Nanoscale MOSFETs — Equations

Planck’s Constant

h=6.602x10"3*Js; h = h/2n

Permittivity of free space

g =8.85X 1072 F/m

Electron Charge

q=1.602x1071°C

Electron Mass

my = 9.11 X 10 31kg

Boltzmans Constant

k=138x10"23J/K

1D DOS / Effective DOS

Dip — o
nh [E —E, Nyp = -
2D DOS / Effective DOS D m* N m*kT
2D — n_hz 2D — n_hz
Thermal Velocity kT
v =
T mm*
. 1 o pf
Fermi-Dirac Integrals: F;(1y) = TGiD Jo — =y dn
Normalized Fermi Energy: E
n=1zmp = (Bp = (0)/KT
Normalized Drain Energy U = aVp
kT
Non-degenerate F(np) - e'F
Degenerate ’7£+1
F. -
Derivative dP}'(TIF)
dny = Fj—1(TIF)
X 0.5 1 1.5 2 2.5 3
I'(x) VI 1 /2 1 3Vn/4 2
1D Electrostatics: Vg
Bias self-consistency Threshold Voltage Gate oxide L C

q°n

COX'

€1(0) = —qV; +

VT =

_Ers

q

0oX

51(0)

2D Degenerate Quantum
Capacitance

Semiconductorl C,(&(0))




3D Electrostatics

2D Ballistic FET Expressions
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