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1) Review of some fundamentals

2) ldentify next steps
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energy bands

E 1 n() = Nce(EF! EC)/kBT
! =
® 060 O EV
o 00
Po = Nve(Ev! Ep)/ksT
Assumptions:

NP =1,

i) equilibrium, ii) Boltzmann carrier statistics, iii) uniform electrostatic potential
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electrostatic potential

E. (X) = congant — qy/(X)

the energy bands will bend

v
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band bending

E T n,(X) = NCe(EF_EC(X))/kBT
slope = electric fiei‘d/o_ E.)=C! q" (x)
EF
LR EV(X):EC(X)! EG

po(-x) — Nve(Ev (x)! EF)/kBT
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1D MOS electrostatics (L >>T,,)
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1D MOS electrostatics (L >>T,,)
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@at bandGonditions

SO, v(x)=congant=0
Epy = EgM 'qVs

EFM ,z _‘:f_‘,zz — EF
e E,
r
s

fffff
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electrostatic potential

o (x)

\;‘xzf\aﬁ y(x)=0
EF
(M0

e _ "

i E.(x) = congant! g" (x)
o o

;f’}?ﬁjﬁ’ (x) Ec() - Ec(X)
o e =

i v

B ]

q! g
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accumulation

¥ bands bend up

¥ surface potential <0
I 4<0
¥ hole density increases

qvd <0 P~ & exponentially

i Er  py(x)= N, d&@Ele

B

s S— E, |

B o ] _ " P .
T p-type Si Qs =+"q(py(¥) # N5 )dx Clem
e 0

|Qg| ~ e =T (not quite, but close)
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depletion

¥ bands bend down
¥ surface potential > 0
E. ¥ Forx <W:

po(x) — Nve(EV (X)! Ep)/ksT n 0

qVvi>0 e E,
2 ny(x) = Nl B EetaT < g

fffff

G W I(x)" #gN, (x<W) C/em?

et

./ /',.-'"/’
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depletion (ii)

1()="aN,

d(/E
d(LsE) = )= 0= san,

\ dE _!gN
V—_ dx q =

S

o () = M w— )

e x €

G > S

i W qN w " Q

:Z:ff/z"f"/: E =1A_—-_=S
e, S / /

e 'S 'S
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depletion (iii)

E Ee = gNW/é
dE "
Es 2 LgN,/",

ys>0

L E. |
\V—_ e W
a0 & ! (X) =" HEC)dx

;;;;;

G 1

s I =_
gfxﬁ/’fﬁ —F—x Iy 2ESW

;;;;;

G W

e —
é//ﬁ/ W =2e.y,/qN,
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depletion (iv)

W=2! Si” S/qNA

Qs =—qN W =—\/2gN e,

s
Ee |Qs| ~ \/W—S

(very close)

]
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inversion

n 0/
I >l ;o =kl N
-8 " B B
q n, &
I's>>0 (surface potential to make n(x = 0) = N,)

\ T nlewio
C E; no(x=0) = Nce(EF! Ec (x))/ksT
E, ~ @u" s/keT
gwd >0 €

T — Qs:!fﬂ%o(XHqu\&dx(!anno(x)dx

R A s/keT ;

/j/f |QS| ~ et sife (not quite, but close)
.
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MOS electrostatics

accumulation flat band depletion/
inversion

q' <0 q! ;>0

\ (= Ec \ E.
VO T — Vﬁ
Ee

V.C
Py G E
7 B SR A =
T ———— T e
G Bz B 7 Ev
G i G
G G S
v 7 T
7 7 /

I <0 w1 =) e >0
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MOS electrostatics

100,05 (! )
\ Clen?

~ g s/ 2T
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next steps

1) Understand how to do the problem @xactly.O

2) Use simpler arguments to understand Qg(/ g).

3) Briefly discuss ultra-thin body electrostatics.
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