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Abstract Structural, electrical and optical properties of non-doped and Sb-doped CulnS, thin films grown by

single source thermal evaporation method were studied. The films were annealed from 100 to 500 °C in air after

the evaporation. The X—ray diffraction spectra indicated that polycrystalline CulnS, films were successfully

obtained by annealing above 200 °C. This temperature was lower than that of non-doped films. The surface

morphologies of the non-doped samples were investigated by scanning electron microscopy. The maximum grain

size of the samples after annealing at 400 °C was above 500nm. Furthermore, we found that the Sb-doped films

became close to stoichiometry in comparison with non-doped films. The Sb-doped samples annealed above 200

°C has bandgap energy of 1.43~1.50 eV.
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Fig. 1. XRD patterns of the evaporated CulnS,

thin films annealed for 30 min. in air.
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Fig. 2. SEM image of the evaporated CulnS; thin films
annealed at (a) 200 °C and (b) 400 °C.
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Fig. 3. Grain size of the polycrystalline CulnS, thin

films annealed from 200 °C to 400 °C.
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Fig. 4. EPM analysis of the evaporated CulnS; thin
films annealed for 30 min. in air.
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Fig. 5. Transmission spectra of the evaporated CulnS,
thin films annealed above 200 °C for 30 min. in air.
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Fig. 6. Absorption spectra of the evaporated CulnS,
thin films annealed above 200 °C for 30 min. in air.
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Fig. 8. Sheet resistivity of the evaporated CulnS, thin
films annealed for 30 min. in air.
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Fig. 9 X-ray diffraction patterns of the evaporated Sb-
doped (1.2 mol %) CulnS, thin films annealed for 30
min. in air.
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Fig. 13. Transmission spectra of the evaporated Sb-
doped (5.7 mol %) CulnS, thin films annealed for 30
min. in air.
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Fig. 14. Absorption spectra of the evaporated Sb-doped
(5.7 mol %) CulnS, thin films annealed for 30 min. in

air.
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Fig. 15. Plot of (ohv)? versus photon energy for the
evaporated non-doped and Sb-doped CulnS; thin films
annealed for 30 min. in air.
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Fig. 16. Relationship between band-gap energies and
annealing temperatures of the evaporated non-doped
and Sb-doped CulnS, thin films annealed for 30 min.
in air.
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Fig. 17. Sheet resistivity of the evaporated non-doped
and Sb-doped CulnS; thin films annealed for 30 min. in
air.

200°C L FOBLETOY IV TiE p BERL,
300°C UL OB DY VT n MERLE, £
DI, 300°C FHEORE CTEME A LRFIZ, #
EHFOEROT Y U TERENEAD L, BHAEIR
oSt EZbND, £z, 3000C LLEOBMLEDIR
EHES T, BELER L LBICEABIZET LTV
7o ZhiZ, BOEOBRER EiF5Z & T, MK
BREL R0zl b S ZHFOEMPBRRD—D
EEZLND,

4 F&®H
HP {EI2 X 0 ERK L2 ERME LV Sb 0 CIS ¥



_20_

AR - HFE= - & B

R TEEEF M ELF R E

KEEELE L, VU INAY—RADEERIC L DK
EEERNT, BEOERET-7=, (FRINE
P #ESE 21T 5 - DI KREFIZ T 100°C~500°C
TBME 1T - 1-, KE% 200°C LA ETEREELT
5 LT, EERI CIS BaBKKE L. Sb BH
M3 sz izl 500°0C TRALBLEY VTS
RER CIS EaEE G ON-, BRNOY TV
Tit. 400°C OESLIEZITIL 500nm LA _E DR ERIN
RELTWi=, EPMA OFER XLV, 1000C L TDOY
vt Cu-rich, 300°C SL B> 7L TClX In-rich
PRULT, ¥/, Sb ZEHEMT 52 LT, AR
A MAFARPY)—ZESWE, N RF¥ ¥ v 7
FETORMREIT 10°em™ BEEZTRL, N F¥y
v FOMEIX, Sb BFEHEMLAEY T T 1.43-
1.50eV & 720 . #IZ 3000C L ECTEALEL /-
5.7mol% WML 7= > F B LY, 500°C TEL
LT RTOY T AIEH 1.46-148eV Lo T,
ZOEIR. tOFETERLEZEEOY T Anb
BonFELZERCTHY 2P ZoZ LixEsk
BAEEIMEMENTWVWEIEERLTND, T
TOYr ZURRIEREREZ R L, BRMB LY Sb
Wiy it BB OBEICR L THRERR
Eibr R L, ZOBBHO—DIZRF—LT7 2787
¥ —DEEN SO BFEBRMT DL TRELIE
Lotz ERETF LD, ZHhITREROKR
X XIBNEOBRERY BB LEIIRESRoTY
ozl b L IEESTD S EILFRENE DR
ELHIZHEMLEZZ EBNERTHDEEZLND,

M

KFRETOCHEVARBRIHEEHY L.
HEBRFTHEHELET LFRORBEBERB LT
BILBYFITE# N LET, 2, RH2EHLT
W W IR R FE T EFRRHE ERE O/ GLE
RIZEH N2 L ET

#3353

1)M. A. Contreras, K. Ramanathan, J. AbuShama, F.
Hasoon, D. L. Young, B. Egaas, R. Noufi, J. Ward and
A. Duda, “Diode Characteristics in State-of-the-Art
Zn0O/CdS/Cu(In;_,Ga,)Se, Solar Cells” Prog. Photovolt.
Res. Appl., 13, 209-216 (2005).

2) S. Kawakita, M. Imaizumi, M.Yamaguchi, K. Kushima,
T. Ohshima, H. Itoh and S. Matsuda, “Annealing
Enhancement Effect by Light Illumination on Proton
Irradiated Cu(In,Ga)Se; Thin-Film Solar Cells” Jpn. J.
Appl. Phys., 41, L797 (2002).

3) S. Wagner, J. L. Shay and H. M. Kasper, Proceedings of
the 2nd
Semiconducting Compounds, Strusburg, 1975, p105.

4)Y. Hagiwara, T. Nakada and A. Kunioka, Tech. Dig.
11" Photovolt. Sci. Eng. Conf., p83 (1999)

5) T. Negami, Y. Hashimoto, S. Nishiwaki, Tech. Dig.
11" Photovolt. Sci. Eng. Conf., p993 (1999)

6) M. Powalla and B. Dimmler, “Scaling up issues of
CIGS solar cells” Thin Solid Films, 361-362, 540-546
(2000). '

International Conference on  Ternary

~ 7)1, L. Shay, B. Tell, H. M. Kasper and L. M. Schiavone,

“p-d Hybridization of the Valence Bands of I-1II-VI,
Compounds” Phys. Rev., B 5, 5003-5005 (1972).

8) K. Siemer, J. Klaer, I. Luck, J.Bruns, R. Klenk and D.
Braunig, “Efficient CulnS, solar cells form a rapid
thermal process (RTP)” Sol. Energy Mater. Sol. Cells, 67,
159-166 (2001).

9) L. L. Kazmerski, M. S. Ayyagari and G. A. Sanborn,
“CulnS, thin films: Preparation and properties” J. Appl.
Phys., 46, 4865-4869 (1975).

10) H. L. Hwang, C. Y. Sun, C. S. Fang, S. D. Chang, C.
H. Cheng, M. H. Yang, H. H. Lin and T. Tuwan-mu,
“GROWTH AND PROCESS IDENTIFICATION OF
CulnS2 ON GaP BY CHEMICAL VAPOR
DEPOSITION” J. Crystal Growth, 55, 116-124 (1981).

11)H. L. Hwang, C. L. Cheng, L. M. Liu, Y. C. Liu and
C. Y. Sun, “GROWTH AND PROPERTIES OF
SPUTTER-DEPOSITED CulnS, THIN FILMS” Thin
Solid Films, 67, 83-93 (1980).

12) H. Metzner, Th. Hahn, J. H. Bremer and J. Conrad,
“Epitaxial growth of CulnS, on sulphur terminated
Si(111)” Appl. Phys. Lett., 69, 1900-1902 (1996).

13) B. Pamplin and R. S. Feigelson, “SPRAY
PYROLYSIS OF CulnSe; AND RELATED TERNARY
SEMICONDUCTING COMPOUNDS” Thin Solid
Films, 60, 141-146 (1979).

14) H. J. Hsu, M. H. Yang, R. S. Tang, T. M. Hsu and H.
L. Hwang, “A novel method to grow large CulnS, single
crystals” J. Cryst. Growth, 70, 427-432 (1984).

15) H. Miyake and K. Sugiyama, Jpn. J. Appl. Phys.
Suppl., 32-3, 156 (1993).

16) C. Y. Sun, H. L. Hwang, C. Y. Leu, L. M. Liu and B.
H. Tseng, Jpn. J. Appl. Phys. Suppl., 19-3, 81 (1980).

17)J. L. Lin, L. M. Liu, J. T. Lue, M. H. Yang and H. L.
Hwang, “Some remarks on annealing and doping in
CulnS,” J. Appl. Phys. 59, 378-382 (1986).

18)J. H. Schon and E. Bucher, “Characterization of
Intrinsic Defect Levels in CulnS,” Phys. Stat. Solidi A,



$405

BERIMB LV ShIRMB V231 T A FBYLE Y8 CulnS, HEE O ERLES & O

_21_

171, 511-519 (1999).

19) G. Brandt, A. Ranber and J. Schneider, “ESR and x-
ray analysis of the ternary semiconductors CuAlS,,
CulnS; and AgGaS,” Solid State Commun., 12, 481
(1973).

20)J. J. M.Binsma, “LUMINESCENCE OF CulnS;: 1.
THE BROAD BAND EMISSION AND ITS
DEPENDENCE ON THE DEFECT CHEMISTRY” L.
J. Giling and J. Bloem, J. Luminescence, 27, 35-53
(1982).

21)S. D. Mittleman and R. Singh, “ELECTRICAL
PROPERTIES OF CADMIUM AND ZINC DOPED
CulnS,” Solid State Commun., 22, 659-662 (1977).

22) T. Yamamoto and H. Katayama-Yoshida, “P-Type
Doping of the Group V Elements in CulnS,” Jpn. J.
Appl. Phys., 35, L1562-1565 (1996).

23) H. Komaki, K. Yoshino, S. Seto, M. Yoneta, Y. Akaki
and T. Ikari, “Growth of CulnS; crystals by a hot-press
method” J. Cryst. Growth, 236, 253-256 (2002).

24) H. Komaki, Y. Akaki, K. Yoshino, S. Seto, M. Yoneta
and T. Ikari, “Growth and Characterization of V-group
doped CulnS; Crystals by a Hot-Press Method*“ Proc.
ICTMC-13, Paris, p157 (2002).

25) JCPDS file No. 27-0159.

26) S. Niki, P.J. Fons, A. Yamada, Y. Lacroix, H. Shibata,
H. Oyanagi, M. Nishitani, T. Negami and T. Wada,
“Effect of the surface Cu,,Se phase on the growth and
properties of CulnSe; films” Appl. Phys. Lett., 74, 1630-

1632 (1999).

27) T. Watanabe, H. Nakazawa and M. Matsui,
“Sulfurization in Gas Mixture of H,S and O, for Growth
of CulnS, Thin Films” Jpn. J. Appl. Phy., 38, L430-432
(1999).

28) G. C. Park, Y. T. Yoo and J. Lee, “Structural and
electrical characteristics of copper indium disulfide thin
film” Synth. Met., 71, 1745-1746 (1995).

29) J. L. Shay and J. H. Wernick, Ternary Chalcopyrite
Semiconductors: Growth, Electronic Properties and
Applications, Pergamon Press, New York, 1975

30) J.Gonzalez-Hernandez, P. M. Gorley, P. P. Horley, O.
M. Vartsabyuk, Yu. V. Vorobiev, “X-Ray, kinetic and
optical properties of thin CulnS, films” Thin Solid
Films, 403-404, 471-475 (2002).

31) M. Abaab, M. Kanzari, B. Rezig and M. Brunel,
“Structural and optical properties of sulfur-annealed
CulnS,; thin films” Sol. Energy Mater. Sol. Cells, 59,
299-307 (1999).

32) Y. B. He, A. Polity, H. R. Alves, 1. Osterreicher, W.
Kriegseis, D. Pfisterer, B. K. Meyer, “Structural and
optical characterization of RF reactively sputtered
CulnS; thin films” Thin Solid Films, 403-404, 62-65
(2002).

33) T. Wada, T. Negami and M. Nishitani, “Preparation
of CulnS, films by sulfurization of Cu-In-O films”
Appl. Phys. Lett., 62, 1943-1945 (1983).



