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Announcements
• Reading
• Chapter 1 (Razavi)
• Fundamentals of Circuit Analysis (Dr. Silva)

• Homework 1 due Feb 1

• Prelab 1 due in lab the week of 1/29 – 2/2
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Agenda
• Laplace Transform
• Passive Circuit s-Domain Models
• Transfer Functions
• Sinusoidal Steady-State Response
• Poles & Zeros
• Bode Plots
• Second-Order Systems
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Motivation Example
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transient response
(can go to zero quickly)

sinusoidal steady-state 
response

• Now, let’s look at Laplace Transforms to make this easier



Laplace Transform
• Laplace transforms are useful for solving 

differential equations
• One-Sided Laplace Transform
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Laplace Transform of Signals
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Laplace Transform of Operations
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Resistor s-Domain Equivalent Circuit
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Time-domain Representation:

Complex Frequency 
Representation:



Capacitor s-Domain Equivalent Circuit
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Inductor s-Domain Equivalent Circuit
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s-Domain Impedance w/o I.C.
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Transfer Function

• The transfer function H(s) of a network is the 
ratio of the Laplace transform of the output and 
input signals when the initial conditions are zero

• This is also the Laplace transform of the 
network’s impulse response
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RC Transfer Function
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Laplace Transform Circuit Example
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Convert to 
Laplace Domain
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Laplace Transform Circuit Example

• Note that the transient response decays very quickly!
16

       

 

   



4510sin
2

1v

2
1v

v4510sin
2

1
2
1v

response state-steady and  transientsit' intooutput   thedecomposecan  We

5
ss

10
tr

ss
510

o

5

5











tt

et

ttvtet

t

tr
t



Sinusoidal Steady-State Response
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• Here we have evaluated the transfer function H(s) with s=jω
• The magnitude of H(jω) scales the input amplitude
• The phase of H(jω) shifts the input phase



RC Circuit Sinusoidal Steady-State Response
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RC Circuit Sinusoidal Steady-State 
Response Example
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Complex Numbers Properties
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Inverse Tangent Function
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• For small values approximately 0
• For large values saturates at /2 or 90°
• Between 0.1 and 10 can be approximated as 

changing with a slope of 45° per decade

45/dec.(pi/4)/dec.



Poles & Zeros
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• Poles are the roots of the denominator (p1, p2, … pn) where H(s)∞
• Zeros are the roots of the numerator (z1, z2, … zm) where H(s)0
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Bode Plots
• Technique to plot the Magnitude (squared) and 

Phase response of a transfer function
• Magnitude is plotted in Decibels (dB), which is a power 

ratio unit
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RC Bode Plot Example
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RC Bode Plot Example
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RC Bode Plot Example
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Transient Response
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Bode Plot Algorithm - Magnitude
1. Where is a good starting point?

a. Calculate DC value of |H(j)|
b. If not a reasonable value, I like to calculate |H(j)| at  equal 

to the lowest non-zero value of p1/10 or z1/10
2. Where to end?

a. Calculate |H(j)| as ∞
3. Where are the poles and zeros?

a. Beginning at each pole frequency, the magnitude will decrease 
with a slope of -20dB/dec

b. Beginning at each zero frequency, the magnitude will increase 
with a slope of +20dB/dec

4. Note, the above algorithm is only valid for real poles 
and zeros.  We will discuss complex poles later.
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Bode Plot Algorithm - Magnitude
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Bode Plot Algorithm - Phase
1. Calculate low frequency value of Phase(H(j))

a. An negative sign introduces -180 phase shift
b. A DC pole introduces -90 phase shift
c. A DC zero introduces +90 phase shift

2. Where are the poles and zeros?
a. For negative poles:  1 dec. before the pole freq., the phase will 

decrease with a slope of -45/dec. until 1 dec. after the pole 
freq., for a total phase shift of -90

b. For negative zeros:  1 dec. before the zero freq., the phase will 
increase with a slope of +45/dec. until 1 dec. after the zero 
freq., for a total phase shift of +90

c. Note, if you have positive poles or zeros, the phase change 
polarity is inverted

3. Note, the above algorithm is only valid for real poles 
and zeros.  We will discuss complex poles later. 30



Bode Plot Algorithm - Phase
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Second-Order Systems: 
Real or Complex Poles?
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Second-Order Systems – Real Poles (1)

• If poles are spaced by more than 2 decades, there 
are 2 distinct regions of -45/dec phase slope
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Second-Order Systems – Real Poles (2)

• If poles are spaced by less than 2 decades, there is a region 
of -90/dec phase slope
• Watch out for system stability!
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Second-Order Systems – Complex Poles
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Frequency Peaking w/ Complex Poles
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For k1=1 and 0=1

• Note, phase always 
crosses -90 at 0

[Schaumann]



Second-Order Systems’ Bode Plots Summary

• 2 real poles  Plot with standard Bode plot 
techniques

• 2 complex poles  Approximate as 2 real poles 
at 0
• Past 0 the magnitude decreases at -40dB/dec
• From 0.10 to 100 the phase slope is -90°/dec

• A more exact plot of second order systems can 
be obtained by calculating Q and using the 
reference plots on the previous slide
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Next Time
• OpAmp Circuits
• Reading
• Razavi 8.1,2,4,5
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