Absolute negative resistance in ballistic field effect transistor
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At small feature sizes (25 to 45 nm or so for silicon transistors), the electron transport becomes
ballistic (collisionless) or quasi-ballistic and the average electric field in the channel reaches well into the
MV/cm range even at reduced power supply voltages. The lateral control of the electron concentration in
the channel under the conditions of the ballistic transport becomes very important even for the
mainstream silicon technology.

In this paper, we analyze ballistic transport in a ballistic variable threshold field effect transistor'”
(which is a transistor in which the threshold voltage in the device channel varies as a function of
distance). Using hydrodynamic equations, we show that a change in the threshold voltage along the
channel leads to a jump in the channel potential, which is independent of the current direction and
depends on the magnitude of the device current (being proportional to device current squared at relatively
small channel currents). Thus, for one current direction, the current flows opposite to the voltage drop,
i.e. the resistance becomes locally negative. This predicted voltage jump and the electron flow "choking"
analyzed earlier’ are similar to the pressure jump and fluid flow choking in a frictionless pipe with a
variable cross section. These unusual features of a ballistic variable threshold FET could be used for
novel circuit applications and for the measurements of the threshold voltage distribution in the device
channel.
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