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Introduction & Motivation

❑Layered 2D materials 

(graphene, MoS2, WS𝑒2, 

etc.) exhibit dominant in-

plane transport due to high 

anisotropy.

❑High in-plane conductivity 

intensifies current crowding 

at contact edges. 

❑Consequences: higher 

spreading resistance[1], local 

heating, electromigration, 

interfacial degradation

Spreading (Constriction) Resistance, 𝑹𝑺

Potential Profiles

Current Density Distributions

Models

Here, 𝑡 = 𝑦 for the Cartesian 

geometry and  𝑡 = 𝑟 for the 

cylindrical geometry and z = 

axis of rotation for 

cylindrical. Below 𝑅1 top, 𝑅2 

bottom and 𝑅𝑖 is the interface 

resistance. [3]

𝑅𝑆 =
𝜌2,𝑧

4𝜋𝑊
𝑅𝑠, and 𝑅𝑠 = 𝑅𝑠 = 2𝜋 ቊ

ቋ
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1 −

𝑏

𝑎
(1c, Cartesian) [3]

𝑅𝑠  =
𝜌2,𝑧

4𝑎
𝑅𝑠, and 𝑅𝑠 =

4

𝜋
൜

ൠ

2
𝜌1,𝑧

𝜌2,𝑧
σ𝑛=1

∞ 𝐵𝑛 tanh
𝜆𝑛𝑏

𝛼2

ℎ2

𝑏
+

𝜆𝑛𝑏

𝛼2

𝜌𝑖

𝜌2,𝑧𝑏

𝐽1 𝜆𝑛𝑎

𝜆𝑛𝑎
+

𝜌𝑖

𝜌2,𝑧𝑏

𝑎

𝑏
−

𝑏

𝑎
 (2c, Cylindrical) [3]

Where 𝛼1  =
𝜌1,𝑡

𝜌1,𝑧
 and  𝛼2  =

𝜌2,𝑡

𝜌2,𝑧
; 𝐴𝑛 and 𝐵𝑛 are calculated using boundary 

conditions, current density is 𝑱 = σ𝑡𝜕𝑡Φ
2 + σ𝑧𝜕𝑧Φ

2. 

(a) Contour maps

of current density

|J|, (b) Current 

profiles 5 nm 

above the 

interface and (c) 

Current profiles 5 

nm below the 

interface [3].
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uniform vertical 

penetration, minimal lateral 

spreading.
small lateral spreading 

along in-plane (basal) 

plane.
enhanced lateral 

extension.
extended lateral potential 

band, shallow penetration 

depth.

𝑅1 = 𝜌1,𝑧 ℎ1/ 2𝑎𝑊  (Cartesian)

𝑅1 = 𝜌1,𝑧 ℎ1/ 𝜋𝑎
2  (Cylindrical)

𝑅2 = 𝜌2,𝑧 ℎ2/ 2𝑏𝑊  (Cartesian)

𝑅2 = 𝜌2,𝑧 ℎ2/ 𝜋𝑏
2  (Cylindrical)

𝑅𝑖 = 𝜌𝑖/2𝑎𝑊 (Cartesian)

𝑅𝑖 = 𝜌𝑖/𝜋𝑎
2 (Cylindrical)

𝑊 width perpendicular to the 

paper.

➢isotropic (Au - a-Si; 𝛼1 = 𝛼2 = 1): nearly uniform spreading.

➢moderately anisotropic bottom layer (Au - 𝑊𝑆𝑒2; 𝛼1 = 1; 𝛼2 =
0.1333): small lateral spreading before injection

➢both anisotropic layers (graphite - 𝑀𝑜𝑆2; 𝛼1 = 2.7 × 10−4, 𝛼2 =
0.009 ): amplified lateral flow in both layers 

➢strongly anisotropic bottom (Au – graphite; 𝛼1 = 1, 𝛼2 = 2.7 ×
10−4): extreme in- l n  cond c  v  y → d l y d v    c l  nj c  on → 

extended high-|J| band

Solution of Laplace Equation (∇.(𝝈∇Φ)=0 )

Region I (0 < 𝑧 < ℎ1) [3]:

Region II (−ℎ2 < 𝑧 < 0) [3]: 

Effect of Anisotropy on 𝑹𝑺

Each 𝑎/ℎ2 set 

contains three 

curves for 𝛼1 =
1000,  1, 0.001 

(top to bottom) 

with α2 =
1, 𝑏/𝑎 = 20. 

𝑎/ℎ2 = 0.2

𝑎/ℎ2 = 1

𝑎/ℎ2 = 5

𝑎/ℎ2 = 0.2

𝑎/ℎ2 = 1

𝑎/ℎ2 = 5

𝑎/ℎ2 = 0.2

𝑎/ℎ2 = 1

𝑎/ℎ2 = 5

❑ 𝛼1,𝛼2 < 1: lower in- l n    s s  v  y →  n  nc d l     l    ns o   →   d c d 

normalized spreading resistance (𝑅𝑠).

❑ 𝛼1,𝛼2 > 1: higher in- l n    s s  v  y → s  ong   cons   c  on →   g    (𝑅𝑠).

❑ 𝛼1,2 > 100: in-plane resistivity has negligible effect.

❑ Thicker overlayers (𝑎/ℎ2 = 0.2 → 5) g v  l  g   𝑅𝑠

❑ Each 𝑎/ℎ2 set, three curves correspond to 𝑏/𝑎 = 20, 15, 10 (top to bottom). 

Larger 𝑏/𝑎 gives higher 𝑅𝑠
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Conductive-AFM platform for multilayer MoS2 

following Vijayan et al.[2]
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Experimental Benchmarking of 𝑹𝑺
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Vijayan et al. [2] fitted the measured 𝑅𝑠 using the 

diffusive model, 𝑅𝑠 =
𝜌𝑒𝑓𝑓

4𝑎
, where 𝜌𝑒𝑓𝑓 = 𝜌2,𝑦𝜌2,𝑧.

Deviations & limitations: Narrow contacts (b/a < 

20) o     n f l s (f w n ) → l  g  d        s f o  

1/a scaling.

Recommendation: Use the full anisotropic field 

solution, including geometry (a, b, ℎ1, ℎ2), interface 

resistivity (𝜌𝑖), and anisotropy (𝛼1,𝛼2). [3]
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