56 1 2007 1
1000-3290/2007/56 01 /574-09 ACTA PHYSICA SINICA

Vol.56 No.1 January 2007
©2007 Chin. Phys. Soc.

CulnSe,

2005 128 2006 5 29
Cu-In
5
CulnSe, CIS
CulnSe,
CIS
Cu-In CIS
PACC 8140 8115N 8115G 8220
1. CIS
CulnSe, CIS
. CIS CIS
LCIs
1
CulnSe, 1.04 eV
2 CIS
6x10° em™
3 CIS
CdS
1.2% 4 CIS
p n
5 a-Si . 2.
CIS
9—14 Cu-In 2.1.
Se H, Se CIS
R H,Se
CIS H,Se
Ga
* Y422 " 00007411

T . E-mail jiezhu@ skl. usth. edu. cn

100083

Cu-In

Culn

CulnSe,
CIS

Cu-In

8 cm

76 mm 3 mm



1 CulnSe, 575
99.99% 2 mm Cu-In 1
0.8x 107*Pa 0.533 Pa Ar a Cu-In
220 sccm Cu 20 W In 1b
25.5 W. 40 Cu-In 1ec
min 0.4 pm. 2 2
2.2 CulnSe, a Cu-In 250C 30 min 450°C
60 min 2b
Cu-In 450°C 60 min
<107'Pa. 1
Cu-In 5 1
1 a b Cu-In
¢ Cu-In
500 [ 500 ¢
400 400 |
o 3007 o S0
B ol ! i 2 0l
= 200 — E i = 200
100 | 100 |
of T of
l 4I0 ) 8I0 I 12'O I 1(;0 2(I)0 240 0 I 40 I 8IO 1I20 I lfISO I 200 I
i 5] / min it 18] / min
2 a 250°C 30 min 450°C 60 min b 450°C 60 min
1 33—
1 la + 2a 450°C 250°C
2 la + 2b 60 min
4—
3 1b + 2b
250°C 30 min 450°C 60 min
4 le + 2 a
[ —
> le + 20 450°C 60 min
SEM X
1— EDX
250°C 30 min 450°C 60 min EDX +0.8%. X
2— XRD X 0.154
450°C 60 min nm 20 10°—110° 0.02°.



576 56
Se . EDX Cu-In
3. Cu:In=0.9 5a XRD
Cu-In Culn
3 Culn, Cuy Ing
217°C 200°C 250°C CIS
4 b
240°C 5.5 0.4 ym Cu:In:Se =22:
Pa. 3 250°C 24:48 5b XRD
CulnSe, XRD
6 .
—" CulnSe, 450°C
51 Vit
o 4 c
< 4r /
& /- CulnSe,
L]ﬁr’ 8 / 1 pm Cu:ln:Se=24:26:
2| J 46. CIS
A / CulnSe, XRD 5c¢
Z(I)O 2é0 2:10 260 ZEI}O 360
HE /°C
3
-1
<10 Pa 4 d
CulnSe, 1.4 pm.
Ar Se
Se CIS
1/100 Cu-In 4 e 1
CuSe In, Se; Cuiln:Se =24:25:47.
CIS CulnSe,
6 a
3°C/min. CIS
4 f
Cu-In
Cu-In g
Culn . Cu-In "
CIS 4 5 a Cu-In
XRD 5b ¢ Cu-In 450°C 25 em
250°C 450°C CIS 250°C
XRD 6a b c
CIS 4 f
XRD CIS
Cu-In 4 a 6 b XRD



1 CulnSe, 577

4  Cu-In CulnSe, SEM a Cu-In b
c d e f
g h
60 min CIS XRD
4 ¢ 6¢

Cu-In 250°C 30 min 450°C



578 56
10000 £ Mo 1:CuyIng
8000 - 2:Culn
6000 - 9 3:Culn,
4000
2000 - 1 2f\12 2 3 Mo Mo
(s 1 » 1 T * 1 - 1
. 15000 o
§ 12000 - (b) = CulnSe,
£ 9000 |- ] § 8 3 3
S — ~ m @ N
‘@ 6000 - = § § g §
3000 |- = = = 8
& 0 _L A = = I\./-I:)_.
15000
12000 [ (© = Moy o n CulnSe,
9000 | g R = = e~
6000 [ g S < g
3000 |- J ¥ z = § Mo
0 A = = .
20 40 60 80 100
20/()
5 Cu-In CulnSe, XRD a Cu-In b 250°C
CulnSe, ¢ 450°C CulnSe,
4 250°C
450°C . CIS 4 Cu-In
h CIS CulnSe,
CulnSe, 5 (IS
4 1/5 4 g h 250°C 30 min
Cu 4 26% 5 20%
450°C 2 3
CIS
4 5 450°C 5 250°C
250°C 450°C 4 250°C
Cu . 3
Cu-In Se
4 5
7 Cu-In
CIS
250°C
Cu-In Cu-In -
Cu-In Cu-In
In-Se

Cu-In



579

CulnSe,

= 5 © s
° N ° ) o
5 =S4 S < S
(vev/828) % | (¥2%/822) £ | (¥2v/822) % (¥2¥/822)4 |
S 3 & =
(2£€/91€) (2€£/91€) (28€/91¢) (28€/91¢)
(00%/800) £ (00%/800) { (00%/800) (00%/800)
(Z1€/91T)—=) (ZT€/91T) = (Z1€/91T) =, (21€/911)=
(02z/%02) (022/%0%) (022/%02) (022/%0%)
i | |
s 3
(112)3 1
asnd
(211 (211)
J —_— szvl (@) —=
e 2 2 6 2 2 2 o 9 2 2 o =9 =5 o
g8 g § 8 g g & § g ¢ g
mtg.n—u.m\mmM

60 80 100
26/()

40

20

XRD

CulnSe,

d

fn#

glass

Mo (B4)

glass

30 min

250°C

60 min

450°C

8 a

210—

Cu In Se

CIS

350°C

6

XRD

8 b

CulnSe,

Se %

In%

Cu%
8 ¢

400—550C

8 d

Se %

Cu%

In%



580 56
500 50
1—210°C F (b
400 2—250°C 49F 2100C  250°C 300°C 350°C
3—1300°C Foa A A ,Se%
4—350°C 8L : L
o 300 : 5 ; In%
R %l , : oln
~ = : : o—
o 5 25 e
5 200 : : :
24 : ; :
23F "— 4 :
100 : — &
ool ?\-Cu%
0 211
L B L L L L L L 20 P R L i L L L
0 50 100 150 200 250 200 240 280 320 360
it 1] / min WE /C
50
600
48[ @
500 161 400°C 450°C 500°C 550°C
A Aoy
4 : : 9%
400 & : E : :
& 300 BF i
> = FoG : : :
i : s 26 \o . é
g 200rf: P o ¢In%
: 24f ? =Cu%
100 : - i/f/?
OF: Do oo : :
Lol ! ! ! L L L [ TN 20 i ! L ! 1 L LG
0 50 100 150 200 250 400 440 480 520 560
It 18] / min wE/C
500 1 2 3 4 ig (f)
[ (&) 1. 40min I A
2. 60min 46 /4-———-—-—‘5/, Se%
400 3. 80min A : :
4. 100 min ES : : : F
[ :40min {60min :80min 100 min
© 300 sl . : :
& * I H H
=} [ i : :
200 2y \6\6 o n%
I | : .
24 \
100 r . L uCu%
22} ’ :
S e S et ST ol . : . ‘_ . ;
0 50 100 150 200 250 40 50 60 70 80 90 100
i 1] / min i 1] / min
8 CIS a - b - c
B d 3 B} f B}
450°C Cu/In 0.90 CulnSe,
40 min 60 min 80 min 100 min Cu/In 0.91
8§ 1 Cu/In Cu
Se % Cu% In% .
400°C CIS Cu/In 0.82
Cu-In Cu/In 0.90 8 d
Cu In 8 400°C Cu In
Cu/In
. Cu In Se In
210°C 8 b 40 min 80 min



1 CulnSe, 581
Cu% In% 8 f 5
> 80 min
Cu In Cu% In% CIS
550°C
Se 250°C 30
min 450°C 60 min
1:1:2 CIS CIS
CIS
8 Cu In XRD
Cu-In CulnSe,
CulnSe,
4. CIS
Cu-In

CIS

1 Adurodija F O Song ] Kim S D et al 1999 Thin Solid Films 338
13

2 Rau U Schock H W 1999 Appl. Phys. A 69 131

3 Schon J H Alberts V. Bucher E 1999 Semicond . Sci. Technol . 14
657

4 Yuksel O F Baso BM Safak H Karabiyik H 2001 Appl. Phys.
A 73 387

5 Ramanathan K Contreras M A Perkins C L et al 2003 Prog.
Photovolt . Res . Appl. 11 225
Caballero R Guillen C 2002 Thin Solid Films 403 107
Bekker ] Alberts V. Witcomb M J 2001 Thin Solid Films 12 40

8 Powalla M Dimmler B 2003 Solar Energy Materials and Solar Cells
12 27

9 Kenji Y Daisuke M Tetsuo 1 2000 Appl. Phys. Lett. 77 259

10
11

12

13

14

Joachim K Kai S TIlka L et al 2000 J. Appl. Phys. 88 5474
Hagiwara Y Nakada T Kunioka A 2001 Solar Energy Materials
and Solar Cells 14 267

Wijesundera R P Siripala W 2004 Solar Energy Materials and Solar
Cells 81 147

Yukawa T Kuwabara K Koumoto K 1996 Thin Solid Films 286
151

Nakamura S Yamamoto A 2003 Solar Energy Mater . Sol . Cells 75
81

Bekker ] Alberts V. Witcomb M J et al 2001 Thin Solid Films 387
40

Pisarkiewicz T Jankowski H 2003 Vacuum 70 435

Caballero R Guillen C 2005 Solar Energy Materials & Solar Cells
86 1



582 56

Influence of selenization on the surface morphology
and phase structure of CulnSe, thin films ™

Li Jian Zhu Jie'
State Key Laboratory for Advanced Metals and Materials University of Science and Technology Beijing Beijing 100083  China
Received 8 December 2005  revised manuscript received 29 May 2006

Abstract

Co-sputtered Cu-In precursors were used as the backing materials and selenium powder was employed as the raw materials .
Five kinds of representative or innovative selenization schemes including single selenium source double selenium source
powder spraying selenizing and annealing step by step or simultaneously were applied to grow CulnSe, CIS thin films. The
influence of selenium source location and temperature rising methods on the property of CIS films was evaluated. The similarities
and differences in the morphology composition and phase structure among different methods were compared. The relationship
between selenization temperature anneal temperature anneal time and the composition of CIS thin films was researched. The
rules how element percent alters with the selenization and anneal condition are established which can provide a reference to

better control the composition and phase structure of CIS thin films.
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