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Effects of vy Ray Irradiation and Atomic Oxygen Treatment on ZnO :Al Films
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(School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191)

Abstract To study and compare the effects of y ray irradiation and atomic oxygen (AQ) treatment on the prop-
erties of ZnO:Al (ZAO) films, two groups of ZAO film samples were prepared by direct current magnetron sputte-
ring. Films in the first group were irradiated by vy ray. Films with different thicknesses in the other group were treated
with AO. The microstructures, morphologies and electrical properties of ZAO films before and after the treatments
were characterized by modern advanced methods. It is found that high dose of y ray irradiation decreases the crystal-
linity of ZAO films, while irradiation with low rate has an annealing effect. y ray can also excite the electrons, resul-
ting in the increase of the carrier concentration. The highest ratio of increase reaches 16.39% . AO treatment has oxi-
dation effects on the surface of ZAO films, leading to the increase of the content of crystal lattice oxygen. The carrier
concentration is accordingly decreased and the ratio of the decrease drops as the film thickness grows.
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I L A2 W o s i) B T PR ZAO TR BT
A RE A TS @ IR T B E N B o 55— ZAO
WREHET v SRR, RS S8 RIA &4,
BB 3% (R X80 SRR L 10 040, 4
JEE IR 250°C , TSR 40 W, #E %} [A]HE 40 mm , Pk 5
SJE 1 Pa, IESHEFIE] K 15 min, BN 600 nm, 55—
HEANFEER ZAO HEEHEATH R & 7Y AO 48
B SR R R AR R IR B PR &, 40
BAAEN 3% (SRR Tl SO A UA AT IRA
J, TS D22 160 W, #04S [A] #E 60 mm , I 5<%
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Tab.1 Thicknesses of ZAO films deposited

with different time

WS BT ] /min JEJE/nm
1 89
2 240
5 769
10 1445
20 2840

2.2 yHLERIRE
it FHAL AT AR S P A% Co TR XSS —4H ZAO T
R AT Ty SrER IR BRIk 2 s,
F2 yHEBERMANENHEER
Tab.2 Irradiation dose and rate of
different ZAO film samples

R RIEFIE /10°Gy 4 HE S %/ Gy - min ™!
1* 0 166. 6

2 2 166. 6

3* 4 166.6

4* 6 166. 6

5t 8 166. 6

6* 2 111.1

7% 2 88.3

2.3 BEFRERIR

A A A R K 2= A Bl 5 TR 2= B
KT 22 Ji v R 24 RO I S b T A DL 3 4 (TFM) -7
X ZAO R AT AU RS 50l A bR v A R
Kapton 1) 5 2 45 2% A i i 48019 S B il &, JR 7 4
BRI BT PUN DM NEZAY /s W < K - | R

Am,

A prEy (1)
o, Am, BHRIRIG Kapton AR EAY B2 p,
SRR A JEHREZ AL, E,JE Kapton B8R 1E
JEMR (EH E, = 3.0x107 cm’/atom ) , AR 452 5K
(1), YEFFE ZAO SRR 1 () Ji 7 %06 o0 2. 56x10%
atoms/cm”
2.4 IEREIE ZAO HEH R RIT

ZAO W B )R o 5 B AL ( Dektak 1IA,
Veeco, 36 ) 5, FH X 54 47 51X ( XRD, D/
max2200PC , Rigaku, H %) 5 T 815 A SO0 235 #4) K
g5 EE L, MRS WA (SEM, X130
s—FEG, FEI, fif 2% ) M+ J7 & #4858 (AFM, Nano-
Scope 1lla—-D3000, Digital instruments, 3 [E) I %,
8 ] X SR T REE (XPS, ESCALAB 250, Ther-
mo Fisher Scientific, JE[E ) Il % T 78 B 1) 2% 1 fh 27tk
A, B R X SRR, T H R A I 4 1R 12
kV F1 10 mA HLIHRE & 200 eV, &4 Pr i GE 2 30
eV, i EREBE S0 Keithley 2000 % &
RBOFTTFFEF DCT-Y100 B L fg 4k F AT 885 1 10 2
IR 2% R T 230 AR A F BHR 20 Tk
3 #RE5ite
3.1 ZAO EEMNRMEH

B A ] ) R ) R 1)y 46 4 IRAT 5
ZAO T XRD 3, ] UL T A B i AR 2L AT S 1 £F
BEW 0 2 S S IR B AT R M C B B
PO BUm , HoA A 34, 30 BT H B 60 B 0 g U T
(002) T BYATHT, MAE 72. 5 BfF T A9 Y 3 4 U] S (004 )
T BIATES  ASRIRE S XRD 1% 60 X 5078 T 157 5 7y o
BEFY 5 6 (FWHM ) A [|] i B 3 B2 AT A [R] 1) 235
mn R, AN 1 (a) Fios , SRR RFE 166. 6 Gy/
min I}, 5 & 210 Gy Yy 5l £ 4 I {3 15 14
(002) IS e 5 B 1 WA, F v 9 1 O, T 224 79 4 Ak 2
R % 8x10* Gy I, (002 ) 17 4 1) AR A AN IS, 249708
TIEGERE S R AT SRR B, SR, Y v S Ze iy S 4
FIE AP 2x10% Gy, 7l 3R M 166. 6 Gy/min [
F111.1 F188.3 Gy/min i}, (002) I A4 7 S 1 K
R 5E | BL AT T AT 2 R A B SRR R
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Fig.1 XRD patterns of ZAO films irradiated with
different dose and rate of y ray irradiation
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Fig.2 XRD patterns of ZAO films before
and after AO treatment
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Fig.3 SEM pictures of ZAO films before

and after vy ray irradiation
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Fig.4 AFM pictures of ZAO film

before and after AO treatment
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P {# ] Lorentzian-Gaussian U5, FI 1532 P45
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Fig.5 Ols high resolution XPS spectra of
ZAO films before and after AO exposure
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Fig. 6 Dependence of carrier concentration

on dose of y ray irradiation
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JESAA P R BE RE A /0N DRI RS/ | L3 ik
JE R R FER AR
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Tab.3 Carrier concentration of pristine and AO-treated

ZAO films and decreasing percentage

IR N FHE/10" em ™ TR
/nm 8 IR G /%

89 2.8 1.3 57.1
240 4.6 2.3 50.0
769 26.9 25.2 6.3
1445 28.5 28.2 1.1
2840 70.2 68.8 0.6

4 Hie

(1) R Ry S R 2 e R P 4
ARG R 8 1Yy SR AT B T2 AP 3
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