Editorial

https://doi.org/10.1038/s41565-023-01411-5

Moore mustgoon

W Check for updates

The passing of Gordon Moore, an
Intel co-founder, isagood time to
reflect on the achievements of the
semiconductors industry and how
nanomaterials could allow Moore’s
law to outlive its formulator.

e said it was just a lucky guess on

his part, a lucky extrapolation, a

prediction that was never meant

tobecome alaw: Gordon Moore’s

intuitionwould eventually shape
the whole semiconductorindustry.

In1965, early days for the integrated circuit,
three years before Intel, Gordon Moore, then
director of the research and development
laboratories at Fairchild Semiconductor,
published a ‘The experts look ahead’ article’
that formulated the idea that the number of
transistors on a silicon chip would double at
regular intervals for the next ten years expo-
nentially increasing the data-processing
power of computers, all while enabling a way
tocheaper electronics. Inthat article, whichat
the time didn’t make many waves, Moore pro-
posed that should the industry be able to fol-
low the rate of performance improvement of
thetime, then the realization of technological
“wonders suchashome computers, automatic
controls for automobiles as well as personal
portable communications equipment” could
be well within reach. In hisown words, he could
never see beyond the next three generations
of technology but was persuaded that min-
iaturization is the only way of making tran-
sistors more performant and cost-effective.
With every decade passing, Moore repeat-
edly expressed his constant admiration for
theingenuity of engineers and scientists that,
despite frequent practical roadblocks, kept
the technology development firmly ontrend,
from doubling the number of transistors every
couple of yearsto just eighteen months.

Seeing his law becoming a self-fulfilling
prophecy, Moore maintained his unwavering
advocacy forsilicon as the mainstream mate-
rial for the foreseeable future.In one of his late
interviews, he expressed scepticismregarding

the prospects of quantum computing beyond
some specific applications, never mention-
ingany nanomaterial as a potential successor
to silicon. Yet, he was fairly certain that the
downscaling would eventually push the device
structuresto the atomic dimensions, ushering
inthe era of nanoscale electronics.

Emerging low dimensional materials, such
as 2D semiconductors or carbon nanotubes,
might not have been directly acknowledged
by Gordon Moore, but the increasing number
of proponents of 2D and 1D materials is now
backed by multibillion dollars investments;
industry giants including Intel and Taiwan
Semiconductor Manufacturing Company
have unquestionably placed their bets.

In recent years, the main research efforts
in 2D material growth, especially transition
metal dichalcogenides (TMDs) and MoS, in
particular, have been focused on high uni-
formity, large-scale demonstrations com-
patible with semiconductor manufacturing.
However, the current technology readiness
of 2D-based electronics is nowhere near suf-
ficient to enable a swift transition towards
heterogeneous silicon/2D platforms just yet,
letalone the ending of the silicon erain favour
of TMDs.

Regardless, progress is coming fast and
steady. Single monolayer MoS, transistors
have gone from 4-pm channel length? to
sub-1-nm fabricated ona2-inch wafer?, show-
ing awafer-scale demonstration of functional
circuits*’. Recently, ageneral and highly repro-
ducible approach for growing crystalline 2D
layers and their van der Waals heterostruc-
tures at a temperature compatible with the
back-end-of-line process was reported®’. With
every new piece of research, 2D materials get

closertothe possibility of integration with sili-
conand possibly outperforming and replacing
italtogether. It would probably mean Moore’s
law will go on; despite being pronounced dead
somany times in the past.

At Nature Nanotechnology, we salute the
incredible journey of the 2D materials com-
munity for the formidable progress they have
made in the past two decades, from purely
basic science to the first proof-of-principle
nanodevices and finally nanodevice integra-
tion. We feel honoured of the trust the com-
munity has put in the journal and pledge to
continue to cover to the best of our ability
thefull spectrum of the 2D materials research
output. In addition, we are also very happy
to see our long-serving editor, Olga Bub-
nova — a name that might sound familiar to
some — starting a new adventure with the
launch of anew journal: Nature Reviews Elec-
trical Engineering (https://www.nature.com/
natrevelectreng/). We also take the oppor-
tunity to announce to the readers that Dr. Lu
Shi, formerly a deputy editor at Advanced
Materials, has replaced Olga in our editorial
team. Broadly, Lu will cover the same areas
as Olga’s.
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