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Experimental SetupExperimental Setup

SWCNT synthesized on degenerately doped silicon wafer with
1-µm oxide layer by chemical vapour deposition

Nanotube devices were fabricated by defining 
two Au/Cr electrodes on top of SWCNT by 
electron beam lithography



CarbonCarbon nanotubenanotube classificationclassification

• SWCNTs were classified by their resistance
versus gate voltage (Vg) behaviour

• Only metallic tubes with room-temperature
resistances ≤ 15 kΩ have been used

• Lowest resistances were around 7 kΩ
Theoretical value: 2 * 2 h/e² = 6.5 kΩ

Almost perfect ohmic contacts
Little reflection



Band Band structurestructure & & densitydensity of of statesstates

Metallic SWCNT (5,5)

EF

EF

Current is carried by
two spin-degenerate
one-dimensional
transport modes with
linear dispersion for
small gate voltages Vg

~ Vg

Maximum ∂I/∂V of 4 e²/h



ZeroZero--biasbias differential differential conductanceconductance

• Below T = 10 K oscillations in ∂I/∂V which are quasi-
periodic in Vg due to resonant tunneling

• Average differential conductance around 3.2 e²/h

L = 200 nm
T = 4 K



• Smooth mesh of crisscrossing dark lines due to interference

• Average differential conductance 2-3 e²/h for all devices

• Non-zero ∂I/∂V
indicates
difference to
Coulomb-
diamonds

∂∂I/I/∂∂V V –– V V –– VVgg patternspatterns (I)(I)

L = 220 nm 

L = 530 nm



• First crossing of slopes at voltage Vc (indicated by ) is
proportional to inverse length L

Vc ~ 1/L (inset)
• electron scattering
occurs mostly at
the nanotube-
metal interface
(ballistic transport
in the tube)

∂∂I/I/∂∂V V –– V V –– VVgg patternspatterns (II)(II)

L = 530 nm
Vc = 3.5 meV

L = 220 nm
Vc = 6.5 meV



AboutAbout thethe paperpaper title title ……
Ballistic transport

+ Scattering

Quantum interference
between multiply reflected

electron waves

device characteristics

Fabry-Perot-Cavity

Light interference in cavity
between multiply reflected

light waves

transmitted intensity

Analogous

Eincident Etransmitted

cavity length L

mirrors with dielectric coating



TheoreticalTheoretical modelmodel (I)(I)
• Based on multichannel Landauer-Büttiker formalism

• The nanotube is considered as a coherent waveguide
with two propagating modes

• Electron scattering modelled by 4x4 scattering matrices
SL, SR (for interfaces) and 
SN (energy depending phase accumulation)



TheoreticalTheoretical modelmodel (II)(II)
• The current through the nanotube can be calculated by

• The differential conductance is hence given by

with CL = 20 electrons / V µm Capacitance per unit length
vF = 8*105 m / s Fermi velocity
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TheoreticalTheoretical modelmodel (III)(III)
• Good agreement between theoretical and experimental data

• But: Several features unexplained by theory
• magnitudes of ∂I/∂V – dips show variations
• superstructures in 2d-plot which are not periodic in Vg
• occurence of heating or dephasing when electron energy

deviates from equilibrium

SWCNT of 220 nm
length
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Experimental DetailsExperimental Details
Liang. Liang. et al, et al, Nature 411, 665 (2001)Nature 411, 665 (2001)

➢ Metallic CNT strongly coupled to leads(Au/Cr).
➢ CNT behave as coherent molecular wave guides.
➢ Conductance show interference effects.

 Multiple reflection from the boundaries.

➢ Color scale plot revealed characteristic diamond 
structures



Visualization of theoretical modelVisualization of theoretical model



Our ParametersOur Parameters

*  (3,3) CNT

*  884uc ~  220nm

* 2129uc ~ 530nm



TheoryTheory





ResultsResults

* Period in V = 16.7mV; from figure
* Estimated value = 15.2mV
* From experiment = 13mV

**t
C
  = -1.971eV ; ε = 0.189eV

Length of CNT = 220nm



Results(II)Results(II)

Length = 530nm

* Period in V = 6.78mV (from Figure) 
* Estimated value = 6.8mV
* From experiments = 7mV

**t
C
  = -1.62 , ε = 0.945

** double-diamond structures; observed 
when difference between t

C
 & t increases.



➢ Periods in V and V
g
 α 1/L

➢ t
c
  determine coupling of the leads(strong coupling 

or weak confinement)
➢ Onsite energy acts as additional reflecting factor.
➢ These two defects acting together gives 

satisfactory results.

Results(III)Results(III)



Our Calculations,Our Calculations,
To motivate some discussion !!To motivate some discussion !!

t
c  

= -1.971
  , 

ε = 0.189
  (3,3)CNT, 884 uc ~ 220nm



Our Calculations(II)Our Calculations(II)

Differential Conductance



Discussion !!Discussion !!

 Some ideas  to incorporate in the model !! 


