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OBJECTIVES
1. To formulate the problem of transport

through finite clusters which have traces of
dispersionless bands for different types of
connection to leads.

2. To find eigenstates of the clusters in order
to study the dependence of the conductance
on the energy of an incoming electron.

3. To examine how the conductance probes the
eigenstates of the cluster.

INTRODUCTION
We study a simple model for electron transport
through finite clusters, which have traces of the disper-
sionless single-electron band (localized state). To this
end, we adopt a tight-binding model for the cluster, as
well as for the left and right leads, which weakly cou-
ple to the cluster and exploit a scattering theory for the
Schrödinger equation to find the transmission ampli-
tude. The electrical conductance is calculated from the
Landauer formula. This approach is explained, for ex-
ample, in Ref. 1.

METHODS

The electrical conductance we calculate using the Lan-
dauer formula [2]:

G =
2e2

h

∑
i

Ti, (1)

where Ti is the transmission probability through ith
channel. We study the two-terminal system showing:

Figure 1: Nanocluster connected to two leads.

The Hamiltonian of the full system is given by

H = Hc +Hleads +Hint, (2)

Hc =

N∑
j=1

εjc
†
0,jc0,j +

N∑
j=1

t(c†0,jc0,j+1 + h.c.), (3)

Hleads =
∑−1

j=−∞ T (c
†
jcj−1 + c†j−1cj)

+
∑∞

j=1 T (c
†
jcj+1 + c†j+1cj),

(4)

Hint = tL(c
†
−1cL + c†Lc−1) + tR(c

†
1cR + c†Rc1). (5)

Scattering theory: The system of linear equations for unknown ψ0,j (j = 1, N), ψr and ψt:
εkψ−1 = −Tψ−2 − tLψ0,L,
εkψ1 = −tRψ0,R − Tψ2,

εkψ0,j = εjψ0,j − tψ0,j+1 − tψ0,j−1, j 6= L, j 6= R
εkψ0,L = εLψ0,L − tLψ−1 − tψ0,L+1 − tψ0,L−1,
εkψ0,R = εRψ0,R − tRψ1 − tψ0,R+1 − tψ0,R−1.

(6)

The transmission probability is given by T = |ψt|2.

Here are few examples of clusters eigenstates:
3-site cluster:

|ψ0,1〉 = 1√
3
(c†0,1 + c†0,2 + c†0,3) |0〉 [−2t],

|ψ0,2〉 = 1√
3
(c†0,1 + ei

2π
3 c†0,2 + ei

4π
3 c†0,3) |0〉 [t],

|ψ0,3〉 = 1√
3
(c†0,1 + ei

4π
3 c†0,2 + ei

2π
3 c†0,3) |0〉 [t].

(7)

4-site cluster:

|ψ0,1〉 = 1√
2
(c†0,1 − c

†
0,3) |0〉 [0],

|ψ0,2〉 = 1√
2
(c†0,2 − c

†
0,4) |0〉 [0],

|ψ0,3〉 = 1
2
(−c†0,1 + c†0,2 − c

†
0,3 + c†0,4) |0〉 [2t],

|ψ0,4〉 = 1
2
(c†0,1 + c†0,2 + c†0,3 + c†0,4) |0〉 [−2t].

(8)

RESULTS: CLUSTER WITH THREE SITES

Ei = {−2t, t, t}

Figure 2: T (εk), hopping integrals
are tL = tR = 0.1, T = 1, t = 1 (no
peak at εk = −2, because the elec-
tron velocity is zero).

Figure 3: T (εk), if one of the hop-
ping integrals in cluster t2 = 0.9 is
slightly different from others t1 = 1.
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CONCLUSIONS

For the four-site cluster, the dependence of con-
ductance on different types of connection to leads
is observed. We find some curios features of trans-

mission through nanoclusters: Although the en-
ergy level for cluster does exist, tunneling through
this level does not occur.

Next task: To include Hubbard interaction.

RESULTS: CLUSTER WITH FOUR SITES

Ei = {−2t, 0, 0, 2t}

Figure 4: T (εk), hopping integrals
are tL = tR = 0.1, T = 1, t = 1 (no
peak at εk = −2, see the figure cap-
ture (to Fig. 2)).

Figure 5: The same as in Fig. 3 for
the other connection to the leads (no
peaks at εk = ±2, see the figure cap-
ture (to Fig. 2)).

Figure 6: T (εk), if one of the hop-
ping integrals in cluster t2 = 0.9 is
slightly different from others t1 = 1.


