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Organic solar cell on a 3D-curved surface fabricated by controlling the
electrostatic forces using electrospray deposition (ESD)
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Abstract
Solution-processed bilaver organic solar cells with Poly[4.8-bis(5-(2-ethylhexvyl)thiophen-2-vl)
benzol1.2-b:4.5-b'ldithiophene-2,6-diyl-alt-(4-(2-ethylhexyl)-3-fluorothieno[3,4-b]thiophene-)-2-ca
rboxylate-2-6-diyl)] (PCE-10) as p-type material and [6,6]-phenyl C71-butyric acid methyl ester
(PC70BM) as n-type material have been fabricated by spin-coating and electrospray deposition
(ESD) techniques. In this ESD process, common organic solvents can be used in fabrication of each
layer. At the present time, using both techniques the best efficiency of ca. 3.2 % has been achieved

under AM 1.5G illumination (100 mW/cm?).
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Fig. 1 Electrospray Deposition (ESD) method
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Fig. 2 Chemical structure formula of PCE-10 and PC7;,(BM
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Fig. 3 Schematic structures of p-n organic solar cell with

PCE-10 and PC7BM® (1)p-n bilayer(2) p-n BHJ
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Fig. 4 Cross section SEM images of PCE-10/PC7BM
bilayer and BHJ fabricated by spin-coat and ESD method
(a) p/n Bilayer (spin-coating), (b) p/n Bilayer (ESD), (c)
p:n BHJ (spin-coating), (d) p:n BHJ (ESD)
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Fig. 5 Dynamic force-mode AFM images and RMS of
each p-layer and p/n bilayer and BHJ (a) p-layer
(spin-coating), (b) p/n-bilayer (spin-coating), (c) p-layer
(ESD), (d) p/n-bilayer (ESD), (e) BHJ (spin-coating),
(f) BHJ (ESD)
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Table 1 Photovoltaic performance for each OPV cell
fabricated by bilayer —ESD and spin-coating methods
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Cell Type Jsc Voc FF n
(mA/cm?) V) (%) (%)
p/n-ESD 10.8£0.2 | 0.58+£0.01 51.2+02 | 3.2+0.1
p/n-Spin 9.6+0.7 0.58 £0.01 57.3+0.1 32+0.3
p:n-ESD 12.8+0.2 | 0.74+£0.01 57.5+1.1 54+0.1
p:n-Spin 14.1+0.2 | 0.74+0.01 61.0+x12 | 6.3+03
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Fig. 6 I-V characteristic curves for PCE-10/PC;,(BM
bilayer solar cells in the dark and under illumination (100
mW/cm?, AM 1.5)®
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Fig. 7 I-V characteristic curves for PCE-10:PC7,0BM BHIJ
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Fig. 8 Calculation using normal vectors
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Fig. 9 Light power received as a function of incidence
angle (Radius : 100 cm, Incident light intensity :100
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Fig. 10 Received light power for flat and hemispherical
surfaces
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Fig. 12 Simulation based lines of electric force between
the nozzle tip and the dome-shaped surface

Fig.11 Spray coating of organic semiconductor solution on
the flat plate of the substrate with the ESD apparatus®
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Fig.13 Spray coating of organic semiconductor solution on
the concave side of the dome-shaped substrate with the
ESD apparatus®

Fig. 14 Operating test of propeller under natural sunlight
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Fig. 15 Flat plate OPV (left) and dome shaped OPV (right)
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Fig. 16 Irradiation measurement sctup using a jig for
(a)flat plate and (b) dome-shaped OPVs
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Fig. 17 Comparison of the conversion efficiency for the
dome-shaped and the flat plate OPV for various incidence
angles1®
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