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Optical-phonon behavior in Zn, „Mn„Se: Zinc-blende and wurtzite structures
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Optical phonons of mixed-crystal Zn& Mn„Se in both zinc-blende and wurtzite structures are inves-

tigated by Raman scattering. A calculation of the compositional dependence of the optical-phonon fre-

quency in Zn, Mn Se is performed using a modified random-element isodisplacement model with some
detailed consideration. It confirms that Zn, Mn„Se shows an intermediate-mode behavior. The con-
stant e which describes the effect of variation of the lattice parameter on the force constants should be
different for individual mixed crystals. The phonon-mode splitting in wurtzite-structure Zn& „Mn Se is
mainly attributed to the directional dependence of the force constants.

The vibrational spectra of diluted magnetic semicon-
ductors (DMS), mixed crystals of tetrahedrally coordinat-
ed II-VI semiconductors where a fraction of the cations is
replaced by a magnetic element such as Mn +, are of spe-
cial interest in view of the fundamental aspects of lattice
vibrations. Like other semiconductor alloys, the zone-
center optical phonons in DMS show a variety of pat-
terns for their mode behavior: they exhibit "one-mode, "
"two-mode, " or "intermediate-mode" behavior depend-
ing on the vibrational characteristics of the end members.
For example, optical phonons in Zn, Mn„S (Ref. l) ex-
hibit one-mode behavior, those in Cd, Mn Te (Ref. 2)
and Cd& „Mn„Se (Ref. 3) exhibit two-mode behavior,
while Zn, ~ Mn Te (Ref. 4) shows an interesting
intermediate-mode behavior.

Many studies of the diluted magnetic semiconductor
Zn& Mn Se have already been done on its strong ex-
change interaction between band electrons and the local-
ized electrons of Mn +, as well as lattice parameter and
optical absorption. However, investigation on its lattice
vibration behavior is far less complete. It is known that
Zn& Mn„Se is zinc blende for 0 ~x ~ 0.3 and wurtzite
for 0.33 ~ x ~ 0.57. Studies on the phonons of
Zn

&
Mn Se up to now are all within the range of

0 ~ x & 0.33 and the results are inconsistent. Arora
et aI. inferred from their Raman-scattering measure-
ment that the zone-center optical phonons of zinc-blende
Zn& Mn Se exhibit an intermediate-mode behavior. Lu
et aI. ' concluded from their far-infrared reAection mea-
surement that the x =0.18 sample shows a two-mode
behavior while the x =0.31 sample seems to be in an in-
termediate state of two-mode as well as one-mode
behavior.

In this paper, we extend the scope of studies on the op-
tical phonons of Zn, „Mn„Se from zinc-blende structure

to wurtzite structure. We present our Raman-scattering
data of its optical phonons for material with x in the
range 0.3—0.5 and the calculation of the phonon frequen-

cy as a function of composition by modified random-
element isodisplacement (MREI) model with some de-
tailed considerations to fit the measured data.

EXPERIMENT

The samples used in this study were grown by the
modified Bridg man method. Their compositions are
x =0.3, 0.4, 0.5, respectively. Raman spectra were
recorded at room temperature in backscattering con-
figuration, with an excitation power 20 mW of the 5145-
A Ar+ laser line. The slit of the double monochromator
was set at 400 pm.

RESULTS AND DISCUSSION

The room-temperature Raman spectrum of the sample
of Zno 5Mn05Se is shown in Fig. 1. The frequencies of
the optical-phonon modes of Zn& Mn Se are plotted in
Fig. 2 (left side) as a function of composition. The sym-
bol 0 stands for our results, while + is the data from
Arora et al. As illustrated in this figure, the optical-
phonon frequencies obtained in the two studies near
x =0.3 do not agree.

This is even more evident if the result of Lu et al. is
included. This is possibly due to the structural phase
transition from zinc blende to wurtzite near x =0.3, and
the samples studied with composition near phase transi-
tion may either be zinc blende or wurtzite or the mixture
of the two structures.

Several models have been proposed to describe the
optical-phonon behavior of the mixed crystal. The popu-
lar one is random-element isodisplacement (REI) model.
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Cd& Mn Se-Zn& Mn Se system. It can be understood
by considering the implication of 8. 0 describes the effect
of variation of the lattice parameter on the force con-
stants. Since the covalent radius of Zn (1.32 A) and Cd
(1.48 A) are different, the effect of variation of the lattice
parameter on force constants, i.e., the value of 0 should
be different for CdMnVI and ZnMnVI. This is more im-
portant in Cd, „MnSeZn, „MnSe than in
Cd, Mn„Te-Zn, Mn Te as the covalent radius of Se
(1.16 A) is smaller than Te (1.35 A). In Cd, „Mn Se and
Zn, Mn„Se the degree of variation of force constants
with the lattice parameter is dominantly affected by the
difference of Cd and Zn covalent radii, both having larger
values than Se. In Cd, Mn Te-Zn& Mn Te, however,
due to the large covalent radius of Te, the difference of
the variation of force constants between Cd& Mn Te
and Zn& Mn Te is not so evident. This, as we believe,
may account for why in Peterson's calculation the as-
sumption of same value of 8 for Cd, Mn„Te and
Zn& Mn Te still gives satisfying results.

Now we relax the constraint of same value of 6 for
Cd, Mn„Se and Zn, „Mn„Se. It allows us to select a
reasonable value of eo(MnSe), which we take as 10.0. '

Then we calculate again the phonon frequencies of
Zn, Mn Se as a function of composition with the pa-
rameters listed in Table II. The calculated curves are
shown in Fig. 3 (left side). The resulted force constants
are listed also in Table II. Those of Cd, Mn Se are cal-
culated with the same method and shown in Fig. 3 (right
side). Obviously the agreement between the experimental
data and theoretical curves calculated by assuming
different value of (9 are much improved both in the zinc-
blende range Zn& Mn Se and in Cd& Mn Se.

There is still discrepancy between calculated curves
and measured data in the wurtzite range Zn& Mn Se as
Fig. 3 indicates. It is not surprising if one considers that
the hexagonal crystal fields of wurtzite structure splits
the F2 vibrational modes of zinc-blende lattice into 3

&

and E, modes, which are polarized along and perpendic-
ular to the crysta1 axis c, respectively.

Two facts are responsible for the splitting. One is the

ZnSe

coTQ(ZnSe) =205 cm
cog Q(ZnSe) =25 1 cm
ml(ZnSe:Mn) =234 cm
eo(ZnSe) =8.80
a(ZnSe) =5.670 A

Resultant force constants
+zn-se 1 84
Fz„M„=O.67

*Fitting parameters.
'Data from Ref. 6.

MnSe

Q)TQ(MnSe) =2 19.5 cm
aLo(MnSe) =257 cm
ul(MnSe:Zn) = 196.3 cm
E (MnSe) = 10.0
a(MnSe) =5.902 A
[106 amu (cm ')2].

FMn-se =2.02

local electric field E&„which is given by'

E) =E+ +C P (2)

in wurtzite structure, where E and P are macroscopic
field and polarization, respectively. C; are constants and
subscripts 1 and 2 represent its value for P parallel (A &)

and perpendicular (E&) to c, respectively. Veuleur and
Barker' have calculated C; for an ideal wurtzite struc-
ture and got C& =0.2, C2 = —0. 1. The other is the crys-
tal anisotropy in wurtzite structure, which results in the
directional dependence of force constant and dielectric
constant.

A complete method to describe the phonon mode in
wurtzite structure with the MREI mode1 requires the fu11

calculation for 3, and E, modes, respectively. However,
for Zn& Mn Se the wurtzite structure exists within the
range of 0.33 & x ~ 0.57, thus no end member macroscop-
ic parameters can be used to do such a calculation. We
therefore adopt an alternative method to estimate the
effect of the two facts mentioned above on phonon fre-
quencies. We use Eq. (2) for wurtzite Zn& „Mn Se and
take C& =0.2 and C2= —0. 1 for 3& and E& modes, re-

TABLE II. Parameters in the MREI calculation of
Zn& Mn Se phonon frequencies (assuming different values of 8
for Cd& Mn Se and Zn& „Mn Se). The parameters are from
Ref. 9.

280 280

240

Z
X 200

L01
LO1

(

240 TO

LO2
t/)

Z:
200

0

Zn1-xMnx Se Cd1-xMnxSe T02
I

0 Q. 2 0.4 0.6 0.8 1.Q 0.8 0.6 0.4 o.2 0

X

160
0

Zn~-xMnxSe
I I I 1

0.2 0.4 0.6 0.8

FIG. 3. The frequencies of the Cd& Mn Se and

Zn, „Mn Se zone-center optical phonons. The curves were

generated using the MREI model assuming different values of 0
for Cd& „Mn Se and Zn& Mn Se.

FIG. 4. The frequencies of the Zn& Mn„Se zone-center op-
tical phonons. Those curves are the same as Fig. 3 except that
in the wurtzite structure directionally dependent force constants
are used to describe the phonon-mode splitting.
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spectively. Our calculation demonstrates a negligible
splitting of A, and E, modes if only local field anisotro-
py is included. Such a small splitting does not agree with
experimental data. Thus it seems necessary to consider
another fact. To consider directionally dependent force
constants in wurtzite structure we multiply the force con-
stants resulted from the zinc-blende structure calculation
by a factor f; (i =1 for 2 „i =2 for E, ). The values of
f; are determined by fitting calculated frequencies with
the experiment results and are found to be f i =0.93 and

f2 =1.03. The curves generated using these directional-
dependent force constants are illustrated in Fig. 4 (within
the range 0.33 ~x ~ 0.57), which is in general agreement
with experiment data. On the right side of Fig. 4
(0.57~x ~1) we assume Zn, „Mn„Se exists in a hy-
pothetical zinc-blende structure and the curves are
represented by dashed lines.

CONCLUSION

Zone-center optical phonons in Zn, „Mn„Se exhibit
intermediate-mode behavior. Generally speaking, the
constant 0 which describes the effect of the variation of
the lattice parameter on the force constant should be
different for different alloys. Once the structure is
transformed from zinc blende to wurtzite, the optical-
phonon modes in Zn& Mn Se are split due to crystal
anisotropy. Using different force constants parallel and
perpendicular to the c axis a consistent description of
both the theoretical calculation and experimental results
is obtained.
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