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PREFACE

The work described in this report was performed by the Astrionics

Division of the Jet Propulsion Laboratory.
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INDEX OF TEST DEVICE TYPES?

Bipolar Transistors

Device Vendor Page Device Vendor Page
2N918 MOT 16 2N3805 FAS 85
2N930 TIX 17 2N4044 CTI 86
2N2060 TIX 18 2N5087 CTI 88
2N2222 MOT 19 KD6001 KMC 88
2N2222 TIX 22 MQ2219 MOT 89
2N2369 CTI 44 MQ2905 MOT 93
2N2369 MOT 46 MQ3467 MOT 98
2N2484 CTI 47 MQ3725 MOT 102
2N2484 TIX 49 PA7443 RAY 106
2N2605 CTI 53 SA2267 RAY 111
2N2605 TIX 54 14BB101 SOD 112
2N2658 SOD 55 96SV 13l SOD 114
2N28 57 MOT 58 3029-201-1 RAY 115
2N2880 SOD 59 3029-202-1 RAY 117
2N2907 MOT 62 SDT3303 SOD 118
2N2907 TIX 66 SDT3304 SOD 120
2N2920 TIX 69 SDT3323 SOD 122
2N2946 TIX 72 SDT3403 SOD 125
2N2975 FAS 72 SDTI4905 SOD 126
2N3057 RAY 74 SDT5553 SOD 128
2N3251 MOT 76 SDT5553 SOD 136
2N3350 TIX 77 (IRAN)

2N3440 RCA 78 SDT8805 SOD 139
2N3497 MOT 78 SE7056 NSC 139
2N3499 MOT 79 SQ1079 MOT 140
2N3501 MOT 79 SS3137 MOT 141
2N3637 MOT 80

2N3742 MOT 85

2see Appendix A for vendor identification code,
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JFET's

T

Device Vendor Page Device Vendour Page
2N2€%5 CTI 144 2N4393 SIL 14¢
2N2608 SIL 144 2N4416 SIL 15
2N3066 SIL 145 2N4856 SIL 150
2N3331 SIL 145 2N4856 TIX 151
2N3382 SIL 146 2..1858 TIX 151
2N3686 SOD 146 2N5196 SIL 152
2N3824 CTI 147 2N5520 SIL 153
2N4093 SIL 147 2N5556 MOT 154
2N4391 SIL 148 2N5906 SIL 154
2.74392 SIL 149 VCR3P SIL 155
Inte rated Circuits

AD550 ADI 156 HA2700 HAR 177
DAC-01 PMI 158 (T0-99)
DG125 SIL 159 ICL8007 INL 179
DG129 SIL 160 ICL8018 INL 181
DG129 SIL Lol ICL8038 INL 183

(IRAN) LM101 NSGC 184
DG133 SIL 161 LM101 NSC 186
DG133 SIL 163 (IRAN

{IRAN) LM102 NSC 187
DG141 SIL 164 (unhardened)
DG 181 INL 165 LM103 NSC 188
DG181 SIL 166 LM105 (unh?rsdined) 188
DGMI11 SIL 168 LML05 NSC 159
HA2520 HAR 170 (hardened)
HA2600 HAR 172 LMI106 NSC 189
HA 2620 HAR 173 LM108 NSC 190
HA2700 HAR 175 (unhardened)

(flatpack) LNM108 NSC 191

{hardened)
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Integrated Circuits (contd)

Device Vendor Page Device Vendor Page
LMI11 HscC 193 LM139 NSC 2.06
(unha rdened) (hardened)
LMI111 NSC 194 LM139 SGN 208
(IRAN) LM139 TIX 209
LM124 NSC 194 LM710 NSC 211
(uni.ardened)
LMl124 NSC 197 LM723 NSC 212
{(hardened) MIC236 MOT 213
LM139 198 MIC336 MOT 213
LM139 NSC 201
(unhardened)
Zener Diodes
.4M4, TAZ1 MOT 218 1N4891 DIK 222
.4M5,1A71 MOT 218 1N4895 DIK 223
1N829 MOT 219 IN4907 MOT 222
1N935 MOT 219 FCT1121 FAS 224
1N945 MOT 220 LVA3100 TRW 224
I1N4569 DIK 220 MZ827 MOT 225
I1N4572 DIK 221 UZ8770 UTIR 225
1N4577 MOT 221 UZB775 UTR 226
1N4581 DIK 222
Constant Current Diodes
1N5283 MOT 2217 IN5297 MOT 228
IN53290 MOT 227 IN5300 MOT 228
Diodes and Rectifiers
IN4148 GEC 229 MV 1404 MOT 231
IN5711 HPA 229 UTR4320 U 'R 231
BCY97 I'IX 230 2MNI8TYS UI'R 232
FJI1100 FAS 230
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Capacitors

Device Vendor Page Device Vendor Page
BllB CRC 233
Resistors

CDP16-01-103G DAL 234ﬁF LDP16-01-153G DAL 237
CDP16-01-104G DAL 234 S! ”16-02-473J DAL 237
CDP16-01-2237 DAL 235 MG720 CAD 238
CDP16-01-563J DAL 235 MGT750 CAD 238
CDP16-01-683J DAL 236 MMI125 CAD 239
CDP18-02-393K DAL 236 MS176 CAD 239

Optical Devices

TIL23 TIX 240 TIL601 TIX 240
TIL24 TX 240 L5600 TIX 240
CMOsS
CD4001 RCA 270 CD4028 RCA 287
CD4G02 RCA 271 Cbh4029 RCA 288
CD4006 RCA 272 CD40390 RCA 291
CD4011 RCA 273 CD4031 RCA 292
CD401< RCA 274 CD4035 RCA 293
CD4013 RCA 275 CD4040 RCA 295
CD4014 RCA 277 CD4042 RCA 276
CD4015 RCA 2738 CD4043 RCA 297
CD4016 RCA 279 CD4047 RCA 298
CDh4017 RCA 280 CD4049 RCA 302
CD4019 RCA 281 CD4050 RCA 303
CD4021 RCA 283 CD4051 RCA 304
CD4023 RCA 284 CD4052 RCA 305
CD4025 RCA 2.85 CD4053 RCA 306

CD4027 RCA 286
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ABSTRACT

This handbook provides radiation design critcria for electronic parts
applications in space environments, The datz was compiled from the
Mariner/Jupiter Saturn 1977 (MJS'77) electronic parts radiatior test program.
In this program selected radiation-sensitive device types were exposed to
radiati>n environments compatible with the MJS'77 requirements under suit-
able bias conditions., A total of 189 integrated circuits, transistors, and
other semiconductor device types were tested up to 1.5 X 105 rads(Si)

60
generated from steady electron beam and Co ™ sources,
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I. INTRODUCTION

In situ measurements of the Jovian trapped radiation were made by
Pioneer 10 in December 1973 and by Pioneer 11 in December 1974. These
measurements revealed a potentially hazardous environment for MJS'77
spacecraft electronics. During 1974 the MJS'77 project carried out an
intensive study of the charged particles environment derived from those
measurements and the effects of this environment on both spacecraft equip-
ment and the Jupiter encounter aspects of the MJS mission. From this
study the Mariner/Jupiter Saturn 1977 Radiation Control Requirements
Document (PD 618-229, dated July 14, 1975) was developed. One of the
requirements set forth is that the electronic piecz parts used in the space-
craft perform within acceptable limits during and after Jupiter encounter
and at Saturn. Because of resource limitations, the investigations were
conducted with maximum use of existing literature and test results, limiting
the JPL radiation test effort to known or suspected problem devices where

adequate test data was not available.

This handbook is a summary of applicable data :esulting frcm the
MJS'77 radiation test effort. The information, presented according to device
type (see Index, page ), is intended to be useful to the engineer for circuit
design. A complete detailed history file of the test results has been main-
tained and is available (contact: A, Stanley in the Parts Radiation Group of
JPL Section 365).

In applying the data contained in the handbook, the user should be
aware of inherent limitations; i.e., the data is intended as a guide and is
valid only for the specific manufacturer's device at the stated conditions.
When applying the data to circuit designs, the user is cautioned regarding
extrapolation to lower fluences, different energies and different bias con-
ditions. Device degradation is sensitive to measurement and bias conditions
during irradiation. Also, different date codes may reflect process changes

which could change the device sensitivity to radiation damage.

JPL Technical Memorandum 33-763
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The radiation environments were in accordance with PD 618-229,

using electr
from a Van

source. Th

ons from a Dynamitron at energies from 2 to 2.5 MeV, electrons
de Graff generator at 3 and 5.5 MeV, and a cobalt 60 gamma

e Dynamitron was used in those tests wherein the radiation

source is not identified.

The major device types and features of the method used in presenting

test results

are given herein. Whenever deviations from this form occur

because of the nature of the data or results obtained, they are further

described for the specific device or parameters involved.

Data from different test runs of a given device parameter was com-

bined where
conditions.

device type:
(0
(2)
(3)
(4

(5)

(9)

(10)

the tests and measurements were carried out under similar

The data for the following test runs was combined for a given

Same bias conditions during irradiation.

Same bias conditions during measurcement of parameters.
Same fluence.

Characterization, non-lot screen and lot screen runs.

2 to 2.5 Me\ electron energy data (if other energies were used

it wili be so stated).

VCE (saturated) for transistors.

\-CE (not saturated) for transistors,
Same manufacturer.

Hardened devices.

Unhardened devices.

A sample sheet is given in Fig. 1, with the major features indicated.

An explanation of those features is given bhelow.

(n

An outlier is here defined as a data point which does not fall
within 3 ¢ of the mean value of that parameter at the lowest
value of the independent variable (i.e., lowest value of the
collector current IC or fluence, where the parameter is

measured as a function of IC or fluence, respectively).

JPL Technical Memorandum 33-763
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Mnce established as an outlier in this way, it is considered an

outlier for all other values of the independent variable.

(2) The data is calculated both with and without outliers whenever
they exist.

(3) The standard deviation ¢ is approximated by the following
expression:

1 o \1/2
(x. - 3—()
i

Y i=1

~ n-1
where n is the number of data points, ¥ is the mean value of the
set of data points, and X, is a measured value of the parameter.
This gives an unbiased approximaticn of ¢, including cases where
the sample size (n) is small.

(4 The parts radiation characterization number evaluates the parts
in accordance with criteria from Section VIII of PD 618-229.
These criteria are repeated here.

Insensitive to radiation; no special attention required.
Insensitive to radiation except for high-precision
applications. The application and degree of sensitivity
are specified.
Sensitive to radiation, resulting in significant degradation
of device parameters. A radiation screening or shielding
program is required if a reasonable design safety margin
is lacking.
The device undergoes catastrophic change and is no longer
functional.

1,

See Ref. 1.

JPL Technical Memorandum 33-763
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For transistors, in addition to the tabulated information, graphs are
included giving A(l/hFE) as a function of collector current. In these graphs,
only those calculated excluding the outliers are plotted. The outliers are

indicated on the graphs (wherever dual populations occur, both are plotted).
II. USE OF THE RADIATION HANDBOOK IN CIRCUIT DESIGN

The data contained in the Radiation Handbook should be used when
performing worst case analysis of electronic circuitry. If parts data does
not appear in this handbook, then estimates must be made by Section 365.
The data shows permanent damage to semiconductors in a radiation environ-
ment. The rate of impinging radiation or radiation flux should also be
considered as this can cause a noise effect produced by the impinging
particles on semiconductor devices, In addition, it should also be pointed
out that low-energy electrons may be deposited and collected by electronic

circuitry which can cause a buildup of voltages across high resistance circuits,

The worst case analysis is performed by degrading first for temper-
ature and life (aging) and then for radiation to obtain the final degraded
value. The following sections describe the method of calculating

degradation.

A. BIPOLAR TRANSISTORS

The current gain of a transistor is determined as described in the

following diagram:

JPL Technical Memorandum 33-76¢2



Suusystem Minimum gain
requirement at 25°C, at IC
Circuit ‘
requirement ————— Derate for temperature
hFE’ Ic 0. 9% p'er °C
l Life derating 25%
Minimum Radiation derating
hFE requirement

Predicted gain

hFE example

28,5

1/h

|

15

FE=O. 03

Compare requirements with predictions and if there are problems, identify

and study solutions,

The radiation derating is determined by the radiation damage

coefficient A(l/hFE), which is a result of parts testing. The equation for

h E degradation is

F
A | S 1 . 1
hre  PrE(final)  "FE(initial)
where
(1) hFE(final) is the predicted gain to be applied to the circuit.
(2) hFE(initial) is the gain after degrading for temperature and

life as per the MJS' 77 Radiation Controls Requirements.

Document 618-229, Appendix D (set forth herein as Appendix B).

(3) A (l/hFE)is the radiation degradation constant which is found in

the handbook for each part and is a function of collector current

IC'

radiation fluence, and bias conditions during irradiation.

For instance, a 2N2222A device may have the following con-

ditions for which the hFE(final)

= 60pa (V = 8 V)

Ie CE

P
o~

must be calculated at

JPL Technical Memorandum 33-763

T e dd e et oo,



hFE(initia.l) = 100 after degrading for temperature
and life
Al— = 0.425; mean plus 30 at radiation electron
hFE 12 2
fluence of 5 X 107 e/cm
il -
FE F E(final) F E(initial)
or,
o = A
FE(final) FE F Flinitial)
h _ 1
FE(final) ~ 1 1
Ao Th
FE FE(initial)
1
h]S‘E(f'mal) N 0.425 + 1
’ 100
= 0,425 + 0.01
= 0,435
h —
FE(final) 0.435

H

2.3 which is severe degradation in the

worst case

JPL Technical Memorandum 33-763
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Under the conditions of IC = 20mA, V =20V,

P
h 100 and at a fluence of 5 X 1012 ¢/cm

FE(initial)

A+— = 0.00441,

using the mean + 3¢ value, then h will be

FE(final)

1
hFE(final) - 1

(0.00441) + bppiiitial)

1 1
0.00441 + 0.01 = 0.01441

69.4

This demonstrates that radiation has a much greater influence on
transistor performance at very low IC; therefore, low IC applications
should be avoided in radiation environments. In power devices this might be
interpreted to mean that no problems exist, but it is really the emitter
current density that determines the radiation damage. Therefore, power

devices will also degrade severely if the emitter current density is low.

The above calculation can be made using Table 1 by going to
A(l/hFE) = 0.00441 and hFE = 100 and interpolating to find
hFE(final) 69. In all cases, the hFE of outliers or mavericks must
either be considered or screened out of lots to be used in hardware

expected to encounter radiation environment.
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The above discussion applies to transistor hFE when the transistor

is not saturated and when it is saturated. The saturated h however,

FE’

will be much lower because the I, must be greater to lower the

B
saturation VCE' If, in switching applications, the VCE(sat) must be very
small, then the designer must expect very low resultant hFE due to low
FE and allowances for mavericks. 2 With regard to

Icor VBE’ 279 VBE(sat)y
additional degradation due to radiation in accordance with this handbook for

initial h

degrade for temperature and life and then add

the part in question, being careful to select the appropriate bias conditions,
measurement conditions and radiation fluence. In all cases, the X + 3¢

values should be used in the addition. Designers should allow for 1
high as 100 pa, AV as high as 0.2 V and AV

CBO 2%

as high as 0.2 V.

BE CE(sat)

B. JFET's

The radiation-sensitive parameters of JFET devices are the leakage
current IGSS and noise characteristics. In applying this handbook, the
radiation degradation in IGSS should be added to the eftects of temperature.
The noise in the device increases considerably while it is irradiated but
will probably return to close to original noise characteristic when radiation
ceases (i.e., radiation flux effect). If temperature-degraded IGSS was
calculated to be 0.5 nA at VGS
=5 x 1012 e/cmz, and a handbook value of 0.1 nA, then the total would

be 0.6 nA.

=4V, VDS = OV’ radiation fluence

In N-channel JFET's there is a channeling effect which can cause very
large leakage currents. With no radiation screening controls, this

current (IGSS) could be as high as 100 nA.

C. DIODES, RECTIFIERS, AND ZENER DIODES

In most applications, diodes and rectifiers do not degrade sufficiently
to provide much concern. However, in applications where the circuit is
particularly sensitive to forward or reverse characteristics due to circuit

efficiency, extra care must be taken in the selection of devices with

2
Devices that are significantly more sensitive to radiation than the others.
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minimum degradation. In thesze sensitive cases, the degradation is added
to the parameter degradation with temperature. The parameters in question :
are V_, and IR. AV

F F
environment. IR changes by less than 10 pA. In the case of sensitive or

usually changes bv les. c¢han 50 mV in the MJS Jupiter

precision applications of Zener diodes, Vz dcee vary with radiation and must ;

be accounted for by adding AVZ due to radiation. AVZ is lesg than 5 mV in

Zeners less than 15 volts; it is8 less than 20 mV in Zeners less tuan 30 volts.

R v

D. LINEAR IC ;

The primary parameters of interest are VOS' IOS' IBIAS’ VOL’ and
these are highly influenced by a radiation environment. The degradation
values listed in this handbook are changes or delta values due to radiation
effects. These changes should be added to the othe: changes due to
temperature effects. As a summary of these degradations, refer to :

Appendix C.

E. CMOS

The predominant parameters of interest in radiation are:

(1) Propagation delay, which increases with radiation. "
(2) Device power consumption, which increases with radiation.
(3) OFF leakages in multiplexers, which increase with radiation.

(4) T s ON resistance, which increases with radiation,

d

(5) Noise margin, which increases with radiation.

The effects of radiation are added after the effects of temperature and life

are determined.

To improve the response of CMOS to radiation, better process
controls must be instituted unless the degradation can be tolerated in the
design. Radiation data should be taken on samples of all wafers of parts
to be used in radiation environment. Refer to the data in this handbook on

parts that have been tested.

JPL Technical Memorandum 33-763 11 TL
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III, IRRADIATE -ANNEAL (IRAN) SCREENING

An extensive investigation of irradiation-anneal (IRAN) screening
against total dose radiation effects was carried out as part of a program to
harden the Mariner Jupiter/Saturn spacecraft against the Jupitar radiation
belts, The method consists of irradiating semiconductor devices with
cobalt-60 to a suitable total dose under representative bias conditions and
separating the undesired tail of the distribution from the bulk of the parts by
means of a predetermined acceptance limit. The acceptable devices are then
restored to their preirradiation condition by annealing thein at an elevated

temperature.

Irradiate-anneal is the only kinown 100% radiation screen. . «t
mavericks. In general, this should be supplemented by a qualification test
based on a diffusion-metallization lot, in which a few samples are irradiated
to a total dose in excess of the project requirements. Failure to pass this
test implies lot jeopardy and an extension of the delivery period by many

months.

Since the lot screening method imposed intolerable time constraints,
it was hoped that the irradiate-anneal technique might be employed to
predict the radiation behavior of each device in a quantitative manner so
that even lots of marginal radiaticn quality might be utilized at a somewhat
lower yield. This requirement imposes far more severe constraints on the
retracking of electrical parameters after the first and second irradiation

thun the elimination of mavericks,

A. DEVICE TYPES

IRAN was considered for device types that were determined to be more
radiation-sensitive than allowable by the circuit and shielding analyses.
However, such screening methods work only when the devices show a
significantly varied response to a radiation exposure. The devices consist
of linear bipolar devices, analog switches, n.channel JFETs, and bipeclar
transistors. The primary cause of radiation damage induced in these

devices by ionizing radiation is the formation of inversion layers due to the

JPL Technical Memorandum 33-763
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accumulation of positive charges in the silicon uxide insulator near the
silicon-sgilicon oxide interface. This depends on the quality of the oxide,

which is to a large extent an uncontrolied process variable.

Devices that are generically extremely sensitive to ionizing radiation
(e.g., MOS devices) are poor cancidates for the IRAN technique and 1aust
be shielded. An additional reason for excluding :MOS devices is the diificully
of annealing out the radiation-induced interface states except at much higher
temperatures. The important LM108 operational amplifier was excluded,

because it had been possible to harden this device against ionizing radiaticn.

All n-channel JFETs with a lightl:" doped base region are likely to
develop sizabl.. gate leakage currents and were therefore considered to be
candida. s for IRAN. It was considered prefeiable to redesign circaits, so
that bipolar transistors could operate with minimum dc current gain rather

than resort to IRAN.

B. PROGRAM CONSTRAINTS

The original requirement imposed on the devices was to survive a
total dose of 125 krad (Si), This was later decreased to 60 krad (Si) as the
result of a more precise definition of the Jovian radiation belt, For
reliability reasons. a ceiling of 150°C was imposed on the annealing tem-
perature of the devices. It was later discovered that this temperature is
inadequate for complete annealing of all surface effects. Burn-in tem-
peratures up to 300°C have been successfully employed in many high
reliability programs, but this requires device construction analysis and
thermal stress analyris for each device type before procurement. Snch an
investigation was ruled out becauce of timing constraints. The devices are
annealed in an inert atmosphere for 96 hours. Experiments showed that

longer annealing times did not cause any additional annealing.

High-temperature annealing was considered to be unnecessary for
the JFETs. In these devices only the leakage currents are affected by the
ionizing radiation. These are -asily controlled and not significant in those

devices that pass the IRAN acceptance criteria.

JPL Technical Memorandum 33-763
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C. EXPERIMENTAL INVESTIGATION

A series of investigations was carried out in order to obtain the

following infcemation:

(1) What is the optimum dose for screening? Too low a dose may
not reproJduce the surface effects that cause degradation at
higher doses; whereas too high a dose degrades the devices
unnecessarily. The onset of surface effects caused by inversion
layers depends on the impurity ccncentration in the silicon as
well as the composition of the oxide at the silicon interface

and can therefore not be uniquely determined.

(2) What acceptanc. criteria can be applied? Unless there is com-
plete retracking of all devices on reirradiation, the acceptance
criteria musi be considerably more tightly specified than the
worst case conditions required by the application. On the other

hand, tight specifications may cause s:vere yield penalties.

(3) What is the annealing behavior? Do all the parameters anneal
completely or is there some residual radiation damage? Are

there i-dications of anomalous annealing?

(4) Do the parameters retract on reirradiation or do they exhibit
memory effects? Do any of the devices show anomalous
properties that could not have been predicted from the results

of the first irradiation?

A series of experiments was conducted on each device type under
consideration for IRAN. Non-flight parts had previously been exposed to

2.5 MeV electrons up to 1013 e/cmz.

These devices were annealed for

96 hours at 150°C approximat.:ly two to three months after the initial
exposures. Most parameters annealed back to acceptable specification
levels, but others did not return to their preirradiation values. Since high-
energy electrons can induce a significant amount of displacement damage,
it was decided to carry out additional experiments using a cobalt-60 source.
The devices were irradiated to a total dose of either 50 or 125 krad(Si),
annealed at 150°C for 96 hours a- subsequently reirradiated with 2. 5-MeV
electrons, making measurements at four radiation leveis from b5 X 10!l to

5 x 1012 e/cm?.

JPL Technical Memorandum 33-763

- .
LR A



e

- B NS A

o

———ErLeh

D. IRAN TEST DEVICES

Only the flight device types listed in Table 2 were subjected to IRAN;

the other device types tested were unsuitable for IRAN, The degradation that
these devices will experience on reirradiation in the Jupiter environment is
indicated as a function of flueace in separate tables followirg the normal

radiation properties, After annealing, the dc parameters of all devices were

Cen w geeman e

remeasured to the original specification limits with the following exceptions:

NSC LM101, I_ increased from 75 to 100 nA

B

NSC LM111, I_ increased from 100 to 400 nA

B

IOS increased from 10 to 25 nA

Table 2. Device type subject to IRAN

IRAN

total

dose,
Device krad

type (Si) Acceptance criteria Annealing
2N4856 60 IGSS at V.o = -20V < 500pA Ncne
2N5196 60 IGSS at VGS = -10V < 100pA None
2N5520 60 IGSS at VGS = -10V < 100pA None
2ZN5556 60 IGSS at VGS = =15V < 250pA None
DG129 50 IS (off) <3nA 96 hr at 150°C
DG133 50 IS (off) <3nA 96 hr at 150°C
DG141 50 Is (off) < 5nA 96 hr a+ 150°C
LMI101 125 AVOS < 0.7mV, AIOS < 2.5nA, 96 hr at 150°C
AIB < 60nA

LMI111 50 IOS < 20nA, VOS <3mV, IB < ipA 96 hr at 150°C
SDT5553 5 hFE at IC = 0.15mA > 8 96 hr at 150°C

JPL Technical Memorandum 33-763 15
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IV, TEST DEVICE TYPES DATA SHEETS

BIPOLAR TRANSISTORS
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2N2060, Texas Instruments
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2N2222, Texas Instruments

Texas Instruments initiated a process change in 1972 affecting the
oxide passivation layer. As a result, the data for both the tables and graphs

will be grouped as follows:

Parameter GrouB Date code range
A(l/hFE) 1 1971 - 1972

2 1973

3 1974 - 1975
ICBO and IEBO 1 1972

2 1973 - 1975

The performance of this type of device at a VCE 2 0.12 volts is

very unpredictable. The test results are questionable because the test
instrumentation did not use separate voltage and current probes. Any small
change in VCE will cause a very large change in the gain at this operating
CE* 0.1and 0.12 V

if there was more than one value of VCE at a given current level in order

point. Consequently, separate graphs were used for V

to prevent overlap of the data due to large error bars.

DEVICE TPE: UMY IS Te Do 1o 4 37 ‘3
Sample I Hean Mean ::;:::
Parameter | ¥luence Operating E’amt size He&_1 M.\x._1 Mia., | R0° 43 ICritesis
1920-1920 ooy |Bias: iegan, i PuAsS MERS
Llpmey | Saoy' 1o 4ON oD ANV J0.QOIS0.COMOMu 00 AO0ER]
LISAOMNE B GRS 9 __10.00A WO 0.01 10 QA
2.5u0) 2 007710, 03 10,000,002 70,0377
500 - CamB e AV L _l0039210u/4%010.00/00./3270. RG]
N b, ez 9 _0.02070.08340 0038008040, 1124
3 Camb Yo 011 _{0.07720.95U0 COIA0. 25J0, 4K

(£ free o avy” I Jmi s 003y 9 410,00 Zoavaxdo e 190000
LB 9 [0.001 [0.004.30 a004j0.00 41 10.00%a
25409 9 bAAN.006 0000 005.30.0107

4

9

-

SN2 L Dm \be 042 Y] 01 1(0.03000, 0040 T
| & i Ye£ Q23N 0040 | 4Q.
1 Y - b Yo .21l 0.0179 Q0! sl
|

A ineL) A eoimh it -03 QY Doooeado et O M Ibs N8I

LBy . 9 PAORT 0 000BNGI ) (O AR 17
R J 9 _banslasos P
’: Nd mﬂ.‘ *“ mﬂ U 1Y - ~ S
* ; Q ia 0.0033 S
ix 3 2mb Ve 211 OOOAA0C 200000991 L0
A%fm Y 300N Y] 11 1033l dead 1lass15
| LS i 1 10.9330. 946 9(0. 020 0. sep 7] £ 404 7

JPL Technical Memorandum 33-763

T ——

SRR i
Zx%

<ol



wviee wves: QNI TRags JasTRUmEMTS PAGE ol
Sample Mean Mean ::j:::
|_Paraceter | Rluence Operatiog Poiat size | Mean Max. | Min. | w2 Lx]e
197-1273 €cvo> lpias: :
dne) | <08 “/ON GOubias RV 11 Oudlo.5 o7 10,3,
223 Ne W GAT i 1L Jokdlr.59 255240250+
A(ihse) | Kx 39 cmu]»%h ad 11 bhooiq leoosilo.comlecomsdlo.coz
R PRZ) T L0 000R4 A 10,000
IS
1
| —
-
t
n
4
n
¥
s | oevice 1ves: JNJODD TZXAS JASTRUMENTS rat 3o i 37
L Sample Mean Mean ::;:::
:' X Parameter | Fluence Operating Point size Mesn Max. Min. ik {2 430 _lCritezia
L 1973 | €cm? : Auias s MERS
L A00nTE) | 8%  Nexs40N: 209mh___ {19 PO s 1200300 /367
; cafn e NarGND Nee:audN | 13 o019 Jnaedlacos [0 0533007
i 35 D” 9q QORAO- Okt~ 20040
<203 19 10.QUa0.0-04996.0.000.310 0415 10.0543
Al el 5 e ond ke Q¥ 19 .00SN0 DR C O DORIAIG LT 7
Lanad? 19 eorI0CEKIFe & 0500 |
RTINS 19 0003N.0 3 AN 27
Ax D@ 19 on3 a0eIs a4\ 0 055186 290,
ACINERY] A" o 5mb b DXY 19 Loonde lnamalio0aninnds s |
I 19 banyAlu oot 0.mBIO /210
VLTS b AR 00088 DO 400/ B0 0QrQ- 0
. ] 19x o oosoln ansskhan«t.anu o cnio
ok 1910 013K Q0 INNOR 119 002.210. 00
A Ky e L0.8 ¥ 19 0MIcoNsdn ) 00 |
L5 / 19 jhoodla 20032100102 1.0034
' — 50} 1R 0 WROICOL3I0 Q0ALCAQUSD)
i 19+ buiogg anabiaei 2o anasa)
Sxieyd g 0011900035 DISROCAN
. e |
A ~ 4
i | { ' | _" 1
)
\l JPL Technical Memorandum 33-763
N

23

§oanevard s and

%ﬂn,—‘w i



'y
s !
: :
3\ ’Paa_mm_nmmn’l»&ﬂ 37 :
Samle Mean | mean [R0C0PE N
Baraacer Rluence o Opsratiog Polat stea Heao Min, RNT “
1273 | <em? lpiss : i "
Allpe) | sxi0" N = ooV ke B ¥es 20N |19 00/ 10,0422 L0023 Z
LaRu0” 12 hoceloanslo.oon 9.003
i S 0,000 001 0059
o RAT ol 12 b.onasin.ooasio.aoslo.0o: J) :
19% |0.003R10.000R0.00(50.Q051 A :
K@ 12 YN34.20. (e¥2 8 L) 087 -
13% o 004i0i0.0105 1aandaio.anki 0,001 v
i 540" : y“,mq 18 10049710503 ‘
2 19» 0003 l0.00Y, ; :
3 LS 0 19 , :
i 2524 19 la.00n 20, oaoxsloauosll 0.004/ .04 *
S 19 1000 |eooaqo.
13
‘{:‘ N
h R _AQULED
] .
<
i omvice Tvee: QA1 D22 TEYAS LASTAUDENTS _ Facs Sef 31 ’
- Sasple Meoan Mean ::m:
. Parsmeter | Eluence Operating Point _|_size | Mesn Max. Hig. N *: N
v 19241975, €/e.n? |Bias: inaan, L Riass MRS E
) AQlhve) | s Der-A8Y, - (08 ma Ye 00T .02 A0 10.0004 10,001 7
3 L5 T, O - (o 10.001 1O 00K ¥ 0000
H P T e _lo.onEln |
, syt B 1000 2.00010.00 _
A (lee) 520" Olnbke-05Y Lo ol o Inonoda.ooM :
; LB xIO° G 00014 0. QO/5 10,001 :
: 28409 (o 000 | 000061 O.00 40 0.00R10.00:7 N
. Az, " e lo 0,003 0,000,004
'-0 ACIhezr) | 800" L 40N Ve Yo CNATe -Qom fee-Ouotl 13 100532, 0.45000.0 D33
. Lio" B fonb 0] G lo.0oedl . 0.00%
L Lai) % Qamiliee AN} 13 A 2oNN00ZR 0. 1177
X Q2520 | 14 16,027 0.00 1 0-043R 0. LARIDIS L
l 1 A TR A LY Y a0 0073
5407 Aamfobe A 23 10,0380 07 S——
ACnee) | s Nee0sl  JenSwyle Lo B000430.0006.{0.0004 A'm”gm:
L25x0? 110 08 mil . A 0001000040 400085
: 25707 e - 6 10.000 U000 0.0000l0.00031 0,004
‘ —sra? e Lo 10.001} 0.0088] 0, 00:210,50080, 003
3 Ve
L]
e .
& 24 JPL Technical Memorandum 33-763
£ ‘;'? g R - N




s Ll A——#*

DEVICE TYPE: JAY A )ds)  TENAS /AISTRUMEAIT £ 31
Saople Msan Maaa ::;:::
Parasster | Flusnce Operating Point size | Mesa Max. Min. na Q" _lcriteris
824-8751 c/em? |Bias: ingan, | ¢ EAS,
) | S0t he-doi et G le-dodee-0RY T 73 10.0i63 100346001 0050 10,063
4 DA\ . | o a7l omaRin 000ila
103'% Ko 6N Yee-00vl (o 10.0019 10,0040 0012 10.0033400
L2520 o 000 13 6.6 AR, 0.0633)
I ¥ N asll G om%gmnr\ o leanelinonosy
25102 e, 2 00151 10038 N0 0-054010.0735
Az ooyl (o 10.00d0I0 £.0077
I [ "CZ NARY {o m A e
27012 Neo oV Y- o] Ve QUM 13 10.0/53 10344 [O- 0056
1 A ETn- ™7 G 10.000m0.001310.000710.004 0. 0016
ACee) | 500" e OV Ne V- GAYTe i Nee 00 (O leocos (DA
o' een3Vt G loorvd | 00033]0 00023100098
Lo Fab¥ee 0208|413 [0.0006:3)] 0-0val0.00/5
L8500 ,&L 3 lo.00000. 200800000
e X | (o l0.00Xl04 o, oo, 0n
Axg'? 25 13 |o.00ml0.coudlaoongdn.ooan].0033
A(ree) | supy® Mm;w;:mv 13 a lnosslna0i3 [a0nd e
Lasu? 130009, A.au.%) O NIRN] G0
250002 13 10.041 10025010 00481003 110 i
sxip'? 13 10.01970.057010, 00% MR 0.C@d3

DEVICE TYPE: A D000 Tms.hmmm&..__haﬁ...bf 2

saeple el
Parameter | Fluence Opersting Point size | Mean Max. | Hin. T +3Q_lCriteris
1104- 19768 €/cm?__1Rias; LY
Allner) | Axa" e -V wh ¥ee: Nl (3 000121900310 da/2i000 A0 003
1RO Yis GA ) L3 X028 & 0040 (00,0050, S0
L5000 23 lo.ousolaostdonnslo.0vsal0.052
' ar0'd 43 l0.00540.0084)0.002] 10,0000+
-
lACinee) | Sxn” T mb e XY /0 kaoosdudaas & (a0
PRty o ted 43 Poooeloashoadle oo, koo
252403 13 a4 Paoaaloan 7 000
Avas (3 o030/ 90004 10.000310.0029

L

JPL Technical Memorandum 33-763




Ty ———

!

Rt i L T ——

]
’ DEVICE T¥08: . Youcd) Jod
w_"""'th’_'"fﬁﬁ__

TE8s insrBumenys . Paok Ro 30

Sanple Mesa Mean Accop.-
’ — .—.Qperating Pofn: - size | Mean Max. 0., * LT ;;i:f:h
LTl €M IBie~; 1apan, | Bgar
(nbf Sx 3@ : VR GOy o030 050 220 19 . oo
2108 e Vi all —4 o0 aed [0.9010.5 15 a0
I N} F A Sr 121 R o0 PR & /0%
— J et e —— ey
' Sa A __J,_____,____V.L&‘ij_____ﬁ____l‘\q LRO s Lo gt 1o
) f S LR {1807 0,00] 240154
— ; B
2974 1 - - | _
T ‘f.un"’a\iwm\l BN 1 2d 10038l 4 100000l 0438 1A 1RA
haBud e Nacenp [T T T RS o 14410.0050 0,33 0.2 5
L.Aﬁuclz;i_._._ 24 1C.033Y0-298]0.0i0010. 729 10 1% 2 .
LS00 24 10,0398 0. 34K 00I000. /3310 . i
— 1 B
¥ Q.J}*:UFR INCLONER |
! 5 -
i ! ] i 1T |
] R ] ! .
S S Iy S i —
L R U W
] . U —
— ﬁ_._r____l
l 8 T T ﬁl I —
j 1 { { | | ] |
T T T 71 3 ]
19711972
2 2N2222
10 TEXAS INSTRUMENTS
S5~ 10“ e/cmz '1
-~ SATURATED
~~ PAGE 9 OF 37 ]
L ~
»
10.3" ~
% | .
3 Vep 0.3av
1074
-
r- -
]0'5 . N R | { I VR | 1 1 L l
0 ] 10 100

CIBLLITY OF
EPRODUCIBILIT
26 CRIGINAL PACE I8

THE

POOR

JPL Technical Memorandum 33. 763

B U

2

LARERETIC ACIN ¥ P g



guetsas

JPL

1072

1070

Technical Memorandum 33-763

" T L T T T T LI S
— 19711972 l
— 20,2222 j
— TEXAS INSTRUMENTS
0.2v
I~ ct \ 1.25 - 10‘? e r'\?
L \ SATURATED
\ PAGE 10 OF 37
L T N <’
\ MEAN + 3o
B \ 1
!
. !
- -4
F 4
|
0.34/ j‘
= 4
r 1
- 8|
i
i ]
|
- 5
i I
" Bl
- -
[
|
: ]
i -y Y . Lol — J
0.1 1 10 162
I mA
¢

27

-



K 10~ T T T 17T T T T T ¥ T
N -
1971-1972 i
. - N
. i TEXAS INSTRUMENTS |
: —~ - 2.5 x10' o/ca?
T ~ SATURATED
~ PAGE 11 OF 37
B Veg 2 0.2V N
: 02
..s L) )
-
: L ]
’ f 0 -
3 | -
B n
104 ‘j
| J
- -
e
|o‘5i 1 | WO T | 1 I | 1 M
0.0 1 10 100
I, mA
N 28 JPL Technical Memorandum 33-763




.

e

RPPPRINS  m s v

2

——— v LEE | v T \ v )
° 19711972

ol 282222 -

| L 0w TEXAS INSTRUMENTS ]

i e 5 10'2 ¢/jcm? ]

SATURATED
PAGE 12 OF 37
° ® MEAN + g

X + vCE =0.23v 4

1072 .

- -

I ) )

i i Vg - 0.26v
Vg - 0.34V
- 5

T =

5 ) 4

b -

1074 N

o -

- .

L 4

e L
3
1973 N e a . N | R N , |
0.1 ! 10 100 ,

lc, mA

JPL, Technical Memorandum 33-763

29




L LI | T LENER B | Y T LI |
19711972
2N22Z2
s P TEXAS INSTRUMENTS
- 5x10'2 o /cm?
] SATURATEC:
Tl o PAGE 13 OF 37 .
i @ MEAN - 3o .
- r . -
. Vg = 01V T
g‘ o -t
>
-2l - —
o W Vg =0-12v 7]
- r 9 -
- .
I()'3 [ 1 i | i A | i 1 1l
0.0 0. 10
I A
- I T 1 T T T 17 LI L] 1 T
| 1971-1972 .
e 2N22R2
TEXAS INSTRUMENTS
N 1510 o/cm?
SATURATED T
T PAGE 14 OF 37
Veg 0.1V
m-l | @ MEAN + Ja u
" ﬁ’ o )
Tv . - 02v
F [« J -
i $
_.w .
& 1072 =
- b~ -
Z vCE = 0.26Vv
- 1
ol
'O-JT-. 1 -
= e =
u -
|o" 1 1 L i IS S o o L 1 i b J
0.1 ) 10 100
'C' mA

30

JPL Technical Memorandum 33-763

——




<

I\ VhF[)

B0 /hgg)

u'o [ T r v L | Ll L T Ll T LA ] L A v T ]
S V971972
‘.‘ 2N2222 T
- TEXAS INSTRUMENTS
o 12, 2
- 5%10°¢ ofem
[ UNSATURA'ED
L PAGE 15 OF 37 4
@ MEAN + 3o
wi 6 -
L 0 .
S 4
w2 .
[ °
L <4
L -
3 0.0007 0.0008 0.0002
W0 A 2 Pl | 2 A A .| i 1
0.0V 0.V ] 0 100
Ic, mA
r ¥ L 1 L) -r T T 1] LI ' | ‘ 1 T T ¥
o°L @114 1971-1972 i
¥ T AN2222
- PY TEXAS INSTRUMENTS .
- 1% 10'3 t/c:m2 .
UNSATURATED
5 PAGE 16 OF 37 s
® MAN + 3o
[
- -
't .
o -1
5 -
L .
[ ]
L o .
L T p
L -
L 4 4
)
L 1 4
. 4
|o'3 L . PR | L i [ T 11 0.000 i [ Y
0.01 0.1 i 10 100
Ic, mA

JPL Technical Memorandum 33-763

TR




32

B/ heg)

] TT - . ]
i
1 1 L T ¥ LI T 1 1 ) B
1973
- ® IN2222 ;
T Tv o2 TEXAS INSTRUMENTS :
- CE " L ] 5 xlO” e/cm2 y ‘
i SATURATED .
PAGE 17 OF 37 :
i ® MEAN + 30 ]
| Vg - 0-12V |
Q
|°-2 [~ ﬁ‘ -
®
1073 -
= il
-1
Vg - 0-26V
1074 =
| ﬁb -
- -0.0227 -0.0121 -0.0030
10 1 1 P | i 1 1
0.1 10 100
lc, mA

JPL Technical Memorandum 33-763

- 7 ‘ ——————



Z{“t , N

10°!

1072

B(1/hgg)

1073

T T T T T T 11 ! —rt
1973
2N2222
TEXAS INSTRUMENTS -+
$ 1.25 » 1105'; o/cm? 1
B SATURA -1
vcE =0.12v [ ) PAGE 18 OF 37
T ) ® MEAN + 3o
VCE =012V
)
6 ]
.
.y
VCE = 0.26vV |
.
o
q
-y
«0.0101 0. 0068 1.0'
§ [ | 'R G U | L I\ Lol
0 10 100
lc, mA

JPL Technical Memorandum 33-763

33




-

BRI I~ bt =

T T 17 T— 1T 17 =T T 71
1973
1 N2
0T TEXAS INSTRUMENTS  —
i ® 2.5 x IO'2 e/r.m2 1
o ® SATURATED .
T PAGE 19 OF 37
8 Veg = 0-12v ) @ MEAN + 30 T
v 0.12 % OUTLIER
=0.12v
L CE -
-2 -
10 [:'
- -t
(o)
L . .
- - k .
w
-‘L
> Vee ® 0.26v
T -
- -
1074 -
}- 4
- -
m‘5 0.0 817 1 '°'°“? 1l 1 i 4
0.1 1 10 100
'C' mA

34

i Za e

JPL Technical Memorandum 33-763

3
>
.
.
'
1
|
!
i
oo
|
.
-
!
e
i
N
.
i
.
:
i
.
!
H
:
3
i
:
P
t
!
<
i
?
)
3

RN s R g £ ABR S




L
E
T 1 1 1 v L | L] L | Al L} LI L
1973
) N2
0 TEXAS INSTRUMENTS =
5 o 5% 10" o/cin? -
W - - SATURATED -
4 ] PAGE 20 OF 37
. I~ Veg = 0-12v @ MEAN + 30 7
[
Q
1072
";: ™ VCE = 0.26v 7
< 1
9 403
R Veg =012V B
104
= -
<0.0174
'0’5 1 A 1 1l 1 [ i i L T
0.1 1 10 100
IC, mA

JPL Technical Memorandum 33-763

35

-

- - =

s——



e T e,

oy

36

P
< i

B/ Meg)

Al hFE)

P
10! i ™17 17 T T LI | T L ) ]
- 1973 .
2N2222
R TEXAS INSTRUMENTS |
5x lo" ./m2
UNSATURATED
PAGE 21 OF 37
%= QUTLIER
|o‘2 L \ -
N 1 ~ i
i *
S S\ MEAN + 30
w3 -
- -
lo'4 [ | [ | 1 i [ | 1 i L1
0.01 0.1 1 10 100
lc, mA
'o-l [ T T T T T LENLINS § T T LA ]
! 1973 )
2N2222
TEXAS INSTRUMENTS
1.25 - 10'2 e cm?
UNSATURATED
PAGE 22 OF 37
i *. OUTLIER
0?2 -
r -4
1073 -
|0-4 | | n " P n i i
0.01 0.1 ! 10 100
I, mA

JPL Technical Memorandum 33-763




|
&
<4
é::
<

‘G.' L v T 1} L} r L v v L ' ¥ L L) L] ] L) L L] L ]
| 1973 ]
22222
| TEXAS INSTRUMENTS |
2.5 %10'? o/cm?
UNSATURATED
* PAGE 23 OF 37
. 4
%= OUTLIER
w02} .
| i
b -4
F J
3 1
T -
5 p
- J
lo-‘ — FISE N T | Y L P | —_ " Ll n L ey
0.0 0.! 10 100 1000
lc, mA
'o-| | ¥ L] ¥ L) T L L L L4 r Ll r T '—r Ll L) L] T J
[ 1973 1
! 2N2222
* TEXAS INSTRUMENTS
5% |0'2 e/r.m2
UNSATURATED
i PAGE 24 OF 37 1
N # - OUTLIER
w2l —
L i
i .
o 4
.3
10 -
L d
~ )
3 4
- -
104 . R . NP | , A | . o )
0.01 0.1 ] 10 100
'C’ mA

JPL Technical Memorandum 33-763

37




-
< w-z [ T T LI I | T T T 7 T T T 1T 1 T T LI ]
. - 1974-1975 b
' 2N2222
. L TEXAS INSTRUMENTS -1
B 5.9 ! e/cmz
¥ SATURATED
. | PAGE 25 OF 37 B
: w3 -
? - @® MEAN + 30 S
;' B -4
: - i VCE 0.26v |
. [* 9
; <
: 3

Td .

%

' - E

|()'s 1 1 L1 1 IR S | L i T | 1 1 1
0.01 0.1 1 10 100
'C' mA
|o° N T T LI | T T T ]

19741975

- 2N2222 -
TEXAS INSTRUMENTS

g 5x10' e/cm2
SATURATED
PAGE 26 OF 37

' PY ]

) i @ MEAN + Jo

i ~u T

€ ok .

° . ]
T)

L VCE =0.12v .

' - VCE 0.12v .
. 2 -0.0304 =0.0151

10 I\ I i Ll
0.1 | 10
|c, mA
f
b 38 JPL Technical Memorandum 33-763

Ah‘“ oo BB ERANTT (o 1 ¢



P R N

Cov mesamn

At

ol T T TTT"] Y T T
i 1974=1975
- 2N2222
TEXAS INSTRUMENTS
- 1 %10'2 o/em? .
SATURATED
PAGE 27 OF 37
1072 n
p -
}. L .
3
03 -
- -
IO-4 1 L1 1 1 [ | 1 A L4
0.1 i 10 100
Ic, mA
‘0-2 T T T LA A | T T LI | T T T—T
i 1974-1975
i 2N2222
TEXAS INSTRUMENTS
i 1.25 x10'2 ¢ /cm?
SATURATED
PAGE 28 OF 37
® MEAN + 3
T S MEAN 30 e
=31 ~
10
[ lva 0.26v
}u .
g
104
-
L
L
L.
1073 1 1 1 i a 1 L [ ) 1 11
0.0! ] 10 100

JPL Technical Mamorandum 33-763

39

AR 17 bt e

-dh RS



‘OOL T T T 17T T T L ]
1974-1975
L 2N2222
TEXAS INSTRUMENTS _
- 1.25x10' 2 e/em? A
SATURATED
PAGE 29 O7 37
- @ MEAN + 30 N
- .
< ol y
4 3 L
|- . -
L 3
- VCE = 0,12v -
E 12\
i VCE -0.12v 1
] 2 ~0.0030 -0.0068
10 Y N L1 1 [
0.1 . 10 -
I., mn

m.] T T T T T T T LI S N | T | S |

i 197421975
2N2222
! TEXAS INSTRUMENTS

2.5 x10'2 ofcm?
SATURATED
PAGE 30 OF 37

® MEAN ¢+ 30

o o

0.2v

Cct

072
r

E.
g.
]
¢
i
. i . ] ‘
: \'Z
]
¢
:

;‘u“ i Veg 0.34V 7 .
: :
r -
1 Veg 0-26V
103+ -
3 o
|()'4 [ WS T T | n PR U U | 1 PR N B i Ao
0.0 0.1 ] 10 100
‘c. mA
REPRODUCIBILITY OF THE
ORIGINATY, PACF IS PR JPL Technical Memorandum 33-763




Sy W

S oy

IOOL T T T 11 T T
197421975 )
o 2N2222 -4
TEXAS INSTRUMENTS
- 2.5x107 ofem? ]
SATURATED
PAGE 31 OF 37
B @ MEAN + 30 -
- [
w
9 € ! - -
b1 'Y b
-
- -
Vae = 0,12V
- ct Vg - 0-12v
-2 «0.0439 -0.0187
10 4 [ | 1
0.1 ] 10
IC, mA
m.] 0 T LU B | T T 7T —T T T T T ]
B 1974-1975 1
2N2222
| TE XAS INSTRUMENTS -
5 l0|2e/cm2
SATURATLD
R PAGE 32 OF 37 _l
10°2 - -
- .
| y
- ~
g' S~ '%AN ¢+ 3o ® MEAN + I
a
" §
I - 0.26V
103} 4
L 4
= -
s .
- 4
lo" 1 [ A L U S U i I | 1 T Ut
0.00 0.1 1 10 100

JPI1, Technical Memorandum 33-763

41




42

A(l/h“)

10

~2

|o° T LN ]
- 1974-1975 7
5 IN2222
TEXAS INSTRUMENTS
L $ % 10'2 o/cm? .
SATURATED
PAGE 33 OF 37
- @ MEAN +Jo -
s
§‘ |
3 R 4
L . 4
- Vep - 0-12v
1072 0.0040 L
0.1 10
mA
T ] T L] L] T l L L T T
L -4
R 1974-1975 -
2N2222
8 TEXAS INSTRUMENTS 4
5 % |0" q/cm2
UNSATURATED
X PAGE 34 OF 37 J
- -
A .
0.01 0.1 10 100

JPL Technical Memorandum 33-763

2 ik it R

P

L At R e i m 2




f
!
!
i
f
i
i
f
v

w2t

A1 /hgy)
ol

1974-1975

2N2222
TEXAS INSTRUMENTS

1.25 x 10'2 o/em?
UNSATURATED
PAGE 35 OF 37

.
x -
L h
|0" i i 1 1
0.0t 100
IO.' [ T L LA | T T T L LI T Ll | ] ]
1974-197 4
I e T T MiAN: 30 e
}_ — TEXAS INSTRUMENTS |
2.5 %1012 ¢/cm?
UNSATURATED
L PAGE 36 OF 37
>
w02 .
L -
;'r - .
a
-3
10 " '_1
- -1
- -4
( d
” -0.0049
0 L i i 1 2L i 13 I . 1
0.0) 0.1 ] 10 100
'C' nA

JPL Technical Memorandum 33-763

43

=

-



w.l T T 1T 177 T T L I | ) T L | T L T 7
i 1974-1975 B
- -~ 2N222
~ ~ TEXAS INSTRUMENTS
[ ~ St
UNSA D
\ﬁAN +3o PAGE 37 OF 37
fm
!
02 = ‘
;': - i i
>
" L] o
|()'4 1 1 Ll i PV I W | 1 i [ | 1 1 1
0.01 G.1 10 100 ‘
'C' mA :
2N2369, Circuit Technology
- _ - 1
DEVICE TYPE: JAl2 369 1L Page lof 3
Accept
[ 3 k"" Sample Maan Mean Reject
Parsneter | Pluance Operat Point size | Mean Max. | Min. RO T_ICritexia
Binsinnar o T ;
Alines) | ” ST e SETe<0ub] R oo ) ©  loos o
2510 ’ € 0on?sin.00d } ‘
L9777 L S 003210 000 . Q0. (0¥ 10045
sun’d k74 ,0072210.0080
a(! dluo® weSV-Teo30.8 X h.o0oaxg|a.00z8] © 007 ;
250 " R 0017 :0.00340.0007, <1000
Awnlt g o oosilp.coaslo.anado.a0%0.0039
r_g Sa.0'3 b4 L O0YR10.006010.00 5010006 310-00 70

b
¢
i
2
i
i
4
b
i
E
¢
3
]
&

Acs

JPL Technical Memorandum 33-763




P R

B

ke °

- s rr e

e e e e s

P

i

[UIORVGUN

PRSI,

RPN TR it

T T T T
2N2369A
CIRCUIT TECHNOLOGY
1 x IO|2 e/:m2
PAGE 20OF 5
MEAN + 30
! e LA )
103 .
F <’/‘r ]
I
F3
3 1
3 |
- -4
10-4 [ o . X
0.1 1
lc, mA
10‘2 T T T T
2N2369
L CIRCUIT TECHNOLOGY o
5% 10'2 e/cm
PAGE 4 OF §
. MEAN - 3o
F — S— ~
AI‘
<
a
- .
1073 1 ] I 1
0.1 ]

lc, mA

JPL Technical Memorandum 33-763

a0/hep)

Bl )

T L] -1

2N2369A

CIRCUIT TECHNOLOGY
2.5 x IO'2 o/cm’

PAGE 3OF 5 4

1073 L— -
1 1
r- -
IO" " i " A AAJ
0.1 1
Ic, mA
10.2 T T T T
2AN2369A
- ~ MEAN 3o CIRCUIT TECHNOLOGY 1
— 5x IOI:‘l e/em
PAGE SOF §
o -
L d
103 \ . _
0.1 V
IC, mA
45

L G i St A M R e st a7

¢ et s i P

e e baeata ey e o3 s A A o S

e b <

PR

a

RN

)



PR

P

Sy

46

2N2369, Motorola

| vevien v N30T MorosouA Lefn S
Ssaple Hegn Hean ::;":
Farsmster !clnnua Polat sise | Mage | s RS
1‘ - ']
AC0nrs2l 50" aeboke S L 0 loonasiacyg bceesloasdocnd |
L2507 LD 0.0000 1020062 V0. COPNA.AXp
22580107 Lol weaanlone2100%3
52,07 PV Rl o¥a’CH) mm"faanamam__
AClhre) | S Ye-adl 2 loanlace Vi i
! RERE L2 A 34
A; o’ 2 lho®lea . 0 O0R)
* [ X - i) 203 10.026900325
paCloeed)] 5. v aagleonesloonoi 2o coat
- L5003 . 12 eae! cainlecelaoedy
; 4;.514)'-’ ; 12 K'a{ e ¢ A xesioon
e Ko . - F) umnmﬂamx‘c-cm 0.C/
i
Al )l s e ¥ 2 heoadeoesdleanadocesde,
‘o-zh T LI T T lo-x B T T LN N —T T T
22369 2N2369
B \\ MOTO]C:OLA ) B - MOTOROLA
I 5x10' o/em 1.25 x10'2 e/em?
N f‘“ + 30 SATURATED | g SATURATED ]
\ PAGE 2OF § PAGE 3OF 5
8 N L
:
Aw ’IAI
€ 0 <
s w03 -4 S w0l
> - 4 d -
L i -
L N |
e N
- 1 -
|()'4 Y 111 ey 11 1073 A i
0 1 10 1
IC, mA
JPL Technical Memorandum 33-763

pe

4

et

R S

A



v BN

ey I O I o
IO" [ T T T T T T 1 lO-' [ T T T 1.1 T LN ) 4
2N2369 2N2369
- MOTOROLA . - MOTOROLA -
2.5 x10'% o /cm? 5x 102 o/cm?
- SATURATED 7 g SATURATED
PAGE 4 OF 5 ~ PAGE 5 OF 5
8 ..\ ~ N "
- \\ MEAN + 3o -
fre ~ v
< 02 o -1 < o2 .
< R 1 3 - .
- - - -1
10'3 1 i T | 1 1 i1 ‘0-3 1 I T i | 1 i 1
] 10 100 1 10 100
Ic. mA Ic, mA
2N2484, Circuit Technology
q
bevice Tre: OGRS (7T Prie [of 5 ~
& leme Sample Mesa | Mean ::;:::
Parasater | Flusnce Operating Poiat size Mean Max. Rin. | +OG HF Criteria
XD R IASIARAD [HidS i#AS | & (600093100036 0.0000 |0.004 1000536
: yee gV
S0t L6 %Aﬂ oYY ) o 1000151100068 | 10,00 8 (000898
A
270 | _loooti7 10072 10,0056 lnosmr X3
(X120 100196 [0,0/00 100205} - 02 5%
A Mze) | 10007 | Veg -0V Ves eV 0.0030 10,001 | 0.008200.00392
Lo S0ud | To:uf -
2. 527072 2-:006 10,009 Ml&tmta_ - -
sxp% b inonaalnoo? |o,00es!0.0017910,.000 -
Q'3 \ (A o1 10,013 in 008210.0/6R 10.0:81
A(He) [ 1270 |Yes:6¥ Yor: Gy b 100021 10.00a |2.0000 [notietipmazs]
o .SD’@” Lo (A
o S b 10025 |0.0023 0,001 me71
‘g-, Sampre b | L0034 [0 ooiS 10,0377 lo.00d6d
| |
i (2703 N /] lo-Dm8 10,00896 10006
JPL Technical Memorandum 33-763

S e

47



14
T T T L | T T T T lo-l T L LR T T T T
2IN2484 - 2N2484
. Cl&CUl; TECHZNOLOGV i CIRCUIT TECHNOLOGY |
' w02k 1x10'2 o/cm i 2.5%10'2 ¢/cm?
: [ PAGE 20F 5 ] i PAGE 3 OF 5 )
i
K T
[
‘ - i < w2 .
2 { q - -
. 3 i
. SR M =
; o - p lO'a A 1
10
B |0.‘ i A I P | " A I
. 10 100 1000
lc, nhA
);,
.i"*
]o-l T ] 1 T ] L) L} T ) ] lo-l ¥ ¥ L) ) | 1 L L T
: - 2N2484 i 2N2484 ’
; B CIRCUIT TECHNOLOGY | | CIRCUIT TECHNOLOGY |
§x10'2 o/em? 1% 10'3 ¢/em?
) | PAGE 4 OF 5 ] | PAGE 5 OF § ]
\
- -4 b \ -
- ~ N\ MEAN + 3o
N fre “w ~N
i -2 ™~ 2}
§ o N\ MEAN + 3o § 10
Q - ~. <Q B
¥ - -
: > -
. R - L .
; L
;
. IO-J 1 1 P W | i 1 i1 |0'a L i a1 1 1 i1
5 10 100 1000 10 100 1000
|c, ”» A lcl » A
.
3 48 JPL Technical Memorandum 33-763




T

49

»

; 2N2484, Texas Instruments

1]
i
§ : DEVICE TYFE 43 Texas Inrgoments — PAge oS 3

Sanple wean | tean m:
- : Parsaster | Rluence Operating Poiat size | Msan Max. Mip. ne
“ : em? |Bias:iraan, |Biass MERS.
& Cnee) | Axi0" Nog:tN Ie = 0 Ho:n0ua : X _
Lasuy? a.0044 k.06
. i 25807 10 PANROACIOHLN0 00007
N i POVRE) 10 oo Jo-cona mn@gom 0075
13 t
; ; A(lpFEd | 2a 3" Te-00u e N 200 DO00I0.002R] ©  10.40D1|
: : Lasr o 20 1C.0003%Q0. 00230, Yale'a): s
* 8402 / Q008 0.0 A 01 710
. ! S2:0'9 10 K00/ LA 0NMINONIAOONR ]
Alnecd | sx,0" [mR eg= () 4O

Lased

§ 3.

§ £ riN'S L0

!
7 | Cinre) | gyt comp e Y] 40 Foo03al-a.coske.cv23ln 007110010

§ L 10 lcoy3d]o.013010:0008 10,0100 10,0132

! e 0 by ; 0000 ____

; FURE 10 lnoods n.onae o, 00 vy, N
; j
; i cna (ol 50" 230\ Nea 3o 4 leosslosdgleaae 0.t o5
: ; Lnx0 | & crEa U _lamsilaas 4 0.8 10,220
: } 2.5x/0'2 i 004130, 24510.001 10. 186 10. 956
: L Ke )3 L N 1 10.07210-3558 |0.00 1 0.2¢3l0 329
g i
> H

|
v JPL Technical Memorandum 33-763

Jl - - ._ -
- o

%



G

e

PRSI D ]

5 i

‘0-2 [ T T T T LI | T T T T
2N2484
B TEXAS INSTRUMENTS
R 5x10" o/cm? J
PAGE 2 OF 5
, @ MEAN + 30
103 [ _-
i ®
- -
s 1 é 4
i
§ 10 .
3 -
Td o ‘_
=0.0009 0 =0.0058
]0'6 L A 1 [ L 1 L

50

JPL, Technical Memorandum 33-763

|——!| |-|!'—M "

| —



*
¥

Fafe ¢

2 s
-~

o

1073

Al heg)

=0.00018

2N2484

TEXAS INSTRUMENTS
1.25 % 10'? o/cm?
PAGE 3 OF §

JPL Technical Memorandum 33-763

0.1

51

F §



AQ) /hgg)

T
e

<

q

52

JPL Technical Memorandum 33-763

107 [ T —T 7 T T ™17 T T T ]
i 2N2484 i
TEXAS INSTRUMENTS
R 2,5)(]()'2e/cm2 .
PAGE 4 OF §
® MEAN ¢+ 30
‘0-2 = -
- .
- -
[
- —_ . -1
1073 N
i [o} hd i
- T 1
o)
- 1 B
“ -0.0010
10 ! 1 S 3 1 11 i 1 1
0.01 0. 1 10
IC' mA
‘O-I i T LR} T T 1 T T T T ]
| 2N2484
TEXAS INSTRUMENTS ]
R 5+ 10'2 e/cm2 -
PAGE 5 OF 5
10°2- ]
o T\ ~ 1
~
. ~ -1
- \\ MEAN -+ 3o
~N
5 N §
1 ~
N
1073 ]
ol
L -
1074 I Ll 1 1 Ll 1 i1
0 0t 0. | 10
lC' mA

T



2N26C5, Circuit Technolo_g_z

DEVICE TYPE: AN S (LTI Praoc [of8 3
Sample Mean Mean ::;:z:
Parase: * | Rlueace Operating Point sige Mean Max. Min. Ly {- 430 iCriteris
€/em? 1Bias: AR ! MEDS.
ACInee) | 1 Liber L0 T A0) : SO0 X 003000200 0003 I2.00010.00
L5009 % loaooAlo 20003 10 00N 002D
; [T 2 leood loouo loonzalo.ono ool
E xS 2 looasls n:mjgm%x b 0a1al0032
‘ A0nen) T 1o e L Te il R a.00] 21000 /5
2.5%09 : & |n.0018]0003390.000210.003310.004
K22 3 loonarieoon7] 00040, 7
1 1xey3 R 100092 0.00221 0,008 0.0038 0L O0UR
A0nee) | a0 e bl Te: imf| R 10000% 00000 Ya sy B
___ 2843 g _b, A0 3l AO0R 10001510 (08
x4 R 0001 0.00MA.0010] ’ I
R R 10.00270.0042|0.00IR 10.001d 2|0 Q0A7
LXIO% .- Q. \wh, R l003000334d18.03: 3 10.0336610.0.44
YT o Ia:005mf | R _I0AMON0NA0A1IC.0321 .03R 7
i AXOR 2 lnoasiboadallanad s
E (x93 2 10.0462]0.0541[0.0RKAO A2 RI0. 00X
;
!
E 'S
]
; "
i
i
i
]
H 10'2 T T T 1 T T LI 1072 T T LI | T T L
B 2N2605 ] M — 2N2605 .
CIRCUIT TECHNOLOGY i ~ MEAN . 3o CIRCUIT TECHNOLOGY
- a2 2 n i 12 2 h
110 " esem -~ 2.5%10 e cm
PAGE 20F 5 ~_ PAGE3IOFS )
! i 7 i ~
] C ~
\
- \:
- - +
w w
< £ o
3 3 -
4 - -
- .
. 1074 ] 1 I | i 1 1
G 0.0 0.1 }
'C' mA
¢ JPL Technical Memorandum 33-763 53
Hi*m




54

” [}
T Ty
!
IO" T T LI B | T T T 1 'o-l J T LI | T T T 1
- 2N2605 1 - 2N2605 .
- CIRCUIT TECHNOLOGY | N CIRCUIT TECHNOLOGY A
5% 10‘2 e/cm2 1~ IOH e/em
" PAGE 4 OF 5 _ N PAGE ~ OF 5

JPL Technical Memorandum 33-763

-~ w
[}
[T
ﬁ z
]
103 | 1 [ | L L [ } 1073 i 1 [ 1 L L ‘
0.01 2.3 1 6.01 0.1 1
; lC' mA lc, mA v,
B
2N2605, Texas Instruments ;
Device TveE: JA] D(aOR.  T£XAS [ASTROMEAITS - vact lofl3 3 i
Sample Mean Mean :.';::: "
Farauveter | Rlueace Upersting Point size | Mean Max. Min. Qo $30 1Cxiteris
e/om? IBias: JARAN : < >
AL:J_LNQ A (M3 Nog:| ;Ip-am fo__ $.0030/0 00011 0006320029 '
_1xoid L o looosalo.nngsd m:n‘g_am Q0132
Allnes) | AR e le bl (o0 000191000320, a 00051
YT N & lo.noa3do, .00 oo 00
t
AQInge) | AxiNd hoe NTe s 0mf]l (o 0000 2,00 |00 310 003 ;
' L (o __10.0025/0.0048]0.00/ vy I .
;
T i
—
3
i
§
i
!
2
: 3
. - i
. | g
‘ ¢
; K
' s 1
7¢ 5
" 3

e



Y e -

e e

s

R S

e g yhed
¢
i
i
‘0-2' T T - 11 T T 7 ‘0.|; T T LI | T T N S :
2N2605 h i
T~ TEXAS INSTRUMENTS | !
T~ e _MEAN . 3o [ 1103 ¢ cm
. ,
e — - PAGE 3 OF 3 ]
- -
s —~ — ~
& & o2 — ~
> < ~— ——— __MAN . 30
3 2 —_—— 4
- ]
2N2605 T )
TEXAS INSTRUMENTS
i 5:10'2 ¢ em? 4
PACE2OF 3
- 1
. 04 1 i 101 i i 1 _L_] 103 1
; 0.1 | 10 0.1
5 lc, mA
x
i
:
i
i
|
; 2N2658, Solitron
!
i ﬁ-m_ﬂ#wmwu Legt (o] S
| Ssxple Mean Maan ::;:"
f Paramster | ¥lusnce Operating Point of.¢ | Mean unv._1 Min. 2 43¢ ICsiteris
i e . .
! S (nee) L anin@ LAlC 4V Ve: OV, [T -imB; Yeg:<0V] (ox 10 703 O OvyANQ /AR | ¢ 168
: Te-imA ! 2 \o./09losmdyircia?lo ool
S {009 0uiZalo 020 /122 L. 241
203 RS Gx |03 lo4% BINIAT Y1
2 O UNL 01731 048972 2./59 1O 2ila
5 1l oudl lo/95410.3810./83 120,59
: Alllbeg) A0 AINee N Jc - Amh o SufNeg -3V ] 2 a0y  anackn amd)
LasH . 3 oo o foaog Ie.004) o oo
sua : . 3 oo Hle.onnk qose o (oS
52492 c A 3 l0.0181 [0.0160lc. 3R 0/75 10 V%%
Clinse) |5 balye - g s {ox 9 0.0/ 6,009 10 0a Sl 3%7
DugShal Te - 1w ; L Jondn3lo.o AIRKIA04N0.C(40a
_ 113 It 20N I 0alaodd 1a,03as00.01)
4 M J otBlno4ga 1,048 lo.omdalo. 0aqul
A Clre) [ g T - D0nb e IOV Lax 00053 (0.00RMQ003 7L A GO0 (00
R TR i ~ v (ad_ 10,0005 N0 10 Q06810 23R M0 0ied _4
L X Broa *
AL v RNE LAl £X01,
A
i
JPL Technical Memorandum 33-763 55 .
i
HEERe i AT DAL T S AT U A b 5 4 Ui o 5y e USRI ST T il o BTGtk ol bt sy - ]




IOV ——— S LA g

e 3o

[ ST VEN N

I

| ,.l,.
Lo L Th o e L T R P [ o

DEVICE TYPE: D) (NS S T AaAl Pacx as’
Sample Mean | Meanm m:
Parameter | ¥lusoce Operatiog Polat sise Magn Mpx. . 1T L {- G iCeiceris
e caillied 5 H .
Aoapeed et shie v oo e awibice AN -2 v 0. 80 3k0, vt co Lo oo dn a0l .o
: s VLY b I & (Qes 4 a7l 00T anIRENQORA 10 Q0% -
3 caedice- g0 100017 10-Coss 1 4929 10.0.4.210.00%:
- o) R 2 aud . ounlo.ou. ko g locen
1
& oo [T | ” ¥ e koo laccalaanslaccadleoa s
et . Qe ko coxmln cndido o)
VR ATV Bethed PA ; awbon ] 7 LASITZIO 07%ak0.0% 0 10 CRE 21 QX0
T R il . Lo oo ceoloan I wolomol
!
PO R ’ L odwiIa-dmed 7 2oy L 25210 Ol RIA CRINGLSYG
IR A & 2 10.07550.0udN 3 ORSA ADTINA 11D
WET WS OB Baliint) 04 e 2 BOeRIN3N S BRI O 3 A )
St 4 z NGFAQ L 22 1S QF RN 4 -2 i s
g 13-
TN AT eils K s inhoace CON | 2 1781V /R G V280 | 200 \2v2a ]
" 258 L oa 1
35 2 15351169 1 /3R 142.23,2453
- 4 x £0-97 | 8,972
2P o taked PN AHTGY) TS
Tad Ovdie s Seo At 3AD ] : F
37 | Lo o RT.oNG
3
k)
| oevice rrem: DAY e SR S TR Pasod 3oL
Sasple Mean | Mees *,;z:
Paraseter | ¥lusace Qperating Poiat size | Mass Max. Mio. na I _ICeiteris
€jort feyiBiAs: iRRAD. | Buas? JOARS. ol Bt
vt oy L1013 Be ooV Zeiod, fTooimd, 22 Yudd Ve B jo2 ) 9982 k
| 1. 22 l-¢52
[ o o il iz 108 120 42943 :
, M 528 207
LAYV L s 5 e O ey V] O 5.0 1 sol © /724136351
! i . -5 . |-/ U
L84 ) R o o ) o
” o (o] [
RO K Yo dN] O l-onol o lacolalsolVas
—d H - Za 204 &S
— i \.5 ! - ) A Pl 20 Ve WY
. - . V) - dl) Ve
M(nh\ bEINY WA Y can e o Y 3 ot lansolo o Ao aa o iy
IR - 1 SUTTH T K.Y alvin ILESPT R Fall BvS |
J YR — _ 3 IRl lesolodalos, lans
e o e : 3 leta il /300 | Ry 2284 102237
56 JPL Technical Memorandum 33-763

G



Caa

>

AO/heg)

10°2

1073

LA

LIRS

T

T

L L 1

- 4
B 2N2658 -
SOLITRON
- 5 x IO‘2 e/cm2 -
PAGE 4 OF 7
.
-
-
-1
.
1 i
1000
T =TT T T T 7T T T LI
2N2658 i
5 SOLITRON
i 1v10% e em?
2.5 MeVv
PAGE 50F 7
4
- \ -
- \ -
L —
I i
1 i il i P L Aol
1 10 100 1000
, mA

JPL Technical Memorandum 33-763

57

wan




IOO T T LI | T T T I-' loo_ T T LI | '22;! T 1_‘
2N2 IN26!
SOLIol?ReON -1 - SOLITRON E
1 x l0|3 e/cm2 |4 IO‘J e/ct'n2
3 Mev ™ 5.5 MeV -
PAGE 6 OF 7 PAGE 7 OF 7

AO/mp)

Bl hgp)

|()‘2 1 TR - | L L 1
¥ 10
IC, mA
2N2857, Motorola
vevice TreE: ANJSH7  MotaRoAs Poce se{.3 N 5
Cbml Sample Hean M n ::;:::
Paramerer | Fiuence Cpersting Potnt size Mean Max. Min. ?q _*3 T (Criteris
Bias: iRGAD. l1Nupasl [OERS.
S(Inee) | S03 {ie~SN Ve Noe-5y Te\ma] (o 00468 0.0075 |0.0032 133100095
B TN [ 00R11[0. 025 10.0052 [0.0134 |00 |
__e.{_'fm) Sxp¥ fte- 'w Te- 5 Mn.mtolmm L0200 04 |
200 049210 Lot 10. 00 3210, 007 |
Al fnge) | Axg® Ner AN ].i-_'l()_i> L, 00034 10003010001 L0, o -
un? 4 ¢ 0,003 10.004310.0027]0.005742.0061
I B A
!
|
——}-« —— - !
-1 o S
L - I S E——

58

g

JPL Technical Memorandur., 33-763

-t

“h



Ao b e L

T T T T 1 LJ T ) |
2N2857 2N2857
MOTOROLA I~ MOTOROLA
5 x10'? e/cm2 ~. 1 x IO'Jo/cmz
PAGE 2 OF 3 1 ~ PAGE 3 OF 3
1072 K -
L3 “_
-~ W
3 & -3
. 3 >
+
p= -4
i
R o E
i
t
j
]0_3 i I 1 i |0~3 1 1 1 1 j
1 10 1 10 i
Ico mA Ic. mA !
;
|
2N2880, Solitron P
DEVICE TYe8: ANABBI  SOLITROMN Pace [of3 3 P
Sesple Wesa | wean foccev E
Parameter | Pluence Operatiag Poiat size Meao Max. Min. 2 2T ICriceris
<jomt : Auas : pizas
1804 | 5502 ]ve <iav Vesovhee - yy Teoimal 6 }.0756).2003 |oa0x ] 003 | 346
L Lxi0? 1 2cs ImB 2 b | 222 | vaeg} osc ' ovar | .sem | ;
8 (M) | 5440 Vg%V Ic-23a0 £ ,o0ms]| . 063 | .ooe 2 1 .oau .
v Lxi0° L $, Otaa | osea | pogsl u: |.cas¥ b
1
r
S(er) | sei0? Vercav Ic-18 | & ances! 008 | 000 |.00aa |.00a83 :
3 107 4 6 1.ooeaal 003y ] .00/3 1,00025 ], 00wfa i
0L | s 2y Los 6 | .ooar | Loosgrlopes] po
2 (=07 v 6 |.oososl . s08v |.o0an 1.0.69e] .ou
A%} | 50" cav le-Smal 6 s l.0ve 1.0572 |.07va ;
L L=/ 4 '3 ovaz . .ua. '.0°%26 ) .24 | .15
REMIENE Veeoav Ic:200-8l & | . 0017 § . go0¢ 100328 Looy28
¥ /=702 ¥ - 100392 | .. Q0/8 1.00692) 0026 &
Arin'2 | 1g v : G laga4y 10,987 lo.scd 10990 J1ie
i IR ¥ ¢ Jovalus losiztta 1159
r&
¥
;
)
3 JPL Technical Memorandum 33-763 59




10 1 i P x "

a0 1 s

22880

SOLITRON
5 xo”e cm*
PAGE 2 CF 3

p

IC' mA

60

100

4 i .

1004

JPL Technical Memorandum 33-763

s

Lo

A P )

ot

LY



CpeEn WL AT AL

FINEEN

R R

™ e

A

Ceby -

FETRrETRYER TS PR i

P et PR

-
T 1 T T T T
o ~
R $o
§."S
- B2 e
£9 X g
[ -
-

AN

\ MEAN ¢ 3o

e e n e et e e AN B PREETASS i 4 .‘m

61

1000

Ic, mA

1
10

JPL Technical Memorandum 33-763

.. . o ...
e e g N S 1 it Y ¢ 1 .q.w»»nm
na b

Lo- ~——



e

2N2907, Motorola

oEvice Tvee: oMol PO 7 /ﬂg(gzat'gs Yot 1af9 .§.
eb"l Sample Maan Mean ::;:::
Paramster | Pluance Operating Point size | Mean Max. | Min. NG | 3T icrizeris
A s sx0® |pias:inean. |Puasrmoens. | 5 1o 2,000 |0.0002000033 1000300
4 Calbeetar: A2Y | Le:
v 1/2/09 \datier -due:onolike: aonos |0.00t66 Jo.ooeae
Wae) 52007 [Coffactor: o [Te: Omp) S |ocons|acess [0.00s locaser lo.coxal
(] Z H Yes:0. 2V )
N R : GAD S lopoda 000590003 lagete (00253
Wael {5300 [Collectyr a2V |Te-10mA | 5 lnooveelo.cor 1000090 00 looarss
! Ernvmy fer GAD | V2= 0.2 V
NIy : 5 2013 10,0021 |0.000% lnonzaslocoars]
AMoe) [ S000™  (Lalfeetor -8 | Lo 90mA 5 looooes Jocon |0.0003 locesar louniss
Contiec-GND (k2= D.3V
~ /x/08 o S 0000t |0.00ie lo.000e |Doe lo.ooms
2e) | srsp7 |Colloctr-V 1I6=020mA | 5 lowooas [ounoos [D.0001 aanososleoooesa.
Lotk GNP INes= 20V
N (2008 : GHND 5 0.00094 |a.0008 |n.c00 |0.001 |0.00s08
5
]
pEVICE TYeE: o?N29)7 Ploferala Pace dof 3 3
<lomt seewle maso | mesa [Accce:
Pavometer | Fluence Opersting Pcént size Meoan Max. Min. 20 +IF_ iCriteris
32) | SAMY Rups-iegan. | Bupaa? pogas. 5 lgmms [¢]
| Lolkctor - RV | Jo: SmA
N /s e: BaseGNIY Ves: FOV S loooos |0-00r 00003 |60 s [oc0iea
Yeelad) 4] Caffotar: g2 | To:(OmA S 1031 lo.ade 1a.03 :_ _-_-_:——
(v) a1 GND | Tp: ) .
. St = OND T 5 looa lo.049 0.03¢ lnosi |0.056
b
N 193 N ~ 5 loo4a 10053 10,039 |os41 {o.Qe
yee(aat) 0 () : o 10mA S 100598 10,05 {0097 | | __ :_
(V) coutter e D | 28: D SmA |
! 5110t : GND 5 looeos ln.o1 looss |ao13aloree
. A
N2 [xgD" N S 10069 10,074 [2.058 10,0715 [0.0ma
Vgl%d) 0 Golkectr gy 1 Ze: 100mA 5 oo logealaoer | | ]
(v Emer- GAD 1 T8 SmA
50t |AAsE : GND J 0438 10,188 lo.70S IM a3 2
10207 ! S loya losw los08 If;,gaa In..zu
N N

62

JPL Technical Memorandum 33-763

v amed AT oL

o

~:

'-\ 3



e

b osm et -

L ar et SarNmeTav

tona mm: N0 lpfaola, ik Aof =3
elem? sasple R
Perscater | Pluence Operating Point size Mesan Max. . NG | 3T lcCriteris
o] Bias:iaRAn, JPuasrmans, | J 10,2251 0235 10.119
) to Ze:/OmBA
— L& Q% €m ver s (GND z ImA J 103 03> 10.2(6 1014 10,1492
; BAss: (anD l
N (249 ¢ s_long lo.ns lo.709 o135 o744
0 Counecr: Q¥ |Te: /90 mA s .343 lo.359 |o.934
(\ &y Hers GND [T8: DmA
Sro : GND — s .847 10881 10.39 [0.85¢ [0 f6
H
N 03 Ny N 5 o3y 0899 |0.827 j0-952 10,701
Q (ollect - OV | Zp=/0mA .709 10.272 10.
(v EmiHec - GND [ 18:=D. S mA
Sa70%  1RAss - (GND : S 4245 10,749 0.109 10792 10,726
1 |
1293 M N 0.202 10.7:7 loets |o.we Ir 232
v vee: SNJ 90T TeCord/a Pace 4of9 e ?.
lltm?- Sanple Mean Meon ::czft
Parsmeter | Flusnce Operating Point size Mean Max . Min NG NI ,.ﬁ:imu
Q BipsiiRRAD.  JPRias:pens, | 5 (2,292 D83 10.8/8 | . - -
{(y Gl Ry 1Ze: 100 A I
! S 1émiier: QND 18- § mA S5 D.93 [0.-333[0.824 10.89 10.84¢
BAse - OND 1
’ FLY 0% ) g A1 10.83210.8:4 10.83¢ ]0-343
Icealn Collctsr 50V | \c8: SOV N |
s Emiler: OY ;
! Srrpt | Pse: Ay i 4*lnay o073 naa [n9 10,973
1 1 .
-’ 1x/0'3 A - 4* 15,3085 1049 (0.3 lo.992 |0585
* Dutliec . Ope (Colplativns Lonel wild | urdlieds exefuded,
)] (hlbche 5oV | Vep: SOV 1 S
i Emter -
| Sx/0% .Y i S**0e |4.0 |o.oa 19.51 16.33
. i .
e x40 M 7, S**//8 196 10..23 |50/ 1.9
K% lale. Wdons dunel witk o hidrs ndladed,

JPL Technical Memorandum 33-763

»

sl

63

|

N

Bt NSV



3
| oevice ve: oM P01 7%atarole. e K29
Llem? sasole wean | wann Rt
Parsxmster | Flueace Operating Polat size rﬁ-'l—-r——"'—'—‘—' Min. | * 4.0 lexisaxis
BuAS IARAN. ] Sl e e
(4 Calloctur: SOV | Ve8=35\V
I A0 (v fer - OV S 10,42 10200, /2 0231 [0.20¢
T
; Bass - _OV
| /x00'3 4 196 10,22 10,43 10.3 ln3ie
‘0-2 T T T T T T 171 T T =TT T ]
L IN2907A
. MOTOROLA
5 . IO|2 e cm2 -
i UNSATURATED
—— PAGE 6 OF 9
¢ — ~——
I — ~_MEAN 30
\
o3 -~
- 4
x®
a % i
IO-A B b
r -
107 i L | U W | 1 1 ¥ | i
0.01 0.1 1 10
| mA

JPL Technical Memorandum 33-763

e



Al h”\

‘0-2 T T T — 1T T T T r
i 2N2907A 7
o MOTOROLA -
| x |0‘3e c’n2
I~ UNSATURATED
PAGE 7 OF ?
- —
— S —
|0'3r‘ -1
-
;Z B 4
q
— —
T of -
o h
- 1
- -
10'5 L 1 [y A " | U § [ | 1
0.01 0.1 1 10
'C' mA
T T T T T T T T 1o~ T T (N S S
2N2907A % I~ 2N2907 A q
MOTOROLA MCOTOROLA !
12 2 13 2 1
510 %e cm I 10 e m |
UNSATURATED | SATUKATED |
PAGE 8 OF 9 g PAGE ? OF 9 ‘1
- - J
!
J
i
— w2k -4
— - -
H»-l
—1 :m -
Q
- -
- 10-3"‘
n I
. -
—1 -
-4‘ -
]
I
L O T A " N 0 s PR ! R R
10 100 ] 1y o
‘C' mA I( , mA




L3
Tt
«

H

;

H
oy
R
ik
A

.
L

;
3
.
W

.

i

- —
&f—w e

2N2907, Texas Instruments

o i SRR o R ATPBTEAMG N70y L AR ST Ao o, AT 8 AL PR RIS P M e W B LT N ik Ll

[

pevice tvee: IADG07  Tems aeraomiavts  Pagk iof 9 3
Saople Nagn Nean ::;:::
Parameter | Eluence Opsrating Point size Mean j Max . Min. * +3G°
e e IBiAStiARAD.  1Ih05¢ FOARS,.
S(nel oot Ner QY j,zma,fga,g;yi s 1000051 | 0.00i510.00006,0 0017]0.0023
254503 TNe + NGNS LY 0.0003 | 0. 20003 10.0045 100061
A0y onp ke 0N ;o 1o DIR10.0038 00041 10.004) 1Q005IN
] 1203 1 o lo.004010.0077 0009000 st '
A (inee)| juo™=_ tbeas 5 braowaloooil 0 loooa E'{_l‘
25410 ke S 005 2100003 '0.00 A
5003 To Owh g™ 4 100008 |0.00.110.0007]10.001 |0LOH
LA & 4 10,004 :0,001910.00: | 2.0001 100005
inesy } xi02 Y Q3% 5 0 00N O ln 003 R
22500 ~ A 00021000 LD\ GO0IR|C.003R _
Ex0 e ; ar  now? mmﬂamﬁ 00.2
" T &) . 4 _pnxyio a.oongmasamao
Aipg; | Awoe <3 uh < 10.000910.0095 10.002710.0031
n a3 LY ) .00 2710.0041C. Q0AN0- 0040 KLIOH L
Alingis | sx10M To -3l « A 00RO A0 00 j0.CYY 11E.LOC ]
priQ3 INee = JON 4 \prous 10,0046 0.00400.001R0.0030
pei2liner) | 520 L cdomn, | 4 10cacy3loant 00003
L 10N e WE IO < ___.a008310.0010¢ 000 7.0.001] 900/
% N OUTC s . 1
pevice Tree: JNDAOT  Leans WETRONI 3T Pacrdof 9
Sample Mean Mean ::;:::
Parszeter | Fluence _g_pggntin‘ Point size Mean Max Min. 20 +3Q lCriteris
Cloms 2 _r’_ﬁ_m:,;, NS
W Loy | srp's =12Y: Ve o= CND e (O, T e s 4 bosg 100853 | Aol 1005
‘ e A d_ lnoua [ nosy o094 oeoalr a8kl
WA ~OmA e O 4 10.0a | 0.070 10.05% 10. 076410 0K
() MK < o 1.0RL0.08% ln0g32l0 04
[V ORERS AT B, 170 12 o o0 C RYY :m} - Dl Lo galos | 0190200
s TR 4 O ol 1193 [0058 | A0 01T
2T LT
S AR Do Ie | A F000s 10003 1 2.0/ CaCRIC 0050
[ rg-Crs <TOCD)
. T < 1o-0010]C -t -O005 10 Qs 100 143
L | _ & 2 - VLAREL Caad
S a0 T. ool </ 120097100038 0007142 NJ77i
(N : LL1a 0.0k
L IR 4 lo 0,008 (5T 0048 ]
% J 4  _ lawsttac
VR (wa)| S0 4 Y00005\0.00 YOL03 (OO0 SICOCET
(4 - ! QG0 0,00
. x0’? -a.0a3l0 codol g 20l 296 1. 0uca
L . j f _T_f_z.m 0,04

REPRODUCIBILITY OF THY

ORIGINAL PAGE I5 FUCR

gL R AT e ey W

®eg L ATROCTINY M‘?"‘L’* At

JPL Technical Memorandum 33-763

- e P

e e e e SR, g

r

wwae?}*



oevice ek JPIDQ0T Teans (ST WENTS,  Pogs <of 9
sesele wean | wewn Jhesent
Parameter | Fluence Operating Poin- size Mean Max . Min. NG | 3T lcriteris
€ont IBIAS: IRAAD Bunss MARS 'J;j -1+ o
ANEL ) So0P e v ¥ e GAD e - NG «[ _Jeoosnlngae! o 10,0178 10.0940
N ) 4 20068 -0.0130
— [0 1 A n000710.006 120,003 100010, 0120
& . rQ00u2 FO.005]
[
Do (WA 2% O'F NerspyNe-Ye s 0 [ ep KON 4 o4 1038 1049 10509 10643
} 3% 11,95 18R 22 | %l | 234
JRYIeL] 10 R 04 L0y |0.588] 0,698
" ax Iy liad o {43y 1IRK
Teoo (PR Sein? Nen s 3RY S 982178 |5 1922 | ud
IRING . - ol ot/ 9/ | 2% 29 1 43@
I
t
» -
¥ __Comeyens IA vLtd
1072 T T T 1T T T T
B 2N2907
TEXAS INSTFUMENTS
o 2
1 - IOI2 e cm’
SAIURATED 4
B PAGE 4 CF 9
-2 T T T T T
10 2N2907 +
I TEXAS INSTRUMENTS
- \\ MEAN - 3o - L ~ 2.5\10‘2e em? h
T = ~ e MEAN - 33 SATURATED
T g S~ __ PAGES5OF? ]
T T
173 -
- - T
— Aw
w ) -1 £ 3 -
-‘\‘ : ]0 -y
= < i
< - - o -4
no"L— =
L j | b
i lf\_4 n " N P 4 1 n
| 10 130
IC, mA
10" ! 1 P AU A Yo
] 1c 130
lc, mA

JPL Tec:znical Memorandum 33-763

67



10-2 L T LI B T 1 7 IO'l T T T T T T L
2N2907 . - 2N2707 n
N TEXAS INSTRUMENTS 8 TEXAS INSTRUMENTS .
5xl0' ecm 1 \Ioue r.m2
\ SATURATED SATURATED 4 T
) PAGE 6 OF 9 n 5 PAGE 7 OF v g
\ ,
L \ MEAN - 3o - - B
~. ~
.c: v
T 0 4 o -
q - - Q - -
L . | -
-4
10 4 i SIS | i i [ |0-3 L L1
1 10 100 1 100
|C, mA 'C' mA
'.‘
'0-2 T T T T T LIRS T T T 7T —
r 2N 2907 h
o TEXAS INSTFUMENTS
5~ IOI? e c-r'z
+ UNSATURATED -
PAGE B OF ?
\
i ~ .
- \
< ‘0.3t_ ~ ~ MEAN - 30 -
= —
3 —— e — A
- B
L -
107 I i T T 1 JE | 1 [ i J
0.9! 0. 1 10
lc, mA
H
68 JPL Technical Memorandum 33-763




:'\" T T T L] T T T ‘[ T T T T ' T
INLFO7 )
3 TEXAS INSTRUMENTS
13 "
| P ~10 e cm
UNSATURATED 1
PAGE 9 OF 9
L J
1972~ —
'3 L
>3]
L 4
1073 n
- g
10-4 " " ol . 4 FEE | n " T | i
0.J1 u.l i 12
'C' r A
2N2920, Texas Instruments
DEVICE TYPE: JAIDD XD Jaan A STRUNEATS . thar R =)
Samp'e Mean Meun ::';:Z:
Parameter | Fluence Operating Point sice Mean Max. Min, 20 O _Critesis
| Cemd Rias:ieRab, | B anl MEns,
Allhees | 250nN? he SO iade-0 [ OloA Yo -0QY] 12 00044 |30042]0.0008].2.0094 10, I
b ek “ Ja e 10 Q40007 10 00921 L.Ci!
3 Clnee) [ 2507 e omBte:c Y] 12 poood] T Q. 0.0019.0.000
‘. 5007 A ¢ 2 {00033 e © DO 0 084100063 |
ACineeY] (289 |ie K\lrlc: Sullic Zpndee RY] .2 20047, ‘.mogmmo 0 ) 00/
aAsw0? ; 44.1 FRL DALl 02l a0oxy
A2 U2 R 10.0017 10,0020 03l oa N C0’
i 4 B 010721000330 20700 0 00 [0.0:27]
i L3 | X 88 [0 090! 0.0188 0. 008610 OrR 10 020
- o P8 10054 | 042301000872 - 4D\ 0.0
CClvee)! - 0% c s 2Y | e b0l 0007 (0. 00010 Co0 coner
. et o bl 007 a0a b oA 00078 _
| I L 10000008 20004 [0, cansd s coc |
Il I AT L0 004D (00801 G000 0069 10,0067
3 R - 2B NS 006 0 OOl 002 -
Lm |4 aed 20001000000 ok o2/ 0. 030"
S
- 1 — -—t
JPL Technical Memorandum 33-763
* 4
- -1“'.’.2..'1..;*;...“ LW e e vaew e i e wa e -t o - T
- - X
i : S SN
- . . 1. ﬁ' PR O




Sem W oes ey RS T b SN Y R SRR

583

vevice TYes: A0 TIXAS JUSTRUMEAITS PRk olofX 3
<A mt Sesple Meaa | e [Rccers
Paraseter | Fluence Opersting Point ize Nean Maa Mo, 2T | T _Iccitexis
2ia%:iRRAN. Pugs. MEAS. 30 | -3
T et | A0t hee SN Ie-29.4 ke S Te-2M o 11160 11,976 1097720214 1243
j ’ 4 0.152|-0.139 -
1203 (o LO% 5 10.9351.38 | 24K .
; 4 0.£3Y (0. Y
b —— $
(Ao Taert, sant vee 8V Te v Imf] G 236 |27 aX6 | 309 [39%
4 -g. -1.24
Lrp'3 (o Yiud 11364102341, 49 1292
H_ ! 0.4%5 |0 3%
|
- T v
— | L o
1 . —
T T T LONE S 4 T T T T .
IN2920 *
. -~ - r — TEXAS i*  “'IMENTS
NI 5 510! -
TEXAS INSTRUMENTS SATURATE.
Y 2 4 PAGE 4 OF 8
2.5 10 %ecem 1
SATUFATEC
PAGE 3 OF 8 i —

MEAN - Jo
—_—

An-l
jre
= -
<]
l0'3'_ —
L E
i
N
A A A 4'\ A A A A
Q.1 '
|c, mA
-3
' 1 U S T | i L Aend
0,01 Q.1 i
IC' mA

JPL Technical Memorandum 33-763

e s - - - .

T e kR AN m‘
P A . - . ~ . "



R L

S e e e

-

© e e w e v wam ceen s s s

B L TRN MR v S i e L B B St R S g e A A L TR T 3 «f g Lot
T T T T ] T T T Y
2NZ920 1
TEXAS INSTRUMENTS
12 2
B 110 e cm B |0-2 \ T T Y Y L
UNSATURATED [, ,
PAGE 5 OF 8 IN2920 7
| TEXAS INSTRUMENTS
Al 2.0x10'2 ¢, cm?
10 —— MEAN - 30 a UNSATURATED A
| — - PAGE 6COF 8
- ‘-“l
e £ 3
< L - 107
3 < i
10-3 r_ -+
L . g
- 4
o : [~
104 1 1 1 i FUR Y
i - 0.0t 3.1 )
IC, mA
10-4 i 1 | ‘ 1 i 4
2.0 o1 1
lc, mA
Io_] v T T T T T T T 4 ]00 T T T Y T T T ]
- IN2920 3 IN2Z320
| TENAS INSTRUMENTS i TEXAS INSTRUMENTS |
5 - ‘012': c~n2 T lOlae :‘sz
UNSATURATED | UNSATURATED
g PAGE 7 QOF 8 b PAGE 8 CF 8 b
RIGH
HIGH
N
g2 POPULATIC ol PoRuULATION
L L
- L ‘w =
-l M
.E“ -\:
3 <
E Low i
POPULATION
-3 2 Lo
107 - 10°°T  POPULATION
| 4 L
L - L
|O-A' " i " il i i i 10-3
3.01 n.t 1 3.31
‘C, mA

JPL Technical Memorandum 33-763

l‘c-ﬂ..’j N wt Tt s ~ . -
»

L RS e e P

']

e S e s AR s

"




2N2946, Texas Instruments

1
L__,mm‘ e e tEiAS lustRumersys  PAGE lof | 3
[ 1 Sasple l Mean Mean ::;:::
| Parsweter  Eluence | Opcrlwttn’j!g:n! size Mean Max. Rin. + 3T iCriteris
| _ekm? RiAS:IRAAD AaS S MEAS. l
ke (s . _Swo! s/ dmb | (o 124, 182 , L&¥, 1.94 | 204
T TR ) ] T o 1 226 | 187 | ek | 4od Lzod
25w0? | _ — Ce 1278 | 1287 1 142 | £9% a0y
N . 0.970 Yed _ b 18 £.9) 1 /23 1496 | 2203
! ;
era B~ o DrefyYeen NS Neep . £  99ph| &3 37 4WA S/ /pud
— LN NE® -2,2Y Ne = ~2.2Y I 8 1003ea!c 2000.0/000.0%410 LG
1_;‘ XY Lot s L8 losaa lo.2000ad 12316 0408
Lk sxe ; - } R 5 lownlsa oo/ | (508l2.085
! | .
L — -1
! | i
Lo | .
; T x
i | !
H {
L
4

|

) —
I T
[V 1
| . |
2N2975, Fairchild Semiconductor
ODEVICE TNP: S0 F TS FemE s b B oRDCTOR bier ol G 3
| sem S T T
Parameter | Plueance Operating Poicnt size Mean Max . Min. Qg +39" |criceris
< com*MeviBias: 1aran. | Bias? feps.
A0mer) [soodloslee <y e S e ] o2 oo 28 000K 1o 008lC Gaa7 10 Ould
AlTe-0pn Tl o Looaedlo 0d% {0 Odnkenn3n lo.od0a
e o Lo oS coaM A a0 Adio Lm0 o8|
rallins "] ) 0 033io] O QiTtal 2 03401 0.0 3%
3 o AcaT2 o.oaaicolded o Qs Gy
& 3 i q4__|eotas]a onslacann 2 oeid loowid
|
Anee) o kg VY TL b el oo iufl] [ el DO | cooda o ciol 1Q.0UR
L 3 : 2 _locotslasien|s.asulnciwniaond
X R < doquasloowraogilooiailaoda

L wY3IRs i Jooug lo.oies - 00 oA 00183,

! |13 ~ locidlooptlooiol lomdlecie?
TN Y 4 looralaosa s aimilooagioui,
Alinee) ax Tom k) ez S Je \mB] 12 2001 {naotia.0094l -~ oo,

‘ K a___kooaloootdlooca hoaost e ooer

. 2 10004510 Jofe lo o432 e ol
o Sadl VX 2 aed?in.onasle.eos ., o e
+ 3 T | Ko 9. W Rala 8le V1 Vallalok 5 | R & 79 | fe Ko s W]
bo 5 & 40000, 0o Lo Q0N oo e.Cnd i

JPL Technical Memorandwn 33-763



IR

> G

TP N Tt S I .
| oevice T JMQYTR  FAIRCHID SENLCONNNTION — Phat Jof (o
Sample Mean | Mesn ::;:::
[_Patemster | Plusace ____Operating Point size Nean Max. Min. “2g 43" lCriteris
€irpt - .
Al e | suSlaalies sl Xo- - - 12 4 ln.0analo.00m lo.03be e ovs0
3 -7 | 2 loaivwelaoa®-aiz3 b.oma k. ouoi
45 1 < 2471 lnndg911 040 la 0423l oad
203 g ! 10 ooargln.od43lnngaab.odss o caoe
3 2 lo.c4i 10047 {0,035 {0.0579 10063
45 4 Inosa lo.owadle.n33qdc.07249440.0250
A(nee) langd bo s Pl 13 oordla.ce |l osoMa.ci29'0.0i72
I 3 "1 9 b.oualooado cota.oiZijoedol
2 lo.ois ln.omala.ordsla.ced] 0.0074
xxy3lan . 2 lnoudlo.ced 0.00%0 0?20
3 i 2 lc oi13fin.0in3n.0ns|o O 21
A 4 4 o.odinoanalo.omdl g 0ol
Aﬂ?ﬁ) Rant3lo g MoV Te: inAl 12 b oo aslo.acenio.coayo.conticonas
3 o 004} |0.00% 10,003 [0.0061]0, COR!
! g5 K 0059]0.0065]0.0053 0 0% |O-
203 D5 s Q013 I0.00 240004 [0.0023 3
3 1 o loacs hanag lnnesa |0 -002310 a0y
) 4 N2 iN00RS10.007 |0-00RT Q.00
=2 8008 Sxs PSR XN, e -20N 1} LRI LIS R Je.cidal 114 land
A o8 Ve Va0 1 1.9 174 la JINLN 128
!
IO-I T - T T T T M T T T ID-I T T T T r T fY—WI
N IN29T5 1
5.5 MEAN - 30 FAIRCHILD « 5.5 MEAN - 3o ‘
N 5-10 "€ cr e c__l’ -1
N UNSATURATED 5.5 Mev UNSATUFATEC

PAGE 5 CF o

2.5 MEAN

3 MEAN - Jo

o $3Me»/
§5 5 Mev § 5.5 Me v ;
T N R j 1073 | |
i i i A i i i " L e 4 4
Q.01 Q0.1 i .21 VI i
lc, mA lc, mA
JPL Technical Memorandum 33-763 73



T

<

IN2975

£ AIRCHILD

5 l0|2e cm
SATUR ATED
PAGE 5 OF &

4

2

5.3 MEAN - 3o

-

T v LA T T T L hg T
5.5 MEAN ¢ 3o IN2975
‘\\ FAIRCHILD
~ (3) MEAN - 2¢ 1% 10 cm?
~ SATURATED l
- PAGE 6 OF 6

12.5) MEAN - 3

randum 33-763

Sy
.
. ‘: \\\\\
BRI N 3 Mev ==a--
< < -
$ 2.5 mev
B x 3 MeV 4
Q 5.5 Mev
10’3 13 e A N | s N N
501 ¢ 1 2.0t 9.1
leo mA . mA
2N3057, Raytheon
DEVICE TYPE: Jpl 3NVRT = BT NEOA ace 9f 3 )
seote Y A
Pazameter | Pluence Opersting Point slze Hean Max. Mia. + T lcziteris
“lem? lPuas:: :
A, ~ee) | st [ ge 235 T 0l o laodo o oo aonn 0RO VA0
% TRV ) o 1C.00LRIC.COR9 =l W 172y
A ner)| Reat s QAT @ loanaalacoss r,m.v R a.00d
4 103 L L l.oceaons b oocdla cidelo.uia
L{neea] samr £ . e Inoora2lc. noadln 0o |0 0106
o X d L |aoowm o aad loaomwaln awolcend
Allnee) | AwD" WA ~woV e Zo b8l s 0022 1000000 005R10003[0ART
! 123907 veae oY | L 92 a0 023l ey
4 25002 ‘ b _lpus3 ta.42la.0%81 2,4 0. A0
P S LV S % o )0 Nk {0.92590. 35230, 59| 4,21
e
alnf) S-0on MO | (o 10.152l0.a |0.125610292]0 37
L2520 @ |oaR210.38 L oaa 0.0 0. 42
i L1 e JOIRXKIQ. 47 1 0.7 10,3010 (087
. A ? Lo oMK IA K Io X095 . .5
b
?
H
¥
) 74 JPL Technical Me
I

B st e



A

e DD, [P0 NG SR R,

R
%
{
[
¥
&
t
; l00__ T r T 1 1T 17171 T LSRR NN e A | T YT 7 T T
I \ 23057 .
- RAYTHEON -
5 - |0I2e cm2
= PAGE 2 OF 3 -
w0 -J
-
- -
I i \{AN ‘3
. = o2 U — -
< - .
- .
S ME AN -0.00097)
MIN =0,v126
-3 -
10 E -
1-0.00018)
|o"‘l 1 Lo iat 1 1441 1 1-1-111 1 111’ I
0. 0.1 1 12 100 1000
Ic, mA
|0-| T T TTT T T T IT T T T T T T rT—r L L I-
B 283057 n
}. RAYTHEON -
1 |0I3 e c-n?
L WEAN - 3o —— PAGE 3 OF 3 .
107 .
i S ﬂ
[ ]
I i
=
sl » .
Qa s »
- :
.
-4)_
107 1 ~
- AL
- -
1077 i i 14 1 FEE D O B | JU D W U S I U U § " L1
0.1 1 10 100 1000 10000
'C' mA
rI
gic JPL Technical Memorandum 33-763 75
L]

H
1
{
f
I
i
i




2N3251, Motorola

__GVICE TYRL: " MoroRoih P AGe/ of 3
| Sample i l Mean ‘ Mean ‘:3:‘::
l‘zn_n;eﬁi Eluence | Operating Poinc __size Mean ; Mag Min. 2o +3O lCratera
e/om? P iAS: (RRAD Ao VEAS ; 1 : —
%M&Wn beoN 1ox (Al 5 00035 L000Y 0.0003 120004810 000%
LY : L i-_ams;ampomn Q00099 p 0o/l
Theed | 520% | | lkeesoy,Te:Smn, 0.00078.0.00034 |0.00036 0 0035 |000038 | _
| 2 | L s loaosa 0 0cos o.aoes gamis|
! |
. e ey - - —
] O, 0mh 5 pooady n.awsiiaooO/a[am.:umz
x,nt3 0-806 | 0.000480. 10
| Y27 L] L “%ML_%MM 000,

i

I
R ML S o R S S
R et e SRS S N N }
- + 4 i -1 + |
e
i i R S |
| | ! \ \ t i | 4
b e e e . — e ¢ s s e e |
t__ﬁ__ - ! 1 o P S [ U S U
! i ] S S |
- T — T
b i '
| - - f__. i | l_ | ! )
3 | : | L A R AN N R
‘0-3 T T as T — -+ T ——
2N3250 -3 e
| MOTOROL A 10 INIZ5IA
. .10\ 2 ~ MCTOgOLA
S I e cT \ 2
PAGE 2 OF 3 \\ MEAN - 3¢ ;:61[03&(;
L ( \\
9
™ - —
T e MEAN
- 1L — “__-/
< -
a W '1
=z 4 =
< =
4
wt L X R " N
! i .
J 1974 N N . N
IC, mA | i0
IC, mA

76 JPL Technical Memorandum 33-763



-

e -

B T

v

PRV

N v

e

[ R R Sy S e

2N3350, Texas Instruments

evice Tves: QAL 330  TEaas lOSTRUMEATS  TAGE [of .3 ~
ekl‘\" Sample Mean Mean ::j:::
Parameter | Pluence Bmm Point - — size Mean Max. rl_un. | 420 43 |Criteris
Anee) | sup® ; +Tos * 4 100016 PO l0.0932
N %0 10%H00483/0.0013 100033 0008 p 0L
Ad 50" 09T ouma ] 10*  hodiaak00ao 0,003 00021
14p'3 ¥ 10Y  1.0001ni0.003% 0.0V .00 04
Al Axip't STesimb | 10* DO DoOoid ok Y [0.00190,
121043 10*hA0RL 10,0030 I0.0003 1000986 (00331
Mooy ol
O\ e e - { — —_—
_&({n@ suat Nee 0.5); 12__l0oou7l 0.02260- 00 j0 Q12300036]
ST N5k 12 005 310.0956/0-0033 10.03350.045 7]
A (ined| Axepy'? . 12 k0034 |0.0121 10000810 0i09 |0.0/472
1 200'% 12 00048120911 [0.001910.0160 |0.0310 )
A(lnee) | Amiy? o 12 0018007500000 00087 10 025
v 1208 12 lo.003n0.on®l0.00:3]0.0091| 0.0/
|
T T T LB T — T
N3350
TEXAS INSTRUMENTS - —_— — .
* .12 2 107! T
510 %¢ ¢ IN3s50 4
e o,
[ PAGE 2 OF 3 TEXAS INSTRUMENTS
* * [IN IOlJ e uvw:
) * PAGE 3 CF 3
10 F " :
*
] x .
* *
J w *
I 402 * -
= ~ ]
a ~
\\MEAN « Jo s

* CUTLIERS

* QUTLIEK

I

)

17

e &\ZAY.



e

2N3440, RCA

oevice tvre: QN3 Y40 KCA PRGElofl 3
l Sazple Mean Mean ::;:::

__size | Mean Mox. Min. 2g° | 90 _lCcitexia

! _Parameter !_tluence o
e em® {Pins:ipean.  }Buas: (NEAS

200nee) L one sy e -l joe -8 (e ind Nees 0N |4 1A00088] 0,001 | 0.0002:0.0610]0.0005 |
IREIRE _, L 00001 0.000 10.000800.0004 [0.0030

Operating Point
__Vperaring (oL .

ey ey

— |

e

l :
N T \ ] '

2N3497, Motoro_l_g

vevies xee: OA) 3497 MnaTnR0LA VA 3
Seaple Mean HKean ::;:::
Peramster | Fluen.e Opersting Poirt size Mean Max. Min. ng *. Critecis
€ jcon? |Bias: iARAD. [ Runs: MERS. . o7 | <
480 sxiof lika -0V |Yea = -4OY 4 KR 057 1 035 | 0624 ] —
1 - 2. | ol
LAk o 1A.#RIn, Q.38 oo
0.207
YL o 104X, 0:fle 10,3 |01 0TIL
4 YETCAT X
502 4 106 | 022|048 10.845 097
0-3588] Q.04
8 need Kxi0" B Ic:qf.n, J 0
L28w® Nen - Vegs -V | 4 | 00004100009
28403 < 4 04X06)
Axi0’? 4 a ados | 000K
Wb
78 JPL Technical Memorandum 33-763

TR P IR

et



R RN ¥ ERETRG RN AT TR P

2N3499, Motorola

ARG g

e

RPN R ARITEIIOP AT <t ot BT IR i P R O o 8 A AR DI S TR, -ﬂ{,‘w,;“y

DEvicE TYPE: ANV 3999 MaTOROLA Pacaz lof] S
Q/c"‘_ Sauple Mesa Mean ::;:::
Parancter | Pluence _ Operating Point __stze | Wean | Max. | Min. Lo{- 3G |Criteris
BiAs: iARAD, YPuASIINERS, |
CATA DY S N Va0 |0 - 50mR ;. & 0.0M02 1 0. 0352 11-Oladle b i
st — ITa-ama e o 0224 10,0007 [Q.08TR60841 ]
LY 34 L 100795100855 |0.09030,0940 10 1OIO
N KO0mR | o loaoi0 lasominoeil
- Axn't Tari0mh L lai05alnahy qgmfo.mo
M 1xip™ L o j0uo%0 [0 1168 10.09% j0- 0o 9]
- e —
| A ) * 00w P 0LIAO 044 1410
__i__ Ann? To+ oOmi | b QA5 10 o jadl 0100104710
_1%0'? i o 10.1590 0.1.59 o #0910, 170 |0.u810
by— -
—t -
2N3501, Motorola
DEVICE TYPE: 5/ Mer18ALs PacE lef — 3
O
Patamster | Tlusoce Operating *ofat siss | Mean Max, Win. L {- G iCrigexis
€phm> W H
B(Toe) | Av0 [te 4N \e- : 2 loadie loaBeloooolan? el0.09
140" I1p -0lmf 3 oA no'smln crnloogaelo.one
Blner) | Ann2 - s@l 3 ammkm;u 0298004404
_ed 3 0 1043310008800 % |
A'inee) | sun'® : . k) 2 3L 0 Clog
1x0'3 3 22049 la 3o/
Tern (Y] Swn'® e 50N = DNep - SOV 3 lodd | 450000 AL S
1wD3 3 24 ) 118 10,31 Ro
My

JPL Technical Memorandum 33-763

79

R S,

- -



AV hee)

T T T '—'r‘ e T T T
2N3501
MOTOROLA
12 2
! —— -] 5-10"ecm B
0~ ’ L N 107 N OUTLIER INCLUDED
2N3508 N PAGE 3 OF 3 1
“~MEAN - 3o MOTOROLA ™~ 4
~ 52102 cm? T S MEAN - 3o
‘\ e c¢m \
~ OUTLIERS INCLUDED
PAGE 2 OF 3
\
\
- - \ ~
-
a
072k
L
+
o >
107 i 1 P 10-3 L 1 a1 n f
0.1 0.1 1 10
‘C' lc, mA
¢N3637, Motorola
- K3
DEVICE TYPE: AL Zin0 /LT D ~
Sample Mean Mean ::;:::
Parsneter | Pluence Operating Point size Mesn Mox . Min. 0 AT Icricecia
“ o |Bias:IBRAD. | BAS S MENS.
UNUTRIIE S ST Moplfe XU G OGCOTL W L QDT R o,
B P e hoandleocogl o LAl o
R G 0O IO AL CCOIT oS W S 4
¥ el " e o dc.oosoln e e A Du
o ] A" LV O I LA AN Y074 0¥, FATN 0 80N oX2'2.0) ) eXAONN, 242 4d¥
SISO PR olea skt [PTRAST] SIVa1a:7, RISV VA WIS
Arle o 0ot ol JOCHIn Q08 v Kld
“ o' - w o ooleocallaoedlontaile (O
L e RN RN YR TN TR 1 P Va7 2) VAT A7 %) W0 & 2% WA
’ AN ‘ % coole el O eAr g
! wir 0 . PSS AP 4777 IO W72V 422N DT0 ) 1OPR
- ST STV RUIA Y EE R S A A/t MR ASL (AW a/58 STANEL DI
- ! be pimbag ood 2 e loon el NS, S AKY]
Aoyt ; ~O0mboa £ (& NeaY o 00N/ PIRW I TaXWek! ok aln
. « 4 e Oimb L 00N MRS eRa SN2 [P L7, o] R A
Adipiin ] Ll 1 T R VN P R 2 e At
Lo . MR ALY (LAl § ARRCAAIT] PRTRIEA- ARU 17
R Y N PR R YA B 2] BRGNS K
e L mbh 2] 2O MO Al LG
& TR | BRI RIS WAl eIk AW WAt 4 a5 2 TWE Vi (4TS,
v " LALLM A QA e X oo ‘__’

JPL Technical Memorandum 33-763




2 Tam e VRN N T T

— g ox

. st

, .
[ |
- P ol P T R T N e g T

vevice Tyes: DAY 3037 DMCIOROLA.  PacEt Jod O
Sample Masn | Mesn ::;:::
Parsmeter | Flusace Oparating Point size | Mean Mgx. ;1T ST Nug [Critaris
.. € /¢ N\ . .
ACIE) L Lo [er 0oy e b ks v o Jo00i2 o Cosalnorl a0 20,0009
« w1 Tc: an?\ e mBacz ] G IA000d o G0, Can 10,0000 10.001)
RUIATS Sy il e Ineaegle -oon o.oadiooni INO0R
N G oo 10 00 200,00 |
L e : I ¥ AAOI0.003
To0nbor o] o IO.000710.CCCUAONID aocilc.
Tepat ~2.0 ; Yop: m3Y 7 {34l anlsd {2028 ¥
o lrasxoRlica 7 lassl . dol s &1 /223
— iy VI L oA 2 o2 ol s 272 Viaed1120.9
ot Sx 0% loR sopr Quy 1 o i | a0l o 13504504

T T T
2N3637 ‘]

MCIOROLA A

MEAN -+ 30 —

e — 5 %10 e cm?
SATURATEL n

PAGE 3 OfF 10
4 4
™4 =
o B
i
4

.54 -0.000! -0 ocor

10 A T S U R S T

0.1 I 10
lc, mA

JPL Technical Memorandum 33-763

81

¥
i
X

PR,

o 1



82

BTN IR

1072 T T T T TT T
2NJ3637
I MOTOROLA
1.25 « 10'2 e, em?
i SATURATED
PAGL + OF 10
.
— MEAN - 3o
1073 —— ~
- -
A: i B
53
2
- ..
10-4 —
r
,0'5 1 L) 0 | Lot | L
0.0t 0 1 10
IC, mA
10'2[_0 T T T 17 T T 10'2 T T T T
?N3677 7 213637 N
L MCTOROLA 4 T~ MAN S g0 MOTCHOLA A
4. -
2 5.10’2.: omt - S~ - ;~IOl‘c ("‘7
r SATURATED b SATURATED 7
~ _MEAN - 30 PAGE 5 OF 10 PAGE 5 OF 10
1 -
S~
- \\ = -+
SRS '
a L N

REPRODUCL2L ITY OF THE

7 I3 POOX.

|1+ O S S VN T S [ R W .
0t ! 10

JPL Technical Murn.orandum 233.763

e g,



L)
D2
[
-
s
-
4
10

MUNTS

‘O-‘ T T T
L
-
|
w3k MEAN - 3
T —— 3 J
i —_—
+
L |

1 A A S Y’j
213637 “J
MOTOKOL A 1
! V2
V23510 e ot |
UNSATURATED 1
PAGt 7 OF 10 |

4
- =2 O )
[N 4‘[__—_‘&7,74, P G i i i
9 1 iR
IC mA
1 L B 1 T o Ty 1 1 L o
N ANERS
LT GLA “
oot -
UESATUR 2T, 4}
PaCt Bt 1) i
e iAN kR _J
-~ -
T -~ ‘
T -
-
— ;
\Q
5
|
4
-
—4
' o
' |
|
+ Rl
i i L4 A 'y i i S G W

JPUL Teachnical Memorandun: 32-763

PRIPRr FE P

e e e ot L R VG



vy

—
;‘r o en, 4

P Y N

e TRE P

RN

TR e 2T e

oo

——
- - - - - —— e e —— . v e mer e AR g -
- T T— T 7T T T T
10 |r T LU S S T ]
N IN363?
MOTOROLA h
5N IOl2 e cmz .
F UNSATURATED
PAGE 3 OF 10
- -
w0 —
.::: 'F\ -~
3 —~ £AN - 3
a T — M o

8L 1. 1

i L
1
f T T T T 71 T T T T T T
23837
i MCOTORCLA B
- 1. |0]3e :'ﬂ2
UNSATURATED
PAGE 10 OF 10
—
~
—
H- -
-0.0210
i PR S W A 1 - i S T Y
0.1 } 10 100
|c, mA

JPJ Technical Memorandum 33-763

1
i
z
i
i
1
<
>

o emat

EEU R A I

R

B

he



P T S T e A e

2N3742, Motorola

Devicee Tvre: AN 3740  Momaccs  PRak lofi 3
Sample Moan Mesa ::;": 3
Parasster | Rlueace Uperating Peia: size | Mean Nax . Nia. 2 1T cn::-n
€4 o™ |Biasc ipaat Aiass frEAs
A LN <3208 sy, | 4 10,0592 1 Q./00} i .
25w Te+0.0508] Lo 0.2%5mf «  10-/03 | 0. 380 . 0. 669 i-
S o o 29 10,833 Lay 1 1,48 k
1009 4 loanmirk? oo 458 1 2.2 4
50 e 10,99 2582 {017 2.2¢ | 3.03 3
1 2) (08 e ls.03 lac9ala 285 L a7s
3
. 4
» 4
1
] -
. {
S I
i
‘- !
“ s
; ;
1
|
i
I 1

2N3805, Fairchiid Semiconductor

DEVICE TYPE: OO ANRLTINR . ¥EoE [0 3
Sample K " Accept

Mean
Patuaster | Rluence Operscing Point size Mean Hax. Mia. Q0 L1 o tl::i:::n
o T 4 Buns.: Maas.

A(ner) | g0 \h-ﬂaﬁvy;-QM%u M35 0.0023 0,004 .00 s

)Y %08 | \a- A ool aonld.onsrln.G ;_._l
A(res) | Ay . : o looneAocoil o, coid a.653c00x%8

M 1x013 N 004000 X
A neg)l Zx0 \Ce =1o), (o 1000067 0.0010.000512.00 21 &

J T E & Q0O 0 Z
A (ipee;l s ; Y T s Lo loonado.oci0lo. GQAAL.

4 LI & L 10003k 0 00R . o R 0. 0004 O

Tepo ol Sxi= m:nu;.-o Yea - [RY o 1,223 1033l 025l o402 lh. /90

1 1 Ne r loas linoslouxl 591 £1.2
1N < 133l A4 s25 | 5] 24
1 Lw | 43| ovs | 2951 oo, 339

— 1 * ourciels  caksunkh

JPL Technical Memorandum 33-763 85




P

At hFE)

86

v LR

23805 b
FAIRCHILD

5 l(')l2 e tm
PAGE 2 OF 3

2 1

A“"‘FE'

———

Y L4

23805
FAIRCHILD

110" cm?
PAGE 3 OF 3

+—

s
-3 -
o - o 4
-3 -4
10 Y Y 2 a1 n " Y 10 a4 a1 il n i PR T
0.1 0.1 | 0.01 0.1 1.0
IC, mA lc, mA
2N4044, Circuit Technology
oevice tvee: JOAVO4 Y CTT Vg 1o{ 8 3
= {Accepe
Sanple Mean Nean Joct
Perameter | Tluence Opersting Potnt size Mean Max. Mio. 2 L1 Lgnm
Sicm? |BiasiiARAD. | B.asl MEAS,
Slineedl g3 Jes oY 1o 60,8 £ 00031 |0 0004 10.£0002 1C.000K ) !
A e Znub JYee - (N R 000541 0.Q00710 ao03la.0m
Ruiyd pid A00E410. 008 10.0004 10,0003 10.00Ma
N w 2 InooiAa ooirlo. 008l 20069 Ja.coa,
Adupe)] o2 0 160 MB 3 o0 10,0003 lo.onelo.aanasiaanad:
2840 Yor &V £ lo.oood 10,0000, 000310
Al L g N000R10.0005
YRE - ] Q08 o0es) oo |0.0017
tar | &3
Mgl L Ic 1 280un R Ingdrlogs lo&t #0211 102
I A
[ A 1cg » /60ub 0. 97
NI Vg = G Y 2 1022 0921 08 | ran ) 102
0248 10.4622
H Sxn- ; g loganlogzlazZ Y /0 | 10g
" ; 0.207 10633
.l R _InRAloRI1028 10521092%
-~ " oW/
ME

JPL Technical Memorandum 33-763



Fu

o

'0-2 \ T T T 1 T A Y T l"-z v T Tt 7T T T T T
2N4044 ] 2N4044
5 CIRCUIT TECHNOLOGY s CIRCUIT TECHNOLOGY
12 12 2
1 x10 “ecm 2.5%x10 e cm
L PAGE 2 OF 5 4 L PAGE J OF § |
‘3_‘ .
T 1 € w03 ~MEAN - 3¢ -
Jd - p q - —— 4
- \MEAN 3o -4 F - -
\
\
p- - o -
107 R N . A w0t , NP . N
10 100 1000 0 100 1000 N
'C' mA Ic, mA -
3
10-2 T T T T 1 -1 T T T 10-2 T T T 1 T T T T T
2N4044 B 2N4044 h
r_ CIRCUIT TECHNOLOGY B CIRCUIT TECHNOLOGY
5 -IO|2¢ :m2 | IO'3e c-nz
B PAGE 4 OF § A | PAGE 5 OF 5 |
- . - TN MEAN - 30 4 s
~ i
- N MEAN -+ 3¢ - _
2° -3 ~ = _
- 1071 ~ - - 1073
a - - g - -
L ~ - .
B - L . %
4
.4 -4 .
10 A 1 [ | i i L 10 1 i JEE T | L 1 Y !
10 100 1000 10 100 1000
lc, mA lC' mA

JPL Technical Memorandum 33-763

87




S T A

MANG waem w3 s S oA bt =

2N5087, Circuit Technology

DEVICE TYB: JASARZ  CTT ®a S
Sasple Mean | Mean ::":::
Parameter | Fluence Operating Poiat size | Mean Max. | Mio. nao 30 lcriveris
cim® [Bias:inaan, | H
Anred | sxi0? lite ety To-Bunbbrooi Iee20,8] 8 10.000810.0009]0.0004 10,007/
25102 T 1 = loowalo. Ao4h.oosln.oca
.Y To Y g 0031 1o, 00k 0.0005!0.00451Q.008 A
|_{x/03 % b.ooxlo. !
!
|
H
|
J
i
f
|
| |
KD6001, KMC Semiconductor
DEVICE TYPE: WL, .4 Prics 1o} 3
Sacple Mesn Mean ::;:::
Parameter | Fluence Operating Potat size Mean Max. Mia. Lo {- +3C  [Critaxis|
Sl JBiasiiAgAD. | Puass MARS.
AClnee) | Snp02 lier sy Terimplier sy To-if | & lo.ou2to.ovdlo.00z lookaloymd
N DA iy 1 ¢ looarn.0a5la.08 lo. [
(..
<3
e

JPL Technical Memorandum 33-763

PSS —————

sl ¥ id H

o e




e g

L

MQ2219, Motorola

DEVICE 2 13 “Pecrlofl0 3
e o [ vn T2
| _Parasater | ¥luence Operet Potat size | Wean Max. Mip. 3T
Liem? H | P\ 1Sl [OEAS.
ACIee} | et [Ner -9, Yoe 20 [ dmiy ee 0 20 10 0.0090 [0.0005l0 .
Leath*iy? 20 10.00710.0045t 0. 0015 DX 2,005/]
2800 20 1000571000310 XeoYsi'eN00
Aqnt? o la 010U 0.05l0.C088A . Q14210 CilO
ACpreY | s s O A aaxd 100390 ko vedoloa3es kodas
e Lasx A 19 axo.0ddo coxin 0485k 0584
" Jox 10.03 0.1 1R0.0024 0.0 72810
& SO 0 10034 4 Q9 I
5xiO8 1 1a.04R]0.004]0.QA) 0. 0%
Hnee) | sao” -40n8 ke 20 ol 200098000031 ¥,
135 Q% 20 |a00470.0000 000
2457%.0° 2 0.00R K .00 0,003
T " Ma Q01RO 001§ ) Jalo);
Cloee) | swa® mB e Y] 0 Raecelo.cnnlaoaasie. o
sy 1Y ; 20 10, . bn. 0059k 008200,
2 51000 1 20 IN00N|G.0NIRIN 0472000572
Ax 7 AR 16 n.00R 10,0066 0003210 000
“.
* O\L) incedn el
vevice Tree: [V 03T _DWUNTOROAS Yrak e TIO
Sample Hean Mean ::j:::
Parameter | Rlusnce Opersting Potnt size Mean Nax. Mia. 2o | 30 iccriteris
Sl |BiasaiARAD. | Boaasl MEAS,
Ao Sy Nee Y ¥en o Heod e 2y IR .
0% 0 003
L2KAN? 20 1O Q001310 .00 10,0004
28109 20 1n.001510.000110.0011§ 0.002110.
Sxo? 1t 10.00330.003%] 0.0017] 0.0000.003
(Theed | 50" . 29v] 2 0003 )
‘ L5 20 A.0001 10.000380.0PA|C
DA 20 |0.000R% |0.0011)0.0005410,001) 10-00
RO Jo 1 0.001 100010 000RT 0 OOISI 0,00/
¥ _OLI < Ll

JPL Technical Memorandum 33-763

89

et

. o b Seoobin - sio NG,

(PN



-

90

A('/hFE)

10

‘O-I K T T ¥ LI 1 ¥ i LI L) L L) 1
N MQ2219A 4
MOTOROLA
- ® 5 -« IOH e cm2 "
SATURATED
Vee OV PAGE 3 OF 10

- ® MEAN - Jo e

-2} -
[ ]
VCE 0.1v

=3} —

- —t

Q
- -
- -4
[
Veg 0.2V
-

- 1
-41 —

- -4

- -t

- -

= -4
5 -0.0005

1 [ | 1 FUR B | 1 L 1

10

JPL Technical Memorandum 33-763

o et

P

T Rtain i w0



3
4
v
S

Sor

-

———

¥

’w.ﬂ,m P, R e PR A 4 W = e 3T ey n L L

T T—T 17 T | S | T T 7T
MQ2219A
1 % MOTOROLA
10 |.25\|0|29 t:m2 ]
SATURATED 7
° PAGE 4 OF 10 .
. MEAN + 30 ~
V, = 0.1V
ce * OUTLIER
- —
|0-2 -
st 4 ]
= A 0.1v
a Ct
10-3 -
PY ]
VCE 0.25v
1074 1 TS N | 1 L4l ] i 11
10 100 1000
lc, mA
-] T T LB r T JLA M B | T T 1 T
10 E
MQ2219A
d MOTOROLA -
2.5%10' ¢/ cm?
SATURATED T
Veg 2 0-1V PAGE 5 OF 10
@ MEAN - 3o |
-2
10 -1
7 1
VCE 0.1v
- )
_clL
]
®
1077 -
VCE 0.25v B
-
10-‘ i 1 [ i U W N § 1 1 i
10 100 1000
i mA

JPL Technical Memorandum 33-763

91

i
i
|
:




IO‘I T T T T T 1T T T T T
M MQ2219A T
8 MOTOROLA -
12 2
- 5x10°e cm
- {Vce <0.lv SATURATED ]
“PAGE 6 OF 10
= ‘ MEAN . Jo J
! []
k
. w02 %Vce 0.1v _
i q
¢ = -l
; N -
: <
3 =z
< |
[
aL §VCE 0.25v
10 .
- 4
- .
|0-4 1 1 [ | 1 i a1l 1 1 L1
) 10 100 1000
‘C' mA
°
[ J
~2 D B SER A R | T T T -2 4 | IR I B | T T T 1
' 10 \ ]
MQ2219A 1 MQ2219A
- MOTOROLA - \ MOTORCLA
5x10' e/em? \ 1.25%10'2 ¢ cm?
1 * UNSATURATED - \ UNSATURATED -
PAGE 7 OF 10 \ PAGE 8 OF 10
L TLIER \
~ * OUTLIE 4 - T \JEAN - % b
= \\ * ® > ~
A
S w0l - < 07 ~ o ]
Q - - 3 o 4
s e = .
L 4 | ﬂ
-0.00135
1074 ! 1 1 1074 é-0.00SA 4 | N 4y
) 100 ) 10 100
lc, mA

REPRODUCIBILITY OF THE
92 ORIGINAL PAGE ISOPOORL JPL Technical Memorandum 33-763

-,



BT

et arme b AT e ARV

R

L TV -
]
A oy MWV o - .
‘0-2’. T T v T T T T I- ‘0-2" T T LN A T T T l-
MQ2219A MQ2219A
- MOTOROLA . 5 MOTOROLA
\\NEAN + 3¢ 2.5Xl0|2 c/cm2 | 5Xl0|?e/cm2
- UNSATURATED ] UNSATURATED
PAGE 9 OF 10 PAGE 10 OF 10
. s \\ 1
® I
= IO’#‘ - g 1073 B
3t 1 3 1 -
r— - -
- N J - -
[ ]
10'4 i 1 r g | 1 TR T W Io"‘ A 't PR i 1 i
1 10 100 1 10 100
'C' mA |C, mA
MQ2905, Motorola
oviee vvee: (N(Y JIOA  NIATOAK A PAGE. Lo I 3
sl Hoan | maan [hcsert
Parameter tlnmeo2 Operating Point size Mean Max. Min. L 430 _ICritezin
Clem® IBiassIRgan,  IRiasy MEAS, |
Sdnred) Saey Nor-S¥er: 0 fe- 20Y| Jo &N oL 'oana: L3000
Lasayd 20 1002000402 10,0240
2582109 20 lo.mrraaanlo.a?q-o
el 0 4Xel00523| 0.0 0059710 SRS
AChse) | maa" X AXBY Lo s lodeoatlo aoou | .acemicoanl
Losxi 20 leanzoelo i o sl anaey|
2103 20 Raosataom 2 e amazieaozda
L2203 I SN Vo'V R VSNA 4% Ve < 2 A Ve &) ha\ Vo Ra WY
ACnge) | Sy H Bk 058 Ll AN 0000 /8100903
Lasxia? . IO Ko D002, Vi oY A
oLt ‘ 20 baoaic o jo 0004l roe lnacd
Sl I 2 laoralo.ooms logeasis e
AClneg) | 520" I e Clbke2 ] Lo Jparadeamed o | woan
: LA ; 20 NLONZ10. 0010120032 (L) JOAD
25 10" Y[ 20 e A A0S A0 oS I iR
i 19 0000600000 4.003 10 Q0004
N 2O . acsliaos le.on@l s
| VAR
* oVTCIER /ACCUDLD

JPL Technical Memorandum 33-763

93

[P

P e 4 M nx tmms m 2@ A




e

Try o0’

Lo L o NN

=Tt TR Ty

L

94

o
w v e
] [{s)
[Accapt
Sample Mean Mean -::::‘
Pazsmstet rat! Polet eslze Qean [ Min, ‘T
[ : ] . .
ACInee ) 5w s Vor Q¥ JGo (210000 X
LASXIN?
255109 20 r oovdlnaoil
A S 20 wlncoiai.an ool mﬂ
A hee \ 0w MegeadV s, loooo20 oo laaonsala,
Towd Q20 aaonslaa!
Q520" o0
| AwoP 2005 Mn‘nm
A S0 3 Ve W
LISAOR - a I
254108 | 20 o OO
R 500 s a0
|
-2 T T LRI | T T 1
10 MQ2905
MOTOROLA
5 x IU“ e/cm2
SATURATED
PAGE 3 OF 10
@ MEAN + 3o
W
':u. 3
= 10 )
3 VCE - 0.1V :]
° -
}VCE 0.5v |
Vep - 0.25v
lO-4 =0.000), I 1 n 1
10 100 1000
lC' mA
®

JPL Technical Memorandum 33-763

wPran -

“ e Bt

Lo

AN



Y

et e

L~
TR,

BRI (I R T - NI
107! [ T T LI T T L T T 1
i MQ2905
- MOTOROLA .
* ® 1.25 4 10'2 ¢/cm?
SATURATED
} Veg 01V PAGE 4 OF 10
- ® MEAN . Jo i
102k _
= 5
- -
~ i |
-c\l-
) [
-3
1077
| [ ;
Vo = 0.5V
L Lt CE i
Veg 0.2V %
lo'4 i i 111 1 1 [ | 1 L [
1 10 100 1000
IC' mA
,0-2 T T T T T T T
i MQ2905
- MOTOROLA .
2.5 > 1012 e cmz A
- SATURATED
PAGE 5 OF 10
- °
< 3
= 10 -
‘<’ - ® -
i Vep 0.5V )
.
\/CE 0.25v
= -
ALL VALUES
o) NEGATIVE
10" 1 1 T It i P
10 100 1000
'C' mA

JPL, Technical Memorandum 33-763

e

- JIGNREIRIPNES

A

L.



e,

|0.| [ T T LI | — T LI Y T T ‘Tj
MQ2905
u ° MOTORCLA A
12 ?
5%10° e em
- Veg 0.1V SATURATED
PAGE 6 OF 10
L ® MEAN . 30
1072 =
.
- L i
M.
3
4 ®
= .
[ ]
0.5v
CE
l0'3 | {Vct 0.25v B
IO-‘ 1 Ll i 1 it " L L
1 10 100 1000
lc, +A
|0-2 [ T T 17 T T T T T Lol
MQ2905
- MOTOROLA N
5019 e (m?
I~ JNSATUPATED
PAGE 7 OF 10
1073 n
L —— .
L = L MEAN - 30 ]
~
}“ i -~ ~ 7
- ~N
a ~N
» AN B
\
N\
‘0—4 - -
- -
* 1
- -4
10'5 L SR 1 L L | Y 1 i
0.1 ! 10 100
Ic, mA

96



—

798 PPN IR § VT T

R i

o umeanr wh gt

LR TR

[

[ ' t o
T DI TR A Yo e on e IS o e - . - - . e ©en vs v = P RN
te e o e e ar A e s e wpe
107! T T 1T —T T ™7 T T L
| MQ2905
MOTORCLA
- 1.25 « |0l2e cm2 s
UNSATURATED
PAGE 8 OF 10 .
“
1072+ ] X
- ~ |
Q \\
AN
.3 N\ MEAN + 3o
1077 ~N
L ~ B
~
T~ —
L —_—— .
~
i N
N
N\
\
-0.0037 =0.000} §
1074 1 Yy o T i L 1 ‘l‘ L
0.1 | 10 100
lC' mA
v,
‘O-I [ T T LI T T 1T T LS B | ]
| MQ2905 y
MOTOROLA ;
- 2.5x|0|22/cm2 4 K
UNSATURATED
PAGE 2 OF 10
T n
-~ + |
[T
F “
9
r —— T 1
~. MEAN : 3o
073 T N -
L \ 4
L ~ p
0 ~
- ™~ B
~
-4 =0.0014
10 i | [ | 1 [ 1 1 L
0 1 10 100 ¥
i
IC' mA % +

JPL Technical Memorandum 33-763 97

|-~ PPN
3



"

E)

L R AL

L WL

98

107! N T LANEE B g Y T T T 1 T LI B | ]
1A4Q2905
- MOTORCLA .
| 5% 10'2 C/cm2
UNSATURATED
PAGE 10 OF 10
| % - OUTLIER
w2
‘..‘.: - * -
s
>
- -
w3 -
- -4
10'4 1 1 [ | 1 1 P A 1 L
0.1 [ 10 100
lc, mA
MQ3467, Motorola
oEvICE TYer: (N 2eln?  MOTOROWD  PAGE of 7 3
Sample Hean Mean ::;:2:
Paraseter | Rluence Operatiag Point size | Mean Max. Min, 7o +3G |Criteris
€/om® {BiAS: IARAD. | Puas? MEAS
AlNeE) | S [Nes oy, 210 m 23 1a.00330.005R] 00062 |
1403 INe va e Gb Lo % 10.004210.009%0. 1
9% 10.0044 lo.01 7310,
N LBRIOD 23 10.00000.005910. 001100055k oo
| 25X 91 |nooRInoud o [eYa
L Qax O.MTAM .00l l0.01
Sy S 10004110 cO7810.001 210.007;
" 13 158 i . 0.0083 0.009
bes !l sxat _Nee-d 3 Tevidmf 23 000N NA00d O 10.000400 X0
fRSle.L 1100002 1-0.0156 10004519 .
AS O 23 ™ 70,0023 100002310 00070
5208 93 10000700054 0. Qrbd 10004700067
1 q4* 2lanokd o.01edl0.065110-00%
Ani0y9d " 23 lnooialo.oo9 20.0019 In.0023
ACher) | SwioM g AN e
VXIS
[N L CaTe L0090,
252039 3
Qe o230 0051 o 003 0.00
Axje 28 /

JPL Technical Memorandum 33-763




¢

W e

L3

P P

Ly

g

G

e . O 8 AT P A L g aeie 2 A A arE %

-7

vy =
DEvICR TYPE: (D 2l ok
Sasple Haan Meas A.:z:
Paremster | Fluence Operating Pofat size | Mesa Max. Mia. T 30" ICciceris
€ o m* : H
AUUNeE) | S0l IR - 40X, e I 00013 a2l o lboooale
130 e - ¥ - GAID PO Ul oY QOO 000 Q.001%
LA 23 000N 0.00N a0 10.LOf
5 Axi0y3 23_10.00Ma{0. X020, 000030034 10.00
|0-2 — 1 T LA | T T — T T T ~T LI |
B MQ3467 T
MOTOROLA .
5 - |0” e cm2
PAGE JOF 7 -
4
-4
SNUMEAN + 3
- v 30 -
: \ /,-F
£ ————
3 ]
e
]
1074
= B
| 4
- 0
1072 1 T 0 1 Lo N S
! 10 100 1000
|c, mA

JPL Technical Memor» Jum 33-763

99

i
1
H
i
i
!




-
:
t
e ‘
'
. i
.
s
s
\
;
7
; :
H
:
.
s
f
. i
H
.
{
“
M
:
3
%

Al hﬂl

A hep!

T | | T T T 7 T T T
MQ3467 -
MOTOROLA
. 12 2
* 10 efcm®
PAGE 4 OF 7
-4
p
-
% QUTLIEFS
1=0.0154) =0.0000
1074 L i I 1 i1 L 1 1
! 10 100 1000
IC, mA
|0-2 T T T 7 T T T T 1 T T LI
MG3467
MOTOKOLA J
1.25 = |0l2 1 cm2
\ PAGE 5 OF 7
+ -
1073
MEAN + 3o 7
—
-t
T 1 L : i . i L [
i0 100 1000
‘C' mA
JPL Technical Memorandum 33-%53
o . - . 7T - e

R (P

B




N

T B I S B T T T T 1T
MQ367
MOTOROLA
12 2
2,510 e cm
PAGE 6 OF 7
102 ~ -
\ \* -
S MEAN - 30 .
T T~ *
4 \ |
g ~F
H ~ *\
b
4
T
: 1073 1
i - 5 .
[ - -4
| +
. - -
L # CUTLIEFS §
4 -0.0005 1 ~0.0162: 0
. 107 I £ T | i 1 Lol 1 1 L
| 10 100 1030
IC, mA

L T T T T 7T
MQI467
MOTOROLA
s 107 cn?
PAGE 7 OF 7

1 i W

. thl

S e —
LS
1

Lop e wamte o

Vs Wik W an

IO NN

E

i 107 A 1 Ll 1 L 11 1 1 T

| 10 100 1000
g I mA
g
1
3
f JPL Technical Memorandum 33-763 101
£

A W, .u’wu; JR e s - Wi A oas o h aaw s v s e

LN



-

BN 1A aa

J O 1

B Sk

JMa 3

102

MQ3725, Motorola

AN AN R B s AT TR IR R

vevice tvee: NQY3708  MOMROWA — Bxes /of 3
Sanple Mean | Masa ::;:::
Parameter | Fluence Operating Point size | Mean | Max. | MNip. o T _ICriteris
€hm*> IBias: Sa —
AlnreY | <wi0" Ne-@y Ve Ya- 24 _0.00/4100238 o000 l0.0029 lo.onsa
Rite LR la.0310la0787k0. 06 310,06 Lo 0. 0RL
LA 24 10.0049]0.0123|0.00u 10012 l0.0143
SANGR 92 10 OeRid0. 333 0. 013 0. 1S Aol
Ay a4 o mm Q0071|0043 0. O 55
Lo 20 10,08\l O & Q.0300.084a10. 101
20 hee) | Sno" Ne- 90y VeoVa Calle v0mbde e :0.3N 24 000073, 0.0012{7, Q.00/0 0
Lot b (R 10,006 0.0/ 4F 00004 1 OV 4.3:6. 01 Rad
LR 24 la.00170, 0041 (00052
L 250083 92 _lo.0i81 [0,.04410. 0006 100407 10,0530
»snrﬁrgmm%mnhmm 1 l0.00o0nd O fooalao
o NV e i GUDfTecOmd e 0V | 29 10,006AOCY3S 10.0031 1. 000R|0.0/(a
Vi XIN?,,{L,M!;_\L- : Ol Ver AN 1o O G 003410,0373910.033 72
ACInre) | 520" Ne-d0¥Ae o Gl pomdkee 0:V] 94 laonpdalo.0oii 000210 a009R0.0003
1O% .4 1. 000 -0006INAN AR 10 (0492
LAY 24 [ C.000YACL00 10,0025
250012 12 looomlnonseloosile.mag&10.0143
L Awnid Pﬁ-.mygﬁ f’m : e 15 0.0036I0.06R] O Q750009 |
{ E 1e* PoneAloodsil O N.027310.C30
N o inecadle onable a2+ 000031003110 000d N.00IAI0.
fyram '3 LM\L‘Iﬁh_@A‘E_LmA'}’g‘I)AV e 0010610007 O _i0.03100W%
W OUlEIER JAJCAUDED L
| oevice mree: (Y} 795 METOROLA — Pace Af9 -
Sacple Hean | wemn [LOSS00
Parameter | Rluence Operating Point size Mean Max. Min na +3G iCriteris
€2 Bias:iARAN,  IPAS? MARS..
AClned) | 50" he 40N o ocale Saombilee:all 24 P0o049 0.0042 omnsz)o. o\ a.0ad.
1xi0y' ) LR lo.oomd bo.pnaylo 0001 jo.anaAacoie
LSO 24 10 c0q780.009310 addo.00a1 0. 0aIx
2503 22 lo.0oXlo. 00510, 1000 |
RO I Soambee 05V 1 G |0.0003]0.003l0 aKlo.o03dn.
] L ple so¥ Ye ¥o-OfLe: : a4_lo.o0ig]e. 004510.0009810. 0054}
- I EITe Bice-A5V]_Ice 10,0030, 00SKIO00910.- 00540 0kl
4 4 tas |t3g
e (saD | S W ¥ Yo GNDITe K0 I Jocozglr.cosdo onanlpoossloaedl
) 4 00100013
: IRV e 1a 00 [6-OGF0I0 Q040 10.00
4 0.0024l0.004
Aoy e )l &9 JIn- 110002 | ooln. 00 00191 D.O0R
] N 004 o
140 6 loousdlng 0201 0.0840.004
& 005R10.0019
{
AlRe (om)f Sxi)'” ocmBJa Omll 1o Do | O 1 0.0040.00/3|0.0023
W M . 0.0033'nan 44
'3 1 o.% 10000t odossln 020,067
S 200 Al 0006]

REPRODUCIBILITY OF THR
ORIGINAL PAGE IS POOR

JPL Technical Memorandum 33-763

AL,



pevie mvee: M QAATIN NOTOROLN YAGE 9
Sample Maan Meag [Accept
Rejact
Parameter | Rluence Operating Point size : Mean Max . Ma. o HIT lCriteris
cjom? |Bias: | Punal MERS.
ANBe (s} Sx00'? Ko - ovle W GuLe: Tasomdl]l 1e  ooddlocos) © loceag ot
o) b . o |Am
R E I 001D 10 OORFD.COI0. 00NN Clla
4 LOORA-033]
tor |t
Teao(nR)] S¥in2 o) | o 133% | 300l 190 | 389 {412}
J PR 4 o 1300 1835 ] 910 | 533 643
lo-z [ T =T T LI | T T LI | — T T T ]
L MQI725
MOTOROLA
5.10Mesem? 4
PAGE 4 OF 9
W
("5
{ —
3 4
-
.4
.44 -0.00074 -0, 00006
10 " L1} A L i n " i
1 10 100 1000
lc, mA

JPL Technical Memorandum 33-763

103

.



G

104

JPL Technical Memorandum 33-763

IO-I T T T
MQ3725 .
MOTOROLA
) |0‘2 e Lm2 A
PAGE 5 OF 9
4
1072 —
1
.Zu. 1
q
E
|
3 |
10 -‘l
4
L 4 j
i
I
10-4 -O.O‘Djn | n A IS B 4 ‘LA .J
! 10 100 1000
'C' mh
— L y Y T Y U T
MQ3725
22 N MOTOROLA N
10 ~_ 1.25 107 ¢ cm? ]
VCE 0.2v \ PAGE 6 OF 9 ]
“w 4
M
<
| =
J
-
IO-‘ " i YR T | P A P | A A4
| 10 100 1000
IC, mA
.
v g e e a .

-

e A LR S 14 5t e W S8 A T

e T

[ e



§
<
[%

. Mrmera L S o e, PTRD

v n s

T T T T l v LI ¥ I T Ll L
b MQJa725 )
N MOTORGLA
2.5 - lOlzcs/cm2
PACE 7 OF 9

T T T

10 d
MQ3725
MOTOROLA
i 5 102e cm?
e oV ~ PAGE 8 OF 9
* OUTLIEF AT
(o] MEAN - 3o v 0.2v
V.. =0.16V ™~ ce
CE p
02 d Yee o \ \ B
s b ~ ]
Ver 0.2v* ~~
® | . Ve 0-4¢ ]
- L V.. 0.5V
= CE
q
J
s <
Vv 0.6v
1073 ct B
) <4
L -4
0 0
10°4 R N N R N o
] 10 00 1000
IC, mA

JPL Technical Memorandum 33-763

105




. e

A

-

106

L T L T ' T A A Ll l T L) L]
MQaz2s
MOTOI;OLA
] 1 2
10 110" e/cm
Vg £ 0.2V PAGE9OF9
® MEAN + 30 1 .
+ ° * Veg 0.2V b
Ve ¢ 0-16V
‘.‘t‘
a 10 < -
b 4 -
Veg 0-5V
|0-3 1 i T | " N Lo 0 i L L4
) 10 100 1000
'C' mA
PA7443, Raytheon
| oeviee Tvee: PA744Y3  RavTHean)  Poaer 094 3
Sszple Mean. Mean ::;:::
Parameter | ¥luence Operating Point size | Mean Max. Mio. RN 430" ICriceria
<L m? [Bias: ipaan. | Biass MOERS.
Allre) | Anr? Nee oS IO et R0 l0.4d | 0.006E0. 008 10021X 10,0,
4 2% 10.0141 10.0372\0.000810.0291 100361
LYok 20 10,090710.031J0.0U4 100 239)0.0344]
i f R1* 0.0 54
A(lnee)| 500" Ne3ow N YaAnfledmiNee:02Y | 20 10,000 3 %
_lxo'd 73 .
LIRNS 0 .
D807 93 lo.ocomaoan A I0.0/34
Axin's a0 Q00RD 0.0117230. O 0013
x '3 20 0.0 0.01M0.012 10,0154 00168
ACInee) | Sxua Neg ASNT aoflle SV Ayl S0 o073 [aoi3alaamalo
g1 Rix la.oo2d |0 Q149
10’3 0 0011059 )
e 21% 10.000I0.0iR3|0.00490. 0154 [0. AR
A (el 5an" Ne 3N, Ne g oo | O loconkacandomosinonia
e 13 looos am.m" D080 4113
| Lasan) 20 lo.ooosdanna Aoaedmiannd o007
L 45009 93 4005700009
s1un'? 0. NANIUC0YN0-0Ou 0040100047
fe *OYTAIER MG UBED

JPL Technical Memorandum 33-763

Cages

<

1 Bt e . L
«

at-




oEvice 1yee: PR 7 <H,§ Eu(THEON)  Peat Jof 9
Sample Mean Mean |Accept
Reject
Parameter | Eluence Oporating Polat sige Mean 1 Max, Min. b {2 +3Q" tCriteria]
€/em2_|BiAs: |ARS) : S,
A{nee | 5000 M asi e a5l -5omiNee 0 80 ] 200Gl o0
) g1x nooXbarelhaabooe: o cor
e 79 _lo.caaslo.conalo.oonfio.cosi lo.oox
) ur nooadlo.0o W_
8 Clnen) T o™ T304, b Gt/ 00w 20 _pooid p.oors 1000030000
AXa'9 A N 10001 1000860003210 0051
1282 20 100090 am;so_qﬁmm 0.003
) ErnD Al on:min.mn 00031 0.0094 |0 Q00 R(a
9 lnoo n.003 1 0
5x0'3 20 10.003000.003%0.001910.0041 0,
A (neg) T S0 fee Q5Y: AR 31 0.0020n0060 kA 0004000600 28
I WEYTSE ’ 0 oo a0 a |0.0077
o I < & R O haneslo.ooro
A (lnred| Sx0” Mmﬁw 20 s boassz A001] {0.0014
[ Xxy'2 12 10oa0esRe.cedaln.0i0alo coedll. 007
S L) 50 10.0013 lo 001 0.0003010.000C AQ 02K
| 2.5%07 an_ 00038k 35l aoasdo.cioalo.0i3
M %2+ nanazln.cuitacosdioaadln 067
i and 20 10002300002 Fn an=An.c03
¥OUTLIER INCERUDED
vevice tvee: 1PN\ 0fa )3 2k (THEOAL Prae 3~f19
Saople Mean Mean ::;:::
Parameter | Fluence Operating Point size Mean Max. Min. oo 23 |Cricaris
Stpd_ |BiAS: IARAN, | H
AChnee )] 5 w02 \eg-08Y Afmpiee s 80 10.00110.00 00 co1d 0.0z A20X
4+ Jc-05mA 2w 10 011910.02,43.4. 00IOIN.QIRO 10 QUi
e B z0 _la.o3laoxeslo.0teceal 100226
A L Rlx_[0.01240,030 Qrdo.narg
* AQTLIER INC L URED

JPL Technical Memorandum 33-763

107

P s

R

nting



n

0y
%
I
H

ca m e e e AT ——— A 3 r————— et omn A irm e -

——

lo.2 T Y T A | T T LR | T T T ]
PA7443
RAYTHEON N
510" e/cm2 §
SATURATED
VCE = 0,2V PAGE 4 OF 9
®
V. = 0.4V
CE ¢
~ ® ®
3 "3 T N
= 10 L- Vee © 0.3v ) ,
a [ Veg - 0-45v ]
L i
- 4
MEAN - 0
MIN = =0. 00079 ~0.00004
1074 o R . N A
1 10 100 1000
IC, mA
L L] T L] [ T L] L) T ‘ L} ¥ T
PA7443
RAYTHEON
I 12 10'2 ¢/cm?
SATURATED
PAGE 5 OF 9
02 ° .
VCE =0.2v Py
'Y VCE = 0,45v
AIM
§‘- | Vee - 0.3v y oev i
a CcE
+
'0-3 - .
- 4
s 4
3 1
MEAN  =0,00058
. M -0.
IO.4 1 1 I 1. 1 -0100916 IN Ao 0?3
1 10 100 1000
lc, mA

108

[ T T »

JPL Technical Memorandum 33-763

.

- e o sy § s panes -

e AN S et i A5 S g ot e e o

s sm . A A st



i

RN R TN

P

' - - v +
T L] T L] I T L . T T A L] L L]
PA7443
ol RAYTHEON
10 1.25 » 10'25/:'!\2 y
SATURATED ]
R PAGE 5 OF 9 N
VCE = 0.2V
4
[
et °
v 0.4v
- T . CcE ™ 4
_ 4 VCE 0.3v
u -
{tt- VCE = Uoddy
= |o'3 - ¢ — .
U | ' -
-0.00032
10-4 i i P 1 A | 1 L 1
1 10 o0 1000
‘C' mA
|0-| [ T T T 7 T T \ L | T T ™7 ]
PA7443
" RAYTHEOT: b
* OUTLIERS 1.25 » 10'2 ¢/cm?
i SATURATED
PAGE 70OF ¢
&
b ”® 4
10-2 VCE -0V ?VCE - 0.45v  _J
[ e * 4
,:‘: I VCE - 0.3V VCE . 0.4v ]
< )
< T 0 ﬁ
<1
! 9 ]
107 —
3 -
b -
e
3 <4
-4 =0.003) -0.0054
10 1 n - | i i i i i
1 10 100 1200
'C' mA

JPL Technical Memorandum 33-763

109

e e

-

L)

-«

K



..

[

lo-' T — 1 T T T L 1 Ll T | T Ll L] ) [ ) T T T
i ‘ PA7443 .
RAYTHEON
] 2.5 %102 esc A ]
SATURATED
» PAGE 8 C* 9 o
- Vep 0.1V .
[} %
w072 Veg 0.2 Ve - 016V .
L ]
- f Veg 0.5V .
o 1 [ ] Vee 0.5v [ ] [ ] i
< .
i Veg - 0V Veg 0.45v
3 T
Veg T4V
10731 .
} q
L 1
1
8 i 1 ]
1
-4 -0.0004
10 L 1 [T S | L1 ) 1 T N 1y 1 !
0.1 ] 10 100 1000
Ic, nA
|0-] T T T T T L T T— 77 T T T ]
L PAT443 4
FAYTHEON
B ‘ 1, IO'3 e cn2 T
SATURATED
1 Veg 0.1V PAGE 9 OF 9
- * .
.:: ]- § VCE 0 2v VCE 0.16V
L |0'2 -
a - * ‘ 4
i ’ Ve 0.5V b
I Vep 0-5V ]
‘C'J U 1 FEE | - i il 1 i bl oY, L '
0.1 1 10 100 1000
Ic, mA
130 JPL Technical Memorandum 33-763




R

—

i

e

SA2267, Raytheon

| vevicE TweE: S 2007 RayTHeaal Lace lal 3
Sacple Mean Masn ::;::
Ly Rluence Operatiag Potat size | Mssn . L1 243G _lCrizaczis
€lems : H \
A7 oeed | a0/ Neo 3o Te 0 PFecimp e AN 159 lo.0orv]0 a0aolo.aced] |
) 2dslaacs loaoszlo.cooylo.cox V- 2039
254 19 laoos o ocalvavelo.do?’,. o0
" Las [ axddle i Le.auelncosolo. ona
A2 c b ¥ oIV o4 10 oRla0aL 20340 03
(x93 w 2+ 10.0333[0.05010. 1901 0.05261 6, 06
celmadee GV O 10.013810.01 RIIQ.00M A AURNA, 0
A SnFEr s . 19 _haoo720.0017 10,0000 2004 2
1538 lonoRala.onadl.oona 100076 10,4020
2540 . 13 loaxnloawzinanedd.aod o a5
4 . 129810 cosda.asm Fo.ans 3
37103 b ke GIN | o4 13 sl onRa »
- 4003 W 24 _la.osgala | 0,0490
A0nee) | 5y Db Y ol o4 _laaaalaoonzlnooaloans o
1 xiy3 N 24 jo.axziaangala Q054
A(Reg) | (o' e toad e 0 N (23 looadlocos alc.aslo anes] ]
2L A 0] (21 1.0 aauslo cuela.or
% 123x oo ia0siala.0ma. Qrzilnoa
* AERS | INCLVnED
T T T LI | | T T
SA2267
i RAYTHEON
2.5 % 10'2 e/cm2
PAGL 3CF 5
10-2 am T T T 17 1w * OUTLIER
SA2267 ? B @ MEAN + 30
RAYTHEON 2
1% lo” e/:m2 T *
PAGE 20F 5 -
* OUTLIER T
- i ® /AN : 3o < -
W Qv oV v o 4v$ <
< 0k € 1672
=] - + b
5 Vg 0.3V i
Veg = 0.2V Vee o.avi'>
| i Veg <03V
- . 1 -0.0188 _3¢-0.0016 -0.0024 -0.0169
0 1 I S | i —t 1 1 t 1 1 1 1
1 10 100 1 10
‘c, mA |c' mA

JPL Technical Memorandum 33-763

111

Lo A W

s d



112

— t
IO-, [ T T T T 7 T T T |_+ IO" T T LELER | ¥ T T ]
SA2267 SA2267
- RAYTHEON RAYTHEON
! 5x10'2 e/cm? 1 %1013 o/cm?
PAGE 4 OF § PAGESOF 5 ]
NG
® MEAN + 3o
- —~ o
w o
M
< - < w0 -
>3] -1 a r -
. | _
= - -
10'3 i 1 ! 1 1 1 |0'3 1 1 [ | 1 1 L
1 10 100 ! 10 100
le, mA I, mA
14BB101, Solitron
vevice rvee: /9 BB O! SoL I TROA) P A 3
¢ /emt Sasple Hean Hean ::;:::
Paramater | Plusnce Operating Point size | Mean | Max. Min. 2o 3G _lCritexis
. [x/0" : Gans: HEAS ) <2l aonsd lr ovei 1] 0. 50079)
Vee= 0,1V | Vee-QdV
2 SA% Je~ RamA [T 0,015 10,0005 |G 00s5 V0, 05 | 8. 0005
!
Sror . o loorstloveslaostloons laogs)
(xs003 N 2 10,0221 lp.033 10,0303 20222 10,0244
Qlﬂg) £ 20t [ Nag- DV ks G- 1V = 10,0035 |p.0036 | Gonya ln sout|a.oo3 %
o 133mA N
2. 580" ’l o? ssln0017 10,0054 |2.0078]0.0 114
? SOt ; o |t.orar |o.oror D010 |0.010
|
N | rriprd o2 loote1 Inoes [n.oeslp. ot 10,0113
oW 3] [/x/07% Ner-0av Vee-75V 0.0034 10.008 12,0098 lo.00363 l0.0091
Ze:y33mf |2e:378 mA
S0t = 10,0094 |0.0045 |0 0.20681)0.00652
S ol lnate3s 2 1600589 000 Tealn 2008
nf_o, i
] 14703 N P o _laon 000851 0.000¢ lo.nsg

JPL Technical Memorandum 33-763

TR e

R A

®

.

"



Vo PR

¢

vy

R A T TR Cn

R

togw e

NN R e RUC RS i SRS O e s e e e o w L e

1072
S
(=~
]
1073
: 0'2
‘.“:
-~
Q
1073

T T

1488101
SOLITRON

LIEN |0|22 cm2

VCE SATURATED

PAGE 2 OF 5 B

T L

1488101
SOLITROMN

5= l0|2 e cm2
Ve SATURATED

PAGE 4 OF §

IC, mA

1000

JPL, Technical Memorandum 33-763

A(l/h“)

AN "FE)

T 1 T
MEAN + 3o
- 4
1488101
SOLITRON
2.5 %10' e cm?
JCE SATURATED
PAGE 3 OF 5
1 ) 1
100 1000
Ic, mA
T T Y
1488101
o SOLITRON h
1% IOIJ e, cm2
VCE SATURATED
I PAGE 5 OF 5 )
\ \
~~—~.. MEAN : 3o
L ~— -
A 1 .
100 1cN
|C, mA
113




96SV131, Solitron

| _vevice Tvee: 94,SV)3) S0 TROM Paoe fofd 3
e/em? Sasple mean | Mean m:
Paramster | Flusnce 0,0:.:4!.5_!9_1:5 eize Mesn Max. Min. RN | T ilciceris
Bias: | Buas i MERS,
4(Jnec) Jﬂimﬁ_&ml;u_\/_kmﬂl;ld& 2 lo.noe -
Huip't - shay o2 00039
100'3 | 4O frscran 4 2 —
A he) | 28un® 08 Te0h| 2 lo.0029l0a009
40/0'% 22 1000498100049 | 4040 ol
JET ek R o 14,007110.007%10.0067] I
AClnee) | 24500 < AV 2 _boossip.oosslo 700074
£ 207 2 10.008210.010510.005810. 014K Jo.0ig1
1578'3 g 10.0153]10 .0V 001931
Q : Ja:IR] 2 0463 | 0.16810. /60
L2501 (Pufseo ] 0.12210.1291 0.122)0.122|0.472
Axn'* 3 0 TT10a3R 10. 11 10, 120 10151
eI 2 0:18310.18510.1 RIS ONE
Y, O $0A:Tarid ] @ 0.53 |0.43 .53
Sun't 2 1035% 10.56010.45510. 565 10.508
5202 21081 10.520110.575 10 05858
1008 Q1000 | 0-L10 | 06001061 [Q.bile
(i sn 0" v;-m,iwml-ﬂ_\{u.u.n! A 5 | &4 285 ]l 85 | RS
AG) A wgen? 5  Tar- 40 ! R2 32 8D g2 18
] 12031 49 Res ! 290 ) g0l 240 | Jva

lo-] T T v 1 T T 7 lo-|| Y T ¥ LI | — T Y T
i 945V131 i 965v13)
1 SOLITRON i | SOLITRON 4
2.5% IO|2 e/cm2 5x |0l2 e/emz
! PAGE 2 OF 4 ) X PAGE 3 OF 4
L J s p
A: A\H
&=
> w0? = § 10°2f -
Q 5 p Q 5 p
- e B E
lo-a " L " Ll —_— A Lol ‘0-3 A L " oA i i A "
1 10 100 1 10 100
lc: mA ler A
114 JPL Technical Memorandum 33-763

T b ot E b



-] T T ¥ 7T ¥ T T T
10 o 9265VI31 <
SOLITRON
i 1310 o/cm? ]
PAGE 4 OF 4
! J
s / 4
_c:' .2 MEAN + Jor /
X 0 L .
Q - S E
10'3 -1 A P | 1 1 1 J_l
1 10 100
lc, A
3029-201-1, Raytheon
s v 3027 - 20/ - / A.dy‘//lOﬂ Poce LofS_ 3
é/t'mz Sample Hesa Mean ::;z:
FParscacer | Pluence Operating Pofnt eize Mean | Max, Min. 2o +30 _iCeitexts
A(?’Au_j Sx/0'% : : 4 }EUJ O.qx42] © Q335 lo.su
1 Collectar : 3N Ze: (0 m A
v /207 zhase:OND Ves- 0.0V |24 loorge [no392 [n00sa lo.0091 |0.0553
’ S2/0 [lolledn=30V] Te=/100mA |29 locanslnoaes| ©  lo.gora jpgosos
Emitler: GND|Wee 013V -
) ”/0° 82 > GND 24 000332100088 10,0006 |000125 I3
Aze) | 5760 |Collecine=3W [ To : SOOmA 4_looorislooos] o lowoiow joaeal
L Frmter = OND [VWoe 0.5V
» 1x /0" : 294 lo.00918 1 o lpaus 53
4| 14—
O Ilallectr-J0VZTe: 100mA | 24 [dus {02 |04 ¢ . 1 _| —
(v o tr: GND | FB: (OmB
} SxQ% : oD ] 4 _lou? 1060 losas 1013 1044
1 !
Ny 27D e e 240427 (04022 (0401 (0033 [0 1

JPL. Technical Memorandum 33=-763

115

RSN NN




L

R e TR

L= S

DEVICE TYPE: - - L4 ) ey % 3
Tt | sumle o | e TR
Parastter | Fluence Operatiog Point sizs Mean Max . Mia. | 20" | +3& lCritecia
Q _ |Rias:ingan, |PuaszMans, | o229 10.34 |09/ 12.3¢,
v : | Ze: SO0 mA
Sx/Qit | Eniter- Dl78: SO mA |24 1034710372 14-314 10,326 10.39
AASE: AN -
£ | 1x20'3 V. 24 10.39% 12.373 10315 10.318 103923
IVasigad) | O Coljfg«;mym 24 |0669]0.01110.657
[ - D1 2p- OmA
SrDt  lpasg: (AMD 024 0.067 10.616]C-652 10,619 10,685
i
/%7073 J “ o4 10 b | 0014 |0.050 10,015 | D08
) o) Collector 30V ] Je: spOmA 4 lo.131 10142 10.12 -
(y Spnitlec: GND | I8: ShmA
‘ Samt |BAss - QAD 4 10.132 {n.213 1029 |D-15 {0,765
1 A
L {2107 A N/ 9 10229 10,739 10,724 18, 79 43
vevic e 302 220/ -/ Rayd, 5 S
e/om? Saople Mesn | Mean ‘.:::g:
Parssster | ¥luence Opsrsting Poiat size | Meon Hax. Min, | ®2¢ +30" iCrigexia
Joso H Ruass MEAS -~
| Collecdog = 300 | Ves:2oN ]
| Sajorr 1<motter  GND 4* 10914 I.J/ull DedlLis.AlLelul
‘ aes - D 4 7
e | 220 e 4% 13Bua06ud 390815 14 56104
; 4 4 77
* M dh Pop N lation.
Jeso Callector 30¢ | \en: 20V —— N DU S
. £rithr- GMND
L S0 |PAge: GND $711490A [ 1.90A |1 30A | L 3nAlIISNR]
N i
‘ /24073 M / 3 o enf]3nA |2n8 [ 300 103
%* % Lo 1[5 on
Jebo | lollocty- 30v | Noep-30V Al
; cnuter GAD }
— Srsgit (Base - GND ¢ @lanang laconnlldnd opnBY
L 4
| 74708 \r /2 ® A2 0f |492008 leg3cal
® Bothl popu lathior d.
Aoy

JPL Technical Memorandum 33-763




—

~

U v AT R R RIAI S B AR e el

IR RN

v & g RNy

semad 4

3

o1 mer 3k (e e -

R T

¥

m ?»,“';’“"”W*M‘zﬁwa T g

lo-] T T s A | T T T T
- 3029-201-1 .
| RAYTHEON |
\ 1% l()l:,e/c:m2
lo-] —r L T L | T T T T | PAGE 5 OF 5
% 3029-201-1
s RAYTHEON i
5% 10'2 ¢/cm?
\ PAGE 4 OF 5 4
- \ 4 -
“ N 4
& ~uwe_ 1]
3 1 & )
1 3
1 } .
+
] 1073 -
© i - .
107 ) A
10 100 1000 5 ]
|c, mA
r 4
T : oo . M
10 100 1000
IC, mA
3029-202-1, Raytheon
DEVICE TYPe: 3029-I02-1 RAYTHEOA Eﬂc.r_ [of 3 3
e /C m? Sasple Hean Mean ::;:::
_Parameter | Fluence Oparating Point HM Hean Max. Min. no 30" _lCriteris
1AS:IRRAN. | Buns? MERS.
AlYnee) | 4x0m Nes¥Wten.o Teeiomil 24 In000d [oomsloa0adio.oaaianas
+ 120 24 la.ourio 1 N
('lnee) | 58200 . 24 lnaod3]0.0079 |-0.0032)0.090 0016
1203 24 lp.oosaio.ost Fo.oastloondzloomd)
Ap L Swugt hmm%’p_@& 24 _n.0032l000%\-2.000 cooplo.0ns
M L9103 _a4d _0.00vla.0231-0.002]0.000810.0170)
]ulfm\(\ Anp'? ok Tackiell 24 [0.433] 08010 18 047 V0U53)
1203 24 10236 lo.14310.704 L0161 ) ausg
jm:fr)(v 4102 24 0l | 0.6 08810 et 9]
1x0'3 24 CulolaD] A lole T} 0. lnAo] 0. lolo (o} 0. 9
Lm&my) Aun't | : S0nl 24 10.30¢ |0.330|0.227]0.335 12351
) 12003 . Q4 10,300, |0.33%]0.278 (0. 33K (0. 309
”““f’L syt w2d 1006227078 022710239 )
L1503 24107 10. 2% 10, U% 0.2 10.2)5
adlceo(nf) Suo® e -.30Y 12 4.7 |34 U285 1349
LrAy'E 2 |29 183 175 lpsg 1840
JPL Technical Memorandum 33-763 117
4 * - - - {
’



R ¥ ad

A(l/hFE)

118

lo-] T T T T ] T A .
i 3029-202-1 ]
L RAYTHEON ;
S 10|2 e cm2
| PAGE 2 OF 3
P— —_
1 S~ MEAN + 30 §
\\--\
\
\
\

Ll Ll L j
3029-202-1 1
RAYTHEON ]

| I |0l3 e/cm2
PAGE 3 OF 3

X , . 1-0.0022)l ‘ 1-?.0016) |0*" (-0.002?) , ‘ ) N
10 100 500 1000 10 100 500 1000
lc, mA 'C' mA
SDT3303, Solitron
DEVIGE TYPE: SINT 3303 SoasTRoAl  Paak taf i 3
Sazple Mesn | Mean ::;:::
Parameter | ¥luence Opc_gg_tirla Point size Mean | _Max. Min. 2T | _» Criteris
€/em? |Bias: iagad, | Puas? MERS.
A(nee)] 509 he-3NNe -0 o-AuRYer Y] 3 0004RAO0SI.0H I
J JuaPNpo N 3 ln.cio7]n.0mel0.008d 0.s0lo0/2/
A(fhre) | Bei0M MeB ¥ N | 3 000433000480 00401000 I
2 120" J 3 h.m933n ai05l g.00 0. 00sl0.0m40
SlfneE) | Suct c-mej-h:av 3 laonaalnanaida. 0 a0 (0457
AL BT o) , 3 _lnoonlo.omd0.00m3la.013 0.0
A hee) | Sxi 0mf kM 3 00367 L
N 22103 A 3 hoo o0 5040 002540
A (Yoge) ) 850" e AN N 3 o, 00000000 A
JLTe L] Al 3 o ) 3,004, 00069
8 (Yner)l 520" WA NSN3 10.002510.00070.005 A0
4 o3 A 3 ansala apsdo.carlaoceIhoord |
e o) | Sw0d IedfJaodn! 3 1035000409 00.067 la53 jos
4 R 4 32 loXrln.84]0393]0.502]0.699

JPL Technical Memorandum 33-763

L



WP oy - -

s

veace e ST 3303 SALTRAAL  Pacs a4
susple oo | waan [2cee
Parameter | Rlusace Opersting Point size | Masn Max. no +3C ICeicaris
erm? . . ~ —
y&\[(m\ A0 Ne =30V Ne =0 He =38 T 3 1o%4/109231n236! 2000 | 1050
2208 \Na iy 3 109672109910 931 10001 1080
A Sx? INerss ION ; \een “ 30N 3 ZaR L xoo!l <7 13830] 5272
1xj0f3 A I 2 37?,.;: 2050 40 K:ﬂ/;..n 4
107! T T—T 77 T T T T T LI | T
$DT3303 |
B SOLITRON
B 5107 ¢ cm?
PAGE 3 OF 4
L -
A\M
< 02 —
3 s .
- — -1
i — MEAN + 3o i
10’3 1 1 a1 ) 1 | 1 1 [ 1
] 10 100 1000

JPL Technical Memorandum 33~763

119



o b 1 s A R

PR

s peeae

7 o

copwoman a3 e

we v
lo-l T T L | T L B I | T T LI I | T
- $DT3303
R SOLITRON 4
1% 103 o/em?
s PAGE4OF 4
- .
f' 102 7]
Tt ]
- -
|o'3 1 N N | 1 i 11 1 L1 a1 A
(1 10 129 1000
lc, mA
SDT3304, Solitron
3
DEVICE TYPE: 3304 SoaTRON  Pocer Jof3
€jem? Sagple Mean Hean ::jz:
Parasseter | Fluance Operating Point oize Mean Max. Min. R | T lCriteris
Buas:iagan, | Puass MEAS.
1x0 =y 3 0131 10,0030 |0.0005 10,0150 |
£Y( 2 : . 00347 ln.a03 J0.0033)00037
' 3 0%, 10008 | I
(! L Axiy* . s 3 Ihooas loanauionnaalone [
_Jup'3 3 005823 05.005510.004 00000
Al'her) | S . ERRIY 0.0035 10.0024) —
1%10'3 3 0487 0,000 }0.0043 10 000150 |
Afy Su0” INTeeln | 2 0019 .0010 b 1021500023
i R0 1 3 17/0,00492(0.0036] 0004l —
(nf) : ; | NCEQ lz’m\l o 5
Ax0'* 1 106 133 1 1%
} 121613 T 3 3 1330 200l isd0 |90 lag00 |
113
}

JPL Technical Memorandum 33-763

-

PN



;i
|
|
]
¥
f

SA A e

ey

B e

D L

Ny

Ty et

,wrgﬂ: ::rtw,gﬂfmeﬁ#alﬁ?q 41

-

£ 3

]

- ] . : -
'o-l T T T T 7 T T T T T T
r‘ $SDT3304 _{ H
SOLITRON - ‘
F 5 10l2 e/«:m2
u PAGE 20F 3 -

A0/hgg)

‘o-‘ L Al v T I’ T l‘r T A T L
i SDT3304
i SOLITRON d
b 10‘3 e/cm2
i PAGE3OF3 |
i
}' -
N—
“w + —~ ~—
& -2$ EAN + 3
- 10 Ml + 30
3 — S—
]0-3 " N " A 1 | 1 " P
1 10 100 1000
lc, mA
JPL Technical Memorandum 33-763 121
e v - E——— o n NOME RN A n L



SDT3323, Solitron

vevice v SOTAADR  So TROAL gf“ @1"5 3
Sasple Mesn | Mean “:}'.::
Paraseter | Rlusnce Oparating Polat |_ eizse | Mepn Max. Nig. RKo 3" lcris 22
&€, 2 - v .
[ACHhee) | Ao B 2-;2 X bhamesloaxslo A00s4
PR Yt Y% ud : £ 5\ )4 20010,
2RO R : ao0rlaanad
Axinl 2 laoogol p.005dln0003 omgx'a,mm
9
Alineed| Su0Y pom, | X 000N 7R]000040)
1502 Yo£ D o 3! Ao In.onos16.00 T
2. 80004 £ Yoo vE o) S
Lrin?@ % _lomad g Amsr).ao:ﬂ 0.0057
Allhee) | suo" ~A0mA 2 laomao.ood
L8202 Yee:=a¥ X 7| g.000.00
280002 X 0013 0LOOIR) 20000
Kxy3 4 00041 0.00330.00172 1200371000
A(Vhrgd | Saan” I - 1A 2 2007 94/
/,gm”: Yoe: 2N Jrd i
2.52/0 b4 20014 _
sxan’? ]_loeRIn a00YA0.0009
Allhee) | Sam?” o A < hooorlpanmtba
PRty v Neee SY 8 Q00/0\000/3
4 25109 K hoooR210.0013 /A 10.00(R
510% 8 _ 1000/ 1000339 000! | 0.0010.00:

pevice T SAT 3303 Soss780A) Page Dokl
Sasple Neso Mean ::;:::
P Flvents Operating Pofat sits Hean ¥ax. 1 Mo naT 430 iCrigeris
e m? : | Pups L MERS..
(nfl s’ Noe « 30y c3¥| 5 1495 | s la4/7 [ 235132
L0 G RsE sofEN 8 luygaloo loealan® | 303
25002 £ |goslsa 149 |27 .
3 Sx’3 s w07 4 .5 15/39 l___

122 JPL Technical Memorandum 33-763

<«

S w7



t

i el

)

! 7 7 — 1 "
LR S —
m-2 [ T T T 11 T T LN | T T LA | T T T 71
$DT3323
i SOLITRON 7
| 5%10' a/em?
PAGE 3 OF 6
-
;‘r -4
< 4
.
4
- ~0.000087 -0.
10 5 1 i Ll \ " N | 1 J 1 8. 0 000}6 PR
¥ 10 100 1000 10000
'C' mA
'0-2 T B LI | T T L | T T L T T L
5013323
- SOLITRON 7
X 1.25 x10'% e/cm?
PAGE 4 OF 6
~ _
Iy
s
g | j
|0-4 = -
4 i
5 ﬂ !
L l
l().5 s A [ | i A aa 1 i i - I S
1 10 100 1000 10000 !
IC’ mA

JPL Technical Memorandum 33~-762 123

orocad Al o oy

¥




—

'o-l T T 1 171 T T T 1] T Y LI | T T 7
SDT3323
SOLITRON
12 2
2.5%10 € o/cm” |
PAGE 5 OF o
-2 _4
10 i ]
o = —— MEAN + 37 '
]

T L e BT 8 R BT SR A R DR PR SESERASATI
L T L

FUN S A |

[ l
o -
l()-4 1 A [T | L 1 IR | L A a1l i i
! 10 100 1000 10000
|C' m#
' '0.| T —T T TT T T 7T T T ™ T v ™
) .D1332. T
¥ ™ SOLITRON B
12 2
5x10°“e/cm 4
i PL3L 6 OF 6
| ]
]0'2 L— -—
— —— —~—— MEAN . Jo .
) £ —
_ — “\\__\ 4
¥ ———
i | ;
i 1073 -
¥ b P
!
;:/ -
: | .
.
P
t
; - ]
&
A ‘.
2’ 107 i i ) U T 4 1 e & i R S 1 i i1
g ) 10 100 1000 10000
i i, mA
8 ¢ "

it ITY O
P.T?‘RODUC]BL,\I”\W "

)t\u‘.(_ﬂ.Nt&L 1‘1"”(.1.; .k

A

-t
—
o
w»n

[

JPL Technical Memorandum 33-763

et At o e ASRTRT iW!“M‘L"Vm ’

z
{

“a



SDT 3403, Solitron

Acoape
Rejast
PN
e 88% 00 5 ana?
3 5 I
AgS.
Y
‘o-l 1 ] T L] L] T | ] ] lo-l [ L | T T T ]
I SDT3403 $OT3403
| SOLITRON i X SOLITRON )
5 x IO'2 e/cm2 6.55 x l()'2 ./cmz

! PAGE 20F 4 i PAGE J OF 4

W “w
LT

f w2 N MEAN 3 4 £ 02 N MEAN + 30 .
q - N ~ e 1 3 - N .

- - o -

|()-3 1 A (I .| A A L IO.3 Fo | o - P
10 100 1000 10 100 1000
lC' mA 'C’ mA

JPL Technical Memorandum 33-763

125



A

paseET

PR N

-] L2 T v v 1 v L] B
L S SOT3408 4

N MEAN + 30
~N

w?- ~ n

B0/hgg)

L L
3 L
S -

SDT4905, Solitron

A N _sxn’® ! v
R 7 T Y

bu’l

126 JPL Technical Memorandum 33-763

' ;
.
i
!
S
i
|
[} T.
O .
K]
.
)
.
* .
- .
“ 5
.
a1
.
;
K
)
.
. .
¢ i
!
} i
‘ .
: g
i 4
1
!
.
.
d
1
h
i
.
b
¥
e
.
!
H
:
¥



: ¥ g A L ‘ v L v v
¢ 'l SOT4%05 1
SOUITRON i >
r §x w" o/¢-2
v PAGE 20F 3 J
M Ve
.
- 'S'
H
p o b
]
4 :
- 3
3 J -
|()-3 " N P | A Al :f
1.0 10 100 N
Ie. m
|0° £ T L LA T Y T ¥ :
SDT4905 E
SOLITRON j i
1 m“ e/cm2 l
PAGE 3OF 3 :
‘E
g . .‘
g 4 5
P
100 -
3

JPL Technical Memorandum 33-763 127




-~
'2_“2
&
2
¢ :
: | _Dmviee TR SNTRER3  Socsidoal PGk akef L
Ssaple uasn | ®¥aaa ::::
Parunater | Plusnos ting Point __otze | Hesn | Mgx. |} Min, | QRO
lronR - »
M:I:F) TN Xe: 2 Ko 00372 12,008 LSS
OB | IO len G | i |
. a() mln“_h:_..m'k-n_ m&m_ 000/ 14400 NONS Y
a» lnooa
Lmin“ |
: s* 140009
ARy id 'l
L 52 g
S 4. _lom3iz inake | I
i 1 s2_|0.00 10,007/
O Uneg) | Sxan” : < bagol o
; 1 ss /
LadBns0’? < 10 X
: ]-M ar
> 2 7
4 N
Lo 1770 Y 4
N of. 1
; # QT4 IER /AJCLURER
.f‘ 'aY
3
i 128 JPL Technical Memorandwm 33-763
L L ] ] lm




|_oovpes nes T 5553 Sa, “Roai Pags 3af il
Sawple Hann Yaan Beject
Parsaster {m{_._m |_etze | Uago | Max. | Mig, ) RO |
Aom® [Biss:inean. | -
ACTner) | izion INegugm: . INegomv; | 2 10003 b.oodR
17 e v .JOmp | I | g
o ol .04 .0'47
% Ay
ﬂa?" 2 10.008216.01320
YN 9 EBAR
S0 512
; rad (Si)
ﬂ'%ﬁ sxind
I N Ja)x %_}
iR e rvl FVTirY.;a
1203 | Te <0.lmil By & In. o791 0.8 |
M:f\.(v)i_&m“ ; A2 10079 |0, 16 |
73 L 0.600 | 0.4/ ] 2,422 1 0.
@ 4\ \ige OV N 1 4900 | 2«40 | 6O20 |
Gr lso | 400 | 2 14900
121083 <founy | 6aop | s | BRD)
1) o | o240 | 3| Rigo ] /o0l
* .0 DED

JPL Technical Memorandum 33-763

129




|
|
s

L
« M.

tope s m gt ol

7
<

T BLARRAAEE B L LA Ll LI SR

SDT5553
SOLITRON

»
1
! 0
( 10
S
S
D {
o
-
3 é‘:_‘
£ -
: 4 !
Yt
ke -
N
&
:

Ju |

|o'3 i 1 [ A PR B BN | N A i

0.1 | 10 100

130 JPL Technical Memorandum 33-763

-
Gt
!




T

- LIRS e | T LI I Rt |

VAR

B0/

T L

SOT5553
SOLITRON

PAGE SOF 11 |

I

.

0.1 1 10

JPL Technical Memorandum 33-763

......




A e Ll B A

lOl T 1T T T
SDT5553 1
SOLITRON 4
5 %10'2 o/cm?
UNSATURATED
PAGE 6 OF 11
}‘
z o
107
|°-3 1 1 a1 1 1 [ | i 1 Ll
0.1 1 10 100
I A
132 JPL Technical Memorandum 33-763




T T T T T T T T L |
SDT5553
, SOLITRON
10}~ 1%10'3 o/cm?
[~ UNSATURATED
PAGE 7 OF 11 |
Y
+ -
i
i
-
-
-
1072 -
L 1 .
r— 4
4
- -
10.3 1 R N N i " il i L1
[N 1 10 100
lC' mA

JPL Technical Memorandum 33-763 133



B/hg)

134

L L) L)
$DT15553
SOLITRON
5 x lO” e/cm2
- PAGE 8 OF 11 1
o3 ,\ -
\ MEAN + 3o
s \\ )
MAX = 0
MEAN - =0.0002
MIN - «0,0004
% QUTLIER
1074 . . A
100 1000
'C' mA

B1/hgg)

10

SDT5553
SOLMRON
1.25 x10'2 o /cm?
: PAGE 9 OF 11 1
*
S~ ~ ]
%* N\ MEAN + 3o ( --\‘
™~ .
1 ~
~
~
-l i

% QUTLIER MIN = ~0.0003
100 1000

JPL Technical Memorandum 33-763

boow

‘:.
¥

f

i

|

|

i

f

'?

|

b

4

1

: ’9

-k



Ali/hep)
]

* OUTLIER

 ©0)

T )
SOT5553
SOLITRON

2.5%10' o/em?
PAGE 10 OF 11

lc, mA

JPL Technical Memorandum 33-763

Al hgy)

% OUTLIER

-2
10 r\
P \

~

N + 30

~

$DT5553
SOLITRON

5x IOlz cmz
PAGE 11 n

* -
\\

100

135

TS

e e



hj\.,., 1 R N
i oF
:
: SDT5583, Solitron (IRAN reirradiation)
: ' 7
- | pEvice Ty SNTASRE  NowTRoA.. Ples fofS RN ' LN
—
: | Pataseter | Rlusnce | L __stge | L Ra |_e3F leiterts
" & .
S0nes) | buot  [yog iy 224y, 0021 bre28
M 1T 0.8 [Te-0fc0R | 000415
Suoh | | o
& %0 J o - e
! _an. " Yor JRY: 4 ;
Mmafua” Te e im A I1] I
syl f O,
S i) <
h
136 JPL Technical Memorandum 33-763
O
. S— -

%



j
S\\MEAN + 3¢
~.
™ ~N J
~
N
-4
KEIRRADIATION
$D5553
SOLITRON
1 x 10" o/em? ]

IRAN FLUENCE:

50 krad (5i) Co®?
PAGE 2CF §

lc, mA

JPL Technical Memorandum 33-763

~ 50 krad (5i) Co®

B L i

KEIRRADIATION

IRAN FLUENCE:

PAGE 3OF §

\MEAN + Jo
~N

N 1
~N
N

I

0.}

C’

137



L

. 5 10~
-

A/ hgp)

Tl

1073

L) L T

KEIRRADIATION
SD15553
SOLITRON

5x IO'I e/c:m2
IRAN FLUE NCE:
50 krad (5i) Co®®
PAGE 4 OF 5 -

\MEAN + 30 .

10°!
N

N
N

=d
¥

A(I,’hn)

0.1

138

e —— g e -

¥ "

'C' mA

1077

\ 30 kiad (5i) Co®
PAGE 5OF 5

L L) T T

REIRRADIATION
SDT15553
SOLITRON

b x |°'2./Cm2 ‘1
IPAN FLUFINCE:

\ MEAN + 5o A

0.1

lc, mA

JPL Technical Memorandum 33-76?%




“ e AN s e

e

|
BRI, Hitg5
.y €

SDT8805, Solitron

Sample [Accapt
Pyrgmater Potnt b o
A0 her)
3h3 ke 4
g —
JORK. - 4

SE 7056, National Semiconductor

AR Suo |ics - :

Lo s 08mA I\cs»
St

Ry

Due'3

JPL Technical Memorandum 33~763

139




R L

relap s

$Q1079, Motorola

3
Hesn Hean “..:.:
_nr_._uglmm
aag2)
o0y
Sp——
.———.—l—-—— e e —
472710100
0,78 0,190 1
30479
72
0.68310 48]
a.m.L' 310247
,_m_ﬂ_t,rs;mai_mmm___m_ 4 3
€lomd Sazple ¥ean | Maas ‘m:
Pazasatss | Pinence | togPoint 1 wize }wess | W, | we | g lcriveen
Tran.( o tm:.‘ua .m‘ 2 1 2.8 14 &
am (na) e s 4 3 12 Lo )4
Su® | Yy o W2 135l 9 | 40 | g.ta]l922
v Lue® ¥ v FEETRTINTANA & 51225

140 JPL Tech-ical Memorandum 33-763

LS e




|°.| g ~r T 71 4 . Y T |o-| LI | T v v
- Q079 [ sQloz
L MOTOROLA | MOTOROLA
5 %10'? o/cm? 1% 10'3 o/em?
I PAGE JOF 4 X PAGE 4 OF ¢4
I MEAN + 30 | I MEAN ¢ 30 4
‘7“ 1 }“ I
< w2f 1 = w0wie— ) O -
et O -1
b 1 [ ﬁ
- - - -
¥ 1 * :
I
| _ 1
|
l().3 A N . P | 2 A A IO-:’ P | 2 2 "
10 100 500 10 100 1000
le, mA lc, mA
SS3137, Motorola
DEVICE TYPR: S EAA7  Mermsaonf Pant lof 4 3
Saaple Maan ::;:::
faramater | Rluence |  Opersting Point =~ | elze | Mesn ] Mex. | 20" _lCricazts
= had [ Puns MSAS,.
] 2 =II°|1 . . . £ m__
02 | B-foND lo
[RYYo L] [
| ACines) | osmet? 1K /-
Bu,ry2 Io 50 mB |
Lx20°3 004, 0037
JPL Technical Memorandum 33-763 141




e e e e

T A
L] Ll L ]
SS37
MOTOROLA
L 3.5 x Izl)l2 -;/:mz i
AGE 20F 4
—
-~
—~ ~ MEAN + 3o
S—
~
4 ]
1073¢ -
I 4
s
3
r
-y
1074 (~0.005) 1 (-O.ANI)
10 100
lc, mA
142

Al/mg)

' T v
SSHI7
aaorquou
3)( I()':’2 o/emz

—————
ha \
¢
1073 7
- .
- -
0.
|o-4 1 ( A(mz) Y

10 100

lc, mA

JPL Technical Memorandum 33-763

P




3
f? .
N
T T
SSN37
) MOTOROLA
' 1 % 10" o/cw?
o PAGE 4OF 4 <
2 MEAN + 30
. -
. -
: |
B -
" 1073} .
~ [
! & -
, a
3 - -
j
|
!
!
¢ (=0.0002
i |0-‘ L A
10 100
lc, maA
!

& R,
L

JPL Technical Memorandum 33-763

R —

143



B. JFETs
2N2608, Circuit Technology

<

: e s JAJGOR . Cugt.ur  TrCuaQLOG) e o3
: Sasple Hasn Accept
B Raramater | Pluence Operating Point etoe | wago Mag. | Mg Qe e |2

Skmd 2 | Byas.2 (SRS -
TocoCnhl Sy a0y, Nes-o¥ip, 0 8 7 1009 10.06R 1 0.0841 040/ | Q407
. b1 Ni- Ay e 1ot 1 0a6] o024 0.230] 0.9
) Loy 2 ool oanlnoralosislagsi
: 4 K+ lodul 25 1008l 2.4 1 295
) Io.onl s e 2 1Y \bs: - Ino6ed? Lo.oed 10,052 10.0 220 A.070Y
. . o 2 10004 1 038R 10.05821033210.43]
& i 3 . 1_laomss touz2lagd la& 1049
: M » sxlosgl 32 lom loerl 1.2
Sucy? Nea:0-T-lupl R 18361 A% | 40 | 494 2.5
- BT ; 1 X 53 | 8% <49 | 5921 ¢34

2N2608, Siliconix

C o

DEVICE TYPE: 2608 S|LiCon/X _Pace ol 3
Sazpla Haan Hean ::;::: ?
Paramater | Ploence Operating Poiat size | Mean Max. Mio. g +G lcritexis ;
BIAS : IRRAD) RiAs . msag.|
M Swio®l Vass JaV sy, VnseOvl o© =2 -8 | -.2a - oagl ./67 3
} Vo~ SV i
) L0 y 6 l-7521-.a |-38]lzsy |aga f
Ln{oer)] § «jq't 20V, Lo luft 6 oS4 | .88 o 2 N7
L i
v 120 1 6 lsys ! 3yl 0w 1agalsoa .
| YRa (ON) | 5 =702 . . 6 Vussola.ocool r,a00l aine ) 1250
1 |
. ¥ YL v v e 1 s.200!,.600] 900 | 2,8¥a] 2,00 4
E
v 1
g
144 JPL Technical Memorandum 33-763
e m Tmmm oo e s e —— S .

'&« Slbinatioi v



2N3066, Siliconix

3
| tax. 1 Mia, | G
oY 4 IOORANI .02
0.44 Iﬁg“ aax 14.50
tdc |t3c
)2 1=-201-21 2.3
2t l-2ln
02 l-50ls0 |24
-8 1-5.9
3
‘.
‘ 2N333], Siliconix
E -
]
3 oivice Twre: DNAAR)  S,ufoany Pacs foll 3
?’ Sasple Mean Mean m:
Paraseter | Rluence Operating Point [11] Mean Max. Min. “ua
E €rm? leuas:ingan, |Bias? Mens. 20| -3
i A!P.(mﬂ_flm.“_ s {uns: 251 9 1212 1-261200] 055
=8N 1In- oph LR |-ia
] 1;:50!3 2 L4 /8 |-208) el AOA
: X -48.3 |-
todr 43 ]
Ine, SaieNd Vns 0. 8 1-2%]| 649 -6.5 | 28 | 559
& Negs #/8Y I -2l 0.9 1581 £2 | innb
La1ey3 g |-202]0.2: |-3ealons 242l
R g2 lvoiloa23l-5.8 lacel «gd
S30' Voas 25V g 0.8l 19 laansl 19,1243
::ﬁ [ueyd Naeo t/5Y 9 lioml ey loaol 534 244
Toss. Lni] P ¥ usy; |9 laszlgslgelgalzsy |
K 1x2 Vear o ? 14321858 |56 )83 43
Y 0 UTLICRS (NQLUBED.
A
JPL Technical Memorandum 33-763 145

N e .

=

™




ey e

oS, T AR

i ![ P RN

T

2N3382, Siliconix

03

0.2

a3l

3.0

29

2N3686, Solitron

|Accape
Raject

mfzhg_sm& : a3 1006 1044210030 00011 QI
1203 3 lo.8021s3 10,7 | 4 BK) o252 -
Sxm s 3 |20 la3n ool 2] 259 -
(XY | sxpey3 Exdoxda’ | 3 looslosel omladblos
rad(s:)
LoelpQ)] AQSK s - jON, 8 |30 |ARK | 2o | 400] 4R,
A3 | Zoasdoauhl 5 1042 129 11 132.1)] 6.
GAKK | 5 12221 3 lan ] 2201297
15K o S R |8 | 6691 75,2

146

JPL Technical Memorandum 33-763




| Dpvice Tyee: QAL AR 04 CT.r Pace [ofl 3
Ssaple Masa | Mean m:
M_Lm___mw—_m_m__m.__mh_m;_ﬁs;lmm
[
- Slom? Ihiassinann, | Puanl foaes.
@Jm‘l_mm 22 \ns: aan|o A6l 02 Lo socloodrl
Ln's J Ot l 232 109t 2183 | 20R

0.42910.86 { 00K 10493 1 0,65,
0.6l 0.2310:.3 | 1.0/ 8 L0220

7% RVE la B2l /&%
b.lal) (2 A 1271 /182

gz
2
‘N“
bo P4 a2l boba

b

2N4093, Siliconix

2 DEVICE TVPR: D) A} 403, e /ol 3
! Sample Mean | Mean ’.‘:":::
\ Paranster | Flueace Opereting Point size Mean Msx. Mio. Ry $3C lCritgris
| cem® IBiassinaan.  FPuAs S NERS,

T orr) L w02 ) \ne-ay - Nns S, {e 010100, 1 OO0 20 10,5120

{nh) FLYICER bW o,..'ﬁ NG I8N L 10406300 Rm L2000 5600
! sl | £rca Nemrows | L 1497 a7 s | «8a —
i (D) 1*,0y3 Io00un] b 499 14295 109.90d 3.3 |14
; Daas 4
! md s
: Ig.;q;m oK tVae - -JON INea : ~O0V 5 a0 1as9al 10801 071013280
! 22.5% | Npe-oN | Npa - oN 5 lowoo | 3eanl 2130l 37801 4360
’ L3N A HiRoo |adoml 480 3
f : 193K 4 mm 0.0 3410001
: x LR3K 5 Li3oad Romaniesomadnme
MG

JPL Technical Memorandum 33-763 147




2N4391, Siliconix

_vevics Tvves JAVY 39/ S/cunaux PAGh. 3
*.f.. bl Bl 25
|_Pazameter | §lusnce Opsratiag Point stee | Megn Max, | Mia, ne |0
£jom 3 (- Buasl MEnS,
Wm ¥ps,- 20V s lv3glsr 128 12,8]9.%3
L0 Vs oMY INese /8y o 5 Bol2d0] 89 16| 3558
p.m:rm]_wcﬁ In: /0uf A 1081 0-91 10,16 10.22 ameq
Lyp3 S 10RO N0 ] 0] A9
0} sad 5| IR [ 16 | 2251 944
Lxjed - A 1Y Ty D1 29
tde |t Iq
[ANe (V)] S2i003 + 0V s | ud | 2.0 | 32414245
. F N Y -9.31-/9.2
L3 ] 5 26 1¢s2 | 30] il 962
* & -241-20
tor | v 3q-
Ax)N? o Al absl 2241 25801 228 | 2.84
e A Vas e /8Y 5 o291 2901 262l 3.0 1 343
ess CalY tad (S0) :
o |xeueaen] ok Nese -O0N:  INeer 0V 3_ 1034103 1 0.-3310.32510.3
UNGCRIZAED Yoo & ¥ps - 2 A.8910.21 105 12.22
ALY Q.23 0.8 0.6210.889| 0. %48
2 1zt 1320 r70] 250 1 268
)l:ﬁm 9..3K 3 LAS V23l /s6a | 295 | /58
Lo & 9 245130 20 |25219.79
DEVICE TYPE: JNY3 £2
: _— b v [ e
Paraceter | Flvence Tat: olat stxs | Mean : 230" _iCricacis
oad(S)_{Bias:inann, | Bas? NENS,
[Laeand
L as-al:  liase 0y 31232 1 2201 2l 099
: | Yas- o\ 2 a5 |dSoldon | 4% 1 K320 1
|_scemad] 1K) 3 160316 ls80lend 208
)] 2 lwg 1 43 00 |42 l8a

JPL Technical Memorandum 33-763
ORMMNAL PAGE I8 POOR




PR D

2N4392, Siliconix

|__Divics TRy JAIY39D  Sic0omX Bfﬁt_tn ) 3
Seeple Mean | Hesn g.%:
_Peremater | Plumce | Oparating Point |ise _M_Lm.__ﬁ!‘_LﬂL
- [
S(nhY (GOK o o0l Yoe 0¥ L5 QR LS 208
225K L1 18 1232 luns la 292
UK S loadal <51 s2 |49 162001
lalaK Ly lo? V138 1298 | /8.4 119,72
€jom2
A4.0'* AR . YL Lo 2,4 12848 lononkl 092 140, )
ced (5D
szx_hqumm«w 5 1092 leon |55 16531822
" el m®
200" |Vnos8Y Yoy~ <18 Yos: Y] (o AR lode | aa 12499 | B8
_m}ﬁp\ LEYN RN, Lo 13621 50 In_]| 53
{ 12003 w.;_mgl&ym G lar3lso |30 AR | 621
pdS

2N4393, Siliconix

218 QNMATD  suacomx  Pace fof / 3
Sasple Mean | Memn ::‘":2:
Patamster | Rlusnce __Oparating Potat ———] atse | Msan Max. Mio, ne | T
1 : «—ns + DOV [ 2331 281 12 13251 3. %
Luedd | ﬁ.e.. 8Y  Noge~5Y o 03 1 3ol 22 1149 1 69
Eﬂ 3 Yoso 20V L o 91 ) | R O1240) 29
| oueyd Nes: 0 G | /42 21 & 1299 T
g |t 34
u Ypas ION. o d-te 1o l-vo0 lead luns
Ine /OB -2.8 1-73.9
Jup'S e =26l o l-ralaedl s
s -5 |-/39
Vos (oudinah Sxi0y3 Nass ) G 1 S2 1 2al42] 80] §2
b LPs /O0uR K] a
Tl L) ] G Je |25 1421 231 8.9
M 1yl a1
2y [+ 30
&xm‘ﬁa Yese O L 1356 | &/7 | 79%] 923
a0 In=i00p8 G 5.8l 25| 45 | 22.9] 904
| tod(Ri)
Nose 0V, INea-Jo¥ 1| S | 6900
2  \ns 0y Voae OV 8 23301 9380 | 12800
9L3K 5
1.8 o 2!
A JR8 14 1 3

JPL Technical Memorandum 33-763

149



«

tr

W R

s

2

150

Asospt

L Meap ) Max. L Mg, L 207 L iCcienis

3640 1 327 L300 28000 L
3301 3262 donn 1 1900 1 AQD
LN BT, I
344 | 3,48 950
agalazdlagd | SR3 L GRAY
-J:,L -

[Lod [Lo9a[o99<]a9s4l0.955
LA .m | Low ] 1L.Ov 0,97

M Lo | 8) | /5%
Jud L gd 1 ad 2% lans |
| o | &7 | 500 |69
983_1 3801 000 | /980 | 2000
-
2 .
2N4856, Siliconix
DEVICE T¥PB: DAVIRNA  Suar o8l X MG e$! 3
Sazpla Mean Mean ::m:
| _Paraseter | Flusnce Opsrating Point _JE__MT_!B___M__QL;AELM
Bupsciagan, |P as? MERS, |
1 Yse AN 220N, | 01 \adol 0.8ik (0141063110821
a: ON yoe = OV 2t 0472 12 306i 024/ 1 L0272 | £.3G
A G-M&iﬂqﬂw 0.995 14239
810627 |0.260 10,405 10968 11419
A 48D |sdaan 1233019 e 4. 82 |
¥ A Vaedlamizao 560 | 1843
In loFs) ns - 1N M Ga: d3s | /0 |20 V185 1/5.67
) o Do s 1Y A lOSAR[ &IN [ 2.0 158229128395
1nd «) 383 le3R.0lss. 4 J1232.3
| iy N 5w (G800 474 Nuarnl2227
7. L UDED

JPL Technical Memorandum 33-763

B s - e e g oo ampeamomn o« =



2N4856, Texas Instruments
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C. INTEGRATED CIRCUITS
ADSS50, Analog Devices

The data presented are device linearity deltas; i.e., the effects of
LSB current changes are subtracted out of the data. For total ecror for any
given bit, the Al LSB must be multiplied by the bit w 2ighting and added to the
value shown in the data. Parameter AVBE was not stable due to servo loop
biasing and collector-base leakage current problems. Parameters AVBE
and A(1/B) are for the DUT reference transistor.
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DAC-0l, Precision Monolithics
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DG125, Siliconix

M&—M—Mﬂﬂ S
ek Sasple Mean | Meaa ::m:
| Paraneter | Plusnce Operstiag Potat .__J'“' Heaa | Max. 4 Wn, | ¢ | 0 Criterts
. * “
o0 1 ORI ookl
o |OND sz 00! 2 1260
| e om0l 020! 2 | 24
Ns(ordeh) O - _m:%mm__h_m_o,m 0.0%)
SA0% YUY . 6 [ s 20| 090 2691 S8
i TR ‘1_~_s L3811 2251 BIG 1 223 20
i — :
z 3] mﬂ 0 £ e . o 1oJds 10291 0
i 5 00 vm-q.\;v t | 44si 830! 120 | JGHO| 1330
: 110" i+ o 1653 10 |4.40! 10501 12.50
EEZ@@ 0 NN & | oINS OI901 G0
/ S)y* vifv=4,]y o [ 432 oxd ! 0501 130
: L T 1w b | OO 9§01 4a01 10201 1230
i ) OG0 |G ooy [-o.uD
; o= =iy . & [ Q500 | OO 192 | LBY
g LXION N 4 o ! L3} 040 2.02] 282
!
i,
| — N
;: vevre 1ree: DG PO SIRISNAY SV )
i w\x Sasple Heaa Mean ::;:::
: Paresster | Flusnce Operating Point stze | Nes Max. | Min. | +2g | _#3& lcrireris
1odeie
o) <000, =
5410% 120 1-0.000 1,63 ] 2,12
_ 1 X0 2501 0500 2,87 | 26l
‘ soy-@ 0 200 | 128
A0 32 [ 753 anal ya9
1310!> 59921 104 237 | U272 _
Mi 0 2081 16
5110", : SRR Y
R Q= e 16SRg | ABGR! 267 | QIR
2 5J)1m R —b e s —
AL mm%.sy | 23] 2 %
110" \ ! 2251 %30] 7 | 9421 10,20
-1
ESNGCT I T I TS T A5 210 | 550
5100 \ §3§ f ﬁ K33 | MO €70 1 12.60] 1450
) YRS o | 2221 09301 5.201 1201 14.20

JPPL Tecanical Memorandum 33-763 159




DG129, Siliconix
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DG129, Siliconix, IRAN reirradiation
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DGl41, Siliconix
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ICL3018, Intersil

The data presented are device linearity deltas; i.e., the effects of
LSB current changes are subtracted out of the data. For total error for any
given bit, the AILSB must be multiplied by the bit weighting and added to the
value shown in the data. Parameter AVpy was not stable due to servo loop

- biasing and collector-base leakage current problems. Parameters AVBE
. and A,!'/B) are ic: the DUT reference transistor.
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LM101, National Semiconductor
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LM102, National Semiconductor, unhardened
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LM103, National Semiconductor
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LM105, National Semiconductor, hardened
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LM108, National Semiconductor, unhardened
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LM111, National Semiconductor, unhardened
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LMI111, National Semiconductor, IRAN reirradiation
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LM124, National Semiconductor, hardened
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LM139, National, Signetics, and Texas Instruments

The data presented herein represents eight radiation tests for various
vendnrs and date codes using different bias and measurement conditions. In
all crses, two sections (of the four-section device type) were tested. Device
fai.v.re is defined as saturation of the null amplifier during dc measurements;
i.e., the device output is latched to the positive supply voltage. Table 3 is
a summary of the number of failures versus fluence for the various experi-

mental conditions and device lots.

National Semiconductor made various attempts to harden the LM139
with snly partial success. Several radiation tests were performed on these
expe rimental devices, but only one lot (E2035, tested 11-25-75) was avail-
able for flight use and consequently included herein.
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Conclugions reached were as follows:

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

The LM139 type device is WE sensitive to radiation damage.

The devices biased ""off" during radiation are more sensitive to
degradation than devices biased '"on' during irradiation.

Device degradation may vary significantly between different date

codes,

The degradation for the devices pulsed at 50% duty cycle is
comparable to the devices biased '"on'' during radiation.

The degradation for the devices pulsed at 56p sec every 3 sec
is comparable to the devices biased "off'' during irradiation.

The parameter degradation of the devices irradiated passively
was slightly worse tgan the devices biased ''on' during irradiation.

The hardened National Semiconductor devices, using the same

0l2 e/cmz, whereas the

bias conditions, did not fail until 5X 1
standard devices failed at 2.5 X 1012 e/cmz. The hardened
devices showed significantly greater degradwcion in sink current

than the unhardened devices.

The low failure rate for the 12/20/74 test was due to use of
a supply voltage of 5 instead of 15 volts.
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D. ZENER DIODES

The radiation analysis carried out by General Electric largely from
neutron data indicated potential shifts in Zener voltage sufficient to cause

problems in some applications. Electron irradiation at 2.2 MeV caused

13 2

relatively minor shifts in the Zener voltage at fluences upto l X 10"~ e/cm”.
Additional measurements were therefore carried out with 3 and 5.5 MeV

electrons using the high voltage VandeGraaff at Notre Dame University.

The Zener voltage was determined both before and after radiation at a
fixed current level by means of in situ measurements. This made it possible
to determine the radiation-induced change in the Zener voltage to an
accuracy of 1 mV by relatively simple means. The experiment lasted less
than one half hour and the radiation-induced thermal heating is not signifi-
cant, so that thermal changes during the time of the experiment may be
ignored. The absolute value of the Zener voltage, which is a strong function

of the Zener current, has been determined to an accuracy of about £10 mV.

The results of the measurements are summarized in Table 4. It may
be noted that the majority of the devices tested do not change by more than
the experimental error at a fluence of 5 X 1012 ¢/cm? for all energies up to
5.5 MeV. Three device types showed a significant linear change in Zener
voltage with electron energy, as shown in Fig. 2. One of the device types
indicated a positive voltage shift, whoreas the other two indicated a negative

voltage shift. These changes are attributed to bulk radiation damage.

Some devices of the 1N829 showed changes as great as 12 mV, whereas
the remainder stayed within £1 mV. The anomalously large changes were not
energy-dependent, and are therefore considered to be due to a surface

ionization effect.

Very few of the Unitrode U28770 and U28775 high voltage Zener diodes
were available for testing, and these showed shifts from -14 to -120 mV,
The 14-mV value is within experimental error. In cases where very few
devices were available, devices were first irradiated to a fluence of

1 X% 1013 e/cm at 2.2 MeV and then reirradiated at a later data with 3.0
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Table 4. Electron radiation effects in Zener and reference diodes

Manu-

Device type facturer

vz,
v

iz,
mA

Max, Vg

at 5 x 1012

e/cm2,
mV

Electron
energy range,

MeV

f’évites with Zener voltage change within measurement accuracy of 1 mV

1N945 TC Zener MOT
1N4569 TC ref. diode DIK
I1N4572 TC ref. diode DIK

I1N4577 TC ref. diode MOT

1N4895A TC Zener DIK
(ultrastable)
MZ827 TC Zener MOT

.4M4.7AZ1 non-comp. MOT
Zener

.4M5.1AZ1 non-comp. MOT
Zener

11.7
.4
.4
.4

(<) T « L N AT« A

.35

[«
3]

7.

0.

5

o ©

-1
-2

-1.9

+]

2.

2

NN

2 -5.5

.2, 5.5
.2 -5.5
.2

.2, 5.5

.2 -5.5

.2 -5.5

.2 -5.5

Devices with Zener voltage change within measurement accuracy of 1 mV,
but with mavericks showing greater energy-independent change

IN829 TC Zener MOT

6.2 5.5

-2

122

2.

2 -5.5

Devices with linear Zener voltage change with energy

1N935 TC ref. diode MOT

1N4907 TC ref. diode MOT

FCTI1121 TC ref. diode FAS

9.0

12.8

6.8

1.0,

7.

2

5

-ve
(see Fig. 2)
-ve
(see Fig. 2)
+ve

(see Fig. 2)

2.

2.

2.

2 -5.5

2-55

2 -5.5

a .
Maverick.
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Table 4 (contd)

Max, AV Eloct
2 ectron
: Manu- V,, I, at5 x1o!
Device type facturer VZ : e/cms, energy range,
mV MeV

Devices with significant Zener voltage change measured only at 2.2 MeV

1N4581 TC ref. diode DIK 6.6 4.0 -4 2.2
1N4891 TC ref. diode DIK 6.4 2.0 g -12 2.2
(ultrastable)
7.5 -8

High surge non-compensated Zeners
Uz8770 UTR 70 0.05 +i4 . 2.2

Uz8775 UTR 75 0.1 4220 2.2 -5.5

or 5.5 MeV electrons. No conclusions could be drawn from the data obtained
from the second irradiation, primarily because most of the Zener voltage

shifts were within experimental error.

An attempt was made to measure changes in the temperature coefficient
of the temperature-compensated (TC) Zener diodes produced by a fluence of
1x1013 e/cm2 at energies of 2.2, 3.0 and 5.5 MeV. These measurements
could not be carried out in situ and were therefore subject to many system-
atic errors. The main conclusion is that the pre-irradiation temperature
coefficient of different devices of one type varies within one order of magni-
tude, whereas the radiation-induced changes are less than 50% of the initial
value. The temperature coefficient from -50 to +25°C decreases with
radiation, whereas the temperature coefficient from 25°C to 75°C increases

with radiation. No correlation with electron energy could be detected.
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F. DIODES AND RECTIFIERS
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G. CAFACITORS
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I. OPTICAL DEVICES

The Texas Instruments Types TIL23 and TILZ24 light sources and types

TIL601 and LS600 light detectors were evaluated in the JPL Dynamitron
usging a 2.5-MeV electron beam. Two of the tests used a 0.32-cm (l/8-in.)
spacing between the source and detector in order to evaluate the spacecraft
usage conditions. Three tests used a spacing of 20 cm (8 in.) in order to
allow shielding and consequently evaluation of the source or detector separ-
ately. Ir addition, various angles were used during irradiation in order to
reduce the amount of shielding caused by the lens material. All of the

wcvices were measured in situ, within a period of 5 minutes, with the beam
off.

1. Tests Using 0.32-cm (1/8-in.) Space

Test results using a 0.32-cm (1/8-in.) space between the light source
and detector with both device types irradiated at the same time unshielded

were as follows:

Test No. 1. Four TIL23 light sources and four LS600 light detectors

were tested on April 15-29, 1975. The test circui* is shown below:

12V +12v
800 G, 1%
L5600 DETECTOR
MEASUREMENT
TI23
SOURCE POINT
20, 1%

Due to the close spacing between the TIL23 source and LS600 detector and
the presence of the glass window, there is an undetermined amount of
shielding of the device from the electron beam. Consequently, exposires at
a number of incidence angles for the electron beam were used (i.e., 45, 90,

and 135°), as shown below, during the test.

0°

L&

0.32 em (1/8 in.) | &————— 90° BEAM

N

45° BEAM

135° BEAM
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Current measurgd at point@, pA
(® - fluence, e/cm“; ¢ = flux, e/cmz/s) Beam
Device Date,
$ N 12 12 12 Angle. | 1 g-5
Nolg-ole-1x10°f, ,|®=-25x%x10° 1 ,l0=5%x10 s, | deg
o-0[e-1x10% [F]é=1.5x10° v le =25 k10 |20
12 350 213 -39 120 -66 55 -84 45 4-15
3 470 390 -7 320 -32 234 -50 | 135 4-16
2 282 205 27 134 -53 75 -73 45 4-16
3 00 213 -28 0.36% a 19 -68| 90 4-29

*Data invalid: the device accidentally pulled out of position during irradiation.

Test No. 2. Four LS600 light detectors and four TIL24 light sources
were exposed on January 22, 1975, to the electron beam at a 60° angle
(see Fig. 3). The fluence was 5 X 10lz and 1 X 1013 e/cmz with a flux rate
of 2.5 X 109 e/cmz/s. There was no significant change in the output level
as measured at point B for any of the devices tested. Although the test
devices were undoubtedly severely degraded (as indicated from previous test
experience), there was still sufficient pulsed output after radiation exposure
to trigger the 2N2222A transistor "'on, "' therefore maintaining a constant

output at point ® . The test circuit is shown below:

LU

o e t0m—e]| INPUT PULSE AT (®), creur 1

140 ps
M5V 21% +5V
o
1k
\Vaw 1k
1%
L5600
I Ay LIGHT
DETECTOR v
= out
2N2227A
T1L24 LIGHT

SOURCE

CiIRCUIT 2
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2. Tests Using 20-cm (8-in.) Space

Test results using 20 cm (8 inch) of spacing betweenthe light sourceand

detector with one of the device types shiclded during irradiation were as

follows:

Test No. 1.
beam at an angle of 45 deg as shown in Fig. 4 with the detector shielded. The

Four TIL23 light sources were exposed to the electron

test circuit is shown below:

n2v "2V
SHIELDED PHOTO
TRANSISTOR
600 Q, 1% <
Ti23 %lAhS‘}JREMENT
2k2, 1%

TIL23 output voltage measured at point @), mV
Device (® = fluence, e/cmz: ¢ = flux, e/cm?/s)
S/N. 1 g-0 | a=-5x10'? &=1 x10'3
é=0 6=3.6x109 | &% 6236 x 1019 | A%
5 0.240 0.014 -94.2 0.004 -98.3
6 0.360 0.022 -94.0 0.006 -98.3
7 0.140 0.014 -90.0 0.005 -96.4
8 1.900 0.116 -94.0 0.038 -98.0
Test No. 2. Four TIL601 light detectors were exposed on January 22,

1975, to the electron beam at a 45-deg angle as shown in Fig. 4 with the

light source shielded. The test circuit is shown below:

o = wm e
-

+12v

600 0, 1%

SHIELDED
LIGHT
SOUPCE

vl’-——-.—n_

+12V

TIL6OY

MEASUREMENT POINT

2kQ, 1%
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TIL601 current measured at point(@, nA
(%= fluence, e/cm?; ¢ = flux, e/cm?/s)
Device 12 13
s/N | ®=0 ®=5x10 N =1 %10
=0 ¢=13.6 x109 7 e=3.6x1019 | A,%
1 250.0 129.0 -48.4 38.0 -85.0
2 96.0 19.2 -80.0 8.0 -91.7
3 160.0 65.0 -59.4 19.0 -88.1
4 112.0 78.0 -30.4 53.0 -52.7
Test No. 3. Four TIL24 light sources were exposed to the electron

beam at an angle of 45 deg as shown in Fig. 4 with the detector shielded.

The test circuit is shown below:

T@IZV

<

+H2V
SHIELDED PHOTO
TRANSISTOR

2600 2, 1% ’<:
TiL24 pomE MENT
2k0, 1%
TIL24 voltage measurement at point mV
Device ( &= fluence, e/lc;nz; ¢ = flux, e/cm*4/s) o
S/N :: 8 :: ?2 ;0109 8, % ‘ii 5’2 ;0109 &, %
1 0.318 0.047 -85.2 0.015 -95.3
2 0.218 0.010 -95.4 0.003 -98.6
9 0.384 0.030 -92.2 0. 009 -97.7
10 3.000 0.208 -93.1 0.016 -99.5
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3. Conclusions

(1) These types of optical devices are very sensitive to radiation-

induced damage.

(2) The light sources are more sensitive to radiation damage than the

detectors.
(3) There is increased light scatter due to the degraded source lens.

(4) There is more apparcnt degradation with 20-cm (8-in.) spacing
between the source and detector than with 0.32-cm (1/8-in.)
spacing because the light from the source decreases as the
square of the distance from the detector, and any increase in

light scatter will exhibit more effect as the distance is increased.

4, Test Conditions

The device shown in Fig. 3 was irradiated with the axis of the electron
beam at 60 deg to the axis of the device as shown in the diagram in order to

avoid the glass lid.

24  (UNSHIELDED)

\
o\ APPROXIMATELY 0.32 cm (1/8 in.
ELECTRON BEAM 60°N em (1/8 in.)

\

LS600 (UNSHIELDED)

Fig. 3. Flux angle, electron beam at 60 deg

No other components of the experiment were changed. A cosine varia-
tion in fluence with incident angle was used. The Faraday cup readings of
fluence were thus twice the fluence required (i.e., 1013 angd 2 x 1013 e/cmz).
The effective vaiue of the fluence on the device was obtained as of these
values (i.e., 5 X 1012 and 1u+? e/cmz). This was done by vsing a time
exposure twice as long rather than doubling the flux rate. Thus the effective

flux rate at the device was one-half that in the test requirements.
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The device shown in Fig. 4 was irradiated with the axis of the electron
beam at 45 deg to the axis of the device as shown in the diagram in order to

avoid the glass lid.

SOURCE OR DETECTOR
AS APPLICABLE (UNSHIELDED)

/
\ ELECTRON BEAM 450\1 ;

SOURCE OR DETECTOR
AS APPLICABLE (SHIELDED)

Fig. 4. Flux angle, electron beam at 45 deg

A cosine variation in fluence with incident angle was used. The Faraday
cup readings of fluence were thus 1.4 times the fluence required (i.e.,
0.707 X 10'2 and 1.41 x 1013 e/cmz). The effective value of the fluence on
the device was cobtained as 0. 707 of these values (i.e., 5 X 1012 and 1013
e/cmz). This was done by using a time exposure 1.4 times as long rather
than increasing the flux rate. Thus the effective flux rate at the device is

0.707 times that in the test requirements.
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J. CMOS

Large quantities of CMOS devices comprising 28 different logic func-
tions are used in the spacecraft. Devices fabricated by the standard
commercial process could not withstand a dose of 150 krad(Si) under normal
bias conditions due to shift of the n-channel gate turn-on voltage toward O V
accompanied by a large increase in the supply current. By reducing the gate
oxide annealing temperature (Ref. 2) it was found possible to fabricate
devices that were still functional after irradiation to 150 krad(Si) though
somewhat degraded in the device characteristics. A program was developed
to monitor the radiation properties of the production line that included wafer
lot sampling of changes in the quiescent supply current, test pattern sampling,
and final device parameter characterization. All irradiations were carried

out under representative usage bias conditions using a cobalt-60 source.

The four basic CMOS failure modes in an ionizing rediatior environ-
ment have been identified by Burghard and Gwyn (Refs. 3 and 4) withk their

associated causes as follows:

(1) Failure to switch - an l IVTpl '
(2) Excessive leakage - V,,,n ‘
(3) Speed re “iction - VTP '
(4) Noise immunity - VN l lVTpl '

The arrows indicate a decrease or increase ianT{.

1. Gate Turn-on Voltag_g

Three to five test pattern dice were selected at random from each
metallization lot. The test pattern dice contain individual N- and P-channel

transistors and MOS capacitors. Measurement of IDS versus VGS of the

two transistors was made before and afte: a dose of 1.15 X 10™ rad(Si). A
typical set of curves is shown in Fig. 5. The results for the N-channel

transistor are particularly striking. The true gate turn-on voltage VTn

at low currents is less than 1 V before irradiation and shifts to -0,6 V at

150 krad. At higher current levels V stays well above zero, as shown

Tn
in Fig. 6, and does not shift significantly after irradiation (see Fig. 7).
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IRRADIATION BIAS

CONDITIONS:
P-SOURCE, N=GATE,
P=-GATE = 10 Vv
N-=SOURCE, N-DRAIN,
P=DRAIN = 0 V
! -
L 3N
Q.1 -
<
2 0 0
o
0.0 —
0.001 —
i 0.0001 i 1 1
-1 0 1 2
Vg V

Fig. 5. N- and P-channel gate drive
transfer characteristics
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Fig. 6. Threshold voltage of N-channel transistor on
test pattern TA 6372, 950°C gate oxide annea’
in ‘orming gas, preradiation
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Fig, 7. Threshold voltage of N-channel transistor on
test pattern TA 372, 950°C gate oxide anneal
in forming gas, postradiation
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On the other hand, VTP at 10 pA shows a bimodal distribution after irradia-
tion,which may explain the lack of control of the propagation time (see

Figs. 8 and 9). The distribution in the relative shift in the gate turn-on
voltages is shown in Fig. 10.

The gate turrn-on voltage is the most direct way of radiation-screening
CMOS devices. However, the approach adopted in the MJS project was to
monitor the quiescent supply current, which is related to V at low

Tn
currents but does not control V.. . Moreover, there is no correlation in

Tp
the behavior of these two parameters, since VTn at 150 krad(Si) is
nrimarily a function of radiatior. induced oxide states, wnereas V

¢

PEOGL Gl a0 SRS

1
s
!

Bl

- h2iun

Tpxsa

L

function of radiation-induced interface states.

The gate turn-on voltage VT is the parameter directly afi- ced by
ionizing radiation. The VT is, however, a transistor parame.:r, not a !
circuit parameter. The transfer characteristics of any C*MOS circuit allow
considerable shift in va or VTp before the circuit function ceases. The
V’I‘m may even cross O V and be slightly negative before functional failure

occurs.

188 DEVICES |
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PRERADIAT'ON, - V.,

Fig, 8, Threshold voltage of P-channel transistor on
: test pattern TA 6372, 950°C gate oxide anneal
in forming gas, preradiation
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2. Wafer Screening of ISS

Wafer screening consisted of irradiating five circuit devices or seven
in the case of the three multiplexers from each wafer that would be used for
the JPL product. The quiescent supply current ISS was measured with all .
input terminals to ground and with all input terminals connected to 10 V, !
Rejection was based on an ISS measurement after 150 krad(Si). The rejec- ‘

tion criteria are given in Table 5. These criteria have considerable margin

to functional failure.

The rejection rate at 150 krad was less than 10% for some simple
circuits (gates and flipflops) and greater for complex and large-area circuits
(counters, shift registers, multiplexers and buffers). More than 2700 wafers

have now been screened in this manner.

The test dice were not specially screened for ISS before irradiation.
As indicated in Fig. 11, 75% of the devices (Group 1) had leakage currents
below 1 nA, another 20% (Group 2) possessed greater leakage currents, but
sufficiently low to pass the JPL specifications, whereas the remaining 5%
(Group 3) would have been rejected in pre-irradiation screening. The post-
irradiation data for Group 1 (Fig. 12) shows a reasonable Gaussian distri-
bution, but with the rejection limit set so as to cause a 12% rejection rate.
The more than 10, 000-fold increase in ISS appears to be the best that can be
achieved on this type with the modified annealing process, and is attributed
to the shift in VTn toward O V. Group 2, with marginal pre-irradiation

properties produced a post-irradiation yield of only 66% (see Figs. 13 and 14).

A preliminary study on the variation of Iss over a given wafer after
irradiation indicates a tight distribution in some wafers, while other wafers
exhibit a great deal of variability. This is in agreement with the general lot
variability of the product observed during radiation screening.

The distribution of ISg has been analvzed for a number of different
device types and for both forming gas and nitrogen annealing. The results
for the CD4052 and CD4049 are shown in Figs. 15 through 22. The data
indicates a number of bimodal distributions caused by lack f process
control, but that nitrogen annealing offers a substantially better product.

The data that has been analyzed in this manner is summarized in Table 6. !
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Table 5. Rejection criteria for RCA CMOS wafer radiation screening

Type ISS (post-radiation), pA ILl ILZ
CD 4001 > 2.5pA

4002 2.5

4006 30

4011 2.5

4012 2.5

4013 7.5

4014 50

4015 50

4016 7.5

4017 50

4019 7.5

4021 50

40.3 2.5

4025 2.5

4027 7.5

4028 7.5

4029 50

4030 5.0

4031 100

4035 50

4040 50

4042 25

4043 25

4047 50

4049 7.5

4050 7.5

4051 50 100 nA >3uA /100 pA

4052 50 100 nA 100 nA

405" 50 100 nA 100 nA

I.c is quiescent supply current measured with all inputs low (I

ig?mts high (lssz) .

SSl) and all

1. is off-leakage current through all transm:ssion gates (switches) in
parallel. I, . is measured with all switch inputs high (10 V) and the
switch common to ground through the current meter. 1., is measured
with the switch common high and all switch inputs to ground through the

current meter.
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Fig. 12, RCA CD4006, postradiation ISSl of units with
preradiation Igg] <1 mA
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Fig, 13, RCA CD 4006, preradiation, group 2
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Fig. 16. Postradiation Igg current of CD4052A multiplex-
ers with 950°C gate oxide anneal in forming gas
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Fig. 17, Preradiation Igg current of CD4052A multiplex-
ers with 950°C gate oxide anneal in nitrogen
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Fig, 19. Preradiation Igg current of CD4049 with
950°C gate oxide anneal in forming gas
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Fig, 20, Postradiation Igg current of CD4049 with
950°C gate oxide anneal in formirg gas
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Fig. 21. Preradiation Igg current of CD4049 with 950°C
gate oxide anneal in nitrogen
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Fig, 22, Postradiation Igg current of CD4049 with
950°C gate oxide anneal in nitrogen
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Table 6. Analysis of I S data

S

Peak of Other

Device Rejection

. Annealing . . . .
Function Distribution rime eaks, .. 7
type gas d};vices P“A ' limit, pA
CD4006 18-stage Forming Gaussian 10 pA 30
shift register gas
CD 4023 Quad And-Or Forming Gaussian 5 nA 7.5
gate gas
Nitrogen Gaussian 20 nA
CD 4027 Dual flipflop Forming Gaussian 20 rA
gas
CD 4029 Up/down Forming Bimodal 50nA 20 50
counter gas
Nitrogen Bimodal 5 nA 2 50
50 nA
CD 4049 Hex-buffer Forming Bimodal 50 nA 2 7.5
gas
Nitrogen Quasi- 20 nA 2 7.5
Guassian
CD 4052 Multiplexer Forming Bimodal 3 nA 2 50
gas 30
Nitrogen Gaussian 500 nA 50

It is evident that the rejection limits do remove lots with lack of surface
control. The rcjection limits were chosen to screen out wafers with
catastrophic devices or with ISS higher than acceptable to the project
systems designers. The yield figures of the wafer screening program are

summarized in Table 7.

Increases in I, are a problem for the user (subsystem designer) only

when the total for asssubsystem exceeds the current available for the power
supply, or when the subsystem power limitation is exce=ded. Therefore,
it is the average of the increases that is of interest, not the ind’'vidual

All the RCA CMOS that will be supplied are from wafers
Ss of less than 100 times the 25°C

specification limit- ST 11868 or MIL-STD-38510 or equivalent (see Table 5).

increases in .
Iss

whose test samples had a post-150 krad 1
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Table 7. CMOS wafer screening summary

2793 wafers radiatea (over 200 lots)
2162 wafers accepted (77.4%)

Forming gas vs NZ' anneal

Wafers Wafers Accepted,
accepted radiated %
Forming gas 1049 1406 74.6
Nitrogen? 1078 1296 83.2

a'Exc:luding 5 bad lots at beginning of N2 anneal

In many cases the post-rad ISS was much less than 100 times the specifica-
tion limit. Therefore, the total post-150 krad ISS for a subsystem should
not exceed 100 times the sum of the specification limits for each device in
the subsystem. The above statement should be true even though the wafer
s reening does not guarantee that every device will have a post-rad ISs less
than the 100 X limit, because of the averaging effect. It should be pointed
out that 100 times the sun. of the specification limits for each device in the
subsystem cannot be used to establish the maximum current required from
the power supply since this is quiescent current. The operating current of
the subsystem will be higher because it is proportional to the ciock or

operating frequencies of the subsystem.

3. T-ansmission Gate Leakage

The multiplexers CD4051, CD4052, and CD4053 were subjected to an
additional screen. The off leakage current through all transmission gates in
parallel was required to be less than 100 ~A measured with all switch inputs
at 10 V and the outputs at ground “Ll)' and less than 100 nA for the CD 4052
and CD4053, and 3 pA for the CD4051, with all switch outputs at 10 V and the
inputs at ground (ILZ). This resulted in a yield of about 50% for these
device types.

The design requirements for ILZ in the CD4051 are more lenient than
L2 of the
CD4051 was necessary to get any yield from the early production of these

in the other multiplexers in this project. The 3 pA criterion for I
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devices. In subsequ=nt forming gas lots ILZ dropped below 1uA typically,
and when the gate oxidc anneal was changed to nitrogen, ILZ dropped below
1006 nA tyvically. The 3pA screening rejection criterion was reduced to

100 nA for the nitrogen annealed product.

Figures 23 and 24 show the distribution of the 1, , leakage current

before and after irradiatioa, respectively, for deviceI;Zannealed in forming
gas. It may be seen that prime pre-irradiation devices show a bimodal

distribution after irradiation, resulting in a high yield loss. This problem
was solved by switching to nitrogen annealing. The pre-irradiation distri-

bution (Fig. 25) was the same as before, but the post-irradiation data

(Fig. 26) shows a more Gaussian distribution, though with a few outliers
beyond 1 pA. The IS

18, exhibits a very similar behavior.

S data for the same devices, shown in Figs. 15 through

The ILTG of the flight multiplexers is not expected to exceed the
values in Table 5 for forming gas-annealed product or 40 nA for nitrogen-

annealed product at 150 krads. Most cf the 4051 product will be forming

(156)
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Fig. 23, Pr radiation switch leakage current Iy , of
Cu4052A multiplexers with 950°C forming zas
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Fig. 26. Postradiation switch leakage current Iy »
of CD4052A multiplexers with 950°C gate
oxide anneal in nitrogen

gas-annealed. The 4052 produc: will be a combination of forming gas- and

nitrcgen-annealed devices, and the 4053 product will be entirely

nitrogen-annealed.

4. I{ultiplexer Orn-Resistance

The on-resistance of the multiplexers increases less than 5% at
75 krads and 10% at 150 krads.

5. Propagation Times

4 complete electrical characterization nf some of the CMOS devices
was cavried out for T~ L at the Naval Research Laboratory using an EH4600
series computer-controlled test system at a total dose of 7.5 X 104 and

1.5 x !05 rad(Si). The parameters tested and some typical results are
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shown in Table 8.

increase in the propagation time.

correlation between the radiation effects on propagation delay and quiescent

supply current Ioc.

It may be noted that radiation causes a significant

It was established that there is no

Table 8. CMOS radiation characterization data at 150 krad(Si)
Tests
(At VDD = 10V) 4011 4029 4035 4050
1. Functional (go/no go) Al} passed
VO <5V ="0"
Vo>5Vv ="1n
0
2. DC margin (go/no go) All passed
Vo <1 V = nOn
V., >9 V=11
0
3. At oo (%) Average 26.9% 13.8°  48.8° 10.6¢
30 pF load Maximum 30 37 55 18
3a. At PLH (%) Average 26°¢
30 pF load Maximum 37
4. At pp () Average 6.2% 28.2°  32.8° 335,44
30 pF load Maximum 8.8 31 37 50
4a. At pyy, (%) Average 19¢
30 pF load Maximum 33
5. AV drop in output trans- N-CH<0.1 V < 0.1 <0.1 <0.1
istr rs at mirimum source/ P-CH<0.1 V < 0.1 ~0.1 <0.1
sink current specified in
RCA manual
6. Range of maximum quie- from: 56X 250X 23X 25X
scent supply current A to: 4700X 9800X 3300X 13400X

aPropaga.tion time measurement from pin 2 to pin 3 (in to out).

bPropagation time measurement from pin 15 to pin 6 (CL. to Qj).

cPropa\gau:ion time measurement from pin 6 to pin 1 (CL. to Q).

dPropa.gation time measurement

from pin 3 to pin 2 (in to out).

eProp:-xgal:ion time measurement from pin 15 to pin 7 (CL. to carry out).
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A more d:tailed analysis was carried out on additional measurements
made at the Hughes (Fullerton) Facility (see Table 9). The propagation time
after irradiation appears to be within the JPL specification limits, but the
data shows large increases in propagation time. These are primarily
influenced by outliers whose change may be up to one order of magnitude worse

than the mean.

6. Dose Rate and Anne ling Effects

Srour (Ref. 5) recently reviewed experimental observations on dose-
rate dependence of the shift in VT in MOS devices. The dependence is a
J.action of the dose rate, the bias conditions during radiation and also the
nature of the gate oxide. Srour irradiated N- and P-channel transistors on
a commercial CMOS inverter using a Cob0 source at rates of 0.23 and
22 rad(Si)/s. He observed a marked rate effect. Annealing the devices at
room temperature for 140 hours {the time it takes to perform an irradiation
to 1.2 X 105 rads at a rate of 0.23 rad/s) following a higher ionization rate

irradiation brought the high and low dose-rate results into agreement.

Yamakawa (Ref. 6) measured rate effects in ISS of CMOS devices with
a 950°C gate-oxide anneal temperature at 113 and 7.6 rad/s at a total dose of
1.5 X lO5 rad(Si). The bias conditions were as described in the wafer screen.
The two dose rates represent the screening conditions and the Jovian radia-
tion environment respectively. There was a strong annealing effect after
radiation, tut no rate effect could be detected. Additional experiments on the
propagation time showed no annealing for several days. in agreement with

the hypothesis that the propagation time is governed by interface states.

7. Conclusions

The radiation resistance of CMOS devices with a gate oxide annealing
temperature of 950°C appears to be adequate for the MJS project, because
the devices will be exposed to a total dose of less than 1.25 X 105 krad and
because no severe ccas‘raints have been imposed on the quiescent supply

current.

Preliminary data indicate that the substitution of forming gas by

nitrogen in the gate oxide annealing step has a ve:y beneficial effect on
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reducing the post-radiation quiescent supply current and transmission gate
leakage currents of the multiplexers and on producing a more homogeneous

product,

The wafer screening of ISS is expensive but necessary in view of the

lack of safety margin shown in the distribution, the presence of outliers and
i bimodal distributions. For future programs, radiation screening of N-

. channel and P-channel test transistors associated with each wafer should be
consgidered, since the absolute values of post-irradiation VTn and va are
more fundamental parameters directly related to oxide and interface states.

At present V., is not screened, and this produces a barely tolerable

Tp
variation in the propagation t'me. In future programs other process controls
involving capacitor measurements should be considered in direct collabora-
tion with the manufacturers. Such controls have been described in a paper

by Gregory (Ref. 4).

Finally, any futv e¢ programs with a radiation environment in excess
of that encountered by MJS o~ with more stringent design requirements must
use the radiation hard dry gate oxide process developed at RCA, Somerville,
with DNA support, or equivalent, since the 950°C annealed process cannot

survive a total dose much greater than 1.5 X lO5 rad(Si).
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APPENDIX A
VENDOR IDENTIFICATION CODE
JPL
alphabetical FSCM Vendor
number
code

ADI 24355 Analog Devices, Inc., Norwood, Mass

ANA 31855 Analog Technology Corporztion

CAD 19647 Caddock Electronics, Div of Globe
Union, Inc.

CRC 12517 Component Research Company.
Inc.

CTI Circuit Technology, Inc.

DAL 91637 Dale Electronics, Inc., Subs. of the
Lionel Corporation

DIK 12954 Dickson Electronics Corporation

EXR 52063 Exar Integrated Systems, Inc. % .

FAS 07263 Fairchild Semiconductors, Div of 3
Fairchild Camera and Instrument
Corp.

GEC 09214 General Electric Company, Semi-
conductor Products Dept.

HAR 91417 Harris Semiconductor (Radiation, Inc.)

HON 91929 Honeywell, Inc., Microswitch Division

HPA 28480 Hewlett-Packard Company

INL 32293 Intersil Inc., Cupertino, Cal.

KMC 20754 KMC Semiconductor

MOT 14713 Motorola Semiconductor Products, Inc.

NSC 27014 National Semiconductor Corporation

PMI 06665 Precision Monolithics, Inc.,
Santa Clara, California
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JPL
alphabetical
code

RAY

RCA

SET

SGN

SIL
SOD

TIX

TRW
UTR

WEC

310

FSCM
number
49956
02735

14099
18324

17856
13327

01295

01281
12969

05277

Vendor

Raytheon Company

RCA Corp., Solid State Division
Somerville, N.J.

Semtech Corporation

Signetics Corp., Subs. of Corning Glass
Works

Siliconix, Inc.
Solitron Devices, Inc.

Texas instruments, Inc., Semi-
conductor Components Div.

TRW Semiconductor, Inc., (PSI)
Unitrode Corp.

Westinghouse Electric Corp.,
Semiconductor Division

L
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APPENDIX B

RECOMMENDED WORST-CASE ELECTRONIC
DEVICE PARAMETER VARIATIONS

The purpose of this appendix is to provide recommendations to aid the
circuit designer in the worst-case analysis of circuits, The worst case
parameter variations contained in Tables B-1 through B-6 for transistors,
resistors, fixed capacitors, diodes, TTL (transistor-transistor logic) and
linear integrated circuits, and CMOS integrated circuits are recommendations

only and not hard requirements.

These tables do not include radiation-induced degradation, Radiation
degradation should be added to the variations in these tables on an individual
part basis where part data is available. Estimates should be made otherwise.
Section 153 should be contacted when the worst-case analysis is to be

performed,
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Table B-1, Worst-case parameter variations for transistors

Ag an aid to the circuit designer's worst-case analyses, the maximum
expected parameter variations for system life and temperature are given,
It is noted that all parameter changes are based on the specific value given in
the application of JPL ST or manufacturer specifications, except for hFE'
For this parameter the variation is from the design value as established by

appropriate design curves at 25°C and the design value of IC. For the cases
of saturated switches, the parameter changes of hFE will be established from
the minimum value specified in the manufacturer specifications, or ST, The

data below applies to all transistors listed in *he approved parts list,

Parameter Variations Conditions Remarks
h 0.9%/°C For temperature Change trom design
FE
value mfr, spec,
-25% For life
BV -10% For life and Change from min, value
CBO .
temperature in mfr. spec,
BV -10% For life and Change from min, value
EBO .
temperature in mfr. spec.
BV -30% For life and Change from min, value
CEO )
temperature in mfr, spec.
VCE(SAT) +15% For life Fihange from max, value
in mfr, spec.
+0.2mV/°C For temperature

VBE(SAT) +15% For life and 'Change from max, value

temperature in mfr, spec.

ICBO doubles every For temperature Change from max, value
10°C increase in mfr, spec, at 25°C
+100% For life

IEBO doubles every For temperature Change from max, value

10%
+100%

For life

in mfr, spec, at 25°C

Added to temperature
effects
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Table B-1 (contd)

Parameter Variations Conditions Remarks
IC ES 30X For life and Change from max, value
temperature in mfr. spec,
t +10% For ..fe and Change from max, value
r )
temperature in mfr, spec,
ty +10% For life and Change from max,. value
temperature in mfr, spec,
t +10% For life and Change from max, value
s temperature in mfr, spec,
te +10% For life and Change from max, value
temperature in mfr, spec.
Cob +5% For life and Change from max. value
obo temperature in mfr, spec.
C. +5% For life and Change from max, value
ibo )
temperature in mfr, spec.
fT -25% For life and Change from min, value
temperature in mfr, spec.
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Table B-2, Worst-case parameter variations for resistors

Tolerance, %

Part description; Manufacturer's

General, class, type Manufacturer type number Purchase Designa’ b
Carbon comp. ABC RCRO05 *5 25
Carbon comp. ABC RCRO7 5 +25
Carbon comp. ABC RCR20 5 *25
Precision WW SHA HR series *0,1 +0, 5
Metal film MEP RNC55H %] *2,5

ANG
Metal film MEP RNC60H %] *2,5
ANG
Power wirewound DAL RWR series x1 2,5
Metal glaze CAD MG, MH series ] +10
Metal glaze CAD MM series +] +10
Metal film fixtrim ANG IV.5 - +] .8
HI RES (10'% ohms) PYR HR600 £5 £10
Ultra high res., WEL M51 x] +5
Ultra high res, WEL MH51 10 +]15

aDesign tolerance includes purchase, temperature, and end-of-life
tolerances except where noted,

bDesign tolerance does not include temperature and voltage coefficient
effects for which the JPL ST or mfg, spec. should be consulted,
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Table B-3, Worst-case parameter variations for fixed capacitors

Tolerance, %

At e Momtsomrer Vit
Solid tantalum SPR CSR13 - KS +10 +20
Ceramic AUX CKR05BX -~ KS £10 *25
Ceramic AUX CKRO06BX = KJ £10 £25
Ceramic AUX CKR11BX - KR 10 25 ﬁ
Ceramic AUX CKRI12BX - KL +10 £25 i
Ceramic AUX CKR14BR - KR =10 *30 |
Ceramic AUX CKRI15BR - KR £10 +30 i
Ceramic, AUX ML10 MC70 +5 +12 f
temp, comp, ML11 MC90 :
Ceramic, HV disc, ERIE 800 series +10 £17 !
Glass CGW CYFR series 1 +2, 1
Ceramic, CYL, AX, AUX HRMC T06A, TBD TBD :
206A, 866A, ‘
906 A
Porcelain VIT VY series TBD TBD
Polysulfone CRC MP series TBD TBD
MICA ELM HRDM TBD TBD

a‘Design tolerance includes purchase, temperature, and end-of-life
tolerances except where noted,
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Table B-4, Worst-case parameter variations for diodes, Zener diodes

As an aid to the circuit designer's worst-case analyses, the maximum
expected parameter variations for system life and temperature are given,
1t is noted that all parameter changes are based on the specific value given
in the applicable manufacturer's specification or JPL ST,

Diodes
. E Parameter Variation Conditions Remarks
E Ve *10% For life Change from value in mfr, spec.
+150 mV For temperature
o] +25% For life and Change from value in mfr, spec.
temperature
t +10% For life and Change from value in mfr, spec.
temperature
IR 10X For life Change from value in mfr, spec,
(a) For temperature Change from value in mfr, spec,
By -40% For life and Change from value in mfr, spec,
temperature
Zener diodes
Voo 5% For life and Added to tolerance in mfr. spec,
temperature
E Z,p +10% For life and Change from value in mfr, spec,
; - temperature
T +10% For life and Change f.om value in mfr, spec,
temperature
IR 30X For temperature Change from value in mfr. spec.
10X For life
Vg +10% For life and Change from value in mfr, spec,
temperature

o e A e A R

@Doubles for every 10°C increase in temperature,
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Table B-4 (contd)

Voltage reference diode

gt
Parameter Variation Conditions Remar?.
Voo 2 X For lite and Change to tolerance in mfr, spec,
temperature
IR 30X For temperature Changefrom value in mfr, spec.
10X For life
Z,q +10% For life and Change from value in mfr. spec,
temperature
Temp, +10% For life Added to temperature coelticient
Coef, for temperature variations

Note: Consult with part specialists on life stahility factors.
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Table B-5, Wor#mcase parameter vagjations
for integrated circuits

As an aid to the circuit designer's worst-case analy ses, the maxinium
expedfed parameter variations for system li.e and temperature are gven,
All par amder changes listed are based on the specific value given in the
applicable JPL ST, Thedata below apply to all IC's listed in the approved

parts list,

Digital IC's (TTL end %ow power T¥ L)

Parameter Varifions, % Conditions
-
VOUT(O) 15 Life and temperature
VOUT(l) *15 Life and temperature
IIN(’ 75 Life and temperature
IIN(O) +20 Life and temperature
IOUT(‘ «®20 Life and temperature
IOS 25 Life and temperature
T opu *50 Life and temperature
TepL 50 Life and ten - v
Ic 25 Life and temperature
Clock pulse width =50 Life and temperature
Linear IC's
AVOL 40 Life and temperature
VOS *20 Life and temperature
IIN +30 Life and temperature
EO -10 Life and temperature
IBIAS +10 Life and temperature
AVOS/M +40 Life and temperature
Tos +10 Life and tegaperature
Icc +20 Life and tamperature
IEE +20 Life and temperature

REPRODUCBBILITY OF TIIE
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Table B-6, Worst-case parameter variations
for CMOS integrated circuits

As an aid to the circuit designer's worst-case analyses, the maximum
expected parameter variations for system life and temperature are given,
All parameter changes listed are based on the specific value given in th.-

applicable specification control drawing, The data below apply to all CMOS f
listed in the approved parts lists,

Variations, % Variations, %/°C
Parameter (life) (temperature) Remarks
VOUT(O) +5 +0,1 No DC load
VOUT(I) -1 -0,01 No D¢ load
+ -

IOUT(I), (0) 10 0.5
ISS +50 +10 Quiescent current
tpLH

10 0.4
tpHL
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APPENDIX C
PARAMETER VALUES OF IC TYPES REQUIRING RADIATION
ACCEPTANCE PRIOR TO FLIGHT USE

The various approaches being used to establish radiation acceptability
of certain IC types prior to flight use are the following:

(1) Use a modified or standard manufacturing process combined

with a sample radiation test of each lot built,

(2) Irradiate/anneal (IRAN) all of the devices to be used,

(3) IRAN a sample from each lot, In this case, the devices sub- :
jected to IRAN as well as the lot balance are considered suitable
for flight, {

The starting v-lues of the device parameters and the parameter changes

due to the Jovian environment are related to the radiation acceptance approach
employed. For the sake of completeness, IC's that were not radiation-screened

but were used by the subsystems, are included.

All IC types (except CMOS) currently being subjected to one of the

above approsches to establish radiation acceptability prior to flight use are

P DB i B 2 b e Mt e iR

listed in Table C-1 together with the specific parameters being controlled.

Room temperature parameter values are given for the following cases.

Initial: Starting worst case values of parameters when the

devices are supplied to JPL,

Post-IRAN; Worst case parameter values after devices have been
subjected to IRAN, Hence, for devices subjected to

IRAN, these would be the parameter values at the time

PR SEAGAr ARSI ek S S T b et 1 14

of initial installation into flight hardware.

Post-Jupit.*:  Anticipated worst case parameter values after devices
have been through the Jovian environment, Values are

given for assumed doses of 12,5, 30, 60 and 125 krads.

Note that for some device types the parameter values may exceed the manu-
facturer's normally specified limit when the devices are initially installed,

Subsystems requiring better parameter values than those in the table must
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resort to shielding. Parameters other than those listed in the table may also
be affected by radiation, but have not been identified via the GE circuit anal-

yses as being critical to the applications and are not subject to control,
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