Vol. 87 (1995) ACTA PHYSICA POLONICA A No. 4-5

Proceedings of the IV International Seminar on Organic Materials for Molecular Electronics,
Zajaczkowo 1994

NUMERICAL ANALYSIS
OF PHOTOENHANCED ELECTRIC CURRENTS
IN MOLECULAR MATERIALS

G. Jarosz, R. SIGNERSKI AND J. GODLEWSKI

Department of Molecular Physics, Technical University of Gdansk
Narutowicza 11/12, 80-952 Gdansk, Poland

This paper presents numerical calculations of photoenhanced current-
-applied voltage and photoenhanced current-light intensity characteristics
with regard to the exciton diffusion length, lifetime of excitons and rate of
exciton surface quenching. Dependencies of this type cannot be obtained an-
alytically. It is shown that the increase in diffusion length causes the decrease
in current in the case of strong surface quenching of excitons. Simultaneously,
it is shown that the quality of crystals influences the photoenhanced current.
A better quality of crystals causes the increase in the current in the case of
weak surface quenching of excitons.

PACS numbers: 72.40.4+w

1. Introduction

The photoenhanced current is observed in the space-charge-limited regime
due to an optical release of carriers from crystal traps. We consider the photoen-
hanced current caused by mobile excitons (Frenkel type).

Analytical expressions describing this current can be obtained if:

(i) the optical charge carriers detrapping dominates over the thermal one [1, 2],

(ii) there exists the uniform spatial distribution of excitation or the exponential
one [1, 2, 3]. ’

Usually, the spatial distribution of excitons differs from the exponential one.
The exciton concentration depends on the exciton diffusion length, lifetime of
excitons and their rate of surface quenching. The purpose of this work is to show
" the influence of the above-mentioned parameters on the photoenhanced currents.
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2. Basic equations

The basic equations describing space-charge-limited currents are as follows:
j= epf(f'f)#F (=), (1)

660 = [pe(z) + pe(2)] €, (2)

U= /0 F(z)dz, F(0)=0, 3)

where j is the current density, pr is the concentration of free charge carriers, p; is
the concentration of trapped charge carriers, F is the electric field strength, d is
the sample thickness, U is the applied voltage, i is the carrier mobility, and e, €9
and € are the electronic charge, the vacuum permittivity and dielectric constant,
respectively.

Using the exponential trap distribution we get the following relation between
concentrations of free and trapped carriers [3]:

. z 1-1/1
P(z) = 2e) e [nmf( )+pfv(eﬁ)] @)

with ! = T, /T, where H is the total concentration of traps, Tt is the characteristic
trap parameter, k is Boltzmann constant, T is absolute temperature, v is the
thermal collision factor, 7 is the detrapping efficiency, yrn is the exciton—charge
carrier interaction rate constant, Neg is the effective density of states and T'(z) is
the exciton concentration.

If we consider the exciton diffusion equation [8]

d?T(z)
dz?
and quenching of excitons on the both surfaces perpendicular to the current direc-

tion in the sample

dT
Dr— Iz

Dy ———+= + aklyexp(—kz) — kr(z) = 0 (5)

T =-sT@, ©)
z=d

we get the following formula for the exciton concentration:

e=0 = SoT(0), Dr

2) = akly exp(—K Aexp(z/Lt) — Bexp(—z/Lr)

Te) = i ey [ p(=ra) + C ]
2

A = exp(—d/Lr) <1 + ’“L;’D kT) (1 - Lng)

_ _ _ RL%]CT LT’CT

exp(—«d) (1 & ) 1+ )
2

B = exp(d/Ly) (1 + E%i“z) (1 N L:rkT)
0
2

—exp(—~rd) (1 - KLTkT) (1 - LTkT) ,

S J
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C = exp(d/Lr) (1 + LTkT) (1 + Lrkr
So S

— exp(=d/Lx) <1 - Lg(’)"-”) (1 - Lng) , (7)

where kr is the exciton decay constant, & is the absorption coefficient, I is the
incident light intensity, a is the efficiency of exciton generation, Ly is the exciton
diffusion length, Dy = LZkr — the diffusion coefficient and Sy, S; are the rates
of surface quenching of excitons.

3. Numerical calculation

In the numerical calculations, based on Eqs.(1)-(7), we want to find the influ-
ence of the exciton diffusion length, lifetime of excitons and their surface quenching
on photocurrent-applied voltage and photocurrent-light intensity characteristics.
As a numerical method we used Euler’s method with changeable steps by means
of Richardson’s approximation [7]. To reduce errors and to increase the speed of
the calculations all values were normalized. Values of parameters used to calcula-
tion are typical for triplet excitons and traps in molecular materials for a small
absorption coefficient of light. For all calculations presented in this work we used:
=5 H=10% cm™3, Neg = 102! em~3 [4], k = 102 em™!, v = 1012 571 [1, 3],
yrp = 1071 ecm3/s [5, 6], kr = 102 s~ [6], n = 1072, a = 10~2.

The photocurrent-applied voltage and photocurrent-light intensity character-
istics are illustrated on Figs. 1-4. This characteristics were calculated for thin sam-
ples (5 um). For thicker sample the influence of exciton parameters (So, S1, Lt , kr)
on photocurrent is relatively smaller.
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Fig. 1. Photoenhanced current-applied voltage characteristics for different diffusion
lengths of excitons in the case of strong exciton surface quenching. (1) Ly = 1076 cm,
(2) Ly =2 x 10~* cm, (3) Lz = 102 cm, (4) dark current, Jo = 10*® 1/(cm?® s).
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Fig. 2.. Photoenhanced current-light intensity characteristics for different diffusion

lengths of excitons in the case of strong exciton surface quenching. (1) Lz = 1078 cm,
(2) Lt =2x 10" cm, (3) Lr =107 cm, U = 0.5 V.
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Fig. 3. Photoenhanced current-applied voltage characteristics for different exciton life-
times in the case of weak exciton surface quenching. (1) 77 = 40 ms, (2) 77 = 10 ms,
(3) 77 = 1 ms, (4) dark current. Diffusion coefficient Dr = 107* cm®/s, Io =
10 1/(cm? s).

In Figs. 1 and 2 characteristics for different exciton diffusion lengths are
presented. The characteristics for Ly — 0 correspond to the characteristics for
the exponential exciton distribution. Values Ly = 2 pm and Ly = 10 pm are
adequate to typical triplet exciton diffusion lengths in organic materials like an-
thracene crystals [5].In the absence of surface quenching of excitons, photocurrent
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Fig. 4. Photoenhanced current-applied voltage characteristics for different exciton life-
times in the case of strong exciton surface quenching. (1) 77 = 40 ms, (2) 77 = 10 ms,
(3) ¢ = 1 ms, (4) dark current. Diffusion coefficient Dy = 10~* cm?®/s. Iy =
10'% 1/(cm? s).

characteristics are in agreement with characteristics for the exponential exciton
distribution for all values of the exciton diffusion length.

Results presented in Figs. 3 and 4 are connected with the quality of crystals
expressed by the exciton lifetime. From Fig. 3 one can notice that for the weak
exciton surface quenching the photocurrent is greater for better quality of crystals.
In the case of strong exciton surface quenching the photocurrent does not depend
on the quality of crystals (Fig. 4). :

4. Conclusions

The numerical analysis shows the influence of the diffusion length, lifetime
and rate surface quenching of excitons on the photoenhanced current. From the
numerical analysis we can conclude that:

— for high intensity of incident light the slope of current characteristic is in
accordance with the slope of analytical expression (j & U? and j « 13_1/1) (2, 3];

— the increase in the exciton diffusion length causes the decrease in the
current in the case of strong surface quenching of excitons;

— a better quality of crystals (higher lifetime of excitons) causes the increase
in the photoenhanced current in the case of weak surface quenching of excitons.

However, to understand the phenomenon of the photoenhanced currents in
a better way, further numerical studies are needed.
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