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"+Thi=s application is a continuation of PCT/EP No. 91/02196 filed Nov. 21,
1991.according to P 40 38 111.0 of Nov. 2d, 1990. | . ThiisPhegt ks eplaced

| nvention This invention relates to electrical filters|i - '
lafly to universal active electronjc,fil te{s W th indepen

adj ust abl e paraneters. 2. Backg Lo1e)dro mkoin t#ﬂg’q%ent I on t 1's known,
with all types of filters, in particular with active filters such as low .
pass, hig ; 1 and I g Is t JLI al | pass etc.,
to speci frf(%??%u}fts a,s&?;liser%rrpﬁlgﬁgglpgdsgsg’%%}g%&e\%grgﬁéo%gﬁ%%? THhE easo\ppears
the requi reoerRass, ugh-taag, Hpnddassef bandragbp étrapi filtetr) abalk- named

yocs, o Jodserenn, s saehagall sketal vag s copon g 4o

transfer functjon of a. second order fi
[err] %\ﬂ@iﬁ 9 R84 Q‘lé SO TeEN POWEPEEy | LharRr PFCUESF o r femand rfqr
~clerr] andiod eimglemantet iabids @)l of thedabbyeSabReicHedOtyPesSPSEi £iTter

s applicati : J . .cal_| iversal filters and are active
fPPtere.  Uhind'f daddi¥ 0" el 130 Boreyeh, BFES, S8eiah, FhINY or

"Hal bl ei t éfisldiedt thimptiasimilkt' actoridancduwibh thectransfehnbuooyjon bhtd

revi sed angk g i L~ e i verlag 1989,

page 444}%%#%%??g??gﬁQ¥Zﬁ%§04%{%%%%iﬁaggg rgggtglnﬁfgidﬁgﬁﬁcoeffi- cients

can be adjusted independently of each other be- cause each coefficient

depends only on one circudg r+yd3_|@rmoa§@2. Mor eover, the above naned source

I ndi cat es filtégﬁ,mﬁgp adj ustabl e paraneters in the circuit in which the

resonance freqdetidy, T heé Guality ("O"y "aAd the anplifi- cation Wkt the

resonance frequency can kg adjcy®t edchpdependent|y of each other. The

advant age of such a universal filter is in particu- lar that it operates at

the same tine, depending on which output is used, as a selective filter,

el i mi nati a¥wing arbitramy |fiidteyr coefficients| du pdss &md/ o, heghamphssy or as

a hig pasgudpergnd \ s 9Ri Ok 4 pQi-yi | b L I t :

conponent s _%1ne regjpﬁg%t fy\%eet 1?'? Il?' ggep %geggglbglﬁgﬁgm&%&gg %%est’%%g falr%le‘?e

char act er it 'tr?srschanged. Fur -

One implementation of a circuit for a universal filter is known
from the ninth revised and expanded edition of,
"Halbleiterschaltungstechnik", U. Tietze, Ch. Schenk,
Springerverlag 1989, page 444 in the illustration 14.42 found
there. In the case of a circuit of this type, the individual
coefficients can be set independently of each other since each
coefficient is dependent on only one component.

Moreover, filters having adjustable parameters are shown in the
circuit in the above mentioned source, wherein the resonant
frequency, the Q factor and the amplification at the resonant
frequency can be adjusted independently of one another.

The advantage of such a universal filter consists, in
particular, in that it simultaneously works as a selective
filter, a stop filter or trap filter, as a low pass and/or a
high pass or as a high pass in dependence on which output one is
using. A type of filter can be specified and, in addition, the
filter characteristics can be altered in dependence on the way
in which the individual components are dimensioned. Moreover, in



thermore, with the given type of filter the linit fre- E@h tamBete

amplification can be tuned (varied) independently of each
duri ng operation in band pass or band elifina- tion nDde
frequency, the anplification, and the quality (Q) can be no | |e ou
havi ng any__infl.ue on .each uUni, ilters_are available in
the form Ol?eq%etct r%%é}%&y@%a%[ E%#h %F&ﬁ&ﬁe %?ybﬂ‘é%‘agrifo EBRRRREY a
few resi stand the slafrden aff denpltif idet-doni cant be typeintouslytewnadd the
limt freqﬂ,gd]%/ i 4GUi wn fromthe above nentioned source,
however, have %neded}tsl d\e?a’f\té{gee Lr?ﬁftlfl%?hey are nmade froma relatively |arge
nunber of circuitry com ponents which makes integration in a

seni CondUC:EIPVachJ.tﬂBﬂt whdd ipdratang, akher Bﬁh&h EépSPSbé{ d-st

SUMMARY OF THE | NVENT | Pratdiy o ore opPEET oL Y- stoR Filkery
form a uni%R KESMante ché’xhltﬁ‘ﬁ gmp %ﬁl’rﬁF‘ElaﬁdaPév\F]éﬁp‘én agE Y r@an
circuit déss graried) wiiherits ainyaeiutvwalfl ihtetrakaiaacordance with the in-
vention includes first, second and third inputs and an output The first
input is connected with the non-invert- ing input of a first

t r ans- condbtivearsalafillitemy cathdesebtadnedpas istegnacededirevusta far st
capaci t or i d drfte it O 4 Re b b8k 147 7 dyct an er, with

t he non- |R$er€?ng In bpq%ia géc%ﬁgkﬁéa%g egﬁﬁ%é?aagegaﬁ} %f%%r as well
as Wi th aZesHstPLR the pr@osesr @fi ApELnisgcbhnctyre, ofi &ilteniard
capaci t or .+ i tHoure gt 1e second trans-conductance anplifier, with
the input of a voltage follower, and with a feedback capaci- tor. The
filter output is connected to the output of the voltage follower, to the

i nverti ng Theputixrafitishéronm tfrens thendbotrannenaiphéedi eogrcé odd Heoweeond
capaci tor, +0 I h of which is
connect ed aqﬁet\rli%lef acl?t[%ag Ehggdvggt éﬁg%ﬁéﬁ‘&:gﬁ %ﬁ%‘ﬁl?ﬁg on the
confi guratﬁedr&tdf\’etﬂ% liamaiet gmmbmr Qrfl vompahentst which makeprament invention
may be confdt@dRt idh il B@%%mﬁbBEQHCEBrack?@hP@séxﬁéﬁéf%e and hence

-3 - or a ban ypass filter or a band elimnation (trap filter) on as an all
pass filté® as anot her active filter. Addi tonal |y, dependlng on the

di mensi oni ng of pa- rameters (such as transconductance val ues and desi gn

constants different filter racter stics edge
steepness)r é:&’ef i?l?é:ﬁc £ g'r H‘%F‘Sﬂ lﬁt © @%ﬁgjo%p%o% %‘éﬁ‘ﬁegsa%
further a(ﬁnziruea:gezhlszh ihaats fal Isumpleelandbotl ayvesyl smapl owvercuik t he present
invention _gdue ?‘én{e{ﬁ reduction in required circuit conmponents. For exanple,
an active univ filter according to Tietze-Schenk, page 444 (FIG 1) 10
resistors, 2 capacitances and 4 operational anplifiers are required.
However, mﬁ@ Uﬂﬁe@tr Gl tacmev@ar dhnaceeraaﬁcé nws.eﬂt:l t%]e Of¥hYerd: LONAUEtANCE

anpllflers A4 C|t nces vol t age | ower ol t age, er|I- fler
Ther ef or eunth@ ehra&lnéﬁ Fgg F??tp’s”eﬁa?‘ﬁ a%%qwg %‘Eﬁlc"ébt .

reliabili mduwuagawasaévelopmsmst aedl spechfistans aﬁetippemtia/zetr seila:‘tmé.t er
struc-

Whilst 10 resistors, 2 capacitors and 4 operational amplifiers
are needed for an active universal filter according to Tietze-
Schenk, page 444 (Fig. 1), only 2 conductance amplifiers, 4
capacitors, 1 voltage following means and 1 amplifier K having
an amplification factor k are needed in the circuit in
accordance with the invention. The outlay for the circuit is
thus considerably reduced.

In particular and in an outstanding manner, a band-pass filter
or a band-stop filter can be constructed by using the universal
filter arrangement in accordance with the invention and it can
be continuously tuned in dependence on the wanted centre



ture according to the invention a band pass filter or an elinmnation filter
can be constructed in an extraordi nary manner, and these can be tuned as
desired with respect to center frequency, “quality, edge steepness and
anplifi- cation etc. BRI EF DESCRI PTI ON OF THE DRAW NG The for egoi ng
and furth \§ t| re illustrat in,the ac anyi ng
dr awi ng, ﬁleércg?é&fl ke e? CE’E dg: gtpe nSEEFPRY SF; ﬁg Eﬂ?e?‘éﬂ%% ?i% 2t or s,
and in whidelifigatiom et a bl ock d| agram of a second order univer- sal
filter wth independently adjustable coefficients (known); FIG 1b is an

expressiongllllustratlng t,q(e;ftransfer func- tion of the filter of FIG 1a;
FIG 2 is SH%I0HERhg bl ke e¥piedese dn mereadebril hegeimafter by

i nventi on; meara Gf 3a pluraliltsclofiggapancal1yhel vakvescal éﬁxﬂ)&&im@:‘f&@r ding

to FIG 2 ‘ﬁ' pand elimnation filter or trap; Is a
di agramll At :ﬁ%%requency response characteristics of the fllter of
FIG 3a asafunctlon of variations of the variable m FIG 3c is a

dhagram | lB4s! BLINGALEENGY JASR0ME EURLEE! SE! SLLGSa 0 ralE AlVEE O

FIG 3a as functlono ariations e vari a
4 FIG M@@eﬁl‘iﬂr@é{y @diussmbilel goefirhgntae (knowel sal filter according

to FIG 2 wred as band pass filter: FIGS. 4b and 4c are di agrans
illustrat kn%ht e fre-, ?éytjﬁsponse characteristics of the band pass
filter accordi fy®d S BVET 1iEPE 18 RECQTERBER WiEg el oinventicrr sal
filter accord- ing to FIG 2 wired as |ow pass filter; FIG 6 |s a bl ock
di agr am ofg.a, unj_versa f r d- kng_ to FLG 2vwre as
filter: Fifs 27 %é“%al‘%‘l et%esé‘l éﬁiﬁ%f 15 3RPeE %‘é?ef‘f’r‘i "ﬁ}ﬁfﬁe@

FIG 2 wi rlmj%aalhan@aﬁop loretrapn@iltErc 8 is a bl ock d| agr am of a
universal filter with independently adjustable paraneters (known).

DETAI LED DESCRILPTION FIG 1l1la shows a second order universal filter with
i ndependeftiSy 2% t¥eafreamsary; spsressas afvihg bandsstop dfiktar timnsf er
function Addor@anidel w&t:hatﬁg | BaFlvffen 1Parplfy £hé leaTudd Gn ki, foOr
exanple, fromthe book | ei ter-Schal tungst echni k* ( Seni conduct or
circuit technology), ninth revised and extended edition, U Tietze, Ch.

Schenk, Smﬂgnge;lavahleagnigﬁgsaﬂnagéitééﬁﬁhaou@fdMe il iR} V& sidnrdddtie’y
has a rel g#,l vel 3% Bfﬁ%aﬁ t@ hi gh-expendi ture design. After all, four

operation |ers err [err] Alerr], Alerr]), ten resistors
(101-110) and tvvo capaci tances (C1, CZ) are required to realize this

uni versal iyt Qb tﬁléchréq{xéhE?I rﬁgﬁ?ﬂgﬁédéf' %%ﬁ@:ﬁfsieﬂ%& tiype of

filter dependlgg on the variation 0 e coefficie err k[err],
L[err], LPEFPFIaZAE WEER, F19t n4Balhi Bhe afase Hehere terand, fdwe TRte® e ardw
pass, h| ghopang, akantdapasd, all pass filters, and band el i m nation. For

the adjusting of different filter types and the si mul t aneous varying of the
filter parameters or charac-
Fig. 5 a universal filter in accordance with Fig. 2 connected up

as a low-pass filter,

Fig. 6 a universal filter in accordance with Fig. 2 connected up
as a high-pass filter,

Fig. 7 a universal filter in accordance with Fig. 2 connected up
as an all-pass filter,

Fig. 8 a universal filter having independently adjustable
parameters (known).

Fig. 1 shows a universal filter of second order having
independently adjustable coefficients as well as the
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teristics, FIG 8 herein illustrates another exanple of mssmmmkepﬂhced

order universal filter with i ndependent |y adJ ust abl e par
book "Hal bl ei ter-Schal - tungstechnik", p. 4246). This filt
with 4 operational anpl ifiers (Al A4) four fixed and fou

resistors - a t ances C2) . as as four out uts
(four pins %1%{@ 112$d1 % r#émr%[}l?t“ 9‘&%&hsb‘ﬁppa§ i’-@pk@@‘éﬁt Ergm eh

br anch- of fbgait, éiﬂéébﬂ-an-meh—lst:baltyp@stﬁmemwI kint hts nmnunrﬁ@h&eat@ﬁdt he

ex endltur@xxg:{l1 n t t t verhead.for _an inte
ci Irocw t is rel aﬁ%&&f%ﬂorﬁ . I#g&g shrégws %tg H%ngasggréf‘gﬁﬂﬁréa g%ﬁ
uni ver sal ]ff?qgrerpaéi‘,%r"(ﬁ%g' t4ft T h&hisy amdverrsaThéilihevehaal afrélatlvslpr 0-

vi ded wit %éﬁﬂfﬁ@@tm%}ﬁiﬁi{éféeerc%n%u%%‘io%QMo:éeE\é%r ag well as
f our capaC| tance,s apaC| tor s) as vvel | as an
anplifier &l t §§§ ffGISIléﬁEFSVFmdaW%WPa@lt@r%earmput s

?}/A th anchééde’ds St |tm :mpidmﬁrmﬂtl‘dnolét tilims Mﬁh{réﬂgaioﬂl?t’\@f \Qu&élsaa

i gh-resi - as, an_i nped

transf or nﬁﬁ?%] %%}ej dq stget(f‘%; Prf’dﬁéénﬁ i p@rtlﬁ‘rﬂ'?f'/ Bﬁ?‘ﬁ)"f fiHeer

i nput VL idn dﬁpmeawa o lhenomy dvewhiinlh thputoeffidbehts sko, ki, k2,
trans-con t 4f e t I The L nput. Vb is
connect eddﬂfn gwtﬁae rstél%rapam te\é&ncgownf%aggp hi%ﬁgﬁéﬁgbg}g@n? R§E 513

trans- corRffs af'ri‘éé:ea‘*‘r?plqlf iandeptopniEdAteks asn- peveioned impparticuler,
second tr ans it tAREE typeld e iR AhuhbPe 28R | £1 £ALE OB Wileots Vel |

as with the nd .c aCIdin rr)&y The | ut Vh is connected, via the
third capac‘ﬁqS 3@6 ”&ﬂp @11%515 GfijPﬁEa %oﬂﬂr‘i‘rﬁ%‘iﬁrscb?%c‘%%d@Ok
anplifier Mbhnﬂen-i&:haimmgmfechh&kgol bagendds f okl uBsEtrdkedihhrig. 8 in : -
hi gh-resi capacitor, L The ut ut V ut
is connectsrfagi (;%et %tgu l%%t\gfl hgpv§?t g@ ??)??%ﬁ%?t\}ﬁln 3 Ct"geﬁr

i nputs of thee Sthmtltna@wu(sorv@cmaanoe efipthéi £ittEMiparana@rs tar t he

capaci t or dnkiRde@ | | t | n

anplificatjon a rl;%%l\gf% k.rm %Segcl)%? %ﬁt Eg#!{:rﬁéeé T agg)élfegré%rﬁsi rc}’@%r#\q%i%} i t h
the feedb aéé'a‘%%t arce foen, aﬂDPSEBh?aéc%”?%h%t%a?% ek | Yrecammdicors as
el ectri calvie)].lc@lmjtfeﬁ;nrveutputﬁ t(thaf @hﬂp h@vﬁi@%&?ﬁ%ﬂ!ﬁ hardd QP GRALE
order gen sul tant_ci ré:%res nse for the outtput

vol t age (%% og\tlp thgg%alrﬁsgpttgf AL EPPINT RO i P ARGERS ©
circuit pd&ddietrsr In whe besexofpthisednieefoil Omlslteizertrdo, thd ndtlisly on

equat i on el cisclliexgut B Xehtadene 0l AR Oe AL S, LI GANSSONdUGt ances

of the operatiognal S- con ance anpli Fent er
or band e§g@ableqeénbging ngtegéaf-e@quermqlmvaw éigil the factors m L
and k are desi gn vari abl es. Depending on the input configuration of the

three i npg, 3{,2 and_Vh_ the universal filter is designed either as high
pass filt r’“go |6 BEsEhe) PrELCoRTERRgERRRE 9f |4 amiglexgal FHddem |imether
band el i nifoati off &t baghadr fattenosbehictetd Vin fddd®fdance with the

invention. The universal filter comprises two conductance
amplifiers GM1 and GM2 as well as four capacitors {condensers)
mCO, (1-m)CO, CO and 1CO as well as an amplifier K and a voltage
following means SP in addition to having three inputs Vh, Vb and
V1l as well as an output Vout. The voltage following means SP has
a high resistance input and is implemented in practice as an
impedance converter having the amplification factor 1. The input
Vi is connected to the non-inverting input of the trans-
conductance amplifier GM1 having the amplification factor gml.
The input Vb is connected via the capacitor mCO to the output of
the trans-conductance amplifier GM1, to the non-inverting input
of the 2nd trans-conductance amplifier GM2 having the
amplification factor gm2 as well as to the capacitor (1-m)CO.




Dependi ng on the di mensioning of the paraneters
-6.- (gm, gn2, m L, and k), the dlfferent filter characteris- tics |ike
quality, anplification, center frequency,’ edge steepness etc. can be

adj ust ed. FIG 3a shows the unlversal filter according to FIG 2 wired
as trap fkkter or band el rnnatloalO | te The iﬁg_yts VL a d Vh are
connect ed 106 ¢HPH oVRet® FRBRECLEGOVIAPERS F2R3FY Gutgut; gf

circuit | f ahe teaasvnngdantanpet ampgmﬁieb:v @Mz 0 the tfhé tm;mt o'l?lQ:heﬂWdﬂ.tage .
term na o] res lL.ts for

Vout : [er¥?1i%w§k%”3§%n% I|n1n%§ %és éf%ééé |gu a |on¥jF%e ratio
of gml/ gnifestbaies genecatoeqmgoloﬁhe;queputlﬁpunnis(pqnnaqtqdaqy thyﬂ =gnR) ;
Vb=0 and Wlz¥ieViok theFk,@Etaéa f?glgﬁlﬁ$%5ﬁ.§ ai@'ﬂﬂéldﬁw(e%:"c)ln ;@tfsor

frequency esponses of the tfap filter Tor one case wth L= ze
t he vari aGfok tH’Paﬁﬁaf‘&r'CQHQPHEF“@%S%“‘D\H#%EEF d8H and a\'-mj

variati on capaleitbie (1-ango Eerwémmcaswo\/@hlé/i\ﬂ tOlof Ahe G mefn.féﬂ ger of

0% con | Raind RO, At eSS PR, e AR A o i O
| evel decusasenwetheﬂheocehEecapaeQUencyCQf Edwh tofatHd |deamedtiiidna Hes

Var'at'°”f%§m%§?s%a%'aglebe elegﬁrgﬁafiéicg§a¥é{%]Jrequency response of the

trap filter's 5t “the | ar ger e variable "k", the
shar per the band-edge becones and the steeper the | evel decrease becones.

I n ot her ‘P@:‘l@%wxh@;et\!x@r E3Re £ok” theNESBSLARPL | CRI Ofbhd Y |48EAS £d1e thiedn-

sition band_sl ope’and the band edge response shape Wit h "peaki ng" or
boosti ng yPltpge ¥e BGnse corners for higher values of k and with rounding
of the corners at |ower values of the variable "k". In FIG. 4a t he

universal filter_agccordi Wi red a filter. Here,
the i nputs Vh anH%VE Qrquéﬁﬁect fok%azﬁafﬁ Engﬁmﬁﬁ nped to a point
of refereﬁbatpeteﬁkkak -shewn-~here-as- gfﬂﬂﬂd—-q?ﬁ¥fﬁb-fiﬂﬂﬂ*ﬁ‘4_—FS $4t. 2t.a

zero and the in &h gvgbe Qe %n/bgned cﬁﬁ{? agﬁ‘leq_to thezlnput

term nal Vb. Un er onditions the f ng resul’t s for the out put
vol tage, Vout: [err] 7 - In FIG 4b the

frequency mesa%ses:sah FherBandspassméd| & BEndS §§1Q¥Whifgﬂ{ ;Idse cm.ee&f o&' a

variation_of m and E Fl G 4Le£ L t he frgq ency res e i S QQWP

vari ati onio¥- pass f1 ter or and-pass filter or a -pass ter or a
band-stop {(trap) filter or some other sort of active filter in
dependence on the input loading of the three inputs Vi, Vb and
Vh. The different filter characteristics such as the Q-factor,
the amplification, the centre frequency, the steepness of the
edges, etc can be set in dependence on the dimensioning of the

parameters gml, gm2, m, 1, k.

Fig. 3a shows the universal filter in accordance with Fig. 2
connected up as a trap filter or band-stop filter. The inputs V1
and Vh are connected together. These two inputs form the common
input for the circuit. The input Vb is connected to earth. There
thereby arises for Vout

vinl (1 + (p2/p02))
VOUL = == m oo e e e G1.2.1.A
1 +m -{p/p0) + (p2/p02)}(1 + 1 - 1 -k}

e
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of giml/gnR. The transfer function Av is obtained by dividing equation
GlL-2.1B"by Vin. FIG 4b shows the effect of setting the transconductances
. equal (gm =gnR) and varying the value of the parameter m As shown, The
higher m the flatter the path of the frequency response in the range of
the center frequency. ne diagramof FIG 4c illustrates the effect on the
frequency WRESFOHS & e rauatel ents @ fvesild gm23 ofnhehequatisnonducianset r at bne

(gml/ gn?) 4usd wehdesl fhetyean wpluggof 1 and 5. As is seen, the higher the
ratio of gm/gn2 the steeper the drop of the frequency re- sponse at the

edges. In FIG 5 the universal filter according to FIG 2 is wired as | ow
pass filtefigThib ishnws the dirkqdenye reepoastedoEorBachrap el ead ﬁha&ﬂ@d

to ground._J si g iltered,Vin is gpplied to the inp
termnal Vo t#éﬁ%gr et er}%’lﬁ_ot %sfl%gé'{hetno %gyénguﬂdgpg ‘ﬂ’és@n‘a%ﬁ?t?%% ‘k’l]i‘ﬁ’r"ée
general tramsfiQuitumts dihusfe @ngr ehensivanyGitg2k] iadadéstiontbe f104 | owi ng

f fdy] t I
f?{{‘"efriﬁ'c""“‘-?d&?jeff” SR io 120 MRSt TR tecorandel Rell 18, 5 OF

pass char é“ ltshe qh@p@tteﬁperfsté@nﬁégﬂ-eﬁfv\thﬁ el rputthd @smtre

planped_thﬁanﬁﬁby'BEEﬁhﬁ' Eilltes.Seh Eﬁezeageaaé ihghfI5E% f

Is appli eqﬁg Cftefhe | nput Vh. These _ch re ass ter actlon

in accor- dah c%é:efs&qnm o Egﬁr E§§Po%11F%¥r?h°WS I'FP?—'IJG?L”Q“—‘#HG

uni ver sal ifs,l tidre apeatdimghieo fELGing awawi 0€dthse alopds - PASEhE i diBFe AQai N,

the varia e n | are nnected to each
e lodrt A3 tfxie‘a;#%ncy" 8ol 2ne gelggpggpgﬂg roB £ CRONEE

ot her. For the 1nputs, si'gna VYh and VL
and is inverted for application to input Vb. Alternatively, the input

signal mayrberigppldsed tha VRisadshaveriedyf o é@@&f&@ﬁé?%& lﬁ%’t s, M, and

VL. The - 8- sanme except
for a phasi SEoPEFEed P RS Anbangspags #élﬁﬁéde‘eﬁh #ad cGlrake agaithe source of

i nput  si greinnedtedptoyedterdahlcnest haw @ﬂtﬁa&tﬁlwﬁtlaﬁ‘e FIRS RAISneter
ons, is_.a

th
Lorr] TR et el TRREE DRED. Ry et PRt difRy ool tae Vout:

di fference bet ween an operational anplifier and a (operational)
trans-conduct ance anpl if i.erp QM\), Lies in the fact that an operational
anplifier aITp|IerS t he voIt- age difference (difference voltage) at the
i nput up Q4160000 -rimes ~and- makes avartabte-this-anplified vél-@yd.B

1+ m - (p/p0) + (p2/p02) - (gmi/gm2)
wherein Vb = Vin applies.

In Fig. 4b, the frequency responses of the band-pass filter are
shown once in the case where m is varied and then in the case
where gml/gm2 is wvaried, and there is also shown the transfer
function of the band-pass filter. In the case where m is varied,
gml = gm2. In the case where gml/gm2 is varied, m = three. The
larger m is, the flatter the waveform of the transfer function
in the vicinity of the centre frequency. The larger the ratio
gmi/gm2, the steeper the drop of the transfer function at the
edges.

In Fig. 5, the universal filter in accordance with Fig. 2 is
connected up as a low-pass filter. The inputs VH and Vb are
connected together and are at earth potential. 1 is set to zero.
There then arises for Vout: -
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at its output while the OTA, while also anplifying the dlfference voltage

at -the i'nput, provides, however, for an adjustable "anpli
(transconductance, gm, and at the output’ there appears a T

of a voltage. The anplification factor of the OTA is ex- V
and is called transconductance (g or "steepness”".In terns of i nt egrated
Sem conductor conponents; sone e | es of such anplifiers are the types
LM 13600 afaut M 13800 by- RGA - - W--H -al-l- -Gi-reui-t.s-kn.the FIGS. 2 ghrpughe7 -
the respec- tive cenfer ency,, e, L. t f,reguen of the filters can
be altered througlh tﬁﬁe ra{ @%gf rlrp/ ./p?h qua‘?fngz % , "Q") of the band
pass is continuously adjustable by selection of the ratl olm Crcuits

accordi ng 19 #ip, @O\ﬁqé‘%{ﬁdzéﬁé%q &30 Qe éﬂt h{:bé?ﬂahge p@iéh%‘i b£

television receivers, with nulti-stan evl SI on r ecei ver
recei ver s GPethetidns r?cﬁmae}’éﬁél“é’las&e\fil%?rt oThantnput ¥l sml¢0mmtedbe:ro of

appl i cat ![ artse Mgt M tends tiandar daa&@hepbﬁbgﬁléﬁ 1CE& V§étt§ %@eﬁfef&? 'ﬂt?e:!'éged
in a sui e e in one case there is a wanted signal at a
&, B, K0 e

particul ar ‘ch there appears an interference signal in
anot her standard. Thus, by neans of the invention it is possible to
dlfferently suppr esg,2 Ss as.,jeeded. Hereby, such circuits can
be usefully utilize @) /(?O(Z?I exﬁgﬁ‘llggﬁ’g ogvgl gnhal processing. -
%‘B’ug‘h Ttrei efficivent -and -conpact - et r et t-t opogra- phyGl tthel .D
f||ters of the presert .i W?,@)oq, RbAYige) man ﬁ ges as previously
noted. It will be noted in this regig)a)r,g t?]at Y? %ﬁ?gated in aintegrated
circuit form the expenditure on circuitry-the so-called overhead-is kept
small thus requiring little "chi p" area and the total integration process
is facilitag Th sho and descrii i n, _accordance with
t he |nvent1?10‘r%q' dri 3%1‘%55‘?&?2 I;L ?ﬁ%efslﬁr%\:ﬁ% 1S Wi 89 npfuti® vh, Vb
and VL, vmqomnen:eeduuputasvem alli-phsswbiltenschnilicigaioe setpltid iz grihe

O o AR SRR o e M A AT S

i nput. Depé@nd ~Vitg oﬁVPhéPE’éhﬁéctfP%Sn'é @flltlmtﬁ? npthere/thery aamaem fctrhe
uni ver sal vblultt_er takes the form of a high-pass or |ow pass or band-pass
filter or a trap filter or an all-pass or an otherwi se active filter.

Dependi ng on the magnitude of the parameters gml, gn2, m L and k, the

various filter cWaracteri(pypo} IVhe+q(rp3)’zbt)’2)(Q)(gr\$i/(y%f2) naci an fre- quency
anplificagige. —etc.._may_be_adjusted. The |ow conponent count of g %ter

ot et et o e d v o - - - - -t

provi des inpr oved reli- ability, reduced cost and facilitates ef 3
fabrication in discrateé Br-i{R/BOI at elo2/PER t- famirigm2)

The relationship: p0 = gml/CO0 applies for all of the formulae;
The difference between an operational amplifier and a
{operational) trans-conductance amplifier (OTA) is that, in an
operational amplifier, the voltage difference (differential .
voltage) at the input is amplified up to 100000 times and this
amplified voltage is made available at its output, whereas, for
the OTA, although it also amplifies the differential voltage at
the input, the "amplification factor" is adjustable and a
current appears at the output instead of a voltage. The
amplification factor of the OTA is expressed in mA/V and is
referred to as a mutual conductance. As integrated semiconductor
modules, the types LM 13600 and LM 13800 from RCA are known.

The respective centre frequency or boundary frequency of the
filter can be altered via the ratio P/PO in each of the circuits



-10- - What is clained is: 1. A universal active filter, conprising:
first, second and third inputs (V1, Vb, Vh) and an out put (Vout);

said first input (V1) being connected witlg the non- i nverting input of
a first trans-conductance anpli - fier (GVM) having an anplification
gnt; said second input (Vb) being connected, via a first capaci tor
(o0, wi thyd it Ut of, Sanfd {J i88lerbiABE the baﬂadgagsnmege' bhhChe
(GML), with the nhon-i_nvert- I ng i nput o a second trans-conductance

anplifier cont(J@%us,}gwaﬁ@ugﬁw i Of §he ratigel :a®. with a
second capacitor ((1 -mCO; said thi rd i nput (Vh) be| ng connected, via a

third C|tor , W th the qutput. of sai
trans- cond(l;t‘a AEEE r?é)qc% S FYPEBF AR f’ﬁ%t RETEARE ove cap Be\BPedgeiPol | oner
(VF) havi ngpaxtiiogil-amgsiist a:sd@vismnnp‘abelamdsw tth muletdharik tapacisbon

(LCO; and raidivbdd | t1:‘3d'd1 #‘éteﬂr\é(}%t )anﬁe'tggtcg&ﬂgﬁltnggtto &'ﬂ?y?ﬁ&e ro b8Yt

of said voIt efoIIo uts™o
transcondué’csﬁ%e d-@plaipﬂréﬁpé-’ ate (“@mea'mdll?l\/@}lltﬂ-on@ﬁ@ §@é©ﬁysa;apacﬂ:ewers
((1 -m CO bermusk! latanleo ftr*é%uleﬁl@ﬁt iof opB aBBki thete is émzaﬁﬁéﬂr‘gl@ﬂal
anplificatign k and l]?laVIC‘}% an ou o;éﬁn connect ed tg said f

capaci t or {“%66)‘5 in fhe, ev@rfsgp FFeFoé'E‘cBPdF'HBeF CEFBFRH Elm%rﬁ?ﬁl‘%al d
filter exhiup.tsThusoubyutvirespoonse tieutinotnthengea- segaklfaambelerr] =
[err] an ondu n ) ..of LISt a lifier and
he tapact TatagusLd SioreRnRd 1SRTER LR o8 ahdCuhbhhe SRR
[rtt]=gnl/ @bese circmitsi wensshefefore becurdfuglyougedi fot, p:chaeasing-
ized in th%atlla,%u@ms\i%qls flhl tae'i‘.lbiz.BQgsfnéﬂﬁéfd as an inte- gr at ed

circuit. . uni ver sal ter according to claimai1 wherein,
for operation of said fllter in a band elimnation node, said filter

further comuei teSthem‘E&li&lpﬁ.Qb:L&ﬁ?pﬁ.ﬁl pespactNeet thé 98dkchdt bertittered to
- said first %gdtt} |nputs E

t la Circuitry - the so-called overhead - is kept low
and the whole process of integration is made simpler.

-
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means for coupling said second input to a point of reference potential.
5. .A universal filter according to claiml wherein, for-cbeTéflon as a band

pass filter, said filter further com pri$es: neans f L[ &pput
signal to be filtered to sai d second input; and et
said first and third inputs together and to a point Mﬁ
potenti al . 6. A universal filter accofbaHesto claim1 1

- operation as a lowpass filter, said filter further con} prlses nmeans
for applying an |nput SI nal to be filtere ai irst in and
means for toupr & R | ?lﬁHaa fllﬁ@?hﬁFr EHUF% a

source of ﬁﬁﬁ@rﬁ&wtmpuwé Vh Wb Anmmerasalweﬂill aer aacoatgungvoatel aim 1
wherein, f er ation.as I id filter further com

pri ses: %@%ﬂ% ?%’Fl%%%l ﬁ‘b*beaﬁp‘?lﬁ%&fi g gft'r‘?at %gbe filtered to sai d
third input; and means for coupling said first and second inputs to-

get her and_t fﬁ#ﬁ 5ﬁﬂEHE% ] Vel | L er
accordi ng t Eh?a t£:a%ereln or oégggf?%n ??naﬁﬁge?tyﬂg g???%eéf %ald
filter furfh@ﬁtc@ﬁ4n§n¢QﬁQ#Ctanﬁ§uﬁFH £igxp Gilngayingr belﬂEBil§F§ﬁ5¥°Fo
said firsteadgbyr gmihird inputs; and means for applying a second i nput
signal to said sec- ond input, one of said input signals being inverted
relative to the other input signal. 9. A nethod of filtering, conprising:
provi di ng fitlsé, igecoih asl ddinetisthwtia @Vtapsleitvlr) mCO tanthanocutpptit of
(Vout); C I fi

i nput (Vl)t}%e an?uﬁ???ﬁ&ﬁ%nce ampll%ﬁ%ﬁ:k%} tPIF?? g?gngﬂggﬁgiﬂga é&t
anmplifier tha)secon¢uﬁwanpzﬂpnﬁnnﬁanqgaﬁmmﬂléner Gmgohpving §hed second

I nput (Vb)a%ﬁifffbéﬁiéﬁ fﬁEﬁB# 2 as #éf@qhs E% bheagybRubyofi1Sa) dot i r st

- trans-condu tance a ier to the non-Tnverting input of
a second trans- conductance anpllfler (GWQ) havi ng an anplification gng,

and to a secgmd Liput VhPEEidstinddted MiGOa cap&@l:ilﬂbirngosabdthbi 6dtbﬁﬁubf

vh), vi third t t f
-t as! conauine trangrrgididance, Anadysiek GRGCYeh theipBlt R g R cage
fol | oner (ﬁ6310w¢mgtme&néemmhaqxzxdpaﬁl&mml@teﬁre inputindnd touplfagdhaﬁh

filter out put é%%)lé t he out put of said voltage follower (VF), to
the inverti npu the two trans-conductance anplifiers (GVL and
Gw), to the second capacitor ((1-mCO, to the i nput of an anplifier

(K) havi nge gopbitsed i@k is connected to the output of the voltage
following means, to the inverting inputs of the two trans-
conductance amplifiers Gml and Gm2, to the capacitor (1-m)CO as
well as to the input of an amplifier K having the amplification
factor k whose output is connected to the capacitor 1CO;

- the universal filter is formed either as a high-pass filter or
a low-pass filter or a band-pass filter or a band-stop (trap
filter) or as an all-pass filter or some other sort of active
filter in dependence on the input loading of the inputs Vh, Vb
and Vi;

- different filter characteristics such as the Q-factor, the
steepness of the edges, the centre frequency, the amplification
etc can be set in dependence on the dimensioning of the
parameters gml, gm2, m, 1 and k.

TR )
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and havi ng an out put connected to said feedback ca Lt Or Ok 0.
A method according to claim9, wherein said filtering ex §‘glhgke 1“%%9
Vout of the general form J[err] and fuf® her conprisin l Emi

sel ecting the trans- conductance (gml) of the first anpl
capaci - tanc%ﬁégg of _sajd third capacitor with respect to the filter
€

desi gn frefju %%c%#%?ﬁﬁ Poaniaardance yithaCkatimod, acbardrngrised! diim
9, furthertikanpristgémgrdhe e Elany Helliiag iékdtfm%gﬁﬁﬁpﬁﬁ 8F the

integrate j L Cul . .
met hod acg%#%ﬁé%%%% %ﬁ%ﬁ%ﬁg wherein, for band elimnation filtering, said

nmet hod further conprises the steps of: applying an input signal to be

filtered to said+f4rst and t.hipd i t,sn2and , _coupling sagid second
input to a point ‘yf *?Sen% er e(r‘rr)c/go) 'Bf&gn{}%gl/fmz?l& ‘%‘“ﬁzgﬂ% actdrding to
claim9 wh&¥ = for-bamd pass fidt-eri-ng--sai-d-FiFtertng-f ur t her - corpri ses:
- applying an i nputy si ggal fJ | g2re@240 .53] d. i nput ; ., an
coupling said first and tE?FgﬂiRLJ??/?gg%the?bgﬁgsﬁgpa (1 %o?nt %f qk)
reference potential . 14. A nmethod according to claim9 wherein, for |ow
pass filt eshexpirsailte nfeillieviing tEpelieenpriosasgmi/eppl ying an i nput signal
to be filtered to said first i nput; and coupling said second and
third i nputs together and to a source of reference potential. 15. A
met hod accor ditHgransadl flihtemtbiar eiceorfianchi yhthagtain! 1 oringraceée i sed hbg

further compyd Sete wARRMAO £ kBPyL SEAREl EOCRE,SiLhergd L0 sald third

i nput; and , coupling sai rst and second 1 npu ogeé a
source of G nce potenti al . 16. A method according to claim9 wherein
for all- pass filtering, said nethod further conprises: applying a first
input signal to said first and third i nputs; and appl ying a second
i nput signal to said second input, one of said input signals being
inverted relative to t he ot her input signal.
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