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dLaboratoire de Physique de la Matière Condensée, Ecole Normale Supérieure and CNRS, 24 rue L’Homond, F-75231 Paris cédex, France
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Abstract

The photo-induced modifications of the strong magneto-optic Kerr effect have been studied in a semimagnetic semiconductor

microcavity operated in the strong coupling regime. These are traced to the saturation and many body interaction blue shift of

the exciton transition frequency, which result in a photo-induced reduction of the effective exciton–cavity coupling. Its impact

is most striking in the case of initially tuned microcavity, where a modification of the exciton–cavity coupling results in

photo-induced polarization rotations of about 30 degrees for laser fluences as low as 1 mJ/cm2 and magnetic field intensities of

0.2 T. q 2002 Elsevier Science Ltd. All rights reserved.
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The study of exciton–polariton modes received a renewed

attention in the recent years with the use of quantum

microcavities [1,2]. A particular interest is brought to the

strong coupling regime when the coupling strength between

the material (exciton) and electromagnetic (photon) com-

ponents, measured by the Rabi splitting, is larger than the

exciton and cavity linewidths.

Recent studies have shown that the spectral features of

the quantum cavity polaritons are affected by static electric

and magnetic fields [2–10]. The exciton–polariton features

are very sensitive to light intensity changes as well and here

we assess the photo-induced modifications of the effective

exciton–cavity coupling (including detuning effects) in

asymmetric semimagnetic semiconductor microcavities in

the presence of a static magnetic field in the magneto-optic

Kerr configuration. These modifications are observed with

moderate laser fluences and magnetic field amplitudes

because in such cavities the magneto-optic coupling and

contrast ratios are substantially enhanced by the combined

effect of spin exchange interaction and cavity asymmetry

[10].

In our experiments, normal incidence reflectivity and

magneto-optic Kerr spectra from an asymmetric quantum

semimagnetic semiconductor microcavity were recorded by

using a tunable parametric generator-amplifier system that

was pumped by a frequency tripled Neodymium-YAG laser

operated in the mode coupling regime. The sample was

placed inside a magnetic cryostat and the measurements

were performed at T ¼ 5 K for a magnetic field amplitude of

0.2 T. This sample was grown by molecular beam epitaxy

on a Cd0.88Zn0.12Te [100] oriented substrate. The back and

front cavity mirrors, of respective reflection coefficients

R2 ¼ 0.96 and R1 ¼ 0.76, were formed by stacking l/4 thick
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Cd0.4Mg0.6Te/Cd0.75Mn0.25Te pairs. A 70 nm thick

Cd0.95Mn0.05 Te quantum well was grown in the middle of

the l/2 thick Cd0.4Mg0.6 Te intracavity material. This

configuration of the asymmetric microcavity operated in the

limit of the strong coupling regime (for a cavity–exciton

coupling strength only slightly larger than the polariton

linewidth) was chosen in order to maximize magneto-optic

Kerr rotation angles in the presence of small amplitude

magnetic fields [10].

In the strong coupling regime the cavity mode and

exciton transition couple together and give rise to the so-

called polariton modes [1]. In the simplest approach of two

coupled oscillators, the frequencies vþ and v2 of the upper

and lower polariton branches are given by

v^ ¼
vC þ vE

2
^

1

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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2 þV2
q

ð1Þ

where the Rabi frequency V represents the coupling strength

of the cavity and exciton modes [11]. Eq. (1) was

experimentally verified in our wedged sample by measuring

the polariton frequencies when the cavity frequency was

varied. From the measured polariton frequencies a value of

5.3 meV was deduced for the Rabi frequency V for the

tuned cavity (vC ¼ vE).

At high laser fluences, when the laser frequency v is near

vE, high exciton densities are generated which influence the

characteristics of the exciton transition, especially its

oscillator strength and its resonance frequency, through

band filling effects and many body interactions [12]. When

the quantum well is located in a microcavity, these

modifications in their turn strongly influence the coupling

between the exciton and cavity modes: a reduction of the

exciton oscillator strength induces a concomitant diminu-

tion of the Rabi frequency V, which in turn reduces the

frequency difference between the polariton modes (Eq. (1)),

and the many-body interaction induced blue shift of vE

directly modifies the polariton frequencies.

First experiments concerning the role of the laser fluence

in the coupling between cavity and polariton modes were

performed for an untuned microcavity with an exciton–

cavity frequency mismatch vE 2 vC ¼ 4:6 meV: Fig. 1(a)

and (b) shows the reflectivity and magneto-optic Kerr

spectra, respectively. In this figure spectra recorded in the

linear (low intensity, for fluences of 200 nJ/cm2) and

nonlinear (high intensity, for fluences of only 1 mJ/cm2)

regimes are plotted as a function of the photon energy using

closed circles and open squares, respectively. The low and

high intensity reflectivity spectra of Fig. 1(a) only differ in

the onset of saturation appearing around the two polariton

modes at high fluences but the polariton line energies and

shapes remain almost constant. This observation is consist-

ent with an exciton–cavity frequency mismatch for those

experiments as large as V: it can be easily derived from Eq.

(1) that under such conditions v^ are not sensitive to small

changes in coupling strength or exciton energy. The fact that

the polariton frequencies are weakly affected is also clearly

evidenced by the magneto-optic Kerr spectra, which are

almost identical at low and high intensity (Fig. 1(b)).

Indeed, in this off resonant case, the frequency changes due

to exchange interaction ðv^
E 2 vE ¼ 71:5 meV;) to many-

body interactions (a small blue shift of the exciton transition

of about 1 meV at the 1 mJ/cm2 laser fluence used in our

experiment) and to saturation (a small decrease of about

20% of the coupling strength V in this experiment) were

small when compared to vE 2 vC, and the counter-rotating

polarized polariton modes kept the exciton and cavity

characters that they had in the linear regime. In such a

situation, the magneto-optic Kerr rotation exhibited then

two peaks corresponding approximately to the exciton and

cavity modes that were unaltered at high laser fluences (at

least at the 1 mJ/cm2 laser fluence used in our experiment).

Next experiments were performed for the tuned cavity.

Applying the 0.2 T amplitude magnetic field gave rise to the

more complicated linear magneto-optic Kerr spectrum

depicted by closed circles in Fig. 2(b) [10]. At a laser

fluence of 1 mJ/cm2 the ŝ^ exciton transitions were blue

shifted and saturated. As shown in Fig. 2(a) the high

intensity reflectivity spectrum was consequently slightly

blue shifted and narrowed and a Rabi frequency

V0 ¼ 4 meV deduced from the position of the polariton

frequencies of the high intensity reflectivity spectrum (see

open squares in Fig. 2(a)). As shown in Fig. 2(b) the

modification of the coupling between the cavity and exciton

mode was much more evident when comparing the high and

low intensity magneto-optic Kerr spectra with a photo-

induced rotation of the polarization direction of the laser

beam of the order of 308 when the laser frequency was tuned

to the lower polariton frequency.

In order to understand the physical origin of the giant

change in the rotation angle around the lower polariton

mode and the quasi-absence of modification around the

upper polariton branch we considered the frequency

changes of the ŝ^ exciton frequencies, since the rotation

angle due to the magneto-optic Kerr effect was directly

Fig. 1. Reflectivity and magneto-optic Kerr spectra in the linear and

nonlinear regimes in the nonresonant case.
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proportional to the difference existing between the ŝ2 and

ŝ^ polarized refractive indices, the variation of which

strongly depended on the resonance frequencies. For the ŝ2

polarization the exciton transition exhibited blue shifts of

1.5 and 1 meV due to magnetic field induced exchange

interaction and to many-body interactions, respectively, and

the coupling strength was reduced to 4 meV by saturation of

the exciton transition. Using Eq. (1) it followed that the

upper polariton frequency vþðŝ2Þ was almost unchanged

(an increase of 0.1 meV which was much smaller than the

5 meV exciton linewidth), while the lower one vþðŝ2Þ was

modified by about 1 meV when compared to the linear

values. For the ŝþ polarization which was red shifted by

magnetic field induced exchange interaction and blue

shifted by many-body interactions, the upper polariton

frequency vþðŝþÞ only changed by 0.2 meV while the

lower one v2ðŝþÞ increased by 1.3 meV. The magneto-

optic Kerr spectrum was expected to vary substantially at

low laser frequencies while remaining practically

unchanged at frequencies higher than the cavity resonance,

as observed experimentally (see Fig. 2(b)).

Our results also indicate that the photo-induced inter-

actions causing the level shifts and transition saturation can

be split into isotropic and gyrotropic parts, the later being

polarization state dependent and the main cause of the

observed behavior; the former cancel out in the photo-

induced change of the difference of the refractive indices for

left and right circularly polarized light.

Actually the high intensity magneto-optic Kerr spectrum

recorded at resonance when vE < vC begins to look like the

linear one recorded with a detuned cavity. This was due in

fact to the saturation induced reduction of the coupling

strength occurring at high laser fluences which made the

exciton and cavity modes less coupled together. This

behavior was confirmed by an experiment performed at

higher laser fluences (F ¼ 3 mJ/cm2). Results are shown in

Fig. 3(a) and (b) showing the reflectivity and magneto-optic

Kerr spectra, respectively. Linear and nonlinear spectra

recorded at a fluence of 3 mJ/cm2 are plotted using closed

circles and open squares, respectively. The quasi-absence of

exciton–cavity coupling is quite apparent in the blue shifted

high intensity reflectivity spectrum of Fig. 3(a) which does

not exhibit any modulation around the presumed polariton

frequencies, contrary to the linear reflectivity spectrum also

presented in this figure. As it can be seen in Fig. 3(b), in

accordance with our expectations, the high intensity

magneto-optic Kerr spectrum is very similar to the spectra

shown in Fig. 1(b) when the frequency mismatch is high

enough to strongly decouple the exciton and cavity modes.

In conclusion we have shown that the modification of the

coupling between exciton and cavity modes of a semimag-

netic semiconductor microcavity can be studied at low laser

fluences (only few mJ/cm2) by exploiting the high sensitivity

of magneto-optic Kerr rotation measurements with respect to

changes in the frequency resonance of the counter-rotating

polarized exciton transitions. For untuned microcavities

(different exciton and cavity resonance frequencies), the

saturation and many body interaction induced blue shift of

the exciton transition did not modify the initial low coupling

of the cavity and exciton modes, and the magneto-optic Kerr

rotation was unmodified. On the contrary, for tuned

microcavities, saturation and many body interaction induced

blue shift of the exciton transition strongly modified the

coupling between the cavity and exciton modes and

markedly altered the magneto-optic Kerr spectrum around

the lower polariton frequency with induced rotations as high

as 308 at laser fluences as low as 1 mJ/cm2.

Note that the magneto-optic Kerr technique is very

efficient whatever the physical origin of the modifications of

the exciton transition are and in particular could be useful

for the study of the magnetization that can be induced by

Fig. 3. Reflectivity and magneto-optic Kerr spectra in the linear and

nonlinear regimes in the resonant case at higher laser fluences.

Fig. 2. Reflectivity and magneto-optic Kerr spectra in the linear and

nonlinear regimes in the resonant case.
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circularly polarized laser pulses in microcavities containing

magnetic quantum wells such as semimagnetic semicon-

ductors. Moreover, due to the high contrast allowed by the

polarization sensitive measurements, such microcavities are

very promising on a practical point of view concerning fast

optical signal processing.
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