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Low-temperature Growth of Cu(In,Ga)Se; Thin Film and NaF
Post Deposition Treatment for Cu(In,Ga)Se, Solar Cells
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ABSTRACT: High efficiency Cu(In,Ga)Se; solar cells are generally prepared above 500°C. Lowering the process temperature can allow
wider selection of substrate material and process window. In this paper, the three-stage co-evaporation process widely used to grow CIGS
thin film at high temperature was modified to reduce the maximum substrate temperature. Below 400°C the CIGS films show poor crystal
growth and lower solar cell performance, in spite of external Na doping by NaF. As a new approach, Cu source instead of Cu with Se
in the second stage was applied on the (In,Ga),Ses precursor at 400°C and achieved a better crystal growth. The distribution of Ga in the
films produce by new method were investigated and solar cells were fabricated using these films.
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Subscript

CIGS : Cu(In, Ga)Se;

PDT : post deposition treatment
SLG : soda-lime glass

SEM : scanning electron microscope
XRD : X-ray diffraction

AES : auger electron spectroscopy
EQE : external quantum efficiency
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2.1 CIGS thin film fabrication and characterization
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2.2 Fabrication of CIGS solar cells
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Fig. 1. SEM cross-section image of CIGS films deposited by 3 stage process with reduced substrate temperature at a) 350°C, b)

400°C, and c) 450°C
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Fig. 2. SEM cross-section image of CIGS films during 3 stage process at 400°C substrate temperature. a) after 1st stage, b) after 2nd

stage, and c) after 3rd stage

Table 1. Solar cell parameters of CIGS solar cells produced at different temperature and NaF treatment condition

Conditions Efficiency[%] Voc[V] Jsc[mA/em?] F.F.[%]
350 No Na 0.6 0.168 13.44 24.5
350 NaF 6.4 0.520 24.52 50.1
400 No Na 0.2 0.356 2.23 22.0
400 NaF 7.2 0.500 24.51 59.2
450 No Na 10.4 0.520 29.99 66.9
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Fig. 3. Light IV-curves of CIGS solar cells produced at different
temperature and NaF treatment condition
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Fig. 4. SEM cross-section image of CIGS films deposited by (In, Ga).Ses+Cu 2 step process with a) Cu with Se effusion cell at 175°C,
b) Cu with Se effusion cell at 160°C, and c) Cu supplied without Se
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Fig. 5. XRD patterns of CIGS films deposited by 3 stage at

400°C and (In, Ga),Ses+Cu 2 step
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Fig. 6. (a,b,c) AES depth profile of CIGS films deposited by a) (In, Ga).Ses + Cu 2 step, b) (In, Ga).Ses + (Cu+Ga) 2 step, c) (In,
Ga),;Se; + (Cu+in) 2 step and Ga supplied at the end of the process, and d) Ga/(Ga+In) ratio of (a,b,c) films
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Table 2. Solar cell parameters of CIGS solar cells deposited by (In, Ga).Se; + Cu 2 step, (In, Ga),Se; + (Cu+Ga) 2 step and (In,
Ga),;Se; + (Cu+in) 2 step, and Ga supplied at the end of the process

Conditions Efficiency [%] Voc [V] Jsc [mA/em?] F.F. [%]

(In, Ga)sSes + Cu 4.4 0.465 31.51 29.8

(In, Ga).Ses + (Cu+Ga) 7.8 0.531 28.28 52.0

(In, Ga),Ses + (Cu+In) 1.7 0.511 33.77 67.9
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Fig. 7. Light IV-curves of CIGS solar cells deposited by (In,
Ga),Se; + Cu 2 step, (In,Ga),Se; + (Cu+Ga) 2 step and
(In,Ga),Ses + (Cu+in) 2 step and Ga supplied at the end
of the process (above) and EQE curve of the cell with
the highest efficiency (below)
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