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(57 Abstract

A’'switched capacitor circuit (60) reduces sampling noise by oversampling an input sxgnal in space domain. The swntched capacitor
circuit (60) includes four sampling capacitors (72, 74, 76, 78) serially coupled together via five integrating switches (71, 73, 75, 77, 79).
Each clock cycle of the oversampling process has a sampling phase and an integrating phase. In the sampling phase, the integrating switches
(71, 73, 75, 77, 79) are nonconductive and the sampling capacitors (72, 74, 76, 78) sample the mput signal through mght sampling switches
(81, 82, 83, 84, 85, 86, 87, 88). In the integrating phase, the charge stored in the samplmg capagcitors (72, 74, 76, 78) is transferred to an
integrator (90).
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circuit and a nethod for reducing sanplin® noise therein. It is
desirable for the circuit to be sinple. It is also desirable for t he
circuit and the nmeQIRCUIT ANDMETHOD FOR REDUCINGSAMRIING NOISEUr t her .
advantage for the circuit and the nethod.to be suitable for use in -hilgh
frequency applications. Brief Description of the
Drawi ngs 10 FIG 1is a schematlc di agram of a switched capacitor .

circuit in accordance wi tﬂaﬁtdl‘dtﬁfd fote Maventibnt he present
i nventi on; FIG 2 is atimng diagramof signals applied to a

switched capacitor circuit during an oversanpling process in accordance
with 15 the pre¥het presentnnvenaoo relates, in geteral-to mignatiprocessing
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t he present
capacitor circuit improves the power efficiency and high frequency

. performance of the switched capacitor circuit. However, the .

15 magnitude of the samphng noise is substantla!ly propor’nonal to the
temperature and inversely proportional to the capacitance values of
the sampling capacitors in the switched capacitor circuit.
Therefore, small capacitors exhibit large sampling noise.

The sampling noise can be reduced by sampling an input signal

20 ata higher frequency than that of the input signal, i.e., oversampling
the input signal in time domain. For example, the input signal can be
sampled at a frequency higher than the Nyquist frequency of the
input signal by a factor of two, three, four, five, etc. The ratio of
the sampling frequency to the Nyquist frequency of the input signal

25 is conventionally referred to as sampling rate (x). When the
sampling rate is greater than one, the sampling is referred to as an
oversampling. For a bandwidth limited signal, the sampling noise is
substantially inversely proportional to the sampling rate. Thus,
sampling an input signal at a rate of four, i.e., 4x oversampling,

30 reduces the sampling noise approximately by a factor of four
compared with sampling the input signal a rate of one, i.e., 1x
sampling. However, oversampling in time domain increase the power
consumption of the circuit. Further, the sampling rate has an upper
limit determined by the high frequency characteristics of the

35 devices in the circuit.



Swi tched capacitor circuit 10 is coupled for receiving an input 30 Sl
at an input terminal 12 and coupled for transnitting an out put 81
at an out pMOW&SMInal 14. A reference voltage VREF, e.g., 5&]‘@898/2764
voltage, is supplied to swtched capaci toE circuit 10 via a vol t age-
supply conductor 15. Internally, swtched“capacitor circuit 10
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Detailed Description of the Drawings

Generally, the present invention provides_a switched capacitor
circuit and a method for reducing sampling noise therein. "In
25 accordance with the present invention, the reduction of sampling
' noise is achieved by oversampling a. signal in space domain.
' FIG. 1 is a schematic diagram of a switched capacitor circuit
10 in accordance with a first embodiment of the present invention.
_ Switched capacitor circuit 10 is coupled for receiving an input
- 30 signal at an input terminal 12 and coupled for transmitting an output
signal at an output terminal 14. A reference voltage Vqer, €.9., ground
voltage, is supplied to switched capacitor circuit 10 via a voltage
- supply conductor 15. Internally, switched capacitor cnrcunt 10
includes a sampler 20 and an mtegrator 40.
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the control electrode of the switch, and emitter and collector
20 electrodes of the bipolar transistor function as the current
conducting electrodes of the switch.
A first electrode of capacitor 23 is coupled to the conductor
15 via switch 22 and to input terminal 12 via switch 33. A second
electrode of capacitor 23 is coupled to a first electrode of capacitor
25 25 via switch 24 and to conductor 15 via switch 34. The first
electrode of capacitor 25 is also coupled to input terminal 12 via
switch 35. A second. electrode of capacitor 25 is coupled to a first
~ electrode of capacitor 27 via switch 26 and to conductor 15 via
switch 36. The first electrode of capacitor 27 is also coupled to
30 input terminal 12 via switch 37. A second electrode of capacitor 27
" is coupled for transmitting a sampled signal .of sampler 20 via
switch 28 and to conductor 15 via switch 38. The control electrodes
of switches 33, 34, 35, 36, 37, and 38 are coupled for receiving a
first clock signal ®,. The .control electrodes of switches 22, 24, 26,
35 .and 28 are coupled for receiving a second clock signal @,.




20 15. An output of operational arrpllfler 42 is connected to out put
termnal 14 of switched capacitor circuit 10. Capacitor 44 is cou
bet ween t h&Y@BY3741 ng i nput and t he out put of operational
42. I'n operation, switched capgcitor circuit 10 sanples the
input 25 signal at input termnal 12, integrates the |nput signal, and
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_ electrode of capacitor 7 via switch 28 for receiving the sampled
signal of sampler 20. The reference voltage Vi, at conductor 45 can
be equal to or different from the reference voltage Vg at conductor
20 15. An output of operational amplifier 42 is connected to output '
terminal 14 of switched capacitor circuit 10. Capacitor 44 is
coupled between the inverting input and the output of operational
amplifier 42.
In operation, switched ‘capacitor circuit 10 samples the input
25 signal at input terminal 12, integrates the input signal, and
transmits the integrated signal to output terminal 14. in a clock
cycle, each of sampling capacitors 23, 25, and 27 samples the input
signal during the sampling phase. The sampled signal is transferred
to integrator 40 during -the integrating phase foliowing the sampling
30 phase. During the sampling ph'ase, each of capacitors 23', 25, and 27 -
in switched capacitor circuit 10 ‘'samples the input signal once.
Thus, switched capacitor circuit 10 performs a 3x oversampling and
.improves the signal to noise ratio substantially by a factor of three.
Switches 33, 34, 35, 36, 37, and 38 are conductive during the .
35 sampling phase and nonconductlve during the integrating phase.




15 electredes of capacitors 23,- 25, and 27 are coupled for re

conponent wodomsrgli fferential input signal via swtches 34, Cﬁnmsydlnm oY,
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embodiment, the second electrodes of capacitors 23, 25, and 27 are
20 coupled via switches 34, 36, and 38, respectively, for receiving a
' feedback signal generated by a feedback circuit (not shown) coupled
- to the output of .integrator 40. Further, switched capacitor circuit
10 is not limited to having three sampling capacitors, i.e.,
- capacitors 23, 25, and 27. In accordance with the present invention,
25 switched capacitor circuit 10 can have any plural number, e.g., two,
four, five, six, etc., of sampling capacitors coupled to each other via
switches. Generally, the sampling rate of switched capacitor circuit
10 is equal to the number of sampling capacitors therein.
FIG. 2 is a timing diagram 50 of sampling signal @, and
30 integrating signal ®, applied to switched capacitor circuit 10 of FIG.
1 in an oversamphng process in accordance with the present
invention. FIG. 2 shows one clock cycle in the oversamphng process
that includes one sampling phase and one integrating phase. It
should be noted that FIG. 2 intends to show a timing relation of the
35 states of samphng switches 33, 34, 35, 36 37, and 38, and
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the n-channel FET in order to switch on the sampling switch.

20 Likewise, the signals applied to the control electrodes of the

integrating switches are not limited to being identical to each other.
The sampling phase starts at time t, when sampling signal @,

switches to a high level and integrating signal @, is at a low level.

Switches 22, 24, 26, and 28 are nonconductive and capacitors 23,

25 25, and 27 are electrically isolated from each other. Switches 33,
34, 35, 36, 37, and 38 are switched on and conductive. Capacitor 23
is coupled between input terminal 12 and conductor 15 via switches
33 and 34, respectively. The input signal V,, is applied across
capacitor 23. Similarly, capacitor 25 is coupled between input

30 terminal 12 and conductor 15 via switches 35 and 36, respectively,
and the input signal V,, is applied across capacitor 25. Further,
capacitor 27 is coupled between input terminal 12 and conductor 15
via switches 37 and 38, respectively, and the input signal V,, is

- -applied across capacitor 27." The input signal V,, charges 'sampling

35 capacitors 23, 25, and 27. Thus, each of sampling capacitors 23, 25,
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al r eady resmﬂi’ldavebpaswltﬂhw%fiﬁ.635 36, Bife ard 3§)rema|n At a-ti rre t3,
sanpl i ngs Si gidc oﬁﬂddt:v@eﬁ%\n&cnbsttz gy 2GVQ'nda2@ are sWiléRE826hNGngi dnal

err svmtchesto 0
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t erm nat i ng comeluctoegt&tand masmvantin hm oénoperatiomab@mplifiee. 42.

Capact & R, e bl o WY At Mol (B i e and

operatuonal amplifier 42 IS temporarily substantially equal to _

20 negative three times the sampled input signal voltage V,, (-3V,,) if
Vaery i substantially equal to V.. Otherwise, there is a direct
current (DC) voltage offset in the voltage at the inverting input of
operational amplifier 42. Subsequently, operational amplifier 42
drives the voltage at its inverting input to the reference voltage

25 Vggr, at conductor 45, causing the charge stored in sampling
capacitors 23, 25, and 27 to be transferred to integrating capacitor
44. |t should be noted that the charge transferred to capacitor 44 is
added to the charge that may already reside on capacitor-44 before
time t,.

30 At a time t,, sampling signal @, remains at the low level and
integrating signal &, switches to a low level. Switches 33, 34, 35,
36, 37, and 38 remain nonconductive. Switches 22, 24, 26, and 28
are switched off, terminating the integrating phase and the current
clock- cycle. - Capacitors 23, 25, and 27 are electrically isolated from |

35 each other and from applied voltage signals.” Switched capacitor




8 circuit 10 is ready to sanple the input signal at input term pakssdees, -

I n the next clock cycle. Because capacitors 23 Yo P
are seri alWQ9%@%#ed bet ween conductor 15 and the invert?ﬁgf%%‘of

operational anplifier 42 in 5 the integrgting phase, the anmount of charge
transferred to I ntegrating capacitor 44 is substantially equal to.the

average of difeqiit 10 G8ardiRdy Ioosample ¢heampulr Sighal 8b.inpod tefmiinabre2 tinme
t2. Thus, ttne F&ggrg e?i[(l@ansferred to integrating capacitor 44 represents

an aver age e NGX € hree sanples of the input signal sanpled by
capacitors 10 Becabse acapasitorsh@3ef26e andhid’ciare seriallyt coupled: inetween
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vol tagds sampliply capagitersr23s 25, nasdngdv) \thes sampling Qisei 1
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val es o capatanast capacitoy il Juses thries sEpBlig, gé‘ﬁﬁ?ﬁ@%;?@? o
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FIG. 3 is a schematic diagram of a switched capacitor circuit
60 in accordance with a second embodiment of the present invention.
Switched capacitor circuit 60 is coupled for receiving a differential
“input signal via a pair of input terminals 61 and 62, and coupled for

25 transmitting a differential output signal via a pair of output

terminals 63 and 64. A reference signal such as, for example, ground .
" voltage is supplied to switched capacitor circuit 60 via a voltage

supply conductor 65. Internally, switched capacitor circuit 60

includes a sampler 70 and an integrator 90.

30 .. Sampler 70 includes sampling capacitors 72, 74, 76, -and 78.
Preferably, the capacitance values of capacitors 72, 74, 76, and 78
are substantially equal to each other. Sampler 70 also includes
switches 71, 73, 75, 77, 79, 81, 82, 83, 84, 85, 86, 87, and 88, each

~ having a control electrode and two current conducting- electrodes.
35 Like switches 22, 24, 26, and 28 of switched capacitor circuit 10

ution Jis “60



.9 shovvn in FIG 1, svmtches 71 73, 75, 77 “and 79 are al SO ref~-

to ' gg.%l ng svmtches Svmtches 71, 73, 75, 77, and Pea/us98/27640
seriall y coupl'ed with capacitors 72, 74, 76 and 78 to form an
arrangenent or a pattern of alternating i & egrating switches and 5
sanpling capacitors. Like sw.tches 33, _34,_ 35 36, and

switched caghewnoin &l swit Qﬂﬁﬁ/\ﬂﬁvﬂgi @5»1778\ﬁ@%@s age . a%? referred tog,

?ﬁ t86 8; asntégratirtg %\Igﬂchgéer '3Wlt¢h3357713am3 ,1 1§, smtahds79 areDeV|8ges

at can be_used as s

Lt oo eekiSfly “Caiblest Viln Sapdator ] 74, 76 Sdnd 75 1 toym &

t ransi st or sarramgement gata pattenarot raltemating m&e@ratmmswetghes and A
LL7SL Secl cafipiflg CARMitdRs. TLike $@itehed 89, F\das! 86,087, andigssuf t ch

A sec cqup

acl ctnode
of capaci t osWiteheda @H%WWB“SHH 19 lsﬁ‘&ﬂ("tﬂr kﬁ?&alP 'E‘ih éiwﬂihhg
The first eBactgsdespfgsZammd 88 afé aisailreferwdpioedsl§amphm@psmtcbem nal

02 4t ol oct Ditices paf S 58 Y4 48, Shutacryi7s, 75'37:;7:?90;%ferrﬁtnga§ 61'

via swit ch 84, 86)c88j 87, and:&8 inlsamplespliinelude IGFETS,sMESEEISupl ed to
| nput ! ﬁ#o% i’l‘q?v #t&rg i%:eu eﬁﬁéﬂa bipold! AFan§I%ors, aithoienike®.i S
cou Ie L rst e acitor Vi a,s ch 77 ,and t nput
terPri nal 61 vi a ‘fifirsh el C fa§?pac' °"e?gclsr &%’Ri?w g‘ba%??GchoJ %5 aIOso
coupl e? t07Wﬁ"§w't@|ﬁ erﬂa|t AG%ebbhd eéecttfmdégd?f SapasitoecPdisccoupleddooa
capaci t or e

el gct rodes g‘( éfﬁ go% 09} capaé:jt%? g& &réa %‘Q/ﬁbg Z\éd (i.laargt%céugﬁtgl%?“‘ﬁhl
recei'ving a6dampdi sngltsthEL [Ehe] firstselentrode rof sapacior: §deis cﬁ'sgv\P‘t’HH@éj
[72”17 3195 18 inptitidiniftal 62 yia® WHGH 3! PeGRicHn eldctrolruicl cagasitanal

i ntegrating 7&#%&@%9?%gggrﬁdao I g&?éﬁ' aﬁb9§/ a?ﬂr?gg'@épzb t”ﬁl I fi}gﬁ 25 ahd
of integrat Itagnrqanaqetmtml%wwb ogwitch 84bst Thei firsty edgotrodeo ofacapacitor
Che Tirst eifib deisOoPobpld BoiniaR: ToRREiNEE URosiiH o2 PACCetand
electrode of capacitor 76 is coupled to a first electrode of capacntor
20 78 via switch 77 and to input terminal 61 via switch 86. The first
electrode of capacitor 78 is also coupled to input terminal 62 via
~ switch 87. A second electrode of capacitor 78 is coupled to
conductor 65 via switch 88. The control electrodes of 81, 82, 83,
84, 85, 86, 87, and 88 are coupled for receiving a sampling signal @,.
25 The contro! electrodes of switches 71, 73, 75, 77, and 79 are
coupled for receiving an integrating signal @,.

Integrator 90 includes an operational -amplifier 92 and
integrating capacitors 93 and 94 Preferably, the capacitance values
of integrating capacitors 93 and 94 are substantially equal to each

30 other. Operational amplifier 92 has a noninverting input coupled to
the first electrode of capacitor 72 via switch 71, an inverting input
coupled to the second electrode of capacitor 78 via switch 79, a
nomnvertmg output connected to output terminal 63, and an
inverting -output connected to output terminal 64. ‘Capagitor 93 has

'35 one electrode connected to the noninverting input of operational



coupl.ed to the second el ectrode of capacitor 78 via switch 79, a..sssesegmes: . -
noni nverting out put connected to-output termnal 63, and an '
out put corlN@®P8§4 o out put terninal 64. Capacitor 93 has 35 Pgﬂgsg
connected to the noninverting input of opesational

10 anplifier 92 and another el ectrode connected to the inverting

out put dh nﬂeraszoaﬁu AfDthér eéle%i’rod&mﬁe&temwame) riaveridng rodmut

Sot hor o o phasalRal ApfIBY 98 SRRSO e T dngeBéRl i o
anplifier subnnected to the mmngbmpmﬁ@fsopedamaml amphtlen 2randf
sw t ched an&ﬁw‘éarcbié’ﬁ&rﬁaécebhnéﬁé& Phb! Ab n@ﬁ&éﬁ@npewggfhhaéf shown in

FIG 3. For TTE ernative e tched capaC|tor
circuit5 operationa pﬂ@'ﬂ)mtﬂf r@2ei vi ng si ngl e-ended i nput signal "applied

t8?1 the 10 dsggonﬁ §h99¥d Cl@'@Suﬁaembé@ !tﬁasttﬁél sfl;ﬁctw oft switctred t Ches 82,
an espect L.y rst, el ec 0
76, anoc@%a%' Qr (%(5’&5‘1"6?%?% %‘% i' §§ bging Jhggﬁoq&gsﬁ‘ggﬁ% ?y N
receive a fexainple, singrat altemativel embodimetitacéwitched capasitor - cigguitn)
led t E

VA R e e o e
capaci tidr s second, elegtrades of. capagiors d%?rcg"w Q'Pﬁj 6 vighswi 82, 84,
invention, aHE BETDRIspECtAAIY! idH areRdirsDielettodes o$veapacors B4, 78,

cireuit 50 Sl U5 40 g U hnched 300 8, g, . [osttill. 5, .

the . di féemivet aafeedtpmbk signal genernaped byermfeeldback girgui2 (Noht egr at es

output ternPRarecEBURIFE o Fh? k?&ﬁ@df’* ppegretsr O B e e

on sanptd ngCapPgeHPr[ eircyita R Mt@@"f dtmﬁg sF@nBPV[WS' PUESHBRARINDS5 tinming

di agram 50 ghphtfors. i.85, eBPhCRBeS 7By Fdnbrd.oand FBG 1A accordance with
the present invention, the number of sampling capacitors in
switched capacitor circuit 60 can be any plural number, e.g., two,
three, five, six, seven, etc.

20 In operation, switched capacitor circuit 60 samples the
differential input signal at input terminals 61 and 62, integrates the
differential input signal, and transmits the integrated signal to
output terminals 63 and 64. Switched capacitor circuit 60 can
operate on sampling signal @, and integrating signal d>2'shownlin

25 timing diagram 50 of FIG. 2. As mentioned hereinbefore, FIG. 2
.shows one clock cycle that includes a sampling phase and an
integrating phase.

The sampling phase starts at time t, when sampling signal @,
switches to a high level and integrating signal @, is at a low level.

30 Switches 71, 73, 75, 77, and 79 are nonconductive and capacitors
72, 74, 76, and 78 are electrically isolated from each other.
Switches 81, 82, 83, 84, 85, 86, 87, and 88 are switched on and
conductive. Capacitor 72 is coupled between input terminal 61 and
conductor 65 via switches 82 and 81, respectively. The voltage

35 across capacitor 72 is subsjantially equal to the difference between

AN



shows one ¢l ock cycle that includes a sanpling phase and an

I nt egratl ng,(pm“ The sanpling phase starts at t|Btﬂ'IU$98m 40
sanmpling signal [err] switches to a high level and integrating si gnal
[err] is at a lowlevel. 30 Switches 71,1#3, 75 77, and 79 are

nOmOdct | e SahSEE e St the i dponént”Sh A8, SACSTHAL B9 Ve
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~ between respectively. The voltage acrpss eapeg;g@n Zéels Substantially; equal
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level, e.g Found Vol tage, Capaci t 8t & R 2 tyeen i nput -
terninal s 6903?‘2089“%03 % PRt sign ncF 93' p@ﬂ&ﬁ'v S Ry tage
across capaggtaeefr mputs tesnimalsablly angué2 via tswittkeesi 86 eaadc85bet ween -
ol gnal , "o, gT85RB &*&ﬁﬂfaé‘iﬁé t‘@%‘* L3 capacii BT R, Slbshtdl eayal
61 and 62 v.ta the wdiffesesee dbetvesen V,,, Iamﬁyw v&apaciter V8l isagoupledss

top 7 t
;ﬁga&[ e??] %&pam to%&i'l‘giﬂétbkysﬁoﬁﬁé input! fRrifiRallié2 a/ianswkitehes 88 bRl fH?

S C bet ween ,conduyct or _ an ut
termnal 62 resRestve Eﬁ? amtj{)qu across, SapaGitas ? %t@éﬁ@lgp
- capacitor 78ol ﬁwéldiﬁféﬂ@:hcelbe‘tvmmlground Qoithgedahﬂe ce Tfimayesanmimmd

conponent o ARSI, 12 SAgTAE the st ERARCHY O @f'ﬂé@hﬁﬁoﬁé‘@% a%?%

sanpl es . bot oft aamplmg eep:a@tnrsna4landcaﬁpsamplesObotméhenﬁtﬁt angh seconel

sanpl'i ngsca the?ﬁs Sé‘frﬁhésm ut Sighal & Gy s“é?ﬁﬁﬁﬁﬁnéaﬁécitb? 76D$ém‘ijla@a|--

At tlmet[er 1 n swtches to a | ow | evel

i ntegrating Pgﬁﬁpnﬁgrpgm%ﬁlﬁ gtt hpyasianall . swit ches 71 73 75,

77, and 79 renai nAbaiment]ycsamplingwsighals a8 switche3 tos84, |&%, leA@l and 87,

ens 35 e SNSRI DankicBORRIBETREINS, bl Il Syt 71, 780 780
77, and 79 remain nonconductive. Swntches 81, 82 83, 84, 85, 86,

20 87, and 88 are switched off, decoupling capacitors 72, 74, 76, and
78 from respective applied voltage signals, thereby terminating the
sampling phase. Capacitors 72, 74, 76, and 78 are electrically
isolated from each other and from applied voltage signals.

The integrating phase starts at time t, when sampling signal

25 @, remains at the low level and integrating signal @, switches to a
high level. Switches 81, 82, 83, 84, 85, 86, 87, and 88 remain
nonconductive. Switches 71, 73, 75, 77, and 79 are switched on.
Capacitors 72, 74, 76, and 78 are serially coupled between the
inverting and noninverting inputs of operational amplifier Q2.

30 Immediately after time t,, the voltage difference between the
inverting and noninverting inputs of operational amplifier 92 is
temporarily substantially equal to three times the voltage
difference between the first and second components of the sampled

~ input signal, i.e., 3(V,-V,,;). Operational amplifier 92 drives the

35 voltage dufference between its noninverting and inverting inputs to




sampl.i ng phase. Capacitors 72, 74, 76, and 78 are electrically g
I sol ated from each other and from applied voltage signals.
i ntegrati NWOMBSWIstarts at time t2 when sanpling signal 25 Pf'gturs?mr-’g‘n%i ns
at the low level and integrating signal [gsr] switches to a hi gh

|l evel . Switches 81, 82, 83, 84, 85, 86, 87, and 88 renmnin

nonconduct iy@bst&ﬂtiamge&e?é, dausing. thé. charye Sstoredsin tsdmapling capacitors

Tverti g atfe T Therahd oibb Wnsdertd BaDntlafiing dhrdttors 93 and
| mredi at el y94fter time t2, the voltage difference between the
X O r : " : : . L fiar 195 it
temporar i1y, subsiatyph | et oSitie, "8RS MoMRTerBg o iirifglly at a
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Ui 1 er onoe. Joperened) 1o, HISORAIIGY capaGitor oo, ia Swheh 710 alid posiihes -

- N . _
12 subSharis e Yarligrei1o; MepRathg Fopatiar B Vi Switch 7o. The
capaci tors charge, transfets pracesssraisese the aveltageelevel abteytput terminal -
capacitors g3 gnd Iowe%:tpe vt)ltage Idvel %,({ eddtbui/[t@i'ﬁ\]iﬁ?l %490511? (Vi Dy
noni nverting input 1s thitially at, a ower, val &age evel thah The
i nvertilfy i Bpoegaliai the pRRitenting input dasinitialiy ab anhigher vjage B
-_caltoaCi t?_r 9g§végafﬁétmtm¢4my§nmg)?n§i;yé Pofsitivbabaﬁrg'é 'Ls{'itfﬁﬁﬁermﬂ e~ ¢
i ntegrating, gapaci.t or i.a_s dra 0Cess
r ai sgs theg FB&ﬁéngeGSPaé'[thtﬁ\%uf' %&gleﬂ anéﬁéﬁgtwév@ﬁégﬂgﬁvol t age
| evel at outnamsferred tal indegrating \VEapatitof 84 |yialswitch W&at iThe charge
- noni nvert i NG, proddl 6ot dne VIS 16051 e output BYBlinaN®Y WiRs .

inverting input. itrve c S transterred to ating.

capaci t¥r 9oralges §bﬁt‘é‘h‘tagea‘aﬂi’eieétatquﬁﬁuéﬁﬁf@@als64- 'Thégéfggér red to -
i nt egr at i ngdHf@Rstialr oUtput asigid]Cis Wanshdttedateeoutput tteandhals B3 cand
vers e BT WSASE o, IRt 8 Mardds lnbtsinetito Caddiotd bave
and 94 are added to the charges that may already reside on
capacitors 93 and 94, respectively, before time t,.
20 At time t,, sampling signal ®, remains at the low level and
integrating signal <&, switches to a low level. Switches 81, 82, 83,
84, 85, 86, 87, and 88 remain nonconductive. Switches 71, 73, 75,
75, and 79 are switched off, terminating the integrating phase and
the current clock cycle. Capacitors 72, 74, 76, and 78 are
25 electrically isolated from each other and from applied voltage
signals. Switched capacitor circuit 60.is ready to sample the input
signal at input terminals 61 and 62 in the next clock cycle.
Switched capacitor circuit 60 uses four sampling capacitors
72, 74, 76, and 78 to perform a 4x oversampling in space domain
30 without increasing the sampling frequency. During the integrating
phase, the initial'voltage across capacitors 72, 74, 76, and 78 is
3(V,.+-V,.2)- Thus, the input voltage signal is scaled by a factor of
3/4. Compared with a conventional switched capacitor circuit, the
. signal to noise ratio of switched capacitor circuit 60 is improved by . .
35 a factor of 4><(3/4')2, i.e.,, 9/4. A switched capacitor'circuit.having a




differential output signal is transmtted to output termnals 63.and..

64. 1t showogggp“g ‘{iot ed that the charges transferred to capacm'msgsa7m
and 94 are o the charges that may al ready reside on capacitors

93 and 94, respectively, before tine t2. 33 At tlmat[err] sanpl i ng.

signal [err] remains at the |ow |evel an |nt rat.in n rr
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off, termn mg tp%‘hq;g rating phase and the current clock tycle.
CapaC| tors t 78 are 25 electrically isolated from each other
and from appl i edFi@GL t4des a schematic sdlaemmlﬁédac&\ﬂbt@hﬁﬂr capagitor eircui

o ol & Thorid odditince wgﬂrf'ém irclerhBBUIM&AL BINNE Sresuit fivemtione

next cl acl tqr cui t uses four
. sanpling ca® &ﬂtQhﬁQ; capacifor qtpmtg Qnté) R(j ﬁeﬁ%rfﬁFE W% &:r sanpl i ng i n
space doni dlf%}ermdl hmﬁutl stgredlsvm ah?aieraublmpgtftewquaals 11Duandg1t1|23

ond o6 1 s Jand gobRlsd; fay Trafirmiingl d [RBrEfA" 3’&‘*@2‘3‘%'??'5'381 gp:{ed
by a fact or obfoutput termma:tsnbmeandn 1‘h4.a B@fn@meoswn i YabradV napa

CII’CUIt th A C a | Ita t 60 is
| pr ove 100 9'3,5,.-2 ar?a%tugirplfe?i 3 aiiﬂ’oﬁ' éi?éuﬁ NO vid vo

circuit havsngpy conductors 11 8 and 119 respectsvely heg %u

structure sphotéd thiat refieteride wltay@@ngwaiscwg, vdsggmndmnggtcam\bmglther N

(N [orr] | Riftererit” T °pReh” ohfet BT- syBRIAY Lhddl 15 SAch, othef2ct of ©f
capacitor cinternally, swucheda@apamtafe oirauit & thi mlk&dﬁédamﬁﬂmﬂfeft He20

present, nv%td %8., inte capaC| tor circuit 110 is coupl ed for
rece|V|nga ?r%ntlal an al .via a aJrof

and 112, and&%mﬂ@la 120 ipg gﬁ'ﬁel'ag SapBators 25r 24, ei?&&ﬁgm

a pair a8 drid tswitt hes af 21 11123ann12514127%eﬂ29em1&1,sn@m| 438} 134, 135,
Vet ;]ge and (B 89! "dnd" £38" PR leTsrdifly S thbCEEHaCRAREL | PAIEY G Eaphlitérs
122, 124, 126, and 128 are substantially equal to each other. A first
20 electrode of capacitor 122 is coupled to conductor 115 via switch
121 and to input terminal 111 via switch 131. A second electrode of
capacitor 122 is coupled to a first electrode of capacutor 124 via
switch 123 and to conductor 118 via switch 132. The first
electrode of capacitor 124 is also coupled to input terminal 111 via
25 switch 133. A second electrode of capacitor 124 is coupled to a
first electrode of capacitor 126 via switch 125 and to conductor
118 via switch 134. The first electrode of capacitor 126 is also
coupled to input terminal 111 via switch 135. A second electrode of
capacitor 126 is coupled to a first electrode of capacitor 128 via
.30 switch 127 and to conductor 118 via switch 136. The first
electrode of capacitor 128 is also coupled to mput terminal 111 via
- switch 137. A second electrode of capacitor 128 is coupled for
transmitting a first sampled signal of sampler 120 via switch 129
. and coupled to conductor 118 via switch 138. The control electrodes
35 of 131, 132, 133, 134 135, 136 137, and 138 are coupled for '



supply conductors 115, 118, and 119, respectively. It should be

that reference voltage signals Verr], V[err], and VREF2 can @ G
di fferent WOAHSEHAh ot her or substantially equal to each ot h& E’?ﬂﬁsﬁ%o

Internally, switched capacitor circuit 13Q includes a sanpler 120 15 and

an integrator 160. Sanpl er 120 includes sanpling capacitors.122,
124, 126, 21, 133
134, 135, %E!elv ;; é'gha‘é %feréﬂiﬁ’c fol é‘fg"g{ﬁéﬁ%e&fﬁ?’"ms
capaci tors 121, sangdnd éZgrﬁr iﬂf cevViBguan fq}egg@ﬁng

other. A Lls’gnaﬂﬁ) eI ectrode of capaci tor 122 I's coupled to conductor 115
t 1 A
waswich o Sahder {8’48y SR spidiosthitl eg. gk ot
capaci t &r @nd vi48 and switches1141aid#3,0146ndl47,014818151 2 162, $R31 454, The
first c 157, WQ' g’ Pedfdra W S‘Ehé #RGtdrice Valieseoim naI 111 .
s T, VUBL ik T o, LR .,
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e couIEtitge, ot, faPagitol T4 5 via '
e e npot s atits wa oo 181 foteninc koo of5"
éfeilfgdgoﬁﬁ&g‘?ﬁig‘?’ J5,EoUbled 52 Y"gt slectidle Ot dapachorerandvia
si gnal of r 1430ap t%vﬁ:?'éaug@é? 11 Véﬁ]cﬁ"% |i§b '@g%ai!&for 118n€|a

i\é\ﬂ7t0h 53?3§|§h€rdd§1tdf0ba9moﬁl44 & alsd éSdpledao mut 18rminals1123¥ia
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Focei ving SSWBEE, FRHP K scand slectpde. of Gapacitor 144,08 oqurled 9.8
121, 123 st elctrede obTapaciteupi4bl viar switoh v1|4'¢'g and ta eprducigr

14105119, pwichSrol, STHGGUAAR armbigd 130 o L2
154, couple to mput termin 12 'via switch 1 A secon elec réde of
capacitor 146 is coupled to a first electrode of capacitor 148 via
switch 147 and to conductor 119 via switch 156. The first
20 electrode of capacitor 148 is also coupiéd to input terminal 112 via
- switch 157. A second electrode of capacitor 148 is coupled for
transmitting a second sampled signal of sampler 120 via switch 149
and coupled to conductor 119 via switch 158. The control electrodes
of 151, 152, 153, 154, 155, 156, 157, and 158 are coupled for
25 receiving sampling signal ®,. The control electrodes of switches
141, 143, 145, 147, and 149 are coupled for recetvmg integrating
signal @,
Devices that can be used as switches 121, 123, 125, 127, 129,
131, 132, 133, 134, 135, 136, 137, 138, 141, 143, 145, 147, 149,
30 151, 152, 153, 154, 155, 156, 157, and 158 include IGFETs, MESFETs,
bipolar transistors, insulated gate bipolar transistors, and the likes.
Like switches 22, 24, 26, and 28 of switched capacitor circuit 10
shown in FIG. 1, switches 121, 123, 125, 127, 129, 141, 143, 145,
147, and 149 are also referred to- as integrating switches. Switches
35 121, 123, 125, 127, and 129 are serially coupled with capacitors



155, 156, 157, and 158. Preferably, 'the capacitance val ues of .
capaci tor syiddonnshéft: 146, and 148 are substantially equal toli@gbs 8/27640"
and to those of capacitors 122, 124, 126, and 128. A first el ectrode of _
capacitor 142 is coupled to conduct or 11515| a switch 10 141 .and to input -
termnal 112 via switch 151. A secongqel ectrode of ﬂﬂEaCI tor 142 is

coupl ed to %22i riR4.c128.r 80 IR& 49, ey a 1fizst, agrangensant of alteraating, .
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first 20 eswitchede 191,C4825i 138, 142,i $35| 186,047 0188, i 1! 1t5gmtssl 412
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coupl ed to switileest 119 via switch 158. The control el ectrodes of
151, 1 153, 1 d 5 I 2 .
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145, 147, aiftegratingecapagitoss  163r aad. 164y i Rrefarablngthe capagitanceerrj. - -
?2\2” ci‘gst hi“’ﬁﬁmf' kst Ry rating/v to¥§11632&ndl%ﬁl %é’ré sl%tantna a$ua|
153, 154, 1 %é’b ‘“%‘?7' ﬁﬁei%%“%%l%"ﬁ%%ﬁ:é%? 'Wésﬁzf?“'“"e’t‘%g PoWP:
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t 22 t t
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are al so reVig r%'t@@ 149; n:Qpesatiagakampliier 5@ talses has a moninyertings,
127, and 128ugpet RTd &n YinveHihE outpit 68apIdd 26Soutput terminals 113 and

15 114, respectively. Capacitor 163 has one electrode connected to the
_ noninverting input of operational amplifier 162 and another
20 electrode connected to the inverting output of operational amplifier
162. Capacitor 164 has one electrode connected to the inverting
input of operational amplifier 162 and another electrode connected
to the noninverting output of operational amplifier 162.
It should be understood that the. structure of switched
25 capacitor circuit 110 is not limited to being that shown in FIG. 4.
For example, in an alternative embodiment, the second electrodes of
capacitors 122, 124, 126, 128, 142, 144, 146, and 148 are coupled
via switches 132, 134, 138, 138, 152, 154, 156, and 158,
respectively, for receiving feedback signals generated by a feedback
30 circuit (not shown) coupled to the outputs of integrator 160.
Further, switched capacitor circuit 110 is not limited to having
eight sampling capacitors, i.e., capacitors 122, 124, 126, 128, 142,
144, 146, and 148. In accordance with the present invention, the
number of sampling capacitors in switched capacitor circuit 110 can
35 be any even number greater than. two, e.g., four, six, ten, twelve,




122, 124, 126, and 128 to forma first arrangerrent of alternating .im
I nt egratr ng swi tches and sanpling capacitors. Swi tches 141, '

147, and 1%@%?(3@7%“ ally coupled with capacitors 142, 144, i’ﬁnﬁfgmd
148 to forma second arrangenent of alterpmgting 5 integrating switches and .
sanpling capacitors. Like switches 33, 34, 35, 36, 37, and 38 of
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162 al so QUi feriRis P8 and i, 136 it G e dah e 1o

out put t er noperateloa samplmg signar dqoand infegratingasignal @g3shownoin:

el ectrode nv refiisé o] lifier:
162 and anot her 2@ gi’?mt f FIGSR%CtﬁgtM?Mvertr n ﬁtr? E:?bo?ﬁp

oper at |1(9nals'29?ﬂ§| Pnercoc 051 et w@esgzs‘»araalmep tafdeAR onnect ed |
to the |nve||m139gatm of oper atlonal amplifier 162 and anot her S

et ose'SNTECHEL somplfy g AR, AL APt ORI .
swi t ched 25switabasi tmr? chigbuilevell ands integratingt e?nai By ig) athatlowhdeweli n
FIG 4. - }anEh

el ectrodes © &XQ% e123n1e§13221|§?r%\4?93%§ hﬁgbnggf%ﬁvhgﬂadnd 148 -
are codp dcapac't‘?f% « od 126, @Bd 128; argsgleatsicallys jsolated romisg,
respecti vel gachootherceiSwitchéset®HcH 39, o188 s 13413524 38, #37peithciBS0

oLy S ok R A5 Shhd BB BBl OF BRI P22, 10, TERLIET
capaci t or s, ande128cighaoupled hetvearrdnputaermdsal 144, and condyctone]18nd
cipal (ofs TR ISHERHIIS el Tod g vaid, o nBapatlorgpern
grgaterzot ha‘,l,gft é. ncrc ?% lsssggsgagﬁralm\,@ 1 'to the Gifference h\Jetween h
the voltage level of the first component of the input signal, e.g., Vi,
and reference voltage Vpg. Thus, each of sampling capacitors 122,
124, 126, and 128 samples the first component of the input signal
once during the sampling phase. Likewise, switches 141, 143, 145,
25 147, and 149 are nonconductive and capacitors 142, 144, 146, and
148 are electrically isolated from each other. ~Switches 151, 152,
153, 154, 155, 156, 157, and 158 are switched on and conductive.
Each of capacitors 142, 144, 146, and 148 is coupled between input
. terminal 112 and conductor 119 via respective switches. The
30 voltage across each of capacitors 142, 144, 146, and 148 is
substantially equal to the difference between the voltage level of
the second component of the input signal, e.g., V,,, and reference
voltage Vgg,. Thus, each of sampling capacitors 142, 144, 146, and
... 148 samples the second component of the input signal once during
35 the sampling phase.
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i s coupl ed Eéémeﬁgﬁln #gﬁ’ f%aiﬁ ?' ﬂﬁg’qn?édoéggctqére ﬁé eie’)&ﬂ\‘/ﬁa&'alyr 'e%olggﬁgve
swi t ches. Tirenvcgackycotheroande fromoapplipdcvoliage1signals. 124, 126, and 128
I s substgantiall yﬁ@j : | b hehe saph sigredl of
t he fifls conponent, %téﬁi’gﬁ?&)ﬁﬁiﬁ%’t ﬂs.eaé\.lm.{;be r.‘g l ¢ %ﬁ%%goe ce
vol tage V[ efty Femaias ahdReoiow lgye n@"Qa‘ﬁﬁ gtaling sigha P2 SWHCNG360- Shd
128 sanpl eshidie Ibvekt Switchent13f, 182,i 138 194n485, 136,0187,d188nglGhe
sanpling ph . JLikewi se, it S , 3 4 L are
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i sol at ed fr Qwitchens ot2ey 1284 128es125112952141, 14315345,947,180d 148 are7,
and 158, Ar € QMR RMEdRILER/d. Y ECapaci D 108pAPE 0BNAL428 &fd,
146, a§1d§114§%s couﬁ;%?'?;%ween |§;Béut ecapac{tgl?nqn@z? ti\izpand cogtlc‘irggct.ﬁr %1&
via respect sesially; compled Thetweeporeagucir: Js @éL‘L QQURYe 1HpUt 94,
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vol tage | ev t ope p @, _
Vierr], and??‘é&elaén&e ngnﬁ%‘?@@gqgﬁégﬁf ‘I(ﬁ%esllari@é{c%! %b@g%?i1n§2ci§]0aci tors
142, 144, 1aémporarily substantially equal to negative four times the voltage
' 20 difference between the first component of the sampled input signal
and the first reference signal at conductor 118, i.e., -4(Viyy-Vaery) if
Vaer iS substantially equal to Vi, Otherwise, there is a DC voltage
offset in the voltage at the noninverting input of operational
amplifier 162. Operational amplifier 162 drives the voltage level at
25 its noninverting input to ground voltage, causing the charge stored in
sampling capacitors 122, 124, 126, and 128 to be transferred to
integrating capacitor 163. ~The amount of charge transferred to
integrating capacitor 163 is substantially equal to the average of
~ charges stored in capacitors 122, 124, 126, and 128 before time t,.
30 Thus, the charge transferred to integrating capacitor 163 represents
an average value of the four samples of the first component of the
input signal. . Likewise, capacitors 142, 144, 146, and 148 are
serially coupled between condqctor 115 and the inverting input qf
operational amplifier 162, and the voltage level at the inverting
35 'input of operational amplifier 162 is temporarily substantially equal
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integrating signal [err] remains at the | 9y | evel . Switches 121, 123,

125, 127, 129, 141, 143, 145, 147, and 149 remai n nonconducti ve.
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transferred i nte ti apa 163. The
transferredrégde on G ?'gq 36&1&&4 4,1 gaspacyl |°&9I 3& to the
aver age of At time t,, sampling signal ®, remains at the low level and
integrating signal ®, switches to a low level. ‘Switches 131, 132,
20 133, 134, 135, 136, 137, 138, 151, 152, 153, 154, 155, 156, 157,
and 158 remain nonconductive. Switches 121, 123, 125, 127, 129,
141, 143, 145, 147, and 149 are switched off, terminating the
integrating phase and the current clock cycle. Capacitors 122, 124,
126, 128, 142, 144, 146, and 148 are electrically isolated from each
25 other and from applied voltage signals. Switched capacitor circuit
110 is ready to sample the input signal at input terminals 111 and
112 in a subsequent clock cycle.
As mentioned hereinbefore, swztched capacitor circuit 110
performs a 4x oversampling of the input signal at input terminals
30 111 and 112." Switched capacitor circuit 110 uses eight sampling
capacitors 122, 124, 126, 128, 142, 144, 146, and 148 to
oversample the input signal in space domain without increasing the
sampling frequency. The 4x oversampling effectively reduces the
. sampling noise of switched ‘capacitor circuit. 110 by a factor of four.
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an average value of the four sanples of the first conponent of the ~

i nput signal . Likew se, capacitors 142, 138 146, and 148 are” serially
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second 22rré?j!fm?npéfyﬁ?%ﬁt&mﬁvééé‘aéué?mewozeo inclusigs cmea”%ié;gﬁ 28’
circuit 110 aned fan nivtégratoeveeeanpl ing of the 15 input signal. It should
added fo the charSeUTHRL:2 P@iﬁé&%‘js%mp'mc Sl 247 o p2% o207 P28,
respecti vel y242ecPdd; 246 a 248. Preferably, ﬂsetc{apat}ntamp)alugsSognal '
Lo |55 Sagiohle, 2o 248, 29 290, PSR RAg, B 408 51 L
153, 154, 153bateptially;equa @aﬁ:’e othani nSamplerqd20i also d l&#% 121,
123, 125, 12switéRes 221 1233, 285, 227, 329, 281 242, 2335934,h238501236,
Lerm nating 385 op BYIOSIS 3418572 Wad '35V 80 A EsYBs, 256,

257, and 258, each havmg a control electrode and two current

20 conducting electrodes. The control electrodes of 231, 232, 233,

234, 235, 236, 237, 238, 251, 252, 253, 254, 255, 256, 257, and 258
-are coupled for receiving a sampling signal ®,. The control )
electrodes of switches 221, 223, 225, 227, 229, 241, 243, 245, 247
and 249 are coupled for receiving an integrating signal @,.

25 A first electrode of capacitor 222 is coupled to conductor 215
via switches 221 and 231 coupled in parallel. A second electrode of
capacitor 222 is coupled to a first electrode of capacitor 224 via
switch 223 and to conductor 218 via switch 232. The first
electrode of capacitor 224 is also coupled to input terminal 211 via

. 30 switch 233. A second electrode of capacitor 224 is coupled to a
' first electrode of capacitor 226 via switch 225 and to conductor
218 via switch 234. The first electrode of capacitor 226 is also
coupled to input terminal 211 via switch 235. A second electrode of
_ - capacitor 226 is coupled to a first electrode of capacitor 228 via
'35 switch 227 and to conductor 218 vna switch 236. The. first
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a subsequent clock cycle. As megppi oned hereinbefore, swtched
capacitor circuit 110 perfornms a 4x oversanpling of the input signal
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conductors vZ19, | ve
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o0 g I o R i aiond ' e S
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control el e§W ? g trode of ‘capacito
transmitting a second sampled signal of sampler 220 via switch 249
and coupled to conductor 219 via switch 258.
20 Devices that can be used as switches 221, 223, 225, 227, 229,
231, 232, 233, 234, 235, 236, 237, 238, 241, 243, 245, 247, 249,
251, 252, 253, 254, 255, 256, 257, and 258 include IGFETs, MESFETSs,
bipolar transistors, insulated gate bipolar transistors, and the likes.
Like switches 22, 24, 26, and 28 of switched capacitor circuit 10
25 shown in FIG. 1, switches 221, 223, 225, 227, 229, 241, 243, 245,
247, and 249 are also referred to as integrating switches. Switches
221, 223, 225, 227, and 229 are serially coupled with capacitors
222, 224, 226, and 228 to form a first arrangement of alternating
integrating switches and sampling capacitors. Swiiches 241, 243,
30 245, 247, and 249 are serially coupled with capacitors 242, 244,
246, and 248 to form a second arrangement of alternating B
integrating switches and sampling capacitors. Like switches 33, 34
35, 36, 37, and 38 of switched capacitor circuit 10 shown in FIG. 1,
' SW|tches 231, 232, 233, 234, 235, 236, 237, 238, 251, 252, 253,
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a first el e%&é&c}e of c?&ae%tte8r 24@1 via: .. ins tgﬁf)} €4?’f and I_t ? conduct ar,. 219
“via switch Ctrede 0 10 cthe Jawesting, puiR vt o ppsrational amplifier ¢ o
i nput terni @82.21Capazithp 264i has @HS. electds dorinetteddiv dheciamantingr 244
L Sncourdg Wi of ofBlioReP hfRRes’ P60aRK Aot URciddc oot L
al so cod@| the tgoninmearting: auiput 2ab aperatianalnamplifier d el ectrode
of capaci t or |p4ghdwidc benelidretdod i thidt e Stresire! ot adwiched 248 via
capacitor circuit 210 is not limited to being that shown in FIG. 5.
~ For example, in an alternative embodiment, the second electrodes of
20 capacitors 222, 224, 226, 242, 244, and 246 are coupled'via
switches 232, 234, 236, 252, 254, and 256, respectively, for
receiving feedback signals generated by a feedback circuit (not -
shown) coupled to the outputs of integrator 260. Further, switched
capacitor circuit 210 is not limited to having eight sampling
25 capacitors, i.e., capacitors 222, 224, 226, 228, 242, 244, 246, and
248. In accordance with the present invention, the number of
sampling capacitors in switched capacitor circuit 210 can be any
even number greater than two, e.g., four, six, ten, twelve, fourteen,
sixteen, etc. |
30 In- operation, switched capacitor -circuit 210 samples the
~ differential input signal at input terminals 211 and 212, integrates'
the differential input signal, and transmits the integrated signal to
output terminals 213 and 214. Switched capacitor circuit 210 can
- Operate on sampling signai—-§>, and integrating signal @, shown in
35 timing diagram 50 of FIG. 2. As mentioned hereinbefore, FIG. 2



15 .swi'tch 247 and to conductor 219 via switch.256. The first

el ectrode of capacitor 248 is also coupled to input term nal |
swi tch 25W0A8¥dbnd el ectrode of capacitor 248 is coupled f%&'%sydna’“o

transmtting a second sanpled signal of gamler 220 via switch 249 and
coupl ed to conductor 219 via switch 258. 20 Devi ces that can be used

237, 236, PR, e gidck oygid g ncludes, £ g piig, PR 05 ase. 257

and’ 258 i néMegrating-Rhasesrers, bi pol ar transistors, insulated gate
bi pol ar transi stTHé sam Imbephabesstarts atl_ltlmeiwwtzbassamplmg sagnahnhl, 28

of swi tched capaci tor [of S Lie

205, 227, SHG h'@iéte"%? 35‘94338%#@% §P@j’a‘?§ errg‘é o as

i nt egr asi ngSwﬂcheSe221 s\aaa;haas 227,2and 229, aresnoncondugtiveo and

serially culdhdis! Banool 0896, and2828 &% ePe?&ncanéegcﬂagéus ;noma
capaci tors. e@h h@!’; 2$!V' (Lz]'lﬁﬁ r&.‘ gag,%ﬁ %§ géig é& 5%5‘? Ied
\é\': Egrﬁgfﬁﬁ'ér@f §mﬂt@hec?% ang condiuctived a@&paoutbprzam is ccoupled l:mlrgyI keemant of
SwW t ches 3%0@1“'&0 Q‘Pé éhg cg%uegﬁdzgg Xfaars%"#@ﬂ%%%am Z% %‘I rcuit 10
shown 0 Fir@spectively. sﬂhemltage apeess 2eapacitar 222 lszwbs,!antlaﬂzs 251,

252, 253, 5 256
nr f rence volta &8Ad V.

257, and Zs%quaalet%ltgg 9' errerng&'bgetvggesaee EF weh-

|

| nt egr at or Oapaciter ud24 isn coy Batwe nﬁpmn%teprfﬁﬁa gﬁ “and; gepdralan,g
capaci tors 28 wadsiitbhdy @33 alng 234 respecwayce Fhe woltage odcross

other - CpercARBIIOF B2t s8R fiall Ceflal B 18, é*f??%*fée betyldhif o,
t he seasnd mIMQedeuebfofcuMcflrStbrcmaonemsm tee input signal, e.an Vavedhthg

i nput couplgd to f t 1o ioA {s\@indch 249.
Conrat i on Vaw“ ‘Cap giggr“‘g teisie8’ befash inp u¥4t%rmmat/26| 1

O e et vis, w235 ahHCebb  ToloctveRl, T, Bliacs
Capacitor 25grdss cHpsacitect228/dsceubstantialip eéqeal to the dtfference :
between Vinr @nd Vieg,. Capacitor 228 is coupled between input
20 terminal 211 and conductor 215 via switches 237 and 238,
respectively. The voltage across capacitor 228 is substantnaﬂy
equal to the difference between V,, and Vg, Likewise, switches
241, 243, 245, 247, and 249 are nonconductive, and capacitdrs 242,
244, 246, and 248 are electrically isolated from each other.:
25 Switches 251, 252, 253, 254, 255, 256, 257, and 258 are switched
on and conductive. Capacitor 242 is coupled between conductor 215
and conductor 219 via switches 251 and 252, respectively. The
voltage across capacitor 242 is substantially equal to the difference
between reference voltages Vger and Vgper,. Capacitor 244 is coupled
30 between input terminal 212 and conductor 219 via switches 253 and
254, respectively. The voltage across capacitor 244 is substantially
equal to the difference between the voltage level of the second
component of the input signal, €.g., V,, and Vg, Capacitor 246 is
~coupled between input terminal 212 and conductor 219 via switches
35 255 and 256, respectlvely The voltage across capacitor 246 is




“noni nverting input of operational afplifier 262 and anot her el eClq

connect ed i bdiss7gverti ng out put of operational anplifier pc-ﬂﬁggm-,ag LR
Capacitor 264 has one el ectrode connected to the inverting 15 input of

operational anplifier 262 and another el e8rode connect ed to the
" noni nvertin output of operatio aI I|f|er 262. It shoul-d be
under st ood $ubstaniialiy rto dhe betw&%bl\fmzr apdr Vuirz- 210 i s not

Climted to @%gmutdramshwwco IEUGbe@ween input eeaniial. 212 andacondiitbr ©
e

P RO L g R v

244 and 248!
_ respect i vel gapéoitor 248etm|subs;anaauyaenualgloalthegdnféemme yetweéer d¥ae k
circuit NOLndg V shown) coupled to the outputs of integrator 260. Further,

- switche caﬁ‘&%ltor circuit 210 is not linited to having eight sarrpllng
25 capacitors, AtetimMeipasamplingsignab 2, 2%“0'298 to e low, level gndang

248. In aCCIrItégﬁaﬁn slignale {geemwsnmrmeotowt leveluniSwitches 2232128310

Greater {naRePne2l %390?%%? 43, 2l 247, RokF 248 18ain noRBRDERYS! ., .

30 |s\mmhes.23n 282,288, 234234, 2860237, 22685a2r$1|e£521,e253
diff | t

(he' o RS, P28, 287, SAM208 MO SIENISP O, SepaPhef hbgor
out put t er nRR&k 224 g@& 2R A%k 24Baanad 2 4;$rf&9m r9§pe ye applied

operate on galta @%l@ﬂ@'ﬂ'{eﬁ’ébb fevimina (ﬁtﬂlbﬂgamﬂmé pRasé. stOapatitord

oo "0 R0 dol 2 7 2 AL Fh S o pldkrGaby rolate

| nt egrati ngfroimseach other andTliroraaapplied wolagessignalsat tinme t[err] when
FaTP) 5310 i yeorshitg s Bl 98 S0k, S seprel
nonconduct i &, rgmjams at the low level and integrating ‘signal ® swntches o a
high level. Switches 231, 232, 233, 234, 235, 236, 237, 238, 251,
252, 253, 254, 255, 256, 257, and 258 remain nonconductive.
. Switches 221, 223, 225, 227, 229, 241, 243, 245, 247, and 249 are
20 switched on and conductive. Capacitors 222, 224, 226, and 228 are
serially coupled between conductor 215 and the noninverting input of
. operational amplifier 262. Immediately after time t,, the voltage -
level at the noninverting input of operational amplifier 262 is
temporarily substantially equal to negative three times the voltage
25 difference between the first component of the sampled input signal
and the reference signal at conductor 218, i.e., -3(Vi,:-Vaers) if Vaers
is substantially equal to V... Otherwise, there is a DC voltage
offset in the voltage at the noninverting ihput of operational
amplifier 262. Operational amplifier 262 drives the voltage level at
30 its noninverting input to ground voltage, causing the charge stored in
sampling capacitors 222, 224, 226, and 228 to be transferred to
integrating capacitor 263. Likewise, capacitors 242, 244, 248, and
248 are serially coupled between conductor 215 and the inverting
input of operational amplifier 262, and the voltage level at the
35 inverting input of operational amplifier 262 is temporarily




capaci tors 222, 224, 226, and 228 are electrically isolated from
other. Switches 231, 232, 233, 234, 235, 236, 237, and 238 are swreeted
on and comlo®®BsMI Capacitor 222 is coupl ed between condbETUBIBR8A,
conductor 218 via switches 231 and 232, JQ respectively. The voltage
across capacitor 222 is substantially equal to the difference between

‘ _ ; . _ .
hput cor nopbstdialy Sqdlh f Hiedative wir887HMEY ! yohagenufforeticaen
_respect | vebptweRs e 1saRond carmponent gi-the sampled inaubsignal and,the, a/
the i mput icropee Slgralil vorductor’ 2407 8PSVl Vel g’f‘” Conn od
0 P L el IRV, Oimanies, e R B viliads o
respﬁctgyfelily.thﬁe/oitagegat the invening cnapati[cnbropm'atlicma_i;Jasmhﬂetra26,2-e’q:JalOI
t t he | H et n I3 ea .
bgt ween i np@g%ﬁ’qae'r n%rﬁgflﬂgﬁ?g%dag%’rﬁu%%r Q%tég\?icg@gél I%hé%zgngéan .-238,

respect i velipputrite geaungevaltagr.s causing the sharge siaredait SAMPING - equal
to the dificymgracpyecn2yier2de aand /248 tbi bewtrmsfenied ites integrating.

2 20 s aanacn 284, 1 RO R ote A8, B9 iaBeS Bitpren. 67,
252, 258, TapaclfFs 268, ard7264nareaRided tovihteicharges that may ebieady i ve.
o tohes 22P5i0e G Paphclie Y LG S84 rédheptivelyt TBoABMIRG tE ) 0.0
i s substantial | yAk4ime ko Samaplingf §l@a§e¢1' remgingeat %ﬁ@%ﬁ@geﬁ@ ges
and chnduct A L 1 bopRal ok v featio! € age
acr oss capﬁq'o%%fmﬁﬁas' Q téﬁ?? %ﬁ' 251, %%ga@#% ?ﬁg’aél/ ’gl’gg-nggez%gt \Zveg-n
t he volisageane\258 oferhain semoanductive: onBwiteheso22he223p 225 834l 229y ,
o hranad o7 RS, 47, 64 1249 are SR SHASIgathg BT 1) 212
across capdbtegrating phase and the current cloc cycle. apacitors 222,
substanti alpgseqeg, pa2t he44d] fA46,cane 2a8wee ¥ladtricalipdisdlated .from each
other and from applied voltage signals. Switched capacitor circuit
20 210 is ready to sample the input signal in the next clock cycle.
Switched capacitor circuit 210 uses eight sampling capacitors
222, 224, 226, 228, 242, 244, 246, and 248 to perform a 4x
oversampling in space domain without increasing the sampling
frequency. During the integrating phase, the initial voltage across
25 sampling capacitors 222, 224, 226, and 228 is 3(V;,;~Vaer), @nd the
initial voltage across sampling capacitors 242, 244, 246, and 248 is
8(V,2-Veer:). Like sampler 70 in FIG. 3, sampler 220 scales the
differential input voltage signal by a factor of 3/4. Compared with a
conventional switched capacitor circuit, the signal to noise ratio of
30 switched capacitor circuit 210 is improved by a factor of 4x(3/4)3,
~ i.e., 9/4. Generally, a switched capacitor circuit having a structure
similar to that of switched capacitor circuit 210 but having 2N
sampling capacitors reduces the sampling noise by a factor of (N-
1)%N. .. o
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a 236, -



Capagci t or 248 |s coupl ed between input term nal 212 and conductor-. j
via switchggp find 258, respectively. The vol tage across Pcmmmvm
248 is substantla |y equal to the difference between V[err] 5 and V[err]:
At time t[err], sanpling signal [err] swidRhes to a low | evel and

205, 257, 320, A6 Buib B:Achamtc, WEaih ofd SwBFbBHiEapACHor ot

Swi tches 2310 292 acodidanad, with a FHth emhodisﬁantzat thas pressat inventidn. '
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cop. 2od d fror% élﬂn%ﬂf\naaﬁﬁ aégwmm\m 314 Réfétéri’éé?dsl nals wgh?;g@

d I
starts at tYeert Erﬁhgﬁp\éﬁ ta&?]gs‘%’ﬁﬁﬁﬁa capaF@PF]c'F‘é‘ﬁi %26 H’é’ri ' | evel
zzagg |gg ggrg%mﬁp cghduc[t@rsg ]31$Mand1%15 orespez%tlz\mlyl; IIE\sﬁoulﬁv\bechetectahat _
and 258 ren'éﬁ%ﬁr %%%oﬁ‘gﬁﬂgé %'gn%ig ’fc‘% VEET cg@ ﬁeé@ﬂe&@ﬁeﬁ@fsﬁ o
543, 245, 2eachaothen®rasubstantialy el o :aack oathes: | vint erRally switc i’l&

ﬁ(z)ﬁl n\zlglrtl nggP aai?ﬁr?rcu't 3156”;1?'['%‘%%30&2%&&?2\;@? ﬁﬁddaﬁEtht t‘ﬂ?t@ eSU) ©
time.tferr], thegﬁmplﬂje320 '"q"é'g& %mm@%&ﬁm?.%ﬁ g? of 326, arld

operati Ona|h32813hhﬁl ewitthds 821, 323@3@53@@275; 32951381, 382y ?aamaa:b 335,
negative t t t ta € S ,g;p@%e
of gt he sanp?ég #1%% aﬂlzgr?;fg ﬁ?eﬁ%&b&r fnf%fe en@gﬁﬁé\?&'\r Iﬁ%ts ggnd%ﬁ? r

i.e., -3(V 822], -324; 326, andr8RE are sulstentiellynenual 30eqa§h psheRer first
Q her w npudtjéoéf éﬁ’é&:i&\‘g%& is 86l R%d it thadueteéA® Rtviahewitch -

noni nver I n rati o

o
262 drives g?é magelnpé&tetermmgb 312 s‘"ﬁoﬁwm’gr ?‘Sﬁg |'§B§é&%h g?tﬁ?i@%é df°"
vol tage, caga aﬁ:xtﬂﬂeszﬁam&: (fleddto na first etggtrodg ofmapaciter 824 via4,

iiﬁac?[‘gr?%m?%?éé i ] iy, o181, SR 2, 1 263 L kew e

coupl ed
conduct or 2electnadehof i capacitery 324 isi ajaa asupiedr @mt Qfﬁl"l W?e$1§6‘2'a

and theyyol ts%\ilt’cl1 &94: an 5BEoRE eidbtrsde "6k capukitet 324rigt tonpleditol af i er
262 1s tenp?{rgtr Ie!ectrc»de of capacitor 326 via switch 325 and to conductor
315 via' switch 334. The first electrode of capacitor 326 is also
coupléd to input terminal 312 via switch 335. A second electrode of
capacitor 326 is coupled to a first electrode of capacitor 328 via
25 switch 327 and to conductor 315 via switch 336. The first
electrode of capacitor 328 is also coupled to input terminal 312 via
switch 337. A second electrode of capacitor 328 is coupled for
transmlttmg a sampled signal of sampler 320 via switch 329 and
: coupled to conductor 315 via switch 338. The control electrodes of
. 30 331, 332, 333, 334, 335, 336, 337, and 338 are coupled for receiving
a sampling signal ®,. The ;control'electrodes of switches 321, 323,
325, 327, and 329 are coupled for receiving an integrating signal @,.
Sampler 320 also includes feedback capacitors 342, 344, 346,
‘and 348 and switches 341, 343, 345, 347, 351, 352, 353, 354, 355,

35 356 and 357. Preferably, the capac:tance values of capacutors 342,




24 .....  substantially equal to negative three tinmes the voltage d|ff~

bet ween 't he second conponent of the sanpled input signal %&P,Fj .
ref er ence WPYHAST44t conductor 219, i.e., -3(Verr]-Verr]) 8?% 615

substantially equal to V[err]. Qherwi sepghere is a DC voltage offset 5
in the voltage at the inverting input of operational anplifier 262.

Qper at | onalggPsab nd T4g!'drécsub fatfill2 e edlch bthénetid todthose,
i | o S ol oapaars HRE a4 a2, - Sartnler 320 tfer jgcludes *
capaci t or Zb4eedbackocontiullerotén, tmch hmob.hdegeswttchesf 86150368, 1363,
capaclitors a r de
onpcapaC| tﬁ£2€§g3%6§g7 gﬁg #@/g}? %%%znﬁ?n@atw Q}érﬁ%‘i’% 870. ﬁi«t
time t35 soperationi Mbg@kr rontrediers 380 eoparates.withy aapacitors -342,
integrati B4 gag [glgé;] 348" & vidbaalmmﬁlevel feé&bh@keslg??él 232,

ggg rgﬁgl n nonc dﬂfﬁ W?cﬂ oA Itg2§42§2§ c%;gl’eégg condm%q sﬁg

245, 247, aid. ewitol 84 andetd Cthb fm'st rcuraemtng:dﬂmlctmg elet:trg:dﬁs raf phase

570 I BT T RIS, RO S K Sheond ofiiodd it bt

appl i ed0vol34Qdissicoupled wnia dirst el@@&mde)rofccaaamt02034éluxa Switelyy343

zggg'cft wecélu‘rikg’u‘{:ot ctbf‘ s \RQXE l352/ cl 'fhe first electrodyi "22“226
228, 242, XAPaGQY 548 S‘g tQ S st %%FQ&@‘P“&UCPHQSpace

do{mI n ¥m t k@lebtnadyste@sflswltchessanahdn564 via feveitge8538. Div isegonid: t 222,
Integratl n S or.s - .
224, 226, 3R s‘;}gﬁé%ﬁ“? ﬁgﬁﬁ%&ﬁ%@? >16°% fiRdPbldiroa8rst | o across -
sanpl i A§ cGARACILEE IS Viasswi @ndidoj sonductey A& r‘ﬂla\/ﬁwﬁ% :

sanpl er 70 TﬁeFBFét %eéﬁﬂabebf %56%@%46‘% also c&ddmeqmtoathem
vol tage si.gnal

swi t ched capaden rceﬂﬁ?céﬁﬁsoék&f@%@ rEdEﬁvﬁgbit?Bdo?*g% gﬁ:%‘&ﬁgh 335.
capaci tor cAr estbndleléctroderof exapacitorf 8d6ois doupled/ 1) [rfifst electrades.
g{fn | Srente (r)a{DLaqapzqa@X: ?h%d X?%‘p%ﬁ Iﬁzﬂog Wdt t&a%gﬁguétcﬁ't B“i%‘ g sw1tch
sanpl i &P caB8bit okhe rfg@mceleotnoQ%a:fpcangcmr G isaalsee
first current conducting electrodes of switch 367 and 368 via
switch 357. A second electrode of capacitor 348 is coupled to the’
second electrode of capacitor 328. The control electrodes of 351,
352, 353, 354, 355, 356, and 357 are coupled for receiving sampling
25 signal ®,. The control electrodes of switches 341, 343, 345, and
347 are coupled for receiving integrating signal @..
The control electrodes of switches 361, 362, 363, 364, 365,
366, 367, and 368 are coupled to an output port 372 of dynamic
rotation element 370 via a data bus 373. An input of dynamic
30 rotation element 370 is connected to a control” terminal ‘374 of
feedback controller 360 for receiving a control signal. The second
current conducting electrodes of switches 361, 363, 365, and 367
are connected to conductor 315. The second current conducting
“electrodes of switches 362, 364, 366, and 368 are connected to a_



- 1) 2/_:N. . 25 bk (P08
a schematlwoigmvﬁm of a sw tched capacitor circuit 310 Pﬁ"'&&?&ﬂm
-~ with a fifth enbodi nent of the present ipvention. Swi t ched capacitor
~circuit 310 is coupled for receiving an #dput signal via an input

: | 312, d | ed, f
out put -t er ReHEINE1 57 Graticlanaack cantzollpe, 4b os”Fobblyin 75" teddBadl) | o

to sw tchegj ﬁﬂawtor circuit 310 via voltage supply conductors-315 and

| 385, respecti velq‘ szﬂ_?%ﬂ ?ﬁgebgopggﬁ, %€t§vy{§ché§f§éfn§%§’%299%ﬁ ggébs

Vlerr] and V[err eath ot'h

subst anti al33A ,eﬁB&I, 333 2884,0885/ 3361t 383421338, Sl 343, AAS vC§ﬂ‘§GI$€?
Circui t g3103851ChH 653945%55 e85828571d381, '36293@3)@680365 366, 36Banp! er

320 i ncPud § 358

321, Iggsu eas_n;l gblﬂa gél‘lé"ié%»zﬁé%izé% 'Pﬁéf ’a“s'§§%’3’ 3@%@#8‘ @%@3

Pr ef ergblty lglbbﬁrcmmémtiss%ami the ﬁkes.apuke Eswn5tches322 23&426323nda2? 328
are supstantl! a 0 (0] or
Sos 1o e ba . Switerd Hardhitel gLl a0, Bf FIG! 1.25yitdiids 3D 0a28bags, aI
312 via sw32h, 320, 343@48] SUSctand 347 are alaapafef@d 392355"36%?

a Ti1shoe AliBREs" SwRERESC8232823.2 ;25 asy taz&ui?é!@gaarbtse wctor 315

Lo nput 1 So6; K1 28844 ot Saﬁiﬁ.p'f or

to input t eGoNpled Mﬂ" ﬁ@%to@v\ﬁgéh
324 is couphfrgngerient of falt@fnaiir@:tmw@raﬂn apwitches 22wl vsamplingh 325

306 i a sccapacitors, , Siiahel i, @ﬂﬁfi‘%ﬁ%?ﬂ%@%&%’ cRefly kol conl o
el ectrode owith capaanCStM23M4.s366u@mti 348 Aof forn anecarrangement .
capaci tgf 3£ﬁe¥¢a?'n u}%’gg%ﬂ“n? w:%? Geeipiack! eagatitors! CILAY. The

Vo A afaenlishos parddling ERE 0

vi a swewitehes733a g@c
transmitti ngh@wrﬁamlremsngrmnoﬁesaw eesazcrm,aam 13853836837, 338,

coupl ed to gRRAUEOT 3885 Y42 sl fbe End 387°9Ps "Aso®téfeiféll D 85
) sampling switches. In feedback controller 360, each of switches
20 361, 363, 365, and 367 has one of its current conducting electrode
" coupled to reference voltage Ve at conductor 315 and is referred to
as a shunt switch. Each of switches 362, 364, 366, and 368 has one
of its current conducting electrode coupled to feedback signal V,, at
terminal 376 and is referred to as a feedback switch.

25 Integrator 380 includes an operational amplifier 382, and an
integrating capacitor 384. Operational amplifier 382 has a
noninverting input connected to conductor 385, and an inverting
input coupled to the second electrodes of capacitors 328 and 348 via
switch 329. Operational amplifier 382 also has an output coupled to

30 output terminal 314. Capacitor 384 has one electrode connected to
the inverting input of operational amplifier 382 and another
electrode connected to the output of operational amplifier 382.

Switched capacitor circuit 310 also includes a feedback
circuit 390.. An input of feedback circuit 390 is coupled to the

35 output of opetational amplifier 382. An output of feedback circuit



30 331, 332, 333, 334, 335, 336, 337, and 338 are coupl ed for rece|v1ngﬂ

a sanpling signal [err]. The control electrodes of swi tchesj &iﬁ'

325, 327, WQA@%3¥1are coupled for receiving an integrating (glr](gﬁ errn]
Sanpl er 320 al so includes feedback capacggors 342, 344, 346, and 348
and sw tches 341, 343, 345, 347, 351, 352, 353, 354, 355, 35 356, and 357.

Pr ef er abl yggbhg é&ﬁﬁé Qoné Phaﬂf 378Pof| fe@dba%zcontrolier 360.
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i ncl udes termirfaic8V4c bf ciwdbadlerco?ﬁmllemaﬁlm i nirt @l qpreferrechembadiment,

§63operat|gﬁedﬁggﬁbggguggﬁépomp %go coopeﬂa{a&v&lﬁ}t §hbg@-?)?(|§?§13g22370 a .

344, 345, g@emezates dher feedbaak signalVei Feadhack §FT§H8| SO . A
;'4552 ng' eCipraft Tdﬂlgcﬁ%l;ﬂégra?’d étatw%aé t@ogmhafﬁ Qhoﬁléhotwn)\fﬁom swi tch
ucti.n Ctrodes. o S\ nd
362 via swgﬁ,ﬂ?@@'ﬂg R 5‘539§ﬁ51 'i}{?f H@f %aHéaPPBF o jou “r@&ggﬁj"ég ‘to a
first el ectthédcoﬂimamrputoof Féédbazks eircait 398 is alsendeiemrenbrmjasOa 315
via sw tchﬁgﬁa Tgﬁ { i) %@ Qle of capacitor 344 is also coupl ed
to the fir F pre ‘J el ectrodes of switch 363 and 364 via
swi tch1853. A sdtoshould bes|undersieodr thatpthe t struoture; ofcewWpched o a first

| d
el ect r ode ﬂaﬂa%;tcglaeﬁgbitomé“ﬁs Hidt Tiniled 134Beiy tatcsheunl o PBIG. 6.2

the first For Q‘?@W‘Blﬁ | %ﬁﬁﬁ?ﬁ&%@@g L]Eéi(?/\naégﬁ'lo%g fﬁﬁwlrﬁ%ﬁa
switch 355.four: saphpmﬂgocdpabﬁotrs oile. ,ofcamwtoursoszz4624s 826p|mﬂt3283, fimst
oui ton 20 2erSansd ot e ep8hlt JAVbhtor, ib8 RukAEP L Sealg VT
first aarreapacitenscin ngwitchedr capacior soireuit 340 @an besapyanumbeky; ¢ ch .
357. A sec%aq FQHéﬁdﬁan PAGvbOItheds, If|$eC(§jja| @(ﬂctogé‘@erany, thecond
el ectrode sampli ?1Cg| trg{e ofg sm?c?nec? carlga!lcx%re Cc:tlrcu:{3 SS‘P(S e ]e'qual to the
number of sampling capacitors therein. As described hereinafter,
dynamic rotation element 370 serves to minimize the sampling noise
20 and the effect of mismatch between feedback capacitors 342, 344,
346, and 348. Although preferred, dynamic rotation element 370 is
optional in feedback controller 360. '
In opération, switched capacitor circuit 310 samples the input
signal at input terminals 312, integrates the input signal, and
25 transmits the integrated signal to output terminal 314. Switched
capacitor circuit 310 can operate on sampling signal ®, and
integrating signal ®, shown in timing diagram 50 of FIG. 2. As
mentioned hereinbefore, FIG. 2 shows one clock cycle that includes a
sampling phase and an integrating phase.
30 The sampling phase starts at time t, when sampling signal @,
switches to a high level and integrating signal @, is at a low level.
Switches 321, 323, 325, 327, and 329 are nonconductive and
capacitors 322, 324, 326, and 328 are electrically isolated from
each other. Switches 331, 332, 333, 334, 335, 336, 337, and 338
35 are switched on and conductive. Each of capacitors 322, 324, 326,



352, 353, 354, 355, 356, and 357-aré coupled for receiving sanmplings

Si gnal [ er o 9opdzgacont rol el ectrodes of sw tches 341, 343, 34’5:'[/0358&1640
347 are coupled for receiving integrati nq%5| gnal [err]. - "The
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37 351 can RAnabirs e, @@ﬁ%»ﬁ?ﬁ 598 ard Blodban fspiafey il
bi pol ar tr ag@cht other. ardwitehesi 853, 352353i t3c5435355, 356, apd 364 aee

thghedg Fi
ggfwszghe Jepiefed 8n ﬁhﬂcébhdiiawfrae ﬂcorﬂrogseééﬁsé(]&ﬁé%ha ¥44, 348, and

ot chos SamB jh coupled;Bawaen fesebagh fasole S04 Pordicton ats

w: : Qr ?]:'Plaﬁl viax s'eéﬂéctﬁ?%smﬂ@eeand thatckf @imudm 390 smd@rt@emﬂ itaf

Su1e Bas "SqRRUGR Sna? Sl e ToBBBAER T v, 1o TRRAMMAIS! 374 %%4
346, and 34me3pectivelyanohif ead@adm Qﬁtrolw 380.er Rrefapbiy et@eatcofgro .
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360, each ofy it GAfifes. Accordingly, the control signal can be encoded in a
three-bit binary number.

20 Feedback controller 360 selectlvely charges feedback
capacitors 342, 344, 346, and 348 in accordance with the digital
control signal generated by feed back circuit 390. By way of
example, when the control signal has a binary value of 000, switches
361, 363, 365, and 367 are conductive and switches 362, 364, 366,

25 and 368 are nonconductive. Thus, the first electrodes of feedback
capacitors 342, 344, 346, and 348 are coupled to conductor 315. The
voltage across each of capacitors 342, 344, 346, and 348 is
substantially zero. When the control signal has a bmary value of
001, one of .shunt switches 361, 363, 365, and 367 is nonconductive,

30 the other three are conductive. Further, one of feedback switches
362, 364, 366, and 368 corresponding to the nonconductive shunt
switch is conductive, and the other three are nonconductive. Thus,
the voltage across one of feedback capacitors 342, 344, 346, and

| 348 is substantially equal to (V,,-Vgpe), and the voltages across the

35 other three feedback capacitors are substantially zero. When the




20 361 363, 365, and 367 has one of its current conducti ng.el ect.r-odewmme.
coupl ed to reference vol tage V[err] at conductor 315 and is
as a shunt WOW¥BPM Each of switches 362, 364, 366, and 368 hggrg%gg%&e
its current conducting el ectrode coupl ed3to) f eedback signal V[ferr] at
termnal 376 and is referred to as a ‘feedback switch. 25 | nt egr at or

380 i ncl udesomioligndl hag aabinafy valud2of 810,atwo of shumtegwitches 361,

connect ad 13530 @00, Bha 7 ahy Wm@fﬁtﬁ’? the othpr W 35 Fobtuchve.
second el ecFurthes, dwoc ap Jeedbacks switches 862, 364, 36 S\Rﬂd:ré)
Operati onal ég‘ﬁa hﬁf%é”a% Otﬁésnéﬁcﬁﬂagéhvéoﬁﬁhﬁtj é\ﬁltcﬁ@s ﬁré put

termnal 31 acit a* one el ectrode ¢
i =Y

nverti g Ve angh fhm Hthar Wa iare S8BCoRgUaTYEne ThUS, the, Vdlfages
connect ed tacidss twopof febdblaekabapaaitomm42 3!44383246 and 348 areswi tched

of 1 codbackeWPHentEo Bal £ (VeiVegrl FERI e yoltageS BEfass e, ofiet TP

anpl i fier 380 iaedhaqmcapraaitmabam substantially zero When the control

28 390 Cé%n t\%lﬂbnak &1713 ?ﬁréee‘iﬁbé‘ﬁﬁnP%Watéﬁé§r3§ﬁ0363
Feedback CII’ connecfed to, C tro
Cor mi ndl0 3736 5'6 I@'EoﬂPF‘GPF ichige, the "atharopas; s copgyGive,

feedback ci FariHer3%frée cot deedbacknswitehes eem; 33568, hand536@ener at es

e edbackomaditndhd d 1nBBE o ddlaE it sw'tc‘”ge%erat. hg a
di gital fco][]conduetngaalamt the othert one lsunpgcongue uzorahus dhﬁ]é,t f(?ﬂ?:(r)]![ roI
2Lohalport SRS R 4t lofpee e g 6 a4t snaceaey o cont
SWi tcheﬁ5 stantialbr Q,qqf%utq 110 rerhofNfli FRQ P {a@%larﬁj OPRat"S Tin
FIG 6. oFler teadbatie, capadcitdved is apubrstantiallyr zeid. 3Whes the doniroled to
having  CRiHai°RHR' 4 BinSPPArAILY B 106, swiRhRE 581 968, 3b5! addbae?nd
are nonconductive and switches 362, 364, 366, and 368 are
conductive. 'Thus, the first electrodes of feedback capacitors 342,
20 344, 346, and 348 are coupled to terminal 376. The voltage across
each of capacitors 342, 344, 346, and 348 is substantially equal to
(Vio-Vaer)-
Dynamlc rotatlon element 370 receives the digital control
signal from feedback circuit 390 and generates a configuration
25 signal in accordance with an algorithm stored therein. The
configuration signal is transmitted to the control electrodes of
switches 361, 362, 363, 364, 365, 366, 367, and 368 and determines
the configuration thereof. When the digital control signal has the
binary value of 001, there are four possible choices of which
30 - feedback capacutor is coupled between the feedback signal V,, at
terminal 376 and the reference voltage Vg at conductor 315. When
the digital control signa! has the binary value of 010, there are six
possible choices of which pair of feedback capacitors are coupled
between the feedback signal V,, and the reference voltage Vgee. When
35 the digital contro! signal has the binary value of 011, there are four



~_accordance with the present invention, the nunber of sanpling 15.
capaci t or swomegsisiched capacitor circuit 310 can be any nunb ’Usm" 1k
than one, e.g., two, three, five, six, é& Generally, the sarrpllng
" rate of svmtched capacitor circuit 310 i §7equal to the nunber of

athtion cRRRSIDRHHAIERS & wichoHb, §Fqﬁ§9§§ﬁf§?.&%§5ﬁ!}f’£% oft Wigleg,
~effect of behweerh tbetfaadbadeamml Vapaod: the referengesvoltage Yag. and 348.
Al though prgfe gahy deg?rmgomﬁﬁi '8 éaeme r?Erﬂlé YotationoBlément 870 is
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t t t
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cl ock cycl %]ée,hg; %to E . 'gtmgrsf%agn F:ff?gﬁa R sk VA@ﬂ:@; hfawaa%@%agmaf e.
ewb@m@scwp dni@%wlegv\e AR slibstanta that 9

|[g\r'” e;i%' 32 ot?gztféséﬂéoa”@&ca%%hto’;% C@ri;eegmdﬂ)%,%mer@amhnmme vis and

capaci OI’S r

cther S (EhEmzag. SA adiiforhd BIRCITAE ﬁ@s#éﬁﬁ‘%ﬁ%ﬁ%ﬁ eb%wﬁed

on and condteadbmck @pramtorSaBAa 344, 846, and 3% is minimized within the

29 and & dsljmbgﬂgwgamﬁ}r Naf nwéréa%m.aghpag,eeg@okhmnmaaeéssw

Vi a respectTve e across ea capacitors 322
324, 326, aavesaMpinguiRttime QW Bhual to the difference between - the

vol taggd evel of A&meutsamm sigaal ] switchesdto &f éownleveloandge 5
e T ingfRgho! sl o aé?ffeﬂg" B 08 oy gt ik B, 320,
Li kewi se, s@R6¢I827,3829,3341, Ma 3 a aw rremajndn@ncoeductlvgnd
gf‘ﬁgf'tgftgﬁ@tsc 3%@633%3,36 < gbsctﬁaéa'dg’i'ssbatmfm 353gach
354, 355 356, and 357 are swat ed’ O?P decoupimg capacitors 322,
20 324, 326, 328, 342, 344, 346, and 348 from respective applied .
voltage signals, thereby terminating the sampling phase. Capacitors
322, 324, 326, 328, 342, 344, 346, and 348 are electrically isolated
from each other and from applied voltage signals.
The integrating phase starts at time t, when sampling sxgnal
25 @, remains at the low level and integrating signal @, switches to a
high level. Switches 331, 332, 333, 334, 335, 336, 337, 338, 351,
352, 353, 354, 355, 356, and 357 remain nonconductive. Switches
321, 323, 325, 327, 329, 341, 343, 345, and 347 are switched on and
conductive. Sampling capacitors 322, 324, 326, and 328 are serially
30 coupled between conductor 315 and the inverting input of
operational amplifier 382. Likewise, feedback capacitors 342, 344,
' 346, and 348 are serially coupled between conductor 315 and the
inverting input of operational amplifier 382. Immedxately after
time t,, the voltage level at the noninverting input of operational
35 amplifier 382 is determined by the voltage across serially coupled




10 ..switched on and conductive. Each of capacitors 342, 344, 346, and s

348 is cou‘%l ed between feedback controller 360 and conductorl,éil 6&1
respective OA2%P8Mds. Feedback circuit 390 sends the digital cosr'ﬁr

signal and the feedback signal V[err] togkermnals 374 and 376,
respectively, of feedback controller 360. Preferably, the control 15

tSIh gnal tan?§dfiﬁ rﬁgd?@ﬁécammazw[ 8p4] 326; andesasedndntmcmlme?m e

e output O erat | er n The

i gi t a1 " comariAys conpied, reibdas Saprtfinrs Ba"RAa 40 BRI The 1

di gi tal valvoltageicacnosisngeyiallyhcoupledosampling capaditorsn 3284324, 2326

three Dt Qg {zéu@gubs@n ially §2§§P§ Hﬂé éQ'ﬂ% \;’@Qaéélﬁméf’éﬁbé
a

charges fee 48 mgi}ccord nce with
the di gﬁt albetweeﬂ:dhﬁr sAmp gdann%§m dan By "way

O 1 ches” < OGUCIORBISNG $0W(WL§§9nalTHm$ouabmamsalserlwliy mpled N
CO, e
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capacitors m (4Vr3d6  2(MgVads), BY Ve e or 4 Voo Ve dlepandinghen the
vo lage acigpargagdnfy SrRRE! bijifal #Bntrﬁ‘ﬂ‘#lg%@ -afKbrifdl términal 374.
the ro

subst anti aI h bl nar 001,
one of 19hur@P9f\ﬂt'@ﬁ§§ %'@P"f‘%333?655"‘éﬁﬁ1 "Pit Gﬁﬁﬁ \}ES 'QUe"t"Hg .
ggzef?)ggf eeingfugfslgom'e'%fé%nd@f\idﬁa je ¢@¢eIOV ﬁﬁ ngv\/th@mharge st?&;]l )
an corres in n 0 witch is
conducti ve, naﬁﬁ"?mg‘%t‘f?é% Eﬂr§g322e %‘hcggg ?é’ﬁr@p%edbat kZ vol t age
across one chpaeitoisaSd2,a844i,t 346, ] MG, tashe teansferred 2es integrating
substant ! al expagiar 3 ( Virte ]aﬁ{Bﬁhi]éﬁ : chafgéh Fﬁe#é@aes'g@qmégramm 35
ot her three ack capamtors are su sta} ﬁ d
30 15con¢aaac§cgr?e§ HEs SHbBtaRiglly, fqualoto dhe’ avsage © FHaiBgs stee
361, 36ih sHvhp dcé%ﬁacums 32R; 09284 ¢13263, 328ephishdhet average cofnduct i ve.

Further, tWt(:)hétjltges soreé‘ iR fe éé‘ﬁécl?G@apa?’c‘?f‘ars?’Qﬁz 331943@%6 and 348 before
' - time t,. Thus, the charge transferred to integrating capacitor 384
represents an average value of the four samples of the input signal
20 modulated by the feedback signal V,,. Therefore, switched capacitor
circuit 310 performs a. 4x oversampling of the input signal. It
should be noted that the charges transferred to capacitor 384 are
added to the charges that may already reside on capacitor 384 before
time t,.
25 At time t,, sampling signal @, remains at the low level and
integrating signal @, switches to a low level. Switches 331, 332,
333, 334, 335, 336, 337, 338, 351, 352, 353, 354, 355, 356, and 357
remain nonconductive. Switches 321, 323, 325, 327, 329, 341, 343,
345, and 347 are switched off, terminating the integrating phase and
30 the current clock cycle. Capacitors 322, 324, 326, 328, 342, 344,
346, and 348 are electrically isolated from each other and from
applied voltage signals. Switched capacitor circuit 310 is ready to
sample the input signal at input terminal 312 for the next clock
cycle.




correspondi.ng to the two nonconductive shunt switches are 5 conduct i. Qs

and t he -ot Wy ogi3astg1ar e nonconducti ve. Thus, the vol tages BETAISIBRTH40 F o

f eedback capacitors 342, 344, 346, and 348 are substantially equal to
(Merr]-VREF), and the voltages across t ot her two feedback

It bst ant j.al | . W th t rol -S| bi
vale of 011t nhdo rBenUANRY HerBinkerole, "SwiRekl capaciti Micdit Safo” "o
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nonconduct | 822, BR24;, 326¢ and 1328 and fouscfaadbaglk capscitors 84ex aﬁagﬁ‘ﬁor s
342, 344 34fq 848 B verdakiples whstinputasignatdraspaee (dbataih- Withiodt) , and

t he vol tages across the other,. . one fee ck gapaclio h:S S Ul; Lally

zero. Wen WEEeasmg &P‘e sampling, frequencyy,, 2@@ ‘&él &ééﬁélﬁebﬁgsﬁ%%&é@m

363, 365, arsddéds the samplingcnoise iofvswitchedhicapaeitosoeircoits3106by and:
| Thus, the first electrodes of feedback capacitors:

368 are &gﬂdg?t

342, 20 345?, 6, and 348 are coupled to termninal 376. The, vol taqge acr oss

each of capaci t oDuring, theysamplingaphasesbetweanstings atbl%"fda&uath States

(Merr]l{o/REGF shunﬁ syvitchéfg’ r@?‘l‘,c B3t ABEDN AP FOT ahd feedbaekssiitehéisyi 1 al
omfe

25" Signal ARBacabt B8 argopPtermiect By HhE, o Fatel 'shdl ' o

configurati g comtrel tesminaln@74 tand tthet kynamicr cotationcteloemantoB370 as =
cont i gur at | SSRGSk iterafiifelata”,, ORIsIHE. fhe e thcAVE BoGycencames &, e
val ue of 00&nd hgrswitcbesodb 1pdaa3.0B55: and o35 b arghinencanduyctidiack
capaci tpg |9 R 05 verates her fspitbiiek 360n362/(868] 364, 365 @66,nal
376 and the ref erend vo!ta VREF at_conductor. 315, V\h% i éal
control si gr‘%ﬁ Y 13le) %@%L‘?ﬂ‘gj‘% PR 1%9n$@%533‘%% Wi EOUt aﬁ%ggggbﬁt '
choi ces of \Yperatipa of oéwitehedacapagitaci tiocuit 28 £0coldreéxamplebetween t he
i g tal contiBredpl smAddinaft, foEHEHCK, KahtBlgy 1360) s BT cpmtrdid by
99 sampling signal @, so that >:/~:witches_:<361, 362, 363, %64. 885 366,
20 367, and 368 "are all nonconductive outside the time interval
between times t, and t, when sampling signal @, is at a low level, as
shown in FIG. 2. In an alternative embodiment, the states of
switches 361, 362, 363, 364, 365, 366, 367, and 368 are configured
during the integrating phase between times t, and t,. The configured
25 states remain unchanged until the beginning of the integrating phase
at a subsequent clock cycle. It should be noted that, although the
states of switches 361, 362, 363, 364, 365, 366, 367, and 368 can
be in different configurations, a shunt switch, e.g., switch 361, and a
- feedback switch, e.g., switch 362, having their first current.
30 conducting electrodes connected to each other cannot be . conductive
simultaneously. .
FIG. 7 is a schematic diagram of a switched capacitor circuit
410 in accordance with a sixth embodiment of the present invention.
. Switched capacitor circuit 410 is coupled for receiving a
35 differential input signal via a pair of input terminals 411 and 412,



31 - possi bl e choices of which trio of feedback capacitors are coupfy

bet ween th&éﬁg&gﬁck signal V[err] and the reference vol tageP&&ﬁfg@},;-,“d’"”“’""
Preferably, ( gorithmstored in dynamc rotation element 370 is

such that each time when the digital cont3#l signal has a binary 5 value
of 001, 010, or 011, the conbination-of the feedback capacitors coupl ed
bet ween t erandacodptednridrctransmitting1a differentialf butput sigoal tvia Rapaiti ne
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333, 3232, 3482, t%,dﬂéﬁ, ﬁvgﬁ,4287ar§3&ab§t§htiaﬁﬁ2%g658,to each36¥her35?5,;A first,
an are _sw.tcne ecoup, capa r d
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t hereby t er of niatégratone48anpia rawittias421 Capdcto ccanductor3415 viay, switeh 328,
342, 344 3381 2R S48oAt SoRictiddd Gt b&ph%ﬁbﬁ‘?@éb is_colpled ¥gca fiister and
fromapplied vdltage Sighals. ) e mtegr&i; ng\,”ﬁ) asg startﬁﬁt
time t2 whegleetipdengf capagitos 434 vip ﬁmm_ﬁz’éﬁ ane oo ﬂ_)'ét/ progigal” 411
'32; egggz J ng vga Qé?)\gitchgggh. S‘é‘l’ﬁéggflstt eélextrode .@ﬁ?’@:gdam k. 422/' ts:rmsoBagugEt;B,-

) B v e ) . ) . ) n C
remai n honc ﬂd't’]‘(?tq?v I@Qﬁfc‘ﬁ@ via' switeh %\3 2§eé§§9 8%'&@%1‘)@343 345, .
and 347 ar e capaoitord4@4 isiccoupledcdadactirste eleginpde nof capagitar 428 via324,
326, and 3.2§v\ﬁ§éh 5% 3hhy &P inPBt'Pqe?ﬁviH f e \ﬁgngﬂﬁ&:ﬁf A3 aThd higst
I nverting input of oger,at onal .anmplifier C"i .. Li,kew, se, f.ee b%‘:é .
capaci tors ®lectrade of capaaitor 426 3ggalsa caunlad {0 JPRYL terRUPAL via
ICOHdg_Ct Orl 33@5\]{@111 438 tA secondr blétﬂrtbd?ubf eﬁpapﬁoamztmais eoppled ¢o 482. t

mredi aj el y (affer [ - [ Lt ing inpu
of operggi orfgﬁi %J§Ct% iqqsg%%@%?sxggt gﬁi%‘@ﬁghyg?k%ﬁ ?Qg(‘y Fgucti 0SS
serially codprminal 411 via switch 436. The first electrode of capacitor 428
is also coupled to input terminal 412 via switch 437. A second
electrode of capacitor 428 is coupled to a second input terminal 486
of ‘integrator 480 via switch. 429 and to conductor 415 via switch
25 438. The control electrodes of 431, 432, 433, 434, 435, 436, 437,
and 438 are coupled for receiving a sampling signal ®,. The control
electrodes of switches 421, 423, 425, 427, and 429 are coupled for
'rece_iVing an integrating signal &, o
Sampler 420 also includes feedback capacitors 442, 444, 446,
30 and 448 and switches 441, 443, 445, 447, 451, 452, 453, 454, 455,
456, and 457. Preferably, the capacitance values of capacitors 442,
444 446, and 448 are substantially equal to each 'o_'ther and to those
of capacitors 422, 424, 426, and 428. Sampler 420 further includes
. a feedback controller 460, which includes switches 461, 462, 463,

| 35 464, 465, 466, 467, 468, 469, 472, 473, and 474 and a dynamic
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capacitor 3 r.&pr agav % o] of the
nput . si gna 9&%%92@%@%3@%3@%& EolpId o thb “‘}%‘s@"'{{,gf*‘ -
swi t ched cagenducting elecsr tof3switebr #6Snang Aﬁ%\)’é@s%‘h‘ﬁphng tMe i nput
signal. It. h thg4cizaicaripléd atts ferfiret dlectamdeigfor
384 are se%%gdetti)ﬁ)ﬁ% E:?a?%é?ﬁéé y, al %eag. {esi' dé n.c ‘Sﬂ’ 8r 384
before . CApREIon 448 Via Swith 445eantold|thecdiist iGhTent kaddsiag’
remai ngsat glaecticdes ofeswitth 465 and e4BGitviag switphald4g4er r Thewifirshes to a -
| ow | evel . | 3 3 33 1, 352,
353, 354, -3@\)@,&%&., o fapitor 44r6e?_7§i %'sﬁoﬁggﬁ%%tﬁghes\?\ﬁ??%ﬁ%%ﬁ 323,
325, 327, 3eondeatingsetectrodes fsswiieh 467 angd 448 Miadswiteh #88yi At i ng
ggg 'gtzggrgggeegggé%tmb% ddpacier 886 ¥ edupledl fo £dbeti electral?, of324,
’ ' “capacitor 448 via switch 447 and to the first current conducting
20 electrodes of switch 469 and 472 via switch 456. The first
electrode of capacitor 448 is also coupled to the first purrent
conducting electrodes of switch 473 and 474 via switch 457. A
second electrode of capacitor 448 is coupled to the second electrode
of capacitor 428. The control electrodes of 451, 452, 453, 454, 455,
25 456, and 457 are coupled for receiving sampling signal ®,. The
control electrodes of switches 441, 443, 445, and 447 are coupled
for receiving integrating signal @,.
The control electrodes of switches 461, 462, 463, 464, 465,
466, 467, 468, 469, 472, 473, and 474 are coupled to an output port
30 475 of dynamic rotation element 470 via a data bus 476. An input of
dynamic: rotation element 470 is connected to a control terminal 477
of feedback controller 460 for receiving a control signal. The second
current conducting electrodes of switches 461, 463, 465, 467, 469,
and 473 are connected to _conducto_r 415. The second current |
35 conducting electrodes of switches 462, 466, and 472 .are connected




346, and 348 are electrically isolated from each other and from

applied v %b??gét” 4|§gnal s. Switched capacitor circuit 310 is rﬁéﬁ!ﬁsim7m g
sanpl e the ignal at input termnal 312 for the next clock

cycle. 36 33 As
ment i oned herei nbefore, swi tched capacitor circuit 310 performs a 4x

oversanplirp @f téhnmalpwss%ajnééedbachpwnﬁeher nd60 for BacCeivingt ahfivst .
capaci tor 3 ou t an
328 and foffPe%@tﬂ)‘ %% ('H“t o:[shségd@%4%ﬁ%t géﬁduat“}gz&teg’iover sgﬁrrpl e

t he i nput §\gﬂahesr\46‘baéaioaﬁdn4m aratconnectag: taa Hgrevisak 449 iaf
frequency. df et bAcko eahtNRr! 4eoefdzeeécwuyg a sé@shaer&erduw@@mm is

of swi tche

t t 3 |
the san® i ng pha é"%‘tﬁs«?\;@éﬂ I |_“é?%] a§nﬁwé¥f:b?§] Ré?hé*zq'aﬂ'g? 427 o ft rh:JEtg
5W|dt gggs 36431,3432,3433, 384, 3@35@“‘36,e@37t304138w443hr)443 445,6147\36451366
an are n e i r
t er m nal ﬁ.gg‘nm 3gg ﬁé} 4 tatlon g‘ia Q¢2 464 4%5%%
her ei nbef or468,0468, #72,h473i m\d |4t7érmuﬂ@tm1'§b MESﬁ%T&] bipolar 5nqg
tlerr], swig ?H st Fﬁé ?tégggaf’é‘%fb‘éhﬁrtﬁaﬁ‘@i%wsduﬁhdv thellikedherleker e,

at

ARVt Br06 Zng B8, of CaitiRe, Eabacitos gfgpit, 10 sROWr 2"

have sé‘\Pera$wl§GWP§
svi tched capaBiGor] comitohess a2t F423 o8| 427) 428, 441, B, o445l and 447

orooal ”FQ&r#eiﬁgﬁcFe&ﬁ%@h@s%iﬁ%@tﬁ@%ﬁ%@ M%%es AT
368 are all 425nc42ﬂuaﬁd/é2i|t%’ﬁd§eﬂﬁélﬁ coupled avith Capac"‘@&v&@ 43fbs
t{err] and gpgr rdnahwasmbrﬁgaﬂ @reangefidnti of aélt@rrieﬁifhd dntégrating

h FI G | f :
S0 ok i itohe's aBes SaURHIN G AP B SMIchls: 24T, S5 44%?% L

i nt egr at i ngaphaseriaity vesuplednweith Tapacitdrs 442, 44l gatdand Hthitostormai n
(TS0 B rifpg R R Ao AR, fimcos ancfedsuReaer
capacitors. Like switches 33, 34, 36 37 and 38 of switched
capacitor circuit 10- shown in FIG. 1, switches 431, 432, 433, 434,
20 435, 436, 437, 438, 451, 452, 453, 454, 455, 456, and 457 are also
referred to as sampling switches. In feedback controller 460, each
of switches 461, 463, 465, 467, 469, and 473 has its second current
conducting electrode coupled to conductor 415 and is also referred
to as a shunt switch. Each of switches 462, 466, and 472 has its
25 second current conducting electrode coupled to feedback signal Vi,
at terminal 478. Each of switches 464, 468, and 474 has its second
current conducting electrode coupled to feedback signal V,,, at
terminal 479. Switches 462, 464, 466, 468, 472, and 474 are also
referred to as feedback switches.

- 30 Integrator 480 includes. an operational amplifier 482, and
integrating capacitors 483 and 484. Operational amplifier 482 has a
nbninverting input connected to input terminal 485 of integrator
480, and an inverting input connected to input terminal 486 of

~ integrator 480. Operational amplifier 482 also has a nonmvertmg
35 output connected to output terminal 413, and an mvertmg output



states of switches 361, 362, 363, 364, 365, 366, 367, and 368 can - pe .
in differenoemsshagurations, a shunt switch, e.g., swtch 36PCTARY8/Z7640 "
feedback switch, e.g., switch 362, havi ng?_kheir first current 30
conducting el ectrodes connected to each er cannot be conductive

si mul t aneous|

. % h . N ¢ .
capaci tor c??%ﬂ??ted to QHEP‘F*%@&'ﬁa Cw%é\&ngx?ﬁbg%%d Pﬁeﬁ#‘%&?ﬂg
present i nveonnected to tisei noninverlipgciinput ©fr operational amplifies 483, and

recel Ving 3arathét 'di8efBde? coniftitted 15 dhe! ifvértity 'odiputnefloperatiotals 411

. - 3 | ed
for transni amplifier 482 o Gapagitor A84:has fne q}?ﬁtrgdﬁappnnem%&d%ﬁ&sgt ©
t.elr {n nal§_--4ﬁﬁialﬁﬁg41:t4put\ qsftefopaactiendlgtampliﬂwhm dnd anothma‘rqiee'frodeound
vol tage is ied rCui . . e
suppl 3 cond%@ﬁgpcig Pq ﬁﬂ& E‘&?ﬁwé\@g&% cﬁéﬁﬂg Sga%%%ﬁtbﬁéc)‘i \rggﬁ) '?ﬂ%POAt@'

i ncl udes a sanpl Switcbednaapacitor ceireuitr 41@0also includes 3 fgedbagry

ng! ugg; siggghzt%,@eggﬁw%@ﬁ%%&%eﬁ&k Hduit 49028s266upled abethe! 21,

Pref er abl y, tWReOMiputs afnoperations! g)’é‘ﬁ’ﬂ gglf'%?s 4'& Gﬁ'ég,‘?mﬁgﬁt? égge;eglﬁ%c'ﬁ%
are subgg anireuity 480uds tonnectedtieerterrhinalr 47810f tdedbaclkiecontrolipac460:
s tch a0t Ahaachrit aiiphs, O feebRll Breilit>a00 i oopiictied & Al
capaci tor 4379 ofctegdback coatrallest 460. dfeadbagle aircuitb 420 @iso has\aa
L e R DO YTISARCId conu¥] ghASY 419 ofTkeodbeek
Swi tch 433, CRNSEHIANI460sct b Rieterred (%BQQSFB?"EZ%?@EDE‘S%p?iéﬁmttoiéofi rst
el ectroge ofinclarid® compafators: (not shoin)hthtSgenerate ifepdbachkr sigrdls4Vy,
Vo i nput o erllithuwar 28 {giipinals 416 2678 r6GRGEAY,  FoodnOR GIRAUE, B0
426 is coupld@0 talsa poefermbly ischitess@ digitahgacanalogeonyarteni (At 427 and
to input shown) for generating a digital control signal at its control output
connected to control terminal 477. Accordingly, the contro! output
20 of feedback circuit 490 is also referred to as a digital control signal
port. | |
It should be understood that the structure of switched
capacitor circuit 410 is not limited to being that shown in FIG. 7.
For example, switched capacitor circuit 410 is not limited to .having
25 four sampling capacitors, i.e., capacitors 422, 424, 426, and 428. In
accordance with the present invention, the number of sampling
capacitors in switched capacitor circuit 410 can be any number
greater than one, e.g., two, three, five, six, etc. Like dynamic
rotation element 370 shown in FIG. 6, dynamic rotation element 470
30 serves to minimize the sampling noise and the effect of mismatch
between feedback capacitors 442, 444, 446, and 448 and is an
optional feature in feedback controller 460.
In operation, switched capacitor circuit 410 samples the
~differential input signal at input terminals 411 and 412, integrates
35 the differential input signal, and transmits the integrated signal to




t erm_nal 411 via switch 436. The first el ectrode of capaC| tor 428..

al so coupled to_input termnal 412 via switch 437. A second -e'
of capaci t §P 9325741 caupled to a second input terninal 486 PCTMSMW
integrator 480 via switch 429 and to conggctor 415 via sw tch 25 438 The
control electrodes of 431, 432, 433, 434, 435, 436, 437, and 438 are
coupl ed forou ati térngnals A8 iangd s4t4al Swncﬂ\edTbapaOItor cd:lrcwt 4wecanodes

of SW'tChe gﬁ éﬁlmﬁzglgr?ﬁdtb 8narﬁ|té§+2%t sfiqﬁﬁal @ YhNg an

integrati n ﬁ eedback.
capaci tors ttmmg Adaagrama503vef FiGe 21-48A§rm9§mpﬂ@ﬁe erginbejore, 47, 451,

452, 453, Asﬁfbwé%ne clock@%lealhfét‘iﬁéludﬁs%h%ahiplmg phasepanid ance val ues .

of .capacitq ? 46, and 448 are substantially equal to each
ot her aRd tiB ?Néﬂ'g Phase. capacitors 422, 424, 426, and 428. Sanpl er_ 420

further includesThe samp Imgdhduasecstantslaietnmao wheohsampling: signal ®es
461, 462, 4QjitcHas tPh HIgh 1R aﬁﬁﬁnté@?atnﬁjﬁgslgﬂ?% 03148 afelidwieves

dynam c rotation el enent

470. Each oBwitnhesné2146423,4425, 427, sad 428sare nomdu ve ARd 169, 472,

4|73 tang 476a itGrec B3 Ola2al eqppodendnd28 arévelevirically isvldted ifrgm
el ectroaes

444, 448, a?l%cn'l ra:)iu té'(‘a%%:g ’egggt g&*#'eéaﬂac Oaﬁgd @Paghao4§8442

first el ectarsswitchegan tand mdtmtmmpladpaoxtonmm ussrcoumled betweenvu a
el oL R R ARAL AP dia dodadilorcl14%Via AWRINY) 432 dhgcaspde of

capaC| tor I'S cou rst e ect ac

apacl
switch 443 éﬁﬁPQQil\(QiE fiFRe !QR@Gﬁt a@éﬂ%ﬁuc@@?@”i@" "@?edﬁr §Hb§t%‘Ft'§Us¥tch 461
and 462 vi agguhl ab fse- dﬁfé?ehbéSbetweenekmtm ef levabast tthe fifdtis al so

o o b ot OB o B0 oot SO
a first el elevelde.gf, ground moitaigeor Gapacitar #AR24 d6 coupleddbebwvers npuk
current. conglighing Lot 1 SARE 14 P8 MaCkwittes) 44%° ! 4887 1dpetaivery. 4¥he The
voltage across capacitor 424 is substantially equal to the difference
between V,, and the voltage level of the second component of the
‘20 input signal, e.g., V,,. Capacitor 426 is coupled between input
terminals 411 and 412 via switches 436 and 435, respectively. The
voltage across capacitor 426 is substantially equal to the difference
between V,, and V,,,. Capacitor 428 is coupled between conductor
415 and input termmal 412 via switches 438 and 437, respectively.
25 The voltage across capacitor 428 is substantially equal to the
difference between ground voltage and V,,. Thus, sampling capacitor
422 samples the first component of the mput signal, each of
sampling capacitors 424 and 426 samples both the first and second
components of the input signal, and sampling capacitor 428 samples
30 the second component of the input signal.

Likewise, switches 441, 443, 445, and 447 are nonconductive
and capacitors 442, 444, 446, and 448 are. electrically isolated from
each other. Switches 451, 452, 433, 454, 455, 456, and 457 are
switched on and conductive. . The operation of feedback controller

35 460 is similar to that of feedback controller 360 shown in FIG. 6.



el ectyode of capacitor 446 is also coupled to the first current ... .

conduct i ng wbesssAges of switch 467 and 468 via switch 455. Apcrmsgm
el ectrode of capacitor 446 is coupled to a first el ectrode of

capacitor 448 via switch 447 and to the f8%t current conduct| ng 20

el ectrodes SW tch 469 and 472 .via switch 456. The fir el ectrode
of capaci t orf h@1¥Qltaga apritashitajeash ot capagitors 442 444 4G§ncﬂmﬂ 448 is

el ect r?deS4@Ietemiil¢éd4iﬁ3 acebréfahce avithi mél d@’ltalkcontrol%iéﬁﬁl tai‘fé%gtgéﬁTﬁf
control el odbrBindl 7 and ibs” 38AMmY STakdd 15 aynaufic, TB¥aESN plerment o

for rﬁcel vi gy Ganin mgprefgrred peanadment the \m:ltag‘e)lam’bsst capasitotr 442 is
t 44 4
:Mgngl e[s% i BithEr3 zefd “or Qﬁkﬁ,é. ‘Eﬁef‘ﬁlgjllt%g‘ég cﬁi‘}gas ca{:ﬁ 1t6fcﬁ4¥' %gglﬂ{ég%hé
464, 465, or Vmsv..,ﬂ.athem@taqegacmszs CRRACINN( 4464 iseither ze50 06 V.-
out put port \B'Q'd 4nd tHe dwt&ges: a&bggleapsbwﬁmm@ éﬁtWeﬂz@?éaoP‘V 476. An
y .

i o
torminal 477 Abiedep sapfng Binal Do SRR 6 2o IBVRI and

si gnal . The istegnading sigoal régt remamstammellew levek oSwiteheshet2116423463,
465, 4674 4 4 t gd 4t d
465, 4570 305, 407, AH. 3127 24800060 Blig 24‘705%35%‘1136%61&&@]%6 con
connect ed- SWItches 439 432, 433 434 435, 436, 437, 438, 451, 45251 453m hal-
478 of feedutB4 a@srmsserarﬁﬁmswraree@mmadaofﬂ r&écouphﬁ@%ﬁ’ﬁé&'tﬁ@“ﬁ&

V] Th | 68,
oty e R ONBE 8 u " g B85S 5 A TS, rerpBLhv S aDRISEb0
- recei Vi ng a\mdtagm S:gedlsa,c&enejnalteﬂhmaﬂmgﬁhe samplingi phasehat Capaditors

(350 G515 RN 8B i e, p Sl o
462, 463, 4dmmyeachyehen@nd fromy@ppligsh voltage signalsad 474 incl ude
| GFETs, MESFETS, Ph@oimégrating fpﬁé‘sétﬂfﬁts 'dtstih?éqg adieh BaBbhihg signal
transistors, tb?nl%r}vgﬁmsl 'a%eﬁw ltow level and integrating signal @, switches to a
high level. Switches 431, 432, 433, 434, 435, 436, 437, 438, 451,
20 452, 453, 454, 455, 456, and 457 remain nonconductive. Switches
421, 423, 425, 427, 429, 441, 443, 445, and 447 are switched on and
conductive. Sampling. capacitors 422, 424, 426, and 428 are serially
coupled between input terminals 485 and 486 of integrator 480.
Likewise, feedback capacitors 442, 444, 446, and 448 are serially
25 coupled between input terminals 485 and 486. Immediately after
time t,, the voltage difference between the noninverting and
inverting inputs of operational amplifier 482 is determined by the
total voltage across serially coupled sampling capacitors 422, 424,
426, énd 428 and the total voltage across serially coupled feedback
30 capacitors 442, 444, 446, and 448. The voltage across serially
coupled sampling capacitors 422, 424, 426, and 428 is substantially
equal to three times the voltage difference between the first and
second components of the sampled input signal, i.e., 3(V,:-Vin2)- The
.- voltage across serially coupled feedback capacitors 442, 444, 446,
35 and 448 is substantially equal to zero or linear combinations of the




10 svmtches 22, 24, 26, and 28 of svmtched capacitor circuit 10 shows

in FIG 1, SV\AtCheS 421, 423, 425, 427, 429, 441, 443, 445, and 4477 TFgre
al so ref er WQPIYHE™s i nt egrating swi tches. Switches 421, 423, 53%7“227
and 429 are serially coupled wth capacitpgs 422, 424, 426, and 428 to

forman arrangenent of alternating integrating 15 swi tches and sanpling

capaci t or s. tyyfegiback? sig rf’eﬂé aﬂ‘iémﬂiﬁls‘lﬁa anda479s e dneﬁ 90%' filg Wi th
capacitors 442, 444 446

Cabogr a1 nddlRrY cNele, o Bl % It siqnal | pRB ”E{%msg abpTh " 500

36, 37, ands®¢h cdssvor cdcample, e¥pariVgs V;Lg-Mg,t \ll,gg—ﬂan 2“,,,{-'\[,1,.12(%,,2-
SW tCheS 43@ %V 43§v 43lhv202v135 Ofl 8, 451, 452, 453, 454,
455, 456, an®4 amdy PRy t8’2as"’ arrpl i Ng SWi tches. In '

f eedback cont r ol Qnermnaéaamphﬂer AB2irivess tlaelvouage ifferance 469, and

473 has itspafgeaf s rrﬁmlnvertlngoﬁﬂdcﬁnmmg?%bgtb W%Ub%{ahﬁaﬂgnib?éor
415 and is al so, ref

u Wi tch ac I%s tc
466, “and a753vsing thesehatges, $1ordd, & SHIBANRG: fapaciary An. 42t
L?idﬁack fléaal anfiefeddback Wpaoialmsnuﬂm E446, ahdsMBctmsbeﬂM 468 and
as its
signal V| erv?ﬁgféwed t? Wé%i'%f“’!{g?w&' ches 8?8%{ 2%4@é@§haand
474 aréQaI siitegratoreA80r da the a@tegeaiuwwhasectse§:mr tO ‘that) of egrator .

480" i'ncl udemtagrateer 9o QHQWna'Tﬁ' FiGers. 48@0rﬁ’ﬁquently,' at ﬁﬂfe’#bhﬁ&l tors
483 and 484, g%gr.atlonal _

connected SRS BERRrAEE Aisolipdt fedibels 413 A PYE I EnpARL e g
i nput connenoteﬂtthatnﬂw chargestrassferted to integratimgocaptiitorsed8ti and

anpl i 11 er 4§§4 ddGed t'?:oﬂ‘:é“’aﬁ%n‘gﬁé hat AP Uir&2dy Felsidl 'dh Udpuditors e

t ermi nal an I vertin
37 15:0n1483t @(ﬂ'dt #8t MPQ@ﬁiwlﬁal bafore timpRchbt or 483 has one el ectrode

ot "0 oy ooFRORIR S SEPITEYeighab ) e afpkliow e
ampl 111 er ASeOEAURG A55hS0 B AvehCCled i o IHe1. o/ SHRERSE, 451 402,
433, 434, 435, 436, 437, 438, 451, 452, 453, 454, 455, 456, and 457
remain nonconductive. Switches 421, 423, 425, 427, 429, 441, 443,
20 445, and 447 are switched off, terminating the integrating phase and
the current clock cycle. Capacitors 422, 424, 426, 428, 442, 444,
446, and 448 are electrically isolated from each other and from
applied voltage signals. Switched capacitor circuit 410 is ready to
sample the input signal at input terminals 411 and 412 in a
25 subsequent clock cycle.
- Switched capacitor circuit 410 uses four samplmg capac:tors
422, 424, 426, and 428 and four feedback capacitors 442, 444, 4486,
and 448 to oversample the input signal in space domain without
increasing the sampling frequency. During the integrating phase, the
30 initial voltage across capacitors 422, 424, 426, and 428 is 3(V,,-
V,.). In other words, the input voltage signal is scaled by a factor of
3/4. Compared with a conventional switched capacitor circuit, the
signal to noise ratio of switched capacitor circuit 410 is improved
by a factor of 4x(3/4)?, i.e., 9/4. Generally, a switched capacitor
35 circuit having a structure. similar to that of switched capacitor



5 inverting input of operational anplifier 482 and another el ect t.oglew s s

S

connect ed tthgb;gs‘m)nl nverting output of operational anplifi erpé-aﬂysgm-,“o
Swi tched capacitor circuit 410 al so includes a feedback . circuit 490.
Two i nputs of feedback circuit 490 is cou‘bF'ed to the two out puts of

oper at i onal a l|f| 482, A firgt output of feedback 10 I r 490 i s
connect ed tﬁrP f@ b&‘?ShﬁY'% bﬁ%WF@m GaPagitorgogeneral m% dheut

of feedbacksampimg mﬂeel bycanfactoedoft ¢Nt£)2/Nnal 479 of feedback

connect ed t 3620n ARG hef seipling BnAsaCpaRRedn timdih, dhd Tnchié states
preferred efbdhumtnswitchesh48d, #63.i46594675 46%hcande4730apd: feedbackot
shown) tdat sm@%t as&eedsaclass 04gis Af2r hhd 474 ﬁ?é g& rh]nn?d ‘b&' Si‘: gal's

478 and 479 t 5 ck

i ncl Sges a EHQJF C i eﬁ@ﬁs PPE‘I?‘{!C!FIﬁﬁmma‘ 4%% \ﬂ%dSOQiP“

digital - | conele:hear:gﬁo as descnbadr hlerembtaibre Outside cthed MeChnbh:&IAfg-o
t (0] C ul

o 0 5o r of DRRURER HriESYL, GAR £OTfonol 41, ABs, YASETBIN UsT 6"

shoul d be uR@BconguEtiveat T Qf%iqfecttbﬁesbateﬁmotfcawdChes 464246201463 cwt
410 is 1t 4B, 1465 46821 467 ! AE8, SHS9N 417'2 sz Emd 474 E?'h Wb@ver

_svmtched ca for II’CLIIt t ed tO aV|n ur sanp |ng
capaci tors, 89" 9”"@@89& t‘%‘rtgoﬁhaffgé.' gb e Qperaiign | of SW‘tcg@E’or dance
with the preapatitonveintuitndi0he me‘maamﬁlaanpla meferredc epaisodiment,n

oo, [eeubaek fedfittbliof o0 38 Afed HodliORd by safififir'siondl £1 S0,
shown in Fi t'ﬂafG sthmm A6t 462n46Bcibd, 465,30665462s 468, 468y 4221 he

| t d tors’
Sanp 22% “214?3 a@ﬁd b?4etaP§|C§u Oﬁoﬁbéﬁahehve oPt$e%¥‘ﬁ% tj.ﬁ%f Wiehva pacitors

3 times") hRd? g
control | er 6wee” Imeés 1, fR geyvzﬂqu ampling eignal fRsi st @ % pvekoas
sanpl es t heshown infFIG.cti 4t should begm?tbdathatnwmdughﬂthd statéd ofnd 412,

ntegrates 3iica e, cu8nt i Aka! A, 680 Uee 087 2B Ado! N3 N9 at o

signal to
g and 474 can be in different configurations, a shunt switch, e.g.,

20 switch 461, and a feedback switch, e.g., switch 462, having their
first current conducting electrodes connected to each other cannot
" be conductive simultaneously. '
It should be understood that the scope of the present invention
~is not limited to the embodiments described hereinbefore with
25 reference to FiGs. 1 and 3-7. Various modifications to the described
- embodiments can be made by those skilled in.the art in order to
- achieve different circuit schematics and functions. For example,
feedback circuit 390 and feedback controller 360 in switched
capacitor circuit 310 shown in FIG. 6 can be modified and combined
30 with switched capacitor circuit 110 shown in FIG. 4. Likewise,

' feedback circuit 490 and feedback controller 460 in switched
capacitor circuit 410 shown in FIG. 7 can be modified and combined
with switched capac'itor circuit 210 shown in FIG. 5. Further, the
oversampling in space domain of the present invention can be used in

35 combination with oversampllng in time domain to achleve a sampling

R



38 . output terminals 413 and 414. Switched capacitor circuit, 4!,@
operate on sanpling signal [err] and integrating signal [err] shown |n
tinmng di alfQM/BE4f FIG 2. As nentioned herei nbefore, FIG PECT/USISBTSMs
one clock cycle that includes a sanpling 40£1ase and an 5 integrating
phase. The sanpling phase starts at tinme t[err] when sanpling

|
29091 oL e thait'ie et Ml kil o BlynP dsdAbe Niahisl SveRAImbRRGLof o
and capie QOJ"QEQ oversamplifg.andnsagdd ar@n.ertl@etswﬂsheyl capagited “f r om 10
each ot her .cifgit Oiﬁfemé3 reseit, irfviehtict$4s ﬁ65 Irrﬂﬂ@d f@7be|ﬁ u$dd in .‘:mare

swiche (0] u V\gd
Cormnal 470 d“l*&?ﬂf&ﬁtﬁf MB35 aised InL plfiersBighal procassipd vel y.

The vol ﬁageclmlbsssudpaasr dnr4exampleub8igmar-aelta modulatos/| digitahdo

d|fference eef the first 15 conponent :of. the
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ground vol tage 39 dt 51'94’ @o%BPEQC‘B&Qd\éBﬁtrapWItChed capacitars 411

gggaélltZO\rll acisowit Cimub aﬂgﬂeﬂwh quédvciﬁgt saﬁi(?lm Lh?rr]%e theYQint W@U -
and the voﬁ&;bgyea?é\/eﬁh a&#ﬁ@%&%ﬁtboﬁﬁ)ﬁﬁ ept inye -r%t’egﬁ&ﬂ gp of
ilg W[Oe\rl\;zar;paszcnorse m@ﬁc:mevedpbydommmplmgpartsrgnal mespaceldomaln and
vi‘a s e %

capaci tor 42%( |§ sg%ﬁ?qﬁnﬁs rﬁ %ﬂt’hgv%l-lk%fm?"?r% ﬁ%"\/[err]
and V[err] §QCBG &d Hewauer, &Mﬂiﬁ@mﬂth in Sﬂ@%rdpmﬂmrt

t er ni nal 4Jdoes an:swmcrfmeﬂﬁeasdmb’#'hg feseanicy.el Yhe?éfor@hetg\éob‘aﬁl%e%fr 035
capac L1 28hhnar Sl il InE ek S sonelhs L HoRIEE 0.0
conpondat dnvenélomme powed efficient oand smtahlq:)lfongmapacrtmmhslm4 and 426
sanpl es botfpeglenty" ahdah ﬂ@% hea@gggg@ S g?‘slﬁlﬁt thal 9gnal , and_

000 AL a0 it o o o, WAk 45 o8

nonro?dgc]r |rwa'eless egnghmaptimr% pelicatidris. 421& @ﬁﬂgél%{)sardbmhﬁ@ﬁw@gné

457 are. | 98¥co, 98578 AR oMb leRiine, K nagH, OF the i R8rod

cont r olR0er CARSUMPHONSiSs BYMaIer ieoNaein. 0By aisingdkecspacel demad®0 shown in

FIG 6. oversampling scheme of the present invention, the battery life of a
cellular telephone can be effectively increased.



39 .The vol t age appl ied to each of capacitors 442, 444; 446, #3344 o %
det er m ned*iwoa9msredance with the digital control si gnal at COPCTAIS98/27640
termnal 477 and the algorithmstored in dynanmi c rotation el enent ‘470.

In a preferred-enbodiment; The vol tage acr ds3 capacitor 442 is 5 either
zero or -V[errly, Bﬂumﬂloss capaC|tor 444 is either zero or
V[err]-V[err], \“mnmm s capaci (dAIMS is either zero or Vierr}-.
Vierr], and the voltade dcrbdss’ capacitor 448 is either zero or V[err].

At tine t[err], sanpling signal [err] switches to a |low |evel and

i ntegrating si gnal [err] remains at the low | evel. Switches 421, 423, 10
425, 427, 429. 441A wmethod4for aeduding rsamphngonowujueampfrssm% trﬁmstébgsof

and 457 aFe swi t ol EgRPa 3. Ak bty b oabReitshs using, 4 fisse Tguy(

442, 444, 446, and 448 $'tgﬂﬁ|r-espect i ve applied vol tage signals, thereby
terminating the sagevia epﬁnPCQnécm@f Zpl&?aht‘}z%f tapacheh 4&% and
%"QWSO

444, 446, and 448 are ectrl ca | SO ro r’om
appl i ed vol t age sﬁﬁﬁ Ee r%esﬁaé’rfﬁggr"&t the, ﬁﬁis@ tCapaeitors

t[err] when sanpling S|tynaan mtegmto]r remains at the | ow | evel and
I nt egratiag signal [err]2 switches to a high I evel. Switches 431, 432,

433, 434, 435, 436, 437, 438, 451, 20 452, 453, 454, 455, 456, and 457

remai n noncoruct i Uae ®@thedeas claimegh in glaimsbswherein42o, 441, 443, 445,

and 447 are sw t-c n duct S
426, and 428 are ?gﬁ gtleé of charéiﬁ Wf(r}ﬁeeﬁ u'?ﬁt gra ﬁﬁ?itlbgé4|§@8dgé486

of integrator 480. éPWéWs@"e érégb‘é’(ﬂytcﬁ'gé‘a 18hd a4refergnce ¥e! taﬁﬁd
448 are serially 25. coaptoss leackeecapapitor tier theafisst Glurality4 6. capacitors;
Irrmedi-at?y after -- . éhget[err] t he voltage difference between the.
noni nveriing and - i nverting inputs of operatlonal amplifier 482 is

~ determned by the the steat ef transfgmring raseharge astloyedoumtm fusb| plugality

capaci tors 422, 424, %&m&ﬂ% 488aﬁ‘%€éy?att6’|‘ aih é@%‘e ﬂ)?sﬁouplmg

serially coupled feedb ors

aci
vol tage across seriall y 'rséoeﬁ{@(!l aﬂf)l‘ﬁ‘@a%' &%W%Za ipst inpyt ahd
428 is substantially = the eqteagratortéméethe rreﬁette”m:e/o)dltatgae difference

bet ween $he first and
- 3. The method as claimed in claim 1, wherein:
the step of charging a first plurality of capacitors includes
applying a reference voltage and the first input signal
across a first capacitor in the first plurality of
25 capacitors, applying the first input signal and a second
input signal across a second capacitor in the first
plurality of capacitors, and applying the second input
signal and the reference voltage across a third capacitor
~in the first plurality of capacitors; and
30 . the step of transferring a charge stored in the first plurality.
of capacitors to an integrator includes serially coupling
the first plurality of capacitors between a first input
and a second input of the integrator.



second. conponents of t,mmmm"m“ signal, i.e., 3(Verr]-Vierr]). .4 .d
vol tage across seriall Hiﬁmt;k capacitors 442, 444 8!?7%1 ‘an
448 is sub¥OMEBFUL y equalc te zercs or« | i near combi nations ofl’cﬂibg9 0

40 t wo feedback signals at term nal s44/8 and 479, depending on the

bi nary value of the digital control signal at control term nal 477,

such as, fot. exdfipeemetibdr ak, cidimed ,in\VElaim 1| further ‘dompiising ethe] steps
2V[err]-Vierr], V[err] Vierr]), 2V[err]-3V[err], 3V[err]- 2V[err]
or 3(V[err]- V[er 9. Operational anplifier 482 drives the vo afge
di fference tﬂ@ﬂﬂéﬂimgsanﬁfﬁtnt%?@bﬂﬁkaﬁ'ﬁﬂaﬁv@mr@; IFPupytpyt signal o

substantially zero, the cmgrgtéhe charges stored i n sarrpl I ng capacitors
422, 424, 426,

f eedback cap ors 44 nde 448 to be
transfePred to i 'Xﬁ?}ﬁgc%%@iegt Gﬁea@é"%nli' B 59N oBﬁ‘ﬁ%ﬂ'?@n of 10 -
i ntegrator 480 in thecapaeyoes iuginghdhe fi f'l!stsieedibackosumal @nd

Si'gnal 15 gener afENSISE 8 EnarE SHEY i ﬁ%d§§§5“ﬁ?b Aty e

noted that the char gegapﬁﬁﬁgf%rththQ) integgatori Mh EF"!BB

. 484 are added to the éﬁé@@ssfd?éa 'i'i‘thifé rfﬁ'%@thWéh@e cﬁncapmdrsrto J&n 483
and 484, respectively ore tinme t2 time tferr], sarrpllng
si gnal ].'[Oer_r-]. remai ns H?tq @to%w | evel and [ nt egratl ng si gnal [err]
switches ‘to a Iow | evel . Switches 431, 432, - 433, 434, 435, 436, '437,
438, 451, 2, , and 457 remai n nonconducti ve.
Swi t ches 42§ °A{§§ﬁt’4ﬁi“ﬁg§@"ﬁ41 443, 20 445, and 447 are switched

of f, terninati ngat figst nplygality nef pndearating switohes,c @acth:integralingc| e.
CapaCl tors 422, 424, é@ﬁtchdf?ih e, fn%"t4plurallt 468, :mwréﬁ&garw&bhesrl cal | y

| at ed. f h ot d d It d
oo ik Trom each Ot Rabifd al b8ftrol eleBRdE talIbALTRr LERing: Y YHSF
terminals 411 and 412clock s&gnalsubsaqslkeruurnemlconyiuoémg electrode, amdtahed
capacitor circuit 410 %%?\J(Eﬂrréwdrr &ﬂ%célﬁ?:il%de, 422, 424, 426, and

428 and four feedback capaci.t
a first plurality of sampling’ capacitors serially coupled with

the first plurality of integrating switches to form a first

20 arrangement of alternating integrating switches and
sampling capacitors, each sampling capacitor in the first
arrangement having a first electrode coupled to the
second current conducting electrode of a preceding

, integrating switch, and a second electrode coupled to the

25 first current conducting electrode of a subsequent
integrating switch, wherein the first current conducting
‘electrode of a first integrating switch in the first
arrangement is coupled. for recelvmg a first reference
voltage;

30 ~a first plurahty of sampling switches, each sampling switch in
the first plurality of sampling switches having a control
electrode coupled for receiving a second clock signal, a
first current conducting electrode coupled to the first
electrode . of a corrésponding_ sampling capacitor in the




and 448 to oversanple t ' i lggi N space donmmi N W t hout,:

i ncr easi ng woayssuap! | ndmm]qmlmlmmmkg the integrating phapernsosnrs:
initial voltage across capd&ci tor% 492,* 424, 426, and 428 is 3(V[err]-
V[err]). In other words, the input voltagdXignal is scaled by a factor of
3/4. Conpared with a cgnventional switched capacitor circuit, the

signal to noise ratio ¥istsafrangamenpa@nda second  curpent candusting by
a factor of 4x(3/4)[erelectiods ,cOupled>dorr Pddesiviriy SA¥ fifsteshp@pPaghhal: 35
circuit having a st ‘;'je ”Tl' arftothaf of s ched capaci tor, .
41 circuit z?ioé%‘fé ‘ﬂaeﬁ"r\'a 'ky LInFame 'Bapé\e% 'gﬁﬁﬁgaﬁﬁwm&ﬂjc@ymhe
sanpl i ng noi se by a fdot theosecond) pitvality of sampling i switchess hawingioa phase
bet ween gines t[err] r e i t S\ { 461,
463, 465,S 467, 469, an?dgpg ofrodfy Xflirlad for 5%%2%@*@%‘%%@1 Sibick
472, and 474 are deter$i9 & finst currend; genducting: electsodeacosplednta ol
t er i ngl f4-77 ag(jt dyganﬂhé S@icoin 'd)fblectrold&' eﬁﬁé‘hcc{}‘?@sﬂé?dﬁfg”étéiﬂgliggt
er ei nbef ore. si de 4 0B .l Nferv, etween tifEs to an err],
switches 451, 453, 45&@%‘%“&&1%*"&9 first ABALGLMmEeRT, \andTR. second OLﬁ@At
states of switches 46lcondacting3elactrodéscoupled 4ff, réﬁéiviﬁ?Ba 4ivgt 472,

a

473, angg474 can have l%fé?éﬁée si néiorg,j“gurat I ons wi t hout fecting the
oper-ation-of swtched capamgt or’circuit 410.- For exanple,-.in a

pref erred enbodi Atintegrator daawing. a difst dnput cmmpled to sthec second eurmgnt
sanpling signal [err] éénductinghelestrbliees é‘@hst“ﬁﬁegf‘éﬁng‘*@ﬂviwfﬁﬁn 18

467, 468, 469, 472, 15, 531733r and 474 . are all P%?con uctive qut5| de the tine
i nt erval bet ween TiSte8IENGeMERty 8N4 fitslcAU Gaupledgfar [err] is
at a low level, as  trapsovitting B dirs?. outpshosigihdle noted that, although.

the staggs of switches 461, 462, 463, 464, 465, 466, 467, 468, 469,
472, 473, ana 474 cap be in different configurations, a shunt swtch,
e.g., 20 sftch’ , CHRHIta Of celdiat 1O s durther eomprisingich 462, having their

first current coralfeldtack mmﬂmwﬁ?naﬁt Rfputoceaplediteethé afirst output be

~conductive simil taneo”ﬁ{,é . integrator artl gﬂtouultd altjr(laduartldglr Si{aﬂogomr%tt éih%at

scope of the present i P?I Hh" g ’ put, 9 g
port;

20 a second plurality of integrating switches, each integrating
switch in the second plurality. of integrating switches
having a control electrode coupled for receiving the first
clock signal, a first current conducting electrode, and a

| second current conducting electrode;

25 a plurality of feedback capacitors serially coupled with the

: second plurality of integrating switches to form an
arrangement of alternating integrating switches and
feedback capacitors, each feedback capacitor in the
“arrangement having a first electrode coupled to the

30 . second current conducting electrode of a preceding
integrating switch, and a second electrode coupled to the
first current conducting electrode of a subsequent
integrating switch, wherein the first current conducting
electrode_of a first integrating switch in the



| bed hereinbefore with 25 refer
ﬂmns to the described U enbodF

is not linmted to the
to FIGs.~-1 and-3-7. Va “ﬂm

can be mad&vepIBsidte s u nnt @ art in order to ac hi ReAUSS(27640e nt
circuit schematics and funct i ons. For exaﬁrgl e, feedback circuit 390
and feedback controller 360 in swtched capacitor circuit 310 shown in

10 20 B o0 < agBANG 18 ol hop G MRS Mt fherbhdo 110

control l er 460 in sw twoltage; capacitor circuit 410 shown in FIG 7 can

be nodi i ed and orhirde lurality ok hsaMpIFRY SwWRERGS! Céaerwang»rﬁ-@ SWRER i N

FIG 5. Furth t . t
i nvent i onugane[)e usgd Pnﬂ?&% %%Hé@ tyn% gﬁﬁ&}g}(@n}%ﬂehgs {"?Qieﬂ?onal n -

to achi es¥e a sanpl i ng control electrode coupled for receiving the second ¢fock

rate that is higher t
ti me domain oversanpl Fﬁgngr ifrsfl on, éPﬁM%%‘%’ Wl‘w‘e@’ t?cw t
of the present inventilB@ |'§Shcﬁ|eﬁtl’ﬁﬂﬂacp t 8 -porrespenstingn feedback; gapgeerng

circuit. It can also Qi ﬂ@%ﬂ@deéhﬁnts'ﬂ"&a %re&‘?ﬁﬁbﬁﬁrerﬁ &bh@uctiAgsuch
as, for exanple, Sigma-Delta,nodulator, digital to - analog converter

and the |ikes. ele Céwq w it should be appreciated that a sw tched
capaci t Do ci recuiourtindplarakityraf samplinig cswitchespl eaghnsaseplimgr switchave

been - " provi ded. I n;ac dﬂﬂﬁ@,' r V, d ctlon
of 10 sarrpl I ng noise i s m%l eve m@“@?@f‘ﬁa@pﬁaﬁgﬁ"ﬁ@' E‘Mtkﬂlgﬁ bgggle&d%rral n.
Li ke oversanpling in tGQféterrﬁiﬁﬁtmgﬁemm @i fﬁ@ﬁié{!ﬂg db@alsﬁcond clock es
the sanpling noise. Hogignealt, aO\fﬁétsetmreng candBstitg delsttfode cougieddd

i ncrease the sanpling re the sw itor
circuit and the oversaﬁ?& 3§§°§'§h81%&6 h%f &r&?é’rﬁsqﬁﬂfﬁgetﬁqc&aﬁg{e powet " -
ef ficiehb and suitabl ecapacitore in rtheo@rangement,f aaquansgcand bugterftr equency

appl i cations. For exar{g&ﬁduégﬁg ele&%&&h? E}i’é’émfotrof' {af\ﬁﬁbtpfpél eatrons

present invention can comiuni cat i on® a
In a wirel ess comuni d@fesence voltage

a plurahty of shunt switches, each shunt switch in the
plurality of shunt switches having a control electrode
20 coupled to the digital control signal port of the feedback
circuit, a first current conducting electrode coupled to
the second current conducting electrode of a
corresponding sampling switch in the third plurality of
sampling switches, and a second current conducting
25 electrode coupled for receiving the first reference
' | voltage; and
a plurality of feedback switches, each feedback swrtch in the
plurality of feedback switches having a control electrode
coupled to the digital control signal port of the feedback
30 circuit, a first current conducting electrode coupled to
the first current conducting electrode of ‘a corresponding
shunt switch, and a second current conducting electrode
coupled to the output of the feedback circuit.



device, e.g., a digital I I one, a pager, or the |ikeg,

consumbt ogys syazied or| INAHMVIHIREIRS " he”sPace commin™® 'cnvasiann
schenme of the present inventitonk the battery life of a ‘cellula

t el ephone can be effectively increased. 47 :

43 A net hod for reducing sanpling noise, conprising the steps

1
of: 5 7. chihgi eircait pf selapmu Gl wherein digacondial electrodesi of ithenput
si gnal ; pluréfity 2f shupipswitthdse drid Sthepbawddl_t Bléttr688sCofothe

t oget her; and . ransferring.a,charge stor ip the T rst
plurality of capBlUraliig of 1883béick sanfacl}% & Wé@ﬁﬁgof‘? élgltaj_ The
.][Tet hod i’is c: ai nedohtrotlsi'gnal,paﬂte?éithe feedback circibit viaeral dyrdmiei ][19 a

irst -plurality . ' Sl i : L; t .
npat Sgnal - andO1eSBFE Slafileng, g dihamic rotation elemgfit HAViRg' 30, 1bbB},
inthe first plueaupled do the-digital scontrol signal port ohthe feedback the
of “bapaci fors. & ooodits At AIF SuRpLYpORt COBPled o the Bontrdl electrodes of
Che Trret ol ural 1S RrEhAGH shuhhcsoitches AndstS: g, catrol electrodes of
the integrator athetphratiterehdeedbackoswitéhes. 3.  The method as

claimed4n claiml, wherein: . the step of charging a first
plural ity of capacitors includes = . _ applying a reference .
vol t age and8t he A r@ifClibpeOr@pgisang: ~ - © . -across a first capacitor

in the first plugafirét seimplng capacitor havifg2al fifst eléeRtbdenard'@& fi st
I nput signal and a second
second electrode;
~a second sampling capacitor having a first electrode and a
15 second electrode; | -
a third sampling capacitor having a first electrode and a
second electrode; | - -
a first sampling switch having a control electrode coupled for
receiving a first clock signal, a first current conducting
20 electrode coupled to the first electrode of the first
sampling capacitor, and a second current conducting
electrode; | 3 |
a second sampling switch having a control electrode coupled
for receiving the first clock signal, a first current
25 conducting electrode coupled to the second electrode of
the first sampling capacitor, and a second current
conducting electrode; -
a third sampling switch having a control electrode coupled for
_ receiving the first clock signal, a first current
30 . conducting electrode coupled to the. first electrode of the
second sampling capacitor, and a second current .
conducting electrode; .
a fourth sampling switch having a control electrode coupled
for receiving the first clock signal, a first current _
35 conducting electrode coupled to the second electrode of



i nput -signal. across a inthe first g, R
plurality of c acito Eiiﬂﬂ U!@ﬂmhglthe second i nput o e o
signal and % d ere | a third capacitor Pcrm598'z_7“°

inthe first plurality of capacitors; andg0 the step of
transferring a charge stored in the first plurality of

capacitors to an int etheniseconit lsamplingr capacitonuanhd g second current the
first plurality of c g@@gpg@@;baaf&?&da bbtigled 18Uihe second current 27 3

second i nput of the i
4 4 4.  The neteonductingaelectrodecpdithel secandchsamplipgi switgh;he

. steps Qaflfth sampling 9§Witcht 'h%lm?gfarébnf@?d@lé@!rdﬂél%uﬁlb@mfér |

first output sign i nte sel ectively
chargi n§ capacitors i W%e'y%nﬂ‘?)l fiesh Fﬁ?ﬁ%fs'gn &' first c U"Q%tpam tors
using the first feedbeokducting electtode coupled to ethef irst rejeetrodergé the

ntegrator whi e tranblEd YipAifly capacitor, and a §ERA &eht calfyting
first plurality of caplastrete coupleddo the second curneagrqqnﬂuctmg 5.
A circuit, conprisingglectrode of ﬂ,élﬂEpd péém?“lﬂ@/ SWitehd egrat| ng swi t ches,

each int. egratl ng Tirst, pl

integrding swi t ah8ixth sampling SW'tCh @Wﬂ? A cantrel el ?%@Pfiedsf’velﬁﬂ dors or,

receiving a first recelvmg ‘the fitstcicletignsigna; farﬁtstcmurmnt conducting®

2 firstoplurality of SARSHepe. SIEEFEER CdLLRY 1@‘%5 G FECtR of

the first plurality oth enﬂ'é ®amplisgi copasites endna & Cﬂ@rent
ggr_alr‘?ﬁ”egg g']::i f"oﬁgr ”%b'nﬁ%c‘tl @]é&trBHeS‘é’?bﬁiw t%”@he second current . 5
™ 195 p ’ %%Cndusb electrode  of the' ﬂrs? samphng switch; f

a first mtegratmg switch having a control electrode coupled
for receiving a second clock signal, a first current
conducting electrode, and a second current conducting

- electrode coupled to the first electrode of the first
20 sampling capacitor;
~ a second integrating switch having a control electrode coupled
for receiving the second clock signal, a first current
conducting electrode coupled to the second electrode of -
the first sampling capacitor, and a second current
25 conducting electrode coupled to the first electrode of the
second sampling capacitor;

a third integrating switch having a control electrode coupled
for receiving the second clock signal, a first current
conducting electrode coupled to the second electrode of

30 ' the second sampling capacitor, and a second current
conducting electrode coupled to the first electrode of the
third sampling capacitor; and -

an integrator having a first input coupled to the first current
~conducting electrode of the first integrating. switch, a

35 first output, and a second output.



e MMM 't

switch, and a second el’ecfroble toupl ed to the 25 first current
conductlng el ectrode of a subsequent 19 i ntegrating swtch,
wherein the first current conducting el ectrode of a first
integrating switch in the first ' arrangenent is coupled for

recei ving a.irstThefeireuiteof claim 8 furthervobtnmismgoa fourth ﬁntegtﬁtmg |
e

lurality of sa .
st plural ty"%“"@%ﬁ?ﬁ@ivﬁa @‘?@M% {rBge; Eobpled or receiving the
el ectrode coupl edgannd clocki signak caofitstc cuctenti gnaducling electrode

first cugrent. CO(V)ErBr‘U?Iéﬂgt@llﬁ@ rs@é‘érﬁi)‘é‘l’é@ﬁ'oaé éthé' itd sampling |

el ectrode of a C

ndi n
TR A0 e RERONd, lTient eanductinge plectoadac wherein
el ectrode coupl edhéointegcatorl furthef has a rslwonﬁ input coupled to thesseeoAd

Cecond pf ural i 1y GireahepidG&inG; MleSfebel 41,4 flrth integratipg, switch. " e

el ectrode coupled for receiving the second cl ock signal, a .

first cyprentp CO”FWétbﬂ'B Ft' ?té%ﬂfh O@“%ﬁﬂe?Ocomprlsmg the second
el ectrode of acorrespn g_d rrE ‘8 e\ citor, in the
first arrangenent® f&ﬁ‘ﬂﬂ’é J/aWRg a first input couplgghiacthefirst
el SCt rode coupled for wtpmtVﬁflghe integu'afbir a second input daupledetsitheal ;
an an inte e
curr ent UELSFA"BMAR B e nfoblor AL DAL 5°5805hg
in the : outpud; amdaagdm;tal cantrcd $I||nal parput coupl ed for
transm jsing a fig Sﬁrs‘iufé?éﬂbééigf\?é ﬁor ha\ﬁn aTﬂ?stC'erlé&trbd%f c@u@il@iﬁ '
further conprising: ? h aving an 1 n oupl d to
the first output the first elec f t irst samp ng capacntor an
second electrode,

a second feedback capacitor having a first electrode and a
second electrode;

20 a third feedback capacitor having a flrst electrode and a
second electrode;

a seventh sampling switch having a control electrode coupled
for receiving the first clock signal, a__ﬁrSt current
conducting electrode coupled to the second electrode of

25 the first feedback capacitor, and a second current
conducting electrode;

an eighth sampling switch having a control electrode coupled
for receiving the first clock signal, a first current
conducting electrode coupled to the first electrode of the

30 - second feedback capacitor, and a second current
' conducting electrode;

a ninth sampling switch having a control electrode coupled for
receiving the first clock signal, a first current
conducting electrode coupled to the second electrode of




of the integrator, an ou I tal control si gnal

ut, an _ ' Gy
port:“20 .-.... a secomllﬁlmllﬁ“l“‘ﬁmﬂnt egrating switches, each. =%
i ntegrati ng"099/35741 he second plurality oquTl’FPS;’QPZﬁ‘Png

sSwi t ches haV|ng "a control ﬁlectrode coupl ed for receiving
the first ' cl ock signal, I rst current conducting

el ectrode, and a cQRguat 25
a plurality of feed bachke c%%ca?c'?‘? fegag%?:lﬂaﬁﬁeégi(%lbl g 5 Iéﬁ&??lﬁa eéﬁ{f&ﬂ?

second plurality of |ﬁP@MWﬂg§ Gteode: 1o form an
arrangement of aht terth Impm%?gmmhghwmgf@%mﬁol electrode coupled for

arrangenent havi ng a FepeVIEgcHRS HEEEITheR sigbdinca first current (oo
current fonducting el condugting eleptrodedicoypled to the first elestregentafnthe
sw tch, "and a second: %i?ﬂtfééi!bétﬂé'%a&fhélfbrt héhd a second current! é&ﬁdt?é!?}ﬁ&”t

conductl ng el ectrode of a s sequent I ntegrating sw
wherein the first cur S4ae uct i ng el ectrode of a first

integrati n? swit an lelevéwth sampling switch having a control electrode coupldd -
arrangenent is couple | VI I e

vol tage; P ??1 O'I(?crﬁ?ﬁ"r?‘a ? gp’gg #}9&% ?é%f ﬁeglrsga%wrgg ling
switch 10 ~ coinducting el rpdar eoup&ed)ftOSmglse@om electrodendfng a
57 7o - o contr okngl g Cf@%db‘é P&gftol‘e‘aﬁa"gn%eb%os%?féhtc' ock |

si gnal , aflrst current conducti t he
first el ectrode of a ﬁgc?egeb&ewp&&% ?‘B? second current |,
the arrangenent, and a:omhmimgtteleetltodmrm!uctheng:xth sampling switoh;ect r ode;

10 ~a fourth ﬁét‘ dfrﬁygwl c%agﬁs\hﬂg Cﬁ“@ﬁﬁﬂﬁf’elgg%d%a%dﬂgdsmttf'\'é

inthe fourth pIur
controll®l ectrode cougligiat cqomé@lelsxgngl tmsséoﬂ'@ desgback circuit, a first

signal, a first currepyrfsitdephdudtivge S166¢¥6deCEBLBld o the second

current conducting electrode of the seventh sampling
switch, and a second current conducting electrode
coupled for receiving a reference voltage;

20 a second shunt switch having a control electrode coupled to the

o digital control signal port of the feedback circuit, a first
current conducting electrode coupied to the second
current conducting electrode of the eighth sampling.
switch, and a second current conducting electrode

25 coupled for receiving the reference voltage;

a third shunt switch having a control electrode coupled to the
digital control signal port of the feedback circuit, a first
current conducting electrode coupled to the second
current conducting electrode of the ninth sampling

30 switch, and a second current conducting electrode
coupled for receiving the reference voltage;

a fourth shunt switch having a control electrode coupled to the
digital control signal port of the feedback circuit, a first

~current conducting electrode coupled to the second
35 ' current conducting electrode of the tenth sampling



B | |11 11T N

el ectrode coupled for reteiving theSfirtst reference
vol t age; a plurality of shunt sW¥ches, each shunt switch in the
plurality of shunt sw tches having a control el ectrode 20

coupl ed to the digi t al SWiEeHR @nél%ﬂ%ﬁ tcwreph canduniing electrode

CIhrCUIt 3 first curremuprleddllcr m:e@vlémgt theeréferghee Veltage; corres ndl'ng"
the secon curre

sanpling switch %ﬁgdﬁrﬁdw itPB gx‘? ciies having a -control, elagtr trbde
switches, and a secon(coupledntccﬂmilﬂlglta!; aohtrol signal port dfethe ofdedbagk ed
for recesving the firsijrgiftersTidt ﬁugrené coEductlpéﬁ'éléQﬁ' d¥'%Goupled to 2

lurality of feedback sw tches, eac
Bl ural i tij of - feedback E‘ﬁ frst Cuerent gcandusting eée@tgpdgdsf the first shunt

coupl ed to the digitalswitch, dn@lmrwécmtcmehh%dms&tﬁfg eléctrode

circuit, a first curr c C

the first current conﬁ"f‘ﬁ%@dgﬁew& @é% % g‘)@oro? ﬁb"’ogf&eﬁ&a"k circuit;

shunt switch, an@ Sensiuwhdeedback switchiswitches deavingea control electrode
coupl e o] the out put

coupl edggo the ¢ u PCUIC%H O;?IEG ft@"‘ﬂ?(‘c\i,\iﬂ&éf WWiitrol signal port of the feedbacl B
"plurality of shunt swiGIFGHE & tsﬁecléﬁ'#tmopoﬁﬁé'@tm@d@ie@'ffoﬁl% coupled to
plurality of feedback thei ffwbea:ment:mmm@bﬂngtéléodrdhé %f the secondcontrol

| f the f
ol aent | the dynani ¢ Rl switsitend A.Sefna chmant conducing' elgeirede. o
the digital control sicpuplegote thie secone:duiput of the feedbiavkuicircuityd an -
out put port couplggnirg thédB%kr Q\mfé . rofg&?ésoﬁavmg a cont}iaF eﬁéh‘f ety of

shunt switches and to the caontrol ara |ty of
f eedback switches. 10 °°Up|§d toAﬁtﬁ Qltﬁ caiiel signal port of the feedback

circuit, a first current conducting electrode coupled to
the first current conducting electrode of the third shunt
switch, and a second current conducting electrode

20 coupied to the first output of the feedback circuit;

a fourth feedback switch switches having a control electrode
coupled to the digital control signal port of the feedback
circuit, a first current conducting electrode coupled to
the first current conducting electrode of the fourth shunt

25 switch, and a second current conducting electrode
coupled to the second output of the feedback circuit;

a flfth integrating switch having a control electrode coupled
for receiving the second clock signal, a first current
conducting electrode coupled to the second electrode of

30 | the first feedback capacitor, and a second current |
- ~ conducting electrode coupled to the first electrode of the
second feedback capacitor;

a sixth integrating switch having a control electrode coupled

o for-receiving the second clock signal, a first current
35 conducting electrode coupled to the second electrode of




et ot e < G o 2

el ectrode WRI9BST415 el ect '
sanpl i ng capacitor haV|ng a flrst electrqﬂp and a second
el ectrode; a first sanpling switch having a control el ectrode
Cougl efl_ f0r20 " the secdrﬂmeedbach ¢apaditor, mhxirdsagsudoncﬁdurrmt c,lrJrrent
conducti ng . cth u i

first | cegﬁy g0, %éﬁzéi 6L $ue ofilt, BERBRof e
el ectrode; - |¢agpcﬂmmcan aving ‘a controF el ectrode
coupl ed ' Q&&n rst
current 25 -8 seventﬁoir é r?"z:t?ﬁ h?’ﬁ)%? %gh@bgt@%ég

el ectrode of coupe 9'¥l"%égﬂl SR Qpﬁlﬂq S1g8a BHnd
current curmnddohduotmgeeléwbde coupled to athiehisetoradpl i ng

First clock oi gnal . aclegisdt BF n6 Ut Jeblback capagitor, and BOPELERES ' "°

coupl ed to the. first cureantr ooaductmgeelectrode coupled t@eﬂm&emﬂd. ng
capacitor, and a secoggh ﬁﬁitr Cnductin electrode Gprtﬁéc%ﬂahehﬁféngg
a fourth sarrpllng switch, _having a co ro el ectrode couple
for recJGQW ng the fir&wW dehek signal, a first current 35
conducti'ng el ect rrode coupl ed to the: second el-ectrode of - R
48 t he second sanpling capacitor, and a second current

conducting el ectrode coupled to the second current
conducting el ectrode of the second sanpling swi tch; a fifth

sanpling switch having a control el ectrode coupl ed for 5 .
receiving the fi rst clock signal, a first current



conducti ng «el ectrode coupled to the first- el ectrode of  the:ymu:

third sanplyggessipci tor, and a second current conducting ~ perusesn7edo -
el ectrode coupled to the second current conducting o -

el ectrode of the third sanpling switch; 10 a sixth sanpling swtch
having a control el ectrode coupled for 1/6 ' receiving the first
clock signal, a first current conducting el ectrode coupl ed
to the second el ectrode of the third sanpling capacitor, -
and a second current : conducting el ectrode coupled to the
second current 15 conducting el ectrode of the first sanpling
sw t ch; a first integrating switch having a control el ectrode
coupl ed for receiving a second clock signal, a first
current conducting el ectrode, and a second current

conducti ng el ectrode coupled to the first electrode of the
first 20 ' sanpling capacitor;- . a second integrating

switch having a control_electrode coupled : _ _for receiving the
second clock siggal, afirst gurrent N ¥ conduﬁ i’hg"l-(?fﬁ)a'e'l
coupled to the s¥@ond 35&0“‘0% of 2<5 §D2 o 2 tir zkbn% I_ I

capacitor, aHd alsecond curreny 25 conducting jel b

coupled to t

g+

capaci tor; N
coupl ed i

current i

el ectrode of IEO - ] aht elsecong <
current i : :

of the

i ntegrator ha\
conducting elsex
first outp
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9. ....The cirguit: of cIa|n18 further conpri sing..a foug 4 <
SMAtCh havi.ng..a. control el ectrode coupl ed for recei ving th i
second cl oMO¥3MH | a first current conducting electrode 5 PCTIUS98I€{§6?)| ed

to the second electrode of the third sanpling capacitor, and a
second current conducting el ectrode, mhers&g the integrator
further has a second input coupled to the cond current

conducting el ectrode of the fourth integrating switch. 10 10. The .. -

circuit of claim9, further conprising: a feedback circuit having
a first input coupled to the first out put of the
integrator, a second input coupled to the : second out put of
the integrator, a first output, a second ' output, and a
digital control signal port; 15 a first feedback capacitor having a
first electrode coupled to the first electrode of the first
sanpling capacitor, -and a py ' second el ectrode; QD a
second feedback capacitor hsei st el ectrode and a

second el'ectrode; 20 r"zrr T 'TééUHagiééapacitorwhaving~awfhrst
el ectrode and a : @ d eke de; @) a gaventh
| pnkes o 3 3
k ¢1gn

sanpling switch having atc lcoupl ed for.

receiving the first cloc durrent

“conducti-ng el ectrode ‘coupised to| t hb_sEcad el ectr ode: of : 25 _hg‘*f‘“ the
first feedback capacitor} second cur rlent EE onduct i ng
el ectr ode; can & sttch havi ng a contr4&§electrode
coupl ed or_ recgiving the Titst ¢Tock 3ignal, first
current . . qéﬁ hqﬁ%elec rode coupled tq the flrst el ectrode
of- the 30 cond f ack éﬁQacitdr;fandf second .current . -
conducting el ectrode; } itcll having a cont r ol
el ectrode coupl ed for ! > e i\nr@ fhe firnst clock signal, a
first current ' R~ dudF*ng\electrode-cou led to the second
el ectrode of : . .I
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50  swio. g t he second feedback capacitor, and a secondwﬁug{@,

conduct i ngwe) ssstade; a tenth sanpling swtch haV|RGTHHDUMﬂH0'.
el ectrode coupl ed for receiving the first clock signal, a
first current 5 : conducting el ectrode coupled to the first

el ectrode of the third fedback capacitor, and a second
current conducting el ect r ode; an. el eventh
sanmpling switch having a control el ectrode coupled - f or
receiving the first clock signal, a first current 10

conducting el ectrode coupled to the second el ectrode of : t he
third feedback capacitor, and a second current conducti

el ectrode coupled to the second current conduct i ng

el ectrode of the sixth sanpling swtch; a first shunt switch
having a control electrode coupled to ghe 15 o ~digital nt r6
si gnal port: of the feedback circuit, &fLost = “currem -
conducting el ectrode coupl ed to:the—eeeehﬂf ————— - current
conducting el ectrode of the sevelnfjr'rrp'm h% switch, a
second current conducting el ectrfo olp™ed for receivi
reference voltage; 20¢q a ge ' ving a cont rel

el ectrode coupled to Re_ = Im - cqdnig bl signal pP8rfyof the"
feedback circuit, a: fllftb | oiucting el ec gﬁ
coupled to the second 4 | tipg el ectrode the
ei ghth sanpling > d-current congu |ng
el ectrode 25 - —-—coupled tor receiving refecenca Malltage;

a third shunt smnt{h HaV|ng a Coghl

digital control signall por@®of t Q4T

current conductingyel ¢

conducti ng el ectroge Y | _ )

~second current conquct]i -~ L+ o) . rlecqi vng
the reference vol t'gge; ' [

el'ectrode coupl ed ' flhe ,~

T

f eedback circuit, | Y
coupled to the_secgnd gqtl-

el ggtrodeyc
ick ci

to the second

digital
current

1
15
J

L e e e e i o o - = —_————— — —————
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| 35
SW t Ch

switch switches having a contro
digital control 'signa
first current conducting electrode couple
current conducting el ectrode of the first
a second current conducting el ectrode
out put of the feedback circuit;

having a control el ectrode 10

signal port of the feedback
conducting el ectrode coupled to
conducti.ng el ectrode of the second
second current conducting el ectrode
out put of the feedback circuit; 15
having a control electrode  FT—7™™"

S
N

~current conducting electrode of the tenth sanpling.g.:

51 and a second current conducting electrode )

coupl ed fopw?3¥%V$\ng the reference: vol t age;

el ectrode -

port of the feedbagb 5
o]

afir
circuit,

shunt

3372

coupled to the

a

the first
swi t ch, - and

_ coupled to the first
a second feedback switch sw tches

coupled to the digital
circuit, a first current
the first current
shunt switch, an

jad] coupled to the

UPT €0"10 Theydigital

A

cont rle

Mo

o feedback switch sw¥ch
contro

@J

signal port of the feedback _L II‘CUI gst current
conducti ng electrode‘o oupl ed tol ua current
conducti ng el ectrode=of. t he thlﬂd(s unt N },l switch, ane&ka _
second current ‘condugtizrg electﬂ dipl ed to theYiest
out put of the feedb | ourth [f eediback switch; wﬁ]ches
havi ng a control el éﬁde ! rerot-eeet 0 ﬂhe digital fo ol
signal port of the fledback - crremit|-—atfirst currept
conducting el ectrmo -coupl-ed"t'o---.-——'-—'—— “ftrst= eurremt == o
conducti ng el ect rlod ' nd & -
second current cdnd setond
out put . of . t he feddb ch hag n
a control el ectrdde nd E+Ock
signal, a first durr Bd to®Yhe
second el ectrode lof andl a
second current : : 1
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conductlngvelectrode coupled to the first electrode of the

372

l
5

360

second f ee¢agedizsgaaci tor; a sixth integrating sw tl!ﬂ'l‘ltlsssmm
control el ectrode coupl ed for receiving the second cl ock
signal, a first current 35 ' 5/Gconductlng el ectrode coupled to the -
second el ectrode of ! . 52
the second feedback capaci t?g}@ second curgent B
conducti ng gl ectrode coupl gzt f O first el de of the ~ ""”'“"= '
third feedl§ack capacitor; & Eg : a seyent |ntegrat|ng swi tch haV|ng.
a control el gectrode 5 (=] coupled fqgr receiving the second cl ock
signal, a fifgst FﬂE current condycting el ectrode coupled to the
second © < eI-ectEo?e of the third feedback capacitor, ama
second N N curr pnducting el gctrode coupled to the sweZond
current c cti f the fourth irftegrating 10
switch. pe el e———
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