-
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Xiamen University Institutional Repository

R ghS: 10384 RE B FhEs
%5 B200424015 UDC

BN R}

B L ¥ A w X

Zn0 KRR 1= T S I F B H &SP ot
FE, 5% = At 51

Deposition of ZnO nano-film by rf magnetron sputtering and
fabrication of ultraviolet photodetector

5 K

FIFHRFHEL: X I o AR
+ ¥ oz e B R S W R
HXRIXBHL: 2007 £ 11 A
WX EHAH: 2007 £ 11 A

FALZ T B A F A
ERERSER
" A

2007 ¥£ 11 H


https://core.ac.uk/display/41425643?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Deposition of ZnO nano-film by rf magnetron sputtering

and fabrication of ultraviolet photodetector

By
Bo Huang

Submitted to Physics Department
in Partial fulfillment of
Doctor
of
Philosophy

University of Xiamen

2007



BRFFEAIE R EI 1A

RIS, FEANAE IR T R AL 5E I TSR
ARNAERCEAFH 2 I HADA ANRERAR IR TTSOR, YIRS L
W7 AR o A NAVE AT FHARAHE H A8 30 A AR R AT

PN (B84 -
U H 3



BIIRFZMIEXE(ERUERE

ANFEaE TRETTRAARRE . AR e . ET
REFATRUOR B 5T 1) [ 58 3245 0 1) B LR S DL IR AT 18 ST AR A
LR, A BCRE AL 18 SCHI AR woR) H A ) 2> B =IO e v e SCak
NS R AT, A BOR A AL 18 S A 7890 A AT A PR R AT
Foa, AR S AL SRR ORI 229G H Ao DR A8 SO
it e G ASE -

AT ST

LR (O, A ARSI AR
2. RERE (O .

CHTELL AR S T« 7 )

TEE A4 Hi. & H
FIMLEA . Hi. A



HA S

R E

BEA 5 BAL SR, AT =i i ok 5 HARSE, (248 7 6=k
G o [ A B HL R VO AR AR — A, e R L MR AR N
1450 A& - SO A Rl A8 H BB T 58 AR AR 1 SR R
d1, ZnO THRA MR RMLrETERE, Mg A1 mE o, BA A AR i i 2
XAV SRS Vg S W Bl o QS | G e A e % N T A e DO B N D) T
B2 v ) Z O JHE IR 290 K i — B 22 T MOCV D EUMBE S5 55 &) Bt Y I 45 A 1
B B, KR T E RS AEN H .

ANV SR 2 B AR AT Qe ) P ] A8 PR B P2 B S B AR AE SO/ i R AN A7
ey AR K TR I ZnOAK s WHEIZnOZA K il 28 410 AR I 2%, A 5T
SAFRIHINE L ZER, LSRR RIF G BERE . AT SIS, A A
(I P SR A R TR A ZnOZA KA, XS SIEELZn O K IR AE DI FL 2SR
KRR ], B AR o ARSI BRI A S SR

K FH SR AR 47 DB £ STO/ ST AT G S 1 i 8 H ARRE DR/ - Stk B ) LA
RRFPEAE AT DLRAR M ZnOgl K 2 it . 7EAS AR U JlS P @A
S5 LB HAAE T AT HI %, 0  h4  RE  EAT AN [ P U
AR AR KA SHREXRD. SEM. YGEUR GG (PL) 32 5 1% R0 S 5 i Fr Ul
AT, WFIUHIRIRS 24 E IR KA BT 5 ZnOG K IR 1 SR L) K
AN RETEH SCFRHEER SR RS g, kil s T34
il 8%t Coy e P B ORI 1) (R R /N8 5T o 308 S S A A R I ZnO A oK 22 it i

\

MZnOZNT5 AR I BIPEAS K SC AR Y, 13 HY XR DI I A S 11 et A4 AR A
A FERARRR R TISLRARAR R TR N ) AR R R, AR TR T
Bragg-Brentanot¥: = fl1Seemann-Bohlin & = [\ XRDl & (1] 3 7] 55 W AR 5 R& 20, PAtk
N, WEIT T A T2 . AN FEAT R EAA AR K AR 4 B Zn O ik
(IR 1384k, DAY, g 0] ST R G SR PR R SR, PRI T B A e S ) e vl
AR

MR B R BE SRS, A ARZRPE DU BT 5745 21 AR 1) 06 22 A



ZnOZHK: ity B R 1 B 46 A ZE RO HELER D S BT o6

W AR S K. RMHIDEBUR G SR DEST W I, WFSZnOME s e
JOT o ANSIZHG T B 1 b A 5 RI0RE FEE R /INAR[R] 3B KT i FIAS [ 3R K Ab B A5 R 11ZnO
ORI SR 2257

H4E H R 47 AQ/ZnO Schottky it FIAIZnO Ohmictzfili. R FHAgffE A i
HIAK, il T BAT R4 Schottky RFPEIFI DG fi “ AR . 7ESIOL/Sid I b il 1 4 -
SAR-4 )8 (MSM) 4581 AQ/ZnO/Ag Schottky & 4G EEERI %S (PD). TFFT T 4K
MR-V C-VADG I m WA PE LA SR vk e o 8 e S A
ATk, RIRAR) S 6 S AR 7R 37ONMR T, AT R A28 A J3v (1) 58 APl FL ¢
S o

RSO FE BRI TAEA R FH SR8 56 1 4%t CRbPR LI 1) 0k
B8 BURMZnOYK AR PEANHE S H XRDWI 8 A (1 g RN AR G &R,
WFIL T ZnOYN KR R e 2R M 1 O Z s T AR S M DR A AR A 2 R4 0 S5
8% T ZnO AR IR 452 5 WAV T P PR AT S o3 RO R 8 AR BRI 20
P, G A U5 B A A B L2 AT R AR B, A S BRI T Ag/ZnO
Schottky — i )i I TREtH - %235 Ag-ZnO-Ag MSM Yt HIER IS (1) il L
2, JFR HBESZI200nm/100nm E Ag/AU HLAR IR (1 0 ) 2 T2l 7 8%
PR w5 AL B vl LRI 85 1 ) B T

KB ZnOYK I, MRS XRD; iESH TE: MSMOYG RN 25



Abstract

Abstract

With the rapid development of information society, the demand for the
opto-electrical products is becoming increasingly fierce and the growing consumer
market has been promoting the development of the opto-electrical industry. As silicone
material for the IC industry, more suitable opto-electrical materials are needed to
develop for the opto-electrical industry. In the familiar third generation
semiconduction materials, ZnO is viewed to be a competitive material and has
attracted more and more attention in the area of opto-electrical semiconductor material,
due to its remarkable properties. At present, high quality ZnO fiims are grown on
sapphire using expensive MOCVD or MBE, which will limit the potential application
of ZnO for its high price products.

In this dissertation, ZnO nano-films were deposited on SiO,/Si and quartz glass
substrates using rf magnetron sputtering and ultraviolet photodetectors were prepared
on the ZnO nano-films. The opto-electrical characteristics of the films and the
ultraviolet photodetectors have been studied. The purpose of this dissertation is to
prepare high quality ZnO films using convenience rf magnetron and develop ZnO

based photodetectors. The main works are summarized as follow:

The ZnO nano-films are deposited on SiO,/Si and quartz glass substrates by rf
magnetron sputtering. The grain size, orientation and characteristics of the ZnO
nano-films can be adjusted by varying the ratio of Ar and O,, the rf power and the
pressure. Some samples have been annealed in N, O, and Ar at different temperatures.
The crystal structures and surface morphologies of the samples were investigated by
XRD, AFM and SEM. The optical characteristic of the films were studied by photo
luminescence, reflectance and transmission spectroscopy. The relation between the
sputtering and annealed parameters and the properties of ZnO films has been studied.
In the end, high quality ZnO nano-films with c-axis orientation have been deposited

under optimization parameters.

In order to analyze the stress of the ZnO films, the basic equation of stress
analysis has been deduced from the relation between stress and strain in three different
coordinate systems which are used during the XRD analysis. The relation between
stress within the film and the sputtering and annealed parameters has been studied. The
influence of the stress on optical properties of the ZnO films has been investigated.

According to the result, a grow model of the ZnO film has been discussed.
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Optical absorption coefficient and the refractive index have been determined by
unconstrained formulation of the nonlinear programming using transmissivity data
only. The differences of the PL spectroscopy and other optical properties within

different samples have been studied.

Using Ag as contact metal, good Schottky diodes have been developed on
annealed ZnO films. Current-voltage characteristics of these devices have been
analyzed. Ultraviolet metal-semiconductor-metal (MSM) photodetectors (PD) were
fabricated by using Ag as Schottky contact metal. The I-V, C-V and photoresponsivity
characteristics of the MSM-PD have been investigated. The photoresponsivity of the
MSM-PD is much higher in the ultraviolet range than in the long wave range. The

photoresponsivity of the MSM-PD exhibits a maximum value at around 370nm.

The innovative points of the study are: high orientation ZnO nano-films were
deposited using convenience rf magnetron sputtering; the basic equation of stress
analysis have been deduced from the relation between stress and strain, and the
relation between film stress and its optical properties has been studied; The optical
absorption coefficient and the refractive index have been determined using
unconstrained formulation of the nonlinear programming; A surface treatment in
plasma of O, has been developed to reducing the dark current of the Schottky diode;
Ag-ZnO-Ag MSM-PD has been successfully fabricated. A lift-off process has been
developed that can be used to achieve a 200nm/100nm thick Ag/Au electrode; The
photoresponsivity speed of the MSM-PD can be improved by covering with a passive

film.

Key Word: ZnO nano-films; Magnetron sputtering; XRD; Reflectance/Transmission
spectroscopy; MSM-PD
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