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Abstract:

Using Callaway's Model, thermal conductivityy antimony in the temperature range between (043K2.
was calculated. Specialized present study to meatiibn the formula of hole(electron)-phonon saaite
relaxation rate by using phonon wave vector whigHocated in the formula of the hole(electron)-piron

relaxation rate, instead of Debye dispersion r@afi(] = ¢/ U). In addition to scattering the phonons by

holes(electrons) ,the boundary scattering, poiriéctie and three-phonon scattering (normal & umkKlapp
were taken into account to find the total releomtiate. Good agreement between theory and experise
obtained in temperature rang (0.4-2.4)K.
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INTRODUCTION:

Thermal conductivity is one of the most o q= @/U (Debye Approximation) and it is
fund tal and i tant ti f material.
Undamental anc Important properties of materia correct at the low frequency only [6,10,12-14].

So, many experimental and theoretical studies on . ; .

thermal conductivity of solid were worked in recent dRecgr_ltIy_ Mghd'[dm] SFUd'%d lattice therlmglb

years[1-4]. In doped semiconductor hoIe(eIectron)-Con uctivity in doped semiconductor (p-type In
,p-type HgTe and n-type Ge have one charge

phonon relaxation rate plays an important role to'” ™2 . X
decrease the phonon conductivity at low carriers) by using the equation _Of the
temperature [5-11]. Thermal conductivity depends hole_(glec_tron)—phonc_)n scattering _relatlon_ rate
on the type of doping (p-type or n-type) pin modlflc_atlon by using _the d_|sper5|on relation of
type  semiconductor, hole-phonon  scattering diatomic and monatomic lattice instead of Debye
relaxation rate plays an important role to find approximation (] = CU/ V).
thermal conductivity of semiconductor. The n-type Antimony showed different treatment because
semiconductor of the electron-phonon scatteringit had two types of charge carriers (electron and
relaxation rate is ascends for low temperature. phonon) in the same time. So, we could take into
Many studies calculated the thermal account the (hole & electron)-phonon relaxation
conductivity in doped semiconductor, they assumedrate together[16]. Consequently the element Sb was
the phonon wave vectof], as being used among analyzed to test the ability of modification the
hole(electron)-phonon scattering relaxation rate torelative of the hole(electron)-phonon scattering
relaxation rate having two types of charge carriers
in the same time.

Mathematical Description
1-Hole(electron)-phonon scattering
Hole(electron)-phonon scattering in antimony isegivoy[16]:

T =6r,, +37g @,
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pockets and three electron pockets in antimony

-1 -1 .
Wh fer to ph tt by hol ,
ere Thp’rep reter to phonon scattering by hole [16],the formula takes the following form:

and electron respectively. There are six hole

mg,C’

-1 —
Thep(d) = 2 q for gq<2k; (2a)
The(0) =0 for q> 2k, (2b)

C is the dilatation deformation potentiahy, . density Jis the phonon wave vector, aﬂf@ is the

effective hole(electron)-phonon magsis the mass  radius of the hole Fermi surface.
Phonon conductivity is divided into three ranges

of integral[16] :-

@0<x<@, /T, 17=r"+AXT (3a)

2 2 2
p = B *3M, )C (3b)

270h °XT
b) & /T<x<@ /T, =17+ AXT (4a)

22
A= T (@)
21phXT
(©) (9; /T <xX<@/T, ri=r"1 (5), where

second rang the phonons are still scattered by the
electron, whereas the third range, accounts for

parameter X:h@/ kBT, 8; 8; effective ~ phonons which are scattered by neither of the
carriers [16 ].

T'_lrefer to the scattering of phonon , the

Debye temperatures of hole and electron
respectively.

The first range of integration has accounted fo
the phonons scattered by holes and electrons.eln th

2-Other scattering of phonon
Taking the scattering by boundarTg% ,the phononsT;;h where given into account to

charge carrierﬁgpl, point defecf';tl and three calculate the total relaxation rate(see table 1) .

Table 1:The formula of the scattering of phonon

Type of scattering Symbol Equation References

Boundary Tél U/ L [17]

: -1 414
Point defect Tpt ax*T [18]

-1 _ 25
-1 1, 1 Iy =AXT

Three phonon scattering T3ph = TN + 7 1 (6/aT) [19]

r,- = AXxe
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Where!U is the velocity of the sound ,L is the parameter(adj) andr are constant.
Characteristic Iengtrd A,, A, adjustable
A S g (6)

3-Thermal conductivity

Thermal conductivity was analyzed by using l&edy's model at low temperature which can be given
by[20] .

kg KeT 3% x'e*
—B (=B [ 1-——dx 7
27720( h ) £ (e -1)? Y

Depending on the assumption (egs.3, 4 and ®ymdl conductivity can be rewritten in the formula
below[16]

K =

2,72 (—) (I, +1,+1,) (8a)
6,/ X
jT (r ™+ AxT)_l(ffel)z dx (8b)
0
:/
j; (r l+AxT)‘1ﬁo|x (80)
_ o/T ' x4eX
|3_9;j/Trde 8d)

4- Modification of theformula of hole(electron)-phonon scattering relaxation rate
The dispersion Relation of the monatomic ¢atis given by[21]:

« = &, Sin(ga/2) 9

We can rewrite( eq.9) the wave number tobex

q :gsin‘l(Tx 6) ,atw, = ke0 Lo
By inserting (eq. 10) into (egs. 3,4) the esgren of the modification proposer takes the foenlbw:
@0<x<@ /T, 17=r"+ AXT (L1a)
2 4 \c2
= OM*3M)CT G gy ) (11b)
moh-xaT
) & /T<x<@/T. 17 =17+ AXT (L2a)
2
a =M Gy (120)
moh®xaT

24



Journal of Basrah Researches ((Sciencedjdl. 36, Nod, 15 August (( 2010))

Results and Discussion

By using eq.7, thermal conductivity of Sb can b scattering of phonon in Table 1, and the value of
calculated by using the modification proposer (in constants in Table 2. The result of the thermal
egs.11, 12) and eq.5 to find hole(electron)-phononconductivity with temperature can be shown in Fig
scattering relaxation rate. The formula of other 1.

Table 2Value of constant used to calculate thermal conduigity of Sb in low temperature.

Constant Value Reference

m, (g) 0.28M, [16]
m,© 0.14M, 1o
9( K) 210 [16]

h

e
a 1.8 adj
C(G.V) 0.32 adj
Ay 1.0ox107" ad
d 3.07 ad]
1, - _ dj
r(s™) 3.5x10” .
A, 2.7x1C° ad
_ di
v(cm.sec?) 2.2x10° o
a( AO) 4.49 [22]
p(gmcm_g) 6.69 [22]

Solid line in Fig 1 represents the theoreticalveur Fig.2 shows the importance of modification of

and the experimental results has been got fromthe formula of hole(electron)-phonon scattering
three references[16,23,24] in compile to haverelaxation rate in different values of thermal
temperature ranged from 0.4K - 4.2K. conductivity after and before the modification, by
From Fig.1 (the dash line), it can be seenttie  using parameter in the present paper and compute it
hole(electron)-phonon  scattering relaxation rate(see Table 2).
plays an important role to calculate thermal Deferent percentage was found between thermal
conductivity (Specialize above 1K), because theconductivity after and before maodification to show
boundary scattering relaxation rate controlled tothe importance of the modification on total thermal
other scattering in the temperature (below 1K). conductivity by using the formula below, to put the
result in Table 3.

I n
ook =X K100 a3

K"

Wherek , K represent the thermal conductivity after and kefoodification respectively.
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Table 3: Deferent percentage between thermal condtigty vs. temperature after and before modificaton.

T(K) %K
0.4 17.78
0.6 25.00
0.8 31.22
1.0 43.09
1.2 4551
1.4 48.38
16 53.57
1.8 58.00
2.0 62.24
2.2 66.53
2.4 70.52

The results of Table 3 show the importance ofto the total relaxation rate can be noticed inttie
modification as it arrived the top percentage ®alu range(first and second relaxation rate) because of
70.52% (at T=2.4K) because of the dominatethe low temperature range(see Fig. 3). In the third
hole(electron)-phonon scattering relaxation rate onrange, hole(electron) -phonon relaxation rate(eq.5)
other scattering. So the modification causes highdisappeared and begin point defect scattering to
effect on the thermal conductivity. If temperature dominate in high frequency(see fig. 4).
range begins to drip, falling percentage value to -1 .
17.78% (for T=0.4K) can be seen because of the The _value _Of a’C’TB_ ’d’AN ’AJ’U (in )
increasing the effect of the boundary scattering .~ table 2) it consider the adjustable parameter (adj)

In the present study abatement contribution oft0 get the fitting between the experimental and

point defect scattering and three phonon scatteringheoretical results.

Conclusion
Based on theoretical result of the thermal The ability to change the relation of the
conductivity, the hole(electron)-phonon scattering ) ) 2 . )
i i monatomic lattice @ =-=sin"(Tx/d) ) instead
can be noticed to play an important role to cateula a

total thermal conductivity in Sb (Specialize above Deb L _ v in |
1K). So it is necessary to take this scattering int ebye approximation = ¢/v) correctly in low

account to find thermal conductivity. frequency was noticed in samples having two
Differences between theoretical curve afted an charge carriers (electron and phonon) in the same

before modification the formula of the time ,after applying it successfully to samples

hole(electron)-phonon  scattering relaxation ratehaving one charge carriers only[15].

were found it is necessary to take into account to It can be seen from a results a good fitting
find thermal conductivity more delicate. between experimental and theoretical thermal

conductivity resulted in the low temperature range.
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Fig 3: relaxation rate vs. parameter x (at T=2.4K in first
and second range

Fig 4: relaxation rate vs. parameter x (at T=2.4K)
third range
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