ELG4139: OpAmp-based Active Filters

A Advantages:

I Reduced size and weight, and therefmeasitics

I Increased reliability and improved performance.

I Simpler design than for passive filters and can realize a wider range o

functions as well as providing voltage gain.

I In large quantities, the cost of an IC is less than its passive counterpar
A Disadvantages:

I Limited bandwidth of active devices limits the highest attainable pole

frequency and therefore applications above 100 kHz (passive RLC
filters can be used up to 500 MHz).

I The achievable quality factor is also limited.
I Require power supplies (unlike passive filters).
I Increased sensitivity to variations in circuit parameters caused by
environmental changes compared to passive filters.
A For applications, particularly in voice and data communications,the

economicand performanceadvantage®f active RC filters far outweigh
theirdisadvantages



First-Order LowPass Filter

Z
H(f)=o=. =f
Vi %
ks 1_1 . 1 _ 1 j2RC
C; Z. R 1 R R
f f f . f f
] J206C;
R;
cw— L o Z =
> + '
v v 1+ ) 20fR; C¢
- " (o L aRy 1
T = ) =7 =& i 2R, C
[ Q J f~f
aR; G 1 g
=58
e R %1+ (f/f8) 0
1
fg =
2PR; Cy

A low-pass filter with a dc gain 6fR./R
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First-Order HighPass Filter
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A high-pass filter with a high frequency gainid® /R
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Higher Order Filters

20
C C/' C
I( | | £

10 I\ I\

. R, R, R,
Sk %EE: \ . | ——— " WNWN—o *——— VWN—» *———— " VA——4

= - “irst order

-10 ‘QN\ \Q]: S 1 R R, R,

: ST iy |

U
-30 AN o N
Second o &:I‘\ ™
—40 i i T i\ v v
Third order 4~ 7
‘30 1\ 4
‘ Fourth N
H(T) =H (F)H(F)***H, (T)
ey 05 1 0
, . 1
n. n
@ (rad/s) g




SinglePole Active Filter Designs

High Pass Low Pass
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Two-Pole (SallerKey) Filters

Low Pass Filter High Pass Filter




ThreePole LowPass Filter

Stage 1 Stage 2
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Two-Stage BandPass Filter
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Multiple-Feedback BanéPass Filter
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Transfer functiorH(j w)
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Frequency Transfer Function of Filters
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(I) Low - Pasds-ilter
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HGw|[=0  f>f,

(I) High - Pasdg-ilter
\H(jW)\:O f <f,
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(1ll) Band- Pasdg-ilter
HGw[=1  f <f<f,
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(IV) Band- Stop(Notch)Filter
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Bode Plot

To understand Bode plots, you need to use Laplace transforms!
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wheref. is called the break frequency, or corner - 1
frequency, and is given by: -

* = 20RC



Bode Plot (Single Pole)
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For octave apart, H (j l/l/)‘ ° -6dB
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Bode Plot (TwePole)
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Corner Frequency

A Thesignificanceof the breakfrequencyis thatit representshe
frequencywhere

A/(f) = 070.7 -45~

A This is where the output of the transfer function has an
amplitude 3-dB below the input amplitude, and the output
phasdas shiftedby -45 relativeto theinput

A Therefore,f, is also known as the 3-dB frequency or the
corner frequency.



-’ PERFORMANCE CRITERIA
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Bode plots use a logarithmic scale for frequency, whelecadds
defined as a range of frequencies where the highest and lowest
frequencies differ by a factor of 10.




Magnitude of the Transfer Function in dB
1
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A See how the above expression changes with frequency:
I atlow frequencief<< f,, |Av|;z= 0dB
A low frequency asymptote
I at high frequencies>>f
|Av(f)|;g = -201log f/1,
A high frequency asymptote



Real Filters

A Butterworth Filters
T Flat Passand.
I 20n dB per decade robff.

A ChebysheFilters
I Passband ripple.
I Sharper cubff than Butterworth.
A Elliptic Filters
I Passband and stojpand ripple.
I Even sharper ceaff.
A Bessel Filters
I Linear phase response.e. no signal distortion in passand.



Filter Response Characteristics
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Butterworth Filters
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Magnitude response for Butterworth filters of vario
order withe= 1. Note that as the order increases, |
response approaches the ideal brickwall type
transmission.



Chebyshev Filters
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Sketches of the transmission characteristics of a representativeaaderdd
order Chebyshev filters.



FirstOrder Filter Functions

Filter Type and 7(s)

s-Plane Singularities

Bode Plot for |T|

Passive Realization

Op Amp-RC Realization
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FirstOrder Filter Functions

1(s) Singularities |T| and ¢ Passive Realization Op Amp-RC Realization
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SecondOrder Filter Functions

Filter Type and 7(s)

s-Plane Singularities
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SecondOrder Filter Functions



