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I, INTRODUCTION
. The purpose of this task has béen‘to search existing literature
o ;fegarding the long term effects of nuclear radiation on electronic parts.
The intent was to gather data on parts used in the Pioneer Spacecraft
ﬁhich relates to the effects of long term, low intensity radiation fields
such as would be encountered on deep space missions passing through plane-
‘tary~rad1at10n belts and having RIGs on board. '

The majority of the literature covers the effects of radiation
damage due to nuclear blasts. Although blast effects are more severe than

'1qng term space radiation, some of the data can still be useful in pre-

dicting the radiation thresholds for Pioneer's electronic parts.

 This report is divided into four parts. Section I is the intro-
duction and also includes a glossary of terms used in the remainder of
the report. Section II is a brief discussion of the Various types of
‘ radiation the spacecraft will encounter. Section IIT is a discussion of
l"i _ radiation on electronic parts. Section IV contains conclusions and two
tables giving an estimate of the damage threshold of the transistors and
integrated circuits used on the Pioneer Spacecraft. . An appendik is also
included at the end of the report which contains cdpies of various tables
~and figures used in the literature that may be of further help in assessing

the radiatibn damage of the Pioneer parts.
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GLOSSARY OF RADIATION TERMS

Beta Rays - High enefgy electrons ejected from a nucleus.
Protons - Hydrogen nuclei.

Alpha Particles - Helium nuclei.

Gamma Rays (Photons) - Similar to x-raYs, electromagnetic waves (packets

of gamma rays which behave as particles).

Neutrons - Neutral particle with about the same mass as protons.

‘Roentgen - A quality of ionizing radiation which will produce 2.083 X 10°

ion pairs per cubic centimeter of STP air or deposit 83.8 ergs per gram of
STP air. o o

Roentgen Per Hour - The intensity of a field of ionizing radiation which will

deliver one Roentgen per hour.
Rep - Roentgen equivalent physical (93 ergs per gram of tissue equivalent).

Rem - Roentgen eQuivalent mammal (that quantity of ionizing radiation which
will produce biological damage equivalent to one Roentgen of x-rays).

Rad (M) - A unit of absorbed energy (100 ergs per gram of material M).

Ergs/Gram (Cérbon) - The preferred measurement of absorbed dose (a standard

jonization chamber is used which is made of carbon and carbon dioxide).

Neutron Flux (nv) - Neutrons of energy E crossing a sphere of unit cross-

sectional area per second (neutrons per square centimeter per second).

"nvt - The time integral of neutron flux (neutrons per square centimeter).

Flux - The flow of radiation.

Dose - Absorbed enefgy:

Dose Rate - The rate of radiation or intengity.

—

Mg! - Million electron-volts.

-

Fluence - The number of particles that enter a sphere of unit cross-seclional

arca (particle/am?).



Cosmic Rays - Very high energy particles which permeate space.

Van Allen Belts - Trapped particles found in two zones about the earth's

_geomagner - z¥is - the lower maximum ccrsists of protons and electrors, tie

upper maximum is apparently only electrons.

RADIATION TERM CONVERSION CHART

TO CONVERT TO T . MULTIPLY BY
| Rads ‘ergg/gr , | 100

ev/gr ‘ ergs/gr (c) 1.6 X 10712
Roentgen | erg/gr (c) | 87.7
‘Rep’ . erg/gr (c) - 84.6

; -Rad (Tissue) erg/gr (c)._ | 90.9

"~ " 'Rad (HZO) "~ “erg/gr (c) ; ©790.0

"MeV/cm?2 | | erg/gr (c) 4,5 X 10-8
‘Photons/cm? | erg/gr (c) 4.5X 10°8
Rad/hr Neutrons/cm?/sec 8.3 X 10"

L



II. TYPES OF RADIATION AND THEIR EFFECTS

Eleﬁtronlc equipment Wthh is declgnad to be sent into space *-i1?
be exposed to several radiation enviromments. Basically, these environments
~ fall into two classes, (1) near and solar space, and (2) radiation from on-
board nuclear reactors. The types of penetrating radiation assoc1ated with

each class will be discussed briefly in this sectlon

A. Near and Solar Space - The penetratlng nuclear radiation of near

and solar space may be divided into cosmic radiation, trapped radiation
(planetary radiation belts) and solar flares. Of less importance are solar
-winds, solar x-rays and neutrons. Electromagnetic radiation (photons) is

also of some concern.

Cosmic rays consist of about 90% protons (hydrogen nuclei) and
- 10% alpha particles (helium nuclei). The ionization dose rates attributable

to cosmic rays are low but become a factor on long duration flights.

. Planetary radiation belts consist of a large number of electrons

and protons of various k1net1c energles which are trapped by a planet's

- ~magnetic field. ' Protons are the most penetrating type of radiation because
of their high average energy and mass. The average energy of electrons in.
the belts allows shielding but the secondary radiation these electrons create
is very troublesome. Medium energy electrons expend their energy by ionizing
materjals. This results in a secondary dose of ionization. High energy electrons
produce x—réys and gamma rays. This type of radiation is more penetrating
than electrons and causes high ionization doses inside the vehicle.

Proton radiation in space is produced by solar flarés and solar
[- - winds. Solar flares, which occur about twice a year and lastﬂapproXimately 50
hours, produce large fluxes of energetic protons. Solar winds expose a
[ 5 .spacecraft to a constant stream of chaiged garticles (proton and electrois)
emanating from the sun. The effect of charged particle radiation is damaging

r. ' both from ionization and atomic displacemeht.

B N .ot
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Another type of radiation in space which affects materials is

photons; electromagnetic radiation. The primary source of this radiation

is the sun and the radiation intensity varies inversely as the square of the
-distance from the sun. The effect of pnoton radiation is @amage due .o ionization.

B. Nuclear Reactor Radiation - Nuclear reactors produce two types

" of radiation, neutrons and gamma rays. Energetic electrons are also
present, and should be considered since they are formed by the interaction

of gamma rays with matter.

Gamma rays are massless pockets of energy (photons) which speed
through a materlal and free the orbiting electrons of the atom through which

~ they pass. These ionized electrons flow in the irradiated material as an

“electric current until recombination takes place. Thevhigher,the gamma
application rate, the higher the current flow. Gamma flux, or gamma dose

rate, is the effect of interest insofar as electronic equipment is concerned.

Neutrons have a large mass and a neutral charge. The neutral

~-charge prevents energy loss due to electrical particle interaction. Neutrons -

. - penetrate a material unimpeded until they contact the nucleus of an atom.

This collision results in a dislocation of the atom from its position in the

crystal lattice. The dislocation incurred may be permanent or temporary,

- depending upon the energy level of the neutron. The total damage inflicted

in a material is directly proportional to the total number of bombarding
~particles. For this reason, neutron fluence is of greater importance in
electronic equipment than neutron flux.

Figure 1 illustrates the types of radiation and their effects on

. materials which are exposed to them.
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IITI. - RADIATION HARDNESS OF ELECTRONIC PARTS

A survey of the published inforumatiion on radiation hardness. indicates

that passive devices are relatively insensitive to radiation damage when
compared to semiconductor devices. For this reason, the major emphasis of
this section will be on radiation effects on semiconductors. Table I
lists the important part categories in order of the radiation hardness.
Resistors and capacitors will be covered only briefly to point out the

: rglative~hardness of the various typeé within the two categories.

g

- TABLE I

‘Descending Radiation Hardness by bart Category

Resistors

Capacitors

Diodes

Switching Transistors
Digital Integrated Circuits
Power Transistors

Linear Transistors

BTN B o N T B - P N
L N ]

. . Linear Integrated Circuits

A. -Passive Devices ~ Resistive elements can withstand large dosages

of radiation in comparison to semiconductors. The effects of radiation are an

increase in resistance for carbon elements and a decrease for metal elements.

- Metal oxide elements,. such as used in RL and RLR style MIL-SPEC resistors,
are the least radiation fesistantiof all resistor types and their resistance. -

either increases or decreases in accordance with the type of radiation exposure.

All resistors suffer insulation damage with prolonged exposure to raaiation.
Figure 2 shows the various types of resistors and their radiation thresholds

for producing permanent damage.

t;.;._:.:
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The radiation effects on capacitors are usually an increase in

dissipation factor and leakage current and a change in capacitance. Some

types, such as plastic and electrolytic, also suffer seal and case damage.
Figure 3 shows the various capacitor types and their relative radiation
resistance. = ' '

B. Semiconductors - Semiconductors are more susceptible to radiation

. damage and are more widely used than any other part in electronic systems

used 1n space Figure 4 shows, in a general manner, the radiation re51st-

.ance of various types of dlscreet devices. ‘Table II llStS the trends of

" radiation damage for these devices.

1. Diodes

In general, diodes are much more resistant to radiation
damage than other semiconductor devices. Thin-base, high speed computer
and power diodes show very slight degradation at radiation doses where
other semiconductors are unusable. Thick-based diodes and diodes using highly

doped material show considerable increase in forward voltage drop with

wradiation and use of such devices ehoﬁld be avoided.

--Zener diodes exhibit slight changes in Vz with exposure to

~gamma radiation. The application determines whether or not the change will

be significant. Voltage reference zeners are temperature-compensated with a
built-in forward biased diode. If the compensating diode is not a hard
diode, as mentioned above, the reference voltage could change considerably.

Since reference zeners are used in critical applications, this could present

" a serious design problem. The reference voltage variation can be held almost

to that of a conventional zener diode by careful selection of the reference
zener, or by making a temperature-compensated reference zener using a
conventional zener 1n series with a high-speed computer diode.

Tunnel diodes are relatively radiation resistant. Thoy exhibit
an increase in valley current at large radiation doses and could be useful in
application requiring operation after exposure to large amounts of radiation.
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. 2. Bipolar Transistors

Bipolar transistors are among the more sensitive semiconductor

devices because their gain is critically dependent on minority carrier
lifetime. Th~ lifetime is the period <37inz which the carrier inject:d from
the emitter can exist in the base region before combining with an impurity.
When exposed to radiation, the number of impurities in the base material is

increased and the carrier lifetime is shoftened.

Particle collisions also change the base material's con-
ductivity. Except in very-high-frequency transistors, this effect is much
less drastic than the effect on minority carrier lifetime. The two effects
are nearly equal and opposite in VHF and fast switching transistors, making
them more radiation resistant than other bipolar transistor types.

Gain degradation has been found to be proportional to neutron

fluence as expressed by the following equation:

hFEo
1+ hFEO tb K ¢

0

"hFE

hgg = Initial current gain.
tp = Average base transit time
K = Damage factor dependent on device parameters.
K is also a function of emitter current, neutron

energy, and device temperature.

¢ Neutron fluence, n/cm?2.

. It should be noted that tp can be related to alpha cutoff
~ frequency (f4c0) by the equation; .

. .
£ -
| 01(130- * T

and f,cp is a parameter more readily available by standard test methods.

— ASsuming a given fission spéctrum, such as that for the

RIG's, K can be considered a constant with respect to energy. Further, if it

- " ) - - - . ,. .
18 assuined tha the device is operating at 25°C and near 1ts hpg vs. Ig

peak, then a first order estimate of neutren damage can be made using the nomograph

in Figure 5,



k3

FIGURE 5 - Nomograph For First Order Neutron Damage Estimate for

5X

5X

5X

5X

5 X

Silicon Transistors. Note: Assumes Fission Spectrum,
25°C, ‘and Device Operating at hgg vs I Peak.

. lolofOLCO
100 L
:: hFEo = Initial Current Gain
T hpg = After Irradiation Current Gain
: Neutrons
109 -
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1 E 20 -
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70 4
106 4 80 +
I 90 {1p0l0-
105 I 100
T T
-+ 4.10° 109
1 150 7 0.98+
. . -+ 8 :
105 200 F 10 J 108 0..99

To use the nomograph, place a straight, edge through the frequency
and inifial gain of the device as shown in Step 1, then pass the
straight edge through the intersection of Step 1, with the pivot

line and through the neutron of interest.

14
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‘ ' Proton effects are'somewhat similar to the damage caused

'by neutrons. The proportionality of gain degradation due to proton
;fluence can be expressed using the same equation as given for neutrons,

4w1th,the exception that K should be converfed to the equivalent proton

damage constant as follows:

For 8-17 MeV protons; Kproton = 33 Kpeutrons
For 100 MeV protons; Koroton = 8 Kneutrons

The nomograph in Figure 6 can be used to estimate the

- displacement damage caused by proton fluence. Again it should be

assumed the transistor is operating at 25°C and near its hpg vs I
peak.

Slgnlflcant surface damage can also result, in addition

to displacement damage, because protons are ionized. Surface damage 1is
not readily predictable because it is dependent on the operating conditions

of the transistor during irradiation.

Gamma rays produce both ionization and displacement in

‘bipolar transistors. The displacement damage, however, is low compared to
~ that produced by neutrons and protons. Ionization therefore, is the most

significant effect for gamma irradiation levels at or below about 10° rads

(Si),'with the exception of low frequency power devices.

When the surface of the transistor is ionized by gamma rays

-a positive charge accumulates within and on the surface of the oxide layer.

These positive charges cause changes in the surface potential at the
silicon surface, thus affecting the surface recombination characterisitcs.
If a bias is applied to the transistor during irradiation, the charge

accumulation is influenced. For NPN devices, the charge accumulation is

“influenced in such a way as to degrade hpg. Tests have shown that evacuating

the transistor cans greatly reduces the bias dependence of surface ionization
damage. ‘ |

15



FIGURE 6 - Nomograph‘For Making First Order.Estimate.of.Proton Damage
in Silicon Transistors. Note: Assumes 25°C and Device’
Operating at hpp vs I Peak.

f
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i 60 - ’
10! 4
70 4
106 | g0 1 10° 0.90+
T 90l 9
5 X 1051 10010 108 0.954
' T | I )
T 1108
T 150 107 0.961
105 _ 200 1 0.99

To use the nompgraphﬂ place a straight.edge through. the frequency
and initial gain of the device as shown in Step 1 ,  then pass the
stralght edge through the intersection. of Step 1,. w1th the pivot

- line aué through the neutron of interest.
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. The consensus, based on the collected information, is that
the desired radiation resistant device must have the following:

' High f¢ ft is the best indicator of base

transit time.

; High hgg ‘ For a given transistor family, the
higher the hpg, the higher the ft
and the more hrg can change before

reaching the circuit design minimum. -

Low LVcgo _ The higher the starting resistivity,
the more significant the change, e.g.,
increasing the LVcpg from 70 to 100
volts halved the radiation resistance
of transistors having identical geometries

and diffusions.

Small Geometries The smaller the geometry and the shallower
the device, the smaller the diffusion volume
~and thus, the less susceptible to transient
radiation.

'L6W‘VCE (Sat) . The lower saturation voltage essentially
requires epilaxial collector construction.
- The change in resistivity in the collector
© will make the Vgp(gat) increase drastically
and possibly cause the transistor to come
out of saturation. ‘
Operate at or In general, the low current gain will de-

‘near the hgg vs.

Ic peak. Crease at a much fastervrate than will the

gain at hgg, which is quite susceptible to

various ;adiation effects.
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~ damage than p-channel devices.

‘Selecting hard devices that can be functional in a

. radiation environment often requires measures that conflict with standard

High Re‘ ,,,,,, wollity practlces Table III z.vw: the areas where these coafii cts

exist.

3. Junction Field Effect Transistors - Unfortunately, data on

- JFET's is very scarce. The available data indicates that they are comparable

to high frequency bipolar transistors in radiation resistance. The

sensitive parameters for displacement damage are the transconductance (gp),

- the drain to source current (Ipss), and the pinch off voltage (Vp). It has

been observed that n-channel devices are more resistant to displacement

The gate to source leakage current (I;g) is the most sensitive
parameter for ionization damage, and it usually increases very rapidly above

100 rads. In the case of jonization damage, p-channel dev1ces are more

resistant than n—channel units.

As stated earlier, the effect of neutron exposure 1s atomic
displacement Slnce JFET's are majority carrier devices, the effect of the

dlsplacements on device operatlon is carrier removal in the channel region.

This results in a decrease in gm-

Empirical thresholds have been established for neutron damage

in presently available JFET's and it is found that they are able to withstand

doses in the order of 10!3n/cm? with very little degradation but show signi-

ficant effects at 101%n/cm? and are completely destroyed at 10!5n/cm?.

Protons cause both displacement and ionization damage. It is

" therefore expected that prdton fluence will produce changes in gm, IGS,
Ipss and Vp. The data shows that Vp degfades at fluence two orders of magnitude

less than gy or Ipgg. The early change in Vp is probably due to the ionization
effect. Protons have been observed to cause significant damage to gy and
Ipgs in JFETs. Generally, these parameters were.degraded 30 percent by a
fluence of 1012 - 1013P/cm? (22 MeV).

18



TABLE 111

Radiation Hardening Versus Reliability

metries is required to minimize de-
vice response to both neutron and

translent gamma environments. Both
area and volume should be minimized.

PARAMETER RADIATION REQUIREMENT RELTABILITY REQUIREMENT

Voltage High doping levels limit the effect Derating factors above operating

- of irradjation on material resist- voltages are recommended frr =11
ivity. Selection of the lowest use- | components in a high reliability
able voltage rating allows the use of | system. Operating a device at too
low resistivity, highly doped low ‘a voltage level may cause mar-
materials. ginal propagation times.

Current Maximum current density is recommend- | Minimum current, properly derated,
ed in the radiation environment. is recommended for high reliability

systems.

{Frequency | The maximum f{ available in a device | For power devices, a high f{ unit is
has been found to correlate well with | more likely to be unreliable because
the device hardness level. Gain-band{ it is more vunerable to secondary
width products greater than 1 GHz are | breakdown.
recomnended.

Masking Use of the smallest possible geo- The smaller the volume and area of

device's construction, the greater
the chance of a positioning or
diffusion depth error. Thus relia-
bility and yield may be reduced.

-|Base Width -

Minimum base width reduces the area
in the base which contributes to the
forward biasing exhibited in the base
emitter junction during transient
radiation. Also, the narrow base re-
gion will aid post neutron beta, since
there is less chance for electron re-
combination before attaining the
collector region.

Base widths on the order of 0.3
microns have been constructed. The
danger of punch-through in a base of
this magnitude is increased. In -
addition, the use of thin base re-
gions in power devices increases the
threat of secondary breakdown by
limiting current fanout.

erials, and bonding may be required.

Internal At some level of transient gamma The base doping, which determines the
Base radiation, the transient current thru | internal base resistance, also . -
Resistance | the internal base resistance will affects the doping level of the
' develop sufficient voltage to forward | emitter and collector. In some cases,
bias the base-emitter junction and | the lowest value of base resistance
turn the device on. Low values of may not allow optimum doping for
resistance will thus increase the collector and emitter regions.
radiation failure threshold. - f
Bonding Use of aluminum bonding is recommend- | Full strength of aluminum bonds may
' ' ed. ' ‘ ' be somewhat less than that of other
- techniques presently used. In addi-
tion, ball bonding is not useable.

E Whether these effects are significant
to device reliability remains to be
determined.

Materials ‘Changes in packaging, packaging mat- |Existing materials have established

reliability records.
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The primary effect of gamma radiation and electron radiation
** is ionization damage. The gate leakage current (Igg) is the parameter most
’ affected‘by iciization. This is attribeitz? 4o the build-up of inversi-cn
layers on' the high resistivity p-type material of the n-channel devices
due to charge accumulation in the oxide passivation layer. These inversion
layers cause channel formations over. the'junction which result invleakage
paths The charge cannot accumulate in the oxide of the p- -channel devices due
“to the low T651St1Vlty p- type silicon source and. drain and thereby is less-
effective at inverting the p-channel JFETs. -For this reason, p- channel devices
are less subject to channel formation. The Igg changes are bias dependent and,
‘if the bias is removed, JFETs show considerable annealing.

Surface effects are not readily predictable, but a general
threshold for  damage has been observed to be about 10° rads {Si). Above
106 rads (8i), the leakage currents degrade very rapidly. For applications
requiring high input impedance, the threshold should be lowered to about
~<10° rads (Sl) '

“ 4. “Metal Oxide Semiconductor Field Effect Transistors (MOSFET)

Tonization damage is the most important degradation mechanism
in MOSFETs. Although displacement damage can be present, the device _
sensitivity to ionization effects in the oxide makes the displacement effects

of only secondary importance.

The parameter most sensitive to radiation in MOSFETs is the
. gate threshold voltage (Vgr). It has been reported that Vgr shifts several
volts when exposed to 104 to 10° rads (Si). The exact amount of degradation
‘is a function of applied gate bias during irradiation. The degradation of
- Vgr can be attributed to the accumulation of trapped charge within’ the oxide
insulation layer and/or the introduction of surface states at the oxide

silicon interftace.

Because the effects of radiation on MOSFETs are almost entirely
due to ionization, the important radiation environments are gamma rays, electrens,
¢ and protons. Figures 7 through 11 are from a GSFC report and afe quite‘rep—"‘
resentative of Vgr deoradatlon in p-channel MOSFETs due to these three types of

radlatlon
20



Figure 7 is a plot of VGT vs gama dose at three different
drain currents; 10 ua, 50 pya and 100 pa. The curves indicate a strong
dependence of gate threshold voltage on dose.

Flgures 8 and 9 illustrate that the rate of gate threshold
change with radiation is influenced by the operating voltage of the gate durlng

‘exposure. For all remaining curves, the Vg is defined at a drain current of

10 qpa. .
Figure 10 is repreéentative'of the degradation'using'a 2 MeV
electron'source. ‘The four curves are the result of biasing the gate at 6.6V;
10 v, 15 v, and 20 v during exposure. ATwo dependency relationships can

he noted. The first is the increase in Vet with dose. These curves are very
similar to the Co80 data. The second effect is the dependence of damage
rate on gate bias during exposure This is also similar to the Co®0 data

shown in Flgure 8.

Figure 11 shows the degradation of Vgr as a result of
exposure to 22 MeV protons. The Vgr increases with dose and there is also

a dependence of Vp damage rate on gate bias.

C. Integrated Circuits - Integrated circuits exhibit the same

degradation characteristics as bipolar transistors plus changes in resistor

value as a result of neutron and proton environments. Ionization is the

‘major effeet producing circuit failure. This is because all reverse-biased

junctions produce photocurrents that can cause a change in state or overload,
or even complete failure. ' '

The amount of degradation due to irradiation of microcircuits
depends on the interaction of circuit components and the fabrication -

technique employed by the manufacturers. Table IV lists these various major

fabricatiiig techniques. Semiconductor wwanufacturers are currently fabricating

microcircuits combining the use of almost all the techniques listed.

s



Gate Threshold Voltage (VgT)

" FIGURE 7

+ GATE THRESHOLD VOLTAGE vs DOSE AT 3 DIFFERENT DRAIN CURRENTS
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‘Gate Threshold Voltage (VGf) -

Gate Threshold Voltage (Vq)

FIGURE 8

GATE THRESHOLD vs DOSE WITH TWO BIASES
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FIGURE 10

TYPICAL NORMALIZED GATE THRESHOLD VOLTAGE vs DOSE
WITH GATE BIAS DURING EXPOSURE INDICATED
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TABLE 1V °

INTEGRATED CIRCUIT FABRICATION TECHNIQUES

f Component Type | Fabrication Techniques
. Bipolar |
Transistors - ' ' FET
- NPN and PNP
Isolation Diffused | - Dielectric
e Resistors Diffused Thin Film
Capacitors Junction Collector MOS
Base/Emitter Base

Conventional IC's are constructed using diffused isolation,
whereas 'hardened" IC's use dielectric isolation. It has been found that the
dielectric isolation eliminates photocurrents created by transient irradiation.
“However, it does little to counteract the effects of displacement type rad-
iation (permanent damage). The difference between diffused and thin-film
resistors is that thin-film resistors do not change value during neutron
irradiation whereas diffused resistors decrease in resistance. For permanent
‘damage conditions, the junction capacitor is best, while for ionizing radiation

the MOS- type capacitor is more desirable.

Hardened microcircuits should have the follow1ng de51gn
characteristics:

.

- Dielectric isolation between the components in the
circuit. This eliminates the primary source of photo-
currents, and the occurrence of latch- -up is greatly
reduced.

'§~ Small geometry‘transistoy structure, éhallow diffusion

J B depth and low resistivity materials, Which greatly reduce
. the effects of radiation on the active devices in the

circuit,
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- - Thin-film resistors should be used rather than diffused

resistors.
- High frequency; high pain bipolar transistor elements
should be used and circuit operation must be relatively

insensitive to transistor- gain degradation.

Most of the major manufacturers offer various types of hardened circuits
using the above techniques. ‘Use of such hardened devices should be considered.

Because of the large number of integrated circuit types now
-available, 1t is not practical to list parameter degradation factors for each.
Rather, general thresholds for broad circuit categories are presented in Table
V.

TABLE V.
GENERAL DAMAGE THRESHOLDS

> | General Region for

“Radiation ‘ ~Circuit Type* "Significant Damage:
Type ~ (Bipolar Transistors) or Circuit Failure
- Neutron : - Digital ~1013 to 1015 n/cm?
' Linear - . ~1012 to 101% n/cm?*%
~ Proton (22 MeV) Digital ~10!! to 1013 P/cm?
Linear 1010 to 1013 P/cm?*#
Gamma (Co-60) Digital >106 rads
' Linear - , 105 to 107 rads (Si)
Electron (3 MeV) Digital 1015 to 1017 e/cm?
‘Linear .. ~1013 to 1015 e/cm2*

* There is insufficient data in the literature to specify MOS circuits;
however, limited testing has indicated that D1g1ta1 MOS circuitry can
survive 106 to 107 rad (Si).

&% Estlmated.
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Digital circuits are by néturev more radiation resistant
than linear circuits. This is because digital circuits are usually composed
of high speed switching transistors which are not required to operacc in
their linear regibn. The main problem encountered in using digital circuits
in a radiation environment is latch-up or a change in memory state. A good
design criterion is to limit the fan-out to as low as practical when using

the devices in a radiation environment.

Linear circuits, on the other hand, are very dependent on =~
-transistor gain and in most cases must operéte throughout their linear region.
"~ To further complicate matters, differential operational amplifiers require
the characteristics of the input transistors to be closely matched. During
irradiation these characteristics shift but not always to the same degree in
both transistors. This causes a shift in offset voltage giving a false out-
put. Because of susceptibility to damage and drift, linear integrated circuits

should be used very cautiously.

When using microcircuits of any kind, it should be remembered
that the environment levels at which their parameters become significantly
affected are a strong function of the type of enviromment and the circuit

‘ design.
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Iv. CONCLUSIONS

‘An analysis of the radiation theshold of the electronic parts used

in the Pioneer Spacecraft shows that yabSlve devices and diodes have thres-

holds sufficiently high to pose no»problems to the Jupiter Orbiter mission.

On the other hand, transistors and integrated circuits will'eXperience some

degradation,during the mission. The amount of damage, as stated earlier, is
highly dependent on the type of device and the circuit application.

Since transistors and integrated circuits are the parts most -likely

- to degrade during the mission, an estimate was made of the damage threshold

of the devices used in Pioneer. The Tesults of the estimate are presented
in Tables VI and VII. |

Table VI lists the transistors being used and gives their respective

damage thresholds. The estimate was made‘assuming the transistors are

operating at their optimum operating point and the dc current gain can degrade

50% before being considered a failure. The exact levels of radiation which
will cause degradation are highly dependent upon the circuit application,
therefore the levels listed in the table are only a first order approximation

‘and’ should not be considered as absolute values.

-Transistors used in circuits requiring the following characteristics

will have the highest degradation and are the most difficult to evaluate.

- Low collector currents.

- High,transistor gain.

- Matched transistor gains.
- Low noise levels.

The radlatlon,damaoe threshold of devices used in this manner can only be

assessed by actual test.

~ On the other hand transistors used in the following appllcatlons are
1nherent1y*hard

-
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- Switching circuits employing high frequency transistors.

- - Transistors used in circuits operating at or near their

-; o hgg vs Ic peak. |

i - Circuits uéing degenerative feed-back so circuit functions
are not dependent upon transistor gain.

- Circuits using high gain transistors in low gain applicatioms.

Transistors used in the above categories will be in line with the threshold
listed in the table.

[

Table VII lists the approximate damage thresholds of the integrated
circuits used in Pioneer. The values again are only estimates taken from.
data gathered by various investigators working in the radiation effects
field.

It can be seen from the thresholds listed in the two tables, that
there are five transistors and three ICs that may present a hazard to the
success of the mission. The four Germanium transistbrs used in the poWer'.
subsystem and the*Unijunction transistor used in the CDU are types of
devices most researchers do not recommend using in a radiation environment.
“The ICs that may cause problems are the three MOSFET Gates used in the DTU.
vThe use of these devices should be investigated very closely to insure that
their use will not degrade the mission. "
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PIONEER USAGE CODE FOR TABLES VI AND VII

Communications

-a. Transmitter Driver
-b. Receiver Number 1
Receiver Number 2
d. -Con-Scan S/P

\

Antenna

Data Handling

a. DIU
DSU
c. DDU

Attitude Control

. a. CEA

B. SRA

- Electronic Distribution

a, CDhU

~“Power
a. Battery
b. PCU
c. Inverter
d

Central TRF

M
b
RN E
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TABLE VI NOTES
(N

. 1. This is an estimate of damage to each transistor in the package
and does not take into account the mismatch which may occur due

to unequal degradation.

2.>-Mismatch will occur because of the different degradation factors
of NPN and PNP transistors. ' '

3. Germanium transistors are not recommended for use in a nuclear

~~environment.

4. Same as one ahove, also degradatibn.factors of FETs are highly

dependent on bias conditions.

5. Unijunction transistors are not recommended for use in a nuclear

environment.

6. Damége due to Gamma is very dependent on bias conditions, however,
tests show they should withstand about 106 rads (Si).
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TABLE VII NOTES

N

Fan-out degrades to about 30% of pre-irradiation fan-out.

. - Fan-out degrades to about 50% of pre-irradiation fan-out.

Differential Amplifiers depend on matched transistors in the
input circuit. Some mismatch will occur at levels slightly
lower than those listed. '
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ELECTRONIC PARTS ENGINEERING

NEWSLETTER

JET PROPULSION LABORATORY, 4800 Oak Grove Drive, Padadena, Ca. 91103

CASSUE13 . - S MAY 1971

-This newsletter is published monthly by Section 354.

It is intended to provide electronic parts engineering
information for JPL internal use. If you have any :
comments regarding this newsletter, please direct them
to the editor - K. Martin, X3676. . :

PARTS INFORMATION PROGRAM (PIP)

PIP Sheet No. 19 discusses the results of qualification testing
General Electric 3N86 silicon controlled switch. PIP Sheet No.
~--20-discusses -qualification testing of high speed IN3892 recti-
fier diodes manufactured by Dickson Electronics and Motorola.
+ ---Copies of these PIP's may be obtained by contacting J. Netzley,
X5751. ‘

SPECIAL RADIATION TEST

As part of the Section 354 special radiation tests in support of
- the TOPS program, twenty (205 each Motorola 2M2907A and twenty (20)

each Motorola 2N930 transistors were exposed to Co-60 gamma radia-

-tion at a rate of approximately 5 x 109 rads/hr. Ten (10) of each
device type were irradiated back biased (Veg) and ten (10) each '
vere irradiated nonbiased (Open leads). The purpose was to eval-
uate bias conditions during irradiation in support of future test:
programs. At the TOPS test level of 109 rads, leakage current
(1CBO) and saturation voltage VCE(sat) had increased but remained
within the JPL screening spacification limit for both device types,
At 106 reds all of the 2N2907A back biased devices hod exceeded
the 10 nA Timit. The highest device measured was 54 nA. The other
devices remained within specification Timits. Figure 1 compares
the percent degradation of the back biased versus nonbiased 2NM2%07A
groups.. Figure 2 compares the 2N930 groups. Only the worst case




MAY PART FAILURES

'Newsfetter : o 2- S - May 1971

(Towest) collector current gain (HEp) measurements are outlined.

" The data presented here confirms previous test data indicating

that htack hias is the more degradiig cuadition during irradiation.
Add\t1ona1 details may be obtained by contac»wng C. Hunte, X5591,
and requestlng I0M A-27-71. . .

. .

~

The following failures have been analyzed. Additional details may

~be obtained by-requesting the desired log number from S. Hoyt, X5591.

Electronic Arrays, Type EA1204, 256 bit dynamxc shift registers,

- Tog 1352 - Five devices were exposed to 10° rads gamma followed by
"~ electron irradiation. During electron 1rrad1at1on, the devices

became nonoperational at approximately 6 x 1012 e/cm?, The failures
were attributed to the radiation environments. :
TOPS Rad1at1on Test.

National, Type SM54L00F1-1S und SHM54L73F )~ ]S IC's, Log 1370 - Both
devices in the same circuit were reported as failing under certain
operating conditions. Investigation revealed that the problem was
related to improper device application. The failure report dis-
cusses the application problem in detail.

w~,-AP1oneer VH Magnetometer.

-JFD E]ectron1cs Co., Type UY03471J3, 470 pf. 300 Vdc fixed ceramic

capacitor, Log 1374 - An entire Iot of sixty (60) capacitors failed
JPL screening visual inspection due to cracks in the glass outer
encapsulant material. The prob]em vas attributed to manufacturing
defects. '

N1mbus E Mixer Preamp Assemb]y

: Robert M. Had]ey, Inc., Type 17046 transformer, Log 1381 - The

reported short between leads 2 and 4 was verified. Failure vas

“due to excessive solder 1ncewna]]y bridging the two temn1na1$

MVM'73 TV.
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S/N 5350: Examination revealed fair wbrkmanship with well formed
- bonds and no obvious defects. '

Contart:  R. Piety, X2298.

TOPS RADIATION TESTING

The TOPS microelectronics committee, considering prOJected Grand

Tour requirements, has selected the following ten part types for

the TOPS radiation program described in the September Newsletter:

, A
Manufacturer Type Function
- Texas Instrument SN54L00T ' Quad, 2 Input NAND Gate
" " RSN54L00T(Hardened)  Quad, 2 Input NAND Gate
Solitron 2N2658 NPN Power Transistor
Texas Instrument TIXL103 Optically Coupled Iso]ator
" A 2N2907A PNP Transistor -
" . 2N2222A NPN Transistor
" "o MSX147 NPN Microwave Transistor
National Semiconductor  NHOOO1AF . Operational Amplifier
Microwave Semiconductor MSC3005 = . " NPN Microwave Power
: : : - Transistor :
Electronic Arrays Inc. EA1204 256 Bit Shift Register

Contact: K. Martin, X3676. >

--OCTOBER PART FAILURES

The following failures have been analyzed. Additional details may be
obtained by requesting the desired report by log number from S. Hoyt,
X5591.

‘Texas Instruments SN54L73T, IC, Log 1228 - The emitter input from

pin 1 clock was found to be open.

National DM76L73F, IC, Log 1252 - The device failed to stay in an "0"

state following a clear pulse..

Motorola MC1710G, IC, Log 1233 - The gain was erratic at normal room
temperature operation. .

1

US. Capacitor Corp. Type 2021-004, Filter, Log 1223 - Shorted inductance.

A

.
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ELECTRONIC;PARTS ENGINEERING
_'N,E'W;S' LETTER

ISSUE 9 - ' o C UANUARY 1971

‘It is intended to prov1de electronic parts eng1neer1ng
information for JPL internal use. If you have any
comments regarding this newsletter, please direct them
to the editor - K. Martin, X3676.

PARTS INFORMATION'PROGRAM.(PIP)

Two PIP sheets were released during-January -Cop1e$ are avdl1éb]e
by contact1ng J. Netz]ey, X5751 and specifying the PIP number.

[( o . PIP-No. ]6 spec1f1es the new rel]ab1]1ty classifications
o ‘ for parts previously listed with a "T" rating (undertest)

: _.in PD610-12A, Mariner Mars 1971 Electronic Parts Design

, . o Contro] List.

e

PIP No 17 outlines prob1ems experienced in the hand11ng
and installation of heat sensitive miniature chip capaci-
tors including methods to prevent part damage.

TOPS RADIATION TEST PROGRESS (Ref. Sept., Oct. 1970 Newsletter)

'r “Ten each Texas Instruments (TI) SN54L0OOT and ten each RSN54L0O0T
(hardened) quadruple two input NAND gates, and five each Electronic
Arrays, Inc. gEA§ EA1204, 256 bit dynamic shift registers were
exposed to 10° rads-of -gamma rays from the Section 342 Co-60
source. The TI'devices were quiescent (2 ea.), pulsed (3 ea.),
and biased (5ea:), during radiation exposure. The parameter of
interest was the output vo]tage low state (VO ). The SN54 device

. VoL increased anaverage of six millivolts (mv) ~ The RSN54

' (hardeucd) device increased an average of 2 mv. The magnitude of

“the increases are not considered of engineering significance,

although the RSN54 device appeared harder’ to th1s Tevel and type UL .
, _ of radiation. , ' - ;“%fy&
‘( ) LB &0 3 {g '
RN L6
poooTe . )7
»» l - l(?o@lf‘ . . \l\ B
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<

The EA1204 devices were all operated (pulsed at 50 kHz) during
radiation exposure. During and upon completion of exposure,

the output pulse Tevel and shape remained stable for all dev1ces.
The mea=urement data are still being ar=lvzed.

The devices are next schedu]ed to be exposed to a fluence of
1.4 x 1013 electrons/cm? from the Section 342 Dynamitron. For
-additional details contact K. Martin, X3676.

§

'JANUARY PART FAILURES.

The following failures have been analyzed. Additional details
.may be obtained by requesting the desired log number from S. Hoyt,
X5591. .

Texas Instruments, Type SNC54L20T, IC, Log 1302 - The device
failed due to an open metallization stripe at a point where it
passed over an oxide step.

National, Type DM75L72F, IC, Log 1306 - The device failed due to a
manufacturing error in an emitter window cut. In addition, serious
e metallization etch1ng problems were located (see F1gures 1 and 2).

<lw// National, Type LM]OS (2 each), IC, S/N AA84 and AA67, Log 1239 -
: ~o-S/N-AAB4 failed due to a wire corrosion prob]em S/N AA67 failed
due to 1mproper chip bonding. : _

Texas Instruments, Type PEX4105, Photon coupled switch, Log 1271 -
The following failures are from a special qua]1f1cat1on program:

S/N 202, 203 and 58 failed due to an internal lead
contacting an improper bonding terminal.

S/N 74 and 100 failed due to an open stitch bond from
the cathode of the 1ight emitting diode (LED).

S/N 340 and 341 failed due to an open collector bond
to the output photo transistor.

S/N 318 failed due to a breakdown in the isolation
between the LED cathode and photo transistor.

S/N 330,-350 and 315 failed due-to improper die attach.

Union Carbide, Type 2N4391, transistor,.Log 1275 - The failure was
due to a broken internal aluminum lead.

) .
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TABLE V.

TYPICAL POST-IRRADIATION TRANSISTOR PARAMETER YALUES FOR
: HIGH CURRENT SWITCHES & CORE DRIVERS.

. h
Devi . Product Neutron LV FES
evice Type . Dosage CEO¢ | 1= tomA [ 100mA | 300 mA 500 mA 1A
(nvt) C.:10 mA | Vep =5V sV 5V 5V 5V
2N2222 NP 3x 1014 40V 15 20 10 !
2N3303 NPN 3x10M | >a0v 12 12
2N3725 T NPN 3% 101 65V 15 10 8 6
2N3502 PNP 3% 104 70V VI 5
2N4032 PNP 3x10M4 120V 8 ' 10 7
' TABLE Vi.
"TYPICAL POST-IRRADIATION TRANSISTOR PARAMETER VALUES FOR AMPLIFIERS.
b Product Neutron Ly hFE(f)
T evice
: Type Dosoge CEO¢ 11.=100pa | 1ma 10 mA 50 mA 100 mA
(vt) | 1e =10mA| Vg =5V 5V 5V sV sy
2N918 ) 15
IN2616 - NPN 1x10 20V 12
2N3137 NPN 310 35V 10 15
TO 1154 NPN 1x 103 25V 10 17
TO 1158 NPN 1x 1010 25v |7 12
2N4251 NPN 1x 10 20V 7 12 20 17
FT 40 NPN 1x10% 20V 10 15
2N4034-5 PNP 510" 50 v 8 10 N
TABLE Vil.
TYPlCAL POST- lPRADIATION TRANSISTOR PARAMETER YALUES FOR HIGH-SPEED SWITCHES.
h
. _ Product Neutron VCE0¢ FE¢
Device Type " Dosage . . ] = 10 mA 30 mA
_ c ,
lc =10 mA v _
{nvt) : CE~ 5V .. 5V
IN2369A NPN 1x10" 20V 10 1
2N2894 PNP 5x 1014 25V 1 10
2N4207 PNP 5x 104 12v 10

In general, it can be noted that we have used neutron ir-

radiatisn’as a mectiicd of specifi~stion, The disagreement
withinthe ranks of radiation effects mvestwatox sandsystems
specificationwritersastowhatto test and how to test tran-
sient effects makes it impossible at the present time for a

semiconductor manufacturer to completely test and specify

all possible radiation environments, However, the Defense

Atomiz Sepport Agency through Rome Air Development Cen-
ter hastwo simultancous contracts with IBM and Boeing for
the ultimate purpose of reéfifying the confﬁsion and specify-
ing measurement methods andtechniques. Therefoi*e, within

the next year many of these problems should be resolved.
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at T = 37 - 0.5°C (13 Specimens) (Ref. 4.254)
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Figure 4,164 2N2222, VBE (1. Constant, Mean I_, 10 ma) Versus Integrated
Neutron Flux at T = 37°C (12 Specimens). (Ref. 4.25A)
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Neutron Flux at T = }70 - O.SOC (13 Specimens). (Ref. 4.254)
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INTEGRATED NEUTRON FLUX (FAST NEUTRONS/CH™)

Figure 4,204 Transistor 2N2222 Neutron Dependence oflhFE (Ref. &4.214) .
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Table 5.2 2N4448 N-Channel JFET Ref. 5.76)

DOSE IN RADS (SI)
| UNIT p 5 .
PARAMETER NO. | o | 10 10 10 8.3x | 3.7x
| " 100 | 10
Ror 1o fo10.5 {108 {009 | 108 | 1009 | 112
(ohms) - 2 .o | 1.5 |13 [13 |17 |16
Vgs=OV 3 | 84 |87 |86 |88 |90 |9
& 4 ~ -
Vps =1V 4 10,0 | 10,0 |10.0 | 100 |100 |10.1
VosON) ] 105 | 108 | .09 1108 |09 | 112
(volts) 2 S0 | .ns oz L3 Lz | o
Vgs=OV. | 3 .084 | 087 |.086 |.088 |.09% | .094
& - |
Ips = 10ma 4 .100 | .100 |.100 |.100 |.100 | .10l
IDS(OFF) ] < < fs | s 570 1100
(na) | 2 < |« 6.2 360 97 270
Ves=-1v | 3 | < a |wo a0 | 17 | 2
L, & ' '
Vps=5v | 4 a | < o .8 10 16
Ve 1 -7 |87 |-87 |90 |-87 |-87
(volts) 2 |46 |46 |46 |-49 |46 |-46
Vps =5V 3 |52 [-52 |52 |54 |52 |-51
ps=3pe | 4 |-25 ;28 |28 |32 |-28 |-28
lass 11 < |7 | 28.] 9 |10 2700
(na) 1 2 |<.3 | .85 | 16 89 | 240 | 950
'Ves&= -15V 3 i<t | .90 1.5 6.1 34 53
Vps = OV 4 <1 | .19 70 |40 |18 "y 29
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Table 5.4 Degradaotion Factors for JFETs

Parameter

Rodicfion Fluence Degradation Fluence Degrodation‘
Type Factor ’ ~ Factor
Neutrons m ]OM n/cm2 -10 percent ]0]5 n/cmz_ -80 percent
(fission) |DSS ]OM n/cm2 -25 percent ]0]5 n/cm -90 percent
VP 10]4 n/cm2 ~25 percent 1015 n/cm2
Protons - I 1013 P/cm2 -15 percent P x ]()mp/cm2 -50 percent
(22 MeV) IDSS 1013 p/cm2 -20 percent 3 x ]Olap/cmz -55 percent
Vp 5 x ]O]Op/cm2 +100 percent # x ]O] ]p/cm2 +400 percent
Electrons |GS 10]2 e/cm2 +300 percent 1013 e/cm2 4000 percent
1.5 MeV) , S
Gon‘m)‘a. 5 6
Radiation] 1. 107 rads(Si) 4250 percent [10° rads(Si) | approaching
DSS .
(Co-60) _ pamps
Vp 105 rads(Si) 0 percent '106 rads(Si) '
i ]05 rads(Si) - | >2800 percent ]Oérods(SH cppfodchjng

“pamps. .
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TABLE XVa

Voltage Gain in V/V Versus Radiation of ,uA702A

Devices Measured at V+ = 12V and V- = —6V,
. R, = 2K.
DEVICE RADIATION LEVEL
NO. O.‘ 1012 nvt{ 1013 nvt{ 1014 avt {1015 nvt
© 1 | 2000 1720
2 1400 | 1100
3 1700 1500
-4 1500 | 1300
‘6 | 1700 1350
7 2200 1600
8 1700 1400
9 1700 1300
11 1530 ’ 1000
12 2000 1000
13 1200 - 500
14 1900 950
16 1300 100
17 1400 25
18 1900 150
19 2000 25
TABLE XVb
Voltage Gain in V/V Versus Radiaticn of xA709
Devices Measured at V+ = 415V and V- = —15V
With No Load.
'DEVICE RADIATION LEVEL
NO. 0. [3x10%2nvt| 1013 nvt | 3 x 1013 nvt
1 | 45000] 45,000
5 | 43,000| 43,000
7 43,000 | 43,000 -
9 45,000 | 45,000
. 4.1 44,000 43,000
6 40,000 34,000
8 43,000 43,000
10 40,000 40,000
13 44,000 30,000 -
14 | 44,000 e 40,000
15 | 45,000 o 40,000
19, 45,000 43,000

TABLE XVc

Voltage Gain in V/V of tA710 Devices Versus Radi-

ation Measured at V¥ = +12V, V- = —6V and
No Load.
DEVICE RADIATION LEVEL

" No. 0 1013 nvt | 10M vt | 1015 put
1 1400 1200
2 2000 180G
3 1600 1500
9 1800 1200
11 - 1400 800
12 1500 - 850
17 1600 60
18 1800 - 65
19 1800 30

TABLE XVd - -
“Voltage Gain in V/V of yA711 Devices Versus

Radlatlon Measured at VH = = 412V, V- = -6V
and No Loau.

DEVICE RADIATION LEVEL
"NO. (4 1013 nvt 1014 pvt 1015 nvt
1 1400 1200
2 1800 1500
3 1800 1700
4 1700 11500
9 1700 800 . |-
10 1800 800
11 1800 900
12 | 1800 1063
19 2000 60
‘20 " 1400 40
21 1800 . 20
22 1700 . 60




TI\BLE XVla

Input Bias Current in pA for the pA702A Devxces
Versus Radiation Measured at V+ = 12V and

TABLE XVic

Input Bias Current in A tor the pA710 Devices

Versus Radiation Measured at V+ = +12V and

V- = —6V.
DEVICE ‘ RADIATION LEVEL
NO. 0 | 1012nvt|1013 nvt[1014 nvt|1015 nut
"1 341 37
2 22| 24
3 3.1 3.2
4 3.0 34
6 5.4 6.3
7 -] 29 4.1
8 3.8 4.8
‘9 2.8 3.8
11 1.7 538
12 1.7 5.5
13 8.8 16.0
14 2.0 6.0
16 9.0 44.0
17 45 19.5
18 1.8 22,5
19 23 19.5

V- = —6V.
DEVICE RADIATION LEVEL
E NO._ : 0 1013 nut | ]01’- nvt 1015 n\.'{
1 29.0 31.2
2 12.0 19.2
3 .11.0 14.5 -
4 9.0 9.1
9 '23.0 65.7
11 33.0 79.8
12 29.0 79.6
17 8.2 . 225
18 49.0 415
19 19.0 " 233
20 42.0 361

TABLE XVib _
Input Bias ‘Current in pA for the xA709 Devices

_Versus Radiation Measured at V+ = 4-15V and

TABLE XVid

Input Bias Current in pA for the pA711 Devices
Versus Radiation Measured at V+ = +12V and

V- = —15V.
DEVICE "RADIATION LEVEL
- NO. . 0 3x1012nvt | 1013 nvt | 3 x 1013 pvt
1 0.12 0.14.
2 0.16 0.19
3 015 018"
5 0.09 012
4 .1 015} 10.27
6 | o012 0.22
8 0.07 0.13
10 0.20 0.30
13 ' 0.13 0.30
14 0.13 . 0.32
15 0.21 o * 040
16 | o011 0.29

V- = —6V.
DEVICE RADIATION LEVEL
NO. 0 1013 nvt 1014 nvt 1015 nvt
1 16.5 19.1
"2 14.3 17.8
3 125 14.6
4 9.6 11.0 _
) 12.7 27.8 .
10 10.9 25.0
11 { no 4. o272
12 7.0 16.7
19 9.1 74.0
20 21.4 87.3
21 24.9 100.0
22 14.9 | 846




“ “TABLE XVlla S ABLE XVile

Voltage Offset in mV Versus . ' " Voltage Offset in mV Versus
Radiation for yA702A Devices. " - Radiation for ;A710 Devices.
- | prvice RADIATION LEVEL DEVICE  RADIATION LEVEL
NO. 0 | 90!2nvt|1013 nvt|1014 nvt {1015 nvt wo. | o 1013 nut | 1014 nvt | 1015 nvt
1. | +08 1 +07 1 | +6.2 +6.2
2 | 28| . +425 2 +60 |°  +6.0
3 | 08 409 5 +36 | 436
4 | -08 | -0 4 ~6.4 -63
5 -24 | -20 . ,
. : o 9 +5.7 46.0
6 +0.1 +0.3 : ' h 11- +1.4 , +1.3
7| +20 e _ 12 | 459 +61
8 +26 | - +2.7 _ o - :
o | -10! | -1 S17. +1.1 -] -13
10 | —o6 —os 18 +2.5 . +4.6
= 19 | +20 ‘ ~15
ir | -o09 -4 ‘ 20 -0.1 ' -76
12 | +09 405 : : :
13 | -18 -3.4 . -
14 | 406 +0.4
15 -06 | - : -1.2
26 | 420 | S D T
17 -0.4 . 1 -65
18 -29 : -6.2
19 | -02 —4.6
20 -18 -7.2
N " TABLE XVIib _ TABLE XVild
~ Voltage Offset in mV Versus - ) Voltage Offset in mV Versus
Radiation for ,A709 Devices, A Radiation for pA711 Devices.
DEVICE , " RADIATION LEVEL | DpEvicE RADIATION LEVEL
NO. 0 | 3x1012nvt | 1013 nvt | 3x 1013 vt ' NO. 0 1013 nvt | 1014 nvt | 1015 nvt
5 |- -03| -o03. 1 +12 7412
7 w2 | 422 2 | +04 +0.4
9| -o0s ~0.5 - 3 ~0.2 -0.15
2 :|--30]. - —30 4 -41 | 41
"6 | -02 —0.2 9 406 |- +1.0
8 -0.3 -0.2 : 10 —~1.4 - . -1.0
4 -04 | -0.4 . 11 +0.5 +0.38
11 -0.8 -0.8 12. | +06 _ +1.2°
15 | -10 . -10 19 -0.2 464
19 +1.8 ) +1.8 . 20 40.8 ‘ ‘ : +8.6
13 |15 1.4 ' 21 | 422 |° ' Sat
14 -0.6 ) -06 22 -1.4 A ) +0.2




“TABLE XVilla

Input Offset- Current in ,.,.A Versus

Radiation for the pA702A Devices.

DEVICE RADIATION LEVEL
NO. 0 1012 nvt [1013 nvt[1014 nvt {1015 nvt
1 .0 + .25
2 + .05 | + .35
3 |- 45| + 35
4 - 851 4+ .25
5 4+ 651 + .25
6 -1.80 - .50
7 4 .10 + .15
8 +1.80 + .75
"9 —-1.05 - .05
11 4 .35 - .10
12 -~ .05 + .20
13 -1.75 -1.00
14 + .45 + .55
16 +5.10 — .40
17 - .50 — 45
18 + .30 -1.00
19 - | - .40 - .50
TABLE XViiib
Input Offset Current in nA Versus.
Radiation for .the pA709 Devices.
" I DEVICE - RADIATION LEVEL .
NO. 0 3x1012nvt | 1013 nvt | 3 x 1013 nul
1 +80 | 470
5 0 0
7 +90 490
9 | +70 0
6 . =40 —-40
8 4-20 +20
-4 =20 -20
11 -10 +10
15 0 0
19 +4-20 + 40
13 | -20 - 40
14 -90 - -110

TABLE XVilic

" - Input- Offset Current in sA Versus
Radiation for the pA710 Devices.

DEVICE RADIATION LEVEL
NO. 0 1013 pvt 1014 nvit 1015 pvi
1 -] +10 -15
2 +1.0 -2.0
3 0 - 5
: 4 ~3.0 4+3.0
9 +4.0 465
1 420 +2.5
: 12 +3.0 +6.5
17 0 +2.5
18 4135 -195
19 +1.0 +4.0
20 ~2.5 +11.6
TABLE XVilld

Input Offset Current in pA Versus

Radiation for the pA711 Devices.

DEVICE RADIATION LEVEL |
NO. . 0 1013 nvt | 1014 nvt | 1015 ot
1 -1.0 -1.0
2 -05 +1.0
3 | -15 -15
4 -05 210
9 0 0
10 0 0
11 -05 .
T2 -1.0 -1.0
19 +1.0 45.0
20 0 +11.0
21 +1.0 Sat
. 22 -20 -15




V-

TABLE )’IX

' Positive Supply Current in mA Versus Radiation of
the pA702A Devnces Measured at V+ = 412V and

" TABLE XiXc

Power Dissipalion in mW Versus Radiation of the
#A710 Devices Measured at V+ = -+12V and

¢ V- = —6V.
DEVICE RADIATION LEVEL
NO. 0 | 1012 nvt{1013 nvi[10214 nvtjl015 nvt
1 7.1 6.9
2 .| 84 6.8
3 6.8 6.5
4 7.6 6.7
6 7.5 7.0
7. 8.5 6.7
8 7.0, 6.4
9’ 7.2 6.1
11 7.0 6.6
12 7.2 6.7
13 8.0 6.8
14 7.8 6.8
16 7.4 5.1
17 7.6 5.1
18 7.3 4.8
19 6.9 5.0
TABLE XIXb

Positive Supply Current in mA Versus Radiation of

V- = —6V.
DEVICE RADIATION LEVEL
NO, (i 1013 nvt | 1014 nyt | 1015 nut
1 94.2 94.5
2 81.6 81.6 .
3 83.4 85.1
4 85.1 86.0
9 109.0 107.5
1 9%6.4 | 93.5
12 99.0 96.5
17 204.0 169.7
18 100.0 - 721
18 | 644 45.7
20 96.0 70.2
. TABLE XiXd '

Power Dissipdtior{in mW Versus F?ad;atlon of the
pA711 Devices Measured at V+ = -|-12V and

the pA709 Devices Measured at V+ = 415V and
V- = —15V.
DEVICE RADIATION LEVEL
" KO. 0 - | 3x10!12nvt| 1013.nvt | 3x 1013 nut
1 3.45 3.53
5 3.73 3.28
7 4.25 4.31
9 3.40 3.45
6 3.41 3.48
8 2.72 2.71
4 . 4.16 4.28
11 | 320 . 3.28
15 3.64 3.83
1% | 405 n.1e
13 3.45 3.51
14 3.07 3.08

V- = ——6V
DEVICE RADIATION LEVEL
NO. 0 1013 nvt 1014 put 1015 pvt
1 137 132
2 143 129
-3 | .189 153
4 109 100
9 127 117
10 133 133
11 130 116
12 120 105
19 130 100
20 146 109
21 147 106
22 147 109




COMPARISON OF.AMPLIFIER CHARACTERISTICS AT 25°C

¢ -

AMPLIFIER |
DESIGNATION IM101 uA741 RA909 NHO001
Type Gen. Purpose Gen. Purpose Gen. Purpose | Gen. Purpose
- : Low Power
Construction Monolithic Monolithic Dieiectric ‘Monolithic
- Isolation ‘
.Unity—Gain Compensatibn Ext.-One 30 pf Internal Ext.-One 39 pf]

Capacitor

Internal

)

& One 22 pf
Capacitor

Offset Null

Réquires as

Requires only

Requires a 200

Not indicated

M2 pot plus a [ a 10 K pot. |[K pot - only | on Mfr. spec
5.1 M C available in sheet.
Resistor flatpack.
Standby Power Consumption 25 mv (typical)] 85 mw (max.) |75 mw (max.) 2 mw (typ.) @
at + 15V at +15V at +15V +15V; .6 mw
. - (typ.) at +6V
Short Circuit Proof Yes Yes No-Output Yes
' current must
be limited @
50 ma.
Max. Diff. Imput Voltage +30V +30V +7V +7V
Input Voltage Range Equal to Equal to +12V Equal to
supply volt- supply volt- supply volt-
‘| age but no age but no age.
greater than | greater than
+15V. +15V.
Max. Supply Voltage. +22V +22V +25V. +20V .

Large Signal Voltage Gain

50,000 (min)

50,000 (min)

25,000 (min)

25,000 (min)

’Inpﬁt’offset Voltage 5 mv (max) 5 mv (max) Sy (max) |1 mv (max)c |
o Rg <10K Rs <10K Rs <10K Rs <5K
Input Bias Curregf* 500 nA (max) 500 nA (max) | 300 nA (max) 100 nA (max)
Input Offset Current 200 nA (max) 200 nA (max) _150 nA (max) 20 nA (max)
- — 300 Ko 300 Ke |

Input Resistance

#

200 Ke

No Data




COMPARISON OF AMPLIFIER CHARACTERISTICS AT 25°C

(CONTD.)
AVPLIFIER |
DESIGNATION IM101 wA741 RA909 NHO001
Output Resistance No data No data 150Q- (typical) | No data
Common Mode Rejection 70 db (min) | 70 db (mln) 80 db (min) 90 db (typ.)
Ratio ' : : .
Power Supply ReJeCth"l 70 db (min) 90 db (typ.) 80 db (min) 90 db (typ.)
Ratio , A _ A .
Equivalent Noise Input No data No data 5 W (rms) max | No data
C | Rs. <10K, 10Hz ,
to 1 KHz
Slew Rate No data .5 V/Qs (typ) |5 v/us (fyp) No data
Unity Gain Bandwidth 600 KHz (typ) | 800 KHz (typ) |7 MHz (typ) 1 Mz (typ)
Average Temperature 6ﬁv/ °C (typ) - |No data 5 w/°C (typ) | No data
Coefficient of Voltage Rg < 10K ' '
‘Offset '
Date of Spec Sheet May 1967 May 1968 Jan. 1968 | Mar. 1968

— s T




Q‘.

Sl ey e i e o et e A

;

¢

'

!

e e e e - - . z

. A

€ : oo

{ . i

PR R TR T L T AP v N ST PN 4 . i o !

L S T P T BTN N .o H hagdit

KEARaN H - b

i o

i !

L i

' j -

e eurar e g Yaad N
[T IS W N AT £l . { f

)
SO

tefore P
Afher 2.6 x 100 rads (81) i
| | i ;
l, L :
10 1O
SILICONTY LML !
Lefcre Fst .

P
&
(o)
.
b
b
[l
e
o
a
(4]
—
2
daa,
e
.

H
L}
no
-
Lt
o1
bt I
Ao
(=]
* :‘-——-——-
2
ol

O N
MILliwatts ; .
s .
s :
PATRCHILS wh7al i s
! .
Leiore ] I
! k

o pnT T
ZATION F

13
K

{ 1 IR N
H = R Ye N :

14
3
- [ ple 1A%
) MLl lwatty b R : H
HATLOHAL MHOGOL : g7
: i
Re e | i
. N .y ! iy
[ Afrver 2.6 1 300 vada (51D H !
l H
| 1 ‘ 1 ‘ (D | \ | | l [ ) !
T [} .

Tizes ]
Q 20 30 4G 30 100 :

[ STAHDIY DOWER COMSRMET ION TN MILLIWATIG : ‘
:‘ y ‘
! i
A -
) . i
~ FIGURE b. ,
.
¥ &
. : 0
i e mrts e e e —— — e = - e et e st e o - !
+ e e e e Pa— e T S U VS UL — e en waf



Vorpsgr. IN MILL IVOLTS

DOSE IN

'RADS (Si) 0 " 103 10" 105 8.1 X 105 [ 3.4 X 107
%3 1 -1.94 -2.01 -2.11 ~2.52 - -6.69 -6.86
P | 2 +2.57 +2.62 +2.68 #3.00 <.01 -1.98
25| 3 .52 + .47 + .41 +1.67 +2.48 +5.68
4 +1.78 +1.80 +1.82 +1.23 +2.88 - .29
> 1 + .48 + .48 + .47 + .40 -6.57 -6.63
88 | 2 | -.35 - .35 - .35 - .4 -1.93 -4.57
593 | 3 - .18 - .19 - .20 - .28 -4.36 -5.09
< 4 -3.40 -3.39 -3.42 -3.48 -8.62 -9.81
1 ¥ .45 v .54 + .59 Z2.23 -22.02 ~7.65
So | 2 -2.68 | -2.67 -2.67 -3.75 -25.32 -7.22
5% | 3 -1.04 -1.03 -1.02 -2.18 -22.03 -6.58
= 4 - .31 - .28 - .25 - .60 -10.98 -4.57
5 | - .46 Y - .43 -1.11 -21.84 -5.97
1 +3.48 +3.54 +3.58 +4.12 +10.57 +13.81
2 | + .87 + .90 +1.02 | +2.09 +8.27 -21.16

%' 3 +2.14 : +2.35 . | +3.13 +10.41 +13.68 -
o | 4 +1.67 g +1.75 +2.56 +9.87 +13.63 -
§§ 5 | +4.08 = +4.26 | ~+5.13 - | +12.59 | +16.30°
= 6 +3.10 E +4.83 | +10.06 +15.15 +19.59
2 7 +1.96 ‘:3 +2.14 +2.91 +9.96 +15.34
| s +5.04 . +6.55 | +11.15 +16.53 +19.41
%? 1 -.070 - -.010 -.010 "+1.59 + .51 + .39
w3 | 2 -.062 -.050 + .17 +1.64 + .47 +1.79
%% 301 +.104 .10 = Al +1.15 + .33 + .30
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DATA SHEET

STANDBY POWER
CONSUMPTION IN MW

SLEW RATE IN V/us

. EQUIV. INPUT NOISE
WV (rms) /WY (Pk. to PK)

AFTER AFTER AFTER
3.4 X 107 3.4 X 107 3.4 X 107

BEFORE RADS BEFORE RADS BEFORE RADS
o 1 29.6 13.2 .25 12 1.0/5 7.5/50
£ S 2 28.8 12.7 .25 a4 | 3is/50 | 137100
Bt 3 36.6 26.6 .35 .20 1.0/5 15/100
= 4 32.9 24.1 .45 .34 1.0/10 10/75
oo 1 22.8 15.6 .65 .22 .7/4 2.5/20
%?j 2 21.8 16.2 .65 .34 /4| 2.0/15
M 3 21.2 15.5 .55 .23 .7/4 2.0/.5
& 4 22.0 15.8 .55 .22 L7/4 3.0/15

1 78.8 25.4 1.0 .90 1.0/5 40/100
] 2 24.4 21.4 1.0 .80 .75/4 3.0/20
§§ 3 27.4 24.4 1.0 .95 75/4 10/100
HoA 4 21.2 18.6 .86 .70 75/4 | 2.0/15
A 5 23.6 21.0 1.0 .82 .75/4 5.0/50
1 27.8 25.3 1.5 2.0 2/10 2/10

2 31.6 28.7 1.8 2.0 2/10 2/10
S 3 21.4 19.0 1.0 1.4 | 1.3/1.5 | 2.5/15
%§ 4 21.4 18.6 1.0 1.5 | 1.0/1.5 | 2.5/15
0o 5 21.0 18.6 1.0 1.3 1.0/1.5 2.5/15

= 6 - 28.0 20.0 .5 1.6 1.0/1.5 5.0/30
2 7 28.2 24.8 1.5 1.8 1.0/1.5 2.5/15
8 19.0 16.5 1.0 1.3 | 2.3/10 5.0/30
SR | 1.77 67 .25 20 1.5/20 10/100
%g 2 1.02 .76 .25 19 | 3.5/15 20/100
;E 3 .98 .76 .23 .18 3/15 5/25
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OPEN LOOP FREQUENCY RESPONSE
AND STABILITY CHARACTERISTICS

! o ) (=i [ = o . [ o < g 'n) (o] Do < [ < <) (@}
¢ R XY N P = I3k} -t DA < > [ [y 2 O [ O < < 194
{ ! -] Py o P ou Al B o e Ch - A s Kol ) [N} [ n
i - " o . . o [Aa) ] (a0} [al] . [6 o7
oy . .-G ¥
H s b
’ NN
" = * g ) <
jeet ¥ Q g o o 2 [ g " < < jo 2 o o <
. @ Hot-f &) o <3 B2 VS V- Tl B S G S a1 & S gl &
, o (SR [SF SRV [%a VA o ~t N (o} L o~ N (g% Ty —
) l R ) VRN 2 v 7a o

]
w foe B ™ un [YaN uN O (& fa%} [¥aN s s O <5 [ Y o ias U f~ ™~ o)
) £, H o b o~ el B i ol IERVoNN B al ™M o W N BETO N I @ ]
- . .
i ~ L [on} =t — —
W i 3
s
t
v J !
e e et LR [@) N o [Yal [TaN oY\ t— [sel [Tal un (] O (] D < (] o (] (9]
‘ . . - . . . . - . - T » . o~y U™ ol WD) o N foe
i ot o~y - et ~ o — Y et o [TN Y} [N = o Y] N ¢ o AN
M .
- L < s,

- & el = — [4¥] on = i [3¥) o -3 w =t Y] [an] b [Tl A%l &= (g8
v : O oWy - FORYY
: S * LN NIHCCITIS TXNI IIVIAVY
R
., . . 5
\ . . « U . e i e emem e e e Ch e v et e taa e e : . F T )
1 .




PEAK OUTPUT VOLTAGE vs LOAD RESISTANCE

" AFTER

4.5

BEFORE 3.4 X 107 RADS (Si)
LOAD ‘ . '
RESISTANCE | ,

IN OHMS « | 10k | 1k {500 {200 100 | « |10k | 1k | s00 | 200 | 100
19.4 1 9.2 | 8.3 |6.8 {4.0 |2.1 | 9.4]9.2 |5.0 | 2.9 1.2 .65

1 8.5 |8.5 | 7.8 |6.8 [4.0 |2.1 |8.7]8.6 |7.6 | 6.3 3.1 1.6
% — 9.4 | 9.2 [ 8.3 |6.9 [3.0 [2.0 |9.4]9.2 |5.5 | 3.5] 1.5 .75
oo | 2 8.5 | 8.4 | 7.6 |6.9 [3.9 |2.0 |8.6[8.5 |7.6 |6.1] 29|15
o5 X fo.a |92 [8.6 [7.4 {43 [22 |9.4[9.3 |83 | 69| 3.6 1.9
2 8.5 | 8.5 7.8 |7.0 {4.1 |2.2 |8.7]|8.6 7.8 | 7.0] 3.7 1.9
| . 195 {92 8.4 [7.2 [4.1 |21 |9.4|9.5 |8.0 [6.6] 3.2 1.7
8.5 | 8.3 17.7 6.9 |41 |2.1 |s.6l8.6 [7.7 | 6.8]3.7]1.9
9.8 9.6 |9.2 8.5 [4.6 [2.3 |o9.4]0.2 |8.7 | 6.0 2.7 1.5
| 1 9.3 |9.2 |8.6 |7.9 |5.6 |3.1 [8.8]s.7 |8.0 | 7.3 4.9 2.6
” 5.8 |9.6 |9.2 [8.5 [4.6 |2.3 |9.4[9.Z |8.6 |58 |26 |14
gz | ° 9.3 |9.2 (8.6 [7.9 |{5.5 [3.0 |s8.7]s.7 [8.0 |7.3]4.8]2.5
5355 9.7 9.5 |9.2 |8.4 (4.7 2.4 |9.4(9.2 [8.7 |6.4 (3.0 1.6
2 3 9.3 [9.2 | 8.6 |7.9 |5.5 3.1 | s8.8|s.7 |8.0 | 7.3| a8/ 2.5
< 0.8 | 9.6 |9.2Z |8.5 [4.8 |2.4 |9.4[9.2 |8.2 | 5.3] 2.4 | 1.2
4 9.2 19.1 | 8.5 |7.9 |5.5 [3.0 | 8.8|8.7 [8.0 | 7.4]| 4.7 2.5
5.8 | 9.7 | 9.4 |8.6 |4.5 |2.2 | 9.4]9.5 |8.9 | 8.0 4.3 2.2

1 9.4 9.1 8.5 |8.0 [6.2 [3.3 |8.8]8.6 [8.0 | 7.3 5.2 26"
L | 9.8 9.6 |9.2 |8.4 [4.0 |2.1 |9.4[9.5 |88 | 7.8 3.7 ] 1.9
N 9.4 |9.2 |8.6. |8.0 [5.9 {3.1 | 88|87 |8.0 [7.2] 47|24
. §§r4 . 9.8 [9-6 |9.2 |8.6 [4.4 |2.1 [9.4]9.5 |8.9 | 8.0 | 3.9 | 2.0
g2 | 3 0.4 19.1 8.6 [7.9 [6.1 {3.1 | 8.8[8.6 |7.9 | 7.2] 4.0 | 2.5
%%75 . 5.8 [9.7 |9.2 [8.1 [3.8 |1.9 [9.4[9.3 |87 |7.3] 3.3 | 1.7
‘ < 9.4 9.3 |8.5 |7.8 |[5.6 |2.9 |s8.8]8.6 |7.8 | 7.0 4.5]2.3
— 9.8 [9.6 [9.2 |8.2 |3.8 |1.9 | 9.4]9.3 8.8 | 7.5 3.6 | 1.8
| 3 9.3 19.1 8.4 |7.8 |5.4 |2.6 tseiec t7.0 171 2.3




PEAK OUTPUT VOLTAGE vs LOAD RESISTANCE.

(Continued)
BEFORE  AFTER
3.4 X 107 RADS (Si)
LOAD
RESISTANCE : A

IN. OHMS o | 10k | 1Kk | 500 | 200 | 100 | « | 10k | 1K | 500 | 200 | 100
. 8.6 8.6 | 8.5]8.4 |79 8.1 | 8.1 |s8.0 |79 |71 |46
9.7 { 9.6 9.5 9.3 |7.9 9.2 9.1 | 9.0 {8.7 | 6.6 |4.1
8.4 1 8.418.318.1]7.6 8.0 | 8.0 | 7.9 | 7.7 |6.7. 4.3
2 19.81 9.7 1 9.6 9.8 |7.7 9.2 /9.1 18.9 |8.4 |6.1 {3.7
| 8.8 8.7]8.6 |84 78| , |s.2|82]811}79 |6.7 |4.3
S 3 19.719.6]9.5]9.2|7.4 . lo.1 [ 9.1 [8.8 |8.1 5.3 |3.2
- 8.7 | 8.6 | 8.5 | 8.3 | 7.5 @ 8.2 | 8.2 [8.1 |7.8 |58 |3.5

S o 4 - ' : & '
5 9.8 19.7|9.519.2 72| L |9.1]09.1 (8.8 |8.0 |50 [3.0
32 8.7 8.7 8.5 |84 |75| 5 |s.2|s.2|80 7.8 |57 |35
2 > 9.8 1 9.7 9.4 |9.2 {7.2 | 2 [9.1]9.1 |s.8 |8.0 |5.1 |3.0
y 8.5 | 8.5 8.4 |82 |74 | :f81]80 (7.9 [7.6 [6.1 |4.0
9.8 | 9.7 | 9.5 | 9.2 | 7.2 9.1 9.0 | 8.7 [8.0 |5.4 |3.3
' 8.4 | 8.4 |8.3 |81 ]7.5 8.0 | 8.0 [7.9 [7.7 6.1 |3.8
’ 9.8 | 9.7 9.5 [9.3 | 7.6 ]9.1 fo.0 8.8 |8.2 [5.5 |3.3
N 8.6 | 8.6 | 8.5 | 8.3 | 7.5 8.2 | 8.2 |8.0 |7.7 |5.9 [4.0
9.8 9.8 9.5 9.2 [7.2 | . }9.1 9.0 |8.8 [8.0 |5.2 [3.1
) 8.1 |7.8 7.1 6.6 [4.2 2.3 17.9 7.3 3.2 [1.7 |.66 |.34
. 0.4 19.2 |7.1 [5.6 [2.2 1.2 |8.8 [7.7 [2.6 |1.4 }.54 |.28
. ég. L, 8.4 | 8.1 |7.4 {6.8 [3.5 /1.9 |83 7.7 [2.1 |1.1°|.45 |.22
el 9.6 1 9.3 | 7.9 |6.6 | 2.9 |1.5 |8.9-]8.1 [2.9 |1.6 |.62 |.32
=2 8.5 18.3 7.6 6.9 [3.5 1.9 {8.3 7.7 |23 [1.2 |.47 |.24
¢ 3 9.6 1 9.2 | 7.6 |54 |2.2 [1.1:18.9 [8.0 |2.1 [1.1 ;.44 |.23




iGSS IN nA

QUAD FET DATA

DOSE 8.1| 3.4}
IN 1 X X
RADS| O 10% | 10°| 10%| 107
1-A [ .007 | .42 18¢ | 160 | 110
B | .046 | .48| 140 | 190.[ 140
C*| .003 | .15 2] 18| 14
D% | .015 | .17 2| 19( 12
2-A | .012) .18| 7.6 | 170 | 150

. B [.016| .16| 6.4 | 150 | 140
C*[.008| .08| 1.2| 14 8 |
D¥|.010 | .09| 1.4 14 8

3-A | .030-| .19| 6.2 220} 190
B |.035| .19 5.1 180 | 180
c*|.026 | .08 .9| 15 6
D% | .024| .07| .9 15 7

4-A | .022 .26| 8.1 67| 56
B |.017| .25 7.9| 64| 53
C5#|.017| .10 1.2| 13| 10
DF | .024 | .13) 1.7 11 9

% Biased at I
irradiation; all others biased at

= 10 ma during

Ips = 0.
" Ry IN OHMS
DOSE 3.4 | DOSE 3.4
IN : X | IN X
RADS | 0 10 [RADS | 0 10
1-A |26.4 {40.3| 3-A|32.3|35.4
B |26.5]40.3 B |37.8 [41.0
C 126.4140.4 c133.336.6
D |26.9 |41.2 D |32.0 |34.9
2-A | 24.8127.4|4-A34.9 |44.4
B |23.2]25.6 B {35.9 |46.8
C |25.11]27.6 c |36.1{45.9
D 125.5(28.0 D |33.9 |43.5

Vp IN NEGATIVE VOLTS

'DOSE 8.1(3.4
IN: X X
RADS| o0 | 10% | 105 106 | 107
i-A13.30)3.31] 3.32|3.55] 3.33
B.|:3.25] 3.28| 3.29 | 3.29 | 3.30

C |3:33] 3.35| 3.35|3.35]| 3.35
D | 3.09]3.10] 3.12 | 3.11 | 3.11
2-A | 4.33] 4.34] 4.34 |1 4.34|4.35
B | 4.93}4.93| 4.944.94|4.95
C | 4.2314.24]| 4.2414.24 4,23
D |4.13|4.1414.14 | 4.14 | 4.14
3-A | 4.9214.93(4.9314.93]4.94
B | 3.90] 3.89{ 3.89]3.90 | 3.90
C |4.75|4.7614.76 1 4.76 | 4.77
D |5.06|5.04)5.04(5.06]5.05
4-A | 5.09]5.11]5.11{5.16|5.17
B |5.14|5.16]5.18 | 5.23|5.24
C {4.96]|4.97|4.9814.98|4.97
D | 5.53]5.54]5.55[5.56|5.54
fID(Off) IN nA
DOSE 18.1 |3.4
IN X X
RADS| 0 10% | 10> [108 | 107
1-A | .004| .26] 150 70 49
B | .022) .26] 110 70 49
c |.007| .06 .9 8 7
D }.009| .06 .9 9 7
2-A | 007 .11l 49| 67| 63
B |.006| .10]| 4.4 63 62
C | .o006| .04 .6 8 4
D | .006| .04 .7 7 4
3-A | .016] .09| 3.7 81 79
B |.021| .08{ 3.5 55 63
C |.o16| .03 4 7 3
D |.013| .03 4 7 3
a-n | .013| 14| s.6| 32| 28
B |.oixl .14l 5.1 31 27
“C |.0i5] .05 .6 7 4
D {.017] .06 .9 5 4




DUAL PNP DATA

hpg € Ic = .1ma Icpo IN nA @ Vg = 10V
D?ﬁE ” 8k1_ 3k4 Dgig | 8k1 3k4
paps | O | 10% | 0% 10° 107 RADS| 0 f10% }10° {10° i 107
1-A | 116 | 115 | 100 [17.5 | 13.7 1-A | .10| .14| .90 17 | 14
1-B | 116 | 112 | 100 [17.5 | 13.5 1-8 | .10| .17 .42 18 | 15
2-A%| 156 | 137 | 103 | 9.3 | 8.7 2-A | .11 .19 .44 37 | 48
2-B [ 157 | 137 | 114 [16.4 | 15.2} 2-B | .10{ .17| .40 15 8
3-A%| 125 | 116 | 91 | 8.6 | 6.7 3-A | .0o5| .08| .28 15 | 12
3-B | 128 | 118 | 100 [15.6 | 13.5 3-8 | .05} .07| .30 15 | 11
4-A%| 182 | 167 | 132 |10.4 | 7.7 4-A | 18] 23| .a4] 15 | 14
4-B | 176 | 161 | 133 (18.8 | 15.2 14-B | .18 .24 .46 18 | 14
5-A | 133 | 127 | 116 {21.3 | 13.3 5-A | 134 .17{ .34} 18 | 21
5-B | 137 | 128 | 118 {22.2 | 13.8 5-B | .14| .18| .32| 18 | 20
*Biased at Ic-= 0 during irradiation;
all others biased at ‘IC = .1 ma.
A Ve IN mV
DOSE | : : .
IN RADS 0 10 10° 8.1 X 108 3.4 X 107
1 -59 ~60 | -57 to -62 -65 to -67 -69 to -78
2 -10. -10 to -16 -12 to -15 T85 § decreas f70 & decreas-
- ing ing
+80 +74 to +80 | +72 to +78 +80 to +85 +74 to +82
-105 -102 to -104 | -104 to -107 | -90 to -92 -97 to -100
+85 +79 to +83 | +82 to +84 +84 to +86 +78 to +84

jN?TE: VBE(0ffset) = 6-2 X 1073 avg
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Table 12.3 Electron Fluence at First Failure For Gates Tested.

(Ref. 12.77)

Fcllure Fluence,

S LN A P A Do

S adeelri

e/cm (3 MeV) |

Specified

Typical
Propagation

Celay, rs

Logic
Confiauration

Function

| Construction

Me fhﬁd

MO Mt P M (o LI WL

7
25
"84 .
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PRI [ A R S e ISR
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40 s

25
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NOR
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Diffused(b)
Epitaxial
Epitaxial
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Table, 12,4 Electron Flu ence of Fnrsf Failure For Fllp Flops Tesfed (ReF 12.77)

Failure Fluynce,
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12

22
50,
.55
74

E 93 :
oo o o
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~~
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;.Otn'ooooo-oo_;,
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EprQXICl% )
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