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Abstract. Using the tight-binding model and Green’s function method, we studied the electronic transport
of four kinds of nanotube-graphene junctions. The results show the transport properties depend on both
types of the carbon nanotube and graphene nanoribbon, metal or semiconducting. Moreover, the defect
at the nanotube-graphene interface did not affect the conductance of the whole system at the Fermi
level. In the double junction of nanotube/nanoribbon/nanotube, quasibound states are found, which
cause antiresonance and result in conductance dips.

1 Introduction

Carbon nanotube (CNT) and graphene nanoribbon
(GNR) are promising candidates for the next-generation
of nanoelectronic devices due to their peculiar electronic
properties [1–6]. The transport properties of junctions
formed by CNT/CNT [7–9] or GNR/GNR [10–13] have
been widely studied both in theory and experiment. And
many interesting phenomena have been observed, e.g.,
transmission resonating [14] and rectification [15].

Recently, much attention has been paid to the
CNT/GNR junction, which can be constructed by
different types of CNT and GNR. The CNT/GNR
junction can be fabricated in high yields through
three methods, i.e., chemical attack [16], plasmaetch-
ing [17], and lithium intercalation followed by exfolia-
tion [18]. In theory, Santos et al. [19] found the metal-
lic CNT/GNR junction is a magnetoresistive device. Li
et al. [20] studied the electronic and transport prop-
erties of CNT/GNR hybrids with a transverse electric
field and found the conductance strongly depend on the
field strength. Besides, Klymenko [21] found the ballis-
tic transport through GNR/CNT/GNR can be consid-
ered as the result of Fabry-Perot interference between
the two GNR/CNT interfaces. All these studies open
a new route for the design of mixed CNT/GNR de-
vices. However, the electronic transport properties of
semiconducting CNT/GNR junctions, especially formed
by different CNT and GNR, have been less reported.
Also, the double junction, such as ACNT/ZGNR/ACNT,
need to be further studied. In the present work, we
theoretically studied the electronic transport of four
kinds of CNT/GNR junctions, i.e., metal-metal (MM),
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semiconductor-semiconductor (SS), semiconductor-metal
(SM), and metal-semiconductor (MS) junctions. All these
CNT/GNR junctions can be achieved by cutting the CNT
in experiment. Furthermore, we also studied the electronic
transport of ACNT/ZGNR/ACNT junction.

2 Model and methods

The CNT can be described by the parameters of m and
n [22]. There are three types of CNT according to their
structures, i.e., armchair CNT (ACNT with m = n),
zigzag CNT (ZCNT with n = 0) and chiral CNT (m �= n
and n �= 0). The GNR with finite width can be divided
into zigzag GNR (ZGNR) and armchair GNR (AGNR) ac-
cording to the atomic arrangement pattern on their edges.

The geometry of CNT/GNR junctions (a semi-infinite
CNT is connected to a semi-infinite GNR) is shown in Fig-
ure 1 [(a) ACNT/ZGNR junction and (b) ZCNT/AGNR
junction]. There is no defect at the contact interface, as the
CNT/GNR junction can be regard as an unzipped CNT.
ACNT/ZGNR and ZCNT/AGNR junctions are described
by (n, n)ACNT/2n-ZGNR and (n, 0)ZCNT/2n-AGNR,
respectively, where 2n is the number of carbon atoms of
CNT circumference or the number of carbon atoms of
GNR in the unit cell (Fig. 1).

The calculation is based on the well-known Green’s
function method and the tight-binding methodology. The
tight-binding methodology only considers the interaction
between nearest neighbors and neglects other ones. Be-
sides, it ignores the electron interaction and only de-
scribes the electron structure approximatively. But the
tight-binding methodology shows great advantage in de-
scribing the electronic transport of quasi-one-dimensional
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Fig. 1. (Color online) Geometry of junctions for (a)
ACNT/ZGNR and (b) ZCNT/AGNR, which include the
source, drain, and the central region.

system and has been widely used in CNT and GNR sys-
tems [14,23,24]. The advantage of using a tight-binding
model resides in its simplicity, the general features of elec-
tronic transport being in very good agreement with those
obtained by more sophisticated approaches [25].

We divide the system into three parts: a semi-infinite
CNT lead [labeled by S (source)], a semi-infinite GNR lead
[labeled by D (drain)], and the central region (Fig. 1). For
a tight-binding model of CNT/GNR with one π-electron
per carbon atom, the spinless Hamiltonian is

H =
∑

i

εic
†
i ci − t

∑

〈i,j〉

(
c†icj + h.c.

)
, (1)

where εi is the on-site energy, t is the nearest-neighbor
hopping energy, and c†i (ci) creates (annihilates) an elec-
tron on the site i. The sum in 〈i, j〉 is restricted to the
nearest-neighbor atom pairs. In our calculations, t is set
to be 2.66 eV [23] and εi is zero [23]. The effect of unzip-
ping is equal to cutting the hopping between the carbon
atoms where the opening occurs, and assume the unzip-
ping does not modify the hopping between the other car-
bon atoms [19].

Based on the Hamiltonian, we calculate the electronic
conductance of the CNT/GNR junction with the lattice
Green’s function method [26]. The total Green’s function
can be expressed as [26]

G(E) = [E − H − ΣS − ΣD]−1 , (2)

where H is the Hamiltonian of central region and ΣS,D =
H†

1GS,DH1 is the self-energy of the source or drain leads.
H1 is the interaction matrix between the source (drain)
and the central region. GS,D is the Green’s function of

the source or drain leads, which can be calculated by the
recursive Green’s function technique [27]. After the total
Green’s function is obtained, the zero-temperature con-
ductance (C) and the local density of states (LDOS, de-
noted by L) of a junction can be calculated by [26]

C(E) = G0Tr[Γ S(E)G†(E)ΓD(E)G(E)] (3)

and
L(E) = −ImTrace[C(E)]/π, (4)

where ΓS,D = i[ΣS,D − Σ†
S,D] is the coupling function of

the source or drain lead, and G0 = 2e2/h is the conduc-
tance quantum.

3 Results and discussions

As is known, all the ZGNRs and AGNRs with width
N = 3n + 2 are metallic, and others are semiconduct-
ing, where n is an integer [28]. A (m, n)CNT is metal-
lic only if m − n = 3k and others are semiconducting,
where k is an integer. Based on these, we designed four
junctions, i.e., (8, 8)ACNT/16-ZGNR, (11, 0)ZCNT/22-
AGNR, (10, 0)ZCNT/20-AGNR, and (12, 0)ZCNT/24-
AGNR. They are MM, SS, SM, and MS junctions, re-
spectively. In our calculations, curvature effects are not
considered, as they are not significant when the diameter
of CNT is large enough [29,30].

Figure 2 shows the conductance as a function of elec-
tron energy E for the CNT/GNR junction. As a reference,
dashed (dotted) line for the conductance of the perfect in-
finite CNT (GNR) is also shown. The junction is metallic
only when both of the CNT and GNR are metallic. Fig-
ure 2a shows the conductance of the MM junction, we
can see that the junction is metallic and the conductance
of the junction at the Fermi level is equal to that of the
perfect ZGNR, which means the ACNT acts like a trans-
parent contact for the ZGNR. From another viewpoint,
ZGNR can lower the conductance of the ACNT at the
Fermi level and make it equal to that of the perfect ZGNR,
which demonstrates ZGNR behaves like a valley filter for
the ACNT. For SS junction (Fig. 2b), it is semiconducting
and the band gap (∼0.89 eV) is equal to that of the per-
fect ZCNT (∼0.89 eV), indicating AGNR also behaves like
a transparent contact for ZCNT. In other words, ZCNT
can enlarge the band gap of AGNR (∼0.43 eV) and make
it equal to that of the perfect ZCNT. This feature can
be used to change the band gap of AGNR by zipping
AGNR. From Figure 2c, we can see the SM junction is
semiconducting and the band gap (∼0.93 eV) is equal to
that of ZCNT. Again, this feature can be used to mod-
ulate AGNR from metallic to semiconducting by zipping
AGNR. And we can see the MS junction is also semicon-
ducting (Fig. 2d) with the band gap (∼0.39 eV) being
equal to that of the AGNR. Similarly, this can be used
to modulate ZCNT from metallic to semiconducting by
opening ZCNT. Previous studies have already shown that
defects could affect the transport properties of CNT and
GNR [31–33]. It reminds researchers that the defect may



K.L. Ma et al.: Electronic transport properties of junctions between carbon nanotubes and graphene nanoribbons 3

-1 0 1
0

2

4

C
(

2e
2 /h
)

E (eV)

 (8,8)ACNT/16-ZGNR
 (8,8)ACNT
 16-ZGNR
 with a vacancy

(a)

-1 0 1
0

2

4

C
(

2e
2 /h
)

E (eV)

 (11,0)ZCNT/22-AGNR
 (11,0)ZCNT
 22-AGNR
 with a vacancy

(b)

-1 0 1
0

2

4

C
(

2e
2 /h
)

C
(

2e
2 /h
)

E (eV)

 (10,0)ZCNT/20-AGNR
 (10,0)ZCNT
 20-AGNR
 with a vacancy

(c)

-1 0 1
0

1

2

3

4

5

E (eV)

 (12,0)ZCNT/24-AGNR
 (12,0)ZCNT
 24-AGNR
 with a vacancy

(d)

Fig. 2. (Color online) The conductance as a function of
electron energy for (a) (8, 8)ACNT/16-ZGNR junction, (b)
(11, 0)ZCNT/22-AGNR junction, (c) (10, 0)ZCNT/20-AGNR
junction, and (d) (12, 0)ZCNT/24-AGNR junction. The solid
and short dash dotted lines represent the conductance of per-
fect and defected CNT/GNR junctions, respectively. And the
dash and dotted lines represent the conductance of CNT and
GNR, respectively.
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Fig. 3. (Color online) Geometry of spatial-resolved junctions
for (a) ACNT/ZGNR junction and (b) ZCNT/AGNR junction.

play an important role in determining the transport prop-
erties of junctions. So we also studied the effect of a va-
cancy on the junction conductance. We place a vacancy at
the interface (Fig. 1) for each junction. Figure 2 indicates
that a single lattice vacancy can hardly affect the junction
conductance at the Fermi level (−1 eV < E < 1 eV), ex-
cept the small weakening of conductance for MS junction
in the energy range of 0.40 eV < |E| < 0.73 eV. Previous
studies showed that, the vacancy defect in metallic CNT
will lower the conductance by one conductance quantum
from 2 G0 to 1 G0 at the Fermi level (our defect is lo-
cated at the CNT part). While, due to the presence of
non-defected GNR, the conductance is already lowered to
1 G0 at the Fermi level. As a result, the vacancy in the
junction appears not to affect the conductance around the
Fermi level.

In order to examining the detailed electronic structure
of the junction, we analyzed the spatial-resolved LDOS.
The atoms are grouped into slices denoted by Lx (x =
1, 2, 3, . . .) according to the distance from the interface
(Fig. 3). Here we choose the slice of 0.492 nm wide (a unit
cell of the perfect ACNT or ZGNR) for ACNT/ZGNR and
the slice of 0.426 nm wide (a unit cell of the perfect ZCNT
or AGNR) for ZCNT/AGNR. The average LDOS for each
slice is plotted in Figure 4. For MM junction (Fig. 4a),
from the ACNT side we find the average LDOS of L3 is
similar to that of perfect (8, 8)ACNT, especially the peak
at E = 0 eV. And the average LDOS of L6 is quite similar
to that of perfect (8, 8)ACNT. From the ZGNR side, we
find the average LDOS of R3 is similar to that of perfect
16-ZGNR, especially the distance between the two peaks
(|E| = 1 eV). And the average LDOS of R6 is quite sim-
ilar to that of perfect 16-ZGNR. These results show that
the attenuation length for both semi-infinite (8, 8)ACNT
and semi-infinite 16-ZGNR in the MM junction is about
2.95 nm. For SS junction (Fig. 4b), the average LDOS of
L6 is similar to that of perfect (11, 0)ZCNT, especially the
distance between the two peaks (|E| = 0.46 eV). Besides,
the average LDOS of R6 is similar to that of the perfect
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Fig. 4. The spatial-resolved LDOS for (a) (8, 8)ACNT/16-
ZGNR junction, (b) (11, 0)ZCNT/22-AGNR junction, (c)
(10, 0)ZCNT/20-AGNR junction, and (d) (12, 0)ZCNT/24-
AGNR junction.
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Fig. 5. (Color online) (a) Geometry of (n, n)ACNT/N-2n-
ZGNR/(n, n)ACNT double junction, (b) The conductance
(top) and the LDOS (bottom) as a function of electron energy
for (6, 6)ACNT/2-12-ZGNR/(6, 6)ACNT.

22-AGNR, especially the distance between the two peaks
(|E| = 0.22 eV). This time, the attenuation length for both
semi-infinite (11, 0)ZCNT and semi-infinite 22-AGNR in
the SS junction is about 2.556 nm. The cases of SM junc-
tion and MS junction are similar to that of SS junction,
because all of them consist of semi-infinite ZCNT and
AGNR.

Next, we explore the electronic transport properties
of the double junction, such as the one in Figure 5a. It
is formed by opening an infinite (n, n)ACNT in the cen-
ter, denoted by (n, n)ACNT/N -2n-ZGNR/(n, n)ACNT,
where N is the number of unit cells in the 2n-ZGNR,
and 2n is the width of the ZGNR. New electronic trans-
port properties are expected, as the finite 2n-ZGNR could
be regard as a cavity. The conductance C of the double
junction (6, 6)ACNT/2-12-ZGNR/(6, 6)ACNT versus en-
ergy E is shown in Figure 5b. The conductance of perfect
(6, 6)ACNT near the Fermi level is equal to 2 × 2e2/h.
When (6, 6)ACNT opens a cavity, two conductance dips
appear at E = ±0.88 eV (we name it dip-energy). In fact,
these dips are associated with antiresonance caused by
quasibound states in the finite 12-ZGNR. The LDOS of
finite 12-ZGNR in (6, 6)ACNT/2-12-ZGNR/(6, 6)ACNT
junction is plotted in Figure 5b (bottom). One can see
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Fig. 6. (Color online) (a) The conductance as a function of
electron energy and (b) the decreasing rate of the average con-
ductance of (6, 6) ACNT/N-12-ZGNR/(6, 6)ACNT for several
ZGNR lengths.

there are two peaks at the same energies E = ±0.88 eV,
which indicate the existence of quasibound states in the
finite 2-12-ZGNR. Obviously, it is the quasibound states
in the finite 12-ZGNR that cause antiresonance and result
in the conductance dips. We next discuss the reason why
the quasibound states appear. Actually, the whole junc-
tion of (6, 6)ACNT/2-12-ZGNR/(6, 6)ACNT can be seen
as a big defect in the (6, 6)ACNT. The whole junction was
achieved by cutting several hopping between the carbon
atoms in the center of perfect (6, 6)ACNT in the calcu-
lating method. As a result, the region of the center, i.e.,
2-12-ZGNR, could be regarded as a defect for the perfect
(6, 6)ACNT. It is this defect that leads to the quasibound
states, and then causes antiresonance and results in the
conductance dip.

The conductance of (6, 6)ACNT/N -12-ZGNR/(6,
6)ACNT for different N is shown in Figure 6a. Com-
pared with the perfect (6, 6)CNT, the quantum step fea-
ture disappears and the conductance decreases overall
with some dips appearing (|E| = 1.21, 0.88, 0.55, 0.31,
0.15 eV). Besides, with the increase of N , the dip-energy
decreases (from 1.21 to 0.15 eV) and the conductance
near the Fermi level decreases and gradually approaches
to the case of perfect 12-ZGNR (2e2/h). The ZGNR (long
enough) behaves like a valley filter for the ACNT, lower

its conductance at the Fermi level, and make it equal to
that of the perfect ZGNR, like the analyzing above in
MM junction. When N increases, more dips appear, e.g.,
|E| = 1.24 eV (N = 3), |E| = 1.09 eV (N = 4), and
|E| = 1.29, 0.89 eV (N = 5), inducing more quasibound
states.

In order to quantitatively study the effect of the length
N on the conductance near the Fermi level, we compute
the decreasing rate of the average conductance [34]

F =
ΔC

CCNT

=

∫ ΔE

−ΔE [CCNT (E) − C(E)] dE
∫ ΔE

−ΔE CCNT (E)dE
, (5)

where CCNT (E) and C(E) are the conductance of the
(6, 6)ACNT and (6, 6)ACNT/N -12-ZGNR/(6, 6)ACNT
junction, respectively (ΔE = 0.5 eV in our calculations).
Figure 6b shows the decreasing rate of the average con-
ductance varying with N . One can see that, as the ZGNR
length N increases, the decreasing rate of the average con-
ductance F increases from about 0.02 (N = 1) to about
0.5 (N = 10). So the conductance of the double junction
near the Fermi level will be very close to that of the perfect
12-ZGNR when N = 10.

4 Conclusions

We have theoretically studied the electronic transport
properties of four kinds of junctions constructed from dif-
ferent carbon nanotubes and graphene nanoribbons us-
ing the tight-binding model and Green’s function method.
The results show that the electronic transport properties
depend on both of the carbon nanotubes and graphene
nanoribbons. Moreover, the conductance of junctions near
the Fermi level is found to be robust to the defect. Double
junction of ACNT/ZGNR/ACNT was also studied and
quasibound states were found, which can cause antires-
onance and then result in the conductance dips. We be-
lieved these features will be very useful for designing fu-
ture nanoelectronic devices.
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