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ol2|gt Aol gt BeAo=E= AA, 7|1£9 Si 7|Hte]
71e2s A Y qagdelaxtsg Zgit= OLEDE &
A717] 8t switching 2AZ4] amorphous Si(a-Si) 7]
Wkl TFT 249 mobilityel $A4E =7oH, B4, 7|&
a-Si 7|9te] AA}= bias stressoll &3l threshold voltage
(EEAY) ol shiftdle 7o 28} 252 st ©@Ho] ¢
=4 o] A HEiAe Bz RAF=E7 LadA
3, A 83 v]§FQ ESHAA AE FEE] o
H7] }&Eojct. Excimer Laser Annealing (ELA) poly-Si
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II. Why oxide-semiconductor?

Oxide Semiconductor:= high mobility (1-100cm?/Vs)
¢} direct semiconductor®|™, wide band-gaps Z#+=
semiconductor®4, Si 7|8t &A= T2 post-oxi-
dation @4fo] WA fenz Ao EAAHSIE 2
A-o] th, w3 AF2ollA amorphous T+ polycrys-
talline structures Z7] W&o, EE2 graing F43H7I
213t annealing o] "WASIAE gon TFT 4449
uniformity E3F 5 AR Hi Hojx|x glok, oyt

[# 1] Advantages of Oxide TFT

Mobility (cm?/Vs) 50~200 20~100 1~20 0.5~1 ~100
TFT type PMQOS, CMOS PMOS, CMQOS NMOS NMOS NMOS
TEFT uniformity Worse Medium Better Better Better
' PMOQOS ! 5~6 PMOQOS : 5~6
P ~ ~ ~
rocess Step CMOS:9~10 | CMOS:9~10 o6 o o
Equipment High Medium Low Low Low
investment
Compatibility with .
2-Si TFT line Not Medium OK OK OK
TFT High Medium Low Low Low
8 Module Low Low High High Medium
S (Integrated Driver) | (Integrated Driver)| (non-integrated) | (non-integrated) | (non-integrated)
T i ) i .
Profitable : High High Profitable
Total X . . .
Lol (small size panel) Medium (Large size panel) |(Large size panel) |(Large size panel)
Current Stability Stable Stable Stable Unstable Stable
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oxide semiconductor= oxygen-vacancies®t zinc-inter-
stitialsoll 23t normally n-typel.2 R Eo{x|i Qo
] p-type doping®] °©3¥ THE 7|3l QlojA], o}F7}
A CMOS type?] deivceE T8sh= AL AR HAA
1 Qloew  EHA7IA| oxide semiconductor? defectE
controld}”7] ¢3t =go] o] AYPx=|jr ¢}

HI. Problems & Research tendencies?

Oxide-TFTE A&l QoA 71 & ZAd2 A=
Aol gdoltt TFTE 22+ 34 top-gate?} bottom-
gate?] F 7}A] 327} =4, top-gate +=+= channel
layer’b 9JF2 =8{UR] 47] &), 2%7F ©EoZ &
o= AFTT 28 damages U= FE| Arte Ao
31, active-layer’} substrate 9ol HI2 &gprl= F=R0]
7] W2 s RAHA pRE AFE7] g
mobility”} #tt= AL 7HA1L Ut ¥HHEY bottom-
gate -2+ active-layer’} gate-insulator 9ol 27t
= F-%0)7} &9, final-layer® roughness®| F&S
Al €}, WEkA top-gateB Ut RS mobilitys ZA
<=4, ol& WA Hd B A7t Y e,
A top-gate structure EALL mobilityS UYL=
bottom-gate structure® TFT7} AlZto| ol By v
Urt. bottom-gate®] 7H & AHLE2E 7]&9] Si 7|8t
o] FAERIS A2 0|8 4 Jth= Hoju, olgdt B
£o] Bj30} & u top-gate WA ET}l= bottom-gate W
Al9] fzo) FHE Fo IAFE AYsHA € A A
Qoltt. 2002 Y& Satoshi Masuda L&A A&
ZnO 7192 TTFTE 2R3 o|F 2 oxide-TFTo st
H2 TAIEol A7l Eoigtar, o3 EAMEEES Ast
7] % BE A7t YPHART oxide-TFTE 7H4
HA sjFsof & EAFS 3l channel®] carrier
concentration controldl= ZEA°|tt, €314 binary
compoundS £ IHIHBEJE W, ZnOZ= material&
oxygen-vacarit:iesﬂ- zinc-interstitials®] 2|3l highly n-
types YERNL 9ith. olzjdt EAL 2F37] 93, zinc
2 JAlstY 15 Y94E & oxygens AT 55 94E
dopingdt®™ n-type carrier® compensationAl7]= WU
OS2 concentration controldh= A+7} AR =7} 3
H, defect A= IHE FH, defectd A +=2&
£0|7] $3HA active-layer?d thicknessE controldte
concentration= controldt= A EZ APt 1]
i o|2k= ©E2A conducting material® high mobility
A4S o837 fIste, M, E RAE3tY, conduc-
tivityS controldt®}, channel® ARESh= 72}, con-
ducting material= 1= o©|83}%] gate-insulatorE
ferroelectric& ©|&3te| TFT EAL A< 43 E3t
2= A7 Qlt}. Oxide semiconductor materials 3
Al 5319, binary compound, ternary compound 18
I quaternary compound® YA 4 9ot

1. Binary compound oxide semiconductor

HAASE

Binary compound oxide semiconductore= 27}A] ¥4
2 FAEYZ material® L3 Zn0O, SnO., In:0s7F
710l &3t} Binary compound material® &3¢ &
A&HL Oxygen vacancys controlst’] ojf¥tl= A}
defecto]l 93] normally n-type®lgl= Zof Qtt. o|2g
materialEo] [-VS dopantE AEA EXZH2E doping
3lo] p-type material® W& A7 FHE =1 A+
7} X3 Zo|n] FA7IX|+= n-type materiale ©|&F
NMOSO| gt A+E [ Fol ot stARE Al=5F4
of i3t EA7} X&Ho2 AZEHA, ofH7IA| FAHA|A|
B ZFe3 QA= g2 Ho|oh 20059% ojAe] ATEAT
=2 AuRY FZ Bottom-gate structure® FE=E %
o] =3 FH EHXE= Mobility®l Leakage current
EAL MAstE Aol Higt dFE°] YR eH, & 3t
H 02X Photo-detector application®ll Wigh A+-&°] %
=it u]= Oregon FHWE J. F. Wager L&A=
ZnO 719t TFToll th3t Channel mobility®l i3t A+
AyZ 9EsT, ZE25Z9 E. Fortunato 1EA=
Z2 flexible electronics® s A=2F Al o 9+2
HE, 2] AR PYAS AFEIAE Photo/
UV-detector29 38743, Hydrogen treatment®&
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(32 1] 9AH dALES €2 Photo-detector® Y3t
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[33] 3] KISTY HYFHA}F gel BZNS o] 83t Low-
voltage ZnO-TFTY F2EA

E3t channel mobility At i3t d12das 2hw3stg
oo, =B 7|eAFHe] ALFEAL HolAs A
FaAE Y% ZnO-TFTE 957 Y3 BZN (Bismuth-
Zinc-Niobium-Oxide) ¥ insulatorZ ©]&3t TFTel df
g IFERE LEYC. o] AFEMRA Y ATEAE EY,
A9l Stability:e AL AEER 4%ew ZnO 7]4be]
TFTE A¥ VA& 431 A712 oA

P W
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[O8 4] Taiwan®] H. H. HsiehZ S|4 TE3 W/L ratio
o] W& TFTY &4
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[38 6] KAISTS| uAFuse HojA UEF ZnO TFTE
Bias-stressol| &gt Stability &4

SHH, 200549 o|¥-HH B2AZOSE Oxide-semiconduc-
toro] gt Talol SFASHA F7I8HHEA, AA f4 1E
oA AFLE A7 AFSHA E=tl, ol= HAAFLE Z}
gl Publishing= 1A= =52 R0t ZopRol: 84
3lA z}olE Holil it} 20059 o|Fo)&= Taiwan H.
H. Hsieh Z25°|4 TFT Channel®] W/L Ratio®] &J3t
2Nt Oist AAES BU3ET, Zn09 thicknessS
243} amorphous-ZnOE channel® ©]&3§+ A1Z3}
= S EHTE E3 AR Stabilityoll g TAe] 71
H A, Oxide-semiconductor® channel® ©]83t TFT
9] Stabilityoll thet 23t £3F Bl =o)X 1L 9l

2. Ternary compound oxide semiconductor
HA-1=Sk

Ternary compound oxide semiconductors 3714 ¥
AZ FA HoA material2 E3H FE ZnOA oxy-
gen-vacancies® dopings &3} carrier concentration
S control3l2 A} 3= =2 A7t APE|AH Lo,
n-type material24# ZnO 718t 1Z0O, ZTO%, In0s 7|
gl 170, IGO7F “47lol &3t ZpA|3] EoriEA =W
R E 2] Oxide semiconductordE Indiumel ZE¥E o]
N AE BA Hed ol In0s7t bixbyite F+REMHN
octahedral site® 22 28] high-mobilitye] E4
& 77 == AE ol&3t Aoltt. 0|9} tiEo| Transpare-
nt Conducting Oxide(TCO)°l ¥t A+= &3] X3y
a1 e, Zn0°l 3% Y42 Ga, AlE 718 carri-
er concentrationg controldl N-type semiconductor
9] EAE ZA k= Aol AR YL, Heavily dopingS
483lo], Fermi Level® Conduction Band®th #&°
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2 YAAIAA Conducting EAE 27 3= A+ 3
HojRaL gk TCOY 7ol gt Bagde dR AMEH
ojX= TCO?! ITOE HAIS] 3 §5= A E XL
Redl, ol A XA EAstE Ing ¥ 12T} In
o] 7tdo] vR7| w7 o|E thA35l7] ' TCOE WL
5l7] $1st AFE Ak 9lem, A Commercial
ITOY o(Resitivity) =1.57X107*[Q-cm]o AT =+
U TCOON st A7 XY= QQar A o]of st
ATAZHN, @R ITO 4% EAS 2= Al-doped ZnO
(AZO) S} Ga-doped ZnO(GZ0) < A T3t HAX 1 Q)
ok 2005 o|Fe] A1tEEE AHEA =W, Ternary
compound= J. F. Wager 289 9|3t Indium-Zinc-
Oxide(IZO)71¥te] TFT7F Exd BF glen, Indium®]
i AE Material2 Tin(Sn)& ARE3$t Zinc-Tin-Oxide
(ZTO) ol gt TFTS E43 Passivationo] &% TFT
o EAW3Zto] tigt d4AME SREIFPAIT of$
Conductivedt E4LS Z+= Sne controldl= A ESH 3
Ao} & HAIF2| shtoltt, T3 FET Tt A9
SItEX, 7|9 TCOEHA o|-&EojA¥l ITOE Channel
2 AME3HAL, Gate-insulatorE Ferroelectrics AMERL
22X, TFT E4& H131¥+=1), o]= Conducting Mate-
rial®] & & EA M-S AAGE dEdE & 5
Rt

20054 ©]%9] AFAI}ES EW, TCOEH AZOst
GZOo| digt d+283s0| HiEoX= AL & & Utk
Indium®] 243 37 714452 alo] HHAFE, ITO

£ HAIE Materialol] gt d+Z23=0] REHT oy

fZd o2 LE2EZ9 E, Fortunato 1E3, £ dH
M+t GZOE AHESE &t Oigt A& A3t ot

Source ITO Channel
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(38 8] ©l= Oregon FHWE J. F. Wager I5°l4 &x
3t ZTO-TFTS EAZA
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[38 9] E. Fortunato 1§ & AFHAAM d+%< GZO
£ Electrode2 ARESH TFTY +22F E4A )
Bottom-gate 4], (ot&]) Top-gate ¥4

3. Quarternary oxide semiconductor &+
=5k
o O

Quaternary compound materialsZ2+ HEZHSZE 2003
Yol A& Tokyo Institute of Technology (TIT) 2] Hideo
Hosono®AH] (In:03-Gaz0s-Zn0) IGZO7} At Hosono
gkAb= ZnOolAl Carrier concentration®} Conductivity
£ Control3}’] Y3A Indium (In) #F, Gallium(Ga)& At
£33 =HAed, 22 942 Zng diAste 3F €29l
Gas A7}3t9], carrier concentration® controld3}$ 1,
In:0s7} Bixbyite T2& Z= ol 2Rtsto], o]2gt Fx
% £49l High-mobilityE &-83}7] ¥3l InZ Conduc-
tivityS Controld}7] $1%F 942 FH718lY In0s-Gaz0s-
ZnO(IGZO)E T&A =HH. IGZO= 4=°lAd Amor-
phous structureE ZA =&, I %= B33l High-
mobility £4& Uelll= Material2# @A 3 B2
Ataet Z|dsod QA A HAAE Aok IGZOLt
SGZO0 (Sn0z-Gazx0s-Zn0) & Bl AEHE 3t ZAiojlA, IGZO
7|8ke] Azto]l wvlE] SGZO 7|98 Ao EA4o] H|ILA
FA| B3 Zo2 Ay B FHOR 1L glen, dA I
Q] B2 7|PEA IGZO 718k A2 gk A7+ X3y
golxal Qirt. 2007d) A4 SDIS ARFEAL 158 A

[Z 2] AISDIS] AR HEA LFoA UESE Co-sputtering
o 9§t IGZO-TFTSE &4

if power
of 120 targt it W b W A0 W 800 W HO W
in/{In+ Gas Zn) .40 063 06 0.73 .76
Galfln+Ga+ Zn) 3.43 0.26 (.23 8.16 0.13
Zud {ln+ GasZa) .17 .41 E2 0.1l 0.1
¥, (1% ey 322018 92006 6912006 1520003 1.846.27
Hypy § bt S)}M N,
Sample 1D {em*/¥s)  (VHecade)  rativ i fem)
Reference {5t nm} 1122200 L122087  63x18%  814x036 29%x 1%
Cesputiered {50 mm} 19.32074 0362002 15107 0392032 21x 0
Reference (30 nml cosputtered (10 nm} 1832020 6362006 18X 1 2222049 910t
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0 e 0 088 R LO0 g 2P0 OB T 03 0.5 078 L0 g0,
X i {i0g0),{Zn0}y., (moi%h}, X i (1020 (Z00)s.« (Mol%)
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[38 11] IGZO% BA+FZ-Qctahedra site?7} 285 ojgic}
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[38] 12] IGZO TFTY Bias Stressoll 2|3t Hysteresis®}
~ Threshold voltage shift A

A7geAE 22 vkl Adubal 1A Co-sputtering
%3 IGZO-TFTS A5l et 97279 Bottom-
gate structure®| TFTol U4 FA5F IGZO Channel
°] DamageZ Y& Ze LAY 3 SiOxS Etch-
stopper® A3 ATZAAL} Ar plasma treatmentS ©]
$3to SA4E N AT ZAES LHIY SRt
IGZO< HosonoHtAL YHESIE 4R35t 7] o,
IGZOE HAZ =+ U+ MEE oxide semiconductor

materialoll 3t BMATE RAKHORE o|FofR|1L it
Oxide semiconductor 7|¥t2} Thin Film Transistors
(TFTs) 8 EA4S A48t EA4%k= #ANA & = AR
d AL 7P & BEARE F shve 71€9 SioE 1=
AME-31H invisible electronics®l 83170 Algte] Hrh
= Aolw 12y o] HQslrt= Aoty 1Tt ojf-FE 7]
£9] Si0.E AT AL F32bo] 75811, visible range
(400~700nm) oA &2 FH=E Z+= High-% material
< Ztotok gitk= Zolth. A 27HA| candidatesol] o
3t H3t7F A Eo|Z L 7]+ BHA|YE long time opera-
tiondh=t| 910, A=l SR FAHS i Aok

IV. Further works

Oxide semiconductor® active layerel st &8 715
Adof] gt BES- oln] oz d-ZAdolA ThsAdol gt
AEo] i Ad3tolt). tint ol 7Rl EATE Eo{ X1 =
o] JtiH o] o3| A=Al EAH, e A
EFELS HH 20059 ©|A7FA|= channel layer2A419] @
2 candidate material&3 +&°f gt A7} = o
Aok 2o 20058 ojFols AFAHCE 40 FAE
A, AlZ ARl tigh |7 ] JRE UL B
AL Ao|th 3 portable devices Y3 A+ E3F 3
Hojxx Qi A= 3V bgtolA F&BH= ZnO 7|4Hke]
TFEToll tigt 7ido] =HolQle Aotk TFTE AlRE
A0IA  gate-insulator? interface layer®}A2] charge
trap®l 23 hysteresis @Are] WASH ZAuFo=
threshold voltage”}t shift®+< Aol 23l device’l 25
2ele EAS dflZsobet Siot old Aol gk Yo
24, @4 High-k material®] FHE 2438 4 Q= Al
2% gate-insulator structured] W3t ATEH, multi-
layer structure®} hybrid structureoll @t A7} 23
ozl glew, & dAF"HoA= AEs LFF<
hysteresis width(AV=0.2V)E& Zt= device®] st A+
AIE B Fo oy, 22 A i 1000 Pz
HRE =9 FWlo|E BT threshold voltage: 2.0%
0.5VUollA A HlojuA| ot= §712<l daE SRIFT.
3 g ol A AFEoA, doE 2o & FE2,
N 2-E oxide-semiconductor®] Wt YAHESF FHE dop-
ing mechanism &Y, doping 7l& 7iE, 23 ol&
o] 83t AAE Ao oA bias?t thermal stressol]
)%t stabilitys B4 = U+ device +F AA 9 AHZ

of thet A7t FH glo] A= oo 3t

v.2 E

A7) AR WA thE AAAY ATFFS =
= WgshA BAstel 29 2A F 7R W] e 34



14 2008 24 AR AEFHO|EHR] A9E ALlE

e ¢ 5 Utk AA= AFE ERRAEHS] 34 S
e AEA gE dtoln EA= AEEE HEEA AR
gt B4 Gl o] F 7HRlE AR UUE AT ESF
A SlewA ZF g Aoy T Z1AAolA 213
8 4 gl st 9 Q=el I ARIFE YA G 3}
I 3ok A 698 ZFA9 StrasbourgolA ARE A3t
A E-MRSA AA7} OrganizerE 34 Fo
oot el F74Fdel Sakurl A% LG T 2
A9} 7oA IGZO Ai3HE HIEAE 71X tAE g o]
&3 TFTE /IYsty daE dxsle A& 21 2
oA B Brf Hatn 7mste AL Both viE Ydz
¢t @ ojoprlojrt. &, o] Bol= 7|UAolA SAFLR
A3t 7FsAE AAIBEA AES] dig THsAdE Elst
[ A 7hsAdol A3 2 EoRd SAlY, A 1~2
| Atolo] dt=7 EE ¥ 53 &o| 73 F7tst
I Qe BOlE, o]AE oA WA 7leide 2370l
&L 7le/idol digt A7 ¢ & Eokets Aol
AA7IA Y] et A+A 8|1 IHES dFEHESE X
*E o, S2oA 7PE et AL 7 A4 71dst
JE AAdolt) B3], ASE vEAA7F EfRAAEH W
By Azlaz) #ob opel fdgaz 9y HAAZ
oM ZA dFHI = EoRl ©F AlA AF9
NS X387 HAlAe AF 7SS FHORE
g =718 2o 0EgE g Ee) &0 AAZH AStol
tt. i3l 20079 E-MRSE 7122 AAA At
3He Yz H| Bopoll =F 28 Hyvl dES AAT 4Y
o] HXE Hslr] AZskYTh &3], 2008 o] 12jA 2
el oA A== TCO 2008 (www.tco2008.org) <A
&3 FFYARA AXE vlEst] A digigi=gel A
TV, &4, 7194 dFYE] 2L ol 3t dF-
Ao 3 AR HEY AFoltt TS Y&,
v, 8 &3 Hlasle o] Bofo) thdt A7 o| ui$
$-=¢ Holr}, o]u| 7|& iAot BT A7 |H E 3}
ALY A Axzept & FFE0] I 3 AFAHE)
ZA4 0] Q= Al dAEF ool HEE AA dio]A FA}
0| ZASHL 9lo] ABofA Ax ¥ BEE FEE 1yl
2 AEIL A&sA ZR/E] AYR EAE Y 5+ =
24g AzaA 971 7FssE Aol Sk 1990¢ Ty
GaN o]|% 2t} AR {2 Q= Zn0A ASHE H
A MAZE Ao d=dEe FXA F=E 7 2
7S A7, A, 7I9A FolA datA Fx3h
Ag ohed ol
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