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®w= P H Y|Transition metal dichalcogenides semiconductorsl

[1 Top view: three-fold symmetry
[1 No inversion symmetry.

[1 Atomically thin material with direct band gap.

~ 1 — 2 eV. DFT, LSDA for MoSs:
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Kormanyos et. al, Phys. Rev. B 88, 045416 (2013).
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- Two-band continuum model for valleys 7 = £ K
o825 |y G hend continuum modelfor valleys 7 = +K]

[1 seven-band model — hq = p + %A — two-ban model by Lowdin partitioning

gff — HO + HSTO + Hll-p

7,8 €vb TYr sqz T,8 ar sqz{—-qZ 0
Hp ( TYrsQt  Ecb ) Hog ( 0 B;.474%
7,8 0 KJT,S(QATF)z 7,8
H3w (ni,s(dZ)Q 0 Y chb,l —
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. . . . . . _ 2 _ 2 %
[ harmonic oscillator eigenfunctions as basis states: m_ = 0Ty = 7a Ilp\/h/eB.

[1 matrix representation of Hgff on a finite subspace spanned by the basis functions.

[1 Landau Levels: eigenvalues of gff.

b)

LLs in the conductance band: 160l
spin T, K-valley
spin T, K’-valley

E [eV]

spin |, K-valley

spin |, K’-valley

1.67

B, [T]
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|Approximation of the LLsI

O Neglecting the trigonal warping and cubic terms (Hj.', H" ).

[1 Another Lowdin-partitioning to obtain effective single-band Hamiltonian separately

for conduction and valence bands.

[1 Leading to a harmonic oscillator-like Hamiltonians:

T,8 T8 TS 1 1 L s
Enzvb =&y + hwib ) (n + 5) + §ge,uBst + §g£l?vbMBBz T,

T.S TS TS 1 1 1 S
Enzcb = &4 T hwéb ) (n + 5) + §ge,uBst + 597()1,)010#33,2 T.

L1 valley splitting linearly depends on B..
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s PHYSIC SApproximation vs full quantum DI

valley K, spin |
valence band conduction band
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[1 The trigonal warping is relevant for higher magnetic fields.

[1 At higher magnetic fields the valley splitting is not linear in B.
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|Ca|cu|ation of the SdH oscillationsl

Calculation of the conductivity 0.,

[1 neglecting the intra-valley scattering between the spin-split bands: due to the specific

form of the intrinsic SOC

[1 neglecting the inter-valley scattering in the absence of magnetic impurity:

large momentum change, requires simultaneous spin-flip

[1 Considering the intra-valley, intra-band scatterings and short range scatterers.
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|Se|f-consistent Born approximationl

[J random disorder potential V' (r) with short range correlations
(V(r)V(r')) = Ased(r — 1)

O self-energy X3 = X7° + 4%

. ,S
DI SIS

Z :
27rl2 E —E}? (ZZS -+ iEZ’S)
LI ET* are the approximated or exact LL energies.

[0 A, ~ scattering rate calculated by the Born-approximation in zero magnetic field.

Ando T, J. Phys. Soc. Jpn. 37, 1233 (1974).
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|conductivity aml

[1 Kubo-formalism:

e LAf(B) .

= 3" (n+ DRe[GT (n, B)G} (0 + 1, E) — G’ (n, )G (n, E)]
n=0

0 G3’(n, E) and G7°(n, E) are the retarded and advanced Greens-functions:

Gpan, E)=[E— E} — ZEA]_l
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|Ca|cu|ated SdH oscillations for p-doped W892|

[l The amplitudes of the oscillations are

Peter Rakyta

numerical SdH, and approximated SdH
not captured well by the approximated 18 - -

LLs.

[1 Reason: few LLs under the Fermi level.
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[] two bands contribute to

(1)

(2)
Opy = Ozg + Ogy

. . 0.04
[1 complex oscillation pattern due to

0.02 -

valley splitting

(different oscillation periods in the two &, ,|
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|Comparing to experiments on M082|

[1 Fitting the analytical expression
to the experimental data of
X. Cui et. al., 2015 advance online pub-
lication in Nature Nanotechnology
(arXiv:1412.5977)
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