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Electrical, Structural, Optical Properties of the AZO Transparent Conducting

Oxide Layer for Application to Flat Panel Display

.]1]’_% §]'***'/1\_]_ ]@ll] "E_L*
(Im-Jun No - Sung-Hyun Kim * Dong-Wha Park - Paik-Kyun Shin)

Abstract - Transparent conducting aluminum-doped zinc oxide (AZO) thin films were deposited on Corning glass
substrate using an Gun-type rf magnetron sputtering deposition technology. The AZO thin films were fabricated with an
AZO ceramic target (Zn: 98wt.%, ALOs: 2wt.%). The AZO thin films were deposited with various growth conditions such
as the substrate temperature, oxygen pressure. X-ray diffraction (XRD), UV/visible spectroscope, atomic force microscope
(AFM), and Hall effect measurement system were done in order to investigate the properties of the AZO thin films
Among the AZO thin films prepared in this study, the one formed at conditions of the substrate temperature 100, Ar
50 scem, Oz 5 scem and working pressure 5 mtorr showed the best properties of an electrical resistivity of 1.763x107
[Q-cml, a carrier concentration of 1.801x10% [cn™ ], and a carrier mobility of 19.66 [cm%/V-S], which indicates that it could
be used as a transparent electrode for thin film transistor and flat panel display applications.
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Fig. 1 X-ray diffraction patterns of the AZO thin films grown
at different substrate temperatures of Type-A and
the FWHM as a function of substrate temperature.
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Fig. 2 X-ray diffraction patterns of the AZO thin films grown
at different substrate temperatures of Type-A and
the FWHM as a function of substrate temperature.
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Fig. 3 AFM images of the AZO thin fims as a function of
substrate temperature with Type-A; (@) 23°C; (b}
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film grown on 30mmx30mm Corning glass substrate.

3.3 AZ0O wtete| My|& €M

AZO ke v AE, Age] v 9 & olvxg ¥&
A7Fd AEE& Van der Pauw WL A-E83% Hall Effect
Measurement System-s - “5}‘3’34’

o]

Astgrh 19 6(a)l Type—A94 2xRigtol] o3 A

AZO dtete] "] A E, Aee] ¥R B E olFEE
t}, 18 6(b)E Type-AdA 71@2xe] ¥
B AZO wte] WAE A7AER, 4% 54 Ui
o} wlAdrY BS 100C7A ZAT
o} o)l wA e Hae 2 274
(Grain Boundary Scattering)®] %%
1} 100C ol F5E YA F7Hete 4
T rgexe] Sk A AE F
PE BeES Foish ojEHdE ‘5:%‘%&*}91 A jEoR
RETHE-9] 7hE 48 Ar)H 54E Holy AZO ¥
ate] Ao (HAHEF : 2771x10* Qem, Al BE

o 3 A ri

2
H
N
<)
2]
4,
2
T
o,

2085x10° cm® F ©]2% : 1081 cm¥/V-'9)g FAT F
U},

a8 72 Type-BY L£Ewisto] ot A8E AZO 2
o A714 54¢ YA Type-As ¥ 58 3R8E
wolx W Type-Be) H71A 4ol o $48 AL BUY
% Utk ot AZO Wrhe] 2T T W Wi 47
Atk 2297 st2e] FYe 39 U 43T
2 FHAA AGAASY ZR AT Fe vAFge] 25
g etk w3 19g B9 vATe a2 B wet



20x30°

18x10° ~a- Hall Mobility /

. N 7
s 4 Carrier Concentration Ve
16x10° |- y

14x10° |

ocm)
A
§
{

12010° 1 o

1
a
Carrier Concentration o (cm™}

1ox10° |

BOX10"

6.0x10° |

Hall Mobility p (cm’i- s)

Resistivity p (Q -

40x10" . e

20x10° b

T T T T T T oo
4 50 100 150 200 260 300

Temperature [°C)

(@

180
70
160
150
140
130
120
110
108

3.0x19° 4
Shest resistance
Electrical Conduct!vlty B
& Resistance

o 25040

X
@
3

S A 2.0x10¢
30

-1 15430

Resistance [(2]

trical c:;nducﬁvny (Slcm)
s )
8

ERES TR

Sheat resistance (/0 |

Eles
&

LI ML I i i S B I SR T B I N S I

- s.0x10°

¥ T . i
150 200 200

Temperature {"C}

(o)

a3 6 Type-A2| 7|7 2z 5t utz
Mg & olEL, Melo s
MEZ, Nae Bat

Fig. 6 Electrical properties as a function of the substrate
temperature with Type-A (a) Variation of the carrier
concentration, resistivity, and hall mobility (b) Variation

of the sheet resistance, electrical conductivity,
resistance.
Z olTxs AHd Tx9 WHIE FAT £ g} oA
M 9% A7V 548 wolt AZO kel A% (mA)
= 4 - . =
& 1 1763107 Q-em, Aol FE= 1 1.801x10% cm™® & o
FTE 1966 cm?/V-s)e] WwE] $53 TCO BAS el
g+ AT
2.0x40” 105 5 10%
esistivity - ]
1.80a0° | -#-- Hall Mobility Ve
e | ——&— Carrier Concentration /,/
O, . ’ — e
guxw’ L . S @ | m"g
4 120" | o o ag §
o 10x0° | . ../ 4107y %
oo S g) ¢
2 6.on10" P . h ‘%ﬁ 10”‘:’?
3 - e B 2
apast | o * (r;i
20x10° | T~
T r T 1 T 100 4 10®
o 50 100 150 200 250 300
Temperature [°C)
(a)
HEC|AZH0| 382 st AZO FYNETote| MI|M TxA U sy

n

Trans. KIEE. Vol. 58, No.

180 4.5x10°
170 [ ® “a"ISheet resistance
L SN #- Electrical Conductivity 4 o
1:2 ', —*— Resistance / 40x10
E . Iy
a0t 7 qasac
%0
o 20 {3000
[SRECIS ”
gioop + 25x10°
£ sof
B BOf "
2 ol H 20010
g :z: ¥ 150107
@ sl
30F AT  1.0x10°
20F
10k o 4 8.0x10°
0 T T T T T T
0 50 100 150 200 250 300
Temperature {°C]
a2l 7 Type-B2 7|E 2ol e mM7|H
Xgh & oSk, Helof sZ®E (b)
MEE, ﬂ%ﬂﬂur

10, OCT, 2009

80
- 45
A—AO
3
L 135
@
ol o
3—30%
Sz &
2 g
82 a
© ]
« x
S5
g
m—m
15
dg
=
£4 (a) ]
HAE, M7

Fig. 7 Electrical properties as a function of the substrate
temperature with Type-B (a) Variation of the carrier
concentration, resistivity, and hall mobility (b) Variation

of the sheet

resistance.

resistance,

electrical

conductivity,

O 8& Type-Ast Type-BY 2=wWde upzl g8
AZ0 atete] A3 E Kelvin probeE o] &3le &A% 2
FE U ol V1€ AFE TCO ¢ ITOY 434
49V T 52eV ¢ HAE A @S e AE 4 5 3l
=3

65 56

85 w 54 e '\\\

54 \\ N 52 g \\‘\ .

— \\ — 50 s \\\a-

3% “ L

© L} N c 48 N,

fe2f £

€ . g 48 \
%5 = AN
S g a4 N
2 2 N

804 42 N

494 ¥ 40 “n

“ A T

Temperature [*C) Temperature [°C|
O™ 8 Type-AlRIZ)2 Type-B(RLEZE) 2z slof e

gt=o| gt
Fig. 8
sample type-A, (right)

type-B.

4. 2

=2
[

FEA, 4714, FeH

Y

= = 0
_:'_/Kg#

=

A3 (002) 327t FHIFL,
(hexagonal wurtzite) 2R T%E
3 100CH

2
T

Tol = Gun-type rf magnetron sputtering
AZO e Type-A$t Type-Bo L% 34

c-

NNHeE
AN FAY

Variation of the work function:(left) as a function of
as a function of sample

3

2AF3

1979



Tolets =2 58 10& 20094 10€

LS

M

N

]

rJ

m}#

N

o

=

&

=

id

i)

>

éimzmlm

b o

XN %
Qo N

B —4—|—'F§:£

oo™

(N CURE S

O W
=
.1:'1@: o)
© B
o
ok

763x107% Q-cm, 7o

1.801x10™ cm™ & ©]BE : 1966 cm¥/V-s)9 thers]
ANH 54& ko

RAAN ITOS ¥ &=3 dg &g 2oy, ¢53 Faty
AN ZA S E YA 90% oAkl FFHE)S Ve
Lol AFE B 2HEHY led o)&3 31" AZO
< 7129 ITOE YAE + de TCO 24 7t5A4L
31, FF ML FAHo] 87 HE FAYASHY o F
=

> ot
rO
6]
&
32,
32
v
@}

o 1%
iz}

o for (T ¥O m e ot

lo o B &

ZAtel 2 |
E ATE AZAY A% QgL d5Fxo)
A7) EATHEY 20009% AY @ ARRITAT
Qe Ao o3 AYYch

g 2 7

(11 "EA, 728¥, 244, "Al Doped ZnO Hrete] &3z
o e g AAE& FHHAED 54", Journal of the
Korean Ceramic Society, 9%, A 43¥, pp. 532-536,
2006. 9.

(2] Simon L. King., J.G.E. Gardeniers., "Pulsed-laser
deposited ZnO for Applied
surface science, vol. 96-98, pp. 811-818, April 1996.

[3] YL. Liu, Y.C. Liu, "Structural and optical properties

device applications.”,

of nanocrystalline ZnO films grown by cathodic
electrodeposition on Si substrates”, Applied physics
B, vol. 322, no. 1, pp. 31-36(6), September 2000.

[4] Xuhu.Yu, et al, "Thickness dependence of properties
of ZnO:Ga
sputtering”, Appl.Surf.sci, vol. 245, pp. 310-315, May
2005.

[5] R.J.Hong.,

films deposited by rf magnetron

et al, ”"Studies on ZnO:Al thin films

deposited by in-lne reactive mid-frequency
magnetron sputtering”, Appl.Surf.Sci, vol. 207, pp.
341-350, February 2003.

(6] Zhai. Jiwei, Zhang Liangying., “The dielectric

properties and optical propagation loss of c-axis
oriented ZnO thin films deposited by sol gel

process,” Ceramics international, vol. 26, no. 8, pp.

1980

(7]

(8]

[0l

883-885(3), September 2000.

197, AeF, 1% SMEE AvHYEOR A
Z% ZnOutetel g wE A AAEEA, A 5
4, A 63, PP. 66-73, 1996. 9.

T.Minami.,, H.Sato., K.Ohashi.,, T. Tomofuji and S.
Takata., " highly
conductive and transparent zinc oxide thin films
prepared by magnetron J.  Crystal
Growth, vol. 117, pp 370-374, February 1992.
Sang-Moo PARK., Tomoaki Ikegami., Kenji Ebihara.,
Paik-Kyun  Shin,,

transparent conductive doped ZnO films by pulsed

Conduction mechanism  of

sputtering”,

"Structure and properties of

laser deposition”, applied surface science, vol. 253,
pp. 1522-1527, April 2006.

% I Y

e E(EMKR
1979 1€ 394, 20069 HAdlga
71883 EQEEAD. 2008 <15
o ke Av]Ests EYQ(EFEHAD.
20086 ~8A T W Av|TEH 8
A+aA
Tel : 032-860-7393
Fax @ 032-863-5822
E-mail : oknhij@hotmail.com

00

2N 8 (2 R #)
19749 99 2594, 19979 ASAHUE
@ Ao AZFsty E4(FeHAL). 2000
Fostd  AAZTEY (T
Ab). 20000 ~2002'd w2 A 2, 2002
W~d3 ARRFATYH XAdATH
Tel : 031-789-7462
Fax : 031-789-7469
E-mail : shkim@Xketirekr



a4 5 8t (B % 1b)

1954 129 24€ A 19774 ?lﬁl'q'] k3
et 9 Ah. 198 1 &7
AW egstan gery (Za)

AP). 1988 EAF st 51'6
g EQE AR, 1998 ~
FEFd FrrA9949. 1991d ~20013
= wWEx #EIF AEHY. 19924 ~19934
University of Minnesota 734, 19963 ~ 19983 3=
38 s WYY 19909 ~dA <Udstoigdw 43
R Zug/Fue/ng, 20003 ~F A A4 A A5
A AHEAAHRIC) @EH=va 77| AE A

el : 032-860-7468
Fax @ 032-876-8970
E-mail : dwpark@inha.ac.kr

[ﬂo}ﬂﬂr
2 o~

ol
rﬂ:“f
or £ % o El

A uoH (R g )
19664 12€ 0694, 1990d Q& etm
A71Eea 9 (FeAL. 199249 A
A iEY 71 EEE EQ(F AN,
2000 Univ. Erlangen-Nuernberg(Z%)
dete W7 EEH 2 (TS, 2004
~@A st Hr|FERE Zug
/R, 2008W ~&d A At IT
Fofst Rk 20081 ~2000E  F=
w-d7) 4 EE Jgy

el © 032-860-7393

x © 032-863-5822
E-mail : shinsensor@inha.ac.kr

BN ol o

Trans. KIEE. Vol. 58, No. 10, OCT, 2009

1981



