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Fig. 1. XRD patterns of annealed ZnS films under different

sulfur pressures.
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100 nm, X5 XRD - #rab g e —2. i HpiE
RIS, WA RO, TERLUEE N 0.66 atm
T UL b, b s BN FLBR, HLALBRBE % i &
) _E TR R, 102 ZnS kLRl A I A K AR K
gL & 3 4 ZnS WK (D FEAY) 1) EDS Jilit4s
ATLVE % ZoS WETTR B Zn, S, Si, O, Hrh
SESNOTv J=PaE = 9

# 1 ANFEBETIRKR ZnS @ (111) §H1E Y

FRSH

Table 1.  Crystal parameters of (111) crystal planes

of 7ZnS films annealed under the different sulfur

pressures.
L ST ] FWHM Ak R /nm
A (111) 0.509 40.8
B (111) 0.344 60.4
C (111) 0.291 71.4
D (111) 0.209 99.4
E (111) 0.197 105.5

as-deposited ZnS FESRA

eR S e
a 1 pm

B2 TSR ZnS WEBTE G 25 iR KRS SEM &
Fig. 2. SEM images of sputter-deposited ZnS films before

and after annealing in sulfur vapor.
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Si
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Energy/keV

Bl 3 ZnS M (D4FESY) 19 EDS Rl
Fig. 3. EDS diagram of ZnS thin film (D#).

# 2 ARBELE TR XM ZnS FE 5 R) EDS il

AR
Table 2.  EDS results of ZnS samples annealed
under the different sulfur pressures.

At Zn S 7n/S

o0

A 17.53 18.77 0.94
B 19.42 18.67 1.04
C 19.25 18.63 1.03
D 16.17 15.09 1.07
E 32.43 31.61 1.03
as-deposited ZnS 21.27 5.81 3.66
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] 4 ARG R 251 TR 2k ZnS HERR Y 5251
AT LA SIS R, A E R L Rl e e A
BERSEIE ISR, YEHE/N T 0.66 atm B}, ZnS
IR AE 1T UL B 1 3 6 R 2 80%, M k7
0.66 atm S LA F I, 385 03K ME FEREAR. 33X AT g2
KA 1) MGG, 1Bk ZnS fkn oA 20 e
3, AERE T WOCYE B R AR G I 2) 24
TR 0.49 atm B, A7 345 R 28 S0P OB
P U ST ZnS foki P IR 2S5, EETHT
FRAEIR Z 7R, X EFRAF M BRAR U T ZnS fokL
A, DRI ffoRn RO AR K, IR AR BB , 3 14
TR Y R S S O R, TR R DL B A v
B TR B LT, AR PRI 3. K1 5
J& ZnS HBOEIR I R SE T RE i OC R Bl WK
(R BRSNS Tauc AL Bo-32;
(ahv)? = A(hv — Ey), (2)
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Fig. 4. UV-Vis transmission spectra of ZnS thin films an-

nealed with different sulfur pressure.
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K5 SR A F T 38 K ZnS T ol R 8L (ah)?
HAGOLTRER o R R ML
Fig. 5. Variation of (hr)? with hv for annealed ZnS films

with different sulfur pressure.
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Fig. 6. 37 profiles as a function of positron implantation

energy for ZnS films annealed with different sulfur pressure.
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Fig. 7. Positron annihilation DBS of ZnS films annealed
with different sulfur pressure: (a) E-S curves; (b) E-W
curves; (c¢) S-W curves.
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Abstract

ZnS, a kind of wide-band gap semiconductor, has attracted extensive attention in recent years due to its
excellent photoelectric performance, which has broad application prospects in solar cells, photocatalysts and
sensors. In this work, ZnS thin films are first deposited by radio-frequency (RF) magnetron sputtering, and then
annealed at 600 °C and different sulfur pressures. The crystal structure, surface morphology, grain size,
composition, transmittance and defects of ZnS thin films are analyzed by X-ray diffraction, scanning electron
microscopy, energy dispersive spectroscopy, UV-vis transmission spectra, and positron annihilation Doppler
broadening spectroscopy. The results show that the crystallinities of ZnS films can be improved by being
annealed in sulfur atmosphere, and the optical band gaps of ZnS films after being annealed are in a range of
3.43-3.58 eV. When the sulfur pressure is higher than 0.49 atm, the sulfur interstitial atoms in the ZnS and the
elemental sulfur on the surface reduce the transmittance of the film in the visible region. The Doppler
broadening spectroscopy results also show that the defect concentrations of ZnS films decrease gradually from
their surface layers to the inner layers, and the defects of ZnS films decrease with the increase of sulfur pressure.
Meanwhile, the 37 annihilation also proves that the interior of the film is relatively dense, and the open porosity
of the film will increase due to vulcanization. Adsorbed sulfur occupies the position of sulfur vacancy defect in
the crystal through internal diffusion, which leads the defect concentration to decrease and the film quality to

be improved.

Keywords: magnetron sputtering, sulfidation annealing, ZnS thin films, positron annihilation Doppler

broadening spectroscopy
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