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Influence of Polarized Optical Pumping on the Ferromagnetism of CdCr2Se4
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This Letter reports on changes in magnetization when CdCr, Se4 is subject to optical
pumping. The Faraday rotation of a second beam was used as a monitor. Circularly
polarized pumping was found an order of magnitude more effective than unpolarized
pumping. Models using magnetic coupling mechanics of first and second order in the
exchange energy, respective1y, account quite well for the observations.

PACS numbers: 78.20.Ls, 72.20.My, 75.30.E+, 75.50.Dd

The subject of coupl. ing light to the magnetic
system of a semiconductor and, in particular,
the possibility of inducing a phase transition by
il.lumination has been raised several. times.

It was first Lems, Bongers, and Enz, and
somewhat later Veselago etal. and Hudov and
Veselago, who suggested that the magnetism of
the ferromagnetic semiconductor CdCr, Se4 could
be infl. uenced by illumination. ' ' A sensitive re-
sponse of the magnetization to circularly polar-
ized light in diamagnetic glasses was observed
by van der Ziel et al. Circularly pol. arized opti-
cal pumping was similarly employed by Genken
et at'. ' to study the magnetic response of doped
CdCr, Se4. Genken et al. attributed their results
to domain effects. Al. l. of these investigators
used pickup coils and very-high-intensity laser
light to detect changes in magnetization. In a
recent peper, Ayadi and Ferre report using Far-
aday rotation to monitor photoinduced rel. axation
of magnetism in the spin-glass cobalt alumino-
silicate. ' The use of Faraday rotation of a weak
tunabl. e probing beam in the presence or absence
of a low-power cw monochromatic pump beam
completely separated intrinsic effects from heat-
ing and other artifacts.

Pol.arized pumping was found to have an effect
an order of magnitude larger than unpol. arized
pumping. As we shal. l see, this effect is attribut-
able to first-order magnetic coupling as com-
pared to second-order coupling with unpol. arized
pumping. Apart from their intrinsic interest,
these observations contribute towards an under-
standing of the electronic structure and magnetic
coupling mechanisms of the prototype magnetic
semiconductor CdCr, Se4.

The singl. e-crystal samples of CdCr, Se4 were
polished on both sides to a thickness of 25 p. m
and mounted on thin fused silica substrates. The
material was grown by both the vapor transport
and the flux methods. Sampl. es were mounted on
a copper heat sink and cooled by flowing He gas
in the bore of a split-coil superconducting mag-
net. The probe beam was produced by l.inearly
polarizing the output of a, lamp and monochroma-
tor. A rotating anal. yzer fol.lowed the sample,
and synchronous detection using an in-phase and
quadrature lock-in amplifier allowed the direct
measurement of the rotation angle. The 1.06- p, m

pump was derived from a cw neodymium-doped
yttrium aluminum garnet laser, and overlap of
pump and probe was insured by directing both
through an aperture on the sample surface. It
was necessary to filter the scattered pump light
from the probe by use of a doubl. e monochromator
following the rotating analyzer. By synchronizing
the two monochroma. tor drives, Faraday rota-
tion spectra. coul.d be measured both with and
without pump. The absolute temperature was
measured to within+ 2 K and was held constant
to better than + & K. Al. l data presented here
were taken at a constant magnetic field of 5 kG
applied to insure that the sample was a single
magnetic domain.

Figure 1 shows Faraday rotation in degrees as
a function of probe wavelength at 43 K. The low-
er curve is without pumping; the upper includes
the effects of a coaxial unpolarized pumping beam
at 1.06 pm and approximately 1.6 W/cm'. Scan-
ning the probe through the pump wavelength
swamps the detection optics and hence is not
shown. In the absence of optical pumping we have
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FIQ. l. Effect of unpolarized pumping on the Faraday
rotation spectrum at 43 K. (a) Rotation spectrum in
absence of pump excitation. (b) Rotation spectrum with
coaxial pumping at a power density of 1.6 W cm ~. In-
creased absorption at shorter wavelengths prevented
resolution of rotation peak for this (50-pm-thick) sam-
ple.

been able to obtain a set of Faraday rotation spec-
tra taken at different temperatures which resem-
ble those obtained by Kuse. ' These l.atter data
will be presented in a more complete fol.low-up
article. They allow us to see that the shift to the
red in Fig. 1 is produced by a change in magne-
tization equivalent to roughl. y a 5-K change of
sample temperature. We note that such a red
shift of the zero crossing corresponds to cooling,
and precludes an explanation of the observed op-
tomagnetism in terms of heating effects.

The pumping light corresponds to 1.17 eV. Ac-
cording to our present understanding of the elec-
tronic structure of the material. based on photo-
luminescence, photoemission, band-structure
calcul. ations, " and other work, " this energy im-
plies a, transition from the SeP valence band to
the upper Cr M band. The sensitive magnetic
response at this frequency lends credence to our
earlier conjecture that itinerant upper Cr 3d
el.ectrons are a main source of the magnetic
coupling. " Indeed, one can make rough use of
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FIQ. 2. Effect of circularly polarized pumping on the
Faraday rotation spectrum at 78 K. (a) The displace-
ment of the rotation spectrum to lower energy when
right circularly polarized light is used as an optical
pump. (b) At this temperature, left circularly polar-
ized light at the same power level has the opposite ef-
fect. (c) Portion of rotation spectra in absence of opti-
cal pumping. For clarity only the (extremely quiet)
low-energy zero crossing is shown. Increased absorp-
tion on the high-energy side of the rotation peak re-
sulted in a rotation noise of that zero crossing equiva-
lent to+ 5 deg. Sample thickness 25 p, m, power inten-
sity of pumping radiation 0.7 W cm

the publ. ished calcul. ations of Ruderman-Kittel-
Kasuya- Yosida. (HKKY) coupling to estimate that
a shift of 5 K requires on the order of 10"car-
riers/cm'. " We estimate our carrier density
from

n, = Itd/h&a,

with the incoming radiation 1 =1.6 W/cm', t = 3
&10 ' sec, the absorption constant d=2200 cm ',
and h ~=1.17 eV. The estimate of the carrier
lifetime t is from measurements of the Faraday
response under chopped optical. pumping, and is
in rough agreement with the response times re-
ported by Lems, Bongers, and Enz. ' With these
numbers, we indeed obtain n, = 10"carriers/cm'.

Figure 2 shows the effect of circularly polar
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ized pumping on the Faraday spectrum at 78 K.
Note that in this case the pump and probe do not
interfere. Effects occur at remarkably low pow-
er levels. The observed shifts in the rotation
spectra are in opposite directions depending upon
the sense of the polarized pump. The origin of
the offset is due to the exchange between selec-
tively photoexcited electrons and the spin-aligned
lower Cr 3d band, affecting the magnetization.
In a saturated ferromagnetic state each of the ex-
cited electrons would see an aligned spin on akk

the Cr ions and interact strongly with them. Most
of the photoexcited electrons will. have their in-
trinsic spins aligned by spin-orbit interaction.
If we regard the opposite circular polarizations
of the pumping light as mainly populating the Cr
3d conduction band with oppositly aligned spins,
we see that the magnetic energy of a magnetic
site of spin + 2 will, for each of the two pump
polarizations, be given as

E =(u&+ —.~'f), (2)

where 7' is the first-order intra-Cr exchange,
f is the fraction of chromium sites with excited
electrons, p. is the magnetic moment of a local-
ized Cr magnetic spin, and 8 is the internal mag-
netic field of the specimen. The internal mag-
netic field B contains the indirect interaction be-
tween localized chromium spins. We are suggest-
ing that this last interaction takes place via
HKKY, an interaction of second order in the
Coulomb exchange. ""For a given pair of lo-
calized spins this coupling is small compared
to 7', a first-order exchange energy. As a re-
sult, the fractional population of pumped-excited
carriers per chromium site, f, is large enough
for the coupling between the photoexcited spins
and a chromium magnetic spin, 2 J'f in Eq. (2),
to become appreciable compared to the coupling
with the internal field, the pB term.

It is Eq. (2) which must be used in conjunction
with the Curie-Weiss magnetization curves' to
compute a new self-consistent field B. With

f = 1.8 &&10 ' [see Eq. (1)], J' = 0.42 eV (from the
temperature dependence of the absorption edge), "
we find a pump-induced increment in 8 which,
further, is of a magnitude equally well produced
by a temperature change of 5.1 K. Referring now

to the temperature-dependent rotation spectra ob-
tained without pumping, which, as mentioned,
we have also recorded, we find a shift of +1 nm
for every 1.1 K of cooking. This translates into
a change of 3.2 K for the observed shift of either

polarized pumping peak from the center, as
shown in Fig. 2, in satisfactory agreement with
the calculated 5.1-K increment. The main uncer-
tainty is our knowledge of f.

As we depart from 78 K, where the rotation
peaks are close to the fixed pump frequency, the
symmetry in shifts for right- and left-polarized
pumping gradually disappears because of the tem-
perature dependence of the energy splitting be-
tween the subbands. I astky, going back to Fig. 1,
we must admit from the foregoing that the shift
in wavelength of the zero crossing for unpolar-
ized pumping could have been the result as much
of unequal excitation to the two upper Cr sub-
bands as of the true optomagnetic effect we have
suggested. In conclusion, we draw attention to
our verification that the observed optomagnetism
is not a trivial effect due to heating, to the fact
that with circular polarization it can be observed
at remarkably kow pumping levels, and to the
likelihood that extension to higher temperatures
could provide a controlled phase transition.
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