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Fig.1 Schematic of CIGS thermal co-evaporation sys-
tem
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Table 1 Typical operating conditions of effusion heat-
ers and substrate heater
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13.6 4.5 61.2 18.5 6.0 111.0
15.2 5.1 77.5 20.8 6.0 124.8
2.7 1.2 3.2 4.4 1.4 6.2
29.1 12.4 | 360.8 34.9 14.3 ] 499.1
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Table2 Composition of CIGSthin filmsand the time of ) CIGS )
second stage ended
XRE % cu (In | Gal (In ]
Cu In Ga S [ Mm + Ga) + Ga) / min
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Table 3 Typical composition of CIGS thin films and the characteristics of cells
Cu %| In/ % | Gal %| Sel % | DM m|Cu (In+ Ga)|Ga/ (In + Ga) [ %] FF | Va/V |3/ (mA/cm®)| RJQ | Rp/Q
1014 | 23.82)|19.06| 6.88 | 50.24| 1.89 0.92 0.27 12.05 | 0.61| 0.54 36.57 3.32 | 716.64
2524 |23.04[19.22| 7.24 |50.50( 1.86 0.87 0.27 11.62 [ 0.62| 0.54 34.78 3.52 |644.76
1112 [23.19(19.24] 7.31 [50.26| 1.87 0.87 0.28 10.86 [ 0.61| 0.54 32.90 3.62 |917.51
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Fig.3 XRD pattern of three CIGS thin films shown 2524 - SEM
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Fig.5 QE curves of CIGS thin film solar cells
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Fig.4 SEM surface morphologies and cross-sections of CIGS thinfilm samples shown in Table 3
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Properties of CIGS Thin-Films Prepared by a Three-Sage
of Co-Evaporation Process’

Ao Jianping', Sun Yun, Wang Xiaoling, Li Fengyan, He Qing, Sun Guozhong,
Zhou Zhigiang, and Li Changjian

( Key L aboratory of Photo Electronic Thin Film Devices and Technologies, Institute of Photo Electronic Thin Film Devices
and Techniques, Nankai University, Tianjin 300071, China)

Abgract : CIGSthinfilms are deposited in a three-stage co-evaporation process by using a simple PID controller. The compo-
sition of the CIGS thin films can be controlled on-line by monitoring the temperature change of the substrates while using
constant power to heat the substrates. These methods can greatly improve the controllability and reproducibility of depositing
CIGS thin films. The surfaces of the CI GS films are smooth, with a roughness less than 10nm. However ,the preferential ori-
entations of the CIGS thin films with the same component are different ,though most of them are (112) . Moreover ,the grain
sizes of the CIGS thin films are also very different. Although the CIGS films have Cu-poor compositions,Cu/ (In+ Ga) <1,
most of them are p-type semiconductors, and a few are n-type,as determined by Hall measurement.
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