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ABSTRACT

The single electron transistor (SET) is nanoscale device that can be utilized
in future integrated circuits. It contains three electrodes and one island that
is located between them. The island material impacts on SET performance.
Therefore graphene with unique properties is selected for the island
material with compressive stress and tensile strain imposed on it. In this
paper, an appropriate mathematical model is derived for the device current
taking the impact of compressive stress and tensile strain on the graphene
nanoribbon (GNR) island into account. Moreover, the impact of numbers
of atoms along the GNR length and applied gate voltage are investigated
and the obtained I-V curves are compared together. Furthermore, the SETs
island are designed and their band structures are plotted and then their band
gaps are calculated. The charge stability diagrams of SET with compressive
stress and tensile strain are plotted and analyzed. Their coulomb diamond
areas and coulomb blockade ranges are compared together. Finally, GNR
SET with better operation is defined.
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INTRODUCTION

The semiconductor industry needs to small
size transistors [1]. Moore’s law expresses
increasing transistors with passing time in each
chip [2]. Therefore scaling transistor goes toward
nanoscale [3,4]. The single electron transistor
(SET) is a nanoscale transistor which its channel
has nanometer size [5]. Some SETs are designed
and fabricated for IC such as Hybrid CMOS-SET
analog IC and IC-Oriented Si SETs [6,7]. The SET
structure contains an island which locates in SET
channel [8]. The single electron can tunnel to
SET island through tunnel barrier when Fermi
energy source is lower than first unoccupied
energy level in island (The tunnel barrier contains

* Corresponding Author Email: dideban@kashanu.ac.ir

a capacitor and a resistance). Then this electron
tunnels to drain electrode and current flows in
SET [9]. Quantum dot materials such as graphene
nanoribbon (GNR) can be utilized in island of
SET [10,11,12]. Graphene is a carbon based
material and has unique properties such as high
electron mobility. It’s mobility is higher than some
materials mobility which can utilize as island SET
[13]. The distance between neighboring carbon
atoms in GNR is 1.42 which can be changed due
to applied compressive stress and tensile strain
on GNR [14]. The compressive stress and tensile
strain of GNR can be engineered [15,16]. The
impact of compressive stress and tensile strain on
the distance between neighboring carbon atoms
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Fig. 1. (a) Graphene nanoribbon (GNR) in equilibrium. (b) GNR with comparative stress of %10 Pa. (c) GNR with tensile strain of %10

in GNR are shown in Fig. 1 [17].

The compressive stress decreases carbon-
carbon bond length but the tensile strain
increases this bond length [18]. The changing
bond and distance between carbon atoms affect
on properties of GNR and consequently SET
performance and its current [19]. In this research,
a mathematical model for the SET current with
compressive stress and tensile strain on GNR island
is derived and then implemented utilizing MATLAB
software. The effect of some parameters such as
value of compressive stress and tensile strain on
GNR island, number of carbon atoms along the
GNR and applied gate voltage on the SET current
will be investigated. The charge stability diagrams
of GNR with different values of compressive stress
and tensile strain on GNR will be derived with the
aid of Atomistix ToolKit (ATK) software and they
will be compared together. Finally, the best island
for utilizing in the SET will be defined.

Mathematical model of current considering
compressive stress and tensile strain on GNR
island SET

The SET contains three electrodes and an
island between them [20]. The mathematical
model is written for SET current based on solving
Schrodinger equations. The different parts of SET
are shown in Fig. 2 which is essential for deriving
of a mathematical current model [17].

[(KaT?x + (

The SET contains an island as a potential well
and two tunnel junctions as tunnel barriers which
are shown in Fig. 2. The electron wave functions
derived from the Schrédinger equations in
different regions of the device are given in the
following [21].

Y, = Aef1* 4 B ehux (1)
W, = A,eik2* + B, e~tk2¥ (2)
Wy = Aze'ts” (3)
Vem(Vy —E 2mE
where k; = k; = % and k, ==

The above equations can be solved considering
the associated boundary conditions as:

Y (0) =¥,(0) =4, +B; =4, + B, (4)

LI11’(0) = l]J”’(o) = ikiA; — ik By =k, A; — k3B, (5)
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(7)

Then the electron transmission coefficient of
the GNR SET can be calculated as eq. 8 [22].

where K is Boltzmann’s constant, T is the

temperature, x= E—E/ KT, Eis energy, E is band
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Fig. 2.(a) Graphene nanoribbon SET. (b) The energy profile vs channel
length which indicates SET island as a quantum well.

gap energy, w is GNR width and L is GNR length.

The Landauer formalism can be utilized for L=([(1.5N, - D1 + Z)ac_]?) (12)
modelling of the current as:

where N_ is the number of atoms in GNR length,

I'= fon T(E).F(E)dE ®) N, is the number of atoms in GNR width, Z is the

value of compressive stress and tensile strain in

w = 0.866(N, — (1 + Z)a,, (10) GNR and a__ is carbon to carbon bond length in
equilibrium which equals 1.42 A.

where T(E) is the transmission coefficient of The Landauer formalism is utilized for

the electrons and F(E) is the Fermi function or modelling of current SET that SET island is GNR
occupation probability, 0=EF—E/ K,T and E, is with compressive stress and tensile strain. This

Fermi level energy. mathematical model of current SET is written as
The GNR Length and GNR width are calculated eq. 13.
based on number of carbon atoms and value of The parameters are defined previously.
compressive stress and tensile strain in GNR as The current of GNR SET with compressive stress
and tensile strain on GNR island is investigated
w = 0.866(N, — 1)(1 + Z)a._. (11) based on the proposed model. The different
_m 2 1.04 2 1.04
I'= fo [(KsT)"x + (0.866(N2—1)(1+Z)ac_c)]([(KBT) x+ (0.866(N2—1)(1+Z)a5_c)] + [KpTx + (13)
1.04 2 _ 2 1.04 0.5
(0.866(N2—1)(1+Z)ac_c) +KpTx]* + ([(1.5N1 = DA + Dac] [KBTx + (0.866(N2—1)(1+Z)a5_c)]) +
_ 2 1.04 15v—2 dE
[([(1'5N1 DA+ Dac] [KBTx + (0.866(N2—1)(1+Z)ac_c)]) /617°) T1+exXN
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Fig. 3. The current vs. voltage diagram obtained from the proposed model for different value of compressive
stresses and tensile strains on GNR island at 300 °K and Vgs is 1V.

values of compressive stress and tensile strain are
applied to GNR island and the obtained results are
shown in Fig. 3.

In the analysis performed in Fig. 3, compressive
stress changes from -3% to -10% and tensile
strain varies from 3% to 10%. The highest current
is seen for compressive stress -10% because it
has lower carbon bond length and island area.
The decreasing carbon bond length decreases
quantum well length. Therefore, speed of electron
transfer in island will be increased and SET current
will be raised. The impact of different number
of carbon atoms in GNR length with an applied
compressive stress and tensile stress of 0.1Pa to
GNR island is investigated and illustrated in Fig. 4.

The curves inside Fig. 4(a) indicate that
compressive stress on GNR with lower numbers
of atoms along the GNR length produces higher
current and lower coulomb blockade range. The
zero current region in the device with more atoms
along the GNR length is higher, i.e. for the (11,6)
device. As a result, Fig. 4(a) indicates that the
number of atoms along the GNR length has a direct
impact on the device current while a compressive
stress is applied to GNR. Moreover, The analysis
of Fig. 4(b) verifies that decreasing numbers of
atoms in GNR length can increase SET current.

574

The physical reason of this current behavior is
similar to that explained in Fig. 4(a). However, the
comparison of Fig. 4(a) and Fig. 4(b) reveals the
fact that increasing the number of atoms along
the island length has more impact in the case of
compressive stress rather than tensile strain with
the same amount. In other words, current has
higher value in GNR SET with compressive stress
than tensile strain.

The applied gate voltage is another factor which
has impact on the SET current. Therefore GNR with
8 carbon atoms in it’s length and 6 carbon atoms
in it’s width is selected for SET island. Moreover
the compressive stress 0.1Pa and tensile strain
of 0.1Pa are applied to this island. The current —
voltage curves are plotted in Fig. 5 for different
applied gate voltages to these GNR SETs.

The analysis of Fig. 5 indicates that increasing
of the applied gate voltage rises SET current.
This is due to the fact that a higher gate voltage
decreases island’s energy level and then an
unoccupied energy level locates in the transfer
window. Therefore an electron can tunnel faster
and charge flows at a higher speed in SET. The
coulomb blockade range also decreases in higher
applied gate voltages. Comparison of the obtained
results from Fig. 5(a) and Fig. 5(b) indicates that
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Fig. 4. The current vs. voltage diagram obtained from the proposed model for different number of atoms
along the length of the island, 6 atoms assumed along the GNR width; (a) for an applied compressive stress
of 0.1Pa to the island, (b) for an applied tensile strain of 0.1Pa to the island and Vgs is 1V.
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Fig. 5. The current vs. voltage diagram obtained from the proposed model for different applied gate volt-
ages to GNR SET (8,6); (a) for an applied compressive stress of 0.1Pa to the island. (b) for an applied tensile
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strain of 0.1Pa to the island.
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Fig. 6. The band structures of GNR with 24 carbon atoms (a) GNR band structure with compressive stress of %10Pa on the island. (b)
GNR band structure with tensile strain of %10Pa on the island.
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Fig. 7. The charge stability diagrams of GNR SET (a) V, Vg with compressive stress of %10Pa on the island. (b) V, =V, with tensile
strain of %10Pa on the island. (The color bar on the right represents the corresponding charge states in the diagram).
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Table 1. Some parameters extracted form charge stability diagrams in Fig.7.

Type of SET Diamond Vamin V) Varar (V)

YA

Vasmin V) Vaspmar (V) AV (V) Diamond Total

Area (v) Diamonds

Areas(v?)

GNR SET with compressive diamond 1 (-4.417,-4.329)

stress of -%10Pa on the diamond 2 (-4.327,-4.228)

island

diamond 3 (-4.226,-4.134)

GNR SET with tensile strain diamond 1 (-2.931,-
(-2.448,-

(-2.120,-

2.450)
2.120)
1.906)

of +%10Pa on the island diamond 2

diamond 3

0.088
0.099

0.092

0.481
0.328
0.214

(-0.088,0.088) 0.176 0.007

(-0.101,0.099) 0.20 0.009 0.024

(-0.097,0.097) 0.194 0.008

(-0.479,0.477) 0.956 0.229

(-0.331,0.334) 0.665 0.109 0.382

(-0.208,0.210) 0.418 0.044

increasing of applied gate voltage has more
significant impact on the current of the SET
device with a compressive stress of 0.1Pa than the
counterpart device with equal amount of tensile
strain on the island.

The band structures and charge stability diagrams
considering compressive stress and tensile strain
on GNR island SET

The single electron transistor can work in low
voltage bias [23]. The GNR SETs with 24 carbon
atoms are designed with Atomistix ToolKit (ATK)
software [17]. Then compressive stress and tensile
strain are applied on GNR island and they effect
on all carbon-carbon bonds of GNR and all bonds
length are equal together. The carbon - carbon
bond of GNR with compressive stress of %10Pa
is 1.27 and the carbon - carbon bond of GNR
with tensile strain of %10Pa is 1.56 . The band
structures are plotted in Fig. 6 to evaluate the
effects of compressive stress and tensile strain on
GNR band gap.

The analysis of band structures of GNR with
compressive stress of %10Pa and tensile strain of
%10Pa are shown that band gap value of GNR with
compressive stress of %10Pa is 0.578 eV and band
gap value of GNR with tensile strain of %10Pa is
0.659 eV.The comparison study indicates that
the band gap of island with compressive stress
is lower than island with tensile strain. Therefore
electron transfer in GNR with compressive stress
has higher speed and lower zero current range.
The electron transfer stops in SET when coulomb
blocked phenomena occurs [24]. The coulomb
blocked conditions occur when the island charge is
higher than the bias voltage, the thermal energy is
higher than the charging energy and the tunneling
resistance becomes less than 258130Q. The charge
stability diagram shows coulomb blockade range
as coulomb diamonds. These diagrams are
examined and plotted with the aid of Atomistix
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Toolkit (ATK) software that DFT method using
local-density approximation (LDA) is selected for
simulations [17]. The simulations are done for
compressive stress of %10Pa and tensile strain of
the same amount on the GNR island. These charge
stability diagrams are plotted in Fig. 7.

The coulomb blockade ranges are shown in
Fig. 5 and coulomb diamonds in charge stability
diagrams are shown in Fig. 7. some parameters
are extracted from Fig. 7 as presented in Table
1 to evaluate the coulomb blockade ranges and
coulomb diamonds area in GNR SET with the same
amount of compressive stress and tensile strain on
the island.

The comparison of data given in Table.1
indicates that compressive stress and tensile strain
on the GNR island impacts on the area of coulomb
diamonds and coulomb blockade range. The areas
of coulomb diamonds are different in Table 1.
The spin of tunneling electron is different in each
coulomb diamond. The coulomb diamonds of GNR
SET with compressive stress of %10Pa on GNR has
smaller area than GNR SET with tensile strain of
the same amount. Moreover, coulomb blockade
range in SET with compressive stress on the island
is lower than other counterpart device. Therefore,
the performance of GNR SET with compressive
stress on the island should be better than GNR SET
with the tensile strain of the same amount. This is
exactly in agreement with Fig. 3 where the current
of the device with compressive stress on its island
was higher than the same device with the tensile
strain of the same amount.

CONCLUSION

The graphene nanoribbon (GNR) with
compressive stress or tensile strain was selected for
the island of a single electron transistor (SET). The
compact current model of this device was derived
incorporating the impact of stress and strain. The
impacts of some parameters on the proposed

J Nanostruct 12(3): 571-579, Summer 2022
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mathematical model was examined. Changing of
compressive stress from -3% to -10% and tensile
strain from 10% to 3% increased the SET current.
Decreasing the numbers of atoms along the GNR
length are increased the current due to shortening
of the island which was acting as a quantum well.
Increasing of the applied gate voltage are raised
the current. Moreover, charge stability diagrams
for two cases of compressive stress and tensile
strain were extracted and compared together. The
coulomb diamonds of GNR SET with compressive
stress of %10Pa on its GNR island are shown
smaller coulomb diamond area and zero current
range than GNR SET with the same amount of
tensile strain on its island. Because GNR with
compressive stress has lower band gap value and
then speed of transfer electron is higher than GNR
with tensile stress.

ACKNOWLEDGEMENT

Authors are thankful to the support received
from Micoelectronics Lab (melab), University
of Glasgow, for providing an excellent research
environment in which to simulate and to complete
this work.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Shorokhov VV, Presnov DE, Amitonov SV, Pashkin YA,
Krupenin VA. Single-electron tunneling through an individual
arsenic dopant in silicon. Nanoscale. 2017;9(2):613-620.

2. Moore GE. Cramming more components onto integrated
circuits, Reprinted from Electronics, volume 38, number 8,
April 19, 1965, pp.114 ff. IEEE Solid-State Circuits Society
Newsletter. 2006;11(3):33-35.

3. Khademhosseini V, Dideban D, Ahmadi MT. The current
analysis of a single electron transistor based on double
graphene nanoscroll island. Solid State Communications.
2021;327:114234.

4. Gupta M, Santermans S, Bois BD, Vos R, Severi S, Hellings G,
et al. Size Independent Sensitivity to Biomolecular Surface
Density Using Nanoscale CMOS Technology Transistors. IEEE
Sens J. 2020;20(16):8956-8964.

5. ParkJ, Pasupathy AN, Goldsmith JI, Chang C, Yaish Y, Petta JR,
et al. Coulomb blockade and the Kondo effect in single-atom
transistors. Nature. 2002;417(6890):722-725.

6. Mahapatra S, Vaish V, Wasshuber C, Banerjee K, lonescu AM.
Analytical Modeling of Single Electron Transistor for Hybrid
CMOS-SET Analog IC Design. IEEE Trans Electron Devices.
2004;51(11):1772-1782.

7. Ono Y, Takahashi Y, Yamazaki K, Nagase M, Namatsu H,
Kurihara K, et al. Fabrication method for IC-oriented Si

J Nanostruct 12(3): 571-579, Summer 2022
[@)er |

10.

1

[N

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

single-electron transistors. IEEE Trans Electron Devices.
2000;47(1):147-153.

Averin DV, Likharev KK. Coulomb blockade of single-
electron tunneling, and coherent oscillations in small tunnel
junctions. Journal of Low Temperature Physics. 1986;62(3-
4):345-373.

KhademHosseini V, Dideban D, Ahmadi MT, Ismail R. An
analytical approach to model capacitance and resistance
of capped carbon nanotube single electron transistor. AEU
- International Journal of Electronics and Communications.
2018;90:97-102.

lhn T, Guttinger J, Molitor F, Schnez S, Schurtenberger E,
Jacobsen A, et al. Graphene single-electron transistors.
Mater Today. 2010;13(3):44-50.

. Fulton TA, Dolan GJ. Observation of single-electron charging

effects in small tunnel junctions. Physical Review Letters.
1987;59(1):109-112.

Stampfer C, Schurtenberger E, Molitor F, Guttinger J, Ihn T,
Ensslin K. Tunable Graphene Single Electron Transistor. Nano
Lett. 2008;8(8):2378-2383.

Geim AK, Novoselov KS. The rise of graphene. Nature
Materials. 2007;6(3):183-191.

Ri N-C, Kim J-C, Ri S-I. Effect of strain on mechanical,
electronic, and transport properties of hybrid armchair
graphane/graphene/fluorographane nanoribbon. Chemical
Physics Letters. 2021;765:138311.

Peng Z, Chen X, Fan Y, Srolovitz DJ, Lei D. Strain engineering
of 2D semiconductors and graphene: from strain fields to
band-structure tuning and photonic applications. Light:
Science &amp; Applications. 2020;9(1).

Faccio R, Denis PA, Pardo H, Goyenola C, Mombri AW.
Mechanical properties of graphene nanoribbons. J Phys:
Condens Matter. 2009;21(28):285304.

Software engineering toolkit announced by UK consultants.
CAD. 1985;17(7):339.

Androulidakis C, Koukaras EN, Paterakis G, Trakakis G, Galiotis
C. Tunable macroscale structural superlubricity in two-layer
graphene via strain engineering. Nature Communications.
2020;11(1).

Roslan MS, Haider Z, Chaudhary KT. Characterization of the
impact of nanoparticles on micro strain in 2D graphene
synthesized by arc discharge plasma. Materials Today
Communications. 2020;25:101285.

Ray SJ. First-principles study of MoS,, phosphorene and
graphene based single electron transistor for gas sensing
applications. Sensors Actuators B: Chem. 2016;222:492-498.
Khadem Hosseini V, Ahmadi MT, Afrang S, Ismail R.
Current Analysis and Modeling of Fullerene Single-Electron
Transistor at Room Temperature. Journal of Electronic
Materials. 2017;46(7):4294-4298.

Khademhosseini V, Dideban D, Ahmadi M, Ismail R, Heidari
H. Investigating the electrical characteristics of a single
electron transistor utilizing graphene nanoribbon as the
island. Journal of Materials Science: Materials in Electronics.
2019;30(8):8007-8013.

Azuma Y, Onuma Y, Sakamoto M, Teranishi T, Majima Y.
Rhombic Coulomb diamonds in a single-electron transistor
based on an Au nanoparticle chemically anchored at both
ends. Nanoscale. 2016;8(8):4720-4726.

Wang F, Fang J, Chang S, Qin S, Zhang X, Xu H. Room
temperature Coulomb blockade mediated field emission
via self-assembled gold nanoparticles. Physics Letters A.
2017;381(5):476-480.

579


http://dx.doi.org/10.1039/c6nr07258e
http://dx.doi.org/10.1039/c6nr07258e
http://dx.doi.org/10.1039/c6nr07258e
http://dx.doi.org/10.1109/n-ssc.2006.4785860

http://dx.doi.org/10.1109/n-ssc.2006.4785860

http://dx.doi.org/10.1109/n-ssc.2006.4785860

http://dx.doi.org/10.1109/n-ssc.2006.4785860


http://dx.doi.org/10.1016/j.ssc.2021.114234



http://dx.doi.org/10.1016/j.ssc.2021.114234



http://dx.doi.org/10.1016/j.ssc.2021.114234



http://dx.doi.org/10.1016/j.ssc.2021.114234


http://dx.doi.org/10.1109/jsen.2020.2987627


http://dx.doi.org/10.1109/jsen.2020.2987627


http://dx.doi.org/10.1109/jsen.2020.2987627


http://dx.doi.org/10.1109/jsen.2020.2987627


http://dx.doi.org/10.1038/nature00791


http://dx.doi.org/10.1038/nature00791


http://dx.doi.org/10.1038/nature00791


http://dx.doi.org/10.1109/ted.2004.837369


http://dx.doi.org/10.1109/ted.2004.837369


http://dx.doi.org/10.1109/ted.2004.837369


http://dx.doi.org/10.1109/ted.2004.837369



http://dx.doi.org/10.1109/16.817580


http://dx.doi.org/10.1109/16.817580


http://dx.doi.org/10.1109/16.817580


http://dx.doi.org/10.1109/16.817580

http://dx.doi.org/10.1007/bf00683469

http://dx.doi.org/10.1007/bf00683469

http://dx.doi.org/10.1007/bf00683469

http://dx.doi.org/10.1007/bf00683469

http://dx.doi.org/10.1016/j.aeue.2018.04.015

http://dx.doi.org/10.1016/j.aeue.2018.04.015

http://dx.doi.org/10.1016/j.aeue.2018.04.015

http://dx.doi.org/10.1016/j.aeue.2018.04.015

http://dx.doi.org/10.1016/j.aeue.2018.04.015

http://dx.doi.org/10.1016/s1369-7021(10)70033-x

http://dx.doi.org/10.1016/s1369-7021(10)70033-x

http://dx.doi.org/10.1016/s1369-7021(10)70033-x

http://dx.doi.org/10.1103/physrevlett.59.109


http://dx.doi.org/10.1103/physrevlett.59.109


http://dx.doi.org/10.1103/physrevlett.59.109


http://dx.doi.org/10.1021/nl801225h


http://dx.doi.org/10.1021/nl801225h


http://dx.doi.org/10.1021/nl801225h


http://dx.doi.org/10.1038/nmat1849


http://dx.doi.org/10.1038/nmat1849


http://dx.doi.org/10.1016/j.cplett.2020.138311

http://dx.doi.org/10.1016/j.cplett.2020.138311

http://dx.doi.org/10.1016/j.cplett.2020.138311

http://dx.doi.org/10.1016/j.cplett.2020.138311

http://dx.doi.org/10.1038/s41377-020-00421-5


http://dx.doi.org/10.1038/s41377-020-00421-5


http://dx.doi.org/10.1038/s41377-020-00421-5


http://dx.doi.org/10.1038/s41377-020-00421-5


http://dx.doi.org/10.1088/0953-8984/21/28/285304


http://dx.doi.org/10.1088/0953-8984/21/28/285304


http://dx.doi.org/10.1088/0953-8984/21/28/285304


http://dx.doi.org/10.1016/0010-4485(85)90184-8


http://dx.doi.org/10.1016/0010-4485(85)90184-8


http://dx.doi.org/10.1038/s41467-020-15446-y

http://dx.doi.org/10.1038/s41467-020-15446-y

http://dx.doi.org/10.1038/s41467-020-15446-y

http://dx.doi.org/10.1038/s41467-020-15446-y

http://dx.doi.org/10.1016/j.mtcomm.2020.101285


http://dx.doi.org/10.1016/j.mtcomm.2020.101285


http://dx.doi.org/10.1016/j.mtcomm.2020.101285


http://dx.doi.org/10.1016/j.mtcomm.2020.101285



http://dx.doi.org/10.1016/j.snb.2015.08.039


http://dx.doi.org/10.1016/j.snb.2015.08.039


http://dx.doi.org/10.1016/j.snb.2015.08.039

http://dx.doi.org/10.1007/s11664-017-5354-7


http://dx.doi.org/10.1007/s11664-017-5354-7


http://dx.doi.org/10.1007/s11664-017-5354-7


http://dx.doi.org/10.1007/s11664-017-5354-7


http://dx.doi.org/10.1007/s10854-019-01121-6

http://dx.doi.org/10.1007/s10854-019-01121-6

http://dx.doi.org/10.1007/s10854-019-01121-6

http://dx.doi.org/10.1007/s10854-019-01121-6

http://dx.doi.org/10.1007/s10854-019-01121-6

http://dx.doi.org/10.1039/c5nr08965d

http://dx.doi.org/10.1039/c5nr08965d

http://dx.doi.org/10.1039/c5nr08965d

http://dx.doi.org/10.1039/c5nr08965d

http://dx.doi.org/10.1016/j.physleta.2016.11.015

http://dx.doi.org/10.1016/j.physleta.2016.11.015

http://dx.doi.org/10.1016/j.physleta.2016.11.015

http://dx.doi.org/10.1016/j.physleta.2016.11.015


	The Effect of Compressive Stress and Tensile Strain on Graphene Nanoribbon Island in Single Electron
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	Mathematical model of current considering compressive stress and tensile strain on GNR island SET 
	The band structures and charge stability diagrams considering compressive stress and tensile strain 
	Conclusion
	Acknowledgement 
	CONFLICT OF INTEREST 
	References

