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The Physical Properties of Amorphous InGaZnO.
Transparent Conducting Thin Films and the Fabrication
of Thin Film Transistors Thereof

Student : J. L. Chen Adviser : J.Y. Juang

Department of Electrophysics

National Chiao Tung University

Abstract

In this thesis, we study the physical characteristics of amorphous
InGaZnO, thin film fabricated by pulsed laser deposition. The target
used is a sintered stoichiometric InGaZnO, bulk disk and the substrates
used were glass substrates maintaining at temperature ranging from
ambient to 300 . All films obtained in the current study are amorphous ,
as revealed by x-ray diffraction measurements. Nonetheless, all film
display a carrier mobility greater than 20cm®/ 's™* and have over 80% of
transparency in the visible light range. The oxygen partial pressure
present during deposition appears to have significant effects on both film
resistivity and carrier concentration. However, it seems that the mobility
Is immune from variation of deposition temperature and oxygen partial
pressure. The photoluminescence and temperature dependent resistance
analyses reveal that the amorphous films are probably not semiconductor
in nature, instead the carrier transport is more likely governed by two-
dimensional to three-dimensional variable range hopping mechanism.
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Film thicknesses
a-IGZ0 active layer : 30 nm
Y,0O, gate : 140 nm

ITO electrode : 40 nm

B 2-b =~ i B
H. Hosono et al.
Nature 432 - 488 (2004)
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£ d p=Rd >
¥ # 7 X p(The bulk electrical resistivity) ; d =
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3-4 PL(photoluminescence) £ i
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3-6 SEM §= AFM & 7
3-6-1 ¥4 * & + e (scanning electron microscope * SEM)
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Fr ¥ BRI EHG

4-1 ¥ {4 47 X-ray ¥4 (X-ray diffraction)
g Rl %
1.8 4-1(a) 2 =4 XRD B2} o & H _ pmitenflfgd » o lgsd
Wi AT - dh ks koo BB R T ER S > ATELXRD enA 4T o
$+ P Masahiro Orita % + #74 % ¢ InGaZnO, ehs4£[13][14] - 4c R

4=1(b) 5 7 r1gF A P chie bl S o dpiofre g % - K o

600
o
) NS
. - G0, taget
(q0] o
N’ =5
> a0t
=
(7))
c
D a
— & P
C ol o it
— o~~~ o O o
™ ~ i
O N
=3

®l 4-1(a) InGaZnO, ¥= = XRD @]
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80 o MgA 1204
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Eﬁn- j
= a
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» A0F
b
=
20 | ©
d -
L4 ) kKo
20 30 40 50 60 70
20 (deg)

B4-1(b) b 5~ Fe# InGaZnO, ¥= < XRD =]

2. B3 XRD & 47
B 4-2(a) = =28 T ~ 20 mtorr #r4geiE e XRD @125 0 2
R G BB A XRD BP0 - R o L R
fo A e A A 20~20°-30° 2 5 - R ol g
e 4t InGaZn0, f& > A i % B3 B (& H T %)l
A4 4 o Fli e 20~30°FF > InGaZn0, 3 — &3 ch¥EstiE > 54
BHB 4-2a)® > 2202302+ MRt > BRE AR RS

it er7 InGaZn0, 3 F-97ig = o
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50 InGaZnO,

room temperature
20 mtorr

E} Mze(:jegf'nee)w e

Intensity(a.u.)

T T T T T T T T T T T 1
10 20 30 40 50 60 70

20(degree)

® 4—2(a) T > § & 20 mtorr & £ 9 InGaZn0, & %< XRD B
# ¢ ] Bl s 33 A o XRD B

Bl 4-2(b)~(dD R » S &gm AR AR & 150C > 3 BA %5 10
mtorr~30 mtorr~50 mtorr #73; = InGaZn0, & % 2 #icfr @ 4-2(a)
o s BE02 0 7 iE e 20=30° cnMESRTE P 5 vE L T g o AP W
?OBERF] PRREEFF AAF A B RS G50
- HEZFAFERE S L ERZLS R AP RAFIEARD A T

300°C » & &7 % BT %4 InGaZn0, » 2 &% 4@ 4-3(a)~(c)
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InGaZnO4

150°C
10 mtorr

Intensity(a.u.)

T T T T T T T
20 25 30 35 40 45 50
20(degree)

B 4-2(b) % 150°C # & 10 mtorr = & #7InGaZn0, & "2 XRD B

35 4

InGaZnO4

150°C
30 mtorr

30

25

20

15 4

10 4

Intensity(a.u.)

T T T T T T T
20 25 30 35 40 45 50
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B 4-2(c) % 150°C % & 30 mtorr = & 1 InGaZn0, & %2 XRD B

InGaZnO4

150°C
50 mtorr

30

254

204

Intensity(a.u.)

T T T T T T T
20 25 30 35 40 45 50
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B 4-2(d) % 150°C % & 50 mtorr = & =7 InGaZn0, *-2- XRD B
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InGaznO4
300°C
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Intensity(a.u.)
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® 4-3 (a) % 300C % B 10mtorr = & &1 InGaZnO, % %% XRD B
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40 45
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B 4-3 (c) & 300C % & 30 mtorr = & 7 InGaZn0,
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4-4 PL(photoluminescence) & iR
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4-6 SEM 4= AFM & Bl % %
4-6-1 SEM & 7]

APERL LG PRGN AP RDRE S R R FT
AF S B T RT3 AR 9T g SEM 2w ¢ gt - B
Eﬁﬁ%;@ﬁ%£W%&mkki%%%%’#ﬁiﬁﬁﬁ%i
s KB4 w ﬁvﬂjiﬁ,giﬁg FAFET AR g ARM kF A
PeEcd e R a B 4-12(@ M) (d(e)E A P tp e § B

T T S4ENSE B 5 SEM B o
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W 4-13(a) %8 T &0 SEM .
B 4-13(b)100°C T 4&%55¢h SEM

Bl 4-13(c) 150°C ™ 4x%c<H SEM B
B 4-13(d) 225°C ™ &% SEM B

Bl 4-13(e) 300°C ™ 4%« SEM B



4-6-2 AFM £ 77l
R4 BB B 6 A E ek AL T
Favtl - BEAT > §FRBRAEL > RAFIORAS H 0T 5 F R
M Ehd G TER S FREF R 0 B 57 Tl Rt A

#r 8 P T 59 AFM B 254 B) 4-13 (8) (b) (C) (d) (e) (f> °

B 4-14(a) 7™ ~ 20 mtorr &% 7 AFM B)

B 4-14(b) %87 ~1 mtorr /& * 1 AFM B
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B 4-14(c) 150°C ~ 10 mtorr /&% 5 AFM B

B 4-14(d) 150°C ~ 40 mtorr & " 7 AFM B
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B 4-14(e) 300°C ~ 10 mtorr &% 1 AFM B)

B 4-14(f) 300°C ~ 30 mtorr &% 1 AFM B
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Wi % 2>InGaZn0, * "% © 30nm

=+ kA ¢ 2.05x10% em”

&2 Tx102Q-cm

Mg ~ 2tk ~ hieT #2170 © 55 0 40nm

kA T 2.2x10%em’

Treg 5 8x10*Q-cm ; F[18]

3 I &-2Y,0, - %5 140 nm
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20cm?v st s b oo
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6. InGaZnO, &5 & % 150nm FF > & F v iE 0.8 H v ITO
7. 228 e InGaZn0, &4 o T FER 124F o
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