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Abstract—This letter reports on a study of the emission prop-
erties of organic light-emitting diodes (OLEDs) controlled by
an organic photo sensor (OPS) based on poly-3-hexylthiophene
(P3HT) and [6, 6]-phenyl-C61 butyric acid methyl ester for emo-
tional lighting applications. The emission characteristics exhibit
the changes in the current and luminance of an OLED as a
function of time when different illumination levels are exposed to
the OPS. The luminance of the OLED increases from 283.4 to
1134 cd/m2 when the OPS is exposed to different illumination
levels from full dark to 500 mW/cm2 using a xenon lamp.

Index Terms—Emotional lighting, energy recycling, light sensor,
organic light-emitting diodes (OLEDs), photo sensor.

I. INTRODUCTION

EMOTIONAL lighting has recently attracted a great deal
of attention for application in emotional engineering, be-

cause bright light is capable of increasing the body’s production
of certain hormones that control our alertness. These hormones
increase our mental alertness and have a positive influence on
our mental state, improving our mood without causing stress.
Bringing sunlight into a human place lets us feel a more
natural environment as the color temperature of the lighting
changes as time passes during the day, similar to the light
of sunrise, daylight, and sunset. The emotional lighting done
by changing lighting levels and color temperature increases
the stimulating capacity of the environment. Good lighting
design can enhance pleasant and attractive surroundings, all
while influencing behavior in a positive way. Thus, organic
light emitting diode (OLED) lighting has been introduced as a
promising light source for emotional lighting applications [1]–
[4]. Organic photo sensors (OPSs) can be used for changing
the lighting levels and color temperature of the OLEDs used by
emotional sensors [5]–[12]. To analyze the environment, conju-
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Fig. 1. (a) Schematic structure of the integrated OLED with OPS on the glass
substrate. (b) Photographic image of the fabricated device.

gated polymers have been widely used in organic photodiodes
and organic photovoltaic devices because of their many advan-
tages, such as simplified fabrication, low-temperatures process,
low cost, good flexibility, high quantum efficiencies, and high-
absorption coefficients [13]–[15]. An integrated OLED with
an OPS can be applied to high-contrast displays, as well as
emotional lighting applications. Light reflection can seriously
degrade the contrast of an OLED display under a strong lighting
environment since, even in the OFF-state, the device will still
exhibit some brightness due to ambient-light reflection. Photon
energies under a strong lighting environment are generated,
which may be recycled by placing a photovoltaic cell in the
back or at the side of an OLED. Thus, such a feature of
energy recycling may be of significance and could be used
for portable/mobile electronics, for such devices typically have
high-power-awareness characteristics.

We studied the emission properties of OLED lighting con-
trolled by an OPS based on P3HT:PCBM for emotional lighting
or for high-contrast display applications. In addition, we will
show that device-integrated OLED lighting with OPS increases
the contrast of an OLED display subjected to a strong lighting
environment.

II. EXPERIMENT

Fig. 1(a) shows the schematic structure for the integrated
OLED with OPS on a glass substrate. The glass substrate with
patterned indium thin oxide (ITO) film is used. The OPS for
changing lighting levels and color temperature is fabricated
by a solution process from blended P3HT:PCBM used as an
electron donor and electron acceptor, respectively. The blend
was prepared with P3HT:PCBM 1 : 0.8 ratio and dissolved in
a 10-mg/ml solution with chlorobenzene. The P3HT:PCBM
film was coated on the PEDOT:PSS coated ITO glass substrate
using a spin-coating method. The thickness of the deposited
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Fig. 2. (a) Measured absorption spectrum of pristine P3HT, pristine PCBM,
and the blended P3HT:PCBM. Inset of (a) is the AFM image of the surface mor-
phology of the OPS. (b) Current density versus voltage (I–V ) characteristics
of the OPS.

film was found to be about 170 nm. An aluminum electrode
was deposited on the glass substrate by vacuum thermal evap-
oration using a shadow mask. The device was then annealed
using a hot plate at 150 ◦C for 10 min. The OLED to be
used for the lighting was fabricated to the side of the OPS,
which had been patterned, and then cleaned by chemicals. The
OLEDs are fabricated by the thermal evaporation of 40-nm
n,n′-bis(naphtha-1-yl)-n,n′-bis(phenyl)-benzidine and 20-nm
4,4′,4′′-tris(carbazol-9-yl)triphenylamine as the hole transport-
ing layers; a 25-nm 4,4′-bis(carbazol-9-yl)biphenyl doped
tris(2-phenylpyridine)iridium(III) (7%) is used for the emitting
layer; a 10-nm 2, 9-dimethyl-4, 7-diphenyl-1,10-phenanhroline
is used as the hole-blocking layer; a 45-nm 4, 7-Diphenyl-1,
10-phenanthroline is used as the electron transfer layer; and a
0.8-nm lithium fluoride and 100-nm aluminum are used as the
cathode layer, consecutively. The fabricated integrated OLED
with OPS is shown in Fig. 1(b).

III. RESULTS AND DISCUSSION

Fig. 2(a) shows the measured absorption spectrum of
each material: pristine P3HT, pristine PCBM, and blended
P3HT:PCBM. The absorption spectrum of the pristine P3HT
shows features of strong absorption in the visible spectrum,
with an absorbance peak at 530 nm and two small shoulders
at ∼550 and ∼600 nm. The pristine PCBM film shows a
typical absorption peak at 340 nm, whereas the spectrum of

Fig. 3. (a) I–V characteristics of the integrated device. (b) Change in the
current density as a function of time when exposed in the dark and under light
intensities from 100 to 500 mW/cm2 using a xenon lamp. Inset of (a) is the
spectral dependence of the EQE of the OPS.

the blended P3HT:PCBM shows one broad peak at 510 nm,
as a contribution of the polymer, and one at 330 nm due to the
absorption of the PCBM. With respect to the pristine P3HT,
the absorption peak of the blended device is blue-shifted, and
the whole spectrum is less structured due to the presence of the
PCBM, which strongly limits the self-organizing property of
the P3HT. However, blending the P3HT and the PCBM has
been found to cover a wider visible spectral range. The inset
image of Fig. 2(a) shows the atomic force microscopy (AFM)
image of the surface morphology of the OPS annealed by hot
plate in air. The root-mean-square roughness is 2.45 nm. The
surface of the spin-coated organic film is both homogeneous
and smooth. Fig. 2(b) shows the I–V characteristics of the
OPS in the dark and under light intensities ranging from 100
to 500 mW/cm using a xenon lamp. The measured current
density for the OPS is more rapidly achieved under a higher
illumination level. It can be clearly observed that the current of
the OPS increases due to an increase in the light illumination.
The photovoltaic parameters of the OPS, such as the fill factor
FF and efficiency Eff , can be calculated from the graph
curve of Fig. 2(b). The OPS has a short-circuit current Jsc of
10.88 mA/cm2 and an open-circuit voltage Voc of 500 mV
under an illumination level of 100 mW/cm2.

Fig. 3(a) shows the I–V characteristics of the integrated
device when exposed in the dark and under the light intensity
from 100 to 500 mW/cm2. The turn-on voltage and current
density of the OLED lighting are 6.5 V and 0.04 mA/cm2,
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Fig. 4. Illumination versus power-luminance characteristics of the integrated
OPS with OLED lighting.

respectively, under dark illumination power. As shown in the
schematic structure of Fig. 1(a), the circuit of integrated device
was formed in opposite directions. When the applied voltage
between anode to cathode is fixed, the current flow from anode
to cathode is largely dependent on OPS, because the series
resistance of OPS is a dominant factor in deciding the total
series resistance. The integrated device increased the operating
voltage because of internal resistance R of OPS. In the I–V
curve of the integrated device, the turn-on voltage decreased
gradually when exposed to more illumination power, and the
current density increased. Therefore, the generated dark current
from the OPS under a strong lighting environment can be
affected by changing lighting levels or the added self-powering
function. In the inset of Fig. 3(a), the external quantum effi-
ciency (EQE) of the OPS is shown to have a peak quantum
efficiency of ∼40% around 350–600 nm. Fig. 3(b) shows the
change in the current density as a function of time when the
integrated device is exposed to the dark and under the light
intensities from 100 to 500 mW/cm2 using a xenon lamp,
performed at room temperature in the atmosphere. The time
dependence of the current density for the integrated device
was measured at an applied voltage of 12 V. The luminance of
the OLED increased from 283.4 to 1134 cd/m2 when exposed
under light intensities from dark to 500 mW/cm2. Thus, it can
be clearly observed that the OLED luminance increases due to
an increase in the current density from the illumination power.
Typical photodiodes should be used in the additional circuit
because of the current levels of approximately nanoamperes
under illumination power. However, the device of integrated
OLED with OPS only changed the OLED luminance from
the self-generated reverse current of OPS without the need for
any additional circuit. In this letter, the self-generated reverse
current from the OPS may be relatively small because the OPS
and OLED devices were fabricated to the same size. However,
by increasing the area of the OPS, the magnitude of this self-
generated reverse current can be increased.

The sensitivity Srep characteristics of the OPS are shown in
Fig. 4, after being calculated from the graph curve of Fig. 3(b).
The relative current change Srep = (ΔIlight/Idark)× 100 is
plotted against time for each illumination power level, with
Idark being the current baseline before exposure to the illu-
mination power. The electrical effect of the OPS increases
the luminance for the advanced current density of the OLED

because of the dark current of the OPS under strong ambient
illumination. The present recycling efficiency appears modest,
yet it should be noted that the integrated OLED with OPS is
simply for demonstration purposes; there is plenty of room for
further raising of the recycling efficiency via more efficient
OLED lighting and OPS structures, such as similar solar cells.

IV. CONCLUSION

This letter has reported on a study of the emission properties
of OLED lighting controlled by an OPS based on P3HT and
PCBM for emotional lighting or high-contrast display appli-
cations. The luminance of the OLED lighting increased from
283.4 to 1134 cd/m2 when the integrated device was exposed
to different illumination levels under a xenon lamp. As a result,
the operation of the OLED lighting using series-interconnected
OPSs could be successfully obtained. In addition, with power
recycling, the devices themselves would have an added self-
powering function and a higher system-level power efficiency.
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