
The formalism we have settled, allows currents and conductance quantization, 
to gain a very detailed description of the we have then introduced a 100 sites wide 
microscopic currents in the device, region of Anderson disorder with strength 
discerning between equilibrium and non- |t|/3, where t is the nearest neighbor 
equilibrium components of conductances interaction in the system Hamiltonian. The 
and of total currents, and corresponding total conductance is reported in Figure 
populat ion analysi s [1-3]. We have 2(a). In figure 2(b) a map of the total 
addressed the subtle problem of interplay persistent currents when E =17 meV F

between conductance quantization and (plateau region) is reported. 
chirality of currents in Hall-bar devices [4] 
considering effects of disorder and the It is evident that these currents spread 

presence of quantum point contacts all over the device and not only at the 

[5].We have considered a lead-device- edges. The corruption of the sharp steps of 

lead impurity free system case in the form the conductance due to disorder is evident 

of a Hall bar  composed by N  chains even if the central part of the lower y

plateaus is preserved flat. This suggests infinitely extended along the x-direction, 
that in the plateau regions chirality of threaded by a z-directed magnetic field 
currents holds as shown by the spatial with vector potential  A= (-By,0,0). Landau 
distribution of persistent and transport levels and edge states produced by 
currents reported in figures 2(c) and 2(d). confinement are reported in Figure 1.
When chirality of charge flow is not present The conductance for the perfect wire in 
(as in Figures 2(e) and 2(f) for E =21 meV) the presence of a magnetic field shows the F

typical quantization steps in multiples of currents invade all the device and quanti-
22e /h. To analyze the effect of disorder on zation is absent.

n the last year we have developed analytic and numerical methods to improve the codes 
which had been recently elaborated in our group for the study of electronic transport in Inanodevices. The method we use is based on the non-equilibrium Keldysh Green's 

function formalism implemented with the real space recursive technique in the tight-binding 
framework. Our numerical codes are now able to simulate realistic quantum wire devices of 
width of the order of few microns also in the presence of magnetic fields of arbitrary strength 
and different kinds of disorder. 
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Fig. 1 
Dispersion curve of an ideal 
wire with site energies 
E =4|t|, m*=0.067 m, 0

T=-0.125 eV and B=5T

Quantum transport in mesoscopic systems 

We have studied conductive channels current and the backscatte red plus 
and currents distribution through a narrow transmitted currents.
quantum point contact in a 2DEG in 

For this system we have also evaluated magnetic field (Fig. 3).  We have shown 
the non-equilibrium electron distribution that when the conditions of chiral transport 
function at different positions inside the bar regime are met in the two regions separa-
when a finite chemical potential difference ted by the QPC, exact quantization in 

2 is applied to the electrodes (see Fig. 4 and integer multiples of 2e /h is maintained 
Fig. 5)both for the conductance of the incident 

Fig. 3
Differential conductance 
profile for transport current 
for  a two-dimensional bar 
of width 200 nm (and 
infinite length) with a narrow 
constriction of width 8 nm 
and a central opening of 20 
nm. The Fermi energy is 
E=9.5 meV (we take 
m <E<m  so that the electron L R

beam is injected from the 
right lead in the lower edge 
of the device). The unit on 

2the color scale is 2e /h. The 
unit of length is nm.
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Fig. 2
(a)Total conductance versus 
Fermi energy in the presence 
of disorder. 
(b)Persistent current 
distribution up to E =17 F

meV, the unit on the color 
scale is nA. The arrows are a 
guide to the eye and 
indicate schematically the 
local direction of the 
currents. 
(c)Transport differential 
conductance distributions at 
E =17meVF

(d)Persistent differential 
conductance distributions at 
E =17meV;F

(e)Transport conductance 
distributions at E =21 meV. F

(F)Persistent conductance 
distributions at E =21 meV. F

For conductances, the unit 
2on the color scale is 2e /h

Quantum transport in mesoscopic systems



The formalism we have settled, allows currents and conductance quantization, 
to gain a very detailed description of the we have then introduced a 100 sites wide 
microscopic currents in the device, region of Anderson disorder with strength 
discerning between equilibrium and non- |t|/3, where t is the nearest neighbor 
equilibrium components of conductances interaction in the system Hamiltonian. The 
and of total currents, and corresponding total conductance is reported in Figure 
populat ion analysi s [1-3]. We have 2(a). In figure 2(b) a map of the total 
addressed the subtle problem of interplay persistent currents when E =17 meV F

between conductance quantization and (plateau region) is reported. 
chirality of currents in Hall-bar devices [4] 
considering effects of disorder and the It is evident that these currents spread 

presence of quantum point contacts all over the device and not only at the 

[5].We have considered a lead-device- edges. The corruption of the sharp steps of 

lead impurity free system case in the form the conductance due to disorder is evident 

of a Hall bar  composed by N  chains even if the central part of the lower y

plateaus is preserved flat. This suggests infinitely extended along the x-direction, 
that in the plateau regions chirality of threaded by a z-directed magnetic field 
currents holds as shown by the spatial with vector potential  A= (-By,0,0). Landau 
distribution of persistent and transport levels and edge states produced by 
currents reported in figures 2(c) and 2(d). confinement are reported in Figure 1.
When chirality of charge flow is not present The conductance for the perfect wire in 
(as in Figures 2(e) and 2(f) for E =21 meV) the presence of a magnetic field shows the F

typical quantization steps in multiples of currents invade all the device and quanti-
22e /h. To analyze the effect of disorder on zation is absent.

n the last year we have developed analytic and numerical methods to improve the codes 
which had been recently elaborated in our group for the study of electronic transport in Inanodevices. The method we use is based on the non-equilibrium Keldysh Green's 

function formalism implemented with the real space recursive technique in the tight-binding 
framework. Our numerical codes are now able to simulate realistic quantum wire devices of 
width of the order of few microns also in the presence of magnetic fields of arbitrary strength 
and different kinds of disorder. 

Alessandro 
Giuseppe 

Giuseppe 

Cresti 
Grosso

Pastori Parravicini

  44                                                                             Scientific Report NEST 2004

Fig. 1 
Dispersion curve of an ideal 
wire with site energies 
E =4|t|, m*=0.067 m, 0

T=-0.125 eV and B=5T

Quantum transport in mesoscopic systems 

We have studied conductive channels current and the backscatte red plus 
and currents distribution through a narrow transmitted currents.
quantum point contact in a 2DEG in 

For this system we have also evaluated magnetic field (Fig. 3).  We have shown 
the non-equilibrium electron distribution that when the conditions of chiral transport 
function at different positions inside the bar regime are met in the two regions separa-
when a finite chemical potential difference ted by the QPC, exact quantization in 

2 is applied to the electrodes (see Fig. 4 and integer multiples of 2e /h is maintained 
Fig. 5)both for the conductance of the incident 

Fig. 3
Differential conductance 
profile for transport current 
for  a two-dimensional bar 
of width 200 nm (and 
infinite length) with a narrow 
constriction of width 8 nm 
and a central opening of 20 
nm. The Fermi energy is 
E=9.5 meV (we take 
m <E<m  so that the electron L R

beam is injected from the 
right lead in the lower edge 
of the device). The unit on 

2the color scale is 2e /h. The 
unit of length is nm.

  45                                                                            Scientific Report NEST 2004

Fig. 2
(a)Total conductance versus 
Fermi energy in the presence 
of disorder. 
(b)Persistent current 
distribution up to E =17 F

meV, the unit on the color 
scale is nA. The arrows are a 
guide to the eye and 
indicate schematically the 
local direction of the 
currents. 
(c)Transport differential 
conductance distributions at 
E =17meVF

(d)Persistent differential 
conductance distributions at 
E =17meV;F

(e)Transport conductance 
distributions at E =21 meV. F

(F)Persistent conductance 
distributions at E =21 meV. F

For conductances, the unit 
2on the color scale is 2e /h

Quantum transport in mesoscopic systems



References
[1] A. Cresti, R. Farchioni, G. Grosso and G. Pastori Parravicini, "Keldysh-Green's function formalism for 
currents profiles in mesoscopic systems", Phys. Rev. B  68, 075306 (2003).
[2] A. Cresti, R. Farchioni,  G. Grosso and G. Pastori Par-ravicini, "Investigation of spatial currents imaging in 
meso-scopic systems",Journal  of Applied Physics  94, 1744 (2003)  
[3] A. Cresti, R. Farchioni, G. Grosso and G. Pastori  Parravicini, "Current distribution and conductance 
quantization in the integer quantum Hall regime", J. Phys.: Condens. Matter 15, L377 (2003)
[4] Cresti, G. Grosso and G. Pastori Parravicini, "Chiral symetry of microscopic currents in the quantum Hall 
effect", Phys. Rev. B 69,233313 (2004) 
[5] A. Cresti, G. Grosso and G. Pastori Parravicini, "Scattering of chiral currents by quantum point contacts", 
Proceedings of the 4-th IEEE Conference on Nanotechnology, Monaco 2004

Fig. 4
Density-of-states D 
(states/eV), density-of-
occupied-states r (states/eV) 
and non-equilibrium 
distribution f at various 
sections of the device 
(indicated in the inset) at the 
energy E=9.5 meV. (a) 
section at x=350 nm in the 
injecting region; (b) section 
at x=222  nm slightly at the 
right of the quantum point 
contact zone; (c) section at 
x=201 nm slightly at the left 
of the quantum point 
contact; (d) section at x=50 
nm in the collector region.

Fig. 5
(A) Density-of-states D far 
from the constriction 
(states/eV); (b) density-of-
occupied-states r in the 
collector region (states/eV); 
(c) density-of-occupied-
states r in the injection 
region (states/eV)
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 mayor topic for the comprehension of the behavior of electronic polymers is the 
determination of their microscopic structure. It is well known in fact that not only the Aoptical response, electronic properties and charge transport but also the mechanical 

properties of these materials are strongly influenced by small variations  of their local order. 
A great interest for these systems is motivated by the peculiar insulator-metal transition under 
chemical doping.

Fig. 1
Kohn-Sham band structure 
and HOMO-LUMO 
electronic charge densities in 
the simulation cell of 
Leucoemeraldine (a), 
Emeraldine (b) and 
Pernigraniline (c) base 
polymers.

Structural, electronic and transport properties of 
conducting polymers 
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Among electronic polymers (see for 
instanc the review papers [1]-[3]) 
polyanilines  are currently of greatest 
interest for applications and also for the 
insulator- metal  transition induced by 
protonation of  the backbone nitrogen 
sites.

 By means of the Car-Parrinello  
molecular dynamics, we have first 
investigated structural, electronic and 
optical properties of the three base forms 
of single infinite chains of polyanilines [4]. 
The adopted ab-initio procedure does not 
impose geometrical constraints to the 
system; in particular, nitrogen atoms along 
the polymer backbone have not been fixed 
on a given plain, and hydrogen and para-
carbon atoms have not been compelled to 
be coplanar with the nitrogen atoms. Thus, 
beyond bond lengths and bond angles, 
the optimized structure of each primitive 
cell has been defined using other geome-
trical parameters: a) N-dihedral angles 
between planes which are defined by three 
adjacent nitrogen atoms, b) ring-dihedral 
angles between planes which are defined 
by adjacent carbon rings, c) ring-torsion 
angles which define the rotation of a ring 
around the axis of the nitrogens which 
embrace it. Temperature effects on the 
structural parameters of the polymer 
chains have also been analyzed. We have 
found that in EB polymer the arrangement 
of nitrogen atoms strongly deviates from 
coplanarity [see Fig. 1] both at T=300 K 
and at T=0 K, while in PB and LEB chains 
the nitrogen atoms are almost coplanar. 
The obtained ring-torsion angles are in 
qualitative agreement with previous 
calculations and well reproduce the lower 
capability of the quinoid ring to rotate 

around the double bonds axes connecting 
imine nitrogen atoms. In the case of PB 
polymer, we have found the presence of a 
distorsion wave which propagates along 
the polymer chain changing the nature of 
each ring from quinoid to phenilene and 
vice-versa. From the KS band structures we 
have satisfactorily reproduced experimen-
tal photoemission and absorption spectra 
of EB and PB. These results indicate that the 
ab initio CP molecular dynamics is a 
powerful tool for a detailed description of 
electronic, structural and dynamical 
properties of polymer systems. 

We have then determined the three-
dimensional geometrical structure of the 
EB-II polymers by means of the Car-
Parrinello molecular dynamics. The effect 
of environment on a single isolated chain is 

Riccardo 
Giuseppe 

Farchioni 
Grosso


	Pagina 1
	Pagina 2
	Pagina 3
	Pagina 4
	Pagina 5
	Pagina 6
	Pagina 7
	Pagina 8
	Pagina 9
	Pagina 10
	Pagina 11
	Pagina 12
	Pagina 13
	Pagina 14
	Pagina 15
	Pagina 16
	Pagina 17
	Pagina 18
	Pagina 19
	Pagina 20
	Pagina 21
	Pagina 22
	Pagina 23
	Pagina 24
	Pagina 25
	Pagina 26
	Pagina 27
	Pagina 28
	Pagina 29
	Pagina 30
	Pagina 31
	Pagina 32
	Pagina 33
	Pagina 34
	Pagina 35
	Pagina 36
	Pagina 37
	Pagina 38
	Pagina 39
	Pagina 40
	Pagina 41
	Pagina 42
	Pagina 43
	Pagina 44
	Pagina 45
	Pagina 46
	Pagina 47
	Pagina 48
	Pagina 49
	Pagina 50
	Pagina 51
	Pagina 52
	Pagina 53
	Pagina 54
	Pagina 55
	Pagina 56
	Pagina 57
	Pagina 58
	Pagina 59
	Pagina 60
	Pagina 61
	Pagina 62
	Pagina 63
	Pagina 64
	Pagina 65
	Pagina 66
	Pagina 67
	Pagina 68
	Pagina 69
	Pagina 70
	Pagina 71
	Pagina 72
	Pagina 73
	Pagina 74
	Pagina 75



