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Filters

Introduction

*Low-Gain Filters

Infinite Gain Filters

State Variable Filters

Ladder Filters

*Other techniques (Follow the leader, GICs)
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Introduction: First-order Filter
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Introduction: First-order Filter

K

R H(s)=——~
Vin O—/W/V— Vo 1+SR1C1

C1 T~

C1
Vino—"\/\/\—
It

Jose Silva-Martinez 4-

0dB

0dB

A

K>1

ELEN-457

A

R2/R1>1

>

1 R,
R T
RZCI R1

Texas A&M University




ELEN-457

Introduction: First-order Filter

Z2
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Introduction: Large resistor implementation

Vo' Notice that Vo'= V, =0V,
Rj3+ (R2HR4)
R2 R3 iin =81Vin
R4 . ! .
, 1 ==gvo ; Ip==3Cv
Lin i2
> > C1 :> _
R1 N Ly =81Vin = ((Xg2 + SCl )VO
1 R 1
Vin o—\/\/\— H(s)=— &1 —_ 2
L0 Vo g, [ € ) ocRIHS(RzCl\
g, o
~ R,R, ~ 1
. i R3(Ry +R4)+(RoRy) (R3 | Ry)
 Effective R, is R,/a ot
2 4

* The smaller o the larger the equivalent resistance

*The attenuation factor o can be easily reduced
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Biquadratic Function: Frequency Domain Analysis
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Phase(H(jo)) = tan_l(
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A reeeeeeeeses :
: Transfer function is

: dominated by BW

Smaller
BW
>

Any small parameter variation around o=,
produces huge variations on the overall
transfer function.

Narrow-band filters (small BW) are more
critical!!
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Frequency Domain
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SENSITIVITY

f Af

X i} (?Wa%f = ( AXX \( Aff\ = & Practical implication =>
X

If you know the sensitivity function, then you can evaluate the
effect on f of variations in parameter x!

Notice that sensitivity relates the normalized (percentage) errors;
e.g. for a sensitivity function of 10, variations of 10% in x
produces f variations of 100%. Sensitivity of 0.1 will produce a
variation of 1%.
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SENSITIVITY: properties
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SENSITIVITY: properties

EXAMPLE3:
Bwotea _81+8 o __ & Little sensitive
G C g 8178
BW Very sensitive to conductance mismatches
BW = e _ 8178 & 1 >1 This is the case if you use negative
G C o 8178 _82 resistors for gain enhancement!!

g1

The use of negative elements is attractive because you can drastically
reduce the spread of the components (due to the subtraction).

Unfortunately the sensitivity increases drastically!!
» TRADEOFF: Spread <mmm) Sensistivity

For low sensitivity f
<1
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SENSITIVITY: propertles

s PRI M=t =Sty

Ko,
EXAMPLE4:  H(s)=— 00
S +BWs+0)O

Ko)o2

\/ (0)02 _ 0)2)2 n (BW 0))2
[H(jo) 1 ((002 ! 1( 420)02 1 i 21: ((002 ! )(002 W
o 2 (u)02 —0* +(BWo)? \op" —o® [~ (u)02 - coz)2 + (BWo)’

_ 2[ (BWw)* - (u)02 —w’ 21

H(jo) =

Hliol [ 2(BWo)* ) (BWa)?
2 (0)02 - 0)2)2 +(BWw)* (0)02 - (02)2 +(BWw)*

These results are general!!
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Low-Gain Filters: Sallen-Key

L CT
R1 R2
Vin o—\/\ A\ ———/\ —O0 Vo
C2 T
Y%
K(l )
H(s) = RiR,C,Cy \
s2+( Lyt 1 (I—K)s+;
RiC; RyG R,Gy RiR,C,C,y

At =0, capacitors are open circuits and H(s)=K
At 0~ ,, all impedances are important
At w=c0, capacitors are dominant
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*Why this topology
*behaves as LPF?

*How stable is this circuit if
K is precise?

*Practical Limits?

*How to design a filter?
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Low-Gain Filters: Sallen-Key

‘ 1
L C1 K(RIRZCICZ
R1 R2 1 1 1
Vin O +K + + 1-K) s
L RICl R2C1 R2C2
C2 I
Lowpass
H(0)=K At =0, H(s)=K
> 1
W) =—
RIRZCICZ
H(o=0,)= K At @~ ,, all impedances are important
1 1 1 )
( + + (1-K)
Rlcl RZCI R2C2
BW = 1 1 (1-K) Meaning of -K?  Positive feedback!!!

- +
RiC; RyCG RyG,
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Low-Gain Filters: Sallen-Key

L C1 K(lj
R1 R2 R,R,C,C,
Vin O L % N 1 N 1 N 1 1=K s
RICI R2C1 RZCZ
C2
I Main sensitivities:
H(0)=K |
| [H(jo)
2
®0 TR R,CC =1
IRASNS K
Hw=0,)= K% %o 1
1 1 ) =——
+ + (1-K) 7
Rlcl R2C1 R2C2 R1,29C1,2
Hl(w,
BW:RIC +R1C +R1C (1-K) | (0)‘: 1 [ =K \
1~1 2%1 2%2 K BW R2C2
Can you design low sensitive 1
_ 9 =1+
e
9 y ° R1C1 Cl
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Low-Gain Filters: Sallen-Key BP filter

2 1 11 )
R2 (1)0 = +
R1
Vin O N ‘ +K O Vo K(RIC \
i C3 ‘ H(w=w0y)=— ] 1 51 1K
C5 R4 + + +—
pwo L . L .1 1-K
SK[R C )
H(s)= ) H(j0
) 2(1 1 1 1-K 1 (1 1) |(J)|_
s+ + + + s+ — =1
(ON) 1 (07 1
=——; < ——
. . R4.Cs5 2 R;.R, 2
Typical design approach : C3=CS5, K=2 BW 1 (g ) {
K BW£R2C5 R Ro (RoGs 1k
R, R, R,C,

Jose Silva-Martinez -16- Texas A&M University



ELEN-457

Low-Gain Filters: Sallen-Key BP filter

Vin O

Jose Silva-Martinez

O Vo

BW =1kHz
Q=10

Peak gain?

Typical design approach : C3=CS5,
R1=R2=R3

R,C,=2.25x10"

K=3.8565
Hea ~ 27 !
BW
=7.07! Can you design same filter
K using K=27? Sensitivities?
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Low-Gain Filters: Sallen-Key HP filter

R2
C1 ‘
Vin o— 1 +K O Vo
C3 ‘
R4
2
K
H(s) = >
1 1-K ) 1
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2 1
$” + +

+ s+
R,C, R,C, R,R,C,C,
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2 1
(OO =
Kw
Hlo=0,)=— R

+ +
1 1 I-K
+ -

BW=
R,C, R,C, R,C,

Sensitivities are similar for all
these topologies
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High-Gain Filters: Multiple Feedback

Y1
Vino—____1—

}Y4

—L

"

Y3

| vs

“‘YHTYé

L— 0o Vo

H(s) =

Y (Y, +Y, + Y5 +Y,)+ Y5Y,

G1
Vin O

G4

~Cb5

C2 =

7

G3

Low-pass filter

Jose Silva-Martinez

L— o Vo
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* For LP filter: Y, and Y; must be
conductance and Y. must be
capacitor

* For BP filter: Y, or Y; must be
capacitors

* For HP filter: Y,, Y; and either
Y4 or Y5 must be capacitors as

* Notice that all sensitivities are

H(s)=

)

less than 1! (why?)

2

— G1G3

s°CsC, +5Cs(G, +G; + G, )+G,G,

1

~ CsC,R3R,

1

(R 1IR3 IR 4)C;

All sensitivities
are=<11!!
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-Y,Y
b (o . . ‘ H(s) = 153
High-Gain Filters: Multiple Feedback H() VoV 1Y, 1Y, + Y, )1 Y,
-sG,C
i H — 1~3
o TC4 G5 © s2C4C, +5G5(C; +C,)+G,Gs
Vin o | -
Cc3 Lo Vo o = ——
G2 % + CsCaRoRs Sensitivities
1 are=<1
BW =
Band-pass filter C:Cy Ny
C,+C,
H(S) _ —SZC1C3
-~ C4 G5 s2C4C, +5G5(C, +C3 +C,)+G,Gs
C1
Vin O 1 | - 1
c3 Lo Vo 0t =—————
G2 % + C3C4RHR Sensitivities
are=<1
1
. BW =
High-pass filter CiCy Ny
C,+Cy+C, °
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