
http://www.tu-chemnitz.de/physik/hlph          Dresden. 28 June 2018 – Mahfujur Rahaman

Giant Gap-Plasmon Tip-Enhanced Raman
Scattering of MoS2 Monolayers on Au
Nanocluster Arrays

M.Rahaman,1 A.G. Milekhin,2,3 E.E. Rodyakina,2,3 A.V. Latyshev, 2,3

V.M. Dzhagan1,4, and D.R.T. Zahn1

1Semiconductor Physics, Chemnitz University of Technology, D-09107, Chemnitz, Germany

2Novosibirsk State University, Pirogov 2, 630090, Novosibirsk, Russia

3Rzhanov Institute of Semiconductor Physics RAS, Lavrentiev Ave. 13, 630090, Novosibirsk,
Russia

4V. Lashkaryov Institute of Semiconductors Physics, Nat. Acad. of Sci. of Ukraine, 03028, Kyiv,
Ukraine



http://www.tu-chemnitz.de/physik/hlph     

λ wavelength of the light

NA       numerical aperture of the objective

Spatial resolution =
0.61𝜆

𝑁𝐴

Abbe diffraction limit:

Limitation of conventional 
Raman spectroscopy

0

2.5

Au

V
·m

-1

40 nm

λ = 785 nm
R = 40 nm

2

Electrical field confinement 

Tip-Enhanced Raman Spectroscopy

40

0k

Ey
20 nm

Au

Au

λ = 785 nm 
R = 40 nm

V
·m

-1
Introduction/Motivation

500 nm

C60

Sheremet et al.; Carbon 96 588 2016

CNT

GO

60 90 120
0

10

20

30

40

E
 /
 V
m

-1

Lateral distance / nm

 E

 fit

w = (11.8 ± 0.4) nm

Dresden. 28 June 2018 – Mahfujur Rahaman

COMSOL simulation
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TERS spectra

TERS on 1L-MoS2/Nanocylinders heterostructure

Milekhin et al., Nanoscale, 10 2755 2018
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Raman shift due to strain

Rahaman et al., Nano Lett., (2017), 17, 6027

Investigation of local heterogeneities 

0.9 % strain
3L-MoS2
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Local heating effect ≈ 1.8 cm-1
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Quantifying hot electron doping

1. Li et al.; ACS Nano (2015),9, 10158
2. Yu et al., Adv. Func. Mat. (2016), 26, 6394
3. Najmaei et al., ACS Nano (2014), 8, 12682 

Chakraborty et al. Phys. Rev. B (2012), 85, 161403(R)

Doping gradient of phonon modes

Doping gradient for 
A1g mode = 0.23·1013 cm-2/cm-1

Hot electron doping of 1.6·1013 cm-2

Lloyd et al.; Nano Lett. (2016),16, 5836 

0.9 % strain induced shift for A1g ≈1.5 cm-1
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Temperature induced shift for A1g ≈1.8 cm-1
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Plasmonic hot electron induced phase transition

Kang et al. Adv. Mat.(2014), 2, 6467

Doping induced phase transition
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Milekhin et al., Nanoscale, 10 2755 2018
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