Background:

Active Filters

Filters are circuits whose behaviour|changes|wiljdency. Essentially, all\circuits with capacitand/or

inductors are filters.

When analyzing a filter, sinusoids afe used f)I'IHpmlts and outputs. Sinusdjds are very spedjalass. For

example, assume you apply a 1Hz signal to a
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where y is the output of the RC filten
square wave. The relationship betw

and x ig tiyeut. If the input is a 1Hz sq
een the tWwotsarsimple one.

R fithich satisfies the following differential edjica
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If the input is a 1Hz sine wave, howe

ver, the outpalso a 1Hz sine wave.
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NDSU Active Filters
Real Poles, No Zeros (take 2)
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Complex Poles, No Zeros

R1 R2
AT AAN——
Y
X R R S
AANTANNT +
_lc I
2
kx ==
Y= = X
24 Bk g L2
RC RC
This filter has two complex poles with
Amplitude = %
- Angle: 3- k=2cosq
. R2
. = + —=
DC gain k=1 R,
Note that the angle of the poles goes from
0 degrees when k =1
90 degrees when k = 3 (an oscillator)
A jw
s-plane pole k=3
X

1/RC
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Comples Polex, Two Zeros ats =0

R1 R2
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Y= s X
52+§'—gs+R—1CZ

This filter has two complex poles with

Amplitude = R_lc
Angle: 3- k=2cosq

. High Freq gain k= 1+§—i
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Comples Polex, One Zerosats =0: Y= -2
s=+hs+c
1Cs| C
- R3
R1 ¢
XJM A B
‘ ‘1/Cs Y
R2
1
- == s
R4C
Y = .
24 2 gy S1R2 1
R3C RiRo  RaC2
JSG 8 April 1, 2020



NDSU Active Filters ECE 321

Example: Design a circuit to implement

- 1,244,485 X
(s+85)(s+121D69.5%)(s+121D- 69.5°)

Rewrite this as

y= 85 14,641 X
s+t85  (s+121D69.5°)(s+121D- 69.5%)

Use the previous filters

R1 R2
“W%\/ﬁ
Y
RO R R —_—
%Wﬁ%i +
__lco e _ ¢
2
ROlCO kx =¢
2
S+ Rolco s+ B st
To avoid loading, let
+ RO =10k
R = 100k
Matching terms in the denominator:
= =85 Co=1.17TF
0~0
= =121 C=0.08F
3- k=2c0g69.5)
k=23
Ro
1+2=23
1

R1 =100k, R2=1.3k
Note: This circuit has a DC gain of 2.3 (instadLdd). Just note this and call the output 2.3Y.
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Example: Design a filter to implement

100,002

Y = X

s2+14s+100 s2+100s+10,000

Solution: Reuwrite this as the product of two fite

2 10,000
Y= : X

s2+14s+100 $2+100s+10,000

Using the previous circuits (building blocks),

R1 R2

A VAVAVSY +
e e |y C
R R
2
kos? ka_lC
s20 3k g L7 s24 3k g L7
Rc St Re rc St Re

Matching the poles:

2 2
== =100 == =10,000
R = 100k R = 100k
C =0.1uF C =0.001uF
3- k=2cog(45?%) 3- k=2cog60°%

k =1.5858 k=2
R1 =100k R1 =100k
R2 = 58k R2 = 100k

Note: This circuit has a DC gain of 3.17 (instdd. ®). Just note this and call the output 3.17Y.
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NDSU Active Filters
Filter Description G(s) Circuit
Real Poles kab R3 R4
No Zeros (s+a)(s+h) ANN
DC gain > 1 _ 1 VAN
~ RiCy
_ 1 B
’ b= R2C»> v
Rz =10R; x " & e
14 R AN +
Rs c1 c2 k=1+R4/R3
a=1/(R1C1)
b=1/(R2C2)
. - R2=10R1
Single Real Pole -a c
No Zeros s+b
_ 1
; b - ﬁ R1
A B YAy, ye—
b~ R
2 X R2
Y
T
Complex Poles ka2
No Zeros (s+abq)(s+ab-q)
1 R3 R4
a=re AN AN ——
_ R4
o k=l
" 3-k=2coy -
. R " Y
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