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Fig. 1. Structure diagram of CIGSe solar cells.
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Fig. 2. (a) Energy band and equivalent circuit diagrams of

tested device; (b) test model diagram of equivalent circuit.
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Fig. 3. Dark I-V characteristics of CIGSe solar cells before
and after annealing.

3.2 CIGSe Bithify C-V 4514%

P-N 4571 f S 4 4 S5 88 FAE OE [ s 1 B
BRI, HIIE T CIGSe A BHAE H it 7%
ST i Hs ™ B FL S AR, AT N FL G 0T F, 2 IR
B .

Wi 7 C-V R, SCAE 5 MR N
100 kHz, ¥ A 300 K. i kK HiJA CIGSe H it i
C-VFHHEINE 4(a) Fion. BEE R MR, H

b P FEL AR TN, 3SR AL Sy R ) 2 (1] P i DX
1) i R P 1S KT K. S X R C-V
FRPE, AR G R PHBE R A L 2 TR,
WA C-VEREL R 1/ 02V ih<k, IExFE 4(b)
H R ZEIEA LML A ARG 1 IR K B,
3B KE R BA R FL I A e R —3 VB, 1/ 0%V
HHZR B RPRISA T . &R AR XX R BH
RE F b Y B 25 DOk, T ELBR Gt X ) R
LR, TERCR A S T, B BTk %) A Tt F 2
LG K, B0 it F 2R 218 080N, I 25 PN 45
ZEHENE. B RBARER LAY 1/ O % V Rtk 4 )
FXFEE, KR KJE CIGSe W2 i At 2 3 F
W BERRAIR. X2 R — S AR K FIT R FH B
W FE RS XA A Tk, SEOTRE MWK, 1AL,
PIA AT IR K HTFIR K5 CIGSe A BH Al HL it 11
N R 0.52 VAT 0.64 V. HRIEHN OV
i, AR KHTE CIGSe A BH H it A FE R X 56 B 4351l
9 0.52 um A1 0.64 pum.

1.6
(a) —=— Unanneal
1.4 F —e— Anneal

1.2
1.0
0.8 |

0.6

Capacitance/(10-8 F)

0.4

0.2

Voltage/V

1.0

(b) —#— Unanneal
—o— Anneal

0.8

0.6

0.4

C-2/(1017 F-2)

0.2

Voltage/V

Kl 4 (a) CIGSe HLBLIY C-VFitE; (b) CIGSe LB 1/ C2-V
R 2
Fig. 4. (a) C-V characteristics; (b) 1/C2V curve for CIGSe

solar cell.
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Fig. 5. Capacitance wvs. frequency spectra (top) and fre-
quency derivative capacitance fdC/df spectra (bottom)
measured at various temperatures: (a) Before annealing;

(b) after annealing.
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Fig. 6. Arrhenius plots of CIGSe solar cells before and after

annealing.
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Fig. 7. Defect concentration distribution for CIGSe layer:
(a) Before annealing; (b) after annealing.
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Fig. 8. Light I-V curves of CIGSe solar cell before and after

annealing.
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Abstract

We use admittance spectroscopy to characterize the energy distribution of defects in CIGSe solar cells
before and after annealing to investigate the mechanism of the annealing process improving the performances of
solar cells. In this work, we anneal the prepared CIGSe solar cells in compressed air at 150 “C for 10 min. We
measure dark I-V, C-V, admittance spectra, and illumination I-V tests on CIGSe solar cells before and after
annealing to characterize the changes in the performances of solar cells before and after annealing, respectively.
The test results of dark I-V characteristics show that the reverse dark current of CIGSe solar cell decreases by
about an order of magnitude after annealing, and the ideal factor of the cell also decreases from 2.16 (before
annealing) to 1.85 (after annealing). This means that the annealing process reduces the recombination of
carriers in CIGSe solar cell. Under reverse bias, the capacitance of CIGSe solar cell is higher than that after
annealing, and its C-V characteristics linearly fitted with 1/C? vs. V. The fitting results show that the slope of
the curve increases after annealing, which means that the annealing process results in a decrease in the free
carrier concentration in the absorption layer of CIGSe solar cell, specifically, the carrier concentration
contributed by defects after annealing decreases. In addition, the built-in potential before and after annealing of
CIGSe solar cell are also obtained through fitting, which are 0.52 V and 0.64 V in value, respectively. The
admittance spectrum test results of CIGSe solar cell before and after annealing show that the defect activation
energy in the absorption layer significantly decreases after annealing, but the defect concentration remains
almost unchanged. The decrease in defect activation energy means that the Shockley Read Hall (SRH)
recombination probability of defects in copper indium gallium selenium solar cell decreases. In addition, the test
results of the optical -V characteristics of the battery indicate that the open circuit voltage and parallel
resistance of the solar cell significantly increase after annealing, which is consistent with the test results of the
dark [I-V characteristics, C-V characteristics, and admittance spectroscopy of the solar cell. Therefore, the
annealing process of CIGSe solar cells leads to theweakening of the SRH recombination of carriers in the

absorption layer of the cell, thereby improving the performance of the solar cell.
Keywords: CIGSe solar cell, admittance spectroscopy, activation energy, carriers recombination
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