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Abstract: We have investigated the properties of Al-doped ZnO (AZO) thin films as functions of atomic layer

deposition (ALD) oxidants. AZO transparent conducting oxides (TCOs) layer was deposited by ALD with adding
trimethylaluminum (TMA) and diethylzinc (DEZn). AZO films were deposited at low temperature with H,O and O;

as oxidants. Electrical, optical and structural properties of AZO thin films were investigated by 4-point probe, Hall

effect measurement,

UV-VIS, and AFM. Microstructure and atomic bonding states were investigated by HRXRD

and XPS. The resistivity of AZO films grown using H,O was lower than the films grown using H,O and O;, by

approximately two orders of magnitude. The differences in oxygen vacancy peak intensity of AZO films were

correlated to the optical and electrical properties.
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Fig. 1. Schematic structure of AZO thin films by ALD.
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Fig. 2. Deposition process diagram of AZO thin films with
H,O and O; gas.

Table 1. Deposition conditions of AZO thin films by ALD.

ALD parameters Experimental conditions

Substrate Si wafer, Soda lime glass
Process temperature 200°C
DEZn pulse time 02 s
TMA pulse time 02 s
H,O pulse time 02 s
O; pulse time 6 s
N, purge time 10 s
DEZn, TMA temperature 10°C
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Fig. 3. X-ray diffraction patterns of AZO films with H,O and
O; gas.

I, Ae x-ray O]
angleo|t}. ¥HS-7]A|

AR 27)= 152

D7} Aol 3712 Uehjn
0, B:= YJIZ, (,= Bragg's
H0%h o 8314 Zx% uturel
m g =AS =Helsttt

S50l ZFAEAIHEUIY &4 ZAutg ALk g
=l (root mean square
roughness= L}E}Lﬂﬂﬂr 93714l O3 gas H|&°] &
K_|
7

~

oAt Watg Btk of
A7lo] e ulAl

rlr

Aoz

a3 62 98] JlE 9o FAE
A 54g UsHdth BEE7IAl H,O05 AHESH whato]
A 22 % 10° Q -0 HA ZHe ©ol uhd, O,
gas H|Eo] F7itol wet vIAY ol 2.7 )
Q - aWtR] =olR ) o]AL O3 gas?] H]go] oAl
2 AR o|SEr}t WolAl: ZolA slQlsitn =

A 0]
AR

el 1@ oo AE AZO uojo] £2% ¥
AEA (UV-VIS)S Fof st 23 7olA 40
BArE 77to] AE: W 88% ol

. WHSIIA HO0
59488 Bt

AZO l:ﬂ-EI]'_J 7:17]

_|



A7) AAA 53] =7 A, A28A A10% pp. 652-657, 20151 104:

Fig. 4. AFM images of AZO films with (a) H,O : O3 =

1, (b) HO : O; = 2:1, (¢) H,O : O; = 3:1, and (d)
H,0.
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Fig. 5. RMS surface roughness of AZO films deposited on

Si wafer.
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Fig. 6. The variation of carrier concentration, mobility and

resistivity of atomic layer deposited AZO films.
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Fig. 7. Optical transmittance spectrum of AZO films with
H,0 and O; gas.
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Fig. 8. Band gap energies of AZO thin films with HO,
H,O : O; = 1:1, H,O : O3 = 2:1 and H,O : O; = 3:1.
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Fig. 9. The Ols XPS peaks of AZO films with (a) H,O
and (b) H,O : O; gas = 1:1.
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