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1D MOS Electrostatics (L >>T,)
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electrostatic potential

— qy(X)

Eq () - Ec(X)

— (x)=0
E. (X) = constant
(X)

—@

)

O
=
o
LL



MOS Electrostatics
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MOS Electrostatics
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Poisson-Boltzmann Equation

n, (X) _ NCE[EF —Ec (X)JksT

Dy (x) = N, el& (- Fe b qws (x) E

E. (X) = constant — qy(X)

Ny (X) = e T %

Po(X) = pge* !



Poisson-Boltzmann Equation
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Poisson-Boltzmann Equation

| IOglO‘Qs (Ws)‘
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Ws

see:
Taur and Ning, pp. 63-65
and

Lundstrom’s notes on the
Poisson-Boltzmann equation.
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1D MOS electrostatics

~ e_q ws 1 2kgT

| log,, ‘Qs (Ws )‘

Clcm?

-y

~ eQWs [2kgT

v

Vs

need:

Qs(ws) for capacitance
Qi(yg) for current

Can we understand the

essential features of the
PB solution simply?
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1) accumulation

0. = ..Ooo [(p(x)— D) — (N(x)— nB)]dx Clem? accumulation
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1) accumulation

Q D %e—ql//s/ks-r kBT Ioglo‘Qs(‘//s)‘
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‘extrinsic Debye Length’
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il) depletion
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il) depletion

01
Dy =&k =—Qs =aN W Dy
—N,,
1
Vs :EESW
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[ QS(WS) —gN W = \/ZqNAE&WS ]
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1) depletion

Qs (WS): —qN W = \/quAgSiWS

A
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lil) inversion

Qs (ws)=Qp (s )+ Qi (ws)

Qo (¥s)= V20N &5
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weak inversion (sub-threshold)

Qs (vs)~Qp (ws)
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strong inversion (above threshold)

Qs (';Vs)z Q, (Ws)
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strong inversion criterion
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summary

“ log,, ‘Qs (W s )‘

Clcm?®

Wacc/inv — (kBT /C])/E S
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assumptions

1) Boltzmann statistics (not valid above threshold)
2) Uniform doping (not valid in practice)
3) No quantum confinement (not valid above threshold)

EC
gquantum
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S
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< n

24



outline

1) Introduction

2) ‘Exact’ solution (bulk)

3) Approximate solution (bulk)

4) Approximate solution (ultra-thin body)

5) Summary

Lundstrom EE-612 F06

25



ultra-thin body double gate MOSFET
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UTB energy band diagram
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2D carrier densities

& F----- ng = Nc°F, (77c): N~ (1+ e’ )Cm_z
S R - ps = Ny°F (13, )= N° (L+e™ )em?
C
EF
glh ______ EV NZD _ m:kBZT N2D _ mpszT
Eypy f-———- ¢ T h v 7 h
P S e =(Er —Ec — & )/ kgT

N = (Ev — &1 EF)/ KgT

(these eqgns. assume that only 1 subband is occupied)
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2D carrier densities (Boltzmann statistics)

 N12D -2 __ nI2D -2
ng = NZe™ cm™ p. =Ng; e™ cm
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UTB ('surface’ potential)
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UTB ( carrier densities and )

g F--——
Ec
Ee
Ein [T E,
<« tSi >
ws =0

yg = 0 is analogous to the bulk in a Si wafer

2
Pss & Nt €M

for yg #0
Ps = pSBe_qV/S/kBT cm’®
ng = ng,e?s’*e" cm™

[ Ny, = (nfD)z/pSB cm'zj
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Qs () for UTB MOS

Qs = a[(ps(ws) — psg) = (Ns(ws) - ngg) | Clem?

[ Qs - CI[ Pss (e_qV/S/kBT o 1) — Ngp (eqws/kBT o 1)] ] (2)

4 Pss = Nt cm™ A

Ngg = (niZD)Z/pSB cm”
o _/

From equation (2), we can readily plot Qg(ys)
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Qs () for UTB MOS

Qs = CI[ Pss (e_qWS/kBT - 1) —Ngp (quS/kBT - 1)} (2)

1) strong accumulation (yg << 0)
Qs = pgg e ™e""!

2) depletion (yg > 0)
Qs =—0 P =—0N, 1

Note: We are not resolving band bending within the Si body.

We assume that the film is fully depleted when yg > 0).

3) inversion (yg >>0)
_ qQws kT
S — —CI nSB € ’
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UTB MOS:

Ng = Pgp
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Qs () for UTB MOS

Qs — Q[ Pss (e_q%/kBT - 1) — Ngg (eq%/kBT o 1)] (2)
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Qs (wg) for UTB MOS: summary

1) The UTB case is easier to solve than the bulk Si case.

2) Results are qualitatively similar - except for the
depletion charge and acc and inv layers that vary as
exp(yg/kgT) rather than exp(ys/2kgT).

Can you explain why this difference occurs?
3) We have included quantum mechanics (without
self-consistent electrostatics inside the silicon film)

but not Fermi-Dirac statistics.

Fermi-Dirac statistics are important above threshold.
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Qs (vs) for UTB MOS: exercise

1) Repeat the derivation, but include Fermi-Dirac statistics.
(This can be done analytically for the UTB.)

2) Plot Qg vs. wg from accumulation to inversion for both

Boltzmann and Fermi-Dirac statistics and compare the
results.
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Summary

1) Understanding Q¢( ) and Q,(ys) are essential
for understanding MOS C-V and MOSFETs.

2) Both Qs(ws) and Q,(ws) are readily computed for
simple, model structures.

3) The general features of the Qg(ws) and Q,(ws) vs. s
are readily understood.

4) Before we proceed to MOS-C’s and MOSFETSs, we
need to relate ygto the Vg that produced it.
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