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ABSTRACT

This report describes a simple method for developing computer models for digiial
and analog integrated circuits, The models are capable of allowing computer
prediction of both normal performance and perfcrimance when the devices are
exposed to gamma and neutron radiation environments,

Device models have been developed for two NAND gates, two flip-flops, one four-bit
Shift Register, a Monostable Multivibrator, an AND-OR-INVERTER, and two
operational amplifiers. All models are demonstrated to agree with observed

10

laboratory performance for conditions of pulsed gamma radiation of 3 x 107" rads

(S1)/Second. Neutron fluence levels of 1.2 x 1014

as well as non-radiation conditions.

neutrons per square centimeter,

The "black box" technique is employed for model development, The model
descriptions were developed for use with the SCEFTRE circuit analysis program.

(Distribution Limitation Statement A}
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SECTION I

INTRODUCTION

The program described in this report had as its objective the development of
simplified :nodels for linear and digital integrated circuits which would be suitable
for use with the SCEPTRE computer program. These models were designed to
account for normal electrical performance as well as performance in an environment
of ionizing and/or neutron radiation. Techniques were established to derive models
capable of representing both the radiation effects and the first order transient
response of the microcircuits as system components.

Acceptable computer models have long been available for individual transistors and
diodes. Although reasonably complex, these models require a relatively small
amount of computer time and are practical for general usage. On the other hand,
the existing method of modeling integrated circuits has provided ruodels which are so
complex as to be impractical for most applications. This method uses the same
precedures employed for the transistor, and thus requires a detailed description of
each semiconductor junction. The Fairchild 9774-D Flip-Flop, for example,
requires data for 54 transistor junctions and four diode junctions, requiring
computer evaluation of approximately 200 complex relationships. In short, the
existing method of modeling integrated circuits has two major shortcomings:

1) Computer/circuit analysis program limitations generally preclude
simultaneous analyses of two or more integrated circuit functions.

2) Existing computer mathematical techniques recuire excessive Central
Processor Unit (CPU) computer time for large circuits, making this
approach uneconomical.

The Air Force Weapons Laboratory was fully cognizant of these two deficiencies
when it specified its requirements for the development of simplified models for
integrated circuits.

The models which have been developed meet the objectives toward which the program
was directed, These models are simply described; they are easily used with the
computer program (SCEPTRE), and they account for both normazl electrical
performance and performance in an ionizing and neutron radiation environment.
Exact computer duplication of observed laboratory results has not been attempted,

It is felt that the computer output results obtained are sufficiently in agreement with
the observed measurements and that more precise matcning would be a mechanical
process which would be both time consuming and uneconomical. However, all of the
device models can be used as described, to predict circuit performance with
reascnable assurance that the analysis results will represent normal resuits.
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Several approaches were used in the development of the many devices that have been
modeled. This diversity of modeling procedure was deliberate. It represents an
effort to evaluate whether any single approach might prrove to be more desirable,
more efficient, or more economical. To this end, the model descriptions reflect
three alternative approaches: (1) use of expressions for certain device behavior
effects rather thau the use of subprograms or functions; (2) inclusion of radiation
effects in the mode) description rather than in the overall circuit description;

(3) combinations of ‘he first two alternatives. Early evaluation indicates no single
alteraative or combination to be superior.

As a consequence of attempting several raodeling approaches, none of the model
descriptions is in its simplest form, It is felt that CPU analysis time can be
reduced with some small additional effort such as reducing the number of elements
in the description, using the expression format in place of some of the equations
and subprograms, and generally evaluating the manner in which each device

was modeled.

This report includes an introductory appencdix (Appendix I) as well as a separate
appendix for each of the devices modeled. Appendix I provides information
concerning all of the devices, such as typical radiation test circuit schematics,
photographs of the test installation, a listing of the number of integration steps
required by the various models, etc,

Each appendix for a specific device contains a flow chart of the subprograms
associated with that device, as well as the radiation test results of a single
"representative' sample of the device type.

Due to the manner of configuring the device models, a 'computational delay" state-
ment will sometimes be printed. In most instances, the diagnostic is associated
with the output impedance resistor, which has a small value; ‘hus this condition does
not result in an error of any consequence and may be ignored. Also, due to an
idiosyncrasy of the GE 635, a diagnostic statement occurs that is associated with an
output step size (XSTPSZ) request. This also should be ignored since the request is
honored, Unfortunately, however, due to this condition, the step size is not
available for use in the subprograms as an equation argument. Therefore, in the

HA2700 operational amplifier subprogram it was necessary to simulate this condition.

AR IR
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TEXAS INSTRUMENTS RSNG4L00 NAND GATE

This integrated circuit is a quad, two input positive logic NAND gate. The circuit
behaves in such a manner that when the signal on both the inputs is at a logic 1 level,
Yo output is a logic 0. For all other input signal conditions, the output is at a

logic 1 level. The truth table describing this behavior is shown in Table II-1,

The logic representation for the quad and the schematic diagram of each of the four
gates, is shown in Figure II-1, The electirical characteristics of the device, as
defired by the manufacturer, are shown in Table II-2,

The voltage wave forms describing the device behavior and delay characteristics are
shown in Figure II-2,

A. MODEL DEVELOPMENT

The computer model that has been developed to duplicate observed performance is
shown in Figure II-3 and its computer description in Figure II-4, The subprogram
which establishes the logic output signal level and the delay characteristics is shown
in Figure II-5, It will be noted in Figure II-5 that provision is made to include the

' effects of output impedance variation in the model, since this information was
available, However, the results of function FR2, which represents a rough
approximation of the impedance changes, has not been included in the final model,

{ The signal input impedances, JA and JB, are represented as zero valued current
sources, In SCEPTRE, this implies that the input signal terminals A and B have
infinite impedance (although the gates have measurable and varying impedance values
which depend upon the applied signal level), This, as a first order approximation,
will provide reasonably accurate results, For greater accuracy, the current
sources JA and JB should be modeled as "tabled' functions of current versus applied
voltages in SCEPTRE. This method will provide a realistic device input impedance
representation,

As indicated on Figure 1I-3 and described on Figure II-4, the voltage associated with
the dependent source E1 is determined by the function I'N2, This function establishes
the value of E1 voltage in accordance with the truth table (Table II-1), As shown in
Figure II-5, if either of the input signals is less than or equal to 0. 8 volt, then E1 is
set equal to 3. 1 volts which represents a logic 1.

' When both of the input signals are 2qual to or greater than 1.9 volts, the value of E1
is established as 0, 3 volt which represents a logic 0.

If neither of these conditions exists, then E1 is determined to be 3, 1 volts minus the

2 absolute value of the smaller of the two applied signals, (The values associated with
the function FN2 have been obtained either from published data, Table 1I-2, or from
laboratory tests.)
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TABLE II-1.
TRUTH. TABLE

ooty

. INPUT OUTPUT
3
g
3 2
0 0 1
: i 0 1
0 1 1
2 1|1 0
e
754
ks
e
bt
G
2 TABLE II-2,
>
23 ELECTRICAL CHARACTERISTICS
53 (Over recommended operating free-air temperature range, unless otherwise noted)
5
PARAMETER TEST CONDITIONS* MIN | TYP | MAX | UNIT
b |
S
R ‘ Logtcal 1 fnput voltage required
34 \ at all input terminals to ensure V.. = Min, A4 =0, 3V 19 \4
‘ ' In(1) logical 0 level at output cc out(0)
: Logleal 0 input voltage required
i A4 at any input terminal to ensu: e V.~ = Min, \Y =2, 4V 08 v
“:; In(0) logical 1 level at cutput cc out(t)
) ' R
Vout(l) Loglcal 1 output voltage l\CC Min, \ Vln 0.8V ,
é load 100 u 2.4 A}
kY / = ! !
{ \ou((o) Logical 0 output voltage VCC Min, V i“=l. 9V 0.3 V
o gk 2 MA
,5 IIn(O) Logical 0 level input current (each input) \(,(, Max. Vin 9.3V 0.18] mA
o
P ‘ = ¥ -1 ’
4 V(.(. Max, v n 2.4V 10 nA
ol lln(h Logical 1 level fnput current (each input)
.{—x« VCC s Max, \'in 5.5V 100 | A
"}‘e los Short circuit output current \'(,(. = Max, \'in=0 voutto -1 -15 mA
, , ! =z f ~f 3
i’ I(‘C(O) Logical 0 level supply current (each gate \CC 5V Vin 5V 046 ] mA
-l(\:
b "‘C(u 1 ogical t level supply current (cach gite VCC =5V Vin 0 018 | mA
tpdo Propagation delay time to logical 0 level (‘l - 50 pi. \’(,C =5V 'I'A“25‘(' 60 ns
tpd1 Propagation delay time to logical 1 level | € =50 pF. V... 5V, T, =25°C "o us

*For condi*'ong shown as Min, or Max. use Min = 4,5V, Max. -5 5V
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Figure II-1. Logic Representation and Schematic Diagram
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HOUFL LOUIA=B=0I]=GND)
__? INPUT NAND GATE -
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_B o= INPYUT B
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JA AGNRz0, =
__JB,R=GAD=G,
J0,001-GND=0,
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"R1,1-22109,
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Figure 1I-4, Computer Model Description

01027 02 05-19-74 12,455 QUAD ¢ INPUT NAND GATE LEVEL SELECT
e e e - 5<6-71 . e e e e e
1 CEN2 QuAy 2 INPUT NAND OATE LEVEL SELECT
2 ¢ H5e6-71
3 . FUNCTYION FN2(A,R,C,D,F,F) . L
4 [ AzvJA B=VJR Csu.8
) c v=3.1 E31.9 k=008
.3 IF‘(A olEo 9 Q(IR. f OLEG €)Y Gy 10 4
7 IF(A +GEs E AND, 8 «GE. F) 80 TO S
T 7T FN2zZD=AMINL(A,N)
v RF TURN
1 4 IN2 = D
11 RF TURN ) o
12 777778 7T FNe = F
14 NF TURN
14 ¢
19 cic2 CAPACITUR SELECTYION
1o LRIRY EC2(A,H4,C,0)
- 1. ...C_ A=t} HsE€2 (=%50PF  Dz300PF L N
14 (TN
19 IF(A JLE. 8)yzD
Fd'] FN2 = U
23 RE TURN
22 ¢
?3 Ct R2 RESISTOR SELECTINN N _
24 ENTRY FR2CAH,C0)
25 c Az3n  ¥=613 C=VC1 U=TAULE 1 .
26 [4 $OK iy R3IU FOR 1, R361S  FUR RAD. RzF(NYT)
27 Wly
24 IFLC ..Te +5)RzA
?9 FHe =R
e [ - IR —— - e -
31 RE VUIRN
32 (L.11]

T T 23533 UORYS OF HEHORY USEp BY THIS LOMPILATION

Figure II-5. Model Subprogram
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Figure [I-6. Test Circuit

TOTEST CIRCUIT FOR RSNS4LOU 2 INPUT NAND GATE
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Figure [I-7. Test Circuit — Computer Description
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4 Although the device manufacturer indicates on Table II-2 that the switching delay

% times for either positive or negative going cutputs signals will be no greater than

i 60 nanoseconds, laboratory test measurei:zents on many units indicate not only that

both delays are shorter than thir worst case value, but that they are different from "
4 each other, Therefore, the delay times tpdo and tpdl are established in the model

B E by the time constant R1 - C1, This time constant is changed by varying the value of

,” C1 depending upon whether a logic 1 or 0 is required as an output signal,

Y
TR
e
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The value of C1 is determined by means of subprogram FC2, Thus, C1 is set to
580 picofarads unless E1 is less than or equal to E2, When this latter condition
occurs, C1 assumes the value of 300 picofarads. Since the output voltage E2 is
equal to the voltage across the capacitor C1 (JR, a zero valued current source
required by SCEPTRE for dc circuit evaluation conditions, is in parallel with C1), a
relationship between the input signal levels and the output voltage is readily estab-
lished, JR is also used as a source of gemma radiation injection in the model,
when required, The FORTRAN flow charts associated with these two functions are
shown in Appendix II-A,

.q_“i:‘:};.

S

Tke output impedance of the device is fixed at 30 ohms. Although this is not an
accurete impedance representation for all voltage and load conditions, it provides
first order accuracy of output signal level,

The zero vaiuwed curreat source, JO, is a dummy element to permit monitoring tae
device output signal under varying conditions.

AT

The four terminals required for normal usage of the gate are defined on Figiire II-3
- as A for the "A" input signal, B for the "B" input signal, OUT for the output signal, )
b and GND as the ground connection,

b B. MODEL VERIFICATION

3Ny
2
~r

To demonstrate the validity of the model, the circuit shown in Figure 1I-6 was
described to the computer, This circuiil, which is one of several standards for
laboratory measurement, allows for easy variation of load (fanout) ag well as simple
impedance matching for monitoring equipment, For the particular tests conducted,
an oscilloscope was connected between node 3 and ground, The topological
description of the circuit for the SCEPTRE circuit analysis program, is shown in
Figure HO-7.

TRy

The results of the computer analysis of the model are presented in Figures II-8 and
II~9, Figure II-8 shows the timing for one of input signals as it varies between the
logic 1 and 0 levels, The truth table (Table II-1) indicates that the output shovld be
a logic 1 during the time when the signal is at a 0 level and vice versa., Figure

I1-9 indicates the model response to the described signal condition. The solid line
drawn on the computer printout in Figure II-9 gives the observed results of the
laboratory measuremeats for the same operating conditions.

TR S A P SR TS e S

C. RADIATION EFFECTS

T
G T ¥

1. GAMMA RADIATION ‘

Exposing the device to a nuclear radiation environment may affect normal
performance by causing the output signal level to vary. When exposed to pulsed

10
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gamma radiation at dose rate levels of approximately 3 x 10+10 rads (St)/second, the
performance is ~ .ly momentarily affected, Extensive testing was done by the General
Electric Company., The test report with photographic recording of the results is
included in Appendix II-B.

When a gamma radiation pulse simulation is caused to occur at about 0.720 micro-
second (Figure II-10), the oviput response of the device is momentarily reduced,.
Figure II-11 shows both the observed and computer response to the radiation pulse.

When the time of simulated radiation is changed to occur at about 0, 410 microsecond
(Figure II-12), the device behavior is also momentarily reduced. Figure II-13
shows both the observed and computer response to the radiation pulse, Figure II-14
shows another radiction pulse response, with both the observed and computed results
presented, The time of occurrence of the radiation pulse is such that the gate output
is in the process of returning to a 0 level; consequently the return is hastered.

When the radiation pulse is caused to occux when the gate output is at a 0 level, the
normal reaction is for the output level to increase slightly, Figure II-15 shows
both the observed and computer results,

The method for simulating the transient effects induced by the pulsed ionizing ganima
radiation is to change the value ~f JR in Figure II-4. As shown on Figure II-16, JR
in device NA is redefined as a fuvction of the voltage across capacitor C1 and a
signal that is time dependent and represented by Table 2 of Figure Ii-16; this change
is identitied as P1, By changing the time entries in this table (as shown in the rerun
descriptions), the radiation simulation is caused to occur whenever desired. For
rerun No, 1 on Figure II-16, the icnizing pulse simulation occurs between 755 and
795 nanoseconds. Rerun No. 2 simulates the radiation pulse between 390 and 430
nanoseconds; rerun No, 3, the radiation pulse between 760 and 800 nanoseconds.

P1 also references Table 3, which defines the behavior of the device where it is
subjected to gamma radiation, It relates the voltage across the capacitor C1 to the
observed device response; this relationship was obtained as a result of laboratory
testing. Since the output signal is equal to the voltage existing across the capacitor,
the desired comnit=r results can be obtained using this voltage instead of E2, The
following sketch grapnically depicts Table 3 relationships.
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< After selectin% the proper value from the tabled entries (as represented by the
sketch), equation Q2 causes it to be multiplied by the value determined from Table 2.

Thus except for that interval when the gamma pulse occurs, Table 2 is equal to
zero; therefore no change occurs in the current source value,

e A, o
R RS

oy

The figures indicate excellent agreement between the computed results and the
laboratory observations.

A 2. NEUTRON RADIATION

When the device is exposed to neutron radiation conditions, its performance may be
degraded either temporarily or permanently. The degree of the degradation as well
as the device recovery time, for those conditions which permit recovery, depends
upon the exposure level.

Gaat el

RGO

Exposure of test circuits to fluence levels of 1,2 x 1014 results in an output level
reductior of approximately 0.4 volt, when the signal is at a 1 level., The results
were observed by the Air Force Weapons Laboratory when they tested these devices
and are reported {n Reference 1.* Figure II-17 presents the circuit transfer function
degradation observed during these tests, for various fluence levels. For condition 4,

AN Gt KA
SRS

R

which represents the fluence level 1.2 x 1014, the output signal level drops from
about 3, 1 volts to approximately 2,7 volts,

e

g

The method for incorporating this response change into the model is shown on
Figure 11-18. The value of the output voltage, E2, is changed from 2 simple
dependency on the voltage across capacitor, C1, to a dependency upon both the
capacitor voltage and the fluence level, P1. In this instance, the radiation effects
reduce the value of the voltage across C1 by 0. 4 volt for all values of voltage.

¥

The computer description to produce an analysis of the device in the test circuit
configuration is shown in Figure II-19. The computer prcvides analyses for both
neutron fluence effects and the compounding of fluence and gamma radiation conditions.
The results of the analyses are shewn in Figures II-20 and II-21, respectively. In
each output it can be seen that the positive signal level is reduced from that observed
in Figures II-9 and II-11, which represents normal circuit performance.

N a2 e
R TR S AT R E

oy,
AR

This method of including fluence effects represents a gross approximation of curve 4
of Figure II-17. A more sophisticated representation would be to describe curve 4
mathematically and allow P1 to represent the resulting equation, However, the
present model does demonstrate a satisfactory procedure for incorporating these
conditions into the device model description.
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R. J. Olson, D. R. Alexander, R. J. Antinone, '"Radiation Response Study of New
Radiation-Hardened Low Power T'TL Series", IEEE Transactions on Nuclear
Science, Vol, N, S. 18-No. 6, pp 243-249, December 1971
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i
FAIRCHILD 9704 FOUR-INPUT NAND GATES
v This integrated circuit is a four-input NAND gate. The circuit behaves in such a
& manner that when the signal on all of the inputs is at a logic 1 level, the output is at
4 T .
e '}\ a logic 0. For all other input signal conditions, the output is at a logic 1 level.
-
¥ The logic representation for the gate and the schematic diagram of the circuit are
shown on Figure IIi-1, The electrical charactcristics as defined by the manufacturer
29 are shown in Table III-1. The voltage wave forms describing the device behavior
L F and delay characteristics are shown in Figure ITI-2,
E: I
TABLE III-1.
&
:: i ELECTRICAL CHARACTERISTICS
% (Over recommended operating free-air temperature range unless otherwise noted)
: E
b:
L ¥ PARAMETER TEST CONDITIONS? MIN TYP} MAX | UNIT
5 ’ V.,  Logical 1input voltage required at all input Vee = MIN 2 v
] tetminals to ensure logical 0 leve! at output
4 F Vo Logica! 0 input voltage required a\ any input Vee = MIN 0.8 \
v terminal to ensure logical 1 level at output ___
‘t' { s V..un  Logical 1 output voltage Vie = MIN, V,=08V . |24 33 v
p 1 |50y = —400 nA
iy V,.un  Logical 0 output voltage Ve = MIN, vV, =2V, 022 04 v
2 L = 16 MA (max)
3 boir Logical! 0 level input current (each input) Ve = MAX, V,=04V —1.6 | mA
' A Loy Logical 1 level input current (each input) Vee = MAX, V,=24V 40 nA
S8 Vee = MAX, V, =58V 1 | mA
5 b los Short-circuit output current§ Vee = MAX 54 -20 =55 | mA
b ¢ 74 | 18 —55
? 3 leciy Logical 0 leve! supply current/gate Vee = MAX, V,=5V 3 5§ mA
} leeo Logical 1 level supply current/gate V. = MAX, v =0 1 2 L mA
SWITCHING CHARACTERISTICS, Voo =56V, T, =25°C,N=10
1
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
. —_——
Yodo Propagation delay time to logical 0 leval C =15pF, R = 400 8 15 ns
Lo Propagation delay time to logical 1 level C, =15pF, R = 4000 ) 12_ 22 ns
tFor conditions shown as MIN or MAX, use appropnate value spocitied under recommended operating condiions for the apphcable device type
$AHl typical values aro at Vec = 5V, Ta = 257°C
N §Not more than one qutput should be shorted at a ime
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A. MODEL DEVELOPMENT

The computer model that has been devel::ed to duplicate observed performance is
shown in Figure III-3 and the model comjnier description in Figure II-4. The
subprogram which establishes the iogic o..ut signal level, the delay characteristics,
and the radiation response behavior is chowa in Figure III-5. The FORTRAN flow
charts associated with these three funciions are included in Appendix III-A.

The signal input impedances, JA, JB, JC aud JD, are represented as zero valued
current sources. In SCEPTRE, this imf)lies that the input signal terminals A
through D have infinite impedance (although tte gates have measurable and varying
impedance values which depend upon the appli.:c signal level). This, as a first order
approximation, will provide reasonabiy accur:..:2 results, For greater accuracy,

the current sources JA through JD should be nwdeled in SCEPTRE as 'tabled"
functions of current versus applied voltages; tiis method will provide a realistic
device input impedance representation.

As indicateu on Figure II-3 and described on Fizure III-4, the voltage associated
with the dependent source E1 is determined by the function FN4, This function
establishes the value of E1 voltage in accordanc: with the truth table. As shown in
Figure III-5, if any of the input signals is less {nan or equal to 0, 8 volt, then E1 is
set equal to 3. 3 volts which vepresents a logic 1.

When all of the input signals are equal to or greatey than 2. 0 volts, the value of El is
established as 0, 4 volt which represents a logic 0.

If neither of these conditions exists, then E1 is derermined to be 3. 3 volts minus the
absolute value of the smallest oi the applied signals. (The values associated with
the function FN4 have been obtained eiither from pubiished data, Table I1I-1, or from
laboratory tests. )

The device manufacturer indicates on Table III-1 that the switching delay times t pdl

for positive going output signals will be between 8 and 15 nanoseconds; for negative
going t pdo output signals, 12 to 22 nanoseconds. The required delay times, tp do

and t pd1’ are established in the model by the time constant R1 - C1. This time

constant is changed by varying the value of C1 depending upon whether a logic 1 or
0 is required as an output signal,

The value of C1 is determined by means of subprogram FC4. Thus, C1 is set to 60
picofarads, 150 picofarads, or 200 picofarads depending upon the voltage relation-
ships between E1, E2 and VC1 and whether the output is rising, falling, or a constant,
Since the output voltage E2 is equal to the voltage across the capacitor, C1, a
relationship between the input signal levels and the output voltage is readily
established.

JR is used as a source of gamma radiation injection in the model, when required.

The output impedance of the device is fixed at 25 ohms. Although this is not an
accurate impedance representation for all voltage and load conditions, it provides
first order accuracy of output signal level. To duplicate actual impedance variations,
the value of resistor R2 would be made variable and a function of the load voltage

and currents,
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fF(E ,GE, 3,) QnF
FN4 & Q ce e ew -
RETURY

ENTRY FOAM(A)

GAd!A PERFORMANQE OF GATE

lF(A'LTcloO'GD 10 140 e e ——

0 10 200
100 0'. '
200 FVQ'Q
1000 RET,R

E‘IT"V FNVT(A,8,0) e e s« e e < e

NEUTRON BEHAVIOR OF GATE
IF{A LE) 2,200 TO %00
XarH
FN4SX
Go T0 1100
500 ysC . e -
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Figure III-5, Model Subprogram
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Thr zero valued current source, J4, is a dummy element to permit monitoring the
device output signal under varying conditions.

The six terminals required for normal usage of the gaie are defined on Figure III-3
as A for the "A" input signal, B for the '"B" input signal, C for the "C" input signal,
D for the "D" input signal, OUT for the output signal and GND as the ground
conr.ection,

B MODEL VERIFICATION

To demonstrate the validity of the model, the circuit shown in Figure III-6 was
described to the computer. This circuit, which is one of several standards for
laboratory meastrement, allows for easy variation of load (fanout) as well as
simple impedance matching for monitoring equipment. For the particular tesis
conducted, an oscilloscope was connected between node 3 and ground., The
topological description of the circuit for the SCEPTRE circuit analysis program, is
shown in Figure III-7,

The results of the computer analysis of the model are presented in Figures III-8 and
1II-9. Figure III-8 shows the timing for one of the input signals as it varies between
the logic 1 and 0 levels, when the other inputs are maintained at a 1 level, The
truth table indicates that the output should be a logic 1 during the time when the
signal is at a 0" level and vice versa. Figure III-9 indicates the proper model
response to the described signal condition, The rise time, tp ar’ is about 15

nanoseconds; the fall time, t about 13 nanoseconds.

pdo’

C. RADIATION EFFECTS

1. GAMMA RADIATION

I'xposing the device to a nuclear radiation environment may affect normal perform-~
ance by causing the output signal level to vary. When exposed to pulsed ionizing

rays (gamma radiation) at dose rate levels of approximately 3 x 10*'10 rads (Si)/

second, the performance is only momentarily affected, Extensive testing was donc
by the Air Force Weapons Laboratory. The results of these tests were used to
obtain the simulated radiation performance.

When a gamma radiation pulse simulation is caused to occur at about 520 nanoscconds
(Figure II-10), the output response of the device is momentarily reduced. Figure
I11-11 shows the computer response to the radiation pulse., The solid liuc drawn on
the figure is the okserved laboratory result,

When the radiation pulse is caused to occur when the gate output is at a 0 level, the
normal reaction of the output level is to increase. Figure III-12 shows both the
observed and computer results,

The mcthod for simulating the transient effects induced by the pulsed ionizing gamma
radiation is to change the form of JR in Figure I1I-4, As shown on Figure III-13,

JR in device NA is redefined as a function of the voltage across capacitor C1 and a
signal that is time dependent and represented by Table 2 of Figure III-13; this change
is identified as P1, By changing the time entries in this table, the radiation sii.ulation
5 caused to occur whenever desired. Table 3 of Figure III-13 defines the radiation
behavior of the device as a function of the voltage across the capacitor, C1,
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Figure III-13, Gamma Test Circuit Description
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2. NEUTRON RADIATION

When the device is exposed to neuti'on radiation conditions, the performance may be
degraded either temporarily or perinanently, The degree of the degradation, as
well as the device recovery time for those conditions which permit recovery,
depends upon the exposure level.

L1}

Exposure of test circuits of fluence levels of 1.2 x 1014 results in an output level
reduction of approximately 0. 4 volt, when the signal is at a 1 level, The results
were observed by the Air Force Weapons Laboratory when they tested similar
devices and are reported in Reference 1* Figure III-14 presents the circuit transfer
function degradation for various fluence levels, as observed during these tests.

i

For condition 4, which represents the fluence level of 1.2 x 1014, the output signal
level drops from about 3, 1 volts to approximately 2. 7 volts,

The method for incorporating this reponse change into the model is shown on
Figure INI-15. The value of the output voltage, E2, is changed from a simple
dependency on the voltage across capacitor C1, to a dependency upon both the
capacitor voltage and the fluence level, P4,

The computer description to produce an analysis of the device in the test circuit
configuration is shown in Figure ITlI-16. To cause the neutron effects to be included
in the analysis, the value of P4 is changed from zero, as stored in the model, to a
dependency on function FNVT, This is accomplished through the ""change' statement
included in the NA callout on the figure. In this instance, the radiation effects
reduce the value of the voltage across C1 by 0. 4 volt when the output signal is at a
1 level and increase the voltage by 0. 2 volt when the output is at a 0 level. The
results of the analysis are shown in Figure III-17. 1In each output it can be seen that
the 1 signal level is reduced from the 3. 3 volts observed in Figure III-9 to 2,9 volts,
and the 0 signal level is increased from 0, 4 volt to 0.8 volt,

» This method of including fluence effects represents an approximation of the results
shown in curve 4 of Figure I1I-14, A more sophisticated and accurate representation
would be to mathematically describe curve 4 and allow P1 to represent the resultant
equation, However, the present model does demonstrate a satisfactory procedure
for incorporating these conditions into the device model description,
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e SECTION IV

e | FAIRCHILD 9774-D FLIP-FLOP

kg ,

bt This integrated circuit is a monolithic, edge-triggered flip-flop which accepts

& independent clear and preset (reset and set) inputs, as well as_a clock and "D'" data
i ¥ (signal) input. Cutputs are provided as complementary Q and Q signals. Input

4 information is transferred to the outputs on the positive going edge of the clock pulse.
z’ ‘ Clock triggering occurs at a voltage level of the clock pulse and is not directly

3 related to the transition time of the positive going pulse. After this clock threshold
L has been reached, any change in the data input (D) is locked out until the next

E § clock pulse,

The schematic diagram of the integrated circuit is shown in Figure IV-1. A
2 simplified fuactional logic representation of the flip-flop is shown in Figure IV-2 and
' is represented as six NAND gates.

g The truth table which establishes the input-output r~lationships for the device is
e shown in Table IV-1 for the condition when the clear and preset signal levels are
e ¢ high, as a logic 1 level. Under these conditions, the clear and preset do not affect
- the device performance.

E. &

ik

i TABLE IV-1

L TRUTH TABLE

VK . ¥

3‘ tn tn +1

R Input | Input | Output

A D Q Q

d 0 0 1

1 1 0

tn = bit time before clock pulse

A, . AT T A .
Edb T s
.

' tn 17 bit time after clock pulse

A The electrical characteristics of the device as defined by the manufacturer, are
’ shown in Table V-2,
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TABLE IV-2,

e
A
s ’ ELECTRICAL CHARACTERISTICS
3 A (Over recommended operating free-air temperature range unless otherwise noted)
= ¥
7 PARAMETER TEST CONDITIONSt MIN TYP$ MAX | UNIT
‘ v Vion Input voitage required to ensure logical 1 Vee = MIN 2 v
=B at any input terminal
E: Viuor Input voltage required to ensure fogical 0 Vee =MIN 0.8 v
at any input terminal ’
V,ay  Logical 1 output voltage Vee == MIN, losa = —400 4A | 24 35 v
V.  Logical 0 output voltage Vee = MIN, o = 16 MA 022 04 v
binion Logical 0 level input current at preset or D Vce = MAX, V,=04V —-1.6 | mA
bty Logical 0 level input current at clear or clock | V¢ = MAX, V,,=04V =32 | mA
Ly  Logica! 1level input current at D : Vee = MAX, V,=24V 40 | #A
Vee = MAX, V,=565V 1 mA
.y  Logical 1 level input current Ve = MAX, V=24V 80 | sA
at preset or clock Ve = MAX, V, =55V 1 mA
lan  Logical 1 level input current at clear Ve = MAX, Vi, =24V 120 | #A
Vee = MAX, V,, =55V 1 mA
: los Short-circuit output current§ Vee = MAX, v, =0| 5474 [-20 =57 | mA
2 7474 | -18 -57
lee Supply current Vee = MAX, V, =5V 17 30 | mA
ES tFor conditions shown as MIN or MAX, use agpropriate value specitied under rec ded operating conditions for the appticable device type
3 $All typical values are at Vcc = 5V, Ta = 25°C,
£ §Not more than one output should be shorted at a time.
o
bt M SWITCHING CHARACTERISTICS, Voo =5V, T,=175°C, N=10
4 PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
o L Maximum clock frequency C,=15pF, R =4000 | 15 25 MHz
,‘ I toto Minimum input setup time C, =15pF, R =400Q 15 20 ns
é ] thorg Minimum input hold time C,=15pF, R_=400Q 2 5 ns
E 1 toa Propagation delay time tc logical 1 level C,=15pF, R =400Q 25 ns
£ ] from clear or preset to output
*@ tog0 Propagation delay time to logical 0 level C.=15pF, R =400Q 40 ns
7 from clear or preset to output
i p togs Propagation delay time to logical 1 C, =15pF, R =400 | 10 14 25 ns
Yk level from clock to output
b todo Propagation delay time to logical 0 level C =15pF, R =400Q | 10 20 40 ns
2 F from clock to output
9 ;s POSITIVE LOGIC. Low input to preset sots Q to logical 1 Low input to clear sets Q to logical 0 Preset and clear aro ‘ndependent of clock

The dynamic performance characteristics of the integrated circuit are shown in
Figures IV-3 and IV-4, Figure IV-3 defines the time delay relationships that must
exist when the clock and D signals (per Table IV-1) are effective, Figure IV-4
describes the effects of applying the clear and preset signals. The stipulated delay
times, t pd1 and t pd0’ for the output response tc an applied signal are given in

Table V-2,

37

[P—




R8s
L

A

3 CLOCK INPUT
. § D iNeuT
& i {PULSE A}
s B (SEE NOTE 2)
b
S
} t D INPUT
R {PULSE B)
(SEE NOTE 2)
QORQ OUTPUT
Q 0RO QUTPUT
i
.
A VOLTAGE WAVEFORMS
*

NOTES 1 Clock Input pulse has the following characteristics. V., = 35V.t,=5ns,t, = 10ns, t, = 30 ns, and
PRR = 1 MHz,
. 2. D input (pulse A) has the following characteristics: V a35V.,, =5ns,t, =10ns, b, =20ns i =
60 ns, and PRR Is 50% of the clock PRR. D input (pulso B) has the lollowlng charactoristics. V,,, = 35V,
b= 5081 =10n0s, 4, = 5ns, ¢ = 60ns, and PRR is 50% ol the clock PRR

A M L AR A% %
2 =

PR

Figure IV-3, Flip-Flop Switching Times

LA SR
R ALY

1
o,
) (] Vgen
‘ CLEAR INPUT VR sy s
PULSE GENERATOR OV \
O e o
fe——"plelter) el |10}
(N1 )/
gen
1 wx /
PRESET WPUT ) 2 n sv g1sv
PULSE GENERATOR 1 o7V
1 --0
—d 1940 le— p———'p(wom)——l
=\ e B Vout(t)
o uTAUT 1Yo !
1
1 Y S A Vout
—ei lhg) je— —{ 1940 fe— ot
t : $ —: ——————————— Vout{l}
g outeur ! sy : 18y
|
J == Vout(0)

VOLTAGE WAVEFORMS

NOTE: 1. Clear and preset inputs of the 9774 dominate regardless ¢ the
state of clock or D inputs.

Figure IV-4, PRESET/CLEAR Propagatior Delay Times

38




ibiaint 7

A. MODEL DEVELOPMENT

The computer model that has been developed to duplicate observed (and/or manu-
facturer published) performance is shown in Figure IV-5. The clock (CK), preset
(SET), clear (RS) and D (D) voltages are defined as the input signals. The required
response delays, as indicated in_Tabiz IV-2, are controlled by the time constants
R1 - C1 and R2 -~ C2, for Q and Q (QB) respectively. The computer model
description is shown in Figure IV-6; the subprograms that establish the proper logic
output signal levels, the delay characteristics, and the radiation response behavior
are shown in Figure IV-7.

The signal input impedances, JCK, JS, JRS, and JD, are represented as zero valued
current sources. In SCEPTRE, this implies that the input signal terminals, CK,
SET, RS and D, have infinite impedance (although the gates have measurable and
varying impedance values which depend upon the applied signal level), This, as a
first order approximation, will provide reasonably accurate results. For greater
accuracy, the current sources should be modeled as "tabled' functions of current
versus applied voltages in SCEPTRE. This method will provide a realistic device
input impedance representation,

As indicated on Figure IV-6, the voltage associated with the dependent source E1 is
determined by the function FEI, This function establishes the value of Ei voltage in
accordance with the truth table of Table IV-1. As shown in Figure IV-7 which
descrihes the function, if either the set or reset input signals are a logic 0, they
override all other signal conditions and establish the value of E1 to be a logic 1 for
a 0 SET input or a logic 0 for a RESET input. All other normal device performance
conditions are controlled by the function, A flow diagram for this function is shown
in Appendix IV-A,

To assure that the device triggers on the leading (positive going) edge of the clock
pulse, the function FEI monitors the clock signal. When the clock signal voltage

is less than or equal to the preceding observation, the value associated with E1 is
maintained constant, When the clock signal voltage is measured to be greater

than the preceding value, it is tested to determine whether it is greater than a 0 value
of 0. 8 volt and less than a 1 value cf 2. 0 +clts, since the device manufacturer
indicates that the clock pulse is effective only in this range of values. When the
clock level is within this range, the signal at the D input terminal is transferred to
the ocutput ~tage of the model. If the clock voltage is not between these values, no
change is permitted to the previously set voltage of E1.

When the clock veltage is established as a positive going signal ard is determined to
be within the prescribed range, the subprogram evaluates the voltage level of the
input 3ignal D, Then, in accordance with ¢he truth table, if the input signal is a 1,
E1l is set equal to 3, 0 volts, If the input signal is a 0, E1 is set equai to 0. 1 volt,

The voitage across C1, and JR1 which is in parallel with it, is determined by the
voltage E1. In turn, the output voltage, Q, is directly related to the voltage across
JR1 through E3.

Q is defined as the complement of Q; therefore E2, which establishes the signal level
for QB in the model, is computed to be 3. 1 volts minus the value of the voltage
across E1. Thus when E1 is set to 3.0 volts or a logic 1 by the function FEI, E2 is
equal to 0,1 volt, a logic Z. when E1 is set to 0,1 volt, E2 is then 3. 0 volts or a
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logic 1. In an analogous manner to the Q signal, QB is directly related to the
voltage across C2 (JR2) through E4,

The time delays associated with the various controlling signals, as defined by the
manufacturer, are given in Table IV-2. To obtain these delays, the time constants

R1 - C1 and R2 - C2 are used, Sirce the time delay, tp a1’ agsociated with an

increase in the value of Q and Q is different from that associared with a decrease in
the signal levels, tp 40’ the values of C1 and C2 are changed. This is accomplished

by means of the function subprogram, FKC. This subprogram sets the values of C1
and C2 equal to 300 picofarads if voltage sources E1 or E2, respectively, are greater
than, or equal to, the Q voltage levels. If these voltage sources are less than the

Q voltages, C1 and C2 are set to 250 picofarads.

The output impedance associated with Q@ and QB is fixed at 100 ohras. Although this
is not an accurate impedance representation for all voltage and load conditions, it
provides first order accuracy of output signal level. To duplicate actual impedance
variations, the value of resistor R2 would be made variabie and a function of the
load voltage and currents,

The zero valued current sources, JQ and JQB, are dummy elements to permit
computer monitoring of the output signals under varying performance conditions.

The seven terminals required for normal computer use of the circuit are defined
on Figure IV-5 as CK for the clock input signal, SET and RS for the set and reset
signals respectively, D for the signal input, Q and QB for the outputs and 0 for the
ground connection.

B. MODEL VERIFICATION

To demonstrate the validity of the model, the circuit shown in Figure IV-8 was
described to the computer. Figure IV-8(A) is used to demonstrate the preset and
clear functions. To demonstrate the clock and D input signal functions, the circuit
shown in Figure IV-8(B) was used. The topological description for the SCEPTRE
ciccuit analysis program for Figure IV-8(A) is shown in Figure IV-9,

The results of the computer analysis of this circuit are shown in Figures [V-10
through IV-13, Figures IV-10 and IV-11 indicate the set and reset input signals.
Figures IV-12 and IV-13 show the circuit respons. to these input signals; Figure
IV-12 shows the Q output, and Figure IV-13, the Q output, Comparing the time
relationships between Figures IV-10 and IV-12, it is observed that when the

RESET goes to a 0 level, the Q signal is forced to a 0 and remains there. Only when
the SET voltage is reduced to a 0 is the Q signal caused to return to a 1 level

(Figure IV-11),

Figures IV-14 through IV-18 present the same information for the Figure IV-8(B)
circuit which tests the circuit response to the clock and D input signals. Figure
IV-14 describes the circuit topology as inpat to the computer; Figure IV-15 shows
the clock input, Figure IV-16 the signal input, Figure IV-17 the circuit response at
the Q output terminal, and Figure IV-18 the Q output terminal response. Drawn on
Figure IV-17 and Figure IV-18 are the results observed i the laboratory. The tp a1

time (i. e., the time delay from the clock signal reaching 1.5 volts and the Q signal
falling to 1.5 volts) is 14 nanoseconds. The manufacturer specifies 14 nanoseconds
as typical,
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Y 9774 SWITCHING TIME TESY
X, AFNL CIRCYIY
- . ... TESYT FOR SET AND RESET
. ELEMENTS
kS ER.GND-S3TY
s ERS,GNR=RSsT3
o €CsGND~Ca3,3
9 ED,GND<D®3,3
k. F12C~D>S-RS-0-08-GND®HODEL 9774
- R1,Q-0124300
; Ci,0-0132.E~42
R2, 01 -GND2750,
& C2,01-GND»1t,5€-12
- D1,Q=5sMODEL 1N3605 (PERM)
3 R3)3-7s800 . .
i EL.GND'7-2.4 -
3 R3008-0234300
5 03008 0282 E.12
b3 R4,82-GND*750,
3 C4:Q2-GND=14 ,5E«12
3 D2:08-63MODEL IN360S (PERM)
i R6:6~7%800
2 FUNCTIONS
b T10: 3 51250.€E-923¢50259,£-9,0.+300.E-9,0.,0309, E~9.3 ]
A 7350:3:%59100.E-9+3+5,109,E-9,0,.150, E~9.0.¢159,E~9,3,.53
; Yarig
k .°f° .
3 10.€ 9010
3005'900
g 200,g~9,0
i 210,E+-9,10
. 220467910,
\ 230,E~9,0
N 280.,E-9.0
g 296,E-9,10
. 300,E-9,10
i 310.,E-9,0
ko 450,E-940
h 66005'9010
- . 670,E~9,10
F. 680,E=9,0
.ﬁ' 1000,E-9,0
i3 1010E-9,100
10208-2:100
i 1030,E~9,0
> OyrPyrs
@ ES(SET,.ERS(RESEY,.PLO?
4 XSTPSZ)PLOT
i RYNCONTROLS
S STURY TIME 5 ~50.8-?
R MAXTMUM PRiNT POINTS = 100
|3 COMPUTER TIME LIMIT = 5,5
STOP TIME = 350,E-9
; EnD
H Figure IV~9, Test Circuit Description for SET and RESET
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i 9774 SHITCHING TIME TEST
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S

¥ g TEST FOR CLOCK AND SIGNAj
3 ELEMENTS

S B ES,6GND-S=3,5

¥ & ERS,.GND=-RS=3.5

i E EC,GNP-C=01(0:,3.550.,18.E-9,20.E-9,9.F-9,100.E-9,6, TIME)
B ED,GND-D=Ts e e ..
B % F1,C-D-S-RS-0-QB-GND=MODEL 9774
b & Rt,0-01=4300

B €1.0-01=2.€-12

S B H2,01-GND=750.

- § C2,01~-GND=11.5E-12

2 & 01,0-5=MUDEL IN3605 (PERM)

b RS, 5-7=800

£ tL,6NN=7=22,4

= B RI 0p-02=4300

L § C3,Q6-102=2,F=12

o R4,02-GNN=750.

E C4,02-CNN=11.5FE-12

: U2, 0B-6=NONEL 1N3605° (PEKM)

ek R6,6-7=R00

S FUNCTIONS

o b 16=0,3.5.61.E-9'3.').70.E-9,0.:170.E-9.0-:188-5-9.3.5;?50-5-%3-5
. T2rt=

s 0,0

e 10.6-9,10

: 20.€-9,10

b v JU.E-9,8

3 200.F-9,0
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Figure IV-14, Test Circuit Description for CLOCK and SIGNAL
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It should be noted that the first 80 to 85 nanoseconds on Figure IV-17 and IV-18
represent an initializing condition; i.e., the time required for the circuit/devices to
establish a quiescent performance condition. The positive initializing time required
on Figure IV-12 is somewktat reduced since the computer is started at 50
nanoseconds before the analysis is started (t = ~50 nanoseconds). Howsaver, normal
circuit/device performance is demonstrated to exist after this condition is reached.

C. RADIATION EFFECTS

1. GAMMA BRADIATION

Exposing the device to a nuclear radiation environment may affect normal
performance by causing the Q and Q signal levels to vary., When exposed to pulsed

gamma radiation at dose rate levels of approximately 3 x 10+10 rads (Si)/second, the
performance is only temporarily affected. Extensive testing was done by the
General Eleu.~ic Company on four devices (cach containing two 9774 circuits). The
test report with photographic recording of the results is included in Appendix IV-B,.

Although no attempt was made to duplicate all of the radiation exposure conditions,
several "typical" conditions were selected. These are identified as condition 8, 10
and 11.

‘To appropriately include the radiation effects it was necessary to modify the device
model. This was accomplished by changing the entries for Table T1 in the model
description (Figure IV-6), to reflect the response of the circuit to the radiation in
such a manner as to agree with the observed results, Consequently, the listing was
changed to indicate a value of -1 when the voltage across JR1 and/or JR2 is 0 volts,
a value of -0. 5 when the voltage is 1 volt, a value of +0. 5 when the voltage is 2 volts,
and a value of +1.5 when the voltage is 3 volts, Figure IV-1$ shows the manner in
which this was accomplished.

For condition 11, the radiation effect in the computer is caused to occur when the
time equals 250 nanoseconds. The gamma ray pulse is 30 nanoseconds wide and is
described in Table 2F1 (T2F1) on Figure IV-20. Condition 11 requires that the
preset and clear be set '"high", and the clock and data be set "low", which results in
the Q being high and Q low. These conditions exist at 255 nanoseconds, at which
time the radiation effects are simulated.

Figure 1V-21 indicates the relative signal levels versus time for the three simulated
conditions. Since the preset and clear signals are maintained at a constant, non-
interfering level for all test conditions, they are not shown on this figure.

The result of this application of simulated radiation is shown in Figures IV-22 and
IV-23 for Q and Q respectively. Drawn on the computer printouts are the results
observed during the actual tests. The varying clock pulse is shown on Figure IV-24,

Condition 10 test requirements are that the clock be "low" and the data "high' while
Q is "low" and Q is "high". These conditions exist at 660 nanoseconds, at which
time the radiavicu effects are simulated.

Condition 8 test requirements are that the clock and data are "high" while Q is "high"

and Q is ""low". These conditions exist at 935 nanoseconds, at which time the
radiation effects are simulated,
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The results of the simulated radiation injection for both of these test conditions are
shown on Figures IV-25 and IV-26 for Q and Q respectively. Drawn on the computer
printouts are the results observed during aciual tests.

The figures indicate excellent agreement between the computed resuits and the
laboratory test observations.

2. NEUTRON RADIATION

When the device is exposed to neutron radiation conditions, its performance muy be
degraded either temporarily or permanently. The degree of the degradation, as well
as the device recovery time for those conditions which permit recovery, depends
upon the exposure level.

Exposure of test circuits to fluence levels of 1.2 x 1014 results in an output level
reduction of approximately 0.4 volt, when the outpit signal is at a 1 level. When the
output signal is at a 0 level, the voltage is increased by about 0. 2 volt. These
results were observed by the Air Force Weapons Laboratory when they exposed
these devices and are reported in Reference 1*,

Figure IV-27 presents the circuit transfer degradation observed during these tests,
for various fluence levels. For curve 4, which represents the test condition 4, the
onutput signal level drops from about 3, 1 volts to approximately 2. 7 volts and rises
from about 0. 4 volt to approximately 0, ¢ volt,

The method for incorporating this response change into the model is shown in
Figure IV-28, The value of voltage sources E3 and E4, and thus the output voltage
EQ and EQB, are changed from a simple dependency on the voltage across sources
JR1 and JR2, respectively, to a dependency upon both the voltage across the source
and the fluence level, the fluence being defined as P2, This change in dependency is
accomplished by use of an additional subroutine, FNVT,

The subroutine FNVT is shown on Figure IV-7; the computer circuit description to
produce the analysis in Figure IV~29, The inclucion of the neutrun exposure effects
is accomplished by redefining P1 and P2, in the model callout, to be P5 and P§
respectively. P5 and P6 establish the values for FNV'T and thus modify the values of
E3 and E4 in the device model.

The effect of the subroutine FNVT is seen in Figures IV-30 and IV-31, for Q and Q
respectively, In Figure IV-30, the 1 level voltage is reduced from about 2, 9 volts
(Figure IV-12) to approximately 2.5 volts and the 9 signal has been increased from
about 0. 2 volt to 0.4 volt, These results agree with the okserved laboratory data.

This method of including fluence effects represents an approximation of the results
shown in curve 4 of Figure IV-27. A more sophisticated and accurate representation
would be to mathematically describe curve 4 and allow P5 and P6 to represent the
resultant equation. However, the present model does deimonstrate a satisfactory
procedure for incorpora ing these conditions into the device model description.

¥
thid. page 16




&S

LN
a4

o
I

S

I

it

e

L2

2

Ny 1)

SHas

-y
Ziod

g e 2

seravoy

37

2
e

vEY

oo

£

v &

-
SR

DA T

T T

Al

—re

g

B L2 U

00080 g8 leceraceccaces .

!

i [ [ R T ] i T T

|
l
{

.
L

A-R0000L 00 1-~
1

. )
1

1
LRI LEL AT S

1

JoR0ANRE 00 1=
1

L LT Wy

--1
TVEéTIITTTT T
!

alsesinest¥ises
] oo .
- e eeqe e —- . - . c rmmm—— e e e e o HEE
1 e )
T OSSSEAMF N e T e T T - hodt B
—_———l e . - — | R
e . [
1. . o of fo
- - D D S - - N At s - =- - -
1. . . .
- LTt o T . - o ols - . e mm———— e — -
1e . . .
- - e gt sy - - e - - -
1 . . .
1-S0a60; gn " [o= 7 o . T e - - T T s s
1e . .
Al { R [ - - - e b T TR mA s - e o
. . .
= seer - ey g s s mnien . P . - r———— = — ————— e
1o 000001 o8 te- .
. . - - = -

ToIVIE- 38 I8
t.200F<00 1oa00k04
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SECTION V

TEXAS INSTRUMENTS RSN54L72 FLIP-FLOP

The RSN54L72 flip-flop operates or the basis of the master-slave principle in which
the output changes state on the negative going edge of the clock pulse. The device
features multiple J and K inputs with direct PRESET (SD) and CLEAR (RD) capability

for asynchronous operation, and complementary Q and Q cutputs. Logic_information
present on the J and K inputs, plus information fed back trom the Q@ and Q outputs,
sets the master section. The sequence of operation for this device is as follows:

1) With the clock input at a logic 0 level, the master section is isolated
from the slave section by transfer gates.

2) As soon as the clock pulse rises and reaches the clock input threshold
level of 1. 5 volts, logic information present on the J and K inputs is
entered into the master section,

3) With the clock at a logic 1 level, the master section remains isolated
from the slave. As the clock puise begins to fall, the input NAND
gates become disabled and the transfer gates are turned on,

4) As soon as the clock pulse falls to the threshold level (approximately
1. 5 volts), the logic information present at the output of the master
section is transferred to the slave, which controls the output.

As long as the logic inZormation on the J and K inputs remains stable, the flip-flop
will respond in acceirdance to the truth table whenever the clock makes a 1 to 0
transition, Because the flip-flop operates on dc levels rather than dynamic signal
changes, no maximum rise and fall times are imposed on the clock or J and K
waveforms,

The asynchronous PRESET (SD) and CLEAR (RD) inputs may be applied at any time
and will override the effect of the clock input pulse. The SD and R, are active when

D
in a low (logic 0) state.

-

The schematic diagram of the integrated circuit is shown in Figure V-1, The
functional logic representation is shown in Figure V-2 and is represented by eight
NAND and four NOR gates.

The truth table for tlie device as described by the manufacturer is shown in Table V-1
for the condition when the PRESET (SD) and CLEAR (RD) signal levels are high

(at 1 level).

The electrical characteristics of the device defined by the manufacturer are shown
in Table V-2,
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TABLE V-1,
TRUTH TABLE

INPUTS AT ¢ OUTPUTS AT t
n o+l

J K Q Q

L L Qn o

L H L H

H L H L

H H Qn Qn
J=J1-3J2-J3 L bit time after clock pulse
K=K1l- K2. K3 Qn = level of output Q at tn
"n = blt time before clock pulse -Qn = complement of Qn or level of output Q at tn

TABLE V-2,

ELECTRICAL CHARACTERISTICS
(Over recommended operating free-air temperature range, unless otherwise noted)

PARAMETER TEST CONDITIONS® MIN| TYP] MAX |UNIT
Vm“, Input voltage required to ensure \'(.C a \Min, 19 v
logical 1 at ans Input terminal
vln(O) Input voltage required to crauce VCC = Min. 08 |v
logical 0 at any Input termiaal
vou!(l) Logical 1 output voltage vCC * \lin llmd - 100uA | 2.4 v
vout(O) Logical 0 output voltage VCC = Min '.lnk =2mA 03 (v
lln(O) Logical 0 level input current VC(‘ = Max Vm = 0,3V =0, 18|mA
1 Loglcal 0 level Input current Vop® Max, V. m0,3V ~0 40 mA
tn(0) at preset, clear, or clock cc in
'ln(l) Logteal tevel input current VCC = Max., Vln - 2.4V 10 JuA
V(,C * Max, vln n 5,5V 100 juA
,
Iln(h Logical 1 level input curreat VCC » Max, \ln 2,4V 20 |uA
at preset or clear
VCC = Max, V'n 5,5V 200 |uA
[} Togical 1 tevel current Into V.= Max, V, «2 4V 20 fuA
Intl) the clock Input cc I —_
VCC + Max, Vln =5 5V 200 [uA
IOs Short-circult output currenat VC-‘.‘ w \Max, -1 <15 {mA
'(.(. Supply enrrent Vc(. = 5V vln(clnck\ -0 1 mA
‘clock Maximum clock frequency (‘l =50 pF V(,C = 5V, 3 Mz
T, v 25°C
lpdl Propagation delay timo to ('1 = 50 p¥ V(,C - 5V,
togical 1 level from clear L o8e
or presct to output Ty 2 25°C 7 jne
tpdo  Propagation delay time to Cy = 50pF Vo= 5V, 150 |na
logical 0 level frem clear T, =28°C
or presct to output A
'pdl Propagation deiay time to ¢, ~50pF V. +8V, 10 k- ns
1 cc
logical t level from clock N
T, ~2°C
to output A
tdo  Propagation delay time to C " 80PF Vw5V, 10 150 |na
logical 0 level from clock o
T, " 28°C
10 output A

*For coniitions shoan as Min or Max. use Min, = 4 5V, Max, 5,5V
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A. MODEL DEVELOPMENT

1. MODEL 1

Two models were developed for the RSN54L72 flip-flop. The inirial modeling
approach was to simplify the logic, as represented in Figure V-2, by eliminating the
NOR functions. These functions would be included in the model by means of several
FORTRAN statements. The revised and simplified logic diagram to perform the
flip-flop function is shown in Figure V-3 and consists of eight interconnected NAND
gates. Each input and output terminal required to interface with the outside world

is represented in SCEPTRE by 2 zero valued current source as shown in Figure
V-4. The general black-box model representation is also shown in this figure.

Figure V-4 is the SCEPTRE model for Figure V-3. It shows the representation for
the two input NAND stages (E1 and E2) which respond primarily to external signals,
the intermediate stages (E3 through E6) which represent the master-slave
relationships, and the output gates (E7 and E9). This model uses two variations of
the basic 2 input NAND gate, a three input version, and a six input version, The
voltage sources E8 and E10 are included to provide decoupling of any load effects
on the model outputs, Q and Q, and also to allow for incorporation of the neutron
effect in the model.

The operation of each stage is as follows: (references are to Figure V-11)

° If any of the inputs is less than 0. 8 volt, the voltage generator (E) is set
at 3 volts, This is achieved through statement 90,

® If all of the inputs are greater than 1, 9 volts, the voltage generator is
set at 0 1 volt, This is achieved by statement 110,

® For intermediate values of input, the lowest input voltage controls the
value of the voltage generator, This is achieved by statement 130,

) To control the delay between the time the clock signal falls to 1, 5 volts
and the circuit reaches the same level, it is necessary to provide a time
delay circuit. This is achieved by means of the resistor-capacitor
(R-C) network present in each gate circuit. Since the rise and fall times
are different, the value of the capacitor is changed. The capacitor is
set at one of the two values depending upon whether the output signal
level is rising or falling. This is achieved by statement 290,

The current generator is used in each gate because each of the gates may be in a
different state. A load circuit, for demonstrating proper device performance,
is applied to both the Q and Q terminals (as shown in Figure V-16).

The clock timing is shown in Figure V-5; the Q output without radiation, in Figure
V-6; with arbitrarily injected radiation, in Figure V-7. TFigure V-8 shows the Q
output without radiation; Figure V-9 shows the output with arbitrarily injected
radiation. In both Figures V-7 and V-9, the radiation injection is intended to
demonstrate the ability of the model to accept the gamma pulse and not to simulate
any expected performance,
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The SCEPTRE description of the J-K flip-flop model is si..own in Figure V-10,
Table T1 of this figure is an arbitrary table to be used to demonstrate the response

of the model to a gamma impulse radiation,

The function subprogram used in the calculation of the transfer functiun for the NAND
gates and the variable delay time is shcwn in Figure V-11,

The circuit description used in SCEPTRE for the gamma radiation esfects evaluation
is shown in Figure V-12, Table T2F1 of this figure describes the ime when the
arbitrary radiation is caused to oczur,




70 MODEL DESCRIPTION

80 MODEL RSN54L72 (CK-K1-K2-K3-SET-RS-J1-J2-J3-Q-QB-0)
90 J K FLIPFLOP

100 ELEMENTS

110 JCK,CK-0=0

120 JK1,K1-0=0

130 JK2,K2-0=0

140 JK3,K3-0=0

150 Js,SET-0=0

160 JRS,RE-0=0

170 J1,J1-0=0

180 J2,J32-0=0

190 J3,J3-0=0

200 JQ,0Q-0=0

210 JQB,QB-0=0

220 E1,0-1=FE6 (VCK,VJK1,VJK2,VJK3,VJIS,VI0,.8,3.,1.9,.1,2.7)
230 R1,1-2=100

240 C1,2-0=FKC(E1,VCl,450E-12,180.E-12)

250 JR1,2-0=Q1(T1(VJR1),T2)

260 E2,0-3="E6 (VJCK,VJ1,VJ2,vJI3,VIRS,VJIQS,.8,3.,1.9,.1,2.7)
270 R2,3-4=100

280 C2,4-0=FKC(E2,VC2,450E-12,180.E-12)

290 JR2,4-0=Q1(T1(VJIR2),T2,

300 E3,0-5=FE3(VJR2,VJS,VJR4,1.2,3.:1.5,.1,2.7)
310 R3,5-6=100

320 C3,6~0=FK 'E3,VC3,430.5-12,15".E-12)

330 JRJS,6-0=QL{T1(VIR3),T2)

340 E4,0-7=FE3(VJR1,\JRS,VJR3.1,2,3.,1.5,.1,2.7)
350 R4,7-8=100

360 c4,8~0=FKC(E4,VC4,430.E-12,150.E-12)

370 JR4,8-0=01(T1(VJR4),T2)

380 ES5,0-9=FE?(VJR1,VJR4,1.2,3.,1.5,.1,2.7)

390 R5,9-10=100

400 C5,10-0=FKC(E5,VC5,430.E-12,150.E-12)

410 JRS5,10-0=Q1(T1(VJIRS),T2)

420 E6,0-11=FE2(VJR2,VJR3,1.2,3.,1.5,.1,2.7)

430 R6,11-12=100

440 C6,12-0=FKC(E6,VC6,430.E~12,150.E~12)

450 JR6,12-0=Q1(T1(VJR6),T2)

460 E7,0-13=FE3(VJS,VJR6,VJQB,1.2,3.,1.5,.1,2.7)
470 R7,13-14=100

480 C7,14-.=FKC(E7,VC7,430.E-12,150,E-12)

490 JR7,14-0=Q1(T1(VJIR7),T2)

500 E8,0-15=X1(VJR7)

510 R8,15-Q=100

520 E9,0-16=FE3(VJRS,VJR5,VJQ,1.2,3.,1.5,.1,2.7)
530 R9,1€-17=400

540 C9,17-0=FKC (E9,VC9,430.E-12,150.E-12)

550 JR9,17-0=Q1(T1(VJIRI),T2)

560 E10,0-18=X2(VJRY) .

570 R10,18-QB=100

5S80FUNCTIONS

590Q1(A,B)=(A*B)

600T1=

$10 0,.0001

620 1,9,.001

630 2,9,¢

640 3,,-.0001

650 OUTPUTS
660VJQ,VJQB,JRL,VC1,JR2,VC2,JR3,VC3,IJR4,VC4,JR5,VCS5, PLOT
670JR6,VC6,JR7,VC7,JRI,VCY,VIS,VIRS, PLOY

Figqure V-10, Copoiuter Decscription - Model #]
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OLD DESIGN/FE6,R
READY
*LIST

lo¢%s, N
20$: IDENT:150349-~433-2536
308: USERID: CIRCUITSANALYSIS

i
kS

h,

£
&

¥

3
e
2

- 40$ FORTRAN
7 50$:PRMFL:B* ,R/W,S,DESTIGN/BJK
3 60$:REMOTE:P*, IQ
- 70CFJK J-K NAND GATE
3 80 FUNCTION FE6(A,B,C,D,E,F,G,H,P,Q,Y)
K 90 IF(A.LE.G .OR, B.LE.G .OR. C,LE.G .OR, D.LE.G
b: 100 * _OR. E.LE.G .OR, F.LE.G) GO TO 4
4 110 IF(A.GE.P .AND. B.GE.P .AND. C.GE.P ,AND.
- 120 * D.GE.P ,AND, E.GR.P .AND. F.GE.,P) 3C TO S
2 130 FE6=Y-AMIN1(7,B,C,D,E,F)
s 140 RETURN
b 150 4 FE6=H
Y 160 RETURN
i 170 5 FE6=Q
i 180 RETURN s
B . 190 ENTRY FE2(A,B,G,H,P,Q,Y)
i 200 IF(A.LE.G .OR. B.LE.G) GO TO 4
. 210 IF(A.GE.P ,AND. B.GE.P) GO TO 5
b 220 FE6=Y-AMINL (A,B)
% 230 RETURN
A 240 ENTRY FE3(A,B,C,G,H,P,Q,Y)
H 250 IF(A.LE.G .OR., B,LE.G .OR. C.LE.G) GG O 4
3 260 IF(A.GE.P .AND. B.GE.P .AND. C.GE.P?) GO TO 5
-4 270 FE6=Y-AMIN1(A,B,C)
¢ 280 RETURN
: 290 ENTRY FKC(A,B,C,D)
300 X=C
310 IF (A.GE.B)X=D
320 FE6=X
330 RETURN
340 FND

350$:END’OB

READY

\

Figure V-1ll. Model Subprogram
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680CIRCUIT DESCRI}TION

690 RSNS4L72 SWITCHING TIME TEST

700ELEMENTS

710F1,C-K-K-K-S-RS-J-J-J-Q-QB~-0=MODEL RSNS54L72

720ES,0~S=T1

730ERS,0-RS=2.4

740EC, v-C=FGEN(0,3,0,15E~9,185.E~9,15E-9,400.E~9,100, TIME)

750EK, 0-K=FGEN (3,3,-15,E~9,15E~9,200.E-9,15£-9,800.E~9,100, TIME)
760EJ,0-J=FGEN(3,3,-15,E-9,15E-9,200,.E~9,15E-9,1600,.E-9,100,TIME)
770R1,Q-Q1=4300

780C1,Q-Ql=2,.E-12

790R2,Q1-0=750

800C2,Q1~0=11,5E-12

810D1,Q-5=MODEL 1N360S5 (PERM)

820R5,5-7=800

830EL,0-7=2,4

840R3,0B-Q2=4300

850C3,QB-Q2=2,E~12

860R4,Q2-0=750

870C4,Q2-0=11,5E~12

880D2,QB~-6=MODEL 1N3605 (PERM)

890R6,6~7=800

900 FUNCTIONS

910 Ti1~=-50.E-9,0,-50.E-9,2.4

920T2F1=

930 0,0

940 10.E-9,10

950 20.E-9,10

960 30.E-9,0

970 200.E-9,0

980 210.E-9,10

990 220 oE"'g ' 10

1000 230.E-9,0

1010 280.E-9,0

1020 290.E-9,10

1030 300.E-9,10

1040 310.E-9.0
1050 650.E-9,0
1060 660.E-9,1
1070 670.E-9,1
1010 680.E-9,0
1 30 1000.E-9,
1100 1010E-9,1
1110 1020E-9,1
1120 1030.E-9,
11300UTPUTS o
1140EC,EJ,EK,PLOT
l1150vCc2,vC4,IR5,IR6,PLOT
1160XSTPSZ, PLOT

1170RUNCONTROLS

1180START TIME=-10V.E-9
1190MAXIMUM PRINT POINTS = 1000
1200COMPUTER TIME LIMIT = 5.5
1210STOP TIME=1200.E-9

1220END

Figquene V=12, Test Cireuit - Computer Des~ription
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2. MODEL 2

Although this first model performed satisfactorily, a second model was developed.
There were two reasons for developing this second model. First, the existinrg model
appeared to be ton large and complex. Second, when the first model was used as an
integral part of the shift-register circuit model (which in essenceis four J-K flip-
flop circuits connected in cascade), the resultant device model was too large to have
practical applicaticn

The computer model that has been developed to duplicate observed performance is
shown in Figure V-13. The model description is shown in Figure V-14 and the
subprograin which establishes the logic output signal levels and delay characteristics
is in Figure V-15,

The signal input impedances JS, JRS, JCK, J1, J2, J3, JK1, JK2 and JK3 are
represented as zero valued current sources. In SCEPTRE, this implies that the
input signal terminals S, RS, CK, J1, J2, J3, K1, J2 and K3 have infinite impedance
(although the gates have measurable and varying impedance values which depend
upon the applied signal level). This, as a first order approximation, will provide
reasonably accurate results, For greater accuracy, the current sources should be
modeled as ''tabled" functions of current versus applied voltage in SCEPTRE. This
method will provide a realistic device input impedance representation,

As indicated on Figure V-13, and described on Figure V-14, the voltages associated
with dependent sources E1 and F2 are determined by the functions F@1 and F42. The
functions are an implementation of the logic as indicated on the following sketches.
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¥

AR

A
42
k> NUREL RSN54L72 (S-RS-CK-J1-32-13-K1-K2-K3-0-0K-CN)
2 — . ELEDENIS
S, S=GNb=D,
P> & JHS,RS-GND=0.
kT £ JEK,CR=GNy=g.
B 1. a1=(An=0.
b ‘- J2.92-CNDzh.
EQ J3.03-6NN=A, e
b JKY,K1-6ND=0.
E: A2, K2-5N[120. e e
v JKY, KI<GND=0.
F1,GNI-AZPN2
% R1.A-B2100.
e % C1.8-GNI=F CAP(E1, VC1) .
g K1, R-GNBz01( TABLE 1(vC1),F1)
pe FU,CND-C=x1(VJR1) i e
,- RU.C-U=z100,
p. JU.Q-GNU=g,
23 €2,GNU-DEP04
2 _R2.0-t=100, e e e ———————
2 £2,6=uNI=FCAP(E2, V(2D
s —JR2,E-OND_= Q1 CTABLE Q(VG20.P0) . _ _ .. . e e e - -
Fs FUR, BNN-F=X2LYJR2)
2 RUR,F - nnqna.
3 JUR, QH- nNn
; neF luen PARANETER )
Plzo. Tt e T

PUTEFOL PO, VURS, V1.V J2,9Y33,VJI0A, VJRS,VJcK)
S0 ¥ 07 [VIUE, PUT, VIS, VJUR, VIS,VIKY - T -
POIFO1(POT,VIS, VUKL, VIK2,VIKS, VIQ. VIS, VICK)
PU!:FW(VJQJ(S.V RS, VJG, VIRSTVIGK)
FUNCTIONS
OTTR,BY = (X%BY - T
TARLE 1 = 0,,.2,, 11,,.1,, 2-'“.: 3.2,
VARLE 2 ¥ Nev0.s 5000.E-9,0% - T
ouTPHTS
RZe » 2 PLUT

i L T KL N 7Y
e N 6

Figure Y-14. Computer Description - Model #2

AR32T 92 14-12-71 14,244
1 o 0)
? FURCTION FOf (AR, Con,ELF,0,H) 7 ~ 777 77777
= J . SUKPROGRAK FOR )k t1 [P FI 0P
4 . WAK 9-21-71 o Tt T
L I..I....l(...(I_QLE"ODOD"‘QlQ.l‘ll.......'..l.........
[ Xz1.5
e NPARTY =Y _ e
# IFCALGF . X ANUL . GFaX) NPART1S2
R SNy | .7 1.3 2.5 B [
10 IFCCLGE X, ANUL DL GE X AND.F,BF,X) NPART23?
11 HPARYSSL
1?2 \F(F.GE.X.AND, GG, BE-X,AND,H,0E,X) NPAKT3z2
JEOSNS . ————— 7 3 P FS -
14 IFCNPART ) E0.0  ANRLNPART S, £0,2) NPART4E2
RN | SURpEpp——_ 1§ 1 P S
16 IF(NPARTY £ 0.1, AND.NPART4,£0,1) an.s 0
17 #t TURN —
18 ENTRY 102(A.bB,C. 00t ,F)
I L N £ 3 T3 - _
20 Fo1zn.1
b 3 T HPARTI}=1
22 1F(A,Gt.X.ANU.A,GF.X.AND,C,0E.X) NPART12?
21 NPARI2=1 .-
24 EF(N.6E X ANV E .OF. X, AND,F,BE.X) NPART22?
.l o CEF(NPARTILLOU,ANDCNPART2,F0,1) F0123,0
. 26 RF TURN
20 . LNIRY [CAF(ALR) - - .
H F01 = 600.€6-12
29 IF(A__GE. H) FOy 3 475.€-12 o
h REJURN
e MU END

%41 HORDS OF WEHORY USED RY THIS COMPILATION

Figure V-15. Model Subprogram
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These complex relationships are entered into the model description as functions,
thereby allowing the use of the simple model shown in Figure V~13. This figure
schematically presents how the functions are included in the model, while Figure
V-14 indicates the method for inclusion in a SCEPTRE listing.

The functions Ff1 and F@2 are connected to form the master and slave gate
respectively as shown in Figure V-2. Defined parameters P@g1 and P#3 are the
output signals of the master gates, while defined parameters P@2 and P@4 are the
output signals of the slave gates. The output signals from the gates are saved as
defined parameters to avoid confusion if multxple J-K flip-flops are called for under
"circuit description', os well as for use in the latching function. The logic levels

are 1 for signals greater than or equal to 1.5 volts and 0 for signals less than
1.5 volts,

The RSN54L72 triggers on the negative edge of the clock pulse. The model senses
the level of the clock signal and transfers input information in two steps. As the
clock signal rises above 1.5 volts, the signals at the inputs are transferrcd to
defined parameters P@1 and P@3 as determined by the logic in function F@l. This
represents the master section of the flip-flop. When the ciock signal falls below

1. 5 volts, the defined parameters P@#1 and P#3 are transferred to defined parameters
P@#2 and P@4 uas determined by the logic in function F0'2. This represents the slave
section of the flip-flop. Thus the signals =nter the master section during a high

clock and are transferred to the slave section during a low clock which occurs during
a high-to-low transition of the clock (negative edge).

although the device manufacturer indicates (Table V-~2) that the switching delay
tirces tor either positive or negative going output signals will be no greater than 150
nanosecond:, laboratory test measurements on many units indicate not only that
both lelays are shorter than this worst case value, but that they are different from
each other. Therefore, the delay times tpdl and tp do are established in the model

by the time constant R1 - C1 and R2 - C2. These time constants are changed by

varying the value of C1 or C3 depending upon whether a logic 1 or 0 is required as
an output signal,

The value of C1 and C2 is determined by means of subprogram FCAP. Thus, Cl is
set to 600 picofarads unless E1 is greater than, or equal w0, VCI (voltage across C1),
When this latter condition occurs, C1 assumes the value of 475 picofaracs., C2 is
determi ... n a similar manner. Since the output voltages EQ and EQB are equal to
the voltage across the capacitors C1 and C2 respectively (JR1 and JR2 are zero
valued current sources, required by SCEPTRE for dc circuit evaluvation condition,
and are in parallel with C1 and C2 respectively), a relationship between the input
signal levels and the output voltages is readily established. JR1 and JR2 are also
used as a source of gamma radiation injection in the model, when required, The
FORTRAN flow charts associated with these two functions as well as the radiation
response are shown in Appendix V-A,

The output impedances ol the device (RQ and RQB) are fixed at 100 ohms, Although
this value is not an accurate impedance representation for all voltage and load
conditions, it provides first order accuracy of output signal level. 'To duplicate
actual impedance variations, the value of resistors RQ and RQB would be made
variable and a function of the load voliage and cut cents,




The zero valued current sources, JQ and JQB, are dummy elements to permit
monitoring the device output signal under varying conditions.

£ The model listing as described to the computer is shown in Figure V-14. A
* ccmparison between this figure and Figure V-10 indicates the greater simplification
i achieved in the model description size. The former requires 53 entries and three
subprograms to describe its behavior; the latter, 35 statements and 1 subprogram.

; The subprogram which established the E1 and E2 signal levels, as well as the
3 - capacitance value for the delay characteristics, is shown in Figure V-15.

A

Es

4 B. MODEL. VERIFICATION

The test circuit used earlier, and shown in Figure V-16, was described to the
computer, The topological description for the SCEPTRE circuit analysis program
to demonstrate the performance of the preset and clear functions is shown in
Figure V-17. The results of the computer analysis of the circuit are shown in
Figures V-18 through V-22, Figure V-18 shows the clock pulse. Figures V-19
and V-20 indicate the SET and RESET input signals. Figure V-21 and V-22 show
the circuit response to these input signals; Figure V-21 shows the Q output and
Figure V-22 the Q c1utput, It is evident that from the results that the preset and
clear are independent of the clock and override the J and K inputs.

The topologicu: uescription for the SCEPTRE circuit analysis program to verify

the J and K input control is shown in Figure V-23. The inpuic ave shown in Figures

V-24 through V-26; clock in Figure V~24, J in Figure V~25, and K in Figure V-26,

Figures V-27 and V-28 indicate the circuit response to these signals and represent

the outputs Q and Q respectivelv. It is evident that the flip-flop model is triggering
v on the negative siope of the clock and in accordance with the truth table,
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The model rise and fall times were verified as shown in Figures V-29 through V-31,
The manufacturer defines delay time, tp dp s the delay between the clock signal

reaching 1. 5 volts and the Q signal rising to 1. 5 volts and the delay time, tde‘ as

the delay between the clocking falling to 1.5 volts and the Q signal falling to 1. 5 volts,
3 The same definition holds for the Q signal. 'The results are shown in Table V-3,
B and compare favorably with the manufacturer's data in Table V-2,

C. RADIATION EFFECTS

E: 1.  GAMMA RADIATION

E: Expo.ing the device to a nuclear radiation environment niay 2ffect aormua performance
5 by causing the output signal level to vary. When exposed to pulsed ionizing rays

(gamma radiation) at dose rate levels of approximately 3 x 10 10 rads (Si),’second,
the performance is only lemporarily affected. Extensive radiation testing was done
by the General Electric ( umpany: the test report with photographic recording of the
results is included in Appendix V-B,

If a gamma radiation pulse simulation is caused to vccur whea the device ovutput is at
s a 1 level, the outpat response is momentarily reduced, If a radiation pulse simulation
% is caused to occur when the device output level is in a 0 state, the output response is
momentarily increased,
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RUNGAL 72 SHITEHING TIHE Ti Q)
.. SAVED_UMDER RONS4L7Z__¥-21-71
ELEMENTS
_IJLS:RS.;_:Z:J:J:.J;K:K;!S:MH;EMDEL_BNSAUL ———
£S5.0-S5=
ERS. 0=-RS=312
EC.0-CaFBEN(O.+3¢s0er15:F-9,200,F~9+15.E~9,400.£9,100.2TIME)
x —Edan=dzld. o ——
F €K, p=-K=T4
—R1:Q-0124300.
€1,0-01=2,€-12
R2.01-0=7%0¢
< fZ.01-n=11,.5E-12
% ¢ — D1, U=5=H0DEL_1NJI60S (PERM)
b R5.5-7z800,
% . KL.g-732.4
- RY.uB-nZz430N,
2 b)Y, 0R-0232,£-12
1 R4,02-0=750.
%

- - . - PN -

R
e

_6A,02-0311 56212 ______
N2.0R-4=HDNEL 1N36N5 (PERM)
~RO ﬁ:7,=_9.°n._
FUNCT1ONS
e 11200rad e BaHGE=T 0012 9uF =T 30 LabE=8r3as14515E0,002102E28,01s
1.715t=6:3.
3 3220423201200 E29.3000705.E29000.2800.6-9,.1,2815.€6-9.30 .
s 13z0.,3..5000,E6~9,3,
R 2P VS POLT YT IV -2Y. 1 DN
ouTPUIS
FC.EN.EX - PLOT
f €5, ERS, PLOT
{ ———RUN_CONIRULS

TTSTART TIME =0, Tt T o T m e e
_CHAXIMUM PRINT POINTIS = 200 . . _ .. _. e e e e -
Jéu%tl’u!l‘gﬂ TINF L?'IH'T 75,5

. SINP TINE = 5000.E-9

o
B
72
|
£
ks
Y.
8

END
N * 3 . . g r o)
! Figure V=17, Test Circuit Description for SET and RESET Inputs
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Figure V=15, CLOCK Input Sigral
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Figure V-19, SET Input Signal
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The method for simulating the pulsed ionizing gamma radiation induced transient
effects is to change the value of P1 in Figure V-14. As shown on Figure V-32, P1

is redefined as a signal that is time dependent and represented by Table 2 of this
figure, By changing the time entries in Table 2, the radiation simulation is ‘caused
to occur whenever desired. In this figure, the transicnt gamma pulse is caused to
occur at 620 nanoseconds which simulates radiation test condition 5, in Appendix V-B.

As seen on Figure V-33, a positive excursion of the Q output is observed to occur
at the desired time, ¥or test condition 5, this output is in a 0 state, since both

the J and K signals are in a high or 1 condition, and the clock in a 0 state. The
second positive excursion of the Q signal, which occurs at 1125 ranoseconds,
demonstrates that the model response is the same when the clock is in ¢ 1 state,
while the other signals remain constant. This result would normally Le expected.
Figure V-34 indicates the Q output signal behavior for the same conditions. Super-
imposed on the computer results of both figures are the observed laboratory

test results,

For test condition No. 2 (i.e., J in the low state, K in the high state, and the clock
in either rtate), the computer results are shown in Figures V-35 and V-36, for the
Q and Q output signals respectively, Observed laboratory test results are super-
imposed on these figures. As was the case in Figures V-33 and V-34, both the low
and high state of the clock signal conditions are presented,

Test condition No, 1 computer analysis results are shown in Figures V-37 and V-38,
For this test both J and K signals are in the 0 state and therefore the Q is at the 1
level. Again radiation is simulated at times when the clock is In both the low and
high states, Figure V-37 shows the Q output and Figure V-38 the Q output, for the
same condition., Again observed laboratory results are superimposed upon the
computer output, Figure V-39 shows the circuit description used by the computer
to obtain the above results.

Test condition No. 3 (J signai in the high state, the K signal in the low state, and
the clock in both states), produces results that are the same as for test condition
No. 1. The results are shown in Figures V-40 and V-41,

These figures demonstrate excellent agreement between the computed results and
the laboratory observations,

2, NEUTRON RADIATION

When the device is exposed to neutron radiation conditions, its performance may be
degraded either temporarily or permanently, The degree of the degradation as well
as the device recovery time, for those conditions which permit recovery, depends
upon the exposure level.

Exposure of test circuits of fluence levels of 1.2 x 1014 results in an output level
reduction of approximately ", 4 volt, when the sigmal is at a 1 level. When the

output signal is at a 0 level, the voltage is increasec by about 0, 2 volt, The results
were observed by the Air Force Weapons Laboratox v when they tested these devices
and are repcrted in Reference 1, * Figure V-42 pr¢ sents the circuit transfer function

"Dbid, page 16
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Figure V-33. Q-Response for Condition 5
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Figure V-35. Q-Response for Condition 2
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Figure V-37. Q-Response for Condition 1
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degradatlon observed duriirg these tests, for various fluence leveis For curve 4,
whiczi\reoresents test condi‘ion-4, the output signal level drops from ahout 3.1 volts
~to. approximahlv . T volts and rises from about 0. 16 volt-to-approximately 0. 18 voit.

The method forimcorporatmg :this response change into the model s shown in
Figure V-43, The value' of- the utput voltages EQ and EQB are changed from a
- simple dependenc) on the voltage across sources JR1 and JR2 respectivaly, to a
dependency upon hoth'the voltage seross the source and the fluence level. To permit
both the increase and decrease to be effective, a subroutine, FNVT, was incorporated
* into:the. medel descr!ption as P4 .

The subroutine FNVT is shown. ln Figure V-44; tho circait computer description to
produce the analysis in Figure V-45, The results of-the effects.subroutine FNVT,

identified as P4F1, are shown in Figure V-46. The cirsuit analysis results for Q
and Q are shown m Tiyures V-47 and V-48, respectively,

An examination of these iast three figures resul’s in two major conclusions:

1) When the time relationship between the values assumed by P4F1 and the
1 and 0 levels of the ¢ output are ¢ompared, it is seen that P4 equzls
+0, 2-volt when the Q signal is in its low state, and -0, 4 volt when th2
Q signsl ig in the high state,

2) When Figures V-47 and V-48 are compared with Figures V-20 and V-31
respectlvely, it is seen that the 1 level voltage has been reduced from
2.9 volts to 2, 5 volts and that the 0 level voltage has been increased
from 0. 4 volt to 0. 6 volt, This is the expected response to neutron
envlronment exposure,
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SECTION VI

FAIRCHILD 9780 SHIFT REGISTER

The 9780 is a serial-in, parallel-out, synchronous 4 bit shift register. It provides
an output. (Qo, Ql’ Q2 and Q3) for each of the four stages plus a Q:3 output at the

last stage, an overriding asynchronous master reset, and J-K input configuration.
Data entry is synchronoug with un input change of state after each low to high
transition of the clock. The asynchronous master reset, when activated, overrides
all other input conditions and clears the register.

Each stage of the shift register is a J-K, master-slave, flip-flop. Logic information
present on the J and K inputs, plus information fed back from the Q and Q outputs,
sets the master section.

N_ 1 j77[‘LOGI(21
2 g -
LOGIC O

The sequence of operation for the flip-flop is as follows:*

1)

2)

3)

4)

With the clock input at a logic 1 level, the master section is isolated
from the slave section by transfer gates,

As soon as the clock pulse falls to the threshold level, approximately
0.8 volt, logic information present on the J and K inputs is entered into
the master section,

With the clock at a logic 0 level, the master section is again isolated
from the slave. When the clock pulse begins to rise, the input gates to
the master section become disabled.

As soon as the clock pulse reaches the threshold level, the transfer gates
are turned on and the logic information present at the output of the master
section is transferred to the slave which controls the output.

*
Numbers refer to corresponding numbers on the clock waveform sketch above,
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As long as the logic information on the J and K inputs remain stable while the clock
is at a logic 0 level, the output will correspond to the truth table when the clock
makes a 0 to 1 transition.

The truth table for a stage of the device, as described by the manufacturer, is shown
in Table VI-1 (for the condition when the reset signal is at a logic 0 level),

TABLE VI-1,
TRUTH TABLE

tn tn + 1
WNPUT OUTPUT
J 1K Q |
LiL Qotn | ot
Llu L |H
L H |L
H|H Q¢h | Qotn

tn = bit time before clock pulse

tn i1 = bit time after clock pulse

The functional logic representation is shown in Figure VI-1(A) and is repr~sented by
eight AND gates and four NOR gates. The schematic diagrum of each of the integrated
AND and NOR gates is shown in Figure VI-2,

The electrical characteristics of the device as provided by the manufacturer are
shown in Table VI-2.

A. MODEL DEVELOPMENT

The computer model that Lias been developed to duplicate observed performance is
shown in Figure VI~3. The computer model description is shown in Figure VI-4
and the subprogram which establishes the logic output signal levels, delay
characteristics and radiation response behavior, in Figure VI-5.

The signal input impedances, J, JK, JRS and JCK, are represented as zero current
sources. In SCEPTRE, this implies that the input signal terminals have infinite
impedance (although the gates have measurable anu varying impedance values which
depend upon the applied signal level)., This, as a first order approximation, will
provide reasonably accurate results., For greater accuracy, the current sources
should be modeled as "tabled" functions of current versus applied voltage in
SCEPTRE, This method will provide a realistic device input impedance
representation,
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T OR7LYIS123TAD
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Figure VI-4. Computer Model Description
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As indicated on Figure VI-1(B), each section of the shift register is considered an
independent master-slave J-K flip-flop, as shown in Figure VI-1(A). The inputs to
the first stage are the signals on the J, K, Cp, and CD terminals (Figure VI-1).

The input to subsequent stages are the same CP and Cp signals. However, the

J and K signals are the Q and Q outputs from the preceding stage. Since each stage
uses the same functions to generate the output signals, only onie will be discussed.
!

The voltage associated with dependent sources E1 and E2 (Figure VI-3) are
determined by the functions FJK, FJK1, FJK2 and FJK3. The functions are an
imiplementation of the logic in Figure VI-6, The functions are connected to form the
master and slave gates as shown in Figure VI-1(A). These complex relationships
are entered into the model descriptivns as functions, thereby allowing the use of the
relatively simple model shown in Figure VI-3. This figure schematically presents
how the functions are included in the model, while Figure Vi-4 indicates the method
for inclusion in a SCEPTRE listing.

Defined parameters F11 and P12, in the computer model description, are the cutput
signals for the master gates determined by FJK2 and FJK3, respectively, The slave
gate outputs are E1 and E2, determined by FJK and FJK1, respectively. The output
signals from the master gates are saved 25 defined parameters to avoid confusion
with use of multiple J-K flip-flops. The logic levels are 1 for signals greater than
or equal to 1, 5 volts, and 0 for signals less than 1.5 volts,

o

) __"__Dc FIK2
1
FIK3
8 —
c— o :
0 —- (0

Figure VI-6, Subfunction Logic Diagram
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Although the device manufacturer indicates (Table VI-3) that the 2witching delay times
for either positive or negative going output signals will be appxs-<imately 20 nano-
seconds, laboratory iest measurements on many units indicate .10t only that both
delays are shorter than this worst case value, but that they are different from each

other. Therefore, the delay times t ndl and t pd0 are established in the model by the
time constants R1 - C1 and R2 - C2. Each time constant is changed by varying the
valu? of C1 or C2, depending upon whether a logic 1 or 0 is required as an

output signal.

The value of C1 and C2 is determined by means of subprogram FCAP. Thus, C1 is
set to 75 picofarads unless E1 is greater than, or equal to, VC1 (voltage across Cl1).
When this latter conditicn cecurs, C1 assumes the value of 300 picofarads, In a
similar manner C2 is determined. The output voltage E3 is equal to the voltage
across the capacitor C1 (JR1 is a zero valued current source, required by SCEPTRE
for dec circuit evaluation conditions and is in parallel with C1); therefore, a relation-
ship between the input signal levels and output voltages is readily establishod, JR1
i also used as a source of gamma radiation injection in the model, when required.
The FORTRAN flow charts associated with these functions are shown in Appendix
VI-A,

The output impedance of the bit (QO) is fixed at 100 ohms, Although this value is not

an accurate impedance representation for all voltage and load conditions, it provides
first order accuracy of output signal level, To duplicate actual impedance variations,
the value of resistor R3 would be made variable and a function of the load voltage

and currents,

The Q for each stage is modeled to provide the necessary feedback for the latching
of the master gates as shown in Figure VI-1. Since the 9780 device provides a Q
output only for the last bit (Q3), the model includes an output buffer stage only for
the last bit,

B. MODEL VERIFICATION

To demonstrate the validity of the model, the circuit shown in Figuce VI-7 was
described to the computer,

The topological description for SCEPTRE of the 9780 connected in a test circuit
corfiguration is shown in Figure VI-8. The circuit is used to demonstrate that the
reset is independent of the clock and also that the first stage of the shift register
toggles between a high and low level with each clock pulse, The J and K inputs are
maintained at a high levei during these tests.

The results of the computer analysis are shown in Figures VI-9 through VI-14, The
reset signal plotted in Figure VI-9, is active for the first 100 nanoseconds to initialize
all of the shift register Q outputs to a low level. Both the J and K inputs are
maintained at a high level so that the output at Q0 will toggle between a high and low

level on the leading edge of each clock pulse shown in Figure VI-10, The Ql and

succeeding steges will then see either a high or low level at the J-K input and behave
in accordance with the truth table, Thevefore, one clock pulse delay should occur
between tlLe time when the QO signal is high and when the Q1 signal goes high. Thus,
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Figure VI-14, Q3 - Output

each Q output should be a square wave signal delayed by N clock pulses (where N =
the number of stages from the input stage), Proper delay operation is shown in
Figures VI-11 through VI-14 since the signal remains low until the proper number
of clock counts occur. The output Q3 is the complement of Q3. The waveforms
shown in Figures VI-14 and VI-15 demonstrate these expected relationships.

The reset in Figure VI-9 is activated again where time = 4000 nanoseconds, This
forces the Q output state of each flip-flop stage to a 0 level and the Q output to a

1 level, The waveforms shown in Figures VI-11 through VI-15 indicate that
desired result.

To verify that the input stage of the 9780 model and succeeding stages respond to
the remainder of the truth table combinations, where either J or K is in a high state

(but not both at the same time), the inputs to the circuit are changed per the listings
in Figure VI-16,

The reset signal, Figure VI-17, is active for the first 100 nanoseconds to initialize
all of the Q outputs in the low (0 state). The clock pulse timing is as in Figure VI-190,
The J input, shown in Figure VI-18, is high for one clock pulse; the K input, shown
in Figure VI-19, is high during the following clock pulse. This combination of
signals should be a pulse to flow through the shift register, delayed by one clock

pulse at each cutput., Figures VI~20 through VI-24 demonstrate proper model
performance,
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The delay time between the clock pulse ricing to 1. 5 volt anc the output rising to
1. 5 volts is the turn-on time, tp de The delay time between the clock rising to 1.5

volts and the output falling to 1. 5 volts is the turn-off time, t pd-* The manu-

facturer's prescribed switching times are shown in Table VI-3. ‘The computer time

delays, shown in Table VI-4, correspond favorably with the manufacturer's tvpical
values,

C. RADIATION EFFECTS

1. GAMMA RADIATION

Exposing the device to a nuclear radiation environment may affect normal performance
by causing the output signal level to vary. When exposed to pulsed ionizing rays

(gamma radiation) at dose rate levels of approximately 3 x 10+10 rad (Si)/second, the
performance is only momentarily affected. Extensive testing was done by the General
Electric Company on many of these devices. The test report with rhotographic
recording of the results is included in Appendix VI-B.

When a gamma radiation pulse simulation is caused to occur at about 2, 75 mico-
seconds, the output response of the device is momentarily changed. The method

for including this effect into the model is shown in Figure VI-25. Table 4 of this
figure simulates the gamma pulse. Figures VI-26 through VI-30 show the computer
response to the radiation pulse. The circuit performance conditions are the same
as those shown in Figure VI-8, with the exception that several of the current sources
in the device model description are changed from a zero value (Figure VI-5) tc a
dependency on the voltage across the parallel capacitor and the gamma pulse

(Figure VI-31). The current sources that are involved are JR1, JR3, JR5, JRT and
JR8, which aiiect the outputs QO’ Ql’ Q2, Q3 and QB3, respectively.

TABLE VI-4
COMPUTER TIME DELAYS

OUTPUT TIME DELAY
Turn-On Turn-Off
22 sec 27 sec

Q
Q

23 sec 28 sec
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As indicated in Figures VI-26 through VI-30. when the output signal is at a 0 level,
the normal reaction is for the output to increase; for the condition when the output
signal is at a 1 level, the outnut decreases.

Drawn on the figures are the observed laboratory results.
2. NEUTRON RAPDIATION

When the device is exposed to neutron radiation conditions, the performance may be
degraded either-temporarily or permanently. The degree of the degradation as well
as the device recovery time, for those conditions which permit recovery, depends
upon the exposure level.

The method for incorporating this effect into the model is also shown in Figure VI-31,
The value of the input voltages, E3, E6, E9, E12 and E13, are changed from a
simple dependency on the voltage across current sources to a dependency ugon both
the source voltage and the fluence level; the levels are identified as P1 through P5,

In this instance, the radiation effects reduce the value of the voltage across the
current sources by 0.4 volt when the output signal is at a 1 level and increase the
voltage by 0. 06 volt (Reference 2)* when the output is at a 0 level. The method for
including these changes in signal level is shown on Figure VI-5 as function FNVT,

The computer description to produce an analysis of the device in the test circuit
configuration is shown in Figure VI-32. To cause the neutron effects to be included
in the analysis, model-defined parameters P1 through P5, which were originally

set equal to zero, are made dependent upon the function FNVT, This is accomplished
by changing the parameters P1 through P5 to be equal to P11 through P15
respectively. These latter parameters are seen to be dependent upon the radiation
function,

The computer results of the analyses are shown in Figures VI-33 through VI-37. In
each output it can be seen that the 1 signal level is reduced from that observed in
Figures VI-20 through VI-24, and the 0 signal level is increased,

*Clemens, D. R., et al, Advanced Hardening Techniques for Complex Integrated
Circuitry, AFAL-TR-71-139, Fairchild Camera and Instrument Co., August 1971
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. SECTION VI
TEXAS INSTRUMENTS RSN54L122 MONOSTABLE MULTIVIBRATOR

< ” &2k i o} i
RETR SR MRS R A A,

The RSN541.122 monostable multivibrator features d-c triggering from positive or
gated, negative-going inputs, with inhibit facility and an overriding reset. Both
positive and negative-going output pulses ar: provided,

Pulse triggering occurs at a particular voltage level and therefore is not directly

: related to the transition time of the input pulse. Once fired, the outputs are

- independent of further signal transitions on the input terminals (function of the

; circuit timing components), With no external time controlling components (i.e., pin
3 9 connected io pin 14, pins 11, 13 open), a nominal output pulse of 800 nanoseconds

; duration is achieved which is independent of input pulse length.

ST I A A G e

AT

T

The schematic diagram of the integrated circuit is shown in Figure VII-1 and the
functional representation in Figure VII-2, The Al and A2 terminals are negative-
edge-triggered logic inputs, and wiil trigger the one shot when either or both go to
logic 0, with Bl and B2 maintained at logic 1 levels. The Bl and B2 inputs are
positive Schmitt-trigger inputs for slow rise time signals or level detection, and will
o4 trigger the one shot when either of the B signals goes to a logic 1, while the other B
e is at a logic 1 and either Al or A2 at logic 0.

Biedgaaas [

S

% The truth table for the device as described by the manufacturer is shown in Table
b B VII-1 for the condition when the reset signal levels are high (at level 1). The

§ ) electrical characteristics for the device as defined by the manufacturer, are shown
o . in Table VII-2.

‘ L A. MODEL DEVELOPMENT

x’ . The computer model that has been developed to duplicate observed (and/or manv-

. facturer-published) performance is shown in Figure VII-3. The A inputs (A1, A2)*,
B inputs (B1, B2)*, and reset (RS)* are defined as the input signals. The output
signals are defined as Q (Q)* and Q (QB)*. The one shot pulse width is controlled by
internal capacitor CF and resistors RF1 and RF2 when no external timing components
& are used (a short circuit connection is required between terminal VCC and TP1

b Timing Pin #9). For variable pulse widths, an external resistor is connected between
terminal VCC and TP2 (Timing Pin #11) and an external capacitor is connected
between terminal TP2 and TP3 (Timing Pin #13).

haaid

& Triggering of the one shot is performed by dependent voltage source EF. The state of
ET is either "ON" or "OFF" depending on the function FSS which tests the inputs, Al,
A2, Bl and B2, to establish compliance with the truth table, When a valid set of
input signals is present, EF is set to 3.0 volts. This level charges the timing
capacitor through the resistor, RFF, which behaves like a diode, having a value of 1

ohm when EF equal 3 voils and an 1 x 1020 ohms impedance when EF equals 0 volt.

*As described to the computer,
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TABLE VII-1.

TRUTH TABLF

high level

low level

‘ransition from low to high level
transition from high to low level
one high level pulse

one low level pulse

any input including transition
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INPUT OUTPUT

Al A2 Bl B2 Q Q
H H X X L H
X X L X L H
X X X L L H
L X H H L H
L X 4 H I r
L X H ¢ T r
X L H H L H
X L 4 H I r
X L H ) m r
H ) H H S s
4 4 H H o r
I3 H H H ol wr
H

L

)

¥
S
Js

X
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1 TABLE VII-2.
- | ELECTRICAL CHARACTERISTICS
\; (Over recommended operating free-air temperature range, unless otherwise noted)
: |
%' PARAMETER TEST CONDITIONS | MIN | TYP| MAX|UNIT]
b | Vigas Logical 1 nput voltage required| Voo = 4.5V 1.9 v
- ’ at any input terminal
A vln(O) Logical 0 input voltage required) V.. = 4.5V 0.8 |V
%k at any input terminal
P> £
[ v Logical 1 output voltage at V=45V V, =19V 2.4 A
e out(1) positive or negative output cc fn
[ with logical 1 level at positive loag = =100 rtA, N=0
& or negative input terminal
i» respectively.
A Logical 0 output voltage at V.~<4.5V V, =0.8V 0.3 [V
; out(0) Lositive or negative output cc fn
5 with logical 0 at positive or lslnk =2 mA
5 negative input respectively.
3R
i - = = o
':: Iin(O) Logical 0 level input current Vc c 5.5V th 9.3V 0.18 |mA
e Iln(O) Logical 0 level reset current VCC =8.5V V, =0.3V -0. 38 |mA
1 = =
lln(l) Logical! 1 level input current VCC 5.5V vln 2, 4Y 10 juA
VCC = 5,5V vln = 5,5V 0.10 {mA
4 [in(l) Logical 1 level reset current vCC = 5,5V Vm = 2,4V 20 |uA
w VCC = 5,5V Vh:l = 5.5V
pi
754
B - = -
IQS Short-circult output current Vc c 5,5V 1 15 jmA
b
‘: :C c Quiescent power supply drain VC c™ 5.5V 3.6 mA
) t pd Negative trigger input to VC c* 5,0V Connect 300 |ns
* negative output Load = 15 pF, Veeto
i R, =10kn Pin 9
4 L
= tpw (min) :,‘l(g):hmum true output pulse VCC = 5.0V, VCC 800 ns
Load = 15 pF, to Pin 8|
By Rm = 40 kQ
4 t
b L —
:.
i |
‘
k7
<
:
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When this latter condition exists, the timing capacitor discharges through the timing
resistors RF1 and RF2. The internal resistance circuit is in two parts; one part

(RF1)is always in series with CF, while the other part (RF2) is used only when
terminal VCC is shorted to terminal TP1. The two are necessary to provide
agreement between computer and lab results for both interaal and external timing
configurations. The resistors RRR and RRF were added to overcome SCEPTRE
program problems for those situations where EF is dependent upon itself,

The dependent voltage source E1 is high (3 volts) when the voltage across CF is
greater than 1.5 volts; E2 is always the complement of E1. The Q and Q delays
computed in function FCAP are controlled by time constants R1 - C1 and R2 - C2
for Q and Q respectively. The function tests for a rising or falling voltage across
C1 ox C2 and selects the appropriate linear capacitor equation which is dependent
upon the voltage across the capacitor. The dependent current sources, JR1 and
JR2, allow the program to produce normal electrical performance analyses under
d-c conditions and also act as sources of radiation signal injection when required,
The dependent voltage sources, EQ and EQB, isolate the frequency sensitive RC
circuits from the effects of external circuit loading. RQ and RQB represent the
output impedance of tae device,

The RSN54L122 model listing, as described to the computer, is shown in Figure
VII-4, 'The subprogram to establish the trigger EF, the E1 signal levels, the
capacitance for the delay characteristics, and the neutron radiation response is shown

in Figure VII-5. The FORTRAN flow charts associated with these functions are
shown in Appendix VII-A,

MUDEL RSNSAL1Z? (A1-A2-11-B2-KS-VLE-TP1-TP2-TP3-0-08-0)
T O MONGSTABTE HULT I VIBRA1OR

FLEMFNTS
JAL, AL=20,
JA? ,AZ=0=0 .
JH1,BL-02p,
R LT P L e Lo
IKS, Ru=0=2p.

- L EF IPI-VC=FINCVJIAL VJA2:VIBL, VUR2, TIMEEF ) YJRS)
RRF,V(C=~1P1=1.k20

e RELLTPL-TP2333,EY .
RF2,VL=VE(=/.ES

— RRR.YUC-TPL=YL.ER0 . . - —— e e
RFF,VL=1P2=11(F})

e LF, . P2-1P3=2Y.E-12
L IP2-1P3=U.

- Elon=1=tSSCVJE, VIRS)
Ri,1=2=10u0,

—— 1. 2202 CAPCE L VC L ) o L o e e e e
JRY,2-0=0,
LU, 0=3=2X1(VJIRL) -
RU.J-U=10n,

- - B2 0=435X2(3.1-F1)
R?2.4=-9=10g00.

L2 5=l CAP(EZ VC2 L —— e e e
JR?,5~-0z=0,
FUR,0=A=X3J(V.IR?)
RUR,%4-QHB=100.

FUNGTIONS
1120++1.F20,¢8,1:E20,2.01040304140,
e e QUTRMIS . Lo — e e
VJF,PLOT

Figure VII-4. Computer Model Description

132




VII-8

13947 02 $1-25-72  008.608 HSN34L122 MONOSTAGLE MULTIVIBRATOR SUBPROORAM

1 [ MODEL RSN54L122 MONOSTABLE MULTIVIBRATOR SURPROGKAN
2 4
3 FUNCTYON FSSCYF, RS?
4 [
5 FS$SSs0.1 _ . __. e i o tm— e — ——
6 (FCYF.0Y.1.5) FSSuded
7 IFCRS.LY,1.5) £SS80.Y
s RETURN
9 c
10 ENTRY PINCAT.A2,B1,A2, YINE, XFIN, RS)
1 c
T T T T T IR (T IML G LR 00 s ORVRS L LE.1.%) VO TO 40 o o
A3 __ _YFUTIMELLE.XIIME) GO TO &0
14 DALsAL=XAL : . ToT o TTmr e
15 DA2ZA2-XA?
16 UH1sRT= X081
1 UR22H2-AH2
1 lruu.u‘.r.s ANDOARS{DAL)LE.Co1)s0Ne (AZ.LE T eAND— —~ —=—
19 _SAUS(DA2),iE.0,2)) QU Y02
20 ch T 25 T T e
21 20 IF¢(0R1, 81.0..AND.Ui.0'.1.J.AND.M.U.lo7.‘”0.02-0!.1.5).0R.
22 (B1eGEeleDeANUCRZeUTe0ooANDsBZoGToToJeANDo oLV e1s ]
.23 25 IF((N1.0k,1e5AND ARS(DB1),LE.0e1) o ANDs(B2,0E 105,
24 *AND  AHS(DH2)-LE.9.1)1 0O 7O 30
25 GO To 490
26 30 1FUUAL OE, 19 AND ARS(DAY Y, LEoged ) eAND(DA2oLTo0..AND AZ40T,
22 8.3 ANDA2,4T01,73) G0 10 35
28 |;Hnu.|.r o.imu.:g.otops.mn.n LTe1e77.AND. CA2,0E,1.5
29 S ANDADNS(DAZ)sLE 00 00 10 3 . .
30 lr«uns{t o}‘.‘mn‘tsllh i, ;.ANDJI T AT AN oS TT 0 aND,
31 eA2.GT.1.3.ANDsA2,LT.1.7) 6O TO 35
82 60 To 40 ’ -
33 3% $5523.0
39 un To 58
35 SS2,1 e
— ".so - "_50 xt IHE=11ME -
XA1=zAY
- '“Js‘—‘ e ¥ 127 ¥
39 XA1zH1
L3} AnNc=ud
4 RETURN
e e “6Y T FSSIXFIN T
43 RETURN
47 C - -
“ ENTRY FCAP(VGEN,VCAP)
16 T
a1 __ IF(YGEN~VCAP) 100,110,110 -
L I SV I 2 3 BN -5 PO LA RS R T ¥ - -
49 RE TURN
TR T T T Y00 T FSSIISES{24VOAR /I oBTES(Y -
51 RF TURN
T g TTTTTTT U T ENTRY FNVI(ALNRLC) T T TTTTT e s e e e S
53 [ SUHPROGRAM FUR NEUIRON BEHAVIOR
54 TF(A-1.5)140,150,160
.. 55 __ . ___140 __Y=zC e e e e e
56 GO T0 1500
_57 .o A50 ¥2,1 . e e e e e =
58 60 To 1500
50 100 Yzua0% ..
60 6o To 1500
— - 81 - =~ 160 -IF(ALF.2,0060 TO 700 - - . U N -
62 IFCA,LT.2.3060 To 809
a3 IFCALLTe2s%)G0 1O 1000 - - a—mee - - -
64 IF(A.L1.2.7)60 T0 Yoo
65— e b F (Al b e 28300101108
66 Yz-8
67 . G0 To 1500 .. —— e m e e e mae e e s
oA 800  Y2-0,05
~.69 . .60 10 1508 . .. .o i el e oL el
70 900  vz-0.1%
R § PR 60 10 1590
72 1600 v=-0.1
73 . 5 60 To 1500 e N . e -
74 100" vz-0.25
7% 1%00_ FSSay o . R )
76 RETURN
12 END

_ 23628 _WORUS _OF MEHQRY USEL RY THIS COMPILATION
Figure VII-5, Model Subprogram
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B. MODEL VERIFICATION

The circuit shown in Figure VII-6 was described to the computer to demonstrate the
performance of the single shot with no externai timing components. .

The topological description for the SCEPTRE circuit analysis program to test for

the condition of triggering on a rising input signal, is shown in Figure VII-7, The Al
and A2 inputs are held at 0. 1 volt, the B2 input at 3. 1 volts, and the RS and Bl inputs
: ; are shown in Figures VII-8 and VI[-9 respectively, Figure VII-10 (the Q output) and
5 Figure VII-11 (the Q output) show the circult response to these input signals. The
results verify the model capability of being triggered by a rising input signal and
immunity to retriggering by the falling edge of the pulse, The computer model pulse

width between the 1; 5 volt levels shown in Figure VII-10 is approximately 760 nano-
.i seconds. The . .anufacturer's data sheet (Table VII-2) shows a typical pulse width
of 800 nanoseconds,

3

The same circuit as shown in Figure VII-6 was described to the computer to

' demonstrate that the niodel, with no external timing components, would trigger on
. the ralling edge of an input pulse at Terminal A1, The topological description

b for the SCEPTRE circuit analysis program is shown in Figure VII-12, For this

= condition the input signals A2, Bl and B2 ave held at 3. 1 volts while the pulse EA],
5 shown in Figure VII-13, is applled to the Al input., The resulting outputs, Q and Q,
A are shown in Figures VII-14 and VII-15 respectively, and verify the inhibit function

for the leading edge of EA1 and the triggering action on the falling edge of the pulse,
The pulse width is seen to be approximately 7006 nanoseconds,

o RTP

i @ TP3

& ; Q
. (veg @ [ |
et { <

: | ROIS

e , RO23
| ‘
» —E)—— *]

Figure VII-6, Test Circuit
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AT SR STEY
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SAVED UNDELR FILE KSNL122
TEST CONDITION 6

e SRR AT 10 oo

TRIG ON LEADING EDRE UF INPUT PULSE

PULSE WIDTH VEST - NO EXTERNAL VIWMING COMPONENTS

‘ELEMENTS

F1,A1-A2-B1~B2-RS>VLC~TP1-TP2-Tp3-0-0B=-0=MODEL RSN541122

ERS, 0-RS=T1

-—EA1,0-A120.1

EA2,0-A230,.1

—EB1.0-B1=PIN

kB?2,0- Bé 3.1
=1,

JUu,G=-0= 00
JuR,08-030.

RU1,0-1=4300

—C01.0=122,E-12

RU2,1-0=750.
cu2,1-0=11.%E-12

RO3, Q-3=4300.
C03,N4=-322,E=12

RU4,3-0=750,
LU4,3-0=11.5E-12

__RMSJILJLJHHF
-4116.;.4.:5.:8.004

N1,0-2=MOPEL 1N3695 (PERM)

Nz.03-4=MODEL 1N36N5 (PERM)

EL:0‘5=204

—__DEFINEO_PARAMETVERS

PlN:FUEN(O-)3.oloE”7'150E'901‘6('7'15-5'9)9.E'7;100011"E,
FUNCTIONS

‘l:o-’.195“.5’9)01065.5'903c'§.e’703.
outells

EAV,En2,EB1,EB2,ERS,VJ0, VIO, PLOT
XSTPSZ,PLOTY

RUN CUMTROLS
START TIME = 0.

_MINIMUM _SIFP S1ZE = 1&%:’8

S10P TTHE = 1.E-6

MaXIMUM STEP ST/E=g.E
MAXIMUM PRINT PUINTS = 100

TTCUMPUTER TINE CIMIT 2 6.5

END

VII-10

Figure VII-7, Test Circuit Description - Leading Edge Trigger
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SAVED UNNER T TCERSNCTZ?
TEST CONDITION 5
NO EXTERNAL YIMING COMPOGRENTS
ELEMENTS
F1,AT-A2-B1-B2-RS-VCU-TPI-TPZ-TPY-0-0B-0=MODEL RSNH4L1272
ERS, 01-RS=T1
FA1,0-A1=PIN
—  EA2,0-A2=3.1
E81;0“81=3‘1
EB2,0~B2=3.1
R]PpVCC‘TP1=1o
JQ:Q"U:"'
JUB,QB-0=¢.
RU1,0-1=4300
c0t,0-1=2,E-12
RU?.1-0=7%9.
C02,1-0=11.5E-12
R0O3,Q8~3=4300.,
Cu3,08-3=2.E~12
RU4,3-0=750.
004,3-0=11.5E~-12
—_— D1,0-2=MODEL 1NJ605 (PEKM)
RU5,2-5=800.
—2, 08 =4 zMODEL _IN360YS (PLRM)
RU6,4~5=800.
——Fla D0 e . -
‘DEF INED PARAMETERS
— PIN=FGEN gesdvrteE~t-015.E~9s1e6t-7»15.E-9,2,E=6,5.,TIME)
PNVTL=FNVT(VC1F1,0.4,0.2)
——eee PNV 2= NVILNVC2F L0 G40 2]
FUNCTIONS
—T—l:-“.:.a 19 50 ;.E.'.'g ’ 0.1 s 65 . E"g . 3 l.'_b [ E‘_].D.\"...
NUTPUTS
— FA1,EA2,EH1,EB2,ERS,VUQ, VIOB PLOT o
XSTPSLZ,PLOT
RUN CONTRULS
START TIME = 0.
_______SToP_TIME =2.t-6
MINIMUM STFP SIZE = 1.E-18
MAXIMUM S{FP S1Z2E=5.E-9
_— ‘MAX TMUM PRINTPOINTS = 109
COMPUTER TIME LIMIT = 5.5
END -

Figure VII-12. Test Circuit Description - Falling Edge Trigger
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3
3 The circuit shown in Figure VII-16 was described to the computer to demonstrate the
b performance of the single shot to trigger on the falling edge of a pulse when the device
L is used with external timing components. The timing components were chosen to
3 decrease the pulse width to assure agreement with laboratory results.
't',_ The topological description for the SCEPTRE circuit analysis program is shown in
§: Figure VII-17. The A2, Bl and B2 inputs are held at 3. 1 volts and the RS and Al
i inputs are as shown in Figures VII-8 and VII-18, respectively.
{‘
f, Figires VII-19 and VII-20 show the circuit response to these input signals; Figure
b VII--19 shows the Q output, and Figure VII-20 the Q output. The results verify the
cayability of the model to be triggered by a falling edge input gignal at the A1l input
N azud inhibited from being retriggered prematurely by the rising edge of the Al pulse,
( The computer model pulse width between 1. 5 volt levels shown in Figure VII-15 is
approximately 250 nanoseconds. Laboratory measurements with RTP = 2K @ and
CTP = 20 pf provided pulse widths of 280 nanogecond..
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SNSRI

SAVED UNDER FILE RSNL122
e -- TESY CONDITION-6
i PULSE WIDTH TEST - EXTERVAL RC TIMIN3 COMPONENTS
5 TRIG ON FALLING EDGE OF INPUT PULSE
ELEMENTS
e F4,A1-A2381-32-RS$~VCC-TP{-TP2-TP3-0-0B" 0 gMODEL ASNS54L9122——- -
ERS, 0~-RS=TY
~BALy0~ALEPIN-———
£,2:0~,283,1
56100 61'301 —-- -
eez.o B2=3,1
Pn VCC" P232.53
B PeTP2-TP3220,E«12
-dQ, Q 00— ———
JQB aB- 0'0.
-R0t,Q~1s= -
c01.0—1-3 E-12
Rp2,1-08750, - -
€C02.1-0%411,5E~-12
RU3,; 0B~3=43005
603'08"33205-12
RO4,3-038750, .-
004.3 0=11,5E~-12
D1,0-2=MODEL iN3605 ‘Pcan’
R05,2~52800,
02,08-43MODEL IN3605 (PERM{-

A B

LR T (P SV Dt (37 FC A Ty

3 R06,4-53800,

g ELs0-582, 1 -

P nEF INEp P,R,METERS

i PINSFGENC Qs s S0 ot eBe? 15, E-9,5,6E=7415,E¢9,0,E~7,10.s TIME)
A , FUNCTIONS _

? '1:0.'.1050|E‘90-106505’903.0515’703§ ——————
3 OUTPUTS

9 EA1,EA2,E81,EB2,ERS,VvJO, V)08, PLOT

H XSTPSZ,PLOT

] RUN CONTROLS

e START TIME 4 0,

¥ STOP TIME x 1,E=f --c- - = oo

g MINIMUM STEP S1ZE 5 1{.,E-18

i MAXIMUM STZP S1Zgs5,g-9

i MAXIMUM PRINT POINTS = 100

5 BOMPUTER TIME LIMIT &« 5.8

- aND
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Figure VII-17. Test Circuit Description
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Figure VII-20, Q - Output

The circuit shown in Figure VII-16 was described to the compui¢ r to demonstrate
that the pulse width could be increased using external timing cornuponents. The
topological description of the SCEPTRE circuit analysis program is shown in
Figure VII-21. The input signals EAl and EA2 are held at 0. 1 volt, EB2 is held at
3.1 volts, and EBL1 is a pulse as shown in Figure VII-22, The external timing
components are a 20-kilohm resistor and a 40-pf capacitor. The manufacturer's
preliminary information is inadequate to determine the validity of the resulting
output pulse width of 1, 2 usec as shown in Figures VII-23 aud VII-24. However,
this is reasonable, since the external resistance is half the nternal resistance
while the total capacitance is tripled. Therefore one would 2xpect the time to be

approximately 1100 nanoseconds.

C. RADIATION EFFECTS

1. GAMMA RADIATION

Exposing the device to a nuclear radiation environment may affect normal
performance by causing the Q and Q signal levels to vary. When exposed to pulsed

gamma radiation at dose rate levels of approximately 3 x 10

+10 rads (Si)/second,

the performance is only temporarily affected. Extensive testing was done by the
General Electric Company. The test report with photographic recording of the

results is included in Appendix VII-B.
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_END
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Fl1,41-A2-31-82-RS-VCC-TP1-TP?2-Tr3-0-0u~-0=MOBEL RSN54L122
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.E'\lin'A’=001 i
En2,0-A72=0.1
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£87.0-R2=3.1
RIP,VLEC-TP2=20.L3
CIP, TPP=TP3z40,k~12

JU.0-0=ye.
JUB,Qs-0=0.
RU1T,0-1=4300
cU1,0-1=2,E-12
RU?,1-0=7%0n.

LBU2,1-0=11e96202 L i e et e e

RL3,NB-2=4300.

f03,06-3=2,E-12 - —_— . e e
RU4,35-0=750.
cv4,3-n=11.5€-12 . . . mm e mr em e e e e e e
ni,e-2=HOPEL 1NJ6OS (PERH)

~RUS,2-528000 — =0 - eoee e e e e o e e -
ne,0B-4=MONEL 1N36nb (PERM)

-RU6,4-52800. - . .. — e e e i e ———
EL,0=-5=2.4

—- DEF INED PARAMETERS -

.fNVIt FNVI(VCLFI 0.4 u e) e e e
PNVI?=FNVT(VC2F1,0.4,0.2)

A FUN(TI0NS
Tl=Bese1:50.FE=9,01,65.E-9,3.:.5.E~7,3.

ouTpurts

FA1,FA?2,EB1,EB2,FRS, VIO, VIOB.PLDT
XSTPSZ,PLOT

) RUN CUNTROULS
START TIME = u.
“sSTop TIME =2.E-6
MINIMUM S1FP SI12E = 1,.E-18
MAXIMUM SIRF SI1ZF=H.F=-9
MAy |MUM PRINT PUOINTS = 100

Figure VII-21. Test Circuit Description
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To appropriately include the radiation effects, it was necessary to modify the device
model. This was accomplished by adding Table 2 to the model description (Figure
VII-4), to reflect the response of the circuit to the radiaticn in such a manner as to
agree with the observed results. Thus the response is indicated to have a value of

-2 when the voltage across JR1 and/or JR2 is 0 volts, a value of -1. 0 when the

voltage is 1 volt, a value of +0 when the voltage is 2 volts, and a value of 2. 0 when

the voltage is 3 volts, Figure VII-25 shows the manner in which this was accomplished,

To simulate test condition 6, the radiation effect in the computer is caused to occur
when time equals 3. 51 useconds. The gamma ray pulse is 20 nanoseconds wide and
is described in Table 3 on Figure VII-26, which also des~ribes the test circuit
conditions, Condition 6 requires that the preset be set "high'", which results in the
Q being low and Q high,  These conditions exist at 3. 51 useconds, at which time
the radiation effects are simulated., Figure VII-27 indicates the relative change

147

A gt




uoldixosaq Jnoay) 189y, Twrmrer) *92-TIA 92an3y g

an3
. 6°S = LINIY 3WIL #31ndNND
00T = SINIOd ININd HNWIXVH

.1-.-@-WJmeN.M.gwmm.mzzymnml
81-3°1 = 3Z1S J431S HAWINTKH
9-3°1 = 3Nt d401S_
*0 = 3IRIL LHVLS
STONLNOD NNY
1074°75418X -
_1074°ROCAOFA‘SHI* 2R3 TA3 2V TV
Tt sindiag
O=QC'W.- .G.
lo3xl6° LG L326°C T .36 G L 3G 8¢ 00Lo3G°CesQar0Zgy
‘pl-3°G e6-3"go 1°“6-3°g6 " “y=TL
SNOl113Nn3
(2°0°p°0°T320A)LANI=21ANd
TU2°0r 0 TITOAILIANI=TIANGD
. (IHTL 0T L-3°6°6-3°GT*/L=39°1¢6-3°GT¢L-FoTs¢c*NINTOI=NII
S¥I1InNvyYvd a3INI 330
Pe226-0°13
*808=%-%°908
(WY¥Id) SUOCNT 13UNN=F-u0 20
T e00R=4-2°GNY
(WY 3d) 409eNT 13gu=2-0°Td
21-36°11=06-~C“¥DD -
. *UG/=0-C°vOY
2T-3°2=¢-94 €03
*OnEY=C-R0‘ELNY
~2T-86°¥1=20-1°209—
*0S=0-T°20Y
21-3°2=1-0“1n0—
0UCH=T-0“TnY
*0s0-20gnfr—
*0z0-0°0f
o ERAC M LIS IR I
£3°232d1-23A°d1 ¥
o [°Cx28=-0‘¢RT
Nid=Ts-0°183
T1°0=2Y-0‘¢Y3T
1°0=tv-0°%v3
1L=S¥=-0°S¥3
——— . . (£1=1d
JONYUED)ZZTIPENSY 1300HS8-80+0-Ed1-2d1l~Tdi-D0A-SY~28-18-2Vv=-1V 14
: . ———— . e SANIWRII
.9 NOTLIGNDD §1S3)
LETINSY 314 _NIONQ_QGIAYS .

|}093Jd rwrmred YIIm

uoyidrzoseq 12polN J9ndmo) *gZ-IIA FaInSig

101d°4rA

sinNdino
lNﬁO”QCQQ.N«Oﬂ-Q .ﬁcON.‘QQO“N W.—Q(F
*CTeegs "N °2:023°T*Re Q23T °0=Y1"~
(AeV)=(n*Y)T0
SNQ1LIONNY T
0=ed
*0=2d
*0=1d
S¥313nvivd G3anl 3ad
(CdeHrA)EX=9-0°803
T en0l=0G-9°a0Y
(Td(2aA)2 ANAv1:1D=0-G6“2HC
- ; (23AT23YdVIE=02G"20
*000T=6-¥2Y
. {13-1°€)2X=v-0°23
*06Iz=n-fnY
(2d*TYraA)IX=c-U°n3
(Td(TI0AY2 JVAVLITP=0-C° THI
T CIOR TV =T
*n0gI=2-T ¥
o {SErA“ILA)SSIST-DTI—
*fi=fdl-2dl 4l
T 2T-3°62=Cd1~-248L 30
(4 T1=2dL -2 ‘438
TTOTTTETAL-IIN HHE T
£12=00A-0A2 38
eI°Ppxedi-1dL 138
023°T=Td1-0A° Ju2
T (SHPA IIINTLCHCATArAZYPATYPAINT 4ZOA-C4 3T
*Bz=0-SY Ul
“V=9-2a7ear
LSh<h-T8LAr__
*0=n-2v*2Yl
*Bzt~Ty 'Yyl

IICELEXE]
HOLYHUBIAILIAN IIRYLISONON

(0-A0-0-C61-2d1-Td1-0DA=-SH-28-TR=-2V=-TV¥) ST IPGNSY 1IUOH

148




!
&

RS R e e e

Aok TG B iy B, T

(s NPy SR T

o Ry

-

¥

s
%

T

___!‘...-.!..[ (1] ‘_._-::-1-..--.-.---_-..---..---: ------- . 1
1 1 1 17 Y Ty T T e T Ty S } S 2
i e 1 .. ¢ e - - e - 1
1 o ToTTTTTTTIET T -
e | S . - - - - .- e e e ———— e PR S
450000k 00 1-- CLS -
[P V. - -~ - m e rcmar o o e e e o o} e
1 [}
e - f cem ee e e mee — 1 -
) 1
cmudoU8BI0E 00 Qe-. . -- - % I
] 1
1. - . - .2 -
1 )
350600 00 3o - R —’-7{—"-'_
1 1 -
) 1
3 .
1 3
300008k 00 -~ _ 98608300 0000000 - e e Lt |
) B
e v——— e $_ . . )
1 . Y
- e e U T 1
Tesadaet o 15 -
- { - - e g = o~ m mmee e e eman R e } —————
1 . 1
1 e 1
00000 00 2 -1
1 .
T e R S SR
L]
H : i
1+50000F g0 1-- . ..y
_ N [ . 1
1 . . 1
T 1
1 . 1 =
1000006 80 1-e ae -3
. 1
1 . 1
1 . 1
——— o o3 1
Se00 ll‘-.l 1" SRS ttero TmotmAmRmm o mmmseme commem - L
- 1 1
1 . 1
. 1 . 3
1 ) 1 1 1 ] 1 1 1 ) 1
-'-‘_'_-__ - - 0004000 qapbermeanTsnsanrassnan ..OCOOQQOIOIIOI lol'l0‘l'000l_l...0000.00"0!’0.‘ll.l...‘.ll.ll'.lbl...ll.l
T 2% Jotosi-0? S.yek-0? 1.080E-07 fo000E-2t7 oo
(B 2.0008-97 [N ITIRY}) 6.000€-07 8.0006-07 1.000E-04

Figure VIi-27, Bl Input Signal

condition (i,e., EB varying from a 0 level to a 1 level and then returning) which
initiates a change in the output state since all other signal levels are kept constant,
The result of this application of simulated radiation is shown in Figures VII-28 and
VII-29 for Q and Q respectively, Drawn on the computer printouts are the results
observed during the actual tests.

The figures indicate excellent agreement between the computed results and the
laboratory test observations.

2, NEUTRON RADIATION

When the device is exposed to neutron radiation conditions, its performance may be
degraded either temporarily or permanently. The desree of the degradation, as

well as the device recovery time for those conditions which permit recovery, depends
upon the exposure levei,

Exposure of test circuits to fluence levels of 1.2 x 1014 results in an output level
reduction of approximately 0, 4 volt, when the output signal ic at a 1 level. When the
output signal is at a 0 level, the voltage is increased by about 0, 2 volt, These
results were observed by the Air Force Weapons Laboratory when they exposed
these devices and are reported in Reference 1, *

Figure VII-30 presents the circuit transfer degradation observed during these tests,
for various fluence levels. For curve 4, which represents the contract test condition,
the output signal level drops from about 3, 1 volts to approximately 2. 7 volts and
rises from ahout 0. 4 volt to approximately 0, 6 volt.

*Olson. R. J., op._cit. page 16
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Figure VII-30, Neutron Radiation - Circuit Transfer Function
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The method for incorporating this response change into the model is shown in
Figure VII-31, The values of voltage sources EQ and EQB, and thus the output
voltage EQ and EQB, are changed from a simple dependency on the voltage across
the sources JR1 and JR2, respectively, to a dependency upon both the voltage acros:
the source and the fluence level, The fluence is identified as P2 for EQ and P3 for
EQB. This change in dependency is accomplished by use of an additional subroutine,
FNVT, which is incorporated into the model description,

The subroutine FNVT is shown in Figure VII-5; the computer circuit description to
produce the analysis in Figure VII-32, The inclusion of the neutron exposure effects
is accomplished by redefining P1 and P2, in the model callout, to be PNVT1 and
PNVT2 respectively. PNVT1 and PNVT2 establish a value for the function FNVT,
and thus modify the values of EQ and EQB in the device model.

The effect of the subroutine FNVT is seen in Figures VII-33 and VII-34, for Q and Q
respectively. Figure VII-33 shows that the 1 level voltage is reduced from about

2.9 volts (Figure VII-10) to approximately 2. 5 volts, and the 0 signal increased

from about 0.2 volt to 0. 4 volt, The same change is observed when Figure VII-34 is
compared with Figure VII-11, These results agree with the observed laboratory data,

THUDEL RSN AL122 (A1-A2-H1-B2-KS-VUC-TPL1-TP2-TP3-0-08-0)
MUNOS TABLL MULTIVIBRATON
FLFMENTS
JA1,AL-0=y.
TTJUA2,A2-0=p.
JU1,Rt-y=p,
T2, H2-uz=y,
.'NS)RS“J:(IO
TOEH,TPS-VC=F IN(VJAL,VJA?, VJIH1, VJH2, TIME,EF, VJRS)
__RRF,VL-TP1=1.k2V
RE1,TPY-Tp2=33.L3
—RE2,VL-VvCE=/ k3
RKR,VLC- TP1=1,E20
—REF, VL= IP2=T1(F)
GCH,1P2-1P3=225.F=12
JELT1P2=1P3=0.
FLo0=121SSCVIE, VIRS)
—Rl,1=2=10¢gN.
Cl.2-u=bCAP(IF1,VCL)
JR1,2-0=41(¢1ABLL 2(VE1),P1)
FU.0-03X1(VJIRI+P2) ’
RDOJ°U=1000
F2.,0-4=X?2(3.1-F1)
— R2.4-%=1000.
CZ:S'U-:' CAP(EZ' VC2)
JR2,5-0=01 ¢ TAgLE 2(vC2),P1)
RUB,6-00=100.
__FUR,0-6=X3(VJR2+P3)
DLFINED PARAMETERS
—Pl=y.
PZ2=0.
PS=0.

FUNCT}ONS
01(a.8)=CAnb)
T120ar 1062006851200 2.210e+30510,
_TJABLF 2=0,,°2551¢0=1042000er80,2,
JUTPUTS
- wJF,plor

Figure VII-31. Computer Model Description With Neutron Effects
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SAVED_UNDER FILE RSNL122
TEST CONDITION O
_ _ELEMENTS
. F1,A1-A2~- B1-B2-RS-VCC-TPL-TP2-TPI-Q-0Q4=-0=MODEL RSNS541L122(CHANGF
_P2=PNVT1,P3=PNYVT2) _
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Figure VII-32, Neutron Test Circuit Description
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SECTION VII
TEXAS INSTRUMENTS RSN54L57 AND-OR INVERT GATE

The integrated circuit is a 4-wide 3-3-2-3 AND-OR INVERT gate. The circuit
behaves in such a manner that if no AND gate is tiue, the circuit output is a logic 1;
if any one:of:the four AND. gates is true, the circuit output is a logic 0.

The logic representation for the circuit is shown in Figure VIIi-1; the schematic
representation in Figure VIII-2. The device electrical specificationzs as published
by the manufacturer are shown in Table VIII-1,

VvV GUT

i
vﬁ 0 U

01 O— 0 \
02 O~ )

Figure VIII-1, Logic Diagram

vVee

g ' 1o
400 2 %40«:2 20K % KS2 édOKSZ 40K

TR T
r Bl 12K2 GND
| )
5d & 6 b

S
OO © 3D O

4

Figure VIII-2, Schematic RSN54L57
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TABLE VII-1.
ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted)

: PARAMETER TEST CONDITIONS* MIN | MAX |UNIT
[
: Logical 1 input voltage required at
: vln(l) all input terminals of either AND VCC = Min, 1.9 v
k section to ensure logical G at output
Logical 0 input voltage required at
vln(O) one input terminal of each AND VCC = Min, 0.8 |V
. geciton to ensure logical 1 at output
me Logical 1 output voltage VCC = Min, . Vh1 =0,8V] 2.4 v
Loaq = ~100 BA
v out(0) Logical 0 output voltage }’CC = Min, Vm =1,9V 0.8 |V
sink= 2 mA
{ Loglcal 6 level input current Vap=Max, V, =023V ~0.18] mA
in(0) (each input) cc in
Iin(l) (Igigci:ﬁ ;u :;avel {nput current Vcc = Max, Vm =2,4V 10 pA
VCC = Max. Vm =5.6V 100 | puA
Im Short-circuit output current VCC = Max, Vhl =0 -1 | -16 mA
A out™ 0
ICC ) Logical 0 level supply current VCC = Max, Vm =§V 0.99 | mA
ICC o) Logical 1 level supply current Vcc = Max vin =0 0.8 | mA
Switcning Characteristics Vcc =8V, T AS 26°C, N=10
tpd0  Propagation delay time % CL = by pF RL =4kg 60 ns
logtcal 0 level
tpdl  Propagation dslay time to Cp=580pF R, = 4kg 20 ns
logical 1 level

*For conditions shown &3 Min. or Max. use the appropriate value specified under
recomraended opsrating conditions for the applicable circuit type.
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£ A. MODEL DEVELOPMENT

j : The computer mode!l that has been developed to duplicate observed performance is
shown in Figure VIII-3; the computer model description in Figure VIII-4. It will be
EL noted that, as a result of earlier experience in developing models for other device

types, provisions for both gamms and neutron behavior have been included in the
. initial model description; P1 for gamma and P4 for neutron effects.
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Figure VIII-3, Computer Model
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MODEL. RSN94L57 (A1-A?7-A3-B1-B2-B3-C1-C2-C3-D1-D2-Y=0)
—_—— - . —— ELEMENIS _ . o o ...
JA1,Al=0=0,
—  JA2,A20206. . e .. e
JA-".AJ-O:ﬂ.
—J81,81-0=0
Ju?2,R2-8=¢0.
e JB3B3-0z0. _ et e e = e e
JC1,C1-02n.
-JC2,C2-030... .- e e e e ee = e - -
JLI,C8-0=0.
Jul1,D01-039 e e e e
Jn2,n2-0=n,
e BV 0=3=E57(VIAL VA2 VAT ¥IBL, v 182,V JBI VICL, VIC2, VICS VYIDL, VIU2)
Rlv"?:lnﬂo
—n 01.2-0=FCAP(EL.VC1) . ..
JR1,2-n=01 (TABLE2(VC1).P1)
e EV D= Y= XLV IR PS)
RV-J‘VSIOO.
e IV V=020, _ T, e el
NEFINED PARAMETLRS

—Pl20e o e m e ¢ e i e eee -

PA=0.

FUNCTIONS
T1=0.,300,F~12,3.,100,E~12

e —-TARL F220eym2astlorotl oo elvrIes@ oo oo e e v o o el
01(A,B)Y=(AeB)
auTpUIS — [ . -
VJV,.C1,PLOT

Figure VIII~-4, Computer Model Description

The subprogram that establishes the logic output signal level, the delay
characteristics and the neutron radiation behavior is shown in Figure VIII-5.

If any of the input signals to any of the four NAND gates is less than, or equal to,

0.8 volt, an intermediate value of 1 is 2stablished as the output of the gate. Each of
the intermediate values is established in this manner and then all are tested to
determine their value, If all have been set to 1, then the function F57 is set equal to
3. 0 volts; this represents a logic 1 for E1, I all values are not a 1, then the function
is set to 0.3 volt, which represents a logic 0. Thus the signal voltage associated
with E1 of Figure VIII-3, and therefore the device model output, is determined by
this subprogram wkhich also simulates the exclusive OR function of Figure VIII-1,

The time delays associated with the controlling signals, as defined by the manu-
facturer, are given in Table VIII-1. To obtain delays, the time constant R1 - C1 is

used. Cince the time delay, tp ar’ associated with an increase in the value of the

output signal, is different from that associated with a decrease in the signal level,
tp do’ the value C1 is changed. This is accomplished by means of the function

subprogram, FCAP, This subprogram sets the value of C1 equal to 300 picofarads
plus a small variable that is dependent upon the voltage across C1, when the value of
the voltage across C1 is less than the output signal level, If the value of the voltage
E1l is equal to, or greater than, the output signal level, C1 is set to 450 picofarads,
plus a small variable which is again dependent upon the actual voltage across C1.

The reason for including this variable in the function is to provide better duplication
of measured results; the normal R-C time constant curve deviates too much from
observed waveshapes after 37 is reached, The FORTRAN flow charts associated with
these functions as well as the radiation response are shown in Appendix VIII-A.
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19967 02 031.25_72 12.762
»
T FUNCTION FY7(A3.A2,A3,B1,H42,B3,C1,02,C3,D1,02)y """~~~ 7
_ .. 2 NA=z2 .
K] NH=?
— 4 - - NC=2 s oo e = o
5 ND=z?
— - 6 X208 - i e e
/ IF(A LR X DR A2 LE X UR, AS.LE.X) NA=E
-—  H IF(B1 tF. X OR B2 LE, X OR,BS.LE.X) NB=1 e -
9 [F(C1 LE.X.OR.CP.LE. X . OR.CI.LE.X) NC=1
A cmemem — o dF(D1.LF.XeUKep2.LE.X) ND=1 e e em e e et e
11 15720.3
—_—17 lF(NA.EO.l.AND.NBoEQ.‘lolND.NC.PO.l.AND.ND.EO.t) 65723.0
13 RE TURN
e 14 - - ENTRY FCAP(A.B) . C e e
15 IF(A-8)10,20,20
16 — — 10 .. $572300.L-12B/3.0300.E-22.. . . .. .. ... -
17 HETURN
. 18 . 20 E5/2300.E~12%B/3,+450.F-12 B - .
19 RF TiRN
20 ENIRY FNVT(A,B,C)
21 c SUNPROGRAM FUR NEUTRON BEHAVIOR
e 22 . . __ .. 1F(A-1.5) 40:50,60 e e e
23 40 Yz(
24 GG YO 150 .
. ?5 50 =,1
26 60 Tu 150
2/ 0 Yzile 0%
e 2B - . oo 60 19 150 - P a— e e m e e .
4 4 29 60 1F(A,LE.2.)80 10 70
B _ 30 IF(A.LT.,2.3760 TO 8y
g 1 7| 1F¢A 1.245)b0 10 1n0
By ¥ . 32 IFCALTEL2.7060 TO 9
g 38 - IF(A.LI.2.8)60 TH 119
—— 4. . _ . ¥=-8 e e e
35 0 T0 150
.. 36 . 1i] Yz=0.0%
- B 37 G0 TO 150
s A% __._3u 90 Y=-0,1%
A 39 G0 TU 150
A5 __Aa_ 100 Y=-D.1 S
q 3 60 To 150
b, 42 110 ¥=-0.2%
E B T 150  #57=y )
a4y 44 RETURN
3 45 END
T 23672 WURDS OF MEMRRY USEL BY THIS COMPILATION ' T Tt T T
s
Figure VOI-5, Model Subprogram
-
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The output impedance associated with the circuit is fixed at 100 ohms. Although this
is not an accurate impedance representation for all voltage and load conditions, it
provides first order accuracy of output signal level. To duplicate actual impedance
variations, the value of resistor RV would be made variable and a function of the

load voltage and currents,

B. MODEL VERIFICATION

To demonstrate the validity of the model, the circuit shown in Figure VIII-6 was
described to the computer. The topological description for the SCEPTRE circuit
analysis program {s shown in Figure VOI-7. The relative timing of the forcing
functions EA and ED, which cause the output to change from the 0 state toc the 1
state, is shown in Figures VIII-8 and VIII-9 respectively. The circuit response to

these signals is shown in Figure VII-10,

'The response time of the model (i. e., the delay from the time w}.en the forcing
signal reaches 1, 5 volts until the output signal rises, or falls, to 1.5 volts) is 48
nanoseconds in the positive going direction (tpdl) and 32 nanoseconds in the negative

going direction (t pd0). These times compare with the manufacturer's published
data of t = 90 nanoseconds maximum and tp a0 = 60 nanoseconds maximum,

pdl

F1

)
z
crj

€

Figure VIII-6, Test Circuit
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TFLEMENTS
Flop-AeA=p=A-A-D=D-D-D-D-V-0=HNDEL_ RSN54L57_ __ _ -
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—END_
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Figure VIII-7. Test Circuit Description
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C. RADIATION EFFECTS

Uy WYY R (E R IE RYRIY v - . s 4

1. IGAMMA‘RADIATION: :.

1 i

Exposing the device to.a nuclear radiation environment may affect normal
performauce by 'cauaing the’ output s!gnnlﬂlevel to’ vary. ‘When exposed-to pulsed

£rriy 3
lon(zlng,rx:iys (gamma radlatlon) at dose rate levels of approximately 3 x 10+10

/seco 1,% e performance is; only momentarily'affected Extensive testtng
done,( oy, the General ¥ Electrfc Company. ‘The test, report with photographic
recordtng of; the results i8 included-as Appendix VII-B

n"f“

Mhen, a.gamma radiation pulse simulation is caused to occur while the output is at a:
1 Tevel, the' response of the device is momentarlly reduced. Figure Vili-11 shows
both the observed and computer respouse te the radiation pulse,
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Figure VII-11, 1 Response to Gamma Radiation
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When the radiation is caused to occur when the gate output is at a 0 level, the normai
reaction for the output level is to increase slightly. Figure VII-12 shows both the
observed and computer results.

The method for simulating the pnlsed ionizing gamma radiation induced transient
effects is to establish values for P1 of Figure VIII-4, As shown on Figure VIII~13,
P1 is defined by Table 4; this change is identified as P1 = T4. By changirg the
time-related eniries in Table 4, the radiatios simulation is caused to occur whenever
desired. For the results shewn on Figure ViII-11, the gamma pulse is caused to
ocecur at 0, 51 useconds.

Figures VII-11 and VIII-12 dem~nstrate the agreement between the computed results
and the laboratory observations.
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Figure VIII-12. 0 Response to Gamma Radiation
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ELEMENTS
Fl,A-A=A=A-A-A=D-D-D-N-b-V-0=nOBEL KSN54L57 (CHANGE P1=T4)
TTEALO-A=FGEN(D.,8.,0.,PRI2.E=T/PF,7.E=7,5.,TINE)
EU,0-U=i GEN(D.,30,1.E=7,PR,2.E=7,PFs7.E=7,5.,TIME)
"R2,V-3=4390
C2,V-332.6E=-12
RS, 3-0=750
. £3,3-0=15,E-12
B1.V-4=MODEL1N3605(PERM)
_“_Rﬂo4'5=800
9516'5310
_E2,0-652.4 . . __
DLE (NED PARAMETERS

PR:!B.E'q
P' 31608'9
PNVT=FNVT(VC1F1,0.4,0.2)
FUNCTIONS
14:0..0.:5.E‘7.0.o5.5-7».5.5-15°7.1..5.25-7;.5.5-25-7o0-n1.5’6.0-
OUTPUTS
€ALED,PLOT
RUN CONTROLS
START TIME = 0.
MAXIMUM PRINT PUOINTS = 200
_COMPUIER TIME LIMIT = 5,5
STOP TIME = 9Y9.9E-9
RERUN DESCRiPTIUN
FUNCTIONS
T4=n000.'5.t-/1Uc15.E'7'oUS'S'lE'?"1)5-2E'7D'05'5.2E"’00.)1.E"b‘“0
END

TSYSTEM NOW ENTERING SIMULATION

Figure VIII-13. Gamma Radiation Test Circuit Description

2, NEUTRON RADIATION

When the device is exposed to neutren radiation conditions, its performsance may be
degraded either temporarily or permanently. The degree of the degradation as well
as the dv -ice recovery time, for those conditions which permit recovery, depends
upont . <posure level,

mxposure of test circuits of fluence levels of 1.2 x 1014 results ir an output level
reduction of approximately 0. 4 volt, when the signal is at a 1 level. When the

output signal is at a 0 level, the voltage is increased by about 9. 2 volt. The results
v.ere observed by the Air Force Weapons Laboratory when they tested these devices
and are reported in Reference 1. * Figure VIII-14 presents the circuit transfer
function degradation ubserved during these tests, for various fluence levels. For curve 4,
which represenis test condition 4, the output mgnal level drops from about 3.1 volts

to approximately 2, 7 volts and rises from about 0. 16 volt to approximately 0. 36 volt.

*
Olson, R. J., op. cit. page 16
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The method sor incorporating this response change into the model is shown on
Figure VIII-15. Since P4 was originally set equal to zero, the value of the output

- voltage, EV, is changed from a simple dependency on the voltage across current

kY source, JR1, to a dependency upon both the capacitor voltage and the fluence level.
3 This is done by setting P4 equal to the function FNVT.

32 The computer description to produce an analysis of the device in the test circuit

configuration is shown in Figure VIII-15 and is accomplished by changing the value
of P4 to be equal to ENVT, which is defined as dependent upon the function FNVT.,

3 The results of the analysis are shown in Figure VIII-16. It can be seen that the 1

E\ signal level is reduced from that observed in Figure VII-10 (from 2. 9 volts to

2.5 volts) and the 0 signal level is increased fron: 0, 5 volt to 0. 7 volt. These results
u would be those expected from a radiation exposure of the device to the specified

4 fluence level.
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RZ.V-3=43qn
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R3.3-0=750
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Figure VIII-15. Neutron Radiation Test Circuit Description
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SECTION IX

HARRIS HA2700 OPERATIONAL AMPLIFIER

The Harris Semiconductor HA2700 Operational Amplifier is a radiation-resistant
integrated circuit. No schematic representation or frequency response data for the
device is available from the manufacturer. However, the published electrical
v characteristics are shown in Figure IX-1.
ABSOLUTE MAXIMUM RATINGS
Maximum ratings are limiting values above which permanent damage may occur.
Voltage Between V* and V™ Terminals . .. ......... +44.0 Volts
Differential input Voltage . . . ............. .... +18.0 Volts
internal Power Diesipation .. .. ................... 300mwW
Storage Temperature Range . . .. ........ —-650C < TA < +150°C
ELECTRICAL CHARACTERISTICS
vt=+150V.DC. vV~ = =150 V.D.C.
WA 1T ARk Loyl e
PARAMETER e 557 10 1180 - 289C 10 +489C et rsic R UNITS
win | 1ve | max M} Tve T wax s ] v fua .
INPUT CNARACTERISTICS '
Otiset Vonsge 2% 85 10 9% ] 10 $n my
{NKote 1} (] 10 10 20 mV
0.5 Carrent RO LR $0 | 200 s0 oA
Full 100 00 00 A
N awe | :; W -
Common WMode Rangs Fult n on (1l v
. TPANSEER CHARACSERISTICS
3 Large Signdl Voliage Camn
\ (Nots 283 B ™ ™ ™ viv
' .i“ € rmmon Mot Reyeetion Ratw
o ? (Note ) Fuit 106 106 106 (1}
_[' . - Gar Bandwith Product
b 3 thote 1) 28°C 0 1Y 10 WHy
" P
,~ 3 OUTPT CHANACTERISTICS
ey ' (Qutpt Valtags Sning
B b (Nute D) Futt 1%} o3 11 v
B!
3 Datnar Curram
;:; (Rots 3 $25%¢C 0 20 20 mA
- § 1A o
5%& v :.':j::". S SPUNSE
3 ‘%, (Note ) $239¢ 20 0 20 Vi
- Sattiing Time (01 )
s{ ,. INoter 28 6) 250¢ 10 0 10 i1}
:‘ K POWER SUPPLY CIHARACIERISTICS
5 B Supply Current 2% L LY 1 | 0 1’| A
Pawer Supply Rrsrchion Ratw
Nate 5t fun 100 100 100 ¢80

NOTES: (1) Can be adjusted to zero with 1 megohm pot between Pins 1 and 8,tap to 7.
. CAUTION Oevice may be destroyed by shorting Pins 1 or 8 to any other
pin of voltage while power 13 apphed.

() Ry = 2K, €y = 100pF

3 Vg =+100 Vol

[} VCM = +5 Volts

(5)  Vgyp = £100 Voits to 2200 Volts

(6)  Nomnvaruing . mity gain, 0utput voltage swing 1s 10 0 Volts

Figure 1X~1, Published Electrical Characteristics
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MODEL DEVELOPMENT

LINEAR MODEL

e ety ey O s AR L oA e a SRS TRy

Two different models have been developed for this device. The first, for use with
linear programs is shown in Figure IX-2. Figure IX-3 shows the open loop gain
measured in the laboratory for the device and the computer analysis recults for the
model using the CORNAP circuit analysis program. The circuit was also analyzed
in the unity gain configuration; the computer circuit deseripticn for the analysis is
shown in Figure IX-4 zud the analysis results in Figure IX-5,

. R 2
W
RAIN

CAl
RA7
N ,

©

+

Al RA

RAS RA9 RA6
FLORE AR
cA3
6‘9 - cAa Q@
RAIC

RA1 - CA1l - RA7
RA2 - CA2

RA8 - CA3 - RA10
RAY - CA4

RAT7 - CAl

[A10 - CA3

POLE@ 0.7 Hz
POLE @ 35 kHz
POLE@ 5 kHz
POLE @ 400 kHz
ZERO @ 2.5 kHz
ZERO @ 50 kHz

Figure IX-2, HA 2700 Model - Linear Model
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Mdsann
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= & PR R M A
3 am
AT
NN

z-a3 05087, ELAPSEL TIME = 0 SECONDS

Vi1,7,0

RA.7,1,50,

R2,11,2,10,.F$

c1:11:".1“0.&‘1§:*v

R3.11.9,20¢00.

; RAIN,1,2,1,E6

B VA1,3,U0,3.,V,RAIN
RA1,3.,4,100,
CA1.4pO’22800E'6
RA/.6:U.-028
RA2,4,,100.E3
CA2,5.0,45,F~12
VA2010’OTTZ}V'CA2_-——M
RAB,10,8,900.
CAS,8,13,32.E-9
KALD,13,0,50,
RAY.8,9,10p.E3
L1.9,14=2.6-6__ __ __
CAd4,14,0=4, E 1d

i 'HA2700 _UP AMP 91337 VEKSION MOBIFIED'
i
H
H
!

RA6. 12511+ 1oo.
FSCALE=1.E7 |
RSCALE = 1.Eo
LOGEREN=10,.1,1.E7

TIME RESFONSE-LAPLACE»10.+1.E-6,.01F-6
EXECUTE. . __ e -

JHIS NETWORK HAS BEEN SCALED tUR COMPUTATION BY_THE FOLLOWING _FACTURS

_FREOUENGY 1.0600000E n7 RANDIANS/SEC. TMPEDANGE 1,0000000E_ 06_UnMS
EXP UNDLRELU AT LOULATHIOM 064651

Figure IX~-4, Computer Description - Linear Model
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Figure IX-5, Close Loop Gain - 0 dB - Bode Plot

2, NONLINEAR MODEL

The model that has been developed for use with the SCEPTRE circuit analysis program
is shown in Figure IX-6. It will be noted that this model is simpler than that used

for the linear programs. The reduciion in the quantity of elements nzeded results
primarily from a desire to uuprove computer analysis time when an iterative

analysis procedure is used. Experience has established that only the low frequency
poles and zeros are required for this type of nonlinear model, Therefore the

entire high frequency network has heen eliminated from the model. Also, since

the time response of the device is dependent upon the input impedance, capacitor

CIN is included in the model to duplicate observed conditions. The current sources

JI and JN and their associated resistors RI and RN, are incorporated in the model
to accommodate the limitations of SCEPTRE as well as in anticipation of including
offset current conditions in future work. The computer model description is shown
in Figure IX-7,
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Figure IX-6. HA 2700 Model - Non~-Linear Model
>

; TMONFLHAZ 7T O(N=T=0UT-GNDY "~
. ELE ENTS

JTT=T1=0, -

4 RI,FI-GND=1.E-3

& TINGNENNEQ, T T T

K RN,NN-GNI=1.E~3

H RIN,N-T=I.E% ST e
i CIN,N=1=1,E-12

$i: EAT,GND-J=X1((2.E6-P4)2VCIN)
b RA1,3-4=1¢n.

3y “TAT, 4762280 E-6
RA7,6=-GN0=,025
RA2,4-5=1¢0.E3
5 _CA2,5-GND=45.E~-12
B EA3,GND-12= 01(VLA3 P1,P3)
_RAG,12-0UT=100.

JO,0UT-GAND=0.
_FUNCTIONS . . ...
OL(A,B,C)=(A+BsL()
DEFINED PARAMETERS

P1=4.
-PZ2=10.
P3I=FOSC(VJN, TIME)

OUTPUTS
V.N, PLOT

P3,PLOT
_Pl.VC}N, VLAZEAS, VJUSPLUT

Figure IX-7, Computer Description - Non-Linear Model
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Both published data and laboratory measurements indicate the presence of high
frequency oscillations which occur during a change in signal level when the device

is connected in a unity gain configuration. Measurements indicate that the frequency
of the oscillations is between 8 and 12 megahertz. For the sake of visual clarity,
the frequency used in the model is set at approximately 5 megahertz. The presence
of the oscillatory signal is established by the subprogram FOSC shown in Figure
IX-8.

The oscillatior generator, FOSC, produces a constant amplitude sine wave (fixed
frequency = 4. 78 MHz) when the slope of the input signal at the non-inverting input

terminal exceeds a threshold level of 1 x 106 volts/sec. A time function is included
in the generator to establish an arbitrary time chat is equivalent to time-equal-to -
zero conditions, when the threshold of any signal exceeds the defined slope. The
slope of the input (DVDT) is determineu by comparing the incremental change in
voltage, at the input terminal, to the integration step size time change. As long as
the absolute value of DVDT is less than the threshold, the oscillator output is zero
and the time delay, T#, is reset to the present time. When the absolute value of
DVDT exceeds the threshold, the oscillator output is a constant amplitude sine wave
delayed by T8, The function generator output is established only for inputs to the
non-inverting terminal of the op amp, but can be extended, in similar fashion, to
the inverting input, The FORTRAN flow charts associated with these functions as
well as the radiation response are shown in Appendix IX-A,

19487 02 02-u7-72 12,395 0SCILILATION GENERATOR
1 ct 0sC USCILLATION GENERATNR
T T T T U RUNCTION CFUSC VN, TINEY T T T T T
3 {F(TIME~D.) 1,1.2
T 1 osc=so. 0 7 T
5 i0=0, L
6 XVJIN=VJIN
1 XTIME=ITINF e
8 2 IF(TIME=-XTIML) 20.20,10
9 10 DVOT=ALBSLVIN-XVINI/(TIME-XTIML))
1 [F(OVBI=-1.E6) 1?2,12,11
1 . 1 USC=SIN(39.E02 T IME=-T0))
12 60 10 20
N o | 1 o | SRR
14 I0=1IME
—e G == 20 - FOSC=0SC- - - o e s e
16 XVJN=z=VJIN
7 - XTMEs T EpE-——
18 28  RETURN
....... 19 — .-~ . END . C e e e

——— 223585 NWURYS OF MEMOKY USEw nY THTS COMPILATION

Figure IX~8, Model Subprogram

178




B. MODEL VERIFICA,ION

To duplicate the observed perfcrmance of the amplifier when it is connected in a
unity gain conﬂguration, the circuit was described to the computer as shown in
Figure IX-9. Applied to the circuit was an input signal (Figure IX-10) that rises
from 0 volts to 5 volts in 0. 5 microsecond, and returns at the sanie rate. The

s response of the device is shewn in Figure IX~-11. The photographically recorded

1 laboratory slgnal which this output is intended to duplicate is shown in Figure IX-12.

It can be seén that the computer response closely simulates the observed performance,
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C. RADIATION EFFECTS
1. GAMMA RADIATION

Exposing the device to a nuclear radiation environment may affect normal
performance by causing the output signal level to vary. When exposed to pulsed

ionizing rays (gamma radiation) at dose rate levels of approximately 3 x 10+1O rads

(St)/second, the performance is only momentarily affected, Extensive testing was
done by the General Electric Company. The test report, with photographic recording
of the results, is included in Appendix IX~B.

When the amplifier is connscted in the same voltage follower configuration as
described earlier, but with a constant voltage applied to the * ~n-inverting input
terminal, the output remains constant, If the voltage is establizhed at 5 volts and
the device exposed to a gamma transient, the output is perturbed.

When this condition is simulated in the computer, the output change is as shown in
Figure IX-13. This response is intended to be a copy of Shot 5410 in Appendix IX-B.
The computer output i obtained by means of subprogram FGAM, which is shown

in Figure IX-14,
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Figure IX~13. Output Response to Gamma Radiation
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XTIME=TIMF
GAMMA=0.
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U, 1 AESUIUEEDE I BAMMA= XML THUSIN(IU EO&(TIME-TO))+SIN(7.EH8TIME))
18 60 To 20 ‘
.-19 16 GANMMA=.
?20 NRURST=0
21 2u FEGAM=1AMMA
22 XNAM=(GAM
23 XTAME=TINE . _ ...
?4 RF TURN
25 END

Figure IX-14, Gamma Function Subprogram

The gammua simulator, FGAM, produces an oscillatory burst when a gamma pulse
is simulated in the computer circuit description. A functicn is included in the
generator to establish an arbitrary time that is equivalent to time-equal-to«ero-
conditions, whea the leading edge of a gamma pulse exceeds a threshold level of
0,2 volt, When the slope of the gamma pulse (DGAMDT) is positive and the level of
the gamma signal exceeds the threshold level, the burst generator flag (NBURST) is
settoal,

The integration time immediately prior to NBURST changing to a 1 is saved as T§
is summed with a laboratory observed burst width to determine the TIME

when the burst generator is to be turned off (NBURST = 0), The interval of time
during which NBURST is equal to 1, FGAM, is a "beat'" signal which is the sum of
two periodic sine waves (1,11 MHz and 4.9 MHz) and for all other TIME is zero.

To incorporate this effect into the model, JR1 is changed from a zero valued current
source to a dependency upon FGAM, as shown in Figure IX-15. The means of
causing the circuit to respond to a gamma pulse is shown in Figure IX-16, which is
the computer circuit description. In the amplifier callout, PGAM, one of the
arguments in FGAM, is changed to be equal to TGAM which represents the presence
of a 20 nanosecond gamma transient at 6. 010 microseconds.

The computer results shown in Figure IX-13 indicates reasonable agreciyont with
observed responses of :his type of device.
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" CA1,4-6=2RU.£-6
RAL H=CND= 028
RA?,4- -5= 190.E8
—CA2,5-0NDz4% k~12 ; e
JR1,5-GBND=FGAM{PYGAM, TIPL..OI)
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FUNCTIOMS

_QJ.LA-B.E ):.\A.’ B.C) ...... ——— o e
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_Pl=4.,_..___.. _. e e e e
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_POSEOSE(VUN, FIMEY
P4z,

_ourpuis
VJUN,PLOT

Py.PLUY v ——
PL.VEIN, VCAZ, EA3,VIgspPLOT

—dk1,2L01

Figure IX-15., Model Deceription With Gamma Effects

GAMMA TEST
SAVEN AS HA27nnA
TELEMENTS
A1.3-2-6-GNU= hOUEL HA2700 (LHANGE PGAM=TGAM)
€El1.GND-355,
R2,6-7=1].
RL,6-LNDN=2.E3

—EUNCTI0NS

TGAM'-'-U-»n.- Z-E'O'no- 2-[‘6: .5, 2."1&’6']c' 2002E‘60.5'2~"2E'6o0'

—RUN_CUONTRuLS
STop Timk = 5.E-6
CUMPUTER JIHE LIMLIY = 9, .
MAXTHUM PRINT PUINTS = 10
_AAXIMUM INTEGRATIUN PASLES = 75u0b
MIN[HUM STEP SILE = 1.€-15
—0uTPUIS .
E1.PrLUTY
XSIPSZ. kLol
END

Figure IX~16, Gamma Radiation ~ Test Circuit Description
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2, NEUTRCN RADIATION

When a device is exposed to neutron radiation conditions, its performarce may He

degraded either temporarily or permacently. The degree of degradation as well as -
the device recovery time, for those conditions which permits recovery, depends

upon the exposure level.

Exposure of circuits to a fluence level of 1,2 x 10 results in a reduction of the )
device gain, Although no precise data is available at this time, it is estimated that

exposure of the amplifier to the referenced fluence level will result in a gain

reduction of about 10; i, e., the gain will be reduced from 2 million to 200, 000,

This latter value was used in the model to demonstrate that the method of reflecting

device behavior to neutron radiation atmospheres is correct, vven if the numerical

results prove to be slightly in error.

The method for incorporating this capability into the model is shown in Figure IX-17,
The value of the voltage EA1 is changed from a dependency upon the device gain and
the voltage across the capacitor, CIN, to a dependency that also includes the {luence
level, The fluence level is defined in the model as P4, which under normal conditions
is set equal to zero. When radiation exposure performance is desired, P4 is

redefined to have a value of 1,8 x 106, as indicated under "rerun description' on
Figure IX-18,

Since the gain of the device is still high (200, 000), the output signal would still be

expected to closely resemble that obtained under non-radiation conditions. Figure

IX-19 indicates that this does occur., However, a comparison between this figure

and Figure IX-11 shows the effects of the reduced gain cradition. It is seen that .
the phase of the oscillations present on the rising and falling edges of the output

signal are different; the time required for the signal to stabilize at 5 volts is about

0. 8 microseconds, compared to less than 0.6 microseconds for normal operation;

and the return to a zero signal level is progressing at a much slower rate. Thus,

the expected results of reduced performance capability are demonstrated by

the model.
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Figure IX-17. Model Description With Neutron Effects
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RERUN DESCRIPTION

DEFINI D PARAMETERS
. Par1=z1.08F¢
-ND

Figure IX-18. Neutron Radiation - Test Circuit Description
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Figure X-5, Ccmputer Description - Linear Model
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2. séﬁiﬁ&%ﬁrueum.

E ) The model thathaa bee:m developed for use\with the SCEPTRE ciicuit analysis
{ program is shown in-Pigite: X-3;, B will be noted tha* this model is simpler than that
uséd. for-the Jinear;programs. The redicticn in the number of elements nezded for
a aatlsm:tory nicdel results:primarily rom & %sir«e to improve computer analysis
time wheiisn itersiive analysis procedire is uszd, ‘The computer model description
for the SCEPTRE- analysls program is shown iu Figm‘e X-7. The izput signal
characterlstlc is: shown in Figure X-8, and the device respcase signal in Flgure X-9.
It is:8een. that: ‘the slew rate limitation of the davice causes a delay before the output
siau\l reuches the. lnput signal level, as well as a delay in retursing to the zero input

slgnal’level when the device is c\\nmected in a gain-of-10 vnltage amplifier clrcult
'Rhe&test circuit schematic and computer description are shows on Flgure X-10.
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Figure X-6, uA744 Non-Linear Model
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Figure X-7., Computer Description - Non-Lineay Model
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Figure X-10, Test Circuit and Computer Description

B. RADIATION EFFECTS

1. GAMMA RADIATION

Exposing the device to a nuclear radiation envircament may affect normal

perfcrimance by causing the output signal level to vary. When exposed to pulred
fonizing rays (gamma radiation) at dise rate levels of approximately 3 x 1U o rads
(Si)/second, the performance is cnly momentarily affected. Extensive testing was
done by the General Electric Company. The test report, with photographic recording

of the results, is inciuded as Appendix X-B.
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The tests were conducted with a fixed dc input signal on the non-inverting terminal.
‘The circuit was then exposed to a gamma pulse and the results photographically
recorded. For radiation test condition #7 (i,e., a gain-of-10 circuit configuration

- with a 1, 15 volt input signal), it is seen that the device goes into negative saturation.
For the many devices tested, delays between a minimum of 5 microseconds to a
maximum of 30 microseconds were observed, before the device started out of
saturation,

The computer description for including this radiation effect into the model is shown
in Figure X-11, The independent current source, JB1, is changed from a zero
value to a dependency upon the device response to gamma exposure (Table 1 of
Figure X-11), and the time of occurrence of the transient (Table 2j. Thic change is
defined as P1 in the computer description.

For the computer analysis, the radiation transient is simulated to occur at 19 micro-
seconds. The input signal, E1, is set to 1. 15 volts to simulate the laboratory test
conditions, The computer analysis of this circuit is shown in Figure X-12.
Considerable variation was observed in the response of devices subjected to these
teste. The results showed some devices recovered with almost no delay, at
approximately the same rate as shown on Figure X-12, while others had recovery
times less than that drawn on the figure. The observed results for the maximum
delay device are drawn on this figure, The small, transient recovery pulse drawn
on the figure was not present in all devices tested but appears to be partially
correlatable with increased delay to recovery,

MODEL 11A744(NI~1-0UT-GND
OPERATIONAL A+PLIFIER !
“FLEMENTS T T T T T
RINyNI-1_750,E3
cly,vNl-1=1,2-12
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AL 4~6aD=22(VCAL)
1040 1=
EC1,6yD=12221(VJB1,T3(VJRYy)
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JO,0UT-GND D,
FUNCTLONS
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N2(A)=(32.5~4=30.E~4wABS(A)/15.)
T1=0.016U00 100800'5 2o316000D 30032[‘".
Té2z0.s0,+ 18,E~-6,0., 18,E-5,.5, 17-5“6;1.: 20.5‘5).5; 20+.E-6,0,
3=-1530000 00.00' '1'1.0 15"10
DEFTGEN pA2A ETRRS
P1=Q1(TL(VSAL),T2)
pe=0, T '
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PLIGAMMA)Y,PLAT

Figure X-11, Model Description With Gamma Effecis
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' Figure X-12, Output Response to Gamma Radiation
,»
o
%
. i3
b It should be noted that the model description as it exists is limited to providing

proper gamma radiation response for eithexr a positive input signal on the non-
inverting terminal or a negative input signa! on the inverting terminal., Further
effort will be required to accommodate all input signal/garnma transient combinations.,
However, the method for incorporating the proper device response has been
developed in the existing model.

2, NFEUTRON RADIATION

When a device is exposed to neutron radiation conditions, its performance may be
degraded either temporarily or permanently. The degree of degradation as well as
the device recovery time, for those conditions which permit recovery, depends upon
the exposure level,

R RN
IR AR,

Exposure of circuits of fluence levels of 1.2 x 104 results in an output level reduction,
Data obtained from manufacturer published data and a Fairchild Seiniconductor in-
house memorandum indicates that a gain reduction, as a result of exposure to a

fluence level of 1014, is such as to reduce the gain of the amplifier immediately after
exposure to 18000, Figure X-13 shows the published data,
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The method for incorporating this capability into the model is shown in Figure X-14,
The value of the voltage EA1l is changed from a dependency upon the device gain and
the voltage across the capacitor, CIN, to a dependency that also includes the fluence
level. In this case the gain is reduced to a leve: of 18000 by changing the expression
X1 to include the factor P2, Under no radiation conditions, P2 is set equal to zero;
after exposure, it is set equal to 27000, The method to accomplish this is shown in
Figure X-15. Under "rerun' conditiois, P2 in Figure X-14 is changed from zero

T

o7
by pinr

to 27000,
, Since the level of the output signal for the oversll test circuit is controlled by the
& relationship of resistors RI and RF, it would be expected that the 12, 5 signal level
Y opserved in Figure X-9 would be unchanged,
‘j Figure X-16 shows the effects cf the analysis under the neutron radiation exposure;

i.e., ceduced gain conditions. It is seen that the time required for the output signal
: to reach the level of the input signal has been increased to such an extent that it

23 S never reaches the 12, 5 volt level, when the circuit is subjected to the same condition
that resulted in the performance shown in Figure X-9, It is seen that increased
time is also required for the device to return to the zero signal level. Thus, the
expected result of reduced performance capability is demcenstrated by the model.
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APPENDIX I

INTRCDUCTION TO INDIVIDUAL 'DEVI CE TESTS

This appendix describes the data base for FXR and NVT responses for the ten
different devices selected for modeling, The FXR responses were obtained by test

at the Radiation Effects Laboratory of the Space Division, General Electric Company,
with one exception. The one exception is the FSC 9704; data on this device has been
generated earlier and was supplied through the courtesy of Capt. D. Alexander of

the AFWL. The FXR responses are for dose rates of the order of 1 to

: 3x 10 10 rads (Si)/second. FPhotographs of the physical conditions under which the
b ¥ tests were conducted are shown in Figures A-1 through A-4. Figure A-5 represents
b a summation of tests conducted.

The reutron degradation data was primarily collected from prior reports; these
reports were obtzined from AFWL, SAMSO, REIC, Fairchild and others. The
exception is the HA-2700-2; data for this device was obtained by irradiations at the

Aberdeen (Army) Pulsed Base Reactor. The neutron degradation data is generally
for 1014 ns/cm2 (1 Mev silicon damaged equivalent), and the data follows the FXR
3 data in each section of this appendix.

. Typical eletrical test circuits are shown in Figures A-6 and A-7. Figure A-6

.3 indicates the manner of connecting a digital device int. the radiation test installation;
rsg Figure.-A-7, an analog device. The gain data for the emitter follower circuit that

E: was used to couple the circuit response to the oscilloscope are shown in Table 1-1.
E ’ A single, representative, sample for each device type is included in the appendices,
e All information is not included in this report.

o Table 1-2 indicates the number of integration steps required toevaluate device

, performance uader varying conditions. This information permits some evaluation

of the device models and the effects ~f including radiation performance characteristics
in the descriptions,

TABLE 1-1

B 0 Volts 0 Volts
: 2 0.06
3 0.1

; 4 0.15

2 5 0.2

by 6 0.28
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Figure A-3, Side View Showing Addition Figure A-4.
of Lead Aperture Brick

Detail View Through
Aperture

198




F."f REARAN
£ A

Figure A-5. Radiation Response Summary

2Clemens, D. P., op. cit. page 121

3Alexander, D. R., "Report on the 9704 NAND Gate', Air Force Weapons

Laboratory, 15 August 1969

FXR

Circuits FXR FXR Outputs

Per Circuits Test Monitored NVT
Device Device Tested Conditions Per Circuit Tested
FSC 9704 2 3 6 1
Dual 4 Input Nand Gate (Ref 3) (Ref 2)
FSC 9774 2 8 12 2
Dual D Flip-Flop (Ref 2)
FSC 9780 1 4 5 4 12
4 Bit Shift Register (Ref 2)
FSC uA744 - 1 5 8 1 24
Operaticnal Amplifier- « - (Ref 4)
HA 2700 1 8 8 1 (TBD) 12
Operational Amplifier
TI RSN54L00 4 8 5 1 =6
Quad 2-Innut Nand Gate (Ref 2, 5)
TI RSN54L57 1 5 5 1 =1
ANL-OR-Invert Gate (Ref 2, 5)
TI RSN54L72 1 4 10 2 6
J-K Master Slave Flip-Flop (Ref 2, 5)
TI RSN54L74 2 4 12 2 5
Dual D Flip-Flop (Ref 2, 5)
TI RSN54L122 1 T 5 2 5
Monostable Multivibrator (Ref 2, 5)

4MacDougail, J., "Tests Performed on the ya744 and Other Products 'sing Neutron

Radiation", Private Communication

5Orndorff, R. M., et al, "Radiation Testing of Hardened Electronic Components',

SAMSO-TR -71-301, December 1971
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TABLE 1-2,

INTEGRATION STEPS REQUIRED

ANALYSE . .
TIMR NO WITH WITH

DEVICE | (MICROSECONDS) | RADIATION | GAMMA | NEUTRON
RSN54L.00 1 1100 1170 1070
9704 - 1 9200 10,900 8860
9774 1 970 1400 1600
RSN54L72 2 1500 1600 1400
9780 5 3480 4800 3570
REN54L122 1 1060 1280 1920
RSN54L57 2 1060 1650 1710
| HA 2700 2 8930 3100 8930
pAT44 50 1190 1400 765
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APPENDIX II
RSN64L00 NAND GATE

A. FLOW CHARTS

QOO0

RSN541,.00 --2 INPUT NANGC GATE SUBPROGRANM
SUTPUT STATE GENERARTOR

o e 8 50 s o -

JAELC 9R. B

1IF(A

.GC. £ ANC. B .GE. L}

AL

| FN2=D-AMINi(A.8) |

Pe

4
tNe = O ]
MRETURN |

<

—

(SR

|

( CAPGLITOR SLLECTOR
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B. TEST CONDITIONS AND RESULTS

1. GAMMA RADIATION

Two of these devices were tested on the flash X~ray under several circuit
performance conditions. A cross-reference between the circuit conditions and the
photographed test results is shown in Table 2-1, The irradiations, at 20 nano-

seconds pulse width, were at 3.1 x 10

10 vads (Sf)/second. The response photographs

presented are for device #1.

All test conditions show substantial transient resporse due to radiation when the
results are compared with the pretest performance as seen in the first photograph.

2. NEUTRON RADIATION

All neutron radiation \.chavior data was obtained from Reference 1. *

TABLE 2-1,

TEST CONDITIONS

SHOT #
Device 1)

el
o)
7]

COND. # NORMAL OUTPUT Y

5333
5318
5319
6320
5330
5331

-
-

S o W N =
o=
CEom e e 2
mom o o e
omomomom

o
=

*
Olson, R. J., op. cit. page 16
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& Pret- st ~ Device il Condition 1 - Device #1 - Shot #5315
B
4

A, 1Y B. 2y A, 1Y R, 2y
0.1V Div 0.1V Div 0.1 V/Div 0.1 V/Div
0.1 usece, Div 0,1 pusce. Div 0.1 usee/ biv v. 1 psece, Div

‘f;:d" “'}:‘rﬁ Ak N

3,

Condition 2 - Device #1 - Shot #5318 Condition 3 - Device #1 - Short #5319

Y I —
i di ) VL

WL s F

LOSPERE M

.

A, 1Y B. 2Y ALY B, 2\
3 0.1\ Div 0.1V Div 0.1V Din 0.1\ biv
E 0 1 psec Diy 0.1 psee Div 0.1 psee biv 0.1 psee Div

*A Lppar Trace; B Lower Trace,
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S Condition 4 - Device #1 - Shot #5320 Condition 5 - Device #1 - Shot #5322

TRy

V’\W '

) - .
s e A

A, 1Y B. 2Y A, 1Y B, 2Y
* 0.1 V/Div 0.1 V/Tiv 0.1 V/Div 0.1 V/Div
; 0.1 usec/Div 0.1 usec/Div 0.1 usec/Div 0.1 usec/Div

H

§ ¥
ot
L ;
i ? ’
24 #
e ¢
s
S
.
-
1
o
e |
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! ¢
i ¢
i
< .
R

R S - A~

BT

i
Cop B,
.

3 Note: A = Upper Trace; B = Lower Trace,
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APPENDIX I
FAIRCHILD 9704 FOUR-INPUT NAND GATES

A= —
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I3 “NEUTRON BEHAVIOR. GENERATOR |
] 1RV 10F

[ENTRY FAVT(R.8.C) |

\@:Y

sl

3 %
RETURN
(e8]

B. TEST CONDITIONS AND RESULTS.

1. GAMMA RADIATION

Test conditions and results are based on Air Force Weapons Laboratory data and aré
not included in this appendix,

2. NEUTRON RADIATION
The performance ¢haracteristics of these devices should change with-neutyon

exposure in a manner quantitatively siinilar to that of the 9780 device, as described
in Reference 2*, per the advice of D. Myers of Fairchild Semiconductor.

*
Clemens, D, P., op. cit. page 121
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APPENDKX IV
FAIRCHILD 9774-D FLIP-FLOP

FLOW CHARTS

‘MOSEL 9774 - O TYPE FLIPFLOP oUBPROGRRH
QUTPUT STRTE GENERRTOR .
VSET=VOLTAGE AT SET INPUT
VRESET=YS\TRGE AT RESET INPUT
VCOLSCK=YOLTRGE ST CLOCK Ineuy
VAORIVE=VOLIRGE RT O-INPUT

i

[xlxinlgininielyl

XCL"CK:YOETEGE AT _CLOCK INPUT OURING LRQT COHPUTRT!ON . >

E XGEN=VOLTARGE RT GATE(E1) OURING LAST COMPUTATION

- - o e 8 i o

CIFCTINE JE. 0.)

[XCLOCK = VCLOCK |

JLES 00

TE(TINE

XGEN = 3.0
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T T TR e AT Te T TR

ST s s ms - e e RN ,"7‘ B
ooy
7 5
(1]
ELE
1
FEI=3.0

(G0 10°10_>— -

VGEN=VOLTAGE ACROSS GENERATOR(GATE!}
VCAP=VOLTAGL ACROSS CAPACITOR

" FLVGEN .GE. VCAP)

FET=24%0.£-12

\/
RETURN

NEUTRON BEHAVIOR GENERRTOR

[ENTRY FNVT(A.B.C) |
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B. TEST CONDITIONS AND RESULTS -
1. GAMMA RADIATION

Four of these devices were tes_ted singly on the flash-X-ray, in active circuits at

dose rates of about 3 x 10 ré,ds (St)/second. Each device has two identical circuits
and inputs were set up simultaneously, parallei, The devices were tested in 11
dlfferentvcondltlom, as detailed on Table 4-1, Data is presented for device #123.
The pretest aiid No. 1 conditions involved switching the data input at 50 percent of
the clock rep rate; hence the output clocked also, Input conditions 2 and 3 involved
clocking with other inputs fixed,

All other conditions lnvolved d-c input levels. The pretest shot shows the.precise
clock pulse shape; but does not show the a-c data input signal as it was on the pretest
and condition 1 shots. The radiation pulse time relationship-to the clock pulse is
shown on-all the condition 1-3 shots as a superposition (-) on the clock pulse. The
radiation pulse effect on the Q and Q dutput traces is quite obvious as to time and

effect; The dose rate as measured ahead of the saniple was 3.2 x 1010 rads (Si)/
second,
2. NEUTRON RADIATION

The performance characteristics of these devices should change with neutron
exposure-in a manner quantitatively similar to that of the 9780 device, as described
in Reference 2*, pet the advice of D, Myers of Fairchild Semiconductor,

TABLE 4-~1,
TEST CONDITIONS
CLOCK | DATA
PRESET | CLEAR (Switching except
SHOT# COND. # (Normdlly High) as noted) Q
Pretest 1 L
5262 1 L .
5261 2 H H
5260 3 L L
5265 4 L H H L
5266 ‘5 L L H L
| 5267 6 L H L H
5268 7 L L L H
5269 8 H H H H
5270 9 H. H H L
5271 10 H L H L
1 5272 11 L L H

*Clemens, D, P., op. cit. page 121
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§

Pretest ' i

~ N e

A, 1Q B. 50 nsec/Div
0,1 V/Div 2V - 50 nsec

50 nsec/Div C. Data
2V - 50 nsec

Condition 2 ~<Shot #5261

A 1Q B. 1Q
0,1 V/Div 0.1 V/Div
0.1 usec/Div 0.1 usec/Div

*A = Upper Trace; B = Tower Trace.

Condition 1. - Shot #5262

A, 1Q B. 1Q
0.1 V/Div 0.1 V/Div
C, 1 uSec/Div 0.1 usec/Div

Condition 3 - Shot #5260

A, 1Q B. 1Q
0.1 V/Div 0.1 V/Div
0.1 usec/Div 0.1 usec/Div
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Condition 4 = Shot #5265 Condition 5 ~ Shot #5266

A, 1Q B, 1Q A, 1Q B. 1Q
0.1 V/Div 0.1 V/Div 0.1 V/Div 0.1 V/Div
0, 1 usec/Div 0.1 psec/Div 0.1 usec/Div 0.1 usec/Div
Condition 6 - Shot #5267 Condition 7 - Shot #5268

A, 1Q B. 1@ A 1Q B. 1Q
0.1 V/Div 0.1 V/Div 0.1 V/Div 0.1 V/Div
0: 1 usec/Div 0.1 psec/Div 0.1 usec/Div 0.1 psec/Div

Note: A = Upper Trace; B= Lower Trace,
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B Condition. 8 - Shot #5269 Condition 9 - Shol #5270

L ‘

E

|

: o A 1Q B, 1Q A, 1Q B, 1Q
0.1 V/Div 0.1 V/Div 0.1 V/Div 0.1 V/Div
0.1 pusec/Div 0.1 usec/Div 0.1 pusec/Div 0.1 usec/Div
'Condition 10 - Shot #5271 -Condition 11 - Shot #5272

A, 1Q B. 1Q A, 1Q B 1Q
0,1 V/Div 0.1 ViDiv 0.1 V,/Div 0.1 V/Div
0.1 psec/Div 0.1 usece/Div 0.1 psec/Diy 0.1 psee/Div

Note: A tpper ‘Irace; B Lower T'race.
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APPENDIX V
RSN54L72 FLIP-FLOP

-~

RSNS4LT72 - JK FLIP FLOPASGBPROORHH

.. MASTER SECTION LEVEL GENERATOR

. )
FUNCTION FOI(R.B.C.0.E.F.0.H)
NPART1=1 . .

NPART3=2

Kt

NPRRT4=1
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CAPACITOR SELECTOR |

T ‘6
: ENTRY"FCAP{R,B)
E . FO0! = 600.E-12

IF(R

okt hgha Lo iy

v

[Fol = 475.£-12
- 4 — e ———— =

rzs

RETURN

ic_ - NEUTRON B8EHAVIOR GENERATOR

LENTRY FNVT(R.B.C) |

IF{R.LE.2.)

G0 10.10 =

10

s \/

RETURN

g
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B.  TEST CONDITIONS AND RESULTS
1.  GAMMA RADIATION

These tests were comiﬁcted with RSN54L71 flat packs with external connections to
-cause.it'to perform as anz?,SN54L72-JK flip-flop. A total of-four samples‘ were

Lo

The: ganeral phllosophy for establishing device-test conditions was to try all-input
comblnatlons including cl'gcked inputs, check for overrlde action (clean, etc.)
“maximizé the clock rate and utilizé heavy low state loadlng For-clocked states,
- gonbrally-a:series of shots was. used to see if the response was depondent on the
*radlation-clock time relationship,

The’flash sh X-ray dose rates were 1, 3:x 101 rads (Si)/second over-a.20 nanosecond .
rad!at«,a'pulse The tests were,conducted per 10 different conditions as detailed

in Tab\e 5-1, ‘Data-is pgesented for device no, 153,

2. \‘g{)EUTRQN RADIATION

All neutron radiation behavior data was obtained from Reference 1., *

TABLE 5-1.
TEST CONDITIONS "

1 Q CLOCK PRE | CLEAR
SHOT# COND. # J K ‘N (Norm. Low) (Norm, High)
4925 1 L L H
Je926. 2 L | H | L/H
a921 b3 H | L | wa ‘
4928 4 H H H
4929 5 H H | L '
4930 6 L L L. 1
4924 9A H H H H
4933 . 9B 'H H L H
‘;;931 10 H H H L
! 4932 1 1 H H L “ L
*Olson, R. J., op. cit. page 16
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|
E
: Condition 1 - Shot #4935 Condition 2 - Shot #4926
E ¥
2
:
[
:
¥
A
4
3

A, Q B. Q A, Q B. Q

0. 1 psec/Div 0: 1 usec/Div 0.1 pusec/Div 0.1 usec/Div

o Condition 3 - Shot #4927 Condition 4 - Shot #4928
*
4
A. Q B. Q A. Q B. Q

0.1 usec/Div 0.1 usec/Div 0.1 usec/Div 0.1 usec/Div

*A = Upper Trace; B = Lower Trace.
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Condition.5 - Shot #4929 Condition 6 - Shot #493G

A Q B. Q A, Q B. Q
0.

0.1 pusec/Div 0.1 usec/Div 0.1 usee/Div 1 usec/Div

Condition 9A - Shot #4924 Condition 9B - Shot #4923

A, Q B. Q A, Q B. Q
0.1 usec/Div 10 psee/Div 0.1 usec/Div 10 usec/Div

Note: A = Upper Trace; B - Lower Trace.
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Condition 10 - Shot #4931 Condition 11 - Shot #4932

A, Q B. Q A. Q B. Q
0.1 usec/Div 0.1 use¢/Div 0.1:usec/Div 0.1 psec/Div

Note: A = Upper Trace; B = Lower Trace.
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A. FLOW CHARTS

. .APPENDIX VI
FAIRCHI LD 9780 SHIFT REGISTER

anaon

978G - 4 BIT SHIFT REGISTER SUBPROGRAM

TO0 TRIG ON POS SLOPE OF CLOCK
SR TG RESET FOR HIGH AT RS INPUT
Q' GLAVE SECTION LEVEL GENERATOR

ACY

=
[FUNCTION FJK{R.5.C) |

e s e . ArS e AN e —— -

0 TRIG ON POS. SLOPE OF CUOCK 10-8~71 HAM
0 RESELT FOR HIOH AT RS ITHPUT 1G6-8-71 WAM

T

o N F
TFOR.GF 1.5 .ANDAC L £ .2 10) et

08 SECTION LEVC:. GENERRTOR |

g
ENTRY FJK!(R.B.G.OPI
N1zl

F{R.GE.1.5.AND.B.LE.}.5.ND.C.GE.1.5)
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1
5
1
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;
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:
?
[ i
!
o
Xy
3
¥ 2‘
/yﬁv .
E
5 . c ~J WASTER SCCTIONoLEVEL GENERATOR |
' IENTRY FJAZ{A.B.C-D.E) | o
N1=1, ‘
FIC.GE.1.5.8ND.0.GE 1 .5.AND.L.LE.0.2)
. ~
4
\
|
;
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A3

GO 10 1 > — s

Ic < K HASTER SECTION LEVEL GENERRTOR

ENTRY FJA3(A16.C.0)
Ni=1 ,

{c CAPACITOR SLLECTOR |'

e M s

i
[ ENTRY FCAP(A.B) |
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*&QN et
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\/ ~
FJK=300.E-12

TF(A.LT.B)

FJh=75.E~12

TRETURN |

I lc ' NEUTRON BEHRVIOR GENERRTORI

LENTRY FNVT(R 8,C) |

\ |
LEL24) :

IF(R

[qD T0 100 :>

[

S ) N
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B. TEST CONDITIQNS AND RESULTS.

1. GAMMA RADIATION

Four (4) of these radiation hardened devices were tested on the flash X-ray machine

“at dose rates of about 1,9 x 1010 rads (St)/second in an:active high: fanout circutt, * -
‘Transient respomu wéi'e recorded (from every- Ql output): for various conditions.

Each device was: oxposed to at’least 8 shots covering’ flvé‘"tut condttlons. “‘Dita. for

umple 2 n'p :reported hero with test eondltlons shown In 'l‘able 6-

All:test oondlt'lou showtrazsjesit: reuponse due to-radiation’ comptred wlth preteut

performance, a8-seen; {in the first. photograph

LN
iy

2 NEUTRON RADIATION

An neutron. radutloq behavior was obtnlned fiom Referen’ce #2x. o

1‘~_
"t 5

PRI

TABLE 6-1.
TEST CONDITIONS
SHOT# COND., # J K ) Cp
Pretest 1 H H L Clocking
5691 1 H H L -Clocking
5596 2 L L L - Clocking
’sgse 3 H H H . Clocking
15697 4 L H L Clockihg
15699, 5 H 'L ; L Clocking

*Clemens, D. P., op. cit. page 121
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Pretest - Condition 1 Condition 1 - Dose 432r-Shot #5591

A, QO_ B, Qi[ A, QO B. Ql
0.1 V/Div 0.1 V/Div 0.1 V/Div 0.1 V/Div
0.2 usec/Div 0.2 usec/Div 0.2 usec/Div 0. 2 psec/Div
Condition 2 ~ Dosc 432r-Shot #5595 Condition 3 - Dose 432r-Shot #5596

A, QO 3. Ql A, QO B, Ql
0.1 V/Div 0,1 V/Div 0.1 V/Div 0.1 V/Div
0.1 usec/Div 0. 1 usec/Div 0.1 psec/Div 0.1 psec/Div

*A = Upper Trace; B = Lower Trace.
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Condition 4 --Dose 432r-Shot #5597.

A B Q

0.1 V/Div 0.1 V/Div
0.1 usec/Div 0.1 pusec/Div

Note: A = Upper Trace; B = Lower Trace.

6-8
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Condition 5 - Dose 432_1"-Shot #5599

A Q, B. Q
0.1 V/Div 0,1 V/Div
- +0,1 usec/Div 0.1 psec/Div




APPENDIX VI
nsusg..mg:

TS

3

° o «
AN ~
\.

() .
> ¢ e HDDEL RSN54L122 WONOSTABLE - nuutvwmron SUBPROORHH
c OUTPUT STATE GENERATOR .
'\3« . B ‘,‘ ) & >
N o ° - Funcnon FSotVF RS)
A 0 , "£55=0. 1 X

RS T41.6)

I'Sf=0.1

. \/
RETURN

lc ) TIHING CIRCUIT TRIGSER GENERATOR

[ENTRY _FIN(A1.62,81,62.TTHE,XFIN.RS) |

1IF(TINE L.E.0..OR.RSAE.1.H)

>

G0 TO 4
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\/
OR1=A1-XA1

DA2=R2-XA2
081=B1-X81
0B2=82-%82

(0B!.G
Bi.GE.L.

T.0..ANG.B1 GT 1.3.AND .81 LT 1.7.8NC. 82
5.AN0.DB2.GT.0. .ANO.B2.5T+1.3.8ND.B2.1.T.
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T Y

Fl(ss
RB“(DBZ) LE. 0

G0 _T0 30

1.5.6N0. R?SfOB‘) E.0.11.AND.1B2.GE.

: F

((DA1.LT.0..ANC. Rl GT 1.2.AN0.A1.T.1.7
NO.RBE(0RZ) .LE.Q.]

«ANG.(A2.GC .1

.5Te1.2.GND.A2.
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XB81=8¢
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60

FSS=XfIN
Y,
RETURN

I3 ~_CAPACITOR SELECTOR |

[ENTRY FCAP{ VGEN.VCAPY.)

+

TF(VGEN-VCAP) iGG.11G, 110
E
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. 110 3 .
) [F55=-100.E-12VCAP/2.+139.E~12 |

1 [ RETURN

: EEEIE;—il

100

[FS5=35.L-12mVCAP/3.+5.C~12 ]
RETURN

[t NEUTRON BEHRVIOR GENERATOR |

<

v
[ENTRY FNVT(A.B.C) |

b

= = IF(A-1.5)140,15G,156
j ' \/

T gr—
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B. TEST CUNLITIONS AND RESULTS

"1  GAMMA RADIATION

Seven (7) of the RSN541.122 monostable multi-vibrators were tested at dose rates of

about- 2 2x 1010 rads (Si)/second in an active high fanout circuit, Transient output
resgonses (Q,. Q) were recorded for various conditions; the responses were quite
similar for éach condition among the devices tested. The data presented here is-
for sample #36 for the test ¢onditions shown on Table 7-1.

Typically, the output was-a single pulse. for-test-conditions 1, 2, and 3. On test .

‘conditions 4 and 5, the recovery was in the low microsecond range and device output

was subnérmal for a few microseconds (5-20 "Clock-Pulses"). The time to recovery
\shown. but generally for Q, not Q.

‘NOTE: The RSN device has an 800 ns pulse width (min) compared to that of the SN
device of 90 ns; in these tests the 800 ns was reduced by using 2'2KQ
resistor in the timing circuit, rather than the-worst case value of 5KQ;
this wiring chinge turns 2 dlodes on without hurting the circuit (radiation

would also turn them on), The 2K was used to obtain -a higher repetition
rate and also to determine the clocked recovery time more accurately.

2. NEUTRON RADIATION:

All neutron radiation behavior data was obtained from Ref irence #1*,

TABLE 7-1,

TEST CONDITIONS

SHOT# " COND. # A B

241

1 1" B B,
Pretest i 5
5506 1 H H H
5507 2 H. H L
5508 3 L H H
5505 4 L H Clocking
‘5502 5 Clocking H H
. ,
Olson, R. J., op. cit. page 16




aa o |
AR

Pretest --Condition 5 Condition 1 - Dose 504r-Shot#5506

A Q B. Al 4, Q B. Q
0.1V/Div 2.0 V/Div 0.1 V/Div 0.1 V/Div
0.1 psec/Div 0.1 usec/Div 0.1 psec/Div 0.1 psec/Div
!
Condition 2 - Dose 504r-Shot#5507 Condition 8 ~ Dose 504r-Shot #5508

A Q B. Q A, Q B. Q
0.1 V/Div 0.1 V/Div 0.1 V/Div 0.1 V/Div
0.1 psec/Div 0. 1 usec/Div 0.1 psee/Div 0.1 psee/Div

*A = Upper Trace; B = Lower Trace,
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0.1 V/Div

; 1 V/Div
0.1 usec/Div

A Q B. ?
0.1 psec/Div

Note: A = Upper Trace; B = Lower Trace,
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REL2A — " a LT AR ‘},74-#\\» ;

A Q B. Q
0.1 'V/Div 0.1 V/Div
0.1 usec/Div 0. 1 usec/Div.
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Ls . " CAPACITOR SELECTOR |

[ENTRY FCAP(R.B} |

- ' +

1F(A-B116,20,20
0
= £

10 ‘
{¥57=300 .t-12#6/3.-306.L.-12 |

RETURN
1]

[757=205 .t.=1 2872 .~456.L-12 |
\/
| RETURN ]
[c NEUTRON BEHAVIOR GENFRATOR

FENTRY FNNT(A.8.61 ) '
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IF(A.LT.2.9)

-

GO 10 100>

<

4T

F
IFea.L

|T
|GOT09-’J =Pk
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LGO TO 156 =

RETURN |

t ¥l

END

B. TEST CONDITIONS AND RESULTS

1, GAMMA RADIATION

Five (5) of the RSN54L57 And-Or-Invert gate devices weré tested in an active circuit

at an average dose rate of 1,45 x 1010 rads (Si)/second-over a 20 nanosecond pulse,
Transient output responses were recorded for various conditions; responses were
<quite similar and recovery was rapid, The results for Sample 89 are presented here.

The clocked input frequency was maintained at 1 MHz; identified as Al On the pretest
shot, Exposures were made for 5 different test conditions, as noted on the

“Table 8-1,

2, NEUTRON RADIATION

All neutron radiation behavior data was obtained from Reference 1. *

*Olson, R, J.., op. cit. page 16
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: TABLE 8-1.

TEST CONDITIONS

g

\ : 1 T 2,3,5 6,7,8 9,10 | 13,14
SHOT# COND, # 1A 2 3 4 1B

N - -

- Pretest 3
5575 1 H H H -H H
p576 2 L . L L L L
h572 ! 3 Clock L L L H
6574 4 Clock H H H H
b577 5 ‘H L L L H

Pretest - Condition 3 Condition 1 - Dose 339r-Shot#5575

A. Out B. Al A, Out B. Out
| 0.1 V/Div 2.0 V/Div 0.1 V/Div 0.1 V/Div
0.2 psec/Div 0.2 usec/Div 0.1 usee/Div 0.1 usec/Div

*A - Upper Trace; B - Lower Trace,
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A e

< Condition 2 - Dose 339r-Shot#5576 Condition 3 - Dose 339r-Shot#5572

e e T ——

) A, Out B. Out A, Out B, Al
» 0.1 V/Div 0.Y V/Div 0.1 V/Div 2.0 V/Div
S 0.1 usec/Div 0. 2 usce/Div 0. 2 pusec/Div 0.2 usec/Div-
Condition 4 - Dose 339r~Shot#5574 Condition 5 - Dose 339¥-Shot#5577

A, Out B. Al A, Out B. Out
0.1 V/Div 2.0 V/Div 0.1 V/Div 0.1 V/Div
0. 2 usec/Div 0. 2 usec/Div 0.1 psee/Div 0.2 usee/Div

Note: A = Upper Trace; B - Lower Trace.

250




Laa)

AL G A

~

(Y
’

&

APPENDIX IX
HA-2700

¢

FLOW CHARTS.
("0 BE SUPPLIED)

E

{ cFasL ’ * OSCILLATION GENERATOR |

[FUNCTION FOSCCVUN,TINE! |

Y,

2

70=0.
XVJIN=VJIN
XTIME=TINE

2
& L

- - +

n'mnf-zxfﬂm\/

10

+
Tr(ovoT-1 EW
) 8
<}

11
| 06C=6TIN(30.LEx(TINE-TO)) |

|G0 T0_20 /D[E‘
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XVJIN=VJN
XTIHE=TINE |.

(€50

| ccan GAMMA FUNCTION STHULATOR |

[FUNCTION FGAM(GAM,TIHE,XHULT )"

" [Fo=TIRE )

NBURST=0
XGAM=GAN
XTIME=TINE
GREMA=0.

rn

, ~_+
TCTIME-XTINE} 20.20,10 ==

\,\/
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IF1-NBURET) t1.12.%

AAY;
(€9 10 20
DR

L‘T‘\"“‘-;t_
IFYTIME-{TO+2.£-6)) 35,:5.15 =

— 0

15 o .
[ GAMMA-XHULT=(SIN(3) .£5w( TINE-TOIIRSIN(T.ESuTINEY) |

v
(57020 >

A

XGAN=LaM
XTINE=TIUE
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B. TEST CONDITIONS.AND RESULTS o

1. GAMMA RADIATION

‘ Flash X-ray response data has been obtained for the irradiation of 8 samples of the
HA2700-2 general operational amplifier-in actlve circuits. Both gain of 1 and gain

of 10 circuits were exposed at 1,2 (£0.1) x 10 rads (Siy/second to a pulse of 20
nanoseconds duration, The.time to complete recovery ranged from 5-14 usec for

a gain of 1, and up to 2 usec for a gain of 10 under the DC input conditions studied.

X During the time of dynamic effect, the responses exhibited widely varying oscillations
to both positive -and’negative ss,tu'ratlon.

A series of photographs, which follow, show the test results. The test conditions
are identified ‘in Table 9-1.

TABLE 9-1.

TEST CONDITIONS

F SHOT#  CONDITION# EIN (v) _GAIN EOUT (v).
5410 1 5.4 1 5.0
5408 2 0 1 0
5411 3 -4.8 1 -5.0
| 5406 1 495 10 5.0
{ 5407 5 0 10 0
‘ 5405 6 -. 495 10 ~5.0
5 5403 7 1.32 10 13.0
5404 8 -1,28 10 -13.0

2. NEUTRON RADIATION

Since no.neutron test results were available at the time the computer model was
evaluated, the results obtained for the uA744 were assumed for this device. The:
results of the computer analyses for the assumed neutron fluence levels are shown
in Section JX,
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LTV SR

Condition 1 - Shot #5410

A, E_#F-14 B. E_$F-13
0.2 V/Div 0.2 V/Div
1 usee/Div 1 usec/Div

Condition 3.~ Shet #5411

A. EO#F--M B. EO#F-13
0.2 V/Div 0.2 V/Div
2 pusec/Div 2 usec/Div

*A = Upper Trace; B = Lower Trace,

2

Condition 2 ~ Shot #5408

A, :EO#F-M B. EO#F-13
0.2 V/Div 0.2 V/Div

2 usec/Div 2 usec/Div

‘Condition 4 = Shot #5406

5

A, EO#F-]A B. EO#F—lS
0.1 V/Div 0.1 V/Div
0.5 psec/Div 0.5 usec/Div



Condition 5 - Shot. #5407 Condition 6 - Shot #5405

A, EO#F—14 B. EO#F—13 A, EO#F-L‘} B. EO#F-13
o 0.2 V/Div 0.2 V/Divk 0. 2 V/Div 0.2 V/Div
0.5 usec/Div 0.5 usec/Div 0.5 usec/Div 0.5 usec/Div
Condition 7 - Shot #5403 Condition 8 -:Shot #5404

<
}
A. E_#F-14 B. E #F-13 A. E_#Pr-14 B. E#F-13
0.2 V/Div 0.2 V/Div 0.2 V/Div 0.2 V/Div
0.5 usec/Div 0.5 usec/Div 0.5 usec/Div | 0.5 psec/Div

Note: A = Upper Trace; B - Lower Trace.
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APPENDIX X
FAIRCHILD pAMP A744

A, FLOW CHARTS

(Not applicable)

B. TEST CONDITIONS AND RESULTS
1. GAMMA RADIATION

Flash X-ray:-response data has been obtained with five samples of the Fairchild
MAT44'Operational Amplifier, Variation in recovery times for.che devices was
very substantlal, ranging from 20 to 110 usezonds in the gain-of-10 configuration,
Generally, the response was negative-saturation followed by a standard slew rate
recovery. Tha responses-presented-here-are-for sample #1.,

The average dose rate over a 20 ns radiation pulse was measured at1,9 x 1010 Tads
(S1)/second for the tests, The test conditions for which exposures were made are
shown on Table 10-1,

TABLE 10-1,

TEST CONDITIONS

o - Ey _ VOLTAGE

msno'r# | com#s | w | eww ~(:'l)lt
5460 1 " 44,8 1 © 45,0
5454 2 0% 1 0
5453 3 -4,8 : 1 ~5.0
5440 4 +0, 46 10 +5,0
5437 5 0* 10 0
5439 8. -0, 46 10 -5,0
5432 7 +1,2 10 © +12.8
5434 8 -1.1 10 © -12.8
-V = -15V

+V = +15V

*Leads shorted at power supply,
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2, NEUTRON RADIATION

Samples from three runs of the uA744 were submitted to Northrup for reactor

irradiation at four levels between 2 x 1012 and 1014 nvt, using 2 samples per run

per level., Pre and post test: measurements were made on 9 parameters. The only
parameters showing significant variations with 1adiation were the open loop
voltage gair and the input bias current; these effects are shown in Table 10-2.

TABL 10-2,
NEUTRON FLUENCE DEGRADATION.OF GAIN AND.INPUT BIAS CURRENT

FLUENCE (avt) _GAIN INPUT BIAS CURRENT
0 50K 90 na
2 x 1012 50K 120 na
1x 1013 " 45K 200 na
3 x.10'3 33K 300 na
1.x 1014 18K 700 na

Condition 1 - Shot #5460

Condition 2 - Shot #5454

A, Eo#l B. EO#Z A, Eo#l B, EO#Z
0.2 V/Div 0.2 V/Div 0.2 V/Div 0,2 V/Div
10 usec/Div 10 usec/Div 5 usec/Div 5 usec/Div

*A = Upper Trace; B = Lower Trace.
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Condition 3 - Shot #5453

A, E#1 B. E #2 A, E #1
0 ) )

0: 2 V/Div 0.2 V/Div: 0.-2 V/Div
5 usec/Div 5 usec/Div 5 usec/Div

‘Condition 5 -'Shot #5437

B.

Condition 4 ~ Shot. #5440

E #2
0

0.2 V/Div
5 usec/Div

Condition 6 - Shot #5439

A. Eo#i B. E0#2 A, EO#I
0.2 V/Div 0.2 V/Div 0.2 V/Div
5 usec/Div 5 usec/Div 5 pusec/Div

Note: A = Upper Trace; B = Lower Trace.
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E #2
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Qondition,”; - Shot #5432

A, Eo#l B, EO#Z

0.2 V/Div 0.2 V/Div
10 psec/Div 10.usec/Div

Note A = Upper Trace; B -- Lower Traca,
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A. E#1
0.2 V/Div

1 usez/Iiv.

B. E #2

0.2 V/Div
1 usec/Div
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