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1.1 GENERAL DESCRIPTION

The B461 Memory Unit is a high speed, random-access Memory using fer-
romagnetic cores as a storage media. The Memory is a self-contained
Unit including Power Regulators, Current Drivers, Sense Amplifiers,
Timing Circuits, and Information and Address Registers.

All circuitry in the B461 is of the solid state type with gating char-
acteristics conforming to the B5500.

Figure 1.1-1 is a Front View and Figure 1.1-2 is a Rear View of a
B461 Memory Module.

See Pages 1.1-2 & 1,1-3,
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FIGURE 1.1-1
MEMORY MODULE - FRONT VIEW (WIRING SIDE)
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FIGURE 1.1-2
MEMORY MODULE - REAR VIEW (PACKAGE SIDE)
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1.2 EQUIPMENT SPECIFICATIONS

The B461 Memory is mounted in the B5260 Cabinet of the B5500. The
B5260 can contain four B461 Memory Modules. If more than four B461
Memory Modules are needed on a B5500, then a second B5260 Memory Sub-
System is installed which can also contain four B461 Modules.

Figure 1.2-1 is an illustration of the B461 Modules in a B5260 Memory
Sub-System with the locations of each of the Modules.

SIDE VIEW SIDE VIEW
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FIGURE 1.2-1
B5260 MEMORY SUB-SYSTEM
The only difference between the two Sub-Systems is the numbering of
the B461 Modules; O thru 3 in the first B5260, and 4 thru 7 in the
second B5260. ‘

Information Capacity

Each B461 Memory Module has a capacity of 4096 words. Each B5260 Sub-
System can then contain 16,384 words and a maximum size Memory System
with two B5260 units can consist of 32,768 words of core storage. Each
word consists of 49 bits; 48 Information bits and 1 Parity bit.

Speed

The B461 has a Memory cycle time, READ of WRITE of four microseconds.
The READ access time is two microseconds and the WRITE access time is
one microsecond.

Printed in U. 8. A.
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1.3 COMMUNICATION

Communication with a B461 by a Requesting Unit, Processor or I/0, is
Each B461 on a
System is individually cabled from Central Control for all Information
and Control Lines to and from the Module. The following is a list of
the Communication Lines for any particular Memory Module.

via the Memory Exchange portion of Central Control.

Control Lines To Memory

1. 1 line Clock

2. 1 line Write Level (WOOD-C)

3. 1 line Start Memory (A00S-C)

4. 12 lines Address (A01S-C thru A12S-C)
5.

6.

7.

48 lines Write Information (WO1S-C thru W48S-C)

1 line Single Pulse Status (SPUL/)
1 line Master Clear

Control Lines From Memory

1. 1 line Cable Interlock (CINL/)
2. 1 line Memory Parity Error (MERF)
3. 4 lines Memory Timing
a. 1 line Read Obtained Line (MWCF)
b. 1 line Memory Cycle Finished Not (MCFS/)

c. 2 lines Read Access Obtained Lines (RA@D & RA@S/)
4. 49 lines Read Information (IO1F/ thru I48F/ and I48F)

5., 1 line Memory Not Available (MNAL)

Printed in U.S.A.
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All power required by a B461 Memory Module is obtained from the B5500
Power Supply. This power is delivered to the B5260 Memory Sub-System,

then distributed to the Memory Modules.
led by the B5500 and each Memory Module.

Power sequencing is control-
Over and Under Voltage Sens-

ing circuitry is provided in each Memory Module and Thermal protection

in each Memory Sub-System.

The following is a list of the Power and Power Control lines to a Mem-

ory Sub-System.

11 lines DC Power Input

line Logic Ground

line -24 Volt Ground

line Excess Current Sensing
lines Voltage Sensing

line DC Lockout Sensing

o W e e

line Temperature Sensing

Printed in U.S.A.
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1.5 OFF-LINE FUNCTIONS

Off-line functions are accomplished within each individual Module and
are used for maintenance and testing of the Memory. The testing of a
Memory is divided into three categories:

1. Manual
2. Automatic
3. Checkerboard

These three modes of testing will be explained in Section 6 of this
manual.

An additional Off-line maintenance feature is that DC Power can be
turned ON and OFF in a particular Module without affecting the remain-
der of the Systen.

Printed in U.S.A.
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1.6 GLOSSARY OF TERMS

ABDBS . .iiiieenencncnances
AO1S thru Al2S ....vceees
A+1D . iieeverecsscccnsecns
)
.
A+1lS ciieercecaccaccsncss
ACDF ,.iceievocacososcscsns
AO1F thru Al12F ..ceeeeceeee
AX1S thru AX6S .....c000.
- AX1S/ thru AX6S/ ..evoeeee
AY1lS thru AY6S ...ccec00.
AY1S/ thru AY6S/ ..ceeee.

CAGOOL ....vcevececrannes
CAGOO2 ,...ivevcecnccccoss
CAGOO3 ....ceeveevcoccnce
CAGOO4 .....cice0vvc0evnes
CAGOOS ..eveevvcoccocnnss

CAGOOB ....coveveococnses
CAGOO7 ..v.veecenccconnns
CAGOO8 .....coveevconnnes
CCP-1 thru CCP-6 ....c0.0
ICLP=1 ..cvvvveosacncanns
ICLP-2 ,.veeeeconccnncnns
IMCP tiveeecrovocanonanes
COYD ..vveeeeocsancccenes
CTUS ceveeeoncccnnnsannsns
BAAS tivererssccnnssnansa
EAAS .4cvveverccaonncanns
BBAS ..ieieeevrcceccsannas
EBAS .iivcecrnconcacnsoas
BCAS v evveeoeoeecasocnces
ECAS iiveveecvoscsnnonanas
BDAS ...vevecennoncscnnas
EDAS cvoveeevceconcnsconas
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Memory Start from Central Control

Address
Address
Address
Address
Address
Address
Address
Address

Address
Address

AX1S -
AX1S -
CoYD -
C@YD -

AX1S -
AY1S -

PC3S -
MSTL -

Lines

from Central Control

Register Plus One Driver
Register Plus One Level

Register Plus One Not Switch

Register Plus One Switch
Counter Delay Flip-Flop
Register Flip-Flops

X Switches

Address X Not Switches

Y Switches

Y Not

AX2S .
AX28 -
AY1lS -
AY1S -

AX2S -
AY2S -

TRMS/ -
MP1F/ -

Switches

COXL - (A+1D)
AX3S
AY2S
AY2S

AX3S
AY3S

MANS/
MP2F/ . MSTF - MANS/

AY3S - AY4S

MP1F . MP2F « MSTF . MANS/

Local Clock Driver Output

Local Clock Oscillator Output 1
Local Clock Oscillator Output 2
Local 1 Megacycle Pulse

Count Y Driver

Continue Switch

Odd IO1lF thru IO4F Switch
Even IO1lF thru IO0O4F Switch
0dd IOS5F thru IO8F Switch
Even IOS5F thru IO8F Switch
Odd IO9F thru I12F Switch
Even IO9F thru I12F Switch
0dd I13F thru I16F Switch
Even I13F thru I16 F Switch

Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity

AX4S ¢ COXL - (A+1D)

AX4S . AX5S . AX6S -
AY4S - AY5S . AY6S
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PEAS .vvvereenssescccnnns
EEAS .i.itecececccccccens
PFAS teieeseessconascnnnse
EFAS
@GAS
EGAS
PHAS
EHAS
GIAS
EIAS
@JAS
EJAS
PKAS
EKAS
@LAS
ELAS
PABS . .vveessenosnnnsssan
EABS ..
@BBS
EBBS
@CBS
ECBS
101D
I01F
MACD
MANS/
MC1D
MC2D
MC4D
MCS8D
MCAD
MCBD ...ioevesnnnscscscas
MC1S/ teeecsvevsccnnnnsas
MC2S/ tiieeeesonssnssnsas
MC4S/ tvvvevervccccnccnns
MC8S/ tvivveeesonnnnnnnss
MCAS/ t.ceeeeerronnnannaa

® 0 08 80 5659 05000 e e
¢ 0 0 & 5 0 00 06 00O SO0
LI B B K BN AR S BN BRI BRI BN BN BN AN J
L B BN B BN IR BN 2N 2L BN BN EE B BN 2 2R N J
® 0 6 0 0 8 00 5PN st OGO P e eo
® 9 5 00 0 08 0000000000 eS
® & 6 0660 00 50 0000000 ooo
® & 000 0 0 ¢ 0P 0000 e s oo
L A B B N BN 2 B IR B BN B AN BN IR BN 1
LA AR A AN S B AR O A BN O 4
® ® 0 0 0 9 0 & 0O OE S0 000 o0
® 6 00 00 20 ¢ 00000000

® 6 00 0 000 00 s 0000

® 6 & 0 0 6 ¢ 0 0 0P 0B 00O 00
LI I T I I B O I B B Y I Y I A K
® 0 & 0 8 050 0 00 00 80O
& 2 0 & 000w 000 s eI

® ® 0 00 &0 00 0o PO S C N

thru I49D
thru I49F

*® o ® & 0 s 0000
* o 0 00 000 00
L I B I B B B B B BN B BN N )

® 9 6 05 0O OSSP 40O o e
¢ o0 .: ® ® 6 5000000000000
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® ® 9 00 00 0B SO0 Os LN O
0 8 5 5 000008000 e N e

® & 9 ¢ @0 O 0 H OO0 E LN G

Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity
Parity

O0dd I17F thru I20F Switch
Even I17F thru I20F Switch

0dd I21F thru I24F Switch

Even I21F thru I24F Switch
0Odd I25F thru I28F Switch
Even I25F thru I28F Switch
0dd I29F thru I32F Switch
Even I29F thru I32F Switch
0dd I33F thru I36F Switch
Even I33F thru I36F Switch
0dd I37F thru I40F Switch
Even I37F thru I40F Switch
Odd I41F thru I44F Switch
Even I41F thru I44F Switch
0dd I45F thru I48F Switch
Even I45F thru I48F Switch
Odd AA thru DA Switch
Even AA thru DA Switch
0Odd EA thru HA Switch
Even EA thru HA Switch
0dd IA thru LA Switch
Even IA thru LA Switch

Inhibit Drivers
Information Register Flip-Flops

Memory Address Register Clear Driver
Manual Not Switch

Maintenance Control 1 Bit Driver
Maintenance Control 2 Bit Driver
Maintenance Control 4 Bit Driver
Maintenance Control 8 Bit Driver
Maintenance Control A Bit Driver
Maintenance Control B Bit Driver
Maintenance Control 1 Bit Not Switch
Maintenance Control 2 Bit Not Switch
Maintenance Control 4 Bit Not Switch
Maintenance Control 8 Bit Not Switch
Maintenance Control A Bit Not Switch
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MCBS/ vivvevnceoencncaans
MCFS/ teeeeveocnconnnnins
MERF .....ccvveveonccanss
MICD-1 t.civeveocccncnnss
MICD-2 ..viveceneoccnnnns
MICM ..ivvevececencnnanns
MIHD ...vvvrvnnnnnnoncnnn
MIHM ...ivvvevenconnnnnnn
MIHS/ vivereevecensennonns
MISD t.vevevenecencncnnna
MPLIF . ..ievrivecenconnanann
MP2F o \iivvevonoonnoennens
MR2M ....civeecnnnncncnns
MRWP . ..ieivconoconcncces
MSIM t..vveconcnacsonnnes
MSTD tvvveeceoeoaoccanans
MSTF tieveevnnsonscconcas
MSTL veveveoocencncnsnsns
MSTS teveeececeocnascnsns
MSTS/ tevceceosncncosonas
MW2M . ..iveecescccroancnns
MW2S ..ievecocccncoccnane
MWCF +.vecececcnncsccnane
MWRF &.vveeneenceononnnns
PO3S tivvvevencosnonnnnans
PC2D tivevencecncenonnans
PC1S t.iveveennreoenoncees
PC2S tivvronncnsonncannes
PC3S .iceeecncevsecscnsacs
PCAS .ivveeveocncancacans
PERL ...ecevevcnnnnoooens
;7.1 ) 1 S
RABS/ e vietenetecnsennns
RISD-1 ..vevvececencnnane
RISD-=2 tivevencecnncncens
RISD=3 ..ecvvveeococnnans
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Maintenance Control B Bit Not Switch

Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory

Cycle Finished Not Switch

Error Flip-Flop

Information Register Clear Driver 1
Information Register Clear Driver 2
Information Clear Multi

Inhibit Driver

Inhibit Multi

Inhibit Not Switch

Input Strobe Driver (Remote Write)
Pulse Counter 1 Flip-Flop

Pulse Counter 2 Flip-Flop

Read 2 Multi

Read to Write Delay Pulse

Switch 1 Multi

Start Driver

Start Flip-Flop

Start Level

Start Switch

Start Not Switch

Write 2 Multi

Write 2 Multi Switch

Maintenance Worst Case Flip-Flop

Memory

Write Flip-Flop

Pulse Counter Equals 0 or 3 Switch
Pulse Counter Equals 2 Driver

Checkerboard Control Logic 1 Switch
Checkerboard Control Logic 2 Switch
Checkerboard Control Logic 3 Switch
Checkerboard Control Logic 4 Switch

Parity

Error Level

Read Access Obtained Driver

Read Access Obtained Not Switch
Read Information Strobe Driver 1
Read Information Strobe Driver 2
Read Information Strobe Driver 3
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RISD-4 ...¢c0c000s:000... Read Information Strobe Driver 4
RSPD-1 ......0000000...... Reset Single Pulse Driver 1
RSPD-2 ......cc00es0.0... Reset Single Pulse Driver 2
Bits Switch

Bits Not Switch

Bit Switch

Bits Not Switch
Bits Switch

Bits Not Switch
Bits Switch

Bits Not Switch
Bits Switch

Bits Not Switch

SIBS ..vccececscccsseesss SEnse
SIBS/ tieeescssesssesssss Sense
S2ZBS .iceectessscscscses. Sense
S2BS/ tiveeessevssscessss Sense
S4BS ..icteesctccscsacsss Sense
S4BS/ ..cvecsessccsesssss Sense
S8BS .iececcccsccscsscsecs SEnse
S8BS/ ctseevscsscnsssesess Sense
SABS ..iceccescsccccssess Sense
SABS/ vueeeeeescenenns... Sense
SBBS .cccecceccccscscsess S€nse Bits Switch
SBBS/ cccesecssecssssssess Sense B Bits Not Switch
S01P thru S49P .......... Sense Amplifiers
SPUS t.eseeecscscsnsassee Single Pulse Switch
STTP vvesevsccsscescsceee Strobe Timing Pulse
TRMS/ ..eceesveesscessss. Remote Not Switch
WISD-1 ...ccecessseeeeceses Write Information Strobe Driver 1
WISD-2 ...¢veeees000eses0. Write Information Strobe Driver 2
XROD thru XR7D ...cc0000e Axis Read Driver
XWOD thru XW7D ...ceecees Axis Write Driver
X00S thru X70S ....c0000e Axis Switch Output
X00G thru X70G ....ce0000 Axis Switch Return
YROD thru YR7D ...cc00000 Axis Read Driver

 YWOD thru YW7D .......... Axis Write Driver
YOOS thru Y70S ...cceesee Axis Switch Output
YOO0G thru Y70G ...cvc0000 Axis Switch Return

W WS> 00 00 b NN R

o g G 4 M M
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INDEX - SECTION 2

2. PRINCIPLES OF OPERATION

2.1 On-Line Operation .....cceceeeesv0aeeeecessesss January 15, 1965

2.2 Off-Line Operation ® 0 6500 0000000000000 Oe NN SNS January 15’ 1965
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2.1 ON-LINE OPERATION

The B461 Core Memory is designed to operate with the B5500. All inter-
connecting lines conform to the requirements of the B5220 Central Con-
trol for Timing and Information flow. The following is a list of the
inter-connecting lines between Central Control and the Core Memory.

Central Control to Core Memory

l. AnnS - 12 lines labeled AOlS thru Al12S, Address lines to the
Address Register in Memory.

2. A00S - 1 line, Memory Start Pulse to initiate a Memory cycle.

3. WOOD -~ 1 line, occurs at the same time as A00S, used to indi-
cate a Memory Write Operation.

4, SPUL/ - 1 line, indicates that the System Clock Control switch

in D & D is in the NORMAL position.

5. WnnS - 48 lines labeled WO1lS thru W48S, Write Information to
the Memory Information Register.,

CORE MEMORY to Central Control

1. InnF - 49 lines labeled I01F/ thru I48F/ and I48F, Memory
Read Information from the Memory Information Register
to Central Control.

2, MCFS/ - 1 line labeled MT4F/ in Central Control, used to clear
: the Cross-point Flip-flop and Memory cycle Flip-flop
at the end of a Memory access.
3. MWCF - 1 line labeled MROF in Central Control, gates the Read

Information lines from Central Control to Processor.,

4, RA@D - 1 line labeled MT2F in Central Control, develops MT2F
to the Processor to indicate Read Information is in
the Memory Information Register.

5. RA@S/ - 1 line labeled MT2F/ in Central Control, develops MT2S
to the I/0O Channels to indicate that the Read Inform-
ation is in the Memory Information Register. _

6. MERF - 1 line labeled MPEF in Central Control, indicates a

Parity Error in Memory during a Memory Read access,
The various Logical Units of the MemOry Module, as indicated in Fig-

ure 2,1-1, are the Logical Units of the Memory Module used during an
On-Line operation. These Units serve the following functions:

Printed in U.S.A.
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1. Control Logic - Controls all Memory functions whlch depend upon
the System Clock. It also. develops the Control levels that go
to Central Control.

2., Multi Timing Control - Initiated by MSTD from the Control- Logic;
but once initiated, continues on its own, completely independent
of the System Clock. This circuit is used to control all Addres-
sing and Information lines to and from the Core Stack.

3. Read/Write Control - Retains the fact that a Memory Access is a
Read or Write. Controls the flow of Information for either a
Read or a Write operation.

4. MIR & Parity - MIR is a temporary storage for Information going
to or from the Core Stack. The Parity circuitry uses the Inform-
ation in the Information Register (MIR) to generate the correct
Parity during a Write Access and to check for correct Parity dur-
ing a Memory Read Access.

5. Address - The Addressing portion of Figure 2,1-1 consists of the
Address Register, the Address switches, and the Read/Write Dri-
vers, The Address Register contains the Core Address being ac-
cessed and in turn will determine the Address switch and Read/
Write Driver to be used. The Address switch and Read/Write Dri-
ver outputs go to the "X" and "Y" Transformer Matrices to select
one of the Transformers which will in turn select one of the 64
"X" lines and "Y" lines to the Core Stack.

Information Flow

The flow of Information during a Memory Write Access is from Central
Control via the Memory Information Write lines to MIR 1 thru 48,

While this Information is in MIR, the correct Parity is generated by
the Parity generation circuitry and set into MIR 49, During the Write
phase of the Memory Access, the information is transferred into the
Core Stack via the 49 Inhibit Drivers,

The flow of Information during a Memory Read Access is from the Core
Stack to MIR via the 49 Sense Amps. The outputs of the Sense Amps are
strobed into MIR with the Strobe Timing Pulse (STTP). While the In-
formation is in MIR, the Parity circuitry checks the 49 bits for cor-
rect Parity. If the Parity is in error, then the Error Flip-Flop (MERF)
is set to indicate this condition to Central Control.

After Parity is checked, the Information in MIR is transferred to Cen-
tral Control via the Memory Information Read lines. Only bits 1 thru
48 are transferred to and from the Memory Module. Bit 49 is the Parity
bit and its status (ON or OFF) is determined in the Memory and remains
in the Memory Module. ‘

Central Control Qperation

The function of Memory Exchange in Cehtral Control is to logically con-

Printed in U.S.A.
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nect a Memory Module with an Accessing Unit (Processor or I/0). The
Control and Information lines will be gated through Memory Exchange
between the Accessing Unit and the Memory Module,

When the Processor or I/O requests a Memory Access and that access can
be accomplished, the Cross-point Flip-Flop in Central Control is set
(Unclocked). See Figure 2.1-2,

" READ
e [ L L L
|
XnFF ] I
, |
MCFF |
l
A00S | '
PC =0 PC =1 PC = 2 PC=3 PC= 0
MP1F | l I I
| ]
MP2F l r——
RAOD l ,
RAOS/
MWCF |
|
MCFS/ . I |
I_ - - _I
MERF L - J’
WRITE
]
XnFF | . l |
| I
MCFF | I
]
A00s | l
|
WOo0D | |
pcz=0 | pPc=1 PC=z2 PC:=3 PC= 0
MPIF | I | l
I r————
MP2F |
|
MCFS/ ( | I
|

FIGURE 2,1-2
MEMORY TO CENTRAL CONTROL TIMING

With the Cross-point set, level A00S (Memory Start) is developed in
Central Control and sent to the Memory Module., If the operation is a
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Memory Write, then the Memory Write Level(W0OD) is also sent to the
Memory Module. AOOS will initiate the Memory operation in the Memory
Module, and WOOD will allow the Ihformation to be written to be set in-
to the Information Register and set the Memory Write Flip-Flop (MWRF).

In the Memory Module, the Pulse Counter is counted with each Clock Pul-
se from O to 3 and back to 0., Its purpose is to determine when the
Logical levels will be TRUE to keep the Logical operation of the Memory
and Central Control in sync with the Multi Timing to the Core Stack.

The Logical levels RAOD, RAOS/ and MCFS/ are developed from the Pulse
Counter to gate the Processor or I/O and the Central Control during a
Memory Access. The terms RAOD, RAOS/, MWCF and MERF are used only dur-
ing a Memory Read operation., The only term used during a Write opera-
tion is MCFS/. 1Its use is to indicate to Central Control that a Memory
operation is completed, clearing the Memory Cross-point and Memory cy-
cle flip-flop. ’

Memory Operation

The functions which occur in the Memory Module during a Memory opera-
tion are controlled by the Memory Pulse Counter and the Multi Timing
circuitry. The Pulse Counter controls those functions which use the

1 meg. Clock instead of the Multis for their timing., The Multi timing,
initiated by the 1 meg. Clock, is completely asynchronous in its oper-
ation,

Referencing Figure 2,1-3, the Memory operation is started when MSTD
(Memory Start Driver) is TRUE., MSTD with the Tg Clock Pulse will set
the Address Register(AnnF) and initiate the Multi Timing by triggering
MS1M (Memory Switch 1 Multi). This Multi will be TRUE for the entire
Memory cycle, approximately 3 microseconds. Occurring with MSTD is
the level MISD (Memory Input Strobe Driver) for a Write operation only.
MISD will set the Information Register (InnF) to the information to be
written and set the Memory Write Flip-Flop (MWRF),

The next occurrence is in the Multi Timing. MS1M sets MR2M (Memory
Read 2 Multi)., With MS1M and MR2M both TRUE, a destructive Read of the
Stack is done, At Strobe Time (STTP), bit 49 in the Information Regis-
ter will be set (or not set) to generate the correct Parity in the In-
formation Register. The Clock Pulse Tj; occurs during the Read portion
of the Memory cycle and its only function for a Write operation is to
count the Pulse Counter to two. While the Pulse Counter is at a value
of two, the Read out is terminated with the time out of MR2M which in
turn sets MRWP (Memory Read to Write Delay Pulse). MRWP in turn, trig-
gers MIHM (Memory Inhibit Multi). MIHM turns on the Inhibit Drivers
that are associated with those bits in the Information Register that
are in the '"zero" state. MIHM also turns on the Memory Write 2 Multi
(MW2M) to drive Write current in the "X" and "Y" lines in the Core
Stack.,

During the Write portion of the Memory cycle, the T2 Clock Pulse wili
count the Pulse Counter to Three. With the Pulse Counter equal to
three, the level MCFS/ (Memory Cycle Finished Not Switch) goes FALSE.,
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FIGURE 2.1-3
REMOTE MEMORY TIMING

This FALSE level, with the T3 Clock Pulse, indicates to Central Control
that the Memory operation is complete, The T3 Clock Pulse will count
the Pulse Counter back to zero, and with MCFS/ FALSE, the same Clock
Pulse will clear the Cross-point and Memory cycle Flip-Flops in Central
Control. In the Multi Timing, at approximately the same time as T3,
MS1IM and MW2M and MIHM will time out. MIHM timing out will set MICM
(Memory Information Register Clear Multi) which will result in clearing
the Memory Module.

In a Memory Read operation, the actions of the Pulse Counter and Multi
Timing are identical to the Memory Write operation. During a Read op-
eration, the level MISD remains FALSE, This results in the Information
Register and MWRF remaining in the "Zero" state. When STTP occurs dur-
ing the Read phase of the operation, the information being read from
the Stack is set into the Information Register, including the Parity
bit I49F. The Parity circuit will check the information in the Inform-
ation Register and if a Parity Error exists (even number of bits ON in
the Information Register), MERF (Memory Error Flip-Flop) will be set
with Tg9 Clock Pulse.
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Other differences between a Read and a Write operation are in the Log-
ical levels sent to the Central Control. During a Memory Read opera-
tion (indicated by MWRF in the "zero' state), the RAOD level will be
TRUE when the Pulse Counter is equal to one. This allows the access-
ing Unit (Processor or 1/0) to prepare to accept the Read information
from Memory at Clock Pulse T2, MWCF is TRUE when the Pulse Counter
equals two. This indicates to Central Control that the Read informa-
tion can now be transferred to the Processor. MCFS/ serves the same
purpose in a Memory Read Operation as it did in a Memory Write opera-
tion, clearing the flip-flops in Central Control at Tg3.

Clocked Flow

The Core Memory flow charts are separated into two groups, Clocked and
Unclocked. The description of these flows will cover the two groups
separately. The described actions will be identified as to their re-
spective MPC values (Memory Pulse Counter).

MPC = 0

All actions occurring at this MPC count require the Memory Module to
be in Remote (TRML). Reference Figure 2.1-4.

CLOCKED

|MPCOO'l

| MS1M }
LOCAL MAINTENANCE
CYCLE INITIATION
’ ( TRML
MSTD <— | 400s-C
MISD <— | ) AOOS~C e WOOD~-C
REMOTE CYCLE J MWRF «—1 Miso
INITIATION TanF «— | MISD-WnnS-C
MPIF «— |
MSTD
I MSIM ll MSIM <— |
\_ AnnF <— | MSTD e AnnS -C

FIGURE 2.,1-4
MPC = O FLOW
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MSTD <— 1 (Unclocked)

With the Start Pulse from Central Control (A00S-C), the Memory
Start Driver will go TRUE to start the Memory operation,

MISD “—1 (Unclocked)

If the Memory operation is a Memory Write, then the Memory Input
Strobe Driver will go TRUE at the start of the Memory cycle
(A00S-C « WOOD-C).

MWRF <— 1
Set the Memory Write flip-flop if this is a Memory Write opera-
tion as indicated by MISD being TRUE,

InnF =—1

Set the information to be written into the Information Register
as specified by the Write Information lines (MISD ¢ WnnS-C).
The nn in this case are the values of 01 thru 48,

MP1lF<—1, MSIM =1

Set MP1F to give the Pulse Counter a value of '"one" in prepara-
tion for the next sequence operation. With MSTD, set the MS1IM
multi to initiate the Multi Timing to the Core Stack.

AnnF ~—1
Set the Address of the Core Stack into the Memory Address Regis-

ter at the start of the operation (MSTD . AnnS- C) AnnS~C are
the 12 Address lines from Central Control.

MPC = 1

- For the flow chart of this MPC value, refer to Figure 2.1-5.

CLOCKED

MPIF <— O
‘ 1 MP2F <— |
REMOTE READ ACCESS RAOD <— 1 MWRE o TRML

OBTAINED LEVEL
MWCF <— | RAOD

®

FIGURE 2,1-5
MPC = 1 FLOW
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Unconditionally increase the value of the Pulse Counter by "one" (MP1F
to 0 and MP2F to 1). .

RAOD <—1

While the Pulse Counter is at a value of "one", allow the Remote
Read Access Obtained Level to be TRUE to Central Control if the
Memory operation is a Read and the Memory Module is in REMOTE
(MWRF/ « TRML).

MWCF <—1
With RAOD, the operation is a Read. Set MWCF,

MPC = 2
For the actions listed for this MPC value, refer to Figure 2,1-6,

CLOCKED

|
REMOTE READ ACCESS
OBTAINED FLIP FLOP LEVEL | MROF (LEVEL) MWCF
, PERLSMWRF o (MANL
REMEMBER SENSING ERROR | MERF <— | +TRML)+ MIR # PAT.
CONT. o (TRMS » MANS)
MWCF <— o TRML (NO MPC TERM)
MPIF <— |

®
FIGURE 2.1-6
MPC = 2 FLOW

MROF (Level)

With MWCF set, the MROF level is developed in Central Control to
gate the Information lines from Central Control to the Processor.
If the Accessing Unit is an I/0 channel, then this level will
not effect Central Control,.

MERF <—1

There are two conditions by which MERF can be set., The one that
is used when in a REMOTE operation is the term PERL . MWRF/ -
(MANL + TRML)., PERL will be TRUE if an even number of bits are
ON in the Information Register indicating a Parity Error during
a Read operation (MWRF/).

If the Memory is being operated in REMOTE or MANUAL (TRML + MANL),
then set the Memory Error Flip-Flop (MERF to 1).

Printed in U.S.A.



2,1-10

MWCF <— 0

Set MWCF to zero when in REMOTE (TRML).

MP1F <—1

MPC =

Unconditionally set MP1F to one at MPC = 2 to increase the Pulse
Counter to a value of three.

3

For all actions occurring at this MPC count, refer to Figure 2,1-7,

CLOCKED

MWRF &£ 0O

MERF &— 0

GENERATE POSITIVE GOING [~=55%
CYCLE FINISHED LEVEL MCFS <— O(LEVEL)

InnF'S <— 0
: TRML o SPUS
REMOTE SINGLE PULSE CONTROL AnnF's <— 0 "R8PD"

TRML

REMOTE PARITY ERROR LEVEL MPEF(LEVEL) MERF
MPC € 0 TRML + TSCL

REMEMBER PRECEEDING CYCLE

LOCAL MAINTENANCE
CYCLE INITIATION.

FIGURE 2,1-7
MPC = 3 FLOW

InnFs <=0, AnnFs<—0, MWRF<0

When terminating a Memory operation, it is necessary to clear

the Memory Module in order to have all flip-flops in the "zero"
state at the start of some future Memory operation., If the Sys-
tem Clock is in single or double pulse, then the clearing of

some of the Module will be done with a Clock pulse via the Re-
mote Single Pulse Driver (RSPD). RSPD = TRML + SPUS, the Memory
Module in Remote and the System Clock not in the Normal Mode.

If this condition exists, then clear the Information Register :
(InnFs), the Address Register (AnnFs), and the Memory Write Flip-
flop (MWRF).
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MERF <— 0, MCFS/ <0

When operating in REMOTE, unconditionally set the Error Flip-
flop to zero; and with MPC = 3, the MCFS/ level goes FALSE to
Central Control, This level will result in the controlling flip-
flops in Central Control being cleared.

MPEF (Level)

If a Memory Parity Error existed in the Read operation, then
MERF will be ON, With MERF in the 'one'" state, develop the Mem-
ory Parity Error Level (MPEF) in Central Control.

MPC <—0

When in REMOTE, and at MPC = 3, unconditionally set the Memory
Pulse Counter to zero. This results in the termination of the
Memory operation., At MPC = 0, a Memory Start is needed from
Central Control for any more actions to take place. Refer to
Figure 2,1-4.

Unclocked Flow

The Unclocked flow is primarily concerned with the Multi Timing and
those functions which are a result of the multis. The Multi Timing
circuitry is initiated by MSTD and a Clock pulse at MPC = 0, (see Fig-
ure 2,1-4) by setting the MSIM multi. Once MS1M is set, the multi
train will continue to completion, completely independent of the Sys-
tem Clock as described below.

NOTE

All timings given in this section of the
Manual are approximations only. For exact
timings of the Multis, refer to Section 5
of this Manual.

MS1M

MS1M is turned ON at the start of a Memory operation and remains ON for
the entire Memory operation, approximately 3 microseconds, MS1M en-
ables the Address switches selected by the Address in the Address Reg-
ister., Refer to Figure 2.1-8.

MR2M <—1

MR2M is turned ON by MS1M if the Inhibit multi is OFF (MIHM/).
MR2M is on for approximately 1.0 microsecond and enables the
X" and "Y" Read drivers to drive Read current in the Core Stack.

MR2M

While MR2M is TRUE, the Strobe Pulse will occur approximately 630 nahpﬁy
seconds after the Leading Edge of MR2M. The Strobe Pulse (STTP) will
gate several functions during the Read phase of the Memory operation,
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UNCLOCKED

GATE SWITCHE *ON"[:::::P_____ DUE TO BEING HELD OVER & INTERNAL
$ CONTROL MSIM REMAINS "ON" FOR APPROX.
3.0us. :
[MR2M «— 1 [MIHM/ ]

GATE READ DRlvens'ON"MR,zM REMAINS ON FOR APPROX. 1.DMS.

INNF <— 1 STTYTPeMWRF/eSNnP

STTP*MWRF «sPERL
(MANL+TRML)

I49F ~— 1

READ TO WRITE TIMING PULSE| MRWP <— 4 ]

O

MRWP

FIGURE 2,1-8
MS1M to MRWP

InnF=—1

If this is a Memory Read operation (MWRF/), set the Read inform-
ation into the Information Register at Strobe time (STTP). The

information to be placed in the Register is from the Sense Amps

(SnnP) .

I49F <—1

If a Parity Error exists in the MIR Register (PERL), set bit 49
of the Information Register at Strobe Time for a Memory Write
operation (STTP . MWRF), By this action, the correct Parity is
set into the Information Register during a Memory Write operation.

MR2M/

Approximately 300 nanoseconds after the time out of MR2M, the MRWP de-
lay will be set. This is for a 300 nanosecond delay between the Read
and Write portions of a Memory operation. The remainder of this de-
scription will reference Figure 2,.1-9.

MRWP

When MRWP is set, the Inhibit Multi (MIHM) is set to gate on the In-
hibit Drivers., Which Inhibit Drivers will drive current through the
Stack depends upon the Information in the MIR Register.
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MIHM

The Inhibit Multi will be on for approximately 1.55 microseconds.
During the time it is set, it will hold-over MS1M to prevent MS1M from
timing out. The Inhibit multi will also set the Write Multi (MW2M <—1)
to drive the Write current in the Core Stack. MW2M will remain on for
approximately 1.0 microsecond.

UNCLOCKED

i

[MIHMm < 1 1
. DUE TO BEING HELD OVER & INTERNAL .
GATE INHIBIT DRIVERS 'ON |M£HM= CONTROL MIHM REMAINS "ON" FOR APPROX.
1.55M8.
MW2M «— 1
[MS 1M
GATE WRITE DRIVERS "on"lmwam} MW2M REMAINS ON" FOR APPROX. 1.0uS.

| vznm ]

d

MIHM/

[MIcM=—:1 |

GENERATE CLEAR PULSE| MICM

!

MICD<—1 TRML'SPUL/-C+CTUS'(MANS/+MWRF/M
MA CD<—1 TRML*SPUL/~-C
MWRF <0

MACD
AhhFs <— O

INNFS «<— O|MICD

FIGURE 2.1-9
MWRP to MICM

MW2M

To prevent the Inhibit Multi from timing out, MW2M will hold-over the
Inhibit Multi (MIHM/).

MIHM/

The Inhibit Multi will time out at the termination of the Write phase
of the Memory operation. When it times out, the Memory Information
Clear Multi (MICM) is set to generate a Clear Pulse in the Memory Mod-
ule,
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MICM
With MICM TRUE, the following actions will occur in REMOTE:

MICD=-—1

This driver will have a TRUE output if the Memory Module is in
REMOTE and the System Clock switch is in the NORMAL position
(TRML . SPUL/-C). If the System Clock Mode switch is in single
or double pulse, then MACD and MICD will go TRUE with the Pulse
Counter equal to three. See Figure 2,1-7,

MWRF<—0, AnnFs<—-0
Clear the Address Register and the Memory Write Flip-Flop with
the MACD level.
InnFs <—0
Clear the Information Register with the MICD level,
Figure 2.1-10 is a Timing Diagram of the Multi Timing previously de-

scribed with the times indicated for each of the Multis., All times
indicated are taken from the Leading Edge of Tg.

NOTE

The Times used here are only approximations.
The user of this manual is cautioned to use
only the timings indicated in Section 5 for
adjusting a Memory Module,

To T T2 T3
cLocK ]_J LJ LJ : u

0.1 2.78
MS1M I r_—_

MRZM ___I_____,

STTP

MRWP l f
152 2.7
MIHM | I —
1.62 2.62
Mwam | I
2.75 2.9
MICM L]

*0.3 MICROSECOND FROM TRAILING EDGE OF MR2M, TRAILING
EDGE OF MRWP NOT CRITICAL.

FIGURE 2.1-10
MULTI TIMING
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2,2 OFF-LINE OPERATION

The B461 Core Memory is designed to operate Off-Line as well as On-Line.
The Off-Line Mode of operation is used primarily for testing of the
Memory Module.

With the Off-Line Mode of operation, the Information recorded can be
manually inserted in the Information Register, or generated within the
Memory Module. All Information manually inserted is tested for the
proper Parity and all Information generated is tested for specific com-
binations of bits as determined by the Pattern Control circuitry.

The Memory Maintenance switches are the prime control in the Off-Line
Mode of operation. These switches determine the Information to be re-
corded and the type of operation to be done. For a detailed descrip-
tion of the Maintenance switches, refer to Section 3.27 of this Manual.

The various types of operations which can be done are as follows:

1. Single Cycle/Continuous - Continuous allows the Memory Module to
initiate successive Memory cycles. Single cycle will allow only
one Memory cycle to be executed.

2, Manual/Auto - In the Manual position, the Information to be re-
corded is manually inserted into the Information Register and
tested for the correct Parity (ODD). In the Automatic position,
the Information to be recorded is determined by and checked for
the combination of bits specified by the Pattern Control circuit-
ry.

3. Pattern Normal/Pattern Complement - In Pattern Normal (PCNL), the
testing of the Module is accomplished with two Memory cycles at
each Address. In Pattern Complement (PCCL), the testing is ac-
complished with four Memory cycles at each Address. The PCCL

- Mode of operation is also referred to as '"Worst Case'.

4, Uniform/Checkerboard - This Mode of operation will only determine
the type of Information pattern to be developed. When in Check-
erboard, this will force the Automatic Mode of operation. For a
description of the Checkerboard patterns developed, refer to Sec-
tion 6.8 of this Manual.

When operating the Memory Module in Off-Line, the Address Register in-
stead of being Set and Reset, is counted up by one, A certain amount
of control can be exercised over this counting. Via the Maintenance
switches, one can count only the "X" portion of the Address Register,
count only the "Y" portion of the Address Register, or inhibit all
counting of the Address Register. This Register can also be manually
counted by use of the STEP MAR switch,

Two other conditions that have not been previously mentioned that can
be used in an Off-Line operation are as follows:

1. STOP ON ERROR -~ This will stop the operation if an Error condi-
tion exists and the IGNORE/STOP switch is in the STOP position.

2. STOP ON FINAL ADDRESS - This switch will stop the Memory opera-
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tion when the Address Register is equal to 7777,
The STOP ON ERROR and STOP ON FINAL ADDRESS will stop a Continuous op-

eration with the Pulse Counter equal to three. The Stop due to a Sing-
le cycle operation will stop with the Pulse Counter equal to zero.

Multi Timing

The Multi Timing for an Off-Line operation is the same as the timing
in an On-Line operation. For this reason, only the portions of Mem-
ory Timing that are unique to an Off-Line operation will be discussed
at this time,

Referencing Figure 2.2-1, only the occurrences at Strobe Time (STTP)
vary for the Read portion of a Memory cycle. These differences are:

UNCLOCKED

GATE SWITCHES “oN" @____‘DUE TO BEING HELD OVER & INTERNAL
° CONTROL MStM REMAINS "ON"FOR APPROX,

3.0uS.
IMRZM(—I MIHM/ ]
GATE READ DRIVERS‘\ON"MRZM REMAINS ON FOR APPROX. 1.0MLS.

STROBE TIMING STTP
PULSE
INnNF <— PATTERN CONT. |[STTPeMWRF *MANS/ ¢TRMS/

INNF <— ¢ STTPeMWRF/e*sSNnP

STTP*MWRF ePERL
(MANL+TRML )

I49F =—— 1

MR2M/

i

READ TO WRITE TIMING PULSE[MRWP‘-—'1 1

O

MRWP

FIGURE 2,2-1
MULTI TIMING (MS1M to MRWP)

1. InnF<—PATTERN CONTROL - The Information Register is set to the
configuration specified by the Pattern Control circuitry if the
following condition exists:

STTP « MWRF +« MANS/ < TRMS/

This logic states that at Strobe Time (STTP) and the Memory cycle
is a Write (MWRF); when in Local (TRMS/), set the Information to
the Pattern Control if this is not a Manual operation (MANS/).
This is a set of 49 bits of the Information Register.

2, I49F =<1 - If the condition of STTP . MWRF . PERL * (MANL + TRML)
exists, then set the correct Parity into the Information Register
for a Memory Write operation. In an Off-Line operation, the term
TRML is FALSE. This action is then enabled by the term MANL., If
I49F is to be set, the PERL level will be TRUE to indicate an even

number of bits exist in the Information Register.
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Referencing Figure 2.,2-2, the only differences in the Off-Line opera-
tion are at MICM time. The terminations of a Memory cycle are as fol-
lows: v

UNCLOCKED

[MIHM <1 |

. DUE TO BEING HELD OVER & INTERNAL
GATE INHIBIT DRIVERS ‘ON @——CONTROL MIHM REMAINS “ON" FOR APPROX.
1.5508.

MW2M <— 1

/MS 1M

GATE WRITE DRIVERS “on”l@—— MW2M REMAINS "ON" FOR APPROX. 1.0JusS.

~

| /mMIum |

i

MIHM/

[MEem<—1 |

GENERATE CLEAR PULSE| MICM

!

I49F<—0 MWRF *MANL I

CTUS *(MANS/ +MWRF/ )]

I

MERF<—0 MICDe*TRMS/

FIGURE 2,2-2
MULTI TIMING (MRWP TO MICM)

1., I49F=<—0 - Clear the 49th bit (Parity bit) of the Information
Register if this is a Manual Write operation (MWRF . MANL), This
action allows the correct Parity to be generated each time a Mem-~
ory Write operation is executed in Manual.

2. MICD=—1 - If the condition of CTUS . (MANS/ + MWRF/) exists,
then allow MICD to be developed. The gating for MICD states that
the operation is continuous (CTUS) and this is either an Auto
operation (MANS/), or, a Memory Read operation is being completed
(MWRF/) . If the operation is a Manual Write, then MICD will not
be developed and the Information Register will not be cleared.
This allows the contents of the Information Register to be re-
recorded, possibly at the next Address in succession,

3. MACD~“1 - This level is Inhibited by the term TRML which is
FALSE when in Local for the Off-Line operatlons. See shaded por-
tion of Figure 2,2-2, ‘

4., InnFs=—0 - If MICD is TRUE, then clear the Information Register.
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S. MERF‘;—O - Clear the Error Flip-Flop with MICD whenever the Mem-
ory Module is in LOCAL.

Clocked Control

When operating in LOCAL (Off-Line), certain actions require the one
meg. Clock. These actions will vary depending upon the setting of the
Maintenance switches,

Figure 2.2-3 is a Timing diagram of a Manual, Write, Single cycle op-

eration, This operation will record the contents of the Information
Register and stop at the end of the Memory cycle.

0 Y e Y e Y Y

STRL

STRL/‘

|

|
MSTS/ | f
]

MSTS

MSTL | [

MPC [ 1 2 3

o

MS1M L ]

MR2M ‘ l

STTP N

MSTF _ 1
MWRF <(

FIGURE 2,2-3
MANUAL - WRITE - SINGLE CYCLE TIMING

The terms STRL and STRL/ are derived from the START button on the
Maintenance Panel, developing the MSTS and MSTS/ levels,

MSTL = MSTS . TRMS/

The term MSTS in turn develops MSTL (Memory Start Level) which initi-
ates the Memory cycle by setting the MPC to 1 and triggering MS1M to
initiate the Multi Timing. The MSTL level can only be developed when
the Memory Module is in LOCAL due to the term TRMS/.

The only action to occur at Strobe Time (STTP) is the generation of
the correct Parity in the Information Register. When the operation is
terminated, the MPC is set to zero and the Memory Start Flip-Flop is
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set (MSTF).

If a second Memory cycle is to be initiated, the START button must be
depressed to again develop MSTL which will count the Address Register
plus one with MSTF set. '

A Manual Read Continuous operation is also initiated by MSTL., See
Figure 2,2-4,

S ™ Y R e Y s Y s Y e Y i Y p E¥
e [

. r - r
— B R
1 1 r
| | 1 —

1 | l —
T U

1 | L
MAR +1 LT

gl L

FIGURE 2,.2-4
MANUAL READ CONTINUOUS TIMING

At Strobe Time (STTP), the Read information is placed into the Inform-
ation Register and checked for correct Parity. If a Parity Error
should exist, then the Error Flip-Flop (MERF) will be set with Clock
Pulse 2., MICD is used to clear the Information Register and to reset
MERF if it is set.,

MPC = 3 for two Clock Pulses, The first Clock Pulse that occurs when
the Memory Pulse Counter is equal to three will set MSTF. The second
Clock Pulse will find MSTF = 1 and MPC = 3 resulting in MSTF being Re-
set and MPC set to 1. MSIM is triggered to start another Memory cycle,
and the Address Register is incremented by 1 (MAR + 1).

The Memory Module can also be operated automatically by placing the
MANUAL/AUTO switch in AUTO, or by placing the UNIFORM/CHECKERBOARD
switch in CHECKERBOARD. When in Auto or Checkerboard, the operation
is the same, the only difference is in the pattern generated. For the
pattern developed by the UNIFORM/CHECKERBOARD switch, refer to Section
3.28 of this Manual., Only the MANUAL/AUTO switch will be considered
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in this Section.

With the MANUAL/AUTO switch in the Auto position, the Memory operation
will consist of two or four Memory cycles before counting the Address
Register. The two or four cycle operation is determined by the Pat-
tern Normal/Pattern Complement (PCNL-PCCL) switch on the Maintenance
Panel., With the switch in the PCNL (Pattern Control Normal) position,
the Auto operation is a two cycle operation, first a Read cycle fol-
lowed by a Write cycle. See Figure 2,2-5.

wo U U U

ure o b s ol s el s Jolz]
mSTL L]

v [ 1 1 ! —
Mnzu | - | LJ L

sTTe i} U iy HiH

Iy I ¥ gl
L T T 1=
MWRF READ | WRITE B Reao | waire

MAR+1 L_J L

FIGURE 2.2-5
CONTINUOUS AUTO PCNL TIMING

During the Write cycle, the Information Register is set with the con-
figuration indicated by the Pattern Control circuitry. During the
Read cycle, the information is checked for the configuration indicated
by the Pattern Control circuitry. The configuration of bits indicated
may or may not contain a Parity Error, but the Parity Error is disre-
garded., The Address Register is counted only after the Write cycle
(MAR + 1).

If the PCNL-PCCL switch is in the PCCL position, also referred to as
"worst case'" operation, the Auto operation is a four cycle access at
each Address. See Figure 2,2-6,.

The first Memory cycle is a Read, The information read must agree
with the Pattern Control switch settings or MERF is set. At the end
of this Read operation, the Memory Worst Case Flip-Flop (MWCF) is set.
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FIGURE 2,2-6
PCCL AUTOMATIC

The second Memory cycle is a Memory Write of the complement of the pat-
tern indicated by the Pattern Control switches.

The third Memory cycle is a Memory Read to check for this complement
pattern. If any bits are in the wrong state, then set the Error Flip-~
Flop (MERF). At the termination of the third Memory cycle, reset MWCF,

With MWCF OFF, the fourth Memory cycle will now Write the true pattern
indicated by the Pattern Control switches, At the end of the fourth
Memory cycle, the condition of MWCF is OFF, MWRF is ON, and MSTF exists,
With this condition, the Address Register is counted up one (MAR + 1)
and the four cycles are repeated for the next Address.

Clocked Flows

The following write up will be primarily concerned with the Off-Line
functions indicated on the Clocked portion of the flow chart.

MPC = 0
For actions occurring at MPC = 0, refer to Figure 2,2-7.

Printed 1. U.S.A.
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CLOCKED

T

4 MAR + | [a+1L]
MSTL TRMS e MSTS
o — o
MPIF <— | MSTL

MSTF «— 0

LOCAL MAINTENANCE <

CYCLE INITIATION InaF's <— o(uNCL) MWRF +— MANS
MERF -<— O(UNCL) “mzICco"
MWRF <— A MWRF MSTF e MANS
MWCF <— /\ MWCF MSTFeMANSeMWRFePCCL
MAR + 1 MSTF @ COML
L MWCF o {(MANL + MWRF)
REMOTE CYCLE J
INITIATION
o

FIGURE 2,2-7
MPC = 0 FLOW

(A + 1L)

By depressing the STEP MAR switch on the Maintenance Panel, the
Address Register is incremented by one (MAR + 1), This action
does not require the Pulse Counter to be at a count of zero, but
it does require that the Memory Module be in LOCAL., (A + 1L =

A + 1S » TRMS/) A + 1S is the level developed from the STEP MAR

- switch,

TRMS/ . MSTS

With the Memory Module in LOCAL (TRMS/) and depressing the START
switch (MSTS), the Memory Start Level (MSTL) is developed.

MSTL

When MSTL is TRUE with a Clock Pulse; initiate the Multi Timing
(MS1M =<—1), set the Pulse Counter to one (MP1F <—1), and reset
the Memory Start Flip~Flop (MSTF-<—0). MSTF will be set if a
previous Memory cycle had stopped due to a Single Cycle opera-
tion, '

MSTL will also enable all of the actions listed below the double
line shown in Figure 2,2-7. ,

MWRF/ + MANS/ '"MICD"

If this is not a Write cycle (MWRF/), or if this is an Auto,op-'
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eration instead of a Manual operation (MANS), then the MICD lev-
el is developed. MICD in turn will clear the Information Regis-
ter (InnFs=—0) and reset the Error Flip-Flop (MERF~<—0). Both
of these actions are Unclocked but are shown here because they
require the Pulse Counter equal to zero.

MSTF . MANS/

If the Memory Start Flip-Flop is ON and this is an Auto opera-
tion (MSTF . MANS/), then complement the Write Flip-Flop

( MWRF=— A MWRF). This action will alternate the Read and Write
operations when operating in Auto,

MSTF . MANS/ « MWRF/ « PCCL

If the Memory Start Flip-Flop is ON (MSTF) and this is not a MAN-
ual operation (MANS/) and the previous Memory cycle was a Memory
Read with the Pattern Control switch in the "worst case'" position
(MWRF/ . PCCL), then complement the "worst case" flip-flop
(MWCF <— AMWCF) ., With MWCF ON, the complement of the bit config-
uration indicated by the Pattern Control circuitry will be writ-
ten and read in Memory.

MSTF « COML . MWCF/ . (MANL + MWRF)

With the Memory Start Flip-Flop set and the COUNT/INHIBIT switch
in the COUNT position (COML) and the "worst case" flip-flop OFF
(MWCF/) , the Address Register will be incremented by one (MAR + 1)
if this is a Manual operation or if the Write Flip-Flop is set
(MANL + MWRF). This allows the Address Register to be counted
after each Memory cycle when operating in Manual, or if in Auto,
only at the end of the Write cycle, The combination of MWCF/ and
MWRF will count up the Address Register only after the fourth
Memory cycle when doing a PCCL operation. See Figure 2,.2-6,

All of the actions shown in the shaded portion of Figure 2,2-7
"cannot occur when in LOCAL due to the REMOTE level (TRML) being

FALSE,
MPC = 1

The only action to occur at the Pulse count of one is the unconditiomnal
setting of the Pulse Counter to two (MP1lF—= 0, MP2F <1). See Figure
2. 2-8. CLOCKED

REMOTE READ ACCESS
OBTAINED LEVEL

FIGURE 2.2-8
MPC = 1 FLOW

Printed in U.S.A.
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MPC = 2

For the actions which occur at MPC = 2, refer to Figure 2,2-9,

CLQCKED

REMOTE READ ACCESS
OBTAINED FLIP FLOP LEVE

PERLOMWRF @ (MANL
REMEMBER SENSING ERROR MERF <— | +TRML)+ MIR % PAT.
CONT. ® (TRMS ® MANS)

O

FIGURE 2,2-9
MPC = 2 FLOW

PERL . MWRF/ . (MANL + TRML) + (MIR # PAT, CONT,) .(TRMS/ . MANS/)

With either of the two conditions TRUE, then the Error Flip-Flop
will be set (MERF—=—1). The first of the two OR terms; PERL -
MWRF/ ¢ (MANL + TRML) is used when a Parity Error is present
during a Memory Read cycle (PERL . MWRF/) with the Memory being
operated in Manual or Remote (MANL + TRML).

The second OR term (MIR # PATTERN CONTROL) - (TRMS/ . MANS/) is
used if the configuration of bits in the Information Register
does not coincide with the configuration indicated by the Pat-
tern Control circuitry and the Memory is being operated in Local
and not in Manual (TRMS/ . MANS/).

Unconditionally set the Pulse Counter to three (MP1lF <—1).

MPC = 3

Before going into the actions listed under MPC = 3, the levels TSCL
and CTUS should be understood. TSCL is the Test Single Cycle Level
and it will be TRUE if the SINGLE/CONTINUOUS switch is in the SINGLE
position. This will result in the Pulse Counter being set to zero
and the Start Flip-Flop set to one., With these actions, the Memory
Module will be at MPC = 0 and MSTF = 1 to enable the logic in Figure
2.2-7 when the START button is depressed.

The mnemonic CTUS is the Continue Level used in a LOCAL operation to
allow one Memory cycle to immediately follow a previous Memory cycle.
CTUS is made up of the following logic:
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e + TRML REMOTE
+ TSCL ’ i TEST SINGLE CYCLE
+ MWCF/ *+ MWRF « CAG 005 + SFAL STOP~-FINAL-~-ADDRESS & AUTO
+ MANL . CAG 005 . SFAL STOP-FINAL-ADDRESS & MANUAL
+ MERF . SOEL STOP-ERROR & ERROR EXISTS
If all of the above inputs are FALSE, then CTUS will be TRUE through a

switch to enable the Continuous operation.

Examin

1.

2.

S.

If all

ing the inputs from top to bottom:

The LOCAL/REMOTE switch must be in LOCAL to make TRML a FALSE
level.

TSCL will be FALSE if the SINGLE/CONTINUOUS switch is in the CON-
TINUOUS position.

CAG 005 = AX1S . AX2S -+ AX3S °+ AX4S ° AX5S + AX6S -+ AY1lS - AY2S -
AY3S . AY4S . AYSS - AY6S

The third input is used in AUTO (or CHECKERBOARD) to STOP-FINAL-
ADDRESS. With the condition of MWCF/ . MWRF, the AUTO operation
will be at the end of either the two or four cycle operation for
any particular Address. If this Address is 7777, then the output
of CAG 005 will be TRUE, The inputs to CAG 005 are from the
cross-coupled switches of the Address Register. With the STOP-
FINAL-ADDRESS switch in the STOP FA position, then SFAL level will
be TRUE to inhibit a CONTINUOUS operation when MAR = 7777.

The fourth input (+ MANL . CAG 005 . SFAL) is the STOP FA for a
Manual operation.

The fifth input will be TRUE to inhibit a CONTINUOUS operation
if there is an Error as indicated by MERF, and the STOP ERROR/
IGNORE ERROR switch is in the STOP position as indicated by SOEL,

of the inputs to CTUS are FALSE, then the output of the CTUS

switch will be TRUE to allow a CONTINUOUS operation. If any one of the

inputs

are TRUE, then CTUS will be FALSE and a CONTINUOUS operation

will be stopped with the Pulse Counter equal to three.

For the actions which occur at MPC = 3, refer to Figure 2,2-10, The
portions of this Figure which are shaded can occur only when in the
REMOTE position and have been discussed in Section 2.1.

Printed in

U.S.A.
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CLOCKED

REMOTE SINGLE PULSE CONTROL {

GENERATE POSITIVE GOING
CYCLE FINISHED LEVEL
REMOTE PARITY ERROR LEVEL

- MPC <— O TRML + TSCL
REMEMBER PRECEEDING CYCLE MSTF <— | MSTL + TSCL + CTUS
InnF's <— O MSTLe (MANS + MWRF)
MERF «£— 0 “m1co"

o o =— -
) @—_— MPC  — | MSTF

LOCAL MAINTENANCE MSTF «— 0
CYCLE INITIATION AR T ow TR T

MWRF <— A MWRF| WANS
MWCF <— A MWCF| WMWRF e MANS e PCCL

FIGURE 2,2-10
MPC = 3 FLOW

TRML + TSCL

If the Memory Module is in REMOTE (TRML) or if it is in SINGLE
CYCLE (TSCL), then set the Pulse Counter to zero, MPC=—0,

MSTL + TSCL + CTUS

If the Memory Start Level is TRUE from the Start switch (MSTL)
or, if this is a SINGLE CYCLE operation (TSCL) or, if the CON-
TINUOUS level is TRUE (CTUS); then set the Start Flip-Flop to
one (MSTF=—1) to remember a previous operation.

MSTL + (MANS/ + MWRF/) "MICD"

The level MICD, Memory Information Clear Driver, will be TRUE
with the MSTL level and either MANS/ (no Manual operation) or
MWRF/ (a Memory Read operation). MICD in turn is used to clear
the Information Register (InnFs=<—0), and to reset the Error
Flip-Flop (MERF-—O0), ,

MSTF

With MSTF set at MPC = 3(this is the second Clock Pulse at MPC =
3); another Memory cycle will be initiated by setting MS1M =—1

to initiate the Multi Timing. Also, the Pulse Counter is set to
one (MPC=1), and the Memory Start Flip-Flop is reset (MSTF—=0).
The Pulse Counter is set to zero instead of one because the ac- .
tions to initiate a Memory cycle are now done at MPC = 3 instead
of at MPC = O,

With MSTF set to one, all of the actions listed below the double
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line shown in Figure 2.2-10 can occur.

COML + MWCF/ « (MANL + MWRF)

With the above conditions, the Address Register will be incre-
mented by one (MAR + 1), The above term states that the COUNT/
INHIBIT switch is in the COUNT position (COML) and the "worst
case" flip-flop is OFF (MWCF/) and, this is either a Manual op-
eration (MANL) or, the Write flip-flop is set (MWRF). When op-
erating in AUTO, MANL is FALSE. The combination of MWCF/ and
MWRF indicates the end of a two or four cycle Memory operation.
See Figures 2,2-5 and 2,2-6.

MANS/

If this is not a Manual operation, then complement the Write
flip-flop (MWRF <— A MWRF).

MWRF/ . MANS/ . PCCL

If the operation is the "worst case" (PCCL), and not a Manual
‘operation (MANS/), then complement the '"worst case'" flip-flop
(MWCF =<— AMWCF) at the completion of each Memory Read cycle,
The complementing of MWCF allows for the Writing and Reading of
the true and complement form of the configuration of bits as
indicated by the Pattern Control circuitry.

The previous discussion of the Flow Charts showed only the portions of
the flows involved, Figures 2,2-11 and 2,2-12 display the entire
flows for the Core Memory.

The columns at the left are the Clocked portion of the flow subdivided
by MPC values. The columns at the right display the Unclocked portion

of the flow and is subdivided by the individual Multis and the actions
that they perform.

SEE PAGE 2,2-14 FOR FIGURES 2.2-11 & 2,2-12,

Printed in U.S.A.
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MSIM
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MSIM < |

MPIF < | MSTL
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InnF's <— O (UNCL) MWRF + MANS

MERF <— O (UNCL) "MICD"

MWRF <— A MWRF MSTF+ MANS
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FIGURE

UNCLOCKED

DUE TO BEING HELD OVER AND INTERNAL CONTROL
"MSIM® REMAINS "ON" FOR APPROX 3.0 USEC.

GATE SWITCHES "ON" -—~———

[ mrem—

"MR2M" REMAINS "ON" FOR APPROX 1.0 USEC.

GATE READ DRIVERS "ON"

STROBE TIMING PULSE STTP
InnFPATTERN CONT, | STTP. NWRF. MANS.TRWS.
InnFa | STTP « WWRE - Snnp
STTP - WWRF - PERL
Ta9Fe- 1 (MANL + TRML)
WRaw
READ TO WRITE TIMING PULSE MRWP <— | - J
MRwWP

COML * COUNT MAR LEVEL

MSTL = MEMORY START CYCLE LEVEL.

MSTF = MEMORY START FLIP FLOP

MSTS = MEMORY START SWITCH.

MICD = MEMORY INFORMATION CLEAR DRIVER.
PCCL = PATTERN COMPLEMENT CYCLE LEVEL.
MISD * MEMORY INFORMATION STROBE DRIVER.
MSTD = MEMORY START DRIVER (REMOTE}.

PERL = PARITY ERROR LEVEL

2.2-11

CORE MEMORY FLOW CHART (1 of 2)

CLOCKED UNCLOCKED
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MROF (LEVEL) MWCF
PERL+ MWRF o (MANL+ TRML ) DUE TO BEING HELD OVER AND INTERNAL
MERF < 1| + MIR # PAT: CONT- (TR - MANS) GATE INMIBIT DRIVERS "ON" CONTROL "MIHM™ REMAINS “ON" FOR APPROX.
1.85 USEC,
MWCF <0 TRML (NO MPC TERM)
MPIF — 1 [awem —1 1
[ Msiw -]
GATE WRITE DRIVERS "ON' [ MWeM_ | "MW2M" REMAINS "ON* FOR APPROX. 1.0 USEC.
[mrnm ]

®__

InnF's < 0
AnnF's «— 0 TRML * SPUS [_m—r—}___
MWRF <0 " RSPD”
MERF <0 TRML [Twiem=—1
WMCFS «— 0 (LEVEL)
MPEF  (LEVEL) MERF GENERATE CLEAR PULSE EE]———-
MPC «— O TRML + TSCL
MSTF = 1 MSTL + TSCL + CTUS 149F «— 0O MWRF * MANL
Innf's <— 0 MSTL o (WEN3 + MWRF) MICD <— | TRML-SBUL-C+CTUS » (MANS +MWRF }
MERF «— O "MICD" MACD <— | TRML « SPUL-C
MWRF <— O WACO
MSIM < | ANRF'S =— 0
MPC — | MSTF InnF'S <— O MICD
MSTF <O MERF «—— 0 MICD - TRMS
MAR+ | COML-MWCF «(MANL+ MWRF )
MWRF=- 4 MwAP _W_"f — SPUS = SINGLE PULSE SWITCH (REMOTE)
MWCF <— A MWCF WWRF « MANS » PCCL TSCL = TEST SINGLE CYCLE LEVEL
CTUS = CONTINUE OPERATION SWITCH
RSPD = REMOTE SINGLE PULSE DRIVER
MICD = MEMORY INFORMATION CLEAR DRIVER
MACD * MEMORY ADDRESS CLEAR DRIVER

FIGURE 2,2-12
CORE MEMORY FLOW CHART (2 of 2)
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3.1 CORE STACK

Storage in the B461 Core Memory is based on the principle of magnet-
izing a toroid core in one direction to record the storage of a bin-
ary "one'" and in the opposite direction to record a ''zero".

The ferro-magnetic material used in the construction of the core has
a nearly rectangular hysteresis loop. Since the entire operation of
storage in a core is based on the hysteresis loop, an understanding
of the magnetic characteristics of a ferro-magnetic material is es-
sential.

Ferro-ngpetism

A current flowing through a conductor will cause a magnetic field to
be built up around the conductor. The magnetic lines of force are
concentric and lying in a plane which is perpendicular to the plane
of the conductor. See Figure 3.1-1.

FLUX LINE CONDUCTOR /

FIGURE 3.1-1
MAGNETIC FIELD

An easy method of determining the direction of the magnetic lines of
force is to imagine grasping the conductor with the right hand so that
the thumb points in the direction of the current flow. The fingers
will then encircle the conductor in the direction of the flux lines.

When a ferro-magnetic material is introduced into the magnetic field,

the field becomes distorted in the manner shown in Figure 3.1-2B.

This is because the material offers a low resistance path in compari-

son to the space that surrounds the inductor. The magnetic field will
pass through the ferro-magnetic material following the contour of the

material as illustrated in Figure 3.1-2C.

Printed in U.S.A.
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A /~FLUX LINES—-—-\ B

FERRO-MAGNETIC MATERIALJ
A

o

FIGURE 3.1-2
FIELD DISTORTION

When the ferro-magnetic material is fashioned into the form of a
closed ring, the magnetic field set up by a magnetizing current is
wholly confined to the interior of the ring. No lines of magnetic
induction pass through the surface of this material to the space out-
side the ring. See Figure 3.1-2D. The magnetic intensity (H) in the
material of the ring is equal to the product of this magnetization
current and the number of turns in the magnetizing winding, divided by
the mean circumference of the ring.

H = Ni/c H = Magnetic Intensity
N = Number of Turns
i = Current in the Winding
¢ = Mean Circumference of Ring
Note that the magnetic intensity does not depend on the type of mat-
erial of which the ring is formed.
The magnetic flux density (B) within the ring is the product of the
magnetic intensity (H) and the permeability (u) of the ring material,
B = Hu B = Magnetic Flux Density
H = Magnetic Intensity
u = Permeability of the Material
The flux density (B) is not a linear function of the magnetic intens-

ity. This is because the permeability of a material is not a constant
value, Permeability depends on the type of material, the temperature
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of the material, and on how much the material has been previously mag-
netized.

FLUX DENSITY . PERMEABILITY
(WEBERS/SQ. METER) (WEBERS / AMP-METER)

v

L 12x1072

11

A
| (SATURATION)
1.80- |
|
|
|

B-H CURVE

~<VE

-——— |

\\\\\\\ B

0.00 T m o}

o ' SOO—I 600 ‘ 900 r 1200 ‘ 1500 I 1800 | 2100
50 450 750 1050 1350 1650 1950

MAGNETIC INTENSITY - (AMP-TURNS/METER)

FIGURE 3,.1-3
TYPICAL MAGNETIZATION CURVE

Figure 3.1-3 shows the relationship between B, H, and p for a typical
ferro-magnetic material, Notice that beyond point A, even though H
is increasing, B remains almost constant. This is the magnetic satu-
ration of the material and is due to the permeability (u) decreasing
at the rate that H is increasing.

Hysteresis

Figure 3.1-3 shows the relationship between the B and H only if the
material is initially unmagnetized and H is always increasing.

The magnetization curve shown in Figure 3.1-4 expresses the relation-
ship of B and H for the following conditions. :

1. The magnetization current is increased from zero until the mag-
netic intensity (H) is equal to value A. The flux density (B)
for this value of H is given to point B.

2. The magnetization current is increased from 0 until the'value
of H is D, and then decreased until the value of H is A. Now
the flux density for the H value of A is given to point E.

3. The magnetization current is decreased to 0. The value of H
falls from point A to 0. The flux density has a value of C

Printed in U.S.A.
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when H has returned to O.

FLUX DENSITY - B

O e — =

o A
FLUX INTENSITY - H

FIGURE 3.1-4
B-H CURVE

The flux density in the material is shown to depend not only on H, but
also on the degree that the material has been previously magnetized.
This behavior of the material, which causes the curve for a decreasing
value of H to depart from the curve for an increasing value of H, is
called Hysteresis.

When H is increased from 0 to some maxi- 8
mum value in the opposite direction, then

decreased to 0; increased to the same max-

imum value in the opposite direction, then ¢
decreased to 0; the flux density reverses

in the manner shown in Figure 3.1-5. This

closed magnetization curve is called a hy-

steresis loop. Points C and F indicate A D H
the flux density that remains in the mat-
erial after H is decreased to 0. These
points are usually labeled +Br and -Br and
are called the magnetic retentivity of the
material. Points A and D show the amount
of H required to reduce B to 0 after the
material has been magnetized in the oppo-
site direction. This is called the Coer-

cive Force. FIGURE 3.1-5
: HYSTERESIS LOOP
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Square Hysteresis Loop

Ferrite cores are made of special materials that will produce a hys-
teresis loop which is almost square. This square-loop characteristic
allows the ferrite to act as a bi-stable storage element. If the
ferrite core whose hysteresis loop is '
shown in Figure 3.1-6 is magnetized in
the negative direction (-Br), and we pul-
se the winding with a current value of
+I1/2, the flux density in the core will
be changed from -Br to -BrI/2, As illus-
trated, the change in residual flux is
very small, and the core is still highly
magnetized in the negative direction.
However, if we pulse the winding with a
current value of +I, the core will rapid-
ly switch from -Br to +Br and will now be
highly magnetized in the positive direc-
tion. '

|-I/2 ¢ +I/2 ‘

The square loop discriminates against
small values of current in the windings.
There is no appreciable change in flux
density unless the winding current reach-
es a value which will cause an H value
beyond the knee of the curve., The H cur-
rent value of + or - I/2 is referred to
as a half-select current; and an H cur- FIGURE 3.1-6
rent value of + or - I is referred to as SQUARE LOOP
a full select current.

_____________:f

Temperature Effect

The permeability of a ferro-magnetic material decreases as the temp-
erature increases. The flux density (B) is the product of the flux
intensity (H) and the permeability (p); therefore, if the permeability
decreases, then the shape of the material's hysteresis loop will be
changed. This temperature problem demands that the core storage sys-
tem be operated within a specified range of temperatures,

A core's hysteresis loop tends to become less square as the tempera-
ture of the material increases. This means that a winding current of
I/2 will cause a larger change in the flux density of the core. To
insure that the change in flux density will remain the same within the
range of operating temperatures, the core winding drive current is de-
creased as the temperature is increased.

Core Windings

Each of the cores in the Memory are threaded by four wires, each wire
serving as a one-turn winding. See Figure 3.1-7. In order to under-
stand the function of the windings, assume that the core is magnetized
in the negative direction and that the X and Y windings have a current
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flow that tends to establish a flux density in the positive direction,

To write a binary '"one" into the core, that is to switch the state of
the core from -Br to +Br, both the X and Y currents must occur at the
same time and have a combined value which will cause a sufficient mag-
netizing force to switch the polarity of the core's flux density.

WRITE I

CORE
(EDGE VIEW)

READ I —®

INHIBIT LINE — INHIBIT I

READ I

FIGURE 3.1-7
CORE WINDING

If the current flowing through each individual winding is equal to
I/2, then the combined value is I. This means that the core will
switch states when both currents are present; but, if only one of the
currents is present, there is very little effect on the flux density
of the core (See Figure 3.1-8A and B), and the core is half-selected.

As shown in Figure 3.1-7, the Inhibit winding current flow when pre-
sent, will oppose that of the Write currents in the X and Y lines.
When all three currents are present, the resulting effect on the core
is +I/2 since the -I/2 due to the Inhibit winding current will cancel
one of the Write +I/2 currents. See Figure 3.1-8B. The Inhibit-wind-
ing Driver is gated by the Information Register and is used to prevent
the writing of a binary "one'" into the core.

During the Read phase of a Memory cycle, the direction of current
flow in the X and Y lines is reversed. If the core is in the "ones"
state, coincident currents in the X and Y windings will cause the core
to switch its magnetic state. This is shown in Figure 3.1-8C. This
rapid change in the flux density of the core will cause a current to
be induced into the Sense winding. This is a Read out of a binary
"one" .

If the core has been originally in the "0'" state, the coincident Read
currents would merely drive the core further into saturation. As
shown in Figure 3.1-8D, there will be very little change in the flux
density and little current induced into the Sense winding.
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FIGURE 3.1-8
READ/WRITE FLUX CHANGES

A core is storing a "one'" when it is magnetized in some predetermined
direction. Whether it is magnetized in a positive or negative direc-
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FIGURE 3.1-9
ALTERNATE LINE WRITE CURRENTS

Printed in U.S.A.



3.1"8 .

tion will depend on the direction of the Write currents flowing in the
X and Y lines, Notice in Figure 3.1-9 that due to the alternate X and
Y line Write currents, two of the cores are magnetized in the positive
direction and two are magnetized in the negative direction. It does
not make any difference in what direction a core is magnetized, since
during the Read out of the information, the X and Y line current is
reversed.

Noise

Figure 3.1-10 shows a typical hysteresis loop. Because of the curved
portions of the loop, a half-select current will disturb the magnetic
state of the core. A core is subjected to half-select currents each
time another core on the same X or Y line is selected for a Read or
Write operation. '

When a core that is storing a 'one'" is subjected to a half-select Read
current, the state of the core is changed from +B to +Br/2. Similarly,
a core that is storing a '"zer0'" will be changed from -B to -Br/2.

When the information is written back into the selected core, the half-
selected cores are subjected to a half-select Write current. This
half-select Write current goes from +Br/2 to +Br/2-w/2 and from -Br/2
to -Br/2-w/2 respectively.

’.—.__—____-
N

——————— 9

r/2 &V22 & »
|
|
1
|
I
I
1
]
I
]
I
]
!

\

A. THE CHANGES IN FLUX OF A CORE STORING B.THE CHANGES IN FLUX DENSITY OF A CORE STOR-
A 1" WHEN IT IS SUBJECTED TO A HALF- ING A "0” WHEN IT IS SUBJECTED TO A (r/2) FOL~-
SELECT READ (P/2) FOLLOWED BY A HALF~ LOWED BY A HALF-SELECT WRITE (w/2).

SELECT WRITE (W/2).

FIGURE 3.1-10
HALF-SELECT FLUX CHANGES

When half-select currents are applied alternately in the Read and Write
directions, the core will transverse a minor hysteresis loop as shown
in Figure 3.1-10.

Previously, only the selected core's contribution to the Sense line
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current has been considered, However, the same Sense line passes
through every core in a plane. Unavoidably, each of the cores thread-
ed by the selected X and Y lines receives a half-select Read current
which also contributes to ihe Sense line current. In a 64 x 64 matrix,
63 cores along the X line and 63 cores along the Y line would receive
a half-select current. This accumulation of induced currents from the
half-selected cores can amount to 2n induced current which is much
greater than that due to the selected core, thereby causing a Read
error if the accumulated half-select induced currents are out of phase
with the induced current from the co-selected core,

To minimize this undesirable current flow, the Sense winding is ar-
ranged through the cores in a2 checkerboard pattern so that half of the
cores will produce 2 negative-going pulse in the Sense line, and the
other half will produce a positive pulse in the line, 3See Figure 3.1-
11.

SENSE LINE - SEMSE LINE
N GUT

»x"LINES

é
N\

-

ouT N )% g P RN 7
INHIBIT% \.\(-— \/< )/
2N ‘ ‘ \\ ‘
. *g . e \\ l*/ N * AN 'é. {,
¢ Iy AIN A\,
f 7 N ;
AK\ A b J A it
AN '
%
“
\\/,
@ — SELECTED CORE ?$ —INDICATES THE POLARITY OF THE
INDUCED CURRENT A CORE WOULD
HALF-SELECTED CORE CONTRIBUTE TO THE SENSE LINE
_— * - 1] ‘T
. — UNSELECTED CORE = —INDICATES THE DIRECTION OF CUR-

RENT IN AN "X" ORTY” LINE WHEN
SELECTED FOR A WRITE COPERATICN

FIGURE 3.1-11
8 x 8 CORE PLANE
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When all cores contain the same information (1 or 0), the positive in-
duced current which is contributed by one half of the half-selected
cores, will be cancelled by the negative induced current from the
other half of the half-select cores,

In actual practice, there is not a complete cancellation of the half-
select signals. This is because it is not possible to manufacture
cores that all exhibit exactly the same magnetic characteristics. This
is also due to the physical layout of the Sense line. There will be
two half-select cores left unopposed. :

There are 63 half-select cores on each selected line. Of these cores,
32 are contributing a pulse of one polarity and 31 are contributing a
pulse of the opposite polarity. This leaves one core on each line that
is unopposed. Both of these cores are contributing a pulse that is
out of phase with the pulse from the selected core. The resultant sig-
nal in the Sense line is the contribution of the selected core, minus
the two unopposed half-select cores contribution, plus or minus the
difference noise from the remaining half-selected cores.

R = S-2hs %dn R = Resultant Signal
S = Signal due to the selected core

hs = Signal due to the two unopposed
half-selected cores

dn = The difference noise signal due to
31 half-selected cores not complete-
ly cancelling the other 31 half-
selected cores

The worst pattern of storage information would be to have all the
cores producing positive-going currents in one state and the other
half in the opposite state. 1In this case, the term dn takes on a max-
imum value. The reason for this is that at the time that they are
both subjected to a half-select Read current, the change in flux den-~
sity of a core storing a '"one" is not equal to the change in flux den-
sity of a core storing a 'zero".

The cores storing zeros have been subjected to one more half-select
current than the cores storing ones. This additional half-select cur-
rent was applied at the time that the cores storing '"ones'" were fully
selected. Because of this additional half-select current, the resid-
ual flux density of a core storing a '"one" is not equal to the resid-
ual flux density of a core storing a '"zero".

One of the factors that determines the permeability of a material is
the degree that it has been previously magnetized. Since a core stor-
ing a "one'" is not magnetized to the same degree as a core storing a
"zero'", the changes in flux density as the result of the half-select
Read will not be the same.
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Stack Construction

All the cores for the Memory are mounted into a unit referred to as
the Core Stack. The Core Stack is sub-divided into planes. Each
plane corresponds to one bit of information in each of the words. As
there are 48 Information bits and one Parity bit in a word, the stack
consists of 49 planes, plus one blank plane for a total of 50 planes.
Each plane has its own Sense and Inhibit windings to make a total of
49 Sense and 49 Inhibit windings, one for each bit in a word.

Every time a Memory cycle is initiated, one core in each plane is se-
lected to access all 49 bits of a word. This is accomplished by the

X and Y lines, There are 4096 cores in each plane arranged in a 64 x
64 Matrix, or, each plane is accessed by 64 X lines and 64 Y lines.
Any one X line will intersect any one Y line only once in each plane;
(refer to Figure 3.1-12), but the X and Y lines are wired to all
planes in the Stack. By driving current into one X line and one Y
line, both currents being in coincidence, one core will be selected in
each plane; a total of 49 cores for an entire word.

“Y” LINE
1 OF 64

corRE PLANE]| | [] Ife
SUB-ASSEMBLY

TOP~BLANK
BOTTOM-49

HH ToP -48
BOTTOM-47

ToP-2
— BOTTOM-1

FIGURE 3.1-12
X - Y LINE INTERSECTION

Each X and Y line originates from one side of the secondary of a
transformer, loops through the entire stack, and returns to the other
side of the same transformer secondary. See Figure 3.1-12. There is
one transformer for each of the X lines and each of the Y lines. By
driving current through the transformer primary in one direction for
a Read, and the other direction for a write, the current in the sec-
ondary will also change direction. This in turn will drive current
in the X or Y line in one of two directions, depending upon Read or
Write.

For a detailed description of the transformer operation, refer to
Section 3.2 of this manual.
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3.2 ADDRESSING

Addressing is the function of selecting a particular "X'" line and "Y"
line to access one of the 4096 words in the Core Stack. Figure 3.2-1
is a diagram of the Logical Units of the Core Memory.

MAR 4 => 6

. x
1 ADDRESS
MAR . SWITCHES .
MEMORY
12 L . .. oo | 10 I 20 I 30 l 40J 50 l QQI 70 CYCLE
| X . TIMING

READ/WRITE 7

T
— Hﬁ DRIVERS
- i

.~ - ”TO. -
X" MATRIX x £y
Y

SWITCHES
ADDRESS

‘ INHIBIT
/DRIVER
SWITCHES 'CIRCUTT
cyr . ’L a —
READ/WRITE I°° ['0 I 20 l 30 |4o ] 50160] mJ X _.___r /
DRIVERS 1 OF 64 LINES

DRIVERS

r_/u
X/1_] MAR 1 => 3

MAR 10 = 12

I~P ol ]l -1

rn° “y' MATRIX siugs A [

m— N
R ) E % ciRCUIT
: B Nl —

\ CORE_STACK
3 - (1 OF 49 PLANES)
I — L . PARITY

4 - CIRCUIT
5
6

ipe

FIGURE 3.2-1
LOGICAL UNITS

The Addressing portion of this diagram consists of the Address Regis-
ter (MAR), "X" and "Y" switches, "X" and "Y" Read/Write drivers, the
"X" and "Y" Transformer Matrices, and the "X" and "Y" lines to the
Stack., The Memory Timing circuits go to the "X" and "Y" Address
switches and Read/Write drivers as an enabling level to indicate when
they are turned ON,. :

"X" and "Y" line selection is under control of the Address Register
which can be of any octal value of 0000 thru 7777. For decoding pur-
poses, the Address Register can be divided into four sections. Refer

to Figure 3.2-2,

The six Low order bits of the Address Register (bits 1 thru 6) are
used to select the "X" line to the Stack. The six High order bits of
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the Address Register (bits 7 thru 12)

are used to select the "Y" line to MA
the Stack, The six bits of "X" or "Y" 'c>:c>'
are in turn separated into two groups, 2 e
Tens and Units, which are also refer- :O
red to as High (Tens) and Low (Units). 31 18
The following is a description of the : :O
Address Register usage. ‘%:Lim4_aiﬁﬂ
LO=-Y o I‘ LO-X
MAR 1 thru 3 Units X (Low=X) s | 3
Selects "X" Read/Write drivers. ® ;'o
MAR 4 thru 6 Tens X (High-X) * il
Selects "X'" Address switches, g’;@?

MAR 7 thru 9 Units Y (Low-Y)
Selects "Y" Read/Write drivers, FIGURE 3.2-2

MAR 10 thru 12 Tens Y (High-Y) MEMORY ADDRESS REGISTER
Selects "Y" Address switches.

Figure 3.2-1 shows the MAR usage with MAR 1 thru 3 gating the "X'" Read/
Write drivers to select one of the seven drivers (X0 thru X7). MAR 4
thru 6 gates the "X'" Address Switches to select one of the seven
switches (X00 thru X70). Likewise, the six High order bits of MAR are
used to select one '"'Y" Read/Write driver (MAR 7 thru 9) and one "Y"
Address switch (MAR 10 thru 12).

"X" & "Y" Numbering

Core Addresses are comprised of four octal digits of which the "Y" is
always the two High order digits, and the "X" is always the two Low
order digits., For example: If the Address Register contained the con-
figuration of bits as indicated by the black circles shown in Figure
3.2-2, then the Stack location being accessed is Address 1234, The six
High order bits of the Address Register contain a value of Tens 1 and
Units 2 for an octal value of 12, This will result in the "Y"-12 line
of the Stack being selected.

The six Low order bits of the Address Register contain a Tens 3 and a
Units 4 for an octal value of 34, This will result in the X-34 line
in the Stack being selected. The Core Address 1234 is located where
the "X" and "Y" lines intersect each other in the Stack, once in each
Core Plane.

The "X" and "Y" lines are numbered to correspond to the values avail-
able in the Address Register. The possible combinations for the "X"
or "Y" are 00 thru 77 in the Address Register. The "X" and "Y" lines
are also numbered 00 thru 77, with the number of the particular "X" or
"Y" line selected corresponding to the configuration in the Address
Register.
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Matrix Transformers

Each "X" or "Y" line originates at the secondary of a Transformer in
the "X" or "Y" Transformer Matrix. Refer to Figure 3.2-1. There are
64 "X" and 64 "Y" Transformers (one for each "X" line and one for each
"Y" line) numbered to correspond to the "X" and "Y" lines 00 thru 77,

The Matrix Transformers are mounted on four Transformer boards located
at each end 6f the Core Stack., See Figure 3.2-3.

4+—HINGE

FIGURE 3.2-3
TRANSFORMER BOARD LOCATION

The boards labeled A and B are for the "X" lines, and boards C and D
are for the "Y" lines., The two Transformer boards for either the "X"
or "Y" contain 32 Transformers on each board. The odd numbered Trans-
formers are on the 0Odd "X" board A and Odd "Y" board D. The even num-
bered Transformers are on the Even "X" board B and Even "Y" board C.
In both cases ("X" or "Y"), the Odd numbered boards are located furth-
est from the Stack,

The Transformers on each of the Transformer boards is arrangéd in a
4 x 8 Matrix with two of the boards combining to form an 8 x 8 Matrix
for either the "X" or "Y" line selection. See Figure 3.2-4.

The secondary of each Transformer has its center tap grounded for e-
limination of noise, and a resistor across the secondary to dampen the
signal going into an inductive load. They are grounded through their
respective Address Switch Package (SWAD) via the ground lines labeled
X00G thru X70G.
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The primaries of the Matrix Transformers are connected to the outputs
of the Address switches and the Read/Write drivers (DRAC). Each of
the SWADS goes to the primary center taps via the lines labeled X00S
thru X70S. Each side of the Transformer primary goes to the Read/
Write drivers, one side for the Read (XROD thru XR7D), and the other
side for the Write (XWOD thru XW7D),

Each side of the Transformer primary of each Transformer has a diode
(also mounted on the Transformer boards) for isolation purposes. These
diodes prevent current from flowing in any Transformer except the
Transformer selected by the SWADs and DRACs.

Memory Address Switch (SWAD)

Each SWAD has five inputs, four Address inputs and one Timing input.
Refer to Figure 3.2-4., The Address inputs consist of one input from
AO5F and AO6F, and both outputs from AO0O4F of the Address Register.

AO5F and AO6F select which of the SWAD packages will be used, and AO4F
determines which of the two switch circuits within each of the packages
will be used.

X00S = AO4F/ - AOSF/ + AO6F/ -« MS1M
X10S = AO4F - AO5F/ « AO6F/ °* MSIM

In the X00 SWAD, the Address inputs are AO4F, AO4F/, AOSF/ and AO6F/.
The above logic indicates that if AO4F/ is TRUE, then the switch out-
put X00S will be enabled., If AO4F is TRUE, indicated in Odd Tens,
then the switch output X10S will be enabled.

The Timing input of MS1M is TRUE during the 'entire Memory operation,
Read and Write portion, to enable the selected switch for the entire
Memory operation.

When a SWAD output is enabled, it places +30V at the center tap of
each of its Transformers. When the SWAD is NOT enabled, the package
output is an open circuit, For a detailed descrlption of the SWAD
package, refer to Section 3.7.

Read/Write Drivers (DRAC)

There are 16 DRAC packages in the B461 Core Memory, eight "X" drivers
and eight "Y" drivers, Each of the Driver packages has five inputs,
three Address inputs and two Timing inputs. The "X" Read/Write Dri-
vers in Figure 3.2-4 are gated by the three Low order bits of the Ad-~
dress Register (AO1lF, AO2F and AO3F)., The configuration of these bits
determines which DRAC package is selected., For example: If the Units
"X" position of the Address Register contained a value of 2, then the
Address levels AOl1F/ and AO3F/ will be TRUE to select the DRAC with
the XR2D and XW2D outputs.

XR2D = AO1F/ . AO2F . AO3F/ ‘-,‘,;\mzmg B
XW2D = AO1F/ . AO2F - AO3F/ * MW2M
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Each DRAC contains two individual Driver circuits of which the Address
inputs are common. The difference is in the Timing inputs to the pack-
age. MR2M (Memory Read 2 Multi) will enable only the Read Current Dri-
ver (XR2D), This Timing Multi is TRUE for one microsecond during the
Read portion of a Memory operation. The other Timing input is MW2M
(Memory Write 2 Multi) which will enable only the Write Current Driver
(XW2D) in the DRAC. This Timing Multi is TRUE for one microsecond dur-
ing the Write portion of a Memory operation,

When a Read or Write Driver is enabled, its output goes toward -30V.
This ~30V goes to one side of eight Matrix Transformers, one of which
will have +30V at the center tap from a SWAD to allow current to flow
in that Transformer only. For example: If the Address Register con-
tained an "X" value of 24, the SWAD with the X20S output will be en-
abled and the DRAC with the XR2D and XW2D outputs will be enabled.
Where the outputs of the above two packages intersect, that particular
Transformer will be selected. In this example, it would be the Trans-
former numbered 24 selecting the "X" line of the same number. For a
detailed description of the DRAC package, refer to Section 3.6.

The above description and references were made in respect to the se-
lection of an "X" line to the Stack. One should keep in mind that the
"Y" line selection with its Address switches and Read/Write drivers is
identical to the "X", The only difference is in the mnemonics used.
Where the "X" has been used as in X00S, the "Y" line selection will
instead use a "Y", as in YOOS,

Matrix Transformer Operation

Figure 3.2-5 is a simplified diagram of the SWAD and DRAC connection to
a Matrix Transformer. When all inputs are TRUE to enable the SWAD, its
output transistor Q2 will be forward biased to allow it to go into con-
duction. This will complete a path from the center tap of the trans-
former primary through Q2 to .the +30V Supply. When all inputs to DRAC
are TRUE (Read first due to MR2M), Transistor Q2 will go into conduc-
tion, turning on Q3.

This will complete a path for current from the -30V Read through Q2
and Q3 of the DRAC, through diode '"r' and the Transformer (left to
right), out the primary center tap through Q2 of the SWAD to the +30V
Supply. The direction of this Read current is indicated in Figure
3.2-5 by the solid arrows. The current induced into the Transformer
secondary is the Read current in an "X" or "Y" line connected to this
particular Transformer.

After the level MR2M goes FALSE and the Read driver is disabled, the
Write driver will be turned ON with the level MW2M. This will turn

ON transistors Q2 and Q3 in the Write driver to complete a path for
current flow from the -30V Write to the +30V Supply. The current in
the primary of the Matrix Transformer will be from right to left to
induce the Write current into the secondary of the Transformer and the
"X" or "Y" line in the appropriate direction for a Write of binary ones
in the Core Stack as indicated by the dashed arrows, in the oppos1te
direction of the Read current.
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Memory Address Register (Set & Reset)

Whenever an external Unit, Processor or I/0 request a Memory access,

it must provide the Memory Module with a Core Address., This Address is
set into the Memory Address Register (single ended) at the start of a
Memory operation. When the Memory operation is completed, the Memory:
Module will clear the Memory Address Reglster in preparation of a fut-
ure Memory operation, S

Figure 3.2-6 is a Logical Schematic Diagram of the Set and Reset cir-
cuitry of any one of the Address Register Flip-Flops. This circuitry
is duplicated for each of the 12 bits in the Address Register.

The Address Reg1ster Flip-Flop 1n Figure 3.2-6 is Set when the . output

of AND gate A is TRUE. The inputs to gate A are AnnS-C and MSTD, The
AnnS-C level is one of the 12 Address lines from Central Control (AOlS
thru Al12S) and it will be TRUE when the bit in the Address Register is
to be Set. :
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ADDRESS REGISTER SET/RESET

MSTD = A00S-C + MP2F/ <« MP1F/ - TRML

MSTD is a Control level in the Memory Module used to start a Memory op-
eration when the Memory Module is in REMOTE, It is TRUE only at the
start of the Memory operation for one microsecond due to the input
AQ0S-C, The term TRML comes from the LOCAL/REMOTE switch in the Mem-
ory Module and is true when the switch is in the REMOTE position.

MP2F/ and MP1lF/ are the zero outputs of the Memory Pulse Counter Flip-
Flops and they will both be true when the Counter is equal to zero.
With MPC = 0, the Memory Module is not completing any previous Memory
operation and is ready to begin the next Memory access. A00S-C is the
Memory Start Pulse from Central Control to start the Memory operation.
It is TRUE for one microsecond after an external Unit, Processor or 1I/0
gains access to the Memory Module.

When all inputs to MSTD are TRUE, MSTD will be gated with AnnS-C, 1If
AnnS-C is also TRUE, then the Address Register Flip-Flop is set via
the Clocked set input of the flip-flop.

Resetting of the Address Register Flip-Flops when in REMOTE, is done
with either MACD or RSPD. The NORMAL clear is with MACD.,

MACD = MICM « TRML - SPUL/-C

MACD (Memory Address Clear Driver) will be used to reset the Address
Register if the Memory Module is in REMOTE (TRML) and the System is in
the NORMAL Clock Mode of operation (SPUL/-C. The term SPUL/-C origin-
ates in D & D at the System Clock Control switch (Single-Double-Normal
Pulse) and is true when the switch is in the NORMAL position. If t@e
switch is in the Single or Double Pulse position, the level SPUL/ will
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be FALSE to inhibit the use of MACD to clear the Address Register.

If the System is in the NORMAL Clock Mode and the Memory Module is in
REMOTE (SPUL/ . TRML), then MACD will clear the Address Register when
the Timing level MICM (Memory Information Clear Multi) is TRUE. This
Timing level will be TRUE at the end of a Memory access with the prime
purpose of clearing the Memory Information Register., MACD is to the
Unclocked side of the flip-~flops in the Address Register.

If the System Clock Control switch is in Single or Double Pulse, the
MACD level will be inhibited with SPUL/ being FALSE, SPUL/, through a
switch, develops SPUS which will enable RSPD (Remote Single Pulse Dri-
ver).

RSPD = TRML . SPUS ¢« MP1F +« MP2F

The time that RSPD will occur is determined by the setting of the Mem-
ory Pulse Counter instead of MICM. RSPD will be enabled when the Pulse
Counter is equal to a value of three, This Clear level goes to the
Clocked Reset of all Address Register flip-flops. Using the Pulse
Counter for Timing allows the Register contents to remain for visual
examination when in Single or Double Pulse.

Memory Address Register Count

All the gating for the Set and Reset of the Address Register contains

the term TRML which is TRUE when the Memory Module is operated in RE-

Mote. However, when operating the Memory Module with the LOCAL/REMOTE
switch in LOCAL, TRML will be FALSE to inhibit all of the Set and Re-

set circuitry of the Address Register. When in LOCAL, the Memory Ad-

dress Register is counted as a binary counter from 0000 thru 7777 and

back to 0000.

Figures 3.2-7 and 3.2-8 illustrate the Memory Address Register with
the necessary gating for Address counting. The Address Register is
divided into two parts, "X'" and "Y'". The '"X" portion shown in Figure
3.2-7 consists of bits 1 thru 6 and its associated gating. Figure
3.2-8 shows the "Y" portion of the Register which consists of bits 7
thru 12 and its associated gating. The input gating of the flip-flops
requires all Lower order bits of the Register to be in the '"one' state
before any bit can be complemented,

Counting of the "X" portion of the Address Register is controlled by
COXL and A + 1D, Counting of the "Y" portion is controlled by COYD.
COXL (Count-X Level) comes from the Count-X switch on the Maintenance
Panel, This level will be TRUE with the switch in the Count position.
If the counting of bits 1 thru 6 of the Address Register is to be in-
hibited, the Count-X switch is put into the Inhibit position. COXL
will then go FALSE to inhibit all of the Count Logic for bits 1 thru 6.
A + 1D (Address Register Plus One Driver) is the controlling level for
any Address Register counting. It will be TRUE for one microsecond at
the time that the Address Register is to be counted.
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The remaining inputs to the Count Logic are from the "X" and "Y" cross-
coupled switches labeled AX1S thru AX6S for the "X'", and AY1lS thru AY6S
for the "Y". These inputs are used to decode the configuration of bits
in the Address Register to determine the next count in the Register.
The cross-coupled switch outputs will reflect the setting of the Flip-
flops. AX1S will then be TRUE if AOlF is TRUE,

CAG 001 = A + 1D - AX1S . AX2S . COXL

Some of the cross-coupled switch outputs are grouped together as a
common line via the Common AND Gates. Refer to Figure 3.2-7 and ex-
amine CAG 001, Its output will be TRUE when A + 1D is TRUE, the Count-
X switch is in the Count position (COXL), and the two Low order bits

of the Address Register are both ON.

CAG 002 = A + 1D . AX1S . AX2S . AX3S . AX4S

Common AND Gate 2 (CAG 002) in turn will be TRUE if the four Low order
bits are ON with the controlling levels (A + 1D . COXL).

COoYD . AY1lS . AY2S
COYD -« AY1lS - AY2S + AY3S - AY4S

CAG 003
CAG 004

The two CAGs for the "Y'" portion of the Address Register (see Figure
3.2-8) give the same Address values as the CAGs for "X", The differ-
ence is in the Control level used, COYD, which includes the A + 1D
term. '

The cross-coupled switches are used to provide a delay of the flip-
flop outputs to the Count gating. This delay is necessary due to the
lack of a delay within the FFN7s in the Address Register. Refer to
Section 3.10 for a detailed description of the FFN7 circuit,

The outputs of the Address Register Flip-Flops change state as soon as
the flip-flop is switched. For correct counting (prevention of double
counting), the gating to the Count Logic must be delayed until after
the Clock Pulse. The time of this delay is controlled by ACDF (Address
Count Delay Flip-Flop). ACDF is a standard type flip-flop (FF7) with
the output delayed from the input. ACDF is set (Unclocked input) with
each Clock Pulse (CCP-6). The one output goes to the Unclocked Reset
to turn ACDF OFF.

Referencing Figure 3.2-9, assume that the flip-flop (AOl) is in the
"Set'" state (AO1lF is TRUE and AO1lF/ is FALSE) and the outputs of the
cross-coupled switch reflect the status of the flip-flop(AX1lS is TRUE
and AX1S/ is FALSE), The next count will Reset the Address Register

bit (AX1S ¢« COXL - A + 1D), the flip-flop outputs changing when the
Clock Pulse arrives, Refer to the Timing chart in Figure 3.2-9, This
same Clock Pulse will set ACDF. With ACDF set, the cross-coupled
switch will also change state. The top AND gate (AO1lF/ . ACDF) output
will be TRUE to make AX1S FALSE, and the bottom AND gate (AO1lF . ACDF)
will have a FALSE output to make AX1S TRUE, Note that the cross-coupled
switch does not change state until after ACDF is set. The next count
will set AO1F (COXL « A + 1D . AX1S/) and the resulting action with ACDF
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AOlF COUNT AND TIMING

¢

will transfer the state of the cross-coupled switch to again reflect
the status of the flip-flop. If at any time that ACDF is in the '"set"
state and the flip-flop had not been changed with the count, then the
state of the cross-coupled switch will not change either.

A + 1L = A + 1S « TRMS/

The A + 1D level is the enabling level for all counting of the Address
Register. Refer to Figure 3.2-10, The input to the A + 1 Driver is
from an OR gate with two inputs. The top input is A + 1L which is de-
veloped any time the STEP MAR switch is depressed and the Memory Mod-
ule is in LOCAL. A + 1L comes from a Synchronizer circuit which will
allow the level A + 1L to be TRUE for only one Clock Pulse.

The bottom input of the OR gate feeding the A + 1 Driver comes from an
OR gate with four inputs and a SHUNT AND on its output. The SHUNT AND
is made up of the Count/Inhibit level, Memory Start Flip-Flop, and the
"Worst Case'" Flip-Flop (COML « MSTF . MWCF/). 1if the counting of the
entire Address Register is not to be inhibited (COML is TRUE), and a
Memory operation is to be initiated when in LOCAL (MSTF), and the
"Worst Case'" Flip-Flop is not ON (MWCF/), then the SHUNT AND will al-
low the output of the OR gate to go TRUE., MWCF/ is used to inhibit
any counting of the Address Register when the operation is a '"Worst
Case" pattern and the last cycle of an Address has not been completed.

The top input to the OR gate from AND gate 2 will be true when the
Pulse Counter equals three and the Manual level from the Manual/Auto
switch is TRUE.

(MP1F ¢« MP2F « MANL). This gate is used when the Memory is operated
in Manual to allow only one Memory access at each Address., Gate 3 is
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A + 1D LOGIC

used when the Memory is operated in either Auto or Checkerboard and
will allow more than one operation at each Address. 1In this case, the
Memory operation that finds the Memory Write Flip-Flop in the '"one"
state will count the Address Register if the SHUNT AND is also TRUE.

The usage of gates 4 and 5 corresponds to that of gates 3 and 2, The
time that they will have a true output is determined by P03S (Pulse
Counter Equal Zero or Three). Gates 4 and 5 will then allow the Ad-
dress Register to be counted at either the beginning or end of a Mem-
ory operation. This will provide a count for the Address Register
when the Memory Module is operated in Single cycle or if a Stop On Er-
ror should occur.

The Count-Y Driver is used to count the "Y" portion of the Address Reg-
ister. Refer to Figure 3.2-11., The prime control on the input to the
COY Driver is the SHUNT AND. The input to the Shunt will be true if
the Count-Y switch on the Maintenance Panel is in the Count position
as it is shown. Actually, the input will be floating which will give
it the same effect as being true.

The OR input from AND gate 1 (top OR input) will be true if the mnemonic
COXL/ is true, that is, the counting of the "X" portion of the Address
Register is being inhibited. COXL/ ANDED with A + 1D will count the
Address Register bits 7 thru 12, irregardless of the configuration of
the six Low order bits of the Register.

The normal development of COYD is with AND gate 2. If the A + 1D level

is TRUE and all Low order bits of the Address Register are in the '"one"
state, AX1S thru AX6S, then count the "Y" portion of the Register by
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3.3 READ/WRITE CONTROL

The Memory Module is capable of Reading and Writing Information into

the Core Stack. This is accomplished by setting a core to record an

Information bit and resetting the core to Read it out. The circuitry
for controlling the setting and resetting of the cores consists of:

1., Inhibit Drivers for recording Information.
2., Sense Amplifiers for Reading Information.

3. An Information Register to store the Information until it can be
Written, or during a Read, store the Information until it is
checked and sent to the Accessing Unit.

4. Control circuitry to control the flow of Information by determ-
ining whether a Read or Write operation is being performed.

Figure 3.3-1 is a block diagram of the Core Memory Logic and shows the
Read/Write circuitry.

During a Write operation, 48 bits of Information are loaded into MIR
at the beginning of a Memory cycle via Central Control. The output of
MIR is then sampled by the Parity circuits and the correct Parity is
set into MIR-49 (I49F). During this first half of the Memory cycle,
the appropriate Address switches and Read drivers are selected from
the Address and the cores of this Address are Reset.

During the second half of the Memory cycle, the Information contained
in MIR is used to control the cores that are to be set back into this
selected Address, If a MIR Flip-Flop is loaded with a zero, the zero
side (NOT) output will be TRUE. This true is ANDED with MIHD which is
TRUE during the Write portion of the Memory cycle and used to activate
the Inhibit Driver. The Inhibit Driver output is used to feed the In-
hibit winding of the associated plane in the Core Stack and is physic-
ally laid out in such a manner that the effect of current flow through
the line will oppose the effect of the current flow in the "X" and "Y"
lines, The result is that the Memory core that is receiving a Half-
Select current from both the "X" and "Y" lines and an opposing Inhibit
Half-Select current will not be set to the '"ones'" state, since the re-
sulting current effect is only half the required current to set a core,

During the Memory Read operation, the Information flow is somewhat op-
posite than that of the Memory Write operation. The Read operation is
started when the Memory request is received from Central Control (A00S).
The Address is decoded and the appropriate Address switches and Read
Drivers are selected., These allow the Read current to flow through

the "X'" and "Y" lines, selecting the proper Address,

All the cores that are set to the '"one'" state will now be reset to the

"zero" state., Each plane in the Core Stack also has a Sense winding.
A signal will be induced in the Sense line by any Memory core in that
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plane being driven from a one to a zero, The Sense line passes through
all cores in a plane in a checkerboard manner that will permit maximum
cancellation of noises that are induced due to Half-Select currents
flowing through the cores. The signal induced into the Sense winding
from a core being reset, may be either 'a positive or negative pulse,
depending upon the Address and plane of the selected core. The Sense
winding is terminated at the Sense Amplifier associated with this wind-
ing. :

The Sense Amplifier amplifies and shapes the induced signal and is de-
signed to accomodate either positive or negative signals. The ampli-
fied signal is gated with the Read Strobe Pulse (RISD) to permit a
pulse to set the MIR Flip-Flop (InnF). This Strobe Pulse was inhibited
during the Write operation to prevent destroying the Information in
MIR.

The Information that has just been set into MIR is now available to
the Requesting Unit via Central Control. The Information is also
available to the Parity Check circuits to be checked for the correct
Parity. An indication of this is also sent to Central Control.

During the rest of the cycle, the Information in MIR is being written
back into the Core Stack in the same manner as the Write operation.

A Memory Module must go through a complete Memory cycle regardless of
the type of access requested., A Memory cycle consists of a Read phase
and a Write phase. During the Read phase, current flows through the
selected '"X" and "Y" lines in a direction that will reset all selected
cores to the '"zero" state., This is a destructive type of Read-out.

During the Write phase, current flows through the lines in a direction
that will set all selected cores to the '"one" state. The Inhibit Dri-
vers which are gated by the NOT side of the MIR Flip-Flops, inhibit
the setting of those cores that are to store zeros. A Write phase is
required during a Memory Read operation to re-Write the Information
back into the cores after the destructive Read-out. A Read phase is
required during a Memory Write operation to clear the cores prior to
the Write phase of the operation.

Bit 49 of MIR is the Parity bit. Its status is developed within the
Memory Module and does not get transferred to Central Control. 1In the
B461 Memory, the Parity used is ODD,

Figure 3.3-2 shows the Read/Write Control circuitry. The gating for
MIR bits 1 thru 48 are the same, so only one is shown. The substitu-
tion of 1 thru 48 for the nn will give the proper mnemonic for each of
these flip-flops.

The MIR flip-flops are of the FFN7 type. This type of flip-flop is
the same as the 20-70 except the delay lines and complementing diodes
have been removed. The output delay of this type of flip-flop is ap-
proximately 80 nano-seconds,

Printed in U.S.A.



3.3-4

CAG 008 MACD MWRF/
2 FFN7
CAG 007
AOOS A RSPD | MWRF
WO00D
TRML - MISD MIHD 1InnD-1
DR-9 P DRICF
MP1E/ CAG 008
mpear/ | CAG 007 InnD-2
MICD INNF/ TO CENTRAL CONTROL
rspp |FFN7 INnF/ TO PARITY CHECK
A
TO TEST PATTERN
MERD A wnns —t BIT SENSING
IRhF TO PARITY CHECK
WISD
2
snnL- 1 ennp
n
sShntL-2 | AMS A
RISD
MWRF/
A
DR-9.
STTP MIHD L49D-1
DRIC
I49F/ 149D-2
MICM
—1 A MICD
MANL AEE— @
MwrF |
MCBD
A TO PARITY CHECK
FFNT
WISD RSPD-2 TO TEST PATTERN
T49F BIT SENSING
S49P t:TO PARITY CHECK
A .
RISD 2
MANL
MWRF A
——
STTP
PERL
MWR F
STTP A
PERL FIGURE 3.,3-2
TRML READ/WRITE CONTROL LOGICS

Write Operation

The Write cycle begins when AOOS and WOOD are received from Central
Control. These two levels are ANDED with Remote (TRML) and the Mem-
ory Pulse Counter equal to zero (MP1lF/. MP2F/) to produce Memory Input
MISD being true will be used to set the Memory Write
Flip-Flop (MWRF) and gate the Input Information (WnnS) from Central

Strobe (MISD).

Control into MIR bits 1 thru 48.

The outputs. of the 48 MIR flip-flops

are then available to the Parity Check circuits. If the outputs of
MIR are even, the Parity Error Level (PERL) will be TRUE., PERL is then
ANDED with MWRF which is TRUE, TRML which is TRUE, and Strobe Timing
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Pulse (STTP), which will come true in approximately 830 nano-seconds.
The output of this gate will then set I49F. The MIR is now completely
loaded and the outputs will be available at the Inhibit Driver Input.
When Memory Inhibit Driver Timing Pulse (MIHD) goes TRUE, all MIR Flip-
Flops that are not set will enable their associated Inhibit Drivers and
prevent the "ones" from being written in these portions of the core.

Read Operation

During a Memory Read operation the Memory cycle is started by the A00S
level from Central Control. The WOOD level is FALSE to prevent setting
MWRF and the MIR Flip-Flops from the WnnS lines. The Read Information
is detected on the Sense winding of each core plane during the Read
portion of the cycle. Each of the 49 Sense windings is connected to a
Sense Amplifier (AMS) where the signal is amplified., The signals are
then ANDED with a Read Information Strobe (RISD) and used to set the
InnFs. Once the InnFs are set, the zero side output of 1 thru 48 is
available to the Accessing Unit via Central Control. The outputs are
also available to the Parity checking circuits where they are compared
with I49F to insure an odd number of bits have been set. The Inform-
ation will remain in the MIR until the completion of the Memory cycle
when it is cleared by Memory Information Register Clear Driver (MICD).
The other gating shown in Figure 3.3-2 is used for Maintenance purposes
and will be explained in another Section.
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3.4 MEMORY CYCLE TIMING

The Memory Cycle is basically the same. for both the Read and Write
Memory operations. Information is Written or Read from the Core Stack
in a parallel manner. (Complete 49 bits of a word accessed simultan-
eously.)

Each plane of the Core Stack corresponds to one of the 49 bits of a
word that can be stored in Memory. A core plane is designed such that
it represents a 64 x 64 Matrix plane, Consequently, this 64 x 64 Ma-
trix can Address any of the 4096 core locations in a plane by the use
of "X" and "Y" lines.

To Read a word stored in the Core Stack, the selected "X" or "Y" lines
are simultaneously pulsed with a Read current. the 49 Sense lines are .
individually interrogated for the presence of an induced current pulse,.
If a pulse is sensed in a line, a flip-flop which corresponds to that
bit position is Set to record the fact that a ''one" was sensed.

To Write a word into the Core Stack, the polarity of the current pulse
in the selected "X" or "Y" lines must be reversed, This tends to Set
the selected core in each plane to the '"one" state. Generally, some
of the Information bits to be stored are ''ones'" and the others are
"zeros'". An opposing current is passed through the Inhibit line of
all core planes when the Information to be stored is a "zero".

Before Information can be Written into the cores, it is necessary that
all cores at the selected Address are in the ''zero'" state. A Read op-
eration will accomplish this purpose because it will cause all selected
cores to be Reset.

Similarly, since a Read operation does destroy the Information stored
in the cores, a Write operation is required after every Read operation
to restore the Information back into the cores,

A Memory cycle is basically the same operation, whether the purpose of
the Memory cycle is to store Information or recover Information previ-
ously stored. The only real difference is that during a Memory cycle
generated for the purpose of storing, the Sense lines are not interro-
gated during the Read portion of the Memory cycle,

During the first part of the Memory cycle, Read currents are applied
to the selected "X" and "Y" lines., The Sense signal is sampled or
Strobed if this is a Memory access for the purpose of recovering pre-
viously Written Information. No Strobe is required for a Write access.
During the last part of the Memory cycle, the "X" and "Y" line currents
are applied in the opposite direction, and if a zero is to be stored,
an Inhibit current will be applied to the appropriate planes,

Figure 3.4-1] shows the Memory cycle divided into two phases; the Read
phase, and the Write phase. Each Memory operation, whether Read or
Write, is made up of these two phases. The Memory operation is started
with a level from Central Control that is synchronous with the System
Clock. This level, called Memory Start Driver (A0OS), is used to start
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two separate Memory Timing circuits.,
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FIGURE 3.4-1
MEMORY TIMING CYCLE

1., Memory Timing that is External to the actual operation of the
Core Stack is controlled by the Pulse Counter circuit. These
operations consist basically of setting up the initial conditions
and generating Control levels that will release the Requesting
Unit, The Pulse Counter circuit is synchronous with the System
Clock and will be referred to as Clocked Timings.

2. Memory Timing that is required for the Internal operation of the
Core Stack is generated from the Multi Timing circuits. These
operations consist of selecting the "X" and "Y" lines, Strobing
the Sense lines, activating the Inhibit drives, and cleaning up
at the completion of the Memory cycle. These timings are asyn-
chronous to the System Clock and are referred to as Unclocked
Timings.

Memory Pulse Counter

Refer to Figure 3.4-2,

The B461 Memory cycle is divided into four segments. Each of these
segments has a duration of one microsecond. The associated segments
are generated by a two-stage binary counter which is made up of flip-
flops MP1F and MP2F. The outputs of the Pulse Counter Flip-Flops are
used throughout the Memory Module as Control levels and is at a count
of "zero" between Memory cycles. They are also decoded into Control
- levels that are sent to Central Control to synchronize the Memory op-
eration with the System.

The Memory Pulse Counter will start counting with the next Clock Pulse
after AOOS becomes TRUE., A00S is ANDED with REMOTE (TRML) and Memory
Pulse Counter equal to zero (MP1lF/ and MP2F/). This pulse, through a
driver, then becomes the Memory Start Pulse (MSTD). The next Clock
Pulse with MSTD TRUE, will set MP1lF, With MP1F Set, the next Clock
Pulse will Reset MP1F due to TRML being TRUE, and Set MP2F due to MP1F
being TRUE, The third Clock Pulse will set MP1F due to MP2F being



January 15, 1965

@ FIELD ENGINEERING TECHNICAL MANUAL

TRUE. The fourth Clock Pulse will set MP1lF due to TRML, and Reset MP2F
due to MP1F and TRML. Once MP1lF and MP2F are both Reset, MSTD will have
to become TRUE to start the Counter again,

TRML | o

TSCL ——

mstL —— wp2r/ ——| FF 7|
MP1F

MP1F/

MPIF/ 0

MP2F/ MP2F MP1F

AOOS
TRML
MP1F/
MP2F/

- MWRF/
OR-9 MSTD

DRI9 {— RAOD

L—-—-— RAOS/

TMRL

MPIF ——— - ‘A

SWH
TRML MCFS/

TRML ————op

mpiF —— o

FF 7 MP2F/
MP2F
TSCL ——

MP2F

MPIF —— o

MPIF

MSTF ——f

FIGURE 3.4-2
MEMORY PULSE COUNTER

RAOD is MT2F in Central Control, It is used to indicate Information
will be available for use after the next Clock Pulse. This level is
TRUE only on Memory Read operations. RAOS/ is MT2F/ in Central Con-
trol, and is used in resolving I/0 conflicts on Memory Read operations,

MCFS/ is MT4F/ in Central Control, and is used to release the Memory

at the completion of a cycle by clearing the Control Flip-Flops in Cen-
tral Control.

Multi Timing Circuit

The Multi Timing circuits are used to generate the timings that are
required to Read from, or Write into the Core Stack. Seven different
timings are required. Refer to the Timing Diagram in Figure 3.3-3.
The following is a list of the Pulses and their uses:

1. MSIM - This Switch Timing Pulse is used as a Control level for
the selection of the "X" and "Y" Address switches. The
switches are turned ON prior to the Read time and turned
OFF after the Write time.
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6.

7.

MR2M

STTP

MRWP

MIHM

MW2M

MICM

To T T2 T3
CLOCK 1_' S U LJ U
VLI I I D [ A
MP2F 1 ' r_—
MS 1M 0.10 la.78
MR2M | 0.20 1.22
STTP o.aan.ee
MRWP ‘ 1.5]_].1.72
MIHM 1.52 | J2.70
MwW2M 1.62 | Ia.ez
MICM 2.75|_[2.00

NOTE: .

ALL TIMINGS ARE IN RESPECT TO THE LEADING EDGE OF To

FIGURE 3.4-3
MULTI TIMING DIAGRAM

This Read Timing Pulse is used as a Control level for the
"X" and "Y" lines during the Read phase.

The Strobe Timing Pulse is used to gate the output of the
Sense Amplifiers into the Information Register during a
Read operation. The Strobe Pulse is also used in a Write
operation to gate the Parity Information into MIR-49,

The Memory Read to Write Pulse is used as a delay between
the Read and Write phases.

The Inhibit Timing Level is used as a Control level for
the Inhibit Drivers during the Write phase of a Memory
operation,

This Write Timing Pulse is used as a Control level in the
selection of the "X" and "Y" Write Drivers during the
Write phase of a Memory operation.

The Memory'Information Clear Pulse is used to clear the
Memory circuitS'gt‘the completion of a Memory operation.

The Multi Timing circuits are shown in Figure 3.4-4, The Timing cir-
cuits are started when AOOS is received from Central Control. This
level is used to make up the Memory Start Driver Level (MSTD) and is
ANDED with a Clock Pulse (CCP-6) to trigger MS1M. MSI1IM (Memory Read
Switch 1 Multi) is a DSW1l package. This package is a delay-type Multi
that when the input goes TRUE, the output will go true 100 nano-seconds
later. This Multi would time-out after approximately 2 microseconds if



‘V°s N uy paurd

¥-¥°€ JUNOIA

TOULNOD ONIRIL XHOWHNW

A0OS
TRML

mP1F/ —

MP2F/ —

MWRF/ a ORDY [— @
OR 9 ®
MWRF/ A oros F— @
MSTD — @
— uwrF —{ DRDS |—— WISD TO IOIF THRU I25F
stre e WISD TO I26F THRU T49F
CCP =6 =
MSIM TOX & MR2M TOX 8 MRWP
MSTL Y SWITCHES Y ORIVERS MIHD TO INHIBIT DRIVERS
cep-6 o
oSWI [—®—1 murw DURW oY I
MP1F/ — MSIM MR2M €1 mrwe MIHM ors |4 |murw Mw2m Toxa  °
MP2F/ — MW2ZM Y DRIVERS
MIHS/ l—
MSTF — swh )
cCP-6 — a
MPIF —— MANL ——
MWRF —] _—
MP2F swh | MIns| murw
MICM MIcH
I49F RESET
TRML —] -
SPUL/
MANS/ —] .
T I )
MsTL — crus
pRD9 | | MICO TO InnF's,
MANS/ —— } MERF, RESET INPUTS
PO3S —
cTus — l
wsTL —1 MWRF/——
MaNL —
MWRF/—
PO3S —
TRML —— :
DR S MACD TO AraF'S
RESET INPUTS
SPUL/ —

() r1sb 10 1-25,26,27,30,31,33,34,35,37,38,40F'S

@ RISD TO I-28,29,32,36,39,41,42,43,44,45 46,47,48,49F'S

@ RISD TO I-02,03,04,06,07,08,11,12,14,17,18,19,22F'S

(®) r1s0 10 1-01,05,09,10,13,15,16,20,21,23,24F's

TVANYIN TVOINHOIL ONINIANIONI a13ld @

G961 ST Agsnuef

C-v'¢

Tc°1ovd




3.4""6

the second input did not go true and hold it on until its normal time-
out after 2.68us. MS1M is used to trigger the next Multi (MRZM), and
also as a Control level for the Address switches.

MR2M is a MURW (Read/Write Multi) type package. This package will
produce an output pulse 100 nano-seconds after both inputs go true.
The duration of the output pulse will be approximately lus. The sec-
ond input to the package is used to prevent MR2M from timing out more
than once each Memory cycle. The output of MR2M is used to accomplish
the following three operations:

1., Trigger STTP (Strobe Multi, STMD)
2, Trigger MRWP (Read to Write Delay Package, DURW)

3. Enable the appropriate "X" and "Y" Current Drivers for the Read
phase of the Memory operation.

The Strobe Multi is used to produce a 150 nano-second pulse that is
delayed 630 nano-seconds from the input. The delay is adjustable and
used for Maintenance purposes. (See Section 6.6) The output of the
Strobe Multi, STTP, is used to gate Information into MIR.

The Memory Read to Write Pulse MRWP, is used to provide a delay be-
tween the Read and Write portion of the Memory cycles. The circuit is
triggered by the Trailing Edge of MR2M, and the output will go true
300 nano-seconds later., The duration of the output pulse is not crit-
ical, but must be greater than 200 nano-seconds. The output is used
to trigger the Memory Inhibit Multi (MIHM).

The Memory Inhibit Multi is an Inhibit Delay type package (DYI). The
circuit is turned ON when MRWP goes true and the output goes true with
very little delay. The input must be held true for the Multi to time-
out normally., This is accomplished by MW2M on the second input. The
output of the package is used to accomplish the following:

1. To turn ON the appropriate Inhibit Drivers during the Write por-
tion of the Memory cycle. .

2. Trigger the Memory Write 2 Multi Qmwzm) .

3. Retrigger the Memory Read 2 Multi and allow it to time-out
normally.

4, Prevent the Memory Read 2 Multi from timimg out again during
this cycle.

5. Trigger the Memory Information Clear Multi (MICM).

The Memory Write 2 Multi (MW2M) is an MURW type of package, the same
as MR2M, When triggered by MIHD, the output will go true 100 nano-
seconds later and remain true for lus. The output is used to enable
the selected "X" or "Y" Current Drivers for the Write portion of the
Memory cycle. The output of MW2M is also used to hold the Inhibit
Multi ON,
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The Memory Information Clear Multi is a MUFW type of package. This
circuit will produce a 150 nano-second output pulse any time the input
goes from false to true. The input to the Multi is the switched out-
put of the Inhibit Multi. Therefore, the Memory Information Clear Mul-
ti will produce a 150 nano-second output pulse when the Inhibit Multi
times out. The output pulse is used as the Timing Pulse to produce

the Memory Information Clear and Memory Address Clear Pulses,
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3.5 PARITY

A Memory Module checks the validity of -the Information read from the
cores by determining whether there is an 0Odd or Even number of bits
set to the "ones" state in MIR., An Odd number of bits indicates that
the Information is correct. An Even number indicates the Information
is in Error. When an Error is encountered, the MERF (Memory Error
Flip-Flop) is Set.

Since there is going to be a check for an Odd bit configuration after
the Read operation, the Unit must Write an Odd number of bits into the
cores during the Write operation.

The Information transferred to the Memory Module from the Requesting
Unit may contain either an Odd or an Even number of bits, This means
that the Unit must inspect the Information; determine whether it has
an 0dd or Even number of bits, and Set an additional bit ON in MIR if
the Information has an even bit configuration. This additional bit is
called the Parity bit and is contained in MIR-49,

The 0dd or Even bit configuration of the Information word is determined
by decoding the outputs of the MIR Flip-Flops. Three levels of decod-
ing are used. Refer to Figure 3.5-1.

The first level divides the output from the 48 MIR Flip-Flops in groups
of four, and it compares these against each other to produce either an
0dd or Even output.

The second level of decoding will take these 12 O0dd or Even outputs in
groups of four and compare them against each other to produce either
an 0dd or Even output.

The third level of decoding will take these three outputs and compare
them with the output of MIR-49 to produce an output called PERL (Parity
Error Level)., If the 49 MIR Flip-Flops contain an Even bit configura-
tion, this output will be true. If the bit configuration is 0dd, the
PERL level will be false.

Figure 3.5-2 shows the logic necessary to decode the first four outputs
from MIR. Notice any Odd configuration of these four bits would pro-
duce a false level on EAAS and a true level on OAAS. Eleven other
identical circuits with different inputs are used to make up the first
level decoding.

The second level decoding consists of three circuits to further decode
the output of the first level,

The third level consists of one of these circuits and compares the sec-
ond level outputs with the status of MIR-49,

The PERL output being true during a Write operation is used to Set MIR-
49 at Strobe Time to make up the required 0dd bit configuration.
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If this were a Read operation, MWRF/ would be true and MERF would be
Set when the Memory Pulse Counter is equal to two.
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PARITY CIRCUIT
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3.6 READ/WRITE CURRENT DRIVER (DRAC)

General
Reference Figure 3.6-1.

There are 32 Current Drivers used in each Memory Module., Sixteen of
these are controlled from MAR-1 thru 3 and sixteen from MAR-7 thru 9.
The MAR Register is used to select two "X" and two "Y" Current Drivers
for each Memory cycle. The Memory Timing circuits will select one "X"
and one "Y" for the Read portion of the Memory cycle, and the other "X"
and "Y" Current Drivers for the Write portion., Each circuit will sup-
ply a constant current of 260ma to the selected "X" or "Y" line,

Circuit Description

Each Flex-o-pac contains two circuits, one for Read and one for Write.
The Address (MAR) inputs are common to both circuits. The output of
MR2M Multi will be used to turn ON the Read Current Driver and the out-
put of MW2M Multi will turn ON the Write Current Drivers. The Read
Current Driver circuit will be connected to the -30V "R" Supply and

the Write to -30V "w",

In the quiescent state; Ql, Q2 and Q3 are cut off.

When the inputs to the circuit go true, Ql will be forward biased and
go into conduction. The Positive-Going Signal will be coupled across
Transformer Tl (1:1 turns ratio) and forward bias Q2. When Q2 turns
on, the -30V through Q2 to the Emitter of Q3 will turn Q3 ON.

The RC network consisting of R6 and C2 is to protect Q3 from overload-
ing due to the 260ma of current through the Address line. On the init-
ial turn on, C2 will short out R6 to allow for fast rise time of the
current pulse. Once C2 is charged, R6 will limit the current flow in
order to protect Q3 from excessive current. The output pulse will be
controlled by MR2M and MW2M Multis (Read and Write respectively).
Capacitor Cl is used for filtering.

SEE PAGE 3.6-2 FOR FIGURE 3.6-1,
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3.7 MEMORY ADDRESS SWITCH (SWAD)

General
Reference Figure 3.7-1.

There are sixteen Memory Address Switches contained in each Memory
Module, Eight of these are controlled by MAR 4 thru 6, and eight are
controlled by MAR 10 thru 12, Those controlled by MAR 4 thru 6 are
considered "X" Memory Address Switches, and those controlled by MAR
10 thru 12 are "Y" Memory Address Switches, A more detailed explan-
ation of the Logical Operation of the Memory Address Switches is con-
tained in Section 3.2,

-2v —~lav » CONN- WIRE SIDE

|

Pyl
>
S6.81K CR7

4
1c-2 R3
CR2 237
e a ‘ c n| » l
-t TYPE S TYPES TYPE-AN ’ \—-
& s LV ESNE
RS She +20v +20v
] 9 5%, 1w £ Tl A ° \I
w1 N2
© GND OUT | | I
Ful o o
oty oo (D) AN
CR4
N | O——p}— " Vl L ° N |
_i2v -12v
ao(®) VIR
. N4 INS
-12v -l2v | I
SR

>
<
pLXIL

8 GND PINS (2) SOLDERED TO BACK PLANE GND.
JUMPER BUSS.
2. ALL DIODES ARE TYPE I,
.  ALL RESISTORS ARE 2%, I/2W.
NOTE: UNLESS OTHERWISE SPECIFIED.

TYPES TYPES

:R‘
S 2K
5%, Iw

© GND OUT 2
+20v GND@
CR4

: m@

FIGURE 3,7-1
SWAD

Current flow can be in either direction in the "X" and "Y" lines. One
direction corresponds to Read, the other to Write. The same Address
Switch circuit is used on both Read and Write portions of the Memory
cycle, The four inputs make up a four-legged AND gate, Three of these
inputs are from the outputs of either the "X" or "Y" tens position of
MAR and will decode the Address in the package. The fourth input is
the output of MSIM Multi from the Memory Timing circuits,
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NOTE

MS1M is ON for both Read and
Write portions of" the Memory
cycle,

Operatioh

The purpose of the Memory Address Switch circuit is to provide current
path to the +30V Supply from the constant current Read and Write Dri-
vers.,

When the Memory Address Switch circuit is in the quiescent state, Ql
and Q2 will be cut off., As long as Q2 is cut off, there will be no
+30V available for a current path,

When the Input Gating becomes true, Q1 will become forward biased and

a Positive-~going Pulse will be developed and fed through the Transform-
er Tl which has a 1:1 turns ratio, The Positive-going Transformer out-
put pulse will saturate Q2, therefore supplying a +30V current path by
the Emitter of Q2 (out).

The purpose of R4 is to establish a bias level for the circuit output,
The output pulse will be approximately 3 microseconds in duration,
which is under control of the MS1IM Memory Timing Multi.

§gpcia1 COQEQnents

l, CR7 -~ clamp diode to keep the type "L" Transistor Ql from break-
ing down,

2, Cl - a capacitor used for filtering action,
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3.8 INHIBIT CURRENT DRIVER

General

Since each core plane corresponds to one bit of Information, it is-
necessary to have 49 Inhibit lines. The Inhibit line is a continuous
wire that passes through every core in a plane. The Inhibit line is
fed by an Inhibit Driver. The line is physically laid out in such a
manner that the effect of current flow through the line will oppose
the effect of the current flow in the "X" and "Y" lines. The result
is that the Memory core that is receiving a +1/2 current from both
the "X" and "Y" lines and an Inhibit current of -1/2 will not be set
to the '"one" state, since the resultant current effect is +1/2 and a
+1 is required to set a core. Each Inhibit line has a corresponding
Line Driver., The driver is gated by the NOT side of a MIR Flip-~Flop
and MIHD from the Pulse Timing circuit.

During a Write operation, MIR is LOADED by the Requesting Unit (via
Central Control) at the beginning of the Memory cycle. If a MIR Flip-
Flop is LOADED with a zero, the zero side (NOT) output will be true.
‘This true is ANDED with MIHD which is true during the Write phase of
the operation, The Inhibit Driver will be activated and prevents the
writing of a '"one" into the core.

The Inhibit Driver Package contains two individual driver circuits
called a Flex-o-pac. A Schematic of an Information Driver circuit is
shown in Figure 3.8-1.

The following circuit description is in reference to the circuit
shown in this figure.

Circuit Description

Quiescent State - When the circuit is in its quiescent state, Transis-
tors Ql and Q2 are cut off.

Operating State - When the input gating to CR1l and CR2 are true
(InnF/ . MIHD), Transistor Ql will be turned on. A positive-going
signal will be developed across Tl (1:1 turns ratio) which will sat-
urate Q2 when the Base becomes more positive than the Emitter. When
Q2 saturates, this provides approximately 250ma of drive current to
the Inhibit line.

The width of the output pulse is determined by the width of the input
pulse. The amplitude of the output-current pulse is approximately
250ma. The exact value of the pulse will be determined by the imped-
ance of the Inhibit line and the Supply voltage from the temperature-,
compensated -30V "I" Regulator,
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Special Components

The characteristic impedance of the FEnhibit line is approximately 120
ohms., Due to this impedance, R4 120 ohms has bee used to provide line
termination. By putting the Termination Resistor in this position
(front end termination), it makes the transmission line appear short-
er,

Diode CR6 is used to provide for rapid decay of Inhibit current when
the Mhibit Driver is turned off,

Capacitor Cl is used for filtering of the -30V "I" Regulator.
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3.9 SENSE AMPLIFIER AMS

General

The Sense Amplifier is a high gain differential amplifier. It is

used to amplify the small signals from a core into a voltage usable

in Logic Circuitry. This circuit also has a high degree of common mode
noise rejection.

Circuit Description

Refer to Figure 3.9-1.

The Input Transformer primary is connected to the Sense line of a

core plane. When a core changes state, a signal from the Sense lines
will be developed in the primary circuit of the Transformer. The sig-
nal is coupled through the Transformer to the bases of the Transistors
Ql and Q2 where it is amplified. A negative signal from either Ql or
Q2 will be coupled through the OR type circuit made up of CR1l and CR2
to the base of Q3. This negative on the base of Q3 will turn Q3 ON,
and apply a near ground potential on the base of Q4. Q4 will turn OFF
and the output will go to -4,5V.

The Input Transformer has a 1 to 5 ratio. The primary center tap is
grounded through Rl to prevent ringing. The secondary center tap is
connected to -6T to provide a Threshold level for Transistors Ql and
Q2. Transistors Ql and Q2 are operated class A,

The high resistance of R7 and R8 in the Emitter circuits functions to
minimize any circuit unbalance that could be caused by Ql and Q2 hav-
ing slightly different characteristics. The AC signals in R7 and R8
are out of phase, and R6 and C2 provide an AC pass or feedback to
stabilize the gain of the circuit.

Common Mode Noise Rejection

Common mode noise enters on both Input lines and is in-phase. There
is very little current flow in the Transformer primary, but the noise
is capacitively coupled to the secondary. This noise signal causes
an in-phase voltage change on the bases of Ql and Q2. If this signal
is negative, the change on the collectors of Ql and Q2 will be posit-
ive. :

A positive signal on the cathodes of CR1l and CR2 will increase the
back bias and the signal will not be coupled through to Q3. A posit-
ive noise signal will cause Ql and Q2 to increase conduction. The

low impedance path from the Emitter of Ql to the Emitter of Q2, thru
R6 and C2, will not be effective now because both Emitters are chang-
ing in the same direction. The gain of Ql and Q2 will be very small
due to the degenerative feedback across R7 and R8. Diode CR7 increases
the false level (more negative) output of /the Sense Amplifier, which
reduces the noise on the output lines.
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3.10 NO DELAY FLIP-FLOP (FFN7)

The FFN7 circuit is used in the 49 Memory Information Register Flip-
Flop, and the 12 Memory Address Register Flip-Flops. The purpose of
this flip-flop circuit is to allow the outputs to change states ap-
proximately 80 nanoseconds after the input goes true,

The circuit is shown in Figure 3.10-1, The FFN7 is identical to a
20-70 Flip-Flop with the Delay lines and complimenting diodes removed.
Since the operation is so similar, it will not be explained in this
manual,
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3.11 READ SWITCH 1 MULTI - DSW1 (MS1M)

General

The purpose of the Read Switch 1 Multi is to provide a timing level
that will turn ON the appropriate "X" and "Y" Memory Address Switches.

The Read Switch 1 Multi will receive an input pulse from the logic
that is used to start a Memory operation in either a LOCAL or REMOTE
condition. From this logical level, a true level will be developed
which is somewhat delayed (40 to 100 milliseconds). The output of the
Read Switch 1 Multi will stay true throughout the READ and WRITE por-
tion of the Memory cycle, but it must cease immediately after the
WRITE portion., To accomplish this, a two-input Multi is used. The
first input will turn on the Multi and hold it ON until the second
input comes true. The second input will hold the output true until
both inputs are false. See Figure 3,11-1,
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FIGURE 3,11-1
DSW1

Circuit Description

In quiescence, Ql is cut off, and Q2 and Q3 are ON. When a true pulse
is received at Input 1, Ql turns on bringing its Collector close to
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ground, This will discharge capacitors Cl1l8 and C19 through R8 and
Transistor Ql. ‘

As capacitor Cl19 discharges, transistor‘Qz will turn off., When Q2
turns off, feedback current is applied to the Base of Ql by Resistor
R25 through CR24 and CRS.

When Cl8 reaches approximately -~1.5V, Q3 will turn off causing a true
output. Q3 will now remain off as long as Ql is saturated.

If no input pulse is received at Input 2, Q2 will turn on as soon as
Cl1l9 charges up through R20. Q2 turned ON would cut off Ql. For pro-
per operation, an input level must be received at Input 2 before Q2
turns on. Ql will then remain saturated until Inputs 1 and 2 are both
false.

When Q1 turns off, C18 and Cl19 charge through R7 and R8 toward -12V,
When C18 and Cl9 reach approximately -2V, Q3 will turn on, ending the
output pulse,

Special Components

R27 is adjustable and determines where the output pulse will be in the
Memory cycle, The duration of the output pulse is determined by the
input and the length of time Q2 is turned off,
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3.12 INHIBIT DELAY - DY I__(MIHM)

The purpose of the Inhibit Delay package (DY I) is to turn on the ap-
propriate Inhibit Drivers at the start of the WRITE portion of a Mem-
ory cycle and to hold them on past the turn off of the WRITE current.

Operation
Refer to Figure 3.12-1.
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FIGURE 3,12-1
DY I

In the quiescent state, with both inputs false, transistor Q3 is off
and Q1 and Q2 are both on. With transistor Q2 on, the output will be
false, The circuit is turned on by MRWP going true on Input 1, With
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a true on Input 1, tramnsistor Q3 will turn on and discharge capacitor
C4, With C4 discharged, Ql will turn off and the Base of Q2 will go
positive, This will turn Q2 off, causing the output to go true.

Due to the fast discharge path of C4 through Q3, there will be no de-
lay on the turn on of the circuit., Once the output goes true, MW2M
will turn on and its output will be used to hold Input 2 true, The
output of the Inhibit Multi will remain true as long as either input
is true,

When MW2M times out and both inputs are false, Q3 will turn off. This
will allow C4 to start charging toward =12V through R2 and R27. When
C4 has charged to approximately -6V, Ql will turn on applying a nega-
tive on the Base of Q2, With a negative on its Base, Q2 will conduct
and the output will go false., The charge path of C4 through R2 and
R27 will determine the time the output remains true after both inputs
go false.
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3.13 READ/WRITE DELAY - DURW (MRWP)

General

The READ/WRITE Delay package is used in the Memory Timing circuits to
provide the delay between the READ and WRITE portions of the Memory
cycle,

The input to the Delay circuit is the output of MR2M. The delay is
triggered on the Trailing Edge of the input pulse and the output
pulse will go true approximately 280ns later. The duration of the
output pulse is approximately 360ns and is completely independent of
the input.

Circuit Description

Refer to Figure 3.13-1.

In the quiescent state, transistor Ql is cut off and Q2, Q3 and Q4

are conducting. When the input goes true, transistor Ql will turn on
and capacitor C3 will be discharged. Transistor Ql coming on will
cause Q2 to turn off, When Q2 turns off, the Base of Q4 will go pos-
itive turning this transistor off. Q4 turning off will charge C17 and
apply a negative-going signal to the Base of Q3. The Base of Q3 going
negative will have no effect on the output since Q3 is already in con-
duction.

When the output goes false, transistor Q1 will turn off and capacitor
C3 will start to charge through R4 and R27,

Once Cl3 has charged to approximately -7V, Q2 will turn on. Q2 being
on will furnish Base drive to transistor Q4 turning it on. When Q4
turns on, capacitor Cl7 will start to discharge, removing Base drive
to Q3. With Q3 off, the output will be true and remain true for the
discharge time of Cl7 through R16.
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3.14 STROBE MULTI STMD

General

The purpose of the Strobe Multi is to develop a Timing Pulse output
which is used to Strobe the outputs of the Sense Amplifiers into the
Information Register during a Read operation, or, Strobe the incoming
Information into the Information Register during a Write operation.

Circuit Description

In the quiescent state, Transistor Ql is off, and Transistors Q2 and
Q3 are on, The Inhibit input is not used. The input to CR23 is from
Memory Read 2 Multi, With a true input to CR23, Transistor Ql will
turn on and discharge C3. This will apply a positive-going level on
the Base of Q2 turning it off, .

Transistor Q2 being cut off, will have no effect on Q3, and the output
remains false. When Capacitor C3 has charged through R4 and R27, Trans-
istor Q2 will turn on and discharge Capacitors Cl3 and Cl1l5., This will
apply a positive-going signal to the Base of Q3, turning it off. Q3
will remain cut off until C13 has charged through R17 and R18,

The duration of the output pulse is determined by the RC time of cap-
acitor C13 and Resistors R18 and R19. The delay of the output pulse
from the Leading Edge of the input is determined by Capacitor C3 and
Resistors R4 and R27,. Capacitor Cl1l5 is used to speed up the switch-
ing time of Transistor Q3.

SEE PAGE 3.14-2 for FIGURE 3.14-1.
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3.15 READ/WRITE MULTI MURW (MR2M & MW2M)

General
Refer to Figure 3.15-1.

The purpose of the Read/Write Multi is to develop the Timing Pulses
used to enable the Read and Write Current Drivers, Two packages are
used, one for the Read Timing Pulse, MR2M; the other for the Write

Timing Pulse, MW2M,
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FIGURE 3.15-1
MUCM GND +20v GND

Circuit Description

The input consists of a two input AND gate, the second input is only
used on the Read Multi to insure the Multi is only triggered once each
Memory cycle. In the quiescent state, Transistor Ql is cut off and
Transistors Q2, Q3 and Q4 are conducting. Transistors Q3 and Q4 make
up a transistorized AND circuit where both transistors must be cut off
before the output will be true.

If both the inputs are true, Ql will start conducting. This will al-
low Capacitor C22 to start charging through R21 and R28 and cut Tran-
sistor Q3 off. Transistor Q3 will remain off for the charge time of
C22, Also, when Ql starts conducting, Capacitor C9 will start to dis-
charge through R8 and Ql. At a point in the discharge curve of C9,
determined by the voltage divider in the Base circuit of Q2, Q2 will
be cut off and in turn cut off Q4. With both Q4 and Q3 cut off, the
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output will be true, The output will remain true as long as both
transistors remain off., Transistor Q4 will remain off as long as the
input stays true. The length of time Q3 remains off, is determined by
R28 in the charge path of C22. This resistor is adjusted to give the
output pulse duration of approximately 1. 2us, The Leading Edge of the
output pulse is delayed approximately 1,0 nano-seconds from the 1nput.
This is determined by R27 in the Base circuit of Q2,
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3.16 MULTI F W MUFW

General
Refer to Figure 3.16-1,

The MUFW Multi is a 150 nano-second Multi that will provide an output
pulse each time the input goes from false to true. The package is
used in the Memory Timing circuits to provide a clear pulse at the end
of each Memory cycle. The MUFW is also used to generate the 150 nano-
second output pulses from the Memory Clock oscillator in the Clock
Control circuits.
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Circuit Description

Normally the input is standing by at a true level, Base drive is fur-
nished to Q1 through CR5, CR6 and CR7, causing it to conduct. Q2 will
also be in conduction due to the Base drive furnished to it through
CR19, R21, and R27 to -12V. With Q2 conducting, the output will be
false. '

When the input goes false, the positive on the Base of Ql will cause

it to cut off. Ql cutting off, will have no effect on Q2 since Q2 is
already conducting and capacitors C22 and C25 will charge to =12V,

When the input goes from false to true, Ql will again start conducting.
With Ql conducting, Q2 will be cut off and the output will go true.

The duration of the output pulse is determined by R27, R21, C22 and C25,
Diode CR10 will hold the input true for the duration of the output pulse.
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3.17 POWER CONTROL

General

All of the Power used in the B461 Memory Unit is supplied by the
B5370 Power Supply Unit, This Power Supply Unit supplies a total of
ten voltages that are regulated to 5 percent. Some of these voltages
are used directly with no further regulation. They are the +100V,
-100V, -120V, +50V, +20V, and -38V,

The -19V Regulator is in the Memory Sub-System Unit and furnishes
regulated voltages of -12v, -4,5V, and -1,2V for the Logic circuitry,
This Regulator supplies enough regulated voltage for a maximum unit

of four Memory Modules, Each Memory Module has a set of Regulators

to supply the necessary Memory voltages which are the -30V Read, Write,
Inhibit, and the +30V, There are two special Supplies which are the
-15V and the -6T, These will be explained later in this manual,

All Power is controlled in the B5500, including the DC ON and OFF,
When Power is turned ON, all of the B5500 Supplies except the +20V
and +100V, come ON, After a 500ms Delay, +20V is turned ON. The
+20V Supply turns ON the EDD Logic Regulators (-12v, -4,5vV, -1,2V),
which in turn enables the +100V switch, The +100V Supply allows the
B461 Memory Regulators to come ON, When Power is turned OFF, a re-
verse sequence is followed with the Memory Regulators going down
first, followed by +20V, the EDD Power Pack, +100V, and the Raw Sup-
plies.

Over-voltage and under-voltage for -12V, -4,5V, and -1,2V is sensed
in the B5500, In the event of a failure, the Power is entirely turn-
ed OFF, including AC to the Raw Supplies. Over-voltage and under-
voltage for the B461 Memory Regulators is sensed in the Memory Unit,
In the event of a failure in one of these Regulators, they are all
turned OFF, including the EDD Power Pack. However, the Raw Supplies
are left ON, except for the +20V and +100V,

"On-Line'" Sequencing (REMOTE Operation)

When the Memory Unit is operated "On-Line', the initial sequencing

of Power will be controlled by the B5370 Power Supply Unit, All Sy-
stem Supplies will be sequenced including the LOCAL Regulators in each
Memory Cabinet or Sub-System,

As the last voltage controlled by the System (+100V) comes ON, each
individual Memory Unit will Sense this and sequence its own special
Supplies. The order of sequencing will be as listed below.

On Sequence

1., B5370 Power Supply
a, Group 1 = +50VDC, +19VDC, -100VDC, -120VDC, -38VDC
b. Group 2 = +20VDC
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c. Group 3 = -12VDC, -4.5VDC, -1,2VDC
d. Group 4 = +100VDC

2., Memory Unit

a, Group 5 = -30V Read, Write, Inhibit
b. Group 6 = +30V

O0ff Sequence (Power Failure or DC Lockout)

1, Group 6 = +30V
2, Group 5 = -30V Read, Write, Inhibit
3. Group 2 = +20VDC

4, Group 3 _ _ _ )
Group 4 ~ *+100VDC, -12VDC. -4.5VDC, -1.2VDC

System Power cannot be turned OFF from a Memory Unit, except in case

a Power Failure is detected in the Unit. Group 1 Power Supplies do
not turn OFF under DC failure conditions.

Local Sequencing

When the Memory is "Off4Line", Power may be sequenced independently of
System Power Contrel once System Power is ON. This is accomplished by
means of relays contained in the Memory Unit.

On Sequence

1. Group 1 = +20VDC, -24VDC

2. Group 2 = -12VDC, —4.5VDO; -1,2VDC, +19VDC, +50VDC, -38VDC
3. Group 3 = +100VDC, -100VDC, -120VDC
4. Group 4 = -30V Read, Write, Inhibit

5. Group 6 = +30V

0ff Sequence

1. Group 6 = +30V

2. Group 5 = -30V Read, Write, Inhibit

3. Group 3 = +100VDC, -100VDC, -120VDC

4., Group 2 = -12VDC, -4,5VDC, -1,2VDC, +19VDC, +50VDC, -38VDC
5. Group 1 = +20VDC, -24VDC
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Relay Power Control

Relays K1, K2 and K3 are used in control of bringing up Power in the
Memory Unit in either REMOTE or LOCAL operation. By LOCAL, it is
meant that once System Power is UP, Power can be brought UP or DOWN
on any specific Memory Module without baving to sequence System Power
up or down. Switch S-~1 must be in the DC ON position when bringing
Unit Power UP from either a LOCAL or REMOTE condition.

Refer to Figure 3.17-1.

11

oC
E——Oi_ ol
LoGIC s : LOCKOUT
-—4.5V——0~"1 &A—0—— - 08 |
—ox_ i _pr
MNAL
—12v—150-Ta—_o'¢ 09 '

]
|
|
i
'
1
[}

LOCAL DC
ON/OFF’
[}

FIGURE 3.17-1
RELAY POWER CONTROL

-24V is available from the B5370 Power Supply which will pick K1 thru
CR1 and S-~1 to Ground. When K1 picks, this will allow =24V to pick
K2 through diode CR-2 and S-1 to Ground. When K2 picks, this allows
K3 to pick through S-1 to Ground.

The purpose of Relays K1, K2 and K3 picking in this sequence, is to al-
low the proper application of the Power Supply and Local Regulator
voltages to the Memory Module, K1l supplies +20V; K2 supplies +50V,

+19V and -38V (Main Power Supply), -12V, -4.5V and -1,2V (EDD Regulator).
K3 supplies +100V, -100V and -120V,
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NOTE

Kl is also held by contacts 03 and 04 of
K2, and K2 is held by contacts 05 and 07
of K3, This arrangement is used to pro-
vide the correct drop sequence of these
relays.

When S-1 is in the DC OFF‘position, the relays will drop in the se-~
quence of K3, K2 and Kl. This is due to the holding circuit arrange-
ment explained in the note above.

Relay K4 is picked when +19V from the contacts of K2 become available,
delayed 150ms by the RC network consisting of Rl and Cl., The reason
for the delay of 150ms is to allow enough time for the SWHV circuits
to settle down before the over and under voltage indicating circuits
become active.

NOTE

SWHV circuits use +19V and =24V,

If this was not accomplished, it would be possible to have a premature
Failure indication while the Power Sequencing and the SWHV circuits
are settling down, Other purposes of K4 will be explained later in
this section,

Logical Power Control

The Regulators of each Memory Module cannot be sequenced UP until the
last voltage (+100V) from the B5370 Power Supply has sequenced UP,
The Regulators will sequence DOWN any time the +100V is removed.

DC LOCKOUT also controls the sequencing of the Regulators. This level
will be true prior to the +100V switch coming ON if the Memory Module
is in REMOTE and an over or under voltage has not been detected pre-
viously in this Module. Refer to Figure 3.17-2,

With DC Lockout true, and the +100V becomes available from the B5370
Power Supply, the Memory Power ON sequencing can begin., The +100V

is divided down between two 10K resistors and fed to the input of the
Voltage Sensing Switch (SWVS)., The +100UV/ output of this Sensing
circuit will be true when +100V is available. This true is then used
to trigger the T@DM Multi. The other inputs to this Multi are DC ON/
and DC LOCKOUT which will both be true on initial Power UP.

The output of T@DM is shunt added with +100V UV/ and used to set the
DC ON cross-coupled switch., Once this cross-coupled switch has been
set, it will remain ON until either the +100V is turned OFF, or DC
LOCKOUT goes false,

When T@DM went true, the -30V ON CONTROL went false, This level going
false is used to turn on the -30V Regulators, It should be noted,
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FIGURE 3.17-2
POWER ON CONTROL

(+30V)

{(+30V)uv/

when T@DM times out after 30ms, the DC ON level will hold these Regu-
lators ON. The (+30V) UV/ level is used on the Power Down sequence to
insure the +30V Regulator goes down before the -30V Regulators.,

In order to turn on the +30V Regulator, a true is needed on the Regu-
lator input. This is accomplished by the (-30I) UV, (-30R) UV, and
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(-30W) UV all going false when the -30V Regulator outputs have come up.
The (+30V) UV input is true when the Regulator is down. The purpose
of this input is to shut down the Regulator if a +30V Under Voltage is
detected. The DC ON/ input is used for normal Down sequencing of the
Regulator, When the +30V Regulator is up, the Power sequencing is com-
plete.

The T@PDM Multi output is switched to make up the TPDM/ level., This
level is used in the Over and Under Voltage detection circuits to pre-
vent detection of these conditions until Power is completely sequenced

up.

The Down sequence of the Regulators is opposite of that of the Up Se-
quence. Whenever the +100V switch in the B5370 is turned off, the DC
ON cross-coupled switch will be Reset. With DC ON/ true, the +30V
Regulator will turn off, When the +30V goes off, the (+30V) UV/ level
will go false, turning off the -30V Regulators. '

The outputs of the Regulators are sent to Voltage Sensing switches.

The Under Voltage switch output from the -30V Regulators will go false
when the output of the Regulator reaches 70 percent of its nominal val-
ues. The switched output from the Over Voltage circuit will be false
unless the output increases to approximately 30 percent over the nom-
inal voltage. For the circuit description of the voltage Sensing
switch, refer to Section 3.23.

Power Sense

The Power Sense circuits are used to detect either an Over or Under
Voltage in any of the four Regulators. (Three -30V Regulators and one
+30V Regulator). An excessive current detecting circuit is contained
in each of the Regulator packages. This circuit will cause the Regu-
lator output to shut down if an excessive current is detected, With
the Regulator output down, an Under Voltage will be detected to se-
quence down the other Regulators in the Module, and also send a false
level to D & D on the DC LOCKOUT line., The false level on the DC LOCK-
OUT line will cause all the EDD Regulators in the System to Sequence
Down,

The Under Voltage Sensing circuit is shown in Figure 3.17-3. This
circuit consists of a cross-coupled switch that may be Set once the
Power has been sequenced up (DC ON). The Turn On Delay Multi (T@DM)
and the Under Voltage output of one of the Voltage Sensing packages
goes true. With the cross-coupled switch Set, the IND-UV output will
be false and the Under Voltage Indicator will light. The UN-IND out-
put of the cross-coupled switch is sent to the DC LOCKOUT circuit which
will be explained in this section.

Once the Under Voltage cross-coupled switch'has been Set, it will re-
main Set until the Reset pushbutton is depressed, or, the LOCAL DC
POWER switch is turned off. \
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NOTE

Depressing the Reset pushbutton will dis-
able all the Voltage Sensing in the Module
for as long as the button is depressed,

RESET PUSH BUTTON
K4

—t

: A A SWHV
|
RESET/
GND

(-30I)UV
(-30R)UV

o]

(-30w)uv

(-30V)uv

DC-ON A

TODM/—J

FIGURE 3.17-3
UNDER VOLTAGE DETECTION

|l UV = IND

UNDER VOLTAGE
INDICATOR

o SWHV Si i ?
-24vV

IND-UV

The Over Voltage circuit shown in Figure 3.17-4, is identical to the
The cross-coupled switch is Set from the Over
Voltage output of the Voltage Sensing packages.

Under Voltage circuit.

RESET/

(-30I) 0V
(~-30R) OV

IND-OV

(-30w)ov
(+30viov

DC-ON

|

TOoDM/

FIGURE 3.17-4
OVER VOLTAGE DETECTION

A SWHV l
OV~-IND.
OVER VOLTAGE
INDICATOR
[} SWHV
-24v

The detecting circuits for the -30V Read, Write, and Inhibit Regulators

are identical cross-coupled switches.

Figure 3.17-5.

A typical circuit is shown in

The inputs to the cross-coupled switch are the Over and Under Voltage
outputs from the associated Voltage Sensing package. The +30V detect-
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l t-sony Uy ——{ 4 SWH A I
(-30R) UV
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FIGURE 3.17-5
VOLTAGE INDICATOR CIRCUIT

ing circuit is also similar except for an addition of a SHUNT AND gate
to prevent false +30V indication when a -30V Under Voltage is detected.

The DC LOCKOUT circuit is shown in Figure 3.17-6.

(- 30R)UV @ Ka
(-301)UV SW L SW L ﬁl)ﬂ;—o
(-30wW)uv
(+30V)uV ! L—O—MNAL
|
TODM |
LOCAL ; -
‘—o——oc LOCKOUT
TODB D
(-30I)IND —— ¢
WH
(-30R)IND SWHvY SWHV A SWHV
DCLKOUT
(~30W)IND
(+30V)IND
OV=IND ¢
UV=IND ——

FIGURE 3.17-6
DC LOCKOUT & MEMORY NOT AVAILABLE CIRCUITS

The output of this circuit is normally true to allow Power to be se-
quenced up. When an Over or Under Voltage occurs, both the cross-
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coupled switch associated with the voltage and, either the Over or Un-
der Voltage cross-coupled switch must be Set before the DC LOCKOUT
level will go false. The DC LOCKOUT level being False, will cause the
System Regulators to sequence down and also prevent the Power On se-
quence of the Regulators in this Module until the voltage detection
circuits have been Reset.

The Memory Not Available circuit also shown in Figure 3.17-6, will be
true until the Regulators have completely sequenced up and the Turn On
Delay Multi times out (T@DM goes false).

With the Regulators turned ON, all the Under Voltage outputs from the
Voltage Sensing packages will be false, When T@DM goes false, the
MNAL level will be false. MNAL is sent to Central Control to indicate
to the System that the Memory Module is available for System use,
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3.18 ~15V REGULATOR

General
Reference Figure 3.18-1,

The -~15V Regulator is a temperature compensated Regulator which is
used to control the three -30V Regulators. This Regulator is control-
led by a Thermistor which is mounted near the Core Stack., If the am-
bient temperature increases, the cores will set and reset with a lower
current., To counteract this, the Thermistor is connected to the -15V
Regulator in a manner that will cause the -~15V Regulator output to go
less negative,

-38v
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FIGURE 3.18-1
=15V REGULATOR

The -~15V Regulator in turn, is connected to the three ~-30V Regulators
in such a manner as to cause the -30V Regulator outputs to go less neg-
ative, With the -30V Regulators at a less negative level, less current
will be used to set and reset the Memory cores. If the ambient temper-
ature decreases, the opposite will occur. The resistance of the Ther-
mistor will increase, the output of the -15V Regulator will go more

negative, and the outputs of the -30V Regulators will go more negative.
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Circuit Description

The -15V Regulator contains a Series Regulating Transistor (Q3) and a
Differential Amplifier (Ql and Q2). Transistor Q1 will be in conduc-
tion due to the bias potential established by Zener diode CR25 and .
R24, Q2 will also conduct due to the bias established by R9, R27, R22,
and the Thermistor in parallel with R22, With Transistors Ql and Q2
conducting, Transistor Q3 will conduct at a point established by the
conduction of Q2.

The Differential Amplifier circuit controls the regulation and sets
the operating point of the Regulator. An increase of ambient tempera-
ture will cause the Base of Q2 to go less negative. With the Base
less negative, Q2 will conduct less, thus causing the Emitter of Ql to
go less negative.,

With the increased bias on Ql, it will conduct harder, causing the Base
of Q3 to go less negative., Q3 will conduct less and the output voltage
will decrease (less negative). With this increase in temperature, a
new operating point has been established for the Regulator, If a de~
crease in temperature were to occur, the operating point of the Regu-~
lator would change in the opposite direction.
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-30V READ/WRITE REGULATOR (250ma)

Reference Figure 3.19-1.

This Regulator is one of two duplicate Regulators,
supply the Read and Write drive currents to the Core Stack.
is -38V from the B5370 Power Supply.

better than 1 percent.

These Regulators
The input
The output is -30V regulated to

-30V READ/WRITE REGULATOR =
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Each Regulator contains a SeriesARegulating Transistor (Q7), a Driver
(Q6) for Q7, a Differential Amplifier (Q2 and Q5), the Sequencing ON/
OFF Transistor (Ql), and an Over Current Sensing Transistor (Q3).

The Differential Amplifier circuit controls the regulation and sets

the operating point of the Regulator.
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will be coupled through CR19 to the Collector of Q5. Any variations
felt on the Collector of Q5 will produce varying voltage drops across
R11l which consequently controls the current flow of Q2. Any variation
is amplified in Q2 and sent to the Base of Q6 through R5., The varia-
tion is also amplified in Q6 and direct-coupled from the Q6 Emitter to
the Base of Q7.

Q7 will increase or decrease conduction, depending upon whether the
original output variations were increasing or decreasing. If the out-
put tried to decrease (go more positive), Q7 would decrease its resis-
tance in order to supply more current to the load and bring the output
voltage up to normal,

The Base voltage of Q2 is set by a 500 ohm Variable Resistor located
on the Maintenance Panel. This voltage determines the operating point
of the Regulator and is usually set so that the output voltage is -30V.

If a sudden load was imposed on the output of the Regulator and the
voltage tried to go to -29V, the following would take place.

A fraction of the positive change would appear on the Base of Q2; the
amount would depend upon the ration of the resistance in R21, the 500
ohm Variable Resistor, and R24,

The purpose of CR19 is to insure that either change will appear across
R18 and on the Collector of Q5. When the Base of Q2 goes positive, Q2
will conduct less. The positive on the Collector of Q5 will cause it

to conduct more, causing a lower negative to positive drop across Rll

which causes Q2 to conduct even less.

The net effect will be a more positive Base bias on Q2 causing it to
conduct less. The Q2 Collector current path is through R5, R3 and a
5.6K Resistor to -100V., When this current decreases, the voltage at
the Base of Q6 will go more negative., Q6 is an Emitter Follower, and
the Emitter is direct-coupled to the Base of Q7. When the Base of Q7
goes more negative, Q7 will conduct more, thus supplying more current
to the load, which will cause the output voltage to return to normal.

The Regulator has a large amount of amplification so the actual output
variation will be very small, Capacitor C4 is an anti-oscillation
phase shifting capacitor. C4 changes the phase of the feed-back volt-
age enough that the Regulator does not oscillate.

The -15V feeding the Base of Q5 is a special Regulator that is temper-
ature compensated.

NOTE

The internal functions of this Regu-
lator were explained in Section 3,18.

The -15V Supply is controlled by a Thermistor which is mounted near

the Core Stack. If the ambient temperature increases, the cores will
set and reset at a lower current. To counteract this, the Thermistor
is connected to the -15V Regulator in a manner that will lower the =30V
output voltages when the temperature increases,
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The Thermistor as used in this circuit, has a negative temperature co-
efficient. When the temperature increases, the Thermistor resistance
will decrease. This in turn will cause the -15V Regulator to put a
more positive voltage on the Base of Q5. Q5 will draw less current
which in turn causes Q2 to conduct harder. The increased conduction
through Q2 will cause the Base voltage of Q6 to go more positive.

This positive change will force Q6 and Q7 to conduct less (or raise
their resistance). The output voltage will decrease as a result of Q7
conducting less than when the temperature was at a lower level,

Ql is a part of the Sequencing Control circuitry used to turn the Reg-
ulators ON and OFF,

A false input to CR34 is required to sequence ON the Regulator., With
a false input, Ql will be cut off., As long as Ql is cut off, the Reg-
ulator will operate in a normal manner. If the input to Ql goes TRUE
due to a Power shutdown or Power failure, Ql will conduct. When Ql
conducts, two different effects take place.

1., Q6 will draw current through R6 and R3 putting a false level on
the Base of Q6. This will cut off Q6 and Q7, and the Regulator.

2, Ql'will draw current through CR14, R15, and R16 discharging the
output voltage down within the 35ms time limit set by the B5370
Power Supply.

The purpose of the controlled Rectifier Q4 and Resistor R20, is to
protect the Collector of Q5 on a Power shutdown.

Q3 is used as an over-current Sensing Transistor and will limit the
amount of output current. The Base circuit is designed so that Q3 will
be activated when a pre-determined amount of current is reached through
the one ohm resistor and R35. Q3 will normally be cut off because the
small voltage drop across R35 is not enough to forward-bias the Emitter
to Base function, If the output current increases, the voltage dropped
across R35 will increase. When the Emitter to Base voltage becomes
large enough, Q3 will conduct., Q3 will lower the voltage on the Base
of Q6 by drawing current through CR2 and the 5.6K resistor to -100V,
Q6, having a lower voltage on the Base, will cause Q7 to decrease Col-
lector current flow through the one ohm resistor and R35. The net ef-
fect is that Q7 will not be able to conduct more current than maximum
as determined by R35, even though the output goes toward ground.

NOTE

All components inside the dotted lines are
mounted on the Maintenance Display Panel.
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3.20 -30V INHIBIT REGULATOR

The -30V Inhibit Regulator package is identical and 1nterchangéab1e
with the -30V Read and the -30V Write Regulator packages. Although
the packages are the same, the operation is slightly different.

When the package is used as a -30V Inhibit Regulator, Transistor Q7
operates as a driver for five Series Regulator Transistors which are
located on the Display Panel.

The current limiting load Resistor, also on the Display Panel, is
changed to 0.1 ohms., This increases the output current of the Regu-

lator to six amps, and allows the current limiting adjustment to re-
main compatible with the other -30V Regulators.

SEE FIGURE 3.20-1 ON THE NEXT PAGE.
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FIGURE 3,20-1.
-30V INHIBIT REGULATOR
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3.21 +30V REGULATOR

The +30V Regulator is used to supply current to the Address switches
(SWAD) and also used in the control of the -6T Regulator.

The Regulator consists of the following circuits:
1. ON/OFF Sequencing Control (Ql and Q2).
2, Over-Current Sensing Circuit (Q5).
3. Differential Amplifier (Q4 and Q5).
4, Driver Transistor (Q7).
5. Series Regulator (Q6).

The ON/OFF Sequencing Control is used to sequence the Regulator up and
down., With a FALSE level on Input 1, the Base of Q2 will be at approx-
imately +5V. This will allow Q2 to conduct harder, applying a positive
on the Base of Ql.

With a positive on its Base, Ql will conduct and hold the Base of Q7
at a near ground potential through diodes CR17 and CR15. Q7 in turn
will hold Q6 OFF, and there will be no output from the Regulator.

With a TRUE level to Input 1, Transistor Q2 will conduct less, turning
Ql OFF, With Ql OFF, the Regulator will turn ON,

Resistor R31 and diode CR32 are used to discharge C21 and C22 through
Q1 when the Regulator is turned OFF. The output of the Regulator must
go to 5.0V or less within 15 milliseconds after it is turned OFF.

The Differential Amplifier circuit controls the regulation and sets
the operating point of the Regulator. Any variations in the output
are coupled through CR26 to the Base of Q3. Q3 would conduct either
harder or less and couple the variation of the Base of Q7. The vari-
ation is direct-coupled from the Emitter of Q7 to the Base of Q6. Q6
will increase or decrease conduction, depending upon whether the orig-
inal output variation was increasing or decreasing.

If a sudden load was imposed on the output of the Regulator and the
voltage tried to go toward +29V, the following would take place.

1. The voltage on the Base of Q3 would decrease,

2. Q3 would then conduct less and the voltage on the Base of Q7
would increase.

3. Q7 would conduct harder, increasing the voltage on the Base of
Q6.

4. Q6 would also conduct harder, increasing the output voltage to
+30V.
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3.22 -6V THRESHOLD REGULATOR

The -6T Regulator is used to establish a Threshold level for the Sense
Amplifiers, The output is regulated from the -12V Supply with the
+20V used as a Control voltage. These two voltages are the Supply
voltages for the Sense Amp packages. Using these voltages in the -6T
Regulator will cause the Threshold level (-6T) to compensate for any
changes in the Supply voltages, thereby stabilizing the output of the
Sense Amps. If the +20V input goes more positive, or the -12V input
goes less negative, the -6T output will go less negative, If the +20V
input goes less positive, or the -12V input goes more negative, the
-6T output will go more negative. The -6T output is connected to the
center tap of the Sense Amplifier Input Transformer to provide the
Threshold level for the Class "A" Amplifiers.

See Figure 3.22-1 for -6T circuitry.
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FIGURE 3.22-1
-6T REGULATOR

Circuit Description

The output of the Regulator is adjusted by a variable resistor located
on the Maintenance Panel and connected to the Base circuit of Ql., If
the resistor is varied to lower the voltage on the Base of Ql, Ql will
conduct harder, lowering the voltage on the Emitter of Q3. Q3 will
conduct less, causing the Base of Q4 to go more negative. This will
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increase conduction through Q4 and the output will go less negative,
The opposite will occur if the voltage on the Base of Ql is increased

(more positive).

When the +20V input goes more positive, the -6T output should go less
negative. This is accomplished by the voltage on the Base of Q3 going
more positive, thereby reducing the conduction of Q3. This will in-
crease the conduction of Q4, causing the output to go less negative.
If the +20V input goes less positive, Transistor Q3 will conduct hard-
er, causing Q4 to conduct less and the output will go more negative.

The -6T output will also follow any variations in the -12V input. If
the -12V input goes less negative, the Emitter voltage on Q2 will be
less negative, This will decrease conduction through Q3 and the Base
of Q4 will go more negative. The Base of Q4 going more negative will
increase the conduction through Q4 causing the output to go less nega-
tive.

Any variations in the -6T output are also corrected by Transistor Q2
changing the Base drive on Q3.
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3.23 VOLTAGE SENSING SWITCH (SWVS)

General

The Voltage Sensing switch circuits are shown in Figure 3.23-1,
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FIGURE 3.23-1
VOLTAGE SENSING SWITCH

Transistors Ql and Q2 are used for negative voltage sensing (-30 R, W,
I), and Transistors Q3 and Q4 are used for positive sensing (+30V,
+100V) .,

NOTE

The +100V is divided down to +30V in order
to use the positive voltage Sensing circuit.

Each of these circuits are used for both Over and Under Voltage sensing.
The Over Voltage circuitry will give a trouble indication if any of the
Voltage Regulators go 25 percent higher than the rated output and the

Und