Osaka University Knowledg

Ultraviolet light responses in photovoltaic
Title properties of Ti0O2 / conducting polymer
heterostructure devices

Umeda, Tokiyoshi; Hashimoto, Yuuki; Mizukami,
Author (s) Hiroyoshi et al.

Applied Physics Letters. 2004, 85(15), p. 3139-

Citation 3139

Version Type|VoR

URL https://hdl. handle. net/11094/75655

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




(7))
-
()
e
ajd
()
—d
(7))
R
7))
=)
L
al
©
9
a
Q.
<

Ultraviolet light responses in photovoltaic
properties of TiO, / conducting polymer
heterostructure devices

Cite as: Appl. Phys. Lett. 85, 3139 (2004); https://doi.org/10.1063/1.1804234
Submitted: 27 April 2004 . Accepted: 10 August 2004 . Published Online: 19 October 2004

Tokiyoshi Umeda, Yuuki Hashimoto, Hiroyoshi Mizukami, Tomoki Shirakawa, Akihiko Fujii, and Katsumi
Yoshino

AT f
L k|

i J

N 74 o

View Online Export Citation

ARTICLES YOU MAY BE INTERESTED IN

Light-soaking issue in polymer solar cells: Photoinduced energy level alignment at the sol-gel
processed metal oxide and indium tin oxide interface
Journal of Applied Physics 111, 114511 (2012); https://doi.org/10.1063/1.4728173

Work function of indium tin oxide transparent conductor measured by photoelectron
spectroscopy
Applied Physics Letters 68, 2699 (1996); https://doi.org/10.1063/1.116313

Lock-in Amplifiers

N/ Zurich
N\ Instruments

LS ©00.06.000. Watch the Video | B> |

6°6 6°'6 6°'0:0. 0.

Appl. Phys. Lett. 85, 3139 (2004); https://doi.org/10.1063/1.1804234 85, 3139

© 2004 American Institute of Physics.


https://images.scitation.org/redirect.spark?MID=176720&plid=1086294&setID=378288&channelID=0&CID=358612&banID=519827796&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=64b8faa7e8ecdde755acc44c0a73e1ecbbcc9cfc&location=
https://doi.org/10.1063/1.1804234
https://doi.org/10.1063/1.1804234
https://aip.scitation.org/author/Umeda%2C+Tokiyoshi
https://aip.scitation.org/author/Hashimoto%2C+Yuuki
https://aip.scitation.org/author/Mizukami%2C+Hiroyoshi
https://aip.scitation.org/author/Shirakawa%2C+Tomoki
https://aip.scitation.org/author/Fujii%2C+Akihiko
https://aip.scitation.org/author/Yoshino%2C+Katsumi
https://aip.scitation.org/author/Yoshino%2C+Katsumi
https://doi.org/10.1063/1.1804234
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.1804234
https://aip.scitation.org/doi/10.1063/1.4728173
https://aip.scitation.org/doi/10.1063/1.4728173
https://doi.org/10.1063/1.4728173
https://aip.scitation.org/doi/10.1063/1.116313
https://aip.scitation.org/doi/10.1063/1.116313
https://doi.org/10.1063/1.116313

HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 85, NUMBER 15 11 OCTOBER 2004

Ultraviolet light responses in photovoltaic properties of TiO »/conducting
polymer heterostructure devices
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Photovoltaic properties of heterostructure devices of titanium oXid®,) and conducting polymer

thin films have been studied. Normal photovoltaic properties were stably observed upon the visible
light irradiation of the wavelength range corresponding to the absorption of a conducting polymer,
and unique photovoltaic properties were also observed upon the ultralMetight irradiation of

the wavelength range corresponding to the absorption 0. TWW light irradiation caused marked
increases in the short-circuit current at the visible-wavelength range and in the open-circuit voltage.
These properties have been discussed by considering the enhancement of the built-in field which
originates from the hole accumulation caused by the trap levels in the Ta@er or
TiO,/conducting polymer interface. @004 American Institute of Physics

[DOI: 10.1063/1.1804234

Conducting polymers with extendest conjugation in  circuit voltage upon ultravioletUV) light irradiation.
their main chains have attracted considerable attention not TiO, thin films were fabricated by radio-frequency mag-
only from a fundamental viewpoint but also from the view- netron sputtering deposition onto the quartz substrates or the
point of their practical application as materials suitable forITO-coated quartz substrates with a sheet resistance of
electronic and optoelectronic devices, such as light-emitting.0 /. As a conducting polymer, regioregular PATAId-
diodes and photovoltaic devick8 Among various conduct- rich Ltd.) with an alkyl side chain length of six dissolved in
ing polymers, poly3-alkylthiopheng (PAT) has unique opti- toluene was used, which is convenient for spin coating.
cal and electrical properties and can be widely used as a Absorption spectra of Ti@ and PAT6 thin films on
soluble and fusible polymér> quartz substrates were measured using a SHIMADZU UV-

The photovoltaic device using conducting polymers is3150 spectrophotometer.
attracting considerable attention as one of the promising ap- PAT6 layers of the photovoltaic devices were fabricated
plications that utilize the advantages peculiar to conductingy spin coating the conducting polymer solution onto the
polymers, such as light weight, flexibility, processability, low TiO, layer, and Au layers, as counter electrodes to the ITO
cost, and large area. However, because of low electron malectrodes, were deposited by thermal evaporation through a
bility, the charge carriers, which contribute to the photocur-shadow mask at a pressure of approximately” 1®a. The
rent, are restricted to those created just near the negativgtive area of each photovoltaic cell was 1 mn?.
electrode by the optical filter effect of the conducting poly- A high-intensity xenon lamg500 W) in combination
mer itself> That is, in most cases, indium tin oxi@d0) i with a monochromator was used as an UV-visible light
used as a positive electrode and only low-energy photongouyrce for photoresponse measurements. The photocurrent
which can pass through the conducting polymer layer, can bgction spectra were measured under the short-circuit condi-
used for carrier generation near the negative electrode. Tpn using an electrometéKEITHLEY 617S). The spectral
solve this problem, the photovoltaic cells using titanium oX-responses of the cells were corrected by measuring the cali-
ide (TiO,) and zinc oxide(ZnO), which are semiconductor pration spectrum of an UV-enhanced Si photodiode placed at
oxides and transparent in the visible-wavelength range, werghe sample position. The intensity of 500-nm-wavelength
investigated™ In these cells, the transparent electrode onjight was approximately 0.6 mW/cdnThe current-voltage
the light-incident side plays a role as the electron collectorcharacteristics were measured using a high-voltage-source
Therefore, the direction of the photocurrent is reversed angheasurement unKEITHLEY 237).
the optical filter effect is suppressed, which contribute to the |5 the measurements under UV light irradiation, using an
enhancement of the photocurrent. However, detailed studig@trahigh-pressure mercury lamp as an UV light source, the
on the interface between an organic semiconductor, such asgotovoltaic devices were irradiated by the light of the UV-
conducting polymer, and a metal or an inorganic semiconyayelength range using the glass filter that was transparent
ductor in organic photovoltaic devices, still remain to be car-gnly around the wavelength of 360 nm. This UV light inten-
ried out. _ __sity was of the same level as the intensity of the UV visible

In this letter, we report on the photovoltaic properties injight source used in the photoresponse measurements. For all
heterostructure devices of peBshexylthiopheng (PATE)  photovoltaic cells, an incident light was irradiated from the

and Ti0, demonstrating the enhancements of the shortitg electrode side, and measurements were carried out in
circuit current in the visible-wavelength range and the openy,5c,um at room temperature.

Absorption spectra of Ti@ and PAT6 thin films are
¥Electronic mail: tumeda@ele.eng.osaka-u.ac.jp shown in Fig. 1. The absorption of TjGexisted mainly in
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FIG. 3. Time response of the short-circuit current upon UV light irradiation
FIG. 1. Absorption spectra of TiQand PAT6 thin films. under monochromatic light irradiation of 500-nm wavelength. UV light is
irradiated at 10 min and shut off at 70 mifi), (ii), and (iii) indicate the
three photocurrent components.

the UV-wavelength range shorter than 400 nm. On the other
hand, the absorption of PAT6 is mainly in the visible-
wavelength range, and the absorption edge and the absorf®on, and the photocurrent component that increases or de-
tion peak are located at 650 nm and 520 nm, respectively. creases gradually corresponds to the photocurrent upon
Figure 2 shows the photocurrent spectra before and aftdfradiation of visible light, which depends on UV light
UV light irradiation, that is, wavelength dependences of exdrradiation.
ternal quantum efficiencyEQE) of photocurrent before and Figure 4a) shows the time responses of the short-circuit
after UV light irradiation. The structure of the photovoltaic current upon repeated irradiation. As with Fig. 3, the photo-
device(ITO/TiO,/PAT6/Au) is shown in the inset of Fig. 2. current component also gradually changed upon on-off rep-
For visible light irradiation longer than 400 nm in wave- €titions of UV light irradiation under irradiation of light of
length corresponding to the absorption of PAT6, the photo500-nm wavelength. The photocurrents responded promptly
current spectrum with a peak at the wavelength of 510 nnfor each irradiation of the light of 500-nm wavelength or UV
was observed. On the other hand, after the irradiation of UMight, and were almost constant throughout the irradiation
light shorter than 400 nm corresponding to the absorption ofime. Therefore, the above division of photocurrent compo-
TiO,, the photocurrent increased markedly. This peak intennents seems to be reasonable.
sity of EQE is approximately twofold that before the UV Figure 4b) shows the time responses of the open-circuit
light irradiation, and is mainly observed in the visible- voltage upon repeated irradiation. Upon irradiation of light
wavelength range corresponding to the absorption of PAT60f 500-nm wavelength, the open-circuit voltage responded
Time response of the short-circuit current upon UV light promptly and it was almost constant throughout the irradia-
irradiation is shown in Fig. 3. The sample was irradiatedtion time. On the other hand, upon UV light irradiation, the
continuously with the monochromatic light of 500 nm wave- open-circuit voltage responded promptly, but it increased and
length, and additionally with UV light from 10 to 70 min saturated with irradiation time, unlike the photocurrent re-
after starting the measurement. Upon UV light irradiation,sponse under a condition similar to that shown in Fig).4
the short-circuit current increased promptly and then in-Upon on-off repetitions of UV light irradiation under irradia-
creased gradually towards saturation. Upon shut off of theion of light of 500-nm wavelength, an increase the same as
UV light irradiation of 60-min duration, the current de- that upon UV light irradiation only was observed, and it
creased promptly and then decreased gradually,gakinor  decreased gradually after the shutoff of the UV light irradia-
longer for the current to return to the same level as the origition. The time required for the saturation of the open-circuit
nal short-circuit current before UV light irradiation. voltage under the UV light irradiation was shorter than that
This photocurrent response can be divided into thregequired for the saturation of the short-circuit current. How-
components(i) the photocurrent only by irradiation of light ever, the time required for the open-circuit voltage to return
of 500-nm wavelength(ii) the photocurrent only by UV to the initial value after shutoff of UV light irradiation was

light irradiation, and(iii ) the photocurrent generated gradu- longer than that required for the short-circuit current.
ally by the simultaneous irradiation of light of 500 nm wave-

length and UV light. Each component is shown in Fig. 3.
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FIG. 2. External quantum efficienqeQE) of photocurrent spectra of be-
fore (solid line) and afterbroken ling UV light irradiation. The inset shows FIG. 4. Time responses af) short-circuit current andb) open-circuit
the device structure. voltage by repeat irradiation.
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< trapped at the trap levels, resulting in the increase in the
= electron concentration in the TjQayer.
g Figure 6 shows the presumable changes in the junction
3 - state of the TiQ/conducting polymer before and after UV
light irradiation. After UV light irradiation, the Fermi level

FIG. 5. Current—voltage characteristics of the photovoltaic devi¢a) aark .Of TiO, s_eems to approach the Cor!duc'.[lon ban(.j with the

and (b) irradiated(500 nm). Four lines indicatei) before UV light irradia- increase in the electron concentration in the ZT'@yer;

tion, (ii) after UV light irradiation of 10-min durationjii) after UV light ~ therefore, the built-in field at the junction interface with

irradiation of 60-min duration, andv) at 1 h after shutoff of UV light  PATG6 rises. This rise of the built-in field contributes to that of

irradiation. the open-circuit voltage as a photovoltaic device. The raised
built-in field contributes to the increase in the photocurrent in

The current-voltage characteristics of the photovoltaicthe Visible-wavelength range, because the built-in field effi-
de\/ice(a) under dark an(ﬂb) under |rrad|at|or(500 nn) are Ciently dissociates the excitons generatEd in the PAT6 Iayer
shown in Fig. 5. Four lines indicate the current—voltage charlpon irradiation of visible light.
acteristics(i) before UV light irradiation ii) after UV light In conclusion, the effects of UV light irradiation on
irradiation of 10-min durationgiii ) after UV light irradiation ~ TiO2/conducting polymer photovoltaic devices, such as in-
of 60-min duration, andiv) at 1 h after shutoff of UV light ~creases in the short-circuit current in the visible-wavelength
irradiation. The threshold voltages under dark condition shiff@nge and increases in open-circuit voltage, were investi-
after UV light irradiation. The changes in the short-circuit 9ated. To explain these changes, we considered the model
current and the open-circuit voltage shown in Figs. 3 and 4/sing the rise of the built-in field which originated from the
also appear in the current-voltage characteristics shown iiole accumulation caused by the trap levels in the,TeQer
Fig. 5b). The difference between ling§) and (iii) in Fig.  ©or the TiQ,/conducting polymer interface.

5(b) indicates that the saturation of the open-circuit voltage
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