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Growth behavior and optical property of ZnO epitaxial films
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Abstract Growth of ZnO epitaxial films have been carried out on (0001) sapphire substrates by RF magnetron sputtering.
The single crystalline ZnO films of the thickness about 400~500 mm were grown successfully. At the various substrate
temperatures of 200~600°C, the growth behavior and optical properties of the epitaxial films have been characterized. As-
grown ZnO films were annealed at the temperatures of 400, 600 and 800°C respectively in order to characterize the optical
properties. The carrier concentration of ZnO films annealed at the temperature of 600°C was measured 2.6x10° cm by
Hall measurements.

Key words Single crystalline ZnO, Epitaxial films, RF magnetron sputtering

ZnO 3] wule) 3% A%} F 5

el =N

ATt A Fes, A, 356-706
(20043 109 204 HF)

(2004 118 30Y AAHER)

2 % ©EAPA ZnO AT utEt S Alstolo] Zige] 0001y el RF magnetron sputtering 2.2 3 &1 ch.
200~600°C7H#] 9] 713%e] 22& Wgste] 7hHA ZnO o3 wtete] 4 s 2ARIALH, 44E ZnO ¥l st
Aa91710 4 400, 600, 800°CellX 2zt obd @& st ofo tigk F 5442 B8t Hall measurementdl] 23] =7
@ carrier concentratin® 600°CoNA oFd &8 ale] 2.6% 10" cm o] At}

.M B 22 4 71E0] gagAete] 23S Fold s mee] W
Al kg zrgell ol 8d & e AHo] AUtH4, 51
FZ GaNAl ZA ¥=5F Az} AQjo] FAAE], 3 £ AFollM= AAldo] &2 RF magnetron sputtering
T =2 In9 8% 2 GaNAl EF AAE ol§ & o]&si, FEY AR ZnO oY RS st
3 wA 2 A1) thiAlol] thEt o] Holw vk 32, Zn09] vhere] Al 7Bl thste] st
=

E3], GaNAl &xbe] WAy g whalo] SHAE SH357]

Aated N2 LF A sRE(1-3]0] a7 wet

A2 o] EREA S Hole AAY FaAE AE 2, AgHNH
2l ZnO, AIN Fo] FAdE Yehlz 5]

Zinc Oxide(ZnO)= wide band gap(Bg=~3.4eV)2 %t Zn0 AEAAZ AZXE targety: o83k A7 39
E I-VEES SFE UEAq 2, exiton 2F olUA7F  RF magnetron gune] A2t AvEls XS o]&slod,
A2o0lA 60 meV(GaN: 28 meV)ZA], A2 2 F-2¢]  RF magnetron sputtering HOZ2 A4S A3t 4%
A BAE £ e A o)A Wgake] §8L 5 ¥F 2-5X107 torr, target?} 7197k AE)E 70 mm
iste 4= glom, olgjgt 5 o83t Al s Fow, RF 2382 100 WE siich. qhete] Ag%A] A
To]oy 7lFe] L=E 200~600°C7HA] ¥skste] Fof o)

*Corresponding author of et B AsS Yoluyrt.
M 2~ = -144 =133 = = =
g‘ifszﬂ_ﬁ&%_ al 463 T, A28 vacancy’t FEE AS A fs)

E-mail: smkang @hanseo.ac kr o Ar/Q, gas®] BlE 2:1~4: 12 FAsI] FEYEH



254 Seung Min Kang

BEYANE olFoE & IS sIMoH, Zn0Z S}
317] A% target® 2= A7 3, 6NO] =55 ZH= copper
back-bonded sintered ZnO targetS AFE-3}t}

237€ ZnO ¥HERE 800°ColA] 13ZF AbAEE9) 7)ol A
Annealingsled ©]Z PL(Photoluminescence}}*-41-g =3}
of FEAHE A e, XRD(X-ray diffraction)
233} X-ray rocking curve(FWHM; Full width of half

maximum), SEM(Scanning electron microscopy)e ©]
g3l 4 Ase B4kt

2k

3. Ea e o

ZnO ol|zutete] A-39 44 As 2 &4 54 58
B3] 95l SEM 48 331t} Fig. 19 A%
H ZnO o¥) gheke #25 SEM AS B (a)9h
(b) 2B (% (dys A7 TYe 9wl B2E A
o024, (a9 (bye AFE THS BT Aoy, ()%
(@9 A9 T S B2 Aot 44 =4
2 2+& Fig. 1(a), (b) 2B (0), (d)2] 717 &5&
(@), ()] ALE 600°C, (c), (1Y A= 300°C, BA
4 722 (a), b HE= 5X107 torr (o), (@9

o
p
o
J
o
o

2um

B4E 1X107 torrel3, RF 283} Ar0,°] H], T8
I targes} 719 Ade 42 50W, 1:(total 10
sccm), L8132 70 mmSATth.

ZnO= dtetez A ), 474 474 (growth habit)
o] F4 4 (columnar growth)e] $-A3HAl UER}A

=, olHg T AL ARt FAES fxst
71 W&, olagt F4 A4S AAToEA, AP
o229 Aol 7Fsd Aolgks Mol 2jtsio olg 1
Zhste] Hoit,

3|
ae
—
=
o
B
>
s
2
2
X
o
A
Y
O
-z
=
o
2
—_

20°9 ZA=E

i 8 , gAY

Zn0 2% =27 BgEwEA, dRske 7ol 329
A

th &, RF £¥<& Adstd, 4AEEE =2A X138t
3, 719e) 2% Ed weow fRjsl] whaAAow
o] e fFEser, o 4% AsE Fig. 1)
o FAE HES "eli(terrace)E £l <+ ULt
&, & A8l ZAHEEA, 71l HPg (0001)F0]
sty 58 #EAE ¢ Q)

3749 diete)] tistd DCXRD(Double crystal X-ray

B0

diffraction) #2392 33l rocking curveE Lol o=
Fig. 2ol JERAAT. rocking curve?] FWHM 2 <f
230 arcsecSitt. '

(b)

(©)

(@

Fig. 1. SEM micrographs of as-grown ZnO epitaxial films. (a) and (c) as-dep. surface and (b) and (d) cross section image of ZnO film.
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Fig. 2. X-ray rocking curve of grown ZnO film.

Fig. 3. HRTEM (High resolution transmission electron micros-
copy) bright field image on the cross section plane of grown
Zn0O film.

Fig. 3] HRTEM(High resolution transmission electron
microscopy)>-2 2t bright field imageE YERNS]
th. Fig. 3004 A% uteke] F7l= oF 500 nmel L,

-2 = g &= on;]_ o)=
SR AT Avsl et 9B By
Efjolj A] Hhﬂ—o] AREGL-S &4 4 gk

E48 Hr5P] HO]-C'% Photo Luminescence
g ZnO gt A= PL &
= 2 AEZ noise peak’} BU=d,
Ao A0 o2 DB B vetel o) o
ZIEgar Als o) o]F Yo}

Zn02] =%

fijo
o%‘,
QL
38 G
R ¢
o

ox O ox M

dt fr w2

255

1000y oo
(a) . asde

1004

Intensity

14

T T
3000 3500 4000 4500 5000 5500 6000 6500

Wave length (A)

400 oC annealed

100003
(b) 600 oC annealed
800 oC annealed
10003 - - B
:é" 1004 \ ;\ . (800 C)
NS b .
§ 1 il coeo
2ol W oo

14
T T T T T g T
3000 3500 4000 4500 5000 5500 6000 6500

400 oC annealed
600 oC annealed
800 oC annealed

100004 (C)

1000

5 (800°C)
N

R
PR
i ‘?‘Q‘ﬁa

i ify

I

3000 35’00 40’00 45‘00 50’00 55’00 60‘00 65’00

Wave length (A)

Intensity
8

. m Mfﬁ il il (600°C)
i MR (000

Fig. 4. PL(Photoluminescence) spectrum of ZnO films. (a) as-
deposited ZnO film and (b), (c) After Annealing
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