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Efficiency Improvement in Large-Area Perovskite Solar Modules
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Abstract

In order to develop building integrated photovoltaic (BIPV) systems that are difficult to realize with existing solar cells, we have
been conducting basic research and development of perovskite solar cells, which are characterized by a coating method. We challenged
to realize highly efficient solar module by using inkjet method that can be applied to the production of BIPV where all patterns are
expected. When the A site of the perovskite structure is CHsNHs, the band gap of E;=1.55 eV was larger than the ideal value 1.3 eV
for a solar cell, but we achieved CH(NH.), (E4=1.48 eV), an Eg that is closer to the ideal value of the main component of the A site,
improving single cell conversion efficiency to 21.8 % by adding multiple alkali metal elements. Possessing the feature of free design,
inkjet application with a good record of performance in OLED was adopted as the method to make a uniform thickness in the
perovskite light absorption layer, which produces performance variation in the substrate. A perovskite solar module with 300 mm

rectangular glass substrates was made, achieving the world’s highest conversion efficiency, 17.9 %
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Fig. 1 Schematic cross-sectional view of (a)Perovskite solar cells and
(b)modules
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Fig. 2 Structure of perovskite
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Fig. 3 1-V curves showing the effect of addition of Cs to Pvsk
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Fig. 4 XRD (A)and SEM images (B) showing the effect of addition of Rb
to Pvsk light absorption layer
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Fig. 7 Distribution diagram of conversion efficiencies of perovskite solar cells
produced by spin-coating on a rectangular substrate (Substrate size=150
mm x 150 mm)
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inkjet-printing (Substrate size = 300 mm x 300 mm)
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Fig. 9 Distribution diagram of conversion efficiencies of perovskite

solar cells (Substrate size=300 mm x 300 mm)
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Fig. 10 Schematic cross-sectional view of the sealed part of the manufactured
perovskite solar module
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Fig. 11 Frequency distribution diagram showing performance variations of solar
submodules manufactured under a single manufacturing condition
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Date : 29 Jan 2020

Sample No. 12001234

Repeat Times 1

Scan Mode Forward Reverse MPPT
lsc (A) 0.3234 03224 -

Vo v) 584 59.0 -
Prrex (w) 1325 1461 14.42

Vormax v) 471 495 487

Ipeex (A) 02815 0.2951 0.2960

F.F. (%) 701 769 -

Eff @a) (%) 16.48 18.18 1793

DTemp. (C) 250 250 250

MTemp. (C) 248 249 246

Dirr. (mW/cm?) 100.0 100.0 1000

Mirr. (mW/cm?) 1004 1004 100.4

Ref.Device No. CSI13+KG3-2t

Cal.Val.of Ref. 5456 (mA at 100 mW/cm?)

+: After MPPT 5.0 min
Total lllumination Time:25 min
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Fig. 13 Output characteristics of perovskite solar module produced by
an inkjet method for ink for the perovskite light absorption layer
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