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Photocurrent detection from photochromic diarylethene film
Tsuyoshi Tsujioka,a) Kyoko Masui, and Fumio Otoshi
Department of Arts and Sciences, Osaka Kyoiku University Asahigaoka 4-698-1, Kashiwara,
Osaka 582-8582, Japan

(Received 18 May 2004; accepted 17 August 2004)

The photocurrent characteristics of a diarylethene(DAE) film were investigated. The photocurrents
were attributed to the dissociation of electric carriers from the excited molecules in the DAE film.
We demonstrated the on-off property of the photocurrent according to the isomerization state.
Results reveal that the short-wavelength light corresponding to the high-energy absorption band of
the colored DAE film generated higher carrier/photon efficiency than did the long-wavelength light
corresponding to the low-energy absorption band. ©2004 American Institute of Physics.
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Photochromism is defined as a reversible transform
by photoirradiation between two isomers with different
sorption spectra. The strong interest in photochromic ma
als has been increasing because they are promising c
dates for ultra-high-density photon-mode optical memor
optical switching devices.1–3 During photoisomerization, n
only the absorption spectra, but also other molecular pro
ties, such as refractive indices, dielectric constants, d
moments, and electronic characteristics are changed re
ibly. Recently, there has also been interest in changes i
electronic characteristics with respect to the isomeriza
reaction of photochromic diarylethenes(DAEs), and their
applications.4,5 A particular type of organic semiconduc
memory device with a DAE derivative, which utilizes t
isomerization reaction of the DAE by electrical carr
injection, has also been proposed.6

It is crucial to reveal the optical and electronic cha
teristics of photochromic DAE films in order to take f
advantage of their applications in a variety of optical
electronic devices. In this letter, we investigate the photo
rent obtained from the DAE layer, which is attributed
electric carrier dissociation from photoexcited DAE m
ecules.

An organic dye molecule, in general, absorbs a ph
and attains an excited state. In the case of photochr
DAEs, the excited molecules transform into another iso
with their photoisomerization quantum yield. The elect
and hole in the excited molecule exist on the lowest uno
pied molecular orbital level and the highest occupied
lecular orbital(HOMO) level, respectively. When an elect
field is applied to the excited molecule, these carriers
able to dissociate from the molecule, thus returning the
ecule to the ground state.

Carrier dissociation from electroluminescent molec
has also been reported.7 By using the carrier dissociation f
photoexcited photochromic molecules, it is possible to
trol the photochromic reaction by applying an electric fi
due to the return of the excited molecule to the ground s
The dissociated carriers can be observed as an externa
tocurrent that is taken out via electrodes. If the irradiat
light wavelength is selected as the wavelength at which
one isomer has absorption, the photocurrent can be swi
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according to its isomerization state. This indicates the f
bility of a photoswitchable light sensor.

Figure 1 shows the molecular structure and the ab
tion spectrum of the DAE derivative evaporation film use
our experiment. The uncolored open-ring state of the D
film changes into the colored closed-ring state upon irra
tion with ultraviolet light, and the colored state returns to
uncolored state upon exposure to visible light.

Figure 2 shows the device’s structure and illustrates
ergy levels of the device. The DAE layer and the Mg0.9In0.1
cathode layer were deposited, in turn, on the glass sub
with an indium tin oxide (ITO) anode by the vacuum
evaporation method. The thickness of the DAE layer
100 nm and the area of cell was 4.0 mm2. The DAE laye
was initially colored by irradiating it with ultraviolet ligh
The absorption spectrum in Fig. 1 indicates that the colo
state film consisted of only closed-ring-state molecu
which was due to very low ring-opening quantum yield(be-
low 10−4), and the uncolored film of only open-ring-st
molecules. Visible light in the 400–800 nm region is
sorbed by only the closed-ring molecules.

The diode characteristics were observed for the co
state; that is, when the ITO electrode was positively bia
current flow was observed, whereas no current flow
found for the negatively biased ITO electrode(reverse-bia

FIG. 1. Molecular structure and the absorption spectrum of the DAE de

tive evaporation film.
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condition). However, the cell in the uncolored state with
positively biased ITO electrode showed no current fl
These characteristics of electric carrier injection are co
tent with our previous result.

Figure 3 shows the applied-voltage dependence o
photocurrent. In this case, the device was in the reverse
condition and no current was observed without light irra
tion for both states. In addition, no current was obse
when the device in the uncolored state was irradiate
410 nm laser light, which corresponds to the result tha
absorption was displayed by the uncolored DAE laye
410 nm, either. On the other hand, there was a curren
served for the colored state, which increased with the ap
voltage.

Figure 4 shows the light-power dependence of the
tocurrent. In this case, the device was in the reverse

FIG. 2. Device structure and energy levels of the device.

FIG. 3. Applied voltage dependence of the photocurrent. The device
reverse biased, and the laser power and the wavelength were 0.4 mW

cell area and 410 nm, respectively.
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condition, with a voltage of 13 V and a 410 nm irradiat
laser light obtained with a GaN semiconductor device.
laser’s power was varied from 0.04 to 0.31 mW within
cell area. This figure shows that the observed current
increased linearly from 0.06 to 0.61mA proportional to the
light power. It is certain, therefore, that the current was
erated by light absorption in the DAE layer and that it or
nated from the dissociation of carriers on the excited
ecules.

In order to investigate the mechanism of the photo
rent generated by carrier dissociation from the photoex
DAE molecules, we measured the carrier/photon efficien
for several wavelengths of irradiating light. Figure 5 sh
the efficiencies that were calculated by taking into acc
the light absorbed by the DAE layer at these wavelen
the reflectance of MgIn electrode layer, irradiating li
power, and the number of photogenerated carriers obt
from the observed external photocurrent. We used lasers
wavelengths 410, 544, and 633 nm; the latter two lasers
oscillated from HeNe laser devices. The respective
powers of the 410, 544, and 633 nm lasers were 0.22,
and 1.30 mW/mm2, respectively. The temperature dep
dence of the current was observed. The temperature d
dence and the linearity of these plots for the carrier/ph
efficiency given in Fig. 4 showed that the transport me
nism of photogenerated carriers corresponded to the P

s
e

FIG. 4. Light-power dependence of the photocurrent. The device w
reverse-bias condition with the voltage 13 V. The wavelength of irradi
laser light was 410 nm and the absorbance at that wavelength was 0

FIG. 5. Electric carrier/photon efficiencies. These were calculated by t
into account of the light absorption by the DAE layer at these wavelen
the reflectance of MgIn electrode layer, irradiating light power, and
number of photogenerated carriers obtained from the observed ex

photocurrent.
 license or copyright, see http://apl.aip.org/apl/copyright.jsp
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Frenkel effect, which is described in Eq.(1), as

ln I < −
F

kT
+

bÎE

kT
, s1d

whereI, E, k, andT are the current, which is proportional
the efficiency in this case, the electric field proportiona
the applied voltage, Boltzmann’s constant, and absolute
perature, respectively. In addition,F corresponds to the p
tential barrier height between the molecules,b is a constan
defined byb=Îe3/p««0, wheree is the elementary charge«
a relative dielectric constant, and«0 a dielectric constant o
the vacuum. The carrier transport model of photogene
carriers in the colored DAE film is attributed to a hopp
model with potential barriers between the closed-ring m
ecules.

In Fig. 6, the higher efficiency obtained with the 410
light than by 544, and 633 nm light excitation indicates
the electron energy level excited by 410-nm photon
higher than those by 544 and 633-nm photons, since the
energy levels on the HOMO are to be the same for abs
tion of the different wavelength photons. Excited electron
higher energy levels can move over lower-potential bar
easily and, therefore, cause a high electron–hole dissoc
efficiency, as described by the Onsager model. The
efficiency for 544 and 633-nm photons, however, means
the photocurrent mechanism for the DAE film is not
simple. This is illustrated in the plots, which indicate that
electron energy levels for 544 and 633-nm photons are

FIG. 6. Energy model for photoabsorption and carrier transportation b
hopping mechanism.
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same, whereas the excited energy level of the 410-nm
tons is different. The closed-ring state of diarylethene
general, displays two broad absorption bands, and thes
sorption bands absorb linearly polarized light differe
from each other.8 This suggests there are two independ
excited states, which correspond to different linearly po
ized light absorptions and different energy levels, for
DAE molecule. Figure 6 shows an energy model for ph
absorption and carrier transportation that employs the
ping mechanism. This model shows that the low-energy
sorption band ranging from 500 to 750 nm in Fig
corresponds to the large-potential barrierFL for excited elec
trons and contributes to a low photocurrent, whereas
high-energy absorption band at wavelengths shorter
450 nm corresponds to a small-potential barrierFS.

In summary, we investigated the photocurrent chara
istics of diarylethene film. The photocurrent was attribute
the dissociation of electric carriers from the excited m
ecule. We also demonstrated the on-off property of the
tocurrent according to the isomerization state. Results
cated that the photocurrent obeyed the carrier hop
mechanism, which is based on the Poole–Frenkel effect
thermore, we found that short-wavelength light corresp
ing to the high-energy absorption band of diarylethene
generated a higher carrier/photon efficiency than that o
long-wavelength light, which corresponded to the l
energy absorption band. Consequently, if the dissociatio
electrons and holes from the excited molecule were t
applied to the control of the photoreaction, it would tra
form the excited molecule into a ground-state molecule
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