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The processes of heavy-hole scattering on the short-range potential caused by interaction with

polar and nonpolar optical phonons, piezoelectric and acoustic phonons, static strain and ionized
impurities in zinc blende p-InSb samples with carrier concentration ∼ 5× 1013 ÷ 2× 1019 cm−3

are considered. The temperature dependences of heavy-hole mobility and Hall factor in the
range 11− 520K are calculated.
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Introduction

Usually the heavy-hole scattering in indium anti-
monide was considered in relaxation time approximation
or using the variational method. The common feature
of these methods is the using of the long-range charge
carrier scattering models for the description of the trans-
port phenomena in this semiconductor. In these models
it is supposed that either the charge carrier interacts
with all the crystal (electron -phonon interaction) or it
interacts with the defect potential of the impurity the
action radius of which is equal to ∼ 10 ÷ 1000a0 (a0
– lattice constant). However, such an assumption has
next contradictions: a) it contradicts the special rela-
tivity according to which the charge carrier would in-
teract only with the neighbouring crystal region; b) it
contradicts the atomistic hypothesis according to which
the charge carrier interacts (and transfers the energy re-
spectively) only with one atom but not simultaneously
with many atoms which are situated in different points
of space. To eliminate these contradictions it is neces-
sary to consider the following question – what object in
the crystal absorbs the energy during the charge carrier
scattering process? It can be either ionized (neutral)
impurity atom or an atom which oscillates in the lattice

site. During the scattering process all of these objects do
not leave the boundaries of the elementary cell. There-
fore the short-range charge carrier scattering models in
zinc-blende II-VI [1,2] and in wurtzite III-V [3,4] semi-
conductors were proposed where it has been supposed
that the carrier interacts with the defect potential only
within the limits of one elementary cell. Here the fol-
lowing physical reasons were used: during the scattering
the electron interacts only with neighboring crystal re-
gion (the short-range principle), after the scattering on
this region the electron interacts with the next neigh-
boring crystal region, etc. The aim of the present paper
is the use of short-range models to describe the heavy-
hole scattering on the various crystal lattice defects in
indium antimonide.

I. Theory

According to the short-range scattering models in
zinc-blende structure semiconductor the carrier tran-
sition probability from state k to state k′ caused by
the interaction with polar optical (PO), nonpolar opti-
cal (NPO), piezooptic (POP) and piezoacoustic (PAC),
acoustic (AC) phonons, static strain (SS) potential, ion-
ized impurity (II) looks like [1,2]:
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where MIn, MSb – the atom masses; G – the number of
unit cells in a crystal volume; ϵ0 – the vacuum permittiv-
ity; e – the elementary charge; kB – the Boltzmann con-
stant; ~ – the Planck constant; NLO, NTO – the number
of longitudinal (LO) and transverse (TO) phonons with
a frequency ωLO and ωTO respectively; e14 – the compo-
nent of the piezoelectric tensor; cLO, cTO – the respec-
tive sound velocities; V – the crystal volume; NII , NSS
– the ionized impurities and strain centers concentra-
tion respectively; Zi – the impurity charge in electron-
charge units; EAC , ENPO – the acoustic and optical de-
formation potentials respectively (valence band); γPO,
γPZ , γII – the fitting parameters determining the ac-
tion radius of short-range potential (R = γa0, 0 ≤ γPO,
γPZ ≤ 0.86, 0 ≤ γII ≤ 1); q = |k′ − k|; C ≈ 0.1.

It must be noticed that the strong power dependence
of parameters γPO, γPZ , γII sharply limits the choice
opportunities of their numerical values.

The heavy-hole scattering on NPO and AC phonons
was described on the basis of the effective deformation
potentials defined in [15-16]:
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where a, b and d – the fundamental valence band defor-
mation potentials; Cl and Ct – the spherically averaged
elastic coefficients expressed in terms of elastic constants
Cij .

The calculation of the conductivity tensor compo-
nents was made on the base of the formalism of a precise

solution of the stationary Boltzmann equation [5]. Us-
ing this formalism one can obtain the additional fitting
parameter γSSNSS (we put γSS = 1) for SS- scattering
mode. The parameters of indium antimonide used for
calculation are listed in Table 1.

II. Comparison of theory
and experiment

A comparison of the theoretical temperature depen-
dences of the heavy-hole mobility µp(T ) was made with
the experimental data presented in [17, 18]. The Fermi
level was calculated from the charge neutrality equation
given by:

p− n = NA,

where the value of acceptors concentration was defined
from the relation NA = I/eRexp, Rexp – experimental
value of Hall coefficient.

The theoretical µp(T ) curves are presented in Fig.
1a-d. The solid lines represent the curves calculated on
the basis of the short-range models within the frame-
work of the exact solution of the Boltzmann equation.
The obtained heavy-hole scattering parameters for dif-
ferent scattering modes are listed in Table 2. It is seen
that the theoretical curves sufficiently well agree with
experimental data in all investigated temperature and
concentration range.

To estimate the role of the different scattering mech-
anisms in Fig. 2 the dashed lines represent the appro-
priate dependences for the sample with acceptor con-
centration NA = 5.0 × 1013cm−3. It is seen that in the
temperature range T < 20K the main scattering mech-
anism are the static strain scattering and polar optical
phonon scattering. At higher temperatures the contri-
bution of the acoustic and piezoacoustic phonon scat-
tering play the dominant role. Other scattering mecha-
nisms such as ionized impurity scattering, nonpolar and
piezooptic phonon scattering give negligibly small con-
tributions. For the samples with high acceptor concen-
tration (∼ 1018÷1019cm−3) the contribution of the ion-
ized impurity scattering become dominant in all inves-
tigated temperature range.

On the base of the obtained scattering parameters
the temperature dependence of heavy-hole Hall factor
was calculated (see Fig.3).
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Fig. 1. The temperature dependence of the heavy-hole mobility in InSb crystals
with different acceptor concentrations

Fig. 2. The contribution of different scattering modes into
heavy-hole mobility in InSb. Solid line – mixed scattering
mechanism; 1,2,3,4,5,6,7 – AC-, II-, NPO-, PAC-, PO-,

POP-, SS- scattering mechanism respectively

Fig. 3. The temperature dependence of Hall factor
(heavy-holes) in InSb
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Table 1

Parameters of wurtzite InSb used in calculations

Material parameter Value References
Lattice constant, a0 (m) 6.47937× 10−10

Energy gap, Eg (eV) 0.235− 0.27× 10−3T 2/(T + 106) [6]
Heavy-hole effective mass, mp/m0 0.45 [8]
Density, ρ0 (gm · cm−3) 5.7746 [7]
Optical deformation potential, d0 (eV) 26.8 [9]
Valence band deformation potentials:
a (eV) 2.0 [10]
b (eV) -2.0 [10]
d (eV) -4.9 [10]
Elastic constants (×1010,N ·m−2):
C11 6.665 [11]
C12 3.645 [11]
C44 3.020 [11]
Sound velosity, c (m · s−1):
c∥ 3.77× 103 [12]
c⊥ 2.29× 103 [12]
Optical phonon frequency:
ωLO (rad · s−1) 3.59× 1013 [13]
ωTO (rad · s−1) 3.39× 1013 [13]
Piezoelectric tensor component, e14 (C ·m−2) 0.071 [14]

Table 2

Parameters γ for different scattering modes

NA γPO γPZ γII γSSNSS×10−14

(cm−3) (cm−3)
5× 1013 0.30 0.25 1.0 0.01
1.2× 1016 0.30 0.25 1.0 0.01
3.15×1018 0.30 0.25 0.42 0.01
2.5× 1019 0.30 0.25 0.252 0.01

Conclusion

On the base of the short-range principle the heavy-
hole scattering processes on the various types of crystal
defects in p-InSb are considered. A sufficiently good
agreement between theory and experiment in all inves-
tigated temperature and concentration range is estab-
lished.
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ËÎÊÀËÜÍÎÅ ÂÇÀÈÌÎÄÅÉÑÒÂÈÅ ÒßÆÅËÛÕ ÄÛÐÎÊ Ñ ÄÅÔÅÊÒÀÌÈ
ÊÐÈÑÒÀËËÈ×ÅÑÊÎÉ ÐÅØÅÒÊÈ Â ÀÍÒÈÌÎÍÈÄÅ ÈÍÄÈß

Ìàëûê Î. Ï., Êåíüî Ã. Â., Õûòðóê È. È.

Íàöèîíàëüíûé óíèâåðñèòåò �Ëüâèâñüêà ïîëèòýõíèêà�,
óë. Ñ. Áàíäåðû, 12, Ëüâîâ, 79013, Óêðàèíà

Ðàññìîòðåíû ïðîöåññû ðàññåÿíèÿ òÿæåëûõ äûðîê íà áëèçêîäåéñòâóþùåì ïîòåíöèàëå,
îáóñëîâëåííîì âçàèìîäåéñòâèåì ñ ïîëÿðíûìè è íåïîëÿðíûìè îïòè÷åñêèìè ôîíîíàìè, ïüå-
çîýëåêòðè÷åñêèìè è àêóñòè÷åñêèìè ôîíîíàìè, ïîëåì ñòàòè÷åñêîé äåôîðìàöèè, çàðÿæåí-
íîé ïðèìåñè â îáðàçöàõ ð-InSb ñ êîíöåíòðàöèåé íîñèòåëåé ∼ 5 × 1013 ÷ 2 × 1019 ñì−3.
Ðàññ÷èòàíû òåìïåðàòóðíûå çàâèñèìîñòè ïîäâèæíîñòè è Õîëë-ôàêòîðà òÿæåëûõ äûðîê â
èíòåðâàëå 11− 520K.

Êëþ÷åâûå ñëîâà: ÿâëåíèÿ ïåðåíîñà, ðàññåÿíèå íîñèòåëåé çàðÿäà, àíòèìîíèä èíäèÿ.
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Ðîçãëÿíóòî ïðîöåñè ðîçñiÿííÿ âàæêèõ äiðîê íà áëèçüêîäiþ÷îìó ïîòåíöiàëi, îáóìîâëå-
íîìó âçà¹ìîäi¹þ ç ïîëÿðíèìè òà íåïîëÿðíèìè îïòè÷íèìè ôîíîíàìè, ï'¹çîåëåêòðè÷íèìè
òà àêóñòè÷íèìè ôîíîíàìè, ïîëåì ñòàòè÷íî¨ äåôîðìàöi¨, iîíiçîâàíèìè äîìiøêàìè â çðàç-
êàõ ð-InSb ç êîíöåíòðàöi¹þ íîñi¨â ∼ 5 × 1013 ÷ 2 × 1019 ñì−3. Ðîçðàõîâàíî òåìïåðàòóðíi
çàëåæíîñòi ðóõëèâîñòi òà Õîëë-ôàêòîðà âàæêèõ äiðîê â iíòåðâàëi 11− 520K.
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