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Atomistic models of the in-plane hetero-phase structures with β and γ phase 
boundaries 

 The ‘Mo’-‘Mo’ distance 
at the β phase boundary 
is calculated as 2.76 Ang 

 Z-distance between 
‘Mo’-‘Mo’ atoms at the γ 
phase boundary is found 
to be 2.52 Ang 

  Bandgap ~ 1.2 to 1.8 eV 

 Thermal  Conductivity(monolayer) @ RT  ~  (34.5 ± 4) W/mK 

 No dangling bonds 

 Max. current density ~5×107 A/Cm2 

       50 times higher than Cu,  But 5-10 times lower than graphene 

 Stability up to 1100° C (in inert temp.) 

 Effective mass  

 Mobility 

 

 

Ref:- B. Radisavljevic et al., Nat. Nanotech.,  6, 2011 
Ref:- Lembke and Kis,  ACS Nano, 6, 11, 2012 

 Abundance in nature and 
commonly used as lubricant 
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Atomistic Modeling of Phase-engineered MoS2 Channel for the 
Decananometer Scale Digital Switches 

Ref :-  Rajesh Kappera et al., NATURE MATERIALS, vol. 13,  2014 

 Devices with 1T phase electrodes ~ 
    Show much better performance  compared the  
    devices with 2H  phase contacts  

Ref :- D. Saha, S. Mahapatra, Applied Physics Letters , 108, 253106, 2016  
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Up-spin components of transmission spectra (obtained at zero bias) of 

the β-device  and the γ-device respectively 
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 Asymmetric Junctions in Metallic-Semiconducting-Metallic heterophase MoS2~ 
    atomic patterns at β and β* phase boundaries 

Overview 

M-S-M heterophase MoS2 structure   

Metal 1T’ MoS2 interfaces   
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Introduction 

  Bandgap ~ 1.2 to 1.8 eV 

 Thermal  Conductivity(monolayer) @ RT  ~  (34.5 ± 4) W/mK 

 No dangling bonds 

 Max. current density ~5×107 A/Cm2 

       50 times higher than Cu,  But 5-10 times lower than graphene 

 Stability up to 1100° C (in inert temp.) 

 Effective mass  

 Mobility 

 

 

Ref:- B. Radisavljevic et al., Nat. Nanotech.,  6, 
2011 
Ref:- Lembke and Kis,  ACS Nano, 6, 11, 2012 

 Abundance in nature 
and commonly used 
as lubricant 
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Introduction (cntd.) 
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 Devices with 1T phase electrodes  
    Show much better performance  compared the  
    devices with 2H  phase contacts  

Property 2H phase 
contacts 

1T phase 
contacts 

  ON 
Current 

(µA /µm) 

30 85 

Transcon
ductance 
(µS /µm) 

1.4 3.8 

Mobility 
(cm2/V-s) 

19 46 

ON / OFF 
ratio 

107 108 

Ref :-  Rajesh Kappera et al., NATURE MATERIALS, vol. 13,  2014 
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Metallic to Semiconducting Phase 
Boundaries 

Ref :- D. Saha, S. mahapatra, Applied Physics Letters, 108, 253106, 2016 
Ref :-  Y-C. Lin, D. O. Dumcenco, Y-S. Huang, and K. Suenaga, Nature 
Nanotechnology, 9, 2014 

 Atomistic models of the in-plane hetero-phase structures with β and γ phase boundaries 

 The ‘Mo’-‘Mo’ distance at the β phase boundary is calculated as 2.76 Ang 
 Z-distance between ‘Mo’-‘Mo’ atoms at the γ phase boundary is found to be 2.52 Ang 
Perhaps, the slight differences in the ‘Mo’-‘Mo’ distances at the boundaries, may have originated from the choice of our unit cells, 
lattice constants  
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Metallic to Semiconducting Phase 
Boundaries (Cntd.) 

Ref :- D. Saha, S. mahapatra, Applied Physics Letters, 
108, 253106, 2016 
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M-S-M hetero-phase MoS2 

Ref :- D. Saha, S. Mahapatra, IEEE Transactions on Electron Devices,  2017 
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M-S-M hetero-phase MoS2 (Cntd.) 
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1T’ monolayer MoS2 and its metal interfaces 

Ref :- D. Saha, S. Mahapatra, Physical Chemistry Chemical Physics,  (Under Review) 
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Summary  

 We have designed Atomistic Model of the planar hetero-phase 
structures of monolayer MoS2, having two disparate phase 
transition regions 

 We explored Asymmetric Junctions in M-S-M hetero-phase 
structure, and obtained the charge carrier transport through the β 
and β* phase boundaries 

 We have also investigated  the orientation dependent charge 
carrier transport in the metal (Au and Pd) interfaces of 1T′ MoS2  

 The key advantage of such devices is their 1T′ extension region which 
can effectively be contacted with various metals for significantly 
reducing the Schottky-limited transport 

April-2017 9 



Thank You 
 


