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Abstract 

Current fluctuation caused by the multi-contact to 

electrode was studied for molecular bridge device sys-

tem using the density-matrix simulation. It was shown 

that the correlation between contacts remarkably 

changes the magnitude of steady-state current and the 

response time of transient current to applied voltage. 

These results indicate that the control of electrode con-

tacts is essential to realize the steady device operation. 

 

1. Introduction 

Molecular bridge system is the smallest electronic device 

in Nature, where a single molecule is sandwiched between 

metallic electrodes. Electron transport properties have in-

tensively been studied in this decade for a number of mo-

lecular bridge systems and unique features such as enor-

mous loop/transient currents have been elucidated [1,2].  

In most of previous studies, the contact of molecule to 

respective electrode was assumed realized by a single 

chemical bond. However, since molecules often have wide 

shapes, the connection of the molecule to electrodes has a 

variety of structures as shown in Fig. 1(a), even to a single 

electrode, and such variety induces the fluctuation of cur-

rent characteristics. To use molecular bridge systems as real 

devices, it is important to clarify such fluctuations. In this 

work, we study what fluctuations are observed in steady 

and transient currents of molecular bridge systems when 

the molecule is connected to electrode with plural number 

of chemical bonds, by using theoretical simulation. 

 
2. Model and method of calculation 

To simplify the multi-contact molecular bridge, we use 

the two-site model-molecule system shown in Fig. 1(b), 

where the molecule is connected to left source electrode 

with two bonds with transfer energies, vA1 and vB2, while 

connected to right drain electrode with a transfer energy of 

 

 

 

 

 

 

 

 

 

 

 

 

vC1. v12 is the intra-molecule transfer energy, which is often 

much larger than the other v’s. 

Time evolution of electronic current through this molec-

ular bridge system is calculated based on the following 

quantum Boltzmann equation for the density matrix of 

molecule, σ(t), [1]. 

 

 

 

 

Here, 𝑎𝑋
+(𝑡) is the electron creation operator at X point in 

electrode (X, Y=A, B, or C), while cu
+(t) is that at u point 

in molecule (u, w=1 or 2). Trace is calculated over all the 

freedoms of left and right electrodes, where we assume that 

they are in grand-canonical distributions, ρe. We solve this 

equation numerically. 

When the A and B contact points is located nearby and 

after the electron is transferred from A to 1 points, the elec-

tron numbers not only at A but also at B points decrease 

due to the electronic correlation in left electrode. If we as-

sume that the electrode is described by the free-electron 

system, there appears an electronic correlation between A 

and B points as 

 

 

where 𝑓𝑘 is the Fermi distribution of electrons having the 

wave-number, k, d denotes the dimension of electrode (d=2, 

3), and R is the distance between A and B contact points. 

This electronic correlation becomes the largest and zero for 

R=0 and ∞, respectively.  

 

3. Results and Discussions 

We first show typical transient behavior of the electronic 

current and the number of electrons in the present molecule 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝜕𝜎(𝑡)

𝜕𝑡
= − ∑ ∑ 𝑣𝑢𝑋𝑣𝑤𝑌 ∫ 𝑑𝑡1 

𝑡

0𝑢,𝑤X,Y

 

× Tr [𝑎𝑋
+(𝑡)𝑐𝑢(𝑡) , [𝑐𝑤

+(𝑡1)𝑎𝑌(𝑡1) ,  𝜌𝑒𝜎(𝑡1)]] + h. c. 

⟨𝑎𝐴
+𝑎𝐵⟩ =

1

(2𝜋)d ∫ 𝑑𝒌 𝑒−𝑖𝒌⋅𝑹𝑓𝒌 , 

  
Fig.1. (a) Schematic picture of multi-contact molecular bridge 

system. (b) Model system adopted in this work. vA1, vB2, vC1, and 

v12 are transfer energies. Molecule is connected to left electrode 

at A and B points separated by the distance, R. 

  
Fig.2. Typical transient behavior of the electronic current 

and the number of electrons in molecular bridge system.  
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bridge system in Fig.2. After switching-on the voltage 

(time=50), the source-drain current and electron number in 

molecule gradually increase and approach steady values. 

Next, we consider how the steady-state current changes 

with varying the distance, R, between A and B contact 

points. Figure 3 shows the source-drain current magnitude 

as a function of the contact distance, R, in cases of two and 

three-dimensional electrodes. It is seen that the current is 

considerably small when R is near zero, while it shows the 

oscillation and approaches the constant value with increas-

ing R. In addition, this oscillation becomes clear as the di-

mension of electrode decreases.  

The oscillation is closely related to the electronic corre-

lation in electrodes. The electrode is characterized by the 

Fermi wave-number, kF. Thus, similar to the case of Friedel 

oscillation, there appears a correlation length, RF=1/kF, in 

electrode. Reflecting this RF, the magnitude of molecular 

bridge current shows the oscillation behavior with changing 

the distance R in cases of multi-contacts. Moreover, it is 

well known that such Fermi-wave-number singularity be-

comes remarkable as the dimension of the system decreases, 

which is the reason why larger oscillation of current occurs 

in case of two-dimensional electrode.  

Then, we consider why the current is so small when the 

distance R between contact points is small. Figure 4(a) 

shows the currents between molecule sites and between 

electrode and molecule as a function of the distance R, 

while Fig. 4(b) shows the electron number in molecule. It is 

seen that, when R is large, the current flows as A1, B2, 

21, and 1C as normally expected. On the other hand, 

when R is small, the current directions change as A1, 

2B, 12, and 1C. This indicates that some of elec-

trons that enters the molecule through A-1 bond go back to 

the electrode through 2-B bond and there appears a loop 

current, A12BA, around the molecule-electrode 

contact. Correspondingly, the total source-drain current 

(Fig.3) and the number of electrons in molecule (Fig. 4(b)) 

become small when the distance R is small. It should be 

emphasized that the electron correlation (multi-electron co- 

herence) in electrodes promotes these singular phenomena. 

Finally, we show how the response time of current to 

applied voltage changes with varying the distance between 

contacts, R, the result being displayed in Fig. 5. Due to the 

correlation in electrodes, we can also see the oscillation and 

enormous elongation of response time. 

 

4. Conclusions 

  Current fluctuation in molecular bridge system was 

studied when the molecule has multi-contacts to electrodes, 

by the density-matrix quantum calculation. We found that 

the electronic correlation between two contact points re-

markably changes the magnitude of steady-state current and 

the response time of transient current to applied voltage, 

reflecting the Fermi-wave-number singularity and the di-

mensionality of electrodes. These results indicate that the 

control of molecule-electrode contacts is essential to realize 

the steady device operation. 
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Fig.3. Calculated steady-state source-drain current magnitude 

as a function of the distance, R, between two contact points, in 

cases of 2 and 3-dimensional electrodes.  

 

  
Fig.4. (a) Steady-state inter-site currents and (b) electron 

number in molecules, as a function of the distance, R, between 

two contacts, for 2 and 3-dimensional electrodes.  

  
Fig.5. Calculated response time of transient current to applied 

voltage as a function of the distance, R, between two contact 

points. 
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