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I-

ABSTRACT

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

Device models have been developed for two I4AND gates, two flip-flops, one four-bit
Shift Register, a Monostable Multvibrator, an AND-OR-INVERTER, and two
operational amplifiers. All models are demonstrated to agree with observed

laboreatory performance for conditions of pulsed gamma radiation of 3 x 1010 rads

(Si)/Seeond. Neutron fluence levels of 1.2 x 10 1 4 neutrons per square centimeter,
as ell as non-radiation conditions.

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

(Distribution Limitation Statement A)
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V
SECTION I

INTRODUCTION

The program descrIbed in this report had as its objective the development of
simplified models 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 r models which are so
complex as to be impractical for most applications. This method uses the same
procedures 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 reruire 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
i j when it specified its requirements for the development of simplified models for

integrated circuits.

The models which have been deN eloped 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 normal 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 matching 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
reasonable assurance that the analysis results will represent normal results.

Sassurance analyis ersn



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 prcove 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 thai 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
alteriative or combination to be superior.

As a consequence of attempting several modeling 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 appendix (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 subprogram3
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
I1A2700 operational amplifier subprogram it was necessary to simulate this condition.

2



SECTION 1

TEXAS fISTRUMENTS RSN54LOO NAND GATE

This integrated circuit Is a quad, two input positivo logic NAND gate. The circuit
behaves In such a manner that when the signal on both the inputs is at a logic 1 level,
,e 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 fl-1.

T7e logic representation for the quad and the schematic diagram of each of the four
gates, is shown in Figure I2-1. The electrical characteristics of the device, as
defined by the manufacturer, are shown in Table HI-2.

The voltage wave forms describing the device behavior and delay characteristics are

shown in Figure H-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 11-4. The subprogram
which establishes the logic output signal level and the delay characteristics is shown
in Figure 11-5. It will be noted in Figure 11-5 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 ianpedance 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 11-3 and described on Figure 11-4, the voltage associated with
the dependent source El is determined by the function FN2. This function establishes
the value of El voltage in accordance with the truth table (Table R-1). As shown in
Figure 1U-5, if either of the input signals is less than or equal to 0, 8 volt, then El is
set equal to 3.1 volts which represents a logic 1.

When both uf the input r•ignals are ý3qual to or greater than 1. 9 volts, the value of El
is established as 0. 3 volt which represents a logic 0.

If neither of these conditions exists, then El is determined to be 3. 1 volts minus the
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 11-2, or from
laboratory tests.)

4 3
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TABLE II-1.

TRUTH TABLE

INPUT OUTPUT

i,. 2

0 0 1

i 01
0 1 1

1 1 0

TABLE H-2.

E LECTRI CA L CHARACTERI STI CS
(Over recommended operating free-air temperature range, unless otherwise noted)

PARAMETER TEST CONDITIONS* MIN TYP MAX UNIT

Logical I input voltage required
Vin(1) at all input terminals to ensure V MC c .Min. "'out(0) 0. 3V 1 9 V

logical 0 level at output

Logical 0 input voltage required
in() at any input terminal to ensu;e Vcc = Min. Vout() "2.-4V 0 8 V

logical I level at rutput

Vout(l) Logical I output voltage V c - Min. Viný 0.8V

I load 100pA 2.4 V

V Logical 0 output voltage VCC Min. V., l. 9V 0.3 V
ut(0) ccIn

Isink 2 mA

Iin(0) Logical 0 level Input current (each input) V, c Max. Vin 0. 3\V -0. 18 mA

V(. - Mi.'LX Vi -2.4V 1 0 pA

Iin(] logical I level input current (each inputi V c N --
VC cc Max, V'in 5.5%1 100 IA

lOS Short circuit output current \. CC Max. V in0 V out0 -15 mA

ICC(0) Loglcal 0 level supply current (each gate VC c 5V V in-5 V 0 4; mA

lCC I ogical I level supply current (each g-ke VCC 5V %'m 0 ) 19 mA

tpdo 'ropagation delay time to logical 0 level Cl - 50 . AV T 25' 00 ns

tpdl Propagation delay time to logical I level C1 = 50 pF. V CC -5V% T A 25'C 60 ns

*For condlOws shown as Nin. or Max. use Min m 4.5V, Max. - 5 5•V
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Figure 11-4. Computer Model Description

81021 02 05-19-71 12.455 QUADi d INI
1
IT NANO GA'L LE~VEL SELECT

5-6-71ý

I CFN2 QUAu 2 INPUT NANO GATE LEVEL SELECT
2 C 5-6-71

.1 . - - FUNCTION FN2(ARC,O.FF)
V C A-VJA OsYJA Cz.U.U
S C -- 11 .I E21.9 Fz0.-3

6 Ir( A .LE. E (;W. If 4LE. C) fluf TO
I IrIA *IGE. I: AND. H .0k. F) UO TO 5

8 FNZ=U.AMNIN(A,II)

i,4 IN2 --
it RF I RN

IS HF I IRN
14 C
15 CIC2 CAPACITOR SELECTION

I f)INIRY IC2A,bU.U,)
11 C AsIA HzE2 (Us,5opf n=300PF

1V IF(A .LE. d)U-D

2i REIIIRN
22 C
73 CIR2 RESISTOR SELECTInN

P4 ENTRY iR2(A.d,C.u)
25 C A=30i &s613 C:VtUI 13:TILL 1
26 C 10N11, Rz A3U FIIR 1, 11.61J FOR RAO. HzfINVT)
21 t
20 IF(C ...T *)R.A
29 rNe --R ----

31 MFIIIHN
32 LNU

-- 23533 UGRuS OF MEHORT 1ISEu IOY THIS L.OIPILAT ION

Figure H1-5. M'vodel Subprogram
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Figure 11-7. Test Circuit -Computer Description
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Although the device manufacturer indicates on Table H-2 that the switching delay
times for either positive or negative going outputs signals will be no greater than
60 nanoseconds, laboratory test measureizin•ts on many units indicate not only that
both delays are shorter than this worst case value, but that they are different from
each other. Therefore, the delay times t p 0 and tpd1 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 FC2. Thus, C1 is set to
550 picofarads unless El 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 Cl), 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 H-A.

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

The zero valued current source, JO, is a dummy element to permit monitoring 1tCe
device output signal wuder varying conditions.

The four terminals required for normal usage of the gate are defined on Figure 11-3
as A for the "A" input signal, B for the "B" Input signal, OUT for the output signal,
and GND as the ground connection.

B. MODEL VERIFICATION

To demonstrate the validity of the model, the circuit shown in Figure 11-6 was
described to the computer. This circuit, which is one of several standards for
laboratory measurement, allows for easy variation of load (fanout) as 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 II-7.

The results of the computer analysis of the model are presented in Figures 11-8 and
IH-9. Figure H1-8 shows the timing for one of input signals as it varies between the
logic 1 and 0 levels. The truth table (Table 11-1) indicates that the output shol'ld be
a logic 1 during the time when the signal is at a 0 level and vice versa. Figure
11-9 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 measurements for the same operating conditions.

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

10



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

* included in Appendix H-B.

When a garmma radiation pulse simulation is caused to occur at about 0.720 micro-
second (Figure H1-10), the ou.ptput response of the device is momentarily reduced.
Figure 1I-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 11-12), the device behavior is also momentarily reduced. Figure 11-13
shows both the observed and computer response to the radiation pulse. Figure 11-14
shows another radi&tion 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 hastened.

When the radiation pulse is caused to occur when tie gate output is at a 0 level, the
normal reaction is for the output level to increase slightly. Figure 11-15 shows
both the observed and computer results.

The method for simulating the transient effects induced by the pulsed ionizing gamma
radiation is to change the value 1f JR in Figure H1-4. As shown on Figure HI-16, JR
in device NA is redefined as a ftwction of the voltage across capacitor C1 and a
signal that is time dependent and represented by Table 2 of Figure H1-16; this change
is identifted 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 11-16, the ionizing 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 6qual to the voltage existing across the capacitor,
the desired compi.i-r results can be obtained using this voltage instead of E2. The
following sketch graphically depicts Table 3 relationships.

1.5
1.0 ••

TABLE 0.5
VALUE

3 4 5

-0.5 CAPACITOR VOLTAGE

-p0

11



I
I

•.1.06e4O-42 t ..................... .............. . .. .--- -- ------- -- -----...................... ........--..........

I I

*4.I .. 7I --

70441.;I.u7 1.--.-1

7 184 92 I".

I.. .....

Fiur H-0 Siuae am aito us

..... ..... ---- .... .... .... .... .... ..........

.. . . .. . . .. . . . ..

.. . ..I. . . . . . . . .. ... ..

Fiur 1111 OuptRsos oCmi aito

II I

Ih> !::
I

I
I+e | i | I I I II-

- I+

] i t l ' Io I •"2

Ie I

I I

i I

I °I

• l l l ' I° I "

SI I

.I****1tI• IS° I •"*
I . I

I . I

I I

*... I

I . I
i l * I

I.6 !, 46l II4.I.V o~l'7 ,lk+7iOlki

I

.. - .

4,+1111I II l .... I

4.. ... ... ... ... ... ....... I
I.4l, .SI.1%SII, .UaS .. ,I

Fiue1-1 uptRsos oGm! aito

I1FiVelII I..



Ip - - ---- ---- ----- - ---- ----------- '---- ------------.-- -.

3.0001DE-02 I** -- :

21.00019E.02 -- _____

3 ,50010E 00a 1..- - - - - - - - -

I

. . . . . . . . . . . . .. . . .. . . . .. . . . ...... . . . . .... . . . .I. . . . -

I.111 -- -- - 1 0EA --- -- - --- atyL0550

Figure0- 1113 BepnetoGmaRaito

1 13



1 .............. ....... ....... ;..& ....... . . -.... ..........................
G I o- I I 1 1 1 1
1 1

"2.010 60411 f ....-

I

I
14 06 as I._.

- -0001. -01 _- - - - - - -... I .-
I I

I . ..... .......... ... I
I I

I -1- .. . . . . -�- -- - - - " 1

3150010§ _0 _-- _ -_ --

I .. . ................. I
1 -O -"" -- 1

.... .. . . . . . ........

I I.

. . . . .. .I. ........ ............ ............. ..
I o .17

1. 4 E- 7 . .. . . . .. 6. 1 L 1 t. 1 L 4

1 14

,I . . . .. . . . . . .. .- .. . . ..- ..I - -- -- -_- 1
2,g01001 @0 I"" 0 -- 1

1 • " "1
1 0oI 1

I10111 0 .. 1

0* I
-t ,OO IK OK 1 - " --.. .. -*1

Fiur I-4 Repnet ~m ation

- -_1........ ... ... ,......4..... ... ... ~. -- - ..

C. I

C ,!

4OOl 0. .' .......00ft . ... .00Ji... ......... &.iIOL.. ... 8 0 70 . - j ljtg

0..01 9 . . . . ........... ... .. &1-

K I

O.II 1 III"

K $

-.11111 -l- --- 1 --

3.001 .. 01 . . . . . . . .. .. . ;K

K Fg*eI-S Rsos to Gam aiation

O 14



TFST cIPL'IIT FuR RSN54jLOO e INV61J MnAqD GATL --

HAD hohJEL ANL, ArWL rCIRCUIT ___

ELtP4LNIS
NA, I N- 1 -- N L xinbUEL -L OU (fCnIOJiTi40:6zIlF -

-. 2.2-3z4JOU. _____

P3.,3-GND:750____________________

2 a91~~~v.2-4=vunLIL - t,3aOS(PkRIJ) ---

;=0:2(IAtLL 3-(VCINA).YARLE NTwIP)
I UNC IIUNb

200;.E-g.tf. - ___

215.E-9,O.O3 __

-- 225.E-9 -0'.0'3'- __

Z4U.L-V.;.

02(A'.a)!i oFb H~y- -_______ __.____...Y)

RUN CONTROLS

* ~MAXIMUIM PRINT 'lINIS x 300

I SIG,JKNA( IPP),VRJ,VRS,PLOI
VR2;VCUDlPLOT - - - - --

PloPLOT
MEMUIY jEsCRIrT~fnmr:.

THE TENN 'VR1 '-W7U.l ~AUS'A C OMPIJA TI ON DEL ky. -

-TAIRT-F td-o. 0 I.
755.L-9,Uj ___

770-E-9,U.D3 -

7tso.E.9.O.03

-RiUMN OFSCRTFrrN~l=
FUNd IUNS

391:E:9,O:

415.E-9,0.0.3 ___

-- 4Jo. r--, 7 a
499.L-g'aj.
RERUN IiEýCRIPTInH U(f3- - -

I UNC IluNS
ILUiLE' 2 - ui. ;-.- - ~- - -
760.E-9.0.
7/5.E-9.O.OJ
7#05.E-9,,O.03
800 * E-9.0.
999.E-9.0.-

Figure 11-16. Gamma Radiation - Test Circuit Description
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After selecting the proper value from the tabled entries (as represented by the
sketch), equation Q2 causes it to be multiplied by the value determtned 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.

The figures indicate 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 to 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 these devices
and are reported fn Reference 1.* Figure H1-17 presents the circuit transfer functton
degradation observed during these tests, for various fluence levels. For condition 4,

which represents the fluence level 1. 2 x 1014, the output signal level drops from
about 3. 1 volts to approximately 2.7 volts.

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 a 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 11-19. The computer provides analyses for both
neutron fluence effects and the compounding of fluence and gamma radiation conditions.
The results of the analyses are shown in Figures 11-20 and 11-21, respectively. In
each output it can be seen that the positive signal level is reduced from that observed
in Figures 1U-9 and IH-11, which represents normal circuit performance.

This method of including fluence effects represents a gross approximation of curve 4
of Figure 11-17. 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.

R. J. Olson, D. R. Alexander, R. J. Antinone, "Radiation Response Study of New
Radiation-Hardened Low Power TTL Series", IEEE Transactions on Nuclear
Science Vol. N. S. 18-No. 6, pp 243-249, December 1971
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• 1= INITIAL EXPOSURE

2 = .6x1013 n/cm
"-3 = 8.0 x 113ncm 2/,

38.Ol14 2"N 4 = 1.2 x 10n/cm
1. 14 23.0 5= 1.8 x 10 n/cm

3 6 =2.4 x 114n/cm 2

2.66
-JJ Ta = 250 C

-5,6 ' Vcc =5 V
0

20 _6 FANOUT = 10)

w
12.0

40.1

0

0 II I

0 1.0 2.0
INPUT VOLTAGE (VOLTS)

Figure II-17. Neutron Radiation - Circuit Transfer Function
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Figure H1-19. Neutron Radiation -Test Circuit Description
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SECTION UI

FAIRCHILD 9704 FOUR-INPUT NAND GATES

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 I level, the output is at
a logic 0. Foz' all other input signal conditions, the output is at a logic I level.

The logic representation for the gate and the schematic diagram of the circuit are
shown on Figure I11-1. The electrical charactoristics as defined by the manufncturer
are shown in Table II[-1. The voltage wave forms describing the device behavior
and delay characteristics are shown in Figure I-2.

TABLE III-1.

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

PARAMETER TEST CONDITIONSt MIN TYP: MAX UNIT

V,lol Logical 1 input voltage required at all input Vcc = MIN 2 V
teiminals to ensure logical 0 level at output

Vl 10 Logica! 0 input voltage required ak any input VCC = MIN 0.8 V
terminal to ensure logical 1 level at output

V,,0 11  Logical 1 output voltage V(,c = MIN, V,, = 0.8 V 2.4 33 V
")d -= -400/•A max

V.,,,,, Logical 0 output voltage VCC = MIN, V,, = 2 V. 0.22 0.4 V
I= 16 mA (max)

1,•101 Logical 0 level input current (each input) V(-_: MAX, V,, = 0.4 V -1.6 mA

I1101 Logical 1 level input current (each input) Vcc MAX, V, =2.4 V 40 IiA

VcC MAX, Vv, = 5.5 V 1 mA

Io$ Short-circuit output current§ V(-,= MAX 54 -20 -55 mA

74 -18 -55

Icclo) Logical 0 level supply current/gate Vcc MAX, V, = 5 V 3 5 5 mA

IceII Logical 1 level supply current/gate V,= MAX, V =0 1 2 mA

SWITCHING CHARACTERISTICS, Vcc = 5 V, TA - 25"C, N - 10

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

todo Propagation delay time to logical 0 level CL = 15 pF, RL = 400 Q! 8 15 ns

todi Propagation delay time to logical 1 level C= = 15 pF, R 400 11 12 22 ns

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended opetating conditions for the applicable device type
tAll typical values are at Vrc - 5 V, Tý - 25"C
§Not more than one Output shouid be shorted at a time
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A. MODEL DEVELOPMENT

The computer model that has been develak'ed to duplicate observed performance is
shown in Figure 111-3 and the model compuer description in Figure HI-4. The
subprogram which establishes the logic oi.;pt signal level, the delay characteristics,
and the radiation response behavior is shown in Figure III-5. The FORTRAN flow
charts associated with these three func-ions are included in Appendix III-A.

The signal input impedances, JA, J13, JC aird JD, are represented as zero valu6d
current sources. In SCEPTRE, this implies "0bat the input signal terminals A
through D have infinite impedance (although tPe gates have measurable and varying
impedance values which depend upon the applFb.. signal level). This, as a first order
approximation, will provide reasonably accur,.t. results. For greater accuracy,
the current sources JA through JD should be roudeled in SCEPTRE as "tabled"
functions of current versus applied voltages; ts. method will provide a realistic
device input impedance representation.

As indicatec on Figure HI-3 and described on F,,ure III-4, the voltage associated
with the dependent source El is determined by the function FN4. This function
establishes the value of El voltage in accordance with the truth table. As shown in
Figure II1-5, if any of the input signals is less U.fan or equal to 0. 8 volt, then El is
set equal to 3.3 volts which represents a logic 1.

When all of the input signals are equal to or greate:t 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 El is de-ermined to be 3. 3 volts minus the
absolute value of the smallest of the applied signals. (The values associated with
the function FN4 have been obtained eidher from publshed data, Table HI-1, or from
laboratory tests.)

4; 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 tpdO output signals, 12 to 22 nanoseconds. The required delay times, tpd0

Sand tpl 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 El, 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.

23



---.

C44

A24



MODEL 9794 (Av9-C6D-aWT*GND)
-- 4 INPUT NANO IATE -.--.-

A aINPUT A
Ba INPUT 0
0 INPUT 0
0. INPUT 0
ELEMENTS

.. jAAvG4D&O,
jflsUeGNDOS,

.IPDe0NDC~

- EI,0NflD$0 VJ.Je.O,,~,as:oo4

4 INPUT NA25,EU~L E.9

I CFN4 4 INPUT NAND GATE L MEL IEUECT -

2 C KVJA 8 *VJIR C AVJC D VJgQ
3j 1 F HO a 004 -- ----

4- r.UNCTN FN4IA~g8iCD4E~s.G.I H)

5. IFIAjLE E OROR 9LiiDGvqR , SO TOS
I FN4 2 F@AHINJ(A,NDC,.D) .---.---

a RETU'iN
9 4 PN4 a F

10 RETURN
It 5 rN4 ,H___ ___

12 RETURN
- 13 CFC4 CAPACITOR SELECTION-.714 iNTRY FC4tA80o GiEP) m2 629

4< 15 C A a P.L a aE 10 200 jE*1  ioli EnV91 Pqbolatj

I? . . $IFA :GI83 90 -__________

Is IF( t~ E, 0 1 QxP
- . 19 rN4 4

20 RETUR-4
21 ENT'iV FOAPICA)

22 C GAI411A PERFORMAII06 OF GATE
23 IF(ALToI,0)GO TO 100

10 GO TO 200
to Ga-s.

'427 200 FN419
28 1000 RETLIRN

-29- - E.4TIY FNVT(A~floG).______ . .
3, C NEUTRON BEHAVIOR 0r GATEf . 3 IF(A ,LE, 2,190 TO 100 ___

34 GO TO 1100

23593 WORDS OF MEMIORY USED 6% THIS COMPILATION

Figure Ill-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 gate 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
connection.

B MODEL VERIFICATION

To demonstrate the validity of the model, the circuit shown in Figure 111-6 was
described to the computer. This circuit, which is one of several standards for
laboratory measurement, allows for easy variation of load (fanout) as well as
simple impedance matching for monitoring equipment. For the particular tests
conducted, an oscilloscope was connected between node 3 and ground. The
t,jpological 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 111-8 and
111-9. Figure 111-8 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 111-9 indicates the proper model
response to the described signal condition. The rise time, t is about 15• tpd0,
nanoseconds; the fall time, t about 13 nanoseconds.

pdO'

C. RADIATION EFFECTS

1. GAMMA RADIATION

1Exposing 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 close rate levels of approximately 3 x 10+10 rads (Si)/'
second, the perfurmance is only momentarily affected. Extensive testing was done
by the Air Force Weapons Laboratory. The results of these tests were used to
obtain the simulated radiation performance.

\\hen a gamma radiation pulse simulation is caused to occur at about 520 nanuseconds
(Figure III-10), the output response of the device is momentarily reduced. Figure
I11-11 sho\is the computer response to the radiation pulse. The solid line drawn on
the figure is the observed laboratory result.

When the radiation pulse is caused to occuy when the gate output is at a 0 level, the
normal reaction of the output level is to increase. Figure 111-12 shows both the
observed and computer results.

The method for simulating the transient effects induced by the pulscd ionizing gamma
radiation is to change the form of JR in Figure 111-4. As shown on Figure 111-13,
JR in device NA i,, redefined ao a function of the voltage across capacitor CI and a
signal that is time dependent and represented by Table 2 of Figure 111-13; this change
is identified as P1. By changing the time entries in this table, the radiation siilulation
6 caused to occur whenever desired. Table 3 of IFigurre 111-13 defines the radiation

behavior of the device as a function of the voltage across the capacitor, Cl.
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.lEST CIRCUIT FOR 9/04 4 INPUT_NAND GATE
RAD MODEL AND AFWL CIRCUIT
STUR I) AS R9704 S t,1,1
ELEMENTS
NA,IN-1-I-1-2-GND=MODEL 9704
"R?,2-3=4300.
C?,2-3=2.6E'12
W3,3-GND=750.
03,3-GN0=l5.E-12
I)1,?-4=MOI)LL 1N3605 (PERM)
R4,4-5=800o.
R5,6-5=l.
62, ,ND-6=2.4

'- .SiO,ONfl-ElN=O1(.3,3.,O.,t9.1I,5,J1.F. 9 , 19.Z-0,75i.t:- 9 , I.,1IMLT)-

"Rl,EIN-IN = 50.
Et, ND-1=2°*4
FUNCTIONS
Ut (A # 1D.r, D, E, F, G, H, Y)= (F GEN( A b, c, c u ,E, F ,G, H, Y
RUN CONTROLS
STOP TIME = 9 F-9

MAXIMUM PRINT PUINTS 100
OUTPUTS
ESIGVR3,PLOT
END

Figure 111-7. Test Circuit - Computer Description
2
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C2,2e.s2, E-11

__R
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R454G5 600,
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MAEIMN.IN A4 lo
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9
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Figure 111-13. Gamma Test Circuit Description
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2. NEUTRON RADIATION

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.

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 MI-14 presents the circuit transfer
function degradation for various fluence levels, as observed during these tests.

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 MI-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 111-16. 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 1M1-17. In each output it can be seen that
the 1 signal level is reduced from the 3. 3 volts observed in Figure 111-9 to 2. 9 volts,
and the 0 signal level is increased from 0. 4 volt to 0. 6 volt.

"This method of including fluence effects represents an approximation of the results
shown in curve 4 of Figure 111-14. 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 sat'sfactory procedure
for incorporating these conditions into the device model description.

Ibid. page 16
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1 = INITIAL EXPOSURE

2 = 6.6 x 1013 n/cm2
S3 = 8.0 x 1013 n/era2

30 4 = 41.2x10814 n/cm2

2 14 2_"____�5 = 1.8x10 n/cm

'3 6 -i 62.4 x11 14 n/cm 2

2.664 " • •Ta2*

0
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40.18

0
0 1.0 2.0

INPUT VOLTAGE (VOLTS)

Figure 111-14. Neutron Radiation - Circuit Transfer Function
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MODEL 9704 (A.8-CiD.OUT-GND)

A aINPUT A
8 INPUlT 0
C INPUT C

ELEMENTS

.JDDaG4OaO,

RI, 1;2z1O0,

JR, 2@GN080#

R2!;.OUT!2f51,VC

DEFINED PARAAETEIS
PL~f4,0
OUTPUTS

EIE2,VR2jCI.VOI, PLOT
ijjI&EL1 L U_

Figure 111-15. Model Description With Neutron Effects
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SECTION IV

FAIRCHILD 9774-D FLIP-FLOP

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
(signal) input. Outputs are provided as complementary Q and Q signals. Input
information is transferred to the outputs on the positive going edge of the clock pulse.
Clock triggering occurs at a voltage level of the clock pulse and is not directly
related to the transition time of the positive going pulse. After this clock threshold

has been reached, any change in the data input (D) is locked out until the next
clock pulse.

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

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

TABLE IV-)

TRUTH TABLE

t tn n+l

Input Input Output

D Q

1 1 0

tn bit time before clock pulse

Stn 1bit time after clock pulse

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

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

PARAMETER TEST CONDITIONSt MIN TYPt MAX UNIT

V,nf,= Input voltage required to ensure logical 1 Vcc = MIN 2 V
at any input terminal

Vinf0 l Input voltage required to ensure logical 0 Vcc = MIN 0.8 V
at any input terminal

Vo.ff Logical 1 output voltage Vcc = MIN, Ioa = -400 pA 2.4 3.5 V

V.1 101  Logical 0 output voltage Vc == MIN, 1,•,= 16 mA 0.22 0.4 V

IWO) Logical 0 level Input current at preset or D Vcc = MAX, V,, = 0.4 V -1.6 mA

I;WO0 Logical 0 level input current at clear or clock Vc, = MAX, V,, = 0.4 V -3.2 mA

I;nfil Logica' 1 level input current at D Vc,. = MAX, V,. = 2.4 V 40 pA

Vcc = MAX, V,n = 5.5 V 1 mA

I,411 Logical 1 level input current Vc. = MAX, V,, = 2.4 V 80 pA
at preset or clock Vc0 = MAX, V,, = 5.5 V 1 mA

[,,III Logical 1 level input current at clear Vc(: = MAX, V,n = 2.4 V 120 IiA

V___ = MAX, V1, = 5.5 V 1 mA

los Short-circuit output current§ VCC= MAX, V;1 = 0 5474 -20 -57 mA

1 7474 -18 -57

ICC Supply current Vcc = MAX, V,n = 5 V 17 30 mA

tFor conditions shown as MIN or MAX, use appropriate value specified under recommended operating conditions for the applicable devico type
$Ail typical values are at Vcc - 5 V, TA 25'C.
§Not more than one output should be shorted at a time.

SWITCHING CHARACTERISTICS, Vcc 5 V, TA = 15C, N = 10

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

fclock Maximum clock frequency CL = 15 pF, RL = 400 It 15 25 MHz

titLO Minimum input setup time CL = 15 pF, RL = 400 It 15 20 ns

tord Minimum input hold time CL = 15 pF, RL = 400 it 2 5 ns

td I Propagation delay time tc logical 1 level CL = 15 pF, RL = 400 R 25 ns
from clear or preset to output

td,0  Propagation delay time to logical 0 level CL = 15 pF, RL = 400 0l 40 ns
from clear or preset to output

todI Propagation delay time to logical 1 Ct = 15 pF, RL = 400 i 10 14 25 ns
level from clock to output

to.do Propagation delay time to logical 0 level CL = 15 pF, RL = 400 Q 10 20 40 ns
from clock to output L

POSITIVE LOGIC. Low input to preset sots 0 to logical 1 Low input to clear sets 0 to logical 0 Preset and clear are ndepondent 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 and t for the output response to an applied signal are given in

pdl pdO'
Table IV-2.
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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 Table 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 El is
determined by the function FEI. This function establishes the value of El voltage in
accordance with the truth table of Table IV-1. As shown in Figure IV-7 which
describes the function, If efther the set or reset input signals are a logic 0, they
override all other signal conditions and establish the value of El 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 El 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 of 2. 0 voelts, 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 output ,'tage of the model. If the clock voltage is not between these values, no
change is permitted to the previously set voltage of El.

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

The voltage across C1, and JR1 which is in parallel with it, is determined by the
voltage El. In turn, the output voltage, Q, is directly related to the voltage across
Ji1 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 El. Thus when El is set to 3. 0 volts or a logic 1 by the function FEI, E2 is
equal to 0. 1 volt, a logic ?. WVhen El is set to 0. 1 volt, E2 is then 3. 0 volts or a
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4

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. Sir.ce the time delay, tpd1, associated with an

increase in the value of Q and Q is different from that associated with a decrease in
the signal levels, tpd0, 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 El 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 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.

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
circuit 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 IV-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. FPgure
IV-14 describes the circuit topology as iap.:t 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 Jh the laboratory. The tpdi

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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9774 SWITCHING TIMF TEST
AFNL CIRCUJIT
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Figure IV-9. Test Circuit Description for SET and RESET
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9774 SW1IWHING TIMlE TEST
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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 1I"-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 somew-at reduced since the computer is started at 50
nanoseconds before the analysis is started (t = -50 nanoseconds). However, normal
circuit/device performance is demonstrated to exist after this condition is reached.

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 EleL.L-ic Company on four devices (each 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 -I when the voltage across JR1 and/or JR2 is 0 volts,

Sa 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-19 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 250 nanoseconds, at which
time the radiation effects are simulated.

Figure IV-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" anid Q is "high". These conditions exist at 660 nanoseconds, at which
time the radiatzn 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 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 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 output 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 dur!ng these tests,
for various fluence levels. For curve 4, which represents the test condition 4, the
output signal level drops from about 3. 1 volts to approximately 2. 7 volts and rises
from about 0. 4 volt to approximately 0. 6 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 inclusion of the neutrun exposure effects
is accomplished by redefining P1 and P2, in the model callout, to be P5 and P6
respectively. P5 and P6 establish the values for FNVT 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 observed 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 demonstrate a satisfactory
procedure for incorpora 'rig these conditions into the device model description.

ibid. page 16
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Figure IV-28. Model Description With Neutron Effects
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SECTION V

TEXAS INSTRUMENTS RSN54L72 FLIP-FLOP

The RSN54L72 flip-flop operates on 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 outputs. 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 pulse 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 inlormation on the J and K inputs remains stable, the flip-flop
will respond in accc;:dance 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 RD are active when

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 eigbt
NAND and four NOR gates.

The truth table for the device as described by the manufacturer is shown in Table V-i

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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! PRESET 0- -• CLEAR

K2 J2

K3 J3

C LOC K

H FLAT PACKAGE (TOP VIEW)

K3 K2 0 GND J3 J2

L 1=-
Q

K T J

KI CLOCK PRESET VCC CLEAR NC JI

POSITIVE LOGIC:
-LOW INPUT TO PRESET SETS Q TO HIGH LEVEL

LOW INPUT TO CLEAR RESETS Q TO LOW LEVEL

PRESET AND CLEAR ARE INDEPENDENT OF CLOCK

NC- NO INTERNAL CONNECTION

Figure V-2. Functional Logic IHeprcsentatiofl
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TABLE V-i.

TRUTH TABLE

INPUTS AT tn OUTPUTS AT t

J K Q

L L Qn n

L H L H

II L H L

H H Q4 Qn

J'Jl- J2• J3 t I = bit time after clock pulse

K =Ki. K2 • K3 Qn level of output Q at ta
tn = bit time before clock pulse Qn = complement of Q. ('r level of output Q at to

TABLE V-2.

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

PAIIA\I. [Lit FEST (ONI)ITI(•"i * MIN TYP' MAX UNIT

triput aottage requdred to eonure Vcc kiltn. t 9 \
V1nI.1 ) i at rin, Iniput terminal

v toInput soltage required to erdu.'e V " 'tin. 0 8 V
0 logical 0 at an) input terminal cc

V llgical I output voltage Vtc M iln Illad 100 1A 2.4 V

Vout(0) Logical 0 output oltage V c Min l ink* 2 mA 0 3 V

IInto) Lgtoial 0 level Input current Vc " Mooax V in 0. 3V -0.18 mA

Logical 0 level input current Vcc' Max. VIn-0.3V -0 40 mA
at preset. cleir, or clock

tIll) Logical level Inpilt current V CC Max. Via - 2.4V 10 aA

Vcc *lax. Vin 5. 5V tO0 oA

Logical I le"ei Inlpt current V - Max. Vin -2.4V 20 oA
In atI U preset or clear C

Vc W. Vin 5.5v 200 IA

I oglcal I lecrl current Into V ' - 'lax. Vin 2 4V 20 P A
ali) the clock Inplu --

SVcc Max. Vin - 5V 200 PA

I() Short-ictcuit otatput current V % tlax, -1 -15 mA

*( Sut.p) current Vcc 5V Vln.l.k - 0 14 mA

fclock Nfflim]m c•ock frequency Cr - 50 pF V(,c - 5V, 3 %11;2

T A • 25TC

tpdl Prtr,,gnio idca) time to C , 50 pF Vcc - 5V,
tINscil I lesel from clear

or ireart to output TA 25"C 75 as

t
pdi0 Propigati•on ,ehy time to CI . 50 pF V cc , 5V. I5 n0

logical 0 level trem clear TA C 2oC
or preset to output

tpel iropltillon drlay time to CI - s50pF V cC 5V, 10 75 no
Iogical I level from clock TA - 25C
t.outpti

pdO Prrtgatlc delim time to C1 - $0pF VCC " 5V, to io aM
Iogrcal 0 level from clock TA - 25VC
to output

"-For rontttto n1110o'u Si %tin or %tax. I.e ilt. " 4 5V. %1&,. - S. 5V
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A. MODEL DEVELOPMENT

1. MODEL 1

Two models were developed for the RSN54L72 flip-flop. The initial 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 a 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 (El 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 El0 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.

0 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. Figure 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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Q it 0-10

ICI 14C7

K2 I2

KX 13 -- 72

CLOCK

Figure V-3. Logic Diagram

MODEL RSN54L72

S RS CK JA J2 J3 Ki K2 K3

JS1 JRS1 JCK~ J1 J2 1 13 KI K2~ K3~

E1 = f (CLOCK, E3 = f (JR2, E5 = f (JR1, E7 = f (SET,
SET Q, K1, K2, JR4, SET) JR4) RESET, Q)
K3)

E2 = f (CLOCK E4 = f (JR1, E6 = f (JR2, E9 = f (RESET,
RESET Q,, J1, JR3, RESET) JR3) Q, JR5)
J2, J3)

Figure V-4. RSN54L72 Device Model #1
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The SCEPTRE description of the J-K flip-flop model is sLown in Figure V-10.
Table Ti 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 shown in Figure V-li.

The circuit description used in SCEPTRE for the gamma radiation '.iects evaluation
is shown in Figure V-i2. Table T2Fi of this figure describes the dine when the
arbitrary radiation is caused to occur.



70 MODEL DESCRIPTION
80 MODEL RSN54L72 (CK-K1-K2-K3-SgT-RS-JI-J2-J3-Q-QB-0)
90 J K FLIPFLOP
100 ELEMENTS
110 JCK,CK-0=0
120 Ji(1,K1-0=0
130 JK2,K2-0=0
140 JK3,K3-0=0
150 JS,SET-0=0
160 JRS,RS-0=0
170 J1,J1-0=0
180 J2 4 .j2-0=0
190 J3,j3-0=0
200 JQ,Q-0=0
210 JQB,QB-0=0
220 El,0-1=FE6(VWrCK,VJX1,VJK2,VJK3,VJS,VJO,.8,3.,1.9,.1,2.7)
230 R1,1-2=100
240 C1,2-0=FKC(E1,VC1,450E-1A2,180.E-12)
250 JR1,2-0=Q1(T1(VJR1) ,T2)
260 E2,0-3='E6(VJCK,VJ1,VJ2,VJ3,VJ!(S,VJQB3,.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(VJR2),T2;
300 E3,0.-5=FE3(VJR2,VJS,VJR4,1,2,3.4..5,.1,2.7)
310 R3,5-6=100
320 C3,6-0=Fi("EC340. 121n.-2
330 JRS,6-0=Q3.tT1(VJR3),T2)
340 E4,0-7=FE3(VJR1AýJRS,VJR3.1.2,3.,1L5, .1,2.7)
350 R4.,7-8=100
360 C4,8-0=FKC (E4,VC4, 430.E-12 ,150.E-12)
370 JR4,U-0=Q1(T1(VJR4) ,T2)
380 E5,0-9=FE?'(VJR1,VJR4,1.2.3.,1.5,. ,2.7)
390 R5,9-10=100
400 C5,10-0=FKC(E5,VC5,43C..E-12, 150.E-12)
410 JR5,10-0=Q1(T1(VJR5) ,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=FXC(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 07,14-tF(C(E7,VC7,430.E-12,150.E-12)
490 JR7,14-0=Q1(T1(VJR7) ,T2)
500 E8,0-15=X1(VJI'.7)
510 RB,15-Q=100
520 E9,0-16=FE3(VJRS,VJR5,VJQ,1.2,3. ,1.5, .1,2 ,7)
530 R9,16-17=100
540 C9,17-0=FKC (E9,VC9,430.E-12, 150.E-12)
550 JR9,17-0=Q1Qr1(VJR9) ,T2)
560 E1O,0-18=X2(VJR9)
570 R10,18-QB=100
580PUNCTIONS
590Q1 (A, B) =(A*B)
600T1P
ý,10 0,000OJ
620 1.9,.001
630 2.9,0
640 3.,-.0001
650 OUTPUTS
660VJQ,VJQB,JR1,VCI,JR2,VC2,JR3,VC3.JR4,VC4,JR5,VC5,PLOT
670jR6 ,VC6,JR7,VC7 ,JR9,VC9,VJS,VJRS, PLOI

P'i.,pitrn V-10O. ('orprito.r Dopcr ipt-io n n~ .

68



OLD DESIGN/FE6,R
READY
*LIST

1011S, N
20$: IDENT: 150349-433-2536
30$: USERID;CIRCUIT$ANALYSIS
40$ FORTRAN
50$: PRMFL: B* ,R/W,5, DESTGN/BJK
60$:REMOTE:P*,IQ
70CFJK J-K NAND GATE
80 FUNCTION FE6(A,B,C,D,E,F,G,II,P,Q,Y)
90 IF(A.LE.G .OR. B.LE.G .OR. C.LE.G .OR. D.LE.G
100 * .OR. E.LE.G .OR. F.LE.G) GO TO 4
110 IF(A.GE.P .AND. B.GE.P .AND. C.GE.P .AND.
120 * D.GE.P .AND. E.GF.P .AND. F.GE.P) GO0 TO 5
130 FE6=Y-AMIN1(6P.,B,C,D,E,F)

4140 RETURN
150 4 FE6=lH
160 RETURN
170 5 FE6=Q
180 RETURN
190 ENTRY FE2(A,B,G,H,P,Q,Y)
200 IF(A.LE.G .OR. 13.LE.G) GO TO 4
210 IF(A.GE.P .AND. B.GE.P) GO TO 5
220 FE6=Y-AM.INI(A,B)
230 RETURN
240 ENTRY FE3(A,B,C,G,H,P,Q,Y)
250 EF(A.LE.G .OR. B.LE.G .OR. C.LE.G) C.0 TO 4
260 LF(A.GE.P .AND. B.GE.P .AND. C.GE.?~) GO To 5
270 FE6=Y-AMIN1(A,B,C)
2480 RETURN
290 'NTRY FKC(A,B,C,D)
300 X=C
310 IF(A.GE.B)X=D
320 FE6=X
330 IETURN
340 END
350$: END ')B

READY

Figure V-11. Model Subprogram
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680CIRCUIT DESCRIPTION
690 RSN54L72 SWITCHING TIME TEST
700ELEMENTS
710F1,C-K-K-K-S-RS-J-J-J-Q-QB-O=MODEL RSN54L72
720ES,O-S=T1
730ERS,0-RS-2.4
740EC,u-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-9,15E-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,Ql-0=750
800C2,Q1-0=11.5E-12
810D1,Q-5=MODEL 1N3605 (PERM)
82OR5,5-7=800
830EL,0-7=2.4
840R3,QB-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 TI..-50.E-9,0,-50.E-9,2.4
920T2Fl=
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.E-9,10
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-9,10
1070 670.E-9,10
1010 680.E-9,0
1 90 1000.E-9,0
1100 1010E-9,100
1110 1020E-9,100
1120 1030.E-9,0
1130OUTPUTS
1140EC,EJ,EK,PLOT
1150VC2,VC4,IR5,IR6,PLOT
1160XSTPSZ,PLOT
1170RUNCONTROLS
1180START TIME=-100.E-9
1190MAXIMUM PRINT POINTS = 1000
1200COMPUTER TIME LIMIT = 5.5
1210STOP TIME=1200.E-9
1220END

rirpir¶ V-19. iPest Cirr',lt - Computtr Dps-,ri ption
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2. MODEL2

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

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
subprogram 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, JKM, 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 applietl 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 El and F2 are determined by the functions F01 and F02. The
functions are an implementation of the logic as indicated on the following sketches.
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mn1i-i~ RSW541.72 (S-RS-CX-JI-J2-.13-Kl-K2-K3-0-ak-GOwb)

JIS. S-601020.

4 ~J2.J2CGND*#.

JKP.92-.'.4!Ogg.
JK1.K3-GNU=0.

Fl1A-IIs100.

C 1 .R-GMI1' CF'API(l *VC1) ---- ___---AR.INIf-ONO:0 ( TABLE I (VC1 ).*F

RU.C-U=tBS.
J10. 0- (Mils a

C2.d-1IN1J:FCAP(F2. Vr2)

FUJR. nN1-F:x_2( VJR2)
RIIR.r-021 lj!.J.- -

JUR'N *0I-INIR116 PAARNE1FRJ

PUtuFUI IPlI.VjRS.'J1l.VJ2. VJ~3.VJ0.VJRS,VJCK)
-f-T: P JUir 7"517FTV2JSY;JJiF. VJS7MtK F_
P03zrO1 (PoI.iJS, VjKt, VJK2.*VjJK, VJQ.VJS. VJCK I
PVU_4.F#U(VJO,P63. VJA3S.VJW,_U, vJFS7VxT

FUJNCTIONS~

TARLE I z l.?, ... 2.,o., .3.,2. ___

ElI.h2. vjU* vjIqd0.LUD

Figure V-14. Computer Description - Model #2

A1.17T n2 tIn-12-71 1 4,21A__________

4 WAM 9-P1-71
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ir(A.rf.X.ANU.14.GF.X) NPARTII2

--..--. 9..-- ~ NP~R)?: - PART237

_. 1 __ _ ___tjPAR14z

14---------ir(NPART?.tQ..ANfl.NI'AHTj.t O.7) NPAR14x2 -

1h IF(NPANTI .10.1.ANn.NPAIAT4.fO.1I) Ffl-.S.o

To FNtRV 0(~..IL1
--- 19.-- =I.!)..J i b -

20 VF0I'l.I

2? IF(A.Gý. x.ANU.FI.OF.t.Akn.c.OE.XI NPART122

74 IF(fl.Gr.X.AdI.J.f.OF.x.ANO.r.OE.XI NPART282
- - - r(NPAHTl-ýLO-.AMO.14PAH17.FO,jIO11:J.O9

76 R IR
_- _ _qIRT_ I C_?tAR-)
70Fo %0 600.E-12

79 IFcA GE. H) rF01 475.E-12 ______

.10 RETURN

?34-L1 UDj F _MPNOH1 USED PY THI.S COMPILATI-ON

Figure V-15. Miodel Subprogram
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These complex relationships are entered into the model description as functions,
thereby allowing the use of the s-imple 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 F01 and F02 are connected to form the master and slave gate
respectively as shown in Figure V-2. Defined parameters P01 and P03 are the
output signals of the master gates, while defined parameters P02 and P04 are the
output signals of the slave gates. The output signals from the gates are saved as
defined parameters to avoid confusion if multiple J-K flip-flops are called for under
"circuit description", as well as for use in the latching function. The logic levels
are I 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 transferrc-d to
defined pa-ameters P01 and P03 as determined by the logic in function FOl. This
represents the master section of the flip-flop. When the clock signal falls below
1. 5 volts, the defined parameters POI and P03 are transferred to defined parameters
P02 and P04 as determined by the logic in function FQ'2. This represents the slave
section of the flip-flop. Thus the signals 3nter 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).

YAlthough the device manufacturer indicates (Table V-2) that the switching delay
tiri:es for either positive or negative going output signals will be no greater than 150
nanoecond., laboratory test measurements on many units indicate not only that
both Melays are shorter than this worst case value, but that they are different from
each other. Therefore, the delay times tpdI anot "pdO 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, C1 is
set to 600 picofarads unless El is greater than, or equal to, VCI (voltage across Cl).
When this latter condition occurs, C1 assumes the valu', of ,475 picofarads. C2 is
cdetermi .:?. :n a similar manner. Since the output voltages EQ and EQI3 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 evaluation condition,
and are in parallel with C1 and C2 respectively), a relationship between the input
signal levels and the output voltages is readily established. JRI and JR2 arc also
used as a source of gamma radiation injection in the model, when required. The
FORITRAN flow charts associated with these two functions as well as the radiation
response are shown in Appendix V-A.

The output impedances of the device (RQ and IQB) are fixed at 100 ohms. Although
this vatue is not an accurate impedance representation for all voltage and load
conditions, it provides first order accurac of' output signal level. To duplicate
actual impedance variations, the value of resistors RQ and RIQB would be made
variable and a function of the load voltage and cUI MOcts.
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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
£ .comparison between this figure and Figure V-10 indicates the greater simplification

achieved in the model description size. The former requires 5G entries and three
subprograms to describe its behavior; the latter, 35 statements and 1 subprogram.
The subprogram which established the El and E2 .ignal levels, as well as the
capacitance value for the delay characteristics, is shown in Figure V-15.

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 c'itput. 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 topologic,, description for the SCEPTRE circuit analysis program to verify
the J and K input control is shown in Figure V-23. The inputz are 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 respectively. It is evident that the flip-flop model is triggering
on the negative slope of the clock and in accordance with the truth table.

'The model rise and fall timesi were verified as shown in Figures V-29 through V-31.
The manufacturer defines delay time, t pd1 as the delay between the clock signal
reaching 1.5 volts and the, Q signal rising to 1. 5 volts and the delay time, tpd0, as

the dela5 between the clocking falling to 1. 5 volts and the Q signal falling to 1. 5 volts.
The same definition holds for the Q signal. The results are shown in Table V-3,
and compare favorably with the manufacturer's data in Table V-2.

C. RADIATION EFFECTS

1. GAMMA RADIATION

Expo.,ing the device to a nuclear radiati0'n envirimnment naa. affect 1orMai, performance
by causing the output signal level to vary. When exposed to Pulsed ionizing ra. s

(gamma radiation) at dose rate levels (f approximately 3 x 1U 10 rads (Si),'second,
the performance is onl3 Lemporarily affected. Extensive radiation testing was cdone
bý the General Electric ( ompan\ • the test report with photographic recording of the
results is included in Appendix V-B.

If a ganmia riad,-tion pulse simulation is caused to occul Mihca the (levice output is at
a I leel, the ,utpat response is mnomentarilý reduced. II a radiation pulse simulation
is (austed to o•cur Mhen the device output level is in a 0 state, the o1utput response is
Smnonentaril\ icreased.
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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. For 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 nanoseconds,
demonstrates that the model response is the same when the clock is in 1. 1 state,
while the other signals remain constant. This result would normally be 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 (1. 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.

'rest 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 signal 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 A. 4 volt, when the signal is at a 1 level. When the
output signal is at a 0 level, the voltage is increase(. by about 0. 2 volt. The results
were observed by the Air Force Weapons Laboratoi v when they tested these devices
and are repcrted in Reference 1. * Figure V-42 pr( sents the circuit transfer function

Ibid. page 16
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Figure V-42. Neutron Radiation - Circuit Transfer Function
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1~-*degradation observed durintg these tests, for various fluence levels. For curve 4,
wh1ihrereseants test condPlon-4, the output signal level drops from abcut 3.1 volts
,to~approxlmatly• 2,7 volts andrises from about 0.16' votto.appr0k.ately 0.18 volt.

The method fori, cdii•braqing;this response change into the model Is -shown in
Figure V-43. Thee valbieofthe6qutput voltages EQ and EQB are changed from a
simple dependency o6 the voltage across sources A1 and JR2 respectively, to a
dependency upon lxithtib e voltage across the source and the fluence level. To permit
bqothe increase and decrease to be effective, a subroutine, FNVT, was incorporated
lnto•.the~model~descrlption asP•4.

The subroutine FNYT is shown, in Figure V-44; tho circuit computer description to
produce the analysis, in Figure V-45. The results df-the effectdssubroutine FNVT,
Identifiled as P4F1, are shown In Figure V-46. The clrýuitt analysis results for Q
and Q are shown in Fiures V-47 and V-48, respectively.

An examination of these last three figures results in two major conclusions:

1) When the time relationship between the values assumed by P4F1 and the
1 and 0 levels of the Q output are compared, It is seen that P4 equals
+0. 2-volt when the Q signal is in Its low state, and -0. 4 volt when thlt
Q sign-al is in the high state.

2) When Figures V-47 and V-48 are compared with Figures V-20 and V-31
respectively, 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
environment 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 (Q0, Q1, Q2 and Q3) for each of the four stages plus a Q3 output at the

last stage, an overriding asynchronous master reset, and J-K input configuration.
Data entry is synchronouq w!th 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.

-. 4 LOG IC 1

"12 3 - LOGIC O

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

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

2) 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.

3) 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
thp master section become disabled.

4) 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

INPU'r OUTPUT

J K Qo QoQ0 Q0

L L QOth Q0th

L H L H
H L H L

H H Qoth Q0th

t = bit time before clock pulse

tn+1 = 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 diagra.m 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 has 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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CD

(A) A-0-i Master-Slave Flip-Flop

003

K 03

C~p

(B) Four Bit Shift Register

Figure VI-i. Logic Diagram
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(A) NAN~D Gate

ARA•R 
AR 31

02 R3

Figure VI-2. Schematic Diagram of Integrated AND and NOR Gates
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NIJ)IL 918a (RS-CX-J-K-0O-01-O?-03-038-8) I~*12h~n
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F9.i1-13:X3(IDJR5) ____________

Fi.6S1,fJK(VJR2.PII.VJCIL) _________I1,-~Fg('k,4.J

ci.?-6*FCAP(Fi.VC1) ______-CP(.A.VI1

FZ.8-4:EJKI(VJUIV.VIRS.P12.VJCI') P11 ,g-193rjIKUVJR?.VJRS.P42,VJCK)
R2. 45b100. 0R1,11-v1 .2-:rP~Ivd

jwv7.58:S5.
_Fj3.I-.X1 (VJRI) - F2S-8:4VJ7
Ri. i0-10ft. Fon.2Z5(J8

_r j±- qLI .IK(MAX411W jj _____

R4.6-/=1480.
VErINEn 1PARANETEkRS

JR3.7tal.P17=rJK3(P11 .VJK.VJR1,VJCK)
J4_-9 zI -)PA1!y.4R3 -_vJRS,- .2luJr. ) ---

15.jlf-ft:VCAP(l'5,vC'i) P22VFJEJ(P21.V WEt,VJRJ.VJCK)

J1H4.t1-0211. -aai p J 9 S, 1-6. VVJ NO. T p~J to -

_Lb.1-8:0(JJI______ PJ2sFJX3(P31.VJR4.VJ25.VJCK )

-F/. n-I t:VjK(VJR6.P31.VJUK) P4Pzr.JK3(P41.VJk6#Fl2,VJC K)

T:7.17-kzVCAp(I:7,VC7) VJRI .VJR2,1PLOT

Figure VI-4. Computer Model Description

2
3 C ~RT R

0
ON,:Og. SLOPE OF CLOCK 10-8-71 WA"

4 C IN TOO RESET F~ HIGH AT RS INPUT 10.8-71 HAMl
a- N1.1

6 IFCA.GE.i.5.AND.8.OE.1.5) NI*2?

8 IrtA.GE.I.5.ANDC.LE.2.0, N?.?
9 4 TOI
10 Z
11 ENT-V FJKI(A,9.,C,O)
12

t4 Ir(A.GE. i.5.AND.0.LE.l ,S.AND,C.GE.i.5) Ni:?
15 N2.1
16 IF(A.OE1.i .. ANO.O.LE.?.O.AND.0.LE.1 .5) N2-2
17 (in TO 1
18 C
-t- - 7fNGI FKANEO& : ,0T,0,00)Ni,
20 Z

2 1 NI-l
22 ~~IF(.,A ..ADO.E.1.5) AN.1.2,.8 N-

32t IF(ALGE.i.5.AND.C.OE.1.5.AN282E..) ..

26 C
34 ENR JK.0.i BC.0

30 IFcA-i,EO.5 141N,?.- 1)2 K:.

36 RETURa4

38 ENTRY FCA~tL1,0)

s ~39
b40 FJK*300.E-12

Hi IF(A.LT.9) FJK.75.jI?
42 RETURN
3 L- a~T-V_4-TAA,8r,;- - - -

44 C NEQTRON BEHAVIOR Or CIRCUIT
45 

11
1A I.E. 2,,GO TO 100

46 X.-B

*48 GO TO ioon
-A_ __ A...AOO- T,C_
50 FjK.Y
51 1000 RETURN

Figure VI-5. Model Subprogram
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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 C and CD 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 generzate the output signals, only one will be discussed.

The voltage associated with dependent sources El and E2 (Figure VI-3) are
determined by the functions FJK, FJK1, FJK2 and FJK3. The functions are an
imrplementation of the logic ID Figure VI-6. The functions are connected to form the
master and slave gates as shown in Figure VI-I(A). These complex relationships
are entered into the model descriptions 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 P11 and P12, in the computer model description, are the output
signals for the master gates determined by FJK2 and FJK3, respectively. The slave
gate outputs are El and E2, determined by FJK and FJKI, respectively. The output
signals from the master gates are saved as 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.

A

B
FJK

C
0

(q )

B- *

+ FJKi

EF W
(b)

FJK2

E (C)
+ FJK3

Cc

A(1iDd 1)B

Figure VI-6. Subfunction Logic Diagram

104



Although the device manufacturer indicates (Table VI-3) that the 4witching delay times
for either positive or negative going output signals will be app-crcamately 20 nano-
seconds, laboratory test measurements on many units indicate ;iot only that both
delays are shorter than this worst case value, but that they are different from each
other. Therefore, the delay times t and td 0 are established in the model by the

pdl d
time constants R1 - C1 and R2 - C2. Each time constant is changed by varying the
valun, 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 El is greater than, or equal to, VC1 (voltage across Cl).
When this latter condition occurs, 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 dc circuit evaluation conditions and is in parallel with Cl); therefore, a relation-
ship between the Input signal levels and output voltages is readily establishod. JR1
is 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 (Q0) 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 variationb,
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
configuration 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 level during these tests.

The results of the computer analysis are shown in Figures VI-9 through VI-14. The
reset signal plotted in Figuro 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 Q1 and

succeeding stages will then see either a high or low level at the J-K input and behave
in accordance with the truth table. Therefore, one clock pulse delay should occur
between tle time when the Q0 signal is high and when the Q1 signal goes high. Thus,

105



V74
TABLE VI-3.

SWITCHING CHARACTERISTICS FOR 9780

25C LIMIT
SYMBOL -CHARACTERISTIC MIN. -TYP. MAX. UNITS CONDITIONS

tpd- Turn-off delay 8- ---- ns VCc = 5v, CL = l5pf

t Turn-on delay 2t ns Vcc = 5v C = 150f

MODEL

i C2 5 R2

c&DI 4Q R5

1065C M7E

EKC3 R3

EC38 B E L

E CS4 R 4

Figure VI-7. Shift Register Test Circuit
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The delay time between the clock pulse rising to 1. 5 volt ana the output rising to
1. 5 volts is the turn-on time, t The delay time between the clock rising to 1. 5

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

facturer t 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 typical
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

+10
(gamma radiation) at dose rate levels of approximately 3 x 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) to 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, JR7 and
JR8, which affect the outputs Q0 9 Q19 Q2 9 Q3 and QB 3, respectively.

TABI,E VI-'I

COMPUTER TIME DELAYS

OUTPUT TIME DELAY

Turn-On Turn-Off

Q 22 sec 27 sec
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 outout decreases.

Drawn on the figures are the observed laboratory results.

2. NEUTRON R•DIATION

When the device is exiosed to neutron radiation conditions, the performance may be
degr•aded eithertemporarily 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 upon both
the source voltage and the fluence level; the levels are identified as Pi 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 Pl 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 VII

TEXAS INSTRUMENTS RSN54L122 MONOSTABLE MULTIVIBRATOR

The RSN54L122 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
9 connected to pin 14, pins 11, 13 open), a nominal output pulse of 800 nanoseconds
duration is achieved which is independent of input pulse length.

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 will trigger the one shot when Either or both go to
logic 0, with BI and B2 maintained at logic 1 levels. The B1 and B2 inputs are
positive Schmitt-trigger inputs for slow rise time signals or level detection, and will
trigger the one shot when either of the B signals goes to a logic 1, while the other B
is at a logic 1 and either Al or A2 at logic 0.

The truth table for the device as described by the manufacturer is shown in Table
VII-l 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
in Table VII-2.

A. MODEL DEVELOPMENT

The computer model that has been developed to duplicate observed (and/or mant-
facturer-published) performance is shown in Figure VII-3. The A inputs (Al, A2)*,
B inputs (BI, 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
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).

Triggering of the one shot is performed by dependent voltage source EF. The 9tate of
EF is either "ON" or "OFF" depending on the function FSS which tests the inputs, Al,
A2, B1 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 vo"lts and an 1 x 1020 ohms Impedance when EF equals 0 volt.

*As described to the computer.
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TIMING TIMING TIMING
VCC PIN NC PIN NC PIN

0000 000(

Al A2 B1 B2 RESET Q GNO

TRIGGER INPUTS

Figure VII-2. Logic Diagram

TABLE VII-1.

TRUTH TABLE

INPUT OUTPUT

Al A2 B1 B2 Q

H H X X L if
X X L X L H
X X X L L H
L X Hi H L
L X H .i-'. -xr
L X H t ' -_
X L H H L H
X L H t .1"-L.
X L H J-. Lr
H H H X-L -t-r
+ H 11 L •_r

H H H __ _

H = high level
L = low level

= transition from low to high level
$= transition from high to low level

.- n.= one high level pulse
"= one low level pulse

X = any input including transition
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TABLE VII-2.

ELECTRICAL CHARACTERISTICS

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

PARAMETER TEST COND1TIOM MIN TYP MAX UNIT

Via(1) Logical 1 Input voltage required VCC =4.511 1.9 Vat any input terminal

Vin(0) Logical 0 input voltage required Vcc = 4. 5V 0. 8 V
at any input terminal

Vout(l) Logical 1 output voltage at VCC =4. 5V Vln= 1.9V 2.4 V
positive or negative output
with logical 1 level at positive Iload = -100 j:A, N = 0
or negative input terminal
respectively.

V Logical 0 output voltage at V -z4 4.5V VIn = 0. 8V 0. 3 Vout(O) positive or negative output

with logical 0 at positive or Isink = 2 mA
negative input respectively. Iin

Iin(0) Logical 0 level input current VCC = 5V VIn = 0. 3V -0.18 mA

Iin(0) Logical 0 level reset current V = 5. 5V V = 0. 3V -0.38 mA

in(l) Logiet.1 level input current VCC = 5. 5V Vin = 2.4V 10 pA

V CC 5. 5V V In=5. 5 0.10 mA

In(1) Logical 1 level reset current Vcc = 5.5V V t 2. 4V 20 pA
V CC=5.5V V in=5.5V

I S Short-circuit output current VCC =5. 5V 1 -15 mA

cc Quiescent power supply drain Vcc = 5. 5V 3.5 mA

tpd Negative trigger input to Vcc = 5. OV Connect 300 no
negative output Load = 15 pF, VCC to

R t40 ka Pin 9Int

tpw (min) Minimum true output pulse VCC = 5. OV, V 800 Mnwidth Load = 15 pF, to Ping

Rint 40 kri
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A2 R I RQ0
IA 2 3 Q

JRI+

JIEl cI i EQ
+

t JR2
E2 EQB

R2 RQCIB
L6 QB

EF: f (ALL INPUT SIGNALS)

E VF F R FEFRF __ __ __ _ __ __ __ _ __ __

Ic P P

¼ =F

Figure VII-3. Model 11SN54L122
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VA
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 internal and external timing
configurations. The resistors RRR and RRF were added to overcome SCEPTRE

t program problems for those situations where EF is dependent upon itself.

The dependent voltage source El is high (3 volts) when the voltage across CF is
greater than 1.5 volts; E2 is always the complement of El. 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 oz 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

I d-c conditions and also act as sources of radiation signal injection when required.
The dependernt 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 the device.

The RSN54L122 model listing, as described to the computer, Is shown in Figure
Vtl-4. The subprogram to establish the trigger EF, the El signal levels, the
capacitance for the delay characteristics, and the neutron radiation response is shown
in Figure VH-5. The FORTRAN flow charts associated with these functions are
shown in Appendix VII-A.

HJMDFI RSN654L127 (Al-A21-8 2-I(S-VUC-TP1-TP2-TP3-O-QH-0)

IJN(U . I A61 "-i.i IVI RO• )R
FLFmrNTS

JA II A IlZ - I11 0.

IJP RCO- ii= 0.

- F, I PJ-VC=rIN(VJA1,VJA2,VJ8IJH?2,T IME,E|,VJRS)
RHF V(;- IPI=11I-.?0

' ~~~~RF?,V,-I=• :

• ~RfF,V(,- IPT=l (El)
. ... tf', , - I P '=Zb . E- 2
A.,t . -IP.- IP=u.

. I.-1-=i SS(VJf .VJRS)R[ . I-?:= 1111ln.

•. -- -- J•'L"~~~~~C U"-O=I'C A P ( I""" VC t I--- . ... . . . . .. . . . .... . . .

JH1 . 2-0 To' .
- - L.U, It-J=Xl ( VJR-

RU. .-si=I O0.

R..4-:=100f.

S~Roll, t,-H:t l0.

rUNCT IONS

VJFPLOr

Figure VII-4. Computer Model I)ez;cription
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1494T 02 @1-25-72 90.668 RSN54LI22 140NOSTABLE MULIUVIBRATOR SUIPPOIRAN

NOD RS54LI22 MON~OSTABLE MUL1IVh9RATOR SUIPROOKAN
2 C
3 FUNCTION FS!SOVF.RS)

4 C

6 ir(vrvuT.1.s) rssx.o~

e RETURN
9 C

16 00H13101E91
-- 1 1JR2;N2- V02

1 F~~r( Af.LF.r-.S. AND. ARS(DAJ )I.ES.f; I);ON. (A7.LE. 1.9.11001---
19 *HS(D?).E.S.)) U to 20

___23 25 Ir 1O...ND.A8sD01.1.LE.AN.1I.ALg.(m.gE.AN.b2.GT1

2241 *Aj&I0(H)L!U. 00 TO 30

_ _25 _ __ - - GO. TO__

3177 _ *A2.GT.1..AND.A2.LT.I.) 00 TO 35JS__

32 D0 to 40
33 35 fqSZ3.0 _____________________

Sb ____ 40FSS2#I.1- ___

3) ~~~XAI'AI _____

38 ha2 -_____

39 XR12I1 _______________________

gu A"ltff7
41 HFTURN

43 RETURN

45 ENTRY FCAP(VUEN.VCAP)
46

47 ~~IF(VGFN-VCAP) I00.110.110 ____

49 RETURN
6-F91.F- C F3 5 -~7 ____

51 RFIURN
52 ----- ENTRY FNVT(A.R.C) - -- - - - ----

5i3 C StIIPROGRAN FUR NEUIRON OEHAVIOR ____________

'54 IF(A-1.5)140,150.160 -________ _____________

55 ___140 _Y-C-

56 GO To 1500
- 57 - . ._Y2.1 -__ -- .. -

se GO TO 1500

60 Go To 1500
61-- 160 -1r(A,10.2.6CU TO 760---------- -

62 IrIA.L;.2.J)60 TO 8010
613 IF(A.1.1.'e0bIUO TO 14000 ---

64 IF(A.L1.2.7)GjO TO ¶100
-65----- --- V 4A. 4-O-1-IS (L

66 Y-
61 GO ToI~l- -

60 bo0 YX _0.05
_.69 - -GO TO 1500--------- - - -

?1 90o Y2-0.15

2J62 WODS F MEORYUSE NYTHIS COMPILATION

-v 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 external 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 B1 inputs
are shown in Figures VH-8 and VH-9, respectively. Figure VH-10 (the Q output) and
Figure VII-11 (the Q output) show the circuit 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 L; 5 volt levels shown in Figure VII-10 is approximately 700 nano-
seconds. Tne .anufacturer's data sheet (Table VH-2) shows a typical pulse width
of 800 nanoseconds.

The same circuit as shown in Figure VII-6 was described to the computer to
demonstrate that the model, with no external timing components, would trigger on
the jalling edge of an input pulse at Terminal Al. The topological description
for the SCEPTRE circuit analysis program is shown in Figure VII-12. For this
condition the input signals A2, B1 and B2 are held at 3. 1 volts while the pulse EAM,
shown in Figure V11-13, is applied to the Al input. The resulting outputs, Q and Q,
are shown in Figures VH-14 and VII-15 respectively, and verify the inhibit function
for the leading edge of EAl and the triggering action on the falling edge of the pulse.
The pulse width Is seen to be approximately 70(0 nanoseconds.

ID

N~P T 02..C0

S- R01, col

, R02: 1 C3AI
EA A

•i Figure VII-6. Test Circuit
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SAVIED UNDER FILE kSNL1L22
TEST CONDITION 6 ____ _______

PULSE -ESTT- 1NS' -E-TETRNAE TIMrNG COMPONENTS 1

TRIG ON LEADIING EDG~E OF INPUT PULSE
'I.E MENTS____________________________________________

FI.A1-A2ý-01-02-RS-VVC-TPI-TP2-TP3-0-OH-0=MOI)EL gSN54LI122

E-A2*O-rA2:O.1

EB?, 0-82:3.1

JUR006-U:O.-

R01,0I-1:4300.

CUQl.O-3=2.E-12
RU4,3-0:750.

* fl1,o-z:NOvEL IN3605 (PERM)

02.0O4-4=MODEL 1N3605 (PERM)

E1,O-5=2.4

FUNCT IONS
Ti=O.,.1,50.E-9,.1,65.E-9.3.'5.E-7*3.

EAl ,E,2,EI,1 Eb2.,ERS,VJO,VJQU.PLOT

RUN COJNTROLS
START TIME :0.
'-qli6P TIME I .E-6
M INI 4PLM. S1FP 5IZE=I E-=IIL____h______ ____

MAXIMUM P0It4T PUINTS 100_____

Figure VII-7. Test Circuit Description - Leading Edge Trigger
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• * $,OOOOE el !...................................................................................................

________ _________7___341498f $I I
1 .

t A

Figur VI8 RESET_ Inu Sga

.- _ 4_.AU ii&_t 1-"_______

I -

Fiur VI-.B nptSga

!136

2.seeeIL el I-- -=1

A I * *,

i_______ III. . i - I -a I I l Ie • t l ~ l e o~e o e~ e ~ ~ ~ e ee o e •t Q e • • e o

______I II 1oI'

I I

31II75Jn* 7 *.5,-. a

a.2...aL-,1 4.SOaO-al A. sooS-o7 o.osaE-I ,7OL1

Figure VII-8. RESET Input Signal

4•. iAAJ. J.................. .... ...... . ..
_ ,01| IO -o I- 1 -"---°---

- .- --- - - - ----

_AA_ It Ii | .IL _ _ _.L - -.- -. .... . . . .. -

A:. . . .- .. ... ... . . . . I .. ...

• 1,50011SS OS :-

I- I

.igSA SO

StSoo~--* -- - --i-- - -- - ;-

l il e gO I* o* "I

SI 1 I * I

,• • 1I. -• • T"• .... TIT(;"i - "0 .T I -T - I- t t"1 ------- I"i•]T•

I i - igur VI-9 B1 Inu Signal
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Figure VII-lO. Q - Output
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____________TEST GONDITION*5 _ __ _ _

F I.E EN T E______ ______

FlA-29-ZR-CC-P-T7-P-(-0-=OE RSN54ET272
ERS,_O-RS=T1 _________

EAl, O-A1:PIN
EA2A,-f!A 2-Ed a____ __ _________

RIP,VGC-TP11.9

JUR, 01-11=0.
RUt ,#0-1=4300 ___ ________________

COt,0-1=2.F-12
ROP.1-0:750I. ___ ______________

co;.>#-o:1I .5E-12

R03, 08-3=4300.
C03AU-i3=2.E-12
R04,3-0=75,0. __________ ____

R05,2-5=800.
0)2 013__r~n-l NI1J4k6Afb..4_PI.RM4

R06, 4-5=800.

DEFINEI) PARAMETERS
P-P4=f-G ~ ~ ~ ~ ~ 1 EN9 C 2-4.,6-.E--.i 5*E. 9-i *61

PNVTl:FNVT(VClF1, 0.4'fl.2)
PNVT2-INh(2F 0.)

FUNCT IONS

OU T PUT S
__FA , EA2, EHI1, E82, ERS, VJ , VJQH,t'O~ ------

XSTPSL, PLOT
_______RUN CONIRULS_________ _________

STARfT T 0- =1.
-___STOP TIME =2 E-6
MINIMUM S1FP SIZE :1.EF18

____MAXIMUM SIFP SIZE:5.E-9
- M(HPUM PHINT-POTNTS 101) -

COMPUJTER TIME LIMIT :5.5 ________________

END

Figure VII-12. Test Circuit Description - Falling Edge Trigger
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Figure VII-15. Q - Output

The circuit shown in Figure VII-16 was described to the computer to demonstrate the
performance of the single shot to trigger on the falling edge of a pulse when the device
is used with externlal timing components. The timing components were chosen to
decrease the pulse width to assure agreement with laboratory results.

The topological description for the SCEPTRE circuit analysis program is shown in
Figure VII-17. The A2, B1 and B2 inputs are held at 3. 1 volts and the RS and Al
inputs are as shown in Figures VII-8 and VII-18, respectively.

Figures VII-19 and VII-2.0 show the circuit response to these input signals; Figure
VII-.19 shows the Q output, and Figure VII-20 the Q output. The results verify the
cap'ablity of the model to be triggered by a falling edge input se.gnal at the Al input
a.'d 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 nanosecondj..
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SAVED UNDER FILE RS4dL122
TEST CONDITION-6----

4PULSE WIDTH TEST -EXTER'JAt RC TiNIN3 6OMPONENTS
TRIG ON FALLING EDGE OF INPUT PCE-

ELEMENTS
P1e Ai-A2;181-32-RS-VCC'TPi.TP2-TP3wO-OBO 3NODEI. RSN54CI22--
ERS, O-RSmTI

EB?, O-92x3,
RP-VC-P2829E3

-ROto01DOp13

03,Q8.'3a2sE-12
R04,3-O'750l

D)1.ý2:MODEL IN3605 (PE r-
R05,2'5x800,
62.Q8-4xMOOEL IN3605 (PERM'--
R06e 4-5x800,
PLeO-5 82 1  PRMTR

PIxGn(o. #f~..6sa5,Pe,-,OIME)

FUNCTIONS

OUTPUTS
EAI.,EA2,681,E82,ERSVJO.VJOB'PIOT
XSTPSZ, PLOT

RUN C04JTROLS
START TIME x 0,
STOP TIM6 x 1.E-6 -

MINIMUM STEP SIZE a i#Ewig
MAXIMUM STEP SIZEm5tE-9
MAXIMUM PRil4T POINTS a 100
bOMPUTER TH'E LIMIT x .
END

Figure VII-17. Test Circuit Description
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Figure VII-18. Al Input Signal
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Figure VII-19. Q - Output
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Figure VIc-20. Q - Output

The circuit shown in Figure VII-16 was described to the computE r to demonstratethat the pulse width could be increased using external timing co~r~ipoents. The
-k topological description of the SCEPTRE circuit analysis program is shown in

Figure VII-21. The input signals EA1 and EA2 are held at 0. 1 volt, EB2 is held at
3. 1 volts, and EBi is a pulse as shown in Figure VII-22. The external timing
components are a 20-kllohm resistor and a 40-pf capacitor. The manufacturer ts
preliminary information is inadequate to determine th"o validity of the resulting
output pulse width of 1. 2 psec as shown in Figures VII-23• ~a, VII-24. However,
this Is reasonable, since the external resistance is half the nternal resistance
while the total capacitance is tripled. Therefore one would 3xpect the time to be
approximately 1100 nanoseconds.

C. RADIATION EFFECTS

1. GAMMA RADI ATI ON

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 110rads (Si)/second,
the performance is only temporarily affected. Extensive testing was done by the
General Electric Company. The test report wvith photographic recording of the
results is included in Appendix VII-B.
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11;t;LTliw C~MOET >'40PF 20K

E1l ,fl-RI=PJN

RIP, VLc-fP?=2u.1S
C IP, TT34~-?_____ _____

-Jull, Ob- 0,40.

RU1 P 0- 1 =4,30

RU?, -t0:75n.

rU7,Oi-o3:2.5-12- -. -

R04 .5-0:750.
r04, i-nl:i1.5E-12 .- * - . - - --

fl1,G-2=Y0OUEL 1NS605 (PERM)

02,O11-41=MMflL IN36115 (PERM-)

EL. 0-5=2.4
DEFINED PARAME<TERS- -

...P.NVI1=FNVI(vcjF1,0.4,0.2)-----------------
PNV1 ?=FNVT (VC2F 1,0.*4,.0 *

F tUN(. T I ONS

OUT pIllS
FA1,EA?,EB1,Eu2,f:KslvJO.vjUI;.PL)T
xSTvSZPL(IT

PuN CutNTRULS

r STAvT TIME = u
STi~p TIME =?.E-6
MINIMUM SIFP SIZE 1 .E-1h

HAX14UM Si~f SIIf-=5.F9
MAXIMUM PJIfNT POINTS loo
COmPIJIEy TIME LIMIT 5.

Figure VII-21. Test Circuit Description
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1 = INITIAL EXPOSURE

2 = 6.6 x 1013 n/cmr2

13 2
3 = 8.0 x 10 n/cm

114 2
4 =1.2 x10 n/cm3.0 5= 1.81014 n/cm

2.6 "-• "-'•6 =2.4 x 114 n/era

2.66
•- •V 5 V

0
> FANOUT = 10)

w.•2.0

4

010

1.0

• -4 0.18

0 1.0 2.0

INPUT VOLTAGE (VOLTS)

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 descript!on.

The subroutine FNVT is shown in Figure VII-5; the computer circuit description ta
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.

--0ulEI. RbN54LI2? (A1-A2-HI-R2-KS-Vt;C-TP1-TP2-TP3-O-O-O)
MONIOSIAIII. L MULTIVIBRAIOH
FLFmFNTS

JA1,AR-u=u.
-,A2, A2"Ij=O.

.JHS, RS-D=(o.

El , TP.,-VC=FIN(VJAIVJA?,VJH1, VJH2.TIMEEF,VJRS)
_RHF, Vt-1PI=I.1?U

RV 1.tl 1`1,-2P=33.,1-

.- Rf 2,Vt;-VCC=/.,L
RXRoVGC, Tpl=I.E20

-Rt F, V,- IP2=1 1(FI )

CI ,IP2-IPJ-25.F-12AJ ,IP?-IPj=o.

F1.o-=1: SS(YJ ,, VJHS)

C,!. -U=l CAP(iI. VCI)
JH1,'-n=Q1( IAIAII 2(VI:l ),PI)
FU. O-O=Xt.(VJl• P2)

RO,5-U=100.
E. -4=0?(3.1-41)

-- RZo 4-:=10011.
CL, 5-U l CAP(f:2, VC2)
.1142.5- 0=1•110 01-1:L 2(VC?),Pl)

RUR,6-011Q100.
FUH,fl-6 =X3(VJH?#PJ)
WIFINik PARAMETERS

-- PlI:U
P2=0.
PJ=O.

FUNCT IONS

TIl0O * ,E20, .8,. 1?0: 2.,lO.,°0:0
_ TAR'LF ?= . - , 1:- . 2 , . ,. 2

OUTPUTS
VJF. pLOT

Figure VII-31. Computer Model Description With Neutron Effects
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~SAVFDUNDIR FILE RSNL 12-2-

ELEMENTS.
Fl,AI-A2-HI-H2-HS-VCC-TPI-TP2-TPj-O-OU-O:MOIEL HSN54I,122(CI4ANOF
-2.2PNVT1,P3=PNVT2)
FRS, O-RS=T1

EA2,o0A2=0.1

E82,0f-132=3.1
-RIP,VCc-rPP=2.ES

C IP, TP?-TP3=20*L-l2

.RU2, t-0l=750D.
C0?, 1-0nl.5E-1.2
..RU3,OlJ-J=43U00

C04,3-0=i1.5E-12
* (i1,O-2=M00IF-1. 1NS605 (PFkM)

RU5, 2-5=800.
-..i)2,(o-4=Mf)DLL 1143605 (PLRM)

R06, 4-5=8110.
EL, 0-5:2.4

DI F INLI) PARAMI TEPS

PNVTI :FNVT ( VCIF1, .4'0.2)
P--N-VT2:FNVT(VC2Fl#0.4i0.2)

OUT P U IS
EA1,EA?,Fi1I,E8?,EHS,VJQ,VJQB,PLOTf XSTPSZD PLOT

RON CONIRULS

SIA14I -TIMI 0.

STOP IIMF lo -
MINIMUM SIFP SIZE:= loF-18

MAXIMUM SUFP SIZE=5.E-9
MAXIMUM PkINT PIJINTS 10
CUMPUIER TIME LIMI-T :5o5

Figure VII-32. Neutron Test Circuit Description
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SECTION VIII

TEXAS INSTRUMENTS RSN54L57 AND-OR INVERT GATE

The integrated circuit is a 4-w;de 3-3-2-3 AND-OR INVERT gate. The circuit
behaves in such a manner that if no AND gate is timb, the circuit output is a logic 1;
if any oneofthe four AND~gates is true, the circuit outpnt is a logic 0.

The logic representation for the circuit is shown in Figure VIIR-; the schematic
representation in Figure VIII-2. The device electrical specificatio.q as published
by the manufacturer are shown in Table VIU-1.

AI

C3

D2D

Figure VIII-1. Logic Diagram

A2

VCC

21

400 •Z >OS 20K•Z 40KS 4OK•240S

jI N
,C 2

12K,$! GND

Figure VIII-2. Schematic RSN54L57
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TABLE VIII-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
V 1  all input terminals of either AND V Min. 1.9 V

in(1) section to ensure logical 0 at output CCý

Logical 0 input voltage required atVIn(0) one input terminal of each AND Min. 0.8 Vsect!on to ensure logical 1 at output

'Vet(l) Logical 1 output voltage Vcc = Min. Vin = 0. 8V 2.4 V

Iload = -100loA

V out() Logical 0 output voltage V = Min. Vin' =1.9V 0.3 V

jtI(sink 2 mA

111n(0) Logical 0 level input current VCC = Max. Vin = 0. 3V -0. 18 mA
S(each input)I

I Logical 1 level input current V = Max. V 2.4V 10 uA
Vcc = Max. Vin = 5. 5V 100 pA

1 Short-circuit output current VCC =Max. VIn = 0 -1 -15 mA

Vout =0

ICC(0) Logical 0 level supply current V = Max. V = 5V 0.99 mA

ICC(1) Logical I level supply current VCC= Max Vin = 0 0.8 mA

Switching Characteristics VCC= 5V, TA = 25"C, N = 10

fpdO Propagation delay time tc' CL = 5u pF R = 4 k 9 60 no
logical 0 level

tpdl Propagation delay timie to CL = 50 pF HL= 4 ko 90 a
logical I level

*For conditions shown As Min. or Max. use the appropriate value specified under
recommended operating conditions for the applicable circuit type.
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A. MODEL DEVELOPMENT

The computer model that has been developed to duplicate observed performance is
shown in Figure Vffl-3; the computer model description in Figure VIII-4. It will be
noted that, as a result of earlier experience in developing models for other device
types, provisions for both gammn,.- and neutron behavior have been included in the
initial model description; P1 for g-amma and P4 for neutron effects.

A

JAI

A2A

JA3

®iB
RI R,

JB I

J83ElI
4'V

0 -

JC2

C2 3

DI JD2

D2

Figuire VIII-3. Computer Model
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HOnFI. RSN",4L57 (AI-A?-A3-el -02-03-C1-C2-C3-D1-O2-V-0)
- -- -- ELEPEIRIS...--

jAI,AI-0=0.

.JA3.1A3-Ozo.

~~ I _.-AH3.03-0sm.-

Jc.11?.n-ozn.

.-.-. Et.-QJ:F57(VJAlIyJAZ..VJA3,VJ81,Vjg2DVjB~3DVjC1,VJC2,VJCSDVJD1DVjU2)

r.1.2-0=FCAPCE1.VC1) -

n~rINED PARAHETLRS

P4=0.

T AR I F 2cz 0 .,-

O1(AB)z(A*B)

VJVdV1,PL0T

Figure VIII-4. Computer Model De.bcription

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 zstablished 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 El. If 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 El of Figure VIII-3, and therefore the device model output, is determined by
this subprogram which also simulates the exclusive OR function of Figure VIII-l.

T"e time delays associated with the controlling signals, as defined by the manu-
facturer, are given in Table XlIIi-i. To obtain delays, the time constant RI - C1 is
used. Since the time delay, tpl associated with an increase in the value of the

output signal, Is different from that associated with a decrease in the signal level,
t pd'the value ClI 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 Cl, when the value of
the voltage across Cl is less than the output signal level. If the value of the voltage
El 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 3T is reached. The FORTRAN flowk charts associated with
these functions as well as the radiation response are shown in Appendix VIII-A.
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1996T 02 01-25-72 12.762

I fUINCTION rb1(A,.A2,A3,R1.H2,e3,ClC2DC3,'D1DO2Y'

? NA=?
J3 NH=?

5 ND=:?
-.- 6 X%.O.tI

/ trIAl .1 .X.'JH(.A?.Lb.X.OR.AJ.3LE.X) NA=1
-- Ii IVIH.tF.X.OH.H?7.L1.X.IJR.RJ.LE.X) NH1=
9 IFICI .I.E.X.OH.C2.L&-.x.oR.C3.LE.X) NC:1

-- 4 A - .-..IF(Ifl.LF.X.OH(.12.LL.X) NOSI

11 f57=0.3
- -- I? IrINA.LO.1 .AND.NB-ka.1.ANO.NC.FO.1.AND.ND.EO.1) F 57z3.0

13 RFTURNii -*---14 - - ENTRY FCAP(A.B)
15 IF(A-014)0,20.211

17 RETUJRN[18 20 t5/=S00.k-j28R/3.,45o.f-12 .--

19 F T MIN
- 20 LNIRY tNVT(A-B.C)

21 c SIJOPROGRAM FOR NEUTRON BEHAVIOR
22_ - IF(A-1.5) 40#50P60

7 4 (;r, To 150
*25 501 Y=.t

?6 (;0 To 150
2' 111 Y-11-01)
?h--11- -- 0 1,) 1511 *--* - --

99 60 IFIA.LE.2.)Gu To 70

30 IF(A.LI.2.j)G0 TO On~
.31 IF1 A.11 . 2.5)I. 0 TO 100

--.32 IF(A.LF.1?.7)UO TO 9n
1j. IrIA.Ll.2.6)G;0 TO 110

* ~34 .Y=-B

35 W0 To) 150
36 80 y=- .015~
37 GO TO 150

39 60 To 150

41 GO TO 150
4? 110 Y=-0.25
4,3 150 M=7Y
44 RE TURN
45 LND

-23672 WOURDS OF MENCRY USED' BY 91115 COMPILATION'

Figure VHI-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 is shown in Figure VlI-7. The relative timing of the forcing
funwtions EA and ED, which cause the output to change from the 0 state to the 1
state, is shown in Figures VIII-8 and VIM-9 respectively. The circuit response to
these signals is shown in Figure V11m-10.

The response time of the model (I. e., the delay from the time wJ.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 (tdl) and 32 nanoseconds in the negative

going direction (tpd0 ). These times compare with the manufacturer's published

data of tipI = 90 nanoseconds -. aximum and t -- 60 nanoseconds maximum.

D1 R4

DN

"+ f R

Figure VIII-6. Test Circuit
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- -- FLENENTS -

FA 1A -.#-A MAAI--ODOvoIODEL RSN54LS7
EA.0-A=FCEN( .JDl.R1~E9P.foE9d~.IE

R2, V-3=4J3fl

R3.3-or759

Dl .V-4=MOOFEL1N36iPj(PERM)

R5.6-521.

WIINED PARAMETERS
-P14:15.E-9. ---.-.-...- - -

PFs15.E-9
--PNVTZFNVT(V~tft.0.4.0.?)- -- *--.--- -..

SU TP1UT S

RUN C~ONTROL.S
-- START.TIME -. ..--- --

MAXIMUM PRINT POINTS 2f200
.-CUUMPUIFR TIHE-LLMIT 7. 5.5.-. ..

STOP TIMEZ1999.E-9

StSJIEM. t4OW E-Nf.ERING SIMULATION__.. .

Figure VIII-7. Test Circuit Descrlipion
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C. RADIATION EFFECTS

1. iGAMMARAD1ATTION

Exposing the device to a nuclear radiation environment may affect normal
performanice by cuhgthe~titput signal~level tovary. "When exposed-to pulsed

vw -. - f"" ý ; +10Wonizn'r ir ̀  q•(•gma radiation) at. doserate levels of, approximately 3 x 10; rads
,Si)4,eoddot rranceionly, momentarilyaffected. Extensive testing,
wasione~y.tenorustiEiectrioCompny. •The 'estrepot with photographic
recording ofjhe results iS included-as Append&ix I-B.

henag- a, radiationpulse smhnulation,Is, caused to occur whlile the outputis at a:
Tw~l, the !respo-n,,4je-of the-devic'e'J is m~o m~enta'ril~y "reduced. Figure VIII-11 shows
both the observed and computer response to the radiation pulse.
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Figure VIII-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 normat
reaction for the output level is to increase slightly. Figure VII-12 shows both the
observed and computer results.

The method for slmulat~ng the pilsed ionizing gamma radiation induced transient
effects is to establish values for P1 of Figure VHI-'4. As shown on Figure Viii-13,
P1 is defined by Table 4; this change !s Identified as PI = T4. By changing the
time-related entries in Table 4, the radiatioo simulation is caused to occur whenever
desired. For the results shown on Figure VII-11, the gamma pulse is caused to
occur at 0. 51 pseconds.

Figures VIII-11 and VIII-12 demo~nstrate the agreement between the computed results
and the laboratory observations.
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ELEMENTS
FIA-A-A-A-A-A-I)-D-D-1)-I-V-0=MOIJEL kSN54L57(ClIANGE P1=T4)

"--.o-A-=FGEN(O.,.,O., PR,2.E-7,Pf,7.E-7,5.,TTItE)-
EUF-, O-i)=i EN(O. ,-3, 1 E-7, PR, 2.1:-7 ,PF, 7.E-7,5o, TIME)

R2,V-3=4300
C2, V-J=2.6E-12
RS,3-0=750

. C3,3-;1=15.E-12
rI1 V-4=MOllELtl3605(PERM)

_ftR4,4-5=800
95,6-5=1.

DLFINEO PARAMETERS
PR=15.E-9
pi =15.E-9
PNVT=FNVT(VCIF1,0.4,0.2)

FUNCTIONS
T4=O.oII.,5.E'7,U.,5.E-l,.5,b'-lE-7lt-,5.2E-7;-5,5.2E-7#0O-loC'6°Oo

OUTPUIS
EAED°PLOT

RUN CONTRIOLS
START TIME = 0.
MAXIMUM PRINT PUINTS = 200

.COMPUIER 1IME LIMIT = 5.5
STOP TIME = 999.9E-9

RERUN DESCRIPTION
FUNCTIONS

T0n, . ,5.1.-/, U. ,5.E-7, * 05,5.1E-7, • 1, 5.2E-7. • 05' 5.2E-1, 0. , 1.E-6a U.

END

"SYSTEM NOW ENTERING SIMULATION

Figure VIII-13. Gamma Radiation Test Circuit Description

2. NEUTRON RADIATION

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

7xposure of test Orcuits 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 C. 2 volt. The results
vere observed by the Mir Force Weapons Laboratory when they tested these devices
and are reported in Reference 1. * Figure VIII-14 presents the circuit transfer
function degradation )bserved during these tests, for various fluence levels, For curve 4,
which represents test condition 4, the output signal level drops from about 3. 1 volts
to approximiately 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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1 = INITIAL EXPOSURE

2 = 6.6 x 1013 n/cm2

3 = 8.0 x 1013 n/cm2
4 =1.2x1014 n/m2

3.0 �2 5=1.8x101 4 n/cm2

-3• 6 = 2.4 x 1114 n/cm2

2.66
T = 250 C
a

-5, 6 V=5

SI 
• - -" • cc=v

> FANOUT = 10)

w
02.0

0a.

0I--

0

1.0

- 4 0.18

0 1.0 2.0

INPUT VOLTAGE (VOLTS)

Figure VIII-14. Neutron Radiation - Circuit Transfer Function
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The method ior incorporating this response change into the model is shown on
Figure VIHI-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
source, JR1, to a dependency upon both the capacitor voltage and the fluence level.
This is done by setting P4 equal to the function FNVT.

The computer description to produce an analysis of the device in the test circuit
configuration is shown in Figure VIM-15 and is accomplished by changing the value
of P4 to be equal to INVT, which is defined as dependent upon the function FNVT.
The results of the analysis are shown in Figure VII-16. It can be seen that the 1signal level is reduced from that observed in Figure VIII-10 (from 2.9 volts to
2. 5 volts) and the 0 signal level is increased fronm 0. 5 volt to 0. 7 volt. These results
would be those expected from a radiation exposure of the device to the specified
fluence level.

f ELEMENTS
FI.A-A-A-A-A-A-I-U-D-D-[•-V-O=MOI]L RSN54L57 (CHANGF P4=PNVT)
EA.0-A=:FrN(fl.,3.,O..PR,165.fE-9oPr.540.E-9.tOOTIME)

"_ .E[D.0-0=FtEN(O.,3..fl.,PR.500.E-9,PF.looo.E-9,100,TIME)
R?.V-3=4300
R3.,3-0=750

:3. 3-fl:15.E-12

Dn. V-4=:iODELIN3605(PERH)
R4.4-5=800.
R5.6-5=1.S.... E 2_--- 6 = 2 4

lEF I Nkni PARAIETERS
PH=19.F-9
PF =15.F--9
PF-VT=FNVT(VCIV1F 0.4o0.?)

, . O OUTPI1TS
- E;A- F n1, Pi. a T. .. . . . . . . . .

RUN CfNTROLS
START TIMI = 0.
MAXIMUM PRINT POINTS =OL
CuMiPIJHR INME LIMIT : 5.5
;TflP TIHE=1999.E-9

END

SYSTF 4 NOfW FNrFRIN1G SIMtiLATION

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
characteristics are shown in Figure IX-1.

ABSOLUTE MAXIMUM RATINGS
Maximum ratings are limiting values above whictf permanent damage may o(cur.

Voltage Between V+ and V- Terminals ............ +44.0 Volts
Differential Input Voltage .................... .18.0 Volts
Internal Power Di,:ipati6n ........................ 300mW
Storage Temperature Range ............ -65 0 C < TA <.+1500C

LE.RC.AL_LH60B.A T E flI ST
V+ = +15.0 V.DC. V- .- 15.0 V.D.C.

PARAYETEC I UP S' S, , ;I ('r -ISIC -2- C to nOr ,Ir'sC UNITS

MINU COCCYRYtP MAX MlINI TYP MAX MlINI TYP MAINPUT CN'AnRCT1111STICS

Oinr Vonne .250C j 00 30 os a 1O S., mV
01.41 I Fun 0 |0 2 0 mV

I ,2*'t So "If OX 200 SO 40. iA

a..CF*'Poi too loo 100A

Of'. C..... 22SC 20 20
FI 00 I00 I00 n

F0. 10 So So •A

C--,.,.O. Mo.4 P" F.Ol .It ±II I ,1 1 V

IPANOIER CHARACIERISTICS

INnt.. 2 A 3) .2SC ?M 2M 2M V/V

C, -- n. Melt d'. •8 Po 14
IN-l 41 F,,If 106 ICK 106 do

'".1.2) 2$'C 10 I0 10 MHI

OUIPIJI CHAnACTfAISTICS
Oo,,t I Vn.1tl $-1,•,
IN,,, 2) FOI 1 .13 t 13

'-Ii,.I. 31 .)SIC 20 20 7

I.AN•IINI AWOINS|

A.10Ro
IN-fl 2) .2SOC 20 20 20 VIY s

S.111.l 1-f# 10 1 1

Iol. 2 46) ,1 •5o 10 i0 10

POWER SUPPLY CIIARACI(RISIICS

Sý.Ol, C-I',. ?%O~C is ISO 10 ISO It "10 A

Rn..,,.' pphi Rr•(,I.o A•,1.
IN0 11 f. I too I too IU0 do

NOTES I1) Can be adlusted to zero with I megohm pot between Pins I and 8,tep to 7.

CAUTION Oevice may be destroyed by shorting Pins I or 8 to any other
pin or voltaqe while power is applied.

(2) RL •2K, CL' -OOpF

(3) V0  t 10 0 Voltt

(41 VChi t 5 Volta

(5) VSUp .IO 0 VoIT to t20 0 Volts

(6) Nonniverting . Oily gaN.oupuot voltagt $wing is to 0 Volto

Figure 1X-1. Published Electrical Characteristics
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A. MODEL DEVELOPMENT

1. LINEAR MODEL

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 circult analysis program. The circuit was also analyzed
in the unity gain configuration; the computer circuit description for the analysis is
shown in Figure IX-4 .iid the analysis results in Figure IX-5.

RAI RA2 RAS RA9 IRA6

VAIN -- CAIl

RARAI N

CA I - RA7 POLE@ 0.7 Hz

RA2 +A2 POLE @ 35 kHz

RA8 -0A3-RA0 
POLE @ 5 kHz

RA9 - CA4 POLE @ 400 kHz

RA7 - CA1 ZERO@ 2.5 kHz
[A10 - CA3 ZERO @ 50 kHz

Figure IX-2. HA 2700 Model - Linear Model
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1.43;:i 0u0 8:7 2i VEL:::E:O: : TIME 0 SECONDS

VAI,3,U,J.,V,RAIN
_Rýl E* ! , '10 q~

C CAI,4-60,228fl.F-6
RA/.6,u,.028-____

CA2,.09 t.45.E-12

RAI0,3,jlD, 9,0.

RA9.8,¶',l~u.E3
Ll, 9,14=?.E-6

RA6.12,131=10.

HSCALE = 1..Eb

TIME RFSPOtISE.LAPLACFPI0.,1.E-.6,.O1F-6

THIS NETWOR~K HAS QIF F(AE fL UJ CWPTTIN3 ]ItE (4_F UR

FRIFoI1vNcY 1.(oo~boioE 117 RADIANS/SFC. IMPEDANCE 1.090V0000E 06__UriMS
EPUNDRit LU AT LOoA1 1614 064651

Figure IX-4. Computer Description - Linear Model
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CLOSED LOOP GAIN

UINITY

HA2700
OP AMP0

L T
U ~LABORAT(RY

MEASUREMENTS
-10

S-10 COMPUTER -

RESULTS

-230

0 10 100 1000 10,000 100,000
FREQUENCY (kHz)

Figure ILX-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 reduction in the quantity of elements needed results
primarily from a desire to ±Ltprove 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 been eliminated from the model. Also, since
the time response of the device is dependent upon the input impedance, capacitor
C IN 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 arnticipation of including
offset current conditions in future work. The computer model description is shown
in Figure IX-7.
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RAI RA2 RA6

OUT

A CAI

4N TC---EA3
FRAT 'C1*2

RNJRI CA

EAt: f (GAIN, VCIN)
EA3: ft(VCA2,FOSC)

POSC = (INPUT SIGNAL)

Figure IX-6. HA 2700 Model - Non-Linear Model

ELE iENTS

RI. I -GNU=1 .E-3i

RN, NN-GNIT)1 .E-3

TCINJTYI=3.E1((2.6P)VCI)

RA1,3-4=lofl.
CAI, 4-6=228O.E-6

RA7,6-GNO=.02c5

CA2,5-GND=45.E-12
EA3,CNfl-2=01(VCi2,PI ,P3)

- A6,12-OUT=100J.
JO. (iUT-U;NIj)=.

JaEI.LN~EB -PARAMETERS
P1=~4.

P3=FOSC(Vj)NsTIME)

OUT PU(TS
V.JN, PLOT
P3, PLOT
P1 VC IN, VLA2. A3, VJ(i. PL0

Figure DC-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 I x 106 volts/sec. A time function is included
in the generator to establish an arbitrary time that 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 ss
the absolute value of DVDT is less than the threshold, the oscillator output is zero
and the time delay, TO, 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 TO. 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.

1948T 02 02-07-72 12.395 OSCILLATION GENERATOR

] CIOSC OSCILL.ATION GENERA1OR
2VU N•C1 I ON F uSCL ( v jh,'T -I ME.
3 ;W(IME-O.) 1,1,2
4 1 OSU=O0•
5 10=0.
6 XVJN=VJN
7 XTXIMF= _•F

8 2 Ir(TIM--XTIrL)-20,2,-i . .
_10 . _ V ov )T = A S ((vJ-XVJN) /(T I.ME--XTl1L)_
to Er vn-.6 l,2,1I0~~ IF (i) VI I1,)(• 12 1 1,

A.. 1. __.. US C = S I.N. , 9., L _. -..L!'.-:. 0 )L.
12 GO 1o 20

S. . .-1 ---.. . . . .1 2 -.... S .C, ; = 0 . . . . . . . . . . . . . .

14 fo=lIMb
- 20- FOSC=OSC -.....

lb XVJN=VJN

18 1,5 IFIURN
-------9----------L-ND - - - - -- -

2,355i WURLaS Of Mi'MLWY UlSEu I0Y TitJS COMPILAT ION

Figure IX-8. Model Subprogram
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B. MODEL VERIFICA'ION

To duplicate the observed performance of the amplifier when it is connected in a
unity gain configuratibn, the circuit was described to the computer as shown in
Figutre 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 same rate. The
response of the device is shown in Figure DC-11. The photographically recorded
laborat•ry. sig•al which this output is intended to duplicate to shoWn in Figure IX-12.
It cln be seewi thati te computer response closely simulates the -,bserved peif6rmance.

S" TTMINRU"TE•VTCIRCUI1" HA27I'ii

SAVED AS HA270OA

AI,3-2-6-GND=MO0VEL HA27110

RL, 6-GN)2. ED

RUN GONIROLS
STOP TIME = 2.E-6

CUMPUTER TIME LIMIT 9.
MAXIMUM PRINT POINTS, =1U.

--M.AX-IMUMJ..N.Tk-GRAT-LjJN PAS-L!ý• 75iiiwO
MINIMUM SIEP SIZE 1 .E-15

OUTPiUTS
E.,PLUT
XSTPSZ, PLOT
END

R2

4 Al

El RL

Figure IX-9. Test Circuit and Computer Description
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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 pulsed1+10
Ionizing rays (gamma radiation) at dose rate levels of approximately 3 x 10 rads
(SI)/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 connected 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 establiahed 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 iyj obtained by means of subprogram FGAM, which is shown
In Figure IX-14.

S1 a 1

179

I I

.: . . .. . -

r *SegLt go • • ** -- I

Si- I g

- lki~ I I••e~ leeeeee~•••e•••• l • l 1 ee •~e~•Q*
*.IIS ......................... • • .... I....

49Cg.OL IS .- * .o.
I+" ' ," " : .. • ' • .•. "I

S. . .. . ...•* 1I . . .

3.alssui I- .:.: • - '

I *

I I_ _

-- I

SI I I I I I I I I I

- -- I tV ~ - .. 11 - I.31U I;11 .. .- ,$I1
i. I .Silt*I| 7.1561 "06 J.I±|5o11 4,051.o61 I.|101"|6

Figure IX-13. Output Response to Gamma Radiation
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124or II.) 02-11-72 14./i.6 4"AuiM•, 1I-IWIiIIJ SiMIJI.AfuR

[-I ruiAM I; A1;l it i-iIINCTIOlN SIMIILATIIR

2 F IINC4 TI uN FGt>H( jIAMi, FI ,o XiiULT )
.3 IF(l imr-O.) '1, ,2

4 t TO= T I mi.
5. NHUR S =o

6 XC AM=--AH
7 XTIME=rImF
8 GAM'A=Ut.
9 2 IF( T I r-XT IMF ) 21.20, 10

10 I11 iI~hMIIT=(UtlH-XGAt)/tT1ii4I-XTIr.E)
11 IF ( IAM0I)1. .(T 11.. AND .GAM.Gi, q.9 ) NR1IRST=t
12 IF(I-N,'IIRS1) 11.12,11
13 11 UAI4MA=U.
14 TO0 TIMI
15 - GO To ?0
16 12 1F(rhlFr-(TuTO+e.t -6)) 15,15,16

1 . 'A M G -i1A=X HIl. I S IN(JU.6 I( I iE-TO) ) SIN(7.E6 T II M))
18 Uf ro ?U'

- -- 19 16 GAMMA=-ii .
90 NRURST=0
21 2- U"AM:IAH= HA
7? XfAMH=AM
23 XTt IE= T IE .ME
74 RF IIIRN

-.. .. .25 ENIu

Figure IX-14. Gamma Function Subprogram

The gamma simulator, FGAM, produces an oscillatory burst when a gamma pulse
is simulated In the computer circuit description. A function is Included in the
generator to establish an arbitrary time that is equivalent to time-equal-to-tero-
conditions, whea the leading edge of a gamnia 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
set to a 1.

The integration time immediately prior to NBURST changing to a 1 is saved as TO
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 ipcorporate this effect into the model, Jill is changed from a zero valued current

source to a dependency upon FGAM, as shown in F igure 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 agreci vrnt with
observed responses of 4his type of device.
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FL FM EN~TS

~' *I r N2 1) E0

.JN * N-I'NNO.
-Rti.kN-N0fli1.F-3
RIN,N-I=l.Fo

FAI , '.Nn-3:yj ?.op )*VU, I N)

RAl ,4-5=1oRI.Ej-

R[AA, 4-5:1- I ?0 I E VGP 6,P'

RA6i,1ti-UIJI =IOU.

flEFINE'Dt PARAMETE:RS

P4nO.

ViN PLOT _

PjVr IN. VGA2 ' A3vV-J0 PL(iT

Figure IX-15. Model De ;,rirvt !:ja With Gamma Effects

GAMMA TE-Sf-
SAVEO AS HA2700A
ELEME4T S
Al .3-2-6-GNIJ~hOLjEL HA2711O ((,HANk;IL PGAM:=T(,AM)
El ,BWA)3=5.
R2 .6-7:1.

FIJN(:T rfl-iS

RUNiLCJ1NRULS
STOP rImE 5.E-6

m~xINMm PkliqT PUINTS) = 111
-AAX4ŽIILft4k.-hTL~iRATIUN PASIk) = 75uOU

MINIMOM SIEP SIZE =1.E-1'5

El., P'LOT

ENU

Figure IX-16, Gamma Radiation - Test Circuit Description
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2. NEUTRON 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 permits recovery, depends
upon the exposure level.

Exposure of circuits to a fluence level of 1. 2 x 1014 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
reduztion of about 10; 1. e., the gain will be reduced froni 2 million to 200, 000.
This latter value was used in the model to demonstrate that the method of reflecting
device betiavior to neutron radiation atmospheres is correct, even if the numerical
results prove to be slightly in error.

The method for incorporating this capability into the model is shown in Figure IX-I1.
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 fluence
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 "rerim 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-1l shows the effects of the reduced gain cendition. 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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GIN,14-11 .E-12
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F A?3, V, K 11 -I -A PI
C ~125 - 0N 4 j 10 1U
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Figure IX-18. Neutron Radiation - "'est Circuit Description
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The model that"Iau beeqj 4rweloped for use-;wIth the SCLEPTRE ctecult analycils
program ~ . 4_s shR niir'-.1 will be noted thet this model is simple:r, than that

used. for the Ilnearpirograms. The red action In the -number of elements neaded~corVa aat~iiixtory tiýdeI results prkimarily from a-deslre to improve computer analy~si
tlwhei-,n ltera~lve analysis procdurie Is used. Tibe computer mo~del, ~iescription

for the SCEPTRE-analysis program is shown 1,A Figure X-7. The Iiput signal
character 'isticis.sho'wn in Figure X-8, and tl?,e device respohse signal In Fitgre X-9.
oit s~e~eithatthfle slew rate limitation of the -device causes a delay before the"output;

J,
RS IK r-AlCA EC2V I -~ UT

PAl f(VCIN)

Figure X-6. IAA744 Non-Linear Model

...fll L-IJA744(.NI-dIt-1OU1 -GNU).. --
OIPFtR810NAL AHPLIFIIR
-ELFENtTS -

RINNI-1I 750-E3

EA1,iiWR-3=X1(4~5U00.VC iN)

ECIP4GNrI-12:X(VJRI)

_D0PTPIJIS
VC N-LAl. VJH1 ,VJO, PLOT
C~A1,PLOT
FUNCTIONS

Figure X-7. Computer Description - Non-Linear~ 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 envircnment may affect normal
oerfcrmance by causing the output signal level to vary. When exposed to pul;1ed

ionizing rays (gamma radiation) at d)se rate levels of approximately 3 x 10 rads
(Si)/second, the performance is only momentarily affected. Extensive testing was
done by the General Electric Company. The test report, with ohotographic recording
of the results, is included 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 (1. 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 2). Thft 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, El, 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
tests. 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.

4ODEL ItA744(CI..I-OJT-GND
OPCRATTI•Aý. AIPLIF]ER

FLEMENTS .
RI'0N-1=750.E3
C •s1'1.II- =1. -12
P&AGN0)-3=X1((45000,-P2)oVCIN)
RA1#3-4=1 .5=_

CAt, 4-"D=ý)2 (VCAt)

P J#GN1-1.2=)1(VJB.,T3(VJ1 ))
RCt, 12 -OUT0150,
JOOtJT-GND=0.
F'UJCT IO.'JS

-O1(A,H) = (AB)
n2 (A) =(32,.---5i'-"30 •E;6*AB$ (A }/15 •)
"Y1=O.#1 U.,s 1.,800,o 2.,16.') ., 3.#3200.
T2=0.,(I.o tS.E-6,0.o 0 -•i .5 ) E-6;1., 20,ý_-S,.5;, 20.E-6,0,
TSý't5,,D., 0."n". '1#1-0 15,,1.

6E FI NEg pA)A4 ETE;S
P1=0i(TI(VZAt),T2)
p2=O.
OUTPUTS
VC:N,FEA!,VJ31,VJO,PLOT
P1 (GAMMA), PLOT

Figure X-11. Model Description With Gamma Effectb
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Figure X-13. Effect of Neutron Irradiation on Open-Loop Voltage Gain

J.

The method for incorporating this capabil'ty into the model is shown in Figure X-14.
The value of the voltage EAl is changed from a dependency upon the device gain and

* the voltage across the capacitor, CIN, to a dependency that also includes the fluence
f level. In this case the gain is reduced to a levei of 18000 by changing the expression

X1 to include the factor P2. Under no radiation conditions, P2 is set equal to zero;

Figure X-15. Under "lrerurlt" conditions, P2 in Figure X--14 is changed from zero
atrepsrt 5steulto 27000.Thmeodtacmpihhsishwnn

Snethe level of the output signal for the overall test circuit is controlled by the
relationship of resistors RI and RF, it would be expected that the 12. 5 signal level
onserved in Figure X-9 would be u.nchanged.

•i•' Figure X-16 shows the effects of the= analysis under the neutron radiation exposure;
l i. e., reduced gain conditions. It is seen that the time required for the output signal

S~to reach the level of the input signal has been increased to such an extent that it
" ~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
•f time is also required for the device to return to the zero signal level. Thus, the

• expected result of reduced performance capability is demonstrated by the model.
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OPERATIONAL AMPLIFIER
ELEMENTS
RIN,NI-1=750.E.)

EAI,3 4 =1D.zK.45E1.-')3C"

JrA,4-6NO=16.

EC1,GhD-12=X-1(V-J81)

-. AU-.fl U.L- 6N 13 = 1
FUNCTIONS
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aEE1.Er1N~ PARAMFlTERS-
P1=0f.
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OUT~urs
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Figure X-14. Model Description With Ncutron Effects
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TIMING IFST UA744
SAVED IJNIjER FILE UA744
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ELEMENTS

-A4--• ••2--,I--O•N JEt L lJA.744 .. ...........
RI, t-3=5o.
RF.4-2=1110.E3
RI. 2-GNIl=1I.E3
RL. 4-GND=2.E3
CL. 4-ON =10)i0. -1 2

-- ttT 1i1S .. .

E, .PLOT
RUN COUNTROLS
MAXIMUM PRINT POINTS = 100
Ct)MPU1ER TIMf'. LIMIT=5,
ST(1P TIME = 5ul.E-6

DEFINED PARA-METERS
P2 Al=27 110u.
END

SYSTIM,NUW FNfFRING SUIIL|AIIIN

Figure X-15, Neutron Radiation - Test Circuit Description
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APPENDIX I

INTRODUCTION TO INDIVIDUAL DEVICE 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

3 x 1010 rads (Si)/second. Photographs of the physical conditions under which the
tests were conducted are shown in Figures A-1 through A-4. Figure A-5 represents
a summation of tests conducted.

The neutron degradation data was primarily collected from prior reports; these
reports were obtained 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
data in each section of this appendix.

Typical eletrical test circuits are shown in Figures A-6 and A-7. Figure A-6
indicates the manner of connecting a digital device int. the radiation test installation;
Figure.A-7, an analog device. The gain data for the emitter follower circuit that
was used to couple the circuit response to the oscilloscope are shown in Table 1-1.

A single, representative, sample for each device type is included in the appendices.
All information is not included in this report.

Table 1-2 indicates the number of integration steps required to' evaluate device
performance udcr varying conditions. This information permits some evaluation
of the device models and the effects of including radiation performance characteristics
in the descriptions.

TABLE: 1-1

Vin (DC) Vout (DC)

0 Volts 0 Volts
1 0.01
2 0.06
3 0.1
,t 0.15
5 0.2
6 0.28
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r

Figure A-1. Test Setup at Face of Figure A-2. Interior View of Test
Flash X-Ray Machine Box Showing Lead

Shielding and
Electronics

Figure A-3. Side View Showing Addition Figure A-4. Detail View Through

of Lead Aperture Brick Aperture
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FXRCircuits 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 pA744 1 5 8 1 24
Operational Arlplifier, (Ref 4)

HA 2700 1 8 8 1 (TBD) 12
Operational Amplifier

TI RSN54LOO 4 8 5 1 6
Quad 2-Input Nand Gate (Ref 2, 5)

TI RSN54L57 1 5 5 1
AND-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 7 5 2 5
Monostable Multivibrator (Ref 2, 5)

Figure A-5. Radiation Response Summary

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

3Alexander, D. R., "Report on Lhe 9704 NAND Gate", Air Force Weapons
Laboratory, 15 August 1969

4 MacDougail, J., "Tests Performed on the pti7 4 4 and Other Products Using Neutron
Radiation", Private Communication

5Orndorff, 1. 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

ANALYSIS,
hTImlVI NO WITH WITH

DEVICE (MICROSECONDS) RADIATION GAMMA NEUTRON

RSN54LO0 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

RSN54L122 1 1060 1280 1920

RSN54L57 2 1060 1650 1710

HA 2700 2 8930 3100 8930

pA744 50 1.190 1400 765
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APPENDIX HI

RSN54LOO NAND GATE

A. FLOW CHARTS

C RSN5AI.O0 -- 2 INPUT NRNO GATE SUBPROGRAM
, .UTPUT STATE GENERATOR
C -----------------------------------------------------------------------
C R=VJR B=VJB C=O.S
c 0=3.! E=1.9 F*=O.3
C --------------------------------------------------------------------------

SFUNCTION FN2(R.B.C.O.EF)

IF
IF*A L~E. C -1RN. B .LE. C)

Io0 TO 4

vr

IFR G F Nc. 6" -U4-

LRETURN

2.03
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-If , . L. 2.4,E
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-I-

Fig. = a

N R "

C REU.STOR fL'ECTORc ......- - - ;--- -- --- ---------F-; - ,; -.-------------------------------------
cc_.....__0 _-_$ _r,_'__ __-_! _•_L ____-_•_-_ __•___..............7
C A-30 8=5.3 C:VJP `-TA 04E

c OR 0, 9=310 I'M '..:6z12 FOR RAG., R=FINVT)

R=R

SF-42 =R
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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 1010 rads (Si)/second. The response photographs
presented are for device #1.

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

2. NEUTRON RADIATION

All neutron radiation 'ý,havior data was obtained from Reference 1. *

TABLE 2-1.

TEST CONDITIONS

SHOT# INPUTS
, .Device 1) COND. # A B NORMAL OUTPUT Y

5333 1 H H L

5318 2 L H H

5319 3 L L H

5320 4 H L H

5330 5 H.. L.. H H L..H.. L

5331 6 L..H.. L H H.. L..H

Olson, R. J., op. cit. page 16
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Pret.st - Device #1 Condition 1 - Device #1 - Shot ,5315

'I'

A. IN' 13. 2 Y A. IY I. 2Y
0. 1 V D)iv t. 1 V I)iv 0.1 V/ l)iv 0. 1 V, l)iv
0, 1 pscc, Div 0. 1 psec,' I)iv 0. 1 piseci/iv 0. 1 psec/ )iv

Condition 2 - Device #1 - Shot 05318 Condition 3 - D)evice i• - Short L5319

rr •

A. IY 1. 2Y A. IY 13. 2\
0. 1 \ Div 0. 1 V D)iv 0.1 V I)i 0. 1 V I)iv
0 I p'•ec I)i% 0. 1 psee I)i, I.1 psec I)iv •. I jliwc I)iv

*A I ) ! r" I ru c; B i,)\( ," " rl(-.
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Condition 4 - Device #1 - Shot #5320 Condition 5 - Device #1 - Shot #5322

A. 1Y B. 2Y A. 1Y B. 2Y
, 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div

0. 1 Msec/Div 0. 1 Osec/Div 0. 1usec/Div 0. 1 psec/Div

41

f

i"

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

FAIRCHILD 9704 FOUR-INPUT'NAND GATES

c C "90EL 9704ý H'iPUT,* ýNWND ýGATL SUBPROORR~1' W
0UTPUt.CTAJ '' l< _f0R

-- -- - - ------ -- -- -- -

"- IFUNCTIONTFN4MA;.C.D.F.A i

*R. LE.E .C'OR. 13.LE. .OR. Cý.LE.L OR.J .E.ýL

GO TO 4

AND.BG4 f-MNO(. C.CE.U N. -

RTUR

4
VN4=F

RETURN

!FN4 
H

RETURN

iC cRPcrtTOR SLLECTOR
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C A El B L2 C 200.L-12 0 =15OL-12 E=VCI f=SoL-12

IC----------------------------------------------------------

I tNTRY FCR' .B.CFGt. 4

f

F N4~F

R EURN

209MA BEHAVIOR ,LNERS]OR

• I ~~LNTRY f'GAl, ' A )

A2O



L ... NEUTRON BEHAVIOR-GENERRTOR I

I ENTRY FNVT(A.5'.C) I

I T

Cro To 50oo

GO 5O

EJR3

G TO11 00

END

B. TEST CONDITIONS AND RESULTS-

1. GAMMA RADIATION

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

2'. NEUTRON RADIATION

The performance chiracteristics of these devices should change -with-neutron
exposure in a manner quantitatively similar 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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APPENDIX IV

FAIRCHILD 977-4-D FLIP?-FLOP

A. FLOW CHATS

C .'MOSEL 3774 -0 TYPE FLIPFLOP SUBPROGRAM
C OU'TPUT STATE GENERATOR

C VSET=VCLT$*E AT kET INPUT
C VRESET=V&'.TfiSE AT RESET INPUT
C VCLcCK=VM7ASE AT CLOCK WPOUT
C VORIVE=VOL19GE AT 0-INPUT'
C XCLCCK=VMtTA;GE AT CLOCK INPUT DURING LAST COMPUTATION

C -------------- :----------------------------------------------- ----------
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,IF(VCLOCK .LE. XCLOCK)

.ZF jVI.OCK.C-E .0 .Sý.NO.VCLOCK .LE 'Z.0)

, IEI:XGE N

'00 TO 10
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,/ 

•

FEI3.0

r-G O 10

I XCtLocK=vct~c I

C CAPACITOR GENERATORC ------------------ --....... --- -- - - -- - - - - -- - - - - -- - - - - -

C VGEN=VOLTqGE ACROSS GENERATOR(GATE,
C VCRP-VOLTAGE ACROSS CAPRAITOR
C -------------------------------------------------------- ---------------

IENTRY FKC(,VGEN ,VCRP)

.,.VGNGE. VCAP)

I f'VEN I = 300i-1 I

FrE1=2W .O L-12 I,

[C NEUTRON BEHAVIOR GrNERATOR

ENTRY FNVTCA.U.C)

A 1.511 40.50-630

00~



-,' TOT

'GO TO 150 4

7~0

R 63
60__

F

[GO TO 70

7.

E IE022
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F(A ~ ~ ~ L. 2.

Y=-8 I

GO TO 1SO

W T ( 5

Y=-0.15

00 T -150'
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B. TEST CONDITIONS AND RESULTS

1. GAMMA RADIATION

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

dose rates of about 3 x 1010 rifds (Si)/second. Each device has two identical circuits
and inputs were set up'simultaneouily, parallel. The devices were-tested in 11
different~conditions, as detailed on Table 4-1. Data is presented for device #1i23.
The pretest and No. 1 conditions involved switching the data Input at 50 percent of
the clock rep rate; hence the output clocked also. Input conditions 2 and3 involved
clociing with other inputs fixed.

All other conditi6ot involved 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
shownon'all the condition 1-3 shots as a superposition (-) on the clock pulse. The
radiation pulse effect on the Q and Q output traces is quite obvious as to time and

effect. The dose rate as measured ahead of the sample 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*, per the advice of D. Myers of Fairchild Semiconductor.

TABLE 4-1.

TEST CONDITIONS

CLOCK DATA

PRESET ILEAR, (Switching except
SHOT# COND. # (Normally Hfigh) as noted) Q

Pretest \1 L
5262 11, 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 HM H H L
5271 10 H L H L
5272 11 L L H

*Cleinens, D. P., o . page 121
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Pretest Condition- 1.__-.. Shot #5262

A. 1Q B. 50 nsec/Div A. 1Q B. 1Q
0. 1 V/Div 2V - 50 nsec 0. 1 V/Div 0. 1 V/Div
50 nsec/Div C. Data 0. 1 psec/Div 0. 1 psec/DiV

2V - 50 nsee

Condition 2 -•Shot #f261 Condition 3,- Shot #5260

A. IQ B. 1Q A. 1Q B. 1Q
0./1" V/Div 0.1 V/Div 0.1 V/Div 0.1 V/Div
0. 1 psec/Div 0. 1 psec/Div o. 1 psec/Div 0. 1 psec/Div

*A = Upper Trace; B ý Lower Trace.
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Condition 4 -,Shot #5265 Condition 5 - Shot #5266

A. IQ B. 1Q A. IQ B. IQ
0.1 V/Div 0.1 V/Div 0. 1 V/Div 0. 1 V/Div
0. 1 psec/Dlv 0. 1 psec/Div 0. 1psec/Div 0. 1 psec/Div

Condition 6 - Shot #5267 Condition 7 - Shot #5268

A. IQ B. 1Q A. 1Q B. 11Q
0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div
0, 1 psec/Div 0. 1 psec/Div 0. 1 psec/Div 0. 1 psec/Div

Note: A -- Upper Trace; B:= Lower Trace.
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Condition, 8 - Shot #5269 Condition 9 - Shot 4t5270

ii
II

A. IQ -B. 1QA. 1Q13, 1Q0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div0. 1 psoc/D)iv 0. 1 psec/Div 0. 1 psee/Div 0. I psec/Div

,'ondition 10 - Shot #5271 -Condition .11. - Shot tf5272

A. IQ 13. IQ A. iQ B. IQI ,,0. 1 V/Div 0. 1 WV/-liv 0. I V Diiv
0. 1 psec/Di\, 0. 1 psec/Div 0.1 l1sec/ Di 0. 1 pecC/Div

Note: A piper Trace; 13 Lower' Trace.
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APPENDIX V

RSN54L72 FUJP-FLOP

A. FlOW CHARITS

C RSN54L72- JK FLIF FLOP SUBPROORRH
C "IASTER SECTION MEEL GENERATOR

IFUNCTION FOI(A.5.C,O.E.F.O,1I)

INPRRTI~l

* Fý(A.OE.X.RNO.B.GE.X)

I;T
NPR '-

NFR220



IF

Ef'NPRTRY FO2(.FIN.C.DR.EG.F )

NPART4=2

I~,NAR*.Q..FNPART2= I O.I

I= -

I 221O~



LLI

CNEUTONCAPACITOR GENERATOR

IENTRY',FNVT(A.6.)

IF(A -GE. 6;

rot 4S.Lp.

rGO TOJ1O

X=-B

IGO TO 100 _________________

Y=C
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B. TEST CONDITIONS AND RESULTS

1. GAMMA RADIATION

k These tests were conducted with RSN54L71 -flat packs with external connections to

cause it'to perform as an •SN54L72-JK flip-flop. A total of-four samples. were

Tbeg•nmral pllosophy for estab!,ishilrg device-test conditions was to try alltinput
combinatios, including c��led inputs, check for override action (clean, etc.)
maximlz6-tke clock rate and utilizi heavy low state loiding. For-clkcked states,
,6rn.y-:asedrles of shots was used to see if the response was dependent on the
4iadiation-clock timerelationship.

The~flash X-ray dose rates wei* 1. 31X 1010 rads (Si)/second over'a20,nanosecond
radlat:Zi ase. lhe tests were conducted per 10 different conditions as detailed
in Table 5-4. *Data is presented for device no. 153.

NEUTRON RADIATION

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

TABLE 5-1.

TEST CONDITIONS

CLOCK PRE CLEAR
SHOT# COND. # J K N (Norm. Low) (Norm. High)

4925 1 L L H

4926 2 L H L/H

4927 3 H L L/H

4928 4 H H H

4929 5 H H L

4930 6 L L L

4924 9A H H H H

A9M3 9B H H L H

ý041 10 H H H L

'402 11 H H L L

*Olson, R. J., op. cit. page 16
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Condition 1 - Shot #4925 Condition 2 - Shot #4926

A. Q B. Q A.Q, B.Q
,0. 1 psec/Div 0, 1 psec/Div 0. 1 psec/Div 0. 1 psec/Div

Condition 3 - Shot #4927 Condition 4 - Shot #4928

A. Q B.Q A. Q B. Q
0. 1 psec/Div 0. 1 psec/Div 0. 1 psec/Div 0. 1 psec/Div

*A Upper Trace; B = Lower, Trace.

224



Condition 5 - Shot #4929 Condition 6 - Shot #4930

A.Q B. A.Q B.
0. 1 psec/Div 0. 1 isec/Div 0. 1 tsec/Div 0. 1 psec/Div

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

4 I

A. Q B.Q A.Q 13.Q
0. 1 Psec/Div 10 p.sec/Div 0. 1 psec/Div 10 psec/Div

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

I

A.Q B.Q A.Q B.Q
0. 1 psec/Div 0. 1used/Div 0. 1l/sec/Div 0. 1 psec/Div

Note: A = Upper Trace; B = Lower Trace.
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-APPENDIX VI'

FAIRCHI LD9780 SHIFT REGISTER

A. FLOW CHARTS

jC 9780 - 4 BIT SHIFT REGISTER SUBPROGRAMI
C SR TO TRIG ON POS SLOPE OF CLOCK
C SR TO RESET FOR HIOH AT RS INPUT
C 0' SLAVE SECTION LEVEL GENERATOR

I FUNCt'ION "FJK(R,6.C)

'C TO TRIG ON POS. SLOPE OF CUOCK 10-8-71 NARlK ORT'O RECUT FOR HIGH AT'RS IN~PUT 10-8-71 WAMl

T
NII1

F

I¢ 05 SECTION LEVEL GENERLt=or

IENTRY FJKl(A.B.C.OYO'~=

F .5.RNO.B2LE.1 .5.NO.C.GE.1 .51
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NI=

N=I'

GO0 TOI

rC J MlASTER SCCTIONALEVEL GENE=RAT=OR

ENTRY FJK2(A.6COE
NI = V.

TC

F(C.GE.1 .S.A ~N 1.G~ -.2~ N..EO~
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K MARSTER SECTION LEVEL GENERATOR

ENTRY FJK3,(fl,.6.C.O)

NI:F

T

N?~

FJK=O.1

11(N1.EQ.1 .ANO.NZ.CO-l,)

ETUR

C - CRPAC.1TOR REI.ECTOR-ý
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Jill

IFNR NTA.LT .C)

F

GO0 TO 1000

Y:C

IRETURN

;FEND-
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B. TEST CON4DITIONS AND -RESULTS,

- 1 1. GAMMA RADIATDNR

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

at doee ratesosfiaout I.,9x 110 rads (Si)/secdnd inan -,active hIA ,fanout circut.
Transient rkeoss amw~ recorded (f~romievery Q- output)Jbi'~variouis conditions

sample -# -arf reporte heewih test conditions. shownr in Table 6-i.

AU test oondi#icas~how tranJeftw resone due to rad'liatdi~onmpiared'w'ith pretest'
performance, z& seemiiim the firt pbotograph. ~

2. NEUTIQNROAAIATION

All, neutron radiation behavior was obtained from Refereifce #V.*

TABLE 6-1.

TEST CONDITIONS

SHOT# COND. # J K C D CPp

Pretest IH H L Clocking
5591 1 HH L Clocki'ng
5595 2 L L Clocking

5~6, 3 H H H .Clocking
'5597 4 L H L IClockfig

j59j5* H L IL Clocking

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

A. QB, Q1 A, Q B. QI
0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div
0.,2 pse'o/Div 0. 2 psec/Div 0. 2 psec/Div 0. 2 psec/Div

Condition 2 - Dose ,l32r-Shot #5595 Condition 3 - Dose 432r-Shot #5596

I-)

A. Q0 3. Q1 A. Q0 B. QI
0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div
0. 1 psec/Div 0. 1 psec/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 Condition 5 - Dose 432r-Shiot #5599

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

0.1 V/Dlv 0. 1V/Div 0.1 V/Div 0.1 V/Div
0.,4 psec/Div 0. 1 psec/Div 0. 1 usec/Div 0. 1 usec/Div

Note: A Upper Trace; B = Lower Trace.
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APPE'NDIX VII

RSN54ýL122-

A. FLOW.CHARTS

'C" '-MODEL RSN54LI22 HONOSTRBLE;MULTTY!DRRTOR SUBPROORRII
C OUTPUT STATE GENERATOR,.

~ :FUNCTION FS3SVF7.RS3V F
0G - 1-

T

FSS=3I

234 111 5



BPI

F

235E-E-X ui-



1 4
.( .
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R4

M--3 .0

~GT 0 G

A6i
ogFT

8202
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IGOI

FF-SS=-1OO.-12mVCRP/3 43 E1

I ETR FS 5C-2VCRP(A-S=.C)2

TH-A-.5)14.59.150

140
Y=C

1500

[SO TO 1500

70 
'

GO0 TO 1500
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.0 To 700,

-4F

'1-F
IF( .LT -3
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IGO TO !500-

liý
9

,1000OIO

GOT 500
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B. TEST 0JNL7.__IONS AND RESULTS

1. GAMMA RADIATION

Seven (7) of the RSN54L122 monostable multi-vibrators were tested at dose rates of

about 2.2 x- 10 10 rads (Si)/second in an active high fanout circuit. Transient output
resn'sdes (Q, Q) were recorded for various conditions; the responses were quite
similar for each condition among the deiices tested. The data presented here' is
for Siple #36 for the test conditions shown on Table 7-1.

Typically,, th' output was-a single pulse for'test-conditions 1, 2, and 3. On test
con•ditios 4 and 5, the recovery was in the low microsecond range and device- output
Wassubn6rmal for a few microseconds (5-20 ttClockPulsestt). The time to recovery
is6shown, -but generally for Q, not Q.

•NOTE: The RSN device has an 800 as ,pulse. width (min) compared to that of the SN
device of 90 ns; in these tests the 800 ns was reduced by using a:2KM
resistor in the timing circuit, rather than the-worst case value of 5K12;
this wiring change turns 2 diodes on without hurting the circuit (radiation
would also turn them on). The 2k S was used to obtain a higher repetit Ion,
rate and also to determine the clocked recovery time more accurately.

2. NEUTRON RADIATIOIý:

All neutron radiation behavior data was obtained from Ret 'rence #1*.

TABLE 7-1.

TEST CONDITIONS

'SHOT# COND. # A1  B1 - A2  B2

Pretest 5
5506 1 H H H
5507 2 H. H L
5508 3 L H H
5505 4 L H Clockin

-5502 5 Clocking H H

*

Olson, R. J., op. cit. page 16
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Pretest -, Condition 5 Condition 1 - Dbse 504r-Shot#5506

I,

A. Q B. Al Q B. Q
0.1 V/Div 2.0 V/Div A0.1 V/Div 0. 1 V/Div
0. 1 psec/Div 0.1 psec/Dfv 0. 1 jsec/Div 0. 1 /psec/Div )

Conditiýn 2 - Dose 504r-Shotit5507 Condition 8 - Dose 504r-Shot#15508

A. Q B.Q A. Q 13.Q
0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 0. 1 V/Div
0. 1 jsee/Div 0. 1. psec/Div 0. 1 JscC/Div 0. 1 IIscc/Div

*A Upper Trace; 13 Lower Trace.
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Condition 4 - Dose 504r-Shot#5505 Condition 5 Dose 504r-Shot#5502,

t .4

A.Q A..- Q.

0'. V/Div 0. 1 V/Div "0, 1" V/Div 0.1 V/Div
0. 1 psec/Div 0. i sec/Div 0. 1 psec/Div 0. 1 usec/DivI

Note: A = Upper Trace; B = Lower Trace.
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APPENDIXK Vif
AR854L57 Q

A-.~

FUNCrION 5(1R;38.28.1C.3DO)

U. -2

ND244
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R2

F57=0 .3

L1 
=

,LETURN-

j 2 0

LC NEUTRON BEHAVIOR GENEFRAIOR

IENRYFN~A8O
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.I ,) .5GOýý

40
Y=C

LGO TO 1:50

I &O TO 150 *

70
Y=0.05

GO TO150
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R5
L A. T f. C

4A

ýF

[or)TOi O0
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C|

IGO TO 152

90

GO TO 150

EN-

B. TEST CONDITION0S AND RESULTS

1. GAMMA RADIATION

Five (5) of the RSN54L57 And-Or-Invert gate devices were 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. *

•*O1son, R. J.., op i. page 16
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TABLE 8-1.

TEST CONDITIONS

1 2,3,5 6,7,8 9,10 13;14
SHOT# COND. # 1A 2 3 4 1B

Pretest 3
575 1 H H "H H H

5576 2 L L L L L
5572 3 Clock L L L H
5574 4 Clock H H H H
5577 5 'H L L L H

Pretest - Condition 3 Condition t -,Dose 339k-Shotlt5575

A. Out B. Al A. Out 13. Out
0. 1 V/Div 2.0 V/Div 0. 1 V/Div 0. 1 V/Div
0. 2 psec/Div 0. 2 psec/Div 0. 1 pscc/Ifix: 0. 1 /Asec/Div

*A - Upper Trace; B - Lower Trace.
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Condition 2 - Dose 339r-Shot#5576 Condition 3 - Dose 339r-Shot#5572

A. Out B. Out A. Out B. Al
0. 1 V/Div 0. 1 V/Div 0. 1 V/Div 2. 0 V/Div
0.1 jsec/Div 0. 2psec/Div 0. 2 psec/Div 0.-2 psec/Div-

Condition 4 - Dose 339r,-Shot#5574 Condition 5 - Dose 339r-Shot#5577

A. Out B. Al A. Out 13. Out
0. 1 V/Div 2. 0 V/Div 0. 1 V/Div 0. 1 V/Div
0. 2 psec/Div 0. 2 psec/Div 0. 1 pscc/Div 0. 2 pscc/Div

Note: A - Upper Trace; B - Lower Trace.
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APPENDIX IX

EM-2700

A. FLOW, CHARTS,

(to BE SUPPLIED)

ITFOSC 0bt'tLATION GENEIRTr in

+

I0G'bITN(30.L8(~1 T03)

20,

251O=



7XVdJN~vJ
XTIME=TIME

CGQM GQI1MA FUNCTION SIMULATOR

FUCIN FGqtl(GAM .TrIqL XHULTY

I V (TIfE-XT .1t 1 1.

0

NBUIIST: 1
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B. TEST CONDITIONSAND RESULTS

1. GAMMA RADIATION

Flash X-ray response data has been obtained for the irradiation of 8 samplets of the
HA2700-2 general operational ampllffer'-in active circuits. Both gain of 1 and gain

of 10 circuits were exposed at 1.2 (±0. 1) x 10 0 rads (Si)/second to a pulse of 20
nanoseconds duration. The time to complete recovery ranged from 5-14 psec for
a gain of 1, and up to 2 psec for a gain of 10 under the DC input conditions studied.
During the time of dynamic effect, the responses exhibited widely varying oscillations
to both posntive~and~negative saturation.

A series of photographs, which follow, shodw the test results. The test conditions
are identififizi Table 9-1.

TABLE 9-1.

TEST CONDITIONS

Sk1OT# 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 4 .495 10 5.0

5407 5 0 10 0

5405 6 -. 495 10 -5.0

5403 7 1.32 10, 13.0

5494 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 ,A744 were assumed for this device. The,
results of the computer analyses for the assumed neutron fluence levels are shown
in Section IX.
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Condition 1 - Shot #5410 Condition 2 - Shot #5408

4 mm

A. E #F-14 B. E #F-13 A. 0 o#F-14 B. E #F-13
0 ý0 0 00. 2 V/Div 0. 2 V/Div 0. 2 V/Div 0. 2 V/Div

1 psec/Div 1 psec/Div 2 psec/Div 2 psec/Div

Condition 3,,- Shot #5411 Condition 4 - Shot #5406

A. E 0#F.,14 B. E #F-13 A. E #F-14 B. E kF-13

"0. 2 V/Div 0. 2 V/Div 0. 1 V/Div 0. 1 V/1)iv
2 Psec/Div 2 psec/l)iv 0. 5 psec/I)iv 0. 5 psec/1)iv

*A - Upper Trace; B Lower Trace.
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Condition 5 - Shot; #54071 Condition 6 - Shot #5405

A. E #F-14 B. E #F-13 A. E #F-14 B. E #F-13
0 0 0 0

0.2 V/Div 0.2 V/Div ý0. 2 V/Div 0.2 V/DIv
0. 5 gsec/Div 0. 5 psec/Div 0. 5 psec/Div 0. 5 psec/Div

Condition 7 - Shot #5403 Condition 8 ---Shot #5404

A. E #F-14 B. E #F-13 A. E 0 #F-'14 B. E #F-13

0. 2 V/Div 0. 2 V/Div 0. 2 V/Div 0. 2 V/Div
0.5 psec/Div 0. 5 psec/Div 0. 5 psec/Div : 0. 5 psec/Div

Note: A Upper Trace; B - Lower Trace.
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APPENDIX X

FAIRCHILD pAMPA744

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 Fairclild
jAA744 Operational Amplifier. Variation in recovery times forw'h'e devices was
,very substantial, ranging from 20 to 110 pse-onds in the gain-of-0 configuration.

SGenerally, the response was negative-saturation followed by a standard slew rate
recovery. The responses-presented~here~are-for samplef#l.

The average doee rate over a 20 ns radiation pulse was measured at 1.9 x 1010 zids
(Si)/second for the tests. The test conditions for which e'.posures were made are
shown on Table 10-1.

TABLE 10-1.

TEST CONDITIO'zS

in VOLTAGE Eout

•SHOT# COND. # (V) GAU!3 (V) (V)

5460 1 +4.8 1 +5.0

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 6 -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 pA744 were submitted-to Northrup for reactor
irradiation at four levels between 2 x 1012 and 10 14 nvt, using 2 samples per run
per level. Pre and,post testmeasurements were made on 9 parameters. The only
parameters showing significant V'ariations with iadiation were the open loop
voltage gain, and the lnfiut bias current; these effects aie shown in Table 10-2.

TABL2' 10-2.

-NEUTRON FLUENCE DEGRADAtIONOF GAIN AND INPUT BIAS CURRENT

FLUENCE (nvt) GAIN INPUT BIAS CURRENT

0 50K 90 na

2 x,1012  50K 120 na
1 x 1013 45K 200,na

3 x 101 3  33K 300 na

lkx 1014 18K 700 na

Condition 1 - Shot #5460 Condition 2 - Shot #5454

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

0. 2 V/Div 0. 2 V/Div 0. 2 V/Div 0. 2 V/Div
10 psec/Div 10 psec/Div 5 psec/Div 5 psec/Div

*A Upper Trace; B = Lower Trace.
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Condition 3 - Shot #5453 Condition 4 - Shot,#5440

.4/

A. Eo#1 B. Eo#2 A,. Eo#1 B. Eo#2
0 0 0 0""9 2 V/DIv 0.'2 -V/Diw 0.-2 V/Div -0.2 V/Div

5 psec/Div 5 ,sbc/Div 5 psec/Div 5 psec/Div

"Conditioif 5 -'Shot #5437 Condition 6 - Shot /15439

A. Eo#1 B. E 0 2 A. E oll 13. Eo#2

0. 2 V/Div 0.2 V/Div 0. 2 V/Div 0. 2 V/Div
5 psec/Div 5 psec/Div 5 psec/Div 5 pscc/Div

Note: A Upper Trace; B Lower Trace.
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Condition-' - Shot #5432 Condition 8,- Shot #5434

I -

A. Eo#1 B. Eo#2 A. Eo#l B. E"o#20 0 00
0.2 V/DIv 0. 2 V/Div 0.2 V/DiV 0.2 V/Div
10/psec/JDk 10.,ps"c/Div 1 •se'/D'iv 1 psec/Div

' :Note A -- Upper Tracc,; B Lower Trace.
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