Nanowire/Nanotube Arrays Enable Flexible Electronics

 Semiconducting nanowires have
high electrical mobility, high
sensitivity and are flexible.

e For FETs, they minimize short-
channel effects and enable gate-
all-around configurations
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Flow-Assisted Dielectrophoretic Deposition

* Suspended nanowires flow across a * Nanowires are pulled towards the
substrate pre-patterned with electrode electrodes via dielectrophoresis
sites
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* Under the right conditions, individual nanowires are assembled at each
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Simulation Methodology

* 3D Brownian dynamics simulations of an individual nanowire:
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Simulation Methodology

1. Dielectrophoresis

* Dielectrophoretic force is
calculated via an averaged
effective dipole moment (EDM):

p, =2ra’le, Re(K;)e.
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e Liu et al, J. Phys. Chem. B 2006
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Simulation Methodology

2. Hydrodynamics

* Hydrodynamic force from Faxen’s law: accounts for curvature of flow field but not
for interactions with the wall.

z/l1=0.6

o Simulation ----Theory
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e Gavze & Shapiro, Int J. Multiphase Flow 1997
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Simulation Methodology

3. Brownian Motion

* Brownian force has the
following stochastic
properties:
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Base System

20 um 12 pm

le| (V/m)

4x10° 2x10* 4x10* 5x10° 7x10*

* Silicon nanowires (Boron-doped)
* IPA/H,0 85/15%

e [=18 um

* 635 um wide channel

* 12 um long electrode gap
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Examples of Nanowire Dynamics

(a) V,=350 mV, Q = 1.3 ml/min.
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Capture Width
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Assembly Happens when Capture Width > Depletion Width

— Pe=1.2x10"
— Pe=4.8x10"
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e Park et al, Phys Rev E 2007 ePark & Butler, J. Fluid Mech. 2009 e Park & Mittal, Chromatography 2015
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Scaling Arguments for Reduced Dimensionality
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Scaling Arguments for Reduced Dimensionality

o FPEP = (2ma?l)(esReK ong) ) (VE/d?)
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Scaling Arguments for Reduced Dimensionality
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Diffusion Helps ... Up to a Point
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Diffusion Helps ... Up to a Point

Di | Z;qp = 0.44
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Diffusion Helps ... Up to a Point
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Diffusion Helps ... Up to a Point
----- z/1=0.44 — Initial (x=-2I)
DiPe =9.8 —DiPe =98 —DiPe =2950

J

. o~ >
1.6 - a3
i captured Z
_ — 2 -
12 - ,1‘ — B
Di i - ¢ ol
] a.
FDEP\0.8 - escapes 0 | | |
=iyd - 0 0.3 0.6 0.9 1.2
F% o4 - z/|
2 - i
1 !
0 i T T T T T T T T T T T T T T T T T T T 1 .g E
0 400 800 1200 1600 2000 o i
FDEP E 1
. :E :
DlPe< FBr ) 8 i
o :
m 1
0 !
0.36 0.4 0.44 0.48

z/|

Talha Arshad || Slide 17




Diffusion Helps ... Up to a Point
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Increasing Pattern Density

With decreasing gap length, the
electric field strengthens for a
fixed applied potential

e We want DiPe > 98
e DiPe x Re(K)(Vy/d)?13

 V,/d < 60 MV /m (dielectric
breakdown)

DiPe
e o3 «x

Re(K)(Vo/d)?
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Increasing Pattern Density
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Conclusions

Flow-Assisted DEP Deposition
e Successful capture happens when capture width > depletion width.

* Diand DiPe describe how dynamics are effected by experimental
parameters and material properties.

e Diffusion aids capture by reducing the depletion width, but sets a

minimum size ~ 20 nm for which flow-assisted dielectrophoretic assembly
is feasible.
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