- 1- 2189960 SW TCHI NG.SCHEME FOR SWTCHED AC FI LTERS BACKGROUND
OF THE INVENTION 1. FIELD OF THE I NVENTION This invention relates.to the
field of switching schenme for switched capacitor filters. In particular,
the present invention can be applied to active sw tched C chtor bi -quad
and/or leap frog filters. 2. BAGKGROUND ART A filter is ?.Cblfﬁuluanetvmrk

that selectively pasg f-tq ranges of frequenC|es Typically, filters .(C
come in two es. P8 , ‘ R_MHICHED CAPACLTOR FILTERS s and capacitors,
and actlvﬁﬁmg OF %Mﬁ?_oy active el ements such as oper at i onal

anplifiers. Filters are applied as | ow or hi gh pass filters, to attenuate
frequencidss b ﬂ%Ml n frequency. Additionally, a filter may

act as a bandraaasi.w.&gan @&iﬂ@mop@ﬁéggfetl@f of rﬁqﬂ%%ﬂ%sss&ee WG L WO

limts and attenuati ng frequencles outsi ese or as a band split

filter, paektichgdf aegwuu:eﬁwéss.de IhV\ﬂai’tmlﬂ%ranﬁﬁtﬁr@EHaﬂ ivyentdgrenci es
wthin tw limts. plication of active filters is to solve integro-

di f f er ent$a Bﬁu&??&ﬁgdsGEhﬁﬁfkﬂﬁsﬁ?*?iﬁﬁ?hEaBS%ibﬁrsPﬁUSb?ﬂaP“FéPElng

functionsyeap $¥6Y. fpﬂ:%ggl ication utilizes filters, conprising operational
anplifiers and swWtc capaci tor networks, as integraters to find

sol ut i ons2.f or BACKGROUNDMARTh can be descri bed by first order differential
equatlons Such filters are known as first order filters. Wen the forcing
function or i Apfiildiefnals bacSiESUtsr dettRr kexthakcspleEiieely | PASFESar e

util i zed Ag;g.gereg,{e%ef,ffmg&e.teiésr83§h9@§&iy "B L R8nS"hRELS! 1 Ze0

by a linear equation 1nc
types. Passive filters, which employ resistors and capacitors{

and active filters, which employ active elements such as
oéerational amplifiers. Filters are applied as low or high pass
filters, to attenuate frequencies below or abové a certain
frequency. Additionally, a filter may act as a band pass filter,
allowing passage of frequencies between two limits and
attenuating freéﬁenciés outside these limits, or as a band split
filter, passing frequencies outside two limits and.attenuating
frequencies within two limits. |

One application of active filters is to solve integro-
diffgrential equations'suéh as arise from the use of sinusoidal
forcing functions. Such an application utilizes filters,
éomptising operational amplifiers and switched capacitor
networks, as integraters to find solutions for signals which can
be described by first order differential equations. Such filters
are known as first order filters. When the foréing function or
input signal becomes more complex, second order filters are
utilized. A second order filter filters signals that can be
characterized by a linear differential equation including a
second étder derivative or by two simultaneous linear first order

differential equations. The second order signals can be




second order derivative or by two sinultaneous linear first order
differential equations. The second order signals can be -2- described by
“Lapl ace transforns and are resident i-n the frequency domain. One particular
type.of second order filter is known as a bi- quad (for bi-quadratic)
filbegr. Atypical prior art swtched @apacitor (SC) bi-quad circuit

I ncvudes two operational anplifiers. Each of these operational anplifiers
act as first9%7HrdPef by darare tragsforms apd pre giesident cin theafire¥ensEd t o
filter secongopi@er signals described by sinulataneous first order
differential equations. Associated with each operational anplifier are
capaci tors coupl exhet paptiidn bar tgpesof @eaohdasidsnk £ L bogr iAnk eovamlsea dfi-such
a prior art bi%&uad filter is illustrated in Figure 1 and is discussed in

det ai | - bel owduafiel for Mdswypdrpsicdphtltefs AsspeistbPmieh attte sYi&CRonal
ampLifiers dehgalieed Nosd ] HHSRENe" I Clnt Eash Ruwdilgfle FLEUhRL The

SC bi-quad crrCuit, suc e-one ove, is of used as a
conponent i nampti€epadsct BachhoPpThesel bpehat ivmalk axipliicf iefrsseat condueser
chips, it is desired to mnimze the silicon area used in making the chip

to maximze §FErE Hhitermries we that Hhe Ringpadmilrendl eapRq tthied tequire
relatively | @i%g@@wésrgg ?J:ndZd(f 'ngg.%aﬁgeagasﬁsgg%ifg,g[]%@qﬁtaﬂwﬁf HiEst f

the area required for C acitors In ter coul d be
reduced, theotdéd edifreuktDel Néuditions) N Assdrdbted wifn, edchadpegationalr e

efficient chip production.
amplifier are cgpacitors coupled through swit;hes to a feedback
L/‘ loop. An example of such a prior art bi-quad filter is
illustrated in Figure 1 and is discussed in detail below. The
ratios of ihe capacitors associated with the operational
amplifiers determine the freduency response of the SC bi-quad
circuit.

The SC bi-quad circuit, such as the one described above, is
often used as.a component in semiconductor chips. In the
manufacture of semiconductor chips, it is desired to minimize the
silicon area used in making the'chip to maximize yield and reduce
the cost per chip. Switched capacitors require relativgly large
amounts of silicon die area to fabricate. Therefore, if the
area required for switched capacitors in a bi-quad filter could
be reduced, the filter could be produced in a smaller'area,
leading to more efficient chip production.

Therefore, it is an objéct of the §resent invention to
provide a method of switching to be used in filters for second
order signals, which requires less silicon area than prior art
filters. In particular, the present invention is Qitected toward

a bi-quad filter using less silicon area than prior art bi-quad

filters.



Therefore, it is an object of the present invention to prdvi de a nethod of

swtching to be used in filters for second order signals, which requires

| ess silicon area than prior art filters. In particular, the present -
“invention i's directed toward a bi-quad filter using less silicon area than
prior art bi-quad filters. - -3- SUWARY OF THE PRESENT | NVENTI ON A fI|L@[
for second order signals in the Lap}ace frequency domain. A novel

swi t ching systemis desSUMMARY oRi THE PRESENT IRVBRTION capacitor to serve as
both term nation capacitor tor and a sanpling capacitor. A capaci tor which has
a value equal to the. desired value of a sanpling capa0|tor |s coupled ina
feedback | oop of an ppaRrdli | fier. Thi,s cgpacjtor d w

anot her capacitor to reéa'lt P@? Egghleisprrg VE ALY 'E'b’r n{‘ﬁ% Y
capaci t Orfre'ﬁhﬁnh&ea@lﬁiihﬂVﬁnﬁbwl WirﬂcthslnbhEyéf’@tﬁ'fsatd'eQ@rQEeae&l‘? or der
filters in a smaller silicon area than prior art methods. | EF
DESCRI PTPeRmts T#-IE“IDRAW s citgurto ”_Belrseams dlo¢bt temmdinasibe rmtplaeitor

illustra Oa8g art _bi,~quad filter ure 2 is an electrical
schemat i C t’I"B f‘us ]’[ "ﬁgc??f’é‘:iﬁ‘g& ey 88%?1’0% %@I’lfh das fevplis equatntent i on.
the. desired value of a sampling capacitor is coupled in a
. feedback loop of an operational amplifier. This capacitor is
" summed with another capacitor to result in the desired value of

the terminating capacitor. The present invention permits the.

fabrication of second order filters in a smaller silicon area U

than prior art methods.

[}



Fi gure 3 is an electrical schematic illustrating an equivalent circuit
utilized in the present invention. Figure 4 is an electrical schematic

4 1lustrating an alternate enbodi nent of the present invention. - 5-

DETAL LED DESCRI PTI ON OF THE PRESENT | NVENTI ON A novel swi tching system for
use tn second order SC filters is descfisbed. In the follow ng description,
nuif®r ous specific details et forth, such as capacitor ratios, etc. in
order to provide a nore th RESRREELION OF EBEEEmﬁiesent i nvention. It
wi || be obvious, however, to one skilled in the art, that the present
invention may be practiced without these specific details. In other

i nstances, wel| kRbgwrecilr daiamns dlagerickl Ischematinvillaseiting & rprdiodear ot
to unnecessariL‘ ogsgrie t he present invention. PRIOR ART An exanple of a
prior art SCH9YBRqEF4%4%r is illustrated in Figure 1. The filter consists |
of a pair of opergiyera! AT | hhelelebt:38M11%eieiaRGA P WAMINE ene
operational anplifiers are a series of sw tched capacitors couﬁle béfween
the inverti nprefpuredirechbiodément mft thé predenanphvdrtdon. The circuit of Figure
1 integrates second order polynom als. The noninverting inputs of
opérational anpliFierEe1d A an electsisadd achepatbd 13lusheaiting ‘an
signal, Vin, J rQu sw.tched,ca itor Gn 13. Gn
13 is a gain dggégﬁ%‘?@\%ﬁ?‘éﬁpg‘%#é&e‘g} % gg{g‘feng%%scqt"%r- if"(')g'ﬁ%gnl' nput signal .
One teriinal of cEpgareod Ge dB éSesvirieaad duafewenidl 1120d tFa@UHg an

alternate embodiment of the present invention.
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18 while the other term nal of capacitor Cn 13 is switched betwen node 14
and ground 18. The inverting input of operational amplifier 12 is: -

coupled to node 14. A pair of capacitors 16 and 17 are coupled in parallel -
- between node 14 and the output of operational anplifer 12. Capacitor 16 is
a .switched capacitors with one terginal sw tching between ground 18 and .
node 14 and the other term nal -B-. switching between ground 18 and nodes

15 (the output of DETATBED (DESCRARDION (OFr THE )PRESBWK t INVENTI@WAaci t or 16 acts as
a termnation capacitor (CT). Switched capacitor 20 is coupl ed between node
21 of operational amplifier 11 and node 14 of operational amplifier 12. One

termnal of capgilof KQebRigyVdyslen BSt WReNiAMIRAG Sfbros8UNd LbsWhi | e the
me

other termnal I's sw tchec en node 14 and ground 18. Capacitor 20 is a
iﬁrrpl I tng f@l?!?@bi'med@amfuﬁeoﬁrlfo&Brg:@apbeib&lehv\emmefnnﬁs épeaifdcnode 15.
he output of operational anplifier 12 is equal to the integral of Vin over
time. Thidetadlgeare (RedpSPrtimBuchoas RaPAFAFRE Watiespfsc o 'gﬁeénd 20.

Capac 01475480 4 RURGCEnGARAR! LRlorsiRall Ik he Sdsched capaci tor s’ 16

and 20 w capact tor _ ~the sharpness, quality and frequency
response pivént@oRC luit- 4idl Isé rodwibus Ampeevard, ite ege atkidledsipehieor ned on
the i nput signal by passing it through operational lifier

| _ 11.  Th
out put ofatipethekcthe PaRPERY ilarenbiog may ke 1’i¥ai°§1€%%$) ithoph BR§se: hede
capacl t-orsgeBGificcﬁQ?ﬁltsgr 05 othief ﬁmlnbgg, QRAACKhQ¥n cirdli€ts have

not been shown in detail in order not to unnecessarily obscure
the present invention. ' \_)
PRIOR ART

An example of a ptiof art SC bi-~quad filter is illustrated in
Figure 1. The filter consists of a pair of operational
amplifiers 11 and 12. Associated with the operational amplifiers
are a series of switched capacitors coupled between the inverting
fnput and the output of each amplifiér. The gircuit of Figure 1
integrates second order polynomials.

?he noninverting inputs of operational amplifiers 11 and 12
are éoupled to ground 18. The input signal, Vin, is coupled to
node 14 through switched capacitor Cin 13. Cin 13 is a gain
capacitor which provides a gain factor to the input signal. One '
terminal of capacitor Cin 13 is switched between Vin and ground
18 while the other terminal of capacitor Cin 13 is switched
between node 14 and ground 18. The inverting input of
operational amplifier 12 is coupled'to node 1l14.

A pair of capacitors 16 and 17 are coupled in parallel
between node 14 and the output of 6perationa1 amplifer 12.
Capacitor 16 is a switched capacitors with one terminal

switching between ground 18 and node 14 and the other terminal



‘termnal of swi tched capacitor 23 is switched between node 15 and ground 18
while the other terminal is switched between node 22 (the inverting input
%of ‘operational anplifier 11) and ground 18. The output of operational
anplifier 11, node 21, is coupled through capacitor 25 to node 22.
Cagia._gitor 25 is a feedback capacitor angd. |ike capacitor 17, the ratio of
switched capac|t.qr, and capacitor_25 controls the frequency response of
the SC bi -quadh%iqrt(?u%ﬁt".g T?leeegle-fgui r°o‘f"cgi Shrgnf i%?f;iili tlabl(é'hfeo'rm”g\”érl"ﬁg
second order bbparagishanadmplifi ERELENT IINENHEN chiffa dedirenisc @ ctabadi gent
of the present invention is illustrated in Figure 2. The present invention
utilizes a noveermipatdenngapgeitem UBTbh al |l ows a single capacitor to have

doubl e duty as at ) i Qn_capagi.t or d, sanpling capacitor. Referring to
Figure 2, capaci to%’r'ﬂi&gﬁegi §ﬂp_€°(1itf?d"s_g(£e?ﬁsr8 PB&_g(S' (P etk pofe d8A%4nd
36B of Figure dpefatiidnaiOimplities 1 Nd RBEE PRRCLHEatWohB1 i 2i®h Bt NP,

bei ng switched between ground 18 and node 14, and the other term nal being

swi t ched from @Qoeetésminayrofindaidit@aplitors@bvclied detwermswiddehed and

capacitor. One term nal of capacitor 36A is sw fched between node 15 and
ground 18. The9bPHR qtakef"??iitllﬁl e JCF‘FGﬁBBA is safitchgdobokyaer Meffid 414,

associ ated w tbn&f}ficﬂlddﬂiﬂ Wiéiit%rfp%.a’i@lds%h&frﬁg&’cg VPl g5k t 0 node 22,

the inverting inp of operational anplifier 11. e purpose of capacitors
36A and 36B is to rCapaxd¢oirel M hmtdoupleabbetwernlfiodsd 4 ama hade cEhaciTher
23 of Figure 1. By utilizing
output of operational amplifier 12 is equal to the integral of
U "Vin over time. This value is proportional to the charge on
capacitors 16 and 20. Capacitor 17 is a feedback capacitor. The
ratio of switched éapacitors 16 and 20 with capacitor 17 controls
the sharpness, quality and freguency response of the SC bi-quad
circuit.

A second integration is performed on the input signal by
passing it through operational amplifier 11. .The output of
operational amplifier 12 af node 15 is coupled to switched
capacitor 23, Capacitor 23 is a sampling capacitor. One
terminal of switched capacitof 23 is switched between node 15 and
ground 18 while the other terminal is switched befwéen node 22

\/ (the inverting input of operational amplifier 11) and gropnd 18.
The output of operational amplifier 11, node 21, is coupled
through capacitor 25 to node 22. Capacitor 25 is a feedback
cqpacitor'and, like capacitor 17, the ratio of switched capacitor
23 and capaéitof 25 controls the frequency response of
the SC bi-quad circuit. _

The circuit of Figure 1 is suitable for filtering second

order bi-quad signals.



t he enbodi ment shown in Figure 2, the silicon area required to fabricate
capacitors 36A and 36B can.be limted to the greater of the areas of
~capacitor 16 or capacitor 23 of Figure 1. In sem conductor processing, the
capacitive value of a capacitor is directly related to the area of E
fabrication, the greater the area, the larger the capacitance. In the .
present invention of Figure 2 the-sum of capacitors 36A and 36B is el

equi val enprESENT INVBRRDON ance of capacitor 16 while capacitor 36A is
equi val ent to capacitor 23. Capacitor 36A serves double duty as capacitor
23 and as a pcfhe opreferrpdcempodimentheof othe @resensquinvehtiion ckmacitors

36A and 3 I s, Ihe . are equi red for capacjtpr 16. The area requir for
capaci tor??&ufts“ngtd ?%35{?“3‘ 2n thee _spcfﬁgﬁ'éto?mﬁ"_ ape ‘QFﬁ_ueBya_‘V\H?v% _
exanpl e, iglitERIAANYEtANVRiIOh PR 0s146101 cdfaditbr led haveCRobHAE it
requires 5 uni-ts of silicon area of fabrication and capacitor 23 is such
that its Oubyiastéotermination eaparitorofandi savphimg esgpagitotal of 8 units

foi . : o o e o . > Buivi
Figure 2 capdltiShe GEAtPCe it A cheorgtbal A4 B3 Phavty Tehaf B arand thus.
requires gepladen By Shpaditors’ $6n 4nAP36h IS Fighfe A1d BRESATR HEH £4 €

equi val ent to capacitor 16 of Figure 1 and thus requires a total of 5 units
of area. a ShWétchedecapaphton oritdGBnectermisal bedingsswefitahed. betoween esul t,

e Preel Lol S Lo L LR ED-PRRChAth, L SySRBIAS
ar ea. Theh%dﬂrfSWSﬁoﬂﬂésidj.' e rel ationshi ps between the

Capacitor 36A is also a switched capacitor. One terminal of Q-i
capacitor 36A is switched between node 15 and ground.ls. The
other terminal of cipacitor 36A is switched bet#een node 14,
associated with operational amplifier 12, and line 26, coupled to
node 22, the inverting inbut 6f opetational amplifier 11. The
purpose of capacitors 36A and 36B is to replace termination
capacitor 16 and sampling capacitor 23 of Figure 1. By utilizihg
the embodiment shown in Figure 2, the silicon area required to
fabricate capacitbrs 36A and 36B can be 1imited to the greater of
the areas of capacitor 16 or capacitor 23 of Figure 1. 1In
semiconductor processing, the capaeitive value of a capacitor is
directly related to the area of fabrication, the greater the
area, the larger the cﬁpacitance. |

In the present.invention of_Figuré 2 the sum of capacitors
36A and 36B is equivalent to the'capaéitance of capacitor 16
while capacitor 36A is equivalent to capacitor 23. Capacitor 36A
serves double duty as capacitor 23 and as a portion of capacitor
16. The total area tequired.for capacitors 36A and 36B is the
area required for capacitor 16. The area required for éapacité;

23 is not required in the scheme of Figure 2.



“terination capacitance (CT) and the sanpling capacitance (CS). CT may be
greater than, equal to, or less than CS. The nature of the relationship

- ~between CT and CS will determne the switch positions and the capacitive
“val ues of . capacitors 36A, 36B and 17 of Figure 2. The swi tched capacitor
filter has two tinme phases, PH and PH2, of operation. The follow ng table
il 0Strates the switch positions for tdpacitor 16, 23, 36A and 36B during
these time phases. By wag- ofprgxample, if the capacpin¢e of kcapacisiorals)of

Capaci tor 23 | tch 24 G ound 18 ., Node 22 it ch
26 WGy fo suon enar 1o TR uning of (441 A7 68 Oho
Node 15 ~ fabricatidd QW dadpadiitioiN 230 is such that itOdRb¥cation
Gound 18 Fig. 2 (CT > CS) Capacitor 36A Switch 31 Node 14

(virtual grountequires Nbdnit® 6fisili@n area, a total ofi8denits of silicon

Ground 18 Capacitor, 36B Switch 3 ' Node 14 :
G ound 18 Swi t%ﬁeemis requvxlte%. S’om&gr,_wi.n the present i“@'b'ij’rﬂf’ 138 (CT <

CS) shown in Figure 2, capacitor 36A is equivalent to capacitor 23 of

Figure 1 and thus requires 3 units of silicon area. Capacitors

36A and 36B combined are equivalent to capacitor 16 of Figure 1

and thus requires a total of 5 units of area. Therefore,

capacitor 36B requires 2 units of area. As a result, the present

\/ invention provides a termination capacitor and a sampling

capacitor in 5 units of area where a prior art Qesign requires 8
units of area. '

There are three possible relationships between the
terination capacitance (CT) a.nd the sampling capacitance (CS). CT
may be greater than, egual to, or less than CS. The nature of
the relationship between CT and CS will determine the switch
positions and the capacitive values of capacitors 36A, 36B and 17
of Figure 2. The switched capacitor filter has two time phases,
PH1 and PH2, of operation. The following table illustrates the
switch positions for capacitor 16, 23, 36A and 368 during these

time phases.



Capaci tor 36A Switch 31 Node 14 (virtual ground) Node

22 Switch 32 _ Node 15 G ound 18 Capacitoer 36B
Switc 33 Node 14 : Ground 18 Switch 34
" Ground 418 - Node 15 CT GREATER THAN CS When the capacitance of

capacitor 16 is to be greater than—<T@pacitor 23, (CT greater than CS) thfgz_-;—;Q
capaci tance of capacitor 36A of Figure 1is chosen equal t% gS Capaci t o
36B is then chosen such that the sum of Capacitor 36A and g is equal to
the CT. Figuge 1l (phafloFiggy)e 2 are drawn for the phase 1 position. -10-

Referring to Figure 1, we see that CT (capacitor 16) is coupled to node 14
and node 15 EEDAS!%QEI—BQ Referring to Figure 2 the equival ent of CT _
(capacitors 36A aR¥1%8B)24 s || kewi se cogf)?‘t‘ﬂ’ £8 nodes 14 aM®9¢522 Referring
again to Figure 1 CS (capacitor kS coupled to : nd to
ground 18. Ref errlsr‘l'g £3 lgure 2, the e’c‘:]gu@véll'r'ent of CS (ca%%gﬁ?%rSI%GA),. is

al so coupl edcagadiade 16 and to ground. The ground is a virtual ground at
node 14. By taki ngwddehm®ge of the virsedd 1§round at node Gréundris swit ched

to all ow di scharg&¥
and at the other term nal

Fig. 2
{CT > CS8)
- Capacitor 36A o
Switch 31 Node 14 /'
{(virtual ground) Node 22
Switech 32 Node 15 Ground 18
Capacitor 36B
' Switch 33 Node 14 Ground 18
Switch 34 Node 15 Ground 18
(CT < CS)
Capacitor 36A
Switch 31 Node 14
(virtual ground) Node 22
Switch 32 Node 15 Ground 18
Capacitor 36B ' .
Switch 33 Node 14 _Ground 18 \—J
Switch 34 Ground 18 Node 15

CT GREATER THAN CS

When the capacitance of capacitor 16 is to be greater than

capacitor is elimi_nated.! In phase 2, CT_ (gcapacitor 16) is coupl o ground
%t& :t‘bapaci tor 23) ti’%‘-”cc}ﬂpl ed at one té‘r’ﬁ‘ﬁﬂgldm[o gr ound

to node 22 of operational

capacitor 23, (CT greater than CS) the capacitance of capacitor

36A of FPigure 2 is chosen equal to CS. Capacitor 36B is then.

chosen such that the sum of capacitor 36A and 36B is e'qual to the

CT. Figure 1 and Pigure 2 are drawn for the phase 1 position.



>anplifier 11. Referring to figure 2 I n phase 2 of the present invention,
CT, (capacitors 36A and 36B) is uncoupl ed fromthe feedback Ioop,
zcapacitor. 36B is coupled to ground and CS, (Capacitor 36A), is coupled at
“one ternminal to ground and at the other terminal to node 22. The equival ent
capagi tance val ues for the circuits stioWh~in Figures 1 and 2 are as
f oFTows: CT anﬁeer:lnq 13 Fiigueeudy vteosei Ehatior RodPhdi toB3GB) 5 douplea 1

(23) is equal u S Thu the circuit shown in Figure 2 is
t he equi val enf‘ o‘? ?1 al’"(?uf"f' §h@vﬁ"’ir ngi EHle RefRriagutpPeBlowrs & theon
area. CT LESSeamﬁay\wc&hé‘em&anseAg d3681Ys h1kkR1BE %&?&14&“@8

CS, (capacitor 23) the present invention es advan age 0
equi val ent cinedes %4 apdtlS ed in Figure 3. Figure 3A illustrates phase 1.

Capacitor 46A is cg#% ito noge 14 a?d node 15. One term nal of ca acitor
46B is coupled to riRg,APRen: he Bignre 1. (ah RHILCS ScapapitRr 133 )lgdsund

18. Capaci to&omﬁ% d ToCRsE 98 hRa ﬂ%§°&éd§%d 15%&@1% C‘c')‘pfiliguIil@t#\Soncoupl ed

equivalent to t circult shown i igure Qapaci

to nodes 14 aeguiMalieateafii €S (apat DB [EEN)} Ofs 4 B0TcBUSIERRBChbAE Y Rindl N
the equivalent circuit, capacitor 46B is coupled to nodes 14 and 15. In
this confi gur&®igRPundne The geound o‘zfp&c?ib\?“%m’%nd:tﬁseﬁdQ d4se Byubaking CS

h b
Capnei tor acAbanaREage e, Vi ot ERREET o3Bundl o W, 167, 05€ CEbKERRS,

17A of Fi gur ec#@pacitoRg0$eNeBiminadedl he sum of capacitor 17A and capacitor
46B is equal to capacitor 17 of
In phase 2, CT (capacitor 16) is coupled to ground to allow

/ diécharge- cs (Capapitor 23) is coupled at one terminal to
ground and at the other terminal to node 22 of operational
amplifier 11. Referring to figure 2, in phase 2 of the present
invention, CT, (capacitors 36A and 36B) is uncoupled from the
feedback loop, capacitor 36B is coupled to ground and CS,
(Capacitor 36A), is coupled at one terminal to ground and at the
other terminal to node 22.

“ The equivélent capacitance values for.the circuits shoﬁn'in
Figures 1 and 2 are as follows:
CT Figure 1 (16) is equal to CT Figure 2 (36A + 36B)
i,z CS Figure 1 (23) is equal to CS Figure 2 (36A). '
Thus, the circuit shown in Figure 2 is the equivalent of the
circuit shown in Figure 1 but requires less silicon area.
CT LESS THAN €5 |
When the capacitance of CT (16) is to be less than
CS, (capacitor 23), the present invention takes advantage of the
equivalent circuit illustrated in Figure 3. Figure 3A illustrates
phase 1. Capacitor 46A is coupled to node 14 and node 15. One

terminal of capacitor 46B is coupled to node 14 while the other



Figure 1. Thus, during phase 1, CT is coupled to nodes 14 and 15 and CS
(capacitor 23) is coupled to.node 15 and to ground 18 in Figure 1. Fn -
Figure 4, the equivalent of CT (capacitor 46A m nus capacitor 46B), is .
coupl ed to nodes 14 and 15. The egﬂinval ent of CS (capacitor 35), is coupled
to node 14 (virtual ground) and fo'node 15. The equival ent of feedback -
capacijt ortei:iginga:F).s(cdmpMnm‘ grapadi 18« JEpaictorapdsi torcdupled to coup’fi’d"
to nodes 14 and 15. During ,phase 2, CT,(cagpacitor 16) is coupled o ground
18, CS (®@9pesitband3isy g ﬁpF‘é'b‘itqd'r@f"Bé!hésafq%‘é’lteé‘?tn%?la‘fheaﬁar?‘b{*noge 22

at the o t ' ' [ %g)& S and 15.
I'n phasetsg'%(%'fn ?ﬁ?‘g?‘lége?ﬁ?q??@éﬂ‘f’?‘gg?ht&ﬁ?é?&i'&‘g t o?gcél'g‘%{:gggcai%r 46A
m nuS capsciiisoleqdftia lntc doaiapacitiy) ,46Asmdnupl esbdcitorowsnl. Thetbeui val ent
of CS (capacitor 46A), is coupled at one termnal to node 22 and at the
223 her g eMﬁ“ﬁaPlPatg'FZiﬁ‘Hil‘l'B.‘"Pﬂéiﬁﬂﬁi% dift copped (thaodaf It a@dpdei tors

B an pagkio v/ | oyple ' _ ; | e
capaci ta(r#ge%\i}%uéeos 1@}.:-?%%-& lr{:g‘ﬁi tqais' eom%ﬁld ?:Ep ‘?bﬁ&r}gsﬁg %%?Hf\é\?\hegacﬁs is |less
than CS iegual toldsotBapacitod23).CTCipaedtorl 46B6)s ésowepualo tba€Ttlié gure 4
(46A m nus 46B) CS Figure 1 (23) is equal CT Figure 4 (46A) CF Figure 1
(17) is édﬁaﬁrevecpetvgaﬁecepa(céﬁer_#w@dmamjietmucwwwe3 )

capaci taqcseegrxaﬂé i:f}). icsa[}a%itl%fegygloit Qigure 3 is chosen so that the

sum of capacitor 17A and capacitor 46B is equall to capacitor 17 of

Figure 1.

Thus, during phase 1, CT is coupled to nodes 14 and 15 and -/

€S (capacitor 23) is coupled to node 15 and to ground 18 in
Figure 1. In Figure 4, the equivalent of CT (ca_pacitor'llsA minus.
capacitor 46B), is coupled to nodes 14 and 15. The equivalent of
CS (capacitor 35), is coupled to node 14 (virtual ground) ar_ld.to
node 15. The equivalent of feedback capacitor 17, (CF) (the .sum
of capacitor 46B and capacitor 17A), is coupled to nodes 14 and
15. |

During phase 2, CT (capacitor 16) is coupled to ground 18,

CS (capacitor 23) is coupled to ground at one terminal and to

node 22 at the other terminal, and CF (capacitor 17) is coupled u

to nodes 14 and 15. 1In phasé 2 of the present inven'tion, the
equivalent of CT (capacitor 46A minus capacitor 46B or capacitor
3s8), is cb\_xpled to ground. The equivalent of cis (capacitor 46A),
.18 coupled at one terminal to node 22 and at the other terminal
to ground 18. The equivalent of CF (the sum of capacitors 46B and
capacitor 17A), is coupléd to nodes 14 and 15.

Bquival_ent’ capacitance valu.es for the circuit shown in

Figures 1 and 4 when CT is less than CS is as follows:



+ CS (capacitor 23) the equival ent capacitance for the circuit shown in
figures 1 and 2 is as follows: -CT-Figure 1 (16) is =qual to CT Figure 2
<. (36A + 36B) CS Figure 1 (23) is equal to CS Figure 2 (36A + 36B). In this
“ case capacitors 36A and 36B can be one Cﬁgacitor. In such a situation, one
terminal of capacitor 36B is coupled td node 22 during phase 2 as shown in
Figire 2 for capaci§$bFigaxe h (Mdudr eawabrtes&Tt Figventd dd6hapipusn
~described in tqgg§ of a bi-quad filter, it has equal application to other
types of filters, such as leap frog filters. Thus, a second order swtched
capacitor filter hags agurdescaheds Wiguaiutr! #zfivel §S@aeahl i con area for
fabrication than prior art design. -13- CLAIM S 1. A second order
filter circuit conpff fiiggreal f(i17dtineauali bAAF Fiapte (4 d46BatiL?d) a first

out put node anggflézt 3§gggecond i nput nodes; a second operational

anplifier havi ut put node and third and fourth input nodes; a

first feedback capaghéRleid Walpaeitanadi J¢ foF 3063 irfd Bk fusRied first
out put node and said first ihinput node; a second feedback capacitor coupl ed

to said secondCamitapacitat 23 theeceyud valeptt capaei tamces af ok tthe o { rmuitt
node; . sh<‘>'wn in figures 1 and 2 is as follows:
CT Figure 1 (16) is wqual to CT Figure 2 (36A + 36B)
CS Figure 1 (23) is equal to CS Figure 2 (36A + 36B). 1In
this case capacitors 36A and 36B can be one capacitor.
o In such a situation, one terminal of capacitor 36B is
coupled to node 22 during phase 2 as shown ‘in Figure 2 for
-capacitor 36A. '
Although the present invention has been described in terms

of a bi-quad filter, it has equal application to other types of

filters, such as leap frog filters.

Thus, a second order switched capacitor filter has been
described which utilizes less silicon area for fabrication than

prior art design.



a fl tion capacitor coupled to said first output node and said
fi Iﬁﬂ“nﬂmﬂhﬂaﬂm second ternination capacitor coupled to said first:-
ou c " d first input node; one of said first and second
term nation capacitors acting as a first sanpling capacitor; a second

sanpling capacitor coupled to said first input node and said second outpqgE -
Sk

node; whereby a second order filter ircuit is provided:- 2. ~
The circuit of claim1 wherein said fi?sﬁ input node conprises an
inverting input of said first anplifier:- 3. The circuit of

claim1l wherein said third input nodey rises an inverting input of
said second anplifier:- 4. A seég%g?order filter circuit having
first and second phases of operation, said circuit conprising: -14- a

fi {st ope(rja'F ipnal anplifigdcdinyidyds retl e et id rigdes: and a first
output_nade; o second operignal anpliluct having i il gnd lon th et
first anplificqitpit stode fandtfirgtitamddeecond sinpliff inwtesout put node; a’
second feedback'Capacitgrsgggghe%ﬂg%é¥¥éaal amplifier having a second
output node and third and fourth input nodes;
"a first feedback capacitor coupled to said first
amplifier at said first output node and said first input
node;

a second feedback capacitor coupled to said

second amplifier at said second output node and said third ~
input nodej
a first termination capacitor coupled to said
first output node and said first input node;
a second termination capacitor coupled to said
first output node and said first input node;
one of said first and second termination
capacitors acting as a first sampling capacitor;
~ a second sampling capacitor coupled to said
first input node and said second output nodej
- whereby a second order filter circuit is
provided:- - _
| , u
2. The circuit of claim 1 wherein said first input
node comprises an inverting input of said first
amplifier:-
3. The circuit of claim 1 wherein said third input

node comprises an inverting input of  said second
amplifier:- '

4, A second order filter circuit having first and
second phases of operation, said circuit comprising:

LT



'second anplifier at said second output node and said third o
first term nation capacitor switchably coupled to said first m” ﬂlﬁ"ﬁ"ﬂrﬁ?’,’
“said first output node during said first phase, said fir

term-nation capacitor switchably coupled to said third i nput node and
grqund during said second phase, said first term nation capacitor acting as
a fi'rst sanpling capacitor; a second termnajion capacitor coupled to said
first input node and said first output node during said first phase; said
second term nati on capacitor coupled to ground during said second phase; a
secgnd sangllng capaC|toL smnfihang?ﬁﬁwwﬁﬁ?dk)gmpx%fiéﬁthgnpgs FQ&%tanM
sai d second out pu ur | | as i d secpnd sanpling
capacitor switch %?gg%iubPBHg?B° ?%u% fhﬁsga?ﬁa@éEdHﬁ? hase; whereby a
second order filter is provadedcond. 0perat10ﬁhé ampdufuemfheNﬁmgn&hMuﬂ%ﬁnﬁ
said first input memomﬁﬁﬁeao&&s'Mrélg&w@%u%uéaﬁfdéi rst anplifier

and sai d second input node" conprises an I nvert Said second
amplifier:- 6. The cerEirst ofe%ql%%k@w:emr koubked sto ismid fiigert

Is a V|rtual grouadipUifief 8ai @ofild ki ¥SEnput node and said first output
' node;

a second feedback capacitor coupled to said
second amplifier at said second output node and said third
output node;

a first termination capacitor switchably coupléd
to said first input node and said first output node during
said first phase, said first termination capacitor
switchably coupled to said third input node and to ground
during said second phase, said first termination capacitor
acting as a first sampling capacitor;

a second termination capacitor coupled to said
first input node and said first output node during said
first phase, said second termination capacitor coupled to
ground during said second phase;

a second sampling capacitor switchably coupled
to said first input node and said second output node
during said first phase, said second sampling capacitor
U switchably coupled to ground during said second phase;

whereby a second order filter is provided:-

S. The circuit of claim 4 wherein said first input
node comprises an inverting input of said first amplifier
‘and said second input node comprises an inverting input of
said second amplifier:-

6. The circuit of claim 4 wherein said first input
node is a virtual ground during said first phase.




