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Abstract In this paper, we present a new analytical model for RF and microwave noise model of nanoscale double-gate MOSFET. The model is based on a compact model for
charge quantisation within the channel and it includes overshoot velocity effects. RF and noise performances are calculated using active transmission line method. A comparison
between classical and quantum charge control, and between drift-diffusion and hydrodynamic models is done.
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A simple relationship between inversion centroid y, and inversion charge obtained

explicit formulation is similar to classical _ . . . L
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Enx  Classical Compact Model Comparison of this model with numerical classical and quantum simulations are
0 Compact Model [1] performed using SCHRED with good agreement in the two cases.
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vV, 10
DC CURRENT ‘
Classical. Quantum
Voseat 8 —  Drift-Diffusion — Drift-Diffusion
. = « Hydrodynami o Hydrodynami ]
Hydrodynamic transport model v E yarodynamie ydodynamie
In extremely short channel DG MOSFET the T 9 %
channel is quasi-ballistic, thus an important = 6 s ool
overshoot velocity is expected. Using a simplified Gate g
energy-balance model, the electron mobility is a 1, 3 4
function of the electron temperature related to the = sat £
1 Region | Vsat Region Il \Y o
average energy of the carriers. The electron } b 8|~ o 2
temperature T, is governed by the following LA b =
equation: : 0 | )
AT T —T ox 0 0.5 1 15
¢y 0 =—lEx(x) Gate Fig 3. Drain current for DG MOSFET (Na=6-10'7 cm?), L=50 nm,
dx ﬂ’w 2k l t;=5 nm, t =1.5 nm for classical charge control (VSS—VTH:O.S, 1, 1.5
where the energy-relaxation length is defined as > X Ve and2'V)
A, =2v,, T, being 7 Fhe energy relaxation‘time, SMALL SIGNAL AND NOISE » Na=6:10"7 cm3g;=0.4L, t,;=1.5nm X L=12.5nm, Na=6-10'7 cm, t,,=1.5nm
and v, the saturation velocity. Assuming a o Quartum Hydrodyramic —— Quantum Hydrodynamic
. . Qu - —— Quantum Drift-Difussion
constant A, the integration under boundary DC model e Brotyeeme 41| —— Cinssical ryarocyramic e
condition T (x=0)=T,, 5 —— Classical Drift-Difussion —#— Classical Drit-Difussion| =2
¢ Transmission Line analysis using nodal method _ 10 T 3 25
Yy kS 2 Extrinsic
q I I * 5
TE(X)ZTu‘Ffv(X)—ij‘V(f)e A df 1 16 Intrinsic )
2k 2kA c. ) -
w0 —r 9.V, V(X)) 1 e
. . . . -
In linear region, the carrier velocity can be x A ==
obtained from the mobility: 0% 50 100 150 200 % 20 40 60 80 100
1 I Gate length (nm) 1(GHg)
Y7 Adding parasitic, using
v(x)= M, (x)EX (x)= — M0 EA (x) Correlation matrix’s manipulations CONCLUSIONS
1+ a(T,(x)-T) ) . . . .
2k, The results show important differences in drain current, f, and noise
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44V sen 1 gate lengths. These differences are due to the velocity overshoot increasing
Finally the current is calculated using: &l Do i the transconductance, and the hot-carrier effects in the noise temperature.
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