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Sandwich-cell-type organic solar cell

utilizing columnar liquid crystalline semiconductor

Akihiko FUJIIL, Yuya NAKATA, Masanori OZAKI

Division of Electrical, Electronic and Infocommunications Engineering,
Graduate School of Engineering, Osaka University
2-1 Yamada-oka, Suita, Osaka 565-0871, Japan

Sandwich-cell-type organic solar cells utilizing a columnar liquid crystalline (Col LC) phthalocyanine,
1,4,8,11,15,18,22,25-octahexylphthalocyanine (C6PcH,), which is an organic semiconductor demonstrating high
carrier mobility, as an active layer, were fabricated and their photovoltaic properties were studied. At 110°C in the
crystal phase, the highest power conversion efficiency of 1.24% was exhibited, that was strongly related with the
enhanced carrier mobility. The stable performance of the solar cells was also demonstrated in the Col LC phase. The
photovoltaic properties were discussed by clarifying the relationship between the column axis direction and carrier

mobility in the active layer.
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Fig. 2 Schematic diagram of columnar structure in

spin-coated film and sandwich cell.
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Fig. 3 Device structure of sandwich-cell-type solar cell.
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Fig. 4 Phase sequences of C6PcH» and mixtures of
C6PcH; and Ceo at the blend ratios of 5 and 10

5 and

mol %.
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Fig. 5 J~Vcharacteristics (a) and EQE spectra (b) of
the solar cells at 128, 148, and 158 °C.
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Table 1 Photovoltaic properties of the solar cells in

crystal phase at temperature of 23-128 °C.

Temperature Jsc Voc FF PCE
9] (mA/em?) (V) (%)
23 4.9 0.61 0.31 0.92
30 5.0 0.60 0.32 0.95
50 5.5 0.58 0.34 1.08
70 6.1 0.54 036 1.18
90 6.5 0.51 0.37 1.21
110 6.9 0.48 0.38 1.24
128 7.0 0.44 0.39 1.20
10 1.4
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Fig. 6 Temperature dependences of J/sc and PCE.
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Fig. 7 Temperature dependence of carrier mobility.
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C6PcH, D3EARRY 7275 A A4 b v &y 7 BL[apR &
TESI LA 7 K85 v U 7 05 S o 56
BEENEEHER (DFT) 2AVW =y Izlb—vav
2L DL, EABEEILERT 1.486 cm?/Vs 1619

Y BIERREL T DY, —FH. VT Ll
WXt LCERELFMOF ¥ U THEOEHE, ELB
BEOFHEERIL3.8x105em¥Vs TH B 17, AL
va— NEEF TIX, C6PcH, D T LB HE N T
MICELm L 210, T AR L CEEHFROX ¥
U7 HEICHEY T2 EABBELRET S &
43x107* cm¥Vs TH o 72 1519, X 7 R TREIE
X, |ET6.5x107ecm¥Vs TH Y, EFEDO_D>0D
HmEOTHMNRETHDEZ LN, FBEREBA
Fhabty ZERETRZ2NLOD, BT LERE
NFETHDZ ERNRBEEIND,

BEZ I b2 BT, EMHE, EHHEIZBWTDH
BIEZE T2 A, KGFEME LTEET A
R oTe, EQE AT MLELERT B &
SO RT L DIT, HKeatE (148 °C) . ZEHH
(158 °C) Ti% Q \» FOEEMEE D EQE 23
LAY MBRBEL LTz, Thbb, HE
FELD C6PcH, DFEZALASRIEE, ik THif, %
U TR IR BERIZ LI RS
D, R2ITHRAE (148°C), HEHHH (158°C) (T
B2 KGEMOFN /ST A —& ZRd, KA.
EHFFICRT A/ PCE OfEIX, £hEh
0.80%K% Tr 0.33% & 72> 72,

#F2 128 C (f&MH). 148 C (H&EMH). 158 C

(FEI7HR) 2R 5 RGBSR T ORI/ ST A —F

Table 2 Photovoltaic properties of the solar cells at
128 °C (Cr), 148 °C (LC), and 158 C (Iso).

Temperature Jsc Voc FF PCE
Y) (mA/em?) (V) (%)
128 [Cr] 7.0 0.44 039 1.20
148 [LC] 5.2 0.39 0.40 0.80
158 [Iso] 3.0 0.34 0.32 0.33

Bl 61T d & oz, AT Tl < HRERFE,
LHFFIZBW TS PCE & Jse DIBEMEIEMEDHE
IR —T 5 Z L0256, PCE OFALIL Jsc 3K
B THDLLEEZOND, ATRDOLDIC, ¥
TRBEITEE ERICHENEIMER Th o7,
EAICBWTAR SN XY U THPMIZEAEE
LW ERET B &, BE EFIZHEVEESRR
WRTDZ LD, fdtBIZEBT 5 PCE O%E
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