATSo80 of the read cycle sense-decode enable (ASDECEN) is high to enable 

the preamp select circuit in the EMU. At ATSlOO,NABUSY goes low causing 

the port-select enable (APSEN) term to go low inhibiting further port 
the 

selection dUring/memory cycl. (refer to port select logic paragraph 3-11.) 
"i 

At ATSl80 in the read cycle,not-time-for sense strobe (NATSSD)p;goes-i..low<.to 

the st~obe driver circuits in the EMU and, at a point between ATS180 and 

ATS340 data is strobed from the sense lines onto the AMD li~es in the 

selected port memory information register (MR). With ASTROBE high at ATS420, 

lAG.STROBE is high and data is gated to the selected p'ort user if the read 

mode of operation was selected. 

At (~JII+8Q,)tNARHC goes high and pulls the write half cycle term (AWHC) 

high. The AWHC term is latched high with ABUSYjE held low by NASTROBZ. 

Also at ATS420, with memory write gate (AMWGATE) previously latched high, 

the delay line is recirculated (starting at T zero); this is the start of ~.\ 
~'.\ 
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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 ATSl60 in the write half cycle, NASTROBE goes high enabling ABUSYjE to go 

high at ATS340.NS400. When ABUSYjE goes high the latch is dropped on AWHC 

and NABUSY. \vi th NABUSY high, a new memory cycle can be initiated. 

A start-A-time delay line (S/ATL) can be generated when l~Ulli is inhibited 

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

3-12 FORT SELECTION AND MiNORY 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 memory address and data transfers between the selected 

port and the correct'bank. 

Port priority is established in one of two modes d~pending on the position 

of the APRIORITY-NCRHAL switch located on card oBc (refer to fiSU:Te :;..6.) 

3-13. APRIORITY-NOH}~ True 

In the true position (down) the APRIORITY-NORHAL toggle switch selects the 

port priority mode which effectively selects all ports,with an A}lAB pending 

at one timet~nd connects each in a priority sequence until the lowest 

priority port has been serviced. In the ~v.nt of two s~ultaneous requests, 

the lower priority will wait only a maximum of one full memory cycle 
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3-34 

(in addition to the remaining portion of the current cycle, it any) after 

raising the memory request line. 

Refer t~ figure 3-9, 3-10 and 3-11. At the end 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 (ARlIe) is low causing 

APSZ to be high. NASUSY was latched high near the end of the previous 

memory cycle and this condition allows the APSEN term (port-seleet ... nable for 

bank A) to go high. Assume two address-here conditions are simultaneously 

met; 3AMIH and 4AMAH. Ba:Laing·. ~t\PS:;- (0087300) depends on only APSEN, 4AMAH 

and NABUSY-l to be high, th.refore port 4 is serviced first and the L-lines 

(/4102 - /4L15/) from port 4 are latched in the memory address register for 

bank A.·.:lt· ·tb.l' .... - tiU the\·:pori-~~bailk.,A;m'.or,· .. ga •• (4AGl·la latched 

high by NABUSY2 (low) and 3APS ia held low by the inverted 4APS term (N4APS). 

A memory cycle started with 4AMAH high and, at ATS020, ARBC goe. high making the 

mark input to NAPSZ high, causing APSZ to drop low. When APSZ is low port

select enable (APSEN) is low and *ha!, ••• r~:L'of ~the~. !part priorltl<!8*quence 

is inhibited. during this memory cycle. At ATS100 the latch ia dropped on 

NASUS!· bringing term 4APS lov; port 4 can change address lines in anti

cipation of the next request. 

With 4AG and ABBe high, memory request release (4MRR) is .high.to the port 

user at ATSOBo (figure 3-11). After the arrival of /4MRR/ t the port user 

will drop the .emory reque.t (4 MQ) before the end of the read cycle (NlUlC) 

at ATS420; dropping !tMQ will cawse 4-AMAlI to drop. At ATS420 APS/E goe. 

high to lift the latches on all port APS terms. However, only N4APS goes high 

since NIAPS 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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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 not change state when NATI goes 

low at ATS060 of the write cycle due to N3APS/4; this condition keeps APSZ 

low ~hich will keep APSEN disabled. With APSEN low, if port 4 tries another 

request during the current cycle, it will not be serviced. When NABUSY 

goes high at AT$340 in the write cycle, 3APS will go high and the address 

lines (AS02 - AS15) will reflect port 3 L-lines when NABUSY2 goes high at 

ATS4oo. Also,,'llhen ~NABUSY2 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 3MiAH still high; APSZ 

and APS~N are .till 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 cycle, port 3 will cause 3ANA..!f to drop low before AR.,l1C goes low 

at rlT3420. ~ith both 3~iAH and ARHC low, 3APS/E will go high, lifting 

the latch on N3A.PS/4. When NATI goes low at ATSo60 in the write cycle, 

all conditions to satisfy HAPSZ/E will be met and APSZ will go high. With 

AP3Z, high when NABUSY goes high at ATS:;40, APSEN will go high allowing the 

initation of another port priority sequence. 

APRIORITY-NORMAL False 

In the false position (up) APRIORITY-NOm4AL toggle switch selects the priority 

mode which will service port requests in a straight priority sequence. Port 4 

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 APRIORITY-NO~~ true, the detailed 

sequence of the port selection is as follows: Port 4 will be connected in 
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an identical manner .. outlined iA the second paragraph UDder paragraph 3-12. 

Howe.er, the condition .et at A!S020 (ARBC~tra.) baa DO .ignif1c ..... inc. 

APRIORITY-NaRIW. ia tila.. Wi tla KAPSZ~ ud NAPSZ/E low, APSZ ia latch" 

high and .taya high throughout the entire ".01'1 e1el.. Wi th APSZ high, a 

port ~q ••• i tl'Oll a hi per priori tJ port 111 _t 1_ M ~ duiq tile CU'Nd 

• .-017 c1cle. 

Th. remaining .tepa ill tldA priori t,. •• ctu.nce are the .Ule .. tho.e outlined 

in APRIORITY-NORMAL true with the exc.ption that at ATS340 ot the write c1cle, 

NABUSY goe. high bringing APSEN high to .DAbl. a new port .election. It 

port 4 i. able to rectu •• t ace... to bank A agaill (4-MWl) prior to or aimll

taneoual,. with NASUSY high at ATS340t port 4- will ollCe again _UJl. control 

of lIemory u described in the preceding paragrapha and 3.APS term will be 

held low with N4APS. Port 3 will haTe to wait one (or IIOre) 11--1'1 c1cle C.) 

to gain ace ea. to core. 

;-1-" Mamor: Addre •• Remter Lode 

The "b .. i~~-·HP"I!:Tt_eldt.Fi14'~'~Gproq"'".~e lIel1017 addre •• register (S) 

for memo17 baDk A. WUI1 bank B (optional) 1a added ud identical IlMOZ'1 

addres8 register i8 provided tor bank B. The a..-stat.r 18 a 14-b1t re-giater 

vhich t •• ,r~":-.1:,rtMi~ta.:J1D~ddre.a during the Ilemo~ c1cle. 

R.fer to figure}-9. Th. _ory addreu register tor bank A i. contained 

on FT68/F'l'83 JIOclul •• ill poait1ou 03. 04 and 07 ill chau1a D.' 'file F'1'68/ft8; 

IIOdule. contaiJl 309 batt.red latc!aMI tbHe latchea tON tbe S.regiater. 

When a port (or porta> raiae a .elDOr'1 reque.t, the L-line. (1.02 - "L15) troll 

the port are pN ••• t~; .t~'tA ... ··i.'apIlj sU~.t-=-.he "1101'1 addreas register. 

When the port .election logic d.t.rllin.. which port will acce.. ..IIOr'1 t the 



ao8ociated APS term gates the L-lines to the EMU on the ribbon cable assembly 

from OlE in the MPH to OlJ in the ~ro. 

with NABUSY2-1 high during TO to T60, the BL output (AS02 - AS15) to the B}m 

fol~ows the mark input (high or low) and the NBL (NAS02 - NAS15) is the 

inversion of the BL1output. At ATSOGo of the read cycle NABUSY2-1 goes low 

and the address terms are latched and will remain stable until NABUSY2-l 

goes high at ATS40Q of the write cycle. At this time, if changes have been 

made in the L-lines and the associated port APS term is hight the output will 

reflect these changes in the memory address to the BMt1. 

,/ 
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3-16 STACK PHASING (CURREJrt DIRECTION) AND TDtING LOGIC 

The stack ph~ing and timing logic developes signals which determine the 

direction of current through the X and I-drivelines in order to produce 

coincident current at the addressed core. When-current direction is deter

mined, timing signals are developed at-the beginning of the read and write 

half cycles~ These timing signals are applied to the X and Y-driveline 

circuitry in the BMU to turnon positive an~or negative current and voltage 

.witches. The same Y-driveline current direction signals are also applied to 

circui ts in the stack phaeiag and tilling logic during the wri te half cycle t 

to establlsh the tiM to inhibit the tlri tiDg of a logic one (write a zero 

instead). These aigDala are transferred to the positive and negative I

current inhibit circuits in the 1111. 

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 hal! cycle, time-for-positive Y-current 

and time-for-negative I-voltage (ATPYC.- and ATNYV), time-for negative Y-current 

and time-for-positive I-voltage (ATNYC and ATPYV) t and time-for-negative or 

positive X-voltag. (ATNXV or ATPXV)are enabled by ATS020.NBUSY. Only tim.

for-negative or positive X-current (ATNXC or AT.PXC) are established at ATS100 

of the read cycle. This ia to prevent excessive noise in the stack drivelines 

which might result if both X and Y-drivelines were pulsed at the same time. 

Excessive noise could result in erroneous signals on the aense lines. On the 



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

signals are developed'at ATS1OO. 

An example 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 

bi t configuration of lL06.NlW7.lL09 (101). Terms 1L06 and 1109 satisfy the mark 

in~~t to lX. Term lX is high and lAPS-l from port selection logic gates the 

resultant AX to the timing signal circuits. The output IX is fed back to 

the 11 buffered latch and ANDS with NILO? to satisfy the mark input to lY. Term 

lY is high and lAPS-l 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 

011 pin 42 AND with AX on pin 33 the resultant output is ATNXV on pin :;4. 

Also with ATSlOO.RHC on pin 14 AND with AX on pin 10 the result is ATPXC 

on pin 22. The forth column (AY pin Ho.) shows that during the same read 

cycle with ATS020.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. 'Jith AT.s340 

low at this time t all read timing signals are latched until ATS340 goes high 

near the end of the read cycle. Obrious11 t timing signals are generated 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 sri tcbes for a selected Y .. clriveline. 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 tilling signals are reversed. Refer again to the table of 

3-41,13-42 
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timing signal pin numbers. During the write cycle with ATS1OO.:iHC on pin 1 

and AX on pin 17 the result is ATPXV on pin 25. l.-iith ATS1OO. WHC on pin 20 

and AX o~ pin 44 the result is ATNXC on pin 24. Also with ATS1OO. WHC on 

pin land AY on pin 47 the result is AT NYC on pin 40; and withAY on pin 41 

the result is ATPYV on pin 45. At ATS}40 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-hits as 

follows: 

r l~e values = TPXC 

values = TNXC unlike 

\ 
Bit Bit Bit 

6 7 9 

107 • TPXC = TNYC 

107 • TNXC = TPYC 

NL07 TPXC = TPYC 

HL07 TNXC = TNYC 

Bit 7 determines the Y-current direction in relation to the X-current direc-

tion. If l.D? is high the Y-current is the opposite polarity of the X-current. 

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

The time-for-negative or positive inhibit (ATNYI or ATPn) is determined at 

ATS060 of the \iri te cycle. These timing terms are written 'With the last 

character as a 1 or O. The term ATNYIO is used with bit planes zero through 

7 and ATNYIl is used with bit planes 8 through 16~. Refer to the table of 

irulibit timing signal pin numbers and with ATS060 on pin 28 and AWHC.AY on 

pin 7 the result is ATNYIO on pin 6 and ATNYIl on pin 17. According to this 

result, time-tor negative Y-inhibit (ATrrrI) is high during the write cycle. 

~ince n~gative Y-current (ATNYC) was selected for the write cycle it is 

essential that the Y-current is inhibited it the data ·to be written in core 

is a zero. 3-45 
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3-17. M~ORY INFORMATION RmISTER LOGIC 

The basic MFM (assembly 149395) provides the .el1017 information register 

logic for ~rt 1. When porta 2, 3. or 4 (optional) are added., identical 

logic is provided for each port. Refer to figure 3-13. The lIel1017 infor

mation' register (MR) is a l6-bi t register which temporarily stores data going 

to and from a port during a memory' cycle. Addi tiona! logic is provided. to 

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

At a point between ATSl80 and ATS31.tO of the read cycle, data is strobed from 

core onto the AMlX)Q..AMD15 liDes ria the alB to OlD ribbon cable assembl:f. At 

o the cegiDl'ling of the lIellOry cycle, if the IIOde control signal, memory-read 

( lKREAD); is high from the port user, the transf'er-melD017-data to the KR 

(lMRXAMD) is ·developed at ATS420 and is used to gate the lleJDOl7' data lines to 

the port user on the ribbon cable assembly 31D to port 1. The BL output 

(lMROO-l.MRl6) follows the ..n input (AKDOO-AMD16) and the NBL output (NlMROO-

NlMRl6) is the inversion of the mark input. These output levels are latched 

since the MRX term is low at ATSo6o ot 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 imersion of data (NADOO-NAD16) is gated by lAG-l from the port selection 

logic back (restored) to _!DOry via ribbon cable assembly OlD to alH. The 

NADOO-NADl6 butfered latches are wired to perform only as buffers, not as 

latches for temporary storage •. The inversion ot data, plus the proper timing 

pW.ae (Ttf/PYI), control the Y-current inhibit switches which control the 

writiJlg into lIe.ory. Also at ATS420 the term MRX goea high lifting the latches 

on the MR; this action clears the register for the next input. 
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BANK B 
CONTROL 

32D 
/IMREAD/--.I2 .. - -

/NIMRI6/--.l18 

/IMWOI/---.! 01 

I: 
/1 MWIS/--...1 liS 

/IMWOO/~7 __ 

31D 
/1 MR01/....--roT-=-IMRO I I I I 

I I 

/IMRIS/-----t 1~-IM~15 
/IMROO/..-I17--IMROO 

/IMRI6/~~-::-IMRI6 

(OlD) (32D) (3ID) INVERTED 
MEMORY DATA PORT DATA MR MR 

BIT/PIN NO. BIT/PIN NO. OUTPUT OUTPUT 

AMOOO (I) IMWOO (S) IMROO (4) NIMROO (2) 
AMOOI (10) IMWOI (7) IMROI (6) NIMR02 (8) 
AMD02 (II) IMW02 (15) IMR02 (18) NIMR03 (14) 

SlOT! 
AM003 (21) IMW03 (17) IMR03 (20) NIMR04 (22) 

22C AMD04 (2S) IMW04 (29) IMR04 (34) NIMR05 (30) 
AMD05 (35) IMW05 (31) IMROS (36) NIMR06 (38) 
AMD06 (37) IMW06 (41) IMR06 (44) NIMR07 (42) 
AMD07 (SO) 1_~~i43) IMR07 (46) NIMR08 (47) 

AMD08 (I) I MW08 (5) IMR08 (4) NIMROa (2) 
AMD09 (10) IMW09 (7) IMR09 (6) NIMR09 (8) 

SlOTl 
AMDIO (11) IMWIO(IS) IMRIO (18) NIMRIO (14) 
AMDlI (21) IMWlI (17) IMRII (20) NIMRII (22) 

23C AMDI2 (25) IMWI2 (29) IMRI2 (34) NIMRI2 (30) 
AMDI3 (35) IMWI3 (31) IMRI3 (36) NIMRI3 (38) 
AMDI4 (37) IMWI4(41) IMRI4 (44) NIMR14 (42) 
AMDIS (SO) IMWIS (43) IMRI5 (46) NIMRI5 (47) 

lAG STROBE 

BANK B 
CONTROL 

IMRXBMD 

BMDI6 

IMRX 

RST 

INVERTED 
MR 

INPUT 
PIN NO. 

NIMROO (4) 
NIMROI (7) 
NIMR02 (6) 
NIMR03 (19) 
NIMR04 (26) 
NIMROS (42) 
NIMR06 (41) 
NIMR07 (4S) 

NIMR08 (4) 
NIMR09 (7) 
NIMRIO (6) 
NIMRII (19) 
NIMRI2 (26) 
NIMRI3 (42) 
NIMRI4 (41) 
NIMRIS (45) 

(OlD) 
MEMORY 

INPUT 

NADOO (13) 
NADOI (14) 
NAD02 (IS) 
NAD03 (18) jSLOT NAD04 (33) 9C 
NAOOS (3S) 
NAD06 (34) 
NAD07 (37) 

NAD08 (13) 
NAD09 (14) 
NADIO (IS) I SLOT NADlI (18) 
NADI2 (33) IOC 

NADI3 (3S) 
NADI4 (34) 
NADIS (37) 

FROM 01[) AMDOO-AMDIS 
(SEE TABLE) 

IMRXAMD 

IMRXMW 

/IMWOO-IMWIS 
(SEE TABLE) 

IMRX 

'AG-'BO 
9C I -

NIMROO-NIMRIS / OC 
(SEE TABLE) { 

PORTS 2, 
3,AND .. 

/IMRI6/ .. TO 3ID/PORT I 

o 28 1-JIMRI6 

PORT 1/32D --L!:!!MRI6/ 

NAT! 
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M 14 

BL 
22C/23C 

o 2 

IMROO-IMRIS {31D TO 
(SEE TABLE) PORT I 

NIMROO-NIMRIS 
(SEE TABLE) 

IlL.-NADOO-NADIS{OID TO OIH 
(SEE TABLE) (BMU) 

BL 
9C/IOC 

o 

M 

BL 
7D 

I LJjAQ!L..,. TO 010 

o 

Figure 3-13. Memory Information Register and 
Parity Bit Strobe Logic 

901694A.313 
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At the beginning of the memory cycle, if the mode control (lMREAD) from the 

port user is low, the signal is inverted (Nlr~~AD) to indicate the write 

mode and transfer-memory-write-data to the MR (lMRX}lW) is developed at ATS420 

of the read cycle~ Ws ten.·~i&~~d to gate .tbe- .. mory .. wri.tte;"l3.De8-(lXWOQ-lMW15) 

from the port user on 32D. (Gating data from memory was inhibited during the 

read half cycle because Ih:tElJ) was low.) 

The NBL output (NlflROO-NlI'lR15) is the inversion of the mark input (lHWOO-IHW15) 

and these data are applied to the AND gate input to the NADOO-NAD15 buffers 

to memory. Data is written into memory in the same manner described in t~e 

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

3-18. PARITY BIT STROBE LOGIC 

'rhe parity bit is generated by the port user and stored in the 17th bit 

posi tion of a memory word on a separate data line,. When a wem'1 is :"ad' . 

from memory the parity bit is transfered out 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 circuit 

is provided to transfer~ thiir bit. 

rtefer to figure 3-13. During the read half cycle, the parity bit fDom memory 

(AHD16) is gated by the same transfer signal (lHRXAMD) to the port user on 

ribbon cable 3lD 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 parity bit in IleJlOrJ the NBL output (NINR16) is gated back into memory 

by lAG.3TROBE at ATS420 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) - ASSDmLY NO. 148418 

Basic Memory Unit A..embl,. 148418 provides the chassis (2-high) aad hardware 

required to 8upport the core aBd logic for a full bank of 16K. Bew.er. ouy 

the core and logic for 0-8K i. included. Whe. • ... ory expanaion lei t ..... bl,. 

149668 (optional) ia utilized the BMU provide. the storage for a maximum of 16K • 

• ""'"' .. " ..... ••• , ..... 1.01 ... 0 e. _ " __ ~_ .. _'1_ * _~_ ..B ______ .. ___ ..&..._..2 J_ ~ '-..t_'-
A. :enloC Memory Ulll.'; ~.mD.1." .1."f'O"t.1.0 loor oaD& A ~. "WIlJ'. J.oe ..... u ~II l:;-lUlS'" 

chuai. H/J. A HMU for bank B (optioul.) ia located ill 2-high ohaaaia F/G. 

Both banks are identical in operation and hardware except for the airflow 

•• oor and power supply control, whiGAri.' .lo •• ted only in bank A. Therefon, 

only the EMU in bank A 18 d •• cribed in the following paragraphs. A full,. 

expanded HMU contains eight core diode modules for d.ta .torage and 14 module. 

containing X ~d Y-driveline and inhi~t logic, core .enae line logic and a 

module of ciacellaneoua logic. Refer to the module location chart in Section II, 

sheet 1 of BMU logic diagr_ in ESM 902401. 

3-20. CORE DIODE MODULES FFTl.3 AND FFT14 

Two each of FTT13 and FTT14 core· diode modules (4) provide 0-8K storage for a 

l6-bit word plus parltr. The module. are loeated in .lot. 32/31, 28/27, 24/23, 

and 20/19. The core diode portion of the optional lIIe.ory expansion kit for 

8-16K is an additional set of FTTl3 and FTTl4 core diode modules occupying slot. 

?;IJ/29, 26/25, 22/21, and 18/11. '!'vo F'l'Tl.3 core diode module. (4 bit plane. each) 

8upply the storage are. for the fir.t eight bit. ot the l7-bit wo~ aDd are 

designated 1/2-byte 0 &lld 1 or brte O. Two rrn4 core diode module. (~ bit 

planes each) aspply the storage are. for the remaining eight bit. pi .. parity 

of the l7-bit word and are d •• ignated l!2-byte 2 and 3 or b1te 1 aad parit1. 

The Sigma 3 word organization i. .. to1lod: 

Bit. 0-3 4-7 8-11 12-15 P 

.)iB,.te 0 1 2 3 
Byte 

J 

0 1 

Parltr 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 emplay. a ~D organiza

tion or a 3-wire (X, Yt and •• a.e) memory .y.tea. The Y-wire i. com.on to both 

0-' __ •• _.~._ •••••• ~ ••••• __ -- .- -_ ........... -_._-. - ......... -----
-_._---_ .. -"'-'~'---."".'."-

core. driving and inhibiting. As shown in figure 3-14,' the X-wire begins at one 

side of the 4Yl-bit array and terminates at the other side. However, the Y-wire 

lo~ps and reenters the Y-plane before the Y-line is terminated. The sense 

lines are not shown to avoid the c'onfusion of additional lines. The senae 

lines are described in paragraph 3-30. 

Dri ve current through both the X and Y lines is applied through 8. pait" of bi-

di~ectional diodes that gate current direction. There are a total of 128 X-lines 

pe~ 4 or 4Y~bit array requiring 256 diodes and there are 288 (or 256) diodes 
i 
I 

f~ding 144 <er 128) 'Y-line loops, 32 loops per bit 'plane (64 Y-linea) and 
. ! 

l~ loops per l/2-bit plane. Each bit pla.ne, therefore is ,an X-Y matrix of 

1 x 64 cores or 8192.8l'1d the "'bit is equal to 4,096 cores. 
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X .. WIRE 
POINT OF 
ORIGIN 

901594 

X-WIRE 
POINT OF 

TERMINATION 

\ _
-_---........-.--,-,.1 

I '-- --

.BIT 0 BIT 1 : 

(1) 

~L-~ __________ __ 

\ 
TYPICAL 

REENTRANT 
Y-WIRE 

NOTES: 
1. NOT PRESENT ON 8K x 4 BIT COM 

2. 128 Y DIODES ON 8K x 4 BIT COM 

3. 8K x 4. BITS PLUS 4K x 1 BIT =8K x 4 1/2 BITS 

nr1nnnn 
I II I II I, II I 

144 Y DIODES I 
I II II <2!1 II I, I 
UUUuUU 

r 
'" - -

BIT BIT 3 BIT 2 48 __ 

(1) 

901594A.314 

Figure 3·14. 8K x 41/2 Bits - Core Diode Module Layout 



The core diode modules are driven by external X and Y driveline and I-inhibit 

logic and sensed b1 memory core .ensing and preamp logic contained on 2-high t 

single modules located in the remaining positions ahown on the BMU module 

location chart in the associated !SM. 

HAGN.E:l'lC CORE 
........... 11. 

Since the magnetic core is the basic element in the forming of a core memory 

~he following is a de.cription of the properties of the magnetic core and 

how these properties function to provide the required capability of computer 

me~ory. Knowledge of the theory of magnetism and the hysteresis effect 

produced in magnetic materiala are prerequisite to understanding the following., 

information. 

Figure 3-1', Hysteresis Loop (typical ferromagnetic material) is a graphic 

explanation of the effect of • magnetizing force on an iNa core within the 

field of the magnetizing force. Curves a-b and d-e il1ust~t. that the nux 

density of the iron core doe. not become zero each time the magnetizing force 

is removed •. A coercive force (one in the reverae direction of the original 

force) is necessary to reduce it to' zero. Thia lagging of the magnetic nux 

behind the magnetizing force which produce. it, is hystere.is, or the internal 

-resistance to change. 

I t is known that the energy lou due to hysteresis is proportional to the uea 

of the hysteresis loop. For this reason the material I for cores in the con-
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struction of electromagnet. and transtormers haa a hysteresis loop with. 

very small area. Th. distance c-t muat b. reIatiT.ly small, preferably a 

loop which is nearly a straight line. ID contrast, the hyateresi. etfect 18 

exploi ted in the d •• ign of the magnetic core Wled in a. COIIPGter "1101'7. _ . 

The magnetic core of the baaic ... ory unit ia contructed of a special ferrite 

pbWdered mater.Lal which broadena the c-t distance conaiderab17. This material 

retains most of the magnetism once departed, .. .hown by the almoat square 

hysteresis loop developed in firuge 3-lh. The remanent flux density i8 almost 

variations ill the field int.nait,. 1 ••• thaD a c·ritical avitchiDg value hay. 

pratically no effect on the nux deui t,. t while a chaDge in H t greater\ than ... 

• the en tical Talue, abruptl,. nyerae. the u.gnetizatioa· ot ·the core _terial • 

• 

Because jot the aquare-loop ettect, .asnetic corea ill the baaic .emorJ unit 

~e alway. in one ot two .tabl •• tat .. , either DMr poaiti ... e ~tur.tion or 

near negatiT •• aturatioD, indicating oa. of two binary .tat ... i1Iili.~to 

the fli.p-fiop circuit. UlIlik. the fUp-nop, there i. JI.O va,. to deteraiDe 
I 
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+8 

___ .-.0!1 .... 0 

-H--------~--------~------+-----------+H 

d....::::;------

-8 

-H TO + H = EXTERNAL MAGNETIZING FIELD 

-8 TO +8 = INDUCED FLUX DENSITY FIELD 

0-0 = INCREASE IN FLUX DENSITY VERSUS INCREASE IN MAGNETIZING FORCE ON 
UNMAGNETIZED MATERIAL (THIS CURVE IS NEVER REPEATED) 

o = MAGNETIC SA TURA TION POINT . 

0- b = DECREASE OF FLUX DENSITY AFTER REMOVAL OF MAGNETIZING FORCE 

b - 0 = REMANENT FLUX DENSITY 

o - c = COERCIVE FORCE (REVERSED MAGNETIZING FORCE) CAUSING 
FLUX DENSITY TO RETURN TO ZERO 

c - d = MAGNETIZA nON IN OPPOSITE DIRECTION DUE TO INCREASE 
IN MAGNETIZING FORCE 

d-e =o-b 

e-O =b-O 

O-f =O-c 

901594A.315 

Figure 3·15. Hysteresis Loop (TVpical Ferromagnetic Material) 

3-55 



901594 

REMANENT +8 
FLUX DENSITY LSATURAnON +8 

/ 
/ 

/ 
/ 

/ 
/ 

-H +H -H +H 0 0 .. .. 
(1/2 CURRENn 

0 CD CD 

-8 -8 

+8 +8 

----- -- r----
I 
I 

-H +H -H +H 
0 I 0 .. 

I 
0 I CD 

J 
~-------

SATURATION SWITCHING 
-8 -8 POINT 

~EAD CLEAR) 
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Figure 3-16. Square Hys18resis Loop· Memory MaWletic Core 
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the logic state of the core and therefore a sense wire i8 inserted through 

the core to ~ovi~e this information. In order to understand the use of the 

magnetic core as a memory or storage cell, the following is a rea~write 

sequence of events concerned with a single core. The sequence provides a 

step-by-step generation of the square hysteresis loop, figure 3-1$. 

Assume the magnetic memory core read/wri te sequence begins with an" uppolan.zed 

eore. 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 dri velines apply a magnet

izing force (additive 1/2 currents) on the core in the diTection 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, stage 2, 

but the Y-driveline is inhibited in order to write in a zero. The magnetizing 

foree 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 as shown 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 eycle. The core is already near saturation 

and the force has little or no effect on the flux density, 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 stored 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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reverae. the magnetization at the core. The core chaDps state froID zero to 

one. This change i8 not stored in ADl external register as the .eue line is 

inhibited. durin! the write operation. 

During the following .eIDOX'1 cycle (read halt-cycle portion) the magnetizing 

f'oree (the !!8.!!!e X and Y e1!~nte) is rAYs",ed, stage 5. This force is greater 

than the cri tical swi tCbing value and the core is an tched to the o ppo ai te ata te , 

or the core is cleared to a zero. This clearing pulse is sensed by the sense 

line and ia interpreted as a 011.; this attecta a chaDge in the state of the 

data bit stored in the MR register. The previously stored zero (in the MR 

register) 1a replaced b1 a one azad the core baa retumed to a zero state. This 

lut operation indicated that the read half-cycle is destructive, theretore the 

read-cycle is alW8.1S tollowed by the write-cycle in order to restore the core 

to the preYioue state or to write in Dew information. 

3-22 X AND Y-DRIVELlNE AND I-INHIBIT LOOIC 

As prertoul,. described ill paragraph 3-20, each magnetic core in •• 110%'1 is located 

(addressed) by a set ot X and I-drivelinea. The clriveliDes suppl,. the magnetizing 

force to svitch the state of the core in reading out data or writing in data. 

Refer to tigllre 3-4. The X and Y-driveline and Y-inhibi t logic cODsists of cur

rent aDd "101tage predrive circuita ad bipolar-current and voltage switchea (YCPS, 

YClIS, XCPS, XeNS, YVPS, YVNS, XVPS and XVNS) controlled by the associated predrive 

circuits. The predrive and inhibit circuits are gated by ap~ropriate tiJlling 

pulses ATFYC, ATNYC, ATPYV, A'rNYV, ATNIe, ATPXC t ATNXV, ATPXV" ATPYI and ATNYI 

tro. the MB( stack ad phaaing ue tilling logic (paragraph 3-15). The X and Y

drive line and Y-inhibit logic i. contained 011 2-high IIOdules iDalota ? through 16 

ot chaaaia Up. The X and Y driveline. require a source ot drive current (llOsitive) 



at ODe end l11ld 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 LOG, I.l17 and L09 (refer to paragraph 3-16). 

At the beginning of a memory cyclet after the port selection logic in the MPH 

section determines which port will access memory, the associated address bits 

(AS02-AS15) are gated to the X and Y predrive circuits in the EMU. The fo1-

lowing is the 16-bit address word format showing the bit assignments for X and 

Y-predrive circuit selection. 

which HPM 

~hich Bank 
(A or B) 

o 1 

I I 

)<c.. Yc 
'YtI , __ -JIIA---""I 

2 4 5 

Xv 
,..---~-..... , t \ 

10 11112 13 14 15 

I I I t 
I 

X-voltage. 
Predrive 

------ X-current 
Predrive (16K) 

rihich 8K 3tack 
(O-RK or 8-l6K) - - - ---- Y-voltage Predrive (16K) 

Y-current Pre drive 

~efer to figure 3-17 in conjunction with the address word format shown above. 

Each bit plane is divided into 64-16 x 8 core groups. - The X-Y elements 

(cores) of the 64 matrices are assigned to' coded areas 0 through 7 in both 

dir.Jensions. , Address bits; 3, 4, 5, 6 and -8 sel.ect the I-voltage ud current pre drive 
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X-CURRENT 
PREDRIVE 
SWITCHES, 
ADDRESS BITS 
(2),9, 10, 11 

NOTE: 

901594 

Y -CURRENT PREDRIVE 
SWITCHES, ADDRESS 

RfTC\ ~ ~. l\ --'-,"'-
, , , I , I " 

7,rrrlrrn 6rrrrrrrn Srrrrrrrn 4[rrrrrrn 
31 rrrrrrn 2rrrrrrrn ,rrrrrrrn 
O[CCCCCCO 

0 1 2 3 4 5 6 7 

t t t t 
I 

t t t t 
Y-VOLTAGE PREDRIVE 

SWITCHES, ADDRESS 
BITS (2), 6, 8 

Y -MA TRIX ORDER FOR BIT PLANES 0, 1,4,5, 8,9, 12, 13 AS SHOWN. 
THE Y-MA TRIX ORDER IS OPPOSITE FOR BITS 2,3,6,7, 10, 11, 14, 15 

Figure 3-17. Typical Bit Plane Division for Core Location 

X-VOLTAGE 
PREDRIVE 
SWITCHES, 
ADDRESS BITS 
12, 13, 14, 15 

801684A.317 



circui ts which control the Y-dilleuion of core matrices in !k of memory. Address 

bits 9 through 15 select the X-current and voltage predrive cireuits whieh 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 is used in the MFM logic to determineY-current direetion (paragraph 3-16) and 

also (in conjunction 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, l~ and 11 plus a timing pulse, 

select an X-band (0 through 7) and the direction of X-current. The binary value 

of bits 12 through 15 plus a tilling P'llse select one of 16 X-liDes in the selected 

X-band. In the I-dimension, the binary value of bits 3, 4, and 5 plus a timing 

pulse select a I-column (0 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, o-8K or 8-16K. 

3-23 X-Dri veline Circuits - Modules RTTll and RTTl.2 

The X-current predri ve circuits and current sn tches for o-8K of bank A are pro

vided for by two RTTllmodules in slots 12 and 14 of 2-high chassis' H/J. Two 

additional RT1'll modules (optional) are added in slots 8 and 10 to provide the 

current predrive and current switches for an additional BK (8-16Kj.· for bank A. 

The X-voltage predrive circuits and voltage switches for D-16K of bank A are 

provided for by two RTT12 modules in slots 15 and 16 •.. 

Theoretically, the core diode module ()2 byte, 0, 1, 2, or 3) is folded longi

tudinally along the X-dimension !L1lto· upper and lower sections. Memory address 

register bit 2 determines which 8K is selected (o-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 lIt sheet 8 of EMU logic diagrams. 

~ddress bits 2t 9, 10 and 11 select the four predrive circuits whick c~ntrol a 

4 x 4 matrix of X-current switches arranged in 16 groups of four current switches 

each. Each Rrl'll module provides four groupe of eight pairs (eight poai tive 

and eight negative switches). Each group of awl. tches control a specific pair 

of complement X-bands (Ol?, 1/6, ••• 8/15, 9/14, etc.). NOte: X-bands in 

8-16K are numbered 8-15 and are located in equivalent positions to 0 through 

7 in 0-8K. 

Address bits 2 and 9 plus a current direction timing pulse (',i1PXC or TNXC) select 

the top of a predrive line (X~NCKO through X?NCK3) and address bits 10 and 11 

plus the same timing pulse select the bottom of the same predrive line. Each 

predrive circuit provides control for four groups of switches (i.e., XPNCKO 

controls groups at 4, 8, and 12 or complement X-bands 0/7 t 4/3, 8/15, 12/11). 

Only one group is selected at any given time. 

If predrive XPNCKO is selected for the read half cycle t the complement predrive 

(XPNCK3) is selected for the write half cycle by a change to the other current 

direction timing pulse (TPXC/T~~C). The X-current predr1ve address bits and 

the timing pulses, therefore, select a pair of predrive circuits, for a com

plete read/write IDemory cycle. (i.e., X?NCKO and XfNCK3, XFNCKl and XPNCK2, 

XPNCK3 and XPNCKO or XPNCK2 aDd XPNCKJ..) 

Each group of switches selected by a predrive circuit cQntai~ two pairs of 

unipolar switches. Each pair provides the source or sink for complement X

bands in alternate l/2-bytes (0 and 2, and 1 and 3). PositiTe (P) designations 

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

3-24. X-Band Selection. An example X-lNaacl selection is as tollows: Ass •• 

a binary coded decimal aciclress of NAS02, NJwSQ9, AS10, and NASll (00 at the top 

of the predrive line and 10 at the bottom or 0010 = 2) and the TPXC current 

direction timing pulse. Predrive circui t XPNCK2 is selected and the switch 
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Figure 3·18. X-Drive Line Logic 
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pairs in group two are pulsed by the predrive circuit. The output of group 

two is coded as follows: 

~byte 0 and 2 

1 
X-current switch, 
X-band 2, positive 
(source) 

02 XC2P 
02 XC5N 

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

, ~byte 1 and 3 

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

13 XC2P 
13 XC5N 

L X-eurrent switch, 
X-band 5, negative 
(sink) 

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

1/2-byteO and X-band 5 in 1/2-byte 2. The 02XC5N 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!l3XC5N 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 TNXV) select one of eight predrive circuits which control a 4X4 

mat."";"l(' ...,-f X-v~' tR.~e swi tches arranged in ·16 groups of two bipolar switches 

each. Each group controls a specific X-line (lines 0 through 15) in each 

X-band. There are a total of eight pairs ot an tches per RrrlO module. 
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~iJdre3s bits 12 and 13 plus a voltage timing pulse select the top of one 

of eight predrive lines (XPtNKQ through XPNVK3 and XNPVKO through XNFV3) and 

ad'!r~~3S bj tR 14 and 15 plus the same timing ':''IUlse sel~ct the bottom of 

the pre,drive line. Each predrive circw.t con'troJ.s tne ,t.V.J.arity of the output 

of four groups of two bipolar voltage switches (i.e., XN?~K2 controls the polarity 

output of ~ro'lps 2, 6, 10 and 11~ or the control of line's 2, 6, 10, ;~nd ll~ 

of eaci'l A-band.) 

If predrive XNPVK2 is selected for the read half cycle, the complement 

!Jredrive (xpr-rllQ)is selected for the write half cycle by a change in the 
I 

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 

pre drive lines for a complete read/wri te memory cycle (i.e. t XFNVKO and lJ.'lPVKO, 

XPNVKl and XNPVKJ., etc.). One predriye circuit selects ODe polarity output 

each (opposite polarities) from a pair of bipolar switches. If one switch 

output provides the sink for X-lines in byte a (~byte 0 and 1) the other pro

vides the source for the same X-lines in byte 1 (}i!-byte 2 and 3). Therefore t 

when the complement predrive circuit is selected by a change in the timing pulse, 

the,opposite output from the same bipolar switches provide the ~pposite polarities 

to the same X-lines in byte 0 and byte 1. Positive \p) designations represent a 

source and negative (N) represent a sink. 

An- exar.~ple of ,{-line select; on is aQ follows: Assume a bi nary coded decimal 

adilre~';;3 of :,;AS12, AS13, AS14, and HA,S15 (01 at the top of the predrive line 
Note: 

and 10 at the bottom, or 0110 = 6) and a timing pulse of TNXi. /Current direction 

timin~ pulse TPXC was selected previously (paraeraph 3-24) for X-current, therefore, 

TNXV is selected for X-vo1tage predrive. Address 0110 and TNXV select Rredrive 

~'~K2 and alternate polarity Qutuut is ~ulsed from t.h- binolar switch pair 

OlXV06/23XV06. Bipolar Swl. tch 0111106 is negative -wi th respect to Vm and provides 



the sink for liD. 6 in cOllplMent X-buds in byte 0 (""'byte 0 and 1) aDd 

bipolar switch 23XV06 is positi .. nta rnpact to V. aDd provides the source 

for line ·6 in complement X-baDde for b1te 1 ()ft."rte 2 ad 3). 

Considering both examples, X-band aelection.(02XC2P/02XC5N and 13XC2P/l}XC5N, 

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 0 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.; 02XC5N to olXV6N and 13XC2P to 23XV6P.) 

However, the drive current in line 6 of X-band 5 can be completed when X-eurrent _ 

pr·edrive XPNCK2 is addressed by bits 2, 9, 10 and 11 in the configuration of 

0101 = 5 in conjunction with tilling pula. TNXC and voltage predrive XPNVK2 

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

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

·rhe Y-current predrive circuits and current switches for 16K (bank A) are 

provided for by four RTT10 modules located in alots 7, 9, 11, and 13 of 2-high 

chassis H/J. The Y-voltage predrive and voltage switches for 0-8K are provides 

for by two RTTll modules in slota 12 and 14. Two additional RTTll modules 

(optional) are added in slots 8 and 10 to provide for voltage predrive and 

voltage switches for an additional 8K (a-16K) for bank A. Slots 7 through 14 

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

Theoretically. the bit-plane is folded verticall,. into two .hal ••• , four 

Y-columns each. Y-columns 0-3 in ona 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; NAS03 = Y-columns 0-3 and AS03 = Y-co1umns 4-?Y-columns are 

selected from both halves in complementary pairs, 0 and 7, I and 6, etc., and 

one bit-plane is a mirror image ot the adjacent 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 EMU logic 

diagr~~5. Address bits 3, 4, and 5 select an 8X9 ~atrix of Y-current switches 

which control all 16K. One of eight predrive circuits is addressed by bits 

3, 4, and 5 in the confi~uration of ' a binary coded decimal value of 0 through 

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

or 111=7 and TIITe selects predrive YFNCO.) 

Each predrive circuit selects a string of nine bipolar pairs of current switches 

(18 unipolar switche8, Dine poeitive and nine negative). There are four pairs (8) 

for byte 0, for pairs (8) for b7te 1 and one pair for bit 16. There is a pair as

signed for each two adjacent bit-planes zero through 15 and one pair for bit-plane 

and TFYC. the complement predriv. is selected during the write half cycle by a 

change in the Y-current direction timing pulse to TlIYO. The I-current predri ve 

address bits and the tilling pulses, therefore, select a pair of predrive circuits 

for a complete read/write lIe.ary cycle (i.e. t YPNCO/YNPC?, YPNCl/YNPC6, YPNC2/ 

YNPC5, or Y?NC3/YNPC4). Positive (p) designations represent a source and negatiye 

(N) represeDt a eiJlk. 

Four bipolar pairs of switches in a selected 3tring provide the source for a 

Y-c~lumn and the sink for the complementary Y-column (i.e.; YCOP/yC7N, YCIP~IC6N, 

etc.) in adjacent bit-planes in byte 0 (bits 0-7). The next four pairs in the 

string provide the source and sink for complementary Y-columns in adjacent 

bit-pl~nes in byte 1 (bits 8-15), however, the current is in the opposite 

direction to that chosen for the same Y-columns in byte 0 (i.e.; YC7P/yCON, 

YC6P/yClN, etc.) Only one of the pair assigned to bit 16 is used in each 

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

used in the complement string (i.e.; YCON/yCOP for pre drives IPNCO/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 AS03, AS04, and AS05 

(Ill = 7) and Y-current direction pulse TPYC. With these conditions, predrive 

YNPC7 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 0 and 1, 4 and 5, 
2 and 3, and 6 and 7 

I 
XXXX YC?P 
XXXI YCON 

Positive Y-current (source) for 
Y...eolumn 7 

~--~I ~l--------_________ Negative Y-current (sink) for 
Y-column 0 

The next four pairs: 

'l'he last pair: 

1 
xxxx YCQP 
XXIX YC7N 

Adjacent bits 8 and 9, 12 and 13, 
10 and 11, arid 14 and 15 

Positive Y-current (source) for 
Y-co1umn 0 

-,:----. ----------------Negative Y-current (sink)· for 
Y-column 7 

ll-L.----
XXY~ yeOp 

Even bit 16 
Adjacent Odd bit 17 (not used) 

Positive Y-current (source) 
for Y-column 0 

'rhe oool-0607YC7P portion of the first four pairs provide the source for 

Y-column 7 in byte 0 and the OOOl-0607YCON portion provides the sink for the 

cor.lplement colurnn)O. The o809-l4l5YC7N portion of the second four pairs provide 

th~ sink for Y-column 7 and the source for Y-column 0 in byte 1. The positive 

portion of 1GYCO provides the source for Y-column 0 on bit-plane 16. 
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3-28. Y-Line Loop Selection. Address bit. 2, 6, and 8 and a timing pulse, 

TPYV or TNYV, select an 8XlO Y-voltage switch _trlx controlling 16K. '!'he 

binary value of address bits 2, 6, and 8 (000=0 through 111=7) select one of 

eight strings (YVO through YV?) of 10 bipolar voltage switches. Each side 

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

arranged in alternate polarity output sequence. Each side of the string is 

selec ted by a separate predri Vf1!! e; rCl'; t ... nd there are 16 predri ve cireui ts 

which are selected D1 olle of eight adc1reu contil'lratiou and oae of tva tiJI:I.Dg 

pulaee. For eBllpl.: Preclriy .. IPItVO through TPtN7 are selected by 000-0 throup 

lll=? and TPlV t uel YNPVO through YNPV7 are selected by the 88IIle addre88 config

urations t fUld TNl'Y. 

~ch Y-column of a bit plane is made up of four Y-line loops (0 through 3) 

providing eight Y-lines per Y-eolumn. One end of each loop terminates at the 

same Y-current switch and the other at one ot four voltage switches (refer to 

figure 3-20.) ~ch string of bipolar volta~;e sri tches (YVO through T/7) 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 selected in bit-plane 16 (l?a bit) but the currellt in only one 

is completed. Swi tch strings designated as WO through Y.V3 control Y-line loopa 

o through 3 and thoae designated aa YV4 through YV7 control equi valent loops 

in 8-16K • 

. During the read half cycle, if one of the YNPVO through Yr~7 predriYe circuits 

is 8eleeted,the associated string of bipolar voltage switches are pulsed by the 

preclrl:,e. '1'he tint four hitches ot the string proyicle the aiDk tor one 
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Figure 3-20. Coincident and Anticoincident Selection and Sense Line Pattern 
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of four'I-line loops in the even bit-planes and the source tor the COBple .. nt 

Y-line loops in the odd bi t-pluea iD bJ'te O. '!'he next tour provide the re.erae 

polan ties tor the _. loops iD bJ'te 1. '!'he reuining two prorlcie the sink 

and source tor complement I-loops of bi t 16. During the vri te halt cycle the 

complement pre drive is selected by a change in the timing pulse from TNYV to 

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

An exm!iple of Y-line loop selection is as follows: Assume a binary coded decir.1al 

address of NAS02, NAS06 and AS08 (001=1\ The YVl string is selected and if 

'I::riV is generated (TPYC was generated for the I-current in the example in 

paragraph 3-27) the N to P side of the switch string is selected by predrive 

circuit YNPVl, The associated string is pulsed by the predrive and the output 

frora the first four switches of the string are coded as fellows: 

11 
Even bits (0-6) 

Y-voltage switch, 
Y-loop 1, negative (sinld 

Byte 0 XX XX YVIN 
XX XX YV2P IT Y-voltage switch, 

(source) Y-loop 2, positive 

Odd bits (1-7) 

The next four· are coded as tollows: 

II 
Even bit. (8-14) 

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

8~TC. i. XX XX !VlP 
XX XX YV2N TT- Y-voltage switch, 

Y-loop 2, negative (sink) 

Odd bits (9-15) 
The last two are coded as tollows: 

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

16 YV2N 
T Bit 16 (1/2-byte 3) 

~,.,- "0 ('/l. "'o"tc. 2- J~ Y-vo1tage switch, 
Y-loop 1, positive (source) 



With reference to the I-column selection procedure in paragraph 3-27, the 

following.Y-loop selection takes place: The sink for Y-line loop 1 ift byte 0 

and source for Y-line loop 1 in byte 1 is provided for Y-eolumn 7 for all 

even bits. The source for complement Y-line· loop 2 in byte 0 and the .ink for 

Y-line loop 2 in byte 1 is provided for complement Y-column 0 for all odd bits. 

~ince only the source for Y-column 0 was provided for bit 16 in the Y-column 

example, only the sink for loo~2will complete the current in this loop; the 

source for loop 1 cannot be completed with the same polarity present at both 

ends of the loop. 
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Y-Drive1ine Inhibit Circuits - Modules R!!ll andRf!l2 

Hefer to ESM 902401, Section II, Sheet 6 of SHU Logic Diagrams. The Y-dr!veline 

inhibi,t circui ta drop the operating level of the source output and raise the 

operating level of the sillk output of the I-current bipolar sri tches controlllng 

the Y-drivelines. This action inhibits the tQnction of the selected I-current 

bipolar switches. Inhibit circuits for bit planes 0 through 15 are provided by 

R'l'TlO IDOdules in alota 7. 9, 11, and 13 ot 2-high chassis H/J. The iDh1bit cir

cui t tor bit plane 16 is pl'Ortded bl R'l'Tl2 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 of data terms (NDOO through ND16) plus the appropriate timing 

pulse for inhibiting are used to satisfy the condi tiona to -ers:L" an inhibit . . 
circuit. There is a pair ot source/Sink inhibit circuits for each two 

adjoining bit planes. These circuits are coded ... tol1ows: 

-- -- I XX XX YCPR 
xx XX YCNR 

LJ·~T 

Even bits (0-16) 

Odd bits (1-15,16) 

Y-current,po8itiTe, 
source resistor 

Y-current negative, 
sink resistor 

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

(TPYCI or TNYCI) as the ,-current timing puis·e (TPYC or TNYC) used during 

the write cycle. 

.,-



3-}0. ·X and Y-Driveline Coincidence 

A magnetic core switches state when the X and Y-drivelines at the core are in 

coincidence. Coincidence at a 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 preYiousiy 

stored) real ts in a pW.se on a .en •• lil1e threaded through the corea parallel 

to the I-liDe. Figure 3--20. illustrates tbe coafipration of bit-planes 0 ud 

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 on this line 

is provided by X-voltage switch olXVo6N (paragraph 3~S). 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 

0002YV1N (paragraph :;..as). This switch provides a sink for the c1:1rrent flow 

on line 3 provided by Y-current switch OOOlYC7P (paragraph 3-Z1). The current 

flow (conventional) is up line 3 and down line 1 to the sinK switch. In bit

plane 1, column 0, Y-line loop 2 is driven by Y-voltage switch Ol03YV2P 

(paragraph 3-l8 ). This switch provides the source for the current flow on 

line 3 which is completed through line 1 by Y-current switch OOOlYCOi ~ 

(paragraph 3~). 

Coincidence occurred on line 1 on both bit-planes in comple~entary columns; 

bit-plane zero, therefore, is a ,mirror image of bit one. The same pattern 

prevails in the remaining bi t-plues of ~byte zero; bit-plane 2 mirrora 

bi t-plane 3 and each half of the 1/2-byte is a mirror of the other half'. 
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As indicat,d in figure 3-20, the selected I-line alao meet. the X-line at • 

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 rever.ed and coincidence ,.,nnl d oeeur at this 

graph 3-16). Acld.reu bit 7 (in conjuaction with bit 2) alao <leteNiaes which 

•• naeliDe loop of the b1~. is to be IIODitorecl tor data iafomat:Loll. 

3-'1. CORE SENSING AND PREAMP IOOIC - MODULE. HTTlO 

The an tching of a core in .ROry causes a pulse on a .ense line threaded 

through the core. This pulse ia strobed (discriminated and converted) to 

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

each of HTTlO, 2-high lIOdul •• located in slota 4, 5, and 6 of chasai. FIG 

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

Figure 3-20, bit-plane one, Y-column zero, shows the aeae line as a wire 

threaded through the core. parallel to a Y-line, skipping three I-lines, 

$l1d entering the fourth. This pattern of threading is continued throughout 

the entire bit-plane and is then looped back in a manner to allow the senae 

line to parallel two adjacent I-lin •• , skip two Y-linea and continue this 

pattern of threading until the,.enaeline is returned to' parallel the I-line 

adjacent to the point of origin. Another senae line loop parallel. the re-

ma1ning I-linea in the ... e manner. 

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

.enae line loop termiDate. at the input to a pr.amp cirouitf there are, therefore, 

tour preup circuit. to __ .. ue-amp .ci~t. Each Ii"r.rl.O IIOdul. COlltaiU atx 

• ..-p circuits repftMJl'tiJl, the data output of on. c:ore .ach of Cox b1'-plu ... 



Figure 3~2l 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 

sel"eet cireui ts (PASLQ through PASL3) contained in the HMU ancillary logic 

(module wTTlO, 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. 

i .emory data output MOOD through HDl5 requires 16 seD8~uip circuits and parity 

bi t ilDl6 requires two sense-amp circuits (refer to J2B-ragraph 3-31.) 

The output Ve from a generator/regulator circuit (module WTTlO, paragraph ).36) 

provides the bias voltage for the preamp circuit (-6.5V ref'er~nc~d to the 

-8.0V suunly). The input to a preup circuit is strobed, during the read half 

cyclet by a strobe driver circuit in the BMU ancillary logic (WTTlO IIOdule, 

paragraph 3-35). The strobe driver provides the inpu.t tilling pulse for the 

strobe/reference circuit in the sense-amp circuit. The discrimination level 

at which the sense-amp circuit yields a one ou'tput with a differential input 

signal is determined by the strobe/reference circuit. A V
t 

voltage (O.35V from 

V t regulator, paragraph 3-38> is varied to deteNiU the value at which a one 

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

The parity bit-plane is-divided between two 1/2-bytes, 2 and 3. Each 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 ~it-plane 16 is illustrated by fi~ure 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 sense 

line leaves the core diode module before it loops back to its origin. The 

ser~e 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 t each sense-line monitoring 2024 cores. The four sense 

line loops require four preamp circui ts per 8K, and as in the other bit-planes t 

there is a set of four preamp select cireui ts per sense-amp circuit. The output 

of the two sense-amp circuits are Oited prior to the logic output to provide the 

MD16· output. 

;.033. BNU ANCILLARY iDJIC - HODULE WTTlO 

Hodule WTTIO is located in slot 3 of chassis FIG 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 WTTIO module also provides 

memory protect circuits to inhibit the X and Y predrive circuits and shutdown 

the PTl7B 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 ~~10 module consists of four pre-
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--ar.lp select circuits (PABLO - PASL3), one strobe driver (SAST), a V t generator/ 
A t&-

regulator" a Va regulator and a'V tregUlator. 

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

decode group which selects the appropriate preamp circuit monitoring the 

sense line asoociated with the addressed cores. Two addreGs bits (2 and 7) 

and timing pulse sense-decade-enable (SDECEN) gate a preamp select circuit 

w:J.ich turns on the appropriate preamp circuit. Preamp select terms PASLQ and 

FASLl turn on the preamp cireui ts for two sense line loops in o-8K and terms 

PA.S12 and PA.313 turn on the preamp circuits for two sense line loops in 8-16K. 

~~efer to figure 3-21 for an illustration of PASLO/fASLl input to the preamp 

circuit controlling bit-plane zero. 

3-36. 3trobe Vrive~ Circuit. One strobe driver circuit controls the timing 

for all sense amplifier circuits. The term not-time-for-sense strobe (NTSSTB) 

from the hPN 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 NTSS7B 

goes low for approximately 160. nanoseconds. When NTSSTB drops low the strobe 

driver circuit is turned on and a negative going pulse (SAST) is developed. 

111e up level of the pulse is determined by Vs (4.0V) and the lower level by 

(O.35V). Refer to figure 3-21 and paragraph 3-30 describing the application 
of the strobe driver. 

3-37. Ye Generator/Regulator. A V generator/regulator contained in the e 

sense amplifier support logic provides a bias voltage for the preamp circuits. 

this bias voltage (-6.5V referenced to the -B.ov supply) tracks with temperature 

and has a. nominal value of -14.5V at 25°C. As VD (driveline voltage) varies 

with temperature, Ve varies as follows: 

3-83 



3-84 

V
D 

= +lB.oV Ve = 7.55 to 7.25V 

VD = +2l.0V V = 6.55 to 6.25V 
e 

VD = +24.oV Ve = 5.55 to 5.25V 

defer to figure 3-21 for an illustration of Ve application. 

3-38 ~ Regulator. The Vs regulator contained in the sense amplifier su?port 

logic defines the strobe driver up-level output. Va is nominally set at 4.0V 
and is adjustable; refer to Section IV for procedures. 
Jefer to Figure 3-21 and paragraph 3-35 for Vs application. 

3-39. Yt Regulator. T'ne V t regulator contained in the sense amplifier support 

logic defines the strobe driver down-level; this voltage is adjustable, refer 

to iection IV for procedures. Refer to figure 3-21 and paragraph'3-30 for 

Vt application. 

'# 

The W~O module contains a VM regulator which provides the voltage for biaai.ng 

the myeline YOltap switches at the switch output to the core diode.adules. 

Th:Us replated output provides the source or sink for driYeline recover.r. 

Noll1na1lr, VM is 'equal to one-half the drive voltage (V1l2) and tracks with VD! 

3-41 MeIM)l'1 Protect Ci:rcui ts 

The BMU ancilla17 logic contains protect teatures which preyent daJlage to the 

S(U circuits when abnormal airfiow, voltage or tilling conditions exist. Data 

&a.e is also pro.ided when an S11( (start! atop) signal is proy1ded. trom the 



power monitor system (paragraph 3-4) All protect cireui ts are located on the 

~lO nodule in location 03H/J or FIG. The protect circuits are the pre drive 

disable, airflow monitor, voltage monitor and timing pulae protection. Refer 

to ESH 902401, Section II, EMU logic diagram, sheet 4. 

3-42~ ?redri ve Disable Cireui t. The predri ve disable circui t prevents memory 

accessing by logically grounding the predrive resistors for the drive line voltage 

swi tches. In addi tiOD to prev~ntiJlg data ace.asiDg, damage to the voltage awl. tches 

is prevented since the drive power is elilliuted. A three microsecond delay 

occurs before the predrive disable circuit responds to any of the following 

input: 

a. During system power turn-o~turn-off sequence via STM signal from 

the power monitor system (5TH occurs during ST; refer to paragraph 3.4). 

b. During airflow failure, via PSSDOFP signal to the PT17B (refer 

to parasraph 3-5.) 

c. During volta;3e failure via voltace monitor circuit output (refer 

to paragraph 3-3.) 

}-4> Airflow Monitor Circuit. The airflow monitor circuit senses airflow 

rate and disables the PT17B power supply via a PSSOOFP signal in eaee of air

flo\v failure. PSSOOFP is normally false and goes true when the ntoni tor senses 

airflow failure. During turn-on/turn-off times, STM is used to override 

the output of the airflow monitor circuit. An STM inverter circuit clamps 

'?J3rXYFP low (false). This action prevents false tripping of the PT17B circuit 

breaker during times when the dc voltages drop low enough to cause an airflow 

failure condition. 
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}.44. Voltage Monitor Circuit. The voltage monitor circuit senses the value 

of +8V, +4V, +24V and -BV supply voltages and causes the predrive disable 

circuit (paragraph 3-41) to activate when any of these voltages fall below 

lilni ts defined by: 

+8V supply +6V 

+4V supply +3V 

-BV supply -4V 

+24 supply +20V 

A failure causes a true signal to be presented to the predrive disable circuit 

and causes MSTAT to go true. 

3-45. ~~TAT. MSTAT goes true when airflow or voltage monitor circuit output 

is true. hSTAT can be unstable during the period of discrimination of either 

airflow or voltage monitor failures. Aft'er failure has been discriminated, 

l·~TIT will be stable. 

3-46. Timing Pulse Proteetion Circuit. Zach pair of volta~e switch timing 

pulses (TPYV/TNYV and TPXV/I'NXV) are guarded against overlap by a delay latch. 

The action of the delay latch (for one pair of timing pulses) is illustrated 

as follows: 

TPy\j 
I , 

I I 

,... I I l'2.0 

I ~ r--- ~~tc. 
I I 

-------r-l~-----

The latch ensures • space between a pair of timing pulses by establishing a 

delay of approximately 120 nanoseconds between the trailing edge or the pre-

ceding pulse and the leading edge or the following pulse. 



SECTION IV 

INS'rALLATION AND V~IFICATION 

4-1. IN':'RODUCTION 

This section contains information on the installation and verification of 

Sigma 3 Core Memory Frame Asseab1y 153259 and optional assemblies an~or 

kits fOT memory expansion. 

It-2. REF ZRENCES 

'rables 1t-1 and ~2 are lists of doCuments, ·'test equipment, special tools and 

m.terials required to perform the procedures described in tr~s section. 

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

Number 

794022 

(9006?6) 

Table 4-1. Maintenanceari.d'Slipport:DecUlllentatioli 

Title 

Sigma 3 Memory Diagnostic 
(t-1edic 2/3) 

Use 

Used during verification a!ld 
troubleshooting 
Sigma 3 Core Memory, Bank B 

Option and' Memory Port expansion 

705672 
(901615) 

902401 

Sigma 3 Hu1ti-fort I,iemory 

Ramdom Exercisor 

Engineering Support Manual 
,sigma 3 Core Hemory 

installations. 

Used during verification and 
troubleshooting 
Sigma 3 Core Memory and Memory 

Port exuansion installations. 
... I 

Used during verification and 
Jtroubles1l6ot.ing 
Sigma 3 Core Memory and all 

memory expansion options. 
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Table 4-2. Test Equipment, Special Tools and Materials Required 

1-.odel 

l80A 

260 

." , 
'-..1...1. 

153253 

Name 

Oscilloscope 
Hewlet Packard 

,VOM t S1l1P11On 
( or equivalent) 

Precision Voltmeter 
Digitek 

Production Tool 
VACO 

ThelWOlleter. IDS 

Use 

General signal verific.ation 

General resistance &Del 
Y01 tap lIleaaareaents 

Verification of op~~~ting 
voltages 

V.and Vt voltage adjustment 
in the Bk1J 

Verif'1 V d adjustllent rang,=-

Lf-3. SICIU. 3 COD MDlORY IltS'1'AI,I,ATION 

4-4. l"~"il HY FRM1E ASSEHBLY 153259 

~.emory 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 

ill the installation instruction/control sheet for the particular syst_ in-

stallation. 
CAUTION 

S1stem power (lo.gl.c, VC and VD) naust be off during 

all removal and/or replacement proeechlrea. Do not 

remove a:tJ:3 IDDdule for at least five seconds after 

power is ahut down due to required power supply bleed 

down time. 

4-5. B~~~ 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 (Blv'iU) Assembly 

11+8418. Assembly 148418 contains chassis Assembly 148423 and Module Kit 



Assembly 154492 containing four 2-high core diode modules, 12 X and Y-driveline 

and senseline modules aDd a module of miscellaneous supporting logic. '!'he 

modules of the BHU 8..Pe alrea4y isstalled in the chassis when received at the sj. te. 

4-6. Basic Memory Unit (EMU) 148418 

To install the EMU proceed as follows: 

a. Remove lIuic MeIlOi7 lhd.t""Aa_b17 1~18 from pacld.Jag 

case and store case and packing for possible reshipment .of aes-bly. 

b. Check material received against packing list and visually inspect 

the unit for obvious damage; inspect backwiring board for bent pins, broken 

wires, etc. 

c. On Memory Frame Assembly 153259, remove two ribbon cables (137481-182) 

extending from slots OlD to OlH and OlE to OlJ, 

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

e. On the EMU, remove washers and nuts from power input studs on 

backwiring board and insert BMU in memory frame in rows FIG 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- \~ • 

h. Secure BMU power input studs tc bus bars using attachment hardware 

re~oved in step e; tighten nuts sufficiently to provide proper electrical 

contact between EMU and power bus bars. 

4-7. Bank B Drive Assembly 149401 

To install Bank B Drive Assembly 149401 proceed as follows: 
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a.. Check material received against packing list. 

NOTE 

'While performing the !ollowi'ng step, 

visually inspect modules and cables 

for obvious damage; broken components, 

. . .. _ I ... .. '4 \ 

etc. t clean contacts, J.1- necessary \ para .?-J.J..J 

b. Install modules in assigned slots in chassis C, D, and E ill 

accordance with slot identification provided on the internal shipping case 
MPH 

or/module location chart in ESM.9Q2Jtol. Set appropriate starting address 

switches on STl4 module to proper configuration (refer to table 5-1 and 3-2). 

c. Replace two ribbon cables removed in step 4-6c, 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 OlG and slots 02E and alF. 

e. Store shipping container and packing for possible reshipment of 

assembly. 

4-8. 8K to 16K MEMORY EXPANSION KIT 149668 

Hemor,. Expansion Kit 149668 is an assembly of two FTTl3 and two FTTl4 core 

diode modules and two RTTll modules of dri veline circuitry. Install the kit 

as follows: 

CAUTION 

Do ,Dot disassemble core diode module •• 

This action will void all warranties b,. 

XDS and/or the vendor. Exercise extreme 

care when cleaning module contacts. Do not 

allow cleaning material to project internally 

beyond contact surface. 



a. Check material received against packing list. 

b. Install modules in assigned slots in chassis ~J or FIG 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 

necessary (paragraph 5-11). 

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

4-9 M»10RY PORI' 2, 3, or 4 ASS»IBLIES 

Memory Port 2 Assembly 15-8910 and MellOry Port 4 Assembly l494OJ+ are ld. ts of three 

modules each; two nBo (FT64) and one FT66. Memory Port 3 Assembly 149403 is a ki t 

of seven modules, two FTBO (FT6It), and one each FT66, STl4, ITl3, IT24 and XTlO. 

Install any memory port assembly kit as follows: 

a. Check material received against packing list. 

b. 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 inspectmodu1es 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 KlMORY INSTALLATION VERIFICATION 

Verification of Sigma 3 Core Memory installation is accomplished by running diag

nostic programs as well as performing certain manual checkout 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 required to 

run the programs is available. Special tools and test equipment required 

for manual checkout are listed in table 4-2. The following paragraphs describe 

the Yerification procedures for the J.De~ry frame assembly and all available 

options for memory expansion. 
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4-11. N£J-iORY FIWlE ASSEMBLY 153259 

Hernory Frame Assembly 153259 is delivered to the site as part of the Sigma 3 

3ystem confi~uration. Therefore, verification procedures for the memory frame 

assembly is limited to the runni~g of the diagnostic programs associated with 

Sigma 3 Core Hemory in relation to the complete system. Hefer to table 4-1 

for the list of diagnostics and programs used at the system level. It 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 148418) perform the folloving procedures: 

a. ~ith system power off, check continuity between voltage busses and 

~round (backwiring panel etch). Use low ohm scale on VOH to measure a typical 

re6ist~nce of 0.1 to 0.5 ohms. Zero indicates open contact between power stud 

and power bus lug; tighten associated hardware. 

b. Set circuit breaker OFF on PTl7B power supply and turn system 

power on. 

NOTE 

In the following step, if all ones do not appear 

refer to module swapping information on hPN module 

location chart in ESM 902401 to determine problem 

module. It problem cannot be determined by module 

swapping, isolate problem using oscilloscope ~nd 

appropriate logic equations, Section I of 33M 902401. 

Also refer to taDle 5-3 Ior troubleshooting procedures. 

c. With Pl'-17B power SUpp..Ly 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-mellOry cycle and increment using Swl. tch 

on pcp (processor control panel). Enter any address configuration contained in 

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



e. While performing the read-from-memory cycle, use oscilloscope and 

check the B timing and address lines to insure a changing state on both types 

of lines. 

f. Use Oscilloscope at B'rpXV and BTNXV input to the BMU (OlG33 and 

01-334) to insure no overlap of timing pulses; repeat procedure for BTPYV and 

g. Discontinue read-frem-memory cycle and turn on P.n?B power supply. 

h. 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 VDC = -7.92 to -8.08 

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

VC = +24.24 to +23.76 (pin O}F45) 

i (pin 03Fl8-vo1tage not adjustable) 
.. V~"':I,.I:-I4-

V
t 

= +0.35 at 03Fl4 (use special tool 7104.5 through 

top hole in IDOdule WTT10 and adjust pot. 

j. Manually perform a read-f'ram-memory cycle (without incrementing. Ente 

any address configuration contained in Bank B and allow a continuous memory fetch 

from that address. V at 03Fll is set at +~.O nominal; adjust V as follows: s s 

1. Use oscilloscoJ>e and probe sense strobe (SAST) at 03F22 

in reference to TPXC at OlG30 or TNXC at 01~31 . ~vb1ch •• e~ is available at 

strobe time). 

2. Wi th special production tool 7104-5 (P230) adjust V pot (through 
. s 

lower hole in WTTIO module) to position the sense strobe as follows: 

4-7 



\,"-_TP_XC or TNXC 

I 
I 

3.0< V _ <. c;.o vrc 
- .:::t---

NOTE 

In the following step, if the diagnostic ~ails to 

run nver address ran~e of interest, refer to 

table 5-3 for information to determine the problem. 

k. Load Sigma 3 HBDIC (2/3) diagnostic 704022; set address switches 

to encompass the maximum area to be tested; perform test in accordance with 

900676 f-iZJJIC (2/3) program manual. 

CAUTION 

Do not remoTe any IDOdule for at least five seconds 

after power is s~ut down due to required bleed off 

time. Installation o~ modules in wrong module 

nollition may lead to module damage. 

1. Perform optimum VD adjustment ~paragraph 4-13). 

m. Load and perform Sigma 3 HFM Random Exercisor 705672 t if' ~OP is 

installed. 

n. Load and p4trform all appropriate diagnostics for other port users. 
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4-\3. Uptimwn VD Adjustment (Jchmooing) 

Perfonn the optimum VD adjustment as follows: 

a. Load LEDIC diagnostic. 

b. Enter address, hili. t8 of. iaelllOrf area to be· tested. 

c. Set parity switch to HALT position. 

d. Delete test 15 from program 

e. Vii th hEDIC running, perform the following: 
1. With digital voltmeter at 03H41, adjust VD (very slowly) towards hig 

limit using VD adjust Heli-pot on Pl'l.7B, and if necessary, adjust (with production 

tool P23Q) the VC.R null JIe~ i n,:;';"~ the PTl. '?~ (Mn,;a~, ~\r{T60) • 
2. Record value of ~iJ--{VD max) when 1·~.J.~ fails 

3. Adjust VD towards low limit using VD adjust Heli-pot on PT17B 

and record value of VD (VD min) when tlEDIC fails 

4. Determine the VD limits obtained meet the requirements of 

figure 4-1. Note the ambient air temperature (TA) must be obtained befpre 

proper determination can be made. (Refer to table 4-2 for thermometer used.) 

TA must be measured adjacent to the air filter directly under the lower fan. 

5. Set neli-pot on PTl?B to 5.0 and adjust VCR pot for the value 

determined by 
VD = VD max + VD min 

2 

f. If optillWD adjustment cannot be obtained, ref~ to paragraph 5-[ O. 

g. Discontinue running HEDle; remove digital voltmeter. 

4-14-. 8K to If>K H~10RY EXPANSION KIT 149668 INSTALLATION VERIFICATION 

To verify the proper installation of the 8K to 16K memory expansion kit, 

?erforrn the following procedures: 

a. Turnon system power. 

b. Perform procedural steps 4-l2h through 4-12L. 
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Figure 4-1. Acceptable Limits for VD as a Function of Ambient Air Temperature 
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SEI:TION V 

FIELD HAINTENANCE PROCEDURES 

5-1. INTROi)UCTION 

Trcis section contains information on preventive and corrective maintenance 

necessary 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. 

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 

procedures in this section. A.lso refer to Section VI, Illustrated Parts 

~reakdown and Parts Lists. 

Table 5-1. l"iaintenance Support Documents .. ,special 1bols and Materials 

NUr.1ber Title Use 

70552~ Sigma 3 Memory Diagnostie- To isolate malfunctions 

(')01604) Fault Locator in BMU 

901655 PTI4B Power Supply Troubleshoot pow~r supply 

Data Package 

901656 PTl5B Power Supply Troubleshoot power supply 
Data Package 

901657 PTl6B Power Supply Troubleshoot power supply 
Data Package 

(?O1658 PTl7B ~wer Supply Troubleshoot power supply 
Data Padkage 

153253 Thermometer, XDS Optimum VD adjustment 

i14 Sigma Tool Kit Field repair procedures 

Isopropyl Alcohol (ASe or equivalent) Cleaning module contac ts 

~ Ineh Brush (fine bra88 or nylon) Cleaning module contacts ... 5-1 
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5-:;. PH!!NEN'rIVZ MAINTENANCE 

Preventive maintenance performed on Sigma 3 Core Memory consists of ;procedmrea 

listed in table 5-2. 

l'able 5-2. Preventive Haintenance Procedures 

.Period 

Daily 

It''requency 

determined by 

site condi

tions 

Description 

Visually inspect internal 

and external appearance 

of equi.pment 

Clean Air Filter 

Results 

External appearance: 

1. Surfaces shall be clean 

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: 

1. No clip leads or push-on

jumpers 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 tra.h within equipment cabinet 

4. All ~hassis and frames sh~ll be 

sufficiently and properly bolted 

down. 

In accordance with para 5-S 



i 

Period 

i,very 
2 weeks 

Table 5-2. Preventive Haintenance Procedures, Contd. 

Description 

Run Sigma 3 Ht;DlC 

Diagnostic (do not margin 

syster.1) 

Hesults 

All tests run without error 

I '",';lart~rly Run Sigma 3 .HEnle 

Diagnostic (include system 

All tests run without error 

-iuarterly 

",uarterly 

margin test para 5-8 ) 

r:er:form voltage verification 

procedure (para 5-6 ) 

Perform temperature sense 

shutdown te!t (paN 5-7) 

In accordance with para 5-6 

In accordance wi th para 5' ,? 

(";leani ni; procedures concerned with t:le Sigma 3 Core Nemory is limited to 

the cleaning of the air filter located at the bottom of the memory frame 

assembly. Module contacts are cleaDed t ~if '.Ile:ceeeary ,--va.n ::~1..o. -:i.n tae 

field and during corrective maintenance (refer to paragraph 5-11). 

5-5 Air Filter 

Remove filter from lower fan assembly and shake filter over waste receptacle; 
5-3 



5-4 

Verify operating voltages by performing'~he following procedures: 

a. Ueing digital voltmeter, check ?rl6B 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 VDC = -7.92 to -8.08 

b. Using digital volt~.ter, check tIle following internal voltages: 

VO = +24.24 to +23,76 (pin 03H45) 

Vt = 0.35 (pin 03Hl4) 

Vs = 2.0 to 5.0V (pin 03IUl) 
at 03IIl8 

Ve = Approx. -6.4V (measured/with respect to -8) 

VD =' at 03ll41,nominal as determined by optimum VD adjust. 

VM = at 03H46, 1/2 VD * 1.OV 
c. If correct voltages cannot be obtained, refer to paragraph 5-10. 

5-1 T~l~.TERATURE 3EHSE SHUTOOWN TEST 

rhe airflow monitor circuit in the EMU ~onitors temperature of the lower 

me~ory frame blower area. Teat the operation of this circuit as follows: 

a. '.i th system power on, set COMPUTE awi tch to IDLE 

b. Disconnect power to lower memory frame blowers 

c. Observe PTl7B 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· . d. M~ORY SYSTEM MA.ItqIN TEST 

All de output voltages from the PT16B power supply are externally adjustable 

to wi thin =* 10% of the nominal output level. rl'he adjustments are made using 

the three-'OOsi tion mart~n switch on the PT16B power supply. The system margin 

test i~:; rlerformed using this swi tcll. ?erform the memory system rr.argin test 

.-.J.; follows: 

a. Load nBDIC diagnostic 

b. Enter address configuration of memory area 

c. Successfully run ~~DIC for five minutes; rotate margin switch on 

P.rll;~ power supply to HI; after five minutes rotate margin sri tch to LOW and 

allow five minutes in this position 

d. Rotate margin switch back to NOM; run t~DIC for five minutes in this 

position 

e. If h~DIC fails during steps c and d, refer to paragraph 5-10 

f. Discontinue running HEDIC. 

Corrective maintenance consists of troubl~Ghooting and repair. Troubleshooting 

9rocedures are performed as th~ result of running the diagnostics listed in 

Jection IV ~nd V, performing manual test proeeduresi)and intermittent memory 

.::-·:r()~.;l~t·IS; 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 trouble.hooting. 

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 module for at 

least five seconds after· power is shutdown due to the 

required bleed off time. Installation of modules in the 
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CAUTION 

Do not disassemble core diode modules. This action 

will void all warranties by ADS and/or vendor. 

flOT:&S 

1. Ii the remedy al.Lggested in 

repair the fault, continue troubleshooting by using 

oscilloscope and logic equationa in, ESM 902401, and 

logic diagrams and detail descriptions of circuit 

operation in Section III. Alae clean module con-

tacta, if neceasar:r, in accordance with paragraph 5-11. 

2. Refer to paragraph 5-1~ for typical waveform 

information. 

-
3. A method to determine timing signals is to scan 

three address bits as follows: 

( like values = TPXC 
values TNXC u~ike = 

1 1 
6 7 9 

507 • TPXC = TNYC 

S07 • TUXC = TPYC 

NS07 • TPXC = TPYC 

NS07 • TNXC = TNYC 

Bit 7 determines the I-current direction in relation 

to X-current dir~ction. If 507 is high the Y-current 

is the opposite polarity of the X-current. If SO? 

is low (NS07) the Y-current is-in the same direction 

as the X-current. 



Table 5-3. Trouhleshooti.nv- and Repair Procistdures 

.... '".-.-~-.---,----

Item Test Procedure Problem !: robabl~ Cause; ~~emedy 
-... .--.-.---~--:--~ -~-'--":'-'--:-"---~-.. .--.-------.. --~ 

-' -------------f.---------- ,-__ -+-__ _ __ ...... ______ ..... 
1 hemory completely 

inoperative 

a. External de voltage supplies; troubleshoot 
PT15B, PT16B and PT17B power supplies in 
accordance with data packages 901656,· 90m657 
and 901658, respectively 

b. Run Memory Diagnostic-Fault Locator; refer 
to iteml3 for troubleshooting procedures 

c. X-voltage predrive circuits XPNVKO-3 and 
XNPVKo-,. 1lrr12 IIOdules in slots 15 and 16; 
~/G or H/J; replace modules 

d. X·-curreat pre drive circuits XPNCKo-" Rl'Tll 
raodules in slots 8, 10, 12 and 14, F/G or 
M/J; replace modules 

e. Y,-current predriY. circuits YPNCQ-3 and 
YNPC4-?, R'rrlO MOdules in alo ts 7, 9, 11 and 
1:,; F /G or HI J; replace modules 

f. I-voltage preddy. circuits YPNVo-3 and 
INPVo-,. R'l'Tll80c:btlea in.lots' 8, lQ,' .. 12, 
and 14; :r /G or B/J; replace modules 

g. Check XVPR and YVPR. If both are low tbe 
p:redriye is disabled. Check S'Dt to deter
m. if low; . replace WTTlO module 

h. Check SAST at 03B22/03F22; check NTSSTB; 
cJneck IISTAT (refer to lIIU IAlgic Diagru, 
~ige 1, ESM 902401, Section II); replace 
~rTIO; replace FT66 in 16E or 18E 



Table 5-~. Troubleshooting and Repair Proc.d~re8 Contd. 

-----y------'-------------------_ ........... _ .. _--------.-_ .. -. ---_._._---_._------, .. __ ... _------------,._-,-_ ... __ .-----.. 
Item Test Procedure Problem Proba hI e Cau6~~/]emedy 

t-----t---------------+----------------i--.. -----.-,,------- .. --.-----_.--._----------'----------1 .-4. Check SDillZn at (>yJ06; replace :'lTTIO; 

replace FTG6 in ~19 • 
...... --+--------------+----_._--_. __ ... -'~-------......-----------------------------I 

INT:i:RNITTENT PROBL&iS 

2 All memory failing 

3 Part of memory failing 

~ Refer to item 1, rl!medy ti... 

b. Airflow monitor ci:rcuit;perform step. 

5-7a through 5 .. ?cl~ replace WTTIO module 
in jJ 

o. Timing pulses (refer to BhU 'Logic Diagraa 

P ... ·l BaM 902401, Section II); replace 

FT65 in 5$ or 6E and/or FT64 in 8Z or 9~ 

a... Address lines (refer to Bt'll! lope DJ..S .... 

Pap 1 ESt-I 902401. Section II); replace 

FT68 slots 3D. 4D, and 7D and/or 3Et 4E, 
and 51> 

~. X. and Y pr"drive cir~Hits; refer to item 1, 

remedies C through f. 
t--------+-----------------------------~--------------------------------_+--------------------------.---------------------1 

4 Full hyte (1/2-byte 

o and 1 or 2 and 3) 

ll... X-voltage switches; refer to figure 3-18 
for appropriate switches; replace RTT12 

in slots 15 and 16F/G or H/J 



Table ~-3. 'rroublesliootinp- and Repair Proce"clures COntd. 

.. .._-_. __ ..... -._._._ ... __ .. _-------.., 
ltem 'feat Procedure Problem Probable Cause/Remedy 
----+-----------___ 1-_____________ ". _______ "'-+--_____________ u". _______ -----I 

5 

6 

7 

8 

Al t.ernate 1/2-bytes 

(0 and 2 or 1 and 3) 

Two adjacent bits 

Two alternate bits 

One bit, all memory 

b. Inhibit timing; refer to BNU Logic Dia8ra11, 

Page ltESk 9021~01, Section II); replace 

rT64 in 8E or 9E 

X-current switches; refer to figure 3-18 
for appropriate switches; replace 

H'rTl1 in slots 8, 10, 12 and l4F /G or H/J 

Y-current switches; refer to figure 3-19 

for appropriate switches; replace 

RTTlO in slots 7, 9, 11, and l3F/ G or H/J 

I-voltage switches; refer to figure 3-19 
for appropriate switches; replace 

HTTII in slota 12 and l' .. F /G or H/J 

6... Slense amplifiers; refer to BMU logic 

dliagram, page 5, Section II, ESM 902401; 

repl8,ce lITT10 modules in slots 4, 5, and 6 
6F/G or U/J 

h. Data. lines; refer to DHU logic diagram, 

pae;e 1, ES~l 902401, Section II; replace 

E,~lr63 modules in slots 9C t lOC, llC or 12C 



cr -o rable 5-3. rrrouhleshooting ud iepair Proced.UftsContd. 

.•...• _ ..•.. -1--. _. --------------,----------------r------------------.------------I 
Item Test Procedure 

9 

10 

11 

12 

M3DIC 2/3 
704022D 

(9OO676D) 

MPM Exercisor 

Teat 705672A 

(901615A) 

Problem 

One bit, part of memory 

1/2-byte or one bit, 

at one address 

Failed any test 0-15 

Failed any test 1-3 

(alter I/O operation 

baa been verified) 

Probable Cause/a,erredy 

t\.. Pre-amp select Cl r,clli t; refer to Bl·iU 

logic diagram, pag,e 4, A!:St-1 902401, 

Section II; replace wTT10 in slot 3F/G, 

or H/J 

b. Pre-amp circuits; refer to BHU logic 

diagram, page 5, ESk 902401, Section II; 

replace BTTIO in slots 4, 5, and 6F/G or 

H/J 

Cl. 

b. 

Core diode module; replace appropriate 

m'odu1e in slots 17 through 32F/G or H/J 

Refer to applicable remedies for 

intermittent memory problems, items 

2 through 10. 

Refer to logic diagrams in Section 

Refer to applicable remedies for 

intermittent memory problema, items 

2 through 10. 

III 
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Table 5-3. l'roubleshootin'~ aad . 'Repairs Procedures Contd • 

. ---.~- ~-.-----.-----.---------------_._----:---_._--------_._------------, 
Item Test Procedure Problem Probable Cause/Remedy 

~-----~r------------------------~--------------------------~--------------~----------.--------------~----~ 

13 

14 

Fault Locator 

705529B 

(901604.3) 

Voltage verification 

(para 5-·, ) 

r"'ailed any test 

a. DC output of PT16B 

not within tolerance 

b. VC and VD not 

within tolerance 

c. Vt or Va not within 

tolerance 

a. Troubleshoot in accordanc~ with 

dllrections in program listing 

b. Refer to applicable remedies for 

intermittent memory problems, 

items 2 through 10 

a. 'I'roubleshoot PT16B in accordance with 

dlata package 901657 

h. '1'roub1eshoot PT17B in accordance with 

data package 901658 
... 

c .• W'TTlO module in slot 3J or 3G; adjust Vt 
and Va according to paragraph 4-12j; if De" 

.. 

~. __ --~ ____ --______ --______ --------~--__ ----__ -----------------~--~ce •• ar.1t .~pl~oe .adule 

15 

16 

Temperature Sense 

Shutdown Test 

(para 5-7)" 

Nemory System Hargin 

~eBt (para 5-_6 

Circuit breaker on 

PTl?B did not trip 

within 1/2 minute 

a. I'-tEDIC failed during III 

b. NEDIC failed during 

LOW 

a. Troubleshoot Pl'l?B in accordance with Power 
~'upp17t Hodel PTl.?B, bay. No. 148806, Power 
Supply data packa8e 901658 

b. WTTlO module in slot 3J; replaoe IBOciule 

a. Voltage sensitive module; isolate module; 

replace module in MI'M or 11m 

b. Voltage sensitive module; isolate module; 

replaoe module in MAt or lItU 



'fable 5-~·}.. 'i'roublenhooting and Repair Proced\1rea Cont. 

- ---

Item l'est Procedure l-rob1em Probable G(jU6e/~{er.:e<ly 
-

17 Optimum VD AdjuBtMent C:!1timml VD aJ.iust a. Hefer to applicahl~ rel'T'edies fo r 
(para ~.\.3) canr:.ot be made intermittent mel'!~f)ry {)"rohlems, 

items 2 through ·10 

b. rrroubleshoot PI'l?B in accordanc e 

901658 
, 

\lith data packag~~ 



5-11 CLEANING MODULE CONTACTS 

Exercise extreme care when cleardng Core Diocie 

Modules (Cat). Do no t allow cleaning IIt8. terial 

to project internally beyond contact surface. 

a. Brush module contacts with alcohol (table 5-1) until clean. Remove 

residue wi th adeli tiona! alcohol.· 

5-12 PTl7B POWER SUPPLY 148806 RatOVAL 

Remove PTJ. 7B power supply as follows: 

a. Discol'lD8ct power supply .... ~ lines t~) fftlll bus bar 

b. Disconnect blower cablecoDDectors (2) 

c. Discozmeet mellory-seDse cable cozmector 

d. DiScODDect power il'lput cables (2) froID system power distribution box 

e. Remove cable ties on power supply which dress signal cables to side of 

memory fralle 

!. A.t bottom of power supply, remove air filter aDd loosen power supply 

lIOunting screws t utilizing screwdriver clearance slots provided at betto. of power supply 

g. At top of power supply t remove power supply ~unting hardware and lift 

power supply from frame 

5-13 Prl7B R>WER SUPPLY 148806 REPLACDIENT 

Replace Prl?B power supply as foUD .. : 

a. If required, rea)ve Prl7B pover supply froll shipping container; atore con-

tuner ud packing for possible reshipment of unit. 

b. If necessaryt 'remove air filter fro. betto. of power supply 

c. On memory frame assemblYt install power supply b7 sliding slotted bracket 

of power supply over loosened mounting screws; do Dot tighten screws 

d. At top of power supply, install mounting hardware and engage top mounting 

screws sufficiently to bold power supply; do Dot tighten screws 

e. Cormect power supply outJ'llt lines (3) to bus bar; tighten for proper 

electrical contact. 

f. Connect blower cable COllDectora (2) aDd 1Il8IIO!"1-aenae cable connector to pover 

supply; connect power input oable. (2) from power supply to system power distribution box 
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g. Tighten power supply mounting screws at top and bottol!l; replaee " 

air filter at bot~o~ of power supply. 

h. lnstall cnhIe ties on signal cables; d-ress cables to the left side 

of the memory frame providinG sufficient clearance for module removal and 

replaceMent; secure cable ties to power supply case. 

i'his paragraph contains analysis of illustrated waveform patte~ns which will 

be encountered during troubleehooting pl'Ocedurea. React1 va components in the 

mellOry circui ts, or a poor grounding technique of a scope probe, will tend to pro-

duc~ di~itortion in waveform pattern. Therefore, the following information is 
, 

included to aid in th~ ri.,c::i"""'':''''~'''~+'~''!" ,....f" ::t~r.,antable waveforr.1,.61. Refer.to 

figure 5-1. 
a. Waveforas Group No.1. The read.half C'1cl. tilling pulse (RHO) is used to 

sync the patterns ill the wavetorm group No.1. The are .. of importance are 1 througr 

4 and are clescr1bed as follows: 

1. Linear amplifier outpu.t; negative excursion indicates the reading out 

of a one. 

2. Distortion created b~/ X 8lld Y-drivel1ne sw1 tches turning off (positive 

distortion), on (negative) and off again. 

3. This positive excursion indicates a one i8 being written into the 

addressed core. 

4. A me.lry cycle (both read and write half-clcl~8). 

Note 

SDECi:N occurs near the beginning ot each 

.. GlOry erale. 

b. "a.eform Group No.2. The I1IC tilling pulae i8 also used to 87JlC the 

patterns shown in wavetoN group No.2. The are .. of iJlportance are 1 through 3' 

and are described as follows: 

1. Linear upl1fier output; l1"gative excursion indicatea the readillg 

out of a zero. (Note: This excursion is SIIal1er in 81IIplitude than the excursion 

for one in the previous wayetorm pattern.) 
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WAVEFORM GROUP NO.1-SYNC ON RHC 
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Figure 5·1. BMU Waveforms (Sheet 1 of 10) 
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2.. heGative distortion created by X and Y-driveline switches turning 

off. (l~ote: This distortion is of op'9osi te polarity to the distortion of the' 

switches turning off in Group No.1. If the negative amplitude does not 

ext·~!~d beyo:.d the negative level of the ~trobe i., it is normal. If for sooe 

renson thr) nega.ti Vi! distortion extends beyond 4trobe 1.., the sense amplifier 

WOllJ d ollt;-mt ;l short pulse which might be strobed into the memory information 

r~~ist~r (h-register) as a one.) 

Distortion caused by £.. and Y-driveline switches being set up for the 

wri te portion of the memory c:/cle. Note: NTSS'rB drops low (initiating SA3T 

for strobing) approxiMately 40 nanoseconds after 3Dl:l;EN goes high. 
1+. A zero is being written into this core. Cor:mare to J of group 1. 

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

shown in waveform group No.3, many addressee are being cycled. The areas of ill-

portance are 1 through 6 and are described as follows: 

1 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. 

5. 'l'iming pulse TPXC during read, at one address. 

5&. 'l'1ming pulse NTPXC during read at a different address. 

6. 'l'1ming pulae TPXC during write, at the same address as 5. 

6&. Timing pulse NTP'AC chlring write at a di :rferent addresa. Note: The 

delay between TPXC and the X and Y switch turnon (distortion pri~r to strobe 1 or 2) 

is due to the predri Ye and dri v.line swi tch delays. The delay from TPXC turnoff to 

swi tch turno 1'1' is also due to the same condi tiOD in the sri tches. 

d.. Waveform Group No.4. 'l'.1.rIing pulae TPXC is also used to sl'IlC the wave-

form patterns in group No.4. The patterDs represent one address being cycled. 

TPXC appears during the write portion and the linear amplifiers output have dif-

ferent ground reference levels for wave separation. Areas 1 through 4 are described 

in waveform 3 analysis. 
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e. Waveform Group No. 5 
,. , - ~ 

Timing pulse 'rPYI/TNfi is used to sync the waveform pattern of group No.5. The 

ari.;Ui;) of interest are 1 through4. and are described as follows: 

1. ·.iidt;i. of dri-ve VOltaije pulGe measared at ()OOlYF!~ positive inhibit 

.switch circuit outrmt durin3 a write-zero; VD is the quiescent voltage level. 

2. :.Jidth of drive voltage pulse measured at OOOl1PR positive inhibit 

switch circuit output during a write-one; VD is the 'lui. scent voltage level. 

3. drlpli tude of drive voltage during write-zero. 

4. Amplitude of drive voa.tage during write-one. 

;':ote: The difference in pulse width between 1 and 2 is due to the inhibit 

swi tch turning on i.n the writing of a zero. Also timing pulse TPYljTYNI is a 

wid~r i1ulse than TPYV or TP1C used during the writing of a one. The difference 

lr. a~plitude between 3 and 4 is due to the different pat}~ 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 

I-current switch, driveline diode, core, and finally the Y-volta~o switch 

wl.ich sinks the current. 

!. Wa •• form Group No.6. T:iJDing pulse TPYI/TNYI is also used to sync the 

iliaveform patterns of group No.6. These wavefo1'll8 are identical to group No. 5 

with the .xception that the patteru are of the outp&t of a negati.e inhibit 

switch and the lOllYNR quiescent 'YOltage is zero. 

g. W ..... form Group No.7. This waveform diagram 18 the wavefom diagram of 

No. 6 with the drive voltage pW.8ea for a zero and one superimpoaed to convey the 

differences in pu.lse width and amplitude. Bits 10 and 1l 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 tollows: 

1. This positive excursion is normal and is due to ye predrive 

line discharging. 

2. YCPR drops to zero again during the wri te half -cycle with 

timing pulse TFYC (not shown) and a complement Y-c.urrent predrive address. 

i. Waveform Group No.2. Timing pulse TFIC or TNYC is used to sync wave

fo·rm group No.9. The areas of inUtrest 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 switch. 

3. YC7N is normally recovered to approximately Vm; the negative 

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

4. '1'hi5 spike due to vo~_t_~ge switch turning off. 

Note: Trace three (YCOP) is for a positive YC switch and is approximately an 

inverse of trace two which is for a negative ye Swl. tch. '!'race two and three 

show lille nuctuatioDS as a result one switch turning on. No useful work was 

accomplished since the time was for a write-zero. 

j. ';avefortD Group No. 10. This wavefom 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 YC7N switch turned on slightly ahead of the 

negative voltage switch and caused the first spike; the second spike is 

caused by yeO? switch turning off slightly before the voltage switch. 

~ This long recovery curve is normal for any YC switch and occurs 
during the time when useful work is not being performed by this YC switch. 

lJote: If a Y-line has no noise or spikes t etc., it may be shorted to ground orVD. 
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k. Waveform Group No. 11. Timing pulse TPYV (during 'Write) is used to 

sync the waveform patter~ inj. g1'OU~-: No. ,~ll. ,':'!'hese ,-'a%'eae-·o!·'~t.portaileet are 1 through 3 

a:-ld are described as follows: 

1. YVPR responds to both half portions (read and write) of ~he 

rne~ory cycle. These areas show VC during read (1st negative excursion - longer 

duration) and write (2nd negative excursion - shorter duration). Th~ diff~rence 

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 

diff~rent lines. 

1. Waveform Group No. 12. This waveform shows a Y-vol tage switch output 

in relation to timing pulses'TFYV and TNYV. The areas of importance are 

1 through 5 and are described as follows: 

1. Note the longer timing pulse (THYV) 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 t:ltrmD:t:r ia 

normal, how~ver, the delay at turnoff must not be excessive (ext~nd into the 

writ~ portion of the memory cycle.) 

3. Normal recovery to the direction of V,m. The voltage does not 

quite reach Vm, however, before the switch goes positive (during write) and 

forces it to VD. 

4. Rapid recovery to Vm after write may or may not occur (see 3 of 

group 13). No te : Ei ther recove t-1 pat tern (4 or 5) can occur after read or write 

and both are acceptable. The important facts in waveform group No. 12 are that the 

vol tage sri tch switched f.rom 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 
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m. Waveform Group No. 13. Timing pulse TPYV or TNYV is used to sync these 

waveform patteRs. The areas of interest are 1 through 3 and are described as 

follo~s: 

1. YVPR properly switches from VC to groUDd at turnon time. (This 

pattern is made while memory is being cycled.) 

2. All predrive lines but one are turning off together; one is slower 

in turning off, this predrive switch should be replaced (refer tovaveform 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. t not a voltage 

switch driven by the bad predrive line). 

n. Waveform Group No. 14, 'l'hesame set of conditions prevail for these 

patterns 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 swi tcll. This is due to the 

predrive being on for a longer duration. 

3. Note the recovery area of the waveform from the defective voltage 

svi tch. The positive side aJ.ways 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 Group 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 thr~e is the output at 

14i127 of the posi ti ve predri ve 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 indicates a momentary recovery to the value of the predrive 

switch emitter bias (+8V) when the lower switch turns off. The return to 

ground occurs when the upper switch turns off. 

JJote: Trace iwo is the result of current through the predrive resjstor and 

indicates the pre drive 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 14H50(XPNCKO) of the sri tch 

at the lower end of the sri tch matrix described in the analysis of waveform group 

No. 15. Trace two shows the 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 No~ 15) the recovery is 

slower (l); this is normal. 
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q. '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 output of an addressed upper predrive switch. Trace two of No. 17 is the 
from 

output of an unaddressed upper. switch; this trace is I a point 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 2 

selected predrive line and the unselected, predrive line. These are normal 

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

i..C switches on this unaddressed XC: predrive line will not turn on. 
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r. Wav.form Group No. 18. Timing pulse TPX'l. 1s used to sync wavetorm 

No. 18. The lIIellOry is being cycled and the group of waveforms illustrate 

almost ideal results of switching. Trace two is the XV predrive resistor wave-

form. Trace three is the output of a voltage swi tch during a memory cycle. Note 

area No.1; the group of lines at turnoff time for XVFR illustrate several switches 

on the same line 0 f the 4x4- vol tage Swl. tch matrix, are turning off and have similar 

turnoff characteristics (1.e., DOne are too slow). 

5. 'nFaveform Group Ho. 19. Timing pulse TFX:f is used to sync wave-

form group No. 19. The wavefoms in this group ar~ ~~.milar to those in group 

No. 18 except that the lIelDOry is being cycled on OlUY one address. This group 

is included to illustrate another acceptable configuration of the condit1ons shown 

in group No~ 18. The areas of' interest are 1 through 3 and are described as fol-

lows: 

5-30 

1. 7he first excursion is negative during read (as opposed to 
the line 

positive in group No. 18); 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 overshoot occurs and the line 

recov~rs to near Vm. 

3. The write portion is uneventful until recovery time at turno+"f; 

th~ voltage awi tch line recovers very slowly and is eventually dri ven,·:paet. : 

Vm . to growad when the switch goes negative again during read. "'If the next cycle. 

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

differ:troil the one.'" in group No. 18, the action is considered normal. 
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901594 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
lumnar I istings of parts related to illustrations. Parts are 
I isted in order of disassemb Iy sequence, except in cases . 
where sequence of disassembly cannot be maintained. At
taching parts are listed below the related assembly or sub
assemblies. Items which are purchased in bulk form (for 
example, wire and insulating materials) are not listed. 

Each ports I ist table -is arranged in seven columns as fol
lows: 

a. The figure number of the port I isted and the index 
number corresponding to the illustration reference 

b. The XDS manufacturer's part number for the part 

c. 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 port 
is restricted to the model 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 Ports Breakdown. 

To obtain information about a port, the following steps 
should be token: 

a. Refer to the applicable assembly breakdown. 

b. Compare the port 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 number and name of part opposite 
the index number listed. . 

6-2 NUMERICAL INDEX 

This index is a I isting of the items contained in the Group 
Assembly Ports 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 
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Table 6-1. Sigma 3 Core Memory (Model 8151) 

Fig. & XDS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Part Number 1 2 3 456 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 REF . 
-3 148557 EIOP Assy XDS REF 

-4 148721 PC P Door Assy XDS REF 

-5 131416 Basic Cabinet Assy XDS REF 

---
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Table 6-2. Sigma 3 Memory Frame Assembly 

Fig. & XOS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Part Number 1 2 3 456 7 Code Assy Code 

6-2- 1532590 Sigma 3 Memory-Frame Assy XOS REF 8151 

6-2- 153372C Basic-Frame Assy 
. 1 · 

-1 152009 · . Frame, Swing 1 

- 1 -2 152010 · Bracket, Chassis Mtg 

-3 152011 Angle, Chassis Mtg 1 

(Attaching Parts) 

- · Screw, Flat Hd lQ.-32 8 

- ...... *---

-4 152240 · Plate, Frame Latch 2 

(Attaching Parts) 

- · Screw, Pan Hd 8-32 4 

---*---

-5 147595 · . Latch 2 
,"--

-6 108051 Spring, Pre-Load 2 

-7 147596 Bracket, Latch Mtg 2 

(Attaching Parts) 

- · . Screw, Pan Hd S-32 4 

... --*---

-8 153767 Bracket, Pin Protect I 
2 

(Attaching Parts) 

- 100012-4OS Screw, Pan Hd Rec Phi I 8 

- 100024-400 · Washer, Lock Int Tooth 8 

- 100008-400 · Washer, Flat 8 

---*---
-9 100012-510 · Screw, Pan Hd Rec Phi I 3 

-10 100024-500 · Washer, Lock Int Tooth 3 

-11 10001S-500 · Washer, Flat I 3 

(Continued) 
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Table 6-2. Sigma 3 Memory Frame Assembly (Cant.) 

Fig. & XDS Vendor Description Mfg. Units Per Usable Of! 
Index No. Part Number Part Number 1 2 3 456 7 Code Assy Code 

6-2-

-12 14S806 Power Supply Assy, Memory (PT17B) 1 

(Attaching Parts) 

lOOOii-509 Screw, Pan Hd Rec Ph i i A - .,. 

- 1ooolS-500 · Washer, Flat 4 

- 100024-500 · Washer, Lock Int Tooth 4 

-_ .. *---

-13 158047-001 · Busbdr, Memory/Logic (Laminar) 1 

-14 15S055-OO1 · Busbar, Memory-4. High (Laminar) 1 

(Attaching Parts) 

- 10000S-300 Nut, Hex Mach 29 

- 100024-300 Washer, Lock Int Tooth 29 

- 100018-300 · Washer, Flat 29 

---*---
-15 14S41SG · SK Basic Memory Assy (See Fig 6-3) 1 

(Attach ing Parts) 

- 100012-405 Screw, Pan Hd Rec Phil S 

- 100008-400 · Washer, Flat S 

- 100024-300 · Washer, Lock Int Tooth S 

---*---

-16 14841SG · SK Basic Memory Assy (Rows F and G are REF 
Reserved for SK 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 · Washer, Flat 16 

- 100024-300 · Washer, Lock Int Tooth 16 

---*---
(Continued) 
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Table 6-2. Sigma 3 Memory Frame Assembly (Cont.) 

Fig. & XDS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Port Number 1 2 3 456 7 Code Assy Code 

6-2-

-18 153704 · Top Fan Assy, High Velocity 1 

-19 153705 · Bottom Fan Assy, High Velocity 1 

(Attaching Parts) 

- 100012-406 · Screw, Pan Hd Rec Phi I 6 

- 100008-400 · Washer, Flat 6 

- 100024-400 Washer, Lock lnt Tooth 6 

- 100012-205 · Screw, Pan Hd Rec Phil 4 

- 100018-200 Washer, Flat 4 

- 100024-200 1 Washer, Lock lnt Tooth I 4 

- 100008-200 Nut, Hex Mach 4 

---*---
-20 130639 · Bracket, Door Latch Mtg Support 1 

() 
(Attaching Parts) 

- 100012-408 Screw, Pan Hd Rec Phi I 4 

- 100024-400 · Washer, Lock lnt Tooth 4 

- 100008-400 Nut, Hex Mach 4 

---*---
-21 152012 

I 
· Bracket, Door Latch Mtg 1 

-22 158990 · Bracket, Door Latch Mtg 1 

(Attaching Parts) 

- 100012-205 · Screw, Pan Hd .Rec Phil 6 

- 100018-200 Washer, Flat 6 

- 100024-200 · Washer, Lock lnt Tooth 6 

---*---

(Continued) 
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Table 6-2. Sigma 3 Memory Frame Assembly (Cont.) 

Fig. & XDS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Part Number 1 2 3 456 7 Code Assy Code 

6-2-

-23 134171 · Spring, Door Latch 4 

(Attaching Parts) 

- 100012-203 · Screw, Pan Hd Rec Ph i I 

I 
8 

- 10001~300 Washer, Flat 8 · 
- 100024-300 Washer, Lock Int Tooth 8 

---*---

-24 129554 · Trigger, Door Latch 4 

{Attaching Parts} 

- 100012-103 · Screw, Pan Hd Rec Phi I 4 

---*---

-25 134169 · Door, Chassis 1 

(Attaching Parts) 

- 1000l2-205 · Screw, Pan Hd Rec Phil 5 

- 10001~200 · Washer, Flat- 5 

- 100024-200 · Washer, Lock Int Tooth 5 

---*-- .. 

- 110871 · Connector, Male, 14 Contacts 1 

- 137481-182 · ZT45 Interframe Ribbon Cable Assy 2 
(1 from MPM, OlE to BMU,Ol,J) 
(1 from MPM, 01 0 to BMU,Ol H) 

- 135633-601 · Marginal Volt Indicator Cable Assy 1 
(From PT.17B, MPM #1) 

- 153732-132 · ZT23 Interconnecting Cable Assy (From 1 
PT15B to MPM #1, 27E to MPM #2, 27E) 

- 152035-152 · Co-ax Cable-Clock, Assy (From CPU, 13C 1 
and 320 to MPM #1, 27E) 

6-10 
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Table 6-3. 8K Basic Memory Assembly 

Fig. & XOS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Part Number 1 2 3 456 7 Code Assy Code 

6-3- 148418G 8K Basic Memory Assy REF 8151 
Ref 8151-

1/2 

6-3- 1484230 Memory Chassis Assy 1 

-1 148425 · · Backwiring Board Assy, Memory 1 

(Attaching Parts) 

-2 148832-512 · Screw, Thread Forming 36 

---*---

-3 131891-007 · Cab le-Busbar Pi ck-Up Assy 1 

- 1522~C · . · Memory Chassis Assy 1 

-4 149485 · Chassis, Memory Module 1 

-5 154630 · . Support, Bar 1 

. (Attaching Parts) 

-6 148832-506 Screw, Thread Forming 4 

---*---

- 1544928 Module Kit Assy (See Fi g 6-4 for ModU Ie 1 
Locations) 

I 
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Table 6-4. Module Locations, 8K Basic Memory 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 

6-4- Module Locations, 8K Basic Memory Assy 

6-4- 154492B · Module Kit Assy XDS REF 8151 
Ref 8151-

1/2 

-1 149647 Module Assy, WTT10 Memory Voltage 1 

Regulator (Loc 3H-3J) 

-2 149348 · Modu Ie Assy, HTT 1 0 Memory Sense 3 
Amp (Loc 4H-4J, 5H-5J, 6H-6J) 

-3 148850 · Module Assy, RTT10 Y Current Drive 4 
(Loc 7H-7J,9H-9J, llH-11J, 13H-13J) 

-4 149040 · · Module Assy, RTT11 X Current Y 2 
Voltage Drive (Loc 12H-12J, 
14H-14J) 

-5 149164 · · Module Assy, RTT12 X Voltage Drive 2 
(Loc 15H-15J, 16H-16J) 

-6 147860 · · Core Diode Module Assy (FTT14) 2 
(1 in Loc 19H-19J-20H-20J) 
(l in Loc 23H-23J-24H-24J) 

1 

-7 147869 · · · Core Diode Module Assy (FTT13) 2 
(1 in Loc 27H-27 J-28H-28J) 
(1 in Loc 31H-31J-32H-32J) 

- 149668C'" · · 8K to 16K Memory Expansion Kit Assy 1-2 8152 

(Model 8152) Ref 8151-
1/2 

-8 149040 · · · Module Assy, RTTll X Current Y 2 
Voltage Drive (Loc 8H -8J:- ~_OH-10J) 

-8 147860 · · · Core Diode Module Assy (FTT14) 2 
(1 in Loc 17H-17J-1SH-1SJ) 
(1 in Loc 21H-21J-22H-22J) 

-8 147869 · Core Diode Module Assy (FTT13) 2 
(1 in Loc 25H-25J-26H-26J) 
(1· in Loc 29H-29 J-30H-30 J) 

I *Memory Expansion Kit for addition to 8151-1 
and 8151-2. Expansion of Basic 8K Module to 
16K. 

-
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901594 

Figure 6-5 M • emo P ry ort Multiple Assemb Iy (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- 149395E Memory Port Multiple (MPM) REF 8151 
Ref 8151-

1/2 

-1 116231 · · Chassis, 32 Module 3 

- 154643B · Modu les Assy (MPM) (See Fig 6-6 for 1 
Module Locations) 

-2 152013 · 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 T oath 9 

-6 100018-200 · Washer, Flat 9 

---*---
-7 149400 · · Wi red Board Assy (MPM) 1 

(Attaching Parts) I 

-8 148832-512 · Screw, Thread Fonning 54 

---*---
-9 131891-001 Cable-Busbar Pick-Up Assy 1 

6-16 
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Table 6-6. Module Locations, MPM Assembly 

Fig. & XDS Vendor Description Mfg, Units Per Usable on 
Index No. Part Number Port Number 1 2 3 456 7 Code Assy Code 

6-6- Module Locations, MPM Assy 8151 
Ref8151-

1/2 

6-6- 154643B Modules Assy, MPM XDS REF 

-1 I 123008 · Modu Ie Assy I ST14 Toggle Switch Mod 1 

-2 156459* · Modu Ie Assy, FT79 Buff Latch 2 

-3 116257 · Module Assy, XTlO Term Module 6 

-4 156468** Module Assy, FT80 Buff Latch 4 

-5 125262 · Module Assy, BTl6 Gated Buffer 3 

-6 128188 . Module Assy, IT24 NAND/NOR Gate 2 

-7 116056 · Modu Ie Assy, BTlO Buff AND/OR Gate 2 

-8 156495*** Modu Ie Assy 1 FT83 Buff Latch 3 

-9 117000 · Modu Ie Assy, IT13 Inverter Matrix 2 

156486
t -

Modu Ie Assy, FT82 Buff Latch 1 -10 
I 

-11 148711 · Module Assy, FT66 Buff Latch 4 

-12 116407 Module Assy, BTl3 Buff Matrix 2 

-13 156477
tt 

Module Assy, FT81 Buff Latch 1 

-14 127391 Module Assy, HTl5 Delay Line Sensor 1 

-15 126963 · Module AssYI DTl1 Delay Line 1 

-16 149793 · . Module Assy, AT63 Delay Line Driver 1 

*This Module moy be either an FT79 or an 
FT63. 

**This Module may be either an FT80 or an 
FT64. 1 FT80 or FT64 goes in the CPU 

***This Module may be either an FTS3 or an 
FT68 

tThis Module may be either an FTS2 or an 
FT67 

ttThis Module may be either an FTS1 or an 
i FT65 
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Table 6-7. Module Locations, Bank B Drive and Port Assemblies 

Fig. & XDS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Part Number 1 2 3 456 7 Code Assy Code 

6-7- 149401C Bank-B Drive Assy (Option) XDS 1 8151 

(Used for expanding 8151 above 16K) Ref 8151-
2 

-1 123008 · · Module Assy, STl4 Toggle Switch Module 1 

-2 156459* · Module Assy, FT79 Buff Latch 2 

-3 156495** Module Assy, FT83 Buff Latch 3 

-4 156486*** · Module Assy, FT82 Buff Latch 1 

-5 116407 · · Modu Ie Assy, B T 13 Buff Matrix 1 

-6 117000 · Module Assy, ITl3 Inverter Matrix 1 

-7 128188 · Module Assy, IT24 NAND/NOR Gate 1 

-8 156477
t 

· · Module Assy, FT81 Buff Latch 1 

-9 148711 · · Module Assy, FT66 Buff Latch 
" 

-10 156468
tt Module Assy, FT80 Buff Latch 1 

-11 149793 · · Module Assy, AT63 Delay Line Driver 1 

-12 126963 · Modu Ie Assy, DTl1 Delay Line 1 

-13 127391 · Module Assy, HT15 Delo'y Line Sensor 1 

-13A 116257 · · Module Assy, XT10 Term Module 1 

-14 137481-122 · ZT 45 Interframe Ribbon Cable Assy 1 
(Loc 20) 

-15 137481-201 · ZT 45 Interframe Ribbon Cable Assy 1 
(Lac 2E) 

*This Module may be either an FT79 or an 

I 
FT63. 

**This Module may be either an FT83 or an 
FT68. 

***This Module may be either an FT82 or an -
FT67. 

tThis Module may be either an FT81 or an 
FT65. 

ttThis Module may be either an FT80 or an 
FT64. 

(Conti nued) 
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Table 6-7. 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 3 456 7 Code Assy Code 

6-7-

Optional: 

Port Expansion Module Kit for 1 Memory: Ref 

I 

(8101/8102 is pre-requisite) 8155-11 

- 158910C · Memory Port 2 Assy (1-2) 1 8155 

-15 156468
tt · . Modu Ie Assy, FT80 Buff Latch (Loc 19C 2 

2OC) 

-15 148711 · Module Assy, FT66 Buff Latch (Loc 200) 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 

- . 1494030 · Memory Port 3 Assy (2-3) 1 8155 

-16 123008 · Module Assy, ST14 Toggle Switch 1 

Module (Loc 2C) 

-16 116257 · · Module Assy, XT10 TenT! Module 1 
(Loc 13C) 

-16 156468
tt 

· · Module Assy, FT80 Buff Latch 2 
(Loc 17C 18C) 

-16 117000 · · Module Assy, IT13 Inverter Matrix 1 
(Loc 140) 

-16 148712 · · Module Assy, FT66 Buff Latch (Loc 190) 1 

-16 128188 · · Module Assy, IT24 NAND/NOR Gate 1 
(Loc 300) 

Port Expansion Modu Ie Kit for 2 Memory: Ref 

(8155-12 is pre-requisite) 8155-22 

- 1494230 Memory Port 3 Assy (2-3) 2 

ttThis Module may be either an FT80 or an 
FT64. 

. 
(Continued) 
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Table 6-7. Module Locations, Bank B Drive and Port Assemblies (Cant.) 

Fig. & XOS Vendor Description Mfg. Units Per Usable on 
Index No. Part Number Part Number 1 2 3 4. 5 6 7 Code Assy Code 

6-7-
Optional: 

Port Expansion Module Kit for 1 Memory: Ref 
(8155-11 and 8155-21 are pre-requisite) 8155-31 

1 49404C Memory rorr 4 Assy (3-4) 1 8155 - · I 

-17 156468
tt Module Assy, FT80 Buff Latch 2 

(Loc 14C 15C) 

-17 148711 · . Module Assy, FT66 Buff Latch (Lac 180) 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 



Fig. & XDS 
Index No. Part Number 

6-8-

2- 100008-200 

2-

I 

100008-300 

2- 100008-400 

2- 100012-103 

2- 100012-203 

2- 100012-205 

4- 100012-204 

2- 100012-405 

2- 100012-406 

2- 100012-408 

2- 100012-509 

2-9 100012-510 

2- 100018-200 

5-6 100018-200 

2- 100018-300 , 
2-11 

I 
100018-500 

2- 100024-200 

5-5 100024-204 

2- 100024-300 

2- 100024-400 I 

2-10 100024-500 

2-6 108051 

2- 110871 

6-7 116056 . 
5-1 116231 

901594 

Table 6-8. Numerical Index 

Description 

Numerical Index 

Nut, Hex Mach 

Nut, Hex Mach 

Washer, Flat 

Screw, Pan Hd Rec Phi I 

Screw, Pan Hd Rec Phi I 

Screw, Pan Hd Rec Phil 

Screw, Pan Hd Rec Phil 

Screw, Pan Hd Rec Phi I 

I Screw, Pan Hd Rec Phi I 

Screw, Pan Hd Rec Phil 

Screw, Pan Hd Rec Phil 

Screw, Pan Hd Ree Phil 

Washer, Flat 

Washer, Flat 

Washer, Flat 

Washer, Flat 

Washer, Lock Int Tooth 

Washer, Lock Int Tooth 

Washer, Flat 

Washer, Lock Int Tooth 

Washer, Lock Int Tooth 

Spring/ Pre-Load 

Connector, Male 14 
Contacts 

Module Assy, BTlO Buff 
AND/OR Gate 

Chassis, 32 Module 

(Continued) 

Fig. & 
Index No. 

6-3 

7-13A 

7-16 

6-12 

7-5 

6-9 

7-6 

7-16 

6-1 

7-1 

7-16 

6-5 

6-15 

7-12 

6-14 

7-13 

6-6 

7-7 

XDS 
Part Number 

116257 

116257 

1116257 

116407 

116407 

117000 

117000 

117000 

123008 

123008 

123008 

125262 

126963 

126963 

127391 

127391 

128188 

128188 

Description 

Modu Ie Assy, XT 1 0 Term 
Module 

Module Assy, XT10 Term 

I 

Module 

Module Assy, XTlO Tenn 
Module 

Module Assy, BT13 Buff 
Matrix 

Module Assy, .. BT13 Buff 
Matrix 

Module Assy, 1T13 inverter 
Matrix 

Module Assy, IT13 Inverter 
Matrix 

Module Assy, IT13 Inverter 
Matrix 

Module AsSY, ST14 Toggle 
Switch Module 

Modu Ie Assy, STl4 Toggle 
Switch Module . 

Module Assy, ST14 Toggle 
Switch Module 

Module Assy, BT16 Gated 
Buffer 

Module Assy, 0T11 Delay 
Line 

Modu Ie Assy, DTl1 De lay 
Line 

Module Assy, HTl5 Delay 
Line Sensor 

Module Assy, HT15 Delay 
Line Sensor 

Module Assy, IT24 
NAND/NOR Gate 

Module Assy, IT24 
NAND/NOR Gate 

6-23 
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Table 6-8. Numerical Index (Cont.) 

Fig. & XDS 
Description 

Index No. Part Number 
Fig. & XDS 

Index No. Part Number 
Description 

; 

6-8- 2-16 148418G 8K Basi c Memory Assy 
(Used with Bank B only) 

7-16 128188 Module Assy, IT24 
NAND/NOR Gate 3- 1484230 Memory Chassis Assy 

"'" ""'A , "V'1t:t: A T.: __ .... 1'"\ __ .. I ... +...J.. 
~-~ .... '47..1..1~ 1I.~t:lG', ..,"''"'', '"'"w ....... , 3-1 148425 Backwiring Board Assy 

Memory 

2-20 130639 Bracket, Door latch Mtg 
Support 1-3 148557 EIOP Assy 

1-5 131416 Basic Cabinet Assy 1-2 148586 CPU Frame Assy 

5-9 131891-001 Cab I e-B usbar . Pick-Up Assy 
.; 

6-11 148711 Module Assy, FT66 Buff 
latch 

3-3 131891-007 Cable-Busbar Pick-Up Assy 
7-9 148711 Module Assy, FT66 Buff 

2-25 134169 Door, Chassis latch 

2-23 134171 Spri ng, Door latch 7-15 148711 Module Assy, FT66 Buff 
latch 

2- 135633-601 Marginal Volt Indicator 
Cable Assy 7-17 148711 Module Assy, FT66 Buff 

latch 
7-14 137481-122 ZT 45 Interfrai1e Ribbon 

Cable Assy 7-16 148712 Module Assy, FT66 Buff 
latch 

2- 137481-182 ZT 45 Interframe Ribbon 
Cable Assy 1-4 148721 PC P Door Assy 

7-15 137481-201 ZT 45 Interframe Ribbon 2-12 148806 Power Supp Iy Assy Memory 
Cable Assy (PT17B) 

, 
1- 139204G Hardware Kit Assy, Front 3-6 148832-506 Screw, Thread Forming 

Frame 
3-2 148832-512 Screw, Thread Forming 

2-5 147595 latch 
5-8 148832-512 Screw, Thread Forming 

2-7 147596 Bracket, latch Mtg 
4-3 148850 Modu Ie Assy, RTTlO Y 

4-6 147860 Core Diode Module Assy Current Drive 
(FTT14) 

4-4 149040 Modu Ie Assy, RTT11 X 
4-8 147860 Core Diode Module Assy Current Y Voltage Drive 

(FTT14) 
I 4-8 149040 Module Assy, RTTll X 

4-7 147869 Core Diode Module Assy Current Y Voltage Drive 
(FTT13) 

4-5 149164 Modu Ie Assy, RTT 12 X 
4-8 147869 Core Diode Module Assy Voltage Drive 

(FTT13) 
4-2 149348 Modu Ie Assy, HTT 1 0 

2-15 148418G 8K Basic Memory Assy Memory 'Sense Amp 

3- 148418G 8K Basic Memory Assy 

(Continued) 
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Table 6-8. Numerical Index (Cont.) 

Fig.& XDS Description 
Index No. Part Number 

Fig. & XDS 

Index No. Part Number 
Description 

6-8-

2-13 158047-001 Bushar, 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 Mtg 

I 

-

.. 
... . ,,.. 

-
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Table 6-8. Numerical Index (Cont.) 

... ,. I." . ~. ~. It, "J. ~ ,. • 

Fig. & XDS 
Description 

Index No. Part Number 
Fig. & XDS 

Description 
Index No • Part Number 

.... .v ..... ,' .. " 

6-8- 2-18 153704 Top Fan Assy, High 
Velocity 

2~17 149395E Memory Port Multiple 
(MPM) 2~19 153705 Bottom Fan Any I High 

0 VEJlocity 
5~ i49395E Memory Port Muitiple 

(MPM) 2- 153732-132 ZT23 Interconnect.i ng 
Cable Assy 

5-7 149400 Wired Board Assy (MPM) 
2-8 153767 Bracket, Pin Protect 

7~ 149401C B~nk. B Drive Aay 
~ 154492B Modu Ie Kit Assy 

7- 14940.30 ~ry Port 3 Auy. 
~ 1544928 Module Kit Assy 

7-: 149404C Memory Port 4 Assy 
3,-5 154630 Support, Bar 

3-4 149485 Chassis, M~ory Module 
5- 154643B Modules Assy (MPM) 

4-1 149647 M~u,le Assy, WTT10 
Memory Voltage 6-2 156459 Module Assy, FT79 Buff 

Latch 
~ 149668C 8K to 16K Mem~ry 

Expansion Kit A$ay 6-4 156459 Modu Ie Assy, FT79 Buff 
Latch 

7-11 149793 Module Assy, AT63: Delay 
Line Driver 7-10 156468 Module Assy, FT80 Bufl I 

Latch 
7-16 149793 Module Assy, AT63 Delay 

Line Driver 7-15 156468 Modu Ie Assy, FT80 Buff 
Latch 

2-1 152009 Frame, Swing. 
7~l6 156468 Mo~u I e Assy, FT80 Buff 

2-:2 152010 Brocket, Chossis Mtg Latch 

2-3 152011 Angle, Chassis Mtg 7-17 '156468 Module Assy, FTSO:Buff 
Latch 

2-21 152012 Brcr,*et, Door Latch Mtg 
_ 6-10 156486 Module Assy, FT82 Buff' 

5-2 152013 Channel, Cable Routing Latch 
: 

2-. 152035-132 Co-Ax Cable-Clock Assy 7-4 156486 Modu Ie Assy, FT82 Buff 
Latch 

3- 152235C Memory Chassis Assy 
6-8 156495 Module Assy, FT83 Buff 

2-4 152240 Plate, Frame Latch Latch 

1-.1 1532590 Sigma 3 Memory-Frame 7-3 156495 Module Assy, FT83 Buff 
Assy Latch 

2- 1532590 Sigma 3 Memory-Frame 6-13 156477 Module Assy, FT81 Buff 
Assy Latch 

2- 153372C Basic-Frame Assy 7-8 156477 Module Any, FT81 Buff: 
Latch 

·f'" .. '. 

(Continued) 
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