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CNT Devices

NEMS                                 nano electronics

Neurochips

CNT

Abrams et al, nano letters 2007

Karp et al., JMM 2009

Gabay et al, nanotechnology 2007



CNT Chemical Vapor Deposition

ÅNano-sized metal catalyst

Å900 deg process

ÅC2H4 or CH4



CNT Growth from Pillar Tops

1. Why are the tubes so visibly taut between the pillars?

2. Engineering: How can this effect be utilized?



TEM Analysis
Nanotubes grown over holes provide an equivalent testing 

system

Holes in grids are 2 or 40 ɛm wide

Abrams Z R, Lereah Y, Hanein Y, Nanotechnology, 17, 4706 (2006)



Bending, buckling, adhesion, 

deformation

Abrams and Hanein, Carbon 45 (2007) 738ï743



Tube-Tube/Surface Interactions

Tube-Surface

Tube-Tube

Abrams Z R, Hanein Y, J. Phys. Chem. B, 110, 21419 (2006)



DPD Model

ÅThermal vibrations

ÅTube-tube interactions

ÅOscillators

ÅStrain

ÅTemperature

ÅSlackness

O. Liba et al., International Journal for Multiscale Computational Engineering, 2009

O. Liba et al., Molecular Simulation, 34, 737 - 748, 2008.



Tube-tube interaction:

Self assembly of coils and junctions



Application I: CNT Stamping

Z. R. Abrams, Z. Ioffe, A. Tsukernik, O. Cheshnovsky and Y. Hanein, Nano Letters, 2007 
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Application II: NEMS



CNT NEMS

Karp et al., J. Micromech. Microeng, 2009



Suspended CNT Devices

Raman



CNT NEMS
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Application III:  CNT Multi 

electrode array (MEA)

Ni+CNTs

TiN
SiO2

Si3N4

Si substrate(a)

(b)

(c)

Shoval et al ., Frontiers in Neuroscience 2009 

Shein et al., BioMed Micro Dev 2009

Greenbaum et al., J NeuroSci Method 2009

Gabay et al., Nanotechnology 2007



CNT Neuro Chip
Neurons (brain cells)

Electrodes



Entanglement

Neurons

Glia

Sorkin et al., Nanotechnology 2009

HRSEM

Fluorescence confocal



Recordings from a Retina

Evelyne Sernagor and Christopher Adams, UNC

Target: 625 electrodes, center-center spacing = 20mm


