11th International Workshop on Computational Electronics
TU Wien, 25-27 May 2006

Percolation Current in Organic Semiconductors

L. Li, G. Meller, and H. Kosina
Institute for Microelectronics, TU Wien, Gul3hausstralBeZ®E360, 1040 Wien, Austria
e-mail: ling.li@iue.tuwien.ac.at

INTRODUCTION probability of different localized states, the current

: , : between the two sites is given b
After the discovery of electroluminescence in the g y

conjugated polymer PPV [1] and its derivatives, . _ | B — E; |
mucj:hgeffort %az been devcEt(ld to the study of theIi] - e [—(2(1 A cosf) R = 2kpT } ¢
(opto)electronic and electrical transport properties. (1)
Understanding the carrier transport properties inVNere

these organic materials is of crucial importance - _ o 1 (Mj _Ni)

to design and synthesize better materials and to 2kpT

improve device performances. The electrical trans- L E; — E; — p;j -1
port in organic semiconductors has been widely % [COS < 2%kpT > < 2%kpT )]

investigated for several decades in theoretical 4%, this model. it is assumed that both the backbone
well as experimental studies [2], [3], [4], [5]. FOr the ¢ 46 percolation cluster and the threshold current

important concept of variable range hopping (VRH) 4, 1ot alter upon rearranging the site potentials. At

[6] it is difficult to account for the electric field ho same time, the redistribution of the charge seems

charqcteristics observed by experiments. _ negligible due to the large spreadipy at the high
In this work, we extend VRH theory for organic goctric field.

semiconductors to include percolation theory [7_]'We consider a network of sites connected with
The developt_ed modgl shows goqd agreement W'tnmpedances proportional tQ;l. According to gen-

Mott's formalism at high electric field. eral percolation theory, the critical percolation clus-
ter of sites would comprise a current carrying back-
bone with at least one site-to-site current equal to

For a disordered organic semiconductor systemthe threshold value. As shown in [9], optimization

when an electric field” exists, the transition rate of the current is obtained when the site potentials
of a carrier hopping from sit¢ with energyF; to  are altered in such a way that the single hopping

MODEL

site j with energyE; is described as [8] event with smallest tunneling probability is opti-
BB mized. With these assumptions, we can get the
P _ g equation
wij = vexp |— (2a + [ cos 0) Ry; T o 27T/€BT§S3 o
(Ej ZEZ‘—FﬁCOSHRZ'j) e~ 3qF9 el
and with
£=1- d
wij = vexp (—2aR;;) (E; < E;+ BcosOR;; ) T -T/Ty) T (1+T/Tp)

wherevy is dependent on the phonons spectram 5 5

is the Bohr radius of the localized wave function, , — <2a __eF ) _ (ga 4 eF )

kp is the Boltzmann constant, = eF/(kgT), ¢ is 2kpT 2kpT

the electrons charg;; is the distance betweenthe B, is the critical number of bonds per sit€,
two sitesi andj, andd is the angle betweef and is gamma function,§ is carrier occupation [10],
R;;. Assuming no correlation between occupationV; is the number of states per unit volums, is

ISBN 3-901578-16-1 161



the exponent of the critical percolation currdnt 10°

Ipexp (—S.), andTy is the width of the exponential —this work
density of states. This yields an expression for the o ¢ Mott formalism
current in organic semiconductors as a function of 10 | .
the electric field 0=1x 10 fem
3eFB. \'/* < 107
I =1yl = I - ——— 3 =
01t 0 exXp l (Ntﬂk‘BTﬁn) 3)
— 8
wherel is a prefactor and; is the critical current. 107} 0=5x 107em

RESULTS AND DISCUSSION

We use the present model to calculate the electric 10— o,
field characteristic of the percolation current in F Y4 viem) V4
organic semiconductors, as shown in Fig.1. Clearly,
the expected dependence tHagl ~ F-1/4 js Fig. 1. Electrig field dependence of percolation current in a
observed at high electric field, the comparison with "eWwork of localized states.
Mott formalism

I; ~ exp (— (C’Fa4/eNtF) 1/4)

is also provided, Mott formalism can be seen as 1075
the asymptote of our model. The input parameters
are N; = 10¥em =2 and Ty = 380 K. In Fig.2 we
provide the temperature dependence of the percole§ 1072} . |
tion current. It can be seen that temperature play: F=1x10 V’frlﬂw
a minor role in hight electric field current.

10—10

CONCLUSION 10

We developed an analytic model of high electric ‘ ‘ ‘ ‘ ‘ ‘
field current applicable for organic semiconductors. 0 50 100 115G p00 250 00 S0
This model is shown to agree with Mott's formal-

ism. We also discussed the temperature characteristig. 2. Temperature dependence of percolation current in a
tics of this model. network of localized states in the high electric field regime
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