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Why 1D for electronics applicationsWhy 1D for electronics applications



The chain of arguments:The chain of arguments:

““NanoNano”” allows for improved allows for improved electrostaticselectrostatics

Improved Improved electrostaticselectrostatics allows to allows to 
reduce the reduce the device lengthdevice length

A reduced A reduced device lengthdevice length ……

3) 3) …… reduces the power consumptionreduces the power consumption

1) 1) …… increases the device speedincreases the device speed

2) 2) …… allows for higher device densityallows for higher device density

Advantages of 1D Advantages of 1D -- electrostaticselectrostatics
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…… but there is more but there is more ……
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Advantages of 1D Advantages of 1D –– band movementband movement



…… but there is more but there is more ……
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quantum capacitance limitquantum capacitance limit
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Advantages of 1D Advantages of 1D –– quantum capacitancequantum capacitance
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…… but there is more but there is more ……

Advantages of 1D Advantages of 1D -- quantum capacitancequantum capacitance



What is the right choice What is the right choice 

of CNFET layout?of CNFET layout?

Device considerations for CNFETsDevice considerations for CNFETs
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Electrical characteristics Electrical characteristics 
for various CNFET layouts?for various CNFET layouts?



The SBThe SB--CNFETCNFET



The SBThe SB--CNFETCNFET

electron and hole injection is possibleelectron and hole injection is possible

Phys. Rev. Lett. 89, 126801 (2002), Appl. Phys. Lett. 83, 2435 (2003)

simulation resultssimulation results



The SBThe SB--CNFETCNFET

experimental resultsexperimental results

L = 300nmL = 300nm

ttoxox = 10nm= 10nm

Ti Ti -- contactscontacts

planar gatedplanar gated

ttNTNT = 1.8nm= 1.8nm



The SBThe SB--CNFETCNFET

L = 20nmL = 20nm

ttoxox = 1nm= 1nm

Pd Pd -- contactscontacts

wrap aroundwrap around

ttNTNT = 1.8nm= 1.8nm

simulation resultssimulation results

Appl. Phys. Lett. 83, 2435 (2003)



The CThe C--CNFETCNFET



The CThe C--CNFETCNFET

experimental resultsexperimental results

Phys. Rev. Lett. 93, 196805 (2004)



The CThe C--CNFETCNFET

L = 200nmL = 200nm

ttoxox = 4nm= 4nm

Ti Ti -- contactscontacts

ttNTNT = 1.8nm= 1.8nm

experimental resultsexperimental results

planar gatedplanar gated

IEEE Transactions on Nanotechnology 4, 481 (2005)



The CThe C--CNFETCNFET

L = 40nmL = 40nm

ttoxox = 4nm= 4nm

Pd Pd -- contactscontacts

ttNTNT = 1.8nm= 1.8nm

experimental resultsexperimental results

planar gatedplanar gated

IEEE Transactions on Electron Devices 52, 2568 (2005)

charge pilecharge pile--upup



The CThe C--CNFETCNFET

L = 20nmL = 20nm

ttoxox = 1nm= 1nm

Pd Pd -- contactscontacts

wrap aroundwrap around

ttNTNT = 1.8nm= 1.8nm

simulation resultssimulation results

Solid State Electronics 49, 73 (2005)



The TThe T--CNFETCNFET



The TThe T--CNFETCNFET

IEEE Transactions on Electron Devices 52, 2568 (2005)
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The TThe T--CNFETCNFET

The inverse subthreshold slope S is always larger than The inverse subthreshold slope S is always larger than 
~60mV/dec at room~60mV/dec at room--temperature for a conventional temperature for a conventional 
MOSFETMOSFET and even more so for an SBand even more so for an SB--CNFETCNFET

and the SBand the SB--CNFETCNFET
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The TThe T--CNFETCNFET

A filterA filter--like arrangement can potentially make S smaller like arrangement can potentially make S smaller 
than 60mV/decthan 60mV/dec

min ~ BS k T



The TThe T--CNFETCNFET

The semiconductor is The semiconductor is oneone--dimensionaldimensional

The The bodybody of the semiconductor is of the semiconductor is ultraultra--thinthin

Transport in the semiconductor is Transport in the semiconductor is ballisticballistic

The The effective masseseffective masses of electrons and holes are of electrons and holes are smallsmall

The The effective masseseffective masses of electrons and holes are of electrons and holes are similarsimilar

The semiconductor has a The semiconductor has a direct band gapdirect band gap



The TThe T--CNFETCNFET

Phys. Rev. Lett. 93, 196805 (2004)

experimental resultsexperimental results



The TThe T--CNFETCNFET



The TThe T--CNFETCNFET

L = 20nmL = 20nm

ttoxox = 1nm= 1nm

Pd Pd -- contactscontacts

wrap aroundwrap around

ttNTNT = 1.8nm= 1.8nm

simulation resultssimulation results

IEEE Transactions on Electron Devices 52, 2568 (2005)



Electrical characteristics Electrical characteristics 
for various CNFET layouts!for various CNFET layouts!

It is all about It is all about tunnelingtunneling



Electrical characteristics Electrical characteristics 
for various CNFET layouts!for various CNFET layouts!

simulation resultssimulation results

The ideal choice: A novel The ideal choice: A novel tunnelingtunneling device designdevice design
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