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Abstract Al-doped ZnO(AZO) thin films were synthesized using atomid layer deposition(ALD), which acurately controlled
the uniform film thickness of the AZO thin films. To investigate the electrical and optical properites of the AZO thin films,
AZO films using ALD was controlled to be three different thicknesses (50 nm, 100 nm, and 150 nm). The structural, chemical,
electrical, and optical properties of the AZO thin films were analyzed by X-ray diffraction, X-ray photoelectron spectroscopy,
field-emssion scanning electron microscopy, atomic force microscopy, Hall measurement system, and UV-Vis
spectrophotometry. As the thickness of the AZO thin films increased, the crystallinity of the AZO thin films gradually increased,
and the surface morphology of the AZO thin films were transformed from a porous structure to a dense structure. The average
surface roughnesses of the samples using atomic force microscopy were ~3.01 nm, ~2.89 nm, and ~2.44 nm, respectively. As
the thickness of the AZO filmsincreased, the surface roughness decreased gradually. These results affect the electrical and optical
properties of AZO thin films. Therefore, the thickest AZO thin films with 150 nm exhibited excellent resistivity (~7.00 x 10
* Q:cm), high transmittance (~83.2 %), and the best FOM (5.71 x 10° Q™). AZO thin films fabricated using ALD may be used
as a promising cadidate of TCO materials for optoelectronic applications.
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C fabricated using ALD.
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Fig. 2. XPS spectra of the Al 2p, Zn 2p, and O 1s core levels for sample A ((a), (d), and (g)), sample B ((b), (e), and (h)), and sample

C ((©), ((D), and (i)).
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Fig. 3. Top-view FESEM images (a-c) and cross-sectional FESEM (d-f) obtained from samples A, B, and C.



Fig. 4. AFM images (a-c) obtained from samples A, B, and C.
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Fig. 5. Electrical properties (a), optical transmission spectra (b), and figure of merit (c) obtained from samples A, B, and C.

Fig. 4a)r-(c)= 9245 S2HE 3 A€ AZO 4
g EHO] AFM °o]nAE YERAT ZF sampleE9] 3%
W AZ7]= sample A2 A% 2F 3.01 nm, sample B<]
735 °F 2.89 nm, sample C2 7% °F 244 nm=Z F3
FAZE SRS 32 AR Holxith S3F 27]
A= filme] FH B2 A Ae]7t A8t

e AxbEol A4 &, NEel By n=2A 2@
EE JUE HolAw Z3 A7ke] FUksHAM A ¢

A0l AAsAY 1 HIES Ao filme] XDslA
#d4ol Frkeke Aoz Bk wEld AFMe| 2
B A SVEEE 4Rk AAAe] S7HH L, film
o] ¥ EAjo] AEW, 1Z24 defect/| ZASIT Al
tht BE QAEES EH ALY glo] ofF 2 AfolE

-

Holz] 7] wEol| YA
quality= vi-¢- $-obH olu AEE FH AR
10 nm °]ste] 3 2H7] wjiol t=Ee o] &xjel &
&o] 7k Zlolgt At ¥

Fig. 5(a) sample A, B, C9| carrier concentration,
Hall mobility, resistivity S ¥3Fa+ A7]2 EAS Ut
Aot wete] AdA7jd 548 dAse
linity, morphology, roughness, porosity, stress, composi-
tion, 2t} 7]gte] AW 54 5 Joh? & a9 &
ArEHom H714 EAS 743 A3, carrier con-
centration®} Hall mobility= 52 577 57+l weh
=713tk =, carrier concentrations sample A2] 73-%-
2.52x 10" em™, sample BE] 7% 2.86x 10°' cm™, sample

QA= crystal-



474 rsted - WA - At - hE)

Table 1. Summary for electrical and optical properties of all samples.

Samples Carrier (Cc";ie)“ tration Ha(limnzl/(i?sl;lty Resistivity (Q-cm) Shig /;;3;?:)11 ce Transmittance (%)
Sample A 2.52 % 10*! 1.59 1.57x 107 315.8 83.7
Sample B 2.84 x 10* 2.33 9.43 % 107 94.32 81.4
Sample C 3.04 x 10*' 3.28 7.00 x 107 46.69 83.3

Co 7% 3.04x 10" em™=Z, 71 2] FA o ulet
A SHA 3 ATE Hall mobility $A] sample A<
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