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Fig.1 Dependence of XRD patterns of ZnO/Ag/
ZnO multilayers on the thickness of Ag layer

B, Ag (111 AT 5 W 1) 5 J3 3% 7 389 in 5 4k 252 38 Jon
Ag JZJEE % 13. 5nm B, Ag(200) 777 5 it i =2
. ZnO002) fiT S W e Ag )= J5 52 19 33 Jn it 32 328 Wy
BE5E L 7E 11nm B AT S 90 B 38 d RAE  J5 & ik /)
AL ZnO/Ag/ZnO £ )2 i 2 B 2 fb 4548 . ) ok
AT, SRR B AR D = kA /peosd, Hivh kBt
0.9,0 AATHAA A A X LR B Mgy 2K &
6. XRD E A LA 1, EE Ag )2 R B 34 .
Ag(111) 2 i3 B8 BE /N, Wl rp ] Ag IR 7 S 257 i bz R
SPHER .Y Ag BERYJE RS 11 3 F 20nm B, Ag 1Y
A% B 0.40996 Bk F| 0.41051nm, 5 Ag ¥
K db g BB MEE 0.40862nm A HL . Ag JIE 1Y i 4%
RS AT LLUE Y Ag R R AR R RRE A IR
F4) B8 00 TG 38K

3.2 RFEUEK
A 2 & ZnO(60nm)/Ag/ZnO(60nm) £ )2 i

100
80
4nm
. 60 8.5nm
N nm
=
40
13.5nm
20 20nm
0

3(I)0 4(I)0 5(I)0 6(I)0 7(I)0 8(I)O 9(‘)0
Anm

2 Ag B E AR # ZnO(60nm) /Ag/ZnO(60nm) i i

S 2

Fig.2  Dependence of transmittance of ZnO/Ag/

ZnO multilayers on the thickness of Ag layer
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Fig.3 Dependence of optical absorption spectra of
Zn0O/Ag/ZnO films on the thickness of Ag layer

1E Ag JE BRI )63 i i 2. Y Ag B R
g 4,11 Fl 20nm B} . ZnO/Ag/ZnO A A W6 X
(1) 45 5 35 1ok %4 B R 36. 5% ,92. 3% Fl 81.5%. 1]
W, Ag R JE EE 35 %) 11nm B, ZnO/Ag/ZnO JE1E
AT LG DX 3 2ok A8 e i Ag IR LA =41 V-W
KTE ZnO B A Ag B R BE O 4nm B, 8 R
TE 1 3% S S5 A8 AT LA I RE S AE A 5 18 A 1) R RS 2
B NS OGHUS M LR K. Y Ag B0 & R
11nm B, Ag W GF T A 3% 42 BT, B 1 Ak %) AL e 2
/N AT WL OG DX 35 o R 4 s o0 Ah Ag IR
11nm B}, Zn0O/Ag/ZnO K ) ZnO (002) fiF 5t 15 5%
JEB K ZnO G AR 551 A Fp PR3 o X 02 35 O
R Z —. 2 Ag By R B F — 25 8 KL 35 #)
20nm B}, iE R KRR E TR Ko E Ag IR JE
AT s S S A U B R 3G 5 . ZnO/ Ag/ ZnO JE )
BTG Ag M6 R BE AR 0 m) A 5 n 8% 8. X
FERERNAFEER Ag B EH% B n. k &
SEARTE Y I BE A P Y A8 AT A2 k. AR 2D A X
% Ag IR A 34 . ZnO/ Ag/ ZnO Ji5 () i 1 %
T .

& 3 2 Ag BEAEAS [A] )& BE B () ZnO/Ag/ZnO
JE 1 W Ot 1% . ZnO/ Ag/ ZnO R W SO 15 J2 B
ZnO I Ag FER WSO Z A ITERE . 5 ZnO &
I Ag [ IR A 3 EL 488 BT T, 293 nm A2 11 1 i 0
J& ZnO R FRAE WIS, T 354nm Ab iy I 1A U
Ag JBE YRR AE W Wl 2 Ag B RY JE O 4nm i,
Ag A FRAE R Wi AN T IR . B E Ag B R B 1 3
s Ag JEE o W AT 0 3 i DG ) 2T RS IR G o Bt 22 o B
FH T ) XRD 3 25 T 0 Bl Ag S B 1 34
s AR RO R B AR R OB Y A AR R Bl A
/IS L TR e B Ag T 1 R IE 12 ST 06 ) 9 R i R
AR 0T A K 3X At T BE Ag MR R FE B 3G, Ag



1404 5

% 28 &

EE

30

25

20

RIQ/D)

0 1 1 ] 1 | 1 | 1 | J
2 4 6 8 10 12 14 16 18 20 22
Ag layer thickness /nm

Bl 4 Ag S EEAEEH ZnO(60nm) /Ag/ZnO(60nm) i [
[aEN ik

Fig.4 Dependence of sheet resistances of ZnO/Ag/
ZnO films on the thickness of Ag layer
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Influence of Ag Layer Thickness on the Properties of ZnO/Ag/Zn0O Films”

LiJun', Yan Jinliang, Sun Xueqing. Li Kewei, and Yang Chunxiu

(School of Physics and Electronic Engineering, Ludong University, Yantai 264025, China)

Abstract: ZnO(60nm)/Ag/ZnO(60nm) multilayer films with different Ag thicknesses were prepared by alternate RF mag-
netron sputtering of ZnO and DC magnetron sputtering of Ag. The structural, optical, and electrical properties of samples
were studied with an X-ray diffractometer,a UV-vis spectrophotometer,and a four-point probe, respectively. The results in-
dicate that increasing the thickness of the Ag layer enhances the polycrystalline structure of the ZnO (60nm)/Ag/ZnO
(60nm) and the intensity of the Ag (111) peak. When the thickness of the Ag film is 11nm, the ZnO(60nm)/Ag/ZnO
(60nm) film has a high optical transmittance of 92. 3% at 554nm. As the thickness of the Ag film increases, red shift and
broadening effects of the characteristic absorption peak of Ag occur,and the sheet resistance of the multilayer film decreases
and then levels off to a steady value.
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