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Abstract 

We consider a quantum wire coupled to a chain of quantum dots. The stationary states are described by the 
expansion coefficients providing the probability amplitude to find the electron in the site j of quantum wire. 
The conductance is related to the transmission coefficient t at the Fermi energy by the one-channel 
Landauer formula at zero temperature. 
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1. Introduction  

Transport properties in nanoscale systems have been studied rather intensively in 

connection with recent progress in nanofabrication of quantum devices [1,2]. Among others, a 

quantum dot (QD) has played an important role to reveal correlation effects in nanoscale 

systems. In resonant tunneling regime, the electronic transport through QD array becomes 

sensitive to precise matching of the electron wavefunctions. A linear QD array can be seen as 

a one dimensional chain of sites. This type of chain coupled to the continuum states shows an 

even-odd parity effect in the conductance when the Fermi energy is localized in the center of 

the energy band [3,4]. The aim of this work is to study the transport properties of an 

alternative configuration of a side coupled QD array attached to a perfect quantum wire (QW). 

In this case the QD array acts as scattering center for transmission through the QW [5-7]. 

 

2. Model and Formulation  

The nanodevice one deals with is a side coupled to a chain of quantum dots. The array 

consists of N quantum dots (QD) connected in a series by tunnel coupling. Such systems are 

modeled by using a noninteracting Anderson tunneling Hamiltonian that can be written as [8] 

QWQDQDQW
HHHH −++= ,                                                                                               (1) 

where QWH is responsible for the quantum wire, QDH describe the chain of N quantum dots, 
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while QWQDH −  stands for the tunneling interaction between the quantum wire and the 

quantum dots. One has 
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+  ,                                                                                               (2) 

where the operator +
jc creates an electron at site j and where V denotes the hopping parameter 

in the .QW  Dot electrons are accounted for via 
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where lV  is a real parameter denoting the tunneling coupling between the l -th and )1( +l -th 

quantum dots, lε is the energy level of the dot l , and 

( )10010 dccdVH QWQD
++

− +=  .                                                                                                 (4) 

The tunneling interaction concerns only the electrons located at 0=j  and 1=l , 

respectively. QWH  corresponds to the free-particle Hamiltonian on a lattice with spacing 

d and whose eigenfunctions are expressed as Bloch solutions like  
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                                                                                                                       (5) 

where k  is the momentum eigenstate and j  is a Wannier state localized at site j . The 

dispersion relation associated with these Bloch states reads     )cos(2 kdv=ε .                         (6) 

The Hamiltonian supports an energy band from v2−  to v2  and the first Brillouin zone 

expands the interval [ ]dd /,/ ππ− . The stationary states of the entire Hamiltonian H  can be 

expressed as 
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where jA  and lB  are expansion coefficients providing probability amplitudes needed. It is 

clear that 0+= jcj  and 0+= ldl , such that jjjj ′δ=′  and llll ′δ=′ . Accordingly  
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,                                                                                                       (8) 

in which case the amplitudes jA obey the following linear difference equations: 

10110 )( BVAAvA ++=ε +−   

01011 )( jjjj BVAAvA δ++=ε +−  
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0022,1111 AVBVBB ++ε=ε                                                                                                       (9) 

11,11, ++−− ++ε=ε lllllllll BVBVBB   ,    Nl ,1≠  

11, −−+ε=ε NNNNNN BVBB . 

The equation for 0A  can be cast in the form 

2
0 1 1 0 0N

A v( A A ) V / Q Aε −= + + ,                                                                                              (10) 

whereas B1 can be expressed in terms of 0A  as [9] where NQ  is a continued fraction. 

1 0 0 N
B V A / Q=                                                                                                                         (11) 
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For study the solutions of the equation (9) we assume that the electrons are described by a 

plan wave incident from the far left with unity amplitude and reflection amplitude r  at the far 

right as well as by transmission amplitude t  [8]. Such solutions can be written as 

ikdj ikdj

jA e re
−= +   ,  0j <                                                                                                           (13) 

ikdj

jA te=              ,  1j > .                                                                                                        (14) 

Extrapolating the above wavefunctions towards 0j = , one finds the matching condition  

1t r− = ,                                                                                                                                 (15) 

which provides an appreciable simplification. Inserting ( k )ε ε=  then gives the transmission 

amplitude  
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The level broadening Γ  can be identified as 2 2 2
0 4( ) V / VΓ Γ ε ε= = − .                            (17) 

The conductance of the quantum wire at zero temperature is given by 

2 2

2 2

2
N

N

e Q
G( )

h Q T
ε = ⋅

+
,                                                                                                              (18) 

by virtue of the one-channel Landauer-formula [10], where the transmission coefficient is 
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Resonance structure characterizing the energy dependence of 
N

T ( )ε  can then be easily 

identified by looking for complex 
c

ε ε= - roots for which 1
N c

T ( )ε =  [8]. 
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3. Results  

The energy levels (zeroes of
N

Q ) depend only on the hopping in the QD  array 1N ,N
(V )− , 

while Γ is only a function of 2
0V / v .Figure 1 shows the conductance (in units of 2e2/h) as a 

function of the Fermi energy (in units of the Γ ) for 0
i

ε = 1( i ,...,N )= . There exists only one 

narrow antiresonance in the case of 1N =  QD, 

while bonding and antibonding antiresonances 

and one resonance are clearly revealed for N = 2. 

In addition, bonding and antibonding resonances 

as well as bonding and antibonding 

antiresonances arise when N =3 [11]. The system 

N=3 side-coupled QD shows particularly simple 

solutions when 1 2 2 3, , c
V V V= =  

Fig. 1. Conductance, versus Fermi energy 

 

Acknowledgements  

Useful discussions with E. Papp and C.Micu are acknowledged. 

 

References  

1. B. L. Altshuler, P. A. Lee and R. A. Webb (Eds.), Mesoscopic Phenomena in Solids, 

North Holland, Amsterdam, (1991) 

2. E. Akkermans and G. Montambaux, Physique mésoscopique des électrons et des photons, 

EDP Sciences, Paris, (2004)  

3. Akira Oguri, Phys. Rev. B 63 (2001) 115305  

4. Z. Y. Zeng and F. Claro, Phys. Rev. B 65 (2002) 193405 

5. B.Y. Gu, Phys. Rev. B 51 (1995) 16840  

6. P. S. Deo and A. M. Jaynnavar, Phys. Rev. B 50 (1994) 11629  

7. Ji-Rong Shi Beng-Yuan Shu, Phys. Rev. B 55 (1997) 4703  

8. P. A. Orellana, F. Dominguez-Adame, I. Gomez, and M. L. Ladron de Guevara, Phys. 

Rev. B 67 (2003) 085321  

9. E. Papp, C. Micu, Low-dim. nanoscale syst. on discrete spaces, W. Sci. Singapore (2007) 

10. S. Datta, Electronic transport in mesoscopic systems, Cambridge University Press (1995) 

11. E. Papp, C. Micu, L. Aur and D. Racolta, Physica E 36 (2007) 178 


