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Abstract

Raman Spectroscopy

▪ Valley polarization appears ( T=300k) under strain (dominant inter-band
relaxation) Strain=0%
Strain=0.4%

▪ Splitting between the peaks increases as the
number of layers increases
▪ Monolayer splitting ~ 𝟏𝟖. 𝟕 𝒄𝒎−𝟏
Negative Circular Polarization

Excitons In TMDC’s
▪
▪
▪
▪
▪

▪ Weakening of the Raman
helical selectivity Strain
induces symmetry changes

Photoluminescence (PL) spectrum under aboveband excitation
A and B excitonic signatures
A exciton energy ~ 1.84 𝑒𝑉
B exciton energy ~ 2 𝑒𝑉
Excitation energy~ 𝟐. 𝟑𝟑 𝒆𝑽

Stain dependent valley polarization in
doped MoS2
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Two-dimensional (2D) electronic systems contain rich physics. Physics of 2D
electronic systems received a big boost with the advent of 2D materials like
graphene. However, the absence of bandgap in graphene makes them of limited
use for optoelectronic and photonics application. A new class of 2D
semiconductor namely transition metal dichalcogenides (TMDC) has emerged in
the last decade as a 2D electronic system with bandgap1. The electronic bandstructure in TMDCs depends on the number of molecular layers in these
materials. For example, it changes from an indirect bandgap for bulk to a direct
bandgap semiconductor for monolayer. Therefore, the number of layers provide a
control knob of the electronic band structure in these materials. The monolayer
demonstrates two equivalent electronic valleys at Brillouin zone boundary K and
K’. Due to the presence of transition metals in TMDC, these materials possess
very prominent spin-orbit coupling due to which the valence bands in these
valleys spin split such that the equal energy valence band states in each valley
carrier opposite electron spin. This coupling of valley-spin results in helicity
dependent selection rules for transition in these valleys2. This opens up a new
mechanism of quantum switching by controlling coupled valley and spin degrees
of freedom using optical polarization. The term “valleytronics” is usually used for
these new quantum switching devices which have coupled valley spin electronic
system. However, for most TMDC’s, valleytronic effects vanishes at room
temperature and for above band excitation.
In this work, I will present our investigations of electrons (excitons) and phonons
for molybdenum disulfide (MoS2: a TMDC material). We use uniaxial strain as a
control of electronic properties in monolayer MoS2. We show that the excitonic
emission red shifts and decrease in intensity, while the indirect transition emission
appears. However, it is observed that some valley polarization appears under
the influence of uniaxial strain even at room temperature. Our work shows clear
dependence of strain and doping on intervalley scattering and clear the way for
attaining non-zero valley polarization effects even at room temperature under
above band excitation.

Valley polarization and Raman
selectivity under strain (non-resonant
excitation)

▪ PVA-MoS2 interface cause n-doping
of the MoS2 flakes

0.6

B exciton
0.4

▪ Small redshift of the
A1g peak as
expected from the
increase of electrons
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▪ PL spectra before
and after doping. A
red shift after doping
is also indicative of
the increase of the
electron
concentration
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▪ Monolayer of Molybdenum disulfide has a direct bandgap
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Uniaxial tensile strained
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Positive Circular Polarization

𝐏𝐜 > 𝟎

𝑰𝒄𝒐 − 𝑰𝒄𝒓𝒐𝒔𝒔
𝐏𝐜 =
𝑰𝒄𝒐 + 𝑰𝒄𝒓𝒐𝒔𝒔

Reciprocal space

Spin orbit interaction causes splitting of valence band by 160 meV
Coupled spin and valley degree of freedom
Due to spin-orbit splitting of the valence band, two exciton exist in TMDCs,
called A and B exciton.

Valley polarization (resonant excitation)
Strain

Excitonic picture
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▪ The PL intensity decreases with the increase in the
applied strain
▪ The direct transition converted into indirect
transition as the value of strain ~ 𝟏. 𝟔%

Mechanical Exfoliation of MoS2
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𝐏𝐜 > 𝟎

Applications

Identification of Monolayer
▪ The value of the optical contrast is proportional to the number of layers
𝑰𝒔𝒂𝒎𝒑𝒍𝒆 −𝑰𝒔𝒖𝒃𝒔𝒕𝒂𝒓𝒆

Optical contrast= 𝑰

𝒔𝒂𝒎𝒑𝒍𝒆 +𝑰𝒔𝒖𝒃𝒔𝒕𝒂𝒓𝒆
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1L Contrast =0.03
2L Contrast =0.11
3L Contrast = 0.23
6L Contrast= 0.4
Bulk Contrast =0.66

▪ With increased strain, the A1g peak shows no
measurable shift in position
▪ while the degenerate E2g peak splits into two
+
−
subpeaks that we label as 𝐄𝟐𝐠
and 𝐄𝟐𝐠
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