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re-Flg magnetooptical spectra in saniconduct-
ing Hg^-^Mnj^Te alloys are reported and inter
preted within the "quasi Ge" model including
exchange contributions. Lew terrperature mag-
netoabsorption pirovides evidence of an accept
or state.

Magnetooptical studies were performed on semimagnetic Hgi-j^iytikTe alloys of
open g^ ranging fron 80 to 300 meV. Magnetotransmission experiments were carried
out, at T = 4.4K and 2K, on p-type saitples for both linear (e//H,e H) and cir
cular radiation polarization, in the Voigt and Faraday geanetries respectively.
The experimental data ctitained in the spectral region 100-350 meV provide ob
servation of interband magnetocptical transitions. Mareover, transitions
fron acceptor states to le Landau levels were evidenced. Far IR absorption and
reflectance measuretnent:s were also carried out, using Fourier transform spectro-
scopy, on similar p-type sartples, between 3 and 20 meV.

Interband Magnetooptical Data

Figures 1 (a,b,c,d) shcw^the energies of the transmission minima vs the mag
netic field, for e and e//H polarization, at T = 4.2 and 2K, for an alloy of
k = 0.128.
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Figure 1 Energies of the transmission minima vs magnetic field
for an alloy of k -v 0.128. Dots : experiments. Solid
lines : theoretical fits. The lines are identified according

to eq. (1). n is reported on each transition.

The lines converge at vanishing field to the energy ̂ p Eg = 219 meV. The lowest
energy transition, (±>served for e polarization, exhibits a decreasing energy
with magnetic field and this effect is more pronounced at T = 2K. In the high
energy region (tiu > 250 meV) , the experimental lines of the e and e//fi spectra
are almost coincident. For e"*" polarization, the spectrum consists only of weak
structures, in the high energy region, superiirposed to a rapid increase of the
transmission background.

A quantitative analysis of the magnetooptical spectra was made within the
framework of the Pidgeon Brown model, modified by the inclusion of the s-d and
E>-d exchange contributions [l, 2] . Neglecting warping and inversion asyrtraetry.
Landau level energies and wave-functions in the 16,10 (light and heavy), Vy
bands at kfj = 0 are the solutions of two 4x4 matrix Hamiltonians = Da +
and Db = Dh +
functions [1-3]

written on the basis of the eight u bcind edge Bloch
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Magnetooptics in Semimagnetic Semiconducting Hg^ -i^Mni^Te Mixed Crystals

and Dj^ are the Pidgeon Brown matrix Hamiltonian in the absence of exchange
interactions. The exchange contributions % and are expressed in terms of
the exchange integrals o = <S|j(r)|S> and g = <x|j(r)|x> by the following mat
rices :

Ma =

3Ar

3A

-3Ar

-3A

-A

where r = a/6 and A N r < S >
06 z

N denotes the number of unit cells per unit volume, k is the molar fraction
of rffi in the alloy and < > is the thermodynamical average of the localized
spins along the applied magnetic field (H//z). The exchange contributions do
not modify the form of the Landau level wave-functions "l^a n '''b n* open gap
semiconductors, the dcminant Tg -»■ Tg magnetooptical transitions, allowed for

"  e , Er, '' —the e 2 polarization, are as follows
(e~) b (n-1) -> b^ (n) ; (e"^) a^ (n+1)bp (n) a

re
a  (n-1)

fa
b  (n)

Te
(n > 0)

 (n)
Te (1)

The analysis of the transition probabilities indicates that the dominant
transitions originating from heavy holes should aj^jear for e~ and Eg polariz
ation. The experimental lines are identified according to (1). The ccnparison
between theory and ejqseriments ,at T = 4.2 and 2K, is shown on Fig.l for the
alloy of Eg = 219 meV. The variables of the fitting procedure, perforrted at
each field, have been restricted to Ep = 2| <s|p5j|x>| Vnb the exchange para
meters r,A. The Luttinger parameters and the spin orbit splitting were fix^ to
the values obtained for Hg^^.^CdxTe [3] and zerogap Hgj^.j^Mnj^Te alloys [l] s
A = lev ; Yj =3 ; Y=0f25 ; k=- 1,65. For alloys in the conposition range
0.12^:k<:0.17, the best theoretical fits were achieved for 15.8$E^«16eV and
- 0.9<:r«-0.7. The relative magnetization A(H) deduced frcm the fit is shown in

Figure 2 for the alloy of eg=219meV.
A(H) exhibits a nearly linear field
dependence and increases weakly be
tween 4.2 and 2K. This behavior
contrasts drastically with the re
sults previously obtained on zero-
gap Hgi-kMnkTe alloys [l] ; it or
iginates from the strong antiferro-
magnetic interactions between lo
calized spins. The experimental
variations A(H) may be approximated
by a Brillouin function correspond
ing to an effective tatperature
T + 6, vdiere 6 25K, vhich could
explain the weak tenperature de
pendence of the magnetization be
tween 4.2 and 2K.
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Figure 2 Relative magnetization
vs magnetic field
(e„ = 219 iteV)

Valence and conduction Landau
levels are illustrated in Figure 3
(Eg = 219 meV, T = 2K). The relative
positions of the electronic sub-
levels a(n) and b(n) are inverted
with respect to the usual dispos
ition in zinc blende saniconductors.
Semiconducting Hgj^_]^Mr^Te alloys
exhibit large and positive ex
change-induced electron effective
g factor.
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Position of the acceptor
state vs magnetic field

In the Tg band, the energy of the heavy
hole Landau level b(-l) considerably in
creases in applied magnetic field due to
the strong exchange contribution
AEb(_i)= -3A.. Exchange phenomena are

f of

Figure 3 andSchane of the Tg
Fg Landau levels
(T = 2K) (e = 219iteV)

res^nsable
b  (-!)-> b

or the field decrease

(0) transition energy.

Acceptor transitions

^  Magnetoqptical spectra pcovide evidence
of irtpurity transitions. For e polariz

ation, a strong absorption line (labelled Iitp in Fig. Id) is systematically ob
served below the expected position of the interband b,, (O)^b,, (1) transition.

The strength and
(0)->b„ (1) trans-

n- ^6,;

This line cannot be attributed to an interband trans- ®ition.®
width of Imp line prevents the observation of the interband bj.
ition. The same features were systematically observed in all ® in- ̂  ̂ vestigated
alloys of 0.12«k<0.17. We identify "Imp" with the transition from an acceptor
state to b(l) of Fg band. The position of the acceptor level, at T = 2K, deduced
frcm bj.g(l), is reported on Figure 4. The zero field binding energy is roughly
estimated = 5 ± ImeV) and the field dependence irtplies a decrease of the ab
solute position of the acceptor level in applied magnetic field.

Transmission experiments were also carried out in the far IR region between 3
and 20meV. A strong absorption peak is observed, at T = lOK, near 5meV on several
p-type samples of Hgj^.j^Mhj^Te alloys. The presence of this peak could be related
to the existence of an acceptor transition originating frcm the valence band and
involving the previously observed acceptor level.
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