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Resonant Faraday rotation in a semiconductor microcavity
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Faraday rotation at quantum well exciton resonances is enhanced in a microcavity due to multiple round-
trips of light between the mirrors when the cavity mode is strongly coupled to the exciton and is accompanied
by resonant redistribution of the signal between right- and left-circular polarization. A resonant Faraday
rotation of about 3° is detected in reflected light from (@&mGaAs/GaAs quantum well microcavity in an
11.25 T magnetic field when the cavity mode is resonant with either heavy- or light-hole excitons.
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Although initial works on the magneto-optics of normal  If the structure is placed in a magnetic field, the reflection
mode coupling in semiconductor microcavities have ap-coefficients foro* ando~ polarized waves can be different,
peared very recently, a number of striking effects have also that the reflected light can be represented as
ready been found including magnetic field induced vacuum
Rabi splitting, normal mode coupling to magnetoexcitons - )
with high Landau indices, and an increase of the cavity- I=sAexpie.)
polariton splitting with magnetic fiel&-* Here we present an
experimental and theoretical study of the magnetic field efwhere amplitude#\ andB and phaseg, and¢_ coincide
fect on the polarization of light propagating in a semiconduc-n the absence of the field but may be different in the pres-
tor microcavity. ence of the fieldl is elliptically polarized light, which can be

It is well known that the electric field vector of a linearly conveniently represented as a sum of waves linearly polar-
polarized light wave experiences a rotation when propagatized along the main axes of the ellipse:
ing through a semiconductor in the presence of a magnetic
field (Faraday rotation In the vicinity of an exciton reso- o ( sin(¢)

1
) )

1 :
+§B explieo_) i

1
nance this effect has a resonant character that is governed by | = 5 (B=A)eXpiy)| _ cog ¢)> +5(A+B)expiy)
the excitong factor and oscillator strength. The resonant
Faraday rotation in transmission has been studied recently (cos{ ¢))
for semimagnetic quantum welQW) systems, where exci- ; '
. \ \ : sin(¢)

tons have giang factors due to their exchange interaction
with magnetic ionsS. Detected rotation angles were on the wherey= (¢, + ¢ _)/2 and¢=(¢_— ¢ )/2 is theFaraday
order of tenths of degrees for a double-QW system, and ar®tation angle. The reflection coefficient of the structure for
expected to be much smaller in similar nonmagnetic QW's.light detected irx polarization is

This work is aimed at studying the magnetic field effect
on the polarization of light reflected from a microcavity
tuned onto resonance with an exciton transition of embedded
guantum wells. The Faraday rotation of the light propagatin ) . . . o
in the microcavity is enhanced by multiple round trips duringth€ reflection coefficient for light detected ynpolarization
the lifetime of the exciton-polariton mode. (cross polarizationis

Consider reflection of linearly polarized light from some
planar structure at normal incidence. Let the incident light be RL=E|A explie)—B explio_)|2. (5)
polarized along thet axis, so that it can be represented as 4

©)

1
Ri=7|A explie.)+B explio-)|% 4

RjandR, are connected with the amplitude reflection coef-
1 1/1) 1/ 1 ficients in right- and left-circular polarizations, andr _,
( ) — ( ) ( ) (1) respectively, by the simple relations

J’_

0/ 2\i 2\ —i

1 2 1 2
Ri=zlre+r_|% Ri=Z|r,—r_|% (6)

4 4

where upper and lower components of the vectors corre-

spond to the electric field projections in tkeandy direc-  The Faraday rotation angle can be found as

tions, respectively, and the two terms in the right part de-

scribes ando~ polarized waves, respectively. ¢=(arg _—arg ,)/2. @)
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TABLE I. QW exciton parameters in an 11.25 T magnetic field
used in the calculations.

1.0
0.9 Exciton state iwg (€V) fwg (€V) Al (ueV) Al (meV)
0.8 el-hhl 1.4891  1.4897 50 0.35
el-hl 1.5035 1.5048 o, :14 0.5
0.7 o_:18
06 el-h3 1.5093 1.512 17 0.5
= 10 bulk exciton  1.5212 15222 fiw, 1=0.1 meV 0.6
=
.%0 0.9
2 08 The Faraday rotation angle for the cavity-polariton mode
5 in this model is
= 0.7
& 06 ¢~2Ndow, (10
B 1.0 where ¢,y is the rotation angle in transmission through the
-% 0.9 QW. Using the formalism of a nonlocal dielectric response
= theory!® one can obtain
o 0.8
pd 1 (wg — )T
0.7 _ 0 0
=_| arctan—
y Pow=3 (0 — )2+ (T +T)?
03 (05 —@)To

—arctal

02 Mg — )2+ (T +T)?

0.1
0.0

-0.1 wherew, andw, are the QW exciton resonance frequencies
148 149 150 151 152 153 in o ando~ polarizations, respectively.
Energy (eV) For a Zeeman splitting of about 1 meV, one obtains from
Eq. (10) a rotation angle of the cavity-polariton mode polar-
FIG. 1. Measuredsolid) and calculateddashedl microcavity ~ ization of aboutr. This giant rotation angle however is not
spectra in an 11.25 T magnetic field when the cavity mode is tunedlirectly related to the rotation angles which may be mea-
to the el-lhl exciton resonance an@) probed and detected in sured in the reflection or transmission spectra of the cavities.
reflection geometry i~ polarization, (b) probed and detected The signal detected in reflection is a result of interference of
with o™ polarization,(c) probed with linear polarization and de- an infinite number of plane waves circulating between mir-
tected in reflection geometry in the same polarization, &éld rors. The first of them, which has the highest amplitude is
probed with linear polarization and detected in the linear polarizareflected by the top mirror of the structure so that its polar-
tion perpendicular to the incident polarization. ization plane is not rotated at all. For the second wave the
. ) rotation angle is 2qy, for the nth wave the angle is
Before presenting the experimental relsultsllet us anaIyZQ¢QW(n_1)_ Only the (N+ 1)th wave experiences the full
expected effects in the framework of simplified “ray op- rotation of Eq.(10), however its contribution to the spectrum
tics.” Consider a cavity-polariton mode as a ray of light js yery weak. The rotation is larger in transmission since the
going forward and backward inside the cavity within its life- first wave has propagated through the QW.
time. In the nonpertubative regime the lifetime of cavity po-  To obtain an analytical estimate of the rotation angle in
laritons 7 is reflection let us neglect waves reflected by the QW and only
take into account multiple reflections between the two mir-
r= 2 , (8) rors. After summation of all reflected waves one can write
(y+k) the total amplitude reflection coefficient in the polarization

wherec is the cavity decay rate dependent on the reﬂectivitypara”el and orthogonal to the polarization of the incident

. . . -~ light as
of Bragg mirrors andy is the exciton spontaneous emission g
rate® The number of round trips of light inside the cavity is o

r=ri+ 2, 7N tcod2ngow)
n=1

N(wa—wS)Fo

T o

N TC ©
2ncL.’ and
wheren, is the cavity refractive index ard, is its length. In w
the microcavity which we have studiedi~70 (for a com- ro= 2 7N 1SN 2n o), (12)
plete set of parameters see Ref. 3 n=1 Q
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FIG. 2. () Faraday rotation angle in transmission through the _ g | 4 . Y i
central cavity layer(b) Calculated Faraday rotation angle afml 3 = i A
degree of circular polarization for the reflected light from the mi- gﬂ £ 0.0 [~ y ™ N
crocavity when the cavity mode is tuned to te-lh1 exciton reso- 5 =] - ,'. i
nance. 3 -0.1 - (o) i -
5 ) 1 : [ 1 . 1 :
respectively, wherep=t;t,r,exp(d¢), andt,, T, are the 1.48 1.49 1.50 1.51 1.52 1.53
transmission coefficients of the first mirror from left to right Energy (eV)

and from right to left, respectively,, is the reflection coef-
ficient of the second mirrore is the phase gained by light FIG. 3. (a) Measuredsolid) and calculateddashed microcav-
between the two mirrorsy=T,r,exp(d¢), andT, is the ity spectra in an 11.25 T magnetic field when the cavity mode is
reflection coefficient of the first mirror for light going from tuned to theel-hhl exciton resonance and probed with linearly
the inside. One can express the rotation angle via coefficiengplarized light and detected in reflection geometry in the polariza-
r,r,as tion parallel(top) or perpendiculafbottom) to the incident polar-
ization. (b) Calculated Faraday rotation angle afel degree of
1 circular polarization.
= z[arngJrirl)—argr”—irl)]
The degree of circular polarization of the reflected wave

1 7 expl — 2i pow) is given by
2| rl+1—vexp(—2i<,z‘) )
o S (14)
7 eXp(2i pqw) TR, FR_
_a"\{“ 1— v exp(2i dow) ] a3

The positions of cavity-polariton eigenmodes do not coincide

For a reasonable set of parameters @).yields a rotation in different circular polarizations due to the Zeeman split-
angle of a few degrees, i.e., two orders of magnitude lesing. Considering the large reflectivity modulation in the vi-
than the rotation angle of the net cavity polariton. cinity of eigenmode energie®,;,. can be quite substantial.

Due to the redistribution of the intensity between left and In the numerical calculations we have used the transfer
right circularly polarized components of light, the reflected matrix technique combined with a nonlocal dielectric re-
wave is elliptically polarized giving rise to magnetic circular sponse theory to fit circularly polarized spectra of the semi-
dichroism(MCD). Just as optical absorption and the index ofconductor microcavity. Then linearly polarized spectra, Far-
refraction are intimately connected at an optical resonanceggday rotation angle, and circular polarization degree of the
MCD and Faraday rotation are also connected. MCD is proreflected light have been obtained using E@, (7), and
portional to the difference in amplitude for the two circular (14), respectively.
polarizations while Faraday rotation is proportional to the For experimental studies two identical 8 nm
phase differenc&’ The reflected polarization is only purely In,/Gag ofAs QW’s were grown inside ax32 microcavity
rotated for wavelengths where the amplitudes of the reflectedith symmetric 99.6% reflectivity mirrors consisting of 14
circular polarization components are equal. and 16.5 period GaAs/AlAs Bragg reflectors. The QW'’s
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were placed in the antinodes of the intracavity field. By mov-through the central cavity layer with two embedded QW'’s.
ing across the sample, the cavity mode could be brought intBy comparison with Fig. @), one can see that coupling of
resonance with various exciton transitions. Reflection meathe light-hole exciton resonance to the cavity mode drasti-
surements were performed in Faraday geometry=at 8 K cally influences the spectral dependence of the Faraday rota-
using a superconducting magnet cryostat. tion_ angle. .The rptation angle is st(ongly increasr—.jd at the
Figure 1 shows the microcavity reflection spectra in 11.25avity-polariton eigenmode frequencies. The reflection spec-
T magnetic field detected i~ and ¢* circular polariza-  ra Of Fig. 1 show aimost no resonant rotation at the heavy-
tions, linear polarization, and linear cross polarization, i.e.N0l€ exciton resonance although a significant rotation takes
detected in the linear polarization orthogonal to the polarizapIaCe in one-way transmission through .tWO.QWS' This is
tion of the incident light. The cavity mode is coupled to the because in this case the heavy-hole exciton is not coupled to

el-lhl exciton resonance which experiences an unusuall} Zci?::rt]yo?]t?]ieéns';?retr;?rtugij r(éoir;tr\'/glrjt'?ﬂr;e;?( the reflection
large Zeeman splitting of 1.3 meV. One can see that theP y !

g : ! ) .~ In contrast, when the QW heavy-hole exciton is coupled
positions of the spectral dips are substantially different Ny the cavity mode, a stron(about 3°) resonant rotation
o~ ando™ polarizations which results in the appearance of ’

resonant sianal in the linear cr larization. Al N iappears(see Fig. 3 In spite of the fact that the Zeeman
aresonant signa ne lin€ar cross polarization. AIS0 see plitting of the heavy-hole exciton resonance is less than half
a series of strong dips corresponding to optically couple

bulk GaAs exciton-polariton states in the cavity and mirrors he splitting of theel-In1 exciton, theel-hh1 resonant Far-
The total thickness of GaAs layers in the cavity and Brag aday rotation effect is stronger than tie-lh1 effect because

. . ; Yts oscillator strength is three times larger. A rotation of
mirrors is about 3um, whereas the total thickness of the two about 6° was calculated for transmission. However, all ex-

'ELr:a,%a\)/'\?sre(sggx:nltnsithﬁa(lz?r\lnlti}r/]ésarogrlz)Is? glrgr.iz'\;i\(l) irtC\?rlliecSr? ,i 5’perimental results were obtained in reflection geometry.
9 P ! In conclusion, semiconductor microcavities provide a

a measure of the Faraday effect, is half as large as the bupésonant amplification of the Faraday effect due to multiple

exciton resonance, even though it has less than 1% of t : : o ' : :
path length. When we tune the cavity mode away from th};;%und trips of light at the cavity-polariton eigenfrequencies,

OW exciton resonance, the resonant signal in the Iinea?nd induce a redistribution of light intensity betweeh and
o S o~ polarized components.
cross-polarization vanishes.
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