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outline

1) Review of some fundamentals

2) ldentify next steps
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energy bands

E n, = Noel& Fe e
' - E.
EG EF nO po = ni2
Y eoo0 o EV
D, = Nve(EV—EF)/kBT
» X

Assumptions:

1) equilibrium, ii) Boltzmann carrier statistics, iii) uniform electrostatic potential
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y(x) |

electrostatic potential

E. (X) = constant — qy(X)

the energy bands will bend
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band bending

slope = electric field .

E.(x) = C - qy(x)

—
/ o:o'o

pO (X) — NVe(EV vEe )/kBT

EF
Ev (X) — Ec (X) - EG
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1D MOS electrostatics (L >>T,,)
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1D MOS electrostatics (L >>T,,)

V

V=0
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‘flat band’ conditions
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accumulation

e bands bend up
« surface potential <0

N » hole density increases
GV <0 = Ec exponentially

% S EF D0 (X) = N, e 09-Ee )T
/ > Q. = +[a(p, (0~ N; Jix Clom?
% pes Ja(p00- N )

Q| ~ e7s/T  (not quite, but close)
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depletion

e bands bend down

» surface potential >0

e Forx<W:
D, (X) = Nve(EV (O-Ee)keT
n, (X) = Nce(EF—Ec kT

p(x)~—gN, (x<W) C/cm?
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depletion (ii)

p(x)=~aN,

= p(X)=-qN,

d (53iE)
dx

\

de -aN,

NN



depletion (lii)
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depletion (iv)

W = \/ZESiWS/qNA
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Inversion

kT N,
)

e >>0 (surface potential to make n(x = 0) = N,)

\lf Ec pO(X<W)%O
, E o (X = 0) = NelFr Fe T
, v ~ eql//s/kBT
gVv: >0 / )

| > X Qs =—jq[no(x)+qNA]dxz—ano(x)dx
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MOS electrostatics

@) >

n w| | wl Q
o
AN
S

E o\ %///////////////

d pI on/

q

T
N
O N

flat band

>
LLI
-
S

: %///////////////

S
o

u
&
S



MOS electrostatics
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next steps

1) Understand how to do the problem ‘exactly.’

2) Use simpler arguments to understand Qg( ).

3) Briefly discuss ultra-thin body electrostatics.
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