Magnitude (dB)

Canonical N*h Order Filter Designs (Section 15.9)

Butterworth Chebyshev

I ,* TABLE 15.2 Coeffici.ents for Low-Pass Butterworth and Chebyshev (8 = 0.¢
r{'\a\- mw "\ r‘TPL I~ P" M Normalized to w. =1
‘F‘% b‘*a 'FIS‘\'QI’ M f Butterworth

) K . K n ap aq az
H(jw) = —— n=1,2,3,... H{w)l = n=1,2.73,... . T
V we )™ 1+ Ciwlw,)
1+ (wlw.) i \/' + n o, 2 1.0000 14142
n>1 3 1.0000 2.0000 2.0000
@ dhgl ¥y A t Qo .
ode D|agr§m Bode Diagram 4 1.0000 2.6131 3.4142
0 I I I p g s 1.0000 3.2361 5.2361
N=1
N=2 Chebyshev (3 = 0.9976)
ST N=3 | 7 | n ag a az
N=4
-10 E | 1 1.0024
—_ 2 0.7080 0.6449
m
15 12 b 3 02506 0.9284 05972
§ 4 0.1770 0.4048 1.1691
207 1% i 5 0.0626 0.4080 0.5489
()]
T
25+ 4 = E
EXAMPLE 1515
=30 + - T Design a second-order low-pass Butterworth filter having a gain of 4 and a corner frequency at 1400 rad/s.
35 F 1 1 Ta MLVAB
40 : : : boties L N
10 10" 10° 10 102 107 107 10° 10! 102 (N
Frequency (rad/s) Frequency (rad/s) Qz\/\d’\\
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The Sallen-Key Amplifier

R4 + Rp
Ry

G=

GIR| R, CCy
T 1 + 1 + 1 -G 5+ 1
R C, R R, Cy RiR, GG
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g2
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Asymptotic Behavior MG\ g = =70 |0.31/ ERE)

Ll
~ O*E ' Va (~]
) W = Wo
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TENNESSEE g §

KNOXVILLE



Summary: Single Pole Magnitude

0dB
-10dB
-20dB + —20dB/decade
-30dB f l
f
16 Chapter 8: Converter Transfer Functions

Fundamentals of Power Electronics
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Phase of Single Pole ,

———

N N
P\(Q i*\ J “ _e
200N~ 2 (114w
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Phase Asymptotes

=5,/ 10
O

£G(jw)

L=k/10
=104,
%
Fundamentals of Power Electronics 21 Chapter 8: Converter Transfer Functions
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Summary: Single Real Pole

; 0dB L 1
Il G(jw) = G(s) =
(@) Nl N i e ¥ 3dB N
¥ Y
Jo N
—20dB/decade
LG(jw)
- -90°
10 f,
Fundamentals of Power Electronics 22 Chapter 8: Converter Transfer Functions
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Bode Plot: Real Zero

= 5
Gls) = (1 + (00) +20dB/decade
£ j;) 14AR
R P
100, +90°
+45°/decade
£G(jw) o
nriot
Fundamentals of Power Electronics 24 Chapter 8: Converter Transfer Functions

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE



RHP Zero

G(s)=(1 -mio)

0dB

+20dB/decade

I G(joo) Ny

£G(jw)

Fundamentals of Power Electronics
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Chapter 8: Converter Transfer Functions
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RHP Pole

= Bode ?d\—s hot Q?Plhu\o‘\r/

Fregoercy Rexporse : \ ) _— .
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I Gljw) llyg

LG(jw)

—-20dB/decade

Real Pole

Real Zero

G(s) = (1 + UJL“) +20dB/decade

0.5, 1
B 1dB § A
I Gljew) g o : f 3dB
0f, o0
+45"/decade

£G(jw) +90°

£G(jw) 90"

LGjw) _ O 7S,
g0 ¥
1 — =[1-= .

1 i 1 G(s)=A G(s)=(1-4 +20dB/decade

G(s)=s ! G(s) = S ! ( °)
1
| IF Pole i Constant RHP Zero

LF Zero ; H B
i : Il Gjoo) 1 (141l 0% | *
A 1 1GGo) I, s i 160 Ny P : e
1 1
Il G(jeo) Ny : : B - LGljo)

1 1 £ZG(Gom)
1 1
1 1
1 1
1 1
1 1
1 1
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Multiplying Transfer Functions 1
A 5 l > -
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Example 1 He) = T

X S S
Tk (1+3)(1+3)
4oo® ik val : H, = 40 24R
T =] .deB'd - T — T T7 1 I'TTI "%‘ldB"?o\od(qO\:} d
045 i fi = 100Hz
\ A \ \...
od® | ]\’f AL l\ \J\?"w | 1l / i THa ,)3“5 >, = 2kHz
.k-\\\ L | It )
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