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The importance of charge carrier mobility measurements for the
study of charge carrier transport mechanism in solids has been
widely accepted. A

The present note is concerned with systematic studies aimed at
drift mobility measurements in a broad range of organic solids, both
amorphous and crystalline.® In spite of the success which has been
achieved in understanding charge carrier mobility in anthracene,®
the situation in the case of its nearest homologue, tetracene, has not
been clarified. Theoretical calculations have predicted mobility
values around 1em?/V-s. The results of Frankevich and Bala-
banov® gave a value of 0.5 cm?/V s and those of Szymanski and
Labes 0.01 cm?/V-s® with a negative temperature coefficient.

The more extensive study undertaken in our laboratory has
shown that electric field independent mobility is not a good approxi-
mation, at least in the case of tetracene. By using different samples
and making numerous measurements it has been shown by Kondra-
siuk and Lipinski® that the drift mobility in tetracene mono-
crystals at low fields is approximately 2cm?/V-s for holes and
1.2 cm?/V -5 for electrons, and that for holes it decreases approxi-
mately as ! over a wide range of fields.® The aim of the present
note is to report on the temperature dependence of the mobility.

Experiments were performed on tetracene sublimation flakes.
The thicknesses of the crystals were in the range of 0.1-0.3 mm.
The technique of photoinjection of charge carriers was employed.
The method adopted for these experiments and the apparatus have
been described elsewhere.5) The measurements were made in air
in well shielded cells over the 100 V/ecm to 1000 V/em field range.
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Figure 1. Mobility on electric field u = f(£) dependence for two different
temperature T' values.
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Figure 2. The temperature dependence of the mobility u = f(T) on two
different electric field values.
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As can be seen from Fig. 1, hole mobility falls as £~ starting from
1 cm?/V-s at 100 V/em to 0.1 cm?/V-s at £ = 1000 V/cm.

There is a minor influence of the temperature at low fields. In high
fields the effect seems to be more pronounced, but still smaller than
the limits of error. The temperature coefficient, if any, is negative
(Fig. 2).

As shown in Fig. 1, the present results agree well with those of
Szymariski and Labes.® If the p = a- E~* dependence is obeyed the
mobility value at 10¢ V/em would be exactly equal to 102 cm?/V - s.

With reference to the results obtained, two groups of problems
should be discussed. One of these problems is related to the validity
of the method used in the presence of space charge effects and field
distortion. Space charge limited current theory gives a correction
factor of 1/0.79. This factor makes no essential contribution to the
p on E dependence. One can check if there is any physical process
leading to the saturation of the drift mobility measurements in high
electric fields. Mobility field effects have been theoretically studied
by Silver, Dy and Huang.™ As one can see from their results, the
observed transit times are distorted at low electric fields. As
pointed out by Silver, the spurious  transit time ’ may be generated
by trapping at the illuminated electrode. Trapping should be
temperature sensitive and that is not the case observed here.

The other set of problems concerns the possible explanation of the
experimental results from the point of view of the mechanism of
carrier transport in tetracene. For fields as low as 102 V/em drift
velocity seems well saturated and its value is 100 cm/s a fairly low
value. From this point of view the negative temperature coefficient
is extremely difficult to understand. Therefore the authors believe
that more complex studies, both theoretical as well as experimental,
are necessary.

Acknowledgements

The authors would like to express their gratitude to Dr. H.
Baessler, Dr. M. M. Labes and Dr. A. McGhie for the tetracene single
crystal samples and to Dr. A Lipidski for his help in performing part
of the work.



Downloaded by [Tomsk State University of Control Systems and Radio] at 07:51 23 February 2013

382 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

[ B )

REFERENCES

. Lipinski, A., Thesis, Technical University of £6d4, £6d% 1969; Lipinski, A.,

Kryszewski, M. and Kondrasiuk, J., Drift mobility measurements in thin
layers of organic compounds, Proceedings on the Conference on Physical
Problems in Electrophotography, Vilnius 1989, p. 204-207; Kryszewski, M.,
Lipiniski, A. and Szymanski, A., Elektronika 11, 500-505 (1970); Lipinski,
A., Kondrasiuk, J. and Szymaniski, A., Mol. Cryst. and Liq. Cryst. 13, 381
(1971).

. LeBlane, O. H. Jr., chapter in Phys. Chem. Org. Sol. State, Vol. 111,

edited by D. Fox, M. Labes and A. Weissberger, New York 1967.

. Frankevich, E. L. and Balabanov, E. J., Phys. Status Solidi 14, 523 (1966).
. Symanski, A, and Labes, M. M., J. Chem. Phys., 50, 1898 (1969).
. Kondrasiuk, J.and Lipinski, A., Wyznaczanie ruchliwoéci nosnikéw ladunku

w tetracenie, Zeszyty Naukowe Politechniki Lédzkiej, Fizyka, in the press.

. Kondrasiuk, J. and Lipiriski, A., in preparation.
. Silver, M., Dy, K. 8. and Huang, I. L., Phys. Rev. Lett. 27, 21 (1971).



