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Abstract

We investigate the characteristics of ZnO thin film transistor by thickness
of ZnO active layers. The TFTs used in this experiment were all
bottom-gate-type TFTs on Si(100) substrate. An Al of 300 nm thickness was
used as a gate electrode, a 300 nm thick SiO2 as a gate insulator and a 300
nm thick Al as a source and drain electrode. The ZnO layers with the
thickness of 30 nm to 300 nm were deposited by Radio-Frequency(RF)
sputtering at room temperature. ZnO film was annealed by thermal
oxidation furnace in N2 ambient at 300 C for 2 hours after the deposition.
The structural properties of ZnOfilms were investigated by an atomic force
microscope(AFM) and a X-ray diffraction(XRD), and the electrical
characteristics of ZnO-TFTs were measured using a semiconductor
parameter analyzer(Agilent 4155C). As the active layer was thicker, the
leakage current was lower and mobility was higher. Considering the leakage
current and mobility, the 55 nm of ZnO active layer presented the best
performance properties. On this occasion, the leakage current is 9.97 10-8 A,

the channel mobility is 0.16 cr'/ Vs, and the threshold current is 12.7 V.
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Property

Value

Molecular mass
Specific gravity at room temp.(300 K)
Point group
Lattice constants at room temp. (300 K)
Mohs hardness
Melting point
a-axis direction
c-axis direction
Electron mass
Hole mass
Bandgap energy at room temp. (300 K)
Exciton binding energy
Specific heat
Thermal conductivity
Thermoelectric constant at 574 K
Work function

Electron concentration

Electro-mechanical coefficient, k2(%)

81.389
5.642 g/cm3
6 mm (Wurtzite)
a=3.242 A, ¢=5.205 A
4
2250 K
4.75
292
0.28
1.8
3.37 eV
60 meV
0.125 cal/gm
0.006 cal/cm/K
1200 mV/K
45 eV
7 x 10" em™
c-axis : 0.6 ~ 1.9

(1120) : 45 ~ 6.0
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2 Ao A= Si(100) 71 #2 l bottom gate FE] Z 300 nm 774 2] AlS
A0 2 AFEstATh A5 F2 Aol 7|3 ofAEH ves &0 25
g M 712 583 71433 F NHOH : HxOx H.O (1:1:3) &9l A
FHA LS HFE o] &3t 71a9lol A AgtaE AAR &, No 7}
22 AAHS 7|1%E AEXAH T PhotolithographyE &3 TFTY A'd 3+
(W) 250 um, 28 Zol(L)= 50 um & TET vt2~3E o] &3t A5 HES
HEAT. A2 Thermal evaporatorg ©| &3t F2ZAIHTE gate W=

3tal, LTO(Low Temperature Oxide)S AAAZ F 23t & gate

ofl
o,

534 22 WY Oo=F Source Drain =& Thermal evaporatorg ©]-§ 3}

of ARG [2d 212 A5, 445, Ads 5 A F A=9

L[]




Thermal evaporation X F ZdejolA 7] AHWEE o]&sf HE
£ 7FEstd 1 9ol 3Al dEe 2k A E =9 7]

A7k woh e RS 448

Lo

Z1t}. Thermal evaporate®] -
&8  F11 substrated] 7]FES AR A7 FH O nAF AE oA

pre-evaporate ¢t ¥ shutterE o] F 3 g

O

target

hutter - SUb strate

[
j\ ==

. 5;}/: o i GATE

WITIN DORAF

[L¥ 2.2] Thermal evaporation
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ANBE FEsta,
3R o, Sputtering gas = Ars

=Z=ZzFo A}
[€) L

ok 10 Torr7k A & 8} ¢t}

Ag sk 2%

- Sputter FHIE ©]&3te] ZnO ¥

=z}
OZ

o

olr

&

targetS 2= ZnO@U4N)E Al-&
A Ao
-2 (300K)N Al o] FolH L, Ar gase

37 T
ATE=

70 sccm, RF powere 200 W, S22 5 mTorr2 A3 A . 5 2HA

o
flo

51, 104, 153, 204, 304, 602 2. 2 7+ 7t Z2351 9 1

3L, TS

o
z KX 1:_1]—&]—

s

F7 54 7](Dektak 3st)E F3ll SAHATH. SF3H7] A ZnO target £
o edS AASY A& N AEE CH AHEHE & MEE 93 FF
Atk SHxAL [F 21]¢ 24 23 FA AL v £ 247
(Dektak 3st) & &3l =g st AT,
working | deposition thickness

system target 4 e pressure | time (min) (nm)

5 30

10 55

RF 15 96

ZnO(4N) | 70 scem 200 W 7 mTorr

sputter 20 150

30 180

60 300

[ 21] ZnO =7 =7
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2.3 Annealing

ZF & thermal oxidation furnace® No ¥ ¢ 7]l 4] 300 C, 2217 &<

olN

Apx

<
z
AAeRAT. A Az Yrel B97) s FAEL GAe
Sax e LR Le7tE 47E G ARE R @

Atk stz Fzre (1Y 23]F 2L T2 ol

N2
— —
- substrate
—
O T
[ tray |
source center load

AT
N
e
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[ 22]9 ZAU=E ZF T3 F ZnO-TFTY WA Fx2= [19

2.4]0]t} ]
gate Al (300nm)
Insulator LTO (300nm)
metal Al (300nm)
channel Zn0 (30~300nm)
[£ 2.2] ZnO-TFT =2 =4
ZnQ
Al'| 71 | Al [ Bottom contact
LTO | Al » Bottom gate

[1% 24] ZnO-TFT +%
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2.4 Sputter
2.4.1 Sputtering

2~ B ¥ (sputtering) &/ 1852d Grove©l 9J3t] A5 Ao
1], A< o2 7FA Bbo] Ao FH A AHEEAAL Jok. =
HE P2 52 YA (30 eV)E 713 YA=0] targetol]l F =3+ target
AALEAA AYAE HdEsl FOo2H target YAEC] HEH = Aol
O[2E 4] olH3 2HHY LS G WY FEE2E T4

HE oAz W FEo] dojuds 242 TAIA HW 29y AT
7I1# FH FE = YAEL L4714 (He, Ne, Ar, Xe )& AF&3}
=d 7 Bol AHgEHE A2 Ar 7Aoot BFY FE3te dAEC] ¢
o] o] (positive-ion)¢]2}H cathodic sputtering®]th. E & X E P =
Fe] ool Hol ARRHEH, L olfe Fo ol A7 (electric
field)S °o|7tsl Fo2H 71%5381717F F3 ES targetl FE3H7] A
targetoll Al WEEH = Auger A &t FAHI Hol FAH AR

targetell F=3l7] W& o|oh
2.4.2 Sputtering®] ]

B2 [ 25|44} Zo] o]29] 71&, o] 9] targetoll o] T &
target YA WE9] 3714 HA S FIA dojdth. JAstE o]
& AZ3 2 AYA(20~30 eV)S ZFA I Jojokit target YAS WEA]

2 57 Qed, ot 2 2dEdel dojys A% 2 oUA

N
Lo
(ST}
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oA E E9 500 eV AUAE zt= Arol29°] Ti 2 AudAEd F&
& 7§ scattering coefficiente 77} 0
E2 target THANA TA AAE HHY, T4 YAEN A EHHA target
A 259 AdYAE A=tk FA
o target AAE ] g3t AFHET. AYALE PAE T EZE L targete =2
FH WAHemit)H 7= ghoh. JAME JAbel et Azt el olgEH AW

target 9AEY YF = target THOZ FAHAY 259 dyA7t Z
_L
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EWY A% Fol WAL Yo WA

2y
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A= 2HHPEAY. oldf target YAS7HE FFFS eI = T
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Wi 2 F(implant) ¥ 7] = gt} Targetll 4 S B Hol wWyri= A}
2 2438 e ol3d FHE targets wWUr] wEo] ¥hE
29 E o] 7}ty Aol target HHEZ FAHAWA o] &(

4 A targeto] 2T EE HEA BA H7| W&ol 25 targetO E

B 2¥E Fo WEdEt [21¥ 26]= Sputterd] TERE HoF

ae)
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Chick diffusion
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Gas Roughing
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[-L¥ 2.6] Sputtere] =

2 AR A ZnO B Fx2 4 54 AFM¥ X-ray diffraction(XRD) &

32 WA Alg 74 7] (Agilent 4155C)

2.5.1 AFM(Atomic Force Microscope)

AFM(Atomic Force Microscope)©] & force sensing tip¥ sample®
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Watelol A8t A% zrel Aol o WY (cantilever)]e] F3 S

_29_



ol gste] AR FFEolA =29 AW SAS P9 3x4Y topographyE

FA3ste 71T (28 27|18 2o AFMES A 89 A7|H S T

£53 9th. AFMoA = vlo]l=

me
)
>
ol
lo
f
2
B
)
=
i
v}
z
i)
=l
e
Ac)

o83 AFMolE HEHOoE F 7}A =7} e A= = (contact

mode)$} H] A %X = (non-contact mode)Z U o] Z T}

:,,v;;{/,u,‘m_. 7 ;,?d//f 5
JevViauon

.f"é.’;’
/ o
/’C/// W /
.:- g % ;

Flexible vibrating cantilever %%%]%

, |
i Controll

Sample

[1¥ 2.7] AFM 7%

_30_



n:Zi

Zn o AFMoOAME HHo] FLsl=y 1 3o =7]E 1~10 nN
AEZ olF vl AR A A of

-\
rg
ol
_0|L
a1
fu
u

ol
=2
Lo
o)
ot

oAXA Bt o] ALHWI} oA AR He AL FA87] st @A
B AW St whAlE A AxS FHE Holl=

(photodiode) S A}&3te] 24 o]2A a¥ vs o] 001 nm A&

2 ASA $Hole AAA ZAAL F Yok whs £ 2HYL T
2

ISR ES AFMOlM = fAbatole] 18 & Abgsted 2 o A7)
€ 01~0.01 nN A== A& A7tst= 3] HER =] nis) 44 2o}
£3H7] AL FEAR AEE FAsk=U Agsith Az dge 2
717F AR ol AWML e AEES AFH A F7F g7 W] v

EdMe AEANE AfAes FIoA VIAHeE AFAH
= R R e B it £ BT e B o B i R e L e I B

Z3p Ao Wyt A7 I ME3=E g9 W =Z(lack-in amp)E =74

A

=

™,

Aok 94 2ol 25 AgsE A Ame A

N

12 Ade #Aglel &
A EARIER EAY BEA EFE 52 EisoE #FE 4 Aok
Addetn B &L g gRE 2Ede 2 A ExEY o
AL Abol ] gl os) AWEHM L ol E A He=d, old #HolA &
Aol Addy SidoA TilEE 45E XEHo|2EE SAFOIH
AW Z3E Lol

HERZ 9 AFMAAE ©3o] Al89 wdy HAEFAS w Adawr)

W e Amel mhel 248 vy e vt odd waye A
25k g3 Bl 9t A4 Alg Azt 3 A delw HE5,



BT A

=
=

o
=

. w2k AFM

HA

S

of =717 A

]

=4

kel

Al wep

Jo m P W W B o o N T T o T Ao N E T oy
I B T S I Afawnm,,@g_Wﬂﬂm
TH 3l A4 Nr = En < :
i A T T R S TR
b F R 2w T M G = I N o o
BT g M F 9 Nw Mo oo BT
sEfg ezt sfplriigy
Bk oo g X I - R o
= Mo w 2 wr o T T O o X B N
g o M koH § ) T m Topow B
T T =z KM= TE gy EW
T E e r e £ aRe s o Ty
P g L r
o o o R W & o ol i o + B - W
T o Ar = Xoo= W en W el = MR
= ol AR % iy TNy
T T W o m B o X o 4 = e =
-~ T - > X m L i BN o Wy
N oo o= N RO o T e T Ho M o Nd W
woo— o) 14 2] SO N o [ T M oz %0
O - i (AUSE AL
T oz g T = % R 5 ®
B &3 ¥ B ) o ST W =
T B R R TN et g e 5 B
e Lo S R ) m:mL\ S T o M W T
3 oo O ER T E W R e o Mo g
B — A \w —_— — < .UI o 1_,NH [
=y T < oy W o@am % g X oom O 8o o
wowe X W ® " P Ig s s 2R oy
TE P e g ® . R AR s R YR g E
e W T o N o oo oo T\
TOE T oo TN op E LT o e
S M P W E T 2R SH LT - KD
w3 U ¥om M o N N it )
3 oT ) o Wi R -~ M o © N zr__ o o
g = Pw T ¥ oy & 5 2 M 3 P9 =
I E B o B S m L gk X
T - = BT of T & o = o S = N o
50 B W o Boe o2 2 % U W B
w Z e T T oo 3k o S 5 R4 g2 b ow Ex
NE WS R RN T P W woE SR <R T Zw

3}

17}3]

o
1l

1

9
pal

stoh 28] e ol

ldl= 7140 AZE A7 Wl

S

Aersle wlA
_82_

0.01~0.05 N/m)7} &3

<

¥

AFM o] A

=
=

°=2 A
Micro-lever (k

al

2



3o,

k23
oy ©

Z
)

A5l HIHFEE AFMO|

A

=3

]

HEmco vPFRE) Jo]He H4A Lolry] 9

A

o
p)
il

L EEESE

L
L.

SR

VA 1

A8 AFM<
[2% 28] YERW

=
=

)

Nam-cortact
AFM inage

[28 28] HEE=9} HHZRE9] AFM o] v A

2.5.2 XRD(X-ray Diffraction)

9 %

]_

P

T AT

=

2} Rontgen©]

2] st

o &

_88_



d=9 W.H.

3

2

AZ17F HA71%= st

..
Za

sAll A

o= ek
2=

Hj

o] Laue’} A}

s

3l

olg e Az

Z71S Bragg's law (2 d Sin© = n)) [1 ¥

-{5}

20

g4 FHoE Ao

N

fie)

2912 Yo, o] XA 3H P (X-Ray Diffraction)S ©]-&

o X-4d 3do] @ 2xolA HAUH.

ol

~O

BIN

—_
o

T
iz

]
s

—_
o

g

v 7} X-A 8- B4 7)(XRD, X-ray Diffraction)o]th. X-4 & E47)+=

TE, AsEe 7x, L&A A

SRERIRE RS

]

A A A (X-ray generator), X-41

v}
=

AT = X-A

Ny

TH

~
fite)

A4 2 v (goniometer), 3

Z
T =

3

N

=
o

o
™

BN
—_
o
T
il

)

(detector) = *

setx, o

bol Abgol 7t

9} %o wetx oy 7Hx g2 AU E A

!

b

]

~

—

<
.

uw}

I

o

s}

thin film attachment, <%

s

S|
o

NEE B

o}
|

high/low temperature ZH|,

3

4

_84_



HE XA 5" 247
AR E5 AL
o] XA AN E, A FYs} /128G dojd A Ty ez
o) WA W3 2w 26, AEEe HARE 1 otk

=
>
oo
i
rir

EA X-HALe 05~25 A A= 3

3

filo
fr

EZL Cu, Cr, Mo, Coo EA X-Aolt}. &

X-ray Source Diffracted beam

AB =BC = d sino
nA = 2d sin®

[C1¥ 2.9] Bragg H 3

_35_



1A pnAds vHe

.

REREE

=

=

3

2.5.3 I-V measurement
A

—

}:_I;-“, o

[}
DA T

AL 7R3

AL ARA

]

7}4\0

i
=}

mr
H

uf 5
Aol

[e)

F3&

[

7}

o

[1" 2.10] (a)ol A<} o]

fite)

Ho
]

AT Aztolel gom el

=1
=

A=

o el

=
=

MEZ o XYUA =9, A

—

j O

5 #H2n F9)

=
=

HEE A 7 A

[¢]

P

s}

el

N

e

o))

1A tAlelols

3]

o

L

=

3k7]

BIE A R m2n o yArt o

XC-)] o)

Q)
=

917}

==
o

SR IR PO

HE= A o A= w2

2 A} A

3

=

3 A

[

g

o] Aol

=

ol
No

1A [ 210] (b)s}

S

12 ekt

i<

_86_

Z1e gl A thAl g o7t EA)

o

=

=9 7]



S I » BERe
3 drift .\

e —— & e
E E

""""""""""""" i C
E, 3
E

o EEN
f—— — ¢ ~ :

v v v
drift

(@) pn A@A szl @ (b) pn HE F A=v] 92

[ 210] pn ¥ A - T H=2v] 7y

a9 Aolsre 716l g Aeole] Fue sH=n 299 AE
W7 A oliA Aol W] oad wAT. 2HY
g AUAY7 71204 olw 2w £997F LFeR QAo wn

= YA He AAE HdE Y (potential barrier)o]lgtil F=2H Ao 7
)
-

golo] FWeFe AZAARS % HuAd 3

_87_



o)

7] uj &

Z
)

ol

Ho

o]

Ho

O

oM T %

F49

(€]

F GE WEG ¥A Hol p

ol

3
o

el
{r
1A_.u_.0
fie)
X

~N

FEjl e T Bu 747

oh, W (29 2.11] ()9 2ol

(<]

o
=

=

=

A7

T

L

RE = A of] A

/p~°

o
=

o
ol
NI
ol

N
W

] AAdET wehA

3

_]

e g

gl

=

I A" T4 ol ¢l

=

o] FolxmZ th7lE o) g

771

< W 2=

fuy

ol

Hr

oy
Zo

Ho

o

H] ol

JF

_88_

Aol [2¥ 212]°lt} [2¥ 213] IV Z7F

A 8

Ay

it



-

x
x

(28 211] AL 70 WE oy x dd w3}

_89_



A
<

(2% 212] LV 24

<Prove station>

[Z29 213] [V =4 A4

_40_



[1] K. Kaiya, K. Omichi, N. Takahashi, T. Nakamura, S. Okamoto,
H.Yamamoto, Thin Solid Film 409 116 (2002).

[2] T. R. Albercht, S. Akamine, T. E. Carver, and C. F. Quate, J. Vac.
Sci. Technol, A8, 3386 (1990)

[3] H-J. Guntherodt and R. Wiesendanger, Scanning Tunnealing
Microscopy 2, Springer Series in Surface Science, 1992

[4] J. Schneir and T.H. Mc Waid, "Design of an atomic force
microscope with interferometric posotion control", J. Vac. Sci. Technol.
B 12(6), Nov/Dec, pp. 3561~3566, 1994

[5] L. Patrone, D. Nelson, V. I. Safarov, M. Sentis, W. Marine, and S.
Giorgio, J. Appl. Phys. 87(8),3829 (2000)

[6] Roger R. Lowe-webb, Hao Lee, Jay B. Ewing, Sandra R. Collins,
Weidong Yang, and Peter C. Serel, J. Appl. Phys. 83(5), 2815(1998)

_41_



A3 A F 42 F
31 ZnO-TFT #+%2 EAHY7}
31.1 XRD Z23}

[1¥ 3.1]2 sputtering Holl o3l o)A F25 ZnO v}2ke] XRD 29
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Zn0 30 nm ZnQ 55 nm Zn0O 96 nm
Image i
(1zm)
RMS
1.68 3.49 2.81
(nm)
Gramn size 92 143 124
(nm)
ZnO 150 nm ZnO 180 nm ZnO 300 nm
Image
(1zm)
RMS
7.38 7.22 971
(nm)
Crain size 08 112 154
(nm)
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3.2 ZnO-TFT #7134 E4 %7}
321 Ip-Vps 23}

AE @3t =204 sputtering ol &l S2E ZnOE

_‘_T—__
24 LT E 7HA= TFTO W74 S4E& BoEH. gate A4 (Ve)el W
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Sample |  Thicknessof | Leakage current(d) | |, V.

ID |channel layer mm) | [v =0 V,V=40V] |(em*Vs) O

A 30 8.45 x 1010 0.04 158
B 55 9.97 X 10 0.16 12.7
C 96 4.87 X 107 0.14 10.1
D 150 1.80 x 106 0.17 10.2
E 180 4.19 X 107 0.07 13.2
F 300 121 x 106 0.26 16.5

[¥ 3.1] ZnO-TFT A 714 54
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