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Introduction
W

hy
single-am

pli�er
biquadratic

�lters?
T

hey
needonly

one
am

pli�er
percom

plex
pole

pair.
C

om
paredto

integrator-connectedtopolo-
gies(atleastoneam

pli�er
perpole),they

consum
elesspow

er,buttheirpole
quality

factoris
also

m
ore

sensitive
to

variationsof
the

passive
com

ponent
valuesand

the
am

pli�er
gain.

W
hy

current-m
ode?

T
he

questionshouldactuallybe
“w

h
y

notusea
high-gain

am
pli�er

w
ith

negative
feedback?”F

eedbackm
akes

the
closed-

loop
gain

m
ore

preciseand
reducesboth

the
inputresistanceof

the
am

pli-
�er's

low
-im

pedanceterm
inalsandthe

harm
onicdistortion.P

ushingthe
pole

frequency
asfarup

aspossible,one
�nds

thatan
S

A
B

w
ith

a
pole

frequency
ofone�fth

ofthe
am

pli�er's
gain-bandw

idthproductstilloperatesproperly.
T

herethe
loop

gain
is

lessthan
�ve,and

the
stabilizationis

no
longervery

effective.
T

hus
w

e
chosean

open-loopam
pli�er

in
the

�rst
place,and

w
e

found
it

easierto
build

suchan
am

pli�er
in

current-m
ode.

H
ow

good
is

the
�lter?

It
operatesfrom

a
3.3

V
supply,

consum
es

2.4
m

W
perpole

ata
pole

freqency
of24

M
H

z
and

a
pole-Q

of3
and

covers
an

areaof
0.06m

m
2

perpole.
T

he
inter-chip

m
atchingis

very
good

w
ith

1.5
%

and
3

%
standarddeviation

ofpole
frequency

and
pole

quality
factor,

respectively.
A

spurious-freedynam
icrangeof45

dB
,asrequiredfor

m
any

video-frequency
applications,can

be
achieved

if
a

sim
ple

m
odi�cation

is
m

adeto
the

�lter
(seefourth

colum
n).

C
H

IP
M

IC
R

O
P

H
O

T
O

G
R

A
P

H
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T
W

O
“ID

E
N

T
IC

A
L”

L
O

W
PA

S
S

F
IL

T
E

R
S

C
ircuit

D
escription

T
his

�lter
is

derived
from

an
active-R

C
second-orderS

allen-Key
low

pass
�lter

by
replacingthe

resistorsby
M

O
S

F
E

T
soperatingin

the
linearregion.

T
he

passive
network

is
connectedto

a
balanced-signalcurrent-controlled

currentsource(or
currentconveyor)

w
ith

gain
�

2.6,such
thatm

ostof
the

even-orderharm
onicdistortion

is
cancelledw

hen
the

signaldifferenceis
taken

atthe
output.

N
ote:Transistorsw

ith
box

gatesare
actuallysim

ple
cascodes(!

paper).
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TransferF
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T
R

A
N

S
F

E
R

F
U

N
C

T
IO

N
S

O
F

F
IL

T
E

R
2

O
N

A
L

L
14

C
H

IP
S

For
F

ilter
2,

m
easurem

entsand
sim

ulationsof
the

extracted
layoutusing

B
S

IM
3v3

m
odelsagreevery

w
ell.

T
he

red
curve

is
the

�lter
on

C
hip

13,
w

hich
w

asusedfor
distortion

and
noisem

easurem
entsbecauseits

pole
fre-

quency
andquality

factorarecloseto
the

m
eanvaluesof24.2M

H
z

and3.07,
respectively.

N
ote:

A
ll

m
easurem

entson
this

posterw
ere

m
ade

w
ith

an
off-chip

I–V
converterand

voltage
differenceam

pli�er.
T

he
�lter's

outputsw
ere

both
loadedw

ith
750•

,asthey
w

ould
be

in
a

�lter
cascade.
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M
atching

O
n-chip

M
atching:

T
he

tw
o

“identical”�lters
on

the
chip

arenotreally
identical.In

F
ilter1,the

supplyofthe
�lter

andofthe
on-chipV

–Iconverter
are

split,and
the

layoutof
the

signallines
is

different.A
s

a
consequence,

both
pole

frequency
and

pole
Q

are
m

uch
low

erthan
sim

ulated.

Inter-chip
M

atching:
Forboth

F
ilter1

and
2,the

standarddeviations
are

1.5%
and

3
%

for
pole

frequency
and

pole
quality

factor,
respectively.

W
e

believe
thatan

on-chip
pole-frequency

m
atchingbetterthan

1
%

can
be

achieved
if

the
layoutsofthe

signallines
are

the
sam

ein
both

�lters.

N
oise

and
D

istortion
M

easurem
ent

To
determ

inethe
spurious-freedynam

ic
range

(S
F

D
R

)of
our

circuit,
w

e
m

easurednoise
and

harm
onicdistortion.

T
he

outputnoise
w

as
calculated

as
the

R
M

S
value

of
the

m
easuredw

hite
noise

�oor
of

the
am

pli�er
tim

es
the

squarerootofthe
�lter's

noisebandw
idth,�

=2
�q

p
fp .

T
he

noiseofthe
m

easurem
entcircuitry

w
asthen

subtracted.T
he

totalharm
onicdistortion

is
the

sum
ofthe

secondto
�fth

harm
onicsgeneratedby

a
sineinputsignaland

includesthe
distortion

causedby
the

m
easurem

entcircuits.It
is

show
n

over
fourdecadesoffrequency,w

ith
threestepsperdecade.

T
he

greencircle
in

the
follo

w
ing

�gure
m

arksw
herethe

N
S

R
curve

w
ould

intersectthe
T

H
D

curve
for

4.8M
H

z,
w

hich
is

fp =5
(notshow

n,butclose
to

the
5.2M

H
z

curve
leftofthe

greencircle).T
he

m
axim

um
possibleinput

currentm
agnitudeof

9.7mA
is

only
6

%
of

the
inputstage's

bias
current,

m
eaningthatthereis

m
uch

room
to

increasethe
S

F
D

R
ofonly

32
dB

.

10
-6

10
-5

10
-4

10
-4

10
-3

10
-2

10
-1

P
S

fragreplacem
ents

S
ingle-E

ndedInputC
urrent[A

]

Distortion/Noise-to-SignalRatio[1]

T
H

D

N
S

R

�
32

dB

9.7mA

2.4
kH

z

24
M

H
z

T
O

TA
L

H
A

R
M

O
N

IC
D

IS
T

O
R

T
IO

N
A

N
D

N
O

IS
E-T

O
-S

IG
N

A
L

R
A

T
IO

D
iscussion

and
C

onclusions
W

hy
is

the
test

�lter
off

the
m

ark?
W

e
actuallydesignedthe

�lter
for

a
pole

frequency
of17

M
H

z.
U

nfortunatley,the
B

S
IM

3v2
m

odelsthen
available

are
unsuitablefor

designingM
O

S
F

E
T-C

circuits,so
w

e
obtained

pre-releaseB
S

IM
3v3

m
odels.N

evertheless,w
hen

the
circuitcam

eback,it
had

a
pole

frequency
of24

M
H

z
insteadof17

M
H

z
and

had
m

ore
harm

onic
distortionthan

anticipated.

T
he

of�cial
B

S
IM

3v3
m

odelsreleasedafterthe
fabricationofthe

chip
agree

very
w

ellw
ith

the
m

easurem
ents.Using

thesem
odels,a

�lter
w

ith
the

cor-
rectS

F
D

R
of45

dB
caneasilybe

designed.

H
ow

can
an

S
F

D
R

of
45

dB
be

achieved?
T

he
m

axim
um

possi-
ble

inputsignalm
ustbe

13
dB

larger(by
a

factorof4.46),orapprox.45
mA

.
S

incethe
lim

iting
factoris

really
the

saturationcurrentofthe
M

O
S

F
E

T
re-

sistors,the
S

F
D

R
can

be
increasedby

m
oving

the
internalsignalground

tow
ards

the
positive

rail
and

re-sizing
the

M
O

S
F

E
T

satthe
sam

etim
e

to
m

aintainthe
sam

eresistance.S
im

ulationsshow
ed

thatthe
m

axim
um

achiev-
able

inputsignalw
ill

be
above

50
mA

,
w

hich
m

eansthatan
S

F
D

R
of45

dB
can

certainly
be

achieved.
F

urtherm
ore,since

this
currentis

still
notlarge

com
paredto

the
input-stagebiascurrentof160mA

,a
redesignofthe

C
C

C
S

is
notnecessary.


