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Target: Carbon, 0.5 at% Ni, and Co
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Therma CVD Plasma CVD

COor C;H,

Fe/Ni/Co catalyst on Cathode

support or substrate ~ Fe/Ni/Co o
on substrate

Advantages. no purification needed, direct on substrate growth
vertical floating technigue can run continuously
Disadvantages. expensive compared with arc
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»Aligned growth PECVD references
»>High yield HF+DC: Ren, Science 282, 1105 (
> Uniform DC: Merkulov, APL 76, 3555 (2000)

» Diameter/length control
» Selective growth
»Can be large area
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Microwave: Bower, APL 77, 830 (2000
DC: Chhowalla, JAP 90, 5308 (2001)
ICP: Delzeit, JAP 91, 6027 (2002)
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We use a PECVD Method of Growth for Multiwall CNTs-

Influence of Plasma Voltage on the
Alignment of Nanotubes

E =0 V/um E=01Vum  E=0.35V/[um
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Fan et al, Science 283, 512 (1999)
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(a) 100nm (b) 200nm (c) 300nm

Hemispherical cap gives the whisker shape which
agrees with beta=h/r theory
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SURSHORNS

Cold Schottky | CNT
FE
AE (eV) 0.25 0.7 0.25
r (nm) 2
B 107 108 3x10°

(A/StM2V)

=Y

Replace Si ‘Schottky’ emitters
Use MWNTSs due to greater stiffness

High max current density
Small source size — 2nm
Narrow Energy Width — 0.25 eV

High brightness = 3.10° A/(m2Sr.V)

N deJonge et al (FEI/Philips), Nature
420 393 (2002); JAP 95, 673 (2004)

Manufacturability
Current stability
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GLASS PLATE

- Extraction grid

——  Insulator

- = Nanotube
GLASS PLATE
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Solzir Cells
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Back-enad Processes— So Need to limit growtn to
~450/C not 600C

0 Major Need to Improve quality or 450C
PECVD MWNT
-
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Possible application - Oscillator

e Nano-electromechanical Oscillator

Hz

D,, D;iouter & inner diameters
9 L: suspended nanotube length
100 nm S E,: Young’'s modulus, p : density

- ﬂ'he hlgh side gate electrodes balances the van der Waals force
enabllng nanotubes to remain suspended
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SENSORS
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Heater Metal Sensing

Passivation
Contacts Layer/CNTs

Substrate

Sensor Area CMOS Circuit Area
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3 CNT-based logic

fabrication

2.8kY 17,008 1pm WD
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slope > 8

-1 -2 -3
V., (volts)
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Multiple CNT transistor

Metallic tubes short circuiting transistor
(@) Ids increases with Vds
(b)  On-off ratio only 2.2-2.5x

= \/ds= 50mV
=\ds=100mV
Vds=200mV
=== \Vds=500mV
4.0E-04 - = \ds=1000mV
= \/ds=2000mV
3.0E-04 - ==\/ds=3000mV

2.0E-04 -

1.0E-04 -

0.0E+00

Gate voltage (V)




Sudrofi rietellic SYWINTsS[TBM]

1.00E-04

9.00E-05 -

8.00E-05

7.00E-05

6.00E-05

5.00E-05 -

4.00E-05 -

3.00E-05

2.00E-05 -
1.00E-05 - Gate voltage = +30V (semi-off)

0.00E+00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Vds (V)




SemiceRElCHRENSINIISTElil

On-off ratio ~106

Vds

—50mV
— 100mV
— 200mV
——500mV
— 1000mV
— 2000mV
— 3000mV

-50

-40

-30

20 - 0
Gate voltage (V)
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Gate voltage (V)
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