§ e HARE FEE TR

Study on Microstructure and

Physical-Electrical«Properties of Zn0

Pt i Fes
R R Y o

dEARL LT ET



§ e HARE FEE TR

Study on: Microstructure and

Physical-Electrical Properties of Zn0

Pt i Fes
By B Y o

dEARL LT ET



§e L HARE PSR T

Study on Microstructure and

Physical-Electrical Properties of Zn0

B2 ixE8 Sudent :  Shih-Yang Huang
hEREFIHE Advisor : Prof. Tseng-Feng Liu
B2+ &

Study on Microstructure and

Physical-Electrical Properties of Zn0

National Chiao Tung University
In partial Fulfillment of the requirements
For the Degree of
M aster
In
Nanotechnology
June 2006
Hsin-chu, Taiwan, Republic of China
PEARY T AT



5% 3
SETCCRECET S RS RS W Y -
FORFIH B HIE 0 £ R E e h FaR > 12 L
e fRa e § R AR E S KRG Y
LoHAFEL  FRASE NAEES SRR

M\\

e B o B fs AR R B e A A ek PR F IR



iF &

A e A A N R R R A Y V. &V
(Transmission Electron Microscopy, TEM) £ f&
4 47 - 8 e (Scanning Probe Microscopy » SPM)

RS- U R Rl Y - O IR I o R Y s
(Scanning Capacitance Microscopy > SCM) 4 % #:f§
BN e T R+ 4 B cs (Conductive Atomic Force
Microscopy * C-AFM) 4*¥17n0. # & £ £ & 2 7T
P GFE > T 3 oo oSCM &L * 47 41 R KRR
ERH o AR O AT LR R 2T
o Bl - BRIRTFREREATLRIE D 22
R BT Ao BRI o ) fies T E 3 i
B dC/dV> &m A - = B B4 A5 el
FOUR P R m?ﬁ‘—*/’v\f 2 TR A
s ¥ %%:E’ T T B8RP bene T B YT k)

MBS B R T RS 0 - KB T e

Heehbd 5 o o C-AFM enf 2 £ 62 SOM » 7 2%
Jo B LB R S TN > Bd woegi s Bk §



BL,STIC R 15 R S B R R

SRR R R R s R RPTE o
SCM 12 2 C-AFM 4+ $+7°% 3 5+ % 4% (Pulsed Laser

Depositon, PLD) ** Al,O,ZF % (000w & & 24 &
n0 BB FRITEREI FEIRT R 2 B3

#\ f}aa B

e /in0 e @ d e weH

4
ys3
=
3
pu
oy
Sk
A
el
=H
4y
Z
=
&

oo BAHEA L
(TEM) » L2 3 Zn0 #E 5 FlHok H et - @
o A EFR T ARG 7% P (Threading

Dislocation) » 2 & &7 Z #H % 5 ¥ (Burgers

2z, ¥
Y

Vector) = —<1120> o 7n0& A1,0,50> = B % &
(12107, o //[ 1100 ] z00 ~ (0001) po,// (000L) zo ~

(1010) , o, //(1120) 700 4= (1012) , o //(1122) 70 -
B g g s, B SON 2 C-ARM e 7

2P APFERTFTRMUE NIREEFT RET AP

IR D L RIS



Abstract

Scanning probe microscopy (SPM) has been shown to be
a powerful method for characterizing local properties of
surface. In the present study TEM and varied from SPM,
namely scanning capacitance microscopy (SCM) and
conductive atomic force microscopy (C-AFM) have been
applied to characterize the distribution of dislocation
near the surface. The SCM offers the information of
charge carriers of ‘semiconductors in response to a
low-frequency AC electrical modulation between the
sample and tip. The SCM signals are detected as the
capacitance between the sample and tip with a resonance
capacitance sensor. The SCM images are obtained from
two dimensional dC/dV signals, which represent the
slope of the capacitance (C) — voltage (V) curve at a
certain DC tip bias (Vi) . In addition, the dC/dV versus
Viip (dC/dV-Vyp) curves with holding the tip stationary in

specific positions are utilized to characterize the local



carrier properties. The C-AFM uses a metallized SPM
probe to contact with the sample as a microscopic
Schottky contact. The current (1) detected and amplified
as a bias voltage (V) is applied to the probe. The images
of sample topography and current leakage can be
simultaneously acquired.

The electrical properties of epitaxial ZnO films
grown by pulsed laser deposition on sapphire (0001)
were investigated by SCM and'C-AFM. Regions with
significantly different capacitive response and field
emission current coexist on the ZnO surface and their
distribution are closely correlated with surface
topography. Transmission electron microscopy
observations reveal that the ZnO films have a
columnar-grain structure consisting of epitaxial cores
surrounded by boundaries with high density of threading
dislocations. The local spectra of dC/dV-Vi, and |-V,
curves by SCM and C-AFM indicate that the flatband

voltage shifts and the potential barrier increase at the



grain boundary, which is attributed to the interface trap
density and fixed charge density induced by the
threading dislocations. In this work, the mgor threading
dislocations affecting the physical electrical properties of
epi-ZnO film are found to be of pure edge and the bugers
vector are [ 12107, , //[ 1100 ] z00 -

(0001) o0, //(0001) 200 ~ (1010) , o, //(1120) 700
and (1012) o //(1122) 70

By means of the analyses of the electric properties
and microstructures, “it"‘was found that the flatband
voltage and band gap would increase with the existence

of the edge dislocations at the grain boundary.
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