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PROGRAMMABLE SW TCHED CAPACI TOR CIRCUI T The present invention relates to a
progr amabl e swi tched capacitor circuit, and particularly but not ggo 4253 ~4
exclusiyely to ‘a progranmabl e anal ogue cell -i ncorporating a switche
capacitor circuit, and to an array of such cells. Switched capaC|torlp°55
circuits are knomn and have been used in fllter CIrCUItS to enulate t he ety
behavi our of a resi st RRYGRAN 5 g PACIAOR IZ cApacitor
through switch circuits on ei ther si de of t he capaC|tor They ave been
used parti uIarI in filter CIrCUItS t.0 ment_the resistive par f.a
RCt i gty CRERSRAE o tfveriion | Felatdl TR oirestetallel oyitonta

circuit i scalgedltorcrmgeuup, aaﬂ:m&lrtmbarby Huta patk t 'exuﬂ.alsllvﬁlq tohe

et ween { e Sar PemERte N sREnCEIT: GEREHIEL Ay 87 SLchell EEpHEes

capaci tor CEFeBEky a@enpo 98 arFavcHfadudr cqkMe- "switched" capacitor)

connect ed bet ween first and second svm tch circuits. Each switch
circuit hastvvotermnalstn addition to a m nal cqnnecting it tothe
swi t ched c3PaEFPEH. carpgl %tc‘ﬁr&url&ﬁtaﬁﬁn “é‘bl £59; Payet besryiwggd ofin

the sw tcheillegpaceipeubas atdergiuladtecofhect Bghboianri npfit avolreads oy bRe
switching charge into and out of a capacitor through switch
circuits on either side of the capacitor. They have been used
particularly in filter circuits to implement the resistive
part- of a R-C timing circuit for a filter. That is, the
switched capacitor circuit is 'used to charge up a second
capacitor at a particular rate, the rate of charge of the
second capacitor depending on the ratio of values between the
switched capacitor and the second capacitor. A known switched
capacitor circuit comprises a capacitor (the “switched"
capacitor) connected between first and second switch
circuits. Each switch circuit has two terminals in addition
to a terminal connecting it to the switched capacitor. The
switch circuit connected to a first terminal of the switched
capacitor has a terminal connected to an input voltage for the
switched .capacitor «circuit and a terminal connected to
ground. The switch circuit connected to a second terminal of
the switched capacitor has a terminal connected to an output
of the switched capacitor circuit and a terminal connected to
- ground. The switch circuits c¢an be controlled by
non-overlapping~ clock "sighals - whith.ccause the switches to
toggle between the two terminals. This toggling effect causes
charge packets to be transferred into and then out of the
capacitor to emulate the beh"%viour of a resistor.

. Subsequent developments have led to . the use of switched
capacitor circuits in many different .__ns"tructure' over and above
the emulation of resistor behaviour. ‘_I'hese structures behave
in a definable manner even though’ some "do not have ‘any
continuous time equivalent. REPtACED'SHEETS SG
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switched capacitor <circuit and a termnal connected to ground. The
swtch circuit connected to a second termnal of the sw tched capacitor has
‘alt.ermimal connected to an output of the switched capacitor circuit and a
term nal connected to ground. The -svdt<€h circuits can be
controlled by non-overl apping clock signals which cause the sw tches
to toggle between the two termnals. This toggling effect causes charge
packets t@the EFASTING edswirahedandcananisor of circudfpaci t bhet o eeatbred
the bEhth%{—dife@léﬁéiﬁ&gorc1§ls!§23eQHEHElsdex%opgﬁﬁbilehaVﬁo lgd1 tor thRe
use SW.t (_Qfd capagi Ci rcwts I n, many differe ({f&tructur over and
above t he S¥hiGh i T ?1F§S|1§’totr DeFhRFBF:  FhiSe 1§ rdRA%BE Be iwirgd
defi nalbl euwnefztem&mg t Beogh a sctmckdcshlgm1 v r YL Cbt i aIehIS offl NBhe
equi val ent Xi stin t che acit ot C|rc S,.., the
required r%’ﬁ'tcﬁ}}erfséﬁﬁuﬁ EécI oc h@?gng}‘\% q:s pPEEGUESSal T O Pwléﬂﬁet%hat
C|rCU|ts|hhahE1mawimat'ﬁh$ chlmmmsbmadehawhwwre@ this tlme the hard

wired distribution of the bus is determlned

In some existing circuits the possibility exists to externally
program or control the wvalue of components so that the tuning
of the <circuit can be adjusted. These circuits include
programmable switchéd '.capac:itor filters, tunable
transconductor-C circuits and a'nalogue neural networks where
synapse weights are adjusted by setting' component wvalues.
However, all of the known circuits are restricted in being
able to implement only a fixed topology and function.

In one aspect, the present invention seeks to provide a
switched capacitor circuit which is programmable so that its
function can be set by a user..

In another aspect, the present  invention seeks to provide a
switched capacitor circuit which is £field programmahle"or
reprogrammable whereby both the functions of the circuit and
‘the tuning of its response can be set by a user with the
circuit in situ.

e

m ~EiSERcdording to one aspect of the present,.invention there_.is

i e -

provided a switched capacitor circuit comprlslng a capacitor
connected in circuitry which- includes first and second switch
circuits on opposite sides of said capacitor and control
circuitry operatively connected to at least one of said first
and second switch circuits, said control circuitry being
operable to provide one of a plurality of alternative control
signals for controliing operation of said at least one switch
circuit, one of said alternative control signals being a
periodically varying signal to alternate the state of the
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bus extending froma clock signal generator to each of the switch circuits.
Thus, the switch circuits are conmtted at the tinme that the chip is made
since at this time the hard wired distribution of the bus is determned. In
“sonme existing circuits the possibility-eXists to externally program or
control the value of conponents so that the tuning of the <circuit can

be adj-usted. These circuits include progranmable sw t ched

capaci t orswitcht giggnesit betwegnafme taliprerabilee osteta@s cind s anedharl efue

neural nedavd kg1 eBehd tS¥RARSht ML QEi%naﬁﬁ ecaadingt &he PywisEht EPPcuit to
of the known circuits, are, restricte in

conponent, val yes., However, _ al g

o hg abiRe t Befidhaft HHS asFRERA B! BYCRRAORII TORLETR toheselect
aspect, dre o¢ofesedid i nvEtérnatiseeckeonteolpr ®iigimls, swsatdedseapatibar
circuit d | rogr. | that igs f ti be set a_use

' anot herl EdhbEr? BT B hnblle o URE' HER, DR RH Pidaditine
capaci t oraltermativehicomtriod sfligglads mesytemdadearmbred epy ograsenbl e
whereby both the functions of the circuit and the tuning of its response

can be set by a user with the circuit in situ. According to one aspect of
t he presefhe| hRERNLESPR Hatws j Brovides a switched capacitor circuit which

can effectively be configured to perform any of a wide variety
of standard switched capacitor functions by providing
selectively control signals for ‘détérmining the mode of
operation of the switch circuits. The selection of control
signals can be specified according to a plurality of program
selections, selected for example according to digital data
which may be supplied from elsewhere or stored .in digital
storage means (e.g. RAM), and optionally may additionally be
selected according to one or a number of dynamic signal inputs.

In a pfeferred embodiment of the present invention, the
capacitor is programmable to vary -the capacitance in circuit
between the first and second switch circuits. This enables
the component value of the circuit tb be adjusted.

Such ‘a switched capacitor circuit provides a basic circuit for
a system in which not only component values but also circuit
topology and functions can be programmed in situ. This can be
achieved without 1loss in performance when compared with
standard fixed topalogy .counterparts.

In the present context, the topology of a circuit is a
reference to the connections within the circuit and .in
particular includes the routing of particular input signals to
particular 6utputs by suitably sélecting the control'signals
to control the switch circuits to provide programmed fixed
connections. The function of the circuit is a reference to
the way in which it modifies a signal as it passes through the
circuit. As is known, a switched capacitor  circuit can
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provi ded a switched capacitor circuit conprising a capacitor connected in
circuitry which includes first and second switch circuits on opposite sides
of. . sai d capacitor and control circuitry operatively connected to at |east
one of said first and second switch circcyits, said control circuitry being
operable to provide one of a plurality of alternative control signals for
controlling operation of said at |east one switch circuit, one of said
al ternati ¥mptemend spepiof sc bfungtaopsrwhdchaldmulasity i bhesimptdviour of a
alternate t ' e =3 :8W,LC i It s wo alt i ve
states anﬁégﬁgghg#g%?ggé?d oaﬁ t grgﬁét%%é E%lﬁt E‘%:éatstllgﬁéa\ll_\gggé%éi n‘%l tﬁégg\i?vi (<
circuit tbmpdemend i serie@danagitomnd selection circuitry to select one
of said alternative control signals, said selection circuitry being
programmabl e so that the selection between the alternative control signals

can be def®rmARYEHFNE yERESETHIRGHARRT on tfus Sl ddnd Sfiqadifed switch
capaci t orctictatits Waireh eaohefdingleeltpgedeconiviigwirg t Rapdhigor i dventinal

W de VariSBXnected one to each pole of the capacitor and having a
switch element connected to that terminal and capable of
toggling between a voltage and‘g:ound. Other switch circuits
are envisaged for use in the ‘present invention in any
arrangement which enables a switched capacitor function to be
implemented.

For example the first switch circuit on the input side of the
capacitor can be a toggle switch, and -+the second switch
circuit can be provided by any circuitry establishing a low
impedance node capable of receiving chargé samples, for
example a virtual ground established at an input terminal of
an operational amplifier.

The present invéntion' is applicable to provide inter alia
: prqgrémmable switched-capacitor filters, integrators,

differentiators, gain stages, adders/subtractors,

sample-and-hold, rectifiers, oscillators. '

The control circuitry can be arranged to provide said
alternative control signals from a number of signals input to
'it, the -selection “circuitry being rarranged:-to select between
the input signals. Alternatively, thé control circuitry can
be arranged to generate,difﬁerent control signals under the
control of the selection circuitry.

According to another aspect of the present invention there is
'providéd an array of programmable cells each comprising a
switched capacitor circuit connected to an active element,
each switched capacitor circuit <comprising a. capacitor
connected in circuitry which includes first and second switch
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of ~ standard swi tched capaci tor functions by providing

sel ectively control signals for determ ning the node of operation of the
swi.fch circuits. The sel ection of eontrol signals can be specified
-according to a plurality of program sel ecty ans, selected for exanple
according to digital data which may be supplied fromel sewhere or stored in
digital storage neans (e.g. RAM, and optionally nmay additionally be

sel ect ed acdaraliiigs t commecireda onnuppadiynaiidessi gfial sab@utcsapaocidor the

pr ef erred I N t

programabl-e mg}\r;g%c% ﬂ]ilpam anc]é :&n%gdr E:ﬁl}p{ B’ggt la%’?\ﬂ%%fléo n%cr:\tded to
second swi @€k pEuistald fhrstersnd esechud caWidient oigicyd tef, t Beidi reomtrod
be adj ust ed; rEet Ay SWiGREd o%%%lfeortS' r 1&é0Vdrijeesoff bas'ﬁlﬁkéﬂ't& f&f

a systemin which not only conponent val ues ut also circuit topolo
functions @éﬁ%?ﬁbﬁ?aﬁﬂﬁﬂrpﬁ §|1S@318Tr#%r cSADEE oddAngy RPSF 2 hboR IQf-sss?hd

per f or mancgwiltath C@ﬂﬁ@ﬁ@dsw Mestoafn@dm faxedrhapohegyonduiieryigisls | Peing
the present _cont ologxgnFi a CI U|t ref.erence to

the connectd oRSTHP ﬁFﬁltlﬁe c? p{—?:{'%t? Ieif‘altr?cl*ﬁﬁgs $H°¢ 0 Qi nghe
of parti culssriticlputisicgidlss hetwean | tubar lhdmatsivy statedl gndelamdingr t b

control -si %’Hcf alternative control signals causing the switch circuit to
be held in a fixed state, and selection circuitry to select
one of said alternative control signals.

The control circuitry can be common i:o all cells in the array
or can be provided for each cell in the array.

A further aspect of the present invention provides a method of
operating a switched capacitor circuit comprising a capacitor
connected in circuitry including £irst and second switch
circuits on opposite sides of said capacitor which method
- comprises selecting one of a plurality of control signals for
dete}mining -the state of .said first and. second switch
circuits, said control signals including at. least one

periodically varying signal and at least one signal for

holding the switch circuit in a fixed state.

According to another aspect of the present inv.ention there is
provided an array .of programmable analogue <cells each
- - *comprising 'a plurality of _switched capacitor: circuits, .each

. WEE

comprising a capacitor ' connected between first and second
switch «circuits, said switched capacitor circuit "being
selectively connectable to an active element of said cells,
wherein the array includes control <circuitry operatively
connected to each of the switch circuits, said@ control
circuitry being operable to provide at least two alternative
control signals controlling operation of said switch circuits,
at least. one of said control signals being a periodically
varying signal to alternate the state of' ‘at least one of the
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t6 control the switch circuits to provi de programred fixed connections.
The function of the circuit is a reference to the way in which it nodifies
a_signal- as it passes through the circuit. As is known, a swtched
-capacitor circuit can -4- inplenentgspecific functions which enul ate

t he behavi our of a series resistor of positive or negative value, or which
can inplenent a series capacitor. To inplenent these functions, the first

and secogwli S#ht el rejuics tﬁeaﬁ@e@aebomamﬂe&ﬂmgiée §%E§B¢S ahiﬁ/l Bgléctlon
t er m nal connegted one %ﬁ 2ac o e_of é aC|t t and q%%?&e
el ement THhREEEEd 150t &S &l OhnFad B?a 54! iR gﬁgga
voItagetdmdrgbgunﬂach(l#natsmmtnﬂrcu1¢cuuhs ahe enlilsaged cbntroaied.lmo
the presepfiqhPUeRhicORe1 N t AMa v A %%%%W% SaflaS¥
capaC|tor§£uﬁ%t|on to be i t1emsnte Q&Er exanpl e t f ? ¥%k% cgpﬁuit
on the input side of the capacitor can be a toggle swtch, and -the second
swtch 1In one embodiment, the active element is an operational
amplifier having an inverting input, a non-inverting input
connected to ground and an output with a capacitor connected
in feedback between the output- of the operational amplifier
and the inverting input wherein said plurality of switched
capacitor circuits are connected between respective'inputs to
the cell and the inverting input of the qperational amplifier.

The invention also provides a programmable analogue cell
comprising an active element such as an operational amplifier
having an inverting input, a non-inverting input and an output;

a capacitor connected in feedback between the output
of the active element and the inverting input; and

a plurality of sw1tched capacitor circuits connected
between respective inputs to the cell and the inverting input
of the active element each switched capacitor <circuit.
comprising a capacitor connected between first and second
switch circuits, wherein ‘each cell has. connections for
operative connection 'to.-control c1rcu1try, said control
circuitry belng operable to prov1de one of at 1least two
alternative -control 51gnals for controlling operation of said
switch circuits at least one of said alternative control
s$idgnals -being " a periddicdifiy varying signal and  selection .
circuitry to select one of said alternative control signals.

It will be understood that the term "“periodically wvarying" is
used herein in its sense as normally understood by a person in
this field to represent a signal which has a repeated pattern
with a definahle period. This 1nc1udes, but is not restricted
to, square wave clock signals. '

For a better understanding of the present invention and to
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circuit can be provided by any circuitry establishing a | ow i npedance node
capabl e of receiving charge sanples, for exanple a virtual ground
est:abl i shed at an input term nal of an operational’ anplifier. The present
invention is applicable to provide irt@r - alia programuable
swi t ched-capacitor  filters, I ntegrators, differentiators,
gain st ages, .~ adders/subtractors, sanple-and-hold, rectifiers,
osci | | at or shothehewntthel sameuinayy bearcder bed ardgdd t e£fecki deefardnce will
al ter nal | vaoGonbd Ohadb0Rd Sedy 08 Seluiibee 8b Yrobect@iprhyifgl Uradiftys in
sel ection C|rCU|try being arranged sel ect between the input signhals.
Alternat|v§P9 ‘the control circuitry can be arranged to generate different
cont rol signals under the control of the selection circuitry. According to

anot her aspect the en nvent i t here i s provigded a L2y, o

pr ogr anmabl e ce ﬁ $ %?narﬁ g&PF gﬁ%ﬁﬁéﬁﬁ EV? (ﬁﬁﬁﬁﬁ%ﬁpr
to an actiwénauyuangjéashraﬁmm;heue(ﬁﬁnerabrpnmnmnplescuﬂwthengmesent
capaci tor gg@gﬁgfgh;n circuitry which includes first and second switch

Figure 1b illustrates two overlapping clock signals used
for controlling the switch circuits; '

Figure 2 is a circuit diagram illustrating one
implementation of a switch circuit of Figure 1;

Figures 3a to 3c are illustrations of three different
functions which a switched capacitor circuit can implement;

Figure 4 is a block diagram of an improved switched
capacitor circuit; o , '

Figure 5 is a diagram illustrating how the capacitance of
the capacitor in a switched capacitor circuit can be varied;

' Figure 6 illustrates in block‘diagramLform an exemplary
implementation of the éontrol circuitry and selection
circuitry:;

Figure 7 is a circuit dlagram show1ng one 1mplementat10n
of a mode select circuit of Figure 6;

) Figure 8 is a circuit diagram showing‘one implementation
Oof a control function generator of Figure 6;

Figure 9 is a diagram illustrating' an operational
amplifier with control bits to determine its operational state;

Figure 10 is a circuit diagram of a programmable analogue
cell incorporating switched capacitor circuits .and an active
element suitable as the basic cell for an array;.

Figure 11 shows diagrammatically - an array with
interconnections between cells in the array. '

Figures 1l2a and 1l2b illustrate .particular end cells for
an array; .

Figures 13 and - 14 are circuit diagrams of particular
circuits that can be implemented using the cell of Figure 10;.
and : .
Figure 15'is a circuit diagram of another embodiment of a
switched capacitor circuit incorporating an active element.



-57 circuits connected on opposite sides of said capacitor the array

I ncl udi ng control circuitry operatively connected to each of said first and
second switch circuits, said control circuitry being operable to provide
one of a plurality of alternative control8 st gnals for controlling operation
of said switch circuits, one of said alternative control signals being a
periodically varying signal to alternate the state of the switch circuits
bet ween t W3 gMneerhatbva shhoek gdiagzas Heklwstxatingl thenaprinciphesolof a

signals causivdhddecapalcitdy redkbuie Bg NgkdokBandd XefeRt ahe _éiﬁlﬁ’crdim t
selection circuitry to select one ,of said alternative control_ signals. E‘?‘ﬁe

contiol cRPfcuitiey PEessitcomientdon cdhss swidiched r SPRACIEAY beclrcult

provi ded tompmfdesehl dapddits ray whAchurideeoanpetiedfbébeepnesdiist and

compri 51 n§ o8 b e TR ot n &ifcut AP | RALRS g RS- Gha Lk ontre

switch ci conttmldredpposyt e spuesodf saignedpaci Sor wihicth netdwal codenoted

3]?' eg;: 39 d?.l%fgslf[gngan .Hésié‘%%trléyoisc%&fg%%ssS‘Sirl%'zs P rIELEEM N NGnd NEonSLELE
signals S1,S2 are provided by a switch control mechanism 8
including control circuitry which provides a set of
alternative control signals and selection c¢ircuitry which
selects between the alternative signals. The first switch
circuit 4 is connected between an input I and a first terminal
of the capacitor 2 while the second switch circuit 6 is
connected between a second terminal of the capacitor 2 and an
output O. In Figures 1 and la, the denotation SCl denotes a
switch circuit connected to the first terminal of the
capacitor and SC2 will denote a switch circuit connected to
the second terminal of the capacitor. The switch control
mechanism 8 enables selected ones of a set of alternative
control signals to be suppliéd to control the switch circuits
4,6. Figure 1 also.illustrates a storage device in the form
of a RAM 10 which is provided to store -a control program which
controls the manner in which the switch control mechanism 8
produces- the control signals S1,82 for controlling the switch
circuits 4,56. | ' ’

The provision of control signals and selection therebetween
can be done in a variety of ways. Figure .la illustrates a
circuit similar to that of Figure 2 wherein the. switch control
mechanism has control circuitry in the form of a plurality of
terminals 7 for receiving signals available elsewhere in the
circuit, namely CLK,-CE.—I;,Vdd and Vss. EITI-C and CLK are
non-overlapping clock signalé. as illustrated in Figure 1b.
Vvdd represents the positive supply rail and Vss represents the
negative supply rail. The switch control mechanism includes
selection circuitry suitable for selecting specified ones of
these signals to control the switch circuits SCl and SC2. A



circuits, said control signals including at. |east one
periodically varying signal and at |east one signal for holding the switch
circuit-in a fixed state. According to another aspect of the present
invention there is provided an array- %f- progranmabl e analogue cells
each conprising a plurality of switched capacitor circuits, each
conprising a capacitor connected between fjrst and second switch
circuits, furkhed improvexentcdpactiherbasiec@ircwidi nkp skpepriordide as the

connect abl £,401 89rachi vVenel eRBNt it Sdd Rl o vder /iirduia: ard a¥ol-pgliuees
control circui tr'rn% ORerat ively connected to each of tt'ie swf{ch circuits,
sai d contRTPIERTRAPLRY FRR3GL bR EBPe CARAFIFANRS aV 21BEs 0% WBRAFPeGRR | e

control sighbbd dantredpdmge oper digdbadf codied Bidcdd ci foni é2ample,| edst a

one of sajd nt r,ol | gnal s hei - er,i.odi cal yi i anal t

al t er nat ??Wg&gt aatcec%“fss a?élmé’a t g%”é’ g?gt hlen%cca?%é-als'vé% cﬁggleﬁ:cuﬁ%s Bg‘f“\%éﬁ

two al ter2@tivad styatasic andsetl etghed &i9r man rhe tpreelded Hoe ofeswirdting

al ternatimgs cRLia1S S stored in the RAM 26 to reset the value of
capacitance of the capacitor 2.

Figure 2 is a circuit diagram of one possible implemehtation
for each switch «circuit 4,6. Thus, each switch circuit
comprises first and second terminals A,B each of which are
connected to respective pass gates 12,14. Each pass gate is
formed from a pair of complementary MOS transistors in a known
manner. Each pass gate has connected between its control
terminal 16,18 and facing terminal an inverter, referenced 20
for the first gate and 22 for the second gate. The outputs of
each pass gate 12,14'are coupled to a common ogtput terminal
X. Each pass gate has a control terminal 16,18 respectively
to which are supplied control signals from the switch control
mechanism 8. In Figure 2, the control terminal 16 of the-
first pass gate 12 receives the control signél S<0> while the
control terminal 18 of the second pass gate - 14 receives the
control signal S<l>. The denotation S<0>,S<l> denotes the bit
lines of .the bus used to tranémit the control signal S. Thus, .
each switch circuit will receive two control signals on
adjacent bit positions of the bus, and operates according to
- . - these control signals as explained-below. |

The connection of the capacitor 2 between first and second
switch circuits 4,6 each of the type illustrated in Figure 2
is a known so-called parasitic insensitive switched capacitor
connection arrangement where the function of .the switched
capacitor «circuit is unaffected by wunwanted parasitic
capacitance to ground that'wil; inevitably arise in a physical
implementation. '
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V\,ﬁéreby each switch circuit in the cell is controlled to configure the cell
to have a particul ar topology and function. In one enbodi nent, the active
el.enent is an operational anplifier having an inverting input, a
non-inverting input connected to groundlgnd an-output with a capacitor
connected in.feedback between the output of the operational anplifier and
the inverting input wherein said plurality of switched capacitor circuits
are connetdlellebet webowsesbket iveax iionsut sodest ef ceperadomheofnvehe i sgiitahut

of the opﬁ%wegl AP b%' ‘a'ssom%tiidﬂév%?ﬂ:ﬂneaéhs%wiﬁ:rdﬁ"iP@)gr Sentation a
progr anmabl € anal odue el'l” conpri'si'ng an active elenent”s cﬁ as an
oper at i ore@rhkpRLAerPRAG T ARMART| fnatiaf i npFhe asWafchnyEEPLR§ENFSEL oaxsd

an out put;sajgapatiddiedoineetslel B HeRdRaEa el Wed 488oRPhAYENnEf fikRires

active elterrpni and the inverting input; and a Iyralltg of sztche.d

capaci t ort@i t ¢hPF§ rasen s W Rfer? 1 i hptEtER ERECHEL and the

inverting input of the active element each swtched capacitor
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to contrwehilei ruhe t coppnecsdiod Xdhtisl perrmamently bepey. ogdar abhe segond

provide Q008e Obnell cdrft®tiddO Xx-B is permanently closed while the
connection X-A 1is permanently open. In the third mode the
connections are toggled such that X-A is closed only when CLK
is high and X-B is closed only when EITIE is high, i.e. CLK is
connected as S<0> andEITI-{ is connected ‘as S<i>. In the fourth
mode the connections are toggled such that X-A is .closed only
when CLK is high and X-B is closed only when CLK is high, i.e.
CLX is connected as S<0> and CLK is connected as S<l>. In the
fifth mode the connections X-A and X-B are permanently
open-circuit. The sixth mode is a general'.external function
mode in which the connections X-A and X-B are determined by a
special purpose co.ntrol function. The seventh diagram
indicates the general symbol used herein for a programmable
switch mode in which the switch is a toggle switch with an
uncommitted function, controllable in response -to control

signals from the switch c_ontrol mechanism.

It will be appreciated that as J".s well known in the operation
of a switched capacitor circuit the. connections X-A and X-B
must never be closed simultaneously.- This provision must also
be adhered to when external function control is applied in the
sixth mode.

Figure' 3a to 3¢ illustrate three different functions of a
switched capacitor circuit. '

Figure 3a illustrates a switched capacitor circuit which is
used to provide a function emulating a resistance between the
input I and the output O, The dotted 1line indicated with
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al ternative control signals for controlling operation of said switch
circuits at least one of said alternative control signals being a
periodiecally varying signal and selection circuitry to select one of
said alternative control signals. It w-lfl1be understood that the term
"periodically varying” is used herein in its sense as normally understood
by a person in this field ta.represent a signal which has a repeated
pattern wrelfexetute nabirepeki od. iEhi driswel udesundut d s swittahesl ricapacivor
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i nvention an - . show how t he sane nm carried into e
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is in the third mode of operatlon where in the first switch
circuit 4 the first terminal A is connected to receive a
voltage Vn at the input I and the second terminal B 1is
connected to ground. In the second switch circuit 6, the
terminal A 1is connected to an output reference voltage Vref

and the terminal B is connected to ground.

In Figure 3b the terminals A and B of the first and second
switches 4,6 are connected as in Figure 3a but the first
switch 4 is in the fourth mode of operation while the second
switch 6 is in the third mode of operation. With this
arrangement, the switched capacitor circuit 1 implements a
function emulating a so-called negative resistance between the
input I and the output O. '

In Figure 3¢, the terminals A and B of the second switches are

- connected as shown in Figqure 3b and both of the switches are
set in the first mode. Thus, the capacitor 2 is connected
directly between the input and the output and thus behaves as
a capacitor. This is shown in Figqure 3c.

Table II denotes the quantity of charges which are transferred
between the input ‘I and the output O in'each-implementation.
The 1letters QA'QB and QC - refer to the quantities of
charge transferred in each of Figures 3a to 3¢ respectively
while the letters CA'CB and CC denote the value qf the
capacitance of the capacitor 2 in each of the implementations
of Figures 3a to 3c respectively.'

Table II illustrates the quantity of charge transferred in
each case evaluated in the z domain, that is as a function of
the unit cycle time of the clock signals (CLX,CLK) controlling



f'of controlling the switch circuits; Figure 2 Is a circuit di agram’
Il lustrating one inplenentation of a swwtch circuit of Figure 1; Figures
3a,to 3c are illustrations of three different functions which a swtched
capacitor circuit can inplenent; Figurel24- is a block diagram of an

I nproved sw'tched capacitor circuit; Figure 5 is a diagramillustrating
how t he capacitance.of the capacitor in a swtched capacitor circuit can_be

varied; Eb§ur 8WEtCheFst r afBd si nt¥BPBcICi AFRAFSIST misdh E;Z'@r’rﬁ-ll%l‘l‘?l way of
i npl errent:ahlsarmenq{g td}ﬁrq@mt&'@hsfe&l rei tdwitcned cassdeltodn Cireuitsy;
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determ né its ‘operational Igure 10 Is a circuit dlaram
pr ogr ane| @nar%%*g%‘él@éﬂ- PﬁEé%ﬁb?ﬁtl ng svm tched. capacitor circuits and
an active elenent suitable as the basic cell for an array;

In each of PFigures 32a to 3¢ the input terminal I £for the
switch capacitor circuit 1 is shown connected to a single
input voltage Vn. Figure 4 shows how the voltage Vn can be
effectively selected from two input voltages V1,v2. Each
voltage V1,V2 is supplied to the input terminal I1,I2 of a

respective first switch circuit SCinl,SCin2. The outputs of
the switch circuits S8Cinl,2 are both connected to the first
terminal of the capacitor 2. The second terminal of the

capacitor 2 is connected to a second switch circuit SCout as
already described. SCout in Figure 4 corresponds to SC2 in
Figures 1 and la. '

The switch control mechanism.8 provides control signals S1,S2.
as referred to above in Figure 1 and-a further control signal
S3, the control signals S1,S3 controlling the respective first
switch éircuits SCinl,2 'and the control signal S2 controlling
the second switch circuit SCout. In Figure 4, the switch
control mechanism 8 receives 1nput signals CLK, CLK Vss and vdd
and selects approprlate ones of the input signals to be.
applied as control signals S1,S2 and S3 to the switch circuits
S§Cinl,2,SCout. Thus both of the switched capacitor circuit
function and the selectio_n of input voltage (topology) can be
controlled. Thus, it is possible, for example, to apply the
clock signals CLK,‘CE“K to the first switch circuit SCinl so
that that switch circuit toggles between the input voltage V1
and ground and to apply a control signal S3 to the switch
circuit SCin2 which disconnects the capacitor from the input
voltage V2. The control sigqal S2 c_?_ri apply to the switch
circuit SCout the clock signals CLK,CLK so that that switch
- circuit also toggles between the output Vref and ground. In



= gure 11  shows di agrammatical ly an array with interconnections
between cells in the array. Figures 12a and 12b illustrate particular end
cells for an array; Figures 13 and 14 are circuit diagrans of particul ar
~circuits that can be inplenmented using thezcell of Figure 10; and Figure 15
Is a circuit diagram of another enbodi nent of a switched capacitor circuit

I ncorpor-ating an active el enent. -8- Figure 1 is a block diagram
illustrati tgathecprsimci e esswi techesvi tadpakc Cepaci tbreuitcuwt thn ac ¢ duwaicieon
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arrows S1i, ure 1. .The control rgnals ,S2 are provided by a

switch conFF'SPrﬁedﬁaﬁ?'gﬁ?Blt prov1des ve at111ty not only over the mode
of operation of the switched capacitor circuit but also over

the input voltage supplied to that circuit.

The supply of the control signals S1,S82,S3 by the switch
control mechanism 8 can be controlled by programrhing bits
stored in the RAM 10. The pro'gramming of the RAM can be done
in accordance with confiquration data supplied .to it. This
configuration data can define seiection programs for- storage
in the RAM 10. A selection program can include a programming
bit or bits indicating that the supply of the control signals
§1,82,S3 from the switch control mechanism should be carried
out under the control of a dynamic contro_l signal 24
originating from external circuitry or from within the
implemented circuit. With use of this dynamic control, the
. function of the switched capacitor circuit can be varied in
response to events. An additional capability of the dynamic
control facility would be to provide switch control signals
derived directly from the dynamic control signals which could
" be applied to the switch circuits u51ng the control 1lines
S1,2,3 in place of the ¢lock signals CLK, CLK provided to the
switch cqntrol mechanism 8.

-= = =" ‘Figure 4 illustrates the improved circuit vgl_;_é;_ein. “the
capacitor 1 is programmable. The programmable capacitor can

be implemented in any known manner. - A particular
implementation is 1illustrated in Figure 5. Figure 5
illustrates a plurality, n, of capacitors Cu .o zn“'lcu

associated with respective switches 30. The RAM 26 comprises
a plurality of RAM -cells 32 which individually control the
state of the respective switches 30. The value of capacitance
between the points P and Q thus depends on the number of the
parallel capacitors which are connected in the circuit. The
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ihéluding control circuitry which provi des a set of alternative
control signals and selection circuitry which selects between the
alternative signals. The first switch circuit 4 is connected between
an input | and a first termnal of the ddpacitor 2 while the second sw tch
circuit 6 is connected between a second terninal of the capacitor 2 and an

output 0. In Figures 1 and |a, the denotation SCL denotes a switch circuit
connect edRAY €RB bPr OV eraTH than Y thAYNARG s ahdbSE29 | | denote a
switch circuit connected to the second term nal of the capacitor. The
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lines Ext0,Extl for increasing the versatility of the switch
control mechanism 8. Although only two external control lines
are shown, more could be provided as ‘necessary. The external
control signals ExtO,ExEl and the input | signals
CLK,E_ﬁE,Vdd,Vss are fed to a control £function generator 36
which is under control of data stored in the RAM 10. In
Figure 6, the RAM 10 is illustrated as having three different
RAM sections 10a,1l0b,10c. The precise arrangement of data
storage in the RAM is of course well - w:.th:.n the scope of a
skilled person.

The control. function generator 36 geﬁerates from the signals
input to it two ‘mode select signals CFO,CFl. Although only
two mode select signals are shown, more could be provided as
necessary. The mode select 'signaié and the input signals
CLK,CLK,Vdd,Vss are fed to a plurality of mode select circuits
38. There is a mode -seiec_:t 'ciréuit associated with each.
switch circuit SC in the switched capacitor circuit. Thus, in
the embodiment of Figure 4 -there will be. three mode select
circuits 'provi.d,ed in-the switch control mechanism 8.

Figure 7 is a circuit diagram of one possible implementation
of a mode select circuit 38. The circuit comprises a palr of
switches 111,112 associated respectlvely with the CLK and TLK
inputs, a pair of switches 114,113 associated respectively
with the Vvdd and Vss inputs, a pair of switches 116,115
associated with the Vss input_ and a pair of switches 117,118
associated with the inputs CFO,CFl respectively. Each of the
pairs of switches is controlled by a respective control bit



terminals 7 for receiving signals available él sewhere in the circuit,
nanmely CLK, CLK, Vdd and Vss. CLK and CLK are non-overlapping clock

signals- as illustrated in Figure 1b. Vdd represents the positive supply
rail and Vss represents the negative supplsyrail. The switch control
mechani sm i ncludes selection circuitry suitable for selecting specified
ones of these signals to control the switch circuits SCL and SC2. A -9-
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Figure 8 is a circuit diagram of one implementation of a
control function generator 36. In the circuit of Figure 8
thnre is a switch MS1l associated with the CLK input, switches
MS2 and MS3 associated with the CLK input, a switch MS4
associated with the Vdd input and a switch MSS associated with
the Vss input. The outputs of the switches MS1,MS3 and MS4
are fed to one input of a change over switch 40 while the
outputs of the switches MS2 and MS5 are fed to another input
of the change over switch 40. The outputs of the change over
switch 40 are fed via réspective output switches 41,43 to
supply the signals CF0,CFl. The switches MS1 to MS5 are
controlled by output signals from decoding logic circuitry 42
itself controlled by data stored in the RAM 10. The change
over switch 40 is also under the control of a RAM bit 44 and
the output switches 41,43 are similarly under the control of a
RAM bit  46. The control function generator may also
optionally receive the 1nputs Ext0 ...Extn which are made
.available v1a a programming switching means external to the
cell (and not shown). These connect to -respective output
switches 080,081 ... bSn which dre alsc under the control of
the RAM bit 46 through an inverting gate 48 to the outputs CFO
..CFn. The first external control signal Ext0 can overwrite
the contents of RAM bit 44 thus controlling the change over
switch 40 and implementing a dynamic control function.

‘Table III illustrates how a two bit code stored in the RAM 10
can be used to set four modes, each mode being defined by five
output signals provided to control the switches MS1 to MSS
respectively. It can be seen that five switches MS1l to MS5
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conprises first and second terminals A B each of which are connected to
respective pass gates 12,14. Each pass gate is forned froma pair of

conpl ementary MOS transistors in a known nanner. Each pass gate has
connected between its control term nali1d6+18 and facing term nal an

i nverter, referenced 20 for the first gate and 22 for the second gate. The
out puts of each pass gate 12,14 are coupled to a common output termnal X
Each pass pasé& hbhe acoattrodlledor nbn&l ¢81¥8 fewpeclifébyent wsietitiags are
supplied c L3 9N f C pechanism8. In Figure 2,
t he contro?ghhgr r%%nal ai‘r.ft% %{é‘t‘.ixﬂf‘s %%t%gfs%s]i%g%sé 12 receives the control
signal S<0> while the control term nal 18 of the second pass gate 14

recei ves tigeaeondd ol cakonald TIhe. ardheofigeetati ed IHY Srdssseast sildiam hig
| i nes of ttaﬁsllusété‘se?&eéo transmt the control signal S. Thus, each swtch

circuit )‘tvvo control signals on adjacent bit positions of
t he bus, acdddepedht e¥ddcamidiVer tare heseneohedohkositgmal srassexpkaiswmddch 40
bel ow. The (Elg nec:'}ct;.1 " .the capacitor 2 between first and second switch

circuits 4 eac ! type illustrated in Figure 2 is a known so-call ed

parasitic ﬁﬁ§§n5|110|~vecswﬁ t apdd E3padcinsor C@an#&é‘-ﬁdontar rﬁ%geﬁﬁm*mer@eqms
function Oglh@éwéw%ngle throw) ;

Code 11l: CLK and Vss are connected to 40 {switch becomes
single pole single throw).

In Table 3 the letters SPST-stahd for single pole' single throw.

Figure 9 illustrates an. active element implemented as a
differential input -gain stage 52 which has been modified so
that it can receive control bits which enable its function to
be selected between that of a co_mparétor_-and ‘that of an
operational amplifier. The differential input gain stage 52
has an inverting input 54, a non-inverting input 56 and an
output 58. It also has connections to the positive and
negative supply rails Vdd,Vss. The differential input gain
stage has inputs 60,62 for receiving respective q’ontrol bits
from RAM locations 64,66. RAM location 64 supplies a bit to
the - input 60 which .acts as a bias dlsable b1t to power down
the dlfferentz.al-lnput ga:n.n stage 52. RAM location 66
supplies to the input 62 an opamp/comparator select bit which
determines whether the differential input gain stage will
function as an operational amplifier or as a comparator. i

Figure 10 is a circuit diagfam illustrating one embodiment of
a programmable analogue cell which can be used in an array of
such cells. The cell of Figqure 10 has a plurality of inputs
IN1,IN2,IN3. The reference IN3 denotes three inputs which can
be seléctively switched as described hereinafter. The cell
also has an output OUT which is fed back to the input at point
150. The cell is connected to an access bus AB and a signal
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c'a;iaci tor circuit is unaffected by unwanted parasitic capacitance
to ground that will inevitably arise in a physical inplenentation. - 10
-.Table | shows the various nodes’of operation of the switch circuits 4,6
by associating with each switch represedffad on a particul ar progranm ng
function. The switch representations as illustrated in Table | are used
I n the acconpanying figures to illustrate the node of operation of a switch
circuit. bus t$B.fi Ade nperess t hes candedhicos bgnm } sbper gagemade cpvaadalie e
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X-B i s cliowstt onl Thehednpuk i swhigh, 152 performs this function for the
output signal OUT of the cell. The input switches 154,156
perform this function for the input IN1,IN2 respectively. The
input switches 158,160 and 162 perform this function for the
respective three inputs denoted generally by IN3. This cell
also has a set of input toggle switches which can be
controlled by a switch control mechanism in accordance with
the invention. They can be controlled both in respect of
their mode and also by selectively activating the appropriate
switches to control the signals applied to the cell. Toggle
switches 165,166,164 select bhetween the single wire bus SWB,
the output OUT of the cell and the signal bus SB. = Toggle
switches 169,170,168 select between the singlé wire bus SWB,
the input INl1 and the signal bus SB. Togglé switches
173,174,172 select between the single wire bus SWB, the input
IN2 and the signal bus SB. Toggle switches 177,176,178,180
and 182 select between the single wire bus SWB, the signal bus
SB and the respective inputs denoted generally IN3. The
signals selected by the -appropriate switches in each set
164,165,166; 168,169,170; 172,173,174; and 176,177,178,180,182
are input to respective capacitors Cl1,C2,C3,C4. The cell also
includes an active element in the form of a differential input
gain stage 184 having an inverting input 186 and a
non-inverting input 188. Two way fixed position switches
connect the capacitors C1,C2,C3,C4 respectively to the
inverting input 186 of the OPAMP 184 via e.ither a special
function switch 190 or a toggle switch 192. The fixed
position two way switches are denoted 194 for capacitor Cl,
196 for capacitor €2, 198 for capacitor C3 and 200 for
capacitor C4. The toggie switch 192 represents the second
switch circuit of the input switched capacitor circuits formed
by any of the capacitors Cl ... C4 and the appropriat;e one or



CLK i s connected as S<0> and CLK i s connected as S<1>. In the fifth node
the connections X-A and X-B are pernmanently open-circuit. The sixth node
i s--a general external function node inwhich the connections X-A and X-B
are determ ned by a speci al pur pose= é&ntrol functi on. The seventh
di agramindi cates the general synbol used herein for a programrable swtch

node in which the switch i a toggle switch with an uncqmm t functi_on,
control | ZH1LS| ﬂ@r e%%n%@gtggeco'ﬂ‘fgg‘lzhﬁgﬁéll sEREOATRIE s iggt rof- 182.
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ext ernal Sehected compubs isr agrouad i hot hee sicannentied Migeetlpa tw he
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Figure 3a Il lustrates a sw tched_ capacitor circuit \/\]7mc 'S used to provid
a functiobB®nul kifg EresiddiSthcensdidREn FhSethpaf 1tegalensSwHlighes 0204

The dotteghithngedfshfatedsiiPar function, but connecting instead to
the inverting input 186 of the differential input gain stage
184. The provision of toggle switches for the switches 204
provides an alternative input summing point for special
functions. Reference numeral 206 denotes a toggle switch
which is required in a particular implementation of the cell
‘when so-called correlated double-sampling is required. For
most standard switched capacitor functions of the cell it is
in a fixed position connecting the output of 't‘:he differential
input gain stage 184 to its inverting input 186 via a feedback
capacitor C5.

Reference numeral 191 represents a reset switch. Reference
‘numeral 207 denotes a switch connected in feedback across the
differential input gain stage 184.

All of the toggle switches in the cell are controllable in the
manner described above so that they can operate in a
selectable one of _differeni: modes as illustrated .in Table 1.
The cell ‘thus provides a progfammable sub~-circuit which is
ideal for use in an array which includes a plurality of such
sub-circuits. In the array, the cells are interconnected
under external digital control which enables the function and
topology of the switched capacitor circuits to be controlled.
Preferably, the differential input gain stage is as
illustrated in Figure 9 where its. primary function of
operational amplifier can be altered to optionally form a
comparator under the control of digital programming data
optionally held in digital storage means, e.g. RAM,

Figure 11 shows as an_exarﬁple part of an array of such cells



reference numeral 1 is drawn around a switched capacitor circuit which
conprises a capacitor 2 and first and second switch circuits 4,6. I n
the following text, a switched capacitor circuit -will be referred to
generally as SCC when appropriate. Eack @B the first and second swi tch
circuits 4,6 is in the third node of operation where in the first switch
circuit 4 the first termnal Ais connected to receive a voltage Vn at the
input | arid}urtsetbng tbenteaneBtionsotmed diiesio geatsal cakl th80secThe

switch cirgdni 1@0 t?écb?bﬁ‘s”%s Alh%:u%@””fﬁ&e%#rp 6Btgﬁttpuiséef %rse“ﬁ@l the
vol tage Vref and I.§ conne groun In Figure
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connect ed as own I n ure t he svmtc
will be fed accordlngly to four nelghbourlng cells in the

array.

Figure 12a illustrates a cell £for an array which is
particularly suitable as an analogue voltage input/output
cell. The cell includes a programmable sub-circuit which is
denoted PSC in Figure l1l2a and which is as 3illustrated in
Figure 10. The cell has one path 210,212 and an additional
buffer stage 214. It also has an input/output select switch
216. '

Figure 12b illustrates a cell for 'an array which is
particularly suitable for general analogue input/output. it
comprises a plurality of bond pads 218,220,222,224 and 226 and
an additional buffer stage 228. It also has a unity gain
buffer switch 230 to allow input or output filtering of
various types. A second identical output stagé 232 _
implemented as a current mirror on the output "of the huffer
stage enables signal current sodrc'ing' from ‘the device if
desired. '

Figure 13 is a circuit diagram of one possible application of
the programmable sub-circuit of Figure 10. Figure 13
illustrates a switched capacitor-~integrator where a very large
time éonstant is implemented using a charge splitting T-cell
technique. The circuit is implemented using as an input IN2
which is routed by a toggle switch 174 to one side of the
capacitor C3. The other side of the capacitor C3 is routed
via a two way fixed switch 198 through the capacitor C2 via
the two way fixed switch 196 and +the other side of the
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set in the first node. Thus, the capacitor 2 is connected directly between
the input and the output and thus behaves as a capacitor. This is shown in
Figure 3c. Table Il denotes the quantity of charges which.are transferred
between the input | and the output O in 28ch inplenentation. The letters
Jerr],Jderr] and {err] refer to the quantities of charge
transferred I n each of Figures 3a to 3c respegtively while the letters

Jerr], d SRPRCLERF C2 dehofennegked, doydthef Inves tddact RBREe 16 t RE the
capaci tor ozaelrrateiamhpf ainp&iEiplem@at atiidgn Odpbrepireatda die IE the toggle

respectivel e Il Lustrates .the ntrt of .charge_transfterr I n
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Figure 14 represents another circuit which can be implemented
using the programmable sub-circuit of Figure 10. This circuit
is a single stage inverting sample and hold circuit using the
access bus as the input. The access bus 1s routed via the
toggie switch 190 through the capacitor C2 via the two  way
fixed position switch 196 and to the single wire bus SWB via
the toggle switch 169. The input switch 152 then connects the
single wire bus SWB to the output of the operational amplifier
184. The output of the operational amplifier 1is also
connected via the toggle switch 166 acting as a routing switch
through capacitor Cl, to the two way fixed switch 194 and
toggle switch 192 +to the inverting input 186 of the
operational amplifier 184. '

In the above description, there has been explained and
described how a field programmable analogue cell can be built
up .using .a basic switched 'capacitor circuit in which each
capacitor is .associated with first and second switches which
are both controllable toggle switches. However, the invention
is not restricted to the implementation of switched capacitor
circuits wherein each éapacitor is connected between first and
second toggle switches. The main advantage of the present
invention is that the switched capacitor circuit is £field
programmable, +that 1is that selection c¢ircuitry enables a
selection to be made between control signals,' preferably in
accordance with digital configuration data supplied from
elsewhere and stored in Random Access Memory cells. The
source of the digital configuration data can be on or off chip
and this provides the benefit of field programmability and
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l‘ater, a virtual ground can be provided at the feedback input of an
operational anplifier. In each of Figures 3a to 3c the input termnal | for
the switch capacitor circuit 1 is shown connected to a single input voltage
Vn. Figure 4 shows how the vol tage Vn Tant be effectively selected from
two input voltages V1, V2. Each voltage V1,V2 is supplied to the input
termnal 11,12 of a respective first swtech,ci.rcuit i.nl, SCi. .. The .., .
out put s of FERECERAFMR c"i&rl&??tsoffsot ° ZSg%ﬁcg‘Sflh Sgﬁr???tte%&dtgl'{}%é‘uﬁ‘rst This
term nal hénefht ampaeilsor be. achievedsethere diffienant dfypasheofamaditiah
2 is conne a 5ee0ndnSYELEBCT G dy SEOYls aspakieadn deRphichRthtat
SCout in F:é%ﬁ?‘é&gsco??%sg%ﬁd%t&gggm in gE'l‘g‘ures 1 and | a. Theﬁl?vm' tch ation
control nme¢haERsn? 8 PRPIEHERT coht M@S siffal st skemningkr cegnestasovEoi

Figure 1 aﬂé?ﬁlteurst:&iafcmogmolassid%@ri%%d tdowd i 6h TeFdendd, 88 Figure

cont ol L ng eyt ezpest e Tt a Fh Chreiita 50 Tl S AR gl oce
swi tch conwhdthnedmadirpothttesei aes acipite si ghanen€l Ki@ K, tles afidrddd cefnd a
CELeeLy PEPRCEN gl ilE e 3000wk Be SRR Whiieing
input 302 and a non-inverting input 304, the 1latter being
connected to ground. The inverting input 302 provides a low
impedance node capable of receiving sampled charge which is
switched through the capacitor 2 by the actions of the toggle
switch SCl. A second capacitor and associated toggle switch
TS are connected in feedback between the output of the
differential input gain stage 300 and the inverting input
302. A sihgle'pole single throw switch 306 is also connected
between the inverting input 302 and - the output of the
differential input gain stage 300. Other “active" switch

circuits can also be used with the present invention.

It will be readily appreciated i:hat ~the invention can be
implemented with control circuitry and selection circuitry
other than that described herein. For example, a set of logic
devices could be arranged to rede_ive a'periddically varying
input such as a clock signal and a set of selection signals
(such as configuration bits) and to generate accordingly
appropriate control signals. Alternatively, a clock generator
could be provided as said control circuitry operable to
produce a clock signal having a frequency which varies under
the control of a selection signal. '
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SO’_"hI , 2, SCout . Thus both of the swi tched capacitor circuit function and
the selection of input voltage (topology) can be controlled. Thus, it is

possible, for exapple. _to apply the clock signals CK CK to the first
switch circuit SCni s§Wt‘<Wat that SW preftamirisgfuhcticaqalies rakyveen the i nput
vol tage V1 and gr{ h
circuit SC n2 whigh (ﬁ§ nnect g the capacitgr fromthe i nput voltage V2.
The control signal S2 can aPply ’8 %?@“%‘W't T‘f‘?ﬁ@éﬁ?‘iﬂygﬁﬁ I
signals CLK, CLK sp tHat that s ¥1I°€?J”?‘6‘§'E1 es between the out put
Vref and ground. I« - 13 -f that case, a swtched capacitor cifcuit
with a function epul ati ng_axr eqiAz Bnoandciorc Banparinadedilg topaseirclit, aadd | Vref (as
in Figure 3a). I tB ,' 1 bsg X-apgrmanermyetsbsed-hactuﬂ many ot her
conbi nati ons and ClTI L ofrrs—at | un ¢ 4 since
It provides versafili ty ot onliy %%i{%ﬁmfdmﬂéa%tb fE el{sw tched
capacitor circuit]but alkso >(Sver circuit.
closed only when CLK |
A ° ( % Togagle on "CLK : the connectians are toggled such
B ./*/. that X-A is closed only when CLK s high and X-B is
closed only when CLK is high.
A o
) X Off: both connections X-A and X-8 open circuit
B e o
External Function: coanectioas X-A and X-8 are
\ X determined by a special-purpose contral function.
8o ﬁ (The two connections must never be closad-circuit
simultaneously).
F
A e Programmable switch: a toggle switch with
\. X uncammitted function. These are assumed lo have
8 . an assaciated switch controller block.
_ Table 1
charge z-domain evaluation [V, = virtual gnd]
QA = (Vn‘ Vm)-cl '- . [= Vn-CAl.
QE = - (Vu + \‘lrel)-CE~Z.I [ = 'Vn'CB'Z.']
Qc = (V, - Vi) Ce.(1-27) (= VaCe(1-2)
Table 2
RAM Code function | mMs?7 Msz Ms3 MS+ MS5
00 clocked 1 1 a 9 g
- a1 - fixed position 0 4 0 1 1
10 SPST using CLK 1t | 0] o} o 1
— ] 1
1 SFPST using CLX a ¢ L 0

Table 3 .



Thé supply of the control signals S1,S2,S3 by the switch control mechani sm
8 can be controlled by programm ng bits stored in t
pr.ogramm ng of the RAM can be done in accordance wt uratlon dat a
supplied to it. This configuration dat 23can define %ﬂ |m5 i - for
storage in the RAM 10. A selection program can incl b|t
or bits |nd|cat|ng that the supply of the control signals Sl S2, S3 fromthe
switch cddk@B¥Sechani sm shoul d be carried out under the control of a
dynami c control signal 24 originating fron1externa| circuitry or from

w thin thﬁ nent d.circuit. y¥th use of ., hIS nam. control, %
function of t aﬁ%%??%& QF r cBFFCBE Fﬁﬁ}WQIr%spSﬁgécﬁ or
events. Amomddctednahxcemabhﬁtty ofhiidte ﬂnohuﬁesc&nmmw drti setyndosid tioh
to provide; cgptr S ved-di ly d m t 1,0
S gnal s v SreAES GO’ SppPrifd oo PARb R CfERy Ve BRLERE THRRT Eoptiol

| i nes S1,@igcuihryl aamemtxmlzl @@kmgpgﬁdl s &t Ctlﬁagltoxﬂirmaopi osah@ diinséh

control npechankaBnbdd Fisgiitn 4 cidduistd At essala hecoh{-.TPé Qveélrem%yt being
wherein the ca aC|tor 1is progrannable he bl e c}8a0|tor can

be inpl¥REREBGS 9 Prgyde E Aanhuralitha ol ol topapEive control

signals for controlling operation of said at least one switch

circuit, one of said alternative control signals being a
periodically varying signal to alternate the state of the
switch circuit between two alternative states and another of
said alternative control signals causing the switch circuit to
be held in a fixed state, and selection circuitry to select
one of said alternative control signals, said selection
circuitry being programmable so that the seleétion between the
alternative control signals can be determined by a user.

2. A switch capacitor circuit according to claim 1 in which
said capacitor is connected in series between said first and
second switch circuits” to provide a parasitic insensitive
switched capacitor circuit.

3. A switched capacitor circuit according to claim 1 or
claim 2 in which said: first switch circuit is connected
between said capacitor and a first input and is operable in
response to the periodically varying signal to connect or
disconhect alternately the capacitor to said €£first input
whereby the capacitor may repeatedly sample an input signal at
said input, and in the fixed state to connect the capacitor to
said first input.

4. A switched capacitor circuit according to claim 3 in
which ‘the first switch circuit is operable to connect the
capacitor to a ground connection. '



i mpl ermrent at i o in Figure 5. Figure 5 illustrates
a plurality, III‘ m"ﬂll"wwu& Cerrdg.... 2[err](ferr] associated with
respective sw t*c e *RAM 26 corrprlses a plurality of RAMcells 32
which individually control the state of the respective switches 30. The

val ue of eapaciat aBﬁQtEﬁb\deeBabaélEekntélﬁ:@:ﬂﬁi Qééwdﬂe@erw Qﬂatm gz lagey et

of the par | l.el capacit.or conngcted i.,n th rcuit

T - RaNt B3R e DuBPuain BFen Lhinh o S: UISDE U CAPETEDHE) 52t His
one i rrpl elﬁmzedt | shadk the sﬂmscdinmwtrd:lharecla@mmmOxﬂ sodethaed iy iss no
dotted also illustrates a non-overlap generator 34 for
provi di ngi?ﬁger “‘g s"?lg%al CLK t he non-overl appi ng cl ock signal CLK.
Figure 6 also |IIustrates in addition to the input signals

CLK, CLK, V@d, Vsg i lshitlarriged daﬁ:d@ﬂdﬁe Earrc\i‘H.tEXta‘?fd?ﬁﬂdﬁ@“ el lah?esone of
Ext O Extl _fqr increasing the versafil f the switch control nechani sm

8. Al t houGhadmsy % & ek t¥ mahichnErdf FFH@§ aPé”‘s"r%mClﬁﬁ?b cdfl Foappected
provi ded agtreedSsaraid Theapxéttel and an output and is operable in

response to the periodically varying signal to connect or
disconnect alternately the capacitor to said cutput whereby
the output may repeatedly sample a signal held by the
capacitor, and in the fixed state to connect the capacitor to
the output.

7. A switched capacitor circuit according to claim 6 in
which said second switch circuit is operable to. connect the
capacitor to a ground connection.

8. A switched capac:.tor c1rcu1t: accordlng to claim 6 or
claim 7 in which Sald second switch circuit is operable in the
fixed state to disconnect the capacitor so that it is no
longer in circuit. '

9. A switched capacitor circuit as claimed in any one of
claims 1 to 8 in which said control circuitry is arranged to
provide two non-éverlapping_ clock signals for «controlling
operation of said switch circuits. ' '

10. A switched capacitor circuit according to any one of
claims 1 to 9 in which said controll circuitry is arrénged to
provide a plurality of control signals for controlling said
switch circuits, said control signals comprising both periodic
signals and aperiodic signals. '



control signal s Ext O Ext1 and the  input signal's

CLK, CLK, Vdd, Vss are fed to a control function generat ' i
under control’ of data stored in the RAM 10. In Fi guommﬁ MM@“S
illustrated as having three different RAR® sections 10a, *105 C.nm

precise arrangenment of data storage in the RAMis of course well within

the scope .of a skilled_ person. The control . function, generataqr 36 4qenerat es
fromthe dilgnal® FHpkChes | 3P 3B FRRe CdECHdt ApRFeiggcterelaim F kgAY
only two mEle skdbas sagnabs aove whew, aml’eﬁd(é@m el:tteceptf@wﬂed whHich said

Gk ok ot e Re X FRF LR e iale GBMde ol fvsmnts eaghe

is a nodeorsmeted toraui respesbivat ede o f hsaedcrsvswmlmhccrcmutts Stdnis
the swit chgd cappsi t?{aerBﬁHbEt TRWS, oR th%fe”%%chdrerﬁlﬁérfégﬂ}ﬁ cB €Lb1

will be three node select circuits provi in-the swtch contro anrsm
8. FigureSAqmalsckecapy Qr&gPansaidofelessdom outRithentation of a m)de
sel ect circuit 38. The circuit conprises a pair of switches 111,112

associ at eg%es ectivel th the K and CLK |n uts, pai rr of sw tches
114,113 a eFes HEIF ¢ FETOHG Ca °9§§d11 t£° a®pdiroge of

switches HiRids 1 to 11 in Wthh said first sw:Ltch circuit is connected
between a plurality of inputs and said capacitor and is
operable as a routing switch to connect selectively one of
said inputs to said capacitor.

13. A switched capacitor 'circuit according to any one of
claims 1 to 12 in which said _second switch circuit is
connected between a plurality of outputs and said capacitor
and is operable as a routing switch to connect selectively one
of said outputs to said capacitor.

14. A switched capacitor circuit according to any one of
claims 1 to 13, in which said capacitor is programmable to
vary the capacitance in circuit.

15. A switched capacitor. circuit according to claim 14 in
which a plurality of selectable capacitance values are stored
in a storage device coupled to said capacitor to vary the
capacitance in circuit.

16, A switched capacitor circuit according to claim 14 or
claim 15 in which a dynamic capacitance adjustment circuit is
coupled to said capacitor to vary said capacitance in response
to a dynamic input signal.

17. A switched capacitor circuit according to any one of
claims ‘1 to 16 which comprises storage circuitry operatively
coupled to said selection ciréuitry for storing a plurality of
program selections of outputs to said fi'rst and second switch

circuits.
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associated with the Vss I nput and a pair of switch

with the inputs CFO CF1 respectively. Each of the
control l-ed by a respective control bit - 15 - T“ﬂi] ﬂlmﬂ“@\m
denoted by reference nunerals 135, 136,136 -and 138

circuit includes a change over switch 120 whose state is al so control | ed

by a RAM biit 139. | ai ned .gbove,, each, switch circ receives t _
oontrol 1 Ehes S SEeBeR Maban b an 1 ST BoRORGLIRIER 4671816, Afdthe

respecti vprpaaﬁlgmt esldPmidinnvwihiehswdich f&lgotéon) .cirquitery dacdudescust

di agram o 1 p at ctio ragqQr t

circuit o%yﬁlggﬂ'rce %(?'trgrﬁ%rle 5‘2193% V\??g q‘f\%%lgslsn g %l%t%ﬁ' %8 (ﬁﬁovﬁégt Qg

swi t ches MB2s&ndnds30ofssadidatamntsialn signals Oﬁpth:ﬂ’l,e canireh vEfcadtay atmd

with the ?@?ebﬁ%‘ﬁ%é% %é%ﬁ%gnéﬁf'c &qéft? thh the Vss input. The
ed

outputs o he sw tches M5l are to one input of a change
over switch 40 while the

19. A switched capacitor circuit according to any one of the
preceding c¢laims in which said switched capacitor circuit
includes additional switch circuits which are coupled to said
control circuitry and controlled by said selection circuitry.

20. A switched capacitor circuit according to claim 19 in
which there are a plurality of such switch circuits connected
to one side of the  capacitor, each switch circuit being
associated with a respective input, and being éontrollable as
-a routing device to connect selectlvely one of said inputs to
said capacitor.

'21. A switched capacitor circuit according to claim 19 or 20
in which there are a plurality of such switch circuits
connected to an output side of said capacitor, each switch
circuit being connected to a respective output and being
‘operable as a routing device to connect selectively one of
said outputs to said capacitor.

22, A switched capacitor circuit accotding to any one of the
preceding claims having an output coupled to an operational
amplifier with a feedback circuit providing a virtual ground
at said output.

23. A switched capacitor circuit according to claim 22
including a parallel capacitor circuit connected across said
operational amplifier.

24. A switched capaci_tor circuit according to any preceding
claim in which one of said switch circuits includes an
operational amplifier with a capacitive feedback circuit.



oﬁfputs of the Switches M52 and MS5 are fed to another input of the change
over switch 40. The outputs of the change over switch 40 are fed via

respective output swtches 41,43 to sup Iy t he si u The
switches Ms1 to MS5 are controlled-b¥7out put sf mﬂ Ilﬂ“mu ing |logic
circuitry 42 itself controlled by data stored in tHe Ravt 1d®  °Thé change
over switch 40 is al so upnder the co a RAM bit 44 and the out
owi t chos 2Pr, 4Bl LET Ohy PyOURGBRIPIE E6 kLIS HPh ACRAREIBAAT 45 SwibHhea
contr ol dam:im gemecatmr afmmeca&@cb opbi oral | yactévei velidmentnput 8akt O
. Extn whi. bIe I a n I_n
ext er nal Stocttcf'n}ée e‘l’?glg%a %'? Cgﬁé &Lﬁ% &mg gaﬁgﬂcﬁ%g esp%@??q/eln
out put swiitrsheist 1360, Wsich . 1mhu®chscrfmsetal$mduml@¢omdue mntcbl oirchatRAM
bit 46 thy, | rt atg 4 t hggou e
contro?é%l Sﬁ %;2?%9 te 48:158st hgrOULRYlsS Q:a(bac HQ ma&

ext er nal can overwite the contents |t 44

cont rol | iiAFhulrhak@etardy ShFEehtay AReIap Ktﬁﬂ?ﬁ?QS%%nﬁétﬁﬁﬁhon
function.sahiabl eitst 'ahBU%Téc’ﬁr@ M\E@hth‘i@rEhtit@steséi@r%@nlt&dlhecﬁf%ier?an

be used to .set four each npde bein efine ut put signpal s

or ovi dod Hed e PPEEAEIE kPt RAy e Boend  8spebirant by ol Btkarndlee

t hat fLy@chﬂmhessﬁﬁﬂals MBbr controlling operation of said switch
circuits, one of said alternative control signals being a

periodically varying signal to alternate the state of the
switch circuits between two alternative states and another of
said alternative control signals causing the switch circuit to
be held in a fixed state, and selection circuitry to select
one of said alternative control signals. |

26. An array of programmable switched capacitor circuits
according to claim 25 in which each switched capacitor circuit
is according to one of claims 2 to 24.

27. A programmable analogue cell comprising an active element
having an inverting input, a non-inverting input and an output;

a capacitor connected in feedback between the output of
the active element and the inverting input; and

a plurality of switched- capécitor ‘circuits  connected
between respective inputs to the cell and the inverting input
of the active element each switched capacitor «circuit
comprising a capacitor coﬁnected_ between first and second
switch circuits, wherein each cell has connections for
operative connection to control circuitry, said control
circuitry being operable to provide one of at least two
alternative control signals for controlling operation of said
switch circuits at 1least one of said alternative control
signals being a periodically varying signal and selection
circuitry to select one of said alternative control signals.

28. An array of programmable analogue cells, each cell being
in accordance with claim 27.
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16 - nust be controlled, but only four different settings are required.
The settings arﬂmﬂmmumﬁml '00: CLK and CLK are connected to the
crrassover switc ; Code 0l1l: Vvdd and Vss are connected to
the crossover switch 40 (MB4° and MS5) ; €o#® —10: . CLK and Vss are

connected to 40 (swtch becones single pole single throw); Code 11: CLK
and Vss are _connected .to, 40 (switch becones sin

| e ﬁole S|n ethrovx%
Tabl e 3 thé?rret fer & st3hd PBRTECAZFe ol & H:IE) 89t hCGR2 ircuit
iIIustrateeom@nﬂﬁﬂn@aelem@ﬁcxﬂqﬁeGEﬂhedted axdléiecamtmylunumﬂdxﬁgnflrst

ohani et & ApEh SERREE A0 (LEEea0ek 8h Lhrs¥l oL EldEs 8Y (B1d) &Fn ) £8:
t hat of anwbp@mwairmdanpmpfrll@es sHeatiifferene i off |an|cn1tunyelurt:sta§ecmtnai
an invertigg iAW 24r ASOOehINERE! Whd NBULLa0 $AdBRd first and second

switch circuits, said control signals including at least one

periodically varying signal and at 1least one .signal for
holding the switch circuit in a fixed state.

30. A method of operating a switched capacitor «circuit
according to claim 29 in which the first and second switch
circuits are controlled respectlvely by first and second
non-overlapping clock signals. |

-31. A method of operating a switched capacitor circuit
according to claim 29 or 30 in which at 1least one of said
first and second switch circuits is used both as a sampling
Switc_h to enable charge stored on the capacitor to be sampled
and as a routing switch to allow selective connection of the
capacitor to one of a plurality of circuits.

32. A method of operating an array of switched capaci_tor
circuits each connected to a 1logic circuit, wherein each
switched capacitor circuit is operated according to claim 29,
30 or 31 and _cbntrol circuitry of each switched capacitor
circuit is programmed to provide selected operation of said
first and second switched circuits.

33. A switched capacitor circuit substantially as
hereinbefore described with reference to or as shown in the
accompanying drawings.

34. A method of operating a switched capacitor circuit
substantially as hereinbefore described with reference to the
accompanying drawings. '



ouf put 58. It also has connections to the positive and negative
supply rails Vvdd, Vss. The differential input gain stage has inputs 60, 62
for receiving respective control bits froanAM | ocati ons 64, 66. RAM

| ocation 64 supplies a bit to the inpTt 280~ which acts as a bias disable bit

to power down the differential input gain stage 52. RAM | ocation 66
supplies to the input 62 an opanp/conparator select bit which determ nes
whether the differential input gain stage wll function as an

operational anplifier or as a conparAB8TRAETgure 10 is a circuit -diagram
illustrating one enbodi ment of a programmabl e anal ogue cell which can be
used in an array of such cells. The ceII of Flgure 10 has % plurality of

inputs N1, I N2, | N3. FHOsafdNa 3 ; A &hi ch can be
sel ectively smntched as descrlbed herelnafter The ceII al so has an
output OUT which is fed back to the input at point 150. The cell is
connected to an access bus AB and a signal -17- bus SB. The access bus

and the aignawiliched e neaigaaiiedt ableircuit is  described which is
programmable so that its function can be set by a user. Thus,
control circuitry and selection circuitry are provided to
enable one of a plurality of alternative control signals to be
provided to switch «circuits of +the switched <capacitor
circuit. In this way, the function of the switched capacitor
circuits can be altered. Where there are a plurality of
switched capacitor «c¢ircuits connected in an array, the
topology of the array can be .altered by suitably routing
particular input signals to particular outputs by selecting
the control signals to control the switched circuits. A field
programmable array of this type is also described.

This Sheet Has Been Re’ilaced

AT



to all cells in the array via a switching neans external to the cell. The
cell also has a set of input switches for switching the input signals
to-the cell onto a single wire bus SWB, thus enabling any input to be
connected to any other input. .4The input switch 152 p fgporms this function
for the output signal- OUT of t@e cell. Theg input tches 154,156
performthis functipn forrthe I nput TNl I N2 respectlvely The |bput

swi tches 158, 160 an 162.perfo thi sy functgpn forithe r ective three

i nputs denot ed gene?ﬁTTVﬁby | NBv1 Thls celTIhl'so h3s a s of ifput toggle
swi tches which can be controlled by a swi tch contraql nechanlsml.

accordance with the inveftion
of their node and al so by sele::gYely activating the appE;

to control the signals applied t he cell Toggle SW t ¢ 165, 166, 164
sel ect between the singl e—w+e'8 AB—tHe- re—c¢l | and the
signal bus SB. Toggl e sMAtCheS 169, 170 168 select between thg g ngle
wire bus SWB, the input e

swi tches 173,174,172 sel ¢ t betmeen the S|ngle mnre bus SmB e i nput | N2
and the signal bus SB. S e sel ect

bet ween the single wire bus SWB,

bothin respect
ggl ate sw tches

'the si gnal

FIG.1 _~10
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SB and the respective inputs denoted generally |N3. The signals
selected by the appropriate switches in each set 164, 165, 166;

168, 169, 170; 172,173,174; and 176,177,178, 180,182 are input to respective
capacitors Cl1,C2,C3,C4. The cell also includes an active elenent in the
formof a differential input gain stage 184 having an inverting

I nput 186 and a non- |nvertcpg Ksnput 188. Two way fixed position
swi t ches connect the capacrrors Cl c2, a3, A respectively to the

i nverting input 186 of the ODAI\/P Vi a her eci m ion swtch
190 or a toggle ] [ an Inn L smntches are
denoted 194 for capa lﬁ ﬁi%_f_or paC| aci tor

and 200 for capacitor t he second
switch circuit of the input smntched capaC|tor CIFCUItS formed by any of
the capacitors Cl1 ... C4 and the appropriate one or - 18 - ones of the
toggle switches on the input side 164 ... 182. The cell also includes a -
set of on/off sw tches denoted :

S<0> -

12\ -
gias

S<1> b—oX
o—18

FIG. 2

14

o
B D_E_E__y\ozz

FIG. 11

STl >l o]
184

< < < < < <
186\ '
I |

> - D DT D

188/> __E'F[T ~180 182
< < < - < <

_L190
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denerally by reference nuneral 202 which enable any one of the selected

i nputs or ground to be connected directly to the non-inverting i nput 188 of
the differential input gain stage 184. The cell also includes a set of
toggl e switches 204 which performa simlar function, but connecting
instead to the inverting input 186 of the differential input gain stage
184. The provision of toggle switches for the switches 204 provides an

alternative input summing point f spegi al functions. Ref er ence

nuneral 206 denotes a toggle swt ] a s required in a particul ar
i npl ementation of the cell when so-called correlated double-sampling 1is
required. For nost standard swi tched capacitor functions C the cell it

is in a fixed position conmgcting the oubpput of ghe dlff rential input gain
stage 184 to its invepILng_ ut_ 186 vi_asa feedbagk_cap QLLOF C5. Reference
nuneral 191 represents a reget swtch. Ref erente nunerah 207 denotes a

switch connected in feeglback across the (differentiial inpyt galn st age 184.

Al of thertgaale switchgs/ix the cell gre control [n . the ngn it he v(i:{
described Mabove so 'th they can [erate in qutaute() Ef
di fferent nodes as |Iﬁustr t

| B | CA B

Has Been Rep‘laced
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The cell thus provides a programmable sub-circuit which is ideal for use
array, - the cells are interconnected under external di gi"[al
whi ch enabl es the function and topol ogy of the switched capacit [
S as illustrated in Figure 9 where its L mary 2éunction of |
operational anplifier SCiml be altered to opti or msa arator under’
n} ar p¥NAMIG uch
cells - 11 yst | hg the connectipns rmggs'l 180.
The cell 180 recei vesIs | hputs its owyn oyt put © as fIN1 the output from

in an array which includes a plurality of such sub-circuits. Thisfhedt Hes Been Replaced
to be controlled. Preferably, the di fCONEIGURATION PATA gain  stage
the control of4digital _[{rogramﬂ' ng data optio LheI i I gital storage
means, e.g.VRA Fi gur‘e ¥ shows as an expnpl of
E5Y

the next adjacent celll in the same roy 18Z7as 1J§Z tne output fr ér_he
previ ous adj acent cel i n thecape row 186, and<as | N3 the om t he
| ast but one ¢éell int sanme ro 188, _and 'rkls fronQt Ige

i 1

1

adj acent URRSG and Vo "": | C \ !
]~ | 2 «_SCout
A _T_ g T ﬂ"‘
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s1 | R - wn ms
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t ower cells 184, 190. The output fromthe central cell 180 will be fed
accordingly to four neighbouring <cells in the array. Figure 12a
illustrates a cell for an array which is particularly suitable as an

anal ogue voltage input/output cell. The cell includes a programrabl e
sub-circuit which is denoted PSC in Figure 12a and which is as
illustrated in Figure 10. The ceII has o ugath 210, 212 and an additi onal

buffer stafe 214.¢5 1t al so has an irpub/ dut del ect smnich 216. Figure
12b iIIus?rates A\ cell fore .ap pr ay MhjcH is particulgly suitable
for generak anal ogu _Jggut/oufﬁdf\\ qpnpnjges a plurali }y_bf band pads
218, 220, 222, 224 and 226 and an adﬁ]tlonal buffer Stage 298, It also has
a unity gaﬂn buf f er smnt¢hc930 to.aIIOM/ln ut or output fyltering oﬁ

vari ous ;ypes ;7 A se&Bnd ndent|c§o out put stage! 2 1

i npl enented as a ;current krﬁ_-r_:r_[_'_'oﬂ the o - of }'b_uIE stege énabl es

si gnal curﬂedt soursi-ng firomt he aeV|ce EEB#eS|red Flgurh 3isa ¢ircuit

di agr am of ! one pbssi bl'e qppllcathn of the progrannable { Swb-circujt of
Fi gure 10 | Fi gure 13. (I ]
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i1lustrates a switched capacitor-integrator where a very large tine
constant is inplenented using a charge splitting T-cell teChmeetHasB}@nRTlaced

circuit-is inplenmente 1 sing as an input IN2 which is routed b I
switch 174 to one si ddif the capacitor C3. The other side of jtl!l&l!ml“l‘
capacitor C3 i out e la a two way fixed swtch 198 through

C2 via the t y f,’@xed swtch 196 and the othe} side of the
- 20 - capaci t@K G?-rs%mm'evt-eﬂ—m—t-mwﬁrwg—rrrpuf of the
operational anplifier 1841%ia a%n appropriate one of the to$g| e switches
204. The output of 'thg opera{fi dfal anplifier 184 is copne¢ted through the
toggl e swi t ch W6 ovra—the—ecapqtst ' —+pHn $witch 194 both
through a reseyssswitch 1191 tg¥eround and through fixed bosjtiondéPtch 178
to ground via capacitor] C4. FiEur‘ks 14 represents anothe} circuH hCh, &20>
be i npl enented using tHe progranmmabl eﬁgb-ci rcuit of Fipurg¢ 10. Xﬂ Sci
circuit if'ﬁinqe st dge inverting\@rrple and hol d cirgol K, <>
| - - 4
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access bus as the input. The access bus is routed via the toggle'smﬁtch
190 through the capacitor C2 via the two way fixed position switch 196 and
to-the.single wire bus SWB via the toggle switch 169. ThR&GhéehRitBesihebabbal52

t hen connects the single wire bus SWB to the output of [ I
anplifier 184. The output of the operational anp !mﬁmﬂﬂ'lm ﬂso
connected via the toggle switch 166 acting as a routing h -
capacitor Cl, to the two way fixed switch 194 and toggle switch 192 to the
inverting input 186 of the operational anplifier 184. In the above
description, there has been expl ai ned leﬁea;ri bed how a field

progr ammabl e anal ogue cell can be buil U%ing a basic sw tched capacitor
circuit in which each capacitor is associated with first and second '
switches which are both controllabl e todddecswMEEEPPLYHowever, the
invention is not restricted to the inplenentation of switched capacitor
circuits wherein each capacitor is connectedl between first and second

toggl e switches. The main advant #ge of the present invention is that the

swi tched capacitor circuit is i d|pr that is that selection
circuitry enables a s.e.l_ec.r_i_on_fa_b%.rrade

control signals,
preferably in

58
N
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N SUPPLY Je,e
" RAM I RAM
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accordance with digital cenfi-guratien—data—supplied fromel sewhere and,.
stored in Random Access Menory _cells, The source of the digita
configuration data can be o’ﬁ“s[me

fd this provides the benefit of
field programmability and L IH rammability of the switched
be achi eved where different

capacitor «circuit. This b I
types of switch circuits are envi saged. Figure 15 shows,_ an

i npl enentation where a capacitor 2 has its input term nal cghnected to a
toggle switch SC1 as descri bed above with reference to Figu;ﬁ 2.  Howdver

its output is connected to a switch circuit SC2 which incor gorates—am,
active eleffent in the tormof a diftferentral 1 nput gain s¢age__3004
This has fn inverting input 302 and a non-inverting input 304, the Iqtter
bei ng conngcted to ground. The inverting inpuf_3 videg a | ow !
| npedance nhode capabl e of receiving sanpled chgdg8 i 6h igs [switched |
t hrough the capacitor 2 by the actions of the togg
capacitor and associ ated toggle switch S

T - ‘ ' ' gé A second
J\%F’ [ ~ | §J{°

20

_L hacms e o

(204
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(496
e

c
(
|
|

i

FIG. 10




TS are connected i r—feedback—between—the output of the differential input

gain stage 300 and the |nvert|n i t 302. A single pole single throw
swtch 306 is also ¢ the inverting input 302 and the out put
of the differenti al age 300. - OQher "active" swtch
circuits can also be resent invention. It will be readily

appreci ated that the |nvent|on can be inplenent®d with control cBcuitry

and selectlb circuitry other than that descrf{bed herein. For exarfple, a
set of |ogic, devices could be arranged to receipe a periodically varlying
| nput such a o—setecHtornr—st
conf|gurat|op_bLL5l_and_LQ_geneLaLe_ananﬁLnng.appropriate contr ol
signals. Alternatively, a clock generator could be provided as said
control circlitry operable to produce a clock s]{gnal having a frequgncy
whi ch variesiunder the control of a selection s]gnal. -22- Switch
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Representation Programm ng function (switch node) A [err] X Fi x

A:. connection X-A permanently closed-circuit, B [err] This$h tHaSIeen

permanent|ly open-circuit. Alerr] Fix B: connection X A perrranen

open-circuit, and X-B permanently closed-circuit. A [err]

on CLK: the connectrons are toggled such that X-A is closed onl y

Is high and X-Bis B [err] cl osed only when CLK i s high. A [err]
err

Toggl e on CLK: the connecfftons are _togal ed such B that X-A
i s closed ils hi gm@m Blis cl osétt en FLK i s high.
Of: both G&pt‘i&]?@? and X-B ircuit B[e erf]
Ext ernal Functi on: niecftions X-A and X-8 apgqdeterm ped byja
speci al - purpose control fjunction. B [frr] (The2tgwjconnecti ons
must never be closed-circluit sinultan ousl& d /
Programmabl e switch: a toggle switch_ th - o
PSC
(
- 24 rINY - ouT
>1~IN2
i /]
—— IN3 o
FROM ARRAY : TO ARRAY -
\J
230
. 2185 220\ 222\ 224~ 226+
‘ ] {f o
] 23§\l\228 1
< = | ouT
—}-INg _4
—=f |Ns -
FROM ARRAY TO ARRAY
Y




_Mundgﬁﬁitted function. These are assumed to have B [err] . an

associated switch controller block. Table 1 charge z-domai n eval uati on
[Vlerr] = virtual gnd] Clerr] = (Merr]- V[err]).(err] [= -
Verr]. C[err]] Qerr] = (V[err] + V[err]).(err]
[=V[err]-Cerr]z[err]] Qerr] = (V[err] - V[err]).(err]. (1 z[err])
[ = V[err] Clerr]-(1-z[err]) Table 2 RAM Code function V51
M52 “~TMS3 Ms4 MBS 00 cl ocked 1 1 0 0
0 01 fixed position 0 0 0 1 110
SPST usi ng CLK 1 0 0 0 11 SPST using -
- CLK 0 0 1 0 - CLAI M5 1.
A switched capacitor. circuit conpr|5| 1 paC|tor connected in
~circuitry which includes first and second swtch
| "__]_
i
—I
_ e C :
204 186 V5
Ny Y4 ¢y | G \\
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CIrCUItS on opp05|te S|des of sai d capacitor and control circuitry
‘operatively connected to at l'east one.of said first and second switch
circuits, said control «circuitry being operabl-e to provide one of a
plurality of alternative control signals for controlling operation of said
at least one switch circuit, one of said alternative control signals being"
a periodically varying signal to alternate the state of -the switch circuit
between two alternative states and anot her of said alternative control
signals causing the switch circuit to bedgeld in a fixed state, and
selection circuitry to select one of said alternative control signals, said
sel ection circuitry being programmble so that the sel ection between the
alternative control signals can be deég E E by a user. 2. A switch
capacitor circuit according to claim h said capacitor is connected
in series between said first and second switch circuits to provide a
parasitic insensitive switched capacitor circuit. 3. A sw tched

capacitor circuit PR%M&M%EDWA@TO mRCyerd first :
switch circuit is connected between said capacitor and a f1rst Tnput and is
operable in response to the periodically varying signal to connect or

A switched capacitor circuit is described which is programmable so that its function can

be set by a user. Thus, control circuitry (8) and selection circuitry (8) are provided to

- enable one of a plurality of alternative control signals (S1,52) to be provided to switch
circuits (4,6) of the switched capacitor circuit. In this way, the function of the switched
capacitor circuits can be altered. Where there are a plurality of switched capacitor
circuits connected in an array, the topology of the array can be altered by suitably routing
particular inj:ut signals to particular outputs by selecting the control signals to control the
switched circuits. A field programmable array of this type is also described.

Figure 1

REPLACEMENT SHEET

07 NOV 1996




——————

di s¢onnect” alternately the capacitor to said first input whereby the
capacitor may repeatedly sanple an input signal at said input, and in the
fixed state to connect the capacitor to said first input. 4. A switched
capacitor circuit according to claim 3 in which the first switch
circuit is operable to connect jhe capacitoi/idb a ground gnnect i on. -
.24 - b5, A swi tched capacitor[Ci rcuit accorgding to cgﬁm3 or claim4 in
which the first switch circtUirt™ TS operable in the firxed stafe T6!di sconnect
the. capacitor so that it ijs no |onger {n cirguit. 6., A _swtchéd
capacitor circuit &vtording tosciny on —I1to 5 $6p whi clrsardo
second switch circuit is qonnect ed beti/veen' sai d capécitor and an:out put and
is operable in response tothe pgriodical |y varyi ng srgmapto- connect or

di sconnect alternately the capa%or to said out put where t he out put may

repeatedly sanple a signal held|{1the S2
SWITCH CONTROL MECHANISM
FIG1 | 10 ]
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capacitor,” and in the fixed state to connect the capacitor to the output.
7. A switched capacitor circuit according to claim 6 in which said
second switch circuit is operable to connect the capacitor to a ground
connection. 8. A switched capacitor circuit according to claim 6 or
claim7 in which said second switch circuit bylgperable In the fixed state
to di sconnect.the capacitor so that it is no longer in circuit. 9. A

swi tched capacitor circuit as CCEQ@W$ﬂ n any one of claims 1 to 8 in which
said control circuitry is arranged to provide two non-overl appi ng cl ock
signals for controlling operation %gdzaid ju;ich Cj lts. . A switched
capacitor circuit accorgdi tg any I 1t oo i L.ch, sai d
control circuitry is a iﬁed" pr Qi plurglity o ontrol_signals for
controlling said switch circuits, s@ild coptrol Isifnal sfc ri s} ng both
periodi c signals and aperiodic signals.
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- 25 - 11: A switched capacitor circuit according to claim2 or any of
clairns 3 to 10 when appended thereto in which said selection circuitry has
a plurality of selection outputs each connected to a respective one of said
switch circuits and is operable to connect any one of said alternative
control signals to any one of said sel ecgiyen outputs. 12. A switched
capacitor circuit according to any one of claims 1 to 11 in whi ch said
first switch circuit is connected between a plurality of inputs and said
capacitor and is operable as a routin gtch.to connect selectively one of
said inputs to said capacitor. 13. A's 'Q%he Eppa0|tor circuit according
to any one of clains 1 to 12 in which said second swi-tch circuit is
connected between a plurality of outputs and said capacitor i s operable
as a routing switch to conngct selectively one ofgsaid ou to said
capacitor. 14. A switched ca QPLLQI_QJIQU L_gggqr_tpg tofany one of clains
1 to 13, in which said capacftor is progrfammeble tp vary tha capacitance in

circuit. 15. A smntchédAFap citor circuit according to clﬂin114 in

I
v ! vV
S S U B e
. : X l X 1
1 .
1
. 1

REPLACEMENT SHEET

FIG. 3b 07 NOV 1996




whi ch a plurality of selectable capacitance values are stored in a storage
device coupled to said capacitor to vary the capacitance in cjkcuit 16 _A

swi tched capacitor circuit according to claim 14 or claim 15 § rREPDACEMENT SHEET
dynam c capacitance adjustnent circuit is coupled to said capacftor—to—vary
sai d capacitance in response to a dynam c input signal. 17. Sjwi é
capacitor circuit according to any one of clains 1 to 16 whi gh cop?:ﬁ ¥s199
- storage circuitry operatively coupl ed }&a said selection circyiticyfor

S

" storing a plurality of program sel ectd eone N‘DATRi djfirst and

second switch circuits. - 26 - 18. A'swtc capag|.t or—etreti+t

according to any one of tggppreceding clains in iLch. sai | ection
circuitry incl udeg a dynamyfc signal input ffrr LI'X ng ?gnal to provide:
at | east one ofy,sdid cantfrol -signals of the|co [rcuitry W W@endence
on sai d dynanmi é/1s?gnal i n°pux:,l ORAGE DYNA
' ! l MEANS RESET
:1 L sgi | L r--o- VRer
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197 "A switched capacitor circuit according to any one of the preceding
clains in which said switched capacitor circuit includes additional swtch
circuits which are coupled to said control circuitry and controlled by said
sel ection circuitry. 20. A switched capacitorsgifcuit according to claim 19
in which there are a plurality of such ﬁ\W' ch ar wAts connected to one
side of the capaC| each switch Tcifclit ’}% ei,ng assocnat edon th a
respective |np.ut Bfl ng contr @l Ie ags a rouiing device to c@hnect

sel ectively one of sal Lnputs to sai (b oapacitor.s21.- A swi tc'hepi capaci-t or
circuit accordl n to claim 1 or 20 ip which there are a-pl ur@I|ty of spch
switch circuit's gonnected t o, ag out put side of_said capacitor, each sw{ch
circuit being connected to a1 es ective outpg <and beihg operabl e @ a x

routing device tb copnect, seke:ct_'l_ _'eI:y" one ofceal d out pltsI Ca lsa‘.l d-
capacitor. 22.1 Al SwWpk cb-edl capacitor CIl rcuit &gprding ib any one ofmt he
precedi ng cl ai'ns, having ah o tput coupled to an operational a,rrpl ifier V\4th
a feedback ci r'cutt providing,a virtual ground at said output.; 28 A ]

sw t ched capac,lto-r Gi+ W t -accordi ng toAci-@-m-a;z A y R
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including -a parallel capacitor circuit connected across said operational

anplifier.

anplifier wwth a capacitive feedback circuit.

programuabl e cells each conprising a smﬁt&hgp capaci tor
"each switched capacitor circuit

capacitor connected in czrcuitry whi ch includes first and

site sides of said capacitor f
vely connected to each of said f

to an active
circuits connec

control circuit

£
switch circuitsbfg

el ement

24. A switched capacitor circuit according to
claimin which one of said switch circuits includes an op

- 27

C |
%

S

oper a

$4
2

c7 NOYo199éct

cpnprising a

PUAREMENT SHEET

p array including

An array of

1%
o

irst and second

aTa Coflrol circurtry berng operable tqg prpvide one of a
plurality of alternative| o r ol ﬁ%gnals for controlling fjopefation of said
switch circuits, one of paid a é ative control signals |beiphg a
peri odi cal |y vaV¢d i artermarethe—stateof—thg sw tch ciﬁguits
between two alt s LesJQEngnnLher of {1
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sai d alterhative control signals causing the switch circuit to be held in a
fixed state, and selection circuitry to select one of said alternative
control signals. 26. An array of programmable sw tched capacitor
circuits according to claim25 in which each switched capacitor circuit is
according to one of clains 2 to 24. 27. A pyopgramuabl e anal ogue cel
conprising an active elenent having an inverting input, a non-inverting

i nput and an output; a capacitor connected in feedback between the output

of the active elenment and the inverting input; and a plurality of swtched-
capacitor circui-ts connected between respective inputs to the cell and the
i'nverting input of the active elenentie SMAtChed capaci tor

circuit conprising a capacitor connected n first and second switch
circuits, wherein each cell has con\zf ions, for o erative connection
to control circuitry, said control circui & eiHE Pt e to provide one
of at least two alternative control signals fpr controlllng operation of
said switch circuits at |east one of said altpernative control signals being
a periodically varying signal and _selpgtion cjrcuitry to select one of said
~alternative control signals. r
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28. An array of programuabl e anal ogue cells, a I -maccor dance
with claim?27. 29. A nethod of: operati PLAGd Eﬁgh‘gﬁ Efapaci t or

circuit conprising a capacitor connected in cifr U|try i ncl udi hg}first and
second switch circuits on opposite sides of s |$ dhpNOV 4996nhf ch net hod

conprises selecting one of a plurality of con{r¢l signals for}dgternining
the state of said first and second sw tch cir ults, sargrtontto] signals

i ncluding at | east one periodically varéé11 nal__and at | east] one si gnal
for holding the switch circuit in a fix %tate 30. A nethod gf operating
a switched capacitor circuit according to claim29 in which the first and
second switch circuits are controlled respectively by first an
non-over | appi ng ¢l ock signals. 31. A nethod of operating
capacitor circufjt according to claim29 or 30 in which a
said first and second switch circuits is used both\aﬂla
enabl e charge stpred on the capacitor to be sanpl ed™
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- : : P REPLACEMENT SHEET {.
and as a routing switch to all ow sel ective connect{op-— tpr to
one of a plurality of circuits. 32. A nethod of oper#ti “an rayi of
swi tched capacitor circuits each connected to a logi¢ (qn?@@\{ n each
sw tched capacitor circuit is operated according-t9 ¢laim29, 30 of Bl and
control circuitry of each switched capacitor circhit is programred {o
provi de sel ected operation of sd/d¥first and seccgn.i_s.w'..t_c;he.d_c.i_r.cui.?g. 33.
A switched |capacitor circuit substantiglly as herei nbefore
described with reference to or as shown in the agconpanyi ng drawi ngy. 34. A
. method of operating a’switched capaci torapicrcuit substantially as
her ei nbef ore deﬁri bed wth reference toat/he accpnpanyi ng draw ngs.
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