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Improvement of radiation degradation prediction accuracy of solar cell by
elucidation of influence factor of displacement threshold energy

Okuno, Yasuki
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In order to improve the radiation degradation prediction model accuracy of
the solar cell for space, we clarified the changing mechanism of the displacement threshold energy
(Ed) of the InP-type solar cell by experiments and simulations. In the InP-type solar cell, the Ed
value of P do not agree with 9 eV considered conventionally, and it was suggested as 7.7 eV for InP,

4 eV for InGaP, and 3.6 eV for AlInGaP in this research and the previous research. Moreover, when
the cohesive energy of P was calculated by the first principle calculation, it was suggested that
the change of the cohesive energy of P in the InP solar cell does not affect Ed.



¥ XL C—19, F—-19—1, Z—19, CK—19 (@)

1. WFZEBRAAE S D5

AN TSRO KBEEMIL, FTHEBC L > THILT 5720, L TFRBNTObh T -, REHEEET
v W T KB OLE TR Tl InGaP KEGFERIL, 60 keV FET-HRERGHZ L » THENE X
PNEEZLNTER, UL, EROICIIHIEL, ZOoBETRIOER T, ZhETIFLEAL
AL LN EZZ BN TE T L& LB 1L F—(E;) 28 InGaP D P IZEBWTIERE R
NTWAELY HIENWZ ENFRRTHD Z EEPFEFIIMHA L, LU EDRE L LA =
R INT . BAE DO FES RS O BREG TIEH 52> T2, ABFZE TILE, D %8N T % F2BR A9 AR IA
T5, FREHITEAEOREFEEOHGRIZHEH I TNDT20, E,ORER T OB I O]
ZOMEDOHRETT NV OMEIT, SR TR 282 X b o@EEE 2 KBRS T
B2 TR B RIBFHEEE T L ~OBEBRPIE SN D, T, E,0RBKNF425E L
T IREBREO RN HRETT VAR T 5,

2. e BEM

N THE OB NIHERIIIRERGEMSH OO TWD D, FHEM TIXFHROFEEIZ X
> TREBEMOBEBRMEXITIE T LT 2, ALEEOERICBWTKEERmOLL
THNZEECTH S, FRCHEREELE EO%E, mEIXEMRERO Yy - 7T L AT 5
Tl B e, KGEMOBILIZRELRFETH S, KEBEEMOLILTRINTHLTEL, 8l
1E. K[E Naval Research Logistics 25BH3& L7 DDD EMEH SN TW5, ZOFEE., REHE
BETNVOHEBRFHEZILICEBERLZ FRIL, Z0BEEE» L KEELOS(LE FHIT T
ETH 5,

FATIZEICIV T, HEEH 1T, (R F—E RIS L 2 AR Z 1TV, BEHEETT LT
I RBEMNER ST RBB MBI LI L2 EEZEZX LN TV 60 keV BFRROMBEIZL - T
InGaP KIS EMMNEITHZ L E2FA L, ZOTFHIE EBROLLNRARHER E LT, REHHE
BOEARN 72 PR ETH DL CEH LBIE RV —(Ey) 23 InGaP KBFEEHLOD P 1B W THEKR
EZOLNTEMEDI eV TlE/e<, 4 eV THDHI EERRL, 60 keVEFHRIZL D InGaP X
Wil OB T RNEE 2 h) E S W7, Egl3fbdn O R DS G HRRL 1 & D221 K 0 K@l 72
AT-DINBER TRV F—THY , FERIEIC Lo THO UL LT 5 Z LA, EBRITHEIH I T
TV, L, BEHBIEET VT, Bl 2 E CTELUHMEFRITIT L A SIRGFE T, oHRITK
FToHLEZONTED, —EOMEE L THRDLILTED | InGaP 1D P OERIZE; D LU
NS 72D E VI FERI, EHREEOHGRICE W THEE STV RN,

Ty oy e T LU, BIUERE RV —EFBLOBFRFEEL TS, 5%, KEEh
D7 VXV TNAEDBRFTINTND Z L, EiHM ObIc L > TZhE Tl S T
R R NX —GRRRL T DEBENKREL 0D, TR R ROGE, ]I 595
THRNAF =N B L THaREWD, BFBEEOEARFEIZEY, L, KoxL¥
— DR TRBIHOBE ., JRTIAT 5T 522X —13, EJ0RL 50, BIHEGED Ed ik
TFYEIIREL 2D, DD R RV —h 7RI X 2 FH KB EMO L TRV TIXE,
DIEMREHNEETHSH, L, 5%F LW KBRS SN -5E. Ed 2 EBRIIZH
FEH D2 &id, BEERBROBEMZENR Y | DDDIEICBIT 25 THIO = X NMENce b, D7z
DOAMFFED AR E S & LTIE. B SN LIZE, O BHEENE) & FERAICE, 2 AR 5 FiE
EREEL, TORMY o72E; % DD IRICH#EIGT 5 Z &2k » TR X Mo @ 72 b T3
R I D,

3. WFgED Ik

ARFETIE, FHAGERE LT TH D mWREHRIEEZ A3 25 InP R KB Ed O
PEBME T 2 EBR A3 L OVE — B RIS L W I35 = & 23l iz,

(1) xR —FE 7R IRE R

KEFSL KRR G o 2 =D ay 7 7 a7 bo g v b AL (OW) B R nEgs o A 7
LT, RE~OBRE A~ ST, EREFICBIT 2ANMEER Y AT AOMEX A 11279, =
w7 7u 7 Ny UEERIC L > TED

NT-ETHIE. WAERAIZE T 90 I
JFohnizth, REE~EEIND, 2 AT, E
TREERAEE F R, WENEE R AR
B SN W5, BT, fem~ogs &
VNEFBROERL V ADOREZFH->TEBY, %
Fix, BETHROEEDEE ZFF-> T\ 5, d8
WaE W8T, ERSNE T RNE
PR~ — IR SN TV D Z L2
WEINTVWD,

fEm ISR A RS LA, X CEHL
IZ X DKM ERESND, TD%, B L
WX D RMDOBENC X » T WKM7z EE
RS ivd, ZOIRKRMGIC L DT, RER
FORFENLEFHAE TORRARE <Ebo

Electron beams
deflection electromagnet

Cockcroft-Walton type
Electron beam
accelerator

Current-voltage
power supply Vacuum
High-frequency system

voltage generator Coil

Sample
irradiation
unit

X 1: KRSLKRFayr7r7ue7 boxib
kR RN g DR B



W 50 %@f: y)git*/{'ﬁg%f%ﬁ fi\ ?'Eﬁj(l‘%’%’ﬂﬁ Electron
O HIBHARA R L SN TBY | 20— bean
WS 2 0 2 7, BRRHIRAHID LR s 2 7 [OPeromare | Fersies

Sample
LLDRNSTRY, NMEHEFOERRH I Z~107 “ cuplate ¥
PPall/p s, WEHCHS SO ETFHOT L : \
F—, 60 - 600 keV ORI CHEITETH | e L T AMO spectrum
B WECIFER 2 B s CH 0, 3 | eupment | || Lo
DI TR AIE S TTRE T 5. BUBHRIZ I, " Thermo
(10X 5 mm) BFERBES N TEHY, =Lr br Cooling % | Lmeter
A— B THHE SN TS, ZOZLY b A— tauid D Copper
5 DR RS B = &1 & 0 R~ & IQWII wire
NiEBLZOBETHR 7LD A, E ST Vacuum  Fleater
W5, IR LTI, R — 2 — % chamber

MWD ZEI2E>T—196 - 100 ‘COHFPATH X2 #pHRHF2= > FOEX
BIDENARETHD, ZNHDV AT LD
HEFIC LD | BETEZ IS 2 > AT AT
L7 E ERFNBLOESWEETTS 2
EWFRETH D7D, RGO EEIT LA
ERT I, T A ADFHMZAT 9 Z &S ATRE
Thbd, ZOXIRVAT LEF- - INERRIT
HHRTHIZL AL,

InP InGaP  AlinGaP
P P P
In In In
Ga Ga
In Ga Al

(2) BT R X —DIRE

BB HLIMEICRE S L= ¥ —
DI & EF, EOWMEEERT HIRTDE
EENET 2 Z LI2ESLIND N, —EBITR 1%
PRI L CoRm X —F X — v b
TOHDHIRTZIZEL, ZORFEIZCEHTZ
LICESLIND, BTMPETZIXCEHT K
IND X)L F—FEmin 1L, LTFTOXLIITREIN
%o X3 : InP RILAWOHFEMKR

Emin = \/W—ZMECZ (1)
ZIT Me [ ZETHE, MiZy—7y NER, CIIEETSH D, InP, InGaP, AllnGaP KE5H
728D InP ROLE ., ENENOILRICK T HE THRICKTT D Ed 1%, In=TeV, P=9eV, Ga=10eV
BLOL Al=20eV THDZ BB TS, (1)E D P AL Ga, BL O In F 1% E HR2IE
U TR/ F—L, FNFNHK 115, 205, 255, 3L U290 keV TH S, D=, InP
HRTHEH, FEAEFILEHLEENEE RN EBZ 6D 100 keV LU O T-#i4 MRS L72 B
D, KEFEMOLIEEFEEIZ OV THRIGT 5,

oW N e
5

(3) 5 —FHHAEICLABAT R L —DFE

B EOHERICB W T, AZRET H2ERT, BROBAZX L —ER)BLOY Y 7T
INF—EDOMTHDHEBEZLILTND, E] X, FEBEINTZRBIC, TN LE 2 T
FACRDERTFHEETY Y I THEDOZR AT —TH Y, BEBEEHGRSEORSETHD
72O ET A FEITIZE AR, LU, BB X, B EEEHEIC L 0 AR 45 = &
NHHRETH D, TD7=, K3 ITRTFHEMER T, OPEN MX OB RS2 AW - HEIC X

Table 1 : DFT DY Ial—varvky b7 v
Calculation method:Projector Augmented Wave (PAW)

Exchange—correlation functional: GGA-PBE

SCF Convergence: 107° eV

Tonic convergence: 0.002 eV/A

Energy cutoff: 400 eV

k-point samplint: I' centered Monkhorst—Pack

Unit size: 7X8X3
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Note that Hartree-Fock or hybrid calculations

are not considered in the present calculations.
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