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Electrostatics

Unit 2: electrostatics
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Lecture 1.5
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2D energy band diagrams
V
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Poisson eqguation

Goal: Find: t//(x,y)

Solve the Poisson equation:

plx.y)=al plx.y)-nlx.y)+ Ny (x.5)- N (xy)]

Lecture 2.2: Depletion Approximation
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Energy band diagrams

EC (x,y) = ECO — ql//(x,y)

k, (x,y) =L, - qty(x,y)

Drawing an energy band diagram provides with a
gualitative solution to the Poisson equation.
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Equilibrium energy band diagrams

“*MOS capacitor”
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Review: energy bands

E n, = Nce(EF—Eco)/kBT
- EC 0
Eq g =
0.0.0.. EVO
b = N, ot
- Y

Assumptions:

1) equilibrium, ii) Boltzmann carrier statistics, iii) uniform electrostatic potential
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Electrostatic potential vs. position
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w(y) v, “surface potential”
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Electrostatic potential and energy bands

E-(y)=Eq—qu(y)

The energy bands will bend when the
electrostatic potential changes with position.
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Band bending

ET  m)=Nediron

slope = g x electric field

N

Ee(y)=Eq —q(y)

Ly

.. BB

p() (y) — NV e(EV(y )_EF)/ kgl

>y

Increasing electrostatic potential

<€
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“Flatband” conditions

5,0, w(y) = constant = 0

= By = a¥;

Ve=0 E.,
“flatband voltage”

EW\ E,
%

(V's: Ignore metal-
semi workfunction
differences for now.)

(Fermi levels line up at
Zero gate voltage.)
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Applied gate voltage

surface potential

Vs

AN

V>0 l
E

Ee (x — OO) = Eeg
qv ()

- -z/---- EE% w(y)=0 (arbitrary
\'J/ i, reference)

_

/ By

Y

Le(y)=FEcy—qp(y)

{//(y) — EC'O _qEC(y)
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V' <0: “accumulation”

e bands bend up

« surface potential <0

ws <0
N e hole density increases
, N\ y
Vs <0 I~ L exponentially near the surface.
EH\J

Er (By )-Ey ) legT
E, py(y)=Nye

.
/ type Si QS=+qw o) - N, )dy Clem’
% o o)

(accumulation charge piles
up very near the interface)
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V' > 0: “depletion”

 bands bend down
ws>0

« surface potential > 0

EC
E. e space charge density:

Ve>0 /‘ E,
v,

22 (y)= NVe(EV(y)_EF)/kBT ~ ()

y nO (y) — Nce(EF—Ec(y))/kBT ~ 0

p()~—-gN, (y<W,) C/em’

p)~0 (y2W,) Clem’
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Vi

= V';: onset of inversion

V/s=2w

N\

Ve >0

%

Electron concentration in the bulk:

2
lp =1, /NA << P

Electron concentration at the surface:

nO (y — 0) — Nce(EF—Ec(O))/kBT

L

\7‘%
r‘E

N
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qys/kgl _
nze =N,
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ny(y=0)= ”BQWS//{BT
Band bending to make electron

concentration at the surface = hole
concentration in the bulk:

-
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V' > V;: “inversion”

T 0=0,+0,

s
Wy )4

|
>gepletion

charge

\ —gN,

4 Inversion ~
(mobile) charge

qn(y)

k,T
q

(N,)
We=2y Wp= IHL%J

Hard to bend the band
further.

Wy = \/255 (ZWB)/QNA

Electron charge piles up
very near to the surface.
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1D MOS electrostatics

depletion/
INnversion

flatband

accumulation

| | | ey
<
“ V
Wm\.l.

Mo%//////////////

S



MOS electrostatics

logIO‘QS(WS)‘

C/cm?
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Exercise

Re-do the previous two slides for an n-type semiconductor.
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Next: Lecture 2.2

The goal is to solve the Poisson equation for y(X, Y).
In general, a numerical solution is required, but

In depletion, we can solve the problem analytically using
the depletion approximation.
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