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Impact of Remanent Polarization and Coercive Field on Threshold Voltage and
Drain-Induced Barrier Lowering in NCFET (negative capacitance FET)
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Abstract: The changes in threshold voltage and DIBL were investigated for changes in remanent polarization Pr and coercive
field Ec, which determine the characteristics of the P-E hysteresis curve of ferroelectric in NCFET (negative capacitance FET).
The threshold voltage and DIBL (drain-induced barrier lowering) were observed for a junctionless double gate MOSFET using
a gate oxide structure of MFMIS (metal-ferroelectric-metal-insulator-semiconductor). To obtain the threshold voltage, series-
type potential distribution and second derivative method were used. As a result, it can be seen that the threshold voltage increases
when P; decreases and E. increases, and the threshold voltage is also maintained constant when the P//E. is constant. However,
as the drain voltage increases, the threshold voltage changes significantly according to P/Ec, so the DIBL greatly changes for
P:/E. In other words, when P,/E~15 pF/cm, DIBL showed a negative value regardless of the channel length under the conditions
of ferroelectric thickness of 10 nm and SiOz thickness of 1 nm. The DIBL value was in the negative or positive range for the
channel length when the P,/E. is 25 pF/cm or more under the same conditions, so the condition of DIBL=0 could be obtained.
As such, the optimal condition to reduce short channel effects can be obtained since the threshold voltage and DIBL can be
adjusted according to the device dimension of NCFET and the P; and E. of ferroelectric.
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Table 1. Device parameters for this NCFET.

Device parameter Symbol Value
Channel length Lg 15~100 nm
Channel width w 1 pm

Channel thickness tse 5~10 nm
SiO: thickness tox 1~2 nm

Doping concentration Na 10"/cm?
Ferroelectric thickness tr 1~10 nm
Remanent polarization P 15~30 uC/cm?

Coercive field Ec 0.8~1.5 MV/cm
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Fig. 2. (a) Relation of drain current vs. gate voltage with drain voltage
and remanent polarization P, as parameters and (b) shift of threshold
voltages derived from second derivative method.
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Fig. 3. (a) Relation of drain current vs. gate voltage with drain voltage
and remanent polarization E. as parameters and (b) shift of threshold
voltages derived from second derivative method.
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Fig. 4. Contours of threshold voltage for the remanent polarization
and coercive field under the conditions presented in the figure.
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with the thickness of SiO: as a parameter under the conditions
presented in the figure.
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