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Abstract Photovoltaic double layer cells of phorphyrinic and aro-
matic tetracarboxylic acid diimid compounds are presented. The photo-
voltaic characteristics photovoltage, short circuit current and effi-
ciency are reported. In addition the physical characteristics of two
model compounds of each class of substances are reported.

INTRODUCTION

Photovoltaic cells based on thin films of molecular or polymer organic sem-
iconductors absorbing visible light are described mainly as being of
Schottky-type or p/n-type 176, Few informations are available on internal
field type and "proton pump” cells 4. At present, by irradiation with white
light highest overall efficiencies of ~0.4 - 0.9 % were obtained with
organic double layer cells of the p/n type 6. The organic materials should
show p- or n-type behaviour to construct a junction with a built in field.
Irradiation of p/n double layer cells is mostly performed through a trans-
parent (e.g. ITO) electrode. Two colored compounds can be tailored with
respect to a broader visible light absorption and a wide range of positions
of Fermi levels/work functions. For p/n double layer cells very often
phthalocyanines were used as p-conductors and perylene-3,4,9,10-tetra-
carboxylic acid diimide derivatives as n-conductors 6-10  Thin films on
ITO with Au or Ag as back side contact were prepared. Both organic materials
exhibit the advantage of excellent stability in air and in addition rigid
planarity for possible face to face arrangement resulting in a favourable

transport of charge carriers or excitons.
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EXPERIMENTAL

The aim of the present work is to compare photovoltaic characteristics of
the metal-free p-conductors 5,10,15,20~21H,23H-tetraphenylporphyrin
(H,Tpp), tetrabenzoporphyrin (29H,31H-tetrabenzo[2,3-b:2',3'~-g:2",3"-
1:2'",3'"~q]porphyrazine) (H,Tbp), 29H, 31H-phthalocyanine (H,PC), na-
phthalocyanine {29H, 31H-tetranaphtho-({2,3-b:2',3'~g:2",3"1:2'",3'"q]
porphyrazine) (H,NC) and the n-conductors bisbenzimidazo[2,1-bjl',2'~]j]
benzo(lmn] (3, 8]phenantrolin-6,9-dione (2-NP), Bisbenzimidazo{2,1-bjl’,
2'-ijbenzo{lmn] [3, 8]phenantrolin-8,17-dione (E-NP), Peryleno[3'',4'':
3,4,539'",10":3',4',5"')dipyridino [1,2-a:1', 2'-a]biébenzimidazol-10,
21-dione (I-PP) and N,N'-Dimethyl-3,4:9,10~perylenbis (carboximid)
(M-PP)., In addition we present in detail the physical characteristics of
model compounds for the two types of semiconductors; i.e. 2ZnPC and M-PP .
Devices containing thin films of these organic compounds were prepared by
vapor deposition. All measurements were conducted in air,

RESULTS

Bhotovoltaics of p/n cells

TABLE 1 contains characteristic data of double layer cells under illumina-
tion. Dark-current/voltage and photocurrent/voltage characteristics of a
typical cell are shown in fig.l, a photocurrent spectrum in fig. 2. All
measurements were carried out under white light illumination (100 mW/cm2)
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FIGURE 1 U/I curve of a p/n cell FIGURE 2 Photo current spectrum
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through the ITO side. To measure the photocurrent spectrum interference
filters were used. The power conversion efficiencies M were calculated ac-
cording to M= Ig-*Vy-* FF/ ¢ with Ig-being the short circuit current, Ve
the open circuit voltage, FF the £ill factor and ¢ the intensity of incident
light (not of absorbed light!). The sign of the voltage is given with re-
spect to the Au electrode. The rectification effect agrees with the direc-
tion of the p/n junction, but is very poor. Upon illumination the porphy-
rins showed positive and the aromatic tetracarboxylic acid diimides nega-
tive photovoltages. In the arrangement ITO/aromatic diimides/porphy-
rins/Au, electrons flow to the ITO side and holes to the Au side, whereas in
the configuration ITO/porphyrins/aromatic diimides/Au the situation is
reversed. Therefore the photo characteristics seem to be determined in all
cases mainly by the contact between the two organic phases. The behaviour
of the porphyrinic compounds corresponds to p-type and that of the aromatic
diimides to n-type conductance.

No Cell confiquration Voc Tse n
(mv) (uA/cm?) (1072 3)
1 ITO / E-NP / H,Tpp / Au 760 -159 2,1
2 ITO / Z-NP / H,Tpp / Au 580 -129 1,6
3 ITO / I-PP / HyTpp / Au 109 -2,87 0,008
4 ITO / M-PP / H,Tpp / Au 490 =207 1,9
5 ITO / E-NP / H,Tbp / Au 450 -150 1,7
6 ITO / Z-NP / H,Tbp / Au 200 =50 0,18
7 ITO / I-PP / H,yTbp / Au 145 -96,7 0,35
8 ITO / M~-PP / H,Tbp / Au 103 ~-2567 7
9 ITO / E-NP / H,PC / Au 500 -225 2,2
10 ITO / Z-NP / H,PC / Au 340 -30 0,21
11 ITO / I-PP / H,PC / Au 226 -240 1,5
12 ITO / M-PP / H,PC / Au 400 -2867 28
13 ITO / E-NP / H,NC / Au 280 -65 0,43
14 ITO / Z-NP / H,NC / Au 300 -48 0,29
15 ITO / I-PP / H,NC / Au 54 -35,7 0,05
16 ITO / M-PP / H,NC / Au 280 =217 2,3
a) Voc: open circuit voltage, Ige: short circuit current, m : efficiency

TABLE 1. Cell performances for illumination through the ITO side
(100 mW/cm?) . Voltages referring to the Au electrode.
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Pl Juctivi f the single 1

Careful investigation of the single components of the presented double
layer cells is important to connect the photovoltaic behaviour of the dou-
ble layer cells with the physical properties of the single materials used.
As examples for the variety of effects we present here only some results
obtained for our reference materials ZnPC and M-PP.

We found an ohmic current/voltage behaviour for the cell configura-
tions Au/ZnPC/Au and Al/M-PP/Al. For ZnPC this is shown in the dark and un-
der illumination in fig. 3. The photoconductivity is evident. For small
electric fields the curves show a clear ohmic behaviour (slope =1 in the
log-log-plot). For fields higher than about 10%v/cm, spéce—charge~limit~
ed-currents (SCLC) are observed. The SCLC-behaviour seen clearly in the
log-log plot of the dark curves (shown in fig. 4 for M-PP) points to the
mainly insulating character of both materials (O;,pc = 10710 (Qem) 7
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derstanding of the energies
obtained from the illumination experiment is more complicated. If the en-
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FIGURE 5 Temperature dependent trons
conductivity of Au/znPC/Au - The value represents a donor type

level near the HOMO level of the PC-molecule. Under illumination electrons
are excited from the donor type level to the LUMO level. The corresponding
holes are than trapped in these levels and excited thermally into the HOMO
level.

The mechanism of charge carrier production in ohmic cells is further
investigated by determining the spectral dependence of the photoconduc-
tivity. Current data were taken by appliing voltages of opposite signs and
illuminating through both, the top and the bottom electrode {(fig.7). The
photon flux was kept to about 1.5%1014 cm2*s7! for all wavelengths. The
photo conductivity spectrum obtained at +1 V applied to the bottom contact
corresponds to the absorption spectrum of a phthalocyanine film. However,
under illumination through the top electrode it resembles a partly invert-
ed spectrum. From this we conclude that the charge carriers are produced

mainly near the bottom (the L e —

glass substrate) electrode.
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FIGURE 6 Temperature dependent conduc-
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If a negative voltage is
applied to the region of charge carrier producton (the bottom electrode),
photo produced electrons are pushed into the ZnPC-film. But electrons do
not increase the conductivity of the p-type material. Therefore the dif-
ferences between the illumination directions disappear. Both action spec-
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FIGURE 7  Absorption (right scale) and photocurrent spectra
of Au/ZnPC/Au. a: illuminated through the glas electrode;
b: illuminated through the top electrode
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