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Abstract

IGZO transparent conducting thin films has been successfully
fabricated by sol-gel method. With spin-coating deposition technology at
ambient enviroment. In comporision with vaccum systems, spin-coating
method is very promising technique for producing large scale thin films

in cost-effective and less time-consuming way.

In this study, the IGZO precursor solution was prepared by
dissolving indium nitrate hydrate, gallium nitrate hydrate, and zinc

acetate dehydrate in 2-methoxyethanol and monoethanolamine, and the
resultant solution was stirred at 60 “C for 4hrs to form the 1IGZO sol

solution. The mole ratio of In : Ga : Zn in IGZO sol solution was varied
between 1:1:2, 3:1:2,and 5:1:2. The 1GZO sol solution was aged 24 hrs at

room temperature to form the 1GZO gel solution.



After we fabricated 1GZO thin film by spin coating, we improve
optical and electrical properties the 1IGZO thin films by using different

working temperature, atmosphere and ionic doping ratio. We have
successfully produced lowest sheet resistance 462.06 Q /[ | and optical

transmission 85% IGZO thin films with two step heat treatment.

At first, the films were annealed at 400 °C for 1 hr in argon

environment. Then, the films were annealed at 350 C for 1 hr in

(10%H,+90%N,) environment. The result of experiment shows that the
conductivity of IGZO films decrease. and the optical transmission of
IGZO films is promoted by exactly dopingionic ratio and using ideal

working temperature.
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7

Rl
(-
S
>h
ey
P2
4
$o
‘72
>
&)
>h
W
\\ ]
~=h
o
>\_.

Mo MR R TR YR
BELDRHE 2V A G Fhs £ FRE A RN ERL - L

CEARE RN R kiR o @ B S R AR 4 Bl 5 - P
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—\

SR g A [24]0 2 R BT § RPN S
(homogeneous reaction)£? £ 1p & & (heterogeneous reaction) £ 3 en{F
A > LA RE AL T ARG o A BEE A A E

e+t ¥ 14 (adherence) [25] [26] -

PR H ST ERG ORRE 2 B 2 AT D TCO F
N*;f_‘*ﬁ ﬁ*r’g é‘f’]i\‘n;}" @ﬁ,’, _;2 , /_‘Z_.:Ei ﬁﬂﬁi _,g/\) ‘%ﬂ gr,«% 4 ;g; "3—?&
oA togten > 2LE 2 BlfR i en TCO EHR| 2 F 5 oh
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2-15 4P T EETRFa R [3]
EPETSET R

In

i 2§ ot (stoichiometric)sn & B ¥ %R § (%3 i F B4

S

% B (wide band gap) @ %4 o A EithicR T 13 ET B0

ki

Ef’

F Ptz £H 43T 84 (conduction mechanisms)iimd 4
1.§% =+ Jk /& (carrier concentration)

ERF ey FR M Mudi2td fod i 0k A& (free carrier
concentration) ® 3 & §+ &% (4 10°510% cm™) - - 4imi o F

TERF A BRF

(1) 221 &3+ & +* (non-stoichiometric) £ /& § i o 2L B2 \b en g
% -3 E 7] 5 & 7 4+ (oxygen vacancies) Trf£ g3 5 4 (anion
vacancies) &% & _F5 g+ & 5 2 7 (interstitial cation)#7i¢ = » iZd 4 F
i g ® B S AT S 2 E R ek MOt (conduction band) shit A

B A= - ¥ & 5 88 it F# (shallow donor level) » i 17 £ B * 4 &
F ¥ 7 M o 12 ITO (indium tin oxide)is 7 # ¢ %5 &) » 4
(conduction band, CB) & #% 2 & & d 4F)r & 55 7 gl #7756 » i

+ (valence band, VB) B8P3 & H A48 F 1 2p fuS T ibdy 0 3
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FEHBRIELL R ¥ FE LEF 90.03eVA5 K e FE o
REITOL § 2T 1t o

(2) # % 4 4% se(impurity dopant) o #3327 =i ¥ 0 £ B V5 0F
W A B R B AT R A0 F R RS o S BR
EH NI EHF LHF DT W AZOZEP EREL B 2 B
PR Z PP fensga - Bapd TF 0 FHERER
B & ¥ AZO = % n 33 it 3] (degenerate) X H-48- 3 A & F# (Fermi
level)d J & M3t 0.04eV cni= ¥ A » FF P o ¥ b EE - K
R F L AF(tinoxide) B M E T L e 2 BBl T BT
& aPrggI el BRd R E=A&Gpd FIERA

. A

F P HFPETR IR BRY S0 p R0 - arkd
Fhok @I (TFFTO) g g+ Stk g adi- Bpd T3 K3
B kR PR T g e e F hiE a8 4 5 (mobility)

g A S e E sk eng [27~28]
2.:8 #% & (mobility)

H T Al K 0 3 4B In0;5 - SN0, 2 Zn0O
H B S-S B 5 160 ~ 260 2 180cm?/V ¢+ S o — S NCH Foenid f

ML HE B8 L Rt e E T MR ERS R U R el
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SRl B AP TR A T I (9)
PR R H ATt 0 (b)Y LB RS Hes 0 (O HaRE A TH 0 (d) £ 4
B (€)dh B ATH o B THHB A A B G 2 R AR iR R HE(R
B IR F R R)OHall o R T SR R L e g O

) R A

ASH

¥ 2 e % 107 Q-cm =1 ITO 7 Hall »2 i 8 g &

'UH-
—1\

% BT
FA B R AN FI T R e IR E TR S Z P D

Pl 5 d £ 8 A ST ELAETERY T T d L S

-~

ARyt - BB B 0 T BT R AT 2 ER T Y

- AP ETENY O EEB L RROH e TSR 6D S R
ACHHE R 2 PR R SR AGR R R e e e o R
A S EPERAT Y o B R BREPEM ] L Al £ R

Flo pFAgAg et Adp ok k3 2 LNl 5 7 R B e

v

+ > I;IH( |n203 BE ,gg‘, vog #ﬁ' |n3+ff"_‘%_ E‘fﬂ}—:']/%‘ Sn4+; b ’E‘L._L i ELFQ%:T'JE?’

N

ATO(SN-Sb § 1+ 4+ )fe FTO i # T w3t LB pededs e PR e
#;”—'f:’é d 2 FBamEiGA {ﬁlﬂﬁfiﬁfm}ﬁ F) 5 AT rdF A ;‘3; FTO
B SR & T2 75 ATO a0 | 3 a5 stiiss o @

—~

7 ATO =il #5 4 % £ [20~30]- - &8 F u=20 4 v

Relaxation Time(§¢ + # & f¥ » d — S48 3|7 — K {gsenpr ) » 2

BEEEF M A MO PG R R AT RARL P AT
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Fo i ARp s Bt 3 B Pty TR e

e

EPETFWAL G LRQ-100um)F * F > AT LR

..\,

(0.4~0.7um)3 B HF HF > i TG R ATEF 0 7 B OTE
RN AR D gt B 5 kg 4% {4 (optical selectivity) o 2 4]
ITCO T Hfrk F k4B 2-2 9777 >d B P ¥ U —?1 %ﬁd A(VB

R Y VESIONCE LSRR EVEILEET LR

(1) =t &R (A>Ap) s BF 5 548 <& 4 eh4 A TCO # §£3

FEAEI W kY RTHP R LKA DA S S
2 g RaRE (RGA)RI S A 2 0 o T £ & TCO @

FAENTHIRS R E D 2T Er 0 SR R

HEBa T DI LAH LR A HTCOA T Lkt
HOTMERH LT RET®EF R NE S5 A2 EP TCO ¢}

é‘ép—’ﬂa%?ﬁﬁiiﬁaﬁﬂﬂ* B 2-2 ¢ 'JF:] va"‘i’t)]}ﬂ’\z‘

Gl :l]{‘#%fnm P T o
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B A

8 A&k

ide—it EM P -TIEE R
C e a3 " rf
"‘--._‘_“_‘N‘- ;-_} £ -
- d"f - a=
HU ,f =g
! R » = -
e
L y “\1 _
L f | x
6o} AT IPTE
e '51.1' !;__-Irr 1
= Ul Tk ix op 4 [ B TS i
‘_._—_* -.
= | y
40 - E ju BET A -
, i i L i el y
HAME —p | ;o\l -
.l‘.‘ I.. -'i- 4
. .‘_;_a-'
20 : ’ ]
.n f‘ ;"I. L: ‘_+' P
o L B2 ’ -
F _-"-I - —— ; T
|‘ﬁ |l u-""‘.. i M [ \" i
.4 (1.6 (.5 I.f} ].1 [h 2.0 2.2
J‘uuru

B 2-2 TCO ek

(2)

A Rk E

Sn02

R PR R RS 0 E O

Y
"

pito,

Z 37 & vh

20 W

ZnO % TCO ¥ »

v

-
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(3)

= BAE AR Rl m, & @35 2> £ (Conductivity Effective
Mass) « £ F N P 4r > o, 4 F o KB juafE R J T
KFRHEDT LLFE o T ET LA REP R Lo f T

FER & ERrd] o 2x10% em® T [14) [31]) -

B AR REA<A)E BT MFE o F rarka £ X
R 1. (energy band gap)Ps o &l F b T 5 e DI EF ot
k) et £ ook (i B M) Ed A B
AR f IR ER AN R F Rk M Bk g

AR FEFBBIEF DA REBIES 7

Burstein-Moss shift(B-M shift) » # * §] 2-3 f§ ¥ &= P o § FF
FRFRAL YRS 0 F F R KA Bl & Eg ek 2 B A T
S FIEF RN R E G (B it B By AR S s T

EF o B-Mshift ¢ #syz=h9 3w B 5 Ay %)

bt

T3

>
«

Dk BT o  TERT S A

22
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2-2 2.5 § % InGazZnO, ff 4

25 FEP 5 5 InGaZnO4(a-1GZO) £/ *  n-typeszt & i o

§ i $ L g8 (amorphous transparent oxide semiconductor, a-TOS )

[32) - @ a-IGZO "2 § 3% 5 B A enfi i > blde : ¥ M A MGRRE
B 4% & (electron mobility) ¥ :£10 cm*V'S™tiz F ~ X
| fel 5 HoaeF

[33-34)> ¥ . % 35

5555

¥ 4. (wide band gap)(.$2.8~3.5 eV)

5:80% 0 ¥ P A A E$ 0 5%FE T BB R
B [35) I H S s lea > ¥ OREE NG B iE B ATPE Y IR

S ’Fﬁ”‘l“f# [34] o m a-1IGZOHE_11 In,O3 v Ga,03 ~ Zn0% = 7?@ it F
e Ao H L4 4 v 402InGa03(Zn0)my, M =<4 - INGa03(Zn0O) s &
F AT hit B TspiR &

B+ B85 (wrl2-4) -
M-O-Me= 3% 4 57 InGaO3(Zn0) it & F# e 5 d & i s i
EHE&N7 o R & BaS S S E R <

72 AE

=
FHA R O SPUE FRRA A SEF TR RS A A LA
R WRRE 5 AR Rl RS ASRB LR R B

27 5 a(M-O-M), st 5% ¢ i = i H (cleavage) - & >t ZnO4s e 1k #

 §e B o $ZnO R 3 1t )48 InGa0y(Zn0)y 1+ & 4+ ch T 14

§o b g AP R E TR RF T HIGZO S M
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TEW T A BB In RS vt b R 4 e T

Crystalline

Metallnszorbital

Amorphous

Bl 2-4: 33 5 C LEMHT T BERSFEEAR [34)
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F2® REmRPEAEFLE

3-1 FHBELITAR

B 4l |

ﬂ

A gk

|

e |
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UV-visibl XRD AFM SEM
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3-2 RE=HF

3-2-1 #x

ether) : % Sigma-Aldrich = & ) 5.2 &% o

2. 2-7 3 k¢ fg(2-methoxyethanol - CH;0C,H,OH) : % Alfa Aesar

{

7"2‘@-0
F

3

Do 2o
3. H ¢ pg=(monoethanolamine (MEA) » HOC,H,NHy) :© % J.T.Baker

SN :

7;515

%ﬂ
‘+§&¥

4. fy pe g (zinc acetate - ZN(CH3COO), « 2H,0) - & J.T.Baker = &

‘%ﬁ

2 R o

5. A pa4F(indium(ID) nitrate > In(NO3); « xH,0) : % Sigma-Aldrich

N\
=)

=\
iifs

il °

7;445‘

‘%&?

6. & &4z (gallium(II) nitrate > Ga(NOg)s « xH,0) : % Sigma-Aldrich

N =
2P

2, °

7;445

Zin
‘+i&¥

7. pp(acetic acid » CH;COOH) : % J.T.Baker = & !

Z}fs
{ N
—_\1‘{‘\;
Iy
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3-22 1ef M

& # (Arg): & 99.99% > A7+ g 74 & o

7§ (Hyg): ¥R 99.99% > 7+ 74274 & o

7 (Nyg): R 99.99% > E3 et g o

323 i Hha

B A A5 ComingEXG E B T4 A o

3-3 REKA

1. >z &% % $(spin coater)
2. AoddE L R IKA & 2 4 Z2000-MAG HS10 3 2 &
3. ¢ Al¥%(tube furnace) : i% Lindberg/blue M = & ) &2 STF 55453C

]

hY

P

e}

4, w 2L;“$% #-(four point probe) : % Changmin. Tech. = &

T—i“l
(w

CMT-SR2000N 7] & &
5. % ebk/¥ Rk k3 R (UV/IVIS spectrophotometer) @ % Hitachi =

7 &2 U-3900H 4] 2 &

28



10.

11.

X 3 $E 5t ik (X-ray diffractometer » #§ 4 XRD) : i Siemens =
7 4 g2 D-5000 &) & & -

% 13247 B #4058 T 5 B sk (high resolution field emission
scanning electron microscope » # # HR-FESEM) : i p » JEOL =
7 g2 JSM-6500 4] & & -

F > £ Rl % ku(Hall effect measurement system) : 5 74] %
HMS-3000 -

Ja =+ 4 Bp picés(atomic force microscopes, AFM) @ % Veeco = &
&2 D-5000 4] & & -

#E A1 &R(TGA) © & TA. 2 & 4152 0-500 7] & & °

T 7 :l]% J% kr(microwave plasma'system) : 7 PVATe Pla = @ 11 &

z_ PS400 3] & & -
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3-4 B3
3-4-1 Beapd

R A IGZO AR 0 R RIL I £ B R
BRI AY o £ BT HRESY KR REAHI TTE

Hzehy L2 Bpe s o

N

=

P~if £ Zn(CH3COQ0), » 2H,0 & » 3t 4r ® o

2. /& w|B~if § 1 2-methoxyethanol ¥ MEA(MEA/Zn** molar ratio
B L) 4c D d b3 LR Bk ALY 0 D
Zn(CH3COO0); * 2H,0 > * = 274 f# ¢

3. ¥ B & 1 In(NO3); « XH0 £ Ga(NOs); + xH,0 (In/Ga molar ratio
= U1~3/1-5/1)% » >[04 - £ R FIM2THEF 2873
WA R G TF ~ g ek o pe R T ih
IGZO i3 % o

4. 35-\5%5.%3%@. ZREZRETER J\ﬁ;’jﬂ—"f‘?‘&'/#%‘%
EAER 60°CH g Wi 4 B TV E 3542 IGZ0 R R
(IGZO sol) -

5. #-IGZO " #p e x¥ 24 hr i {7 ¢ i (aging)> & B ik hiF & F &

S
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B bt B BB IGZO Soqp i R > 2 A EH I

3-4-2 %% 2 # £ £ ¥7—thermogravimetry analysis

(TGA)
IGZO /% 7% ch TGA & 4712 10°C/min 52 5 & F & ﬁ: PN

o AT % 4eB 3133 47 » 2 25C~40CHE B4 A 55§
175 A R R P L OB PRAE Y TRIL A 8 0 & 2k [36~37]
FAEm R @ & 40°C~280°C 2 BN E B A 4 B 5 AV L ARYoR
fadgp ~ 2 3 5 (Y 4Flfe &3t ap o™ = 230°C ¢ 7 — g g
AR EHL Y PP REIEBF PRI BEARAT LR
xR EREF P A E R L UEHRER ] 7 LA

PR 15% o d L FHMT T fEAR %K IGZO B R AR @
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Weight (%)

Weight (%)

120

100 4

80

60

40 1

20+

120

100 200 300 400 500 600
Temperature (°C) Universal V4.1D TA

B 3-1: In:Ga:Zn & 1:1:25% /% 7 TGA B

100

80

60

40

20

100 200 300 400 500 600
Temperature (°C) Universal V4.1D TA

Bl 3-2 : In:Ga:Zn 3 3:1:2 ;%4 % 1 TGA Bl
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100

80+
60
g
E
[=]
o
=
40
20
0 T T T T T T T T T T T T T T T T T T T T T T T
0 100 200 300 400 500 600

Temperature (°C) Universal V4.1D TA

Bl 3-3 : In:Ga:Zn = 5:1:25% 7 1 TGA Bl

3-43 fhir AL

Do AL g Ealize  mrgf kg 2 10 24 -
(Q)B~dife 3 g kb Baor 2 g3k udgF Ak BT S

L koo

=

()4 & * 99.99%:iFH AL H AT BRF 20 A db o

(A)B~dite 2 g3 kv FUBRE FeRIc 2 RAET FE

33



Mg 2 ang > @ v o L% Oyplasma tisk & 22 7
JedL o E AR TG

DER TR EE LS TS
8 F PR R i

A

] «flj—%’;%’i

3-4-5 3§ wiE 5

- AT ERR - X1 EL(FR) BRI AT
A4 ¢ 5 F g #ic 1000 rpm fr 3500 rpm o 4 &) e 4555 10 §5 % 20
L

#

o EHEAENCA B A1 o d o RS I AE > A 10

AL TR RY BRI R B EF - KT DR
34



)

AR A b oS 18 20 AR AL

e e - T 7 > 2
RN A G TR ILIIRE Z AR

i e A B AT TS 0 ) A P R T R e i

,3. ]n,’; N . 2 e v A L2 S g €L/ 74 A
R I RN AR = AL b Ol T SR R AL S S S
FORICREES o TG R R w0 LA, T

TR AT RATUE DB ET B

8] T . e
3 4

-
Weaa

i

B35 ¢ S i i 4
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3-4-6 = H IR

S AN B S b AR B PR 3 ol ST - R A TR G IR 1Y%
L iE 2 {t“—iéfr 51“‘ 7 TAAE T A00CHF R - ) BF o P o KRaE

R NN T E G AT G IR A 2D LR FF Z Sieh

$ oAU HAEID 0 AT TN £ 4 5 (90%N, + 10%H,) B R
F a0 RIFFRKT L O o~ A RS RFFH LR
ARGy AP ZfAF 5 BASRIG R D RS- A GRS
FREG & LR ERFFREF A REPETH
F Bk L ROER §A REFRASLI L g & 4 B E.300C
350°C ~400°Cfr4507C - H = Fad Gk 10C/min F{ = 3 P93
EEILE B o R - PRI Ll et Nk g § g

e

s T EIIAP AT R DB FET

—\

B
-

\J-_
(P4
bt}
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3-5 & 78 F_

351 LERTLIRE

AFEi B k[T Rk LEERKERT L LR IGZO Eueh

4

% 0 Bpl7 SR LK B F 5 300~900 nm o % b k/F A kK

FHRT- A HPTEF 2 F IR B RIT 2 % Tk o

B TS B R AR § e LA R A LR
m A e kM £ ¢ m?;ﬁg@"ﬁ_ﬁ;”%/?ﬂ,%ﬁﬂ%@,

RV R SRR ST &

352 RHAWKRE

3-5-2-1 w ZLi% #-(4-point probe)

S

» BLIF 4-(4-point probe) & % * K ERIE F R IEn1 B> N & B H
PABFEAF RIS L RERRY S BEATLTRA
B > 4rB 3-6 #ToT ’T}“? g A 7 pe(sheet resistance) o — 4k ¥F 4+
cPfF g S1=S2=S3=1mm » BX &% m fF 2T~ 2 Kk mT > F Rl
v P12 P4z /> Pl 7 e Rs=4.53V/l » * iV 5 P2 22 P3 2.
FRenga B FamrPle P3zF a3 Rs=575V/I >V i P2

BPALEHT R LF WG Fe X RER . RAENRARFT D
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IR
=y

BER B TR - il
Brpz e - PRI BEB 2 £ - ol

T EERR LAV HERTRRETERE -

He RiY£Z R p2 02 2k LiRZER A AS
GHR RGP ERLI-EZER S TRE LW, BR

ERLLRTRDTIERDE S

R
TR
bl
=
S
=
v
=
Jd
)
NN
Exﬁ
=~
1
_:;l
—
~
~
v
.
il
pr
a3
J}_

=

He P Fpid B akR Kbz > n BRI R D Bl
o R KRR g e iR S B AT fo AR bR
Joit iR ER > TR ER Y LT ER Bk R L TR

[38]-
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P P2 : P3 |P4
&+ 9 Ll Ll
S S2 S3
l 2 4
h 4 h 4 h 4 A 4
Thin Film Layer

Silicon Substarte

Bl 3-6 : = 2hiE4EE RIR 2R [39]
3-5-2-2  E f »x )i £ pl(Hall effect measurement)

dTREE T - TI(X 2 w)ing- 3 P RBEF(Z 2 )
R F T R 3 RSP E RIS e ¥ 54

FERY S A BT T Y 2 e B L DB

FERF I foF GBS B F PRGBS EFT S Rk
PHi4e > RSB EEFR N BT I AT AP

WMoY S e g4 - TR LR APH L Hall Voltage(Vy) @ k2

4o Bl 3-7 #17 -
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Lorentz Force

Coordinate
F=-qvXxB System
B
z

I — Y
i /o d !
w

-

i“lr.

Mo e (3-4 5%)

A9 oA ESPPIER 1 A RgmTin B 5 e d 3

2

B ER Q5T FOF T E V5 “7Bl £ «h Hall voltage> 2 # | ~

Brd gacem; 2 Vye 2@ L4 r» ozl 7 @14

~ Es

|~

P3ER -
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Coordinate
System

il
.*|I|||”|| o

B
H.

(=

B #9718 3 e Vy For 335808 5 T E’i"]ﬁir%l:‘ﬁi\'—},%)i ° ’ﬁ an

215 > 4+ * vander Pauw #7 (% 3]s » 2 5% 35 40

H= Qnp (3-5 ;\])

ot ¥ @ Bl 5 i@ 45 5 (mobility) -
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353 BHAFRE

XRD - g ¥ @ * chh e s  Fr Qv d 2
SEEBEE A o - X-Ray A2 A UF LTI ARFSH A
FEpE R RARE R ER S TREALNFIN - FIERE
frie FAgB S - Tfh B> » 3T 3 LRt hd 2 p &KE)
RrpEad oAt AT L)L B ER AP A SRS

iy g ¥-5 i £ AE 7 X-Ray 3578 st d) > 4o U aron
AE=hv=hc/A oo, (3-6 V)

% X-Ray P ot & 4 £ 5 PEOTA A St 7 5 7 O F PR

72 (Bragg's law) . p? 2.
2dsinf=nk ......ccccceiiiiiiiine, (3-7 3%)

d & % & ¥ % #c(lattice constant) ~ @ 5 » 5t & 2 F St d v L
X-ray & ~n 5 Bfice @ A4 $Ebteng BiE 5 L <2d0 F15 X-Ray

AE 1A 24 Tl £ R A 4T o

A F B X-Ray S5t R $HEe 8 7 Y54 47 0 TR e G

Cu(Ka=1.54056) > 4 i i* 4o
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20 44 = F : 20°-70°

Fe v B 40KV > 70k L 40mA

go#h o ¥ g d Scherrer formula 42 & 95T 35 5 42 % o) (grain

. . o/ .
Crystalline Size= —%*% 8 st
y FW e¢Cos@ (3 8 3 )

K &T¥gfz 25k FF 5 A% X-ray 9k £ (1.54056A)

FW 2% 2 X3 % ;0 2% % o

3-5-4 & A RE

Ja+ 4 BCEL(AFM) 6 T 3 4 5% 45 44 B picd (scanning probe
microscopy SPM)éia— 48 > 4p B 5 T 4126 (7 2 Nikloif &
Wl REACHT ) doR S 4 B EE TR THRTINE
Hol R4 Rt LG 23 F% 228 REFRERY L6 4 - AFM
iR &Iﬂ%’j%é PR BR PR3 4R AR e
VURIE A m SR o R T F WA RMER Y T AFM iR

BHEoRFLS BBLORF -FHE THALTEZE Tt i
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¥l
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fi
S

1 B M FITHAFHE R Fhi®r 4 L h3psd o d
AP A MR F AR xR L EARI PG 2 BEIFEH S
WPATRIF  RPGIVFRERTAeE G T o

2. FEREFRN LGV AR FAE R FaniB L4 0 d st egE
XA OHIERRT TR - RRB T H TR BRI E RSN AL

TRAHBEY LA BTN P AL I RBET AV ERT &
fE47 R o

3. BFN L d RN e U At o BRI PR Ae T 0 B L 4R

o RIS AT I ASFEENES i s 3 M4k

CREE LS ;’ft‘f'] RENLZ a}q-ﬁg Ny A 30 4] ETRERNT B

VR FTFIAER L Er B EFFIREENE 22T
FOBALF FBET CEHT A e 2R T
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50~500A m%ﬁflp\ o ZFF A FWEL DA G A RIF ;2

SRR gD A A2 RPE B T3 5 R R RS

7~

IRy
¥
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ju
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B
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s
-
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«71\
A
=
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F2R BEEHES
4-1 -kip ik B# 1GZO P $ T

LAERF AT (AR ERIE) I B AT R

B A8 % TR ARG A e 4

ETR
~=
S
=
3
<+
N
=R

BB @R PR A ERBEA S A L
lé‘_}% Kﬁ? ° l—ﬂl«”' ’ 4 Fm;? 135/%”3}_}?4&37?‘24}3 #BPE' < %ﬁmﬁ/%/&"’ 5\"
koo £ 1GZO JE A 1 B iR B 2 en ] 1E > R R R 2
g lto? FIF %P duad R fEE R * M Ak G S

o drn T SRR B AR R A R ROk A Rk ch T - T g

kpREa iRl A AR AFE Lo R T - A Rho S A
FEFEFM S R e S 2 s k(D) water )t 5] 5 1:25 5
IGZO i3 % et Bpdr 5 AV FLAF) AV BL 4R fomd lds > A A 5 4 a5 ko

ERRBRG TP IGZO R R G AFEY c FAEREL » TR

*1>

=
A
7—1
>
N
N
N
¥
E:
N
J
d}_
3-§
7_
¥
ﬂ
‘7—
>
¥
e
F.
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In:Ga: Zn 1:1:2 3:1:2 5:1:2
Sheet resistivity(Q/[ ]) 4.2695E+05 906 462.06
Resistivityp({2cm) 1.128 0.003941 | 0.003013
mobility(cm?/V/s) 1.092 8.213 11.43
concentration(1/cm®) 5.07E+18 1.93E+20 | 1.81E+20

% 4-2:1GZ0 (In:Ga:Zn=5:1:2)3& M- & 400°C Ar # 2 — - B¥15 > %

AR A% A IR B A0%HA490%N,)# R — /| pFeng (A 45

In:Ga:Zn=5:1:2 300°C 350°C 400°C 450°C
Sheet resistivity
1.359E+05 | 462.06 951.3 9.06E+04
(Q/[))
Resistivity, p
0.9403 0.003013 0.00378 0.5814
(Qcm)
Mobility
1.141 11.43 8.721 1.083
(cm?/Vs)
Concentration
5.82E+19 1.81E+20 1.90E+20 1.04E+19
(1/cm®)

81




Kﬂ

GokARE TSP ET IS Y o IRRRRE S S AR

il
&
a3

(i

&
9

pi3d

.

E-0y
W
W

-

b
=N
P3¢
4
9

-

Ny

-
o3

=

ol
=
fpu
P

(1)if % <% InGaZn et G 7 M E P E 5 METrEF I E 3
P RR PSP ED H . F R H T FRRT L G

B L s InGaiZn xR 5 B2 R E - oy

-L,a,

CALE
T e iE > 462.06Q2/1) -

Ar ,l"‘ 3 f?“}f@;f‘—l °

ik

(2) 4 BT i% 2 A L A B 5 8- BE R #TEIT
Fd Ar§ 4 B A00CHEEIL - B[S > B ArF 4 T Fu
W7 ew aFgE Y (>90%) H P REiEs ¥ 3 24462 M

Qe %13 & Ar § 4 400°C# AL~ | P 9 B 28

el
fren
=
F
&=
i
{sh
=
\ N

B AR KT o e

(3) % = FEBHASL S § & 32 & F 4(10%H,+90%N,) ¥ AL < 55 o

Rl

PR BMAEILE R K d] IGZO Fih g B kB o d F sk
$HP 0 F &R L F H(10%H+90%N,)# AIE T § etE i P T
B o A AL R 5 350°CHF 0§ A My T E(462.06

Q/I:D’—T‘j-1 kv oiE 85%"%%@97/3_&"4&350Cu +opEo

82



A

e 4 4mE BN B dedT o @ @ E T e T g

L
4
\ S

S
3 TE o A AS0C H T B P R iE -t A 5] 90.6 KQ/L] >
kR T D] 0% T 2 FIER T (In*) bl p R
MED LI kA FREEOTIFRF 5 T 18 BN

$HY LB R A 2w Mk

FE I HER AFET TSR AE NS AP E KF g W

TE VP EE 2 IniGaiZn Bk L 5120 B e 1GZO E

£

5 A00CAr # S8 — | PEYb A 15 0 R 5§ & im Bt 5 90:10 iR £ §
B 350°C # A~ /| pF o sfBLIEZMIGZO ENFEF B MR T

462.06Q/ &+ Ak 75 H 5 ¥ & 85% -

83



B2k gy

[1)] K. L. Chopra, S. Magor and D. K. Pandya, ,“ Transparent
conductors—A status review ” , Thin Solid Films, Vol. 1, P. 102
(1983).

[2] #W& “PHEAF-FELEPETAF” G E -84
P. 110 (1993) -

[3) Hr#, 1 £44 5179 & > P.134(2001) -

[4)] D.H. Zhang, H. L. Ma, “Scattering mechanisms of charge carroers
in transparent counding oxide film”,  Applied Physics A., Vol. 62,
P. 487 (1996).

[5)] 24 « 2ok ALV, g 2 0 3] \ol. 354> P. 49 (2002) -

[6)] &4 “2 A FHBEIRmES I 1 FHF LIz
HAHE S o LB A R PR P40 (2004)

[7)] 5+ & “% FAT2h 0 A28 8 5 Vol. 359 - P. 4 (2002) -

(8] LR “£h2 ahPaaEe > e+ 2dla" &
TAaMH ALy R Lk (2004) -

[9) 279 R oMy “24HBET# B £ 7> Vol 28
P. 281 (2000) -

[10) BRA "ZAHPEFHEREZER” 2P HBT
(2003) -

[11] A.J. Freeman, K.R. Poeppelmeier, T.D. Mason, R.P.H. Chang, and

T. J.Marks, “Chemical and Thin-Film Strategies for New
Transparent Conducting Oxides”, MRS Bull.,Aug.,\Vol. 25, P. 45
(2000).

[12] 2 =2 > %8¢ > "PET ¥ » FTFLE(ITO) K ~ K3
% @7 k2 > Vol.80 > P.5(1999) -

84



[13] D. lJiles, “ Introduction to the Electronic Properties of Materials”,

Chapman & Hill (1994).

[14] H. L. Hartnagel, A. K. Jain, A. L. Dawar, C. Jagadish,
“Semiconducting Transparent Thin Films”, Published by
Institute of Physics Publishing (1995).

[15)] #®M4& - #H#eité > Vol 84 > P. 110 (1993) -

[16] B.G. Lewis and D.C. Paine, “Applications and processing of
transparent conducting oxides”, MRS Bull.,Aug., Vol. 25, P. 22
(2000).

[ 17])] G. Santana, A. Morales-Acevedo, O. Vigil, F. Cruz, G.

Contreras-Puente and L. Vaillant, Superficiesy Vacio, Vol. 9, P.
300 (1999).

[18] T. Minami, H. Nanto, S._Shejiyand S: Takata, “Highly conductive
and transparent aluminum doped zine- oxide thin films prepared
by RF nagnetron sputtering;-Jpn: J. Appl. Phys. Part2, 23, L280
(1984).

[19]) J. H. Lee and B. O. Park, “Transparent conducting ZnO:Al, In, Sn
thin films deposited by the sol-gel method’, Thin Solid Film, 426,
94 (2003).

[20)] ZHE > "28%2 0% 74802 AZOSP ET 7" K

TR AELEI 8 KIpd %< (2004) -

[21]) “sol-gel technologies and their products ”,
http://www.chemat.com/, CHEMAT Technology, Inc.

[22] mE®E -3 e~ AF R “BBRYZE LFwEUE L PR

# 7, i1 g \ol. 7, P. 152-167 (1999) -

[23]) C. Jeffrey Brinker, George W. Scherer, “Sol-gel Science : the

physics and chemistry of sol-gel processing”, Academic Press,

85


http://www.chemat.com/�

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Inc. (1990).
S. H. Yi, S. K. Choi, J. M. Jang, JA. Kim and W. G. Jung,

“Low-temperature growth of ZnO nanorods by chemical bath
deposition”, Journal of Colloid and Interface Science, \ol.
313, P.705 (2007).

D. O. Eya and Ph.D., “Influence of thermal annealing on the
structural and optical properties of lead oxide thin films prepared
by chemical bath deposition technique”, The Pacific Journal of
Science and Technology, Vol.7, P.115 (2006).

M. O. Lopez, A. A. Garcia, M. L. A. Aguileraand V. M. S.
Resendiz, “Improved efficiency of the chemical bath deposition
method during growth of ZnO thin films”, Materials Research
Bulletin, Vol.38, P1241 (2003).

A. E. Rakhshani, Y. Makdisi; H. A. Ramazaniyan, “Electronic and
optical properties-of fluorine-doeped tin oxide films”,Journal of
Applied Physics, 83, P1049 (1998).

Watkins- Johnson Co, "Highlyconductively and transparent films
of tin and fluorine doped indium oxide produced by APCVD”
Thin Solid Films, 221, P166 (1992).

C. Terrier, J. P. Chatelon, “Analysis of antimony doping in tin
oxide thin films obtained by the sol-gel method”, Journal of
sol-gel Science Technology, 10, P75 (1997).

Kwang Ho Kim, Soo Won Lee, “Effect of antimony addition on
electric and optical properties of tin oxide films”, Journal of the
American Ceramic Society, 77 , P915 (1994).
Z2IEVEPETHE LR AT Vol 12 P 94

(1990) -

86



[32]

[33]

[34]

[35]

[36]

[37]

[38]

Hiromichi Ohta, Kenji Nomura, Hidenori Hiramatsu, Kazushige

Ueda, Toshio Kamiya, Masahiro Hirano & Hideo Hosono,
“Frontier of transparent oxide semiconductors”, Solid-State
Electonics, Vol. 47, P. 2261 (2003).

Masahiro Orita, Hiromichi Ohta, Masahiro Hirano, Satoru
Narushima and Hideo Hosono, “Amorphous transparent
conductive oxide, InGaO3(Zn0O),, (m=4)", Phil. Mag. B , Vol.81,
P.501 (2001).

Kenji Nomura, ‘Local coordination structure and electronic
structure of the large electron mobility amorphous oxide
semiconductor In-Ga-Zn-O Experiment and ab initio
calculations’, Physical Review B, \Vol. 75, P. 035212 (2007).
Kenji Nomura, Hiromichi Ohta, Akihiro Takagi, Toshio Kamiya,
Masahiro Hirano' .& Hideo "Hosono, “Room-temperature
fabrication of transparent-flexible thin-film transistors using
amorphous oxide “semiconductors™ Nature, \Vol. 432, P.488
(2004).

G. H. Kim, B. D. Ahn, H. S. Shin, W. H. Jeong, H. J. Kim, and H.
J. Kim , “Effect of indium composition ratio on
solution-processed  nanocrystalline  InGaZnO  thin  film
transistors”, Applied Physics Letters, Vol. 94, P. 233501 (2009).
S. C. Pillai, J. M. Kelly, “The effect of processing conditions on
varistors prepared from nanocrystalline ZnO”, J. Mater. Chem.,
Vol.13, P.2586 (2003)
HiaE 4] > "InGazZnO, 2L & % PP 7 Woende (4 m § 2
UHREDEET SHEFE A2 752

# “FAL %< > (2005) -

87



[39)] H. Q. Chiang, R. L. Hoffman, “High mobility transparent

[40]

thin-film transistors with amorphous zinc tin oxide channel layer”
Appl. Phys. Lett., Vol. 86, P.013503 (2005).

D. Takada, K. Shimomura, H. Suketa, K. Takita, T. Moriga,
“Influence of Ga,0O; addition on transparent conductive oxide
films of In,O5-Zn0O”, Vacuum ,83, P561 (2009).

[41) N.Yamaguchi, S. Taniguchi, T. Miyajima, M. Ikeda, “Optical and

[42]

[43]

electrical of amorphous InGaZnO”, J. Vac. Sci. Technol. B, Vol.
27(3), P.1746 (2009).

K. Inoue, K. Tominaga, T. Tsuduki, M. Mikawa, T. Moriga, “The
properties of transparent conductive In-Ga-Zn oxide films
produced by pulsed laser,deposition”, Vacuum, \ol.83, P.552
(2009).

3 RE o TSR RITREE AL B s 2 5 (V&0

W R A A LB ey frR L% o (2003) -

88



