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Calculated far-infrared lattice absorption spectra of cadmium telluride doped with beryllium
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The impurity-induced infrared lattice absorption has been calculated for a zinc-blende-type crystal in
the low-concentration limit of substitutional impurities. The impurity is described by a nearest-neighbor
perturbation model where along with the change in mass at the impurity site, the changes in the
central and noncentral impurity-host crystal interactions have been considered. A numerical estimate has
been made for impurity-induced infrared absorption in CdTe doped with Be impurities aAer employing
a seven-parameter second-neighbor-ionic model. The main features of the experimentally observed
absorption have been reasonably explained. The observed absorption peak at 61 cm ' is seen to be an
impurity-activated one-phonon acoustic band rather than a resonant mode suggested earlier by Sennett
et aL

I. INTRODUCTION

In perfect alkali-halide crystals, the transverse-
optieal mode at the center of the Brillouin zone
(BZ) (of essentially zero wave vector, i.e. , g= 0)
is infrared active predominantly when the light
is incident perpendicular to the surface of the crys-
tal. ' One may also observe the longitudinal-
optical mode of zero wave vector if the radiation
is p polarized and incident obliquely to the crystal
surface. ' In the infrared-absorption spectrum,
these fundamental bands (the well-known restrahlen
absorption, in which a photon is supposed to be
absorbed creating a lattice phonon) appear as
sharp peaks. The translational symmetry is
destroyed by the presence of impurities and the
restrictive selection rule (g=0) is relaxed. The
incident radiation now interacts with nearly all
the modes of the vibrational spectrum. There
arise some additional absorption peaks in the
phonon-band region due to the resonance modes~
or outside the bands due to the localized or gap
modes. 5

In infrared studies of pure II-VI and III-V semi-
. conductor compounds, in addition to the restrahlen
absorption, several relatively weaker bands are
also observed. Many authorss 0 have seen such
bands and have attributed them to processes in-
volving more than one phonon for the case where
the absorption peaks lie above the TO(I')-mode
energy. If the weak bands lie below the TQ(l")-
mode energy, they are attributed to single- and
multiple-phonon generation processes. The
presence of impurities in these systems produces
some additional absorption peaks which c~ri easily
be identified by making a comparison with the
spectrum of the host system.

The infrared studies in pure CdTe have been
made by several authors. ' Recently, the
absorption due to divalent Be impurities in CdTe
has been measured by Sennett et al. ,

' who have

detected an impurity-*induced abosrption peak at
61 cm '. In order to understand the observed ab-
sorption these authors have performed a calcula-
tion in the mass-defect approximation and as-
sumed that the impurity-induced absorption ls
proportional to the amplitude of the vibrating im-
purity. They predicted that the observed peak
at 61 em ' is due to a resonance mode merely be-
cause a low density of states appears near this
frequency.

The experimental data on the phonon dispersion
of zinc-blende-type crystals is rather sparse even
after the advent of neutron spectroscopy. Neutron
data exist only for a few systems. The dy-
namics of these compounds has been widely studied
using both the phenomenological shell 3~' 7 and
rigid-ion models. ' " The shell model, which
had been seen to be very successful for discussing
the lattice dyaamics of alkali halides, is not found
to be the best one for the zinc-blende-type crys-
tals. In particular, a shell model has been tried
by %augh and Dolling for GaAs. In order to ob-
tain good agreement with the experiment, it has
been found necessary to incorporate a large num-
ber of disposable parameters. Some of these pa-
rameters have very little physical significance.
The unique evaluation of the parameters can be
made only if extreme restrictions are imposed on
the model. It is evident from the fact that a some-
what simpler six-parameter shell model fails
to reproduce even approximate phonon dispersion
relations in zinc sulphide crystals particularly for
the optical modes. The applicability of the shell
model for discussing the lattice dynamics of zine-
blende-type crystals has, in fact, been questioned
by Dick'~ and Cochran" on basic grounds. These
examples are intended to indicate the unsuitability
of the sheQ model for a very reliable calculation
of the phonon frequencies for crystals having ZnS
crystal structure, particularly when insufficient
experimental data are available.
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is the force-field matrix comprising the short-
range interaction D' and the Coulomb (long-range)
interaction D matrices, respectively. The
column vector u represents the atomic displace-
ments.

Assuming the plane-wave solutions for the dis-
placements of the gth atom of mass m„ in the pgth

unit cell

P( ) —— (m) b, m(m) '

+(m) "'aD'(m) "' (io)

Here the mass and the force-constant matrices of
the imperfect crgstal have been written as
(m+6m) and (D'c+aD'), respectively, and g'

is the displacement vector of the imperfect lat-
tice.

n(nK) =
( pl z e (Klq s)e""""',

mg
(2) B. Impurity-induced infrared lattice absorption

Eq. (1) becomes

(C —uP 1)e=o.
Here the polarization vector e has the Cartesian
components e, (KI q, s) at site K for the wave vec-
tor q in the polarization branch s. N is the num-
ber of unit cells in the crystal; R(nK) is the posi-
tion vector of the lattice site (nK); C is the
Fourier- transformed dynamical matrix whose
elements are

c s(ql KK )=QL z(nl KK )e z K, (4)

where n= (nK)- (n'K') and R(n) =%(nK)- R(n'K')

denotes the differences of the position vectors of
the two lattice sites (nK) and (n'K'). The elements
of the mass-reduced dynamical matrix are given
by

L s(nI KK ) =D's(nK;n'K')/(m„m„. )

The solutions of Eq. (3) are the frequencies &u

as a function of the wave vector q, i.e. , the disper-
sion curves of the host lattice. . For each ~(q, s)
the polarization vectors satisfy the familiar
orthogonality and closure relations

5 e~~(KI q s)e~(KI q s')= &»

2 e,*(K
I q, s)es(K

I q, s) = 5 s .

The impurity induced ir absorption in crystals
has been discussed by several authors. ' '

For a harmonic crystal the extra absorption due
to a single impurity is given by

4v(n (~)+2] &u N ef~~

Qn(u&) Vc

xim(0, TOI G (z)10, TO),

where n (~) is the high-frequency dielectric con-
stant, n (~) is the dielectric constant at the fre-
quency +, p is the velocity of light, N is the num-

ber of unit cells in the crystal volume V, e~« is
the effective charge (taken as Szigetti's effective
charge" equal to 0. 72 for the pure CdTe crystal),

p is the reduced mass of an unit cell,
G(z)(—= [ L + P (&u ) —zI ] ') is the Green's-func-
tion matrix for the crystal containing the im-
purities, and 10, TO) is a normalized eigenvector
of the q = 0 To phonon in one direction.

The Green's-function matrix for the imperfect
crystal is related to the Green's-function matrix
for the perfect crystal by the Dyson equation

G(z)= G'(z)[I + G'(z)P(~ )] ' '

= G'(z) —G'(z) P ((u') G'(z)

+ G '(z) P (~') G '(z) P (~') G '(z) —~ ~

Now returning to Eq. (1) we may write it as

Log=+ I f, (7)

= G (z) —G (z) T (z) G'(z),

where the T matrix is defined by

T (z) = P (&u )[ I + G (z) P((u )] ' .

(i2)

where

Lo ( )-1/2 DsC(~ )-1/2

and P is a column vector related to the atomic dis-
placement vector u by

u=(m) "'y. (8)

For a crystal containing defects the equation of
motion may be written

[ L'+ P (~ )]F = ~ I 7
where P (uP) is the perturbation matrix due to the
defects. Its explicit form is

D(z)=detl I+ G (z)P(&u )I

=ReD (z)+i ImD(z) (14)

The frequencies of the localized, gap, or reso-
nance modes are the solutions of the equation

ReD(z) = 0 .
Using Eqs. (11)-(13)along with the relation

The resonance denominator contained in the in-
verse matrix [ I+ G (cu) P(&u )] ' is of central im-
portance for the investigation of the impurity
modes. By separating its real and imaginary parts
we have
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( )
tf f 4tzz St33 IIMtz3" m(+) m(+) m(+) m(+)

4')3 4tfz
[m(+)m(+)]" ' [m(+)m(+)]"' (l7)

for a zinc-blende-type crystal. The (+) or (-)
sign in m(a) denotes the mass of the positively or
the negetively charged ion. The upper or lower
signs in Eq. (17) are to be taken for an impurity
lying at a (+) or (-) ion site.

G (z) I 0, TO) = (uPo- z) I 0, TO), the impurity in-
duced ir absorption due to a randum distribution
of a fractional concentration [p] of impurity ions
is seen to be

4z(n'( )+2}' (o pe.",,
9n&v& &coo- cu j cpA

(ie)
where 0 denotes the volume of the unit cell. The
scalar product too(z) is the matrix element of the
T matrix (in Fz irreducible representation, ' see
Sec. III) for the q=0 transverse-optic mode and
is given by

III. DEFECT PERTURBATION MODEL

For the case of a single impurity in the lattice,
the nonzero elements of the perturbation matrix
lie only in the space occupied by the impurity and
its immediate neighbors, i.e. , the "impurity
space. " If b is the number of atoms directly per-
turbed by the impurity including the impurity ion
itself, the perturbation matrix P(uP)(=—p(~ )} is
of dimension 3b x3b. In the present case we as-
sume that the impurity occupies the site of a
group-II atom and consider the changes in the
nearest- neighbor central and noncentral interac-
tions. The matrix elements of the perturbation
matrix of dimension 15x 15 are

p(g(0, 0) = —f(d + s (jl + 2A. ),

p„(0, 0) =0,

p„(0,5„)= ——,
' y'~ '(x+ 2x'),

p(, (0, 5„)=--.' y"'(~-X')n, n, ,

p„(5„,5„)=-,' y(y+2X'),

p,g(Q, 5„)=-,' g(a- X')n, n, ,

160—

)40—

lp

120—

CQ

l00—
Z

80—
Z

& 60-Z

40—
Ll

[I OOj

X X
I I

I

I
I

I
I
I

I

I

I
I
I

I
I
I
I
I
I
I

I
I
I

r r

FIG. 2. Calculated dis-
persion curves of CdTe.
Solid dots (0) denote the
infrared data, Ref. 52.
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i,j=1,2, 8, where e= [m'(a)- m(a)]/m(a) is the
mass-change parameter, g= mQ)/m(v) is. the
ratio of the masses of the ions of the two sublat-
tices, 3 = b, 44/m(a) and k'= LP/m(+) are the changes
in the mass-reduced central and noncentral near-
est-neighbor force constants (a and P are the
nearest-neighbor central and noncentral forage
constants of the delauney type in the host lattice)
in units of squared frequency, and R„[=2a
x(n„nz, nz)j is the lattice vector of the nearest
neighbor of the impurity site.

The irreducible representations which appear
for an impurity site having [y4] symmetry in the
zinc-blende-type lattice are Ea, E„A&, and E.
The necessary symmetry coordinates, i.e. , the
symmetrized linear combinations of the 15 ionic
displacements in the impurity space have been
worked out by Ludwig. The normal modes which
are infrared active are those which transform ac-
cording to the E2 irreducible representation. The
matrix elements of p(&o ) in the Fz representation
are

p~z(& ) =

+f(X+2K )

—-', }f'~'(Il+ 2X')

—;~2X"'(& —z')

—-'x" '(~+»')

4y(A. +2k )

—,
'

vYy(x —x')
3 M2)( (A. —A. ')

-', y(2K+x')

We define a Green's-function matrix for the unperturbed crystal by Go(z)(—= [ Lo- z,l] lJ, where z is the
complex frequency, z = & +2g in the limit as f-O'. The matrix elements of the Green's function matrix
g(z) in the Fz irreducible representation are seen to be

g, (+) 2gs(+)

gz, (z) =~ 2g, (+) [g, (+) + 2g, (+) +g, (+)]

~2g, ~ M2g, +

2M2g4(~)

M2g, (~)

Ig&(+) —g, (+) —g, (+) —2g, (+)]

(20)

g, (+)=g„(0,0,0; 0, 0, 0),

g,h}=g,„(1,1, 1;1,1, 1),

g, (+) =g„(0,0, 0; 1, 1, 1),

g (s) =g,„(0,0, 0; 1, 1, 1),

gl(+) =g„(1,1, 1;—1, —1, 1),

g (t) = g„(1,1, 1;—1, —1, 1),

g, (+) =g„(l, 1, 1;—1, —1, 1),

g (t) =g„(1,1, 1;—1,—1, 1) . (21)

The different elements of Green's function matrix
g (+;z) ale givell by

j,(tl q, s)
g, (+, z)- —„ZZ,(- )(d q, s —z

where $ = 1 to 8 and the complex quantities
j4(4:I q, s) stand for the following expression:

'

Rej, (+ I q, e) = [Ree, (+ I q, s)]'+ [Ime, (a I q, s)]

Imj, (+Iq, s}=0,

Rej, (+ I q, s) = Rej, (+ I q, e)

Imjz(al q, s) = 0,j,(+ q, s)=

Reja(+ I q, s) = [Al cosz q a cos2 qua cos2q a —Bl stnz q a sins q6 a sin q a]
jl(k

~
qq S) =

Imjl(sl q, s)= [4, sin —,q a sin —,qza sin —,q„a+ Bicos , q a cos2 q—zacoszq„a],1

Rej4(+I q, S) = —[AzSlll2 q a Silla q4a COSz ql a —BzCOS2 q a COS2 qua Sill2 q~a]
g4(+~q, S) =

1 1 ~ 1 ~ 1 ~ 1Imj(a I q, s) = —[~z cos—,q, a cos , qua sin —,q„a+—Bzsin —,q, a sin , qua cos—,q„a]—,
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Reje(s Iq, s) = «isbn q, s) cos-,' (2q, + qe+ q„)a cos ,' (q-e- q„)a

itnje(al q, s) = Reje(al q, s) sin —, (2q, +qe+ q„)a cos —,(qe- q„)a,

«je(k I q, s) = Reje(k I q, s) cos(qe+ q„)a
je(~ lq, s) =

Imje(a I q, s) = Reje(a I q, s) sin(qe+ q„)a,

Rej,(s I q, s) = [A, cos(q + qe)a —B, sin(q + qe)a]j,h q, s)=
Imj, (a I q, s) = [Ae sin(q + qe)a + B, cos(q + qe)a],

«je(+Iq, s)=- [A, sine (q +qe+2q„)a+Becose (q +qe+2q„)a]sine (q —qe)a

j (+Iq, s)=
imje(e:lq, s) = [A, cos—,

'
(q +qe+2q„)a —B, sine (q~+qe+2q„)a]sin —,

'
(q —qe)a,

(22b}

where o&, p, y=1, 2, 3 but av p& y, and e (alq, s)=—Ree (al q, s)+i Ime (+[q, s). Further,

A, = Ree, (t
I q, s) Ree, (+

I q, s) + Ime, (t
I q, s) Ime, (v

I q, s),

B,= Ree (+
I q, s) Ime~ (a

I q, s) —Reee(a
I
q, s) Ime, (+

I q, s),

Ree ~l q s)Reee(+I q s}+ime (+I q s) imee(+I q s)

Reee(+I q s) Ime, (+I q s)- Ree (e'I q s) Imee(+I q s)

A, = Ree (v
I q, s) Imee(+

I q, s) + Ime (+
I q, s) Imee(+

I q, s),,

B,= Ime (T
I q, s) Reee(+

I q, s) —Ree, (+
I q, s) Ime e(+ I q, s) .

IV. NUMERICAL COMPUTATIONS

A. Phonons

I

and

2acee = —0. 063}f+n+ 2(»., + &&e)

2ac&~= 0. 1255y+ a+4(i&~+ pe), (23)

2ac &e
= 1.324X+ 2P —& —2(~& + 4) + 2 (p& + u e),

(24)

We have employed a SNI-lattice-dynamical model
for the computation of the eigenfrequencies and
the eigenvectors of the host CdTe crystal. The
model incorporates the short-range forces" (up
to and including the second neighbors) and the
long-range Coulomb forces. ~ The elements of
the short-range interaction matrix depend on the
model parameters o., P, p„ i&»»»»e, and the
masses of the constituent atoms and the lattice
constant. The elements of the long-range Coulomb
interaction matrix are related to the effective
charge and the lattice parameters of the crystal.
For details we refer to an earlier paper.

The evaluation of the involved seven lattice-
dynamical model parameters is usually made by
using the data of phonon frequencies at critical-
points (I' and X) as an input with the three experi-
mentally determined elastic constants as con-
straints on the values of the parameters. The ex-
pressions relating the three elastic constants with
the model parameters are

with
+2(p, + i&,e}-2aA'/B,

A (1.2595y —P)
B a- m}f/6

(25)

As mentioned earlier, no detailed neutron scat-
tering data are available for CdTe, and consequent-
ly one does not know the exact critical-phonon fre-
quencies required for the evaluation of the seven
parameters in this model. We have, thus, adopted
alternative approaches to seek a guideline for the
critical-point phonon frequencies.

A very good source of the TO(I')-mode fre-
quencies for the long-wavelength vibrations is the
study of the infrared reflection or absorption
spectrum. ™1The zone center LO(I')-mode fre-
quency mz p(p) may be evaluated by using the well-
known Lyddane-Sachs- Teller (LST) relationship, "
&uLo&r& ={n 4u)/n (~)j~~ m~o&r&. In zinc-blende-
type crystals, the long-wavelength optical vibra-
tional modes are allowed (by the selection rulese)
to be Raman active, and, therefore, the first-
or second-order Raman scattering measurements
are most suitable to obtain the optical-mode fre-
quencies at the center of the Brillouin zone. Quite
recently, Beserman and Balkanski have observed
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mately linear. The calculated values of (2ac«/
gpss~)~~2 and (2ac«/ma)~~3 for the system under study,
in turn, give the LO(X) and LA(X) phonon energies.
Our calculated values, when compared with the
existing second-order Raman and other optical
measurements, are found to be reasonably good.
For details we refer to an earlier paper. '

2 Acoustical-phonon energies

The dispersion relations for II-VI [Zn8 and
Zn8e] and III-V semiconductor compounds [Ga8,
GaP, In8b, InP (for acoustical branches only)]

TABLE I. Acoustic- and optical-phonon energies at
various critical points as calculated by the SNI-lattice-
dynamical model. The available opt, ical data and the
calculated results of Sennett et nl. {Bef. 21) are also
presented for comparison. All the phonon energies are
in wave numbers (cm ').

I

0.25
C ritical Lattice
points mode SNI model

Lat tice-dynamical
calculations

Shell model~ Optical
(Ref. 21) data

LO
TO

167
139

171 167"
140 139"

FIG. 3. Calculated one-phonon density of states of
CdTe.

the zone-center phonon frequencies in the infrared
reflection spectrum of ZnSe, Zn Te, and CdTe
crystals. These frequencies are in close agree-
ment with those measured by first- or second-
order Raman scattering experiments. 9' 3 I

In order to obtain the critical-point phonons
from the optical measurements (infrared or sec-
ond-order Raman spectrum) it is essential to per-
form a correct analysis. In the absence of the
neutral data or reliable lattice-dynamical calcu-
lations, wrong assignments of the observed peaks
in terms of the critical-point phonons have been
made in the past. .e ~0 In the absence of the neutron
data it is worthwile to calculate the zone-boundary
phonon energies from the reliable theoretical ap-
proaches. %e have followed the following ap-
proaches to get the optical and acoustical zone-
boundary phonon energies:

Optical- and aconstical-phonon energies

An approximate estimation of the longitudinal-
optical or -acoustical phonon energies at critical
point X can be made by plotting values of these
phonons already known either from the neutron
scattering or Raman scattering experiments as
a function of (2ac«/mal) or (2uc«/yyga) for
various compounds having zinc-blende-type crys-
tal structures m, «m~ (see Figs. 1 and 2 of Ref.
26). Both of these curves are seen to be approxi-

LO
TO
LA
TA

LO
TO
LA
TA

W)

W2

W3

W4

Z(
Z2

Z3

Z4

Z5

Z6

153
143
103
35

156
140
100
24

51
57
91

139
144
152

20
46
70

139
142
158

137
163
125
50

147
155
110
35

52
56

118
135
165
165

104.5'
25C

46'

42
60

116
137
160
165

K K 32 ~ ~ ~

K2 62 ~ ~ ~

K3 94 ~ ~ 0

K4 141 1 0

K5 142 ~ ~

K6 $53 0 ~

*Approximate values of phonon energies have been read
from the calculated dispersion curves by Sennett et el.
(Bef. 21).

~Reference 52 and M. Balkanski, R. Beserman, and
L. K. Vodopianov, in I.ocnlized Exeitations in Solids,
edited by B. F. %allis (Plenum, New York, 1968), p. 154.

CG. A. Slack and S. Roberts, Phys. Rev. 8 3, 2613
(1971).
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and

1/2
lim(&d~&») =
q 0 p 2' (25)

) gj2
llm (&dr)& &r)) = (27)-0 PP

where p is the crystal density and lime, 0(&d~ &»)
and limS 0(&d T„&r&) are the linear-limit longitudinal
and transverse-acoustical phonon energies at
critical point X.

The acoustical-phonon energies can be correlated
to the above linear limiting values as

(dL&& (x) Cg llm {&dL)&&x))
f~ Q

(23)

&dTa&x& ~21)m (&dT)&&X&} 5

g» Q

(29)

where Cj and C2 are the unknown constants having
positive values less than unity. These constants
have been evaluated from the known dispersion
curves for the acoustical-phonon branches in
other compounds and are taken to be same for the
system under study. lt is found that the LA(X)
phonon energy calculated in this manner and by the
procedure described above is very much similar

have been carefully studied by neutron scattering
techniques. By plotting the dispersion of acoustical
phonons along the (1,0, 0) direction for any one of
these compounds, the slopes of the dispersion
curves near q = 0 can be extrapolated to give the
linear- limit values. However, these linear-limit
energies can also be calculated from the experi-
mentally determined elastic constants by the rela-
tions"

to the existing optical data. The same is true for
the case of the TA(X) phonon energy. For details
we refer to earlier papers. '6'3~

Vifith the help of the Brout sum rule, the value
of the TO(X) energy can be calculated after using
the optical data for the energies at the center of
the BZ and the calculated values of the energies of
LO(X), LA(X), and TA(X) phonons.

In the calculation of the involved parameters
for the lattice-dynamical-SNI model we have de-
viated a bit from the usual procedure of Banerjee
and Varshni. ~ Two of the model parameters 0.
and X are calculated using the LO(F) and TO(I')
phonon frequencies by the relations

o& = h P [&d Lo &r &
+ 2 &d To &r & ] (Soa)

2 2
X (P(2v)[&d).o&r) &dro&r&1 ~ (30b)

The parameter p, is calculated using the LO(X)
phonon frequency from the relation

i)g —4 [g m)&d) o&r) —Q —0, 54125X], (sl)

2 2 2 )2To(x) + Tx (x& (dTo(x& +T~ (x)
1 2 2 )

(4p- 5. 335x)'
o&+ 2 i&) —0, 27)(

Bl/ 1 ))s m$

Now the parameter )),s is calculated using Eq. (23)
in such a way that it reproduces a reasonable value
of LA(X). Approximate values of P and ()&, +)&s) are
then calculated from the remaining two equations
of elastic constants, (24} and (25). The values of
the parametex s and the transverse-optical and
-acoustical phonon energies at critical point X
are adjusted to have an independent calculation
of the parameters A., and A2 from the relations

I
I

\
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IPl. g](+)

fg
II
I I
I I
I l

I
I
I

I

I

I
I
I

I fI

I

'I

(32)

2 2 2 2 2~2 &To(x)+ TX(x& (dTo(x& T~(x&
8 2 2

(4(l —5.5555& "' 4
( 5 5 55 )IVl QVE2 Pl2

9/~ 0.0
(a~sec )

-0.4-

-0.S—

FIG. 4. Calculated real and imaginary parts of the
Green' s function g~(+) for CdTe.

(33}
During the evaluation it is kept in mind that the
values of X1 and X2 should repxoduce reasonable
values of the zone-boundary phonon energies. The
macroscopic data used in the calculation of the
unknown parameters along with the calculated pa-
rameters for CdTe have been given in an earlier
paper. '6

The translational vector of the reciprocal space
was divided into 16 equal parts to give rise to a
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FIG. 5. Calculated impurity-induced infrared ab-
sorption.

grid of 4096 equally spaced points inside the first
BZ. Because of the symmetry considerations of
the BZ for the zinc-blende structure it is only
necessary to determine the frequencies in the range

q = (v/2a)~(q„q„, q, ),

where q„q„, and q, are positive integers and
satisfy the following inequalities:

o- q„& q„- q, «16,
and

)q,.q„+q, )
=24.

(34)

(36)

In the calculation of the complex-valued Green's
functions, a staggered-bin averaging procedure
has been followed. First, the quantities given in
Eq. (22b) were calculated and sorted out by divid-
ing the frequency interval into 60 equal bins. The
resulting histograms are used to calculate the real
and imaginary parts of the Green's functions at
low frequencies. To carry out the actual integra-
tion of the real part of the Green's functions at
low frequencies, the method of Sievers et al.
has been followed.

In the integrations the frequency increment is
chosen in such a way that the spurious fluctuations

There are 149 points defined by these numbers in
the /th part of the BZ.

The calculated phonon dispersion curves along
the three symmetry, [100], [110], and [111],
directions and the resulting one-phonon density
of states have been displayed in Figs. 2 and 3,
respectively. The calculated zone-boundary phonon
frequencies along with the existing optical data
are given in Table I.

B. Green's functions

Using Eq. (16) we have performed numerical
calculations for the impurity- induced infrared
absorption in CdTe crystal doped with 0.03-mo1%
Be impurities. The experimental and the calcu-
lated absorption curves are shown in Fig. 5. It
is noted that the position and the general shape of
the peak in the experimental spectra has been
achieved even in the mass-defect approximation,
but the calculated absorption exhibits a relatively
lower height than the observed one. The calculated
absorption curve has thus been scaled by a, factor
of 1.7 so as to facilitate comparison with the ob-
served absorption. In order to obtain a better fit
and a sharper peak we have calculated the absorp-
tion by considering changes in the central-force
constant. The most appropriate value for the
central-force-constant change is found to be
g=-0. 06x10 sec . It corresponds to a -5. 5~/p

reduction in the nearest-neighbor central force
constant [u/m(+)=1. 108x10 sec ). It repro-
duces the position and the height of the peak at
62 cm fairly well. The real part of the resonance
denominator ReDz (z) has been plotted in Fig. 6

2
after considering the mass change as well as the
force-constant change. No resonance mode ap-
pears in the low-frequency region, e.g. , at 61 cm

A=0
2A= -0.O6x10

2
H

a 0
QC

I

0.25
I

0.5

I
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I
I
I
I
I
I

I
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I

I
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FIG. 6. Calculated real part of the reaon~~ce de-
nominator in F2 mode.

appearing in the Green's functions are minimized.
For the present choice of 4096 points in the first
BZ, a value of 0.35 for the frequency increment
in units of bin was seen to be appropriate. As
a representative case the real and imaginary
parts of the Green's function g~(+) have been
shown in Fig. 4.

C. Absorption coefficient
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a result totally different from that of Sennett
et al. However, we find an antiresonance at
about 145 cm ' of width 72 cm ' in the high-fre-
quency region which will be inaccessible to the ex-
perimental observation. The calculated one- pho-
non density of states (Fig. 3) shows a peak at
62 cm ' due to the critical point E(-,', —,', 0) of the
Brillouin zone. As the absorption spectrum re-
flects the appropriate projection of the density of
states of the host lattice the weak peak at 61 cm
may be attributed to the impurity-activated one-
phonon acoustic band. Similar impurity- activated
one-phonon acoustic bands have been observed
earlier in several other impurity-host sys-.
tems

V. DISCUSSION AND CONCLUSIONS

We have obtained an explicit expression for the
impurity-induced ir absorption for systems hav-
ing zinc-blende-type crystal structure containing
a low concentration of substitutional impurities.
A numerical estimate has been made for a CdTe
crystal doped with 0. 03-mol/p Be impurities and
compared with the experimental absorption. The
general features of the observed absorption spec-
trum have been explained very well on the basis
of a simplified central-force model. This model
is physically significant in the sense that it in-
volves only one adjustable parameter. The absorp-
tion peak at 61 cm ' arises as an activated peak
in the density of states of the host CdTe rather
than as a resonant mode of Be impurity. We have
also made calculations for the absorption due to
some other isoelectronic impurities (viz. , S,
Mg, ~'25 Mg and Al) and have observed the impurity-

activated peak at 62 cm ' in all cases. In the
CdTe: Be system the shape and the peak of the ab-
sorption curve is reproduced well; however, the
calculated absorption exhibits a relatively broad
peak. It may be ascribed to the broadness of the
calculated density of states. For an impurity ion
with a polarizability different from the host ion it
replaces, one may expect changes in the effective
charges of the defect and its neighbors. The value
of Szigetti's effective charge e~«may be different
in the doped crystal. In the present calculation,
we have assumed a value of effective charge e,*«
= 0.72 for the doped crystal, a value which is found
in the pure CdTe crystal.

We may thus conclude that in the absence of the
neutron scattering results for the lattice phonons
the observed impurity-induced infrared absorption
spectrum of a zinc-blende-type crystal can well
be accounted for if we employ a simplified central-
force model.
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