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Anomalous photovoltaic effect based on spontaneous polarization of ferroelectric lig
uid crystals

Funahashi, Masahiro
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Ferroelectric liquid-crystalline (LC) phenylterthiophene derivatives bearing a dec
enyl group, a disiloxane chain, and a tetracyclosiloxane ring has been synthesized. These compounds exhibi
t a chiral smectic C (SmC*) phase, where its spontaneous polarization exceeds 100 nCcm-2. The hole mobilit
ies determined by a time-of-flight method were on the order of 1x10-4 cm2V-1s-1. The compound having decen
yl group exhibits an anomalous photovoltaic effect in the SmC* phase. It should be noted that even the com
pound bearing a bulky cyclotetrasiloxane ring exhibit an enatiotropic SmC* phase. The compound bearing a d
ecenyl chain exhibits anomalous photovoltaic effect in the SmC* phase. Under zer-bias, photocurrent in the

reversed direction was generated when DC bias was aplied to the sample before light illumination. The pol
arity of the zero-bias photocurrent was changed by the sign of the DC bias before the illumination.
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Table 1 Phase transition temperatures (enthal pies/Jg™) of
compounds 1-3

Compound 1 SmG 123 °C (15.2) SmC* 139 °C (15.2) Iso
Compound 2 SmG 112 °C (10.2) SmC* 122 °C (8.9) Iso

Compound 3G -71 °C SmG 110 °C (15.2) SmC* 123°C (15.2) Iso

Iso: isotropic phase; G: glassy smectic phase

1-3 SmC*
(Figure 2)
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C-F

Figure 2 Polarizing optical micrographs in the
SmC* phases for compound 1 under the
application of a (a) positive and (b) negative bias
(#1.5 V for 4 um thick sample) as well as for

compound 3 under the application of a (a)
positive and (b) negative bias (£5 V for 9 um).
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Figure 3 Transient photocurrent curves for holes
in the SmC* phases of (a) compound 1 at 130 °C
(The sample thickness = 15 um) and (b)
compound 3 at 120 °C (the sample thickness = 9

um).
1 SmC* 0

Figure 4(a) 0
0
A =356 nm, pulse duration 2 ns

SmC*
SmG
Figure 4(b) + 0.5V
Figure 4(a) 0
0
10° Vem!
0
10° Vem™



30

M

llaser |:|u|5erf illum inat'u:;h —o@c t-tas. =gV
T O T s el " DEDEESZV
z : :
: SO
5 e
E 0|l SO e
£ w"‘”'"'""; B 5
T fo o OO S
-M : i i
0 M 100 130
Time (us)
ity 20
) —05v
- S U — 05V
= LI asaf [HrSe i uemif o
=
2 w0} L
5 L\
=]
§ afd . ___":_":-‘_,.. s ——
: //‘
S S
30 i i
] £8 186 158
Time {us}

Figure 8 (a) Photocurrent under zero bias after
laser pulse (wavelength = 356 nm, pulse duration
= 2 ns) illumination in the SmC* phase of
compound 1 at 130 °C. Before the laser
illumination, DC voltages of 0V, 20 V, and -20 V
were applied to the sample with the thickness of
2 um for 1 min. (b) Transient photocurrent curves
under DC biases of 0.5 V and -0.5 V in the SmC*
phase of compound 1.
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