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Effect of different annealing conditions on the properties
of CdS thin films deposited by magnetron sputtering
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(1. National Laboratory for Infrared Physics, Shanghai Institute of Technical Physics,
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2. Shanghai Center for Photovoltaics, Shanghai 201201, China)

Abstract; CdS thin films were deposited on the substrate at temperature of 300 ‘C by magnetron sputtering. The deposi-
ted films were annealed at temperature of 370°C, 380 C and 390 °C, respectively, in either atmosphere of dry air or a
mixture of CdCl, and dry air. The morphology, structure and optical properties before and after thermal annealing were
investigated. The results show that for samples annealed in dry air, the variations of grain size, surface roughness and
visible light transmittance with annealing temperature are not obvious, while the optical band gap increases with tempera-
ture increasing. Annealed in the mixture of CdCl, and dry air, recrystallization and grain growth in the samples are sig-
nificant. Surface roughness increases with temperature increasing, on the contrary, visible light transmittance and optical
band gap decreases. These phenomena are the results of changes in the temperature of recrystallization and doping con-
centration in the band tail states at different annealing atmosphere.
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Fig.1 The SEM micrographs (a) 300 °C as-deposited, (b)
annealed in dry air at 370 C.380 C.390 °C,and annealed in
mixture of CdCl, and ary air at temperature of (¢)370°C, (d)
380°C, (¢)390C
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Fig.2 The roughness of the CdS film surface vs. annea-
ling temperature
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Fig.3 XRD patterns of CdS films annealed at different con-
ditions(a) (1) as-deposited, (2) ~ (4) annealed in CdCl,
source +dry air, and (b) (1) ~(3) annealed in dry air
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Fig.4 Optical transmittance spectra of CdS films (a)
as-deposited and annealed in CdCl, source + dry air; and
(b)annealed in dry air
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annealed in CdCl, source + dry air,and (b) annealed in dry air



302 g5 Z KW FH N %

BFHIE CdS AR A2 R R B & TR, MK K
Foe2em o , 7E T2 SR k) CdS J R )
EWRABBARENASEFAREL, 7
CdCL, ¥5 + Tz SR K CdS 78 5 A ' 2 Wl
REGRKIRERFA SIS SE6E 1 HEY
SEM JE S5 A 2 785 () 3% TRDRELRS B2 2Bl ok , &2
i 175 1 ZR A IR A A R R ] B R T AR P 3R TR RS
Y 5 | AR A S 7 Ve 2 T 2 S AR 38 e AR PN
TREZZWREREE , EL IR AFLIA , SRR LS A5,
Eb 0 S RLEE AN TR] , LA K H B A0 B B 45 3 LA
A P ER A S AR P, FOH R AR A3 .

B 7 2 CdS W IEAE A &4 TR KFIE M In
() -hy BB HE W AH BESK/NEHBIRERERE
B, T FE I BB S I M R B AL A AT A iR o /R B
I AR, K (3).

a(hv) = AEéexp(%)z . (3)

0

A B/R B RBIRE E, BRSNS K
BE T B H R/, CdS W IETEIR KRS B9 E,

H.0—= as-deposited

——370°C
—4-380C

105?4v¥390C

10.0

In(a)

iy

9.5

2.40 2.41 2.42 2.43 2.44 2.45
hvleV

(2)

—-=-370C
11.0 F—-—380°C
—2-390C

\

95 L 1 1
241 242 2.43 2.44 245

hvieV
(b)

7 CdS HREER In(a)-w B (a) RIS FI7E CdCL,
T+ TSRk, (b) TSR A

Fig.7 The (Ina) vs. hv of CdS thin films (a) as-deposi-
ted and annealed in CdCl, source + dry air,and (b)annealed

in dry air
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Table 1 Band gap energy (E,) and Urbach parameters
(E,) for CdS thin films
. KR BREHFSH
BEf GRAFMF) (E/eV) (Ey/meV)
CAS(JEfIkE) 2.401 104.3
CdS(CdCl, ¥ + F425,370T) 2.447 33.05
CdS(CdCl, ¥ + FH#7%5,380C) 2.446 38.89
CdS(CdCl, ¥ + TH%,,390C) 2.439 56.57
CdS(TFH2K,370 €) 2.416 72.68
CdS(FHEzsK,380 €) 2.422 51.79
CdS(FHE2K,390 €) 2.441 41.08
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Fig. 8 The E, vs. E; of CdS thin films as-deposited and
thermal annealed
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