
51© 1999, Institute of Semiconductor Physics, National Academy of Sciences of Ukraine

Semiconductor  Physics, Quantum  Electronics & Optoelectronics. 1999. V. 2, N 4. P. 51-54.

1. Introduction

The process of the electric charge carriers photogeneration in
molecular semiconductors has been investigated [1,2], and it
was found that this process was multi-stage. Two principal
stages can be described. The first is the creation of the gemi-
nate electron-hole pairs bound by Coulomb 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 (10-12-10-10) s. During this time the neutral
exciton states are formed and due to the autoionization  turn
into the pair ion - «hot» (nonequilibrum) charge carrier, which
gives away its surplus energy in the process of unelastic
collisions with other atoms and moves for the thermalization
time tT to the thermalization length rT. The thermalization
process is said to be completed when the surplus energy of
nonequilibrum charge carrier has decreased to the magni-
tude ∆W when the carrier collision with its neighbours be-
comes elastic.

The experimental investigation of the thermalization proc-
ess [1,2] has shown that the thermalization length depends
on the incident light frequency (ν), electric field strength (E)
and the molecular semiconductor temperature (T). The typi-
cal dependences are shown in Fig. 1. A set of the models
have been proposed [1-2] for the theoretical description of
the thermalization process. The common shortcoming of
these models is the necessity to make the additional as-
sumptions about the behaviour of the model parameters in
order to explain the experimental results. The variety of the
approaches is caused by the lack of information on the proc-

esses determining the formation and kinetics of an exciton
state. In particular, the direction of the nonequilibrium charge
carrier emission relatively to the light quantum momentum
has not been clearly determined. If during the lifetime of an
exciton state no significant change of its momentum occurs
due to interactions with surroundings, the charge carriers
will be emitted perpendicularly to the direction of the inci-
dent light quantum. Otherwise the direction of velocity of a
charge carrier is not correlated with the direction of the mo-
mentum of light quantum. The suggested model allows to
answer the question using experimentally obtained depend-
ence rT(E).

The model of thermalization of nonequilibrium charge
carriers is based on the following assumptions: 1) centres
of photoluminescence are mutually independent; 2) a non-
equilibrium charge carrier can be considered as a particle in
thermal equilibrium with the surrounding; 3) the motion of
the nonequlibrium charge carrier is determined by external
electric field, the velocity of the nonequilibrium electric charge
produced in the decay of exciton state and interaction of the
nonequlibrium charge carrier with the medium. Coulomb in-
teraction of geminal couple produced in the decay of exciton
state is negligible. It is a most significant that the distance
between the geminal charges would be small, i.e. when the
velocity of the nonequilibrium charge carrier is large. It is
assumed that interaction with the medium and inertia domi-
nate for large nonequilibrium charge carrier velocities.

Taking into account the above assumptions and choos-
ing OX axis along E the following equations can be obtained:
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where Vi (i = x, y, z) is a component of the velocity of
nonequlibrium charge carrier, γ  is a friction constant , m(e)
is mass (charge) of the charge carrier, FL is a component of
the Langivin force, which can be assumed as δ-correlated:

< Fl
i (t)> = 0,

< Fl
i(L1) Fl

j(t2) > = Dδ(t1-t2)δij ,  (2)

where D is the intensity of Langivin source (here < > de-
notes ensemble averaging). Initial conditions are taken as:
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where A is the energy needed to create an exciton state. The
solution of the problem is:
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From expressions (2), (3) it follows that
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The mean energy of a charge carrier in limit t→∞ must equal
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Comparing equations (5) and (6) one can found that

D=2mγKB T.    (7)

Therefore
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As was defined above, the thermalization process is com-
pleted when
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Comparison of (8) and (9) leads to the equation for tT :

TBT

TT

T

te
m

TKte
m
eE

xV

te
m
eEteiV

te
m
eE

xV
m
eE

m
eE

m
W

γγ
γ

γ
γ

γ

γ
γγγ

232)0(

22)(2)0(2

))0((22)(2

−−−−

−−+−+

+−−+=∆

     (10)

by use the expression
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it follows that
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The expressions (10) and (13) may be considered in two
cases
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Condition (14) corresponds to ∆p/p << 1, while (15) corre-
sponds to the violation of this, ∆p = p(photon)-p(charge
carrier).

It can be shown that for (14)
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In the case of (15) one has
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Conditions 1<<
− Ah

eErT
ν

, 1<<
− Ah
TKB

ν
  are used in the deri-

vation of (16) through (19).
The results of the numerical analysis of expressions (17),

(19) are presented in Fig. 1. It is clear that the results of
experiments with pentacene agree with (17). This points to
the realization of the condition ∆p/p << 1 by thermalization
of electric charge carriers. The results of experiments with
PCV, on the other hand obey expression (19). It is possible
when ∆p/p ~ 1, in the case of large change of momentum of
exciton during its lifetime. (Tab.1)

Conclusions

A model of the thermalization of electric charge carriers is
proposed to explain the thermalization process during the
decay in the external electric field of an exciton state, pro-
duced by light absorption in media with low charge mobility

Fig.1. The experimental dependence of ( )><>=< ErEr TT
2

for different quantum energies, hν : 2,5 (1), 2,6 (2), 2,8 eV (3).
Curves (4), (5) and (6) are the theoretical dependences (in accord-
ance with (17)).
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Table1. The quantum yields of charge generation in photosensitive carbazol-containing materials.

FP Sensibili Quan Sdv/v=0.2 m2/Dg  Absorption, % Change of η  with Еа , eV
zator tity λ decrease from

700 to 550 nm

mas.% λ=700nm λ=550 nm λ=700 nm λ=550 nm 700
550

:
700

550
absorp
absorp

S
S

PVC TNF 3.0 0.16 3.0 20   60 !6 one 2.05
Id=7,6      TENF 5.0 1.2 8.0 40 75 !3,4 one 2.35
eV TNFDCM 3.0  3.0  6.0 60   85 !1,5 one 2.60
PEPC TNF 3.0 0.15 5.0 10 70 5.2  one 2.05

TENF 5.0 1.3 7.0 46 78 3.4  one 2.35
Id=7,6 Ud-DDFC 4.0 3.0 8.0 55 70 2.1 one 2.45
 eV TENFDCM 3.0      3.5              7.0 60  80 1.6  one 2.6

TCXDN 1.0 1.0 1.2 65 85 1 one 2.7
PAGE   TNF 4.3 0.4 5.0 10 75 2 one 2.05
 TENF 4 1.0  5.2 60 80 4 one 2.35
Id=7,4 TNFDCM 3.6 2.0 2.0 70 75 1 one 2.60
 eV TCXDN 1.0 0.8 0.8 50 70 0.9 one 2.70
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level. The model explains without introduction of extra model
parameters temperature, field and energy dependence of the
thermalization length. The character of the temperature de-
pendence of the thermalization length depends significantly
on the interaction of an exciton state with neighbours. In the
case of weak interaction when momentum exchange between
neighbours is insignificant, rT decreases with the medium
temperature linearly or almost linearly. When momentum ex-
change is strong (i.e. when there is no correlation between
the momentum direction in the beginning and in the end of
its lifetime) rT only weakly depends on temperature. The
specific shape of the dependence is determined by the de-
tails of the excess energy return by nonequilibrium charge
carriers to the surroundings. Thermalization length of the
photogenerated charge carriers in the case of weak interac-
tion of exciton states with neighbours increases faster with

the electric field than for strong interaction. Increase in ener-
gy of the light quanta, creating the exciton states in molecu-
lar semiconductors leads to the increase in the thermalization
length. In the case of weak interaction this increase is loga-
rithmic, while for strong interaction it is linear.

It is our pleasure to thank Prof. E.L.Frankevich  for dis-
cussion of the presented results.
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