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Model of Charge Carriers Thermalization in
Organic Semiconductors

YURIY BARABASH?, MICHAIL ZABOLOTHY?® and
NICOLAY SOKOLOV*®

4Inst. of Physics NAS Ukraine, 03650 Kiev-39, Prospekt Nauky 46, Ukraine,
b7. Shevchenko University, Vladimirskay 64, 01033, Kiev-33, Ukraine; and
CUKMA University, 04070, Kiev-70, Scovoroda 2, Ukraine

The study of the process of electric charge carrier thermalization in molecular semiconduc-
tors is presented. For the strong interaction of the photogeneration center with its neighbors
the direction of the initial velocity of the charge carrier is independent on the incident light
parameters. In the case of weak interaction the initial velocity of the charge carrier is almost
perpendicular to the direction of light propagation. The thermalization process is described
by Langivin equations. The strength of the photogeneration center interaction with neighbors
determines the thermalization length dependence on the ambient temperature and the fre-
quency of the incident light beam. Comparisons with experimental results are presented.

Kevwords: Electric; charge; carrier; thermalization; photogeneration; Langivin equations
The process of the electric charge carriers photogeneration in molecular
semiconductors has been investigated "% and it was found that this

process was multi - stage. Two principal stages can be described. The
first is the creation of the geminate electron-hole pairs bound by Cou-
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lomb field under the influence of the light quantum. The duration of this
stage depends on the electron transition rate and usually lies in the
range of 10"2-101% s, During this time the neutral exiton states are
formed and due to the autoionization turn into the pair ion - «hot»
(nonequilibrium) charge carrier, that gives away its surplus energy in
the process of inelastic collisions with other atoms and moves to the
thermalization length ry for the thermalization time t1. The thermaliza-
tion process is said to be completed when the surplus energy of non-
equilibrium charge carrier has decreased to the magnitude AW when the
carrier’s collision with its neighbors becomes elastic. The experimental
investigation of the thermalization process !'**) has shown that the ther-
malization length depends on the incident light frequency (v), electric
field strength (E) and molecular semiconductor temperature (T). The
typical dependence are shown on Fig.1. The set of the models have been
proposed ("% for the theoretical description of the thermalization proc-
ess. The common shortcoming of these models is the necessity to make
the additional assumptions about the behaviour of the model parameters
in order to explain the experimental results. The variety of the ap-
proaches is caused by the lack of information on the processes deter-
mining the formation and kinetics of exciton state. In particular, the di-
rection of the nonequilibrium charge carrier emission relative to the
light quantum momentum has not been not clearly determined. If no
significant change of its momentum during the lifetime of an exciton
state occurs due to interactions with surroundings, the charge carriers
will be emitted perpendicularly to the direction of the incident light
quantum. Otherwise the charge carrier velocity direction is not corre-
lated with the direction of the momentum of light quantum. The sug-
gested model allows to answer this question using experimentally ob-
tained dependence r{E).The model of the nonequilibrium charge carri-
ers thermalization is based on the following assumptions: 1) the center
of photoluminescence are mutually independent; 2) nonequilibrium
charge carrier can be considered as a particle being in thermal equilib-
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rium with its surrounding; 3) the motion of the nonequilibrium charge
carrier is determined by the external electric field, the velocity of the
nonequilibrium electric charge produced in the decay of exciton state
and the nonequilibrium charge carrier interaction with the medium.
Coulomb interaction of geminal couple produced in the decay of exci-
ton state can be neglected. It is most significant when the distance be-
tween the geminal charges is small, i.e. when the velocity of nonequilib-
rium charge carrier is large. It is assumed that interaction with the me-
dium and inertia dominate for large nonequilibrium charge carrier ve-
locities. Taking into account the above assumptions and choosing OX
axis along E the following equations can be obtained:

F (l)

"’V"” 0= 50 )

where V; (i=x,y,z) is the component of the nonequilibrium charge car-
rier velocity, y - the friction coefficient, m and e — the mass and the
charge of the charge carrier, FLi is the Langivin force component,
which can be assumed to be 8-correlated:

< Fl =0

< F} (L) F} (t2) >=Ds(t)-t)5;. @)

where D is the intensity of Langivin source (here <> denotes ensemble
averaging). Initial conditions are:

Vi Vi@ V2O=20v-4), )

where A is the energy needed to create an exciton state, h is the Planck
constant. The solution of this problem is:
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The expressions (4) may be considered in two cases:

, m

Vi(O) hV_A<<1, (5)
’ m

Vl-(O) hv—Azl' (6)

Condition (5) corresponds to Ap/p<<1, while (6) corresponds to the
violation of this, Ap=p-p.; p(D.)- the impuise of the photon (noneqvilib-
rium charge carrier), it can be shown that for (5):
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In the case (6) one has:
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Conditions ebry << | and K,T <<1 are used in the derivation of
hv- A hv-A

(5) through.
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Results (7),(8) Obtained with the theoretical model and corre-
sponding experimental data for polyvincarbazole (PVC) P! are pre-
sented in Figurel. Similar experimental dependencies have been oslo
reported for other materials '),
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FIGURE 1. The experimental dependence of
r,(E) = /< r}(E) > by light frequency. hv=2,5 eV (1), 2,6 eV (2),
2,8 eV (3). The (4), (5), (6) is the theoretical dependence (with (7))

It is clear that the results of experiments with pentacere and agree
with (7). This points to the realization of the condition Ap/p<<l by
thermalization of electric charge carriers in. The results of experiments
with PCV on the other hand obey expression (8). This is possible when
Ap/p~1, in the case of large change of momentum of exciton state dur-
ing its lifetime.

A model of the electric charge carriers thermalization of is pro-
posed to explain the thermalization process during the decay in the ex-
ternal electric field of an exciton state, produced by light absorbtion in
media with low charge mobility level. The model explains without in-
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troduction of extra model parameters temperature, field and energy de-
pendence of the thermalization length. Character of the temperature de-
pendence of the thermalization length depends significantly on the in-
teraction of an exciton state with neighbors. In case of weak interaction
when momentum exchange between neighbors is insignificant, rr de-
creases with the medium temperature linearly or almost linearly. When
momentum exchange is strong (i.e. when there is no correlation be-
tween the momentum direction in the beginning and in the end of its
lifetime) rr only weakly depends on temperature. The specific shape of
the dependence is determined by the details of the excess energy return
by nonequilibrium charge carriers to the surroundings. Thermalization
length of the photogenerated charge carriers in case of weak interaction
of exciton states with neighbors increases faster with the electric field
than for strong interaction. Increase in energy of the light quanta, creat-
ing the exciton states in molecular semiconductors leads to the increase
in the thermalization length. In case of weak interaction this is increase
is logarithmic, while for strong interaction it is linear.
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