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Abstract

ZnO is considered one of the most promising materials for producing
next-generation transparent and flexible electronics for displays, such as thin
film transistors (TFTs) on plastic substrates. Over the past decade, TFTs
produced from amorphous or polycrystalline Si have been important
components in flat-panel displays. However, these TFTs (especially
amorphous Si-TFTs) have several critical problems, including being light
sensitive and having low mobilities (=1 cm’/Vs) under light reduction. One
approach to resolving these problems is to use an oxide semiconductor as
the channel layer in TFTs. Intrinsic ZnO has been proposed recently for the
active channel layer in transistors. An important advantage of these
transistors is their high electron channel mobility (1 to 70 cm’/Vs with an
on/off current ratio between 10° and 106), which results in higher drive
currents and faster device operating speeds. Furthermore, the characteristics
of ZnO-TFTs do not degrade on exposure to visible light due to ZnO’s
wide band gap of ~3.37 eV, thereby eliminating the need to shield the
active channel layer from visible light. Furthermore, since ZnO is one of the
few oxides that can be grown as a crystalline material at relatively low
deposition temperatures, fabrication of high-quality ZnO films at low
temperatures will enable the production of flexible TFTs on plastic substrates
for next-generation displays.

Traditional post annealed method in the furnace at a high temperature of
more than 700 C, which represents undesirable side effects for device
fabrication, and an obstacle to the fabrication of flexible electronic devices
with high thermal budget. Therefore, to overcome these problems, we took

two methods on post annealing process. One is a low temperature process



of TFT controlling annealing ambient, and the other is a laser annealing
process using excimer laser. Many papers have discussed quality
improvement of ZnO films by annealing in oxygen, nitrogen ambient, air or
vacuum to reduce defects and enlarge the grain size. Not many papers have
focused on the effects of completed device by controlling annealing ambient
in the low-temperature.

Also, excimer laser annealing (ELA) overcomes these problems. ELA is a
well-known technique that is commonly used in the flat panel display
industry. It is possible to laser-crystallize ZnO films deposited at low
temperatures, thereby satisfying the requirement of low temperature when
fabricating flexible substrates. Several papers have reported that laser
annealing improves the characteristics of Si-TFTs, but few studies have
examined the effects of laser annealing on ZnO-TFTs.

In our experiment, we fabricated bottom-gate-type TFTs that use ZnO as the
active channel layer. After fabrication of ZnO-TFTs, we adopted post
annealing process in low temperature and using eximer laser to reduce
defects and enlarge the grain size of the ZnO channel layer for improvement
of TFT characteristics. The effects of post annealing process on ZnO films

and the performances of the ZnO-TFTs were discussed.
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A3 A A

3.1 RF =€ 9] a9jHste} Fepxg 7|aglol F2HE Zn0 Bbet

B Aol s RF =HEHE o]&3te] PC (polycarbonate) ¢+ PES
(polyethersulfone) Z&}28 7]3 9ol 7Zn0 vlr2-e Z==+39it)h. 2 7 o]
4 inch 3719 Zn0 (4N) EAS A}g3le] Ao =239
AW o] Ao 7k Ar7b9] RS 55 sceme
=+ 5 mlorrE FAAAHT. 24 7Zn0 E7le] FHO IS

she] Ar 9171014 308 ok A Hoz AAE%E 3kl AT E 9
=)

9= 100 W ~ 200 W oA 25 WA Z7FA 7] 1A 7 BoF Z==+5)
Ak, & A AE=S vpAAE o] &ety In07t SFREA e AY9S
A

@A ete] Zn0 W] FAE S, vtk A= dup 28] A
(Dektak 3st)S E3te] =A3ar XRD (X-ray diffraction, D/MAX
2100H, Rigaku) ©-20 SAHWO = 7n0 Hlure] AAA 9 njskd S do}
Bkl AFM (atomic force microscope, SPA-400, NITECH) H]e] H=
Hkal o g2 7p0utee] FHAElE ZAFSFS AL UV-visible photometer
(carry 5000, Varian)Z ©o]83te] 7FA1E3< (400 ~ 800 nm)ollA] Zn0
dhulo]l BEINTE =AY, a8 3-18 Zn0 BHEF =] AREF

RF-Sputter®] HEA] %k o|t},
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19 3-1 RF - sputterd +%
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3.2 7n0 ¥ E WX A~E o A2+

£ el AlFE Zn0-TRTS] 20k SaE2ds 247 ad 329
F 1 ol YehhdTt.

TiN gate

Si substrate

138 3-2 A FE Zn0-TFTY +%

TFT Fabrication Process

gate TIN (5nm) E-beam

Insulator LTO (300nm) LPCVD

metal Au/Ti(50nm) E-beam
channel ZnO (55nm) RF-Sputter

¥ 1 ZnO-TFT A Zte] F2z4
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3.2.1 A= % Atshe o3

H o Ago = v A4 Eo] 0.006 Q< n-Si(100) 7] o] Bottom gate
FEZ 5 nm T/ TiN A=E& ATt A5 2 Ao 71#& o}
AEY vee gdo] &3 AH7|Z 583 F71A

|4 &}, NH,OH
Ho0p (1:1:3) &MellA EHAE & HFE o]&3sto] 7|99 =4 Akst
TS AASEL Ny 7FaE AFE V) AXRAR T TFTY Ad Z(W)
100pum, AAEdo] (L) 10 ume! TFT wF~=¢} Photolithography &%
Ee] A= sjelS HAEU L theraml evaporatorE o]&3sle] H=S
S2AI AT, Gate A= FA Fol&=
vapor depositioin)®¥¥o® 300 nm F7¢ Si0, AHEurS F A&
Absial F2FS 9)sle] 400 T 9] &%olA Sily, 008 A2 AFE3 A
Z2F Fob 27+ 160 scem, 260 scem= SEFATE. A3t S32 3 (Gate
A=y e Wy oR 50 nm FAY Aw/Ti A2, =9

o

2l
S M\ - .
A=, dds, AESe] BF I ¥

N o rlo

LPCVD (Low-pressure chemical

A% Pya

Fo] TFTe] A}

Aol AFE% theraml evaporator® TFFEE0]

2
a4
[
juiu)
w
o

)
©
R
[
e
w
.
rr
R
4
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Lian]

Coating on wall —p

Evaporated atom

from source

Degassing from the

heated connections

Source

19 3-4 theraml evaporator® “+F%




A= F4 F RF-Sputter FR|E ]3] 55 nm 79 Zn0¥tHE =
23t th. 7o) 4 inch 27191 7Zn0 (4N) EFAS ARgalo] 204 &
Aatdar 2 AL AW e Aol 7h2Ql Ar7bsd] %2 55 scenm,
A&g%=E 5 alorr, 29 IFYE 200 W& FAAAT. 52 A Zn0 B}
Al FHOAS AATY] skl ArEY7IelA 308 FeF onjFHow
~HEHE st 29 In0Hhte] FAE weEAl 57 7] (DEKTAK
3st)E F8 SAHEAG
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3.3 Zn0 i E@A2~E O oy 7R &

IO-TFTS] AR, e e GERwn SS9 9sel
KeX =

furnaces ©]&3F A2 I g9 dolA F5H xS P
3.3.1 A2 A g

Thermal oxidation furnacegd ©]&3te] Ny, 0, =97]ollA 300 T,
500 C +&22 717 &% dA-gE sielth. 1A & 2bst= g 9
7] 7k2E FHFA dAY st g 27k SR AR E
NRE Zate] 94 sk, 18 359 ¥ 2 & 247 d AsEe
TxoF dA Y TS YEdY.

-

HJQ;
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Gas inlet — / Sl —

|
]

|
Quart’z tube

P e e e )
-TFTs
e

13 3-5 & AFslE (Thermal oxidation furnace)9 ++%

% 2 Al#HE TP 5 dAe 24

Thermal
oxidation furnace

Temperature (°C) Ambient

300

500
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3.3.2 #leolA €A g

Fel A mgo]l 248 nmSl KrF AW #o]A
g stk 100 ml/cm® 3 =7]e] oA 7}
7}7} 10039t 20038] FAMEATE 19 3-6

A dAg AlaE gz dolA dAe S
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N, gas

Observation port

Target holde

Substrate

port heater port

KrF eximer laser

1Y 3-6 HolAGAY Alage] FE

<HO|XM =H >

Duration time: 25 ns

Power: 100 mJ /cm?2

Repetitionrate : 1 Hz

# 3 deolAEA ey =4
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atomic force microscopy (AFM)
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contact mode

A} (Scanning)
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Secondary
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X-ray tube

Measuringcircle

S 37 ARM (S))SE XRD (obe ]
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3.4.2 vrak EPx Ao EAH7}

Semiconductor parameter analyzer [HP4145B]L- o] &3lo] =A% t]u}
o|zo] H7|H EAL ot ¥ EdXAH O Vs e o]
g o2 A=),

vtk E QR A~ ol 52 992 MOSFETA M <F wiz7ix| = =4 AE

b |
949 (linear region)¥ ¥3}99% (saturation region)e F+ 7FA=
A, =g Heto] A8 wje =i A Alo]o] EAJo] 7] Z

o2 ohmic 5= HERH, Aoz =9l dies =9l Akl
gt Avk. 9, w2 =9 Al e = ARk = A

|
stel S7tel BARel dAR @& M= S4& e

H

(1SS
t

D A3 (linear region)

9 3-8 Wi EAAE Y] A4 54 24
7] (gradual—channel approximation)<= A}
Aeb ol xiEk (3F)9] A7 AdS
)9 671%}% H g2 AEl2S 53 =992 A/FE 324 &=
< ot AEY Fo] Az =9l FHor HdHe] Wt =, A
gdo] H& x5 = AlolE Htol

7} ol tt.

o OFO
ol
S
)
i rlo
rir
jn)
o
rir
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©
=2

rl
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g
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2 A (mEg 2 45, 5 A el dst
= sk, ok AlelE HSE Ve Abolel A= o
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(I O 0 (gf = qu-‘_\.{ V(;' ™ VTII) (3.1)

—
Cate | Ansulator
| & -- J
u'a-SiH a-SEH —Cha—
e : : |
- b
Vi
7 —ay
T dv,
s =
Y=0 Y=L :

Ty 3-8 W EdAAE o] dhA=(e) e A AE Ak 7R (ok)

Aekel 0 VoI A9, dA=E=
(bias)oll el At V7F g4 lermz Ao F=d Hddh= o

&3} o] s,

0 00 00
mooono [T Gﬁ.-’v,r(vf?_ Ver=V) o (3.2)
dd AY ARE dest o] 29 F n



(3.3)

I = Wy, QF,

A7 ol

S
T

L
T

A7) A W

oA £ = -dV/dy<} + WA 2SI WA 2o oy

T
10
o

(3.4)

Ipdy = Wi, Tm\( Vo= Veg— VIdV

0ol A Vy (=29l A7k A sk,

V=

0ol A L7kA],

°olF vy

o]aL,

(3.5)

(3.6)

-
D

( Vr? _ VI‘H) b

w
HL

Ip = Cgy 1

~H

AT, mEa ¢ Ao mRE utek =X

= 3%

)

)
N

ol
;oo

0

el

Hlo

3}9d 9 (saturation region)

@ =

g2l
1A

=
S

ol
5

7}

=
o

gl AR7F o ol

=

zZ0 2 A gtA Al a1 (pinch off),
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W,

=
A5

A

d37F el do. e gkl ik A9 9
7F O ol vbA A "Jnk. ol d AR Q

=
=
wEE g Jda A Ve Vs obdll T A

Iy

C{r?.l'.-’\",'.lﬂ'n H:?
= (Ve— V)

# 4 EALHO 546 9FE = 24

(3.7)

s 4

On current

/L
Mobility
Interface
Ohmic contact
Gap states
Back surface (or interface)

Off current

WIL

Fermi level (a-Si:H)
Interface

Ohmic contact

Band gap

Back surface (or interface)

Mobility

Width of band tails
Interface states

Gate voltage swing

Gap states (defect states)
Interface states
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of fltk. 9 A& olgste ¥ YeolNe) WA @ oEEE T

Foolth et EdA s S4e Advee] 54 (Y 2R, Ws

JEE F), AYFH AT Atolo AWEY, AYFH FEate A
are] P Bl o8} JFS Wit

AlE A ~9Y (swing voltage, )&= =d2 AF{ [& 108 =7}
Q

@ AolE A VA the Ao] ALgETh

dV,

G B
d(logZ,) (3.8)

AT AGAGE A~ (mutual trans—conductance, gm)E o]83dlo] HAE

I ool FmE ek MW MOSFETY HMEAA~E oA F= ARE-S
™

%y, W ou v, (v, < ¥,.,)
— o —_ i 4 {
gu.' 9 [/’:‘, i = const. L '” d d deat (3 . 9)
olmjo] I;= =9l AR, Ve AllE At 22l Vo= =29 A
olth. Wb L& WrtERMA2~E Ade] &3k Hololu, (iE AolE dd
o] ge] mAY AdAE ol p= A B olEEoIth. Ve
5l =]

=l Ao E2shE o] =l Aottt
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Al 4 Ax g aF

=

L1RF =HE Sase] e Teae swele 2 7m0 v
ulo] =4

BoAtol A Zn0 wrehe ZElaE V) 9o rﬂ;-% = g kA
i F2 AT 29 4-1 (a) ¢ (b= vhe 23 E g9 dA PC
¢ PES 7|3 9o S&¥ Zn0 ¥kl XRD sHE& HojF=th. XRD =&l
M= Zn0 BFerol ~¥E #eav|eh 7lde] FRe #Aglel 20 =
34,47 FHOA g gk 937 YElvE RS B g k. o] 94

o]

= A RS JHE 009 (002) Wel o3 w3 7]E 9o
7n0 ¥hube] —Zo @ S Musr ZAE= AL on|stt. pC 9 PES, T

p
713 BEFol A A3 E 97 100 W oA 175 W& F7FsteE a7 o

< XRD VA =S Bdv. A2¥E 397 175 W o 7P %2
A7%=E Biled ol (002) AR EE 7o 2 tE THYelA
drmete] FiAQd viES 7o Ay a9 4-2 9F o] PC
0.1, 0.5, 0.89, 19 H|&3} PES7|¥ol|A= 0.09, 0.34,
0.8, 19 &2 F7tete 2E& FAsdnh. kA% o & ~¥E 3
ol 200 Well A =¥ 7n0 wretol A= XRD ¥ =17F A ZAske] PC,
PES 7]ol el =2 =7t 244240.06, 0.332] H]&< eI

a9 4-32 2~ EH geuigle] whE XRD (002) W I WX EZ}
(full width at half maximum, FWHM)2} FA|WstE HoFTr. A3 EH O
347t TS FAR S8 2n PC, PES F 71¥ BRFOlA §EA]
2 gko] 247 0.92° oA 0.75° =, 0.89° oA 0.72° 2 A3
ok, 53] 175 W 3k9jol A XRD (002) @ 3] =9 W] Z gro] <F 0.7°
T2 7P AA HEhded, ol Si &2 Si0; 71 9 FeoE

2 700 Wpupel A Qe WA E ghah wa @ weth, ey FEd W

e & K
rlo

K
<
= r
e
&
HJ

N
el
=
x
rir

OIN Oﬁ J.u

d
=)
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g A2, 200 W akgloll M S updke] (002) © WEAE ghE 100 W ool
A1) (002) W WEXEHgE v A JEbgth. 23 E 99 mpE whdt
o] AH Y AVIWHstE Q157 fgte] XRD 22473343 %3} Scherrer
formulas ©]&3F%
PC
200 W
w
= 175 W
3
E‘ “’\‘J\'\“«
1]
e 150 W
B T IR
7]
4‘1:-'1, m
5
= Zn0(002) 100 W
30 3I1 3I2 3I3 3I4 3I5 SIE SI? 3I8 3I9 40
2 theta (degrees)
(b) PES
o S 200w |
w
=
= 175 W
E- \"w—/Lh’_‘
=y
w 150 W
=
]
E w
Zn0(002) 100 W
30 3I1 3I2 3I3 3I4 3I5 SIE SI?' 3I8 3I9 40
2 theta (degrees)
a9 4-1 o 7HA] 23 E g9l wef Eebayg 7)ake] F2bE Zn0 v

2He] XRD o|n] A5 (a) PC 7], (b) PES 7%
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1.0 —n—PC
. ‘/ —e—PES

0.8
- 0.6 |
0.4

il f/f/,xf}
&

n
0.0

Relative |"'tE"5it!-’“rm:-,5';.3.33-,1751."}

100 125 150 175 200
RF POWER (Watt)

sog) she) Mstel W 0 wherel (002)W FHA ¥ A

1.00 280
—n— PC

5 - {260
5 u --&.- Thickness
< | {240
= 0.490 . i
g =
: B 1220 %
S 085} §
; 1200 @
= 0801 'g
: g l1g0 2
E 07s L &
B {160

0.70 L ; | . |

100 125 150 175 200

RF POWER (Watt)

T 4-3 29E gedste] mE (002)1 3d v =o] RbxFE iy u)

ute] %7
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D =0.9\/(B cos8) (4.1)

Fl

0471*1 D= 274%™ A7, A 9B, 6% 27 Xde 34 (1.54 A)¢t
A S5k, 2o FEdzbe it Arkd A He
371%— # 5o aofegitt. 7 7R Bl M AuE e Thejrt FUHE

5 A4 A7 % 9 A 11 m 2 F7FEAARE 200 W
©] PC, PES 7|®ellX= AF - A717F 247 9.9 nm, 8 mmE 7HAEHS
o olgfR AaE Fd 2y wefSUtE R XRD o] WA Egk
e FASE AT AT WEoln AUAA w2 A7k
Z duAE 7R JArse] dFeR esy utee] AAAE HEHAY
= AL Aot

¥ 5 Scherreris formulas ©|-&3}o] AAte 7Zn0 whate] AA T 7]

Sputtering Power
100 125 150 175 200

(Watt)
Grain size PC 9 9.9 10.6 | 4 9.9
(nm) PES 0.2 0.9 11 11.5 8

A 29 H 9= PC (a) F PES 7] (D) fel <%
S ARMCe. 2 =A3F Allo|t), Zn0Ebete] W QA
W9 &Aool xwalg ot} 200 Wel T = PES 7% o ZHw

¥ 2 Ausd 2 B9 g4 Tl v

u

O

v = =
Aol AN 9 SA4E FAgeH e Aow dddd. 9 44 2
FE 4 29E ohejol wE Zn0 urete] AAY A71sF 19 ARV E



3

7k 19 4-5 (a) <F (b)oll e, F 7] 25 150 W 349 ©]s

NAE AA-AHY V|7 A & Z7FEE, 150 W ol oA =
AP 2717 A gasginh. olH e di v Fo] FeE 4
Aol AKXtk XRD Aypebs ubE k. oleje d4ke ddeRE
100 W 125 W 150 W 175 W 200 W

(a) P8

(b) . o

a9 4-4 g 29y g9 Rste] wet (a) PC ¢4 (b) PES 71 1o
<2 ® Zn0 Hreke] ARM FH o]mA]

2~HE 39100 W ~ 175 W @A S& Al &2 7|F2E = 27
Aol A WSt 1 A YA AR Qs Zpagr|He] &40

n0 Hhe] =% A WS FEAASH fieste] FAsd AHY A
7] 585 o] A7IE Aow ddEnt. 175 W o] sefel M= whet
o] Sl A FFuy $Aste] 54 FASIeE A4y Av)e
27k Uebk=l ol XRpe] Aot dASglnt. AuE sheeh A4
H =A7pdstel] #ste] Kim ZwolM = S7bsks &9 H d9= A7 7]
FEwmo] ool ofzte] AAY AVISThel o @A et AvE 99
80 W ~ 250 W Wl WolM= AA - 77k 23E o] ghgjo] =LA <
oA devha ®askglvh [42]. wiere] g9 AAVE oM Ek RS
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ol
e

(root mean square) S AHE =712 <1s AAY A7) B
of S7FstAIRE 175 W ool M= 548 F757F &3 (Buffers &
= QIS A AT, 7] wE BkEe] RMS #h2> PES 7] ¥o]
PC 7]1#uth 27 etk 53], A9 3¢ 200 W& PES 7] 9] T
Ao

=
-
Zkg] 7n0 ¥Fere] RMS kel 43 Z71ete AL B 5 9dth. o)A

0

Zek2E THEAaAe] EHEAQ X4 HEE (coefficient of thermal
g} vhulo] =)k ujFof WA Zlow

expansion)® <13k 7)o
et 219 4-62 thFek 23 E 392 PC (a) ¥ PES 7|13 (b) #9
S2E Zn0 Brere] sFREES yebdtl. 500 nm o]4ke] vgd M=
200 W = PC 7)ol 23 Zn0 WS A 9jstuE F 7|d 25
A80 % ~ 90 % o] H& FFIAES HAOow 300 nm ~ 500 nme] I}
Gl e 2~9E 9 A7t SHESEE FFIAEo] AT, o
o] 2(4.2) & Btete] FA 9 FEHEO AAE HolFT,

G A% Falel dee) FAZAR Qo ATAEel ot
gold 4 Arh. =@ T 9 BRI e B} AR
0 were] F Frvel A3y GO o FHAY. AW HAold W
=
=1

g% oA UAY B ol 428 o3

ahv = A'(hv — E,)1/? (4.3)

4714 ho= A olUA el E5A% o & A (4.2)9 a =
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12+ —e—PES
— 106
= 51.93
< 8r u
E " _*
2 o e e
- |
4L e
2F
U 1 1

100 125 150 175 200
RF POWER (Watt)

9 4-5 o8 7FA] 29 EH 99 Wl wel Tty 71 9o SF
H 7Zn0 ¥FeFe] (a) 2AY =7] 9 (b) W A&7V
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In(1/T)/dE ol-&ste] F3& TEHFH 78 & Urk. 19 4-7 & ¢
o] 2 (4.2), (4.3) & °]& 3}4 Aozl Fate Ao thdt (ahv)?el
Jzoltt, o] oA FAHe WMRHOERY AFHES 1 AA
7 ho Fo] vhs HHo] FwMERNS oJugitt, o]dt WS 53
Foizl Zn0 BFEe] FM=3Y UAE £ 6 o 8okttt whehEA o
e FMesy oy Rsts: Bot AgstA o] St Eeksy 7|

o dxoz MG doy)E 200 W @ ALt F 7]
2~HE ] 997t SUESE PMER duR| e Av]E stk o]
= HA3d Fx9 %‘X}E—;—ﬂ o 2 U 4zt 9 A w2l
df 2 MEAS T, 2 AP E FASTIE

A3 AAA FFow dsto]l MYl HAE Aow dFoheEu [43].
e 9l g FFEHREo] ¥sh= PES 7% 9ol S Zn0 =het
o] PC 7]&HE Tt} ¢ 7@74] UERE olg Aol EXNS woth, Batd B4
£ 150 Web o] oA o] Rt FojHol FoA= %

= v2A 7 B geelA 7H £& AdE SATE. o= 100 W o]

4= H

el e Ay s R AAITIE Y e 2rubete] Eide] A
sto] [44] thekdt g qelM FE57F o diAos Fohs =
e dojmels Aor neld. JBRR SHAT U oM v
sl o] wpebdg ool AWHe] delE o FHdhE oldAl SHHY
o] Wt} A9 In0 HHhe 92 F 9 Aow ddEnt
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g| —=—100w
—+—120W¢
Tt —a—150w
E gl —¥—175W
2
!
= 4 |(a) PC substrate
=i
Z
22 bl
1 m""r -*“‘.
T LR
0 ' '
3.2 33 34 3.5
hu (gV)
10
9 F —=—100W
g [ —*—125W
5z 1500
e T —x—175w
o
o= B
T 5
=, (b) PES substrate
= 1l
S
=3 /.
2 2 o .f:'f__.
1 'r‘“ mut
Fridseess”
[] 1
3.2 33 3.5

hu (eV)

TE 4-7 oY ZhA 23 gkl whet (a) PCoF (b) PES 7]
Zzky] 7p0 vrake] 333l wi= 7 of 4 X

_50_

] of



6 o2 7FA] 23 ¥ FHejol| whel PCeF PES 7] #$loll F2E Zn0

3t
vpebe] el ey o]

Sputtering Power _ 5
e 100 125 150 175

(Watt)
Optical PC 3.33 3.33 3.31 3.30

Band gap (eV) PES 3.35 3.34 3.32 3.31
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4.2 AL Ao w2 Zn0 vt E ] AH

19 4-8 & 204 sputtering Holl 93l Si0./Si 7] Yo ==+
700 vkl XRD djHolth. 20 = 34° Wbl YElE daE
hexagonal Zn0 AA7%9] (002)Hel gk = gk dA|3hH o]= Zn0
k23R 7@ A8 -Fo2 (002) AAWo] &4 A= A
S oumEtt. 20 = 32.98° ¢ 20 = 38.3° ¥|AE Z+7} Si 7B
(200) A4H¥} A== AFEHE Aud (111) WS YERHT

9 4-9% g2olA Sz Zn0 BFERe] ARM ARRlolth. F2HE ZnOBf
o] W AR ZkS oF 0.65nm P AFHY H A7]+= 2F 87 mm
Ak, ol st Ax= Zn0uhte] xS w9 FEHAY wlg B AH
Hel AAZE EAet, ol& <Id A ZE TFTolA = Aoz Q13

A2 ol 5Tt FAadteE AL o ndir[42-43].

o

iy
&
rl
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(002) 1S

1000 }
100

(syun "que) Agisusyul

50
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o~

20 (degrees)

19 4-8 7Zn0 ¥Feke] XRD ui#l

ZHgl Zn0 =HERe] ARM AFX

Nlo
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A" A719F (002) I

f
=
Lo

£ 7 oY /A dAg el wE Zn0 |
=1¢] REA = (FWHD 6k

Annealing conditions Grain size (nm) FWHM ()

Un-annealed 87 0.98
300 °C 159 0.65

Alr
500 °C 140 0.41
300 °C 99 0.57

N
500 °C 179 0.57

7 2 oY 7 dAEEzde mE n0 =he] A Y A7)¢t
(002) ¥=Le] REX|Z (FWHM) #hs dheEbdith. N7l s A8 =
=7F 57 S AA ] 277 SRR, air 291714 = 300

1749 2xoME @AY 257 S7F g5 247 A7E 29

o ok sk, shAIN WA E g2 airst N, EAE £97] BF
ol wete] EA 2] 227} FoldeE ta sl ofHd A=
2 gAY E 9AYE Fote] m0 wete] 24 F4
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4.2.2 7n0 ¥t EW@X|AEH Ol 54

a9 4-10 ()= AZE Zn0-TFTe) EHEA 28 Z (Vs ol L
H 4-10 ()= Hol5A4 L= (IpsVes)olth. A2 Zn0-TFTS HA &
I oolEE(umv A 3-7& Foto] AAEHAL FEHHEG (Vi) TsVes
Aol 5 ol A Iy o Algte] ol ek A9 7]&7] 2 e
ol btk AZHE Zn0-TFT= 9] Vs A sto]l <17F 2 of Ax7F B4
ng QY& e FrrEs EAS A, oF 13.7 Vol BE At
T} 0.024 cn’/Vse] HAAEI ol =EES BP oF 1.12 x 10-8 F/em” ¢
ACNE AAEHF (CH#S 7Hlvk. AZE TFTY 2 &H
E ddAe T2 T AoE-EAA] AAHAAML Aglo] ¥l
Aoz JAerETE. [47]

olg] dalg] EY7]olA 3% dxgd n0-TFTE2 EAS ® 8 9
Qokalgitt, AlolE Mg 40 V, =@l Aol 30 V duw A=
Zn0-TFT9] E3FAF (Is) B air Y710 = I Fo a4 #4
b WhA, Ny E97I0A EA e ol IA SUFskelth. oy s A
= otgle] A 4.4 9 o] n0 AMEFT A Ra) ¥ HHHT}

-

rr

I
Aen= P

1

P Neu (4.4)

re vtEte] T, pt WAR, et AR AekE ondd. air 2

7104 A A AR AA 20 FHo] dojikn Aelol
FEE F2AA AYF AL FTIAL B N 29171049
AHele ke FHE wol Aol ¥EE F7 Avlw Ade AP



V2 T BT
Ao AALA OFEE (pwi Zm0 ARF AR WS
G Wtk AW B 4PN AALA o] FEE 7m0 vhere] A

[e] = =
gol Alol eata) grem N, 271N AA L mo-TFI7h o2k
o A9 A7 Sk W 3 AAVIE A8 G Ao Zn0-TFT¢}

A8l & Zn0-TFTE 1 off current (Ig)E 2F 8 X 107 A9
&S TPEAITE N, 59171914 300 T +%2=2 Ex18]d ZnO-TFTol| A +=
6.064 x 1070 A9 7} W& off current #S 7PHI o] Q& 2 x
10° ¢ =2 on-off current ratio (Io/or)ES LFERHSITE.

E3F 2 Ao es 29 4-11 (D)9 (d) 2ol A8 91719 2ol

o] 500 T o]ae &xolA TFTY current-crowding @Ao] AMebA ).
o= 500 T o]%e] 2kollA Az=ef =99l M=ol Zn0 AEFH 7H
T2 AFEAEES Kol AS n|girt.

2 A= N 97148 AR dA-EE S Zn0-TFTS Ia,
we, loyor 5780 FE= AS e, ole g dx= vE wS-
w$E & dAY dAHE AR A 1‘?97] 24E Foto =&
5749 T 2Ake] Alzte] 7hgsty] ab9 Fepiag 7nke] SEAS o

TFT] A wg §88 F4AL oJu e,
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5.[]3:1[]"' T T T T

(a) Un annealed ZnQ-TFT
VWL =100/10 wn

anv

4.0x107

3.0x107

lps (A)

2.0x10 current-crowding effect

3o

1.0x107 .
20
10W

0.0 : . oV
0 10 20 30 40
Vs (V)

13 4-10 (a) AFE Zn0-TFTY &=HEA 2dZ (Iy)s-Vig), (b) HolE

A 2 E (TpsVes)
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3E 8 ofe] A E7lelA 5 dAHE In0-TFTE9 54
Annealing Izat(A) Vo (V) T Torr (A) Ll
conditions | [Ve=30 V, Vp:=30 V] (em*/Vs) | [Ves=0 V. Vps=30 V] i

Un-annealed 93810 13.7 0.024 4.09x10°? 229
Air
300+C 5.24=10 13.7 0.013 142x107 364
300=C 5.82x10r 138 0.013 3.69x10° 102
Na
300=C 1.38x10°% 173 0.047 6.06x10-1 2=10-
300 =C 1.04x10-8 12.5 0.02 8.15x10° 129
1.8x107 T T T T T T T
(a) 300<C-air annealed TFT __aov 2.5x107 + (b) 500<C -air annealed TFT -
1.5x107 | R 4oV
. 2.0x10 — .
1.2x10°
S’; 9.0x10" | ¥ o110
el f = 1.0x10 y -
Fd 4 v
3.0x10% | ’ PSS 5.0x10° = e E
_,..—quv ik 20
0.0 At e, NAYEDAY 0.0 LE = P ey ]
0 10 20 30 40 0 10 20 30 40
Vs (V) Vps (V)
5.0x107 - T T T . T T T
(c) 300-C-N, annealed TFT 4V 5.0x107 | (d) 500<C-N, annealed TFT B
4.0x107 = e
4.0x107 |
— 3.0x107 | .
< = 30x107f ¥
Bl | ."f = 2007} 1
v
toxi0” / P— aov 1 1.0x107 | T
Fi 20V Vil 20v
0.0 L& pV10 0.0 L= - V10
0 10 20 30 40 0 10 20 30 40
Vps (V) Vps (V)

4-11 g @48 23 ©E  Zn0-TFTe] 574
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4.3 #golA dxee] w Zn0 BEE AR 2 54
4.3.1 7n0 uure] £

9 4-12 2 HolA EAE EAge wE Si0/Si 71 flel T
Zn0 BFere]l XRD €3} Zn0 (002)9 3]dw 9] WhA|E Zhs HoFErt.
glo] A ZAF 31429} Aaglo] 20 = 34" ol Zn0 (002)W 2] ¥ =7}
YERSTE, Zn0 (002)W 34 339 Fis do)A FAF Sk S
= S7beksleh. Zn0utere] (002)% ﬂﬂ v]ZLe] REAIE g2 100 3] €]
glol A A F-0.49 ° oA 0.17 = FAaE o 400 3] #lol A AL
o= ofgtk F7herqith. olel g 1‘1%94 e HeolAe AR ol
728 7n0 vrete] Ask 7kAa

U
= A ons ol wx
3
A

o
—_
2

ne o o Lo

2| Z ko 371—5 800 C 9 ﬂ%oﬂﬁ
A2 ¥ Zn0 vbetell A A& S W22 3k A= vhksiol. [48]
29 4-13 & Zn0 BFeRe] ARM vhute] o)A FAF Sl
100 3lo|A 400 3|2 Z7} 4= AA Y] 7= 72 mmoll A 400 nm
Z7hslE AL BHojFEu. 19 4-14 = dolA FAF 31 F7bo] w)
Zn0 vrerel W AR7|eF AA Y A7) WstE HoFrh. dukA o
2 HUEE o]&dte] & =

T A stE <l oH AR 717} %—7}6}?4_%1 ¥ ARV = S7HEH
al

FU—\#

i

RARE vrete] g9 7@7& 5.4 nmoM 4.6 mZ 7ZA2sg. o)z 3
XRD<} ARM 235 Fobo] wo] A dAlef= whael] vl W2 dHNHo
= "o AR 5 AAVE FAC FE AL 7 s HEds
4 5 A
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Si(200)
substrate: Zn OISiOEISi

}Tj‘ laser energy: 100 mdicm’
= Zn0{002)

£

ik = 0.16* 400 wul

Z ) AW pulses

g g b _._-“E 10 M
‘E T L 100 pulses

20 25 30 35 10 15 a0 a5 60
20 (degrees)

4-12 7n0 ®rehe] XRD &

Fuml Tuml

4-13 dolA dxgle] & 7Zn0 =¥reko] ARM AFR
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4.3.2 7n0 ¥ EAX] AEHO EA

1.8%10° : T T
.| (a)Unannealed TFT
1.5%10° | 40V
1.2x10° |
<L gox10°f
6.0x10° |
3.0x10° oV
_ 20V
0.0 —— 0y 10V
0 10 20 30 40
Vo V)
107 . . 3.0x10"

(b) Un annealed TFT

12.5x10"

{2.0x10"

(v )

(A)

11.5x10°

os
al

11.0x10*

15.0x10°

0.0

vV, M)

% 4-15 (a) dolAd Exel e Zn0-TFTe] =¥HEA 1
(Ins=Vos), (b) HolEA 3 (Ips—Ves) o™

[

% 4-15 (a)9F (b)+= 242 dlolA dAe d9 Zn0-TFTY &9 %
TYE (I 2k Aol 54 2 Z (Ins-Ve) ol 17 4-16 9 1
4-178 Ztz golA GAlg F9] Zn0-TFTe =8 EA a2z 9l HolE
agfzoltt, oy 7hA Al F7o] wE Zn0-TFTe] 5S4 S % 9 o

ox, o oXx

]

_62_



Q °Fakoitt.

100 mJ/cmy ¢ #olA Y= Z+zF 1003] FAFE Zn0-TFT (A<} 200
3] AR Zn0-TFT] (A2)2 dlo]A dxle] e TFT (A)$} Hlalste] =
dol vl e HAT. #olA A F Zn0-TFTY E3PAF (L) b
6.6 %< 10° AdlA 5.7 x 10° A 2 ZF7} stgdoen, AAGI olF=
(np)E 0.004 oAl 0.14 cn’/Vs = Z7}etgich. olge Aa= #olA
A =2 Qs n0 ANE=9 AAA =717 vralke] o]l E ZTAH o
M F7HE ol &b Zn0utere] Ad& HAAA In0-TFTY ARF#s &
7k AlZL Ao ok folA dAE F FYAGS (Vme 21.6 VoA

|

| =Kl

13.4 V& 743k ol dolx Exg =z A& ey 5dA4 A
7

n

I ATl A= Zn0-TFT] #olA dAe ads dS 453 471413t
o air B¢7], 400 T %= FHUzoA T g =
A2 ¥ Zn0-TFTE thA] dolA dA st 545 nlastgit.

2003] #o] A7k ZAFE ZnO-TFT (A2)°] 542 400 T HuY oA &
A2 ¥ ZnO0-TFT (By) ¥HF9] 538 548 2o 400 T ol A
dxg = oAt 2008 A Zn0-TFT(By)+ 2XE3PHF{  Ftol
4.4x10" A, EEAYL 0.6 V, AAFEI} o]FE7}F 5.08 cn’/Vs 2 TS
Fek 2AEAAS YERITE. oleid A= wlolA EAE It wg- u
dAFFoZ wjg g 5o AxE A T 5 de5S ov|e

shARE o Aol A= #olA dAEE A% ARAFY ol
Zn0-TFT9] off current (Igp) BESF S7FAIA TFTY 2 on-off current
ratio (Io/orr) 53 YWEFHSITE.

T3 2 AFo A oA dAele wE Zn0-TFTe] FAAF (1) %k
= SAsR L 29 4-18 o YEhlie. #olA = 1003 (A)ZEARe}
400 CollAl T2 dAx2ld ZnO-TFT(B) 2 FTAAFE EAE A &
Zn0-TFT (A) Eop e s BHAAT do)A= 2003 AE ()¢}

flo o

ol
™
s

e

_63_



1.8x10°
1.5x10°
1.2x10°

= 9.0x107

5]

6.0x107

3.0x107

0.0

5.0%x10°

4.0x10°

3.0x10° -

(A)

[

2.0x10° -

1.0x10°

0.0

© =A dEsa. aes A}

off current ¢ +4
| Aol

(a) laser : 100 mJ (100 pulses)

—20V

30V

10V 7
ov

Vo )

40

(c) furnace : 400 °C, air

40V |

30V

20V
10V

, 0V

v,

40

219 4-16 Yol A AA

(A)

oS

/n0-TFTe] =8 E54 1

4.0x10°

3.5x10°

3.0x10° F

2.5x10° -

2.0x10°

1.5x10° -

1.0x10° -

5.0x107
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r (b)laser : 100 mJ (200 pulses)

40V
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10°

(a) laser : 100 m.J (100 pulses)

2.0x10°

+41.6x10°

1 1.2x1u'“§A z 10°}
] =

10°

(b) laser : 100 m.J (200 pulses)

+{8.0x10*
V13TV V,:13.4V
el . ‘ . 1 4.0x10" oL . . . .
0 10 20 30 40 0 10 20 30 40
v_(v) v_(v)
3.2x10° 107
(¢) furnace : 400 °C, air e () laser: 100 mJ (200 pulses)
afrer furnce annealing .
2.4x10° i
. 1.6“0_%) Z 10 T
+8.0x10"*
L 0.0 107k . L L L
40 10 20 30 40
V.(V) V. (V)
29 4.17 o)A EA 8 5 Zn0-TFTe] o] 54 1=
9 o8 7HA A gl A wE Zn0-TFTe] 54
[ a7 (A N
AT TH FE !
Sample ) H Yo/ Yo

[V=40V,Vps=30V]

V)

(cm?/Vs)

A

Ay
Ay
B;
B;

6.6 < 10°
3.0 x 10
5.7 % 10
92 %10
44x10*

21.6
13.7
13.4
7.9
0.6

0.004
0.08
0.14
0.16
5.08

134
13.2
7.80
3.1
8.49

Ai_Unannealed; A . LA100 mJ/cm?, 100 pulses
A,.LA 100 mJ/cm?, 200 pulses; B;. Furnace, Air, 400 °C

B,. LA 100 mJ/cm?, 200 pulses after Furnace, Air, 400 °C
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10
5
10
K]
10
e
%
_o
1 0'3 Unannealed TFT
: . e LA 100 mJicm®, 100 pulses
e 4 LA 100 mJdiem’, 200 pulses
10 ¥ Fumace, Air, 400 °C
LA 200 pulses after Fumace, Air, 400 °C
1 0'10 I i l i I i l i l
0 10 20 30 40
V_ (V)

a8 4-18 #lolA I wWE Zn0-TFTY FA 4 F(1;)
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lo,
o
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ofN
N
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st
¥
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=
I

o
il
oX,
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9
o2t
o
i
32
0
—_
ﬂ
ol

th, FsHo 2=, 7|FFF ARl ~HHY 37t FUMESE
sl 1 Zn0

r d
o
=
>
&
T
k=)
1©
=
o
e
I+
1=
o

ES 2 =oAe Zn0 9tEs EWXAEHO Fd T o= ALES)
Zn0-TFTE A Ztaldar A1 2Hek Zn0-TFTS] A G|} #lo]# A A<}
e ¥ A mE ERALEHY Aol dsto] Aeksitt.

E Ao A ZnO-TFTS] A ZFoll A+ Si(100) 713 9ol bottom gate &
Hel 5 nm F7A9 TiN A=& A9 01 gate AAAZE 300 nm F7
o Si0, 4tshetat Aok =l W0 2= 50 o] Au/Tio] ARE-H L
O TFTE] AE H(W2 100pm, AEAl(L)= 10um o]aL ML=
AF&E 7n0 ¥FeRS RF-sputtering WO 2 AF2o| A 55nm FAR =2

HAth. AFE Zn0-TFTE nd AYEYEAS A Zines =239
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om 13.7 Vo] ¥EALT 0.024 en’/Vse AAFT o]FE, 2x10°¢
on-off current ratio 545 H A},

NooF air 917164 A2 EAgd Zn0-TFTe] SAAT AH=EE ?ﬂ
& dAg E97el wE ZnoAd ururel dlglolsk ®shrt TFTA %
HSIAZ 3L 0, B 7] EAEE Zn0-TFTe] EAS> & Wt glle
U Ny E971004 34 dAg® Zn0-TFT7} 12.5Ve] E5A43 0.047
em’/Vse] AAFT} o]F5%, 2x10°9 on-off current ratio= E4Jo] 3
e A gl & 4 itk e dAE 9719k Aegle] 500 T
olde] ZLolA n0 MNEFH Azt =Yl HEo] M £ HFE
XS YEF o] TFTY current-crowding aAro] Abe}Ath.

100 mJo T2 #HolA AT n0-TFTE #@olA FAF 3571 &7}
s whe] Aol FAdE o] Zn0-TFTO] Axp5/de] AL
400 C HYzoA dxa & o] A7} 2008 FAME Zn0-TFT: Z3kA
Fogko]l 4.4x10" A, FEHAY 0.6V, AAEI o]F=7} 5.08 cm’/Vs
=2 g S5 TFISA S YeEhSITh. shAvE 2 AFellA = #olA &
A2 3 AAA e Aol TFTY off current (Iggp) FE3H Z=7HA]A
TFTe] Y¥& on-off current ratio (Iow/or) SA4S YEFNIT.

B oo dAE B0 224E 53 A2 5 dAg9) #o]

kol'

1__
o
=

J&‘i

J

A5 o] &3k dAg Wo] AZE Zn0-TFT AeS w$ &dAr71= A
S Folalga ol WHE AFo] dFow vfg 7I7EE ZEaE S
7Iqke]l ZEAIERE HaEd o] Aztel glo] w9 F&3 Wio]l H A
o= o)
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