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DI A TAL CONVERTERS CROSS- REFERENCE TO RELATED
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BACKGROUND COF
(DFA) converters can include arrays of capacitors
bet ween capacitors, may cause the DL A f;:onverLisrmtEp he. |
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that as the digital input to the converter, increases
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exhi bits a decrease between one conversion step and a
hesalh by gefenencecioritsendiiedyy step. In other words, the slope

of the transfer characteristic is never negative in a

nmonot oni ¢ converter. [0004] Referring nowto FIG 1A,

a DA converter 10 is shown. The D/ A converter 10

i ncl udes a binary RIEPROR THEAINVBNTION swi t ches 16 and
18, an
[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/A) 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 monotonic converter.

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

D/A converter 10 includes a binary capacitor array 14, switches 16 and 18, an
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1 *@00002* operational anplifier (opanp)-20, and a
capacitor Cf in a feedback arrangenent wth the opanp
20. Each of the capacitors in the array 14 have

di fferent values. Mdre particularly, each capacitor
in the array 14 is twice the value of the preceding
capacitor. Swtches SWselectively switch the
capacitors in the array 14 between a voltage
reference and a reference potential such as ground.
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bit (LSB) switch to represent 9116 of a_ voltage
14 bebvesnca vollamosferrase and agefrsanespeteniial sugh ag ground.
non-monotoni ¢ output of a DA converter is shown. For
exanflod5] t hén arsel dge ddtpwoneettenhilbshas daingeand optegration
one conversion step to the subsequent conversion step
stgeshownthat sanmpligGtage, Bhat switbh 18 loloses randoseledtiviecones of the
out put nmay be due to capacitor m smatch. For exanpl e,
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(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 ekample, 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 2"'C may be different than 2"2C+2V°C + ... + 2C + C. Ideally, 2™
1C — (2%2C+2%3C + ... + 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

capacitors that are selectively switched between a voltage reference and



[0007] Referring nowto FIG 2, a DA converter 50
including a linear capacitor array 54 is shown. The
i near capacitor array 54 includes 2 N 1 capacitors
that are selectively switched between a voltage
reference and 2 reference potential such as ground.
While the linear capacitor array 54 inherently
nonot oni ¢, the nunber of sw tches required grows
exponentially with the bit resolution. For exanple, a
16-bit diaj.tal on (PTAN[ 1
refgiinge gpiedii oHel, A Binday (BRME neoBedRagad ey 54
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i nteger greater than one, and N first sw tches that
pairs|of ewitolds, whithheey bg iggragticad one of the second ends
of the Nfirst capacitances to a common node and
non- sei ected ones of the second ends of the N first
capaci tances to one of a voltage potential and a
ref erence pot ent$SAMMARY RIE THENNY/ENTIGEN of the N
first capacitances are substantially equal. A second
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a

digital -to-anal og converter (DAC) conprises first
thaP YA fi’sé@ N fiF8e8spdRan6QNRIt taré @oAnslitad impardiighand that have
an ang og signal and that conprises N first
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connected I n para and that h irst ends and
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the N first capacitances to one of a voltage potential and a reference potential.

Capacitance values of the N first capacitances are substantially equal. A second
DAC communicates with the common node.

[0009] 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 connécted 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 to 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



second ends to one of a voltage potential and a
reference potential. Capacitance values of the N
first capacitance nmeans are substantially equal.
Second 3 converting nmeans converts a digital signal

to an anal og signal and that conmunicates with the
comon node. [0010] A nethod for providing a

di gital -to-anal og converter (DAC) conprises
connecting N first capacitances of a first capacitive
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reference potential; and connecting a second DAC to
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converter (ADC) conprises a first stage that receives
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anal og-to- digital converter (ADC) that includes an
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digital converter (ADC) that includes an amplifier having an input and an output;
N capacitances that are connected in pérallel' 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 ampilifier.

[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



[0012] In other features, the first phase is a
sanpl i ng phase and the second phase is a residue
anplification phase. Wen the input voltage is
between zero and a first ratio of a first of the N
capaci tances divided by a sumof 4 the N
capacitances, the first of the N capacitances is
connected to the output of the anplifier and others
of the N capaci tances are connected to the reference
tent| durj ng
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of a sumof the first, the second and a third of the
cohné&Bactd Qlﬁ@a&)ltdgulléwebye,atbelmem:bndhef the N capacitances is
capaci tances, the first and the second of the N
co?!ﬂ@él‘éﬁt@nlﬁésolﬁﬁﬂ gomaesrhplifigroand btherslof dlgs N eapactanegs are
e third of the N capamtances is connected to the
co‘?\WeeféH to%herBferéiBd pdtbhfialanstiret ther secohd tphasél When the input

amtances are connected to the reference potenti al
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ARarog-

Igital converter (ADC) conprises first
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[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




communi cate with the input and second ends; and N
switching neans for selectively connecting the second
ends of the N capacitance nmeans to the voltage input
during a first phase, one of the second ends of the N
capaci tance neans to the output of the anplifier
during a second phase, and others of the 5 second
ends of the N capacitance nmeans to one of a voltage
reference and a reference potential during the second
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during the second phase. Wen the input voltage is
befwearaara ard aifirsiratiaef a fissifdhe Bleapacitanges divided by gm of
the first and a second of the N capacitances divided
they Na caparitdncehe the c Bipsatitchinge snearise cansedtt e rfgsthrednthe N
connect the first of the N capacitances to the voltage
capcitapceseto theeowsputosfdhefamplifier lndapiherist cfrtbe N tcapaditances to
out put of the anplifier and others of the N
theapdeichaa qeteritial dufiagribbesennd pladsent Veherdthia mgput haitage is
second phase. Wen the input voltage is between the
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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 ampilifier
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



and others of the N capacitances to the reference
potential during the second phase. [0015] A nethod
for generating a residue voltage in a pipelined

anal og- to-digital converter (ADC) conprises providing
first and second stages, wherein the first stage

recei ves a voltage input and includes a capacitive ADC
including N 6 capacitances; selectively connecting
the second ends of the N capacitances to the voltage
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sel ectivel y, conpect i t he first, ends t he. N
selggiyali coebing Bihrs ahihe FH0and iefiac! the, Nearaniiansss g og of
an‘gﬁlifi er output to the second stage. [0016] In other
a yeliager deference @nds@ pefeeances pgt%ﬁgm’w 1B esenand; RBase;
second phase is a residue anplification phase. The
seleptivelyiconnadting the fiprtiends of dae M capagilanees te aniagplifise input;
first of the N capacitances to the output of the
andphnéctimg anaardplifieheutpud to tHesseood staget ances to t he
reference potential during the second phase when the
I NP[O016Yd! t dyethey featunexrthe dirst pitabeaist & rsempliagiphasé and the
first of the N capacitances divided by a sumof the N
se6and phbse iea redidae rarplifidation phase. Tospnethed further comprises
sel ectively connecting the first of the N capacitances

seletiVel§ cYRhéAg the BFstiof fHReN cbpﬁciﬁéﬁ@éﬁ(ﬂo tHe 6IBUOT the amplifier
capacitances to the output of the anplifier and

arfef Sy ef tﬁgﬂﬂ, OhfRNARedsRCRR feferbhSe PRHRANAAring the second
potential during the second phase when the input
phie!VAh in IRBL\FeitAgk S bbiviethn £61bidhaPs Arel 185 B firdt'dihe 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



the first and a second of the N capacitances divided
by a sumof the N capacitances. The nethod further
conprises 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
anplifier and others of the N capacitances to the
reference potential during the second phase when the

i nput voltage is 7 between the second ratio and a

betlddrftHetdd @ndfrafio aHAChird hatid bf 8tsunt BEtHeeR e ther86bohd and a
third of the N capacitances divided by a sumof the N
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swi tches wherein Mis.an integer, reater than one; a
DAL} Wit 2R sernesed o senchand Wsrein o€ s 4k st edEF i ore.
comruni cate with the M sw tche respectively, -and
Eaginpl Hifv& FRRAANENHAGS HBPrissh b SWiEhes, BeEsif M if yan integer
equal capacitance values. The M sw tches sel ectively
grestencibant aees ar signalnipubs at signal eulpabi aakhMscaradtprces that
signal output. The M sw tches connect the second end
carhmanicatevitbdtherd syfitches mespegiively andethat Have drstangnsacond
input. A first DAC has a signal output that

endsmandi sudistantially lequblecapagitahce ivapes. offherd switchise selectively
capacitive DACs. [0018] In other features, an

comact ftherfilshiends ofnthet Makdpacitaoweputo. the sigeatiloatdut. The M
capaci tance conmuni cates with the input and the output

s@ftcridsecormaet tHd sscondlemdfdfrasselectdd aple dfithe Wt capacitances to the
capaci tances of another one of the X DACs
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[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.

[0019] 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 amplifier selectively communicates with the first ends of the M



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. [00191 In other features, an anplifier has an

i nput and an output. The first ends of the M

capaci tances of another one of the X DACs communi cate
wth a reference potential during a first phase of

t he another one of the X DACs. The input of the
anplifier selectively comunicates with the first ends
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[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 selectivély
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




nodul e comuni cates with an output of the anplifier. A
decodi ng nodul e communicates with an output of the
successi ve approxi mati on nodul e and selectively
generates switching signals for the X capacitive DACs
and the first DAC. [0022] In other features, the
first DAC conprises a capacitive DAC. The capacitive
DAC conprises a signal output and an anplifier having
an input and an output that comunicates with the

areS SRRt nPpéralldll &aEhave GrRasidsartksecdhdaerds oifhedirstdends
in parallel and have first ends and second ends. The
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the capacitive DAC. [0023] A digital to anal ag
capaoitive t BAC( ) selentivelys eannect ahgcseqand epgs el thenly! second
means for converting a digital signal to an analo
capaghaicesnd theautpat duringpiheesscond pbase htihei sapesitive HAind
wherein X is an integer greater than one. Each of the
X cqpeedli va dighaletd iangloge aosvartem(DAR) MoswIrisesi fgcapacitive
nmeans for switching wherein Mis an integer greater

chhnti ReaMd Earsthveangea diitabsigoal tprasvaoilog signal and that are
capaci tance communicate wth the M sw tching neans,

cod {048iner irnBékdwa] whifen Xasdndetegerigesatisr thanlone. Each
substantially equal capacitance values. The M
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 output. 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
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swi tching neans selectively connect the first ends of
the M capacitance neans to the signal output. The M
swi t chi ng neans connect the second end of a sel ected
one of the M capacitance neans to the signal input.
First converting neans converts a digital signal to
an anal og signal and has a signal output that
communi cates with the signal input of one of the X
capacitive converting nmeans. [0024] In other features,
en8&T ithy IND Q:agﬁéﬁ‘aﬁ'ld‘eoheﬁﬁydf faHiogeradfle Ah@X coRPeringtheans
an out put. Feedback capacitance neans provides
coff PRARHED Hin fbfe RATWAG A Bulthd B 3P phabr MRhridifer one

out pu he anplifyi'ng neans. 10 ends of
of 38 R GFRBFBERE R e oL, AR Blng Bl setectvy
coP R Sh v hR g e B VAR Bl 5hEs RBBAREY pR e one

means sel ectively comunicates with the first ends .0
of tthe Xrenesing MeeBs ARG »Feeond RABEH thaanoer o catt{le X

converting means during a second phase of the another
conMerting meansX converting neans. [0025] In ot her

features, anplifying neans for anplifying has an input
and [@0R5ut dotothehieatures,tarplifgingfmeas farcapplifyingh@s an input
nmeans of another one of the X converting neans

arebamouoipaat Eheirstreralsrad iee Mheapaoitaece insand wnfiangther oneif the
phase of the another one of the X converting neans.

X TRverting inezinstdoenraomitatey with amrsdeenceqlotarttialélinng a first phase
communi cates with the first ends of the M capacitance

of fR@ Rhofer bhe of awXkehvéifg plednBe Phecipuesitthe amphitsy means
during a second phase of the another one of the X

sEBENRN ¢dtmimRates WIlE tRLHR0EN8 &P tIRd M BEpAditaABa mMdar8 G the

neans "o t he anot her one of the X converting means

aﬁ&HHPBh&%ff%w iéoﬁ\haﬁ"tir?d*hﬂéﬁ‘:ltnsoéurfrE:ea 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 énd 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
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anplifying neans during the second phase of the

anot her one of the X converting neans. The first DAC
conprises Y resistive converting nmeans for converting
a digital signal to an anal og signal and wherein Y is
an integer greater than zero. [00261 In other
features, at least one of the Y resistive converting
nmeans conprises a signal output and N resistance neans
for providing resistance and that is connected in

sel}%@ﬁj\}e?? e anéﬂ%ﬁtﬁme of eheroHeC Bf &l Yt Reésistive converting

erence potenti nodes are | ocat ed between

means 30 é]%? 4 R{ H&?é\é b%ﬁlrﬁf lv@ﬁg%értb‘?ates switching

e pote N secon tc I ng

ect Vi nect { of
SighRs 19 qogirplm SRl Pﬁoﬁggﬂﬁgarﬁééﬁ%éra%‘ehe 115, R
nodes. _Contr ol Yan sel ectlve%/%enerat esti SW t?ﬁ@ gd. ital
si g2 1t o IpAbeloteafyies @ SHFaRTRY éPBEﬂ%‘U‘é? qnhan grig-digita
and the first DAC_[0027] |In other featu
copUeteIsaPBreaRmG PRt | bhe AVEF8tEYD aapfgwa?t'orb Shelesteiottal
conpri ses the DAC. The successive approximation anal
conyetter- domnglises Pmpbyingemeans defprpiBing Apri Raying aRdapd! that
for anplifying and having an input that selectively
seteniivelyi commenisatels witheons of the X eanssiiveiRACHACY appgoximation
approxi mati on neans for successive approximting and
mbhss ferosumoessiad eppraxirhating and ghat odmmiunicades withyamgutput of
means. Decodi ng neans communi cates wi th an out put of

theh@mpRygeseine. aparoaiigratéans cordmueichtes with et butduy of the
generating switching signals for the X capacitive

RS si28 Gpbhsxirhitiet moAGle fbP8@Bitively gbheratifigatitcieing sidrals for
first DAB conprises a capacitive converting neans for
tHeOR ¥aphdifhd BABsGndahe fiistDalc.t o an anal og signal . The
[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
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capacitive converting nmeans conprises a signal output
and anplifying nmeans for anplifying and having an

i nput and an out put that comruni cates with the signa
out put. M second capacitance neans provides

capaci tance and is connected in parallel and has
first ends and second ends. The first ends sel ectively
communicate with a reference potential during a first
phase of the capacitive DAC. The first ends

of #%d egpaoiple/DACERNESIBERV SN EBnAER thdBBéoRf ehd$of the M second
anplifying neans during a second phase of the

capabifide’ M8ar¥\e thMosfiR @@rifﬁait%e Q%A&Q'\d BSofife BEpAMRISDAC.

connect the second ends o second capacitance

mea 0 O hg v ref er. h
o Q008 ATmBihot'for Bl o O 15, 8lob Mnypregy, A0
capacitive DAC gnd selectiygaly connect the secgnd end
cofibrises G OBEUTRIX ARERUe YRGS R SREE GNEHANGIGITpaS an infeger
during the second phase of the capacitive DAC. [0029]
graateet g e o‘ﬁg‘?’&ﬁ] AR @fgiieal X t eARAFHIVEg RASrS efarapiise M
(DAC) conprises connecting X capacitive DACs in
capagitarcegn dnahhaven figs san, “serangerendgr edde rsubstantisie, equal
wherei n each of the X capacitive DACs conprise M
capashaneeaviees;tselactively sonnectingdhe fissemad of thsMagapacitances to
substantially equal capacitance val ues; selectively
theosigest iotitputh eohnedingetihgs se€oncheerill ofipasktesterk oneoof the M
the signal output; connecting the second end of a

camcitahest ontbedigriahmpht; arapemirsating 2 digndl loatmit @fal first DAC to
i nput; and connecting a signal output of a first DAC

theGsigridl eniit @h ahe bfithet X ehpaditvepDACEe X capacitive DAGs.
[0030] In other features, the nmethod conprises

provjodizoy arth atiekifétares, IR infdihad coRprites Hoviding WnPHnplifier
and a feedback capacitance that communicates wth the

h%ﬂﬁ%:aingg\?ug Eﬁ% ?é'\i f’tﬁgupénﬂ hete@aBhiR t8pacithhee TRAth @ nmunicates
with the input and the output of the amplifier. The method comprises ¢onnecting
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. 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 ampiifier
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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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. The nethod
conpri ses selectively connecting the input of the
anplifier 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 nethod conprises providing an anplifier

D‘t@e hplﬁ?gg ég'naggb (@fagﬁ AR 1 b Rether SRt 8 the Xl JACSNARE sbiREtively

e ¥ e M capaci tances of another one
DACs _wi [ '

e e eS8 05 BBy S 1&inner one o

ek AL SORRSEL R O PRLb Bl aHSoRTBAL T secon

anot her one of the X 13 DACs during a second phase of
phase cithr Aeethenen®f hgeX RASSCs: and sel ectivel y

connecting the second ends of the of the M .
capd6032jnceln other Heatwres, Hibe sk DAC cameprisepalsresistive DACs
communi cate with the output of the anplifier during
wh&eirs ¥Cisnah imteger grefatérmibaarzarber Tiemanethod ltemprispeselectively
[0032] In other features, the first DAC conprises Y
gERsThBAd ¥RitdMES sighaky i contfol theaX dapheitiee Df\Gmard thenfirst DAC.
zero. The nethod conprises selectively generating

TRWIMhbMBombasee Gsihg ttRidaphcitive DACHtpasticce ysivdDAGppruXinate
the first DAC. The nethod conprises using the X

aR 3PaRiglihY& Sifiel. The FivdTREC icYRipYis@PRcapholve DAY anal og
I nput “signal” The first DAC conprises a capacitive

DAC. Ldogl% 31 FGhER eér.e?f e@% g?f)li@éb‘ﬂitﬁl CaPithé t yre8éntt giWention will

Sr esent fnvention w onme apparent fromth

Cai l o . . . |

G0 LA ot e Se e APl Bl Hersirianef o sfouid be
u%%ggsltcgédc th%)f?h"@'d%’?aile@hdésgribt%' s 'ngciﬁc examples, while indicating

the preferred embodiment of the invention, are intended for purposes 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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the preferred enbodi rent of the invention, are

i ntended for purposes of illustration only and are
not intended to limt the scope of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0034] The present
invention will beconme nore fully understood from the
detai |l ed description and the acconpanyi ng draw ngs,
wherein: [0035] FIG 1A is an electrical schematic of
a binary capacitor array D/ A converter according to

Egﬁ LdeHrdtai: ; %?%839%9%?]@5 %@ctriéa:ﬁ sicﬁefha%é‘%'?‘ baphciive-resistive

I's an electrical schematic of
| i near_.capacit.o . converter according to a
Dlgr@a?’e'i‘?’t'f‘ ﬁﬂpﬁﬂfgﬁa%&@A 3C are el ectrical
schemat i cs a, capagitive:-resistive A.C enkLer, |
exei‘bq:%?r]y d i@&ﬂﬁ&'&bﬁ%@? e‘f‘ﬁoééf]e ‘f’—qrt\-iert&A c?fl FB%/t ?’gt gghﬂg a
the DJA converter of FIG 3B during a sanpling phase
sampling phasa forc Hist digitalyalle: [ 0040] FIG 4B illustrates
the DJA converter of FIG 3B during an inteqrating .
phad@04Qfr oF!G.r4B dugjrates the) DA qoowarter of E/G43EB icg""ﬁﬁ an
exenplary truth table for the circuit of FIG 313;
infe@@atity HaSe faba ffisstaigitakeatpeiary truth table for the
circuit of FIG 3C, [0043] FIG 5 illustrates the DA

conVjooss) OFIG:I4E is3h exampigryanshripblerigr theirirseit bbirlGa 3B;
second digital value; [0044] FIG 6 illustrates the

D/ A [00BZE" t BIG.H4D Fd 4h exdinplany ingthaablarfpt thegircpib abElG.&C;
a third digital val ue;
[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 vaiue;
[0048] FIG. 8D iilustrates the D/A converter of FIG. 8B during an

integrating phase for a first digital value;
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(0045] FIG 7 illustrates the DJA converter of FIG 3B
during a sanpling phase for a fourth digital val ue;
[0046] FIG 8A is an electrical schematic of a
capacitive-capacitive DDA converter; [0047] FIG 8B
is an electrical schematic of a capacitive-capacitive
D)A converter in a sanple and integrate
configuration; [0048] FIG 8Cillustrates the DA
converter of FIG 8B during a sanpling phase for a
firgn050]0i tRAG. vl UBustiddds She FDRA @ldvietterisdfr BlGas 8Bheluring a
DY A'converter of FIG BB dudng an integrating phase
£ ol j } g Al Qalukd [0050] FIG 8E
S%ﬁ"&@tﬁrﬂgﬁggoﬁwgé% c%%dpve?ter of FIG 8B during a

ZE Ip?gglt phage ﬁ}eriu%t%‘?éé“}ﬂedb%téén\)éﬂ'ek‘%f FROSEBB Mufing a

I rates the convgrter Iof FII G 8B during a
i NoTg Led.digi ; [0052 (
s Sa"fﬁlgl é}%s?g?é%ﬁ‘@éd'%@é@%ml?'ei "o FI G 8B during &
' . digit al ;
a1 100581 EER bR, ety thecoPanPemiidncer S8y o, o 2

i ntegrati ngf phases for LSB and MSB portions; [0054]
sgmpingerh3sg 1gha Fights) velug ng di agr am showi ng
sanpling and integrating phases for LSB and . NVSB .
por L106A3] _1bUBSH 5 an examplan inuRe (iAGEA $HaWiRG sapPling and
for the D)A converter of FIG 813,
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 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 additional stages;
[0060] FIG. 10 is an electrical schematic of a successive approximation

A/D converter according to the present invention;

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

according to the present invention;
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[00561 FIG O9A illustrates an N-stage capacitive DA
converter; 10057] FIG 9B illustrates an N stage
capacitive-resistive DDA converter; 10058] FIG 9Cis
an exenplary timng di agram show ng non- overl appi ng
sanpling and integrating phases for additional stages;
10059] FIG 9D is an exenplary timng diagram show ng
overl apping sanpling and integrating phases for

addi ti onal stages; [0060] FIG 10 is an electrical

sch )C O C ' o a Py .
accif’@*%l; 51 (ABE PR htaRNBE A e o fReg! Vorl R W0
ic f i ' verter. .

cc ‘h ' [ [[006

e cPARAL Chle R MRSk ﬁ@&?P"ﬁéﬁ@i‘% 0 G8MKERleshn idea

B-1 1 |IIustrat ideal an |deal resi due
resiguepdage af%@ﬁﬂg g tiee PRRSRN 'IWE% it es an A/ D

converter that generates an ideal resi d (¥, ?

oo d0oBAl | BIGHEE fusesies e AR orveres SEEIC 124 Thasampling

illustrates the A/D converter of FIG 12A in a

phkasedl i ng phase; [0065] FIG 12Cillustrates the A/D
converter of FIG 12A in a residue anplification

st agip065] aFiGr $2C vikistratps thapA/D eariveder p0&E5] 12A (b al2Bidue
is an exenplary truth table for the A/D converter of
(HicatioA; stadtOfor b firstGoltade inputiséiuef es the A/ D converter
FIG 12A in a residue anplification stage for a
seco[pbesp! t #yB. HRDUE amkxemplary truth table for the A/D converter of
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 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
(DVD);
[0073] FIG. 17C is a functional block diagram of a high definition

television;
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[0068] FIG 14 illustrates the A/D converter of FIG
12A in a residue anplification stage for a third

vol tage input value; [0069] FIG 15 illustrates the
A/ D converter of FIG 12A in a residue anplification
stage for a fourth voltage i nput value; [0070] FIG 16
is agraph 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

har gq(dji' 4K FeVeirD hQ@?&ncﬁbﬁ’al bidRki §la§r5an@ft bo\ﬂéﬂlcle control

bl o Ifagram of a digital versatil
073] FIG 17Cis a functional block diagram of a
def| nition tel eV| sion; 17 10074] FIG 17D is a

fun al di ag icle em
[ooiéf}?ﬁ | B30 39 SR e wﬂa?&gﬁeﬁh#asﬁ*‘éﬁe
cel l ul ar phone; FIG '17F js a f nctl bl o

i agbBTAlof TGy 37Fiiog MhstionaHlock lsararmial & st b bt zhd
functional. block diagramof a nedia pla DETAI LED
DESISOTH ONFIG- 17 aHs rREREiRREhbiovk g SWENT@ya medirgylavere
foll owi ng description of the preferred enbodi nent (s)

is merely exenplary in nature and is in no way
intended to limt the invention, its application, or

uses. For purposes of clarity, the sane reference
nunbers will be wused in the drawings to identify

si M HhET AREDTBESTRIAT ION @F TeiFePREFERRER ERBODIMENTS
circuit and/or device refers to an Application

Specjoo78] | NtrAar AlISIng Beskdription 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 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 within a 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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(ASIC), an electronic circuit, a processor (shared,
dedi cated, or group) and nenory that execute one or
nore software or firmmare programs, a conbi national
logic circuit, and/or other suitable conponents that
provide the described functionality. As used herein,
the phrase at | east one of A B, and C should be
construed to mean a logical (A or Bor C, using a
non-exclusive logical or. It should be understood
othePHunsbetBSofbitdli NVaridR hgrbsey dugpetx eiecditsd102 rmay be used.
different order without altering the principles of the

Adgigﬁﬁﬁ%nh%ﬁcmsi 0%, thQQV%B/%?frﬁéy hB’Qbé‘QWtéKédFddﬁlnggﬁml Gnay

capacitive-resistive A converters 100,

be gl%gﬁpjrfegie%dﬁ{ge Oml’iﬁfu"ﬁle%%rf it@'_i%gés}fed.aﬁ:d}%amﬂe in FIG. 3B,

I'S™s Skilled arti'sans
NN eci hat her S
tnebag; TEE 8 sMbifn ) BisathidE ntnErab tonflus and 36 ac.
d. di.tional. connectio 4. which may or may
a Eﬁ%& 00-% {5 %*aw%ﬁﬁsmﬂ?%ﬁea%ﬁéﬁw'ﬁ'@”[é@&- dependi ng
upon the function that is desired. Fqor exa i
313[0080)¢ lﬂACtth(ﬁX?”]pis-sﬁlﬁAﬁwlon "%P%aﬂﬁ?'gc%{ﬂgl’ﬁ%t@@géﬁe are
configuration and in FIG 3C, a DAC 100-2 is show
allggated 0 exsanasityn Poriang! thand de bwe inast signigant bits; (1,SBs) are
exanple, the two nost significant bits §1MSBS) are )
allatéted 4o edrasistize pepian 120 e pothea biguraothah foliowe thewsapacitor Cy
| east significant bits (LSBs) are allocated to a
will @i stowrewijtio dbited liteDto indicate beihgsameple tandthoid rndwamphe and
capacitor Cf wll be shown with dotted lines to

infegeite oafitparatiossanpl e and hol d and sanpl e and
integrate configurations. [00811 The capacitive

por ti0081]L 10The &apdeitive: ppaiont 016 includds2capatitarsdC4,d8,, Chnand
the preferred enbodi ment, the capacitors Cl, C2, C3

candinCthehvitered embodiment, the capacitors Cy, Cz, C3 and C, have a
substantially equal capacitance value. The capacitors may have substantially the
same capacitance value, in other words C4= Cz = C3 = C4. As will be described
further below, the capacitors are selectively switched by switches SWause,
SWamss, SWamse, 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 Ry, Rz, R3 and Ra.
In the preferred embodiment, the resistors R4, Rz, R3 and R4 have a substantially
equal resistance value. The resistors may have the same resistance value, in

other words R4 = R; = R3 = Rs. As will be described further below, the resistors

are connected in series between V¢ and a reference potential such as ground.
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substantially equal capacitance value. The capacitors
may have substantially the sane capacitance value, in
other words = C2 = C3 = C4. As will be described
further below, the capacitors are selectively sw tched
by switches SWAMSB, SWBMSB, SWMSB, and SW nsB
(collectively switches SWr) between a vol tage
reference Vre, a reference potential such as ground,
and a common node 130 between the resistive portion

A e SBRveS bR eRiRre ¥ el By o Mg Ry SWas
RS Whigs (el kB Ghes U APy ocigh 151 Bt ne 120

ance
val ue. The resistors may have the sane resistance

towseate a voitagedidernords R, = R2 = R3 = R4. As will be
descri bed further below, the resistors  are connected
in 46083} bEbevsemple and integeate cirevibas gracEiRed AboyacHn the
as ground. 19 A node between the resistors is

sdmplecimihdl configuratisn, MaL8BONS\BIISB) tBRmagBcitangeg C1, Cz, Ca
SWLSB (collectively switches SW) and connected to

atd e, cpasaicislie thddutpul of teabmpiifieraluringdheisecord phase of the
[0083] The sanple and integrate circuit was descri bed

cARRRre PoHibME10.5TNB Feedbagk kapacitmod iGy wat beoomitte:
second ends of the capacitances Cl, C2, C3 and C4 are

SWi t Edg;%dy 0 Fie"?@rriﬁ%hﬁwttoqﬁth. hp, arEbiA éativeetar bhBIG.IBB is shown
seco phase of the capacitive portion 110. The

d&@ﬁg g%&mégeggga @zs/i,rm@tabe«amé (ooed). [HRMY] the switch 16 is

\ _ , the D)A converter of FIG 3B
c{p}gag&‘(&“ﬁyﬂ%{rﬂsﬁg ioﬁeiﬁi‘ghb RS %ﬁéﬁoﬁ&tgﬁ?{ér{cﬁm dieiwitdhed by

the swwtch 1 s closed, the

rgygetéigﬁatlgvy]it%eg&%nﬁ%sgée)fglt'etr!&@ g&%ﬂ‘c‘i%ﬁ Qﬁrﬁc%aﬁéﬂ@%@fh, The

_ _ Ive Swtches to the reference
c%%tagi?grl 81| is c\:’\@nln%t&temx th c%Fn?ngg noEE.e The capacitive portion 110 will
be in this configuration when the desired binary value is between 0000 and 0011.

One of the resistive switches SWa s, SWaise, SWaiss, and SWsg is closed to

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

closed to provide %V,,f. A charge is accumulated on the capacitor C that is

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:
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capacitor C, 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 SWMLSB, SWBLSB,
SW2LSB, and SWLLSB is closed to create a voltage
divider. In the exanple shown in FIG 4A the switch
SWMILSB is closed to provide 3 V,.,f. Acharge is
accurmul ated on the capacitor C, that is 4 equal to

VRD. 4cC,, where VADAC,i s éhgé)/ol age provided by the
resistive portion 12CQT_[/ 085FP4Ref erring now to FI G
413, the D/ A converter FIG5G 3B is shown during an
i ntegrati ng phase for’ ERe T st di gital value (0011).
In this phase, the switch I6 is opened, the switch 18
is closed and the voltage value is applied to the
Thenyalié iof Cs 2an hessetgequat %@ane Cqumanzia& 6 bgppiesatonscale the
the total charge before changing the position of the
outwitt\aiitage khdamat Hes eiqsaletgu@i, €n Chand diial Ircther gxampleegbove,
changing the position of the switches 16 and 18: 20 QT

= V& = VADACCI; A V=V C, ., ' The val ue, of Cf can
Vg SgK,jequéﬁ £ G a(ggrecé\’(ggﬂguva&\e N E8P O§ legﬁfgd to
the “output voltage and not be equal to Cl, C2, C3 and

C4- In the exanple abqve, 4 f . As can be

yappr egi at ed,v t e vygl e abyadelecting thej swgitad SoLssVRYass or
Ré"%\i, ,’""f/RDAé‘Ef: 0, Vp@AcﬁV, ,,f or VpDA ¢ Vrf by

selecting the switch SWLSB, SWLSB or 4 2 _
SWa s, respectively. Scaling can be performed by adjusting the value of C;

relative to C4, C2, C3 and Ca. For example, if Cf = Cy + Ca + Cy + Ca, then the
output ranges 0 to near Ve rather than 0 to near 4 Ve in this example.

[0086] Referring now to FIG. 4C, a truth table for the exemplary
converter of FIG. 3B is shown. In this example, Ct 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 C3 and C,4 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 C4 is
connected to Ve, The capacitive portion 110 will be in this configuration when
the desired binary value is between 0100 and 0111. One of the resistive
switches SWaiss, SWatsa, SWasas, and SWyss is closed to create a voltage

divider. In the example shown in FIG. 5, the switch SWa.ss is closed to provide
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SWBLSB, respectively. Scaling can be perforned by
adjusting the value of Cf relative to Cl1, C2, C3 and
CA. For exanmple, if Of =Cl + C2 + C3 + C4, then the
out put ranges 0 to near V,.f rather than 0 to near 4
Vref in this exanple. [0086] Referring nowto FIG 4C
atruth table for the exenplary converter of FIG 3B
is showmn. In this exanple, Cf is equal to C1, C2, C3
and G4 al though other values may be used for scaling.
3 Referring nowto FIG 4D, a truth table for the
—V,%xempbtaargedsramuwiat@ﬂ onl the eapacitos Kavihat jegyal to VG,
4 Referring nowto FIG 5, the DA converter of FIG 3B
I's shown during an integrating phase for a second .
whetegVi,al isvHieuwoltageiniovidedi by e yesistive rofiorn A £oarge is also
cl osed, the switch 18 is opened and the capacitors C3

ac;crﬁe I%d%rnecaza‘élicﬂ&‘_@fj?q@\ftd ‘PS,J,I%EPHVG swi tches to the

erence potential, whichmy be ground. The
capacitor C2 IS caonnected to the commopn node. 130, an
¢ hel08BBh i PHFNgan; iBtearaingcRAse 105 1 %f?wﬁﬁe‘ﬂe'a%a'@!% d11).
portion 110 will be in this configuration when the .
thedeysitahetP Isi opangdy theuawitch Hhiselesed and theyoltrge valegis applied
the resistive swtches SWMLSB, SWBLSB, SW2LS13, and
to SW laGplifisr &0os &lsing acehaige equabizatiane apafoachethe fotat gharge
exanple shown in FIG 5, the switch SWILSB is cl osed
befope ihavigihg th2lpdsition of the cwitchesitS aod utflisaequalole theetotal
capacitor C2 that is equal to VRDAcC2, 4 rf ,wWAcC is

chbl'%;% afttrichgRging v gesttidry of the swiishes Banddigti on. A

charge is also ere V accunul ated on capacitor C
equal to V,, G QT=VC_]"=VRDACC2+VIej 13
C. C
V=VRDAC-E§+VM-'—C¢I.

The value of C¢ can be set equal to C4, Cz, C3 and C4 or be used to scale the
output voltage and not be equal to C4, C2, C3 and Cs. If Cs, Cq and C; are the
same, V =Vppc+V,y-

[0089] ﬁeferring 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 C, 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.. The capacitive portion 110 will be in this configuration when
the desired binary value is between 1000 and 1011. One of the resistive
switches SWai s, SWaiss, SWass, and SWyss is closed to create a voltage

divider. In the example shown in FIG. 6, the switch SWasp is closed to provide
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[0088] During an integrating phase for the second

digital value (0111). the switch 16 is opened, the

switch 18 is closed and the voltage value is applied

to the anplifier 20. Using a charge equalization

approach, the total charge before changing the

position of the swtches 16 and 18 is equal to the

total charge after changing the position of the

swtches 16 and 18: Qr = VCf = VRDACC2 + V,,fd; V =
3VJZDAC C +Wwilf C Cf C The value of Cf can be set
ZJeguah dhargd is G2curbBlatett of4ther capacitereGs ttbatsisatqualite ¥, C,.
4 out put vol tage and not be equal to Cl, C2, C3 and CA.

If &, C and C2 are the sanme, V = VRDAc + V,,f. [00
whe9é Rgf.eisrihegvaiiage tprovidesl by, thehesistive pomtiai-t &y cbarge) is, also

3B is shown during an integrating phase for a third

i O I ; : b tihad i ' 6 iIs
acklifieied B cBadibis &) gnit Bl ool Ve or

Is swtched by a respective switch to the reference

pot 400901 | Rwringh andptageating phase forethealhifd; digital vajue(1011).

connected to the common node 130 and the capacitors C,
tharswitc 18rie opeoethabe switch Nws clisedcanskibiervoltage velueois applied

10 will be in this configuration when the desired
tobiheaampliiéru20. sUsiagwe ethat@® @qualization 1appopactof thehtotal charge

resistive switches SWILSB, SWBLSB, SW2LSB, and SWLLSB
béfSres chamging dhe rppaitionaokv tilet agitchedi 46 dand 18 rist éguadtantpeetotal

shown in FIG 6, the switch SWMLSB is closed to

cHiHrg¥ lafter cRahgingthe poshiopltitge switciasscifandit&d on t he
capacitor C3 that is equal to VRDAcCC3. -

Or =VC, =VipscC; + ¥, (C + Cy);

C C +C
V= VR.DAC—-l-l-Vr:f—L—_g-'
Cf Cf

The value of Ct can be set equal to C4, C2, C3 and C4 or be used to scale the
output voltage and not be equal to C4, Cz, C3 and C4. If Gy, C4, C2 and Cj are the

same, V =Vypc +2V,,.

[009‘i] 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 Cj are connected to V. The
capacitive portion 110 will be in this configuration when the desired binary value
is between 1100 and 1111. One of the resistive switches SWa s, SWaLss,

SWoLse, and SWy s is closed to create a voltage divider. In the example shown

in FIG. 7, the switch SWa s is closed to provide %V,,,. A charge is accumulated
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4 rf where VRDAc is the voltage provided by the
resistive portion. A charge is also accunul ated on
capacitors C, and C2 that is equal to Vre (d + )
[0090] During an integrating phase for the third
digital value (1011). the switch 16 is opened, the
swtch 18 is closed and the voltage value is applied
to the anplifier 20. Using a charge equalization
approach, the total charge before changing the

osition ofit eq
on B3 kpb&al by dhay B Cf“% S%glwg@'ﬂ““]eﬁ%s%co'ﬁa‘b?tv@né&e provided
switches 16 and 18: ,f (g + c2) = vcf = vRDAcc3 +
by heC3esistivelpartion. rA cVacge\ARDmgumulated:forrm@pamtptseCof Cefand Cs
can be set equal to g, C, C3 and ¢4 or be used to
that Gabgudl iV, (E;tmuaqltage and not be equal to Cl, C2,
C3 and C4.71f Cf, Cl, C and C3 are the ,wAc + 2V,,f

Seged). FRPRBlaHLE0 B ghate 1 Flehoy n BB 41110
tnd R € isnSaaned. e Sy tt 1, B d%\ﬁ#‘%ﬁ VPkasg VBl gppiied

The capaci tor S co nected to n pode, 13
to dfe AMBNER e | (HES & & @zeaﬁau%gaé dhetitalraarge
The capacitive portion 110 w be in th

befesaf shanging e wASHOR 1R "GésW'E?(H‘eEl Haapdy 48 u% equal to the total

bet ween 1100 and 1111. One of the resistive swtches
chgwH Iter chagging the position of the switches 16 and 18:

Or=VC, = VepacCa + V,g,(C, +C,+GC,);

V=VRDAC%+Vr¢f C1+(C:'2+C3'
' i)

The value of Ct can be set equal to C4, C;, C3 and C,4 or be used to scale the
output voltage and not be equal to C4, Cz, C3 and Ca. If Gy, C4, Cz, C3 and Cy4 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 C4, Cz, C3
and C, have been relabeled Cym, Com, Cam @and Cym. A second capacitive portion
150 is associated with the two least significant bits and includes capacitors Cq,

Ca, CaL and C4.. The voltage provided by the LSB capacitive portion 150 is
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SW2LS13, and SWLS13 is closed to create a voltage
divider. In the exanple showmmn in FIG 7, the switch
SWILSB is closed to provide 3 Vef - A charge is
accunmul ated 4 23 on the capacitor ¢4 that is equal to
YRD. 4cC4 , where VRD.4c is the voltage provided by

the resistive portion. A charge is accunul ated on
capacitors Cl, C2 andC3 that is equal to V,,f (O +

2 + Q). [0092] During an integrating phase for the
fourth digit val ye 11) the switch 1 o

Vovive. S0 (seR0N® cRaei e BATTRAA! Sh S dTaS-n e apipe Hrd ibERating
applied to the anplifier 20. Using a charge

phasgias wilhbe aseliRdRaleW. the total charge before
changi ng the position of the switches 16 and

18 is
equid0a4} t Refeoingl now iteFies a8€ andcdangn rﬂgwwrﬁ@rpw ghthe
of the switches 16 and 18: Q T = YCf = VNDACCA +
vnf(d + C2 +CQO VvV=vIO&4 +V C1+C2_+ JWAC ', ' f V.,

D/&f caiveTies of fFiGe 88 during o/ SeERliBg RRARS 15t 8leawn dor Ygge =—,~
andC4or be used to scale the output voltage and not

be equal  to f
Ding mplng Biase. e SHgALSS ,'9?9% ar%@b%%%@ﬁa B, Cau and
now to FIG 8A and 8B, a nested a T tor Cuy is
Cnaqracqonm@teééaécreﬁr@a%})%e@&ﬁ QE%"‘ c ARGt Cr
the present invention is shown.

criargeditto Merchi gharg® is gceipviated an Fth%caﬁﬁ'to"%ﬂefg@hﬁl gaypl to
sanpl e and integrate configuration is shown. The
ng‘@pLaci tive portion 110

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

0, =VC, =V, C,=V(C,+Cy +GC;, +C,);

ClL
V= V""C +C,, +C, +C,,

V"C
Assuming that Cqy, Czi, CaL and Cy are equal, V' = -4—’

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

V. ,
converter of FIG. 8B during a sampling phase is shown for V. =—;f-. During

sampling phase, the switch 152 is closed and the capacitors C4_ and Cga_ are
connected to a reference potential such as ground. The capacitors Ci and Co.
are charged to Vier. A charge is accumulated on the capacitors Cq. and Cy_that is
equal to ¥, (C,, +C,,)-
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operates as descri bed above. For purposes of clarity,
the capacitors Cl, C2, C3 andC4 have been rel abel ed
m CM C3mand CAM A second capacitive portion

150 is associated with the two |east significant bits
and i ncludes capacitors AL, C2L, C3L andC4AL. The

vol tage provided by the LSB capacitive portion 150 is
24 VCDAC. The second capacitive portion 150 al so has a
sanpling and integrating phase as will be descri bed

bel 00941 i ; F i d th
couf B T R Re g LS ter or R G he

Ca%ﬁéiiqr‘}g @aﬁ—g%#gp%ﬁgggﬁeﬁﬂﬁgcﬁﬁg&g %Ee\éﬁgaglf:ggh? ta‘ﬁ%l charge
' CAL, CK. CK _
oefalp BRI cRENSE i s it anE TR Cagie 7 (g pwiteh

is charged to V,.f. A charge is accunulated on the
1524popened. Thereforgi is equal to WI.f CIL * 10095]

During the integrating phase, the switch 152 is opened
and the c@&eV@méiqf(;%.Ler;LQ=mLén%ffh"af?@);connect ed
in feedback. The totéIL_l_cd:;arge before the switch 152

1

I s opened ivs:n’l;e—emagz—as—bhe—t-ot al charge after the
switch 152 is ofertth: *fheféfivre: QF = VCT = VieCl L. =
V(ClL + Q2L + CU+ A4L); VvV =V'f dL AL + L + dL

+ CAL Assuming that CIL, C2L, CKFgnd CAL are equal V
Assuyhiag that C4, Cz, C3 and C, are equal, V =

[0098] Referring now to FIG. 8F, an equivalent circuit of the D/A
. 3 3V’.¢f 0
converter of FIG. 8B during a sampling phase is shown for V. == During

sampling phase, the switch 152 is closed and the capacitor Cy4__ is connected to a
reference potential such as ground. The capacitors Cy., C2L and Cg_ are charged
to V,et. A charge is accumulated on the capacitors Cq, Cz. and Ca that is equal
to ¥V, (C,+Co C,.)-

[0099] During the integrating phase, the switch 152 is opened and the
capacitors Ca., Ca, C2u and Cq are connected ih feedback. The total charge
before the switch 152 is opened is the same as the total charge after the switch
152 is opened. Therefore:

Qp =VC, =V, (Cp+Cyy + C,)=V(C +Cy +C +Cyp )
C+Cy + Gy, .
(C +Cy +Cy +Cyp)

V=V,
3V,
Assuming that Cy, Ca, Ca and Ca are equal, V=—-4—.
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4 [0096] Referring now to FIG 8E, an equival ent
circuit of the DDA converter of FIG 8B during a
sanpl i ng phase is shown for V Ac During CD 2 sanpling
phase, the switch 152 is closed and the capacitors CAL
and C& are connected to a reference potential such as
ground. The capacitors CIL and C2L are charged to
V,,-f. A charge is accunmul ated on the capacitors ClL
and C2L that is equal to V,,,f (CIL + C2J 25 [0097]
During the integrating phase, the switch 152 is opened
and the capacitors C4L, C3L, C2L and CIL are

Coﬂ(bggbﬁd h%férﬁﬁgﬁzcgb-toTPﬁéﬁ 82! af usRleeiRUR bhehe D/A

S 52 1s op st same as the total charge

after t itch . 152 i The, : = =
cowqr?e(dftﬁgs.%)chugné(%seﬁlpﬁ’l@[ﬁ%swg +£@(ﬂ{ ?or %ﬂc =V, The
C2L (AL + CL + C3L + CAL) Assuming that Ci1, C2,
switdlaredSdeaintedewithl thisv/positivn fmap bg oodigad méifcer this yalenwcan be
FIG 8F, an equivalent circuit of the D/A converter of
aIrEbif?' b8Buisinet yausimtie nextpdsse Insthishcawe e of/ti@Acapacitors
=LV"'-" . During 4 sanpling phase, the switch 152 is
m&) aneNs drtkdnhecrANeyroaidAlf 4 Seiecnisaised, Harig sampling phase
referénce potential such as ground. The capacitorsClL,

th&2hABH 43bas 810583 =88Ahe capacitors Cir, Cai, CaL and Cqy. are charged to

V. A charge is accumulated on the capacitors Cq, Ca, Ca. and Cy that is

equal to ¥V, (C,, +Cy, +Cy, +Cyy)

[0101] During the integrating phase, the switch 152 is opened and the
capacitors Cqt, Ca., C2L 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:

Qr =VC =V, (C+Cy +Cy  +Cyp) = V(C+Cy +Cp +Cyp)s
V=V C+Cy 4G +Cyy
" (Cp+Cy+Ci +Cyy)

(G + Gy +C +Cy

[0102] Assuming that Cq, C2, C3Land Cq4 are equal, V=V ,.

[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 sémpling 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. 8I.
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to Vref. A charge is accunul ated on the capacitorsCl L,
C2LandC3Lthat is equal to V,.f (CL + C L + C31L)
[00991 During the integrating phase, the switch 152 is
opened and the capacitorsC4L, CK, C2L and CIL are
connected in feedback. The total charge before the
swtch 152 is opened is the sane as the total charge
after the switch 152 is opened. Therefore: QI = VCT =
Ve (CIL + C2L + CO = V(CIL + C2L + C3L + CAL); V =

th Zloth,*f Boterode ot B, 5 3 i tebl Brng TV Bajener is
010Q] R [ 8 ' ' '
ot e P55 BB G Eso el o Lol fback
h [ f = Vf. The CD switch .
an§lot de iarowtn Aurn the 8ETieginbrgnase BRRIot Sandheein. the next
this value can be already be obtained by using the
L SResemplipB. phagetas descHBed BA®IDf t he capacitors may

al ways be connected to ground. If a switch is used,

dur (05 amRefeginghasy te helGwPAIP,1 seditional wapacitive] and/or

the capacitors ClL, C2L, CK and CAL are charged to
redisthfe- DACC partipas irsayabeladdedt eth BIG.t 88, anphetager sapaicitive D/A

C2L, CK and CAL that is equal toVv,,f (CL + C2L + C3L
cohvéHér 170 sl ehdwhur Ting coheertert B9 iiclutpsplepseitive mortions BG4,

switch 152 is opened and the capacitors CAL, CK C2L
B@Ld.. ClanBG,s aniiek 18 agsotestbastk. LIBE reqt aSBrhar gmd MSB
groups. For example, a 6 bit example can include capacitive portions BG4, BG2
and BGi. Each capacitive portion may include four capacitors as shown and
described above. Each 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. 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 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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before the switch 152 is opened is the sane as the
total charge after the switch 152 is opened.
Therefore: Qr = VCT = V,,f (CL + CL + C3L + C4L) =
V(ClL + CL + C3L + cA4L); VvV =V'f L + CL + C3L +
AL (AL + Q2L + Q+ C4L) [0102] Assuming that CL,
C2L, CK and AL are equal, V = Vf [0103] Referring
now to FIGs. 8H and 81, non-overl appi ng and.

over |l apping timng diagrans are shown for sanpling and

i nt ti d i bi imati
potPPETl. HRERTRE Ao RIS 100 PHecaRRe] Bpti@xmation AD
hase an be non-overl appi : [ L .
coreiies 20 Byl a AR 208 8u 36 ihucbedsh® affoximation
- portjon. can full ng/ or rtially. overlap the .. . .
regRTelgAR) 20t ph el e coRine. gl rof reeofBa e gt bits as
_shown in FIG 81. 27 [0104] Referri ng ngﬁl to, FIG 8J,
willzbe daserinegoiugthenbelode  BnOEBHY aF they SAR 204 swinPuhdo dgroder
be appreciated, the LSB switches can be connected in
mobaled 1286k thatnaiayr indudg cunmodifiednghermemeter decoder 210 that
I VI SB-integrating phase and/ or can begin the next LSB

comanpidates with sad asntiels switobes BYY aiss,. SWoa5 BVetmrandn®Wivss
now to FIG 9A-91), additional capacitive and/or

ba&é&th b MIBs BABemsutputasftherSAReAndagmiit of the=S8AR 20X isdnpiN to a
stage capacitive DA converter 170 is shown. The

theérRidVRitbedecoter RNO i esnmapsicatos withpand contratiswitiies SW. ss,
B&, ..., and BGx, which are associated with LSB, next

SW&?B Wayse, HH é’wﬁge Ba8dP BN LISEs itReBLBut of thelBAR 204.

exanpl e can i1 nclude capacitive portions BG, B& and
BG3 1o fef§ | §d ;ﬁr?]ig{tthé’gwﬁaﬁHBrlQ'cBﬂﬁeét@@ﬁo ground. Ends

capacitdrs as sho
of the capacitors are connected by switches SWwsg to Vin. After acquisition of Vin,
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 SWwgg, which drives the
common terminal negative to a voltage equal to -Vn.

[0109] As the first step in a binary search algorithm, the capacitiye and
resistive portions are configured to provide 1/2Viet as described above. In other
words, Cau is connecied to the common node, Cam, Cam and Cqy are connected
to Vyer and the switch SWy_ss is closed. For example, if Vin is equal to 3/4Vie, the
common terminal will be driven to (-3/4Vg + 1/2Vier) = - 1/4Vier. When this
voltage is compared to ground, the output of the comparator 20 yields a logic '1",

implying that Vi, is greater than 1/2Vre. If Vin is equal to 1/4V,e, the common

terminal voltage is (-1/4Vier + 1/2Vyer) = +1/4V e, and the output of the comparator
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descri bed above. Each of the capacitive portions
includes sanpling and integrating stages that may be

non- overi appi ng and/ or overl appi ng as descri bed above
and below. [0106] In FIG 913, an N stage
capacitive-resistive DIA converter 180 is shown. One
or nore of the last stages is a resistive portion as
descri bed above. In this exanple, there are X-Y
capacitive portions and Y resistive portions, where X

203%?3( |Y gﬁc; o d usé@%e%}@@ﬁﬁuésh@ﬂh 358 QextNB bEESH H¥fending

sanpling and integrati ng
f | ast
upPafer volle el EaBBRR SR oARoq, BIE 4BCreehBa. whie
FI G, 9C, I
capaRliEse HGPeEROIARG aagghqwrigrc%p?ﬂﬁ%pﬁag%%wem \tage
addi tional capacitive stages. In FIG 9D, arl exenpl a
capaaitivg d@ragrf‘é-ﬁtagﬁovmcﬁ@ac'ﬁ‘{# resistive/ ofmpigrianiations are Yalso

over |l appi ng sanpling and integrating phases for
coattnplatedal capaci tive stages is shown. 28 [0107]
Referring nowto FIG 10, a successive approxination

A D [0¢ 901V er Refer@@0now ®hBIG. 1TAe acpipelinede VR a®nverter 250 is
i ncludes a successive approximation register (SAR)

shah. OrTHEDEG Ve rieh @50 ciaciudes sa bhgality fabrstagesoR5211g 25262, 252-3
digital bits as wll be described further below An

524)RatSHB Redadad imgetiest cEaltroidie couesbAD 208verter
(cﬁﬁéﬁw%y;’il r?c ?J de a nodified thernoneter decoder 210

o4 P YR EA Sy el iR sl hgse SRR

aﬁ%&ﬁ%gﬁ tﬁ&?\ef%m A gglg]r" pé{%%é’z tRG RARBIARA DI §Lﬂ580nverter

dec at conmmuni cates with

RIS St SWVEHE St P andRlf - Sinal>) & RA-r@fhuion DA

the SAR 204.
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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[01108] During acquisition, the swtch 16 is connected
to ground. Ends of the capacitors are connected by
switches SWiSB to Vin. After acquisition O Vin, the
switch 16 is opened and the capacitors are

di sconnected by switches SWWMSB from Vin. The
capacitor array is charged wwth a voltage based on
Vin. The capacitors are then connected to ground by
swi tches SWrsB, which drives the conmon term nal

outPRUGR thyl %uB@orﬁe\‘t@Lhﬁﬂ%l@&Hﬁéhé&oﬁM wext higHePllevis cbbe causing

TSt Step 1n a binary search algorithm the

the &%Ctgcgiﬂ{?e E@ngbé@gﬂt& Y§ Bg’géﬁ kP RS nekENIGREH le8r, €Phik n turn

SCri above. In otﬁer wor ds,
CAMi s connected, tq. t de, G3M CZmand Cm
causeg t%%ﬁﬁ@gﬁ%‘g’esf%’%é’ﬁg%ﬁgw@% tch SWLSB is

cl osed. For exanmple, if Vin is equal to 3/
cort@3i3} er ﬁﬁ”gﬁd'mpleﬂ?rx‘?ﬁ'%nhlo RGN &égﬁ?@%/haq? ynot
= - 1/4vrf. Wen this voltage is,co red to ground
idehanad MopcHNIferMity 8Ce4En P 16 g‘é&j’f‘%ﬂgggﬁe |V8£3?%g fygeeds the
inmplying that Vin is greater than 1/2Vrf. I& Vinis
ideatjvaluet oy 3/ fed. amounte doMmien 11Pethf Fegidys vpliaee jexceeds the
(-1/4Vref + 1/2Vref) = +114V,.f, and the output of the
ide20 ravidad voliag2 byZ0variable Aoguot.' 0' . Thi s process
continues with the next MSB or LSB dependin upon the

val y@1 t IRefevinparet ¢o FOGt paA, antanaleg to idigial gpaverter 300
resolved. While ca pa citive- resistive

thit TR RIFBRA4 iredldis vahays withaloaer vaietiormpacordingsto the present
N-Stage capacitive or N-stage capacitive-resistive

inveH AlnoNSapaditord €9, Cs0CL anpl G4 ark s¢ledthvd]y connected to
m@l’gﬁﬁ?% ngw tggéi:l G 11A, a pipelined A/D converter

Vigra S e e e P Pect el s 353 T hat -
o@éﬁbgfﬁe?%%grﬁ.pnﬁ.erIine§om§6\ﬁ{blé?ﬁeﬁtﬁﬁoﬁé?%§ ecA/®; and C,4 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 Vin. In a residue amplification stage

G

in FIG. 12B for Vi, between 0 and CiC+C 0,

v, (‘A" in FIG. 12D), the

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

table is shown in FIG. 12D.

[0116] Referring now to FIG. 13, ina residue amplification stage for Viq

C, C+C,
V . and
between = +C+C, ¥ G+C,+C+C,

V,, ('B"in FIG. 12D), the switch

31



stages 252 includes a sanple and hold nodul e 254 t hat
sanpl es and hol ds the anal og output signal froma

prior stage, a |l ow resolution A/ D subconverter nodule
256 that converts the held analog signal, a

| ow-resolution DA subconverter nodul e 258 that
converts the resulting digital output back into an
anal og representation, a difference nodul e 260 and an
anal og interstage difference anplifier nodule 262

16 Z{'??eﬁé@lthé 'c% kit Cﬁ% Sbthecléte il Rsddbdek iatrdn@Bment and the

erefce be ween the held anal og signal and the
t U £ T |
L R

8 %2{ ent anal og i nput sanple while the second
regrpg@@epg '3 operates on the anplified residue of the

t | e.
Fecn i nRBtaruRg BPuta G P e LR AR F A o Vi
bythetlrrE|t takes in_one stage [0112] Referring

o FEEC | G irdediGang nep~ ifers. 12881 SeSwitch
be o\gt agesCare€ strg)\%ﬁ]a IanCFtl@}+d:';L+B’ t}é(n@l d(lear r'esi due wite
vol tage 'S shovvn When the input reaches a first

1698%g%¥189 HeVES a%fitoF kS lé/chﬁ&aeefm %éc‘f’éadﬁoéjf%r?ge%%t dridethe

t of t e subConverter switches to its
B A SRR 2 ek sl

in turn ses the anplified re3|dueto drop back to
re%;éer qqﬁr‘it@f In actual irrpl enent ati ons, however, the

COMRBEHLS BB pel EoBn AN B et fpeson

val ue by a flxed armunt In FIG 11 D, the residue

V! &&d qlzue ‘oolin FEE 1PD)athe switch 16
st%(/é}l abl'e am)untC +C, +C +C, ¢ X

is opened, the capacitor C4 is connected in feedback arrangement and the
capacitors C4, C2 and C3 are connected to Veer. 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
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[0114] Referring nowto FIG 12A, an analog to digita
converter 3.00 that generates a residue voltage with
| ower variation according to the present invention is
shown. Capacitors ¢, C2, C3 and ¢4 are selectively
connected to Vin, a reference potential such as
ground, a voltage reference (VWrf) and to an output of
the opanp 20. In sone inplenmentations, Cl, C2, C3 and
C4 have substantially equal capacitance val ues.

coécilgé ?a[%é(ﬁeé‘n%wedrti{&g ; BQ@?&EIc@c@%%ixﬂ@,%@/o?@rmbh&a@ﬂﬂb@E; &iftput

con I's shown further. In a

sampl i ng. se | . t S\ 16 is closed
to 3'?1{?8{ W&%!:‘%féj&?"e83?%’%&"’3:%‘%’%88?@%"@}3"w. In a residue
a i fication in FIG 12B for..Vi,. betwee
anatts2e] Y e AbA4hadmay samdiigite ditn'a positEtha] shown)
switch 16 is opened, the ca aciéor. C, is,connected ila. .
supl e a® KCHTPUIEHe MAtie CAMBUIRG AFVichSs Sh 88 PeRANeY digital
are connected to the reference potential. A truth
assistants,i eelvtasvphonesyingdia . MBS plyersepad rtha dikgo@ndipr other
FIG 13, in a residue anplification stage for Vin
ddviziesnda one@r Wipre firad or vi@less @mmunjcatioglinks 4p8G The HDD
12D), the switch ClL + C + C3 + C4 C, +C2+C3+C4 31 16
400smeap ieecbnridttedcapmeitiooy 402 sush @smasdomdadcass segheryl{RAM),
arrangenent and the capacitor C, is connected to

loW: lafency RBneaIatieirheman/Eicargt fkhamemony)read edlytroemory (ROM)
reference potential. [0117] Referring nowto FIG 14,

ahd)oPoth8f sGitidlBRLirbhie @btDstofdgege for Vin between CL +

2 V,.f, and C + C2 + Q3 V,,f ("C" in FIG 12D), the

SW 1@421] 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/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 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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Cl +C2 +C3 +C4 C1 +C2 + C3 +C4 16 i s opened, the
capacitor C3 is connected in feedback arrangenent and
the capacitors C, and C2 are connected to Vr,f. The
capacitor C4 is connected to a reference potential.
[0118] Referring nowto FIGs. 15 and 16, in a residue
anplification stage for Vin between C1 +C2 +C3 V, ...
and V,,f ("D'" in FIG 12D), the switch 16 Cl +C2 +C3
+C4 is opened, the capacitor C4 is connected in

conﬁ@ﬁgﬁ&‘? lsh&ivh 3R FBEEAY A2NTIné MDD OB Gt @mBinCHDIC2hatnidciG8es
are connected to V,,f. Note that because the different

oneC&pﬁlg}é 3[a%tef§l F\Ia\(lf:i§§ 4 @anidisr fHaesPamslcntuml éﬁﬁroﬁimdtél?ﬂﬂ”.

resi dueranp ion, the residue gain can perfectly

The B 410°078PRE doRhefed B flbmdiiea{S SulhCad HANMIROMO ow

IS a variable
i nter-st gain and a, sub ti t [
e BRRVINe BEMTDITE FT T ng o R ot s TeBie
17A-17G various exenplary inplenentations of the
elegirende Aata #10E@9L on are shown. Referring now to FIG

17A, the Ergesent invention can be inplemented in DA

or [AN28LonRefardng naw dohki@. di/fe ther ipreseoinventi, fan be

i npl enent ati ons, the signal processing and/or contral
implementad in4DA emAfDosonyerters i a bightdefiniion teleyigion (RPTYE420.

HDD 400 may process data, perform 32 coding and/or
TheHD VY 1420Teceiees BIDT\E ilputi signatsnis, eithed Aowired priiretss format

that is output to and/or received froma nagnetic
an8 lgehagfesBIOTUNDUWHG! sidldi2 Bdr & Hispla@ 260 dnreyne tnplamentations,

with a host device (not shown) such as a conputer,
sighaPigr6cSaify kirddt dndicr ecoriet Itigait 4225 @mdlordotyiet adircuits (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 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 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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assi stants, cellular phones, nedia or MP3 players and
the |i ke, and/or other devices via one or nore wred

or wireless conmunication |inks 408. The HDD 400 may

be connected to nenory 409 such as random access

menory (RAM, I|ow |l atency nonvol atile nenory such as
flash nenory, read only nenory (ROM and/or ot her
suitabl e el ectronic data storage. [0121] Referring now
to FIG 17B, the present invention can be inplenented
in \g.‘égf_r AeRrRRgVABerts IMGa 70| tihe vresaiti lievetitisn may
(DVD) ive 410.7 The signal processing and/or control

im@%%ﬁhéné/&?bé‘ﬂ'ﬂ Rt e B4 SHAIS cdmirte?d V8 onirdt syBm of

may process data, perform codi ng and/ or

a v?eﬁ&ﬁé’ géb?aggld&ﬁ &ﬁérﬁ}c&f gr&a%ggtfagé QiFagP Bt verti&Bbn I s¥stem

witlten to an optica
st orage nedi um 4 In sone | .at 1 ops, ; ;
andioy il Okﬁ‘ieécsé’?aynégém d'Po?omgo'H{w%'ﬁgﬁﬁ'%%’t {P%l B‘t‘%ﬁa‘z fvention
other circuits, (not shown) | he DVD 410
implemmat i ptr e Rteb RS A b reR s i g 88 or more
decodi ng and/ or any other si gna[%ﬂprocessi ng functli ons
seasersc buche @swiampaaive SENsoEs, AIGESWP SPRSARDIRHNAI SEySOrS,
may communi cate with an out put device not shown
aifloahsarsoss aodiontaay, othel switahle seasorstans/ordibat gengraieoaee or
or nore wired or wireless comunication links 417.
marecolRpit 4dftratesjgradsrsuch aatengine PPeEing REFBMERArs, tigpsmission
418 that stores data in a nonvolatile manner. The mass
ofthing phiRders4and/onythen cbntda sigrtads.d di sk drive (HDD).
The HDD may have the 33 configuration shown in FIG

17A. [0Tb61 HDPhapyedemt inviehtion Y alsabeiimplanerged émether control
nore platters having a dianmeter that is snmaller than

SAREMQXATREEING Verftle 430NeTRYRoARS siyerhetdtomagdikediseoreceive
nory 419 such as RAM ROM | ow

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 stores data in a nonvolatile manner. The mass data
storage 446 may include optical and/or magnetic storage devices for example
hard disk drives HDD andior 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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| at ency nonvol atil e nenory such as flash nmenory and/ or
other suitable electronic data storage. 10123]
Referring nowto FIG 17C, the present invention can
be inplenented in D)A or A/D converters in a high

definition television (HDTV) 420. The HDTV 420
receives HDTV input signals in either a wired or

wirel ess format and generates HDTV output signals for
a display 426. In sone inplenmentations, signal

¢ i 51 | srRalle Ui Ry 1.8".
ond)pf §6t3] s el & fiqrRbter WAt ) srhallct than SPgroRMAdely

rocess .data, per ' VAL
T SRRGT 7 e HRPL TR o el P eEPaD el 447 such as
ot her type of HDTV prgcessin hat [
RARb13@M J6E Riorty aotrdrafS Somaft HURLaEMte Ffohy rfor other
storage 427 that storeg data in a nonvolatile n
sulahie estopiG 6813 SRES: HagRAVRTEMLFAPT SalsrT4d? Hgo may
| east one HDD mjalg have the confiquration s,hov#n in féG
supfott odheetions: Withaa WbAN YDA \etwork intertace 448. ~ The
configuration shown in FIG 17B. The HDD may be a
contrali sylefam #ratmanaisa dealudmmass dats stopaas, Mmarsomy Apdigy WLAN
dianmeter that is smaller than approximately 1.8". The
inteFaYe {@iohoteholva).connect ed to nenory 428 such as RAM
ROM low | atency nonvolatile nmenory such as flash
menypy28]jandreferirigiarovs to t Bl e 1ZEectheopreseghtiavantionagan be
The HDTV 420 al so may support connections with a W.AN
imfidnantllANDIRIOMUB dohvetérade aA@alulzdphbe 25D thetfreay invlpde a
owto FIG WD, the present invention nay inplenment

ol 1oy il st oo
a TRSfopiBha 4560 aA%udH olilplit ¥eBistich &P atspeakeryaridion 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 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. 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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and/ or a power supply 433. In sone inplenentations,
the present invention inplenment a powertrain contro
system 432 that receives inputs fromone or nore
sensors such as tenperature sensors, pressure sensors,
rotational sensors, airflow sensors and/or any ot her
sui tabl e sensors and/or that generates one or nore
out put control signals such as engi ne operating
parameters, transm ssion operating paraneters, and/or
sudit BErRﬂWtF'i@M Jbwnatehcy [ KRRl atil@ ememesesiich meefdsromemory
may al so'be inplenented in other control systens 440

anﬁ?lokén'?er s%t{hﬁlleeelé@l%mcm%acé’c Hd.  $retcRmiI4l Bhomey 450 also may

W Sse recelve SsSi S ron1|nput sensors 44

sufit G Wﬁ"??‘&e% FEWEAhaUBTicTRLcE 46‘3“ put

I ons e contr ol

ChalgT30d " A0S o8 ﬁqé'{hGa A7) it SN PABRSH 26 be

sys a
vehicle tel emati cs stem de S st em

impleaataob Pl AL RIS or 551 p B4R oTné S8t B8 b ueo
entertai nment system such as a stereq, DVID, conp

reciives aighals dram ke so8ree |sushhap ?nB'IOéﬁé@ﬁdaﬁOHFP? éﬂ‘a °”tp”ts
contenplated. [0127] The powertrain control stem 43

stavedard amdionihigit definition avsliclvideatsignalosuigdledes at lay 488 such
stores data in a nonvolatile manner. The nass data .

ass hOeRgBicH Gndiay moriton @adigptdatbet vided/ and/eragurdie ayitput devices.
storage devices for exanple hard disk drives H DI D

TR Higal DoBessiry dnelast camteol Heibiitsag 84 aarel/athether circuits (not
configuration shown in FIG 17A and/or at |east one

sr%%grrev thavestt p beoME(y WAy iocedsoata, npdifadm tadingThed/or
HDID may be a mni HDI D that includes 35 one or nore
egé P

é?ﬁ)Yﬂnn&aI@dIﬂidiﬁehﬁfnétftﬁtaI&Mémm aay other set top
oxl' te y 1.8". The powertrain control system 432
bggyu&eﬁoﬁpnnect ed to menory 447 such as

[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 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 than 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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RAM ROM |ow | atency nonvol atile nmenory such as flash
menory and/or other suitable electronic data storage.
The powertrain control system 432 also may support
connections with a WLAN via a WLAN network interface
448. The control system 440 may al so i ncl ude nmass
data storage, nenory and/or a WLAN interface (all
not shown). [0128] Referring nowto FIG 17E, the
present invention can be inplemented in DDA or AID
converters_in a cellular 0 t Yinvdttiond@aR be
ceI[PE\I“é} aﬁ?{éﬁﬁ}g j]gY}J t?an?)'rrggiGAfr‘rp%ee ﬂ%sgﬁlo‘ﬂs, t he
cel lul ar phone 450 includes a m 0 5 an
impieroenteguinp (/A4 98 %’ch‘?%?'%@p@al?e%%ﬁ%/%‘fsy%u 03 odf put e
jack, a display 460 and/or an jnput. devi 4 su
im;ﬂetk\em&ﬂidnspge medig) player e@0 inglydes égéplagpﬁ)zr?ngﬁg/aoﬁ&rqﬁput
ot her input device. The signal processing, arfd/or . th
508 Qylichods ackeypail} tousbpadyamdotheolieer I iSpRYG Nplermgptations, the
shown) in the cellular phone 450 may process data,
metfta ffayBercsat ngayaedhbioy. aegraphisal oper péeffanen(GUI) that typically
cal cul'ations, format data and/or perform other _
e"&g%)l,yh@rnug'h@,r@@_ dowe e, idodis281d/dthe poitiandedlicl frgagace via
may communicate with mass data storage 464 that
thé‘dgf R S5 8nd/Br 8séranm@l 508. | Pherrudie playeh5Ges fuster ineludes an
ANaror magnet i ¢ storage devices for exanple hard di sk
dri v r aDVPsspeAker lp@/r Aidio HMputRjadkaihet signal
a%%f?%gﬂﬁg??%nwgﬂoan ionI G 17A and/or at |east one
El VEL- may hav i R StheweirduitsHinet shd®n) of the
PreReSHIND t}’rbcgonyafncﬁwm%it at includes orﬁoe or nore
platters ing a di r i8dmgBddRSr drtpbtion, perform
megjs B‘?V%Q@Va% @ope%ngét%élpkﬁ?g? ‘%ﬁog? 450 nay be P

oS omBen SRR AT BT PRl pER bt

[0133] The media player 500 may communicate with mass data
storage 510 that stores data such as compressed audio and/or video conltent ina
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 smaller than
approximately 1.8". The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatile memory such as flash memory

and/or other suitable electronic data storage. The media player 500 also may
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and/ or other suitable electronic data storage. The
cel lul ar phone 450 al so may support connections with
a WLAN via a WLAN network interface 468. [0130]
Referring now to FIG 17F, the present invention can
be inplenented in D)A or A/D converters in a set top
box 480. The set top box 480 receives signals froma
source such as a broadband source and outputs
standard and/or high definition audi o/video signals

sufttirt Bheclions Wit SWLAN $88 WUAN naswarklislethatsisnB. Still other
andl or nonitor and/or other video and/or audi o out put

im@?iﬂg&fﬁ?i&niﬁggﬁig?ﬁ‘% tHAS LRSSt AbBVeCirentdriplated,

or other circuits (not shown) of the

set bo p ; j i
anal 4 o dRe e FE R £ Rop o e BEiDhe foregoing
and/ or perform any other set to Jnct i .
desip B hEupesERea Rrhies & i hiBsrERiet i bl Bg ipdieithiec
_ storage 490 that stores data in. a ngnv |atile gﬁpn [ad i
in En¥anelysofdfrmsst Sharpioneo Vg this ivenyen g’tﬁsi bﬁ?" gFred
magneti c storage devices for exanple hard disk ﬁégyes ,
corhebifvramithopartivaler exampless thesrarl, HP DT SORRY L Hig invention
configuration shown in FIG 17A and/or at |east one
shbuldDnatle Isaviimited: sinoafaten modifisationswili be¢ares appgrent to the
The HDID may be a mini H DD that includes one or nore
skillealt peactitiveari npom a ditedie oé rthe hdrawingss nthe| epegification and the
approximately 1.8". The set top box 480 may be
folewingaiAchst 0 menory 494 such as RAM ROM |ow | atency
nonvol atile menory such as flash nmenory and/ or ot her
suitabl e electronic data storage. The set top box 480

al so may support connections with a WLAN via a WLAN
network interface 496. 37

39



[0132] Referring nowto FIG 17G the present
invention can be inplenmented in DJA or AID converters
in a nedia player 500. In sonme inplenentations, the
medi a player 500 includes a display 507 and/or a user

i nput 508 such as a keypad, touchpad and the like. In
sone inplenentations, the nedia player 500 nmay enpl oy
a graphi cal usE&faimst er f ace (GU) that typically

enpl oys nmenus, drop down nenus, icons and/or a

poi nt-and-click interface via the display 507 and/or
user input 508. The nedia player 500 further includes
an Raudi oAdliipdltto afilog tisttvenisr @ AQpedwepristgd/ or  audi o
out put jack. The signal processing and/or contro

circuits RO4pandi@b At @t sle'oHhdcted RBEtheNRAVREeOfwidigin X is an
nmedi a pl ayer 500 may process data, perform coding

. (o) Qr. f
o) GloaE Bt e el SR abitiive DRETRbRYRG)
The nedi a pl ay 50Q may co nicate with s data
storage 510 thgéS@F@Fﬁgxﬁg?gﬂgﬁéw13?g@3ﬁﬁ¥g§§3505bdio
and/or video content in a nonvolatile manner. In sone
i npl ement at i ond SigPALINEWHpr essed audio files include
files that are conpliant wwth MP3 format or other
sui t abl e conpr esigad! owputi andand/ or vi deo formats. The
mass data storage may include optical and/or nagnetic
storage devi ceMf eapeitaites e thmar dosinfikicdtd veth HOld M switches,
and/ or DVDs. At |east one HDD may have the
réé@&fti'vgﬁff &hH QRatS RAWNTiLsE afild Gecdnd e AR, s@stdnﬁﬁﬁ% QB8 capacitance
D may have the configuration showmn in FIG 17B." The
may be a mini  HDD that includes one or nore
platters having a dianmeter that is smaller than

approximately 1.8".. Th di.a, pl ayer. 300 may be. . .
connected to neYRSFSR 5"1‘3 Mgﬂ’&tﬁh‘%sse{?ﬁ\wglwn chipif firg fogs of said
nonvol atile nmenory such as flash nenory and/or other
M capagitansesioeaid $8na ogtnuh a8dlor age. The nedi a pl ayer 500
al so may
wherein said M switches connect said second end of a selected one

of said M capacitances to said signal input; and
a first DAC that has a signal output that communicates with said signal

input of one of said X capacitive DACs.
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38 support connections with a WLAN via a WLAN net wor k
interface 516. Still other inplenentations in
addition to those descri bed above are contenpl at ed.
[0134] Those skilled in the art can now appreciate
fromthe foregoing description that the broad
teachings of the present invention can be inplenented
in 2 varTied PACToff@eis 1 fuiitesrebmpeisinghi | e thi s i nventi on
has been described in connection with particul ar

exanpl esad HRPIGRE hatiA@ ahhinfut ARQ@BE offput;he i nvention

shoul d not be so limted since other nodifications

Wil bec?#@gﬁ%ﬁg{ag%tah& ﬁ{ﬂﬁcorﬁhliul‘dc?gé RfifiCdald ingﬂf%ne&%?&‘output

a study o W Nngs, e specitication an
fallowing.clainmns. 39 Cains 1. Adigital to anal og

@gﬁ%‘ AMPAfEHAC) conprising: X capacitive DACs that are
connected together in series, wherein Xis an integer .

gr eat er Whemginosaid figgiendp of spid Maeapaeifanses of another one of said X
capacitive DACs conprise: Mswitches wherein Mis an
icapaxfrive IDAEaicoemniuninatasneith a aeferegempotemtial dyuring 8 ifiystgthase of said
out put; and M capacitances that conmunicate with said

Mhthet SRESE said R eRReitiveabXCsand t hat have first and
second ends and substantially equal capacitance

val ues, | B § A ' - iLyel : :
Lo e, BT By ] SRBRTSELREAS rRERERLs v s
Cﬁjrtstp gﬁds &' gaid M capacitances of said another one of said X capacitive DACs

during a second phase of said another one of said X capacitive DACs.

3. The DAC of Claim 1 further comprising:

an amplifier having an input and an output,

wherein said first ends of said M capacitances of another one of said X
capacitive DACs communicate with a reference potential during a first phase of said
another one of said X capacitive DACs,

wherein said input of said amplifier selectively communicates with said
first ends of said M capacitances of said another one of said X capacitive DACs
during a second phase of said another one of said X capacitive DACs, and

wherein said second ends of said of said M capacitances of said another
one of said X capacitive DACs communicate with said output of said amplifier during

said second phase of said another one of said X capacitive DACs.
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wherein said M sw tches connect said second end of a
sel ected one of said M capacitances to said signal
input; and a first DAC that has a signal output that
conmuni cates with said signal input of one of said X
capacitive DACs. 40 2. The DAC of Caim1l1 further
conprising: an anplifier having an i nput and an
outdput ; TEhefl2AGhd Kaiva p adierein caidtfivst DAGhomprisas ¥sesistive DACs
said input and said output of said anplifier, wherein
SRbdid Vi in SRcler efcakRiinMeaRPaci t ances of anot her one
of said X capacitive DACs communicates with a
reference potential during a first phase of said

anot her one of said X capacitive DACs, and wherein

said i nput of, sai.d ljfier . selectively con icates

wi th sai o f)l‘ﬁ*ét‘)fe[a@'ﬁgo‘# wheren @t ﬁsﬁaaﬂFaﬁg&W resistye DACs
anot her one of said X capacitive DACs during a second
peraBRsE8f sai d anot her one of said X capacitive DACs.

3. The DAC of Caim1l1 further conprising: an

anpl i fi exsigmaliontpugn i nput and an out put, wherein said
first ends of said M capacitances of another one of

said X KNapasghhde¥ QobM¥eiedGANBHE B&tveekdil valti®f @feréie and said
potential during a first phase of said another one of

| htive DACs, wherein said input of said
g%%?éé@%gl’ect ively communicates with said first
ends of said, M.capacitances of .sai not her one,of.
o x oSoheet] FEUSRAGRT TR pra AL af A et Mg Yaig pference
anot her one of said X capacitive DACs, and
potential; and

N second switches that selectively connect said signal output of said one

of said Y resistive DACs to one of said N nodes.

6. The DAC of Claim 1 further comprising a control module that selectively

generates switching signals to control said X capacitive DACs and said first DAC.

7. A successive approximation analog-to-digital converter comprising the

DAC of Claim 1.
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wherei n said second ends of said of said M _
capaci tances of said another one of said X capacitive
DACs communi cate with said output of said anplifier
during said second phase of said another one of said
X capacitive DACs. 41 4. The DAC of Caim1 wherein
said first DAC conprises Y resistive DACs wherein Y

i s &n i nlBgsuccgystvEtappraxiraatioreammlogto-dipial DAGYevfer 6f Elaimdy
wherein at |east one of said Y resistive DACs
dorthericeeprisingsi gnal out put; N resi stances connected in
series between said voltage reference and said

referencen Pﬁfiéﬂ vingNnAPSShRGEIRETL]Y %Iﬁi‘rﬁmﬁgfe? with th one of

said N resistances and said reference tentr a I
aRER t that selectively connect sai d signa

gut u?’ ﬁgaellgngge of said Y resistive DACs to one of

sald N nodes. 6. The DAC of Clajm1l1l further conprising

a cont r off SHEGE¥ ?HP&?X‘%T‘%% modaieythat semapunicates with ampyigut of

signals to control said X capacitive DACs and said

fspidampifer; 7. A successi ve approxi mation

anal og-to-digital converter conprising the DAC of

A ai m 1. agizcilinglinedwle tloe semvisiniyapss aithat dudput of said successive

anal og-to-digital converter of Claim7 further

Fw xfimhtieh maduleARd tifat ﬁleﬁﬁr\él)”@néﬁtés RRAtehinE #gnals for said X
ctively conmmuni cates wi th one

capacmvc DAC:s and said first DAC.

9. The DAC of Claim 1 wherein said first DAC comprises a capacitive DAC.

10.  The DAC of Claim 9 wherein said capacitive DAC comprises:

a signal output;

an amplifier having an input and an output that communicates with said
signal output;

M second capacitances connected in parallel and having first ends and
second ends, wherein said first ends selectively communicate with a reference
potential during a first phase of said capacitive DAC and wherein said first ends
selectively communicate with said input of said amplifier during a second phase of
said capacitive DAC; and

M second switches that selectively connect said second ends of said M

second capacitances to one of said voltage reference and said reference potential
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said X capacitive DACs; a successive approximtion

nmodul e that communi cates with an output of said

anplifier; a decoding nodul e that comruni cates with an

out put of said successive approximtion nodul e and

that selectively generates swtching signals for said

X capacitive DACs and said first DAC. 9. The DAC of

Cluging) seidfiestephass aif dsafd capacDA€ DAhend ekataseberfiaelyt dongect said
DAC. 10. The DAC of Claim9 wherein said capacitive
eCortoshidt of 8:6d Mt sédodld @hpaeithiiek to &d anphi durfifg Mﬂe@&m@ﬁhase of
i nput and an out put “that comrunicates with said

S @B%hc M second capaci tances connected in

par a nd having first ends and second ends,

wher ei n said first ends selectively conmunicate with a
reference potential during a first phase of said

capaci tive DAC and wherein_said first ends

sel éit i véy pehghtonrnertiog s digital 4o analogeanvertersALC) comprising:
anplifier during a second phase of said capacitive

DAC, andcqnseingK apaaitiness DAGY irs e¢rist andewhesom¥ed$ an integer
said second ends of said M second capacitances to one

greafer siaindonep vha@in ehasfenideX aagacitiedD AEE 2bRIpEiSe N@E%ﬁbitﬁ‘ces that
43 during said first phase of said capacitive DA

haVd'ist SR RE5AV&Id¥ 268 em%nnagy E’%taﬁ; egp%ﬁan%a dgiggf; said M

second capacitances to sal put urlng sai’d second

ggg? :t OLgelﬁf& d\ﬁi, d??oqﬁg%t AgaS%éCP §§ 8156}1?\/OJA {ilgeN[(CBRESlPanCCS to said signal

out%orrprl si ng:

connecting said second end of a selected one of said M capacitances to
said signal input; and

connecting a signal output of a first DAC to said signal input of one of

said X capacitive DACs.
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connecting X capacitive DACs in series and wherein X
is an integer greater than one, wherein each of said
X capacitive DACs conprise M capacitances that have
first and second ends and substantially equal

capaci tance val ues; selectively connecting said first
ends of said M capacitances to said signal output;
conhdct i e sethpdsddJaion Ehlirtker comsptising:ed one of said M
capacitances to said signal input; and connecting a
si gnal optqvidingfanaarthplifiér IAGhg ansiapst sidyaml ot Uindoi feedback
one of said X capacitive DACs. 44 12. The net hod of
Japhditatde hif ddMuRi@RBE ith R&id iR \thd kzﬂg eogg)uggpéahcf dfiplifier;

havi ng an i nput and an output and a ft a

capacita nynd WMih said input and sai .
ut put  opomertik 87 P APOERIIM LordBlineh IO inalE? afgof saia X
of sai.d paci tances of another. one of said X

capiatvs HATBACER ffelerencs o'@ha ARG 6 Sattiphpsth saidganather one of
first phase of said another one of said X capacitive .
DAGX capagitiie I3ACsvanidy connecting sai d i nput of said
anplifier to said first ends of said M capacitances

of said asledthety comrectingsaidlinfutcafpaid 4plefidACsaid fif-it RedSof said
second phase of said another one of said X capacitive

Déapaci@ncekht st dieeheP bndbedaim X]caﬁwiiib@DA@%rﬁhﬁhgitagg%qnd phase

providing an anplifier having an input and an o

S&*ﬁf&fﬁ\ﬂ&kﬁﬁ@?&éﬁ%@@%%ﬁk t ends of said M

capaci tances o one or said X capacitive DACs
wth a reference potential during a first phase of
sai d

13.  The method of Claim 11 further comprising:

providing an amplifier having an input and an output;

selectively connecting said first ends of said M capacitances of another
one of said X capacitive DACs with a reference potential during a first phase of said
another one of said X capacitive DACs;

selectively connecting said input of said amplifier with said first ends of
said M capacitances of said another one of said X capacitive DACs during a second
phase of said another one of said X capacitive DACs; and

selectively connecting said second ends of said of said M capacitances of
said another one of said X capacitive DACs communicate with said output of said

amplifier during said second phase of said another one of said X capacitive DACs.
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anot her one of said X capacitive DACs; selectively
connecting said input of said anplifier with said
first ends of said M capacitances of said another one
of said X capacitive DACs during a second phase of
sai d another one of said X capacitive DACs; and
sel ectively connecting said second ends of said of
sai d4M cdpacnethnd ©f Ghim 44 whereiot $red fiostdDAC cmumhisks Y resistive
capaci tive DACs conmunicate with said output of said
abpldsfwieteid f isrg iseped getantapbase of said anot her one
of said X capacitive DACs. 45 14. The nethod of Caim
11 wherein said first DAC conprises Y resistive DACs
wherein Y is an integer greater than zero. 15. The
met RQed of ' 1 tu rico I.Si sel ectivel .
geng‘?ati r;lglg zdvﬁocjghio:f]gasaiﬁgné s%ego%?rrl%rfm%isale%l%ly generating
ca Ltive DACs and sajg first DAC. _ 16. The nethod of
CPBF T ERAR roronBh QAR RO A RSP A e
DACs to successively approxi mate an anal og i nput
signal. 17. The nmethod of Claiml | wherein said first
DAC conprises a capacitive DAC 46

16.  The method of Claim 11 further comprising using said X capacitive DACs

to successively approximate an analog input signal.

17. The method of Claim 11 wherein said first DAC comprises a capacitive

DAC.
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