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A typical switched capacitor circuit has a chain of
15 charge transfer stages each consisting of a switch
responsive to a control, or clock, signal, a capacitor and
a buffer amplifier. Alternate switches in such a chain are
made responsive respectively. to first and second clock
signals having overlapping periods in which all switches
20 are open. As each switch in the chain is opened some
charge will be transferred to or from the following
capacitor, causing the voltage thereon to change from that
established while the switch was closed. These voltage
changes, being normally in the same sense, will accumulate
\~ 25 along the chain, An input signal will thus be offset from
its initial levels as it is passed along the chain.
- In many cases offsetting the signal leads to
degradation of the system performance. One such case, for
example, is that in which a long chain of charge transfer
- 30 Stages are used to provide a series of progressively more
- delayed signals. Outputs from such a chain can be
appropriately weighted and summed to obtain finite impulse-
. response (FIR) filter characteristics. An accumulative
voltage offset reduces the signal handling capacity of the
35 chain: ultimately to zero.



It is an object of the present invention to provide-a sw tchee- capacitor
circuit wherein the above di sadvant age nmay be overcone, or at |east - .

al leviated. 5 Statenent of the Invention In acco[dancq';
with the invention a switched capacitorp crcuit including at |east one’
stage conprising: an input node for receiving an input signal, an 10 out put
node for producing an output signal, a first reference node for receiving a
first referenceItolisagn objeatacft dhehpriesgnt finventtienmtealpresmigecd to t he
first ref 0 Vi : hnal lad YRS Ut put
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a control m3¥ghg overeemeac ot pted sast pdleydiaredt- | east one stage further
conprises: a second reference node; second switch neans coupl ed between the.
first termnal of the capacgjtqr angd t ir and .second 20 reference nodes.
and reshonsive to the cont %&a%&“ﬁ% %gé? gqtntv@rrﬂ'ﬁt"@y to couple the first
termnal of the capacitor to the first and second reference nodes; and .
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use in the _ cui _ - 3-
reference node and having a second terminal coupled to the

output node and coupled to the input node via first switch
15 means xresponsive to ‘a control signal is characterized in
that said at least one stage further comprises:
a second reference node;
second switch means coupled hgtween the first
terminal of the capacitor and the first and second
20 reference nodes and responsive to the control signal so as
alternately to couple the first terminal of the capacitor
to the first and second reference nodes; and
means for producing at the second reference node a
voltage representative'of the output signal from a stage of
25 the circuit so as to compensate for offset voltages —_J
produced on the capacito:.

Brief Description of the Drawings

30 One TV video signal filter incorporating a switched {
capacitor circuit in accordance with the invention will now
be described by way of reference to the accompanying
drawings, in which:

Figures-l{a), (b) and (¢) show part of the circuit

35 with switches in various positions; and

Figures 2 and 3 show alternative arrangements for
producing a voltage for use in the part of the circuit
shown in Figure 1.



Descri ption of Speci.fic. Enbodi nent of the Invention Referring firstly to _
Fi gure\ 1,-a TV video signal 5 fillter includes a switched capacitor, sanpled
data circuit 2 having a _chain of simlar, serially-connected stages, only
three~of which 4, 6, 8 are shown. Each st-ag;a-zl 6, 8 has a switch S1, S2,
S3, a capacitor Cl ‘C2, C3 and a unity-gain buffer anplifier. In each
stage, one termnal 10 of the switch S1, S2, S3 constitutes the input node
of the~ stage and the ot’her termmcmiptMMtSPEdﬁianect ed to one

termnal B of the stage's capa}_ﬁdé dritidie 1 nput of the
stage's buffer anplifier; the fer (a;ler output constitutes the

out put node of the stage. 15 The term nals A of the capacitors Cl and

C3 are connect ed t o Rgfumdingiofiettly ao Widulke X arnaddey @igﬁl t he

urther swi Portiaaet Sdien e Sy RS (b Qi y (g iid | g, Y ate
connect ed 20 rkslmcimg/d Whairgrmm:ﬁ-wiﬂcalto sexiakkwtconhecttedgrtages The
swi tches SI, tﬁifcl?qi‘t r@l | @Ry &K 2PRth B4de S4 9ng Sg Of

first and secon phases so that_the swtches o adj acent_ st ages open and
close alt er nathdsy & £VI4gh F a2 i3 FiYyFaR2G: ta?’-'aﬁ?dr (€39 oa% 35 t hat
during a cl octunmw4mrpesumbﬁldefréws aAw each sttage ) | orsé reénginal

boai 1 ons 386 o e At Reh Ty 'S EoPpt e s PR a8 SE LS,
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§3€ thereon

the charge dr &he f#@ﬁ‘%aﬁﬁécﬂﬁ%rs@gmnb’éﬁf?Ehawl%%%f tﬂéev%!l
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's conpleteg by StrqﬂhgagaCIEngfs "A og the capacitors Cl and C3 are
connected to ground. However, as will be explained
hereafter, the terminal B of the capacitor C2 is connected
to a first terminal of a further switch S2A. Second and
third terminals of the switch S2A are connected

20 respectively to ground and to a controlled voltage V1.

' The switches S1, S2, S2A and S3 are controlled by
overlapping clock signals of first and second phases so
that the switches of adjacent stages open and close
alternately (as illustrated in Figures 1(a) and (c)) and so

W 25 that during a clock overlap period all switches are open
(as illustrated in Figure 1(b)). Thus, during a first
-phase of the clock signals the switch positions are as in

. Figure 1(a) and a voltage VO established on capacitor Cl1 is
K _ transferred to capacitor ¢€2.
- 30 During a 'clock overlap' period those switches

(e.g. S2) which were closed, open, while those (e.g. S1,
S3) open remain so : the switch positions are thus as in
Figure 1(b). Due to the charge drawn from capacitor C2
when switch S2 opens the voltage thereon is changed to
35 vo-.V. It will be realised that the charge path through C2
' is completed by stray capacitance','"’csz.



-4~ In a conventional chain of swtched capacitor stages (not shown) in
which the termnal A of capacitor C2 is connected to ground, like the -4
-termnals A of capacitors Cl and C3, it would be the voltage V()-'[err]hj
whi ch woul d be 5 established on capacttér-C3 upon closure of switch S3.71n
the arrangenent of Figure 1, however, during the second phase of the clock
signals term nal A of capacitor C2 is connected to a voltage V1, the swtch
pdsitions bei ng B’ aheorventivnat «chain ofiwitshed caraebfoxhetages
capaci t or AhE3shéwhUsn Wehich eElié teMiindl A SofVealsaéitdatcefiyl is set to
[err] then the voltage estab |S€ﬁ€ on: C3_equal s tﬁg v Itqge Ng)orleénally
est abl | ShePESEed TRIEPRRA, LIRS Jhe AFTRIRGLS, & E FRBREiors
equal |y evanmtent3 | hit wineld dopetisatvaoltdde NG b Apyhichl wvoubdybaunber of .
capaci @1 S Qpi i ed éﬁ"‘éééé&féo 3 UEp G CEFOURELGE S fith 8. T o8k :
unconpensat ed etc. according to the systemconstraints. Referring now al so
to Fi gur esthe samrangenent opf sftowre nhy BRVEHRX  AAuEing ther8e@eBek | oop in *

whi _Chdan %ﬁmaﬁ ﬁlhﬂnféioékogi 1&|3y6ém1:h61 @Wﬂﬂr@dpé}@ﬂtbﬁUO?fis’, or
eri odl ca W a rererence , e.co r [
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periodically set to,a "black' reference |level, and systens designed to

process them ar eTqlf ppeddent gebatait YinihgSehl k@s ¥oFRenRdthg with these
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final swtched £apRChI QL 8129%+RL LPEsLt' 181¢882Av' Is then
compensated. It is equally evident that the compensation

15 may be applied to any number of capacitors, or that a few _
stages may be overcompensated and phé rest uncompensated
etc. according to the system constraints.

Referring now also to Figures 2 and 3, the voltage V1
may be controlled by a feedback loop in which an output

20 signal from the system is compared continuously, or
periodically, with a reference level, the comparator.output
(after filtering and any other necessary processing)
providing V1.

In Figure 2 there is shown a circuit for generating _

25 the voltage V1 for use in the chain of Figure 1. It is a N
characteristic of TV video signals that they are
“periodically,set to a 'black' reference level, and systems
designed to process them are equipped to generate timing
pulses coinciding with these periods. .

30 .
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Figure-1 is applied:to one input of a gated conmparator circuit 20 arranged
to be active, in response to a gating 5 signal, at periods during which the
outpuLfS|gnaI wi'll be at a 'black"” level. A second input of the conparator
recei V8s a reference level to which the 'blsck' |evel should be, desirably,
adj usted. The conparator .output feeds a storage capacitor Cs which via a
buffef anplifier 10 provi-des the controlled voltage V1. Assumi ng the
phasihg to be correcintbkefetusatk ¢oHopiguner?2sangovhputi sighalofrpingthe 2

and the f'|terffﬁaF'Qﬁi€cﬁe&‘é£ e Roor éesgebbfckhe'fygkeefshaﬁnfahter

out put si gnal ose {ot esired reference level; The stability of the
| oop may be a }51552pR1gE | tooResippat 8§ Eoﬂ?FGFIFﬂﬂpﬁﬁét°r
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that the Offsefea£&$a£e§ Pefaféné&cyavéﬁteoa&ﬁﬂehtbﬁechslacko ieeeﬁlgh a
| evel before belng npensated. In such cases the circuit of 8ure

be nodified assg‘l’i%ﬁ’l 'Pﬂ' Fﬁiﬁﬁ%ﬁagllﬂy afgushed: oﬂhﬁf CEPBEEaESFt PBEPBE swi tch
22 25 and a fufédds auvsterageptapaeitorncEighieh3viacavburige ampeafnag on

t he storag oC S V, r bu e
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si gnal . Anothéto|h@u©°re¢ﬁtnhheofee@ba€b bﬂengéemﬁrl§mpgcﬁh22ci§°§éﬁn@€ted
to ground or tﬁa@répﬁraﬁaleﬁs geieepnse rohhpges Jmnoaaiutstt ¢hel Nahaek:

t hehoh tfch t ed t her buf i f t
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structure hs halsg 5609 fndlRRgsaNe poLbAE AT 1A BAL RadyRbaRe han
i ndi vi dual “Changecover SW ern oVl eac
capaci tor of t@karacteristighi specdfipendldyi by cgnﬁppﬂﬂéag the gain or
maximum output current of the comparator of Figure 2 and by
choosing a large enough value for storage capacitor Cs.
In a. long chain of delay stages it will be necessary
20 to compensate a number of stages (e.g. every other stage)
so that the offset voltages do not accumulate along the
chain to too high a level before being compensated. 1In
such cases the circuit of Figure 2 may be modified as shown
in Figure 3 by the addition of clock-controlled switch 22
;_,/ 25 and a further buffer amplifier.
In Figure 3 the voltage appearing on the storage
-capa01tor Cs is supplied via a first buffer amplifier to

- one input terminal of the changeover switch 22 operated by
. the filter clock signal. Another input terminal of the
- 30 changeover switch 22 is connected to ground or to an

appropriate reference voltage. The output terminal of the
changeover switch 22 is connected via the further buffer
amplifier to the signal ground side of all the filter
storage capacitors (such as C2) chosen to receive the

35 compensation signal. The advantage of this structure is
that a single changeover switch 22 is required rather than
individual changeover switches such as S2a being provided

- for each capacitor of the filter to which compensation is

applied. '



-6- Cains 1. A swi tched capacitor circuit including at.|east one stage,

conprising: 5 an i nput node for receivihg an input signal, an outfut

. hode for producing an output signal, a first reference node for receivhqg a
first reference voltage, a capacitor-hgving a first termnal coupled td the

first reference node and having a second term nal coupled'to the 10 out put

ngde and coupled to the input node via first switch neans responsive to a

control signal, characterized in thaClaimg$ at | east one stage further

conprises: a second reference node; 15 second swi tch neans coupl ed

between the first termnal of the capacitqr and _the first _and second

r ef er encelnodes®afWifebgdnsapaci§orheizsiitoinglypdindgs gtad easteongtel y to

coupl e thgtagésbohggggaabgof t he capacitor to the first and second
ref erence nodes;

agd th frreans f qQr_.produci,n -%; t.he igcond reference
node a%ol tage PBprBENk BPAGTOF FRESHY: qggiﬁéu SF2-9t & of the
circuit souapptonodepfpmptoﬁuc_im;f art ontiphdyesgmadduaedimst he capacitor. «
25 2. peRlibARInEABARLIOetlithnly ACEAN UG d i RlRld Vb ItRRE! | e

means for“producing conprisSeS. a conparator having a first input’ coupled to
recei ve tRapagifor hayiag fr Shrststeymispl poupleguito, thes ot i nput

fﬁum ed tgefﬁé]g'éh\éa ﬁoa@camshafv%gl@estéaﬁr?&e&aﬁ_@ %@%tt&mded t?

e second reference node. 3. S ched gapacj tor, cifcuit according to
Cl'ai miD WABFBPE RS BR. cPBPLSAodst s A Meds SHs AL or s SR roans
coupl ed bmeamenresponsiyvar &or canmxolamdigrad second 35 reference node

characterized in that said at least one stage further \\)

comprises:

¥

a second reference node;

15 second switch means coupled between the first
terminal of the capacitor and the first and second )
reference nodes and responsive to the control sighal so as
alternately to couple the first terminal of the capacitor
to the first and second reference nodes; and

20 means for producing at the second reference node a
voltage representative of the output signal from a stage of
the circuit so as to compensate for offset voltages
produced on the capacitor.

25 2. A switched capacitor circuit according to claim 1 \\)
wherein the means for producing comprises:

a comparator having a first input coupled to receive

the output signal from a stage of the circuit; a second ' o
input coupled to receive a second reference voltage and an

30 output coupled to the second reference node. . s
3. A switched capacitor circuit according to claim 2

wherein the means for producing further comprises a storage
means coupled between the comparator output and the second
35 reference node.
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-7- 4., A switched capacitor circuit according to any preceding claim
including a plurality of serially connected stages each conprising: an

i nput; node for receiving an input signal, an 5 output node for producing an
out pur=signal, a first reference node for-receiving a first reference

vol tage, a capacitor having a first termnal coupled to the first reference
node -4nd havi ng a second term nal coupled to the output node and coupled to
the i Aput nodetwi a fA rawitched capacibors ¢ciseuitiaecoxding oo ramhy si gnal |

characterized 4 ' ' | : e

node; second gmﬂaf% rr%i@%%%;#&e%h%ﬁéigén ‘?ﬁ?ﬂ?ﬁ ?gr%%g@%féﬁngEEed
capaci tors of shagesmRaghcmrEtsingy the 15 first and second reference
nodes and responsi vear OCinphet Giddd Ofof | BEeivingsan! igpiet€iynap, canpl e the

first termpals_ of the capacitors.of,said at |east two stages,to the first
and second Pef®Fdie ’?\%‘%%s?‘”érﬂr%‘é‘ﬁ%n‘? ot p?'d%ﬂ'éé nﬁg'%?afhegsgiﬁﬁﬁ ref erence
node a 20 vol treferemce ssodetfor péceivingt pufissgnréférencea vohbagef{ ahe
circuit so as (o) e citors.
5" h i CorepRETREPRIGIAG o DHISEL HELPAET BOGHLER LB chgCe R0
descri bed mﬁtrreﬁ#zsnmeen@@etgndab%ﬁipangiﬁgcqn m;ﬁga;nsl c?“ﬁl@@'tpq§be
signal filter Gufmit n6@E ARG B8up1Ed £6EHeCRABALI RBAE! vEHI EiREEOEUHEBN! O
any-precedigg 30 ‘claim 35 .
means responsive to a control signal,
characterized in that the circuit further comprises:
¢ , a second reference node;
o/
second switch means coupled between the first
terminals of the capacitors of at least two stages and the
15 first and second reference nodes and responsive to the
control signal so as alternately to couple the first . _
terminals of the capacitors of said at least two stages to
the f;rst and second reference nodes; and
‘means for producing at the second reference node a -
20 voltage representative of the output signal from a stage-of
the circuit so as to compensate for offset voltages
produced on the capacitors.

5. 2 switched capacitor circuit substantially as

" 25 hereinbefore described with reference to the accompanying
drawings.:
. 6. A TV video signal filter circuit comprising a

switched capacitor circuit according to any preceding
“ 30 claim.

35
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