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Measurement of the Landé g factor (LGF) normally involves determining the energy splitting of spectral
features under a dc magnetic field of several teslas. We show that circular-polarization-resolved magne-
tomodulation spectroscopy, with a small ac field of the order of 50 mT rms, can be used to measure the
LGF of excitons in semiconductors. The technique is easy to implement with a microscope arrangement,
enabling measurements with high spatial resolution at cryogenic temperatures. We validate the technique
and determine its limits through measurements on excitons in a GaAs/Aly 3Gag7As quantum well. We then
apply it to microscopic flakes of bulk 2H-MoS; and determine the LGF of the ground-state 4;, exciton
and the next-higher-energy exciton labeled /L, at energies around the direct gap of 2H-MoS,. The LGF of
1L is found to be much larger in magnitude and of opposite sign compared to that of 4. This suggests that
it cannot be an excited state of the 4 exciton as was previously assigned. Using an approximate model, the
LGF value of the /L exciton is shown to be consistent with an interlayer exciton that was earlier identified

in few-layer 2H-MoS,.
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L. INTRODUCTION

The Landé g factor (LGF) of excitons in a semicon-
ductor gives a measure of the splitting of the exciton
transition energy due to an applied magnetic field B. It
originates from the Zeeman splitting of energy levels in
the conduction and valence bands that are involved in
exciton formation. Measuring the LGF can provide infor-
mation on the origins of the excitons and it is also a
property of interest for spintronics [1]. There is currently
significant interest in the magneto-optical properties [2] of
transition-metal dichalcogenide semiconductors (TMDCs)
of the type MX,; (with M = Mo, W; and X =S, Se, Te)
due to novel spin-related phenomena discovered in their
electronic band structure, especially in their monolayer and
few-layer forms, such as spin-valley coupling and spin-
layer locking [3—5], which are relevant for spin-controlled
device applications [6].

Giant LGFs have been reported in heterostructures made
with two different TMDC materials such as MoSe; /W Se;
[7,8]. Excitons at energies around the direct gaps of both
few-layer and bulk TMDCs arise at the K points of the
Brillouin zone and so there is also an interest in studying
bulk materials. As such, several types of excitons dominate
the optical spectrum of TMDCs even at room temperature
due to their large binding energies, and identifying their
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origins has been an issue [9]. For instance, in the case of
bulk 2H-MoS,, one observes a weaker exciton feature just
on the higher-energy side of the ground-state 4, exciton
transition. It was earlier thought to be due to the excited
state A,; exciton transition [10]; however, its energy posi-
tion and magnitude did not agree with the effective-mass
Wannier-Mott three-dimensional exciton model when con-
sidered together with other observed features [11]. Its
energy position also shifted much more with an applied
B field than A, which cannot be explained if it was Ay
[12]. This feature also survives till high temperatures and
gave a wrong estimate of the effective Rydberg constant
when considered as A4,; [13]. Thereafter it was suggested
that it may originate from a different exciton transition at
the H point of the Brillouin zone [13,14]. However, this
idea too had to be discarded since ab initio theory calcula-
tions suggested that there is a saddle point at the H point
and it cannot sustain an exciton [15].

An interlayer (/L) exciton is a state wherein the electron
and the hole reside separately on two adjacent layers, as
can be expected in heterobilayers [16]. However, such /L
excitons were also shown to exist in homolayer films [17].
In recent studies on bilayer and few-layer 2H-MoS;, the
weak exciton feature on the high-energy side of 4, has
been attributed to such an IL exciton [18,19] and it was
suggested that this is also what one observes in bulk 2H -
MoS,; [15]. Exciton LGF measurements can throw more
light on this issue.
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The conventional approach to LGF measurement typi-
cally involves measuring milli-electron-volt-range energy
shifts of exciton features in a photoluminescence, absorp-
tion, or reflectance spectrum under a high magnetic field
B of several teslas [7,20-24]. It is usually challeng-
ing to use such techniques to study microscopic sam-
ples such as tiny flakes of TMDC semiconductors [25].
Here we present a circular-polarization-resolved magne-
tomodulated reflectance (MMR) spectroscopy technique
to measure the LGF of excitons using a very small, tens
of milliteslas, oscillating B. The small-field requirement
makes it easy to build a setup around a standard optical
cryostat that is compatible with a microscope arrangement
for studying small samples. We first describe the technique
and the experimental setup. To validate the technique, we
use it to measure the LGF of previously studied heavy- and
light-hole excitons in a GaAs/Aly3Gag 7As single quantum
well (QW) and also determine the limits on LGF estimates.
We then use it to study 2H-MoS; and show that the A
and the next-higher-energy exciton feature have very dif-
ferent LGFs. We analyze the results using an approximate
model to understand the LGF values of excitons in bulk
2H -MOSQ .

II. WORKING PRINCIPLE

When a magnetic field B is applied to a semiconduc-
tor, levels in the conduction band (CB) and valence band
(VB) that are degenerate in energy but have different total
angular momentum projections along B undergo Zeeman
splitting. For the CB, the splitting energy can be expressed
as 8; = g.upB, where up is the Bohr magneton. The elec-
tron LGF, g., incorporates the net effect of spin, orbital, and
valley angular-momentum contributions, the last being rel-
evant in the case of few-layer dichalcogenide semiconduc-
tors. A similar expression for the VB levels is 6, = g, B,
with g;, representing the hole LGF. The transitions between
these split CB and VB levels will involve right-circular
(o+) or left-circular (0—) polarized light according to
symmetry and angular-momentum-conservation consider-
ations. This general picture of Zeeman splitting is schemat-
ically shown in Fig. 1.

Let us consider excitons involving CB and VB levels
where the ground-state exciton transition energy in the
absence of B is Ey. Then for finite B parallel to +2Z, if
o+ light incident along —Z causes a transition between
split VB and CB states marked “+” in Fig. 1, the transition
energy will be

1
E(o+) =Ey+ E(ge — @) upB + apB?, (D

where «p is the diamagnetic coefficient [26]. If the direc-
tion of B is reversed such that B is parallel to —Z, then
relative to it the incident light polarization is now o — and
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FIG. 1. Schematic representing Zeeman splitting of doubly

degenerate conduction-band electron and valence-band hole lev-
els under magnetic field B. The + and — signs signify that the
levels are connected by transitions involving right (o +) and left
(0 —) circularly polarized light.

>

the transitions will involve the levels marked “—” con-
nected by o— light. According to Fig. 1 the transition
energy now becomes

1
E(0=) = Eo = 5(ge — gnsB + apB’. )

Thus keeping the incident polarization fixed to, say, o+
and going from B || +Z to B || —2Z, the net change in the
exciton transition energy will be

AET = (g8 — gn)BB = gex BB, 3)

where g is the exciton LGF. Following the same analysis
with o — polarized incident light will give the same |AE7]|
but with a negative sign.

Usually an exciton transition results in a sharp resonant
feature in the reflectance (R) spectrum around Ey. A AE7
change in the exciton transition energy due to an oscil-
lating B would therefore give rise to a periodic change
in R with amplitude AR, which will be enhanced around
Ey. The AR/R spectrum represents the magnetomodulated
reflectance spectrum. For the case where AEr is much
smaller than the exciton line broadening, the magnitude
of AR/R will be proportional to AE7. The sensitivity of
the reflectance of circularly polarized light from a solid
in the presence of a magnetic field is essentially the Kerr
effect. However, in the usual magneto-optic Kerr effect
spectroscopy measurements, which also yield AEr [27],
a fixed B field of large magnitude is used and one mea-
sures the difference in the reflectance as the polarization of
the incident probe beam is periodically changed between
o+ and o — using standard ellipsometric techniques [28].
Another advantage with MMR is that it is insensitive to
any static spurious source of polarization anisotropy since
the signal here essentially arises from an oscillating B field.
However, the oscillating B can result in electrical pickups
which need to be minimized.
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Estimating the LGF of excitons from the circular-
polarization-resolved MMR spectrum requires simulation
and fitting as follows. We first simulate the R spectrum. For
this we choose the Lorentz oscillator model to represent the
exciton’s contribution to the dielectric function €(E) as a
function of photon energy £, which goes as [29]

G
G(E)=€b+2m, 4)
J )j

where €, = (np + iky)? is the background dielectric con-
stant. Here n;, and &, (~ 0) are the real and imaginary
parts of the background refractive index, respectively; and
Ey;, C;, and T; are the exciton transition energy, ampli-
tude factor proportional to the exciton oscillator strength,
and broadening parameter of the jth exciton transition,
respectively. The Ey; here includes the local-field correc-
tion necessitated by the large density of excitons created in
a solid [29].

With the above we obtain the R spectrum using Fresnel’s
formula directly or through a transfer-matrix approach
in the case of multilayer structures [30]. In the case of
a quantum-well sample, Fresnel’s formula can still be
used by replacing C; with C;e®, where the phase fac-
tor ¢ accounts for interference-induced spectral lineshape
changes [31]. Then from matching this calculated R spec-
trum with the measured one, we obtain the parameters Ey,
C;, I';, and ;. Thereafter, we simulate the MMR spectrum
by calculating

AR 7 R(Ey + AEg;/2) — R(Ey — AEg; /2)

R 4 2R(Eq)) ®)

The values of AE7; for which the simulation best fits the
measured MMR spectrum gives the Zeeman splitting for
the jth exciton transition, from which we obtain g using
Eq. (3). Thus we need one common 7, and three param-
eters per exciton to fit R and then one more parameter
per exciton to fit the MMR spectrum. The above sim-
ulation procedure represents a square-wave modulation,
unlike the sine-wave modulation in the actual experiment.
The factor 7 /4 corrects for the larger amplitude of the first
harmonic Fourier component of a square wave. The exci-
ton LGF magnitude and sign are essentially determined
by the amplitude and sign of the MMR signal. Noise in
the MMR signal is the dominant factor determining the
limits on measurable exciton LGF values and the error
in it, which will be discussed later. We note that unpolar-
ized magnetomodulation, using a small oscillating B riding
over a much larger static B of several teslas, has been used
before [32] but only to identify energy positions of Landau
levels created by the static B [33].
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FIG. 2. Schematic of the experimental arrangement for
circular-polarization-resolved magnetomodulated reflectance
spectroscopy with high spatial resolution. The lock-in amplifier
(LTA), dc voltmeter (DVM), and monochromator are interfaced
with a computer.
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III. EXPERIMENTAL DETAILS

Figure 2 shows a schematic of the setup for MMR spec-
troscopy designed to study microscopic samples at cryo-
genic temperatures. The B field is provided by a solenoid
coil wound around an Al bobbin with a central hole of
30 mm diameter, to allow for insertion of an objective
lens. A continuous-flow He cryostat is used to cool the
sample. The cryostat cold finger consists of a protruding
Cu cylinder with an aluminum vacuum shield that has
an optical window on top. It was designed to fit halfway
inside the solenoid. The cryostat along with the magnet
were mounted on a x-y stage, which, along with the cam-
era arrangement, helps in locating the microscopic sample.
The objective holder has fine z-axis control for focusing.

The probe beam is obtained by dispersing light from
a 75 W xenon lamp using a monochromator with 0.5 m
focal length. Thereafter it is linearly polarized by a polar-
izer and reflected downwards by mirror M1 towards a
broadband quarter-wave plate (QWP) and then onto the
objective through a beam splitter (BS1). Mirror M1 does
not alter the linear polarization since it reflects along an
eigen-polarization axis. The QWP optical axis is rotated
to get a o— or o+ polarized probe beam. For BSI
we avoided using common Inconel-coated beam splitters
which are ferromagnetic and can give rise to spurious sig-
nals; instead, we used Al-coated glass as BS1. Its effect on
the circular polarization state after transmission was mea-
sured and found to be insignificant. The probe-beam spot
size achievable with a 20x objective was 13 x 26 pm?.
The reflected light from the sample was detected using a
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photomultiplier tube (PMT) and the ac and dc signal com-
ponents were measured using a lock-in amplifier and dc
voltmeter. The mirror M2 on a flip mount is in position
initially when the camera arrangement is used for locat-
ing a small sample on the substrate and focusing the probe
beam onto it and is moved away during measurement.

To increase B at the position of the sample, the copper
finger has a soft-iron cylinder with low magnetic hystere-
sis enclosed within, reaching 1 mm below the top. With
this arrangement, a maximum sinusoidal current of 3.2 A
rms at 160 Hz through the solenoid produced a field of
60 mT rms at the position of the sample near the cen-
ter of the solenoid coil. This value is after correcting for
the influence of the Al vacuum shield. A lower excitation
frequency helps reduce inductive heating of the solenoid
coil, but too low a frequency increases 1/f noise. Details
of field uniformity measurements are given in the sup-
plemental material [34]. To obtain the high oscillatory
current, the output from a function generator is passed
through a current amplifier circuit [34] with optimal cou-
pling. The MMR signal can ride on an electrical pickup
background due to the oscillating B; the background needs
to be minimized with appropriate shielding, measured, and
then subtracted.

The GaAs/Aly3Gag7As QW sample used in this study
has a single GaAs well of width 4 nm and was grown using
metalorganic vapor-phase epitaxy. The MoS, sample was
a bulk flake with clear surface area less than 50 x 50 wm?
and ~ 7.3 wm thick. It was exfoliated from a geologi-
cal 2H-MoS, crystal and then stamped onto a sapphire
substrate.

IV. RESULTS

A. GaAs/Aly3Gag 7As quantum well

Figure 3(a) shows the R spectrum of the QW at 6 K,
which is an average of the spectrum for o— and o+
polarizations. It has two strong exciton features around
1.63 and 1.658 eV, arising from transitions between the
first confined electron level e,—; in the CB well and the
quantum-confinement-induced split heavy-hole A#,_; and
light-hole /h,—, levels in the VB well. Here # is the con-
finement quantum number. There is also a weak feature
around 1.64 eV that originates from the first excited state
(the 2s state) of the ejhh; exciton [35], which we have
ignored in this analysis. Referring to Fig. 1, CBL£ here
corresponds to the e; level with atomic s-orbital charac-
ter at the I point of the Brillouin zone and total angular
momentum projection m; = £1/2 in units of /i along field
B || Z. VB corresponds to either the 4k or [k levels hav-
ing atomic p-orbital character with m; = £3/2 or m; =
+1/2, respectively. A transition from VB to CB with An =
0 is normally allowed. Angular-momentum conservation
requires that only o+ (0 —) polarized light with angular
momentum —1 (+1) can cause a transition between the
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FIG. 3. (a) Reflectance spectrum of a 4-nm-thick

GaAs/Aly3Gag7As QW at low temperature. The inset is a
real-space schematic depicting the heavy-hole and light-hole
exciton transitions. (b) MMR spectrum for o+ and o—
polarization with B =45 mT rms. Simulated spectra are also
shown.

hhy level with m; = 43/2 (—3/2) and the e; level with
m; =1/2 (—1/2). Similar polarization selection applies
for transitions involving e; and /4.

The MMR spectrum of the QW sample shown in
Fig. 3(b) was obtained with B = 45 mT rms. A five-point
data smoothing was done to reduce noise. Note that, for
the prominent spectral features, the MMR signals for o+
and o— light have opposite phase as expected from the
earlier analysis. For a given polarization, the phase of the
signal arising from the e 44 transition is 180° rotated with
respect to that for the e;/h; transition; this indicates that
the LGFs for the two transitions have opposite signs. Also,
while the strength of the e ik transition is much larger
than that of e| /| in the R spectrum, in the MMR spectrum
the latter is much stronger. This indicates that the modu-
lation of the e;/h; transition is larger and therefore it must
have a larger LGF magnitude. By matching the simulations
with the above measurements, using the steps described
earlier, we obtain LGF values —0.3 & 0.2 and 5.9 £+ 0.7 for
the e ik, and e lh; exciton transitions, respectively. The
exciton LGF in these QWs depends on the well width. For
a well width of 4 nm, the expected values [31] of the LGF
for e hh) and e lh; are around —0.5 and 6.2, respectively.

We next consider the error in the measured LGF values.
The MMR signal is essentially an energy derivative sig-
nal. The larger the LGF magnitude, the larger will be the
Zeeman energy splitting and hence larger the peak MMR
signal magnitude. Therefore, noise in the MMR signal
directly results in uncertainty in the LGF value and is the
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dominant source of error in its measurement here. To esti-
mate this error we can ask: What is the LGF value that will
give rise to a peak AR/R signal that is equal in magnitude
to the noise in the measured MMR spectrum? We can find
this by using the same simulation procedure as described
earlier, with parameters ny, C;, Eo;, and I'; obtained from
matching the R and MMR spectra for a particular value
of B.

For the QW sample, the peak-to-peak noise in the AR/R
signal according to Fig. 3(b) is ~ 4 x 107>, A peak MMR
signal of this magnitude corresponds to LGF values 0.2
and £0.7 for e; hh; and e, lh| excitons, respectively, which
therefore represents the maximum error in the LGF esti-
mates for these two exciton transitions. Thus our estimated
sign and value of the LGF for the QW excitons agree
fairly well with previous measurements within error bars,
validating this technique. Note that the above LGF val-
ues imply very small energy shifts AE7; for example,
a maximum of 21 peV for e;l/h; which had a broaden-
ing ' ~ 7 meV. This satisfies the requirement AEr < I’
mentioned earlier. It also demonstrates the power of mod-
ulation spectroscopy in measuring very small energy shifts
[36], which is essentially the reason we are able to measure
the LGF with such small B fields. The error bars can be
minimized by reducing noise through increased averaging.

B. Bulk 2H-MoS;

This technique and setup is especially suited for study-
ing microscopic samples such as tiny flakes of TMDCs.
Figures 4(a) and 4(b) show the R and MMR spectra mea-
sured on a small flake of 2H-MoS, at 6 K, at energies
around its lowest direct gap. MMR measurements on 2H -
MoS, were made for three values of B; the spectrum for
B = 60 mT rms is shown. In the R spectrum, we see two
features, one due to the ground-state 4 exciton transition
and another marked /L. Note the equally large MMR signal
of IL compared to 4, which is quite different from their
signal strength in R. Also their MMR signal for a given o —
or o+ polarization has opposite phase. These two obser-
vations already indicate that the LGF of /L has a larger
magnitude and opposite sign relative to A;,. Following the
simulation and matching steps described earlier, we obtain
the average LGFs for the A4, and /L exciton transitions
in 2H-MoS; as g4, = —2.5+0.5 and gy =9.7 £ 2.5,
respectively. The above g, estimate lies within the range
of recently reported values for MoS, [23,37,38].

The fact that the /L feature has a very different LGF
in terms of magnitude and sign indicates that it cannot
arise from the first excited state 4,, of the 4 exciton, as
was previously thought [10,11]. A similar feature in the
R spectrum of bilayer, trilayer [18], and bulk [15,17,19,39]
TMDCs of 2H configuration has in recent times been iden-
tified as arising due to a new kind of exciton named the
“interlayer” exciton. It is a state where the electron and
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FIG. 4. (a)Reflectance spectrum of bulk 2H-MoS; at low tem-

perature. (b) Its MMR spectrum for o — and o+ polarizations
with B = 60 mT rms. Simulated spectra are also shown. The
inset in (a) plots the LGF for the 4,3 and /L excitons obtained
for three values of B.

the hole reside mostly in adjacent S-Mo-S layers, unlike
for A, where they are predominantly in the same layer
[15,17].

To understand these results, we discuss the electronic
band structure (EBS) of MoS,. The 4, exciton arises due
to transitions around the lowest-energy direct gap of bulk
2H-MoS, at the K points of its Brillouin zone. We start
with the EBS around the K points of monolayer MoS,,
where two adjacent K points are inequivalent and are
labeled K+ and K— in Fig. 5(a). Here the CB and VB
are split into two by spin-orbit coupling and the lower-
energy (higher-energy) bands are marked as CB1 (CB2)
and VB1 (VB2), respectively. For a monolayer film, only
single spin orientation (up or down) can exist at the K
points and their orientation is opposite between CB1 and
CB2 or between VB1 and VB2 in the same valley, and
also opposite between K+ and K — valleys [3,4,9].

Figure 5(a) shows MoS, as a “darkish” material with
VB top and CB bottom having opposite spins, which ham-
pers efficient optical recombination from these levels [40].
In addition, Bloch-wavefunction symmetry considerations
determine that, in the K+ (K —) valley, VB1 to CB2 transi-
tion is possible with o+ (0 —) polarized light, while VBI
to CB1 transition is forbidden for light polarization in the
x-y plane [3,4,9]. The A4, exciton transition following such
rules is depicted by the vertical arrows in Fig. 5(a). The
spin-valley coupling picture is strictly true for monolayers,
but weak van der Waals coupling along the ¢ axis results
in such properties being relevant even in multilayer films
[5,24,41,42]. Thus, with reference to Fig. 1, the CB+ and
VB+ pair here would correspond to CB2 and VBI levels
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(a) K+

(b) Kbilayer+
O

Layer 1, K+ Layer 2, K~

N

FIG. 5. (a) The CB and VB levels involved in 4 exciton tran-
sition (long vertical arrows) at the K+ and K— points of the
Brillouin zone in monolayer MoS; for o+ and o — polarizations.
The inset shows the Brillouin zone of monolayer MoS,. (b) Sim-
ilar diagram for an /L exciton transition (very long tilted arrows)
in bilayer MoS; at the effective Kyjjayer+ point.

at K+, and similarly the CB— and VB— pair correspond
to CB2 and VB levels at K—.

It has been suggested that, to a first approximation, the
individual g-factor contributions due to spin (g;), orbital
(g,), and valley (g,) angular moments can be added up
in the case of few-layer TMDCs [7,21,23,43]. At the K
points, the orbital character at the top of the VB is mostly
d2_» =+ idyy, like [44] with quantum number m; = +2 and
the holes approximately have g’ ~ 42 at K+ and K—
valleys, respectively [23]. The bottom of the CB has a
dominant d_» orbital character [44] with m; = 0 and thus
the electrons approximately have g¢ ~ 0 at both valleys
[23]. There is also a valley angular momentum component
in TMDC:s with g-factor contribution g, ~ +mo/m* at K+
and K— valleys, respectively, where m*/my is the carrier
effective-mass ratio [23,45]. The in-plane electron and hole
effective masses at the K points in bulk MoS; are simi-
lar [46], with m* /mg ~ 0.5; therefore, g, ~ 2 at K+ and
K — respectively.

Referring to Fig. 5(a) for the A;; exciton, we can
express the g-factor contributions at the K+ and K — valley
extrema for o+ and o — light, respectively, as

_ oK+ e,K+ e, K+
8450+ = 8 +go +gv

— {glFT 4 b K 4 gk (6)

and

a0 = 8K 4 g8k 4 gok-
— gl gk gl (7)

Since electron and hole spin orientations are preserved
during the transitions and they are in the same valley,
the spin and valley g-factor contributions cancel out in
the above expressions. Then with g&f* = 0 and g/k* =
+2 as mentioned previously, we get g4, -+ = —2 and
g4,,.0— = +2. Since we are effectively measuring the dif-
ference in energy shift between o+ and o — excitation, we
get the net LGF for 4y, to be g4y, = gu4y,0+ — &40 =
—4. It has been suggested that interlayer interaction in a
bulk material tends to bring down the LGF value [20] and
therefore our LGF value of —2.5 £ 0.5 for 4, is consis-
tent. This estimate is also in fair agreement with reported
values of LGF for 4, in similar bulk or few-layer TMDCs
[17,20,22-24,37,38].

Next we consider the /L exciton transition starting with
a bilayer film. There is a 180° in-plane twist of adjacent
S-Mo-S layers along the ¢ axis in the 2H form of the
MoS,; crystal structure and also spin orientation is reversed
between adjacent layers [5,47]. One may therefore take
[17] the effective Kpilayer+ as comprising K;+ of layer 1
and K,— of layer 2 as shown in Fig. 5(b). Calculations
based on density functional theory [17] indicate that in this
case o+ light can excite an /L exciton comprising an elec-
tron in the K;+ valley and a hole in the K,— valley as
shown by a very long tilted arrow in Fig. 5(b). Its g-factor
contribution can then be expressed as

_ eKi+ e, K1+ e, K1+
8o+ =8 ' +& ' +8g

— {glhem + ghkam 4 ghKamy (8)

Also at Kyjlayer+, 0 — light can excite [17] an IL exciton
comprising an electron in the K, — valley and a hole in the
K+ valley, whereby the g-factor contribution will be

QLo =gk 4 gtfem 4 gofon
— (gt 4 ghhit 4 ghfaty, 9)

Since electron and hole spin orientations are preserved in
these transitions, the net spin-angular-momentum conttri-
bution to gy ,+ and gy, will again be zero, and only
the orbital and valley angular momenta will contribute.
Using previously mentioned numbers, we get g1 5+ = +6
and gy, = —6, resulting in a net LGF gy = gip 0+ —
giLo— = 12. Similar results can be obtained considering
transitions at the Kyjayer— point. This suggests a much
larger value and opposite sign for the LGF of the /L exciton
when compared to the 4, exciton transition. Our mea-
sured value of gz = 9.7 2.5 and its sign are consistent
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with the above. This is also similar to a suggested value
[25] of gz ~ 8 in bilayer 2H-MoS, and a very recent
estimate of g, = 9.01 & 0.34 in bilayer MoSe; [48]. The
IL exciton transition arises at a higher energy than A
most likely because it has a lower binding energy due to
the electron and hole being more separated since they are
in adjacent S-Mo-S layers, unlike 4;; where they reside
in the same S-Mo-S layer [15,17]. We note that, while
the above approximate model involving summing up of
three individual LGF contributions can broadly explain the
measured LGF values in terms of sign and relative magni-
tudes, to obtain an accurate estimate of the LGF for bulk
2H-MoS,, a more rigorous theoretical analysis that also
includes effects of electron-hole exchange interactions [9]
is necessary.

V. CONCLUSION

In conclusion, we have demonstrated that circularly
polarized magnetomodulated reflectance spectroscopy
with very low magnetic fields of the order of tens of mil-
liteslas, can be used to measure the LGF of excitons in
semiconductors. The technique requires modeling of the
exciton feature in the reflectance spectrum and is there-
fore suited for cases where a discernible exciton feature
exists in the reflectance spectrum. The easy adaptability of
this technique for measurement with high spatial resolution
enabled studies on microscopic 2H-MoS,; flakes. There the
IL feature was shown to have an LGF value much larger
in magnitude and of opposite sign relative to that for the
ground-state 4, exciton, confirming that it cannot be asso-
ciated with a pure first-excited-state A,, exciton. The sign
and magnitude of the LGF of the /L exciton are explain-
able on the basis of it being an interlayer exciton through
an approximate model; however, a proper understanding of
its value needs further theoretical investigation.
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