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Graphene Nano Ribbon Field Effect Transistor (GNRFET) and Carbon Nano Tube (CNTFET) are emerg-
ing technologies that have received a lot of attention in recent years. They are being extensively investigated
as possible candidates for replacing silicon-channel devices in the next-generation integrated circuits and sys-
tems. Both devices represent attractive physical properties for electronic applications and can be used to over-
come the different physical limits and several drawbacks, including high leakage current (Jorr), short-channel
effects (SCEs), and increase of the threshold voltage (Vrn) and velocity saturation.

The effect of the lateral spacing parameter on the reliability of the device is necessary to be considered
because it directly dictates the parasitic capacitances. In this paper, we compare the two varieties of both
de-vices and explore their respective strengths in terms of the leakage current (lorr) and the Iox current
using the Schottky contact. The numerical modeling is performed using the non-equilibrium Green's func-
tion formalism (NEGF) to describe quantum transport in both devices. The 3D quantum simulation study
covers transfer characteristics, transconductance, potential profiles, and transmission coefficients used to
extract the performance ratio using the Nano TCAD Vides tool. The novelty of this paper is to present a
better de-vice performance using the lateral spacing parameter optimization on both devices. The results of
this simulation confirm that increasing the lateral spacing parameter in-creases the Iox current by 15.2 %
and 4.20 % for CNTFET and GNRFET, respectively. The study of this paper reveals that the CNTFET de-
vice is more attracted to designing the speed CMOS circuit with lower power consumption under optimal

parameters presented here.
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1. INTRODUCTION

Even though conventional Si-CMOS devices have
dominated the semiconductor industry for decades, the
challenges posed by the incredibly small feature sizes
and the scaling length such as increased wire resistivi-
ty, significant mobility degradation, leakage current
degradation, decreasing the performance ratio and
large dopant fluctuations have made it harder to keep
up with Moore's Law [1].

In order to overcome the heat issue brought in by
the on-chip power densities resulting from increasing
the number of transistors and to avoid processor fre-
quency limitations, future high-performance nano de-
vices will surely need ultra-scaled transistors, a lower
power supply voltage (Vbp), and a lower subthreshold
swing (SS). However, the main obstacles to standard
metal-oxide-semiconductor field-effect transistor
(MOSFET) technology are short channel effects and the
fundamental Boltzmann constraint of 60 mV/decade at
ambient temperature.

Several types of field effect transistors have been
proposed in previous studies based on non-classical
physical mechanisms in order to break the SS thermal
limit. Different research studies have demonstrated
that the graphene nano-ribbons FET (GNRFET) and
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the CNTFET are presented as successful devices for
CMOS circuits for sub 10 nm node technology. The
GNRFETS can potentially be good transistors with high
Ion/IoFr ratio and low subthreshold swing.

There are mainly two types of GNRFETs: Metal-
Oxide Semiconductor-(MOS-) type GNRFETs (MOS-
GNRFETSs) and Schottky-Barrier-type GNRFETs (SB-
GNRFETs). MOS-GNRFETs have GNR-based drains,
channels, and the current conduction inside MOS-
GNRFETS is mostly based on thermionic emission. SB-
GNRFETs also have intrinsic GNR channels, but
drains and sources are made of metal therefore,
Schottky barriers occur at the graphene-metal junc-
tions, and the current conduction is mainly based on
Schottky barrier tunnelling.

Field-effect transistors (FETs) made of carbon nano-
tubes (CNTs) are one of the leading emerging technologies
being researched to prolong the life of CMOS technology.
This is explained by the superior material qualities of
carbon nanotubes. Transistors with significantly lower
leakage current and higher radio-frequency (RF) power
gain are made possible by CNTs' reasonable bandgap.

Lazzaz et al. in 2022 [4] have studied a theoretical
model based on the Bohm Quantum Potential (BQP)
theory and compared it with experimental data. The
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theory fits with the experiment after an optimization.
Shams Ul Haq et al. in 2024 [5] have demonstrated the
energy-efficient High-Speed dynamic logic-based One-
Trit multiplier in CNTFET technology. The results of
this study demonstrate that the proposed circuit shows a
34.16 %, 66.44 %, and 82.80 % reduction in power, PDP,
and EDP as compared to the lowest power, delay, and
PDP of the designs under consideration.

Recip Emir et al. in 2024 [6] have presented a deep
approach for modelling the power consumption and
delay of logic circuits employing GNRFET technology.
The results of this study demonstrate that the delay
advantage of the logic circuits employing GNRFETSs
was calculated to be 53.2 % lower than those using Si-
based MOSFET.

Sneha Arora et al. in 2024 [7] have presented a
comprehensive analysis of ultra-low power GNRFET
based 20T hybrid full adder for computing applications.
The results of this simulation demonstrate that this
proposed hybrid full adder reduces the power consump-
tion by 99.9 %, delay by 99.0 %, and PDP by 99.8 %
compared to other adders.

So, the literature of this paper confirms that both
CNTFET and GNRFET devices are very important for
CMOS circuits application which need to improve them
using a different quantum approach.

In this paper, we study and compare the perfor-
mance of GNRFET and CNTFET devices using the
Non-Equilibrium Green Function formalism to have a
speed CMOS inverter circuit. The impact of the lateral
spacing has been studied to generate a minimum leak-
age current in both devices.

2. DEVICE STRUCTURE AND SIMULATION
MODEL

Fig. 1 illustrates the CNTFET device used in this
simulation. Single wall Carbon Nano Tube (CNT) is
preferred in nano electronics applications because of
their high current-carrying capacity and, depending on
the angle at which the tubes are placed, their metallic
and semiconducting qualities.

The channel device is characterized by the chirality
vector specified by integer pair (n,m). It defines the
angle of formation of the carbon atom along the nano-
tube. If the n = m or n — m = 31, then the CNT nanotube
is metallic. The CNT diameter can be determined by
the following expression:

n*+m?+nm (@)

Where the ao is the interatomic distance between each
carbon atom and its neighbor. We note from the Eq. 1 that
if the chirality change, the CNT diameter change.
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Fig.1-(a): CNTFET device, (b): Top view of the CNTFET
device, (c): structure parameters of CNTFET

The silicon substrate used in GNRFETSs has substan-
tially doped graphene drain and source regions. Gra-
phene nanoribbons are arranged in parallel to form the
channel. The drive strength increases with the number
of nanoribbons because they make better contact with
the source and drain. Fig. 2 shows the GNRFET device.
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Fig. 2 — (a): GNRFET device, (b): Structure parameters [14, 15]

Wcn: Channel width, Lcu: channel length, Wsp:
space width of the adjacent GNRs

Table 1 displays the geometrics parameters used in
this simulation for both devices for 5 nm channel length.

In this paper, the GNRFET and CNTFET are simu-
lated and analysed using the Self-consistent numerical
solution of Poisson-Schrodinger equations and Non-
Equilibrium Green’s Function (NEGF) method. The
method is applied to simulate nanoscale devices in which
the iterative self-consistent method is used to determine
the electron density and equilibrium potential.

Table 1 — Geometric and operating parameters

Parameter Values
Channe length 5 nm
Top gate oxide 1 nm
Bottom gate oxide 1 nm
Lateral spacing (s) 1 nm
Number of atoms along the | 4

ring of enrolled (n)
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Supply voltage (V) 0.8
Gate length (Lg) 5 nm
Dielectric constant HfOs 24

This paper uses the Non-Equilibrium Green's Func-
tion (NEGF) approach and the self-consistent numeri-
cal solution of Poisson-Schrodinger equations to simu-
late and analyse the GNRFET and CNTFET. This
approach is used to model nanoscale devices where the
electron density and equilibrium potential are found
using the iterative self-consistent method [9, 10].

The usual time-independent Schrédinger equation:

E{y}=[H|{v}+[Z{w}+{s} )

H: Hamiltonian matrix whose eigenvalues represent
the allowed energy levels and describe the quasiparticle
dynamics around the equilibrium state.

¥ represents self-energy and it defines the disturb-
ance from the open boundary conditions, it is included
as part of the system Hamiltonian, |¥|{y} and {s} rep-

resents the outflow and inflow respectively.
Using this modified Schrodinger equation, the wave
function can be represented by the following equation:

{w)=[EI-H-XT"{s} 3)

I: is an identity matrix of the same size as the rest.

. In-scattering function.
h: Plank constant.
Gn, GA and GR are the matrix defining as follows:

G'=[EI-H-Y] @)

0] -a ®

The second equation of the NEGF is presented by
the following expression:

Gn — GRzinGA (6)

The current equation of CNTFET structure using NEGF
formalism can be represented by the following equation:

Iop _ (ZG’L;IG"Z*) X (znGAi_GRZm) o

h

3. RESULTS AND DISCUSSION

Fig. 3a shows the transfer characteristics of the
CNTFET 5 nm. The gate voltage swept from 0 to 0.8 V
for Vps =0.5 V. The maximum current presents the
ON current when Ves = Vop and the value of on cur-
rent is 2.5 x 107 A. The leakage current of this simu-
lation is 39 nA and it presents the value of the current
when Ves=0 V.

Fig. 3b shows the transfer characteristic of the
GNRFET 5 nm for Vps=0.5 V. The value of the ON cur-
rent is 2.36 x 10~ A and the leakage current 21.4 nA. The
ON current for GNRFET is higher than the CNTFET due
to the strain effect and the leakage current is very lower
for CNTFET than the GNRFET because the direct tunnel-
ling current is more important in this device.
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Fig. 83 — Transfer characteristics for both devices

Transconductance represents the variation of
drain Ip current as a function of gate source voltage
(Vags). The transconductance is defined by the follow-
ing equation [11, 12]:

o, ®
8" WV

Fig. 4a shows the transconductance of the CNTFET
5 nm for Vps =0.5V. The gate voltage is swept from 0
to 0.8V and the maximum transconductance in this
simulation reads 2.5 pA/V.
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Fig. 4 — (a) Transconductance of the CNTFET, (b) Transcon-
ductance of the GNRFET

Gate voltage (V)

Fig. 4b presents the transconductance of the
GNRFET 5 nm for Vps=0.5V and the gate voltage
swept from 0 to 0.8 V. The maximum value of the
transconductance presented in this simulation is
2.1 x10-*A/V.

CNTFER and GNRFET are the modern devices for
electronic amplifiers because it is closely related to
the amplifier voltage gain, the transconductance, or
short slope, is a crucial design parameter. We can
explain the higher transconductance in the GNRFET
than the CNTFET due surface roughness morphology
used in this simulation.

The lateral spacing is presented as a key geometric
parameter for both CNTFET and GNRFET devices. The
scaling of channel length for sub 10 nm requires optimiza-
tion of this parameter to minimize the leakage current
and improve the performance ratio Ion/Iorr of the device.

Fig. 5 (a) and (b) show the impact of the lateral
spacing on the leakage current for both devices. The
lateral spacing is swept from 0.9 nm to 1.3 nm. The
results of this simulation confirm that the increase of
the lateral spacing parameters increases the leakage
current for both devices.

Complementary metal oxide semiconductors are
thought to be exceptional for the semiconductor indus-
try due to their fabrication in integrated circuits (ICs).
The number of transistors on a device increases rapidly
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as transistor size decreases exponentially. The ON
current presents the metric parameter that can control
the performance of the device for low power CMOS
applications [16, 17].
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Fig. 5 — Impact of the lateral spacing on the leakage current of
the CNTFET (a) and CNTFET (b)
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Fig. 6 — (a) Impact of the lateral spacing on the ON current of
the CNTFET, (b) Impact of the lateral spacing on the ON
current of the GNRFET
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IHopieuansuuin anasnia xapakrepuctuk CNTFET i3 moasiiinum 3aaTeopom
Tta GNRFET i3 kourakrom IlloTTKi

F. Beladam, A. Lazzaz ‘', K. Bousbahi, M. Ghamnia

Condensed Matter Science Laboratory, Oran 1 University, Oran, Algeria

TlonpoBi Tpamsucropm Ha ocHoBiI rpadenoBux Hauoctpiuok (GNRFET) Tta ByrieneBnx HaHOTPYOOK
(CNTFET) — 11e mepcrieKTUBHI TEXHOJIOTII, K1 OCTAHHIMU POKaMU IIPUBEPTAITL 3HAYHY yBary. BoHM akTHUBHO
JIOCJTPKYIOTHCS SIK MOJKJIMBI aIbTePHATHBY IIPUCTPOSIM 13 KPEMHIEBIM KAHAJIOM JIJIsI IHTEIPAJIBHIX CXEM 1 CHC-
TeM HACTYITHOIO HMOKo/HHA. O0HIBa TUM IPUCTPOIB MAIOTh IPUBAGINBI (Di3UUHI XapaKTePUCTUKHN JIJIS 3aCTO-
CYBAHHSI B €JICKTPOHIIT ¥ MOYKYTH JOIIOMOITH ITOJI0JIATH PISHOMAHITHI (hi3MYHI 0OMEYKEeHHS Ta HEeIOJIKH, 30K-
pema Bucokuii crpym Butory (lorr), edertn xoporroro kauaiy (SCE), a takosk mpobiemu, mos’si3aHi 31 3poc-
TaHHAM 1noporosoi Hanpyru (VrH) Ta HACHYEHHSIM IIBHIKOCTI HOCIIB 3apsify.

Heo0xinHo BpaxoByBaTH BILIMB IIApaMeTPa JaTePaIbHOT0 POSHECEHHS HA HAMIMHICTD IIPUCTPOIO, OCKLIBKHA
BiH 0e3IIocepeHb0 BU3HAYAE BEJIMUMHY IMAPA3UTHHUX €MHOCTeH. Y IIiif po0OTI MM IIOPIBHIOEMO ABA PI3HOBHUIHU
TIPUCTPOIB 1 JAOCIIIPKYEMO IXHI TIepeBaru 3 moriisiay crpyMmy BuUTOKY (lorr) Ta cTpymy yBiMEHEHOTO craHy (lon),
BukopucroByour KoHTakT LlorTki. [{y1s1 ommicy KBaHTOBOTO TPAHCIIOPTY B 000X IIPHCTPOSIX 3aCTOCOBAHO UHICE-
JIbHE MOJIEJIIOBAHHS Ha OCHOBI dropmastiamy HepiBHoBaxkuux QyHriiil ['pina (NEGF). ¥V memxax tpusumipHOTrO
KBAHTOBOI'0 MOJEJIIOBAHHS, BUKOHAHOTO 3a JOIoMorow mporpamuoro incrpymenty Nano TCAD Vides, mpoana-
JTI30BaHO IIepeJaBasbHI XapaKTepPUCTUKH, KPYTU3HY, IPOLI HOTEHIaLy Ta KoediIlleHTH IPOIIyCKAaHHS, 110
JI03BOJIMJIO BU3HAYNTH IIOKA3HUKYU epeKTUBHOCTI IpucTpoiB. HaykoBa HOBHM3HA po0OTH moOJIsirae B JOCATHEHHL
Kpalmx poboYrX XapaKTEPUCTUK IIPUCTPOIB 3aBISKN ONTHMI3allil IapaMerpa JIaTepaabHOro po3HeceHHs. Pe-
3yJIBTATH MOJIEJIIOBAHHS MIATBEP/PKYIOTh, 110 301/IBIIIEHHS IapaMeTpa JIATePAIbHOT0 PO3HECEHHS [IPU3BONTD
1o 3pocranss crpymy lox Ha 15,2 % miua CNTFET 1 ma 4,20 % muss GNRFET. Hocmimxenus mokaaye, 1mo 3a
YMOBH 3aCTOCYBAHHS HABEJEHUX TYT ONTUMAILHUX mapamMerpis npuctpoi Tuimy CNTFET e 6inbir nmepcnexTus-
HUMM JJIs1 cTBOpeHHsA mBuaKomiounx CMOS-cxeM 31 SHUSKEHUM €HeProCIOKIBAHHIM.

Kmiouosi cniosa: CNTFET, GNRFET, Biuunii inrepsasn, CTpym BUTOKY.
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