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The dependence of the current carrier mobility in the epitaxial
PbSe films deposited on the mica substrates on the film thickness
within the interval 0.1—2.0 ym and at temperatures 77—300 K
has been studied. A contribution to the mobility caused by the
current carrier scattering by the surface has been calculated. The
residual mobility and the dominating mechanisms of the current
carrier scattering at various film thicknesses have been determined.

1. The films of lead selenide are used in detectors of
radiation and sources of emission in the IR range of the
optical spectrum [1,2]. We note that the parameters
of thin-film active elements are determined to a great
extent by dominating mechanisms of current carrier
scattering. In the range of small film thicknesses,
the scattering mechanisms are known [3] to differ
substantially from those inherent to massive specimens,
i.e. crystals. In particular, in the former case in addition
to the scattering by thermal vibrations of the lattice
and ionized centers [4], one has to take into account
the scattering by the surface, mismatch dislocations, and
solidification fronts [5].

In this work, by comparing theoretical calculations
of the current carrier mobility with experimental results,
the dominating mechanisms of current carrier scattering
in PbSe films possessing various thicknesses have
been determined within the temperature range 77—
300 K.

2. The films were grown in vacuum on mica (001)
chips by the method of molecular beams [6]. The
evaporation temperature was about 920 K and the
deposition one Ty = 300 = 720 K. The film thickness d
was governed by the deposition time and varied within
the limits d = 0.1 + 2.0 pm. The carrier concentration
in all specimens was (1 +3) x 10'® cm=3.
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The Hall mobility was determined on the basis of
the Hall emf measured in constant electric and magnetic
fields at temperatures 77—300 K.

According to the data of electron diffraction and
electron microscopy, the films presented the epitaxial
structures, whose {111} planes and <110> directions were
oriented in parallel to the (001) plane and to the (100)
and (010) directions of mica crystals, respectively. The
dimensions of crystallites amounted to 0.1 —0.5 pm, and
the angle of azimuthal off-orientation was up to 5°.

The dependences of the current carrier Hall mobility
in PbSe films on the film thickness measured at various
temperatures are depicted in Fig. 1. One can see that, in
the whole temperature interval under investigation, the
current carrier mobility increases with the film thickness.
In so doing, the especially substantial variation of the
mobility is characteristic of the low temperature range
(77 K). At film thicknesses of about 2 pm, typical
is the tendency to the mobility saturation. Higher
measurement temperatures result in the reduction of the
mobility (Fig. 1); it is also true for massive specimens.
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Fig. 1. Dependences of the effective mobility pexp of current
carriers in PbSe films on the film thickness d at various
temperatures 7' = 77 (1) and 300 K (2)
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Fig. 2. Dependences of the (a) surface, ps, and (b) residual, pr,
mobilities of current carriers in PbSe films on the film thickness d

at temperatures 77 (1) and 300 K (2)

3. According to the Matthiessen rule [4, 5], several
contributions can be singled out from the effective
mobility ftexp measured in experiments:

1 1 1 1
— 4t (1
Hexp Hs Hr Moy

where ps is the mobility of current carriers related
to the scattering by the surface (surface mobility),
1, the current carrier mobility in a massive specimen
(bulk mobility), and pu, the mobility that takes into
account the scattering by mismatch dislocations at
the heterostructure interface, intergrain scattering, and
scattering by growth defects (residual mobility).

Under the condition of diffusion scattering by the
surface, the surface mobility can be calculated according
to the formula [5]

My
Hs = m (2>

Here, ) is the average mean free path of a current carrier.
Note that, in the case of thin films, the manifestations of
dimensional effects — with respect to the average mean
free path and the Debye screening length — are possible.
For lead chalcogenides, both the lengths amount to 25—
50 nm [5,7]. Since these values are much smaller than

1238

77 100 200 300 T, K
Fig. 3. Dependences of the residual mobility u, on the temperature
T for PbSe films of various thicknesses d (indicated in microns near

the relevant curves)

the nominal thickness of the researched films (0.1 pm),
the influence of the dimensional phenomena on the
current carrier mobility is improbable.

The calculated dependences of the surface mobility
on the film thickness for films where A = 50 nm are
presented in Fig. 2,a. The bulk mobility pu, of current
carriers in single crystals were calculated according to
the method developed in [7] and taking into account
their scattering by the screened Coulomb and short-
range potentials of vacancies, deformation potentials,
acoustic and optical phonons, the polarization potential
of optical phonons, and making also allowance for
the interaction between current carriers. The following
results were obtained: 1, = 0.103 and 0.691 m?/(V xs)
for the temperatures T' = 300 and 77 K, respectively.

The dependences for the residual mobility p,., which
were calculated by relation (1) on the basis of the known
values of pexp, fts, and p,, are presented in Fig. 2,b.
One can see that, as the thickness of the film increases
within the researched interval, u, grows by two orders
of magnitude.

4. In order to determine the dominating mechanism
of current carrier scattering, the temperature
dependences of their residual mobility p,(7) in films
with various thicknesses were analyzed (Fig. 3). For a
film with the thickness d, this dependence can be written
down as follows [5]:

= po ()T, (3)
where 0(d) is a constant which is defined by material

parameters and depends on the film thickness, and n(d)
is a parameter which is defined by the prevailing

ISSN 0503-1265. Ukr. J. Phys. 2005. V. 50, N 11



CURRENT CARRIER SCATTERING

11 (]
02 06 1 14 18 dum

Fig. 4. Dependence of the power exponent n, which enter into the

analytical temperature dependence of the current carrier mobility
in PbSe films, on the film thickness d

mechanism of scattering in the film of a definite
thickness. For perfect enough lead chalcogenide films,
where the scattering by long-wave acoustic phonons
dominates, taking into account the temperature
dependence of the effective mass results in n ~ 2.5.
In the case of surface scattering, n ~ 0.5. The value
n = 0.8 is related to the scattering by growth defects,
and n=1.5—2.0 for the scattering by dislocations [7—
9].

The calculated values of the power exponent n
for the films of various thicknesses are plotted in
Fig. 4. It turned out that the dependence n(d) can
be approximated by a straight line, the analytical
expression of which is

n(d) = 0.76 + 1.89d, (4)

where the film thickness d is measured in microns.

Thus, the dislocation mechanism of current carrier
scattering (n=1.5+2.0) is realized in films, whose
thickness is 0.4—0.6 pm. For thinner films, dominating
is the scattering by growth defects and the surface, while
for thicker ones by acoustic phonons.

ISSN 0503-1265. Ukr. J. Phys. 2005. V. 50, N 11

1. Zemel J.N. // J. Luminescence. — 1973. — 7. — P. 524—541.

2. Holloway H. // Phys. Thin Films. — 1980. — 11. — P. 105—
203.

3. Solid State Surface Science / Ed. by M. Green. — New York:
Dekker, 1969.

4. Freik D.M., Nikirui L.1., Mezhilovska L.Y. et al. // Ukr. Fiz.
Zh. — 2001. — 46, N 10. — P. 1083—1086.

5. Vaya P.R., Maght J., Gopalam B.S.V., Dattatrepan C. //
Phys. status solidi (a). — 1985. — 87. — P. 341—350.

6. Poh K.J., Anderson J.C. // Thin Solid Films. — 1969. — 3,
N 2. — P. 139—-165.

7. Aleksandrova O.A., Bondokov R.Ts., Saunin N.V., Tairov
Yu.M. // Fiz. Tekhn. Polupr. — 1988. — 32, N 9. — P. 1064—
1068.

8.  Glauberman M.A., Kulinich O.A., Egorov V.V. et al. // Fiz.
Khim. Tverd. Tila. — 2004. — 5, N 1. — P. 38—43.

9. Ravich Yu.l., Efimova B.A., Smirnov I.A. Methods for
Semiconductor Studies with respect to Lead Chalcogenides
PbTe, PbSe, PbS. — Moscow: Nauka, 1968 (in Russian).

Received 13.12.04,
Revised version — 01.03.05.

Translated from Ukrainian by O.I. Voitenko

PO3CISIHHA HOCIIB 3APSIY B EINITAKCIMHUX
TIJIIBKAX PbSe

.M. @peix, B.D. Ilaciunax, O.J1. Coxonos, B.C. J[3ynod3a
PezwowMme

JlocitiazKeHo 3a/1e’KHICTh PYXJIMBOCTI HOCITB 3apsijy BiJ| TOBIIMHNA
maieku (0,1—2,0 MKM) B emitakciiinnx miiskax PbSe ma ckomax
ciirozu ipu Temiieparypax 77—300 K. PospaxoBano BHECOK y pyX-
JIUBICTB, 3yMOBJIEHU PO3CIsIHHSIM Ha ITOBepxHi. Busnavyeno 3asuii-
KOBY PYXJIUBICTH 1 JJOMiHYIOYi MeXaHi3MHU PO3CisTHHS HOCIIB 3apsiLy
JIJIsI TIJIIBOK Pi3HOI TOBIIIMHMU.
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