Sinteza elektricnih filtara

Dr Miroslav Lutovac



SC filtri (integrisana kola)

Nema slabljenja u propusnom opsegu
Moguca pojacCanja u propusnom opsegu
Realizacija svih vrsta filtara sa jednim univerzalnim IC
Nema L

Nema C (da se dodaju spolja)

Minimalan broj R

Ulazna impedansa je velika

|zlazna impedansa je mala

Male dimenzije i tezina

Jednostavno podesavanje

Rad na niskim uCestanostima (oko 0.1 Hz)
Jednostavan postupak sinteze

Kratko vreme projektovanja



SC filtr1 - nedostaci

Aktivhe komponente generiSu sum
Ogranicen dinamicCki opseg na oko 80 dB
Gornja granica rada do 200 kHz

Pojava komponenti visokih uCestanosti
(od takta na kome radi)

Potrebno eksterno napajanje

Potreban eksterni klok signal (u nekim
sluCajevima)




SC filtri — princip rada

* R se simulira sa C i prekidaCima

» Otpornost otpornika se definiSe kao kolicnik
napona na R I struje kroz R

- Kada se na C dovodi napon V, sa taktom f,
srednja struje je proporcionalna sa g=CV,
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Tolerancije - osetljivost

« Tolerancije vrednosti
kondenzator 30%

 Relativan odnos r, je sa Zavisi od
tolerancijama 0.1% tolerancija takta
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Univerzalno IC (1)
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Sa povratnom
spregom

fCLj:. P =50 or P =100



Univerzalno IC (2)

kis ks
V. V
£ > £ > . Vs
Uzemljen kraj
sabiraca

fCLj:. P =50 or P =100




Mode 1 SC biguad

R;

W\

Mode 1 R,

gain-sensitivity product of the pole
magnitude to the gain of the
operational amplifier = 0

Implementation of SC filters
at higher frequencies
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Mode 4
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Mode 6a
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Prvog reda

Mode 6a

Mode Iranster function Pole magnitude
Vi ) 2a ferkg Ro
Ha Hyp = — = K p = 7ferk R
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Simbolicka analiza

#¢ CAF_SC_Mode3a.nb

Classical Analog Filter Design
Switched Capacitor Filter
Mode 3a

Analysis and Design

Miroslav D. Lutovac

e

References

= M. Lutovac. D. Tosic and B. Evans."Advanced Filter Design for Signal
Processing using MATLAB and Mathematica"
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Crtanje seme

"8 CAF_SC_Mode3a.nb

In[1:= << "C:\\aalm\\ETF_predavanja\\Filtri\\mathematical\\clearall.m"
<< "C:\\aalm\\ETF_predavanja\\Filtri\\mathematica\\drawafil.m"
<< "C:\\aalm\\ETF_predavanja\\Filtri\\mathematica\\drawasc.m"

1 5
In[4]:= Drav&-‘.‘[odeBa[D, 0, E, Z, B]

B4

A\ Mode 3a

Va4

1

outidl= P A an

Rl

V7
MV
Rk

0 |

150%:

v
B

FS
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Postavljanje jednacina

2% CAF_SC_Mode3a.nb

ﬁi

Circuit Analysis

m Reduced Modified Nodal Analysis

In5)= CircuitEquations = Pﬂ.==Vg,
vZ-vl VvV2Z-vV3d VZ-V5 V2-V6

+ + + == ﬂ.r
R1 R2 R3 R4
V3 == -AV2, V4 == V3,
vd k
V5 == ;
s
V5 k
VE ==

L

s

VB-V6 V8-V3 V8-V7
+ +
R1 Rh Rg

n
n
=]

V7 == -AVB};
HodeVeoltages = {V1, V2, V3, V4, V5, V6, VT, V8};
CircuitResponse =

Together [Flatten[Selve [CircuitEquations, lNodeVeltages]]]:
Print["V1

Print["V7

", V1l /.CircuitResponse]

", V7 /. CircuitResponse]

=)&)

150%:

e

(2]

F
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Odredivanje funkcije prenosa

2% CAF_SC_Mode3a.nb

o

Print["V1 = ", V1 /. CircuitResponse]
Print["V7 = ", V7 /. CircuitResponse]
V1l = Vg

v7 = [2®R2R3R4 (k*RgRh+RgRLls’| vg)/

[ (Rg Rh + Rg R1 + RhR1 + R Rh R1) (T—\.]{E RIRZR3I+AkKkRIRZRA s +
R1R2R3s° +RLR2Z R4 s° + RLR3 R4 s° + AR1 R3 R4 5° + R2R3 R4 5°] |

Voltage Transfer Function

v
Inf10]= H=Simplify [Together H /. CircuitResponse] ] ;
H3a=Limit[H, A = »];

Factor [Collect [Humerator [H3a], =]]
Print[”H{s} =, ]
Factor [Collect [Denominator [H3a], =s]]

RZ R3 R4 Rg (k*Rh +R1 s*]

Hi=z)] =
Rl RhR1 []{2 REZR2+kRZR4 = +R3IR4 52]

150%:

-

(2]
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Definicije promenljivih

o

4% CAF_SC_Mode3a.nb

Definitions and Procedures

=]
n13= PoleQpole[H ., = ] := I-Iudule[{den, fp, Op}-

Coefficient[den, =, 0]
Coefficient[den, =, 2]

den = Denominator[#H] ; fp = :
2x
Coefficient|[den, =, 2] {(2x £p) 1if .
= ; Bi i ; ];
op Coefficient[den, =, 1] " yI{fp, op}]

EeroQzero[H , = | := I-Iudule[{fz, num, Qz0},

Coefficient [mam, =, 2]
num = Humeratoxr[H] ; Qz0 = :

" Coefficient[num, =, 1]’

\/ Coefficient[num, =, 0]

Coefficient [num, =, 2]

£z = > ; Simplify[{fz, 0z0 fz}]];
. §
x @, F
Sensitivity[F , x ] := = :
GEP[F , A ]| :=S8implify[Limit[A Sensitivity[F, A], &A= w]];
PrintLabeledlist|[expressions Iist, fabels Tist] 1=

Print[#Ii[[1]]. " = ", #1[[2]]] &) f&@ Transpose[{labels, expressions}];

125% =




2% CAF_SC_Mode3a.nb *

|~
Poles, Zeros, Q - factors
nfez= {fp, Op} = Simplify[PoleQpole[H, =s]]; 7]
PrintLabeledList[{fp, Qp}. {"fp" . "Op"}1;
|' g
| A%kZ B1 BZ B3
Y| BZ B3 R4+R1 { (l+a) B3 R4+DRE (R3+04))
fp = —
P & ]
k B3 E
Qp = .
f
na | AkZ B1BZ B3
V| B2 BRI D4+R1 ( (1+A) D B4+DZ (RI+D47) =
20y = £p0 =Limit[fp, & 2 w@]; 1]
Op0 = Simplify[Limit[Qp, A= ] F. k= 1];
PrintLabeledList[{fp0, Qp0}, {"£fp", "Qp" }]1:
| EN
| kZ me
Y R4
fp = —
P 2 ]
Tz 3
P\.3 "\_“|I E
QP - B4
RE 44
nzsp= {£fz, @z} = Simplify[ZexroQzero[H, =]]; 17
PrintLabeledlList[{f=z, @Q=}, {"£f=", "Q="}]:;
; -
| 2% ph
T
fz =
Em
0z = ComplexInfinity [V

[2]

125% =~

Odredivanje
polova,
nula,

Q faktora
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Definiclja osetljivosti

ri:*: CAF_SC_Mode3a.nb * 9@1

Gain - Sensitivity Product (GSP)

In[25.= GSPfp = GSP [fp, A];
GSPQp = GSP [Qp, A];
PrintLabeledList [{GSPfp, GSPQp}, {"GSPfp", "GSFQOpR"}]:

1 | 1 1 |
ESPfp = — 1+—+R2(—+—]] j

= E1l R3 E4d

1 RZ2 RZ (R3 +R4)
GSPOp = —[—1——— ]

2 Rl RZR4

v
{] 11T [}]

150% =
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Sinteza

4 CAF_SC_Mode3a.nb * B
Design

m Find Element Values

n[zg);= DesignMode3al[X , Op_ , wp_, w=_, fclk , P_:100, RI_: Rlnom,
RZ_ :R2Znom, Rh_: Rhnom] :=Module [

{R3, R4, R1, Rg},

2w felky2
E4=Rz(_] :
P wp
2w felky2
R3 = ¢p REFE*I;EI:RE?.{ ]F
Pw=
K Rh R1
RYg = =—
RZ

{R1I, R2, R3, R4, R1, Rh, Rg}];

F 11 ] [l]
150% =




Primer sinteze

rgt CAF_SC_Mode3a.nb * =

29} = {R1, R2, R3, R4, R1, Rh, Rg} = 1]

Together [DesignMode3a[K, @, W, Z, Fe, P, Rln, R2n, Rhn]];
PrintLabeledList[{R1l, R2, R3, R4, R1, Rh, Rg},
{"R1", "R2", "R3", "R4", "R1", "Rh", "Rg"}];

R1 = Rln 1]
RZ = RZn i
[z 7 3
F RZ
B3 = 2wg [ o el

d".lllll P2 WE |
Ra - ichz?rszn 3

B pe e
Rl - ichz Ti'z Ehn 3

B pZ 52
Rh = Rhn i
K ERln Ehn j

Rg = ——— "~

EZn

£ ] 1 [ > ]
1509% =~




Test

5 CAF_SC_Mode3a.nb * BEF]
e
r(3l]- H3atest = Simplify [ExpandAll [Together [Limit[H, 2 5 ] ] /. {
x?y?p? xyp
. -
z_2 z
x_2 I’_2 p_z
z_2 11_2
num = Humerator [H3atest];
den = Denominatoxr [H3atest];
numlist = CoefficientList [num, s];
denlist = CoefficientList[den, s];
numlist[3]
K3at = ; =
denlist[3]
K3at Simplif [L]
P o numlist [3] 2m7Fe
H3at = /. k=
. . den =
Simplif [—]
1mpLLity denlist [3]] ]
4Fc® K’ gR2n (5% + 27 ;
Out[37)= F .
z z
AFc? 7P QRZns® + 2Fc por | 2FE7QRINn | 5 4 g [ Fet RIn® | 452
Ve we
. [V
(] 1l [}]
150% =
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~ Numericki primer sinteze

4% CAF_SC_Mode3a.nb * BE=]

[A

B

In[3g;= values = N[{K—> 1, 0-1.0349, W-271710.9457,
Z - 2m75129.3034, Fc » 256. 10°,
P - 100, R12 - 23.16 10, R22 -+ 10. 10?,
Rh2 » 238.6 10°}];
2xwFec

h1=H[HH.k—> z.valuES]:

P
H3atest = Limit[hl, A = ] ;

H3atest = H3atest /. 4/ x_z - X;

num = Numerator [H3atest];
den = Denominator [H3atest];
numlist = CoefficientList[num, s];

denlist = CoefficientList[den, s];

numlist[3]
K3at = r
denlist[31 =
K3at Simplify [ L]
numli=t [[3]]
H3at =
. . den
Simplif [—]
MpLLLY denlist [[3]]

1. (1.0386? S10% 4+ 1. 52)
1.15567 «10% +10387.7 s +1. =2

Out[47]=

4 ] 1Ll [ > ]
150% =




Rezultat sinteze

4% CAF_SC_Mode3a.nb * E]@‘
[A
Inf4s;= Rexamplel = N[{R1, R2, R3, R4, R1, Rh, Rg} /. values] /. 11
'\,‘REnz - R2n;
PrintLabeledList [Rexamplel,
{TTRlTTI TTRETTJ TTEETTI TTRqTTI TTRl'I"I'.r 'I"I'F:h'l"l'.r TTRgTT}]; |
Rl = Rln i
RZ = RZn i
R3 = 1.54847 R2n i
R4 = 2.23876R2n i
R1 = 0.245%0%4 Rhn T
Rh = Rhn i
1. Eln Rhn j
Rg =
RZn 1]
v
< | 1 (3]
150%
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Crtanje funkcije prenosa

4% CAF_SC_Mode3a.nb *

ns0j= Plot [{Abs[H3at] /. s> &2 7 £}, {£, 100, 10000},

FleotRange - All,

Ticks - {{0, 2000, 5000, 10000}, {0, 2,4, 6,8, 10}},

AxesLabel - {"f

|H{j2at)|

10 '/f-\l

Out[50)= \

(Hz)} ™, "|H(32x7f) |"}]

150%:

BE]

(2]

Y
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Crtanje Seme

[4%/CAF_SC_Mode3a.nb * E]@x
NIE
In[51]= rnum = Rexamplel /. -[Rln - 1D4, R2n - 10% , Rhn - 1D4]- j
Outjs1]= {10000, 10000, 15484.7, 22387.6, 2490.94, 10000, 10000.} il
1 5 7
In[52]:= Dram-'.lode.?a[ﬂ, 0, —, —, E] /. -["Ftl" s rnum[[1l]], "R2" s rnum[[2]],
2 4
"R3" > rnum[[3]], "R4" > rnum[[4]], "R1" = rnum[[5]],
2 mFe
"Bh" = rnum[[6]], "Rg" = rnum[[7]], "k/=2" = /. values}
P s )
223876 E
154247
Mode 3a
10000
V2 o
L}
10000.
Cut[a2]= CE AOA A B 16 086,
10000 5
Vé W Ve i
5 - lé
AW 2
10000 =
- [v
(] i [)]
150% =




Optimizacija

2% CAF_SC_Mode3a.nb *

BEF]

Optimization

= Find R2/R1 for low Gain - sensitivity Product

In53)= sf = Simplify[((Together [GSPfp /. values])), RZn » 0]

0.5 EZn
Eln

out[53]= 1.04624 +

L ] I

E

150% =

a7



Komentar

2% CAF_SC_Mode3a.nb *

BEF]

Remark

In54)= Print ["Time used = ", TimeUsed[], " s"]

Time used = 17.423 s

L ] I

= We have to choose R1 > R2 to minimize GSP.

(2]

150% =
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AT FilterCAD - Filter1

File Edit Wew Enhanced Window Help

D|@|E| &= 22w

L7 Filter1:Quick Design =B/

" Quick Design " Enhanced Design

Lluick design iz a step by step procedure where FilkerCAD creates a dezign
and zchematic bazed on vour input specifications.

Cluick design provides a list of several zolutions to chooze from.

Y'ou can chooze the best solution for your application bazed on transter
funchion, package, supply current and other practical considerations.
Some of the zolutionz listed may not meet the EXACT input zpecificatian,
bt are suggested practical implementations that should alzo be
conzidered.

If the quick design procedure does not meet your need, ty the Enhanced
desigh procedure,

Enhanced design iz a full featured, interactive design and implementation
experence. Clazzical filker approximations and fully custorm designs are
supported.

—urrent rLIM
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AT FilterCAD - Filter1

File Edit View Enhanced MWindow Help

D 558 &2\

LT Filter1:Quick Design

i Lowpass
" Highpass
" Bandpass
" Match

Select the type af filker vou wizh to design.

enhanced desigh window,

Click 'Mewxt' to proceed to the next gquick design window.
At ary hime dunng quick. design, access 'Enhanced' menu to switch to the

Modified | MNUM |

50



L

AT FilterCAD - Filter1 EEE

File Edit Wiew Enhanced ‘Window Help
D@ ¢ =] 2|28
L7 Filter1:Quick Design |:||E|E

£4 Prew. I M ewt = I

Stopband Atten. 4] (40 dB
Fazsband [Fc] |20

Stopband [Fz)

" Hz @ kHz 1 MHz

Enter the HIGHEST frequency and amplitude specifications for the filker
tppe you have selected.

Modified | MUM | -




C

AT FilterCAD - Filter1 EEE

]

File Edit “ew Enhanced MWindow Help

D@ »[5e| 528

L7 Filter1:0uick Implement EEE

£4 Pres. I Mewt = I

[~ ‘Linear Phaze

= S ——.-

v DC Accurate

In the pazz band.

Select 'DC Accurate' if pou require DC accuracy,

Select Linear Phaze' if pou require inear phasze and consgtant group delay

Modified |

HUM |

&
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= i |

AT FilterCAD - Filter1 EEE

File Edit “ew Enhanced Window Help
D= *[E=(2] 22|
LT Filter1:Quick Implement |:||E|E

£ Pres. I Meut = I

Power Supply;  [5+/-5] [ Low Power

Select the power supply for the filker cincuit,
For power supply curent <= bmd, zelect the 'Low Power' aption.

Modified | MUM | -
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L7 FilterCAD - Filter1

|

- - » T
File Edit View Enhanced Mindow Help L FiterCAD ™= Fitert E]@.
| | | | | | | | | File Edit Wew Ernhanced ‘Window Help
D= E T IN?
a £}
||| 5|52 2|2[W
LT Filter1:Quick Implement . . 1
d P LT Filter1:CQuick Implement =)oJEd
. . €< Prew.
Switched Capacitor Switched Capacitor 4 Prew. | Mest >3 |
Part T'.I'Ipe Urder | lsup | Packagels] Commert Fart Tvpe | Order| lsup | Package|s] Comments ~
1563-6  Eli 10 120 508 Int, DC, Ln ;
: 1663-6  Eli 10 120 S08 Int, DC, LnPh =
15637 Eli 10 a0 508 Int, DC, Ln :
: 1663-7  Eli 10 90 S08 Int, DC, LhPh
106E-1 Elli a 220 5078w Int, DC : :
. 10661 Elli ] 220 S07180w) Int, DI
Al A Active AT
Fart T-_'r'F'E Urder | lsup | Package(s] Eqmment Part Tvpe | Order| lsup | Package(z) Comments -
1562 Eli 4 140 FDIFTE, SSOF20 Unie. DL | 191662 EN 4 140 PDIP1E S50P20 Univ, DT, B-R, X04| =
15632 But 8 22 S50P1E(n) UrieLP DY | 115632 But 8 22 SSOP16[n) UnivLP, DC, R-R, «2
_f] ggg-g Eess a} ;. ‘EH gggﬁ] E[n! !.!n!vf EEf *|663-3  Bess 4 2.2 SS0P1E[R) Uriv, D, LnPh [v]
* = Dewice dossn't match design | & - * = Device doesn't match design | gy -
gpecification exactly. specification exactly. i
- 204 {1 EE R TR bl
Order = Filter order. = _d- Order = Filter order. E A -
Butt = Buttenworth rezponze. Butt = Butterwarth responze. o
Besz = Bezsel response. -0 Bess = Bessel responsze. -0 - 1ﬂ " ) 1
Elli = Elliptic: rezponsze. _20- Elli = Elliptic responze. :{1E RSP LEEE
LnPh = Linear phaze rezponse. LnPh = Linear phase response. _1004-s4-4sni oo
lsup = Typical power supply curent -1007 |sup = Typical power supply current R
i rnd &t 25 degrees C. -120- lnm.-'l:-.at 25 degree:s C. _1204-t4-4a0 o
ThE |_25’ 'EI:I_. 'El:”:ll r'|L.||'|'||:IE-'rS 1;] ThE—' '25_. 'EI:I_. '2':":' numbErﬁ 1;]
designate the clock to center [.,,,] kH designate the clock to center [v] LHz
Madified Modified LI
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. iy |

AT FilterCAD - Filter M= =
File Edit View Enhanced ‘Window Help

D[ | 5|52 =(2(w

LT Filter1:Quick Implement =)o) ES
£4 Presy. I Mewt = I
pooooooo F'EII:k.EIEIE!
[SOTEw
=" ¥ FilterCAD - Filter1 BE=]
F'lEIEtiE SD || File Edit Yew Enhanced ‘Window Help
| D|=(m| »|=|e 22N
Select the package type vou prefer for the circuit. || £ Filter1:Quick Implement EEE
[h] = Marrow package [0.15 in.].
[w) = Wide package [0.30in.] e [ Newr |
uuuuuu Package
Plaztic 50

Select the package type wou prefer for the circuit,
[n] = Marrow package [0.15in.).
[w] ="wide package [0.30 in.].

Modified | MUM | Y




B|E*

Help

Window Hel

Wiew  Chart

Edit Y

LT FilterCAD - [Filter1:Frequency Response]

e File

FERTET) 1 1 1 1 1 1 1
Z= | s
=1l " " " " " " " i
o S [ N i I BT - == - T||D
.”n_n_l._ L o | [ T _o_ — =
S [ _ L
1 1 1 1 1 1
|||||||||||||||||||||||| (i
" . v b B - =
—— Lol T T (| [ =
T _ 2
I F=-—1-=-=-=- F-=-==pf====q====9=-- r-- L
T |m " " " " : _ _
=7 |13
.”...J.I._I 1 1 1 1 1 1 1 ﬁ.l..
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. J Filter1:Time Response

L&

2E S5O m

7

1,201
0.80-
0.60-
0.40-
0.20-

0,004

Time

422.126pzecs

1.266Bmsecs

844.252pzecs

Dutput

335,71 0mY

1.000%

4.230mY

il

15
[ Show Input

S7



52| Filter1:Schematic =9]1=]

ViR
[1]mve Rifh) EJ
‘——E Win COMP2 [15]
-al
—— 3| aGMD 1 v-[14] T o £
o S [ ] v g me[iE—f g
B/ p =
= [5 | aGND 4 CLk [12|——3 2MHz
L e wei——y
i i [7 ] conm MIC [ 10 |—_|_
— 5 |y a "."n:uutEI—l Vot
2
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g Filter1:Time Response Iin
Time 422 126pzecs 1.266mzecs 244 252pzecs
E Y [Dutput -24 008mY 5. 556mY 29 564mY
ﬁ : y : : L 3 :
: E i i
| e R e ST B
e : . : :
=1 e 5 e e
- : . : :
= : : : :
L e e o e oo
L i : i i
A i e e e
08501 - s
T PP B S T T PR T PR [SPPPRRR
] 0.5 1 1.5
I mMsecs [~ Show Input
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L7 Filter1:Quick Implement

gpecification exacty.

Order = Filker order.

Butt = Butterwarth responze.
Bess = Besszel responze.

Elli = Elliptic rezponze.

LnPh = Linear phaze rezponse.

i md at 25 degrees C.
The -25, 50, -200" numbers
dezignate the clock to center

|zup = Typical power supply current

[

Switched Capacitar Sl

Part Type | Order | lsup | Package(z] Comments [ﬁ]
1563-6 Elli 10 120 sS04 Int, DC, LnPh
1563-7 Elli 10 9.0 5048 Int, DC, LnPh
1064-1 Ell a 120 PDIF14, S016[w] Int
10644 Eli B 140 PDIP14, 5016w Int v
Active RC

Part Type | Order | lsup | Package(s] Comments
1562 Ell 4 140 PDIP1E, 550F20 Univ, DC, R-R, x04
1563-2 But 8 22 S50F16[n) UnivLP, DC, R-R, uz
* = Device doesn't match design |»

=)=
Win+
Yout
1] e 1 auT [ 2] -
3 ER .
—z|m- g e 7] - T O EY
g clk 31.6k 0.1pF
s (3]acnD 7 [ 6] A L
) == 01pF 1% & DLk [5 —
-5
o - |
TuF To -
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Sin

46 4k
R11

1]+ CLE |18 ThHz
|: By
—+— [2]mwe aGHND [15 —+ o)
0.1pF 0.1pF
L LE Y EI Y. 14|—‘ e
4| sn 6 sE[13 499, RBZ
—1¢] 2 = % RE2 14k
it G ; LPE 12—
R41 BB.1k ": . —
At £ | BFA EFE|T S
R3T 44 2k — 0 — R3Z 31.6k |
A {7 | HPamE HPENE [10] St
R21 20k ] - Fz22 422k | ARG 20.5k
B v A IEE
= — RHZ 475k
A \ A
FH1 390.9k
iyl -
oy Ta Filter AGHD
RL1 25.5k \

¥ Filter1:Quick Implement

\

1563-2  Butt 8§ 2.2  S50F16[n)

Switched Capacitor S \

Part Type | Order | lzup| Package(s] Comigents fad
1064-2 Butt 8 14.0 PDIF14, SO1Ew]  Int

11E4-5 Butt 8 45 PDIF14, S016[w] Int

106750 Eli 4 23 S01E,550F1E6[n] Univ, B-R. =04
“1264-7  Eli a 14.0 PDIP14, SO1E[w] It LnPh ]
Active RC

Part Type | Order | lzup| Package(s] Comments

1562 Ell 4 140 POIP16. 550P20  Univ, DC, R-R. =04

UnivLP. DC. R-R. =z

* = Device doesn't match degign |~ -
specification exactly. il

- 204
Crder = Filker arder. _40-
Butt = Buttenyorth responsze. 40

Bezs = Beszel responze.
Elli = Elliptic rezponze. _20-
LnPh = Linear phase response.

|zup = Typical power zupply current -1004
in md, at 25 degrees C. -120-

'
NG [N I R [ P —" .

B e I C ]

The 25, -50, -200" numbers
designate the clock to center |
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" L7 FilterCAD - Fitter1 =aE

File Edit View Enhanced ‘Window Help

D|@|H| & |=[e] 52w

7 Filter1:Quick Design =B

™ Quick Design (* Enhanced Desigr

Cuick deszign iz a step by step procedure where FilkerCAD creates a design
and schematic bazed on pour input specifications.

Cuick dezign provides a st of several solutions to choose from.

You can chooze the best zolution for vour application based on transfer
function, package, supply current and other practical conziderations.
Some af the zolutions lizted may nat meet the EXACT input specification,
but are suggested prachical implementations that should alzo be
cohzidered.

[f the quick design procedure does not meet pour need, ty the Enhanced
dezign procedure.

Erhanced design iz a full featured, interactive design and implerentation
expenence. Clazzical filker approximations and fully custom designs are
supported.

Current | MUM | v




47 FilterCAD - Filter1 =o/ed
File Edit View Fiker ‘Window Help
D[] # |52 S[7|
AT Filter1:Enhanced Design E@
Tntitled
a2
— Filter Type Amplitudes [dB) Frequencies
..................... ﬂ . .
T O+ Elaipase I Passhand Gain |0 A Pasband(Fo) [0 £
EHHaEs 5
E " Highpass |7 T | Fazzhand Ripple [H] Stopband [Fs] 40
—— || 7 Bandpass , Stopband Atten. (4] |40
dﬁ i Fe Fls
— Maktch Actual Atten. [at Fz| 421 (" Hz & kHz (" MHz
— Rezponze — Order—— Coefficients
* Buttenworth -_"'_ fe E! Fn
B 20,0000
" Bessel 20.0000 2.2470 IMF
¢ Chebyshev 6 20,0000 0.80149 IMF
20,0000 0.5550 IMF
" Elliptic 4
" Min @ Elliptic 5
" Custom

Edit window Eitle

Modified | MUM | y
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L7 FilterCAD - Filter1 =& [x
File Edit Wiew Fiter ‘Window Help
|6 =8| 878
LT Filter1:Enhanced Design E]@
@ | | TTntitled |
Filter Type Amplitudes [dB] Frequencies
T v |owpass T Pazzband Gain |0 i’ Pazzband [Fc] |20 i’
R
ﬁ " Highpass |11 = |~ Passzhand Ripple [R] IT Stopband [Fz) IEE—
q} " Bandpass Stophand Atten. [A] |40
#2111 Noteh o Fs Actual Atten. [atFs) 43,4 C Hz & kHz  MHz
Responze Order Euefficm /\
" Buttenworth I_ Fo U Fr
13.3826 06234 FF.4384
{" Bessel 18 18.5215 1.8728 31,6228
1 20,7765 23,5342 25.5182
— Filter Type /(\ Arnplitudes [dB) \ Frequencies
 Min Q Ellibtic % Lowpass A I Fazsband Gain |0 = FPazzhand [Fz] |20 ﬂ
i .
~ e " Highpass \ P | Fasshsnd Ripple (B] 0.1 Stopband [F2] |25
uztam
" Bandpass Stopband Atten. (4] |40
| " Motch Fo \ﬁi Actual Atten. [at Fs] 340 "z & kHz " MH=
Edit windaw title \ — \ N
' —Hespnnse——Drder——EB\efflcle ~ \ N
™ Butterworth »16 Fe g i
B 21.3975
" Bessel alk 21,3975 0.7225 51,2227
£ Chebyshey 11 21.3975 1.6E61E 30,5501
21.3975 B.2586
™ Elliptic B
............................................................. >?
\/
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&> FilterCAD ==

File Edit Bookmark Opkions Help

Help Topics Print

Minimum Q Elliptic

bdinimum (2 elliptics have the lowest possible G while
maintaining an elliptic response. They have lower
sensitivity and lower attenuation than standard elliptics,

Mote: Minimum @ elliptics were first developed by DA,
Fabrenovic and M.D. Lutovac—

see Electronic Letters, Wolume 30, Mumber 3 (February
1954), pp 206207
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AT FilterCAD - Filter1

BE|®
File Edit “jew Implement Window Help
D=|E| &E=e] 8(7(8
LT Filter1:Enhanced Implement =)o/ E
2 Tntitled
Filter Rezponze: Min @ Elliptic FPazzband Ripple: 0.1004dB
Filter Type: Lowpasz Stopband Attenuation: 40.000dEB
I Order: 7 Faszband Frequency: 20.000kHz
= Stopband Frequency: 2h.000kHz
=
T
g " Switched Capacitor " Active RC
| IC R atio Supply Clock, IC Supply
A |1068 100:1 +--5.0V »| |2000  kHz | | =]
fad
T Package ISSEIF'EB ;I Temp. Range IIIIh:u 70 '-'I ¥ Standard Resistor Values [ Low Power
Mode Selection Swap Fo/l | Swap Fr/En Siap Al
Fo A Fr En tppe | mode [Barm
21.3975 - - - LF1 | LFi1 -
21.3975 1.6E16 30.5501 LPM 2n 10
21.3975 6. 2586 25,8605 LPM 2n 10
21.3975 0.7225 B1.2227 LPM 2n 10
Edit windaow title Modified | WUM | i
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L7 FilterCAD - Filter1 =)o/
File Edit Wiew Implement Sindow Help
|| |52 &7
LF Filter1:Enhanced Implement ME |
2 Tntitled
Filter Bezponze: Min O Elliptic Fazzband Ripple: 0.1004dE
Filter Type: Lowpass Stopband Attenuation: 40.000dE
I Order; 7 Fazzband Frequency: 20.000kHz
= Stopband Frequency: 25.000kHz
________________________ :
g ™ Switched Capacitor 0 ctive AC
==l IC Hatio Supply Clack, IC Supply
A | = | kHz | [1562 +/=5. 07 =
Lt
— Package ISSEIF'EIZI 'I Temp. Range IEIh:u | 'l v Standard Fesistor Values [ Low Power
Maode Selection Siwap Fo/l | Siwap Fn.-"E.!nl Siyap Al
e E Fr an type | OFT
21.3975 - - - LP1 LPT
21.3975 1.EE1E 20,5501 - LPM [ RCH3
21.3975 B.2586 25,8605 - LFM [ RCHZ
21.3975 0.7225 B1.2227 - LFM [ RCHZ
500.0000 - - - LP1 [LPola
Modfied | NUM | Y
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"7 FilterCAD - [Filter1:Schematic] s=2=]

File Edit Wew ‘Window Help _ 8 =
o o
D|=|d| & |=n &2
Win
Rin1 562k H'W% Rind 75k
At Cin2 18pF
[ Cin3 330pF |
I
11 )
M e Ny [20]
L k|
ROT 102k ROZ 412k |
My HELE ¥1C [13] My
R21 301k R22 237k |
Aty [z|vzE vz 18] Ay
Tav gk ¥-[17h By
] ]
EHES Y- [16] Ly
0.1pF = | g — | ==0.1uF
FiElson 5 aewofEHo
A vEH
i =T

[2]|vza vz [13]

| RO3 47 5k 10k ‘

| My [3|wa ¥10[1z] Mt ‘
[10] imw Iy O 1]

Mate: Output aop amp is
band limited to B00kHz
Rind 22 6k LG4 15pF
—yy
Cind EIED”F _ RG4 20,5k
‘— Woaut
To Filter AGND
Modified MUM




gt
=CF1pF
Yin 1| ouT A We (18] -+
Wout
T z]-M A ouT B [17] >
—
3] a +IN B [1E]— :|:':'1HF
1
- man CINE g GND[T] 1
A 0.1pF T g =
] Bvs Fin 1-1-'—
1 |
0.1pF S *Re 30.1k
T —{& | coum ; EomPz Bl
[7|Fout COMMZ [12] —" * Lo 15pF
—&] 50000 COMP1[11]
1
- -5
—|EI CLE W10 ]
ke | 1
1Hz T 0.1pF
* Refer to data sheet for appropriate values.
[ Filter1:Frequency Response ==
[Frequency | 20.000kHz | 25.000kHz | 5.000kHz
Bl [Gain | 1.543d6 | -9.279dB | 7.736dEB
Ly
Bl o.00
— -20.01
Q
-40.04
i
— -560.01
-80.07
-1004
-1207
@ Log © Linear Hz (" Phase © GroupDelay ™ Mone




