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Journal club presentation
by Norbert Nemec Regensburg, May 18, 2005 
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● SWCNT grown from catalyst islands by CVD on Si/SiO2

● Si used as backgate (SiO2 400nm thick)

● 2P-contacts patterned by electron beam lithography

● low-Ohmic metallic tubes selected 
by G — Vg dependence at room temperature

➔ found that palladium contacts make excellent contacts
    (G > e²/h for most samples without post-growth treatment)

● measurements done at 300 mK in ³He system

● measured I(Vg,Vb), determined dI/dV numerically
(linear response measured at V

b
=40µV)

Experimental setup
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General observations

weak coupling:
▸ Coulomb Regime
     (four-fold degeneracy)

medium coupling:
▸ Kondo-effect

strong coupling:
▸ open wire
▸ Fabry-Perot interference
▸ Fano resonances
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Fano resonances

Interference between
resonant channel (QD)

and
non-resonant channel

Universal feature
(e.g. atom/molecule spectroscopy,
electron/neutron/Raman scattering)

U. Fano, Phys Rev. 124, 1866 (1961)

 – width of resonant state
q – assymetry parameter (~ ratio between transmission of two channels) 
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Examination of Fano-resonances

Fitted by:

compare
broadening of levels
in cotunneling regime


cotunneling

=2.0 meV

(even bigger in open wire regime!)

 broadening of
non-resonant levels
much smaller



N
o
rb

e
rt

 N
e
m

e
c

N
o
rb

e
rt

 N
e
m

e
c

M
o
le

cu
la

r 
C

o
m

p
u

ti
n

g
M

o
le

cu
la

r 
C

o
m

p
u

ti
n

g
U

n
iv

e
rs

it
y
 o

f 
R

e
g

e
n
sb

u
rg

U
n
iv

e
rs

it
y
 o

f 
R

e
g
e
n

sb
u
rg

Further measurements

Same sample at lower Vg:
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Discussion

Former results:
Fano resonance in crossed MWCNT

Kim et al., PRL 90 166403 (2003)
 localized states at crossing...

Fano resonances in isolated MWCNT
Yi, Lu, Hi, Pan and Xie, PRL 91, 076801 (2003) 

 resonant states in one of the shells...
 localized states at defects...

Now:
Fano resonances in isolated SWCNT

all four channels are coupled with similar strength
 “ghost” Fano resonances?

(i.e.: two resonant states recombining to one resonant and one non-resontant state)
Ladrón et al., PRB 64, 155311 (2001) 
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Gate dependence of contacts
Not discussed further in paper by Babić and Schönenberger

Thought:

Schottky-barriers in contacts
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Schottky barrier CNT-metal contact

From Heinze et al.: semiconducting CNT:
gate-dependent

Schottky barriers

metallic CNT:
gate-dependent
band-bending

(i.e. partial reflection)

Gate-dependent
contact quality

Babić & Schönenberger?

CNT-Transistor

Why isn't it observed more commonly?
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Palladium as contact material

A) Closely matching work function (E ≈ 0.4 eV)
(i.e. small charge transfer at contact surface)

B) Weak hybridization near Fermi level
(i.e. electronic structure of CNT is not perturbed by coating)

C) Small hopping between Pd and CNT
(i.e. electrons can travel along coated CNT without dissipating into Pd)

Work in progress - preliminary results

strongly coupling metal
(e.g. gold)

weakly coupling metal
(e.g. palladium)
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Gate dependence of Pd contacts

backgat
e

source drain

metal-CNT contact: smooth and transparent

weakest point: potential steps (dependent on Vg)

➔ Vg defines quality of contact
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