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Abstract In this study we investigated the effect of the multi-step texturing process on the electrical and
optical properties of hydrogenated Al-doped zinc oxide (HAZO) thin films deposited by rf magnetron sputtering.
AZO films on glass were prepared by changing the H./(Ar+H,) ratio at a low temperature of 150 °C. The
prepared HAZO films showed lower resistivity and higher carrier concentration and mobility than those of non-
hydrogenated AZO films. After deposition, the surface of the HAZO films was multi-step textured in diluted
HCI (0.5%) for the investigation of the change in the optical properties and the surface morphology due to
etching. As a result, the HAZO film fabricated under the type III condition showed excellent optical properties

with a haze value of 52.3%.
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Table 1. Sputtering conditions for HAZO films

Target HAZO (98 : 2 wt%)
Substrate temperature 150 °C
Sputtering pressure 1.2 mtorr

H, gas ratio (Hy/ (Ar+H, )) 0, 2, 5, 7vol.%
rf power S50 W
Deposition thickness 1000 nm
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Fig. 1. The flow chart of the experiment.
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Fig. 2. Resistivity, hall mobility and carrier concentration as
a function of the H, flow ratio observed by Hall measurement

at a low temperature of 150 °C.
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Fig. 3. SEM micrographs of multi-strep textured HAZO films
prepared with various etching type ((2) HAZO, (b) Type I, (c)
Type II and (d) Type III).

o AEAAE P45, olzlo] EY A4S o g H]
Aol HAE 7Pt o7l FAE Hrbstd H'Y
formation |HX|7} H9] formation o|4=] ®Ht} 2H7] wf
ol FAE ZnO oA Ee Y IS vy &
B4 ok Fage) FUk) wel & ojsEr) A F
TVeke AL ETE T 7K w2 Jug Al B
& Atdo] Frkete Ao E A7tEH, o2 <la HIA g
o] Al F7ksl= Ao= A7t

Fig. 32 BlFHAE 44 Ao 2 FEA 2 913l
A 2HEl HAZO ¥F2+3} Type 1, Type 11, Type HI d}ute]
SEM ©Ju|A& HoFr) 2] 27bslA] -2 HAZO B
vhe Heke A S 7HIAT Type 1 3 o] HCI
(0.5%) &HoA] F2] 217 3k 49 skt mfo 2 ¥
83| AAHE AL A T4 k. iy oz sl
ojgt 52 27t A
7t @55 B3t B

Aol 242 ¢ & Bl 2 ¥ HEG Type I 2

HAZloz o d=m, vt A § TR Aksiet
o2 384 uf Yo| 2ehg Fujo] wE F5hy olF AR
=712 <135 ©@2FA F(Shot circuit current, Ji) 2F A
HG g FFS 7d & F Aok

Fig. 4% Fig. 2014 7P 535 1714 54 1ol
WhS-7}2of =47} 2vol% H7FE HAZO wHfe] 2zt
Fejo] mE ¥AY 2 & olFE, M3t E=E Yehd
Zlojth., Hekst ¥HS 7F HAZO Bhehe] HjA &2
338 x 10*QemZ 1~3 B 52 2 47+ A5 4=

om rﬁ



262 BT

HAZO Typel Typell Typelil

£
[%)
C 1E3L
S
[«
3‘. ot
> 1 "
'.I;; 1 1
‘n
[}
o
1E4 , s s
a0 [
—
W
2 30
E —
o — 3
e =
.~ 20|
2
o
0o
=
ﬂ‘-. 10 1 1 1 1
E 1011 [
(%]
— '
< /I—f——_]_
£ "
o
.E
= 5x10° |
c
@
(¥
c
o
(&)
|
2
- 1
[
5]
O

Fig. 4. Electrical properties of the as-deposition HAZO and
multi-step textured HAZO films.
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Table 2. Electrical properties (resistivity p, mobility p, carrier
concentration n) of rf sputtered HAZO films.

Sample HAZO Typel Type I Type Il
p(x 1071, Qem) 3.38 4.54 4.86 5.11
p(em?/Vs) 28.0 254 24.1 223
n (x10%, cm?) 6.82 7.14 7.97 8.13
Depo. Time (min) 152 + 45 + 30
Etching Time (sec) 20 + 20 + 10
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Fig. 5. (a) Optical transmission spectra of the as-deposition
HAZO and multi-step textured HAZO films. (b) The
dependence of the average transmission and absorption
coefficient on various etching type. The transmittance and
absorption coefficient were average in the 400~800 nm range.
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Table 3. Optical properties of rf sputtered HAZO films.

Sample HAZO Typel Type Il Type III
Average Ts (%) 81.8 487 350 327
Average Tr (%) 11 1.6 23 4.6
Average Ty (%) 84.1 833 806 795
Average o (x 10>, cm™) 832 2078 1923 1998
Ty (%) at 550 nm 1.74 255 339 403
Haze (%) at 550 nm 23 305 404 523
Bms (M) 7 94 147 162
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Fig. 6. Spectral diffused transmission of differently textured
HAZO films.
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Fig. 7. Spectral haze of a texture etched HAZO films prepared
with different etching type.
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