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ABSTRACT The present paper guides the reader through six decades of research on 2D materials, thereby
putting special focus on the use of these materials for electronic devices. It is shown that after a slow
start and only little activity over many years, since 2004 the exploration of 2D materials advanced at an
enormous pace. While some of the high expectations raised in the so-called golden era of graphene did not
fulfil, other electronic applications for 2D materials that originally were not on the agenda gain increasing
attention now. One of the main research topics in the field of 2D materials during the early 2000s was
high-performance graphene transistors. This effort, however, led to a dead end due the consequences of
the missing bandgap in graphene. On the other hand, the semiconducting 2D materials show potential
for different device concepts including stacked-channel 2D nanosheet MOSFETs and 2D memristors.
The former may become the transistor architecture of choice at the end of the CMOS roadmap and 2D
memristors represent a promising device concept for future neuromorphic computing, a type of information
processing that shows great potential for artificial intelligence applications where energy efficiency is a
key requirement.

INDEX TERMS Memristor, nanosheet transistor, two-dimensional materials.

I. INTRODUCTION
The well-disposed reader might object that research on 2D
(two-dimensional) materials began in 2004, when Novoselov
and colleagues reported on the exfoliation of graphene [1],
and not 60 years ago as the title of the present paper sug-
gests. In fact, however, already six decades back from now
the formation of monolayers with a regular arrangement of
carbon atoms in a hexagonal lattice, i.e., the configuration
today called graphene, was observed in experiments [2].
Before starting our discourse, a few remarks on the use

of the term 2D materials in the present paper are advis-
able. As suggested by its designation, a 2D material such
as graphene represents a 2D system with large extensions
in two spatial dimensions and an extremely small exten-
sion in the third dimension. The electronic properties of
such 2D systems differ from those of the corresponding 3D
bulk material. It should be noted that 2D materials are by
far not the only 2D systems relevant for electronics. The
best known and most important electronic 2D system is

the inversion layer (channel) of the Si MOSFET, the dom-
inating device in today’s semiconductor electronics. In a
conventional MOSFET, this inversion channel is an electri-
cally induced extremely narrow quantum well at the surface
of a thick 3D semiconductor substrate. The work on 2D
inversion layers started already in the early 1950s for ger-
manium structures [3] and was later extended to silicon [4]
and other semiconductors. Another popular 2D system are
the 2D electron gases occurring at III/V semiconductor het-
erojunctions, e.g., AlGaAs/GaAs or InAlAs/InGaAs, which
are used in RF (radio frequency) transistors. Thus, one can
distinguish between different types of electronic 2D systems,
of which in the reminder of the present paper solely the 2D
materials are discussed in detail.
Strictly speaking, 2D materials consist of a single

monolayer of the corresponding material, e.g., of a sin-
gle layer of carbon atoms in the case of graphene, or
when considering 2D MoS2 of one layer of molybdenum
atoms sandwiched between two layers of sulfur atoms.
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It became common practice in the community, however,
to designate both monolayers and very thin sheets of
a few monolayers as 2D materials, and we follow this
convention.
The research on 2D materials passed through different

stages, from a modest start through a period of enthusi-
asm and excitement (we call it the golden era of graphene),
followed by a phase of disillusionment and partial frustra-
tion, finally leading to the current period of new prospects
and cautious optimism. In the present paper, we go through
these stages and discuss, from an electronic device engineer’s
perspective, both major achievements as well as problems
encountered by the community and research directions that
turned out to be dead ends. The discourse about the latter
should not be misunderstood as a know-it-all critique. On
the contrary, it should be considered as a constructive dis-
cussion in the spirit of Eden who was one of the leading
scientists in the field of digital GaAs electronics in the late
1970 and in the 1980s and who, in retrospect, delivered a
highly recommendable perspective on the evolution of dig-
ital GaAs technology [5]. Since this technology, in spite of
some achievements, could not fulfill the early expectations,
he stated that it is generally much more useful (for purposes
of achieving success in the future) to focus on past mistakes,
problems and failures than to bask in the glory of what went
right [5].
2D materials are currently explored for many different

applications and a variety of electronic device types based
on 2D materials are under investigation. To keep the length
of the discussion within reasonable limits, on the material
side we deal most and foremost with graphene since it was
the first 2D material investigated in detail and with the 2D
TMDCs (transition metal dichalcogenides) which currently
enjoy great popularity. Other 2D materials are mentioned
briefly but are not discussed extensively. Regarding devices,
the present paper focuses on 2D MOSFETs and 2D mem-
ristors, while other types of 2D devices are dealt with only
in passing.

II. THE EARLY YEARS
60 years ago, in November 1961, researchers from
Heidelberg University, Germany, submitted a manuscript to
the journal Zeitschrift für Naturforschung reporting on the
reduction of graphitic oxide and the observation of ultra-thin
carbon layers with a thickness down to a single monolayer
of atoms.
The paper was published in March 1962 [2], provided evi-

dence for the existence of a monolayer material, and marked
the beginning of the research on 2D materials. Nevertheless,
neither this paper nor those by May [6] from 1969 and van
Bommel et al. [7] from 1975 on the formation of graphene
on platinum and SiC surfaces attracted much attention, and
the 2D materials played only a subordinated role in science
for decades.

III. THE GOLDEN ERA OF GRAPHENE AND THE ADVENT
OF 2D MATERIALS BEYOND GRAPHENE
The situation changed abruptly in 2004, when the Geim-
Novoselov group from the University of Manchester, U.K.,
published a seminal paper on the mechanical exfoliation of
graphene from a natural graphite crystal. They observed car-
rier mobilities exceeding 10,000 cm2/Vs at 300 K in their
samples, discussed the possibility of ballistic carrier trans-
port in graphene over long distances, and concluded that
graphene may enable transistors that could be scaled down
to much smaller sizes and would consume less energy and
operate at higher frequencies than traditional semiconduct-
ing devices [1]. This paper raised enormous interest and
became one of the most frequently cited works in the fields
of physics and electronics. The Web of Science database [8]
counts 44,719 citations of this paper (as of Nov. 05, 2021).
Likewise in 2004, a second important paper on graphene

was published [9]. Here, a group from Georgia Tech,
USA, reported the formation of epitaxial graphene on
SiC, and again ballistic transport and the potential of
graphene for electronics were addressed: . . . the graphite/SiC
system could provide a platform for a new breed of
seamlessly integrated ballistic carrier devices based on
nanopatterned epitaxial graphene. Such an architecture
could have many advantages for nanoelectronics, including
. . . energy efficiency . . . Shortly afterwards, an upper limit
of 200,000 cm2/Vs for the room-temperature carrier mobil-
ity in graphene was suggested [10]. These high mobilities
moved to the fore in the discussions on the prospects of
graphene and set the main direction of graphene research
for the next years, ultra-fast high-performance transistors,
while other material properties (e.g., the missing bandgap)
gained less attention.
Funding agencies worldwide established a magnitude

of programs for graphene research. Examples are the
CERA program (2008, DARPA, $30 million) aiming at RF
graphene electronics [11], the National Graphene Institute
in the U.K. ($80 million approved in 2012) to foster
the commercialization of graphene, most notably for elec-
tronic applications [12], and the Roadmap for Graphene
Commercialization (South Korea, $200 million approved in
2012) [13]. Moreover, the Graphene Flagship (> $1 bil-
lion) was implemented by the EU in 2013 [14]. According
to the Flagship Research Agenda, graphene devices were
expected to break the 1 THz barrier in a matter of a few
years [15], and thus a core focus of the Flagship was on
ultra-fast graphene-based electronic systems.
On the scientific side, we witnessed fast progress in the

field of 2D electronic devices. In 2007, the first graphene
MOSFET was demonstrated [16] and only a few years later
graphene transistors showing cutoff frequencies f T (f T is an
RF figure of merit and designates the frequency at which
the small-signal current gain drops to unity) in excess of
420 GHz [17] and graphene RF ICs have been reported [18].
Moreover, researchers extended their work to 2D materials
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beyond graphene. A milestone in this direction was the
demonstration of the world’s first 2D MoS2 MOSFETs [19]
by A. Kis and colleagues from EPFL Lausanne, Switzerland.
This achievement motivated intensive work on MOSFETs
with semiconducting 2D channels consisting, e.g., of TMDCs
(like MoS2 or WSe2) or phosphorene. Due to the ulti-
mate thinness of the 2D materials, such MOSFETs show
excellent electrostatics and strongly suppressed short-channel
effects. In addition, several 2D materials offer heavier carrier
effective masses than Si. As predicted by theoretical stud-
ies [20]–[21], this leads to a very effective suppression of
direct source-drain tunneling even at ultra-short gate length
levels below 5 nm. The demonstration of a MoS2 MOSFET
with 1 nm gate length (note that this is the MOSFET with
shortest gate reported ever) showing excellent switch-off
and a subthreshold swing of 65 mV/dec [22] confirmed the
predictions.
In 2009, A. Geim was awarded the prestigious annual

e750,000 Körber Foundation European Science award and
in 2010 the Nobel prize in physics went to A. Geim and
K. Novoselov for their achievements in graphene research. In
addition to the scientific results mentioned above, these two
prizes consolidated the reputation of graphene to be highly
promising for future electronics.

IV. THE PERIOD OF DISILLUSIONMENT
Despite the excellent results discussed in Section III, the
voices warning that the potential of the 2D materials might
be overestimated became louder during the 2010s and the
prospects of the 2D materials for electronics were assessed
less optimistic. Several reasons contributed to this change
of mood.
Since graphene is gapless, graphene MOSFETs do not

switch off properly and therefore are not suitable for digi-
tal logic. We note that digital logic represents the backbone
of today’s information processing technologies and stands
for a multi-billion-dollar market. While a bandgap can be
opened in ultra-narrow graphene nanoribbons, this leads
to a dramatic reduction of the mobility so that the main
advantage of graphene is lost [23]. Graphene as well as all
semiconductors including the 2D materials beyond graphene
are subject to what we call the mobility-bandgap trade-
off, which is observed at and around room temperature and
shown in Fig. 1. It can clearly be seen that by trend for an
increasing bandgap the mobility decreases and that only the
zero bandgap and narrow bandgap materials show ultra-high
mobilities. The hole mobility (not shown in Fig. 1) exhibits
a similar, albeit somewhat less pronounced, behavior.
Interestingly, at low temperatures the electron mobility

gap between graphene and the conventional semiconductors
seems to become smaller or even to disappear. For example,
in suspended graphene an electron mobility of 106 cm2/Vs
was measured at 4.2 K [25], while at the same temperature
electron mobilities exceeding 3×106 cm2/Vs were observed
in AlGaAs/GaAs structures [26].

FIGURE 1. Room temperature electron mobility vs bandgap of 2D
materials, bulk semiconductors (undoped), and Si MOS channels, together
with a trend line indicating the mobility-bandgap tradeoff. UTB: Ultra-thin
body. After [23]–[24], updated.

Another important application for transistors is RF elec-
tronics. Since in most RF circuits the transistors do not
necessarily have to be switched off, a lot of work has been
done to exploit the high mobility of graphene for ultra-
fast RF MOSFETs. It turned out, however, that the zero
bandgap of graphene is not only responsible for the miss-
ing switch-off, but for a poor saturation of the drain current
in the transistors’ output characteristics (drain current ID
as a function of the drain-source voltage VDS) as well. It
has been shown by both theory [27] and experiments [28]
that graphene MOSFETs with long gates show kind of a
drain current saturation in a very limited VDS range only.
High-performance RF MOSFETs, however, need to have
very short gates and for graphene MOSFETs with such
short gates the saturation is poor or even missing at all.
The slope of the output characteristics is a measure for the
current saturation, appears in the transistor’s small-signal
equivalent circuit as the differential drain conductance gds,
and affects the RF performance. It particularly degrades the
RF power gain and the maximum frequency of oscillation
fmax (fmax is the frequency at which the unilateral power
gain drops to unity), while its effect on current gain and
f T is much weaker [24], [29]. Recognizing this is important
when assessing the suitability of transistors for RF applica-
tions since for most of such applications a high power gain
and thus a high fmax are much more important than high
current gain and high f T.

Table 1 comparing the RF performance of the best RF
graphene MOSFETs with that of competing RF FET types
in terms of fmax and f T indicates that graphene MOSFETs are
capable of RF operation but that their performance falls short
to that of other RF FETs. This leads us to the conclusion
that graphene MOSFETs are neither suited for digital logic
nor for high-performance RF applications.
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TABLE 1. RF performance of RF FET types in terms of fmax and fT.

When the limitations of graphene MOSFETs became
apparent, several groups explored vertical beyond-MOSFET
graphene transistor concepts [37]–[38]. While operating
vertical graphene transistors could be demonstrated, their
performance was by far not good enough to compete suc-
cessfully with Si transistors. Thus, we cannot help but note
that graphene transistors turned out to be a dead end.
On the other hand, MOSFETs using semiconducting 2D

materials beyond graphene for the channel stand out due
to their excellent switch-off. Moreover, many 2D materi-
als offer heavy carrier effective masses meff. For example,
meff for electrons is around 0.5× m0 for the Mo-based 2D
TMDCs, compared to about 0.2×m0 for Si, where m0 is the
electron rest mass. Strictly speaking, the Si meff given above
refers to the conductivity electron mass for Si channels on
(100) Si surfaces in the <011> direction while for other Si
surface orientations and channel directions, meff may vary to
a certain, but in many cases limited, extent [4], [39]–[40]).
Since a heavy meff helps suppressing source-drain tun-

neling in ultra-short channels, 2D MOSFETs are scalable
beyond the limits of Si MOSFETs and therefore show
promise for ultimately scaled CMOS logic with sub-5 nm
gate transistors. Note, however, that in 2011 the FinFET
architecture has been introduced into production [44]. Since
FinFET footprint can be decreased without shrinking the
gate length, it became consensus in the CMOS community
that, in contrast to earlier predictions [45], gate length scal-
ing will level off at around 10 nm [46]. Here, source-drain
tunneling is not an issue and a heavy carrier effective mass
as offered by 2D materials is not needed. Moreover, the
attempts to introduce 2D materials into FinFET technology
showed rather modest results [47].
All this caused the optimism of the 2D community to fade

away and made way for an atmosphere of gloom. While that
is understandable to a certain extent, we recommend to keep
a cool head and not to put the 2D materials off the agenda,
in particular since inflated expectations, followed by a phase

of disillusionment, are not specific for graphene and the 2D
materials but rather part of the evolution of any emerging
technology today [48]–[50]. Instead, the strengths and weak-
nesses of the 2D materials should be carefully analyzed, the
question whether fundamental reasons speak against using a
certain material for a targeted application (e.g., gapless chan-
nels do not switch off) should be posed, and, if there are
such fundamental limitations, alternative applications where
other materials fail or perform poor should be looked for.

V. NEW PROSPECTS AND CAUTIOUS OPTIMISM
Currently, research on 2 D materials continues without
restraint. An interesting detail is that the search for unex-
plored 2D materials received support from computational
chemistry recently. Taking 3D bulk materials as starting
point and investigating their bonding conditions, a plethora
of materials potentially existing in stable 2D configura-
tions were identified and their electronic properties were
calculated.
The number of such potentially existing 2D materials rose

quickly from 49 in 2013 [51] to 170 in 2014 [52] and
finally to over 6000 today [53]. Figure 2 shows our attempt
to categorize the 2D materials and provides an impression
of the tremendous diversity of this material class. We note,
however, that in the foreseeable future only part of these 2D
materials will really be prepared and that so far, this is our
guess, only less than 5% of the possibly existing 6000 2D
materials have been demonstrated experimentally yet.
On the device side, we observe a renewed interest in

2D MOSFETs for digital CMOS in both academia and the
chip industry. The reason is that FinFET scaling, although
still successfully practiced, will come to an end soon and
therefore a new MOSFET architecture is needed. A pos-
sible beyond-FinFET scaling scenario is shown in Fig. 3.
In a first step, the FinFETs are replaced by MOSFETs
with multiple vertically stacked Si (or Ge) nanosheet
channels [54]. By properly choosing the lateral dimensions
of the nanosheet channels, substantial area savings can be
achieved. We mention that the concept of stacked-channel
nanosheet MOSFETs is already close to mass production. In
May 2021 IBM unveiled details of a 2-nm node technology
which applies stacked-channel Si nanosheet transistors [55].
Note that the 2 nm in the technology name is neither related
to the gate length nor to any other geometrical dimension
of the transistors. Instead, the gate length of the MOSFETs
in this technology is 12 nm. The plan is to transfer the
2-nm technology to Si foundries and to have it foundry-
ready in 2024. The next step envisaged is vertically stacking
not only the channels of a single transistor but rather stack-
ing n-channel and p-channel nanosheet MOSFETs one on
top of the other. Such a technology does already exist at the
laboratory stage [56]. Finally, replacing the Si nanosheets of
stacked-channel transistors by sheets of 2D materials might
lead to the ultimate MOSFET architecture [57].
This concept would combine the area saving arising from

optimizing the lateral nanosheet dimensions as mentioned
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FIGURE 2. Categorization of the 2D materials. BOC: Bismuth oxychalcogenide. TMO: Transition metal oxide. PVK: Perovskite. MC: Metal chalcogenide.
PEA: C6H5C2H4NH3. Ti3C2Tx: Ti3C2 terminated with F or OH groups. COF: Covalent-organic framework [41]. MOF: Metal-organic framework [42].
Meaning of the colors: Black – Material classes and subclasses. Red – Semiconducting. Blue – Metallic/semi-metallic/narrow-bandgap. Green –
Insulating. Meaning of the styles (regardless of color): Italic – Used for the channel in experimental MOSFETs. Underlined – Used as active layer in
experimental memristors. After [43], updated.

FIGURE 3. Scenario for MOSFET evolution from planar MOSFETs (past) via
FinFETs (today) to stacked 2D nanosheet MOSFETs at the final stage of
CMOS scaling, after [57].

above with the area savings of vertically stacked n- and
p-channel MOSFETs (two transistors at the footprint of one)
and with the superior electrostatics of 2D MOSFETs.
Moreover, the carrier mobilities in semiconducting 2D

materials, while being lower than that in bulk Si, are very
competitive compared to, and even higher than, the mobilities
in ultra-thin Si nanosheets, see Fig. 4.
Another promising application for 2D materials is mem-

ristive devices. They can be used as both a memory and a
switch and, moreover, show promise for bio-inspired neuro-
morphic computing which can be extremely beneficial for AI
(artificial intelligence) applications. AI is one of the major
trends in current information technology and its importance

FIGURE 4. Electron mobility in monolayer MoS2 and thin SOI (silicon-on
insulator) layers versus thickness. Data for SOI taken from [58]–[60].

will grow quickly in the future [61]. Today’s computers,
which are based on the von Neumann architecture and on
Boolean logic operations, are far from ideal for AI appli-
cations. A much better solution for many AI problems is
information processing in a similar way as done in biologic
brains, i.e., neuromorphic computing.
A precondition for such a bio-inspired computing is the

ability to emulate the operation of the basic elements of
biologic brains, which are synapses and neurons. A first
option to achieve this is using neuromorphic CMOS-based
systems. Pioneering work in this field was done during the
late 1980s [62]–[63] and commercial CMOS-based neuro-
morphic systems are available on the market today [64]–[65].
An alternative and possibly even more promising approach is
to use devices showing resistive switching as basic building
block. These devices, in their simplest form, are two-terminal
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FIGURE 5. Representative ranges of the switching voltages for various
memristor types (colored ellipses). The data points represent the lowest
switching voltages for the different memristor types and are taken
from [71], [77]–[87].

structures able to switch between a high-resistance and a low-
resistance state and to retain their resistance state when the
voltage is removed. Already in the 1960s the first resistive
switching devices were demonstrated [66]–[67] and during
the 2000s a true run on such devices could be observed.
One direction of the work was focused on exploiting resis-
tive switching for non-volatile memories [68] called RRAM
(resistive RAM). Moreover, with resistive switching devices
the operation of synapses and neurons can be reproduced
in a very elegant and energy-efficient way and in this con-
text they are usually designated as memristors [69]–[70].
Memristors may become the key elements for future neuro-
morphic computing and may play an important role in AI
systems where energy efficiency is a key requirement.
So far, the majority of memristors are vertical MIM

(metal-insulator-metal) structures [70]–[72]. Part of them
show memristive switching right after fabrication but typi-
cally need switching voltage around/above 1 V while others
offer lower switching voltages, yet need a cumbersome elec-
troforming process. Recently both vertical [73]–[74] and
lateral [75]–[76] memristors made of 2D materials, most
notably TMDCs and hBN (hexagonal boron nitride), have
been reported. The vertical 2D memristors show several
advantages over MIM memristors. First, most of them do not
need electroforming and second, by trend they show lower
switching voltages than to MIM memristors as can be seen
in Fig. 5.
The lowest reported switching voltages of 100 . . . 300 mV

of vertical 2D memristors are already close to the poten-
tials typical for biologic brains. While lateral 2D memristors
require higher switching voltages than their vertical coun-
terparts, they offer a higher degree of functionality since
lateral structures can be equipped with gates and additional
terminals. Thus, 2D memristors may play an important role
in future power-efficient neuromorphic computing.

A long term vision is the realization of integrated hybrid
2D CMOS – 2D memristor circuits. The basic idea has
been elaborated for a Si CMOS process where one or more
MIM memristor layers are fabricated on top of the CMOS
circuitry [88] and such hybrid circuits have already been
realized [89]. The same concept can be imagined for a 2D
nanosheet CMOS process combined with 2D memristors.
In addition, 2D memristors are attractive for an application
much different from neuromorphic computing. In [90], hBN
memristors have been used as RF switches operating properly
up to 50 GHz.
Beyond transistors and memristors, much more electronic

applications for the 2D materials are currently under consid-
eration. These include, e.g., optoelectronic devices, sensors,
the use of 2D materials for transparent electrodes and in
batteries, and many more [91]–[92]. There are even the
first commercial applications for graphene, albeit not in the
heart of high-performance electronics. Instead, graphene is
used, e.g., as efficient heat conductor and for flexible touch
screens [93].
To get a realistic picture of the current status of the 2D

materials, in addition to the promising prospects highlighted
above also some of the problems and challenges connected
to the 2D materials beyond graphene should be discussed
briefly. A first general point to mention is that the 2D mate-
rial and device technology is still at an embryonic stage
and much less mature compared to Si technology. One of
the pressing issues is the deposition of homogeneous 2D
material films with constant and controllable thickness and
crystallographic quality. Different approaches for large-area
2D material growth including chemical vapor deposition,
metal-organic chemical vapor deposition, atomic layer depo-
sition, and molecular beam epitaxy, each with specific merits
and drawbacks, are followed [94]–[95]. Frequently the devel-
opment of a growth process enabling the formation of a
single-crystalline 2D layer across a whole wafer is defined
as the goal. While this is certainly a respectable objective,
it is an illusion to believe that such a growth method will
become available in the foreseeable future, and this is not
necessary at all since a well-defined layer quality is needed
in and close to the active device regions only and not across
an entire wafer. Recent work on the patterned growth of 2D
materials [96]–[97] goes precisely in this direction.
Another issue of the 2D materials is doping. First, for

digital CMOS both n-channel and p-channel 2D nanosheet
MOSFETs are needed and thus an approach for achieving
local n-type and p-type doped regions has to be developed
for the 2D materials. Moreover, to achieve optimum tran-
sistor performance in Si CMOS technology, well-defined
doping profiles with steep doping gradients are used, and
the possibility to get such doping profiles for 2D nanosheet
MOSFETs is highly desirable. While research on doping
of 2D materials is in progress [98], a lot of work in this
field is still to be done. Finally, at present it is not clear
which insulators are best suited for the gate dielectric of 2D
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nanosheet MOSFETs [99]. Also crucial for both 2D tran-
sistors and memristors are the contacts between metals and
the 2D materials [100]. For transistors, ohmic source/drain
contacts with low contact resistance are needed. The contact
resistances achieved so far are still too high and need to
be reduced. Depending on the memristor type, good ohmic
contacts and possibly also well-defined rectifying Schottky
contacts are needed.
Finally it should be mentioned that the physics of 2D

memristors and the origin of resistive switching in these
devices are still not well understood. Thus, apart from solv-
ing various problems related to the growth and processing
of 2D materials, a lot of theoretical work, in particular on
the operation of 2D memristors, is still to be done.

VI. SUMMARY AND OUTLOOK
Research on 2D materials started slowly 60 years ago, expe-
rienced a tremendous boom since 2004, and is an incredibly
active field of research still today [101]–[103]. Many of
the 2D materials, in particular those having a bandgap, are
promising for transistors at the end of the CMOS roadmap,
for memristors, and for other types of devices. Gapless
2D materials such as graphene, however, could not ful-
fill the high expectations. When assessing the potential of
new materials and novel device concepts, be they nanosheet
MOSFETs, memristors, or others, one should never focus
on only a single material property or only on one particular
device feature since, as we have seen in the discussion on
graphene and the high carrier mobility, this may lead into
a dead end. Instead, one should always keep an eye on the
big picture.
Graphene is the first 2D material that found its way to

commercial applications, though not in devices for high-
performance information processing. Moreover, it paved the
way for the large variety of other 2D materials currently
under investigation. From these, in particular the semicon-
ducting materials are of great interest for electronics. In spite
of many open questions and unsolved problems, we expect
further rapid progress in the research on 2D materials. On
the other hand, certainly not all current expectations will be
met. One should always bear in mind that Si has an incred-
ible head start over all other electronic materials in terms of
maturity and accumulated investments. This makes it diffi-
cult for alternative materials, including the 2D materials, to
compete. Notwithstanding we are convinced that 2D mate-
rials will enjoy popularity in the future as they do today
and that some of them will find their way into real-world
electronic applications.
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