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Active Filter Circuits

Introduction

Filter circuits with RLC are passive filter circuit
Use op amp to have active filter circuit

Active filter can produce band-pass and band-reject filter without
using inductor.

Passive filter incapable of amplification. Max gain is 1
Active filter capable of amplification

The cutoff frequency and band-pass magnitude of passive filter
can change with additional load resistance

This is not a case for active filters

We look at few active filter with op amps.

We look at that basic op amp filter circuits can be combined to
active specific frequency response and to attain close to ideal
filter response
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First-Order Low-pass Filters
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Active Filter Circuits
e - Find R, and C values in the following

active Low-pass filter for gain of 1

C
¢1;F and cutoff frequency of 1 rad/s.
R2
R1 1 Fromthe gain | | _R, _,

. f R,
Vi 1 »—gVo {

From the cutoff frequency
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Example
)
Po—
T >> w=0.1:.1:10;
>>
) : \\ cerrrti] | h=20*%1oglO (abs (1./ (1+3*w)))
>> semilogx (w,h)
1 [n] E— S>> grld o
_ H >> xlabel ('\omega (rad/s) ")
) : : : i >> ylabel (' |H(j\omega) |
15 5 3 : \\ = dB")
\ >>
[P — : ] \.
35 5 '

10 10" 10’
afradis)
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A first order high-pass filter
R2
R1 C
}i
Vi ﬁ) ». Vo
’Transfer function of the circuit ‘ H(s):_—zf His)=—2_ _ —R5C
Z R+ 1 RsC+1
H(s)=— 5 s ' sC
1 ||H(s)=-K
R1(S+R) (s+a,) ST
1 ’ Transfer function in jo ‘
The Gain Cutoff frequency ‘ i
R, 1 L2
K== .= . [
R ""RC H(jo) = -K—=C—
(1+j—)
D¢

ECE 307-10 6




Active Filter Circuits

R1

C

R2
200K

}i
Vi 20K 0.1uF >—ovo

* Find R, and R, values in the above active High-pass filter
for gain of 10 and cutoff frequency of 500 rad/s.

From the cutoff frequency 1 1
0,=——==9500| |R =——==20KQ
R,C 500C
From the gain ||k :%: 10 ’Rz —R10=200 KQ‘
.
Jo
Transfer function in jo ‘ H(jw)= —10L0w
(1+Jj=7)
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20 >> w=1:10000;
>>
10 h=20*10g10 (10* (abs ( (J*w/500
) ./ (L+3*w/500)))) ;

=30

40

>> semilogx (w, h)

>> grid on

>> xlabel ('\omega (rad/s) ")
>> ylabel (' |H(j\omega) |
dB"')

>>

0 1
10 10

10°
wlradis)
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Scaling

+ In filter design, we can transform RLC values in to realistic
values, this process is called scaling

+ Two types of scaling, magnitude and frequency scaling

* In magnitude scaling, we multiply all L and R by scaling
factor k,,, multiplying all C by 1/k.,

R'=kpR|

L'=kyl| C.zkg

m

* ks positive real number
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Scaling

+ frequency scaling, we multiply all L, C by 1/k;where k; is
scaling factor.

L

e
f

k¢

» Acircuit can be scaled in both magnitude and frequency in
simultanously

k C
R' =k R||L'=-m| c'-_~_
K —
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+ Example 1, Find R, and R, values in
the active Low-pass filter for gain of 5

and cutoff frequency of 1Khz and
c=0.01 pF

Example
c
1F
R2
R1 1

i 1 ) '
Vf ol =2 271000 _gog3 485
g 1

1

Mk C

6283.185(107%)

=15915.5

Ry'= kR, =15915.5(1) =15.9 KQ|

» For gain specification, we need to change R,

R =Rz 199K _3 48 kq
K 5
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Example

>> £=1:10000;

>> w=2*pi*f;

>>

h=20*10gl0 (5*abs (1./ (1
+3*w/ (2*pi*1000)))) ;

|H0f| 9B

>> semilogx (£, h)
>> grid on
>> xlabel (‘f (Hz

)Y
>> ylabel (' |H(Ff)
dB")

)
I

19 10’

2 3 [
10 10 10
1[Hz)
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Op Amp Band-Pass Filters

* Three components

* A unity gain low-pass filter, cutoff frequency is o,
* A unity gain high-pass filter , cutoff frequency o,
* A gain component to provide the desired level

(002 > 2
Qs

Vi, Low-pass filter —>High-pass filter— Inverting amp. — Vo
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| Op Amp Band-Pass Filters |

CL
RL
RH
RL Rf
: /IE RH CH
) ! 7 oy Rf B
= | . oy Vo
H(S) _ —@c2 —S _& H(S) — _Ka)CZS
S+weo )\ S+ Wpq Ri (s+w02)(s+wc1)
_ —Kayps
H(S)_82+(a) +Wg0)S + WO, H(S):—ﬂs
c1 c2 c1%c2 s2 +Bs+ a)g
1 1 , R
W2 > Wpq W = W1 = H(ja)o) =—K=——.
c RLCL c RHCH max RI
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Example:

» Design a band-pass filter for a graphical equalizer that has
gain 2 within the frequency between 100 and 10,000 Hz.
Use 0.1 uF capacitors

* For upper cutoff frequency from LP filter

1 1 1

, S R = = =]
> RC, b 0CL 2710000(0.1)107
| * For Lower cutoff frequency from HP filter |
W1 = . RH = E = . 6 =7958 QO
RHCH 0c1Cr 27100(0.1)10

* Forgain, choose R=1KQ |

R¢
R, | |[Re =RiK=1000(2) =2 KQ|

K:
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From transfer function

Hijo) = —271000 —jo 2000
’ jo+271000 )\ jo +27100 J{_ 1000 !Ads =20logyg | H(jo)| \

>> £=10:80000;

>> w=2*pi*f;

>> H=( (-

2*pi*10000) ./ (F*w+2*pi*
10000)) .* ( (-

J*w) ./ (FFw+2*pi*100)) * (
-2);

>> A=20*1ogl0 (abs (H)) ;
>> semilogx (f,A)

>> grid on;

>> ylabel ('A_{dB}'")

>> xlabel ('F (Hz)')

2 3 5
0 10 0 0
F (Hz)
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Op Amp Band-Reject Filters

* Three components

* A unity gain low-pass filter, cutoff frequency is o,
* A unity gain high-pass filter , cutoff frequency o,
* A gain component to provide the desired level

Low-pass filter
Vi I—»

High-pass filter

Inverting amp. — Vo
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Op Amp Band-Reject Filters

CL
it

-, -S R

RL H(s)= cl _Mf

S+wy S+ R;
» Rf
> AW—
. I Rf
RH S ovo
L] |

1 1

Weq = We2 =5~
2 R.CL RuCh
H(S) _ &[ S” + 20)613 ar Dp1D¢2 J

Ri (S+CUC1)(S+6062)
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Example:

+ Design an active band-reject filter that has gain 5 and the
stop frequency between 100 and 2000 Hz. Use 0.5 pF
capacitors

F.1=100Hz and F,, =2000Hz| [For ag, >> ag|

__1 R =~ L =3.18 KQ
“1TRC,| | @CL 2710000.5010°
akz = 1 f?H = 1 = 1 6 = 159 Q
RuCh @c2C  272000(0.5)10

* Forgain, choose R=1KQ |

Ry
R; | |[Re =RiK =1000(5)=5 KQ|

K:
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~®Pcq —jo

H('a))—_ + B .
/ __ja)+a)c1 jo+ oy R; ’AdB=20|°910|H(JCU)|‘

>> w=2*pi*f;
>> H=(((-
2*pi*100) ./ (3*w+2*pi*100))
T (-
I L H - : : j’g‘:’)-/(j*W+2*pi*2OOO)))*(_

- P AR : . : ; 5);
< i i \i / 5 i i i >> A=20%10g10 (abs (H) ) ;
0 bt I i L : Lo >> semilogx (f,A)

P Py . : ; 5 @Eld eng
>> xlabel ('F (Hz)'")
>> ylabel ('A {dB}')
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