
I 

I ’  

I 

i 

t I *I 1 1 R 

1. 1ntroductii)h 568 
2. padiktibil SnvWmnefit 5 03 
3, Dose C!alcirlatibns 765 

5. SCATHA. High6energy SpeetCfameter 3 10 
4. Elitended DuPatbh MisBi6ns 708 

A cknowledgmentb 7 12 
7 13 Referehces 

T 

19. The Effects of the Geosynchronous Energetic 
Particle Rrrdiatian Errvirarm” od 
Spaecruft Charging phenomena 

+El. RBagsn, W.L. Imhaf, and E.E. Gainer 
Leckheud Palo Alto fiesearch LBkrrmry 

Pald Alto, Califsnia 

Abstract 

The energetil: electron eneironment tit the geosyntnronoUa orbit is very interme,. 
dynamic, penetrating, and reaponbible f6t. al variety of ativefae cHa.rlging effects bn 
BpacepaPt component%. The mast Berioud of theee is the degradatibn and fEllur6 
of widely used tampiement&ry-metal -o%ide-semicohductor (CMOS) electrbnic com - 
ponefits as a resdlt id internal charge-buildup induced by the energetic electrbns. 
Effort6 tb  acturately determine the expected lifetime of these cbmponerltl in this 
orbit have been hampered bjt the .lack of detailed knowle e bf the electran 8peCtrum 
and intensity, pmicu l l r l y  6t the mate penetrating energ P e8 1.5 MeV. Ldr@ 
irncei-taintiee therefbre exiet in current r&di&tioll models for this region ad a result 
of these deficiehciee. This prbblem is illustrated through the calkulatim of the d6Be 
received by a CMOS device from the ener$etic eleMrdne and a&lociated breme - 
s t rahhq as B funetiah of aluminum shielding thicknees wing  the NASA AE-6 arid 
the; Aerospace measured electrbn environrliente. Tw6 camputatianal c d e s  which 
have been f6und tb  be in gbod agreement were deed to perform the calculatibtt8. F6r 

given Bhielding thhcness  the dbse received with the two radiatloh entriranmente 
difPer b;v a l  much a8 a f a d o r  of $&?veri with a cbrreeponding varidtlan in lifetime of 
the CMOS. The important role of bremsetranlung t& the prbblem at the larger 
shieldin$ thfcknesbee le evident from the reeults. These didktephncies, which ad- 
veteel9 ihpkct  spacecraft shielding designs, wfll bi! resolved on th$ SCATHA mi8 - 
sioh since the High-Energy Particle S ectrbmeter elPpCrimedt (Se-3) will pravide 
fine reeuiutidn meEsuremtMts of the e ? eMrbn  flukes, etfergig apectrai and pitch- 
angle distributiod over the ener&Jr rad 8 ib0 Rev to 4 lLIeV and the Int&gral flux be: 
tween 4 to  10 MeV. Protons from 1 deV to 100 MeV add alphi4 pat.ticlel from 6MeV 
ta 80 Me;V will alilo be meaellred. The differential and accumulated dbse received 
as 8 f “ ton  of eHielding thicknlm @ill be deterimided in real time throughbut the 
mlssfciri from the measured QCatttities and the calculational codes. 
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A satellite in the gdoeynchconaud Wait ig erlbjected t e  Bn ihtenae, cohtfnriorid, 
highly dym%mic, and very penetrating radiatiim enQlr&nment. The energetic eiec - 
won papdatibn (> 108 keV) exhibits large variations fn intensity arld Gpectral shape 
asedciated with gebmagnetic storms and substorm& In adaitic)n, the pkrticle pSpU- - 
lation exhibits diurnal and lbngitudinal t.8riations that are significant. At the time 
of Bolar pat2icle eveilte, high-energy prdonB, e!ectrohs, and alpha particle8 of 
solar brigin also have ready, efficient, accesa t6  the geosynchI'6no\le brbit. This 
complex radiation environment, which is difficult to  model, is reeponeible for a 
variety bf adverse charging effects on spacecraft cotfrponents. The moBt Berlade 
of these ptoblems, just identified in recent pearfi, is the degradatialr arid ultimate 
failure of complementary -metal-oxide -semiconductor (CMOS) electrbnic cdmpo- 
nents due to internal-charge-buildup induced by the iohieing radiation iri the gate 
oxide and Lt  the eemi&bneluctor-ih6ulat6r interfake of the devices. This proced.8 
occurs at radiation dose levels approximately two to three orders bf magnitude 
below the level where btUK radiation damage bccurs in typical Gemiconductor de-  
vices. The overwhelming attractivenesg of CMOS d e i c e s  inchding their 109 power 
cbnlumption and large -kale -integrated circuit capabilities has reeulted in increased 
usag'e Of theee device& for satellite applications, ihe la ing  long-lived geosynchroriou6 
Bstellite orbit hpplicationl. delpite thebe problem&. 

be inveetigated: (1) th& Bensitivity of CMOS, PMOS, and ather components to  
iohizing radiation must be deermined as a fuliliktion of radiatibn particle type add 
energy, component part type, manufacturing pracelcf. and applicatibn: (2)  the 
radiatioil envirdhment to whikh the device8 will be exposed in oPbit fn i ib t  be eetab- 
lishetl: and (3) based an the environment and the miB8iion lifetime desired, the 
added Shielding to  maifitah the radiatian dose below the damaging 18vel8 must be 
determined. 

Radiation Bensitivity teste on a variety of components are underway id several 
laboratories employing principally radiaaetive gamma-ray emittirig sbureee ahd 
electron accelerators. I h t h  of thcse sources bnly approxhtltte the &tug1 coknplex 
ele&tron BPectrum emountered ih gebBynchrunbut3 orbit but the accuracy df the 
techhiqdt! i d  felt t b  be b&ter than our present knowledge &f the emironmetit itself. 

n6uB orbit art! prbvided by NASA and are referred to 88; the AI3-4l and the AE-8 
models. Btah models are thought to have riixuracies of 6nly a faetbr of t t b  ta 
three. Recently, energetic electron measuremerits made on the ATS-d eynchronotis 
satellite by the heraspace group etiggest that the aetual electroh flw I s  higher and 
the spectrum mar(! energetic thari the NASA mddel predicts. The cohs8quemes of 

Contending with the charge-buildup pioblem require$ that three digtinct areas _._ - 

The principal models oi the electfan radiatian envirbdmettt in the geoegnchro- 
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the ad6ptiC)n of the latter efiviromeht are eignifichnt ti5 LlpaCedtaft deaignere in 
that greatec Shieldin& La requiped to  Maintain the CMulbS dedeet9 below the damage 
level, Incteaeed bhialding meBn8 increaOed weieht bhleh olwaye has an adverbe 
effect od epaeecraft deeijp. The printtphl reasons for the inactWacie8 sfid d i l -  
crapancies in the mbdel envirotimedte ape the limited nIeBB\i1'8Riefit$ aolflable Mer 
Lon$ time pefiode, eMended energy range6 and with sufficieiit spectral rebolutian. 
Until thia lituhttlon improwl, the epaCecrah debigner will be unable to optimtde his 
&hielding tteatmerit anti muet design conlervatively. 

In this paper ad experiment wi l l  be described that will  t:! flown aboard the 
SCATHA satellite in near-synchrdnolls 6rbit in 1079. A p r h e  go&L UP the experi- 
ment, identified 88 SC-S, will be to define the energetfe paMicle radiathn envfr- 
onmbnt in codsiderable detail and t6 determine the actual dose received tn this 
orbit by devices 8uch as CMOS behind various shielding thieknells. The ewpetiraent 
will be dpbtlated c6ntinuously far at least a year and the differenti81 and acciimulated 
radiation dose will  be determined in near-peal time. The dbae will  be determined 
from the measured differential s p e c t r m  of eleetrons, prbtblill, and alpha particlee 
in cbnjrtnctibn with pWtk le  traneport calculations that establirrh the s u r k c e  doBc 
behind different thicknelldel of aluminum $hielding. 

in the gebeynchranaus arbit and the required @hieidin$ of CMOS devicee d l 1  have 
to  be tnlde with the avaflkble Cnvik-onmental matkls. Extensive doee calculatians 
have been performed at Lbckheed atid are d e e d b e d  in thh papel' using both the 
NASA anti Aerbspkce electron envirbnmezitt8 bnd Clilployihg twb diffarerit transport 
code8 tb develbp confidence in the technique. The calcultitione hkve included the 
db8e acquired from the bremlstrahlmg generated by the eleetrone in the shielding. 
Salar flare prMan doles 18 B functibn of ehielding thicknese have ills8 been deter- 
mined for an extended mis@iori satellite operating over the solar maximum period. 

L 

Until the abme meaeupements are available, determination of the dose acquired 

I 

2. RADlATtON ENVkRONMENT 

The doc)(! in the syrlchrbnbue orbit come& ptinCipLlly from the oMer rodiatian 
belt electronfi. Figure 1 ehirwd the ihtegral flux bf theee electrorts ar) a functibnof 
energy dbtained fr6m the latsBt NASA AE-6 model2 and fram the AeroepBce 
m8asureniente. ' The A b- 6  model f l u e s  a t e  mean Vttluea applicable in thb lS80 
time period h a magnetic L-shell bt 6.8, reptbddntltivc! &f the $yn&hponaue brbft. 
It ehotild be dated that hb eubltantial differences ekiet between th@ AE-6 and the 
edtlier AE-4 models in  thig region of epacc?. As merrtibned earlier, the NASA 
madd id believed to be accilrate t o  within f X Z  to  i X3. The AefiaBp&ecs value6 are 
baaed on a few Wttdred days of date obtdiied id 1976-78 wtth eifi tnstrumefit on the 
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AT§-d latellite and conFifmeU by earlier data obtdned an the AT$-1 6YnChrddOUe 
Batelllte. 

Figuke 1. Integral Electron 
Fllixee in the GeoBynahron6- 
Orbit 88 a Function of Energy. 
The mean values of the AE-6 
model in the 1980 time period 
at L = 8.6 are ahowti along with 
the fiean valliee obtained from. 
the Aeroepace maasuremente 

The meet significant differencee in the two enviroilmentl e x k t  at the higher 
edergieb > 1.5 MeV. A t  1 MeV ener$y the AeroapaCe flux values are X3 higher than 
the mean AE-6 value&, but the uppep limit nf the latter model would be cohsietent 
with the former value& Above thie energy the differenke8 become prbgreeeively 
larger with the Aereeflace firrxes being a factor of 6 and 12 higher than the AE-6. 
\raluee at enerdee  of 2 and 3 MeV, respectively. Thebe duferenceil are due t6 a 
asher electfon epectruxn uei?d ln the A%-6 medel, that 18, the flux dedreaeea mofe 
rapidly with ineretl&ing energy. 

Beeauee of the quaei-r&ndam irature df the bccurted&e&, fluenee@, and epectra 
of solar particle ettentli, &6lal. prbton Fluicere muet be treated statk~ticcllly. For a 
eyfichomuL sateliite miebirjd operating fdr f b w  yeare in the 1978 to lBSZ tiwe 
wried encompa&ein& the hext maxlmum in eater activity. the edar proton flu8rlcee 
wet6 derived From the model gerierated by Kid& Thisl model ie baaed hkavily on 
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tha d&ta bbtained durihg the last solar cycle-20 Which IS iieeumed to be typicdl af 
the trpcbt'ning cycle-21. It should be nated that apprbdm.iSelp 88 per'cdlit of the 
fltienck experiehced in cycle-20 was acguired during thc eingl9, large event of 
August 1972. 

4. DOSE CALCULA'fIONS 

The electr'on Bpectra shown in Figure 1 have been uWd as ihput to two inde- 
pendent cbmputer proFvam8 that cakulate do@& The first program called AURORA 
was originally develbped at Lackhesd tc3 treat the energy deposited in the atmoe- 
phere by precipitating electron&. The program Was adapted tor this purpole by 
substituting plane-parallel sheets of aluminum a6 the absorbing media in  place of 
the atmaspheric constituents. The program utilite& finite difference techniques to  
numerically sblve the Fokker -Pl&nclt Bteady-mate equatibn for electrods diffusing 
through the medium. The derivation of the diffusibn equ&tiori is rigorous and takes 
into account chBngel in the blectron distributibn function as a futtction of t h e ,  pitch 
angle, energy, and the rldial di&tan&e frbm the axis of the electron beam. The 
diffusioti coefficients used t6 dcecribe the pitch-angle scattering in the diffusibn 
equatibn are valid down ttr electron energke  of - 1 keV. The treatment is relativ- 
tstic afid therefare vtllid at all highef electron energies. The AURORA fbde does 
not, however, idclude the surface dose at the CMOS chip due to the prbductibfi of 
bremsstrahlung in the elaba by the input electrong. 

In Figure 2 the s u r h c e  dose accumulated per year in the synchronous orbit at 
the surface of a CMOS chip sandwiched between two infinite plane aluminum shield6 
of equal thicknels i B  ehown for beth the AE-6 and the Aerospace electron fluehces 
a s  inptlts. The 6. OlO-in. rickel cbu6r on the CMOS elements provides a measure 
of shielding and thil  has been included in  the calculatibnd. The shielding thicknesB 
shown in Figure 2 ig the additional shielding required around the component. 

The second set of electron dbde,caIculatibn8 were kindly performed by the A i r  
Force Weapon$ Laboratory (AFWL)' using tlieif M6nte Carlb technique. ThiB pra- 
gram includes the eecondary dose due tb brt: *bstrahlutil;[. Campariaon in Figure 2 
of the A F W L  and AURORA cbde outputs fbr the Aereepace flu% profiles reveals 
essential agreeihent for ahieiding thickneeBe8 up tb 0.15 inch. Fop greater shietd- 
ing the bremsltrahluhp; dose Included in  the AFWL cad@ beginl ta  dominate. This 
illustrates the impracticality of ritilirttng large thickneesee of low -density mhterial 
t o  shield "8ott" devices id this  environment. If a s o h  component requires greater 
thah -0.2 in. ( i .  39 glcm ) of aiuinisum shidding to srirvive the mission duration 
theh additional cohstderation musf be given to using high-density shielding such a8 
kad ,  tongsten, copper, btc. , insidl! the alwnirium to  attenuatl! the bremsstrahlung 
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Ucree. This latter effort LB much &ope dtfftcult arid weight-dsmaaaing than ehleldingj 
ths direat electrons and ti3 not addPemed PuPthar ln thte gRper. 

$i@ure 2. The Pime Acquired in  Synehranoue Orbit 
FCbfn Trepp.ed Eleatran8 ant¶ Sblar Protene a8 a 
funetlirn of Shielding Thickneee. The annual electtrcm 
daee had been b&lcul&ted fobf the Aeraepaee Snvtrcsn- 
ment utiliaing two independent computer clod68 deacribed 
In the t e i k  The amur1 de86 due ta the AE-8 e1bHi-m 
envtronment and the absoclated blremeetrahlung ha8 
Been calculatcld with the AFWL cbde 

flhc impebt of the two blectron entiiPonmernte can ale0 be eradlji 6eepL in Pig- 
ure 8.  Fbr e ehielding thtekneee bf 6.10 in. a thlkknee8 that typidally dUrr6uddb 
4 CMOS ehip edcased in ail 6lectrmtce bo% withiir a spacecrd t  ekin, the CMOS chip 
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WQUld $e~l?iv@ a y&arly dQ@Q d 18,OQ8 rads id  the AR-O a& Ponmsnt but a dOfif~ of' 
16,000 rads in tha A W O ~ Q R W  artvlrenhnent. An squivnltmt way of oxpresslng thla 
iRl$aet l e  that a CMOS devlCo behlnd O,l-ln,  alllinifium that him n damage lavsl d t  

,d, 000 rads would Punstian for an@ year tn the einvlraftmsd rbpro&nted by the 
AR-8 model but only 51 days In tho Abroagaea envlfwnmont. Tho lmgaet on mlafJlon 
lifetimg is abviously very siflnificnnt and at preabnt the apneecrnft designor muat 
~lhleld caneewdivoly. 

Tho MU8t probeblc d o ~ C  recbived in 8 mlselon dear the m l e r  moxlmum period 
from sbl?P pSbtons is also shewn in Pi8uf-e 2. The total fluerice oxgerienssd in 

4 cycle-20 a s  a function of proton ederay we6 obtained from King and was assumed 
to  be typical of the maximum fluences to be encouhtered in sycle-21. A proton 
energy deposlt!on computer program called PROTON developed at tockheed was 
used to determine the dose behlhd plane-parallel slabs of aluminum shielding. To 
determihe the total db$e received by a CMOS device behihd a given shield thickness, 
the contribution from the solar  protons. must be added to the cofitributioh from the 
trapped eleetfons, 

of CMOS, PMOS, and most bipolar junctibn transistors is illustrated in Figure 3. 
The annual dose dire to electrons ant! bremsstrahlurg in both the AE-6 and Aerospace 
envirorlmenta is shbwn out tb shieldink thicknesses of 0.7 inch. The relatively con- 
starlt brerilsstrahlung dose of between 256 to  S a  rads per year (AE-6 vs Aerospace 
msdeld  accumulated behirid thiek shields is quite Bvldent and along With the solar 
proton dade  becomes the limiting factor+ on the radiatlori softness of a device that 
can be tolerated in a long dufation synchrohous drbit mission. 

leveis between 4060 t o  16,0110 rads due ta  the charge-buildup problem. Reliable 
utilization of these devices in even a one-year mission would require aluminum 
shielding of approximately 0.2-in. thickfiess. Hardened CMOS devices, now be- 
ceming available, have degradatiun levels in excess of 156,ObO rads. A nbminal 
shielding thi&kneBs o€ b. 08 in. aluminum will protect a hard CMOS device for a 
minimum of one-year operation in the synchrohous opbit. Many linear integrated 
clrcuits have ekhibited damage levels a s  low a s  20,000 rads and coFre6pondingly 
greater shielding i s  required with these! devices. As mentioned earllee, knawledge 
of the radia Mfl densitivity of the electronic compohents to  be used in an ap?fication 
is eelehtial to  long-lived, reliabie operaticin. Unfortunately, the radiation sbnsi -  
tlvity of cuiCrently available devices having Idehtical part types can vary greatly 
from supplir3r to aupplier depehding upon the mandacturing process used and can 
etrerl vary eigntficantly from wafbr to  wafer within the same manufacturing process. 
Extreme caution is the watchwerd, 

7 

The r&lation$hip between the dost! level shown in Figure 2 to the damage levels 

CurlSently available Raft CMOS and PfiOS devices exhibit serious degradation at 
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Figure 3. Relatisnehip Ihtween the Annual Ddlge ul) 
Shteldirig Levele Acquired in the SyncHtionou$ Okbtt 
From Eledrblla aad the Acliociated Bremmtrahlung 
axid tiit Dam&ge Levele of Typidal Ellet%ronic beeicee. 
The Polar flare proton doee fb  th&t likely to be acquired 
an a long-duPatian mteeipn operating during the 16far 
maximum period 1678-lS82 

4. EXTENDED DURAPION MISSION8 

Meet eynchronotie eatellite iniecgiotis &I%! designed td bperate for more than 
one year in orbit. To illuetrate the impact of the radiatlon envlmnment 'I on thew 
errtended mieelohe the tdtal doee acctiihulatetl [le B funaibn of eliiefding tL~cluieer 
ha) been tabulated fn Table 1 fddr a four-year mieei6d operating in the solar  maxi- 
mum perlbd l e i 8  to iil8%. 

Adeuming that a typicrrl payloati c6ntai.iing CMOS or equlvalent componente 
would be Lhielded With a minimumi bf OS 1 La. of aluminum, Tab!e 1 Bhowe thnt th6 
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Chin wtbuld r e c e h  ti totbl dose o3ef the byeti!? period oE45.600 rads or 11)3,600 
rad4 dependiirg 6n Whether the p.db6 &P the Aerospace ehtricorri'nent.. reepectiUely. 
18 ui3ed. Ifai'd CMOS with t h i l  shielding wbitld survive it5 the AB-6 bnvit6tin"irt 
but could .be macgiiral in the Aerospace environme'nt. Most linear integrated cir-  
cuits Would require 0.2 iri. 6f shielditrgl to survive the Aeroepace envirohlriretit for 
four ye8rs. but lese than 6.15 in. if the MASA envirbhinent 1s more repreooatative. 

Table 1. Total Dobe (rtrds-Si) ve Aluminum Shielding fbr 4-Year 
Synchronotis-Orbit Missidn 1976 to 1982 

Alumlkmni 
Shielding 
Thickriess 

(ih. 1 

0.050 
O.OZ5 
0.100 
0.150 
0.200 

i 6.250 
0.500 

1 0.700 

Electrbn Plug 
Eremsstrahlung Dose Solar 

AE-6 Aerorrpace Protoire 

340, bob 1,200.006 2,806 
116.000 460.000 2.0!50 
42.000 192.000 1. BOO 

8,200 31.200 1.050 
1.720 9,600 780 
1,140 4b120 , 580 

960 2.800 146 
1. 000 3,200 290 

*CMOS chip with 0.010-in. Ni cover behind two plane a1 
thickhe8s. 

1 

Total Mieeion DaBe 
A143 Aeroepare 

342,800 1. 202,800 
U8.050 462,690 
43,600 183,600 
i ,  250 $Bo 250 
2. 480 10,3f(O 
1,720 5.d 300 
1,230 3,430 
1,100 2, $40 

iminltm. shields of equril 

Finklly, since soft CMOS and PMOS devices can experience ptoblrme a t  dose 
levels si3 low a& 4000 rad& shielding 6f these devicee for  a 4-year niisgion ehCluld ... 
tbri$ervhtively c6nsfst tif ar outer layer of ahiininum approximately 6.25-in. thick 
With tin inrier layer of lead itr equivalent fbil (0.02 to 0.05 in. 1 to further redrxce 
the bremgBtrah1ung coriq ribu, Con. Other sandwich combinafione 6f alun'riniiin end 
high-density metala can be uh sd effefitively but caution niuet be exercised. High 
d&h&ify materil le ape mbfe weightieffective in reduclw the QrfAnemieeion of tho 
ihctdeilt electron8 Bince a highet' fraction of the electr6na backfkatter out of a high- 
den iw shield. However. the bremestrahlung pr6duMion in a highsdehelfy ehleld 
ici grcllter than in a lbw-density dhield of thd game electron shielding effectlvenees 
by a factor of  apptoximately the ratio of the atumic ntimbere. fienee, the breme- 
str&lu!i& productidn isi 7.8 timete higher izi a lead shield than In an sluminuiil shield 
of the, sahie electtdn stbpptng pbwer. A eood coixiprorriise id shielding soft deiicee 
is to stop most of the idciddnt eie6troh6 in e low-2 iiiiiterial eCdh ire aluminum and 

70b 



7 7 1 I -N c 

tb follow this, if necessary, with e high-2 mMe-1 t6 btteaWttl tlta brehmst&ahlung 
phbtons generated in the dUter shield. 

The SCATIU eatelUte, which will he launched in 19'19 into a near-6ynchmnoua 
orbit, will car ry  a hieh-energy part i t le  spectrometer, referred to 88 the SC-3 
eltperimeht. One of the prifne objectitre8 of the experilhent is to define the ener- 
getic radiation environment in this orbit ita considerable detail and to determiiu? in 
near- real time the doee acquired by the payloads and spacecraft equipment. Tb 
deco'hqlieh this, the Ppectrsmeter will be operated contihaouBly and the measured 
differential spectre of electran6 and protono will  be used a s  inputs to the dose calk 
cbhiitisil code) deBcrib6d in thie paper. 

The epectrometei. i B  veiy l imilar  in desigh to one described ia ah earl ier  
papet- that HAS been stitcesefully flovn in apace four tinies on two low-altitude 
miasione. The spsctrbtxieter canBista of a &tacked mr&y of aurface-barrier $ilicon 
detectors eurrounded by an active plastic-Bcintillator. Passive shielding cahsieting 
of & x i  outek layer of aluhiinum and an inner layer of tungsten surrounds the entire 
a66embly to ehleld aeaidet electrdns with energy (4  MeV and egainst the associated 
bfemsrstraiilung. The stacked silicon det6ctorb are arranged with a thin (200-p) 
defector in froht to nieaeure the rate of energy loss by the incoming electrons, pt.0- 
tohs, and alpha paPticlel. S i x ?  these three pWic le  types have significaxitly differ- 
ent characteristlce in paasling through matter, the ehergy loss in the thin detector 
can be deed to unfqdely identify the particle type under analyei8. Behind the thin 
de/dX detedtor is an ar ray  bf five de tedors  that a r e  ueed tb  stop ah3 to fieastire 
the incideht energy of the particle under analysis. By arricnging several different 
cc"inati6ns of coihcidehce and bnticoincldence between the tw6 detector systems, 
different paz4rlcle types over a wide energy range can be analyzed in a tline-multia 
plexed mmner. The aetive pliAstk ecintillater fe alwaye ueed in anticoincidence 
with pulses in the main detectors and t h m  o'nly particles ehterin& through the nar- 
rb;w coilimatioh system sre analyzed, 

The collimator 18 designed to have a 3-deg field-of-vieb and becauee the eatel. 
Ute is spinnihg, pitchAangle dletribtitione of the particles will be obtained wlth this  
angular accuracy. The ope6trometer will have the broad energy c6v'erbge Hbted in 
Table 2. Elec'trohs froin 100 tu  4100 keV will be measrit'ed with 12-ehannel differ- 
entia1 energy reeolutlon. The channcle can be programmed in fli@M to cover the 
ehtire energy range o r  a lfmked enerm range with high-enerrg3r Pesoluttori. The 
flat 6f electrons between 3dOU to la, Ob0 keV will be meezilred in o differential 
channel. Solar prbtokib f ro& 1 tb 160 MeV will also 'Da m e ~ ~ u r e d  with l2-:i"nel 
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Particle Type I Eliergy fiange I Resolution I Comment& I I 1 

. .., 

Elect rbils 

Protons 

P 

100 to  4100 keV 12-channel Channel Widths 

1 to 100 MeV 12-channel Multiple energy 

>3mO keV ihtegral programmable from 
15 keV to 100 keV 

' mbdee required to 

r 

Alpha8 6 to 60 MeV 

1 

12-chBnr4 cirver energy range 

1 T I T 
'? 

eneraj. tesbliittoh in Beveral ilrffemnt mbaes of Operation selectable by command. 
Thhe, 811 th6 particle types ahd energy ranges &F tbnCem-td the radiation doge 
pr6blem *kill be mecIBuPed in this  dingle instrument. 

Table 2. SC-3 High-Energy Partiele Experiment bn SCAllflA Mildon 
Chacacteristies 

The capabilitiee of the SC-3 experiment tb resolve the fundamental diffetence 
between the  NASA ahd the Aerospace environment is illhltrated in Figure 4, A s  
nientioned ekrllier, the AE-6 model exhibits a much Bteeper fali-off bf the higher 
Cnerpy e l e m i "  than the Aeroapace measurement8 indicate. In the former cage 
this re&trj jxi~&,.+ally frtm a lack of experimental data above - 2  MeV in efiergy. 
A& Blibwn, the SC-3 experhefi t  will define in $reat detail the ehape 6f the eledtr6in 
spectrum out tb 4.1 MeV through the several aperating modee available in €he in- 
s t PuMent. 

Ih the future the clpacecraft delignerb will have a better definitiirn of the 
energetiC radiatidn envirbnment its iliput to  his lhieltiing adalphis. Until that dgta 
becbmds available, hdweues, he must design compbnent &hielding in 8 Codservllrive 
fnanner using the more aevere and adverse onvirodment Buggeeted by the Aerospabe 
measurement$. 
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AfROSPW SW%RONOdS SPECTR\IM 
COURTESY 1. 6. BUI(11 

NASA AE-6 i98U (MfAN FLUX, I . 6.6) 

pi@ire 4. IllustSatioh of the Vlfious Enerky 
Analysee that the SC-3 ~sperllrnent on SCATHA 
Wil l  Provide oh the Synchronous Orbit Electrbi! 
fimironment 
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