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Fig. 1. The XRD patterns of AZO and AZO/Ag/AZO

films with various thickness of Ag layer.
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2 AF Ag ZEETHIAZO/Ag HIEME T 1 RMEE BB (Se¢) AZO(30 nm)/Ag(5 nm), (S7) AZO(30 nm)/
Ag(10 nm), (Sg) AZO(30 nm)/Ag(20 nm), (Sg) AZO(30 nm)/Ag(30 nm)

Fig. 2. The AFM morphological images of AZO/Ag films with respect to various thickness of Ag layer. (Sg)
AZO(30 nm)/Ag(5 nm), (S7) AZO(30 nm)/Ag(10 nm), (Sg) AZO(30 nm)/Ag(20 nm), (S9) AZO(30 nm)/

Ag(30 nm).
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Fig. 3. (color online) The optical transmittance spectra
of the AZO and AZO/Ag/AZO films.
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Fig. 4. The Sheet Resistance of AZO and AZO/Ag/
AZO films with different thickness of Ag layer at room

temperature.
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Fig. 5. Figure of merit of AZO/Ag/AZO film with
respect to the thickness of Ag layer.

N T FE BT AR L IR R A AR E M, I
FE IR SCIAR T S 7 AN R B 26 N I s
TERe. Bl6% T AZO MR 5 A R Ag 2 8 FE 11
AZO/Ag/AZO ¥ 5 (1) 77 P v BH B i 52 A2 4 il 2
(120—450 K). \EIHRATLLE H, #)= AZO B
T3 H v B B i P8 ) v T BRI, S R Y ) o
5k B BH B IR B (R A REYE. S — R RN
5 nm ] Ag H A Z I, 7B PHAEAE 120225 K 5
300—380 K i [ it 5% () 1+ v 1 PRI, £E 225—300 K
5 380—450 K I Fifi it B F T = T S . XA RE
BURFEARHR T Ag JZ 4 AL S o F TR Bl FE IR
HEHBEFHE AR, A2 7 Sk B
T AR A e 1 7 i N T IRAE TR R

027702-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 2 (2017) 027702

3 T 2 B T < v BB T2 AR AR 1
I (0 i £ iR 3 vT RE A2 ) Ag J2 B0 2 B IRAE K
A A E A BCE FE. 2 Ag )2 )R BRI F)
10 nm i, J7 B BEAE BB IR L I T R &R T, 2
B e TR < e v L i L 5 ) AR A R, X 10 B
Ag HPEJZE ISR AR e 1 B e A P R

2400 [g;
2200 [
2000 [
1800 [
1600 [
1400 [
1200 |
1000 |
800 [ o e

100 150 200 250 300 350 400 450 500

AZO(30 nm)

Sheet resistance/Q-[]1-1

Temperature/K

S3
1.0 AZO(30 nm)/
Ag(10 nm)/
AZO(30 nm)

0.9

0.8

0.7

Sheet resistance/Q-[1-!

0.6

0.5 1 1 1 1 1 1 1 1
100 150 200 250 300 350 400 450 500
Temperature/K

[, A BB TT A, 5 B v BH B il 2 A2 AL
FEBUIN, B AZO/Ag/AZO I i 2 TR T
4. 2 Ag R LRSI INE] 30 nm I, J7 B H BHAE
B 1RO, B AR 5 10 nm Ff 5 IR FF
—E, RIS Ag E)E X AZO/Ag/AZO
TS ) 3 F R U A K

2000 5 "AZO(30 nm)/Ag(5 nm)/AZO(30 nm)
1800 [

1600 [
1400 [
1200 [
1000 [
800 [

600 [

400 [

2000 oo

100 150 200 250 300 350 400 450 500

Sheet resistance/Q-[1-1

Temperature/K

0.26

024F AZO(30 nm)/
Ag(30 nm)/
AZO(30 nm)

0.22

0.20

0.18

0.16

Sheet resistance/Q-[1-!

0.14

0.12

1 1 1 1 1 1 1
100 150 200 250 300 350 400 450 500
Temperature/K

E6 AZO ML Ag 2L EK AZO/Ag/AZO RS 77 e v B BE i 2 28 4k iih 28
Fig. 6. The changing curves of Sheet Resistance with temperature of AZO and AZO/Ag/AZO films with

different thickness of Ag layer.

K7 () FIE 7 (b) 20 Bl 45 T AZO # i 5 4K
[ Ag 2 JEEE M AZO/Ag/AZO ¥ i 1 B0 1 IR B
LIRS R E AR 2R (120—450 K). MEI 7 (a)
da] LA, B2 AZO R BRI T IR K
/N U P AR A IR 9 LA R B LB R R AT
1013 em™3; M —ZJEEE A5 nm §) Ag 1 [H 2
I, BRI T TR B 1 ORI B UL B 1) AR A L P 2%,
B A gEFREAE 1013 cm=3; 24 Ag )25 E 48 i 2
10 nm B, 35 6 BT IR B I AR AL 2 e AN K H
HBHEHRED 108 cn 3, X ATRERZHT Ag F1E]
JZH IS BRI AZO R E B T 5H 3
% M Ag JZ R INE] 30 nm B, 2RI IR R
FERIBA A T — ERENEY, HBEERHN
1018 em ™3, IX U B4 42386 N Ag J2 5L R X ki ik
FERIK/N O A RMA K, (HR L A2 R e e %

fik. M7 (b) H R LLE H, Ag a2 A& H
AR IR I R 1 /MR BR K SR, (HA2 4 7E
AZOEEF IS5 510 nm #J Ag 5, HEBR FiE
B R B E ARG LT B2 AZO WA 15 L
2%, T R 1) Ag 2 B B (30 nm) M AE 1S L AER
EMERIRT. LRSS RAMEREGER Ag I EE
& 23 m AZO I I A AR e MERE.

A% BT JE SN, AR O rURE M S AR E M T
S SRR R . SRR R AU RS FE R, 2
Ag ZEE/NT 10 nm B, B Ag HIE] 2 & B 1 1
I, 4 v e SR AR K R AR O S A K T
X P AZO/Ag MZ R T LA 153 21 80% ,
B BEB BN, 2 Ag 2 B — P F) 30 nm
i, AZO/Ag/AZO % JZHEBEFE it ZnO (1) 45 5 i
HAEE, BROYA, SEEREHRET S, B

027702-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 2 (2017) 027702

T Ag B AZO EHfiy 2 7= AR ge iy 4 ity {145
SRR MBI IR N, £ SRR T H
TR, IR E R ER @ ES R AgJZIEAN
FIAZO 2, (15 2 R R H0R FIRFERE S, HFH2
Bk 23], 24 Ag B EFE/NT 10 nm I, & &
Fd R T TUE AZO BB SIHE % 2 2 55
U E FIBRAR, (1583 Rus A LA, SR, BE&
Ag JZIE L0380, SEit Ag FEXT NS 6 i ke
HS S F ¥ K e 68 24 {13 AZO/Ag/AZO
AT WG SR R R 7T, R B
P A KT ARG X H B IR R ok, §
B0 A 1) v O B O A A e IR 3, ™ EL SR
VB %) PR 2 AR E M, AT PR A A VB K FH
HLIH VR S O L AR S AU S R
GBI Ag B E X 38 AZO/Ag/AZO £ Z )
s FLME RN F 2 RS MR A A L EE A A

14 + (a) 4240
o el
Lo12 F AZO(30 nm)/ ] 220 ‘E
g 10L[ AZO(30 nm)/ Ag(30 nm)/ 4200 3
» Ag(10 nm)/ AZO(30 nm) 1180 =
= 8 AZO(30 nm) S
= 6L 4160 S
g af 1140 5
gs o 4120 %
be] - J100 £
g Or AZO(30 nm); 180 s

nm
g -2t AZO(30 nm) Ag(5 nm)/ 160 §
o —4r AZO(30 nm)  ]40 =
o _gl
9] 120 o
% -8l ~l0 @
710 1 1 1 1 1 1 1 1 720
100 150 200 250 300 350 400 450 500
Temperature/K
20
18 [ (b) AZO(30 nm)/
Ag(30 nm)/

16 | AZO(30 nm) AZO(30 nm)

14 +

12 ¢

10 -

8

6 [ AZO(30 nm)/
Ag(5 nm)/

41 AZO(30 nm)

2

0

2

Mobility /cm?2-V—1.s~1

100 150 200 250 300 350 400 450 500

Temperature/K

B 7 (a) AZO IS5 AFE Ag 2 EE I AZO/Ag/AZO
TSR B T IR BE I /N BR IRLBE (84K (b) AZO Wi S
ANE) Ag 2R B AZO /Ag/AZO HE I I 8UR T B 5
B I EE R A2 1

Fig. 7. (a) The changing curves of values of the
Sheet concentration with temperature of AZO and
AZO/Ag/AZO films with different thickness of Ag
layer; (b) the changing curves of mobility with temper-
ature of AZO and AZO/Ag/AZO films with different
thickness of Ag layer.
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Abstract

In order to obtain more excellent photoelectric properties of transparent conductive film, a series of high-quality AZO
thin films and AZO/Ag/AZO thin films with various thickness values of Ag buffer layers are prepared on glass substrates
by the radio frequency magnetron sputtering method at room temperature. The phase and surface morphologies of films
are characterized by X-ray diffraction (XRD) and atomic force microscopy (AFM) respectively. The technology of Hall
effect measurement and ultraviolet, visible spectrophotometer are employed to investigate the photoelectric properties of
films. The electrical properties (including sheet resistance, sheet concentration and mobility) of films are also determined
by using non isothermal technique to explore their thermal stability performances. The results indicate that the thickness
values of Ag buffer layers have a large influence on the crystalline structures and photoelectric properties of AZO thin
films. The XRD results show that with the increase of the thickness of Ag, the diffraction peak of Ag (111) is gradually
enhanced, the ZnO (002) diffraction peak is gradually weakened, and the preferred orientation of ZnO (002) crystal plane
is weakened. AFM test indicates that the change of Ag layer thickness has a great influence on the surface growth mode
of the upper layer AZO thin film. When the Ag layer thickness is less than 5 nm, AZO thin film surface is rough and the
grain size is smaller. When the Ag layer thickness is larger than 10 nm, the continuous surfaces of multilayer films begin to
be shaped, directly affecte the photoelectric properties of the films. Hall effect measurement and transmittance test show
that with the increase of Ag layer thickness, the transmission of AZO/Ag/AZO multilayer film gradually decreases, and
also the resistance gradually decreases. When the thickness of Ag layer is 10 nm, AZO(30 nm)/Ag(10 nm)/AZO(30 nm)
thin film gains a best figure of merit of 1.59 x 107" Q~! an average transmittance of 84.2% and a sheet resistance
of 0.75 Q/sq. Hall effect measurement versus temperature indicates that AZO film without an Ag layer proves to be
subjecte to the regular change of semiconductor resistance with temperature. When adding an Ag layer, the trend of the
relationship of resistance with temperature presentes the characteristic of that metal resistance relating to temperature.
Moreover, the sheet concentration of AZO with Ag layer is higher than that of AZO. The highest sheet concentration and
the excellent thermal stability are obtained on AZO/Ag (10 nm)/AZO. The changes of the mobility of AZO under different
temperatures turn out to be poorly stable. However, when adding an Ag layer, the better stability of AZO/Ag/AZO can
be obtained. In conclusion, the photoelectric properties of films own excellent thermal stabilities with optimum thickness

of Ag layer.

Keywords: radio frequency magnetron sputtering, AZO/Ag/AZO, photoelectric properties
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