CAPACITIVE DIGITAL TO ANALOG AND ANALOG TO DIGITAL
CONVERTERS CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application
No. 60/715,078, filed on September 8, 2005, which is incorporated herein
by reference in its entirety. FIELD OF THE INVENTION [00021 The
present invention relates to digital to analog (DIA) and analog to digital
(A/D) converters, and more particularly to capacitive and/or resistive D/A
and A/D converters. BACKGROUND OF THE INVENTION [0003] Digital
to analog (D/A) caieMEIs IvamMalidelar@ySNhLEpatitbts that are
selectively switchedAt@werOaRigibhiGHaNgER &A%y counterpart.
However, mismatch between capacitors may cause the D/A converter to

be non-monotonic. Monotonicity in a D/A converter me t as the
digital inpu@&%%&ﬁ%ﬁ@ﬂﬁé’éé@@s@e‘ﬁ%ﬁaI%%EH%QEES@Y% analog
output never exhibits a decrease between Céne conve gionfstﬁpé:mdf;arovisbn al
subsE@RRHE coRbirsiBRRERSOM of@iMFord ?thB%rPgé of the“transfer
characteristic is never negative in 8 monotonic o er. [0004] .

ARG i RO 110 S e R ey Mo moorporated
converter 10 includes a bipar capacitor array 14, switches 16 and 18, an

hergRePAISHEISInDR RS BPERY) 20, and a capacitor Cf in a feedback

arrangement with the opamp 20. Each of the capacitors in the array 14
have different values.

FIELD OF THE INVENTION
[0002] The present invention relates to digital to analog (D/A) and
analog to digital (A/D) converters, and more particularly to capacitive and/or

resistive D/A and A/D converters.

BACKGROUND OF THE INVENTION

[0003] Digital to analog (D/IA) converters can include arrays of
capacitors that are selectively switched to convert a digital signal to an analog
counterpart. However, mismatch between capacitors may cause the D/A
converter to be non-monotonic. Monotonicity in a D/A converter means that as
the digital input to the converter increases over a full-scale range, the analog
output never exhibits a decrease between one conversion step and a subsequent
conversion step. In other words, the slope of the transfer characteristic is never
negative in a ménotonic converter.

[0004] Referring now to FIG. 1A, a D/A converter 10 is shown. The

D/A converter 10 includes a binary capacitor array 14, switches 16 and 18, an



More particularly, each capacitor in the array 14 is twice the value of the
preceding capacitor. Switches SW selectively switch the capacitors in the
array 14 between a voltage reference and a reference potential such as
ground. [0005] In use, the D/A converter 10 has sampling and integration
stages. In the sampling stage, the switch 16 closes and selective ones of
the capacitors are charged to the voltage reference as determined by the
switches. In the integrating phase, the switch 16 is opened and the
analog output is generated. For example, a four bit array may close a first

rRassionisant bibdMaB) Byitehi andplecstsgnificafidubdcB Byrangement

switch to represent 9/16 of a voltage reference. [0006] Referring now to

vﬁi@tﬁ@eéa‘ﬁ@@'monﬁm&mﬂplﬁaﬁa&i% icotmecareaysighbawe derent values.
example, the analog output exhibits a decrease from one conversion step

NoEae sitaseriBNt coovetsipacitepias thieownay il 41G. Wiattag. e of the
non-monotonic output may be due to capacitor mismatch. For example,
theceapacitapatitcrm@nijerdisieidhstantizRbpewippl- 3t capaciers-ig the array
Ideally, 2N" 'C - (21"2C+2N-3C + ... + 2C +C) = C. In other words, the
tiffeseneerbavedieg tie MSBLapE Gi6R iaRaneR RER RN EB FacRETeNd-
should be equal to a smallest or LSB capacitor [0007] Referring now to

FIG. 2[@DBIA cohveras SO mANRIRPRIRET tapBRforaial 8438 Sniigration

The linear capacitor array 54 includes 2N-1, capacitors that are selectivel
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In the integrating phase, the switch 16 is opened and the analog output is
generated. For example, a four bit array may close a first or most significant bit
(MSB) switch and a least significant bit (LSB) switch to represent 9/16 of a
voltage reference.

[0006] Referring now to FIG. 1B, a non-monotonic output of a D/A
converter is shown. For example, the analog output exhibits a decrease from
one conversion step to the subsequent conversion step as shown at in FIG. 1B at
44. The non-monotonic output may be due to capacitor mismatch. For example,
the capacitor 2V'C may be different than 2V?C+2"°C + ... + 2C + C. Ideally, 2N
1C = (2%2C+2M3C + ... + 2C +C) = C. In other words, the difference between the
MSB capacitor and the rest of the capacitors should be equal to a smallest or
LSB capacitor

[0007] Referring now to FIG. 2, a D/A converter 50 including a linear

capacitor array 54 is shown. The linear capacitor array 54 includes 2N-1

capacitors that are selectively switched between a voltage reference and



the bit resolution. For example, a 16-bit digital to analog converter
includes 215-1 pairs of switches, which may be impractical. SUMMARY
OF THE INVENTION [0008] A digital-to-analog converter (DAC)
comprises a capacitive DAC that comprises N first capacitances that are
connected in parallel and that have first ends and second ends, wherein
N is an integer greater than one, and N first switches that selectively
connect a selected one of the second ends of the N first capacitances to
a common node and non-selected ones of the second ends of the N first

ERPacHaNEeRIigNe ofR \Witage edential/and aliefeiease patentiak array 54
Capacitance values of the N first capacitances are substantially equal. A

isesendy DAG semB uRisales vathdhewitchewnauited@E08F Axponentially with
digital- to -analog converter (DAC) comprises first converting means for
{Eeverting aidigitabsigrattplareartoy siginal tnartilagcempeides NG fieks 2'°-1
capacitance means for providing capacitance that are connected in
haraliglsanchimivisive firsy dredsanectisedbnd ends, wherein N is an integer
greater than one and N first switching means for selectively connecting

one of the second ends of the N first capacitance means to a common

node and others of the second ends to one of a voltage potential and a

reference potential. Capaithifea Y afudd 6t the/ RNiféPEhpacitance means

are substantially equal. Second 3 converting S converts a d ital
signal i8088hinafd g‘ﬁ@ﬂa@aﬁﬂaﬂﬂﬁtc%ﬁﬁﬂﬁﬁlﬁ;\e@? RMERE Somivbdirnage PAC

GRS RER LT RS Eap Aot aroE o 3 Tk & %-Eréirépa”%%%"d that have
Ezrisr;tagnds and second ends, wherein N is an integer greater than one, and N first
switches that selectively connect a selected one of the second ends of the N first
capacitances to a common node and non-selected ones of the second ends of
the N first capacitances to one of a voltage potential and a rbeference potential.
Capacitance values of the N first capacitances are substantially equal. A second
DAC communicates with the common node.

[0008] A digital-to-analog converter (DAC) comprises first converting
means for converting a digital signal to an analog signal and that comprises N
first capacitance means for providing capacitance that are connected in parallel
and that have first ends and second ends, wherein N is an integer greater than
one and N first switching means for selectively connecting one of the second
ends of the N first capacitance means tb a common node and others of the

second ends to one of a voltage potential and a reference potential. Capacitance

values of the N first capacitance means are substantially equal. Second



wherein the N first capacitances have first ends and second ends, N is an
integer greater than one, and capacitance values of the N first
capacitances are substantially equal. The method includes selectively
connecting a selected one of the second ends of the N first capacitances
to a common node; selectively connecting others of the second ends to
one of a voltage potential and a reference potential; and connecting a
second DAC to the common node. [0011] A pipelined analog-to-digital
converter (ADC) comprises a first stage that receives an input voltage
coplgnaanchibahsomprises an adialeg-teigligitalccoaverrpiADG)dthalt and that
includes an amplifier having an input and an output; N capacitances that
coRFencennasteditn paratehmion thaddénclude first ends that selectively
communicate with the input and second ends; N switches that selectively
connpati1bg segomdetimats 6bthervidipacitandigiabithenahageanpetter (DAC)
during a first phase, one of the second ends of the N capacitances to the
capiteofdhenaniplifie uwincpraditomepinise, iR wRaedive thhsetomgrallel,
ends of the N capacitances to one of a voltage reference and a reference

wheteititi elliifigithepseitamephae i st AtdgieeenthRivieate s atninteger

the output the amplifier. [0012] In other features, the first phase is a
leiﬁ@%ham?arﬁi‘ﬂwé%&%‘]ﬁ@%a‘é%’ﬁ@% sifife AmpiffcAmTpigges are
When the input voltage is betvveer] zero and g first ratio of a first of {hetN
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reference potential; and connecting a second DAC to the common node.

[0011] A pipelined analog-to-digital converter (ADC) comprises a first
stage that receives an input voltage signal and that Compriées an analog-to-
digital converter (ADC) that includes an amplifier having an input and an output;
N capacitances that are connected in parallel and that include first ends that
selectively communicate with the input and second ends; N switches that
selectively connect the second ends of the N capacitances to the voltage input
during a first phase, one of the second ends of the N capacitances to the output
of the amplifier during a second phase, and others of the second ends of the N
capacitances to one of a voltage reference and a reference potential during the
second phase. A second stage communicates with the output the amplifier.

[0012] In other features, the first phase is a sampling phase and the

second phase is a residue amplification phase. When the input voltage is

between zero and a first ratio of a first of the N capacitances divided by a sum of



divided by a sum of the N capacitances, the first of the N capacitances is
connected to the voltage reference, the second of the N capacitances is
connected to the output of the amplifier and others of the N capacitances
are connected to the reference potential during the second phase, When
the input voltage is between the second ratio and a third ratio of a sum of
the first, the second and a third of the N capacitances divided by a sum of
the N capacitances, the first and the second of the N capacitances are
connected to the voltage reference, the third of the N capacitances is
troNNesteditaribespttpuirafdhtharplifipeatancteis ob e Neashpatitancgsut of
are connected to the reference potential during the second phase. [0013]
tHe pipetiifed andl ot wedigitdlcdhvemaciaDEscermpeveRsiied Stageenietangnce
for receiving an input voltage signal and that comprises converting means_
pioieatialertimg shynakstinat pivhsdesVaReplifndnPeara!Reaif gigeeange first
having an input and an output; N capacitance means for providing ,
retipacithaccendirate ehrmsete i ik PafrRsERNIUdd itk e ifances

selectively communicate with the input and second ends; and N switching ,
divestats R aetedtivlyledrNeEaRg e SECorii S oPthE'Ri EaGaBRAHERCCS 19
means to the voltage input during a first phase, o ePfthe cond er,gds of .
FRBNREEPalStaiCe VRIESTs fgfﬁ{@%?ﬁpu%é; t%eécgmgliﬂer ﬁriE §ARESORGees

Ty e

eference potential during the
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iNg means o t stage means. [0014] In other features, the

Ué%%@'@%%edét%ém'mé%!&%er@ﬂe thed a third ratio of a sum of the first, the

second and a third of the N capacitances divided by a sum of the N
capacitances, the first and the second of the N capacitances are connected o
the voltage reference, the third of the N capacitances is connected to the output
of the amplifier and others of the N capacitances are connected to the reference
potential during the second phase.

[0013] A pipelined analog-to-digital converter (ADC) comprises first
stage means for receiving an input voltage signal and that comprises converting
means for converting signals that includes: amplifying means for amplifying and
having an input and an output; N capacitance means for providing capacitance,
that are connected in parallel and that include first ends that selectively
communicate with the input and second ends; and N switching means for
selectively connecting the second ends of the N capacitance means to the
voltage input during a first phase, one of the second ends of the N capacitance

means to the output of the amplifier during a second phase, and others of the



second phase is a residue amplification phase. When the input voltage is

between zero and a first ratio of a first of the N capacitances divided by a

sum of the N capacitances, the N switching means connect the first of the

N capacitances to the output of the amplifier and others of the N

capacitances to the reference potential during the second phase. When

the input voltage is between the first ratio and a second ratio of a sum of

the first and a second of the N capacitances divided by a sum of the N

capacitances, the N switching means connect the first of the N
seapaditmtestdhhd\okageiwicremeatitetoceondbrtive! Rscafriciamesesnd a

to the output of the amplifier and others of the N capacitances to the
reéferengesOtsIigal duiing the SEeHtFpRASSSWRBR tRRGPRUt SeBggaigans for

between the second ratio and a third ratio of a sum of the first, the second

CAFHTA HiEREST YHENRNEapjaeith AL HIC AT IV 28R HPTHBEN It SaRaa esans:

the N switching means connect the first and the second of the N
capaditdids to' thathditssdrererdir d erhAtPoiife STBRPRGIRIRES f5'd the

the oytput of th lifier and of the N i to.th _
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prises providing firs second stages, wherein Irs

[plagg receives a voltage input apdhingludes.a capagiive ADG ingluding M,

capacitances; selectively connectingthe second ends of the N

SAnAGIAReRsP RS VIS ItRULAWIRG A et pifese: stalestiNe¥pacitances to

connecting one of the second ends of the N capacitances to the output of
fine ampifiee dysng asenond Rhases aalacivelyeconneetingrethess ol tiage is

second ends of the N capacitances to one of
between the first ratio and a second ratio of a sum of the first and a second of the
N capacitances divided by a sum of the N capacitances, the N switching means
connect the first of the N capacitances to the voltage reference, the second of the
N capacitances to the output of the amplifier and others of the N capacitances to
the reference potential during the second phase. When the input voltage is
between the second ratio and a third ratio of a sum of the first, the second and a
third of the N capacitances divided by a sum of the N capacitances, the N
switching means connect the first and the second of the N capacitances to the
voltage reference, the third of the N capacitances to the output of the amplifier
and others of the N capacitances to the reference potential during the second
phase.

[0015] A method for generating a residue voltage in a pipelined analog-

to-digital converter (ADC) comprises providing first and second stages, wherein

the first stage receives a voltage input and includes a capacitive ADC including N



a voltage reference and a reference potential during the second phase;

selectively connecting the first ends of the N capacitances to an amplifier

input; and connecting an amplifier output to the second stage. [0016] In

other features, the first phase is a sampling phase and the second phase

is a residue amplification phase. The method further comprises

selectively connecting the first of the N capacitances to the output of the

amplifier and others of the N capacitances to the reference potential

during the second phase when the input voltage is between zero and a
calirstitatiosy. asirstidfdiyechin cagiatitaneesadivitk diysacs ihe dfithepdcitances to

capacitances. The method further comprises selectively connecting the
théirsb bt iNocaphcitaneckrsd theseltageaiefehecosngriisgoone of the Kecond

capacitances to the output of the amplifier and others of the N
ermpatitandesapandartercitct poteitid efifsgame Eesohdipaaseeapihphase;

the input voltage is between the first ratio and a second ratio of a sum of
salsstiivst aporaseltonaibriReNrasacRascestirHERDY aanafengRs kp one of

capacitances. The method further comprises selectively connecting the
afivtiaas thefeeessd BRtheANTEXTEE MR tRE VHitke fBferdRERN thePhase:

third of the N capacitances to the oytput of the amplifier and others of the
S NREANANSAEEE i oL AES S e ifa ARG B SeS R cP AR WRE Pt

the input v?Ita%a is 7 : keetlyveu(%n tpte §6cosréd c@%téos Epdea third ratio of a sum
aBf HRVISE e WL EER P HRHIE SFthe N Chpacitsnces divided by a sum

of they b aapaciianes. (904} 4 dialabiaanalad (o0 URIRAGhase and the

comprises X capacitive DACs that are connected in series and wherein X

SIS ARdNIsaarOreateL than ongp FashoRl e deCapreitveRACE SREMHSRprises
M switches wherein M is an integer

selectively connecting the first of the N capacitances to the output of the amplifier
and others of the N capacitances to the reference potential during the second
phase when the input voltage is between zero and a first ratio of a first of the N
capacitances divided by a sum of the N capacitances. The method further
comprises selectively connecting the first of the N capacitances to the voltage
reference, the second of the N capacitances to the output of the amplifier and
others of the N capacitances to the reference potential during the second phase
when the input voltage is between the first ratio and a second ratio of a sum of
the first and a second of the N capacitances divided by a sum of the N
capacitances. The method further comprises selectively connecting the first and
the second of the N capacitances to the voltage reference, the third of the N

capacitances to the output of the amplifier and others of the N capacitances to

the reference potential during the second phase when the input voltage is



greater than one; a signal input; a signal output; and M capacitances that
communicate with the M switches, respectively, and that have first and
second ends and substantially equal capacitance values. The M switches
selectively connect the first ends of the M capacitances to the signal

output. The M switches connect the second end of a selected one of the

M capacitances to the signal input. A first DAC has a signal output that
communicates with the signal input of one of the X capacitive DACSs.

[0018] In other features, an amplifier has an input and an output. A
Headbackreapacitan caticoam unibate saiidhofhe sopubéatitkthissbutpusetend and a
amplifier. The first ends of the M capacitances of another one of the X
tBACS ttenhuatieaites veithdividderbpce poteatitielilivepaditsnpéase of the
another one of the X DACs. The input of the amplifier selectively
comm{iéZies wWithdipialirse enddoef e VEEEpacRARdesTNEHE@Rotheapacitive
one of the X DACs during a second phase of the another one of the X

DACS 160203 iprofsesat &ss amaaA pHRErgiasals mpintaaa # Sriguhan one.

The first ends of the M capacitances of another one of the X DACs
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DACSs duri C hase of the another one of the
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resistive BACEWhergiln ¥risian INteassAieaiecdhan 80signal output. The M

switches connect the second end of a selected one of the M capacitances to the
signal input. A first DAC has a signal output that communicates with the signal
input of one of the X capacitive DACs.

[0018] In other features, an amplifier has an input and an output. A
feedback capacitance communicates with the input and the output of the
amplifier. The first ends of the M capacitances of another one of the X DACs
communicates with a reference potential during a first phase of the another one
of the X DACs. The input of the amplifier selectively communicates with the first
ends of the M capacitances of the another one of the X DACs during a second
phase of the another one of the X DACs.

[0018] In other features, an amplifier has an input and an output. The
first ends of the M capacitances of another one of the X DACs communicate with
a reference potential during a first phase of the another one of the X DACS. The

input of the ampiifier selectively communicates with the first ends of the M



[0020] In other features, at least one of the Y resistive DACs comprises a
signal output; N resistances connected in series between the voltage
reference and the reference potential; N nodes between select ones of
the N resistances and the reference potential; and N second switches
that selectively connect the signal output of the one of the Y resistive
DACs to one of the N nodes. A control module selectively generates
switching signals to control the X capacitive DACs and the first DAC.
[0021] In other features, a successive approximation analog-to-digital

cEAAWBIRECOMRAECSHE &SR ThretRCREEIEsappiioyradigtbnd phase of the
analog-to-digital converter of comprises an amplifier having an input that

2S6IREHVEIY SOMBNNTAES WitheoBecofithesXdzapaditiyeDACH! Aapacitances of
successive approximation module communicates with an output of the
trRmalifiers Addeceditgemo dide cammumicateswithhatheutpitit @f tiehe ampilifier
successive approximation module and selectively generates switching
deignalthiorsthe Xdcapasitivef DixCsrattieheofistoDAE. F0022T m othes first DAC
features, the first DAC comprises a capacitive DAC. The capacitive DAC
coompeisey assigrinkedlfgus aritbernamslifieriRRaRE SIS AU 2hEXBA- output
that communicates with the signal output. M second capacitances 9 are

connd@in pdrafEhaine HaRSTiRst 8RAS R FebnY EiRivVPHe Hrst Eriagrises

selectively communicate with a reference potential during a first phase of
ARSI RS PR BPRR e oMU WRNAHE TRIIENe2
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acr?cp ?T%:ei;[arg eer%%%e"%%t‘%‘%ﬁ‘a‘?; and N second switches that selectively connect the
signal output of the one of the Y resistive DACs to one of the N nodes. A control
module selectively generates switching signals to control the X capacitive DACs
and the first DAC.

[0021] In other features, a successive approximation analog-to-digital
converter comprises the DAC. The successive approximation analog-to-digital
converter of comprises an amplifier having an input that selectively
communicates with one of the X capacitive DACs. A successive approximation
module communicates with an output of the amplifier. A decoding module
communicates with an output of the successive approximation module and
selectively generates switching signals for the X capacitive DACs and the first
DAC.

[0022] In other features, the first DAC comprises a capacitive DAC.

The capacitive DAC comprises a signal output and an amplifier having an input

and an output that communicates with the signal output. M second capacitances



voltage reference and the reference potential during the first phase of the
capacitive DAC and selectively connect the second ends of the M second
capacitances to the output during the second phase of the capacitive
DAC. [0023] A digital to analog converter (DAC) comprises X capacitive
converting means for converting a digital signal to an analog signal and
that are connected together in series and wherein X is an integer greater
than one. Each of the X capacitive converting means comprise M
switching means for switching wherein M is an integer greater than one.

aM capaeittaiténmespietar st SAYm§reapaetafed EBRINEIREER witkriiEstends
switching means, respectively, and have first and second ends an

d
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selectively connect the first ends of the M capacitance mean tt the
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means provides capacitance and communicates with the input and the

%ggﬁtd% thengmplifying imepns. Thadisst t0LerdsaidherM<capagitange second
m

ans of another one of the X converting means communicates with a

cefprengrpotential durng A firgt plasscofitheenaihgtieneaphtittyeX DAC.
converting means. The input of the amplifying means selectively

commygizates withdibedirss endsaf therMertpaciiarice coeamsesthe capacitive
another one of the X converting means during a second phase of the
aooleeiranmehtisefdt converting a digital signal to an analog signal and that are
connected together in series and wherein X is an integer greater than one. Each
of the X capacitive converting means comprise M switching means for switching
wherein M is an integer greater than one. M capacitance means for providing
capacitance communicate with the M switching means, respectively, and have
first and second ends and substantially equal capacitance values. The M
switching means selectively connect the first ends of the M capacitance means to
the signal oufput. The M switching means connect the second end of a selected
one of the M capacitance means to the signal input. First converting means
converts a digital signal to an analog signal and has a signal output that
communicates with the signal input of one of the X capacitive converting means.
[0024] In other features, amplifying means for amplifying and has an

input and an output. Feedback capacitance means provides capacitance and

communicates with the input and the output of the amplifying means. The first

10



converting means. [0025] In other features, amplifying means for

amplifying has an input and an output. The first ends of the M

capacitance means of another one of the X converting means

communicates with a reference potential during a first phase of the

another one of the X converting means. The input of the amplifying means

selectively communicates with the first ends of the M capacitance means

of the another one of the X converting means during a second phase of

the another one of the X converting means. The second ends of the M
cRapasitanse/mesnspiribe arctherafneraftitire Xreonfettiogimeanerting means

communicate with the output of the amplifying means during the second
cohaseridhes anitithe refieccoicth @ X eodiaV ertirgonactrss . phias dirst DA@nother one

comprises Y resistive converting means for converting a digital signal to
orttematogsiyealiamdveaesin Yhe dmntegér Gieaastptidna aneq0s 28] astively

other features, at least one of the Y resistive converting means comprises
carsignaleigsuvERde fissistadecohibany ferRrelRIIAg MesRtpcE ameragr one

Is connected in series between the voltage reference and the reference
PoEnRarNYRIEBS SIEIBEREH M RvEE UeiePPBRBLHFe AT ORISR the X

means and the reference potential. N second switching means 11

CERER BRIy @It the signal output of the one of the Y resistive
convertin ean

[eans tt Onﬁ 0£the Nar%qu%sinCO%téglnrsn(?grngnsjelﬁctriwveh/as an input
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converter comprises € successive

Q%&%%ﬁﬂ%%%‘%gi@m with a reference potential during a first phase

of the another one of the X converting means. The input of the amplifying means
selectively communicates with the first ends of the M capacitance means of the
another one of the X com)erting means during a second phase of the another
one of the X converting means. The second ends of the M capacitance means of
the another one of the X converting means communicate with the output of the
amplifying means during the second phase of the another one of the X
converting means. The first DAC comprises Y resistive converting means for
converting a digital signal to an analog signal and wherein Y is an integer greater
than zero.

[0026] In other features, at least one of the Y resistive converting
means comprises a signal output and N resistance means for providing
resistance and that is connected in series between the voltage reference and the
reference potential. N nodes are located between select ones of the N

resistance means and the reference potential. N second switching means

11



converter comprises amplifying means for amplifying and having an input
that selectively communicates with one of the X capacitive DACs and
approximation means for successive approximating and that
communicates with an output of the amplifying means. Decoding means
communicates with an output of the successive approximation module for
selectively generating switching signals for the X capacitive DACs and
the first DAC. [0028] In other features, the first DAC comprises a
capacitive converting means for converting a digital signal to an analog
ssigpalefheosapacitive sioneertintpmeansheomipeisesthsiyhatsistyet andverting
amplifying means for amplifying and having an input and an output that
nesmetmicatesinitie tersigeal ctgptrto M sspuh d gaphvitangenasd@s switching
provides capacitance and is connected in parallel and has first ends and
sgpeoadoerntsrdhedikstepasibetectivetyticormaanscand Withfastdiérence
potential during a first phase of the capacitive DAC. The first ends o
selecti08B7ominusticate oAt e mRRGEHEVANARRPY N Atoan3Mifedoadigital
second phase of the capacitive DAC. M second switching means .
coeleetioelgrBARees the dedénd EREsHIRRSIIVEcRBRIPE AR IPRAngigital

to one of the voltage reference and the referen F otential during the first
W@@Eizﬁ@ﬂﬁ@séap%@ﬁwﬂﬁ\@sﬁa%é@écﬁvécric) W EBE G CBHoR KR thet
of the M second ca R?gitar,\ € mean P tgf out u%.\glur[iﬂgéhe% condr sirmation
B DEBAIRIE DAL [0028] A retGa TS SS e & B GHATeS

anaio0 Lonelter (RAC), COMRNNGH ORISR A ABARINERARSIR qutout of
'DEABE AR Witerein X is'an integer “greater than one, wherein each of the

K sapasitve DAGS ompise, My sanasitancemhat havesfitatiang SRap0e of the
ends ahd substantially equal

successive approximation module for selectively generating switching signals for
the X capacitive DACs and the first DAC.

[0028] In other features, the first DAC comprises a capacitive
converting means for converting a digital signal to an analog signal. The
capacitive converting means comprises a signal output and amplifying means for
amplifying and having an input and an output that communicates with the signal
output. M second capacitance means provides capacitance and is connected in
parallel and has first ends and second ends. The first ends selectively
communicate with a reference potential during a first phase of the capacitive
DAC. The first ends selectively communicate with the input of the amplifying
means during a second phase of the capacitive DAC. M second switching

means selectively connect the second ends of the M second capacitance means

to one of the voltage reference and the reference potential during the first phase

12



capacitance values; selectively connecting the first ends of the M
capacitances to the signal output; connecting the second end of a
selected one of the M capacitances to the signal input; and connecting a
signal output of a first DAC to the signal input of one of the X capacitive
DACs. [0030] In other features, the method comprises providing an
amplifier having an input and an output and a feedback capacitance that
communicates with the input and the output of the amplifier. The method
comprises connecting the first ends of the M capacitances of another one
obfhlrecBAGYWRA @ aedeselesd v AtANEGH HipasRest phasesoPtiee M second
another one of the X DACs. The method comprises selectively
cepandenag Meanpue dhere rbiiHeNS e IRsrEhagaskee F capacitive DAC.
capacitances of the another one of the X DACs during a second phase of
the arl@®¥lone’dr MDA SCRIZI M BirdPfehtiRednaidnirnyarter (DAC)

comprises providing an amplifier _having an input and an ou _ ‘
SRRy RO AR B R PR A BAE B o reger

of the X DACs with a eference tenti dur g a_first
HrstREr OIS o X“éﬁ@g} s%?e |V8ﬁ/a<%:onngctln ét&puigpi‘%ﬁ'u comprise M

%EB%E %é%%gse prsnaevnedsffP tth cafx adﬁcgﬁ gt%ﬂn%ﬂﬁ‘ﬁ&gﬂﬁaﬂ& equal

urlng a second phase of the ano er one of the X DA

%}%dﬁiﬁé%% 6, eQnREEng gecéﬁﬁgeqr@%qfrmwmﬁ Mé%@&ﬂé@ﬁgﬁces o

e anot er one of the X DACs communicate with the output of the

faplfigrAusing the seqandin Ph%@ Qfdhsranether sme ofdheXdPBRS. of the M
[0032] In other features, the first DAC comprises Y resistive DACs

siaNcisan tRtegrhgreater;than zerm e netgdcompiises a first DAC to
selectively

the signal input of one of the X capacitive DACs.

[0030] In other features, the method comprises providing an amplifier
having an input and an output and a feedback capacitance that communicates
with the input and the output of the amplifier. The method comprises connecting
the first ends of the M capacitances of another Oﬁe of the X DACs with a
reference potential during a first phase of the another one of the X DACs. The
method comprises selectively connecting the input of the amplifier to the first
ends of the M capacitances of the another one of the X DACs during a second
phase of the another one of the X DACs.

[0031] In other features, the method comprises providing an amplifier
having an input and an output; selectively connecting the first ends of the M
capacitances of another one of the X DACs with a reference potential during a
first phase of the another one of the X DACs; selectively connecting the input of

the amplifier with the first ends of the M capacitances of the another one of the X
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generating switching signals to control the X capacitive DACs and the first
DAC. The method comprises using the X capacitive DACs to
successively approximate an analog input signal. The first DAC
comprises a capacitive DAC. [0033] Further areas of applicability of the
present invention will become apparent from the detailed description
provided hereinafter. It should be understood that the detailed description
and specific examples, while indicating the preferred embodiment of the
invention, are intended for purposes of illustration only and are not

dpterdegriodimii dherscpnesef dheniaventierr BIREEST B SCBITdOMOEelectively
THE DRAWINGS [0034] The present invention will become more fully

doistieediomedbadetritedfdascaption Rndabectencsipanytirganother one of
drawings, wherein: [0035] FIG. 1A is an electrical schematic of a binary
BRPFCItDL B Ay seavEgthatcerdingpta thietheoamrilifed38) G .the second
a graph of a D/A converter; [0037] FIG. 2 is an electrical schematic of a

pness oapaeitorotisay BEAT doaveRér@ecording to a prior art; 14 [0038]

FIGs. 3A-3C are electrical schematics of a capacitive-resistive D/A

convellied &2 bxemplethecdafipuesiotis: [0039PAIG . comtisesits theighiyg DACs
converter of FIG. 3B during a sampling phase for a first digital value; _
JoRre]FIG g Rlikgasssaka I Arsneater of PRETSEdiifRyrasises selectively

integrating phase for a first digital value; [0041] FIG, 4C is an exemplary
gensrabng ik iresians gig ceptrol the X capacitive DACs and the first DAC.

The method comprises using the X capacitive DACs to successively approximate
an analog input signal. The first DAC comprises a capacitive DAC.

[0033] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purp‘oses of

illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0035] FIG. 1A is an electrical schematic of a binary capacitor array

D/A converter according to the prior art;
[0036] FIG. 1B is a graph of a D/A converter;

[0037] FIG. 2 is an electrical schematic of a linear capacitor array D/A

converter according to a prior art;
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[0042] FIG. 4D is an exemplary truth table for the circuit of FIG. 3C;
[0043] FIG. 5 illustrates the D/A converter of FIG. 3B during a sampling
phase for a second digital value; [0044] FIG. 6 illustrates the D/A
converter of FIG. 3B during a sampling phase for a third digital value;
[0045] FIG. 7 illustrates the D!A converter of FIG, 3B during a sampling
phase for a fourth digital value; [0046] FIG. 8A is an electrical schematic
of a capacitive-capacitive D/A converter; [0047] FIG. 8B is an electrical
schematic of a capacitive-capacitive D/A converter in a sample and

integrage seNfigeratiors 408484 el G iyl atesribiicD/6f convereltiot FiSistive
8B during a sampling phase for a first digital value; [0049] FIG. 8D
ilastsiesrtbeib A eapiaenofiiGiBBduring an integrating phase for a

first digital value; 15 [0050] FIG. BE illustrates the D/A converter of FIG.

8B duiingpa] sarhjlingiphakestortassebend igitalirnvadder (@058 FIGEBEuUring a
illustrates the D/A converter of FIG. 88 during a sampling phase for a
¢himptirgitah eeduer @053 Fatal8@likistrates the D/A converter of FIG. 8B
during a sampling phase for a fourth digital value; [0053] FIG. 8H is an
exemdR¢AIming (GagtBmilkrdigiag Sampify &RaVRitegrafing phadesderng an
LSB and MSB portions;

integrating phase for a first digital value;

[0041] FIG. 4C'is an exemplary truth table for the circuit of FIG. 3B,

[0042] FIG. 4D is an exemplary truth table for the circuit of FIG. 3C;

[0043] FIG.5 illustrates the D/A converter of FIG. 3B during a sampling
phase for a second digital value;

[0044] FIG. 6 illustrates the D/A converter of FIG. 3B during a sampling
phase for a third digital value;

[0045] FIG. 7 illustrates the D/A converter of FIG. 3B during a sampling
phase for a fourth digital value;

[0046] FIG. 8A is an electrical schematic of a capacitive-capacitive D/A
converter;

[0047] FIG. 8B is an electrical schematic of a capacitive-capacitive D/A
converter in a sample and integrate configuration;

[0048] FIG. 8C illustrates the D/A converter of FIG. 8B during a
sampling phase for a first digital value,

[0049] FIG. 8D illustrates the DJ/A converter of FIG. 8B during an

integrating phase for a first digital value;
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[0054] FIG. 81 is an exemplary timing diagram showing sampling and
integrating phases for LSB and MSB portions; [0055] FIG. 8J is an

exemplary truth table for the D/A converter of FIG. 8B; [0056] FIG. 9A
illustrates an N-stage capacitive D/A converter; [0057] FIG. 9B illustrates

an N-stage capacitive-resistive D/A converter; [0058] FIG. 9C is an
exemplary timing diagram showing non- overlapping sampling and

integrating phases for additional stages; [0059] FIG. 9D is an exemplary
timing diagram showing overlapping sampling and integrating phases for
additidP@58tagesi008D] HiGIrEtss dheeletficaPsrRERTaRE § 8B during a
successive approximation AID converter according to the present
saventierptees PR acPAdS g isetteal schematic of a pipelined A/D
converter according to the present invention; 16 [006%% FI?. }18-11D ,
illustrd@0RHal aftthofiiddi Faiate D8Ity es; CRHDESIET & 12K iRratesng 2

an A/D converter that generate&%qideal residue voltage according to the

HERANCIREREJRT P OBH Ei&a1 ¥8'Yfustrates the A/D converter of FIG.
120 SRR RIS 20 e A0 et g
%9?8%5'%'1 e:xlszechi)Sr gqo%ﬁmﬁéw ygwegable for the A/D converter of

[0053] FIG. 8H is an exemplary timing diagram showing sampling and
integrating phases for LSB and MSB portions;

[0054] FIG. 8l is an exemplary timing diagram showing sampling and
integrating phases for LSB and MSB portions;

[0055]  FIG. 8J is an exemplary truth table for the D/A converter of FIG.

8B;

[0056] FIG. 9A illustrates an N-stage capacitive D/A converter,

[0057] FIG. 9B llustrates an N-stage capacitive-resistive D/A
converter;

[0058] FIG. 9C is an exemplary timing diagram showing non-
overlapping sampling and integrating phases for additional stages;

[0059] FIG. 9D is an exemplary timing diagram showing overlapping
sampling and integrating phases for additional stages;

[0060] FIG. 10 is an electrical schematic of a successive approximation
A/D converter according to the present invention;

[0061] FIG. 11Ais an electrical schematic of a pipelined A/D converter

according to the present invention;
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FIG. 12A; [0067] FIG. 13 illustrates the .A/D converter of FIG. 12A in a
residue amplification stage for a second voltage input value; [0068] FIG.
14 illustrates the AJD converter of FIG. 12A in a residue amplification
stage for a third voltage input value; [0069] FIG. 15 illustrates the A/D
converter of FIG. 12A in a residue amplification stage for a fourth voltage
input value; [0070] FIG. 16 is a graph illustrating variable interstage gain
and an ideal residue voltage of the circuit of FIG. 12A; [0071] FIG. 17A is
a functional block diagram of a hard disk drive; [0072] FIG. 17B is a

functigpabbiock diagrens of eodigitaaerrrile shskndRVk [RRTA]Herddés;
is a functional block diagram of a high definition television; 17 [0074] FIG.

17D igeolaictiorathlackdingsanecefl avehiDiecopntiabrsysiemel@edRkFHa. ideal
17E is a functional block diagram of a cellular phone; [0076] FIG. 17F is a
fegetienal fzlgekadiagtiing ob theatrteyehoxnandid®077] FIG. 17G is a

functional block diagram of a media player. DETAILED DESCRIPTION

OF THEOBRE FERRELXEMBERIMENT SV [DEI8MEHerfoflbWind Bésorgpsampling
of the preferred embodiment(s) is merely exemplary in nature and is in no
weas@tended to limit the invention, its application, or uses. For purposes

of clarity, the same reference numbers will be
[0065] FIG. 12C illustrates the A/D converter of FIG. 12A in a residue

ampilification stage for a first voltage input vaiue;

[0066] FIG. 12D is an exemplary truth table for the A/D converter of
FIG. 12A;

[0067] FIG. 13 il!ustratés the A/D converter of FIG. 12A in a residue
amplification stage for a second voltage input value;

[0068] FIG. 14 illustrates the A/D converter of FIG. 12A in a residue
amplification stage for a third voltage input value;

[0069] FIG. 15 illustrates the A/D converter of FIG. 12A in a residue
amplification stage for a fourth voltage input value;

[0070] FIG. 16 is a graph illustrating variable interstage gain and an
ideal residue voltage of the circuit of FIG. 12A;

[0071] FIG. 17Ais a functional block diagram of a hard disk drive;

[0072] FIG. 17B is a functional block diagram of a digital versatile disk
(BVD);

[0073] FIG. 17C is a functional block diagram of a high definition

television;

17



used in the drawings to identify similar elements. As used herein, the term
module, circuit and/or device refers to an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor (shared, dedicated, or
group) and memory that execute one or more software or firmware
programs, a combinational logic circuit, and/or other suitable components
that provide the described functionality. As used herein, the phrase at
least one of A, B, and C should be construed to mean a logical (A or B or
C), using a non-exclusive logical or. It should be understood that steps
withinraomgthodnay trexecutachdniatiierbhiosrdBagvishouifakieriagithe control
principles of the present invention. [0079] Referring now to FIG. 3A and
syBeeapacitive-resistive D/A converters 100, 100-1 and 100-2 are shown.
For simplicity, an N=4 bit example is shown in FIGs. 3A-3C. Skilled
artisa@0wHl] apprasiateRhaeNurmtibaas ook agtisen atimbelssf bitene;
Various types of output circuits 102 may be used. Additional connections
104, ibicFBinayFaBniBg nisthb simeidienndewas) Aa/selerégx: and
depending upon the function that is desired. For example in FIG. 3B, the
DAC 100771s sHd@n1AQ isaniieclifBahRigrktd i @araTg R ShesRi PTG,
3C, a DAC 100-2 is shown with a sample and hold configuration. [0080]
In this example, the two most significant bits (MSBs) are allocated to a
capacitive portion 110 and the two least significant bits (LSBs) are
allocated to a resistive portion 120. In the Figures that follow, the capacitor

R LTl e e S T
includeg capaciters, Cly GRirGg3 @Wription of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers will be
used in the drawings to identify similar elements. As used herein, the terfn
module, circuit and/or device refers to an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and
memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide the
described functionality. As used herein, the phrase at least one of A, B, and C
should be construed to mean a logical (A or B or C), using a non-exclusive
logical or. It should be understood that steps within @ method may be executed
in different order without altering the principles of the present invention.

[0079] Referring now to FIG. 3A and 3B, capacitive-resistive D/A
converters 100, 100-1 and 100-2 are shown. For simplicity, an N=4 bit example

is shown in FIGs. 3A-3C. Skilled artisans will appreciate that N can be set to
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C4. In the preferred embodiment, the capacitors C1, C2, C3 and C4 have

a substantially equal capacitance value. The capacitors may have

substantially the same capacitance value, in other words C1=C2 = C3 =

C4. As will be described further below, the capacitors are selectively

switched by switches SW4MSB, SW3MSB, SW2MSS, and SW,MSB

(collectively switches SWM) between a voltage reference V,ef, a

reference potential such as ground, and a common node 130 between

the resistive portion 120 and the capacitive portion 110. [0082] The
otfesistueperioff 1itsincMaEsyesivens Fol, RUPH3 Gt . 1H¢ theay be used.

preferred embodiment, the resistors R1, R2, R3 and R4 have a _
Agdisinantian)neeiR T SiiaMeieVaNRY. 9B TEIAbRE MUY HIRRE TSRS may

resistance value, in other words R1 = R2 = R3 = R4. As will be escri%%d 3B

bHAH 1SEIBA A 8RR A8 CthdRREdSITSEHEY betie A Bratt’
R SR L P B A P M

lectivel itches SWL) and . de 130
o B A G e ot was
descri@%%

quV% 'M'geeﬁamgls,awﬁeh%ccmﬁgvre@mé‘aﬁtsmnmg@ are
of the

apacitances C1, C2, C3 and C4 are switched to the output of the
a?\ ifier during shesregpriBhaseool thereapasibepogianchh bibeLsBs) are
ee

ack capacitance Cf may be omitted, [0084] Referring now to FIG.
AR cthedPAcanventer o6 380is shewne dugingasamlingvphiasedpadtor C;
first digital value (0011). Initially, the switch 16 is closed, the switch 18 is
\nanedriwhthetic apaeitons 632,00 8dirat dChctinesswittb eth Byhaeispedtiaenple and
switches to the reference potential, which may be ground. The
integrate configurations.

[0081] The capacitive portion 110 includes capacitors C4, C;, C; and
Ca. In the preferred embodiment, the capacitors Cq, Cz, C3 and C4 have a
substantially equal capacitance value. The capacitors may have substantially the
same capacitancé value, in other words C4= C, = C3 = C4. As will be described
further below, the capacitors are selectively switched by switches SWauss,
SWamss, SWause, and SWiuss (collectively switches SWy) between a voltage
reference V., a reference potential such as ground, and a common node 130
between the resistive portion 120 and the capacitive portion 110.

[0082])  The resistive portion 110 includes resistors R4, Ry, Rz and R..
In the preferred embodiment, the resistors Ry, Rz, Rz and R4 have a substantially
equal resistance value. The resistors may have the same resistance value, in
other words Ry = R, = R3 = Rs. As will be described further below, the resistors

are connected in series between Vs and a reference potential such as ground.
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capacitor C1 is connected to the common node. The capacitive portion
110 will be in this configuration when the desired binary value is between
0000 and 0011. One of the resistive switches SW4L5B, SW3LSB,
SW2LSB, and SWILSB is closed to create a voltage divider. In the
example shown in FIG. 4A, the switch SW4LSB is closed to provide 4V ,.
A charge is accumulated on the capacitor C1 that is equal to VWACcC, ,
where V,L;AL is the voltage provided by the resistive portion 120. [0085]
Referring now to FIG. 4B, the D/A converter of FIG. 3B is shown during

randptegating phaseréaistoeslicstsdigted yayes@hbs 1BWhisaha®e; tae SWass,
switch 16 is opened, the switch 18 is closed and the voltage value is
AP, 1o, el rupliiorsididising W changecequalization deproechptheode 130
total charge before changing the position of the switches 16 and 18 is

te e te theottigb chieinye.after changing the position of the switches 16

and 18: 20 Qr =VC f = VRDACV > C, V =Vac C The value of Cf can be

set eqUi4ias]C1,T0R, S8rael @i dniggaedcicrdianatheesetipgtvahage |n the
and not be equal to C 1, C2, C3 and C4. In the example above, Vac =4V
srmAkecandbecip prstigteatiane i keeanhredsecidiirserPasiteResac, C2 Ca

=0,VDAC = GV.f,orVA, = 2V, f by selecting the switch SWILSB, SW2LSB
ondSWaISBY FEBRECAVES CUBU (3R BR PSSR S I SaRGSng faase of the

value of Cf relative to C1, C2, C3 and C4. For example, if Cf=C1 + C2 +
EPIHHS PR e Butpl TR L ARRT PRt PGS O RShr 4

oo riB £ emets. ARG LRSI HIRY BRNAR DR A RABIFNE 55 %nown
during a sampling phase for a first digital value (0011). Initially, the switch 16 is
closed, the switch 18 is opened and the capacitors Cp, C; and Cy4 are switched by
respective switches to the reference potential, which may be ground. The
capacitor Cq is connected to the common node. The capacitive portion 110 will
be in this configuration when the desired binary value is between 0000 and 0011.
One of the resistive switches SWay ss, SWaLss, SWaiss, and SWisg is closed to

create a voltage divider. In the example shown in FIG. 4A, the switch SWy s is

closed to provide —3—Vref. A charge is accumulated on the capacitor C4 that is
4

equal to V,,,.C,, where V. is the voltage provided by the resistive portion 120.

[0085] Referring now to FIG. 4B, the D/A converter of FIG. 3B is shown
during an integrating phase for the first digital value (0011). In this phase, the
switch 16 is opened, the switch 18 is closed and the voltage value is épplied to
the amplifier 20. Using a charge equalization approach, the total charge before
changing the position of the switches 16 and 18 is equal to the total charge after
changing the position of the switches 16 and 18:

20



converter of FIG. 3B is shown. In this example, Cf is equal to C1, C2, C3
and C4 although other values may be used for scaling. Referring now to
FIG. 4D, a truth table for the exemplary converter of FIG. 3C is shown.
[0087] Referring now to FIG. 5, the D/A converter of FIG. 3B is shown
during an integrating phase for a second digital value (0111). Initially, the
switch 16 is closed, the switch 18 is opened and the capacitors C3 and
C4 are switched by respective switches to the reference potential, which
may be ground. The capacitor C2 is connected to the common node 130

and the capacitor Ci is connegtediio fV:Eef. The capacitive portion 110 will

be in this configuration when the dedir %inary value is between 0100
and 0111. One of the resistive” swjiches:SWALSB, SW3LSB, SW2LSB,
and SWI1LSB is closed to create a voltgge divider. In the example shown
in FIG. 5, the switch SW4, SB is closed to provide 21 44V~f. A charge is
Taecusutatgd@ctire wapatitgue2ith@tis@gual tandd, GACC e whedetpACat the
the voltage provided by the resistive portion. A charge is also
catpuimuddtesk eandapaiciter @ued tal @a VQICT s [@088] Dulinghancixesgpairapove,
phase for the second digital value (0111). the switch 16 is opened, the

pwitch 13 is C'Oﬁsdc%{e\d the ygliage value isarpligd totheppllier2isied to

Usihg a ctiarge equalization approach, the total charge before changing
the position of the switches 16 and 18 is equal to the total charge after

hanginghe pobijon of he Wihas,18ABRAE R SHEH SHRAS Siss or
SWa s, respectively. Scaling can be performed by adjusting the value of Gy
relative to C4, Co, Cz and C4. For example, if Cf = C4 + Cy + C3 + Cy4, then the
output ranges 0 to near V. rather than 0 to near 4 Vi in this example.

[0086] Referring now to FIG. 4C, a truth table for the exemplary
converter of FIG. 3B is shown. In this example, C; is equal to C4, C,, C3 and C4
although other values may be used for scaling. Referring now to FIG. 4D, a truth
table for the exemplary converter of FIG. 3C is shown.

[0087] Referring now to FIG. 5, the D/A converter of FIG. 3B is shown
during an integrating phase for a second digital value (0111). Initially, the switch
16 is closed, the switch 18 is opened and the capacitors C; and C, are switched
by respective switches to the reference potential, which may be ground. The
capacitor C; is connected to the common node 130 and the capacitor Cy is
connected to Vi The capacitive portion 110 will be in this configuration when
the desired binary value is between 0100 and 0111. One of the resistive
switches SWaise, SWalss, SWaiss, and SWy g is closed to create a voltage
divider. In the example shown in FIG. 5, the switch SWy g5 is closed to provide
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The value of Cf can be set equal to C1, C2, C3 and C4 or be used to
scale the output voltage and not be equal to C1, C2, C3 and C4. If Cf, C,
and C2 are the same, V =V,0Ac+V r. [0089] Referring now to FIG. 6, the
D/A converter of FIG. 3B is shown during an integrating phase for a third
digital value (1011). Initially, the switch 16 is closed, the switch 18 is
opened and the capacitor C4 is switched by a respective switch to the
reference potential, which may be ground, The capacitor C3 is connected
to the common node 130 and the capacitors C, and C2 are connected to

Vief. The capacitive portion 110 will be in this configuration when the
2 asiref SR B BUAREEh T000 3G TOLE Ore BFS TERIGE Voo Co
switches SW4LSB, SW3Lsa, SW2Lss, and SW1LSB is closed to create a
whgiage dMQ%éW@@éwmewﬁani@s@u\t@epawim SW4keRdsis also

closed {&'provide 22 c charge 1s accumulated on the capacitor C3

that is equal to V,~DACC,, where 1RDAC is the voltage provided by the
a?&é’i@%@%‘gﬁ%ﬁéﬁa(%%g%é i%qéigg%a?cﬁéﬁmated on capacitors Cf and C2

that is equal toT, (C, +C,). [0090] During an integratin ase for the third
digit;[%ﬁijﬁé (163_‘1')*!*9@@%}@&53%@9[; ‘Igb%??eé?rt es%iﬁ%ﬁ%éﬁg‘@g%é@%g@ ).
the voltage value is applied tq.the amplifier 20. Using a charge s
By SHEAUGA SpBrBaEt: (6 BUIFENLAgS eTartANaNGi g I Bodl B PP

position 0

the switches 16.,and 18 is e uahto the 5;%) W%@ g@gn ' e charae
t%o@ﬁoﬂnaﬁfa rs@cls;cht%”i% &nd %@&%p g =VRr, é+v’, %}g + %%/ 9
b:ef\éréccr%n-@%glltr% %s&t?&ln of the switches 16 and 18 is equal to the total
charge after changing the position of the switches 16 and 18:

Or = ch =Vipsc G +Vrej'cl;

C C
V= VRDAC —2+Vref —*.
Cf Cf

The value of C¢ can be set equal to Cy, C;, C; and C4 or be used to scale the
output voltage and not be equal to C4, C2, Cs and Cs. If Gy, C4 and C are the

same, V =V, V-

[0089] Referring now to FIG. 8, the D/A converter of FIG. 3B is shown
during an integrating phase for a third digital value (1011). Initially, the switch 16
is closed, the switch 18 is opened and the capacitor C4 is switched by a
respective switch to the reference potential, which may be ground. The capacitor
C, is connected to the common node 130 and the capacitors C4 and C, are
connected to V,er. The capacitive portion 110 will be in this configuration when
the desired binary value is between 1000 and 1011. One of the resistive
switches SWa se, SWaise, SWass, and SWyse is closed to create a voltage

divider. In the example shown in FIG. 8, the switch SWa.sp is closed to provide
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The value of Cf can be set equal to C1, C2, C3 and C4 or be used to

scale the output voltage and not be equal to C,, C2, C3 and C4. If Cf, C1,

C2 and C3 are the same, V =Vnoac+2V,v. [0091] Referring now to FIG.

7, the D/A converter of FIG. 3B is shown during an integrating phase for a

third digital value (1111). Initially, the switch 16 is closed and the switch

18 is opened. The capacitor C4 is connected to the common node 130

and the capacitors Cf, C2 and C3 are connected to Vref. The capacitive

portion 110 will be in this configuration when the desired binary value is
between 1100 and 1111. One of the resistive switches SW4LSB,
fngga,chsmLIS@,CﬁHawswﬁ_dsme%%@@@'&é&e gasliagadnlider/im.cC; »

he example shown in FIG. 7, the switch SW4 SB is closed to provide

Vef. A charge,i I : c [ 14t is gQ :
R et s T o ooy g e oo Sk, & o=
charge is accumulated on capacitors C1, C2 and C3 that is equal

AeRprtieietee o1 E2P 2R555 ‘D g ! Tter&BHG pRAse forthe) fourth

digital value (1111). the switch 16 is opened, the switch 18 is closed and

the voledg@lalueusiappiiedntearalingnpliftee2fprusinghirchdigital value (1011).
equalization approach, the total charge before changing the position of ‘
e swiethts Beoasias Meqydidd Ikttt serarge éﬁﬁeweha%m@iqﬁés applied
position of the switches 16 and 18: Qr =VCf =VROACC4+VeJ(C,+C3+C,);

g ﬁhﬁ(ﬁ@‘@‘i’f(f-@?DA@'@@@f charge equalization approach, the total charge

before changing the position of the switches 16 and 18 is equal to the total

charge after changing the position of the switches 16 and 18:

Or =VC, =Vip e G+ 7V, (C + G

C C +C
V:VRDAC-‘C"‘j’“'FKE[ ]Cf .

The value of Cs can be set equal to C4, Cy, C3 and Cy4 or be used to scale the
output voltage and not be equal to C4, Cz, Cz and C4. If Cy, C4, C2 and Cj are the
same, V =Vype +2V,,

[0091] Referring now to FIG. 7, the D/A converter of FIG. 3B is shown
during an integrating phase for a third digital value (1111). Initially, the switch 16
is closed and the switch 18 is opened. The capacitor C4 is connected to the
common node 130 and the capacitors C4, C; and C; are connected to V,er. The
capacitive portion 110 will be in this configuration when the desired binary value

is between 1100 and 1111. One of the resistive switches SWy sg, SWaiss,

SWy sa, and SWi ss is closed to create a voltage divider. In the example shown

in FIG. 7, the switch SW._ss is closed to provide %V,Ef. A charge is accumulated

23



The value of Of can be set equal to Cf, C2, C3 and C4 or be used to scale
the output voltage and not be equal to C1, C2, C3 and C4. If Cf, CI, C2,
C3 and C4 are the same, V =VRDAC+3V,v. [0093] Referring now to FIG.
8A and 8B, a nested segmented capacitive-capacitive D/A converter 108
according to the present invention is shown. In FIG. BA, the output circuit
102 is shown. In FIG. 8B, an exemplary sample and integrate
configuration is shown. The capacitive portion 110 operates as described
above. For purposes of clarity, the capacitors C1, C2, C3 and C4 have

oRes8 teleheter €AMaGEMqtaNband CaM wheesand capaniiveipagatovided
150 is associated with the two least significant bits and includes

bgﬁﬁé%%ﬁét%po@ﬂm&%% alis The-vriage-Rrevides ke ESBc, and C;

apacitive portion 150 is 24 VCDAC. The second capacitive portion 150

50 2 $aynpling.and,iptegrating phase as will be described below.
t}%094 ?i%eferrlf?‘étnéw t6 F|C§S. 8C and 8D, an equivalent circuit of the 4

D/A c er of FIG. 8B during a.sampling ph is;sh f C =
DI ol st (RS Tore Qoo are e LA e T 1)
C41-.C3L and C2l are : Nl C : :
t@‘?osd’# ‘éc:hrl'ﬂé 'és'a%%%ﬂgr Cﬁgigs\?: arg eg()j' %‘OE@%%?:”A% @ﬁa@gg e@gg%u%ﬁ%tésd aopnp“e{j
t%h?hgag 'ﬁﬁ(eF'%dhaU_%iﬁgué' 1923 40032k BHriRg-the dRtegrativgal charge

hase, the switch 152 is opened and the capacitors C4L, C3L, C2L and
iethrarecannestaddndesmiback: The tiakelarge keforeghe switeh 45208 total

opened is the same as the total charge after the switch
charge after changing the position of the switches 16 and 18:

Oy =VC; =VapyeCo Vi (C+ C, + C);

C+C +C
V-—-VRDAC%W,#——L——CQ.
! 7

The value of C; can be set equal to C4, C,, C3 and C4 or be used to scale the
output voltage and not be equal to C4, Cz, C3 and C,. 1f Cy, C4, Cz, Cz and C, are

the same, V =V, +3V,,.

[0093] Referring now to FIG. 8A and 8B, a nested segmented
capacitive-capacitive D/A converter 108 according to the present invention is
shown. In FIG. 8A, the output circuit 102 is shown. In FIG. 8B, an exemplary
sample and integrate configuration is shown. The capacitive portion 110
operates as described above. For purposes of clarity, the capacitors Cs, Cz, Ca
and C, have been relabeled Cqy, Com, Cam and Cun. A second capacitive portion
150 is associated with the two least significant bits and includes capacitors Cy,

C,, Ca and Cs. The voltage provided by the LSB capacitive portion 150 is
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152 is opened. Therefore: QT = VCT = VrefCIL = V(CIL+CL+CIL' C4L); V
= CIL CIL+C2L}C3L+C4L Assuming that CIL, C2L, C3L and CA4L are
equal, V = 4 [0096] Referring now to FIG. BE, an equivalent circuit of the
D/A converter of FIG. 8B during a sampling phase is shown for VCDAC =
2 During sampling phase, the switch 152 is closed and the capacitors
C4L and C3L are connected to a reference potential such as ground. The
capacitors CIL and C2L are charged to Vref. A charge is accumulated on
the capacitors CIL and C2L that is equal to V f(CIL +C2L). 25 [0097]
\P§£ig!g ik IRRYAING Phases hersuilcisd5ads epened angithg aapasitorsting
(? L, C31-, CZL and CIL are connected in feedback. The total charge
hefosathe pwibchetbAospsiaed is the same as the total charge after the
switch 152 is opened. Therefore: Qr=VCr=T:ef(CIL+C2L)=V(CIL+C2, C3L

CAL); (Vo34 CILFGREr@Y. mdG2io 36 BCAr)dVeRssaminy itrerie @; o8&y iCS the
and C4 are equal, V = 2 [0098] Referring now to FIG. 8F, an equivalent

circuit of the D/A converter of FIG. 8B during a samplin% hasefis spown_ Ve
PP\ 80 OO DR S BRAZS, the S 189 T Cbcketc =

and the capacitor C4L is connected to a
During sampling phase, the switch 152 is closed and the capacitors Cay, Ca. and

C,_ are connected to a reference potential such as ground. The capacitor CqL is
charged 10 Vr. A charge is accumulated on the capacitor Cq that is equal to
VG

[0095]  During the integrating phase, the switch 152 is opened and the
capacitors Ca, Ca, Ca and Cy are connected in feedback. The total charge
before the switch 152 is opened is the same as the total charge after the switch
152 is opened. Therefore:

O, =VC, =V, C=V(C,+C+Cp +Cy);

C
V=V, 1 .
7 CIL + CZ.L + CBL + CdL

VI'E
Assuming that Cqi, CaL, CaL and Cy are equal, V = ——Zf»

[0096] Referring now to FIG. 8E, an equivalent circuit of the D/A

4 .
converter of FIG. 8B during a sampling phase is shown for V,,. = 7 During

2

sampling phase, the switch 152 is closed and the capacitors Cs_ and Ca_ are
connected to a reference potential such as ground. The capacitors Cq and CaL
are charged to Vye. A charge is accumulated on the capacitors C4_ and Co that is
equalto V_.(C, +C,,).
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reference potential such as ground. The capacitors CIL, C2L and C3L are
charged to Vref. A charge is accumulated on the capacitors CIL. C2L and
C3L that is equal to Vr f(CIL+C2L +C3L). [0099] During the integrating

phase, the switch 152 is opened and the capacitors C4L, C3L, CzL and

CAL are connected in feedback. The total charge before the switch 152 is
opened is the same as the total charge after the switch 152 is opened.
Therefore: QT =VCr =V,1CIL +CzL C3L) =V CIL +C2L +C3L +CA4L);

V=V CIL+C2L+C3L (C,,L -{- C#L +C3L + C4L) 3V Assuming that CIL,

C2L, G8boand Calravg euakagratihg. pR6{6100] Refetiinghosvdpdrka. and the
8G, an equivalent circuit of the D/A converter of FIG. 8B during a
saaplingspbasetis sBewarforGeDAE candeTied bwitstiassbciatée with! charge
this position may be omitted since this value can be already be obtained
hyforsirtt ehevitekt MBS B pttisdaséhenesonenesciisalsitershargeatiay Sgeswitch
connected to ground. If a switch is used, during sampling phase the

shatch s esiclddedeivie the capacitors CIL, C2L, C3L and CAL are

charged to Vlef. A charge is accumulated on the capacitors CIL, C2L,

C3L and CA4L thék is "égual 1p(Vt(C18+C 2UAE3L 64 1) G0 164 Buring the
integrating phas}e/r, the switch(;éz, ts,0pened and the capacitors C4L, C3L,
C2iand CIL are cor’(me%@g JrrieggbackoThe total charge before the

switch 152 is opened is tiie sathe a¥ the fotal charge after the switch

V
Assuming that C4, Co, C3 and Cy4 are equal, V' = -—’21.
[0098] Referring now to FIG. 8F, an equivalent circuit of the D/A
| , : : 37, _
converter of FIG. 8B during a sampling phase is shown for V., =T. During

sampling phase, the switch 152 is closed and the capacitor C4_ is connected to a
reference potential such as ground. The capacitors C4., C2L and Cg_ are charged
to Veer. A charge is accumulated on the capacitors Cq., CzL and Cy that is equal

to Vref(CIL + Gy +Gop)-

[0089] During the integrating phase, the switch 152 is opened and the
capacitors Ca, Ca., Cou and Cq are connected in feedback. The total charge
before the switch 152 is opened is the same as the total charge after the switch

152 is opened. Therefore:

O =VC; = qu/(cu +C +C)=VI(C, +C + G, +C )
V=V C1L+C2L+C3L R
mf’ (CL+C+C, +Cyy)

K14
Assuming that Ci, Ca, Ca and Cs are equal, V="

26



152 is opened. Therefore: n QT =VCT = rYref (CIL +CzL +CIL +CA4L) =V

(C" L +CIL +C3L +C4L); V CIL+C',L+C3L+CA4L -Vr (CIL+CIL+CIL+CIL)

[0102] Assuming that CIL, C2L, C3L and C4L are equal, V =V ,5. [0103]
Referring now to FIGs. 8H and 81, non-overlapping and overlapping

timing diagrams are shown for sampling and integrating phases for LSB

and MSB capacitive portions. The timing of the sampling and integrating
phases can be non-overlapping as shown in FIG. 8H. Alternately, the
sampling phase of the LSB capacitive portion can fully and/or partially

overlap the integrating phase of the MSB capacitive portion as shown in

FIG. 81. 27 [0104] Referring now to FIG. 8J, a truth table for the D/A
converteros] shargie Amgandae apiFeGiated, the LERiswitehesicalt s the D/A
connected in feedback and/or to ground during the MSB-integrating
ahasgiandDIFean BBgHutg nexakBBranmipting Ehasews desdrihed=7, . The
herein. [0105] Referring now to FIG. 9A-9D, additional capacitive and/or
LGRISHVEIAGRAY LGNS Ay he addeda FiE. SfiteuNsHagaaarasii¥ecan be

D/A converter 170 is shown. The converter 170 includes capacitive

ReLtiensBGhiabled. by B nakichisre apsegiateskwithb B iiexXapacitors

LSB, ..., and MSB groups. For example, a 6 bit example can include
eRRAGIvE Po-ienaRGbBG 3rantiBGida Eatkicapassyeduoripean@ling phase
include four capacitors as shown and described above. Each of the

tapacitive pbrtiensdselides saenplipgdionds C4., C2, Ca and Cy are charged to
Vier. A charge is accumulated on the capacitors Cqi, Cz, Ca. and Cy4 that is

equalto V(G +C,, + G +Cyp).

[0101] During the integrating phase, the switch 152 is opened and the
capacitors C4, Ca., Co and Cq are connected in feedback. The total charge
before the switch 152 is opened is the same as the total charge after the switch
152 is opened. Therefore:

O =VC = qu(cn: +C + G +C ) =VI(C, + G + G +Cyy )
— Cp+Cy+C, +Cy

V=V, .
(Cu+ G +C + Gy

[0102] Assuming that Cq, Co, C3. and Cy are equal, V' = qu,.

[0103] Referring now to FiGs. 8H and 8l, non-overlapping and
overlapping timing diagrams are shown for sampling and integrating phases for
LSB and MSB capacitive portions. The timing of the sampling and integrating
phases can be non-overlapping as shown in FIG. 8H. Alternately, the sampling
phase of the LSB capacitive portion can fully and/or partially overlap the

integrating phase of the MSB capacitive portion as shown in FIG. 8.
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integrating stages that may be non-overlapping and/or overlapping as
described above and below. [0106] In FIG. 9B, an N stage
capacitive-resistive D/A converter 180 is shown. One or more of the last
stages is a resistive portion as described above. In this example, there
are X-Y capacitive portions and Y resistive portions, where X and Y are
integers greater than zero. When resistive portions are used, the
sampling and integrating phases for the last capacitive stage and the final
resistive stage can be the same as described above. In FIG. 9C, an
exenpiary] timirgfdiagrRAbshvs GorsoVerlappingisamplinganmh converter is
integrating phases for additional capacitive stages. In FIG. 9D, an
sHRXeMPlRsyCEmMIDg diageamtsbowing SBllyeinctes patialy overtapgine feedback
sampling and integrating phases for additional capacitive stages is
arstiowno 28401a7H Réferting MOB-iotElfatliy psaseessiVerapprokiznatithe next
AID converter 200 is shown. The converter 200 includes a successive
L apraxipimiipph esgisted€Saied 0% mrimodule that contains logic for
resolving the digital bits as will be described further below. An output of
the SIRGR)4 is Refatrioderadetonmoldele 2B Lihatanali anelu depasibidieand/or
thermometer decoder 210 that communicates with and controls switches
resisaSBASWINISE, BARRSBIGRHH SWIMISB Aasgeubirgsesanandve D/A
output of the SAR. An output of the SAR 204 is input to a thermometer
CRBYYIIRF 38 tisaBEBWIMuAR&ELWRA SN CONRBINER RS EFAPLEONS BG:,

SW3LSB, SW2LSB, and SWILSB based.on L.SBs in the oytput of the SAR
w5, 'lOi@]dDéﬁ'?fb s, ARCIatER 1% PSH NEQYRM O G hiss

| e sSwi $ conmected to grburid.a@r?ds
R anaclon e L8nsreLbRShRANER Rike 4MEns BG,, BC,
and BGs;. Each capacitive portion may include four capacitors as shown and
described above. FEach of the capacitive portions includes sampling and
integrating stages that may be non-overlapping and/or overlapping as described
above and below.

[0106] In FIG. 8B, an N stage capacitive-resistive D/A converter 180 is
shown. One or more of the last stages is a resistive portion as described above.
In this example, there are X-Y capacitive portions and Y resistive portions, where
X and Y are integers greater than zero. When resistive portions are used, the
sampling and integrating phases for the last capacitive stage and the final
resistive stage can be the same as described above. In FIG. 9C, an exemplary
timing diagram shows non-overlapping sampling and integrating phases for
additional capacitive stages. In FIG. 9D, an exemplary timing diagram showing
fully and/or partially overlapping sampling and integrating phases for additional

capacitive stages is shown.
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the switch 16 is opened and the capacitors are disconnected by switches
SWMSB from V. The capacitor array is charged with a voltage based on
V;,,. The capacitors are then connected to ground by switches SWMSB,
which drives the common terminal negative to a voltage equal to -V;,
[0109] As the first step in a binary search algorithm, the capacitive and
resistive portions are configured to provide 1/2Vref as described above. In
other words, C4M is connected to the common node, C3M, C2M and CIM
are connected to Vref and the switch SW1LSE is closed. For example, if

V., iseag! to Ridirehdheoworsmpraerntina vl due skivendpprSrinatbn AD
1/2Vref) = - 1/4Vrf. When this voltage is compared to ground, the output
cafBREOPINGALNIAD yiElts cologictér HOpliioteat ¥/ suisgseatertiamximation
1/2Vref. If V;,, is equal to 1/4Vref, the common terminal voltage is
relgldtbyres AR 20ref)r=metidie rifatandritersutpgicofothes solviparterdz@tatoigs as
a logic V. This process continues with the next MSB or LSB depending
wilpba thesealrdofutieecdrajoaratdyroatppt st HiebiSRréteds Nl ivitifiecoder
capacitive-resistive implementation is shown, capacitive-capacitive,
moditbee2@Ap Huitivaney NiRghige cap JBiediieds i SiRETPpRihe ARARIY ard 0 that
also contemplated. [0110] Referring now to FIG. 11A, a pipelined A/D
CoBHUEREEIBDIE SRRV TIRISCOAUERE? S8 retudi¥sassiuriiiey e SBEEYY vse

252-1, 252-2, 252-3 llecti 2 h di ies. Each
DoP LR OUISEAE LoTaE SRS 555 0 WAL L QDI PR Tt o 2
module 254

that d_holds th log output signal -
S ek e i e R S

at conve

difid analgg signal, adqw-resalllion PIASas in the output of the SAR 204,

[0108] During acauisition, the switch 16 is connected to ground. Ends
of the capacitors are connected by switches SWusg to Vi, After acquisition of Vi,
the switch 16 is opened and the capacitors are disconnected by switches SWyss
from Vi,. The capacitor array is charged with a voltage based on Vi,. The
capacitors are then connected to ground by switches SWsg, which drives the
common terminal negative to a voltage equal to -Vi,.

[0109] As the first step in a binary search algorithm, the capacitive and
resistive portions are configured to provide 1/2V as described above. In other
words, Cau is connected to the common node, Cay, Com and Can are connected
10 V,er 2nd the switch SWyigp is closed. For example, if Vin is equal 1o 3/4Vre;, the
common terminal will be driven to (-3/4Vier + 1/2Vie) = - 1/4Ver. When this
voltage is compared to ground, the output of the comparator 20 yields a logic 1",
implying that Vi, is greater than 1/2Ves. If Vis is equal to 1/4V,e, the common

terminal voltage is (-1/4Vrer + 1/2V5er) = +1/4Vier, and the output of the comparator
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subconverter module 258 that converts the resulting digital output back
into an analog representation, a difference module 260 and an analog
interstage difference amplifier module 262 that amplifies the residue. The
residue is the difference between the held analog signal and the
reconstructed analog signal. [0111] The first stage 252-1 of the pipelined
A/D converter 250 operates on a most current analog input sample while
the second stage 252-2 operates on the amplified residue of the previous
input sample. The concurrency of operations results in a conversion

speed thafids detanmined oxdy by thie tissevittiatkes iexire SEage. [8B13kpending
Referring now to FIG. 11B-11D, ideal and non-ideal residue voltages are
Shewnhé FGe 14f Bhanddeglaesisue vipitageris! shibvirits\WWarenrtsehvedut While
reaches a first decision level of the A/D subconverter module 252, the 30
capputtiobthesstibeonveriemaendatide svatchieswo,itsapatitigher favdivadeN-stage
causing the output of the D/A subconverter to switch to its next higher
tearecTings indurn Nealasss thecpapliied eekitive toidreigmacketppero.are  also
[0113] In actual implementations, however, the components are not ideal
epotemRiaisiformity occurs. In FIG. 11 C, the residue voltage exceeds the

ideal value by a fixed amount. In FIG. 11D, the residue voltage exceeds

the i8N {diduSGEHERE BYPY VariaHie drivburit. RAS IR MHIEREHES 250 is
5B wiFRHich O4r o JREBATg e LAt TRren i o i 2523
A AR AR T SEleY SRR A comverer
stages 252 includes a sample and hold module 254 that samples and holds the
analog output signal from a prior stage, a low resolution A/D subconverter
module 256 that converts the held analog signal, a low-resolution D/A
subconverter module 258 that converts the resulting digital output back into an
analog representation, a difference module 260 and an analog interstage
difference amplifier module 262 that amplifies the residue. The residue is the
difference between the held analog signal and the reconstructed analog signal.

[0111] The first stage 252-1 of the pipelined A/D converter 250
operates on a most current analog input sample while the second stage 252-2
operates on the amplified residue of the previous input sample. The concurrency
of operations results in a conversion speed that is determined only by the time it
takes in one stage.

[0112] Referring now to FIG. 11B-11D, ideal and non-ideal residue

voltages are shown. In FIG. 11B, an ideal residue voltage is shown. When the

input reaches a first decision level of the A/D subconverter module 252, the
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output of the opamp 20. In some implementations, C1, C2, C3 and C4

have substantially equal capacitance values. [0115] Referring now to

FIGs. 12B-12D, the analog to digital converter of FIG. 12A is shown

further. In a sampling phase in FIG. 12B, the switch 16 is closed and the

capacitors are connected to V;,,. In a residue amplification stage in FIG.

12B for V;,, between 0 and C' V t ("A" in FIG. 12D), the C' C2 T C3+Cq

switch 16 is opened, the capacitor Cl is connected in feedback

arrangement. The capacitors C2, C3, and C4 are connected to the
ougferericaeotinialy#iruthotible Swishowmtin IR GexRbigoarleyRetertngausing

now to FIG. 13, in a residue amplification stage for V;h between C'V |
thenouti@it CHHT B/EBUbcPrEet2DYy Swikhitchite naxh hioBer, leveG 2+ aig+a tumn

31 16 is opened, the capacitor Cz is connected in feedback arrangement
cangkthib ecapmdiiet Cosidesrivetien Be 8K IoTHr@apacitors C3 and 04 are

connected to a reference potential. [0117] Referring now to FIG. 14, in a

residl@ b lificAtsRI4BlJE RIFVENBHRTS e NBNRYS v e GRTIROPERLS Fre not
("C"in FIG. 12D?, the switch C,+Ci:ér 3+%:§C +C2+CS+C§h%ésé oeg(%g%g,s the

il 5h oSy ¢ BN RS in R &dFac réh&err%%lﬂi’ ant
IR e SR T I RS s e
i gélipe%éﬁseic\i/% aabrg%gi%%%bie amount.

[0114] Referring now to FIG. 12A, an analog to digital converter 300
that generates a residue voltage with lower variation according to the present
invention is shown. Capacitors C4, C2, C3 and C4 are selectively connected to
Vi, a reference potential such as ground, a voltage reference (Vi) and to an
output of the opamp 20. In some implementations, C4, Cz, C3 and C4 have
substantially equal capacitance values.

[0115] Referring now to FIGs. 12B-12D, the analog to digital converter

of FIG. 12A is shown further. In a sampling phase in FIG. 12B, the switch 16 is

closed and the capacitors are connected to Vi,. In a residue amplification stage

G V. ("A” in FIG. 12D), the

[ . 12B for Vi, between 0 and .
in FIG. 12B for Vi be CiC +CaC ,

switch 16 is opened, the capacitor C4 is connected in feedback arrangement.
The capacitors C,, Ca, and Cs4 are connected to the reference potential. A truth

table is shown in FIG, 12D.

[0116] Referring now to FIG. 13, in a residue amplification stage for Vi,

V_.and G+G

between ‘ .
C+C,+C,+C, 7 C+C+C +C,

V,ef ("B" in FIG. 12D), the switch
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stage for V;,, between C1 +C2 +C3 V f and Vfer ("D" in FIG. 12D), the
switch 16 C,+C2+C3+C, is opened, the capacitor C4 is connected in
feedback arrangement and the capacitors C1, C2 and C33 are connected
to V,ef. Note that because the different capacitors are used as the
feedback capacitor during residue amplification, the residue gain can
perfectly track the capacitor mismatch. The residue voltage now looks as
shown in FIG. 16. There is a variable inter-stage gain and a substantially
constant maximum residue voltage. [0119] Referring now to FIGs.
16 7356 MRS QSIBRIATE . iImpiemestalions efdbeueseningeension e the
shown. Referring now to FIG. 17A, the present invention can be
cHBBISBETEkiRdNA6IcA/B copVeTiRssiapa tiard diskankive, 408. dorsmned to a
implementations, the signal processing and/or control circuit 402 and/or
refbemeiscpds(tiel. shown) in the HDD 400 may process data, perform 32
coding and/or encryption, perform calculations, and/or format data that is
outpuf{ Ott1Zid/o Refeginedniventcalitag v ti storeaigus ediphifiaaiBo o2 for Vin
The HDD 400 may communicate witgg hc:}% device (not shown) such as
a computer, Mpbile computing, devices such asper tgHal :
b§§§f§ anntg,1 (;Qj’Iqu,a(;Qph@r}]]’Z’é ,gr%%di}gom playépfg gr%? ?kbgiﬁ%é,gn%)/otrhe switch
other devices via one or more wired or wireless communication links 408.
TehesHRPL400imay hsseranested dormenedy i 08 sutshoR sdieafgamastessd the
memory (RAM), low latency nonvolatile memory such as flash memory,
¢apdamaiy raenanty CREM candiordtheNsyitable elestrdiic Gats stonageted to a
[0121] Referring now to FIG. 17B, the present invention can be
reference potential.

[0118] Referring now to FIGs. 15 and 16, in a residue amplification

C+C+G v,,and V., ("D"in FIG. 12D), the switch 16
C+C,+C,+C,

stage for Vi, between
is opened, the capacitor C, is connected in feedback arrangement and the
capacitors C4, C, and Cs are connected to V. Note that because the different
capacitors are used as the feedback capacitor during residue amplification, the
residue gain can perfectly track the capacitor mismatch. The residue voltage
now looks as shown in FIG. 16. There is a variable inter-stage gain and a
substantially constant maximum residue voltage.

[0119] Referring now to FiGs. 17A-17G, various exemplary
implementations of the present invention are shown. Referring now to FIG. 17A,
the present invention can be implemented in D/A or A/D converters in a hard disk

drive 400. In some implementations, the signal processing and/or control circuit

402 and/or other circuits (not shown) in the HDD 400 may process data, perform

32



implemented in D/A or AID converters in a digital versatile disc (DVD)

drive 410. The signal processing and/or control circuit 412 and/or other
circuits (not shown) in the DVD 410 may process data, perform coding

and/or encryption, perform calculations, and/or format data that is read

from and/or data written to an optical storage medium 416. In some
implementations, the signal processing and/or control circuit 412 and/or

other circuits (not shown) in the DVD 410 can also perform other

functions such as encoding and/or decoding and/or any other signal
c%@ﬁ%séH&QJPBHE%@ﬁ?B%W%V&%MlQn}éﬁsdfﬁff‘d/B}Jf%%JnEh%Qé(%Q{ MEoutput
410 may communicate with an output device (not shown) such as a

t6URBIEFelRIRUIS PR ORI ARG IAR A& T eOyired or wireless
communication links 417. The DVD 410 may communicate with mass

data sforaag 418 tBatsoresalayntameviGiitewitannenst e viasgdatiown)
storage 418 may include a hard disk drive (HDD). The HDD may have the

S porfiguratemphwn indbiE. LofmglitegDi2vivey bewwminsHpP&Idbaal digital
includes one or more platters having a diameter that is smaller than
appsexizatellidl8” pAdeebViDetlio mayWitScplayectednd rienbky 4a0¢Eactother
as RAM, ROM, low latency nonvolatile memory such as flash memory
amdfarsotte oseitabeoesiredic Ut Sesagenor B Fisfe i g toThe HDD
FIG. 17C, the present invention can be implemented in D/A or A/D
éaa\i@ﬁérquawgﬁ%féﬁ%im@ré\ﬁ%rﬁmg”ﬁwa@@@nm@@@@?mmw (RAM),
receives HDTV input signals in either a wired or wireless format and

ln EriaBeYH TP BB UT SIGRRISSH h RdRA) T8 AsdRRe! only memory (ROM)

implementations, | processing circuit and/or control circuit 422

3RA/5F BHRET %W&H%%%{,@omc ata storage.

[0121] Referring now to FIG. 17B, the present invention can be
implemented in D/A or A/D converters in a digital versatile disc (DVD) drive 410.
The signal processing and/or control circuit 412 and/or other circuits (not shown)
in the DVD 410 may process data, perform coding and/cr encryption, perform
calculations, and/or format data that is read from and/or data written to an optical
storage medium 416. In some implementations, the signal processing and/or
control circuit 412 and/or other circuits (not shown) in the DVD 410 can also
perform other functions such as encoding and/or decoding and/or any other
signal processing functions associated with a DVD drive.

[0122] The DVD drive 410 may communicate with an output device
(not shown) such as a computer, television or other device via one or more wired
or wireless communication links 417. The DVD 410 may communicate with mass
data storage 418 that stores data in a nonvolatile manner. The mass data

storage 418 may include a hard disk drive (HDD). The HDD may have the
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shown) of the HDTV 420 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other
type of HDTV processing that may be required. [0124] The HDTV 420
may communicate with mass data storage 427 that stores data in a
nonvolatile manner such as optical and/or magnetic storage devices. At
least one HDD may have the configuration shown in FIG. 17A and/or at
least one DVD may have the configuration shown in FIG. 176. The HDD
may be a mini HDD that includes one or more platters having a diameter

bt isasonalsniamaproxmately b8 Diheth Bé 420nmay DD cornectaties
to memory 428 such as RAM, ROM, low latency nonvolatile memory such

orf® 83'!3?:%?@@%%@?\6%@@&1 isHitabletgig g anicatliatatistor agerdkimetBIy 1 .8".
420 also may support connections with a WLAN via a WLAN network

Thenace 429. 34 \0d2 X Rrelectin mowntarfedG. 479, thetpasdihiMyvdrivh low
may implement and/or be implemented in D/A or AID convertersina
|a€onitol systentdé avahicte 480;ka A4 Al siterfarpomagndan sthegesgitable
the vehicle control system and/or a power supply 433. In some
elapienedtaticneiape. present invention implement a powertrain control
system 432 that receives inputs from one or more sensors such as
tempEPARRE seRetrsinBesNe Kerldds, 16tatioha JURSSHE, vRaliPn can be
sensors and/or any other suitable sensors and/or that generates o
FenG{BU BAAOPSRAREEREES ARG PPN P PR HeRre (D T V) 420.
transmission _operating eters, and/or other control signals..[0126]
i v A R S RS R Al e
40 of the venigle 430 TNE SRS SYSISR 449 MY hewiRg RS entations,

signal processing circuit and/or control circuit 422 and/or other circuits (not
shown) of the HDTV 420 may process data, perform coding and/or encryption,
perform calculations, format data and/or perform any other type of HDTV
processing that may be required.

[0124] The HDTV 420 may communicate with mass data storage 427
that stores data in a nonvolatile manner such as optical and/or magnetic storage
devices. At least one HDD may have the configuration shown in FIG. 17A and/or
at least one DVD méy have the configuration shown in FIG. 17B. The HDD may
be a mini HDD that includes one or more platters having a diameter that is
smaller than approximately 1.8". The HDTV 420 may be connected to memory
428 such as RAM, ROM, low latency nonvolatile memory such as flash memory

and/or other suitable electronic data storage. The HDTV 420 also may support

connections with a WLAN via a WLAN network interface 429.
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signals from input sensors 442 and/or output control signals to one or
more output devices 444. In some implementations, the control system
440 may be part of an anti-lock braking system (ABS), a navigation
system, a telematics system, a vehicle telematics system, a lane
departure system, an adaptive cruise control system, a vehicle
entertainment system such as a stereo, DVD, compact disc and the like.
Still other implementations are contemplated. [0127] The powertrain
control system 432 may communicate with mass data storage 446 that

storejoek@tg]in arpgavehatiesanaer. e mass date sipmged4bvaation may
include optical and/or magnetic storage devices for example hard disk

irﬂﬁr\éeﬁéﬁ%amﬂl/@é PMPsmAbieash @ DR/ Mayhare:thén condigioatiosten of
shown in FIG. 17A and/or at least one DVD may have the configuration

ashemiant B0Ga WWBANHetttRbanay e dataisitbtBE thiahin kil 85nome system
more platters having a diameter that is smaller than approximately 1.8".

ahbdépawpdvain sopiigl $38tenind 32mayipleorerdatadso thenpoppert7invention
such as RAM, ROM, low latency nonvolatile memory such as flash

imz eToeyaadiovettiain sursisleseide A darat seseiyes Thelisdiesteig or more
control system 432 also may support connections with a WLAN via a

SPISARS NEHHOrR In{EMRE AU TIRESEEMHUrOF 85StEm 2APRIAY HISRLIrRAdRensOrs,
mass data storage, memory and/or a WLAN interface (all not shown).

019 SRR FMGHOW tBTH G UiRN R S SR A pgeneraiks one or
implemented in D/A or AID converters in a cellu!%% h.oré(? 4501gr]attm%mission
TR R P LHRMICANERRAS 251" 1A S G IR e S i BAL T an iSF
SRR DT RIS S50 r0 gl cuput 45 such o

[0126] The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more
output devices 444. In some implementations, the control system 440 may be
part of an anti-lock braking system (ABS), a navigation sysiem, a telematics
system, a vehicle telematics system, a lane departure system, an adaptive cruise
control system, a vehicle entertainment system such as a stereo, DVD, compact
disc and the like. Still other implementations are contemplated.

[0127]  The powertrain control system 432 may communicate with mass
data storage 446 that étores data in a nonvolatile manner. The mass data
storage 446 may include optical and/or magnetic storage devices for example
hard disk drives HDD and/or DVDs. At least one HDD may have the

configuration shown in FIG. 17A and/or at least one DVD may have the

configuration shown in FIG. 17B. The HDD may be a mini HDD that includes
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jack, a display 460 and/or an input device 462 such as a keypad, pointing
device, voice actuation and/or other input device. The signal processing
and/or control circuits 452 and/or other circuits (not shown) in the cellular
phone 450 may process data, perform coding and/or encryption, perform
calculations, format data and/or perform other cellular phone functions.
[0129] The cellular phone 450 may communicate with mass data storage
464 that stores data in a nonvolatile manner such as optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs

oAL IsasipReHRBME ave therpendguration shawe ithEiGapbréxandtely 1.8".
at least one DVD. may.have the configuration shown in FIG. 17B. The
THPBdWaYhe doittoHB R thatibeludes beecummereplattersthayng4d such as
diameter that is smaller than approximately 1.8". The cellular phone 450
RNy, Fendnhegteddnonemonizt66 réérsoch asdR Al [IRDNh doveizitencyor other
nonvolatile memory such as flash memory and/or other suitable electronic
stidtsb Btoetearcitie dethulstoprgsne 456 dloy iyt @opyal RHHeTidss valpe may
a WLAN via a WLAN network interface 468. [0130] Referring now to FIG.
sLipBpthecprewaitinyentiorecHA-HeN iviglem¥htNmBIosk AMSEBRGefttfs The
in a set top box 480. The set top box 480 receives signals from a source
camrPhSyS DA MPL AT AHIB RS LM PUndRIRIK BRAREGnV AN

‘audio/video signals suitable for a display 488 such as a television and/or
iRBHRG6E 4Rl GthEMIieo and/or audio output devices. The signal

T SRR S e Bl S e o
n%fggnmer(\: 48‘{@%?‘@9\50?%%%@%?9/@é’%’éﬁ&ﬁ%@;ﬂ]&’oﬂ@“%é%&%ﬁnay include a
cellular antenna 451. In some implementations, the cellular phone 450 includes
a microphone 456, an audio output 458 such as a speaker and/or audio output
jack, a display 460 and/or an input device 462 such as a keypad, pointing device,
voice actuation and/or other input device. The signal processing and/or control
circuits 452 and/or other circuits (not shown) in the celiular phone 450 may
process data, perform coding and/or encryption, perform calculations, format
data and/or perform other cellular phone functions.

[0129] The cellular phone 450 may communicate with mass data
storage 464 that stores data in a nonvolatile manner such as optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may have the conﬁgurétion shown in FIG. 17A and/or at least one
DVD may.have the configuration shown in FIG. 17B. The HDD may be a mini

HDD that includes one or more platters having a diameter that is smaller than

approximately 1.8". The cellular phone 450 may be connected to memory 466
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box function. [0131] The set top box 480 may communicate with mass
data storage 490 that stores data in a nonvolatile manner. The mass data
storage 490 may include optical and/or magnetic storage devices for
example hard disk drives HDD and/or DVDs. At least one HOD may have
the configuration shown in FIG. 17A and/or at least one DVD may have
the configuration shown in FIG. 17B. The HDD may be a mini HDD that
includes one or more platters having a diameter that is smaller than
approximately 1.8". The set top box 480 may be connected to memory

5484 sucRas/RAMIMR OV, leite tlatg neyrvalatdatieememosy csuels defasmemory
memory and/or other suitable electronic data storage. The set top box

A80balstheraguiapleos! ectnmeictivais vsitbrage/L ANeviceAWE L ANonet#bikalso may
interface 496. 37 [0132] Referring now to FIG, 17G, the present invention
scapdre complestiensedtin DYXLANMMER coMViefttlrs i Hddfier isiag<6800. In

some implementations, the media player 500 includes a display 507
and/of@136ér inBefeBI®sshvada kepad/ foudhpadrasathem@ntiasorme be
implementations, the media player 500 may employ a graphical user
inRemesEU) %ﬁyﬁi&ﬁpwﬁ%ﬁwﬁﬁ%m&&aé\%-m%é?k’&ﬁsbw 480
and/or a point-and-click interface via the disg;l%f1 50% and/or user ingﬁt

15981 VERie @S grVRr 808FuitRestu@Ss dn PRAAS Y SPEE sAER aRUtPYtS

iRy BT R e R

ia player

ROSSHSR PSP SO NI SISO BN dovices
The signal processing and/or control circuits 484 and/or other circuits (not
shown) of the set top box 480 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other set top
box function.

[0131] The set top box 480 may communicate with mass data storage
490 that stores data in a nonvolatie manner. The mass data storage 490 may
include optical and/or rﬁagnetic storage devices for example hard disk drives
HDD and/or DVDs. At least one HDD may have the configuration shown in FIG.
17A and/or at least one DVD may have the configuration shown in FIG. 17B.
The HDD may be a mini HDD that includes one or more platters having a
diameter that is smaller tha’n approximately 1.8". The set top box 480 may be
connected to memory 494 such as RAM, ROM, low latency nonvolatile memory

such as flash memory and/or other suitable electronic data storage. The set top

box 480 also may support connections with a WLAN via a WLAN network

interface 496.
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[0133] The media player 500 may communicate with mass data storage
510 that stores data such as compressed audio and/or video content in a
nonvolatile manner. In some implementations, the compressed audio files
include files that are compliant with MP3 format or other suitable
compressed audio and/or video formats. The mass data storage may
include optical and/or magnetic storage devices for example hard disk
drives HDD and/or DVDs. At least one HDD may have the configuration
shown in FIG. 17A and/or at least one DVD may have the configuration

show ;{1@6 ggé;m%ﬂ%rqup@ s HIAD thAldBAludeRAASOTcan be
la

more rs having a diameter that is smaller than approximately 1.8".

1 mq%ﬁ@q playey;R0Qmaybe.crnBgeied {9 memenibi4asectas RAM, some
, IowW

atency nonvolatile memory such as flash memory and/or other

xrﬁ%ﬁ@rﬁlﬁw%ﬁ&”@r}%qﬂ@d%% Eae mediadayerspi, 3gp arayod8 user input
support connections with a WLAN via a WLAN network interface 516. Still
other, implerneniatians ipadditiendedhaselitescribesbatoiestenentations, the
contemplated. [0134] Those skilled in the art can now appreciate from the
rRIGEOEy slesouphaiy thah theybeogdphichings af theegeese (Bl etmtiortypically
can be implemented in a variety of forms. Therefore, while this invention
diasibpemdaseribeshind menneetios, vitbrsaetitlifzr @xarintiesdiricko tgiéace via
true scope of the invention should not be so limited since other
tmodifipaiobs7vah decarmerappar&ftio Tihe Blamkial PryGTiRPRILTESH BeiRs an

of the drawings, the specification and the following claims. 39 MCSLLP
audio output 509 such as a speaker and/or audio output jack. The signal

—

processing and/or control circuits 504 and/or other circuits (not shown) of the
media player 500 may process data, perform coding and/or encryption, perform
calculations, format data and/or perform any other media player function.

[0133] The media player 500 may communicate with mass data
storage 510 that stores data such as compressed audio and/or video content in 2
nonvolatile manner. In some implementations, the compressed audio files
include files that are compliant with MP3 format or other suitable compressed
audio and/or video formats. The mass data storage may include optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may have the configuration shown in FIG. 17A and/or at least one
DVD may have the configuration shown in FIG. 17B. The HDD may be a mini
HDD that includes one or more platters having a diameter that is smalier than
approximately 1.8”.  The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatiie memory such as flash memory

and/or other suitable electronic data storage. The media player 500 also may
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Claims 1. A pipelined analog-to-digital converter (ADC) comprising: a first
stage that receives an input voltage signal and that comprises an 5
analog-to-digital converter (ADC) that includes: an amplifier having an

input and an output; N capacitances that are connected in parallel and

that include first ends that selectively communicate with said input of said
amplifier and second ends; N switches that selectively connect said

second ends of said N 10 capacitances to said voltage input during a first
phase. one of said second ends of said N capacitances to said output of
ssigortidifies ddiorisgratisecorid\bhaize aandatherstobgaidtataond thdsolf other
said N capacitances to one of a voltage reference and a reference
ippientiahidtiong saatisticonic phese dwbeibrteruby ofesaidaseonladeds of

said N capacitances is selectively connectable to said output of said

amplifi@rt 3Hd 15 acsecokidestagetisatdopanuiivafiEgrsaIdButHR dPregoing
said amplifier. 2. The pipelined ADC of Claim 1 wherein said first phase is
desarmbiimythshase Brepd/iraeinssi @SB RIEIRAS P ALt BRI Pe Implemented
amplification phase. 20 3. A pipelined analog-to-digital converter (ADC) .
isomprasiaty fTfiferdage thatscaividin it VoRBER skfFRIRERI gscribed in
comprises an analog-to-digital converte C) that includes: an mplifier

A .
SRS AR TR Gl ERPIEpATAREEs i 36 CORRECEA P uenton
B e et 2 AR CRTBCBIE M o tne

0
er and second ends; N switc estfﬁatse Ive

cpnnscl said sscon s oLsaid N, capRcianges {0 sald 4UARERBA Lang tne

uring a first phase, of said second ends of said N
following claims.

39



10

15

20

25

30

capacitances to said output of said amplifier during a second phase, and
others of said second ends of said N capacitances to one of a voltage
reference and a reference 30 potential during said second phase; and a
second stage that communicates with said output of said amplifier, 40
MCSLLP wherein when said input voltage is between zero and a first
ratio of a first of said N capacitances divided by a sum of said N
capacitances, said fifdeohsaid N capacitances is connected to said output
of said amplifier and others of said N capacitances are connected to said
reference potential during said second phase. 5 4. The pipelined ADC of

Claim 3 wherdinPipaEncdainalegtiovdigigboen tatwd i Sai ¢ Fipse st and a
second ratio of g,sum & gaiddirstandasseondiaisaichN £APAGIRDGSSises an

divided by a sum of said N capacitances, said first of said N capacitances

rhglosnectiel®) cenysrtatdddferdrehbielwdier second of said N
capacitances is conngcigghtRdionseid oanHpof sridaowpfier and others of

said N capacitances are connected to said reference potential during, said

second phase. 5. The' SRRefHatcADRbIE coRMeCiHAdPiATlIfE Ahifahingtude first

vallagaiseRetwescsaithescandwatie Al ehathitskaliampryimalsaisd ends;
first, said second and a third 15 of said N capacitances divide(é by a sum

of said N capacitanchsS ¥4 R ey L¥ conacst S eeapsdtanisaid N

arpLnnesies Jasaidiveltagrraierenadisaihibidb ot stichilNscapariadcessaid N

is connected to said outpuf, of said amplifier. and others of said N )
ea%emﬁségﬁéﬁé%wn&ﬁ?i&%@@3?@55?&%%%%%8?&@ i 05 G B8kl

phase HASoThednipelineitARS of Slaim dwhereir kegagiance nalvasof
said

potenlylal during said second phase, wherein each of said second ends of said N
capacitances is selectively connectable to said output of said amplifier; and

a second stage that communicates with said output of said amplifier.

2. The pipelined ADC of Claim 1 wherein said first phase is a sampling

phase and wherein said second phase is a residue amplification phase.

3. A pipelined analog-to-digital converter (ADC) comprising:
a first stage that receives an input voltage signal and that comprises an

analog-to-digital converter (ADC) that includes:

an amplifier having an input and an output;

N capacitances that are connected in parallel and that include first
ends that selectively communicate with said input of said amplifier and second ends;

N switches that selectively connect said second ends of said N
capacitances to said voltage input during a first phase, one of said second ends of said N
capacitances to said output of said amplifier during a second phase, and others of said
second ends of said N capacitances to one of a voltage reference and a reference
potential during said second phase; and

a second stage that communicates with said output of said amplifier,

40
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capacitances are substantially equal. 7. A method for generating a residue
voltage in a pipelined analog-to- digital converter (ADC) comprising: 25
providing first and second stages, wherein said first stage receives a
voltage input and includes a capacitive ADC including N capacitances;
selectively connecting said second ends of said N capacitances to said
voltage input during a first phase; selectively connecting one of said
second ends eftsatthNvhegpagidanpesolt3e: saltoutpurabsaid afmptifigio of a first

durin second phasge, wherein each of said second ends of ,sai .
O R e R S A SRR TR smig N
dMeEsithir esetestivelytabnedt ngptherdSsefdsaithEécoauderttisro b aid\N

cabasiiances:(0.0n%. 018 ¥OURIRelErenss AR GIRIE0GE DAIGBhae
sald N

88. acltances are CO%{’)G tosal II[l
ring said second phase; selectively connecting saia first ends o

capacitances to an amplifier input; and 5 connecting an amplifier output to

said segond 85 o119 WBHQY Ol bR, fHORISIR S UA L RNAIEIS &
sampling phase and wherein said second phase is a residue amplification
priassnoid fashietivownfor graneratitiy afrasisneetddeshaapipuEnead of said N
enag R digial Lony e e (HRG) SOMPHSI NG PLOVRING IS and Secpht tances
stages, wherein said first stage receives a volta e‘ln&ut and includes a

EngpaIEve D eridciabingg referpseitateescepfertive YRRty Saigconnected
geeand ends Af SN AaRAGIRNGRS L $RIHd N capacitances are connected to said

reference potential during said second phase.

5. The pipelined ADC of Claim 4 wherein when said input voltage is
between said second ratio and a third ratio of a sum of said first, said second and a third
of said N capacitances divided by a sum of said N capacitances, said first and said
second of said N capacitances are connected to said voltage reference, said third of said
N capacitances is connected to said output of said amplifier and others of said N

capacitances are connected to said reference potential during said second phase.

6. The pipelined ADC of Claim 1 wherein capacitance values of said N

capacitances are substantially equal.

7. A method for generating a residue voltage in a pipelined analog-to-

digital converter (ADC) comprising:

providing first and second stages, wherein said first stage receives a
voltage input and includes a capacitive ADC including N capacitances;

selectively connecting said second ends of said N capacitances to said
voltage input during a first phase;

selectively connecting one of said second ends of said N capacitances to
said output of said amplifier during a second phase, wherein each of said second ends of

said N capacitances is selectively connectable to said output of said amplifier;

41
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15 voltage input during a first phase; selectively connecting one of said

second ends of said N capacitances to said output of said amplifier during MCSLLP

a second phase; selectively connecting others of said second ends of said

N capacitances to one of a voltage reference and a reference potential

during said second phase; 20 selectively connecting said first ends of said

N capacitances to an amplifier input; connecting an amplifier output to

said second stelgetieely salectivedyotonnettingl saidfitsnds odishid N capacitances
&)ag&cg%Q/%?tglgesl%!%t%ﬁ%%ﬂfa%‘fgra@? f(')%rﬁ{yfj %nﬁéss%fdss%'%)hﬁil hase;
capacitances t6 said reference potential during said 25 second p ks
when said inplatitege dervetiingnaré fo sredds fistadtld efradirsnessdaianN

gﬁgﬁﬁi@ﬁ[ﬁd&[}ﬁged by a sum of said N capacitances. 10. The method of
Claim 9 furthér comprising selectively connecting said first of said N

capacitances tonswiei el eagedifies mesp wHiel sedoppod stigeN
capacitances 30 to said output of said amplifier and others of said N
capacitances to said reference potential during said second phase when

said inBut volthbemshodvelnlsad irdieratiosxe e shise iaagarsdiagrhase and
Atieeh v it distand arroppsigiasichNicapacitances divided by

a sum of said N capacitances. 11. The method of Claim 10 further
comprising selectively connecting said 5 first and said second of said N

capacitances o8ifofRgRIGIRIENa.e SRl Nt SaidpiNIRRaGHANGE -
to said output of said amplitier and others of said N capacitances to said
rieiial seBVSEHHEPGU SR BE"€ cond phase when said input voltage is

between said providing first and second stages, wherein said first stage receives a
voltage input and includes a capacitive ADC including N capacitances;

selectively connecting said second ends of said N capacitances to said
voltage input during a first phase;

selectively connecting one of said second ends of said N capacitances to
said output of said amplifier during a second phase;

selectively connecting others of said second ends of said N capacitances
to one of a voltage reference and a reference potential during said second phase;

selectively connecting said first ends of said N capacitances to an
amplifier input;

connecting an amplifier output to said second stage; and

selectively connecting said first of said N capacitances to said output of
said amplifier and others of said N capacitances to said reference potential during said
second phase when said input voltage is between zero and a first ratio of a first of said N

capacitances divided by a sum of said N capacitances.

10. The method of Claim 9 further comprising selectively connecting said
first of said N capacitances to said voltage reference, said second of said N capacitances
to said output of said amplifier and others of said N capacitances to said reference

potential during said second phase when said input voltage is between said first ratio
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second ratio and a third ratio of a sum of said first, said second and a third

of said N capacitances divided by a sum of said N capacitances. 10 12. MCSLLP

The method of Claim 7 further comprising selecting capacitance values of
said N capacitances to be substantially equal. 43

and a second ratio of a sum of said first and a second of said N capacitances divided by

a sum of said N capacitances.

11.  The method of Claim 10 further comprising selectively connecting said
first and said second of said N capacitances to said voltage reference, said third of said
N capacitances to said output of said amplifier and others of said N capacitances to said
reference potential during said second phase when said input voltage is between said
second ratio and a third ratio of a sum of said first, said second and a third of said N

capacitances divided by a sum of said N capacitances.

12.  The method of Claim 7 further comprising selecting capacitance values

of said N capacitances to be substantially equal.
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