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Characterizations of CulnGaSe(CIGS) mixed-source and the thin film
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Abstract CulnGaSe(CIGS) mixed-source was prepared by hydride vapor phase epitaxy (HVPE). Each metal was mixed in
regular ratio and soaked at 1090°C for 90 minutes in nitrogen atmosphere. After making the mixed-source to powder state,
the pellet was made by the powder. The diameter of pellet is 10 mm. The CIGS thin film was deposited on soda lime
glass evaporated Mo layer by e-beam evaporator. To confirm the crystallization, we measured X-ray diffraction (XRD).
High intensity X-ray peaks diffracted from (112), (204)/(220), (116)/(312) and (400) of CIGS thin film and from (110) of
Mo were confirmed by XRD measurement.
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Fig. 1. Schematic diagram of mixed-source HVPE.
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(b) After the annealing at 550 °C in N, atmosphere

(c) After the annealing at 650 °C in N, atmosphere

Fig. 2. Pellets of mixe-source CIGS.
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(a) The SEM image of mixed source pellet after the annealing at 550 °C in N, atmosphere
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(b) The EDS result of mixed source pellet after the annealing at 550 °C in N atmosphere

Fig. 3. The SEM image and EDS result of mixed-source pellet
after the annealing.
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(b) The EDS result of CIGS

Fig. 4. The SEM images and EDS result of CIGS before the
selenization.

2800 kv X10K Sum

a8 650°C°ﬂ/\1 Se 7|2 olFoF ). Fig. 59
(aye AlE FHL VeI Ut} (by= 450°ColM G4
g s ﬂi‘:ﬁ APG_E grain+e] Agto] o|FoJAL YU
S B £tk (o) 550°CAA @A § Aoz oF
leﬂf& gramOI A ZAAsle] mgo] BRI ¢
th (A 650°ColA ExlE] 3 Aoz AAst FA
o]FoJAHA FH poreEc] AAWES ¢ 4 Ut
by, 2 =EoAe 550°CoiAe @xrt 7Y A7
3 Aow AT SEM ARRICEHE selenization A
of ARl vlws| HoEe o, A-rA FejE E¥sid
FEo| Seo] AFE QI8 o] LA graing FY
0}‘31 AA3E o]tk HAtET} o]X¥ selenization
< CIGS®] AAste} grain®] 7] Sl =&°] "t
—t— Bz QoH16]. =3 $)9] EDS A4S B,
zo] A glo|e EFAA pelleteZ AFHA CIGSE
P 5 IS IAFAT Fig. 69 (2= A8 A
9] XRD Ao, (b)e= Se £917] slollA 550°C2 &
A ¢ AFHE HAFET (a) A E F U=l (110)
9] peak’} 7sAl YERG wHA, (112)2] peaks= ol 7
AsHA vepdth. mEa, dAe e AlEE Wé@i}
o] eyt &3] oA = @ ZoE HHETh
aE B =RA AjteRe 2] EfAs AR
oA pelletd] THAAS) 7Fed0] S QT

SEl WD=6.0 2500kv X10K Sum

Fig. 5. The SEM images and EDS result of CIGS after the selenization.
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(b) The XRD spectrum of CIGS after the selenization at 550 °C.

Fig. 6. The result of XRD compared with selenization.

g 4= A} Fig 694 (by= Se #17161A 550°CE 14]
7h et Al gk AA2MA, (112), (204)/(220), (116Y
(312) 59 peak’} 7Sl VERES™ CIGS Hhehe] o}
ARt oSS o 5 UTHI7, 18] L =, (204)
(2203} (116)/(312) peaksz} 78 peak?] doublet 4o
2 chalcopyrite 725 &R1E 4 Ur}{19).

4, &4

Tl

I E97194  Cu(ln, Ga)Se2 Ega2E AP

slslel BRAS HVPE W olgaidt. Adw
pelletS- e-beam evaporation® = *531]'25} 3- oA W

Yollr Se B91712 amnealing 31 selenization®] &3}
& d3lon SEMOE =43¢ Ay}, A%3E ol &
&2 It} CIGSe] 2AskE 18] <is) vkt
°] XRD 544 &74% Z3, (112), (204)/(220), (116)
(312) Wake] CIGS peakEe] #ZEUTE o2, thA

W

z% CIGS tﬂ—ulo] /\%_TL;Q oz 5% goq o] o o]@_-
AT o] AFENE, 32 heatingt ThF 7
9719) @720l 7Fed HVPEE B3l EFai=
CIGS pellet® A28t e-beam evaporationS 33
CIGS vp2hE %‘ﬂ sk AZ2 HE Hestq CIGS
SR HYE AE 3 R ko] AR
W =L 7‘]}-‘3‘ 99] /e 7ol Zlgdtt

=gl

#

HO

[1] M. Venkatachalam, M.D. Kannan, S. Jayakumar, R.
Balasundaraprabgu and N. Muthukumarasamy, “Effect
of annealing on the structural properties of electron
beam deposited CIGS thin films”, Thin Solid Films 516
(2008) 6848.

[2] AM. Gabor, J.R. Tuttle, M.A. Contreras, D.S. Albin, A.
Franz, D.W. Niles and R. Noufi, “High efficiency
graded bandgap thin-film polycrystalline Cu(In,Ga)Se,-
based solar cells”, European Photovoltaic Solar Energy
Conf. 12 (1994) 1.

[3] AM. Gabor and J. R. Tuttle, “Band-gap engineering in
Cu(In,Ga)Se, thin films grown from (In,Ga),Se; precur-
sors”, Solar Energy Materials and Solar Cells 41 (1996)
247.

[4] T. Walter and H.W. Schock, “Crystal growth and diffu-
sion in Cu(In,Ga)Se, chalcopyrite thin films”, Thin
Solid Films 224 (1993) 74.

[ 5] AM. Gabor, J.R. Tuttle, D.S. Albin, M.A. Contreras, R.
Noufi and A.M. Hermann, “High-efficiency Culn,Ga, _,Se,
solar cells made from (In,Ga,_,),Se, precursor films”,
Appl. Phys. Lett. 65(2) (1994) 198.

[6] X. Donglin, L. Jangzhuang, X. Man and Z. Xiujian.
“Electrodeposited and selenized CIGS thin films for
solar cells”, J. Non-Cryst. Sol. 354 (2008) 1447.

[7] T. Wada, N. Kohara, S. Mishiwaki and T. Negame,
“Characterization of the Cu(In,Ga)Se,/Mo interface in
CIGS solar cells”, Thin Solid Films 387 (2001) 118.

[ 8] P. Jackson, R. Wurz, U. Rau, J. Mattheis, M. Kurth, T.
Schlotzer, G Bilger and J.H. Werner, “High quality base-
line for high efficiency, Cu(In, _,,Ga,)Se, solar cells”,
Prog. Photovolt. Res. Appl. 15 (2007) 507.

[9] M.A. Contreras, M.J. Romero and R. Noufi, “Character-
ization of Cu(In,Ga)Se, materials used in record perfor-
mance solar cells”, Thin Solid Films 511 (2006) 51.

{10] I. Repins, M.A. Contreras, B. Egaas, C. DeHart, J.
Schart, C.L. Rerkins, B. To and R. Noufi, “Short com-
munication: Accelerated publication 19-9%-efficient ZnO/
CdS/CulnGaSe, solar cell with 81-2% fill factor”, Prog.
Photovolt. Res. Appl. 16 (2008) 235.

[11] I.W. Park, Y.W. Choi, E. Lee, O.S. Joo, S. Yoon and
B.K. Min, “Synthesis of CIGS absorber layers via a
paste coating”, J. Cryst. Growth 311 (2009) 2621.

[12] O. Lundberg, J. Lu, A. Rockett, et al., “Diffusion of
indium and gallium in Cu(In,Ga)Se, thin film solar
cells”, J. Phys. Chem. Solids 64 (2003) 1499.

[13] A. Goetzberger and C. Hebling, “Photovoltaic materi-
als, past, present, future”, Sol. Energ. Mater. Sol. Cells



62 (2000) 1.

[14] HK. Song, S.G. Kim, H.J. Kim, et al., “Preparation of
Culn, _,Ga,Se, thin films by sputtering and selenization
process”, Sol. Energ. Mater. Sol. Cells 75 (2003) 145,

[15] J. Kessler, C. Chityuttakan, J. Lu, J. Scholdstrom and L.
Stolt, “Cu(In,Ga)Se, thin films grown with a Cu-poor/
rich/poor sequence: growth model and structural consid-
erations”, Prog. Photovolt. Res. Appl. 11 (2003) 319.

[16] M. Kemellm, M. Ritala and M. Keskela, “Thin film
deposition methods for CulnSe, solar cells”, Crit. Rev.
Solid State Mater. Sci. 30 (2005) 1.

[17] M.A. Contreras, K. Ramanathan, J. AbuShanma, F.

(18]

[19]

A.R. Lee, H.S. Jeon, G.S. Lee, I.E. Ok, D.W. Cho, K.H. Kim, M.Y., S.-N. Yi, H.S. Ahn, C.-R. Cho, S.H. Son and H. Ha

Hasoon, D.L. Young, B. Egaas and R. Noufi, “Short
communication: Accelerated publication: Diode charac-
teristics in state-of-the-art ZnO/CdS/Cu(ln, _,Ga,)Se,
solar cells”, Prog. Photovolt, Res. Appl. 13 (2005) 209.
S. Chaisitsak, A. Yamada and M. Konagai, “Comprehen-
sive study of light-soaking effect in zno/cu(inga)se, solar
cells with Zn-based buffer layers”, Jpn. J. Appl. Phys.
41 (2002) 507.

J.C.W. Flomer, J.A. Turner, R. Noufi and D. Cahen,
“Structural and solar conversion characteristics of the
(Cu,Se),(In,Sey), -, system”, J. ELectrochem.. Soc. 132
(1985) 1319. i



