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Optical properties of S solute CulnSe, thin film
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Abstract

The photovoliaic power system has received considerable attention as the petroleum-
alternative energies to solve the environmental problems in the world scale. CulnSe. 1s one of the
most promising materials for the fabrication of large-ares modules and low cost photovoliaic de-

VIces.

Sulfur solute CulnSe, thin films were prepared by RF sputtering using powder target which
were previously compacted by powder of Cu.Se, In,Se,, Cu.S, and In,S; in various ratios.

The results indicated that the sulfur ratio, the (112) texture, and the energy band gap were
increased by the increase of the S/{S+—Se) that was controlled by stoichiometric compound.

The energy band gap can be shifted from 1.04eV 10 1.50eV by adjusting the 5/(S+Se) ratio,
which makes it possible to obtain a perfect match w the solar spectrum.
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Fig. 1. Schematic diagram of the sputtering sysiem.

% A 7PaEde] #71 % ¥ o@BAE 4
A7) fislM melgEn R, ofiE, W
dng Foz Zh 1587 2% Ay,

4 Abels] zede FAsn BATez B
Aol WA YES NIAAE ol§dtel ABE

oo
>

i
Ao
2
Sl
i
i

sRIEEIE TR
948 + 9b 2628 22897 9% 20
Aush SR Eehis B8 443 27 9de
Ar7t=E MFC=2
3 027 ez

olf AF 87] el Fee 10-Torrz FASHE
=

AH 2EE 400 C8 se8a R
AZNYE 4™ A" 100WE 1201:
Qetglon, du] ARe Ford o
were] FAE o 2umrt E|EF é }%111}

Amw AT 871 NE FE8 AR
WAZE TR AWERA EEER &
¥HE= Fe Jastetdnt



138 T FRFEH A A30Y H2F 1997

2.3 uRiuE o 25

Ag4g wrere] 2449 EPMA £40] 2jalglon,
¥9 24e AR ¥ 28 dsg

Ed, A4 wote] AHphase), B4 =, 4
Hi gk (preferred orientation)?] Eeldle X-ray
diffractometer & AR-&3}43T).

2.3.2. gute] FF % o Band gap &7

A wlntbel Ear = UV-visible spectropho-
tometer & AHEEHA ZHAIEA FHANAM HAHERL
o, Xt & Photoreflectance 2 &4 &t¢ict.

5. MpEM Y DR

3.1 2feke] =M

Fig. 2= BlA9] S/(5+Se)RAu|e} 44 what
o] 5/(8+8e)z43u| 2] FAE JebA FHo|th
EtAle] S/(5+Se)@AY|E 0, 0.25, 0.50, 0.
75, 1.0002 ¥ F|HEA A% were] EPMA
B 0, 0.18, 0.4, 0.65, 0.85 vFEbd).

1.0
£ »
L=
o
&
805 -
o
[77]
+
@
a —
0.0 . L '
0.0 05 1.0
S/(S+3e) for the target
Fig. 2 Vanation of the S/(5+ Se)mole ratio.

E}AlS] S/(S+Se)zgulel vld] A4 wate] S
/(S+Se)ZAHE T e gh& UE Wu 9o
5 2L H4don vHEhe 43e AR
glck, olzA2 S ~HES (sputter yield)o] Se
of ula] thx ot o] niFojE ANEES
AT A 7 HAos M, o]lgM &
= AE gAg AHEste] A4 atehe] 438 fo]
A AAE = IS ¢ F Ut 53] gAe S
J(8+Se)zAuirl 1.00d ) utere] 5/(S+Se)
Z4E]7F 0.82 Seo] i34 oz Jehlz ¢
o, olAE E 4% #4 F CulnSe, L2
A FEEI FGah S FiFo] FtE A} F3
A8 M BoiA A g AN DAF 47
of F&=AUY Serl EYH Ad ot He
Vidse =

r

ki oog e

3.2 meke o 3l =

Fig. 32 elle} S/(S+Se)z41] 0, 0.50, 1.
000l M 2] A0 abere] X-4 3)dateivt. S/(S+
SeyzAvzt 0du] QAP ke (112),
(220)(204), (312)(1186)% 2] CulnSe,s} ¥ A
2 3E Hz¥ gEEHdew, el 24807
0.50, 1.00c.2 Hzge] wet (112)F =37} A=)
ZelA UeEksioen, (220)(204), (312)(116) o
H2o AR 2 T3, S/(S+Se)zAlY
F7tell wer 8d F=r) ohh =4 vepta gle
U BE ZAo|A chalcopyrite & 33 dA=9
a9}

oI, & Aol WM S/(S+Se)zAy)
2] Wzlol #AIgle] chalcopyrite?3e] Bae 1
SAHET BAFEE Vel 2ok 5/(5+8e) 24
H7b Frbgel el 3 =] 3" 4xst £
g R Seofl W&l YA wrAo} = S| Xg
of e AA Abrel kA, & A7 Az 2
2|5 Aoz Pz

Fig. 4= Z3 Az disig 2349 X-4A
3E AE 7= (inlegrated intensity) & Ahd] &
w ZA=2 v Sees ekl Aok, $-4



SE &% CulnSe, 2t9}e] B3 B4 139

(112)

‘ (220) (204)
A (312) (116)
i

112) X=0.5

(220) (204)
(312)(116)

1

Intensity | a.u. }

(112)

(220)204) 3 o) a16)
A

I I l ] | |
0 10 20 30 40 50 60 70

29 [deg ]

Fig. 3 Xw=ray diffraction spectra for Cuin{SySe,-x).
thin fims.
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Fig. 7 Optical absorption spectra of thin films,
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