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Fig.1 XRD patterns of ZnS films with different thicknesses
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Fig.2 Grain size of ZnS thin films with different thicknesses

G R L FNIE 2 AT LAE ), ZaS IR EE A ek p
XoF AT SR U i JBE S MRV AR O, JRJEE 4 1Y ZnS T B9 AT S ok
I # B 1 AY ZnS TR ARG AT S 5R EE, 4
(11T 737 S5 e ity i o i J52 %) 185 o Y Sk g 2
W ST R, SRR ST AR L, ZnS TR A R
S8 S SRR RSTAE K, HE FRE TR 4 1 A f
P TR R A5 e o 3K U I TR TR A K R R
A F T HEE A 45 A
22 EEXERLE MM

X T LA 2 R R, 1k KR ] e 23l Sl
PR AR, AT BB )2 0%, R T EEE 5
IR RS 55 10 ) Z A AR

3 Frs )R 2 mm, @25 mm 9 A7 95 FE (1)
ZnS RN ) 5 BEZ R BE R OC R o 0 7R
[ ZnS 8 155 1 £ B B T2 S50 S 43 45 1
ZnS WREAHE . AL 3 HRT LUE ), il #5 1Y ZnS AR
;7349 kg N 7, it v T B P 38 0, v R 1 g
R R IR

ZnS RN 7S AR R AR g 2[R AR Y
A A NV 8: 0 |5 B SR s 1B o N b o S 24
TR ISR ) AR S AR R, T, HEN ZnS IR T
FE A B R R TT BB 2 ZnS TR A B S BN . — 3P
G11R) ZnS VRN 7 2 A A S ST B , 38 e X S
(953 B, © 28 WY Bl 5 J52 8 348 im0 1 v PR A
(H10= NP TR A AN 21 | WL i v el 1 LY 37
Dol /b, TR T Gl I % JRE A AIR, o A I 7 ) i o R
M o INEERT ZnS 115 R g Bl A R 4

-0.700
—-0.675 °
—0.650 |-

—0.625
—0.600 ~
-0.575

Stress/GPa

—0.550
-0.525
—0.500 ~ @
—0.475

0 25 50 75 100 125 150 175 200 225 250 275 300
Thickness/nm
&3 AEEEERY ZnS WA 20 5

Fig.3 Stress on ZnS thin films of different thicknesses
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Fig.4 Optical transmittance of ZnS thin films with different thicknesses
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Fig.5 Fitting curves of the PSEMI model and transmission spectra of ZnS thin films with different thicknesses

PR S B T 25 PR 2R A S, i B o 7+ 38 A
JERE 5 R BE AR HU AP AE 15 2%, PSEMI A5 75 51

4% TG EE FE A JEE 1(45.106 nm) ., JEJ 2(96.259 nm),
JEBE 3(116.328 nm)., JEJE 4(241.085 nm),

20240515-4



Vol.54 No.3

http://www.irla.cn/article/doi/10.3788/IRLA20240515

Mar. 2025

TE RGeS 2 ZnS IR 502 A ))&
FE ZnS WA G MR 2 )2 B, LR g — 2
ZnS JhEHS A TR 194 B BRI, D15 3 TR
PG ZnS WREADG AR B TR 4 (7 ZnS WS 2
JEL B Sk 45.106., 51.153. 20.069. 124.757 nm., A1
Z AL A 6 iR o i Xt A% )2 ZnS R 1Y)
a2 R WA R R TSR EARLAR G, A 155
1) 220~2 500 nm 7 [l P9 A [] J52 B85 1) ZnS B8 T O &
£, 1E 400 nm LUS TH 6 RECEE AR IR 0, JF B & )&
JFEAZ Ak, ZnS W BRI O R BUE LA K, ZnS R Y
PSEMI # AU 25 J22 4T S 3R 1 5] 7 BT 7R, 600 nm i 4%
JZ ZnS WA AR AN A 8 FaR o

[l 6 PSEMI BRI A2 ZnS WA
Fig.6 The model of ZnS thin film obtained by PSEMI model

2.60
2.55 ——20.069 nm
2.50 —— 51.153 nm
1 45.106 nm
5 245 asdlenm | 124.757 nm
£ 240 Cso, | k=S
2235 |
g 230
& 230
[}
& 225 L
220 |
215 |
2.10

050 075 100 125 150 1.75 2.00
Wavelength/um

Pl 7 PSEMI BERURIR LY ZnS iR AT S 3 2k
Fig.7 Refractive index curves of ZnS thin films with different

thicknesses using PSEMI model

M7 Hnl LU R 47 5 23 Bt A 10 1 1 4
RITAWIR/ N, 75 IE R B ERER . WK 8 T LA
B i, AER — PR, IR T S R A 2 Bl TR
(3 i 9 A, 2 R T B B 50 nm DL R

2.35

234 +

233 +

[
w W
— [\
T T
]

[

W

[
T

Refractive index

229 r

228

227 L L L L L L L L L L L
20 30 40 50 60 70 80 90 100 110 120 130

Thickness/nm

& 8 N 600 nm B R[EJEERE ZnS 3R AT 3R Hh 2k

Fig.8 Refractive index curves of ZnS thin films with different

thicknesses at a wavelength of 600 nm

it R R B
FERE

ML AP 5 R 5 RS A M, —F W R LU
X FR P,

TR ZnS I, 3 5 3 HE 0 R A

n: —n? L )1—112 o 2
pnf,+2n2 p 1+2n2

K pIRERREF L n, W BHOIT 2 0y
HECF) F 5 5

MIEL 7 TR A] LA 3] 532 nm A [F] JEEEE ZnS
AT 528 5 POk ZoS ARSI 5, @ A (2) 1
AR 9,

1.00
099
098
097 +
096
095
094 +
093
092 -
091

0.90 1 1 1 1 1 1 1 1 1 1 1 1
0 20 30 40 50 60 70 80 90 100 110120130

Thickness/nm

Packing density

—_

Pl 9 S 532 nm AR ZnS WHSEAY SR AR i 2k
Fig.9 Packing density of ZnS thin films grown uniformly with different

thicknesses at a wavelength of 532 nm

M9 Frnl LI Y, B 0 3, SR B

20240515-5


http://www.irla.cn/article/doi/10.3788/IRLA20240515

% 3 4 Ez R

JBEST InS BIE A F RS ) ARG YR

% 54 7%

JE Bl 2 3K, R R B 50 nm B SRR B T IR PR AE
T o TG, R IR Z IR 0 = 945 J7 15 S fE
Il S5 PR VM) 254 , ZnS A4 2 23 B JE 2 48 i i
WK, H R YOR ZnS Pr i3, R 155 5 i
SR ORFFRRE o

3 4 i

T 3 B 9 I JE B X ZnS RO 2 R DL K )
SRR I, 18] T LU S5

1) Fifi 75 T S JEE 32 1 388 1, ZnS 1 ST 25 il b R
bl 2 5K

2) AR BER ZnS WA I 32 1 ) ¥ R g, B
6 TS )1 RS2 B 1 7 g R A S B
R SR

3) T —FloB B2 ZnS W 2 1A BOGIE
PIE T8, A LR INEE ZaS AR T2 PR1E B

4) ZnS i JEE ) 2T 55 25 I A T JEE A 4
T, A L R 50 nm i, AT 8 SR T Bk ZnsS,
AR S INHR S FE, ZnS VW RET S R d k T AR .

S 3k

[1] PATEL S P, PIVIN J C, PATEL M K, et al. Defects induced
magnetic transition in Co doped ZnS thin films: Effects of swift
heavy ion irradiations [J]. Journal of Magnetism and Magnetic
Materials, 2012, 324(13): 2136-2141.

[2] HICHEM F, DJEFFAL F, DRISSI L B. Performance
improvement of Perovskite/CZTS tandem solar cell using low-
cost ZnS/Ag/ITO multilayer spectrum splitter [J]. Superlattices
and Microstructures, 2020, 148(12): 106727.

[31 FANG X, ZHAI T, GAUTAM U, et al. ZnS nanostructures:
from synthesis to applications [J]. Progress in Materials
Science, 2011, 56(2): 175-287.

[4] KAGALAGODU P, RAO G, ASHITH V K, et al. The effect of
8 MeV electron beam irradiation on the structural, optical and
photoluminescence properties of ZnS thin films [J]. Ceramics
International, 2018, 45(2): 2576-2583.

[S] VIDAL J, MELO O D, VIGIL O, et al. Influence of magnetic
field and type of substrate on the growth of ZnS films by
chemical bath [J]. Thin Solid Films, 2002, 419(1-2): 118-123.

[6] YUT,ZHUF, LIU D, et al. Design and deposition of broadband
IR antireflection coatings on ZnS lenses [J]. Acta Optica Sinica,
2005, 25(2): 270-273. (in Chinese)

[71 TANG J, GU P, LIU X, et al. Modern Optical Thin Film

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

20240515-6

Technology[M]. Hangzhou: Zhejiang University Press, 2006. (in
Chinese)

WANG Y, ZHU F, ZHANG F. Design and fabrication of wide
three-band infrared antireflection coatings for Ge window from
3.5-12.5 um [J]. Optics & Optoelectronic Technology, 2005,
3(1): 32-34. (in Chinese)

YU J S, JUNG S, CHO J W, et al. Ultrathin Ge-YF;
antireflective coating with 0.5% reflectivity on high-index
substrate  for infrared
Nanophotonics, 2024, 13(21): 4067-4078.

LI Z, LIU H, SUN P, et al. Design and preparation of laser/long-

long-wavelength cameras  [J].

wave infrared dual-band antireflection thin-film [J]. Infrared
and Laser Engineering, 2022, 51(3): 20210944. (in Chinese)
LIU F, JIAO H, ZHANG J, et al. High performance ZnS
antireflection sub-wavelength structures with HfO, protective
film for infrared optical windows [J]. Optics Express, 2021,
29(20): 31058-31067.

CHENG H, YU X, PENG L, et al. LaF3-ZnS-Ge high-durability
MWIR antireflective film on Ge substrate [J]. Infrared and
Laser Engineering, 2019, 48(11): 1117001. (in Chinese)

MA J, MA Y, SONG X, et al. Effect of thickness on properties
of ZnS thin films [J]. Journal of Hefei University of
Technology(Natural Science Edition), 2007, 30(1): 7-10. (in
Chinese)

MOHAMED S H, EL-HAGARY M, EMAM-ISMAIL M.
Thickness and annealing effects on the optoelectronic properties
of ZnS films [J]. Journal of Physics D: Applied Physics, 2010,
43(7): 075401.

MOHAMED S, HADIA N M A, AWAD M, et al. Effects of
thickness and Ag layer addition on the properties of ZnS thin
films [J]. Acta Physica Polonica A, 2019, 135(3): 420-425.
PRATHAP P, REVATHI N, VENKATA SUBBAIAH Y P, et
al. Thickness effect on the microstructure, morphology and
optoelectronic properties of ZnS films [J]. Journal of Physics:
Condensed Matter, 2008, 20(3): 035205.

YUY, YUAN W, QIAO D. Application of curvature measuring
residual stresses in mens thin films [J]. Journal of Mechanical
Engineering, 2007, 43(3): 78-81. (in Chinese)

HE Y, WU G, LI A, et al. Microstructure and optical constants
of sputtering Ag films with different thicknesses [J]. Acta Optica
Sinica, 2002, 22(6): 678-682. (in Chinese)

JAIN P, PALAKKANDY A. Influence of Grain size on the
band-gap of annealed SnS thin films [J]. Thin Solid Films,
2013, 548(23): 241-246.

FU X, WANG S, DENG D, et al. ZrO, Films with variable
refractive index by glancing angle deposition [J]. Chinese Optics

Letters, 2006, 4(4): 247-248.


https://doi.org/10.1016/j.jmmm.2012.02.031
https://doi.org/10.1016/j.jmmm.2012.02.031
https://doi.org/10.1016/j.spmi.2020.106727
https://doi.org/10.1016/j.spmi.2020.106727
https://doi.org/10.1016/j.pmatsci.2010.10.001
https://doi.org/10.1016/j.pmatsci.2010.10.001
https://doi.org/10.1016/j.ceramint.2018.10.188
https://doi.org/10.1016/j.ceramint.2018.10.188
https://doi.org/10.1016/S0040-6090(02)00767-8
https://doi.org/10.3321/j.issn:0253-2239.2005.02.028
https://doi.org/10.3969/j.issn.1672-3392.2005.01.010
https://doi.org/10.1515/nanoph-2024-0360
https://doi.org/10.3788/IRLA20210944
https://doi.org/10.3788/IRLA20210944
https://doi.org/10.1364/OE.439405
https://doi.org/10.3788/IRLA201948.1117001
https://doi.org/10.3788/IRLA201948.1117001
https://doi.org/10.3969/j.issn.1003-5060.2007.01.002
https://doi.org/10.3969/j.issn.1003-5060.2007.01.002
https://doi.org/10.3969/j.issn.1003-5060.2007.01.002
https://doi.org/10.3969/j.issn.1003-5060.2007.01.002
https://doi.org/10.3969/j.issn.1003-5060.2007.01.002
https://doi.org/10.1088/0022-3727/43/7/075401
https://doi.org/10.1088/0022-3727/43/7/075401
https://doi.org/10.1088/0022-3727/43/7/075401
https://doi.org/10.1088/0022-3727/43/7/075401
https://doi.org/10.12693/APhysPolA.135.420
https://doi.org/10.1088/0953-8984/20/03/035205
https://doi.org/10.1088/0953-8984/20/03/035205
https://doi.org/10.1088/0953-8984/20/03/035205
https://doi.org/10.3321/j.issn:0577-6686.2007.03.013
https://doi.org/10.3321/j.issn:0577-6686.2007.03.013
https://doi.org/10.3321/j.issn:0253-2239.2002.06.010
https://doi.org/10.3321/j.issn:0253-2239.2002.06.010
https://doi.org/10.1016/j.tsf.2013.09.089

Vol.54 No.3 http://www.irla.cn/article/doi/10.3788/IRLA20240515 Mar. 2025

Effect of thickness on the optical and mechanical properties of
ZnS thin films

MENG Yang'?, TAO Haijun*, LIU Huasong'’, SUN Peng', BAI Jinlin', YANG Shiqi'

(1. Tianjin Key Laboratory of Optical Thin Film, Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China;
2. College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract:

Objective ZnS is an important infrared material, and ZnS thin films with thicknesses ranging from several
nanometers to hundreds of nanometers are often used in broadband infrared anti-reflection film systems. The
change in thickness significantly alters the optical and mechanical properties of ZnS thin films, thereby affecting
the optical transmittance and stability of multilayer film systems. Therefore, it is necessary to obtain accurate

information on the influence of thickness on the characteristics of ZnS thin films.

Methods This article explores the influence of thickness below 100 nanometers on the properties of thin films.
ZnS thin films with different thicknesses were deposited on a SiO, substrate using ion-assisted resistive thermal
evaporation. The crystallographic properties of the thin films were characterized using a Rigaku D/MAX 2 500 X-
ray diffractometer, with X-ray tube voltage and current set to 40 kV and 200 mA, respectively. The surface profile
of the thin film before and after deposition was measured using a ZYGO surface interferometer, and the film
stress was calculated using the Stoney equation based on the change in curvature radius. The transmittance of the
thin film was measured using a spectrophotometer (Lambda 900, PE, Waltham, MA, USA), and the optical
constants and accurate thickness of the thin film were obtained by fitting its spectral curve using a full-spectrum

fitting method.

Results and Discussions The optical and mechanical properties of the ZnS thin films with different thicknesses
were analyzed. Figure 1 and Fig.2 illustrate that the ZnS film is sphalerite structure, and the grain size of the film
increases with the increase of film thickness. As illustrated in Fig.3, the thin film exhibited compressive stress,
and the stress decreased as the thickness increased. Through the analysis of the previous part, it has been clear that
the crystallization property of the film is improved with the increase of thickness, which is attributed to the
increase of grain size, the reduction of lattice defects between grain boundaries, and the decrease of defect density
in the film, so that the film stress decreases with the increase of thickness. The grain growth of ZnS films with
different thicknesses is obviously different, which makes it impossible to describe ZnS films accurately by single-
layer model. The structure of ZnS films can be more accurately described by dividing the single ZnS films into
ZnS films with different thicknesses. As shown in the figure, the single-layer ZnS film is regarded as a multilayer
film composed of several layers of ZnS films of different thicknesses in the fitting. The corresponding dielectric
function model is established for each layer of ZnS film in the model, and the optical constant of each layer of
fitted ZnS film is obtained. As illustrated in Fig.7, the refractive index of the ZnS thin film increased as the
thickness increased, and when the film thickness increased to 50 nm, the refractive index increased to a value
close to the refractive index of bulk ZnS. The refractive index of the ZnS thin film no longer increased but

remained stable when the thickness increased further.

Conclusions This article uses ion-assisted resistive thermal evaporation to prepare ZnS thin films of different
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thicknesses. The study found that as the film thickness increased, its crystalline properties improved and the stress
it experienced decreased. The spectral fitting method of single-layer ZnS thin film is applied, and the fitting
results are closer to the actual situation of ZnS thin film. Its refractive index increased until it approached the
refractive index of the bulk material. By studying the influence of film thickness on the performance of ZnS thin
films, the rules for designing and fabricating high-performance multilayer films can be guided.
Key words: optical thin film;  film properties;  microstructure analysis;  zinc sulfide thin film;
optical properties;  mechanical properties
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