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Microstructural analysis and chamacterization of 1-D ZnO nanorods grown on various substrates
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Abstract : 1-D ZnO nanostructures were fabricated by thermal evaporation method on Si(100), GaN and Al,Os substrates without

a catalyst at the reaction temperature of 700 °C. Only pure Zn powder was used as a source material and Ar was used as a carrier

gas. The shape and growth direction of synthesized ZnO nanostructures is determined by the crystal structure and the lattice

mismatch between ZnO and substrates. The ZnO nanostructure on Si substrate were inclined regardless of their substrate

orientation. The origin of ZnO/Si interface is highly lattice-mismatched and the surface of the Si substrate inevitably has the SiO,

layer. The ZnO nanostructure on the Al,O; substrate was synthesized into the rod shape and grown into particular direction, For the

GaN substrate, however, ZnO nanostructure with the honeycomb-like shape was vertically grown, owing to the similar lattice

parameter with GaN substrate.

Key Words : ZnO nanorods, thermal evaporation, GaN, sapphire

1. A&

Zn0= 2 WHEB(3.37eV)Ht 2 YA E(exciton) 28

Ol Xl(60meV)E JHXi= I-VIE &8 BT HOICH [1]

6l IXA Zn0 UeFXEs FMY UL 24T &
ZEI AKX SEN HNHZ E820] JissiCh E£8 1k
Zn0 U2 ZE g JiX J1B20 S22 AZSEM
UV ptoclectronic S0 11 &#8TIF MR =L 0248t
SEHOI 2IoH M w2 AREMA MOCVD, PLD, MBE,
CVD & GiciZHZE st D18 20 1X4& ZnO Ltk
TXO A0 CHel P8t UACH [2,3,4]

2 HE2 SHME AMB3IX %0 FIMEYE
o GaN%t AHIIOIO J1B2{0 1K ZnO Li-2CH
ish HotACH 56 §FE Zn0 LU0 o
o SEHEHO sl & SIYO, 0
SEM, TEM, XRDE 0|83 245iALH

o
)

et

a B

2.
IXH& Zn0 U= HE &
EE NG, e B
Fol OLMIE, DIES, 8%
€ OIACL Zn0 Lt 2UCHe B&2 +H
M, 700CTHA Zn(99.99%) 220 MAE AFE 98
H BHOIAUCL Ar 122 0, JIAE 212 2EDILAQL Bt
SIIAZ ANESIALL 220IL 2EN zn 228 W90
HEL: U L432 S 220 £, JIH2 Zn 2L
A =H22 10mm O 20O AXIAIZCL d2lD A48
Ol AIBE JIBE JtADL FUSis & JINM0IN R|AXIAl
ALL BEE A2IJl & 158 &2 Ar JIAE 500scem &
AT g8k HEE2 AAMGIALCL 0/F T8 23T
min2 308 S 700THX &SAZD, BTE 8ils

QLIS Ar JIAE 500sccml2Z A& BHFALHL 4
TOAME Ar 28 B O, A8 10scem22 |2AF
Ch OIF ©t80] Ut Arlt 0, JIAE ZF EAFX
2 HEA &2MA B=E MAS WRCL

IR Zn0 US0Hel SF372 U DARZE
FE-SEM, TEM2Z 245310, ZH&s S48 XRDE
01850 E4 AL

%2 32 fio om

3. 20 & EHE

& 12 Si(100), c-plan AIIIOI0f, GaN JIEH(0fl 242}
oMEHE 0|2 Zn0 LI-UANE S4AI2) O-O0I
Ch (a), (b)= Si(100) 1 E=I0, (c), (d)y= AHLIOIN DB
O, (e), (= GaN J1E0 SFAZ ZnO LI-HHE DI
BRI M2t CiEX J4EE HEIE 26EC 84 Al
ArAoel BMSHETN Oet Zn0 U2 dEFEI}
L2 &0 Ol PISHAQ AMAJIAE BHE M Ot
A2 JIBHE Zn JI&0] JIM2 B0 Us JIESH A0A
X ZnO U= StiCl AZE0| LOLID| HHEOILL 0l ¢

of D1Etel 2t X0 Mt ZnO Li-9tlHel 4FF Tt
CGEN €0l 28 12 (a), (c), ()= IS0l HE 22

013, (), (@), (h= S 20| B2 REOILL (a

ZnO Ui=2t0Hel BY 0|0IXl 014, (by= S8 OI0IXl 0l
Ch 380k & = AKO0 S8 Zn0 L=t €3
8 2EH0| 20| REASIH LFE g AFE = UCL
Ol ZnOSt Si JIEAIOISl 2 AXta4s X0Ig Si J1E9
of 240 A= Sio, &3AE MEOICH Of B2 AN
ZnO LHcBtlHe) SZYWE0] 2LI6H W28

UCL Ol= O 22 TEM OIDIXIOINGE ZEE %
Ch (o 8ZE Zn0 LIS BH 0I0IXNE 20F
UCH ZnO LH- MO} SFHE 428OoZ0 g3 A

= aze

W K

116 -



18 1. Si(100), GaN, AtIIOIOf DIZ2I08 SESE ZnO Lt
i RES SEM AR

X
1
Ja}
filo
e
i}
J mE‘.‘
1
32
M
a
(I
(983

i

N
=

o e
x
i
N
)
k)

oy 0x oZ

40 ¥

fr mw o
o)
ok
4
30
o
)
o
ot
8]
O_L
ror
0z
Qo
10
HY

2 oz

2
o
o

& ZnOgtel AXE X0
! = XOE 2
Sl B (@)= BB 00X 012, 180
s 18D 2 0°cEZ JNBUHH 4350
8 3biiAT HEE &~ UL oS ¥
OAl &8 Hig 201 ALTIOIOI RISl Z2Tak
ot fAMA OICH (o) (h= F
Lie L QT &A% BIEO0
40 LHEILEX &2,
Ch. GaN 2[E2 AHLHO!
X+OL 3t 7194 LRI @
2L (s ‘EJ
gFxAs L}iD*CH

Q
ir
o

2o o
_gy
E
Y
gg

L (R B ]
=}
el
my
=}

fir £ ox

Pl
N
)

o]

o«
o

e

H

0 Wy ro
proHo
B
_kg!
@
Z
E 5

[on
N
=

o

1
Al
=2
T
I 1r ox

o
2o o
0 0

@

i

4

[
gis
o
30 19
o
W W

g M

)
@)

g

cC
=

52 H e
X2 =2 & Py

Q Moy

e 4
o

tH

Ll
ob 0
4>

oo X
Jralpgs
H

4 5 oo
g0 ©
a

o
0
it

w0 H o mt

Ok
Gy

J

@)= Si(100) JIE=R0 EREHOZ
S nO LtS-2UCHel TEM O[Q(XIOICEH 1
HESZLH [0001)m0 22 LH=2HHIG
o & AL O 2Ab)s AIHOIN J1meiof <
JI2HMAM &8t Zn0 U2 TEM 0ICIKIQ
Zn0 ULLUE2N HUES = AGUA 1,
FEM s IEWEE oYy M ez ¥
18 SEMENA ZnO U= CHIt
AL, [0001)4E2E LAY Us
22 ZnO L UTHSE AMIHOION 1Bt Dt
WEOID, 3HE ATTOIO Dol S ZIHE
O 2(c)= GaN J|H0 X8 Zn0 Uk
TEM OIDIXI2t SIRMEOICL. DAL 8 %
GaN JiE2{0) ZnOJ} UUHERT XN SHBE
S0 LE:D‘CH HEHE HEE UE & & AT
82 4, 582 Zn0 LI 220 HU=ES
A 2 -?—E‘Oﬂ CHSY 3=IE OJ0IXI OICH 4
B OI0IXOAE MO0 JiEMiAet GHEEDS

L
0w o
o

% A Mo
oy oMo oox

0x I
ay
g;,r%ﬁzg
= oy

(S

)

N
T
4 po
PR 2
=~ M ow
R S

mo

1> 39
on
10y
@
40
Hl

pi

9(@

k3o 1o

=
22 UUSle

kel

o fio

e}
fob A J
ke

i

{& ZnO

28 20 Si(100), GaN, AHIIOIOY D10l S&E Zno U

LR

5B S EMEE GaN JI® I Zn02 H Y
SR GaNg ZnO B EIEO0! 12 XdH] U= AHg 2

g

> o=
10 0 X 1]

U
> ~

o

o

A

o oo o
10 N 4

oz ML

o
o B

[

2]

{3]

4]

117 -

P
e

uo  ofn
o
H
e
fir

Q

M oor
o
>

z

e

2 o3s

10027-0 2 &%
dHel Xaeg +

2l TEM AtY

= ALH

4. 2 B

I Si(100), APDFOIOY, GaN 2iBrsiol
gd AZL, 2T ot O2 4o
£ SEM, TEMEZ Sof 24538Uch
SHHIE Si(100) 21BN HFAH
SUXNZ dFLE0

&N 0r
i

1%

o

0

ot

)
< o
g

-
H
2
i L2
0x

Z

> o
=~
B
o]
-

2 om
[z
oh
o O
o}
¥
2 o

Y
10
|
30 0
TS
>
E_I
=)
=
J

%m
b
<]
T 3o
10
%
o
H
12
o &
U

4
4
X
2
ob

Yo
i

o o
o
0
0

= r
>
o
4
>
0
4%
[
]

8o g
O had

§§ 0x =

o %y

0z 1H

0 o

o2

>_

el

grsr

o

> 2

o 0

S

L

e

® o

oy
>
1o
nwy

fo
Y
b
i
=

Jm
0
~
ao b

%l
2t TH g 29 D a7

Jor
3o B
w gy 10

!

15

=)

i

A0 28
M. H. Huang, S. Mao, H. Feick, H. Yan, Y. Wu, H.
Kind, E. Weber, R. Russo, and P. Yang, Science Vol.
292, p. 1897, 2001.
H. J. Fan, F. Fleischer, W. Lee, K. Nielsch, R. Scholz,
M. Zacharias, U. Gosele, A. Dadgar and A. Krost,
Superlattices and Microstructures Vol. 36, p. 95, 2004
J. B. Baxter and E. S. Aydil, J. Crystal Growth Vol
274, p 407, 2005
A, Rahma, G. W. Yang, M, Lorenz, T. Nobis, J.
Lenzner, G. Wagner and M. Grundmann, Thin Solid
Films Vol. 486, p 191, 2005



