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Abstract: An analytical threshold voltage model is presented to observe the change in threshold voltage shift AV of a
junctionless double gate MOSFET using ferroelectric-metal-SiO2 as a gate oxide film. The negative capacitance transistors using
ferroelectric have the characteristics of increasing on-current and lowering off-current. The change in the threshold voltage of
the transistor affects the power dissipation. Therefore, the change in the threshold voltage as a function of theferroelectric
thickness is analyzed. The presented threshold voltage model is in a good agreement with the results of TCAD. As a results of
our analysis using this analytical threshold voltage model, the change in the threshold voltage with respect to the change in the
ferroelectric thickness showed that the threshold voltage increased with the increase of the absolute value of charges in the
employed ferroelectric. This suggests that it is possible to obtain an optimum ferroelectric thickness at which the threshold
voltage shift becomes 0 V by the voltage across the ferroelectric even when the channel length is reduced. It was also found that
the ferroelectric thickness increased as the silicon thickness increased when the channel length was less than 30 nm, but the
ferroelectric thickness decreased as the silicon thickness increased when the channel length was 30 nm or more in order to satisfy

AVin=0.
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Fig. 1. Schematic diagram of a symmetric NC JLDG MOSFET with
ferroelectric material as the stacked gate oxides.
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Table 1. Device parameters for this analytical threshold voltage model.
Device parameter Symbol Value
Channel length L, 20~100 nm
Channel width /4 1 um
Channel thickness [ 8~12 nm
SiO, thickness Tox 1~4 nm
Doping concentration Ny 3.5%10"%/cm?
Ferroelectric thickness Iy 0~10 nm
Remanent polarization P, 17 uClem?
Coercive field E. 1.2 MV/em
T T T T T 0.5 . . .
Lg=25 nm tf=0~10 nm
> 01} 1 ~ t. =10 nm step 2 nm
£ < 0r ¢ =tmm
= oF 1 o ox
@ /' S N,=3.5x10"° lcm®
204t tf=0~10 nm ] 5 05F Vds=1 v
g step 2 nm c
9 £
> L ]
- -0.2 tsc=10 nm, tox=1 nm G 1F 4
3 - 19 3 - e [T AAANAAN AT T ]
ﬁ 03Ff Nd—3.5x10 lem ,Vds—1 \' 1 g
o TCAD (O ) S as5f
iE 0471 Xiemodel ( [ ) ] >
This model ( — )
0.5 1 L L L L -2 1 L 1
20 30 40 50 60 2 15 -1 -0.5 0 0.5 1 1.5

Channel length (nm)

Fig. 2. Threshold voltage shifts for channel length with the thickness
of ferroelectric material as a parameter (the red circles denote the
results of TCAD and blue squares those of Xie model [30]).
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Fig. 3. (a) Voltages across the ferroelectric and threshold voltage of
the inner gate for channel length with the thickness of ferroelectric
material as a parameter (the red line denote the threshold voltage of
the inner gate and the blue the voltage across the ferroelectric) and (b)
threshold voltage of the outer gate for channel length with the
thickness of ferroelectric material as a parameter (the inset denotes
the total charge in ferroelectric).

Voltage of outer gate (V)

Fig. 4. Relationship between the inner and outer gate voltage with the
ferroelectric thickness as a parameter under the given conditions.
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Fig. 5. (a) Changes of threshold voltage for the change of ferroelectric
thickness (AV;,/Atf), and (b) the charge in ferroelectric with the
oxide thickness as a parameter under the given conditions.
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