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Thermal-transport properties of various graphene junctions and quantum dots with nanoscale width are
systematically investigated by nonequilibrium Green’s-function method. Thermal conductance is insensitive to
the detailed structure of the contact region but substantially limited by the narrowest part of the systems.
Thermal-contact resistance in nanodevices carved entirely from graphene is quite low ��10−10 m2 K /W at
300 K�, at least one order lower than that between graphene and other materials. Interestingly, thermal-contact
resistance of double-interface junctions is just slightly higher than that of single-interface junctions, distinct
from the case of electronic transport. Moreover, graphene junctions with smaller connection angles show lower
thermal conductance but higher electronic conductance. The different, even opposite dependences of thermal-
and electronic-transport properties on the structural characteristics may find wide applications in nanoelectron-
ics and thermoelectricity.
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I. INTRODUCTION

The studies of graphene have revealed a wealth of new
physics and applications since it was first isolated experi-
mentally in 2004.1 One of the most fascinating and promis-
ing directions in current graphene research is its use as the
base material to take the place of silicon for future nanoelec-
tronics. In graphene-based nanoelectronics, junctions built
by graphene nanoribbons �GNRs� and quantum dots �QDs�
carved entirely from graphene are two major building blocks
to achieve transistor action.2 The advantage is that every-
thing in electronics including conducting channels, quantum
dots, barriers, electrodes, and interconnects can be patterned
from graphene,2–4 thus atomic perfect interfaces are naturally
achieved and the contact resistances between the devices and
electrodes are very low.5,6 So far much research has focused
on the electronic-transport properties of graphene-based nan-
odevices. Their thermal-transport properties, however, have
not received enough attention they deserve.7,8 In practice,
heat dissipation in ever-smaller integrated circuits becomes
more and more serious due to the increasing heat-generation
rate per unit area and reduced thermal conduction induced by
strong phonon boundary scattering.9 Therefore, thermal de-
sign for individual nanodevice �such as junction and QD�, as
the basis for improvement of heat dissipation,10,11 is of criti-
cal importance to the development of graphene-based nano-
electronics. Furthermore, the knowledge on thermal-
transport properties will also be useful for the design and
fabrication of high-performance thermoelectric devices.

Structural characteristics of graphene junctions and QDs,
such as the contact geometry, width, edge shape, connection
angle, and so on, significantly affect their electronic-
transport properties.1,5,12–17 Similarly, it is highly important
to explore the influence of structural configuration on the
thermal-transport properties of graphene junctions and QDs.
Several theoretical works have been done on thermal trans-
port in two-dimensional graphene sheet18–26 and individual
GNRs.27–32 However, graphene-based nanodevices in realis-

tic situations have more complex structures, therefore their
thermal-transport properties cannot be deduced solely from
those of the regular graphene sheet or GNRs. To the best of
our knowledge, the research on thermal transport in graphene
junctions and QDs is still lacking. An investigation on how
to tune thermal conductance of graphene-based nanodevices
will be of practical interest and especially useful in the
graphene device design.

In this work, we perform atomic-scale simulations on
thermal transport in various graphene junctions and QDs
with nanoscale width. The influence of their structural char-
acteristics on thermal-transport properties is systematically
investigated. It is found that thermal transport behaves quite
differently from electronic transport. Thermal conductance of
graphene junctions is insensitive to the detailed structure of
the contact region and the width of the wide part of the
structures but largely dependent on the width of the narrow
part. Interestingly, thermal conductance of double-interface
junctions is just slightly lower than that of single-interface
junctions, and the connection angle and edge shape substan-
tially affect thermal conductance of graphene junctions.
Those unique effects of the structural characteristics on ther-
mal conductance are very important for designing novel
graphene-based junction devices. Due to very narrow con-
strictions and strong phonon scattering by the protruding
parts, graphene QDs have much worse thermal-transport
properties than graphene junctions, disadvantageous for the
performance of QD electronic devices.

II. METHOD

Thermal conductance of graphene junctions and QDs is
calculated by nonequilibrium Green’s function �NEGF�
method,33–36 which is appropriate to deal with many-body
problems with weak interactions and gives exact results if
without many-body interactions. Since phonon mean-free
path in graphene ��775 nm at room temperature�37 is much
longer than the size of graphene junctions or QDs considered
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here, we neglect the phonon-phonon and electron-phonon in-
teractions in our calculations. The second-generation reactive
empirical bond order potential,38 which was proved to give
phonon modes of GNRs compatible with density-functional-
theory calculations,39 is employed to calculate force con-
stants ���. Then, the Green’s function and the phonon trans-
mission function ���� are calculated as a function of
frequency �, and finally thermal conductance ��T� at differ-
ent temperatures T can be obtained.

The transport system is divided into three parts: a finite
center part �C� and two semi-infinite leads on the left �L� and
right �R�. The whole system has infinite numbers of freedom
degrees. To make the problem solvable, the influence of
leads is projected into the center through the self energies
�L��� and �R���. Then the retarded Green’s function of the
center part GC

r ��� can be calculated by

GC
r = ��� + i��2 − DCC − �L

r ��� − �R
r ����−1, �1�

where � is a small broadening factor to prevent divergence
during matrix inversion, and DCC is the mass-weighted force
constant matrix of the center part. The matrix element Dij

=�ij /�MiMj, where Mi is the mass of atom i, and �ij is the
force constant between atom i and atom j. The retarded self-
energies ��

r ���=DC�g�
r ���D�C��=L,R�, where gL

r ��� and
gR

r ��� are the retarded surface Green’s functions of semi-
infinite thermal leads, which can be calculated through deci-
mation algorithm.40 Once GC

r ��� was calculated, the phonon
transmission function ���� can be given by the Caroli for-
mula

���� = Tr�GC
r ���	L���GC

a ���	R���� , �2�

where GC
a ���= �GC

r ����† is the advanced Green’s function of
the center part and 	����= i���

r ���− ���
r ����†���=L,R�.

Thermal conductance can be obtained by the Landauer
formula36

��T� =
kB

2T

2
�
�

0

�

dx
x2ex

�ex − 1�2�� kBT

�
x	 , �3�

where x=�� / �kBT�, � is the reduced Planck constant and kB
is the Boltzmann constant. The Landauer formula shows that
thermal conductance is a weighted integral of the phonon-
transmission function. Importantly, the weight factor
�x2ex / �ex−1�2� decreases rapidly with increasing phonon fre-
quency or decreasing temperature. This indicates that ther-
mal conductance is mainly contributed by low-frequency
phonons, especially at low temperatures. At very high tem-
peratures �above 1000 K for graphene systems�, the weight
factor is close to 1 for all the available phonon frequencies,
thus thermal conductance becomes saturated and approxi-
mately equals to the sum of phonon transmission. Thermal
conductance contributed by electrons is not considered in our
calculations. Since recent experiment showed that all sub-
10-nm GNRs are semiconducting,17 thermal conductance of
GNRs narrower than 10 nm should be mostly dominated by
phonons.

The phonon local density of states �LDOS� on the ith
atom of the center part can also be given by the NEGF
method


i��� = −
2�






�=x,y,z
Im�GC

r ����i�,i�. �4�

Since the phonon LDOS directly displays the transport path-
ways for phonons with particular frequencies, it can provide
valuable information to analyze the detailed transport mecha-
nisms.

III. RESULTS AND DISCUSSIONS

Single-interface junctions formed by connecting two
GNRs have been demonstrated to be the basic device build-
ing blocks.5 We first study the effect of contact geometry on
thermal transport by considering various single-interface
junctions as depicted in Fig. 1�a�. Herein, n-ZGNR
�n-AGNR� is used to denote a zigzag GNR �an armchair
GNR� with n zigzag carbon chains �carbon dimer lines�
across the ribbon width following the conventional notation.
As shown in Fig. 1�b�, thermal conductance of each junction
increases monotonically from 100 to 500 K. Increasing tem-
perature excites more phonons and opens new transport
channels in high-frequency region, thus gives higher thermal
conductance. More interestingly, thermal conductance of the
junctions varies only slightly as the contact geometry
changes, quite differently from the electronic-transport case
where electronic conductance is significantly dependent on
the detailed structure of the contact region.13–15 This is fur-

FIG. 1. �Color online� �a� Schematics of single-interface junc-
tions constructed by connecting 8-ZGNR to the middle �labeled by
“M90,” “M60,” and “M30”� or bottom �labeled by “B90,” “B60,”
and “B30”� of 18-ZGNR. The number in the label �i.e., 30, 60, and
90� represents the angle between the edge of interface and that of
8-ZGNR. The red parts of the transport systems denote semi-infinite
thermal leads �this convention is followed in all the figures�. �b�
Thermal conductance ��� at 100 K �dark blue�, 300 K �blue�, and
500 K �red� for the above six junctions. All the thermal conduc-
tances throughout this paper are in units of nano-Watt per Kelvin
�nW/K�.
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ther confirmed by investigating single-interface junctions
composed of AGNRs �the data is not shown here�. The dis-
tinct features of electronic and thermal transport can be ex-
plained from two aspects: �1� the typical length scales �e.g.,
wavelength and mean-free path� of phonons and electrons
are different; �2� only electrons near the Fermi level contrib-
ute to electronic conductance while all phonon modes that
are populated contribute to thermal conductance. Since ther-
mal transport is insensitive to the detailed structure of the
contact region, in the following we will focus on junctions
with the contact geometry similar to “M90” in Fig. 1�a�,
where the ribbon width varies abruptly at the contact inter-
face.

Figure 2�a� shows the single-interface junction, double-
interface junction and QD formed by n-ZGNR and m-ZGNR
�n�m is assumed without loss of generality�. The double-
interface junction was proposed as field effect transistor5 and
the QD presented here can be used for the controlled signal
attenuation in graphene circuits.16 For convenience, we use
labels “Zn-Zm”, “Zm-Zn-Zm”, and “Zn-Zm-Zn” to denote
the above three types of systems, respectively, and then, n
and m, respectively, correspond to the widths of the narrow
and wide parts of the structures. The length of the center part
in the transport direction is fixed in the following calcula-
tions since thermal conductance is found to only slightly
change with the length.

It was previously observed that the ribbon width strongly
influences the performance of graphene-based electronic
nanodevices. For instance, the room temperature on/off ratio
of GNR field-effect transistor induced by gate voltage in-
creases exponentially as the ribbon width decreases.17 Our
results indicate that thermal-transport behavior even has a
more complicated dependence on the ribbon widths of the

structures. As shown in Fig. 2�b�, varying m �the width of the
wide part� has little influence on thermal conductance of the
single-interface and double-interface junctions �the upper
and middle panels of Fig. 2�a��. While, the wide part of the
QD structure �the bottom panel of Fig. 2�a�� acts as a protru-
sion along the GNR and thermal conductance will first de-
crease with increasing width but become nearly constant for
large width �m�18�. In contrast, the width variation in the
narrow part strongly affects thermal conductance of all the
three types of graphene structures. As shown in Fig. 2�c�,
thermal conductance at 300 K of the single-interface and
double-interface junctions is almost linearly proportional to
the width of the narrow part while that of the QD approxi-
mately shows a quadratic dependence. Since the narrow part
restricts the number of phonon transport channels, decreas-
ing its width will remarkably reduce thermal conductance of
the whole system.

Due to interface scattering, the junctions and QDs have
lower phonon transmission and thermal conductance than the
corresponding pristine narrow GNR �i.e., n-ZGNR�, as evi-
denced in Fig. 2�c�. To quantitatively describe the effect of
interface scattering, we define two quantities for graphene
structures �junctions and QDs�: thermal contact resistance
Rc=W� /�, which equals to the temperature difference be-
tween the two thermal leads per unit heat flux,41 and thermal
conductance ratio � /�0, where W is the width of the nar-
rower GNR, �=0.335 nm is chosen as the layer separation
in graphite, and �0 is the thermal conductance of perfect
n-ZGNR. Thermal contact resistance and thermal conduc-
tance ratio at 300 K are presented as a function of n �the
width of the narrow part� in Figs. 2�d� and 2�e�. It can be
seen that as n�2, thermal contact resistance of the single-
interface and double-interface junctions is nearly constant

FIG. 2. �Color online� �a� Schematics of graphene junctions and quantum dots formed by n-ZGNR and m-ZGNR �n�m�: single-interface
junction Zn-Zm, double-interface junction Zm-Zn-Zm, and quantum dot Zn-Zm-Zn. �b� Thermal conductance ��� at 300 K as a function of
structure parameter m for “Z8-Zm” �red circle�, “Zm-Z8-Zm” �blue triangle�, and “Z8-Zm-Z8” �cyan diamond�. �c� Thermal conductance
���, �d� thermal contact resistance �RC� and �e� thermal conductance ratio �� /�0� at 300 K as a function of structure parameter n for pristine
n-ZGNR �black square�, “Zn-Z18” �red circle�, “Z18-Zn-Z18” �blue triangle�, and “Zn-Z18-Zn” �cyan diamond�.
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while that of the QD approximately decreases linearly with
n. This originates directly from the dependence of thermal
conductance on the width of the narrow part �shown in Fig.
2�c��. The irregularity appears at n=2 due to predominant
edge effect. Since thermal conductance of the two types of
junctions is insensitive to the width of the wide part and the
detailed structure of the contact region, their thermal contact
resistance in fact corresponds to that of realistic graphene-
based nanojunctions, or approximately equals to that be-
tween GNRs and graphene. Calculated thermal contact resis-
tance between ZGNRs and graphene at 300 K is about 0.3
�10−9 m2 K /W, which is much lower than the values be-
tween graphene and silicon dioxide �5.6�10−9–1.2
�10−8 m2 K /W�.42

In practical applications, it is more useful to know
thermal-conductance ratio �� /�0� rather than thermal con-
ductance itself that is specific for particular systems.
Thermal-conductance ratio is a measurement of thermal-
transport properties for a series of systems with similar struc-
tures. As shown in Fig. 2�e�, larger n always gives higher
� /�0. In detail, with increasing n, � /�0 of the junctions
experiences a quick increase when n is small, then rises very
slowly as n�8, but has a sharp increase when n is close to
m; while, that of QDs exhibits a nearly linear increase. The
junctions show obviously better thermal-transport properties
than the QDs. When the width of the narrow part is about 2
nm �i.e., n=10�, � /�0 at 300 K are about 85%, 80%, and
60% for the single-interface junction, double-interface junc-
tion and QD, respectively.

As shown in Fig. 2�d�, the single-interface junction al-
ways gives lower thermal contact resistance than its double-
interface counterparts. This is easy to understand because
one interface exerts less phonon scattering with respect to
two interfaces. More interestingly, thermal contact resistance
of the double-interface junction is just slightly higher than
that of the single-interface junction, distinctly different from
the electronic-transport behavior.16 In contrast, the QD has
obviously larger thermal contact resistance than the double-
interface junction, though both of them have two interfaces.
This seems to contradict with the common sense at the first
glance. It is generally known when thermal resistances are
connected in series, they are additive. The single interface
produces additional thermal contact resistance with respect
to the reference system �i.e., pristine n-ZGNR� as shown in
Fig. 2�d�, thus in fact acts as a thermal resistor. Two of them
are placed in series in the double-interface junction and QD.
The increase in thermal contact resistance with respect to the
reference system in the double-interface junction/QD, how-
ever, is not equal to but lower/higher than two times that in
the single-interface junction.

The conventional additive law fails when quantum inter-
ference effect plays an important role in transport.43 Since
thermal transport is phase coherent here, transport properties
cannot be determined simply by the number of interfaces. A
detailed comparison on phonon transmission will be helpful
to understand the difference in calculated thermal conduc-
tance and thermal contact resistances. Figure 3�a� shows the
phonon transmission of the transport systems composed of
8-ZGNR and 18-ZGNR. The phonon transmission function
of the single-interface junction �Z8-Z18� is close to that of

the narrow GNR �i.e., 8-ZGNR� but largely lower than that
of the wide GNR �i.e., 18-ZGNR� �data not shown here�.
This shows that phonons from the narrow GNR experience
little scattering when transporting across the interface into
the wide GNR while phonons from the wide GNR are largely
scattered as they transport into the narrow GNR. In other
words, the average transmission per mode is direction-
dependent due to the asymmetry structure of the single-
interface junction. This can qualitatively explain the different
transport properties of graphene junctions and QDs. Compar-
ing with the single interface junction, the double-interface
junction and QD �shown in Fig. 2�a�� have one more inter-
face. To across this additional interface, phonons in the
double-interface junction transmit from the narrow GNR into
the wide GNR, different from those in the QD. Therefore,
phonon scattering introduced by the second interface is small
in the double-interface junction but large in the QD. As
shown in Fig. 3�a�, the phonon transmission of the double-
interface junction �Z18-Z8-Z18� is slightly smaller than that
of the single-interface junction �Z8-Z18� but apparently
larger than that of the QD �Z8-Z18-Z8� in almost all the
frequency range, especially when frequency is less than
1200 cm−1. This leads to different thermal conductance as
shown in Fig. 3�b�: thermal conductance of the double-
interface junction is only slightly lower than that of the
single-interface junction but significantly higher than that of
the QD in the whole temperature range �up to 500 K�.

More detailed information on thermal transport can be
obtained from the phonon LDOS, which gives the phonon
distribution in real space.44 Figure 3�c� shows the calculated
phonon LDOS at �=900 cm−1 for Z8-Z18, Z18-Z8-Z18,
and Z8-Z18-Z8 structures. The corresponding transmission
functions ���� are, respectively, 6.05, 5.27, and 2.62, less
than the value of 7.00 for pristine 8-ZGNR. It can be seen
from Fig. 3�c� that in the single-interface and double-

FIG. 3. �Color online� �a� Phonon transmission as a function of
frequency � and �b� thermal conductance as a function of tempera-
ture T for pristine 8-ZGNR �black solid line�, “Z8-Z18” �red dashed
line�, “Z18-Z8-Z18” �blue dotted line�, and “Z8-Z18-Z8” �cyan
dash-dotted line�. �c� Schematics showing the phonon local density
of states at �=900 cm−1 for Z8-Z18, Z18-Z8-Z18, and Z8-Z18-Z8
structures. Red �blue� color represents the largest �smallest� value.
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interface junctions, the atoms with large LDOS mainly dis-
tribute in the inner part of the structures and form straight
channels along the transport direction, implying small reflec-
tion probability of phonons. While in the QD, large LDOS
appears in the inner part of the narrow section and the pro-
truding part of the wide section. Consequently, the phonons
are easily scattered into the protruding part in the transport
process. This explains why the QD has smaller phonon-
transmission function than the junctions.

It is well known that the electronic-transport properties of
AGNRs are significantly different from those of ZGNRs.1 It
will be interesting to explore the effect of edge shape on
thermal-transport properties of graphene junctions and QDs,
which is critical for their applications. In Fig. 4, we present
thermal-transport properties of various junctions and QDs
formed by AGNRs. It can be seen that the thermal-transport
characteristics of the graphene junctions and QDs with arm-
chair edges are very similar to those with zigzag edges but
the structures with armchair edges have higher thermal con-
tact resistance and lower thermal-conductance ratio. As
shown in Fig. 4�d�, thermal contact resistance of the junc-
tions with armchair edges, which approximately equals to
that between AGNRs and graphene, is about 0.4
�10−9 m2 K /W at 300 K. This is about 30% higher than
that between ZGNRs and graphene. As shown in Fig. 4�e�,
thermal-conductance ratios at 300 K are about 77%, 76%,
and 54% for the three types of systems depicted in Fig. 4�a�
when the width of the narrow part is about 2 nm, which are
sizably lower than the corresponding structures with zigzag
edges. Our results indicate that zigzag edge gives better
thermal-transport properties than armchair edge in graphene-
based nanodevices. This is in accord with our previous

work,32 which reveals an intrinsic anisotropy of thermal con-
ductance in GNRs �i.e., thermal conductance per unit area of
ZGNRs is up to �30% higher than that of AGNRs�.

In practice, graphene junctions may be formed by GNRs
with different connection angles �typically, 30°, 60°, 90°,
120°, and 150°�.17,45 In the following, we study thermal
transport in various single-interface junctions patterned from
graphene sheet �Fig. 5�a��, which are labeled according to the
edge shape and connection angle of the composed GNRs �for
instance, “ZA90” denotes a single-interface junction con-
structed by connecting ZGNR to AGNR with the connection
angle of 90°�. Figure 5�b� shows thermal conductance as a
function of temperature. It is found that the effect of the
connection angle becomes larger as the temperature in-
creases, and more importantly, the larger connection angle
generally leads to higher thermal conductance at all these
temperatures. Furthermore, we compare thermal-
conductance ratio �� /�0� from 100 to 500 K in Fig. 5�c�. The
larger connection angle also results in higher � /�0. For in-
stance, � /�0 at 300 K of “ZZ120” is 78%, about 1.7 times
that of “ZZ60.” In addition, graphene junctions with zigzag
edge have higher � /�0 than those with armchair edge. The
above results clearly indicate that graphene junctions with
larger connection angles and zigzag edges exhibit better ther-
mal transport properties. It should be noted that the connec-
tion angle has different influences on the transport behaviors
of phonons and electrons. Larger connection angle intro-
duces less phonon scattering for systems with different
edges. In contrast, the effect of connection angle on elec-
tronic transport is much more complicated.16 This is because
electrons have more localized distribution and their transport
is sensitive to the detailed structure. Interestingly, ZZ60 has

FIG. 4. �Color online� �a� Schematics of graphene junctions and quantum dots formed by n-AGNR and m-AGNR �n�m�: single-
interface junction “An-Am,” double-interface junction “Am-An-Am” and quantum dot “An-Am-An.” �b� Thermal conductance ��� at 300 K
as a function of structure parameter m for “A15-Am” �red circle�, “Am-A15-Am” �blue triangle�, and “A15-Am-A15” �cyan diamond�. �c�
Thermal conductance ���, �d� thermal contact resistance �RC� and �e� thermal conductance ratio �� /�0� at 300 K as a function of structure
parameter n for pristine n-AGNR �black square�, “An-A31” �red circle�, “A31-An-A31” �blue triangle�, and “An-A31-An” �cyan diamond�.
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higher electronic conductance16 but much lower thermal con-
ductance than ZZ120. Thus junctions with small connection
angles are hopefully used as thermoelectric devices.

Graphene QDs are believed to play an important role in
quantum nanoelectronics.3 Similar to the realistic model of
graphene QD proposed in Ref. 3, we construct graphene QDs
by carving narrow constrictions on 18-ZGNR as shown in
Fig. 6�a�. When the width of the narrow constrictions de-
creases, thermal conductance obviously decreases especially
at high temperatures as presented in Fig. 6�b�. The ratio ���
between thermal conductance of the QD and that of pristine
18-ZGNR decreases rapidly as the temperature increases,
and becomes nearly temperature independent when the tem-
perature is higher than 100 K �Fig. 6�c��. As expected, the
QD with narrower constrictions has smaller �. Typically, �
of “QD1” is less than 10% at 300 K due to the existence of
very narrow constrictions. Since the narrow constrictions
largely limit thermal conductance of QDs, especially at high
temperatures, heat dissipation in QDs will be rather slow,

which may degrade the performance of the graphene-based
QD devices. On the other hand, the extremely low thermal
conductance may significantly enhance the thermoelectric ef-
ficiency of QD structures.

IV. CONCLUSIONS

In summary, we have systematically studied thermal
transport in various graphene junctions and QDs composed
of GNRs with different widths, edge shapes, contact geom-
etries and connection angles. It is found that the detailed
structure of the contact region has little effect on thermal
transport of graphene junctions although it may strongly in-
fluence electronic transport.13–15 Thermal-transport proper-
ties of the graphene junctions are insensitive to the width of
the wide part while decreasing the width of the narrow part
will seriously reduce their thermal conductance. Thermal
contact resistance is found to be very low in realistic
graphene-based nanodevices, on the order of 10−10 m2 K /W
at 300 K, much lower than that between graphene and other
materials. Interestingly, thermal contact resistance of the
double-interface junction is just slightly higher than that of
the single-interface junction. Moreover, when the graphene
junctions are formed by GNRs with different connection
angles and edges, junctions with larger connection angles
and zigzag edges exhibit better thermal-transport properties.
Comparing with graphene junctions, graphene QDs generally
show much worse thermal-transport properties because
phonons are easily scattered into the protruding parts of QDs
and the constrictions could be very narrow. This probably
leads to the performance degradation of practical QD de-
vices. Our work clearly reveals that thermal transport in
graphene junctions and QDs has unique characteristics quite
different from �even opposite to� those of electronic trans-

FIG. 5. �Color online� �a� Schematics of single-interface junc-
tions formed by connecting 10-ZGNR and 17-AGNR, which have a
similar width of �2.0 nm. The junctions can be classified into
three categories in terms of the edge shape and connection angle:
�1� “ZZ120” and “ZZ60;” �2� “ZA150,” “ZA90,” and “ZA30;” and
�3� “AA120” and “AA60.” �b� Thermal conductance ��� as a func-
tion of temperature. �c� Thermal conductance ratios �� /�0� at 100
K �dark blue�, 300 K �blue�, and 500 K �red�.

FIG. 6. �Color online� �a� Schematics of four graphene quantum
dots carved from 18-ZGNR. The width of the narrow constrictions
increases from QD1 to “QD4.” �b� Thermal conductance ��� and �c�
thermal conductance ratio ��� between quantum dots and pristine
18-ZGNR as a function of temperature.
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port. This indicates that thermal- and electronic-transport be-
haviors must be considered simultaneously when designing
graphene-based nanoelectronic circuits, and also suggests the
possibility to achieve high electronic conductance and low
thermal conductance in some specific graphene junctions,
which may be useful for applications in thermoelectricity.
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