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Introduction: Post-treatments such as light soaking [1], bias soaking [2], and combine effect of heat and 

light soaking (HLS) [3] have beneficial effect to improve the efficiency of CIGS solar cells with Zn 

compound buffer layer. Recently, we observed similar positive effect on KF-treated CIGS solar cells with 

CdS buffer layer. This improvement was attributed to increased net carrier concentration (Ncv), and not the 

change in the atomic concentration of buffer layer. A positive bias generated due to the illumination was 

suggested as a driving force for the increased Ncv (because of migration of alkali ions), thereby, improving 

solar cell efficiency [4]. Based on these results, it can be expected that by applying positive bias close or 

greater to the Voc of the solar cells from external source, the cell efficiency of the alkali-treated CIGS solar 

cell can be improved. To verify this hypothesis, we investigated the effect of heat-bias-soaking (HBS) on 

CsF-free and CsF-treated CIGS solar cells. 

Results and discussion: As expected, HBS improved Voc 

and efficiency of CsF-treated CIGS solar cell, whereas such 

beneficial effect was not observed on CsF-free CIGS solar 

cells. The Jsc losses after HBS was noticed a severe factor 

limiting the efficiency improvement. Capacitance-voltage 

measurement confirmed a significant increase in Ncv after 

HBS for CsF-CIGS solar cells, which at least suggest one of 

the possible reasons for increased Voc. Due to the extremely 

high Ncv, Jsc reduces because of narrower depletion width. 

Therefore, a subsequent HS process was found beneficial 

method after HBS to tune the Ncv, thus the depletion width, 

for lesser Jsc losses. Similar results were also obtained for 

NaF-treated CIGS solar cells after HLS [5]. Furthermore, by 

optimizing post-treatment parameters, we could able to improve efficiency gain using HBS by increasing 

bias voltage as shown in Figure 1. The detail will be presented during the conference with the AIST 

certified data (obtained after HBS).  

Acknowledgment: This work is partly supported by NEDO. 

References: [1] K. Kushiya et al. Jpn. J. Appl. Phys. 1994, 33, 6599. [2] 昭和シェル特開平 9-36401 

[3] T. Nakada et al. IEEE J. Photovol. 2013, 3, 461. [4] I. Khatri et al. Prog. Photovolt. Res. Appl. DOI 

10.1002/pip.2962. [5] J. Matsuura et al. presented at PVSEC-27 (2017). 

第65回応用物理学会春季学術講演会 講演予稿集 (2018 早稲田大学・西早稲田キャンパス)17a-F310-2 

© 2018年 応用物理学会 12-016 13.9

mailto:optoelec@rs.noda.tus.ac.jp

