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Introduction
W

hy
single-am

pli�er
biquadratic

�lters
(S

A
B

s)?
T

hey
needonly

one
am

pli�er
percom

plex
pole

pair.C
om

paredto
integrator-connectedtopologies(at

leastone
am

pli�er
per

pole),
they

uselesschip
area,buttheirpole

quality
factoris

also
m

ore
sensitive

to
variationsof

the
passive

com
ponentvaluesand

the
am

pli�er
gain.

W
hat

is
the

purpose
of

this
paper?

T
his

papergives
an

overview
overthe

m
ain

designaspectsofM
O

S
F

E
T-C

S
A

B
s.It

is
essentiallya

shortversionofthe
author's

dissertation.

A
re

these
�lters

interesting
for

the
industry?

M
aybenotatthe

m
om

ent,the
reasonbeingthatM

O
S

F
E

T
resistors

are
M

O
S

F
E

T
sthatoperatein

a
very

specialregion:w
ith

a
zero

currentin
the

operatingpoint,and
a

quite
high

bulk-channel
voltage.

In
orderto

sim
ulatethatproperly,

one
needsbulk-

referencedm
odelsand

param
etersextractedhaving

this
m

odeof
operationin

m
ind;neitheris

provided
in

standarddesignkits.
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P
roperties

of
a

S
allen-and-K

ey
�lter

S
everalim

portantpropertiesof
this

kind
of

single-am
pli�er

biquadsalreadyfollo
w

from
a

theoreticaldiscussion(seepaperfor
references).

�
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frequency
and

the
pole

Q
are

independently
tunable.

�
T

he
m

axim
um

operatingfrequency
of

such
a

�lter
dependson

the
am

pli�er's
non-idealitiesand
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!
p

m
ax

�
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ax(n,1=n)R

in
�A

stop
,

�
If

the
varianceofthe

pole
Q

is
m

inim
ised,the

�lter
w

ill
alw

aysneedan
am

pli�er
having

a
gain

below
tw

o.

T
hereare

tw
o

possibilitiesofbuilding
a

low
-gain

am
pli�er:

either
take

a
high-gain

am
pli�er

and
apply

localfeedback,or
build

a
low

-gain
am

pli�er
w

ithoutlocalfeedback.T
he

latteris
faster,but

generatesa
higherpole

Q
variance.
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M
O

S
F

E
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S
A

B
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replacedby
transistorsoperating

in
the

triode
region.T

he
w

hole
�lter

is
built

in
balancedform

,so
that

even-orderharm
onicdistortionis

reduced.

Tunability

A
djusting

the
voltage

V
C

changesthe
resistanceof

the
M

O
S

F
E

T
resistorsand

thustunesthe
pole

frequency.
If

this
voltageis

generated
by

a
charge

pum
p,asit

is
donein

ourexam
ple,then
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can

com
pute

...
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optim
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output
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m

axim
um

S
N
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level
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w
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e
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voltage
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be
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4
dB

loss
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.
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