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The structure and properties of ZnS films prepared
by chemical bath deposition
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Abstract: ZnS thin buffer layers were prepared by chemical bath deposition (CBD) process. The struc-
tures and optical properties of the films were studied systematically based on the chemical reaction princi-
ple. The results demonstrated that the thickness of ZnS film increased with the increase of deposition
time, while the optical transmittance and the band gap decreased. The minimum E, was determined to be
3.74 eV. The surface roughness of the as-deposited films remained a low level, of which value remained
between 6 ~9 nm. As the concentration of the reactant increased, the optical transmittance increased first
and then decreased. When the concentration of the reactants were too high or too low, the deposition re-
action shifted to homogeneous reactions and impurities emerged on the surface of the films, resulting in
inhomogeneous films. The optimized concentrations of ZnSO,, SC(NH, ), and NH, - H,0 were 0.03,
0.4, 4.0 mol/L, respectively. The single-phased ZnS films were homogeneous and compact with the op-
tical transmittance over 70% at the wavelength of 450 ~900 nm.
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Fig. 1 Dependence of the optical transmittance of

ZnS8 films on deposition time
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Fig. 3 Optical transmittance of ZnS films prepared

at different ZnSO, concentrations
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Fig. 5 Optical transmittance of ZnS films prepared at
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Fig. 7 Optical transmittance of ZnS films
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Fig. 8 SEM images of ZnS films prepared at different

NH; - H,O concentrations

NT TR ZnS IR CdS IR 2 [A] A9 1 g
S, S R A K s A T CdS R,
I5 ZnS AT YA AT, R TEREE R
T, R B 45 1) ZnS TERBTCIE A Kk
B I B P B R OG B i R AR T CdS B,
HAE R B 22 5 SE B W
2.5 7ZnS SRR ZEHIFHE

L5 bk ZnS WA 5 1 3 5 OB AR 43
Br, TE/KIRREE S 80 C, WE%E 1Y% 3 300 v/
min, YU FLE}[E] 5 120 min, ZnSO,. SC (NH, ), .
NH, - H,O0 fJ3RE /514 0.03, 0.4 F1 4.0 mol/L
ML L2600, AT LA A PR RO R Y ZnS
JBE, 9 AR Ry CIGS 58 FH v L 22 o J2 A 225K
PLERT 260, TEAMEIDGAE A TR ZnS
JE, SR FEVRRR O A0 e SR B, R 60 mm, FEXSH
#E47 XRD 730, &9 2 H g R, WK 9 v
e WEREHRBR T ZnS AHAN SiAH, R HE A,
LT 29° RGNS I T ZnS By (111) JFhid, 1ERK
XS EE, FRATTE XS AR AT I BT TR Y ZnS 35
FEAABIEST T XRD P, 450 %A KK A
Trappige (SCH R 2 B ), X U T IR Y 45
A PEREAF o SR A /KR 2 B i 4 7Y ZnS W2
HAERR, XCLWARZ SR HGE .

Si(422)
— Si/ZnS
@
|
=
)
g
£

20 30 40 50 60 70 80
20/°)
K9 ZnS @Y XRD K%
Fig. 9 XRD pattern of ZnS thin film deposited

on polished silicon wafer

DUBURHJIRXS ZnS IR A A BRI,
I, SEg AR WESE T ZnS WERETEREIE . Si .
Mo i L I CIGS i Jli 25 4of Ji b A 3 26 1A O
5 Mo JefA TR ZnS JURLAK IR N ERIE , I B
N MR TR 35, WA ECEEAR R,
F HA D E R ORBORL R B, [ 10 45 A AE
CIGS J AT L UUAR ZnS WY SEM JES, &+
BR: % ZoS WA AR AORAE R, RS HER
JRAAE R ARF B, TURRAY ZnS R 1 51 5



84 HIlRA R AR (ASRBERR)

5 56 &5

%, e CIGS Km b, " LIA S B 1k 53
W, WATER T2 N UUERAY ZnS 3 IR JE4E 0 CIGS
TR B Fi, ol 2% i 2 1 BLAF AT R

AP A
.

oS

K10 CIGS LUTARAY ZnS MR LS K
Fig. 10 SEM image of the surface of ZnS thin film
deposited on CIGS layer

3 45 18

R AR % T ZnS G, AR TT
o G5 SAERE S DURURT ] SOR ik B L RO TAR
RS T ESHOHVIMN K

1) BEFH DURLF[R] A4 T, ZnS IR Y 5 5 A
Wik, (H A SRR N s R P M
B JEE 22 JEH RN, ARG RGO, (H T ] 55 1
B AR RLRE E I EAIG, A5 45 CIGS IR K B v 1t ey 22

2) BEFE YR B S, WBEOLE S R
SEMUSFEAG; o AN [R) B2 i 45 1 ZnS B A9 6 27
ST 3.7 ~3.8 eV, WWHIS{E M &, A H T
PO THEA CIGS HZ

3) M TES R, ARt &
AR SEM S, 55 1 ZnS WA
WL LS, ZnS WM AL, 1E 450 ~ 900
nm PAFEEEA & T 70% Kt EidEid . R L
ARSHL, A CIGS EUURY ZnS W, HA 518
WL, AT LSRR CIGS R, 1 AL il %
CIGS P BH AL M 1 2R o

Sk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

MARTIN A G, KEITH E, YOSHIHIRO H, et al. Solar
cell efficiency tables ( version 49) [ J]. Prog Photovolt;
Res Appl, 2017, 25.3 —13.

BHATTACHARYA R N, RAMANATHAN K. Cu(In,
Ga) Se, thin film solar cells with buffer layer alternative to
CdS [J]. Solar Energy, 2004, 77(6) :679 - 83.
KESSLER J, VELTHAUS K O, RUCKH M, et al.
Chemical bath deposition of CdS on CIS, etching effects
and growth kinetics [ M]. 6" Int Photovoltaic Science and
Engineering Conference ( PVSEC - 6), 1992. 1005 -
1010.

SCHEER R, SCHOCK H W. Chalcogenide photovoltaics
[M]. Wiley-VCH Verlag & Co KGaA; Weinheim, Ger-
many, 2011 270.

MORADIA M, TEIMOURIA R, SAADATA M, et al.
Buffer layer replacement: A method for increasing the
conversion efficiency of CIGS thin film solar cells[J].
Optik-International Journal for Light and Electron Optics,
2017, 136, 222 -227.

FIMS, 5K 5, HE ORI, 2. K BE XS Al 2 K ik TR
CdS FiI ZnS WBEPERERYZI [J]. RFHAE =4, 2014,
35(3) . 481 —485.

BAI P, ZHANG G, ZHUANG D M, et al. Effects of bath
temperature on the properties of CdS and ZnS thin films
deposited by chemical bath deposition [ J]. Acta Ener-
giae Solaris Sinica, 2014, 35(3) . 481 -485.
CONTRERAS M A, NAKADA T, HONGO M, et al.
Zn0/ZnS(0,0H)/Cu(In, Ga) Se,/Mo solar cell with
18.6% efficiency [ C] // Proceeding 3rd World Confer-
ence of Photovoltaic Energy Conversion. Osaka, Japan,
2003, 1. 570 -573.

FANTC. WEROR B H M SC B R A R (M.
R EOR R, 2013.

HaY(iH



