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Radiation Resistance of Solar Cells for Space Application

1. Study on the Irradiation Procedure of Electron Beams

Hiroshi MITSUIL, Ryuichi TANAKA+, Hiromi SUNAGA, Takao KANAZAWA
Susumu TANAKA+, Yasuyuki HARUYAMA, Takashi AGEMATSU+
Sumio MATSUDA*, Takashi NOGUCHI*, Takashi TAMURA*
and Masanobu TSUJI*

Department of Development
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken
(Received June 12, 1989)

A 50-ym thick ultrathin silicon solar cell and a 280-um thick high
performance AlGaAs/GaAs solar cell with high radiation resistance have
been recently developed by National Space Development Agency of Japan
(NASDA). In order to study the radiation resistance of these cells, a
joint research was carried out between Japan Atomic Energy Research
Institute (JAERI) and NASDA from 1984 through 1987. 1In this research,
the irradiation method of electron beams, the effects of the irradiation
conditions on the deterioration of solar cells by electron beams, and
the annealing effects of the radiation damage in solar cells were
investigated.

This paper is the first one of a series of reports of the joint
research. In this paper, the space radiation environment which artifi-
cial satellites will encounter, the solar cells used, and the experi-
mental methods are described. In addition to these, the results of the
study on the irradiation procedure of electron beams are reported.

In the study of the irradiation method of electron beams, three

methods, that is, the fixed irradiation method, the moving irradiation

+ Office of Advanced Technology Project

* Tsukuba Space Center, Natiomal Space Development Agency of Japan
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method, and the spot irradiation method were examined. TIn the fixed
irradiation methed and moving one, stationary solar cells and solar
cells moving by conveyer were irradiated by scanning electron heams,
respectively. On the other hand, in the spot irradiation method,
stationary solar cells were irradiated by non-scanning steady electron
beams. It was concluded that the fixed irradiation method was the most
proper method. In addition to this, in this study, some pleces of in-
formation were obtained with respect to the changes in the electrical

characteristics of solar cells caused by the irradiation of electron

beams.

Keywords: Artificial Satellite, Solar Cell, Siliceon Solar Cell,
GaAs Solar Cell, Space Environment, Radiation Resistance,
Irradiation Procedure of Electron Beams, Fixed Irradiation

Method, Meving lrradiation Method, Spot Irradiation Method
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1. F5

Il

18574 10 A, MARMOATHE XS~ 12215 | 15 Lo h T L.
NFERBEBL TS, O, FHHERORERIAEFI L, kv 2xEPHHIT,
4,000 f ATHEENT B EWFonTn3,

HATHE, 1970 2 A, WEXFFHMEHRD [BEOXRY - THsrmE
(FHIIY, BAMDATHE TB88IS 1 0D ELETCEILE, F0O8%. BA
DFUHBHREER RS ARG, FHMEHENE FHAE X 1968 FURTEINZE
HOHAPBEM (NASDA : National Space Development Agency of Japan) &
K-, #E 19 FHZ 4 BOATHESII5 LFshTn5, BETIE. NASDA
2, 3RADODEETY y PH- I RX > TAROHARBHE VR IS<5E (ETS -
V) 1% 1987 SF8 HIZiTBE EiTTEBD., HW. 198852 H 9 HIzlE, HAFOEA
BEHETE<H635-a (CS-3a) |2TE<{H63E-b (CS~-3b) |0k
FEFREILTVWE, IN60E-T, 21 ROBIEHERFTS LTAENZET 3 4H
EOT e FH-TOMRECAEZHESESN, 19298~9 A0 THHRR&EEIA
(ETS-VI) ] OHBETFZEHRLT. FECHASEDONTNS, T, 10894
2ARE. FHEE, FT—oSHBRENETEE 12 SRYHERA THTIED (EXOS
—D) | DB EFREBILTnNE, 612, 1989% 3 A, AABEHEN. BAW
ORBFHAAEHEELLC. kHL 2 ~X - 27757 FHBHS-IBHOTIC - S
AT-11%, 4HEXTFO7-V-—HELETEy¥—056, BHFHEL (ESA :
European Space Agency) D7 U7 4Rl » M2 KXo THS EHFTWS, BT,
6 Ak, FHAFY. MHRORMMHBEHE I A—N—N—-K-A| CKkE7+— K
LT RAR—A4E) 2. MU LT 206, PUTP 484y PRk - TH
B ETns,

B4, NASDAW. #i5&BE4% (GMS—4) | & [EHBMESE 15— b

(MOS-1b) 1D4TB EF%R. THhEN 1989 £8~9 HE 1990 £HHI FELT
Wb, IN6ZRDT. HE, S<OATHEOBMREY, NASDArFHHCBWTHE
HOENTNWS, ¥z, LHRORM2ZHE. ThENTJIC - SAT-2 ) & T X—N—X
—K-B | 0f5 EF%, THhEN 1983 09 AL 10 HEFELTWS,

o, kEOMEFEHES (NASA : National Acronautics and Space Ad-
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ministration) | B OKR > THEDTNBFHERAF — Y a VHBE BV, AXDE
B¥oa— LT JEM (Japan Engeneering Module) D8{ED BALDOBRBEICA - C
W3,

COEIRFHMAROERC A - T, ATHER, EFTTTIIAREL. ABE. %
BE. PORFPLEANDERBELLHRLCWS, 20D, ATHEKNERTH
H e RBROFEHRBIBUASHFHOEIZIERCHEEL, COBXRZHEIEISHELIrOS
BEHOHH - BRILHETILEND B,

CRETCRABEVONTESBOATHER I ->T,. FTHRECWMI 3HH - BHTH
TEELOBMPERENTWS, LI L, FHERFPRILDHETEIHH - BROHSE
BELW, -7, LEOERZPEEZIATIHEOHNECE. FULHREhEZHH - &
MOFHRBEE BT SHEHOTERUEZHMT 52007 —20FEBLETH S,

FHEMTENWT, ATHESEET 2 IR TR, BHE. §E2%E. BXULL
GBROBEY A IV THE. ATHEOHH - BRHIOMFHBENAL., chonBs4HE
WEHBUTFHFML 2T 62y,

HARBI B FHEEZHERLULLFMRAREEN T, EHELWZEZILNTWVWED
W, WHEHBHCET LD THE., TOHBELT, COFBFCBTLHEFNEEID
WZ . BRBOBHNEROBVLEONTEY. HEI &4 CEHREHARNTER
WZ EREBETONTWSE, T6K, ¥HERSFTE. TOREBT X35 LB#E1Y
BEEINTHRWIEHMBNGHOFMZERECLTVWE RT3,

ATHBCHEHTZHE - BRODT. EYFVAFLARIRZNVY -2 B TIHLD
DEBLEEEX S ERERORXBEMCEI S ERR T — ¥ PMETILEBCEETH
5. KBEMOBBHREFHERARI. ATHEOGEA L HRAL P PDEEDTHS
B, CRETETR. BTR FUoR hHIR8REPBELUTERL AR TH,
HEBRABOFMLUILIT> T, ChiE, ChETHERASATEEABRERSSY
a2y (SiBREHEURE 200~300 un EOHBNEWHDTHD . O KEEBIEN
MRERIINASAE D x v PHEEMFEF (JPL: Jet Propulsion Laboratory)s
['Solar Cell Radiation Handbook ] ' EULTARLTEN., HATE., FOAHK
KREEDRWICZHRET SR TFEFHRAE L THEHTESEENTWREDTH S,

L»L. NASDAN, MEHENZRELOBRELLLPEPRILRETEEL T, Firzk
BAR LTz 50 wn BOYY 2 @RABER (Si-5080) & 280 nn FORALY Y 74

_2_
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K& (Ga As £V) &, SEEMHEEHh,. HRPCHHEERBUTCWSE2, NAS
DABHATEOMBMHEBEEZHMT 20BN E -7z, T2, KBEEMOM K H 4360
ABU BT LIHHEFHI AN —RE-THESTED, BRBREAETHITEILELH
Ta&rk,

FZCT. HARESFDHER (EH) E*NASDAWR., Cokd nfHES»med 57
., ABBHPMOSF o XA REDEEEEFOMBHBHET 2 HEAME MG
GRFOBERFECETIWR ) &, 10844FEN,S 1987 FEF T, 4FHE/KL 2,
COKEHRTE., KBEBHRICOWT, ETROBHSHA. WHEHEHFFMARELR L PR
HU., XA RMENRUFMARLE LRI R2HME LTWE. ZOHXFEH
FIZE - THShRERE, B, 8FESC. Theh [ REFERREBER) 25 &
LTEeHonTnd, £, Si-50EN%7 ¥ Ga As I ° OMEEEH T 3
WRERE., shEnAncEEchtrns,

AHEHIE LEOHFAHARTHONTHRZEANCHITL. 23R HME
LTng, Colksdh, BIBTR £F. ALGSERFABBEBSFHI BN THEET 5K
HARBECOWTHRARS, &WT, FFECEAUVZABER. BURSOBHE, BXU
BERHUHOMEN L >WTERT S, 0%k, IMFECERLE TETREHHEO
B KETAHEEREOWTEHET B, |

B, FHENASDAOHFRIWERL BV T, EFBEERLZABELCHET 2HE
HHE, OB THB,

19844

(1) BYTROBK Hk

(2) BEFEEED 7 Ly XRKkHFH

(3) BFHHBEEOT X LY —&irth

(4) BYREYU-HOBEESME (1]

(5) BFHREGO7=—-NGR (1]

(6) EFSEBEEROMHEM (1]

(7) BFHED 7 VL2 ZBIFEHE

19854

(1) BFREN - BOBEBEME [T
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(2) BEFEBEHO7=— R[]

(3) ETHROHEHEKRHN L HERN T X388 K
(4) EfHRESOBRERK

(5) BYREBHABBMO K517 1 A {EEHR
(6) ATHRENEROFHEME [ 1]

19864 &

(1) BEFRBEORENRBEEFH

(2) BYFROVY—XBHR X2H89R

(3) HBLREIHEFRANABOEE

(4) BTHEMHE®RDO T =~ LR

19874 E

(1) Ga As ¥ VOREER

(2) Ga As 2oy — TR

(3) F=— L ROy



JAERI-M 89—-085

2 . SFEEOHRSIFRIRIES

FHEMEBWT, ATHE NSRBI 2TLBEERTFE. AEE. SH%= s,
BIUPLVWEBORBEY A7 LVTHSB. INSEMRT, 772Xv, FHE., ETHREE
RENXoTHBATHEIFER TS, 6K, ATHER, 5 LT, 68 W
HE, RBREDAPVAZRTE, ATHEAGOARE (RF+ w72 M) 21
AR (REY) CEFEINZLEERI. ChooRERTFICHERESNS, KETH.
CNSOBRBERFORT, ATHEAABELSEAET 3 HRBRECSDWTRRS,

MEGESORNBRIEL. EOoroRB 2EHEINA WS, T2, 1984458 HioiT
BEONEHBLEAEHR3IS T0EHN3E (GMS-3) | OFHBENTE (SE
M : space environment monitor)iZ X - THME Nz 1 BrllEDOB TR (>2.0 MeV), B
T4 (0.8 ~100 NeV), BEUaff (8~370 MeVDRE 7LV AN, [ETFIEWHR
MREHEYLZ—n56 T Monthly Report J e ULTHAREINTWVA,

FHEMCBWT, ATHESEET I ERANRIE. BEBERCHR SO bRk SHE
REHEE, RERXBI7LVT7EHCASHTHAR (KB L7 RER) . BXU04ED
WA FHBRTHS,

2. 1 M hESUTHIZ WH R

HWEHIOFNEFREACEL>T. HFRHEENAEREN, F—F Y RITHEKZIRD &< K
HEWH (AT VUFR) BEEENTWE, COBRRBHROETRESIT. BRZ2ATLIE
FEBFTHE., AHTR. CNSOBRBEOWTHHL, KWTHRAMIEHES
BERL2FRIEM LNV BEF 7L ADERT DN TRAX S,

2. 1. 1 HESHREZE TR

T RIVF —HE 100 keVEl LOBBRHRBHBTEORTRIE LBEES 10 RelRe :
WD HEFE (6,378 km) ZBA L T H5MHOTLE6OESE] ORSBEOAMIZE T
EoTED, FDERIEIB8~11 Re DFEBTEHLTNSE, TXUF—D1NeV LU ED
WESHEESRO TNV ARDS4 % Figure 2. 1M RT, CORIZRLELD
W, ESHEREFRTNE 7TV REDGSWERN 29D, AR B IUEAF LHITN
T3, HREAHEKHAHORTIT 1.2~2.8 ReOBEBTH N . ASOE®RIT 3 ~11

__5_
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ReTH D, IHEAFKBIZLEZNLT =W 1INV U LOBFHRO 7V AEKDE' —
d, TNEFEN 1.4 Re 4/5E 2 4~5 Re D&M HZ (Figure 2. 1) .

AFE. REKHREINTVWIETREEHRRBLEXONE2HFMOEVWETHRIT X
S THEEINTED, #¥ECHNLEKCTHIS. Lerl, KBEPHRARZE DA BOHE N
HRELPOCEFVRAMRIARTINZIOT, BRISHIRBHEEH I, = 2bF -2 250
keV LLEDBLEBBELE 107 ercn?es™! DI NE Y AL THIHFAELTWE!,

HEKHERRBTAFOETRO VIV ARERDTEFNKCIE, AES L 15 16
CAEG' 5 HBHE, NHETROINIVAEKDEFIVE LT, KIBESHLEDH,
MM (period of solar mininum)iIZFAESWHHEETNTCWBSAESMI NAFIFT X,
ABEHEES P ERRIAM (period of solar maxinum)iJAE 6 thDAE 6 MAXMBFIHTE
5, ¥ AFETROI VI VAL RZRDTEFNICE, AEL 701219053,
COEFNZE, KBESOSHRARBMOAELI THI & KBREHIBECLRPBOAE
I17TLOD&®N. AHEBTFEOI NI AEDOEFIE UCHATE 315,

ING6DEFNVE6, LBHOI X VX —DBEFRBPERIACHEINTWBEZ 2 6S
P35,

WESHEETEO 7 VLY RLIBRER E > TEEL, RREREEY 3 ATHLOM
HOTZ VL RERHE, 20D 220DR3%FHITBMBIT s 17, GHE 35,794
knm (BXE 6.6 Re)DKE L FOMBKFEHHERE. TabsH-HENHE T, At
160 BAHED 7NV REBESHEHLS . 3 NeVU LOZEX VX —DBFHRO 7 VLY 2R
d. TNV AEPEHEWER 10 EMAEOFREEKRLTCELF 1HELEW, LD
U, BZEAETIATHLEL. B BTORE2?EAT 30T, HERLSBIEETED
FREFEHEINE, -7, BEZLZEBEFRO7 VIV ALDOELRE, AEEROS
B EALEERE R RN,

T, BESERBEEFAHOETRO 7 VU AR HBOBKEKL X » TEL
U, KEEB#SSHEMT 3 NHEFRO 7 Vb BB EHMcbE: > cigmy 31!,

2. 1. 2 HEISHEBTIR

TRIVF =4 MeVL EDMBIHBIERBFRO TN LY REDN A% Figure 2. 214
KR, HESHREBIROTZILY -, SEOEME EHITETFTT S, hiT LY
—OEIWRBFROI N AEDEWERIT4 Re LNOHEFELZHD, 700
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VAEDE— 732 Re FHETHB (Figure 2. 2) , BT L¥—0BFRIE. €5
WHEKIES KEDPLTED . 1.5 RefHER N TV AROE—~ 20355, —H. XX
¥—OBEFHEMKFAPGERBENE LI TOHBLTNBIS, COBRBZIL2 NVl EOT
INVF-—OBTRIBEEFELRW,

WEIHREBEFRO 7LV AEZEDTEFVICAPE ' 15 208K 5, COEFIV
. ABESHSBERRPMEBYr REMO PN R4 ENENHIGTZAPSE
MAX*APSMIN® DN, RESHEBIRO7 VL REDEF NV EUVTHATE
518,

INGCDEFIHIG, BROLRFNF-DORTESBBITHRENRTNEZ EXaH
3.

REAHEE FEOKXBREBC 4> BLEBRBMI AT zN L,

2.2 XB7 L 7HHR

BAL, TOBWENE—ILEL, TORBKAIIERL T, BO»SBBHLACESR
BRI L, AERKB7LV7ORERE 10 2LARZ, @R UX¥ -0 FHNER (KB
ZUVTRAR) ¥ R BUHEKOBMEDOA —~ISHETHRIEENSE, ZOHRHE
. I~3HOBEABEBES. NTRHBOBREN T, TTH. BTH of.
BIUFHFFTABOGHEBROEF# (C, N, ORY) HEBTH2Z. ETHROLE
NE—3 100 keVRie TH 2., BTHECE. HBOBRMFOAIPEEESEITAZPCA
(polar cap absorption : BEERIY) XPENDZZRIF—05 100 keV~10 MeVOIE T8
. KBFHBLEREINZ T XN F—H1MeV ~ 16V ODBETEBETINATWLS,

HBECHAETLZEKB 7 L7 BEBEO VNV U ARBIFT I NX —ART B Lid, Bl
b RNVHBEETRTS. KBV LV7ORLBELFOHET THI ZRANTD
NTWBEBEIL TN, ATHECEMABYIMY 1 FLl EoE4, BRI AKEWKE
TUVT7 BT EREPAREVDT, AFEHABRDABI V7P oRETBHTHHBEO¥
BRIThEEETR S, EAYBAEVWATIHEORALE. EFCASVWARZL
TrBBTEHARAL. BFHEDABIL YL oDN T HRNENEEIRS, Ly
U, HABMSENATHESAFTCAEVWAB LT CEEL2WE WS R T,
RECAZVWABZLYNISRIEREIBZERELEED, KBEAMH21 (1978~1984
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#) OMOXRB7 L7 EREETIBTROFMI VI RO THM (EEE: 90 %) %

Table2. 1*YZRT,

2.3 WP F&EK

HETFHEE, ABRATRLEL TS 102~102° NeVOBZRIUX—HNETHD .
EBARBOMBEL. UMBRPRSABICCNCHEL 2R ARRY, HERHETE
MET3, #-0., NFEHEOBRESI T, BECX - TL£ETE., AKD LB ED
WHMFHBEOERENTB TR (798 Lai® (20%) TN, ZhoIBREOERN
EEXEDHERGOEEWTH S, ARFORMFHBTIE. BF. d#F. ~dlF. o
FF. BT EFREPORBINTHHEBE ARZIONFHRHERNEEGTATWS, #H
FHBEOZZMXF—TELLAREW, LIAL, BORHBEHEL T, 7120 XERE
ALALSENTVWOT, EHFHELABELME S X 28EHE T, aEEHIh T
51,

2. &4 FEFMIMeV TAIT R

UESREZEIC, ATHEHABELML, RHIEWTH OBRBIT X > THEEY
23, UL, ERHWCABELCEEZELX 300, FL UTHBREHEREANE TS
%,

2. 1HTRRRZEOSE. FEBEOI XV —-0BFH B FESBRKICHRINT
WE, CNSOBEERPABEEMC S 5880, BETAFTEZEAHTET 2 HER
DEFTI>THFAOGNLEELORETELENSZ., CORD, ABEMCIBER Y
ZAEHRDTINF—OMBRBIRENBROFH 7 VI X%, AUESRY5X38ET
BRHZBOoNZT XX —F 1MV OBFROZ VI BET 3 HESThOhTW
5%, COBEBEFMOF2NEITVT, ATHEORHEFETZ2HBROLINF— Db
BRBRANBY 1 FRC S X 30 FAUEBERABEROBESEM P S{EE 22 KB
BHCEEANT S LRILF—H 1MV OBRFBOT VLY X% [ FHS L MeV EEF 7
Jbx 2 A (annual equivalent 1 MeV electron fluence) ] ¥R 2T 3,

2. 1. 1 HTARLEEFINAEG6MAXEZAEITLO, BXUAPSMAX» 5
SNEFAHLEEZOBAOGEOMBBELFETIHAOT RN -OHBIHRETHRS
B FEPBAMEABELD TY¥HERIEY. T RO5BKREE (Voo) . EHER
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{(Isc) . 8LURALD (Prax) K FXSHEHGT R HEBEMI MV BT 702
A% Table2. 2'5WRY, Table2Z. 3'5ik, &E 35,794 knD#E 2 OEMAOM#N
KFETSHADL 2 VX —DHBIRHEREETRE B RN KBEDD Voc, Isc. B&
FPmax WHEXBFHCHIET EFMEMINY BEF 7N XTCHBE, IhH6DOERK
k. A NA—H S AOMAKBEM (Bare €)l) . BXCEHENASDADRFTFRL
BWTHEHLZEBEMUEA (152 pn)D I N—% 3R (3. 3. 1) PEACES
Ui KBEM (CGEL) OWTRLE, Table2. 22 2. 301 MeV BT
TN ADOEBKE, BREAORTEREEEENTVWS,

FHEBWTABERIESOBEER 52 3BFEOIR LY —ITE< . HBMY -2
BEZRATE, PO ECBNWTHENBSSLBONIBTFHROTZIVF T 10 HeV
TH5%%, £-T, Table2. 22 2. 3RXRULEBFHOFHEM LN EF 71
A, EROBEFMHOICETNC, O X NF¥F—DhRSHERBFEY 151
R5Z5HLERAUBENABEMORSEM Y S LI L ABEBEEAAN T B2
WX =4 10 NeV DIEBFRD 7V R, Tizbbs [FBZSM 10 eV BFI LT
(annual equivalent 10 MeV proton fluence: @ iomev-p) | KBEL., TO T LY X%
WA

®imev-e = 3,000 ®iomevop (2.1)
W o THRBFM I MeV BT 7NV (Pimev-o) WREALTH B, 2ORIE, KB
BHWOEIKFHOETRIEB TFRIA L Z2HBRATE-DDOEURTHESZ., TEZNLF—
A0 MeV DB FEZRHALULHORKBEMOEISHHOS MBI, =2 L¥—211
MeV DETHOFEDENE RS, -7, R (2.DOERKIE. ABELOBSKHOE
TOBEBILE->TEARTSE., LRAOFER 3,000k, XBEBOBESESEN 25 3 EFLE
BOTERTH S,

T RIF—H 10 MeV LITORT RS KBEMODO Vock Pnax WHEZ 3 HLOREZE
BFLWS, IscODEREHELTLRDKREN, -7, BFROBAITE. Vock
Pmax X IscOFHEFMINY EF 7N AEZHBECRLTHB. EFEEL R
¥— 10 MeV LI EDOBFROBEEE,. COEIRBEEIFDH NN,

Table2. 20MBEREMAOETAHELELEZRATIIATIHELEORHETHY, BE
A5 35,794 kmDIF AL, Table2. 3DFEHAOFEOMBBELFAL OB ILHERBE T
B, #-T, Table2. 28 2. 366, BEALREEZRAT S ATHECHASNS
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152 wn BOHR—H 5 A EOABEME . B TR E - TEE AL RER S 12
WIEHRPSE, I 2. 1. 2HTHERRISK., COBEOMREICIT2 NeVLL
LD FZNF—DHBRHEHEE S BUEERE EFELRZVOT, BTOBETESIN-FS
AXE>THIEENB3 D TH B,

%8, Table2. IDEMA 90 BEOMBEZRHETIATHEL. BREFHETH S,
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Table 2. 1 Estimated annual integral proton fluence due to solar

flare in solar cycle 21 (1979 ~1984)1?

P roton energy (MeV) > 10 > 30 > 60 > 100

Annual integral proton i.7x10t° 7.9x10° 2.9x10° 5.6x 10®
fluence (prcm™2)

Table 2. 3 Annual eguivalent 1 MeV electron fluence for the electrical
characteristics (Voc, Isc, and Pmax) of solar cell due to
geomagnetically trapped electrons and protons in circular
orbit of the altitude of 35,794 km'S

(Models: AE 6 MAX, AEI 7 LO, and AP 8 MAX)

Annual equivalent 1 MeV electron fluence (e~ca~2)
E lectron P roton
I n- ‘
cli- C haracteristics C haracteristics
na-
tion Voe, I sc, P max Voc, P max I sc
Solar cell®? Solar cell®’ Solar gell®
B are CG B are caG B are CcC G
0" 4.35 E+13 2.48 E+13 2.65 E+17 06.00 2.39 E+15§ 0.00
1'0"° .83 E+13 2.1% E+13 1.76 E+17 g.00 1.61 E+15 0.00
20 2.62 E+13 1.41 E+13 8.64 E+156 0.60 8.11 E+14 0.00
3o° 1.65 E+13 .80 E+12 5.60 E+16 0.00 5.24 E~+14 G.00
4 0 ° 1.22 E+13 6.56 E+12 4.31 E+16 0.00 4.02 E+14 0.00
50 ° 1.00 E+13 5.41 E+12 3.58 E+16 0.00 3.34 E+14 0.60
6 0 ° 8.89 E+12 4.81 E+12 3.21 E+16 0.00 2.99 E+14 g.0g
70° 85.21 E+12 4,44 E+12 2.98 E+16 0.00 2.77 E+I15%§ 0.00
80" 7.88 E+12 4.27 E+12 2.86 E+16 0.00 2.67 E+1¢6 0.00
90 ° 7.84 E+12 4.24 E~12 2.85 E+1& 0.0¢0 2.65 E+16 9.00
a) B are : B are solar cell withiout cover glass.
c G : Solar cell with 152 u m-thick cover glass.
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Table 2. 2 Annual equivalent 1 MeV electron fluence for the electrical
characteristics (Voc, Isc, and Pmax) of solar cell due to
geomagnetically trapped electrons and protons in circular
orhit over the eguator (inclination = 0¢° )1S

{(Models: AE 6 MAX, AEI 7 LO, and AP 8 MAX)
Annual equivalent I MeV electron fluence (e-cm-2)
E lectron P roton
Alti- C haracteristics C haracteristics
tude
Voc, Isc, Puax Voc, P max I

Solar cell®’ Solar cell?’ Solar cell?®

(ka) B are cC G B are cCG B are cCG

277 0.00 0.00 . 0.00 0.400 0.00 D.0¢

453 1.14 E+07 9.51 E+06 0.00 D.00 0.00 0.00

5355 4.65 E+07 .41 E+D7 oD.ao 0.00 0.00 0.09
8312 3.03 E+D19 2.95 E+089 2.87 E+12 1.90 E+12 1.91 E+12 1.61 E+12

1,111 4,92 E+11 1.58 E+11 3.88 E+113 2.79 E+113 2.66 E+11 2.25 E+13

1,481 7.25 E+12 2.91 E+12 1.27 E+14 2.26 E+14 2.11 E+14 1.69 E+14

1,852 2.49 £+173 9.32 E+12 1.48 E+15§ 3.65 E+14 8.87 E+14 6.62 E+14

2,315 6.03 E+13 2.44 E+13 6.51 E+15 3.8% E+19 3.55 E+11% 2.39 E+1%

2,778 9.80 E+113 4,08 E+11 2.11 E+16 1.16 E+16 1.07 E+16 6.61 E+15§

1,241 1.26 E+14 4.99 E+11 5.17 E+L6 2.65 E+16 2.50 E+1%§ 1.43 E+16

3,704 1.46 E+14 5.3% E+13 1.09 E+17 4_.77 E+16 4,92 E+16 2.47 E+16

4,167 1.64 E+14 5.57 E+113 2.35 E+17 7.82 E+156 9.79 E+18 3.76 E+1%8

4,630 1.73 E+14 5.59 E+13 4.26 E+17 1.08 E+17 1.66 E+17 5.02 E+16

5,093 1.70 E+14 5.31 E+113 7.089 E+17 1.36 E+17 2.55 E+17 §.07 E+18

5,556 1.53 E+14 4,71 E+13 1.08 E+18 1.53 E+17 3.57 E+17 6.66 E+16

6,482 1.11 E+14 3.21 E+13 2.51 E+138 1.59 E+17 7.09 E+17 6.64 E+16

7.408 8.00 E+13 2.24 E+13 4.93 E+18 1.47 E+17 1.21 E+18 5.94 E+16

8,334 6.39 E+113 1.90 E+13 8.40 E+138 1.21 E+17 1.80 E+18 4,77 E+156

9,260 4,90 E+13 1.74 E+13 1.28 E+19 9.26 E~+16 2.45 E+18 3.58 E+16

10,186 3.81 E+13 1.72 E+13 1.79 E+119 6.40 E+16 3.15 E+18 2.41 E+16

11,112 3.63 E+13 2.11 E+113 2.26 E+19 4,18 E+16 3.60 E+18 1.57 E+15H

12,964 6.96 E+113 4.97 E+13 2.83 E+19 1.25 E+16 3.49 E+18 4,538 E+15

14,816 1.00 E+14 7.36 E+113 2.71 E+13 2.86 E+13 2.96 E£+18 9.53 E+14

16,668 1.47 E+14 1.08 E+14 1.66 E+19 2.71 E+14 1.27 E+18 9.50 E+13

18,520 2.04 E+14 1.49 E+14 1.01 E+19 2.67 E+113 5.95 E+17 9.18 E+12

20,372 2.19 E+14 1.60 E+14 5.40 E+18 6.27 E+11 2.87 E+17 2.13 E+11

22,224 2.18 E+14 1.58 E+14 4.57 E+18 9.53 E-01 1.3%8 E+17 4.60 E-04

24,076 1.89 E+14 1.36 E+14 3.29 E+18 0.00 6.50 E+16 0.010

25,928 1.57 E+14 1.10 E+14 2.22 E+138 0.00 J.06 E«16 0.00

27,780 1.32 E+14 8.96 E+13 1.606 E+18 n.on 1.74 E+16 0.00

29,632 1.09 E+14 7.1% E+113 1.21 E+18 0.00 1.21 E~16 0.00

11,484 8.96 E+13 5.74 E+113 9.40 E+17 0.00 8.7% E+119 0.00

33,1136 §.71 E+13 4.0% E+113 6.86 E+17 g.on 6.01 E+15% 0.00

15,794 4.35 E+13 2.48 E+11 2.65 E+17 0.00 2.39 E+19% 0.G0

al B are B are solar cell ®ithiout cover glass.

C G Solar cel! with 152 m-thick cover glass.
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Figure 2. 1 Fluence rate distribution of geomagnetically trapped
electrons (>1 Mevy):*

(The unit of number in figure is escm~%-s-1)

0 0.8 1.6 2.4 3.2 4.0
EARTH RADIUS (Re)
Figure 2. 2 Fluence rate distribution of geomagnetically trapped

protons (>4 Mey)'*

(The unit of number in figure is pecm™2-s5-1)
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3. XBSEEM

ABETHR, CREITKHHRINFERASNTEREHEAIY I KBEDL (Si £BE
fh) Cir Vo LAKEEDL (Ga As KBEEH) OBE, BIUVEMENASDAOHR
FHAECENTHFHLEZAKBELOBEL BIHHIT W RS,

3. 1T FERYYYUIKBE;

FHAST KBERZ, FHORNERBCBY AMBANSHEREELT. pRAY Y
CVHEESO L n RV AV ERRT 0 on pABETHE. COBBOXBEERT
G nfidLbsRAEELA. pMI O EAERPZERC UABEESLETS, p
REROAMMIE, EF. WBF (B) BEHENS, EHAEH2Q cn & 10 Q- cm DA
BB EHENTHNEH, 10Qcn DEBDHBREHBHCBENTWE, nBEBROT:
HORHmE LT, BT, % (P) BEHShTWB,

ATHETCHEMESNE ST KIBEMICIE, 20X aF il (conventional) #, =
HEFRBHR (BSF : back surface field) &, EWiKHER (B SR : back surface
reflector)®, EHERYDE - XHEM®W (BSFR : back surface field and reflec-
tor)®, BT Zw 7€ (black cell) OSHENDE, CNOSOXEBILOEEY
Figure 3. 1% ZxR7¥,

AR aF VRS KEERE. BEEERETHI3NERBESBE OT, BT
BrAEERHER TN RN,

BSFES] KBEMWOXREGMOBER I VXU aF RS ABEBLHUTH
D, RAREKRLAUAHMZEAHLID SRECEALVLZBSFREERALTCWS, BS
FEEEZ XOBRTI->THEEACREL, ARERCERLUTREII BT v ) YOt
THMz RS TEARM > THBTEI3MEFRT B, COBATM > THET I
FrUVYREARBETREZNZOT, KBBEMoTHSESm LT 2,

BSR#ESi KBEMLSE., FAMOBHEI IRy aF W BOFheHELTHS, L
L, COROKXBERCET, REEOXZEALSNFN I ERE (HEKHEE)
MTTHs, EREDEIR. BEFf - FANEREIERIRETO+DRIZINF— P -T
WRWHSEROBRER FRTE50T, KBEBRBIFILI VW, EHECRHEhEE
BREOKXBRES SHEENZ0T, APEROBE LASBToNG, “OBEEE, 7
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WI=gh (A, F82 (Ti), X5 Y95 (P, BLXUCR (Ag)RBEL#EE
ZoTWsd, COBEIAREOLOGEASNTAMCRHEE, COXVEALHTET-T
AN RESEHOT, KBELDOEBRPHESmMET S,

BSFRES) XB®EiiE. BSFAESI ABREhrERmEHERYEA L KBREMR
T&dh., BSFESI KIBEMEBSRES KBEEROBEXAbEH T35, 3.
IMMTHERBZIIW, EHENASDAOHFAWMRELBWTHHALZ28HOST KBE
i, WIheZoOROKBEEMRTH S,

TZw el $ROHLBREMMPABER (textured surface solar cell)ik, BS
FRASI KBEBhOERSEZmMETEZEHR., RACEELRZEZ I v RRDMMEE
ERHRLEABRBHTHS, COXAEET L > THORIRGR N m T35,

3. 2 FEAMALT ) D AKEBE

Ga As ABEMZE N UTHEHALTWAATHER. 198852 H2 9 AICITS E
Wonl:EHAEHE TE<5638-akb (CS-3a+3b) |DATHS, 2hb
DATHELIE, KM THRRBEMENASDAOHFAFRLBWTHEHLZGa As X
BELMSEHENTVWS, COXBERE, BNAHEMYZDOBREI TR LT 22D
W, NASDADBHREULHBEHB|ECEBNL - XBELTHZ, TOMEE% F igure
3. 22 RY. CORKARLEESK. Ga As ABELIX, Si KEEHERDY ., n
REMOLCPHERPESBEEESEZp on nAEETHS, COREOKIBEEM I,
plis OB RAERZIE. nMIRbEEAERP AL LIARBEESET S,

3.3 HAHABEBh
AHTHE, FEWHENASDADKHMFELBWCHAL2ABEROBE> 2OESH
HIZDOWTRA S,

3. 3.1 @
FEHENASDAOKMEHFRTIE, 200 wun FOY a2 KBRER (Si-200 1) #
SFEAEHL UTHW. NASDANKMENSHZZOMFTHEEN. BEBLIrREHK
L ZZB LU TBHRELRE 50 we EOY o @M KEEM (Si-5080) & 280pn
EoMiF oL KBEMR (Ga As £J)L) RHEHLEZ., BRI, 8TREZENS2 cn
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DEHHTHB. Si-50ENE Si-200 NI, Pr—THRL2UAWTEY, WFhe
Figure 3. 1Z/RURBSFR (RAERDR - IHEE) BSi KBEEkRTH 3B,
Ga As YIVIEZEEBKRALHRTHD . TOHEIFigure 3. 21RLT,

FNENOABERIOVWT, IN—FZZADENED (Bare V) EXKE 150
pn EDANR—FZ7 A% 10 pp EOEERTEELRZLD (CGEIV) o2& FHFEM
U, o T. &R, Si-50 (Bare)E ), Si-50 (CG) €. Si-200(Bare)t
. 5i-200(CG) £, Ga As(Bare)¥ b, BXUFGa As(CG) o6 MmHEICK
%,

Si-50€ )& 7 2373 2 Ga As B2 BAROEFNEFhOBET BT 38 E LMK
HEUHORBEEBIVHERIIBEZTRINTE) . BHRAEAPEIEL TRENEES
LTwnd,

AW AN—HZ2F, EVFr Ry R"—%2 -x)bv— (PPE) #8808tV
74 (W) (Ce 0)%5 ¥EHIBY—FLGKHERBIEYS X (PPE-CMS) ¢. 1
BIHRALUAPHER LU EFUERDOAN—H I ATHSL, TNHEDIN—F 3 XDOWEE
BTabled. 1RRY, Bkt DA (N) I, KRBT IXEIN—FS XDREH
EFBEHILHEMENTNS, ->T. THEDIN—F 3 AOXEBEZE DWW,
WINLEBFHRBLC yBOMAT L TERLEDP -2,

EEARZ F7a—=I7HRODC 93-500 ZEHLE, COEERZ Y 2T
Abv—ThHEN, TOES WHREOFMIFTHTHSB,

3. 3. 2 BRBHH

AIEHTHRAT LS, EHENASDAOKAMECSVWIHALZABEMIT, Si-
0k, Si-200 BV, BXUGa As EIVOFNENBare YL ECGEILDEMET
b5,

193~ 1MTHFE D 4RO ERF R BN THEA LR TOXBEERIC>NT, 5&ETH
REFEL X ->THELVZBKRERE (Voo) . WEER (Isc) . BAHES (Prax), B
JUHBRHET (FF) OBFEHOFEHM (Av), EXEXE (o) D3E@E (30) &F
BECT 53 clDHS. BAM (Max) . B/@ (Min) \ BXUVKSEEEOFNE
NOKBERDOEFREE Tabled. 2~3. 4RT,

Table3. 2~3. 4RRULIEESL, BFEFEALVREABELO VoD VHHIZH
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TE33cHOEARA LT THD, IschHFNITY ILITTHS, LI L. 1985F/IC
FHHLUESI-2000CG) €D VocDiE/MAR., MOFEBXY Bare ILOFN & K
UVTEHEIZEW (Table3d. 3) . £z, Prax OEHHEICHT 23 ofioHSRE. BE
IZAZWE (18.4 %) #RULTz 1987 FEDGa As(Bare)t b (Table3. 4) &
T, 5~13 YofHBACS 2., 65K, FFO3 ol FEHMIMNTEHAEIT, 12 3LUFT
HL, INSOERNG, BFECHHLEZKBERO TN FhoESKSS I BN
TholtbBEXBZIEBTES, ¥, TFREFNOEIKRUOEHEOFER I 23EHE
FN/AEL RNV, #oT, Table3. 2~3. 4DEKEHOFEHHEE B FEOBAK
BRE-TEAMNFIBZCEE X T, EMENASDAOHFFRELBWCERA LS
NENORBEMOESKHHEOEHBELZKDZ W TEZ, FR (AVEENFIOE
SEEORAE (Max) &AM (Min) 22 HIZTable3. 5IZRT.

Table3. 556, WFhOABEHZBNTH, BREHRE. IN-FFRALEST
BEACFBZZIRNWCEEAINE, £z, Si-0vLESi-200 T HKET B L,
Voc FFRREFFULL, TscE Poax 1Si-200 PILOHBEeh ks, LHL,
Si-20eNe Si-200 CLDOESKBHIBFEFLWEEITELIIRNY,

—7. Ga As ENDIscidsi KBBEIED/NEL, FFIIGa As YLD LHB%S
MAREW, US L, VockPaax &, Si KBEEHXED Ga As ¥ ENLRED KE
We Izbs, BRENE., Si XBBMHEIDVE&Ga As OFBBENTNBEZ 2 ®Table
3. BIIRLTWE,
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Table 3. 1 Properties of cover glass used
Cover glass
I tems
Asahi Glass Co. Pilkinton Perkin
Elmer— CMS

Material Soda lime silicate| Soda lime silicate
glass containing 5 % | glass containing 5 %
Ce O: Ce O:

Density ig/cm?] 2. 58 2. 62

Coefficient of linear 6. 4x10-°% 7. 0x10"¢

expansion [1/°C] (-180 ~+100 °C) (—180 ~+100 °C)
Young's modulus [GN/m?] 73 72
Poisson's ratio 0. 20 0. 2x0.01
Rigidity [GN/m?] 30 L
Volume resistivity 101 10'1%~102?2

[ Q-ca] (20°C, 1 torr) (—130 —+85%°C)
Dielectric constant 7. 6 U nknown?®’
(20°C, 1 MHz )
Refractive index 1. 53 1. 536x0. 003
Absorption coefficient R 0. 876
(x) (cell + cover glass)
Emissivity (e) 0. 88 0. 85

{cover glass only)

(cell + cover glass)

UV transmittance (%1

< 1 (300~320 nm)

< 1(3060~320 nm)

a) Dielectric constant is 7.0 in the case of

Microsheet at room temperature and 1 MHz.

Corning Glass 0211
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Table 3. 2 1Initial values of electrical characteristics of
Si-50 cells used®’
Solar cell Bare cell CG cell
F iscal year ]| 1984 1985 1986 1987 1984 1985 1986 . 1987.
Av 595.6 590.9 589.2 eren 597.1 590.1 592.6 597.5
3o 17.1 1.5 14.8 eres 11.7 18.7 16.8 16.5
Voc ()1 (2.87) ] (3.30) | (2.51) {1.96) | (3.17) ) (2.83) ] (2.76)
(mV)
Max | 603.5| 603.5| 601.9 sees 603.9] 601.4]| 601.6| 605.8
Min| 566.2| 568.6| 574.2 sees 574.6 | 568.1 | 577.7| 584.5
Av 166.2 | 156.1 158.8 | +ve- 158.3 | 157.2 | 158.7| 162.6
30 6.7 9.7 6.3] <eeo 5.1 7.0 5.4 7.9
I sc) ()| (4.18) | (6.21) { (3.97) (3.22) { (4.45) | (3.40) | (4.86)
(mA
Max{ 165.0] 162.7| 164.5] <~+=- 162.5] 162.51] 162.7| 166.2
Min] 153.1 146.0 | 152.1 vees 152.9 | 147.0] 153.0) 150.7
Av 69.6 66.9 66.4| <ov- 69.0 67.1 68.5 73.5
3o 4.8 6.0 3.0 coes 3.7 5.3 7.4 5.7
P nax () 1 (6.90) | (8.97) | (12.0) (5.36) | (7.90) | (10.8) | (7.76)
(mW) .
M ax 73.2 72.7 73.5 sese 72.13 71.0 73.3 76.5
Min 64.4 61.1 55.7 reve 65.6 61.1 2.1 67.7
Av 73.0 72.5 70.9 | eees 73.0 72.3 72.8 75.1
3c 3.1 3.5 7.6 veee 3.4 3.8 6.9 3.2
FF (%) ] (4.25) ) (4.83) | (10.7) (4.66) | (5.28) | (9.48) | (4.26)
(%)
M ax 75.6 75.0 76.1 veoe 75.4 74.9 76.2 77.2
Min 69.5 69.1 58.4 | sees 68.8 67.9 66.1 73.4
No. of cell | 245 340 247 0 245 340 187 60
a) Av : Average value.
3c (%) : Value of 3 times of standard deviation (ratio of 3¢ to
average value).
M ax : Maximum valuye.
Min : Minimum value.

_lg_
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3. 3 1Initial values of electrical characteristics of

§1-200 cells used®?

Solar cell Bare cell CG cell
F iscal yea.r 1984 1985 1986 1987 1984 1985 1986 1987
Av 599.2 598.7 591.6 | ees- 597.64 599.0] 591.9 ] 595.0
30 18.6 13.8 23.6 | ese- T 20.5 12.8 16.0 19.1
V(oc) (P F3.1m | (2.30) | (3.99) (3.43) 1 (2.19) | (2.70) | (3.2D)
mv
Max | 608.8| 606.0( 602.0 sese 607.3 603.7 | 601.2| 603.7
Min] 573.8]| 568.0)] 571.1 vees 578.0 1 529.6| 573.7] 576.7
Av 172.1 168.3 | 169.7 ) sss- 171.1 | 168.5 | 167.5] 171.0
30 8.1 7.8 5.7 seee 10.6 6.5 6.3 5.9
Isc (%) 1 (4.71) | (4.63) | (3.36) (5.84) | (3.86) | (3.76) | (3.45)
(mA)
Max | 178.9| 174.7 174.0 cese 177.9 | 172.7| 172.5 175.5
MinQ 153.61] 161.9] 163.2 ceee 161.6 | 162.3| 160.9] 157.3
Av 75.1 73.2 72.5 cres 74.5 73.1 59.5 76.4
3¢ 8.0 5.1 7.8 eee- 8.7 4.5 8.8 4.6
P(ma})( ()1 (10.7{ (6.97) ] (10.8) (11.7) [ (6.16) | (12.7) | (5.02)
mW
M ax 79.5 76.6 77.1 R 79.9 76.1 75.0 79.6
Min 67.7 b6.5 62.3 e 68.2 §5.0 54.6 73.6
Av 72.7 72.6 72.2 ceee 72.8 72.4 70.1 75.1
30 3.7 3.4 6.1] see- 3.5 3.3 8.2 2.0
F(F) (%) 4 (5.09) | (4.88) | (8.45) (4.81) | (4.56) | (11.7) | (2.66)
4
Max 75.1 75.0 75.6 s 75.6 75.0 75.0 76.3
Min 68.7 68.4 4.2 <ve-- 69.6 68.3 57.1 73.4
No. of cell | 245 340 247 0 245 340 187 60
a) Av : Average value.
30 (%) : Value of 3 times of standard deviation (ratio of 3 o to
average value).
Max : Maximum value.
Min : Minimum value.
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Table 3. 4 1Initial values of electrical characteristics of

GaAs cells used®’

Solar cell Bare cell CG cell

F iscal year | 1984 1985 1986 1387 1984 1985 1986 1987

Av 871.7 | 969.3| 965.8| 967.7 ] 3871.1| 969.0) 961.7| 964.3

3a 21.2 18.5 12.9 26.0 21.6 16.0 24.8 13.7
Voc (%) ] (2.18) | (1.91) | (1.34) | (2.69) } (2.22) | (1.65) | (2.58) | (1.42)

(mV)
M ax 395.4 982.0 875.4 978.6 986.2 381.1 977.0 973.8

Min|) 938.8% 941.8| 953.6) 953.2 | 942.3| 945.8| 937.5{ 954.1

Av 122.2 | 125.5) 121.8| 123.8] 122.9| 125.5| 120.8| 122.7

3a 8.5 3.6 1.9 11.1 7.6 3.2 6.5 5.8
Isc (%) 1 (6.96) | (2.87) { (4.02) | (8.97) | (6.18) | (2.55) | (5.38) | (4.73)

(mA)
M ax 127.6 128.14 124.4 128.8 127.9 127.8 125.4 127.0

Ming 112.7| 120.9( 112.4| 118.3| 113.3| 117.8| 112.9] 118.0

Av 90.3 92.1 89.1 91.9 90.7 92.6 87.8 91.3

3a 10.3 8.0 7.0 156.9 9.8 8.0 10.8 4.1
P max (%) J (11.4) ) (8.69) | (7.86) | (18.4) § (10.8) | (8.64) | (12.3) | (4.49)

(mW)
Max 98.5 97.9 94.3 98.6 98.1 99.56 96.7 94.3

Min 73.7 82.5 82.0 84.1 81.7 80.5 17.6 88.3

Av 76.0 75.8 75.8 76.6 76.0 76.1 75.5 75.2

3c 7.4 5.5 4.3 2.8 6.5 5.6 5.6 3.6
FF (%) ] (9.74) | €7.26) | (5.67) | (7.57) | (8.55) | (7.36) | (7.42) | (4.79)

(%)
Max 81.2 79.9 79.1 79.5 81.1 80.9 78.2 80.0

Min 62.2 70.3 71.5 73.3 69.5 65.9 70.6 75.1

No. of cell§ 245 340 247 25 245 340 187 60

a) Av : Average value.
3 o (%) : Value of 3 times of standard deviation (ratio of 3¢ to

average value).

Max : Maximum value.

Min :Minimum value.
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Table 3. 5 Average values of electrical characteristics of
solar cells used in fiscal vears of 1984~1987®
S1i-50 Si-200 Ga As
Solar cell
B are cCG Bare CG Bare cCaG
Av 591.8 593.3 596.7 595.7 968.9 967.6
Voc
(V) M ax 603.5 605.8 608.8 607.3 995.4 986.2
Min 566.2 568.1 563.0 529.6 938.8 937.5%
Av 158.1 158.3 169.8 164.2 123.4 123.5
I sc
(md) M ax 165.0 166.2 178.9- 177.9 128.8 127.9
Min 146.0 147.0 161.9 150.9 112.4 112.9
Av 67.5 68.4 73.6 72.9 90.7 90. 9
P max
(aW) | Max 73.5 76.5 79.5 79.9 98.6 99.6
Min 55.7 61.1 62.3 54.6 73.7 717.6
Av 72.2 72.8 72.5 712.2 75.9 75.9
FF
(%) M ax 76.1 7.2 75.6 75.3 81.2 81.1
Min 58.4 66.1 64.2 57.1 62.2 65.9
a) Av : Average value.
Max : Maximum value.
Min: Minimum value.
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Y,

Figure 3. 2 Schematic cross section of the AlGaAs/GaAs solar cell**

: p contact

: antireflective coating
: p AlGaAs layer

: p GaAs layer

: n GaAs substrate

o W B Lo N

: n contact
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4 . 8BET7SIE

ABETE, ERENASDAOHFHRACS N THALVE-ZEFRBEHEE, vEBEHE
& MHEHABA |B77 VxR yBRE0RTHE. EFfLX V¥ -0 BT8O
WH G, EXCAERAELEFHER DWTARS,

4. 1 BEBFrERBHES
EHfENASDADOKHAWAEC ST 2 ETRERE. EMEGHET (SKH) CH&E
ENTNS1E5MER. 25 dER,. BLICEZRILF-—mEEZFEHUTERLE, K
T, CNSOMEBOBERAXS,

4. 1. 1 15SES

1 SEBE, BIFNAFNF-—DhALHdBOTIy 7707« T VO REFMI
ERTHD, COMERE. 1 >OFBEEREBC 2AKONFEERZALTCEN ., EH K
EXFEHMZBLBEPMOEICENTES (Fa7 Y —2HR) .,

1 SMEHOEGEEE. BRELIFTUOVZ 12 BflASDEEERCRETNS,
COREER. SEEYEREBECISTCEEAMEKFEIMCIh BRI ohs, mHERE
& 0.5~2.0 W (BEHETE) . E—AEKIE 0.1~30 A (HETE) T3, MEFN
TMHEENETRIT, FR% 200 Bz CTEREESN, S0pn BOF X URE -2 ER
EBLTKREFCHDHENS, ETROEEMNIE, BEHEY —AHHKK 120 ca . K¥EE
— LD AG cn THB.

4. 1.2 28NES
25 &L, Radiation Dynamics & (RDI1) HMOF A+ I+ (Dynani-
tron) TH%. COMERRL. ETHREZMET L DOERGBEEREMRL. BiEERL
AVFUHPOHIBRMRZERERE LI XAy — KAOBFMEETH S,
2EMAEFOMEFBRE 1.0~ 3.0 WV (HEHETE) TdHH., £ —AEFKIT0~25 pA
(HETE) THd. MEFRTHEENZEFRIE. 200 zOFRBKTHRKX 60 calsE
THEEEATIN. 40 pon BOF ¥ UHY - LA EBEZFBRUTCAEHIIR) HEn s,
COMARTE, BRADIVAYHEED, COaV<YORHECEL-RAEZES
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LihoBBET 2B TEE, ABEE. B 80 cn, EX 1.3 0aTAhN., TOBEHHE
BIURBTETETHS., ABVEE. BHEOAHOBRE LERH<CRED, A7 1L XW
DEETHELSNTVS, AR, AHOGKEEILTABSLEFELVZBEBACE Y
FPUTHHET S, E—AFERY 100pA DUTOBRARE, EHELRVETR (B —
L) ODBHEBAIETH S,

4. 1. 3 EIRALF-NES

BETRLY—mERd. BEOEARECEHTNRZIBHINA BT —I(ALHED
%27 b (Curetron) ] TH 5.

COmMERE. FEAHMTHED, BHEBOHBEZHEPHE TERL 2 HOE&K TR
RoTnd, EFHEI. BROAY—Fromiich, BEREETIBMESNz#. 50
um FEOTNVI =T AMEU—LEZBUTHRB~ID HENE, BEHBE. EXFHESK
WRENRTWS, MEEEE 150~300 kV GE&AIE) . £ —AERKI 1 ~100 ad (Efx
) . BHEHIBOEIE 0 cnTdhB. #FE. ABHE, FEHoavAYEHNT, 5~100
w/ain OFETHRESELRHNOMAET S, LU, Hi-RAHEPRBHIZIBACR. —E7
W AEOBfRZEEL THHATEZENWIHEKD B,

4, 2 THRHARXE

B NASDADOKFRMERL BT S vEOBKRIE, SRHOI )L MNE28E 7R
F (BTRRZE) LRSIV IEEB2RBHEE (B2HEHE) T,
HTHRHEOLEIT. BEL 10 m EX 30 cad°Co BEREFEPHEBCHAGDET:
L2 m BOBKTHE8, FEDGEBEA-TED. BEEDODLErSBEImM-TE
HWORFOF/ELBEE 30 co. HEMOEFNITBLE 60 caThB., MHEREDT 4.81
PBq (130 kCi) ThhH ., HMHBEIR 1.0x10° /h TEBBROBHITETES,
F2EHFTOBER, HE 10 en. £X 30 cad°Co BREER 1.6 MBOBKTH
AVTRLDOTHS, HOHEEMPEEX 6.29 PBq (170 kCi) T3, LWREELFAT
&, 3 x10* ~5x10° R/h DHADCWMRP BRI L ZMHNTEB,
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4.3 BHHAHBE
4. 3. 1 BfRBEHRAEE

ETHREHAHAEZFigure 4. 1IZRT, COBAR, PLI=T2ARCcHD. BT
BRORIVC X BRBZH <D, KERXIKR-TWE, T2, AHOZBA B/ AH
HITTHD, BEZEy FULRER. BERYSCRIIILCABERZEET S,

2EMERTEELRAREOXBCMIIMR TR, BHEBRACEASBHEX
. TORESR 28 . 50, BXY 75 Chft-72, BAOERBIUCAKBOE R ITIL, ¥
7 hRFHRXLSHEBH -8R Y - ) - R2FEREL, BHHBACEY FLERY
EFRIBEOKBER (FI—3RB) OXEK 0.25 md D71 A )b~ 7L A LB HE
HEETHRE U TRKBELXAOCEEZMELE, TOER, 7Ly XHEN 1.0x10'2
ercm 2-s™1T, JHEAZXERESN 28, 50, BLY 75 COBE. ABEMOXRTEREY T
NEN 28 ~31, 48~51, BXY 66 ~TI"COBBAIHEETER3 8o, 2hb
DOXARBEL., KBEROBHBEIFIN—FSADOEEBIE-TEEAFELELZW,

e, 1 ShdBE 25 MERCEBLULETREECREIEFEANAOERON
KT, Figure 4. 2RI REZHV, BEHABAESY 30, 45, BXU 60 EiZfEs
TETETREZBHELUE,

B F—MERTEIC LT vy ¥—NE DT, Figure 4. SRTE—AT
o X —ZWAT-BHABAZHEFELE., COBAE. V—Avy o ¥—BBLUSBHP
BRWTC. Figure 4. 10BHAKRALFAUTHS, U—2Tvox—{lt, 2 m EOE
W7 NI=TLERZERECHRAT I AT ZR-TWS,

LILOEFRBEHHBERZ, SESAMTEILS (1 SMESR) . a0}Y LORH
B (25ER)  FRBas<y bk (B2 bF—mER) CAECHEL, BHAE
RREAZELZBCETREBHEL,

4. 3. 2 rRBHRAEE

YROBBIZIX, Figure 4. 4T RTIBAXARHEOBBE LT T CHEHLE,
COBHBMAKAE. Si-50E), Si-200 ., BEUGa As YILENENDBare ¥
WECGRLER 10 4. 3 60 KEFBRENTES, Si ABERAEZ LI=vA
RTHD. Ga As PILVFIRARTHE. Ch6oHER, FNEFROAKBEROEGE
THEESREBELUTHEL., AXEH 21 oax2] na AT, FEH2 an OBHAXLOD
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MAKBERTZELY PL, BT V¥#2ELI RO, TOHEBEZETNTNZ2 an BEOT I
TZTARBIUL mm EOEHETAIN—-UT,

LPMDERTE, ZEROLECH ST, ABBROBESY 20 ~31ICERE<EERL
2o TOC, BRANAZIVOERHE - —F -2V, BRHEACHELZEES
YhOo—5—Z&oC, AHOBRER 30.5 £1.5 CITHE Lz,

4. 4 BFT7LIT O RDBIE

4. 4. 1 1SNEBIHLU 2 SHNES

BFZRILX— 0.5~2 MeVD 1 B MFEBBLF1~3 MeVD 2 EMEBDETRD
INEABEIE TN RET, EHVBEELVEESREEMER (charge collec-
tor) 15 46 BHNTHE Lz, 7L RE (& cocn?s™)) EBFHERE (J A-ca?)
DOEFRE,. kA TEDENS.

. J
= 4.1
® 1.602 x10-1® (4.1)

ETREENEROSREBEHER TS . TOMERZF igure 4. 5*°1RT. #
H&EDERIRA (main-absorber), RN (sub-absorber) . B X R#EE (guard
ring) @7 2754~ (C) WTHN, EGHETIMBNS LURMBHRBHICEN -24L
@M% (BN) ZHVR, RINADESARNEHIT. HE 20 D ERIEDFHAIZ0.5 ue
OHBZIRTTRERZ . HEZED ET 2B FOERZ ¥MNERRECSHEIN 8%
RETRTEFHER L > TERRRETES, RAKIAC L > TREELSBKIET I EN
. AP ARBPEELZR T RILARZAVTHELE., RNEMECERE5 2 375
wDAF U EEE. FTEUTTFRINGEOME L RRBROMOEMENIZXL > THELB, &
DAFEFT, FRPLALETE BT 2B TREEOWTER AP HE L THIEL:,

BREBPSOERE, ZHAMY — TN L>TERMER~EINS, 2HD05 50
1REG, 7R T, FRNGEARDIGD I HDEARULEZETHIERT 3EBESE
nNz. 1AL, F43—BThHD, BRI THMr — 7 VARSI IBROSK
N, EFREIS>TIIFINVBEREShEEBRZHET2&82 T35, BRHNERICE
2 @O KRR AR RS N SN TED . RINGE D -8 R 5 € TER N
RECTHETX3,

COBTHREENEEOMERMAIE. 1071 ~1072 Accn™?2 (L AHEK: (X107
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~6 X10'° ercm™ s ) THD, BRINEHELHATB LR E-TINZYABEZS
na.

EFRERWERZ 25 MHEEROY —LET 20 codd FHEECHBLT. ETEOEERS
m (X®E) EEDOBEMANE (Y®AR) CEETBHLRESHWELEZNEELE 1.0
W, E—2EHE 1.0 pA DERY—2OBTHREEO I GG % F igure 4. 61RT,
T, MUFETHELZMERRE 1.0 MV, K—AFEK 98 ud OBEEC —ADth)
T OY SN mOETFREEDOSHHBEF igure 4. TWET. COBOXMAEED
BTHREEDONAR. YWAmEBERUF Y ADATH S,

4, 4, 2 BEIRIMF-IES

MEBEEDS 150~300 kVOEL RV F¥ —nEE (Curetron) D7 Ly XHEF, £ —A
E»65 cn FORBEROBHBZOLY —AERYE. ZORNBOANMZRINE S
fid 6k,

2V —2ERE, BEFROBAEBINDFAAREVAROAC AN T ZEFHICERT S
BRZHMELTkRkDZ, MEEZFigure 4. 8IZRT, ¥—¥ 9w N LTKRKEHNED
3 AOEBETESHEVOTETFROGTRABS <. BRI T 3 HER%H
NENWEHTHE, MELUZERE (1) 2, MEBOYY —KADAWNER (1op) O
e LT, Figure 4. 9RXRT ., CHOM»S. kOMFHEXSESNS,

I = 0.58 Iop (4.2)

EBREZACAHT B —AERK (1) hEICHTIMTIERIT-oRATHES
nza.

I
1 = —/—/— .
{(1—=7ean) (4-3)

W, nenldBEFRBETHEAFRTHED, ¥—¥ v FOEHEFEE (Z) . BXUE
THROAHZZINVF— (T) LAHA (V) OBBTHS., COBFREHHILERT,
MR TERDbENRS,

Men = Non (Z, T, 0) +9un (Z, T, ¥) (4.4)
CCT. Men (Z, T, 0) B, EFHOAHANYD, I ROERBECARTIETFH
DEFBBIBEARBTHSE, T2, 70 (Z, T, ¥) 2. ANAEYOHDAHT S
BI#OFSEZEDT,
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IEEESY 300 kV BEEOETRL2ESPICRERFRK I TCEEI L, ET80
ARITDLENDHRKELRD, BTROFMEIZLEHTIEL 23, COHEE. L—A
BBIVERBIVEERBEEBL - ROEFROTR 2 RKIAAE (02)T3 L,
ARAEY 2KTEH TADTOBAOEMRPEERATE, 7aniikRTRbEIN B S,

New = 7Nen (Z, T, 0) + 0.17 02 (4.5)

4. 6#iDTabled. 524. BIZRTLHKT., MEFHNTRILF—H 300 keVDET
i, 0pn BOTVNI=TARE—LEEE con BOBEKEPBAT AL, TO¥EHT
FIVX—BBEE 250 keVRIEFT B, COPA. KTZ—F v MIHT 2 ¥ 2 BRE A
(02)1% 0.285 rad® &1x0, TRLF¥—25 250 keVOBFHED 7 on (Z, T, 0) .
ZWODBRRBRATHLS. 0.044 2 H5EZSNE, T, BFEEFTHARE 7 vt
(4.5) %5 0.0925 X 2) . FREARKAMT B —2EE (1)1 kR TEx6H
%,

I; = 0.58 1o, = 0.639 1 (4.6)
Y (14 0.0925 ) oF '

EfA%TScm@?ﬁkﬁﬁ%%?ﬁ@ﬁﬁﬁy—Fkﬁﬁ&ﬁﬁ(Xﬁﬁﬁ)t:
NWEARFE (Y#HRE) OHANMHRRNBEOSAE, 0.125 aaEOCTARESH
(cellulose triacetate dosimeter : =FME NI — AR LY 72V EPHEMLTT

A NWARCUVERBES) FTR-125 R&k->THMELR., #R%Figure 4. 1 0WI5R
T, BHBOETROI NIV RARICTARRBHOBRIRBBICHAT I EZ26N0 50D
€, Figure 4. 1 00ORINREDHIL, EFROMHMPORINVNL Y ARODIAZERDT
EEXTEULIARY, #-T, ZOMPS,. X@HMITE 50 e (Y—AdhDRo +£25
cn) DTERIER - RIIWZRAEZRFBONSY, YRAB TR 27 )0y AEHE
SNEBBFHR N BN 5, BHABRORLAOT7 VLY ARKE, Zo@Edwz 7
IV AR R - LERTHRBLIZ LR E-THEZLNS.

4.5 v HEBOAE
ANV B2HBTEEE B7TEHE) CBT3ABELO »EEBHEIZ, 1.0 x10°
Reh™ DHFEARERTIr-R, Iz, ARIANMEFR2EBHEE (B2BHE) B2
HAERERIT, 1.0 x10° 2 3.0x10* R-h™* TH-T2,
FTNEFhOBASRBETSHEORBEONER, FAFRAERBITC-8iI2d -
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THEELVEFRERP SOBESNAS I HOBNBERO oy b6, AR K-
THEVR, 4. 3. 2ACTRLAELOK. MREKEOHHE (vSDOANM) X, &
FHE@EEBLHE. TNETHh2 m BEOTLI=TaK (ST ABEEMRA) £ 1o
Ho#lix (Ga As BIVH) ZANR—L UTHWIWS, -7, BEBHHRARRION A
—REEBYHROBREZRAUEADTIVI U LADBRZET Z2EEAOBREM LR AL
1.5 % &UT. FiEORHRSEONEZHMEL 2,

F2BHETE HREFEFTCBHARAZREEA LV, 0. 4. 2HTAXREK
2, BTHHZBOKAGED SEBPLBOLETRS, Cokd, FHIRSMH
RI. BFEORRERBELT. BRAEODLBIHLUTELERAKTCHS., £IC. T
EHPOCHESTN TV S EHBEERIACEL ST, BHABAOREINT 2E4A%
WELE,

MEHHELNOBRHGEE M. BEHKEOXBEERZYy P35 2] aex 2] mm
ATHRENZ ap OMABRKZINN MY I REBHZEy PLTHMELE, BESIR 154
Ths, NEERLoB-FHENEERY, EEMCL-ThELRBREERL Y
KTabled. 1RRT. FhPRORHRBIROMBRBWT, I/ Y5 BT
HZELZ 15 AORMHBEROEEEX (o) OFHRENRERCHTIHASE, 1.5 ~
2.6 % T35, -7, MHHBEORKBELZYy FT2RIOBNBERITIFIFYH—
ThBHEERZTELZZTRW,

Tabled4. 1 &R, I MFFARBHCHE L EYRERERKI, BESHC
XoTHELBRB|EKLHEELTT7 EESVL, aNLV NS 2ARENE, BT ¥
PEELT. A%, TOXEFZRAUEAONFFAWM2HTHEATHHFENE, LLrL. &
HOMETIE, KBELREHBAOMBORIOEEN2 mm UL RWTZH, 1.5 mE
DANRNVIEFABEHRF2HETHACHEALVTCRBRERERYHETELR, #-T, 8
BHETIHT AR ERBRZILUTWRWEDIZ, IV MY I XEEHC L > CHTE
VPR BRI ERRAC I GNEBI DBV HAZRLEZEEZSNS,

4.6 BFIRXLF-OFD
MEERTHEINEETRR. MEFOY —AEBIEEERE-IEREPBAT
LW, TOLRINF %KD, 6K, CGENLTE, AIN—HFISREEFEABT LT
HETBOLEINF—BETTS.



JAERI—M 89— 085

BABOEAPBIROREL EELCHHREVBACE. ZABRYRAL-BETE
DFEHL I LK — (E oue HeV) i,

dE
Eout = Ein_ (_) t (4.7)
d x

THEAGNE, SR, EndBEBBRANTZETROEHIZLT— M) THD.
(dE/dx) BEBBOFERLE MeV-on®-g). tZEBBOES (zron?) T
%,

4. 1. 1HE4. 1. 2HTAXLIHSKE., 1 ENERE 2EMEBOL—L2E TN
TheFZURTHD. BAFEREN 50 wo (0.0227 gecn™2)k 40 wa (0.0182
gecn2) TH3. CNOOMEBRTIE, U —LAZZBRLEETHIT 20 co (0.0241
gecn™?) BOEXEZH#MALT. ABEBLORA (CGENTRIN—F I XOEKH)
HAET 2, —FH. BT FUX—NEBOV—A2ERTNI=vAWTHY,. FOEAL
Wumwﬁw5pm*)fééf4.1.3%)°C®Mﬁ§®%?ﬁﬁ\E—A%%$-
7zgk. Scm (0.0058 grem ?)HOEXREBRHALT. ABBEROXRBHET S, 55
W, CGENTR. KBEMOEHERORACAET S E TR, BFHE. 150 un
(0.03345 geca™2)EDRHN—HF AL 70 pr (0.0079 g-cn~2) EOELEABraAT
5,

CDEHSNBFRLBLHEOEMELHATEZABEBHROBRROFATE. X WNDEAH
WT, TNENDOBEARTRBALIEBROETROTFHLR LY - REEKHTELT. XBE
hOFEHERORECAR T ZEFROFH IV -2 RDETIERSG W, ZDH
B, TNENOBRBEROFEMAILEDT. FOEBABCANTIESHOFHLRINLY -
LT ZEBHILERERT 5.

LAL, SH6RAVELTE, AR K->T. MEFROBFZRI2NLX— (Eo MeV)d
6\x%%mw%ﬁﬁﬁ®§EKA%§5%?ﬁ®¥ﬁliw¥—(Eﬂw)%ﬁﬁib
B5IEMTESB,

E = Euo- GOty - Gt - EDer b

dE
—(dxhatw | (4.8)

ZZ, (dE/Sdx)wkte. (dE/dX)air& tair. (dE/dxX)cy &tes.
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BEXE (dE/dx)aa Etaa F FRENE—LE, EX[IRIEEXRRE. IN—KF
R, BIUEEFMBOWEHLGE (MeVecn®+g ) EEHA (g-cn2) THB., ZOBHWK
3. WEEROBSF T INFEF—CHE T2 ENENOBRBBFEOFHEHIELETHWS,

AL EMOFHEFBERACARIL2EFROFBINX—DHETLER, EERH®
B, TNTNOMEOCHXMIEE (dE dx) BIXUEE (d) ZFThEhTable
4. 2BXT4. 3*IRT, XROKE, = RLF - 0.0100 ~1000 MeVDEEBH D
FOEEHIEHESDESNTVS, Tabled. 3101k, FRENOMEDEHFIRL X)L
¥— (1) &r U, EEME, BAZAESBS RN (3. 3. 1H) 0T, HE
BHIEESBOoNZW, LAL, BERAEL UTHWSNZHMBRZS A v — DEEMN
1.1 geen 3 METENTWBOT, Tabled. 4R UREESN 1.127 g-cn® O
TR E SR 7o 25y 7OWEMHILEY, BEROSBEMIFEL LTHWSZ XIZL
Tz,

EWMENASDADKFAHFEILBENT, KBEEBOBECHWEEL R LY —m#H,
1SmEH. BLUZENMERO TN TNONEFHNES 2NV - BT s KEERD
FHEEREC AR T ZEFROLRNY —DHEEE® Tabled. 524. 6IRY,
Tabled. 5. X UNRIBBKFTHEOERTHS. Tabled. 6 DFHEIE. &
(4.8) ZRAWZ, BHEDHBERBEWT., TRENOBERBIBT S5 Tabled. 224, 4
POEEBIIENTERVWIRINF—DETROFEHILER. FOXLRLX—DLTF
DLX V¥ —DWEE (LD 6 BT UEK & - Tk Tz,

Table4. 52 4. 6RRL7ZBare EILDOBPAL MEFRNEFTRILF—5 0.5 MeV
LUEDCGEILDHARKEZ., X UDNZHAVZERER X > Tk ABEMROTEHEFHE
DXEXART BB R NF— X WHPHWIHEER XS TNOEDEKREDHE
AT 2HAB0~18 T2, #-T. CHhoDHATR, ABBROEHFERORH
WARTBEFHOFHLRINF —2ERECL > THRELVLTELI I RN,

—J, MEFEFRNETFTRIF— 0.3, 0.4, BLY 0.5 NeVOC G ILOBEITIL,
BERER X - THE UV ABEROEHAKORHAC AR T IET o2 MY¥ - EELK
FBENDEDBEXREOBEIHNTZHASETNEN 4.7, 3.4, BXU 1.4 %3Tdh 5, &
2T, CDEIRPECE, FREC I > TABEROEHFERORHIC AN TE3EF
FINF—ZHET I NELLEEI OGNS,
HEDERLZETNT, KEETHE, ABBROFEHAKC AR T 3EFHOEYT X
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W¥—EUT, Tabled. SOERKPBOBEHWELEI LT B,

28, BETREBCAEIEFRANAOKBCMET WA TE. XBEEMLXEA (CG
PIVOFHE, AIN—FISAKRA) CARTEIESRBROEH VX —%2 0.5, 1.0, B
XU 20 HMELR, COHAEDOX WDZHWSERER X - THHE L M@ EFEAET
ZERAVF¥—, ITbEMEEEZ Tabled. TR,

4. 7 BFROBHAG X

FEHRENASDAOHFH R BT 3 ABEMOEFREBHE. T U THEREE
(fixed irradiation method)W X > THEMKL =, L L. FHAABEROM BN
MARICBI SR THRBHOERNTCEUR AELH LT B O, BHEHNE (roving
irradiation method) & XF v FEHHE (spot irradiation method) X2V THME L

feo AEITE. CNCOBHEFETO>WTHEAT S,

1

4. 7. 1 BEEBHE
1EmERBIV2EMERC B SETEHECE. €—2ET 20 cad i B KB
FEibEEy bL, BELTWA3RABCERAY —ARBH TS, —F, BEEV —-20D{ET
X —mHEBOPEHTE, U—ABTFTS5 cn OB ABEERZYY > LU, BIELTW
BRBCESRTBHTEZ., ChoDBA. 4. AHTERTZEOIR,. EFROER MW
RHUTEANEEIREEEAY 208Ky V- RicEAD AR (Y®FE) &, B
— 7 NVE Y AEBB NSRS VOT, 4. 3. 1 BRIUBL-ELHRHEHKA
DRHZPELYy FTEEBT2 ca X2 o ADKEEBRZRS2AITLLIEXGNRZW,
LU, EFROERETMELITEERAC—LDHR A Y — R FETRE (X#km)
ik, EREEEITRIBRIY—RKORED 60 ceFTEEH—-ZINZXEHLHFS
N3 (Figure 4. 624, 10) .
FE#ENASDAOKPMREC BT ZEEEHETIE, £3. 4. 3. 1HEIE#HLE
ETHREFHBAORHZ ry b T 2B 1 ACHEO KBEERY 20 ¥ (Bare ¥IU
10 ECGEI 10 &) v bd 3, BNT, COBKETEOXBHE LY &R
EINT Y RAENBONAME,. $2b5Figure 4. 62 4. 100XMEHOETRK
EEAAIFQRREESAVNTFHREKT. YRMABOCHhSDDHBE — 72 s M
BRRLZIHOUBHAHAZHRE LR, TO®, ABBHUSMEBOL —2ET 20 cn
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(1E5mEHEL 25 mMER) F2E5 co(ELXUF¥F—mMER) T3 X5 HEZHM
LT, BFRZHEHELE,

HoC, 1EMRBL28MEBTEITIEFTHAEOBACE, ETREEDITHE
DE— Z{EPSHED 7 NIV AER H X A -2 BRMEEEAZ LN TES, BHFEN
ASDADHEMECBENWT I EMEBL2EMEABTERL ZETRRELC BT 5
BE (E) 2 BFHEEROL— 7 (J)BXY 1.0xX10'2 eccn2+57' D7 )Ly K
EHLRDOOE~LEHM (1.)DOBEETable4. 8RR,

—H. 4. 4. 2HCHEARIIK, B2V F-—hER B 3BERREO 7 L
Y AH#L, Figure 4. 1 00RNBEIMOPSBONZHMN I NI AEP LY —
LEBE (I )THBIEI SR -THAOGNE, H-T. COMEBOERY Y —F
E¥srizdam (X®AM) o7y XK, 2 -LABRTHRHEBELTER27LL X
e, COHMEZEy bTEBRHOERT (B&% 50 cn) THEHETZ LR E-TH
BIEMTED, ¥, XWhmeEAZAm (Y#AR) o7y AEiE, St
FoTHONE I NI AHEKDY —JHILGHBZI LB TES, GFEORER. MABEHN
300 kVC, VYV —FENDHAMER (Too) M 10A0F, KEELOERFOLY 7Ly
A#L 6.09 x10'2 eccn 25" EHXH6NB.

I1SmERL2SMERCETSEEREETE, BREI P2V XFL2H
W, FIED 7NV ADESRBPZEREBHTEEL5CLE, COTXFATIER, A
HRETZEFEO7 Ny REFFEDECHTBL 124, MEBOL —LZBHRD 4T
THBEE LTy o ¥ —2HWTEBHEZHEEHL, 7V REOBRIEBTHRELHE
WEITHE., Ve ¥ —PHBHCMAUSELSCRZ-sTWSE, 7NV ARG, 4. 4.
1A R LU B FREENERSZHAVWTE - LAEBRACHLULTRELTHEZD T, B~
LERZENITHCEREX T, 7VWZVARHBTES, I, ZOVRFARE-
T, BEGTOU—LABREOESH. TRxbOEI NV ARDOEY,. FHI VIV AERED
e bEREBBIENTES,

1 EMEBL2EMEBCBTIETERNECLIZEEBHTE. ARSHEE
200 zDEAE — AR KXo TNV AREEDELVEHEEhS, $bb, EHIMVER
NEZEHRBEHOEM (5 as)D 1/2 (2.5 ns) BENNVAROEBFEVBABCANT 3,
B, COXSRETHROBMNTE, & ORMIRES Y FEHLL R E ke —
AELTHD . COBADOBFREEOHOY — Vi FHBEFREFEOHITF U ER
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Ko TKRDBIEDTE, THRNREFEEFBLEUTOREH IV AERPBBEI LT
X5, 25 NEBDHS. MEEE 1.0 WV (h#EENEFZRIX—: 1.0 MeV) |
E—ADEEES 60 coDFf, B —AET20 co OMNERCEBIZ30ORKEBEFS5TH
50

4. 7. 2 BBBHZE

BHRHECIZABEROBEFRRBHE. BEHOa XYy 2HA L2 mEETE
Lz, CORETE. 4. 3. 1HARZRAL-ETEBHAKRACARERZ LY b
U, KEBEE#PE—LET 20 coONEZERT B IO I _YORABE ELTERHEBN
HAPHET 5, COBEHEHREY, gAY E-T, EFHOEE A (X®hHm)
SHUCHAHE (Y@AbR) CHEFERBHSE. nEROU—L2E TN ELHAXE
T, ¥ 200 Hz OFEAY—LZHRHET S,

BIRBENEOREEZA4ARZ, U -28K. ANOBIHE. U —LAErOOHEEREDHE
WA A2 EfREEMEEZHWTHMELEZ vy A0BEPSHELE., F
., RHOE{RETREENERPFRELT, BHIOBFHRO TN AR F X9
Lz,

HEBEHEZCE. EFRBHEABALOAHZEy FT36 0BT /A 23 &, &
138 MOABRERZY Y FLT, FBKBHTEIEWIFENSS, LEL., ZOHY
Tk, EEBHEEFAROY — AR AR X3 BFROERBO OV L MA T, AR
MEBOE —LAETZE#DVELABST IEVWHEBONRLVAbORHE, REBCARITLE
THREE, IDb7 V2V AEOEE, BeBREOBEINFERCHECRS,

FEWENASDAOEFAMNEC ST IRHMHBEL LW FREHTE, ERBHA
HEORHZP Y P TEEBZ3FFEHLT. EACFEORKEEM 20 # (Bare &I
WEECGEN 10 &) ZXWAME Yy P UTRECENLZ.

4. 7. 3 ARy h+BFEE
EFENASDAOHRAHRC BT 3 AF v PREEKC X2 KBEEROE T REH T,
BEEC —L2OBHRLMEZZEMBABRBTEMLE, CORETIR, U—2ET 20 cad
METE L0 L@8EPhOLEEy FUEABERE, FLRETEERFY —LAFENT
5, ZOBE —EINVZVRAEDBTRPZPAGLTCBHTES, LHL. Figure 4.
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TRRLEEEREC-L20BFREESAGLPOHOPREIZ, E—AHET 20 caD i@
T, H—RINVZVRAEBBONZBHAFOEBIHEL. 2 cn X2 cn HOKBERLOD
Bt BEH—RREE 7NV AR T-EVHEETEIAHSE. E4£ 2006
RELEXWAMEYBAEMC2HTD, a4k n3. Z0H4. AROHBO 7 LT
YAEEZ, U—IEDBEET 0¥ KRS, #oT, EEMHLEOHALFRKI, AFy
FREEOEAED N AL, Figure 4. T RLUEY®BFHMOE TFHREED ilh
RO —VlEPOFEDI NV ARERZEZ BV —LEREZREENTES, LA
U, E—20@EHERER, BRIV -2B80RBORBRHENSD . - LBRLR
w0 pA KHBENZHE, 7V AEOTERHBEIHE N, 7Ly XKD~
X, Y —AERI 1000A OB, 3.45X 102 e-ca 25! Th5,

2Ky MEFILR X BEFRENTH. ThENOABBRORMEE 4L L. [
WHEHLE, COBRAKE. BeBEEORG6L MR, BBV UL XF A%
Hw, IEO7 NV ADEFR 2 ERCBMATEI LS5 L, BEFEL. BEBRN
BOBEEHRUTH S,

4. 8 HERFRH
HE, BEMTERESN TV I3 FHAXBERORBHBEHFMARICE T SEXNR
EFHROBMHFHIL,
hngk T :1.0 MV (D ENEFZRIILF— 1 1.0 MeV)
THELyRAHE 1.0 X102 eecm™ 257" (BERHE)
1.0 x10*2 e-cm™2-pass™' (B EIWEH)
TIWEYZ 1.0 X105 e-cm?
AAFAWE - 200 He
i #r i : 60 cm
TH5.

HoT. EMMENASDADHFMERENWTS, 15h#ERKE 2EMHABTHHET 3
BE, CORAPHEEZALLE, LDL, Tabled. 524. 6IZARLEISK., O
HEREEATE, 25 MEEC LI 2BHOES. Bare PVERBEBRAHTIZIETROF
HrERW¥—E, 15MEBOThEeEKLUT, BLF 0.65 % H<&5. ¥/, CG¥E
WDHEATE, 25MERTRH LD ABELOEHHEBEORHIC AN T Z2EFRD
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FHTRAVX -, 1BMEROENIDBE LT 0.70 % &, NI, 25mEHEOE
—LhBEOFEAN 1 SMEROENELD 10 up FdThs. ZRJALEZEET I L,
COREOHERMRBEC R RV IABANZVWE, BEIZR. 1EN#EEL 2E5N#ET
BHEEEFAPRBIETRS, -0, AMETHE., LELXHDO2ENERDOBEEGZ 1S
MERE2EMEBBOREBHEAL L. ABBEROFEHEROREBRANTZ2ETRD
FHLEINX—%Tabled. SOBRKEL L > THEU R FEHZ RV —RFERATEL
LTz (4. 68) .
—J. 4. 7. 1HZEBRLEISKT, BRI F-—MEROFAHTE, NEEEHN
300 kKVEH VYV —FEADHMER (Top) 25 1.0 nA DF, ' —AET5 cn OB B
57Ny AHKF 6.09 X10'2 e-cm™2-57! WhB, HoT. BEZRNF—mEBTRHE
TERESORE T LY AHERL.0 X102 eeca 257 2T BE, HV—KADAWER
25 0.164 pA W3, L L, EXZAX¥—MEERTE, 1allTOAREROHBSH
B2OT, AV—FRAOAWEBRY 10 50 1.64 pA2 L. A¥ZH4%.
HnERE 1300 kV (HE‘EREF T RILF — 1 300 keV)
ZHT AHE 1.0 X103 escm™2e57?
FIWLE X 1.0 x10'% e-ca™?

bR U

yEOBMIL FERBEBIAFFLENI LIV AHOEFREZ L3 ABELOH
BrEET D, BESHEZRETZIAMNTIT >, -7, HREERR L4

RELRP ST,
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Tahle 4. 1 Exposure dose rate of T rays
I rradiation I tem I onization Cobalt glass
room chamber dosimeter
Dose rate (R+h~1) 1.9x 10® 1.07x 108 &
No. 7
cell a (R-h™V) . s . 2.37x 10 2
(z.21 HH »
Dose rate (R+h~1) 1.0% 105 1.07% 105 =
a (R-h™1) LI 2.74x 103 ¥
No. 2 (2.56 %) »
cell
Dose rate (R<h™ 1) J.0x 10 3.21x 104 @
o (R-h~1) IR 4.82x 102 @
(1.50 %) ®

a) Mean value and standard deviation (o)} of exposure dose rates

measured at 15 points on the surface of irradiation equipment

of solar cell for < rays.

b) Ratio of o to mean value.

— 39 —
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Table 4. 2 Collision stopping power for electrong®®

Energy Collision stopping power (MeVecm®-g~1)

{(MeV) Ti Al Air® N: G lass™ 51 0, Si
0.1000 | 2.867 E+00 ] 3.178 E+G0 | 3.633 E+00 | 3.660 E+00 § 3.3490 E+00 | 3.386 E+00 | 3.265 E+00
0.1250 §2.514 E+00)2.782 E+00 | 3.172 E+00 | 3.195 E+00 { 2.966 E+00 | 2.963 E+00 | 2.859 E+00
0.1500 32.274 E+G0 )} 2.514 E+00 | 2.861 E+(0 | 2.881 E+00 | 2.679 E+00 | 2.677 E+00 | 2.583 E+00
0.1750 §2.101 E+G0 | 2.320 E+00 | 2.637 E+00 § 2.655 £+00 | 2.473 E+00 | 2.471 E+00 | 2.385 E+00
0.2000 §1.971 E+0G | 2.175 E+00 | 2.479 E+00 | 2.486 E+00 | 2.318 E+00 | 2.315 E+G0 | 2.236 E+00
0.2500 §1.789 E+00|1.973 E+00 | 2.236 E+00 | 2.251 E+00 | 2.102 E+00 ] 2.101 E+00 | 2.028 E+00
0.3000 J1.670 E+00 | 1.840 E+00 | 2.084 E+00 | 2.097 E+00 | 1.962 E+00 | 1.961 E+00 | 1.892 E+00
0.3500 J1.588 E+00)1.748 E+00 | 1.978 E+00 | 1.991 E+00 | 1.864 E+00 | 1.864 E+00 | 1.797 E+00
0.4000 §1.528 E+00 | 1.68% E+D0 | 1.902 E+D0 | 1.914 E+00 | 1.793 E+00 | 1.792 E+00 | 1.729 E+00
0.4500 |1.483 E+00] 1.631 E+00 | 1.845 E+00 | 1.857 E+00§1.739 E+00 | 1.738 E+00{ 1.67% E+00
0.5000 §1.449 E+00}1.594 E+00 | 1.802 E+00 | 1.813 E+00 | 1.698 E+00 | 1.697 E+00{ 1.638 E+00
0.5500 §1.423 E+00 ] 1.564 E+00 ) 1.769 E+00 | 1.779 E+00 ] 1.665 E+00 | 1.665 E+00 | 1.608 E+00
0.6000 §1.402 E+00 | 1.541 E+00 | 1.743 E+00 §1.753 E+00 | 1.640 E+G0 | 1.639 E+G0 | 1.585 E+00
0.7000 J1.373 E+00 | 1.508 E+00 | 1.706 E+00 [ 1.716 E+00 ] 1.603 E+00 ] 1.603 E+00 | 1.551 E+00
0.8000 J1.355 E+00)1.487 E+00 ] 1.5683 £+00 ] 1.693 E+00 | 1.57% E+00 [ 1.579 E+00 | 1.529 E+00
(0.9000 §1.343 E+00}1.474 E+00 } 1.669 E+00 | 1.679 E+00 | 1.563 F+00 | 1.563 E+00 | 1.516 E+Q0
1.0000 J1.335 E+00 ] 1.466 E+D0 | 1.661 E+00 | 1.670 E+00 | 1.552 E+00 ] 1.252 E+00 { 1.507 E+00
1.2500 §1.328 E+00 { 1.458 E+00 | 1.655 E+(0 | 1.665 E+00 | 1.540 E+00 | 1.540 E+00 | 1.500 E+00
1.5000 §1.330 E+00 | 1.460 E+D0 | 1.661 E+00 ]} 1.670 E+00 | 1.538 E+00 ! 1.538 E+00 | 1.502 E+00
1.7500 §1.336 E+Q0 | 1.467 E+00 | 1.672 E+00 | 1.681 E+00 | 1.541 E+00 § 1.542 E+00 { 1.509 E+00
2.0000 J1.343 E+00 | 1.475 E+00 | 1.684 E+00 | 1.693 E+00 | 1.547 E+00 | 1.548 E+00 | 1.518 E+00
2.5000 §1.359 E+00]1.492 E+00 ] 1.712 E+00 | 1.721 E+00 | 1.561 E+00 | 1.563 E+00 | 1.538 E+00
3.0006 J1.376 E+00]1.509 E+00 | 1.740 E+00 | 1.749 E+B0 | 1.576 E+00 | 1.578 E+00 | 1.558 E+00
3.5000 §1.391 E+00) 1.525 E+QC § 1.766 E+D0 ] 1.775 E+00 | 1.590 E+00 | 1.593 E+}0 | 1.575 E+00

a) Dry air near sea level.
b) Cornig 7740 "pyrex glass™ (borosilicate).
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Tabled. 3 Density (d) and average excitation ergieg (I)*°

Item Ti Al Air® N: Glass® Si 0. Si
d 4.540 E+00 | 2.699 E+00 | 1.205 E-03]1.165 E-03 2.230 E+Q0 | 2.320 E+0D | 2.330 E+00
{gecm™2) (20 °C) (20 *C)
I (eV) 233.0 166.0 85.7 82.0 134.0 139.2 173.1}
a) Dry air near sea level.
b) Cornig 7740 "pyrex glass” (borosilicate).
Table 4. 4 Collision stopping power (dE/dx) for electrons
in A-150 tissue-equivalent plastic4®
Density: d= 1.127 g/cm®, Average excitation energy: I = 55.1 eV
Energy dE/dx Energy dE. “dx Energy dE “dx
(MeV) (MeVecmZ+g™") (MeV) (MeVecm?+g™%) {(MeV) (MeV+cm2+g™"!)
0.1000 4.150 E+00 0.4000 2.156 E+}0 1.0000 1.834 E+00
0.1250 3.620 E+D0 0.4500 2.086 E+00 1.2500 1.812 E+00
0. 1500 3.262 E+00 0.5000 2.033 E+00 1.5000 1.803 E+00
06.1750 3.005 E+00 0.5500 1.991 E+00 1.7500 1.802 E+00
0.2000 2.812 F+00 0.6000 1.957 E+G0 2.0000 1.804 E+00
3.2500 2.544 E+00 0.7000 1.908 E+00 2.5000 1.814 E+00
g. 3000 2.369 E+D0 0.8000 1.874 E+00 3.0000 1.827 E+00
0.3500 2.247 E+00 0.9000 1.851 E+00 3.5000 1.839 E+00
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Table 4. 5 Average energies of electron beams (Ez and Es) incident on the
surface of active region of solar cell calcurated by the

successive method using egquation (4.7)

E lectiron accelerator Low® No, 1 No. 2

E." (Me¥) 0.3 0.4 0.5 0.6 0.7 | 1.0 2.0 Lt 1.25 | 1.5 1.0 3.0

Ti or Al |dE/dx® (MeV-cw*+g~') | [.B40} 1.528¢ 1.449| 1.402| 1.364| 1.335)] 1.343] 1.335| 1.328 | 1.330} 1.343| 1.376

window AE™  (MeV) 0.025}F 6.035{ 0.033§ 0.032| 0.031| 0.030| 0.030| 0.024 | 0.024| 0.024{ 0.024 | 0.025

E.“ (MeV) 0.275| 0.365{ 0.467| 0.568| 0.719| 0.970] 1.970| 0.976 | 1.226 | 1.476| 1.976| 2.975

Air or No |dEsdx® (MeV-cm-g~') | 2.174] 1.955] 1.830( 1.760| 1.702 | 1.663 | 1.683] 1.663 | 1.656{ 1.66C) 1.683| 1.739

layer AE™  (MeV) 0.013§ 0.047) 0.044| 0.042| 0.041 | 0.040] 0.041] 0.040( 0.040{ 0.040 | 0.041 | 0.042

E.* (MeV) 0.262) 0.318) 0.423) 0.526| 0.578| 0.930] 1.929) 0.936] 1.186| 1.435| 1.935} 2.%33

dE/dx®™  (MeVece®-g-?) | 2.068 | 1.927| 1.768 | 1.681( 1.611] 1.560 | 1.543] 1.5599 1.543| 1.539] 1.545) 1.574

Cover glass
AEM  (MeV) 0.069] o0.064| 0.059| 0.056) 0.054| 0.052| 0.052)] 0.052| 0.0521 0.051| 0.052| 0.053

Ea® (MeV) 0.193] 0.254| 0.364] 0.470{ 0.624| 0.878] 1.877] 0.884] 1.134| 1.385| 1.883} 2.380

Adhesive dE/dx™  (MeVecmZeg 1) | 2.866 | 2.530 | 2.222{ 2.065|] 1.945| 1.856| 1.803] 1.835% 1.822| 1.807 | 1.803] 1.824

layer AE®  (MeV) 0.023{ 0.020| 0.018} 0.016| €.015] 0.015) 0.014] 0.015} 0.014| 0.014 | 0.014| 0.014

E.? (HeV) 0.170§ 0.234] 0.346] 0.454| 0.609 | 0.863 ) 1.3631 0.869| 1.120| 1.371| 1.869| 2.866

a) Low : Low energy accelerator.
b) Ee : Enerzy of electron beams in the accelerating tube of accelerator.

) E: : Averaged energy of electron beams incident on the surface of air or nitrogen layer.

d) E. : Averaged energy of electron beams incident on the surface of bare solar cell or on the surface of cover glass.
e) Eaz : Averaged energy of electron beams incident on the surface of adhesive laver.

f) E. : Averaged energy of electron beams incident on the surface of active region of solar cell with cover glass.

g dE/dx : Collision stopping power.
h) AE : Energr loss.
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4. 6 Averag energies of electron beams (€. and Es) incident on the

surface of active region of solar cell calcurated by the

direct method using equation (4.8)

E lectron accelerator Low® No. 1 No. 2
E.» (MeV) 0.3 0.4 0.9 0.6 6.75 | 1.0 2.0 1.0 1.28 1.5 1.0 3.0
Tior Al |dE/dx® (MeV-co®-g ') | 1.8400 1.528| 1.449 [ 1.40Z| 1.364| 1.335| 1.343) 1.335| 1.328| 1.330| 1.343| 1.376
window AEM  (MeV) D.025) 0.035) 0.033( 0.032| 0.031} 0.030) 0.030] 0.024 | 0.024 | 0.024| 0.0244 0.025
E.® O“eV) 0.275] 0.365| D0.467 | 0.568¢ 0.719| 0.970 | 1.970) 0.976| 1.226) 1.476) 1.976| 2.97%
Airor N2 |dE/dx® (MeV-ca®-g™) | 2.097] 1.902) 1.802} 1.743| 1.695( I1.661| 1.684 | 1.561| 1.655| 1.661| 1.684| 1.740
layer AE™  (MeV) 0.012] 0.046( 0.043| 0.042 ] 0.041 | 0.040| C0.0419 0.C40| 0.040{ 0.040§ 0.041 | 0.042
E." (MeV) 0.263] 0.319( 0.424 | 0.526| 0.678 | 0.930 | 1.929) 0.936 | 1.186| 1.436| 1.935| 2.832
dE/dx®  (WeVeca®-g*) | 1.962] 1.793) 1.698{ 1.640| 1.581 ) 1.5%2| 1.547] 1.552| 1.540| 1.538 | 1.547] 1.576
Cover glass
AE™  (MeV) 0.066 f 0.060| 0.057| 0.085| 0.053§ 0.052} 0.052] 0.052{ 0.052 ) 0.051{ 0.052] 0.053
E.® (Me¥) 0.197| 0.259| 0.367 | 0.471} 0.825| 0.878 | 1.877] 0.884| 1.134| 1.385| 1.883| 2.880
Adhesive dE/dx®  (MeV-co®-g™') | 2.3694 2.I56f 2.033} 1.957| 1.881) 1.834)] 1.804) 1.834) 1.812] 1.803) 1.804| 1.827
layer AE™  (MeV) 0.019§ 0.017 | 0.016] 0.015| 0.0i5| 0.014| 0.0214§ 0.014 | O0.014| 0.014| 0.014 | D.014
E.D (MeV) 0.178] 0.242 | 0.3%1| 0.456 0.510| 0.864 | 1.863 | 0.870 | 1.120| 1.371| 1.B69} Z.86%
a) Low : Low energy accelerator.
by Eo : Energy of electron beams in the accelerating tube of accelerator.
¢) E: : Averaged energy of electron beams incident on the surface of air or nitrogen layer.
d) E. : Averaged energy of electron beams incident on the surface of bare solar cell or on the surface of cover glass.
e) Eaz : Averaged energy of electron beams incident on the surface of adhesive layer.
f) E. : Averaged energy of electron beaws incident on the surface of active region of solar cell with cover glass.
g) dE/dx : Collision stopping power.
h) AE : Energy loss.
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Table 4. 7 Accelerating voltages for the electron beams with energies of
0.5, 1.0, and 2.0 MeV incident on the surface of solar cell

calcurated by the successive method using equation (4.7)

E lectron accelerator No. 1 No. 2

E.® (MeV) 0.5 - 1.0 1.0 2.0

dE/dx??  (MeVecm®-g~') 1.802 1.661 1.661 1.684

Air layer
AE® (MeV) 0.043 D.040 0.040 0.041

E.» (MeV) 0.543 1.040 1.040 2.041

di/dx®> (MeVecm-.g~?') 1.427 1.334 1.334 1.344

Ti window

AE® {MeV) 6.032 06.030 0.024 0.024
Eo°’ (NV) 0.575 1.070 1.064 2.0865
ay E» : Average energy of electron beams incident on the surface of

bare solar cell or on the surface of cover glass of CG cell.

b) E; : Average energy of electron beams incident on the surface of
air layer.
¢) Eo : Accelerating voltage of electron beams.

d) dE/dx : Collision stopping power.
e) AE : Energy loss.
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Table 4. 8 Changes in the beam current density at peak (J,) and
the beam current to give the fluence rate of 1.0x10'2
escm™?-s”' (I.) by the accelerating voltage (Eq) of
scanning electron beams (width : 60 cm, freguency :
200 Hz) of No. 1 and NO. 2 accelerators

Accelerator Eo Jdor Iy
(MV) (mA+cm 2-mA™1) (A
0.4 0.224 715
0.5 0.248 646
0.5 0.304 527
No. 1
0.75 0.343 487
1.0 G.441 363
2.0 0.809 198
1.0 0.96 167
1.25 .19 135
No. 2 1.5 1.34 120
2.0 1.73 93
3.0 2.38 67




JAERI—M 89 — 085

€6l

N

Gge

$S401BJ3T3038 U0.}D3[a g "ON Pue | *ON JOJ [T JBOS JO JuUaWOTINba UOT}RIPE4I T *p a3InbT 4
y 805
ﬂmw w_ 22 22 22 2l
il T
[&] o : =,
+
L Rl + ++++++++++++++++a
I I SIS ER R R + + ~+ 4+ + + 4+ + 4+ o+ F o+ F o+ 4+
o= o
o+ + + ot + + + + + + + + + + 4+ + + + + S+
+ 4+ + + + + + 4+ + + + + 4+ + + + + 4+ o+ 4+ o+
+ + - + -+ + + + 4+ + 4+ 4+ 4+ + + + + + + A+
o+ 4+ o+ 4+ + + + + + + + + + o+t + 4+ 4+
'E %F\_. Iz




JAERI—M 89-085

N S '.1
-@/@’5‘2)"
N
7 Y

Figure 4. 2 TIrradiation eguipment of solar cell for No. 1 and No. 2
electoron accelerators ugsed in the study on the effects
of incident angle of electron beams on the radiation

damage of solar cell
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Figure 4. 3 I rradiation eguipment of solar cell with beam shutter

for the low-energy electron accelerator (Curetron)
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Figure 4. 4 Irradiation equipment of solar cell for 7 rays
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Figure 4. 5 Cross-sectional view of the detector for electron

current density measurement (charge collector)4®
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Beam Currgnt Density (uA/cm
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Figure 4-. & Distributions of the current density of scanning electron beams
in the direction of beam scanning (X axis) and the normal
direction to X-axis (Y axis) at 20 cm from the beam window of
No. 2 electron accelerator obtained by the charge collector

I rradiation conditions : accelerating voltage 1.0 MV

beam current 1.0 mA
scanning frequency 200 Hz
scanning width 60 cm



JAERI-M 89—085

Beom Current Density (uA/cm®)

- 0.1

] L 1

20 15 10 5 0 5 10 15 20

Y (cm)

F‘igure'a. 7 Distributions of the current density of non-scanning electron
beams in the normal direction to the beam scanning (Y-axis) at
20 cm from the beam window of No. 2 electron accelerator
obtained by the charge collector

I rradiation conditions : accelerating voltage 1.0 MV
beam current 98 1 A

Curetron

L]
NAREE

electron beam

LTI

Electrometer

Figure 4. 8 Measuring method of total current due to the electron

beams of the low-energy electron accelerator (Curetron)
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Figure 4. 9 Relation between the current applied to the cathode (Iop)
and the total current due to the electron beams (I) of the

low-energy electron accelerator {Curetron)
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Figure 4. 10 Dose distributions of electron beams in the directions of X
axis parallel to the cathode fillament and Y axis (the normal
direction to X axis) at 5 c¢cm from the beam window of the low-
energy electron accelerator (Curetron) obtained by CTA-film

dosimeter
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5. EEANTHEODRIIIE

F#ENASDADKEBMATE, HHR (ETRE vi) REH UL ABEROSE
B, EEUCER - BEBHOTILE X - TFHM L, HEEEHIT X 32 LREEED
TRORE Ut WEREOT BRI ZFDRS - 1.

AETH, CNO6OBEIBHONTLERLLRES X0 ] - VEROBEK X - T8
5B ESMIEL DN THIT B,

5.1 BR-BFHH

5. 1. 1 AEESE

18844F [ & 1985 SREDHFHRTE. BHROBHPERT TV, B - BESH
(I -VHH#) ANASDAREFHEY ¥ —CHBEN TV I3 ABEERESE HANEE
# (stationary-type measuring instrument) WX o THELE, COk%, HEEYMR
HUg] -VEHOHTE I T ABEhZHREFE~% 10 BESEAFLZTAETRS
Rpolz, COPHOMRIBNT, HHNBZHEFLABEBELOI - VEHORERECS
337 =— ) (BE) SRICERMNEURd, 1986F &S 1987 EEE. H-BAL
EHBROABREERESH HHTESE (portable-type measuring system) Z T, B
HAHMO L -VEHZRHERCSKEHcCHELZ, #FHL - ABRBHESH HWES
EOWEZTable5. 1Ry, ChoDREDY—FTIal—% (BEABERERE
&) OBEBRABEXOMIEX. 1A (F1) OFHEHMTBET 3 ABEO®E (1sum) %
LV 135.3 mWecm™® € B D, 1ADOFHEMICET 2 1 kB KABEROEREHLFAL
ERIENZ | REEABBEMCALEXE S5, ThPNoKBEEBhESH HMEERIC BV
THEHLEY -5 YI2L— 203X G%AMO (air nass zero) (J¥2) WBIT 2K

i

1 AU (astronomical unit) : K¢ KBOBER 1 T2 RXDHM (KX
f7) . 1AU=1.49x10"" m,

H2 AM (air mass) TP IRAEREAENEIBLHEINTED. FHEOD 2 WE
PERBABARGBZEBT SHENER TS > T, EBEOHAES L F Ok
PRECSSHEOEFOHTERDOINE, -7, AMOUBE#HERBOL
SRABR»S LANOEROFEHEEBI RS, |
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BXDaXDIME EEHITFigure 5. 125, 2RRY. Ch6oMb e, FEL-YV—
SYIAL—HOAXPHBAMOK BT EABRDOENLBEZ LN EHEDIP S,

ABERESEIMERE T, ABARELE 1 REXARELCFRCERLEX
PERHL, AHABREMOBSHHEZMET 52 6K, 1 ASEERIBEMOESEHEZ
HMEL, Cho220MEHERZHHEMAL T, AHABRERS FHCAMODKEIE
PRTEHEORBABELOESHFUZPHIT S,

FE#HENASD SORFAMRE BT BRSO ETIE. NASDARBFilv ¥
—FiAD3IHD 1 KELELBELZPHHLZ, 1 XEXKBERI. W%, FIFAMO
EREUVAZIEBLE 36 kOBl ER I T EMWERE (telemeter) ZHX 2 KK
THYF., TITREXNE, HAFECBEWCHFERALZ 3RO 1 KEELESELDS 5 1
ik, 197942 1983 FD 2R OBERITV., 1 kERABERL LTOBERET S
CEMRERINTWS, D 2O 1 REHEREMIT, CORESNE 1 KEERKERE
EHNTREENTWS,

I - VEHNEHOKXBERORER 28 1 CCHh o, /2. 15, 28, 50, 75, B
L 100°CRBNTT - VE#HZPHEEL. I -VEHIZRAETLABERBLOREOTESH

~iz,

5. 1. 2 EXHH
FEHENASDAOHFERFRIEWCHEALLABERESHHNEEET L > TH
EL7Si-50 (CG) LDl -VEHD1#M%ZFigure 5. 3WxRT., COMIZRT
O, WELEI - VHEHELLS, BIREE (Voc) . MHKER (Isc) . &RAHD
(Pnax), HBEHFHIFEE (Vop) . BLXUTBRAEIFER (Lop) Z2HREBEMBTES, &
o I-VE#E,IG, BREAEEE (V.. EEHAEERE (1v). ESESELS (P,
BRAZL D (PORFOEBEIHHOHEILMTES,

EHIZ, I—V%ﬁtﬁ“?ﬁ%fbhé\?oc. Isc. B&KUPoax SHEEAT (FF) 3,
I7zPmax . KBELORKAH. BIUBHULZXDARZRINVX —EE (AFBRHNE
BE) »oRPHE () BHIETES,

(1) FAREE (Voo)
Figure 5. 3WRI &5, XBETOXKBEEMPBEERE (1=0) widLX
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BEROAZXSUCIHB U TCEENISAET R, b VocTdd, Figure 5. 45T H
AEBETH, BRADEBEZOMUTCHET 3. 2084, EETONAEABAKERLD
W LB LU TR AKENWIEBUETH S,

(2) E8THX (Isc)

Iscit, XBHETOXBEMOEBWERBOEMNEZS YT (V=0) OHCHEHZE
#%TdH% (Figure 5. 3) , Figure 5. 40X AXEBIC BT, BEFONBENE
NATABELZ L > THELV, KBEMOWMESMOBMESFICRI LS THEHLE
RETERZHEY 5, BERAOAREHIN KB ERORBIEME LK L TH o/ E i
A2l Figure 5. 4DNA 7 XABEZH#E L. EBEEAZIM L CHMET 2B TE
5.

(3) &mAESH (Pnax)

Puoax {X. Figure 5. 3D - VHB LI +ATRULEEXBR TOXBEROESR
HA. I 2bbBREBEOEIBEAIREHBEOBRENTHS. Pnax &, Figure
5. ADHAMBLENT, BEFEERIOXBOMPBARREZLIENASTRER
PHELTCHET S,

(4) BRMBIEEBE (Vop) EBRBBIEEE (Iop)
Vop& Topid, Figure 5. 3WRTEIL, FNFNABHETOXBEESHOESE S
HPrax OBOEEMG ERETHS, '

(6) TARBEE (VOIEBERRTE (1)

V. ik, Figure 5. 4ADEAEBIZBWT, N7 AEEZEG U CERE SARK
FEUCHELRBEMTHZ, MER, A PABEPEF LU CEES SEHCZEL
CHELEBRMEST, THB.

FEHENASDAOKFMRRETE., V: GHMELRL-7, 1. MEOHEEREN,
Si-50EN & Si-200 #ILDIFHS 480 aV THN. Ga As AT 700 aV TH -7,
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(6) BERBRES (POEERBREA (P )
Py i, Figure 5. 4 DEABBRBENTAS P REERHAN U CRER SEMC

FUTHE LR EREL ARETHOBTH S, MBI, N7 AEERES L CERY

BEEREELVTHE LR REME AEBEEORSP, T 5,
EHENASDAOHFMAETR, chonBLREHIEE LRL ST,

(7)) 8B8A T (FF)
FFiX, KBERORARZEXE DT ZERORE AL JoHASGTHD. HEL
Pnax . Voo, BEUIschrsxAXic k- CHET S,

P max
FF = — x 100 5.1
) Voc- 1Isc ( )

(8) ZEHME (n)

KBBHMO 7, RAEAHE (n..) LEBEERHEK (n..) b, WELRE
Punax L ABEMOZAEARBLCHHELXDO AR LR ILY —FE (AHBNBE) »6.
KAWL Lo THIETE S,

@ = P max x 100 (5.2)
her T AEKEHX AMT I X EE ‘

P max

HHZXEABEX AH RNV —EE
FThabb. 7., DELTRABREROSLZXERET AV, ABELOHFHZXARBELHW
T in2E8HT S,
FEHENASDAOKBEMHETE, EHPHLOEHIThRIrT2.

7 in (%) x 100 (5.3)

(9) BRFHUAREE (n)
FEHHENASDAOKFEIRRE TR, BRREZTEHELEZABEMROVoc, Isc. Pnax .
Vop, lop. FF. BXUIv ZHEL, ThENDOEFEK ()

B B 40 00 T S
= 1060 .
" &= mmomant - (6.4

rEHHURE,



JAERI—M 86— 085

b. 2 HABRESBM

FEHENASDADOKFAHFECBWTHFHLZOXREMEESOMNER Table5. 2
WARd, ¥, COXEFPHWTHELRZSI-50 (CG) LILOSNKEEMLED 1 #1%
Figure 5. B5IZR9 .,
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Table 5. 1

of solar cell

Measuring instrument of the current-voltage characteristics

I tem

S tationary type

Portable type

1. Light source
(1) Solar simulator

(2) L amp
(3) Light intensity

Spectrolab Model
X-25

2.5 kW Xeon lamp
135.3 oWecm™ 2 (max)

Ewig Shokai
ESS-300

JO0 W Xeon lamp
135.3 mW+cm™2 (max)

2. Electrical output measuring
system

(1) Measurable cell size

(2) Measuring method

2X2, Zx4, 2X6 cm
Panel : <20x 20 cm

Four-terminal

2X2 cm

F our-terminal

method method
(3) Measuring items _
a) Voc 20 V (max) 2.0 V (max)
b) 1Isc 5 A (max) 0.3 A (max)
¢) Load current 5 A (max) 0.3 A (max)
d) I —V characteristics Record : Analogue [ Data plot: Digital
Data plot: Digital
e) Internal computation Pmax, Vop, 1op, Pmax, Vop, Iop,
FF FF
3. Temperature control
(1} Sample 0 ~100 °C 5 ~50°C

(2) Standard solar cell

(water circuration)

10 ~50°C
(electronic cooling

system and heater)

(electronic cooling

system and heater)
5 ~50°C

(electronic cooling

systemr and heater)
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Table

of solar cell

5. 2 Measuring instrument for the spectral sensitivity

I tem

C apacily

1. Intensity of irradiation light
(1) Constant-energy mode
(2) Constant-photon mode

50 wWecm™2
1x 101 cm 257!

2. Range of wavelength 320~1200 nm
3. Area of irradiation 20 %20 cn
4. Stability of light intensity + 3%

5. Uniformity of light intensity < 10 %

6

. Control method of quantity of light

Wedge filter of disk-

transmission type

7. Light source

X enon lamp and Halogen lamp
(automatic change-over by

wavelength)

8. Intensity of bias light

> 135.3 Mwecn™2

9., Photodetector
(1) Measurement of intensity

(2} Monitor for control

P yroelectric-type detector:
LPE Inc. RS-5900
S1i and Ge photodiode

10. Current measurement of solar cell
(1) Pa meter

(2) Range of measurement

HP 41408
+ 0.001x10°'% ~
+ 1.999x1072% A

11. Computer and software
(1) Computer
(2) Software

HP 93816

a) Measurements of the
light intensity and
the photon number

b) Mesurements of spectral
sensitivity and quantum
efficiency

¢) Calculation

d) Function of drawing

figures
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Figure 5. 1 Spectral distributions of the sunbeams at AMO ( 3 and the

artificial sunbeams of the sclar simulator (—-+—) of the

stationary-type measuring instrument of the current-voltage

(I-V) characteristic
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Figure 5. 2 Spectral distributions of the sunbeams at AMO ( Y and the
artificial sunbeams of the solar simulator (———) in the
portable-type measuring instrument of current-voltage (I-V¥)

characteristic of solar cell
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Figure 5. 3 An example of the current-voltage (I-¥)

characteristic of S$i-50 (CG) cell

\ i
-~

Figure 5. 4 Fundamental circuit for the measurement
of current-voltage (I-V) characteristic

of solar cell®®
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Figure 5. 5 An example of the spectral sensitivity eof

Si-50 (CG) cell
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G . EE-FEREESI IS IERODFERSES

ATTE. 4. THREELEERHEY: (fixed irradiation method) . HBEBHHE
(moving irradiation method) . BXFEAR v FEHE (spot irradiation method) iz X
STEBUTHAABREMOBE FEBREBROERICIODWTHANRS,

6. 1 XKmE&ith& BHFH

ABOWRWHEH U ABERIE, 3. 3HcRELZSi-50 (Bare) kI, Si-50
(CG) €. Si-200(Bare)tJ)l, Si-200(CG) ¥, Ga As(Bare)¥ i, B
Ga As(CG) PLO6EMETH 5,
2EMEBETHWTER U ZAZOHRC BT I EEBEHEE, BE#BENEL BX0 0N
v MIBRBOMHA£4F Table . 1XRT., BHEEZ, 4. 3. 1HCEHLZETHR
WH#KBE (Figure 4. 1) KAAK (KEK) ZRUZMNS, ZR T -k, BE+OD
AHORAREDZ, BRAHEFA#EOABEL (F§3I—&K) OXET 0.1 sn oD@
QAR R VABSEREUEBETES L CHEL L,

6. 2 ERER
6. 2. 1 BHPOABEBHOREEI

Table6. 1KARURFHOEERHELBHREEL X > TEFRTBHEL-BOY
—ALAEBHEOFEE (1), RO KBEMXRAOCRBHAAMORE (T,). BH+tORGE
B (Tw), BXULARE (AT=Tw —To)%ZTable6. 2RR7T.

Bl BHEDOFESTIE. BRMGEFARIEIPCABERXHOREL LRL, BHEK
TEITEE-CERBETERZNS. 5T, Table6. 2 RULEBHbORSRED. &
FTERBHOOABEDREOFHBELEXTELIIARY, —F, BERNEOEAR
X, REHFERY —L20hLMITEH . ABBROXRERES AWM EHL. L&
HETHR&EEREL. TORIBEET LU THRHEORERNRES, #-T. Table6. 1
DEADBHBHEDORETE., COBEVI 708 10 @RI EIhBZ 2R3, X
%wb%%%@%étﬁ.E—A%ﬁﬁ#ﬁﬁ&éb@f.E%%%E®%%m6\%¥
BENCIZEELFFIRATCEILEX. BHDOABRERRAOREINTE Lixd -
=,
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Table6. 2IZARLEEIT, WIhOKBELBIUBEAELEW TS, Bare ¥
LEHBELT, COENDHHSBFRBHRE & 3 ABERRHRED LABAS L, oh
B AN—HFZAL X - TREEBGITFON, BHABACIZBHADEBET IS 20
rEXOHNS,

EEBRHEOBAITIE. Si-50 (Bare)t e Si-200(Bare) L /VDRERED EHEH
BIEFELL<, £72Si-50 (CG) V. Si-206(CG) £, BXUFGa As(CG) £
DRABED LABEFEEZ LW, LHL, Ga As(Bare) PILOXKARED LRIE. Si-
50 (Bare) ) bE X TS 1-200(Bare) )b 2l L CHSR A S, Bare ELDER
3, BHAHKACISHADRVEAR I - TELAYEREZZIT. 0 av My
JIADRIZEEDEL X - TABEMOXRAREDO LRIZESA LI EERLTH
5, ¥k, CGENVOERE, BEABACIZAAHBRE I U THIN—F IR L -
THESNZ 2 RTHOEEZONS, LI L, HEBHEOHAOXKEREED LR
d, WINH 1CLUTTHD, ABEROEFRILEREIRE LAOFRINE TS
%,

—}. BIBRHEORSGOBFREHC L2 ABEBXEORE EHE. BTEHLD
BARLHBRLTRARYDREW., Chid. BEBHEOHESA&. 7TV RER 1.0X10 -
cn”2epass™! TSR, EErHENENELT 0 SO -2 BESLERZDTHS
(Table6. 1) . I, ENTHNHOKBEMLDBare BN ECGENLD LABEDX
b, BMEBHEOENEHKLTHLRD KEW, Si-50E)L & Si-200 ¥ LD Bare ¥)b
ORERED LRIFLWS, CGEILTIRSI-0ENLED Si-200 ¥ LOHBAE N,
Ga As(Bare)t & Ga As(CG) ¥LVOXRBRED LRE, Si-508)LE Si-200 +
VWOENENBare ¥ ECGELDPALHBLTAEWN, INHOERIT. BEEH
Bo%HE. ABEhOEABIUVBRESEEOHRL X - CTEFEBHIC X3 KB EHhEH
OLARENED, I, RREPBHSNTW30T. ABELORRBICHLZ) ORES
EXEULLEFRLTWVWS,

6. 2. 2 BE-BELMT

Table6. 1R URAHOETEEERL->TEFETPBALEZSI-N (CG) &
b, Si-200 (CG) &I, BLUFGa As(CG) vIOBKEA®RD 1 - VEHO#MY,
EtNENFigure 6. 1~6. 3KXRY. ChH6DEr6., WTFhOBALLETFLOR
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HZL-TABBHMOESEUHNET I a5, AEROERL, BEBHE, #
HEHEBIUCARy NEBHELK s TEFRZEBE LR COKBERMEED SN,
HEAEAGBOABELOI - VEEL,LSHTBEKEE (Voo) . HBEK (Isc) . BX
W (Pnax), B#ERE (Vop) . mulER (Iop) . REAT (FF) . BIXUEEHM
FEHK (Iv)%Table6. 3~6. 17TWRT. Table6. 3~6. SRETHEHE,
Table6. 9~6. 1 43BEHMHPEFHL,. Table6. 15~6. 1 TEARy FEREDE
BTHd. ChoDRTH, TNFNOXBEBLOEBSFHR H>WT, MKBEZBH L
1EoFHOBHEFIOME T 2b 5P (Voco . Isco, Pmaxo, Vopo . lopo .,
FFo., BXtF1lvo) LETFHBEHEBEDE (Voce . Isce . Pmaxe, Vope . Iope .
FFe ., 8XU1lve)  BIUEBIHHEHFE (nvoc v Misc . Nemax. Mvor
Nior » Nre. BXE7 1) \ RO ENETNOBELAHH L EHFEDO¥EHE (Av), #
¥EX (o) . BAE (Max) . BXUHR/NE (Min) ZRU7, #2720, Table6. 7
*6. SOETBRECI->THELZGa As ¥4 R, BHEHAKNOETATN]
BHO1 - VEHPELL BEZRLERZD, AP GKBRA LR,

e A0 BE (Table6. 3~6. 14) &, BEEKD oS 2.0
$ LUERRZ2EREBHEO>WT, ERHOBOTF— 32 HABRL, lOF—F 2 H®KL
TERErBONEBF—2ZBAVTCEEME clZHIELEZ, XXy NREEOEHS
(Table6. 15~6. 17) ki, BEAHBHSP<, FXSi-50 (CG) LD 7.,
@cﬁmaﬁzmiukféoh(Twms.15)®f\ﬁ%ﬁ%bmpoh°$6
. BIEBREELBHRFNEOBREDVoe, Isc, BXUFPrax 2WTI, Voco
Isco ., BXUPnaxox LT, TNFNVoce , Isce. BXUFPnaxe. RH K
Nvoe » Nise » BEENemaxZ 72w b (Figure 6. 4~6. 48) $5BKZ. EE
BEIPOAELANZF-FEBRALT, FHHEL clOBEHERT -2, CNh6DHEH
BB TBALEF— 43, Table6. 3~6. 14DF—FRX*xHTRLTHSB. &
NooORKE. FHELEENEE oMbl COBADRABERIMEGADET
MUz, I, NSRRI SGBRIEHUERFROLOEERE (o) & LEOFHHER X
STHONTERERE (o’ ) ZPHPLUCTable6. 182 6. 19KRT.

Voco . Isco., BLXUFPoaxoll st LT, FNEFNVoce . Isce . BLUFPnaxe, 72
SR Nvoe » M ise . BEU N emax®7 0y b LIzFigure 6. 4~6. 4 8DHH
. Table6. 3~6. 1 TRARLEZE2ORHBOT -2, 6, FHEL clOHHH
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KEWTHBALEF—22BVWT. RD22RFERE>TRDLENEZTHZ, 2o
ORI, FECIBTEEES, TEREEIBALEZF—2b7u9 b~ (@) Lz,
Figure 6. 4~6. 48R ULEHERORMEDY R (a) L4R (b) #Table
6. 20~6. 22KRYT,

6. 2. 3 DXEEHH _

Table6. LERUREZHOBETMHAER I > TEFREBHLESI-0 (CG) +
., Si-200(CG) IV, BLUGa As(CG) LLOBNEIROIEREREOAS .
ThE¥NFigure 6. 49~6. 51KmRY, WIhoRATS, ETHOBEHC LT
DRBESETLTED. TOETFTOEREIBHEMO AN AE W, MEOEILN, B
MEE, BERHEY, BIUXFy F"BRECLI-TETEZPBHLUZBTOABELD
SRXBREREHCZDONT,

6.3 & &

6. 2. 2HTHEARZEIK, EHENASDAOKMHR T, BHGERDI -V
¥ 5, Voc, Isc, Pmax ., Vop, Top, FF, BEUFIv #8B7%, cheothT, #
WEELDEIWHHE, Voe, Isc, Pmax . BXUFFF &5, L#L, Table6. 3~
6. L7TRRLVELIR, WIFNOKBERKEBWTSE, 9 reDEHEITIEE 100 %
w&mmeM%)Té6oit\Kﬂ“K&hﬁ.FF@X%%%%@—KEE?%%
TR - TEREAYRERZZIRW, HoT, BFHOBHIC L TCFFRELAYE
fELiznwekEZONE, 2T, ABTH. BFEXBHUZABE®BOVoe, Isc, B
KU Pnax ZhGERET B,

6. 3. 1 BEXFMRTEEQIREGE
6. 2. 2IHREHL LS5, BEEHLLBPEHBEL k- TETEPEBHELEZX
BREMOESHERFRED @S 2.0 L LOBARTHWT, HAORHOF— 22 HE
HIsE, MORKOF—FLHBUTEERT—%, MzIE,
(a) Table6. 3ORBNo.4DIv DLW, fhoFH L HE LT, MPMETER
KIEW, BRI XBHE50<, BRECSVEERY Y2 584,
(b) Table6. 13DRAFINo.7®Pnax , Vop, Iop. BLXYFFDE>. D
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ABELHEBELT, VHERIZEFUCHEN, BHIZLAAENEL L, BFEY
HECES RS54,
WREENS, COXSREFAHR., Ch6DF—2ZBRALVTCHFET S . EEHAHE
HHED ol (Table6. 18¢6. 19Mc” ) M 2.0 YLUITKRSE, 2D 2.0 ¥D o ff
KHENRERIENS, COMPHEREILT, HBsoRNOF—2rpesdddsL, kK
MAEBRERLRF— a2 AT LB TEs,

BlEMBHLE XCBESHBMARCL > TEFREBELE-ABERO Voe, Isc, B
Pnax Z2OWT, HxORBOBEIHUEOPHHECH U TCEFERBRHBOSHED X HE
HEZ7aw Y5 E, HEEGEIPoLZDANEZ S 2w+ (Table6. 3~6. 140D
*HIOF—%) BREENS (6. 2. 2HH) , ch6D7uy rbBRATEZ L. BRE
HEFED ol (Table6. 1826. 1900’ ) BLrRNETTS,

ABEHMDE D 2 — LONRIVOHUELT, —HOXBEMORLH{LOBLUWAEEN
W ThkEENS, -7, ABCEELE 10 ROABBHOESEHCERLE£X
HNBZF—EIBEINTVBIRHRER. TOHEZERLZTNRERSRW, LHAL, X
EEMOMBINENE. H2ORBOF—~ 32 HERHL. BRELEZIONETF -2 %BH
ULRESHEHEC L > THMLTELIA BN EEZIONS,

Figure 6. 1~6. 3XARLEI -VEH,LSHGLREDK, Si-50kILE Si-
200 eV Iv MECHEERE (480 aV) X, wWIFN®H Vopo £ Vope OEMDT - Vi
HHAMRETLUTWAERTHS, —F. Ga As LILOFN (700 a¥) i, Vopo &
Vope DEMO T ~VHSES KO FHREAKTH S, CO2H, Si-50k)L e Si-200
TIWDIv E. Ga As PLOENREHEBLT, #rR2] - VEHOEAIZL>TAEL
T2, TOHKE. Si-50EESi-200 D70 1.4d. Ga As ¥ILOFhE K
VTHFBCENWERR>TWS (Table6. 3~6. 17) , ¥/, Table6. 182
6. 19X RLEIIRT., HERHELBERRECI - TCEFREYBH L -AXHELT
. D ofEd 2.0 LU ERRBBEBERTSN, AFKy FEEBET X TBHE LR
Si-50 (CG) D7 D offib 2.0% LLETHS (Table6. 15) , chsopz e
6. Iv PFERCALEREIHFUTHE L HI05.,

6. 3. 2 BREMNREONE
6. 2. 2 HTHRANX=EHIZ, Figure 6. 4~6. 481, MWz RBEMRDVoc.
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Isc, BXFPuax OB (Voco . Isco. BEUFPmaxo) WHIT2BFEMFEBD
FethfE (Voce . Isce . BXUPnaxe) LHBHFE (Nvoe « Misc . BEF Nemax) D
7y +THB, Figure 6. 4~6. 2 1 IETHWHIE, Figure 6. 22~6. 39
WHEBHEE, Figure 6. 40~6. 48l AXFRy FREZEOERCHS. Ch50H
WARULZERIE, Table6. 3~6. 1 TERLEZEADOAHOTF— 406, BifrEx
GNBF—FZBRNT, BO2REC IS TkORTUERTHE. ChoEHEHED
W Lol (a) 4R (b) X, Table6. 20~6. 22IRELTH 3B,

(1) BERHTZE

Figure 6. 4XRULEDIC. BEBRERL>TEFHREBHE L =Si-50 (Bare)
I DVoco & Voce ODHIZITHRERMBIBIMENZFD SNz, Voco KT 3 7 voc
D7y FIRFRERBEEREEZRL TS, Figure 6. 5D 1scDPAIIE. RENo.
S5O Isco CHTBIsce Enisc DT U FUEHBEBERELSANZDT, COF—2%
BWCEHERZHZ (Table6. 3) . TOER. Isco & Isce BXEFE 120 OENC
HERR Iz HENERESE SN, Figure 6. 6K RL7Prax OEBAITIE. Praxod
PnaxeDHEIBIRIEHMET R WA, Praxod 7emaxDMICiE - HOHBBEESIZDH SN
%. Figure 6. 4~6. SITRURELEHR?S. Voco . Isco . XU Pnaxodity
mysE, TNENVoce . Isce . BXEPraxedD MU, Nvoe . Tive . BEEF
N emaxBETT B LBIH 3.

Figure 6. TH6, AEBREECISTETEZBHELEZSI-50 (CG) L0
Voco & Voce OHBBIGRIIHRE TRV, Voo KHT B Nvee 7w MIHIFRE
SR RTCLHNP B, Figure 6. 82 6. QWRLEZLEDWK., Isco ¥ Isce B
KN 1se D], RS Poaxold PuaxeB LU emax DI T W & B R 22 AHBIBIR
RNV, COFERD 1D LT, ETHZBHLEZEABD Isco BXUPuaxo
WENRFN 157~158 mAOBEBEE X 67 s EREFLTWB I BB TF6NS.,
Figure 6. 7T~6. 9O;F{lE&RIE. Voco . Isco . BXUPuaxoD#Emicft - T,
Th¥nVoce . Isce . BXUFPnaxeSEEML., Tvoc v Nisc . BEEN emaxBET
T22EEZRLTNE,

Figure 6. 1ORSUBEEBHECI > TETEZBHL-Si-200(Bare) 2 LD
VocDIFHITIE., Voco £ Voce OHBIBERIIBIH TR WA, Voco ¥ 1ye. OBEEB

-7 -

K
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HBRERBHTHS, Isco BXUFPraxol HUTEFNEFN I sce & Mi1sc BLY Praxed
Nemax® Ay bLFigure 6. 1126, 12T, AEEERE»S5ANZ A No.
LOD7 oy FEBRWOHELUESZ XD (Table6. 5) , FOER, Isco ¥ Isce
BEXFD s OEIICHPRD B RESBAREBOoN., E72Praxod PnaxeB LF 7 pmaxD
s —moRMMEENEDH SN, Figure 6. 10~6. 1 2 RURELERIE.
Voco BEEMI B L Voce £ Nvoec BETFTL., T/ 1sco BLYPraxoD¥MIZ L - T,
FNENIsce BEAUPnaxeSHMU. 71:c BEF D emaxBETIBZIEZRLUTW
2. LU, EEOXHIWK. Voco & Voce OHBBFRIEIHMHETRL, 7. Table
6. 20l mL=&DW, Si-200(Bare) ¥ )ldVoco T 3 Voce D7 2w hOIEW
EROGE (b) DRI /IAEW, -7, BEBHEC X > TESRZEHEL
72Si-200(Bare) ¥ A dDVoce X, Voco DM TETIZEERTZOEHZYT
AR

Figure 6. 13»56HopRE5K, BEeBAERI > TEFRZEHLEZSI-200
(CG) BILDVoco & Voce DHMEMEHEIENEHBE TRV, Voco & nvec DK
FRIFzESBEHEIEZEDONS, [sco HUT Isce EMi1sc 7w b L72F igure
6. 14T, BEHEBEELOANSHAKN. 621007 oy FERWCELERZER
(Table6. 6) . 72, Figure 6. 15WRUL7ZPraxoll < 5 Puaxe® 7 pmaxD 7
Ty hTE, HREBEEPSANIRAENO. 6Dy FERWTELBERZEE, b
DBEALEF—5i3, Figure 6. 1426. 1572k (@) LTdHs., O
B, Isco EIsce BEU N 1:c DO, ST Praxod Praxed LN pmax DRI — K5
DOMEMENEoN, Figure 6. 13~6. 15KpRUEFUBESE»S, Voco i
mEEHITVoce & Nvee WETUL, T 1sco BEXUEPraxodii#dmsa&, T ¥EN
Isce EXUPoaxeBMU, 7 15c BEE N emaxBETTB S L, LU, E
DL DI, Voco & Voce DHMBGRIEENEHRETRL. /. Table6. 205
Lk, Si-200(CG) EADVoco KHFTBEVoce D7 I FOELEBROARD
¥ EEPRD AT, -7, BEBRECL - TEFRPEHELZSi-200(CG) +
WD Voce &, Voco BgmMIZLETFIZLERTERN,

Figure 6. 16¢6. 1TRARLEZEIR. BEMEFRBEC I - TESFEZBHL
Ga As(Bare) R LOBARE, Voco &Voce BET7 vor . B HLI Isco 2 T sce
BLFN s OMKHKMNRHZERBEREZOONS., COBRARIIE. EREEISH



JAERI- M 89—085

hB33tKNo.8DVoco KT B Voce & Mvoe DT Ty FERWGEUERZ KD

(Table6. 7) . ¥72. Figure 6. 18#%# 5. Pmaxo& P maxed KU 7 emax DI
OGRS FAET BB P B, Figure 6. 16~6. 18RURIEHE
i1, Voco, Isco., BXUPpaxoimy s e, TNE€NVoce . Isce . BXU
PoaxcSHIM U, Dvoe « Nisc » BT NemaxBEFIHILZRLTNS,

Figire 6. 1 9RRURACBHMEL X > TETREMBLIGa AS(CG) €I
DVoco KT B Voce & Nvoe DF Ty R T, ERBEELSANBHIMN. 9DT T
o FRBRNTHELUESE RS (Table6. 8) , TORERE. Voco ¥ Voce BLXT 7 vee
O S EREESS 6Nz, Figure 6. 20RRLEXSE. Isco &lsce B
XU N 1ee OISR AHBMESBD SNV, T2, Figure 6. 2 1O Pmax O
AT, Poaxod Praxe® B —GOHBBEESZEDH SN E 55, Puraxol 1 emaxDHE
B4R IIEBE TRV, Figure 6. 19~6. 2 1O HERIET. Voco . Isco. LU
P naxoDI T fE > C. Voce . Isce . BLFPaaxeSBML. Nvoe . M1sc « EX
CNemaxBWEFTBHEIERZARLTWVS,

L EDER»S, HERHER X > TEFHPEHRUEREAKIE, Voo . Isco. B
Y 7FPmaxodS KX WB, Voce . Isce , BEUFPraxeSKEL, Nvoe . N1sc » B
KN pmaxPETTBEEITELIZIRN,

(2) BHBHE

Figure 6. 22256, BEBHER X > TEFBZRHELZSI-S0 (Bare)tvo
Voco ¥ Voce OAMEMGEIIBMBE TRV, Voco KHT B nvee DT Ty MIPRD
B nESEERRT CENAPE, Isco KMUTIsce Enise BT PUR
Figure 6. 23T, EHBE»roANBRAKN0.2, 6, 9, BXUr1007uy b
BB LT ESEER kDT (Table6. 9) . RENo.6 L IDF—FRRhZT T v
N (@) LThd. 2OXI R AMRF—FRIEH > 2BR. [sco & Isce BI
N 1se ORI ZD BIFREBREESBSNT, Figure 6. 2 4R Uz Praxoll XF
% PnaxeB LM emax® 7 0w M CI3, HREEDP SANRZHEN0. 2070y FREA
LR EEE kD (Table6. 9) . T2, ZORP S, Pmaxods 67.7 aWZBW S
2070y k (RENo.1210) & WTFhsHEBEHErSLRDANTWEE. #
FRRBELA - TWAZ EBNPE, INODHE. Praxolk PraxeB LT 7 emax DK
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—IGOMBMBEEREHEON TS, Figure 6. 22~6. 240 FHEHRE. Voco B&
U PnaxoBMy B2 ETNENVoce & Nvoe BLFPuraxel npmax®ETL, Isco
DEMEL BT Isce ENise PEMTBZILZRLTWS, UL, ERBOEIK,
Voco & Voce DMBIBIRII BT, ., Table6. 2 1R RLEXIK, Si-50
(Bare)tE D Voco Wxtd B Voce DF Ty FONLUEHOARE (b) OMeHiiEd i
NhEN, T2, Isco RNT BN 1:c DT TR, PRVDF—2EHNZT-TE
D, Table6. 2 I RAUVEHLERDOGRSGPRDINEWN, E6L. EERDOEIK,
Pmaxo& Pmaxe DI — O MBBEERESE SN TWE A, Praxoll 63 % Praxe®d 7' o1
v FOEUEEOGEDERBEIXENHRAE Y (Table6. 21) , #-T. BHHW
HECE>TEFRZEBNLZSI-50 (Bare)BbdDVoce & PraxellENENVoco &
Poaxo 3B EETFTU. 7 1sc ($1sco OWMIC-THWMTBLERTERZN,
Figure 6. 25K RUEBIBRABTI->TEFRERELEZS1-50 (CG) IV
DVocDIFBHIIE, Voco & Voce DABBEBMRIIHHRE TRV, Voco & nye. DRI
e E@MEAESN TS, Tz, Figure 6. 26X RLEZEDSR, Isco
& 1sce DERE—EOHMBESEZDHONZ N, Isco &1 DHBEFRIHAFETR
Wo 6T, Paaxoll M U T Pmaxed M emax® 72w U Figure 6. 27T, B#
HEPSANSZAMRN. 10070y FZRVWTEMERZHZ (Table6. 10) .
L L, CORPSHOP LS., Praxod PraxeB XU 1 emax D HAMEBIMRIIHRE T
&wQ:m—@tbf\%?ﬁ%ﬁ%btaﬂmpmm@ﬁﬁﬁﬁﬁwmmwaﬁﬁt
Ko eBN¥EFonNS, Figure 6. 25~6. 2 TRRLURZELUERIE. Voco Bk
FPoaxoDBEMZHF - TENENVoco & Nvoe BEUFEPnaxel NemaxEFL, 72
Isco BEMTBE. Isce ML, 71.c BETFTEHZERZRLTNE, UL,
FEDOXDIW. Voco & Voce BLUFPuaxol Paaxed HBIBI{RIIBIRE TRV, T2,
Table6. 2 1IZ/RLUEZEHWIC, Si-50 (CG) LD Voco ¥ Pmaxolz 3 3 FNEH
Voce ¢ Pnaxe® 7' 1y FOELEROAEDORIEIITNEAXL 2V, Ko T, BB
BREECI>TEFREBEHALIZSI-50 (CG) EADVoce BLUFPnaxeld. Th¥h
Voco BEU PnaxoDMiC > TE T2 ERRTIORZYTRN,
RHBELECE - TE TR ZHEELZSi-200(Bare) L VD Voco WWHtd % Voce &
Nvoe DT T M, Figure 6. 28KRLELESIT. Voco A5 585 nV fHFICHEF L
Tnsd, LU, Voco &Voce DHMBIBIRIIHBETZ WD, Voo & 7ves DRI T
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ROBHFZERMERNSEDONS, Figure 6. 29K R U Isco T2 Isce &
MNise DT Ty MTI, BREFEPSANSZAKNO. 52807 uy P RBRALCHELE
Wkl (Table6. 11) . CHORDT ey M Isco 5 167~170 nADFEWHHHIC
RBUTHnE, Isco &Isce BEUN1.. OB EKNBEFRELBESZD SN
%5, —J1. Figure 6. 30RRUEEIW, Pmaxok ¥ ¥ 2 Praxed 7 pmax®F T b
I Pmaxod® 70 WL EDLTWEDT, ChsOHMEBEGEILTUEHBETRZ Y,
Figure 6. 28~6. 30RRUIEHERSPS. Voco BXU Praxoitimd 5 &,
ENTNVoce BLUPpaxeBHMU. Vvoe BEE N emaxBETL, T 1sco DY
M B Isce Enise BEMTBIEBIPB. LU, EEDES . Figure
6. 290D Isco KHT BN 15c DF T v M Isco #5 167~170 aMhEREBLTE
D. Table6. 21K RLEZDTay FOBREUERDEOLRE, FL LT Isco
164.7 & 171.1 mA D72 + (Table6. 1 1DRAHNo.329) tREALTWHB3XE
6N, Isco &nic OMBABKRELTULHARBTRY, #-T. BHREEC I ST
EFHZWMHALZSi-200(Bare) BND 7 1ec (. Isco DEMIT/H-TEMT 3 LR
TERW, |

Figure 6. 31 RUVIEBHEHECKL - CEFRPBHLRZSI-200(CG) £ILD
 VocDBARIE., Voco & Voce DMBIBREHBE TRV, Voco & 1vee DEMBIE
WBFTHB, 7. Figure 6. 3256, Isco & 1sce DI IZ—KoMHBIRFHDS
RHONLEA, Isco &1 ODHMERBBETRW I EHINS, €512, Figure
6. 33WHRLEEDW. Pnaxol PaaxeB LT 7 pmaxD MW X #2 HBIBENED S
Nz, Figure 6. 31~6. 33WRULEEMEHRIT. Voco B XUP naxodSgm
FT5¢. Th¥ENVoce £ Mvoe BEUPraxed 7 emax®BETFT UL, Isco HMTZE
I'sce &9 1se BEMTEILZIRLTNS, ULPLL, EEDESWK, Voco . Isco .,
BLXU Prnaxok ENENVoce . T1sc . BLUFPuaxeDMHBBFRHAR TRV, T2,
Table6. 2 1R LEDK. Si-200(CG) LD Voco KT B Voce 7w b
DO UEROLARDOEHNBEIEI P2 D NEL, Tsco BEUPraxolk W3 3 FNEND 1.c
BEUPraxon7 0y k DEUHBOUEORHETEL ISV, 5T, BHEHN
KXo THEFREZBELZSI-2000CG) ¥LDVoce BEYPraxeld FNEFNVoco 8
LU PraxoDHMIZH > TETL, Isco WHMTBZE 7 1. BEMT B EEBRTER

AN
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Figure 6. 34RRLE2X5W, Ga As(Bare )t WV BHBHFET X > TETR
PR LEAE, Voco » Voce O s pBi @iz HBEMEHBEDON. Voco
ENvee PEHBMEREEMBFTHS. Isco & Isce BLXUN1ve DEBRERLE
Figure 6. 35Tk, choOMk &A@ HBEMESZD NS . BHRFET
Yo TEFRPEHELE-Ga As(Bare) 2 VDOAK No. T D Praxel 7 pmaxtd, Table
6. 13 RLRESCEBTIEN, ZOD, Nreaax®D ol 7.46 EEAFTARES
oTWa, ¥, Figure 6. 3 6 D Paaxoll 9 3 Pueaxed 7 emax®D 72y HTH,
REINo. 107w MBS EHBEEISANS (Table6. 13) . #-T. CORMIRL
7> Pnaxoll 54 % Puaxe® 1 emax®P7 U v b OELPELIE, CHh6DF—FZHRWTRD
7. ZORE. Poaxol PraxeB XU emax D — O MBEMFRSEH SN, Figure
6. 34~6. 36DELEHRP S, Voco . Isco . BEUFPraxod WM -T, £
nENVoce . Isce BLXUPoaxeXSBIMU. Nvoe « N1sc « BLFMenaxBEFT S
EBIPB.

Figure 6. 3 TRRLVEBHREHT X STEFHEFXBHLIZGa As(CG) ¥ILD
Voco EHTBVoce ¥ 1vee DT Ty R TR, HEBESSANZRHNo. LOF Ty
FEBALUTELESRE (Table6. 14) . TDORR. Voco & Voce ORI -G
OHEEENESN, Voco KHT B vee D7 T b TIRIEKRNRFZEREERSHS
N, Figure 6. 38K RL7ZEIR, Isco & Isce BEU N 1sc ORI EHHRH
MRS ED SNRW, Table6. 14RJRLRIDK. BHBEEL L > TRETRZH
HML=Ga As(CG) ELORENo. 1 DPnaxel 7 emaxE BH AT, COTD,
N omax® DS 4.45 EHRNKEL R -TWS, #-T. Figure 6. 3 9DELER
. COF—2RBRALTKkD, TOKR. Pnaxol PraxeB XU pnax DK — D
MRS EeNT-, Figure 6. 37~6. 3 9DFHERE. Voco . Isco. B
O Pnaxob@m3d sz, FNFNVoce . Isce . BIUPraxeHML. 7voe .
Nise » BEFNpmaxMEFTBZEZRLTNS,

DEDERE,G, BHRFES - TETRYPBHLLHALS, HERFROBRAL
Ak, Voco; Isco . BXUPraxodSAZ W, Voce . Isce . BXUPraxehiX
K<, Mvoo . Nise » BEUF MemaxWEFTBLEXBILENTES.,
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(3) ARy HRBEE

Figure 6. 40~6. 48 RURAFNy FRHNEOHS, ThEROLABEROR
HETAKTHE, 2. ChoDHWRLUEUEBIE, Table6. 15~6. 172
RUTAZORBOF—2ZHNT, RAO2FEFHCX - TERBHC kDR, T, 0WT
NOBATHEMET S SMEMEPE N THRY,

Figure 6. 40~6. 4 2R U EUEREDL S, XXy FREEBEZX>TESRZ
WA L72Si-5080 T, Voco . Isco ., 8L PmaxodX¥pmy s &, Bare ¥k
CGEILDVoce . Isce . BXUPmaxed Nemax. ROFWCGENLD N voo SN
L. Bare PN DNvoe £ i1sc BEUFECGENLDN 1sc BT IT B N30 E, L
U, Table6. 22WRLREEDIK, Si-50 (CG) LD Voo KHT B Nvoe T
FOFLHEHDOAE (b)) FFEULLKANEL, FFigure 6. 42K,RLBare il &
CGENVDPraxolZ M T B3N pmax®D 7 Ty MIWTHhE - COHABBERNEDSNAEE
ThB. ®>T, AFy MEREC X > TETHEERHE LI SI-50 (CG) €O voo
EXUSi-50 (Bare)P &2 Si-i0 (CG) TND N emaxld. THNEFNRVoco BET
Puaxo®D M - THMI L L HRTH5DEZL4TRL,

ARy F"BEEBECE-TETHEPEELESI-200 22 O2WTHRLUE=Figure 6.
43~6. 450FEUEHIE, Voco ., Isco, BXUFPraxoD#EMIZ £ -T, £NFN
Bare P D Isce BEFCGEIDVoce & PnaxeStMmL . Bare LD Voce &
Nvoe + Nisc » BETFPDANEE Nomax. ROEFWCGEILDNvoe . Isce & 7Mi1se
BLE N emaxBEFTTBERZRLTWVWS, LU, ZNSORP S, Bare VD
Voco ¥ Voce EXFPnaxok Pmaxe, 2S5 I CGEIVD Isco & 1sce DAHEIBIR
. WINOHEBRTRNWI LIPS, K->T. ARy VBREEL K> TEFHZRHEL
72Si-200(Bare) D Voce & PraxeB LUFSi-200(CG) ILDIsce . THEN
Voco & PnaxoB XU Isco BMIZLE I B EERTERWN,

Figure 6. 46~6. 48BWRLEXFy MNEBHEL K- TEFEZEBHLEGa
As PIVORLHER»S, Voco , Isco, BXUFPraxoS#¥imd se&,. FNFNBare
Ve CGEILVDVoce . Isce Enisc . BLU Paaxe, REFRCGELIVD N pmaxd
WAL, Bare ¥ DNvoe & MpmaxBLFCGEND N voe BETTBEZIEBDNL S,
ULbL, Table6. 22RLEESIC, Ga As PIVODOHA, Bare YLD Isco T
LNise BIXUCGEINDPRaxoll HT 3 1 pmax® 71y FOFUELDOLRIITEL <
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S, 7, Figure 6. 4TKERUTEEDIE, CGENLDIsco & ni1s. DOMHBIERT
HBETRW, -7, ARy PBRRHECX-TETFEPHHELZGa As(Bare)® L &
Ga As{(CG) WD 7 1sc BELULGa As(CG) LD Nemaxit. THRHENLsco B&
UPnaxoSEMT & MI s e BMmTHOBZYTRN,

HEDERNG, Xy FBEEOHGS, BERRNEBIUBHRHNEDORA LN
Bz, Voco . Isco ., BXUFPraxoB ALXWE, Voce . Isce . BXUFPuraxehi ki
i Mvoe + Mise » BETNenaxVWETTBEERSZIEHTES,

(4) F&H

EdRLUEXIR, EEBRHE BBEAE BXU0IRy FVEEEOWTROHLSK
&, KBEMDOVoc, Isc. BXUPrax 3. FNENOPHBESAS WA, ETREH
BOMBREL ., RFEPETFTIZEMLEZDONS, H. BB EEICBHEN
BRESTEFEPEHELEZABEEBBOVoco £ 1vec ORI, BTORHITIBWT,
P BHREREENRZDON, Voco DEMEEBT nve. PEEFEBHTETIT S
cEZONS, Tz, Isco CHTEN1.c DI b, £ DBA, HEMRITLRE
FEEZTRL., Isco DEMTHF>TH1se PIETTBHLEXTELEZRY, Puaxod
NemaxDEHAMBEIETNBEFCERVWY, BTORHTEWT, Pnaxod@imy 3 &
N emaxBE F I EHEBMZRLUTWS, ARy NBHEDIBEDVoco & Nvee . Isco &
Nise . BEEPRXOE NemaxPHEBENTCH. FEDHEZRTHEANEZW., TD
%, Voc. Isc, BLXUPoax OPMPBESEMT S RFEHETILLELLGNS,
3. 3. 2HMDTable3. BRARULLEIK, EHENASDADOHFHRELZ BWTHF
ALEENENOABERODBare ¥IWECGE LMD Voc, Isc, BEUPnax OFHl
DFHBIFEFELW, 2. Si-50k L E Si-200 MO NSDEBLEHODED
FEHEHEIFEZELV, LU, AFEOWRECFALETHENOABEMD Bare L &
CG%W£&US%W%W&S%NO%WTQ\ZﬁB@%ﬁ%ﬁ@ﬂﬁﬁ@ﬁﬁﬁﬁ%
PBAN BV (Tabled. 3~4. 1 TEXFFigure 6. 4~6. 48) ,

foT. KBEROMBHSEERZ. BHGOBRC - THONIEREHEERDOE
MRVEHETEEZL,. ThThoBEIKEEOTRET - TOREELRTEL. COLRME
Eﬂﬁ?é&%ﬁﬁ%&mii%ﬁﬁﬁﬁéﬁb.znc&oTﬁﬁiéﬁﬁﬁ&%a%
Ao5ns, |
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Table6. 20~6. 22W/RL7Figure 6. 4~6. 4 8DRLEEOKSR -0
Jr(a) 4R/ (b) ZHWT., Voco . Isco, BXUPraxo® FNFhoOREFICH
KdBVoce . Isce, BLUPnaxo. ROEFIX Tvoe « MNise » BEEN pmax P EHH
L. Table6. 23KxRT. IDEXRE, RALEENFThOBRIBHEOEREMERL
72o Si-30%JLE Si-200 EVOEREMIE, Tabled. 5L RLECNSOXBELD
Bare W& CGENVDVoco . Isco. BEUPraxoF NENDAEDOFEREDEHF
WEEWRATHS, 2. Ga As ¥ILOFThiE, Bare YL CGRVOERERE
HEHLBECENATH S,

Table6. 23X RLIZEIK, BERNELBIEREOBEOENTNOKEER
DOBare RNV ECGEIDNyoe . Nise . BEF nenaxZHET 5L, BHEBHED
Si-200 BLDN 15 BELSED (0.2 DECGEILDIBASNE, ThEBRSERT
Bare B DHHREWN, JOFRE. ABEMNEC B 3 ETHOFEREE DML B
HBBD. Bare BT, MEEREFIRZVX—B 1MV OBTHORDBEE N4
HEDOE — 2 p ~nEALDENVEIAEHD, CGENTRIDY—UHp —niE
AHERHBIEZRTODLEELZONS, L L, Bare ¥ IVECGELDNvoo .
Nise  BETFNemaxDEL, HET 2.3 %5 BEAENIELUTTHD, EHRBTEX0H
FHNEEZONE, - T, ChODBEREUREHEEIT. YINR—FIRCL-TIEEAY
HBETIRWERBRTES, _

Table6. 2 3R RULEEHEMNE, BHMNE, BLORKy FEHED 7 oo .
Nisc « BEF NenaxiI2WT, Si-30EA, Si-200 £, ELUGa As L7 H#
EE-X

i e HE B 2 N voo Ga As BI>Si-50t=Si-200 &I
M 1se Si-50)>Ga As £IL>Si-200 ¥
Memax  Ga As BIV>Si-50L N> Si-200 ¥
BEEAE M voe Ga As ®)IL>Si-50€L=2S5i-200 &
M 1sc Si-50€N>Ga As £IL>S5i-200 )b
Nemax  Ga As £IL>Si-50%)L>Si-200 &
Ay FHENE M vo. Ga As ¥I>Si-508N2Si-200 &I
M 1sc Si-50/L>Ga As EIL>Si-200 €
Nemax  Si-50¥IL>Ga As ¥IL>Si-200 &
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EizB, f#oT, KEOWROBHETIE, 242 LT. Ga As )L, Si-i0¥), Si-
200 BT WBRBUPETTZLEXB N TES,
F#iZ. Si-50&1. Si-200 €. BXUGa As VD Mvoe . M1sc » BEL
Nemaxie 2WWT, EEEHE. BYRRE, BLXURFy FREEPHET S &,
Si-50% M voe ARy B Ez EE BH L > B e R
N 1sc ARy MRS > EE B > B e
N pmax ARy b ERGHE: > BE B > B R B
Si-200 &NV Nvoe R w b RGHE 2 BT BR% > BB
M 1se Ay RN > EERHE>BEHBHNE
Nemax AR v FENE>EEREEE>BHRBNE
Ga As £ M voe ARy SHRE 2 EE RN E =B N %
M rse AFy FBHEETRAEBEHEHE
7 pmax BlEBREz ARy NREEBERERS
b, ®oT, Si-508IESi-200 BNDNvoe « N1z « BEF N pmaxPE T X
Ay FEHE ETHENE BEENEOBIAELRY, Ga As EVOFRIMHN
BREoTEEALERBZZTIRVWEEZI OGNS, COIOSRBRABR L2 EIEMHR
FEOEREZ, TNENOBRFTBECBHBZ7NVLAHE, 7V R, BIXUBHED
REOBEOHECLERATSZLEXSNBZDT, LTFTOLHL BN TEET S,

6. 3.3 AIVIROEHE

6. 1ficdTable6. 1R RULRELIR, AROWMRC BT IETHNE, BHEH
. BLUXFy FREHEOBHAOY —LAERIE., Theh 0.167, 5.0 ., BXU¥ 0.029
MTH5, -7, BEINVIUAKOKIRBLF1 :30:0.1T2%3, —K. 6. 3.
2 (4) THAXREZEIRX, BEFHRZEHELESI-0EVE Si-200 VD 7vee
Nise v BET Nemaxld, WINHEARy FREE, BEBHY, BHEFEOHECET
T3, UL, Ga As EDNvee » Nise « BEENenanid. BEHBEZ X >CiEL
AEEBEZIRN, 2hoD ks, MUV ADETHERBH LK, Si-50
T ESi-200 EVDNvoe . Nise » BEFE Nemaxl@ 7NV T AEBENERKE L,
Ga As L LOBATETI NI RKOYBREL AL BT RNEEL B EHTES,

4. THRRELZEHK, BEBHEOBAREIY — A4 X3 HAIMTHANO
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NIWABFEPKBERBMICARNTZL, TNV AKOBEETRE LTORD HW
WEETHS. BHIENEOBATE, C—2thE AHOBHE > HBMCELT 5
WABTRPABCARNL, CORGOTNIVARBERETZCLR3FHCRE D
2, —J. A¥wy NBHRHETE, —F7 VIV AROBFRVFEELTCRABNCIART S,
HoT, BRAKZLEBESI-50VILESI-200 D Nvoe « Nise « BEF M emaxDE
%, FEHENS S 7 VT RBOB AL SWHT S LIERTHS.

6. 3. 4 TLIVZIDOHE

6. 3. 25 (4) WEKLEZEIK, Si-S0LLESi-200 ¥D Mo « M 1sc .
BEFnemaxtd, BRHABLE-TES, COHEREHWT, BIETE I NV ARDOH
BPOSERUEY, COFRD LD LTHEHLEI VLI ADFEIHEZLGNS, L
L. Ga As TIDNvoe « Mi1se s BEE NeaaxWBEHBEL Lo THEALERY
RV s, AEOHRRTE, BRAERKZ 7 VLY AOTRES T, ERHCE
HATEBLEBEZTEUVIIRN,

6. 3. b REBORHIEOEE
AEEROKRGEEO 7= — )L (BF) HREICFEY=— ) (BERE) SREE
EOBERE WIS OHESFTONTNEY, CheDEENREER SWTRE R
P ENTWRN?, BERBNTEFREYBHUEZST KBEEMRO [ schs. KRITEW
T, 2~3H0S 1Y ADOME 10§ |E7=— (BH) LEzHEINTWE2, &
DEST, ST KBEWROKMHBRBELR. FERCBEVWTHESHT =T 50, BHER
7oL R, 200 ~400 COBEHBM BV CHMEING 2, —¥, FHEEEBL
TREBEERSERT LRAREIL200 C2EXOSNTVE, #-T. FHHLABEEROKK
HARBEECE, 2EHL4CB8VW T, BERT7 - NVHRIBISRWEEZXSNSE, &
517, FHRKBWTABELSERT 3 RHRORERE. 1 L CENT 3 HNROEN
ENHEMOEEW, K- T, AHRCECEZABERMOKHSHEEL 7 =~ LB ROEEH
(72— VEE/"HEEE) & FEHEBYA2Eh 2 EBRL T, HEDOFBENIC X
W, ABBROBSBSOBECBY 3 EHMOY=— LB REMSOBHRE 60 CK
BNT 24 BFRIRET s xRN, KBEROBERILERT 52, cocers, &
FHENHOKBEEBLOBEY LRI 27— VYRS RESNE L2 EX6N5,
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6. 2. 1 ETANREISK, BFEPENTZL. ABRERORERES LT 5,
BERHEB LRy FREEOSACR, AREROETESELRETRELROD
FBIEHTES. BEBHEOBRATW, AHOBHTH - T, EBXY— L0400
T, ABEROXEREDOAMZ LA L TREEDESNE, ASOHRLBEIZID
EELAE. Si-50¥i, Si-200 £, BLUFGa As V@D Bare L ECGE LD
BE, FnFhegs 6.52 9.5, 6.5 & 14,4, BEOF 15.2 £ 18.1 °CT& 3 (Table
6.2), —F. 6. 3. 21 (4) RERLELIK., BHBRHEDBAD 7 voo
Nise . BEFD eman BBONEL . BIRERH I ABEROBES LR TZ L7 =
—VRBRESNE LW LECTHE -BRLEW. LHL, BEIBNEORAOEE
TEEREATECLUFFCHBCHS. H>T. ABBHOBIHHOETTHRSILKL
RETREOEBIOVTIR., HOBAPSRHTIANELDH S,

6. 4 &

FTHAAXBELMORBHBEHFMAABREEIT3EFRENIET, HENET VLY XKD
ERMREREY — AP BFoNA XKy FEBEE (BLELABCEEEC—22BETEH
) psEMmkkeEzoNn3, UL, BE, TEMRESRBERCERASNTVWS
TEEES 1MeV BEEOE —LAFEAAE I MBERETE, U —2EEZELLREAE—
RTLEY REOMIREENCTE BERSERCRS . 4. 7. SHCAEES .
AR o FEEEC X - THEFKRH T 3 RHOBBERL RN, JORD,. ZDHHE
@\$$ﬁk%iﬁ@ﬁﬁ%ﬁﬁ%ﬁaﬁt565%&%&%%&@%%&tbTuKE
HBEIXGNS,

BEENE (BBISAHCERAC—L2ZRBRIZHE) k. REOXH ZHEKFIE
HWCEZEWIHANHS (4. 7. 2H) . T, 6. 3. 25 (4) CEL#HKLREEXD
. O FELEBLT, COAEBRE->TBRULEZABELOEREHOETIESL X
<. FHALABEBLORMBEFNEHOBR LW FMHCEIELTWE, UL, SOHFKT
B, - AFEARIBZHERHONNZAEEAHB Y —LAETEENELABT ZEVWFEAY
DRV AEDTHEZ, HRCELEIEZNANVAEFEVPABEBIANTS (4. 7. 2
H) . COHBCELTZNNVABFROIN I AR ERET B LIIRAETHS
(6. 3. 3W) ., =, BIWEE TR, AHOBBCH->T. RAHEEO2RZ EH
ETRBEDEEZN, IRELFACEHEBEHES ARy FREEL U THzD KX
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WwW(6. 2. 15H26. 3. ) M, COREBEZELOESLLEFCHETHS, #-
T, BERHEED, FHRAABELOMBREUIMARC BT 2@8EmLE TEOBY
HEE LT #ELYEEZONS,

BERHE (BEARNCEEY —LAZEBHTIHY) OBA0RBMCARYTZEFHI
NIVARTHEH, U —2EHDAELIENNVALTHD, EFMREEEIHELTO
IWEZYRBEBERLRDBIENCES (4. T. 1H) . £, CORER LT,
Tl A AR OB KNG 0 ER RO AN EABCBHTE (4. 7. 15H)
BHIORHOBE LRLEETES (6. 2. 1H) , &61K, 6. 3. 25 (4) &
RBELELSR, BFEBHEISARELROEIFEOETE, Xy FRHE:BH
WMHEBEOBHTHS, -0 FTHRAABBELOMBEREHHARCBIT3ETHROR
HALL LT, ABEOHEXBWTRHALLIBD DTk, BEBHEHESRHEN
THaEEAMTES,

6. 3. 2H (4) TARREEIR, EFfRETRFELZKBELDMvoe . M1se . B
KU M emaxld. TNFENVoco . Isco. BEUPnaxoSimd 3 LEFTIZLELLN
5. B2, Voco OHMIZAD nvee DETREETEMNTHS., -7, XKBELOMK
BHSHFMARLIENT, FHLEZABERDOENETNOEREHOHEOBEHLE
LSBHOMBHENL. EFROCHONAZFNFROEIEHRFRoBMR EHMTl
%<, Table6. 23RWRLEELIR., ThFThOBEREHOTHECEEBmEYREL.
 COEEBRHIGT B3 ENTNOBIBUREER KD THMT ELEESS.



JAERI— M 89 — 085

Table 6. 1 Irradiation conditions of electron beams
I rradiation method F ixed Moving s pot
Beam current (mA) 0.167 5.0 0.029
{ercm2e5™1) 1.0x10'2 sesee 1.0x 102
F luence rate
(escm™2+pass™’') | eeee- 1.0x 104 seses
F luence (escm™2) 1.0x10'5 1.0x10'5 1.0x10's
Cnveyer speed (m-min~1) ceese 2.4 teeee
Number of times of irradiation 3 16 6
{repetition)
I rradiation time (s+time™') 1600 about 10 min 1000
(all sample)

Table 6. 2 Maximum temperature of the surface of solar cell
during the irradiation of electron beams
I rradia- Measuring Si-30 Si-200 Ga As
tion item?’
me thod Bare cCG Bare CG Bare CcCG
Ie {mA) 0.164 0.171 0.174
Teo (°C) 20.0 20.0 19.5 20.1 19.5 20.1
F ixed
Twm (°C) 20.5 20.8 19.9 20.8 20.2 21.0
AT (°C) 0.5 0.8 0.4 0.7 0.7 0.9
I=: (mA) 5.00 - 5.03 5.07
} To (°c) 20.0 20.0 19.5 20.4 19.8 20.6
Moving
Tu (°C) 26.5 29.5 25.0 34.8 35.0 38.7
AT (°Cc) 6.5 9.5 6.5 14.4 15.2 18.1
a) Ig : Average beam current of electrons.
To : Temperature of the surface of solar cell before the irradiation
of electron beams.
Tw : Maximum temperature of the surface of solar cell during the
irradiation of electron beams.
AT : Difference between Ty and To (=Tw —To ).
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6. 18 Values of standard deviation

(o) and their corrected

values (o’ ) of remaining factors (n) extracted from

Table 6.3~6.8

(fixed irradiation method)

C harac- T Si-50 Si-200 Ga As
teristic or
g’ (Bare) | (CG) {(Bare) | (CG) (Bare) § (CG)
a B 0.83 0.36 1.02 0.79 0.95 0.63
Voc
o’ (%) seee sess rees e 0.24 0.26
o (% 0.93 0.63 0.83 0.56 0.63 0.69
Isc
a’ (%) 0.67 csee 0.33 cree sees ceea
a (%) 1.32 1.19 1.82 1.17 0.86 0.97
P max
0‘" (x) LI ) "o 0.80 0'88 LN AN 3 *se e
a (%) 1.49 1.40 0.96 1.54 2.75 1.88
Vop
U’ (%) L R W ] L N ) *oae LR K N 1.27 L N N
o (%) 2.30 1.65 1.82 1.21 2.77 1.64
Iop :
o’ (%) 1.90 e caee veen 0.92 cees
a (%) i.05 1.40 1.03 0.83 1.96 1.22
FF
! 0" (x) LY reese XX R} ‘e 1‘56 -eeh
o (% | 3.52 2.55 2.13 1.21 3.20 1.51
Iv
a’ (%) 1.77 1.84 1.28 e 0.88 v
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Table 6. 19 WValues of standard deviation (o) and their corrected
values (o’ ) of remaining factors (n) extracted from
Table 6.9~6.14
(moving irradiation method)
C harac- o Si-50 Si-200 Ga As
teristic or
‘ o’ (Bare) | (CG) {(Bare) (CQ®) (Bare) ] (C@®)
. a (%) 0.84 .47 0.81 0.53 (.35 0.57
Voc
G’ (%) LN S L N LR K X 1 *r e LK R ) 0-36
a B 0.77 0.79 0.64 0.42 0.68 0.85
Isc
0', (%) 0.19 * e 0.33 > * P - e L O
a ¥ 1.91 1.54 1.64 1.55 7.456 4.45
P max
o’ (%) 1.30 1.18 R o 0.81 1.51
a 1.27 1.18 2.08 0.82 4.60 3.3%
Vop
o’ (%) 1.61 1.51 1.93
o (%) 1.40 2.110 6.95 1.56 4.58 2.43
Iop -
o’ (%) 1.91 1.55 1.16
a (%) 1.82 1.46 1.22 1.89 9.59 5.50
FF
Cr’ (%) 1_30 cre e e L XY 1_01 1.86
o (%) 3.41 2.73 2.59 2.81 0.78 7.83
Iv . :
a’ (%) 1.67 1.73 1.38 1.52 1.35
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Tabhle 6. 20 Constants (a and b) of the approximate straight lines (v = a + bx) in Figures
6.4 ~6.21 plotted the electrical characteristics (v = Voce, Isce, and Pmaxe)
and their remaining factors (¥ =Nvoec, "N isc, and Nemax) 0F solar cells
irradiated by the fixed irradiation method to the initial electrical
characteristics (x = Voco, Isco, and Pmaxo)

Variable Con- Si-50 S1-200 Ga As
X v stant (Bare) (CG) {Bare) (CG) (Bare) (CG)
a 483.00 467.55 - 551,33 595.72 151.69 374.566
Voce
b 0. 0447 D.0676 -0.0787 -0.0879 0.7745 0.5404
Voco
a 169. 34 164.80 18G. 91 185.77 108. 97 130.93
N voc
b -0. 1407 -0.1336 -0. 1616 -0.1718 -0.0164 -0.0394
a 53.52 74.90 56.94 8.60 64.63 32.03
Isce
b D.5633 0.4233 0. 4861 0.7581 0.3368 0.5931
I sco
a 124.40 136.29 117.00 85.85 140. 16 110.16
N 1isc
b -0.2164 -0.2947 -0.2053 -0.0293 -0.4386 -0. 2015
a 37.05 39.47 34.33 44.30 15.91 16.18
Pmaxe .
b 0.2234 0.1820 0.2285 0.0677 0.6140 0. 6080
Pmraxo
a 133. 82 133.49 121.70 133.37 46.76 97.82
anax
b -0.8385 -0.8418 -G.7112 -0.9042 -0. 1960 -0.2113
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Table 6. 21 Constants (a and b) of the approximate straight lines (v = a + bx) in Figures
6.22~6.39 plotted the electrical characteristics (v = Voce, Isce, and Pmaxe)
and their remaining factors {y =Nvoc, TN isc, and Nemax) 0f solar cells
irradiated by the moving irradiation method to the initial electrical
characteristics (x = Voco, Isco, and Pmaxo)

Variable Con- Si-50_ Si-200 Ga As
>4 y stant (Bare) (CQ) (Bare) (CQ®) (Bare) (CQ)
a 553. 46 562.44 487,58 552.20 401.77 479. 418
Voce
b -0.0925 -0.1102 0.0164 -0.0974 0.5136 0.4310
Voco
a 177.83 174.74 164. 35 181.25 135.42 143.10
‘n\loc
b -0.1581 -(.1534 -0.1357 -0G.1651 -0.0440 -0.0521
a -18.35 16.90 -41.08 -3.65 48.71 14.53
I sce
b 0. 9885 0. 7550 1.0296 G.8029 0.4612 0.7322
Isco
a 76.33 97.07 53.45 74.73 125.96 94. 20
LETT:
b 0.0690 -0.0688 0.1492 0.0204 -0.3270 -0.0743
a 97.76 55.74 21.29 46.35% 18. 2§ 18.05
P maxe
b -0.1291 -0.1091 0.3610 -0.0078 0.5878 0. 3586
Pnaxo
a 156. 93 153.14 94.63 133.15 99,74 122.07
nl’max
b -1.2482 -1.2068 -0.4018 -0.9676 -0.2292 -0.4881
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Table 6. 22 Constants (a and b) of the approximate straight lines (v = a2 + bx) in Figures
6.40~6.48 plotted the electrical characteristics (v = VYoce, Isce, and Pmaxe)
and their remaining factors (¥ =Nvoc, MNisc, and Nemax) of solar cells
irradiated by the spot irradiation method to the initial values (x = Voco, Isco,
and Pmaxo)

Variable Con- Si-50 Si-200 Ga As
X v stant {Bare) (CQ) (Bare) (CG) (Bare) (CGQ)
a 380. 22 -5.82 571,29 402.62 503.02 194,32
Voce
. b 0.2226 0.8655% -0.1082 0.1789 0.4137 0.7298
Voco
a 148. 46 83.40 176.01 153.54 145. 80 98. 34
nVoc
b -0.1047 0.0034 -0.1525 -0.1142 -0.0542 -0.0060
a 2.37 66.30 94.00 169.68 -1.47 -18.22
I sce
b 0.8914 0.4947 4.2708 -0.1491 0.8728 1.0081
Isco.
a 92.05 135.53 139.27 188.75 83.91 70.24
N 1sc
b -.0089 -0.2790 -0. 3345 -0.6349 (0.0182 0.1281
a -86. 94 -106.04 94.99 31.64 30.23 -1.28
P maxe
b 2.0556 2.3430 -0.6081 0.2647 0.4418 0. 8086
P maxo
a -50.77 -80.54 208.26 117.53 113.96 79.22
ﬂl’max
b 1.8889 2.3430 -1. 9054 -0.6552 =0.401% 0.0021
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Table 6. 23 Electrical characteristics (Voce, Isce, and Pmax) and their remaining factors
(Nvoe, TNisc, and TNemax) at the standard-characteristic values (Voco, Isco,
and Pmaxo) of solar cells calculated by using the constants shown in Table
£.21~6.23
Si-50 Si-200 Ga As
Characteristics
(Bare) (CG) (Bare) (CG) (Bare) (CG)
Voco  (aV) 595.0 968.0
Stan-
dard Isco {mA) 164.0 123.5
value
P naxo (W) 71.0 91.0
F ixed irradiation method
Voce (mV) 509.6 507.8 504.5 503.4 901.4 847.
Voc
N voo (% 85.6 - 85.3 84.8 84.5 93.1 q2.
Isce (mA) 145.9 144.3 136.7 132.9 106.2 105.
Isc
Nisc % 88.9 88.0 83.3 81.0 86.0 85.
P naxe {oW) 52.9 52.4 50.6 49.1 71.8 71.
P max
7 Pmax 64} 74.3 73.7 71.2 59.2 78.9 78.
Moving irradiation method
Voce (mV) 498.4 496.9 4%7.1 4942 398.39 896.
Voc
7 voe 163} 83.8 83.5 83.6 83.0 92.8 92,
I sce (mA) 143.8 140.7 127.8 128.0 105.7 105.
Isc
Nise (% 87.6 85.8 77.9 78.1 85.6 a5.
Pmaxe (W) 48.6 48.0 46.9 45.8 71.8 70.
P max
7 Pmax & 68.3 67.5 66.1 b4.5 78.9 77.
Spot irradiation method
Voce {(mV) 512.7 508.2 506.9 509.1 903.5 900.
Voc
Nvoc (% 86.2 85.4 85.13 35.6 93.3 43.
Isce (mA) 148.6 147.4 138.4 138.7 106.3 106.
Isc
N Ise 4] 90. 6 89.8 84.4 84.6 86.2 86.
Pmaxe {mW) 59.0 - 60.3 51.8 50.4 70.4 72.
Pmax
Nemax (%) 83.3 85.4 73.0 71.0 77.4 . 79.
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CURRENT (mA)
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= B8 =
' VOLTAGE (mV)

Figure 6. 1 Change in the current-voltage (I-V) characteristic of
Si-50 (CG) cell irradiated electron beams by fixed
irradiation method

I rradiation conditions are the same as in Table 6.4.
: before the irradiation.

————— : after the irradiation.
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CURRENT (mA)

20 1

goe L

VOLTAGE (mV) | f

Figure 6. 2 Change in the current-voltage (I-V) characteristic of
Si-200 (CG) cell irradiated electron beams by fixed
irradiation method

I rradiation conditions are the same as in Table 6.6,
: before the irradiation.

————— : after the irradiation.
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Ffigure 6. 3 Change in the current-voltage (I-V) characteristic of

GaAs (CG) cell irradiated electron heams by fixed
irradiation method

I rradiation conditions are the same as in Table 6.8.
: before the irradiation.

: after the irradiation.
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570 580 590
Voco (MV)

Relation of the open circuit voltages of Si-50 (Bare) cell
between before and after the irradiation of electron beanms

by the fixed irradiation method

I rradiation conditions are the same as in Table 6.3.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

MNvee : remaining factor of open circuit voltage.
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lsco (mA)

Figure 6. 5 Relation of the short circuit currents of Si-50 (Bare) celI
between before and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table 6.3.
Isco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

N 1sc : remaining factor of short circuit current.
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Figure 6. 6 Relation of the maximum powers of Si-50 (Bare) cell between
before and after the irradiation of electron beams by the
fixed irradiation method

I rradiation conditions are the same as in Table 6.3.
Pmaxo : maximum power before the irradiation.
Pmaxe : maximum power after the irradiation.

7 pmax : remaining factor of maximum power.
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Figure 8. 7 Relation of the open circuit voltages of Si-50 (CG) cell
between hefore and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table G.4.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voitage after the irradiation.

M voe : remaining factor of cpen circuit voltage.
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Figure 6. 8 Relation of the short circuit currents of $i-50 (CG) cell
between before and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table 6.4.
Isco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

N 1sc : remaining factor of short circuit current.
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Figure 6. 89 Relation of the maximum powers of Si-50 (CG) cell bhetween
before and after the irradiation of electron beams by the
fixed irradiation method

I rradiation conditions are the same as in Table 6.4.
Pmaxo : maximum power before the irradiation.
Pmaxe : maxisum power after the irradiation.

7 pmax : remalining factor of maximum power.
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-

570 580 590 600
Voco (MV}

Relation of the open circuit voltages of Si-200 (Bare) cell
between before and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table 6.5.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvoec : remaining factor of open circuit voltage.
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| | l
166 168 170
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Relation of the short circuit currents of Si-200 (Bare) cell
hetween before and after the irradiation of electron beanms
by the fixed irradiation method

I rradiation conditions are the same as in Table §.5.
I sco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

N 1sc : remaining factor of short circuit current .
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Pmaxe (mW)

(%)
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67 68 69 70 IAl 72
P‘maxo (mW)

Figure 6. 12 Relation of the maximum powers of Si-200 (Bare) cell between
before and after the irradiation of electron beams by the
fixed irradiation method

I rradiation conditions are the same as in Table 6.5.
Puaoaxo : maximum power before the irradiation.
P paxe : maximum power after the irradiation.

7 pmax : remaining factor of maximum power.
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Figure 6. 13 Relation of the open circuit voltages of Si-200 (CG) cell
between before and after the irradiation of electron bheanms
by the fixed irradiation method

I rradiation conditions are the salie as in Table 6.6.
Voco : open circult voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

N vee : remalning factor of open circuit voltage.
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Figure 6. 14 Relation of the short circuit currents of Si-200 (CG) cell
between before and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table 6.6.

I sco : short circuit current before the irradiation.

I sce : short circuit current after the irradiation.

7 1sc : remaining factor of short circuit current.

® : plots excluded in calculation of approximate
straight lines.
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Relation of the maximum powers of Si-200 (CG) cell between
before and after the irradiation of electron beams by the

fixed irradiation method

I rradiation conditions are the same as in Table 6.6.
P maxo : maximum power before the irradiation.

P maxe : maximum power after the irradiation.

7 pmax . remaining factor of maximum power.

® : plots excluded in calculation of approximate

straight lines.
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Relation of the open circuit voltages of GaAs (Bare) cell

between before and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table 6.7.

Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.
N voe : remaining factor of open circuit voltage.
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120 122 124
lseo (MA)

Relation of the short circuit currents of GaAs (Bare) cell
between before and after the irradiation of electron beams
by the fixed irradiation method

I rradiation conditions are the same as in Table 6.7.
I sco : short circuit current before the irradiation.
Isce : short circuit current after the irradiation.

M 1sc : remaining factor of short circuit current.
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Relation of the maximum powers of GaAs (Bare) cell between
before and after the irradiation of electron heamsby the
fixed irradiation method

I rradiation conditions are the same as in Table §.7.
Pmaxo : maximum power before the irradiation.
Pmaxe : maximum power after the irradiation.

7 emax : remaining factor of maximum power.
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Figure 6. 19 Relation of the open circuit voltages of GaAs (CG) cell
between before and after the irradiation of electron
beams by the fixed irradiation method

I rradiation conditions are the same as in Table 6.8.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvee : remaining factor of open circuit voltage.
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Figure 6. 20 Relation of the short circuit currents of GaAs (CG) cell
between before and after the irradiation of electron
beams by the fixed irradiation method

I rradiation conditions are the same as in Table 6.8.
I sco : short circuit current before the irradiation.
Isce : short circuit current after the irradiation.

N 1sc : remaining facltor of short circuit current.
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Figure 6. 2 1 Relation of the maximum powers of GaAs (CG) cell between
before and after the irradiation of electron beams by the
fixed irradiationr method

I rradiation conditions are the same as in Table 6.8.
Pmaxo : maximum power before the irradiation.
Pmaxe : maximum power after the irradiation.

7 pmax . remaining factor of maximum power.
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Figure 6. 22

Voo (MV)

Relation of the open circuit voltages of Si-50 (Bare) cell
between bhefore and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 6.9.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

N vee : remaining factor of open circuit voltage.
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Figure 6. 23 Relation of the short circuit currents of Si-50 (Bare) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 6.8.

Isco : short circuit current before the irradiation.

I sce : short circuit current after the irradiation.

N 1sc : remaining factor of short circuit current .

[ : plots excluded in the calculation of approximate
straight lines.
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Figure 6. 24 Relation of the maximum powers of Si-50 (Bare) cell between
before and after the irradiation of electron beams by the
moving irradiation method

I rradiation conditions are the same as in Table 6.9.
P maxo : maximum power before the irradiation.
P maxe : maximum power after the irradiation.

7 pmax : remaining factor of wmaximum power.
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Figure 6. 25 Relation of the open circuit voltages of Si-50 (CG) cell
between before and af_ter the irradiation of electron beams
by the moving irradiation method

1 rradiation conditions are the same as in Table 6.10.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

7 voe : remaining factor of open circuit voitage.
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Figure 6. 26 Relation of the short circuit currents of S$i-50 (CG) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 6.10.
Isco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

N isc ¢ remaining factor of short circuit current.
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Figure 6. 27 Relation of the maximum powers of Si-50 (CG) cell between
before and after the irradiation of electron heams by the
moving irradiation method

I rradiation conditions are the same as in Table 6.10.
Pmnaxo : maximum power before the irradiation.
Prpaxe : maximum power after the irradiation.

7 pmax . remaining factor of maximum power.
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Figure 6. 28 Relation of the open circuit voltages of Si-200 (Bare) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 11.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvee : remaining factor of open circuit voltage.
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Relation of the short circuit currents of Si-200 (Bare) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 11.
I sco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

M 1sc . remaining factor of short circuit current.
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Figure 6. 30 Relation of the maximum powers of Si-200 (Bare) cell between
before and after the irradiation of electron beams by the
moving irradiation method

I rradiation conditions are the same as in Table 11.
P maxo : maximum power before the irradiation.
P maxe : maximum power after the irradiation.

7 emax : remaining factor of maximum power.
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Figure 6. 31 Relation of the open circuit voltages of Si-200 (CG) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 12.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.
M veoe : remaining factor of open circuit voltage.
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Figure. 6. 32 Relation of the short circuit currents of Si-200 (CG) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 12.
Isco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

N 1se : remaining factor of short circuit current.
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Relation of the maximum powers of Si-200 (CG) cell between
before and after the irradiation of electron beams by the
moving irradiation method

I rradiation conditions are the same as in Table 12.
Pmaxo : maximum power before the irradiation.
Pmaxe : maximum power after the irradiation.

N pmax : remaining factor of maximum power.

— 138 —



JAERI—M 89—085

905
S 900 -
E
g
> 895 |-
| l
— 94}
S
3
z
92 -
| [ | 1
950 960 970 980

Figure 6. 34 Relation of the open circuit voltages of GaAs (Bare) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 13.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

T vee : remaining factor of open c¢ircuit voltage.
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Figure 6. 35 Relation of the short circuit currents of GaAs (Bare) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 13.
I sco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.
7 1sc : remaining factor of short circuit current.
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Figure 6. 3868 Relation of the maximum powers of GaAs (Bare) cell between
before and after the irradiation of electron beams by the

moving irradiation method

I rradiation conditions are the same as i1n Table 13.
Pmaxo : maximum power before the irradiation.
Pmaxe : maximum power after the irradiation.

7 pmax . remaining factor of maximum power.
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Figure 6. 37 Relation of the open circuit voltages of GaAs (CG) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 14.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvoe : remaining factor of open circuit voitage.
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Relation of the short circuit currents of GaAs (CG) cell
between before and after the irradiation of electron beams
by the moving irradiation method

I rradiation conditions are the same as in Table 14.
I sco : short circuit current before the irradiation.
Isce : short circuit current after the irradiation.

7 1sc : remaining factor of short circuit current.
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Relation of the maximum powers of GaAs (CG) cell between
before and after the irradiation of electron beams by the
moving irradiation method

I rradiation conditions are the same as in Table 14.
Pmaxo : maximum power before the irradiation.
Pnaxe : maximum power after the irradiation.

N emax . remaining factor of maximum power.
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Relation of the open circuit voltages of Si-50 (Bare) cell

(@) and Si-50 (CG) cell (O) between before and after

the irradiation of electron beams by the spot irradiation

method

I rradiation conditions are the same as in Table 15.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvoc : remaining factor of open circuit voltage.
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Figure 6. 41

Relation of the short circuit current of Si-50 (Bare) cell
(@) and $i-50 (CG) cell (O) between before and after
the irradiation of electron beams by the spot irradiation
method

I rradiation conditions are the same as in Table 15.

I sco : short circuit current before the irradiation.
Isce : short circuit current after the irradiation.
N 1sc : remaining factor of short circuit current.
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Relation of the maximum power current of $i-50 (Bare) cell
(@) and Si-50 (CG)Y cell (O) between before and after
the irradiation of electron beams by the spot irradiation

method

I rradiation conditions are the same as in Table 15.
P maxo : maximum power before the irradiation.
P maxe : maximum power after the irradiation.

7 pmax : remaining factor of maximum power.
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Relation of the open circuit voltages of Si-200 (Bare) cell
(®) and Si-50 (CG) cell (O) between before and after
the irradiation of electron beams by the spot irradiation

method

I rradiation conditions are the same as in Table 16.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvoe ¢ remaining factor of open circuit voltage.
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Figure 6. 44 Relation of the short circuit current of Si-200 (Bare) cell
(@) and Si-50 (CG) cell (O) between before and after
the irradiation of electron beams by the spot irradiation
method

I rradiation conditions are the same as in Table 16.
I sco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

7 1s¢ : remaining factor of short circuit current.
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Figure 6. 45

Pmaxo (mW)

Relation of the maximum power current of Si-200 (Bare) cell
(@) and Si-50 (CG) cell (O) between before and after
the irradiation of electron beams by the spot irradiation
method

I rradiation conditions are the same as in Table 16.
Pmaxo : maximum power before the irradiation.
Pmaxe : maximum power after the irradiation.

7 pmax : remalning factor of maximum power.
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Figure 6. 46 Relation of the open circuit voltages of GaAs (Bare) cell
(@) and Si-50 (CG) cell (O) between before and after
the irradiation of electron beams by the spot irradiation
method

I rradiation conditions are the same as in Table 17.
Voco : open circuit voltage before the irradiation.
Voce : open circuit voltage after the irradiation.

Nvee : remaining factor of open circuit voltage.
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Figure 6. 47 Relation of the short circuit current of GaAs (Bare) cell
(@) and Si-50 (CG) cell (O) between before and after
the irradiation of electron heams by the spot irradiation
method

I rradiation conditions are the same as in Table 17.
I sco : short circuit current before the irradiation.
I sce : short circuit current after the irradiation.

M 1sc : remaining factor of short circuit current.
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Relation of the maximum power current of GaAs (Bare) cell
(®) and Si-50 (CG) cell (O) between before and after
the irradiation of electron beams by the spot irradiation

method

I rradiation conditions are the same as in Table 17.
Pmaxo : maximum power before the irradiation.
P maxe : maximum power after the irradiation.

T pmax : remaining factor of maximum power.
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Figure 6., 49 Change in the spectral sensitivity of $i-50 (CG) cell
irradiated electron beams by the fixed irradiation

method

I rradiation conditions are the same as in Table 6.4.

: before the irradiation.

; after the irradiation.
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Figure 6. 50 Change in the spectral sensitivity of §i-200 (CG) cell
irradiated electron beams by the fixed irradiation
method

I rradiation conditions are the same as in Table 5.6.

—— : before the irradiation.

r after the irradiation.
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Figure 6. 51
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Change in the spectral sensitivity of GaAs (CG) cell
irradiated electron beams by the fixed irradiation

method

I rradiation conditions are the same as in Table 5.8.

: before the irradiation.

: after the irradiation.
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