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Photocurrent detection from photochromic diarylethene film
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The photocurrent characteristics of a diaryleth@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.2@4 American Institute of Physics
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Photochromism is defined as a reversible transformatiomaccording to its isomerization state. This indicates the feasi-
by photoirradiation between two isomers with different ab-bility of a photoswitchable light sensor.
sorption spectra. The strong interest in photochromic materi- Figure 1 shows the molecular structure and the absorp-
als has been increasing because they are promising candien spectrum of the DAE derivative evaporation film used in
dates for ultra-high-density photon-mode optical memory oour experiment. The uncolored open-ring state of the DAE
optical switching device.® During photoisomerization, not film changes into the colored closed-ring state upon irradia-
only the absorption spectra, but also other molecular propeﬁion with ultraviolet light, and the colored state returns to the
ties, such as refractive indices, dielectric constants, dipol&incolored state upon exposure to visible light.
moments, and electronic characteristics are changed revers- Figure 2 shows the device’s structure and illustrates en-
ibly. Recently, there has also been interest in changes in tHR¥gy levels of the device. The DAE layer and the J@ ;
electronic characteristics with respect to the isomerizatiorpathode layer were deposited, in turn, on the glass substrate
reaction of photochromic diarylethenéBAEs), and their ~With an indium tin oxide(ITO) anode by the vacuum-
applications'® A particular type of organic semiconductor evaporation method. The thickness of the DAE layer was
memory device with a DAE derivative, which utilizes the 100 nm and the area of cell was 4.0 farithe DAE layer
isomerization reaction of the DAE by electrical carrier- was initially .coIored by |rrad|:_;1t|ng_|t yv|th ultraviolet light.
injection, has also been proposaed. The absorptlon gpectrum in Fig. 1 |nd|c§1tes that the colored-

It is crucial to reveal the optical and electronic charac-Sta_te film consisted of on!y close(_j-rlng-state m_olecules,
teristics of photochromic DAE films in order to take full which was due to very low ring-opening quantum yiéhe-

. o . ; : low 10™%), and the uncolored film of only open-ring-state
advantage of their applications in a variety of optical and ' . . . L9
electronic devices. In this letter, we investigate the photocurmmecu'es' Visible light in the 400-800 nm region is ab-

: oo . sorbed by only the closed-ring molecules.
rent c_Jbtalne_d fro.m th? F)AE layer, which IS attributed to The diode characteristics were observed for the colored
electric carrier dissociation from photoexcited DAE mol-

state; that is, when the ITO electrode was positively biased,
ecules.
. . current flow was observed, whereas no current flow was
An organic dye molecule, in general, absorbs a photo

. . found for the negatively biased ITO electrogteverse-bias
and attains an excited state. In the case of photochromic

DAEs, the excited molecules transform into another isomer
with their photoisomerization quantum yield. The electron
and hole in the excited molecule exist on the lowest unoccu-
pied molecular orbital level and the highest occupied mo-
lecular orbitalHOMO) level, respectively. When an electric
field is applied to the excited molecule, these carriers are
able to dissociate from the molecule, thus returning the mol-
ecule to the ground state.
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Carrier dissociation from electroluminescent molecules 410nm 544nm Colored state
has also been reportédy using the carrier dissociation for
photoexcited photochromic molecules, it is possible to con-
trol the photochromic reaction by applying an electric field
due to the return of the excited molecule to the ground state g 45 /
The dissociated carriers can be observed as an external pht \
tocurrent that is taken out via electrodes. If the irradiating-
light wavelength is selected as the wavelength at which only 320 400 500 600 700 800
one isomer has absorption, the photocurrent can be switche Wavelength / nm

FIG. 1. Molecular structure and the absorption spectrum of the DAE deriva-
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Mgln electrode FIG. 4. Light-power dependence of the photocurrent. The device was in
reverse-bias condition with the voltage 13 V. The wavelength of irradiating
laser light was 410 nm and the absorbance at that wavelength was 0.15.

gﬁnﬂ;‘sm condition, with a voltage of 13 V and a 410 nm irradiating
laser light obtained with a GaN semiconductor device. The
laser’s power was varied from 0.04 to 0.31 mW within the
cell area. This figure shows that the observed current was
increased linearly from 0.06 to 0.G4A proportional to the
light power. It is certain, therefore, that the current was gen-
erated by light absorption in the DAE layer and that it origi-
nated from the dissociation of carriers on the excited mol-
ecules.
FIG. 2. Device structure and energy levels of the device. In order to investigate the mechanism of the photocur-
rent generated by carrier dissociation from the photoexcited
condition. However, the cell in the uncolored state with the DAE molecules, we measured the carrier/photon efficiencies
positively biased ITO electrode showed no current flow.for several wavelengths of irradiating light. Figure 5 shows
These characteristics of electric carrier injection are consisthe efficiencies that were calculated by taking into account
tent with our previous result. the light absorbed by the DAE layer at these wavelengths,
Figure 3 shows the applied-voltage dependence of thene reflectance of Mgin electrode layer, irradiating light
photocurrent. In this case, the device was in the reverse-bigsower, and the number of photogenerated carriers obtained
condition and no current was observed without light irradia-from the observed external photocurrent. We used lasers with
tion for both states. In addition, no current was observedvavelengths 410, 544, and 633 nm; the latter two lasers were
when the device in the uncolored state was irradiated byscillated from HeNe laser devices. The respective light
410 nm laser light, which corresponds to the result that ngyowers of the 410, 544, and 633 nm lasers were 0.22, 0.10,
absorption was displayed by the uncolored DAE layer atand 1.30 mW/mm respectively. The temperature depen-
410 nm, either. On the other hand, there was a current oldence of the current was observed. The temperature depen-
served for the colored state, which increased with the appliedence and the linearity of these plots for the carrier/photon
voltage. efficiency given in Fig. 4 showed that the transport mecha-

Figure 4 shows the light-power dependence of the phonism of photogenerated carriers corresponded to the Poole—
tocurrent. In this case, the device was in the reverse-bias
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Applied voltage / V FIG. 5. Electric carrier/photon efficiencies. These were calculated by taking

into account of the light absorption by the DAE layer at these wavelengths,
FIG. 3. Applied voltage dependence of the photocurrent. The device wathe reflectance of Mgln electrode layer, irradiating light power, and the
reverse biased, and the laser power and the wavelength were 0.4 mW in tmeimber of photogenerated carriers obtained from the observed external

cell area and 410 nm, respectively. photocurrent.
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same, whereas the excited energy level of the 410-nm pho-
tons is different. The closed-ring state of diarylethenes, in
general, displays two broad absorption bands, and these ab-
sorption bands absorb linearly polarized light differently
from each othef. This suggests there are two independent

EB A=410nm - excited states, which correspond to different linearly polar-
[ B s D i i . .

5 A=544nm ized light absorp_tlons and different energy levels, for the
NP DAE molecule. Figure 6 shows an energy model for photo-
=== absorption and carrier transportation that employs the hop-
ping mechanism. This model shows that the low-energy ab-

sorption band ranging from 500 to 750 nm in Fig. 1

HOMO ;;;l b corresponds to the large-potential bardgrfor excited elec-

trons and contributes to a low photocurrent, whereas the
FIG. 6. Energy model for photoabsorption and carrier transportation by thdigh-energy absorption band at wavelengths shorter than

hopping mechanism. 450 nm corresponds to a small-potential bardey
In summary, we investigated the photocurrent character-
Frenkel effect, which is described in Ed), as istics of diarylethene film. The photocurrent was attributed to
— the dissociation of electric carriers from the excited mol-
nl~-— @ " BVE (1) ecule. We also demonstrated the on-off property of the pho-
KT kT’ tocurrent according to the isomerization state. Results indi-

cated that the photocurrent obeyed the carrier hopping
mechanism, which is based on the Poole—Frenkel effect. Fur-
thermore, we found that short-wavelength light correspond-
A tivelv. In additiofh ds to th "Ihg to the high-energy absorption band of diarylethene film
perature, respectively. In additioy, corresponds 1o the po- generated a higher carrier/photon efficiency than that of the
tential barrier height between the moleculgsis a constant long-wavelength light, which corresponded to the low-
- —_ “y 3 . i)
defined byB= e’/ meeo, whereeis the elementary charge,  onergy absorption band. Consequently, if the dissociation of
a relative dielectric constant, arg a dielectric constant of  ,jactrons and holes from the excited molecule were to be
the vacuum. The carrier transport model of photogenerategpp”ed to the control of the photoreaction, it would trans-

carriers in the colored DAE film is attributed to a hopping ¢ the excited molecule into a ground-state molecule.
model with potential barriers between the closed-ring mol-
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wherel, E, k, andT are the current, which is proportional to
the efficiency in this case, the electric field proportional to
the applied voltage, Boltzmann’s constant, and absolute te
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