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ABSTRACT

This document reports the technical results of Phase I of a multiphése
program for the development of a small, low-power, nondestructive-
readout data memory unit for space application. The prototype and the
ultimate flight memory systems will store 1024 words each of 20 binary
digits using the advanced woven plated wire memory element and integrated

circuits.

In general summary, the Phase I effort comprised the design, fabrication,
test and evaluation of a breadboard system containing a memory stack
fabricated to package design and construction standards essentially iden-
tical to those for the prototype to be fabricated in Phase II. The bread-
board system stores 256 words of 16 binary digits each., Its purpose is
twofold: to demonstrate circuit electrical performance and the environ-
mental and electrical performance and characteristics of the encapsulated
memory stack for application iﬁ the prototype memory system. In addi-
tion, the Phase I effort included a study and formulation of the packaging
for the prototype system, and the design and fabrication of a nondeliverable
memory exerciser, capable of interfacing with either the breadboard or

prototype system at the prescribed signal levels.,
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Section 1

INTRODUCTION

1.1 PURPOSE OF THIS REPORT

This document reports the technical results of Phase I of a multiphase
program for the development of a small, low-power, nondestructive -
readout data memory unit for space application, The prototype and the
ultimate flight memory systems will store 1024 words each of 20 binary
digits using the advanced woven plated wire memory element and inte-

grated circuits,

In general summary, the Phase I effort comprised the design, fabrication,

test and evaluation of a breadboard system containing a memory stack

fabricated to package design and construction standards essentially iden-

tical to those for the prototype to be fabricated in Phase II, The bread-
board system stores 256 words of 16 binary digits each, Its purpose is
twofold: to demonstrate circuit electrical performance and the environ-
mental and electrical performance and cha.ra.cteribstics of the encapsulated
memory stack for application in the prototype memory system, In addi-
tion, the Phase I effort included a study and formulation of the packaging
for the prototype system, and the design and fabrication of a nondeliverable
memory exerciser, capable of interfacing with either the breadboard or

prototype system at the prescribed signal levels,

One of the two encapsulated memory stacks fabricated in Phase I was
tested over a wide range of temperature, shock, vibration, and steriliza-
tion environments and, with minor exceptions, successfully passed all
tests, The breadboard system successfully passed its acceptance tests

without exception,

The characteristics of the breadboard and prototype memory systems are
summarized in Section 1,2, Section 2 describes the woven plated wire
memory planeé around which the memory system is designed, The elec-
trical design of both breadboard and prototype memory systems is

described in Section 3, which constitutes the main body of this report,
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Section 4 covers packaging design and fabrication of the breadboard system,
Section 5 reports the results of the Packaging Study for the Phase II proto-
type memory, Section 6 reports the procedures for and results of the -

evaluation of Phase I hardware and Section 7 contains a suggested Statement

of Work for Phase II,



1.2 SUMMARY DESCRIPTION OF THE MEMORY

This section presents the salient features of the prototype and flight
memory systems; data for the breadboard system, which electrically is a
scaled-down version of the prototype, are shown. in parentheses where

they differ from those of the prototype.

Capacity: 1024 words of 20 binary digits each, a total of 20,480 bits
(the breadboard has 256 words of 16 bits, total 4096 bits),

Storage Means: Magnetic, on a thin film of permalloy plated on a

copper alloy wire substrate,
Electronics: All solid state, all silicon, No moving parts,

Volatility: Nonvolatile, Stored information is retained in the absence

of power and can be read out as soon as power is restored,

Data Transfer Mode: Bit serial, One input wire for writing, one

output wire for reading,

Addressing: Random by word, External equipment supplies ten
(eight for the breadboard) bits of word address, Serial by bit within
the word, A CLEAR signal, when used, resets the memory bit counter

to bit 1 of the 20-bit word,

Data Transfer Rate: 0 to 100,000 bits per second, as paced by a

clock signal supplied to the memory from external equipment,

Signal Interface: Compatible with all common TTL and DTL logic

systems,

Readout Mode: Nondestructive, Reading data from the elementary

magnetic storage cells leave the states of their magnetization un-

altered; no "restore' cycle is needed,

Data Alteration: New Information can be entered into the memory at

any time, at any data rate up to 100,000 bits per second, New data

is written over the old, no "erase' operation is required,
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Marker Outputs: Five selected bits of the 20 in a word may be connected

to bit marker output lines which give an indication when the memory oper-

ates on the bit so marked,

Power Consumption: 40 mw on standby., An increment proportional to

data transfer rate is added when the memory is used, At maximum data

D2AMN0 s
Sov 1T

for READ, 240 for WRIT

Ndtdddry v a - avg

.
3

raie, powei CoOnsSumption is

Power Supply Requirements: +15 VDC, +5 VDC, and -3 VDC, all
+10 percent,

Size: 5 x 6 x 1,6 inches; volume 48 cubic inches (prototype only),
Weight: Four pounds (prototype only),

Ambient Temperature: -10°C to +85°C,

Shock: To 10,000 g's, any direction (prototype only),

Vibration: (prototype only)

1 to ‘4.4 Hz: +1,5 inches displacement
4.4 to 15 Hz: +3,0g peak acceleration
15 to 40 Hz: 5,0g rms white noise (15-2000 Hz) plus

2,0g rms sinusoid, applied simultaneously
40 Hz to 2000 Hz: 5,0g rms white noise (15-2000 Hz) plus

9.0g rms sinusoid, applied simultaneously
Humidity: 0 to 75% at 38°C,

Altitude: No restrictions,

1.3 PROGRAM HISTORY

The present program originated with the planning of electronic component
and sysiems requirements
Propulsion Laboratory of the California Institute of Technology, Because
the memory is the most critical element in most digital systems, it was
one of the first system components of a new family to be defined and
placed under development by JPL, Specifications for the memory were
designed to permit its application in as broad a spectrum of programs as

possible,



JPL solicited proposals for the new memory unit from several carefully-
selected bidders early in July 1965; proposals were submitted seven weeks
later. After a period of negotiation, General Precision was awarded a

two-phase contract dated April 1, 1966 for development of the memory,

The breadboard memory unit designed, fabricated, and tested under
Phase I of this contract successfully passed acceptance testing on

December 10, 1966, This report will complete Phase I requirements,

Under Phase II of the contract, a prototype memory, designed to be
capable of meeting flight hardware requirements, will be fabricated and

tested, This phase will be completed before the end of 1967,

1.4 CONFORMITY TO JPL DESIGN GUIDE LINES

The Design Guidelines of Exhibit I to the Contract are here reviewed with

reference to the memory design produced during Phase I of the program,

Power Consumption

(Quoting from Exhibit I) ""Power is a major constraint in spacecraft, The

specified power consumption is the maximum that can be allowed.,."

The original RFP specified power maxima of 10 watts operating and 1 watt
standby.b The General Precision proposal showed calculated maxima of

275 mw and 43 mw, respectively; contract figures were set at 500 and

100 mw, New calculations based on designs completed in Phase I put
power dissipation of the prototype memory at 240 mw wfiting, 230 mw
reading, both at 100 kHz, and at 40 mw standby., The breadboard should

be the same on standby and about 6 mw less operating; actual measurements_
on the breadboard were 270 mw writing, 240 mw reading, and 32 mw .
standby, No attempt has been made to minimize breadboard power dissipa-
tion by rcducing pulse widihs in the timing circuitry; variations from
nominal widths are responsible for the discrepancy in operating power,
Standby dissipation is less than calculated because the particular read pre-
amplifier installed in the system, an integrated circuit, draws less than

the nominal current specified by the manufacturer,
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Minimum Semiconductor Count

"The electronic components which generally seem to have the highest
failure rates are semiconductor elements ,,, Minimizing the number of

these elements is, therefore, of considerable importance,"

The original proposed system configuration, which has been followed in

Phase I, minimized component count by using a single read amplifier and
digit driver for access to all storage locations, a possibility suggested by
the low data rate and the development of an advanced type of woven plated

wire memory plane,

Proposed and current circuit designs (which differ only slightly) minimize
semiconductor count through maximum use of monolithic integrated cir-
cuits and through frequent use of highly-efficient transformer coupling,
The prototype memory will have 18 integrated circuits, 155 discrete
transistors, 295 discrete diodes plus 256 pairs of redundant diodes in the

stack, based on current designs,

Component Derating

"Component failure rates are generally related to various electrical
stress values: power dissipation, junction voltages, etc, Operating all
components significantly below their maximum ratings should greatly en-

hance the reliability of the system,"

Because of the low power, voltage, and current levels at which the memory
system operates, it has generally been veryeasyto design circuits in which
worst case stresses on components are much lower than manufacturers'
ratings, However, reverse transistor emitter diode voltage ratings for a
few sockets have been a problem to which a final solution was not reached

in Phase I, See Section 3,4 for further details,

Use of Analog Type Circuits

"Circuits which place stringent requirements on component parameter
tolerances, such as sense amplifiers, are to be avoided as far as possible,'
It has proven to be possible to avoid all but one sense amplifier, Most of

the required amplification of the sense signal from the stack is achieved

1-6
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with a single monolithic integrated circuit, the Fairchild 702A operational
amplifier, Some additional amplification is obtained with discrete com-
ponents, Strobing in the Read Amplifier Shaping Network changes the read

signal to digital form,

Digit and word current amplitude specifications for the array require
current regulators (the Digit Current Sink and the Word Pulsc Generator),
A voltage regulator is used to supply power to most of the addressing cir-
cuits, In all three cases, selected trimming resistors, rather than poten-
tiometers, will be permanently installed during fabrication to set initial
current and voltage values., All circuits can tolerate aging drifts up to
several percent, and there should be no problem in achieving this stability
through use of metal film resistors; the effects of transistor parameter

drifts have been largely eliminated through use of heavy negative feedback,

Analytical Circuit Designs

"The required formal documentation regarding circuit design is being
limited to schematics and specifications ,.. Any future flight hardware
which might evolve from this development would require complete docu-

mented analytical design of all circuits used,"

Circuit designs are based on calculations using worst case combinations
of imposed conditions, component parameter values, and aging drift,
However, a few difficult problems have been left for Phase II, See Sec-
tion 3,4,2, Worst case analyses are not formally documented in this

report,

Use of Integrated Circuits

"Integrated circuits shall be used where applicable to the system, The
use of integrated low level logic modules and integrated sense amplifiers

shall be a design objective .,,"

An integrated circuit, the Fairchild 702A, is used for the read preampli-
fier; sixteen Signetics SE455J dual TTL gates are used in the prototype
word electronics, and a Signetics CS720J quad two-input DTL gate is used
for the digit driver and read/write control circu-its. The input stages of

the D switch are presently shown as discrete DTL gates; they will very



likely be changed to monolithic integrated circuit gates in Phase II, Addi-
tional monolithic integrated circuit gates will be included in the prototype
as input buffers if customer specifications are changed to require com-
patibility with Fairchild 9000 Series Low Power DTL logic; they will not

replace any existing circuitry,

The proposed use of hybrid integrated circuits has been abandoned in favor

of cordwood circuit modules using discrete components,

Interconnections

Moo tO minimiie the probability of a failure ... (A) Minimize the number

of interconnections (B) Use a controllable, reproducible process for making

interconnections, such as welding,"

The use of monolithic integrated circuits has reduced the number of con-
nections, and placing the diode word matrix in the memory stack has
reduced the number of wires leaving the stack, But the total number of
connections in the prototype system has grown considerably during
Phase I because of the decisions not to use hybrid integrated circuits and

to place more emphasis on repairability,

Present plans for the prototype call for circuit modules to be soldered,
with each solder joint to be given the same degree of careful planning and

control as is customarily done for welding,

Components

"A memory system using state-of-the-art technology is desired ,,, com-
ponents which do not appear able to withstand sterilization or are inherently
fragile shall not be used ,,, All components used in any flight hardware

evolving from this development must be qualified for inclusion in the JPL-

11
L1

Integrated circuits have been used in the design wherever possible, as
discussed above, The most advanced element used in the memory is the
woven plated wire memory plane itself, This component was not suitable
for severe shock and vibration environments in the package forms in which

it was commercially available at the start of this program, and a major
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effort to develop fabrication techniques and packaging designs suitable for
this and other aerospace applications was undertaken by Librascope early
in 1966, Two encapsulated memory stacks were then fabricated as part
of this program; one was tested in wide range temperature, shock, vibra-
tion, and sterilization environments to evaluate the new packaging designs;
no major problems in meeting space requirements have been revealed by

these tests,

All other components are conventional, although the particular sizes and
styles specified are frequently of recent design, The memory has no

moving parts,

Packaging Techniques and Materials

"It is expected that a memory system which is sterilizable and capable of
withstanding an extremely high impact environment will evolve from this
development, A modularized system is desired for maintainability and a

minimum number of interconnections is desired for maximum reliability..."

A prototype packaging study was performed as part of Phase I of the pro-
gram; results are presented in Section 5, The present package design,
developed in close liaison with JPL engineers, is extremely rugged, yet
small and repairable, It consists essentially of two electronic assemblies
with a total of 54 compact cordwood circuit modules, one on each side of
an encapsulated memory stack, A rugged aluminum housing which con-
forms to JPL subchassis form standards encloses the stack-electronics

sandwich, Volume is 48 cubic inches,

1.5 REFERENCES
Significant documents pertaining to the present effort are:
JPL Statement of Work No, 7246, dated June 11, 1965
JPL Exhibit I to the Statement of Work, dated June 11, 1965

JPL Request for Proposal No, 7246, for Development of Nondestruc-
tive Readout Data Memory Unit, July 6, 1965,
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General Precision-Librascope Proposal No, EX5-1047-BI,
Nondestructive Readout Data Memory Unit, dated August 27, 1965

General Precision-Librascope Addendum No., EX5-1047-BI, Revised
Work Statement, dated October 21, 1965

JPL Contract No, 950986, Nondestructive Readout Data Memory Unit,
dated April 1, 1966

JPL Contract No., 950986, Modification No, 1, Supplemental Agree- »
ment, dated November 3, 1966
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- Section 2

WOVEN PLATED WIRE MEMORY PLANES

The memory device used in the low-power space memory system is of
woven plated wire, Thc particular memory plane configuration used in
the breadboard has two woven memory mats; one mounted on each side of
an epoxy glass board, Memory mats are nondestructive read types des-
ignated MX-W32D64(80)-2VNN, A complete plane has a capacity of 4096
data bits arranged in a 64 x 64 aspect ratio, The plane is encapsulated in
a silicone rubber compound, Details of plane performance and structure
are provided in Section 2,4. Woven plated wire memory operating and

fabrication processes are reviewed in Section 2,1 through 2,3,

The storage elements in the woven plated-wire memory planes are lengths
of wire upon which a magnetic material has been electroplated to produce
a cylindrical magnetic thin film, The magnetic electroplate is deposited
in the presence of a circumferentially oriented magnetic field, which
imparts a circumferential uniaxial magnetic anisotropy to the film, A
memory matrix is fabricated by weaving plated wires as the woof and
insulated wires as the warp, Fine wires are used to produce high-density

weaves,

The memory bit in its simplest form is shown in the shaded circle of fig-
ure 2,0-1,

The plated wire serves as a combination digit and sense line, as well as
the storage medium, Magnetization by digit current is in the "easy"
(circumferential) direction, Segments along the plated wire are enclosed
by word windings formed of the insulated wire warp. Current alon
windings generates a ""hard' (axial) direction magnetic field in the plating,

Data is stored in the rings of magnetic film at digit and word line inter-

-sections, Although the plating on the wire is continuous, only sections in

close proximity to the word windings contribute to memory operation,

Thus, a single plated wire is electrically divided into many memory
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elements. Interaction between bits is made negligible by suitable plating

processes, field shaping, and spacing of word lines,

DIGIT/SENSE

SINGLE BIT
LINE .

MAGNETIC
THIN-FILM

SPACER

WORD LINE

Figure 2.0-1, Location of a Stored Bit
A particular advantage of weaving plated-wire memory arrays is the
ability to develop multi-turn coils of rather complex structure. A '"2V"
type coil weave pattern is illustrated in figure 2,0-2. Two features of
this pattern are particularly noteworthy; first, some warp lines are left
unconnected to provide controlled spacing within and between the word

coils, and second, the separate coils are formed by series connection of
warp lines,

2 V CONNECTION WORD COIL n +1
m °q><wo
PLATED
IGIT) 1
WIRE
VLY YUY
S

N———r
WORD COIlL n

Figure 2.0-2. 2V Word Coil Configuration



These two features permit economical "shaping" of drive fields, The
ability to produce shaped drive fields is important, It contributes to
intra-cell drive field uniformity as well as to elimination of adjacent cell

interaction along the digit line,

The series connection of woven warps to form word coils results in very

low word drive current, The "2V multi-turn confizur
word current of 200 ma, which is about one-fourth the current required by
a single-turn coil stuch as a strip line, to obtain a corresponding output

signal level,

The aggregate effect of the ability to ''tailor' the drive fields is to obtain
a very efficient realization of the input versus signal versus density

potential of the plated wire magnetic structure,

The storage element in the plated wire memory is in ring form with a
closed magnetic circuit, External influences or disturbances from adja-
cent bits have negligible effect on the remanent state, Further, with the
information-bearing magnetic flux ring intimately enclosing the sense
conductor, as in the plated wire, nearly perfect coupling is achieved,
This efficient arrangement results in high read-back voltages and a stable
NDRO mode,

2.1 PRINCIPLES OF OPERATION

Woven thin-film memory planes are available for both destructive readout
(DRO) and nondestructive readout (NDRO) operation, Within the NDRO
group, both unequal and equal word read/write current versions are avail-
able, The advantage of the NDRO type is, of course, that no "restore"
operation is needed after read, Cycle time and power consumption are
minimized, The advantage of the equal word read/write type is that data
at unselected digit locations are not altered by word write currents, More
economical memory system organizations are therefore possible, The
memory plane in the low-power space memory system is both a NDRO and

an equal word read/wr.te type.,
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The following is a brief qualitative description of the operation of plated

wire memory planes,

In writing, the word drive current (IW) in the insulated wires rotates the
magnetization in the field from the easy toward the hard direction as
shown in figure 2,1-1, Digit drive current (ID) in the plated wire then
tilts the magnetization vector away irom the hard direction, When the
word current is removed, the magnetization vector rotates to the easy
axis in the direction determined by the polarity of the digit drive current,
The two binary storage states consist of the two possible directions of the
easy-axis magnetization, with selection made by the titlting effect of the

digit current, which is removed last,

N WORD
QUIESCENT ) r\ CURRENT
4 APPLIED

DRIVING CURRENT
PULSES (not to scale)

Figure 2.1-1. Write In Process

The memory is interrogated by pulsing the word lines, This rotates the
magnetization in the plated wire to the hard direction, inducing a voltage
in the plated wire which now serves as the sense line, The polarity of the
sense voltage depends upon whether the original easy-axis magnetization

was clockwise or counterclockwise,

In NDRO operation the magnetization vector rotation is limited so that it

falls back to its original orientation upon conclusion of the read pulse,
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Data are retained through a read cycle, In DRO operation, where the
plane characteristics are not held to the same degree of uniformity and
higher interrogate pulse amplitudes are used, the magnetization vector
may split, part falling to its original position, and part falling 180 degrees

from its original position, so that the information content is destroyed,

In equal word read/write NDRO operation, magnetization vector rotation
is limited during write as well as read to the NDRO interrogate value,
This limiting has the advantage that data at unselected (i,e,, where no
digit current flows) bits are left unaltered, Memory system organizations
with conditional digit write are thereby possible, and as a result more
efficient, more nearly '"'squared' and/or bit serial selection systems can

be arranged, A bit serial system is used in the low-power space memory,

Wave shapes of the interrogate and read-back pulses for a typical woven
plated-wire memory plane are shown in figure 2,1-2, The second photo-
graph shows a portion of the first, expanded five times in the horizontal

(time) direction,

READBACK VOLTAGE

HORIZONTAL = 100 NS ACM
I VERTICAL =10 MV/CM
OR 200 MA/ACM

INTERROGATE CURRENT

\ /‘ L+~ READBACK VOLTAGE

\l/ HORIZONTAL = 20 NS M
h VERTICAL =10 MVAM
\ OR 200 MA/AM
INTERROGATE CURRENT

(DIGIT WRITE CURRENT = 100 MA, DIGIT DISTURB CURRENT = 120 MA,
NO. OF DIGIT DISTURBS = 25,000, ADJACENT WORD DISTURBS = 500 MA,
NO. OF ADJACENT WORD DISTURBS = 12,000 ON EACH SIDE.)

Figure 2.1-2. Typical PWM Waveforms,
MX-W32D64(80)-2VNN Plane



2,2 THE WIRE PLATING

The process of depositing a magnetically soft metal on the surface of a
copper alloy wire has been extensively explored at Librascope, and at many
other laboratories. The processvis currently being commercially exploited
in the high volume fabrication of memory planes by Librascope and by sev-
eral other manufacturers, The basic process consists of depositing a
nickel-iron alloy or a nickel-iron-cobalt alloy on the suitably prepared
surface of a resilient copper alloy wire, A schematic of the process steps
is presented in figure 2,2-1, and a photograph of a pilot plating line at

Librascope is shown in figure 2,2-2,

Memory element preparation consists of the following steps, The wire
base is first carefully cleaned to remove all organic contaminants, The
wire may then be electropolished to remove structural defects due pri-
marily to the drawing operation, Controlled acid etching removes the
residual oxide layer and prepares the surface for copper -plating, which

provides the necessary homogeneity and surface structure for the magnetic

plate,
SUPPLY
REEL
WIRE MOVEMENT
—
+ - + + +
CATHODIC ELECTRO  ACID  COPPER MAGNETIC MAGNETIC PULSE
CLEANING  POLISH ETCH PLATE PLATE  PLATE TEST
I NO.| NO.2 ]
o + -0 ,
Figure 2,2-1. Plating Line Schematic Diagram
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The present Librascope plating process incorporates a second magnetic
layer plated in direct contact with the permalloy, Layered magnetic
structures of certain thicknesses behave as a single homogeneous film,
The process of layering permits the tailoring of such properties as

coercive force and anisotropy field,

One of the advantages of the wire plating precess cver oiher batch fabrica-
tion techniques is that it is continuous, Magnetic properties are moni-
tored within a minute or two after the memory layer is formed, and can

be closely controlled, The continuous nature of the process permits noting
of slow drifts away from optimum magnetic characteristics and quick de-
tection of the results obtained from corrective measures taken to bring the

magnetic characteristics back into the optimum range,

A second factor of importance to the high yield obtained in plated magnetic-
wire memory elements is the moderate lengths of wire needed for insertion
into a memory plane, High yields and consequent économy can be obtained
because many short lengths of good wire can be readily cut from the plating

run with minimum scrappage for bad spots,

2,3 WEAVING

The woven memory plane is formed on a loom by running soft, thin,
(0,002-0,003-inch) insulated copper wires as the warp, Every second
warp line is raised and a perrﬁalloy-plated beryllium copper wire is in-
serted as the woof, The positions of the warp lines are then reversed and
the process is repeated, Figur'e 2.3-1 shows the parts of the loom which

are significant in the understanding of these operations,

A major problem in making a memory plane in this fashion is maintenance
of low stresses on the plated woof wires, Special looms have been de-

veloped which create very low, carefully controlled stresses,

2,4 PLANE SPECIFICATIONS

Standard proven Librascope woven plated-wire memory plane designs dis-

playing a wide range of characteristics are currently available, Several

¥
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of these offer NDRO, high denéity, and low-drive properties suitable for
space memories, The 2VNN configuration was selected from among these
as most suitable for the present program, It has characteristics particu-

larly well matched to ‘the application,

The 2VNN memory array represents an evolutionary improvement over
older designs, It has characteristics which permit it to be operated in a
NDRO mode using equal word current for reading and for writing, It
features extremely low drive currents, Word current is 200 ma; digit
current is about 85 ma, All critical aspects of the array design have been

proven by experiment and prototype,

The memory plane has a 64-bit by 64-bit capacity, One plane comprises

a breadboard system memory stack, The plane is developed of two in-
dependently fabricated 32-bit by 64-bit woven plated-wire memory ""mats,"
The two mats are mounted, and encapsulated, one per side on a rigid
board to form a plane, Each plane assembly, complete with selection
diodes, forms a stack module with dimensions approximately 3,5 inches
by 5.5 inches by 0,15 inches, A photograph of the stack module, on a

mounting plate, is shown in figure 4,3-2,

Each mat of the breadboard stack module is a 32 by 64 Librascope/Toko
standard memory array designated MX-W32D64(80)-2VNN, It is pertinent
to note that the MX-W32D64(80)-2VNN design was developed specifically

for spacecraft application,

Testing of a MX-W32D64(80)-2VNN plane yeilded cell characteristics
typified in the drive current versus output signal plots of figure
2.4-1. Attention is called to the very low, 200 ma, word drive
current of the ID versus E_curve. It is noteworthy that data

o
€ £ipgrriwma 2 A_1 wraw
i T=a WO
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~

rigorous worst-case test pattern conditions of figure 2.4-2 In that test

pattern a, B, and Yy are tolerances (in this case equal to 10 percent),

Basic performance and configuration specifications for the two woven plated
wire memory mats used in the breadboard space memory stack are sum-

marized in Table 2-1,
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Table 2-1, Woven Plated Wire Memory Mat Specifications
Breadboard Space Memory Stack

Model: MX-W32D64(80)-2VNN

Word winding pitch: 0,080 in,

Digit wire pitch: 0,040 in,

Digit wire diameter: 0,008 in,

Capacity

Digit: 80 wires (64 plated and 16 unplated) grouped in sgts of five, Each

set consists of four plated active wires and one unplated dummy

return wire, The unplated wire is located in the center of each set,

Word: 32 words total arranged to terminate 16 word windings per edge on

two opposite edges of the mat,

Operating Mode

NDRO with word current for read equal to word current for write, (Des-

ignat'ed by the two letters NN at the end of the plane model number,

Electrical Properties

Digit current: +85 ma nominal to write "'1"

-85 ma nominal to write '"'0"
Word current:' 200 ma nominal for both read and write,
Digit current tolerance: *10% nominal,
Word current toleranée: +5% nominal,

Current compensation: Linear for both digit and word,

2-13
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Exact current specifications:

Axis +85°C 25°C -10°C

Maximum Minimum Maximum Minimum Maximum Minimum
Digit 82.5 67.5 96,8 79.2 104,5 85.5 ma
Wword 241.5 218, 5 215,32 104 8 171,.2 154.9 ma

Minimum output signal: #2,5 mv for an interrogate current risetime of
45 nsec after a standard test pattern which incorporates the following

steps performed with all drive parameters at their most unfavorable
limits:

a) 1600 event precondition

b) Single event test _write

c) 1600 event interleaved disturb

d) 1600 event adjacent cell disturb on each adjacent cell

e) 1600 event test read,
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Section 3

MEMORY SYSTEM

3.1 MEMORY ORGANIZATION

The breadboard memory unit is a random-word-access bit-serial
memory, organized to store 256 system words of 16 bits each. The
prototype unit will have 1024 words of 20 bits each. The breadboard

system is shown in block diagram form in Figure 3.1-1.

The breadboard memory system is internally organized around a memory
stack of 64 words of 64 bits each. Advantage was taken of the nondestruc-
tive readout and nondestructive word write current features of this
memory to reduce the number of word lines that would otherwise be

required.

The memory operates in true bit-serial mode sharing a single read
amplifier and single digit driver over all digit lines. A 4 x 16 digit-
select transformer matrix, described in Section 3.5.1 commutates the
read amplifier and digit driver over 64 plated digit wires. To access one
of 256 by 16-bit system words, (1024 by 20 bits in the prototype unit)
three of eight address bits are decoded to select one of eight A switches;
three other bits are decoded to select one of eight B switches. This
selects one of the 64 memory-stack words through an 8 x 8 word matrix.
The remaining two address bits are decoded to control one axis of the
digit-select transformer matrix through the D switches, thereby select-

ing one of four JPL words within the addressed stack word.

Rits are addressed sequentially by the remaining axis of the .digit-select
matrix under control of a 16-stage bit counter. The bit counter is
advanced by externally-supplied clock pulses. For each clock pulse a
read or write operation is performed on the bit designated by the bit
counter., At the end of the operation, the bit counter advances auto-

matically to the next bit position; it then remains in standby until the
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next clock pulse. When the counter has reached the sixteength stage,
the next clock pulse will advance the counter to the first stage. The bit
counter may be set to bit 1 from any position by an externally-supplied

clear signal.

3.2 SEQUENCE OF OPERATION

Reference will be made to Figures 3,2-1 and 3.2-2 in describing the
operating sequence of the memory unit, The sequence begins with a
Clear input signal (now shown in the timing diagram) after power has °
been applied to the system. The Clear signal will set the first flip-flop
in the bit register to a standby-ready state. This signal is required only
after power has been interrupted or when it is desired to reset the regis-

ter to bit 1 from any position,

The operating cycle Read or Write begins with the detection of an outside
clock pulse. It is necessary to select the desired address and to set the

Read-Write command line before the arrival of a clock pulse.

A set of timing pulse generatofs are provided with the memory unit,
described in detail in Section 3.8.1, to provide the sequence of switching

actions needed to access the memory and to produce the required output

signal waveforms.

The memory unit is in a2 low-power standby state until a clock pulse is
detected. At the detection of the leading edge of the clock pulse the
appropriate timing generators are activated. A power pulse from the
voltage regulator switchis supplied to the word switches (A and B) and
the digit D switches for one microsecond. At the same time, a 1.6
microsecond bit marker pulse is started. The bit marker timing gener-
ator also operates the bit counter control circuit to provide high current
output drive capability through the bit register flip flop that is in the
ready state. |
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Each A switch line will connect to 16 word diodes instead of 8
and capacitance will be increased by about 8 picofarads. This
increase tends to slow the rise time of word pulse and thus
reduce readback signal amplitude. However, 8 picofarads is a
very small capacitance, and it is anticipated that total A line
capacitance will be reduced by at least 8 picofarads because of

the shorter lead lengths in the prototype.

The word pulse generator output busses will each connect to
16 A or B switches instead of 8. Additional capacitance due to
the additional unselected switches will tend to slow word pulse
risetime and slightly reduce the readback signal amplitude.
Again, it is expected that this increase will be partially or

fully compensated by shorter wire lengths in the prototype.

Each D bus pair in the digit selection matrix has 20 trans-
formers instead of 16. This will result in slightly higher
capacitances on the D busses; however, the effect will probably
be cancelled by reduction of woring capacitance in the prototype

package.

The common control lines to the bit register from the bit
counter control circuit will connect to 20 flip flops instead of
16. Unselected stages contribute only capacitance, and the
capacitance added by the additional stages in the bit register
will be cancelled by reduction in wiring capacitance in the ‘

prototype.

Unselected A, B, C and D switches draw no power on standby,
and standby power is unaffected; however, unselected A and B
switches do draw power when the memory operates. At méxi—
mum speed (READ or WRITE), power dissipation will be about
6 milliwatts (or 3 percent) higher for the prototype.
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A 500 nanosecond delay interval is allowed for all switches to settle,
The word pulse generator then generates a current pulse, 200 ma in
amplitudeAand 200 nanoseconds in duration, to drive the appropriate word

line through the selected word switches (A and B).

If a Read operation is required, a read gate in the selected D switch is

activated to forward-hiag 4i

v
[»)

des in thc digit seleciion iransiormer matrix
and open a transmission path between a digit line and the read amplifier.
The timing network generates a strobe pulse for the read amplifier in
coincidence with the arrival of the readout signal from the plated digit
wire. This readout signal is generated by the leading edge of the word
current pulse. If the signal polarity at strobe time indicates a ONE, a
one microsecond data output pulse is immediately started. No data

output pulse is generated for a ZERO.

If a Write operation is specified, a 300-nanosecond digit-current pulse is
generated in coincidence with the word-current pulse. Polarity of digit
current is determined by the sense of the binary bit to be stored, as
indicated by the voltage level of the data input line to the digit driver.

The digit driver will drive the current pulse through the selected D switch
and digit matrix transformer and through the appropriate plated digit
wire. Shortly after the termination of the word and digit current pulses,
power is removed from the A, B, and D switches. The bit counter
advances on the trailing edge of the bit marker pulse and all circuits

return to standby condition.

3.3 SYSTEM ELECTRICAL SURFACE

This section describes the electrical requirements for power and signal
lines connecting to the breadboard and prototype memory systems from

external equipment,
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Power

DC power must be supplied to the memory system at three levels:

Nominal Voltage Limits Maximum Load
+ 15 volts + 13.5to + 16.5 volts 8 ma
+ 5 volts + 4.5to+ 5.5 volts 60 ma
- 3 volts - 2.7to - 3.3 volts 20 ma

In addition to three wires carrying these power supply voltages, a com-
mon return connection is required. The common return is grounded to

the memory chassis (or enclosure).

The memory cannot be expected to function properly if power supply
voltages go outside the limits given above, even transiently. However,
filter capacitors on the power busses within the memory unit will pre-
vent memory circuits from sereing very short transients. These capaci-
tors, probably supplemented with line filter chokes in the prototype, will
also remove high frequency components of load current generated by the

memory.

Input Signals

The following binary digital signals are required from external equip-
ment. Signal levels are compatible with most of the common saturated

logic elements available as integrated circuits (see below).

Function Number of Connections and Description

Address Eight bits required on eight complementary pairs of
lines for the breadboard, ten for the prototype.

Data Cue bil un a singie line for WRITE operations. High for
1", low for '"0'".

Read/Write One line. High for READ, low for WRITE,

Control

Clear One line. A pulse to the high level for a minimum of
1.2 microseconds sets the memory bit caunter to bit 1.

Clock One line. A pulse to the high level for 500 to 3000

nanoseconds causes a memory operation,




Clock and clear signals must not be given simultaneously, See Section

3.7 (Bit Counter), Specifications.

The address, data, and read/write control signals must be held stable
for a minimum of 1.0 microsecond, starting at the leading edge of a

clock signal.

Output Signals

The following binary digital signals are generated by the memory unit and
are available for connection to external equipment. Signal levels are
compatible with most of the common saturated logic elements available

as integrated circuits (see below).

Function Number of Connections and Description

Data One line. A nominal one-microsecond pulse to the high
level starting 600 nanoseconds after the leading edge of
the clock input signal indicates a '"'1'" has been read
from memory. This line remains at standby ground
level for a "'0'".

Bit Markers Five lines connected to five different stages of the
memory bit counter, as stages selected for the
application. A nominal 1600 nanosecond pulse to the
high level on one of these lines, starting within

200 nsec of the leading edge of a clock signal, indicates
that the memory is operating on the bit address which
is marked by that line.

Logic Signal Interface Compatibility

Logic signals, both in and out, for the memory unit are compatible with
most common DTL and TTL forms of integrated circuit logic elements.

These include:
Fairchild 930 Series DTL
Signetics 100 series DTL
Signetics 400 Low Power Series

Signetics 800 Series TTL

3-9
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Texas Instruments Series 54 and 74 TTL
Texas Insvtruments Series 53 and 73 DTL
Texas Instruments Series 1500 DTL

In addition, the memory unit outputs are compatible with Fairchild Low
Power Series 9000 DTL. The address, read/write, and data inputs are
not, however, because the Fairchild 9000 series elements can sink only
1 ma. at the low level. Compatibility with 9000 series circuits can
easily be established by adding input buffer stages within the memory
unit if desired. Memory power dissipation will be increased somewhat,
but the increase would be minimized by operating the input buffers on a
pulsed power supply with a duty cycle proportional to memory data rate

and reaching 10 percent at the highest.

Memory output circuits can sink up to 10 ma. at the "'0" level while
holding voltage within 0.5 volt of ground at the source. They can supply
up to 4 ma at the '"'1' level, which is held to a minimum of 3.2 volts at
the source. Output circuits are designed to provide a low impedance
drive to the outgoing signal lines at both levels through use of active

circuits, rather than power-wasting pull-up resistors.

Memory address inputs will supply O to 4 ma, and data and read/write
control inputs will supply 0 to 2 ma, to input lines held at the ""0" level.
None of these inputs require or supply current at the ''1'" level. Input
"0'" may range from -0.5 to +0.8 volts as received. Input '"1'" voltage

may range from +2,2 to +6. 0 volts as received.

The clock and clear signal input receives sink current from input signal
lines held at the ''1'" level and do not supply current to '"0" level lines,
While unconventional, this arrangement has permitted zero standby
power in the two circuits receiving these signals, which cannot be
operated from a switched power supply. The trend is toward "totem-
pole' outputs in integrated circuit logic elements, and these outputs are
capable of supplying current in the '""1'" state anyway. Most pull-up

resistors in older IC logic elements are also capable of supplying the



small current needed by these inputs. See sections 3.7.3 and 3.8.5 for

exact specifications of input requirements for these circuits.

3.4 ELECTRONICS DESIGN PRINCIPLES

System design and circuit configurations were largely completed in the
proposal phase faor both the breadbuard and prototype versions of the Low
Breadboard Power Space Memory. Some material extracted from
Librascope's proposal (EX 5-1047-BI) is included in this discussion of
system design philosophy for completeness. New material includes
discussion of circuit design details, component selectioh and application,
and power supply voltages. These topics represent areas of major

effort in the phase of the program recently completed.

3.4.1 System Design Goals

As stated in Exhibit I to the contract, the memory unit has these major

design goals:
1. Maximum reliability
2. Minimum power consumption
3. Minimum weight
4. Minimum volume

In relation to the electrical/electronic design of the unit, these four goals
may be approximated by a single summary goal: minimum component
count., This approximation proved valuable in the initial evaluation

of the many possible ways of organizing the Memory Unit, although in
some instances it was decided that the four primary goals were best

served by a configuration which did not minimizc component count.

In applying this simple criterion, it was necessary to decide just what
constitutes a component, For a first approximation, a single diode,
transistor, resistor, capacitor, transformer, integrated circuit, or
thin-film resistor network constitutes one component. When a better

approximation is needed, competing design schemes must usually be



compared scparately for each of the four primary goals. Power require-
ments may be quickly calculated, Component count still suffices for

weight/volume comparisons,

In weighing alternate circuit implementations from the reliability stand-
point, we have considered the probability of failure of semiconductors
and integrated circuits to be proportional to the total number of
connections both inside and outside the case. Thus a monolithic inte-
grated circuit With 10 to 14 leads is more likely to fail than a single

transistor by a factor of 3 to 5.

All circuit components are operated sufficiently below rated voltage,
current and power levels to make failure due to operating electrical
stresses unlikely, considered in relation to probability of failure from

defects,

3.4.2 Circuit Design

Most of the memory circuits are switching circuits, and many of these
must be designed for discrete or hybrid construction because presently-
‘available monolithic integrated circuits cannot handle the required

voltage/current levels,.

Two types of circuit coupling featuring negligible standby power dissipa-
tion are available in designing these circuits. One type, direct coupling
between complementary transistors, is used where relatively long pulse
duration is needed. The second, transformer coupling, is used where
impedance matching can be utilized to optimize power gain and thus

achieve high circuit power gains with a minimum number of components.

Transformers cannot be integrated, yet they may be smaller than a TO-5
transistor enclosure; they have sufficient advantages in this system to
Justify their use. Physically small transformers can be used because
the system requires them to transmit only very short pulses.

Repetition rates are low enough for the transformers to recover

completely between pulses,



Where transformers are used in interstage coupling, the transformer
recovery characteristics are designed and used to sweep away the base
storage charge of the transistor being driven. This results in faster

switching of the transistor with reduced power dissipation,

Circuits in general have been designed to function under worst combina-

tions of deviations of the following variables:
1. Power supply variations, +10 percent
2. Ambient temperatufe, -10°C to +85°C
3. Initial component parameter variation as specified by the vendor

4. Component parameter aging drift, as indicated by Librascope's

published Component Application Criteria,
5. Requirements on circuit inputs and outputs,

However, a few knotty 'worst case" design problems have been left for
Phase II. In all of these cases, breadboard circuits have been built
without special selection of components, and have been operated under
worst case combinations of power supply voltage and ambient tempera-
ture, but complete analytical design may show that the additional
assumptions of worst case initial values on all component parameter
variables leaves insufficient margins for aging, The following
approaches toward solution of the remaining problems are being con-

sidered individually and in combination:
1. Regulation of power supply voltage. See Section 3. 4, 4,

2. Specification of transistor parameters under conditions closer

to the application, or with tighter limits. See Section 3. 4. 3.

3. Use of metal film rather than composition resistors. See

Section 3. 4. 3.
4. Allowing increased power dissipation in the system.

5. Deriving aging margins from the high probability that not all
component parameters contributing to a given failure mode will

simultaneously reach their worst initial limits.



The last approach will be considered heretical by some reliability
analysts and therefore needs elucidation. The prototype and flight
hardware circuit modules will not be field-repairable; they will be
discarded when they fail to perform within specifications. Circuit
acceptance tests on individual modules must be designed to show adequate
margins for aging in any event; with the gsuggcsted approach there wiil be
a small but non-vanishing probability that a circuit correctly constructed
with all component parameters within specified initial -limits (but near
the unfavorable limits) has to be rejected because of inadequate aging
margins. This approach is valid where a failure mode is a function of
at least several independent component parameter variations, and is
similar to the approach actually taken for monolithic integrated circuits,

which are also nonrepairable.

The breadboard memory has no potentiometers or other mechanically-
adjustable components. Where a means of adjustment is needed (in the
current and voltage-regulating circuits) it is made by soldering in a
resistor selected for the particular circuit. No adjustment following the
initial one is necessary nor possible in the case of the prototype

hardware.

3.4.3 Component Selection and Application

Components have been selected with principal regard to their suitability
for the application. Lists of preferred or qualified parts were not
consulted. It is intended that all components used in flight hardware will
be qualified, but the list of qualified parts for that future time is not yet
in existence; components selected for the memory are suitable .

candidates for that list.

Integrated circuits are used wherever possible; they have very significant

size, weight, and reliability advantages and are easy to apply.

More detailed comments on application of the different families of

components follows.



3.4.3.1 Transistors. Because of the low power and voltage levels at

which the memory operates, power dissipation and collector voltage
ratings on transistors are much higher than the levels at which they are
used in the system. Current ratings are much higher than applied
currents, also; the-highest current handled in the memory system is .
about £50 ma and levels of 0-20 ma are typical. The back voltage
ratings on base-emitter junctions has been a problem, however. On
diffused silicon transistors, the Veb ratings range from 3 to 6 volts.
The interim solution used for the breadboard circuits is to severely
limit the current allowed to flow in a reversed emitter junction, usually
to a level in the neighborhood of the current used by the manufacturer to
test emitter diode breakdown. There have been some recent reports
that even very low reverse emitter currents cause gradual degradation
of low current beta. For the prototype memory system, either circuit
designs will be modified to lower the applied stress to safe limits, or
transistors will be specially selected by the semiconductor vendors for
sufficiently high emitter breakdown. Most prototype transistors must be

purchased on special factory order to have them packaged to TO-46 cases.

Minimum initial beta for transistors is typically given by the manufac-
turer only for room temperature and a saturation voltage of one volt.
These minimums are adjusted downward by circuit designers for cold
terﬁperatures, exact collector current, usually a lower saturation
voltage, and for old age. Most manufacturers give some data to help in
making these adjustments, but every data sheet seems to present this
data in a different way. Details on these adjustments for the transistors

used in the present system are given in the paragraphs which follow.

At 10 ma collector current and a Vce of 0. 35 volts, the 2N2369A has a

minimum initial beta of 40 at 25°C and 20 at -55°C. A minimum initial

beta of 30 at -10°C is indicated; a cold old age beta of 24 or less has been -

allowed in most applications.

The 2N3249 has a minimum initial beta of 65 at -10 C for collector

currents of 0 to 20 ma and a Vce of 1.0 volts. Data sheet curves

e
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indicate that Vce can be lowered to 0. 3 volt if beta is decreased to

-20 percent; cold old age beta has therefore been set at 40 or less.

The 2N3486A is difficult to apply because guaranteed initial betas are
given for only room temperature and a Vce of 10 volts; Motorola's
supplementary curves are typical and apply to Vce's of 3 volts or less:

he Lest available PNP transistor for currents of

neverthelece it is ¢
100-250 ma. With minimum initial room temperature beta of 100, a

cold old age beta of about 40 for a Vce of 0.5 volts has been allowed.

The 2N3736 has a minimum initial beta of 37 at 250 ma collector current,
room temperature, and a Vce of 1 volt. Conservative deratings for cold
temperature and aging put working beta at 20; no attempt has been made

to force Vce lower than 1 volt,

3.4.3.2 Diodes. Most silicon diodes sold in large quantities are built
and/or selected to customer's specifications. The breadboard uses the’
Fairchild FD6331, a high conductance, low capacitance, fast recovery
diode selected from the FD600 series to a Librascope specification, in
all circuits needing diodes. The FD6331 has a conventional DO-7 glass
package. The memory stack uses the Microsemiconductor MC9853 which
is electrically similar to the FD6331 but comes in a much smaller
package. The prototype will use the MC9853 in all locations. The
redundant diode version for the stack is designated MC9962.

3.4.3.3 Resistors. The breadboard memory system has been con-
structed mostly with 1/4 watt 5% composition resistors. For the
prototype, 1/8 watt 5% composition resistors are presently called out.
In a few places where high stability is needed; 1 percent metal film
resisters are used. It is quite possible that the prototype unit specifica-
tions will be changed to call out 1/20-watt metal film resistors
exclusively. The 15 to 20 percent end-of-life tolerance usually allowed
for 5% composition resistors may prove to cost too much in terms of
~power dissipation in the course of completing analytical worst case

circuit designs. It seems likely that 15 to 20 percent end-of-life
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tolerance is too conservative for these resistors in encapsulated cordwood
modules with no severe humidity problem, but tests to establish this
assumption on firm ground probably cannot be carried out within the

scope of the present program.

High unit costs ($2 - $3) of 1/20 watt metal film resistors are not a
serious problem for space applications. The disadvantages are that
these resistors are not stocked and delivery times are long (3 to 8
months), and that low volume production raises question about the rate
"of failures from defects. If the prototype unit is fabricated with 1/8 watt
composition resistors, this would not preclude changing to 1/20 watt
metal film resistors for flight hardware, as they are nearly identical in

physical size.

3.4.3.4 Other Electronic Components. Integrated circuits have been

used where possible in the breadboard memory. They are applied under

conditions well within data sheet ratings.

The capacitors in breadboard circuits are those that were readily avail-
able. Tantalum types are used for power line filters, others are
ceramic. Electrical requirements for capacitors are easily met;
physical size and configuration are of major importance for the proto-

type and will govern final selection for that unit.

Transformers and the delay line in the breadboard are readily available
types. The prototype components will be fabricated to specifications

written specially for each application.

3.4.4 Power Supplies

This memory has been designed to work with unregulated DC power
supply lines. One reason for this is to eliminate the need for voltage .
regulators on the supply lines and thereby eliminate the power dissi-

pation associated with them,

Experience with the design of this memory suggests a review of this

policy. Although power supply voltage deviations of +20 percent were

«
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initially contemplated, circuit design became so difficult that the figure
was reduced to 10 percent. Moreover, a major portion of the memory
operates from regulated power; the regulators are included in the
memory. Current regulators for word and digit currents are needed to
_establish the current magnitudes compensated for temperature as
required by the memory element. A regulator is included for the A, B,
and D switches and the Digit Driver because total power dissipation is

less than it would be without it.

To see how this is true, consider the designer's problem. He must work
with the worst case, or lower limit of voltage in establishing his

designs. If the voltage at nominal is 10 percent higher than the minimum
and the load is resistive, current rises 10 percent and dissipation rises
20 percent. Most silicon semiconductor circuits, and the present
system in particular, include one or more silicon diode voltage drops

in the current paths. These drops, about 0.7 volt each, do not change
much with current; as a result an increase of 10 percent in power supply
voltage causes an increase of more than 10 percent in the voltage of the
current-determining resistance in the circuit; current may rise 20 to 30
percent and power dissipation may rise 30 or 40 percent. If a regulator
is used, current stays constant and power dissipation rises only by the
same percentage as the voltage. In all cases, additional power

dissipated by virtue of higher than minimum voltage is wasted power.

Regulation of the +5 volt supply outside the memory system is desirable
for other systems using integrated circuits on this same power bus, as
well as for the memory. Manufacturers data sheets guarantee perform-
ance only for a narrow range of power supply voltage, typically +10 per-
cent, and regulation of the power bus would increase margins for aging
of these circuits. An additional gain in aging margins is obtained if the
regulated voltage drops from, for example, +5.5 volts to +4.5 volts as
the temperature rises from 10 C to +85 C. All solid state circuits,

monolithic and discrete, will benefit from this kind of a curve.

Regulation of the +15 and -3 volt supplies would be advantageous to the

memory system also, but the advantages are less significant.

3-18
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3. 5 DIGIT ELECTRONICS

The digit electronics includes the digit driver, read amplifier, digit
current sink, D switches, and digit selection matrix. The bit counter,
described in Section 3.7, contributes the C switch leads which drive one
edge of the 3.7 contributes the C switch leads which drive one edge of the

digit selection matrix.

3.5.1 Digit Selection Matrix

The Digit Selection Matrix, figure 3.5-1, provides means of selecting one
of 64 plated digit wires during a Write or Read operation (80 wires for

the prototype).

16 (20) C SWITCH LINES
FROM BIT COUNTER

' / \
ﬁ
ﬁ
FOUR PAIR |
DIGIT SELECT | - DIGIT SELECTION
LINES FROM | MATRIX
D SWITCHES }
e
ﬁ
\ ' /

64 (80) DIGIT LINES
PLUS 16 (20) RETURNS
TO PWM STACK

DIGIT SELECTION MATRIX ELEMENTARY DIAGRAM
NUMBERS IN PARENTHESIS APPLY TO THE PROTOTYPE SYSTEM

Figure 3.5-1. Digit Selection Matrix Elementary Diagram

The matrix consists of 64 transformers, one for each digit path, arranged
in four groups of 16 (the prototype unit will consist of four groups of 20),
as shown in figure 3.5-2. The secondaries of the 64 (80) transformers

are connected to 64 (80) digit lines.
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One half of the center-tapped primary winding is driven to write a "'1", the
other half is driven for a '""0". Both polarities of output current are there-
by obtained from two unipolar primary terminals. FEach of the 16 vertical
busses in the matrix (figure 3.5-2) connects four transformer center
taps to one C switch lead output from the bit counter. Each of four pairs
of horizontal busses connects sixteen matrix transformers tc 2 windiug

on the read amplifier input transformer and to a pair of D switch output

transistors, Selection of both is controlled by the D switches, described

in Section 3.5, 2,

The matrix will pass current pulses of 110 ma with 60 nanosecond rise
time and of 400 nanoseconds duration for a Write operation, and low level

voltage read signals of 2 mv in amplitude during a Read operation,

Circuit Description

The operating sequence is as follows (refer to figure 3, 5-2): for a Write
operation, the bit counter puts +5 volts through a low impedance on one of
the 16 C switch leads. The D switches select one of the four pairs of
digit drive output transistors which connect to one of the four pairs of
horizontal busses. When the Write timing pulse appears- at the digit
driver, current flows from the center tap of the selected matrix trans-
former into one leg of the selected horizontal bus, the leg chosen depend-
ing on whether input data was ''1" or '"0". The digit current path continues
through one of the digit drive output transistors in the selected D switch.
At the secondary of the selected matrix transformers, a current pulse is

driven down the digit line to a short termination at the far end.

For a Read cycle, +5 volts from the bit counter is again present on one of
the 16 C switch leads, One of the center taps of the four read transformer
imaries {see Section 3.5.5) is selected by a D switch, which pulls cur-
rent from the center tap of one of the 64 matrix transformers through the
selected primary of the read transformer toward ground. The current
places the diodes in a low impedance cond\icting region. A read signal

on the digit line induces a voltage in the selected matrix transformer

which is connected to a primary of the read transformer by the horizontal
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bus pair. This, in turn, couples the signal into the secondary winding of

the selected read transformer which drives the read amplifier.

Design Details

In a plated-wire memory, the digit wires carr& both high-level digit drive
currents (100 ma) of two polarities and low-level read-back signals (5 mv
typical). The digit selection matrix must handle both signals efficiently.
This puts stringent requirements on the components used in the matrix,

namely, the transformers and diodes,.

During a write operation, a selected circuit is required to pass current
pulses of 100 ma with 80 nanosecond rise times and 300 nanoseconds
duration. The unselected circuits must present a high impedance to this

“current path so as not to affect the current waveform.

A minimum primary inductance of 100 microhenries will pass this current
pulse with good flat-top reproduction when driving the full length of the
digit lines in the prototype unit. The diodes in each unselected trans-
former will provide the isolation if they stary reverse biased under all
conditions. When the current pulse is impressed on the digit wire, a
voltage pulse will develop across the transformer with an amplitude deter-
mined by the amplitude of the current pulse Id, the impedance of the digit
line Zo, modified by the ratio of the propagation delay in the digit lines |
Td and the current rise time Tr.

2Td

or V =1d x Zo TT

Substituting values:

3 2 x 12 x 1077

v 100 x 1077 x 100 5
80 x 10~

I

3 volt§

The selected vertical bus puts +5 volts on the four transformer center-
taps common to the bus. (See figure 3.5-2.) When the upper horizontal
bus is driven to write a 1, the voltage on this bus will drop to approxi-

mately +1V. (+5V - V - diode drop).
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Since all unselected vertical busses are at ground potential, all other

diodes connecting to the upper horizontal bus will be reverse biased and

will present a high impedance to the selected circuit. The lower horizontal

bus of the first pair (common through the driven transformer) will rise to
approximately +8 volts (less a diode drop). Here, it is necessary to keep
the dicde in the read transformer that connecte to the low

1"Me w
oA

1 rowoe
. P ax~4

biased. All read transformer center-taps are referenced to +15 volts,
thus assuring that all diodes in the read transformers are reverse biased

during a Write operation.

During a Read operation, more consideration must be given to the match-
ing of diodes and to balancing the conduction path in order to present low
noise characteristics to the read émplifier. The noise generated when

a circuit is selected results in a transient causéd by unbalanced circuit
componenté and circuit capacitance, including that in the transformer
windings. This transient is similar in characteristic to a Read signal,
but is terminated 400 nanoseconds prior to the arrival of a legitimate

signal on the digit lines.

Another source of noise, resulting in a difference voltage level, is
unbalanced voltage drops in diodes. This difference voltage will also
cause a current to flow in the selected transformer that couples into the
digit wire. Currents flowing in the digit wire will develop a voltage pro-
portional to the resistance of the wire. This voltage will add to the
unbalanced diode drop to form the bulk of noise that lasts the entire inter-

val during which this circuit is selected.

For proper operation of the memory, this noise must be reduced to a
negligible amount by the time the Read signal appears at the Read ampli-

fier, which is 500 nanoseconds.

This is accomplished in the read amplifier with a differentiating network
having a time constant of 0.16 microseconds, After an interval of three
time constants the noise level should not exceed 20% of the minimum
specified input signal of 2,5 mv. This translates into an equivalent input

noise of 10 mv.
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Parts Specifications

Part Breadboard Prototype
Transformers Technitro 2ZXLSA Pulse Engineering "Flat-tran"
Diodes Fairchild FD6331 Microsemiconductor MC9853

3.5.2 D Switch (DS)

The D switch (figure 3.5-3) is used to perform two functions. During a

Write operation the D switch selects one of the four pairs of digit drive

output transistors, which connect to one of four pairs of D buses in the

digit select matrix (Section 3.5.1). This permits Write current from the

bit counter to pass through the selected transformer in the digit matrix

and continue through the output transistor inthe D switch and into the

appropriate.digit line to execute a write operation.

+ 4 VDC
SWITCHED
FROM VRS
+5VDC +15VDC
INPUTS 1 OUTPUTS
-]
DATA FROM
DIGIT DRIVER | wqu o~
N O] ~© 110 DIGIT SELECTION
wpn |MATRIX AND READ
C o | o | TRANSFORMER
TWO ADDRESS LINES b
FROM OUTSIDE
o— SWITCH
N
CONTROL TO READ
READ /WRITE CONTROL 0— L0 TRANSFORMER
CENTER TAP
DIGIT CURRENT FROM
DIGIT CURRENT SINK

Figure 3.5-3. 'D' Switch Elementary Diagram



During a Read operation the D switch activates a read gate connected to
one of four center taps in the primary windings of the read transformer
RXF. The four primary windings of the read transformer connect to the

D busses in the digit select matrix.

A D switch is selected by the word address lines and is active during a
Write or Read operation. Power consumption of this circuit is zero
while the mémory is in standby. When the memory is in operation, con-
trol power is applied through the voltage regulator switch for one micro-
second at each clock pulse, thus minimizing the average power drain in

the system.

Circuit Specifications

Conditions: This circuit functions properly if its environment imposes
conditions within the following limits:

Ambient Temperature, operation: -10°C to +85°C
nonoperating: -10°C to +139°C
Switched Power, +4.3V 0.2V at -10°C
+3.9V #0.1V at +25°C
+3.3V 0.2V at +85°C
Address Input "ON'": +3.0 to +5.5 volts
Address Input "OFF'": 0.0 to +0.5 volts
Input "Write", +3.8 to +5.5 volts from digit driver
Output "Write'", 105 ma maximum
Maximum Pulse Width, 500 nanoseconds
Duty Cycle: 0 to 30%
Input "Read', +4.2 to +5.5 volts from read-write control
Output ""Read'", Sink 7 ma maximum from read transformer.

Performance: This circuit performs within the limits specified below for
all combinations of conditions within the limits specified above.

Power Supply Loading: 1.1 ma maximum on +5VDC supply
1. 2 ma maximum on +15VDC supply
2.0 ma maximum on switched +4VDC supply
Power Supply Loading in OFF condition is due to leakage currents only,
which are considered negligible. '
Address Line Loading (Low): Line sinks 2.0 ma maximum for 1
microsecond. "
Address Line Loading (High): Negligible
Output Loading: The circuit will supply a 105 ma current pulse for a
write operation and sink a 5 ma current pulse for a read operation.
Turn on Time: Q1 and Q2 will reach 90% of voltage level in less than
200 nanoseconds; Q3 and Q4 turn on time is 50 nanoseconds.



Turn off Time: Q1 reaches 90% of voltage in less than 0.5 microseconds;
Q2 reaches 90% of voltage in 1.0 microsecond; Q3 and Q4 turn off
in less than 100 nanoseconds.

Circuit Description. (See figure 3.5-4.)

Tl
4
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cvels on th
back-bias the input diodes. Then, at the sensing of a clock pulse, the
voltage regulator switch applies a 4 volt level to the base resistor for
one microsecond. Transistor Ql turns on, pulling the collector voltage
to ground level. After a 500-nanosecond delay, allowed for all address

switches to settle in the system, a Write or Read operation is executed.

For a Write operation, the write timing generator activates a digit cur-
rent sink connected to the output emitters for 300 nanoseconds., Simul-
taneously, the digit driver is turned on for 300 nanoseconds. If the data
input line requires a '"'1'" to be written into the memory, a +5 volt pulse
from the digit driver appears on the ""1" line to cause current to flow in
the upper half of the transformer through the limiting resistor and collec-
tor of Ql to ground. A current pulse coupled into the secondary of the
transformer is of a polarity to turn on the upper output transistor Q3.
With the output transistor turned on, a current transmission path is
opened to allow current to flow from the bit counter through a digit selec-
tion transformer through the output transistor and into the digit current
sink, This writes a '""'1" into the memory. Conversely, if a ''0" is to be
written into the memory, a +5 volt pulse appears on the '"0" line to

cause the output transistor Q4 to turn on. The resulting output current
will cause a current to flow in the digit line in the opposite direction

through the selected transformer and to write a ""0'" into the memory.

To perform a Read operation, the transistor Ql is turned on as above.

In addition, a pulse from the read-write control circuit goes to +5 volts

to turn on the gate transistor Q2. Currrent now flows from the bit counter,
through the digit selection transformer, through the read transformer and
into the collector of Q2 and Q1 to ground. This current provides forward
bias to isolation diodes in the digit matrix and opens a transmission path

to Read signals between a digit line and read amplifier.
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Figure 3. 5-4. 'D' Switch Schematic

Design Details

Transistors Q3 and Q4 have a minimum end of life beta of 25 at cold
temperature for a Vce of 1 volt. A minimum base current of 4 ma is
required for a collector current of 100 ma; 5 ma has been allowed. To
this, a transformer magnetizing current (based on the minimum induc-
tance of 160 microhenries) or 2 ma is added to give a required 7 ma of

base current. (See figure 3.5-5.)

The limiting resistor R7 is selected to be 220 ochms to make available the
minimum required base drive for the worst operating conditions. The
total collector current of Ql during a Write operation is 7 ma, plus 1.0
ma through the collector resistor, or a total of 8 ma with a possible maxi-

mum current of 11 ma.
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During a Read operation, the maximum collector current of Ql is 6.5 ma

(determined by a limiting resistor in the read transformer).

The input

stage must, therefore, be designed to handle the higher write current

under all operating conditions.

3.5.3 Digit Driver (DD

~—

The digit driver (figure 3.5-6) is used to provide write information to

digit lines in accordance with the data input signal levels.

derived from two sources,

Its inputs are

One source is the computer data line that

connects directly to the input of the digit driver.

The voltage level on

the data line determines whether a 1 or 0 will be written into the memory.

The second input source is the write timing generator.

This input signal

connects to the emitters of the output stages and drives the output tran-

sistor that is activated by the input inverter stage.

The write timing generator signal is available only when a write operation

is to be performed.

INPUTS

”

DIGIT TIMING
FROM TIMING
GENERATOR DWT

DATA INPUT
LINE FROM

EXTERNAL
EQUIPMENT

+4 VDC
SWITCHED
+5 VDC FROM VRS
\
0 . . Il] [1]
DIGIT
DRIVER
O——pi ..____’uon
7

l

OUTPUTS
TO
"D" SWITCHES

Figure 3. 5-6. Digit Driver Elementary Diagram




Circuit Specifications

Conditions:?

Ambient Temperature, operating: -10 C°o 485 C°
"nonoperating: -10 C°to +139 C°

Power Supply:- +4.5 to +5.5 volts DC

Switched Power: +4.0V nominal (voltage regulator switch)

Data Input: '"1'" = +3.0 to +5 5 vclts

Data Input: "0" = 0.0 to +0.5 volts

Timing Input: +4.2 to +5.5 volts

Output Loading: 15 ma maximum

Duty Cycle: 0 - 100%

Performance:

Power Supply Loading, ON Condition: +5V Supply, 1.8 ma maximum

+4V Regulated, 3.5 ma maximum
Power Supply Loading, OFF Condition: Transformer Leakage only
Input Signal Loading, Low voitage state: Input line sinks 1, 7 ma maximum
Input Signal Loading, High voltage state: Transistor leakage currents only
Output Current: 15 ma maximum
Response Time: The voltage regulator switch must turn on a minimum of
200 nanoseconds before the write timing generator
Rise Time of Ql or Q2, measured from the timing generator turn on is
40 nanoseconds maximum
Fall Time is 80 nanoseconds maximum

Circuit Description

The Digit Driver consists of two simple input inverters to generate the
true and complement ot the input data, and a pair of gated output stages
to provide the necessary digit drive into the D Switches. In the following
discussion, reference will be made to the digit driver schematic of figure

3.5-7 included in this section.

Two input inverters are contained ina quad 2-input monolithic DTL Nand
Gate (Signetics CS720J). These nand gates have no internal collector
resistors, making the use of separate collector and base supply voltages
possible. In this circuit the +5 volt supply provides collector voltage, and

the switched supply from the voltage regulator switch supplies base drive.

In this arrangement the entire circuit consumes no power when the system
is in Standby. During operation, the voltage regulator switch supplies

base drive for one microsecond out of a 10 microsecond minimum cycle
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time, thus minimizing the power drain- in the system. When base current
is available, the outputs of the inverter stages assume the proper logic

levels as a function of the data input line. The operating sequence starts
with the availability of base current. When the data to be written into the

memory is a ''1" (high voltage on data input line), the upper inverter stage

. I1 will turn on. The output of Il is connected externally to I2 to keep I2

turned off. The output of Il is now near ground level and can sink base
current from the output transistor Ql, If a write operation is to be exe-
cuted the write timing generator will supply a positive 5V pulse to the
emitters of the output transistors Ql and Q2. Transistor Ql will turn on,
due to the base current path provided by the conducting inverter stage Il.
Collector current in transistor Ql flows through the D switch in a direction
to write a '"'1" into the memory. Conversely, if t}-le data to be written

into the memory is "0" (low voltage level on data input line), the lower
inverter stage I2 will turn on and make base current available to output
transistor Q2. In coincidence with the write timing generator pulse,
collector current will flow in the transistor Q2 to cause a '""0" to be written

into the memory.

Design Details

The two input inverter stages, being part of a monolithic integrated cir-
cuit, have operating limits specified and guaranteed by the manufacturer.
In this application the units operate far below the specified limits to insure

reliable performance.

The output stages are designed to supply 7 ma minimum and, under some
conditions, 15 ma maximum current into the D switch. The 7 ma minimum
current is based on the worst case condition for the D switch; the worst
case condition for the digit driver will exist at a possible D switch require-
ment of 11 ma at -10°C. This can occur when semiconductor voltage

drops are at their lower limits while the power supply is high. The worst
case base current required to drive the output transistor Ql or Q2 is

220 ma. The minimum base current available to the output transistors is

370 ma which is equivalent to a beta of 30,

4
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The output transistors Ql and Q2 have a minimum saturated end of life
beta of 40 at -10°C.

Breadboard Module Evaluation

The Digit Driver circuit was assembled and tested at all combinations of

voltage and temperatures with the following observation:
Output of Q1 or Q2:

Worst case delay: 8 nanoseconds at -10° C measured from write
. timing generator
Worst case rise time: 30 nanoseconds at -10°C

Worst case fall time: 50 nanoseconds at +85°C

Parts Specifications

Part Value (ohms) Breadboard Prototype
R1, 3, 000 RCO7GF302J RCO5GF3027
R2, 3, 000 RCO7GF302J RCO05GF302J
R3, 6, 800 RCO7GF6827 RCO5GF682J
R4, 6, 800 RCO7GF6827 RCO5GF6827J
R5, 100, 000 RCO7GF104J RCO5GF104J
R6, 100, 000 RCO7GF104J RCO05GF104J
Ql1, Q2 2N3249 2N3249 in TO-46

can

Integrated Signetics Signetics CS720J
Circuit CS7207

Note: Two of the four gates in the CS720J are used by the Read/Write
control circuit, Section 3,8.4

3.5.4 Digit Current Sink

plated wire memory plane. The current amplitude is temperature com-

pensated to match the requirements of the plated wire memory plane.
This circuit receives its input signal from the write timing generator.

During the Write operation, the output current pulse goes to the proper
digit line of the memory system by way of the D switches and the digit

selection matrix. During Read, this circuit remains inactive.
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Figure 3. 5-8. Digit Current Sink Elementary Diagram

Circuit Specifications

Conditions:

Operating temperature range: -10°C to +85°C

Nonoperating temperature range: -10°C to +139°C

Power input: -3 volts DC#% 10% and +5 volts DC+ 10%

Signal input: A signal voltage within 0.5 volts of the +5 volt supply holds
the circuit OFF. A level of 0 to +0.5 volt turns it ON.

Output load: 5 to 18 ohms referred to a voltage 0.7V less positive than
the +5V power supply.

Duty cycle: 10% maximum

Performance: Power supply loading during the OFF period is limited to
transistor leakage, which is negligible. A 100 kHz Write repetition rate
with a duty cycle of 3 percent results in an average loading of 3.0 ma
+20% on the -3 volt supply and 0.25 ma+20% on the +5 volt supply.

I.oading of the input circuit provides a temperature-compensated current
sink for the digit line within the limits shown by the solid lines in figure
3.5-9. These limits are within £7% of the nominal value of digit current
required by the memory. The broken lines indicate £10% limits of digit
current required by the plated wire memory plane specifications. The
indicated performance will be attained for the breadboard load variation
of 5 to 13 ohms, or, with a slightly different current level adjustment,
the prototype load variation of 10 to 18 ohms. The output current pulse
is within specification limits not later than 70 nanoseconds after the input
"waveform passes the 50 percent point.
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Figure 3. 5-9. Digit Current Amplitude vs. Temperature

Circuit Description

As seen in figure 3.5-10, the circuit is inactive until the write timing
generator supplies a pulse at the input terminal which pulls it down to
0.2V. This pulse turns on Q2 and the resulting voltage at Q2's collector
drives current through R1. This current produces a stable voltage across
the three series diodes CR1, CR2, and CR3., This voltage level, together
with the resistance values of R3 and R4, sets Ql's collector current and
therefore the output current to the proper level. Adjustments in output
current level, to compensate for slight variations in characteristics of
diodes CR1, CR2, CR3, transistor Ql, and the difference in loading
between the breadhoard and the protoiype models, are made by changing
the value of R4,
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Figure 3.5-10. Digit Current Sink Schematic Diagram

Design Details

An input pulse level of 0 to 0.5 volts will cause a voltage drop of about

3 volts across R7, resulting in a base current of 1.5 ma. (See figure
3.5-10) This is sufficient to saturate Q2 and impress a minimum voltage
of 4.0 volts across R5. This voltage pulse is coupled to R1 by blocking
capacitor Cl. The result is a current flow through R1 ahd into the three

diodes CRI1 through CR3.

During inactive period, C1l is charged to 3 volts through RS, R1l, and CRA4.
Therefore, the voltage across Rl and CR1 through CR3 during a digit
pulse will be approximately 4 volts. This drives the three diodes into a
region where they act as a shunt voltage regulator, producing these

results:

1. The proper voltage level to drive Q1 at 25°C
2. The proper voltage versus temperature characteristics to obtain

the required output current curve.



Stability of the output digit current level is insured by using a metal film
precision resistor for R3. Resistor R4 is provided as an adjustment for

the nominal current at 25°C.

Breadboard Module Evaluation

The dotted curves of figure 3.5-9 show test results for an actual circuit.

These limit curves reflect worst case combinations of power supply

voltage variations for temperatures as shown.

held constant,

Parts Specifications

The load impedance was

Part Breadboard Prototype
R1l, 1200 ohms RCO7GF1227 RCO5GF1227
R2, 10K ohms RCO7GF103J RCO5GF103J
R3, 10 ohms RN60D1OROF RN50E10ROF
R4 Selected RCO7GF Selected RCO5GF
R5, 2000 ohms RCO07GF2027 RCO5GF2027F
R6, 10K ohms RCO7GF103J RCO5GF1037F
R7, 2000 ohms RCO7GF202J RCO5GF2027
CR1-CR4 Fairchild FD6331 Microsemiconductor
MC9853.
Ql 2N3736 2N3736
Q2 2N3249 2N3249 in TO-46 can
Cl, Cc2 Sprague HY-320 Not Selected
C3 Sprague 5GA-Q68 U.S. Capacitor
) C10A680K

3.5.5 Read Amplifier (RA)

The requirement of the read amplifier (figure 3.5-11) is to detect a ONE

signal coming from the plated digit wire and to convert this signal to a

a ZERO.

No outpul is required for

The read amplifier is a linear operating circuit which requires a

continuous supply of power even during the absence of operating signals.

In a read operation, the amplifier receives a signal from the plated wire
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Figure 3. 5-11. Read Amplifier Block Diagram

through a low impedance path through the digit selection matrix and read
transformers. In a write operation, the amplifier is isolated from the

digit matrix by reverse biased diodes in the read transformer modules.

In the breadboard unit the read amplifier is packaged in three separate
modules: the read transformer modules RXF, the read reamplifier RA,

and the shaping network SN.

The four individual read transformers now used represent a change from
the original scheme, where one transformer with four primary windings
was shown. Such a transformer was built and evaluated. The number of

windings, their interconnection, and the required degree of balance
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proved to be very critical, when incorporated in a single transformer.
For the breadboard unit it was therefore decided to use four separate

transformers.

Circuit Specifications

Conditions: This circuit will operate properly under the following

conditions:

Temperature: operating: -10°C to +85°C o
non-operating: -10"C to +139 C
Power Supply: +4.5 to +5.5 Volts, DC
_ -2.7 to -3.3 Volts, DC
Input for'1'": positive polarity of 1. 35 mv min.
for "0": negative polarity of 1.0 mv min.
Output: + 4 to +5 Volts at 4. 0 ma max.

Performance

Power loading is continuous, +5 Volts: 3.5 ma
-3 Volts: 3,3 ma

During Read "1", the +5 Volt terminal will draw a maximum of 4. 0 ma.

Circuit Description

The method of selecting a specific digit wire and connecting it to the
read amplifier will be reviewed briefly with reference to the simplified

selection diagram of figure 3.5-12,

The bit counter will place a +5 Volt level on the center taps of the set of
four selection transformers in a vertical columh of the digit selection V
matrix. For a Read operation, the selected D switch activates a read
gate, thereby connecting a control input in the read transformer (pin 16
in figure 3, 5-12) to near ground potential. Current now flows from a

bit register flip-flop, through the primary windings of the selected digit.
matrix transformer and diodes, through the read transformer primary
windings and diodes, and into the D switch, A voltage induced on the
selected digit wire by a current pulse in a word line will find a low

impedance path through the selected matrix transformer into the selected
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Figure 3.5-12. Simplified Read Signal Selection Diagram

read transformer and on into the read preamplifier. The complete read

transformer module schematic is shown in figure 3.5-13.

A Fairchild 702A broad-band integrated amplifier is used as a preampli-
fier (figure 3.5-14) to obtain a minimum voltage gain of 60 at a bandwidth
of nearly 10 mHz. This unit operates from low voltage supplies (+5V and

-3V) with a total power drain of 25 mw.

The output of the 702A is not of sufficient amplitude to operate the output
flip flop in the Shaping Nework (figure 3.5-15); for this reason two more
amplification stages, Q1 and Q2, (figure 3.5-15) are used. These stages
are biased for low conduction to minimize power drain. Another feature

of this amplifier is the high ratio of gain during the time a readout
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signal occurs to the gain at other times in the operating cycle.. This
variation in gain is controlled by Q3 which controls the emitter impedance
of Q2, Normally, Q3 is not conducting, The impedance at the emitter of
Q2 is approximately 11,000 ohms, With this much degeneration, the gain
of Q2 is very low, In coincidence with a read signal coming from the pated
digit wire, a strobe pulse is applied to the base of Q3. The transistor Q3
turns on to provide a low impedance path to ground for the emitter of Q2

and the gain is therefore increased.

A '"1" signal will be negative in polarity at the base of Ql and positive at
the base of Q2. During the strobe, the collector of Q2 will go negative
and turn on Q4. Transistors Q4 and Q5 form a flip-flop which remains

on after the termination of the read signal.

Transistor Qb is an output stage normally providing a low impedance zero
signal level. When a ''1" is read in the memory, the collector of Q4 puts
a positive logic "1" voltage level on the output terminal through CR2.

This voltage remains for one microsecond, at which time a positive going
reset pulse at input pin 6 resets flip-flop Q4-Q5 and the output returns to

ground level.

Design Details

No attempt has been made to obtain maximum gain from amplifier stages
Ql and Q2 in the shaping network (figure 3.5-15), Had it been done, this
would have required high power in standby, which is undesirable in this
system. The minimum gain required is that sufficient to guarantee that
a2 minimum "1'" signal at the input will set flip-flop Q4-Q5. A voltage
change at the collector of Q2 of 900 millivolts is required to turn on the

flip-flop.

The quiescent voltage at the base of Q4 with respect to its emitter is 300
millivolts minimum at high temperature. This voltage tracks the drop in
diode CRI over the operating temperature range, resulting in a uniform

flip-flop triggering level.



The voltage gain of Ql is low at the frequencies of concern here. This is
due to the high collector impedance and high effective collector-to-base
capacitance. The effective collector-to-base capacitance is the actual
capacitance multiplied by the gain of this stage (Miller effect). The total
voltage gain of the amplifier Ql and Q2 is 9. A minimum "1'" input
(negative polarity at the base of Q1 of 100 millivclts is therefore required

to set the flip-flop.

The integrated preamplifier 702A (figure 3.5-14) has a minimum open
loop voltage gain of 300 at low temperatures and low operating voltages
of +5 and -3 volts. The minimum closed loop voltage gain with feedback
as used here is 74. A minimum ''1" voltage (positive polarity) of 1. 35
millivolts is therefore required at the input to the preamplifier, in order
to generate an output in the shaping network. The actual output signal
irom the plated digit line will have to be slightly higher to compensate

for losses in the transmission path,

The differential input impedance te the preamplifier module is 132 ohms.
The transmission path consists of the line resistance plus two conducting
diodes in each leg as shown in figure 3.5-16. The total resistance in
each conducting leg is 22 ohms. Hence the output signal generated is

1. 8 millivolts minimum, in the absence of noise. The "0" signal required
is that necessary to overcome noise, so that the composite signal at the

amplifier input is zero.

Parts Specifications

Part Breadboard Prototype
DPreamplifier Fairchild 702A Fairchild 702A
Ql, Q2, Q3, Q5 2N2369A 2N2369A in TO-46 can
Q4, Q6 2N3249 2N3249 in TO-46 can
Diodes Fairchild FD6331 Microsemiconductor
MC9853

Resistors: R2, R3 are matched . 1% RCO05

R4, R5 are matched . 1% - RCO05

All other resistors are 5% RCO05 :
Capacitors: +10% U.S. Cap, C-10 Series

Transformers are the same as those specified in Section 3,5.1,

]
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