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Outline

◼ Bode plot introduction

◼ Sketch Bode plot for a given transfer function
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Bode Plot

A Bode plot describes the frequency response 𝐻 𝜔  of a system.

Frequency response 𝐻 𝜔  is derived from the transfer function 𝐻 𝑠

𝐻 𝜔 = ቚ𝐻 𝑠
𝑠=0+𝑗𝜔

Bode plots shows 𝐻 𝜔  vs frequency 𝜔
• Magnitude: 𝐻 𝜔  in dB → 20 ⋅ log10 𝐻 𝜔
• Phase: ∠𝐻 𝜔
• 𝜔 is also in log scale
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Single Pole System Bode Plot

𝐻 𝜔 =
𝐴

1 −
𝑗𝜔
𝑝1

Stability requirement: Re{𝑝1} < 0 (the system doesn’t grow unbounded over time)

Real valued requirement: Im{𝑝1} = 0 

𝐻 𝜔 =
𝐴

1 +
𝜔
𝑝1

2

𝐻 𝜔 dB = 20 log10 𝐻 𝜔 = 20 log10 𝐴 − 20 log10 1 + 𝜔/𝑝1
2
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Single Pole System Bode Plot

𝐻 𝜔 dB = 20 log10 𝐻 𝜔 = 20 log10 𝐴 − 20 log10 1 + 𝜔/𝑝1
2

• 𝜔 ≪ 𝑝1 ⇒ −20 log10 1 +
𝜔

𝑝1

2

≈ −20 log10 1 = 0 dB

o Magnitude response is almost a flat line

• 𝜔 = 𝑝1 ⇒ −20 log10 1 +
𝑝1

𝑝1

2

= −20 log10 2 ≈ −3 dB

o Magnitude response at the pole frequency is 3 dB lower that when 𝜔 ≪ 𝑝1

• 𝜔 ≫ 𝑝1 ⇒ −20 log10 1 +
𝜔

𝑝1

2

≈ −20 log10
𝜔

𝑝1

2

= −20 log10
𝜔

𝑝1

o Magnitude will decrease 20 dB when 𝜔 increases by 10 times (–20 

dB/decade slope)
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Single Pole System Bode Plot Magnitude

10k 100k 1M 10M 100M

𝜔 ≪ 𝑝1

𝐻 𝜔 =
100

1 + 𝑗𝜔/106

𝜔 = 𝑝1 , 𝐻 𝜔 = 37 dB

𝜔 ≫ 𝑝1

−20 dB/dec

Frequency (rad/s)
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10k 100k 1M 10M 100M

𝜔 ≪ 𝑝1

𝐻 𝜔 =
100

1 + 𝑗𝜔/106

𝜔 ≫ 𝑝1

−20 dB/dec

Asymptotic Bode plot

𝜔 = 𝑝1 , 𝐻 𝜔 = 37 dB

Single Pole System Bode Plot Magnitude

Frequency (rad/s)
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Single Pole System Bode Plot Phase

𝐻 𝜔 =
𝐴

1 −
𝑗𝜔
𝑝1

∠𝐻 𝜔 = ∠𝐴 − ∠ 1 −
𝑗𝜔

𝑝1
= 0 − ∠ 1 −

𝑗𝜔

𝑝1
= − arctan

𝜔

𝑝1

• 𝜔 = 0 ⇒ ∠𝐻 0 = − arctan
0

𝑝1
= 0°

• 𝜔 = 𝑝1 ⇒ ∠𝐻 𝑝1 = − arctan
𝑝1

𝑝1
= −45°

• 𝜔 ≫ 𝑝1 ⇒ ∠𝐻 𝜔 = lim
𝜔→∞

− arctan
𝜔

𝑝1
= −90°
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Single Pole System Bode Plot Phase

10k 100k 1M 10M 100M

Frequency (rad/s)

𝜔 = 𝑝1

𝜔 ≪ 𝑝1

𝜔 ≫ 𝑝1

𝐻 𝜔 =
100

1 + 𝑗𝜔/106
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Single Pole System Bode Plot Phase

10k 100k 1M 10M 100M

Frequency (rad/s)

𝜔 = 𝑝1

𝜔 ≪ 𝑝1

𝜔 ≫ 𝑝1

𝐻 𝜔 =
100

1 + 𝑗𝜔/106

Roll off starts 

roughly at 0.1 ⋅ 𝑝1  

Roll off ends 

roughly at 10 ⋅ 𝑝1  −45°/dec
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Single Zero System Bode Plot Magnitude

𝐻 𝜔 = 𝐴 1 −
𝑗𝜔

𝑧1

Consider: Im{𝑧1} = 0, Re{𝑧1} < 0 and 𝑧1 ≠ 0

𝐻 𝜔 = 𝐴 1 +
𝜔

𝑧1

2

𝐻 𝜔 dB = 20 log10 𝐻 𝜔 = 20 log10 𝐴 + 20 log10 1 + 𝜔/𝑧1
2
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Single Zero System Bode Plot Magnitude

𝐻 𝜔 dB = 20 log10 𝐻 𝜔 = 20 log10 𝐴 + 20 log10 1 + 𝜔/𝑧1
2

• 𝜔 ≪ 𝑧1 ⇒ 20 log10 1 +
𝜔

𝑧1

2

≈ 20 log10 1 = 0 dB

o Magnitude response is almost a flat line

• 𝜔 = 𝑧1 ⇒ 20 log10 1 +
𝑧1

𝑧1

2

= 20 log10 2 ≈ 3 dB

o Magnitude response at the zero frequency is 3 dB higher that when 𝜔 ≪ 𝑧1

• 𝜔 ≫ 𝑧1 ⇒ 20 log10 1 +
𝜔

𝑧1

2

≈ 20 log10
𝜔

𝑧1

2

= 20 log10
𝜔

𝑧1

o Magnitude will increase 20 dB when 𝜔 increases by 10 times
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Single Zero System Bode Plot Magnitude

10k 100k 1M 10M 100M

𝜔 = 𝑧1 , 𝐻 𝜔 = 3 dB

𝜔 ≫ 𝑧1

20 dB/dec

Frequency (rad/s)

𝐻 𝜔 = 1 + 𝑗𝜔/106
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Single Zero System Bode Plot Magnitude

1 10
Frequency (rad/s)

𝐻 𝜔 = 𝑗𝜔
𝑧1 = 0

20 dB/dec
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Multi-Pole System Bode Plot

𝐻 𝑠 =
𝐴

1 −
𝑠

𝑝1
1 −

𝑠
𝑝2

⇒ 𝐻 𝜔 =
𝐴

1 −
𝑗𝜔
𝑝1

1 −
𝑗𝜔
𝑝2

Stability requirement: Re{𝑝1}, Re{𝑝2} < 0
Assuming: Im{𝑝1} = Im{𝑝2} = 0

𝐻 𝜔 dB = 20 log10 𝐴 − 20 log10 1 + 𝜔/𝑝1
2 − 20 log10 1 + 𝜔/𝑝2

2
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Multi-Pole System Bode Plot

𝐻 𝜔 dB −40 dB/dec

∠𝐻 𝜔

−         

𝑝1 𝑝2𝜔

𝐻 𝑠 =
106

𝑠2 + 2 ⋅ 20 ⋅ 103𝑠 + 106

−45°

−90°

−135°

−180°

−0°
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Different Components in Bode Plot
𝐻

𝜔
d

B

−20 dB/dec

𝑝1 𝑝2𝜔

𝐻 𝜔 dB = 20 log10 𝐴 − 20 log10 1 + 𝜔/𝑝1
2 − 20 log10 1 + 𝜔/𝑝2

2

−         
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Bode Plot Procedure

◼ Find 𝑯 𝒔

⚫ Calculate through circuit analysis

◼ Write 𝑯 𝒔  in standard form – pole-zero form

⚫ 𝐻 𝑠 = 𝐴 ⋅
1−

𝑠

𝑧1
1−

𝑠

𝑧2
… 1−

𝑠

𝑧𝑛

1−
𝑠

𝑝1
1−

𝑠

𝑝2
… 1−

𝑠

𝑝𝑚

◼ Identify components

⚫ 20 log10 𝐻 𝑠 = 20 log10 𝐴 + 20 log10 1 −
𝑠

𝑧1
+ ⋯ +

20 log10 1 −
𝑠

𝑧𝑛
− 20 log10 1 −

𝑠

𝑝1
− ⋯ − 20 log10 1 −

𝑠

𝑝1
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Bode Plot Procedure

◼ Pl t   ch c  p n nt’s c nt  but  n

◼ Add to get the total response
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e.g. Practical Differentiator

+

−

𝑅2

𝐶1
𝑥(𝑡)

𝑦(𝑡)

Step 1: Find 𝑯 𝒔

𝐻 𝑠 =
𝑌 𝑠

𝑋(𝑠)
= −

𝑍𝑓𝑒𝑒𝑑𝑏𝑎𝑐𝑘

𝑍𝑖𝑛
= −

𝑅2 ∥ 𝑍𝐶2

𝑅1 +
1

𝑠𝐶1

𝐻 𝑠 = −
𝑠𝑅2𝐶1

𝑠𝑅2𝐶2 + 1 𝑠𝐶1𝑅1 + 1
Step 2: Write 𝑯 𝒔  in standard form 

𝐻 𝑠 = −
𝑠𝑅2𝐶1

1 −
𝑠

−
1

𝑅2𝐶2

1 −
𝑠

−
1

𝐶1𝑅1

𝐶2

𝑅1

𝑍𝑖𝑛

𝑍𝑓𝑒𝑒𝑑𝑏𝑎𝑐𝑘
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e.g. Practical Differentiator

Step 3: Identify components

20 log10 𝐻 𝜔

= 20 log10 𝑅2𝐶1 + 20 log10 𝜔 − 20 log10 1 + 𝑅1𝐶1𝜔 2 − 20 log10 1 + 𝑅2𝐶2𝜔 2

Step 4: Plot each components

Step 5: Add to get total response 

Frequency (rad/s)

M
a

g
n
it
u
d
e
 (

d
B

) 20 log10 𝑅2𝐶1

20 log10 𝜔

−20 log10 1 + 𝑅1𝐶1𝜔 2

−20 log10 1 + 𝑅2𝐶2𝜔 2

0

Frequency (rad/s)

M
a

g
n
it
u
d
e
 (

d
B

)

𝑝1 𝑝2

20 dB/dec −20 dB/dec

Step 4: Step 5: 
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