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Structure and Optical Properties of
Cu-doped SnS Thin Films Prepared by PLD
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Abstract; Cu doped SnS thin films were grown on the glass substrates by pulsed laser deposition.
The targets were pressed by the mixture of SnS and Cu,S powder ( Cu and Sn molar ratios were 0% ,
2.5% ,5% ,7.5% , and 10% , respectively). The effects of Cu doping content on the microstruc-
tural, morphological, optical and electrical properties of SnS thin films were studied by X-ray dif-
fraction (XRD), laser Raman spectrometry, atomic force microscopy ( AFM) , ultraviolet-visible-
near infrared spectrophotometer ( UV-Vis-NIR), and Keithley 4200-SCS semiconductor parameter
analyzer. The results show that the films grow preferentially oriented in (111) plane, and SnS: 5% Cu
film has the excellent crystalline and Raman characteristic peaks. With the increasing of Cu doping
content, the average particle sizes of the films increase. The absorption coefficient of the film in the
visible region is the order of 10° cm ™' for different Cu doping content. The direct band gap of SnS:
5% Cu film is 2.23 eV, and the ratio of photo-conductivity to dark-conductivity is 2. 59. Finally, p-
SnS: Cu/n-ZnS heterojuction device was fabricated on the glass substrate. The device exhibits good

rectifying behaviors in dark and under illumination, and weak photovoltaic properties.
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K1 A[E Cu #5751y SnS AL A XRD 35, (a)0% ;(b)2.5% ;(c¢)5% ;(d)7.5% ;(e)10% .
Fig. 1 XRD patterns of SnS films with different Cu doping content. (a)0% . (b)2.5% . (¢)5%.(d)7.5%. (e)10%.

%1 SnS EEA XRD(111) $75TIEH FWHM &0 841

R~f
Table 1 FWHM of XRD(111) diffraction and grain size of
SnS films

A FWHM/ (°) 260/(°) D/nm

a 0.316 31.611 26.14

b 0.373 31.719 22.15

c 0.423 31.531 19.52

d 0.407 31.661 20.29

e 0. 464 31.242 17.78
e = a — a ’ (3)

o

o a S SnS WBAIFRERL, SRR DN

V = abe,

(4)

AMAAK(2) L (3) (4) ATHHR A SnS HEREFE i)

BIRAR TR a b c.e VGRS 2 iR, AT LA

A VRS SRS B AR E(E A — S 22,

Cu BT B RERAR A A T g, B0

it 3/ 5K BRI | ST 2 5 W v JE 1 ' r P I

x2 AECuisZEN SnS HEHRNREEH T
nE AR

Table 2 Lattic constants, strain and cell volume of SnS films

with different Cu doping content

= a/nm b/nm ¢/nm & V/nm’

FRUE(E  0.4329  1.1192  0.398 4 0.193
a 0.4299 1.1645 0.3967 -0.006 0.199
b 0.4382 1.0432 0.3935 0.012  0.180
c 0.4326 1.1189 0.398 4 -0.000 6 0.193
d 0.4391 0.9716 0.3986 0.014 0.170
e 0.4419 1.1189 0.398 4 0.02 0.197
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Fig.2 Raman spectrum of SnS: 5% Cu films
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Fig.3 EDS of SnS:5% Cu films

3.4 HmEREHR

Kl 4 Jy AR Cu #2250 SnS WA AFM =
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Fig.4 AFM images of SnS films with different Cu doping content. (a)0%. (b)2.5%. (¢)5%. (d)7.5% . (e)10% .
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Table 3

Surface roughness and grain size analysis of SnS

films with different Cu doping content

SFEPHBERL,  BOrHOHRERE SRR AR

i
nm nm nm
a 0.749 1.05 30.4
b 0.822 1.24 36.5
c 1.16 1.46 40.7
d 2.02 3.18 55.6
e 7.81 12.2 118
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Fig.5 Transmittance spectra of SnS films with different Cu

Transmittance /%

doping content

RIEAE, 73 W K 48.9% 43.5% 45.8% 51.6%
F174.4% , Cu BZEHR 0% 2.5% F17.5% ke
FBFE 1000 ~ 1 200 nm 35 B3k 135 i I (H 1
Cu B2 K 5% F1 10% HIRE 5 ILE 800 nm A2 47
WIEF|IEH, Cu BAE N 0% 2. 5% 5% F
7. 5%Eﬁﬁ%éﬁﬁﬁi$mﬂﬁi@& 50% A+, T 24

B A KB 10% I, B i 1) 355 1 2RI (15
zyilJT 75% .

CuBZREHN 0% 2.5% 5% .7.5% F1 10%
AR B JEE S 43 1)l 267,136, 114,120,250 nm.,
ZWE RS RS R 2 R A S B R T )
FLJRE d AT A R A IR R

= %111(17). (5)

Kl 6 25 T AR Cu #8458 1Y SnS AR 1
W RE, W I R o FE AT RE R
0.5 ~1.25 eV JEFINZEA K, FEAGHLETHE
HRTF 1.25 eV i, WICR BBl G T B it i 3 K
MK, 5ARBZAE SnS MEAH L, Cu B4 N
2.5% 5% F1 7. 5% BIFE 5 0T 0 R 54 e b
Fh, B2 50 10% PR SRR B A e T
Koo BT RE il R IR AL 3R A AT DO el A 3

10° em 'S, W0 Y Cu BIRELE0% ~7.5%
B RS, AT DA R R i 4 R A R B

10°}

104,

Absorption coefficient/cm™

0.5 1.0 1.5 2.0 2.5 3.0
hv/eV

El6 AR Cu B SnS MR AR B
Fig.6  Absorption coefficient of SnS films with different Cu

doping content
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Fig.7 Plot of (ahw)*-hv for SnS films with different Cu doping content. (a)0%. (b)2.5%. (¢)5%.(d)7.5%. (e)10%.
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FEARSETATACR In MM, B RSB0 B30
S A (R A L R TR R DG R R AR

- Rad, (7)
THAE R BH 2, Forp In FEARMIBECSY 1, ML AR
KEN o, HIEEE R d.,

FERE A LED F16ETR (0. 35 mW/em®)
HESF T 5 T3 2 6 SnS MERSCRE i B4 1=V 45 ify
2, R4 B HT AR CuBLH11) SnS HEEEE

%4 TE CufBZEH SnS BEHSMREESE
Table 4 Light and dark conductivity of SnS films with differ-

ent Cu doping content

. L R/ JEH T A/ JHL R/
i o 4 .
(pS+em™) (pS+em™') L
a 57.5 92.0 1.6
b 116.0 166.3 1.43
c 169. 1 438.7 2.59
d 205.4 216.7 1.06
e 97.4 167.2 1.71

FIYERE L R4 IO B Cu $B24 A3
KSR S F SR e KR, Cu $B4%0EHY
I SnS VR U Tk B PR 2 1 R T ) F
R SYIERIE 7 I S U N R = i a2 S
25, A F RN, Cu BIHEN 0% 2.5% .
5% 7.5% F 10% [AFE 5 46 fEL 5258 2 L4y i)
$91.6,1.43,2.59,1.06,1.71, Hrh 5% Cu 2%
B i A S P SR L A
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ZnS TEIE 3590 VE A I PH HRL Sl A I 02 AN B )2
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FIFH PLD 7EBE B4R L il 45 ZnS J A, il &
e ATICTRAE 400 °C HUIERE 5 om, FRK O
figtt 150 m), WOGE Z MR 2 Hz, DIELET[] 150
min, &8 45T ZnS WY XRD K3k, A 5 7E
26 =28. 38° &bt LAV T 1, 5 A5 HE PDF*36-1450
R R AT ST AR A, %R T ZnS (002) ST,
ML 8 BT LU i, A i A2 T (002) i T £ 48 i m]
AR, IS A 2 S BEAR A
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Fig.8 XRD patterns of ZnS film

K9 g ZnS WA B ST TEA (ahw)® 5 ho 1
KAMLE, W& 9 al LI, ZnS 76 0] WG
Pl R AR, W A B R MR 2R, i
I A A 4 LA 5, TR ZnS i
JEEEZ D 626 nm, WEHEADEAF BN 3.53 eV,
FOBAEIS /N T AFPRH G717 B 3.6 eV, — A
SR A AR P B S B T

100

80

1.0x10"

60
8.0x10"F
6.0x10"F

40

4.0x10"

Transmittance/ %

2.0x10"F

20

(ahv)?/(eV-em™)?

‘ A
20 2530 35
v
I I

1 |
400 500 600 700 800
A/nm

9 7nS JHEEE S AGIBFHIEAN(ahw) *-he [/

Fig.9 Transmittance spectrum and (ahv)’-ho for ZnS film
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Fig. 10 Structure diagram of p-SnS: Cu/n-ZnS heterojunc-

tion device
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Fig. 11 I-V plots of p-SnS:5% Cu/n-ZnS heterojunction device
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Fig. 12 J-V plot of p-SnS:5% Cu/n-ZnS heterojunction device
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