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Periodic arrays of p–n junctions in graphene, which can be controlled using ferroelectric
gates,  were  realized  experimentally  and  described  theoretically. The  potential  barriers  are
responsible  for  the  formation  of  these  p–n  junctions  due  to  the  complex  interaction  between
ferroelectric  polarization,  chemical  interaction,  and  the  structure  of  defects  at  the  graphene-
ferroelectric  interface. However,  we  are  not  aware  of  any  works  in  which  the  graphene-on-
multiferroic nanostructure was considered, either experimentally or theoretically. Here we consider
a hybrid nanostructure “graphene on Hf0.5Zr0.5O2 thin film”, which unusual physical properties is of
fundamental interest, and which can be useful for advanced nanoelectronics.

We chose Hf0.5Zr0.5O2 because of its full CMOS compatibility and relatively high ferroelectric
polarization (~30  µC/cm2),  which does not degrade, but increases by  “waking‐up” electric-field
cycling. We  use  the Landau-type  phenomenological  approach  to model  the  ferroelectric and
antiferroelectric properties of Hf0.5Zr0.5O2 thin films, which are strongly affected by surface and size
effects. Next, we study the possibility of implementing a stable negative capacitance of the insulator
in “graphene on Hf0.5Zr0.5O2 thin film” due to  the influence of size effects, which would open the
principal  possibility  to  reduce  the  subthreshold  swing  to  the  values  below  the  threshold,  60
mV/decade  at  room  temperature,  and  supply  voltage  to  the  values  below  the  fundamental
Boltzmann limit, 0.5 V. It is shown theoretically that it is possible to achieve a transient negative
capacitance of a ferroelectric in the situation when the charge at the capacitor plates increases more
slowly than the ferroelectric polarization. Due to the stable positive free energy and capacity of the
whole system, the effect of the Hf0.5Zr0.5O2 film negative capacitance cannot be manifested outside
the  hybrid  system  and  so  it  cannot  contribute  to  further  miniaturization  of  e.g.,  MOSFETs.
However,  the  nanostructure can be very promising for energy harvesting in the region of size-
induced ferroelectric-antiferroelectric transition in the Hf0.5Zr0.5O2 film.
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