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Abstract: ZnO thin films were deposited on a-, ¢~ and m- plane oriented 4H-SiC substrates by pulsed
laser deposition. ZnO nanowires were formed on substrates by tube furnace. Shape and density of the
Zn0O nanowires were investigated by field emission scanning electron microscope. Average surface

roughness and root mean square surface roughness were measure by atomic force microscope. Optical

properties were investigated by Photoluminescence measurement. Density of ZnO nanowires grown on a-,
¢~ and m-plane oriented 4H-SiC substrates were 17.89 ym 7, 9.98 ym ™ and 2.61 pm” respectively.
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4H-SiCE ZnO%t 22 5WAA (hexagonal) 7%
2 Zn0O% *& A2 FAJL (lattice mismatch)& 7+
Az o, =F M= 32 eV, ¥ ¥3} M2 &
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T (20x10"7 em/s), & A AA (22x10° V/em),
=& d4E% (50 WemK)E 7HA| 7] wfo] 1L,
7Y FHANMNE 23] 42 SEAL 4R g= #
A

B Ao A= PLD (pulsed laser deposition)®t
B 9y2g 839 a-, c-, m-A%E 4H-SIiC 7]
#ol ZnO UAE FA43A 2, 718 & ZnO Y
A BE4E £4344.
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4H-SiC 71#-& olHE, vetE, SPM (sulfuric acid
peroxide mixture), BOE (buffered oxide etchant),
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Table 2. Growth conditions of ZnO nanowires by tube
furnace.

: Parameter Condition
Sek Tube Source Substrate Gasil:
Boatw . Target ZnO : graphite = 1 : 1
ﬁ-—l?-cm—'ﬂ Substrate 7ZnO deposited 4H-SiC
Source-Substrate 15 em
distance
Fig. 1. Schematic diagram of tube furnace.
Temperature 1,200
Table 1. Deposition conditions of ZnO thin films Ar flow rate 450 scem
prepared by PLD.
Time 60 min
Parameter Condition
Target Zn0
Substrate 4H-SiC 3. ## ¥ ng
Temperature 4007
I N P a9 2¥ ZnO YA FE-SEM (field emission
ase Pressure (Ng x10 " : P X
- o scanning electron microscope) AtZle|th 1Y 29| (a)=
Working Pressure (Oz) 20 mTorr a- AL 4H-SiC, (e c-8W¥ 4H-SiC, () m 4
Time 10 min Hc}%b 4H—SIC°|] %"5’%‘_ ZnO L}‘h’.ﬁolt} SEM *]’{Lﬂi
Zn0 Ao 7@ 402 Y4E AL ¢ £ 9
Zn0 thickness 200 nm

o] &4 (deionized water) A2 7|H#E AFHIHA
c}.

PLD 3w e 27 1&<L 5¢10° TorrZ A
stx, A F4E 20 mTomr, 718 55 400C2
BA33 ZnOE 10% T T3 57 200 nme)
ZnO 9rahg P A3 A

¥ 1°l& PLDE ©]&3% ZnO utete] Az =48
Yehgdth. ZnO$}t graphiteE 5 mg¥ 42 3%
E FF 222 ALY, 229 7|89 Age
15 cmZ d4AsA FAd. 22 F VIEE o2&
7tA2E A} RE S o2 729 F#e 450 scem
o2 nAFHUL FH AY2E 1200CA 608 F
¢t F 23t

£ 20l FE HY2E o] &3 Zn0 Y= A
2 2142 YR, 29 1S FE Hyxe 32
& YERAAS

PAE Zn0 dvxeAe AA 9EY FARAE0A
(FE-SEM), 941 8v]7 (AFM)# PL (phtoluminescence)
< AHg3t] A3

o} a-AWE 7jge FAE Zn0 YxAe HWEkE
1789 ym? c-#HgF 7)o FAE ZnO veie 2
EE 998 ym % m-AHE 73] F4E Zn0 iAo
A5 261 ym® 22 ¥ 3o At 7|1 At
ol W& Zn0 UAe UEr} g o= 7|8 Twe
oAUz 7} Hukgkel| whet 27| wjiolztn gt

a9 32 Zn0 Y49l AFM ARZleltt, 19 2+
7ZnO Y= 9] FE-SEM A}zlo|th,

a9y 29 (a), (b), ()= 2z AlRoelx, (d), (e),
(= 329 AlAolth, 19 29 (a), (d)e a-#Led
4H-SiCel A E ZnO Y=ol (b), (e)= c-AW
8F 4H-SiCell A ¥ ZnO Yx=Aol1, (c), ()& m-
Hepbgk 4H-SiCol A E ZnO Yi=Aolt} a-HuW
Z|gel A E ZnO Yix=Ae] Hd Ed AA7|9} A
F 37 29 AZ7|E 14240 nm, 175.81 nmo] L c-
Adkgk 7)do] FAE Zn0 UM HF ¥H AR
719 A HF ¥ A= 91.76 nm, 11296 nm
o, m-AWIF 7|Fe] FAHE ZnO A HF
¥H A7 AF "Hy EW AAVE 3322 nm,
4328 nme2 ¥ 49 AYsA}E Zn0 YoM d
T} F7H84E Zn0 YA B9 A7 F71
HA7] dFelth
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: - . 5 . ‘ig. 3. AFM images of ZnO nanowires gr a),
Fig: ‘2 Top! view FESEN fmages of 700 nanowires Fig. 3. AFM Tm iges of ZnO nanowires .gmwn on (a)
. . (d) a-plane oriented, (b), (e) c-plane oriented, (c), (f)
grown on (a) a-plane oriented, (b) c-plane oriented, (c) - g
. _ m-plane oriented 4H-SiC substrates. (a), (b) and (c) are
m-plane oriented 4H-SiC substrates. s Pyt
2D images and (d), (e) and (f) are 3D images.
Table 3. Density and average diameter of ZnO
nanowires grown on a-,c- and m-plane oriented 4H-5iC

20
substrates. a-plane peak\
Paramete 5
a-plane c-plane m-plane 3 L]
r .
® 124c- ih
Density " g oiplue sk ‘s
2 17.89 9.98 2.61 > \5 :
(um “) 7 o i
5 m-plane peak !
= .
Table 4. Average surface roughness (Sa) and root mean = Y i
square surface roughness (Sq) of ZnO nanowires grown 0l
on a-,c— and m-plane oriented 4H-SiC substrates.

0 320 340 360 380 400 420 440

a-plane c-plane m-plane Wavelength (nm)
Sa (nm) 142.40 91.76 33.22
i ig. 4. P luminescence spec Zn0 na fires
S, (i) 175.81 112.96 43.98 Fig. 4. Photoluminescence spectrum of Zn0O nanowires

grown on a-, ¢- and m-plane oriented 4H-SiC
substrates.

a9 4% a~c-m- 9 7|H FAHE ZnO Y
=4 ¢ photoluminescence &3 Z3to|r}, zt Wbk
M 7Zn0 Y=o PL 54 34 374 nm (~33
eV)Z Z3 A7|E a-, c-, m-AWE 7]do] dAde
0 A £42Z Fo BT

a9 5% ZnO Yol PL A71¢ veMd IS
Mg g Zolx, 1Y 6& ZnO Mol PL 47|
o YMe B wW AWV AF AF wW A

U718 WEH 2dZolth vhHe] WET ol
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Fig. 5. Dependence of nanowire density and

photoluminescence peak.
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Fig. 6. Dependence of average surface roughness (S,),
root mean square roughness (S,) and photoluminescence
peak.

A+E Y PL A7I7F ARAZ, Yo ®EW
AR} AZAFE Yy PL A7I7F AAE RS
<& £ gtk §9 o EHA ¥ go] AFAFE PL A
717y ARG @A Ao Zn0 Y=o dEet #
H A7 FHE5E R o E93 8 &0 AA
7] W&o PL 717} A g [78].

4.4 B
B AdFgME a-, c-, m-AWHEE 4H-SiC 7] H]
3

PLD$} FH #HUYAE o] &3 ZnO Y-S B4
stglth SEM AMR S 2 ZnO Y=ol 71 3%

goz YA AL FUAY Zn0 YA
A% a-, oo, m-AWE 7|8 A" Yed &4
2 1789 pm®, 998 pm% 261 pm %ot} ZnO YA
o] H# B AAE a-, -, m-AHEd 7% §
A YA £MZ 14240 nm, 91.76 nm, 3322 nm
olal, ZnO YA AF HF EH AF7E a-,
c-, m-EHE 7|H@e FAHE UM TAHE 17581
nm, 112.96 nm, 43.28 nm °]t}. ZnO Y= €] PL &
A 9Ae 374 nm (~33 eV)elz AH7Z|E a-, c-
m-A43 7|8 FAE Y £A4E EF4EUY
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