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Photoirradiation effects on conductivity in the organic salt
a-(BEDT-TTF),15 at temperatures close to the metal-insulator
(M-I) phase boundary are investigated using time-resolved
measurements of photocurrent. The transient photocurrent at
115 K shows a remarkable persistence at the metallic conductiv-
ity and a nonlinear dependence on the light intensity, probably
originating from the photoinduced M-I phase conversion in
the presence of electric fields.

The photoinduced dynamical transformation of material
properties is a research field that has attracted trans-disciplinary
interests. Strongly correlated systems including organic charge-
transfer salts have been, in particular, intensively investigated
so far.' Molecular conductors based on bis(ethylenedithio)-
tetrathiafulvalene (BEDT-TTF) donor molecule are a family of
compounds that show rich low-dimensional physics such as
M-I phase transition and superconductivity.> The organic con-
ductor a-(BEDT-TTF),I5 is a metal at room temperature and
shows the M-I transition at Ty = 135K.° Spectroscopic and
theoretical investigations have shown that a charge-ordering
state is realized in the insulator phase.”® At a low temperature
far below the Ty;y (4 K), the M-I phase transition induced by
the laser irradiation at 440 nm has been reported by Tajima et
al.> However, they have reported that the photocurrent due to
the M-I transition disappeared above 50 K.? Usually, enhanced
responses even to externally applied weak stimuli are expected
when the materials are put at conditions close to phase-transition
boundary.* Therefore, we have investigated the photoirradiation
effects on the electrical conductivity of the crystal using time-
resolved measurements of photocurrent at temperatures near
the Twr.

As a light source for photoirradiation experiments, a second
harmonic (532 nm) of output from a Nd:YAG laser (10-ns pulse
width, repetition rate of 8.3 Hz, diameter ~0.4 mm) was used.
The sample was placed in a cryostat (a temperature-controlled
He buffer gas) using two gold wires separated by ca. 0.4 mm.
We used a pulsed voltage of 1ms as a bias voltage, and a
temporal profile of the current was monitored using a digital
oscilloscope.

Figure 1a shows transient photocurrents observed at 115K
with different values of irradiation light intensity (/1.). The ap-
plied voltage was 3V, which corresponds to the field strength
of 70 V.cm~!. The onset of the transient photocurrent was essen-
tially identical with the shape of the laser pulse, indicating that
the rise time of the photocurrent is of the order of the duration
of the laser pulse (ca. 10ns). At low /., the transient photocur-
rent shows a peak at t = 0. With high intensity of the photoex-
citation, the peak in the photocurrent is delayed, and a long tail

appears. The transient conductance, which was calculated
from the photocurrent and the applied voltage, is plotted in
Figure 1b as a function of /. Obviously, the conductances at
t =0, 600ns, and 2us show a nonlinear dependence on /.
The plot of the conductance at + =0Ons as a function of
I. has a threshold at ca. 1.7 x 107 J-pulse™" (corresponding
to ca. 3 x 10'¢ photons-cm™2), above which the conductance
abruptly increases with an increase of /.. The threshold value
increases with an increase of ¢. These results were reproduced
for different samples. When the field strength was varied in
the range from 0 to 80 V.cm™!, it was found that the transient
photocurrent was proportional to the applied field strength.
Figure 2a shows transient photocurrents observed at 80 K.
Although the field strength used in this measurement (1.4 x
10 V.em™') was twice as strong as that used in Figure 1, the
magnitude of the current is much smaller at any intensity of
I.. The decay profile of the current is composed of two decay
components, i.e., fast and slowly decaying components. The
time profile of the fast component is close to the shape of the
laser pulse, and the lifetime is shorter than 20ns. The slow
component appears as a tail, and its time profile is similar to that
observed at 115K at weak intensities of Ir. The plots of the
conductance at the peak position as a function of I are shown
in Figure 2b. The transient conductance that arises from the fast
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Figure 1. (a) Transient photocurrent at 115 K. (b) Conductance
of the sample observed at t = 0, 600 ns, and 2 s after the photo-
excitation versus the light intensity. Ity represents the threshold
intensity for the photoinduced change in the conductivity.
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Figure 2. (a) Transient photocurrent at 80 K. (b) Peak conduct-
ance of the sample versus the light intensity. (c) Conductance
of the sample at 300 ns after the photoexcitation. The broken line
is a guide to the eye to show a threshold-like behavior in the light
intensity dependence of the conductance.

component linearly increases with /.. To examine the /1, depend-
ence of the slow component, the conductance was also measured
at t = 300ns. The results are shown in Figure 2c. The slow
component shows a nonlinear behavior, which is similar to that
observed at 115 K. Further, the result indicates that the slow
component relative to the fast one increases, as I increases.

We cannot straightforwardly ascribe both the transient
photocurrent at 115K and the slow component at 80K to a
conventional photoconductivity,’ as mentioned follows: The
slow component of photocurrent at 80 K and the photocurrent
at 115 K showed a nonlinear dependence on I, and the current
is proportional to I{" with m > 1; the slow component of photo-
current becomes relatively stronger as the I, increases at 80K
(Figure 2), and at 115K, the decay profile appears to be
prolonged at high intensity of I}, (Figure la); we observed a
significant temperature dependence, i.e., the photocurrent is
much larger at 115K than that at 80 K.

The transient conductance at t = 0 at 115 K appears to sat-
urate at ca. 1 mS, as /. increases above 4 x 1077 J~pulse’I (see
Figure 1b). This conductance can be converted to a conductivity
by considering the photoexcited area and the optical penetration
depth of a crystal, i.e., approximately 1 um.'® The conductivity
of ca. 1 x 10! S.cm™! is obtained for the photoexcited volume.
This value is in good agreement with the conductivity in the me-
tallic phase.? On the other hand, the photocurrent showed a per-
sistent profile from ¢ = 0 to ca. 1 us at higher intensities of /.
where the saturation of the conductivity was observed, as shown
in Figure 1a. These results indicate that a fraction of a crystal is
converted to a metastable metallic phase by the photoexcitation,
and this metallic state persists to ca. 1 s after the photoexcita-
tion. A similar persistence of the photocurrent at a metallic con-
ductivity has been reported for the organic salt Cu(DCNQI),,
which shows a photoinduced phase transition.> Furthermore,
the fact that the rise of the photocurrent is close to the shape
of the laser pulse suggests that the photoconversion is nearly
completed within the duration of the laser pulse (ca. 10 ns).
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As shown in Figures 1b and 2c, the photoinduced conductiv-
ity suddenly increases at a certain value of I, as I, increases. The
presence of such a threshold of /i, in photoinduced conversion of
material property has been observed for a variety of materi-
als.! As reported in those systems, the origin of the presence
of the threshold of I}, can be ascribed to cooperative interaction,
which can mediate the growth from locally generated species
with a concentration higher than a certain critical value to a mac-
roscopic phase.

Given the full conversion to the heating, the absorption of
light with the energy of 3 x 107> J gives rise to the temperature
rise of ca. 1 K at most for the samples used in the measurements.
This value is too small to explain the observed change in the
conductance. A thermal quenching rate is proportional to
K X C,,’l, where K is a thermal conductivity and C, is a specific
heat of the sample. For o-(BEDT-TTF),I; in the temperature
range from 80 to 300K, C, is 0.35-0.95J-.g7".K~! and « is
6-7 x 1073 W-cm™.K~1.1213 Then, it is unlikely that such
small changes in k and C, can cause the change in the thermal
quenching rate as large as the change in the decay profiles
observed in the present study. Thus, the thermal effect by the
light absorption is insignificant for the observed photocurrent.
The present results show that the photoinduced M-I transition
can take place even at temperatures near the 73y in contrast with
the result in Ref. 2. Thus, the photoconversion process observed
in our study may be different from that at 4 K.2
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