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Anotace

Predkladana bakaldfskd prace se zabyvd zékladnimi principy signdlovych filtrii véetné
jejich zdkladnich zapojeni. Prakticka &dst préce je zaméFena na ndvrh a realizaci pfipravku pro
méfeni frekvenénich charakteristik univerzalniho filtru LTC1562. Pro tento obvod byly
provedeny simulace frekventnich charakteristik, ndvrh a realizace vhodného méficiho

piipravku a praktické ovéfeni jeho funkénosti.

Kli¢ova slova

Univerzalni filtr, aktivni filtr, dolni propust, horni propust, pasmova propust, oscilator
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Abstract
This bachelor thesis is focused on basic principles of signal filtering including the standard
wiring scenarios. Practical part of this thesis is focused on A design and realization of device
for frequence response measurements in universal filter LTC1562. The design of a frequence
response measurement device consisted of frequence response simulation, device realization

and measurement verification.

Key words

Universal filter, active filter, low pass filter, high pass filter, bandpass, oscillator
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Uvod

Piedkladana price je zamé&fena na navrh, realizaci a praktické ovéfeni funkénosti pfipravku
pro méfeni zvoleného univerzélniho filtru.

Univerzalni filtry jsou aktivni filtry, které maji na jednotlivych v¥stupech &ipu riizné druhy
filtri. Diky tomu lze realizovat v rdmci jednoho &ipu vice druhf filtraci. CehoZ lze vyuZit pfi
analyze a filtraci signdld. Tato vlastnost je bohuZel vykoupena tim, Ze nelze jednotlivé druhy
filtr nastavit na riizné kmitoCty.

Prvni &ast prace je vénovana rozdilu mezi pasivnimi a aktivnimi filtry a jsou uvedeny
vyhody a nevyhody téchto filtr. Ve druhé Easti jsou popsiny zdkladni vlastnosti filtrd a
jednotlivé typy filtrii, V dalsi ¢asti jsou uvedeny zdkladni zapojeni jednotlivych filtrii prvého a
druhého #adu. Je zde vysvétlen zpisob vypolti filtrd vy&Sich fadi a ukdzéano zédkladni zapojeni
filtrii univerzalnich. Ctvrta ¢4st obsahuje informace o vybéru vhodného univerzalniho filtru pro
realizaci méficiho pfipravku a obsahuje zdkladni informace o ¢ipu LTC1562. ktery byl nakonec
vybran. V poslednim bloku je proveden teoreticky navrh pfipravku, jeho nasimulovani
v softwaru LTSpice a ndvrh DPS v nédvrhovém softwaru EAGLE. V zdvéretné &asti je uvedeno
praktické otestovani zrealizovaného méficiho pripravku a odméfeny jednotlivé frekvenéni

charakteristiky. Hodnoty ziskané simulaci a praktickym méfenim jsou vzdjemné porovnany.
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Seznam symbolu

u, v [V]

UV [V]
F().H() [dB]
a,b,c.d,e.fg,h,m,n [-]
p.P [-]

w. (1 [rad/s)
f[Hz]

Ay [dB]

B [Hz]

Q-]

R [Q]

C[F]

Z[4]

Okamzité napéti
Efektivni napéti
Pienos
Konstanty

Komplexni frekvence
Uhlové frekvence

Frekvence
Zesileni

Sifka pasma
Cinitel jakosti
Odpor
Kapacita

Impedance
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1 Aktivni vs. pasivni filtry

Filtry, at” pasivni nebo aktivni, se v dnedni dob¢ vyuZivaji v mnoha oblastech elektroniky
pracujici s pfenosem signdlu, zvuku, obrazu, v automatizaci a mnoha dalsich odvétvich.

Vybér filtru je velmi zdvisly na pracovni frekvenci. Pro vysoké frekvence v fadu od
jednotek MHz se vétSinou pouzivaji pasivni RLC filtry, tyto filtry jsou oviem nevyhovujici pro
frekvence v fadu Hz aZ stovek kHz. Pro tyto frekvence se v&tdinou vyuZivaji filtry aktivni. Tyto
filtry nahrazuji induk&nost v pasivnim filtru operatnim zesilovatem. Pro takto nizké frekvence
md indukénost velké rozméry, velky odpor a parazitni kapacity z dlivodu mnoha zaviti a taktéz
je nelinedrni. Toto zapojeni mé oproti pasivnim RLC filtrim nékolik dalsich vyhod, ale i
nékteré nevyhody.

Vyhody:

- moZnost zesileni vétsi nez 1.

- impedanéni oddéleni jednotlivych stupiid filtru.

- vyuZiti i na velmi nizkych kmitoétech.

Mevyhody:

- nutnost napdjeni.

- vy&&i droved Sumu, riziko pfebuzeni, podbuzeni, rozkmitani.

- nelze pouzit pro vykonoveé signaly.

- nelze zajistit galvanické oddéleni vstupu a vystupu.

2 Zakladni vliastnosti filtra

2.1 Pfenos filtru

Obecné |ze definovat pienos filtru jako pomér dvou polynomi s redlnymi kofeny, pfipadné
jako pomér vystupniho napéti ku napéti vstupnimu.
Go+Gi* P+ ga*p . Gmoa ¥ P A gm*p™ _ Ua(p)
ho+hy#p+hy xpPt.hy g p" T hyxp™ Usy(p)
kde p je komplexni kmitotet, g a h jsou pfenosové konstanty.

@.1)

F(p) =

Polynom v Citateli i jmenovateli lze vZdy rozloZit na polynomy prvého a druhého fadu.
(PP top+ d)(p ot dy) (P oy + do)
(P2 +e1p + fi)(0? + €2p + f2) e (P2 + Emp + fin)

Rozklad dle rovnice (2.2) se vyuZiva pii kaskadnim fazeni filtrd prvniho a druhého fadu

F(p) (2.2)

do slozitéjdich celkd, které realizuji filtry vy3Sich Fada., Tyto filtry maji lepsi vlastnosti,
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predeviim strmé&j8i pfechod mezi pasmy a lepdi ¢initel jakosti, ale je to vykoupeno v&tiim
mno#Zstvim soucastek a sloZitosti zapojeni.

Kofeny polynomu v ¢itateli jsou poly, které uréuji tlumeni respektive rozkmitéani filtru,
Tyto poly lezi v levé poloroving komplexni roviny a se vzddlenim p6lu od imagindrni osy se
snizuje pravdépodobnost rozkmitani filtru, ale za cenu vétsiho utlumeni signalu. Vliv pélu na

amplitudovou charakteristiku filtru  je zobrazena na obrazku 2.1

Fen

(v

Obr 2.1 Vliv p6la na amplitudovou frekvenéni charakteristiku filtru (pél déle od
imagindrni osy je zelen&, tervené pol blize u imagindrni osy)

kofeny polynomu ve jmenovateli tvofi nuly filtru. Nuly se zpravidla umistuji na
imagindrni osu a vytvafi v amplitudové charakteristice filtru ostrd minima. Filtr ovéem nemusi

mit zadné nuly. Vliv nul na amplitudovou charakteristiku je zobrazen na obrizku 2.2.
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/
Fli)

e —

Obr 2.2 Vliv nul na amplitudovou frekvendni charakteristiku (Cervené bez nul, zeleng
s nulou)

Vyse uvedené vzorce popisuji prechodové dgje filtri, oviem filtry vétSinou pracuji
s ustilenymi sinusovymi signaly. V takovém to pfipadé plati, e p = jio a tudiz je pfenos
komplexni gislo, které lze psét jako:

F(jw) = [F(jw)]el®) (2.3)

kde |F(jo)| je frekvenéni zavislost amplitudové charakteristiky pfenosové funkce a
“(z.) je frekvenéni fazové charakteristika pfenosové funkce.

Pro porovnani jednotlivych filtri lad&nych na riizné frekvence se namisto kmitoftu o
v pfenosové funkei pouZiva kmitoget (! definovany jako pomér mezi kmitoftem & a
referencénim kmitoétem oo rer, ktery se vétdinou voli bud’ jako kmitoget zlomu cc nebo kmitocet,

pi kterém dochézi v amplitudové charakteristice k poklesu signdlu o 3dB. Je oviem mozné vzit

tuto hodnotu libovolnou.

i)
1= (2.4)
mr&f

Pro ziskani normalizovaného tvaru pfenosové funkce vzhledem k twr je nutné rovnici

(2.2) rozloZit na kvadratické trojéleny. Potom dostavame vyslednou rovnici.

M1 +¢P + d;P?)

2.5
» " TI(1 + a;P + b;P2) (22)

F(P)=A

kde P=j(] a A, je zesileni filtru v propustném stavu, které diky operaénimu zesilovagi v obvodu

miize byt vétsi nez 1.

13
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2.2 Pasma filtra

Jednotliva pasma budou vysvétlena na piikladu dolnopropustniho filtru, jehoz

amplitudova charakteristika je zndzornéna pro ideélIn{ a realny filtr na obrazku 2.3.

F(j wf

e %
0 wg £

Obr 2.3 Amplitudova frekvenéni charakteristika pro idedlni (zeleny

prabéh) a redlny (Cerveny pribéh) filtr typu dolni propust.
Amplitudova frekvenéni charakteristika idealniho filtru se déli na dv& Gasti. Na

propustné pdsmo, v nalem piipadé se jedna o ¢ast charakteristiky vlevo od kmitoétu zlomu ..
V tomto pasmu (na kmitottech niz3ich nez je kmitotet zlomu) prochézi filtrem signal bez
Jakéhokoliv atlumu. A na pdsmo Otlumové, zde v pravo do kmitoétu zlomu .. V tomto pasmu
( na kmitoctech vy3Sich nez kmitocet zlomu) pfes filtr neprochézi zadny signdl. Pro idedlni filtr
plati, Ze pfechod mezi propustnym a Gtlumovym pasmem je okamzity. U redlného filtru oviem
dochdzi mezi jednotlivymi pasmy k pfechodovému dg&ji a tak vznikd tieti pismo, pasmo
prechodné. V redlu se také musi ofetfit situace, kdy dochazi ke zvinéni signalu. Tomu se
predchazi pomoci tolerancniho pasma, kdy v propustném pasmu je moZny zvinéni do hodnoty
Aj, v dtlumovém pésmu nesmi prekroit hodnotu As, a toleranéni pdsmo piechodového pasma
Je ohraniteno hodnotami wn a &« Téchto poznatk se vyuZziva pfi ndvrhu filtru pomoci riznvch

aproximaci. [1](2]
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2.3 Typy filtra

2.3.1 Dolni propust (DP)
Jedna se o filtr, ktery propousti kmitodty mensi neZ je mezni kmito€et to. Pro idedlni
filtr (charakteristika je na obrizku Obr. 2.4) plati, e mezni kmitoCet ¢ se rovnd kmitottu

zlomu .. Pro redlny filtr toto neplati a zZlomovy kmitoget neni pfesné urCeny, proto se za mezni

kmitoet vétinou bere hodnota, kdy je pokles amplitudy 3dB.

Fﬁj@f

N\

BN

1 .

- I = —
ﬂ -’.JJ,:, £a3

Obr 2.4 Amplitudova frekventni charakteristika
idedlniho (zeleného) a redlného (Eerveného) DP filtru

Normalizovany pfenos DP jsou :

a) |.Fadu
Ap
F(P) = T3+ P (2.6)
b) 2.Fadu
AF
F(P) = 2.7)

1+ a,P + b, P?

¢) Vyssich Fadi — lze vyjadiit jako soucin filtri 1. a 2. fadu.
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2.3.2 Horni propust (H

P)

Jedna se o filtr fungujici opa&n& oproti filtru DP. Propoudti kmitoéty vétsf nez o, zatim

co mensi Gtlumi. Ve ostatni pracuje obdobn&. Amplitudové charakteristiky jsou znizornény

na obr, 2.5,
M
Flje
I
7
/ '
g I
I R —
Obr 2.5 Amplitudové frekvenéni charakteristika

ided

Iniho (zeleného) a redlného (Cerveného) HP

Normalizovany pfenos HP jsou :

a) 1.fadu

b) 2.Fidu

¢} Vyssich Fadh — lze vyjadrit jako souéin filtri 1. a 2. fadu.

A,P
F(P) = ——
P =1rp

A,P?

F(P) =
(P) 1+ a,P + b, P?

16

(2.8)

(2.9)
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2.3.3 Pasmova propust (PP)
Filtr typu pésmové propust (amplitudové charakteristiky jsou na obr. 2.6) propousti je

uréité kmitoéty ohranitené spodnim meznim kmitoétem cos a hornim meznim kmitoétem oy,

Geometricky stfed pdsma 2o je rezonanéni kmitotet. Tento kmitoCet |ze ziskat nasledovné:

wo = @y * @n (2.10)
Zh)

CETN
/r i %
E | %
J RN
I ] N,
—_— :’_// = = .JI. b
] e i, ay e

Obr 2.6 Amplitudova frekvenéni
charakteristika idedlniho (zeleného) a redlného
(¢erveného) PP filtru
Dal3i parametry u pasmové propusti jsou §ifka pasma B a Cinitel jakosti Q.
B = wy — w, (2.11)

Q=-— (2.12)

Mormalizovany pfenos PP jsou :
a) l.kadu — filtr PP je tvofen filtrem DP 1.fddu a HP |.Fidu a tudiZ je moiné

realizovat pouze PP 2. a vy$Siho fadu.
b) 2.fadu
AP
1+ a,P + b, P?

F(P) = (2.13)

¢) Vyisich ridi - lze vyjadFit jako soudin filtrii nizdich fadi.
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2.3.4 Pasmova zadrz (PZ)
Tento typ filtru funguje obdobné jako filtr PP s tim rozdilem, ¥e propoudti vie pod

spodnim meznim kmitofet s a nad homim meznim kmitodtem oh Amplitudové

charakteristiky jsou zobrazeny na obr. 2.7.

F{:j !

|L a/ (
o, P _!. \ __J,_,/ L

. Gy g o,
Obr 2.7 Amplitudova frekvenéni

Ev

charakteristika idedlniho (zeleného) a redlného
(Cerveného) PZ filtru
Mormalizovany pfenos PZ jsou ;
a) l.Fadu — filtr PP je tvofen filtrem DP 1.fidu a HP 1.Fddu a tudiz je moZné
realizovat pouze PP 2. a vy3&iho radu.
b) 2.radu

Ay(1+P)

F(P) =
(P) 1+ a,P + b, P?

(2.14)

¢) Vyssich fadh - lze vyjadFit jako souéin filtri nizsich Fadu.

2.3.5 Fazovaci tlanek

Jedna se o filtr u kterého nezalezi na amplitudové charakteristice, kde filtr propousti
viechny kmitolty, ale na charakteristice fazové, kterd v idedlnim pfipadé rovnomérné roste
s kmitoftem. Pribéh amplitudové a fazové charakteristiky pro idedlni fazovaci ¢linek je na
obr.2.8,

18
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W

g
Obr 2.8 Amplitudova a fazova frekvenéni

charakteristika idedlniho fizovaciho &linku

3 Aktivni filtry

V této kapitole si ukdzeme zdkladni zapojeni filtrd DP, HP, PP a univerzilniho filtru.
Zapojeni pro ostatni typy filtr(l 1ze nalézt napiiklad [1] [2].

3.1 Aktivni filtry 1.Fadu

3.1.1 Filtr DP 1.fadu

3.1.1.1 Neinvertujici DP filtr 1.Fidu

Jednd se o integradni &lanek, kde operaéni zesilovat slouzi jako transformator

impedance a ma zesileni 1. Zapojeni filtru je zobrazeno na obrazku 3.1.

1

Obr 3.1 Neinvertujici filtr prvniho fadu typu DP

Prenos obvodu je:

Lo Uy gy 1
e e = T whC

(3.1)
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Pfenos tohoto obvodu v normalizovaném tvaru je:

1
F(jl) = ———— :
) 1+ jlwgRC =)

3.1.1.2 Invertujici DP filtr 1.F¥adu

Tento filtr invertuje signdl a zdroveii ho dokdZe zesilit. Schéma zapojeni filtru je na
obrazku 3.2.

ur

Obr 3.2 Invertujici filtr prvniho fadu typu DP

Pfenos tohoto zapajent je:

i Uz zzu RZ 1
F ) ==—= — e ——— 2
O = T Ry T4 JORE o4
A po prevedeni do normalizovaného tvaru dostaneme:
R 1
F(jn) = — = (3.4)

_R_1 t 1 +jﬂmﬂR2€

3.1.2 Filtr HP 1.fadu
Schéma zapojeni filtr je na obrazku 3.3.
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ut L

Obr 3.3 Filtr prvniho fadu typu HP
Pienos zapojeni je:
Uy Ly R, JjwRC

f = — = — . S ————— 3.3
i o e T e (33)
Po Gpravé do normalizovaného tvaru dostivame:
R iRwyR,C
7 e L (3.6)

R1 ’ 1 +!ﬂmuR1{:

3.1.3 Filtr PP 1.fadu
Schéma zapojeni je na obrazku 3.4. Jednd se o kaskadni spojeni filtru DP ladény na o
krat vétsi kmitoCet nezli kmitoet rezonanéni a filtru HP ladény na cxkréat mensi kmitocet nez

kmitodet rezonantni. Tyto dva filtrry jsou oddéleny operaénim zesilovafem a tudiZ jsou

nezavislé. Z toho vyplyvd, Ze pfenos takového obvodu bude soudin pfenosii jednotlivych filtri.

Obr 3.4 Filtr prvniho Fidu typu PP

1
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Pfenos:
u 1 jwRC(1/a
i) w2 «uJOREU @) (3.7)
u; 1+ jwaRC 1+ jwRC(1/a)
Po upraveni do normalizovaného tvaru dostdvame:
1 RwoRC(1/a
F(i) = JAwyRC(1/a) (3.8)

1+ jlweaRC 1+ jRwgRC(1/a)

3.2 Aktivni filtry 2.Fadu

Pro realizaci filtru druhého fadu se vyuZivaji dvé metody. Bud’ filtry s vicendsobnou

zipornou zpétnou vazbou, kdy k (Einitel zpétné vazby) se idedlné bliZi -ee nebo jako obvod se

slabou kladnou zpétnou vazbou, nazyvany také jako Sallen-Key filtr, kde k je v&t3i rovnou 1.

Pro jednotlivé typy filtrii bude vidy uvedeno schéma zapojeni a vysledny pfenos.

Odvozeni pienosu je nad ramec této prce a je moZné ho dohledat napfiklad v [1].

3.2.1 Filtr DP 2.fadu

3.2.1.1 DP filtr s vicenasobnou zapornou zpétnou vazbou

Schéma zapojeni filtru je na obrazku 3.5.

Obr 3.5 Filtr druhého fadu typu DP s vicendsobnou zapornou zpétnou vazbou

Filtr pracuje s pfenosem:

3

F(jin) = -

R:R

1+ woCs (Ry + Ry + 52 jf2 + W} CsCoRo Ry (/0)?

Ry

(3.9)

Pfi pouZiti rovnic (2.7), (3.9) a aproximace, ze které ziskame hodnoty a; a by, lze vypoéist

velikosti jednotlivych odpori a kapacit.
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3.2.1.2 DP filtr Sallen-Key

Schéma zapojeni filtru je na obrizku 3.6

Obr 3.6 Filtr druhého fadu typu DP Sallen- Key

Filtr ma pfenos:
k
14+ wy[Cy(Ry + Ra) + (1 — k)R, G112 + wi Ry R1C,C,(j12)2

Diky nezavislosti ¢initele k lze dosdhnout moZnosti ménit pomoci zesileni druhy aproximaci.

(3.10)

F(jQ) =

3.2.2 Filtr HP druhého Fadu

3.2.2.1 HP filtr s vicendasobnou zpétnou vazbou

Schéma zapojeni je na obrazku 3.7

Obr 3.7 Filtr druhého fadu typu HP s vicendsobnou zpétnou vozbou
Pfenos filtru je:

23
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3 woRsRe C, C3(j2)*
1+ woRs(Cy + C; + C3)j + wiRsReC,C5(j2)?
Pro vypocetl R a C je postup totoZny jako pro filtr DP.

F(jn) =

3.2.2.2 HP filtr Sallen-Key

Schéma zapojeni je na obrdzku 3.8

Obr 3.8 Filtr druhého Fadu typu HP Sallen-Key

Pienos filtru je:

kwi Ry Ry C, C5(j12)?

F(jn) =
U = oo BG4 G) + (1= DRG0 + @R RAC.C ()

3.2.3 Filtr PP druhého fadu

3.2.3.1 Filtr PP s vicenidsobnou zipornou zpétnou vazbou

Schéma zapojeni je na obrazku 3.9

24
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‘J_ Re'

RY E
ut
o + +

Obr 3.9 Filtr druhého fidu typu PP s vicendsobnou zp&tnou vazbou

Pfenos tohoto filtru je:

g (_Rsﬂa_) €40
F(jn) = - SEAL _ (3.13)
= R,RsR :

1+ wo () (G + C)J0 + F (REept) CaCs i)

3.2.3.2 Filtr PP Sallen-Key

Schéma zapojeni je na obr 3.10

Obr 3.10 Filtr druhého fadu typu PP Sallen-Key
Pfenos tohoto filtru je:
kwoRCjN
1+ wyRC(3 — k)jN + (woRCjNN)?

F(jQ) = (3.14)

]
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3.3 Aktivni filtry vy&sich fada

Pro vytvofeni filtru vy3Siho fadu se vyuZziva bud’ komplikovangjii zpétné vazba a nebo
se sestavuji kaskady z filtri niz3ich Fadi (prvniho a druhého Fadu).

3.4 Univerzalni filtry

Jednd se o filtr vyuZivajici v&tsi poCet operacnich zesilovati. Princip funkce je zaloZen
na dvou integrdtorech. sumdatoru a dvou zpétnych vazbach. Filtr umoZiiuje na svych vystupech
ziskdvat filtrace typu DP, HP, PP a n&které typy i PZ. Piklad zapojeni takového filtru je na
obrazku 3.12.

LN HPY L(EF) LHIFY
L . :

Obr 3.11 Schéma zapojeni univerzalniho filtru

Pro takovy obvod plati nasledujici rovnice:

Rs+Rs R, Rs +Rg Ry
Rs R3;+R, Rs R3+R,

V praxi jsou odpory Rs aZ Re sougdsti ¢ipu a maji stejnou hodnotu, zatim co odpory R,

R
upp(p) = up(p) + upp(p) = uﬂP(F)E‘:‘ (3.15)

a Ra a kapacity Ry a Rz jsou wn&jii a lze jimi ladit obvod na poZadovany kmitodet
s pozadovanym Cinitelem jakosti. Po nékolika jednoduchych dpravich dostaneme z rovnice
(3.15) normalizované pienosy pro jednotlivé vystupy.

Pfenos pro DP filtr je:

upp(jf) _ 1

(3.16)

26



Nevrh laboratorni tilohy s univerzalnimi filtry Michal Dvofak 2018

Pienos pro HP filtr je:
uyp(j2) _ wiR R, C, €, (j2)?

= 3.17)
ug(j2) 1+ wgRyCyjfl + wiRy R, CC,(j2)? [
A pro pienos PP filtru plati:
12 R,C,j12
upp(jf2) _ WohzGz) (3.18)

w() 1+ woR,Cajfl + wZRyRyC,C,(j02)?
P#i srovnani s normalizovanymi pfenosy dostaneme rovnice pro vypocet mezniho resp.
rezonanéniho kmitoétu 2o a Einitele jakosti (.

1

Wy = ———
°" JRiR,C.C,

R Gy
= 3.20
Q R,C, (3.20)

Filtr PZ |ze realizovat pomoci filtru PP paralelné spojeny se zesilovatem s konstantnim

(3.19)

zesilenim. Vystupy budou nasledné od sebe odecteny v sumdtoru.
4 Vybér univerzalniho filtru

4.1 Pozadované parametry a srovnani univerzalnich filtri

Pro vybér univerzalniho filtru byla zvolena tato zakladni kritéria:
a) Napdjeci napéti — mélo by byt minimélné £10V
b} Maximalni frekvence — minimalng 100 kHz
¢) Cinitel jakosti Q
d) Dostupnost
e) Cena

f) Ostatni parametry uddvané vyrobcem
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Tab 4.1 Porovnani parametrii vybranych univerzalnich filtr(
parametr/UF FLT-U2 UAF42 AF100 AF150 LT1562
Frequency 200kHz 100kHz 10kHz 100kHz 150kHz
rezistorové
Q Range 1000 1400 500 500 fizeno
Input offset voltage |max 8mV | max 5mV |6mV neudano  |[15mV
Input Bias Current | max 500nA | max 50pA | 200nA 200pA, 20uA
Input Offset Current | max 200nA | 5pA 50nA 50pA neudan
Input Impedance 5MQ 10130 2,5MQ neudano | neudan
CMRR 100dB 96dB 90dB 100dB -96dB (THD)
Unity gain
bandwidth 3MHz 4MHz 1MHz neudano neudan
Temperaturrange |0to70°C |-25t085°C|-25t085°C |-25t085°C | -40to 85°C

Z uvedenych parametr( vychazi jako nejlepsi volba filtr FLT-U2. Tento filtr, stejné jako
filtry tfidy AF. je bohuZel velmi problémové dostupny, tudiz bylo nakonec rozhadoviano mezi
filtrem UAF-42 a LTCI1562, JelikoZ s filtrem UAF-42 jiZ jeden méfici pfipravek existuje, byl
zvolen &ip LTC1562.

4.2 Vlastnosti LTC1562

V piipadé Cipu LTC1562 se nejednd pfimo o univerzélni filtr, tak jak je zndzornén
v kapitole 3.4. Jednd se o pripravek bez rezistorli pro sestaveni riiznych druhii filtri. Kazdy
pfipravek obsahuje Etyfi nezdvislé filtry druhého fadu, které se pomoci pFipojeni rezistor( resp.
kapacit daji ladit na rizné frekvence a druhy filtrd. Vyhodou tohoto ¢ipu je také moZnost
kaskadniho spojeni jednotlivych filtri aZ do hodnoty filtru osmého Fadu. Diilezité parametry
filtru pro tuto praci jsou mezni kmitoéty, které jsou 10 kHz az 150 kHz, a hodnoty napéjeni,
které jsou 4.75V az 10,5V. V pfiloze ¢.1 je pak podrobny katalogovy list, kde je moZné ziskat

ostatni parametry &ipu.
5 Navrh pripravku

5.1 Pozadavky na pfipravek

Piipravek bude obsahovat filtry druhého fadu typu DP, HP a PP realizované &ipem
LTCI1562 ladéné na kmitoéty 10kHz, 78,615 kHz, 100kHz, 150kHz. Filtru ladénému na
[00kHz bude moZné nastavit Cinitel jakosti Q na hodnoty 1, 2 nebo 5. Pfipravek ddle bude
obsahovat filtr 4 fadu typu DP ladéného na 100kHz (fy=78.615kHz). Vstupni signal bude mozné

ziskat bud’ z oscilatoru, ktery bude soutasti vysledného pfipravku, realizovaného pomoci ¢ipu
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LTI115, preladitelného Wienova &ldnku a se stabilizaci pomoci NPC, nebo z externiho zdroje
sinusového signdlu. Cely pfipravek bude napdjen +15V, které budou na vstupu usmérnény
pomoci usmériiovacte napéti 7805 a 7905.

5.2 Teoretické vypoéty

5.2.1 Zakladni rovnice pro filtry druhého Fadu

Vypodty vychézi z katalogového listu piipravku LTC1562. Pro vypo€ty plati, Ze vnitfni
hodnoty jsou: Ri=10kHz a C=159pF. Hodnoty fy je ladéna frekvence.

1 10k

- = 100kH .1)
o= mcTor | R z
__Re ____Rg __Ro(100kHz
\ JRDR,  J(10kD)R, Rz( fa ) (5.2)

Jeliko# hodnoty fy a Q jsou vétSinou hodnoty pozadované, tak ndm po Gpravé rovnice

(5.1) vychazi rovnice pro idedlni hodnotu odporu Rz,

100kHz\*
= 5.3
R, ( - )mkﬂ (5.3)

A po nésledném upraveni rovnice (5.2) dostdvame hodnotu pro odpor Ro.

Re = Qy/(10K2)R, (5.4)

5.2.1.1 Rovnice pro filtr druhého Fadu typu DP

Na obrazku 5.1 je schématické zapojeni filtru DP pomoci ¢ipu LTC1562 a pribéh
charakteristiky s vyznagenymi zékladnimi hodnotami. Odpor Ry zvolime 10k(l, odpory Rz a

Rg ziskdme z rovnice (5.3) resp. (5.4).

LOWPASS RESPONSE
Ay 5
Vay = Hp
A2 = H
Ao 0707 H,
Viourt
w2
2nd DRDER
174 LTC1562 e

Ip I
1 (LOG SCALE)

Obrazek 5.1 Schématické zapojenti filtru DP a jeho charakteristika
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Pienos tohoto zapojeni je:

Va(p) Hp(p) = Hy2nf,
. = H, = —
Vin @) p2 + (20)p + 2nfy)? )
Kde Hi=Ro/Rin. Nésledné miizeme psat rovnice pro vyznamné hodnoty frekvenci a
pienosi.
1 1 3*
fe=fo (1'2_02‘)+j(1‘z_@2) +1 (5.6)
= 3.7
fe=fo I‘E (5.7)
He=H :
R 1 -1 (5.8)
Q4" 32

5.2.1.2 Rovnice pro filtr druhého Fidu typu HP
Na obrazku 5.2 je zndzornéné schématické zapojeni filtru HP pomoci ipu LTC1562 a
Jjeho charakteristika. Velikost kapacity Civ zvolime stejnou jako je vnitini kapacita &ipu, tedy

1539pF. Odpory Rz a Rg ziskdme stejné jako pro filtr typu DP.

o * HIGHPASS RESPONSE
l - He
Vin = p———
I & = Hy
<Ay SR2 g 0,707 Hy
Vour
W W w
2nd OROER
144 LTC 1562 -
i Ip
I {LOG SCALE)

Obrazek 5.2 Schématické zapojent filtru HP a jeho charakteristika
Pienos filtru je:

Vi(p) = Hoalny= Hyp?
A = Halp) =~
Vin(p) p? + (Z_Efn) p + (2nf,)?

Kde Hu = Cin/139. Poté miizeme psat rovnice pro vyznamné frekvence a pienosy.

{(5.9)
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. fo
.
1 1 32 (5.10)
(1—W)+J(1—2—Q—z) i
___fo
Ie= 1 (5.11)
BT/

1
Hp = Hy| === ;
p= 1|7 — T (5.12)
o\ gz
5.2.1.3 Rovnice pro filtr druhého Fadu typu PP
Na obrizku 5.3 je schématické zndzornéni filtru typu PP pomoci &ipu LTC1562 a jeho

charakteristiky. Tento filtr lze realizovat dvéma zptsoby. Pomoci vstupniho odporu Rin nebo
vstupni kapacity Cmw. Hodnoty této soufastky volime totoZnou, jako je hodnota vnitini

soutastky stejného typu. Odpory Rz a Ro ziskdme stejné jako u pfedchozich dvou filtri.

[

Ay Cin BANDPASS RESPONSE
Vi =AAVA— L Vi -—| } ; §§ He
4 itﬂz 3R %f Eu.m? He
P Vo Vo
W VoW wWovow
2l ORDER 2nd DRDER
14 LTC1562 wacises | ‘
ot My :
1 1L0G SCALE)
Obrazek 5.3 Schématické zapojeni filtru PP a jeho charakteristika
Pfenos tohoto filtru je:
H (Enfu)p
Vi(p)lresp.Va(p)] _ _ i
V { ) - HPP(P) PRI Zﬁf (5.13)
IN\P p?+ (Tﬂ)p + (21f,y)?
Kde Hg = % nebo Hy = (1:%) (7_%;_;) Nasledné muiZeme psat rovnice pro vyznamné
hodnoty frekvenci.
=l 75+ |5 )2 | (5.14)
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1 14*
fu=fo “i“é+ (2—5) +1 (5.15)

5.2.2 Rovnice pro filtr étvrtého fadu

Na obrazku 5.4 je znazornéno schématické zapojeni filtru Etvrtého fadu typu DP s ¢ipem
LTCI562. Jedna se o filtr, ktery je realizovdn jako dva kaskadné spojené filtry typu dolni

propust.

Az

v+ Lioisez v L
SHON  AGND—
V2A vl
ViA 'H'H.'t-lz——

1
Vi 2 INV B

a1 9
"r‘r “!' 'ﬂﬂ

R21 3
vza vee

2

=

=

2

_I-EJ_

INV A INY [ p—

Obrazek 5.4 Schéma zapojeni filtru étvrtého fadu typu dolni propust
Pfenos filtru se dd vyjadfit jako sou¢in dvou filtrd druhého fadu. Rovnice pro hodnoty odpori

nalezneme v katalogovém listé. Pro nas piipravek pouZijeme Butterworthovu aproximaci.

100kHz
Rinw Rinzi Rzq, Rap = 1Ukﬂ( )
fe
100kHz
Rg1 = 5412k ( ) (5.16)
fe
100kHz
Rgs = 13,{1?;:;1( . )
[

5.2.3 Vypoétené hodnoty a pfiklady vypoéti

Provedeme vypotet pro fi=100kHz a Q=1. Pro ostatni je vypotet analogicky.

Z rovnice (5.3) ziskdame:

100kHz\?
) =( - z) T (1DDkHz
o

Z rovnice (5.4) dostaneme:

2
m) 10k = 10k

Re = Qy/(10kMR; = 1,/(10k2)10k2 = 10kN
Pro pouZiti v pfipravku je potieba vypoctené hodnoty odpord prevést na nejbliZdi
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hodnoty vyrabénych odpori. V tabulce 5.1 jsou idedlni i redlné hodnoty prvki.

Tab 5.1 Tabulka idedlnich a realnych prvkii pro pfipravek na méfeni univerzalnich filtri

bikiz | o Rix[(1] | Rin[2] | Cin[pF] | Civ[pF] | R2[©Q] | Ra[©] | Ro[f1] | Ro[f1]
Idedlni | Redlny | Idedini | Redlny | Idedlni | Realny | Idealni | Relny
10 [ 10k 10k 159 160 IM IM 100k | 100k
78,615 | 1 10k 10k 159 160 16k18 | 16k 12k72 |13k
100 [ 10k 10k 159 160 10k 10k 10k 10k
100 2 10k 10k 159 160 10k 10k |20k |20k
100 5 10k 10k 159 160 10k 10k |50k |51k
150 1 10k 10k 159 160 4k44 [ 4k3 | 6k67 | 6Kk8

5.2.3.1 Vypoétené hodnoty a vypocéty pro filtr druhého Fidu typu DP

Z rovnice 5.6 az 5.8 dostavame

' 1 ’ 1
fe=h 1—2—‘?2 = 100kHz (1 —5—= = 70,7kHz

1 _ 10kQ 1

11 T 10kn |
Q @ T 1_4*1§

Hp =HL

=115 [-]

5.2.3.2 Vypoétené hodnoty a vypoéty pro filtr druhého Fadu typu DP

Z rovnice 5.10 az 5.12 dostiavame

‘ 100kH
foz fo = < = 78,6kHz
1 B 1 1 42
(=g (o) +1 [(3-5i)+ [(1-5be) 1
100kH
£ (. 2 141,4kHz

1 159 1
= = =115 [~
Hp = Hy e 159 | 1 : o]
Q 4Q? TV "%+ 12
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5.2.3.3 Vypocétené hodnoty a vypoéty pro filtr druhého Fadu typu DP
Z rovnice 5.14 az 5.15 dostdvame

e (1)2+1 = 100kH = 3 P [
L=l{ 20" (\20 = o B e (2*1)"' S s

2
) +1 |=161_8kH:z

s ol (1)2+1 = 100kHz | —— (1
n=lo\z5% |\30 = N1t \z<1

5.2.3.4 Vypodtené hodnoty a vypoéty pro filtr étvrtého Fadu typu DP

Z rovnic (5.16) dostavame odpory pro filtr étvrtého stupné:

100kHz 100kHz
Rine, R Rox, Rz = 10k ( ) = 10kn =
N Riw o Rapu Rz = 10k02 £ k. Tookiis) = 10K
100kHz 100kHz
Rox = 5:412Kk0 ( : ) = s.412k0 ( = ) = 5.412k0
£ c
100kHz 100kHz
Rgz = 1307k ( - ) = 13,07k ( = ) = 13.07k0
g C

5.3 Simulace

Pro simulaci byl pouzit program LTSpice slouZici k simulaci souistek od firmy Linear
Technology. Pro simulaci budou pouZity hodnoty redlnych odporti a kapacit. Bude vidy
ukdzino schéma zapojeni pro fy=100kHz a Q=1. pro ostatni se v zapojeni pouze zméni hodnoty

prvki  podle tabulku 5.1. Vysledky simulaci jsou uvedeny v kapitole 5.7.
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. R
o A INVB INVC
L ) 10k RQ |
e };:\_r' iviB - vVicH
RrR2
s AVAY —{v2B V2Cs
10k
b v Mo 2
{7 )) LY (")
e o AGND T 5
V2 A V2 Dy
LTC1562
V1A viD
tINV A INVD

Obr 5.1 Schéma zapojeni pro simulaci v programu LTSpice filtru druhého

.ac dec 100 1k 200k

C_IN F R
V3 T - INV B INV C
S 160p R_Q
= AN\ ViB V1C;
e R2 10k u1
L _.- V2B V2C
10k
F\H V+ V-
(") LY
< =5 1 AGND ¢
W2 A V2Dy
LTC1562
V1A ViD¢
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Obr 5.2 Schéma zapojeni pro simulaci v programu LTSpice filtru druhého Fadu typu HP
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Obr 5.3 Schéma zapojeni pro simulaci v programu LTSpice filtru druhého fadu typu PP
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Obr 5.4 Schéma zapojeni pro simulaci v programu LTSpice filtru étvrtého Fadu typu DP
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5.4 Navrh schématu pripravku a desky plo$ného spoje

Pro névrh schématu zapojeni a DPS byl pouZit vyvojovy nastroj EAGLE.

Schéma obvodu a vysledny navrh DPS je v piiloze ¢.2. Vysledny obvod (obr 5.5) se
sklada z oscildtoru, vlastniho univerzdlniho filtru a stabilizdtoru napéti.

Oscildtor je tvofen operadnim zesilovatem LT1115 a Wienovym &lankem, skladajici se
z potenciometru R19 a dvou kondenzétor(i stejné hodnoty (C1 a C2). Zpétnou vazbu tvofi NPC
(R_TERM), slouzici ke stabilizaci vystupniho signdlu, a sériového spajeni odporu Rl a
potenciometru R18.

Univerzalni filtr se skldda z vlastniho filtru LTC1562 dale z prepinali S1, slouZici
k vybéru mezi vstupnim odporem Rz a vstupni kapacitou Cs, S2 pfipojujici kaskadné filtr DP
pro méfeni filtru étvrtého fadu typu DP, a S3 a 54 slouzici k nastaveni poZzadované frekvence
fo, pomoci pfepindni mezi odpory na vstupech filtru (odpory R3 aZ R8 pro 53 a R9 aZ R12 pro
S4).

Pfipravek je nutné napdjet £15V DC pfivedenymi na svorky U+ a U-. Toto napéti je
ndsledné stabilizovano na hodnotu £5V pomoci stabilizdtord napéni 78035 a 7905.

Na svorce H_IN resp. pinu Pl lze méfit nefiltrovany signdl, zatim co na svorkich
H HP PP, H DPaH 4DP resp. pinech P2, P3 a P4 lze méfit vystupy jednotlivych filtrii.

Signél pro univerzalni filtr lze ziskat i z externiho zdroje. Ten lze pfivést na svorku

GEN_EXT a pfepnuti mezi zdroji lze provést pomoci jumperu 53.
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Obr 5.5 Schéma DPS a &islovanim souddstek

37



Navrh laboratorni iilohy s univerzdlnimi filtry Michal Dvofak 2018

5.5 Navrh postupu méfeni

a)

b)

c)

d)

€)

f)

Provedeme teoreticky rozbor filtru. Vypo&teme hodnoty odpori pro hodnoty
frekvenci 10kHz, 78,615kHz, 150kHz, a pro 100kHz vypoéteme hodnoty odporii
pro Q1. 2 a 5. Vypoctené hodnoty porovname s hodnotami vyrabénych odpori.
Nisledné vypoéteme hodnoty meznich frekvenci pro jednotlivé frekvence a Q.
Zmétime filtr typu DP. Pfepinate S1 a S2 jsou piepnuty do pravé polohy a pomoci
prepinatii S3 a S4 nastavujeme hodnoty jednotlivych odpori. Signal méfime na
vystupu H3 nebo P3.

Zmétime filtr typu HP. Piepina¢ S1 je v levé poloze, S2 v pravé. Pomoci S3 a S4
nastavujeme hodnoty odporti. Signél je m&fen na vystupu H2 resp. P2.

Zmétime filtry typu PP. Pfepina¢ S1 a S2 je v pravé poloze. Pomoci S3 a S4
nastavujeme hodnoty odpord. Signal je méfen na vystupu H2 resp. P2.

Zméfeni ¢tyfstupfiového filtru typu DP. Prepinal S1 je v pravé poloze, S2 v levé.
Vystupni signdl métime na vystupu H4 resp. P4.

Porovname vypoctené a zméfené hodnoty.

5.6 Ovéfeni funkénosti pripravku

Piipravek byl zméfen dle postupu v kapitole 5.5 a vysledné naméfené hodnoty jsou

spolu s hodnotami nasimulovanymi a vypottenymi v kapitole 5.7. V této kapitole je také

v grafu ukdzdno porovndni mezi nasimulovanymi a zméfenymi hodnotami.

5.7 Porovnani teoretickych, nasimulovanych a zméfenych vysledki

Vysledky jsou rozdélené do &tyf tabulek. V tab. 5.2 nalezneme hodnoty fi- a fp pro filtry

dolni propusti druhého fadu, v tab 5.3 tytéz hodnoty pro filtry typu DP &tvrtého Fadu, v tab 5.4

hodnoty pro filtr typu HP a v tab. 5.5 jsou hodnoty f. a fi pro filtr typu PP. Na obr 5.6 az 5.9

Jsou zndzornény amplitudové frekvenéni charakteristiky pro filtry typu DP ,HP, PP na frekvenci

100kHz. Charakteristiky pro ostatni frekvence jsou uvedeny v pfiloze &.3.
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Tab 5.2 Porovnéni vysledki pro filtry druhého DP
Vypotet Simulace Mefeni
fo[kHz] Q fc[kHz] | fe[kHz] | fc[kHz] fr[kHz] fe[kHz] fr[kHz]
10 1 12,72 7,07 13,6 8,13 8.6 5,5
78,613 1 100 55,59 104,6 60,3 140 8l
100 1 127,2 70,71 131,2 74,3 202 122
100 2 148,45 93,54 150.7 95,4 208 147
100 5 154,28 08,99 1554 100,3 200 154
150) 1 190,8 106,07 2027 117.4 nezméfeno | nezméfeno
Tab 5.3 Porovnéni vysledki pro filtry étvriého Fadu typu DP
Vypotet Simulace Méfeni
fo[kHz] Q fe[kHz] fe[kHz] fe[kHz] fp[kHz] fe[kHz] fe[kHz]
100 I 100 78,615 106,6 65,4 nezméfeno | nezméfeno
Tab 5.4 Porovnani vysledki pro filtry druhého fadu typu HP
Vypocet Simulace Méfeni
folkHz] | Q fo[kHz] | fe[kHz] | fe[kHz] | fp[kHz] | fc[kHz] | fe[kHz]
10 1 7,86 14,14 7.89 14,7 8.6 10,3
| 78,615 1 61.8 111,18 60,7 106.6 73 108
100 1 78,62 141,42 T 1378 121 156.,2
100 2 67.63 106,9 67.3 1074 Q5 158
100 3 64,82 101,02 65,3 102,6 91 152
150 | 117,92 212,32 116 198.4 nezméfeno | nezméfeno
Tab 5.5 Porovnéni vysledki pro filtry druhého fadu typu PP
Vypodcet Simulace Méfeni
fo[kHz] |Q filkHz] | fu[kHz] | fikHz] | fu(kHz] | fi[kHz] | fu[kHz]
10 1 6.18 16,18 6.7 15,1 5,7 16,2
78,615 1 14.59 127,2 51,5 121 68 151
100 l 61,8 161,8 63,2 157.2 97 202
100 2 90,58 115,58 79.6 125.8 132 178
100 3 98,5 102,5 92 108.7 144 160
150 1 92.71 242,71 97.6 233,7 nezméfeno | nezméfeno
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Prenos [dB]
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Obr 5.6 Porovnani amplitudové frekvenéni charakteristiky pro nasimulované a
naméfené hodnoty filtr HP pro frekvenci 100 kH a Q=1

Amplitudove frekvencni charakteristika pro
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Obr 5.7 Porovnani amplitudové frekvencni charakteristiky pro nasimulované a
naméfené hodnoty filtr DP pro frekvenci 100 kH a Q=1
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Frenos [dB]

20,00

10,00

0,00

-10,00

-20,00

=30,00

-40,00

-50,00

Amplitudové frekvenéni charakteristika pro
100 kHz 1Q PP

— Simulace

— pAEFeni

1,008 +03 1, 00E+04 1,DDE+05

Frekvence |Hz)

Obr 5.8 Porovnani amplitudové frekvenéni charakteristiky pro nasimulované a
naméfené hodnoty filtr PP pro frekvenci 100 kH a Q=1
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Zaver

Bakalafska prace byla rozdélena na dvé &dsti. Na &dst teoretickou a ¢ast praktickou.

V rdmei teoretické &asti prace byly vysvétleny zdkladni rozdily mezi pasivnimi a
aktivnimi filtry, zakladni vlastnosti filtrii a nasledné byly ukézany druhy filtri, jejich zapojeni
a rovnice pro vypoflty pfenosii jednotlivych filtri,

V ¢asti praktické byl nejprve vybran druh ipu pro nasledny ndvrh pfipravku pro méfeni
frekvenénich charakteristik univerzalnich filtr. Byl zvolen &ip LTC1562 od spole¢nosti Linear
Technologie a byly popsany jeho zékladni vlastnosti. Z katalogového listu &ipu byly vypodteny
hodnoty odporil a kapacit pro jednotlivé pozadované frekvence a byly vypotteny hodnoty
vyznamnych frekvenci pro jednotlivé druhy filtri. Ukazka vypoétu byla provedena na piikladu
filtr ladénych na 100 kHz. Pro navrzené hodnoty filtrii byly provedeny simulace v programu
LTSpice, které oproti hodnotam vypoétenym vysli odlidné. Tyto odchylky byly v fadu jednotek
procent a mohli byt zpisobeny zaokrouhlovanim pfi teoretickém vypo&tu nebo moZnosti, Ze
simulagni program pouZiva pfesnéjsi matematicky model. Po ovéfeni funkénosti teoretického
navrhu pomoci simulace byla v programu EAGLE navriena deska ploiného spoje a byl
realizovin a ozkoulen findlni pfipravek. Naméfené vysledky se oproti vysledkim
nasimulovanym li$i o 20-30%. Tento rozdil miZe byt zplisoben tolerancemi souastek,
parazitnimi kapacitami mezi vodivymi cestami DPS, nedokonalym napdjenim soucdstek nebo
nepiesnosti matematického modelu pfi simulaci. Pfi méfeni filtrd na frekvenci 150 kHz doslo
k zaSuméni signdlu takového rozsahu, ¥e nebylo moZné tyto hodnoty naméfit. MoZnd pfitina
tohoto zaSuméni je, Ze pfi zvydeni frekvence o 30%, jako pfi pfedchozich méfeni, doslo
k prekroéeni maximalni povolené frekvence Eipu.

Vysledny pfipravek pro méfeni amplitudové frekventnich charakteristik spliiuje

poZzadavky na funk&nost a naméfené hodnoty jsou dostatujici pro pozadovany ugel.
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Pfilohy

Piiloha &.1 — Katalogovy list piipravku LTC1562

44



I t ’\D LTC 1562

TECHNOLOGY' Very Low Noise, Low Distortion
Active RC Quad Universal Filter

FEATURES

» Continuous Time—~MNo Clock

® Four 2nd Order Filter Sections, 10kHz to 150kHz
Center Frequency

+0.5% Typical Center Frequency Accuracy

+0.3% Typical Center Frequency Accuracy (A Grade)
Wide Variety of Response Shapes

Lowpass, Bandpass and Highpass Responses
103dB Typical S/N, +5V Supply (Q=1)

97dB Typical S/N, Single 5V Supply (A =1)

96dB Typical S/(N + THD) at +5V Supply, 20kHz Input
Rail-to-Rail Input and Output Voltages

DC Accurate to 3mV (Typ)

“Zero-Power" Shutdown Mode

Single or Dual Supply, 5V to 10V Total
Resistor-Programmable fp, Q, Gain

APPLICATIONS

High Resolution Systems (14 Bits to 18 Bits)
Antialiasing/Reconstruction Filters

Data Communications, Equalizers

Dual or I-and-Q Channels (Two Matched 4th Order
Filters in One Package)

Linear Phase Filtering

Replacing LC Filter Modules

DESCRIPTION

The LTC"1562 is alow noise, low distortion continuous-time
filter with rail-to-rail inputs and outputs, optimized for a
center frequency (fg) of 10kHz to 150kHz. Unlike most
monolithic filters, no clock is needed. Four independent 2nd
order filter blocks can be cascaded in any combination, such
as one 8th order or two 4th order filters. Each block's
response is programmed with three external resistors for
center frequency, ( and gain, using simple design formulas.
Each 2nd order block provides lowpass and bandpass out-
puts. Highpass response is available if an external capacitor
replaces one of the resistors. Allpass, notch and elliptic
responses can also be realized.

The LTC1562 is designed for applications where dynamic
range is important. For example, by cascading 2nd order
sections in pairs, the user can configure the IC as a dual 4th
order Butterworth lowpass filter with 94dB signal-to-noise
ratio from a single 5V power supply. Low level signals can
exploitthe built-in gain capability of the LTC1562. Varying the
gain of a section can achieve a dynamic range as high as
118dB with a £5V supply.

Other cutoff frequency ranges can be provided upon request.
Please contact LTC Marketing.

AL LTC and LT @re registerad irademarks of Lingar Tachnology Codporation.

Amplitude Response
Dual 4th Order 100kHz Butterworth Lowpass Filter 10 -
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LTC 1562

PACKAGE/ORDER INFORMATION

ABSOLUTE MAXIMUM RATINGS (vote 1)

Total Supply Voltage (V* O V™) oo 11V Operating Temperature Range
Maximum Input Voltage LIGISE2E snmmnamsmnismm O I0. TG
at Any Pin .o, (V-=-03V) sV (Vr+03V) LTCI8B2I ... ~40°C to 85°C
Storage Temperature Range................. -65°Cto 150°C  Lead Temperature (Soldering, 10 S€C).......ccccrevnns 300°C
PACKAGE/ORDER INFORMATION
TOP VIEW DHNEl'JEB.?BFI;ﬁI;{HT S ORDER PART
e 7] NUMBER
Tfﬁ =_g14=_ % Lﬂucc v B [1] L EEH
vop 4] ] V2 g =
v ] ﬁ v LTC1562C6G el e LTC1562CN
vt [ 18] v vee [3] 14] v2¢
SHON 5] [15] AGND LTC1562ACG v [T ] v
J‘;n % :; 1':"';|:I LTCTEEEiG SHOMN E EI AGND
Vi [T 2] Vi D LTC1562A1G vea [§] 1] ve D
INY & [10] 11 INv D VIRE EI"HIJ
ED-LEEDF:EI’-H;'ﬁE S50P INY A E E INvD
i PACKAGE PINS 4, 7. 14, 17 ARE N PACKAGE
SUBSTRATE/SHIELD CONNECTIONS 16-LEAD POIP
AND MUST BE TIED TO W )
Ty = 150°C, By = 136°C/W Tawer = 150°C, Byp = S0°CW

Caonsult LTC Marketing for parts specified with wider operating temperature ranges,

ELEC"“C"“- CHRH FIC'I'EH ISTICS The @ denotes the specifications that apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vg = £5V, outputs unloaded, SHDN pin fo logic “low",
unless otherwise noted. AC specs are for a single 2nd order section, Rjy = R2 = Rg =10k £0.1%, fg = 100kHz, unless noted.

SYMBOL | PARAMETER CONDITIONS MIN  TYP  MAX | UNITS
Vg Total Supply Voltage 4.75 10.5 v
ls Supply Current Vg = £2.375V, Ry = 5k, Cy = 30pF, Outputs at OV 17.3 195 m#
Vg = 25V, R = 5k, G| = 30pF, Outputs at OV 19 A3 m#A
Vg = 2,375V, Ry = bk, Cp = 30pF, Outputs at OV ] 23.5 mé
Vg =25V, By = 5k, G| = 30pF, Outputs at OV [} 255 ma
Output Voltage Swing Vg = 22,375V, R = 5k, Cp = 30pF e 40 4.6 Vp.p
1""5 = 5V, Rl = bk, ':'L = 30pF ®| 93 9.8 Vp.p
Yas DC Dfiset Magnitude, V2 Outputs Vg = 22,375V, Input at AGND Voltage ® 3 15 m\y
(Lowpass Response) Vg = £5Y, Input at AGND Yoltage [ ] 3 15 my
DC AGND Reference Point Vg = Single 5V Supply 2.5 v
Center Fraquency (fg) Error (Note 2)
LTC1562 (SSOP) Vg = £5Y, V2 Output Has Ry = 5k, G = 30pF 05 1.0 %
LTG1562A (SS0P) Vg = 54 V2 Output Has Ry = 5k, C = 30pF 0.3 06 Yo
LTG1562 (PDIP) Vg = 54 V2 Output Has Ry = 5k, G = 30pF 0.6 15 %
Hy LP Passband Gain (V2 Output) Vg = £2.375V, fiy = 10kHz, e (O +005  +01 di
V2 Output Has Ry = 5k, Gy = 30pF
Hp BP Passband Gain (V1 Output) Vg = +2.375Y, fiy =1y, ] +02 405 dB
V2 Dutput Has Ry = 5k, Cy = 30pF
156Ha
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LTC 1562

ELECI'ﬂICﬂL CHHH HCI'EHISTICS The e denotes the specifications that apply over the full operating

temperature range, otherwise specifications are al Ty = 25°C. Vg = £5Y, outputs unloaded, SHON pin to logic “low”,

unless otherwise noled. AC specs are for a single 2nd order section, Ryy = R2 = Rg =10k £0.1%, fg = 100kHz, unless noled.

SYMBOL | PARAMETER CONDITIONS TYP UNITS
0 Error Vg = +2.375V, LP Output Has Ry = 5k, G = 30pF +3 %
Witeband Output Noise, Vg = £2.375Y, BW = 200kHz, Input AC GND 24 Vs
Lowpass Response (V2 Output) Vg = 254, BW = 200kHz, Input AC GND 24 MV nnes
Input-Referred Noise, Gain = 100 BW = 200kHz, fn = 100kHz, O = 1, Input AC GND 45 U ams
THD Total Harmonic Distortion, fin = 20kHz, 2.8Vp.p, V1 and V2 Qutputs Have 96 de
Lowpass Response (V2 Output) R = 5k, Cp = 30pF
fiy = 100kHz, 2.8Yp.p, W1 and V2 Qutputs Have ~78 dB
HL = bk, D!‘ = 31}|]F
Shutdown Supply Current SHDN Pin to v+ 1.5 uh
SHON Pin to W+, Vg = £2.375V 1.0 i)
Shutdown-input Logic Threshold 25 v
Shutdown-Input Bias Gurrent SHOM Pin to OV =10 wh
Shutdown Delay SHOMN Pin Steps from 0V fo W+ 20 HS
Shutdown Recovery Delay SHOM Pin Staps from V* to OV 100 T
Inverting Input Bias Current, Each Biguad 3 pA

Note 1: Absoluta Maximum Ratings are those values beyond which the life

of a device may be impaired,

Mote 2: fy change from £5V 1o £2.375 supplies is —0.15% typical,
i temperature coefficiant, —40°C to 85°C, is —25ppm/=C typical.

TYPICAL PERFORMANCE CHARACTERISTICS
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LTC 1562

TYPICAL PERFORMANCE CHARACTERISTICS

0 Error vs Nominal fg (Vs = £2.5V)
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Power Supply Pins: The V* and ¥V~ pins should be
bypassed with 0.1uF capacitors to an adequate analog
ground or ground plane. These capacitors should be
connected as closely as possible to the supply pins. In the
20-lead SSOP package, the additional pins 4,7, 14 and 17
are internally connected to V= (Pin 16) and should also be
tied to the same point as Pin 16 for best shielding. Low
noise linear supplies are recommended. Switching sup-
plies are not recommended as they will lower the filter
dynamic range.

Analog Ground (AGND): The AGND pin is the midpoint of
an internal resistive voltage divider, developing a potential
halfway between the V* and V™~ pins, with an equivalent
series resistance nominally 7k, This serves as an inter-
nal ground reference. Filter performance will reflect the
quality of the analog signal ground and an analog ground
plane surrounding the package is recommended. The
analog ground plane should be connected to any digital
ground at a single point. For dual supply operation, the
AGND pin should be connected to the ground plane

156Ha
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PIN FUNCTIONS

(Figure 1). For single supply operation, the AGND pin
should be bypassed to the ground plane with at least a
0.1uF capacitor (at least 1uF for best AC performance)
(Figure 2). These figures show 20-pin package connec-
tions. The same principles apply to the 16-pin package
with allowance for its different pin numbers. The 16-pin

1 ANALDG I
I GROUND i 20 !
PLANE
i 2] 19 i
1 — 1
: =l 18 :
I i 17 L3 i
I p—— DApF
D 2 Lrcisee E—l—{ |
: [Il.ilu_l'_'-'l' 6| 20-PINSSOP |15 i :
! :—F 7 % | = < :
I i
| L 13 |
i il |12 !
1
I o RAB i
I 1
[ B - S - YR . - R |
______________ :
SINGLE-POINT ! i
SYSTEM GROUND I DIGITAL |
F L g  GROUND PLANE I
] {IF AN} I
— 1
= e e el (1 ke _|

Figure 1. Dual Supply Ground Plane Connection
(Including Substrate Pins 4, 7, 14, 17)

I
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Figure 2. Single Supply Ground Plane Connection
(Including Substrate Pins 4, 7, 14, 17)

package does not have the four substrate pins (Pins 4, 7,
14, 17 in the 20-pin package).

Shutdown (SHDON): When the SHON input goes high or is
open-circuited, the LTC1562 enters a “zero-power” shut-
down state and only junction leakage currents flow. The
AGND pinand the amplifier outputs (see Figure 3) assume
a high impedance state and the amplifiers effectively
disappear from the circuit. (If an input signal is applied to
a complete filter circuit while the LTC1562 is in shutdown,
some signal will normally flow to the output through
passive components around the inactive op amps.)

A small pull-up current source at the SHDN input defaults
the LTC1562 to the shutdown state if the SHON pin is feft
floating. Therefore, the user must connect the SHON pin
to a logic “low" (OV for £S5V supplies, V™ for 5V total
supply) for normal operation of the LTC1562. (This con-
vention permits true “zero-power” shutdown since not
even the driving logic must deliver current while the part
is in shutdown.) With a single supply voltage, use V- for
logic “low"—do not connect SHON to the AGND pin.

i

144 LTG1562 *R1 AND C ARE PRECISION
INTERNAL COMPONENTS

|G|
1 T

[m——m—————————————————

V2 » I:I]w
1EE2 I
RESPONSE | RESPONSE IN EACH CASE, )
InTYPE, ATVI | ATVZ !u=[11}1HcHz]|1.-"1|:.'k:u]
R | BANDPASS | LOWPASS a2
€ | HIGHPASS | BANDPASS . (w.':!lcﬂz)
R2 Y fn

Figure 3. Equivalent Circuit of a Single 2nd Order Section
(Inside Dashed Line) Shown in Typical Connection. Form of Z)y

Defermines Response Types al the Two Outputs (See Table)
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PIN FUNCTIONS

INVA, INVB, INVC, INVD: Each ofthe INV pins is a virtual-
ground summing point for the corresponding 2nd order
section. For each section, external components Zyy, R2,
Rp connect to the INV pin as shown in Figure 3 and
described further in the Applications Information. Note
that the INV pins are sensitive internal nodes of the filter
and will readily receive any unintended signals that are
capacitively coupled into them. Capacitance to the INV
nodes will also affect the frequency response of the filter
sections. For these reasons, printed circuit connections to
the INV pins must be kept as short as possible, less than
one inch (2.5cm) total and surrounded by a ground plane.

V1 A, V1B, V1 C, V1 D: Output Pins. Provide a bandpass,
highpass or other response depending on external cir-
cuitry (see Applications Information section). Each V1 pin
also connects to the R resistor of the corresponding 2nd

BLOCK DIRGRAM

order filter section (see Figure 3 and Applications Informa-
tion). Each output is designed to drive a nominal net load
of 5k€2 and 30pF, which includes the loading due to the
external Rq. Distortion performance improves when the
outputs are loaded as lightly as possible. Some earlier
literature refers to these outputs as “BP” rather than V1.

V2 A, V2B, V2C, V2 D: Qutput Pins. Provide a lowpass,
bandpass or other response depending on external cir-
cuitry (see Applications Information section). Each V2 pin
also connects to the R2 resistor of the corresponding 2nd
order filter section (see Figure 3and Applications Informa-
tion). Each output is designed to drive a nominal net load
of 5k and 30pF, which includes the loading due to the
external R2. Distortion performance improves when the
outputs are loaded as lightly as possible. Some earlier
literature refers to these outputs as “LP" rather than V2.

Overall Block Diagram Showing Four 3-Terminal 2nd Order Seclions

INY Vi V2

'|.|1
D } SHUTDOWN

ZN0 ORDER SECTIONS

v E] SWATGH
A
L
H -
SHUTDOWN  armn
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e
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APPLICATIONS INFORMATION

Functional Description

The LTC1562 contains four matched, 2nd order, 3-termi-
nal universal continuous-time filter blocks, each with a
virtual-ground input node (INV) and two rail-to-rail out-
puts (V1, V2). In the most basic applications, one such
block and three external resistors provide 2nd order
lowpass and bandpass responses simultaneously (Figure
3, with a resistor for Zyy). The three external resistors set
standard 2nd order filter parameters fp, Q and gain. A
combination of internal precision components and exter-
nal resistor R2 sets the center frequency fp of each 2nd
order block. The LTC1562 is trimmed at manufacture so
that fp will be 100kHz £0.5% (+0.6% typical for PDIP
package) if the external resistor R2 is exactly 10k.

However, lowpass/bandpass filtering is only one specific
applicationforthe 2nd order building blocks inthe LTC1562.
Highpass response results if the external impedance Zyy in
Figure 3 becomes a capacitor Cyy (whose value sets only
gain, not critical frequencies) as described below.
Responses with zeroes are available through other con-
nections (see Notches and Elliptic Responses). Moreover,
the virtual-ground input gives each 2nd order section the
built-in capability for analog operations such as gain
(preamplification), summing and weighting of multiple
inputs, handling input voltages beyond the power supplies
or accepting current or charge signals directly. These
Operational Filter™ frequency-selective building blocks
are nearly as versatile as op amps.

The user who is not copying exactly one of the Typical
Applications schematics shown later in this data sheet is
urged to read carefully the next few sections through at
least Signal Swings, for orientation about the LTC1562,
before attempting to design custom application circuits.
Also available free from LTC, and recommended for de-
signing custom filters, is the general-purpose analog filter
design software FilterCAD™ for Windows®. This software
includes tools for finding the necessary fp, @ and gain
parameters to meet target filter specifications such as
frequency response.

LY NER

Setting fo and Q

Each of the four 2nd order sections in the LTC1562 can be
programmed for a standard filter function (lowpass, band-
pass or highpass) when configured as in Figure 3 with a
resistor or capacitor for Zyy. These transfer functions all
have the same denominator, a complex pole pair with
center frequency wg = 2rfg and quality parameter Q. (The
numerators depend on the response type as described
below.) External resistors R2 and Rq set fp and Q as
follows:

1 \F‘u"kﬁ
fy = = | .|—== |(100kHz
O 7 2nCJR1R2 [ R2 ][ )
__Re __ Ry _R [m{}kHz]
JRIR2  J(10kQ)R2  R2\ fy

R1=10kand C = 159pF are internal to the LTGC1562 while
R2 and R are external.

A typical design procedure proceeds from the desired fg
and Q as follows, using finite-tolerance fixed resistors.
First find the ideal R2 value for the desired fp:

100kHz
fo

HZ{IdEEI}:[ ]2{105'::1)

Then select a practical R2 value from the available finite-
tolerance resistors. Use the actual R2 value to find the
desired Ry, which also will be approximated with finite
tolerance:

Rq = 0+/(10kQ)R2

The fp range is approximately 10kHz to 150kHz, limited
mainly by the magnitudes of the external resistors
required. As shown above, R2 varies with the inverse
square of fg. This relationship desensitizes fg to R2's

Operational Filter and FilbarGAD are trademarks of Lingar Technolegy Carporation.
Windows Iz a registered trademark of Microsal Carposation
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tolerance (by a factor of 2 incrementally), but it also
implies that R2 has a wider range than fp. (Rg and Ryy also
tend to scale with R2.) At high fp these resistors fall below
5k, heavily loading the outputs of the LTC1562 and leading
to increased THD and other effects. At the other extreme,
a lower fy limit of 10kHz reflects an arbitrary upper
resistor limit of 1MC2. The LTC1562's MOS input circuitry
can accommodate higher resistor values than this, but
junction leakage current from the input protection cir-
cuitry may cause DC errors.

The 2nd order transfer functions Hip(s), Hgp(s) and
Hyp(s) (below) are all inverting so that, for example, at DG
the lowpass gain is —H|. If two such sections are cas-
caded, these phase inversions cancel. Thus, the filter inthe
application schematic on the first page of this data sheet
is a dual DC preserving, noninverting, rail-to-rail lowpass
filter, approximating two “straight wires with frequency
selectivity.”

Figure 4 shows further details of 2nd order lowpass,
bandpass and highpass responses. Configurations to
obtain these responses appear in the next three sections.

Basic Lowpass
When Zyy of Figure 3 is a resistor of value Ry, a standard
2nd order lowpass transfer function results from Vy to V2
(Figure 5):
= —HLmE

s +(wp /Q)s+ mf

vas)
Vin(s)

The DC gain magnitude is H_ = R2/Ryy. (Note that the
transfer function includes a sign inversion.) Parameters
wg (=2nfg) and Q are set by R2 and Rg as above. Fora 2nd
order lowpass response the gain magnitude becomes QH;

By
Vin
Ry R?

Your

[ S 4
2nd ORDER

1/4 LTC1562

1T FN

Figure 5. Basic Lowpass Configuration
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at frequency fp, and for Q > 0.707, a gain peak occurs at
a frequency below fp, as shown in Figure 4.
Basic Bandpass

There are two different ways to obtain a bandpass function
in Figure 3, both of which give the following transfer
function form:

~Hg(wo/Q)s

Hep(s) =
52+(mgfﬂ)s+m5

wp = 2nfpand Q are set by R2 and Rg as described previ-
ously in Setting fo and Q. When Zyy is a resistor of value
Rn, @ bandpass response results at the V1 output (Figure
6a) with a gain parameter Hg = Rg/Ry. Alternatively, a
capacitor of value Cyy gives a bandpass response at the V2
output (Figure 6b), with the same Hgp(s) expression, and
the gain parameter now Hg = (R/10ke2)(Cyn/159pF). This
transfer function has a gain magnitude of Hg (its peak value)
when the frequency equals fg and has a phase shift of 180°
at that frequency. Q measures the sharpness of the peak
(the ratio of fy to —3dB bandwidth) in a 2nd order band-
pass function, as illustrated in Figure 4.

G
Rin L]

Vin Vin "'{
ﬁ A2 Ry ZR2
Your Your
Wy v e m v v
2nd ORDER 2nd ORDER
114 LTC1562 yaLtoisee |

(a) Resistive Input {b) Capacitive Input

Figure 6. Basic Bandpass Configurations

Basic Highpass

When Zyy; of Figure 3 is a capacitor of value Cyy, a highpass
response appears at the V1 output (Figure 7).

—HHSE
.......... -5 H sl=
N ) s? +(wp /Q)s+wh

Parameters wg = 2nfp and Q are set by R2 and Rg as
above. The highpass gain parameter is Hy = Cyy/159pF.
For a 2nd order highpass response the gain magnitude at
frequency fg is QHy, and approaches Hy at high frequen-
cies (f >> fg). For Q > 0.707, a gain peak occurs at a
frequency above fp as shown in Figure 4. The transfer
function includes a sign inversion.

Rz

1S
Znd CROER
114 LTC1562

Ciy

Vin —l

Vour

1542 far

Figure 7. Basic Highpass Configuration

Signal Swings

The V1 and V2 outputs are capable of swinging to within
roughly 100mV of each power supply rail. As with any
analog filter, the signal swings in each 2nd order section
must be scaled so that no output overloads (saturates),
even if it is not used as a signal output. (Filter literature
often calls this the “dynamics” issue.) When an unused
output has a larger swing than the output of interest, the
section’s gain or input amplitude must be scaled down to
avoid overdriving the unused output. The LTC1562 can
still be used with high performance in such situations as
long as this constraint is followed.

For an LTC1562 section as in Figure 3, the magnitudes of
the two outputs V2 and V1, at a frequency w = 2xf, have
the ratio,

| V2(joo) | _ (100kHz)
[V(jw) | f

regardless of the details of Z)y. Therefore, an input fre-
quency above or below 100kHz produces larger output
amplitude at V1 or V2, respectively. This relationship can
guide the choice of filter design for maximum dynamic
range in situations (such as bandpass responses) where
there is more than one way to achieve the desired fre-
quency response with an LTC1562 section.

1562a
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Because 2nd order sections with Q = 1 have response
peaks near f, the gain ratio above implies some rules of
thumb:

fg < 100kHz = V2 tends to have the larger swing
fo > 100kHz = V1 tends to have the larger swing.

The following situations are convenient because the
relative swing issue does not arise. The unused output’s
swing is naturally the smaller of the two in these cases:

Lowpass response (resistor input, V2 output, Figure 5)
with fg < 100kHz

Bandpass response (capacitor input, V2 output, Figure
6b) with fp < 100kHz

Bandpass response (resistor input, V1 output, Figure
6a) with fp > 100kHz

Highpass response (capacitor input, V1 output, Figure
7) with fp > 100kHz

The LTC1562-2, a higher frequency derivative of the
LTC1562, has a design center fy of 200kHz compared to
100kHz in the LTG1562. The rules summarized above
apply to the LTC1562-2 but with 200kHz replacing the
100kHz limits. Thus, an LTC1562-2 lowpass filter section
with fp below 200kHz automatically satisfies the desirable
condition of the unused output carrying the smaller signal
swing.

Riy
10k

Yin
Ag A2
.98k 10k
+— Vour

R
e c (EXTERNAL

L
2nd DRDER J00F < | DAD RESISTANCE)
1/4 LT1562 =

i

A

Figure 8. 100kHz, 0 = 0.7 Lowpass Circuit for
Distortion vs Loading Test

Low Level or Wide Range Input Signals

The LTC1562 contains a built-in capability for low noise
amplification of low level signals. The Zy impedance in
each 2nd order section controls the block’s gain. When set
for unity passhand gain, a 2nd order section can deliver an
outputsignal more than 100dB above the noise level. If low

level inputs require further dynamic range, reducing the
value of Z;, boosts the signal gain while reducing the input
referred noise. This feature can increase the SNR for low
level signals. Varying or switching Zyy is also an efficient
way to effect automatic gain control (AGC). From a system
viewpaint, this technique boosts the ratio of maximum
signal to minimum noise, for a typical 2nd order lowpass
response (Q =1, fg = 100kHz), to 118dB.

Input Voltages Beyond the Power Supplies

Properly used, the LTC1562 can accommodate input
voltage excursions well beyond its supply voltage. This
requires care in design but can be useful, for example,
when large out-of-band interference is to be removed from
a smaller desired signal. The flexibility for different input
voltages arises because the INV inputs are at virtual
ground potential, like the inverting input of an op amp with
negative feedback. The LTC1562 fundamentally responds
to input current and the external voltage V) appears only
across the external impedance Zy in Figure 3.

To accept beyond-the-supply input voltages, it is impor-
tant to keep the LTC1562 powered on, not in shutdown
mode, and to avoid saturating the V1 or V2 output of the
2nd order section that receives the input. If any of these
conditions is violated, the INV input will depart from a
virtual ground, leading to an overload condition whose
recovery timing depends on circuit details. In the event
that this overload drives the INV input beyond the supply
voltages, the LTC1562 could be damaged.

The most subtle part of preventing overload is to consider
the possible input signals or spectra and take care that
none of them can drive either V1 or V2 to the supply limits.
Note that neither output can be allowed to saturate, even
if it is not used as the signal output. If necessary the
passhand gain can be reduced (by increasing the imped-
ance of Zyy in Figure 3) to reduce output swings.

The final issue to be addressed with beyond-the-supply
inputs is current and voltage limits. Current entering the
virtual ground INV input flows eventually through the
output circuitry that drives V1 and V2. The input current
magnitude (| Vi | /| Zjy | in Figure 3) should be limited by
design to less than 1mA for good distortion performance.

Onthe other hand, the input voltage V|, appears across the
15821a
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external component Zyy, usually a resistor or capacitor.
This component must of course be rated to sustain the
magnitude of voltage imposed on it.

Lowpass “T” Input Circuit

The virtual ground INV input in the Operational Filter block
provides a means for adding an “extra” lowpass pole to
any resistor-input application (such as the basic lowpass,
Figure 5, or bandpass, Figure 6a). The resistor that would
otherwise form Zyy is split into two parts and a capacitor
to ground added, forming an R-C-R “T" network (Figure
9). This adds an extra, independent real pole at a fre-
quency:

fo = 1
i 2nRpCr

where Cy is the new external capacitor and Rp is the
parallel combination of the two input resistors Ry and
Ring. This pair of resistors must normally have a pre-
scribed series total value Ry to set the filter's gain as
described above. The parallel value Rp can however be set
arbitrarily (to Ryy/4 or less) which allows choosing a
convenient standard capacitor value for Cy and fine tuning
the new pole with Rp.

Rinn A
Vin
j_: Cr Rg < R2
i o v
2nd OROER
1/4 LTC1562

142 1T

Figure 9. Lowpass “T" Input Circuit

The procedure therefore is to begin with the target extra
pole frequency fp. Determine the series value Ry from the
gain requirement. Select a capacitor value Gt such that Rp
= 1/(2nfpCt) is no greater than Ryy/4, and then choose
Rina and Ryyp that will simultaneously have the parallel
value Rp and the series value Ryy. Such Ryya and Ryyg can
be found directly from the expression:

1
2

1
Rt 5y~ (4RRp)

Apractical limitation of this technique is that the Cy capaci-
torvalues thattend to be required (hundreds or thousands
of pF) can destabilize the op amp in Figure 3 if Ryyg is too
small, leading to AC errors such as Q enhancement. For this
reason, when Ry and RyyB are unequal, preferably the
larger of the two should be placed in the Ryyg position.

Highpass “T" Input Circuit

A method similar to the preceding technique adds an
“extra” highpass pole to any capacitor-input application
(such as the bandpass of Figure 6b or the highpass of
Figure 7). This method splits the input capacitance Cyy into
two series parts Cyya and Cyyg, with aresistor Ry to ground
between them (Figure 10). This adds an extra 1st order
highpass corner with a zero at DC and a pole at the
frequency:

-
P 2R{Cp

where Gp = Cyya + Cyyp is the parallel combination of the
two capacitors. At the same time, the total series capaci-
tance Cyy will control the filter's gain parameter (Hy in
Basic Highpass). For a given series value Cyy, the parallel
value Cp can still be set arbitrarily (to 4Cyy or greater).

Cina Cisa
Yin —{
Ry Rp R2
- INV Vi v
2nd ORDER
114 LTC1562

[EERRET

Figure 10. Highpass “T" Input Circuit

The procedure then is to begin with the target corner (pole)
frequency fp. Determine the series value Cyy from the gain
requirement (for example, Cyy = Hy(159pF) fora highpass).
Select a resistor value Ry such that Cp = 1/(2rR+fp) Is at
least 4Cyy, and select Gy and Gy that will simultaneously
have the parallel value Cp and the series value Cyy. Such
Cina and Cyyg can be found directly from the expression:

1 1 9
o+ 02— (40C
5C0p £5+/Cp (4CiCp)

1562fa
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This procedure can be iterated, adjusting the value of Ry,
to find convenient values for Cyyy and Ciyg since resistor
values are generally available in finer increments than
capacitor values.

Different “fg" Measures

standard 2nd order filter algebra, as in Figure 4 and the
various transfer-function expressions in this data sheet,
uses a center frequency parameter fp (or wp, which is
2nfp). fo can also be measured in practical ways, includ-

ing:

* The frequency where a bandpass response has 180°
phase shift

 The frequency where a bandpass response has peak
gain

* The geometric mean of the —3.01dB gain frequencies in
a bandpass (Vf_fy in Figure 4)

An ideal mathematical 2nd order response yields exactly
the same frequency by these three measures. However,
real 2nd order filters with finite-bandwidth circuitry show
small differences between the practical fy measures,
which may be important in critical applications. The issue
is chiefly of concern in high-Q bandpass applications
where, as the data below illustrate, the different fy mea-
surements tend to converge anyway for the LTC1562. At
low Q the bandpass peak is not sharply defined and the

—3dB frequencies f; and fy are widely separated from this
peak.

The LTC1562's fg is trimmed in production to give an
accurate 180° phase shift in the configuration of Figure
Ba with resistor values setting f; = 100kHz and Q = 1.
Table 1 below shows typical differences between fg
values measured via the bandpass 180° criterion and fg
values measured using the two other methods listed
above (Figure 6a, Ryy = Rg).

Table 1
fa 0=1 0=1 Q=5 0=5
(BP180°) | BP-PEAKfy | Fifufo | BP-PEAKIy | Fifnfo
B0kHz +0.3% +0.3% +0.05% +0.05%
100kHz +0.6% +0.6% +0.1% +0.1%
140kHz +0.8% +0.8% +0.15% +0.15%
LTC1562 Demo Board

The LTC1562 demo board is assembled with an LTCG1562
or LTG1562Aina 20-pin SSOP package and power supply
decoupling capacitors. Jumpers on the board configure
the LTC1562 for dual or single supply operation and power
shutdown. Pads for surface mount resistors and capaci-
tors are provided to build application-specific filters. Also
provided are terminals for inputs, outputs and power
supplies.

15621a
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Rikta Rira i a0 Rinze Rikan i l | ! L3q4n = 100kH2
Vi INV B INV G A Vinz i} — -+ ]
L i IS o ¥ Canz M
IN1 v A
_-_E R 1 18 R22 :__',_ =10 il .\\._.__,_ 1
- " V2R Vg A -
I — Slve urcise2 v —e—— -ov 5 -20 |11
MW Slaon s 3 \
= R B 13 = R B LY
W VZA V20 AA— - Nl
Ringa Rinas | n"l' A vior | Rinap Ripin \
Vi : i 104 i Iy i A Ving -5l =T ""s,\
¥ L
P o Wpury VT4 7 1 e . 0 Py ?M
= SCHEMATIC INCLUDES PIN NUMBERS FOR 20-PIN PACKAGE, - FREQILENCY {Hz)
PING 4, 7, 14, 17 (NOT SHOWH) ALSO CONNECT TO W™ .
Quad 3rd Order
Butterworth (38 1308 1_3dp f-308 I_3d8 {308 I-3d8
Lowpass Filters 20kHz 40kHz 60kHz B0kHz 100kHz 120kHz 140kHz
Ci 220pF 1000pF 1000pF 1000pF 1000pF 1000pF 1000pF
Rina 44,2k 4,32k 3.16k 2.43k 1.96k 1.87k 169k
Ring 205k 576k 24 3k 13.0k B.06k 511k 3.4k
Rp 249k B1.9k 27 4k 15.4k 10.0k 6 .98k 511k
R2 249k B1.9k 27 4k 154k 10.0k 6 98k 511k
Al four sections have identical Ry, By and Cyy values. All resistor values are £1%
156218
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LTC 1562

TYPICAL APPUICATIONS (asic)

Dual 4th Order Lowpass Filters

I
Rine i 2
Vinz INV B [NV C
Ry 2 {0 Vol Ay
R21 ] o voe 18 R22
i 5 16 LA
S—— hLTCI562 Y f——————g— 5V
0.1pF [ 15 0 ApF
T————{sHON  AGND 2
= o
: V2a V2D
R23 g
Ao W—t- V1A V1D
Ving LR L T
Fina

SCHEMATIC INGLUDES PIN NUMBERS FOR 20-FIN PAGKAGE.
PING 4,7, 14,17 {NOT SHOWN) ALSO GOMNECT TO V™

Amplitude Response

Ouick Design Formulas for Some Popular Response Types:

Bulterworth
{Maximally Flat Passband)
for i, 10kHz to 140kHz

; "
R21, R23, Ring. Ring = mk!w?gHﬂ

(100KHz |
s i L L
Ras. Rgg a2k U]
2

R22, R24, Az, Ring = 10k |1 UEEHZ
) 100Ktz

Roz. R4 = 1EI'U:“':| I

" BUTTERWORTH
0 f_3dg = 100kHz
=10 \'\—.
=
N
g _3 i
= N
= -4 |- \
-5} \\
_ﬁﬂ - ey -
70 \HL*
=80
10k 100k 1M
FREGUENGY [Hr)
16D WAL
Chebyshev Bessel
(Equiripple Passband) (Good Transient Response)
for fp 20kHz to 120kHz for fp 10kHz to 70kHz
f w3 F B
14,24k [ 100Kz 3,951k 100K+
fe | [ fo |
7 o6k [100KHz| 5 066Kk | 100kHz |
| fo | [ fe |
(100kHz (100KHz|®
7.097k | e 4,966k |1
e U s |
1?.53k|1”‘-}“H3| 3.670k T--”-*1*-‘-*-'§|
. fo | i fe

Notes: I is the cutoff frequency: For Butterworth and Bessel, response is 3dB down at f. For Chebyshev filters with

+0.1dB passband ripple up to 0.95 fi, use LTC1562 “A” grade.

Example: Butterworth respanse, fe = 50kHz. from the farmulas above, R21 = R23 = Ry = Ryys = 10k(100kHz/50kHz)2
= 40k. Rt = Rgg = 5.412k({100kHz/50kHz) = 10.82k. R22 = R24 = Ryya = Ryyaq = 10k(100kHZ/50KkHzZ)2 = 40k,
Raz = Rgg = 13.07K(100kH2/50kHz) = 26.14k. Use nearest 1% values.

V0T TAD TRALE

1662fa
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LTC 1562

TYPICAL APPLICATIONS (pasic)

8th Order Lowpass Filters Amplitude Response

Rz a T

| CHEBYSHEY
R 3 a ‘,\— I = 100kHz
Vi =W Py 1NV B I G -0
—Huip e o TR
B3 3
e V2B V2G =-1 _\,.. i i
Vg 2yt LTciser v“L’_W-w z-w . \
AT B 15 A 3 |
R =
= . SHON  AGND ﬁ 2] oo 50 |
T—A VA V2 D e AAA— -60 \
——a  wnpe ANA— -70
By L 10%n ol il 2 IR
Ay T 0o 100k 50k
&',",':;’ i FREQUENCY (Hz)
A A [IFARTLT 1 TG
SCHEMATIC INCLUDES PIM NUMBERS FOR 20-PIN PACKAGE
PINS 4, 7, 14,17 [NOT SHOWN) ALSD CONNECT TO ¥~
Quick Design Formulas for Some Popular Response Types:
Butterworth Chebyshev Bessel
{Maximally Flat Passband) {Equiripple Passband) (Good Transient Response)
for iz 10kHz to 140kHz for fp 20kHz to 120kH:z for f; 10kHz to 70kHz
]
R21 = Ryys = mkl[mngz; R21 = ?sﬂclmm""*’-} Ryt = 22R21° R21 = Ry —251h““?'é“‘1
(100kHz| IUUkHz | 100kHz | 100kHz
Ray =601k |7 | Aoy = 119.3k 10| 7 sboz Rot =363k 107t |
i |
R22 = Rina = 10K 1“?-EH?F| R22 = R = i4.99k|lﬂ?EHE| R22 = Ry = 20?k|1 ”'““”I|
[1ﬂﬂkHz| |mc|kHz| [ 100kHz | 3 100kHz|
Roz = "¢ Rgz = 279 9| 2t |jg+2440kHz| _5.5ak! i
2 . "
R23 = Riy3 = 1uk|’-q%EHi] R23=Aing=7. 15k|’””"‘”z| R23 = Rypg = 2.96k ]ﬂ—gﬂﬂ
- & 1, |100kHz - j@k_&g| _ 100kHz | 2 [mmmz|
Rog = 5.1k "¢ ] Rgg = 118.1k | 7o+ 530KHE Roa = 3.0k |
i R i
(100kHz _ 100kHz . R24’ IUE!k_ij_zI
R24 = Ry = muL o | R24_25.Tk!_ T ] Rind = 5y R24 = Rjng = 314k| fo
100kHz 100kHz | 100kHz|
R =25.53k[-------——] = [ -------- Rgq = 2,84k 7
L o Rod = B.75K fe ) W e )

Notes: f;; is the cutoff frequency: For Butterworth and Bessel, response is 3dB down at fi;. For Chebyshay filters with
+0.1dB passband ripple up o 0.95 fp, use LTC1562 “A” grade. *The rasistor values marked with an asterisk {*) in the
Chebyshev formulas (R21 and R24) should be rounded to the nearest standard finite-tolerance value before computing
the values depandent on them {Ryyq and Rjpq respectively).

Example: Chebyshey response, fp = 100kHz. The formulas above give R21 = 7.51k, nearest standard 1% value 7 50k,
Us=ing this 1% value gives Ryyq = 16.5k, already a standard 1% value. R = 18.075k, nearest 1% valug 18.2k.

R22 = Rypg = 14.99k, nearest 1% value 15k, Rgg = 11.02k, nearest 1% value 11k. R23 = Ryy3 = 7.15k, already a
standard 1% value. Rpg = 18.75k, nearast 1% value 18.7k. R24 = 26.7k, already a standard 1% value. This gives
Rina = 1214k, nearest 1% value 121k Rpa = 8.75k, nearest 1% value 8.66k.

LY LNR
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LTC 1562

TYPICAL APPLICATIONS (sasic)

Bth Order Bandpass Filler, Single 5V Supply,

Center Frequenc
—-3dB Bandwidlh = + Amplitude Response
Vo —
. .HIN? fepnTes = B0kHz
1H1 Wiy il S el ! (ST
. i /TN
Virg E Ray IV B NV G 10 b L
bﬁ,ﬂ_ e Vi -20 y —\ e ———
R21 3
V2B V2@ = =30 |—1- 7[ A _x\
5 16 = i / N
a F vt LTGisE2 v = -t "
0.1pF 6 15 1uF = I )
' ana SHON  AGND|—— Hﬂ-i- =il
- ] 13 i i
V2 A w2 40
WA VDA = =T
1 A g —l
Aoy 1 Wik VD 1 Y a0
=8
Ca it Vou 40 4B 56 G4 72 80 BB 96 104 112120
| Vv FREDUENCY (kiz)
0 T [[EER LR 1]

SCHEMATIC INCLUDES PIN NUMBERS FOR 20-FIN PACKAGE.
FING 4, T, 14, 17 (NOT SHOWRN) ALS0 CONMNECT TO v~

Quick Design Formulas for Center Frequency fg (Recommended Range 40kHz to 140kHz):

3 g ]
s 100kHz | - 1_D_DI{H2[ 100kHz |
HET-Hzﬂ-iﬂ.Bk| e | Hu1-Huaﬁ1ﬁ4-ﬁk| T !r[;+319kHz:
v ; 7
- Ro4 - g 7) 100kHz, = Fra= 100kHz||  100kHz
nzz-nzd-g.rk[ fo Huz—ﬁm—143~2k| Ic _|[jc+294kHz|
e 10k R = N22RCing [ 100kHZ.
Gyt = Cina = 159IJF[HM| Rinz = Ring = (T0K){10.6pF) | i+ 28BkHz,

Notes: Ry, R22 and Cyyy should be rounded to the nearest standard finite-tolerance value before using these
values in the later formulas.

Example: Center frequency fp of 80kHz. The formulas give R21 = R23 = 16.56k, nearest standard 1% value 16.5k.
Rt = Aga = 51.56k, nearest 1% value 51,1k, R22 = R24 = 15.15k, nearast 1% value 15k. Rpp = Rpg = 47.86k,
neargst 1% valug 47.5k. Gyyq = Cyyp = 31.11pF using 51.1k far Ry, nearest standard 5% capacitor value 33pF,
This and the 1% value R22 = 15k also go into the calculation for Ryys = Riyg = 65.20k, nearest 1% value 64,9k,

1583 RRAT TAmN
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LTC 1562

TYPICAL APPLICATIONS (gasic)

Bth Order Bandpass Filter, Single S5V Supply,

Center Frequency

=1dB Bandwidth = ) Amplitude Response
R 10l e
14::& fEnTER = 100kHZ
Ay 1 P
Vi INV B INV G n /) Y =.li
Riq o 10 N
ViB Vig —a1 h,
R 3 \
v V2B V20 = -30 ’ e
I — s Lrcises v = w4
0.1pf =
W —————Lsuon AGND & et L
= RN B
v vEA V2D 60— |
4 . V1A ViD -70
2 = INV A IV D -0
Vour ~50
.E:;t: GO 68 76 B4 92 100 108 116 124 132 140
Rina FRECQILIEMCY (kHz)
‘M Tz BT LaEL

SCHEMATIC INCLUDES PIN HUMBERS FOR 20-PIN PACKAGE.
PING 4, 7, 14, 17 (NOT SHOWHN) ALSD CONNECT TO W™

Quick Design Formulas for a Center Frequency fp (Recommended Range 50kHz to 120kHz):

(fg + 1736kHz | HE‘E' H]ﬂkHz 1EIUkHz |
J¢ + 634kHz || Ry | [100kHz

100kHz |

Aoz = Roq = 286.2K 7% |jc+351k!-lz

R4 = 1.0':.“‘."".1.] .
HEE‘H“‘B'EE“! ic | Rinz = Aine =| ™ To0ki42 | 11436

Notes: R21 and Rz should be rounded to the nearest standard finite-tolerance value before using these values in
the later formulas. For fi < 100kHz, the maximum peak-to-peak passband input level is {ic/100kHz)5V. Use
LTC1562A for minimum variation of passbhand gain.

Example: Center frequency fp of 100kHz. The formulas give R21 = R23 = 11.7k, nearest standard 1% value 11.5k.
This value gives Ry = Ryyg = B2.46k, nearest 1% value B2 5k. Rgy = Rga = 65.5k, nearest 1% value 64.9k.

R22 = R24 = .66k, already a standard 1% value. This gives Rz = Rygg = 32.4k (again already a standard 1% valug).
Rz = Rpg = 63.45k, nearest 1% value 63.4k. 1T LTC15624 is used, resistor tolerances tighter than 1% will further
improve the passband gain accuracy. 1562 1 AL
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LTC 15662

TYPICAL APPLICATIONS (sasic)

Bth Order Bandpass (High Frequency) Filter

~3dB Bandwidth =

Center Frequency Gain =10

Amplitude Response

10
il % Morren = 100 | | |
A 1 o0 | 20
Wiy Fon 2 INV B INV G = T 10— / X
RET b i 22 . /
e e 5_1[,___._7 T
V' ——y— 2y Teisee v "3_1_ v 5 -0 ol
OApF B R 15 01uF 2 /
Tt . I T T SN
= B 11 = i [
—AW——— V2 4 V2o 40 7 ko,
r—wﬁw~+-5-‘- ViA Iy A :q -50 | A
03 10f ol Aoy _ED
N I it 0 G 80 100 120 140 160 180
R FREQUENGY [kHz)
t#' 1587 1AM 1560 1008
SCHEMATIC INCLUDES PIN NUMBERS FOR 20-PIN PACKAGE.
PING 4, 714, 17 (NOT SHOWMN) ALSD CONNECT TO ¥~
Bth Order Bandpass Filter
_ _feenten " feenren TcenTer Icenten feenten fenten feenten ToenTER
J0BBW="3g - Gain=10| gy | gokHz | 100kHz | f110kHz | 120kMz | 130kHz | 14Dk
Side B
Rini 4 Bk 523k B34k 511k 511k 549k 5.62k
R 464k H2.3k 42,2k a38.3k 34.8k a2 4k 301k
R21 124k 154k 10.0k B.25k .98k 5.9k 511k
Sides A, C, D
Rina, Ringa, Ring 46,4k 52 3k 42.2k 8.3k 34.8k 32 4k 301k
Raz. Roa, Rog 46.4k 52 3k 42.2k 383k 34.8k 32 4k 301k
R22, B23, R24 12 4k 154k 10.0k 8.25k 6.98k 5.90K 511k

All resistor values are £1%

15620
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LTC 1562

TYPICAL APPLICATIONS (gasic)

8th Order Wideband Bandpass Filter
foenTeR = 50kHz, —3dB BW 40kHz to 60kHz

Ring
Ciny R
290F
1 20
“'”_l I—' Ay gk | LD Lk b Fgs 46,7
Al ViR Vig b
rReiseak | 3 18 R2Z 348k
A VZe V2g
v gyt LTC156 V- v
0Auf B 15 1uF
§F—{sHon  AGND———§
—a—du2 ]
Re3Gdae | o
‘5;'5& Vi A ViD
e el g IND
—]— Cima |
27pF 11 Nout
| EIH“ ”DF A

SCHEMATIC INCLUDES PIN NUMBERS FOR 20-PIN PACKAGE,
PINS 4, 7, 14, 17 (NOT SHOWN} ALSO CONNECT TO W™

8th Order Highpass 0.05dB Ripple Chebyshev Filter fgyrorr = 30kHz

0.1pF

Flu.r. 58 9k

Cinip
i ) 20
INVC
Cin 1 [ Rg. 02| T
' A21.357 e i
1,357 g
—AAS—i V2B vic)
5 16
Sy —————y* LTC1562
DApF B 15
TH——{SHON  AGND
= i VIA Voo 13 =
Cug | RE3.107K g
150pF 'P—*Rm .;; s ViA viD
. 1
} 2 1NV A NV D

" ||J

1o | oz 220k ] )
A, Gz
18 A22 665k | 150pF

Cina

Fl
1500 BN D

SCHEMATIC INCLUDES PIN HUMBERS FOR 20-PIN PACKAGE.
PINS 4, 7, 1417 [NOT SHOWN) ALSD CONMECT TO W™

TOTAL DUTPUT

NOISE = 400V pang

Vot

2nd Order 30kHz Highpass Cascaded wilh 6th Order 138kHz Lowpass
Rz, 523k

! INV B INV G

Ciny
150gF
|
|

Vin At 30.1K
\v V1B

B2, 110
V2B

ViC

Lol o

VEC

EUMFT: V' LTC1582 v~
":_FEEHDH AGND
H23.5.23-K q L i

e ViA Wip

| Rga. 14k | 10 A WD

Az

R22, 5.23k

511k

e
HUJ uF
13 1
A AP —
12 R24, 5.23K
AN —
11 Rpa, 3.74k

Ripg. ;-ﬂ(

Vour

16 Tile

| R 4
Riyg. B.06k

SCHEMATIC INCLUDES PiN NUMBERS FOR 20-PIN PACKAGE

PINS 4, 7, 14, 17 (ROT SHOWN) ALSO CONKECT TO V™
ALL RESISTORS = 1% METAL FILM

GAIN [d8)
3

Amplitude Response

- = AR sl
L/
oA N
rd '
20 100
FRECUENGY (iHz)
Amplitude Response
.fj L
.I!
|
1k 10k 100k M
FREQUENCY [Hz)
(L "3 AT
Amplitude Response
| T T ]
N
|
10 100 400
FREQUENCY (kHz)
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LTIC 1562

APPLICATIONS INFORMATION

Notches and Elliptic Responses

The basic (essentially all-pole) LTG1562 circuit tech-
niques described so far will serve many applications.
However, the sharpest-cutoff lowpass, highpass and band-
pass filters include notches (imaginary zero pairs) in the
stopbands. A notch, or band-reject, filter has zero gain at
a frequency fy. Notches are also occasionally used by
themselves to reject a narrow band of frequencies. A
number of circuit methods will give notch responses from
an Operational Filter block. Each method exhibits an input-
outputtransfer functionthatis a standard 2nd order band-
reject response:

—HN[SE +mﬁ)
HEH{5]= 7] ]
5 +(wp /Q)s+wf

with parameters wy = 2afy and Hy set by component
values as described below. (wg = 2nfgand Q are set for the
Operational Filter block by its R2 and Rp resistors as
described earlier in Setting fy and Q). Characteristically,
the gain magnitude |Hgg(j2nf)| has the value Hy(fy’/fp?) at
DC (f = 0) and Hy at high frequencies (f >> fy), so in
addition to the notch, the gain changes by a factor;

High Frequency Gain _ f3
DC Gain 7

The common principle in the following circuit methods is
toaddasignaltoafiltered replica of itself having equal gain
and 180° phase difference at the desired notch frequency

Cing

b

I Byt o1

Vin

Ny
2nd DROER
114 LTC1562

Ve

fy. The two signals then cancel out at frequency fy. The
notch depth (the completeness of cancellation) will be
infinite to the extent that the two paths have matching
gains. Three practical circuit methods are presented here,
with different features and advantages.

Examples and design procedures for practical filters using
these techniques appear in a series of articles attached to
this data sheet on the Linear Technology web site
(www.lingar-tech.com). Also available free is the analog
filter design software, FilterCAD for Windows, recom-
mended for designing filters not shown in the Typical
Applications schematics in this data sheet.

Elementary Feedforward Nofches

A "textbook” method to get a 180° phase difference at
frequency fy for a notch is to dedicate a bandpass 2nd
order section (described earlier under Basic Bandpass),
which gives 180° phase shift at the section's center
frequency fg (Figure 11, with Cyy4 =0), so that fy =fp. The
bandpass section of Figure Ba, at its center frequency fp,
has a phase shift of 180° and a gain magnitude of Hg =
Ra/Rin. A notch results in Figure 11 if the paths summed
into virtual ground have the same gains at the 180°
frequency (then lp = 0). This requires a constraint on the
resistor values:

Rz _ Rat
Rerz R

Rain

e
WIRTUAL
GROUND
Vour

- 1563 FH1

Figure 11. Feedforward Notch Configuration for fy = fg

15620
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LTIC 1562

APPLICATIONS INFORMATION

Note that the depth of the notch depends on the accuracy
of this resistor ratioing. The virtual-ground summing
pointin Figure 11 may be from an op amp as shown, or in
a practical cascaded filter, the INV input of another Opera-
tional Filter block. The transfer function in Figure 11 with
Cin1=0isa“pure” notch (fy=1fy) of the Hgg(s) form above,
and the parameters are:

n=1ro
Ream

Hyy = —SAIN

N Rrr2

Because fy = fy in this case, the gain magnitude both at DC
and at high frequencies (f>>fy) is the same, Hy (assuming
thatthe op amp in Figure 11 adds no significant frequency
response). Figure 12 shows this. Such a notch is ineffi-
cient as a cascaded part of a highpass, lowpass or band-
pass filter (the most common uses for notches). Varia-
tions of Figure 11 can add a highpass or lowpass shape to
the notch, without using more Operational Filter blocks.
The key to doing sa is to decouple the notch frequency fy
from the center frequency fy of the Operational Filter block
(thisis shownin Figures 13 and 15). The next two sections
summarize two variations of Figure 11 with this highpass/
lowpass shaping, and the remaining section shows a
different approach to building notches.

N
-0 L

l..

GAIN (dB)

Ty = I = 100kHz
Hy=1

0=1

10 100 1000
FREQUENCY (kHz}

AREA  ThE

Figure 12. Notch Response with fy = fg

Feedforward Notches for fy > fg

When Cyp1=0inFigure 11, the notch frequency fy is above
the center frequency fy and the response has a lowpass
shape as well as a notch (Figure 13). Cyyq contributes
phase lead, which increases the notch frequency above
the center frequency of the 2nd order Operational Filter
block. The resistor constraint from the previous section
also applies here and the Hgp(s) parameters become:

1
fn=1Jo Rin1Cint

1 DINTVINT

Ra1C
Hy = (HGAIN.] i)
Rer2 I f3

G is the internal capacitor value in the Operational Filter
block (in the LTC1562, 159pF).

The configuration of Figure 11 is most useful for a
stopband notchin alowpass filter or as an upperstopband
notchina bandpassfilter, since the two resistors Ryy» and
Rreo can replace the input resistor Ry of either a lowpass
section (Figure 5) or a resistor-input bandpass section
(Figure 6a) built from a second Operational Filter block.

20
bt Tl
DG GAIN = ['"?]
“ 2
o [ | ~ | HIGH FREQ
GAIN = Hy
g il
g — :
=
(5=
i
=40 10 = 100kHz
I = 200kHz
Oet
DG GAIN = DdB
-6 el
10 100 1000

FRECIUENGY (kHz)

82 FIY

Figure 13. Nolch Response with fy > g
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LTC 1562

APPLICATIONS INFORMATION

The configuration is robust against tolerances in the Cyy
value when fy approaches fp (for fy/fy < 1.4, as a rule of
thumb) which is attractive in narrow transition-band fil-
ters, because of the relative cost of high accuracy capaci-
tors. Further application details appear in Part 1 of the
series of articles.

Feedforward Notches for fy < fy

Just as feedforward around an inverting bandpass section
yields a notch at the section’s fy (Figure 11 with Cjy4 = 0),
feedforward around an inverting lowpass section causes
a notch at zero frequency (which is to say, a highpass
response). Moreover, and this is what makes it useful,
introducing a capacitor for phase lead moves the notch
frequency up from DC, exactly as Cyyq in Figure 11 moves
the notch frequency up from the center frequency fg. In
Figure 14, the inverting lowpass output (V2) of the Opera-
tional Filter block is summed, at a virtual ground, with a
fed-forward input signal. Capacitor Cyy4 shifts the result-
ing notch frequency, fy, up from zero, giving a low
frequency notch with a highpass shape (Figure 15). The
Hgr(s) response parameters are now:

[
| R1 C Y R21
. D\, Ra1 A Cini A Ring

Raain
Hy = —GAIN
Rrr2

The constraint required for exact cancellation of the two
paths (i.e., for infinite notch depth) becomes:

Cait

|,_

Ran

Vi —4

NV W1 M2
2nd ORDER
114 LTG1562

Rina _ RafCing
Reps . RIC

R1 and C are the internal precision components (in the
LTC1562, 10k and 159pF respectively) as described above
in Setting fp and Q.

The configuration of Figure 14 is most useful as a lower
stopband notch in a bandpass filter, because the resistors
Rine and Repp can replace the input resistor Ryy of a
bandpass section made from a second Operational Filter
block, as in Figure 6a. The configuration is robust against
tolerances in the Cyyq value when fy approaches fp (for fo/
fy 1.4, as a rule of thumb) which is attractive in narrow
transition-band filters, because of the relative cost of high
accuracy capacitors. Further application details appear in
Part 2 of the series of articles.

20
‘ LI
HIGH FRET}
GAIN = Hy
i i
" |oc Gam - Hu(':‘-z]/»"' | |
1)
g AL L
= -20
T
3 |
A [ | ‘
i i il
-4 Tl = 100kHz '
fyy = 50kHz
=1
s HIGH FREQ GAIN = 048
10k 100k M
FREQUENCY (i)

1587 FI%

Figure 15. Notch Response with fy < fy

R

VIRTUAL
GROUND

b— Vourt

- 1rru

Figure 14. Feedlorward Notch Configuration for fy < fg
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LTC 1562

APPLICATIONS INFORMATION

R-C Universal Notches

A different way to get 180° phase shift for a notch is to use
the built-in 90° phase difference between the two Opera-
tional Filter block outputs along with a further 90° from an
external capacitor. This method achieves deep notches
independent of component matching, unlike the previous
techniques, and it is convenient for cascaded highpass as
well as lowpass and bandpass filters.

The V2 output of an Operational Filter block is a time-
integrated version of V1 (see Figure 3), and therefore lags
V1 by 90° over a wide range of frequencies. In Figure 16,
a notch response occurs when a 2nd order section drives
a virtual-ground input through two paths, one through a
capacitor and one through a resistor. Again, the virtual
ground may come from an op amp as shown, or from
another Operational Filter block’s INV input. Capacitor Cy
adds a further 90° to the 90° difference between V1 and
V2, producing a wideband 180° phase difference, but
frequency-dependent amplitude ratio, between currents
I and Ic. At the frequency where Ig and |g have equal
magnitude, |g becomes zero and a notch occurs. This
gives a net transfer function from Vy to Vgyt in the form
of Hpg(s) as above, with parameters:

A HENNIHET]
DCGain=| =2~—~ ] —
[ Rint A R
5 _ High Frequency Gain _ RyCy
f&  DCGan  ~ R21C

R1 and C are the internal precision components (in the
LTC1562, 10kand 159pF respectively) as described above
in Setting fp and Q.

Unlike the notch methods of Figures 11 and 14, notch
depth from Figure 16 is inherent, not derived from compo-
nent matching. Errors inthe Ry or Cy values alter the notch
frequency, fy, rather than the degree of cancellation at fy.
Also, the notch frequency, fy, isindependent of the section’s
center frequency fy, so fy can freely be equal to, higher
than or lower than f (Figures 12, 13 or 15, respectively)
without changing the configuration. The chief drawback of
Figure 16 compared to the previous methods is a very
practical one—the Cy capacitor value directly scales Hy
(and therefore the high frequency gain). Capacitor values
are generally not available in increments or tolerances as
fine as those of resistors, and this configuration lacks the
property of the previous two configurations that sensitiv-

1 ity to the capacitor value falls as fy approaches fg. Unlike
- i, ; b il : et
I —-mZn.JH_NGNHm ’gug previous notch circuits, this one is also noninvertinga
Hy = _[ Raaln I_G_N_)
Rmi A C
Rigg
Vin
R < R21 Ay If Iy
S ebER o GROUND e
1/4 LTC1562 L

n 18 F

Figure 16. The R-C Universal Notch Configuration for an Operational Filter Block
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LTC 1562

TYPICAL APPLICATIONS  (aavanced)

Bth Order 50kHz Lowpass Elliptic Filter
with 100dB Stopband Attenuation

Cinz 24pF
| 1
Il Riyya 37 4k
AN
INVE IV 2
Rga 13k
1
vie vig 2
1§ R2257.6k
ViB Va2t
+ ~| 16 -
¥ LTC1562 W =BV
- = 0.1uF
SHON AGND
VaA V2D g
V1A Vip
INVA INVD v
g 324 e
A—
|
I .
Ciyq 10pF

L R LR

PING 4, 7, 14,17 {NOT SHOWN) ALS0 CONNECT TO V™

Bth Order 100kHz Elliptic Bandpass Filler

Rpgp 301k

I SCHEMATIC INCLUDES PIN MUMBERS FOR 20-PIN PACKAGE

INVE

l,.H'

Rypg 294k

t+

Cipgs 18pF

Ria 71.5k

SHON
VZA
V1A
INVA

LTG1562 W~

=4

AGND

Riig 5.3

w

Rgpg 332k

t

A

Voot

SCHEMATIC INCLUDES PIN NUMBERS FOR 20-PIN PACKAGE.
PING 4, 7, 14, 17 {NOT SHOWN) ALSO CONNECT TO V-

5k Fida

Amplitude Response

GAIN (dB)

=100

L]

-120
1

i

100
FREQUENCY {kHz)

300

1957 TA1e

USES THREE R-C UNIVERSAL NOTCHES AT fy = 132kHz, 167kHz, 225kHz.
DETAILED DESCRIPTION IN LINEAR TECHNOLDGY DESIGN WOTE 185
WIDEBAND DUTPUT NOISE BluVsms

Amplitude Response

GAIN (8}

FREQUENCY {kHz)

100

175

1532 TAI S
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LTC 1562

TYPICAL APPLICATIONS (nuvances)

Oth Order 22kHz Lowpass Elliptic Filter

Risz 249%

Bimia  Fisip
140k 69.8k

Vin

Ao 95.3k

R21 324k

lul i i
. DApF
e
= R23 196k
Rgg 392k
& 194 inwa
Vour
mEFFlia
ECHEMATIC INGLUDES PIN NUMBERS FOR 20-PIN PACKAGE,
PING 4,7, 14, 17 (NOT SHOWN) ALSD CONNECT TO V™
Amplitude Response Noise + THD vs Frequency
-4 7 -
12 o Vin = 1.65Vgas = 4.6Vpp
0 - — =45 [Vg =5V
-0 \ l - -50 —-{
-0 — =5
\ g

g -3 —=T = 60 [—
el Wi = s -
: \ z
B _gp \ % =70 ]

~BD - ]II =75

i} - S —

-0 - L~ -85 —

- - -ap - '

W 1] 50 1 10 20
FREQUENCY {kHz) FREQLIENCY (kHz)
10 TATAE 1587 Thld:
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LTC 1562

TYPICAL APPLICATIONS  (dvanced)

Dual 5th Order Lowpass “Elliptic” Filter

Rz
A
Cinz
|1
Faia  Riie 1 L a0

Amplitude Response

Youm
Vit INVE INVG : i T ]
¢ Ry 2 19| Poe o
2 1 vIC A 0
= A21 3 e | R22
VIR -3 ——1
|
5 16
5V % Ayt LIcisee Vo * -5 & -40 | \
0. 1uf & 15 0 AuF =3 -
K mm—— R AGND ) = N
= A1 8o | 22 = o ]i l i
Ay [ 12 Nj o B |
—g— V1A viD M-
R Finip 10 1 =100 - —
Vise w' & INVA INVD l
_IT Cirg iy Yours —12U1D 100 1000
= | 1 FREQUENCY (kHz)
] r LH-IH? e 1852 Faes

SCHEMATIC INCLUDES PIM NUBBERS FOR 20-PIN PACKAGE,
PINS 4, 714, 17 (NOT SHOWN] ALSD COMMNEGT TO W~

fg(Hz) | Ringa | Rimie | Cis Ry R21 Rivz | Cing Rg, R22

100k 5.9k 7.5k GAOpF 28k 7.5k 6.34k BEpF 931k 11.3k
75k 5.06k 154k | 560pF | 36.5k 13.3k 11.3k BipF 12.7k 20k
a0k 16.9K 35.7k 390pF a6.2K 0.1k 25.5k | GBpF 18.7k 44

Construction and Instrumentation Cautions

100dB rejections at hundreds of kilohertz require electri-
cally clean, compact construction, with good grounding
and supply decoupling, and minimal parasitic capaci-
tances in critical paths (such as Operational Filter block
INV inputs). In a circuit with 5k resistances trying for
100dB rejection at 100kHz, a stray coupling of 0.003pF
around the signal path can preclude the 100dB. (By
comparison, the stray capacitance between two adjacent
pins of an IC can be 1pF or more.) Also, high quality supply
bypass capacitors of 0.1uF near the chip provide good
decoupling from a clean, low inductance power source.
But several inches of wire (i.e., a few microhenrys of
inductance) from the power supplies, unless decoupled

by substantial capacitance (=10uF) near the chip, can
cause a high-Q LC resonance in the hundreds of kHz in the
chip’s supplies or ground reference, impairing stopband
rejection and other specifications at those frequencies. In
demanding filter circuits we have often found that a
compact, carefully laid out printed circuit board with good
ground plane makes a difference of 20dB in both stopband
rejection and distortion performance. Highly selective
circuits can even exhibit these issues at frequencies well
below 100kHz. Finally, equipment to measure filter perfor-
mance can itself introduce distortion or noise floors;
checking for these limits with a wire replacing the filter is
a prudent routine procedure.
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PACKAGE DESCRIPTION

G Package
20-Lead Plastic S0P (5.3mm)
(Referance LTC DWGE # 05-08-1640)

707 -ya3 l
i 278 - 269)
201916 17 16 15 141312 1
A0AAA8AA ] | 4
JTHE3-7.80
[3m = 31%)
O '
HHHHHHEHEH
123456768 3W
BI0_538
| S-S5 1 73-188
[ =h=a {068~ 078}
\ 0 -g° FFRFAAFRARARH |
/4 I |\ S| i
= S
1322 55- 95 _I |__ f q'a%é’g, o i
71005 - 008 [laz= 087 e e
NOTE 25— dB ol l, [boz- 006
1, CONTROLLING DIMENSION: MILLIMETERS (- ;3 R
2 TIMEMSIONS ARE N ”'h';%'f&ﬁ
3. DRAWING NOT TO SCALE
*DIMENSIONS D0 NOT INCLUDE S0LD FLASH. MOLD FLASH
SHALL WOT EXCEED 152mm | 0067 PER SIDE
**DIMENEIOMS DO NOT INCLUDE INTERLEAD FLASH, INTERLEAD
FLASH SHALL KOT EXCEED . 254mm {0107} PER S1D€
N Package
16-Lead PDIP (Narrow .300 Inch)
(Reference LTC DWG # 05-08-1510)
L7 .
= T T |
MAX |
bl [1s] [1e] [1s] [12] [sv] [10] [3]
g
|
0,255 + 0075 ")
6477 +0.381)
r
O [2] [af [af [s] Te] L2 [o]
. D300-0.325 013040095 ODIS-0085
(7620~ 8.255) "‘ [3.902 £ 0.127) (3-te) | |" '[
} = N
ofx i
tu.sua: LI |
Ll . 0.055
0225 -0381) 1 A
woos U
0325 015 | 0,125 0N ,_| __ |l D18 0,003
|a.2~55*“ i 13 1?53 {254) (0457 £+ 0.076)
|8-255 _g 191 gae

*THESE DEMENSIONG DO NOT INCLUCE MOLD FLASH OR PROTRLESIONS.
MOLD FLASH R PROTRUSIONS SHALL NOT EXCEED (010 INCH (0.254mm)

LA ]

LTC 1562

15638

Infarmation fusnished by Linear Technology Comparatian is beliaved 1o be accweale and reliable.
However, no resporsibility is assumed for s use, Lingar Technology Gorparation makes na represen-
{ation thatthe iMercannection ol is circuits as describied hargin willnal inringa on existing paten rghis.
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LTC 1562

TYPICAL APPLICATION

Dual 4th Order 12dB Gaussian Lowpass Filter

Ring
f A
IN1 2 i a0
Ve =W INV B INV
Ry 2 19 P
v V1B ik
R21 ] 18 R22
V2B V2o
5 18 Voure
a o ¥ v LTC1S62 W~ T_I
1 TuF
iy S—l T R ;
= 13 aut
Ny A s R24
] 12
Aina R e ot R
5 1
Vi B0 hwa  mvD L
Hh:\lﬁ 1T ThIEa
-'l'v'

SCHEMATIC INCLUDES PIM NUMBERS FOR 20-PIN PAGKAGE.
PING 4,7, 14, 17 (NOT SHOWMN) ALSO CONNECT TO V™

-80

TV

-20 : Wt
f= BdkHz ] |
( fo= 32k|rzr\+-a.|'b\

\
-60 ——F | \,,,

Amplitude Response

Y

J
=

T
i

N

\

A
300

1 10 10
FREQUENCY (kHz|

1583 Tl

d-Level Eye Diagram
i = 16kHz, Dala Clock = 32kHz

1867 1A

10ps/0

fe(H2) | Rmi=Ryz | R21=R23 | Agy=Rgy | Rz =Ping | R22=R24 | Rgz = Ry
16k 105k 105k | 34k 340k 340k d4k
32k 26.1k 261Kk 16.9k 84.5k B4.3k 16.9k
Bk 845k 6.49k .43k 16.2k 21k 845k

RELATED PARTS

PART NUMBER

DESCRIPTION

COMMENTS

LTC1068, LTC1068-X

Quad 2-Pole Switched Capacitor Building Block Family

Clock-Tunad

LTC1560-1

5-Pole Elliptic Lowpass, fp = 1MHz/0.5MHz

Mo External Components, S08

LTC1562-2 Quad 2-Pole Activa RC, 20kHz to 300kHz Same Pinout as the LTC1562
LTC1563-2/LTC1563-3 dth Order Active RC Lowpass Filters feutoerax = 286kHz, Resistor Programmakble
LTC1564 10kHz to 150kHz Digitally Controlled Filter and PGA Continuous Time Low Noise 8th Order with PGA
LTC1565-31 B50kHz Continuous Time, Linear Phase Lowpass Filter 7th Order, Differential Inputs and Outputs
LTC1566-1 2.3MHz Continuous Time Lowpass Filter 7th Qrder, Differential Inputs and Outputs

Linear Technology Corporation

1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900 = FAX: (408) 434-0507 » www lingar.com
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Pfiloha £.3 — Grafy naméfenych a nasimulovanych hodnot

Amplitudové frekvencni charakteristika pro 10 kHz HP
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Amplitudové frekvenéni charakteristika pro
100 kHz 1Q HP
30,00

20,00
10,00
0,00
-10,00

-20,00

Pfenos [dB)

—Simulace
-30,00

— WM& eni

-40,00
-50,00
-60,00
-70,00

-30,00
1,00E+03 1,00E+04 1,00E+D5
Frekvence [Hz]



Frenos [dB]

18,00

16,00

Amplitudoveé frekvencni charakteristika pro
100 kHz 1Q DP

14,00

12,00

10,00

8,00

6,00

4,00

2,00

v

0,00
1,00E+03

-2,00

1,00E+04

Frekvence [Hz]

1,00E+05

—_Simulace

— MEfeni



Prenos [dB]

20,00

10,00

0,00

-10,00

-20,00

-30,00

-40,00

-50,00
1,00E+03

Amplitudove frekvencni charakteristika pro
100 kHz 1Q PP

1,00E+04
Frekvence [Hz]

1,00E+05

—Simulace

— Mafeni



Prenos [dB]

20,00

0,00

-20,00

-80,00
1,00E+03

Amplitudove frekvencni charakteristika pro
100 kHz 2Q HP

1.00E+04
Frekvence [Hz]

1,00E+05

—Simulace

MeEfeni



Prenos [dB]

25.00

20,00

15,00

Amplitudové frekventni charakteristika pro

100 kHz 20, DP

10,00

5,00

0.00
1,00E+03

1,00€+04
Frekvence [Hz]

1,00E+05

—Simulace

—— Mé&feni



Prenos [dB]

30,00

10,00

0,00

10,00

-20,00

-30,00
1.00E+03

Amplitudove frekvencni charakteristika pro
100 kHz 2Q PP

1,00E+04
Frekvence [Hz]

1,00E+05

— Simulace

—Méfeni



Prenos [dB]

20,00

0,00

-20,00

-40,00

-8.0,00
1.00E+03

Amplitudové frekvencni charakteristika pro
100 kHz 5Q HP

1,00E+04
Frekvence [Hz]

1,00E+05

—Simulace

— Mé&feni



Prenaos [dB]

35,00

30,00

25,00

15,00

Amplitudové frekvencni charakteristika pro
100 kHz 5Q DP

10,00

5,00

0,00
1,0DE+03

1,00E+04

Frekvence [Hz]

1,00E+05

— Simulace

— MEfeni



Pienos [dB]

40,00

30,00

20,00

10,00

0,00

-10,00

-20,00

-30,00
1,00E+03

Amplitudové frekvenéni charakteristika pro
100 kHz 5Q PP

1,00E+04
Frekvence [Hz]

1,00E+05

—Simulace

Meérfeni




Prenos [dB]

Amplitudové frekvenéni charakteristika pro 150kHz HP
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Amplitudoveé frekvenéni charakteristika pro 150kHz PP
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