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Analysis on Subthreshold Swing of Asymmetric Junctionless Double Gate MOSFET for
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Abstract: The subthreshold swing (SS) of an asymmetric junctionless double gate (AJLDG) MOSFET is analyzed by the use
of Gaussian function. In the asymmetric structure, the thickness of the top/bottom oxide film and the flat-band voltages of top
gate (Vivr) and bottom gate (Vib) could be made differently, so the change in the SS for these factors is analyzed with the projected
range and standard projected deviation which are parameters for the Gaussian function. An analytical subthreshold swing model
is presented from the Poisson’s equation, and it is shown that this model is in a good agreement with the numerical model. As a
result, the SS changes linearly according to the geometric mean of the top and bottom oxide film thicknesses, and if the projected
range is less than half of the silicon thickness, the SS decreases as the top gate oxide film is smaller. Conversely, if the projected
range is bigger than a half of the silicon thickness, the SS decreases as the bottom gate oxide film is smaller. In addition, the SS
decreases as Vb-Vivf increases when the projected range is near the top gate, and the SS decreases as Vivb-Vior decreases when
the projected range is near the bottom gate. It is necessary that one should pay attention to the selection of the top/bottom oxide
thickness and the gate metal in order to reduce the SS when designing an AJLDG MOSFET.
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Fig. 1. Schematic cross-sectional diagram of the asymmetric
junctionless double gate (AJLDG) MOSFET with Gaussian doping
profile.
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Fig. 2. Contours of potential distribution and conduction paths (a) when the top and bottom gate oxide thicknesses are changed from fox1=fox2=2
nm to fox1=1 nm and fox>=2 nm, and (b) when the top and bottom flat-band voltages are changed from Vi=Vv=0.9 V to Vp=0.5 V and Vipp=0.9
V (The blue line denotes the conduction path in the case of the symmetric structure, and the red line for the asymmetric structure).
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Fig. 3. Comparison of subthreshold swings of this model with the
results of TCAD with the projected range as a parameter.
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Fig. 7. Subthreshold swings for the projected range with (a) top gate flat-band voltage and (b) bottom gate flat-band voltage as a parameter in
the case of g, = 1 nm.
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Fig. 8. Subthreshold swings for the projected range with (a) top gate flat-band voltage and (b) bottom gate flat-band voltage as a parameter in
the case of g, = 3 nm.
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