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Results from a magneto-optical Kerr effect (MOKE) spectroscopy study of ground state heavy-hole

and light-hole excitons in GaAs/Al0.3Ga0.7As single quantum wells, with widths ranging from 4.3 nm

to 14 nm, are presented. A novel setup and signal analysis procedure was adopted whereby polar

MOKE measurements in magnetic fields up to 1.8 T could be performed with a conventional H-frame

electromagnet. A first principles simulation based procedure used for simultaneously analyzing both

the measured Kerr rotation and Kerr ellipticity spectral lineshapes is described in detail. The Zeeman

splitting obtained from the above analysis helped to determine the longitudinal Land�e g-factors. The

hole g-factors were found to vary with well width, ranging from�0.6 to 1.1 for heavy-holes and 6.5 to

8.6 for light-holes. While the heavy-hole g-factor values are in fair agreement with values expected

from k�p perturbation theory, no evidence is found to support theoretical predictions of possible

well width dependent giant light-hole g-factors in GaAs/AlxGa1–xAs single quantum wells.
VC 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4808302]

I. INTRODUCTION

There is a renewed interest in understanding details of

spin polarized electronic band structure of low-dimensional

semiconductor systems due to their potential for application

in the emerging area of spintronics, which involves control-

ling and manipulating the spin degree of freedom of elec-

trons and holes for device applications.1–3 An important

property in this context is the effective Land�e g-factor, which

determines the Zeeman splitting of spin degenerate elec-

tronic levels in such systems under an applied magnetic field.

In general, the g-factor value is crucial for understanding sev-

eral phenomena associated with semiconductors under mag-

netic fields including magnetic resonance, spin relaxation

processes, quantum Hall effect, and magneto-optical effects.

Spin engineering with semiconductors offers the possibility

of combining materials with different g-factors to be able to

spatially tune the g-factor, such as in 2-dimensional GaAs/

AlxGa1–xAs quantum wells (QWs) by fine tuning the Al con-

tent.4 A large value of the g-factor implies spin polarized

bands well separated in energy at relatively low magnetic

fields. Such a situation is desirable for the generation of spin

polarized carriers with high fidelity.5 As such, the g-factor

value provides valuable information regarding mixing of

electronic states in low-dimensional semiconductors.6–9 A

recent theoretical study10 has suggested the possibility of

giant g-factors for light holes in GaAs/AlxGa1–xAs QWs for

certain well widths. The value of the light-hole g-factor has

also been shown to be important for explaining the measured

polarization of photocurrent in hybrid semiconductor/

ferromagnetic devices with GaAs/AlxGa1–xAs QWs as active

regions.11 An accurate measurement of g-factors in such

systems is, therefore, important, especially at low magnetic

fields suitable for practical device applications.

Since the exciton binding energy is enhanced in

2-dimensional QW structures,12 optical spectroscopic techni-

ques often directly measure the exciton Zeeman splitting. In

general, the Zeeman splitting at low magnetic fields is small

compared to the inhomogeneous broadening of the exciton

linewidth. It is, therefore, difficult to directly measure the split-

ting from energy shift of the spectral features using simple

magneto-photoluminescence or magneto-absorption spectros-

copy, even at low temperatures.7,13 Other techniques such as

polarized photoluminescence,14 time resolved luminescence

quantum beats,15–19 hole burning,20 spin-flip Raman scatter-

ing,21 and reflectance difference spectroscopy22 have been

used to measure Zeeman splitting in such structures. However,

in luminescence based measurements only the lowest energy

states are occupied by the photo-excited excess carriers, hence

they mostly yield g-factors for confined electron and heavy-

hole subbands and not for states at higher energy such as the

light-hole subbands. Also, most of these measurements require

high magnetic fields for which g-factor can show non-linear

field dependence and attain significantly different values.18

In this study, we have used polar magneto-optical Kerr

effect (MOKE) spectroscopy to measure the exciton Zeeman

splitting in GaAs/Al0.3Ga0.7As single QWs. Optical transi-

tions involving spin split initial and final states are sensitive

to right and left circularly polarized (RCP and LCP) light

arising from angular momentum conservation based selec-

tion rules. When light with a state of polarization that is a

composite of RCP and LCP is made incident normally on the

magnetized sample, the reflected light’s state of polarization

is altered in general. The MOKE signal is a measure of this

change and is quantified in terms of Kerr rotation /k and

Kerr ellipticity gk parameters. An analysis of the MOKEa)Electronic mail: arora@tifr.res.in
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spectral lineshape23 yields the Zeeman splitting and thereby

the g-factor. MOKE readily gives information about the spin

polarized structure of electronic states at higher energies24

and is currently also a popular diagnostic tool in spintronics

for estimating the degree of spin polarization of carriers in

practical device structures.25

In Sec. II, we provide the experimental details and there-

after the procedure used for authenticating the measured

MOKE spectra, which involved Kramers-Kronig transforma-

tions. We then describe the analysis used for obtaining the

exciton Zeeman splitting from the simultaneously measured

Kerr rotation and Kerr ellipticity spectra. The analysis used

two independent methods, one of which was a first principles

spectral lineshape simulation, which used a modified Lorentz

oscillator model to represent the excitonic contribution to the

dielectric function. The other method involved direct lineshape

fitting of the ellipticity spectrum. From the exciton Zeeman

splitting, we deduce the g-factor for hole states associated with

the excitonic transitions. In particular, we determine the longi-

tudinal components of the g-factor for the confined ground

state heavy-holes and light-holes in GaAs/Al0.3Ga0.7As QWs

as a function of the well width, for relatively low magnetic

fields (B� 1:8 T). Finally, we compare our experimental

results with some recent theoretical predictions.

II. EXPERIMENTAL DETAILS

The GaAs/Al0.3Ga0.7As single QW samples used in this

study were grown using solid-source molecular beam epitaxy

on semi-insulating GaAs(001) substrates. The growth tem-

perature was 600 �C. The GaAs well layer of thickness Lw

was sandwiched between 25 nm thick Al0.3Ga0.7As barrier

layers and then capped with a 3 nm thick GaAs layer on top.

Four samples with Lw of 4.3 nm, 6 nm, 9.6 nm, and 14 nm

were studied. The well thickness was independently deter-

mined by comparing the ground state (n¼ 1) electron-heavy

hole (e1hh1) and electron-light hole (e1lh1) exciton transition

energies obtained through low temperature reflectance meas-

urements, with theoretically calculated values.12

For performing MOKE spectroscopy, we used a novel

configuration that uses a conventional H-frame electromag-

net plus a special sample holder arrangement with an extra

mirror.26 This enabled polar MOKE measurement geometry,

without the requirement of a hole in one of the magnet pole

pieces. The copper sample holder was mounted on the cold

finger of a closed cycle He refrigerator, and the measure-

ments were done at 15 K. Magnetic fields up to 1.8 T were

applied perpendicular to the plane of the QW. A photo-

elastic modulator (PEM) was used for polarization modula-

tion. The technique is similar to the one described by Sato27

except for the use of polished silicon wafer as the extra mir-

ror. Our arrangement, however, required a modified set of

equations for determining the Kerr parameters. Details of the

setup including calibration procedure and the analysis used

for extracting Kerr parameters from the data can be found in

Ref. 26. In the following paragraphs, we briefly describe the

main points relevant to this study.

Light from a broadband Xe lamp, dispersed using a

0.5 m focal length monochromator (band pass 0.5 nm) was

used as the probe beam. In our measurement geometry, the

plane of incidence/reflection was parallel to the horizontal.

The probe light was collimated and polarized at �45� to the

horizontal using a Glan-Taylor (GT) polarizer. It was then

made to pass through the PEM, operating at f¼ 42 kHz,

whose axis was parallel to the horizontal at 0�. This light

was then reflected off the Si mirror on the sample holder

mount and made incident on the sample at near normal angle

of incidence �5�. After reflection from the sample and a sec-

ond reflection from the Si mirror, the light was passed

through a GT analyzer with its pass axis vertical at 90� to the

horizontal. Finally, the light was detected using an infrared

sensitive photo-multiplier tube.

The signals from the detector arising at the first har-

monic (f) and second harmonic (2f) frequency of the PEM

were measured using a pair of lock-in amplifiers, and the DC

component of the signal was measured using a digital volt-

meter. With the peak retardation of the PEM set at

d0 ¼ 2:405, the following relations are obtained for the ratios

of the AC to DC signals, when the Si mirror is included26

If

IDC
¼ 2

ffiffiffi
2
p

J1ðd0Þðgk cos Dþ /k sin DÞtan W; (1)

I2f

IDC
¼ 2

ffiffiffi
2
p

J2ðd0Þð�gk sin Dþ /k cos DÞtan W: (2)

Here, If and I2f are the AC components of the signal at f and

2f, while IDC is the DC component. Jn is the nth order Bessel

function. /k and gk are the Kerr rotation and ellipticity pa-

rameters. D and tan W are the ellipsometry parameters of the

Si mirror for �40� angle of incidence and were measured

separately.28 In our wavelength region of interest,

D � �180�; therefore, the above equations simplify to

If

IDC
¼ 2

ffiffiffi
2
p

J1ðd0Þgk tan W; (3)

I2f

IDC
¼ 2

ffiffiffi
2
p

J2ðd0Þ/k tan W: (4)

The above relations were used to obtain the Kerr rotation and

ellipticity parameters. Our setup is capable of measuring Kerr

rotation and ellipticity with a precision of 0:002� at a wave-

length of 800 nm. For analysis, reflectance measurements

were also performed on the samples at 15 K. The reflectance

data were corrected for the spectral response of our measure-

ment setup. The latter was determined by comparing the

measured reflectance spectrum of a polished Si wafer with

one calculated using the complex refractive indices of Si.29

III. ANALYSIS OF MOKE SPECTRA

Figure 1 shows the Kerr rotation and ellipticity spectra

obtained for the sample with Lw ¼ 14 nm under magnetic

fields from B¼ 0.2 T to 1.8 T applied perpendicular to the

plane of the sample. The structures observed at 1.5333 eV

and 1.5407 eV correspond to e1hh1 and e1lh1 excitonic transi-

tions in the QW. The transition energies agree well with our

calculations that take into account an excitonic binding
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energy of �8 meV for heavy-holes and light-holes.12 The

MOKE spectra obtained for the other samples were similar

and are not shown in this article.

The MOKE signal arises due to a difference in the re-

flectance of the sample between RCP and LCP light. The

presence of sharp features in the reflectance spectrum of a

sample can result in spurious structures in a difference/

modulated spectrum. To verify the correctness of our experi-

mental data, we adopted the following procedure. We used

the fact that Kerr rotation and ellipticity parameters obtained

in the polar geometry make the real and imaginary parts of a

complex response function n ¼ /k þ i arctanh gk that obeys

the Kramers-Kronig dispersion relations30 and yields

/kðxÞ ¼
2

p
x2P

ð1
0

arctanh gkðx0Þ
x0ðx02 � x2Þ

dx0; (5)

gkðxÞ ¼ tanh � 2

p
x P

ð1
0

/kðx0Þ
x02 � x2

dx0
� �

: (6)

Thus, Kerr rotation /k (ellipticity gk) spectrum can be

obtained, if Kerr ellipticity (rotation) spectrum is known over a

sufficient range of energy �hx. Using the above Eq. (5) (Eq.

(6)), we calculated the Kerr rotation (ellipticity) spectrum from

the measured Kerr ellipticity (rotation) spectrum and compared

it with the measured Kerr rotation (ellipticity) spectrum.

Figure 2 shows an example of such a comparison performed

for a 4.3 nm wide well for B¼ 1.8 T. We note that the calcu-

lated MOKE spectra are nearly identical to the ones obtained

experimentally thereby authenticating our experimental data.

This analysis also shows that in case of MOKE spectroscopy

on samples where the signals away from the main spectral fea-

ture quickly go to zero, the above dispersion relations can be

used to predict the Kerr rotation spectrum, if the Kerr elliptic-

ity spectrum is known or vice versa.

At near normal incidence, the reflection of RCP and

LCP light can be described in terms of complex Fresnel

reflection coefficients ~r6 as

~rþ ¼ rþeihþ and ~r� ¼ r�eih� ; (7)

respectively. Kerr rotation and Kerr ellipticity are related to

the phase and magnitude of the complex reflection coeffi-

cients, respectively, by

/k ¼ �
1

2
ðhþ � h�Þ and gk ¼

1

2

r2
þ � r2

�
r2
þ þ r2

�

� �
: (8)

To analyze the MOKE spectral features associated with

the excitonic transitions, we first need a model for describing

their contribution to the reflectance spectrum. For this, we

considered the dielectric response function in the presence of

excitons to be given by a Lorentz oscillator31 like model as

eðEÞ ¼ ðnb þ ikbÞ2 þ
Aeiv

E2
0 � E2 � icE

; (9)

where nb þ ikb represents the background complex refractive

index of GaAs in the absence of excitonic effects, E0 is the

excitonic transition energy, c is the broadening parameter,

and A is an amplitude. v is a phase factor, which does not

occur in the conventional Lorentz oscillator model. It has

been included here for the following reason. Our QW sam-

ples are multilayered structures; therefore, interference

effects influence the spectral lineshapes. In such cases, one

FIG. 1. (a) Kerr rotation and (b) Kerr ellipticity spectra of a GaAs/

Al0.3Ga0.7As QW of width Lw ¼ 14 nm, for magnetic fields ranging from

0.2 T to 1.8 T. The sample temperature was 15 K and the measurement was

done in the polar geometry with the magnetic field B perpendicular to the

plane of the thin GaAs quantum well layer sandwiched between two

Al0.3Ga0.7As barrier layers as shown in the inset. The sharp features arise at

energies corresponding to e1hh1 and e1lh1 exciton transitions.

FIG. 2. (a) Measured (black line) MOKE rotation spectrum of a QW of

width Lw ¼ 4:3 nm. The calculated (gray line) rotation spectrum, using

Kramers-Kronig transformation of the measured ellipticity spectrum as dis-

cussed in the text, is also shown. The calculated spectrum is shifted up by

0:01� for clarity. (b) A similar comparison of the measured MOKE elliptic-

ity spectrum with that calculated using Kramers-Kronig transformation of

the measured rotation spectrum.
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needs to use the transfer matrix method32 for calculating the

reflectance spectrum of a multilayered structure. Figure 3

shows the measured reflectance spectrum of the 14 nm thick

QW, which has two prominent spectral features due to e1hh1

and e1lh1 exciton transitions. Also shown is a spectrum simu-

lated using the transfer matrix method, which considered the

structure shown as an inset in Fig. 3 and which used the con-

ventional Lorentz oscillator model with v ¼ 0. The refractive

indices of GaAs and Al0.3Ga0.7As were obtained from Ref.

29. As such optical interference does not change the energy

positions of the sharp exciton related features in the reflec-

tance spectrum; instead, it mostly affects the symmetry of

the lineshape in terms of the relative strength and orientation

of the lobes in Fig. 3. By using a finite v, one can mimic this

lineshape symmetry change without having to do a full trans-

fer matrix calculation. Figure 3 also shows such a simulated

spectrum with v ¼ 20�, where the spectrum was calculated

using the Fresnel formula for reflectance at a single interface

assuming that the GaAs quantum well was the only layer in

the sample. One can see that both simulations give near iden-

tical spectra, which match with the measured one. Thus, by

including a finite v one can avoid the more cumbersome

transfer matrix calculation that also requires precise knowl-

edge of the thickness and refractive indices of all the layers

in the structure. This approach is similar to Aspnes’ phenom-

enological modelling33 of modulated reflectance spectros-

copy data, where such a phase factor was used to account for

the different symmetries of experimental lineshapes.

In the presence of a magnetic field, eðEÞ differs for RCP

and LCP light thereby giving rise to the MOKE signal. eðEÞ
can differ due to a difference in E0, which essentially arises

from Zeeman splitting of spin degenerate electron and hole

levels in the GaAs QW. eðEÞ can also differ due to a

difference in c or A; however, Zeeman splitting plays the

dominant role.23 To analyze the MOKE data, we first simu-

late the reflectance spectrum of a sample and obtain E0, c,

and A. Next, we shift E0 by 6DE0=2 and calculate the com-

plex reflection coefficients r6, respectively, and then use Eq.

(8) to obtain the MOKE rotation and ellipticity spectrum.

The shift DE0 required to fit the MOKE spectra for a given

magnetic field yields the excitonic Zeeman splitting. An

example of such lineshape fitting for the 14 nm thick QW

with B¼ 1 T is shown in Fig. 4. The reflectance spectra are

shown in Fig. 4(a), and the MOKE rotation and ellipticity

spectra in Figs. 4(b) and 4(c), respectively. The fits using this

first principles approach are evidently quite satisfactory. The

values of excitonic Zeeman splitting obtained in this particu-

lar case are 45 6 4 leV for e1hh1 and 410 6 30 leV for

e1lh1. The sign14,22 of the Zeeman splitting is positive when

for RCP polarization there is a blue shift of the reflectance

spectral features relative to LCP polarization. Thus, compar-

ing the e1hh1 and e1lh1 related features in Figs. 4(a) and 4(c),

we see that the Zeeman splitting is positive for both transi-

tions. The spectral lineshapes associated with the two transi-

tions in Fig. 4(c) accordingly have similar symmetry.

However, for the 4.3 nm thick QW in Fig. 2(b), the lineshape

symmetry of the e1hh1 related feature is opposite to that of

e1lh1 and in this case, e1hh1 is found to have negative value

for the splitting.

FIG. 3. Measured (continuous line) reflectance spectrum of a QW of width

Lw ¼ 9:6 nm showing features arising due to e1hh1 and e1lh1 exciton transi-

tions. Also shown are two simulated spectra one of which included interfer-

ence effects (dashed line) due to the multilayered structure of the sample.

The other one ignores the multilayered structure (dashed-dotted line) and

instead tries to account for the influence of interference effects by using an

additional phase factor in the model describing the exciton dielectric func-

tion. The inset shows the sample structure used to perform the simulation

that included interference effects.

FIG. 4. An example of lineshape fitting of (a) average reflectance R, (b)

Kerr rotation, and (c) Kerr ellipticity spectra of a QW of width Lw ¼ 14 nm

under a magnetic field of 1 T. In these three cases, the lineshape was

obtained using first principles simulation discussed in the text. (d) Fitting of

the Kerr ellipticity spectrum with lineshape defined through the energy de-

rivative of ln R. In all cases, the dashed line represents experimental results

and the continuous gray line represents the calculated lineshape.
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As an additional check on the values of Zeeman splitting

obtained using the above procedure, we used a second

method described below. If Zeeman splitting is much smaller

than the spectral line broadening, then one can write

r2
þ � r2

� ¼ Rþ � R� ¼ �DE0

dR

dE
; (10)

where Rþ and R� denote reflectance for RCP and LCP light,

respectively, R ¼ ðRþ þ R�Þ=2 is the mean reflectance.

Using the above relation in Eq. (8), we can represent Kerr el-

lipticity as

gk ¼ �
DE0

4

dðln RÞ
dE

: (11)

The Kerr ellipticity spectrum can, therefore, be obtained

from the energy derivative of the logarithm of the reflectance

spectrum. We have used Eq. (11) to fit the Kerr ellipticity

spectrum and independently determined the Zeeman split-

ting. Figure 4(d) shows an example of fitting of the Kerr

ellipticity spectrum of the 14 nm thick QW sample using

Eq. (11), which yielded Zeeman splitting of 45 6 4

leV and 400 6 30 leV for the e1hh1 and e1lh1 exciton transi-

tions, respectively, under B¼ 1 T. These values are nearly

identical to the values obtained using the first principles

approach described earlier.

IV. RESULTS AND DISCUSSION

Figure 5 shows the variation of measured e1hh1 and

e1lh1 excitonic Zeeman splitting in the four QW samples as a

function of magnetic field up to 1.8 T. We were able to

resolve Zeeman splitting as small as 7 leV. The error in the

DE0 values obtained through the fitting procedure was

�68%. The Zeeman splitting varies linearly with magnetic

field as is expected for excitons under low magnetic fields.16

Also, the Zeeman splitting for the e1hh1 exciton is negative

for the QW of width Lw ¼ 4:3 nm, whereas it is positive for

the other samples. The Zeeman splitting for the e1lh1 exciton

was positive for all the samples.

The exciton effective g-factor gex is related to the exci-

ton Zeeman splitting DE0 through

DE0 ¼ gexlBB; (12)

where lB is the Bohr magneton. Thus, the slope of the lines

in Fig. 5 divided by lB yields gex. The well width dependent

values of the exciton g-factor for e1hh1 and e1lh1 excitonic

transitions gex
e1hh1

and gex
ellh1

, respectively, are shown in Figs.

6(a) and 6(b). We find that gex
e1hh1

increases monotonically

from �0.44 to 0.77 as the well width increases from 4.3 nm

to 14 nm; however, gex
e1lh1

increases from 6.7 (Lw ¼ 4:3 nm)

to 8.6 (Lw ¼ 6 nm) and then goes down to 6.8 (Lw ¼ 14 nm).

The error in DE0 results in an uncertainty of �65% in the g-

factor values. Results from two other reports15,22 of well

width dependent measurement of g-factors of both heavy-

hole and light-hole excitons in GaAs/AlxGa1–xAs multiple

quantum wells are also shown in Figs. 6(a) and 6(b), respec-

tively, for comparison. In both these reports, the Al content

in the barrier was slightly higher at 0.36%. For gex
e1hh1

, the

trend of negative values for narrow QWs of width less than

�6 nm and the magnitude of the g-factors, match with the

previous reports. However, for gex
e1lh1

although the signs

match, our measured values are larger than those in Refs. 15

and 22. It may be noted that in Ref. 22, the authors have sug-

gested large uncertainties up to 50% in their results due to

the weak intensity of e1lh1 exciton related feature in their re-

flectance spectrum.

Next, we obtain the effective g-factors for the ground

state n¼ 1 heavy-hole (ghh1
) and light-hole (glh1

) subbands

FIG. 5. Measured Zeeman splitting (symbols) for (a) e1hh1 and (b) e1lh1

excitonic transitions in GaAs/Al0.3Ga0.7As QWs of different well widths as

a function of applied magnetic field. The lines are the linear fits to the data.

FIG. 6. A comparison of our measured (a) e1hh1 and (b) e1lh1 exciton

g-factors (filled triangles) in GaAs/Al0.3Ga0.7As QWs as a function of well

width, with values reported in Refs. 15 (filled circles) and 22 (open circles).

The dashed lines are a guide to the eye.
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from the excitonic g-factor values as follows. The g-factor

for the excitonic transitions can be written as14

gex
e1hh1
¼ ge1

þ ghh1
and gex

e1lh1
¼ ge1

þ glh1
; (13)

where ge1
is the g-factor for the first confined conduction

subband. ge1
for GaAs/Al0.33Ga0.66As multiple QWs under

low magnetic fields has been accurately measured using spin

precession quantum beats in time resolved photolumines-

cence.17 Their dependence on well width is shown by filled

circles in Fig. 7(a). With this information and the measured

excitonic g-factors, we have estimated ghh1
and glh1

using Eq.

(13). The ghh1
values were �0.6, 0.18, 0.77, and 1.1 for Lw

4.3 nm, 6 nm, 9.6 nm, and 14 nm, respectively, and the corre-

sponding glh1
values were 6.5, 8.6, 7.4, and 7.1, respectively,

with an uncertainty of �65%. These values are plotted using

triangle symbols in Figs. 7(b) and 7(c).

To understand the origin of the g-factor values in GaAs/

AlxGa1–xAs QWs arising from band mixing, the k�p pertur-

bation theory approach has been used previously. At the

Brillouin zone center in GaAs, the lowest energy conduction

band (CB) state is CC
6 and the top valence bands (VBs) com-

prise of two degenerate CV
8 states and a CV

7 state. If one con-

siders the mixing of these four states, then the calculated

value of ge1
does not match the measured ones, nor does it

asymptotically reach the bulk value of gebulk
¼ �0:44 for

large well widths. This disagreement was attributed to the

influence of CC
7 and CC

8 (doubly degenerate) CB states lying

at energies higher than the CC
6 state.9 With a seven state k�p

perturbation theory calculation, which included the effect of

these higher lying CBs, a good agreement was obtained

between the calculated and experimental ge1
values for well

widths in the range of 3 nm to 21 nm and the gebulk
value was

also reproduced.9 This theoretical result is represented by the

line in Fig. 7(a). As for ghh1
values, a four state k�p perturba-

tion theory model had been proposed where the influence of

CC
7 and CC

8 levels was incorporated by using a modified form

of the Luttinger parameters.8 The results from this calcula-

tion for GaAs/Al0.37Ga0.63As QWs are shown by the line in

Fig. 7(b) and we see that our measured values of ghh1
are in

reasonable agreement with this theory.

Measurement of the confined light-hole g-factor is chal-

lenging and, consequently, has not received as much theoret-

ical attention. Emission polarization based studies are

usually not successful in determining glh1
because the con-

fined light-hole band is at a higher energy and is therefore

difficult to populate at low temperatures, with the first con-

fined heavy-hole band hogging all the carriers. MOKE in

contrast is associated with the absorption process and is

therefore readily able to measure the glh1
values shown in

Fig. 7(c). The value of the g-factor depends on the nature of

band mixing in a given semiconductor structure and its evo-

lution under a magnetic field. Specifically for light-holes, a

recent study10 suggests that magnetic field induced mixing

of ground state light-hole subband lh1 and the first excited

(n¼ 2) heavy-hole subband hh2 is predominant in determin-

ing the value of glh1
. The calculations, which were performed

in the framework of Luttinger Hamiltonian, predicted a giant

Zeeman splitting of the lh1 level with a very large value of

glh1
depending on the well width and Al concentration in the

QW barriers. The glh1
values predicted for QWs with 30% Al

in the barriers, range from �10 for a well of width 4.3 nm to

a saturation value of �37 for wells of widths larger than

10 nm and are shown as a continuous line in Fig. 7(c). It is

clear that these theoretically predicted values of glh1
are

much larger than our measured values and this discrepancy

cannot be explained by invoking errors in measurements.

Keeping in mind the agreement between our measured ghh1

and previous theoretical models, it seems likely that this new

theory for glh1
based on mixing of lh1 and hh2 bands using

the approach of Ref. 10 is incorrect. A good theoretical

understanding of the origin of the value of glh1
is, therefore,

still awaited.

V. CONCLUSIONS

It has been shown that MOKE spectroscopy is a sensi-

tive technique for measuring the Land�e g-factors for exci-

tonic transitions in GaAs/AlxGa1–xAs QWs under low

magnetic fields. We provided a detailed description of the

analysis required to extract the Zeeman splitting and subse-

quently the g-factors from the MOKE spectra. We estimated

the Zeeman splitting of both heavy-hole and light-hole

ground state confined subbands as a function of well width

and found them to vary linearly with magnetic field up to the

maximum applied field of 1.8 T. The g-factors obtained for

heavy-holes were shown to agree fairly well with previously

reported results available in the literature. For light-holes,

although the measured g-factors were found to be larger than

FIG. 7. (a) Experimental ge1
values (circles) in GaAs/Al0.33Ga0.66As multi-

ple QWs as a function of well width obtained from Ref. 17, along with theo-

retical estimates (line) from Ref. 9. Variation of (b) ghh1
and (c) glh1

as a

function of well width obtained through the present study (triangles) com-

pared with theoretical results (line) from Refs. 8 and 10, respectively.
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previous experimental results, however, they were nowhere

as large as one would expect from the recent theoretical pre-

dictions of possible giant Zeeman splitting of light-holes in

such systems. Our results, therefore, suggest the need for an

improved theoretical model for understanding the light-hole

g-factor values in GaAs/AlxGa1–xAs QWs. Ideally, it should

be a model, which can simultaneously explain the well width

dependent g-factor values of confined electrons, heavy-

holes, and light-holes in this system.
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