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Goal of experiment

Measure the intershell conductance
of multiwall carbon nanotubes

Previously known:

from experiment:
● interlayer restistivity of graphite varies greatly,

depending on material quality: 10-3..10-5 m

from theory:
● infinite perfect tubes have zero intershell transport,

due to conservation of Bloch vector and energy
● intershell transmission is large for injected localized

wave-packets (attenuation length: ~  10 nm)
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Basic idea behind the experiment

Model of current flow

● outermost shell is contacted in different positions
● current is fixed, voltage is measured
● intershell current paths cause V

nonlocal
≠0

three unknown parameters enter the calculation
● 

1 
and 

2
: intrashell-resistance per length

● g: intershell-conductance per length

outer shell

1st inner shell

2nd inner shell
(ignored)
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Experimental setup

↕ 17 nm (20 shells)

T=250 K

eV << kT

UHV? 

ro
om pre

ss
ure

?



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

Voltage measurements

V
nonlocal

(a) decay length 0.94 µm
(b) decay length 0.92 µm
(c) prop. to - (- /1 exp L L

a
) with L

a
= .0 94µm

V
local

decay length 2 µm
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Further measurements

Dependence on type of MWCNT?
➔ all 40 measured samples

show comparable behavior

Dependence on fabrication process?
➔ alternative configuration

(MWCNT on top of contacts)
gives similar results

Dependence on contact spacing?
➔ leaving out unused contacts

does not change results
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Theoretical model

Model based
on infinite
transmission line:

● agrees with qualitative behavior of measurements

, ,L d x: given by setup
L
a
, V

( )non local
: measured


1
,

2
, g: to be determined



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

Evaluation of results

Quantitiative evaluation based on
● L

a
= .  0 93 µm

● = = = .x L d 0 4µm (for V
nonlocal

)
● = / = .d L 3 0 4µm (for V

local
)

● average over eight independent measurements,
translated along the tube, to avoid dependency on
position (imperfections, finite size effects, ...)

Result for one specific sample:

1
~  /22 k µm 

2
~  /1 k µm ~(  )g 20 k -1/µm

Result for eight samples ( ..  6 23 nm thick):

1
~ ...  /6 25 k µm 

2
~ . ...  0 05 2

1
~( . ...  )g 3 7 20 k -1/µm
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Further results

assuming 
3
=

2
: contribution of third shell only 10%

(for length shorter than 5 µm)


 1
often higher than 

2

-> higher diffusion in outermost shell?

intershell conductivity larger than
most theoretical expectations

weak temperature dependency from 8 to 280 K
-> intershell transmission unlikely to be thermally activated


