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Abstract:
Graphene is an emerging material in the field of electronics 
and electrical engineering in recent years, and it is 
composed of only a single layer of carbon atoms, which 
gives it some properties that many other materials do 
not have. For example: high conductivity, high carrier 
mobility, etc. Due to its excellent performance, it is 
widely used in many electronic devices, among which 
supercomputers are a typical example. Graphene replaces 
silicon in supercomputers to produce transistors for use 
in supercomputers, and it has its own drawbacks in the 
process of using graphene in the process of scientists 
because it is not entirely advantageous. This article will 
discuss the advantages and disadvantages of graphene as 
a substitute for silicon in supercomputers. In the first part, 
this paper will briefly introduce how graphene is made, 
the sources of demand for graphene, and how graphene 
works instead of silicon in supercomputers, then introduce 
the advantages of graphene, and finally introduce the 
disadvantages of graphene and how to deal with it. The 
research in this paper will be of great value for the further 
research and application of graphene.

Keywords: Graphene; Silicon; Supercomputer; Transis-
tor.

1. Introduction
As the name suggests, a supercomputer is a type of 
computer that performs better and is more efficient. 
Supercomputers typically have a power of around 
40 megawatts, and this high power brings higher 
efficiency, but also higher energy consumption, so 
scientists need new materials to help further improve 
energy efficiency and reduce energy consumption. 
Through multiple experiments and comparative data, 
scientists have discovered materials such as black 
phosphorus, graphene, boronphenol, etc. Among 

these materials, black phosphorus has some supe-
rior physical properties, such as high mobility and 
tunable bandgap, which make it potentially useful in 
the field of semiconductors and photonic electronics. 
However, these key attributes are not directly appli-
cable to supercomputers. The problem with borol 
is that it is too small, and the construction of super-
computers requires technical support and specific 
materials, and the applications of black phosphorus 
in these areas have not been fully developed and ver-
ified. Due to the special application fields and needs 
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of supercomputers, they have strict requirements for the 
size and performance of hardware devices. Its small size 
means that it may not be able to meet the hardware re-
sources required by supercomputers to process large-scale 
data and complex computing tasks. So, among these ma-
terials, graphene is best suited for supercomputers. As sil-
icon-based electronics push the limits of performance and 
capacity through size, the attention of the semiconductor 
field has turned to graphene, a material made up of a sin-
gle layer of carbon atoms arranged in a honeycomb lat-
tice. The high mobility of its carriers (electrons and holes) 
may lead to its frequent application in the next generation 
of high-performance devices. However, due to graphene’s 
poor on/off current ratio due to its zero bandgap, it is un-
likely to completely replace silicon. Nonetheless, it can be 
used, for example, to improve silicon-based devices, espe-
cially high-speed electronics and optical modulators, for 
example by synthesizing silicon carbide [1]. The unique 
properties of graphene make it one of the basic materi-
als for many energy sources, before the use of graphene 
electrodes, lithium was mainly used in energy production 
units, but since the invention of graphene, the situation 
with electrodes has changed. Lithium-ion batteries are 
now combined with graphene electrodes to improve the 
efficiency and energy yield of the device [2]. In the first 
sub-topic, this article will introduce the specific structure 
and application principles of graphene in supercomputers, 
and show the location of graphene in transistors. In the 
last two subtopics, this article will explain the advantages 
and disadvantages of graphene in specific applications and 
propose solutions to address some of the disadvantages.

2. How graphene and silicon work in 
supercomputers
Graphene is a revolutionary material known for its ex-
ceptional strength and unique properties. Graphene was 
first successfully produced in 2004 by Andre Geim and 
Konstantin Novoselov, two distinguished scientists from 
the prestigious University of Manchester in the United 
Kingdom. The two ideated researchers stumbled upon a 
method that is very simple but very effective at separating 
graphene. Their breakthrough technology enables metic-
ulous extraction of ever-thinner flakes from graphite, a 
form of carbon.
The initial stage of their innovative process involves fine-
ly stripping a thin layer of graphite from a highly oriented 
block of pyrolytic graphite, a material with a highly or-
dered structure. Next, the researchers glued two sides of 
the extracted graphene sheets onto special tape. The next 
key action is to carefully tear the tape, which causes the 

graphene sheet to split in half. The action of removing 
the tape is repeated constantly, and the thickness of the 
graphite sheet decreases with each cycle. Finally, after 
several operations, the scientists succeeded in isolating 
a thin sheet composed of a single layer of carbon atoms, 
which also represents the first birth of graphene. This 
groundbreaking achievement not only opens new ave-
nues for scientific research, but also lays the foundation 
for many technological advances, such as redox method, 
solvent exfoliation, chemical vapor deposition, etc(These 
are some of the methods of making graphene that appear 
later.),demonstrating the incredible potential of this sin-
gle-atom-thick material.
In recent years, silicon-based transistor speeds have 
hit a bottleneck, mainly due to scaling techniques and 
short-channel effects. To put it simply, silicon-based 
transistors cannot be reduced to shorter lengths, and if 
they continue to be shortened, the performance of sili-
con-based transistors will be affected, and its conductivity 
will decrease. The opposite is graphene, which shows 
good value in terms of electrical conductivity. As a result, 
graphene appears to alleviate the shortcomings associated 
with silicon-based transistors, and it is for this reason that 
graphene is considered one of the most promising candi-
dates to replace silicon in nanoscale and transistor appli-
cations. The main problem with graphene is that graphene 
is inherently gateless, whereas transistors need a bandgap 
with good on/off logic correlation. The thickness advan-
tage of graphene makes it not subject to the heat dissipa-
tion limitation per unit area caused by shrinkage, so it is 
highly sought after by the scientific community [3].
Due to the size constraints of silicon metal-oxide-semi-
conductor field-effect transistors (MOSFETs) in recent 
years, new materials and device concepts need to be 
introduced. Single-layer graphene is a two-dimensional 
material with a crystal lattice consisting of regular hexa-
gons with a carbon atom at each corner. The bond length 
between adjacent carbon atoms is 1.42 Å and the lattice 
constant A is 2.46 Å. Graphene is often used as a channel 
for transistors in supercomputers, connecting the source 
and drain, but it will not be a completely independent 
channel because graphene is a zero-bandgap material. Sci-
entists typically make a thin layer of graphene attached to 
silica, and the benefit of this adhesion effect is that due to 
graphene’s excellent mobility and ductility, graphene can 
scale to shorter channel lengths and achieve higher speeds 
without the undesirable short-channel effects that limit 
the performance of existing devices. As a result, the per-
formance is improved without completely replacing the 
silica. However, the parasitic capacitance of such devices 
is too large to integrate with other components, so a true 
graphene transistor requires a top gate. Graphene MOS-
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FETs with a top gate were first reported in 2007 [3]. The 
different types of graphene MOSFETs are shown: back-
gate MOSFETs (Fig. 1), a top gate (Fig. 2), where the 
channel is partially stripped graphene, or graphene grown 
on a metal and transferred to a silicon wafer coated with 
SiO2, and the top gate (Fig. 3), where the channel is epi-
taxial graphene. The red channels shown here can be com-
posed of graphene nanoribbons or large areas of graphene 
[4].

Fig. 1 Back-gate MOSFET [4].

Fig. 2 Top-gate MOSFET [4].

Fig. 3 Top-gate MOSFET [4].

3. The advantage of graphene instead 
of silicon to produce supercomputers
In today’s era, graphene is a new type of material with 
significantly better carrier mobility than previous mate-
rials. The speed of electrons in graphene is much faster 

than that in ordinary conductors, and studies have shown 
that they can be close to one-third of the speed of light 
(about 1000 km/s). High-frequency circuits need precisely 
this characteristic of graphene, and high-speed electronic 
movement can greatly improve the operating speed of 
computers, so as to achieve the purpose of enhancing the 
efficiency of supercomputers. The excellent electrical con-
ductivity of graphene, especially its extremely small layer 
spacing, allows for a shorter diffusion path for lithium 
ions, thus enhancing the electron transport performance 
of electronic devices. In addition, the entire outer surface 
of graphene is covered with lithium ions, which improves 
the transmission performance and further enhances the 
effectiveness and performance of the electronics.
Graphene not only has excellent electrical conductivity, 
but also has two other remarkable properties, namely flex-
ibility and transparency. It absorbs only about 2.3% of vis-
ible light, so graphene is very transparent, reaching a state 
of almost complete transparency. This property makes 
graphene a very important material, if not essential, in 
the manufacture of transparent electronics. For example, 
in the fields of transparent touch displays, light-emitting 
panels, solar panels, etc., the application of graphene can 
significantly improve the aesthetics and user experience of 
products while ensuring that devices remain functional. It 
is because of these unique properties that graphene is seen 
as an ideal material for making flexible displays for super-
computers.
The softness and transparency of graphene make it per-
fectly adaptable to the shapes and surfaces of various 
electronic devices without any effect on the propagation 
of light. The two major properties of this material not only 
open up new possibilities for the development of wearable 
devices and flexible electronics, but also greatly enhance 
the advanced nature of display technology. These two ad-
vantages of graphene make it has broad application pros-
pects in the future electronics industry, which may subvert 
our understanding and use of electronic devices and create 
a new field.
Due to its wide theoretical specific surface area and 
unique structural characteristics, graphene has substantial 
advantages when used as an electrode material. The use of 
graphene as a positive electrode material can significantly 
improve the life of lithium-ion batteries. These batteries 
are equipped with graphene cathodes, showing increased 
durability and maintaining their excellent quality after 
enduring more charge and discharge cycles. In the field 
of double-layer capacitors, the reduction of the graphene 
size and the increase of the interlayer spacing can effec-
tively utilize the specific surface area of graphene. This, 
in turn, improves the capacitors’ specific capacity and rate 
performance. In addition, graphene has two significant 
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advantages in terms of low power consumption and high 
carrier saturation speed. Transistors made of graphene 
show higher switching speeds and lower energy consump-
tion, making them highly efficient. In supercomputers, 
graphene is a key component in the transistor, acting as a 
conduit connecting the source and drain, thus facilitating 
fast and efficient data processing.

4. The disadvantage of graphene in-
stead of silicon to produce supercom-
puters and the solutions to the prob-
lems
Due to the observation that graphene has excellent carrier 
mobility, much of the discussion about the graphene pros-
pect has been positive. As a result, people tend to ignore 
the problems they are experiencing.
Graphene, a material widely regarded as having revolu-
tionary potential, has a very broad application prospect. 
However, one of its significant drawbacks is its high cost. 
The production process of graphene is quite complex and 
involves a series of delicate steps that rely on advanced 
science and technology. At present, fabricating high-puri-
ty graphene nanoribbons is still a technically challenging 
task, which makes it difficult for ordinary factories to 
handle this production process. Even when high-quality 
graphene nanoribbons are successfully fabricated un-
der laboratory conditions, the high cost can discourage 
factories from considering large-scale production of 
graphene-containing supercomputers. This high cost is 
mainly due to the expensive raw materials, sophisticat-
ed equipment and complex technical processes required 
in the graphene production process. To overcome these 
obstacles, researchers and engineers are working to find 
more economical and efficient production methods. They 
are trying to reduce the cost of graphene production by 
improving existing production technologies, or by devel-
oping entirely new synthetic pathways. In addition, some 
research teams are also exploring how to replace the cur-
rent expensive raw materials with cheaper raw materials, 
in order to further reduce production costs. Although these 
efforts have made some progress, the cost of graphene 
production remains high. This is mainly due to the fact 
that the graphene production process requires highly elab-
orate operations and sophisticated equipment, which are 
inherently very expensive. In addition, the production of 
graphene also requires the use of some special chemical 
reagents and high-purity gases, and the cost of these mate-
rials is relatively high [5].
The scientists concluded that the ideal semiconductor 
needs to have the following characteristics: 1) a sufficient-

ly wide bandgap that can be combined with high thermal 
conductivity and excellent carrier transport performance. 
2) The production steps are not complicated, but they are 
compatible with SiCMOS (Silicon Complementary Metal 
Oxide Semiconductor). 3) The stability is high enough not 
to affect the carrier transmission rate near the semicon-
ductor surface. 4) Low contact resistance. However, with 
the current state of the art, scientists could not find materi-
als that fully met these requirements, and they had to seek 
compromises [6]. Among the many materials, graphene 
stands out. Although the zero-bandgap characteristic of 
graphene is contrary to the ideal property (1), the crys-
tal structure of graphene can be changed by doping and 
creating a bandgap within it. Doping can be divided into 
n-type doping and p-type doping, which increase the va-
riety of charge carriers in different ways. N-type doping 
produces free electrons by doping pentavalent elements, 
whereas p-type doping produces holes by doping trivalent 
elements. This paper usually combine these two doping 
methods to form a p-n junction, and by adjusting the 
charge flow in the p-n junction, this paper can effective-
ly adjust properties such as current switching and size. 
The Shanghai Institute of Microsystem and Information 
Technology, Chinese Academy of Sciences, using copper 
vapor as an auxiliary and Cu Ni alloy, reported for the first 
time the extremely rapid growth of 1.5-inch graphene sin-
gle crystals in the world. This achievement, published in 
Nature Materials, further demonstrates the feasibility and 
potential of graphene in supercomputer applications [7].
Among the many studies, the physics laboratory at ETH 
Zurich in Switzerland carried out another remarkable 
experiment. They have successfully developed a new 
type of adjustable electronic transistor device whose core 
material is graphene. The design and construction of this 
device is very unique, consisting mainly of a graphene is-
land, which is surrounded by two narrow graphene sheets, 
thus forming a special structure. These two narrow sheets 
of graphene act as a connection between the source and 
drain, allowing electrons to travel freely between them. To 
further optimize and tune the performance of this device, 
the researchers incorporated three transverse graphene 
gates into the design, which effectively control the flow of 
electrons. In addition to this, they also added an additional 
back door to the unit to allow for finer adjustments. As 
a two-dimensional material, the zero-band gap property 
of graphene has been a major obstacle limiting its appli-
cation in electronic devices. However, with this unique 
device design, the researchers succeeded in overcoming 
this difficulty. This breakthrough allows the advantages of 
graphene to be fully exploited. With this new electronic 
transistor device, the application prospect of graphene has 
become more broad, especially in the field of high-perfor-
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mance electronic devices. The successful experiment of 
this device brings great potential and hope for the future 
of electronic technology [8]. Although graphene’s ze-
ro-bandgap nature causes graphene MOSFETs to fail to 
turn off, graphene only needs one layer of atom thickness 
to provide enough conductivity for a field-effect transistor 
to operate properly. The disadvantages and advantages of 
graphene are mixed together to achieve a balancing effect, 
which makes it a suitable compromise.

5. Conclusion
In general, the application prospect of graphene in super-
computers is currently very optimistic, and it is expected 
to become a key research and widely used material in the 
scientific community, although it is still in the research 
and development stage, but the research progress on it has 
been deepening, which also shows that it has driven the 
development of some research areas in the scientific com-
munity and can promote the process of related industries. 
According to the current research progress, the high carri-
er mobility of graphene can improve the transmission per-
formance of electronic devices; Graphene’s large theoreti-
cal specific surface area and unique structure make it very 
suitable for use as an electrode material; Graphene has 
low power consumption and high carrier saturation rate, 
which improves the operating efficiency of supercomput-
ers during use. Although the cost of graphene is high, and 
it will be troubled by zero band gap in the process of use. 
However, scientists believe that with the progress and de-
velopment of science and technology, the cost of graphene 
will gradually decrease, and in addition, the problem of 
zero band gap of graphene can be solved by doping. In 
general, in the process of use, the advantages of graphene 
are innumerable, and the few disadvantages can also be 

solved by suitable methods. Graphene’s advantages and 
disadvantages still outweigh its disadvantages when com-
bined, making it an ideal alternative to silicon. Graphene’s 
advantages are attractive, but its disadvantages also make 
it relatively uncompetitive in the semiconductor field. 
Therefore, when choosing whether to use graphene in-
stead of silicon in the transistors of supercomputers, it is 
necessary to apply the advantages at the suitable aspect to 
avoid its fatal disadvantages.
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