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Investigation of radiation tolerance of compound semiconductors for IoT devices
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This research examines the impact of proton irradiation on SnO»-based gas sensors used for CO» detection. It finds that
while lower levels of irradiation have minimal effect on sensor sensitivity, higher levels lead to a notable increase in
sensitivity. This enhancement is attributed to the formation of oxygen vacancies induced by irradiation, resulting in greater
adsorption of oxygen and improved sensor performance. The study concludes that SnO,-based gas sensors exhibit adequate
resistance to proton radiation, making them suitable for space applications.

Keyword: SnO», semiconductors, CO; gas sensor, proton irradiation

1. [FCBHIC

BITE, AR 2B CFRHBR I ITHOITEY .,
NEOIEBFEIRYL KR & FHERR OAKOF S B 15
INTWD, FHZERICBWT, M ERBRICAME
B L PETREN AT O 72010, MEx RFEEO N 2 v
PR LENTEY, EERICEBEFHAT—Ya
TH CO, oY nfEfEnTWg, —fFMIC, EBX
b, HFERXIE ORI (NDIR) 36 X O ER
AN COREDOWEICFHH EN TS, BIfE, E
it & 72> TS NDIR 2 CO, 2 vV iE G-
HPEIME S . HEHEZ IR L ERE OO, F
HCTORMIZHEL T W EWIERNH D, —F
T, B8R E W= A R T T A RN R
X v THEOEWGFRIEEZE T2 Z L85
NTnb, M T, B EEEREN—2 L L
P CO, BT, BMILEM, T AiT A
AR, KW RLEa X N L Bix RS EAT D
72, FECTOMMAIZELTWSEEZBND, &
DT, T TIRFH 22 M~ ik g oD H & [ %
RT D7D, BETHDL 7 LI T IVEBA~D
CO, BV DEENREINTND,

LU s, BTN T N R 2 558
213, Si X GaAs 131 & £V |, Cu(In,Ga)Sex(CIGS)[1,2].
Cu,ZnSnS4 (CZTS)[3]. NiO[4]— A D K57z &,
SESERT AL ZAZHAVWTHE SN TEREZN, B
bW -8R % F 2 COp ' k3 2 B 1R R
OWEBNI DI NONBURTH D,

F7-. B H-ERZ V2 CO, 2 91 NDIR 2

EHEE T D ERENMEVERER B S, — RIS, T
A ANPGRS S 24T 5 & X & H LIBEDR
WCE O RMBNELD Z ERHRESINTND, ZOK
Balx— 972 Si 7 /A ARG E M CIIRBLOH N
WZORMNY . TAAL ADOMREELILEIE D Z LM
HILTW5D, —F, Bk z Wi A&
PTIE, H < RBBENC X AEEFE KM L 0 REN
M ET28®ERH 0 RERICE TS X0 B
WAL 2 AN T2 0 A Y DEE o 1) BN &
N5, 5t->T, AWFZETIHHEARNX CO v I
TR 21T, T AEF IR 2B 2 e L

770 MZ T, COx & YDA FIZT 72 SnO,
fFE~D LaOCl i Z 4T 7=,

2. EEB&AE

RF v 73 ba ARy ZIEIZ XD SnO, %A T
BV 7Y —H T A(AFG)FAR _F I FEARIEE 500°C
TR L7z, EfE L THY(Ag)% EB 785575 CHERE
L. COr o ZzERLT-[5],

BRI BB E T3, HEh T
380KV DA AR NEEE A WY L2, B
PRSI 1 X 1013~1X 10" cm? T 5, SnO, #fED
it e A K OV ) 1T 1 X BREITHIE (Rigaku, Ultima
V) | IR E Sy UV TEEIR—AHEICEVE
L7, TR OBRPUEIZT —F% a7 —%Z2Hn
THIE L., COx» HARIZxT 5 o OIREMEIL, 22
o (N2:O2=4:1) & CO, (100%) % FEERF v o3 —
WIERE L, WL TV DR oBRPEEZRET 5 2 &
TRz, PO CO KT ABEILLL FOXT
HE LT,

(Sensitivity) =Ro/Rg

ZIZT, R & Ry IFENENZERH E CO HAH

D CO, B DELSEHE T,

3. BWRRUER

Figure 1 [ZHREHE 1310 em 2 (281 5 Bo1-#R PR
At ORERERE R 2/ 3, B ERPICB T 5t
Y OWBUE OB K Y CO, FFR I 1T DI
TR LT, T 225 CIEBRE Y 78 SnOy ki3
MOE S HEZITWOBREA A E L TRETHZ L
T, SnO, Ki 1~ DZEZ EIENIAN Y . BEXHPLA
N9 5[6], —J7 CO, FFARH Tlx CO, & W AR
DS X 0 RERE N ER S, BEKRHT S
L TEZREENSRE D BRI T D,
Figure 2 (ZREFA 14 D SnO, HAKRD H A& v W Dk
EERHEEORMBEZ T, ZOMELY, 1x108-
3x10" cm™ O FRGT & CIERE pI% CRIEICRE 2K
{ERR NN ERER Iz, ZOfEE, i
28 CEOE — BT RRE M RE N A LTI E A T &



2023 FFEE H AR TR SERR FEREAE -

[2023206001]

— Before irradiation
— After irradiation

Normalized Resistance

0 1000 2000 3000 4000 5000
Time [s]

Figure 1. Resistance changes in air and CO»
atmosphere before and after proton irradiation
by 1x10'® ¢m).
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Figure 2. Relationship between sensitivity of
SnO, gas sensor and irradiation fluence.
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Figure 3. Relationship between resistivity of SnO,
thin films and irradiation fluence.
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