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Effect of Vacuum Annealing on Structural and Optical
Properties of ZnS and PbS Mixed Films
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2. Department of Physics and Electric engineering, Ningde Normal University, Ningde 352100, China)

Abstract: ZnS and PbS mixed films with thickness about 400 nm were deposited on
quartz substrates by electron beam evaporation. The samples were subsequently annealed in
a3x 107 ’ Pa vacuum at temperatures ranging from 100 and 600 for 1h, respectively.
The composition, microstructure, surface morphology, and optical properties of the samples
were studying by X-ray energy dispersive spectra, X—ray diffraction, scanning electron mi-
croscopy, atomic force microscopy, and spectrophotometer, respectively. T he experimental
results show that when the annealing temperature is larger than 500 , PbS in the mixed
films had been vaporized and PbS content in mixed films is very small. The as-deposited
films are amorphous. T he samples change into polycrystalline structure after annealing at
300 , and the crystalline performance enhances with the increase of the annealing tempera—
ture. When the annealing temperature increases from 100 to 600 , both the surface
roughness and surface grain size of the mixed films decrease first, and then increase. Corre—
spondingly, the transmittance of films increases first, then decreases, and increases last.
The variation in transmittance of the annealed films is because of the changes of the film
composition, crystalline performance, and surface morphology.
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Tab.1 Atomic percent of the as-deposited ZnS and PbS mixed film and
the films annealed at different temperatures %
100 200 300 400 500 600
S 51. 56 49. 17 50. 83 48. 38 50.18 49.84 52.84
Pb 10. 88 10. 66 10. 27 9. 77 8. 83 0.88 0.29
7n 37. 56 40. 17 38. 90 41. 85 40.99 49.27 46.87
2.1.2 “ZMfi @i
XRD 2.
2, 100, 200 .
, XRD i -
; 300 ,
, XRD , 2 PbS  ZnS "
: 400 B o A

0 1 2 3 4 5 6 7 8

’ ; ’ Enery/keV
500 , 7nS ,
ZnS  PbS 500 1 300 ZnS PHS EDS
PbS 7nS Fig- 1 EDS spectrogram of ZnS and PbS mixed

film after annealing at 300

, 3 o & PbS
& ZnS
. , 300 “'gwm N 500 T
400 *
nm 0 D) o * T » 400 C
nm ; 500 ' T :

’ pm : pm i
XRD EDS (2 MMMMMMW a0

; it ‘ W%
PbS /nS ]
20 40 60 80
26/TC
4 (a) — (e) 100 s
500 AFM , RD
Fig-2 XRD patterns of mixed films
(R rus) (dwa) 2.
Rrvs  4.07 nm, 200 R rus 3.68 nm, 300 Rrus
3. 83 nm, 500 ’ RRMS 37 7 nme. Rms ’ de
R 29.4nym 81.8nm . XRD EDS s
300 R R s
Rrvs  dmd ; 300 , ZnS  PbS 5

PbS 500 i



4 : ZnS  PbS 39

(nm)

(a) , (b) = (9 100, 200, 300, 400, 500
4 AFM
Fig-4 Surface AFM images of mixed films
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Tab. 2 Mean diameter (dwq) of surface grain and Rpus surface roughness of
the as-deposited film and the films annealed at different t em peratures nm
100 200 300 400 500
Rrws 4.07 3.74 3. 68 3.83 28.93 7.7
dma 72.1 70. 1 29.4 65.8 71.7 81.8
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Fig.6 Refractive index (a) and extinction coefficient
(b) of the mixed films as a function of wavelength
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