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Foreword ' .

This semianmual progress report is submitted in accordance
with the requivements of NASA Contract NAS8-5276. Included
herein is a description of work performed during the period
from 1 April through 30 September 1963 in fulfillment of con-

tractual requivementis.
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Section |

Introduction

Significant progress has been made during this reporting period in the
design of the Saturn V breadboard computer. The logic for the triple modular
redundant (TMR) version was released and then abstracted to derive the logic
for the simplex computer. With this release, the computer design was sub-
divided into pages. ' The artwork for the multilayer interconnection boards s
(MIB's) on each page has been released to manufacturing along with the art- f
work for the unitized logic device (ULD) circuits involved in the design. The
design for the back panels that are used to interconnect the pages has also u
been released. The computer structure is being built from sheet metal,

A breadboard memory was built using toroid:cores and commercial
memory-plane frames that were reworked to the Saturn V configuration.
The memory electronics was assembled on standard modular system (SMS)
cards, and the entire unit is undergoing laboratory, evaluation.

A liquid-cooled prototype structure for the TMR computer is being
developed and several methods for building the structure are being evaluated.
Magnesium-lithium billets, which will be machined for the experimental
structural units, have been ordered.

The design progress for the aerospace computer manual excerciser
(ACME) has paralleled that of the basic hardware; the electrical and mechanical
design has been compléted, the necessary parts have been ordered, and

_assembly of the first ACME has begun. It will be ready for use in the build-
up and check-out of ‘the breadboard computer,

Reliability studies of the computer design were performegd using the
IBM 7090 reliability simulation program in conjunction with manual and IBM
1620 computations. Based on theé present configuration of a TMR central
computer and duplexed memories, the results of the reliability studies in-
dicate that the TMR computer will more than meet its reliability goals. In
addition to the previously mentjoned studies, numerous other special rellability
evaluations were conducted.

1-2



- Component testing has been carried out and planning performed for
future larger-scale tests of components and subassemblies to be used in
prototype computers. The results of step-stress tests conducted at the IBM
Components Division have been studied.

Quality control personnel set up quality control practices on the ULD
line and planned activities for the quality agsurance program to be applied to
the prototype hardware. -In addition,the following were also carried out: (1)

.documentation of quality pr.ocedures, (2) review of routings and process con-

trol procedures, (3) qualification of special test equipment, (4) monitoring
of defective parts, and (5) studies of training and certification of personnel.

Maintainability studies were conducted that included: (1) discussions
with NASA perggnnel on laboratory test equipment (LTE) requirements and
over-all checﬁ*d philosophy, (2) the design.study of the computer handling
fixtures and page test-point adapter, (3) establishing a maintainability re-
quirements spdcification setting maintainability design requirements, and -
(4) the review bf computer and LTE designs.

A ULD fibrication line was established to permit manufacture of the
breadboard cqfnputer. This line is currently processing numerous orders
for ULD's foy the breadboard computer. An integrated photographic tool
generation {aftwork) facility (IBM-funded capital equipment) for MIB'S has
also been set up for the cutting of master artwork and preparation of masters
for the production line. Special test equipment (Some of which is IBM-funded
capital equipment) required for the ULD line and for memory construction has
also been designed and built.

Details of these accomplishments are contained in the following sections
of this technical summary report. In many cases the results are summarized
rather than presented in detail., Reports and test results substantiate the
information presented, ' :

1-3/4
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Ssction 1l
Electrical and Mechanical Design

A. COMPUTER LOGIC AND CIRCUIT DESIGN

1. COMPUTER FUNCTIONAL DESCRIPTION

Figure 2-1 illustrates the computer information flow. This simplified
block diagram depicts the major data flow paths and associated register level
logic,

The computer hag been organized as a serial, fixed point, stored pro-
gram, general purpose machine which processes data using "two's comple-
ment' arithmetic. Two's complément arithmetic obviates the recomple-
mentation cycle needed when using ''sign-plus-magnitude' arithmetic. Spe-
cial algorithms have been developed and implemented for multiplication and
division of two's complement numbers. Multiplication is done four bits at a
time and division two bits at a time. These algorithms are treated separately
in the Arithmetic portion of this section.

A random-access magnetic core memory will be used as the computer
storage unit. A serial data rate of 512 kilobits-per-second will be maintained
by operating the memory units in a serial-by-byte, parallel-by-bit oper-
ating mode. This allows the memory to work with a serial arithmetic unit.
The parallel read-write word length of 14 bits includes one parity bit to allow
checking of the memory operations.

Storage external to the memory is located predominantly in the shift
register area., The reliability in this area is maximized by using glass
delay lines for arithmetic regigsters and counters. Delay lines are the best
choice when transistor count for the various registers is considered.

a. Organization

Each instruq n comprises a four-bit operation code and a nine-bit

)e nine-bit:address allows 512 locations to be directly
addressed. The tl memory i# divided into sectors of 2566 words, and
contains a residua} memory of 338 words. The nine-bit address specifies a
location in either {he previously selected sector (Data Sector Latches) or in
the residual memdry 'If the operand address bit, A9 is a binary 0", thenthe

byt
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data will come from the sector specified by the sector register, If A9isfa "1",
the second register is disregarded and the data comes from residual mem-
ory. Instructions are addressed from an eight-bit instruction counter which
is augmented by a four-bit instruction sector register, Sector memory
selection is changed by special instructions which change the contents of the
sector register. The sector size is large enough so that this is not a fre-
quent operation.

Data words consist of 26 bits. Instruction words consist of 13 bits and
are packed in memory, two instructions per data word. Hence, instructions
are described as being stored in syllable one or syllable two of a memory
word. Two additional bits are used in the memory to provide parity checking
for each of the two syllables, (See Table 2-1.)

The computer is programmed by means of single-address instructions.
Each instruction specifies an operation and an operand address. Instructions
are addressed sequentiaily from memory under control of the instruction
counter; and each time the instruction counter is used, it is incremented by
one to develop the address of the next instruction. After the instruction is
read from memory and parity checked, the operation code is sent from the
transfer register to the OP code register. This is a static register which
stores the operation over the duration of the execution cycle.

Table 2-1

Daia and Instruction Word Formal

Memory Syllable 2 1 . 13 14
Plane Syllable 1 15 27 28
Data Syllable 2 s 2~ . 2-12p
Word Syllable 1 2-13 o-14. . 2-25p

Instruction Syllable 1 or A9 A8---Al OP4 OP3 OP2 OP1 P
Word lor2

S e Sign Position
A9, A8, A7, etc.,.......... Operand Address
OP1, OPZ, ete., ., ......... Operation Codes
P..... e et e e e Parity Bit

Ed

{" 2-4




"
ot FAAK - -
] i)

The operand address portion of the instruction is transferred in parallel
(9 bits) from the computer's transfer register (TR) to the memory address
register, The TR is then cleared. If the pperation cogde is one which re-
quires reading the amemory, the contents of the operand address are read 14
bits at a time (including parity) from the memory into the buffer register
where a parity check is made. Data bits are then sent in parallel to the TR.
This information is then serially transferred to the arithmetic section of the
computer, If the operation code is a store (STO) the contents of the accu-
mulator are transferred serially into the TR and stored in two 14-bit bytes.
A parity bit is generated for each byte. .

UpOn completion of the arithmetic ‘-operation, the contents of the in-
struction counter are transferred serially into the TR. This information is
then transferred in parallel (just as the operand address had previously been
transferred) into the memory address register. The TR is then cleared and
the next instruction is read, thus completing pne computer cycle.

The data word is read from the memory address specified by the mem-
ory address register and from the sector specified by the sector register.
Data from the memory goes directly to the arithmetic section of the computer
where it is operated on as directed by the OP code. The arithmetic section
contains an add-subtract element, a multiply-divide element, and a storage
register for the operands. Registers are required for the accumulator,
product, quotient, multiplicand, multiplier, remainder, and divieor. The
add-subtract and the multiply-divide elements operate independently of each
other, Therefore, they can be programmed to operate concurrently if de-
sired; i.e., the add-subtract element can do several short operations while
the multiply-divide element is in operation. No dividend register is shown
in Figure 2-1 because it is considered to be the first remainder. As indi-
cated, both multiply and divide require more time for execution than the rest
of the computer operations. A special counter is implemented to keep track
of the multiple-divide progress and stop the operation when it is completed. The
product-quotient (PQ) register has been assigned an address and is address-
able from the operand address of any instruction. . The answer will remain
in the PQ register until multlpiy divide is initiated.

b. Timing

The three levels of computer timing are illustrated in Figure 2-2.
Basically, the computer is organized around a.four-clock system. The width
of each clock is approximately 0.4 usec and the pulse repetition frequency is
512 kilocycles. Thé bit time. (four clock pulses) is 1/.513 usec. Fourteen
bit times occur in one phase time, resulting in a phase time of 27, 34375
usec. THree phase times (Pp Pp, and Pg)are required to perform a com-
plete computer operation cyc e.: Phase A (PA) makes up the instruction cycle,
and phases B and C (Pg and P¢) determine the data cycle.

2-5
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2. COMPUTER CONTROL

a. Instruction List

The instruction bit assignment for the operation code is shown in

Table 2-I1.

OP1

HOP
(82 usec)
0000

TRA
(82 usec)
1000

TMI
(82 usec)
1100

Table 2-11

Operalion Code Map o

oR2 .
MPY STO | DIV
MPH XOR CLA ADD
oP3
TNZ TMI SHF - AND
HOP TRA PIO SUB

N
OP4

The contents of the memory address designated by the oper-
and address specify the next instruction address and data
sector. Four bits identify the next instruction sector, eight
bits are transferred to the instruction address counter, one
bit conditions the syllable control, four bits identify the next
data sector, three bits identify the next memory module, one
bit defines either a simplex or duplex memory operation, and
one bit resets the memory error latch when specifying a new
memory module,

The eight-bit operand address is transferred to the instruction
counter. The residual bit in the operand address is used to
specify the instruction syllable latch. The sector register re-
mains unchanged.

A transfer occurs on the minus accumulator sign. If the sign
is positive, the next instruction in sequence is chosen (no
branch); if the sign is negative (zero is considered positive),
the eight-bit operand address becomes the next instruction
address (perform branch), and a TRA operation is executed.
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TNZ
(82 usec)
01Q0

SHF
(82 usec)
1110

AND
(82 usec)
0110

CLA
(82 usec)
1111

ADD
(82 usec)
0111

SUB
(82 usec)
0010

8TO
(82 usec)
1011

Div
(656 usec)
0011

MPY
(328 usec)
0001 -

A transfer occurs when the accumulator contains a non-zero
number. If the accumulator is zero, the next instruction in
sequence is chosen; if the agcumulator is not zero (either
negative or positive), the eight-bit operand address becomes
the next instruction address, and a TRA operation is executed,

The SHF instruction shifts the accumulator contents right or
left one or twa places as specified by the operand address.

A1l Right Shift 1 A5 Left Shift 1

- A2 Right 8Shift 2 A6 Left Bhift 2

The contents of the memory location specified by the operand
address are logically AND'ed, bit-by-bit, with the accumu-
lator contents.” The result is retained<n the accumulator.

]
The contents of the location specified by the operand address
are transferred to the accumulator.

The contents of the location specified by the operand address
are added to the accumulator contents. The result is retained
in the accumulator, ‘

The contents of the location specified by the operand address
are subtracted from the accumulator contents. The result is
retained in the acecumulator, ‘ :

The contents of the accumulator are stored in the location
specified by the operand address as well as being retained
in the accumulator.

The contents of the accumulator are divided by the contents of
the memory location specified by the operand address. The

24-bit quotient is contained in the product-quotient delay line.
Concurrent use of the adder-subtractor element is permitted.

The contents. of the memory location specified by the operand
address are multiplied by the accumulator contents, The 24
high-order bits of the multiplier and multiplicand are multi-
plied together to form a 24-bit product, Concurrent use of
the add-gubtract element is permitted. The product is stored
in the product-quotient delay line. ' '

2-8



MPH . This is the multiply and hold operation. It is the same as the
(410 usec) MPY operation except concurrent use of the add-subtract
0101 element is not permitted and the product is stored in the
accumulator. ’
XOR The contents of the memory location specified by the operand
(82 usec) address are exclusively OR'd, bit-by-bit, with the contents of
1101 the accumulator. The result is retained in the accumulator.
PIO The low-order address bits, Al and A2, determine whether
(82 usec) the operation is an input or output instruction. The high-
1010 order address bits, A8 and A9, determine whether the data
contents are transferred from the main memory, residual
memory, or accumulator, ' »

b. Multiply and Divide Timing

All operations, except MPY, MPH, and DIV require one operational
cycle (82 usec) for execution. Other instructions must be éxecuted con-
currently with the MPY and DIV instructions (except MPH). Three in-
structions can be executed between the initiation of the MPY and the time
when the product is available; similarly, seven instructions can be executed
between the initiation and the termination of DIV. More one-word-time in-
structions can be inserted before the product or quotient is addressed if max-
imum efficiency is not required, since multiplication or division is stopped
automatically and the result retained until addressed. Figure 2-3 illustrates
the timing of the MPY and DIV operations. The MPH instruction cannot oper-
ate concurrently with other operations because it inhibits further memory
accesses until completed. ‘

c. Interrupt

A program interrupt feature is provided to aid the input/output proc-
essing. An exiernal signal interrupts the computer program and causes a
transfer to a subprogram. Interrupt occurs when the instruction in progress
is completed. The instruction counter, sector and module registers, and
syllable latch are stored automatically in a reserved residual memory lo-
cation (octal address 777). A HOP constant which designates the start of the
subprogram is subsequently retrieved from a second reserved residual mem-
ory location (octal address 776). Automatic storage of the accumulator and
product-quotient registers is not provided; this must be accomplished by the
subprogram. Multiple interrupt protection or interrupts during MPY and
DIV operatious,dre provided.
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Figure 2-3. MPY-DIV Timing Chart

The interrupt signal may be generated by a timed source. The rate at
which it is generated will be program controlled by changing the magnitude
of a number,which i8 being continually summed. When the summed number
reaches a predetermined value, the interrupt.signal is generated. The main
program can be resumed by addressing the contents of residual memory word
777 with a HOP instruction. ’

Other external signals such as discrete fnputs will also be allowed to

-cause interrupt. These signals will be useful in causing the I/0O subprogram

to give immediate attention to an input or output event.
3. PROGRA MMING CONSIDERATIONS

The Saturn V Guidance Computer uses a conventional repertoire of
arithmetic instructions including add, subtract, multiply, and divide; two
multiply instructions are included. MPY requires one-word-time oper-
ations in the adder unit during the multiplication process because the in-
struction counter advances once each word time. This procedure is useful
in speeding up thé computer operation by permitting simultaneous multiplica-
tion and one-word operations. Trial programming has shown a speed in-
crease for a similar configuration of up to 40 percent over a conventional



sequential organization. When the program is multiply-limited and a sufficient
number of useful one-word operations cannot be located in the portion of the
flow diagram being executed, the MPH instruction is used. This ilstruction
inhibits the advance of the instruction counter so no new instructions are read
from memory until the MPH operation is completed. This feature conserves
program steps relative to an organization which does not contain a MPH-type
operation code. Both types of multiply orders permit the increased speed of
a concurrent operation without sacrifice in the number of program steps re-
quired, and permit a programming trade-off of speed and instructions re-
quired. . .
|

TRA, TMI, and TNZ instructions provide flexibility in programming
unconditional transfers; in branch instructions, through transfer on the con-
tents of the accumulator; and in easy handling of discrete inputs, which are
obtained in the accumulator through masking with an AND instruction.

] The HOP instruction is used for transfers outside of the sector cur-
rently being used. HOP permits jumping to another portion of the flow dia-
gram and to subroutines. To return from a subreutine, the last instruction
in the routine is a HOP. The HOP constant causes a return to the original
program sequence. Since each use of a subroutine in the program results in
return to a different place in the flow diagram, the HOP constant is loaded
prior to entering the routine. An automatic program compiler could be used
to generate the correct HOP constants. .

An exclusive QR operation, XOR, permits the rapid checking of changes
in discrete inputs which are grouped into data word inputs. Discrete output
words may be generated by masking out the bit to be changed with an AND
instruction and by adding the discrete output into the selected position. The
product-quotient (P-Q) register can be addressed (by octal 775) with the
operations CLA, 'ADD, SUB, STO, AND and XOR,

An interrupt feature is provided in the guidance computer to facilitate
the timing of 1/O operations by causing a transfer to an 1/O subprogram.
The interrupt signal may be set to interrupt at the highest rate at which any
1/0 quantity must be handled. The timed interrupt thereby avoids the nec-
essity of keeping track of the time expired since last entering the 1/0 sub-
program. Otherwise many instructions would be required in the various
branches of variable length in the flow diagram. An automatic interrupt is
also provided to permit certain discrete inputs to cause ihterrupts. While
all applications for this feature have not yet been defined, allowing discretes
to interrupt can be used to demand that the program give attention to an im-
portant discrete, Communications between the guidance eomputer and the
vehicle telemetry monitoring system can thus be facilitated. The monitor
system may be selected by an address code from the computer, and the
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vehicle parameter to be monitored can be defined over the output line to the
data adapter and stored in a buffer register. When the monitor has acquired

the desired parameter, an interrupt can be given, causing the computer 1/0 ‘5
subprogram to read the value as an input. This scheme will permit. com-

puting to continue while waiting for the monitor system to acquire the param-

eter.

.

The sector register permits considerable flexibility in handling data and
constants. The instructions indicate whether data is located in the residual
sector or the sector referred to by the data sector register. By confining
data to the residual register and a limited number of other memory sectors,
the changing of the data sector register can be minimized. In this manner,
the resldual sector 18 reduced in size and made more readily usable for data,
whichare referredtoby instructions stored in many sectors. The small size
of each sector, achieved by concentrating instructions rather than both data
and instructions in each sector, reduces the size of the instruction word and
conserves memory core planes. The programmer is free to move between
disjointed parts of the program without frequently changing either instruction
or data sector registers. The data sector register is also useful in addressing
sets of constants,which are stored for use with polynomial injection guidance
equations. The instructions necessary to compute the polynominals age
stored once while the sets of coefficients for the many different polynomials
are each stored in different memory sectors. These coefficients can be readily
accessed by use of the data address register, which is set to select a given
set of coefficients to evaluate the polynomial. Thus, the polynomial number
is set in the sector register and the coefficients are selected.

The separate instructions and the data sector register feature eliminate
the need for indexing,since it accomplishes the same end m polynomial eval-
uvation (the chief application of indeking). Hardware and instruction bite are
both saved by omitting indexing.

IBM pians to store upper and lower limits for orbital check-out param-
eters in the two halves of a data word. The monitoring system will relate the
address of the parameter to the storage location in memofy. A simple, regu-
lar sequence of addresses will make programming easy by use of address
modification techniques.

4. ARITHMETIC ELEMENTS

The Saturn V Guidance Computer has two independent arithmetic
elements the add-subtract element and the multiply-divide element. Although
both operate independently, they are serviced by the same program control
circuits and may be operated concurrently. Each program cycle time, the
add-subtract element can perform any one of the computer instructlons
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except MPY, MPH, and DIV. During each program cycle time, the results
of the simple arithmetic operations are circulated through the accumulator
delay line and through the accumulator sync delay line channel to prevent
their precessing.

The multiply-divide element uses two channels of a delay line as pre-
viously shown in Figure 2-1. One channel of the instruction counter delay
line is used as a counter to stop the multiply or divide operations. Another
channel of the instruction counter delay line is used to sync the product or
quotient when the operation is completed. This is controlled automatically
by the counter. The product-quotient register is addressable as a residual
memory word and has the octal address of 775. The product or quotient can
be obtained on any subsequent operation cycle after completion of the multiply
or divide, but must be used before initiation of another multiply or divide.
The product of the MPH operation is stored in the accumulator.

S

The recursion formulas for implementing multiply and divide with two's

complement numbers are explained in the following paragraphs.

a. Multiply

The multiply element operates in a two-phase cycle, serial-by-four
parallel, and requires 15 phase times, including instruction access time.
The program initiates a multiply by placmg the 24 high-order blts contained
in the memory location specified by the operand address, in the multiphcand
delay line. The multiplier delay line contains the 24 high -order bits of the
contents of the accumulator. The phase counter terminates a multiply at the
proper time following the original MPY or MPH instruction.

The instrumentation of the multiply algorithm requires three delay
line channels. Two of the channels contain the partial product and the
multiplier. These channels shift both the partial product and the multiplier
four places to the right every two-phase cycle. The third channel contains
the multiplicand. The accumulator portion (fourth channel) of this delay line
is not involved in the multiply element and can be used concurrently with
multiply,

Upon initiation of a multiply, and during every phase time thereafter,
the five low-order bits of the multiplier (MR; through MRg) are used to con-
dition latches or tratches. These latches or tratches in turn initiate addi-
tion or subtraction of multiples of the multiplicand, to the partial product.

The following algorithm is used for multiply:

P; = 1/16 [P(i-l) + D1 +A2]
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where P; is the new partial product, and Al andA2 are formed according to
the following rules:

. .
.

MRy | MRy | MRy | Al

MR3 | MRyq | MRy L2
0 0 0o |o 0
1 0 |0 |+2M | +8M
0 1 0 | +2M | +8M
1 1 0 | +4M | +16M
0 0 1 | -4M | -16M
1 0 1 | -2M | -8M
0 1 1 | -2M | -8M
1 1 1 |0 0

M represents the multiplicand. For the first multiplication cycle, P(j_1) and
MR are made zeros.

b.  Divide

The divide element operates in 1 two-phase cycle, serial-by-two-par-
allel, and requires 27 phase times per divide, including instruction access
time. The program initiates a divide by transferring the 26 bits of the ad-
dressed memory location (divisor) and the 26 bits of the accumulator (dividend)
to the divide element. The phase counter terminates a divide at the proper
time following the original divide instruction.

The following algorithm is instrumented as follows to execute divide:

Q; = Rjg - DVg + K - DV (1)
and
Ri,1 = 2R+ (1 - 2Q)) DV (2)
where
i =1, 2,3, ...24

Q; = The ith quotient bit

R.

ig = The sign ol the ith remainder
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DV, = The sign of the divisor

Ry = The ith remainder .
R1 = The dividend

DV = The divisor

E(}luation (1) states that the ith quotient bit is equal to a ""1" if the sign
of the ith remainder is identical to the sign of the divisor. The high-order
quotient bit (sign bit) is the enly exception to this rule. Qj, as determined by
Equation (1), is used to solve Equation (2) but must be complemented before it
is stored as the sign of the quotient.

The instrumentation of the divide algorithm requires three channels of
a delay line. One channel contains the quotient, one the divisor, and one the
dividend. These three channels are used during multiply to contain the
multiplier, the multiplicand, and the partial product, respectively., The
quotient and the remainder channels of the delay line have been lengthened by
latches to shift two places to the left each two-phase cycle. The divisor
circulates once each two-phase cycle.

In the two's-complement number system, the high-order bit determines
the sign of the number. Since this is the last bit read from memory, it is
impossible to solve Equations (1) or (2) until the entire divisor has been read
from memory. However, Equations (1) and (2) can have only two possible
solutions:

Either

or,
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Both the borrow of 2Ry - DV and the carry of 2Rj + DV are generated as
the dividend and divisor registers are loaded. When the sign bits of these
quantities are finally entered into their respective registers, Equation (1) is
solved for the first quotient bit. If this quotient bit is a "'1", the borrow is
examined to determine the second quotient bit. If the first quotient bit is a °
"0, the carry is examined to determine the second quotient bit. The fol-
lowing truth table is solved to determme the second quotient bit. If the first
quotient bit is a ""1'":

Ry DVg B i+1 Q
0 0 0 R(o s
0 0 1 1 0 .
0 1 0" 1 1
0 1 1 0 0
1 0 0 1 0
1 0 1 0 1
1 1 0 0 0
1 1 1 1 1
Where, . .

Ry = The first remainder bit to the right of the sign bit
DVg = The divi-sor sign

B = The borrow into the Ry, DVg, position

R(1+1)- = The sign of the new remainder

Q = The quotient bit as determined by comparing DVg with R{j,1)g
according to Equation (2).

Q =R DVy.B+R;DVgB+R;. DVg;-B+R;. DVg: B
=Ry - B(DVg + DVg) + Ry - B (DVg + DVy)
=R1-F+R1- B

The equation used in generating the new remamder Rj,2, is obtained
by expanding Equation (2).

R(i.2) = 2 R(j,1) + (1 - 2Q (4,1)) DV
R(1+2) = 2 [2Ri+ (1 - 2Q) DV ] + (1 - 2 Q(3,1)) DV
R(i+2) =4R; +2(1-2Q;) DV + (1-2Q (i+1)) DV

2-16
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As R(i +2) is being generated thé next iteratioﬁ of divide is started by genera-
ting, as already described, the borrow and carry for 2 R(i+2) + DV.

5. MEMORY

The memory for the Saturn V Guidance Computer uses conventional
toroidal cores in a unique self-correcting duplex system. The memory unit
consists of gix identical 4000-word memory modules which may be operated
in simplex for increased storage capability or in duplex pairs for high reli-
ability. The basic computer program can be loaded into the instruction and
constants sectors of the memory, at electronic speeds, on the ground or just
prior to launch. Thereafter, the information content of constants and data
can'be electrically altered but only under control of the computer program.

. The self-correcting duplex system uses an odd parity bit with detection

schemes for malfunction indication and correction. In conjunction with this
scheme, error-detection circuitry is also used for memory drive current
monitoring. Unlike conventional toroid random-access memories, the self-
correcting extension of the basic duplex approach permits regeneration of
correct information after transients or intermittent failures. Otherwise de-
structive read-out of the memory could result.

a. Basic Memory System Operation

Figure 2-4 shows a simplified block diagram of the computer memory
system. The basic configuration consists of a pair of memories providing
storage for 8192 14-bit memory words for duplex operation, or 16,384 14-bit
memory words for simplex operation. Each of the simplex memories includes
independent peripheral instrumentation consisting of timing, control, address
drivers, inhibit drivers, sense amplifiers, error detection circuitry and I/0
connections to facilitate failure isolation. Computer functions which are com-
mon to these simplex units consist of the following:

° Memory address register outputs

o Memory transfer register input-output '
° Store gate command

° Read g_ate command

° Syllable conirol gates

2-17
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The computer functions, which-are separate for each simplex memory, '

consist of synchronizing gates which provide the serial data rate of 512 kilo- I
bits per second. This data rate is required by the computer to generate a j
start memory unit command at 128 kilobits per second. These gates also u
provide the selection of multiple simplex memory units for storage flexibility

and permit partial or total duplex operation throughout the mission profile to
extend the mean-time-before-{ailure for long mission times. Each of the sim-
plex units can operate independently of the others or in a duplex manner. The
memory modules are divided into two groups: one group consisting of even
numbered modules (0-6); and the other consisting of odd numbered modules

(1-7). There is a buffer register associated with each group which is set by

the selected modules. '

For duplex ope'ration, as shown in Figure 2-4, each memory is under
control of independent buffer registers when both memories are operating

‘without failure. Both memories are simultaneously read and updated, 14

bits in parallel. A single cycle is required for reading instructions (13 bits
plus 1 parity bit per instruction word). Two memory cycles are required
for reading and updating data (26bitsplus 2 parity bits). The parallel outputs
of the memory buffer registers are serialized at a 512-Kkilobit rate by the
memory transfer register under control of the memory select logic. Initially,
only one buffer register output is used but both buffer registgr outputs are
simultaneously parity checked.in parallel. When an error is detected in the
memory being used, operation immediately transfers to the other memory.
Both memories are then regenerated by the buffer register of the "'good"
memory, thus correcting transient errors. After the parity-checking and
error-detection circuits have verified that the erroneous memory has been
corrected, operation returns to the condition where each memory is under
control of its own buffer register. Operation is not transferred to the pre-
viously erroneous memory until the "good'' memory develops its first error.
Consequently, instantanesus switching from one hhemory output to another
permits uninterrupted computer operation until simultaneous failures at the
same location in both memories cause complete system failure.

Proper operation of the memory system during read cycles is indicated
by each 14-bit word containing an odd number of bits and a logical ""1" out-
put of the error detecting circuitry. If either or both of these conditions are
violated, operation is transferred to the other memory. During regenerate
or store cycles, since parity checking cannot.be pertormed, failure detection
is accomplished by the error-detection circuitry only and by parity detection
during subsequent read cycles. Intermittent addressing of memory between
normal cycles is also detected by the error-detecting circuitry producing a
logical ""1'" output at the improper time. Figure 2-5 indicates the system
connection of the error-detector circuits for a simplex memory,
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Figure 2-4. Self-Correcting Duplex-Toroid Memory System

The control latch circuits are ackaged with the buffer register circuit

in the computer.

The output latch i8 in a logical "'0'" state fer normal oper-

ation. If the error-detector output is a logical "0 at normal cycle timek,
or a logical '"'1" at the improper time, the output latch is set to the '"1'" state,
indicating an error. Conditions resulting in an error output are as follows:

Address without voltage source

Address without current sync

No address
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X Dual source-single sync address
° Single source-dual sync address

. Out-of-time addressing

r-?i-‘-m——‘ 24-X CURRENT SINKS = CRy |¢&—TCcV

€0 A
L
$TROBE g
‘ -
TCV =y b RESET ‘ L
0 I~ ERROR PULSE
. "l a TO MEMORY
' ’ SELECT LOGIC
' RESET  AND DA
Lo - TROB
L A
ED
t 76 LINES 16-Y CURRENT SINKS —=—#| CRy {#—TCV
LEGEND '
CRy AND CRy * CURRENT REGULATOR L

TCVz TEMPERATURE CONTROLLED VOLTAGE
E0:ERROR DETECTOR (2 PER MEMORY MODW.E)

Figure 2-5. X-Y Coordinate Half-Scleel Curvent Evvor Delection

b. Memory Diagram

[}

Figure 2-6 is a more detailed block diagram of a single simplex mem-
ory unit. The blocks contained within dashed lines are located in the central
computer. All other functional blocks are an integral part of each simplex
memory unit. Each memory consists of a 14-hit core array, which repre-
sents the two memory syllables. Instructions occupy one syllable and data
occupies two syllables. The 4096 words in each syllable are divided (X and
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Y) into 16 sectors of 256 wordsjeach. Sector 16 is called residual memory.
The proper choice of any of thefsectors in either simplex unit is determined
by the state of the data sector gegister or instruction sector register. Vari-
ables and.most constants not agsociated with the polynominals or orbital
check-out will be grouped together and stored in residual or data sectors.

(1) Instrumentation
I'

Each memory array 1sfaddressed with direct-drive coincident current
as shown in Figure 2-6. The appropriate X-Y coordinate memory address
driver (EI) source and sink gp.tes and the associated diode decoupling mat-
rices, are selected. Then the Y-coordinate address simultaneously drives
both syllables with an independent X-coordinate address. Applying the Y-
coordinate address before ong of the X-coordinate drives occurscauses the
delta noise in the nonselected syllable to decay before the selected syllable
is read. Thus, the two sense lines of the two syllables can‘be connected in
series Therefore only 14’memory sense amplifiers are needed instead of
28. ‘An instruction word (13 bits plus parity) is read by addressing one of
two syllables, whereas a data word (26bits plus 2 parity bits) requires ad-
dressing of syllables 1 and 2 in sequence.

During the ""store" mode, the memory buffer register controls the in-
hibit drivers. If ''0's' are to be retained, the Y-coordinate half-select cur-
rent is cancelled by inhibit current. As illustrated, each inhibit driver
simultaneously inhibits both syllables through a series connection of inhibit
lines for the same bit location in each syllable. As a result, each inhibit
driver does the work of two,

The coordinate selection current drivers comprise a voltage source, E,
and a current sink, I. Each driver is capable of either delivering or accept-
ing current, and functions in conjunction with a like circuit in the opposite
ordéred group. The instrumentation of a single syllable requires only eight,
drivers for each order, operated in pairs, to selcctively interrogate each of
the 4096 word locations. During the application of the Read clock followed by
Read 1 or Read 2 clocks, current is delivered from a high-order to a low-
order driver. During the application of Store 1 or Store 2 clocks followed by
the Store clock, current is delivered from a low-order to a high-order driver.
The diode matrix in series with the address driver prevents sneak currents
from passing through other nonselected address conductors, and minimizes
the effects of displacement currents on current rise time caused by inter-
wiring capacitance.

(2) Temperature Characteristics
The maxjnﬁ:m array temperature is limited to 700C, with a maximum
temperature differential across the array of 10°C. These requirements dictate

the thermal design of the memory module support siructure and the location of
the memory address electronics.
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6. COMPUTER INPUT/OUTPUT CAPABILITY
a. General

The computer input/output capabilities are characterized by the input/
output instruction and the interrupt feature. The Process Input/Output (PI10)
instruction provides for transferring of a single word into or out of the
accumulator or out of the memory.

The primary input/output interface will be between the computer and
the data adapter. The data adapter will perform all conversion (analog-to-
digital and digital-to-analog) required by the system.

b. PIO Instruction '

The PIO instruction transfers data between the accumulator or memory
and one-word registers and delay lines located in the data adapter or other
subsystem. The operand address is used to select the desired register.

N TR

-
e

Discrete inputs and outputs can be processed by this instruction. It is
possible to pack 26 discrete signals into one word. The XOR instruction will
determine if any of the 26 discrete inputs have changed state. The AND in-
struction is used to set or reset any of the discrete outputs.

C. Interrupt

Interrupt signals can be generated within the data adapter. These sig-
nals will stop the computer program and cause a branch to a subprogram.
The location of the subprogram is program-controlled and is dependent upon
the HOP constant stored in a specific memory location. This subprogram will
normally be used to process a block of input-output data on a periodic basis.
The rate at which the timed interrupt occurs is also program-controlled and
can be adjusted as dictated by the various modes of operation during a given
mission.

The main program can be resumed after completion of the subprogram
by executing a HOP operation from another specified memory location. This
location will contain the contents of the instruction counter, secor register,
and syllable latch which were stored there when the interrupt occurred.
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1. LOGIC DESIGN

a, Design Imprgverrjents

i

Comments receiﬁred from various gx‘bups during the preliminary design
¢ of the Saturn V computer have resulted in several improvements in the com-

puter logic.

Before implementing the changes, the advantages, disadvantages,

impact on the computer system and the cost of implementation was carefully

considered.

Thus far the following changes have been implemented into the

computer design:

(1)

(2)

By executing a STO instruction with an address of 775, the con-
tents of the accumulator are transferred to the PQ register,

This change was deemed necessary to restore the contents of

the PQ register after an interrupt subroutine., Normally it is a
programming responsibity to store the contents of the accumulator
and PQ register after recognizing an interrupt. This frees thesc
respective registefs to be used in the subsequent I/0 interrupt
subroutines. At the end of the subroutine the program must
restore these registers with the original data such that the main
program can be resumed. This change required ten diodes and
two resistors per computer. .
The original computer had two module registers, one for data
and one for instructions. Instruciions and their data therefore
could be in two different memory modules, or four different
memory modules if in the duplexed mode of operation. This
created problems and excessive logic for memory module
switching and error detection, since the status of four memory
modules must be remembered instead of just two modules, Since
no requirements could be foreseen which must use bolth module
registers, it was decided te incorporate them into one module

“register. By combining the two registers into a single register,

- both instructions and data will come {rom the same memory

module. A saving of 104 diodes, 48 resistors and 12 transistors
per computer was realized by makine this change. This change
does not include the additjonal lugic required to monitor the error
condition of four modnles as opposed to two because the logic was
not designed when the decision to eliminate one of the registers
was made. Estimates of the componenis required to implement
this logic approximate those given above.

¢
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(3)  The PIO instruction was changed to permit more output address-
ing capability. Previously the low-order address bit determined
the direction of the PIO data, i.e., Al equal to "0" indicated an
output operation, Al equal to ''1'" an input operation. The change,
which required two diodes, permits an input when Al and A2 are
both ones. Any other combination (except Al and A2 both "0") is
an output.address. This change allows 128 input addresses and
256 output addresses. ‘ ‘

b. Removal of Process Delay Line Instruction

The preliminary design of the data adapter indicated that the PDL
(Process Delay Line) instruction could be eliminated. The PIO instruction
can be used for all input-output operations. This was made possible in part
by reducing the number of delay lines in the data adapter and shortening their
length from 224 to 82 usec. '

Elimination of the instruction and its associated logic netted a com-
ponent saving of 136 diodes, 51 resistors,and 8 transistors per computer
(585 total components) plus removal of 6 voter trios for a saving of 366
components. The total of components removed per TMR computer was 951,

The removal of the PDL instruction from the computer repertoire made
that operation code available for some other instruction. Several candidates
were immediately suggested as possible replacements, of which the following
were analyzed to determine their cost of implementation:

(1) A Store Product Quotient (SPQ) instruction which would place the
contents of the PQ register directly into memory. This operation
presently requires two instructions. A CLA 775 will place the
contents of the PQ register into the accumulator and a subsequent
STO instruction will store the accumulator contents into memory.
However, after an MPH instruction the product ends up in the
accumulator and consequently an 8PQis not required. Imple-
mentation of the SPQ instruction requires approximately 175 com-
ponents including a voter trio,

(2) An SML (Sign-Magnitude Limit) instruction for driving sign and
magnitude ladder networks was considered. This instruction
compares a two's complement number in the accumulator to a
sign and magnitude number in the memory. H the accumulator
contents are greater, the contents of the memory location would
replace the accumulator contents. For this part of the operation
the instruction time would be 164 usec. However, if the contents
of the memory are greater, the accumulator remains unchanged
and the total instruction time is 82 usec. This instruction would

[

2-25



{
{ ‘
| require approximately 780 components, including three voter trios
'} for implementation,

| No decision has yet been reached on a replacement for the PDL
¢ . instruction. .

i »

c.  Logic Voter and Disagrtement Detector ‘

The Saturn computer logic has been made triple modular redundant to
achieve the high reliability required. Certain logic signals within the machine
have been selected to be voted on. A typical voter trio for signals used
internally within the logic is shown in Figure 2-7. There are three separate
voters, one for each channel of the TMR computer. Each voter of the trio
provides the signal drive representing the voted output to its respective
channel,

Previously, two types of voters were proposed, one of the type pre-
viously indicated and a second type voter at the interface between the com-
puter, memory, and data adapter. This interface voter was to be "ultra-
reliable' and would reduce the three TMR signals originating in the logic to
a single line. An interface voter was designed using component re-
dundancy to achieve the required voter reliability. This voter required six
ULD's to implement it. Because the redundant component circuit dissipated
relatively large power, the ULD area would not permit a large number of
resistors to be mounted per ULD.

When it became evident that the data adapter logic interfacing with the
computer was to be TMR while the memory was to operate in duplex, a
decision was made to use standard logic voters at each interface. To satisfy
the duplexed memory requirements, a voter duo was implemented as illus-
trated in Figure 2-8. Each of the duos will drive four of the memory modules,
i.e., one voter circuit will drive the odd numbered memory modules and one
the even numbered modules. The duplexing will be instrumented such that
duplexed pairs will contain an even and an odd module. Consequently, during
the duplex mode of operation both voters of the duo will be operable. Suc-
cessful operation of the system, therefore, does not hmge cn successful
operatlon of a single voter circuit.

The logic signals interfacing with ihe data adapter were also used
within the computer. Therefore these signals would have required both
type of voters, an interface voter and a logic trio. Making the data adapter
logic TMR eliminated the requirement for the interface voter. Conse-

.quently, the signals required can be derived from the logic trios,
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~ Figuve 2-7. Typical Voter for TMR Computer

The resultant impact to the computer meant eliminating 15 redundant
interface voters required for the data adapter (a saving of 90 ULD's),and
a reduction in ULD count required for the memory interface; 45 interface
voters replaced with voter duos (a saving of 135 ULD's). Therefore the
ULD count was reduced by 225 ULD's and a saving in power of approximately

8 watts was realized,

When the computer design was completed, the load on each of the com-
puter logic signals could be accurately determined. In all but 25 cases the _
standard inverter output could handle the fan-out. These 25 cases were voted
signals with large fan-out characteristics such as timing gates and decoded
operation code signals. A special power voter was designed for these cases.
This circuit is the same as the regular voter except for the final drive section.

2-217

e .e%.. .



. Here the regular voter inverter (VIN) circuit is interchanged with the high-

i current inverter (HCI) circuit to provide the required fan-out. The VIN can
drive a resistive load of four 1.5k AND's or their equivalent. The HCI can
drive a resistive load of ten 1.5k AND's or their equivalent. '

ey
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; ' Sample

" Clock

! |

s Al Error
, A2 DD . '
: A3 PN Signal
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i +‘ ore! Odd Memory
! ‘
P AN '
, Even Memory
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Figurc 2-8. Typical Voler for Duplexed Memory Operations

As previously illustrated in Figures 2-7 and 2-8, each voter trio or duo
is associated with a disagreement detector for that signal. This circuit com-
pares the three inputs and indicates, vig its output, if the inputs are identical
during the sample time. The disagreement detectors are clocked to provide
the sample time. The sampling period was originally assumed to follow the
clock pulse which caused the input signal to change. »

The computer logic, and the assignment of disagreciment-detector ‘
sampling times was initially’ made using the above assumption. It was later l'
observed that there could be a natural skew in the clock pulses of the three '
computers since each channel of the computer has its own clock generator ‘.

-

-
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and clock driver circuits. Because of this allowable skew it would be possible
to develop an erroneous disagreement signal. Consequently, the disagree-
ment detcctors were sampled with the second clock pulse after the clock which
caused the input to change, For the majority of cases this involved changing
only the clock on the disagreement detectors. In these cases the logic signals
always changed on the same clock pulse or on two consecutive clock pulses.

A buffer clock pulse is always available to enable the disagreement detector
to be clocked with the second clock pulse after the last change.

In several instances, however, the logic signals were designed to change
on three different clock pulses. For these cases the logic bad to be changed
to provide a safe time to clock the disagreement detectors. The following
two solutions to these cases were possible:

° Change the clock pulses on the logic, where possible, to use
only two consecutive clocks.

) If the first solution is impossible, make the voted signals change
fast enough on the third pulse so that the fourth clock pulse can
be used to clock the disagreement detectors. This latter approach
can be accomplished by clocking the subject signal with a 1, 25k
AND resistor instead of the normally used 2. 5k AND resistor.

In the logic it was necessary to rearrange the timing of the oper-
ation code register so it now changes at clock pulses X and Y.
Previously, it could change during clock pulses X, Y and Z.
Similarly some of the latches in the transfer register were changed.
This change could not be made to all latches in the transfer reg-
ister. Some latches, i.e., transfer register positions TR1, TR6,
TRY and TR12, had to be changed on three different clock pulses,
For example, the TR12 latch had to change on clock pulses X, Y
and Z. By making the AND-gate resistor which was clocked at Z
time a 1.25k resistor, the TR12 signal changed fast enough to
allow the voter disagreement detector to be clocked at clock
pulse W, ‘ )

d. Logic Drawings

The preliminary logic design for 35 Saturn V computer drawings was
released. These drawings were intended to represent the computer
logic, placement of the voters within the logic and general memory electronics.
They were subsequently used to convert the logic to actual hardware, i.e.,
make ULD assignments and divide the logic into MI.B'S for assex'nbly into

pages. .
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e. Voter Standardization f
i {

Since the voter pages lend themselves to standardization, the number
of voter types was minimized, thereby keeping the total number of pages to
4 minimum. This effort resulted _in three page types consisting of five MIB
types (a total requirement of 15 pages). It will also result in a proportionate
saving in manufacturing,and testing costs will also result from this standard-

ization, The page types are as féllows: . )
[} .

¢ - Type A - Three trios of high current voters and seven trios of
normal voters

o Type B - Twelve trios of normal voters

] Type C - Sixteen dual normal voters (interface voters)

The 15 voters consist of nine type A's, three type B's and three type
C's (a total of 174 voters). Of the 174 voters, two dual voters, four trio
voters and two DDI's are not used,thereby providing spares,

f. Wire Lists .

Wire lists are used to facilitate the design and fabrication of accurate
back panels (channels 1, 2, and 3 are identical). The interchannel cables and
the external connectors were generated for the basic TMR machine and the
simplex breadboard. These lists were produced in two forms, (1) an alpha-
betic list of the signal nets, and (2) a page and connector list by pin number.
Artwork generated from the net lists and the connector lists is used to check
final layout. These lists include the hund wiring required to interconnect
the TMR module of the simplex breadboard (two channels of this module are
located in channel 4), Card {iles are being maintained and updated for each
of these lists. New lists will be generated using the basic information con-
tained in these lists {or each of the breadboard and prototype machines.

g. ULD-MIB Layout Opt}xnization

A set of sKetehes was prepared lo reflect the initial break-up of the
computer logic into ULD's. These sketches represented the ULD's as they
were assigned to each MIB. No ULD pin assignments were made but the
ULD position on each MIB was assigned. Duta extracted from these sketches
became the input.to an IBM 7090 computer program which determined ithe ULD
pin assignments. The purpose for this automated pin assignment was to select
a terminal which tended to minimize the net length and induce the least num-
ber of crossovers in the subsequent printed circuit wiring. When the pin
assignment was made, the 7090 program printed out the MIB wiring list.



The actual MIB artwork was manually produced from this list. The original
sketches were ;edlted to show the pin assignment, and final MIB logic drawings

were prepared

While dl»ing the artwork for the various MIB's, it was necessary to
make changes to the computer print-out of the wiring list. Accordingly, a
second program was written for the IBM 1401 computer which would edit the
original listiﬁgs. This would eliminate a complete new 7090 run of the same
data, which is costly,and might rearrange the original net lists due to the
changes being‘, made.

IBM mtends to use these programs again to generate the wiring lists
for the data atapter MIB's.

N
i
[]

h. Symbol Definitions '

Definitions and functional descriptions have been assigned to the
mneumonic signal names., These definitions were recorded on a punched-
card deck, and with the aid of a computer program an alphabetical listing
was generated. The list was published as part of Specification No. 6109008
(Computer Abbreviations and Definitions).

i. MIB Drawings

MIB drawings for all the logic have been completed and are in the
release cycle. The following information is provided on these drawings:

° ULD locations and interconnections
] Through-pin connections

° Edge-pin signal list .

° Test-point connections

A total of 86 drawings is required.

i Logic Simulation

The redundancy evaluation program for the IBM 7090 computes the
reliability of the TMR Saturn V computer. To accomplish this, the program
must have an accurate representation of the computer logic and voter place-
ment. The input data for this program are in the form of Boolean statements
written for each inverter in the computer, These statements contain essen-
tially all the data required in another program which performs the logic
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simulation. A conversion routine was written which will prepare a set of
data as required by the simulation program from the input data of the re-
dundangy evaluation program. This data must contain set and reset state-
ments% all the latches as well as the Boolean statements.

ALI the logic is divided into several smaller functional pieces since it
is lmpr, ctical to simulate the logic of the whole computer at one time. To
date, the computer timing area has been simulated, This was done to prove
that th voters would provide natural synchronization of the bit-gate and phase
generafors of the three TMR computers. By varying the initial states of the
latched, any starting conditions could be simulated, i, e., initial states of the
bit-gate and phase counters when power is turned on. Results indicate that

a maxﬁ}mum of one phase time is required to synchronize the computer timing.

}\ second natural output of the redundancy evaluation program is a

. plctoriil output of the logic by inverter (Figure 2-8). A subroutine was

written:which shows the AND, OR, and inverter blocks. The inputs to the
AND gatas are indicated, and each circuit block is numbered. Every AND
gate which is driven by the inverters is numbered on the inverter output.
Thus, the drive required by each inverter is easily counted and the signal
tracing within the computer is simplified. This is a valuable aid in writing
diagnostic programs for the computer or when making changes to the logic.

8. LOGIC CIRCUITS

‘a. Desigg

“Many different logic circuit techniques were evaluated before the final
circuit configuration was chosen. The circuit configuration, a form of cur-

" rent switching-diode logic, was found to have these advantages (listed in order

of importance):

] Reliability: The circuits are inﬁerently simple and are capable
of yielding large component drift allowances in a large per-
centage of logical applications. )

) Low Power: The circuit is designed to minimize power by
sacrificing only the very high speeds. Also, many of the AND
resistors are clocked and, hence, need power only when they
are interrogated.

° Speed: Signal voltage levels are kept as low as possible to achieve
relatively high speeds without sacrificing power.
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Most of the computer circuits use ultra-high-speed silicon planar
epitaxial transistors and dual silicon planar diodes.’ .

Simultaneous worst-case design was used for all of the circuits. This
takes into account supply voltages, input responses and levels, environmental
conditions, and component drift with life. The end-of-life component con-
ditions are determined from environmental and operating life testing. Cir-
cuits are designed, where applicable, such that input signal noise, power
supply noise, and output signal noise may all occur simultaneously without
causing circuit failure.

. h .

A circuit was released for production only after laboratory evaluation
verified performance of a circuit breadboard consisting of selected worst-
case components,

The number of different circuit types used has been minimized. One
standard inverter circuit serves the logical inversion function and, in con-
junction with standard AND-OR diode logic circuits, is instrumented to scrve
as a latch, the equivalent of a flip-flop. Buffer storage circuits of the latch
type have the advantages of being d-c coupled and relatively insensitive to
noise. In addition, these circuit types do not have critical input signal
response times.

b. Basic Logic Circuits

The basic logic circuits consist of an AND-OR-INVERT circuit family
which uses diode logic and a transistor, operated in the saturated and cut-off
modes. The logic circuits are designed to operate at 512 kc in a four-clock-
per-bit system. The computer clocks synchronously gate logic signals by
applying a 6-volt pulse to the AND resistors. Clocking the AND resistor, to-
gether with proper selection of the clock down level, allows increased capa-
bility of the inverter through time-sharing of loads and also eliminates the
need for an AND diode for each clocked AND,

The logic ground rules provide that an AND may have up to ten logic
inputs in addition to a clock; an OR may have up to four inputs. Since the in-
verter load is phased with respect to the inverter drive, there are two values
available for the AND resistor. When the inverter is driven by a 2. 5k AND,
it may drive five 2. 5k AND's or three 1.5k AND's. When the inverter is
driven by a 1, 5k AND, it may drive sixteen 2. 5k AND's or ten 1.5k AND's.
The AND loads may be a mixture of two AND resistor values where a 2. 5k
AND is equivalent to three-fifths of a 1. 5k AND in terms of loading. The
availability of two AND resistor values has the net effect of allowing one in-
verter to perform functions which would normally require two inverters.

The inverter AND loads, in addition to being phased with respect to the drive,
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may occur at different clock times and may then be time-shared. This results
because an AND with its clock input in the down state presents no loading on
an inverter. The principle of time-sharing may also be used to extend the
number of allowable OR inputs. Also, a 2.5k AND is equivalent to half a

1.5k AND in terms of OR fan-in. Thus, the OR fan-in may be as high as

eight at any one clock time.

The layout of the logic circuits was limited by basic design needs. The

| choice of a 0.3 inch ULD substrate dictated that only 12 of the available ULD

conneetions could be used. The number of different types of ULD's has been
minimized and all logical connective functions are satisfied with a minimum
of ULD's.

Examples of the two highest usage blocks are shown in Figures 2-10
and 2-11. Figurg 2-10 shows an INV module which contains an inverter with
a permanently o&imected 1. 5k AND and an extra 2. 5k AND. Two INV modules
are required to form a latch. The AA module of Figure 2-11 is used to obtain
AND and OR diod§s and AND resistors. For example, the AA module may be
used to obtain twq three-input 2, 5k AND's with two OR diodes, a seven-input
2.5k AND with onp OR diode, or just to obtain eight AND diodes. The ver-
satility of these njodules allows just two modules to satisfy all logic connections
with minimum waste of unused components.

9. SPECIAL Q‘IRCUITS

a. General

In’addition kto the basic logic circuits, several other special circuits are
required by the computer. These circuits are associated with delay lines,
timing generation, memory, and input and output functions. They are re-
ferred to as qpeciLl since they are designed for a unique function, and

usually have only‘limited usage. ‘ .
. v
Fifteen special circuit types are required. The following list indicates

each circuit type and the ULD's required per circuit.

Circujt Type ULD Type
TMR Voter TMV-VIN (1/2)
TMR Power Voter L TMV-HCI
Delay Line Driver DLD
Delay Line Sense Amplifier DSA -
Disagreement Detector DD-DDI
Buffer and Oscillator B01-B02-B03
Clock Driver CD1-CD2-CD3-CD4-CD5-CD6
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3 Circuit Type ULD Type
Memory EI Driver e EI-ID2
Memory Inhibtt Driver ID1-1D2-1DT
Memory Clock Driver (MED-1) - MCD-1-MCD-2
Memory Clock Driver (MCD-2) MCD-3-MCD-2
Variable Delay Strobe Gyte (VSG) ° VSG1-VSG2-VSG2
Memory Sensc Ampliﬁe)’ MSA1-MSA2-MSA3-MSA4
Erior Detector ! BED1-ED2-ED3
Temperature (fim'.rnll.ef Voltage TCV
Regulator (1TCV)
b, Component Requirements
. H

(1)  Semiconductors

IBM conducted antevaluation to (1) improve the retiability of special
circuits which use flyigge-tead semiconductors and (2) determine what cir -
cuit modiflications would be secessary to uoe the leadless, glass-encapsulated
chip semiconductors availible from the TR0 Components Division,  In many
rases these senacenductors could be used withoul changing the circuit con-

frgvration.  This was accomplished by (1) special selectinn of eritical param-

etors such as colle2ior hreakdown voltare (_HV('; l'}O) and d-c¢ current gain
(Mp ), and (2) matening parameters for matehec-pair transistors (Vg and
Hpp). Tnoinstimces when the required semiconducior types were unobtainable
from the [(BM Components Division, IBM evaiuited 2 hermetically sealed,
intezrated circui package monufuctured by Texas Instrunmeris Ine.

The resulte of this evaloation indiente U ihad oo fransistors of the same
type could be contawed w a six-lead her ot ey weaded package measuring
2,135 by 00200 by 0.%45 inche~. Uhee woals oottt packasing in an area
aquivalent to one ULD positios an BRI pneds,

The fellowon, cemueondect o ivpes wi re evaleated and implemented into
Lthe compuier it einnry circults ,

Clomoni
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Hermetically Sealed Dual Transistors

. Pair 2N914 NPN silicon passivated planar transistors
° Pﬁir ZN2297 NPN silicon passivated planar transistors
° Pair TI1991 matched pair NPN transistors
. Pair 2N2412 PNP silicvbn passivated planar transistors
(2) Discrete Components
critical tolerance requifements or packaging limitations, precision resistors,
inductors, transformens, and discrete capacitors are required. In the com-
puter, discrete compo?ents are located on the pages. In the memory modules,

discrete components are located on MIB panels with ULD's and a special dis-
crete module (Tempex;/ature -Controlled Voltage and Timing Module).

In certain areasz the computer and memory electronics, due to either

(3) Voter Circuit

A voter circuit ‘is required to instrument TMR, and the following re-
quirements are impoded on the voter circuit by TMR:

° The voterlL output must represent the majority of three inputs.

] The voter reliability must be as high as possible because of the
influence:of voter reliability onover-all somputer reliability.
; 4

) The signél delay through the voter circuit must be small enough
that the complexity of the nonredundant module is not increased
when the voter is added.

° The voting circuit requires a juncture of the three module outputs.
This juncture must be so constructed that a failure of one module
cannot possibly affect either of the other two modules. Also, the
failure of a voter component must not cause failure of a module
and thus cause failure of other outputs of that module.

] The voter circuit must be capable of operating in simplex mode,
in the interest of computer check-out,

The voter circuit consists of a current-summing network which is
sensed by an inverter. The output of the inverter is then amplified by an
additional inverter to supply an output capable of driving ten 1.5k AND's. A
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power voter is also available which amplifies the inverter output to a capa-
bility of twenty 1. 5k AND's, The delay through the voter circuits is less
than one clock time by the amount of allowable skew between clocks of the
three clock channels.

Signals between the computer and data adapter will be from voter cir-
cuits. Voter circuits have a capacitance drive capability of 320 picofarads
(pf) without external dummy-load resistors, Upon review of what appeared
to be a worst-case voter output from the computer, an allocation of computer,
data adapter, and cable capacitances was performed. The results are shown
below.

Line Length Capacitance
{(inches) (picofarads)
Computer:
Pagi* 3 19.2
Bacl Panel 14 89.5
Tap¢ Cables 2.5 12.5
Data Adap'ter: °
Pafe : 3 19.2
Bdck Panel 16 102, 4
Tape Cables 2.5 12,5
Cable: | 36 60. 0
- ' ——— D
Totals 94,0 . 315.3

If the totai capacitance is greater than 320 pf for any particular sig-
nal, a dumﬁly-lpad resistor of 1. 8k returned to +6V in the data adapter will
increase the tofal allowable capacitance to 640 pf. The 1.8k resistor repre-
sents a steady-state loading equivgdent of one AND on the voter circuit.

(4) Disagreement Detector '

Disagreément detectors provide an output if any of the triplicated
modules fail. - The disagreement detector consists of a three-way exclusive
OR, which is connected to each set of outputs of each trio of modules. There
are approximately 200 disagreement detectors in the Saturn V Guidance Com-
puter. The outputs of several disagreement detectors are OR'd together to
provide fewer outputs to the data adapter, where a register stores disagree-
ment detector outputs for transmission over telemetry. The inputs to the
disagreement detectors are clocked to allow time {or the inputs to reach
steady-state conditions before sampling.
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(5) Delay Line Circuits

Ultrasonic delay lines are used for short term storage. The delay
medium i8 zero-temperature-coefficient glass. One bit of information is a
0.2 usec pulse which propagates through the delay medium at the speed of
sound in the medium. Ceramic transducers are used for energy conversion.
Glass delay lines provide very reliable and stable short-term storage along
with simple instrumentation.

The maximum data rate of the delay line in this computer is 2.048 mc.
Thus, only one delay line, delay line driver, and sense amplifier combi-
nation are required for storage of up to four different logic channels. This
time-sharing of the delay line, plus driver and sense amplifier, is easily
implemented by gating the driver input and sense amplifier output with the
four computer clocks. A

The delay line input is actually provided by the delay-line clock output
of the clock generator and the delay-line driver acts only as a logic gate.
This scheme helps to increase the read-out timing margin and greatly sim-
plifies the delay-line driver circuitry.

(6) Clock Generator

The clock generator provides four sequential nonoverlapping 0.4 usec.
clock pulses and the ebrresponding reciprocals every bit-time. The clock
pulses are synchronized with the 2. 048 mc signal which drives the delay-
line drivers. Clock dﬁ‘ivers provide the power gain necessary for driving
up to 216 AND's on arfy clock output.

i
The clock pulsgs are derived by decoding the outputs of four latches
driven by the 2.048 mhc oscillator. Three clock generators are used in
the TMR system. Vpting is used as a means of automatically synchronizing
the three clock genetrator channels when the computer is first turned on.

The clock generator also provides clock pulse signals to the data
adapter. These sighals must be powered by clock driver circuits in the
data adapter. '

10. MEMORY'CIRCUITS

a. General '
- L

The basic circuits used to address the memor‘y array have not changed
greatly during this contract period. However, the following improvements
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have been implemented to facilitate communication between the TMR com-
puter electronics ;md the duplex memory system,

. All inputs to each memory module are derived from computer
TMR voter outputs whlch are connected in a duo configuration.
Each voter output is assigned a separate module of the memory
duplex pair,

] To control the memory operation mode (simplex or duplex),
sync pulses are generated separately for each memory module
under control of the simplex/duplex latch. Memory modules are
selected in pairs as follows:

Memory modules 0 and 1
Memory modules 2 and 3
Memor); modules 4 and 5

Memory incdules 6 and 7 J

Therefore, any module of a duplex pair which is sclected for simplex
operation is controlled by the appropriate syac pulses.

b. Memory Driver (EI)

The EI circuit uses a voltage-source and current-sink arrangement to
provide half-select coincident current pulses to drive the X-Y coordinates of
the memory array. Sixteen EI's are required to address the Y coordinate of
the 64 x 128 memory array and 24 EI's are required for the X coordinate.
The EI circuit provides a current pulse amplitude of 180 6 ma at 70°C and
260 1.6 ma at 10°C. Current-pulse accuracy is maintained by a highly ac-
curate Temperature-Controlled Voltage Regulator which provides the base
voltage on the emitter follower transistor of the EI sink. Separate clocking
of the source and sink inputs ¢nsures that the source is applied before sink-
ing the memory drive current and is not removed uniil the drive current is
terminated. This minimizes the eflfects of drive-line inductance and capac-
itive -displacement current cn drive-current rise time. Logic gating is pro-
vided at the address input for syllable selection of X-cocrdinate EI drivers.
This arrangement eliminates the need for special timing generation for each
syllable.

2-42

L —
- -

t.,.



c.  Inhibit Driver (ID) .

The ID circuits are essentially identical to the sink portion of the EI
circuits. They provide a half-select current equal in magnitude to the X-Y
coordinate, which cancels the effect of a half-select at the selected coor-
dinate. When an inhibit driver is selected during a store operation, a logical .
"1'" is inhibited, and a "0 is retained in the memory device. The amplitude
of the current pulse from the ID circuit is 180 +5 ma at 70°C and 260
+ 5 ma at 10°C. As in the EI sink, current variations with temperature are
controlled by the Temperature-Controlled Voltage Regulator.

Fourteen ID circuils are required to drive the 14-plane 64 x 128 mem-
ory array. Since each inhibit drive line is used for both syllables of the
memory word, the large d-c resistance of the drive line preventsdirectd-c
shunt termination. Inhibit-line termination is, therefore, accomplished via
an a-c shunt network consisting of a 2700-pf capacitor in series with a 150-
ohm resistor. Four resistors are located on ULD-type IDT. The capacitors
are discrete ceramics which require an equivalent area of one ULD per ca-
pacitor. '

d. Temperature-Controlled Voltage (TCV) Regulator

The TCV circuit provides a linearly changing output voltage that is a
function of the average ambient temperature of the memory array. A cur-
rent-temperature coefficient of -1.33 ma,/%C compensation is required for
half-select memory drive currents. To ensure address-pulse-current ac-
curacy, the linearity of the TCV circuit voltage is held to within + 0.5 per-
cent. Dynamic regulation is held + 10 mv over the entire range of TCV,
These stringent requirements dictate that tightly controlled discrete com-
ponents be used if circuit operation is to remain within the specified limits
over the temperature range.

The TCV circuit consists of a current source that drives the Tem-
perature Sensing Element (TSE) located in each memory plane and a buffer
amplifier to reflect the voltage drop across the series-connected TSE re-
sistors. The TCV circuit is capable of driving 14 Inhibit Drivers and 40
EI Drivers simultaneously.

e. Memory Clock Drivers (MCD-1 and MCD-2)

The MCD's provide the basic timing that controls the pulse width and
pulse delay of the EI and ID output drive currents. An MCD-2 provides an
input to the Variable Strobe Gate, which initiates a delayed pulse to activate
the Memory Sense Amplifier at the proper time for reading information out
of the memory. Refer to Figure 2-12.
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Figrwre 2-12. Memory Clock Drivers
When the sync pulse is received from a TMR voter output, depending

upon the state of inputs RDM and RDM, either a read or a store cycle is
initiated. The MCD-1 provides a 3.5 usec pulse to the EI driver voltage
sources and to an MCD-2 which generates a 2.5 usec pulse delayed 0.5
usec from the leading edge of the MCD-1 pulse. The 2.5 usec pulse drives
the EI driver current-sinks in the Y coordinate, and 14 inhibit drivers and
-another MCD-2 which generates a 1.5 usec pulse delayed 0.5 usec. The
1.5 usec pulse drives the X coordinate EI driver current sinks.. During the
read cycle anMCD-2 provides an input to the VSG circuit.

The MCD circuits consist of emitter-follower output stages driven by
pulse-width control circuitry. In addition, the MCD-2 contains a delay cir-
cuit at its input to allow alignment of the input/output pulse overlap. Pre-
cision pulse-width and delay control components are located in the TCV and

timing module along with ULD's and hermetically sealed discrete transistors.
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£ Variable-Strobe Gate (VSG)
!

The VSG provides a pplse down- level to the Memory Sense Amplifier
(MSA) when the 0" response of the memory array has sufficiently diminished
in amplitude so0 as not to activate the MSA and provide a false data output
signal. The width of the VSG pulse down-level determines the width of the
MSA data output whenever a ""1'" is read from the memory array. The delay
circuit of the VSG is activated from pulses received from the MCD-2. An

~ inhibit-strobe gate signal disables the VSG circuit during the regeneration or

store cycles, -

Marginal checking of memory performance is provided by generating
early and delayed strobe pulses. Timing is controlled by inputs MCN and
MCL which are selected by laboratory test equipment. During normal oper-
ation these inputs are open circuited to force a nominal timing condition.
Early-strobe generation is performed by grounding the MCN input, and
delayed-strobe by applying +6 VDC to the MCL input.

]

g. Memory Sense Amplifier (MSA)

The MSA circuit discriminates between "1's" and "'0's" read from the
memory array. Only one stage of voltage amplification is required to pro-
vide a threshold signal sufficient to trigger the output stages. A differential
amplifier at the sense-line output provides common-mode noise rejection.
The noise level is limited to 0. 25V peak-to-peak at a frequency of 1 mc for
a 10:1 signal-to-noise ratio. This amplifier is then buffered from the load
by two emitter followers. The emitter followers drive a transformer in a
differential mode to yield maximum voltage gain, The use of the transformer
has reduced component count by eliminating the need for d-c bias stabili-
zation.

The output of the linear amplifier circuitry is then coupled into the

. output switching circuit,which is gated by a strobe input from the VSG cir-
cuitry. Since the memory array output voltage signal-amplitude and switch-

time vary with temperature, a noise-free threshold is established along with
a timed sample to prevent erroneous reading of ''0's". A signal of
sufficient amplitude to trigger the threshold circuit at strobe time causes
the output latching circuit to generate a data-output pulse equal in width to
that of the strobe gate. The output is therefore independent of the linear
amplifier output pulse width. This results in increased sample margin.

The data output of the MSA provides a clock input to the mémory buffer
register rather than a logic level.” This reduces the buffer-register AND-
resistor power dissipation and eliminates the need for AND input diodes.
Also, the effects of time-delay variations within the memory and its
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assbciated address and sensing electronics with respect to computer clocks

is minimized by providing a direct read-out of memory in the buffer register
rather than a timed sampling. This also allows for the initiation of parity
chepking immediately after read-out.

y

h. \ Memory Error Detector (ED)

I' The ED circuit provides auxiliary monitoring of memory performance
durjng the read cycle when parity checking is performed, and during re-
generate or store cycles when parity checking is not possible. This is ac-
complished by monitoring X-Y coordinate EI driver outputs simultaneously
with the common-current regulator resistor outputs (CRX and CRY) for half-

select drive current detection,

. The EI source outputs are monitored by connecting sensing resistors
to the output of each source with the resistors commoned in a ¢common
summing network. During normal operation, since only one voltage source
is selected at a time, the output level of the summing network is insufficient
to trigger the input of the detection circuit. If a component failure results
in the selection of two or more voltage sources simultaneously, the output
level of the summing network triggers the detection circuit indicating that
parailel memory drive current paths are present,

. The EI current sink outputs are monitored in a similar manner by con-
necting sensing resistors at the output of each sink. Since the Y-coordinate
high-order and low-order drivers are never clocked simultaneously, the
output resistors of one high-order and one low-order driver are commoned.
In the X-coordinate, sensing is provided in a similar manner except that two
groups of high-order drivers are used for syllable selection. In this case,
one resistor from cach driver with the same address in both syllables, is
commoned with a low-order driver. The outputs of the gight groups of com-
moned resistors (two for Y and three for X) for each coordinate are used to
drive eight groups of current amplifiers which are commoned in a summing
network. During normal operation, since only one current sink is selected
per coordinate, the output level of the summing network is insufficient to
trigger the input of the detection circuit. If a component failure results in
the selection of two or more current sinks simultaneously, multiple selection

of current amplifiers at the summing network raises the threshold sufficiently

to trigger the detection circuit, indicating that parallel memory drive current
paths are present.

To detect the condition of missing half-sclect drive currents, the output

of the current regulator resistors CRX and CRY is monitored. During normal

operation the voltage pulse’across each regulator resistor is sufficient to

trigger an input circuit,which has its output connected to the EI driver voltage-

source sunuuing network. A malfunction which results in a loss of voltage
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acroés the current regulator resistor causes the threshold level of the
sumxfzing network to rise in a manner similar to that caused by an EI driver
voltage source failure.

;' During normal operation, the output of the ED circuit produces a +6V
pulse (logical "1") which occurs during memory addressing. If the ED out-
putfis a logical ""0" during memory address time or a logical ""1'" between
mefmory cycles, an error is propogated. The output of the ED is clocked
into the computer TMR error-detection logic which, along with parity-
checking logic, provides the selection control of the buffer register outputs.

s

11, ULD TEST SPECIFICATIONS AND USAGE

Test specifications for all 39 ULD types have been released. These

* specifications will be the control documents used to test ULD's for the sim-

plex breadboard computer. They will be incorporated, in part, in the ULD
drawing releases which reference the general ULD procurement specification
for testing prototype computer ULD's at the IBM Componen#s Division. .

The total number of ULD's used in a TMR computer system is 4383.
These are broken down as to ULD type and circuit usage in Table 2-III.

12. POWER SUPPLY DECOUPLING

Power supply decoupling requirements have been established. The logic
and voter channels will be filtered by capacitor pages, i.e., one capacitor
page per channel. Three different types of capacitor pages are required,
one for the TMR logic channels and one type for each of the two voter
channels. Memory power decoupling will be provided at the central distri-
bution panel, which interfaces with a maximum of eight memory modules.
Each memory module will also contain high-frequency monolithic ceramic
decoupling capacitors. All capacitors are connected in a quad configuration
to eliminate a single short-or-open failure causing transients in the power
distribution system.

-

..

13. SATURN V COMPUTER FINAL RELEASE DRAWING
NOMENCLATURE

A

-

Table 2-1IV shows assignments for final design and performance speci-
fications, ULD Test specifications, Page and Memory Panel Test specifica-
tions, and logic drawings.
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Table 2-111

ULD Data - Saturn V TAR Compuler
With 4 Memory Modules '

- P O - - —— e — -
51D n ST TR .
Page or Type > - Zi ol o a z Y Ala(a| 2| X3 ~|e|em|D
ol S & 5 Q2| w ~| ol o = <‘ g ; A ‘ ' ol >
Merory Pael SREREEEEEEEEEEEEHE SR EEHE R HEEIMHEREEE
Oscillator and Buffer 6109254 3 1313 31313
Clock Generator 6109253 30 131 9 6 10
6-Clock Drivers 6109252 36 24124 |48(24]24 ] 36
3-Timing 6109210 . 78 [ 9f 18 .
3-Multipiy-Divide 1 6109212 99 | 54] 12 oo
3-Multiply-Divide 2 6109218 541 84] 15 . 4‘ {
3-Multiply-Divide 3 6109230 128 ] 39 lé
3-Operation Code 6109213 54| 27 !
3-Arithmetic Unit 6109231 69| 66 12 . .
3-Module Register and Timing ! ; |
6109236 968 | 60} 15 . . i
3-Interrupt 6109215 . 45| 33| 12 !
J-Sector Register and Y . i
Decode 8109216 105 60y 3 '
3-Address Register and X
Decode 6109232 144 | 15 6 |
3-Meniory Parity Check )
6109233 1141 24) 12 !
3-Transfer Register 2 i
6109214 1051 54| 9 ! ! i
3-Transfer Register 1 ! ’
I 6109211 : 811 45} 18 3 | ! : i ; i
| 3-Meniory Error Detection | ! l | i
and Switch 6109235 102 | 66] 6 3 ! | {
3-Delay Line 6109234 48 24 ! 66
I 8-Voter Type A 6109242 270/ 108,81 | 53 ! 901 8 ¢!
3-Voter Type B 6109245 108 ‘54: 36] 2 o !
3-Voter Type C 81092486 96! 48 aglaj [ [
2-Memory Buffer Reglster 1 ! |
6100250 40 38 | .
1-Memory Buffer Register 2 ! | )
6109251 18 14 . l L
6-Y Drive Memory Panel i .‘ | : ‘
6110340 . ; i | 64| 64
6-X-1 Drive Memory Panel I | !
6110350 f ! 64| 64
6-X-2 Drive Memory Panel
6110360 32 32
12-Sense Amplifier Panel {
6110370 56 |36 5656
6-Inhibit Panel 6110332 it 56 56
6-TCV and Timing Module ’ . 8 [24]16
- l
Total ULD's 1408 (636219 (483 219181 11316/ 24[37 {51 24124 36 SJ 3 ‘3 6 (617413 56l »SJ 56| 5656 ZlEJ 160 8 |24 IGJ
Total ULD's per TMR system - 3579 . 804 memory ULD's = 4383
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Table 2-1V

Drawing Nomenclature

Drawing’ Release
No.

6110800 Reserved-Unit Assembly Drawing

6110901 Reserved-Electrical Schematic Drawing

6110902 Reserved-Mechanical Schematic Drawing

6110903 Reserved-Assembly Specification

6110904 Reserved-Test Specification

6110905 Reserved-Unit Requirement Specification -

6110906 Reserved-Functional Schematic Drawing .

6110907 Reserved-Design Description Drawing

6110908 Spare

6110909 Spare

6110910 AND-OR-Invert, Design and Performance Specification

6110911 TMR Voter, Design and Performance Specification

6110912 TMR Power Voter, Design and Performance Specification

6110913 Delay Line Driver, Design and Performance Specification

6110914 | Delay Line Sense Amplifier, Design and Performance
Specification .

6110915 Clock Driver, Design and Performance Specification

6110916 Buffer and Oscillator, Design and Performance Specification

6110917 Logic Disagreement Detector, Design and Performance
Specification .

6110918 ‘Memory Inhibit Driver, Design and Performance Specification

6110919 Memory EI Driver, Design and Performance Specification

6110920 Memory Sense Amplifier, Design and Performance
Specification '

6110921 Reserved-Electrical Assembly Drawing

6110922 Reserved-Mechanical Assembly Drawing

6110923 Memory Clock Driver 1, Design and Performance
Specification

6110924 Memory Clock Driver 2, Design and Performance
Specification

6110925 Variable Strobe Gate, Design and Performance Specification

6110926 Temperature Controlled Voltage Regulator, Design and

Performance Specification
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Tuble 2-1V. Drawing Nomenclatuve (cont)

Drawing

No. Release
6110927 Memory Error Detector, Design and Performance
Specification
6110928 Spare
6110929 Spare
6110930 Clock Generator & Drivers, Logic Drawing
6110931 Bit Gate Generator, Logic Drawing
6110932 Phase Generator, Logic Drawing
6110933 Transfer Register 1-3D, Logic Drawing
6‘_f10934 Transfer Register 4-9D, Logic Drawing
6110935 Transfer Register 10-13, Logic Drawing
6110936 Transfer Register Control and Parity Logic Drawing
6110937 Arithmetic Unit 1, Logic Drawing
6110938 Arithmetic Unit 2, Logic Drawing
6110939 Multiply Divide 1, Logic Prawing
6110940 Multiply Divide 2, Logic Drawing
6110941 Multiply Divide 3, Logic Drawing
6110942 Multiply Divide 4, Logic Drawing ‘
6110943 Multiply Divide 5, Logic Drawing
6110944 Operation Code, Logic Drawing
6110945 Address Register, Logic Drawing
6110946 Sector Registers, Logic Drawing
6110947 Module Registers and Duplex Latch, Logic Drawing
6110948 "X'" Address Decode, Logic Drawing
6110949 "Y" Address Decode, Logic Drawing
6110950 Buffer Register A1, Logic Drawing . .
61109851 Buffer Register A-2, Logic Drawing
6110952 Buffer Register B-1, Logic Drawing
6110953 Buffer Register B-2, Logic Drawing
6110954 Buffer Register A Parity, Logic Drawing
6110955 Buffer Register B Parity, Logic Drawing -
6110956 Memory Buffer Register Selection, Logic Drawing
6110957 Interrupt, Logic Drawing
6110958 Memory Timing, Logic Drawing ]
6110959 Memory Sync Selection, Logic Drawing
6110960 Memory Error Detectors, Logic Drawing
6110961 Sense Amplifiers-Memory Clock Drivers, Logic Drawing
6110962 Inhibit Drivers-Even Memory Modules, Logic Drawing
6110963 Inhibit Drivers-0Odd Memory Modules, Logic Drawing
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Table 2-1V. Drawing Nomenclature (cont)

Drawing

No. Release
6110964 Memory Address Drivers, Logic Drawing
6110965 Page Type 6109210, Test For
6110966 Page Type 6109211, Test For
6110967 Page Type 6109212, Test' For °
6110968 Page Type 6109213, Test For
6110969 Page Type 6109214, Test For
6110970 Page Type 6109215, Test For
6110971 Page Type 6109216, Test For
6110972 Page Type 6109218, Test For
6110973 Page Type 6109230, Test For
6110974 Page Type 6109231, Test For
6110975 Page Type 6109232, Test For
6110976 Page Type 6109233, Test For
6110977 Page Type 6109234, Test For
6110978 Page Type 6109235, Test For
6110979 Page Type 6109236, Test For
6110980 Page Type 6109242, Test For
6110981 Page Type 6109243, Test For
6110982 Page Type 6109244, Test For
6110983 Reserved, Do Not Use
6110984 Page Type 6109245, Test For
6110985 Page Type 6109246, Test For
6110986 Page Type 6109248, Test For
6110987 Reserved, Unit Outline Drawing
6110988 Page Type 6109250, Test For
6110989 Reserved, Ildentification Plate Drawing
6110990 Reserved, Unit Packaging-Bill of Material
6110991 Page Type 6109251, Test For
6110992 Page Type 6109252, Test For
6110993 Page Type 6109253, Test For
6110994 Reserved, Wiring Diagram
6110995 Page Type 6109254, Test For
6110996 Page Type 6109255, Test For
6110997 | Spare * ¢
6110998 Reserved, Do Not Use
6110999 Spare .

6110140 ULD Type AA, Test Specification For
6110141 ULD Type AB, Test Specification For
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Table 2-1V. Drvawing Nomenclature (cont)

Drawing
No. -

=
Release

6110142
6110143
6110144

1 6110145

6110146
6110147
6110148
6110149
6110150
6110151
6110152
6110153
6110154
6110155
6110156
6110157
6110158
6110159
6110160
6110161
6110162
6110163
6110164
6110165
6110166
6110167
6110168
6110169
6110170
6110171
6110172
6110173
6110174
6110175
6110176
6110177
6110178
6110179

ULD Type INV, Test Specification For
ULD Type CLN, Test Specification For
ULD Type CDN, Test Specification For
ULD Type TMV, Test Specification For
ULD Type VIN, Test Specification For
ULD Type HCI, Test Specification For
ULD Type DD, Test Specification For
ULD Type DDI, Test Specification For
ULD Type, DLD, Test Specification For
ULD Type DSA, Test Specification For
ULD Type CD-1, Test Specification For
ULD Type CD-2, Test Specification For
ULD Type CD-3, Test Specification For
ULDFType CD-4, Test Specification For
ULDType CD-5, Test Specification For
ULD ¥ype CD-6, Test Specification For
Spar

ULD Type BO-1, Test Specification For
ULDI'Type BO-2, Test Specification For
ULD; Type BO-3, Test Specification For
Spaje
SpaZe
ULDP Type MSA-1, Test Specification For
ULD Type MSA-2, Test Specification For
ULD Type MSA-3, Test Specification For’
ULD Type MSA-4, Test Specification For
ULD Type IDT, Test Specification For
UL Type ID-1, Test Specification For
,ULD Type ID-2, Test Specification For
ULD Type EI, Test Specification For
ULD Type TCV, Test $pecificatiod For
ULD Type MCD-1, Test Specification For
ULD Type MCD-2, Test Specification For
ULD Type MCD-3, Test Specification For
ULD Type VSG-1, Test Specification For
ULD Type VSG-2, Test Specification For
ULD Type VSG-3, Test Specification For
ULD Type ED-1, Test Specification For
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Table 2-1V. Drawing Nomenclature (cont)

Drawing .

No. Release

6110180 ULD Type ED-2, Test Specification For
6110181 ULD Type ED-3, Test Specification For
6110182 Spare

6110183 Spare

6110184 Filter Capacitor Page Type 1-2-3, Test For
6110185 Filter Capacitor Page Type 4, Test For
6110186 Filter Capacitor Page Type 5, Test For
6110187 Reserved, Unit Outline Drawing

6110188 Spare '

6110189 Reserved, Identification Plate Drawing
6110190 Reserved, Unit Packaging-Bill of Material
6110191 Memory Decoupling Network, Test For
16110192 Memory Diode Matrices-Termination, Test For
6110193 Memory TCU and Timing Module, Test For
6110194 Reserved, Wiring Diagram

6110195 Memory Y Drive Panel, Test For

6110196 Memory X-1 Drive Panel, Test For

6110197 Memory X-2 Drive Panel, Test For

6110198 Memory Inhibit Panel, Test For

6110199 Memory Sense Panel, Test For

6109318 Timing, MIB-A Logic Drawing

6109338 Timing, MIB-B Logic Drawing

6109348 | Transfer Register 1, MIB-A Logic Drawing
6109358 Transfer Register 1, MIB-B Logic Drawing
6109368 Multiply-Divide 1, MIB-A Logic Drawing

6109318 Multiply-Divide 1, MIB-B Logic Drawing

6109388 Operation Codes, MIB-A Logic Drawing

6109418 Operation Codes, MIB-B Logic Drawing

6109438 Transfer Register 2, MIB-A Logic Drawing
6109448 Transfer Register 2, MIB-B Logic Drawing
6109458 | Interrupt, MIB-A Logic Drawing '

6109468 Interrupt, MIB-B Logic Drawing

6109478 Sector Register and Y Decode, MIB-A Logic Drawing
6109488 Sector Register and Y Decode, MIB-B Logic Drawing
6109518 Arithmetic Unit, MIB-A Logic Drawing

6109538 | Arithmetic Unit, MIB-B Logic Drawing

6109548 Multiply-Divide 2, MIB-A Logic Drawing

6109558 Multiply-Divide 2, MIB-B Logic Drawing
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Table 2-1V., Dvawing Nomenclature (cont)

Drawing, Release
No. -

6109568 Multiply-Divide 3, MIB-A Logic Drawing

6109578 Multiply-Divide 3, MIB-B Logic Drawing

6109588 Mod. Register and Memory Timing, MIB-A Logic
Drawing

6109618 Mod. Register and Memory Timing, MIB-B Logic
Drawing

6109638 Address Register and X Decode, MIB-A Logic

. Drawing : .

6109648 Address Register and X Decode, MIB-B Logic Drawing

6109657 Memory Parity Check, MIB-A Logic Drawing

6109658 Memory Parity Check, MIB-B Logic Drawing

6109667 Timing and Arithmetic Voler, MIB-A Logic Drawing

6109668 Timing and Operation Code Voter, MIB-A Logic Drawing

6109669 Timing and Multiply-Divide 1 Voter, MIB-A Logic Drawing

6109677 Buffer Register 3, MIB-A, Logic Drawing

6109678 Buffer Register 3, MIB-B, Logic Drawing s

6109687 Address DVR. Voter 1, MIB-A, Logic Drawing .

6109688 | Address DVR. Voter 2, MIB-A, Logic Drawing

6109689 Memory Timing Voter, MIB-A, Logic Drawing

6109691 Timing and Multiply-Divide 2 Voter, MIB-A, Logic Drawing

6109692 | Timing Voter, MIB-A, Logic Drawing

6109693 Transfer Register Voter 2, MIB-A, Logic Drawing

6109695 Operation Codes Voter, MIB-A, Logic Drawing

6109696 Interrupt Voler, MIB-A, Logic Drawing

6109697 Multiply-Divide Voter, MIB-A, Logic Drawing

6109708 Muitiply-Divide Voter, MIRB-B, Logic Drawing

6109709 Buffer Reyister 2, MIB-B, Logic Drawing

6109717 Address DVR. Voter 1, MIB-B, Logic Drawing

6109718 Address DVR. Voter 2, MIB-B, Logic Drawing

6109719 Memory Timing Voter, MIB-B, Logic Drawing

6109737 Transfer Register Voter 1, MIB-A, Logic Drawing

6109738 Address Register Voter, MIB-A, Logic Drawing

6109739 Memory Timing and Switch Voter, MIB-A, Logic Drawing

6109747 Timing and Arithmetic Voter, MIB-B, Logic Drawing

6109748 Timing and Operation Code Voter, MIB-B, Logic Drawing

6109749 Timing and M-D1 Voter, MIB-B, Logic Drawing

6109757 Buffer Register 1, MIB-A, Logic Drawing

6109758 Buffer Register 1, MIB-B, Logic Drawing .




Table 2-1V. Drvawing Nomenclature (cont)

Drawing

No. Relea_se

6109759 Buffer Register 2, MIB-A, Logic Drawing
6109768 Error Detection and Switch, MIB-A, Logic Drawing
6109778 Error Detection and Switch, MIB-B, Logic Drawmg
6109788 Delay Line, MIB-A, Logic Drawmg
6109791 Timing and M-D2 Voter MIB-B, Logic Drawing
6019792 Timing Voter, MIB-B, Logic Drawing
6109793 Transfer Register Voter 1, MIB-B, Logic Drawing
6109795 Transfer Register Voter 2 MIB-B, Logic Drawing
6109796 Operation Codes Voter, MIB B, Log1c Drawing
6109797 Address Register Voter MIB-B Logic Drawing
6109798 Memory Timing and Switch Voter, MIB-B, Logic Drawing
6109799 Interrupt Voter, MIB-B, Logic Drawing ,
6109817 | Clock Driver, MIB-A, Logic Drawing
6109818 Clock Driver, MIB-B, Logic Drawing
6109819 Clock Driver, MIB-A, Logic Drawing
6109820 Clock Driver, MIB-B, Logic Drawing
6109838 Clock Generator, MIB-A, Logic Drawing .
6109848 Clock Generator, MIB-B, Logic Drawing
6109857 Capacitor 4, MIB-A, Logic Drawing
6109858 Capacitor 5, MIB-A, Logic Drawing
6109859 Capacitor 1-2-3, MIB-A, Logic Drawing
6109867 Capacitor 4, MIB-B, Logic Drawing
6109868 Capacitor 5, MIB-B, Logic Drawing
6109869 Capacitor 1-2-3, MIB-B Logic Drawing
6109878 Oscillator and Buffer, MIB-A, Logic Drawing
6109888 Oscillator and Buffer, MIB-B, Logic Drawing ¢
6110348 | Y Drive Panel} Logic Drawing
6110358 X-1 Drive Panel, Logic Drawing
6110368 X-2 Drive Panel, Logic Drawing
6110377 Sénse Panel A, Logic Drawing
6110378 Sense Panel B, Logic Drawing
6110388 Inhibit Panel, Logic Drawing

TCV and Timing Module, Logic Drawing

6110418
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14. DELAY LINE EVALUATION

The present Delay Line Driver configuration is an improvement over
previous circuitry demonstrated in the Memory Feasibility Model. Driver
delay variations have been reduced essentially to zero by directly gating the
2.048 mc square wave {fromtheclock generator into the input transducer,
dependent upon the state of the logic input at each of the four computer clock
times.

The Delay I?me Sense Amplifier was designed on the basis of evaluation
of four delay lines purchased from Corning Glass for this specific purpose.
Oatput characteristics were determined for single bit and two successive bit
inputs.

To provide further evaluation of the delay line system, the Delay Line
Evaluator which was designed and built for the Compass program was re-
worked to incorporate the new delay line circuits. This evaluator has a self-
contained va#iible-frequency clock generator with enough logic to generate
15 successivl"input bits that are manually set with switches on the control
panel. Previdusly, the evaluator had only the capability of recirculating
these 15 bits gvery delay time by feeding the output of the sense amplifier
back into the firiver. 'Fhis has been modified to allow the system to operate -
in the open-lgop mode so that 15 manually set bits are successively entered
into the delayjline. This type of operation allows the operator to hunt for a
worst-case bjt pattern.

As a result of further evaluation withworst-case patterns it was deter-
mined that delay lines with higher-than-normal output voltages cause a
marginal samiple condition in the sense amplifier. This is a result
of the worst-gase pattern producing a voltage amplitude much smaller for
the second "1i" than the preceding "1".

i
Effqrts are presently being concentrated on the elimination of pattern
sensitivity of #he present sense amplifier configuration. Preliminary eval-
uation indicaties that resistive orscapacitive loading of the delay line oufput
effectively reduces the amplitude of the high-output delay lines to a level
acceptable to the present configuration. :

15. MEMORY CORES, PLANES AND ARRAY EVALUATION

- Cores

The T-38 memory core planned for use in the Saturn V systems has
been subjected to a critical examination during the reporting period.

The initial effort was directed toward a preliminary appraisal of ten

T-38 memory cores. This effort permitted a preliminary characterization
of T-38 devices over the ambient temperature range of 00C to 709C. The
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information obtained, w, ,",e not completed, was of considerable value in es-
tablishing the general ncteristics of the T-38 device. It also established

the groundwork for a mdre elaborate test that was conducted on a 100-piece
core sample.

tailed characterization jof the T-38 memory device over a wide range of drive
currents and temperatpres. As a result of this test, detailed design informa-
tion is available whicll describes the excitation-response characteristics of
the T-38 device over the temperature range of 10°C to 70°C.

I v
The test on the :F-piece sample was conducted to permit a more de-

At the outset of the test it was realized that an extended core- testing
program places sevefe calibration requirements .on the testing equipment.
To minimize the eff?t of the variables, which exist in pulse-testing equip-
ment, a reference cdre box was built. The reference core box contained
three electrically stgble T-38 devices. Each time the core tester was cali-
brated, and at f*equent intervals between calibrations, the response values of
the devices in the reference core box were recorded. The correlation per-
formed during entn*e test on the 100- piece core sample required several
weeks to complete.

As an additional effort in evaluating the T-38 device, a temperature-
cycling test was performed. This test was designed to determine the effect
on the response of a core which had been set to a "'1" state at an ambient air
temperature of 259C, subjected to a temperature of -20°C for a period of one-
half hour and then returned to 25°C before being interrogated. The test was
performed on a 10-piece sample and photographs of the response of each
core were obtained before and after the low-temperature exposure. The re-
sults of the test indicate that the core response was not degraded when T-38
memory devices were temperature-cycled in this manner,

b. Memory Planes

Prior to the effort on the Saturn V memory planes, a trip was made to
the IBM Poughkeepsie facility to examine the memory plane assembly -and-
testing operations being conducted there.

The memory plane effort for the Saturn v program consisted of the
fabrication and preliminary electrical evaluation of 14 planes.

Before performing the electrical tests on the planes, the plane tester
was evaluated to determine the relationship between the indicated plane lo-
cation responses and those at the core level. This effort included an evalu-
ation of the error-detecting circuitry sense amplifier and current drivers.
In addition, the worst-case response pattern for the plane wiring geometry
was determined.

e
\" e
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Due to scheduling requirements, the testing program had to be abbre-
viated. Cnunsequently, as the planes were assembled,they were tested for
open wires, correct wiring, and defective cores exhibiting catastrophic core
responses. The electrical plane testing was performed at 25°C using 200 ma
half-select current pulses. Data was taken on each plane identifying locations
which were on the upper and lower ends of the plane response distribution.
Since time did not permit the removal of cores exhibiting low ''1" or high ""0"
responses, the location of all such devices was recorded.

The effects of various encapsulants on plane responses with respect to
temperature were evaluated. Several different methods of encapsulation were
tried using several different encapsulants. At this time the method that

.. appears to yield the most promise uses Sylgard 182 applied as a conformal
" coating over the d#yice matrix. Through this technique the core response

exhibited less thand percent degradation at 10°C. The effect on core response
of physically storihg encapsulated planes at -209C was also investigated.
This test was per[Ermed to determine the effect on encapsulated planes that
had information stored in them at 25°C and then exposed to -20°C for a 1-
hour period befor¢ being interrogated at 25°C. The results of this test indi-
cated no noticeable degradation as a consequence of the temperature cycling.

c. Memory Afray
L

The effort;to evaluate the array, which was assembled from the 14
previously tested memory planes, included electrical evaluation of the fol-
lowing characteristics:

{

° Maximum and minimum half-select address currents

i .
] bisttibution of plane responses vs half-select current amplitudes
[ Arré.y response times 4s a function of address.current amplitl‘ldes

and ambient temperature

° Storing the array at 10°C and interrogating it at 709C

° Electrically storing the array at 709C and interrogating it at
100C
° Optimum current pulse amplitude compensation with temperature

The array evaluation was initiated with a test designed to yield the
response distribution of the array at 700C using maximum and minimum
values of half-select address currents for this temperature. The dis-
tribution of each plane was obtained using the error-detection circuitry in
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No. of Cores

conjunctionwith an electronic counter. The indicated error-count for in-
cremental slicer settings of 1 mv was then recorded. This procedure yielded
a response distribution for each plane with increments of 1 mv. This test
was performed at 70°C using half-select address currents of 180 and 190

ma. In addition an abbreviated test was performed using 195 ma half-select
current pulses. The results of these tests indicated 180 mato be the optimum
value of half-select address currents at 70°C. This is based on the observed
distribution of array responses yielding nominal amplitudes of 20 to 21 mv.
The array responses appeared stable with the 190 ma half-selects but
noticeable degradation of responses occurred at the 195 ma level of half-
select currents. While this does not agree with the core data obtained at

this temperature, a more accurate appraisal will require considerable
correlation effort. Until this can be accomplished the 195 ma value yields

a conservative upper limit on half-select address currents at 700C,

 After completing the previous tests at 700C the array was evaluated at
the other temperature extreme of 10°C. The criterion for array performance
at this temperature was minimum address currents consistent with nominal
array responses of 20 mv. It was determined that half-select address cur-
rents of 240 ma satisfied this requirement. The array was interrogated
using 240 ma half-select address currents and a distribution of array re-
sponses was obfained. See Figure 2-13.

ta
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Figure 2-13. Breadboavd Arvay Response Dislyibution
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Additional testing was performed to determine the effecta of electrically
storing the plane at 109C and interrogating it at 70°C, and then reversing
the process. This test requires that a very rigid procedure be followed since
after storing the array at one temperature, only a single readout can be per-
formed at the opposite temperature extreme. The first test was performed
by storing all '"1's" in the array at 109C using 240 ma half-selects. The
tester was stopped and the array ambient temperature was increased to 70°C.
The half-select currents were reduced to 180 ma and a single read operation
was performed. The resulting array responses were photographed. This
test indicated that no noticeable response degradation occurred as a result
of storing the array and reading it as described.

The array was then stored at 709C using 180 ma half-selects and read
at 10°C using 240 ma. The resulting photograph of array responses indi-
cated a degradation of approximately 30 percent in response amplitude. After
an intensive investigation of this phenomenonthis test was repeated using
260 ma half-selects at 100C. The results of this test indicated that the first
readout at 10°C, after storing at 70°C, yielded nominal responses of 20 mv,
Subsequent responses at 10°0C yielded nominal responses of 24 mv. It was,

. therefore, concluded that to ensure reliable operation of the array over the
temperature range of 109C to 70°C, the nominal half-select currents at 109C
should be 260 ma. See Figure 2-14.
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Figuve 2-14. Avvay Résponse After Addilional Temperature Tests
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From the information obtained during the array evaluatjon it appears
that 180 ma is the optimum value of half-select currents at 70°C and 260 ma
at 10°C. This yields a half-select current compensation factor over this
temperature range of 1.33 ma/°C.

B. BREADBOARD MEMORY EVALUATOR

1. FUNCTIONAL DESCRIPTION (Figure 2-15)

The memory evaluator is a test facility designed to simulate the mem-
ory operating conditions as they exist in the Saturn V computer. It uses the
same logic circuits built on SMS cards rather than ULD's. For the purpose of
evaluation, the timing and the memory cycle are identical to that of the
Saturn V computer, The memory evaluator performs only read, store,
and error-detect; no arithmetic operations take place.

In normal operation the address counter sequentially addresses each
memory location, and an instruction cycle takes place at each. An instruc-
tion cycle consists of a read operation during phase A (syllable 0 or 1 as se-
lected by the ""SYL. SEL. A" switch) and a read or store operation in phase
B syllable 0 and phase C syllable 1. During a store, the word being stored
is that which is contained in the data switches DSW1-DSW26.

-A particular address may be selected by setting the desired address in
the "SET ADDRESS" switches and the "FORCE ADDRESS" switch to "FORCE
ADDRESS.'" In this mode the same memory address location is cycled con-
tinuously. . .

Single-step operation is provided whereby the instruction cycles are
caused to take place in discrete steps. Each cycle is initiated by a resync.
. In this mode it is possible to operate in particular addresses by use of the
address switches or to sequentially cycle the memory array as in normal

operation.

‘Both parity and half-select current monitor circuits are included for
error detection. An error causes a nonoperate condition and causes the fol-
lowing to be displayed onxggg front control panel:

. g
B
o The contents 0’ the buffer register, including the parity bit
° The syllable u“\ which the error was detected
_ i * .

° The type of efror

. The address/at which the error occurred
S

§
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Operation may continue and the error circuits may be cleared by resyncing.
An override is provided which permits operation even though an error is
present. This is the "BLOCK ERROR'" switch. This override in conjunction
with the "SYLLABLE-SELECT BC'" and the "HOLD-ADDRESS'" switches pro-
vides a convenient means of troubleshooting errors. The "SYLLABLE SE-
LECT" switch for phases B and C has three modes:

) Normal - syllable 0 in phase B and gyllable 1 in phase C
° Both B and C in syllable 0
° Both B and C in syllable 1

The ""HOLD ADDRESS" switch prevents advancing the address counter.
Thus, operation continues in the same address.

2. OPERATIONAL SEQUENCE

The following summary describes the control panel for implementing
the above functions.

a. Turn On
(1) "RUN/RESYNC'" switch to "RESYNC"
(2) Power switch to ""ON"
(3) Depress "LIGHT CHECK" switch to test bulbs

b. Load Memory

(1)  All locations with same information
(a) "READ/STORE' switch to "STORE"
(b) DSW1-26 to desired word
(c) "RUN/RESYNC" switch to ""RUN"'
(2) A Specific Location
(a) TREAD/STORE'" switch to "STORE"

(b) DSWi-26 to desired word
y

|
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(c)
(d)
(e)

"SET ADDRESS" switches to desired address®

"FORCE ADDRESS" switch to "FORCE ADDRESS"

""RUN/RESYNC" switch to "RUN"

(3) Successive Locations with Changing Data

(a) "READ/STPRE" switch to "STORE;" .
(b) DSW1-26 té desired word
(c)  "SET ADDRESS" switches to initial address
(d "FORCE ADDRESS" switch to "FORCE ADDRESS'"
‘(e) "CONTINUOUS/SINGLE-STEP" switch to "SINGLE-STEP"
(f) "RUN/RESYNC" switch to "RUN" and return to "RESYNC"
(g) "FORCE ADDRESS" switch to 'NORMAL'"
(h) DSW1-26 to next word
(i) "RUN/RESYNC" switch to "RUN" and return to "RESYNC"
(3 Repeat (h) and (i) for successive words
¢. . Read Memory

Same as load except set "READ/STORE" switch to "READ'" and dis-

regard DSW1-26.

d. ‘Error Check-Out

(1) Transients - Resync and continue

(2) Repetitive read-out of faulty location

(a)
(b)
(c)

"HOLD ADDRESS'' switch to ""HOLD ADDRESS"
"RUN/RESYNC" switch to "RESYNC"

"SYL. SEL. A" and "SYL. SEL. BC" switches to indicate
syllable :
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(d "BLOCK ERROR'" switch to "BLOCK ERROR" N

(e) "RUN/RESYNC" switch to "RUN"

' ’3 PRELIMINARY TEST RESULTS

Initial check-out of the memory evaluator using the 64 x 128 breadboard
memory array began on 9 September 1963. All memory instrumentation in-
cluding correct error-detection and parity-checking logic operated success-

‘fully. Preliminary observations during initial check-out are as follows:

° Nominal X half-select drive current rise time of 0.2 usec.
® Nominal Y half-select drive current rise time of 0,15 usec.
[ Address lines appear to be properly terminated. No severe

overshoot is present on drive currents.

. Memory operates without error except for a few catastrophic
locations at + 25°C with nominal 200 ma drives and a 100 nsec
marginakcheck sense-amplifier-strobe time variation. Only two
planes are presently being interrogated, one for data, the other
for parity check. _ .

" An evaluation of memory array capacitive displacement currents in the
X and Y sense and inhibit address lines has been initiated. A thorough
understanding of these displacement currents is necessary to determine
drive current rise time limitations and sense output time delay variations.

C. " MECHANICAL DESIGN AND FABRICATION

1, BREADBOARD COMPUTER
a. General

The breadboard computer design is electrically similar to a nonre-
dundant version of the prototype Saturn V Guidance Computer, However,
the breadboard has several mechanical features which will facilitate elec—
trical check-out and change activity.

The general breadboard computer layout is shown in Figure 2-186,
The logic section includes three major subassemblies (channels). Each
channel contains a number of pluggable units (pages) connected to a single
back panel. There are 42 pages in the logic section: 18 in channel 1, 12 in
channel 4, and 12 in channel 5,
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Figure 2-16. Breadboard Conputer

The breadboard channels correspond to three of the five channels
which make up a full-redundant computer. Channels 2 and 3 are not in-
cluded in the breadboard because they would be redundant replicas of chan-
nel 1,

Initially, the breadboard will contain one 4096-word memory, Elec-
tronics, interconnections, and structural supports will be provided for later
addition of a second memory module,

Breadboard computer back panels are interconnected by attaching
etched flat cables to terminal blocks on the edges of the back panels., Simi-
lar flat cables will connect channels 4 and 5 to Bendix pygmy connectors
used for computer input and output connections. Also, flat cables will con-
nect the memory to channel 5, Connc¢ctions common to both memory mod-
ules will be distributed by a junction board,
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b. Page Design . _ “

- The page (Figure 2-17) is a pluggable unit containing up to 70 ULD's
attached to the outer surfaces of two multilayer interconnection Boards
(MIB's) sandwiched over a metal frame. The MIB's are bonded to the mag-
nesium-lithium frame with an epoxy-impregnated, glass-fabric adhesive
layer which also serves as an electrical insulator, A 98-pin connector is

-attached to the bottom edge of the page, and connector terminals are sol-
dered in plated holes on the edges of the MIB's.

o The 30 feed-through connections between the two MIB's at the uppér
¢ edge of the page are made through teflon-insulated terminals, pressed into
holes in the frame before the MIB's are bonded, The feed-through and con-
nector terminals are soldered after the MIB's are cemented in place.

ULD's are attached to the page by refldwing solder previously applied
to ULD's and MIB's. After assembly and test a thin conformal coating is
applied to the page.

Figure_é-l 7. Page
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Variations of the standard page are required in several parts of the computer,
They include:

® The delay line page, which contains a MIB with ULD's on one
side and two glass delay lines on the other side. Two brackets
attached to the{frame support the additional weight, A mock-up
of the delay ling page is shown in Figure 2-18, .

The crystal osgillator page, which contains a combination of
ULD's, conventional components, and a quartz crystal.
! L f

The capacitor éage. Power supply decoupling in the logic section
is accomplished in each channel hy a page containing an array

of microminidture tantalum and ceramic capacitors. These are
attached to the page in a manner similar to ULD attachment.

c. Page Suppprt Mechamsm

The page support mechanism in the breadboa.rd computer comprises

..a connector with guide pins and sockets, and tabs on the upper edge of the

page frame which engage slots in the computer structure when the page is
inserted, The page is held down by a rubber pad pressed against the top

Figure 2-18. Delay Line Page
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edge of the frame. Metal clips on the support structure grip two edges of the
page frame t&pfovide a heat transfer path. Since the breadboard will be op-
erated only atgoom temperatures, the structure will not be liquid cooled.

If convection and conduction cooling are inadequate, forced air will be sup-

-

\ .
The proddyction area now has 90 percent of the required page hardware
and support njechanism parts.,

d. Page Connector

Since coimectors compatible with page size and connection density were
not commercially available, the Cannon Electric Co. and the Burndy Corp.
were asked ta cooperate in developing suitable connectors. Two sources
were asked to reduce the possibility of delaying the program because of
production prdblems with this critical item. Designs were coordinated so
that eithet firm's connectors can be used on the page without modification,
The Cannon connector was designed around their Micro-D twist-pin con-
tacts. The Burndy connector usés a newly developed blade and leaf-spring
contact.

Burndy has delivered 70 pairs of connectors, which are now being in-
spected, The remainder of their production order is due shortly, The
Burndy plug and receptacle are shown in Figure 2-19. Cannon delivered a
number of receptacles, but these connectors were rejected because they did
not meet dimensional gpecifications. Cannon is now considering alternate
connector body materials. ‘ '

e. ULD Design
(1) Module Design

During the reporting period, the electrical desigris for the computer
logic, timing, and memory circuits were being translated into workable ULD

topologies. Module designs were also initiated for the portions of the data
adapter circuitry which will be packaged on ULD's,

.

Thirty-nine ULD designs, which package the bulk of the simplex com- “
puter electronic circuitry, were designed and released to production, A
summary of the ULD types and quantities required for a simplex computer
with a single memory unit is given in Table 2-V. A finished ULD intended
for use in the simplex breadboard computer is shown in Figure 2-20.
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Table 2-V

Simplex Com,buter ULD Modules

- Module . : ) IBM
Type . Circuit Dwg. No. Quantity
AA AND Extender, Logic 6109130 256
AB - AND Extender, Logic 6109131 98
INV Inverter, Logic ‘ 6109132 545
CLN Collector Load Network 6109133 42
CDN Collector Divider Network 6109134 11
T™MV Trijgle Modular Redundant Voter 6109135 213
VIN Votqr, Inverter 6109136 94
HCI High-Current Inverter, TMR 6109137 41
' P(fwer Voter

DD Di eement Detector 6109138 7
DDI Digagreement Detector, Inverter 6109139
DLD De'l‘ay Line Driver 6109140 2

DSA Defay Line Sense Amplifier 6109141 2
CD-1 Cloi:k Driver 6109142 '
CD-2 ‘Clog:k Driver ‘ « i 6109143 17

' {

CD-3 Clock Driver ! 6109144 11
CD-4 Clock Driver 6109145
CD-5 Clock Driver 6109146
CD-6 Clock Driver 6109147
BO-1 Buffer and Oscillator 6109149
BO-2 - Buffer and Oscillator © 6109150 3
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Tahle 2-V. Simplex Computer ULD Modules (cont)

M’I?f;;e Circuit : DngI?MNo. Qua]atity
BO-3 Buffer and Oscillator 6109151 3
MSA-1 Memory Sense Amplifier ' 6109154 14
MSA-2 Memory Sense Amplifier 6109155 14
MSA-3 Memory Sense Ampnf‘ier 6109156 {4
MSA-4 Memory Sense Amplifier 6109157 14
IDT Inhibit Driver Termination 6109158 8
ID-1 | Inhibit Driver 6109159 14
ID-2 g Inhibit Driver | 6109160 54
EI ~ Mcmory EI Driver _ 6109161 40
MCD-1 | Memory Clock Driver 6109163 2
MCD-2 Memory Clock Driver ‘ 6109164 _ 6
MCD-3 Memory Clock Driver 6109165 4
VSG-1 Variable Delay Strobe Gate | 6109166 1
VSG-2 Variable Delay Strobe Gate 6109167 1
VSG-3 Variable Delay Strobe Gate 6109168 1
ED-1 Error Dectector 6109169 - 8
ED-2 Error Detector 6109170 | 2
ED-3 Error Detector 6109171 2
TCV Temperature Controlled Voltage 6109172 2
Regulator ‘

Total ULD's 1568

™o
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Figu:r'e 2-20. Typical ULD for Simplex Breadboard Model

Some breadboard circuits require semiconductors not currently avail-
able in a form factor compatible with the latest ULD technology. These
circuits will be packaged through use of commercially available flat-packs
which contain two transi ors each, These hermetically sealed flat-packs
will be mounted onthe ifitePconnecting circuit board with the same solder

e 2-21, The flat-packs will be mounted adjacent
n the remainder of the circuit.,

flat-pack is shown in Fi
to the ULD's which cont

- veflow technique used to %ount ULD's. An example of a reflow-mounted

Circuits requiring gomponents or component tolerances which are
impractical to implemen§ with either ULD's or flat-packs will be packaged
in modules of cordwood ¢onstruction (Figure 2-22).

The module desigrj was accomplished by first developing initial ULD
designs for approval by the logic and circuit design groups. -Following ap-
proval, 20 times size registor and conductor layouts were drawn directly on
standardized ULD form. drawings. A stencil film was made from these draw-
ings, which, when later bompleted with the necessary individual ULD in-
formation, served as theiproduction ULD assembly drawings.

. j
i

»
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Iﬁgure 2-21, Flat Ip;-k Contammg Two Transistors Mounted to
; /‘MIB by Solder Reflow

Figure?Z—ZZ. Cordwood Circuit Module
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The use of 20 times size artwork masters containing all repetitious details,
such as screen alignment targets, wrap-around conductor spacings, etc.,
was further refined to obtain the artwork accuracy required for leadless
semiconducters, as well as to minimize the time between initial ULD design
and final drdwing release. Accuracyv was assured by theutilization of a 20 times
size, machine-scribed glass master, from which approximately 120 artwork
masters were photographically reproduced. Both the ULD form drawings
and the artwork masters contain a 0,005-inch grid system that establishes
a simple, direct technique for defining all points on the ULD topology.

Hence, use of the more conventional but time-consuming coordinate system
of dimensioning is not required,

All simplex ULD drawings, together with the required components and
materials, were released by established engineering procedures. These
items will be continually updated to reflect all change activity necessitateq
by circuit changes, ULD improvement, and/or process requirements.

(2) Substrates

Prior to production of simplex ULD's, all ULD substrates were fab-
ricated from Alsimag 614 alumina ceramic produced by the American Lava
Corp. Although this material possesged a higher modulus of rupture and a
better finish than other alumina materials, the close quality eontrol required
for simplex substrates revealed processing problems with the Alsimag 644:
at first, the Alsimag 614 substrates did not meet all dimensional require-
ments established for simplex substrates. The vendor overcame this prob-
lem by modifying the substrate processing. But when additional parts with
the correct dimensional requirements were received, a large percentage
were found to have sharp edges with excessive chipping and crazing, i.e.,

a multiplicity of microscopic cracks. Crazing was found to be a latent
type of defect which led to additional chipping during subsequent cleaning

and processing steps. A second process change by the vendor to correct
this condition resulted in substrates with sharp edges and a lower modulus of
rupture. Investigations by Materials Enginecring revealed that the sharp
edges caused an undesirable thinning of the wrap-around conductors where
they passed over the substrate edges. The details leading up to these in-
vestigations are now described.

Because of the 20 to 25 percent processing shrinkage for Alsimag 614,
the vendor did not think it feasible to produce the substrates by cold-pressing
and then firing. (The initial process was to stamp substrates from unfired
sheets of the correct thickness and then fire the resulting blanks, This per-
mitted good control of thickness and surface finish, but created difficulties
in maintaining the over-all dimensions and voids on the narrow edges. )
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Thetefore, a second approach was tried, which was to diamond-wheel-cut the
substrates from fired sheets of the correct thickness, thereby overcoming the
dimensional problem, but this resulted in a chipped and crazed edge condi-
tion. The final attempt was to grind substrates to size either from oversize
blanks cut as above, or from oversize cold-pressed and fired blanks. These
were the substrates subsequently found to have sharp edges and to be below
the minimum modulus of rupture specifications, These faults were due to a
stress condition caused by the additional processing steps.

Since the Alsimag 614 could not be used for simplex substrates, the
IBM Space Guidance Center requested the IBM Components Division to pro-
duce substrates of high aiumina content by the cold-pressing process. Ini-
tial samples had a modulus of rupture below the minimym for Alsimag 614
and a surface finish on the order of 30 microinches. Subsequent infprove-
ments in the processing resulted in substrates which met the original sim-
plex requirements-except for surface finish and a 1 percent lower (93 percent
minimum as compared with 94 percent minimum for Alsimag 614) alumina
content than specified.

Materials Engineering then studied the effects of the IBM substrate
surface finish on resistor properties and the adhesion of Pt- Au conductors;
no noticeable effects were found. In addition, the wrap-around conductors
were improved because of the absence of sharp edges.The various cleaning
procedures for these substrates were also evaluated by Materials Engineer-
ing. Nonec of the cleaning cycles used in production adversely affected the
substrate; however, extended exposure to the nitric acid cleaning cycle,
i.e., 24-hour immersion reduced the modulus of rupture.

After the above information and test results were evaluated, the IBM
Components Division substrates were chosen for use in all simplex ULD's.

(83) Semiconductors

The decision to utilize the IBM leadless semiconductor devices in all
ULD's intended for the simplex breadboard and following computers was *
disclosed during the last reporting period. The leadless devices replace the
wire or "flying-lead” components employed during the early phases of the
Saturn V program. ULD's which emiploy leadless and wire-lead semicon-
ductors are shown in Figures 2-23 and 2-24, respectively.,

The wire-lead devices were replaced primarily to take advantage of a
potential increase in ULD reliability. The leadiess semiconductors will
leave little effect on component density when they are used with ULD topo-
logies. This is primarily due o the climination of the diode matrix ULD,
which regquired common-cathode diode pairs not available in leadless devices.
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Figure 2-23. Leadless Semiconductor

Devices Mounted to
ULD Conductors '

Figure 2-24, Wive-Lead Semiconductor Devices as Previously
Used in Fabricating ULD's
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However, changes were required in both the materials and processes pre-
viously used to fabricate ULDs.

The wire-lead ULD's as used onthe MFM were processed as follows:
(1) the Pt- Au conductors were screened and then fired at 9600C, (2) re-
sisfors were screened and then fired at 740°C, (3) the resistors were over-
coated, (4) the top conductors were soldered w1th Indalloy 10 (75 percent Pb,
25 percent In), (5) the edge and bottom wrap-around conductors were sol-
dered with Alpha 903 (62 percent Sn, 36 percent Pb, 2 percent Ag), (6) the
resistors were trimmed, and (7) the wire-lead devices‘ were attached and
the'ULD was encapsulated. The wire-lead devices were attached individually
through localized reflow of the Indalloy solder by a resistance heating tech-
nique. There was a great deal of variation in the solder joints; however,
there was no problem with diffusion of the Pt- Au conductor layer due to
processing.

The wire-lead process was modified for ULDs using leadless semi-
conductor devices, since furnace reflow of 10/90 Sn-Pb solder is required
to connect the terminals on the bottom of these devices to the ULD: First,
the substrate conductors are dip-coated with 10/90 solder. All leadless de-
vices required to complete the ULD circuit are then properly positioned over
their respective conductors and connected simultaneously during the furnace
reflow operation. The changes,in the ULD conductor, solder, insujating,
and encapsulating materials required to accommodate the 10/90 solder and
the furnace reflow technique are subsequently described.

(4) Conductors and Solder

Because of the smaller size and increased accuracy of the conductor
electrodes required by leadless devices, improvements had to be made on
the artwork, photo-processing, and screen printing of the conductors:
The grid system and film-stencil technique of forming conductor patterns
provided the necessary accuracy in the original artwork. Additional control
of the photo-processing steps provided the accuracy required for the final
glass master., Accuracy in the screening process was obtained by employing
a 325-wire-per-inch mesh for the screen stencils in place of the 200-wire-per-
.inch mesh used previously,

Also inherent with using leadless conductor electrodes on ULD's was
the potential problem of an arc or corona discharge occurring under vacuum
conditions. This could occur because of the small, 0,005-inch nominal lead
separation, To determine the seriousness of this problem, sample ULD's
using leadless electrode patterns were subjected to high voltages at reduced
atmospheric pressures. Approximately 900 volts were required to initiate a

.breakdown at atmospheric pressure, and a minimum of 375 volts was needed
to initiate a breakdown under the worse-case condition of pressure and
electrode spacing,
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The results of these voltage/predsuré tests agreed with a theoretical
analysis made on the breakdown phenomenon., The conclusion of this investi-
gation, therefore, was that for the voltages present in the Saturn V computer
an electrical discharge cannot occur between the electrode patterns used for
leadless-device attachment. -

. . ,

The following investigations by Materials Engineering were made on
the Pt- Au conductor paste.

) Conductors were screened with from one to five thicknesses of
paste and:tested for tensile bond strength, The strength im-
proved rapidly up to a thickness of 0. 00045 inch and leveled off
to a gradual increase with thicknesses up to 0.00250 inch., A
drawing and a photograph of the Pt- Au tensile bond strength
fixture used for this and other tests on conductor adhesion are
shown in Figures 2-25 and 2-26.

) A quantity of fully fired conductors were overscreened and re-
fired. The tensile bond strength improved.

. Specimens were screened and fired at three different tempera-
tures: 760°C, 800°C, and 960°C. The tensile bond strength
increased with increasing temperature up to 960°C. Conductor
diffusion into the solder was greater when lower sintering
temperatures were used. .

& e
(] Storing the substrates for times up to 1 week before firing had
no adverse effect on the conductor patterns.

®  The conductor pattern adhered to the solder on a MIB from
which a ULD (MFM type) was removed,

° Photographs of typical acceptable and rejectable conductor
patterns were furnished to Quality Engineering for inclusion in
the general inspection procedure for ULD's.

° An acid-resistant conductor paste recently developed by DuPont
has been ordered for study. DuPont claims that this paste, No.
8036, can be plated without adversely affecting its bond strength.

(5) Resistors

The range of resistor values required for the ULD-packaged simplex
circuits was accommodated by three basic resistor pastes of 500-ohm, 3. 5k,
and 10k per square mil resistivities, Four additional resistivities were ob-
tained by mixing the three basic pastes. Simplex resistor pastes are de-
scribed in IBM Specification No. 6009325. ,

Tentative viscosity limits were established, as was a procedure for
continually testing both resistor and conductor paste viscosities, However,

[
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additional control over screen process variables, such as temperature,
squeege speed, etc,, will b required before the full significance of viscosity
control may be realized. An effort, aimed at testing the basic resistor pastes
for (1) TCR, (2) drift under!load-life conditions, and (3) temperature stressing,
-is described in the Reliabil{ty section of this report.

One additional effort koncerned the improvement of resistor trimming
accuracy and efficiency thfough use of an improved trimming machine. This
mgchine employs 20:1 templates for guiding the trimming-nozzle of the air-
driven abrasive unit, as well as a more accurate and convenient resistor
monitoring scheme. ULD inverter module resistors, shown in Figure 2-27, ‘
before and after trimming with this apparatus.

(6) Encapsulation

ULD's for the simplex computer will be encapsulated with RTV-60,
While other materials are less affected by thermal environments and possess
greater solvent resistance, the long-term effects of these materials on lead-
less semiconductors are not known, This fact, plus the IBM Components
Division's experience with RTV-60 as an encapsulant for leadless devices,
lead to the choice of RTV-60. ' ’

However, for ULD’s intended for prototype computer use, IBM is de-
'veloping an encapsulant which will meet the environmental and reliability re-
quirements for later computers. One encapsulation technique developed by
Materials Engineering has shown excellent results on initial samples; this
technique is transfer molding of a glass-filled epoxy.. Temperature cycling
tests are being conducted on ULD's encapsulated by this method. The prop-
erties of other encapsulating materials and techniques are being studied and
optimized to assure that the environmental requirements of prototype ULD's
will be met.

(7) Insulating Materials

The change from lead-wire to leadless devices affected the insulating
material used on the resistor side of the ULD. Previously, a material was
applied to the bottom portion of the ULD to provide insulation betweéen the
ULD resistors and the MIB conductors, and to act as a solder stop on the
bottom attaching area of the wrap-around conductors., However, because of
the higher solder pot temperature (625°C to 640°C) required to apply the
10/90 solder, no material could be found to serve as both a resistor over-
_coat and a solder stop. ‘
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b. Trimmed Inverter Resistors

Figure 2-27. Trimmed and Untrimmed Resistors on
Bottom Side of ULD
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As a substitute, Corning Glass powder 7052 mixed with a suitable
screening oil,is screened onto the bottom of the ULD in two strips, as shown
in Figure 2-28,following the resistor screening operation. The resistors
and glass are then fired simultaneously, The resultant glass strips, in con-
junction with a metal mask which holds the ULD during the dip-soldering
operation, act as a solder stop to control the dimensions of the soldered
areas on the bottom of the ULD, After the high-temperature soldering
operation, an insulating coat (Laminar X-500-7-C-23) is applied on the
bottom 8f the ULD between the glass strips. This insulating material has
excellent moisture resistange and does not cause excessive resistor drift.

A test has shown that this material does not lose its moisture resistant
properties when subjected tc’ the leadless-device joining temperatures.

(8) Hermetic Sealing ‘ .
¢
‘ !

A back-up effort was fonducted to develop a hermetically sealed pack-
age to relieve the plastic egcapsulant from providing environmental protec-
tion. The method devplop involves sealing a ceramic preform ''square
doughnut'' to the substrate,: followed by application of a flat metal top cap.

Samples of the ceramlc preform spacer were purchased and a re-
producible glass seal was inade between the spacer and a substrate., This
seal is accomplished by first screening and prefiring a glass-oil paste on
the bottom of the ceramic gpacer, and then placing the spacer on a substrate
and firing it in a continuoud conveyor-belt oven. By this technology the
seven conductor patterns oh either side of the substrate function as vacuum
feed-throughs in the glass seal. Under leak tests this glass seal showed no
leaks down to the accuracy of the testing appa.ratuq (10-10 std cc of He per

seq).

The f{lat upper surface of the spacer is metallized by screening and
firing a metallic paste prior to obtaining the glass seal. After the glass
seal has been made, the surfacc of the substrate and the upper surface of
the spacer are tinned with solder. Active components are then mounted on
the substrate inside the spacer. A Kovar top cap is then prepared with a
small hole punched in its center, and solder is applied around its edges.
The solder seal between the module and the top cap is obtained in an oven
by solder reflow. After removal from the oven, the hole in the top cap
(which permitted "breathing' of the module during sealing) is hand-sealed
with solder. The wrap-around edges are then tinned with solder, resistors
are trimmed, and the module is mounted on a printed circuit board

Complete active samples are presently being constructed to demon-
strate the reliability feasibility of this packaging technolog
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GLASS STRIPS

Figure 2-28. Glass Strips Used to Control Soldev Dimensions on '
Bottom Side of ULD ‘
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: onnection Boards (MIB's)

' , ‘., {ls '>_ ,’.4‘ t. »‘i Mulﬂlayer Int

MIB s on the lggic pages contain 12 layers of copper for signal and
illustrated in Figure 2-29, Front and rear views of
& test MIB are showh in Figure 2-30, and the top land pattern, a typical
:  signal.layer, and a ground layer are shown in Figures 2-31, 2-32,and 2-33,
- 'reapectively. Each .MIB measures 3 00 x 2,62 x 0,06 inches.

- power connections,

~ O! the 40 MI typea required for the breadboard, 30 have been re-

' leasedfor productioh. - Artwork for the remainder bas been generated and
will be released soop. Page MIB's are being fabricated for environmental
tests. Sample MIB' made in the form of a constant stress beam (Figure

- 2-34) are being used to determine static and fatigue strength characteristics
of the hOards, plat holes, and’ circuitg The fatigue test installation is
shown in Figure 2 5.

4+ g Back Panels |

o , » - ;:gss in each computer channel are interconnected through a back
.o ... - panel that contalns 14 layers of wiring. Connector receptacles for
-~ the pluggable pages ‘are soldered into plated holes in the back panel, A
" ‘metal plate is used to stiffen the assembly to withstand the connector en-
gagement force,

Tlxe breadboard computer back panels are wider than necessary to
_permit greater spacing between page connectors. In addition, all etched
circuit lines to the connector terminals are placed on the outer surface of
-the board. These two features have been included to facilitate back panel
rework for circuit modifications. The three logic back panel MIB's have
-'been designed and artwork is being generated,

b Flat Cables - .
{ S 2 ~ Back panels are interconnected by etched flat cables and terminal

’blocks, as shown in Figures 2-36 and 2-37, The terminal blocks contain

- ping which are soldered on one end into plated holes in the back panels,

"and soldered on the other end to the flat cable conductors. The blocks sup-
port both ends of the cables. The center section of each cable joining the

_ back panels is flexible.

A The cables are etched from a two-sided, copper-clad, Fiberglas
w . 7., . teflon laminate. Signal wiring is etched on one side, the ground or power
© """ . plane ig etched on the other. . Teflon insulating layers are applied over the
exposed’ r surfaces except in soldered areas. Front and rear views
of an expértimental cable are shown in Figure 2-38. :
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Figure 2-33. Page MIB Ground Plane
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¢ Figure 2-34. ' Constant Stress Beam MIB
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Similar flat cables connect the back panels to the Bendix pygmy ex-
ternal connectors on the computer. An adapter block is fastened to the con-
nector to make the transition between connector and cable (Figure 2-39).

The cable to the memory requires grater flexibility than thé others .
because it is terminated in a pluggable connector that may be disconnected to
remove the memory. The highly flexible portion of the cable has all conduc-
tors in one plane. Shielding is accomplished by alternating signal and ground
conductors.

All eight cable types used in the logic section have been released for
production, The cables required to connect the logic and memory are being
designed. '

2. TMR COMPUTER

a. General

Interconnections for the TMR computer are similar to those for the
breadhoard computer but differ in the ways described below. The TMR
logic section contains five channels, with the first three identical.
Channels 1, 2, and 3 each contain 18 pages, while channels 4 and 5 contain
10 and 12 pages, respectively. The general layout of the TMR computer is
shown in Figure 2-40.

b. Page and Support Mechanism

TMR computer page size, materials, MIB construction,and connectors
are identical to those used in the breadboard computer, However, thermal
tests on the page support mechanism showed that an improved heat transfer
path is required between the page and computer structure for proper opera-
tion in a vacuum,. To solve this problem, pages and heat-path clips with
several combinations of surface treatments were tested in a vacuum to de-
termine temperature difference between page frame and computer structure,
In addition to the page and spring clip combinations,; an experimental page
with a wire-mesh heat path was tested. Although the "wire-mesh' page would
require modification for use in the computer, its excellent heat transfer
characteristics indicate that an improved page support mechanism design
can be found., The results of these thermal tests, conducted for initial page
insertion at 8 watts dissipation, are presented in Table 2-VI,
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Tuble 2-VI
Thevmal Test Results
Average
Page . Clip Page-To-
%afe Mgtaegxg al Surface Maci}alzi')i al Surface Structure
. Treatment Treatment | AT (°F per
(watt)
1 | Magnesium- | Polyurethane | Beryllium Tin 5.4
Lithium Copper )
2 | Magnesium- | Nickel Beryllium Nickel 5.3 .
Lithium - Coppet ‘;
3 | Magnesium- | Tin-lead Beryllium Tin 6.6 “
Lithium Copper
4 | Magnesium- | Polyurethane | Beryllium Chromium 7.8
Lithium Copper
5 | Magnesium- | Epoxy Beryllium Tin 11,1
Lithium Copper
6 | Magnesium Tin-lead Copper Mesh | None 2,5

Flat Cables

. The flat cables and terminal blocks for the TMR computer were mod-
ified to reduce the volume required for (1) the cables which interconnect the
back panels, and (2) the cables which connect the back panels to external
connectors, For connections between back panels,each pair of terminal
blocks will support 12 cables of 12 conductors each,as shown in Figure 2-41,
A similar arrangement will be used to connect back panels to external con-
nectors and to the memory junction board, Preliminary design work has
been completed for some cables and terminal blocks, and evaluation samples
are being fabricated. Back panel layouts are being studied to determine
connection densities in the cable termination areas,
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Back Panel Interconnection Cables

D. SIMPLEX COMPUTER MECHANICAL DESIGN

The structural design of the simplex computer is complete. The design
drawings ‘have been released to the model shop, and fabrication of the parts
is 70 percent complete. The final design should be completed by 30 October.
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E. iTMR COMPUTER MECHANICAL DESIGN

1. STRUCTURE DIMENSIONS, VOLUME, AND WEIGHT .

[
'I‘he present TMR computer when it employs six memorytmodules

(Figure 2-42) is 12.8 x 32 x 10.5 inches in size, occupies 4095 cubic iriches
of swépt volume, and weighs 88.7 pounds. The respective figures for a
computer which employs eight memories are 12. 8 x 32 x 12,5 inches, 4875
cubic inches of swept volume, and 95.0 pounds. These specifications are
subject to change, due to the advances being made in logic design.

The following manufacturing techniques are being considered for the
computer structure:

® Machine the structure from a sohd billet and then r1f1e bore
liquid flow paths within the walls

o Machine the structure from a solid billet which contains preformed
stainless-steel tubing for carrying liquid cool‘ant.

] Fabricate a casting and finish by machine. This casting shall
contain either rifle-bored cgoling paths or cast-in'stainless-steel

tubing.

2. MEMORY CONFIGURATION

a. Requirements

The present computer is designed to house six or eight memory mod-
ules, each 6. 250 x 4,865 x 5,528 inches (Figure 2-43). Regardless of whether
8ix or eight modules are used, they will be bolted to the underside of the in-
terior structural framework with the 6. 250-inch side located in the X axis of
the computer (sce Figures 2-42 and 2-43).

‘.‘;f

b. Memory Module Design

: The original memory module design employed the standard RANDAM
core plane (64 x 64 T-39 MARS device matrix) in a 28-plane array. This
design effort primarily involved packaging the associated electropics in a
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manner to meet thermal and vibration environnients. The electronics were
to be mounted directly on the array.

The memory medule design was in the study stage when the directive to
replace the T-39 MARS devices with T-38 toroids neces51tated a redesign of
the array and associated electronics. The preferred arrangement from an
electrical drive viewpoint consisted of two 14-plane arrays per memory,
each plane having a 64 X 64 toroid matrix. -However,this presented an inter-
connection problem. This concept was retained while the plane-to-plane in-
terconnection problem was substantially reduced by using a single 14-plane
array per memory, each plane having a 64 x 128 toroid matrix. The associ-
ated memory electronics are attached to the array to form the memory mod-
ule (Figure 2-43).

The initial design work on the plane frame resulted in a one-piece
structure of Hysol MH 3-4896 with molded-in terminals. - The array of 14
planes is interconnected on all four sides by printed circuit jumper strips
and is held together by metal end caps at the four corners of each extreme.
The.caps are connected by four rods passing through corners of the array.
All the electronic subassemblies are mounted to the array at the end caps,
and mounting lugs on the caps are used to attach the memory module to the
computer structure. The structure of the electronic subassemblies adds to
the rigidity of the memory array, allowing the memory module to be mounted
onthe computer structure at-only two points on each end cap. The memory's
metallic structure conducts heat from the electronics to the end caps; it is
ultimately dissipated to the coolant passages within the computer structure.

The memory X-panel consists of a metal sheet sandwiched bgtween two
MIB's; the outside surface of each MIB serves to mount electrical com-
ponents. Spacers separate the X-panel {from the X-diode matrix.

The Y-panel is similar to the X-panel except that one MIB is bonded to
the metal plate. The Y-panel is attached to the Y-diode matrix.

On the mounting-lug side of the memory is an assembly that includes
the TVC and timing subassembly on one side of a metal plate and the inhibit
panel on the other side. A MIB*'and a double-sided prinfted circuit lsoard
with electrical components mounted between them form the TVC and timing
assembly, while a MIB with components on the outer surface comprises the
inhibit panel. These details are illustrated in Figure 2-43.

The electronic assemblies are interconnected by tape cables soldered
to pins. Electrical entry and exit {rom each memory module is provided by
one 98-pin connector (identical to that used on each logic page) mounted on
the input/output panel.



c. Memory Deéign Status ’ '

The memory design has progressed as follows: .
(1) Jumper strips (intcrconnecting planes) - released in September.

{2)  Diode matrix design completed - all drawings released in
September.
\

(3) Plane assembly drawing - completed and released in August.

(4) Sense and inhibit printed circuit panels - completed and released
in Seplember.

(5) X and.Yj'MIB's {electrical packaging development effort) - com-
pleted €nd releascd in September.

(6)  All panel support plates - completed and released in September.

(7)  Tape cables, the distribution panel, and hardware arc 50 percent
complete.

(8) The TCV and timing subasscembly was completed, except {for the
MIB layout, and released, ‘

(9) The memory {rame mold desion was completed, and {abrication
is 50 percent complete.

{10) The structure desipgn part  details are 75 percent complete, with
remainder awaiting completion of electronic subassembly design

to assure that proper heat tronsfer characticeristics are included.

d. Vibration and Stress Analysis . °

The X-plate panel and irhibit panel were vibration tested, and their
vibration characteristics and the stresses induced by the vibrations were
analyzed. Dy using the cquation for {he vibration of a tree plate and con-
sidering only the magnesium plate rigid, the followiny conservative patural
frequencies were obtuined: (1) inhibit panel, 832cps; and (2) X-plate panel,
194 cps. At these frequencies and 30 G rms the contersof the X-plate panel
and inhibit panel magnesium plates would have amplitudes of 0.011 and 0. 0011
inch, respectively. '
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. The stresses corregsponding to these amplitudes, considering the plates
as beams fixed across the short sides, would be as follows:

° Magnesium b§se of X-plate - 2750 psi.

. Magnesium piate of inhibit panel-‘F 1160 psi.
' e Epoxy glass boards of X-plate - 750 psi.

° Epoxy glass boards of inhibit panel - 83.5 psi.

The vibration characteristics of a memory array with foam-covered
magnesium-lithium spacers were investigated by mathematical means. The
natural frequency of such an array with planes encapsulated in Sylgard 182
would be slightly lower than the frequency of a system without spacers.
Consequently, a foam spacer could be used for damping without a s1gmf1cant
change in natural frequency. :

The wire stress caused by the deflection of a memory plane was
analyzed. If a wire across the center of the plane was deflected an amount
¥, at its middle, the stress in the wire would be determined by the following
equation;

24 2 )
. Ey,
= o,

21,2

Where E is the modulus of elasticity,L is the length of the wire, and the fol-
lowing assumptions are used:

] No initial stress
° Stress is below the yield point.

For a plane 3. 625 inches long and a wire with an E of about 17 X 106,
a deflection of 05975 inch would cause a stress of 36.9 x 103 psi.

€. Thermal Apalysis

‘A thermal analysis was made on the inhibit driver panel. A first
analysis using preliminary information indicated that a temperature differ-
ential of approximately 119F existed across the inhibit panel. An inhibit
driver ULD which used wire-lead devices was also analyzed, and an 11°F
temperature differential was predicted. An estimated temperature differ-
ential of 40°F between junctions on this panel indicated that this design was
ungatisfactory, The inhibit driver panel was then modified by using different
components and packaging.
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A thermal analysis of the memory unit indicated a temperature differ-
ential of 20F through the memory core section., Temperature differentials of
the various panels with reference to the mounting pads were as follows:

) Sense panel: 20°F
° X-driver panel:  34°F

) Y-driver panel:  34°F

‘o Inhibit panel: 460F '
° MCD panel: 8O0F . .
o TCV panel: 190F
) Diode matrix: 8°F

A more detailed analysis of temperature differentials within panels in-
dicated the following differentials:

. X-driver panel: 2.00F

° Y -driver punel: 1.39F
.

* Senge pausel: 2. 60F

The inhibit driver panel is vndergoinn a detaited thermal analysis. In
this panel design the MCD and TCV panclsare included in one block which 1s
mountedonthe same plate as the inhibil driver panel.

The X-and Y-diiver panels and the sense panel were analyzed by
assuming that magnesitum alloy moanting plates were used,  The memory
unii analysis was made assuming usage of aluminum parts,

Juaction-to-junction temperature dilferentials across the panels will be
predicted as the thermal data on these components become available,

1. Stress on the Ferrite Cores

The electrical characteristics of the toroid (T-28) and the MARS (T-39)
memeoery cores were determined by subjecting the cores to tension, com-
pression, and bending stresses. The most severe elccirical degrddations of
the toroid cores were causcd hy stresses dae to edge compression and tension
(Figure 2-44). Compression and bending caused less severe degradation.



iy

The niost severe degradatipns of the MARS core were caused by bending
stresses (Figure 2-45). 'begradations caused by other stresses are also’
shown in Figure 2-45 and¥n Figure 2-46.

Stress test results on the memory cores lead to the following recom-
mendations: )

-
g

® The memory planes should be wired so that the wires do not put
tension on the cores.

° The encapsulant material should have minimum cure shrinkage
and temperature expansion characteristics and yet be rigid
enough to enable the memory plane to withstand vibration.

] The use of a good damping material between memory planes
would improve shock and vibration resistance.

g. Encapsulation Materials

;
' The following eight encapsulants were tested on individual T-38 ferrite
cores:

° Conap 1132, polyester

° Conap 57-59-1/52-59-1, epoxy

° Dupont Adeprene L-100, polyurethane

] GE SS-4090, SS-4093, silicone

° GE Sylgard 183, silicone

° GE SR-220

° Laminar X-500 (8C8/10C56), flexible polyurethane

° Laminar X-500 (7X1/10C32), polyurethane

Each material was used to encapsulate two cores, after which the
electrical degradations of the cores were determined at room temperature
(269°C). Those cores encapsulated in Conap 57-59-1, Dupont Adeprene L-100,
and Laminar X-500 (7X1/10C32) showed complete degradation, The re-
maining cores have the following order of preferred usage based on this phase

of testing: GE Sylgard 183, Conap 1132, GE SR-220, Laminar X-500, and
GE SS-4090.
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°

Two cores were then encapsulated and tested using the following en-
capsulants: GE Sylgard 183, Dow Corning A-4000, Dow Corning 630 and
Laminar X-500 flexible., The electrical characteristics of the cores were
determined-at 109C, 40°C and 709C. The Sylgard showed no appreciable
change in the undisturbed unit (1) response, peak time of the unit (1) re-
sponse, and switch time of the unit (1) response. Dow Cormng A-4000 caused
complete degradation at 10°C, and Laminar X-500 caused a marked increase
in switch time at the same temperature. Dow Corning 630 exhibited a signifi-
cant degradation on all parameters at 10°C. GE Sylgard 183 silicohe proved
to be the best encapsulant in this test; Laminar X-500(8C8/10C56) was second.

GE Sylgard 182 and 183, GE SS-4090, Laminar X-500 (8C8), and Conap
1132 were applied to array quadrants, and the cores were checked elec-
trically. None of the cores coated with either Sylgard showed electrical
degradation. However, GE SS-4090 and Laminar X-500 (8C8) caused some
degradation. The effects of Canap 1132 depended on the cure cycle and
ranged from no degradation to considerable degradation. The Conap is-under-
going further testing.

h. Vacuum Stability of Encapsulants

The following encapsulants were applied to aluminum foil and then
cured:

Encapsulant Weight Loss (Percent)
Laminar X-500 (8C8) 2
GE S5-4090 2
Dow Corning. 630 5
Conap 1132 (stopped at 80°C to 90°C)
Sylgard 182 2

The stability of eaclr encapsulant was tested at 100°C and 10-8 in.
Hg for 96 hours. Dow Corning 630 showed a 5 percent weight loss, while
Laminar X-500 (8C8), GE SS-4090,and the Sylgards showed appreciable losses.
The Conap 1132 is undergoing further tests because of the varying propertles
revealed during different cure cycles.

i. Vibration of an Unencapsulated Memory Plane

An unencapsulated square plane with toroid cores was vibration tested
in the horizontal plane between 16 and 2000 cps at 5,- 10 and 30 G's rms. The
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memoryplane s resonant frequency rose from 115 cps at 5 G to 200 cps at
30 G.. Also, a sharp drop was noted in the amplitude of the center of the
plane fust beyond the resonant point of the plane. Both facts indicate a non-
linear vibration. Transmissibilities of 14.6, 12.8, and 17.7 at the three
resonant points, respectively, indicated a need for some form of damping.

IR Vibration of Encapsulated Memory Planes

Three square planes were wired with toroid cores and then encapsulated
with Sylgard 182, GE SS-4090, and Conap 1132. The two planes encapsulated
with Sylgard 182 and Conap 1132 were vibrated in the horizontal plane from 16
to 200 cps at 5, 10, 20, and 30 G's rms. This vibration produced no electri-
cal degradation of the cores. The transmissibilities noted on the Syl&ard-
coated plane at 5, 10, and 17G's rms (no reading could be obtained at 30 G) were
1.57, 0.855, and 1.65, respectively, at resonance (30 cps). The transmis-
sibilities of the Conap 1132-coated plane were slightly lower than for the
Sylgard-coated plane. At 5 and 10 G's no resonant point could be detected
vigsually. At 20 and 26 G's a resonant point was observed between 60 and 70
cps; transmissibilities were 1. 07 and 0. 834, respectively.

[}

The Sylgard and Conap-coated planes were then vibrated longifpdinally
at 5, 10, 20, and 30 G's rms from 16 to 2000 cps. No electrical degradation
of the cores was noted, and no vibration ripples occurred in the plane.

The GE 85-4090-coated plane is now undergoing vibration testing. An
array of these planes separated by foam spacers will also be vibration tested.

Because of the excellent response shown by Sylgard 182 in this and the
other tests, this material will be used to encapsulate all computer memory
planes. The Conap 1132 has some desirable properties, such as being re-
movable for core repair and possessing good vibration and ease-of-fabrication
properties, so work will be continued to determine the cure cycle which will
give Conap 1132 minimum weight loss m vacuum but which will not affect the
cores,

3. MATERIALS INVESTIGATIONS

a. Computer Structure

During the reporting period the Materials Laboratory constructed and
welded a model of the hollow-walled, liquid-cooled magnesium-lithium
structure for vibration tests. This unit was pressurized from 5 to 40 psi
and subjected to a 6 G rms sinusoidal vibration between 20 and 2000 cps at
sweep rates of 0.5 octave per minute in each of the three orthogonal axes.
No degradation, structure fracture, or leaks were observed at any point on
the model part. :
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These tests proved that (1) welded magnesium-lithium structures can
meet Saturn V environmental vibrational requirements, and (2) the integrity of
the welded joints will be maintained when the structure is subjected to both
vibration and pressurization,

b. Pages

The Laminar X-500 was evaluated and found suitable for coating epo§y-
and urethane-coated ULD's. A supported, modified epoxy, FM 96, made by the
Bloomingdale Rubber Co., will be used to bond MIB's to the page frames.
FM 96 was tested,with the following results: '

. )

. FM 96 was used as a bond between LA 141 and a fluoride-anodized,
Laminar X-500-coated page frame. The bond to the LA 141 failed.

® The material will be écceptable in vacuum environment.
. Processing modifications are required to prevent FM 96 from
flowing into MIB holes. A possible solution is to seal the MIB

bottom prior to bonding.

c. Transfer Molding

Based on tensile bond strength tests, a phenolic and an epoxy material
were selected for use in transfer molding. Two ULD's containing functional
components were molded by each material. The materials adhered well, and
components were not damaged. All samples passed initial thermal cycling
tests. An additional 10 ULD's with functional components were then molded
by each material. All epoxy ULD's passed the initial electrical tests, but
gsome of the phenolic-coated ULD's failed. Eventually all of these test ULD's
will be soldered to pages, thermally cycled, and electrically tested to assure
that the materials are sound and meet required environmental conditions.

d. Magnesium- Lithium

(1) Corrosion

Frames constructed of bare magnesium-lithium and fluoride-anodized
magnesium-lithium coated with Laminar X-500 have been corrosion-tested
for 330 hours. No significant corrosion has occurred on either specimen.
Test conditions consist of a mixture of 40 percent water and 60 percent meth-
anol circulated through the fabricated sections at 0.5 gallon per minute
at room temperature. Testing will continue for a total of 1000 hours. NASA
has advised IBM that magnesium-lithium would be practical for application
in the computer cooling system if careful attention is given to design details,
such as corrosion protection and the use of dissimilar metals.
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(2) Plating

A solution of 0.3 N sodium hydroxide containing 5 grams per liter of
sodium fluoride was used to clean magnesium-lithium samples. The samples
were then soldered together and sized into specimens for a lap-shear strength
test. Although the tests showed that better adhesion was obtained than in
previous tests, further improvement is required before this process can
be considered satisfactory. This program will be continued unless it is
definitely proven that magnesium-lithium cannot be soldered effectively.

(3) Welding .

The mechanical strength and metallurgical properties resulting from
Heli-arc welding of magnesium alloy sheets was investigated. The following
conclusions were reached:

° The use of helium causes the liquid weld pool to appear cleaner
than when argon is used.

[ e
° The LA 141 welding rod produced better mechanical and
metallurgical properties than did the other welding rods used.

Additional samples of welded magnesium alloy satisfac(orily passed the
vibration test. Other welded structures successfully passed pressure tests.

(4) Fatigue testing

Pieces of LA 141 stock, 0.100-inch thick, were butt-welded by the
Heli-arc process., The weld head was then ground flush with the stock, and
the specimens were stress relieved and straightened. The completed samples
were then subjected to a stress ratio of -1 (reverse bending) for 2000 cycles
per minute at 25 + 5°C. After 107 cycles were completed the average fatigue
strength of the welded specimens was 6500 psi as compared to 10,000 psi
for unwelded LA 141 test samples.

e. MIB's

Micaply 102-11 underwent a two-fold investigation. First, information
was obtained to determine the variables that would affect the MIB laminating
cycle. Second Micaply 10211 was compared with the present laminating
material (Elson prepreg) to determine if Micaply 102-11 is suitable for MIB
usage.
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A study of Micaply flow properties indicated the following:

] The Micaply .must be pressurized between 5 and 8 minutes;g
(depending on board size) at 325°F to control resin flow.

] The rate of pressure application is critical; pressure should be
applied at a slow uniform rate to assure even resin flow and air
removal.

° The finished part should not be removed from the mold until the

piece has been cooled,under pressure,to below 1500F.

° If the use of shims is eliminated from the lamination process,
better resin flow and subsequent air removal are obtained.

Chemical studies of Micaply 102-11 indicate that the resin system com-
prises an Epon 1001-type epoxy and a dicyandiamide curing agent, the system
used in Elson prepregnation., Both laminating materials are acceptable in the
vacuum environment since weight loss is less than 2 percent. However,
these materials failed the 02 sniff test (ammonia odors caused by catalyst ac-
tion were detected).

4. THERMAL ANALYSIS ANb TESTS .

a, Computer Thermal Analysis

Computer logic pages were thermally analyzed to determine the tem-
perature gradient across each page. The clock generator page had a gradient
of 30°F when a magnesium-lithium structure was used. This gradient can be
reduced to 11°F by using aluminum.

The in"verter ULD module whi::h employs Peadless semiconductors had
a 49F gradient. The voter device showed a 5. 10°F gradient. Calculations
- indicate that approximately the same thermal profile can be expected for both
the leadless and wire-lead type pages.

The over-all structure of the ‘preliminary computer design underwent
7090 Computer analysis. This program is being continually updated.

b. Infrared Study and Measurement Program

Preliminary attempts were made to determine the K factors (°C per
watt) of the component chip on the substrate by attaching a thermocouple
(No. 40 AWG wire) to the chip.
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, Miniaturized thermistors,as well as an oil bath technique,were con-
sidered in this effort. But since these three methods were destructive and
extremely inaccurate, they were abandoned in favor of nondestructive
1nfrared techniques. The resolution of the optical system and the infrared
detector in the radiometer have been improved such that the K factor can be
accurately determined by this technique. These measurements will be made
during Octaober.

c. Oven Temperature Profile

Tests show that the oven used to fuse the semiconductor chips onto the
ULD's will not exceed the maximum allowable temperatures of the ULD
components.

d.  Thermal Evaluation of the Page Retainer Clip (IBM No. 6110810)

The page retainer clip provides excessive thermal resistance to heatflow
from the page to the computer wall. Multiple testing with and without
interstitial materials in the interfaces verified that the clip design is un-
desirable. This study is discussed in IBM Report No. 544-045.

An alternate page clip which would give good heat transfer characteristics
is being redesigned, based on satisfactory thermal results from a "wire mesh
over rubber" technique. During testsg this type of clip was soldered to the

page and held the page by using grooves in the computer walh
[ ]

e. Thermal Evaluation of Rifle-Bored Heat Exchanger

Heat transfer coefficients were determined for various coolant flow
rates through the proposed computer heat exchanger. Refer to IBM Report
No. 544-037.

1. Pressure Drop Tests on Proposed Heat Exchanger Models

Comparison tests were run on both a finned coolant passage and drilled
hole-type coolant passage. The pressure drop in the tubular type was less
than 1/8 that of the finned passage. Thjs task is summarized in IBM Report
No. 544-034. '

g. Thermal Evaluation of Finned-Passage Heat Exchanger

Heat transfer coefficients were determined for various coolant flow
rates through the finned-passage heat exchanger. The evaluation is dis-
cussed in IBM Report No. 544-039.

h. Thermal Comparison Study of Finned and Tubular Heat Exchangers

The thermal characteristics of a finned and a tubular heat exchanger
were compared by using test results and calculations. The tubular heat
exchanger has slightly better unit heat rejection per unit préssure drop
Refer to IBM Report No. 544 0417,
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i. Fabrication of Thermal Mock-up

Hardware has been ordered for a computer thermal mock-up, which
will be shipped to NASA, Work will progress as the hardware becomes

available.

j- Over-All Computer Heat

Transfer Analysis

The thermal characteristics of a computer operating in the expected
Saturn V envxronment are discussed in IBM Report.No. 561- 001.

k. Desigh and Fabrication of Liquid Cooling System

A portable closed- loop liqmd cooling system for laboratory thermal
testing of the computer and data adapter unit is being designed. Hardware
is now available for fabrication of the methanol system.

1. Re@rts

More detailed information on these thermal analyses. and tests is avail-

able in the following reports:

IBM Report
_Number

544-001
63-544-14
544-009
544-012
544-025

544-034
544-037

544-038

¢ 544-039

544-047

Title

Weight Status Report
Weight Status Report
Trussg‘rid Thermal Evaluation
Weight Status Report
Weight Status Report

Pressure Drop Tests on Advanced
Saturn Heat Exchangers

Thermal Tests on Rifle-Bored
Heat Exchanger

Weight Status Reports

Thermal Tests on Finned Heat
Exchanger

Comparison of a Finned vs,
Tubular U-Shaped Heat Exchanger
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A

IBM Report

__Number Title
544-048 Weight Status Report
561-001 Analytical Heat Transfer Studies

for Advanced Saturn

5. ELECTROMAGNETIC COMPATIBILITY
To date all r-f shielding efforts have been applied to the Saturn V sys-

tem ground (Figure 2-47). Interface circujts have been studied, and cabling
and wiring layouts and power conversion circuitry were sketched.*

6. THEORETICAL ANALYSIS

a. ULD's

The stresses induced in ULD wrap-around joints were studied. Neither
the Alpha 903 full-solder joint nor the CD mechanical clip functioned reliably
in a theoretical 100°C thermal shock environment. Two mechanical clip con-
figurations, in which relative substrate-to-MIB strain was taken up by clip
bending, functioned well analytically.

-~

b. Structural

A computer program for determining the natural frequency of beams
has been completed. The program, applicable to nonoverhanging beams, can
handle 50 discrete weights and 30 changes in moments of inertia of the beam
along its length. The program handles the four possible cases ranging from
completely built-in to completely simply supported. In addition to natural
frequency, the program also computes static deflection and static stresses.
By transferring the kinetic energy of internal members in the Saturn V units
to the mounting beams, this program will be used to determine the dynamic
stresses of the beams.
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.Saction I

aboratory Test Equipmeant

A. ELECTRICAL DESIGN AND TESTING

t

The Aerospace bomputer Manual Exerciser (ACME) will perform the
following basic functildrns with the Saturn V computer:

. Rapidly loéd, and verify the loading of, the Saturn V com-
puter memory.

] Display the selected computer, internal data and correspond-
ing address information durirdg performance of a demonstra-
tion or diagnostic program, with the computer operating
separately from the remainder of the guidance system.

° Simulate the Saturn V Data Adapter in (1) operator-selected
PIO data inputs to the computer and (2) receiving and dis-
playing PIO data outputs from the computer.

In addition, the ACME will provide the computer all required d-c volt-
ages, properly sequenced and regulated, as well as providing liquid heating
or cooling, as necessary, to maintain the computer in the proper operating
temperature range.

The ACME will use a2 modified Rheem Electronics Photoelectric Paper-
Tape Reader and Spooler which is capable of reading 500 eight-bit characters
(on an eight-track tape) per second. Each group of nine characters on'the
tape constitutes one tape word.

Each tape word will include 26 bits of data to be loaded or verified in a
particular computer memory location and the necessary address and command
information to cause the ACME and computer to do the desired loading or
verification. Thus, the time required to load and separately verify the two
4096-word memory modules of one duplex pair (assuming no errors) will be
less than 3 minutes 45 seconds. If the contents of a previously loaded mem-
ory should require verification, the "VERIFY ONLY" switch on the Tape
Reader Control Panel will cause the load portion of the load/verify tape to be
ignored. If an error is detected, the tape will automatically stop and cause
the erroneous word and its address to be displayed. After manual correction
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and verification via the appropriate switches on the Memory Loader/Data Dis-
play panel, automatic verification would be resumed. Manual loading and
verification are possible at any time so that minor program modifications can
be made quickly. -

When the computer is operated with the ACME, data from internal
computer data channels (e.g., Accumulator, Transfer Register, Product or
Negative Remainder, etc.) may be selected at a particular point in the pro-
gram, as determined by the instruction address or data address, and dis-
played with the corresponding selected address and instruction. As the com-
puter operates, six data channels (which are among those normally displayed
as described above) will be written into delay lines which are 13 instruction-
cycle times long. Therefore, by either operator command or by automatic
detection of an error, the computer is placed in Single-Step Mode, and the
history-storage delay-line information is recirculated. This information may
then be displayed via the "PAST/PRESENT" switch, the "WORD' switch on
the ML/DD panel. With the "PAST/PRESENT" switch returned ta,"PRESENT"
and any detected error having been reset, the computer may then be advanced
by the operator in single-instruction-cycle increments or {ree-running, as
desired. )

When computer covers are off, or for any other reason that internal
signals not normally displayed are made available, the Spare Probes may be
used to display the desired data. The operator, knowing the characteristics
of the signal to be examined, thust set the "CLOCK",'BIT GATE", and
"PHASE'" switches on the Interface Exerciser (IE) panel to the clock, bit gate,
and phase at which he wishes to sample the signal and begin shifting the data
into the Data Display Register. These same three switches also generate a
signal, in conjunction with the selected "PHASE", "BIT GATE'", and "CLOCK",
which is available as a marker or intensifier for oscilloscope use. When data
or an instruction address compares, or the computer is advanced in the
Single-Step Mode, a sync signal is produced for triggering an oscilloscope.

The capability of the computer to communicate with the data adapter
will be tested and used by the IE. When the computer program calls for a
PIO operation, data from the computer accumulator and memory will be re-
ceived by and displayed from two registers in the IE, or received by the com-
puter accumulator from one of the two ACME IE registers, as selected by the
program. Since the operator can preset the IE registers, he can control the
logical choices within the computer during the performance of a suitable pro-
gram, and thus select subroutines. The switches on the ACME IE panel, and
the relays within the ACME, control the power supplied to the TMR computer
voter circuits, and the circuits driving them,to allow the selection of one
channel of the computer or one channel of any computer module by forcing the
other two channel outputs to a logical ""1"" and a logical ''0'". While a channel or
module is being selected, the computer will be stopped by the control signal,
HLT, and until a proper "path' has been selected, the operator will be unable
to start the computer.
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Every effort is being made to make the ACME easy to maintain and re-
pair. A "LAMP TEST" switch on each ACME panel will allow the operator
to check all lamps easily. Error-detection circuits and appropriate indica-
tors in the ACME will alert the operator, should any trouble occur and, in
many cases, give him a good indication as to the cause and location of the
trouble. Furthermore, the use of a self-check tape, internal self-check

+» logic and the ACM_{E/COMPUTER interface cables (disconnected from the
, computer and conﬂeé’ted back to the ACME through special self-check con~-
‘nectors) will accel@rate and facilitate troubleshooting of the ACME or veri-

fication of its abilit%,' to operate properly.
1

Eleven special circuit types will be required for the ACME to perform
its required tasks ;with the Saturn V computer. These circuits have
among their functions the translation of signals from computer logic levels to
those of the ACMEjlogic and vice-versa, the monitoring of computer disa-
greement detectors and the buffered computer clock oscillator (BO), and the
monitoring of thermistors within the computer package to be able to shut down
computer power, ghould external temperatures go too high. Work on all 11
circuits has been upderway for the past 4 months. Electrical design and test-
ing of 10 of these circuits has been completed. Packaging is also well along.

]

The ACME potrer distribution and grounding schematics are 90 percent
complete; comppnent ordering for this portion of ACME is 99 percent com-
plete. With the exception of some self-check logic, the ACME logic design
is completed and ALD preparation is ptoceeding rapidly toward completion.
The ACME schematics are 80 percent complete.

B, MECHANICAL DESIGN AND FABRICATION

The over-all mechanical design of the ACME is 85 percent complete;
assembly is 30 percent complete.

1. CABINET

The three ACME cabinet frames (see Figure 3-1) are of a welded-unit
construction with removable side covers. Interlocks have been used to cut
off power when these covers are removed. The doors which provide access
to the 10 power supplies have been hinged on one side and are also interlocked
as a safety precaution. All frames are mounted on casters, and caster locks
have been provided on the computer test stand to immobilize this unit during
computer handling.
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2, , OPERATOR PANELS

Operator panels (see Figures 3-2, 3-3, 3-4, and 3-5) have been organ-
ized with the functional areas finished in dark grey and a contrasting light
grey for the background; the functional areas have been painted and nomen- .
- clature has been applied. The Memory Loader and Interface Exerciser panels
are hinged on one side for maintenance, and the smaller Power Control and
Temperature Modulation panels are fixed with screw type hold-downs.

3. TAPE CONTROL SYSTEM
A Rheem Photoelectric Paper~Tape Reader and Tape Spooler (see Fig-
ures 3-6 and 3-7) have been integrated to form the tape control system. The

input medium is an eight-channel punched tape. The system'is capable of a
reading speed of 50 inches per second and is bidirectional for forward and ’
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Figurve 3-2. Tape Conlrvol Panel

reverge operations. The reel on the Spooler holds 1300 feet of plastic-base
tape, .1 inch wide and 0. 0026 inch thick. The Reader, Spooler, and Tape
Control panel are slide mounted.

4. PRINTED-CIRCUIT (},‘ARDS :

-

The ""Translate'’ circuiit has been packaged on printed-circuit cards
compatible with the standa?d line designed, built and tested in the General
Products Division of IBM. I This printed-circuit is illustrated in Figures
3-8 and 3-9. \ :

5. LOGIC CHASSIS GATES

The logic chassis which contain the circuit cards and components are
hinged on one side for ease'of accessibility in checkout, maintenance, and

modification activities. There are 11 gates containing approximately 1300

logic cards. A blower js mounted on each chassis for cooling components.
L]

6. DELAY LINE GATE
Three delay lines and associated logic are mounted on a hinged gate.

Delay lines and logic components are air-cooled with blowers mounted on the
bottom of the chassis. :
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7. POWER SEQUENCING RELAY GATES
| ]
Two hinged gates are used to house relays for power sequencing. One
gate contains those relays used for power sequencing within the ACME unit
and the other contains those used for computer power sequencing.

8. MODULE SWITCHING GATE

This gate, typical of the ACME power sequencing, computer power se-
quencing, and delay line gates, contains 37 eight-pole relays. The AC Power
Box within this gate contains transformer, circuit breaker, and power®*con-
tactor relays, and an elapsed-time indicator. As a safety precaution, removal
of the module side cover is necessary to reset the circuit breakers.

9. INTERFACE CONNECTOR PANEL ASSEMBLY

~ Four 55-contact connectors, three 61-contact connectors, and two 21-
contact connectors are provided for computer connections on the interface
panel. In addition, there are four 55-contact connectors, four 61-contact
connectors, and one 16-contact connector used during ACME self-check.
There is only one 16-contact connector which connects the ACME electronics
unit to the computer test stand. Fifty-five test points, and four test jacks
and load resistors, complete this subassembly.

10. COMPUTER TEST STAND

The computer test stand houses the computer temperature modulator
and retains the computer holding fixture. The computer temperature modu-
lator consists primarily of a circulating pump, hot and cold sumps, a heat
exchanger, a condenser, and relay-controlled solenoids.

The cooling system will use distilled water as a cooling agent for the
computer when it is operational. The system shall provide a minimum flow
rate of 12 pounds per minute and has the capacity to cool the computer and
the adapter individually and collectively during tests.

If an overheat condition is reflected by a computer thermister, com-
puter power will be shut off and an overheat indicator light will be illuminated.

Fabrication of the test stand is appreximately 60 percent complete.

Working drawings are approximately 80 percent complete and work is pro-
ceeding on schedule. ’
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Section [V
Reliability

A. INTRODUCTION

The component-part failure rates used to predict the reliability of the
Saturn V computer are based on field and test data collected during various
IBM guidance computer development programs. However, in those cases
where the developmental nature of the components preclude having data
available to draw upon, the estimated failure rates are baged on engineering
judgment,

Saturn V component failure rates are listed in Table 4-1. Rates are
provided for surface or junction temperatures of 100°C, 70°C, and 60°C. In
all cases, these rates assume a benign mechanical environment.

For the hoost phase of the mission, these failure rates will increase
an estimated 50 times. In addition, the conditional possibility of an "open"
during the boost phase is assumed to be 1.0,

During the past 6 months, more versatility has been introduced into the
reliability prediction methods used for Saturn V. The IBM 7090 Computer
Monte Carlo program for predicting reliability has been made more complete
by adding a multiple-phase mission prediction capability, wherein each phase
of a given mission can have different times, component part failure rates,
and component part conditional failure probabilities.

Thus the 7090 Computer Monte Carlo program can analyze the launch
phase as well as the orbital phase of the mission.

The following additional reliability computations are now performed by
computer programs: ' -

(1) Adjustment of component failure rates to account for associ-
ated mounting and interconnecting hardware in the TMR ma-
chine.

(2) Confidence limits for the Monte Carlo reliability determina-
tion.



Table 4-1

Saturn V Component Part Failure Rates

. T of Fallure Rates at Various Temperatures
Component Type El?z:::?cnl 1009C 15°C 80°C
Stress M108 | Kot | Ax108 | Kot | Ax 108 | Kyt
TRANSISTORS \
Leadicss s 10 0.018 0.28 [ 0.014 0.32 {0.012 0.38
Leadless. matched pair s 10 0 048 — 0.042 — 0.036 —
Silicon. planar, in stitched. welded <10 0.016 — 0.013 — 0.011 —
can
Silicon, planar, in stitrhed, welded < 50 0.026 —_ 0.02 — 0.017 —_
can .
Silicon, planar, maiched pair, in < 10 0.048 — 0.039 — 0.033 —_
stitched, welded can
Siticon, planar, matched pair, in < 50 0.078 — |o.08 — ]0.051 -
stilched, welded can
8ilicon, alloy, power < 50 0.2 0.1 0. 186 0.1 0.14 0.1
DIODES
Dual Teadless, half used <10 0.009 0.33 | 0.007 0.42 {0.007 0.46
Dual, leadless, both halves used <10 0.008/half | ©.33 | 0.008/half | 0.42 | 0.006/half | ®. 48
Zener, discrete 5 50 0.1 0.33 {0.08 0.33 |0.08 0.33
Silicon, planar, micro, <10 0.01 — 0. 009 — 0.008 -—
Silicon, power rectifier < 50 0.15 0.1 |o. 12 0.1 jo.1 0.1
RESISTORS )
Cermet {ULD type) $ 3 4,018 0.72 | 0.018 0.72 }0.013 0.72
Metal fitm, preciston < 30 0.03 0.99 | 0.028 0.99 {0.022 0.99
Molded, carbon comp., nonher- < 30 0.005 0.99 | 0.004 0.99 | 0.003 0.99
metically sealed
Variable trimmer < 10 0.18 -—_ 0.18 —_ 0.15 -
Temperalure-sensing, memory —_— 0.001 - 0.001 —_ 0.001 —
.
CAPACITORS *
Glass ™ 77 < 10 0.003 0.99 | 0.002 0.99 10.001 8.9
Ceramic < 30 0.03 0.5 0.02 0.5 0.015 0.5
Tantalum, solid section < 50 0.1 0.1 0.08 0.1 0.08 0.1
CONNECTIONS
Unil or page connector body — 0.003 1.0 | 0.003 1.0 |0.003 1.0
Active connector pins, per pair — 0.007 0.8 0.007 0.8 0.007 0.8
Flow solder : — 0.001 1.0 0.001 1.0 0.001 1.0
Hand solder, memory frame —_ 0.0005 1.0 0.0005 1.0 0.0005 1.0
Solder [illet (ULD) — 0.001 1.0 0.001 1.0 0.001 1.0
Hand solder, memory address wire — 0.0002 1.0 0.0002 1.0 0.0002 1.0
Sense or inhibit wire — 0.00028 1.0 0.00028 1.0 0.00028 1.0
Splice —_ 0.00036 1.0 0.0003R 1.0 0.000368 1.0
Chip to conductor, pattern/ball — 0. 0005 1.0 0. 0005 1.0 0.0005 1.0
CToroidal, T-38 - S 0.0001 — 0.0001 — 0.000t —_
flexible, tape, per leagth - 1.0 0.9 10 0.9 1.0 0.1
Choke, filler, power < 50 0.15 — 0.13 — 0.12 —_
Choke, R.F. —— 0.1 — 0.1 —_ 0.1 —_
Crystal. osgcillatar — 0.5 — 2.5 — 0.5 —
Detay tines, glass — 0.3 —— 0.3 — 0.3 —
P.C. Styip, memory — }.0n01 — 0.0001 —_ 0, 101 —
MIB (1 e side) — 0.553 0,80 1 0.553 0.80 @ 0.553 0.80
MIB (back panel) — 3.6 O0.By | 3.76 0.80 {3.76 0.80
Transformer, signal < 50 0.5 0.99 | 0.45 0.99 ]0.43 0.99
Transformer, putse < 50 1.0 0.99 [ 0.8 099 0.7 Q.99
Wire, memory, per wire — 00001 1.0 0. 0401 1.0 0. U001 1.0
Transformer, pulse - 0,16 - 0,16 -— .16 —
"H clip”, including joint to land - 0.0005 1.0 0.0005 1.0 0.0005 1.0
yattern
\&"r'.\p—nround tand. ULD —_ 0. 0005 1o 0.0005 1.0 0.0005 1.0
ULD conductor pattern — 0. 0801 0.6 0. 0001 0.6 0. 0001 0.6
Substrates J — G001 1o | 0000t 1o 1 voot 1.0
Y, conditiona} probability of failure by the open mode. -J
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(3) Simple}i(r reliabilities for certain logic groups, such as a single
channel of the TMR machine, and the clock generation for each
channel.

(4)  Reliability of the combination of TMR logic and clock genera-
tion, with confidence limits on the resulting system reliability.

{5) Memory reliability calculations including launch-phase factors.

B. COMPUTER RELIABILITY ANALYSIS

The estimated reliability of the Saturn V computer is based on a mission *
length of 250 hours following an 11-minute launch period‘ Operating junction
temperatures are assumed to be no greater than 60°C. Two additional esti-
mates, for missions of 100 and 500 hours, are given to illustrate the non-
linearity of the reliability curve for equipment built using redundancy tech-
niques. The 500-hour estimate is also an estimate for a 250-hour mission
wherein all component-part failure rates doubled; similarly, the 100-hour
number represents a 250-hour mission with all component part failure rates
reduced to 40 percent of the predicted value.

The reliability model and system analysis technique used for these
predictions are essentially the same as those portrayed in the Saturn V Re-
liability Assessment Report (IBM No. 63-394-062). Differences are pri-
marily the result of changes in usage or failure rates. For example, in the
memory, hand soldered joints are now being used instead of flow soldered
joints, and the failure rate for MIB'g has been reduced as the result oi re-
evaluation. (This change is explained in the appendix.) ’

The results of calculations for each block of the reliability model (see
Figure 4 - 1). together with the reasons for any changes that have occurred
since the aforementioned report was published, are contained herein. The
technique of calculation is described in the initial Saturn V assessment re-

port.

Timing TMR Computer

Generator Logic Memory
1 TGA F—1 Channel A

Oscillator Duplex Duplex
0sC i TGB —  Channel B ! ———m—med— -~~~ 40
Pair No., 1 | Peir No. 2

——T1G . 1 Channel C

| C

b

Figure 4-1. Computer Reliability Model
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C.

SUBSYSTEM CALCULATIONS

(1)

()

(a)
(b)

Oscillator (no change)

Simplex failure rate: 0.528 x 10~6
Oscillator reliability
1) 100 hours: 0.999947

2) 260 hours: 0.999868
3) 500 hours: 0.999736

Computer Logic

(a)

(b)

Digital logic reliability is obtained with a Monte Carlo pro-
gram. The basic failure rates are adjusted to account for

hardware utilized; the adjustment is described in Appendix
A. The results of this analysis are given in Table 4-II.

Table 4-11

Computer Logic Reliability

Mission TMR Simplex
Time (hrs) | Reliability | Reliability
100 0.9998 0.9877
250 0.9994 0.9716
500 0.9982 0.9439

Timing generation: TMR logic reliability is somewhat com-
promised by timing. This problem is handled analytically
by making the slightly pessimistic assumption that all timing
for a single channel is serial to that channel, and by substi-
tuting appropriate values in the following equation:

Rc,  =Rpe® RTMrL + 3 RrG?(1-R1e) Rsr? (1)
where

ReL = Reliability of clock genera! 'n and logic.

RTc = Reliability of serial clock generator.

RrmRL = Reliability of TMR logic (from Table IV-2).

= Reliability of one serial channel of the three
TMR channels.

Rgy,
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These results are tabulated in Table 4—fII.
Table 4-11

Clock Generalor and Logic Reliability

L] ‘
Mission R R R R
100 0.99856 0.9998 | 0.98331 | 0.999652
250 0.99641 0.9994 0.95879 0. 998505
500 0.99284 0.9982 | 0.91927 | 0.994806

Differences between this and the previous assessment are due
to more accurate circuit counts, hardware counts, and the

changed MIB failure rate. The counts used to obtain RTG
and Rgy, are tabulated in Appendix- A.

(3) Memory
The minor changes in the memory numbers are due to the use of

hand-soldered rather than flow-soldered joints, and to the change
in MIB failure rate. Table 4-IV tabulates memory reliability.

Table 4-1V

Memory Reliability

. 4000-word 4000-word | 8000-word .
T?gzs(lt?: s) Nonredundant Dual Dual
- Memory Memory Memory
100 . 0.99239 0.99963 0.99927
250 0.98108 0.99888 0.99776
500 0.96252 0.99711 0.99424

D. SYSTEM ANALYSIS

Table 4-V summarizes the redundant system analysis; Table 4-VI gives
a comparative summary of the equivalent simplex system.
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Table 4-V

Redundant Computer Reliability

Subsystem 100 hrs | 250 hrs | 500 hrs
Oscillator 0.999947 | 0.999868 | 0. 999736
Computer, clock and logic | 0.9998 0.998505 { 0.994808
Memory (8000-word, dual | 0.99927 | 0.99776 | 0.99424

redundant) "
Total Computer 0.99902 | 0.99614 |0.98882
Table 4-VI
Nonredundant Computer Reliability

Subsystem 100 hrs | 250 hrs | 500 hrs
Oscillator 0.999947 | 0. 999868 | 0.9997386
Computer, clock 0.99856 | 0.99641 | 0.99284
Computer, logic 0.9877 0.9716 0.9439
Memory (8000-word, non-| 0.98484 | 0.96061 | 0.92645

redundant) '
Total Computer 0.97127 | 0.82988 | 0.88798

Bl 0 J
-

E. ERROR DETECTORS

No redundancy is used in the hardware associated with error detection
in the computer. Failure in these circuits is assumed not to be chargeable
against computer reliability, since the equipment's capability to perform the
mission is unaffected (i. e., the probability that failure in the error detectors
will cause a system failure during a 250-hour mission is 2.27 x 107, and is
therefore considered insignificant). The following table lists the probability
of success of the computer error 'detector circuits as a function of mfssion
time.

Mission Time (hrs)

100 250 500

0.99753 0.99383

0.98766
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F. SPECIAL RELIABILITY STUDIES

Several studies were performed to assist in making design decisions,
and in evaluating the eifect of certain critical elements on computer reliabil -
ity. The numbers presented in this section may not, in some cases, repre-
sent the numbers as presently predicted due to changes in the prediction
since the studies were per[ormed The conclusions drawn are, however,
valid.

1. VOTER INTERFACE BETWEEN LOGIC AND MEMORY

The interface between TMR logic and dual redundant memories presents
a problem with respect to the manner of going from three lines to two. The
simplest technique is to use two conventional voters to vote on the trio of
logic signals, and then use the output of each voter for one of the memories.

Voter failures are reflected either as failures in the TMR logic or as
memory circuit failures. The first class of failures is easily analyzed as a
part of the 7090 Monte Carlo program.

The effect of failures that are reflected as memory circuit failures de-
pends on the effectiveness of the memory parity check and half-select current
monitoring techniques.

If it is assumed that one-half of the expected first failures in the TCV
and terminating resistors are detected by parity checking and half-current
select monitoring, the TMR voter configuration will result in a predicted

-dual memory reliability of from 0.9984 to 0.9983 for a 250-hour mission (58
. signals).

If one-~half of the expected first failures in the TCV termInating resistors
and only one-half of the EI short failures can be detected, the TMR voter con-
figuration will degrade the predicted dual memory reliability from 0.9976 to
0.9965. Both of these analyses consider only one set of dual memories.

These analysesindicate that the proposed interface method is satisfac-
tory from the reliability standpoint if the agsumptions described for the first
case are valid. This interface voting technique is included in the computer
analyses presented in this report. . .

1]

2. TIMING RELIABILITY

The present four- component timing oscillator is predicted to have a
250-hour reliability of 0.999868 at 60°C. The oscillator lowers the computer
reliability from 0.995703 (assuming a perfect oscillator with R = 1.0) to
0.995571. Use of the oscillator is justifiable, then,insofar as it has a neg-
ligible impact on computer reliability.
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To evaluate the merits of voting on the clock signals, three cases are

considered: o .
Casel : No voting on clock signals (the present configura-
tion).
Case I : Voting of the timing generator output (i.e., the

clock driver input).
Case iII: Voting at the clock driver output.

Reliability estimates for a 250-hour mission,assuming a junction temperature
of 60°C, are:

Casel : R = 0.9924
Case Il : R = 0.9926
Case II: R = 0.9930

Case I is impractical to implement due to the high current levels present at
the clock driver outputs. The small reliability advantage of Case II over
Case I indicates that voting at the clock driver input is ineffectual.

3. EFFECT OF FAILURES PRIOR TO LAUNCH

There may be occasions when launch of a Saturn V vehicle would be
considered despite the existence of a failure in the redundant computer ele-
ments. The probability of mission success (reliability) then becomes a func-
tion of the location of the failed part. Four cases are considered:

Case I Faliled part in’ computer TMR logic

Case II Failed part in timing generation equipment o
Case I Failed part in memory

Case IV Faliled part in power supply

The reliability of the computer and data adapter when no failures are present
is 0.9924 for 250 hours at 60°C, as estimated in the initial reliability assess-
ment.

a. Case 1
The impact of a failure in the computer's TMR logic would depend on the

location of the failure. However, an approximation can be obtained by assum-
ing that the computer consists of seven equally reliable modules. In obtaining
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a system reliability of 0.9924, an RTMRL of 0.9989 was employed. This
implies a trio reliability of

(0.9989)1/7 - 0.99984

RTRIO =
and
4
Rmop = 0.9927
where
R = 3R 2. 2R 3
TRIO MOD MOD
and
(Y [
o 1 .
RTMRL = (RTRIO -

If afailure exists in one of the modules,

RTMeL = (RTRIO)® Rmop? = 0.9845
Having this value for RTMRL> RcL is.computed. With the failure present,
the equation becomes

3

RcL = R7® RTMRL +2 R1G% Rsp? (1 - RTG) = 0,9818

This leads to a system reliability of

Rsys = 0.9760
as compared to
Rgys = 0.9924

with no failures present. This approximation portrays only non-voter failures
in that the above equation for RTMRL implies that the component {ailure dis-
ables only one module. A voter failure may well fail more than one module,
but this situation would be recognized through failure indications by more than
one disagreement detector. The approximation given, then, depicts the ap-
proximate probability of success given a failure indication from one disagree-
ment detector.

}
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b. Case II i

If a fallure is present in one of thL three timing generation circuits, the
reliability of the computer logic and tiniing generation is

RcL = Rng RSL2 = 0.9048
Substituting this value of RCL, into the system equation yields

Rgygs = 0.8995 v
which again is compared to a "no-failure-present' reliabiliiy of 0.9924.
c. CaseIll |

An 8000-word memory consists of two 4000-word, 28-bit memory sys-

tems, both of which must work for mission success. Each 4000-word system,
in turn, contains two 4000-word memories arranged in a dual redundant con-
figuration. Since the majority of possible memory failures would disable one
of the memories in one of the 4000-word systems, mission success would

then require operation of one duplex 4000-word system and one simplex 4000-
word memory.

RMEM = R4K duplex ¥ R4K nonredundant = 0.9777
Inserting this into the system equation gfves

Rgys . = 0.9728 ’ .
again as compared to 0. 9924 with no failures present. |
d. Case IV

If a failure is present in a power supply, success would require oper-
ation of five duplex supplies and one nonredundant supply. This leads to

Rpg 0.99912
and

0.9915

Rgys

y K

Thus, the extreme possibilities are Case 11, in which the system reli-
ability is reduced to 0. 8995, and Case IV, where a reliability of 0.9915 is
estimated.
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4. DISAGREEMENT DETECTOR RELIABILITY

Each of the 169 disagreement detectors (DD) is predicted to have a
failure rate of 0. 14 x 10-0 faflures/hour. This results in a predicted reli-
ability of 0.99996493 for 250 hours, as compared to an average module re-
liability of 0.9927. The disagreement detector inverters (DDI's) are not in-
cluded in the above numbers. The failure rate and reliability of each of the
13 DDI's are predicted to be 0. 075 x 10~6 failures/hour and 0.999981, re-
spectively.

The effects of failures in DD's and DDI's can be put into the following
classes: :

(a) No module failure exists, but a failure is indicated by one
or more disagreement outputs.

(b) Module failures exist, but no failure is indicated.

(c)  Module failures are caused by failures in DD's or DDI's.

(d) System failure is caused by failures in DD's or DDI's.
The probability of occurence of the four classes of events listed above are
shown below for a 250-hour orbital mission. As a first approximation, it is

reasonable to agsume that the results are equally applicable to a 10-day
period of operation prior to launch. - '

¢

Class . Probability of Occurrence
1 |  0.000475

2% : 0.000712

3+ : 0.001186

4 0.002276 x 10-8

* This number includes the conditional probability that one or more module
failures exist. If one were to define class (b) events as '"One or more DD's
and/or DDI's are incapable of detecting a module failure, " the probability
of a failure being present is approximately 0. 127.

**This number does not include those combinations of module failures which
cause system failure. These are presented in the class (d) number.

In general, the above analyses indicate that there is no significant re-
liability problem associated with the use of disagreement detectdrs.
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5. STATISTICAL CONFIDENCE INTERVALS FOR MONTE CARLO
PROGRAM RESULTS

As previously described, the Monte Carlo prediction program uses a
random process to determine a point estimate of a random variable defined
as: )

number of successful trials

RTMR =

total number of trials

It is recognized that RTMR is a statistical estimate of RTMR, the true but
unknown probability of success. The question is to determine how good an
estimate.

RTMR is random variable (i.e., a number whose value depends on the
outcome of an experiment) with mean value RppMR and variance

Rrymr (1-Rmp)

N
where N is the number of Monte Carlo games played. If N is large enough to
satisfy the inequality .
[}
N-NRpmr2 3 \/NRTMR (1-Rp7MmR) (1)

then ﬁTMR can be assumed to have apprbximately a normal,‘ or Gaussian,
distribution about its mean, RTMR. A standard normal random variable is
created from RTMR by the transformation .

RTMR - RTMR

\/RTMR (1-RTMR)
N

Given a confidence level 7, one enters a table of "areas under the standard

normal distribution' and finds Ky , which is the number of standard devia-

tions both sides of the mean needed to include 7 of the area under the curve.
Then, the probability is 7 that

R -R
k< MR RTMR
/RTMR(l'RTMR)

N
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Solving this equation for RTMR gives:

- — — 9]

N & K2 - ./ FTMR (1-RTMR) (K\ <R
———5 |RTMR * - + SRTMR <
N+(Ky)2 | © R™%n 7 N an/ M

N[ Ky? /RrMr(1-Rrmp) (X ¥

. —— |Frmr + Ky . (2)
N+(Ky)2 | N | N an/ |

To determine the confidence interval for an N-game Monte Carlo simu-
lation, N, RyMR, and Ky are inserted into Equation (2). The upper limit for
RTMR from Equation (2) is inserted into Equation (1). If the inequality is
satisfied, RTMR has a probability of ¥ of being in the interval given by Equa-
tion (2). A typical simulation yielded RTMR = 0.9986 with N = 10,000 games.
With a confidence level or probability of 0.9 (¥), solution of Equation (2).
yields

0.9979 < RTMmR < 0.9991

Inserting of 0.9991 into Equation (1) satisfies the inequality
9 <3 +0.9991 x 9
Therefore, the:probability that 0.9979 < RTpyR < 0.9991 is 0.9.

G. COMPONENT APPLICATION REVIEW

?

b

Component reliability specialists rpview design and performance
gpecifications as they are published and‘released by the design areas. This
review is used to cross-check the part gtress levels against the manufac-
turer's (or others) data and to ensure that all parts have been appraised by
reliability engineering.

Prior to the release of any compén’ent part for use in the simplex
breadboard, a preliminary review is accomplished through the Component
Part Appraisal Request (CPAR). To date, 63 CPAR's,representing 28 com-
ponent family types, have been revie\a\ied by component reliability.

H. RELIABILITY EVALUATION T‘I'$STING

1. MIB EVALUATION TESTING

Twenty-two MIB boards were received in July 1983, for exploratory
evaluation; exploratory testing began on 1 August 1963. *Three preliminary



measurements were completed: Continuity, Insulation Resistance, and Di-

electric Strength. All boards passed continuity tests. During the insulation
reaistance test, approximately 20 percent of the readings were below the re-
quired 1000 megohms. Four out of ten test oards failed dielectric strength

tests.

Analysis revealed the dielectric brea.kdown was caused by voids, poor-
quality materials or processes, irregularity of the plated hole walls, and a
combination of poor workmanship and quality controls.

Corrective action for each of the problems is as follows:

Voids in the insulation should be eliminated by a new process
procedure.

Proper holes have been and are being drilled on similar type
contracts. Stringent controls are presently being exercised,
and process is being monitored during the drilling operation.

The air bubble~type void in the copper-clad epoxy glass
laminate was detected by a dielectric strength test after.
fabrication of the boards. A dielectric strength test between
the two copper sides will be performed during receiving in-
spection to detect such voids.

Additional MIB boards have been placéd on order for re-evaluation.

2. COMMERCIAL MODULES

Exploratory' evaluation of 11. commercial modules in the following en-
vironments is continuing:

This module type consists:of three resistors, four diodes, and one transistor.

Humidity

High and low storage temperature
Temperature shock

Vacuum (10'6 mm of Hg)

Power switching

-y

“w’tr
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Humidity, high and low storage temperature, and temperature shock tests
have been cothpleted. There was no significant degradation due to temperature
shock. Under moisture resistance test, a general increase in leakage current
was noted, and one diode exhibited a 30 percent decrease in breakdown voltage.
Changes in all other semiconductors were negligible. Maximum resistor de-.
gradation was less than 1.5 percent. No device exceeded end-of-life module
requirements. '

Vacuum and power sw‘itching tests are continuing on schedule.
3. INTEGRATED CIRCUITS (Texas Instruments '"Flat-Pack'')

Samples of the "flat-pack' were evaluated in a helium environment -and
subjected to a '"'zyglo' test to determine the mechanical integrity of the pack-
age. Results were inconclusive because of the insignificant amount of leak-
age. Basically, the package is sound, but there is the possibility of cracking
the glass seal around the leads during handling. Additional samples’ will be
evaluated to determine whether special handling procedures are necessary to
maintain a "‘good" seal.

4. URD - TEMPERATURE MATRIX TEST

This test has continued for 2016 hours. Resulfs after 1680 hours are
as follows:

Paste Type 125°C
Overcoat Max. Drift % at 1680 Hours

DuPont SYlcyd 3.1 3.1 3.0 2.8
7800 paste | Glass 6.5 6.2 3.9 4.4
500 ohms Diallyl 2.5 4.5 3.8 -9
per square | Pthalate

Epoxy 4.0 4.0 2.0 |. 5.6
DuPont Sylcyd 1.0 1.0 1.0 1.0
8000 paste | Glass 1.8 2.4 2.5 ]11.8
500 ohms Diallyl 5.2 2.0 3.1 3.5
per square Pthalate -

Epoxy 1.9 1.9 3.1 3.2
Each sample contains 4 resistors, R1 through R4.

4-16



‘All drjfts are positive; most samples started with a very high rate of
drift which then gradually decreased. This is true except for glass over 7800
paste; the drift rate for these resistors remains high.

As a preliminary indication of long-term drift, some of the resistor
values have been projected to 10,000 hours at the apparent drift rate of the
last two test intervals (a total period of 28 days). These rates were chosen
since, as mentioned, all drift rates appear to be stabilized. Results of this
computation are:

10, 000-hour predicted drift at 125°C = 1680-hour drift plus observed
drift rate x 8400 hours:

Sylcyd 7800: 2.7 to 3.7 percent
Glass 7800¢ 13 percent

Sylcyd  8000: 0.5 to 1.5 percent
Glass  8000: 5.1 percent

To this must be added the resistance change due to temperature coefficient

of resistance for the anticipated operating temperature, which would vary
from 0 to 4 percent. The drift rates, while initially positive, have decreased,
and the last two readings indicate that they may be becoming negative.

The behavior of the resistors to date suggests the possibility of using a
“temperature soak'' after trimming to remove the effect of the initial positive
drift. The resistors would, of course, have to be trimmed slightly low to
compensate for this drift and bring the resistors within initial tolerance.
However, if the rate of change becomes more negative such a procedure would
be less desirable.

Stability of test and measuring equipment in this test is confirmed by
the stability of the Sylcyd-over-8000-paste samples., One additional phenomgnon
has been brought to light by an unscheduled interruption of power. Some re-
sistors exhibited a change in resistance when subjected to temperature cycling.
This suggests the need for a test to evaluate effects of temperature cycling
and/or temperature shock.

These tests use temperature only as a stress; the effects of power on’
drift rate await the results of power tests now being initiated. A much more
thorough analysis of test data and TCR will be performed in the next work
period.
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5. MEMORY EVALUATION

A temperature evaluation test (0-709C) was conducted on 100 IBM T-38
toroidal memory cores. This test has been instrumental in establishing
memory circuit design goals (address and inhibit drivers, sense amplifiers)
and dynamic circuit characteristics. A complete report on this test is being
prepared,

The electrical effects of mechanical deformation and stress on T-38
core switching performance were investigated. The results of this series of
tests are being used in selecting an adequate memory plane encapsulation
system and in analyzing the strésses that occur during array operation.

Room temperature evaluation and acceptance testing of 14 unencapsu-
lated 64 x 128 modified-frame planes has been performed to determine mar-
ginal or faulty locations.

Temperature and vibration testing has been completed on 10 experi-
mental planes to evaluate encapsulation materials. A 14-plane breadboard
array has been temperature-tested while electrically ertergized.

Progress on these and other component evaluations are reported in the
Saturn V computer monthly progress reports.

6. COMPONENT EVALUATION

Effort during this period primarily consisted of consultation service to
the design areas in the selection and application of parts. Device capabilities
and limitations were provided, and liaison was maintainedwith vendors to en-
sure part availability. Information was provided to Quality, Reliability, and
Test Equipment Engineering so adequate part inspection and handling pro-
cedures could be established. ’

Major areas of activity were as follows:

(a) Semiconductor chips -- IBM Components Division semiconduc-
tor chips will be used exclusively. Requirements for a dual
diode and five transistors have been negotiated with the Com-
ponents Division and the specifications were formally released.

(b) Discrete transistors — Any discrete transistors to be used in
the computer will be of Texas Instruments' ""flat-pack' con-
struction. Preliminary investigation revealed that the mech-
anical integrity of the package is sound, but some concern has
arisen as to whether special handling procedures are neces-
sary during equipment fabrication to maintain a "'good" seal at
the leads. Parts have been ordered for evaluation; the evalu-
ation will be completed in November.
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(c) Substrates — The effects of surface finish on pattern adhesion
and resistor stability were determined. Investigation re-
vealed that a surface finish in the range of 15 to 60 micro-
inches has no significant effect, Screened resistors and
patterns showed no degradation after temperature shock,
thermal soak, and rated load testing.

(d) Capacitors — Corning Glass CYFR capacitors will be used for
application involving close tolerances and stability. A
"stripped" style ceramic capacitor has been recommended for
those applications involving moderate stability and tolerances.
For decoupling, the Sprague ceramic monolithic, in conjunc-
tion with a tantalum type, was recommended.

(e) Page-to-Base Connector — Due to the critical application of
this connector, parallel development programs were insti-
tuted with Cannon and the Burndy Company. Acceptable pro-
posals were received and negotiated with each vendor.

. Samples were received and are being evaluated. No insur-
mountable problems are foreseen.

(f) Cores — Characterization testing of the IBM T-38 core under
temperature and vibration was conducted with satisfactory
results. Testing was also conducted on cores encapsulated
with various materials. Best results were obtained from the
Sylgard 183 and Conap 1132 polyester.

Requirements for 95 percent of the component parts have been defined,
negotiated with the sources of supply, and drawings prepared. Definition of
the remaining parts is dependent on part characterization testing and appli-
cation review, which are under way and will be completed early in the next
reporting period. '
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Section V

Quality Assurancs
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Section V

Quality Assurance

A. QUALITY ASSURANCE DRAWING AND SPECIFICATION REVIEW

A procedure for quality assurance review of engineering drawings and
specifications was prepared. This procedure will assure thorough and uni-
form coverage during the engineering documentation review phase of the qual-
ity program. ’

Engineering drawings, specifications, orders,and changes prepared
during this period were reviewed for items to be used in the Saturn V program.
Some types of items included in the review were: conduetor and resistor e
pastes; substrates; microminiature transistors and diodes (chips); connectors;
tape cables; plates; brackets; miscellaneous hardware, resistors; capacitors;
cores; plane frames; plane assemblies; ULD's; MIB's; and pages. This re-
view was performed to assure that these documents contain adequate require-
ments for determining and controlling the quality of parts purchased or pro-
duced for this program. Comments, corrections, and recommendations for
improvement were forwarded to the respective responsible engineering de-
partments for action. Results of reviews are also being used for inspection
and test planning and the generation of inspection and test procedures.

B. CONTROL OF CONTRACTOR-PROCURED MATERIAL

1. SELECTION OF PROCUREMENT SOURCES

A quality assurance program for the control and selection of procure-
ment sources has been initiated. This program has resulted in many meetings
to discuss procurement requirements, as well as several liaison trips being
made to vendors for close coordination purposes. Liaison trips were made to
ensure the quality of items such as the microminiature semiconductor devices
(chips), connectors, tape cables, substrates, etc. The records necessary for
establishing and maintaining a quality history for each supplier are being con- .
tinually. prepared and maintained. Samples of various items designated for
use in the Saturn V program have been obtained from alternate sources and
are being evaluated by quality, reliability, and development engineering.

In addition, potential vendors are being surveyed to determine their capabil-
ity for producing a quality product in accordance with all requirements.
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2. PROCUREMENT DOCUMENTATION

All purchase orders and procurement specifications are being reviewed
by quality engineering to determine that the applicable quality assurance re-
quirements are included and fully defined.

The procurement specification and engineering drawing for toroid fer-
rite cores (T-38) were reviewed. Corrections, changes, and improvements
were suggested and are currently being incorporated. The purchase order
for T-38 cores was also reviewed. Pertinent quality assurance require-
ments were added to this document.

Several meetings and initial negotiations were held with the supplier of
chips. Quality assurance philosophies concerning electrical testing, high-
temperature storage, lot definition and packaging, visual criteria, bond
strength, solderability, and life testing were discussed and defined. Further’
evaluations must be made of high-temperature storage and life testing re-
quirements. Detail requirements will be developed and included in a procure-
ment specification.

Assistance was given in the formulation of quality assurance require-
ments for conductor, resistor and substrate materials. These requirements
have been included in engineering specifications and material control accept-
ance procedures.

3.  RECEIVING INSPECTION

a. Procedures

The generation of receiving inspection procedures (detail inspection
procedures and general inspection procedures) is continuing. A major effort
in this area has been directed toward the generation of procedures for the
receiving inspection of microminiature semiconductor chips, substrates, re-
sistor pastes, and conductor pastes. Procedures for the receiving inspection
of other raw materials are also being generated.

Detail inspection procedures are being written on parts and components
as the applicable drawing and purchase orders are reviewed by quality en-
gineering.
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b.  Equipment .

The methods and equipment required for the receiving inspection of sub-
strates have been investigated. The necessary additional equipment required
(comparator charts and holding fixtures) were designed and made available in
June 1963. A finalized inspection procedure was also released at this timeé.

A roto-viscometer has been purchased for use in the receiving inspection of
resistor and conductor pastes: The viscosity of these materials has been
found to be a critical factor in the screening of substrates to fabricate ULD's,

Analysis is being continued on the development of other required re-
ceiving inspection methods and equipment. As these methods and equipment
are developed, they will be made available to receiving inspection for use.

c. Drawings and Specifications

A continuing effort is being exerted in this area to ensure that all draw-
ings and specifications are adequate, to the proper level, and available for
receiving inspection purposes.

d. Chemical Analysis and Physical Tests of Purchased Items and
Raw Materials

All raw materials purchased for the Saturn V computer are subjected
to a chemical analysis upon receipt in accordance with the applicable en-
gineering specifications and material control acceptance procedures.

Physical testing is being performed on items received as required by
the applicable general or detail inspection procedure.

e. Failure and Deficiency Feedback

Inspection was begun on initial receipts of substrates, conductor and
resistor pastes, connectors, plates, discrete electrical components, copper
clad epoxy sheets, encapsulating materials, solders, and fluxes, for use in
the first breadboard computer. Items are being inspected as they are re-
ceived. Any defects are immediately reported to the supplier via the '"Re-
jected Purchase Report." This report relates the items received from the
vendor, items inspected, items rejected, a breakdown of the defects by num-
ber and type, and a request for immediate corrective action. In addition,
under the Supplier Rating System, eaeh supplier receives a '"Monthly Con-
formance Report' which indicates his conformance rating in regard to quality
and delivery. This points out the deficiencies that exist in the quality of his
. product. Suppliers whose products consistently fail to meet quality standards
are recommended for suspension from the suppliers’ list.

i
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f. Records

Adequate records of all receiving inspection results are continually be-
ing prepared, analyzed, and maintained.

C. CONTROL OF CONTRACTOR-BUILT ARTICLES

1. INSPECTION AND TEST PLANNING

The URD, ULD, MIB, page, memory plane, memory array, and mem-
ory unit manufacturing processes were defined emphasizing the quality as-
pects. The proposed inspection and test points for the above items were se-
lected. The fabrication levels at which major quality criteria for product
"acceptance'' will apply have been established (e.g., ULD, MIB, page, etc.).
The necessary in-process and f{inal inspections and tests were incorporated
in the manufacturing process procedures and manufacturing orders (routings)
to aid in controlling the process. Process flow charts of control plans for the
ULD and MIB process were prepared to detail the fabrication and inspection
operations and the type of inspection and test operations to be performed.,
After each of the major fabrication operations, a complete inspection will be
performed. As more confidence in the process is assured through improved
controls, sampling inspection of certain operations may be instituted.

Investigations and studies were conducted jointly by quality and relia-
bility personnel to formulate in-process and final testing plans for chips,
URD's, MIB's, pages, memory cores, planes, arrays, and memory units.
Testing philosophies have been established and agreed upon, with the excep-
tion of burn-in of semiconductors. This requirement is being further evalu-
ated. Many of the detailed testing requirements were evaluated. Some re-
main to he evaluated in the next period.

2. CONFORMANCE CRITERIA

Inspection and test procedures, defining the: (1) characteristics; (2)
accept-reject criteria; (3) tests; (4) test conditions; (5) measurement method;
(6) frequency; (7) equipment; (8) degree; and (9) duration and number of tests,
were prepared for the various levels of ULD, MIB, and memory plane in-
spections. Where applicable, the written criteria is supplemented by visual
aids representing acceptable and unacceptable workmanship, and made
available for use by line manufacturing and inspectlon personnel.

3. INSPECTION AND TEST PERFORMA?*ICE

In-process inspection, quality surveﬁlance, ard investigations on the
ULD, MIB and memory plane manufacturing lines are continuing to collect

F
l

l
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the information and experience necessary for quality assurance to control the
various processges. Quality control resistor drift analysis sheets and a plan
were designed and are being used in ULD fabrication. These sheets are de-
signed to detect drifts and the magnitude of drifts in resistor electrical par-
ameters that have been created by the production process at various selected
levels. Failure analysis reports on ULD's are heing reviewed to determine
the failure mode and mechanism. These reviews are matched against inspec-
tion procedures to assure that inspection criteria, methods, and techniques
are adequate. Initially, these inspections and analyses revealed a high reject
and fallout rate. Intensive investigations by quality engineering resulted in
recommendations for modifications and changes in tooling, process proced-
ures, Engineering documentation, and inspection procedures. Also, opera-
tors have received additional instructions on several operations so that they
may perform more effectively. Consequently the defect rate has been re- .
duced considerably on many operations. Evaluation is continuing to reduce
this rate even more drastically.

4. PROCESS CONTROLS

In addition to the process flow charts previously discussed, manufac-
turing orders (routings) and manufacturing process procedures are utilized
as aids in controlling the manufacturing process. Routings assure callout of
proper sequence of manufacturing and inspection operations, departments
responsible for operations, proper processing procedures, tooling, materials,
conditions of manufacture and engineering change level.

Routings and process procedures are reviewed by quality assurance as
they are prepared for completeness and adequacy prior to their implementa-
tion in the manufacturing line. Quality assurance procedures are generated
and implemented, as required, to supplement other controls over various
processes; such as, soldering and tinning, encapsulation, plating and solution
.control. A URD resistor experiment is being performed to determine the ef-
fectiveness of the following: (1) present process controls; (2) resistor par-
ameter drift during the manufacturing process; and (3) the effects of resistor
and conductor paste viscosities. The various processes were monitored by
quality assurance during this period,

5. QUALIFICATION OF PROCESS OPERATIONS

A quality assurance procedure for the qualification of the ULD and MIB -
process system(which includes operators, inspectors, tools and procedures
at each operation) was prepared. This procedure, to be implemented during
the next period, will ensure that a quality product is produced. It is planned
to extend the use of this procedure to other processes.



D. INSPECTION, MEASURING, AND TEST EQUIPMENT

1. STANDARD TEST EQUIPMENT

This equipment is periodically checked and calibrated in accordance
with the standard plant operating procedure. This equipment is initially-
checked upon receipt for accuracy and adequacy for performing the required
inspection operations. ‘

2. SPECIAL TEST EQUIPMENT
a. Calibration

Two ULD testers are now on location in the test area. One ULD tester
has been fully checked out and is presently being usad to evaluate test tapes.
The second tester has been partially checked out.

b, Evaluation
A preliminary inspection and test philosophy has been established for.

test equipment (LTE and FTE). The plan provides visual, mechanical,and
electrical criteria at all the proposed levels of inspection. These include

receiving inspection, process inspection, evaluation, calibration-certification, -

acceptance, and shipping. Detailed criteria are being developedfor each of
these areas,

t

Quality assurance assistance was provided in evaluating and program-
ming the first Saturn V ULD tester. Test specifications were reviewed and
inputs were provided on manufacturing improvements which should be im-
plemented to improve tester operations. The review of the design and per-
formance specification for the ULD test set has been completed. Twenty-six
ULD test tapes have been functionally checked and the errors have been cor-
rected. Errors were reported to test equipment engineering for corrective
action.

The design review of the special circuits tester has been completed.

The design audit on the Circuit Page Tester was initiated and is con-
tinuing,

The design audit of the ACME test equipment has begun.

c. Written Procedures

All released test specifications are continually being reviewed and
errors are being corrected.
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All URD test operations have been reviewed and evalu’ated

The review of the ULD test specmcatxons is continuing as these speci-
fications are released.

The resistor trimmer test procedure was received, reviewed, and
evaluated.

d. Recor_d_§

Records are being maintained which indicate the date of the last cali-
bration and the due date of next required calibration for all test, inspection,
and measuring equipment.

The results of inspections and evaluations of all inspection, measuring,
and test equipment are being documented for the purposes of analysis and
review.

E. HANDLING AND STORAGE

Quality assurance monitoring of inspection results and defect rates has
indicated many rejects due to inadequate handling techniques and storage fa-
cilities for this technology. The problem areas were studied, and improved
handling techniques were developed. New handling and storage facilities
have been and are being procured to eliminate the problem areas.

All procurement specifications, to he released, are being reviewed to
determine if adequate handling and storage provisions have been included.
Handling and storage operations will continue to be analyzed to ensure that
they will result in no detrimental effect onthe quality of the product.

F. TRAINING AND CERTIFICATION OF PERSONNEL

A thorough investxgatibh of the requirements | idr a personnel training
and certification program was conducted. A genen\al procedure has been
prepared for the program, which includes requiréments such as: responsi-
bilities; training; testing; identification, certlhcafxon maintenance of status;
recertification; and auditing. A detailed investigation was made to deter-
mine which fabrication and inspection operations are of a dgpecialized nature,
having a significant effect upon the quality of follgw-on computers, and would
require certification. The operations requiring iraining and certification
‘consist of the major fabrication and inspection operations.

A
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G. DATA REPORTING AND CORRECTIVE ACTION

1. QUALITY DATA

Records are maintained of inspections and tests performed throughout
the entire development, receiving inspection, fabrication and assembly
. process. The records provide evidence that the required inspections and
tests have been performed. These tests include: (1) part, component, or
assembly identification; (2) inspection or test involved; (3) number of conforming
articles; (4) number rejected; (5) nature of defects; and (6) basic causes for re-
jection. These records cover both conforming and defective articles. ¢

A new name and defect code listing has been generated for characteris-
tics peculiar to ULD production. The new codes are utilized with the present
quality control data retrieval system and will provide a standardized method
of reporting factual and timely information on actual and potential problem
areas.

Weekly quality control summary reports were generated. These reports
indicate total inspectied, total accepted, total rejected, percent defective, de-
fects by operation and type, major problems, causes and corrective action.

2. CORRECTIVE ACTION

As deficiencies or failures are detected, they are investigated and anal-
yzed to determine the cause. Responsible design, reliability, quality control,
manufacturing, or supplier organizations are immediately notified that cor-
rective and preventive action is required. This action is taken and documented.
Any rework operations are documented and closely controlled. A subsequent
review is made to determine the adequacy of corrective action taken, and each
deficiency is noted in reports until the corrective action has adequately re-
solved the problem. '

H, INSPECTION TECHNIQUES

A study was made to determine the applicability of using either a profi-
corder or a light section microscope to measure screened conductor and re-
sistor thickness. As a result, a proficorder was chosen for this inspection
operation. A study was made to determine the applicability of the optical
comparator with the high-intensity light reflectance attachment to Saturn V
inspection technology. This item of equipmenl was found to be extremely
desirable for use in the visual inspection of ULD's and MIB's at various levels.
A study was also made to determine a fast, accurate and effective method of
inspecting the Laminar X-500 coating sprayed on screened ULD resistors.
ultraviolet light, with microscope spot adapter, was chosen for this inspec-

tion operation.
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Section VI

*" Maintainability

Accomplishments from April through September 1963 are as follows:

(1) Observed the facilities layout and operational capabilities of the
NASA laboratories. Discuss the LTE requirements, testing re-
quirements {or NASA laboratories, prototype computer and data
adapter, and associated topics with IBM Huntsville and NASA
personnel.

(2) Generated a reference designation standard for the computer.
This standard provides a simplified method for establishing
component reference designation of this unit.

(3) Originated and submitted to the LTE design ayea, a design for a
ULD page test-point adapter for inclusion as a tool required with
the LTE. This tool will enable the LTE operator to gain access
to the ULD page test points without removing the page from the
unit,

(4) Conducted a study to determine the need for handling devices,
necessary for general handling aclivity, and to aid in installing
the data adapter and computer into the IU compartment of the
Saturn V vehicle. A preliminary handling device requirement at
various locations (depot, MSFC, and MILA) was originated and
submitted to various IBM design groups and discussed with NASA
personnel at IBM, The data adapter, computer and LTE design
efforts are being coordinated to ensure the compatibility of these
handling device designs. Further coordination with NASA per-
sonnel is contemplated for compatibility of IU installation of the
computer and data adapter.

(5) Originated and released the maintainability requirements specifi-
cation for the computer and data adapter to IBM Space Guidance
Center, Huntsville, and NASA/MSFC personnel. These specifica-
tions establish the maintainability design requirements, compatible
with the over-all maintenance concept, and define other associated
maintainability program features.
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(6)

Continued to assist the computer, data adapter, and LTE design
groups to ensure the incorporation of maintainability features
which are consistent with the maintainability nequirements
established in the maintainability requirements specifications.

Those activities which are still in process are as follows:

(1)

(2)

4

A study of the launch-pad check-out requireménts for the Advanced
Guidance and Control System is in process. The results of this .
study will be discussed with IBM Engineering and NASA personnel
to formalize the launch-pad check-out requirements and to estab-
lish the necessary procedures to fulfill these requirements.

The Saturn V maintenance plan, which presents a consolidated
program for the computer, data adapter and LTE, has been
revised and updated to conform to the design changes and will be
continually updated as the program progresses.
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Sactiori VIl
Factory Tools and;’Test Equipment

A, GENERAL/

The over-all Saturn V manufacturing engineering program is pro-
ceeding on schedule. In summary, the most significant accomplishments
during this reporting period were:

) Tooling up and est:;blishing a ULD {abrication line.

® Establishing an integrated photographic tool generation
facility for MIB's.

° Setting up the IBM Components Division as a source for
all prototype and production ULD's.

1. SPECIAL CIRCUITS TESTER DEVELOPMENT

A quantity of special pages, memory panels, and miscellaneous’cir-
cuit assemblies which require special considerations in the testing operation,
need a special program board-environmental chamber combination. The en-
vironmental chamber is an oven containing interchangeable fixtures to allow
the various assembly configurations to be tested. The special testing con-
siderations of short lead lengths, fast rise times, etc., necessitated a special
fixture and program panel with a rack of commercially available equipment.
All equipment was consolized to facilitate this testing operation. This test
set will be used in the engincering laboratory to test page assemblies for the
breadboard computer.

2. RESISTOR TRIMMING SIMPLIFIED PROGRAM SYSTEM

IBM found it necessary to develop a programming system to be used
with the Manual Resistor Trimmer to simplify the writing of input data. The
trimmer program consists of the following: (1) the Coding Form, (2) the
Compiler Program, and (3) the Paper Tape Producing Program. A 1401
Data Processing System is needed to process these tapes.

-J
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The Coding Form was designed to facilitate writing the Compiler Pro-
gram input data. The objectives of the Compiler Program are (1) to elimi-
nate manual calculations necessary to produce the input data for the trimmer,
and (2) to supply the engineer a printed repord of the test being made. The
Paper Tape Producing Program reads the magnetic tapg output produced by
the Compiler Program into the IBM 1401 Core Storage. This program con-
verts the data into the proper format for an ifput to the trimmer and then di-
rects the IBM 1012 Tape Punchtoproduce a paper tape. This paper tape is
the primary output of the Resistor Trimmer rogramming System and is used
as an input to the trimmer.

3. PALLET ' )

- i

The development of the fixture needed to test ULD's on the Semi-

Automatic Circuit Test Set created a need for a holding device for the ULD
while under test and for ease of handling. The pallet is made of fibrite ma-
terial and can withstand the temperatures required for the ULD Environ-
mental Test. The pallet was designed in two pieces, with a top and bottom °
form identical except for the holding ears. This pallet can also'be utilized
while the resistors on the substrate are being trimmed. IBM plans to use
this device during thd follow-on prototype program.

4, MANUFACTURING ENGINEERING

Manufacturing engineering has established liaison and print review of
all component and assembly drawings, prior totheir release from development
engineering, to ensure good manufacturability and design at minimum cost.

This includes pre-analysis of the designs for proper materials, dimen-
sional conformity of detail hardware to assure good subassembly and assem-~
bly aspects, and proper specification application.

Where necessary, routings have been established on all fabrication
levels to assure proper engineering control during the complete manufacturing
cycle,

Hard tools for machining, assembly, and inspection purposes have been
designed, fabricated, and incorporated in all areas as dictated by the manufac-
turing engineering analysis of released parts. To minimize possible damage
to miniature components (mechanical and electrical), special handling devices
and storage units were developed and placed into use.

Capital equipment justifications, facility flow analysis and prelimi-
nary layouts were developed.
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B. SIMPLEXULD's . o

1
&

1. MODIFICATION OF TWO GEMINI SEMI-AUTOMATIC CIRCUIT
TEST SETS (SACTS) FOR ULD TESTING

Two Gemini SACTS were comlerted and retrofltted from the Gemini
Program to allow testing of ULD's At 25°C, 0°C, and 100°C. Fixture con-
tacts were designed and developed Lor making connection with the module
substrate. The Gemini Programmer Comparator 1620 Compiler Program
was revised for use on the Saturn V. The generation of program tapes and
plugboards required to test 39 ULP types is approximately 50 percent com-
plete. Calibration of both. SACTS #s complete and the machines are opera-
tional. (See Figures 7-1 and 7—2.‘)‘\

2. MANUAL RESISTOR TRIMMER (Figure 7-3)

The Manual Resistor Trimmer prototype was revised for the Bread-
board Program use in the form of electronic changes dnd a completely new
trimming fixture. The trimmer operates from a punched tape input and
template guide. A purge system was inserted in the nozzle of this fixture

_ to clean out any buildup of abrasive. The trimming operation and subsequent
manufacturing operation was evaluated as to the effects on the final resistor
values. Operators trained in the use of this trimmer are now proficient in
producing quality parts. The evaluation of the trimming operation is a con-
tinuing effort and shall remain so until all module types have been evaluated.
Seven of the 39 types have thus far been evaluated.

3. ULD FABRICATION

A single-purpose semiclean area. combining manufacturing, assembly
and testing of ULD's has been established and placed into operation, This
consisted of providing the work area itself, as well as all the necessary
mechanical and electrical tools and equipment required for the ULD fabrica-
tion process.

4, ULD MANUFACTURING

ULD manufacturing process procedures have been developed and re-
leased for the following: (1) substrate cleaning of edge, top, and bottom; (2)
conductor pattern screening; (3) resistor screening; (4) firing of patterns;
(5) dip soldering of edge, top, and bottom; (6) leadless chip mounting; and
(7) encapsulation.



-
P

.oy R
R
~.:vv0-“

[y ivoweniv-

Semi-Aulomalic Cirenil Tesl Sel

i

7-5



’ ' Figuve 7-2. Semi-Automalic Circuit Test Set
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a. Process Procedures

Process procedures are being upgraded as a result of production line
experience, new knowledge of processing effects apd materials, and changes
in engineering specifications. Manufacturing personnel have been trained and
are qualified to perform the various tasks required.to produce the ULD's for
the Saturn V computer. !

Development of processes for screening condpctor and resistor patterns
required extensive analysis and testing of screen wﬁre size and mesh for vari-
ous viscosities. Separate optimums in screen and !paste viscosity were de-
veloped for conductors and resistors. Squeege angle, pressure, sharpness,
and rate were investigated to determine optimum tool design and process
control. :

b.  Cofiring of Conductors and Resistors '

Cofiring of conductors and resistors was tho&'qughly investigated with the
intent of reducing processing variables, number of operations, and costs.
Conductor adhesion was insufficient for reliability ,requirements at the lower
temperature necessitated by resistor-paste temperature tolerance.

.4

Processes for screening and firing were released on 5 September 1963.
Tighter controls on screening development will result as additional experience
and knowledge in production is accumulated. Firing charts and logs have
been developed to reduce the time required to determine the firing tempera-
ture for various module designs.

The viscosity of screening pastes has been checked daily to reduce ex-
cess we porosity and conductor fissures.

Since firing of leadless devices caused the conductor pattern to dissolve
into the solder, the processes and tools were revised. Adequate masking
tools for this high temperature were extremely difficuit to develope.
Conventional resistor overcoats degraded at this temperature; therefore, it
became necessary to delay the resistor overcoat application until after the
dip solder conductor application. A screened glass frit masking operation
was developed to augment the tool masking. The solder application process
was released on 10 September 1963. -

Chip mounting procedures, involving reflowing in the BTU conveyor
furnace, were released on 17 September 1963. Funding limitations required
the development of a similar process for a static muffle furnace, which of-
fers an offsetting advantage of reduced cover gas consumption.
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¢.  BSoldering Techniques

A surface-solder application was developed on the flow solder machine,
followed by a dip-solder application to edge and bottom patterns. To take
advantage of the added reliability of leadless devices in place of flying lead
devices, these processes had to be scrapped in favor of dip soldering due to
the excess temperatures required in flow soldering 10/80 solder,

d.  Encapsuldnts b

Considerable effort has gone igto investigation of various encapsulants
and mold tool designs which will not pause excessive exotherm, volds, vacuum
evaporation, chip device destruction; and which have reasonable thermal ex-
pansion matching and bonding characteristics to the ceramic substrate. An
RTV-60 process procedure was reledsed on 2 August 1963, Further develop-

-ment 18 being carried out to reduce fallout resulting from this operation,

e, Marking Equipment

Marking equipment has been piocured and tested. The fixtures will be
modified for finalization of this procass.

C. MEMORY ;\

The single-aperture toroids-have required effort in assisting with both
temporary and in-house mold design, as well as with matyrix plate and covers
to accommodate the existing OAO-Gemini frame, Support in drilling experi-
ments for the frame ear holes was provided. Curing fixtures were tested
and modlﬂcatio‘na recommended for additional tooling.

D. MIB's

The MIB manufacturing engineering project has been established to sup-
port the fabrication of MIB's for the following:

Process requirements

Glass tools (from artwork)

Process tools

Process development

Tool engineering and design support

Facilities have been provided to generate artwork and provide photo
processing. Layer and MIB fabrication employ a photo-resist technique.’
This method reducks the cost of tooling required when compared to silk
screening, as well as reducing the manufacturing cycle, A new exposure-
printer has been set up and is operational for this process.
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The amount of product work accomplished is as follows:

. Artwork and Photographic Processing

- 1:1 Film Detail drawings to Engineering for release
Completed 26 MIB'S — 32 MIB's in process

. Pattern Application

Layers 760 in stock (including 724 for special test,
. reliability analysis, and test equipment)
MIB's - 2 in process;'f_;'. -
) Production Tools ;P
1
Total - 36 tools ; :
: !
Completed 10 — working and functional
On schedule 23 — in desxén or build
Behind schedule 3 |

E. STRUCTURE ‘

: . )

Manufacturing engineering conducted an'investigation to determine the

best means of building the liquid-cooled structure as an assist to development
engineering. The two methods under considerhtion are: (1) Machining the
housing from a solid billet and gun drilling thes cooling lines, and (2) pre-
forming stainless steel tubing to the cooling flow required and casting this as
an integral part of the housing.

F. PAGES !

To further assist development engineering, manufacturing engineering
designed, built and evaluated a page extraction tool for system use. The
extractor provides a mechanical means of removing a single page of elec-
tronics by containing the page at its extremities and applying equal pressure,
thereby eliminating any damage to the connector end of the page.

Due to the lack of parts, effort has been limited on the ULD-to-page
attachment. Areas of investigation include infrared and hot reducing gas
solder reflow. Experimental tooling is being developed for low-temperature
edge solder dip application, following chip device reflow firing. This pre-
sents an extremely difficult masking problem,.
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Experimental tooling is also being developed for solder preforms, as
an alternate backup to adding solder by dipping. This technique will be in-
vestigated as tooling and preforms become available.

G. ULD PROTOTYPE PROGRAM

L GENERAL

IBM's program is a complete component program to engineer and man-
ufacture miniature circuit modules for use on the Saturn V prototype and
production programs. The present program calls for shipment of 61,000
ULD's. The shipment is scheduled to begin in January 1964 and end in July
1964.

2. CIRCUITS/SPECIFICATIONS
The IBM Components Division has signed off on six different semicon-

ductor chip specifications submitted by the IBM Space Guidance Center for
populating ULD modules. The six types are: "

IBM P/N Description

6000043 Medium-Speed, Logic transistor

6000044 Medium-Speed, High-Hreakdown Transistor
6000045 Matched-Pair, Low-Speed Transistors
6000046 Low-Speed, High—Bregfkdown Transistors
6000047 Medium-Speed, Dual Piodes

6000048 Medium-Speed, High-Breakdown Transistors

The IBM Space Guidance Center has submitted 12 ULD electrical
specifications to the Components Division for review and concurrence.
Thirty-nine specifications will be submitted by 4 October 1964,

Work has started to obtain and maintain data and curves correlating the
259C in-house limits to the 0 and 100°C specification points.

3. DEVELOPMENT

a. Edge Clip Developmant

Preliminary tools are completed for the fabrication of two types of end
around clips:

° An "H" clip — rigid connection to MIB - single thickness
elevation of substrate-difficult to trim waste,.

° An "S'" clip — flexible connection to MIB - double thickness
elevation of substrate - easy to trim waste.
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Substrates with ""H'' clips have been pull tested at the IBM Space Guid-
ance Center. The land patterns on these substrates were fired at 760°C,
The pulls ranged from 33 to 52 pounds. ULD's with no end arounds, and land
patterns fired at 960°C are reported to range from 47 to 49 pounds. The
following two facts are important.

. When the ""h" clip substrates failed, the land pattern pulled
away from the substrate.

® Data from the IBM Space Guidance Center shows that pull
strength improves about 1.7 times when lands are fired at
960°C rather than 760°C.

New samples were received for testing at higher firing temperatures.
In addition, vibration tests for these samples are being set up. Completed
modules are on hand for added reliability testing as required.

This project should be complete by 1 November 1963.

b. Encapsulation

Potential problems in transfer molding over RTV or other silicones
are space limitations, thermal shock, and decomposition of the transfer mold
material on the 1509C 500-hour burn-in or the vacuum bake at 100°C.

A definite problem with single coats of silicones would be chlorinated
solvent resistance, since silicones are inherently weak in this respect. Since
the IBM Space Guidance Center specification states that chlorinated resist-
ance i8 not required, the Components Division speciﬁczﬂtion pertaining to
chlorinated resistance should not apply. Single coats of polyurethanes are
unlikely to be acceptable for thermal stability or T-H r?sistance.

\

The following preliminary tests are scheduled to ?)egin in October:
Transfer mold over RTV. A
Transfer mold over silicone

Single coat of silicone

Hermetic seal (December) .

RTYV over slurry e
Polyurethanes
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Appendix
Failure Rate Change Justification
Some of the failure rates used in the initial Saturn V reliability assess-
ment have since been revised. This appendix describes those changes.

A. MIB's AND BACK PANELS

Estimated average failure rates for MIB's and back panels have been
. changed to reflect the latest design information. Figure A-1 and Tables
A-1 and A-2 show how the current rates were computed.

Surface Pattern

<«—— Connection, surface to plated hole conductor

<+——— Conductor, plated hole

«—— Connection, internal land to plated hole
conductor

N

Conductor in plane other than surface

Conductor, plated hole

Connector, plated hole to conductor

Figure A-1. Tvpical MIB Connection Configuration

e e £
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Table A-1

MIB Failure Rate Determination
(28 ULD's /MIB)

Failure Rate Total
Number | (paitures/106 hrs)| ¥s* | Failure Rate
Surface Pattern 300 0. 00001 0.50 0. 003
(for ULD)
Surface Pattern to 280 0.0006 0 0. 168
Hole Connection
Conductor Pattern 300 0. 00001 0 0. 003
(in hole)
Hole to Internal 349 0. 001 1o 0.349
Pattern Connection
Conductor Pattern 300 0. 0001 0.13 0.030
(in conductor
layer) Total 0.553
*Kg = Conditional probability of short-mode tailure
NOTES: 0.13 x 0.03 + 0.5 x 0.003 0, 0054
Total xg = = = 00 0098
0.553 0. 553

Probability of short = 0,01
Probability of open = 0, 99




Table A-2

Back Panel Failure Rale Deleymination

Number Failure Rate Kg* Total
Surface Pattern to 2200 0. 0006 0 1,32
Hole Connection
Hole to Internal 2200 10,001 0 2.20
Pattern Connection |
Conductor Pattern 2200 0.0001 0.13 0.22 ]
' (in conductor ‘
layer) 7
' Conductor Pattern | 2200 0.00001 | 0 0, 022
(in hole)
Total 3,762
| *Kg = Conditional probability of short-mode failure

0.13 x 0,22 0. 0286
Total Kg = = = 0,0076 °
3.762 3.762

B. MONTE CARLO FAILURE RATE ADJUSTMENTS

The following tables list the hardware utilized in the Saturn V com-
puter, and the end result of the reapportionment technique. A description of
the actual technique may be found in the initial reliability assessment report
(IBM No. 63-394-062).



Table A-3

Hardware Listing

Number 6 6 6
Item ) Ax108 | K, [ nhgx10° [ nAg x10° { nAx 10
Back panel 5 | 3.762 0.8} 15.048 3.762 18,810
Flexible 120 | 1.0 0.9 .108.0 12.0 120.0
cable |
Pages 54 1. 106 0.8 : 47.78 11.95 59,73
Connectors, 64 0. 003 1.0 0,192 | ----- 0. 192
bodies
Connectors, 6272 0. 007 0.8 35.12 | 8.1781 43,901
pins .
| Substrates 2472 0. 0245 1.0| ~60.56 | ----- 60,56
Totals 266.70 36, 493 303, 193

Component lead count, per system = 57, 258

AN, =

n

Als

Ao

L

xs .

: 8
= 0.00466 x 10

0. 00064 x 10~ 8

(adjustment factor to be added to

probability of open for each
component lead)

(adjustment factor to be added to

probability of short between
component terminals)




Table A-4

Reapportionment i‘able

: Factor to be Added to Each | Total Adjustment
Ite No. of Component Fdilure Rate Factor
m M
Leads ?
Ao x108 1 xg x108 A\ x 108
| Transistor 3 0.013974 0.001912 0.015886
Resistor 2 0. 009315 0.001275 0. 010600
Diode 2 0. 009315 0. 001275 0.010600
]
Table A-5

Adjusted Failu¥e Rates and Conditional Probability of Open

Item x x 106 Ko
Transistor 0.027886 0. 6646
Resistor 0.02359 0.7917
Diode 0.01659 0.7279




Table A-6

Single Channel Timing Genevator Failure Rates

Item ' No. A x108 | nxx106
Transistor | 224 0. 012‘; 2.688
Resistor | 289 0.019 3.757
Diode 90 0.006; | 0.54
Pages 2-2/3 | 1.104 2.9493
Substrates | 106 0.0246 | 2.6076
Conns. 2-2/3 | o0.689 | 1.8371

Total x 105=14,36946
,
" Rpg = ¢-14.36946 T x 1078

Table A-7

Single Channel, TMR Logic Substrate Failure Rale

Item No. A x108 | nxx108

Clip 12 0.0005 | 0.0060
Ball joint 10 0.0005 | 0.0050
Solder fillet 12 0. 001 0.0120
Single side land 15 0.0001 | 0.0015
Substrate base 1 0, 0001 0.0001
Total A x 105 = 0, 0246




Table A-8

Stngle Channel, Logic Component Count

/ Ttem No. A x 108 |nxx108
7
 Page 18 1. 106 19. 89
Flexible cable 20 1.0 40.0
Connector 22 0.689 15. 158
Back pnn’ér??‘h 1-2/3 3,762 6. 283
Substrate 824 0.0248 | 20,27
Delay line.- 2 0.3 0.6
Transistor 680 0.012 8.16
Resistor 4240 0.006 | 25.44
Diode 2503 0.013 | 32,530
Total 168,34
‘. Rgy, =0 -168.34 T x 1076
'A-8
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