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Effect of Temperature on Structure and Properties of Femtosecond
Laser Deposited Silicon Based Zinc Oxide Thin Films
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Abstract Zinc oxide films were prepared on n type Si(100) substrate using femtosecond laser deposition with laser
parameters as follows: pulse width 50 fs, wavelength 800 nm, repeat frequency 1 kHz, and pulse energy 2 mJ. The
effects of substrate temperature change and annealing on the structure, surface morphology and optical properties of
the ZnO films were discussed. The X-ray diffraction (XRD) results showed the ZnO films deposited under different
temperature (20~350 ‘C) were with wurtzite structure and highly c-axis oriented. When the substrate silicon was
80 C the film was highly (002)-oriented, and (103)-oriented at 500 ‘C. The nano-crystal structure of the films and
hexagonal structure of ZnO were observed with a field-emission electron microscope (FEEM). The effects of
substrate temperature and annealing on the optical transmissivity of ZnO films were discussed by transmitted
spectra, and the transmissivity was increased after annealing,

Key words thin films; zinc oxide films; femtosecond laser deposition; nano-crystal structure

1 8 = FEREAN 3.4 eV BT AN 60 MeV, & —Fb
SR SEAS BRI R SR . EAAA TR

RIF O RANTERT G ZWRE f ooy g o bERE T ELYE R 50 L R

4% B H3.2007-01-22; IR B1E Sk B #:2007-05-11
ESWH: BR A RS (10604018) FlF 4 2 Kl £ 2 L 2 % TALBT 2 £ (20060487006) ¥F B H
EEBN LR 966—), B ML A EEMRE, FENFHREHEANP R . E-mail:yifa_yang@163. com
SUmE A Bl EERE (1966—) , B HITL A #R LA SN, FENF L FHIRNBR

E-mail ;: lupeixiang@mail. hust. edu. cn GE{5/EE)



9 B R % BB CEPEOETIRR ZnO/Si i HE 1 45 44 04 BB 19 % 1283

B TR E PR A, TR R T A AR 1 L R BH BB L K
B RS O AR I 8% L &0 B (LED) \ 3%
HZMEAD)EHTHAE) MM AR . EF
K.H TR P EMELFREEFENLRE,
ELERT ZnO MR . B E ZnO ¥
A 2% 2 B AT - VIR S ALY 2 F R 0F 2 B #A R
2D RRAENRR T 2 dl 4 ZnO WA 7
B, 004> T K 4 3E (MBE)U | B 4% ®% 9% 5
(REMS) 1 ik 8 6 UL B (PLD) D | Ak 4 KA
VIRR(CVDOL 45 Hor, Pk oL TTERR B R A1 &
F Bk o 38 % UL B (FSPLD) 3 DA FL A % 40 1 T 75
o UUFRER W 5 ¥ UTRRIR BEA B A 10 v R 3
7% B SR U0 A R R AR A BRAR R T

Masayuki Okoshi £ f1 E. Millon 28 U5y
BTYARERT ZnO WESH 2 5],]. Perriere
OB T B B S BRI KR T
B ZnO BREES TZNHRARR LW, ZEAR
ZHRRLES B ARIRE B2 E  BOLREE .
Jok AR K T ) IR S R IR BE A ) 2 FR i B X v
FREREERNEE . AR IO B A
Fk b Re A L 2R SRR S R I IR B X T R 5 M S ot i
BB A9 DL IR KR IS R 45 ROt e e RE B 2R 4L
M.

2 %

FI 48 9 80 R 48 Spectra-Physics 23 7 #Y
Ti:sapphire #OE R S8, H i K 800 nm, BE
A K1 kHz, g KB PR EERE K 2.0 m], JKIE A
50 fs. WL W R A& BE 5 400 mm B 1% 5 3R £ 3
ZnO P F, HEB HE4& 50.5 mm, ZnO #AF
T FH B 4l (99.999%) ZnO 4Kk M ¥ JE (JE ST oA
200 MPa) BUE J5 58 45 T 1L, B 45 1R H1800 C, B
2 K30 mm, B H4 mm #JERH n B Si(100) F
FL.SiE R ERMMERESAEFRLZ (RCAE
v LA A RRBERIBUELS s, AEHAE4A
SR T HRHEBMATRE , WK S PATHCE A
FE 60 mm  FEAF DL K A iR ¥ T S8 B Y [ 2 b e
B M REE RN T MROLITEEM L ERNSE
TR RE . TR R BEFE 20 T 5 B il & 19 T IR 3
5o N TET BN R A S I BT M A R, UT
FRET R 3 H10 min, 7 U1 AR (4 1 B & B 7E 400 nm /2
B

# Z4F7H) ZnO/Si E, % ] x' Pert PRO # X

S AT St (XRD) S 32K 5 45 4 | 45 o 7R 1) B
X A Sirion 200 B 37 £ H H B F B WM B
(FESEM) WL KR HE AL, & H] Model U-3310 #J
XOGHRER HM-1] WL 4 60 BE i AR i i 5

3 #@RSaM

3.1 X H&iTsaHm

Bl 1N R R T B X 4R AT 5T 45 5% (52
R BOBRER M 1. 5 m], R S A500 Hz, &K
HEENI0T PO B 1A LLE S, SRR E
AR, BT ZnO(100), (002), (101), (103) &
ZANTE . ARMEE R Z HSEE, RIEE&
AT A M IR IR 80 C R, ZnO(002) i1 4
s 5 A7, N8O CH R, BEE W RIBEW AR,
HoAth 5 T H0 (100) , (101) , (103) 2437 5 s A8 58 ; Fl
R B 4k S 3, (103) A7 ST U5 ok R 9R, 3
350 ‘CHt,(002)5(103) & FE M3, Kk F350 CHT,
(103) i 5 W FF 46 o5t » 24 45 I IR B 3] 35 500 C B,
QLoD EF IR BN A ME . B % I H80 CHi,
W IR E c MBERAREA K YK RER
500 ‘CH}, WY (103) 1 & B BB A A K

A N so0c

5 M A 3s0cC
ST N
Z A 10T
£ ‘/Nk B 80C
= A = s0C

40 50 60 70 80
Temperature /C

=

3

B 1 AR RERE TR X 5L &
Fig.1 XRD patterns of ZnO films at different

substrate temperature

B 24T ZnO W o Bl ) B2 Rl IR BE 1 284k

FRXH c HEUEE R
%I(Ook)
__ 0
P, = STCRES X 100% . (L

M 2 e LLE M4 R B 80 CHE, ¢
A R B R A0 910,

W ] 2% 1) VRSB K g iR k(600 CL s R
A4 T 10 hiB k), B 3 K80 C,150 C, 200 C,
350 CTFAKMWHEBER KEN X HEATHER. N



1284 H 5]

# * 34 %

X 901 H

2

g 80f y

e

= 70 ¢

§ ]

= 60

)

E S

2 50r -\
S

5 ]

40! : : : : :
0 100 200 300 400 500

Temperature /C

B2 B ESHREERNXR
Fig. 2 Orientation degree as a function of
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Fig. 3 XRD patterns of annealed ZnO films deposited

at different temperature
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Fig. 4 Grain size of unannealed and annealed films

with ¢ axis perpendicular to substrate surface
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