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Chapter 11 Frequency response and filter
11.1 Frequency response

amplitude ratio, phase shift, frequency-response curve
11.2 Filters

lowpass filter, highpass filter, bandpass filter, notch filter
11.3 Op-amp filter circuits (optional)
11.4 Bode plots

decibel, highpass function, lowpass function, quadratic function 
11.5 Frequency-response design (optional)
11.6 Butterworth filters (optional)

Butterworth polynomial, lowpass filter, highpass filter
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11.1 Frequency response   
Basics
1. Complex-frequency waveform representation of a real signal
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2. σ=0, complex-frequency waveform →sinusoidal ac waveform 
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3. Frequency-response curves: plots of a(w) andθ(w)

4. w→∞
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5. w→0, a(w) andθ(w) depend on zeros and poles
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Discussion
1. Ex. 11.1 L=0.2H, R=8Ω find steady-state response vout(t) 
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Frequency response approach is much easier than time-domain 
approach or phasor approach.

frequency selective 
response, lowpass filter



電路學講義第11章11-5

2. Ex.11.2 all-pass circuit
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3. Ex. 11.3 plot frequency response
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11.2 Filters
Basics
1. Ideal lowpass (LPF) and highpass (HPF) filters, wco: cutoff frequency 

2. Ideal banspass (BPF) and notch (BSF) filters: wl: lower cutoff 
frequency, wu: upper cutoff frequency, B=wu-wl: bandwidth 
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Discussion
1. First-order LPF 
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2. First-order highpass filter 
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3. LPF to HPF transformation 
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4. Ex.11.4 find H(jw)
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6. Series RLC resonator
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7. Parallel RLC resonator
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8. Second-order BPF 
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9. Second-order notch filter

oo

o
o

o

o
ono

o
o

oo

o

o

o
no

jwwjzz

Q
jw

Q
wwjpp

K
w
KQwa

wwQQ

psps
szszsK

wsQws
wssK

wss
wssKsH

±−≈−±−=

−±−=−±−=

<<=

<>=

<<
−−
−−=

++
++=

++
++=

βββ

αα

β

α
α

αββ
α
β

22
21

2
22

21

21

21
22

22

22

22

,

4
11

2
,

2)(

or  ,
2
1)

2
(  :case dunderdampe

,
))((
))((

)/(
)2(

2
)2()(



電路學講義第11章11-17

10. Ex.11.6 design a parallel BPF to give wo=20kHz, B=500Hz
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11.3 Op-amp filter circuits
Option
1. Advantages: active filter
2. Noninverting LPF and HPF

• no output loading effects
•
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3. Inverting LPF and HPF
• A voltage follower could be inserted as a buffer at the input.
• Network functions 
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4. Wideband BPF
• Combined LPF and HPF
• Network functions 
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5. Narrowband BPF
• Resonant type BPF to give high Q
• Network functions 
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6. Notch filter
• Resonant type BSF to give high Q
• Network functions 
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11.4 Bode plots
Basics
1.dB gain

2.Bode plot: plot of a(w) in a log frequency scale
Discussion
1. Ramp function
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2. Highpass function
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3. Lowpass function
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4. Ex.11.8 plot the Bode plot
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5. Ex.11.9 plot the Bode plot
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6. Quadratic function
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7. Ex.11.10
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11.5 Frequency-response design
Optional
1. Design the filter from frequency-response and Bode plot

• line slope
• corner frequencies W1, W2,
• factored frequency-response

• filter realization
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2. Design a FM pre-emphasis circuit 
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11.6 Butterworth filters
Optional
1. Butterworth polynomial
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3. Bode plot
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4. Poles are uniformly spaced by angles 180o/n around a semicircle 
of radius wco in the left half of s-plane.
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5. Ex.11.12 Design a Butterworth LPF to give fco=15kHz, alp(w)
≦K/8 for f≧23kHz 
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