Sallen-Key Low Pass Filter
Design Routine
[
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Fig. 1: Single-ended Sallen-Key filter

Note: This routine is a reduction of a more complex version. This reduction is still taking place, so please
excuse the current mess.
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Fig. 3: Differential Voltage-Driven Sallen-Key Filter

[#] useful functions and identities

[¥] Units

[¥] Constants

[#] Units/Constants/Model File
Ve = Vi _ 1
o~ <
&1+ (Rp + Ry)>Cps + R1>Rz>Cl>C7_>sac = (_52 s 1

Ideal Transfer Function
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VT = V1 = 25899mvV Om=— Den=1+
q VT woQ
@ Wil s U
€€l + (—— L + 1
=3 IS W 2 47 Axvg s
& eWo g a
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Amax = ! Maximum Attenuation with a fast transistor
&l Wo
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e~ Wi a

fhotch = WoX/A Frequency of the Notch
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Anotch = X

Attenuation of the Notch

Equivalent Noise Bandwidth
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HLpF(s,G, Wo,Q) = G Frequency Response - General LPF Representation (no zeros):
aeS O + —E—xl +1
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. 10000
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NoiseBW(Q) := 0 ( HLpE Dopf ,1,29,Q)| ) df
%
num:= 100 Number of Points for Plotting
i:=1.num Index Vector for Plotting
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Qual = ——=—20- 01) + 01
i num- 1
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Derivation

First Use KCL to solve for the transfer functions for the system
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vneq2 = HloTemp{Ry + Ry) + v,2

Voert = Voea | HLpe(5.G.w0,Q) )
What is important is the integrated noise.
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Vna:] :—2
foNoiseBW>G
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Inputs
fo:= % fo = 613.5kHz Center Frequency
Q:=0.7071 Desired Q
SNR := 80dB Minimum Signal to Noise Ratio
Vpp =27V Supply Voltage
Temp = 300K Temperature Range
G=1 Gain

Piammer = - 30dBm
Psgnd =- &th
Optional Inputs
VDssa = 0.3V

Rmaxd& = 4(X)kW

Power of the Jammer
Power of the Desired Signal

Frequency of Jammer

Frequency of Second Jammer (for Two-Tone
Analysis)

Vpssat Of Op-Amp Input

Maximum Desired Resistor

Calculations

wo = 29X

NoiseBW(Q) = 1.111

Vinswing = VDD - 2¥/Dssat

Voutswing == Vinswi ngx‘ HLPF(j>Q>p’fjarnmer, G, wo, Q) ‘

Vinswing

24/2

Vims = Vims = 0.742V

Effective Noise Bandwidth
Vinswing = 21V
VoutSNing = 0885V



Vims 1

SNR - [fpNoiseBW (Q)

10 20

Vheq =

Voeq := Vneg 0NoissBW (Q)G”

V
Vp = L
Ja

Solving Assumption Number 1: R;=R,

Ghresh = . 1
8Q

veid, =G £

+ 1
8>Q2
) Vneq2 ) Vn2
20 xTemp
R := if(R > 100kW, 100kW, R)
Rir=R
Ror =R

C14E1- 80™G- DY
HWYR

C2r :

Problem with the R;=R, architecture. C1 blows up for large Q's.
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Cir =

2
_ 1
R1rCyr
1

\[ R1rRorC1Cor
Wo
1 1
+
R1rCar RorCar

er :

Wor =

Q= 1. G

Ror>Cor

v
Vieq = 89943 —

\/WZ

Jvoeq = 74.246nV

Y,
Vy, = 44971
\/ Hz

Ghresh = 1.25

vaid, = 1

R = 182.794kW

R = 100kw

Cyr = 1834pF

Ciy = 3669pF
W

I sz3g14kHz
2p

W

2 6135kHz
2p

Q =0.707

G should be less than or equal to one

The following current should be sized much higher to reduce the distortion of the ampilifier.

DVoutswing_Dt := Voutswing@Pjammer
Crude Estimate of Load Capacitance
CLeff = Car
Igewr = Cerf>DVoutswing_Dt
EioTamp 2T 3
é e2d

Vn2

Inoiser =

= if(|s|eNr > lnoiser: Idewr: |noiser)

Iy

VT

Ly f— o~ Nm N

Omr ==

Cleff = 3.669pF

Inoiw = 0.106mA

I; = 0.018mA

mA
=0.700—
Imr v

N o e Ve ]

Estimated Load Capacitance

Required Current to Slew Output



Ar—Ymr'r1r Ry — 1V.00/

Amaxr = 20>{og(Amr) =-37.253dB Maximum Attenuation with a fé
&1 Wo o]
C=%— * OmrRar=
eQ wyr )
wo
frotchr == ——%/Ar frotchr = 5.165MHz Frequency of the Notch
2p
1
Anotchr = ; 20* Og(A notchr) =- 37011 dB
r
o =W (er + R2r)>Wmin
€aRyr = Wnmin Req Jareagy = 10mM
COStRy = COst_mm2>areaRy costrr = 12" 10 3cent
1
areacy = >(C1Ir + C2r) ,/areaCr = 88.666mMm
C area
COostcy 1= cost_mmz2sareacy costcr = 0.094 cent
area, = areacy + areaRy ,/arear = 89.228mm
Costpowerr = CostpowerXrX\/DD Costpowerr = 014C€n'[
costy := costcy + COStRy + COStpowerr cost, = 0.236cent

Solving Assumption Number 2: C,=C,

1 1 =125 G should be greater than 2
Ghregy =1+ — - —— Gihresh
Q 52
Problem with C1=C2 architecture: Cannot be used with an emitter follower unless Q<1/2.
. 1 1 .
veidg:=G3 1+ — - — veidez =0
All G's can be used with Q< g
2 * 2 2
AV V - Vp
gnea” Vg4 G)xml” +RPER - — 229
e AKXT e K<Temp @
41 |
85 Q%x(1- ot, 2 2, - .
Rie:= 3 2 2 : rqu XL 1 2tj
° Temp A , 27
1-G +1 €
8- 970 €= . ou-ofs
e
Ric = 182794 - 182.79 kW
aQ/neq Vn : .
Roc := E— - Ryc” Roc = 182.794 + 182.79 kW
e &kxTemp 1]
C:= 1
€R1c + Roc + (1- GPRyc QMo C=1004pF
Clc = C
C2C = C
1
Woc = Moe _
\ RicoRocCi1oCoc 2p = 6135kHz
Q 7o Q= 0.707
1 1, 1-G o

+
R1cCac Roc*Cac Roc>Coc

o NS o ~ — A NNA .



“Leff -— “lc
I9ewc = Ceff DV outswing_Dt

, .

Eptoempr ot &

U - e 2 dl
noisecC -— 2
Vi

lg:= if(|s|ewc> Inoisec: |s|ewc:|noisec)

lc:= if('c <Imin: Imin. |c)

Ac=0dmeR1c

Amaxc =
el Wo
C=%*— * ImcR1c=
eQ wic )

Wo
f tch I:—X,’A
notcnc 2>p C

A =—
notchc Ac

(Rlc + R2c)>Wmin

Rsq

arearc = Wiin

COStRe = COSt_mm2areaRe

1
C _area

>(Clc + CZC)

COStce = cost_mm2sareace

areace .=

areaq .= areace + areaRrc
Costpowerc := COStpowerd DD

COStC = COStCC + COStRC + Costpowerc

Solving Assumption Number 3: R;C;=R,C,=t.

1
Gihresh =2+ —
Q
valid; .= G > Gpyresh
2 2
Rot == Ve - Vi

4>k><Temp>€’ﬁc’\—1 +G- 19
eQ

7]
Ryt = éal_ + G- 29>RZt
eq

(%]
1
Clt =
Rit*wo
1
Cot =
Rotwo
1
Wot =

[RaviRAesCacsCo

6

ClLeff — LW pr
IS'GNC =5.022mA
Inoiwc = 0.106 mA

lc = 5.022mA

Wic .
—— =433.814 + 433.806i kHz

2p
mA
=0.386—
Imc v
Ac=7058- 70578

2040g(| Amac|) = - 40.106dB

fnotchc = 5663 - 2346' M HZ
2040g(A notchc) = - 30.984 + 68221 dB

areare = 13.52mm

COStRe = 2194 10 3 cent

,/areaCC = 53547mm

costce = 0.034cent

,/areaC:55.227nm

costpowerc = 0.076cent

coste = 0.113cent

Ghresh = 0.586

vaid; = 1

Ryt = 258.507KW

Ryt = 107.081kW
Cyt = 2423pF

Cot = L004pF

W,
s = 613.5kHz

Required Current to Slew Output

Maximum Attenua
with a fast transisi

Frequency of the

Depth of Notch
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Solving Assumption #4: C,=C .. orC ...

First solve for maximum Capacitance by setting the cost of the internal capacitor to that of an external capacitor.
This upper limit is set when extra pins are available to put a capacitor off-chip.

C
Cmax = ﬂx:ostom Cmax = 183.96pF
cost_mm2
Areacmax = x ,/Areac =512.64mMn
M ¢ area mex '

If the pins are not available to put the capacitor off-chip, the maximum capacitor size must be re-evaluated using
marketing estimates for the amount the chip can sell for, and yields given the larger chip size, and package limits on
the die size.

Cmnax = 100pFI Maximum Desired On-Chip Capacitance
Cmax
Ar = Ar =512.64mMm
€aCmax C aea \/ €aCmax

Given the center frequency, maximum capacitor size, and desired SNDR the needed capacitance is given by the
following equation to prevent a complex resistor sizing.
Q MkxTempH
-~y

Cmaan = Wy, 2 2 Crraxm = 2.007 pF
Crnaxm
Ar = Ar = 53.546mMm
€3Cmaxm C aea \/ €3Cmaxm
Now Solve for Variables
2 o6
. a%/neq -V 0 .
vaidm = Q < wpCyk ——— vaidy =1
e kTempd g
Vneg - Vi & AkTemp) 4 )
- X|
Ro = 24— £y, [;. _(#kTemp) Q Rom = 222.683kW
AKTemp2 2 2y 2\ 2t woCim®,
A A\ evneq - Vn ¢ u
im - MKTemp 2m 1m .
1
Com'=— Com = 1L004pF
wo RimRom*Cim
1
wom = Wom _
\/le’RZm’Clm’CZm _2>p = 6135kHz
Q 70 Qm =0.707
mt 1 1- G me
+ +
RimCim  RomCim  RemCom
Q =wpC ME) Q =0.742
maxm -— WO lmé4>k><Temp>4Qj maxm -
ClLeff = C1im Cl eff = 2107pF Estimated Load Capacitance
l9ewm = Cef>DVoutswing_Dt lgewm = 10546 A Required Current
p 2T &) to Slew Output
T
EpkoTemp € — g



€ C < K

Inoisem =
Vi

Im:= if('slewm > Ingisem: |s|ewm:|n0isem)

Im= if('m < Imin, Imins |m)

Wim = _t
Im-=

RimC1m

Im

VT
Am = gmmRim

Imm =

Amaxm =
&l Wo
C=%*— * OmmRim=
eQ wim 2

Wo
fnotch Z:—XJA
notchm 2>p m

Am
(le + RZm)’Wmin

Rsq

Anotchm =

arearm = Win

COStRm := cost_mm2arearm

1
C area

areacm = >(Clm + C2m)

COStcm = cost_mm2areacm

aregm .= areacm + areapm

Costpowerm = Costpowerﬂ mNDD

COStm = COStCm + COStRm + Costpowerm

Solving Assumption #4.5: Other Solution to Quadratic of 4.

C1m2 = Craxm1.05

vaidyp = Q < wpC ME)
m2 - 0 1m2é MTemp g
2
N Vneq - Vn E'l . (4%Temp) 4
om2 = ————X1- |1-
m AkxTemp®2 A gv 2 vV 2¢ wplima ™.
A eVvneq ng u
2 2
Ry 2 " V0o
1m2 HkTemp 2m2
1
Comp =
wo Rim2Rom2>Cim2
W, = !
0om2 -—
\ Rim2"Rem2"C1m2Comz
wo
Qmz2:=
m2 1 . 1 1- G
Rim2’Cim2  Rom2Cim2  Rom2Comz
) .
n i Ve VR 2

Inoim = 0.106mA

Im = 10546 A

w
m 528.48kHz

2p
mA
= 0407 —

Imm v

A = 58.189

2040g(| Amam|) = - 35538dB

fnotchm = 4.68MHz
20* Og(A notchm) =- 35297dB

,/areaRm = 1352mm

COStRm = 2194 10 3 cent

,/areaCm = 66.665Mm

costcm = 0.053cent

,/aream:68.022mn

costpowerm = 0.081cent

costyy, = 0.136cent
Cim2 = 2107 pF

validmy = 1

Romz = 142.905kW

Rim2 = 222.683kW

Comz = 1.004pF

Wom2
M2 6135kHz

2

Qmp = 0.707

~ — NA7AN

Maximum Attenuation
with a fast transistor

Frequency of the Notch

Depth of Notch



Y e TR r———
maxm2 0'“~1m2 & MoTemp g

Ceff = Cim2
I9ewm2 = C_eff XDV outswing_Dt

. T &)
Epioemp L
o _é e2d
noisem2 -— 5
Vn

Im2:= if(lslewmz > Inoisem2: Isewm2: |n0isem2)

Im2:= if(|m2 <Imin Iminv|m2)
W1im2 = 1

im2-=- .
Rim2>*C1im2

Im2

VT
Am2 = Imm2R1m2

Imm2 =

Amaxm2 =
&kl Wo
C =% * Onm2Rim2=
eQ wimp I}

Wo
fhotchm2 = % ’Q\/ Am

1
Anotchm2 = ——
Am2
(lez + R2m2) AW min

Rsq

areapm? = Win

COStRm2 = cost_mm2>arearm2

1
C_area

areacmp = ’(Clm2 + C2m2)

COStcm2 = cost_mm2sareacy2
areamp ‘= areacmy + ar€aRm?2

COStpowerm?2 = COStpowerim2*/DD

COSth = COStCmZ + COStRm2 + Costpowerm2

Solving Assumption #: R ;=R ...

costrett  Rsg

Rmax =
cost mm2 2
- Win
Rmax = if(Rmax < Rmaxdes: Rmax: Rmaxd&)
RmaxWmin
Arearmax = Win R
Sq
R1n = Rmax
2 2
Ry e e~ Vo
2N - AkTemp 1n
1 14 .
Cin= rée— + _9,(2 if G=1

eRin  Ron g Wo

Ymaxm2z — Y- 14<

CLef = 2107pF Estimated Load Capacitance

ldewm2 = 10.546 A Required Current
to Slew Output

Inoisem2 = 0.106 A

Im = 10546 mA

W

M2 _ 339.148KkHz
2p

mA
= 0407 —
Imm2 v
Am2 =90.673

20>{og( ‘Amaxmz‘) =-30.391dB M_aximum Attenl_Jation
with a fast transistor

frotchm2 = 936 MHz Frequency of the Notch

ZO*OQ(Anotchmz) =-3915dB  Depth of Notch

,/ areapm2 = 13.52mn

Costrmz = 2194 10 3 cent

,/areasz = 66.665Mm

costcmz = 0.053cent

,/areamg =68.022mMn

costpowerm2 = 0.081 cent

costy2 = 0.136cent

Rinax = 442.26TMW
Rrnax = 400KW

\ / Areagmax = 14.142mm

Rln = 4(D|(W

Rop = - 34.413KW

o~ P /A [ _



Aot S SR
¢ R+ L
d1- 9w Ry € e "ang
1
Ghresh =1~ —Rlo
pQPL+ —2S
¢ Rong
Va“dn = (G> thesh))(RZn > O)
1
C2n = 2
wo RinRon*Cin
] 1
WOn =
\/ R1nRonC1n°Con
Wo
@n=—7 1 1- G
+ +
R1nCin RonCin RonCon
CLeff = Cin

I9ewn := Ceff DV outswing_Dt

-

EpkoTemp -

o= € e 2 dl
noisen -— 2
'

In:= if(lgewn > Inoisen: ldewn: |noisen)

In:= if('n <Imin: Imin |n)

W1in == !
In-—
R1n>Cln

In

Wo
fnotchn = —
2

Anotchn == —

(Rln + R2n) AN min

Rsq

arearn = Win

COStRp := Ccost_mm2>arearn

1
C_area

>(C1n + CZn)

COStcp := cost_mm2>areacn

areacn .=

arean = areacp + arearn

COostpowern = COStpowern¥DD

10

NSax1- 6% if G 1

Q
Cin = - 4872pF
Ghresh = 1.047
vaid, = 0

Con = LOO4pF
W

0N _ 6135kHz
2p

Qn = 0.707

CLef = -4.872pF
IgeNn =-24.38mA

Inoim = 0.106mA

In = 10nA

Win

2p
mA
=0.386—
Imn v

=-8L67kHz

A, = 154.447

2040g(| Aman|) = - 43157dB

fnotchn = 7.624MHz

2040g(A notchn) = - 43.776dB

areagp = 13.52mm
costry = 2194° 10 3 cent
areacp = 74.339 mm

costcp = - 0.066cent

,/arean =73.099 rm

costpowern = 0.076 cent

G must be greater than
0.773 for C1 to be real

Estimated Load Capacitance

Required Current
to Slew Output

Maximum Attenuation
with a fast transistor

Frequency of the Notch

Depth of Notch



COStn = COStCn + COStRn + Costpowern

Solving Assumption #6: Minimize Area

This doesn't work for G<1. It spits out unrealistically sized values for G's close to one. Lets set a threshold of a G of

costpy, = 0.012cent

about 1.3. In general the area is dominated by the capacitor

Ryg:= 0.6MW Guess at R1
validg:=G>13 validg =0
: 1 1 A 1 W i 2>C aea 9 H
Rig:= YOOt%R— + 9 +(1- G)>R]_g2><mmR—_>Wo - E,R]_qj
& 19 Vneq2 - Vn2 - Wmin2>C_ar ea . o U
PN ng - = >ng v
& HkTemp @ Rsg 0
Rig= 2627 10°kW
Roa’=Ria- Roa = 2627° 10° kW
AXTemp 2a = <
Wmin2>c_area 4
Clag=—— Ry C12=9194" 10 pF
Rsq
) 1
Coa = ? > 5 C2a = 0pF
2 Wm|n >C_al’ea 2=
cRia*———Wo R
e Sq (4]
Outputs

Implementation, where Cli;i
vaid; =0

Ryc = 182.794 - 18279 KW
Roc = 182.794 + 182.79 KW

Cic = 1L004pF

Cpc = 1.004pF

I = 10nA

2040g(| Amac|) = - 40.106dB

frotche = 5.663 - 2.346i MHz

2040g(A notchc) = - 30.984 + 6822 dB

costc = 0.113cent
Implementation, where Rlﬂgi
validy =1

Ryr = 100kW

Ry = 100kW

Cyqr = 3669pF

Cor = 1.834pF

Iy = 18.359nA

2040g(| Ama|) = - 37.253dB
frotchr = 5.165MHz

2040g(A notchr) = - 37.011dB
cost, = 0.236cent

Are these Coefficients Valid? 0=no, 1=yes
Resistor 1 Value

Resistor 2 Value

Capacitor Value

Capacitor Value

Required Current to Slew Output
Maximum Attenuation with a fast transistor
Frequency of the Notch

Depth of Notch

Cost of ¢ method

Are these Coefficients Valid? 0=no, 1=yes
Resistor 1 Value

Resistor 2 Value

Capacitor 1 Value

Capacitor 2 Value

Required Current to Slew Output
Maximum Attenuation with a fast transistor
Frequency of the Notch

Depth of Notch

Cost of r method

11



Implementation, where C,=C ...
vaidp =1

Rim = 142.905kKW

Rom = 222.683KW

Cim = 2.107pF

Com = 1004pF

Im = 10546 A
20409 | A mam| ) = - 35538dB
frotchm = 4.68MHz

2040g(A notchm) = - 35.207dB

costy, = 0.136cent

2nd mplementation, where C,=C, ...
validyp = 1

Rimg = 222.683kW

Roma = 142.905kW

Cimg = 2107pF

Comg = 1004pF

Im2 = 10546 A

2040g(| Amaxm| ) = - 39.391dB
fnotchm2 = 9.36MHz

2040g(A notchm) = - 39.15dB

costm2 = 0.136cent
Implementation, where Rlﬂw._
vaid, =0

Ry = 400kW

Rop = - 34.413kKW

Cin = - 4872pF

Con = 1L004pF

I = 10nA

2040g(| Aman|) = - 43157dB
frotchn = 7.624MHz

2040g(A notchn) = - 43.776dB

costy, = 0.012cent

architecture := | 1 if valid,
2 if validg

3 if vaidy,

error("none arevalid") if (l- validm)>(1-

architecture = 3

Are these Coefficients Valid? 0=no, 1=yes
Resistor 1 Value

Resistor 2 Value

Capacitor 1 Value

Capacitor 2 Value

Required Current to Slew Output
Maximum Attenuation with a fast transistor
Frequency of the Notch

Depth of Notch

Cost of m method

Are these Coefficients Valid? 0=no, 1=yes
Resistor 1 Value

Resistor 2 Value

Capacitor 1 Value

Capacitor 2 Value

Required Current to Slew Output
Maximum Attenuation with a fast transistor
Frequency of the Notch

Depth of Notch

Cost of m2 method

Are these Coefficients Valid? 0=no, 1=yes
Resistor 1 Value

Resistor 2 Value

Capacitor 1 Value

Capacitor 2 Value

Required Current to Slew Output
Maximum Attenuation with a fast transistor
Frequency of the Notch

Depth of Notch

Cost of n method

validg){1 - valid,)

12



Rim if validm
error("none arevalid" W if (1- validm){1- validg){1- validy)

Ry = 142.905KW

Ro:= | Ry if valid;
Roc if validg
Rom if vaidpy,

error("nonearevalid” )W if (1- validy){1- validg){1- validy)

Ro = 222.683kW

Cq:= | Cqy if vdid,
Cqc if validg
Cim if validp

error("none arevalid" )>F if (1- validm){1- validg)1- validy)

C1 =2107pF

Co:= | Cy if vdid,
Cyc if validg
Com if validp

error("none arevalid" )>F if (1- validm){1- validg)1- validy)
Co = 1.004pF
= |l if vaid,

lc if validg

Im if validm

error("none arevalid” )>A if (1- validy){1- validc){1- validy)

| =0.011mA

Amac if validg
Amaxm if validmy,
error("nonearevalid") if (1- validy){1- validg){1- validy)

20i0g(| Ama| ) = - 35533dB

| mA

=— = 0407 —
Im vy Im y
A =gy A =58.189

e .
f wo € a1 0 A
noteh -~ (2>w )>‘(: I 1+ ag—xz A notch = 8 MHz Useful bandwidth
1 e
. WO

antCtheSS = '\/KXE fnotchguess = 468MHz
Anotch == 20’*09( ‘Al(A W1, j’Q>p>fnotch) ‘) Anotch =1 dB
Ajammer = 20’*09( ‘Al(A W1, j’Q>p>fjarnmer) ‘) Ajammer =1 dB

20"09( ‘A 1(A W1, jQ’Q"notchgu%s) ‘ ) =1dB
' 13



fo
fstart == —

10 Starting Frequency for Plotting
fatan = fo00 Stopping Frequency for Plotting
i
num
- @stop o] f
=CT = start = — s
1 afstart 7 wj = 2>p>1‘i S = Wi
4 Filter Response vs. Freguency
744 10
Ajarnmer

>
3
Attentation (dB)

- 80
fart Frequency (MHz) fstop
MHz fjammer frotch MHz
MHz MHz
Functions
. 1 1 N
sallenkey(fo,Q,SNR,G) = |errval = iféce?G> . +1O>??G<1+—- —9 1,(tJ
& 80  pé ? 2% 0
choice - if‘cﬂ%< > + 1,0, 1(_:)
e 8Q %)
. 41 5 . <
€ €2.%-9l, 2 2. n
A A < Vneg - Vn 1 Vneq Vn
Ry - if&hoice,© pve - [1- 2 P a
A XTem A , x'emp (]
€ B(1-095%Q°+1 b e é 1 i Pu
£ : oo Q- oh ¢ -
e e €2Q u
& Vneqz' Vn2 0
Ry - if¢choice, ——— - Ry,R;~
e AKxTemp
. . 1 1++€1- 8 G- 1
Co - if zchoice, , E >Q A )LIH
& €R1+ Ro + (1- O R Qwg QR 0
- 1 1 )
Cq - |f§:h0|ce, — T OR — H
2 fRq + + (1- XAV, 2 v
& gRL+ Ro+ ( )1L>Q0W0>R>C20
aerrval
R
¢ w ~+
(.’: Ry
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|

(7]
Example
fo = 613.5kHz Center Frequency
Q=0.707 Desired Q
SNR =80 Minimum Signal to Noise Ratio
G=1 Gain
x:= sallenkey(fo, Q, SNR, G)
errval ;= X errval =0 Error? (O=error, 1=no error)
Ry =X W Ry = 182.794kwW Resistor 1 Value
Rp = x3>W Rp = 182.794kW Resistor 2 Value
Cp=xpF Cq = 3.669pF Capacitor 1 Value
C = >%>F Cp = 1.834pF Capacitor 2 Value
0
Ny
i.~
—20
N
N
—40 \~
20”09( | HLPF(Sq'vG: 2’9’*0,Q) ‘)
N _60
N\
—80
100 .
110 1.10° 1.10° 110"
fi
Analysis yields:
( ) o= e
1 wolR1,R2,Cq,Co 0=
wo(Ry,Rp, €1, Cp) = —— = 0.336MHz J RUR2C1Co
,’ RR>C1Co 2p
_
\ RiR2CCy
Q(G,Ry,Ry,C1,Cp) = - 1o Q(G,R1,R,C1,Cp) = 0.707 o= C1 JRoR2 _
+ +
RiCi RC1 RC

- G RM+Ro - C2>Wo>(Rl +Ro

He (s, G, Ry, Ry, C1,Cp) = HLpe(s, G, wo(Ry, Rp, €1, C2), Q(G, Ry, Ro, C1, 7))

0

,,MM% HSK(Si G, Ry, Ra, Gy, Cz) ‘ 0_

EN

\
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choose G=1 for minimum sensitivity!

Other benefits of G=1:

- simplicity, low sensitivity of G ...
- good linearity: voltage accross R is zero in passband

Other Problems:

- sensitive to top/bottom plate parasitics
- sensitive to RC time constant variations

Use only in non-critical applications:

- low pole Q (hence restrict order to 4 or so)

- where large variations of cutoff frequency can be accepted
(typical variation of untrimmed RC time constants: +/- 30%)

16

S N [T %Y Tel
e G N N R . SR
| R R b Yl T
| R R [ P | I\IIIH!
A L e e o I e A O A R T O A IIII\!
1-10 1-10 1-10 1-10 1-10
fi
"small” variations
0
" -10
éHSK(Si:GvRLRZCLCz) '6
0o — - = — == |
e G [
—20
éHSK(Si,G,R]_xl.l,Rz,Cl,Cz) ‘O
2000 |— -~ — T T T o
e G [}
- e e _30
40 4 5 6 7
1-10 1-10 1-10 1-10 1-10
fi
QG 1L1R1,R,C1,C . wol L1R1,R2,Cq,Co
( ) =-1134" 10 3 0( ) 1=-0047
Q(G, R1,Ro,Cy, C2) Wo(R]_, Ro,Cq, C2)
Sensitivity
. 1
Version 1: SQr1(Q) =Q- > SQRr1(5) =45
DRy
DRp:=0LRy  DQbyQ:= Sqri(S)*— DQbyQ = 0.45
1
Version 2: SQr1(Q) =0
Note: true only for very small variations ... large (e.g. 10%) changes
of R; will still change Q.
Conclusions



Copyright Information

All software and other materials included in this document are protected by copyright, and are owned or controlled
by Circuit Sage.

The routines are protected by copyright as a collective work and/or compilation, pursuant to federal copyright laws,
international conventions, and other copyright laws. Any reproduction, maodification, publication, transmission, transfer, sale,
distribution, performance, display or exploitation of any of the routines, whether in whole or in part, without the express
written permission of Circuit Sage is prohibited.
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