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Fig. 1. Schematic view of CSDG MOSFET along the chan-

nel direction.

Kl 2  CSDG MOSFET [BIJE 8 # ifi 7 2 €]
Fig. 2. Circular cross-sectional view of CSDG MOSFET.
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Fig. 3. CSDG MOSFET in cylindrical coordinates.
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Fig. 12. Transconductance with different SiO, dielectric Fig. 14. Curves of Iy versus Vs with different gate length.
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Table 2.  Model parameters of CSDG MOSFET
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Fig. 15. Transconductance with different gate length.
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Abstract

The cylindrical surrounding double-gate metal-oxide-semiconductor field-effect transistor (CSDG
MOSFET) is formed by adding an internal control gate to the cylindrical surrounding-gate (CSG) MOSFET.
The inner gate of CSDG MOSFET acts as a second gate for enhanced charge control. At present, the research
of CSDG MOSFET structure is widely concerned. Compared with double-gate MOSFET, triple-gate MOSFET
and CSG MOSFET, the CSDG MOSFET provides good controllability of the gate over the channel.
Additionally, the device allows for higher volume inversion than CSG MOSFET, which leads to better output
characteristics.

In order to study the electrical characteristics of CSDG MOSFET, the potential model of CSDG MOSFET
is obtained by solving the two-dimensional Poisson equation in cylindrical coordinates. The effects of gate
dielectric, channel length and gate dielectric thickness on the surface potential and electric field of CSDG
MOSFET are studied. Besides, the drain-source current model of CSDG MOSFET is established by integrating
the inverse charge along the channel. The effects of gate dielectric and gate dielectric thickness on the
transconductance of CSDG MOSFET are studied. In addition, the effects of the downscaling of device
parameters on the transfer characteristics and transconductance of CSDG MOSFET are studied.

The electrical characteristics of CSDG MOSFET are analyzed and discussed. The results show that the
minimum surface potential along the channel of CSDG MOSFET decreases with the increase of gate dielectric
constant of gate dielectric layer. The electric field along the channel and along the radius, drain-source current
and transconductance of CSDG MOSFET increase as the gate dielectric constant increases. The threshold
voltage of CSDG MOSFET decreases as the gate dielectric constant increases. Moreover, with the downscaling
of device parameters, the transfer characteristics and transconductance of CSDG MOSFET decrease. The

performance of CSDG MOSFET can be significantly improved by using high-k gate dielectrics.

Keywords: cylindrical surrounding double-gate metal-oxide-semiconductor field-effect transistor, model, gate

dielectric, electrical characteristics
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