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A solution-processed organic photoconductive device sensitive to the only blue-light was demonstrated
using poly(9,9-dioctylfluorene-alt-benzothiadiazole) (F8BT). The spectral selectivity was good enough to
divide the incident light into a blue component, indicating the possibility of color separation without a prism
for video cameras in combination with green- and red-sensitive devices. The maximum conversion
efficiency of 190 µA/W was observed while irradiating the blue-light (475 nm) and applying the voltage
(2.4 V). In addition, the response speed of more than 30 Hz was achieved, and it was fast enough to apply
this photoconductive device to practical applications.

Keyword: photoconductive device, frequency response, color selectivity, wet process,
polymer
1

Introduction

sensors have attracted much attention from

Recently, there have been considerable interests

viewpoints of lightweight and thinness compared to

in organic devices [1-5] due to the possibility of

such

other

conventional

image

sensors,

solution process, which leads us to a large-device

complementary metal-oxide-semiconductor sensors

area and a low-fabrication cost. Especially, there

and charge-coupled devices.

has been an extensive effort to investigate organic

In order to obtain a color picture image using an

light-emitting diodes, which are already practical

organic photoconductive film, a practical read-out

use in main- and sub-displays for mobile phones

frequency response as well as the static sensitivity

[6]. In addition, organic photoconductive devices

is desirable. In general, organic devices consist of

have been also expected for many applications,

stacked thin organic layers because of its lower

such as organic solar cells [7, 8] and flexible

carrier mobility than that of semiconductor

scanners [9, 10].

materials [13, 14]. Therefore, the larger capacitance
of an organic layer causes the lower frequency

In previous papers, a new type of an organic

response [15, 16].

image sensor overlaid with three kinds of organic
photoconductive films was proposed and this

By now, previous studies have focused on

device is individually sensitive to only one of the

frequency responses of organic devices [17-20],

primary color components (blue, green, and red

and the modulation frequency over MHz has been

lights, respectively) [11, 12]. Organic materials

achieved. The required modulation frequency of

have singular characteristics of the absorption

image sensors is several tens Hz, which is over the

spectrum at a visible wavelength region [11], and

TV flame rate. Therefore, frequency response of

the particular large absorbance leads us to realize

previous organic devices is considered to be high

color-selectivity in photoconductive devices by

enough for image sensing applications. However,

stacking several organic layers with different

little is known about the read-out frequency

absorption bands [12]. Therefore, organic image

response of an organic photoconductive device with
2

the high carrier mobility of an organic material are

the read-out circuit.

necessary.

The primary purpose of this study is to

Therefore,

we

selected

investigate static optical characteristics of a blue-

poly(dioctylfluorenyl-co-benzo-thiadiazole (F8BT)

sensitive organic photoconductive device fabricated

as an organic photoconductive material due to its

by a solution process, such as the absorption

high carrier mobility [21, 22]. The molecular

spectrum, the photocurrent spectrum, and the

structure of F8BT is shown in the inset of Fig. 1.

while

At first, a glass substrate covered with a

red-lights,

patterned ITO was cleaned with organic solvents

respectively. Another purpose is to estimate the

and deionized water. The ITO layer was deposited

frequency response of optical-electrical conversion

by a conventional sputtering method, and the

efficiency as a function of the optical intensity of

thickness was 150 nm. A blue-sensitive organic

irradiated light to the organic layer.

photoconductive material of F8BT was dissolved in

optical-electrical
applying

the

conversion
blue-,

efficiency

green-,

and

Experimental

chloroform as a content of 15 g/l. After passing

Figure 1 represents a cross sectional view of a

through a filter with 0.45 µm holes, the organic

blue-sensitive photoconductive device. This device

solution was spin-coated at a rotation speed of 1000

was fabricated by spin-coating and thermal

rpm for 60 sec. And then, chloroform was removed

evaporation processes for an organic layer and a

by baking the sample in nitrogen atmosphere at 100

metal cathode, respectively. When, the blue-light is

degree for 10 min. Finally, LiF and Al were

irradiated

a

thermally evaporated successively on the top of an

transparent anode, an organic photoconductive

organic layer. The device structure was Glass/ITO

layer generates carriers and read out signals are

(150 nm)/F8BT (160 nm)/LiF (1.0 nm)/Al (150

taken out from an indium tin oxide (ITO) anode

nm), and the photoconductive area was 6.25 mm2.

through

a

glass

substrate and

and an Al cathode. In order to realize high device

The ultraviolet-visible light absorption spectrum

performances, the large absorption coefficient and

of the F8BT neat film was recorded with a double3

beam UV/Vis spectrophotometer (V-550, JASCO).

in Fig. 2(a). In addition, Fig. 2(b) shows a

In addition, the photocurrent spectrum of the device

fabricated

was estimated by measuring the wavelength

photoconductive device. The read-out circuit was

dependence

while

fabricated in combination with several electronic

irradiating the monochromic light by a fluorescence

equipments, operational amplifiers (OP 1 and OP 2),

spectrometer (FP-777, JASCO). The irradiated light

analog switches (SW 1, SW 2, and SW 3), and

was modulated by an optical chopper, and the

several capacitances. When the excitation light with

photocurrent was detected by a digital lock-in

the center wavelength of 450 nm was irradiated the

amplifier (LI5640, NF Corporation).

photoconductive device, the photocurrent was

of

photocurrent

density

of output electrons divided by the total number of
photons,

was

the

organic

Figure 2(c) indicates the timing chart of switches,
SW 1, SW 2, and SW 3. If SWs 1 and 3 are closed

measured photocurrent and the optical intensity of

in the time region A, the capacitance of the organic

irradiated light. In order to estimate the color-

photoconductive layer (Cm) is charged up to Vb.

selectivity of this device, we used three-kinds of

Then, the charging current corresponding to the

light-emitting

center

photocurrent transports through SW1, and is

wavelengths of 469, 525, and 619 nm, respectively.

integrated with the aid of the capacitance of

In addition, the dark current was also measured

integrator (C1). The output voltage of OP1 is

without irradiating light.

sampled and held in the capacitance (C2) as the

(LEDs)

from

for

the

diodes

estimated

circuit

measured as an output voltage of Vo.

The quantum efficiency, defined as the number

irradiated

read-out

with

In order to investigate transient responses of the

read out voltage of Vo. After closing the SW 2, the

fabricated device, we measured the step response

integrated charge in the capacitor (C1) is discharged

and the transient voltage characteristics while

and reset in the case of the region C shown in Fig.

applying the pulse voltage to a read-out circuit. The

2(c). Therefore, the photocurrent of the organic

electronic circuit of a measurement setup is shown

photoconductive device can be read sequentially by
4

the absorption peak. Therefore, these results clearly

opening and closing these analog SWs.
Results and Discussion

indicate that a selectively only blue-sensitive

The dotted curve in Fig. 3 shows the absorption

organic photoconductive device has been achieved

spectrum of the F8BT neat film. The peak

by the wet process. However, only the photocurrent

wavelength and the full width at half maximum

spectrum

(FWHM) were 463 and 85 nm, respectively. The

wavelength region. In order to investigate the

maximum absorption coefficient was 1.38 x 105

second peak of the photocurrent spectrum, we

cm-1, corresponding to the absorbance of 80.2%

measured the PL spectrum of the device excited at

through the organic layer of 160 nm. Therefore, the

456 nm corresponding to the first peak of the

most of incident light is absorbed into the F8BT

photocurrent spectrum. However, the measured PL

layer, and photo-induced carriers are considered to

spectrum had no peak at the red wavelength region.

be excited efficiently. However, the thickness is not

Although the reason is not well confirmed at this

optimized yet, and the higher absorbance is

stage, we consider it to be unessential from the

necessary to improve the device performance.

viewpoint of the absorption spectrum in Fig. 3. We

However, the F8BT layer over 160 nm is difficult

tried to improve the quality of the organic layer and

to coat using the spin coating process owing to the

metal electrode.

low concentration of organic solution.

showed

second

peak

at

the

red

Figure 4 shows conversion efficiency-voltage

The photocurrent spectrum of the device is also

characteristics of the photoconductive device while

shown by the solid curve in Fig. 3. Here, the bias

irradiating blue- (475 nm), green- (513 nm), and

voltage of 2.5 V was applied to the device. The

red- (623 nm) lights, respectively. By excitation of

spectral shape is similar to the absorption spectrum

the blue-light, the conversion efficiency of the

of the F8BT neat film. Furthermore, the spectral

photoconductive device was 250 µA/W, while

photo-response

peak

those were 64.8 and 0.007 µA/W for green- and

wavelength at 456 nm, which was near the value at

red-excitations, respectively. Since the higher

curve

had

respective

5

absorption coefficient of an organic material causes

output voltage of Ch 1 and 2. Here, the output

the

a

voltage characteristics of Ch 1 and 2 are

photoconductive device, this property change is

corresponding to the photocurrent and the applied

primarily

voltage. In addition, the center wavelength of

large

conversion

associated

efficiency

with

of

photocurrent

and

absorption spectra as shown in Fig. 3.
The

conversion

efficiency

irradiated light was 450 nm, which is near the value

increased

with

of absorption peak, as shown in Fig. 3. When the

increasing the applied voltage in all the cases of

applied voltage of Ch 2 is turned off, the

irradiated lights. This is because the carrier

photocurrent increases gradually. The time required

mobility of organic materials increased with

to change the output voltage to 63.2% of full

increasing the voltage [23], resulting in the efficient

change gave a rise time of 23 µs. From the rise time,

carrier transfer in F8BT with less recombination

the capacitance value of Cm=3.7x104 pF/cm2 was

probability. As a result, the conversion efficiency

derived.

improves at higher electric field.

Figure

6(b)

shows

the

transient

voltage

Photocurrent and dark-current are plotted in Fig.

characteristics of Ch 1 while applying the pulse

5. The intensity and the center wavelength of

voltage. This experimental result yields the voltage

irradiated light were 2.8 mW/cm2 and 475 nm,

of 25 mV for the difference between a steady state

respectively. As clearly shown in Fig. 5, the

and a zero level. As a result, the resistivity of 250

photocurrent exceeded the dark current by two

Ωcm and the RC time constant of approximately

orders of magnitude in all the cases of applied

920 µs were obtained. Therefore, the RC time

voltage.

constant is not so large to affect the frequency

We estimated capacitance and resistance of an
organic

photoconductive

layer

(F8BT)

response of the device [15].

by

We show in Fig. 7, the relationship between the

measuring step response and transient voltage

output voltage (Vo) and the intensity of irradiated

characteristics. Figure 6(a) shows the transient

light. The modulated read-out signal was ranged
6

from 2 to 100 Hz, and the bias voltage (Vb) was

However, the result indicates that the output

applied to the device during the measurement. The

voltage is still high enough up to 30 Hz for actual

output voltage increased with increasing the

TV frame rates. In the frequency region of less than

intensity of irradiated light. In such an organic

30 Hz, more than 0.1 V could be detected as the

photoconductive device, the photo-induced carriers

photocurrent.

are detected as the output voltage, and the photo-

Conclusion

induced carriers increased with increasing the

We investigated the read-out frequency response

irradiated optical intensity. Therefore, the high

of a solution-processed organic photoconductive

intensity light causes more carriers in the organic

device in combination with the read-out circuit. The

photoconductive layer, resulting in the higher

transient photocurrent showed enough frequency

photocurrent [11, 12].

response for practical application of TV frame rates

The frequency dependence of the output voltage

using organic photoconductive materials based on a
wet process.

is shown in Fig. 8. The intensity of irradiated bluelight was 0.6, 8.3, and 14.5 mW/cm2, respectively.
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LiF:1.0 nm
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Fig. 1 The structure of a blue-sensitive device and the molecular structure of F8BT used as a
photoconductive layer.
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Fig. 2 (a) The electric circuit to measure transient properties of an organic photoconductive device. (b) The
read-out circuit for an organic photoconductive device and (c) the timing chart of SWs (SW 1, 2, and 3)
used in the read-out circuit.
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Fig. 3 The photocurrent spectrum of the organic photoconductive device under the bias voltage of 2.5 V and
the absorption spectrum of the F8BT neat film.
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Fig. 4 The relationship between the conversion efficiency of the organic photoconductive device and the
applied voltage while irradiating the blue (475 nm), green (513 nm), and red (623 nm) lights, respectively.
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Fig. 5 Photocurrent and dark current as a function of the applied voltage. The center wavelength and the
intensity of irradiated light were 475 nm and 2.8 mW/cm2, respectively.
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Fig. 6 (a) The photoccurent (Ch 1) and applied voltage (Ch 2) of organic photoconductive device and (b)
the transient voltage characteristic while applying the pulse voltage to Ch 2.
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Fig. 7 The relationship between the output voltage (Vo) and the optical intensity of irradiated blue-light.
The frequency of read-out circuit was changed from 2 to 100 Hz.
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Fig. 8 The frequency dependence of the output voltage (Vo). The optical intensities of irradiated blue-light
were 0.6, 8.3, and 14.5 mW/cm2, respectively.
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