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Abstract The ion source electron beam evaporation method was used to fabricate ZnO films with Si as the base and
size, fractal dimension and other parameters, and the surface morphology analysis is helpful to understand the grain
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TiO, as the buffer layer. By further thermal insulation, and annealing treatment at different temperature conditions,
growth mechanisms of film and improve the film preparation process. The intensity and polarization degree of

1

different film samples were prepared for the surface morphology analysis and light scattering properties study. The

experimental results show that annealing temperature has significant influence on the sample surface roughness, grain
=]

reflected light for different film samples have different response to different polarized lights. which has some
290.1350; 290.5880; 010.6860

relevance to the surface statistical properties of film samples. The light scattering properties study of thin films has
thin films; surface morphology; fractal theory; light scattering properties

some reference value for the study of depolarization effect for weak scattering random rough surface.
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Fig. 1 (a)~(d) Two-dimensional map surface topography of samples A1~ A4
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Table 1 Statistics tables of surface parameter for

different film samples

Samples
Surface parameters
Al A2 A3 A4
S./nm 9.56 3.52 3.56 4.59
S,/nm 12. 4 2.98 3.06 3.52
Su 0.239 0.176 0.358 —0.905
R,/nm 96 62.7 72.7 78.6

2.2.3  FEREAESL A E AT A AE

P AERC T T7 1A AR 2 B Tl T R A R
GOHEGE BRI R F ORI B BE SE .
o BE ) DRIk bR IR B R ST L T v TR
AR E HC R o TR O O T R B L AR O
ER RO R E A E SRR )R w2 E RN IS 1Y
R A5 15 B30 A ) SRR ot 26 T ) 0 T 4

A8 Bl AL A e A B = A AR, 2 SOOI
PRAL GG W IR SORRE R0 AR - = [ r [ 19
PR Z A A LG R Rom

GOy = éj[h(r#r) —hGDHTEY (D

0207002-3



H |

# ot

L LONHEIE S < L) T2 B 5 #1508 45
PTG ) S r I BRI R R AR

GOy o jrz“(r < &

) . (2
1202 () (r > &)

1/2
w<r>:%{J[h<r>—<h<r>>]2dzr L)

P wCr) FR T 2 T8 W H 28 B 5 19 1Y BE AL ik 2 72
JZ o JpHLRE BE 46 B0, & O 5 3 AT A G B,
h(r) =G r = (s y) AebRr B AL 1Y 2 1H =
FE.(2) FRW L FEMHRKEE A << o, FRIM&
FEMIPE SR BRI, H GO & r (Y R %R
IR RO R TEA K VL FIA - > &, K5
JE A BN .
SPIEYEEL D (R W] LA i

D=d—«a 4)
KA, b d SRR G ZS [R) 45, SR AL F = 4k 2
T @Al
6»—
257
S g4t
o0 L
3.—
2+
1 1 L 1 1 1 1 L} J
15 20 25 30 35 40 45 50 55
Igr
T (c)A3
6_
Eb51
3
o4
3_
2_
1 1 1 1 1 1 J

1.5 20 25 30 35 40 45 50 55
Igr

] ,d =3, Bt SRAFANTE » T 1 IR R 2L G G, R
L lg GG —lg r I HE RN 20, R )5 R 0 T8
458 D,

R T VEA AN [R] R 5 2 T 43 TR R AE S AR 46
2.2, 1 AR B AS [] AR 5 AFM R, R H
(23 G BTN 2 77 B A [ 3 B ot 2 18 1)
lg G —lg r ik, mE W EREREHRAE
LRV S TR R AR, R K FE — E BN - < 8,
lg GGr) 5 1g r BB R AP M2t 56 & 5 24 1 5 ik 43
FI (- > &, 1g GG MRk H BLFE 8% b THRFAE . 3
I X 1 R R 5 oA KR 2k A R LA AR F] - << ST
W lg GGr) —lg r HI £ B A RE % 20, RIS 5] o 1O 1H » 28
Je it (DR PE— BB AFE] AL~ A4 MR SR
T 14 43 T2 4E 5045 ) 42, 69,2, 21,2. 42 Fi 2. 48,

[ (b) A2

1g G(r)
S SRRSO |

5 20 25 30 35 40 45 50 55
Igr

1g G(r)
—_— D W R ol & =

5 20 25 30 35 40 45 50 55
Igr

P 2 i Y 2 T g R AH G bR B0 £

Fig. 2 Surface height correlation function curve of samples

SR TS0 b S W R i 3R T Y 43 TR R
I s 1) FH 26 kot 3Rk 6 2 1 1) — 4 AFML E iEAT T B
AT A 2] T A& 3 BT /R Y AS [v) 5 R 5 3R 1
(1 5 ARG

D) BEdh AL~ Ad 150 TE 4 508 Ak it 35 0  E
2 DRURE B — FF L Bl IR B 52 8 /N IS 4G R
TERZIR KA PR, 5B 4% D=2. 69 h i K, 3
BAE A2 1 2 1E JL T 28 400 2% 5 R O B 4%
F 500 CHE,D M 2. 69 J/NE] 2. 21,3 18 B 3B A kb
L fof 0 I T 22 R R O R A L (A R T
(45 fi 15 078 0 hoRE 43 A1 A8 3 57 DR 52 2 AR B R

% 5 248 Kl BE R R ) 600 C L D SCIT 46 3 K #
2. 42 3 DR O B A IR K R A B g L ORE E— 2P
R [ g UL 22 [1] 14 725 [ 0 A8 K 5 SOWURE 23 A1 9 L
kAT B B s 7R AR GRS 700 C 3 JE 4 Bk
— IR F] 2. 48 3% JE N OB I R R
P BB AL B L 32 5 | 3 T LI e 1) o

2) T 3 B A A SRR AT LLE— AR e L
HEE AR R e /s B AH 56 X0 8 28K T8 K
F4 e /0N AR O DX 8 1T O B JBE ) 1 S R PR 4K
2% 5 1M 218 IR B O 500 C R, fiz/y A A 5C X 380k F)
B /0N » I PR U R ) A O R M e T4t e A L

0207002-4



G £

ZnO/TiO, 575 W 5 1 22 101 T2 500 20 A KOt Hlss R A BT 52

500 nm

500 nm

B3 ()~ (DI BIFRRHEN Al~Ad By B ARG

Fig.3 (a)~(d) respectively expresses the autocorrelation map of samples Al~ A4

X 5 R 4 AFM & LR A3 8 v — 30
W 1B IR L 138 0 B/ F A G DX OS2 T 4 K
# 700 CHf BT WL A AKX EERAR XS
W FI 4 AFM g Rmbe LG — 2L

A H o R T IR A AL R TR SRR R
e 3 1T 58 73 T8 1l A6 AL A 2 85 U0 R R AT R o
B e L B KA B 2 [ I 0 R SR T A 3R
BUAE 7 MR KL I RE 7 . R HLRE 0 Mok T
R HAEZZ IR Bl TR 1A KL 1R DL S 1 2 i
U2k 28 AN L 0 DX 30 A7 A % 3R 8 R A8 78 20 i 4
T I 2 TRT 1Y R B & 38 T BRI B 9 - 1R A
T 4% 2 P S8 T 4k B SO Y 3% T 45
FREE L LIS R R B 23 T2 4 D EE 23 0800 A
AZ iR R U S B0 R 3% 100 TR B0 e R AR
3G o TR) AR5 45 g 2 S A ¥ S 2 T 70 e ) A
TR AR L MTH S BOH AR B 1) 43T 4E 50 D AR 1
&0 ARE i A3 DRI 9 SR TR SRR A 1 15 AL
IR T i T 20 3 A R 2 T R 7 R K RE
TSRS KA . J3hh T A BB I B A
T I T ey JRE R R ) o DAL IH K R R St o 4 i
T TR 390 52 2 AR B AU 3 i Joi A 3K 2 0k s 149 J LA
T2 SRR LU R 2 T R AR L 2R IR AR 2L R
af Ad 0 BT bR LA I A A 3 T IR B R A

3 ZnO/TiO, &5 WM MOt iU Fr

PS5
S e WY O RO T AN 4 R 1 B ke

BIF 5T RE A i B ek o S T R A R
RIS A L2 W4 F 55632, 8 nm (£15%) He-Ne
OB A 1. 5~2. 0 mW s - ji & 4 fii R A5 1/2
P F s e FLEE L K 50,0 ems 43 BEAE 1 mm JFE R
2.5 ke BE AOG R I SRR A 200, 2000 A
20000 lux =#4, =0 KA o s 5 s & 5 sl A
JE 0°~360°, fEpHER A 1,

polarizer P1

laser p——— ][] m—
(A4=632.8 nm) plate

(%]
-
=
b=
=1
(3
72}

polarizer P2

digital
luxmeter

4 TR I O R T
Fig. 4 Schematic diagram of optical path for light
scattering properties measurement
F T A S 00 1 2 A I [R] P DR S 3
B R E MR E Z I — RO T IRIESE 5
B RS E R BT A B SE B g e TR R T
/NS I HR R I R I R S A IR A R AT
HEOCAS K BOE A BB H bR & T R IEA
ViD= ¥ SR S A NN E R AN PRER S
T PR ZTT 18] VARG TT ) e % F 5 9 2 20 1 =4

0207002-5



# ot

Jr AR5 AT
3.1 BERERERHEESANHAZENXER

TEBEAT B 6 58 1 I 45 v o AN B2 8 RO
P i D 25+ PR 0 & 7 S 6 v 25 s 0 JRT v TR BE 3 i T
(O AGAi  » LE5% BF 5 78 57~ 70"V Bl N e 22 4 Fia
57— U A5 B[R] A I B O 58 BE 1) R/
B5.6 43t T AGE 508 632. 8 nm K AY S
PR IC AN P 4 e . 4 B RAE B AL~ Ad 192
S ot L B A AR AL G R

90 —=—sample Al

Foa —e— sample A2

——sample A3
—v— sample A4

PN
(=]
T

A A Y
—A

Tlumination /lux
(oAl
[=]

wW
(=]
T

—
(=]
T

0 20 80 40 s 60 70
Incident angle /(°)
B 5 S i e AT B S [R] 9 B A 5 2 S o
G Z A R
Fig. 5 Relationship between intensity of reflected light
and incident angle for different film samples when

S-polarized light is incident

90
- 8 —a—sample Al

¥ T0F —e—sample A2
< [ ——sample A3 /
o
'8 5ol —v—sample A4
15
=
g 3ok
=

10

0 llO 2I0 36 4‘3 5(1) 610 7I0
Incident angle /(°)
&l 6 P i B 06 AT A [ R A i S O
9 EE 5 I A 2 R O AR
Fig. 6 Relationship between intensity of reflected light
and incident angle for different film samples when

P-polarized light is incident

MG S i P A [ R 4 RS
58 JSE S AR A1 1 P 38 3 0 R R TR I LAY — S 9 L
T o BIVRE fol 2 T 114 HEL R B2 A L LA AR TR A £ Y
B St s B ik . AR Hh BB BLRLRE 2 a7 A9 Bl e ml
ORI 9 I 1T 114 TR A 0 2 B A2 3R T AL 2 i
(9 W SR BOE W S T A6 S ARG R 7EA
5575 1) b B L i DRI 9 R IR AR AR
L R = 7 2 ThTRELRE J3E 4 DR /1Ny A i 3 T AR X

GG WA e AR T LR AT T2 AT A 1 S
1T PR AL 2 /)N L B TR S S RE T B
B P AR AR I A [ 8E5E RE d 1) S e
50 J3E A SRS A SE T 00N o 25 A S A 3 B 2 A il S
PRI SR OG5 B SOOT i 1 18 098 R L X — B 5 W A
JH PR 7 TR A 125 T 46 45 3 104 JBE AR A A P 14 A
il T B4 B D' o B M B /IME B9 o B O
HOAGRITRR A7 FE D AL~ A4 (4G 8505 1 17 4% A
SRk 25°,35°,30°H0 457, HLEE A — A8 T ROGt
DR 5 A ot 2 TR HEL R JBE AN 14 1 B 3 B A S5
JeN P ARIRICET S IR 72 A J7 18] B i L 00
AT s I S o IR MACRE 3 1) /N A5 IR i 2
AL RE B 2[R ANATAE — € I e 5 & L IR E A TR A
SEAATR o B i oA [R) IS phy A i 1S A RE g R 26 TR B
JEVRE - R T A AR S AR R B W A LA
3.2 BERERSERRESAFHAZENXR
B 7.8 7 il 25 i 7 XS 632, 8nm P HY S i

1.0

|

[ —=—sample Al

—e—sample A2
-  —a—sample A3
L —v—sample A4

Degree of polarization
o o
= (2]

010 20 80 40 50 60 70
Incident angle /(°)
B 7S iR 6 A S [ R A 5 2
i 4% B 5 A S8 A 22 ) YOG R
Fig. 7 Relationship between polarization degree of
reflected light and incident angle for different

film samples when S-polarized light is incident

LOp —as—sample Al
o [ —e—sample A2
2 08 —a—sample A3
_§ r —y—sample A4
306
5]
)
S 04F
(5] 5
g
0021
=) o
() 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70
Incident angle /(°)
& 8 P i B 06 AT B A [ R R o S O
i 9% BE 55 N5 AR 22 ] B OC R

Fig. 8 Relationship between polarization degree of
reflected light and incident angle for different

film samples when P-polarized light is incident

0207002-6



G £

ZnO/TiO, 575 W 5 1 22 101 T2 500 20 A KOt Hlss R A BT 52

PRICH P i Pk ' B A 5] 3 R5E AR A S S O O U 5
SR Z 18109 58 2 X T AN ) 4R 7 1) 19 A5 Dt
YL IR IRAT N RA —HER . A2 AR
S i 4R IS 5 52 55 14 D IR B A S R 2218
T e L AEUE A 0 28 FR R BEAR /DN L PR AT IACA S i
PRGBS e IR R B R AR 55 . H
I ARG R AR ROE S P R i R R R AT
SEAET WA . SO I I B2 e bl A A A G 5
PANVITN 5 (O AN 75 e S a5 - L Y e P
BRI HAR IR B3R 0 2R ) B A A A 4k 2 3
KA 1R JBE ST U6 38 K o Je 3 0l SCAE kg 38 26 A
PRt Skt % e 8.6 BT L & PR . f R IR fhi 4k
AR50 L A A 1l 30T R A O A AR Y X AT LA
FAE ity m 39 22 B U O R AT A B - 25 A A 10k
A i 3 4 A1 P SR T ) 22 WO OO 22 3 BB
TET S5 S AR A8 2R e K [ IR 5 T S S ) R AR O
S 2V CINER LR (L TR DI S = N S ]
T B IR L e/

4 %k e

R G U 50 B i R 28 R il 4 T AN IR1R K
B ZRA TR ZnO/TiO, 4 WA, #MidJi+ 7 8
U X i B TR AT TR A I R A G A AT .
R EW 38 ) i R 2 & O A L ZnO/ TiO,
02 A T RS AEAS [R] 1138 IR B T 5 3 1 T AR 0 L
A AT UL T R RN I 2 T AR AR AR R
PRI R DA Sy 2 EL AT AN TR REL RS 32 14 55 1SS B AR RS 2%
TAT o 3B UL P X Y A o 1 KRS B L UL R A R
SR RHAE B A 103 5 L B A 1R TR EE B3 L R
st 29 THT 1) RELRE J3E T B SR 43 A B0, 43 TE 5 A B
T 238 IR B B — a2 R B AL R S A B
BeFLIR G HURE B SUTF 46 b T 80K 43 A 24 L 0 B
FRIE TR, 2765 A A IR &R i iR kOB R
24T 500 C~600 CZfa], # il 4 18 L B X il
PRV R AR R AR Y

BEF e e R vk # T St L 76 g = hoxt
AN TR A R B 2R AT T D% K 632, 8 nm A IEOG EU
FRPE S0 5T 45 SR WY AN [ W AR it 1 S 5 ik
J3 RO A1 B X AN [ i A D' 2 AT S [R) B B e iz R
fiE+ S i 4 6 A S B 19 B2 S % 5 32 B A S A 4 R T
Wl /DN o s 4 B I A ST 7 48 O 7 3R O B8 AR 559, TEAH
(A SR # T 3 THTREU R 32 R B R il S S O SR AR
P B2 #5255 5 P i 41 06 A S B % R 5 O i B B A S A
B RAFAEAT R AR LA L 3R D ik B0 2 W) 4« e A2 1R A

S X o AT A R R A . 2 R SR AR
PEXF R GO R AT T A B AR

Xt T RS T R I BF 5T A B T O e e v
R it A A ATL ) 0 A S JBE ) B T R e v
MR A —E N HME . T8 B N B 5T
R T 1 8053 A 7 1% o E 2 R L ke i 7 B TR
TR 53 T 1o AT 55 0T A R 6 45 1 A 5 N B 4R
B S SE DR TR A FMS% . b E G
SRR SZ IS B E B T ZnO/TiO, 55 85T W AL kS
2 100 FL A D AR 6 % R A AR R 4 L X S0k A 4
G EA —E R R E L

& F X M

1 Du Jianzhou, Wang Dongsheng, Gu Zhigang et al.. Effects of
annealing treatment on photoluminescence of LaAlO; thin films
[J]. Acta Optica Sinica . 2010, 30(1); 294~298
FEE . ERA ., FER S BRI LaAlO; 5 & G R
RISm[J]. R # S|, 2010, 30(1): 294~298

2 He Junpeng, Zhang Yueguang, Shen Weidong et al.. Optical
properties of Al;Os thin film fabricated by atomic layer deposition
[J]. Acta Optica Sinica, 2010, 30(1): 277~282
RN, BEG. WA 5. JRTREUIRH % Al O WML
PEREMFSELT]. b 3k, 2010, 30(1) . 277~282

3 Pan Yonggiang, Wu Zhensen, Hang Lingxia. Optical thin f{ilms
interfaces roughness cross-correlated properties and light
scattering[ J]. Chinese J. Lasers. 2008, 35(6): 916~920
WK, RARAR . LB k. b2 W IR A TR BE B OGS M 50
BUSICI]. Bk, 2008, 35(6): 916~920

4 B. B. Mandelbrot. The Fractal Geometry of Nature[ M]. San
Francisco: W. H. Freeman, 1982

5 A. Sanchez. R. Serna, F. Catalina e al.. Multifractal patterns
formed by laser irradiation in GeAl thin multilayer films[]].
Phys. Rev. B, 1992, 46(1). 487~490

6 Y. B. Park. S. W. Rhee. Growth and fractal scaling nature of
copper thin films on TiN by metal organic chemical vapor
deposition from hexafluoroacethylacetonate CuV
vinyltrimethylsilane[J]. J. Vacuum Sci. & Technol. A, 1997,
15(6): 1995~2000

7 G. Palasantzasa, J. T. M. De Hosson. Fractality aspects during
agglomeration of solid-phase-epitaxy Co-silicide thin films[J]. J.
Vacuum Sci. & Technol. B, 2000, 18(5): 2472~2476

8 Sun Xia, Xiong Gang, Fu Zhuxi et al.. Multifractal spectra of
atomic force microscope images of ZnO film[]J]. Acta Physica
Sinica , 2000, 49(5) . 854~862
hOEE. B WL AT % ZnO WER T O BIMBERGN L E
AT, %2 FIR. 2000, 49(5): 854~862

9 Sun Xia, Fu Zhuxi, Wu Zigin. Multifractal calculation of thin
film growth [ J]. Chinese J. Computational Physics, 2001,
18(3): 247~252
OB . RAY. WEERKWEZESEENIRLD] &
Fap, 2001, 18(3); 247~252

10 B. Eghball, G. W. Hergert, G. W. Lesoing e al.. Fractal

Analysis of Spatial and Temporal Variabilityl M]. Developments

in Soil Science. Amsterdam: Elsevier, 2000. 259~272

B. Okolo, P. Lamparter, U. Welzel e¢ al.. The effect of

deposition parameters and substrate surface condition on texture,

morphology and stress in magnetron-sputter-deposited Cu thin

films[J]. Thin Solid Films, 2005, 474(1-2): 50~63

12 M. Higo, K. Fujita, Y. Tanaka et al.. Surface morphology of
metal films deposited on mica at various temperatures observed by
atomic force microscopy[J]. Appl. Surf. Sci. . 2006, 252(14)
5083~5099

13 S. H. Kang, Y. S. Obeng, M. A. Decker e al.. Effect of
annealing on surface microstructural evolution and the
electromigration reliability of electroplated Cu films [J]. J.
Electron. Mater. , 2001, 30(12);: 1506~1512

1

—_

0207002-7



