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Reading Assignment:
Howe and Sodini, Chapter 3, Sections 3.8-3.9
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Summary of Key Concepts
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1. Oveview of MOS dlectrostatics

under bias

VGB

"metal”
(nt polySi)
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1 | B
] T Eal

-tox 0 X

Application of bias:

e Built-in potential across MOS structure increases
fromfgtofg+ Vg
o Oxideforbids current flow b
— J=0 everywhere in semiconductor
— Need drift = - diffusion in SCR
e Must maintain boundary condition at Si/SIO,
Interface
- E /E»3
How can this be accommodated simultaneously? p
guasi-equilibrium situation with potential build-up
acrossMOSequal tof g + Vg
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| mportant consequence of quasi-equilibrium:

P Boltzmann relations apply in semiconductor

[they were derived starting from J, = J,, =0]

n(x) =n.e" KT
I

p(X) =n.e gf (x)/kT
i

and

np=n at every x

[not the casein p-n junction of BJT under biag|
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2. Depletion regime

For V 5z>0, metal attracts electrons and repels holes
P Depletion region widens

For V 55<0, metal repels electrons and attracts holes
P Depletion region snrinks

P

-tox

-qNa
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In depletion regime, all results obtained for thermal
equilibrium apply if f g ® f g+V 5.

For example:

Depl etion region thickness:

€| 2c2(f,+V ,
Xy (Vog) ==& [1+ Mo tVeo) g
Cox § eaN, {

hY

Potential drop across semiconductor SCR:

N _x2(V
VB(VGB):q a);de( GB)

S

Potential drop across oxide:

q N aXd (VGB )tox

Vox (VGB ) - e

(0):¢
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3. Flatband

At acertain negative VGB, depletion region is wiped out
b Flatband

OA e VGR=0
VGB=VFB
VGR=4B 0
J{ 0 fox e X
Inp,n

ot

-tox 0

Flatband Voltage:
VFB =-1 B
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4. Accumulation regime

If Vg5 < Vg accumulation of holes at SI/SIO, interface

P
0
-lox 0 X
E
0 0 N
-tox Es X
Eox
® 1
0
tox 0 X
VGB-VFB
b
Inp,n
- a
n ni2
r R
-tox 0 X
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5. Theshold

Back to V 5>0.

For sufficiently large V ;g>0, electrostatics change when
n(0)=N_ P threshold.

Beyond threshold, we cannot neglect contributions of
el ectrons towards el ectrostatics.

inversion layer
Iﬂ p, n it /
i Na
nj2
Na
-tox 0 Xdmax X

L et’s compute the gate voltage (threshold voltage) that
leads to n(0)=N.,

K ey assumption: use electrostatics of depletion
(neglect electron concentration at threshol d)
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Computation of threshold voltage.
Three step process.

First, compute potential drop in semiconductor at
threshold. Start from:

n(o) =n. eqf (0)/KT
|

Solvefor f (0) at Vg = V!

f(0)

Veg=Vr q n. q N

O A

UB:-EQP
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Computation of threshold voltage.(contd.)

Second, compute potential drop in oxide at threshold.

Obtain x4(V+) using relationsnip between Vg and x4 in
depletion:

N_x2(V
VB(VGB:VT):q azg( T):'pr

S

Solvefor xyat Vgg = V!

2e,(-2f )
aN,

Xd (VT) = deax = \/
Then:

_ _aNx (V) 1
Vo (Vr) = B (Vi )t =72 0t = = 200N, (- 2F )

(0).4 (0).4
@ A

B L L L L L T L L L L L

OX

VBZ'EI’QP
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Computation of threshold voltage. (contd..)

Finally, sum potential drops across structure.

ﬁ_),x

T = T e—

rrrrrr

Vi +f5 = Vo (V) # Vo (V) =- 2o+ 260N, (- 21 )

Solve for V+:
1
Vi =Vig - 2f P +C—\/2€sqNa(' 2f p)

0)

Key dependencies.

 IfN,- ® V;-. The higher the doping, the more
voltage required to produce n(0) = N,

« IfC_ - (t, )® V; . Thethinner the oxide, the
less voltage dropped across the oxide.
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6. Inversion
What happensfor Vg >V.?

More electrons at SI/SIO, interface than acceptors
P inversion.

inversion layer
Iﬂ p, n it /

-tox 0 Xdmax

Electron concentration at SI/SIO, interface modul ated
by Veg P Vg -® n(0) - Q|-

Field-effect control of mobile charge density!
[essence of MOSFET]

Want to compute Q, vs. V 55 [charge-control relation]

Make sheet charge approximation: electron layer at
SI/SIO, is much thinner than any other dimension in
problem (t,,, X,).
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Charge-Control Relation

To derivethe charge-control relation, let’slook at
the overall electrostatics:

P
0 Xdmax
-tox 0 X
-qNa
Qn
E
Eox
Eg
0 ' :
-tox 0 Xdmax X
(0]
VGB+oB

Inp,n
n Na
p
i
a
-tox 0 Xdmax X
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Charge-Control Relation (contd.)

Key realization:

Q.| n(O) p e KT

Qq| M /T (0)

Hence, asVz - and f(0) - , |Q,| will change alot, but
|Q4l will change very little.

Several consequences.

* X4 does not increase much beyond threshold:

2e,(-2f )
gN

- Xd,max

Xq(INV.) » X, (V7) = \/

a

 V does not increase much beyond Vg(V;) =-2f ,
(a thin sheet of electrons does not contribute much to
Vg.):

V, (inv.) » Vg (V,) =- 2f
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Charge-Control Relation (contd..)

« All extravoltage beyond V- used to increase
Inversion charge Q,. Think of it as capacitor:

— Top plate: metal gate
— Bottom plate: inversion layer

Q=CV
b
Qn = Cox (VGB - VT) fOI‘ VGB > VT

Existence of Q,, and control over Q, by V4
b key to MOS electronics

Q! A
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What did we learn today?
Summary of Key Concepts
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E N
Ver<Ves EE g accumulation
- -. ! __|_L
VGB:VFB flatband
qA. Te!
v S =T :
Vrg<Vip<0 %1% depletion
4. 1%
RN CE e
Vgp=0 He|8e) equilibrium
i CEEE
T J3es |
0<Vgp<VT ooy @ depletion
._ < 'E}E. % =
= N o |
Vep=VT - %gf::}e o threshold
1B e aYe;
.‘ : f_{?@ﬁ ﬂﬂe . .
Vaa>VT 12 00 o6 inversion
T e 2
In inversion:
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