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TITLE MMR-EJ ACCEPTANCE PROCEDURE A

ENGINEERING SPECIFICATION DATE 6,1 /72

TITLE MM8-EJ ACCEPTANCE PROCEDURE

REVISIONS 1.0 SCOPE
REV : "DESCRIPTION ]CHG NO ORIG DATE | APPD BY DATE

J.1 This procedure defines the minimum per formance
standards required of a MM8-EJ option which is

not accepted as an integral part of a PDP8/E,
i.e. add-on options.

2.0 SET UP

2.1 Remove the four (4) edge connectors from the
tops of the G111, H212 and G233 (MM8~EJ) modules.

2.2 1Inspect the G111, H212 and G233 (MM8-EJ) modules
i for conformance to "Final Inspection Procedure
for Flip-Chip Modules" (A-SP-7665039~0-0) 'and
"Module Rework Standard" (A-SP-7605845-0-0).

2.3 Check the G111 and G233 modules for a legible three
character numerical date code. :

i 2.4 Check the G111 and G233 modules to insure tHe
' ' circuit and etch revisions are up to curreny

ECO levels. Make sure all EMA jumpers on the
- G111l module are installed. :

2.5 1Inspect the G111 to make sure a center stroBe position
is stamped on the module. ‘ ' ’

2.6 Insure that strobe switch is set to center position
indicated on the G111, ' \

2.7 Ascertain that the MM8-EJ option has been checked

out in heat and vibrated by Production.
2.8 Make sure the power to the PDP8/E is turned OFF.
: 2.9 Insert the G111, H212 and G233 (MM8~EJ) modules

into the omnibus. Be sure you adhere to the
"Recommended Omnibus Assignment List" (A-SP~PDPS~E-0-4) .

e . ‘ ' ‘ ; r ' - CODE| NUMBER ‘REV
ENG & feore APP ‘Q <~ SIZE [CODE| NUMBER REV | ’ o SIZE :
od,Jq{\thf; Cakre S A@J\‘CO' A Sp MMR-EJ-1 : , A | sp | MMS-»-EJ-L
DEC- 16-(392)-1079-N971 . V ' ‘ ‘ ‘ ’
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TITLE MM8-EJ ACCEPTANCE PROCEDURE

2.10

Connect the MM8-EJ modules together using the
four (4) edge connectors. The G111 should be
in front, the H212 in the middle and the G233

.third.

3.0 ELECTRICAL TEST

3.1

3.2

3.3

3.4

3.5

3.10

3,11

Turn on power to the PDP8/E.

Follow the loading procedure for PDP8/E Extended
Memory Data and Checkerboard Test (MAINDEC-@8-
DHKMA) . '

Run the diagnostic following the instructions

in the program write-up, this test must run
error free for a minimum of 20 minutes.

At the completion of 3.3 halt the PDP8/E by
raising SRZ5 and turn off the power to the PDP8/E.

Remove the two (2) edge connectors that connect
the G111 and H212 together.

Remove the Gll1l module from the omnibus.

Turn strobe switch one position clockwise from
the center position that is indicated on the
Gl1ll module. Reinsert the Glll module into
the omnibus,

Reconnect the G111l and H212 modules using the
two (2) edge connectors.

Repeat 3.3 through 3.6.

At the completion of 3.6 turn strobe switch one
position counter-clockwise from the center
position that is indicated on the G111 module.

Reinsert the G111 module into the omnibus. .

Repeat 3.8,

3.14

3.15

3.17

3.18

3.12

3.13.

3.16

Repeat 3.3 through 3.6,

At the completion of 3.6 return strobe switch to
the center position indicated on the Glll module.

Reinsert the G111 module into the omnibus.

Repeat 3.8,

Follow the loading procedure for PDP8/E Extended
Memory Address Test (MAINDEC~8E-DLFB) .

Run the diagnostic following' thé instructions
in the program write~up. This test must run
error free for a minimum of 20 mihutes.

If the construction requisition specifically
states a particular memory field is desired,

have production cut the appropriate EMA jumper
or jumpers, ,

4.0 FAILURE CLASSIFICATION

4.1 Mechanical Failure:

4.1.1 Any G111, H212 or G233 (MM8~EJ) module
that does not meet the criterion outlined
in 2.1, 2.2, 2.3, 2.4 and 2.5 will be
classified as a failure.

4,1.2 The acceptance supervisor has the option
of either waivering the failure (using
DEC form 12-1026) or returning the defective
module or modules to production for repair.

Electrical Failure:

4.2.1 Any MM8-EJ (G111, H212 and @233 module)
which while performing 3,3, 3.17 halts,
generates error printouts, garble or
runs other than continuous and as specified
in the diagnostic write-up will be classified
defective and returned to production for repair.

SIZE |CODE NUMBER REV
Sp MM8~EJ~1

SIZE |CODE NUMBER REV
A | sp MM8-EJ~-1 »
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ENGINEERING SPECIFICATION DATE june 22, 1972

TITLE SPECIFICATION FOR MM8/EJ MEMORY SYSTEM

REVISIONS
REV DESCRIPTION ICHG NO' ORIG DATE APPD BY DATE decoders receive the MA bits and turn on the corresponding Read

TITLE  SPECIFICATION FOR 1M8/EJ MEMORY SYSTEM

are placed on the Memory Address (MA) lines. Memory address

current switch when control signals RETURN, SOURCE, and WRITE

(Not) are present. The Memory Register is cleared early in the

§4 READ portion of the memory cycle.

1.0 MEMORY SYSTEM - GENERAL DESCRIPTION

[ o
f

EMQR’Y S‘ELECT'ON SYSTEM _T : K ' N
- WRITE O S b,

P l cTROBE MY

I o

]

CorRENT | | N[ sense
BWITCHES N core [REACY SaaE

RETURN _Mb DR

WRITE .
SOURCE. | LMD oI
| o 4 T OMNIRUS

The 8K PDP8/E core memory (designated MM8/EJ) is a random access,

coincident-current, magnetic READ/WRITE core memory with cycle times

ANHIBIT
DRIVERS

of 1.2 ps and 1.4 ps, The memory comprises ferrite cores wired in a C O MA LNEST Y peness
£ ,

il

3-D, 3-wire, planar configuration. The unit can store up to 8192 (8K)

X
i
~
=
o}
=

12-bit words. The memory can be expanded to 32K words.

2.0 MEMORY SYSTEM - FUNCTIONAL DESCRIPTION ,
' , Figure 1 Memory System Functional Flow Diagram
The memory system performs three basic functions for the PDP8/E : o

processor: : o o
The outputs from the 12 selected cores are fed to their respective
a) It decodes and selects the desired core location in which a 12-bit ;
sense amplifiers. A strobe signal is used to gate the Semnse
word is stored or will be stored, ‘
Amplifier into the local Memory Register. 1If MD DIR is low (as it
b) It reads a 12-bit word from the selected location, and '
' always is during the READ portion of the memory cycle), the output
c) It writes a 12-bit word into the same selected location. ,
of the Memory Register is placed onto the Memory Data (MD) lines.
These functions are illustrated in Figures 1 and 2, for which .
, . During the WRITE portion of the memory cycle, the memory selection
one memory cycle is represented. The processor must first supply the ; ‘
: system uses the same address inputs and control signals; however,
address (refer to Chapter 4 of the Small Computer Handbook) before a
control signal WRITE will change states, causing the write current
read or write operation can be considered. The CPMA Register '
- switches to be activated. To write the content of the Memory
is loaded at time TP4, and the contents of the CRMA '

\\\
ENG APPD - .. TSIZE [cODE NIIMBER REV , ~ ‘ SIZE |CODE| NUMBER REV
W/ TRy A ISP ! -MM8-EJ-4 , o , SRR, | A [SP - -MM8-EJ-4 »
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3.0

Register back into core, MD DIR will be low (active). Otherwise,
the contents’of the MB Register (within the CP or an active break
device) will be placed on the MD lines, and the word in the MB Reg-
ister will be written into core., The INHIBIT signal controls the
gating circuits, and only when INHIBIT is active will the Inhibit
Drivers be activated. A @ received from the MD lines and INHIBIT

will cause the corresponding Inhibit Driver to produce inhibit

current.

MEMORY SYSTEM - DETAILED THEORY

The organization of the memory system is illustrated in Figure 3.

Three QUAD-size boards are used to contain the memory system as

follows:

a) Sense/Inhibit G111 contains 12 Sense Amplifiers, Memory
Registers, and Inhibit Drivers witﬁ the corresponding control
logic, slice control, -7V supply for the Sense Amplifieré, and
current control;

b) Memory Stack G646 contains 12 mats of 8192 cores per mat, and
X/Y diode selection matrix;

c) X/Y Driver and Current Source contains address decoding and
selection switches, X—currenz source, Y-current source, and
stack discharge switch-power ON/OFF protection circuit,

The detailed theory of core memory, memory selection system, and

the memory sense/inhibit function are described in the following

paragraphs.

DEC FORM NO DEc 16—(381);:.'.522“-01370
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4.0 CORE MEMORY

The basic storage element in the MM8/EJ Memory System is a small

toroidal (ring-shaped) piece of magnetic material, called a mag-

netic core. A single core, mounted on a ground plane, is illus-

trated in Figure 4. Three wires pass through each core to

accomodate the X- and Y-selection, and the sense/inhibit function,

A primary difference between the PDP8/E and its predecessors is
the combination of the SENSE line with the INHIBIT line to form

a three-wire system instead of a four-wire system.

'Sense-inh line

b x

’ " Ground Plane

;-‘.PC Board

Figure 4 Magnetic Core

4.1 'Hysteresis Loop

The charactéristics of the magnetic core can be shown by a

graph, plotting the current (the magnetizing force) versus

flux-density (the resulting magnetism) hysteresis loop as

illustrated in Figure 5. This hysteresis loop illustrates
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in the three wires plotted along the horizontal axis, and the
resulting flux density B through the core along the vertical
axis. Two directions of current are shown. READ current,
with respect to the graph, is directed from right to left. If
a logic 1 is stored in the core, B will move from the remanent
point (+By) down to saturation at -Bp when the READ current is
turned on. When the magnetizing current is removed, the flux
density settles down to the remanent point at -By. WRITE
current is directed from left to right with respect to the
graph. If a 1 is to be written into core, the flux density
will move from =By to point 4By on the graph and then
settle down to +By when the magnetizing current is removed.
Thus, points -Byp and 4By are the extreme points of saturation,

and points -By and +By are the extreme points in the normal

logic states.
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WRITE CURRENT N
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<

SATURATION i

. B FLUX DERS™y v i
(MAGNETISM) CHANGE

FLUX

DIRECTION

F FULL /@ ¥
+B, - posimive \\L)))

! CURRENT 4
[ LoGaic "t
4
&CURRENT%MAGNETIUNQ
+T FORCE

REMANENT POINY

OF RES\DULAL
MAGNETISM
(LoGic™ ")

ﬁ?ﬁ%ﬁ
@)
ZERD FL UK DENSPYTY S

B fiomera” ‘ 4
m (L ) ZERO CURRLINT LoGic "o"

REMANENT RPOINT
OF RES\DUAL
" MAGNET ISM

Figure 5 Magnetic Core Hysteresis Loop
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4.2 X/Y Select Lines
Saturation of a core occurs only when both the X- and Y-select
lines each contain half the amount of current required to
reach saturation. This is called the coincident current
technique and results in a fully-selected core. If either the
X- or Y-line contains no current, there is no significant
change in the flux density. For example, for a READ, if the
core is in logic 1 state, the flux change is from point +B,
to H on the graph and then reverts back to point +By. For a
WRITE, the flux change is from point -By to point J and then
reverts back to -By,

4.3 READ Operation
READ occurs during the first half of the memory cycle. Its
function is to sample either a logic 1 or logic § in a fully-
selected core. Thus, both the X- and Y-Read half-select
currents must be applied for the seﬁse/inhibit line to receive
a pulse resulting from a change in flux density if the core is
in the‘logic 1 state. If the core is in the logic @ state, no
change in flux density occurs and, therefore, no pulse appears
on the sense/inhibit line.

4.4 WRITE Operation
WRITE occurs during the second half of the memory cycle.
Because WRITE follows READ, the cores at the selected address

have been cleared to a logic @ state. If the fully-selected
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4.5

and one Y-line.

core is not inhibited, the magnetic flux moves from point
-Br to +By on the graph, and a 1 is stored in core. However,
to store a @ into core, it is necessary to cause a less than
fully-selected condition. This is achieved by generating an
inhibit current and applying this current to the sense/inhibit
line. This inhibit current is in the opposite direction to the
Y-WRITE current. The net result of the change in flux will be
from point -By to point J on the graph. When all currents are
removed, the flux density reverts back to -By on the graph.
Magnetic Core in Two-Dimensional Array

A partial three-wire memory configuration is illustrated in
Figﬁre 6. Half-select currents are produéed for one X-line
1f, for'example, the core at X3, Y2 is
selected, the éorresponding wires going through each row would
contain half-select current. TFor the X3 row, X3, Y1 core would
contain only half-select current, and X3, Y2 core would contain
full-select current. All other cores in row Y2 would contain
half-select current. The sense/inhibit line terminates at the

Sense Amplifier and the Inhibit Driver in the manner shown in

Figure 6.
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Current directionvis from the top of the illustration down to
the Sense Amplifier. For WRITE, the éurrent direction is from‘
the bottom of the illustration to the top to the Inhibit Current
Driver. This direction opposes the current in the Y-selection
line and, thérefore, causes a half-select condition. This
half-select procedure is only required where a § is to be

written into core.

Assgmbly of 12-Stacked Core Mats

The MMS/EJ memory is a 128 x 64 configuration (128 X-Rows and
64 Y-Rows). This configuration provides 8192 cores per mat,
for which one core may be selected during any one memory cycle
and, therefore, one bit of information per mat.

The MM8/EJ is a 12-bit word memory system; thus, 12 mats are
used. anch mat stores one unique bit of information, which is
deposited and sensed by one unique line called the sense/
inhibit line. Thus, 12 sense/inhibit lines are used to deposit
and sense 12 unique bits of information. The arrangement of
the selection lines are quite different. All 12 mats contain
128 X—linés and 64 Y-lines. The threading of each of the X-
and Y-lines continues from one mat to the next through all 12
mats. For example, row X31 of mat # is common to row X31 of
mat 1, which is common to all subsequent mats at row X31. The
common factor to each mat is the selection line that is threaded

through 12 times (64 or 128 cores or (768 or 1536 cores). The

TITLE SPECIFICATION FOR MM8/EJ MEMORY SYSTEM

SIZE COPE NUMBER REV
=t MM8-EJ-4

5.0

intersection of X31 and X29, therefore, occurs 12 times in the
12 mats. Because each mat contains a unique sense/inhibit
line, 12 unique bits of information can be stored and sensed
to form a 12-bit word.

4.7 Physical Orientation of Core Memory
The layout of memory stack is\illustrated in Figure 7. Figure

8 illustrates the X- and Y-windings within the memory stacks.

CORE SELECTION SYSTEM

Core selection is accomplished by enabling the desired X-line and
the desired Y-line and allowing current to pass through the selected
lines. To accomplish the selection of the X- and Y-lines, a decoding
network that receives the memory address bits and decodes for line
selection is required. An X- and Y-current source is also required
so that each line has a half-selected current.

A selection system functional block diagram illustrating the parts

of the memory system involved in core selection is given in Figure 9.

The primary components involved are:

a) the memory address decoder, which receives memory address bits
and control signals to select (enable) the corresponding switch
andtariver,

b) a current source to provide the necessary select current,

c) a driver and switch to apply current to the selected row and

forward-bias the selection diode,
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d) one read or write diode, which becomes forward-biased by the

driver and switch while all other diodes are back-biased, and

e) one selected row containing 768 cores (or 1536 cores if a Y-line).

The driver and switch shown in Figure 9 are one of 24 drivers and
one of 24 switches. A WRITE operation for row X13 is illustrated
to show the current path,

Both the READ and WRITE current paths are illustrated in Figure 10.

Although not all of the circuitry is shown, the current path re-

lationship between a READ and WRITE operation (Figure:

illustrates how the direction of current for WRITE is opposite to

the direction for READ. The illustration also shows how the un-

selected components are interconnected but passive.

NOTE: Electron Current flow is presented in this manual. The
reader should consider current originating at a more negative
voltage level and taking the path to a more positive voltage
level. A forward-biased diode results when the current takes

the direction opposite to the diode arrow.

5.1 Organization c;f X/Y Drivers and Current Source
Figure 11 illustrates the organization of the X/Y drivers and
current source, and the primary signals required to make line
selection and current switching possible. Ten decoders are
used to select one of 128 X-lines and one of 64 Y-lines as

determined by the content of MA bits @ through 11 and EMA 2.
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5.2

X-current and Y-current, provided by the X- and Y-current source
are applied to the drivers. The READ signal is applied to both

the decoder control gates and the Bias Driver. ihen a READ

operation is to be performed, the selected READ switches and

drivers are enabled and the READ/WRITE current switch changes
its output signal from ground to -15V. The negated READ signal
acts to enable the WRITE function in a similar manner.

X- and Y-Current Sources

The X- and Y-current sources supply constant current to the

READ énd WRITE drivers (Figures 12 and 13). The X- and Y-current
sources receive bias voltage from the current control ciréuit
located on the sense/inhibit board and‘are turned on when both
FIELD and SOURQE are active. They have a slow turn-on rate and
a fast turn-off characteristic due to the capacitor in the
circuitry. A fast turn-off is achieved by the interaction be-
tween the capacitor and two transistors. When SOURCE is negated,
one of the transistors is turned on, causing the capacitor to
discharge, which causes the output transistor to be biased off.
The slow turn-on time reduces the coupling effects within the
core stack. Furthermore, the slow turn-on time also means that
the READ current is completely controlled by‘the current source.

Because the current source is controlled, the position of the

sense output voltage relative to the drive currents is constant.
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5.3 Bias Driver

The Bias Driver (Figure 14) switches the bias voltage from
ground for a READ operation to -15V for a WRITE operation.
When control signals READ (H) and X FIELD are both active,
level shifting circuits along with an output transistor switch
the output to ground. When READ (H) is not asserted, the out-
put switches to -15V. The Bias Driver provides the reverse bias
condition on the nonselected diodes in the memory stack. Reverse
biasing the diodes reduces the capacitance and, therefore,
reduces the "sneak currents" that might be on the line. 3ee
Paragraph 5.7 for the organization of the planar stack diode
matrix.

Power Fail Circuitry

The power fail circuitry (Figure 15) responds to the POWER OK
signal from the power supply. Its primary function is to en-
sure that selected memory locations are not changed due to a
power failure. The power supply senses a voltage change when
the dc volfage drops and grounds the POWER OK (H) line when the
voltage is too low. This shuts off the timing chain but ensures
that the memory cycle is completed. In the memory power fail

circuitry, power fail circuitry turns off the X- and Y-current

source after a sufficient delay to complete the WRITE operation.

When the machine is turned on initially and the POWER OK (H)

signal is asserted, the current source is immediately activated.
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5.5

Thus, the memory power fail circuit has a characteristic of

a fast-on and slow-off switch.

Core Selection Decéders

Ten decoders (IC7442) (Figure 11) are used to decode the
memory address bits @ through 11 and EMA 2 from the Memory
Address Register. These bits are combined with READ, FIELD,
SOURCE, and RETURN signals to enable the appropriate switch and
driver. Signal READ is generated when WRITE is not asserted,
or negated READ results when WRITE is active. The WRITE signal
is developed in the Timing Generator during the last half of
the memory cycle. SOURCE is necessafy to turn on the selected
driver or switches corresponding to the upper X- and Y-select
lines, and RETURN is necessary to turn on the selected drivers
or switches corresponding to the lower X- and Y-select lines.
Both RETURN and SOURCE are developed in the Timing Generator.
RETURN remains on for 50 ns longer than SOURCE so that the lines
completely discharge. FIELD is developed in the Sense Inhibit
board by decoding the two most significant extended memory
address lines (EMA @ and 1).

Address Decoding Scheme

The block diagram in Figure 11 illustrates the method through
which the MA bits are decoded; the results enable either a
WRITE driver or READ switch and the corresponding driver or

switch counterpart required to complete the current path. The

decoder is arranged as follows: the upper select line decoders
are on the left-side and the lower select line decoders are on
the right-side of the illustration. The upper X-select line
decoders decode bits EMA 2, while the lower X-select line de-
coders decode bits MA 3-5. The upper Y-select line decoders
decode bits MA 6-8, while the lower Y—seleét line decoders de-
code bits MA‘9—11. vThere are a total of sixﬁeen upper X-select
lines, eight upper Y-select lines, eight lower X-select lines,
eight lower Y-select lines. The decoder outputs are applied to
the selected switches., The outputs of the selected switches
connect to the X-selectionvdiodes (refer to Paragraph 5.7) which,
in turn, is connected to a line that is threaded through 768
memory cores. The arrangement of the illustration (Figure 11)
is such that each component corresponds to the approximate
locétion on the engineering drawing schematic (G233). This
arrangement allows a quick reference to the circuits of interest.
The decoding scheme of the memory address bits is illustrated
in Figure 16. The illustration shows the five parts of the
memory address. Table I lists the necessary. input control sig-
nals, the content of the memory address, the inﬁut pins, the
output pins, and :Pe selected X- or Y-line. With this informa-
tion, the user can easily trace through all of the components

on any signal/current path to find the selected components.
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Figure 16 Decoding Relationships

5.7 Operation of Diodes

Each of the X- and Y-select lines are connected to a corres-
ponding string of diodes (see Figure 17). Selection is such
that any one of the upper select lines will pass current in a
path determined by whether the opération is‘a READ or WRITE.

In the illustration given in Figure 17, for the X-gelection,
the example illustrates line X1p being selected. The current
passes through 768 cores and back through one of tﬁe diodes.
The path the current takes from this point is determined by the
diode that is forward-biased. The forward-biasing of a diode
is accomplished by the operation of a switch and driver. If
the operation is WRITE, WX2 is forward-biased, and the current

takes the path from WX2 to X10. 1If the operation is READ, RX2

is forward-biased, and the current takes the path from

RX10 to RX2.

NOTE: The READ and WRITE currents are opposite in direction
through the core. This is accomplished by signal READ,
which contréls the Bias Driver circuit.

In both cases; the selection diodes are instrumental in deter-

mining the current path. All diodgs except the selected diode

are reverse-biased.

< f -MM8-EJ-4

SiZE |CODE NUMBER REV

SIZE |CODE NUMBER REV

DEC FORM NO ©0EC 16-(35. 1622 14370
DRA 108 g .

SHEET _27 _ oF 52

SP MM8-EJ-4

DEC FORM NO DEC 16—(381)—1022—N370
DRA 108

SHEET _28__ OF 52



CONTINUATION SHEE

'ENGINEERING SPECIFICATION

T

CONTINUATION SHEET

ENGINEERING SPECIFICATION. EROB0ED

TITLE SPECIFICATION VOR MM8/EJ MEMORY <Y TEM

TITLE SPECIFICATION FOR MM8/EJ MEMORY SYSTEM

M
xiz 768 CORES
FORWARD BIASED WHEN READ N A S 4
DRIVER AuD S 4 T SR VARD BIASED WHEN Wivre:
TCH ARE ENABLED Ryz w‘xz. DRIVER AND SWITCH & ke ENABLED
.. W/

e READ DEWE FRoM WRITE
(FI\GURE m“s swited (Flevee 19)

2N | SN
I : 5 _3
%20 o ! | ‘ } o
L f
%30 - S SR ! |
! A P
60 — ’ SR B R Lo «
{ I [
K50 b P ; | T
‘ ' Lo S oo |
FROM UPPER 60 =t~ . ,é B | |
 XREAD/WRITE A P ﬁ 5 |
 DRIVERS/ x70 R R N Tt R . ?
 SWITCHES [T B P 3
(FIGURE 11) X100~ boeet .| b A . 5
R R ; { | i ! £ o0
K130 oo ' | , R SN R
. z ; R
K140 —mtimerede ¢ i N j ! P
X150 A ann S BRNET RS RENNOT SR SN e
. H J I i : |
RN b | i
X170 A N S : { 4
? » { | | | ;

S RN U S T SR
RX0 WXO RX1 WX1 RX2 WX2 RX3 WX3 RX4 WX4 RX5 WX5 RX6 WX6 RX7 W
FROM LOWER X READ/WRITE DRIVERS/SWITCHES (Figure 11)

4
\

Figure 17 Organization of Planar Stack Diode Matrix for X Select Lines
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5.8 Operation of Selection Switches

Figure 18 illustrates the switciiing operation of the currents

through X12 select line. On the upper side, a pair of transis-
tors are used to either drive or switch current, depending on
whether the operation is READ or WRITE. A complementary pair
of transistors on the lower side are used to either drive or
switch the current. Between the upper and lower side is a line
that is threaded through 768 cores. The READ operation begins
with the decoders. When an X-line such as X12 is to Ee selected,
‘the READ driver and READ switch must first be turned on. To turn
on the READ driver aﬁd READ switch, tﬁe base of each transistor
must be positive with respect to the emitter. This occurs only
when the output of the decoaer is low (active). Otherwise, a
+5V is applied to ;he emitter-side of the transformer as illus-
trated by § = open.
When the READ driver is off, the +5V causes the READ diode at
the cufrent source to be reverse-biased. As soon as the READ
driver is turned on, the READ diode immediately becomes forward-
biased. A second requirement to pass READ current through core
is to forward-bias the READ diode in the diode matrix. Current
then passes through the READ switch, through the READ diode,
through the READ driver, through the current source READ diode,

into the current source.
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ngure "18  Operation of Selection Switches

The WRITE operation is éiﬁilér to the READ and begins with the de-

coder. To select line X12, the decoder causes the WRITE switch
transformer to reverse polarity, which then_turns on the WRITE switch
When the WRITE driver is turned on, a complete path is made for cur-

rent to go through the WRITE switch, WRITE diode, 768 cores, WRITE

driver, WRITE current source diode, to the current source.
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5.9 Operation of the Core Selection System
The cores that contain a.selected X-line and a selected Y-line
define the location for which a 1 or a ¢ will be either written
in or read out. Figure 19 illustrates a small portion of memory
and the corresponding selection devices. Using Figure 19, the

selection of any given core can be traced from the Memory Address

"Register, through the decoders and switches, to the selected core.

6.0 SENSE/INHIBIT FUNCTION

The previous paragraphs have described the memory core, the selection

of memory core, and the selection of memory core in terms of the READ/

"WRITE operation. However, to perform a READ or a WRITE operation,

sense amplifiers are necéssary to sense the state of the selected
cores, and Inhibit‘Drivers are necessary to write @s into core. Con-
frol logic and data registers are also required to control the data
flow to and.from memory. These necessary circuits are illustratedvin
a simplified diagram (see Figure 20). The circuitry corresponding
to the READ bperation is‘shown on the lowef‘portion of the illustra-
tion, and the circuitry corresponding to the WRITE operation is
illustrated in the upper portion of the illustration.

6.1 GSense/Inhibit Line

The line that is used to sense during READ is used to transmit

current when a @ is to be written during the WRITE portion of’
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6.2

‘the memory cycle. The sense/inhibit passes through 8192 cores

of a corresponding mat. Both ends of this 1iné are terminated
at the input to the Sense Amplifier, and a terminal connection
is made so that the Inhibit”Driver output joins this saﬁe line.
READ Operation

The READ operation involves the Sense Amplifier, the Memory
Register, and the'neCessary control logic in conjunction with
the selection system. During>the‘READ portion of the memory
cycle, the selected cofe_develops a signal on the sense/inhibit
line if a 1 was pre&iously stored.in‘core.‘ The Sense flip-flops
are cleared and TIME STROBE gates either 1 or a § out of the
Sense Amplifiers énd applies a corresponding pulse (if it is a 1)
to the Memory Register. When a 1 is sensed, the Sense Amplifier
applies a negative-going pulse to the Sense flip-flop. The
Memory Régister outputigate receives the Sense flip-flop signal
and gates the 1 or § out to the MD line. Note that the Memory
Register outputs are gated onto fhe‘MD lines only when MD DIR

is low; consequently the only requirement to write the contents

~of the Memory Register back into memory is to keep MD DIR low

during the WRITE pbrtion of the memory cycle. The output of the

Memory Register can, therefore, be applied to the inhibit cir-

‘'cuits for a rewrite; or because the data is first applied to

the MD BUS, the output of the Memory Register can be loaded into

one of the major registers or a peripheral.

6.3

6.4

When the Memory Register applies data to the MD lines

the data can be loaded into any one of the Major

Registers, as well as applied to the Inhibit Drivers for re-

deposit into core. Conversely, the data contained in the Memory

Buffer (MB) register can be applied to the MD lines and applied

to the Inhibit Drivefs.

WRITE Operati..‘on

The WRITE operation involves the Inhibit Driveré, load gates,

the Memory Register, and the necessary control logic in conjunc-

tion with the selection system. The Inhibit Driver load gates

receive 1's and @'s via the MD lines from either the MB Register

in the processor or from the Memory Register. Control gating

signals for the Inhibit Driver load gates are:

a) FIELD (L), Which indicate that field § or 1 has been selec-
ted, and

b)  INHIBIT (H) from ﬁhe Timing Generator. Inhibit current is
generated by the Inhibit Drivers only when a @ is to be
written into core.

Field Select Control Logic

The field select control logic (Figure 21) determines if the

basic memory ﬁas been selected. When field @ or 1 is selected; 

the 1ogic develops a signal, called FIELD, for gating other

control logic and the Inhibit ﬁriver load gates. The 1ogidf

"receives extended address memory bits EMA @ through EMA 2.
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EMAZ 330 NoTE: . . Control logic, and WRITE ENABLE from the READ/WRITE control logic.
A Aliresjstor valuas are in ohme uniess otharwise noted. : . o

: , A comparison circuit compares the bits on the EMA lines with the
A | ooty I B - |
3 \ - g 0 LAD2 o o v , ! f * EMA jumpers. ‘If_ the two are equal and if the ROM address is
G Ef \ ' - ‘ .
[ RS ' . < , B o ‘ N B high, the field is selected. Bank @ or 1 is always selected with
i ) 10K Sl ' ' '
; : . . o ) 680 . :
‘ : : | _EMAOC 330 ' e all jumpers in. The Exclusive OR gate provides a high output
f N by . : :
; . - i . : IR . . .
i “FROM apel | 1€ ‘ . . H . only when one input is high.
; M3 CEMA Y L — : P
X . o 10K 175V | L 3 6.5 Inhibit Control Logic
; = EMAT 330 | &7 >, ) ‘ T ; f ) ’
L o ’ - FIELD. t 2 , The Inhibit Control logic (Figure 22) provides a gating control
S 7 I N T I , e . ' .
. ' j ‘ . : SRR o signal to the Inhibit Driver load gates during the WRITE portion
. ' 10K e ‘ . o . A _
_ ‘. e K - e L of the memory cycle. The logic receives INHIBIT H from timing,
: ' : : \) : _ ‘ RETURN H from the Timing Generator, FIELD H from the Field 3elect
L : ’ : e b FIELD L ' '
 PRoM (uou ADDRESS Lét"z g/ . o i

6.6 Memory Register Enable Logic
. : o R The Memory Register Enable logic (Figure 23) functions when the

Figure 21 Field Select Control Logic : ,
e ‘ contents of the Memory Register are to be gated onto the Inhibit

Drivers and MD lines. When MD DIR is low, the output of the

FIELD

€3 control logic (READ H) gates the contents of the Sense flip-flops
. ‘ to the MD BUS,
‘ o - 1 e ) — ioIT gg’u‘\;::‘i_gfocnss RS B BRI -
INHIBIT W -AE2 4 J ‘ . - c ‘ S 6.7 READ/WRITE Control Logic
WRITE ENABLE H 1 I S , T : v , The READ/WRITE Control logic (Figure 24) clears all Sense flip-

flops and enables the Inhibit Control logic.

Inhibit Control Logic ' A
Figure 22 Inhibit Control Log A The CLEAR signal becomes active only when WRITE H is not active

- L o '”\f ;1_ - ‘f = and RETURN H is asserted. This begins at the start of the READ
MEM DIRL‘—v-——C‘ R ;‘ portion of the memory cycle and continues for a period of
g2 —roi i R -
_—q E8 READ WMEM REG M ’ :
s:i::g: D)_ C % approximately 50ns. The CLEAR signal becomes inactive when the
{ \ ‘
% flip-flop (E4) becomes reset by the CLEAR signal input.
} ’
( o  Figure 23 Memory Register Enable Logic ' :
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6.8 Strobe Control Logic
The strobe control 1bgic (Figure 25) is used to control the
sample time of the Sense Amplifiers during the READ portion of
the memory cycle. TIME STROBE occurs when WRITE is not asserted,
FIELD has been selected, and the STROBE timing signal from the
Timing Generator has been received. STROBE is gated in and
passed through an gdjus;able ti@g-delay circuit. The flip-flop
(7474) senses the rise and fall times of the strobe pulse and
énables the output gate. The signal can be observed at test
point CAl (using a module extender). TIME STROBE width is de-
pendent on the delay of the 7474 and both E9's. |

6.9 Seﬁse Amplifiers
Twelve Sense Amplifiers (Figure 26) are required to sense signals

If the selected core in a given mat

on the twelve sense lines.

contains a 1, a pulse is received on the sense/inhibit winding.

DRA 108 ,

. . '_:i:)}— ' “%m&"_Jnsqu This pulse is amplified by the Sense Amplifier and then used to
E 'AMPLIFIEN ’ . .
L_ _ set a 1 into the Memory Register. If the selected.core contains
0
) . 4 . . PR .
s TEﬂ;mNT a P, the signal received by the Sense Amplifier is small, and no
7474 CAlY Y
pulse appears at the output of the Sense Amplifier; the lMemory
Register remains in the (@ state. . The Sense Amplifier is "strobed"
WRE with a narrow pulse to ensure that the contents of the sense lines
FIELD W are sampled at the proper time. This timing is necessary because
strRose M _| | R63 '
Amz 220 the cores in the @ state produce a small signal when "sensed" and
NOTE: 5 : :
Atirssistor values are In ohms.. 6o because many of the cores in each mat receive half-selected pulses.
Figure 25  Strobe Control Circuit .
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‘ other types of transfer operations, data must be transferred from
: _ the AC Register to the MB Register and applied to the Inhibit
T0 BIT © - {LOW ONLY WHEN A ZERO TOBITH
!TIHIB‘IT DRIVEI-! IST? BE WRITTEN.) INHIBIT DRIVER Driver input gates.
6.12 Inhibit Drivers
EiS ’ )
¢ I_L Inhibit Drivers (Figure .29) apply inhibit current to the selected
. >0 ‘ . )
INHIBIT core whenever a § is to be written. Each of the 12 drivers
. le— LOW FOR AONE =~
: J ’ ' receives either a positive level (for a 1) or a ground input
: - ge | : ' (for a @) at the 1:1 input transformer. During a @ output of
’ h T T : ' ' : T any Inhibit Driver Load Gate, the transistor-base side of the
FIELD L ] ‘
! . : | B .
FROM MDO ‘ - FROM MDI1 C o : transformer secondary is positive with respect to the emitter
MD BUS ' o :
. side. This turns on, the transistor allowing inhibit current to
' 'Figure 28 - Inhibit Driver Load Gates conduct and be applied to the selected core. Because the inhibit
o e current direction is opposite to the write select current, a
FETCH OI'DEFER state is being procéssed, MD DIR is made low and half-select condition results, and the core remains in the 0
the memory cycle is a fast cycie (1l.2us). This allows the con- state. During a 1 outpﬁt of any one Inhibit Driver input gate,
‘tents of the Sense flip-flops to be gated out to the Inhibit the transistor-emitter at the same potential as the base and the
‘Driver Load Gates during WRITE and, subsequently, applied to the transistor does not conduct. The full select current is then
Inhibit Drivers. Whenever data is to be written into memory from applied to the corres'ponding core, which results in a 1 state.
the MB Register, memory cycle timing is 1.4us, and MD DIR is high The Inhibit Driver acts as a relay driver/solenoid driver. There
during the WRITE portion of the memory cycle. The Sense flip- is an inductor, a resistor, and a switch. The resistor determines
flops are then made inactive, and the Inhibit Driver input gates the current, and the inductor is a magnetic device. When the
look at only the MB>Reg”ister. If data break is used, data is transistor is turned on, the Inhibit line contains current de-
immediately transferred from a peripheral to the MB Register and fined by the emitter and the resistor. When the switch turns off,
gated into mémory during the current memory cycle. During most the resulting energy stored in the magnetic device creates a
backswing that can damage the transistor circuit. The diode-
SIZE Cng- - NUMBER . | REV SIZE |CODE NUMBER REV
v _ S , S ) ‘ , SP| . -m8-EI-4 N
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' to-ground at the collector output is used to protect the trans-
istor from this unwanted backswing condition.
6.13 Current Control Circuit
The current Control circuit (Figure 30) controls the current
8
level in the X- and Y-select lines. The control circuit operates
on a +5V and -15V supply. The output to the X- and Y-current
sources (Figure 12 and Figure 13) is a voltage-regulatad supply
that varies with the temperature changes. The temperéture sensing
is accomplished by the thermistor, located on the memory stack
board. The two jumpers are factory imst:’ ' d to control the
preset X- and Y-current reference point.
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6.14 -7V supply and Slice Control Circuits

installed.

7.0 -MEMORY TRANSFER CONTROL LOGIC

and a regulated -5Vdc output to the Sense Amplifier.

Memory transfer control is accomplished by signal MD DIR.

from the READ operation, is gated out to the MD BUS.

is low, the content of the Memory Register, containing information

The -7V Supply and Slice Control circuits, shown in Figure 31,
provide a voltage slice level to the Sense Amplifier (Figure 26)
The slice

level is controlled by jumpers SLA and SLB, which are factory

When MD DIR

When MD DIR is

high, the content of the MB Register is gated out to the MD BUS for
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Figure 30  Current Control
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. deposit into memory during the WRITE operation. When the processor
. directs memory to write back into memory the word retrieved during

" 'READ, (manipulating'gignal'MD DIR) MD DIR remains low during the WRITE

1

operation. ‘The‘coﬁtents of the Memory Register are on the MD BUS;
'éonsequently;‘the same word is written back into memory. Thisvpro-
éedure‘always applies during FETCH and DEFER (NON-AUTO INbEx)f
7;1 Transfér CéntrolvDuring FETCH, DEFER, or EXECUTE States -
The memory'transfer control logic for FETCH, DEFER, or EXECUTE
states is illustrated in Figure 32. A CLEAR signal is generated
by timiﬁg‘loons after the start of TS1. This resets'E19, which
causes MD DIR L. The flip-flop remains unchanged until TP2 is
receiVedvas a clock input. If the major state is FETCH, a low will
be clocked into the aata input of the flip-flop, and E19 remains
unchanged until TP2 of the next cycle. If the majof state is
DEFER (NON-AUTO INDEX), a low will be clocked into the.data input
of Fhe-flip-flqp;'and E19iremains unchéngedﬁ Thus,lin_boﬁhvcases;
the data from the Mémory Register is re-deposifed iﬁ memory.
If the majof‘Stéte.is DEFER andbAUTO INDEX (MAO-7 equais @ and
MA8 eduals 1), a‘high_is clocked into the fiip;flop, and E19 is
~set. »A 19w iﬁfb‘E27 cauées MD DIR H, and memory receives the data
from‘thé MB Register. |
If the major state is EXECUTE, a high is clocked into the data

inbut of the flip-flop, and E19 is set; this condition, as in the

" previous case, causéSvMD DIR H.
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Fig.;;re,'l31‘ - Supply and vSIice' Control Circuits B

7.2 DMA State - Manual Operation Trahsfer‘Cdptfol
MD DIR H is asgerted at TP2 unless puiled low by‘the,Memory
Transfer Control logic in the Programmer's Consble’(rgfer to
Figure 33).
Because FETCH or bEFER is not asserted, due td‘the DMA gcate, the
Membry Transfer Control logic in the Timing Generator‘re@aihs ﬁigh;”
because no reset pulse is generated by tiﬁing. Eifhe; the LOAD
ADDR of EXAM key, when depressed, will‘generate MD DIR (L); which

places the contents of the Memory Register onto the MD BUS;_
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7.3 DMA State-Data Break Operation
\
Each data break device contains Memory Transfer Control logic.
ﬁm;:; ;;;E,;;R_;:R,::N-m_- T T :-ea:— -_Moom l MD DIR will always be low except when:
! . i a) Incrementing the word count (three-cycle data break device)
: FroM e3SEARG Ocio ey : b) Incrementing the current address (three-cycle data brea
¢ Z
| ' device)
l MA 0 (L) ' i ' c) Data is transferred from the device to memory, or memory is
WA 2 (L) | :
‘, E MA 3 (L) I ; incremented,
' MA 4 (L) '
MAS (L) . I i
MA 6 (L) !
i MA 7 (L) L l B
' r—_ ) I . .
l ’ | :
! : ;
l N s HIGH IF AUTO INDEX . I . :
L_ MO DIR — ‘OR EXECUTE —— 7 y i}
Figure ‘32 Memory Transfer Control Logic ,
(FETCH DEFER or EXECUTE) .-
: PR-(;;;AMMERS co:s:c.;(:m;;s oF) - - _I
I . LOAO®_—‘ ' ‘ . I
I : EXAM o KEY ENABLE——J}W oML l
L cRmTEED L] e v - GETE— NS DTS GRS GE— —— CRNEDS GEESEY ST — J
Figure 33  Memory Transfer Control Logic = DMA State
{MANUAL OPERATION)
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