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Lesson Objectives

® Introduce active lowpass filters

__4



Lowpass Filters

® Lowpass filters pass low frequency components and attenuate high
frequency components

Transfer Function H()

Linear Plot Bode Plot
Koc\ 20log,,(Kpe) —N
3dB

© 0.707Kpyc -l \
2 a.»
= 3
S =
= o

=




First-Order Filter

Linear Plot
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From Passive to Active Lowpass Filters
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First-Order Inverting Lowpass Filter
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Frequency Characteristics of LP Filter
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Derivation: Lowpass Filter
R¢
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Example

Design an inverting lowpass filter to have a
DC gain of -2 and a bandwidth of 500
rad/s: R

2

R, 1
H(w)=———
R, R.Cjo+1




Summary
® Alowpass filter passes low frequency signals and attenuates high

frequency signals

® Three first-order lowpass configurations:

* Noninverting, isolation at the input T W\

Vin | CJ_
| c T

ol
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* Noninverting, isolation at the output "7 VRW ] ' T
VinI |
| Vo

1

* Inverting, isolation at input and output c
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Lesson Objectives

@ Introduce active highpass filters

__4



Highpass Filter

® Passes high frequency components and attenuates low
frequency components

Bode Plot

Linear Plot
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First-Order Filter

Linear Plot
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Inverting Highpass Filter Configuration
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Frequency Characteristics of HP Filter
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Example

Design a highpass filter to have a passband
gain of 2 and a corner frequency of 1k rad/s:

Rf
NN

Vin o—” >__XO
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Summary

® A highpass filter passes high frequency components in signals and
attenuates low frequency components

® First-order highpass filter

M

C R1

Vin _ v _ —R{Cjo
- l_>——° )= R Gor1)

® Design based on

» Corner frequency of the passband, o,
» Passband gain, Kpg
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Previous Lesson

® Introduced op-amp first-order highpass filters
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Lesson Objectives

® Introduce cascaded filters
® Introduce bandpass filter characteristics
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Transfer Functions in Hertz f

Lowpass Highpass
1 Kjm
H(®w)=K Hw)=
() Dctj03+1 (©) Tjo+1
Bandwidth, wg = 1/t Corner Frequency, o, =1/t
Passband Gain= Kpg = K/t

DC Gain = H(0) = Kpe




First-Order LPF and HPF
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Cascaded Filter

Inp—ut. output  Input . Output



Cascaded Filter
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Bandpass Filter Characteristics
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Cascaded Filter Transfer Function

Jf
1 In
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Summary

® Cascaded Lowpass and Highpass Filters
® Bandpass Filter Characteristics
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Next Lesson

® Second-Order Transfer Functions

__J
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Second-Order
Transfer Functions
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Previous Lesson

@ Introduced cascaded first-order op-amp filters
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Lesson Objectives

® Introduce second-order filter transfer functions
® Examine features of transfer functions
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Filter Transfer Function

@ Ratio of output voltage to input H(f) -

voltage as a function of frequency Vz.n(f)

® For any frequency, the transfer
function is a complex number that
iIndicates how the filter modifies
the magnitude and phase of the
Input to produce the output




First-Order Low-Pass Filter
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Second-Order Low-Pass Filter
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Effect of Quality Factor (Q)
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High-Pass Filters
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Band-Pass Filters i1
Hppa(f) =K .
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Butterworth and Chebyshev

@ Types of transfer functions

® For second-order filters, the type is
determined by the Q value

® @=1/v2 Butterworth (Maximally Flat)
® @>1/v2 Chebyshev
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Chebyshev Filters

10,
2
; #ﬁ" NAY
lcxn| \
Icio 1\
6] AN\
. AN\
A\
I
0.01 \ \

0.01




Butterworth Filters
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Fourth-Order Butterworth vs. Chebyshev
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Summary

® Introduced second-order transfer functions
® Examined features of transfer functions
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Next Lesson

® Op-Amp Second-Order Filter Circuits
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Previous Lesson

® Introduced second-order transfer functions
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Lesson Objectives

® Introduce second-order filter circuits
@ Design second-order filters
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Sallen-Key Low-Pass Filter
1

Hppa(f) =K T
1
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Lowpass Design Equations

Special Case 1
(K =1, Solve for C’s)

K:]_ (R3=00'5R4=0)

_ QL. t
= Wo (31 " Rz)
B 1

Qwo (Rl + R?)

Ca

Can simplify with R; = Ry

Special Case 2
(K =1, Solve for R’s)

K=1 (R3=OC-,R4=0)

_ 1 202
Ry, Ry = 50w0Cs (liﬂl—élQ 01)

4Q%Cy/Cy < 1

R; and R, are interchangeable

Special Case 3
(R’s equal and C’s equal)

Ri=Rs=R K —1424
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Sallen-Key Highpass Filter
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NN
Hypa(f) = K—— :
c1 C2 U1 (%) — %é + 1
V Il Il >_. v
_ 0 R4
AN
Rs3 ° " 2n/RiR20.C5
VR Ry C1Cy

Q=

(l — K)RQCQ + (Ol + Cg)Rl l



Highpass Design Equations

Special Case 1 Special Case 2
(K=1,C,=C,=CQ) (R’s equal and C’s equal)
Ry
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Sallen-Key Bandpass Filter
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Bandpass Design Equations

Special Case
(R’s equal and C’s equal)

Rs
Ri=Ry=R3=R Koy=1+—
R/l

Ci=0=C




Notch Filters




Summary

® Introduced second-order filter circuits
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Next Lesson

@ Filter Design Example
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Example Design

® Butterworth 29 Order LPF

Special Case 1
(K =1, Solve for C’s)

K:]_ (R3=OC-,R4=0)

_ e, 1
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Can simplify with Ry = Ry



Example Design
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Summary

® Designed a second-order lowpass filter
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Next Lesson

® Filter Demonstration
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Previous Lesson

® Introduced second-order filter circuits
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Lesson Objectives

® Examine frequency spectra of signals
® Demonstrate filtering by a second-order filter circuit
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Spectrum of Sine Wave

Fourier Analysis
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Spectrum of Sum of Two Sine Waves
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Spectrum of Square Wave

Fourier Analysis
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Relaxation Oscillator
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Measurements

R3
a'a"4%
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Relaxation Oscillator fo = 1kHz Q=5 Sallen-Key BPF




Total Harmonic Distortion (THD)

2 2 2
THD = VA R B S 100%
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Summary

® Introduced freguency spectra
® Examined physical circuit filtering performance
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