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Properties of ZnO:Al thin films deposited by co-sputtering with
Zn target and Al-doped ZnO target
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(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Al-doped ZnO (AZO) transparent conductive thin films were deposited on glass substrates by
co-sputtering with Zn target and ZnO ceramic target. The effects of sputtering power (0—90 W) of Zn target and substrate
temperature on structure, surface, optical and electrical properties were investigated. The results indicate that all ZnO:Al
thin films obtained by co-sputtering show hexagonal structure. And with the increase of Zn target sputtering power, the
film crystallization quality is improved earlier and then deteriorated gradually, the carrier concentration also increases,
and the resistivity of films lower accordingly. But the effect is not obvious for Zn target power on optical properties of
films. While with the rise of substrate temperature, the crystallization of thin films is improved, the optical transmittance
is enhanced and the resistivity is reduced.
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Table 1 Mole ratio of Zn and Al in ZnO:Al thin films

Power on Zn target/W n(Zn)/n(Al)
0 16.37
10 16.68
30 17.84
50 17.22
70 18.61
90 19.38
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Fig. 1 XRD patterns of ZnO:Al films deposited at various

powers on Zn target: (a) 0 W; (b) 10 W; (c) 30 W; (d) 50 W,

(e) 70 W; (f) 900 W
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Table 2 XRD parameters of ZnO:Al films deposited at

various powers on Zn target

Power/W 20/(°) d/nm FWHM/(®)
0 34.460 0.260 05 0.236
10 34.401 0.260 48 0.246
30 34.421 0.260 34 0.252
50 34.399 0.260 49 0.243
70 34.340 0.260 93 0.297
90 34.279 0.261 38 0.283

2 [t i PREESEISN 25N Zn ¥ETIA 4 0410,
30~ 50, 90 W 45 F FULRAK ZnO: Al R R T ) B4
BE(AFM)EIS, BB 2R AT 2 000 nm X 2 000 nme.
ME 2@ T LA, R ZnO:AL IS I 45 1)
ZnO: Al FEER TR LURCRLK, HANAA), SRIHRLRS
FE(RMS)iE#] 33.9 nm; H4HIA Zn FEHES, Zn FEI)
HEL/N10 W T 30 W, JTFAK ZnO: Al AR [
Frdi /N, S A) R, RIS 50 18.6 nm
AI18.2 nm; 174 Zn $ED)ZRIREIE (50 W AT 90 W)
B, YRR ZnO:Al IR PR RS IR IR 3S K, &
WARAIAIYS], RIMHKERENG K TIRZ, 435k 20.5
nm A1 36 nm. & BGX PRSI R AT LLH S Y Zn
PR, AT AT, WA A Aok R
SN, AT R RS FEAR /N s 1A Zn BRI
R RIS, EAR XRD 45 Rk F, #E ZnO:Al
AHARRE RO ATIAE AR /N, AR UG  TH HH IKROHs A/)
FIRL A AL IR SPIRES, KRR Zn JERUTIS
JE AR HADL A Zn AL A HIAIAT ZnO: AL AR IR) 83 1% T
RIMERAT-

2,12 HZEPERE

K 3 PHINANE Zn SED)ZAT FUTRA ZnO:Al
MR MRS . T ZnO M B HL B AT
2%AL0s(JIT 53 40, TURARIHEREL AT 55 m (R 3t -k
JE, IEE 107 em ARG, B Zn SEIDEFIER,
W R R R E R 2.115%10° em” _E T #
8.817X 10 em, IXFHEZK MBI Zn TS 2%
RN, W Zn JARREEFURBEIE N, SRR IR
Wz, i SEEE AR FIRE BT 7 0~70 W
JE P, R FIT R R R I Zn BRI
D3 BT pass, MY Zn 58 SRS DA,
90 W I}, IEBHE R, XA ZnO:Al MEH L £
(1) Zn JE R T 4@ AHER LA 5 Zn AL G 0AH, 1540
FAET R TR g U 1 L3 OR3GO 78 e 1%



1122 A G A R

201244 H

RS, AR FL B U B Zn $E S ) 2R (¥4 i v
M 6.643 X107 Q-cm IH /N A 1.445X 107 Q-cm,
X BT R T P R A R
2.1.3 Ot

3 i AN A Zn B ZAE R YRR ZnO:Al
HEILAE K 300~900 nm S5 A (3B S . KL 3
HET DUE Y, 7R AT WOETEE P, 4 Zn SET)E /N T 90 W
B, POR B R AR m b e e, i A3
I 90%, HPTHFEMIES g LFES, RN
TRUF P —3ME: 4 Zn SRS DD 90 W I, i f5EE
RERARMG, HgR 2 B, KRG AE 2 & Zn
TR 4 JE A B Al & Zn Ak S A e a2 i g
SR WG, DT i M 328 Ik 2R ARG . AR v
(mslcids, i Taue A HEAF K ZnO:Al # K
(RAEH B, W 3(b) R, fE3.5eV Aidi. HILUL

2 AN Zn $EDhERIEAE NI % ZnO:AlL
HENBRE T ) AFM K]

Fig. 2 AFM images of ZnO:Al films
deposited at various powers on Zn target:

() 0 W; (b) 10 W; (c) 30 W; (d) 50 W; (e) 90 W

WIFERRIIAR T, Zn LIRS ZnO:Al DG i
FMIAK .

£3 A Zn SR 1K) ZnO:Al HERY HL2EVE e S 5L
Table 3 Electrical property parameters of ZnO:Al films

deposited at various powers on Zn target

Carrier Electronic s
Power on Zn . . Resistivity/
tarcets/W concentration/ mobility/ a 00 m)

gets (10°cm™®)  (em®>V's™ ¢

0 -2.104 4.606 6.442

10 -2.762 4.626 4.885

30 —2.789 8.849 2.529

50 -2.962 5.886 3.580

70 —4.338 6.567 2.191

90 —8.817 4.867 1.445
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Fig. 3  Optical transmittance spectra of ZnO:Al films

deposited at various powers on Zn target

22 #KBREX ZnO:Al HREEH 5 18R 200
22,1 iR

4 Jr7s PRSI T2 AN R AT SR R T
TR ZnO: AL ) XRD 3, 8 i 11 A5 KR B 0 591k
i 100 ‘CHI200 C. M 4@ rTLUEIL, By
HEIBCRE Sl AT S PR R A 4E 349 B I H B s 2 PR AT A
U, FLAT(002) PR PRI ) AL KR, Hsc Wl i
T AR AT T, RIAHI Y ZnO:Al FEE S N TR
SERY . BEAE AT EE AN =T E] 200 C, DU
ZnO: Al 5 (AT Ve it P2 B S 0 i, ISR IR s (R 4
JEIREE N UURA ZnO: AL FSE S A4 Y 35 IR - psi B HE A1
PRI NUTRRE ZnO:Al SRS A, SEATR) T3
JRIET ¢ Bl AR . i X PG 1) SR DR AN Ao i
TR I A AR T R IR AR 25 5, B At
JEURL FE A A T R AR AT R T A 1, XKy
AR T Az AN A, AR TR 45 A AN AR

ISR R AT S U R A7 B 0l A 34.282°. 34.341°
H134.360°, IXEYIAHHE R, PRI ZnO:Al #
JELAT SR WAy T 34.45°, AR BRBE D . PR AR
[Fi) Ao JEG R B8 YT AR P ) A S 0 Y R AL, B
Scherrer 23 20 TE 5 R 0 Sk )RS 20 00 A 29.21
30.10~ 32.70 nmo W] LAAHL, A B4 R B T TR
R et RS TR, 32 DA e s AR K
e A JEGHRL RS R R B2 i SR 1T R 2 B b A
SN R R A SN

F 4 AFRRI AT T H& ) ZnO:Al #iE XRD 24
Table 4 XRD parameters of ZnO:Al films deposited at

different substrate temperatures

Substrate temperature/ 'C  26/(°) d/nm FWHM/(°)
Room temperature 34282  0.261 36 0.272
100 34.341  0.260 92 0.264
200 34.360  0.260 78 0.243
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Table 5 Electrical properties of ZnO:Al films deposited at

different substrate temperatures

Carrier Electronic

Substrate . o Resistivity/
temperature/'C concentration/  mobility/ (107 Q-cm)
P (10°em™)  (em>V 'S
Room temperature —2.494 3.756 6.664
100 —2.360 8.508 3.109
200 —2.789 8.849 2.529
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Fig. 5 Optical transmittance spectra of ZnO:Al films

deposited at different substrate temperatures
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