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Abstract

The performance degradation of InGaP solar cells with high radiation resistivity has been considered not to be caused
by irradiation with less than 100 keV electron in the predication of the non-ionizing energy loss (NIEL). However, the
unexpected degradation of InGaP solar cells was observed by the irradiation with 60 keV electron-beams. This
degradation is not able to be explained by the conventional degradation methods. It is known that the value of the
displacement threshold energy (Ed) is has been used as the fundamental value of the degradation prediction models, as
also the function of the NIEL value, of the space solar cells. However, the value of the Ed for InGaP semiconductor is
not directly derived by an experimental. In this study, the degradation mechanism of InGaP solar cells caused by
irradiation with less than 100 keV electrons is reveal. When we evaluate the value of Ed for phosphorus in InGaP, the
irradiation-induced defects related to phosphorus is expected to be generated in InGaP solar cells irradiated with less than
100 keV electron. We use the deep-level transient spectroscopy (DLTS) to investigate kind of defects in the InGaP solar
cells irradiated with less than 100 keV electron-beams. The result of the DLTS indicates that the NIEL which is currently
considered may not explain the degradation caused by low-energy electron beams well. Additionally, we were able to
explain about the unexpected degradation of the InGaP solar cells and the risk of the Ed, which has been considered so

far.

1. #8

FHERBE Tl KBGO 0O #R 3 ik & T
W5, ZOHFHERE CHAHINTWA AN THALIX
RO BEZ 2D ENHD, N LEZIZHND
TV DKRBEERIC I BRI ShDE ITUEHL
BIEIZ LS TRGEMOREH I KBRS b e
BEZHITWAL, 2], — I KBS BRI K B 23 A2 ik
SNbHE, XYV THFEMOIKT, V-G, ¥
FO, U U MEFLOER T REIEE &, KEEERD
MHREDME T 9%, TOT=O BSHHRIZED2H b EHZ B LT
KB/ SRV DR EITOLENHY, KEGEMOH |-
R L DD T RO T TEZ[3-5],

BUEFH KB L THET /1L LT Displace
Damage Dose 237 B &3 TV 5[6-9], i@ 1D KIGE
MO T HET NVEMET 5. FEFIZEZOBER
BRSNS THDLN, ZOFET VL, HOEMUD KIGET
DIEHRM Bt OFEFEIZ L > CHEZLNDE B EIFICEH
LR = R —(ENE L THE R X —DE LR
BLROG RPN GEZ2BEOEGVWERTETHD
Non-Ionizing Energy Loss(NIEL){E % 3K T2 &IT
Lo T, wiR2[E O MR T KR0Sk Tl %
1THOTEMATRE TH D,

InGaP KBGEEMLIL, FEH @O BRI P2 FF > C
BY, NURE Yy 7K 1.9eV THLZEND, FH A3
BEARKGEMDO Ny 7 'L E LTRSS TE[10-
13], JEATHFSEIZ3N T 100 keV LA F O 1-#R U Ci

InGaP KIGEMOMEREIX, IFEAELILLRNEB XL
TET[14], LN L, InGaP KIEEH~ 60 keV OE
PRS2 Llzd - T, b PRIz @ EES %L
BFERENTZ[15], ZOBILIEINETOLILET LT
. A TERWERTHD, TDT2D ., ZOH{LOY
AR AN =X LRI 52813, FEFICHEETHD,

KI5 UL O Y BRI 72 B B AR S A = X LA A
HI=0IZIE, 500keV LL FOKEIHRDOE L2 BETT5
IEZFRDRDEINND, RSB EEZRET D2 LT,
HE TR O BUBHELE O il 1, 3 LOBEL D2 D351 E 2
RKDHND, Lol BUE, @=rLX —72R%E HR
DHIVTEY, WE O ARG EZ BRI R A 3 57
DONMEERIZIZEAE RN, Z D723 KIF SL K ik
g Z—TlL, ayrra7 73V o RIGE S %
R—=RLL T, MEHEE O FER 12 AT = R B fif 4
DI DOIMHEIR T AT LD EITH-> CE =, R T
1T, S -NE SRS 27 2% VT, 100 keV LT
B RRE R SN2 InGaP KI5 E I A RS iz K s
IZDOWTEBIERZITHIZ LI > T, ZOL LD ERIZD
WTE LT,

2. ZEEBRAE

2.1 InGaP KB}

JAXA [ZE-> TSN 72 n*-p InGaP, KE5EO T
T A O0AMO) FIZE1T DM HES Table 1 12”3, ZOK
BreEnld, JefTF e CEDLN LD LRI DL D THD

- 767 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 MOP128

[14, 15], Z2HZNFRM). & KE (P, BB o).
BIOBKEILEVeolZZENZE1, 112 %, 15.1 mW,
139 mA, 137 V Th 5D, Fo/VHEEIE, X1 cm® Th
0, EIE DJEAE, 0.5 pm THD,

Table 1: Averaged Values and the Deviations of
Performance of n*-p InGaP, Cells Performance Used
in the Experiments under AMO

Average Deviation
n[%] 11.2 +0.34
P [mW] 15.1 +0.46
Isc(mA) 13.9 +0.11
Voc(V) 1.37 +0.029
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Figure 1: Current—voltage characteristics of InGaP
solar cells before and after the irradiation with 70 keV
electron-beams.
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Figure 2: DLTS majority-carrier spectra of n*-p
InGaP solar cells before and after irradiation with 70
keV electron-beams to a fluence of 1x10'7 cm™.
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Figure 3: Arrhenius plot of the emission rates vs
temperature for the H2 trap detected, whose slope
provide, the corresponding ionization energies of the
H2 trap.
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Figure 4: Dependence of the NIEL value of phosphorus in each E, on electron energy.
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