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Investigation of radiation tolerance of compound semiconductors for IoT devices
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This study investigates the effects of oxygen defects in ZnO on the electrical properties of NiO/ZnO transparent solar cells.
ZnO thin films were fabricated via RF magnetron sputtering, with controlled oxygen partial pressure and radiation
exposure to modify vacancy (Vo) and interstitial (Oi) defects. JV measurements revealed that Vo reduction improved
charge transport, enhancing short-circuit current, while excessive oxygen incorporation introduced deep-level defects,
lowering efficiency. Optimization of ZnO thickness (~300 nm) and oxygen partial pressure (0—3%) minimized leakage
current. These findings contribute to the defect control strategies for enhancing transparent solar cell performance.

Keyword: NiO, ZnO, semiconductors, solar cells, proton irradiation

1. [FL®HIZ

UTAE . it iTRE 72 = R L X — R Ik 2 BEL Y
BEV, BFATEDZ AL —DOFERANRD 5T
By BT, 0T T3 ZADERKITEND, T b DF N
A ADIKIEEE TP ER, ZFIICKHINT D772
TRV F——_A NI O BN EEL S LT
%, ZOHT, AGEEEKEERIT, TR
BEmEERNL TR AF—ZINETE D720, HE
MOBELT 4 AT LA, B P — AT AR E~D
IR STV D,

Fx L oTikIZHT =/ Vv 7 fEEO = R
X N—RA TR RELTCOFRAEZANE L,
AR KB R O VERL 21T > TV A [1,2], A
W CrERLT 2 A B AR GBI, T A RS
¥ R¥ vy v T EROBILEERE RN TEY, £
PR NIRRT RN IR E SIS, DT, i
e Si BUKKGEM & i3 5 & RRIEITR 3%
BIZCEEDLOD, TED [oT T34 2ADOE B
WD, 7R R X —HHENARETH D LB X
bd, £7o, BHTH D720, 10T 7734 AIZEY
T 7B T A 2B bt FlER S
%, BT, Si ARG & bk U OB IERE N
9100 R R E <, HFbIc X 2 E(LAAIEET
H5,

ORI REROL L AFETIE, p BT NiO
Z . nJBIT ZnO % 7= NiO/ZnO FEJEREE 2 H2H L
TWb, ZoEOHRHBEME & LT, NiO OBEE
N ZnO &g L CTIRW =, BB n B
Zn0 ZEATAZENELTWAE EEZLND, L
MULRNG, p BIZET U0 T2V —
J7 T, n JBIZET 2T R0, FRIT, Zn0 DER
PRI Ol 3y TE L ISR < IRFE L. Ak (R
F22f: Vo) ROEFEA X —AT 4 L (01) NE
TR R E RSB L RIFT Z EARBEEN TV D,
FR b B8R D % v U 7l fe O R AL, %
ARG OVEREN LICERE T 2 EHERERTHY
AW TILZ b DR Z FERICTHE T 5,

AW TIX, BT OBKNEZZLEEHZ LT

In0 BOMBRMOELEZ BT LEETOD,
NiO/ZnO K5 OB KAFFE~ DB 2 it L,
HARMIZIE, ZnO OFFEEZ (LS E D Z LiIck 56
TR OB B IR ELLOFHEICL DK
MamiliE 217 24006 23K EMAREIC 5 2 5 2
ICOWTEEMNC T 21T o 72, £72. TERMIZE L
LT, B BN EONT VAW DT2DD
W2 /NT A—=F BB MN L, L0 FERABLRTA
A ABRICHT D Z L2 HMELTWD,

2. EEB&AE
ARFFETIZ.RE~ 7 % b ARy ZikxE VT
NiO/ZnO FEEHERE & /ERL U 72[1,2], BRFR K HO ]
FikE LTk, ZnO ORREEFR X ORI b % i
THZ LA, B RIS & S LR R o% o
Az GI & Z Lz, BrRRatiE, B2 el
T, B2ed T 380kV DA F U HEAMEZ AW
THH U7, BRI R 1 X 10 em? & L72[1,3-
6], TEHLL 7= NiO/ZnO KFHFFEMIZSUVNT, IV HIE,
CV MER EZ2ITV, BRI Z FEm L7,

3. ERRUERE
JEHRPRGTIZ K 5 ZnO BEEARAT % & FA L 7GR
HFRERHIZ X D1 U H LG FIZ X Y, ZnO
WIS RN AR SN D Z & AR s Nz, BRI,
Zn0 DZEAFH XN F—L Zn LV H O DI M/
W=, Vo ICHEHL, TOEELZFML -,
NiO/ZnO KB EM DB KT 25 F iR IR g Bk A7
PERELZE Z A, BEEN 10%em? OBAICE
WTHILZEDT, Vo DEBOLEFME TS Z &
DR SN 7=, LLT. NiO/ZnO KBS EMIHS T4 %
10 cm™ PR U 72 KR O ERFHEZ R T,

IV HE OFER, ZnO WK 5 FLiG B L
(Jsc) {&AFME% Figure 1 (Z/R$, Jsc 1ZBGFHRIRET
ATOME TG % OEZ HL L2, ZnO DIEEDHK)
300nm LLFOEEIT Ise WA T5H Z &R otz
(D), ZAvL, 222 @R & ILHR ORI K0 b



2024 4 BE A ARJFE - /WP SEBa SEREAS « B R v SE B SEARAR B i A T e [RIATF 72

[2024206001]

—_—
)]

—_—
o

——
ﬁT\%

NORMALIZED Jgc
o
(@) ]

0,/(0+Ar)=3%

1 1 1 1 1 1 1

250 500
ZnO FILM THICKNESS [nm]

©
o

Figure 1. Relationship between short-circuit current
density (Jsc) and ZnO film thickness, obtained from JV
measurements. Jsc values were normalized to the pre-
irradiation values.
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Figure 2. Relationship between the Jsc and oxygen
partial pressure ratio during deposition, with the ZnO
layer thickness fixed at 380 nm.
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