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Abstract: In order to obtain high—performance transparent dielectric thin films, nanocrystalline zinc-rich
ZnS films were prepared on glass substrates by radio frequency magnetron sputtering with a ZnS ceramic
target at room temperature, and the effect of the radio frequency power on the structural, surface
morphology and optical properties of the films were studied using X-ray diffraction, field emission scanning
electron microscopy, micro—Raman spectroscopy, ultraviolet-visible spectroscopy and spectroscopic
ellipsometry. It is found that the radio frequency power has an important impact on the phase formation and
crystallinity of the ZnSy films. With the increase in the radio frequency power, the atomic ratio of zinc to
sulfur, intensity of the characteristic Raman peak and refraction index first increase and then decrease, the
optical band gap of the film deceases from 3.86 eV to 3.76 eV systematically. Among the various radio
frequency power values investigated, 150 W is optimal for the growth of highly crystalline ZnSy films with
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the cubic phase, the ratio of Zn/S of film is 1.23 close to the standard stoichiometric ratio, the average
transmittance is more than 80% at visible light, and the optical refractive index of ZnSy film is 2.03 at
550 nm.

Key words: Thin films; Optical materials; Radio frequency magnetron sputtering; Zinc-rich ZnS films;
Sputtering power
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Fig.1 XRD patterns of ZnSythin films at various sputtering powers
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Table 1 Crystal parameters at different sputtering powers

Sputtering power/ W Wd,;,/nm a/nm Dy,;/nm e/107° B
100 0.309 5.36 20.98 0.427 0.382
150 0.306 5.30 32.59 0.286 0.252
200 0.308 5.32 20.99 0.441 0.391

IFE 1A LAFE 2, 25 0% 55 2 2 A 100 W B A 2] 150 W I, (1 1 1) 777 5 W 1% 2 06 558 728 9 i /)N, 20k 452 184 i oy
B 200 W, 22 05 BB IG . 10 S Tk 150 W, 2 06 5 {8 f /0N, HC b 1T [ R A 5 8500 3104 0.306 nm
5.30 nm, i #E bR #E R 7 (JCPDS 79-0043) 1 ZnS #4947 1 & 18 8] 25 0.307 nm 1 & 4% 5 50 5.31 nm, Ui B 7€
150 Wl S5 ) 32T S0 J5E ) ot A B B A 2, R ot O i e AR o D A BE A W S T R i n T E AR B Y A
BL RS 2 M, Y0 S T R 150 WA 35 B 05 KORSE Sk 32.59 nm, 4k 22 8 m %, ik RS ROk /) | ]
BF, (11 1) i 5 04 ) ot TR ok 17 7268 il 25 ) 3 1) 486 00 T % 947 D /N, 24 0 59 T 5% 150 W IR 38 31 45 /I 0.286 X
107, Ak L3 M) 22, b IGO0 28 36 K 113045 SR 38 W I 5 0 559 ) 3 i 184 o, e B EL A T 4 1 45 R Pk e L R
Gy i 2 A% N BT 7 8, R A R T R RO B 1 -t A R T g RS A S S 0 g A R TR, DA T A AT & T Ak
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T8 o5 38502 T 34 5 f 5 J2 5 22 Wl S 0y 248 Ak 8 1 R 3 T URE RS i — 25 B8 i, Bl 2 T S5 0 4 i, R 4 Rz
T ELAT A RE i PRI AN 1 JIURE ) AH B 45 A T8 R, SR KA ORI 24 Ak SR 3 iy S ) 200 Wi, SR
R R SE BTk /0N | 32 T AW S R T 2, S SO T ) R A A R R A R A LR IS R, R
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Fig.2 SEM images of ZnSythin films at various sputtering powers
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Table 2 EDX elemental analysis of ZnS, thin films at different sputtering powers

Sputtering power/ W W Zn/at.% S/ at.% Zn/S
75 60.17 39.83 1.51
100 57.71 42.29 1.36
150 55.35 44.65 1.23
200 55.74 44.26 1.26
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FEAE B v 455 B 1 47 2 06 0T J& T — By 9 16 75 2% (Longitudinal Acoustic, LA) B i 7E 150,270 cm ' £ 7E
B ES By P g Sy S A JE T OO0 iy BB A IS MY S - A0 ST 7 A 45 R b B B ) O %% (Transverse Optical,
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Fig.3 Micro-Raman spectra of ZnSy thin films at various sputtering powers

P 4 S A [ Dy 58T 2 3 S5 40T 0 S ) 8 B9 Zn S IS A T DL DI 9 LA A o o Rt L SRR TR 75 W
i, JHE AT DL 5GP 24028 R 0 7500, T 24 PR D R T 75 W AT DL [ P 4 g i R O 8004, i
Je T TSR D B BG N , ZnS o 58 1) 45 & PR RE AR 4, A 5 M 2R ORI IRt /b TR I a8 5k R MG . 53 A1 i A T 3
Ty 23T Y 325 3 AR AE 300~400 nm i F A I TR B B A0 BE Ui A0 I WA O 0 B 2 T BT B B 2 e
R IR S S XU NETER R d

ZnS I 14 27 A T BE AN R B 06 R T R Taue A3 5), B

(ahv)* = A(Chy —E,) (5)
A, a BRI R B, Ay G TRE I E 2250 50 8 . e WIS X T A B R A o
—Lnd (6)
“Tat\T

07310025



100 90
—-— 75W
= ol —— 100W

NS g L —A— 150W
3 L
2 =
2 =
& B

20 F ) S ol

=¥ 200W " f ! L . 1
300 500 700 1.5 2.1 2.7 33 39
Wavelength/nm Photo energy/eV
H4 FREEAZETH &N ZInS i EF T X b & 5 FE AT E T &8 ZnSc Y (aho)~ho X 7 i %
Fig.4 Transmittance of ZnSy thin films at various sputtering Fig.5 (ahv)’~hv relationship curves of ZnSy thin films at
powers various sputtering powers

Ao, o Sy A JEE B T A IR A 0 o R . TR I AR B ZnS (3 R AR 9 B T e (adw)® 5 Ay R IR
LR S 18] S ZE Ay Bl A A, B a=0 W53 . W 5 TR, TS BB 624 1 BN 3.76~3.87 eV, I
T IC AT A B HOR ZnS B BRTEE 3.7 eV B I R 4K b ZnS R P R O T A AR T BRI 5 8
T A1 B 2 T S TR0 BN, O 2R B T A AR /N e R R B R DL R R A

AE:Eg(N(*J_Eg(m (7)
L E e WA P SRR B 00 L ) Uk SR G BR 98 AR T B R R N
R 1.8¢2  0.248 ¢4y
AE — (8)

- 8l R? " 4re,e R 2(eoe, ) h”
S Ry B T B el o AT R 28 R A T L R AR AR e N LT LT e i L AS A
R e M HOR A AT A R, N (8)ATLLE 27 2 R R0 8 AF IE HF 1/R?, fbkbi R 3 K
6l /D 7 249 SRR B AE, B I 40 K i ZnS o T8R5S00 516 2 217 B 9 B TT B 4 W S T 6 1 B4 o i el 41K RE
] B A% RIS B0 25 R

AN TR W S5 2 S 19 ZnS RS 4 016 27 8 BSGE Sk i e A3 43 A A 0, 00 S B ' TRORURE SRR B A R 0 1 A
i 2 808 & R Am PR M @ R AR AL AE 3R A Sk 7R . S50 R FH SpectraRay /4 B4 A = 245 400 RIVHL Al )22 /g i )22
(ZnSy) /3% 35 FL AR FEAT LA 0T 58, Hoh X T Uk 2 (ZnSy) SR FH 38 T W e 259 5 H A T3 A ] G A6 250 4004
&l 6~7 430 S JE JEE 2 (2002 10) nm [ ZnS i 5 7E I 1< 400~900 nm (9 AT A A B 5 G ithZe . &
R T R o S LT R I D A i B R A R e TR 1 R ) eR R, IR, T R AR IR
VAR 22, Y 0 B AS P00 B L o R e, R R B 2 SR A — 3. D4 I 6-7 B R AR D K 400~900
nm 3 BT 05 A5 AL A B R A — 2ok L S (6) L (7) T AR By 22 (MSE) B 0.349,

zf’l[w — (P))T

¢ w
L2 N y (9)
=1 C
F(P)= T
MSE(P) = \/F(P) (10)

A, M A K080 4 B4 BORE N 5 A BOHE 2 R 5 RS T RO A B, C o 5 A BodiE 4 vh i i 510 %
il N A HHE L5 R G AR AT RO s SR 2 (P) A el S e PIFSE SR A BR AR SN i AT AL
Y S B (E, wl D5 A B 4R 250 A KU S A RS, o D 5 4 R dl SR O AL .

0731002-6



Wb , 45 « B U S BRGS0 4 200 K & 7S v 5 B HC P RE BT 5

24 400
—Exp ¥ [ — Exp 4
- - — = Model fit -
20 Model fit 300 F U ogel
16 F o~
< <200 b
e ~
12
100 |
8
of -~
4 1 —1 1 1 1 1 1 1 'l
400 600 800 400 600 800
Wavelength/nm Wavelength/nm
H6 FAAMEMIAYEWNZnS, HEY i % W7 RAMEEENEE ZnScH 6 At %
Fig.6 Fitresults of ¥ of ZnSy film by Cauchy mode Fig.7 Fit results of A of ZnSy film by Cauchy model
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