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Outline

B Bode plot introduction
B Sketch Bode plot for a given transfer function
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Bode Plot

A Bode plot describes the frequency response H(w) of a system.
Frequency response H(w) is derived from the transfer function H(s)

H(w) = H(s)

s=0+jw
Bode plots shows H(w) vs frequency w
« Magnitude: |H(w)| indB = 20 -logo|H(w)|
 Phase: ZH(w)
 w is also in log scale
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Single Pole System Bode Plot

H(w) = .
| _Jw
P1

Stability requirement: Re{p;} < 0 (the system doesn’t grow unbounded over time)
Real valued requirement: Im{p;} =0

H(w)| = —2

2
V

|H(w)|gg = 20logo|H(w)| = 201og ol|A| — 2010g4 \/1 + (w/p1)*
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Single Pole System Bode Plot

|H(w)|gg = 20logo|H(w)| = 201og ol|A| — 2010g4 \/1 + (w/p1)?

2
c w <KL |p| = —-20log;y |1+ (pﬂ) ~ —20log;, V1 = 0dB
V 1

o Magnitude response is almost a flat line

2
° W= |p1| = —2010g10 1+ (lllj_ll) = _2010g10 \/_ ~ —3 dB
V 1

o Magnitude response at the pole frequency is 3 dB lower that when w « |p,|

w

2
(p_l) — —2010g10

2
° W > |p1| = —2010g10 1 + (pﬂ) =~ _2010g10
1

a

\ \ o

o Magnitude will decrease 20 dB when w increases by 10 times (—20
dB/decade slope)
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Single Pole System Bode Plot Magnitude
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Single Pole System Bode Plot Magnitude

100

’$
“
\d
®
.
®
.®

—~

§15~ w > |p1|
' —20 dB/dec ™\

-
.
0 1 1 lIIlII| | 1 lllIlIE | | Illlll]

10k 100k ™M 10M

Frequency (rad/s)



Single Pole System Bode Plot Phase

H(w) = @
1__
M pl "
w W w
tH(w) = 24 —A(l —]—) =0 —A(l —]—) = —arctan—
P1 P1 01|
e w=0>2H(0) = —arctanlpiI = Q°
1
* w=|p| = £H(|p4{]) = —arctan:i—l: = —45°
1
* w>» |p| ® £H(w) = lim — arctan— = —90°

(W —> 00 D11
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Single Pole System Bode Plot Phase

H(w) 100
w) = .
1+ jw/106
w < |pql
0= 1 1 T w —
w > |pql
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Phase (deg)

Single Pole System Bode Plot Phase

Electronics
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H(w) = 100
Y T T+ jw/108
w < |pq]
Roll off starts
roughly at 0.1 - |p,|
T : W = |p1| _
E Roll off ends
—45°/dec [\ roughly at 10 - |p4]
w > |py]
.90 — | . L] L4
10k 100k rrequepy (radre) 10M 100M
Frequency (rad/s)
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Single Zero System Bode Plot Magnitude

H(w) = A(l _]_0))

Z1
Consider: Im{z;} = 0, Re{z;} < 0and z; # 0

w

2
|H(w)| = 4] |1+ (-)

\ “1
|H(w)|gg = 20logo|H(w)| = 201og,0lA| + 2010gg \/1 + (w/z,)?
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Single Zero System Bode Plot Magnitude

|H(w) |4 = 20logo|H(w)| = 201og,0lA| + 2010g4 \/1 + (w/z1)?

2
* w <K |z;| = 20log,y |1+ (Zﬁ) ~ 20log;, V1 = 0dB
V 1

o Magnitude response is almost a flat line

2
¢ (1):|Z1|:>2010g10 1+(|z_1|) =2010g10\/§z3dB
V 1

o Magnitude response at the zero frequency is 3 dB higher that when w « |z,|

2 2
 w>» |z = 20logyy |1+ (Zﬂ) ~ 201log;y (Zﬂ) = 201ogyo
1 1

N N
o Magnitude will increase 20 dB when w increases by 10 times

w
Zq
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Single Zero System Bode Plot Magnitude

Bode Diagram

| W = |Z1|,H(a)) — 3 dB
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Single Zero System Bode Plot Magnitude

H(w) = jow
Z1=O

Bode Diagram
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Multi-Pole System Bode Plot

A A

H(s) = H(w) = : :
N (R I (e (Y

Assuming: Im{p;} = Im{p,} =0

Stability requirement: Re{p,}, Re{p,} < 0
|H(w)lap = 2010g1o|Al — 2010g1 /1 + (0/p1)? — 2010g10 /1 + (0/p;)?
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Bode Diagram
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Multi-Pole System Bode Plot /-0
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|H(w)|gB
Magnitude (dB)

|H(w)|gp = —201og19+/1 4 (@/p1)? — 201l0g10+/1 + (w/p2)?
Bode Diagram
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Different Components in Bode Plot

Electronics
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Bode Plot Procedure

B Find H(s)
® (Calculate through circuit analysis
B Write H(s) in standard form — pole-zero form

® H(s)=A- (1‘%)(1—%)___(1_%)
¥ (1_1%)(1—5)...(1_$)

B |dentify components

1 =2+ +

Z1

® 20log,o,|H(s)| = 20log;o A + 20log,

S
1__
%1

1__
P1

1=

Zn

20 10g10 - 20 10g10 - ** = 20 :‘OglO
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Bode Plot Procedure

B Plot each component’s contribution
B Add to get the total response
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e.g. Practical Differentiator

Step 1: Find H(s)
H(s) = Y(s) _ _Zfeedback _ Ry I Zcr

y(t) X(S)_ Zin R1+L
sC;

H(s) = SR,(Cy
> T T GR,Cy + 1)(sCiR, + 1)
Step 2: Write H(s) in standard form

SR,C
H(s) = — St

S S
e U |
RZCZ ClRl

Zfeedback
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e.g. Practical Differentiator

Step 3: Identify components
201og;o|H(w)|
= 201logo R,C; + 2010g;o w — 2010801+ (R1Ciw)? — 201og10+/1 + (R,Cow)?
Step 4: Plot each components
Step 5: Add to get total response

Step 4 Step 5:
2010 w 4 : —20dB/d

N g10 2010g,0 R,C, _ 20 dB/dec /t /dec
5 5 \
E‘; _20 10g10 \/1 + (chz(l))z ;
s O S
= 2
= < s s

Frequency (rad/s) Frequency (rad/s)
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