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Efficient photovoltaic devices were demonstrated from thick polymer films (2500 A), using ternary
mixtures of Go, a polycarbonate linked TPIN(N,N',N'-tetrakis(phenyl)benzidine)) polymer (PTPD),
and a small molecular weight radical salt of a TPD derivative, in an indium tin oxide/blend/Al
configuration. The binary PTPD mixtures with salt angh @ere also investigated in a similar device
configuration. The addition of the radical salt increases the hole conductivity of the PTPD host matrix
and subsequently enhances the photocurrent by 1 order of magnitude. On the other hand, blending PTPD
with Cgo increases the photocurrent by 3 orders of magnitude to produce a short circuit clygenft (
0.22 mA/cni. The incorporation of these two binary systems into a ternary blend shows a further increase
in thels (0.33 mA/cn?) with a power conversion efficiency of 0.47%. To the best of our knowledge this
is the first time that a radical salt has been used in an organic photovoltaic device configuration. This
study provides insight on the interplay of the three components of this ternary system to both open
circuit voltage Vo) andls. Further optimization in structure and morphology of these devices can lead
to significant performance enhancement.

Introduction polymeric binder doped with radical salts of small molecular

The unique photophysical and semiconducting propertiesweight (MW) hole transportersin particular, radical salts

of conjugated organic systems along with the relative ease®' triPhenylamine, trip-tolylamine, hydrazones, and pyra-
in device fabrication have generated significant interest for 2°lines blended with polycarbonates and polystyrene present

uses in organic light emitting diodes, photovoltaic devices, One of the favored xerographic hole transporting systeris.
and memory devices? Photovoltaic devices that can be In this study we present our initial findings in using such
fabricated by inkjet printing and reel to reel lamination Systems in organic photovoltaic configuration in an attempt
processes provide revolutionary approaches to decrease codp increase film thickness and potentially alleviate some of
and increase production efficiengyAt present, manufactur-  the required tolerances associated with the films.

ing controlled architectures with precise film thicknesses at  While thicker films are beneficial for complete light
the submicrometer range presents a major challenge to theapsorption, the low exciton diffusion length of typical
above-mentioned fabrication methodolodies.This chal- z-conjugated polymers presents a major problérhis
lenge has in part been resolved in the case of xerographyyroplem is in part alleviated by the creation of multiple
where thick layers%1 um) of hole transporting materials  peterojunctions from microphase separation of hole and
routinely coat the drums of every copy-making mactfine. - gjectron transporting materiats® The optimum device
Such thick hole transporting layers typically comprise a yicyness is determined by the balance of the light-generated
field, the carrier mobilities of holes and electrons, and the
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Figure 1. Device configuration of the fabricated photovoltaic cells along with the chemical structures of the compounds used in this study.

extinction coefficient of the photoactive componeHtt$he that of the host material and thus provides a way by which
degree of crystallinity in both hole and electron transporting hole doping can be uniformly distributed throughout the
phases generally exerts enormous influence to carrier mobili-film.2® These amorphous systems have been extensively
ties. Unlike small MW organics (i.e.,dgand its derivative studied for their charge transport and mobility and are
like [6,6]-phenyl-C61 butyric acid methyl ester (PCBM)) that known to be providing relatively high mobility at large
crystallize more readily in confined geometries, polymeric thicknessed® 2>
hole transporters crystallize with greater difficulty in similar Figure 1 illustrates the structure of a hole transporting
architectures. In addition, in bulk heterojunction devices, the polycarbonate polymer (PTPD) composed of alternative
crystallinity of the high MW component is often restricted N,N'-bis(3-hydroxymethylN,N'-bis(phenyl)benzidine and
by the presence of a low MWi-type component, further  diethylene glycol unit3%2° In the same figure, the structure
decreasing hole mobility. On the basis of these arguments,of the TMPTD* SbR~ organic radical salt is shown,
thick polymer/Go or PCBM bulk heterojunction devices produced by the reaction dfi,N,N',N'-tetrakis(4-methyl-
should experience greater drop in hole rather than electronphenyl)benzidine (TMTPD) with HSkE® When such salt
mobility. Polymer regioregularity and annealing are crucial is introduced to 5000 A thick PTPD films, their conductivity
for improving crystallinity and hole mobility; however, the is increased by 23 orders of magnitud®. This system has
internal field generated by light is typically low to overcome been successfully used as thick hole transporting layers in
the proportionally greater number of traps as device thick- OLED devices and was also shown to minimize the indium
nesses increase above 1000842 tin oxide (ITO)/hole transport layer junction resistafdt&he

The xerographic approach, which generally employs thick salt to polymer ratio was also shown to behave as a tunable
(>1 uM), amorphous semiconducting films, could potentially resistor for hole transpoff.
be employed to mitigate the aforementioned problem with  In this paper we demonstrate the application of this radical
hole mobility. The hole transporting layer used in xerography salt doped polymer in organic solar cells, as a thick (2500
is typically composed of a thick glassy solid “solution” of a A) photoactive layer in conjunction withgg X-ray diffrac-
low MW organic semiconductor dispersed in a polymeric tion (XRD) revealed the totally amorphous nature of PTPD
binder. Such coatings are typically cast from solution in both the presence and the absence of the radical salt. Apart
common to both of the componer§tdlore conductive films from the advantages gained from using thicker amorphous
employ a three component blend of a charge transportphotoactive films (which leads to increased absorption of
molecule, an oxidized charge transport molecule, and athe incident light), the hole conductivity of these thicker films
polymer binder2 The oxidized charge transport moiety isa can be readily increased by increasing the concentration of
radical salt, where controlled oxidation renders this low MW the salt?325 This favorable role of salt is directly reflected
organic in its polaronic staf. Typically such oxidized in the performance of PTPD/salt binary system devices
organic salt dopant has the same chemical functionality aswherein thels. increased by an order of magnitude due to
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the presence of salt. Incorporation of the radical salt into
the PTPD/G, mixture provided seven times improvement,
from 0.06% to 0.47% in the power conversion efficiency
(ye). Barring the recent report on the use of amorphous
liquid-phase tris[4-(2-methoxyethoxy)phenyllamine (mixed
with a p-dopant and a redox inactive ionic dopant) in dye
sensitized “Gitzel” type solar cell$! to the best of our
knowledge this is the first study on the application of radical
salt doped amorphous polymers in organic photovoltaic
devices.

Experimental Section

The PTPD polymer and the radical salt of the TPD derivative
were received as a gift from Dr. Bing Hsieh and used &% is.
Buckminster fullerene (§) was purchased from Aldrich and used
as received.

XRD data were collected on a Bruker GADDS instrument. The
PTPD polymer sample (with no salt) was in the form of a pellet
positioned at the end of a fine capillary tube. The background was
subtracted by running a blank experiment on the glass capillary
itself. In the case of PTPD/salt binary blend with 10% (w/w)
loading, a film was cast from a methylene chloride solution, lifted
off the glass substrate with the help of water, rolled, and inserted
in a fine glass capillary tube prior to XRD analysis. Similar
procedure was utilized for the XRD analysis of PTPD/sgl{/C
ternary blends, whermedichlorobenzene was used as solvent instead
of methylene chloride.

UV —vis absorption spectra were obtained from films cast on
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Figure 2. UV—vis of the PTPD film (open symbols, left ordinate) spin-
coated from a methylene chloride solution on a quartz substrate. The
concentration of radical salt in the polymer was varied to be 0%, 2.5%,
5%, and 10% with respect to the PTPD polymer. Also shown is the
absorbance of an evaporategy@m on quartz substrate (closed circles,
right ordinate). (Top Inset) The absorbance of the radical salt in the-400
600 nm range alone.

Torr. After fabrication, all devices were transferred to a nitrogen
filled glovebox without exposure to oxygen or moisture (using a
load lock cell) for characterization and testing. Current density
voltage (0—V) measurements were obtained on a Hewlett-Packard
4155A semiconductor parameter analyzer. A SoLux solar lamp
(intensity of 15 mW/crf) was used to illuminate the sample.
Forward bias is defined as positive voltage applied to the ITO
electrode.
Binary (PTPD/salt) and tertiary (PTPD/salfL films were

quartz substrates using the aforementioned solvents. The data wafabricated by spin coating from a 15 mg/mL solution dn
collected on a Perkin-Elmer Lambda 6 spectrophotometer, and thedichlorobenzene, to produce uniform films of approximately 2500

background was subtracted by running a blank sample of plain
quartz substrate.
Cyclic voltammetry (CV) experiments were employed to deter-

A. While both PTPD and salt are readily miscible dérdichlo-
robenzene, sonication was utilized to solubilizg, @ the same
solvent, followed by filtration through a 0.4&m PTFE filter to

mine the oxidation and reduction potential of the various compounds remove particulates. Two sets of ternary blend devices were
used in this study. These measurements were performed on a CHorepared: (T1) devices havegdCconcentration fixed at 50
Instruments (Model 840B) potentiostat outfitted with Pt working wt % with respect to the PTPD, while the salt amount is varied
and counter electrodes while the reference electrode was Ag/AgCl.from 0 to 10 wt % with respect to PTPD. (T2) devices have
A 0.1 M solution of tetraethyl ammonium tetrafluoroborate the PTPD to salt ratio fixed at either O or 10%, while thg, C
(TEATFB) in dimethyl formamide (DMF) was used as an electro- loading varied from 0 to 50% with respect to PTPD. The T2 devices
lyte for the CV. All the solutions were purged with nitrogen before with 0% and 10% salt are termed as T2A and T2B devices,

measurement. The sweep rate was 50 mV/s, and the concentratiomiespectively.

of the electroactive species was approximately 0.2 mg/mL. The
Ag/AgCI reference electrode was calibrated with respect to the
ferrocene standard~4.8 eV), and the corresponding highest
occupied molecular orbital (HOMO) and lowest unoccupied mo-
lecular orbital (LUMO) levels of the electroactive compounds were
calculated using their CV-obtainegi Red and E;,°* values using
the following empirical relation:

HOMO/LUMO _ __ _ _
E _[ e(Eonset(vsAg/AgCI) Eonset(Fe/Fe\/sAg/AgCI))] XeV

whereX is the ferrocene value of 4.8 €¥.

Photovoltaic devices were fabricated on ITO coated glass slides
(8—12 Q/O0) procured from Aldrich. Diodes were fabricated in a
sandwich configuration, as shown in Figure 1, by spin coating the
photoactive films on top of a cleaned pre-patterned ITO subsfiates.
The thickness of the active layer was around 2500 A. Following
spin coating in air, aluminum (Al) electrodes (approximately 500
A) were thermally evaporated at vacuum greater than 4076

(31) Snaith, H. J.; Zakeeruddin, S. M.; Wang, Q.cRg P. t.; Gratzel, M.
Nano Lett.2006 6, 2000.

(32) Al-lbrahim, M.; Roth, H. K.; Zhokhavets, U.; Gobsch, G.; Sensfuss,
S. Sol. Energy Mater. Sol. Cel2005 85, 13.

Results and Discussion

UV—Vis Absorption Spectra of PTPD/Salt Binary
Mixtures. Figure 2 illustrates the U¥vis absorption spectra
of 5000 A spin-coated films on quartz of PTPD and PTPD/
TMTPD*tSbR~ radical salt binary blends with varying salt
concentrations. The primary absorption of PTPD is centered
352 nm while that of TMTPEF Sbks~ salt is centered around
490 nm and increases progressively with increasing concen-
tration as shown in the inset of Figure 2. The Yus
absorption of an evaporatedd2hin film (20 nm) is also
shown for comparison with two broad absorptions in 345
and 450 nm. The long tail past the 450 nm absorption peak
is due to crystallization induced scattering.

Energy Levels of PTPD and TMTPD*SbF;~ Radical
Salt. The cyclic voltammograms (CV) of PTPD and TMT-
PD* Sbk~ radical salt in DMF are shown in Figure 3. The
voltammogram of PTPD exhibits single oxidation and
reduction peaks with onset corresponding to 0.35-a8d/'5
V with respect to Ag/AgCl reference electrode, respectively.
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<2 iy Salt Concentration (wt% w.r.t PTPD)
£
= 1] I Figure 5. Variation of the short circuit current (open squares, right ordinate)
2 and open circuit voltage (filled squares, left ordinate) of ITO/PFRBIt/
& f““ Al binary blend devices for various salt concentrations in the polymer. (A)
E 0 =] Energy diagrams for these binary blend devices in the absence (B) and
8 e presence (C) of the radical salt.
E 1 % —e—0%Salt |
—o— 2.5% Salt . . .
’5 /‘/' - Stsal blend. The short circuit currentsf) of these binary blend
10% Salt . . . . . .
. S devices increased with increasing salt concentration sug-
04 02 00 02 04 0.6 . . .
Volts (V) gesting the favorable role played by the radical salt. This
Figure 4. J—V characteristics under illumination of the ITO/PTPBalt/ increase inls; can be attributed to (i) increase in hole

Al binary blend devices with varying salt concentrations. The inset shows conductivity of the binary blend matrix, which lowers the
the device configuration used. series resistance for hole transport (evident from the dark

These values correspond to 5.15 and 2.05 eV with respect‘]_v curves shown in Figure S3 of Supporting Information)

to vacuum. The 3.1 eV difference between the oxidation and and (ii) an increase in absorbance due to the addition of the
the reducti.on ons.ets agree nicely with the 400 nm (3.1 eV) radical salt. The comparison between the percent increase
HOMO—LUMO aap. as determined by the onset of I5TPD in the absorption of the PTPD/salt films and that of the short
absorption peakgdleog;icted in Figure 2yAs expected, the CV circuit density as a function of salt concentration is shown
of the TMTPD* SbR~ radical salt, exhibited a lowering in n Flgureo S5 of .the Suppprtmg Information. .

both the oxidation (0.23 V) and reduction2.35 V) peaks e 0% device exhibits /o of 0.7 V which upon

as compared to PTPD. The onsets of these oxidation andc"€asing salt concentration gradually decreases to 0.52 V.

reduction waves correspond to 5.03 and 2.45 eV with respect>UChVoc values are considerably higher than tigexpected
to vacuum with a difference of 2.58 eV, which is in from the metal insulator metal (MIM) model, which for ITO/

agreement with the primary absorption peak (490 nm, 2.53 Al electrpde should be of the order of 0.43‘€/The grad'uallly

eV) of the TMTPD* SbR~ radical salt. decreasmg/oc_tre_nd can rather be explained by taking into
Binary PTPD/Salt Devices.Figure 4 illustrates thd—V account the pinning of holes to the HOM3O of pgly_mer and/

characteristics under illumination of the binary PTPD/salt or the salt and that of electrons to the “Allf this is the

devices as a function of concentration. The corresponding €25€: theVec expected for 0% and 10% salt device should
J-V characteristics under no illumination are shown in P€ 0-85and 0.73 V (difference between HOMO of PTPD

Figure S3 of the Supporting Information. The thicknesses 2nd salt to that of Al) as shown in Figure 5B,C, respectively.

of all devices were around 2500 A. No considerable thickness | 2King into account the series resistance across these single

variation was observed with incorporation of various amounts 2Yer devices, the experimentally observed 0.7 and 0.52 V
of the radical salt. All the devices exhibited a distinct Voc Values for the 0% and 10% salt devices are in close

photovoltaic effect as evident by the nonzero values of 29reement to the theoretically expected 0.85 and 0.73 V

current density and open circuit voltage in the fourth values, resp_ectlvely. In ad_dltlon,_thls m(_)del can also explain
quadrant. the progressive decrease\p. for increasing salt concentra-

The variation of the open circuit voltage and short circuit 10" @s part of the gradual interaction in HOMO values
current of these devices with increasing salt concentrations®€tween the PTPD and salt, for various salt concentrations.
in the polymer is shown in Figure 5A. Figure 5B,C illustrates ~ As expected the fill factors (FF) and the power conversion
the energy levels of PTPD (within curly brackets) and the efficiencies {jg) for these binary blend devices are low with
radical salt (within square brackets) with respect to the Fermi the highest FF of 0.3 and highest of 0.012% obtained
levels of ITO and Al electrodes. The active region of this
device is shaded gray indicating that only the portion adjacent (33) Parker, I. D.J. Appl. Phys1994 75, 1658.
to the Al electrode contributes to photovoltaic current due (34) Brabec, C. J.; Cravino, A.; Meissner, D.; Sariciftci, N. S.; Fromherz,

A . A T.; Rispens, M. T.; Sanchez, L.; Hummelen, JAQv. Funct. Mater.
to limited transport of electrons in the PTPD/salt binary 2001, 11, 374.
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&.; 0.0 that of binary PTPD/salt devices (Figure 5). In all T1 devices,

ﬁ o however, the addition of §gincreased thé&. by 2—3 orders

g of magnitude, which follows the well described behavior of

g-ﬂl conducting polymers/§ blends suggesting the classical case

z 03 D of photoinduced electron transfer. Such increase of photo-
a :g"g;)/ TR .. carrier generation efficiency is well documented for conju-

E0 oy ITO gated polymer/g devices'® This is attributed to the facile

E =+ 10% B exciton dissociation into holes and electrons within the

o 00 01 02 03 04 05 06

respective polymer andggphases. As shown in Figure 2,
Ceo also contributes to the absorption of light along with

Figure 6. Fourth quadrang—V characteristics under illumination of the assisting in charge separation and transport of electrons to
single layer ITO/PTPBsalt—Csy/Al ternary blend devices with varying

salt concentration. The inset shows the device configuration used. the cathode. Moreover,¢gs strong tendency to crystallize
generates a bulk heterostructure geometry throughout these

Volts (V)

o 10 T i v I-O'E 2500 A thick films. The addition of salt increases the
Pt ,;.45::. o _D_Is‘f ?é from 0.22 mA/cni for the 0% salt device to 0.33 mA/ém
g 08,0 S "2 for the 10% salt device due to the increase in p-type
Z 06 | St 06 £ conductivity of the PTPD phase. In addition to this, as shown
.61 ¢ = . . .
2 r— s in Figure 2, it is expected that the presence of the salt
S odl 7./ 04 B increases the absorption of light by the photoactive film
g L g_:J which can glso add to the generated photocurrent. This will
0.20—’;“ Z - o E be the subject of future research.
wn . .
Salt Concentration (wt% w.r.t PTPD) The Vqc in these devices started at 0.34 V for the 0% salt
Figure 7. Variation of the short circuit current (open squares, right ordinate) device and increased with increasing salt concentration before
and open circuit voltage (filled squares, left ordinate) of ITO/PFH3BIt saturating at a value of 0.5 V. While reports have indicated

Ceo/Al ternary blend devices, as a function of salt concentration where the that theV..i tor-d blend devi | di
concentration of g ratio was kept constant at 50 wt % with respect to at theVoc In acceptor-aonor biend devices scales according

PTPD. (T1 blend) Inset illustrates the energy levels in these ternary blend tO the difference of the HOMO of the donor and LUMO of
devices. the acceptor, the upper limit of thé,. is limited by the
difference in the quasi Fermi levels of the donor and the

from 10% salt devices. Thex, though low, increased with ~ @cCeptor* It has been reported that the mobility of
increasing salt concentration from 0.00015% for the 0% salt PTPDF*** and G¢* are approximately 10 and 1 cni/
device to 0.012% for the 10% salt device. The lgm(even (V-s), respectively. Even with an order of magmtude increase
for the 10% salt device) can be attributed to the absence ofin the number of carriers provided by the radical salt, such
efficient exciton dissociation in these single layer devices, large mobility imbalance could lead to localization of the
which is mainly localized in the vicinity of the Al electrode. “active” region of the device close to the ITO electrode.
To further boost the exciton dissociation and electron charge Moreover, inspite of exciton generation and charge separa-
transport, the PTPD/salt binary system was blended with antion, such large imbalance in hole and electron mobility leads
electron acceptor, buckminster fullereng,.CThe perfor- to efficient electron extraction rather than hole extraction in

mance of photovoltaic devices based on these ternary blenddhe device. This is expected to result in the buildup of an
of PTPD, salt, and & were investigated for increasing ©€Xcess density of holes within the device, which shifts the
amount of both salt and ¢ designated as T1 and T2, duasi-Fermilevel of PTPD upward, thereby lowering ¥ae
respectively. XRD studies revealed that in these ternary 10 0-34 V. The addition of the salt improves hole extraction
blends, the @ phase crystallizes while the PTPD/salt phase in the device shifting the quasi Fermi level of the PTPD
remains amorphous (Figure S2 in Supporting Information). downward. This results in an increase in tgof T1 blend
In addition, CV measurements of various mixtures @f C  devices with increasing salt concentration as was observed
and TMTPD* Sbk;~ radical salt in various solvents indicated N Figure 7. . o _
that Gy does not form charge-transfer complexes with the  (b) Variation of Go. To further verify the origin oo in
radical salt. these ternary blend devices the variation ef €@ncentration
Ternary PTPD/Salt/Cq, Blend Devices(a) Variation of was alsc_) exgmined. While the presence of varying amounts
Salt. Figure 6 illustrates thel—V characteristics under 0f Ceo might impact heterostructure morphology, the energy
illumination of the ITO/T1-blend/Al devices for various salt €Vels of PTPD, salt, andgycan to the first approximation
concentrations (T1 types of devices, with the photoactive explain the origin ol in these ternary blend devices. For
layer having Gp at a concentration of 50 wt % with respect : : -
to PTPD along with the salt which was varied from 0 to 10 (35) Brabec, C. IDrganic Photeoltaics Brabec, C., Dyakonov, V., Parisi,

- o J., Sariciftci, N. S., Eds.; Springer-Verlag: Berlin, Germany, 2003.
wt % with respect to PTPD)I—V characteristics under no  (36) Antoniadis, H.; Hsieh, B.; Abkowitz, M. A.; Stolka, Msppl. Phys.

illumination are shown in Figure S4 of rting Informa- Lett. 1993 62, 3167.
.u ‘f"t on are sho gu' e.S of Suppo t g. orma (37) Jacobs, D. B.; Shen, Y.; Malliaras, G. & Photochem. Photobiol., A
tion. Figure 7 shows the variation of short circuit current 2001, 144, 53.
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Figure 9. Variation of the power conversion efficiency of ITO/PTPD
salt/Al binary blend (open squares, left ordinate) and ITO/PFPD
salt=Cgo/Al T1 ternary blend (filled squares, right ordinate) devices
wherein the blend has a concentration ef fixed at 50 wt % with respect
to PTPD.

Figure 8. Variation of the short circuit current (open squares, right ordinate)
and open circuit voltage (filled squares, left ordinate) of ITO/PTPD
salt—-Cgg/Al devices wherein the concentration ofgCin the blend
varied from O to 50 wt % with respect to PTPD. In the T2A ternary
blend devices the salt was fixed at 0 wt % with respect to PTPD, while
the T2B ternary blend has a salt concentration of 10 wt % with respect to

PTPD. . . L . .
conversion efficiency with increasing salt concentration,

this two sets of ternary blends (T2A and T2B) were prepared. confirming the favorable role of salt in improving tpetype
One set (T2A blend) has salt concentration fixed at 0%, and conductivity of the PTPD phase.
other set (T2B blend) has radical salt concentration of 10%

with respect to PTPD polymer. The amount af@ both Conclusions
sets of T2 devices was varied from 0 to 50% by weight with  we have demonstrated that thick (2500 A) hole-transport-
respect to PTPD. Figure 8 shows the variatiovgfand|sc ing layers doped with radical salts can be used in combination

of both sets of devices. The short circuit current increased with a photosensitizer (|e’6@ as an active |ayer in Organic

with increasing concentration ofgonce again confirming  photovoltaic devices. Because of its similar chemical struc-
the classic case of enhancement of charge generation by usingyre to the host polymer, the radical salt helps increase hole
sensitizing agents like &.'® The addition of 10% of radical  conductivity, which in combination with increased absorption
salt further increasetic by approximately half an order of  increased thés. of ITO/PTPD-salt/Al devices. The intro-
magnitude duction of an electron acceptos{dnoiety has led to 23
TheV,c of the T2A ternary blend (0% salt) devices started orders of magnitude higher photocurrents. In the “PTPD/
at 0.7 V (pure PTPD device) and gradually decreased with salt” binary as well as the “PTPD/saly ternary blend
increasing Go concentration to a value of 0.34 V. On the devices, the power conversion efficiencies increased with
basis of the mobility imbalance argument described above, increasing salt concentration. Even though the power conver-
as the concentration ofggincreases, it is expected that the sion efficiency for the 10% salt doped ternary ITO/PTPD
“active” region shifts from the Al (see Figure 5B) to the salt-Cg/Al device was 0.47% (compared t85% of the
ITO side. Moreover, upon increase in the concentration of state of the art organic photovoltaic devic&sguch value
Cso, the electron extraction becomes increasingly efficient is substantial considering that it orginates from a 2500 A
compared to that of hole extraction, leading to a buildup of thick amorphous photoactive layer. A more thorough un-
holes in the device. Such buildup of holes, as described derstanding of the influence that processing conditions
above, shifts the quasi-Fermi level of PTPD upward, which have on the film morphology, along with optimization of
results in a decrease in thig; with increasing concentration  buffer layers on the anode and cathode and dye sen-
of Cso. Upon addition of 10% radical salt, such upward shift sitization of the photoactive layer is expected to further
of the quasi Fermi level of the PTPD/salt phase is halted asimprove device performance and will be reported in future
a result of improved hole extraction because of the presencepublications. The results presented here, even though specific
of salt, resulting in a near constant value of observed to the polymer investigated, are expected to be easily
(~0.54 V) in these devices. More studies are underway to extensible to other traditional-conjugated polymer systems
guantify the origin ofV in these ternary blend devices as (i.e., polythiophenes) given adequate effort is exerted to
well morphological difference implications on the perfor- properly band-engineer the salt with respect to the host

mance of these ternary blend devices. polymer and Go.
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