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Characteristics of ZnO thin tilms depending on Rapid Thermal Annealing

Ji-Hong Kim, Dae-Hyung Cho, Sang-Mo Koo, Byung-Moo Moon
Department of Electrical Engineering, Korea University
'Department of Electronic Materials Engineering, Kwangwoon University

Abstract - In this paper, ZnO thin films were deposited by pulsed laser
deposition (PLD) on Al20; (alumina) at room temperature in various O:
ambient. Rapid thermal annealing (RTA) has been performed at
temperatures from 400C to 700C. The effects of temperature and
ambient on the structural property of ZnO films were examined by
x-ray diffractometer (XRD) and atomic force microscopy (AFM),
respectively. The results show that the (002)-oriented ZnO thin films on
non-single crystal alumina were obtained in over 30mTorr ambient at all
RTA temperatures including room temperature. The full-width half
maximum (FWHM) of (002) peak decreases as the RTA temperature
increases, which indicates that ZnO thin films with RTA have improved
crystalline quality.
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Laser frequency 11Hz

Wavelength 355nm

Laser Energy 115m]/pulse

Target 2inch ZnO target (99.999%)
Substrate alumina (Al203)

Rapid Thermal Annealing 1min at 400C, 5507, 7001

#718& AASS 98 ALOs 71BE HER dg2S o4 1083
259 AAE & F A27t22 AZAAY. 42 FFe] &84 Zn0
whak2 00T, 550°C, 700CS) Ar #4714 1¥2 RTA $dA8& A
o} X-Ray Diffractometer (XRD)E o] 45t 725 #43¢gch 4
Fe= AFM (Atomic Force Microscopy)g ©}&43te #aagch E 14
AN 34 24E Aesgd

2270 § g

Ao Ax B ¥z F2E ZnO vl XRD A A3t 29 19
veht itk imTorr @ 10mTorro] A -3¢ wete] A4 ZnO (100)3%
Zn0O (101) =& Vel z gled oe Bol w&o o d4dgEe 4
4 Ay #de] 9t [2] 30mTorrF8 (100), (101) H3E Bolx oA
HI ZnO (002) 17t dehsd o]RE 44 A& F7t2 dF 44
Ago] AlgtA] wate] Atak FF BAFE o]ojA ZAolt) mTor o F %
g JehtE (002) IA2E Zn0 dhate] Y2 o] ol alumina 71 ¥ HelA
E % 4 ¥ 4% t5ee BHEY RTA $9AYE AR

| )
Zn0 (109) ZnG (101)  tmtorr
oo A Nt l/\.}L.___M

10mtorr:
JMJ___ ]

Iomtorr

|

S | N

50mtorr]
)

. 100mtorr

Intensity

ke 40

2theta

<2 1> 420jM S&# 200 Weto| XRD B4 %3

Zn0 utehe g2 EE7t woldSE ZAAol FHHE AFHE By
13 28 0mTorrdld Z38 3 7t 2ANA dxeE A g2e XRD
B4 Asolt), dAg LE7t HolE4 2 udbe A YAo e dd
YAzt 2884 FFH oldd A7 2ANE FA8Y g £ 9
A B (3] ZAAY AL (002) ¥ZY FWHM (Full-Width Half
Maximum) &9 #48& 29 ¢ + Uk 239 32 (002) 929 F44+
SXo] W& FWHM #g dehlied 3948 %7t Fopdd w2}
FWHM $A7t Zold-g #AE & Utk (002) 29 2theta W3} F4A
a3 29 29 3eA BRE £ e oy Wy 2EHAYG AH| 9|
th Zn0 #9619 3¢ 3442°614 (002) Bzt dehdsd F2oM 57
g ZnO wete A$ #9u Y Ztheta@t Bt B2 FXE BoF ojzle
oo X 2#9 vtelo] compressive 2E# A 3to] doteE AL JvEith
sido] BdxjE 257} EoEFE dtheta Fhol EopAEdl ol ZnO W
o] AEFG A7} compressived] A tensile® W3sctE AL oul g [4]
olg g #Ae thdl Chue ZnO W29 U&7} compressive 2HH LS &
ol wako g Aude] 75 douAE FdAY A& AAY 47
g Eolztn Bastict (5 29 4% A4 B9 €2 700CoA RTA ¥4
H2l& AA ZnO wre] XRD Zitolty F&eM F&E Zn0 W3 o}
#71A 2 ImTorr, 10mTorrel A (100), (101) Ha7 HE&dd 28y 42

- 120 -



20
18
16 FWHM=0.525 S5 grown
14
' N _a00T
é\ 1.0 |FWHM=0.389 -
€ 10 PERIR
§ o0s ~ :
£ A
&= /%
08 | pwm=0.363 \_‘w
04 p
02
\_700T
FWHM=0.255 v g
0.0 -
1 ’ 1 A i - i 3. v L ' 1. i

330 332 334 336 33.8 340 242 344 346 348 350
2theta {degree}

<18 2> ZnO Yete] RTA 2E0 THE XRD £4 3 (30mTorr)

35.0 25
—o—2theta
A FWHM
348 | A\\ R
\\\ - 05
\\\\ ?
— - \\
3 46 “~ 8
\"'\
§, - W e B doa _§’
a A I
o M4l AN Z
s e \ z
= - 5, ol
& ~ ~
Va N\ 403
w2 e \
- A
.«
34 O L 1 J i 1 1 1 i 1 042
o 100 200 300 400 500 OO0 7HO 500
RTA Temperature {T}

<8 3 ZnO Higto| A2 20| THE 2theta, FWHM B3

oA Mzg wgsie g ygagy intensityﬁk"] A7 AL &4 4 gxd
ol¥ RTA $£4Ae & AW Zaat € 4 ok ImTorr¥8 (002) Hag
o] ZatA Yeved o|E 23 RTA $EAYE old Zn0 wato] £4

A
v e

/f/ 1
A 1%
/',/?,/;’[, : __g

- e i

- ! Z"O“f";l]-—-- i ] —

I

e 200mTon
L * '.y, 100m Torr
| R O P MRAG
1 - # A - 50mTorr
o .
/‘f Aznt o0y | .
7 A A 30mTorr
/L" i/ ﬂs" AL s
L o 1omTorr
| e 2
% K i tmTorr
(X0 (101}
W W 38
2theta (degres)

<8 4> RTAR 7i& ZnO H29i2] M4 2ol UHE XRD B4 U
(7007)

e-F S HRT ok RS ¥ F Ao #8384k #de] 100m
Torr o} EolAd (002) 5129 intensity7t I # 7”‘5}%:- A& 2+ ¢
. ole dHAE AAA e wHy 24 AFgdAE B F g AJH

& Egtol Foldel med 7lweiA Y plume Bk Al o# Aoz A

2
gt 29 58 A4 ¥ 200mTor, RTA 448 &% 700C 24
M 4%E Zo0 wee] AFM AR E VR,

<28l 5> A4 B9} 200mTorr, RTA £YH2| 25 700T ZHWM
MEAIZ! ZnO BIELO] AFM ARR] (0.5m X 0.5.m)

.4 B
PLDE ol&%tel @dAe] ol alumina (ALO:) 71 ¥ $lo) Zn0O Wt
Fasgd 38 A &kt AL FASYed F&o BY 3 18T
RTA 39428 3] Zn0 e AAAYS 3*’&”\]?;173} alumina 7] $1
AHE S5 & 4L 2= 200 Sg 4442 ¢ Uged
XRD 2 AFM B4 S ‘3'33 9ot e AFE g Zn0 WYL £

-r-°k7} ALAA Holxn gtd, RTA FEAYE o431 2
UgE E AR A ]E 71ge &de Hagee FAY Zn0 47E
4€ 4 & Aol sididrh

|

% ZApel 2
of #&2 2007d LT SEETre A3t FYANUF

MagH

{1] AMeaney et al, “Comparison of structural, optical and electrical prope
rties of undoped ZnO thin films grown on 1~ and c-Alos substrates u
sing pulsed laser deposition”, Superlattices and Microstructures, 38, 25
6-264, 2005

[2] K.Ogata et al, “ZnO growth using homoepitaxial technique on sapphir
e and Si substrates by: metalorganic vapor phase epitaxy”, Journal of
crystal growth, 237-238, 553-557, 2002

{3] Jae-Hong Kim et al, “Effects of Post-Annealing Treatment of ZnO T
hin Films by pulsed Laser Deposition”, Trans. KIEE,, 54C NG.3, 20
05

{4] BL. Zhu et al, “The effects of substrate temperature on the str
ucture and properties of ZnO films prepared by pulsed laser de
position”, Vacuum, In press, 2007 ] )

[5] Chu SY et al, “Influence of postdeposition annealing on the pro
perties of ZnO films prepared by RF- magnetron sputtering”, Jo
urnal of the European Ceramic Society, 23(10), 1593-1598, 2003

121 -



