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OTHER BENEFITS OF MOS CAPACITORS

−

+
Gm

Cp

Ci

Example :Parasitics match integrating 
capacitors in filters

More accurate capacitor ratios because the integrating

capacitors and parasitics track over process and temperature

(useful in continuous-time �lters)
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MOS CAPACITOR STRUCTURES IN n-WELL CMOS

PROCESSES

Vgb

Vgb

Vgb

Vgb

- +

- +

- +

- +

N-WELL

POLY

p-substrate

N+ N+ 

(a) Accumulation

(b) Inversion
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(b) Inversion
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POLY
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THE POLY-n-WELL MOS CAPACITOR

In accumulation, holes in the n-well can be neglected

+ + + + +

GBV
Accumulation

Layer

Oxide
Capacitance

Semiconductor
Capacitance

++

Polysilicon

N-well

Oxide
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MODEL VALIDATION
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Comparison of numerical simulation and proposed models for changes in

substrate doping concentrations ({ numerical, � proposed).

C 0
ox

= 3:84 fF=�m2, VFB = 0, T=300 K.
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MODEL VALIDATION
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DISTORTION COMPARISON WITH A FINELY SPACED

PWL DATA FROM DEVICE SIMULATION
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DISTORTION COMPARISON WITH A FINELY SPACED

PWL DATA FROM DEVICE SIMULATION
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CIRCUIT CONSIDERATIONS AND CHOICE OF

POLYSILICON TYPE

VGB

oxC’

C

Vdd
(3 V)

1.2 volts

n+ polysilicon gate

p+ polysilicon gate

For circuit work, we need the structure to be in strong

accumulation for as low a bias voltage as possible ) VFB

should be as negative as possible ) Use n-type polysilicon.
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THE POLYSILICON GATE DEPLETION EFFECT

� It is not possible to dope the gate in�nitely high with donors.

� Finite doping levels in the gate cause a thin gate depletion

layer.

+ + + + +

GBV
Accumulation

Layer

Depleted
Gate

Semiconductor
Capacitance

Oxide
Capacitance

Capacitance
Depletion-layer

++

Polysilicon

N-well

Oxide

16



T
H
E

P
O
L
Y
S
IL
IC
O
N

G
A
T
E

D
E
P
L
E
T
IO
N

E
F
F
E
C
T

�
T
h
e
c
a
p
a
c
ita
n
c
e
o
f
th
is
la
y
e
r
a
p
p
e
a
rs
in
s
e
rie
s
w
ith
C
0ox
a
n
d

C
0c .

1
C
0gb
=

1
C
0ox
+

1C
0c
+

1
C
0de

p

(
7
)

C
0de

p
�



2p
C
0ox

2
(
V
G
B

�
�
M
S
�
 
s )

(
8
)

w
h
e
re



p
=

p
2
q
�
s N
P
O
L
Y

C
0ox

(
9
)

1
7



COMPARISON WITH MEASURED DATA
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Comparison for a 84�A gate oxide capacitor ({model, � data).
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COMPARISON WITH MEASURED DATA
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Comparison for a 45�A gate oxide capacitor ({model, � data).
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