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Abstract

Al doped Zinc Oxide(ZnO:Al) films, which is widely used as a transparent conductor in
optoelectronic devices such as solar cell, liquid crystal display, plasma display panel, thermal
heater, and other sensors, were prepared by using the capacitively coupled DC magnetron
sputtering method. In this paper the effect of doping amounts of Al:O3 on the electrical, optical
and morphological properties were investigated experimentally. The results show that the
structural and electrical properties of the film are highly affected by the doping. The optimum
growth conditions were obtained for films doped with 2 wt% of AlLOs which exhibit a resistivity
of 85x10™* Q-cm associated with a transmittance of 91.7 % for 840 nm in film thickness in the

wavelength range of the visible spectrum.

Key Words : ZnO:Al, resistivity, transmittance, DC magnetron sputtering

5ol dou, sputteringB e TIH UYAR A9
gk = 9loj M Zubeh(uigF 50 A)e] A=z

LM E B ollz AW T R LEANE 23
EnATge £ AVAE EAT 400~800 o] 7hEdty FRAETHY Az A FIHoE B

o] oj&Hx Y& ARt FHALEL Fi
o]-&5+ sputteringdL F& A HAHEEI
A48 EY8tE reactive sputtering® 7 BEE |
A3E BAE ol g3tE Wio] . 24 EAL

o] 838k reactive sputtering® & dwrH oz S5

nm 339 JFAG Ggo] g F FFdgo| s
@ 2g Tk o] FPAEYE 19073 Badeker
7} sputtering 2.2 A =§ Cd st A S
o O olF 4jdm wstel wen A A Eol
1x10™ Q-cm °lst, 7N 4 oA 90 % ol4

9 % 53ge 2t nEA FRUEYy gay T FU WE Q¢ F oy AV4 wey
Aol wWFlhZe)l WEER Rtk x| AsE

o] RFHM vk YpHoz TyUmte 33

KX &= ) (] = =
AN7le WRlezE CVD, sputtering, ion plating, & o18she FH22E Sn0; ITO, CdO, Zn0%

o A7} F2 o) &HY, A B AYgge I

- 969 -



doz 7bA & ITO ¥ete] 744 de o452 ¢l
2y, ZnO ¥rehe g494 4714 A3 W4, v
A3 FqolHe & F Foed APE sEe
2 ITO wehg gAg FHdE" gz FHE
I

ol £ dFolME= FPD EH A9 348 9
8l ZnO 9tu}g DC magnetron sputteringd 22
Az, Frrsldc, gk Az2A gy g
SALHANAN ALOs BETEY =Y EE /MW
o wtete] ARA, 73, F34 EYHUIE 1
#3391, HAHY =PFEE ZEstnA Y.

o AlE|Ebx| U uby

ag 18 Ag3A e AFEE e Q. A
Z¥ SUS3042 A7 270 mm, ¥°| 450 mm9]
AE9 Yoo, WAF MFZ Yo 2& 4%
AA37) g5l AFZRE $Y gdd. ATF
Z€ 2 FZ(Rotary Pump)gt #&4 HZ(Oil
Diffusion Pump)& AH&sld 27|33 & <
1x10°  torr7bx)  wj7)¥ ¥ Mass Flow
Controller(MFC)2 o}l2Z7}28 F sl g3t
dde zdsAY. B2 tERE £ 9999 %
o} ol2 & JIAE AMEslAen, FAAHE dy
A8& 33 % T EAS B 1 mior®
nA3AY, HFe F2E Huy vfavEE W
2ol Al (target) 2 HAAE AIFL EF A
3K 4y AFo|YUrt. F2¢ A ¢ ek A
I 4¥s 98 ALEE ZnOAl BHHE & 999
%¢] Super Conductor MaterialsA

Water

|

]

Insulator Magnet

i no DL oy

2
o
o
ot
)
on

Shield

Plasma l

Diffusion™[J
J pump 4

Shutter

Rotary
pump J

9 : Valve

3 1 APFAY NEE

3AA, FA1/40, ZnO% ALOs= Z+Z 9911
wt%, 98:2 wt%, 97:3 wt%Z AFHAAL. AT 7+
AL "o el 30~200 mmE 2EE F e
U, & 489 A¢ 229 ¥d Adosrg 50
mme HAFHo] wtet Azte) sMF agFHow
AZtEol 50 mmE 2AFHY. ElddE o) &
Ao A7 2= 45E A st BL-E
FEsdth. 7I#e 2 Corning glass 1737(10
mmx20 mmx5 mm)& 7] AHH(CHAE, gL,
ZHFTFY M2 474 1088 259 43e @
F AL AR)0 2 AHEA AHEGAoH, HE
4 7](Voltech, PM3300)& %3td IFAHY 1
A R AAAF, $HAYE FHsGAY =8, A
Zd Zn0O:Al a2 4-point probe
(CMT-ST1000), a-step(DEKTAK 3030), X-ray
diffractometer (Rigaku Co., D/max 2100H,
Japan), UV  spectrophotometer(Hitachi Co.
U-3000, Japan) T H]|& AMgsto ztzhe E
A& FAstn HrEtAh a-step®  AHEEHS
ZnO:Al 2ol R4 2 FEAEE Rl ed,
X-ray diffractometer2 ALO: ¢ & ZFo] mE v
ool A4 ¥ AAWFE =AY Slsto 200~
80° B9 HL@20)NAM X4 FHEHNL 9
o}, ZnO:Al 2tehe] A EHdHE dA3E dn
7 (Atomic Force Microscope)22 334 3A4L
#astgch A8 AL 4-point probey S o] &
3l e, ¥ Fix 2 F FFE 5
e F E4E& &AM Hsgd Uuv
spectrophotometer 2 7FAIFAH F 92 400 nmol A
800 nm9 Y72 A3 At

3. &3 o uF

FHxgoz 4387 Hsid F8
t A7) ALEF NG GG
& duAde H3 1 mtorrd FA¢HY
Te NALx, 40 Wl HAAHAA 7%
5% o2 F A1) g B Aoy
e BEE g ded 2oz Z3sqgrn).

(A
N

Egagez 2837 dad 32

@ 540 Bt Wy AEFH ANH oA

- 970 -



% FHee Judde A3 1 mtorrd FHUY
3 400 Tel 7192, 40 W] HAddgoq 713
F5E 222 JIAHACHL BHA 2 A7
T EE UEe Aed 2oz F3A

3.1 284

1Y 2% ALGS ERFEC BE XM HEEY
o 238 Yehh A,

Working pressure : Imtorr
Substrate temperature : 400°C
30000 o

25000 Al : 3%

15000 -

Sml

4. zsooo: Al: 2%

ensity

£= 25000 Al: 1%

o] J ©02)
3

70 80

“Degree (20) ©
2% 2 AIgEe HE XA fadge.
aYA & & YEol 1~3 wids o W olA
Alg el BAGo]l (002 $4 WEAL B

Fo, (002)8dH N9 20 3 standard ZnO
crystal(34.45°)3} Ao} UX]3Y e},

Working pressure : Imtorr
Substrate temperature : 400°C

FWHM (Degree)
; &

b ~

e
14

2
Al - content (%)
O 3. Al @& FWHM.

EF ZnO:Al 2tehe] XA 3d Had "
Al B9 $xE9 EdE oA & ¢ & uiet
Zo] AlY dFo] 1 wt%old 2 wi%E ZE7}8 e
uek XM FAdsaE gL Zan dzgAq,
(002)wi&Fo] 7} Z3tA & wigHoz Agstm
AFE ¢ & Urh ol Al B9 X9 F7id
net 2437 M= AAY ariE HdAsia
A=< 2dnget. oy Al E4FE7F 3 wtol
Me XA HEddaY Fert 233 gass R
& & 7 Ut o|AL ZnOutetel Al =YW
UvrE o2 Al MabE Zn 9AE e Ty
Z&stA e, Al 92 FFo] A=A =HA
2&EA B ALOsYAel 23ty FzHoz ¢
A3t HA Rate] A Ho] dAE Hew Ho|
o, o]& FWHMSY o] jiuryajEct. 1y 3df
A & 4 %ol FWHMS Zhe Aldheko] 2 wi%
d 021914 3 wt%d @ 0262 Frlsgee
& % Utk

- A
#=0.9 Bcos © g
(¢t : 2AH¥=a7] B : FWHM )

o] A& AAY =79 FWHMS #AS & $
& Scherrerd] 4oz FWHMS ZA: AAHY
9 271 F/HANRE & F Aok BT ol 2
HE ZnO matrixe] YAl ANHez FAx
ALOs¢l H7IZ AR7|7F FAHBAN 2
@o] o]Fojx|X] £&rty BIF Surde ¥ Fan

59 A% & YAHASE T F Ak

32 ®715 §4

2&3} 650 AT FEYEY 2HS =
A 4H9 Zn0E dg nAFHMZA A 105 Q
-em7tA) 8l AGE & 2 olEl g Znowut
ANAE W7 Ee o2 wutg e FAHA
BRH9EA 429 n&o] 1:11& yolu ngslga
HAd F2E JIAn A43FgezH Zn AYH 4
U AaF3Tn ge A¥5e 2F o ¥gsin
RAem olE AAFAFYEL oj23 WL AH
AZAE A4t R7]AE 71938HA] ®r) 979
AAHo2 AT BEES Aretd @5 o %

- 971 -



2 AFE =2 4 Utk ZnOd ALO:E H7t
s WY YAy EE YA Alfolgeg =3
Ho] donorZ 7|93tz z ZnOYAHe =y Atg
A= g F7HNA A7ld 54& 37 Aez
a#HA i

0.0025 U
L3z
0.0024 1]
T 3
CI 2,
¢ 0.0020 4 =
(@] 3 a1 ©
E 0.0018 A =
S ool =
—o— -
o 00K Lo ®
‘2 =
@
00012
& g
0.0010 < i
0.0008 r®s
S’
00006

Al - content (%)

38 4 Al & A%ESL FFHE.

2 Ay A$ 1Y 4o ALO: T wE 9
ool AYgE 2 FHELS YEHUAYG 2HL
AlOs &3] 2 wt% EtAAA 85x10™ Q-cm)
Mg e AYEL HPed 3 wixolMdE
25x10 Q-cmE AYEo| F7tatn, FXE AA
3 wt%dlA Zaste AL ¢ F Atk oA
XRD9) ZFoxst o] n&HA £§ ALOsYA
of o3t dFgoz EJ Hx=3 ALO:Y HJIE Al

o] & el mEA F4HZA X AR 5A
o] yuAls Aoz xHoln, 2 wtXdAE AlEH
B gEo] dAY APz A7 YADY A
Fix, B FTHEZ AT vFIGEHY AT
2 59 9Foz AYEo] A ANHE HLE
At g ol@ A2 RE HH ALO:ERF
EE 2 wi%gl Reg Bt

33 sty 54

et oz 7ZnOe A20A4 o 33 eV wide
band gapS ZtE direct band gap semiconductor
2 7HNF 499 3 Eg e TR &3y
& FizAde 24 IFS ¥ ge e
dadx Aok a2y 5= AlgEd & F Rz
248 e 2goz e Ad 39
9] optical edge ¥ F FH&o] FAYES ¢ F

Atk B Hy9 A$ AlgFaes FASA 400~
800 nm 999G ZIAF FFAA HF 0 % A=
o] F3gg Holk: gvtyoz A EA43 ¢
28tk A gol 7MF ¢4 SFRAGAY
% F34-8L 917 % Aok

‘Working pressure : Imtorr
Substrate temperature : 400°C

100 <
50
= =
X
L 704
@
P> 60 <
3
E .
g .
g 304 I
E 204 : —1%
B —%
1 3%
04—
» 0 0

“ Wavelength(nm)
3% 5. Al @2 3 Rix 2¥HEY,

4.4 &

¥ d7E FPDE FHASY $8&& A ZnO
wule] v]A= ALK =¥ FE9 9P B}
Arsdc. o A3 ZnO:Al ¥Ee &3 FXo
FAQol (002)W3ke] &4 wigHE Ao,

2 wt%9] FEAA 7t FeA Fujgder A
A3k BEF ALY =32 ZnO%e AZAY
& 54& IA FLod 2 witke =UFA
85x107* Q-cm9] #& AFEL AU} ¥H, 2
S zAFNA EHE&L 840 nme FACNA 91.7
%At

At =

E d3e 38T 53724 F(R01-2002
-00000342-0) 9o FPHAS.

n 28
[1] KI Park, B.S. Kim, D.G. Lim and D.J.
Kwak, “"Properties of ZnO:Al transparent
conducting films for PDP”, Proceeding of the
KIEE Summer Annual Conference 2003, C, p.
1430, 2003

- 972 -



