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Evaluation of the Charge Transfer Efficiency of
Organic Thin-Film Photovoltaic Devices Fabricated
Using Photoprecursor Approach

Sadahiro Masuo®*¢, Wataru Sato?, Yuji Yamaguchi®¢, Mitsuharu Suzuki®?, Ken-ichi
Nakayama®4, Hiroko Yamada®“

Recently, a unique ‘photoprecursor approach’ was reported as a new option to fabricate p-i-n triple-layer
organic photovoltaic device (OPV) through solution processes. By fabricating the p-i-n architectures
using two kinds of photoprecursors and a [6,6]-phenyl C71 butyric acid methyl ester (PC7;1BM) as donor
and acceptor, the p-i-n OPVs afforded higher photovoltaic efficiency than the corresponding p-n devices
and i-devices, while the photovoltaic efficiency of p-i-n OPVs depended on the photoprecursors. In this
work, the charge transfer efficiency of the i-devices composed of the photoprecursors and PC71BM was
investigated using high-sensitivity fluorescence microspectroscopy combined with a time-correlated
single photon counting technique to elucidate the photovoltaic efficiency depending on the
photoprecursors and the effects of the p-i-n architecture. The spatially resolved fluorescence images and
fluorescence lifetime measurements clearly indicated that the compatibility of the photoprecursors with
PC71BM influences on the charge transfer and the photovoltaic efficiencies. Although the charge transfer
efficiency in the i-device was quite high, the photovoltaic efficiency of the i-device was much lower than
that of p-i-n device. These results imply that the carrier generation and the carrier transportation

efficiencies can be increased by fabricating the p-i-n architecture.

Introduction

Organic photovoltaic devices (OPVs) are an emerging
technology with promising advantages, such as low cost,
flexibility, light weight, and large-area
manufacturing compatibility.''*> A fundamental problem of

transparency

organic materials is that carriers, such as excitons, electrons, and
holes, tend to localize more in molecules than in inorganic
semiconductor materials. Due to this tendency, the diffusion or
hopping length of the carriers in organic materials is limited to a
scale of nanometers. Therefore, the arrangement of the organic
materials with nanometer-scale precision in the active layers of
the OPVs is essential for constructing efficient photon-to-current
energy conversion systems. In particular, the design of the
donor—acceptor interface is of great importance to improve the
device performance of OPVs. Recent studies have achieved a
power conversion efficiency (PCE) of 8-12% in bulk-
heterojunction (BHJ) OPVs.!#1 In addition to the design of the
active layer, the vertical composition profile of the active layer
significantly affects the efficiency of charge-carrier generation
and transportation.!”!” The vertical composition profile, layer by
deposition of different
straightforwardly via vacuum evaporation, while solution

layer materials, can be done

This journal is © The Royal Society of Chemistry 2013

processes are practically challenging because of dissolution of
the lower layers during the deposition of the upper layer.

Recently, some of authors have reported a unique
‘photoprecursor approach’ as a new option for layer-by-layer
preparation of multicomponent organic semiconducting films
through solution processes.?’ In this approach, soluble
photoprecursors, 2,7-bis(thiophen-2-yl)-5,10-dihydro-5,10-
ethanoanthracene-12,13-dione (DTADK) and 2,6-bis(5'-(2-
ethylhexyl)-(2,2'-bithiophen)-5-y1)-9,10-dihydro-9,10-
ethanoanthracene-11,12-dione (EH-DBTADK) (Fig.1), were
solution-deposited then photoconverted in situ to a poorly
soluble organic semiconductor. This approach enables solution-
processing of the p-i-n triple-layer architecture that has been
suggested to be effective in obtaining efficient OPVs. Both p-i-n
OPVs fabricated using DTADK and EH-DBTADK afforded
higher photovoltaic efficiencies than the corresponding p-n
devices (double-layer of p- and n-type materials) and BHIJ
devices (p:n composite layer; i-layer), while the photovoltaic
efficiency of p-i-n OPV composed of EH-DBTADK was much
higher than that of DTADK.?®

The photocurrent generation of OPVs consists of the
following processes: (i) generation of excitons by absorbing
photons (A), (ii) exciton diffusion and charge transfer at the
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interface (ED), (iii) charge separation by overcoming the charge
recombination, i.e., the generation of holes and electrons at the
interface (CS), and (iv) the collection of holes and electrons at
the electrodes (CC). The external quantum efficiency (EQE) as
a function of wavelength (1) is given using the efficiencies (1) of
these processes as follows: EQE(A) = nA(L) x yED(A) x nCS(X)
x nCC(A). The efficiencies of these various processes must be
optimized to create OPVs with high PCE; a high PCE cannot be
achieved if even one of these processes has a low efficiency.

In this work, we investigated the charge transfer efficiency
(nED) of the BHJ-OPVs (i-device) fabricated by DTADK and
EH-DBTADK microspectroscopy
technique combined with the fluorescence lifetime and spectrum

using a fluorescence
measurements to elucidate the difference of the photovoltaic
efficiency depending on the photoprecursors and the effects of
p-i-n architecture. To investigate the charge transfer in OPVs,
spectroscopic studies such as the fluorescence quenching,?!-23
transient absorption spectroscopy,?42’

imaging techniques?®-32 have been used. We employed a high-

and spatially resolved

sensitivity fluorescence microspectroscopy technique to evaluate
the #ED with sub-micrometer spatial resolution in the device.
Using fluorescence images observed from micrometer-sized
areas of the BHJ-OPVs and the fluorescence lifetimes detected
at focal points in the images using a confocal fluorescence
microscope, the spatially resolved #ED in the device was
estimated accurately without being affected by the thickness of
the active layer, the concentrations of donor/acceptor molecules,
or other parameters. The correlation between the obtained #ED
and photovoltaic efficiency is discussed.

Experimental

Materials. The chemical structures of the photoprecursors,
DTADK and EH-DBTADK, and their photoconversion reaction
DTADK and EH-DBTADK were
synthesized according to the reported procedures.?’33 The

are shown in Fig. 1.

purities of these compounds were confirmed to be >99% by high
performance liquid chromatography. [6,6]-phenyl C71 butyric
acid methyl ester (PC71BM, >99%) was purchased from
Luminescence Technology Corp. and used as received. Other
reagents and solvents were reagent grade purchased from
commercial vendors and used without further purification.

Device fabrication and evaluation. PEDOT:PSS (CleviousTM
Al4083, Heraeus) was spin-coated onto a clean ITO substrate.
After baking in a vacuum at 120°C for 10 min, the substrate was
transferred to a nitrogen-filled glove box (< 1 ppm Oz and H20).
A chloroform solution, in which the photoprecursor as a p-type
material and PC71BM as a n-type material were dissolved at a
weight ratio of 2:1 (10 mg mL-!), was spin-coated at 800 rpm for
30 s. The photoprecursors in the mixed film were photoconverted
into their parent acenes (DTADK into DTA, or EH-DBTADK
into EH-DBTA) upon irradiation with a blue light-emitting diode
(LED) lamp (wavelength: 470 nm, intensity: 200 mWem™2,
Edmund Optics), and Ca and Al were evaporated as cathodes.
The device was then encapsulated with a glass lid. As references,
neat films of the parent acenes were prepared from a solution of
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Fig. 1 Chemical structures of photoprecursors and their photoconversion to
parent acenes.

the photoprecursors (5 mg mL™") without PC71BM in the same
manner. The surface morphologies of the active layers in OPV
devices and the neat film were evaluated by AFM measurement
(NanoWizard@, JPK instruments). The photovoltaic
performance was evaluated under AM 1.5G illumination with an
intensity of 100 mWem 2 using a solar simulator system (CEP-
2000, BUNKOUKEIKI). Details of the fabrication and
evaluation of the devices were reported elsewhere 203435
Evaluation of charge transfer efficiency. The #ED of the
prepared BHJ-OPVs was evaluated using a sample-scanning
confocal microscope in combination with a picosecond-pulsed
laser excitation (405 nm or 640 nm, 10 MHz, 100 ps FWHM,
Picoquant). The fluorescence from the active layer of the OPV
device was collected by an objective lens and passed through a
confocal pinhole (100 pm) and suitable filters. To detect the
fluorescence of the parent acenes, a 405 nm laser was used, and
a long-pass filter and a short-pass filter were used to cut the
excitation laser beam and fluorescence from PC71BM,
respectively. The fluorescence of PC71BM was detected using a
640 nm laser, and a long-pass filter was used to cut the excitation
laser beam. The detected fluorescence was split into two paths
and were detected using a spectrometer with a cooled CCD
camera and an avalanche single-photon counting module (APD:
SPCM-AQR-14, PerkinElmer). The signal from the APD was
connected to a time-correlated single-photon counting board.
The time-resolution of the lifetime measurement, i.e., the
instrumental response function (IRF) of the system, was
estimated by the deconvolution analysis of a fluorescence decay
curve of erythrosine in water, which has a reported fluorescence
lifetime of 87 ps.?® The estimated FWHM of the IRF was
approximately 300 ps. The fluorescence images, lifetime, and
spectra of the BHJ-OPVs were measured simultaneously using
this setup. Details can be found in Supplementary Information
(SI). All measurements were performed at room temperature
under ambient conditions.

Results and discussion

The photovoltaic performances of the BHJ-OPVs fabricated
using the photoprecursors and PC71BM are summarized in Table
1. The short-circuit current (Jsc) of the EH-DBTA:PC71BM
device (3.71 mAcm?) was significantly larger than that of the
DTA:PC71BM device (2.38 mAcm?). The value of Jsc can be
determined as the integration of EQE (A) = nA (L) x yED (&) x

This journal is © The Royal Society of Chemistry 2012
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7CS (A) x #CC (M), where #ED (A) x CS (A) x #CC ()) is the
internal quantum yield (IQE). The EQE, IQE, and UV-Vis
absorption spectra measured from the two OPVs are shown in
Fig. 2. The EQE and IQE of EH-DBTA:PC7:1BM are larger than
those of DTA:PC71BM over the entire wavelength region. Hence,
the Jsc of EH-DBTA:PC71BM was larger than that of
DTA:PC71BM. In contrast, the open circuit voltage (Voc) of the
DTA:PC71BM device was larger than that of the EH-
DBTA:PC71BM device (Table 1). The larger Voc of the
DTA:PC71BM device is attributed to the larger HOMO-LUMO
band-gap of DTA (2.67 ¢V) compared to that of EH-DBTA (2.42
eV). Thus, the difference between PCEs became smaller, with
values of 0.68 and 0.85 obtained from the DTA:PC71BM and
EH-DBTA:PC71BM device, respectively. As noted above, the
Jsc values of the two devices differed due to the difference in
their IQEs. The IQE is determined by the #ED, #CS, and #CC.
In the following discussion, the #EDs in two OPVs will be
evaluated using fluorescence microspectroscopy to establish the
effect of the #ED on the Jsc value in each device.

First, the #ED in a BHJ-OPV fabricated using DTADK and
PC71BM was investigated. The fluorescence images obtained
from a 20 x 20 um area in the OPV and DTA neat film are shown
in Fig. 3. Figure 3 (a) corresponds to the fluorescence intensity
distribution of DTA in the OPV observed by a 405 nm excitation.
High- and low-intensity areas were both present across the
device. The fluorescence intensity (Ir) is expressed as follows:
If = Iexal(pfndet (1),
where [,, is the excitation intensity, a is the absorption
coefficient, | is the thickness of the sample (number of
fluorescent molecules at the focal point), @y is the fluorescence
quantum yield, and 74, is the detection efficiency of the
instrument. @ can be expressed as follows:

— ky
" ky+knr+kep

@5 (2),

where k, and k,,,- are the radiative and nonradiative decay rates,
respectively, and kgp is the charge transfer rate. When the
fluorescence image was observed, I, and 714, Were constant
such that the heterogeneity of the fluorescence intensity was
attributed to the difference in the thickness of the DTA layer

and/or @; which varies depending on kgp assuming that k..
andk,, are constant. Figure 3 (c) shows the fluorescence image

Table 1 Photovoltaic device performance of a BHJ-OPVs consisting of
photoprecursors and PC;;BM.

Jsg/mAcm? VooV FF/%  PCE/%
DTA:PC,,BM 2.38 106 268 068
EH-DBTA:PC,,BM 3.71 078 294 085

Jsc: short circuit current, Voc: open circuit current, FF: fill
factor, PCE: power conversion efficiency

This journal is © The Royal Society of Chemistry 2012
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Fig. 2 EQE(A) (black), IQE(A) (red), and UV-Vis absorption spectra (blue) measured
from the OPVs consisting of DTA:PC;;BM (a) and EH-DBTA:PC;,BM (b).

of a DTA neat film observed by a 405 nm excitation (Note: the
intensity-scale is different from that of BHJ-OPVs). This neat
film showed much higher fluorescence intensity, and the
heterogeneity of the fluorescence intensity was also observed in
the neat film, which indicated that the DTA did not form a
uniform film.

AFM measurements were conducted to evaluate the film
structures of the active layer of the OPV and neat film. The
obtained AFM images are shown in Fig. 4. Many broad peaks of
several tens to a hundred nm in height were observed in the AFM
images. The distance between the peaks was wider in the OPV
device compared to that in the neat film due to the presence of
PC71BM in the OPV device (vide infra). The fluorescence and
AFM images indicated that DTA tended to aggregate because of

100 cts.

© Xaxis (um) "

Fig. 3 Fluorescence images observed from a BHJ-OPV consisting of DTA and
PC71BM (a, b) and from a DTA neat film (c). Images (a, c) were observed by a 405
nm excitation with a 56 W/cm? intensity, and image (b) was observed by a 640 nm
excitation with a 4.5 kW/cm? intensity.

J. Name., 2012, 00, 1-3 | 3
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Fig. 4 AFM images obtained from the OPV consisting of DTA and PC;;BM (a) and a
DTA neat film (b).

its high crystallinity.?® Phase image of the active layer of the
OPV is shown in Fig.S1 (a) in SI. The contrast of the phase image
at the aggregates is different from other area. This observation
strongly support that the aggregates have different film structure
from other area, i.e., the aggregates probably consist of DTA
crystalline structure. Therefore, the heterogeneity of the
fluorescence image (Fig. 3a) was also due to the heterogeneity
of DTA, as reflected in the difference in 1 in Eq.1. The bright
areas in the fluorescence image (Fig. 3a) correspond to the
aggregates of DTA. The fluorescence spectra observed from the
bright and dark areas in the fluorescence image are shown in Fig.
5. Below 485 nm, the fluorescence spectra were cut off by a
dichroic mirror that was inserted into the microscope to reflect
the laser beam. The fluorescence peak at 510 nm was observed
in both the bright and dark areas, although the signal-to-noise
ratio in the spectrum measured in the dark area (Fig. 5b) was
rather low. This peak was assigned to DTA.

These fluorescence spectra indicate that DTA was present
within the entire active layer of the device, although the
distribution was heterogeneous because of its tendency to
aggregate. Figure 3 (b) corresponds to the fluorescence intensity
distribution of PC7:BM in the active layer of the device observed
by a 640 nm excitation. In contrast to Fig. 3(a), the heterogeneity

S
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(a) (b)100
2 2
g 2
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< £
0 A 0
400 500 600 700 800 900 400 500 600 700 800 900
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Fig. 5 Fluorescence spectra observed from the OPV consisting of DTA and
PC;,:BM. (a), (b) Fluorescence spectra observed from a bright area (a) and a dark
area (b) in the fluorescence image shown in Fig. 3(a) by a 405 nm excitation. (c)
Fluorescence spectrum observed from the fluorescence image shown in Fig. 3(c)
by a 640 nm excitation.
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Fig. 6 Fluorescence decay curves observed from a DTA neat film (black) and a
bright area (red) and dark area (green) in the fluorescence image of the OPV
shown in Fig. 3(a) by a 405 nm excitation. The decay curve (blue) represents the
instrument response function (IRF).

was not observed. The fluorescence spectrum observed by a 640
nm excitation is shown in Fig. 5 (¢). The peak at 715 nm was
characterized as representing PC71BM, and this spectrum was
observed at all locations within the device. The fluorescence
image and the spectrum observed by a 640 nm excitation indicate
that PC71BM was uniformly distributed over the entire area of
the active layer. It is well known that the PC71BM forms
aggregate with several tens of nanometer-size. Such aggregates
were probably formed in our devices. However, as the sizes of
the aggregates were much smaller than the diffraction limit of
light, the uniform fluorescence image of PC71BM was observed.
These results demonstrate that the spatial distribution of DTA
and PC71BM in the active layer can be observed by varying the
excitation and detection wavelengths. However, the xED
information cannot be clearly obtained from the fluorescence
images due to the non-uniform distribution of DTA in the active
layer, although the decrease in the fluorescence intensity of BHJ-
OPV (Fig.3a) compared to the DTA neat film (Fig.3c) is
probably caused by the charge transfer.

The fluorescence lifetime measurements were conducted to
evaluate the #ED of the OPVs. The fluorescence lifetime (t) can
be expressed as topv=1/(k, + k,, + kgp) for the OPV and as
Tneat=1/(k, + k,,;-) for the neat film. Therefore, the contribution
of kgp can be estimated by comparing the lifetimes detected
from the OPV and neat film. The fluorescence decay curves
observed from the OPV and DTA neat film by a 405 nm
excitation are shown in Fig. 6. The decay curves were analyzed
by fitting with three exponential functions as follows:

1(t) = aexp(—t/t1) + azexp(—t/T;) + azexp(—t/t3) (3)

The fluorescence lifetimes (t) and normalized amplitudes (o)
obtained by the fitting are summarized in Table 2. The average
lifetimes <t> calculated by ouxtit+ozxt2tosxts are also
provided in this table. Figure 6 illustrates that the decay curves
detected from the OPV were shorter than that detected from the
DTA neat film. The shortened lifetime indicates the contribution
of charge transfer in the device. The decay curve detected from
a dark area was shorter than that detected from a bright area in
the fluorescence image. In Table 2, the contribution of 1 in the
decay curve detected from the dark area is greater than in the

This journal is © The Royal Society of Chemistry 2012
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Table 2. Fitting parameters for fluorescence decay curves.

Ty/ns oy 1,/ns oy T4/ns o <t>/ns

Neat film 0.8 0.57 23 0.36 9.2 0.07 1.93

DTA OPV Device

Bright area 0.5 0.66 22 0.26 10.1 0.08 1.71

Dark area 0.4 0.93 2.1 0.06 7.0 0.01 0.57

Neat film 0.5 0.64 1.9 0.31 55 0.05 1.18

EH-DBTA

OPV Device 0.3 1.00 - - - - 0.30

Fluorescence decay curves were fitted with a sum of three exponential functions,
I(t) = ayexp(—t/1y) + azexp(—t/t,) + azexp(—t/t3). The decay curve detected
from the OPV device comprised of EH-DBTA and PC71BM was fitted with a single
exponential function. 7and « represent the fluorescence lifetime and the normalized
amplitude, respectively. <z> is the averaged lifetime calculated by a; X7+ a;x7,+
azxT3.

decay curve detected from the bright area. Hence, the average
lifetime of the dark area is shorter than that of the bright area.

The difference in the decay curves observed in the bright and
dark areas can be interpreted as follows. DTA formed aggregates
in the bright areas in the fluorescence image, and the charge
transfer only occurred at the surface of the aggregate, i.e., the
excitons generated inside the aggregate did not contribute to the
charge transfer. Therefore, the contribution of the short lifetime
was lower and the fluorescence intensity was higher in the bright
areas. In contrast, in the dark areas, the contribution of the charge
transfer was higher than in the bright areas because the lifetime
was shorter. However, the decay curves detected from both areas
still included long lifetimes of 2.2 and 10.1 ns for the bright area
and 2.1 and 7.0 ns for the dark area. If the charge transfer occurs
efficiently, the decay curve should be consistent with the
instrument response function (IRF).

The 7ED was estimated by comparing the average lifetimes
<t> as follows. 7ED is expressed as n#7ED = kgp/(k, + k,r +
kgp). The average lifetimes of the neat film <tnear> and OPV
<topv> are expressed as <Tnea>=1/( Kk + kp, ) and <topv>
=1/( k,+ky +kgp) , respectively; thus, kgp =
1/<topv>—1/<Tnear™>, assuming that k, and k,,- are constant in
both the neat film and OPV. Therefore, 7ED can be estimated
using

77ED = 1_<TOPV>/<Tneat> (4)

From Table 2, the average lifetimes in the bright area <topv B>
and dark area <topv_p>are 1.71 and 0.57 ns, respectively. Using
these lifetimes, the 7ED for the bright area and dark area can be
estimated as 0.11 and 0.70, respectively. (7ED = 0.84 is the
maximum value in this estimation because our IRF was 0.3 ns.)
These values indicate that only 11% and 70% of the excitons
generated in the DTA caused the charge transfer in the bright and
dark areas, respectively. One reason for this low efficiency was
the low compatibility of DTA with PC71BM. As noted above,
DTA tended to aggregate because of its high crystallinity.
Therefore, there was a decrease in the interface between DTA

This journal is © The Royal Society of Chemistry 2012
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Fig. 7 Fluorescence images observed from an OPV consisting of EH-DBTA and
PC;;BM (a) and from an EH-DBTA neat film (b) by a 405 nm excitation with a 56
W/cm? intensity.

and PC71BM, where the charge transfer occurs.

To improve the low compatibility, EH-DBTADK (Fig. 1b)
which has branched alkyl-chains, was synthesized and used for
device fabrication.?? The fluorescence images observed from a
BHIJ-OPV fabricated using EH-DBTADK and PC71BM and
from a neat film of EH-DBTA are shown in Fig. 7. In contrast to
the DTA neat film, the heterogeneity of the fluorescence
intensity was not observed in the image of the EH-DBTA neat
film (Fig. 7b), indicating that EH-DBTA likely formed a uniform
amorphous-like film because the crystallinity of EH-DBTA is
lower than that of DTA. Therefore, the heterogeneity of the
fluorescence intensity was not observed in the image of the OPV
(Fig. 7a), although some fluorescence domains were observed.
AFM images obtained from the OPV and neat film are shown in
Fig. 8. Although small, broad peaks were observed in the AFM
image, the peaks were considerably smaller than those in the
AFM images of the DTA (Fig. 4). A comparison of the AFM
images of the OPV with those of the neat film illustrates that the
peaks were smaller in the OPV. In the phase AFM image shown
in Fig.S1 (b), the heterogeneity of the image was not observed.

These results indicate that EH-DBTA could be miscible with
PC71BM due to improved compatibility. We presume that EH-
DBTA is not mixed with PC71BM at the molecular level, i.e.,
both compounds form the nanometer-sized aggregates in the
active layer. If the EH-DBTA is mixed with PC71BM at the
molecular level, the photovoltaic performance cannot be
observed. As the sizes of aggregates are considerably smaller
than the diffraction limit of light, therefore, the uniform
fluorescence intensity was observed in the fluorescence images.
The fluorescence decay curves obtained from the EH-DBTA

~
=4

6.00 nm

Y axis (um)

Y axis {um)

E ] e 5

! " " 15
X a;is fum) X axis (um)

Fig. 8 AFM images obtained from the OPV consisting of EH-DBTA and PC;;BM (a)
and an EH-DBTA neat film (b).
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Fig. 9 Fluorescence decay curves observed from an EH-DBTA neat film (black) and
the OPV (red) by a 405 nm excitation. The decay curve (blue) represents the
instrument response function (IRF).

neat film and OPV are shown in Fig.9. The decay curve detected
from the OPV was considerably shorter than that detected from
the EH-DBTA neat film and nearly the same as the IRF. This
result indicates that efficient charge transfer occurred in the OPV
fabricated using EH-DBTADK and PC71BM and that the
efficiency was higher than in the OPV comprised of DTA and
PC71BM. The fluorescence lifetimes (1), normalized amplitudes
(o), and average lifetimes <t> obtained by the fitting are
summarized in Table 2. An #7ED of 0.75 was obtained using
Eq.(1) with <topv>=0.3 ns and <tnea>=1.18 ns. The 7ED 0f 0.75
reached the maximum value of our instrumental setup because
the <topv> was the same as the IRF. Therefore, the 7ED of the
OPV device was over 75%. We can estimate the 7ED more
precisely using photo-detectors with high time resolution. The
nED was likely quite high, although it was not 100% because the
fluorescence from EH-DBTA was still observed. These
observations illustrate that efficient charge transfer occurred in
the OPV device because EH-DBTA blended with PC71BM due
to the low crystallinity of EH-DBTA.

As shown above, the 7ED of the EH-DBTA:PC71BM device
was considerably higher than that of the DTA: PC71BM device.
This difference in 7EDs is related to the IQE and Jsc of the
devices. Figure 2 indicates that the IQEs at 405 nm for the
DTA:PC71BM  and EH-DBTA:PC71BM  devices were
approximately 44% and 67%, respectively. From the
fluorescence microspectroscopy measurements, the #ED at 405
nm for DTA:PC7:BM was 11% in the bright area and 70% in the
dark area, whereas the #ED for EH-DBTA:PC7:BM was over
75%. The nEDs were reduced to the values of the IQEs by the
contributions of the #CS and #CC, and the IQDs decreased to the
values of the EQEs by the contribution of #A. For the BHJ-OPV
considered here, the higher Jsc of the EH-DBTA:PC7:BM device
was attributed to the higher #ED due to the high compatibility
between EH-DBTA and PC7:BM using the high-sensitivity
fluorescence microspectroscopy technique.

Conclusions

The spatially resolved #ED of BHJ-OPVs fabricated using
photoprecusors and PC71BM was estimated by observing the
fluorescence image, spectra, and lifetime using a confocal
fluorescence microspectroscopy technique. For the BHJ-OPV

6 | J. Name., 2012, 00, 1-3

composed of DTA and PC7iBM, a lower and more
heterogeneous #ED was clearly observed even though the DTA
and PC71BM existed over entire area of the active layer. This low,
heterogeneous #ED was caused by the high crystallinity of DTA
and the low compatibility of DTA with PC71BM. Therefore, for
the OPV consisting of EH-DBTA, which has a low crystallinity,
and PC71BM, the #ED was found to increase with increase in Jsc
and PCE. However, PCE was quite low (0.85) in spite of the high
nED. As causes for the low PCE, the low efficiency of the carrier
transportation from the BHJ layer to the electrodes (#CC) can be
considered. Recently, it was demonstrated that PCE can be
increased to 2.83 by fabricating p-i-n (p:DTA neat film, i:BHJ of
EH-DBTA and PC71BM, n: PC71BM neat film) triple-layer
architecture.?? The present results indicate that the increase in the
7CC by fabricating p and n layers is a reason for the increase in
the PCE of p-i-n OPV. In addition, the absorption efficiency (7A)
and the amount of subsequent carrier generation also increase
because of the increase in the interfaces of p-i and i-n. Therefore,
the increase in the PCE was observed by fabricating p-i-n
architecture.
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