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Z}h= OLEDE $2A17]7] $13t switching
2 A2 M amorphous Si(a-Si)71¥He] TFT Ak
2} mobilityol] SAIE = o, A, 7]E a-
Si714¥ke] A2} bias stress©l] 23] threshold
voltage (LB A 0] shifesh= @Ael 28] &
T3 sk 2ol sledl o] & 7iAEk] 2l

M dee B2 dest Ha, A5

(¥ 1) Advantages of Oxide TFT

Mg v]E2Q FHelA AE S53F
7] o}% 7] wjFo]t} Excimer Laser Annealing
(ELA) poly-Si TFT 2] 73-%, a-Si TFT] ] &4
E2 0|5 EE Z+o ™, threshold voltage shift
dato] At AA S 7FX AL o, laser
annealing®l 23} polycrystalline structure S 3
d¥rel 3114 uniformity 7+ B vhe @3
S 7FA1 3 Qlth ©]# 8t Si-technology 2l A
BEg Ast7] #8197 oxide-semiconductor

7} FE5E A H

ITEM ELA p-si | Nonslaser -8t a-Si TFT Oxide TFT
Mobility (cm2/Vs} 50~200 20~100 1~20 0.5~1 ~100
TFT type PMOS,CMOS PMOS,CMOS NMOS NMOS NMOS
TFT uniformity Worse Medium Better Better Better
Process Ste PMOS:5~6 PMOS:5~6 5~6 45 4~5
Pl cmosi9~10 CMOS:9~10
Equipment . .
investment High Medium Low Low Low
Compatibility with .
. . Not Medium OK OK OK
a—-Si TFT line

(ChEmio|Xiol AlL)
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o TFT High Medium Low Low Low
0 Low Low High High Medium
Module ) ) . . .
S (Integrated Driver)|(Integrated Driver)| {(non—integrated) | (non-integrated) | (non-integrated)
T Profitable . High High Profitable
Total . Medium ) . .
(small size panel) (Large size panel)|(Large size panel)|(Large size panel)
Current Stability Stable Stable Stable Unstable Stable

| . Why oxide-semiconductor?

Oxide Semiconductor¥ high mobility(1-
100cm?/Vs) &}, direct semiconductor®]™, wide
band-gap& %= semiconductorE M, Si7| 4t
9] &AkebeE T2 A post-oxidation @70 W
Aok goms a7je] 4wt A8 3
ol Sl B3 &) A] amorphous
polycrystalline structure® Z47] wjT-of, %
= grain% A8l stk annealingﬂ]-@ o] ¥
LA E oy TFT 449 uniformiry -3t
$58F 21 0 2 B 71 FojX| 1 31t} Bt oxide

. w . )
semiconductor™ oxygcn-vacancws-‘?} zinc-

T =
s M

interstitials®l| £]3F normally n-type & H 11
=X 1L 312 p-type doping®] & @A
& 7HA 3 QlolA, kA 7EA] CMOS type
deivceE T AL SAR FAR AL QO
), HAY7FA] oxide semiconductor?] defect=

control3}7| §]8t wgjo| Wo] &= 17 gl

II. Problems & Research
tendencies?

TFTY FZEF AA top-gate?} bottom-
gate?] 7 7FA] 727} EH, Oxide-TFTE
Azkol QoiH 71 2 BARE e

g doltt. top-gate -2+ channel layer7} 2]3%
2 SR 7] whitel, At vheeixl &
o= & F-87 el 93l damageE Y-S FE©]
Zt= Z10] 11, active-layer7} substrate ol H}
T ZE7Rs F-£017] "] 7 AR
T2E ARE7] Wi, mobiliy7} Foh= 3
AL 7Ex 31 9t} wld e bottom-gate -5+
active-layer7} gate-insulator 9] ol S&7R= %
o]7] wje], ﬁnal-layer-cl] roughness"ﬂ qars
EA ok webA top-gate U E WS
mobiliyE ZHA| H=d, ¢]& 7NAst7] At
W A7 JgE o] ghom, HAY top-gate
mobility & e &=
bottom-gate structure2] TFT7} #|&ko| o] B
% np 9k bottom-gate®] 7} E AH o2
= 719 Si7|Rke] 3 eRRlE IR 0] 8%
T Stk AolH, ojg gt Fiof ]3] &
o, top—gate‘ﬂo}’i} Hrl= bottom-gate'd-4] ] -
Zo FHE Fol d7-5 A s 2 AL
A gk doltt, 200230l YE 2] Sacoshi
Masuda 1594 AL ZnO7|8Fe] TTFTE
HEE G O] 5 oxide-TFTol| that W EA)H
o] A7] Helgta, olejgt BAEEE sidst
7] A% B2 A77F T HAF T oxide-
TFTS] 71¢ A A sjdsfiof & 452 st

structure %X &2

channel®] carrier concentration-S control 3}

£ Aol th =738 A binary compound & ¥
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T 2HHE}S W], ZnOE+E material
oxygen-vacancies®} zinc-interstitials®l| 2|3}
highly n-type& W a1 it} o]28k EA&
z24317] 93, zincg tAlste] 15 A4S
¥+ oxygens A E 55 A4F dopingdte]
n-type carrierS compensationA] 7] WHOFE
concentrations controld= A7} 2 gl =
7} 14, defect A= T2 T35, defect ]
A2 Q) +x& E0)|7] YA active-layer2
thickness= controld}9] concentrationS
controldh= A7 3 A FTh 18] 31 0]
2t+ ©HEA conducting material ¥ high
mobility §/4& ©]83}7] fste], FHUTE
Z73}99, conductivity®E control 319, channel
2 AFg3kE A9 conducting material S 71
2 0]§-3}5, gate-insulatorE ferroelectricS
o] &3t TFT 54& AR A £ 13
¥ AHHI7F 9lth. Oxide semiconductor material
& A $F3H4, binary compound, ternary

compound 12|31 quaternary compound 2 -}
5o}z % girk.

1. Binary compound oxide semiconductor

Binary compound oxide semiconductore 2
VA AR FAE IR material & Z31
Zn0O, $n0,, In,0;7} %7]]| &%t} Binary
compound material 8] 23] A4 H-L
Oxygen vacancyE control3}7] o] Hth= A3}
defectol] 213} normally n—typeola}%f 7ol 3l
o} ]38t material 51| I-VE dopantE @
Al £32 2 2 doping 3] p-type material<
e A7t THE T A7 I Fol

o, HA7FA] & n-type material & ©]-§ 3

NMOSe| tigt A+E 3 Fof k. 314
gk Al dist &
SEHEA, oFA7MA] FIAAE 23 Q1A
= o2 Ho|t} 20053 % °]A 9 dTd =
& MK, FF Bottom-gate structure®]
B2 o] HW, 8 FHHEE= Mobiliy 9}
Leakage current54-& 7|43k ol dish
TE°] WYPHoH, & gHeZ &
Photo-detector application®l] thdt AFE0] 2
= Ak U= Oregon FHU ] J. E Wager 1
FoAE ZnO7)4Ee] TFTl| tf3t Channel
mobilityol] 3+ AT A HE WHHG T, 2
F7+9] E. Fortunato 1A= FF flexible
electronicsE 1§ d-237g o st ATAAE,
Ehmo] AAItSt . A E oA = Photo/UV-
detector 28] -3-8715d 7}, Hydrogen treatment
£ &%t channel mobiliy3Fie] tf3t A2
MRSl o, St sy le At doiM= AA
& FEaAE A5 ZnO-TFTE wHE7] 94
BZN(Bismuth-Zinc-Niobium-Oxide)-S insulator
7 o] &8 TFT ol st A2 & LE it o]
AR ] AFAAE BA, A%} Seability=
72 AR gkorom, ZznO718ke] TFT S Al
A 7S S AIZ1Z Bojir,

¢HE, 2005'd o] $-FE EAACZ Oxide-

| Light{hv)
W Vos
Al Al N\
Zn0U100nm

Si0,{200nm)

p-Si

_'*'_

Ve

G 1) BMIHES| Photo-detectorg $I8t ZnO TFTS] &
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(a) C V=V {b)
o018} i PTY
o &
bes 5
[ X113 10
P # =198 cm'Ne fﬁﬂﬂp 6&&& 1 g
02} K o= 08cm™Ve V=30V §10° E
§ oo 193
s {10° §
0.008 - .9
——we 11
0.003 - j._:::g . 10"
000 PORSR AT SRTTI | NPT S YT W WP W 1 1041
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(@ 2) AMHE 2] Hydrogen treatmentg £§t
Mobility grete] Zut

120
Wil
100 + 100110 5015 2002
% L
=~ Vo= 1OV
= 12V!step
20 3
o] /
02468100246 81002 48810

Vs V)

(12 4) Taiwan?| H. H. HsiehaE0| A 2tEst
W/L ratiod]l 2 TFTS| &4

e 00008 . x10°
5l wa=2 50um _ 10 12
107F = 2.000um Vo4 wfvo=100V V=101V
107 = Top-Gate 7 TS Top-Cate
107§ 0.0006 10° [~ - Botom-Gate /- — ~ Bottom-Gate
U, = 0,024 cm'/Vs « 10°}
v, =20V i i
10%F Ve < e AT
z 5= 0.25 Videc S — Joo00s ® <9
2 i , ] _o107y B
e § ' =10°}
’ — . 10 L
o ' 40.0002 10, ,
107 ] o'k
/ 1 12 [ i
11 ’ 10° N, SR /|
10 . L 00000 10-13’. RSN S ) S
4 0 1 2 3 4 5.0 5 0 5 10 4510 5 0 5 10
VGS (V) GS (V) (e}

(13 3) KISTES BZNS 088! Low-voltage
ZnO-TFTY BXEY

semiconductor®]] th¥t o] FA3A F7}t
A, A 78 2FlA AT-E 25}
7] A& Hed, ol AAA o g 7 A
ol Publishing =0}l =] HpRE Zholr
ot &AstA xtelE Hola vk 20054
o] %ol Taiwan?] H. H. Hsich &4 TFT
Channel @] W/L Ratio®) 2J3F EA4¥H 3} ol
St 23S B33, ZnO9) thicknessE %
Z18}0] amorphous-ZnOE channel 2 ©]-4-3F A
TAHRE LT HGITE T3 A2} Stability |
3t #4lo] F71EFE A, Oxide-semiconductor
£ channel® ©]§-3F TFT 2| Stabilicyoll tii$t
A7} 5t B 1 soj=| 1 gl

(28 5) Taiwan2| H, H. Hsieh2 S0l A ZHEst
a-Zn07|8te] TFTel EY

Aer Syees 2008
L.V, 8 A0V, a5V

e RV OV, V =10V

ceri e 3V 10V, V=BV
AV =10V Y, =10V

N N + 1E-10
50 28 00 25 50 75 100
G Voltaga, V,, (V)

(38 6) G-KAISTEOIA ZESH ZnO TFT2| Bias~
stressOl| 2/t StabilityS4
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2. Ternary compound oxide
semiconductor

Ternary compound oxide semiconductory= 3
7 ] a2 74 = o7 material S b T
2 ZnOolA] oxygen—vacancies% doping% =
3}e] carrier concentratione control 3112} 3}
E YEZ A7t R oA %, n-type
material 24 ZnO 7]1%19] 120, ZTO %, In,O4
71%k2] 1ZO, 1GO7} 7] ¢l &3tk 28] &
Atk Al A thF-E2 Oxide semiconductor
& Indium©] XEE = A& BA He
d) o= In2037]- bixbyite "= 2] octahedral
siteS 230 2 Q18] high-mobility?] 5448
ZHA He ZE o] &% Zlo|th ole} HEo
Transparent Conducting Oxide(TCO) o i3tk
A= U3 MAyE T e, Zn0ol 3F
A9 Ga, AlS H7}3} carrier concentration
< control 314 N-type semiconductor®] EAJ&
zHA| 3= Aol 21X A] ¢k, Heavily doping S
Z=883}0], Fermi Level- S Conduction Band .U}
A%0 2 XA AA ConductingS/3-& ZH|
3= A E S Eoj A 1 Qlty TCOS A+
of thgh AL dAl ARSI Rl= TCO
ITOE dAlsk] A% 52 A7HAA L
A, ol @Al ATl EASHE Ing] &
o] 127} Ing] 7440] BiR7] wize] o] &
As7] $18k TCOE Meétr] f1ste] 75
28sta 9o, A Commercial ITOS] o
(Resitivity)=1.57 x 104[Q - cm]ol] 2H&
A TCO digh A7 =1 U3, &
A ool tigt A AZHA, @A ITO 3T 5
A& 7= Al-doped ZnO(AZO) 2} Ga-doped
ZnO(GZ0) 2] A#} H3F HojR| 1L 3l 2005

d o]d 9] AT FEE AHEA =, Ternary
compound+ J. E Wager 1F°]| 2}t Indium-
Zinc-Oxide(I1ZO)71¥ke] TFT7F B8 w1} §
O™, Indium® A Material 24 Tin(Sn)
& A8 Zine-Tin-Oxide(ZTO) ol ti&k TFT
2] EAJ 3} Passivation®l] &5 TFT S AW 3}
of g ATANE BEAAAE, v}
Conductive$t E4& Z+= Sng control 3t
2 3t Aol & HAF ] shtolt). Hgh
FEE 95t A5 SR A, 71E] TCO
24 0]2F XY ITOZ Channel® AHE-3}
11, Gate-insulator= Ferroelectrice AHE3FO.
A, TFT 54 % Bagd=d, ole
Conducting Material¢] & t}& 2t 7543
AN A7AF & 5 o

:

Si Substrate Gate (PY/Ti)

(O 7) YE9| T, Miyasako 1S0|M 2ESH ITO2
BLTE 0|88t TFTS| =&

1072

10 |

b (A)

107

108

100 -

r
10—12'- it

VGS (v)

(13 8) 0|= Oregon FHLH2| J. F. Wager E0
A gESt ZTO-TFTY E4FM
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(37 9) E. Forunato 281 2 A7 80N S5
ol GZOZ Electrode® ARSI TFTS 2
ot EA (2)) Bottom—gateAl, (0f2H)
Top—gate'dtAl]

2005\d 0] %8 AFAAEE 29, TCOR
W AZOSE GZOol thst A tdalEo] By
AA = Z& & 4 9otk Indiums] 22 &
A 7VA35 a]lo] EEARE, ITOE U
A Materialol] i3t AFAFAE0] HuE1
glom tjEdog E=EZS E. Fortunato
IEF B Ao GZOE AR At
off o3t -8 W3t ik

3. Quarternary oxide semiconductor

Quaternary compound materials 2+ T3
o2 2003do] 4¥E Tokyo Institute of
Technology(TIT) 2] Hideo Hosono®}AF2]
(In,05-Ga,0,-Zn0)IGZO7} 31}, Hosono®t
A= ZnOol Al Carrier concentration®}
ConductivityE- Control3}7] 314 Indium(In)
3}, Gallium(Ga)& AHS3HA Hgietl, 2 o
2% Zng At 35 9421 Gag HUte}
o3, carrier concentrations controldF3 11,
In,O57} Bixbyite 725 2t ol Alslo],
oj2]st 732 5742l High-mobility S &-&

3l7] 93l In& ConductivityS Control&}7]
A% 942 H7H8 o] In,0;-Gay0s-
ZnO(GZO)E ®HEA H3Ith IGZO+= ¥4
4] Amorphous structureE 27| Hi=d], I
Ho| & £33 High-mobility 545 e}
U= Material 24 Al Iiuje] & Ao}
71945l i A HoA 1 ek 1IGZO
8} SGZO(Sn0,-Ga,05-Zn0) 2] H|ZAEL
g Aol A, 1IGZO7] 4] Azbel] H] &)
SGZO714Ee] AxApe] E4do] vlua] F£4) &
T RoR AL R Hojx glor, HAY
i) B G ECIA IGZO7]HES] At
3t A77h 2R I k. 200700 4
A SDIS] ZRlqrekal 153 A7 e 1
g1 BRI} T Fo| A= Co-sputtering S
T3 IGZO-TFTS] A5l dg 4+2
32} Bottom-gate structure®] TFT S $10]A]
8% 1GZO Channel®] Damage S Y= A=
}A847) 918t Si0, & Erch-stopper® A8t
177239} Ar plasma treatmentE ©]-§-3}0d
EAE A AT A9ES GEEh
IGZO¥ HosonoHAM7} 9 ESE
Fa 97] WEel, IGZOE iAE & 3l
M 22 oxide semiconductor materialol} T}
SAATE X407 o]|Fo|] 3 gtk
Oxide semiconductor?] ¥+ 8] Thin Film
Transistors(TFTs) 8] 48 75811 EA8=
HAgeM & 5 AN AL, 7P & FAA
Z sy 71£9 Si0,E IR ALE-shd
invisible electronics®l] 2]-8-3}7]¢l| #|sto] Hr}
= Zloln 1&F o] Fesith= Aojth 1
213t o] -2 719 5i0, 5 AT ¥ F&
o} 7F&3taL, visible range (400~700 nm)©lA

< FHEE 24 High-k material & 2tolof

‘O o o
ot S

i

fg o

A

Ol

Le]
a7

ol B g d
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( 2) &4 SDIel FrZYAL 2E0IM LHESH Co—sputteringf 28t IGZO-TFTS| E4

T

In/(IN+Ga+Zn) 0.40 0.63 0.65 0.73 0.76

Ga/(IN+Ga+Zn) 0.43 0.26 0.23 0.16 0.13

Zn/(IN+Ga+Zn) 0.17 0.1 0.12 0.11 0.11
N,/(10'%cm™?) 3.2+0.18 1.9£0.06 0.91+0.06 1.5£0.03 1.8%0.27

Sample 1D | Tomt s
Reference(50nm) 11.2%£2.01 1.12+0.07 6.5x10° 8.14%£0.36 2.9%x10"
Cosputiered 19.3%0.74 0.36%0.02 1.5X107 0.59+0.32 9.1x10"
Reference(40nm)/ + + 7 + it
cosputtered(10nm) 15.3%+1.20 0.36x0.06 1.8x10 2.22+0.49 9.1x10
Ga,0, Hyo fomt v !0
o 000, 1.00 ¢ 10 0w
O not measured RS

0.00 0.25

0.50 0.75

' 025

0.50 0.75

X in (In,0,),~(Zno),_, (moi%) X in (In,0;),~(Zno),., (mol%)

(3™ 10) In203-Ga203-ZnO{GZ0) 9 Phase Diagramd} ZAMH|80] E Structure (%)

InO; octahedra

I

Zn/Ga 0

[1700] l |

[0001] [ Il
GaO(ZnO)* In0y~

{11201

(18 1) 1GZ09] AFTE~Octahedra site?t EREOUCE
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¥ (a) |

—_
©

B B i Tt
P

(b)

~5 0 5 10 15
Vs (V)

(38 12) IGZO TFT2| Bias Stressoif 2i8t,
Threshold voltage shift $i4

stel= ook d A 18] 714 candidatesl] T
3 A7 D& Hol AL 917)E S long
time operauonc}*{: Cﬂ 9,;101, llﬂ Aé} 5} };i_oﬂ -
AAE A3 ek

Iii. Further works

Oxide semiconductor] active layerof] o %t
&8 7]""*”"3] gk F22 olv] ofg A4
Fellx ThsAdel digt dgo] B Adstolrt.
= tis OVWW TAZE HoAA L Yl FEol
T o]= 73] A=A & EAd], FH*
o] ATFFES B, 20059 olH7A =
channel layer 241 2] B2 candidate material &
F grzo] g A7 FEo Rk ot
®, 2005 o] Foll= AR o7 4] Fa
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device® 4ot A7 =3t I 510174 A,
A= 3Vt M F28tE ZnO7]4EY]
TET] chgh 7hdo] Holles AAoltk TFT
& A &glol| lojA] gate-insulator®] interface
layeroi] A 2] charge trapc’ﬂ 2] ) hysteresis“?_3/\01w
o] drAlslY A3} A 0 F | threshold voltage7}
shift=+= @Atel] 3] device7} QL EZ &= &
A& A orRt gtk o) g ATl oist Y
&0 24, dA High-k material 2] W& B2k
b 3= 9l MRS gate-insulator structure®]] Tl
b A ZE M, multi-layer structure2}t hybrid
structure®]] th ¥t A7 A& Holx] 1 glow,
2 AFeolA s 23] 152 hysteresis
width(4V=0.2 V)& Zt= deviceo] g A+
AHE LR Fol 9loH, & 2l i3]
10091 o] WE54E Poole 7
threshold voltage = 2.0 £0.5VUloll A =A] Blo
LA ok E71AR) Adg Ak & 2
g go] A ATECAAM, do= dldaor T
B2 A Z-& oxide-semiconductor®l] th3t ¢
15-3] &1, doping mechanism 27}, doping
= i 18] o] 2 o] &8 AxE AR
)14 bias$} thermal stress©l] €] 3} stability
£ 348 = 9l device TR A2A L AlF)
3

AF7HES 9ol WAoo g

el m°"

&mméi@“{m
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o

V.2 E

A7 AEE BrE Ao sk A A A
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A Azl et %A Aole of % 7
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o4 7Hﬂﬂ Xiﬂs‘ %ﬂlﬁ@ol E-MRSoi| A
A Z}7} Organizer S 81AA Qo kot W &
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A1¢] 71404 1IGZO Atske H=AE 7HA
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® Functional/ multi-functionat TCOs

® Structure / defucts / interfaces

» Mesoporous / Nanoporous materials

» Pieraelectric, mugnetic and dielectric TCOs

» Modeling and simulation

& Electrical, machanical and optical properties

® Physical / Chamical growth techniques

® Elactrodes and device fabrication processes

= Dirsct writing, printing and pattering

@ New tools and equipment

 Flexible electronics

® Putype metal oxide materials and devices
BB « Transparent devices

: S {TTFTs, OLEDs, AM-OLEDs)
® TCO chemical sensors

(environmental / food / medical)
» TCOs in photovoltaic devices

® Smart windows snd architectural coatings

» Protective / Photocatalytic and active coatings
® Waveleagth-selective davices based on TCOs
® Emerging exciting applications

£ i

Qg 13) MIEtieH 2 F:2 INEEQ
IS-TCO2008 QAULHZAFE
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