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A study of electrical performance of InZnO based
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ABSTRACT

A study of electrical performance of InZnO based

transparent oxide transistor

Lee, Young-Jun
Advisor : Prof. Kim Joo-Hyung, Ph.D.
Department of Electronic Engineering,

Graduate School of Chosun University

Thin film transistors (TFTs) for flat panel display using transparent oxide
semiconductors (TOS) have much attentions due to high reliability, mobility as well as
excellent transparency. It is reported that the stability of transparent oxide TFT is
superior to that of a-Si based TEFT and overall uniformity is better than low
temperature poly silicon (LTPS) TFT, which can keep an amorphous phase. In other to
improve the TFT device performance, several oxide semiconductors as an active channel
layer, such as In-Ga-Zn-O, In-Zn-0O, Zn-In-Sn-O, Zn-Sn-0O, and In-Al-Zn-O have
been usually suggested. Suppression of the charge carrier in semiconducting oxide (<~
10® ¢cm™) in other to improve the stability of TFTs by binding with oxygen group III
and IV elements (eg., Ga, Y, Si, Sn, Ti, Zr and Hf) are considered to control.

Due to several advantages ie., good conductivity, high optical transparency and low
deposition temperature, Indium-Zinc oxide (IZO) based oxide was selected for an active
layer candidate material for high performance semiconducting and electrode layers in
TFT. Also, to investigate the doping effect, we selected tungsten oxide (WOg), yttrium
oxide (Y203) and tantalum oxide (Ta:Os) materials to control the carrier concentration of
IZO film and studied the effect of Ar/O, gas ratio on structural, electrical and optical
proerties of IZO based films. To evaluate WInZnO, YInZnO and TalnZnO films as a

semiconducting channel layer, the device performance of TETs were characterized.
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KEYWORDS : Oxide thin film transistor, Tungsten oxide, Yttrium oxide,

Tantalum oxide, Indium zinc oxide, combinatorial sputtering
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a-Si TFT Poly-Si TFT Oxide TFT

Generation of gh G MG gh G

glass

Channel layer amorphous Si ploycrystalline Si Amorphous

InGaZnO

Uniformity Good Poor Good
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Transparency (%) <20 <20 >80

Cost Low High Low
Stability (10° hr) AVH > 5V AVH < 05V AVy <1V
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_-T'® TFT Structure
o  Bottom Gate : Easy to reduce # of
mask steps, Back channel control
* Top Gate : High mobility, Complex
Process steps

Channel

Gate ® Gate Insulator

« Interface state generation
* Low temperature durable insulator

Substrate

/ S/D Contact

‘e Semiconductor » Material Selection
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+ Oxygen content control « Adaptability of conventional process
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¥ 3-1 Experimental parameters

WInZnO YInZnO TalnZnO
FA A ¢
¥4 A 93 <5x10° <5x10° <5x10°
(Pa)
T4 49 (Pa) 021 ~ 0.27 0.17 0.17
:g_;g 7]_-}:_ . AAI'y Oz AAI'y Oz AAI'y Oz
(Ar fixed 30 sccm) (total 25 sccm) (total 25 sccm)
FA ZA S 6 7 5
F74 (nm) ~ 30 nm 53 ~ 93 nm ~ 25 nm
InZnO (Zn doped
InZnO (Zn doped In:0Os 50 wt. %)
E-A Ino0O3 90 wt. %)
WO; Y203 Ta205
200 W (for InZnO) | 150 W (for InZnO) | 150 W (for InZnO)
RF &9
100W (for WOs) 100W (for Y-03) 100W (for Tay0s)
1-71% 3+
E} A -7] 150
AE (mm)
FA 2T (T) R. T. (~25T7)

<WInZnO ¥}g2>

HA InZnO°] WOs=
90 wt. %) EMAlS AFESIE A SF AIES X
AMAE el 713

30 sccml. 2 AASL Oy TAE

uukg 3gahy

<YInZnO ¥-9>

F AHA AE 2l InZnOoll Y05

=33 YInZnO

g 333l

7, 10 sccm®] 6714

Y203 B4 3 InZnO (Zn doped In:Os
dsto] Ardt Op 7F29] B && 245

.34 7t E Ar VMR E

Z A5k A WInZnO

e WInZnO Hhepol]l AFE-3F BHA

W} 2 8] &2¢ InZnO (Zn doped In:03 50 wt. %) EFAY Y.03 EFAS A}-g3te] db

S A gtk YInZnO
o

A4 5

< 017 Pa=

72~ 9]
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sube FA sbsel Ardt 009 Fol 25 scem, ¥4 9
_]

FrAHA  Ar 7R O

H
H &S 77H/ =4




(Ar:0.=25:1, 24.5:0.5, 24:1, 23.5:1.5, 23:2, 22.5:2.5, 22:3 sccm)o.2 Akt wpebA]
7h2r Eebnle] wpE wkekol FAZE oF 93 nm ~ 53 nmZ 029 %ol FTrhetel uwhet
uhuko] FA 7} AashE AEFES B

<TalnZnO 449>

TaInZnO =92 YInZnO uvhdtol] AREst 5= E}FZIQ]l InZnO (Zn doped In:Os 50 wit.
%) BFA Ta05 BHAS ARE8o] A2olA e 7]ato] wes S 54 7F
2= YInZnO ¥ehe] &4 7hawFa) mpzrbA = Ard 029 s AA 25 scemo =
A Ar/O, wHE F4d3te] 600 < 57FA] 2 (Ar:0,=25:0, 24.5:0.5, 24:1,
23:2 1813l 22:3 sccm)o 2 F &S T

<dtet EJR2E A FD>

B Zhzhe] vk uA] A Absteto] A E HelE slojHel AMEFoer FF
¥ 3 WInZnO¢ YInZnO ®t& AfEd3 o2 AFESH A%k e-beam 53715 o]&3t

%} |
o Ax¢ =g ¢lo® Ti/AuE 100 nm/30 nm 53t th. TalnZn09] 74 ¢+ vhueks

HAE TY AU E nAaE o]&dte] Ao A =gl WEE A4S 98 Ar
7k~ 25 scemS A stH A EHEFE S RF power 100WE 18002 7F =2bslgict, 2 A

oMol st =] wE InZnO vHet 7|Rke] Fxof tis) R vher E A AE
2 Fx2E A, ofdl 17l 3-3¢A4 = TalnZnO #Hehs 250z A &3 E

WA =H ol 425 HolFa Utk

Source-drain electrode (Ta)

Gate dielectric (SiO,)

Substrate (p-type Si)

1% 3-3 TalnZnO #9& AdFo2 o83 v EWX2EY &4 F2

_12_



A3A 72 E¢vd & InZnO 7]%¥F A3E vlge] EA
3 7}

Z2y dbulol AA X X-ray Diffraction(XRD, PANalytical X'pert-PRO
MPD)E  AR&stel  #Asda, B 542 A=A UV-Vis-NIR
spectrometer(Varian, Cary 5000)& ©°]&3te] F4=E AN, & A 78 7|H4&
A%t vl 4 Sk Wk 3w Fxe 7 adla v AdVE 47
Scanning electron microscope(SEM, FEI Quanta 200 FEG)®} Atomic force
microscopy (AFM, PSIA XE-200)& o]&3tsaL, vute] AdA7|4d 542 d2oA Van
de Pauw WW-S ©]83 Hall measurement (LakeShore, Cryotronics 7707_LVWR)<2}
473" (4-Point probe)& o] -§38te] A3ttt 19 3-4% dheke] 54 HUbe AL&d

A5 vreh el

a9 3-4 wet B4 ALgE BA A
(a) AFM, (b) 4-point probe, (¢c) FE-SEM, (d) HR-XRD and (e)
UV-Vis-NIR spectrometer.
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1. 829 =39 W& InZnO AtstE (WInZnO) ¥ehe] 4
7
=]

7wtk A7H, BoH 54 w3

-

0.9 Fol WE SEM =4 Az okl EW olmAE eRATh Setomi
SFelA] AEY 2 Aol ehelm]zh ok o) WInZnO Hebe] FEo] wlg ¥
Ega 2 39d FHY HAZE FxE Hola Q7] wiEelt. SEM A Ad=E

WInZnO #tete] oF 30 nme| FAZ TFHASS H&FT 5 A

=200.000 (28 oin,

a9 3-5 029 4ol WE WInZnO de] 9 o|v| X, 72} b9 0, ¢
Hlo] wa}t vheto] PP HY S
(a) 02=0 sccm, (b) O2=1 sccm, (¢) 02=3 sccm, (d) O2=5 sccm,
(e) 02=7 sccm, (f) 02=10 sccm

BHop AARE vhepe] AT 2E dEEh7] A& ths 2™l WInZnO #Here] 0.9 4
of W& XRD 235 YeEhHATH
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As-grown

MMMMMMWMMMMWMWW
WWWWWWMMWWWMMMM“Tmhw$Mw%m:.“: o Ar10,=30:3 scom

Ar:02=30:1 sccm

Ar:0_=30:0 sccm

Intensity (arb. units)

20 30'40'50 60I70
20 (deg.)

a9 3-6 Ar/O; £ ¢ ¢ @& WInZnO 2ee] XRD &4 Z 3

91 adeA B ¢ Xl Ar/Op; wvld mE EE WInZnO ¥ B AR
(amorphous) T-%& Holia ¢t}l o]x= WInZnO 22 A Ao =54 Ar 7}~ A H 9
T EA7IAAARE O, 7F27F FAY FUEE EE ¥4 2794, sputtering =

AE WInZnO whebe g47kae] 27lo] 9abe @A gtk 2SO 4 gt
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0.75

e
o
=

e
N
[

0.30

RMS roughness (nm)

0.15 ] . 1 . ] . ] . ] . ]
30:0 30:1 30:3 30:5 30:7 30:10

Ar:0, (sccm)

1Y 3-7 Ar/O; B¢Hlel w2 WInZnO ¥tehe] AFM =3 Z3

AFME &3] WInZnO ®ete] AXRZE SA43 A3E 9 2del vegith 14
g kol BE WInZnO #ere) 29 A 7]= 05 nm o]st= ofF F =&

FHE 2= 7 ASdTh

o
X

I

I

Ny

=
=
b
(2

¥ 3-2 0z 7}2Fd W& WInZnO 22te] A7 E4 =3 A3

0 ( )
g seem 0 1 3 5 7 10
Resistivity 4 72
150107 | 8.17x10 8.40 1.01 -
(Q - cm)
Carrier density 1 )
6 -3 2.67x10 25.4 9.39 2.73%10 -
(x10"cm™)
Mobility 15 300 79 2.3 -
(cm?/Vs) ' '
Rs 4933 | 4.069x10° - - -
(/1) ' '
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£ 3-2% 4% WInZnO el 0p9) ool wE Hall £3 574 @ WAY 24
stoltk. 0s¢] ool Frhgtel met wAFol Frkskel Aol Hw
ol3 Q3 ol et 0,3 Frbh AdFl AFE W] 21

T Ao

£

N
o
o b
P‘L
s
o,
ot
to o My

f
O g
oX.
ol
o
X
it

2

1 00 i 30: 1 0 o YR S ST T X RS ' e B

--------- oy v=Se T S T e s =

______
-

)
= 30:0
()]
O
% 80 .
= Ar.02—30.0 scem
g - - Ar0,=30:1 sccm
2 -+ -+ Ar:0,=30:3 sccm
I‘_:E —_— Ar:02=30:5 sccm

60 ---= Ar0,=30:7 sccm

----- Ar:02=30:10 sccm
1 N 1 N 1 2 1 N
400 800 1200 1600 2000

Wavelength (nm)

19 3-8 Ar/O; £¢H 9 ©1E WInZnO v9e] E3x &34 A3

g AsE WEAAA AT olf7h HI gl WinznOe) B8 S el
"ol A B & qFo] 09 ol uhE by RHEE BE A
713 oH] 89% ol ge] ¥e FIHEE melm k. ol £ 4

9
Aol 2R BH S Fe AL mIFE Aol
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Y. 259 9349 (Annealing) & &4 W3 #&

FAE urdte]l A EAS dolr7] st HF FERAA MFCE §3 07l
20 sceme FYska 200 CTHE 500 CT7HA 100 CE {FA o & 47}A] 2749 %4

A 1A 7 Bk A 2] (post annealing)E 2 Al 819t

Annealed at 200°C

% Ar:0,=30:10 sccm
% Ar:0,=30:7 sccm
% Ar:0,=30:5 sccm

M Ar:0,=30:3 sccm
Ar:02=30:1 scecm

% Ar:0,=30:0 sccm
roriy Vs b A NN A A b

20 30 40 50 60 70
20 (deg.)

Intensity (arb. units)

I 3-9 Ar/O; E¢vle wE WInZnO v2He] 200 C oA FEAH7 & XRD
23

L9200 C TdA8 & XRD =4 Aot} dxg &% 200 Co= 94
=

Aol 7k flol wAA FEE Hola lth wehA
WInZnO =2k 200 T dAe] 2xolA whepe] Az & JFS wA I
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(

&

Intensity (arb. units)

(b)

Intensity (arb. units)

Annealed at 300°C
e | Ar:0,=30:10 sccm
I
et | Ar:0,=30:7 sccm
B N P
|
Il
e I Ar:0,=30:5 sccm
lg R A
r—— o) Ar:0,=30:3 sccm
S i Ar:02=30:1 scecm
Ar:0_2=30:0 sccm
1 e A i L 1 I . - :
20 30 40 50 60 70
20 (deg.)
Annealed at 400°C

w Ar:0,=30:10 sccm
rr e e Sy a

' Ar:0,=30:7 sccm

|
i ) ' o
|
It
|
M Ar:0,=30:5 sccm
MMA ) o Ar:0,=30:3 sccm
e S Ar:0,=30:1 sccm
it TR Ar:0,=30:0 sccm
1 " 1 pronshey dods ‘b e o . ¥ 4
20 30 40 50 60 70
20 (deg.)
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(

e
N’

Annealed at 500°C

MWL._ Ar:0,=30:10 sccm

©w a

I . = .

= B o Ar:0,=30:7 sccm

: B e i e e s i -

g

f

L

g‘ | Ar:0, 30 5 sccm

0 e i T e e S S N

S r-

E U . A Ar:02f30:3 sccm
————. T e
W Ar:0,=30:0 sccm
1 L h 1 k! i g e e v |

20 30 40 50 60 70
20 (deg.)

a9 3-10 Ar/O; &¢Hlol WE WInZnO ¥2te] $E4 8 & XRD 2.
FdAg2%: (a) 300 T, (b) 400 T, (c) 500 C.

9 19 3-10% Ar/Op ®vlo] W& WInZnO vhuhe] 300 CellA 500 C7hA<] &
A ZEo] mE XRD WEE HoAFa Jvh. €A %7} 300Co| el #
A AAgdo]l #AFE I vk 300 TellA 500 CT7HA 9] LA EF &
0573 sccm ©]7e] MZo| At AAHAS Holal th oAl Zal Ar/O, 7k
10% ©ol’e] AMEFeo] 20 ~ 306° IAHA AAHAEES Kol Jdi JCPDS(Joint
Committe on Powder Diffraction Standards) 7}= % o2 tdeA InOs (222)=2 &
A=A [25]. o]+ AFEHE F EFAS IngO3 Mol m2dvhrt g7k X8 s HA
wrupel A2 4" sler Kl

Mz rUS
o]
o

=

_20_



o
~
I

£
£ |
"
o
c 0.6
L
o
=
o I
| 5
(/2]
=
oy 0.5

200 300 400 500
Annealing temperature (°C)

a9 3-11 Ar/O; E¢Hldl WE WInZnO #ehe] dX3 &% ©@E& AFM 33
Z2 3} (Ar:02,=30:3 sccm)

AAg =0 WE WInZnO utehe] 9 A7) Wats a9 3-11004 0,73 scem
fEHes molFm v 447 Ao ALY (R<05 nmEt dA7 €27} 2
F5 AAMew ta Frkehs 4TS Holth 200 Tol e uheke] T A A oA
B2 Aok gl g B vk Wb dAe 2Ek SUkstel® vhehe g
AR gasAd S7kshs 59 2 Aolg oA @ FEde ZW HHE K
o gt
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¥ 3-3 Oz 7F2Fo] W& WInZnO 299 200 C A48 & A71™ 54 FH
23 (300 T ol ¥ A E7D
O: (sccm) 0 1 3 5 7 10
Resistivity
5 2.63 3.36 5.15 2.10 1.71 2.50
(x107%, Q@+ cm)
Carrier density
19 3 1.08 1.23 1.52 1.75 1.77 1.42
(x10™, cm™)
Mobility
9 22 15 8 17 20.6 17
(cm®/Vs)
Rs (x10°, /) 8.33 11.79 12.83 4.83 4.74 6.88
42 eE7b WETe] el WinznO whete] 1714 A% wsistach ¢ melA

o
=
B g Aol €A 2=7F 200 TY W whete] w

X7t ZAg uet FAF AT % WAZ] F7

_22_
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2. o lEF =39 W& InZnO AtsE (YInZnO) 29t 54 H7t

x100,000 2000M | 100000 200nm

500 nm

x100,000

a9 3-12 Ar/O; E¢Hlel ©WE YInZnO ©r9he] SEM ZA#, 747t t&9 O, #
el wa gtgo] FAFHAS
(a) Ar:0,=25:0 sccm, (b) Ar:0:=245:05 sccm, (c) Ar:0,=24:1
scem, (d)  Ar:0.,=23.5:1.5 sccm, (e) Ar:02=23:2 sccm, (f)
Ar:02=22.5:2.5 sccm, (g) Ar:02=22:3 sccm
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% 3-12% Ar/O; &vlel mE YInZnO ®hete] 1HS A Aol 7h wbdt
o ®W Aee sbs Egule] met ZA AolE welm YAE ¥ %

091
hSEA v FHA O, 7b2v} ubEe) BW ARG FaAIE A0E AZEd

Olr

o
o
_ Ar:0_=22:3 sccm
7)) n 2
=
= 0O = s
= % Ar:0,=22.5:2.5 sccm
= M Ar:0,=23:2 sccm
3 A
_,é" M Ar:0,=23.5:1.5 sccm
2 N N Ar:02=24:1 sccm
3
=
M Ar:0,=24.5:0.5 sccm
e Ar:0,=25:0 sccm
. 1 N 1 N 1 N 1 1 1 1
20 30 40 50 60 70 80
20 (deg.)

29 3-13 Ar/Oz £¢H 9l @& YInZnO ¥2He] XRD Z 3%

o AAg A2 E #Eet7] st 19 3-13° Ar/O: ¥l W& YInZnO =}
2te] XRD ¥4 A& Yehdth YInZnO ¥k 34 7h7F 54 Ar e b
HAE 25 Holurl 0725 05 scem o9 oA Al &d AAEFH °oF 20
~ 31.7°¢] d=a7t #AHE=H o8 =S S8 ol ZnO (100) ¥a= Y
[25]. o]&= F Bl InZnO9 A4 #H]7F WInZnO HFete] ARE¥ InZnO EFALY] A4
7F &2t Zn7F Inkok WA 2GS ol FA © Aoz QI Ayeta o 5 3l
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o (=] - -
[«}) © N (3,
1 I
||

RMS roughness (nm)

S
w

o
1° 1

25:0 24.5:0.5 24:1 23.5:1.5 23:2 22.5:2.5 22:3
Ar:0, (sccm)

2% 3-14 Ar/O; £vlo] WE YInzZnO wHete] %W A 271

B3 2= (Tapping mode)9] AFME &3 YInZnO ®¥e ¥ EA4S

% 3-14°] YeEt A Ao B 5 Qlko] BEre] 1w

155 nm ©|st2 HluA REe|Q TW AEE Holu ¢gon o= ¥
o o

Bl SEMS &% %W ojnx|ef 2 Ak
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100 L 2 e .Jzk‘f@'@J

[
o

Ar:O, (sccm)
25:0

: -=- 24505
- ---- 241
y —--—- 23515
---=-23:2
----- 22525

y ............ 22:3
1 1 . . I I I |

400 800 1200 1600 2000

Transmittance (%)

o
o

Wavelength (nm)

9 3-15 Ar/O; £4vle] & YInznO uhete] Ratd =4

2% 31591495 YInZnO vhehe] Ar/O, ¥¢bule] whg Eaeg tehha gtk 7]E
o IZnO whehe] A g eel el FRw[26] wrk © & 84% ol4ke] %l Jl@ o)
M FAES mol: i YInZnO vmte @ £ aeE vmAze] Buhd 54

of A3 =& Hol vl & 4
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1020
[ |
10° — 4 20
19
~ 107 < ~
£ 10 £ "
o s | 3
c 10" Py ~
~ 0 = E
=] . 10" T 110 &
.l’ 10 — e
® = 2 oy
) = o
(14 10° 10" 8 . =
10° ' -0

25.0 24.5.0.5 24.1 23.5.1.5 23.2 22.5:2.5
Ar:0, (sccm)

29 3-16 Ar/Oz £ ¢H 9l W& YInZnO %=t A7|H 54

YInZnO ¥ete] 712 5EAS dotR7] 98] Hall 23 548 FH|E o] &3ste] v A
g FAgol HE 9 olErE B = 29 3-16°1 YeERAT YInZnO |t
o A71A EAE Ar/Op #tvlel & F3F s U o5 Ar 7h Aol A A
g ke 256 x 107 Q-eme] M @S B AL Heolw 116 x 109 cm P =S )
Zlo] HEs} 21 cm’/Vse) o5 RS Holm Utk 0,9 Fol FIHo] F7h B4 v
Asre FA3 Frleta B E Afele] FEe ol xE 7hAadte]l g wre 357 x
10" cm?e] Aol FE9 91 cm?/Vs 0|89 o] FEE Holi 3]

[

>
o
32
k
&

a
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3. 8#2F =39 W& InZnO AtstE (TalnZnO) B9k &4
7}

500 nm

x100,000 o290 nm M .100,000 o000 M

x100,000 __ 500 nm x100,000 200 hm

a9 3-17 Ar/O; ¢l o] @E TalnZnO ¥ee] SEM Z 3
(a) Ar:02=25:0 sccm, (b) Ar:0,=24.5:0.5 sccm, (c) Ar:0,=24:1 sccm,
(d) Ar:0,=23:2 sccm, (e) Ar:02=22:3 sccm,

Ar/O; Evlell wE TalnZnO ¥9e] SEMS o83 #¥ FA ouxE 17
3-179 YERHATE. SEMO] @ olux & S TalnZnO BMe] F7= °F 25 nm
Az #FEY OdolM & 5 kel AE F9 o]nA 4 & HolA &+
Ao Hol BE TalnZnO HFere] F&bo] wig HEgu F2 £W e HAA

TXE Hole slow YEuth

>

i

b
O
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0.30

o

N

o
T

0.20 -

RMS roughness (nm)

010 1 " 1 " 1 1 1 " 1
25:0 24.5:0.5 24:1 23:2 22:3

Ar:0, (sccm)

29 3-18 Ar/O; £¢vl o] W& TalnZnO uete] 9 A

3182 oA YInZnOolM % 4 9l%el AFME $3 #3% TalnZnO uete]
2 5 itk A0, #¢Hu7h WatshwAl wure] W A2

Holx YA E TalnZnO ¥4 oF R.~0.2 nm ©]3}
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(a)
Si (400)
Ar:02=22:3 sccm
M
g Ar:02=23:2 sccm _||_
o
o Ar:0,=24:1 sccm L
E‘ |
g Ar:02=24.5:0.5 sccm“
2
= Ar:02=25:0 sccm ﬁ
20 30 40 50 60 70 80
20 (deg.)
8.0x10°
6.0x1 05£ 2 (490)
4.0x10° L L
) i _
= 5 Si (200)
= 4x10°
o 5
— 2
= 3x10° |-
= -
= 2x10° |-
2 I
= 2
- 1x10°
(0] .-_ MW
1 M [] L 1 2 1 A 1 M [ M 1

20 30 40 50 60 70 80
2 theta (deg.)

¥ 3-19 Si0x/Si 71# Yo F&d Ar/O; E¢Hle] W& (a) TalnZnO

gtele]l XRD =A ZA#A (b) 29 FA A Si0/Si 7R
XRD &3 A%
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71#o 2 1 Yol TalnZnO

[e)

=

Si0y/Si

-

T

2% 3-19

=

i
fie)

B!

el
ﬂ_mo

Bo

o}
B
~
B
N

A

=4 A 2440l

A 3tol .
el 7ol o

ok =2 23} TalnZnO

©

=

=

=

Z719 4 XRD

o

R

2

J

=}
Z,

=z
o

o}
|

##E XRD ¥ A+ SiOy/Si 713e] 9 a7t

<
%
oh webd g4 TalnZnO Hheh #4A)

o
)

0

el

%

0%

¢
oW

el
ojn

[e))]
AN

al

Mg T2 RO

-
T
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A4d 7t~ B ©E InZnO 7|¥t A3E vhgt
ERAXN2HEY §A B7}

AT Abstdto] PAw A E 9lo]l¥dl RF magnetron co-sputteringS ©]-83ho] 1t

< o7 o] &3 AstE "y ERAAE O EAS Brbstaz

sttt 3% 3delA A7 & o ® vuars Aot 1 x4, A7) " EE

4 | oeEs AEFORE o] &3 4hstE vt EAAEH Y 54

S Hrbstr) Yste] obel I o] wrEA] Hzb AH] (Semiconductor parameter

analyzer, Agilent 4155C)& Z 2B XH|o]A (Probe station)o] AZA3slo] Azt Aks)
J

g wvh A 2H Y 542 B4

Probe station

Semiconductor

w— T fﬁ

Parameter x "
Analyzer - \ Bi

a9 3-20 A E g ERALHE FH SHUT-V)E BIHetr] At AeE
Bt A FIb Al E
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1. WInZnO 7|%te] vtey ERAX2E AF-AL (I-V) &4

2.0x10°
A V=10V
' 2 Vistep
1.5x10% - RS asdssdaatdands
>
»”>
>
< g €L
< 1.0x10° F > gpoy «««««
172] > «
§Q » 44
>4 i vyvaVvva"vvvvaVvav
-7 | vv
5.0x10" 4’7 v asa
¥ AAA AAAAAAAAAAAAAAAAAAAAALALALL
’A:..........‘.............‘.........
OJ).l‘!::""!"llflIlITIII-f----T----T-...T
v 5 10 15 20
Vps (V)

29 3-21 Ar:0:=30:3 sccm® ZZAdA FZFAFE WInZnO AdZ<L o] &3 23 E
et EWX2E 9 AoE Al |E Vps-Ips 573

3
ol
o

a9 3-212 Ar 7F2 30scem, Oz 7F2 3 scemoll Al S 2E WInZnO 8BS =
2 o] &3k vyt EdA~H A]E Mol wWE VpsIps 545 HAFi Aok 7h
g AClE St wel EMA2E O Azl =gl Atojol] S E Vpsell thalo]
Hholo] 2~ A gte] F7F 45 W AE AgdA s =l AR Ips7t Atk Zpol
S WolA gkt a2y AlolE Mol SUHEESE Ips7t HA3 SUkske AL &
AT 4 ATE ¢ =79 utal oo 2 I AE EWA2E 5SS B

of & sith.
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-3
F @ V,,=101V 3.0x10

2.5x10°
2.0x10°

1.5x10°

IDS1 12 (A)

1.0x10°

5.0x10™

0.0

sz (V)

Y 3-22 Ari0;=30:3 sccm®] ZAA FHE WInZnO ALZ & o] &3 A3tE
vt EWXN2HY Ves-Ips 54

¢ 2L 7k B9 Ari0,=30:3 sccmoll A A ¥ WInZnO dHee zjdZFo g o]
43 EWA2EHO Vis-Ips 5= 22 4 Ay &8 A4 34 V, Sub
threshold swing(S.9)¥ 0.7 V/dec.& HolY L./t 1.96 x 10°, =03 cm?/Vs& &

[e) o
< 5485 Hola 9

_34_



2. YInZnO 7|%te] ¥tey ERAX2AE AF-AL (I-V) A4

2.5x10°
V, =20V
s0x10° | 14 Vistep
NSNS vV =20V
1.5x10° | >>’» »»»»»»»»r»fﬁ
»
2 >
~ | 2
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