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Overcoming of “Boltzmann tyranny” in MOSTET
with the “cold metal” source
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The subthreshold swing S is a fundamental characteristic of MOSFET transistors [1]. It shows howmany times
the gate voltage Vg must be increased in the subthreshold range in order to achieve an increase in the drain
current Id by an order of magnitude: S ≡ ln(10) dVg

d ln(Id) .At room temperature in a high-quality transistor
with a large value of sub-gate capacitance, the threshold value of this parameter is equal to S ≡ ln(10) kT

e
≈

60 mV/decade, where e is the electron charge, k is the Boltzmann constant, and T is the temperature in
Kelvins.

The importance of this parameter lies in the fact that its smallest threshold value determines the minimum
possible operating voltage of the transistor supply (on the figure the curve with S2 < S1 corresponds to lower
V

(2)
dd < V

(1)
dd ). Therefore, a decrease in S below the fundamental limit, called in many sources as ‘Boltzmann

tyranny,’ would theoretically open up great prospects for further reducing power consumption and scaling
transistors.
For this purpose, in particular, it was previously proposed [2-4] to use the effect of negative capacitance in a
ferroelectric that forms the gate dielectric layer. However, the futility of such attempts has been proven on
the basis of fundamental thermodynamic principles and numerical calculations of real systems in [5].
Therefore, another, much more physical way to overcome the fundamental limit was proposed: to use a cold
metal source for electron injection into the MOSFET channel, where, due to the small width of the valence
band, the electrons injected into the channel no longer have a “hot” Boltzmann “tail” in their energy distri-
bution. Transistors with a monolayer sub-10-nanometer MoS2 channel and drain and source on the basis of
NbS2 and TaS2 with a subthreshold swing below the fundamental limit have already been realized experimen-
tally [6, 7]. However, a visual analytical model that would allow us to estimate the magnitude of the expected
effect has not yet been created.
Within the framework of the Landauer-Datta-Lundstrom formalism [8], we have derived in [9] an analyti-
cal expression for the subthreshold swing S, which implies that S is generally somewhat smaller than the
fundamental limit, and the degree of its decrease is determined by the ratio of the energy kT (26 meV at
room temperature) to the value of the energy interval between∆E, the top of the valence band of the source
material, and the value of the surface potential in the transistor channel. Under the limit ∆E ≫ kT , this
expression leads to a standard value S(300 K) = 60 mV/decade. The formula can be used to estimate the
magnitude of the effect under study in real state-of-the-art electronics systems.
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