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Improved Properties of the Zn-doped SnS, Thin Films
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[Abstract] Zn doped SnS; thin films were prepared by thermal evaporation. Effects of Zn contents and
heat-treatment condition on thin film phase structure, surface morphology and photoelectric performance were
investigated. Results show that after heat-treatment at 380°C for 15 min the films with weight ratio of Sn to S
=1:1. 08 take on simple orthorhombic structure. The heat-treatment condition of 9 wt% Zn doped SnS, thin
films was at 370°C for 20 min. The state of Sn, S and Zn were Sn'", $*~ and Zn**. After Zn doping, the direct
optical band gap of SnS, thin films reduced from 2. 12eV to 2 07eV, and the resistivity two orders of magnitude
decreased from 4. 97 X10*Qecm to 2 0Qecm. The conduting type of all SnS, thin films was n-type.

[Key words] thermal evaporation;SnS, thin film;Zn-doping;heat-treatment;properties

0. 3647nm,c=25. 3118nm), SnS,

1 .
sl Sn.S , SnS,
SnS, ( 2. 0~3. 5eV), ,
) ) , .
B SnS, N—V] , SnS, , SnS
, (a=b= , SnS, /SnS .
0. 365nm, ¢ = 0. 589nm ) (a = b= . SnS, R
:2013-02-25; :2013-03-29
(2009MS0109) (NJ10017)
(1987 =), , , o E-mail: haitaokang87@126. com,

. E-mail: lijian imu@126. com,



31 4 .. 7Zn SnS, e 563 e

s 2.2
SnS, , s
. SnS, : el )
[7] , [8] , [9] s , . s
[10] s [11] s [12] 3 . Sn
N SnS, SnO, ,
[13] , . . o
, SnS, , : 280.,300,320,340,
SnS, 350,370, 380, 400°C 8 ; 15min ~
, , 40min,
SnS, . XRD : Sn:S 1:1. 08¢ )
SnS, . Zn,Sb , 380°C 15~20 min
Al SnS, , . . SnS, ) SnS,
. . . . ; Al Sb SnS,
. . . Zn 3~Twt% s
, . o Zn Owt%  SnS,
2
3
21
Sn S . N 31 XRD
, i PW1830 X (Cu  ,a=0 154187
. Sn S SnS, nm, ) o 1
) N Zn SnS, XRD
J., A~ 2.64 X 1A a:380°C . 15min SnS,
9P Ly Jemtes P M - . 20=14. 800°,28 173°.31 717°.49. 947°
VTM SnS,  (001),(100),(101) (110)
: T ) s ; d 0. 59804nm,0. 31648nm,
o 0. 28189nm 0. 18244nm, PDF 23-0677
: SnS, , P-3m1(164) o
Sn:S:Zn 1:2. 2632 04; ,
Sn:S:Sb 1:2. 26:1. 23; s Sn
Sn:S:Al 1:2.26:2 18, , s
S Sn 226 o
S A b:380°C ,20min , a )
, S SnS, (001> (101) ,
o , Sn:S=1:1 08( ) .
SnS, . 1B a:350°C .30min ,Owt%  Zn
. Sn.S  ( 1:1. 08) SnS, . (100) (110) Zn
3.5.7.9 % (wt) Zn Al Sb .d 0. 6~0. 7%, .
o b.370°C .20min ,9wt%  Zn
DM-450A , SnS, . (00D) ,
(99. 99%) , 13cm; a,
o ) 1 XRD : Zn  SnS,

3. 0X10 *Pa, 130A, 1~2min, , ,



* 564 - 2013 8
° SHSZ Zl’l 3. 2
s Zn ( ) CSPM5500
, Zn . . 2  SnS, (AFM)
(001)
G (001) ®)
(101)
b:SnS, 380°C;20min
(002) b: 370°C;20min Zn9%
| a0 0 0010y (gos
(110) P
a:SnS, 380°C;15min (100)((102)(] o1 a: 350°C;30min Zn9%
10 2I0 310 4I0 5I0 6I0 7I0 10 2IO 3IO 4IO 5I 0 6I0 7I0
20/° 20/°
1 SnS, XRD A SnS:s(B)  9%7Zn  SnS,
Fig. 1 XRD spectra of different Zn-doped SnS; thin films under different heat treatment condition
L ®) =
2 SnS, AFM (@ SnSs(b)  9%Zn  SnS
Fig.2 AFM micrograph of SnS, thin film (a) SnS;; (b) SnS;:Z, (9wt %)
) N B 2 ) o
(a) SnS, (380°C ,15min) AFM 33
s , Kratos Amicus ( ) SnS,
RMS:13- 9r1m; ET3000 Zn °
( ) 188 1nm, . , C1S
Ra=85nm, AFM Rus . SnS, Zn
s XPS 3.
. 3(a) Zn(9wt%)  SnS, o
2(b) 9wt % Zn (370°C, 20min) XPS Sn.S.C.,0O,Na Zn ,
AFM | Zn s O.Na .C
) RMS o S ’
25. 1nm, 290. 3nm, S , S (L 74) .
Ra  114nm, Zn 3 (b.(d , SnS, SnS,:Zn
s Owt2) Sn XpPS b.d
) ° Sn3 d5/2 3d3/z N

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net


zhk
铅笔


31 4 s . Zn SnS, * 565 -
100000
160000 98000 () Zn
140000 F (a) SnS,:Zn(9wt%o) 96000 -
120000 94000
«» 100000 P 92000
O 80000 | O 90000 Zn3P3/2
60000 F S 3d§‘/‘23d3/ 2 Su3pln2 88000 |
40000 | g $n3p3/3 86000
20000 SndpS2p 84000
. T | L L | 82000 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1000 1010 1020 1030 1040 1050 1060 1070
Binding energy Binding energy
70000 10000
Sn3-d5/2 486.43eV
60000 (b) Sn 9000+ (¢)S S2p3/2 161.22eV
50000 || Sn3-d3/2 494.85¢V 8000 - ﬁ
g 40000 ‘ 'n| % 7000 | \
30000 F 1 l k 6000
i 1 I | W e
20000 | u " 5000 ___/
10000} —— N 4000 -
O 1 1 1 1 1 ,000 1 1 1 1 1 1 ]
460 470 480 490 500 510 145 150 155 160 165 170 175 180
Binding energy Binding energy
600001 (45 Sn3d5/2 486.25¢V L0000T: 2p3/2161.18eV.
(d)Sn o000 ©S ~——esperimental data
50000 l Sn3d3/2 494.76eV - __—fitted curves
40000
é | ! % 7000
30000 ! &)
| 1] ‘ 6000
20000} | I\
/ L./} \ 5000
10000 - et 4000
O 1 1 1 1 1 3000 1 1 1 1 1 1 ]
460 470 480 490 500 510 145 150 155 160 165 170 175 180
Binding energy Binding energy
3  SnS; XPS
Fig. 3 XPS spectrum of SnS; thin films
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Tablel Atomic concentration of SnS, thin films
Sample Element sensitivity factor Percentage content of atomic molar% Percentage content of atomic weight %
Sn3d, 24. 72 48. 00 77. 00
SHSZ -
S2p, L 74 52. 00 23. 00
Sn3d, 24. 72 38 50 69. 30
SnS; : Zn(9wt %) S2p, L 74 59, 80 29, 02
Zn2p, 27. 30 1L 70 L 68
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Table 2 Resistivity of SnS, thin films
Film type Film thickness/cm Resistance/ Q) Film length/cm Film width/cm Resistivity/Q+cm
SnS, 1. 88X10°° 320X 107 2. 30 1. 90 4. 97102
SnS; : Zn(9wt %) 2. 90X10°° 7. 70X 10" 2. 40 2. 20 2. 00X 10°
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