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Abstract: Cu(In;-x,Gac)Se; thin films have been considered as an effective absorber material for high
efficient solar cells. In this paper, the CIGS thin films with varied Ga content were prepared using a
co-evaporation process of three stage. We carry out structure and electrical optical property on the thin
film in varied Ga content. CIGS thin films have been characterized by X-ray diffraction(XRD), scanning
electron microscopy(SEM), energy-dispersive spectroscopy(EDS), four-point probe measurement, and the
Hall measurement. To optimize Ga contents, Ga/(In+Ga) ratio were changed from 0.13 to 0.72. At this
time the carrier concentrations were varied from 1.22x10" em™ to 5.07x10'® cm™, and electrical resistivity
were varied from 1.11x10° Q-cm to 1.08x10° Q-cm. A strong <220/204> orientation and a lager grain
size were obtained at a Ga/(In+Ga) of 0.3. We were able to achieve conversion efficiency as high as

1595% with a Ga/(In+Ga) of 0.3.
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Fig. 1. The 3-stage co-evaporation process. (a) substrate
temperature, (b) metal rate vs. process time.
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Fig. 2. Solar cell fabricated in this research (Source:

NREL).
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Fig. 3. Cross-section SEM micrographs of CIGS thin
films with different Ga/(In+*Ga) ratios of (a) 0.13, (b)
0.24, (c) 0.3, (d) 039, (e) 0.62, (D) 0.72.
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Fig. 4. Plan view SEM micrographs of CIGS thin films
with different Ga/(In+Ga) ratios of (a) 0.13, (b) 0.24, (c)
0.3, (d) 0.39, (e) 0.62, (f) 0.72.
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Fig. 5. XRD patterns of CIGS thin films with
different Ga/(In+Ga) ratios of (a) 0.13, (b) 0.24, (c)0.3, (d)
0.39, (e) 0.62, (f) 0.72.
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Fig. 6. Resistivity of CIGS thin films with different
Ga/(In+Ga) ratio.
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Fig. 7. Carrier concentration of CIGS thin films
with different Ga/(In+Ga) ratio.

FF (%) Jsc (mA/em’)

Eff(%) Voc(mV)

Ga/(In+Ga) ratio

Fig. 8. Effect of Ga/(In+Ga) ratio of CIGS thin films on
solar cell parameters.



A7 AR A 73 =

WBEL(n)= 1595% (AAHH= 04 cmHE AT
& 9%k z2zg CIGS HY¥AA Az 03
Ga/(In+Ga) ¥l &o] HHe] ZHo|gt & + ot

. d B

o] #&2 CIGS H¥dA e 45 H7AM Ga &
frFol AE JEo A A7 webd v&
o ZAAEL AT Ga FHFol w2t ZHYHY 2
717F Zopx|n, 22AE ZAAAHY A2 FHAEE
ZaA7E 4U9¢ AFsPde AE ¢ F AU

Ga/(In+Ga)e] |7t F7H1g45 CIGS 992
<112> FRAA <220/204> T&EE HIE Rolgr}
oA <112> Fz2 ¥3Ee AL E F Aok
2t4 Ga/(In+Ga)®] ¥]7} 03%1 "11 7 F& MR
€ 1595% (AAAAH= 04 cm)E 24% + AU

24, A247A A9E pp. 755-759, 20113 9H:

q4E T 759

#Aale| &2

o] =& 2011dE FFUE RUEEATH 9
AYE Bol Y98 A7ddd.

REFERENCES

[1] J. R. Tuttle, M. Contreras, A. Tennant, D. Albin, and
R. Noufi, Proc. 23rd IEEE PVSEC, (Photovoltaic
Speciallists Conference, Louisvill, USA, 1993), p.415.

[2] S. K. Kim, J. C. Lee, K. H. Yoon, J. Song, S. H
Kwon, and B. T. Ahn, Kor. Sol. Energ. Soc. Spring
Conference, 98, 507 (1998).

[3] J. 1. Pankove, Optical Processes in Seniconductors,
(Dover Publication, Inc., New York, 1987) p. 93.

[4] 1. Repins, M. A. Contreras, B. Egaas, C. DeHart,
J. Scharf, C. L. Perkins, B. To, and R. Noufi, Prog.
Photovoltaics. Res. Appl, 16, 235 (2008).

[5] D. Schmid, Sol. Energ. Mat. Sol. C, 41, 281 (1996).



