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Abstract

Multicomponent transparent conducting oxide films were deposited on glass substrates at 150 by dual mag-
netron sputtering of AZO and ITO targets. In the case of mixing a limited amount of ITO (10W), resistivity
of TCO films was significantly increased compared to the AZO film; from 3.5x107 to 9.7x10” Q-cm. Dete-
rioration of the electrical conductivity is attributed to the decreases in carrier concentration and Hall mobility.
Improvement of the conductivity could be obtained for the films prepared with ITO powers larger than 40 W.
The lowest resistivity (p) of 7.3x10™ Q-cm was achieved when ITO power was 100 W. Effects of H, incor-
poration on the electrical and optical properties of AZO-ITO films were investigated in this work. Addition
of small amount of hydrogen resulted in the increase of carrier concentration and the improvement of electrical
conductivity. It is apparent that the roughness of AZO-ITO films decreases dramatically after the transition
of microstructure from polycrystalline to amorphous phase, which gives practical advantages such as an excel-
lent uniformity of surface and a high etching rate. AZO-ITO films grown at sputtering ambient with hydrogen
gas are expected to be applicable to optoelectronic devices such as organic light emitting diodes and flexible
displays due to their sufficient electrical and structural properties.
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Table 1. Elemental composition data of the AZO-ITO
films measured by EDS

Power (W) Atomic percent (%)

AZ0O ITO | Alat% | Zn at% | In at% | Sn at%
0 3.0 97.0 0.0 0.0
10 3.1 85.1 11.0 0.8
20 2.7 75.6 19.5 2.1

150 30 22 67.6 28.1 2.1
40 2.1 61.0 33.8 3.0
50 1.2 56.0 38.2 2.7
70 22 46.6 48.5 2.7
100 0.8 39.7 55.1 44
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Fig. 1. Carrier concentration, mobility and electrical
resistivity of AZO-ITO films deposited at various

ITO power.
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Fig. 2. X-ray diffraction patterns and FESEM surface images (x100,000) of AZO-ITO thin films deposited at ITO power

oW, 30W, 50W.

T A= clste] HAH o] 9.7x107° Q-emZ7HA] F
Z3th B Ao Axd gAEA TCou

O 7] 40W ol/delx A71-dEA el a7t
A=A B3], 40 WollM= ols=e] F2438 A
o] 1=, 1 o] FollA= ITO FH¢le] F7het
ool o] x| FEe S7HE SRl
o HA 3ol ITO u¢i7} F7ishel wet Al&3
2 7+Aaske] AZO(150W)-ITO(100W)2] Eghapat
7.3x107" Q-cme] H]A &S HlT)

ITO 3o wWE olFx Wal= uiule] 724
EdHstel Arste] AHE Utk 29 2
ITO 39] 0~40 WollX A %3+ AZO-ITO Egatet
o] XRD A#E YVeRdTE AZO BFlA wurtzite-
type ZnO =Z2] (002) 3|4 ¥=7F 1=, ITO
7} ZA7ree wet 34- AxrF F43] gaE 3
H7ro] Azto R olFgs & F Atk Aol
2w tigk Bop 2pAgk BRE A7) 98|
GIXRD(glancing incidence XRD) &4& ajsf =
Az, 29 2(a)°] AY2Hd HeRd H}g} g o
2] 7HA] 34 v=Eo] F7IE #FHE o= Liv
5193} Minami'” 59 98] B3 ¥ v} Q& 3AE
Al2] homologous compounds?] ZnIn,Oy., (k=23~7)
Ao Eddoz AT A4 1TO 3¢ 30W
oMM AzxE wute] ¥ A4S AFEH (Y
2(b)), 3EHol| plate FEfo] v A F grainEe] &
oldt}. &M, viAA F2Z AW vFAIH(ITO 3}
9 50 wye] WG vig FEsH AFMO=
Aot FUAZA7I(R,)’F 1.86 nm F+FOF 1 -$-
#s Btk AR E BteAiA= %ELPZ#E
) YA (grain-boundary)7} BoHAlE A4 olF

flo o 2

O:

=
=

(B
=
=

L

Lo vt yEeRdth ey, 2 AFolA et e
In-Sn-ZnAE 2] Atsl= HEEA &xle HAPE TR
£ 742 JTEEE conduction band minimum
(CBM)E +AJ3l= s-orbitalE2] SHOZE A} )
gloje] o]Fo] AA W] e Ao I
ub k. mEbA] ITO THe] 40 W o] dellA] A
g el AAA o] He Ao Aty o]
FEO FFo] uvhte] v Astel 221 AAL
U= Ao SRlHT

FAEEN ME S4Us

32.1 x4 5%}

a9 3(a)s AZO BFEe] 4 Hule] WE px
A HIE Jelhd Ao 2 £ o] ZUE4E
(002) 3]4 ¥z ZArrb AA s ¥EAE
(FWHM: Full Width at half maximum) %t°] 57t
gt} Wk ko] b AR 2] pAaE
H)stEE AZO ¥R FAgHFo] FUighe] uhEt
ARYe] A7 gAaTE & F A o F
A7 dehf oA EEEEA AR Aol 913
sl FH Az 7 AR PR ZEHAS AL
7] WEo =2, AAY =] Aot dhete] v st
g oplshs Aot 29 3(b)oll YERd wlkel 7
o], AZO(150 W)-ITO(30 W) &gatute $=4 2%
A7y 27004 3E 27t AR AL AR A ol A
RS s = Ao Fld), T3 Fa Htel 9

12

g ARpAF o R (002729 3@ 7to] W o
Z o]Fgtt}. o]t peake] ©]-52 Bragg lawol
os] A7 A (interplanar spacing)e] & 7F<}
AR} gl S onls.



270 A2 9] /S=EHF3E] 42 (2009) 267-271
50
AZO (150) —=— AZO(150)-ITO(0)
4 _ —e— AZO(150)-ITO(30)
E 40- —a— AZO(150)-ITO(50)
— €
. <
i g
> e
@ | H_ 0% =
QC) . N (] ,,E- 201
< J L H, 2% 7 N
] A H, 6% g 10
H, 10%
0 T T T T
r 0% 2% 6% 10%
20 30 402Th ; 50 60 70 H, concentration [%]
ela
(a) (a)
— 40
AZO (150) ITO(30) ' —m— AZO(150)-ITO(0)
o —e— AZO(150)-ITO(30)
2 4] —A—AZO(150)1TO(50)
X,
El 5
S ©
2 T 20
2 . 8
% Hz 0% 8 /
2 101
H, 2% ®
Mgl i i ©
40
20 30 40 50 60 70
2Theta 304
b w
(b) z
Fig. 3. X-ray diffraction patterns of the films deposited § 204
at various H, concentration: (a) AZO(150 W), (b) 2
AZO(150 W)ITO(30 W). 3
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Fig. 4. Variations of the electrical transport properties of
AZO-ITO films deposited at various H, concen-
tration: (a) resistivity, (b) carrier concentration and
mobility.
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Fig. 5. Optical transmittance of AZO(150 W)ITO(50 W)
film prepared with various H, concentration. The
insert is optical band gap of the film deposited
with various H, concentration.

S

A s}z ] A o|(transition)”} FEEIL o= <la|
Ero] Z717} JEhd Ao g s
I 55 AZO(150W)-ITO(50W) Z2H=
& ZA7veEe] Wste] wE o] FE
Uehdoh Axd ZE AHLS 7HF
2 80% ol FEHALEE Holm
7¥stel] mel 7HAIE GolAe] FEIAE
A FETrE GupdE o R olFEhe gl
AUTE HE A A O] B RRALE <
Sl %%—*rﬂ?(a)é ARsta Ay ol
A EAd gk 42 (ahv)’=c(hv-E,)ol 283}
MEN(EYS 2= 5 Atk 28 59 A2l
AAI G vie} o] AzE BHRE 3.9~4.0 eVol’de]
A gl mels 7EX3 oW Burstein-
Moss'” @3] s 44 H7lo] & FgolsE
Feo 2 MEZ o] SIS ER1d & Ut

B of ¥

o e Moy

o 2 L9
Lo

;o
-rfob,—'

bz o ©
Hl oo 4 & oy = afu

ofo
Ol
s

44 B

B AFME AZO-ITO E3Hts FA) 29
S Té Az 1TO o] WE &4
g el 54 wslel a4 il mE 54
BA3k9 ) ¥ A E 3.5x10° Q-cm«l AZO
F H7kshd Aelo] & °lE
of Zrag sl HA o] Frlgirt. ZEM ITO
40 W oo g2 F7H7IH BIA S A&
ZO(lSOW) ITO(100W)Z= 7 o] A
gqr#a. e 73x10° Q-em@] WIAEES U
T3 ITO 39 40 W ool v A
TCOHH o] FAHHEA o] F%Ee] §43 F7He ¢
bz <

=
@)
et
P>

gt s, AxzE TCO vhate] A714] -

X3 EAE i‘:]r NAAZ17] et S22 7}
= F FAE HUletd §4WEE A 2 23
7ZnO ¥+ Yol A shallow donor & &L 3= A
2 4R 74 JFoR MRl faE
srelslth. 28]aL AZO-ITO Egatate] w23}
7b FARHEVER Qlste] Bk golsiA fEETE
AP ERlgith A8dog B At A= Y]
WA G 2LoA EHHEAo] 48 ¥ vk of
Yeb 3EWe] 257t vfg 973 oA TCot
S AT A2 o™, OLED ¥
flexible T]2F 8|0 FPAFAAZE &8 7154

< Al

+

m\o ]o

1. T. Minami, H. Sonohara, T. Kakumu, S. Takata,
Thin Solid Films, 270 (1995) 37.

2. H. Morikawa, M. Fujita, Thin Solid Films, 339
(1999) 309.

3. Y. Weifeng, L. Zhuguang, P. Dong-Liang, F. Zhang,
H. Huolin, X. Yannan, W. Zhengyun, Appl. Surf.
Sci., 255 (2009) 5669.

4. V. Assuncao, E. Fortunato, A. Marques, H. Aguas,
I. Ferreria, M. E. V. Costa, R. Martins, Thin Solid
Films, 427 (2003) 401.

5. Luo lJie, 9, &5, S=EHFEI]A], 42
(2009) 122.

6. H. C. Weller, R. H. Mauch, G. H. Bauer, Sol.
Energy Mater. Sol. Cells, 27 (1992) 217.

7. S. Y. Myong, K. S. Lim, Appl. Phys. Lett.,, 82
(2003) 3026.

8. T. Minami, T. Kakumu, Y. Takeda, S. Takaya, Thin
Solid Films, 317 (1998) 326.

9. AEs, Halg], o]dF, WA, o]z, g
F3F8]A], 42 (2009) 128.

10. D.-S. Liu, C.-H. Lin, B.-W. Huang, C.-C. Wu, Jpn.
J. Appl. Phys., 45 (2006) 3526.

11. T. Minami, T. Kakumu, Y. Takeda, S. Takaya, Thin
Solid Films, 317 (1998) 318.

12. H. Hosono, J. Non-Cryst. Solids, 352 (2006) 851.

13. X. T. Hao, F. R. Zhu, K. S. Ong, L. W. Tan,
Semicond. Sci. Technol., 21 (2006) 48.

14. C. G. Van de Walle, Phys. Rev. Lett., 85 (2000) 1012.

15. Q.-B. Ma, Z.-Z. Ye, H.-P. He, S.-H. Hu, J.-R. Wang,
L.-P. Zhu, Y.-Z. Zhang, B.-H. Zhao, J. Crystal.
Growth, 304 (2007) 64.

16. C. G. Van de Walle, J. Neugebauer, Letter to Nature,
423 (2003) 626.

17. I. Hamberg, C. G. Granqvist, J. Appl. Phys., 60
(1986) 123.

5!

il



