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ABSTRACT

This document provides steady-state, total-dose radiation test data, in

graphic format, for use by electronic designers and other personnel using

semiconductor devices in a radiation environment. The data were generated by
JPL for varioug NASA space programs. The document is in two volumes. Volume 1
provides data on diodes, bipolar transistors, field effect transistors, and

miscellaneous semiconductor types. Volume II provides data on integrated
circuits,
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INDEX OF DEVICE TYPES

VOLUME 1
Pevice Type Device Number Vendor® Page Device Number Vendor® Page
S Diodes 1N829 MOT 6-3 1N4BLS TRW 6-8
;r__‘ 1N3645 SET 6-4 FD643-2 FAS  6-10
Bipolar 2N918 FAS 6-13 2N3467 MOT 6~74
Transistors 2N918 MOT 6-13 2N3499 MOT 6-75
: 202060 TIX 6~-14 2N3501 MOT 6-76
| 2N2222 FAS 6-16 2N3506 GEC 6~-77
| : 2N2222 TIX 6-16 2N3637 MOT 6-78
[ 2N2369 FAS 6-27 2N3700 TIX 6-79
| 2N2369 MOT 6-27 2N3799 TIX 6-84
’ 2N2432 TIX 6-28 2N3805 TIX 6-88
| 2N2484 FAS 6-32 2N4150 sSOD 6-91
2N2605 FAS 6-33 2N5663 SOD 6-93
2N2658 SOD 6-34 14BB101 SOD 6-94
2N2880 SOD 6-37 79BB128 SOD €-95
y 2N2905 RAY 6-39 965V131 SOD 6-96
| 2N2905 TIX 6-42 96SV139 SOD 6-98
! 2N2907 FAS 644 AT17 AVA  6-99
2N2907 TIX 6~44 AT371 AVA 6-99
2N2920 T1X 6-51 MQ2219 MOT 6-100
2N2946 TIX 6-57 MQ2905 MOT 6-101
2N2975 TIX 6~59 SDT3303 SOD 6-104
2N3251 MOT 6-63 SDT3304 SOD 6-105
2N3350 TIX 6-65 SDT3323 SoD 6-108
y 2N3375 RCA 6-71 SDT5553 SOD 6-109
‘ 2N3391 TIX 6-73
s ‘ Field Effect 2N3331 SIL 6~-112 2N5196 SIL 6-127
i Transistors 2N4338 SIL 6-116 2N5556 INL 6-142
2N4341 SIL 6-120 2N6483 INL 6-144
2N4856 SIL 6-122 U401 SIL 6-151
2N4867 SIL 6-124
Silicon~- 2N3032 CTR 6=156 CDl11 GEC 6-164
Controlled 2N6138 UTR 6-160
' Rectifiers
% Optical 6N134 HPA 6~168 MRD37/0P133 MOT/OP1 6-172
' Devices HCPL~2602 HPA 6-170 MRD300 MOT/CPI 6-173

#see Appendix A for Vendor Identification Code.
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SECTION I

INTRODUCTION

The data presented in Volumes I and II of this report describe the results
of Total Ionizing Dose (TID) tests of semiconductor devices (Volume 1) and
integrated circuits (Volume II). The data were obtained by the Jet Propul-
sion Laboratory (JPL), under contract to NASA, in order to assure the "hard-
ness"” (radiation resistance) of components to be used in the Jjupiter radiation
environment. However, the data is applicable to any ionizing radiation
environment. Two primary radiation sources were used: a Cobalt-60 gamma ray
source and a Dypamitron capable of delivering 2.5 MeV electrons at a steady
rate, The Cobalt-530 source was used when it was determined that bulk
radiation damage was negligible (NPN transistors, FETs) or when the electron
source was incapable of niaetrating the package (power transistors).l The
Dynamitron was used for PNP transistors and ICs. Irradiations of complex ICs
were subcontracted to the Boeing Radiation Effects Lab (BREL), Seattle,
Washington, where the necessary computerized test equipment was available.

The work at BREL was subject to specifications and procedures under the
direction of JPL.

In Volume I, the data are presented in a graphic format for various
operating conditions as a function of dose, Some measure of the statistical
variations of each device lot is provided by the tabulated standard deviations
and statement of sample size. Irradiations of two or more different lots of a

given device type are treated as entirely separate tests.

In Volume IX, the information on some of the integrated circuits is
presented in tabular format. For more complex LSI devices, the data are given
in a narrative form, which gives proper emphasis %o the radiation-induced

changes in the measured parameters.

1A prograim has recently been initiated at JPL to compare the response of
power transistors with Cobalt-60 and electron irradiation where the

transistors have been packaged in a TO-5 can. A report will be published in
late 1981.
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All data taken here substantially meet the specifications of MIL-STD-883B,

method 1019.1 {August 1977) for environments where chort-

ters annealing is not
a relevant problem.

Electrical parameter Measurements were usually taken
within 20 minutes of the completion of an irradiation,
ation levels, at room temperature,
irradiation for JpL'

for three or more radi-
with a sustained worst-case bias during
s systems applications.

1-2




yyr T

SECTION IT
DOCUMENT USES AND LIMITATIONS
The purpose of this report is to provide a large amount of test data for

semiconductor devices exposed to a steady-state TID irradiation. As such, it

offers a useful comparison of the radiation response of different devices that

might be considered in the development (circuit design) of a radiation-hardened

system. It also offers a quick method for assisting an engineer to determine

the weak links in an existing system and the maximum radiation tolerance of the

system as a whole.

The data presented here cannot, in any way, be used as a substitute for a
comprehensive testing program of the devices actually used in a given system.
It will be clear, on inspecting the data herein, that there are large lot-to-
lot or wafer-to-wafer variations in the response of sampies of a given device
type. The difference in response from functionally identical devices fabri-
cated by different manufacturers is, of course, much greater. There was no
attempt to remove maverick (outlier) devices from the data plots. Thus, some
of the data plots may appear anomalous when compared to other plots for that
same device type. Finally, there is always the likelihood that a given
manufacturer will make a mipor adjustment in his processing procedures that

will result in a major difference in the device's response to radiation.
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All/bge) = 1/h
radiation level, and hFE
is the assumption that be approximated by the
well-known formula:

device and on the collector current, I

SECTION II1

GENERIC DEVICE TYPE INFORMATION

Some generalized comments appropriate to each generic device type are

f#o A description of the vendor
identification codes is provided in Appendix A,

parameters measured for each gener
the graphs, a datailed descripti
Appendix B,

pProvided in the following subsection

The wean of the electrical
ic device type is given on the ordinate of

on of these parameters s provided ipn

A. DIODES

Radiation tests of dioda- been very limited for space programs

rdne

of 3000 Gy(si) [) Gray (Gy) = 100 rads],
high-precision applications or for higher

large (orders of magnitude) increases in t

because of the inherent radidvion ha 88 at the total worst-case dose levels

Testing may
total

be required for special
~dose environments where very

he leakage current can be expected,

B.  BIPOLAR TRANSISTORS

For convenience, the degradation in transistor gain (hFE) is plotted as
FEIb is the value at the speci fied
o 18 the initial value,

the radiation behavior can

FE$ - lthEo’ where h

Implicit in this approach

¢
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c. FIELD EFFECT TRANSISTORS (FETs)
FETs are not affected by bulk damage since they are majority carrier
devices. Hence, most measurements were taken following Cobalt-60 irradiation.

The key parameters plotted as a function of dose include I,.oy Ipcoy Vago
transconductance, noise voltage, and I, (off). (See Appendix B,)

D. SILICON-CONTHOLLED RECTIFIERS (SCRs)

Because of the limited use, the SCR type of device was tested to limited

special requirements.
E. OPTICAL DEVICES

The optical devices consist of light-emitting diodes, phototransistors,

and optical isolators.

s _Mm.nm



SECTION IV

RADIATION SOURCES AND DOSIMETRY

A.  DYNAMITRON

The Dynamitron accelerators at JPL and BREL provide a 2.5-MeV beam with a
range of beam currents of 108 to 1010 electrons/cmz/sec. All tests described

here were irradiated at each level at exposure times between 5 and 45 minutes.

The parts test geometry for the two Dypamitrons is essentially the same.
The electron beam is brought out of the beam tube into air through a 0,05~mm
titanium window, copper and aluminum scattering foils, and 0.9 m of air. Each
of these materials scatters the electrons slightly so that the beam has a
reasonable uniformity of less than 20 percent over the array of parts being
tested, The array is confined within a 25-cm diameter circle perpendicular to
the direction of the beam. At the center of the circle is the aperture of a
vacuum Faraday cup, which is used to control the flux and fluence of the elec-
tron beam. The beam is centered on the Faraday cup with a quadrupole magnet
prior to the installation of the test samples. The output from the Faraday
cup 18 a current that is fed into a current integrator, which is calibrated
daily with a calibrated current source. The integrator is set to shut off the
electron beam automatically when the desired fluence level is received by the

Faraday . cup.

B. COBALT-60 SOURCES

The Cobalt-60 gamma ray sources at JPL aud BREL were both useu. The
gamma rays consisted primarily of 1,17 and 1.33 MeV photons witl a consistent
spectrum of lower energy photons and secondary electrons. arising from scatter-
ing and absorption. The gamma field was uniform within #10 percent in the

area where parts were exposed, Thermoluminescent dosimetry (TLD), consisting

e R Mama.
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of lithium fluoride/Teflon microrods, was used for uniformity checks. Cali-

bration of the main souice was performed with Landsverk ion chambers of 12 per-

cent accuracy, traceable to the National Bureau of Standards. Monthly dose

rate computations were performed to account for the decey of the Cobalt source,

Exposure times with the Cobalt-60 sources were typically 5 to 20 minuces for

each radiation level, Longer times (up to 4 hours) were required for high~-dose

applications since the maximum uniform dose rate available was 150 Gy/min.
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SECTION V

TEST SETUP AND PROCEDURES

A.  GENERAL REMARKS

The test setup and procedures used here were developed in accord with the
speciiications of MIL-STD-883B (August 1977), method 1019.1. All tests were
done at 25°C t3°C, using low noise power sources and instrumentation subject
to periodic calibration, Some tests were performed in situ (without removing
the test devices from the radiation area), whereas others required remote
testing. In the latter event, a mobile bias fixture was used to maintain bias

except during the brief measurement period.

A detailed test plan was written for each test, which included part
deseription, irradiation bias conditions, radiation levels, electrical
parameters to be measured, and measurement conditions. The data were
processed by hand and by computer, and the calculation of normal standard
deviations was made after deletion of clearly erroneous data. Such individual
data can be vetrieved if required by specifying the log number given witii each
plot to the Radiation Effects Group (Section 514) at JPL.

B. TESTING WITH A MATRIX BOARD

A matrix board switching system was built to be used as a master control
panel. It was located outside of the irradiation area for all in_situ tests.
The board interfaces the devices under test (DUT) to the power supplies and
measurement equipment via a special 15-meter (50-foot), double-shielded cable
(see Figure 1). A built-in potentiometer for each DUT can be used to control
bias voltages and currents, The matrix board was designed with very high
insulation resistance so that very low current measurements (10-50 pA) can be

made.

5=1
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Figure 1, Diagram of the Test Setup for in situ
Testing With the Dynamitron

C. TESTING WITHOUT A MATRIX BOARD

For the remote (non in situ) tests, the DUTs are removed from the site
for approximately 20 minutes between each vadiation level. A wobile bias
(battery) is applied to the devices at all times except during parameter
measurements. Remote measurements include tests at a Lorlin impact 100 pulsed
tester for some of the transistors and readings from a Tektronix 178/577 curve
tracer for testing some operational amplifiers. Occasionally, custom test

circuits are used in the test to simulate the device application.

D. TESTING AT BREL

A number of ICs were tested for JPL by BREL personnel. Complex LSI
devices-~such as A/D converters, memories, and microprocessors--were
irradiated with the BREL Dynamitron or Cobalt-60 sources and tested on a
Tektronix 3260 computerized IC tester. Most of these tests were non in situ,

The test programs were written by BREL to JPL's specifications.

e
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SECTION VI

DATA PRESENTATION

A. GRAPH NOMENCLAT URE

The data are presented in this section and in Volume II. A sample graph,
explaining the nomenclature, is shown in Figure 2. Each of the electrical
parameter data plots is represented by a single line per graph except for bi-
polar transistor data, which use multiple lines to represent different collec-
tor currents. A table at the bottom of each graph lists the test conditions
when applicable and the normal standard deviations of each data point at each

dose level,

The dose units are in Grays (Gy) where 1 Gray equals 100 rads. For
purposes of comparison, 1013 3-MeV electrons/cm2 = 250,000 rads(Si) =
2500 Gy(Si).

Date codes usually indicate when the device was packaged. For example,
7920 indicates the device was packaged in the twentieth week of 1979. 1f no
date code is available, the space may be used for other identifying numbers

such as wafer number or lot number.

2 . . . . : . i
The log-normal distribution actually provides a better fit to most radiation
data than the nommal distribution. Hence, caution should be exercised in
estimating worst-case conditions bagsed on the limited statistical data

presented here.

6-1




3
I
y

e - E 7 A I————— ~

NUMBER OF DEVICES TESTED -
MANUFACTURER' § \

i)t VICE TYPE \PNOOOT PRR @ O DOWER TRANSTGIOR
IDENTIFICATION CODE ~p tix A otyibn TRt pATE O P

(SEE APPENDIX A) b PATE LO0E S ICE 1Y DATE CODE OR OTHER

Rt ¢ 2B (0 OO98
seLrestumeer” LT 111 LT CLTITIE IDENTIF YING NUMBER
R0 SRR O G TN 0O N N A S N SR A A S
§1 = 8 B E s N, RPN W S
g == 3
Jé*" 1 17
:, ;3: - b m:-
& ;
MEAN PARAMETER—e-&2 10! 3~ SRR G T P
VALUE L T e e
& s i T
¥ i E A R O O
S
\.:.qw - 8 SR SO T SR
3.;.1# - SV SR S "
133 - g
102 Feverdrenk yeir - SO S
107142 3 450 8109152 3 4846 810°
DOSE AND SOURCE=»-D0GE, GyiSit 2.9 May electmns
\15 ioan i?v ?vvwﬁ'n‘gﬁf‘ Vel ¢ 50vi vs DOSE
1mu o Noan' v qum?g nglnrlmi ]
CORVE  § DOSE. ki1aGytS1)
‘L 75150 300 600 ]
LB T oear o0dd 0066 0931 T |eSTANDARD DEVIATION
mmm MERN VALOE ueomm : a.'z:sxm’ VALUES FOR EACH
MEASUREMENT POINT
Figure 2. Description of Graph Format
B. DIODES

Radiationn tests of diodes have been very limited for space programs
because of the inherent radiation hardness at the total worst-case dose levels
[3 kGy(Si)] . Testing may be required for special high-precisiss appli-
cations or for higher total-dose environments where very large (orders of

magnitude) increases in the leakage current can be expected.




DEVICE TYPE: INB29 DIODE
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DEVICE TYPE: IN3645 DIOCE
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C. BIPOLAR TRANSISTORS

The degradation in transistor gain (h") is plotted as A(l/hn) -

l/h'l° - l/hno, where hn‘ is the value at the specified radiation level,

and h!to is the initial value. This subject was discussed in Section III,

paragraph B,

A method of determining the final hpgs» when initial hpg and the post-
irradiation A(1/hg,) are known, is shown in the following example for a
2N2222 device type at V., of 20 V at 3 kGy(Si):

1. Scale the value of A(l/hn) from the applicable graph for a
2N2222 transistor at the stated conditions. In this example,
A(l/h") iz determined tc be 0.008.

2. Determine the minimum specified pre-irradiation heg for this
device type. In this example, the initial specified minimum h'!

is 100. Then proceed as follows:

1
A(l/h";) + h

hrl(final) - i

o(initial)

FE

: 1
h'!(hnll) » = 55.6

0.008 + +00

Table 6-1 may also be used to determine the final hn. Locate the post-
irradiation A(l/hn) value in the left-hand column, Locate the initial

hFE on the top row. Where the column and row intersect is the final heg+

The data on leakage and saturation currents are plotted directly as a
function of dose.
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DEVICE TYPE: D2N2222 NPN LOW PCWER TRANSISTOR DEVICE TYPE: 2N2222 NON LOW POWER TRANSISTOR
MG: Tl 6 DEVICES TEST DATE 1-19-79 wo: Tix prp st bt e
REF: JPL LOG 0285 DRTE CODE SLICE 12 REF: JPL LOG 0323 DATE CODE weF S
107 ; 10°
: f U
e . l
- -
o . -
t 3 -2
o S 3 . L 3
3 2
a b :
2.1 / -
) = :
8 ‘ (&) ‘0-' % { i
o - p
R 3 g
Li' e .
4 33
4 F
i g V’ 2:
' |5
: q
107 1 . - 107 Servbembreveie ~ porw -
vrrrberrrir " N S S S— - v - **':'* : Seelroeitt
10132 3 a3e6 010°132 3 ase 010* 107132 3 a3e 010

DOSE, Gy(Si) 2.5 MeV electrons

DOSE, Gy(Si) 2.5 MeV electrons
(1) 1CBO IN NANOAMPS (VCB=15v) vS DOSE

(1Y ICBO IN NANOAMPS (VCE = 15V): VS DOSE

TRBLE OF NORMAL STANDARD DEVIATIONS
TABLE OF NORMAL STANDARD DEVIATIONS
CURVE DOSE, kiloGy(SI)
CURVE DOSE. kiloGy(Si) .75 _1.30 3.00 6.00
.75 _1.50 3.0C_6.00 - .0019 .0029 .0062 .0141
- .0240 .0212 .0403 .0354 !
1 INITIAL MEAN VALUE ICBO(NR) = 4.32x1077

INITIAL MEAN VALUE ICBO(NA) = 1.12X10
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DEVICE TYPE: 2N2432 NPN LOW POWER TRANSISTOR
MG: TIX 8 DEVICES TEST DATE 3-18-81
REF: JPL LOG 0724-1 DATE CODE 102

A1/ hee)

Meon

vl

87-9

107

10132 3 ¢3¢ 0101352 3 a3e 010°
DOSE, Gy(Si) Co® Gommos

a(1/heg) VS DOSE

TABLE OF NORMAL STANDARD DEVIATIONS
CURVE le Ver DOSE., kiloGy(Si)
(mR) (v) .75 1.50 3.00
&) .1000 10.0 | .0004 .0334 .0693
B 1.000 10.0| .0003 .0070 .0123
c 10.00 10.0; .0002 .0013 .0018

DEVIC. TYPE: 2N2432 NPN LOW POMER TRANSISTOR

wG: Tix 8 DEVICES TEST DRTE 3-18-81
REF : JPL LOG 0724-2 DATE CODE 102

b —
10132 3 ¢3¢ 010°132 3 4356 010°

DOSE, Gy(Si) Co* Gommos
A(1/hgg) VS DOSE

TABLE OF NORMAL STANDARD DEVIATIONS
O I, % DOSE. «iloGy(Si) |
(aR)  (y) 79 1.30 3.00
A .1000 10.0 | .0143 0832 .1453
B 1.000 10.0| .0040 .0149 .022€
C 10.00 10.0 | .0010 .NO23 .0033

— 44____‘—_-——-————-—‘
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DEVICE TYPE: 2N2658 NPN POMER TRANSISTOR
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DOSE, Gy(SI) 2.9 MeV electrons
a(1/hgg) VS DOSE
TARBLE OF NORMAL STANDARD DEVIATIONS
CRYE I Vg DOSE, &iloGy(SI)
(af)  (¥) 5. - R ¥ "
A 20.00 .20C; .0002 .0014 . g
8 20.00 .2GC | .0003 .000% .0020 .0028
C 200.0 .200 | .000% .0009 .0010 .0012
D 3500.0 .300 ] .0003 .000¢6 .0008 .000¢

DEVICE TYPE: 2N2658 NPN POMER TRANSISTOR

WG: SO0
" REF: JPL LOG 0330
107

6 DEVICES

TEST DATE 4-18-79
DATE CODE NONE
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DOSE., Gy(Si) 2.5 MaV electrons
a(1/hg) VS DOSE

TRBLE OF NORML STANDARD DEVIATIONS
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DOSE, Gy(Si) 2.5 MeV electrons DOSE. Gy(Si) 2.5 MeV electrons
A(1/heg) VS DOSE a(1/hee) VS DOSE
TRBLE OF NORMAL STHNDROD DEVIARTIONS TABLE OF NORMAL STANDARD DEVIATIONS
CURVE ¢ Ve DOSE. kiloGy(Si) CRVE 1. Vg POSE., &iloGytSi)
(mR) (v) .30 .75 1.50 3.00 (mhR) (v) .30 .75 1.50 3.00
B .1000 20.0| .0003 0009 .0019 .003% B L1000 20.0 | .0003 .0007 .0013 .0024
C .1000 .500 | .0004 .0010 .0020 .0037 C L1000 .S5S00 | .0003 .0008 .0014 .0026
n 1.000 .500 | .0002 .0006 .0011 .0019 D 1.000 .500 | .0002 .0005 .0009 .0015
A | 3 1.000 20.0 | .0002 .0005 .0010 .0018 € 1.000 20.0 | .00C2 .000S .0008 .0014
k £ 10.00 20.0 | .0002 .0004 .0007 .0010 1 F 10.00 20.0 | .0001 .0003 .0005 .0009
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DEVICE TYPE: 2N2920 DURL NPN TRANSISTOR

WG Tix
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TARBLE OF NORR. STANDARD DEVIATIONS

DOSE, Gy(Si) 2.5 MeV electrons
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&(1/hgg) VS DOSE
TARBLE OF NORMAL STANDRRD DEVIATIONS
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DOSE. Gy(Si) 2.5 MeV electrons
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Al 17hge)

Mean

DEVICE TYPE: 2N2920 DURL NPN TRANSISTOR

wG: TIX ¢ DEVICES TEST DRTE 2-8-79
REF: JPL LOG 0309 DATE CODE SLICE 4
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DOSE. Gy(Si) 2.5 MeV electrons
a(1/hge) VS DOSE

TABLE OF NORMAL STANDARRD DEVIRTIONS
CURVE le Ver DOSE., k!laGy(SI)
(w8 (v) .75 1.50 3.00 6.00
8 .1000 20.0 | .CJ05 .0008 .0010 .0010
c .1000 .S00 | .0004 .0008 .0009 .0011
D 1.000 .500 ; .0001 .0002 .0003 .0003
E 1.000 20.0 | .0002 .0003 .0003 .0004
_r 10.00 20.0 | .0001 .0CO! .000! .0002

ICBO(NA)

MEAN

10!

“w & v o

AddbdAd.

DEVICE TYPE: 2N2920 DURL NPN TRANSISTOR
MG: TixX 6 DEVICES TLST DATE {- 19-79
REF: JPL LOG 0281 DATE CODE SLICE 15

10°

“w- & v o

AdAd

10™

adaabasasd 4 4 safadasany

TYYY nﬁvv-. v v

10132 3 ase 810°132 3 a3e o10°

DOSE, Gy(Si) 2.5 MeV electrons
(111CBO IN NANOAMPS (VCE=30V) VS DOSE
TRBLE OF NORMAL STANDARD DEVIATIONS

CURVE DOSE. iloGy(Si)
7S _1.50 3.00 6.00
) 0219 .0325 .1686 1.171

= 8.92x107

INITIAL MEAN VALUE “TBOINA)
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06-9

Meon

a(1/hge)

G:
REF -

Tix

6 DEVICES
JPL LOG 0676

DEVICE TYPE: 2N380S PNP LOW POWER TRANSISTOR

TEST DATE 8-21-80
DATE CODE 7945

|

9 P

'3 ma

4

m/)

wWise 3
DOSE, Gy(Si) Co* Gemmas
Al 1/hge) VS DOSE

Ty

ase 810% 15 2

3

«se o810

TABLE OF NORMAL STANDARD DEVIATIONS
C.WE le Ver DOSE. kiloGy(Si)
- (mA) (v) .75 1.50 3.00 ¢€.00
a .0100 16.0 | .0002 .0003 .0003 .0005
8 .0700 16.0 | .0001 .0003 .0002 .0003
Cc .2000 16.0| .0001 .0002 .0001 .0002
D 1.900 16.0| .0001 .0002 .0001 .0002

a0 1/ hge)

Meon

DEVICE TYPE: 2N3BOT PP LOW POMER TRANSISTOR

wG: Tix 6 DEVICES TEST DATE 8-21-%0
o“‘”’ltﬁ“" DATE CODE 7945
10°

.

[}

s

.

3

2 4 } ‘
k: N

3 / y

1073
. ¥
s |
. 1
.
3
3
ol
107 3 - -
101352 3 ase 810132 3 ase 010*

DOSE, Gy(Si) Co* Gommos
a(1/hg) VS DOSE

TABLE OF NORMAL STANDARD DEVIATIONS

T —

CURvE le Ve DOSE . |||*|SI|
(afR) (v) .75 1.50 3.00 6.00
f 0100 16.0| .000: .0002 .0006 0009
8 .0700 16.0| .0001 .0001 .0002 .0011
c L2000 16.0 | .0001 .0001 .0002 .0003
D 1.000 16.0] .0000 .0000 .000! .000!
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96-9

A(1/heg)

Mean

——

10°

1073

DEVICE TYPE: 96SV131 NPN POWER TRANSISTOR

MFG: SOD
REF: JPL LOG 0401

6 DEVICES

TEST DATE 6-25-79
DATE CODE NONE

R

AAALRALAAA A 44

Al

LA

ALAAL AL idbAl

102 18 2

3 e3¢ 010713 2

vy

3

a 56 010

DOSE, Gy(Si) Co* Gommas
al1/hge) VS DOSE

TABLE OF NORMAL STANDARD DEVIRTIONS
CURVE I Vee DOSE. k!laGy(S1)
( A) {v) .75 1.50 3.00 6 00
A 1.000 20.0| .0240 .0451 .0579 .0665
8 4.000 .S00 | .0009 .0021 .0025 .0027
Cc 10.00 .S00; .0011 .0013 .0013 .0014

Al1/hge)

Mean

DEVICE TYPE: 98SV131 NPN POWER TRANSISTOR
MFG: SOD

REF: JPL LOG 0292

3 DEVICES

TEST DATE 1-31-79
DATE CODE 7901

10°

- >
A LML
g

Ad

Add

AAAAL A AAABALL

Add

107}

102 13 2

"3'4 s e 016 vn.s':

e

a3+ 010

DOSE, Gy(SI) Co* Gommos
a(1/hgg) VS DOSE

1.30 3.00 6.0

TABLE OF NORMAL STANDARD DEVIRTIONS
CURVE le Ver DOSE, k!loGy(SI)
{ A) (v) -
A .1000 20.0 | .0294 .0247 .0179 .0093
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D, FIELD EFFECT TRANSISTORS (FETs)

FETs are not affected by bulk damage since they are majority carrier
following Cobalt-60 irradiation.

Hence , most measurements were taken
plotted as a function of dose include I.gq» Ioss? Vogt
N (off). (See Appendix B.)

devices.
The key parameters
transconductance, noise voltage, and 1
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%S1-9

VGS(V)

10!

DEVICE TYPE: U401 DUAL N-CHAN JFET

MG: SIL

REF: JPL LOC 0714

8 DEVICES TEST DARTE 3-6-81
DARTE CODE 8004

A A AL

- RS

YT YT Y

TTYYeY

3 e3¢ 010°132 3 43¢ 010

DOSE, Gy(Si) Co* Gommas
(3)VGS(VDS=10v, ID=300UR) VS DOSE

TRBLE OF NORMAL STANDARD DEVIATIONS
CURVE DOSE, kiloGy(Si)
_ .30 .75 1.50 3.00 6.00
- L1562 1562 .1562 .1982 . 1565

GM (MM)

DEVICE TYPE: U401 DURL N-CHAN JFET

MG: SIL 8 DEVICES TEST DATE 3-6-81
REF: JPL ' 0G 0714 DATE CODE 8004
10 ;
E
.
s -
3
e -
, -
-
2 1 | -
i - b
l.:‘
3
10°

10 13 2

3 436 010132 3 ase e10°

DOSE, Gy(Si) Co* Gommos
(4)GM(VDS=10v, 10=300UR) VS DOSE

TABLE OF NORMAL STANDARD DEVIARTIONS

CURVE DOSE. ki1oGy(Si)
.30 .75 i.50 3.00 6.00
) 0283 .0283 .0315 .0564 .1436




E. SILICON-~CONTROLLED RECTIFIERS (SCRs)

Because of the limited use
Special requirements,

» the SCR type of device was tested to limited
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WY -

DEVICE: 2N3032

TYPE: SCR

MANUFACTURER: UTR

DATE CODE: 7426

RADIATION BIAS CONDITIONS:

DEVICES TESTED: 6

TEST DATE: 11-13-78

SOURCE: 2.5 MeV Electrons

LOG NUMBER: 0242

Anode = 10 volts
Gate = 1 k{2 to ground
Cathode = 220 Q2 to ground

RESULTS: Worst-Case Parameter Values, vA = 10 volts
{ Ter far ‘or’ SAT' ThoLp’
| Total Dose PA pA HA ; v | mA
L (Maximum) | (Maximum) | (Maximum) (Haxi-u.)J (Minimum)
! f 1
f Initial 1.0 x 102 1.0 x 102 18 | 0.96 | 1.15
| [
30C Gy(Si) 1.1 x 102 2.9 x 102 20 i 0.96 1.16
| |
750 Gy(Si) | 6.5 x 10° | 1.4 x 10° 27 0.96 | 1.16
1500 Gy(Si) | 3.2 x lO6 9.3 = 106 85 0.9 1.22
1
3000 Gy(si) | 2.2 x 108 5.9 x 103 558 0.96 1.40
6-159




t 2N6138

TYPE: Programmable Unijunction
Transistor (PUT)

MANUFACTURER: UTR

DATE CODE: None

RADIATION BIAS CONDITIONS:

Anode = 30 k{2 to ground

DEVICES TESTED: 3

TEST DATE: 11-14-78

SOURCE: 2.5 MeV Electrons

LOG NIMBER: 0225A

Gate = 10 k{2 to 10 volts
Cathode = 510 2 to ground

RESULTS: Worst-Case Parameter Values, Vc = 10 volts

[ 1 1’ v v 1 1
! ¢’ A’ A’ SAT’ G’ HOLD'
Total Dosez A pA v v pA HA .
(Maximum) | (Maximum) | (Maximum) [(Maximum) | (Maximum) [(Minimum) '
- 1
! Initial 111 <200 10.40 0.788 1000 445 l
300 Gy(8i)| 83 <200 10.44 0.796 999 476 |

' |
750 Gy(si)| 130 <200 | 10.47 | 0.795 999 447 l
' I
1500 Gy(Si) 300 <200 ' 10.78 0.79 999 483 l
<200 l 10.53 0.795 | 999 658

3000 cy(si)l 850

—p ——

| 8Noise limited the resolution of the IA measurement .

L
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DEVICE: 2N61338 DEVICES TESTED: 3

TYPE: Programmable Unijunction TEST DATE: 11-14~78
Transistor (PUT)
SOURCE: 2.5 MeV Electrons
MANUFACTURER: UTR
LOG NUMBER: 02258
DATE CODE: None

RADIATION BIAS CONDITIONS: Anode = open
Gate = open
Cathode = ground

RESULTS: Worst-Case Parameter Values, vA = 10 volts

I 3 a i 1 1 1
| |- Tar o | Yaar | e TwoLo’
| Total Dose | pPA I pA | v v pA pA
! | (Maximem) | (Maximum) |(Maximum) (Maximum) (Maximum) (Minimum)
b= +— — T . —

Initial | 63 <200 | 10.45 | 0.793 959 | 496

300 Gy(si) 85 <206 | 10.46 | 0.799 999 531
l i
| 750 Cy(si) 125 <200 10.43 | 0.793 | 999 | 497
| 1500 Gy(si)| 150 <200 | 10.46 | 0.797 997 524
| § |

3000 Gy(si)| 130 <200 | 10.47 | 0.797 | 999 584
I 1 |

8Noise !imited the resolution of the lA measurement .
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DEVICE: 286138 DEVICES TESTED: 5

TYPE: Programmable Unijunction TEST DATE: 3-15-79
Transistor (PUT)
SOURCE: 1.25 MeV Gamma
MANUFACTURER: UTR
LOG NUMBER: 0329A
DATE CODE: 7720

RADIATION BIAS CONDITIONS: Anode = 30 kil to ground
Gate = 10 volts
Cathode = 20 {} to ground

RISULTS: Worst-Case Parameter Values, Vc = 10 volts

! 1
| C Taao r Tokr? -~ Vourr
f Total Dose nA . nA | v
l (Maximum) (Maximum) | (Maximum)
Initial 0.18 0.1% 8.8
300 Gy(si) 0.22 0.23 8.8
| | {
. 750 Gy(Si) 0.27 1 0.27 | 8.8 |
. 1 .
1500 Gy(si) 0.30 0.30 8.8
‘ !
. 3000 Gy(si) 0.44 ; 1.1 8.8
| | ! i
| 6000 Gy(si) | 1.6 3600 8.6 |
L ? g )
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DEVICE: 2N6138

TYPE: Programmable Unijunction
Transistor (PUT)

MANUFACTURER: UTR

DATE CODE: 7720

RADIATION BIAS CONDITIONS:

DEVICES TESTED: 5
TEST DATE: 3-15-79
SOURCE: 1.25 MeV Gamma

LOG NUMBER: 03298

Anode = 30 ki to ground
Gate = 20 kil to ground
Cathode = 20 4 to ground

RESULTS: Worst-Case Parameter Values, Vc = 10 volts

Teao’ | Yo | Vour
Total Dose nA ! nA | v
(Maximum) f (Maximum) J (Maximum) i
' 1
|  Initial 0.20 0.20 8.6
300 Gy(S8i) 0.26 i 0.30 8.6 .
| 750 Gy(Si) 0.28 | 0.32 8.6
|
| 1500 Gy(Si) 0.28 I 0.32 8.8
| 3000 Gy(Si) 0.28 0.3 | 8.8
\ |
|
| 6000 Gy(si) 0.32 0.3% | 8.8
ke \
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F. OPTICAL DEVICES

The optical devices consist of light-emitting diodes, phototransistors,
and optical isolators.
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APPENDIX A

VENDOR IDENTIFICATION CODE LIST
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VENDOR IDENTIFICAT ION CODE LIST

Avanteck, Inc,
Fairchild Semiconductor
General Electric Company

Hewlett-Packard Corporation

Intersil, Inc,

Motorola, Inc,, Semiconductor Products Division

Optoelectronics, Tne.

Raythe on Company

RCA Corporation, Solid State Division
Semtech Corporation

Siliconix Devices, Inec,

Solitron Devices, Inc.

Texas In-tru-ent-, Inc.

TRW, Inc,, Semiconducto, Division

Unitrode Corporation
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APPENDIX B

SEMICONDUCTOR DEVICE ELECTRICAL PARAMETER
SYMBOLS AND ABBREVIATIONS




P ——

SEMICONDUCTOR DEVICE ELECTRICAL PARAMETER

CAP

cul/cn

Teeo

xC!I

ID(off)

Inss

Ipss /Ipss
1 2

Tess

Igss /lIgss
] 2

Ty

NOI SE
RD(on)
l!c(on)
V!c(off)
v

GS
AVgs

SYMBOLS AND ABBREVIATIONS

Diode capacitance
Transconductance (FET)
Transconductance ratio (FET)
Gray (1 Gy = 100 rads)

Common~-emitter static forward current transfer
ratio (gain)

Collector cutoff current open emitter
Collector cutoff current (dc) base open
Collector cutoff current (dec)

Drain cutoff current (FET)
Zero-gate~-voltage drain current (FET)
Zero- gate~voltage drain current ratio (FET)
Reverse gate current (FET)

Reverse zate current ratio (FET)

Reverse leakage current, diode

Noise voltage at specified frequency (Hz)
Drain-source on-state resistance (FET)
Emitter-collector (on) resistance
Emitter-collector (offset) voltage
Gate-source voltage (FET)

Radiation-induced change in gate-source
voltage (FET)

Reference voltage, diode
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