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Influence of PEDOT:PSS buffer layer on the performance
of organic photocoupler
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We have fabricated an organic photocoupler with organic light-emitting diodes (OLEDs) with 520 nm emissive wavelength
as the input light source and a photodiode (PD) based on poly(3-hexylthiophene) (P3HT):1-(3-methoxycarbonyl)propyl-1-
phenyl-(6,6)-C61 (PCBM) as the detector. The influences of buffer layer (PEDOT:PSS) on output current (Iout), current
transfer ratio (CTR) and time response characteristics of the photocoupler device were studied. Through our experiments,
It is found that the output current linearly increases with the input current, the max output current and CTR of the devices
with PEDOT:PSS buffer layer are 2 times and 7 times than that of the devices without buffer layer respectively, which show
that the existence of buffer layer can enhance the output photocurrent efficiently. Moreover, the existence of PEDOT:PSS
eliminates the time delay of the devices.
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Organic electronic and optoelectronic devices have attracted
more and more attention because of their light weight, low
cost, and potential for large area devices[1-4]. In recent years
many types of organic electronic and optoelectronic devices
have got commercial availability, which made the organic
electronics and devices become quite active. Since the effi-
ciency of the organic light emitting diodes(OLEDs) was
highly improved by C. W. Tang in 1987[5], the performance
of OLEDs has made great progress in the past decade years
[6-8]. Meanwhile, organic polymeric bulk heterojunction pho-
tovoltaic materials and devices (OPVs) have been developed
so fast in recent years, and the highest efficiency of OPVs
has reached 6.5%[9]. So it is possible to fabricate an organic
photocoupler with OLEDs as the input unit and OPVs as the
output unit connected by insulator layer.

A photocoupler is a functional device that uses a short
optical transmission path to transfer a signal between ele-
ments of a circuit, while keeping electrical signal isolated[10,11].
This merit could improve the anti-jamming ability of inte-
grated circuit. It is widely used in microelectronic technolo-
gies. Compared with the inorganic photocoupler, the organic

photocoupler has many advantages, such as light weight, low
cost, flexibility et al. Up to now, few research groups engage
this job[6,12]. In this paper, an organic photocoupler device
composed of an OLED and an OPV unit is constructed, with
520 nm OLED emissive light wavelength as the input light
and the P3HT:PCBM bulk heterojunction active layer as the
output detector respectively. In order to research the influ-
ence of buffer layer we have fabricated devices D1 (the out-
put unit without PEDOT:PSS buffer layer) and D2 (the out-
put unit with PEDOT:PSS buffer layer ). Through our ex-
periments we have found that the max output current of D2
is as 2 times as that of D1, the CTR of D2 is as 7 times as that
of D1. Meanwhile D2 has quicker speed to respond the input
signal than D1.

In order to investigate the influence of a buffer layer, it is
necessary to fabricate an input light device with stable
performance. From our previous work in OLEDs[13-15], we fab-
ricated the OLED light emissive devices with the structure of
ITO/NPB(40 nm)/Alq3(70 nm)/LiF(0.8 nm)/Al(120 nm) with
520 nm emissive wavelength. An active photodiode material
should have the following characteristics: high photon-to-
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charge carrier branching ratio, high carrier mobility, fast elec-
tron transfer ability from charge donor to acceptor. At present,
the P3HT:PCBM blending film is the best choice for a pho-
todiode because the output characteristic of the device based
on P3HT:PCBM has faster time response to the input light
[16] and the highest efficiency achieved in OPVs is based on a
P3HT:PCBM bulk heterojunction[17]. Many factors influence
the performance of a photodiode (PD), such as the molecu-
lar weight of P3HT, blend composition, annealing and film
deposition. Hence our output unit of PD was prepared ac-
cording to the following steps: the pre-cleaned ITO glass
(10 / ) was used as the substrate. PEDOT:PSS film of D2
was spun cast at 1000 rpm for 20 s, then annealed at 100 oC
for 10 min. The active layer was spun cast from a blend solu-
tion of P3HT and PCBM (1:1 weight ratio, P3HT concentra-
tion=20 mg/ml) at 1000 rpm for 40 s, then covered with a
Petri dish and dried at 180 oC for 20 min in the Argon
atmosphere. At last, the LiF/Al electrodes with the thickness
of 0.8/120 nm were deposited subsequently by thermal evapo-
ration to construct the PD unit of D1 (ITO/P3HT:PCBM/
LiF/Al) and D2 (ITO/PEDOT:PSS/P3HT:PCBM/LiF/Al)
respectively. Finally, the input unit (OLED) and output unit
(PD) were glued together by index matching epoxy carefully
to form an integrated photocoupler, as depicted in Fig.1(a)
and (b). The active layer area of OLED and PD was 0.3 cm2

and 0.15 cm2 (SOLED:SPD= 2:1) respectively. Their correspond-
ing equivalent circuit of the organic photocoupler was illus-
trated in Fig.1(c). The Iout versus Iin, CTR versus Iin and time
response characteristics were recorded simultaneously with
the measurement using a Keithley model 2400 programmable
voltage–current source. The EL spectrum of OLED was mea-
sured by F-4500 fluorescence spectrophotometer. The ab-
sorption spectrum of P3HT:PCBM was measured by UV:
JASCOV-570. All the measurements were carried out at room
temperature in air without any device encapsulation and pro-
tection of inert gases.

Fig.1 (a) and (b) The configurations of the D1 and D2 respe-
ctively, and (c) the corresponding measurement circuit.

Fig.2 (a) is the absorption spectrum of P3HT:PCBM film
that shows the main absorption wavelengths of P3HT:PCBM
active film covering from 460 nm to 630 nm region and the
sharp absorption is at 517 nm. So the OLED with emissive
wavelength 520 nm was chosen. For the good performance
(stability, color purity et.al) of  OLED, the thickness of func-
tional layer and cathode were well-controlled based on our
previous experience on the fabrication of OLEDs[10-13], the
EL spectrum is illustrated in Fig.2 (b).
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Fig.2 (a) The absorption of P3HT:PCBM, (b) The EL spec-
trum of OLED.

Light-induced current (Iout), CTR (Iout/Iin) and time
response, which reflect the performance of the photocoupler,
are important in the context of the application in integrated
circuit. Fig.3(a) shows the curve of Iout versus Iin (the input
current of OLED) and Fig.3(b) depicts the variation of CTR
with input current (Iin). In Fig.3(a), the output currents of
both D1 and D2 (Iout , the current passing out the photodiodes)
are positively proportional to the input current (Iin, the cur-

Fig.3.(a) Iout-Iin characteristic, Iout is the current through
the PD, Iin is the input current of OLED, (b) current trans-
fer ratio (CTR (defined as Iout / Iin)) - Iin.

rent injecting into the OLED), which indicates that the Iout

enhances nearly linear with the increasing of Iin. Moreover,
the Iout of D2 is nearly as 5 times as that of D1 at Iin of 5.0 mA,
the maximum CTR of D2 is as 7 times as that of D1. In
conclusion, D2 behaves much better performance than that
of D1 in Iout property.

Fig.4(a) and (b) reflect the time response characteristics
of D1 and D2. In Fig.4. the voltage is the driving voltage of
OLED, and the delay is the time duration of each voltage.
Through the Fig.4(a) we have found that the output current
of D1 increases with the time delay. But we get reversed
result in the Fig.4(b). In normal situation, the output current
should be similar with Fig.4(b) because of the attenuation of
luminous intensity. The result of Fig.4(a) implies that some
charges counteract the output current attenuation caused
by OLED.

Fig.4(a) and (b) The time response characteristics of D1
and D2 respectively. ( Iout is the output current of device,
voltage is the driving voltage of OLED).

For organic semiconductors, the principal photoinduced
charge mechanisms involve the generating of the excitons
(electron-hole pairs) at the active heterojunction, then the
subsequent processes of charge diffusion and collection[18].
However, excitons wouldn’t change into photocurrent to-
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tally because that the dissociation and recombination of ex-
citons are competing processes drastically[19]. As the input
light is applied to the active layer P3HT:PCBM, a bound
electron-hole pair or exciton is formed. These excitons are
strongly bound by Coulomb interaction because of the low
dielectric constant of the organic materials[20]. In order to
achieve photocurrent, the bound electron-hole pairs must
dissociate into free charge carriers and immediately move to
the electrodes under the influence of the electric field before
the recombination processes take place[21]. In device D1 the
relatively low work function of ITO results in increased se-
ries resistance in the device through a reduced rate of hole
transfer between ITO and the organic film[22]. Meanwhile,
charge carriers would be trapped at the interfaces. This large
amount of trapped charge carriers will influence the inter-
face properties such as semiconductor band bending and
charge carrier generation[23]. The higher output current and
CTR observed in D2 using chemically modified interfaces
are attributed to better wettability of the organic layers com-
pared with the polar ITO surface, and also enhanced charge
transfer between the ITO anode and P3HT:PCBM layers by
means of the intermediate PEDOT: PSS layer. As a result,
the output current of D2 is improved. In device D1the trapped
charge carriers could counteract the output current
attenuation. Then, the higher the output current, the longer
the time delay. But in device D2 the concentration of trapped
charge carriers reduces because of the enhanced charge trans-
fer ratio. So the output current becomes lower with a longer
time delay. The result of D2 has shown that the injected cur-
rent density increases when the interfacial energy step (
E  is decreased through modification of the anode work
function. E is defined as E =UAnode –EHOMO, where EHOMO

is the highest occupied molecular orbital (HOMO) energy
level of the donor organic layer (4.9 eV for P3HT). At last,
we know that the PEDOT:PSS buffer layer not only improves
the value of output current and CTR but also eliminates the
time delay of device through changing the interfacial energy.

We have investigated the influence of PEDOT:PSS buffer
layer on the performance of photocoupler device. Through
our experiments we have found that the organic
photocoupler’s output current is linearly increasing with the
input current, and the time delay is eliminated through inter-
facial modification. Meanwhile, our results show that the or-
ganic photocoupler has comparable performance to inorganic
photocoupler through choosing suitable material of active
layer and compatible interfacial modification material. It
would be used in the full organic optoelectronic integrated
circuits because of the good performance in future.
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