Anisotropic Charge Transport and Current Crowding In
Vertical Thin-Film Contacts with 2D Layered Materials
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Introduction & Motivation

J Layered 2D materials
(graphene, MoS,, WSe,,
etc.) exhibit dominant 1n-
plane transport due to high
anisotropy.

J High in-plane conductivity
intensifies current crowding
at contact edges.

[ Consequences: higher

spreading resistance[1], local )  curren

heating, electromigration, P

interfacial degradation

i Here, t = y for the Cartesian
A_‘Tﬁ“_; n geometry and t = r for the
e Pz a1 |p cylindrical geometry and z =
gl Piyay o o ylorn axis of  rotation  for
‘ ] HPas H™" cylindrical. Below R; top, R
II e (1) bottom and R; 1s the interface
' . resistance. [3]
F " b G

R, = p1; hi/(2aW) (Cartesian)
R, = pi1, hi/(ma?) (Cylindrical) R; = p;/ma? (Cylindrical)
R, = pp, hy/(2bW) (Cartesian) W width perpendicular to the
R, = p,, hy/(mwb*) (Cylindrical) paper.

R; = p;/2aW (Cartesian)

Solution of Laplace Equation (V.(aV®)=0)
Region I (0 < z < hy) [3]: Smh( nm

™G (Z—h1)>
&,(y,2) = Ao(z — hy) + 550y Ay —— o cos (*=

cosh(azz_l hl) — y) [1a, Cartesian]

di(r,z) = Ag(z— hy) + X5-1 A, sinh (% (z — h1)>]0 (B.,,7) [2a, Cylindrical]
Region II (—h, < z < 0) [3]:
q)”(y, Z) — VO —+ Bo(Z ~+ hz) —+ 2%0=1

. nrt
By Smh<b\/a_2(z+h1)>

COSh(b:;Z_Zhl)
sinh(%(z+h2)>
¢II (T, Z) — VO BO (Z hz) Z;;O:l Bn A ]O (/1,17‘) [2b, CYllndrlcal]
cosh(ﬁhz)
Boundary conditions: p;/, = ®;; — ®; and ], = pl aaq;, = pl a;DZ", Z =
1,2 2,2
0, [t € (0,a) ;22 =0, z=0, |t| € (ab)

coS (”7” y) [ 1b, Cartesian]

Spreading (Constriction) Resistance, R

4 _Pi (1 _ 2)}(10, Cartesian) [3]

p2,zb \a nn% P2,zb a
_ P2z7y D _ )Pz Anb ha\ | Anb pi |J1(Ana)
Rs = da Rs, and Rs = n {2 P2,z Zn=1 Bn [tanh (\/“_2 b) | \/“_ZPZ,zb] Ana T
- b L
pp ‘b (% — Z)} (2¢, Cylindrical) [3]
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Where @; =22 and a, =22 A, and B, are calculated using boundary
1 P1,z 2 P2z " "
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»isotropic (Au - a-Si; &; = a, = 1): nearly uniform spreading.

»moderately anisotropic bottom layer (Au - WSe,; a; = 1; a, =
0.1333): small lateral spreading before injection

>both anisotropic layers (graphite - MoS,; a; = 2.7 X 10™%, a, =
0.009 ): amplified lateral flow 1n both layers

»strongly anisotropic bottom (Au — graphite; a; = 1, a, = 2.7 X
10~*): extreme in-plane conductivity — delayed vertical injection —
extended high-|J| band
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Effect of Anisotropy on R

Each a/h, set

10" contains three
oF 5lafhy B 10" SR v i <o b
a/h, = 10_1 [ a/h, =5 (tOp to bottom)
0"—"2“—“—‘—“] T 1072 i 0 ST with o, =
10410210% 102 10*  10%10210°10210*  102107"10° 10" 10> L. b/a = 20.
a1 %) hi/a

d a,,a, < 1:lower in-plane resistivity — enhanced lateral transport — reduced
normalized spreading resistance (R).

3 aq,a, > 1: higher in-plane resistivity — stronger constriction — higher (Ry).
Jd a;, > 100: in-plane resistivity has negligible effect.

0 Thicker overlayers (a/h, = 0.2 — 5) give larger R
1 Each a/h, set, three curves correspond to b/a = 20, 15, 10 (top to bottom).
Larger b/a gives higher R

Experimental Benchmarking of R

6
1077 A Experilmental Data |
| == == R = Peff (= w//02,z><,02,y)/(4a) I
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Conductive-AFM platform for multilayer MoS, |

. oo [2] 2 , , , . ,

following Vijayan et al. 10° 0 500 250 300 400

a (nm)
4
YL — = 120 o Vijayan et al. [2] fitted the measured R using the
R Sl S _ Pefy _
-, diffusive model, R, = o where prr = \/pz,ypz,z.
54' Lol Deviations & limitations: Narrow contacts (b/a <
;; 20) or thin films (few nm) — large departures from
21— =Tz 1/a scaling.
400 nt —et,—7um | Recommendation: Use the full anisotropic tield
ob————— 1 golution, including geometry (a, b, h{, h,), interface
0 10 20 30 40 50

b/a resistivity (p;), and anisotropy (a,&5). [3]
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