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Figure 10.1: The Sallen-Key lowpass biquad.
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Using the standard notation
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Figure 10.3: The Sallen-Key highpass biquad.
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Using the standard expression
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Figure 10.4: A Sallen-Key bandpass biquad.
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Table A.1. Butterworth polynomials in factored form

Polynomials

=
o

OO0~ O e W R

s+1

52 4-1.414214s + 1 e

(2+s+1){s+1) -

{s? + 0.765367s + 1)(s% + 1.8477595 + 1) -

{s? + 0.618034s + 1)(s® + 1.618034s + 1)(s + 1)

{s? + 0.517638s + 1)(s% + 1.4142145 + 1)(s° + 1.931852s + 1)

(¢% + 0.4450425 + 1)(s* + 1.2469805 + 1)(s°% + 1.8019385 + 1)(s + 1)

(s + 0.380181s + 1){s* + 1.111140s + 1){s? 4+ 1.662939s + 1){s% + 1.861571s + 1}

(9% -+ 0.3472965 + 1)(s% + 5 + 1)(s? + 1.5320895 + 1){s? + 1.8793853 + 1)(s + 1)

{52 + 0.312869s + 1)(s% + 0.907981s + 1)(s° + 1.4142145 + 1)(5% + 1.782013s + 1)
E: x (3% + 1.975377s + 1)

Table A.3. Denominator polynornials in factored form for Chebyshev Alters

op = 0.1 dB (¢f =0.0232930 <= 0.152620)

© mqmmhu&%l

-
=]

Polynomials

=+ 55522038 wkdl

= + 2 3723565 + 3-

{<? + 0.969406s + 1.689747) (s + 0.968.406)

{s= + 0.528313s + 1.330031)(s* + 1.275460s + 0,622925)

(sZ = 0.333067s + 1.194937) (52 + 0.871982s + 0.635920)(s + 0.538914) R

2 T ozasase + 1azene(A? + 0308mes 0 038N, 1 G Sans: 1 o.ss0ain(s + 0.976TTE

g 2 - 0.469834s -+ O. s % -+ 0. >

A ey s 4)(s2 + 0.545363s + 0.416210)

(s2 + D.127960s + 1.069492)(s? + D.364400s + 0.798894)(s" + ko B G

% 834368)(s2 + 0.445012s -+ 0.497544)

(52 + 0.100876s + 1.054214)(s? + 0.290461s + 0.83 )((32 SO e D o
7 + 0.861878)(s® + D.368742s - 0.567985)

. 3 2 4-0.22
[F pEmsrtse v A QaSEIAN" + 0307 (% + 0.464642s + 0.274093)(s? + 0.515059s + 0.0924569)

Table A.5. Denominator polynomials in factored form for Chebyshev filters

oy =0.5dB (€2 = 0.122018 ¢ = 0.349311)

Polynomials

e = v LR VEI I

©

fary
o

s + 2.862775
8% + 1.425625s + 1.516203
(82 + 0.6264565 + 1.142448) (s + 0.626456)
(s* + 0.350708s + 1.063519)(s? + 0.846680s + 0.356412)
(5% + 0.2239265 + 1.035784)(s? + 0.586245s + 0.476767) (s + 0.362320)
(s + 0.155300s + 1.023023)(s? + 0.424288s -+ 0.590010)(s* + 0.5795885s -+ 0.156997)
(s + D.114006s + 1.016108)(s* + 0.319439s + 0.676884)(s% + 0.461602s + 0.253878)(s + 0.256170)
(s? + 0.0872402s + 1.011932)(s2 + 0.248439s + 0.741334) (s + 0.3718155 + D.358650)
(s® + 0.438586s + 0.0880523)
(s? + 0.0689054s + 1.009211)(5? + 0.1984055 + 0.789365)(s* + 0.303975s + 0.452541)
(s® + 0.372880s + 0.156342)(s + 0.198405)
(s® + 0.0557988s -+ 1.007335)(s? -+ 0.1619345 + 0.825700)(s? + 0.252219s + 0.531807)
(s? + 0.317814s + 0.237915)(s? + 0.352300s + 0.0562789)

-




Table A.7. Denominator polynomials in factored form for Chebyshev filters

@, =1dB (=0.2580256 ¢=0.508847) -

% Polynomials

=
Lan]

© 00~ O N G N HJ

s+ 1965227
s? 4 1.097734s + 1.102510 T
(82 + 0.494171s + 0.994205)(s + 0.494171) ]
(s% + 0.279072s -+ 0.986505) (s> + 0.673739s 4 0.279398)
(s2 +0.178917s + 0.988315)(s? + 0.468410s + 0.429298) (s + 0.289493)
(s® + 0.124362s + 0.990732) (52 + 0.339763s + 0.557720)(s> + 0.464125s -+ 0.124707)
(s2 -+ 0.0914180s + 0.992679)(s? + 0.256147s + 0.653456) (s + 0.370144s -+ 0.230450)(s + 0.205414)
(% + 0.0700165s + 0.994141)(s? + 0.1993905 + 0.723543)(s + 0.298408s + 0.340859)

(s? + 0.351097s - 0.0702612)
(5% + 0.0553349s + 0.995233)(s2 + 0.1593305 + 0.775386)(s% + 0.244108s + 0.438562)

(8% 4 0.2994435 + 0.142364)(s + 0.159330)

(s? + 0.0448289s + 0.996058) (s? + 0.130099s + 0.814423)(s* + 0.202633s + 0.520530)
(8® -+ 0.255333s + 0.226637)(s* + 0.283039s + 0.0450019)

<

Table A.9. Denominator polynomials in factored form for Chebyshev filters

o, =2dB (¢F =0.584893 & = 0.764783)

Pclynomials

PR U ]

o]

o
o

s + 1.307560
s? 4 0.803816s + 0.823060
(s? + 0.368911s -+ 0.886095) (s + 0.368911)
(s -+ 0.200775s + 0.928675)(s” + 0.506440s + 0.221568)
(52 + 0.134922s + 0.952167)(s” + 0.353230s + 0.393150)(s + 0.218308)
(s? + 0.09394645 + 0.965952)(s2 -+ 0.2566665 + 0.532939)(s% + 0.350613s + 0.0999261)
(52 + 0.0691327s + 0.974615)(s? + 0.193706s + 0.635391)(s2 + 0.279913s + 0.212386)(s + 0.155340)
(s? + 0.0529848s + 0.980380)(s? + 0.150888s + 0.700782)(s? + 0.225820s -+ 0.327099)
‘ (s? + 0.266372s + 0.0565006)
(5 + 0.0418943s + 0.984398)(s? -+ 0.120630s + 0.764552)(s% + 0.184816s + 0.427727)
(5% + 0.226710s + 0.131529)(s + 0.120630)
(5% + 0.03395165 + 0.987304) (s? -+ 0.0985315s + 0.805669)(s + 0.153466s + 0.511776)
S (5% +0.193379s -+ 0.217883) (s + 0.214363s + 0.0362477)

Table A.11. Denominator polynomials in factored form. for Chebyshev filters

o, =3dB (& = 0995262 €= 0.997628)

Polynomials

e Rt e M R CIE Y [

=

10

s+ 1.002377
s2 + 0.644900s 4 0.707948
(s® + 0.298620s + 0.839174)(s + 0.298620)
(s? + 0.170341s + 0.903087)(s? + 0.411239s -+ 0.195980)
(s? + 0.109720s + 0.936025)(s -- 0.287250s + 0.377009)(s + 0.177530)
(s + 0.0764590s + 0.954830)(s” + 0.208850s + 0.521818)(s? + 0.285349s + 0.0888048)
(s + 0.05629135 + 0.966483) (s? + 0.1577255 + 0.627259)(s? + 0.227919s + 0.204254)(s + 0.126485)
(s -+ 0.0431563s + 0.974173)(s® + 0.122899s + 0.703575)(s* + 0.183031s + 0.320892)
(s? +0.216961s + 0.0502939)
(s? 4 0.0341304s + 0.579504)(s* 4- 0.09827465 + 0.759658) (8% + 0.150565s + 0.422834)
(s? + 0.1846965 + 0.126636)(s + 0.0982746)

(82 + 0.0276639s + 0.985348) (s> + 0.0802838¢ -+ 0.801711)(s? + 0.1250455 + 0.507818)

(s% + 0.157566s -+ 0.213926)(s® 1+ 0.1746635 + 0.0322899)

e

56



