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Abstract

An attempt was made to extend the photosensitisfigctral range of fullerene/poly(3-
hexylthiophene) blend to NIR region by adding ex#dactron donor — hydroxygallium
phthalocyanine (GaOHPc) with a strong and widerintdecular charge transfer (CT) band
around 830 nm. Multilayer cells of ITO/PEDOT: PS®&OHPc/P3HT: ¢(CO:Et), have
been prepared by spin coating with vacuum evaporateor In top electrodes. Significant
photosensitivity of the cells was in 370-900 nm cézé range. However charge carrier
photogeneration efficiency was 3 times higher fluimination in P3HT absorption band as
compared with the GaOHPc CT band at 830 nm. BunwkaOHPc was mixed in the blend
forming P3HT:G1(CO,EL),:GaOHPc active layer its CT band shifted to infdapart at 875
nm. At the same time the charge carrier photogénerafficiency for illumination in
GaOHPc CT band increased significantly, exceedisgvalue for illumination in P3HT
absorption band.

Keywords: polymer film, heterojunction, organic solar celll @bsorption band.

1. Introduction

The bulk heterojunction approach appears to be adinthe most promising concepts of
creating efficient, low cost and easy producablarseells [1,2]. For this purpose one of the
best materials is regioregular poly-3-hexylthioph€R3HT) [2-4], which is widely used as a
donor molecule and a whole transporter, with s@uhllerene derivatives as acceptors and
electron transporters. Blends of these moleculeB\incells exhibit the efficiency of light
power conversion up to 5% [3,4]. Still, it is natfficient to meet realistic requirements for
commercialization. The main drawback of this higeRicient blend is its limited spectral
range [1,3], which covers 350-650 nm interval, allmy only ~ 35% of the full solar
spectrum energy to be used. In the present workrie@ to extend the spectral range of the
blend by adding hydroxygallium phthalocyanine (Gal] which has a strong and wide
intermolecular charge transfer (CT) absorption bamound 830 nm [5,6]. The choice of
GaOHPc was dictated by the following reasons: ghhhermal and chemical stability of
phthalocyanines as compared with the most of mtdeauaterials, 2) the NIR absorption
provides the possibility to extend the photosevisjtispectral range (up to the NIR region) of
the blend, 3) the CT character of the IR absorphiand, which promises high efficiency of
charge carrier photogeneration [6,7], 4) the sdilybin chloroform, which allows its
processing by spin coating [5]. In this work we whibhat by adding GaOHPc to the P3HT-
fullerene blend its photosensitivity spectral ranggn be extended in the NIR direction
beyond 900 nm, while the efficiency of charge @rpghotogeneration for illumination in the
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GaOHPc intermolecular CT band at 880 nm even excésdvalue for illumination in the
P3HT absorption band. At the same time the CT bacated for pure polycrystaline film at
830 nm shifts to 870-880 in the GaOHPc:P3HT;(CO,Et), blend with the weight ratio of
components being (1:1:2). The paper discusses rbtdgms connected with the electrodes
and the built-in electric field in the sample as ttause of low external quantum efficiency
(EQE) of photocurrent.

2. Experimental

For host polymer and hole transporter regioregplaly3-hexylthiophene (P3HT) with an
average molecular weight of 87000 (Sigma Aldrichhaswchosen. As extra donor for
increasing the photosensitivity spectral rangeh& blend hydroxygallium phthalocyanine
(GaOHPc) (Figure 1.) was synthesized accordingamasaki et al [6].
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Figurel: Chemical structure of used organic moksul

For the electron acceptor, the soluble C60 dexieafG:(CO,Et),) shown in Figure 1 was
synthesised. As the sample substrate, ITO-covelask gvith R=4-8 Ohm/Sq (purchased
from Delta Technologies) was used. The ITO eleerads covered with a 50-100 nm thick
PEDOT:PSS layer by spin coating at 4000 rpm, apglyhe acceleration of 3000 rpst,
followed by two types of photosensitive organicdess 1% type — a pure GaOHPc film
formed using 6-fold deposition by spin coating &@-Pc from its solution in chloroform to
achieve for the film the optical density of 0.3-0Then this rough surface having ~100 nm
high hills was covered by a ~ 100nm thick layeP8HT: G(CO.Et), with the weight ratio
of components 2 : 3, after which the top Al eled& (R, ~ 10 Ohm/Sq) was evaporated in
vacuum 10 Torr. 2" type - a blend of GaOHPc:P3HT¢{CO,Et),, with the weight ratio of
components 1 : 1 : 2 was spin-coated from solutiamchloroform-chlorbenzene mixture at ~
900 rpm applying the acceleration of 200 rgth , which was followed by vacuum
evaporation at ~ I8 Torr of the Al or In electrode @~ 10 Ohm/Sq). For both the types of
samples the active cell area was ~0.08.&he experimental setup is shown in Figure 2. The
photocurrent measurements were carried out at Rféoum ~16 Torr. The samples were
illuminated by chopper modulated monochromatictligia ITO electrode in the 370 —1300
nm spectral region with intensity 0- 10° phot /(cnf s).

The synchro detection technique with the use ofcB@rolled data storage equipment [8,9]
was employed for measuring of the spectral deperedeof photocurrent quantum efficiency:
EQE = bhoto/ (Where pnoto Is photocurrent (el/s) and is the photon flux (phot/s) incident
upon the active area of the sample).

268



RIO 9 - World Climate & Energy Event, 17-19 March 2009, Rio de Janeiro, Brazil

ITO coating PEDOT:PSS _PHOTOSENSITIVE
ORGANIC LAYER:

1. GaOHPc policrystaline layer
covered by P3HT: C{,-,(CC)ZEt)2
2:

2. polymer blend

- > GaOHPc P3HT Cm(COzEt)z
A= 370-1300
nm Light
=6 Vacuum
= S 6
Al orIn p~ 107" Torr

Figure 2: Experiment setup.

3. Results and discussion

The spectral dependences of short circuit photeatiexternal quantum efficiency (EQE) for
low incident light intensity -1¥ phot /(cnf s) and optical properties of photosensitive layer
for 1* type cell are shown in Figure 3.
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Figure 3: spectral dependences for the 1st typelof
1 - short-circuit photocurrent EQE at illuminatioh10* phot/(cnf s) for multilayer
GaOHPc/P3HT:g(CO.EL), film sandwiched between ITO and Al electrodes;
2 - optical density for a multilayer organic filnGaOHPc/P3HT:g(CO.EL),;
3 - optical density for 6 fold spin coated GaOH&yek;
4 - optical density for P3HT:{CO,ELt), layer with the component ratio 2:3.

0,000

It is seen that the absorption spectrum of thel@-gpin-coated GaOHPc layer (curve 3)
supplements well the P3HT:s{{CO.EL), blend spectrum (curve 4), enabling practically
uniform absorption in the 350-1000 nm region of tmeultilayer organic film
GaOHPCc/P3HT:6(COsEL), (curve 2). Introducing a GaOHPc layer in the @ltends its
photosensitivity spectrum beyond 850 nm (see cdrve Figure 3) but the charge carrier
photogeneration efficiency for illumination in Ga®El CT absorption band is 2-3 times less
than for that in the P3HT absorption band. Thiswshohat the CT character of GaOHPc
absorption band is not enough for such an efficaharge carrier photogeneration as was
observed for the P3HT:¢&CO,ELt), blend. The series resistance of the sample was thane
10 MOhm, owing to high resistance of the introduGaDHPc layer. This is possibly one of
the main reasons for low EQE (Figure 3, curve t)thie ' type samples. To decrease this
resistance and increase EQE values it is necessamgroduce into the GaOHPc layer also
electron acceptor molecules (now is underway).hi 2nd type cells, GaOHPc was added
directly  to the P3HT:6(CO,Et),  blend forming a photoconductive
GaOHPc:P3HT:g(COsEL), layer (1 : 1 : 2), whose spectral dependence t€alpdensity is
shown in Figure 4 (curve 2). It shows that, in grecess of film preparation, GaOHPc
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molecules are aggregating in clusters or nanodsystath the intermolecular CT absorption
band around 875 nm. This spectral shift of the b@min 830 nm in Figure 3 to 875 nm in
Figure 4) by changing the environment proves itscBaracter. Moreover, the charge carrier
photogeneration for illumination in this band ab8¥m becomes even more efficient than in
the P3HT absorption band (see curve 1 in Figure 4.)

Figure 4: Spectral dependences for the 2nd type cel

1-short-circuit photocurrent EQE at light intensli§*? phot/(cn®s) for the ITO/PEDOT:
PSS/GaOHPc:P3HTCO,EL), /Al cell;
2-optical density of the photosensitive GaOHPc:P3E:[(CO,ELt), organic layer;
3-short circuit photocurrent EQE for light interyst 10" phot/(cnf s)
4-photocurrent EQE at U=-2.1V on ITO electrode hgiat intensity 4 10" phot/(cnf s)

It is possible that this high photogeneration &ficy and spectral shift of the band is caused
by close contact of GaOHPc aggregates with thé3D,Et), electron acceptor molecules. At
the same time, with the increasing light intengihe EQE of short-circuit photocurrent
decreases sharply in the whole spectral range Her samples with a top Al electrode
(compare curves 1, 3 in Figure 4; see also cury2dgriFigure 5).

Figure 5: Dependence of photocurrent EQE on thiedémt light intensity for the ITO/

PEDOT:.PSS/GaOHPCc:P3HT:(&CO.EL),/(Al or In) cell at the zero applied voltage (cusvk 2, 5, 6) and U=
—2.1V atITO electrode (curves 3, 4). 1, 3 — sanipimination at 880 nm (top Al electrode); 2, 4ample
illumination at 535 nm (top Al electrode); 5 — gaenillumination at 535 nm (top In electrode); —8ample

illumination at 860 nm (top In electrode).

The series resistance of the sample is around Q0k@hm, which is still very high. It seems

that this high value, along with low EQE values dhelir sharp decrease at increasing light
intensity (Figures 4, 5) is due to some insulatager that could form under the Al electrode
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in its production process at ¥ orr. Such a photocurrent behaviour was earliseoked by
Fan and Faulkner [10]Jn phthalocyanine “sandwich” samples with top Alealode
evaporated at I0Torr. These authors explained the low photocurrent efficies and their
sharp decrease at increasing light intensity byfdnenation of a ~65 nm thick ADs layer
under the top Al electrode which caused a ~ 10®@giincreased resistance of the samples.
We also suppose that in our case the insulatingy lsyALOs. When the external voltage of
negative polarity (U = - 2.1V) was applied to thHeOl electrode the EQE increased sharply
(compare curves 4 and 3 in Figure 4, and curvesahd 1, 2 in Figure 5), which indicates
that inside the active layer an efficient chargeotpbeneration occurs, however all the
photogenerated charge carriers cannot reach tbheage due to the presence of an insulating
layer under the Al electrode. To prove this, we ensamples with a top In electrode (with the
workfunction slightly lower than that for the Al erj10] not forming oxide layers. Replacing
the top Al electrode by an In one we reduced teseesistance of the sample ~100 times
(down to ~ 1kOhm) and obtained considerably we&@E dependence on the light intensity
(compare curves 5, 6 and 1, 2 in Figure 5). Theyglacement of an Al electrode by an In one
has given an increase in the EQE value for thedenti light intensities larger than 20"
phot /(cnf s) (as shown in Figure 5.).

25 15 -0,5 0,5 15 -2,5 -1.5 -0.5 05 15 25

Figure 6: Photocurrent external quantum efficieEQE dependence on applied external
voltage for ITO/PEDOT: PSS/GaOHPc/P3H§{CO,EL), /Al cell. Arrows show voltage
change direction and numbers of curves, their mieagsaequence.

At lower light intensities (lower than Yophot /(cnf s)) the EQE for cells with Al electrode
was larger than for In electrode (Figure 5.). Tdas be explained by the fact that the built-in
electric field in the cells with the top Al electi® is stronger than for the cells with In
electrode, since the open-circuit voltage(¢)in the former case is much largerdd/> 1.3V)
(see Figure 6.), than for samples with In electrotiere \bc was less than 0.25V.

4. Conclusions

1. By inserting a GaOHPc layer between PEDOT:PSS amdymer blend
P3HT:G1(CO.EL), in a cell it is possible to extend its photosewvisy spectrum
beyond 850 nm. However, the efficiency of chargeriea photogeneration
illuminating the cell in GaOHPc CT absorption bas@-3 times lower than in P3HT
band.

2. Addition of GaOHPc to P3HT4(CO,Et), extends the photosensitivity of the new
blend (GaOHPc : P3HT: &CO;Et),) beyond 900 nm. The charge carrier
photogeneration for illumination of the cell in tli@gaOHPc CT absorption band
becomes more efficient than for illumination in ®8HT absorption band.

3. The GaOHPc CT absorption band in the blend oDI#ac :P3HT. G (COEL),
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shifts to 875 nm in comparison with its value o083m in the polycrystalline film
thus proving the real CT character of the band.

For the cells with a top Al electrode the photoentrEQE decreases at increasing
light intensity, which could be explained by theegence of an Al oxide layer under
the electrode. For the cell with a top In electrdide EQE is very weakly depending
on the light intensity. Therefore at the light imséties exceeding 20 phot/(cnf s)
the short-circuit photocurrent EQE is larger facedl with a top In electrode than for
that with the Al electrode.

The open-circuit voltage of the cell with a topelctrode is higher than 1.3 V while
the fill-factor does not exceed the value of 0\M@bich indicates a high series
resistance of the cell. The open-circuit voltagéhef cell with a top In electrode is
only 0.2-0.25 V, possibly due to the absence ahade layer that would raise the
built-in electric field in the sample.
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