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Lowpass Prototype Filter
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[t 1s a normalized filter.

 Passband 0<Q <1
» Stopband 1 <Q
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Frequency Scaling
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* A lowpass filter with cutoff frequency w,

can be built from the prototype lowpass
filter
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Frequency Scaling
e 3 7 7 5 5 5 ' 1 5 P
by scaling the the values of RLC with respect

to the RLC of normalize (prototype) filter in
the following way:

R=RR
— Cn
Q)SRS . . .
P A Arbitrary resistor scaling factor
L=—L
)

A Frequency scaling factor
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Frequency Scaling
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Location of pole and zero of the transfer
function:

pP=0p

Z:>(DSZ
A

N

N
"%
N
N
N
N
N
N

N

N
%
N
x
7
7

7

rd

7
rd
e
7
®
‘/

Dr. Hongjiang Song, Arizona State University

| — Original location

New location «—

AN
AN
N
N
AN
AN
AN
-
/t '
s
7z
’
7’
s
s’
z

4

AN
7

N
7z




Example: Frequency Scaling

v. Ry=1

L
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Example: Frequency Scaling (I)

Let R,

HOw)| 4

= 1k, w/211= 10kHz, we have
R=RR =1kQ
C= C, =0.016uF
(DSRS n
v. R=1kQ
1 Vv
—f ] 0
_____C=0.016uF
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Example: Frequency Scaling (1I)

If let R, = 10k, w/211= 10kHz, we have
R=RR =10k

n

C= C, =0.0016ufF
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The solution is not unique!!
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Typical Component Values 1n IC

Tolerances: 10 ~ 40% absolute
0.1 ~ 1% for ratio

Resistor: 50 ~ 100kQ

Capacitor: 0.5 ~ 50pf

Inductor: <10nH (lossy)
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Lowpass-to-]
Lowpass-to-|
Lowpass-to-|

Frequency Transformation

vand

1gh

pass transformation

pass transformation

pand

stop transformation

Lowpass-to-multi-bandpass transformation



Lowpass-To-Highpass Transformation
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A) Lowpass prototype B) Highpass normalized
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Lowpass-To-Highpass Transformation
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* Location of poles of the transfer function

Pup

Pip =

_|

—0
e P

Prp

Original pole location

New zero location

New pole location

Prp
(DO
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Example: LP-to-HP Transformation

e LP filter:
1
H, (§)=——
1+
e Transformation
s L
S

e LP filter

| )
H, (s)=H () |o,,= 1 1as
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Example: LP-to-HP Transformation

H ()| 4 Hy(w)/4
1 R
. > .
1 W 1
A) Lowpass filter B) Highpass filter
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Lowpass-To-Bandpass Transformation
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A) Lowpass prototype

Dr. Hongjiang Song, Arizona State University




Pole Locations
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* For the first-order lowpass prototype:
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Pole Locations

A
Ppp )
Original pole o e — New pole location
\ | >
PLp
Ppp / |
o, New zero location
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Pole Locations
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* For the second-order lowpass prototype:

) A)
S+

+l=(—pp)s—pp)=0

LP

= (O(—+22) = p, NO(—+22) = p, ) =0
®, ®, S

Ppp1 _ Prpi + (pLPl)Z _1
o, 20 20

Pprr _ Prra 4 (prz ) -1
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Pole Locations:

A
Prp

| —New pole location o,

original pole location
Prr1

New zero location (2x)
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Lowpass-To-Bandstop Transformation
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A) Lowpass prototype B) bandpass O = ®
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Pole Location
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» For first-order lowpass prototype

1

S— P, = 0= P—— — P, = 0
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Pole Location
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Pole Locations
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* For the second-order lowpass prototype:

2

S QLP +1=(s—prp)S—Pp,) =0
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Pole Locations:

A
New pole location ——
L New
. . . W,
original pole location "‘/
Prpi New zero location (2x)
- ZsP
> Do
original pole location
PLp2
New pole location%
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Lowpass-To-Multi-Passband Transformation

n

Q= EH ((D2 —(DzO(Zk—l))
® o (@7 =0 02n)

G Eﬁ (s +®02k-1))
s o (87 +0%02n)
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