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Carbon Nanotubes as On-chip Interconnects
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Requirements for on-chip interconnects

 Materials that can carry large current

A high current-carrying capacity is critical for interconnect applications and
reliability.

e Materials should have low resistance

e High thermal stability, etc.



IV characteristics of SWNTs
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IV characteristics of SWNTs
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IV characteristics of MWNTs
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Current through NT depends on length and diameter of MWNTSs

The layers can be either semiconducting or metallic



Current through MWNTs
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High conductance MWNT could prove to be viable as conductive
wires in place of the copper or aluminum wires used in today’s
integrated circuits.



About transport properties NTs

Remarkable is the high current carrying capability of SWNTs
as compared to superconductors

Current through NTs depends on length as well as diameter

MWNTSs, in general, can carry larger current that increases with
Increasing diameter.



About transport properties NTs

* Resistance is few kQ/um.
(Array Is proposed for on-chip interconnects)

« Synthesis of semiconducting NTs has been reported.
(Intertube distance may monitor the ultimate conductivity)

« Metallic ones burn away at a lower breakdown voltage.

 As metallic NT arrays has not been synthesized, one has
to explore the possibility of semiconducting NT arrays or
semiconducting MWNT.



Our investigations

o Synthesis of NTs

o Transport properties of NT arrays
(Current carrying capability, breakdown voltage etc.)

e Can these NTs be used for on-chip interconnect
applications



Synthesis of alighed carbon nanotubes
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Experimental set up for aligned CNTs
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Fabrication of devices: characterization
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Electrical characterisation: Results
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Investigation on individual NTs

Resistance is ~4 kQ/um and the current through the NT is ~0.5 mA

Current through a SWNT is few pA while a MWNT can carry mA current



Few important issues of ropes

Intertube distance in a rope




Electrical characterization: results
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Typical R-T curves
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Variation is different for different bundles

P. Mahanandia, L. T. Singh & K. K. Nanda, Rev. Sci. Instrum. 79, 053909 (2008)



Electrical characterization: Analysis
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Electrical characterization: analysis

Conductivity of a semiconductor is related to the temperature as

o E,
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o, [ ZKTJ

Current through the semiconductor is given by

Eg
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can be applied to semiconducting NTs and to MWNTSs.
However, current through a MWNT is
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when all the shell participates.



Theoretical testing
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Electrical characterization: analysis
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Electrical characterization: analysis

Conductivity of a semiconductor is related to the temperature as

o E,
E— exp _
o, [ ZKTJ

Current through the semiconductor is given by

Eg
| =C,Vd exp| — KT (V)

can be applied to semiconducting NTs and to a shell of
multiwalled NTs. However, current through a MWNT is

when all the shell participates.



MWNT versus SWNT rope
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Current through a semiconducting and metallic MWNT is at least three to four times
higher than that of a metallic SWNT rope with the same diameter.

Overall, the current through a MWNT is expected to be 103 times higher than
that of a SWNT



Summary

Resistance of the arrays increases with array diameter
Current capability increases

Threshold voltage is almost independent

Temperature coefficient is negative for resistance

Semiconducting arrays/MWNTSs can be suitable as on-chip interconnects

Few challenges

To achieving ultimate conductivity
A rope with only metallic nanotubes
MWNTs with more number of layers

Increased threshold voltage



Site specific growth ZnO Nanostructures on
CNT — on Side Wall
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Temperature coefficiencts
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Theoretical band gap of a single-walled NT depend on the diameter as,

E, =2y,a. . /d

7, IS the C—C tight-binding overlap energy (~2.1-2.7 eV)
a._c the nearest neighbour C—-C distance (0.142 nm)
and d the diameter.






A high current-carrying capacity is critical for interconnect
applications and reliability.

IEEE Trans. Nanotechnol. 7, 624 2008.



Breakdown of NT bundles

L/2

Breakdown does not necessarily occurs at the middle



Electrical characterization: analysis
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Growth mechanisms
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Schematic of CVD set up (tip/root growth)
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Schematic of CVD set up (floating catalyst)

H, (Ar or their mixture)
CH, (C,H,, CO, CgzH;, Alcohol)

Thiophene

Ferrocene

Deposition of catalyst is not required

But requires two furnaces

Metal catalysts are introduced in a continuous way



IV characteristics of SWNTs
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IV characteristics of MWNTs

o00r MWNT Ii:mr-'n;, 1 K. Kaneto, M. Tsuruta, G. Sakai, W. Y. Cho

F f { and Y. Ando, Synt. Metals 103, 2543 (1999)

n snelds

200F

current { u A

fu
i
=

m

+u

b

3

=

150} ri-4

applied voltage (V) [ h-9

P. G. Collins, M. S. Arnold and Ph. Avouris,
Science 292, 706 (2001)




	Slide Number 1
	Slide Number 2
	Slide Number 3
	IV characteristics of SWNTs
	Slide Number 5
	IV characteristics of MWNTs
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Electrical characterisation: Results
	Slide Number 15
	Slide Number 16
	Electrical characterization: results
	Typical R-T curves
	Slide Number 19
	Electrical characterization: analysis
	Theoretical testing 
	Electrical characterization: analysis
	Electrical characterization: analysis
	MWNT versus SWNT rope
	Slide Number 25
	Site specific growth ZnO Nanostructures on CNT – on Side Wall
	Slide Number 27
	Temperature coefficiencts
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Electrical characterization: analysis
	Slide Number 33
	Slide Number 34
	Slide Number 35
	IV characteristics of SWNTs
	IV characteristics of MWNTs

