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2 FIG 5 is a schematic circuit diagramof the circuit of FIG
T nodi on,

The filter circuit of FIG 1 |ncI udes an oper ati onal
I nput termnals 12 and 13, and a gain Alerr].

dif- ferenti al
resistors 14 and 15 shunt 5
respectivel Yy
and anplifief—output terminal

bet ween anplifier
16, _which

anplifier 11, having
“Two
anplifiers 11 and are connect edy:« s i

I nput t s 12 5 and 13

“serves as the out put term nz.‘«xl

of the compl etre, § id d @henfiid Gt disghlRl ol SeLihR PG Snlired ¥Rt ent i al,

common | ead 17,

13, respectively, clilters
serially conn ted
termnal 12. nneﬁfdel 2h® ath

alow-passmt@ﬁ,ltezgfamﬁmﬁmct&ﬁﬂ anplifier
fess cleppis 01

a@m - jm:%fﬂﬁnrgn e o,

input termnals 12 ang,,
ar dishaving glifedl 22 afé

Jaldd) el

21 and 22 are rem&ﬂwsplé}ﬁlﬁhudmﬁ&t Gohecrat hemeharﬁaema:btenﬁat bmnoatlard 5 bei ng

connect ed

bei ng conneétﬁd to;9 ,%m

and 12,

t terminal 12
are connect ed. bet V\Elﬁ‘ﬂldlﬂphﬁ rebi®éri RN @id 330 the other termimbl
respect i'vetoycomifibre legh [ @sl bé othiretendnal ofussistor 24 Heiog Som’i&ted to cigteipi ct ed

erirypu 2@pdy
f@tﬁgmtt%

5 respeetivelpare resfstopsdgiand or 24

LR

in FIG 1 are |den’t“P‘F|‘é‘Fg‘P’h2te$ 127 0298 R§care senmected bstwee geal of
15 [ e St aliotud O FTOX R ﬁ?ﬂ‘”‘dﬁt .El ie,” '}%ﬁ“v

val ues of capaci t ofesistsdee, dstCexatilple, G,

For expl anatory pu#ﬁ@swCzﬁFﬁ

i deal curr
The rel ati onsipi p be
and 20

Gerr]=Ferr]+derr]
Jerr]=Ferr]+derr] 25
Klerr]=Ferr]/Jerr]
Klerr]= Gerr]/Jerr].
Klerr]=Ferr]/Jerr]. -
FIG 1 may begsshown to be:
Alerr] of amplifier
oper at i onal

expressed as: [err]

The transfe'r'func'tion of the circuit of FIG. 1 may be shown to be:

&
o

F u1
0%% Ea;(’i 35%"‘:9;9 sl?gvrv]nT%n

FIG. Elafé.given lﬂn‘t& fgllowﬁtg ehyesdidﬂe foll

[err]
11 to be infinite,
anplifiers are used) the tréﬁas—‘lGe/Glfunctlon of Eq.

q{—chlxl(G 2#0y) - (cl-»cz)ejxa((; +6J] s

[clczc +

G,, et e Cdparitive vil QsPart i veI y.
pestitlyval ent circuit to that of FIG 1 using

Z§'ﬂ§ﬁ douthat of FI G 1 psingpigeal
‘E’,ﬁsxﬁetasf oft e iRtk H 18, 9Tand! G 2

OW Ng expressi ons:

G.=GtG: Ca[err]:qerr]+qerr]
G,=G+G, - 25

The E»3afet€r function of the circuit of

g%=(§}6;n€?0n assunpt ﬁgﬁu%gﬁ the gao,,_g

(2) may be

K.=G,/G;. '
»
0102 b9 s + [cle K (G2+G5+Gl)+ﬁ26axa(62+

+6 G K (G4G5) - G1G332(G +G)

05)} |
@)

[(01*02)(Ga°e"*b°3')

C. (G+ )
°1.2° G‘b]

4 -6,6.6,+

(¢ *02) 01
1%% ‘—Ao._ (@40 (Gx365) % 52 61 (636 | &

) G
[ *61 (Gg2Gys) + -A-l- (6465)(G,+61)

30 Assuming the gain A, of amplifier 11 to be infinite, (a common assumptlon when 30
operatlonal amplifiers are used) the transfer function of Eq. (2) may be expressed as:

35

L2 Ksz-l-Es-l-D

. ;:.—2——(051:351)- (3 -

g +4As + B
Whare
(01-1-02)(6 Ga-GbGB) - cJ.GIGb
2%

B G0 I

& €

- ez s> . | ® 35

1¥2%

1 oK a(G2+Gi) - Glea(G +Gb) - ©

172%a



3 1, 347, 127

3 [err] To facilitate the design of a desired filter
—section, Equs. (3) to (7) may .be . .__ sol ved to develop the follow ng
equations: [err] The paraneters for these equations
are the coefficients of the transfer function, i.e., A B, D -E
and Klerr], of Eqn (3) and circuit elenment values C(ferr], (ferr], Jerr],
and G{%rr], 10 which are arbitrarily sel ected. Paraneter K[erH S
chosen®a he either 0 or 1 in Eq. $#127 10 to provide a r ni mum

pogitive value for. Jerr], since a |large value for paraneter derr]
degrades the circuit's %Q'Skct;kz%i)t%zc ef_c,;pg nce. Once having sel ect t he
val tes for Gernl, Klerl 1(c=§[6er:(£]:,) Jerr], and Jerr], thel&/
remai ni ng el enent val ses—ef-lthergrtcuft—e-FIG 1 are det erm ned
readily fromEgq. (1). 15 “The circuit depicted in FIG 1, and
descri bed by t ?E{??’é ‘%@%}_gﬂ Gﬁ§ﬁdeﬁﬁ9 filter section, Equs] () to (7) may beoadi |y be
altered to OHTHHAR" TS VF: diverse filter transfer functions. For

exqnpl e, the circuit depigted im M Gs\3 gwhilbits a pandpass filter transfer
function by t =g t‘ i ﬁg*?éké)ég)qo;\ [err](w1

(8) 20 This circuit is ul@lt@t_iglly the sanme as that of FIG 1 but has
been sigply altered 20 (1t ";’f"by t he del etion (% resistors 2% 28, and
18. O course, where axlf‘ErSibLIUIGbi S—0el et ed, here, and in the

fol l owi ng cases, the conductive®val ue of the deleted resistor should be set
equal to zero in the rel ewaptgequations.: ol N determning the
circuit el enment val ues®f 6. i desired filter bandpass transfer 25

function, the val ue OfGE_flg_El Egye (7b) nust be insertgd as a negative

quantity to 2527 % aprovi de a positive value for Kerr].

Furt hernore, since an indetermnate relati-onshi-p, arise in the case
e e s

of € (70) 1 E R it el “er oby
el i M Nadi NG which are asbiaetly oD BordEler KLDE Shbkell G Bé)ﬂ:ieﬁexé(’?t?‘.&;! LML GF Peak gain is
attai ned whem Pi%ﬂt la] minigrumcpositivet @lue for. G, sine#id laxge valGe for parameter Ghe circuit of

FIG 4, diffe#
resistor 18,4

P~ AVel G 18

ther SiYiCy FraYitivey penfogmange. (ricy hiyinet qqlectalb@eggées dbr 30

{5 So 98d |Gy the Temaining; element va ﬁ%‘%‘rc“f"ﬂhﬁft nlgf%en by the
) e ly“tr . (1%

f ol | owillg expr Qe circuit depicte® ié) FIG. 1, and described by the above equations, may 15 '

[err] readily be altered to obtain a wide variety of diverse(fBtpr transfer functions. Fbror t hi s case,

i.e., the hi%{@%ﬁﬂﬁt dapicted dm F1Gr 3 exiibits ja dandpash dltey gragtierfaacign Eq.  (7c) 35

poses a prob SPHER S BEY " and K[ err] being unequal to zero, the nunerator

is necessarily .35 neggti ve.gsTherefore, Klerr] nust be greater

than Klerr] and nmay appropri at eby-be—ragde—equal to unity to provide
a suitable value for Jerr]. & $+As+Bn the circuit of FLG 5, resistor
28 of FIG 1 has been deleted. The resultant circui t®has a | ow pass

not ch 2P| t erThisr drosf Brsubstaiially €8 sitef dsnid oD FIGOL bt Ihs teed Bmpip @fedréaci ento 40
E general | y%@eﬂe%rﬂf rqsigrons @7, 28, 47t d8.| Qf woyrses whereot tesdistolr i deleted,iberef ur t her

characteri z #gthem‘;n ;“fdzfrsaf; ghsafi%?n%}‘ﬁiﬁgvagle of & dglgtrhregitterchedidsbegeteat er t han ‘the

) L. equal'® z
gai n at i nfi NI 1€ dérMEhHe R circAlE B values for the desired filter bandpass transfer
: 25 function, the value of E in Eq. (7b) must be inserted as a negative quantity to 25
provide a positive value for K,. Furthermore, since an indeterminate relationship arises
in the case of Eq. (7c), the value of G; may be made equal to zero, thereby eliminating
a resistor and improving pole sensitivity. Peak gain is attained when K, is equal to
unity. . _
30 . The circuit of FIG. 4, differing from that of FIG. 1 only by the absence of 30
resistor 18, exhibits a high-pass filter transfer function given by the following expres-
sion: .

"€ : -K,S’:

es. - 32+AS+B

. 9
For this case, i.e., the high-pass filter transfer function, the solution of Eq. (gc;

35 poses a problem since D=0, and K, being unequal to zero, the numerator is necessarily 35
negative. Therefore, K, must be greater than K, and may appropriately be made equal

to unity to provide a suitable value for G,.

. In the circuit of FIG. 5, resistor 28 of FIG. 1 has been deleted. The resultant
circuit has a low-pass notch filter transfer function defined by Eq. (3) with coefficient

40 E generally made equal to zero. The low-pass notch filter is further characterized as 40
having a D.C. gain which is greater than the gain at infinite frequency. Accord-
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4 ingly, in terms of the parameters of Eq. (3), coefficient Klerr]
should pbe | ess than the ratio of coefficient D to coefficient_ B.

Paraneter Klerr] may conveniently be set equal to zero, thereby
assuring a positive and m ni mrumvalue for Gerr]. ' Contrarily,
a high-pass notch filter is characterized as having a D.C. gain which,5 .
is less than the gain of the filter at infinite frequency, i.e. -
coefficient Klerrr] is qreat er 5 13474%an the ratio of coefficient¥
Derr] to coeffici Bﬁr structur {qu cui dbéet such;
2 charact eri st1 o S NaE IEE el 5 ,éf}amt g Palcbeelin g oo s
positive - ta Bedo, iHeftby Addiringd positi e@ﬁdﬁ[nﬁf o£GL.] shoul d be set equal =&
to unity. Contrwv @ighphsa aphgacterlmdels havivg & D.Cugdin whidd by Fl G
3, having a Q of Brwihanthygain o g pitg,frequege Virl.ea SPFHigieRt KeolS SEERIRT gai 1P o

o ceﬂic1 e O acn'c‘-t_ex 1bitin
10 performed satiGhar iHafabbobidn ﬂ%ﬁd@r&o that of FIG. QIF“‘“T’ a b0 t he
values listed in atiabﬁnandmvaluefor Gs, K should be set equal to unity.

TABLE | An exemplary bandpass filter, as illustrated by FIG 3q:aemg ﬂ)ot)msat[aer r] f u

— equegcy of 1 KHz and with a peak gain of 10 performed’ satlsfactonl
qerr]=0.05 lf)er r ]grc;‘zselemems having the values listed in Table I. ¥ PG[“@?%‘ I

=254. 6K ohnms 15

1/ d err]=25. 86K ohns TABLE 1 R

| / J err] =404.1 ohns C,=0005 pf - - 1/ derr]=12. 8K
ohns ' cz_ggzﬁ G[err] =200 ohns 20 15
Havi ng regard to the provisions of Sé@f é the Patents Act, attention
S 20 ' directed to the cI ai mseﬂmahnﬁatent No. 1227105

WHAT WE CLAIM I S: - gquﬂ%@F obpy cuit including an anplifier
having first and second i nput term n and havi ng an-out put

termnal comeDn W t b rdghl 6 FtheC brotibidnl o YERM 9l HE Priddnts Ketfdrkedtion 30 20
resi stor connect eﬂred:leltmﬂ:enlmroﬂouf stait Naqaeiibs.er i nput term ‘nal and said

filter circuit term nal , a second resistor having one
term nal connect ed tfglﬁ‘gigrfl é’q“p hﬁer havi gﬁ:&fanﬁiléc&df tee;nnﬁbsrcwt and
its other tern naindGevkizemtapu ﬁmﬁxﬂaﬁ cdnfriot 1w theOfilteAcifchif St AdMbI; a first tor

t he ot her téPmi nadsistk camcmdd besveaomdeﬁxstednﬁhﬁersmud td’rmdtandrspﬂ |ﬁltexe¢ircmnput 25

termnal, a ~ outpu oereninghpl i fi er
TP T ol o e R PRI S SR e 10
connect ed bet meenhﬁcardétst&e@mdeama&dat Sail setoRf) Winplifidinput terminal 4n@ lafedlal and _sai d
filter circdt omfrfm:d t’etcltwlnalfourdz TSH0y rRYnnee megr saich spoend t agwplifive tinpoe n

t he common connecig tor and

erg pAfor ¢ "?F"e"c
said filter the o bd_on c'tﬁrm gE;? seco:’c[geremﬁ % or éré?b?hﬁggfg

.connect ed

OURLICC=

bet ween said commnaﬁd)sraia&&mmalofﬁxedpo&ntﬁn and said term naI of fixed
pot enti al . 3 ~ 2. A ciguit g5 ddimedintclaips 1cihchiding aunh @blaolmoanectﬂbbmmg a%®

said d :
SI Xt h r ES| St or Cm%&%ﬁﬁkgﬂ%pedﬁgﬁ 21 selcl:(d)?n g’aP {2l res1stor conneTetg&ije npUt '
term nal and sai dR6HNNEre {I%ﬁ nal Lkgud ﬁ?n seer input terminal.

circuit as c] ai med i4n Actighima aozssmenﬂ:hg rueagl&li edfsnsteloaaﬁe&ced

bet ween st X § dtfeﬂff a@t’lrﬁétrin?utrt rst anpl ifier
ot o nal .t L e e el 1 e
tween sar

I ncludi ng an ei ghﬁ;lnc;egus,t s)aftﬁm@@lg;neﬂgdmmng . anplifier
I nput termnal and said term nal of frxed jot ent i al . 5 A

filter circuit arranged and adapt egct§ QI( E¥bstantial |y as herein des-
S M

e

cribed with reference to FIG. 1 an o ﬁ"ferenceto FIGS. 1 and 2
as nodified by FIG 3; 4 QVOOEfOJD Ea@’,gorrpanyi ng draw ng.

C. S. T. BUCKLEY, Agent for the Applicants. , Chartered Pat ent
Agent , Printed for Her Majesty’s Stationery Office, by the Cowrjer Whdks . Sbh IpR,ack..

Woodf ord Green, Es géﬂmhad by The Patent Office 205]1 &gltml;tolﬁe%%ﬂd::égs, London, G2A legiéqu for the
Applicants. : Printed for Her Najest§/ st§tat|onery Ofice, by the

Courier Press, Leam ngton Spa, 1974. Publ i shed by The Patent
O fice 25 Sout hanpt on Bui | di ngs, London WC2A 1AY, from .
whi ch copi es nay be obtai ned. '



1, 347, 127 4 |ngly, N
terms. of the paraneters of Eq. (3), coefficient Klerr] should be | eSs than ‘-

the - rdtio of coefficient D to coefdzaeent B. Parameter Klerr] may 4
conveni ent| y be Set equal TO Zero, tnereoy assurl Ny a positTive and™

m ni mum val ue for f terms of the Pamﬂf‘eters -r(@) i© g@;ﬁ'ﬂm efilter

i's characterized a§; g%y%’; * e te" forGI CRLly (O 451 SavR gal n

of the& filter at i nt i (Ibﬂtﬁr | £ é’notd:h ﬁter d6d3 thafog 4 D.CUGRANEIh D

than - the rati & of e;lqalfﬁtgzhaahwﬂgmﬂot the dfibtex 4ti iofindts tfre@liencyhie., mumm 5
circuit exhibiting ratio % g of

FIG 4. For this ci& am%ﬁ légdslﬂ%ﬁwzyggﬁﬁimmny & h PR PR f or
dJerr], K err] shoul dAhexagplare B mteu,rus lifustrated by FIG. 3, havinlh @%€8DlkosY {“
bandpass filtd®, adrequencyof laRe ahd with g4im vf h‘gpaf@edfsawcmﬂydayltsmg 10 -
frequency of 1 KHz %ﬁﬂe\ﬁ“ﬂ*hév“ﬂﬁe‘ékwﬂ‘ﬁﬁlﬁ“W?L@eﬁerforrred satisfactorily by

usi ng 10 circuit elements Rafirgorthe values listed in Table

l. C,=0.005 uf TABLE I

C[err] =0. 005 [err]f ' C,;=0.05 uf Clerr]=0.0Q5
[err]f 15 i i;gz—gg“m °1F‘?5G[ err]=254. 6K ohns G

15 1,G‘I40ﬁ§xg£,grr] =25. 86K ohns

1/ =404. 1 ohns ' 1/Gy=12.8K ohms 1/derr]=12. 8K

1/Ga=200. ohmrsF er r ] =200. ohms 20

regardqg o the . Seghi o9En AbENT S, A tenti oz
20 2 dirécg;&%éﬂﬁ aqgﬁzﬁup% :ﬁén%ﬁ'gg 2%@83[) g}?eﬁ) i’xﬁgtts 9— %tﬁ o
F CLAIMI1S: - . Afilter CII‘CUIt i ncludi ng an anpllfler

irst and secchHA;i? s, rCLéEIYh]} i haV| ng n out put

al common wi lo o

or connegt ed ‘Eﬁménrs%;dg rmwaﬁbm g ﬁ%ﬁ ,cgéid 25
“circuit 25 output terminalp i tsqword mmmhmaig,onarmmﬂrcdme@neﬂmrmduammﬁgﬂone
term nal connect ed°f #id Zgrminal Cgm ﬂfai Pﬁ:%ﬁ“fd{al’a@mt and
| 5 ot her “term nal ‘&@%@%ﬁ&mﬁm el e o
t he: gt:her ter @ nal of)ﬁ‘ixedlnp tidl,Sa GéHnl Gedist chiheict dl drhpffifier! inpudt 30
termnal, a teriningly agd rsetsﬁkdr@nammntpecteaﬂnm mdmc@amtdr eaeotad b ifier

i nput t erm nal and ::?clﬂ'o%tﬁ.er of said ed’é%‘ue toapaciior fapd paich lgeg s st or
connect ed betvieen $ai thaont Mg P bk jaf‘lsﬁ‘ﬁtm e between S21% PRSP Hhd sai d
filter circui85output 2t Rrdftuitads, claimedeif @RAfNn @ RdAing QF sit® fesieed @dndred Ba®dn 35
the common connect isg filsdr cisewitcinpeib eorpical mad paist monélaupléiem idpytiterminalc eﬁﬂgaoi t.or and

U

%m

O o S S B i e ettt e

- between said comDn CQNRESzuit as claimed ﬁ} 62“6?1? c r8stol§ eohftlted
potential . 3540 between eﬁd ﬁﬁt ampnﬁeu ihptﬁmminalmdaml &nﬁhﬁloﬂ’ﬁﬂedlpﬂleiﬂddl ng a 40
si xt‘h resistor connecfed rrgged and adapteds tn opefate| qubstantidlly ;g iherein rdesyt

terninal and said § ?‘ﬁ@‘@hém‘ﬁe Pﬁ‘gﬁ‘%‘f v}v"m Friepence to FIGS. 1 and 2 as modi

Ci rcwt as clainmed Tn claim2 inc 3nth resi stor connected
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