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Abstract: We present a precise two-dimensional current and capacitance model Properties of modeled DG/GAA device:
for nanoscale double-gate and gate-all-around MOSFETs covering a wide range Gate length L=25nm

of operating conditions, geometries and material combinations. The modeling in - Oxide thickness {,=1.6nm

the sub-threshold regime is based on conformal mapping techniques. In moder- Silicon substrate thickness/diameter ¢,=12nm

ate to strong inversion, we obtain self-consistent results based on the 2D Gatell L
Poisson’s equation. The results are in excellent agreement with numerical simu- | Oxide ] L
lations.
S =
Inter-electrode Electrostatics ; , t
In subthreshold the electrostatics is dominated by the capacitive coupling —
between the electrodes. The capacitive coupling of the DG MOSFET is Oxide )
calculated analytically by solving Laplace’s equation using conformal mapping Gate 2
techniques [1-3]. Cross-section of DG device. Outline of GAA device.
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Modeled potential distribution of DG (left) and GAA device (right) in subthreshold regime, V _.=0V, V_.=0.2V. 107 \ \ \ \ ds \ 107 \ \ as!V]
The GAA has improved gate control compared to the DG as observed by the flatter potential distribution in 0 0.2 0.4 0.6 0 0.2 0.4 0.6 0.8
the central region. VsVl Vgs [V]
: : : oy : : Modeled characteristics of the drain current of the DG MOSFET (left) and GAA MOSFET (right). Above
The major difference in the capacitive coupling between DG and GAA is the threshold /_ -V _ characteristics shown in inset.

the gate control. This difference can be expressed analytically in terms of the

characteristic length A_, and A_,, as described below [1-2]
Modeled Capacitances
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1. Calculate Laplace’s equation for extended DG device of length L'=A; /A, L. Modeled capacitances (symbols) of the DG MOSFET for V__ =0V (left) and V_ ., =0.15V (right) compared
2. Map the DG potential distribution into the GAA device by compressing it uniformly with numerical simulations from Silvaco Atlas (lines).
in the longitudinal direction using the scaling factor A, /A, .. 30— \ \ \ \ \ 30
3. The potential distribution of the compressed DG corresponds to that of the 20! C.Cop:Cas-Coo | Cos
longitudinal cross section through the central axis of the GAA device. | — @ gee
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Near and above threshold, the carrier contribution to the body potential cannot oo P
04 02 0.4 0.6 0.8 04 -0.2 0 0.2 0.4 0.6 0.8

0.2 :
Vs V] Vs [V]
Modeled capacitances (symbols) of the GAAMOSFET for V. =0V (left) and V. =0.5V (right) compared
with numerical simulations from Silvaco Atlas (lines).

be neglected. The charge carriers are derived in a self-consistent manner in
accordance with Poisson’s equation [1-2].
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