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Abstract

The Callaway models are used to calculate lattice thermal conductivity for ZnSnAs; Semiconductor
in the temperature range (2—300) K. The dependence of lattice thermal conductivity on temperature and
impurity concentration as well as the strength of scattering are discussed, The maximum thermal
conductivity for elven samples investigated are appears at the temperature 21K, is 3.54 W/em. K, This reduces
to 0.093 W/em.K for impurity concentrations from 0.21x10°" em™ to 3x1 0" em™. The scattering strength is

also investigated and found to be equal to -0.7203.
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Introduction

ZnSnAs; is the ternary semiconducting
compound which belongs to the group II-
IV-V; is analogises to the binary III-V
compound semiconductors {1]. Differential
thermal analysis and the X-ray diffraction
showed that this compound transforms from
chalcopyrite to disordered zink blende
structure at 650 C° where its melting point is
775C° [2]. lts optical energy gap has been
reported to be equal to 0.6 eV [2], and also
its variation with temperature has been
investigated [3]. Its Debye temperature and
the volume expansion coefficient have been
found as 268 K.and 6.9 x 10° K'respectively
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[4,5] The thermal and electrical properties
have been investigated experimentally in
some detail [2,6].

This work represents the effect of the
temperature as  well as  impurity
concentration on the lattice thermal
conductivity for eleven samples of the
ternary ZnSnAs, semiconductor compound

Theoretical aspects

The lattice thermal conductivity for the
ternary ZnSnAs, semiconductor compound
can be calculated by the approximation
solution to the Boltzmann transport equation
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in the relaxation time approximation.
According to the models developed by
Callaway [7] which is refined by Holland
[8], the value of the lattice “phonon™
thermal conductivity is determined by the

integral over the phonon spectrum as:
[

1 d 2
K = | S((z))rc(a))vgdm

1}

l
Where S(w)dwis the specific heat per unit

volume due to lattice modes of frequency
o, do and 7, (w) is their effective

“combined” relaxation time , @, is the Debye

frequency and v, is the average phonon
group velocity which is given by[9].
wet mebond v Dogiegl g )
g 3 v v,

hence v, and v, are the longitudinal .and
transverse velocities respectively and they
are a function of phonon frequency [10].
When the dominant process is the resistive
process which do not conserve crystal
momentum. Then K,, can be calculated
through the Callaway expression [7,10-15]:

k k 3 39_7{1 T xdex
K, =___§'i._(,,§_} 7| —f—ded)
4x vy i 0 (e*-1)

where Ky is the Boltzmann constant .7 is
the Plank’s constant. 84 is the Debye

ha
temperature X = “—)

T
B
combined relaxation time, and which can be
given by :

and 1. 1s the
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hence T, .s are the relaxation times for the
individual processes, According to the
Mathiessens rule. the process can be limited
to only three major contributions in the
temperature region (2-300) K as:

rc_l = r;l +r;1 +ri‘1
where 1,1, and T; are the relaxation times
due to the boundary , Umklapp and mass
difference or isotopes scattering respectively.
However the latter is due to the presence of
atoms having a mass different from the
average atomic mass forming the compound,
and from the isotopes of a particular element
in the compound or may be due to the
existence of impurity atoms.

The boundary scattering is treated by
using the Casimir limit assumption [16], in
the form of relaxation time as:

v
e (6)
where F has the value of unity [17], L is the
characteristic length for the bulk sample
which can be calculated by Casimir
formula[18],and its value found to be equal

to 0.41915 cm, The group velocity v, can be
calculated from the equation[19]:

Foie ﬁ(]_)i& ........ (7)
g h BT A T
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Where V is the average atomic volume which
is equal to 2.505 x 10% cm™ for ZnSnAs;
.and with the value of 0, as 268 K[4].then

v, will get the value of 2.634 x 10” cm/sec.

The inverse relaxation time due to
Umklapp process has been proposed by
Slack and Galginaitis [20] as:

rgl =B, 0’Te @ ... (8)
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where B, =
2 2 52
Mvg [0} D

and its value is equal

t0 3.44 x 10" sec.K™', where y and M are the
Gruneisen constant having values of 2.9[17]
and 83.522 am.u. respectively. The
parameter o which is depends on the
dispersion and the elastic anisotropy of the
lattice wave, is also related to the phonon
energy spectrum as well as the structure of
the brillouin zone for phonons [17]. For a
simple Debye model it is assumed to have
the value of 2 [21].

For Rayleigh- type scattering of phonons by
point defects “isotope”, The expression for
the relaxation time will be[22]:

where parameter A4 is the isotope strength
which is the sum of at least two terms of A,
and Ay . Aiso is due to the scattering of
phonons by isotopes, that is from departure
from the perfect periodicity in the lattice.
The compound ZnSnAs; is contains
sixteen isotopes five for Zn, ten for Sn and
one for As. 45 can be calculated through the
cyuation[22]:

g 215

=3 £0-24)

when f; is the relative abundance of the i"
isotope and M is the average mass of the
species , then I found to have the value of
6.518 x 10™ which gives the value for 4, to
be 7.1 x 10™* sec’, The difference in the

-II [ ._“r:

(=
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stiffness constant between the impurity-host
atoms, as well as the difference in the atomic
volumes for impurities, are also be included
in the phonon scattering rate
expression[13],Then the expression which
for scattering due to these point defects
“Aimpy” is given by the relation [17]:

where N, is the sum of the concentrations
of imperfection, such as vacancies,
interstitial cation and anion antisite disorders
and other foreign atoms. By assuming Ny, to
be equal to the carrier “hole” concentration
for these samples, the value of A=A+ Aimp
can be calculated as shown in the table
below:

Sample Nop X107°cm? Ax10%sec’
no.

Kl 0.21 0.6957
K2 0.85 2.794
K3 1.4 4.598
K4 3.0 9.845
K5 4.4 14.43
K6 57 18.7
K7 6.4 21

K8 8.1 26.57
K9 8.9 29.19
K10 20 65.59
K1l 33 108.2

Result and Discussion

Results for the lattice thermal conductivity
as a function of temperature for eleven
samples of ZnSnAs, having different carrier
concentration are plotted in fig (1).
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Fig.(1) Variation of the thermal conductivity
with temperature for eleven samples of
ZnSnAs; with  different  impurity
concentration using equ.(3).

The maximum lattice thermal conductivity
[23] for semiconductor generally located at
the place between the Umklapp and
boundary scattering region which is occur at
T=21K for this compound, However the
appearance of K. perhaps is one of the
most striking predictions of quantum theory
of solids [24].it is also very sensitive to the
effect of impurities, carrier concentration and
imperfections .These are creates extra
scatters for the phonons which s
consequently gives rise to extra thermal
resistance[25,26] .At such a temperature and
to a large extent the high—frequency phonon
are not excited . It is reasonable to use the

in the form 7

factor ri_l i I='-Aw"

particularly valid for the low frequency
phonons [27], The height of the peak which
is governed by isotope scattering [24] is

this is

affected by the impurity concentrations |
according to the relation |
Koo = N7 [27],where y is the scattering |

strength. The impurities in the ranges of
(0.21x10%" cm™ - 33x10%' cm™). for ZnSnAs,
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gives K.« to changes according to
KpaxNiwy "7 which is illustrated in fig
2).

1 300,
oo zoﬂﬂ,xmmrcm.")

Fig.(2) The maximum lattice thermal
conductivity for ZnSnAs, as a function of
impurity concentration at 21K.

Figure (3) shows the temperature
dependence of y which is changes according
to the relation y = 1.7405 T"**" for the
temperature up to 140K and as 3 = -3x10™
T+0.4852 for temperature above that.

However the latter is explained the
convergence of the thermal conductivity
curves to be due to impurity concentration
compared to that of the K.« location.
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Fig.(3) Temperature dependence of the

scattering.



(JZS) Jouranl Of Zankoy Sulaimani,April 2003 Part A Vol.6(1) A 20 (V1 GOV T 6 lailae Ky (o 4S

Conclusion 3. The impurity scattering strength decreases
with increasing temperature and it effect

1. The Callaway model, which is suitable for appears strongly at temperature 100 K.

calculating lattice thermal conductivity for

most crystalline solids, is given suitable Acknowledgement

results for the ternary semiconducting

compound ZnSnAs, ternary. The author gratefully acknowledges
Mr.Salah Abdulkader and Mr Soran M.

2. The maximum lattice thermal conductivity Mamand for support of this work.

is affected strongly by impurity and

decreases with it according to the equation

Kma\ JN imp £y =
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