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EP 0 421 530 Bl Descri ptlon The invention generally relates to bal anced
filter circuits. Such"eircuits -are kpgwsydspamn US PS 4,509,019 and are
conposed of a nunber of bal anced. anpllflers having inverting and

non- |nvert|ﬁ%,e uts and out puts, whi ch are coupled to each other via
resistors a %'hpamtors The manner in which this coupling is effected

and the val ues, of bk P15 folles 1o DEnce R REF Lik@sSsudh 4,508%
shape and tjig, fb“’ nfaff Iy ioes ot 'E" néd ﬁ ﬁ?&.ionw ,sfifaﬁd Qut s
of the filtgg .chcaw&um;dto Laahs o i) anﬁérrnwch fhis cB\Fbﬁngq Biba Of

bal - anced ajaelvhid'oPthé i858 aaTaphbilors teﬂﬁ:ﬁiﬁ&ed? he i3 3rdbriof thérdnkerdlhcO f
the filter gdnfomitie ingufdts thb bitputddr ihe Hitdr Sircit. IMthélHBN Shia(il&rd f:it&%:r&@éfﬂbﬂmwof%l-

t he\ei r cui t aresd umptiRsThdreasbsiiith HeYrdertEthe BgRfer fuddion ofthefnﬁ?ﬁrchF&‘ﬁﬁer&ﬁﬂltsofhlgher
(publ i shed @eri3.compléh@BSNthel ciroutt corisbaquentRidpidyarsa®eat fal | i ng under article

54. 3 EPGo The EPR\0=346 B8O {piblished ar 13112.9989)is @ piior b dgeidenit thiinguntérlattiole 6413 EPC.t er
circuit havi nTheinentiqndas for ikspbjebtita provide eshalupded fitar sincuithdving @ chmplaition wehial ds sirogie

t he transf eeveh withcd higher order ofdhectrangfertfanctidne | nvent i on, this object is achieved
by a bal anced Apgordingito thé imeentian, thia objectjis aghiemid by @belanced filtencirtuitha¥inganiNthoesderiidarisfeo m
a bal anced fungtion H-sfnynabalqneedanmeﬁ-qamwba!mwwwusgmN being lse infeger danaer Hameenual

| ar ger tfhantodwe. EQI'EPHF"‘QIS to two, npri si ng - afirst and a second filter
i nput for suppl%f!'ﬂ “QWWHF'%@E’G@'H‘&B'U‘"%WQ ﬂ?"“d-'“%‘tﬁ'i!“i"st and a second
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o & tgh F*’%’aﬁ‘ e’ oo ‘éi‘:ﬁ;‘w a By wmsﬁa @ﬁﬁﬁ&n& ;%lf e
n in il =i
t he first n@tflanI; th Béoﬁﬁd adgéﬁatf@gﬁ 2 Siwdbh ﬂﬂ?‘ﬁ&r

bet ween t hey, thsiﬁveﬁin InBilt ahd Ré'SecsHd Fnlh@ncb BemchﬁﬁrIeth@bdt\D&HTthe fifer AR Q

adm ttange kg sttt 86itkcs 6 88 tHirl BairdPsdRitindes béiy cohridRed be%dn {hB Rverting out-
non-i nver t i pl@ardielion-inéMngfidpltahd M6l SdcbidaBfRareh béikyofREed tétwdBh the Rdn-ilVéihg Suli€ ©S
bei ng connegddad ivertingifgut nd thefrirst &dmitfahtelobthe folrtH Hair afadmittribes tseiig cohviSdtddibeGvebr the! t
and t he seciavesting ot rdiftibdnvirting I6putent the Sdcorll ddmittawee Being tonrme&téd bativebn thé Aon-invelting
and the 25 outpatand themgn-inwgntirig inputhe first adm ttance of the third pair of

adm tt arees barcgling triheioteptibnbestinatancddifiitericinauit ot thesgpcand brderan bf achigtiertoher can be re-
non- i nver t i aliged with whly amecemplifier. e @gendlt, dxdmi the: ander bwoleeverycpirpienfiltec ¢opligurationvie ebtaitdde
non- i nver t i Pugp tothe factthabthid canfigurdtian eompriseg orilygne ampiifief, thefiter direuis aceording to thednventipn

t he fourt h feeuire olyaiinited numberof slectrenic compenerts.aichearmitsean infeigeationop @ compegptivelyismelt
and the i nv@B%ng i nput and the second admittance bei ng connected between
t he non-¥nver ey L@gl gl??se&ﬂ'ﬂth? YREPORHON of thetaptihat e tranpferfrom3kp input signal Lindp the eHtput o
t he i nvent i 3i9nal Yolkah eqeh fineafilter qirpyitican bed’Y"t“E'lﬁst of the second order or of a

hi gher order can be re- alized with eY2Bh ifier. As a result, from
the order two a very sinple filter co 1% is obtained. Due to the
fact thgj thiegreeaskag teamo a'P'PbWeﬂ?mndsYéﬂ’)' {R): Y373 ant¥4(R) peing the eomplex pqmitignces of
cindcaits ac%gﬁhggﬁ ;;g:ggg;’%ﬁ@ﬁ@%g;t&’ﬁﬁﬁamvc%ﬁ Fyrfben eagh it feyr agnittances
el ectronic a n on a conparatively
smal | surface. The i n% T&TH }Bgé@g'; %"'@hea"ﬂecogm tion of the
fact that tlhgfhlplp QMM Bo#re rasbnonmegativesiughers. WMQWMW“WMP resisiot
of each 4i rit’!g'tﬂg Qsir'jg{eéfa- w%gﬁlméghﬁwiwlw ?P;fliglcm@ﬁ'@l(' Vﬂ'Qe(Enle{/qg g;
Y3(P) - Y4('P§tem p sum:BIYN regrepantthe erdsiriance of p eafipts n ’r"Z\gI’)"a“ )
and Y4(P) b?éwdﬁ altaﬁ &%! Péﬁ'"%m#ﬁxt Faﬁe'é'&mftﬁfs Yigan be reglizedwith 'sg's gcitors and
positive a Berthe MY'?' ?’a"s@%fq '%@ﬂéfﬁ"our

ng ttances\:ﬁh W%% nne Il raec‘_I . % di ngu mphﬁer
[err® i og‘ﬂ Ita l% eﬁlﬁl OI‘II ch ra the fmﬁr

represents J’r@tﬁth ‘ﬁ’ F‘?’ ﬂs+ bhg figshapst V| Y &-Va

termb*P represen e admttance o AP ANLRST having a vaI ue b and each

of the terns of the sum SUM r epHésep,pt of a

series- conbln tlon of a resistor having a value [err] and a capacitor
haV|ng ererﬂBUQIadnittances Yi can be realized with resistors and
capaC|tors gd e g' d to the inputs and outputs of one bal anced
anpliflert y16 Pandlgg3Sier function of the afore- mentioned type.
Negative coefficients in the transfer function are discounted in the

adnmi ttances Y2 and Y4, 50 which are conected in cross-coupling with
respect to the adnittances Y1 and Y3 to the i nputs of the anplifier. A
first enbodi ment of a balanced filter circuit according to the Invention is
characterized in that the filter circuit has a second order transfer
function having the shape: 55 in which

.lerr] P = conpl ex frequency, [err] = resonance frequency, [err] = Q




EP 0 421 530 BL M = anplification factor, and - the first and the second
adm ttance of the second pair of acgpuzaagm each conprise a series-conbin-
ation of a first register having a value substantially equal to [err] and a

first capa |tor hay, val ue substantially equal to [err]; -
theflrstané" a] l?ﬁ@ gaﬁ??{ttance of the third pairof adm ttances each

conprise a rﬁnle #i?s ﬂ%&&ﬂié&m o dfths SR palr St itBficed'éhth BthpAse e Belid-combin-
substantial |y g i b B R R SRR b )
equal tqg 1/K “fler;g nfia e@,g @f,m admttance of the fourth pair of
adm “ances eag fu&%ﬁfhb&&oﬁ a%ﬁith&ﬁoﬂﬂmm & of &iimitiaRces each confprise parailel-Eontbinatiat Or
having a val ue g Ha&dna Rkl HavindaNaftb sibetantialiyedqlal toa@al(Wos+Wo) dnd a eanaciidr liaving &rdalue

i ng~a val ue SURibs@ntlailydqlial tewrial to [err] a and K being positive real
nunbers. Thi s. fhiekilsfind thie bstbidadinitarite SfERAGURH pair obddmittandes eachconiprises sgrias-compinatian| y
sui t abl g for usk third resBlottalving€vamapibsthntielyequaltb t Kv(-a+Wo/QAWpWo) arfd aghird capgcitochav-
second enbodi nmg valiie subdantisly equali t i(tat+@p/QoiWoeWpX(axdcor di ng to the i nvention
is 15 obt aiane# bemgpaskive real oumabeesc Thi filteritcuitiip & rasenance citeuit, whiehsis pastipylaghsitablafern d
adni t t ance usé intsblectiveeamptitiordai r of admittances each conprise the series-com

bi nati on of aWith the ehojce of &t We. asaspndembedimanteta balpnesd ierc F?“"@'Eﬂ!lﬁp “E°d""@f'°PePM

and a f i"§ stobtai IEiHie C © i | ue subst ant i al I t he
bainpd, whichols chegagt thah
f| rst and t he- §edihandibagece HE'E“WP"H 'p%(FT QE’% ? °°m;
onpri se the p&!"§|°l‘813f<'! rﬁ?f @93""'““ ﬁ?"f' é@ﬁcgf’aé’ h‘?;l"\'/"lg Ag a
Val ue substanti ﬁ C)rhdrd |po§l dn%t%r %XJh X @lL IIeI-combm-
subst ant al | y- &3 m gg' '

H: Eiﬁ b value
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SuU

vakye substant ig vg g bgtg,ﬁig" I{o o'second admttance of
the fourth pai 'i lnga : ﬁro@adﬁygfaahﬁeé‘cﬁm&bﬂéﬂals%s@&mbhahon

fourth resi st Orof h'?&us&:r Hﬂnyﬁ vﬁ&%ﬁss?dﬁtuéuﬁgduﬂ t6RI23hd 4 Rurly cdpaRite having @Whlbdsub-
capaci t g¢ havi Rgnyeyudi o H8P- 25 stantially equal to 2*C, Rand C

bei ng const@gdsc Eéﬂ\g%s&h@mchéaﬁ farwhizh it hdldstrdtaBCi=laws. IfthiCsezord ertbodimenttti S
second enbaikerfRRimetets teschdncs RéquiRy W RACN factosG,aifdiectly fpresentiatieyeldrentrvaluesn which
fact or [ er ridofahgortshics B orielopthese parareters shotliise rejuiated [ The erabiodig®nt isirepiver partieyfarly suit-

i mportance dbfe fermoe valies diQg et whith thespreadof thi elerheht Yatues, de; ihiecratiodetwpercthelaigest anddhe

| S NnDr eqw ersnabest value) indt yxceasively lagbl e for | ow val ues of [err], at which the
spread of t heAéiirdembridiment ofi@ balanceddiltertdireult pegoiding mmmimwehwa@gwm thaidha filer 30
smal | est v adirad has gsegond opdecteansfprfunction hayipg:the shapayj r d enbodi nent of a bal anced
filter circuit according to the LiedtP aWoQe+WNesWaiqyized in that the
filter circuit has a second order R*PanBt WP Wh having the shape: H2 =
[err] 355 iinwhbh ch P = conpl ex frequency, W = resonance frequency, Qo
= Q factor ®f Cocothplexftequarcy, = anplification factor, 40 and - the first
and the secWnd =omsanancafremend, the first pair of adnmittances each conprise a
par al | el - coRbi rra@fagior §Q0F %2, r st resi stor having a val ue substantially equal
to R'M apnd M fi%amwpliticalendpatesr havi ng a val ue substan- tlaIIy equal to MC;, -

tha first a0 the second adm ttance the alrgd‘rgé gach
conprise a par a'ﬁfﬁt d admittance éef’@wmpﬂs 7 parals oy
second r esi stor°f ezéhﬂ)' Pﬁea"?ﬁﬂt%$3 %ﬂ"f ﬁ"tfg %%%%hélgga second
capaci t or haVI dﬁﬂ&h@lo'f i palr Of damivia Qgéizh%ompnseaparallel-oom-
Seri es- Genbi nat | nBindtion of alss 9& hgwgn V4Rdb blibstantiafyeqitl toRiI) @R Al
to Q*RIM and g Taax.sbeamwa 415 M4 3lsbrbb comtHGH of & Bird re-
MO lerr]; vﬁi a%l éu nﬁﬁ Q | 8 QLR/MANE & thidd cdpbcior Halifgla Vil lsutidfantially

adm ttances ea uémrmbycﬁ,e a paral ['el - conbi nation 50 of a fourth

resi stor havi DGhedirat@dif sseHRS bdiiiandd of tie FH Al ofla@mifBances et toinpriss & peatipltcombisatiom g
a val ue 8ubst arngaBlrinteshibrReving 8vdlueaiitidtantiatpdqua & R; afstrthreapdcitan having a vdluefstlistantially
resi stor havi ngqaual 1633 ahd aseisscanbinatibr of a Eifth eebistbrchaiiigla velue sebsfantiallhequel iR /2 and a
havi ng a val ue fBmleagasitor having ¥ vahepsabstantiallPéqipl te 24Che first and the second

admi ttance of t hndristandihgsacandddmitthngeiof thefowth peinaf Rdmittanpasieach cemprise a series-combination
seri es- conbi natdf @sixth fesistohaxinga value isehistantiafcanusg ¢p @*Raﬁd@%@%ﬁ%ﬁﬁhﬂwq avalug st

to Qu*R%ind a siatidlly epldeCor having a value sub- stantially equal to
Clerr], R and C being constants to be chosen, for which it holds that R+ = 1/Wo. This filter circuit is a aII-pass network

and due to its simplicity it is particularly suitable for group delay correction of filters which otherwise could be



R and C being constants to be chosen, forwhich it holds that R* = 1/ W.
This filter circuit is-an all-pass gﬂbmrdgog{\d due to Its sinplicity it is
particularly swtable for group delay correction of filters which otherw se
could be 3 0 421 530 Bl ﬁérect ed onlxlggy means of conparatively

corrplicate ﬁ'ﬁ%m [ ol @' e ?ﬂniéa'tgemsa.n&%m?f..ﬁ

accordi ng t er circul

athird orcf’er trans uncskéfug ﬁ' the [err] 5 in which P

= conpl ex frequency, a b, ¢ H&‘ a ) n ‘nMnber | arger than zero

and a*a<4* %ﬂ: = anplification factor 10 and - the first and the
WEk e of th

second adm i” °°I§'f "Ifii%xpal rof- adm ttances each conprise a

parat| el - [ Jat eTy) vi,hg val ue substantially
equal to M >and th.e Y Mﬁgﬁ?%a‘ﬂ ?Q'?d'#'prglt?o resi stor having a val ue
subst antw al [y equal t and a second capacitor having a val ue

substanti al I'y. gk arfd@he%cﬁ“ Sdmifidancedf the first pair df Bdinittdnbedleadhdbingriba paf 8/ 26mbination
admi ttance of lohirst @4paEIRr HAAhd a Value SUBBEatiafyiaGi:Pto RACN i Batles-Sdtnbihati ofd flrdt hea ST
bi nation of a hevdgtakesibstmialybaid BXK/AM\GAd & Socodlesaditr having % vaGH sabstdnBalileddab/ d
and a series-ceamanaigon of a third resistor having a value substantially

equal t d® - K/ B/ iledins ad thérsdcohdadinitance Of thé) Secbritigpain ofvadiniti@ncesibach 8dnipfisd dpdralieleainial
to - B*M (d*K) pbinatioh i secant! reaisitr Having svalue substantially dqaa thd/M4b/d dnd a sdries-cbndinition bf
adm tt ances eaelhidossistor baying avalneadubsiintigily shuah@i-K/BM 4h@ a third capaciter having @ waludsub-
resi st or havi ngtaatialdqual tes-\BsMidei): i al | y equal to K*b/d and a capacitor having
a val ue 1ﬁubst authefirst andthp seagudadmitignce pithe thirdiphipof admiktancegsachicpropriseanaralielgembtinatiom c e
of the fourth ptafeurthiresiginhaving gyeiue subsiantially aguealta 5*'%# apd p cepacitephmingavalugsubstany
fifith reswtor“ﬂ%(\?ﬂ A al ue substantlally equal to -K/Cand a fifth

¥ padmy
capaci tor havf %15 thegecopgpdmit %q;wpggﬁme ?jal ‘ " %:;?oah%}?g‘;ﬂueﬁﬁ d

is a positive ﬂg‘ﬁ’
- (d+a+blgl) (lnwhiéﬁis“y au c‘;( 30 and K |s a positive real number.

This filter” ¢Td/F ¢ Pysitivereal g "°"§§s l"%‘l 8" particularly suitable
for use as a section of a del ay aV| b E‘} %he low Q factor of the
conpl ex pol e pair being advant ag@ous‘ (e e15 bdKE + P¥dyickment at i on with one
anplifier. The invention will be desCrd bgtlambid) fully with reference to the

acconpanyi ngq /i \icSifive rédinditbecN: Fig. 1 shows a known bal anced band- pass
filter circul fhidfiitel &heuSiSePaIChady fbBiork ViHlidh is gartRNEMYsuftdbleGdtube 45 PRbRATRS  Sifay lime

expl anat i Orafihg tap¥cthe RATCPlabtSHof ]é mieaaaeslairfueh? Bdvarthdebudivith tha Grisentbntatontwith b
i nvention, dnipfier3 shows a first enbodi nent of a second order bal anced

band- pass fi | Tiefinveitios Willlbe deserbedlinbig fullpwith Yefelenice tv/the bicOmpanyinddrawingSi WhBh: &
second &hbodi Rig.tshoés eckneverctaliaticed bareirpatcriitanvirast ofhthesbepralosief i | t er circuit
accordi ng to Fipe? showssairtuita¥agraiis fpr the exprapation aftheoreatiomat bdlanoéd fitesaircults eccordiig to

al | - pass bal athedédention,t er circuit according to the invention, Fig. 6 shows a
second enbodi Rigrshoss aaflr&@ubmm of @rsecond orderbalansed band-passffiltericisquit g¢cording to the in-

accordi t o vemtom, n- venti on, Fi 7 shows an enbodi nent of a third
or¥ef all-paskEe Haﬂhmc‘?"ldleﬂ‘é‘?d"ﬁq“'f‘lf giseco ?!6?" B?'?ﬂ‘jeq Rang-pass filtay sirpuit W”’NB‘“GB
shows exanpl e'§"96fi°“e ui val ent adm ttances n a baI anced f| | t

¢ ig-2,5hoWp 2 Ambediment of ba' g gsprdn 58

ootk focord % %%ﬁmﬂe@mma{grwv@tﬁ Lt ﬁfﬂwgaf%v@an

Fig. 1 Shows sRX%L %!'n e(;t gr aFI %stbalanroglc?fllglé Ht' atooo(;é) S%§enE|X}P

bal anced amol 5&{& 45 o KLl it Wlhe
I'hg out pu an The

|nvert|ng in I’l |n ert a non-i1nverting outpu

i nputs 5, 6 aﬁf 9%96%1%9 Redaddbrtyde &%ﬁﬁ%@sﬁﬁgﬁﬁénmﬂlr&ﬂ%&o}ﬁgft& thé RtentighPut S
1, 2 of t he fE§ tedhowd d Knbhvit befinEddQlitericcutt e circuit comprises two balanced amplifiers 10, 20 each
having a non-inverting input 5, an inverting input 6, an inverting output 7 and a non-inverting output 8. The
inputs 5, 6 are connected via resistors and/or capacitors to filter inputs 1, 2 of the filter circuit and/or to the
outputs of the same amplifier and/or the outputs of one or more other amplifiers. The outputs 7, 8 of one of
the amplifiers, in this case those of the amplifier 10, are connected to the filter outputs 3, 4. The signal Uin fo
be filtered is supplied in balanced form as +Uin/-Uin at the filter inputs 1, 2. The filtered signal is available in
balanced form as -Uout/+Uout at the filter outputs 3, 4. The configuration of the circuit determines the transfer
function Uout/Uin of the filter. This transfer function can be written as the ratio between a numerator polynomial
N(P) and a denominator polynomial D(P) of the complex frequency P with real coefficients:
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outputs of the sanme anplifier and/or the outputs of one or nore other
anplifiers. The output.s 7, 8 of onegw$sdslsgomypl ifiers, in this case those
of the anplifier 10, are connected to the filter outputs 3, 4. The signal
Unto be filtered is supplied in balanc ormas +Uin-Un at the filter
inputs 1, 2. The filtered signal is v&% g%eﬁ)n bal anced form as

-Uout/+Uout at the filter outputs 3, onf lon of the c
det ermi nes "Ehﬁé'gt'%?féﬂeé#eg’ﬂﬁﬂff“i“?ﬂ'? llj@E é{ﬂte 3line’cnder & the’ thnkfer

t f HEQ@FI%TIEAHI{@I‘H 19 U eh oondo er band-
NES;'Saﬁ u it hqu rsiz:‘l’éﬁ\{lJ If 'j "
coeffi ci entf “°t' 2 pea te er

4y loRlef @R bd Fe811204 Wi

of
{ hetegr ees :f% ﬁ%@ ed t ;b |Ig Sredit
of the tr ano% %FI &td'aﬂlﬂlfrer Qf lift rroﬁll'lbkn ndT ﬂeﬂnﬂs%sﬂﬁﬁsu@pl cun'entconsumptlon
t ransf eré Ungide filerQireu ﬁ'ant bidishiecd wihistaR the %ﬂy @ilter Bt must be
pass filtergg Hltoh Bor S}Wlm HerFsGEanfﬁbvt} b ully, utifZB@forHeTiRYle <plifibR TS Sifgle @watidr CareT S
is equal tondgh optinttR, fétfe: rﬁrlfh&éb@ifd% bahtlWiath] dtul@tionrdnge drildall Eapacity.ITihs filter circuit
general |y hibdiing t9the RednBororathef hds tiRad@intage.thit fo Vonayaibuilu-uploecutsawithis the fitsér canfibuyr-
for the secqios] adh et dfiwhibietomparati/dly targafsighalgican btill Herpaessérowitboul beingdistdried.fin facter
desi gn d&n iheontriastpdth fhi Riebwnifiltdy circuitendf Algluee drdér thére erembw oeiarbplifiroutpts,sychtas, forrex-

i nvent i on benipie,itheselofthermantitier @0 in theicigcuit ofFigud, whichpan fanveyaincontyqlied high signg velieges duec an
be realizedovasbdan@nl y one bal anced anplifier. The single anplifieron the
one hand per niTbestransfenfurictionsofip filtey canipe wetten agonsunpti on 10 of the filter
circuit. On the ot her Ubatnd NP he NGRS BRODUECH(PaI «RRADUGTHE:+ Cdhigh i n t he
known fifter circuits Ynust DR dPEDrPBOPUCTG 10 RRABUSTKBHEDI fiers, can now
be\Lul |y utteteZefsbebdrbted dubof Si{F) Blirdeptigtd nebatvé real Ebro Poifits arglobt oADP) i separammegetin s
be opti M zedalzérd poirft & dldegreesiof the polyaririials N(P) dna D) avé skt fo nN amthill, mépectively, siregiegrea

| oad capaci érw(P)idiequilitd ANBINr@nd hatiof D'(R) B@aahl togDinDr. Alnamben eof the magativerredi gero prints

t he advagpt aigsi(F) Bt D(R)aresdditiergiocobwrioh thetons PG Tiresequatiom{2hcan he refviiftanas: conf i gur -

ation, as a result of which conparatively large signals can still be
processed wi t houty l@er ng di storted N (p)f act 15 in cgntrast with the known
filter circuits o.t_h.rgh ST TS IS T AR Q%ﬂrfrer out puts, such
as, for ex- arrpl@(Pt)hos 8 | T i e/circuit of Fig. 1,

whi ch cam convey uncontrol | ed htgp signal voltages due to resonance. The
transfer function of _afilier can be wit{gon—as~ M(F—)NGDP) (N(P) *

PRODUCT[ err] * PRODUCBRODUETk( 424 ¥PRODUCE) (P+Ok) P) - * PROCDUCT[err] *
PRODUCT[ err] There are separat ed out of N(P) nNr separate negative real

zero poi nts Ye andgggpt cht.s; bfpo rmt.t.rs Wrﬁﬁ‘ltis%ﬁ‘sr Ra iRl dibsies drinhe
degr ees %f e # Lonstructed as admit-
respectivel %n dI h rle?sh%gh‘ﬁ 'Fig: ﬂi i@%ur@-ﬁ@al&ﬂ%@& il cirbliti€show®
equal to ND Rk s |t m'aH eé’ wﬂi@h %&%'aﬁﬁitﬁ&awaﬁ?EthéJMnIﬂvSrm?dSmp& B ahd(ths
and D(P) arg, lidolt® i b bﬂmih;ﬁiﬁ&'tmrvm&ﬁ\fe}tmg diisut P aVB¥HoS noh-dhverfiiy bulpt 8 are
rewitte] asnndotedVialah admittanbs DPEioMRe nshnkartim1butEbrid)thedfverting hbut 8, gspattivelytand f
pohyhoni‘al Syrther Birechii 8 the fiterloitp@8 S bidoKIrebjbativelf For thetireit of Fig \2x(tie)relatiod (3) holddD( P)
are different Farthb deig@esdt tHelnémeratorind the deneminatavdf the adfhitdApesaiNgP) Wil YD(P)itheldp that:
constructed SEidy ¥R(F)es nnwhigh are connected in the nmanner shown in
Fig. 2a. In this Figure, a balanced filter circuit is shown having filter

I nputs 1g 2, V\/m ch are connected via an admttance YN(P) to the
non-invertin t 5 a he | v rting input 6 of a bal anced anplifder 10,
whose invert 'gg??)"cﬂr gg‘a( §’g "Ron-inverting output 8 are 40 cosn)nect ed
via an adm thameeamPéD(tR) tn@-nan inverting Input 5 and the inverting

i nput 6, respgpbhyRatior HBE)4r hkesndirectly to the filter outputs 3 and 4,
respecti®ely. For the circuit of Fig. 2a the relation (3) holds. For the
degrees of It' rat or and the denom nator of the adm ttances YN(P) and
YD(P) it hol & ) %ﬁ{m NN-nNr 45 denom nator YN(P): nDr+nc
(5) numerator d&[? or YD(P): nNr+nc. 50 The actions: 1)
rel ease of a &é) %{d rel ease of a factor P+[err] from
(P) and®55 ultrnthar't he o\"tﬂerﬂr eﬁtoﬁﬂiﬁi@iﬁbdfa@rﬁéd?fheﬁﬁﬁﬂfnétbmﬂmﬁ)l&hd SFFDPhdclebRs
degree of t é‘ra&iéﬁ%i @f{eofhefibttw&ntéjenm%e@eﬁéd inbRheRERE MR rameaisNQiR)s theibg@é

YD(P) decr egfifsdeRéthinator b YMP) Bid 6P RD(P) Held Rilléhtd ordidEloder, in ghheral athirfhuramumberepe@etmeo
until the degree of the nunmerator mnus the degree
5




ofi t he idenom nator of YN(P) and of YD(P) has fallen to one or lower, in
general a mi ni num nunber of’ common §P°421F£°Q1 421 530 Bl factors P+[err]
being taken up in order that the conplexity of the resulting fllter circuit

t - Th |t f f ti
NP/ D(P) ”fcess%‘#w%cseasgkew e e Ry o ferooopfie Brnt T ppdsaty

are quotlen'§ L n iShal’ €
i fforont an dTﬁ’ereRﬂ sya'IE §rfz‘z’}4 rJ( e —Wﬁlf e‘ﬁ l‘f) mechg%orval(P)a%%(%)e@z‘r%,e 3 Che
numer at of |s ata" Q,eth rédl axdshe denomi nator. YN P) and
YD P) can W be wrltten rea I ng |nto partla fractions as: YN(P),

YD(Py = a + b “. the db, &Mﬁ(ﬂum.&em L¢/nst Highbr than thedegréfofithd dhbnfiditad, b, [err]
and‘-Ferr] mp)réaahm@Fl nln8W bé writlen Bysradkin nmpihﬂfﬁaeromas is the conduction of a
resi stor havi ng a val ue 1/m(p)]'hn(p; erdw pé P+ isomMi(he Agel Bl agre of a capaC| tor

having asvg, V:ﬁ‘ s, b, A\Bnd B leglra'hl B i?aﬁbe Ei'ﬁé’@aﬂﬁé"i@ﬁ:% du&ioﬁﬁ‘fra RA'{:E\? el
of a resi st P%t}( BrTh %P&KRP
Negative v fHQe?:e& nﬁnmath)n {ra‘ﬁfeqm} EJrﬂa'irﬁutg atil lues

Q

rel evant adgiaty £hd AL are dRSoumttd Wl:rds&l up§hg of tRE |tta hédsld3 %ﬁcﬁvﬁﬁ?ﬂw Sbdand 2c. In
cor r espondi fiébePRjines, M&n&nﬁ@p@ﬁﬁ&eﬁﬂﬁh@&?&n&lﬁm{eﬂﬁs #Fid. Da. Figllb infitateShdiv a 2

i ndi cat €5 hgiwofadmitiaficed ir1 RArSkd-doaplectsetwédn th filkdr Mpts T, 2HAH Bd ind&ts BiBVNthb BMpified mer
i nputs 1, 2Zoreradmittasceionthelpair df adrfittantest i$connstield ibbtwedn thdfitteIRput Adnd thé MetingGiput éhe
pai r of adnandtienthesadmittacmiisvesrecttd kediasn the fittdr inpiti2lahdthe hanpnvertidg iaputls. i Flg. 2¢, one

I nverting iavpittandd ofithel pditnf admittences¥d i cotrectedbetweecs theinvertimgbutpet 7and the irnlverting ihput r
i nput 2 _andb ariddhenasiver pemitéance is gorineqtes beBveen the Forginveiting owlput 8 athihe nerdivverting inpitS.
pair of %\ driflg. 2dshows a halanced ampliifies whicklis providadent only aith ¢roasropyplings with paire of Admiftancesh e
i nverting iYiArd Y6 agfndicatertin bip @b angfe; but in plecprovided i theceanpet indise YN(fyand YD(P)
non- i nvert i RGOS pairs obadmitiapces ¥ and Yy resrertigly-iFaffhe trapsferfanction of the sipult pfdis 24,
bal anced antp™® Fandvow bewiitieR: | s provi ded not only vm th cross-couplings with

pairs ofisadni ttances Y1 and Y4 Yol ¥ e.a g 2b and 2c, but is

al so provided in the manner i nd¥®at P)Y4 hd YD(P) in Fig. 2a with
pairs of -actrskiveiermeis thepaystien (sasogethem@pamoesmp)qrmpz wahgmtweﬂqnmrewed)f

t he ci rcui tinthe agmitiancesf2(R) ep ¥Ran now be WI’I tten: err]

Posi ti vet er ns With q‘%“’%ﬁlﬂé‘l"f%‘ﬁmf'@t ‘EW‘?W'H&""’&W%%HQ!@S‘S'W 'a“°°d

or Y3(P) 0 V\/rﬁ"fpgﬂ “H’ trapler Sunc ? '(tﬂg’d

Wth refer L?E lfm@ 3 am‘f"ﬂ?t ‘5\"" oL Pa'f" °é’Fp" 8fts
(N [err] 2)t P "l&'a °"In
{hets'exa u:tbe%?ﬁ‘% s %"'%;2@ Rl &
fication fac nord ha a at?p or vt enuatlon from

the I npd % co;‘@g;,dgw;sg%oesdwgmal of t he fllter Ci rcwt I s obtained.

This facto e sinply attained In that either the adnmittances Y1 and
Y2 or the aggihisfrfifstorderads: Y4 are nultiplied by a factor M This neans
~that of the relevant adm tygaceyhips val ues pafwdigsi stors nust be divi ded by
M and the values of capaci WS WD) bﬁawpmvmmoaq/v&)ywyl @5 Exanple 1:

sohd or del‘henrefﬁ B A fifreSdnkriel ¢ ueJc@%nJ 6@@?#@91%5 fof Wifléh .El?@ésrfdrgid that QoLeM I .

There| n, oles are A84IVE! 9&&5&% YI|H 9%
it is ass\tflr?ed tahat e?r > o goP§i arg ad |t|veﬁy conpl ex. For YN( P)

and YD(P), the commn factor (p+a |‘6;r'o'ﬁ_ed [err] In which: 50 M

= W*W/lse BB =1 A [err] < . A is negative, for in:
[err] is 6  EP O 421 530 MB() ’;% “’E‘f‘ﬁ”"‘""aﬂ"’ (@B)

= AA + BB-P+A*PI(P+a) (9C)

in which:
506 AA =Wo*Wol/a
BB =1
A = -g+Wo/Qo-Wo*Wo/a < 0

The coefficient A is negative, for in:



YN(P) is a positive admttance of an RC series-conbination in the position
of Y2 in the circuit of Fig. 2d. YDgpyssq86Bpts of the positive admttances
AA and BB*P, which nust be arranged in the position Y4. In this exanple, 5
there I's no admttance Y1, i.e. Yl(P) 0. The result is shown In the
filter circuit of Fig. 3, in whi c%—?c !Yi’esp.mllué <parts have the sarre
reference nunerals as in Fig. 2. e alnittancéS of the second

admi t t ancesYN(®) isg @s@wmmmeﬁn s&'°§‘é‘?'!“€'§"‘t!‘c¥h‘ﬁ???3 '?’tﬂﬁy%'f' “ﬁ

a capaci j orcogsists of the sesitiye aqmitganeas '5 "t is °xamp'e'
par al | el% cohere 8 aeadgyitanse Y1, .ﬁe‘gﬁ@t‘B %ﬂ

fourth pai rpasfh%i'ametsamwr?eeeee ﬁs fe ?sa

Cg? a
Ea?itlclb\t (irS n %/:dﬂ;s_%o"l:b?%%q‘a 9 dam%'g rRza ac g| ven dg'j:tal e

factor ig ca acl or va ues are ‘J& Vi ded by t he sanme
scal e fact 061- i}ﬂgtlent YN( P)/YD( P) consequently does not change In the

transfer f t/Un of the filter circuit The value of a can be
freely chos e choice a = W now yields substitution in the equation
(9A) and 20R3££]m [err] 25 The third termof YD(P) in the equation (10B)
can be seencgs.pgidhie sum of a positive admttance and of a negative

admi t t ance, AlRadidior GaNRS imay betauitiplieddy 8 givénasalciaciviifiatihe samedifne all capasiter valyes aredivided
capaci tor. bythdssthe séale facton/ifie liotienmtYINGIYD(RI icorgequantly Slodsarptcharige Insthertsanstef iundtipn: e
nunmer al s asUeutiUiniofthe flifer tiledit. r esul ting filter circuit is shown. The

admi ttances YaZhe vaBieafakalvte {sfelyichepen. THe choise 8 5 Woaaw ields qubstiuen in the equation (9A) and
seri es- @nb@erti on of a resistor 30 R11 and a capacitorCll, to a
paikgl | el - conbi nati on of a resi stem( J=2,Vl’26.ca.'ba.c | f108) C12 and a

seri es-conbi nati on of a resistor aPé¥facitor C13 and to a
series-conbination of are 0L Gy ac | tRor re- spectively.
Af ter m,gstl plication of al Ishf(ﬁém gﬁ;ﬁ/g%s by W)PRV‘%?ng with the assunption
that C = 1/ thd4rifterh bfYO(P) inltiseiGustion (108) Can\ba babh as thé suinvba positivestinittanca arall of a negative
capaci t or s gdmitkdiee, bach tétisistinglofaiseriesadombination &f alrbsfstor addlalcapdeiidt = QO*R 35 Cl1 =
Cl3 = C Qo F. 4 inMnich eorrespondiipparts Halexhd e refddencs slneralsias (g Fig. &lhmsmmgﬁmﬁfm&r
circuit is mshdwabThe atinittances2) 38 em Y of Eigi 200w cariespgnditotther sgtiestepmbination el a resistor
Exanpl e $3: RtianddcapadienCihld a paraliel-combiination of ai@sistoriR 12, ajcpnagiior G12e8 w"esfqe@b' P@zs
are unequal ofaresistdr 81bandtaivepaciton 613 and tq eeerieszopmbinatip ef ayrpsistns Ri4 and g capaciion

t hen be wri sneetivelpdfter multiplication of all resistor values by WosR and with th ag t‘?"ﬁh% fé%Wg;RythI-
50 On behal fowsfor the yaluep ofiihepistars ardgaraeitoraf e filles giroyef “this case no
addi ti onal BHRI® TRors are required. This otherw se aI so hol ds al ways
for all ﬂ§as§11t'r%1r‘?s’f°é?°funct|ons with real poles of any order. Wen choosing
for YN(P) = 33"5)(P- b) (P+ a (P + b) and for YD(P) = 1, after fraction
splitting tﬁ )s obtained: YN(P) =1 + A* P/(P + a) + B* P/I(P + b)
(12A) YD(P) (12B) 7 EP O 421 530 Bl in which A = 2*(a+b)/(a-b)> 0

and B = -Z*géetbﬁ/&oa b)< O

s This filter circuit is suitable for resonance circuits having not too high a Qo.

Example 2: second order all-pass filter.

45 In a first version, the poles are unequal and lie on the negative real axis. The transfer function can then be
written as:
Uout _ YNP) _ P-a)P-b) (1)
Uin YD(P) P+a)P+b)

in which a > b.
50 On behalf of fraction splitting of YN(P) and YD(P), in this case no additional common factors are required. This

otherwise also holds always for aI!-pass transfer functions with real poles of any order.

When choosing for
P-a)P-b)

P+a)P+b)

and for YD(P) = 1, after fraction splitting there is obtained:
YN(PP) = 1+A+P(P+a)+B»P/P +b) (12A)

YD(P) = 1 (12B)
7

YN(P) =



YN(P) consists of the sumof a positive adnittance and a negative
adm ttance so that the admttances pplogq@so®1in the circuit of Fig. 2d now
bot h have a val ue unequal to zero. YD(P) consists only of a positive
adm ttance so that the admttance Y4 is now absent in the circuit and only
the admittdh¥¥MN3 is present. Fig. 5 §h gsultl ng fliter circuit.
Correspondi ng parts have the sane refer rals as in Fig. 4. The
admittance and 10 is now a parallel - corrbl natlon of a resistor R21 and a
series-conbination of a resistor 2 @tEI¥@ETYor 21. The admittance Y2
i S a serl| esyNjPytbhsisdof tha subf of a pasitise simfitanda28d anegative edmittence sothalthoadmiithnedsd 1 and
adni-t t ance Y¢in thecirouitdf Bih.s2d 0bw lzoti hews axvatye uriRAupl tojzero.YEYR) oensists privief @ positlye admiftanas B)
that/ R21 =soffftitheadmiffidige Y4 iSAk@r absenf inthe Sircuitand osly the admittange Y3ip presents Fig.| 5 sBowsdhg,
the resi st oesultiag itssciravitiCareeprondinanarts bave the same refprance aumerals asdn g, 4; The pdipjttance Y1
Exanpl e 4. i#mveaPg@&ﬂbﬂ@"%ﬂ@l%ﬁ%ﬁ”&%@ééﬁﬂ'eﬁmna%“ld ’f‘?ﬁg "Pﬂg ?61 es
are conpl exTheggpittance Y2 is a geries-gombingtion of a resisior R23 gyd a.ca ang the pdmj 3 con-
P* P+P* W/ Queiafipef pgpsistorRdpl foiqys fiom (IGM R (@B Pk ] 1/2. For YN(P) and YD(P), a
conmon fact'?)?“('?ﬂﬁcr1 |s introduced. Partial fraction splitting then vyields:
YN( P) —(P V‘b/Qo+W) W)/ (P + c) wWw/c +P +A P/ (P + ¢)

(14A) YDGP)

Eﬁ oo gl S ettt o
The factors Aan 5 bve*mrwélwgl hosen freely. For c =
W and with R*C—l/V‘b th p;rsﬁafm% @ n€@ in which

correspondl n \gave the sane reference nunerals as in Fig. 5. Both
YN(P i that all
(P) arft Q%?f %‘VX WJ éa%@ P F(gl’ci’:s%%dw& Ai&.%myﬂmii {gﬁd\ﬁ&ﬁe‘%@ at a

adihjt t ances ave a val ue
unequal to zero. The admttance. W’i Walc @ PRI Spi{rey natlon of a resistor
R31 and a capacitor C31. The admtta -conbi nation of a
first segies-conbination of PE |(P B%;%ﬂ’ or C32, and a
second series-conbi nati on of a C|tor C33. The adm t-

tance Y3 i sinebisiposed of a paral I el - conbl nation of a re5| stor R34, a
capacitor C34 and the series-conBifatr Wa¥Qer W *MWol5<® or R35 and a capacitor
C35. The admittance Y4 is a serlesfcemomht W Wdlce0r esi stor R36 and a ca-

paci tor @36y, %%&ﬁ &m bééheseﬁ 38! FErRRU dh@¥ith ek =NAWE] the biRak
R31 =R34=R ?‘Eﬁk %d hich ﬁg same refefonbe riumarals abiA Figs. B6th MNEP3 .
= C36 = (P) ! sﬁdn%nbe% ssfheﬁaﬁ Bdrhiftanoés YAOVEA Y3 érid Yi/ofthe
(equal rea' cifdt & Fig! 24 hﬁm Jafuﬁﬂﬂqﬁﬁ'ltozﬁt%ﬂhb@ﬂﬁnttaﬁohﬂ & @ phrailedombination afcrest8@ RaNd
the capacit gigsa itet031. GRS adhiittanCeIViDik apéralRedimbinkiin of atiret sarksicorisimation of 3 resistor
t hen be ¥epRgrdd abapaboAC2Eind @ Secofdushdsainbitationndf a fesistesiRadtand a sapacitor G334 The admiji: .
50 Exanpl etarée Y3 dofipsebdicta parbllel-gaaimatioh bitacesistof R84, & capacitbr}34 ud the sedes-qombination t
= YN(P) = (&PaesstdrRB dnd@-capacifo 635. THe admittance Y4 is a series-combination of a regjptar R36am §ga-
( P* P+a* P+b) pdcftor €B6.\Fitt the \ajuedof the resistord and capaciosibbelds thikat t he transferfunction
has a conpl BX PR¥egRi r so that aea < 4*b. On behal f of partial fraction
SphiA ti n‘é Cole=@me at or and the denom nator of the righthand termin the
equation (1B}22R¥BxRMi ded by (P c). 8 EP 0 421 530 Bl Further, the
common fact 62 ?ﬂﬁtf)?‘Ps introduced, where d > 0, and d is unequal to c. As a
resul t, YN(EZ3aﬁ%P’V‘ERQ') can be witten as: YN(P) = (P* P-a *P+b) (P-c)

45

RsC = 1/Wo
If further Qo is chosen to be equal to 1/2 (equal real poles in the transfer function), the resistors R32 and R33

and the capacitors C32 and C33 are equal to eachother. The admittance Y2 can then bereplaced by one senes-
combination of a resistor and a capacitor.

% Example 3: third order all-pass filter.
The transfer function is:
Uout _ YNP) _ P*P— asP+b)s(P-0) {15)
55 Un YDP) @P+*P+asP+b)sP+0)

with a, b, ¢ > 0.
It is assumed that the transfer function has a complex polepair so that: a*a < 4+b. On behalf of partial fraction

splitting, the numerator and the denominator of the righthand term in the equation (15) are divided by (P+c).
8



(P +c) *(P +d) 5 _ = b/ d. P+A* P/ ( P+c) +B* P/ ( P+d)
(16A) YD(P) = P P P+asP+b ‘= bl d+P+E5kffsdk1 (16B) P+d in which 10
A:2*(c*c+a*c+b)l(d-'c)B— (d+a+b|d) (d c)I(dc)C—

- (d-ai b/ d) S a* mmoné}ac%i' %ng)hegtroduoedn V\e/{ed(!l_%ﬁ and ?stel{?le%cl tog As% d‘&te ré. \Nﬂﬂ a&

A > 0 and comnmpohen es-=1's

t her eby and emen ‘ation thereofs iss ingl q dgin the filter circuit
of Fig. 7, in Whl ch corr espondi XY@ ar W ref-erence nuneral s as
In Fig. 8. The admittances ¥ . p2p +¥ BI{#EC: of qup, 4Gy ¢@apre conposed
asfollows: Yl is a parallel co'gbbnatlo of a capacitorC41l and a
series-conbi nati on of a W@ﬁﬁf—-ﬁ{—é—a&d'abld:@ael*t%?+@42(16m2 is a

par‘a-VI el -conbi nati on of a resistor R42 and a series-conbination of a

resi stor RABWARY a capaci tor C43; Yé | sa par al I- onbi nati on of a resistor
R44 and 1a capacitor C44; Y4 20 A= 2421 T ER*ES tion of a resi stor R45

and a capaci tor C45. For the V8.|3.I€S'@f"’at"ﬁlid)l‘@51‘@4@)f<$ and capacitors,
hol ds t hat: 1 =1R41 =1/AC42 = g-aFYd) = bid R43 = -B C43:-B|

R44 = b/ d Cé‘ <§Q> cRirrowd fx o %?n tﬁ'nﬂgn é{iubea%dgf«} % & §=

capacitors édﬂnt ,,l‘,’gﬁ){ 18méntatioidh riclfou

The filt®r gj& irh ralé%i%?%rm % lﬁ%d 1, ¥8 aRJ‘
b a s I

vohidh
having a baﬂd)ﬂ-‘ Tﬁ}éaarﬁlﬁp fatioh bf a\MHabitdr & nd’as%e%ncomﬂﬁ'atlon
delay d = ldreZeslior ke amgaap 2:{Y2 id d Haralidl-BBinblinatich of #7esiRERIB 8RY d d4ResTBMBIhdRiSn 3
of a signal of%m{o?mﬁhﬂﬁﬁéﬂa&&m Y4/i6l4 parhlleMdoinbination 512 résibr RAWAna @ capabiNC: ¢4 h
b. As appeais & sérles ganibihatidniofiaifeistor R45 @ndbiabacitst0as. Forffle vallds of ¥id réuittbraind ¥abatildis, be
- of fairly ciowgstiat ed nature. Wth increasing order of the filter circuit

it \my be acChWtat ageous to replace one or nore of the admittances Y1, Y2,

Y3, Y4 by amdtegAval ent RC | addertype network having an adm ttance YK (K =
1, 2,3 ord4)C42xAé ndicated in Fig. 8. The circuits shown in Figs. 8a, 8b, 8¢
and 8d ean B2=bdpresent with suitably chosen el enent values 40 the sane
admi ttance RR=-1Be construction of Fig. 8a Is known as the Foster type,

that of Fi g‘a‘r3€§B’8b and 8c as the Cauer or |adder type, while Fig. 8d shows
a nmixed forf*=A¥ RC 1ine can be approxi mately represented as an RC | adder,
as shown i |_g 9. Conversely, the ad- mttance of an RC | adder can be
appr oxi ré&t € 'gg | mpl enment ed by neans of an RC |ine. Therefore it is pos-

bl 2
o101 e L0 b f?nx}?iaﬁhg Y808 el ;mYm.Yéa E’,L"."n
b &BH

frequenci esdse ? ifHidh B'Pé T'P.S’ & /(2 ﬁ*@heﬁ .E.

net wor k%f %F a'sifal Ea?@i%d Q&\Sru S Al hdink b£rﬁ§:ld§1tb0r S a

capacitors, apgapgpbsPfrith e Fig r@s th emitmesrw 93] YB andiiv4 #nametoeﬂm&eorﬁm&téalnmer
circuits OfwiH”iﬁcréhGiﬂ@dfdwms iR SiFciuk D fdy bd riaB&ou@&ﬁ@ﬂéc% riots-of &% -admBancadY
l'i near trangf, ez, v8,¥a6§ dndquitlentRO addertfie netwbrk havinig @f &dniktaficd Y (16= 112/ 3004), s haiced US
to that dess Fighaeuine ditcuits Showin A3 08a18b) 8Sant 8d cidilalk FepteBent WithSuikBiyichdsanélétentihiues 2,
Y3, and Yg othe sdn agmittaxical.(The tanstrutionEiFiy. 8afis Known asdih Fobter tgbenthatof figuréshebl and 8ed
fi ber ci I C Lastthd Gaveragladder fybd) whiledriy: 8d shned emikedfarti on HNf r om a bal anced

| nput si gnal t AmRG4ihesap belagpfoximately repnespated asi ag R laddet ascihown in Rigi 9) Conyessely, shegpdr

t han or equnittanceofiapBC lad i boiappyoximated ahd implemgniel! by meansefizh RG line.dherpfateit is mf
suppl yi ng t4ihle th impiamenithe ¢f admitipneps Y1, Y3 YBianpdY4 fallyor iy pardasfiicilings, whish m

for deriai ngntagpouspspesiatk b‘&'! frratengies; Qtner equivalnat networs. ssfaqaaneea-femlyldis'rﬂ

havi ng an |W?9'§F1"fwag; otllay d‘“&mﬂﬂﬂﬁd’%?fd iy d }?fblel n out- S
EP 0 421 53 ddﬂtg
o1 fun a n ranalogo s fo that in § e -
0, and d Isbzglmen rmlnllceuthtﬂgiI ta?:ée’ fY2 Wj: he geeneral fllte‘:' circuit of Fig. 2d. o e m
50
Claims

1. Abalanced filter circuit having an Nth order transfer function Hy from a balanced input signal to a balanced
55 output signal, N being an integer larger than or equal to two, comprising:
- afirst and a second filter input for supplying the balanced input signal;
- afirst and a second filter output for deriving the balanced output signal;
- only one balanced amplifier having an inverting input and a non-inverting input and an inverting out-



YD(P) can be witten as: [err] Since a*a <4*b, C< 0. If now IJ |
be l'arger than ¢, A > 0 and B < 0. FROL13WR) the conponent 'u “j"“lﬂﬂﬁlﬂl!'h!l'
admittances is detern ned thereby and the inplenentation thereof is

i ndi cat ed i Rurthiee thsicbi@on faétorqBHd) isartroficad, where idr> 0phandxdis aibiquat BYIOASHA RGUID¥NEPFand
have the sawp(P)edndeawittenasunerals as i'n Fig. 6. The adnittances Y1, Y2, Y3

and Y4 of Fig. 2d are conposed J_I(DV\B ~a¥P Hby=@-nr al | el - conbi natlon of

a capacitor C41 and a series-co atlon ®fcer Pedl stor R41 and a capacitor
C42; Y2 s a parall el -conbi n%tt-lb&?%TAaPK%SPEt%rP’K&l?d)an(ée‘ﬁ

seri es-conbi nation of ar St @+ FR4as DB apa t is a
par g’TI el - conbi nati on of aﬁ%’i@m storP ¥4 and%’g Eagdac'tg‘)’{la'P C&P\é Y4 is a

series-conbjRafhon of a resistor R4S and a capacitor C45. For t he vaI ues. of
t he reS|stors and capacitors, it Atqlfis(ct.lgata,.wb,ml Jél = 1/A A2 = Nc 26
R42 = b/¥Y R43 =-1/B ¢43 = -B/d R4_‘$) Cﬁ ,éo R45 = -1/C 45 =-dd
The val ues of the resistors and apaé ToF B! ]n““’ﬁt Base may al so be scal ed
again as indicated in Exanple 1. The @Fl t@radib/duit of Fig. 7 may be used,
for exanpl egingbasa <deb, &Y< 6.9Gloiv @ dhasen ibearbétMhinicOA 310 Bnd & < 8Gle BigiléttiRycomponent
seconds, i NadifiiftshoesIs SbtermihéPtherdbyandimb Ryplethertatioh (&) s inGicdtdaantne MiteRirciitof EIBSY, in
tinme intr V rhicthéiréaspemdirig\part Sisevi the sanidrefe@hcenumegls as in Fyf [Theladnitemced MY, ¥3 and
Nyqui st W t 4 @iFigh2d asercompoaed as ¢pllawsbdirichpaciidl-céimbindtionafq@pacitior Cr Dand b eties-tapbination

t he admi t t antaaesisii Rétvahd a¥apanitodC42; Y21d a paxslielrombihatiomofralresistoo R4 dnd a serigls-canibination
Wt h i ncr easfiarepistor iRd3 anglfa caprgitdr CH#3; &B is@ipamilel-tonbinaticn\pf dresistonRin Brd peeaparitor©44; Y4
repl ace gneis@rsenastcombifiatiorhef asesistor R4band 8 capacitoQ45. Fe@ the Yajudspf theresisiors aad Gapacit®e
Iadggiertype beldeshat havi ng an admittance YK (K =1, 2,3 or4), as indicated

.in Frg. 8. %‘e-tl rcuits shown in Figs. 8a, 8b, 8c: and 8d can all represent
W|th sui t abR§1 THBsen el enent values 40 the same admittance YK The

const ruct i off*%T A/Ei g. 8a is known as the Foster type, that. of Figures 8b and

8c as thws _=r_b’r | adder type, while Fig. 8d shows a mxed form An RC

| i ne can be _Tg)'r1 i mately represented-as an RC | adder, as shown in Fig. 9.
Conversel vy, e ad- mttance of an RC | adder can be approximated and

I mpl enent ed f{eans of an RC line. Therefore, it is pos- sible to

i mpl ement t R pajd s of admittances Y1, Y2, Y3 and Y4 fully or in part as RC
lines, wWhic gm;b,i)e ad- 45 vant ageous especially with high frequencies.

Qther equi Ve Rlued 6 i¥FEdistors SidChpa@iford R BistBéd mdy Hsh bdl blel b £GhdRatel RIEMRhS1.

as the casethgfeltclitds BiQ. Tha)Bb LD, ¥ ekdinpieC 84 Sty SecbfHalihg & BeaWitith B/HE andd Glay

al S0 possi bl SecorkddBn WAMIEEM =AR. THe dBI8Y d & 1AB+b)acknbreqlidl® the Iﬁrﬁﬁﬁte:%l IbEtWedrStwd barkpd
enbodi nept Soﬁes@aéllshﬁaewctdm.ﬁgnenmﬁmmb Blarfdi nguiiigaSbandwadth BNY | i near transfer
function of amgapgedfromltiie Figurep,aReddmit@nde8 Y YZEVBHad/odana 6O bfaillyoinplizhted nature.
descri bed i with neregsing oidaclof ieitiiter diruititanag beradvanthdeeuscial répkateane esmofd of th@admittinasad
Y4 of the gendeMs3, Y4bykaesquivalent BC taddef type rptwoBchaviidan@Hraittaree Yx (KA 2, Surd}; e indicated

ci rcui t havi inFign8.Nhércreaissrshovais Figs. Baj 8l i8¢ emd Sddbn aimerdoeseatwitie shitabhpehbsen glembrit values
bal ." F1C ey 55the same adontanes: Yics ThivadstrudtionefFisg 8asim kiiowh etse Féstar hee. thahofFigyres 8ljansll 8ct 0
t corrprleqtthaueerlafdﬂ?fwe-aﬁhde Eig- S showe afrided form.j nput f or supgd%/) g the

bal anced | nputAn&Cdinepan be agproximalely reprgsegted ag #nikC Ff’qet? @as showp j5ifig nyesselyythe ad-
the bal ancefitigrregian R lagdar can be approximgipd.a '19 plamasty Q)HEF ?’ FRFIBM refose. '”SP°S'
inverting i¥# ﬁP"&PIEf“eA‘t Ha“isﬁ P ?r %?ﬂvéﬁ‘" t‘” hmayﬁ fd-
coupl ed #0 Y @1;? e‘f’ﬁ"Y ifhyh eéeq’fd y ' f’
the second P4t ";ayb i rébi pac' ?ﬁ th

fourth pal r.(_)f o ion Pr é‘égf l§ %ﬁ'\gﬁ? w' e}i mt eem-
adni ttance Qodmf’né eteﬁ b adrﬁ}{taln%ﬁ{ﬁv 2295 G Vi g gdrd

first filte e nverting' 1'np u secon nce belng
connect €4 bet Ween the second filter i nput and the non- 5 i nverting

i nput, the §jasd admittance of the second pair of admttances being
connect ed bet ween the first filter input and the non-inverting input and
the second fdMA Balan&aidGikclBhaving hNGR Gk PAIEIBRLSA 15, FSMEBlshchd ihdubNignbitd¥ Halardad
- the inverting duibignal N Being dndtegdFlirbdritah 6eqdl tdth6, chfprisilg:pai r of admi ttances
bei ng connect ed - halrstamia debend ifitae @pltifor Gupplying the balivided ilgut signak | nvert i ng I nput
and the second adifirétbadsdcdnd ifillg oGtpud foe ddrividlg ihe balanced output signal;

- only one balanced amplifier having an inverting input and a non-inverting input and an inverting out-



tween the non-inverting out put and the inverting input antﬂl muﬂle uIJIIH“I
adm ttance of the fourth pair of adepgl41530B1 Nittances be :
bet ween the inverting out put and the Inverting input and tHhe Second" adni t'-

b d
ner T ver (g 1 R g" g el e

charact eri zed gty ibsElalrof Jd&Hfaﬁm ﬂéng%oﬁﬁ Erod htviddohl N6 fillst fBAARAE and the
fu .nCt ion havi rfger{ nd admrttance being connected between the second filter |[||ﬁi iﬂd the'hon- -
E[ﬁi( th "fi%ﬂé&ﬁﬁ&)‘oe e second palf SrABMIERed Befg déh6atad béieen the firk0
=Qf act or amﬁl put ahd the ndrinverting puR &Y the deGontl adittdnoe b corBdledbetwaen thé sesbndand
the -second ad RiltdrliipAGRAd e ifvbringSRKUD ©é fipsadmitincedd Eettiiind paiesf admittincestisiny conbedted
sekes- com  bibaebrite iertidg éutputdnd Ee Rorsiting Mput Be the seednd edmittzined baing cathégjed beru al
to K*Qo/ W/ M aagbn thefrioii-mivertirgpaipitiand thia imvertiigSnput and the first admjttamce/efithecfourth pair of ad-

subst anté al | y nateaneds bbing édnhibfed Qativednite inverting eutiut ansk thesipvdrting inp @edsthel sesond admiimc e
of the third pecs bebig mmqmmstheMm@cmwtmaru thenoprinvestingdnpdt  bi nat i on of

d h b | |
Capacitor o A tearesd ik é%:@ﬁfrf%dﬁt‘ anay“t"@%ﬁsf‘m‘??f*%%e‘f'm ko

second adni t t 4RB¥e B‘F‘“PH@ ng e @8ai r of gces each conprise a
series-ddm 30 bi nat i onHaf= 3 ohaving a val ue
substanti al | Y, to -K/ (-a+W/ Qo- ) and a third capacitor having a

&

val ue substant %H%y frgq a+W)/Qo W*W)/ (a*K), a and K being
positive real nbe.r son % egnced filter circuit as claimed in Gaiml,
char acterl zed don t had fat,th,eanﬁb Lsz circuit has a second order 35

transfer functy on r@éhl.p[mbaﬁ&maomape [err] in which P = conpl ex
fre.quency, W and = resonance frequency, = Qfactor and Q > 1/2, M

= anpl i ficati on- te¢ksbénd tisasdcond hdntittdnte of the aexedind falr osimittantesehth cangriseca sefiestchm-
second pai rof adbinktion bitafisst saistor havimgarvialge substantiglyrequabto KeQo/Wi/Mand 4 first cagfaciter favr st
resi st orgs havi ng #ngaxhivesubstipdiallyrequabtio MyWeRaae*Kko Qo*R/ M and a first capaC| t of
havi ng a val ue s thedirshand the $egond@dmittartce ofitheCthigtpair of admittangep sach serpprisyepasaliehsagy-
admi ttance of t hinatien pfh speend registorhaingavalu aubstantieliy °@BH?)'F1"§\Q’°TV\’%3'IS’§P3%‘"@F h¥om

bi nati on of a sedyadauesbgentipllyiega iadK val ue substant | aI I ual to.R a

second capaci t or thefigst aeg the sesend @dmitipnce afrttq foy 1“'t p"se 8 series-cor-
aseri es-seonbi nat iPAtion e e thirdfesistorhaxinga vglue substa '(' WP'“C’\?) Ayd afird
equal to Q*R anGaP&"@hf’ﬁ"ng Spbsiantialy equaljo é’a 8 'ially equal to

C Qo; - the f j&-20f Kbeipa pasitiveseal BYPESy i ¢ t ance of the fourth pair of

admi ttanc es:? e a0 hIsn AR tbrfoul as ShilEcFin SRR 1, th?@&drﬂa iPthat@ne fiker dirblitth@64 Sdc6id order
havi ng a_val Uq L Fhiidn ingthe ket O R'2 and a fourth capacitor having a

val ue sibstantially equal to 2* R and (g bpk@gieonstants to be chosen, for
which it holds that 55 H2 P « P + P » Wo/Qo + Wo + Wo R* C=
1/W. 4. A balipemed filter circuit as clained in Claim1, characterized In
that the filter cir<eonfplekfraquencgecond order transfer function having the
shape 19 Béo 0 42rbsdndite Béqyemayr | in which P = conpl ex frequency,
5 W a, b, Qo =Qffaglor and@o >r1&a|l nunber and a > b, M

anpl i fication Mact of amplifieptionfegias, fj r st and t he second admittance of t he

first pair of Qﬂdmttances each conprise a %ra,lletl com
- the first and the second admittance of the second pair of admitfances each comprise the series-com-

bination of a first resistor having a value substantially equal to Qo*R/M and a first capacitor having
a value substantially equal to M*C/Qo;

- the first and the second admittance of the third pair of admittances each comprise the parallel-com-
bination of a second resistor having a value substantially equal to R, a second capacitor having a
value substantially equal to C and a series-combination of a third resistor having a value substantially
equal to Qo*R and a third capacitor having a value substantially equal to C/Qo;

- the first and the second admittance of the fourth pair of admittances each comprise a series-com-
bination of a fourth resistor having a value substantially equal to R/2 and a fourth capacitor having
a value substantially equal to 2+C;

R and C being constants to be chosen, for which it holds that:
R=*C = 1/Wo.

45

4. A balanced filter circuit as claimed in Claim 1, characterized in that the filter circuit has a second order
transfer function having the shape:

10



bination of a first resistor having a value substantially eq
a series-conbination of a 10 EP 0 3AG3981 I esi st or havi ngH“l“Llﬂllmm Imﬁl ||I|
substantially equal to K/ M (a-b)/(2*(a+b)) and a first capacifor® hdvifl
val ue substantially equal to 2*I\/(a+b)/(ma )_)b' - the first and the
second adnittance of the second pai rHdF T@%ﬂ;’& each conprise a
series-com bingtdon of a third resistor having a value substantially equal
to that of a sFecond I £omdlbLfre ,a second capacitor having a val ue
substantj al | y geglual  t-Dpghithtredd hund .ehn&hszﬁg capacitor, 15 - the first
and the secondgadm t tagsphficafiontréter,t hi rd pair of adm'ttances each conprise a
fourth resist@dhaving a value substantially equal to that of the first
res¥stor, K bei nehedirgd ami thé secordadinittanceioftthe first paifotzeimittancesledch kongpriseca paraliplicoms
clai med i n C ai mbibation loba tivstiresistar babing 3 valnesubstiandiallyi equak fo KiM and @ serigracombingtion of&]
order trnansfer f semhdresistirhavingg valiesubstanfially eq@@ to K/Ms(a-b)/(2+(a+b)) and afirst capacitor having
[err] in which Pavalue substantialiylequal tb 2eM{erth)(<ras(a/); = resonance frequency, 25
Q = Q f act otheirsiianddhe seeqnil admittance\f the second pajr sl admittanges each Fomprisa-a seriggrom-
the first and t h&inaispefadhismeisior hevinga vajue sypatantialysnu 'afhat%!seaenﬁ'?%ﬁifegse‘a%
conprise a par al [cenaciophgvinga P’PA‘ieisB?Ft’BF"'&e‘i"F'rt%iha%@F inst£APaitRs; val ue
prise a resistor
g

substant®al |y etydfigfirgtan °?1K

val ue substantial F‘S;"gédﬁ'ﬂ?s‘{bﬁmwgneq":f% |'P§F;[‘5?ﬁ'at°m°' ARSRive 1A M8 ce of
the second gaipfhcadfilbrichdi e aiﬁé’ociﬂ CRIM™ chebutetzddd tﬁ&t'tﬂﬂt(i%ithh@@&dc&ﬁ oRfer 2
seri es- combl Nqfn&k radctich nadigd fs! stor having a value substantially equal

to R/(Z*zM and a second capaci tor hﬁypng.womlm.w@svlﬁntlal ly equal to
2*MeC and a series-conbination 2 = " P T Pk Pd Woltio+WT WH A ng a val ue
sukstantially ieqned to Q*R'Mand a third capacitor having a val ue sub- 35
stantially equal to=ddnplekirequency.he first and the second adm ttance of the
third pair of Wam t+asmmewe Geqenayonpri se a parallel-com bination of a
fourth rgsi st Ao havs @fpctar andiQ&E H¥dibst antial |y equal to R a fourth capacitor
havi ng a val ueMsubst amriificgtionfadeaual to C and a series-conbination of a fifth
resistor havirf§da val ue substantially equal to R'2 and a flfth capaci t or
havi ng a val ue siedirstand the F%WM mpjttancg opthefirstpgir of admittances egch gomprise '8"'i°ﬁ'é
second admi ttancé"“ﬁ"f°"l°f1%f“1"d8?"l“ﬁ gra value ﬁ'ﬂ’ﬁ?’ftla'yrﬂf‘e‘g t%%{yl?"i‘,ﬁﬁ'ﬁ? fapgcitar a"'"ga

seri es-@@m bi nat'f “B?m"éla'!%’ ue syhst ant |

to Q*R and a sfi igﬁ?j:%’ }i’go aw g‘i'\c?%ﬁ];% ?%"s aEara' % R
and C bei ng cons gﬁasgecondsﬁ gg' §I§l BVLIR s E es-C bma n

6. A bal anced fil3 i reslsto

the filter ci rcws ml%%)squa, er trans- fer unctlon VI ng t shape
[err] irf®which Pthe first and the secandca‘am% of tﬁ@fﬂk@ﬁb‘i}bfad?nﬂtahoesﬁach comprise Qtfrﬁﬁi-oom-
positive nunmber |aLGHAGS 4 HEHA résBioPhatingla Fald stbsthntiil\qual to R, a fourth capachbrhavidgiavailé ON

factor and - the glistahtianpéiflaltdtand 8 Sénaslconibiibiioh 4T Rth Rdsistol Havind 4 value fubktantiaily equal
admi tt ances each (¢RERAd SMitrcapatiichavitlga&@108 subStantially equal to 2«@3i nat i on of a first
capaci t gf havi ng tie fitstlahtEthé sasridadinittance W theifdarth gaiv of\ddifittauas édek comprise a series-com-
sewies- conbi nat i Gmatith oba §ikth ®sistorcravisd ovalue avtistagtially aqublireQeRlasd asikth sdpagitochpuind
to KIAIM and a sawelnesubstpraieliytequal o®i@ang a val ue substantially equal to

MA/ (c*K) 11 Rardfe t@ing 2dns@at toide chospih for whighsit holdathat he second adnittance of
the second pairof adm ttances each comﬂf%e' YWear al | el -com bination of a

et os- comtina yanied '??s&? et Sf# eyt el i e B0y e

to -KI B/ M and 3”1"???'?"(!“8 %ﬂa?ﬁ' havi vgk,u% ubstantially equal to
-B*M (d*K); 5 - theflrstH3aﬂ —edMM tance of the third
pair of adm ttanggs each conprise a aral Fe -com bination of a fourth

resi stor®having a val ue_gd,ﬂag;(ﬁ,gqub,%g,l y equal to K*b/d and a capacitor having

a val ue abc = a real positive number larger than zero and asa < 4sb
M = amplification factor
and

- the first and the second admittance of the first pair of admittances each comprise a parallel-com-
bination of a first capacitor having a value substantially equal to M/K and the series-combination of
a first resistor having a value substantially equal to K/A/M and a second capacitor having a value
substantially equal to MsA/{c*K)
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shbsta‘ntially equal to 1/K; - the first and the second adm m :
fourth pair of admttances each congeog@4ssoBeri es-com bi na“'mm" m"]mHm
resi stor having a val ue substantlally equal to -KIC and a fifth® capaditer =

having a 10

positive real nuﬁ‘ﬁ%ﬁ’“q" %%% °°?d g(g "cei{:lafh Sf' H%"%gdm;%ﬂfg" Qif&%l ation

b/ d) (d+c) /(d-c), tdf havi ue stantial é?lg a%nr@@ﬁﬂa&lﬂoyﬁavﬁﬁﬁbalue
nunber. 7. A baI N as c al me |n any one of the preceding
d ai ms, charact eEh'e?- dd ind @Jnd Q&md & 4 WRirdPlair b MemitaMcds G bdnipR&CESardia-com-
CO”posecf an egidis f%'?Hurt i85 h¥RHgla vAl @ dubdlianBallp Sduaitd KeBldlaid 4 dafacticr Raving  vaide-
tance. 20 Patent Sibstantialiydagal b 1éegent akt - Fi l terschal tung mt ei ner

Chéet 1 agungsf unkire @irst &AY thé defdind QUrhlfiABE of IR TouRth PEIFRf GavpsittaricasdacHompris8 @ series-com-
gangssi gnal | n ebiiatios gRiTifthlfésistor hymp g valudsubstantialy laqual thl-KC mad gtifittrapatidrhaing®Ger
oder gl @ ch zwei vilstsubstantially equal todXded,st en und ei nem zwei ten Fl |t erei ngang
zum Zuf Ghr en dibeiaga pastjiesviea loumbier lagantyes gnal s; - ei nem ersten und ei nem
zweiten Filterausgang zum AbnehneA ﬁés(@eg'e#ﬂtakb)l(m-gangsm gnals; - nur

el nem Gegent akt verstarker nit ei nBrt - ta t Pldehelt- 9% ngang und el nem

ni chtinvertlerenden Eingang und el nenfri t (st en Fil t erausgang

gekoppel® en i méKP@mW&W@@@&H@ und eI nen 30 mt dem zweiten

Fi | terausgang Al R 0 kB G20 a0 108 YT
ersten, zwdht a}é e @L‘ﬁ@n i oith sﬂ%? e o 60 ek
ei nerzwei - ten I e ers mttanz des ersten

Adm ttanzpaar es zvm schen den ersten Fil terel ngang und den inver- tierenden
Ei ngang #ind die zweite Admittanz zw schen den zwelten Filterei ngang und den
ni 6k i nver tpRantspriiche  €nden Eingang geschaltet ist, die erste Admittanz
des zweiten Adm ttanzpaares zw schen den ersten Fil- tereingang und den

ni chti nver t4, ercygelfidkt-EiitsrbRa@ng Wikleinbir Obettraguigafudiction Hy; itsr OrinlgvreeinatieGegentakt-Eipn
Fi |l tre- .5 ngangantasigdBn eih Geguntaktatuegadgasigial, ngbenl eine ganbeZahbgrofiesader gibich zweidst, anit:
Admi ttanz des dr ieinére Brsibn oid dinamzpeitan Etferaingapg rusyZulisren ieineecGageniaktFidgangeasisois g
und den ni cht i nveinem ersien detsirginizyeitey Filterauboang warm Abnabinenides; Gegenjkt-Ayegengssionsls:

ni chtinverti er endersinaons@egeniakivacstidkenmk ploem investiasenden Eivgang,und pingmdychiivertqrenden
und di e erste AdEingang und einem mit deny ersfen; Filjoreysgang agkqpreltanipyertiarep AE%QF%"W@ﬁ‘"Efbn
ersten isaverti er avtdem zweiteqEiliesauserg GQ!‘HPH"W@PF‘F"&?W""MSE"H g.und di e

zwei te Admitt anz wMe-nemean. ﬁ’ﬂ”@'f‘ ‘E'\"é‘?‘éﬁ‘?é‘é‘ﬁ"%gﬁéﬂﬁ" EH"de"erzwe"

ni chtinverti e- W“tﬁﬁ‘ﬁq esch s FI bt er ung
- nach Anspruch "fbﬂféfﬁ WQ %t erem T ni%% mﬁ%:

ol v S ﬂE“l %f. ﬁrﬁgﬁﬂ 56 °"" e

gl tta t :

@ =Q Fakthﬁ’f”'“ ?4 Vi,, ngenp a'f{ iy z Gy i Adnsitaﬁzpaarss e

und die zwei t §del71 m&ﬁtlﬁﬂﬁﬂﬁﬁ(ﬁe‘ﬁ Elnbé?i ddfe z@&ifdAdmittanz zwi-

Rei henschal tu rbghé?llt'iﬁn ﬂéh‘ﬂm}tﬁfeﬁéeﬁ Ru n§ béhiveftiblenddh Bfgen haltétbeird d@lersteAd-

K* Qo/ WO/ HMun d filde Relisite® Ad Saaras biddchél den Brsiaf MvefirdndénAiegang Grhdcden ivertieren-

M M (Qona" K) dRERSME Und die z%mamta&m&ed \d6h rldhrivbrBlerdyilieh Adsgang unitbden dictitiveetie-
Admi tt anzpaar ggndeff Bigdng gédcidetBar al | el schal tung aus el nem zwei ten Wder st and
mt einemWrt nahezu gleich K al (W' W) und ei nem Kondensator mt 12

0 421 530 B2 Gegentakt-Filterschaltung nach Ansprugh 1, dadureh gekennzeichnet, daf gip Fitarscigitupg ?'ﬂfﬁéi’u
gl ei ch 14K unftegungsfunktionzweiter Osdnung hati Ml P& Foei t e Adni ttanz des vierten

Admi ttanzpaares jeweils esne Rei hgns dritten Wderstand
mt einem Vert nahezu gleich -K/ (- a+WIREP VORI WA 8% nem dritten
Kondensat or m bei ne AM! nahezu gleich -(-a + W/ Qo-W*W)/ (a. K)
unfassen, 5 WO E‘, zﬁﬁﬁ‘eg positive reelle Zahl en sind.

% = Q-Faktor und Qo > 1/ 2,
M = Verstérkungsfaktor,
und
- die erste und die zweite Admittanz des zweiten Admittanzpaares jeweils eine Reihenschaltung aus
einem ersten Widerstand mit einem Wert nahezu gleich K«Qo/Wo/M und einem ersten Kondensator
mit einem Wert nahezu gleich MsWo/(Qo*a»K) umfassen;
- die erste und die zweite Admittanz des dritten Admittanzpaares jewells eine Parallelschaltung aus
einem zweiten Widerstand mit einem Wert nahezu gleich K«a/(Wo*Wo) und einem Kondensator mit

12



3. Gegent akt-Filterschal tung nach Anspruch 1, dadurch aeke
die Filterschal tung ei ne Qoer- traggpgaimhmon zwei ter ammﬂma"llﬂml IIII
der Form Hz2= M* PW)/Qo
P*P+PpW)I Q+VW W

Q = Q Fakt ofy “°ﬁ
die erste und di ee:% 'meﬁv&% hﬂm%.
esi ne Rei hensch m;gsa@,lﬁ,;tghghﬁ-‘weﬁﬁa‘i

mfgssg,,_Fr equenz, = Resonanzf requenz

des vuMe m|t ¥‘raers s&%%%@rl&f@l‘t n
@% 'K& (tal SRABNR uh@é(iﬁ‘drx ttan
+$ aa WEkWo)Ra«R &d, nahezu

gl ekch Q*RI'M aShd1R Posiive feBlid Z&M sat or mt einem \Wrt nahezu gl eich
M C/ Q unfassen; 20 - die erste und die zweite Admttanz des dritten
Adm t t anzpafr eGegpreal®Filtarsohaltueg féak Arispretisicdagirth gekenpzeichast, dabdieRikerschaituivy eihe Oberand

i t~el nem \\ér ttragerigefouktion vetdn ORInungihalemit daEbrimen Kondensator nit ei nem Viért
nahezu gl eich C und el ner Rel hensghal t ungMePWa@em dritten Wderstand mt
ei nem Wawt na- hezu gl eich Qo*R und &R V@ eWorMadensat or nit el nem
Wert nahezu gl'@t ch ¢ Qo unfassen; - die erste und die zwelte Admttanz des
vierten Adm ttanzpaa\mé!? %“P%z' ei ne Rei henschal tung aus 25 ei nem
vi erten-W der s§%1nd % rt nahezu gleich R/'2 und einemvierten
Kondensat or u gleich 2*C unfassen; mt R und C zu
wahl ende’®Konst ant en, F%Ia "l t R * C=1/W. 30 4.

Gogent ak - Fi | 107 Q@Jé ten AR W%ﬂ@ﬁmﬁ i e
Al Iterschaltung g wd a‘ﬂ&uﬂé@hb efibh Kofle saﬂ%.t
Form H2:M*( h g,,c = konpl exe
Frequenz, a, - d|e erste tﬁ\@%ietzh&ﬁ ABﬁﬁﬂaﬁzQieZ&men N&}ﬁ‘ttﬁzﬁaﬂs jeWells eine Parallefschaltung aus
Verstir Kungsf akt Qfinem 2Wélten WitleRtaRd ik SindtWertihahez\Widich R, dhtbi 2w KohtRRsa®F it Biflem
Adidd4 t anzpaar es  jvsiEiahezu GeIBEC Gitfeitlof Rt AR AMILAY Hils Bibén GittBEWiders@AIt dileetoN Gt and
mt ei nem Wert nalggleichlQdeR tind!éinb diittbn Eomidhsafcemio i Wert haliedy gibith CASoluaifassen;
zwei t en W der st arnib endtd undidisaweildddinittad e viertph dtwiktarizhiatea jdwpisclie(Raihbrysphalturg aus

el nem ergt en KonainasaiertdnWidersténdanitreinam Wertinaheaungleich Ri2 widener vikten-Kondelsatos (it eib) )
unfassen; - di e oesWertmatbzdglech2riumassddii ttanz des zwei ten Adnmittanzpaares

jeweils eine RefRondEianahiends Kauetanton.flndiedilt t t en W derstand nit einem Viert
nahezu gl ei ch dem e| nes zweiten Wderstﬂa"rﬁle's"%d ei nem 4S zwel ten

Kondensat or nah | e ators
unf assers _fdr%egg %al ?cm dadyrchgel nfizejcling d?l?%m emeel'i'lg?r-es
jewei | s einen t\'ﬂgg en 'Wﬁ"ee'e Nemye ,Nighezu gl ei ch dem des
ersten Wderstandes unfassen, vvobe| mLye reelle Zahl ist. 5.
Gegent akt - Fi | tgf schal tung nach Anspr uch 1, dadurch aekennzei chnet, dal die
Fliterschal tung ei ne Safdprexd Fraglemgsf unktion zweiter Ordnung hat, nmit der
Form H*®= pPRy, R*W)/ @MVAM||BMEH‘M@+V‘O*V‘O nKt P = korrpl exe
Frequenz, W M = Resovastarkingstak®nz, Q0 Q Faktor und Qo : 11 2, M

= Verstar kungsinakt or, 13 *C L M S und - die erste und die zweite

Admittanz des zwelietepste uhdriietzivaitd At mittaszxiep eraieh Admitanamares jearbils@ing Sarallelstiraljurguegs

l © einem ersten Widerstand mit einem Wert nahezu gleich K/M und einer Reihenschaltung aus einem
St zweiten Widerstand mit einem Wert nahezu gleich KM=(a-b)/(2+(a+b)) und einem ersten Kondensa-
tor mit einem Wert nahezu gleich 2+«M(a+b)/(K+a*(a-b)) umfassen;

- die erste und die zweite Admittanz des zweiten Admittanzpaares jeweils eine Reihenschaltung aus
einem dritten Widerstand mit einem Wert nahezu gleich dem eines zweiten Widerstandes und einem
zweiten Kondensators mit einem Wert nahezu gleich dem des ersten Kondensators umfassen;

- die erste und die zweite Admittanz des dritten Admittanzpaares jeweils einen vierten Widerstand mit
einem Wert nahezu gleich dem des ersten Widerstandes umfassen, wobei K eine positive reelle Zah!
ist.

5. Gegentaki-Filterschaltung nach Anspruch 1, dadurch gekennzeichnet, daR die Filterschaltung eine Uber-
tragungsfunktion zweiter Ordnung hat, mit der Form:
H2 = P+P—P=*Wo/Qo+WosW0 _
P» P+P=-WoIQo+Wo=-Wo

mit
P = komplexe Frequenz,
55 Wo = Resonanzfrequenz,
Qo = Q-Faktor und Qo = 1/ 2,
M = Verstérkungsfaktor,
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ei nem ersten Wderstand mt ei nem. V\art nahezu gleich RIM u
Kondensator mit si- nem Wert nahezugmg s1Gho B4 C unf assen; ﬁllmnmn““mﬂmll
erste und die zwei bt Adm ttanz des zweiten Admttanzpaares reWe|

Par al | el schal tu g aus ei ner Rei henschal tung aus ei nem zwei ten W derstand

t W h d
el e n;hezaﬁezgﬁg s e e
dritten Wdersta e| nem r|tten
Kond i u
oneenso, 01, S 9““‘*%%é"ﬁ%&“ﬁﬁ.%"°‘%ﬁ%ﬁ§ﬂf

Par al | el schal t ungerRi\deits Kilen¥ats it e VAR hatedd\gloidhi 2uM & WA Bindi¥Relherbalidftiry afs 6 Ch
R, Yef nem Vi er t en n&h BitRR WideRtandink eiRdnWeit Hiheiu JIAACTIHER /M Ul Gilent dritt8siKdéreitor it
Rel henschal t ung awém WeR faletu glekhiMrClliofwassernd nit ei nem Wert na- hezu gl eich

R/'2 und i nem fl dklemste uio diel evisita Admittanz idescdriftemnAddditanzpaarasjsweilg biee Pdralldiséhaltung aus
unfassen; - di e enhah dertanWiddretanduwil eineiWert iabeza gldiols Ryeinem vianter\ondertsatnmapibeiness
jewei | s sine Rei Wertaatieal glaichd wnd sindr Reihenschaltung ags einemfinfternWiderstaiviraitainemerk nes t
oi nem Wert nahez heaylgleick R/2Qnd stnamrfdnften endensatohmit einenkWertinahezyigleich 4G umtasaenin \\er t
nahezu gl ei ch Cf @l ecstefund die pweiterAdmiftang dess \(erien Admitianzpagees Jeweilseian Reihensehgitung jaus
gilt R@= 1/ \W. epgn sqshstemgmrum-telnpmwgefm sleleh 1R urd sigeaysechetan Kondensatar ¢ h
gekennzei chnet , #iigingm Wertpaheay glgich g/ a88fMie (ber- tragungsfunktlon driter
O dnung hat, %R YEC2uablendeKonstanten, Fir g P‘“’ol( P- c) . M (P*P+a*P+b) (P+c) mit
25 P = konpl exe Fr equeh‘z c ‘H positive reelle

Zahl gr 8 Be{ %gﬁ hlté-’é?:ﬁalt"& a&lﬂ‘lgpru dadurchaekennzeughq![%ﬁﬂ PitsRARhaigiefe Ubéind

- die efdte un A Haf) ,t tanzpaares |ewel |

si ke Paral | el scha tung aus p« Ll PR, Bl §n Kondensator mt ei nem
Wert nahezu glelch MK und der R@Wegﬁw%;ﬂg %Mnem ersten W der st and
mt el nem \\rtmghahezu gl ei ch K/ A/ M und ai nem zwei ten Kondensator mnit einem
Wert nabgzu glrei ch M A/<ioimpipxelFdqaseen; - die erstb und die zweite Admittanz
des zwel t en Adib, et anz paepositvejrenlieZdnbgréfiends idluad drselkdethal t ung aus ei nem

zwei ten WderMand m t =SVerstinkudgsfaktonahezu gl ei ch K/ Mebld und ei ner

Rei henschal t umgd aus 95 einemdritten Wderstand mt ei nem Wert
nahezu gl ei ch - KdBersteund die zweitaAdmittanzaps eceteriddmittanznaaras jeweils giae Pappllelschaliyng aus

gl ei ch 8" M ( d* Kpinempraten Kendensatgy rait einegy Wert pahiezyjgleich Hfi§ und derReihensphaltyngaugieinam on
Adni tt anzpaar es 9BtRB W“?’%ﬁ“ﬁ @'t F‘ﬁ?"&WP’éF@BM%"ﬂ KM yed ?ﬂeﬂ‘éH‘PW 5?’!"@5‘?"\9\7 BkeiRg™ nd

mt sinem Wert n¥fsgpgh em Kondensat or PF \{‘é
nahezu gl ei ch 17 Qeﬁﬁfe . dm’f”“:des Ngﬁ '°

o der st %S”mA? m5| 5 Fg eg] a"%"@ °'°€ g n"é'grlg'f‘%%e 5'#% Stk
Kondensat or m@g 2els) It A6s
pOSI tive reel I e n% e'in% d ] gle *bﬁiu d@mer:‘ekon'ﬁelﬁgszﬁnif&aem 45
B:-(d+a+b K sine positive

reell e Zahl ist. d.ZersﬁQﬂeaata Q\lﬁma EHMﬂz%GMrieHmlmﬂﬁﬁﬁhaﬁh Joaeilsive RéRérssHaBMg atien
Anspr f | che, dadupmbm A6 Widérstariant einefaRrizidhezu gleicid Kldﬁﬁtiéhﬂﬁl fOrfIBR K6HAbnsator mit
genannt en Admi tt gnRemWea Hahefl dleidm-EXHsk)\umfeesthen RC- Net zwer k mit nahezu der

gi i - chen Admicbédideine paskisaiesliogeld gidRér alselst, Revendi cations 55 1. Circuit de
filtrage oquilibr6 ayant une foncAio@st>xdxanstBid-diN d' ordre N entre |l o
signal dsontr6e equillbre et |l e sBgnaldta+bddid+eégadl | i bre, N etant un

antl er superieur ou egal A deux, conpfehard:atbidne prenl ere et une seconde
entrfs de fil tuneKginepositivg mellegghhist. i on du signai d' entr6e equilibre; 14 EP

O 421 530 B,l Gegeneakt-Fllterschalt%ngln%La]él}elnem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dal

mindestens eine der genannten Admittanzen aus einem &quivalenten RC-Netzwerk mit nahezu der glei-

50
chen Admittanz zusammengesetzt ist.

Revendications

&5
1. Circuit de filtrage équilibré ayant une fonction de transfert Hy d’ordre N entre le signal d’entrée équilibré

et le signal de sortie équilibré, N étant un entier supérieur ou égal & deux, comprenant :
- une premidre et une seconde entrée de filtre pour I'introduction du signal d’entrée équilibré;
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| ! I L N 111 IH - une prem bre at une seconds sortie de 1;“‘1"'1 jm”Im““I
derivation du signal de sortie equl gpoa21 530 87 seul anplific
ayant une entree InversGe ot une entree non inversee et une sbrtfetinter$ee

COUpl ee a la pr em br Eun% néesmttl geﬁl&reunela%igrrv loﬁdt'?s na‘quertig e Upl ee a
| a seconds sorti %nq rhlbréa ntunee %Qg é

d' une prem bre, ggor‘pea;o &%ﬁé ?&g %
prem bre et d un |gongpe a ttance a prem re adm-t prem bre

parr. d' admi ttaoqﬁ%oﬁ,t Y pafrd PRItk Ses Thd SremhiBreMebdRld) troisiBis ét%ﬁatﬁé‘nef dalrd brBanfil

| " entree inverse tiiced fund ploMidFet @#GH¥IsbdoRd AmRlasdel Connectee entre |a seconde
entree de fil tiagreflare admifdricdde RQRoniidie/firs &8dmittsAcdas@iil dohlieBte6hive Il préhtidte Eiftreb de
se®ohdo paire filirdétentisaincesse of 1A Sicomie BIAIRANRE 6t cbrRectdd entre lakécoide@Hirdd dd fitfalet €€
de filtre ot |lentremerinvetsée,|mpremis@adbittaricldeiaeasonte paifd'ddinRtances &thiit Bdnnecsdibatié ce
ent r e | stosecorideremidterentréeckis ffitrd ét Iedtréd ndn'irverséecet la sasoadesaijttah@ gtantdvniectde entre la
adm tt ance de degonde eritrse daffiltrgat I'anréain@chée, ld prenidre admittante dodatroisitime paimrladmitthieces
sorti e i nver sedanteonhestée ergee lasontie invepsde etbentnée ndninversésietiesegehde admittroes étant connectée

6t ant connect deenirptasertie pondnyprséecet Prnirée invpespes@da pramidre edmittarice de in auatgéree paire i'gdmit-
preni bre adni tieueRe Bartcorngcien entre|ls pstigiayerage @t Eantrse invershp etclg seondet admisiancecitant
entre | a®sort i @eRHepwda softieparninyersse ptionrée pondpversde. seconde adni tt ance 6t ant
15 cong Q rsé
Gircult de $§§N£Qﬁt egﬂairg Q\}‘Jaﬁtl ni!;{:}\ligﬁgaqa ISA n%ghue e1c|C e{*&gk‘?’é& %de
ce quo le ci rcput ggﬁp,egpssb e e Tonct T on o'l'e transfert de second
ordre deyla forne dans Iaquol o P = L BUWRRRE conpl exe, 20

H2= M P*W/ Q P SP + P %W*‘@Q,amfrequence de
resenance, Q0 Wo = £fsqguént dé3ssdnarde, > 1/ 2, M = facteur d' anpllficatlon,
25 et - l@o preniabte ot @ba1geconde adnittance de | a seconde paire

d' adm tt ances Monprefacteurid'ampificatioes une conbi nai son en srie d une premere
resi stange ayastt une val eur pratiquenent egale A K*QO WIMet d un premer
condensat eur ay ar premi¢re oida sagendg adnittancetedaecangebaire d'advlitiahcgs@omepréripnt chaclire une
premere et |a scombinhisoneaéria dune erentidre résistancs ayhrit e vplaurpetictiement fgalech i+Qg/WolM
conpr ennent  chac @héun Armiggondensateur ayant etyplentipeatiquement fgalecd MWadQarasifie secondo
resi stance ayant 13aigmigrapidagecondeadmittansacaia toisléme paire d'admitanges\sgmprannegt chagune une
condensa®eur ayar‘f?m'il'??é“’\‘/éﬂeﬂﬁfa"ﬂ? dune, seerpder C@ ayany upe "3'9‘4'69 fYerment; ¢galeta | 5
seconde adni t t an¢e¥/HEe\) HE@FW ?Vra%t“ﬂe pretiguement égg) nent chacune

une combi nai son” SHPTERPESt 'ﬂsifﬁ'édeff"a'f 'arqf@f'ﬂ? d'%gz\‘m’% ghchacune
prati quenent egal_% _‘,g"c-vo f_9 D e i d i) 'ﬂ'é%% %ﬂTfea
ayant une val eur ) a@,&_ W oo con °"sa "'a‘(a" - ?@5 JAHRBP eI

et K etdht des hESs b Ia 3. Circuit de filtrage 6qullibri

sul vant | a reV'en icatron 1, car r'isé on ce quo le circuit de filtrage

pos sbde unes.f anieidif damilteige aqi.msémht ldtovendicatioh, cdratisnisabn cb quefiédiroit de filtrage posséde
~~~~-une fonttloii d&lrdhsﬁbﬂﬁicdm ordre de la forme : H2

IVPWo dagp -a qpsl P * W/ Q+W " WO _dans ¢+ Bgweldoe P = frequence

corpl exe, W = frequence de ré*sonMP-AWo/QwWo@wo fact eur Qet Q >

1/2, M = daplequglle d' anpilfication, et - la premere et la seconde

adnittance de R a se'c’(mélﬂ“’baq"w&xﬂ adm ttances conprennent chacune |a

conbi nai son e&er j 2frR M§Pe ri si stance ayant une val eur

prat i quesent d' un prem er condensateur ayant

une val eur pr mueﬁi@%yg@'a?@@w%d@ - la prenibre et |a seconde

adm ttance de Ta tr0| ?o%nJ% diadm.ttance r ent chacun e la
coni nai son en ptdfl ,? H@@&%ﬁﬂ‘i@ %r%i Efanf%é" e ot s

pratiquenment 6ga Id

prati quéfrent egal,aep LD a8 1S 05 &E“gd c&ﬁﬁ?én?nérﬁ@i?a |
resi stance ayant oifhaked Marama& RS e i B %ﬁ.quanén s s WTRyn
condensat eur 55 gecond condenshfedPayahtidfe %ﬁh%tiqﬁrﬂﬁt'émgﬂd @nfBindisdn ehBérie d'uhéd

prembre et |a seocmrorssistincs apEntee dalelr prafigidinbrt Bgak PAbRSt du.aﬁdﬂ.snieadaﬁdaasam

conpr enr;gnt chac 4yt uhe 9aléu platiquieméent 8gald 366 d' une quatri bme resi stance

ayant une val eur igpraniidrejetiscdhddzgmittencd.déla quatidme paid d’admittances comprennent chacune une
combinaison en série d'une quatridme résistance ayant une valeur pratiquement égale 4 R/2 etd'un
quatridme condensateur ayant une valeur pratiquement égale 4 2sC,
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RC=1/W. 4. Crcuit de filtrage 6quilibrb suivant |a revendicatu om

caracterise en, o uo le circuit de
de transfert tgg%amsg?natp-ge%ﬁe&p%ﬂr' e |;|21N_V%/| * (P- a)(P- b) (P + a)(P +
b) P = freéquence conpl exe, 10 a, b = nonbre reel positif
et a > b, M circuitde filfradealifié sufta I¥bvehdidafidn 1Déaracfiséen béque leirtu Gefiltthgel passade
secondo @dm t tuRdfoRctitiedd transtéredi sR6dAd Brdfelds Iaformd 1 t t ances conprennent chacune
une conbi nal son en parallele d une pl_rlze=m'm5e-rmi-$§ ance ayant une val eur
pratiquenent egale A K/ Met 1S dPraPebbi nai son en sbrie d' une
sebdende resi stoanoe ayant une val eur pratiquenent bgale A K/ M(a-

b)l [2*(a4.Db)] Rt d' urrfpigesncecomploxslensat bur ayant uno val eur prati quenent
egal e As*M a#bd/ [ K* &=rombrejsge positif gta>hy eni ere et | a seconds adnmittance de |a
seconde paire M' adm ttfasleusdamplifigatietinent chacune une comnbi nai son en sbrie

d' une troisier® resistance ayant une val eur pratiquenent bgale A celle
T % ) S e T e o e T AT
val our pratique 'u inalson en séri . l;% ayantu SF pratiquement 63al6 & KK/ E—re
qRRadenen spriq ful YR B q:;ng&cégrag SRR
lesile

il trage possede c une fonction

et |la se¢gondo ad $ p dj‘é
chacune une quatt: ’ ﬁ%“b Gts “gt"%\“ﬂ‘é"é“a%’é‘n u eﬁt\?g Cur pr| I que enf

Circuit de filtr | d'aid ttisiBrhe unétbdidaPpratiquénidnéghie & beild d@re Ce
quo e circuit dgedohdd cd Y PriiseSontiEbnd n%ﬁéﬁﬂuﬁ@vafs{]/@ﬂﬁ&ﬂ%m%hle%ﬁ.ﬁm pre-
ordre dé’l a f or Mysier Bsndansiteds P VI QQ+Wo*Wo * M P* P+P*Wo/ Qo+Wo*Wo of ii P

= hbquence conplfrniert@ia secondd 4dRflidRcaEB 1adRisRME FEid Badittdabes comprerindst bifidiine Ghed U
Q 2 1/2, M quatfisnielrédistaneb 3anb Lieivilew praBduemerit égald acelftide i pPenirelésibtance,eitantl e
adm ttance de | auphémibrexdd ppsitifr S d' admi tt ances conprennent chacune une

conbi naigon on parallelo d une prem ere resistance ayant une val eur

prati quenens. HErwitde fitmgedauiibréisuivantia revendicationsts easacisriséan co gpdaqircyitda filfragengpséde
prati quenent o6t@afoactian dgtransfert dusepond gideade lafprmes secondo admittance de | a
seconds paire d' adnjttances congpze P 2 gombi nai son en

paral l el e d' une combi nai son en sbri'e* *EAERINYEY? ~si st ance ayant une

val eur pra- ti9 uenment b (2*M et d un second condensat bur ayant une

ale A
val our pratiq nt_ %ﬁg%ﬁb (gt d' une conbinal son en sbrie d' une
ancialy
0 a

cello de la premt . {igfiljﬁggﬁe aditlsh l%%ﬁd'ﬁ%n&&%*ﬂrémsﬁ&a&ne une
résRER '

troisibme resi Rlod el 2 eur pratiquenentega- le A Q*R'Met d un
troisibme concgnsat_ o} .g,g%“ﬁwﬁn"val our pratiquenent egale A MClQo; - la
prem Are et | ggsecon mttance de la troisline pairs d adm ttances

conpr enrfént chac Lngoratiite % seconde admittaRcy Haiid hiéntistélpah® o’ Bdbiftdnbedl comsteringit chtid@ieluhd \e
rbsi stance ayant chinaisoh 6iifardéIe & urieLpreinEs redigiance ayanfune daleun pgticabmhentagale 2 R/M et
condensat bur ay atun piefier éhdensatdif Aahtdiie vansut pratigadnientéglle @Msd! une conbi nai son
on sbile d' une ciidyiethigreet i4 saeondé admiteancetieiid seconde pedrb dadmiftanodsicourenpait cliagurieans
R/2-et d,un ci nquebnitimaisonenheraléieatine cambinyisonten série d'ure secondqrésistangaayans nne valguripea- A
2*C/ - l'a pr eni Atiquestehtzsgale 8 RiEeM)zti iun sesonsicadadensateytiavant] uneryalews pratiquement égale &

d' admi tt ances coptatdunechmbinaison ensériegiine troisidme résistanesAvani unpyplows pratiquement égag o
si xi bme 1 bsi st-andea @grR/M etdive trolsiprag gondansateup uaniine valayepratiauerisgtagale & MaCiQ:

si xi | me condensataniemiéry atig segande adnitianse dﬁf“é@l:gﬁ'& pemda 5‘?“@”&9‘@?’%&5‘?“@’ ""g“e
etant des const afPalinaisop siacgigle dune quatrigme sésisignce a&""ﬁ“"'f r pratiquement égale a R, d'un

quatriéme condensateur ayant une valeur pratiquement égale & C et d'une combinaison en série
d’une cinquidme résistance ayant une valeur pratiquement égale & R/2 et d’un cinquiéme conden-
sateur ayant une valeur pratiquement égale & 2+C;

- la premiére etla seconde admittance de la quatriéme paire d’admittances comprennent chacune une
combinaison en série d’une sixidme résistance ayant une valeur pratiquement égale &4 Qo*R et d'un

% sixidme condensateur ayant une valeur pratiquement égale a C/Qo,
R et C étant des constantes & choisir telles que :
R*C = 1/Wo
55 6. Circuit de filtrage équilibré suivant la revendication 1, caractérisé en ce que le circuit de filtrage posséde

une fonction de transfert du troisidme ordre de la forme :

_ PsP-a*P+b)}P-c)
H3 = (PsP+asP+D)P-0) M
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6. Circuit de filtrage equillbrb suivant | a revendication
en ce quo le circuit de fi Itrage pOEﬂddﬁ gsos1fonction de tr “[ﬁ ‘iﬁm’ﬁ“ﬂ“‘“l
troislime ordre de |a forne: (P*P—a*P+b)(P—c) , M(P*P

16 * LM SP = frequence conpl exe,

nonbre reel pq§|t|f sup_e,rrégw %g&g et a*a < 4*b 5

facteur d" anplg decatlon_&-};mmb bositit Rp&riehila @ Seconds admttance de la
prem ibre pai re~d adm taarespCcONprennent chacune une conbi nal son on

paral l el g d' unyprem er sg&dgeﬁagmwt,o,ayant une val eur pratiquenent egale A
VWK et d'une cogthi nai son en serie d une premere risistance ayant une val eur
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