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ROLE OF GEMINATE RECOMBINATION IN PHOTOVOLTAIC SPECTRAL
RESPONSES OF POLYACETYLENE JUNCTIONS

F. GALLUZZI and M. SCHWARZ
Laboratori ASSORENI, c¢.p.15, 00015 Monterotondo (Rome)
Italy.

Abstract Photoresponses of Schottky-type polyacetylene
junctions are measured and compared with a theoretical
model. Evidences for the importance of geminate recombina-
tion of photogenerated pairs are presented.

INTRODUCTION

Photovoltaic properties of trans-polyacetylene (PA) have
recently been the subject of many investigations1 but several
problems on the mechanisms of charge generation and transport
still remain unsolved. In order to elucidate these aspects we
undertaken an experimental study of spectral responses of
Schottky and liquid PA junctions and elaborated a model able to

describe experimental results.

EXPERIMENTAL RESULTS

Solid-state metal-semiconductor Jjunctions were prepared
synthetizing Shirakawa-type PA films on aluminum coated
(50-100 A thickness) glass substrates, while for liquid junc-
tions Shirakawa-type free-standing PA films were used, dipped in
de-oxygenated aqueous solutions with acetate buffer at pH 4-6.
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Spectral responses of these junctions showed some dependen—
ce on sample morphology and history - in particular on polymer
stretching - but essentially exhibited the same shape: the
photoelectric signal is very small in the near infrared region
(above 850 nm) and increases monotonously at shorter wavelengths
up to 400 nm, showing no correlation with the absorption spec-

1
trum, peaked at about 600 nm.

A MODEL FOR SPECTRAL RESPONSE

In a semiconducting material the photocurrent quantum yield

2
of a Schottky-like junction can be simply written
$lw) = fdx Gle, ¥ (@, %) N () (1)
gen col

where G{ (L, x)=0((60)exp[- D((Co)x] is the e-h pairs photo-
generation rate at the energy fiw ; qgen(a), Xx) is the '"free"
carrier generation efficiency and q col(x) is the "free" carrier
collection efficiency.
Only considering drift transport in the electric field region
near the junction, tie collection efficiercy is

"

(x) = exp (-x/L_ ) (0€a€W) (2)
col dr

where W is the depth of the field region and Ldr is the drift
lengthz. For the free carrier generation efficiency, on the
other hand, we can neglect the dependence on position (x) and
take into account two competitive processes: geminate recom-
bination of photogenerated e-h pairs during relaxation, and e-h

. . - . . 3
pair dissociation after relaxation. More precisely, we assume

qgen - Kdis/(Krec * Kdis) (3)
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where K is the probability per unit time of geminate recombi-
rec

nation and

2]
- - KT 4
Kais = Kais XL By /KD (4)

is the probability per unit time of e-h dissociation, which

follows an Arrhenius law with a dissociation energy barrier

Ed‘ . At a first approximation, the dissociation barrier can be
is
related to the relaxation time of excited e-h pairs trel by an
equation
ik
E oC
dis ?r‘el (5)

where ﬂ, is a proper exponent depending on the kind of relative
motion of electron and hole (for instance f% = 1 for classical
drift motion and /5 =1/2 for diffusion transport). On the other
hand the relaxation time depends upon photon energy3, being
proportional to the excess kinetic energy of the photogenerated
e~h pair.

For the dissociation probability we can write therefore:

° -A
Kdis = Kdis exp [-Z(U)-C%) 1 (6)

where Z is a parameter and 'hOOo is a characteristic threshold
related to the energy of relaxed dissociated pairs3. This appro-
ximate expression arises from a classical and oversimplified
treatment of e-h dynamics and has to be considered therefore
only a semiquantitative result, which, however, can be convenien-
tly used for our purposes.

Inserting eqs. (2}, (3}, (6) in eq. (1} we obtain a simple
explicit relationship for photocurrent quantum yield vs photon

energy .
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COMPARISON WITH EXPERIMENTAL DATA

In order to elucidate the relative role of "free" carrier
collection and 'free" carrier generation in PA, we consider the
theoretical model in two limiting cases.

Firstly, assuming a neglegible small geminate recombination
rate and using PA absorption coefficients, we calculate spectral
responses for Krec=0 and for different values of Ldr' Resulting
shapes reflect the absorption spectrum and do not show any
agreement with experimental data.

Then we neglect losses in charge collection, assuming Ld;*
O, and consider spectral response shapes for a photogeneration-
limited process, With this approximation, we observe a satisfac-
tory agreement between our experimental data (between 400 and
800 nm) and the proposed model, obtaining reasonable values for
free parameters (b= 1, Ko, = .95 ev, Krec> Kdis) and confirming

the importance of geminate recombination in PA.
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