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Abstract

In this paper, ZnO thin films doped Al (AZO) and AZO/Cu/AZO films were prepared on glass sub-
strates by radio frequency magnetron sputtering. The photoelectric properties and compositions
of films were characterized by four-point probe, spectrophotometer, XRD and GDOES. The prepa-
ration parameters and thickness values of Cu and AZO were adjusted in order to obtain the optim-
al performance of monolayer and composite layer films. AZO/Cu/AZO films with square resistance
as low as 65 Q /o and transmittance up to 85% were obtained at room temperature.
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ZnO TEN—FpEEA S5 LIS B 3.3 eV W SM kL, BA s M. e M T i 240 s 1].
Al 7% ZnO HIFE(AZO) AL Rt ERE, CEE A FHML. KPHAE it e ARk 2] [313/15 7
Tz BRI o AREE FT T AU H 882 1 Sn $B4% InyO;(ITO)H R [4], AZO M H T 5 kHif &
F& . MR B s A 2= RIS Y[ 5], A ARSI T AT A ITO WM B . R I
HR[6] [THERNARZ AZO HMSEHI &R AR —F, BAMXE S I S AR 2, k= AZO
RO ERAR ) AR . REF RS ) % AZO SR O 1R 2 AH CHRIE (8] [9] [10], {EHI#& TS
G R BN AZO TR HURE M DL R OB L 2 S S A AN IR N R 58 L& 2 AZO
IR Z IR T B &L SR SRR 11], SR/ TREEESES, HR R h kst
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2. AZO F1 AZO/Cu/AZO SERERYHIZFFRIE

S SR FH S AR B DS, I TGPS00 YR B 25 R A% A 8 4 1 %% AZO HLJZ T AZO/Cu/AZO B
EIZERE, TSI S B AL 107 Pa 4. Hil4 5 JE AZO RS FH P B R ) 4 L BN ZnO:AlL =
98:2% wt. HIT ALO;#:[12] [13]) AZO HEA HAHIE T2 AEHERN A, AZO/CW/AZO B &)=
) AZO Ei & H Zn0:ALO; = 98:2% wt P&, Cu 2N AT 99.999% & @A, SCrhi
PR REE G ZE AT KN NEG OA-10G R EE(3 cm * 3 cm * 0.8 mm). JURAMREAET, BEVEHEIE
Pelat S J5 B 140 bl P B A RS Tl A S VE 30 min, FEE TEAK A E VS 30 min, fJEEEL
YT R TR a4 F o SRR 45 5 3B K AL BB A FH 1) 2 SK-1400°C A m B S IB kb, XS B A AliA 107 Pa
B

RES 0T Pe BAEF A s WG H 5 56 6 A (GDOES) Fl A7 78 I8 Rl 29 B A B2 A8 4K, RTS-9 AU
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IR, TSSO IO PR RERI R . SCR SRR TT FH(AB IR SR EZ 2 e, 47 KQ/no)
NN 55 P s BT (AL nm) o S B CITS HERE 2  R IS ME s 12 i R A K v ) 390~780
nm (AT W) I T AR (1 5 R B
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Kl 1 45t GDOES IZZ R L= AZO WS 2 2% 160 W, Bf[A] 20 min, Jki# 0.5 Pa, 4Em <
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Figure 1. Layer structure of AZO thin film (a); Compositions of AZO thin film measured by GDOES (b); SEM image
of AZO thin film (c)
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Figure 2. Square resistances (a); Average transmittances (b); Thickness values (c); X-ray diffraction pat-
terns (d) of AZO films under different powers
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DU, AR TR R AR i SR S R, TR R, W BRI, JrBHBEZ 9%, H1 10° BEE 10 KQ/o
B THELFRZE] AZO HHFEFEMBERIEFEIER, BT AR B EN, JFE MR, Ik
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3.1.2. BEIRTEAY RN

3 45T RIS B ) £ AZO R 7B B AP AE I R, AZO MG S ARR
FERAER, WRHIIZE 160 W, JEE K5 0.5 Pa, @S IE 30 scem, WSS [A] 2/5/10/20/30/60 min.
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3.1.3. E§FHAFMm

4 45 SR R 0:10 (4E4775)/0.5:10/1:10/2:10/5:10 #1145 AZO FEER) 7. “F-14i% i %A XRD
B, AZO S & SHCATRIRE =i, RS IhE 160 W, J&EFIE3E 0.5 Pa, JESFAFA] 20 min, AR
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Figure 3. Square resistances (a); Transmittances (b); Average transmittances (c); Thickness values (d); X-ray dif-
fraction patterns (e) of AZO films under different deposition times
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Figure 4. Square resistances (a); Average transmittances (b); Thickness values (c); X-ray diffraction patterns (d)
of AZO films under different oxygen to argon ratios
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Figure 5. Square resistances (a); Average transmittances (b); X-ray diffraction patterns (c) of AZO films under
different substrate temperatures
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Figure 6. Square resistances of AZO films for different substrate temperatures ((a), (b)), Average transmit-
tances of AZO films prepared by sputtering deposition for ten minutes under different annealing tempera-
tures (c), X-ray diffraction patterns of respective AZO films (d)
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Figure 7. Layer structure of composite films (a); Compositions of AZO/Cu/AZO films (Cu: 100 W, 30 s) measured by
GDOES (b); SEM image of composite films (c); Square resistances of composite films by sputtering power 100 W (d); 50 W
(e) for different sputtering times of Cu; Average transmittances of composite films under different sputtering times of Cu
before (f) and after (g) annealing
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B 85.9%; iBKJE 7B 8 x 1072 KQ/o, “FHIEIL RN 86.41%) e HMERE. Cu)ZSE 100 W, 120s &
BIEHETT K ZE 5 x 107 KQ/o, B F5E RN 0.45% L FARE . SINEE Cu RIRZR, ik
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Figure 8. Thickness of Cu layer changes with sputtering time (a); Transmittances of Cu layer under different
thicknesses (b); Average transmittances of Cu layer under different thicknesses (c)
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Figure 9. Square resistances ((a), (b)), Average transmittances (c) of composite films for different sputtering de-
position times of Cu layer
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Figure 10. Compositions of composite films (Cu: 100 W, 30 s) before and after annealing measured by GDOES
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Figure 11. Square resistances ((a), (b)), Average transmittances ((c), (d)) of composite films before and after annealing
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Table 1. Photoelectric properties of AZO films
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