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Introduction

The objective of Marginal Inspection is to detect any circuit which has
an appreciable probability of causing computer failure in normal oper-~
ation before the next Marginal Inspection is performed. Marginal
Inspection may be defined as a systematic variance of circuit param-
eters, such as voltage and/or frequency, to the point where circuits
that contain components that are beyond end of life specifications, fail
to operate satisfactory. The value of the variance, or excursion,
which causes a circuit to malfunction is called the circuit margin,
Marginal Inspection does not reduce the number of failures observed
in a system, ounly groups these failures into a narrow discreet region
of time, which is under control of the engineer maintaining the machine
or system,

Conclusions

Marginal Inspection of current switching mode transistor circuits will
be an entirely practical method of increasing the reliability of computing
systems using these components, Reliability being defined as the proba-
bility of error-free operation for a specified period of time. Delay
failure will be a common occurrence while Marginal Inspecting and
rapid means of detecting this type of failure will have to be provided.

Part 1 Analysis of single blocks of current switching mode

~ transistor logic under Marginal Inspection
Throughout this discussion, the higher collector return voltage will be
considered the Marginal Inspection voltage, The values of these volt-
ages being: Plus thirty and Minus thirty-six for "exclusive or' circuits,
Minus twelve on "P'" lines, and Plus six on '"N" lines, Emitter source
and base reference voltages will have to be independent of collector
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return voltages so that we can vary one and only one voltage at a time,.
The voltage excursion necessary to produce switching failure on a
variety of circuit configurations is shown on figures one through eight.
The circuit configuration which shows switching failure with the least
voltage variation is our prime concern as this circuit effectively sets
the theoretical maximum margin of any system of which it is a part.
Further study of the figures, one through eight, will indicate that the -
minimum percentage change to produce switching failure will be as
follows:

Plus thirty, plus or minus 10%
Minus thirty-six, plus or minus 10%
Minus twelve, plus or minus 25%
Plus six, plus or minus 50%

Current mode transistor blocks will show some delay at normal
voltage, with the larger values of delay being exhibited by heavily
loaded blocks. The worst case delay value will probably fall in the
range of twenty to thirty millimicroseconds on a block with full load,
all components at end of purchase specifications, and one component

at end of life. Results of Marginal Inspection voltage, applied to three
logic blocks in series, is plotted in terms of delay on figures nine, ten,
and eleven, Each figure is an individual plot of delay for the partxcular
transistor block as noted:

. [ ‘ -
F16. 9 Fl¢. /70 Fr6 4/
BLock L Block 2. BLoCK 3

The curves on each figure represent the following conditions:

Curve 1, --~Normal block, one load
Curve 2, ---Marginal block, one load
Curve 3, ---Normal block, three loads
Curve 4, ---Marginal block, three loads

The termination of each curve is the point, in terms of Marginal
Inspection voltage, where switching failure occurred. The effects of
Marginal blocks was simulated by a change in emitter source voltage
of twelve percent on plus six supplies and nine percent on minus




1
N ‘
o . ¢
I3 LINE TeRmMINATOR  To L OGICAL BLocK . £/5
T T T IR EEEER Tl Ty R R EE R R : 1
i : BERERNEREN RN NN T T RSRE SRS RS t : . ‘
f T . : ; ‘ : ‘
1 i ‘ 1 " — j 7 * f ; T
T H i H |
é i : s T
1% ¥ i : » T ; M i
. ’ y 7 T ; I I
4 > : T :
< { : H
4 T T f
2 TR 5 i
> T
2 T
P T =
. } 11' H Z
-rl - *
= 'ia" T K
g 7
4 !
4 T
LS = i
3 { T
D
>
| 7
] .
i~
i
t 7 T AT AAY. 6& ) N Do ) 0 A I s i
5
+
—
//
1 ]
N ot L !
=+ ¥
- /7 !
// i
- ]
et 1 T il
- | : i
- | i H
k--‘-,c':s e T
et
- _l-g .
- i
poet
/%
oot ]
//
ot
{1
.
i ] I ! & i ‘
I [ ] l 1] [ ! R [ ! I EEEERER R 1] }—%]/%ig 1 T

3 X: » = 3 7 =i 5 =z
-5l f5-2 -3 -3 4 ~35.5 -5.¢ -7 5% —5.9 -4 4.1




a \ — o
Ho¢K COLLECTOR™ LINE DR\VER 7 ASCODE GATE £/6.
AT
LA4 A%
*I& ~
>
€= Z
by ]
<
1 &
ZRanaLT
ISPES
<\
4
STEL T FATLUR HAY OCSCUR T 1< 2l AJ 1T
[
’/'
] P
]
L
LT
& = -
—
_
= +
Pl
/.
L
ES
= : | L
= -7 -6 =5 ¢ -3 =2 =7 o



V3

—
’

-$.3

_'4.

-S55

-5

4

-5.8

-89

1= ' n - _
—EXCLUSIVE OR To MITTER FOLLOWER 16 3
E : e Ei |l IR T T
: ; e ! i [
i ‘ !
h 26
LER k N AD : .
? i I
4 ‘ ;
4’ H
}d - I’k
pd '
)
AT =20 Lk
TS o
= Z
7
£
oTEl Darjen [|NeS! Fbrfo Ton Ok [ FHILY 3 }
4
=
—
1
.:TI P
1
A
>
%
o= B
B '28’ J
P
Py
30
melA
—~6 ) -4 -3 -z -1 o} +7 77 3



O

O

"EXCLUusivE aR"

e

.
&7

v

s
2 i

A

= i

i al®

bl

LR % i

iR

———
3

-~

[y
REN
=
ks 1~

F/é{‘,_ﬁ-

MY

-6.0

7.

-39

-3.8

//

3

-57

.

LR

-Se

Fa

RS LI0RJ

S
-§.5

LA

A

PRe Seal

—J‘ﬁ'

A

[NA

7o

D

4

.

M)

avf]

=
i

-
£74




O

_LOGICAL Block To [LoGichAL GLOocK _

FI6.5

-

“3.8

-5.€

-S.7

— .
r T RBERES j
! I ! [N FO B
] ; ! ; b
: : ; : .
: T * ' — A
i : 1 3 A RS
: + et ; - : . ot it
i i A : I IRY ; : e : :
! : MOV I#6) : . ; : I3
. - 2,4 . . ; : — = -
: : : t t : — ~24-
| ; | ! " ;
> ‘ E o S —
4 H T j i ; { T R Ea
SN rd £ S /2 : 1 . S IR
; [ 4 r H R i : i I : S : ;
: — ? R ! 7 : ! HES T
— — — ] ; % R R
p=RiE, VAP i s : N i N
-~ s nidg o : 3 j j ™ 59 1
- R ] = !
b =L 40 S 7= ;
Z e T :
b ! :
LS ; i i
3 T ] :
L i I
H ] : i 3 iy i
; ! T b ot ol .
; ! ! “ 24! B L
. _ : i ! P b i
I3 H H :
: ; ‘ : P
! : : T i/, H T
; ’ ] Pl RN
: [ ! : e RN
i 1 1 T H I H
: Pt H L i iy : H
VOTE IMESIOA LEURE 2AIDICATED Ry DoTie s : T = :
H i PiA s L e 1
p T i :
: 3 : s
Z o ! . ;
: ; : T ] !
i i —— jngy a H ; H H
i ! T Lo By 77 P ! ! ! kil
: -~ Pt ! T T T T '
P H } i T Ty i ;
H A i H i : R
7 T ; :
T P B T T ;
; L ! i T
: . - 0
R i ol ] ; |
H H i ~ -] :
T P " . T
P L, 1 i i :
I | H : ;
i t Y ! T—— +
Fy . B H - il :
HE P i : | i ; i
N ol s f T T 1 T
. — — ; : i !
— — — + : : ' : : = —
— - — — -
a - -4 - =3 ' , o 2
-



O O @

_Hook COLLECTOR" LINE DR\WeR To LOGICAL [(LOCIT .

-

: T TRV ELY T - i
] l IR A IR SR I T
B e oY T 5 o i
' RREE B Q - S S ot NS SR R N S
= ,"ﬁ“<" 1 : — I I AREEERE Y SRR 7
-z = , : ; ; i
.l.z 4.!385 1:0 o. , ;_f“ _22 -// ‘ *—‘

v =g

o+

CPJGTEIIRELI0A) oF FAILURE JAIDIEATED (B NOTjel LidES i

1
i

1o

y
1
Lo ]

K
i
R




O O

_BLOCK . To__ComPLEMENTED FmiTTeR FOLLOWER

-..
TAVAA A

+

|

Wl
1

: i ; i - B I
RN i : - e
Ltai=t o= m( : :
| N i H 4 TR ! L HERI B T
P T T H T T ; :
+ : L = : it Rk e
T ! y 2N : P : . L T
t S T — e A L e ek o T
S : v b o B +
» I L B i) i ] 7 ; — - : e
<G - [l i 0 ; Pl Do P
P 4 ! P ! i T BN
T T T i ! Tl H T i T !
T : i : R N ]
1 i H T H IR i
i i i il H IR H [ i
. ! Ll _—
3 { H P i [ ¢ i H
: ; 4 i . + + + Tt *
! : i ] R R L
i : T T T T —
; L : . : : ; Lo
i H i : : ; ; T I
! = IRERN N4 — «,
: RNy <N ;
| D4l i T
| | ! i /
i i P BIN
! ! i : i
el \
+

3 T : : 1
I A ’ ' A
! ] et Il : i
i 7 i L :
: i i !
; pd i i i
: i i

N\

| A4 A g | L
\é <t <M =l0 =9 ~g =7 -4& -5 - -3 -2 =l 0wl 2 =

. 2 / 3 L
g =49 -0 =8 =52 =53 =S4 8§ 6 ~87 ~0Z ~$F =60 = -(4 (.3 -eid




O

LOGich L

O

o8 ComPrLEmMeMNTED EmMITTENR FOLLOWER £16 s
v Ll ; i P IR RKE IR EEA T 1 T 1 P; T
NIV I CLo SR GCarFTROLLE vile BeSTTTT RN RRERD ANERN
T - i N EEEEEERSENE N / R EERD4
| BiiaR ¢ ISHS Teobz] : il ’
; ; ! : ;
i : ~
- -+ = ,
o, H ' | T R4 { 1
! (TF39) ! ! S 35 s
s
NENDK Ak ¥« % Z .
L GRAE i 7 . T i
L1 i 4 ] [
4B i 7 1 T
Pt T 1 T / o ! H !
= LM )
Vi H
N i Y. [
= 1334 b/ ¥ T
o M 4 R
p / T
RS
] B! I I
; — 3 ;
i iy y, IR
- 1" T
/ :
4 z
i P
/ T
L 7
. —
7 iy i
P4 ;
7
=
LA : i
Vd Ii T
/ ! | !
A f ]
R - 1{ pd M 7 ™
LNk WA= 4 2P AR 6 fo ANLUVERS 4 hada 2’ T
/ T T
T
/] .y
A :
y B
pd T
4/ T
BRIV IAY T ! ™ 1
-~ & H
/ T
z ; }
y T T
pa
4 T
o

Vs

i A Ay M2 T3 SE rS56 1) R 157+

./

+6.2  +.3 6.3



::_J.
= , . -
g TRANSISTOR Rlock L. F15 5
S i i NERREE] T
-~ i i : : |
-~ - { {2l Y [\ 4 "
~ E ROy =G 12 :
] ! - ’
u el o f 7 REUE] /i
< | H i 7
- L ABNE AR P i)
= 5= Tt U ¥ = T4 74
-~ 2 i AL > 2 g P y
§ del L P~ UL fd = M /
: b
|, le ~22 4 4
- 2
A
7 4
7 7
14 =20 A"'
»;
N2
43;/
Vil 7
HL=1E 5 —+—> 2
Vi y /
/ Rl
7 i
//
/ /
+1 = 14 i / ,
£l vd
; 7
I /
/ Vi A
i
7 7
7/
‘[ ~
X ] A 17
+¥ -1 ; 7 A1
.'3 / -
/i
‘ /
7
/1 :
o
+4-Il . o - -
: o 3 70 I 20 25 3¢ 35 49 43
DELARY 1IN miLL!rmicrrse condds




N LS
] B
A N T
- : \ i -
N 2
NEE I _
_ i
N Jh \
Q
; <
\
B Fin)
4
1 2
. 3 ER 2
- - 44 i
L -+
I N N o]
N &
N N
N
- N
N
- I\
N
\q 19
oF o~
Y ] L]
-.fh.
W
I Pt w)
4 i
& 3 Aot &
Q e TV ]
[N ™ 1 By
v = Y
~ Pt
- B 4
S <
&N RERLOEN ™ N
NSRS :
T i
WA p)
FYRE
IR P R
14 uy tyf [Ny M
v \
N R) 9
&) o
R SN, g
SHaaguaEEd =
NN ™ —\V
i by 2 Y D I LA)
-
4 ! A e §
0 ; ‘ ©
F9V.L70A 3 & 4 T T D
wvoirL27ds vl o =% ~ o © )
+ + i + + *

TV IOYWIN

DELAY 17/ BIILLIAICR 6 SECORDS




[78 .Z]

ANSISTOR _BLoCc K 3.

vz

o)
] T T YT T -
/ MY
N |
)
- I
1
{
\ \
\ |
{
\
\ \
\ \
\ 1
1}
Y
\
\
- &1/
\
\
- \
N \
\
N
741/
. /
M\
N AN
X
_/'
. Mo
(v Mr— N //
I
R X P
et d N N ¥4 ]
NNE & Ny
" [T ! K 3
1 At a b ANy 9 ™~
el 1] Y \ =] ~
y, Wiy T+ =
o EEHRHS F
SHESREREE:
L] 1 + {
1 1 ...,ll_H;
e M,
JTOULTOA N 2 3 x o
/el BSgew! . © . .
Tty w T Py X - +

DS
32
Q
4
A}
(V
N
v
<)
2
Q
v
2y
Ay
20
o
P
)
=
_.L
%w
<
R
~
b
]
Iy
Q

/5

/0

&



@

-3

Maintenance Development Memo #12 December 10, 1957

twelve supplies, We can see that normal blocks with one load exhibited
small changes in delay as Marginal Inspection voltage was increased
and blocks with three loads showed large increases in delay under the
same conditions, It is to be noted that all these tests were performed
with five percent components in the blocks. The switch to one percent
components should not significantly effect the conclusions drawn here,
with the exception that changes in value that were called limit of pur-
chase specifications, now will be end of life. When investigating delay,
we observed that loading had a definite effect on the operation of a block
both at normal and under Marginal Inspection, We also observed that a
change in I, as was simulated by a change in Vg, had a definite effect
on the operation of a block. Figure twelve is a plot of Marginal Inspec-
tion voltage against percent change in I,. The only conclusion that can
be drawn from this plot, is large changes in I will be required to
significantly change the switching failure point.

While investigating the behavior of single blocks of transistor logic
under Marginal Inspection, no attempt was made to analyze frequency
response, It was felt that a nominal variation of input frequency would
have little affect on the operation of a single block and would only exert
an influence on complete systems of logic, which will be treated in more
detail under the systems portion of this discussion.
Part II Analysis of effects of Marginal Inspection on complete
systems of logic. '

Part I of this discussion dealt with the most obvious effects of Marginal
Inspection on single blocks of transistor logic. We know that circuits in
a computer are not isolated, they exist in combinations with other circuits
to form large complex systems. In the absence of a large scale ten
megapulse computer to try Marginal Inspection on, we must use a hypo-
thetical system and extrapolate our results from single block analysis
into system analysis.

Following the general form of the '""Basic' computer of Project 7000,

our hypothetical machine will be synchronous, use fixed delays, and
operate at ten megapulses, The computing system under consideration
consists of five logical stages operating in a serial fashion. Each logical
stage consisting of no more than ten levels of transistor logic. We will
handle eight bits of information in parallel and latch this information at
the end of each logical stage., The information is passed from the latch
circuit of one logical stage into the next stage by clock pulses having a
repetition rate of two hundred millimicroseconds. For this discussion
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we will agsume enough error detection circuitry is included so we can
detect any single error that occurs in data transfer,

The Marginal Inspection voltages for this system will be the higher
collector return voltage, plus thirty, minus thirty-six for "exclusive
or' blocks, minus twelve on ""P'" lines and plus six on "N'' lines, One
and only one voltage will be varied at any one time. In the design of
this hypothetical system, we will assume twenty millimicroseconds
as the worst case delay for any transistor block.

Taking any logic chain of ten blocks and assuming all ten are at worst
case delay, we can see by referring to figures 9, 10, and 11l that any
increase in Marginal Inspection voltage will increase the delay through
the chain to the point where failure occurs due to lack of coincidence

“with the clock pulse, While this is a serious problem, all is not lost,

since all ten blocks at worst case delay at normal voltage means all
ten blocks are at, or near, end of life, The more practical case will
be for nine of the ten blocks to show nominal delay while the tenth is
at worst case, Under these conditions, a much larger change in
Marginal Inspection voltage is required to produce failure. The
failure observed at this time may be a delay failure, but is much
more likely to be a switching failure. To show why the above state«
ment is true, we must look at a logic chain in more detail. Con-
sidering our chain of ten blocks and assuming we have designed for
coincidence, at the output, with worst case delay through each block,
we will be expecting two hundred millimicroseconds delay at normal
voltage, But, we have already said that we were assuming only one
block at worst case, therefore our delay at normal voltage is some~
what less than two hundred millimicroseconds actually being closer to
one hundred millimicroseconds. Now as the Marginal Inspection voltage
is increased the delay through each block increases, with the increase
per block depending on loading and the condition of the block., Looking
at figure 9, curves 1 and 2, we see that before worst case delay is
reached on any block the marginal block has failed to switch, What we
have actually done is let the safety factor in delay of the nine nominal
blocks absorb the excess delay introduced by the tenth block., A general
statement which encompasses this principal is as follows:

As the number of stages increases per logic chain, using the same
criteria of design for worst case delay, the less susceptible to failure
the string becomes due to excessive delay in a single block., When a
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large string of logic blocks is Marginal Inspected we are really testing
the summation of delays in the string and any variations in delay of a
single block will be obscured. Therefore, while Marginal Inspecting a
system, marginal blocks within long strings of logic will tend to show
switching failure, while marginal blocks in short strings of logic will
tend to show delay failure,

It is well to reiterate at this time, that we have been discussing a

hypothetical synchronous type system. A true asynchronous type system
would never show a delay failure. The only evidence of excessive delay
being an increase in program run time as measured with a stopwatch, or
analogue timers on the circuits themselves.

While discussing voltage variations needed to produce switching failure
in a block of transistor logic, we pointed out that the higher collector

‘voltage would have to be varied both plus and minus from its nominal

value. Figure thirteen is an effort to show why this is necessary for
Marginal Inspection. Waveform A is a representative signal applied to the-
base of a normal block. Low I, in the '""P" block, of this drawing, will re-
sult in a condition shown by Waveform B. What we have done is reduce the
lower level of the signal so as to approach switching threshold. The in-
crease in delay is indicated by the dotted lines on Waveform B. An increase
in the Marginal Inspection voltage will shift the entire signal up as shown by
Waveform C, increasing the delay through the block and bringing the lower
level closer to the switching threshold. Thus, we have caused this marginal
block to fail due to increased delay in time sensitive circuits and a small
increase in Marginal Inspection voltage will cause switching failure in non
time sensitive circuits. Taking the case of high I, in the transistor block,
we would get a waveform represented by drawing D. We can see that in this
case an increase in the Marginal check voltage would have exactly the same
effect as on a normal block. To detect this condition in a system will re-
quire us to lower the value of Marginal Inspection voltage, so as to approach
switching failure from the opposite direction, A representative waveform
of this condition with Marginal Inspection voltage applied is shown by Wave~
form E. We see that we are approaching switching failure and that delay,
as indicated by the dotted lines, is increasing. The one important differ-
ence is that in this case the delay increase is not at the left side of the
waveform but at the right, or it can be said we have turn off delay instead

of turn on delay, This turn off delay will be as serious as turn on delay
when considering machine failures. Where the turn on delay, if execssive,
will eventually result in lack of coincidence at some gate circuit, the turn
off delay, if excessive, will result in pluse overlaps at gate circuits, with

resulting extraneous pulses,
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Fixed delays, such as single shots, delay lines, memory cores and
I/O devices require some special attention in these delay sensitive
systems, Single shots and delay lines may be represented as very
stable devices having all the characteristics of a series of logic
blocks with the exception of showing no increase in delay with a
Marginal Inspection voltage applied. Figure fourteen, Section A
shows a series of logic blocks paralleled by a delay line and the
resulting input and outputs. We can see that in the case of all blocks
with nominal delay that we would only be in trouble at extreme limits
of marginal voltage,and the failure at this time would most likely be a
switching failure. With all ten blocks at worst case delay a slight
increase in Marginal Inspection voltage will be sufficient to cause
delay failure, but again we are not in trouble because for the worst
case delay condition to exist some component within the blocks must
be at end of life. Section B of figure 14 is a representation of a short
string of logic paralleled by a delay line and demanding coincidence at
the output. Here we see our delay safety factor is very small. In-
creasing our Marginal Inspection voltage toward the limit will most
certainly result in delay failure if either block is exhibiting worst
case delay at normal voltage, For the worst case delay condition to
exist, as in the examble above, requires components, within the block,
at end of life.

The only conclusions that can be drawn from this discussion on fixed

~delays, delay lines and single shots, is that most any conceivable

circuit configuration using fixed delays will behave very similar to a
circuit which has had the fixed dela.ys replaced by a suitable number
of lightly loaded logic blocks, '

Delays encountered in I/O devices can run from several milliseconds
down to a few microseconds in length, The delays in circuitry which
we have been discussing even at worst case have been on the order of
millimicroseconds; it is not felt that delays of this magnitude will
seriously encroach upon the safety factor usually associated with I/O
delays.

Memory delays, or the delays in the core array itself, present a
different problem and one which has not been inve stigated, It is
sufficient to say that a cursory examination of the core circuits in-
volved has not shown any particular area in which difficulty could be
encountered, Due to lack of information on the effects of Marginal
voltage on the core driving circuits and sense amplifiers, some
actual circuit evaluations will have to be made before a clear state-.
ment on the pract1b111ty of Marginal Inspection of memory circuits can
be obtained,
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Part III Evaluation of Frequency Variation as a Means of
Marginal Inspection

When we increase the frequency of a basic clock in a system, we
effectively shorten each clock pulse and simultaneously decrease
the overall time cycle of the clock; reducing the frequency of the
basic clock has the inverse effect of lengthing the overall cycle and
each pulse,

Taking another look at our hypothetical computer, we find that infor-
mation is advanced from stage to stage by clock pulses 200 milli-
microseconds apart. Increasing the frequency of the clock means

we are trying to advance information in some time less than 200
millimicroseconds. Any appreciable increase in delay through the

‘ten blocks which make up the stage will cause lack of coincidence on

the output and result in failure. Thus by increasing our clock frequency,
we have a means of detecting excessive delays, A look at curves one and
two on figure nine will show that switching failure may be imminent on a
lightly loaded block,and yet delay through this block has not exceeded
worst case value. Increasing basic clock frequency may have value in
certain areas of the system as a means of detecting excessive delay,

but will always have to be augmented by voltage variation to give a true
picture of machine condition,

Lowering of the basic clock frequency does not adversely affect most
areas of the system if the variation in frequency is kept small, It is

not felt that lowering the basic frequency of machine operation has much
value as a Marginal Inspection aid, If certain areas of the system prove
to be extraordinarily time sensitive, a lowering of basic frequency may
allow a greater voltage variation during Marginal Inspection, thus
achieving more failure prediction, :




