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~~ slope of the resuthng ct rve. Corrections were made for the fraction of total damage
associated with gamma radiation effects . The ratios of the slopes of the data from the dif-
ferent Irradiation facilities give an Indication of spectral differences among the facilities.
These ratios do not appear to be strong functions of collector current or of the~ranslstor
type.

The experimental data were compared with theoretical calculations of displacement
• damage as defined by the damage curves of Messenger and of Holmes. The ratio of

14-MeV generator to fast-burst reactor damage Is less than predicted theoretically; the
ratio of fast-burst reactor to TRIGA reactor is higher than calculated. Uncertainties in the
parameter and dosimetry me&isurements could account for some of the observed
differences, but the uncertainty In the spectra content of the reactors Is probably the ma-
jor contrIbutor~~~~~~~~~
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1. INTRODUCTION reactor and the Armed Forces Radioblology
Research Institute (AFRRI) TRI CA reactor in

Semiconductor devices exposed to the Bethesda, MD.
same total fluence at different reactors or
neutron sources Incur different degrees of Damage equivalence studies In semicon-
damage because of the dependence of damage ductor devlcest 4  and In semiconductor
on neutron energy. Because of the difficulties materials’ have been done at facilities similar to
and inaccuracies inherently associated with DORF and APRF. Also, methods have been
spectrum measurements and because of a lack developed for using 14-MeV neutrons as a
of readily available 14- MeV neutron sources, it standard so that the damage created by any
is Important to measure the relat ive damage spectrum can be designated In terms of a
factors in silicon devices for the varlous reactors 14-MeV equlvaLance.1’ The results of these
and sources used for testing electronic equip- studies show that there are differences between
ment and components and compare them with the calculated and measured equivalences. The
the calculated relative damag e factors obtained calculations Indicate that a TRICA reactor
from published damag e curves . These corn- (DORF) and a fast-burst reactor (APRF) should
par isons give the design engineer added be relatively equal In the amount of damage
confidence that his test results can be related to created , but the measurements show that the
applicable nuclear radiation requirements. APRF neutron output Is about 50 to 100 per-

cent more damag ing than DORF ‘s. This
Available radiation sources , normally discrepancy may be due to a difference In the

pulsed reactors, are used to simulate weapon scattering of the initial fission spectrum.
and space radiation environments. However , Because the DORF TRIGA reactor Is water
they do not always produce the Intensity, the moderated, Its energy spectrum should be
time sequence, or the energy spectra of the degraded more than that of the air-surrounded
Intended environment. Furthermore, they fre- fast-burst rector (APRF) . Unfortunately,
quently differ from each other. These factors energy spectral measurements are difficult to
emphasize the need for a good understanding of make, but It is reasonable to assume that the
how components, particularly silicon semi- DORF spectrum In the experimental area Is
conductor devices because of their widespread more degraded than that used in the calcula.
use, Incur different degrees of damage In dif- tions and that the APRF spectrum may be
fesent radiation test environments. Relative slightly harder.
damage.factor experiments on transistors were ‘I. M. ~~~~~~~ L. J. ww. Cor,ve’ulo~ of Nnss,o,s Sp.ctr.
conducted at a TRICA reactor at the Diamond ~o Their 14-N.y Eq”t.’~~’.... IEEE Ti..... Mid. Sd .. ~~
Ordnance Radiation Facility (DORF), Harry ~~~~~~~~~~ I 7 2~ IN.

‘F. N. C.ppugr. £zper~.,.l. Ml N..-tro * D.~isage Lqrk’drisc ~~Diamond Laboratories , Adeiphi, MD; a .~~~~~ ~~~~~~~~~~~ IEEE ~~~~~~~ . Mid. Sd.. 5Q
GODVIA-type , fast-burst reactor at the Army (D~~...S.. 1973). 349.
Pulse Reactor Facility (APRF ) , Ballistic ‘N. L. Cr... .‘id L 5. Thalc~.v. ?~.,.,.j d... 4. S~~i,ã,d

Research Laboratories, Aberdeen , MD; the ~~~~~~~~~ “ ~~~~~~~~ ~~~~~~~~~ JOT 8.1*
D.iui.ge I. Silk’... IEEE Ti.,... Mud. Sd.. ~ (D.cr.ib.r 1972).

Insulated Core Transformer (ICT) deuterlum- ~~~on-tritlum l4-MeV neutron generator at the ‘F. N. C.p~.i . m. 1*ft..ww of D.Iiise *ry S. Esther D.j u,ag,
Lawrence Li rmore L tcsy, Llves’iote, ± ‘ .  *11k’.. IEEE Ti.... . Mud. Sd.. U (1975) . 2336.
CA; and a Californium 252 ~~~~ iss~at~~ ‘N I. Seek’, i.p ~~~

±-:
~
-
~~ of N..ero. D.mageir. Silk’...

source at the National Bureau of Standarde I. A p1. PSp.. ~~ (1917). 504.
“1. N. McK.i,11,. MesSed k’ Oeser..S.e the Meek. D.... r

(NBS), Galtbenburg, MD. An additional corn- ~~~~~ ~ ~~~~~~~~ ~~ 0 N-~r.. Sour.i., 5m.dlu
person was made between the DORY TRICA Lá...J..d... A~~~,_-rq..e. MM. SC.M.72 0133 (Fdmesvy 1972).
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2. DAMAGE EQUIVALENCE

The experimental data are evaluated In ~ 1 
- - 

1 
- JCtb+ (1)terms of displacement damage as defined by 1~~ h~~ h~~0

Messenger’ and Holmes et al’ These references
give damage equivalence curves as a function of
neutron energy. Holmes utilizes the
displacement-energy transfer cross section, where

• which for convenience is normalized to
96 MeV mb, the cross section near 1 MeV .
Messenger used points at 1 and 14 MeV from h~~ - common-emitter dc gain,
Smlts and Stein’s’ data and used a saturating
extrap olation between 1 and 14 MeV and a hi~ + — common-emitter dc gain at
linear extrapolation from 1 MeV down. This neutron fluence f,
amounts to a smoothing out (averaging) of
Holmes’ curve (fig. 1). The theoret ical damage h~~0 - initial common-emitter dc
equivalence is obtained by using these curves gain,
and the spect~a of Interest. First , calculate the 41-MeV equivalences, and then take the ratios of K energy dependent damage con-
these to get the relative damage of the two dif- stan t (cm’/ neutron ~ s),
ferent sources. The spectra used for the TRICA
is the leakage spectrum in water 2 cm beyond tb base transit time (s),
the outer periphery of the core. 10 The fast-burst
reactor spectrum was calculated for the APRF + neutron fluence > 10 keV
by Oak Ridge National Laborato ry (ORNL) (energy/cm ’).
with the ORNL multigroup transport theory
techniques.° The CalifornIum 252 has a pure
fission spectrum , and the 14-MeV generator Is
essentially moncenergetic. The DORF and Equation (1) is a simplification of that given by

• AI’RF spectra are shown In fIgure 2. Table I Messenger and Spratt .” The damage constant ,
lists the various calculated damage equivalence K, is actually a function of emitter current, but
ratios and the l-MeV equivalence, reaches a minimum at a current density”1’ of

about 100 A/cm’. This Is the current density at
The experimental damage equivalence is which most transistors show peak current gain.

obtained by taking the ratio of the damage fac-
tors obtained at the different neutron sources. To elimInate the errors associated wIth dif-
The damage factor (KtkJ Is defined by the ferences In base transit time and the influence
following equation:” that such differences have on damage in tran-

“C. 5 W.es. C.kvJseed F lux. .  s.d Crew S.celon. JOr TRIGA
— Rs.cWr.. Cs..v.l Ago.u.lc, Son DIego. CA (M,g,.e 1963), 49.

‘C. C. ~~~~~~~~~~~~~~ Dkpl&ews.e Dew.g. I. SIlicon aid Cw~ “C. C. M ongr s.d I. P. Spress, The Eff..b of Nritron Ic..
• uw.nS.i. T...uIN..,., iSlE Trew. Nud. Set, ~ (Apeil 1965). r.thatlos on Cer,..s.lain. s.d Silicon, Proc. IRE, ~~ (1..i.e 1958).

‘ii. R. Hid...,!. P. Mlk~idi. D. K. WsS..., s.d W. H. ~~~
.onO.l.e*, Wi.ps.. EØ.cee Sk’~~~, ~~~

, lla~~do. i5..eeon 1,.- “F. IA,S., RadIetlo,, EjJwee S. SewAcondrsceor Dec4c., lois.
£l~ sraU~ . $~~ Td.p’uns L~t~~~~~.1es. WSlpps.,, NI WIli’4 s.d Sew. I~e., NIl,’ TM (1966).

(CeeeS.r 197W. “R. K. Thslr*.r. oil., TREE Hs.éooA, 2nd ad., D.f...e
‘F. N. Sa.k s.d H. I. Sees., E..r~~ D.poniuw. of N eMo,. N.4..r Ags.q. WMlagtii.. . DC (1967).

D..,s.~r S. SsScon.Eqwk’wnMI, 8.1 . A?!. S.d. 2, 1. No. 3 ‘A. H. Sql, U. S. 8.8.elc f i...vth I..bo,sso$...AberdewP,o-
(N.M 1964), 289. odng Ground, MD, pvlo11e ewns.nslcoSloi..
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Figu re 2. P4sutiuuz ~~ICtx. at Dlamoi.d Or~nan.oe

I t ‘ “
~ s s..v i uev 10 NoV RadIation Facility (—) and Army Pulse Reactor

aesOY Facility (—).
~1gure 1. Relative n.sdren L.unage curves (souresu
~~
‘ - (anooth curve) and Holmes).

TABLE I. CALCULATED DAMAGE EQUIVALENT RATIOS FOR
NEUTRON ENERGY SOURCES

Sourcs’~ 
Ratio

Holmed’ MesseiIge,c 
—___

APRF/DORF 1.17 1.13
14 MeV/DORF 2.89 3.19
14 MeV/APRF 2.46 2.81
14 MeV/Cf~~ 2.12 2.12
Cf~~ /DORF 1.36 1.50
Cf~~ /APP4F 1.16 1.32
AFRRIJDORF 1.00 1.00

1-MeV equivalence
14 MeV 2.50 3.23
Cf~~~ 1.18 1.52
APRF 1.02 1.15
DORF 0.87 1.02
AFRRI 0.87 1.02

A?RF - An.~ P.h. R c*or F.t~lPj, 8.IIIeEIC R.sevd. Láovatgol., Ab.rdew, MD.
DORF - D I d  Ord.s.m ~.silWk,,s F av~p 1, H.xoy DIemoud L.abors od , Adp~~d, MD.
14 N.y - 14-? ~.V onesron swrstoe, Lawveac. Llrer..or. Lab~r91o.y, L4rers.oro~ CA.
Cf ~~ - ~~MJ,.r,uJu... 252 f lub . iwwro,. source, NotIonal 8.r.a. of 5so.d.rà~ Galth.iburg. MD.• 
AflRI - Atoned Forces RadWMoip~~ Resend. lr~ilaeso, f lieisad., MD.

~‘lt. R. Hits.., I..’. Mi M.ll, D. K. Wlhe,., ..d W. H. vo.Oulsclc~ W.spo,.. LifacI. Shidl , 11, ~~4.f’~~ Eff. CI. on
I,J....., 4.i iisavi...J, ~~ 8.11 TdspIwni L ôoragod., ~~~~~ ,sj,, NJ (October 1970).

C. C. ~~~~~~~ DbipIocewews Damq, I. Sdkco,, and GermanIsms Tew4~~~ IEEE Tram. HurL Sot., 12
(Ap,II 1965)
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sistors, the same transistors were Irradiated at a Tektronix type 578 curve-tracer , and a
two different facilities. The base transit time Hewlett-Packard vector voltmeter to obtain
then canceled when the damage factor ratio transit time. Table IV lists the average Initial
was taken. gains and the average base transi t times for

each sample lot.
3. EXPERIMENTAL PROCEDURES

Exposures at the three reactor facilities• Six transistor types were tested at the two were in air adjacent to the periphery of the
reactors (DORF and APRF) and the 14-MeV respective cores. The reactors were operated In
generator. A seventh type (2N3741) was tested the steady-state mode, as opposed to being
at the two TRICA reactors, DORF and AFRRI. pulsed. This mode assures consistency In the
The types and the characteristics are shown in spectrum since different fluence levels are ob-
table II. In addition , small samples of types tam ed by adjusting exposure time rather than
2N930, 2N1488, and 2N3055 were tested at position. The samples were mounted on
NBS. The various combinatio ns of exposures Styrofoam holders , and no bias voltages were
are listed in table III. For example, devices app lied to the devices during the exposures.
numbered 11 to 20 (second sequence) were ex- After the exposures, no measurements were
posed twice to 14-MeV neutrons, twice at made for at least 1 hour to allow the annealing
DORF, then twice more to 14 MeV neutrons, to stabilize. Sulfur dosimeters were used dur ing
and finally twice at DORF. each exposure to obtain the neutron fluence.

The fluences above 10 keV were then obtained
All transistors were characterized by using from the results of reactor mapping programs,

a Teradyne T-241 automated transistor tester , during which the plutonium-to-sulfur ratios

TABLE II. TRANSISTOR TYPES AND CHARACTERISTICS USED
IN EQUIVALENT DAMAGE TESTS

Gain- bandwidth Coliector
Type Power product current (max)

(W) (MHz) (A)

2N2857 0.20 19000 0.040

2N2222 0.50 2500 0.80
2N930 0.30 300 0.030

2N5320 10’s 50” 2.0
2N 1486 25(1 1.90 3.0

1.7 060b
2N3055 0.0100,9 15.0

6.0 0~80b
2N3741 25 4C 1.0

Ms.imvm
~Mf rd au.iu. (JAN).

d,0,,1~, ~~~‘Corer ~o.-.wdit,r ontoJJf ,,quenq.
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TABLE HI . SEQUENCE OF EXPOSURES TO TRANSISTOR LOTS

Test Lot Device
sequence No. No. Facility (No. of ezpo.ures)°

First 1 Ito 10 APR! (2) 14 MeV (1) APRF (2)
(2N2857, 2 11 to 20 DORY (2) 14 MeV (1) DORF (2)
2N2222, 3 21 to 30 14 MeV (3) DORF (1)
2N930) 4 31 to 4(’ I4 MeV(1) DORF (1)

5 41 to 50 I4 M eV(1) APRF (2)
6 51 to 60 DORY (2) APRF (3) DORY (2)

Second 7 ito 10 14 MeV (4)
(2N930, 8 11 to 20 14 MeV (2) DORF (2) 14 MeV (2) 001W (2)

• 2N5320, 9 21 to 30 14 MeV (2) APRF (2) 14 MeV (2) APRF (2)
2N1486) 10 31 to 40 DORY (4)

ii 4l to SO APRF (4)
ThIrd 12 i to  5 DORY (2) 14 MeV (2) DORF (2)
(2N3055) 13 11 to 15 APR! (2) 14 MeV (2) APEF (2)

14 l6 to 2O A.PRF (4)
15 21 to 25 14 MeV (2) DOEF (2)

Fourth 16 Ito 10 001W (4) AFRRI (2)
(2N3741) 17 ii to 20 DORF (4) AFRR I (2)

________ 
18 21 to 30 DORF (4) AFERI (2)

AflIF - A rmy Pid.r Reactor F ac~~~. Bathetlc Rmra,ch Laboreto$ei . Aberdeen. MD.
• 14 MeV - 14-MeV neUtro,, generator . Lawrence Livermore Laborat ory. Lire,,noee. CA.

DORF - DI,mc~d Ordnance RadiatIon Fac ility. Har ry Diamond LabovalotIre. Adelpbl~ MD.
AFRRI - Arm,d Fovoca Radloblo1o~jj  Reseerd, Inflhtute. Ref I,enJ~a. MD.

TABLE IV. AVERAGE INITIAL GAINS AND AVERAGE BASE TRANSIT TIMES
FOR TRANSISTOR LOTS

Lot°
No. cain Rue transit Base transit Base t~ans1t

_______ 
time time time

2N2857 2N2222 2N930
(at 5 mA) (x1~~12 s) (at 10 mA) (x10.12 .1 (at 6 mA) (x lQ-12 

~
)

1 110 64 140 345 300 855
2 114 62 143 341 296 864
3 114 65 115 378 327 795
4 106 85 150 322 297 810
5 76 85 110 355 291 850
6 110 65 144 356 305 815

2N930 2N5320 2N1486
(at 3 mA) (x10 12 a) (at 100 mA) (xW ll a) (at 100 mA) (x 10’ a)

1 317 740 140 127 107 163
8 324 740 143 112 106 158
9 267 790 136 131 88.4 155

10 266 800 137 125 82.2 170
2N3741

at 500 mA) (x1~
$ ,)

16 61.4 3.93
17 52.5 3.87
18 55.1 2.84

•~~ as. 
~~

u 1.0 12 1. 15.
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were measured. Neutrons with energies below • an (n ,2n) reaction to produce 110-mm half-life
10 keV are considered insignificant in the 18F. The 18F is a positron emitter. The positron
damage curves; 10 keV is a convenient cutoff is annihilated in adj acent matter , and two
energy because of the large Increase in capture 0.511-MeV gamma rays are emitted in coin-
cross section for plutonium at this energy. cidence in opposite directions . These gamma

rays were detected by a coincidence counter by
Exposures at the 14-MeV generator also counting scintillations from face-to-face

were in air 3.5 cm in front of the tr itium sodium iodide crystals when the positrons were
target . To assure a uniform exposure, the annihilated in Lucite between the crystals.’
devices and the dosimeters were mounted at the The Lucite also served to accurately position
edge of a plastic disk 15 cm in diameter and either a Teflon dosimeter or a calibration
0.6 cm thick , which was rotated in the 14-MeV source between the crystals .
neutron field.

To calibrate the position counter , an NBS
Exposures at the Californium 252 source certified 22Na source was mounted in a Lucite

were made in air at precisely measured disk 2 cm thick between the sodium iodide
distanc es from the source. No dosimetry was crystals . The 22Na source emitted in coin-
needed since this source is used as a standard. cidence a 1.274-MeV gamma ray and a

positron. On a nanosecond time scale , the
4. NEUTRON DOSIMETRY resulting annihilation radiation was in coin-

cidence with the 1.274-MeV gamma ray.
Fluence measurements were made for all

Irrad lations at the 14-MeV generator , in the ex- Neutro n fluence measurements above
posure room at the DORF TRIGA and AFRR I 10 keV at the reactors were based on methods
TRIGA reactors , and at the fast-burst reactor developed by Hurst et al. ’4 The fluence in each

-
• (APRF) . No dosimetry was done at the irradiatio n was directly measured with the

Californium 252 source . This source is used as 32S(n,p)32P reaction. This (n ,p) reaction had an
a standard and is well mapped . Rather than use effective low-energy threshold of 3 MeV. The
of dosimet ry, precise measurements are made sulfur fluences were then converted to total fast
between the source and the transistor chip. neutron fluence by multiplication by a

prev iously determined ratio of greater than
The reaction 19F(n ,2n)18F was used to 10-keV neutrons to greater than 3-MeV

monitor the 14-MeV generator lrradiat ions . Ac- neutrons . For irrad iat ions at APRF , the ratio is
tua ll y, the energy was approximatel y 7.28; at DORF , the ratio Is 7.45; at AFRRI , the
14.3 MeV , and a cross section of 58 ± 3 mb ratio is 6.4.
was used for the reactio n. This comes about
since the neutron energy varies as a function of Although passive dosimeters were used for

• the angle relative to the deuter lum beam axis all neutron fluence measurements , th ree dif-
and varies from 14.9 MeV at 0 deg to ferent measuring systems were used . The (n ,2n)
13.4 MeV at 180 deg. The samples were reaction in fluorine used to monitor 14-MeV
located at 75 deg to the Incident beam direc- neutrons has a different cross section and re-
tion. quires a different radioactivity detection system

Teflon (CF 2) in the form of a disk 0.31 cm j. M. McKenzie. Method to Determine the Relative Damage

• thick was used as the source of ‘9F to monitor PrOdw~fd In Semiconductor, by Diffeveni N~~tron Sources. Sandia

the 14-MeV irrad lat lons . When the Teflon is ir- Laboratories. Albuquerque. NM. SC-M-72 0133 (February 1972).
C. S. Hurst. I. A. Harser. P. M.  Hendey. W. A. Mills. M. S.later.radiated with neutrons having energ ies in ex- and P. W. Relnhar ds. Ted,niqsas of Measur ing Neutron Sp ectra

cess of 10 MeV , the monoisotope 19F undergoes with Threshold Def ector,. Rev. Sal. Inst nim.. 27 (1938). 133,

10
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than the (n,p) reaction in sulfur, used as the fluences and the relative amounts of damage
monitor at DOEF, AFRBI , and APRF. Fur- induced during irradiation testing in the four
thermore, In the reactor measurements, the non- 14-MeV neutron fields, even though those
beta radioactivity of the sulfurs was evaluated fields were supposedly correlated with precise
on separate counting systems, each calibrated 14-MeV dosimetry with careful electronic
in a different manner. All of these differences measurements.
manifest themselves as uncertainties in the
data. Table V lists the uncertainties assigned to

the dosimetry at the reactors and the 14-MeV
The neutron fluence measurements are the generator and the uncertainties assigned to

abscissas of graphs that depict changes in the device measuremepts. These were then used for
electronic parameters with radiation . Aecor- deduction of the ?esultant uncertainties in the
dingly, bias errors associated with different damage factors obtained from data at either

f methods or different calibrations directly affect reactor or the 14-MeV source and the uncer-
the relative damage observed among these t*Inties in the ratios of relative damage factors.

t neutron fields. In particular, when parameter
degradation is a linear function of fluence, the 5. RESULTS
slope of the line Is changed by these errors.
Such a change can lead to an Incorrect estimate Figures 3 through 17 show typical data
of the ability of the neutron field to create from which the damage factors were obtained.
damage. Therefore , there Is a direct correlation These curves were corrected for damage as a
between the uncertainty of sulfur-monitored result of a high gamma radiation content in the

TABLE V. ASSIGNED UNCERTAINTIES

— 
Measurement Uncertainty (* %)

Reactor dosimetry
Cross section 10
Neutron spectra 15
Neutron spectra (calibration) 7
ReproducibilIty 8

14-MeV dosimetry
Cross sectIon 5

• Reproducibility 3
Device measurements

h~~ 2

8

Damage factor
Reactor 24
14-MeV generator 10

Equivalence ratio
• Reactor to reactor 34

14-MeV generator to reactor 26
Reactor to reactor 15

(relative to 14-MeV generator data)

11
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DORF radiation environment. It has been The data shown in figures were not cor-
shown that neutron (n) and gamma (y) damage rected for differences in base transit time, and
can be added as” the spread, as shown by the vertical bars, Is

large for some devices, on the order of ±20 per-
cent . The vertical bars reflect one-sigma varla-

1 
— £ 

1 tions about the averag e valuc of A1/h~~. When
h~~(~+1) hj~~(~) the data were normalized for base transit time,

1 this variation was reduced to 5 to 8 percent.
+ £ h~~ 

. (2) Figures 13 and 14 show examples of this reduc-
tion.

The higher frequency transistors showed Although the annealing was allowed to
significant degradation at the gamma doses stabilize for 1 hour after irradiation before
associated with the particular neutron fluence. measurements were made, some annealing took
The required corrections were 8 percent for place thereafter. Over 1 or 2 weeks (the mix-
the 2N2222 transistors and 30 percent for the imum time between exposures at two different
2N2857 transistors. The other transistors facilities), this extra annealing may amount to
needed no correction . The APRF, 14-MeV 3 or 4 percent. Corrrectlons were made for-
generator , and Californium 252 gamma fields this extra annealing although it did not affect
were significantly less than those at DORF and the damage fa&or . FIgures 4 to 6 show an ex-
AFERI, and no corrections were required. ample of this .

_______________ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.asrscu n asa, ~~~~~~~~~

Flgure3.D.i.ago curve ot translator type 2N3O55 at I - - ‘ —i---— ’

C.-Ilfornlimi P52 iouiee. ‘ ‘ ‘ “
n~~~~ iou” ~~~~~

P1gw. 4. Damage curves of L ± ~:: typ. 2N3065 at
TRICA reactor (•) aud 14.MsV as~ m gesseator
(A).

~9 D. SM/ er nd R. A. Eevg*nsd. £aaluatIoss of C.tnbtoed
1~.ds.ston rffec~ to T,sn.Won. Sands. Lab...,I.j 1. ~~~~~~~
qua. NM (Jsl p 1971).

‘P. A. Tthn eser and 0. $auat t. C....btondNeu dC.suNW

Eff.c~~ as DORF. H.r~y D4.sus..d L.5.....L.rL. P-~J O-7S-I
• (Janaary 1975).
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FigureS. Damage curves of transistor type 2N3055 at
reactor (~~ ~~~ ~~~~~~~ ~~~~~~~ ge1 e ato 

:
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I
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. 

TRIGA reactor (S) and 14-KIeV neutro n generator

__________________________________ 

K I

~~ mo. nasas .u”w..’u I
l. a.? . ,  I

Flgwe 6. D~as.ge curves of transistor type 2N1486 at
fast-burst reactor (0) and 14-KIeV neutron generator ,~

It , , ,

• ~~ : ~~~~~ a,,,  : - ~~~~~ 
~ ~

a . h4 ,V - UIUIJTIO~~~UjlJII C lIIS ’l ) 

I,

flgweLD.magsourvss of l. ~~ -r type 2NO3O M

~ :. 
fast-burst reactor (0) d 14-M V a.u ......I U

• 
~~~~~~~~~S III ~~ N1S)

Figure 7. Dt.awap curves of tra.àtor type 2N1486 at
TRICA mactar (•) and 14-M.V ....trua generator
(A).
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’. ,~. ~ Figure 12. D.mige curves of transistor type 2N2222 -

at TRI CA reactor (•) and 14MeV neutron
Figure 10. Damage curve of ti-~~~~r type ~~~~ ~ 
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ç FIgure 13. Damage curves of transistor type 2N~~~
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FIgure 11. ~~~~~~~~~~~ curves of t.°~~~-r  type 2M30 at 
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TRICA reactor (S) and 14MeV neutron gsnarat or ~
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Figure 14. D”.~ug° curves shown In figure 13 with
bass trandt time normaflord.
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Table VI (p. 16) shows the damage factor
- • . . ,  a., - ratios for all the transistor types at several dif-

ferent currents. The uncertainties for each ratio
- 

-: • ,-
‘
. are listed at the head of each column. These

uncertainties are a combination of several
5 

...—
‘ factors as shown In section 4. DosImetry is the

p’ major source of uncertainty, which comes
A / ,... ~ 

- about mainly due to lack of knowledge of the
f - J spectra. The final correlation between neutron
* sources is a ratio of ratios , and therefore the

-
. I I I I I uncertainties propagate and become large.

I I 5 I IS II II IS

NIfl lOII ~uNICI

FIgure 15. Damage curves of transistor type 2N2857 Another source of uncertainties Is In the
f at fast-burst reactor (0) and 14-KIeV neutron semiconductor (ha) parameter measurements

generator (A). and the variation in the damag e constant found
for a transistor by using equatIon (1) . The h~~

I I I I I measurement uncertainty is 2 percent, and the
- • a  damage constant uncertainty is 8 percent.

- 

6. DISCUSSION
5 . .  SON

I .~~~~ ‘ The calculated damage ratios (table I)
- /4.-’ indicate that DOBF and APRF should be about

I / ~~~~~~ equal. However , the data show APBF to be
Ii- J much more damaging per unit fluence.

• I .- -( I 
,~~, I I 

Coppage3 reports ratios ranging from 1.52 to
, • s ‘• ‘a ‘a as 2.20 for similar reactors. Our Californium 252

nasas ,.u” ‘ ‘  results are interesting in that they indicate that
Figure 16. Damage curves of transistor type 2N2851 APRF and the Californium 252 source are
at TRICA reactor (•) and 14MeV neutroø about equal. The calculated 1-MeV
generator (A). equivalences of the two sources are nearly

equal by Ho1mes~ curve . Since the Califor-
__________________________ nium 252 spectrum Is well known relative to

I ‘ the DORF spectrum, this calculation implies

...~~., 
- that the DORF spectrum is softer than original-

ly thought. The ratio of 14-MeV generator to
• - . CalifornIum 252 source is lower than expected

and appears to get lower for the higher power
• transistors. Also, the ratio of 14-MeV generator

I to APRF is lower than calculated, whereas the
I . ratlo of l4-MeV generator to DORF i.hlgh for

- - 
the low-power or high-frequency 2N2857,
2N2222, and 2N930 and low for the 2N5320

• - - and 2N1486. The 2N3055 ratio Is about right.
) I N IS N

_,_ a . N  a.,.”

P’.ue ~ Du~~~. 
‘F. N. Coppq.. Eip.vtoas.ld N.as vam Dan.~, £q.dvaIrw~1. curves ~ trasuistor type 2N3741 

~~~~~~ D V ~~ p ir.ns,e,,. IEEE Tiasv. N.d, 5.5., ~at two TRICA macto.., DOIF ( ~ ) and APRIl (I). ~~~~~ 1973). ‘~~~~
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TABLE VI. DAMAGE EQUIVALENCE RATIOS FOR
TRANSISTORS AT SEVERAL CURRENTS

Facllltya ratio
Transistor Current 4 MeV~’ 14 MeV1’ APRF~ 14 MeV (~P~155 

____  ____

_ _ _ _ _ _  _ _ _ _ _ _  
APRF DORY 1)01W Cf ~~ APRF DORY DORY

2N930 0.01 1.55 3.13 2.02 - - - -

1 1.60 3.07 1.92 - - - -
3 1.79 3.67 2.05 1.75 1.06 2.00 -

6 1.73 3.46 2.00 - - - -
10 1.64 3.24 1.98 - - - -

2N1486 1 1.49 2.50 1.68 - - - -
10 1.55 2.56 1.65 - - - -

100 1.51 2.84 1.88 1.45 1.05 1.94 -

2N2222 0.01 1.33 3.30 2.49 - - - -
1 1.41 3.23 2.29 - - -

10 1.52 3.54 2.33 • - - -

50 1.49 3.46 2.32 - - - -

2N2857 0.01 1.82 4.11 2.26 - - - -
1 1.79 3.77 2.10 - - - -
5 1.97 3.72 1.90 - - -

10 1.79 3.70 2.07 - - - -
2N3055 1000 1.65 3.04 1.84 1.36 1.07 2.25 -

2N3741 500 - - - - - 0.98
2N5320 1 1.57 2.50 1.59 - - -

10 1.57 2.53 1.61 - - - -
— 

100 1.49 2.72 1.83 - - - -
14 MeV - 14-MeV ,,es.Sn~n grneree o,, Lawrence Uvermore L.áo..ioq .~ Ldcennoce, CA.
APRF - Army Pulse Reactor F.dlSty, RoBust. Rmesrth Laboaetoeks. Aberdeen. MD.
DORF - DIamond Ordnance RodisHan~ F.cdlt.y, Harry DIamond Lá~ree..eto, AdeiphI. MD.
Cf ~~ - Caltfonstom 252 ftot on neutron wurce~ NatIon~I Bureau of S~~ dardi. G.tthsvuln.rg. MD.
AFRRI - Armed Forca Radisbtology Resserds InsWute, Bethada, MD.

b±2.% u enstnSy.
C

~~34 % .mcerlsMtp.

The results of the tests compared with the generator damage equivalence is not so easy,
calculation can be Interpreted two ways. however. Wfkner et al reported a 14-MeV
(1) The DORY spectrum Is softer than in- generator/TRICA ratio of approxImately 2.2
dicated and the 14-MeV neutrons are not quite for minori ty carrier lifetime degradat ion In
as damaging as predIcted. (2) The APRF and silicon. This number Is also lower than
the CalifornIum 252 source are harder than In- calculated in table I. Green and Thatch& also
dicated. The first alternative Is the more 1Ikn1~ ‘M L. ~~~~ ~ ~ ~~~~~~ 7t .o... of . Ss..d.vdsince the CalifornIum 252 spectrum and T~C~~~~ fr, D.WrNI., 1.n ./ Neat,.. E,,.’~~~ f r e --
similarly the APRF spectrum are well known. Dus..r l’s Sill.... IEEE Tr..s. Nud. Sri. . ~~ (Daumber lSfl).
For the DORY spectrum to be softer than 

~~~~~~ ~~ ~~~~~ H H .ISd I) ~ El.llr II_ _~ _ . . . . .~~,, . . Nlth.ls, . u  ~~uiuugut is not to rnuunsu~~ since ~°n- ~~~~ ~~ .,~~~~ c.~-~--— ~~i an... ~— to,..
slderable scattering Is Involved. The 14-MeV R . .  J~ (flit ). AIdS.

-~~~~~~~~ 18 4
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repo rted a flndon-to- fus&on ratio (1.7) that was 7. CONCLUSION
lower than calculated.

Seven types of silicon transistors were
Van Antwerp and Youngbtood” have tested at four different neutron sources so that

reported results that show considerable change the damage equivalence relationship could be
In damage cross section for small changes in determined between the sources. These sources
neutron energy near 1 MeV . For example , a included a water- moderated reactor (TRIG A),
1.630 MeV neutron Is more damaging than a a bare -critical assembly, a 14-MeV generator ,
14-MeV neutron , whereas a 1. 157- MeV and a Californium 252 source . If the Califor-
neutron Is muc~ less damaging. Therefore , nium 252 source is considered the standard ,
small differences in the fluence at cri tical then the TRICA and the J4-MeV generator
energ ies could cause differences in the damag e were found to be less damaging than calculated
to transistors even though the total fluence relative to the bare-critical assembly and the
were the same. One would expect the dif- Californium 252 source.
ferences to average out , however.

The major disagreement with theoretical
Table VII compares the low current ratios calculation and the one most important to

and the high current ratios as listed in Army users was the damage equivalence ratio
table VI . Some of the ratios In table Vii are of the two reactors (bare-critical assembly and

J greater than 1, and some are less, with no ap- water-moderated reactor) , which was about
parent trend. Therefore, It appears that the 2.1 for low-power transistors and about 1.7 for
damage equivalence ratio s are not a function of hig h-power transistors. The predicted
curre nt. equivalence was about 1.1. A possible basis for

this disagreement could be the larg e uncertain-
ties from the cross-section , spectra ,
reproducibility, and parameter measurements.
Another possible basis (not detailed in this
report) is that the damage curves are obtai ned

“W. IL vu’s AIWW.VP and I . E. Youngblood . Caktilaied ~nd from bulk silicon d1vt~lace ‘ d dM,au,rd ~~~~ ceuseni Damage ôs sai... f or Mo~ioenergef tc ~ men amage an
Nm.tro,s.. 1W Tr.m. Ns.d. Sri.. ~ (1977). 2521. may not app ly directly to transistor damag e.

TABLE VII . RATIOS OF LOW CURRENT RATIOS (TABLE VI) WITH
HIGH CURRENT RATIOS FOR TRANSISTORS

______________  

Ratio of facility” ratio
Type 

for 14MeV for 14 MeV !~~! for A~

_ _ _ _ _ _ _  

High APRF High DORY 
- 

High DORY
2N930 0.95 . 0.97 1.02
2N1486 0.99 0.88 0.89
2N2222 0.89 0.95 1.07
2N2857 1.02 1.11 1.09
2N5320 1.06 0.92 0.87

14 MeV - 14-MeV neutron rserwoc, Lawrence Livermore Laborotovy, Livermore. CA.
APRF - Army Pulse R.scnn- FariN 9. B.Ul.*lc Raeen * Laborwtorles. Aberdeen. MD.
DORF - DIamond Ordnance Radiation Fac ility. Harry Diamond Laboretorla, Adelp Ssl. MD.
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The transistors used in these tests are types quiry as to how well one can establish damage
of recent Interest and cover a frequency range equivalence between different irradiation en-
pertinent to todajs technology. The reactors vironments. The results indicate the need for
produce the very environments used to simulate better dosimetry and detailed investigation of a
weapons radiation, and these test results (based broader scope of devices, which would include
on standard device measurements) should be of integrated circuits and a wider variety of tran-
Interest In practical system-hardening applica- sistors and diodes.
tions. Furthermore, the study Is, In Itself, an In-

18
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DISTRIBUTION (Cent’ d)

FORD AEROSPACE a COMMUNICATIONS CORP. GOOD~~~~ AEROSPACE CORP.
3939 FABIAN WAY ARIZONA DIVISION
PALO ALTO, CA 94303 ATTN SECURITY CONTROL STATION

ANTI D. MCHORROW LITCHFIELD PARK , AZ 85340
ATTN H • HAHN
ATTN S. CRAWFORD ~~~ ~~~~~~~~ I~ C
ATtN TECHNICAL LIBRARY ELECTRONICS SYSTEMS GRP-EASTERN DIV .

77 A STREET
FRANKLIN INSTITU TE NEEDHAM , MA 02194
20TH STREET AND PARKWAY ATTN L. BLAISDELL

ATTN P. THOMPSON ATTN C • THOPNHILL
PHILAD ELPHIA , PA 19103

¶ HARRIS CORP.
GARRET? CORP . ELECTRONICS SYSTEMS DIVISION
2525 W . 190TH STREET P .O .  BOX 37

ATTN P. WE IR MELBOURNE , FL 32901
TORRANCE , CA 90509 ATTN C. DAVIS

ATTN W. ABARE

GENERAL ELECTRIC CO.
SPACE DIVISION HARRIS CORP.
VAl LEY FORGE SPACE CENTER HARRIS SEMICONDUCTOR DIVISION
P .O. BOX 8555 P .O . BOX 883
PHILADELPHIA , PA 19101 MELBOURNE , FL 32901

ATTN L. CHASEN ATTN MANAGER BIPOLAR DIGITAL ENG .
ATTN L. SIVO ATTN NCR. LINEAR ENGINEERING
ATTN 3. ANDREWS

HAZELTINE CORP.
GENERAL ELECTRIC CO. PULASKI ROAD
RE-ENTRY a ENVIRONMENTAL SYSTEMS ATTN M. WAITE

DIVISION GREENLAWN , NY 11740
P .O. BOX 7722
3198 CHESTNUT STREET HONEYWELL, INC .
PHI LADELP HIA, PA 19101 AVIONICS DIVISION
ATTN 3. PALCHEFSKY, JR. 13350 U.S. HIGHWAY 19, N

ATTN N. PATTERSON ATTN MS 725-5
ATTN TECHNICAL LIBRARY ST. PETERSBU~~, FL 33733
ATTN P. BENEDICT

HUGHES AIRCRAFT COMPANY
GENERAL ELECTRIC CO. CENTINELA AND TEALS STREET
ORDNANCE SYSTEMS CULVER CITY , CA 90230
100 PLASTICS AVENUE ATTN D. BINDER

ATTN 3. REIDL ATTN X. WALKER
PITTSFIELD , MA 01201 ATTN CTDC 6/KilO

GENERAL ELECTRIC CO. HU AIRCRAFT COMPANY

4 AEROSPACE ELECTRONICS SYSTEMS EL SEGUNDO SITE

L TRE1ICH ROAD P .O. BOX 92919
ATTN C. HEWISON ATTN H. SMITH

UTICA, WY 13503 LOS ANGELES, CA 90009

GENERAL ELECTRIC CO. - TEMPO INSTITUTE FOR DEFENSE ANALYSES
CENTER FOR ADVANCED STUDIES 400 ARNY-NAVY DRIVE
$16 STATE STREET (P.O . DRAWER QQ) ATTN TECH INTO SERVICES
SANTA BARBARA , CA 93102 ARLINGTON, VP. 22202

ATTN N. MCNAI4ARA
ATtN DASIAC 

-
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DISTRIBUTION (Cont ’d)

INTERNATIONAL TEL A TELEGRAPH CORP. LOS ALAMOS SCIENTIFIC LABORATORY
500 WASHINGTON AVENUE P .O. BOX 1663

ATTN DEPT 608 ATTN DCC CON FOR B. NOEL
NUTLEY , NJ 07110 LOS ALAMOS , NM 8754 5

ION PHYSICS CORP. MIT LINCOLN LABORATORY
S. BEDFORD STREET P .O . BOX 73

ATtN P. EVANS ATTN LIBRARY A-082
BURLING TON , MA 01803 LEXINGTON, MA 02173

1ST CORP . MARTIN MARIETTA CORP.
P .O. BOX 81807 OpzJ.JH)O DIVISION
SAN DIEGO , CA 92138 i’.o. BOX 5837
ATTN P. NERTZ ATTN TIC/NP- 30
ATTN MDC ORLANDO, FL 32805
ATTN SYSTEMS EFFECTS DIV

MARTIN MARIETTA CORP.
JAYC OR DENVER DIVISION
205 5. WHITING STREE T , SUITE 500 P . O .  BOX 179

ATTN P. SULLIVAN ATTN P. KASE
ALEXANDRIA , VA 22304 DENVER , CO 80201

KAMAN SCIENCES CORP. McDONNELL DOUGLAS CORP.
P .O. BOX 7463 P .O.  BOX 516
COLORADO SPRINGS , CO 80933 ATTN T. ENDER

ATTN W. WARE ST. wuis , MO 63166
ATTN V. RICH
ATTN 3. LUBELL McDONNELL DOUGLAS CORP .

5301 BOLSA AVENUE
LAWRENCE LIVERMORE LABORATORY ATTN P. ALBRECHT
UNIVERSITY OF CALIFORNIA HUNTING TON BEACH , CA 92647
P .O . BOX 808

ATTN DCC CON FOR TECH INFOR DEPT MISSION RESEARCH CORP.
LIVERMORE , CA 94550 P. 0. DRAWER 719

ATTN N. VAN BLARICUM
LITTON SYSTEMS , INC . SANTA BARBARA , CA 93102
GUIDANCE & CONTROL SYSTEMS DI~~ISION
5500 CANOGA AVENUE MISSION RESEARCH CORP . SAN DIEGO
W)ODLAND HILLS, CA 91364 P .O . BOX 1209

ATTN V. ASHBY LA JOL LA , CA 92038
ATTN 3. RETZLER ATTN VICTOR A. .7 • VAN LINT

ATTN 3. RAYMOND
LOCKHEED MISSILES a SPACE CO. ,  INC .
P .O . BOX 504 NATIONAL ACADEMY OF SCIENCES
SUNNYVALE , CA 94086 NATIONAL MATERIALS ADVISORY BOARD

ATtN D • I~~LFHARD 2101 CONSTITUTION AVENUE , NW
ATTN B. KIMURA ATTN P. SHANK
ATTN L. RO SSI WASHINGTON, D.C. 20418
ATt N K.  SMITH

NORTHROP CORP .
WCKHERD MI SSILES AND SPACE CO. , INC . $~RTP.R0P RESEARCH a TB~ 4NOWGY CEMmai3251 HANOVER Su~~~T 1 RESEARCH PARK

ATTN REPO RT S LIBRARY PALOS VERDES PENINSULA , CA 90274
PALO ALTO, CA 94304 ATTN 0. CURTIS, JR.

ATTN 3. SPOOR
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DISTRIBUTION (Cont’d)

NORTHROP CORP. ROCKWELL I NTERNATION AL CORP .
ELECTRONIC DIVISION SPACE DIVISION
2301 W . 120TH STREET 12214 SOUTH LAREWOOD BLVD
ATTN D . STROBEL DOWNEY , CA 90241

HAWTHORNE , CA 90250 ATTN TIC D/41—092 AJOl
ATTN U . STEVENS

PHYSICS INTERNATIONAL CO.
2700 MERCED STREET 

~~~KWELL INTERNATIONAL CORP.
SAN LEANDRO, CA ~~~~~~~~~~ 815 LAPHAM STREET

ATTN DIV ISION 6000 EL SEGUNDO , CA 90245
ATTN J. SHEA ATTN TIC 5A08 $

ATTN T. YATES
POWER CONVERSION TECHNOLOGY , INC.
11588 SORRENTO VALLEY ROAD SANDERS ASSOCIATES , INC.

ATTN V. FARGO 95 CANAL STREET
SAN DIEGO, CA 92121 NASHUA , NH 03060

ATTN L. BRODEUR
R&D ASSOCIATES ATTN N . AITEL
P.O. BOX 9695
MARINA DEL HEY , CA 90291 SANDIA LABORATORIES

ATTN C. MacD~NALD P.O. BOX 5800
ATTN W. KA RZ.~S ALBUQUW_RQUE , NM 87115

ATTN DCC CON FOR J. HOOD
RAND CORP . ATTN DOC CON FOR F. COPPAGE
1700 MAIN STREET ATTN DOC CON FOR R. GREGORY

ATTN C. CRAIN
SANTA MONICA , CA 90406 SCIENCE APPLICATIONS , INC.

P.O. BOX 2351
RAYTHEON CORP . LA JOLLA , CA 92038
HARTWELL ROAD ATTN I.. SCOTT

ATTN G. JOSHI ATTN 3. BEYSTER
BEDFORD , MA 01730

SCIENCE APPLICATIONS , INC.
RAYTHEON CORP. 8400 WESTPAP.K DRIVE
528 BOSTON POST ROAD ATTN W . CHADSEY

ATTN H. FLESCRER McLEAN, VA 22101
SUDBURY , MA 01776

SINGER CO.
RCA CORP. DATA SYSTEMS
GOVERNMENT SYSTEMS DIVISION 150 TOTOWA ROAD
ASTRO ELECTRONICS ATTN TECH INPOR CENTER
P .O . BOX 800 , LOCUST CORNER WA YNE, NJ 07470
EAST W I NDSOR TOWNSHIP

ATTN C • BRUCXER SPERRY RAND CORP .
PRINCETON , NJ 08540 SPERRY MIC~~~1AVE ELECTRONICS

P.O. Box 4648
RESEARCH TRIANGLE INSTITUTE ATTN ENGINEERING LAB
P.O. BOX 12194 CLEAHNATER , FL 33518

ATTN SECURITY OFFICE ,
(M. SIMONS , JR.) SPERRY RAND CORP .

RESEARCH TRIANGLE PARK, NC 27709 SPERRY DIVISION
MARCUS AVENUE

ROCKWELL INTERNATIONAL CORP. GREAT NECK , NY 11020
P.O. BOX 3105 ATTN P. VIOLA
ANAHEIM , CA 92803 ATTN P. MARAJINO
ATTN K. HULL ATTN C. CRAIG
ATTN .7. BELL
ATTN N. MUDIE
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j DISTRIBUTION (Co~ t’d)

SPERRY RAND CORP . A~ ROJET COMPANY
SPERRY FLIGHT SYSTEMS 1100 WEST HOLLYVALE STREET
P .O . BOX 21111 ATTN P. G. BERNHARD

ATTN 0. SCHOW AZUSA , CA 91702
: PHOEN IX , AZ 85036

BALL BROS RESEARCH CORPGRATIO~ö
SPIRE CORP. P.O. BOX 1062
P.O. BOX D ATTN G. CHODIL

ATTN P. LITTLE Botj~~~ R , CC 80302
BEDFORD, MA 01730

CARSON ALEXION CORPORATION
SRI INTERNATIONAL P.O. BOX 324
3980 EL CAMINO ROAD ATTN R. A. BOTTICELLI
ATTN P. DOLAN ROWAYTON , CT 06853

PALO ALTO, CA 94306
US ARMY ELECTRONICS RESEARCH

TETRA TECH INC • a DEVELOPMENT COMMAND
1911 FORT MYER DRIVE ATTN WISEMAN , ROBERT S . ,  DR.,  DRDEL-CT

ATTN T. SIMPSON ATTN PAO
ARLINGTON , VA 22209

MARRY DIAMOND LABORATORIES
TEXAS INSTRUMENTS , INC. ATTN 00100, COMMANDER/TECHNICAL DIR/TSO
P.O. BOX 6015 ATTN CHIEF, 00210

ATTN D. MANUS ATTN CHIEF, DIV 10000
DALLAS, TX 75265 ATTN CHIEF , DIV 20000 —

ATTN CHIEF, DIV 30000
TRW DEFENSE a SPACE SYSTEMS GROUP ATTN CHIEF, DIV 40000

— ONE SPACE PARK ATTN CHIEF , LAB 11000
REDONDO BEACH , CA 90278 ATTN CHIEF , LAB 13000

ATTN P. PLEBUCH ATTN CHIEF, LAB 15000
ATTN H. HOLLOWAY ATTN CHIEF , LAB 22000
ATTN 0. ADAMS ATTN CHIEF, LAB 21000
ATTN TECH INPOR CENTER ATTN CHIEF , LAB 34000
ATTN VUL I HARDNESS T~~~fl ATTN CHIEF, LAB 36000
ATTN A. NAREVSKY ATTN CHIEF , LAB 47000
ATTN R. WEBB ATTN CHIEF, LAB 48000

ATTN RECORD COPY, 94100
TRW DEFENSE a SPACE SYSTEMS GROUP ATTN HDL LIBRARY, 41000 (5 COPIES)
SAN BERNARDINO OPERATIONS ATTN HDL LIBRARY, 41000 (WOODBRIDGE)
P.O. BOX 1310 ATTN CHAIRMAN, EDITORIAL COMMITTEE
SAN BERNARDINO, CA 92402 ATTN TECHNICAL REPORTS BRANCH , 41300

ATTN F. PAY ATTN LEGAL OFFICE, 97000
ATTN R. KITTER ATTN LANHAM , C., 00210

• ATTN WILLIS , B . ,  47400
VOUCH? CORP. ATTN CHIEF, 21200
P.O . BOX 22590 7 ATTN CHIEF, 22100
DALLAS, TEXAS 75264 ATTN BALICKI , F., 20240
(FORMERLY LW AEROSPACE CORP) • ATTN CORRIGAN, .7., 20240
ATTN P. TCMME ATTN CHIEF , 22800 

—ATTN LIBRARY ATTN VAULT , V. ,  22100
ATTN LEPOIR , K.,  22100

WESTINGHOUSE ELECTRIC CORP. ATTN EISEN , H., 22800
DEFENSE AND ELECTRONIC SYSTEMS CENTER A1~TN SELF , C., 22800
P.O. BOX 1693 ATTN SWIRC ZYNSKI , 3., 22800
BAL’I!DIORE-WASHXNGTON INTL AIRPORT ATTN VALLIN , .7 • ,  22100

ALTIJSORE, MD 21203 ATTN RATTNIR , S., 22800
ATTN H. PALAPACA ATTN BOYKIN, C., 22800
ATTN MS 2220 ATTN CHIEF, 21400

ATTN POLXMADZI, R. ,  22100
ATTN TRIMMER, P., 22100 (3 COPIES)

26



~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~


