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ABSTRACT

The theoretical method of Fan and shockly-Bardeen is used to calculaie the

temperature dependence of the energy gap in the temperature range (300—425 K) for
the ternary semiconducting compound CdGeP,. The results are (1.63-1.71 )x00.01 eV
in the temperature range mentioned above and they are in good agreement with those
of the reported experimental work. The temperature variation of AEg and Eg were
‘discussed in terms of the effects of the electron - phonon interaction and the lattice
dilation . The effect of the lattice expansion is larger than that of the lattice vibration,
but both effecis , for this compound , are found (o be linear with T for the
‘temperature range investigated

The empirical relation of ( Varshni, Ravindra - Srivastava and Seehra —
Sehra) is also wused to calculate Egversus T. It gives good results in comparison
with the reported experimental work, as well as with the calculated results.
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Introduction

The ternary semiconductor CdGel”»
belongs to [I-IV-V;group compounds and is
tetrahedrally bonded like the (In + GaP)
binary  system, crystallising in the
chalcopyrite structure, space groupl42d
[1]. The cell dimensions are a=5.741 A°,
and C = 10,775 A°, [2].

Previous researchers have
investigated the electrical and band structure
properties of this compound . The

electroreflectance measurements showed that
the compound CdGeP; has a direct energy
gap equal to (1.72 e¥)[3]. However, different
room temperature values have been reported
in the range of (1.67 e¥) to (1.8 eV) [3,4].

The calculation methods of Fan and
Shockly-Bardeen have been  used
successfully  in a wide range of
chalcopyrite compounds[5]. Also empirical
relations of Varshni [6], Ravindra-
Srivastava[7] and Seehra-Seehra were used
successfully in calculating the temperature
dependence of Eg for most semiconductors
such as Si, Ge, binary and ternary
compounds[5,8].

The aim of this work is to calculate
the temperature dependence of energy gap
for CdGeP: by using the empirical relations
and comparing the results with that of the
reported experimental work.
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11- Methods of Calculation

11-1: Fan's and Shockly Barddeen
method

According to Fan[9] and Shockly -
Bardeen[10] the electron - phonon
interaction and the lattice dilation of the
crystal have their effects in producing
a shift in the energy gap in
semiconductors. They have used this
method to calculate the temperature
dependence of Eg for Si and Ge [9].
However, this method was used
succussfully for  calculating the
temperature  dependece in the ternary
semiconducting compound ZnGeP; [11].

The change in the energy of the
electron-lattice interaction due to the
lattice  distortion is, to the first
approximation  proportional to the
displacement of ions in the lattice. The
vibrations of the ions can be analyzed
into normal modes and can be specified
by a set of quantum numbers n and a
wave number g, When only few states
are occupied in semiconductors, the

energy gap can be represented by:

Eg(T) Eg(0)+AEg.............
were Eg (0) is the difference inthe

crystal potential, for the undistorted lattice,
due to the transfer of an electron from a state
( ky, v) to a state (kp, ) ; That is,

Eg (0)=Eg (ks,c)-Eg (kyv)............(2)
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While AEg is the difference between
the values of the energy gap at temperatures
(T)K and (0) K. The change in the energy of
the electron -lattice interaction in the crystal
which accompanies such excitation, and the
lattice distortion caused by vibration due
to temperature, can be given by the second
order perturbation method , which gives
(12];

1/3 2
{TT-}LV g:r?. *) Wl Ce
oiil3)
Where k, is the Boltzman constant, is

the unit cell volume which is defined by the
lattice constants a, b and ¢ as:
Q=axb.c,

M is the twice mean atomic mass, which
is due to the form of the lattice vibration
[12], 'and u is the speed of sound waves in
the crystal . More details can be found
elsewhere [5].

Equation (3) however is suitable for the
intrinsic temperature range.[13], in which the
parameters Cc and Cv can be estimaied
from the carrier mobility. Since the data
used in this work were from samples of
impure and n-type conductivity and rot
intrinsic in the investigated temperature [14],
then Cv can be neglected, while the
parameter Cc can be estimated from the
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relation of the lattice scattering of the carrier
mobility as [15,16].

é o 220) 2en*i® @)
c 3{1(&0)3!2?“*5!2#?3!2
Where e is the electron chasy: and is

the mobility of electrons.

In order to perform the total calculation
of Eg versus 7, the effect of lattice dilation
should also be added to the electron
phonon interaction effect . This effect is
given by shockly and Bardeen [10,5] as:

(5)

. s

c

dEg. 2
r's=3

Where 4 is from the coefficients of
volume xpansion, which can be calculated
from the temperature dependence of the
principei linear thermal expansion along the

“a" and “c” axes as J, and J. ;respectively,
in the form

B =2uttkc.......(6)
By summing eq. (3 )and (5) ,the total
Eg dependence on temperature is:
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II-IT Empirical methods for
calculating the temperature
dependence of Eg:

A:Varshni's formula

Vasileff[17] considered the shift of
the band edge through electron phonon
interaction. Adams pointed out that Vasileff's
theory fails for most semiconductors,
however he agrees wiun Vasileff's
conclusions on the temperature dependence
of the band edge . These calculations led
Varshni[18] to suggest that the linear
temperature dependence of Eg isdueto
the lattice dilation effect which occures only
at high temperature, and the -eclectron -
phonon interaction effect which contributes
as T° for T<<@, and as T for 7>>6,
Combining these variations the relation
becomes as [6].

1
Eg(T) = Eg(0)-2— .......(8)
T+gp

Where Eg ( T) is the energy gapat
temperature T which may be direct or
indirect, Eg (1) isthe energy gap at (0)K, ¢

is an empirical constant and might
approximately be the (0)K Debye
temperature.
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B:Ravinra and Srivastava formula
Ravindra and Srivastava[7] have

shown the variation of the energy gap with

temperature in se niconductors is given by:

(2.25x107°8, -4.275x107)1"*
5(T-56,,—-1135)

(9)

Eg(T) = Eg(0)-

Where #, and T are inK and the
numbers in the above formula are
determined by using the standard procedurcs
of the curve fitting

C: Seehra and Seehra formula :
The following empirical relation has

been prerosed by Sechra and Sechra [8];

Eg (T) =Eg (0) +aT+bT* .......(10)

Where the constant a and b, are determined
by plotting Eg (T) - Eg (0)

Versus ikl

3
In 1979 Seehra and “echra have
attributed the (b 7°) term to the electron -
phonon interaction while the (a 7) term
associated with the lattice dilation.
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ITI- Results and Analysis

The effective mass of carriers m*in
semiconductors is an important parameter in
calculating the temperature coefficients of
Eg (eqn. 4). The temperature dependence of
effective mass was calculated from magneto-
optical measurements through the relation
[Pankove 1971]

o 1.1

m =—(——)ehB  ..........(12)

" Z(mg}e (12)
where B is the mag ctic field intcnsity,

whose value was 0.7 Tesla. The resuiis for
m,* are shown in fig. ( 1} . However, the
details are given elsewhere | 14].

el
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Fig.(1):Temperature dependence of the
effective mass of carries for CdGel ..

The sampie was a single crystal j .own
by using a Tin Solution mecthod. This
method however , has been used successfully

for a high temperature melting point
compounds  in which contains a vo'atile
components [20].

The average sound velocity u which is
also an important parameter, can  be
calculated from the expression [21],

Moy ¥y 13
u= () (13)
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Where V is the average atomic
volume[22], and ¢D is  the Debay
temperature . The room temperature values
of V and éD are equal to 2.609x10-23 Cm3
and 324 K, respectively. These values give
an average sound velocity in ( dGeP2 equal
to (3.229 x 103) m/sec. The atomic volume
is calculated from the relation * =V /P
where M is the average atomic mass and
P is the density and have the values of
(7325 am.u) and 4.66  glm’[22],
respectively . The coefficient of volume

expansion which was calculated from
relation (6) is equal to (18.2 x 10-6K-1),
however, the change in » due to & inthis
calculation was found to be too small and
was neglected . The room temperatu value
of » is equal 1o (355.1341 x 10-30 1,2 ) and
was used in the persent work.

"he temperature dependence of Eg
caler ated from Fan and shockly Bardeen
relations equ{1) is shown in fig.(2).

(AEg), AEnergy Gap{e'')

Temperature in K

Fig.(2): AEg verus T of CdGeP;
compound from fan and Shockly-Bardeen
method.

(a)Effect of lattice vibration.
(b) Effect of lattice expansion.
(c) The total effect



JZS (Part A), Vol. 4(1), 2001

This figure shows that AEg increases
when the temperature is raised due to
electron - phonon interaction as shown in
curve (a). This effect, which depends on the
scattering of carriers by lattice vibrations is
described by equations (3) and (4). This
figure also shows the effect of lattice dilation
(b) which is large in comparison to that of
the lattice vibration (a) and their combined
effect is shown in C. However, in other
semiconductors the lattice dilation effect has
been shown to be smaller than that of the
lattice vibration [8,11 and 12].

Fig. (3) shows different results of Eg
versus T for different samples. The
experimental results (curves 1 and 2)
represent two samples of different carrier
concentrations[14], while the calculated
curves are from Fan's and shockly -
Bardeen equation (curve 3 ), Varshni (curve
6) and Seehra - Seehra (curve 5) empirical
relations are in good agreement with the
experimental data (curves 1 and 2)
Ravindra and Srivastava formula gave a
higher values for Eg (curve 4) Comparing to
the reported experimental values ( curves |
and 2) This could explain that, this formula
has been derived from a more pure
semiconductors than samples (1) and (2).
However, a heavy doped and impure
semiconductors are always those crystals
which are grown by using solution method .
[20,24].
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E Fig.(3):Eg versus temperature of CdGeP;
2 compound

(1)From experimental work (sample No.1)
(2) From experimental work (sample Ne.1)
(3) From Fan and Shockly vardden methad.
(4) From Ravindra and Srivastava wqretioa.
(5) From Seehra - Seehra equation.

(6) From Varshni equation.

IV - Conclusions

The method of Fan and shockly-Bardeen is
applicable for calculating the temperature
dependence of Eg for the ternary
semiconducting compound CdGeP; and the
results shcved good agreement with
experimental work. The effect of the lattice
vibration on the temperature variation of £g
is smaller than the lattice expansion of this
compound

Empirical relations of Varshni and Scehra -
Seehra gave better fitting with the
experimental results than the Ravindra -
Srivastava relation.
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