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Enhanced Quantum Efficiencies and Short-Circuit 9
Photocurrents in Solid Porphyrin Thin Film Cells by
Internal Electric Fields
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We describe here dramatic increases in the observed photo- ! £-°
currents in cells composed of a thin1—2 um) solid film of 0 0
zinc octakis@-decoxyethyl)porphyrin (ZnODEP) sandwiched ° s me® Tirf:, s oo% s w

betvlve_en wo Fl)'e(t:e.s ?f Ilcri]dtlu .tm OX'dF (IT%)-Cgatggggi sds by Figure 1. Comparison of quantum efficiency (left scale) and short-circuit
applying an €lectric neld to (ie., po mg). e Zn during photocurrent (right scale) as a function of time for an ITO/ZnODEP/
cell preparation from the molten material. Photovoltaic cells |1q gy mmetrical sandwich cell (9 nand 1.5um thick) prepared with

composed of organic molecular crystals, such as porphyrins, onq yithout an electric field (2000 V/cm). Calculated quantum efficiency
phthalocyanines, and dye molecules, generally show tet24) based on incident light intensity, 4:8V/cie.

guantum efficiencies®, electrons per incident photon) even
though these materials have high optical absorption coefficients Table 1. Quantum Efficiencies of Short-Circuit Photocurrent from
(a= 10°).1 This low efficiency, compared to cells of inorganic  1TO/ZnODEP/ITO Cell3

materials, can be traced to inefficient dissociation of photo- ® (%)
generated excitons into electron/hole pairs and to the lower

mobility of the carriers. We have found, however, that an internal _Cell___thicknessqm) _ area(crf)  fieldoff  field on
electric field can be produced within the organic crystal film by 1 1.5+0.1 0.09 0.69 8.4
solidifying it from the molten state in the presence of an applied 2 1.9+0.2 0.14 0.56 6.3
electric field thus freezing-in trapped space charges or ions and 3 2.4+03 0.36 0.45 4.1

aligning polar molecules and that this field promotes charge  acells were prepared with and without an electric field2000

separation and transport. The short-circuit photocurightith V/cm) under irradiation at 400 nm (4&W/cr?).

poled samples was increased by order of magnitude and®

values of up to 8.4% were attained. , , irradiation and no current was seen in the dark state when the
Photovoltaic cells of ITO/ZnODEP/ITO were first described  |ignt was chopped. Cells of different thickness showed similar

by Gregg et af.and are prepared in an oven by capillary filling enhancements i upon poling as shown in Table 1. As seen

of ZnODEP in its molten state into the empty ITO cells separated i previous studie? ® increased with decreasing cell thickness.

by about 1.52.5 um followed by a slow cooling to room  pany heating and cooling cycles with a number of different cells

temperature. Detailed procedures for the cell fabrication were following the same procedure have further confirmed tbat

reported previously® The steady-staté;. observed with Zn- increased by~1 order of magnitude with an electric field of
ODEP cells occurs by the preferential photoinjection of electrons 2000 v/cm. ® might be expected to increase even more with
at the illuminated interface into the ITO.The measured> for a larger field. However, the cells often became shorted under a
the cells produced in this study by this procedure was-0.3% larger bias. These shorted cells looked the same as unshorted
under 400 nm irradiation with an intensity of aboutaphoton  gnes under an optical microscope and could be repaired in many

cr_rr2 s1, close to values obtained previously with porphyrins  ¢5ses by heating again to their molten states in the absence of a
with shorter hydrocarbon chaifs.When a bias voltage was  field. Cells could be repaired a number of times after shorting
applied between the two ITO electrodes during the cell prepara- yithout apparent damage. This suggests that the shorts occurred
tion, the @ of I increased substantialfy. Since cells with only at isolated points probably caused by impurities or dust rather
different organic layer thicknesses produced different photocurrent {4, by breakdown of the ZnODEP, leading to chemical change
Ievels,_ the same cell was used in comparativ_e measurements withynd irreversible damage.
ar_1d without pollng._ For _example, a 1y th!Ck c_ell_prepared The observed effect of the electric field can be attributed to
without an electric field yielded afb of 0.7% (irradiation at 400 geyerg| factors. Impurity ions, almost inevitably present in these
nm at an intensity of 4. @W/c¥). However, when this cellwas  aterials, could be displaced within the organic layer in the
reheated to its molten state and h.EId at 16dor al_aoqt 20 min presence of the applied bias, causing the buildup of an internal
under a bias of 0.3 V, corresponding to an electric field of about g|epric field which would increase the probability of light-induced
2000 V/em, itsd increased 12 times and reached 8.4% measured parge separation and charge movement. Polar molecules could
under identical conditions (Figure 1). In these measurements, 55, he oriented by the applied field and contribute to an internal
the cell was short-circuited in the dark for 30 s before the .o ZnODEPisa symmetric molecule without a dipole moment
(1) Forrest, S. RChem. Re. 1997 97, 1793 and references therein. and thus its orientation and crystal growth should not be affected
(2) Gregg, B. A.; Fox, M. A.; Bard, A. 3. Phys. Chenml99Q 94, 1586. by the field. In fact, no morphological difference was seen under

199()%) ;31,7%.:;;; Pan, H.-L.; Tang, H.; Fox, M. A.; Bard, A. J. Phys. Chem. a1 gptical microscope between cells prepared with and without
(4) Some preliminary experiments of this type were performed, but the a@n electric field. However, dipoles of impurity molecules could
large enhancements shown here were not found. Gregg, B. A. Ph.D.
Dissertation, University of Texas, 1988; p 181. (5) Liu, C.-Y.; Bard, A. J.Chem. Mater1998 10, 840.
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150 The I in a poled cell slowly decayed with time (Figure 1).
The decay increased under continuous irradiation with white light
at higher intensity, e.g., with the light adjusted to produce an initial
Isc value that was> 1 order of magnitude larger than that in Figure
1. Figure 2 shows this decay over a 27 h peridg, decayed
relatively quickly during the first hour and attained a near steady-
state value close to that of the unpoled cell after about 27 h. The
total charge in excess of that in an unpoled cell was determined
by integration oflsc with time, taking the steady state as a baseline
ard to yield a total excess charge of 7x610°* C. This is well in
i excess of that obtainable with the bias if the field induced simple
30 charging of the ITO/ZnODEP/ITO cell like a conventional
capacitor which then discharged with irradiation at short-circuit
condition. A total chargeQ, of 7.6 x 10~* C would require a
°; s 20 o ” = p bias voltage,V, of 4.7 x 10 V/cm for charge storage in a
Time, min capacitor ¥ = Qd/ee,, whered is the cell thickness, andis the
dielectric constant, taken as 2 for ZnODEP). One can account
for the decay ofls. with continuous irradiation by the gradual
neutralization of the internal field by trapped charges or relaxation
of oriented dipoles. Obviously, the excess current on poling was
not just the cancellation of an internal field established during
the sample preparation but rather it resulted from the internal field

was determined by the polarity of the bias voltage applied to the aSS|st|ngh charglge gen;rat;or_] a_nd separation in %W?y similar to
ITO/ZnODEP/ITO cell during preparation; electrons moved from space charge ayer. etiects in morga_nlc_semlcon l_JC ors.

the irradiated ITO into the organic layer with cells prepared with ~ 1h€ apparent buildup of an electric field by poling produces
a positive bias applied to the irradiated ITO electrode and from Symmetric sandwich cells of ITO/ZnODEP/ITO which show
the ZnODEP to the irradiated ITO for cells prepared under a duantum efficiencies among the highest of those reported for
negative bias. This contrasts with the behavior of cells prepared 0'9anic-based (nonsensitized) photovoltaic cells. Such an internal
without a biad® where photogenerated electrons always moved electric _fleld—lnduced am_pllflcat_lon may have a great impact in
from organic layer into the illuminated ITO electrode. This the design of.optoelectrlc devices based on organic materials.
direction dependence df. on the applied bias provides strong Fur_th(_er experiments are under way _to explore t_hls effect and
experimental evidence for the existence of an internal electric °Ptimize the cell performance. These include studies of the effect
field or internal polarization. Indeed, the observed effect is similar ©f high purification of the organic material and doping with ionic
to those when the electric field is applied to polymers at high SP€cI€s.

temperature to generate electf@sto produce persistent internal

Depolarization Current,nA

Figure 2. Photocurrent as a function of time for an ITO/ZnODEP/ITO
cell (9 mn? and 1.5um thick) prepared with an electric field~@000
V/em). The continuous photocurrent curve is plotted in sections represent-
ing the first, second, third, etc. hours of operation.

form an internal electric field after poling. The direction Igf
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