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FI ELD OF THE | NVENTI ON [ 0002] The present invention

ratal (WD eamertars: S et s atarty o NN
igita converters, an ar 0
cagamtl\(/e aL@ABACITlé/ﬁ@QlJ@LﬁnaMaé\é gbnve%/ LerS. s
BACKGROUND OF ANBLOG/EQTPETRG0S IEPgT to anal og

(DI'A) converters can include arrays of capacitors
that are selectively switched to convert a digital
signal tCROSSRESGRENCETE RELATERABPEICAT tch
between capacitors may cause the DA converter to be
non- [HMQ] ONniThis Mapsicatibrei tlaims ahé& Aenefitv eoft ed.Sredrrovisional
that as "the digital input to the converter increases

A§§E&a&% fHB' éﬁé}l‘é%maﬂ% o IBeprerabegs, 200Huvhickvisrincorporated

ecrease bet ween one conversion step and a
subs rHifddy St ep. In other words, the slope
hSFG"E'ﬁg g&&x eﬁ\ﬁ%heyrtac}leri stic 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 ncludes a binary CF_E}EEIBICS‘QF‘—H’:E NVYeNfoNW tches 16 and
18,

an 1

[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 D/A converter 10 is shown. The

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




operational anplifier (opanp) 20, and a capacitor Cf

in a feedback arrangenent w th the opanp 20. Each of
the capacitors in the array 14 have different val ues.
More particularly, each capacitor in the array 14 is
twi ce the value of the preceding capacitor. Sw tches
SWselectively swtch the capacitors in the array 14
bet ween a voltage reference and a reference potenti al
such as ground. [0005] In use, the D/A converter 10

has sanpling and integration stages. In the sanpling

Se8Rondl henplifiet (pakfip)X2@sewl amdpaeicrdiiina feedbadk araegement
capacitors are charged to the voltage reference as

ﬁﬁ ?ﬁé‘b?&ﬁl\pbzo t Pgcis ¥f tHehemacitbrs ihhise iartaggratavegdifferesie values.
the swtch 16 is opened and the anal og output is

gl% p?érﬁ&lar’l:)pre%%bﬁclt& fnoﬂfe kﬁrﬁagaﬂﬂal‘:é e Qh@S%Iae of the
rst oS

t significant bit switch and a

| ,Eeeagﬁlr\sgo(?ewach&an V\}ﬂbltnes( éﬁfég%éwéi svitch emd €§§‘éﬂlto9s1—ﬂ=l5the array

age rererence eferring nowto
non not t v,

Hdpvediod VAR Fezéfepﬁé‘aﬁﬁa BlerSns forehfl %H*?saé'%“"d-
decr ease rom one an h e n .
Converiiogh oo EROUA oaRer R0 Rk bl %éﬁ fmegrat'on
non- nonot oni ¢ out ut may,. be d apac
St0eex apIe. samal@%catsseY ther switgh 18699%7 o e lREVE RESs o the
than 2 N2C+2 N-IC + + 2C + C. Ide | ] d\?ﬁ%h@e .
(c2paditars are cRarged+Ho, the vpltage refprence ag @%’H‘&B switches.
the difference between the MSB capaC|tor and the res

dh thheintegaitia ehesehdie gwieh efuds opsned sl F%“stanépg OUfput is
LSB capacitor [0007] Referring nowto FIG 2, a

emeeatter Fs0 exaoiplelianfpua bitiatear may ginsei 2 §rst gF mgst 5§m1f§ant bit
shown. The |inear capacitor array 54 includes 2 N 1

CMBRE) bwitsh taindt adeests eigaificanteby (E&B) civdighbler rersesent 9/16 of a
vol tage reference and 2

voltage reference.

[0006] Referring now to FIG. 1B, a non-monotonic output of a D/A
converter is shown. For example, the analog output exhibits a decrease from
one conversion step to the subsequent conversion step as shown at in FIG. 1B at
44. The non-monotonic output may be due to capacitor mismatch. For example,
the capacitor 2'C may be different than 22C+2"3C + ... + 2C + C. Ideally, 2™
i - (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-1

capacitors that are selectively switched between a voltage reference and



reference potential such as ground. Wiile the |inear
capacitor array 54 inherently nonotonic, the nunber

of switches required grows exponentially with the bit
resolution. For exanple, a 16-bit digital to anal og
converter includes 216-1 pairs of swtches, which may

be inpractical. SUVMMARY OF THE | NVENTI ON 10008] A

di gi tal -to-anal og converter (DAC) conprises a

capacitive DAC that conprises N first capacitances

that are connected in parallel and that have first

rEfefsncN posertiahGsuehd s gleamei n While dhe ilimeeyesapgcien array 54
than one, and N first sw tches that selectively

iGRSHBREY nfbrofdrf6itAd muMber oftdwitchesaeduieedi grads ehporiéntially with

first ~ capacitances to a common node and non-sel ected

tﬂ@%?t r8£olp{i‘&w.s P{éPé‘Qarﬁﬂ@saqu,-bii Bigithl i drilos eraerepmeides 2'6-1
6 oné of a voltage potential and a reference

ot ent | [ ; of the N first

@%ﬁa@ﬁ@ﬁ%@q&%gﬁ% S am@é y"equal. A second DAC

communi cates with the common node. [0009] A

di gi tal -to-anal og converter (DAC) conprises first

converting neans t \eH ARl signal to

an anal og si gnal §WM%§V§EWE§§¥EW|¢ﬁ st

capaci tance neans for providing c (tance that are.
connel®008] i n%@é@‘ﬂ%ﬁ“a[ﬂ%‘:qw&&eﬁm& PPOPTigRRIA CqRACTve DAC
second ends, wherein N is an integer {eat er t%im OtHet h
set onnririses Ns first cApagjtansan dhatprescanperiedan Pargic) aodi gt have
one of the second ends of the N first capacitance ,
fiestrepds andsesontendpoberginiNGs 7By iteger grRatersiben paeepd N first
to one of a voltage potential and a reference i
poitenes tilat s@pticdly satrect vagalesedoneins the segand ends of the N first
capaci tance neans are substantially equal. Second 3
cRpYeitdricey tomanosmoamveedes aed diogrsed¢cted gngs of gheysecond ends of
anal og signal and that comunicates with the conmon _
RAEEN 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 connected in parallel
and that have first ends and second ends, wherein N is an integer greater than
one and N first switching means for selectively connecting one of the second
ends of the N first capacitance means 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



[0010] A nethod for providing a digital-to-anal og
converter (DAC) conprises connecting N first
capaci tances of a first capacitive DAC in parallel,
wherein the N first capacitances have first ends and
second ends, Nis an integer greater than one, and
capacitance values of the N first capacitances are
substantially equal. The nethod includes sel ectively
connecting a selected one of the second ends of the N
first capacitances to a common node; selectively
conweriingt imeanst leenyerts a Higitalc signakrigs anoanalegosighal and that
vol tage potential and a reference potential; and
conen0aitatatowith tecaomimBAGote. t he common node. [0011] A
pi pelined anal og-to-digital converter (ADC) conprises
a fijoa4o] St Agendthed foegrbvVighgaa idigial-toahsiagecsmanr (DAC)
and that” conprises an anal og-to- digital converter

cdriffided E@ﬁnédﬂﬁgtr@itﬁstadapaewéhééseéf hawtneapaRitiveMDACaRdparallel,
an out put apaci tances that are connected in

wREH bl napg 6#%E|t%ﬁb‘é§%@efﬂr§t§no%% ddtdhd e?ﬁlseﬂtlé‘é lb{teger

commn Icate w i nput and second ends; N switc
9@ L 195 Sl V6 <5BI0RfHEs! DL BECaN hendsnal éar,s%ckgnces are

hase, one of

<EReaginflfa e ARl B SEBERH G SERCI one
and ot herds c{’]g seﬁ:gsg endsto the N amnt0 seI ctivel
of the secend gnds|af 4pe ¥ At Sapegtanagsat r%f"@ Qy Noae; selectively

potential during the secong phase. sec nd sta
CBONFRINGS SIRSSS T et RSBk S5 ReoRAit 1 GHBCPOBLB tiphand 2

other features, the first phase is a sanpling phase
refetenasepoteai@nand erecting 8 seseng @@‘%FPp‘ihPfqoéTHf‘PB Rode.
phase. Wen the input voltage is between zero and a
firsf09Htli o Afpipelined sanatdg-tohdigitelcepwertea s ) gomntisgs a first
by a sumof 4 the N capacitances, the first of the N
stagen thatareveseissar ampu otodidge osigneg and that esfmpriges an analog-to-
anplifier and others of the N capacitances are
digite) evhedri¢0(ADE) thet ckee an amplifier having an input and an output;
N capacitances that are connected in parallel and that include first ends that
selectively communicate with the input and second ends; N switches that
selectively connect the second ends of the N capacitances to the voltage input
during a first phase, one of the second ends of the N capacitances to the output
of the amplifier during a second phase, and others of the second ends of the N
capacitances to one of a voltage reference and a reference potential during the
second phase. A second stage communicates with the output the 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



potential during the second phase. Wen the input

voltage is between the first ratio and a second ratio

of a sumof the first and a second of the N

capaci tances divided by a sumof the N capacitances,

the first of the N capacitances is connected to the

vol tage reference, the second of the N capacitances is
connected to the output of the anplifier and others of

the N capacitances are connected to the reference
potential during the second phase. Wen the |nput
thve Nt capmcitandast ieefirst pbthee siapaci@neesais Foanepieddorthe jaytput of
of a sumof the first, the second and a third of the

the cansifiet and eshals\dfdbe Nbycapasitances aneecaunected to the reference
capaci tances, the first and the second of the N

HAGRR dangg Shasecaranpleases dWien theeinpot veltager isflzeteres the first
the third of the N capacitances is connected to the

BHE BHE a SdconB9aferst & fSURT ofthd MEthaic adlecbhé ofthe N capacitances
capacl tances are connected to the reference potenti al

ﬂ#lrgle@gog %_eaﬁﬁpggﬂweomﬁ%gpaéi%ﬁ%bﬁ@ifﬁﬂ bN@%e N capacitances is

I gi converter conprises first

st age 0 el n 4 I S| i
o0 e oV Ee B e e N Bbaditihces is
si gnal s, t hat i ncl X kL] S~d INRYY
SrrePectee, o e AP AP i AR 8 TR Cof B, FRpEHarts are
neans  f rovi.di ng capacitan t r nn (o PR
prsated Joeciriererich BRRETALA0TG e BRier fus¥ Ao ne input
sel ectively co nicate with the.i t and seco .
SpkAge sreetes e Merg reains angye tutd] Bl GLAFURT e fist the
connecting the second ends of the Né:aﬁagi Eance msanﬁ the N
secentk angdola dbEd i fpthe Nir FAREAAPEPStAPRES DY oReSYP Phe®
second ends of the N capacitance neans to the outgut
ehpatitansap) iheifst and they sacat sh ey NacaPaciances; A%, copjiected 1o
the 5 second ends of the N capacitance neans to on

e
dhe aokade exferencs.dhetoied ahtheaN ceppeitances ipspBRRGta to the output

during the second phase; and second stage neans for
of the amplifier and others of the N capacitances are connected to the reference

potential during the second phase.

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

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



conmuni cating with the output of the anplifying neans
of the first stage neans, [0014] In other features,
the first phase is a sanpling 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 capacitances divided by a sumof the N
capaci tances, the N swi tching neans connect the first
of the N capacitances to the output of the anplifier

and ot hers_of e N capacitances to he r.ef erence
g ends ohihe hoCerretBBEe mEi Bootevil 4 KHIESE ik ence and 2
voltage is between the first ratio and a second ratio
referencguneigntieh 8ufng sihe a$RFORDs BBBRRF Bt $REONY stage means for
capaci tances divided by a sum of the N capacitances,
comamunieatingawithheneutpgt of s aeplifvingmeans ©of dte firpkstrge means.
capaci tances to the voltage reference, the second of

t he [0018padntatherteatwoes hineolinsp phasé is lresampling peaseasdd the
others of the N capacitances to the reference

seebedtphalsedigr angsidve sepifichtiphaplasahewhehethenppiput voltage is
voltage is between the second ratio and a third ratio

teftweers Heictdnd Airdtiratd of & MiestF eeetl @iphcRandddl didided blyhesum of
N capacitances divided by a sumof the N capacitances,

thBeNNcaﬁ%iw&leR‘g tABaRS soMoRRgt ndkhsl idohhe@Nhd MAst of the N
second of the capaci tances to the voltage

dHLERGNES tolthe JLH;{JLrltdonEetd?ﬁplmeF %@%tﬁ@%‘:@ﬁthh‘?\l tBBacitances to

output of the anplifier and others of the |
SEARLLAE SR N6 FESIEA BRI AT 100 AR votage i
S o P 40 AR B Py it i oo o e
S B e b B3k B SO PR
o RSP Ao oo s R ER e 3355 o e
I\Ii c:raspgcﬁgr?cseg;tostﬁtla %S’Epiu\t/ glf X‘\ecaonqgliefgriart]\ o?ﬂgrsooff tttug] r(%l csaep%(c);irt]gnces to
the reference potential during the second phase. When the input voltage is
between the second ratio and a third ratio of a sum of the first, the second and a
third of the N capacitances divided by a sum of the N capacitances, the N
switching means connect the first and the second of the N capacitances to the
voltage reference, the third of the N capacitances to the output of the amplifier
and others of the N capacitances to the reference potential during the second
phase.

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

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

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



ends of the N capacitances to the output of the
anplifier during a second phase; selectively
connecting others of the second ends of the N
capaci tances to one of a voltage reference and a
reference potential during the second phase;
sel ectively connecting the first ends of the N
capaci tances to an anplifier input; and connecting an
anplifier output to the second stage. [0016] In other
features, the first phase is a sanpling phase and the
cmnam@w@e@cﬁmelu qopseeling Hepsesansaends op thes bl. capasitances to
nmet hod further conprises selectively connecting the
the \rcﬂﬁagefunplhltedmlmgapa’mstt prases selectivaly monpeattingf onéef the second
anplifier and others of the N capacitances to the
eh® 6f $eCe capbeitincak t6lthd ogtpuhef thecamglifiep lasing whestondephase;
i nput voltage is between zero and a first ratio of a

sélbEtifel f:oﬁr‘i‘tﬁ:tnh'% SRR O RS ESord Srdiesk ¥ N capERiBhcéd® dhe of

capaC| ances he net hod further conprises

a3 Gh5dd VEIreRORNARY |4 hefdinéd ' itofall BEAY CRBASbEGHY Shase;

age reference second of
C cit t t . d
sEERaYY %?ﬁﬁ%df"% %Eﬁfg%?%fﬁdéc%ﬁfhe “&aﬁgp'“‘%@reéﬁs% ampiifier input;
tentl durin the i nput
35 IPRGEC |r§ %ré?ﬂﬁ’gﬂ 3&?‘&5&@5 ‘tsl 0 %{% ‘a second ratio
of a t an nd of e N.
capa&‘?éJ cesno‘?qS?rdE.‘? g@uﬂﬁsgf’g?ﬁ% |§\|a iBJB%ngt ahRsgsand the
The et hod further conprises s Iectl connpectin ,
SRENd F36e 4 TeSecaBBIIsaPn PIESRI CptIeliiL Bethep CoRprises
voltage reference, the third of the N capacita nces
seteativelyswnpeeting therisstahing N eapagiiancasrertae grtnubef fge amplifier
capacitances to the reference potential during the
arat otherpiehdee Whearadiancemin therefamncespotentipbidysieg thresecond
second ratio and a third ratio of a sumof the first,
pheseswbem theingpub voltager id betweere zerocand i firstetie ofiia/firgeef the N
by a sumof the N capacitances. [0017] A digital to
capcitgnoen dividext byDAGuro oofpthies ®6 cApacifeces. Toe 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 ampilifier 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
capacitahces 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



DACs that are connected in series and wherein X is an

i nteger greater than one. Each of the X capacitive

DACs conprise Mswitches wherein Mis an integer

greater than one; a signal input; a signal output; and

M capaci tances that comunicate with the M sw tches,
respectively, and that have first and second ends and
substantially equal capacitance val ues. The M swtches
selectively connect the first ends of the M

capaci tances to the signal output. The M swtches

ketween the Recenskiatio ande Brirdradie i@ %anﬂﬁéh%?'rstth"gel\ﬂecond and a
capacitances to the signal input. A first DAC has a

third md kheoNtqapacitances shvigem by &tsesn @f the Nisapacitanses. | nput

of one of the X capacitive DACs. [0018] In other

f eat LJ0047] anAadigitaf terartaeg aonvepen (RAC)acoroprigast X Aapacitive
f eedback capacitance communi cates with the input and
bREesaHbPEte €fnrebRd iarseriet isad. wHéreirf Xris andnidggep fretdter than one.
capaci tances of another one of the X DACs

BINRitRELE Taphiitived DS £ E6RPRse M asWiiorles duérem W 19 BEtinteger
gﬁase of theag’?}ot her one g{f)ﬁt he X DACs. The input of 9

RIS SEES S5 R AR T Dpatss
OGRS R 55 r SR s ioci 0 Uk B 1 B8 socon
OB Pl gl S, 05 T Whtcpes gecively
e yh R 5, B M e R, The
Giches Gpaect ner et OF = SR IRLPRE P! BCMAFPERISTEes o the
DACs during a second phase of the . another qne of th )
signebinputh A Sest S ERaL sionghetprt tge Cmb'a@t?%r\fe%stﬁe signal
of the another one of the X DACs communi cate with the
dopyiaf ope afiee XrfsipaFitive DACS.

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

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

a reference potential during a first phase of the another one of the X DACs. The

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



during the second phase of the another one of the X
DACs. The first DAC conprises Y resistive DACs

wherein Y is an integer greater than zero. 10020] In
ot her features, at |least one of the Y resistive DACs

conprises a signal output; N resistances connected in
series between the voltage reference and the
reference potential; N nodes between sel ect ones of
the N resistances and the reference potential; and N
second swi tches that selectively connect the signal
caphdnahced of ise @netHel dniseofvthieeXi BACeedDiNGs atsecone phiase of the
the N nodes. A control nodul e selectively generates

' ' ' DAGY TeBtIeRbnt Ehd$ Gfapacafithe v [BAGACitances of
agﬁig%?hwggﬁfﬁgtgggAC [0021] In other features, a b8

! %‘ﬁgﬁﬁairvcﬁ}eﬁgp B%W?%\'ed%n cORANRfcAe Wit th &loutfif fehE Sdmplifier

conpri ses successi ve approxi mation

nal og-t o-di gi er, f. conpri i ]
FEprge L R PF B ahBlhsd R BEERE CARE e ik DaC
one of e X.ca itive DACs, _A.succes
R B85 etV Mt &Rl ER BIEEET el e gere- of
the anplifier. decodi ng ,nodul e ni cates_ wW.th an
out pUBORA] ( He ORISR o B AR Hom BRGNS DS comprises
selectivelg enerates switching signals for the X
g sigasl eytpet, isignREesHONPPFied INBRASS PEHYEAN the VOItReS reference
features, the first DAC conprises a capacitive DAC.
artk theapeference eortial INhodss Pedweaery salech onpsiof v Nafpsistances
anplifier having an input and an output that
andnthenreferease wiotentish eansi i rrgicopd tgwitchesthaicsaiertively connect the
capacitances 9 are connected in parallel and have

§ighaltouputsofanel ose obtite ¥rdsistiithBAGs totonenafsthe N nodes. A control
sel ectively communicate with a reference potenti al

fodungsalettivett gpiastesadwitching sigpalsitbicoatrBidBe Xlcapéditivet DACS
ends sel ectively communicate with the input of the

and the first DAC.

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

[0022] In other features, the first DAC comprises a capacitive DAC.
The capacitive DAC comprises a signal output and an ampiifier having an input

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



anplifier during a second phase of the capacitive DAC
M second switches selectively connect the second ends
of the M second capacitances to one of the voltage
reference and the reference potential during the first
phase of the capacitive DAC and sel ectively connect
the second ends of the M second capacitances to the
out put during the second phase of the capacitive DAC

[0023] A digital to analog converter (DAC) conprises X
capacitiv [

_ convet| s, for converti digital

age gﬁane@teg i paralleb gnd i TSt angs 2pdzeson ot B Trst ends
together in seri es and wherein X is an integer greater
selestiveliiecconmaunicats Withea xefeegngs peigdtisbAveEng .%arsme of the
conprise Msw tching neans for switching wherein Mis
aapaciive g Cgr Ebe dirstt ¢ntds selectivaly spainurninzie wiatke finput of the
provi ding capacitance communicate with the M

amplifiehi wingearsecone gasei ofethe, capatitivey OAG.i rdt senodd switches
second ends and substantially equal capacitance

sbatRely ddimebt tievédoohll RadERitise Sebecdridvedpacitancecto omeof the
first ends of the M capacitance neans to the signal

faget refafefcd/ M4 HRBI rREErBRG ot CAunhie tse Gpetd pRASe of the
selected one of the M capacitance neans to the

dé Lt Hidtlve! BRI - ﬂn'a' Eéltecﬁ\@iv bhhBg W%‘écoﬁ@né/rﬁfst of 3he M second

al” signal to an anal og si gnal an has a si gnal

f
RIS R

I n ot her
f eat f
i nput 95R3! 22%195%*&%"% 5] c%‘*capac. Wb”%cﬁéﬂn@sxaeapacmve
T e éug;gugwm
RoboRes %t?i%@%éﬁ%%%%% ”‘E%Bég%rf‘ﬁ S0% grengn en ohe. Each

potential during a first phase of t[p‘e an ther one

IR XX CHRPEIHYE FGMHEHRG Mo GARTRIISSoM SHINITMERDs fg witching

means sel ectively )
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 ampiifying 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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conmuni cates with the first ends of the M capacitance
nmeans of the another one of the X converting neans
during a second phase of the another one of the X
converting neans. [0025] In other features, anplifying
means for anplifying has an input and an output. The
first ends of the M capacitance neans of another one
of the X converting neans conmuni cates with a
reference potential during a first phase of the

anot her one of the X converting neans. The jnput of

ente odribe i VyGappciteress Meaas<eft alether epfneitheaXeonyerting means

the first ends of the M capacitance neans of the
cammurdcates avithf a tréferetceopntentidl riyrimgaan §rdl phiapg o4 thee abatdher one
phase of the another one of the X converting neans.

of tBe SECeurVeetivds nodartshe TWiec imadi ofatiee amgalifgngfmeahe selectively
anot her one of the X converting neans conmunicate with

cohfinovit et vafh thdirstadfalsi df\the 1 Bapasitatige ingarishef the @@bther one
phase of the another one of the X converting neans.

o} hife ™ EShY BRSS! &ﬁﬁ@fa rs%%bﬁalw@s@%métdmmcf the X
converting a digital signal to an anal og signal

r oY 1s an integer greater than zero. [0026]
Wemﬁg ne;?"gehatur es, at |least one of the Y resistive

S R Bl o
FROBE LTS o T LBl

sel ect ones of the §é %Ih_gnce means
C

X &PRYS/HES "b%%’bsn‘f‘?”am“”'ﬁa aZgfef %’iﬁen%P P@d"éﬁ@“”ﬂ a first phase

sel ectively connect, the nal out of ' t

eboenplnar areva too /v eRig Teams T8 inut b herinpiTying means
nodes. Control means, selecti veld)t‘/5 ngener ates sw tching
selgetively comEnmiGaies wiB the HEp N dhe M\P@P??'F?@Cﬁéaﬁéns of the
and the first DAC.
another one of the X converting means during a second phase of the another
one of the X converting means. The second ends of the M capacitance means of
the another one of the X converting means communicate with the output of the
amplifying means during the second phase of the another one of the X
converting means. The first DAC comprises Y resistive converting means for
converting a digital signal to an analog signal and wherein Y is an integer greater
than zero.

[0026] In other features, at least one of the Y resistive converting

means comprises a signal output and N resistance means for providing
resistance and that is connected in series between the voltage reference and the

reference potential. N nodes are located between select ones of the N

resistance means and the reference potential. N second switching means

11



[0027] In other features, a successive approxi mation

anal og-to-digital converter conprises the DAC. The
successi ve approxi mati on anal og-to-digital converter
conprises anplifying nmeans for anplifying and having

an input that selectively conmunicates with one of

the X capacitive DACs and approximation neans for
successi ve approxi mati ng and that conmuni cates with an

out put of the anplifying nmeans. Decodi ng neans

communi cates with an output of the successive _
salgctively nenineat thed gigeal extpsié|dcthevens ofjdheratresigtive converting
switching signals for the X capacitive DACs and the
rmédrst tdDAGe dfane®] nbdesmt Heontfod anearss seledtively genemites switching
conprises a capacitive converting nmeans for
STV EdHroR thd Wichphcitivagoaiveringameanalang tise frsaDACThe

capaci tive converting nmeans conprises a signal output

and qa@jnc}f Vi ROothBA Rsatis, adsiRiceEsivé GipprekiMakom analbg-to-digital
i nput and an out put that communi cates with the signa
ORLBHE, cMn@ﬁQé)snﬂ')é: PIARE | tﬁ%cﬁJ Ra&iSe RIpPYdd®ation analog-to-digital
capacrtance and is connected in parallel and has

fir T. j ; l:ectjvel
esivain SameRrs ARFARE Hihns 08 fiflind 31 REVES An Rl tha

hase of the capaciti [ ¥ : s

FabeRl e uBRRRT bl Bngidfime fotondsliVe FRER gnd approximation
anmplifyin nmeans_duri.ng.a second, phase of_.the .
FRARE 01 SUcoREVe \IRRECUMG 00, B R COMBIICAtE it pmiqpteut of
connect the second_ends of the M second,ca itanc$
FeaRTPITNG MEaG. { RECIANG ABRATIS: FUPETHAMRLGR Wilgean Output of the
reference potential during the first phase 12 of the
BuGRESPIVE\APPIAIMaHeN Sadsla by SPIRCE¥TN sehemtosatishipscigns for
of the M second capacitance neans to the out put
tllHXmgpetiéV%@é@ﬁoﬁfﬁﬁfﬁéélfﬁfDMﬁe capacitive DAC. [0029]
A nethod for operating a digital to anal og converter
( DAC) [0028]pr iis esthepnfeaturieng thecfippiciDAG ecOmplsen a capacitive
series and wherein X is an integer

converting means for converting a digital signal to an analog signal. The

capacitive converting means comprises a signal output and amplifying means for
amplifying and having an input and an output that communicates with the signal
output. M second capacitance means provides capacitance and is connected in
parallel and has first ends and second ends. The first ends selectively
communicate with a reference potential during a first phase of the capacitive
DAC. The first ends selectively communicate with the input of the amplifying
means during a second phase of the capacitive DAC. M second switching
means selectively connect the second ends of the M second capacitance means

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

12



greater than one, wherein each of the X capacitive
DACs conprise M capacitances that have first and
second ends and substantially equal capacitance

val ues; selectively connecting the first ends of the M
capaci tances to the signal output; connecting the
second end of a selected one of the M capacitances to
the signal input; and connecting a signal output of a
first DACto the signal input of one of the X

capaci tive DACs, 030] ..In other features, the t hod

& A cERRSYR 9%5% @E@ sgigchvpY iconagct ‘E‘S\ﬂeﬁanﬁﬁngﬁ ﬁ’%“a?ﬂjsewr‘d
an out put and a feedback capacitance that communi cates
aRipeRitanee MARDS tahe awrutslitringithersecard phpse of tae cappeitive DAC.
nmet hod conprises connecting the first ends of the M
capadP029k esAofettmst fesr operatiog & hdigikalDiCanaioghcenverter (DAC)
reference potential during a first phase of the

cmopises cormeeting e capdokte. DALS innsdriesdarmbwperede is an integer
sel ectively connecting the input of the anplifier to

greatdri tisdn @S whkrdimeedttc agfaché alceapatitiid eDACSt Bemprise M
one of the X DACs during a second phase of the

ichehcaetnat hBge Xild\Cand [ 988didd | Bn@ hand f eaidtadtfally equal
t he met hod conprises providing an anplifier having an

LAkl B0 L AT HBOERA 00 Wb gences o
R Sl Tl SFEOP O T AT 2, bl KPS e w
CARIBCRR I A el sl BRI St bl it prc o
i PR R SRR BERS Bad, another one o
o f93aTDadt QR GATERS che: TROPACSUPGRe Wpiging ah amplifr
&W%hg&ﬁ%}fn%gaﬁ %ﬁtp%?%%@da fggcﬁasé%kogaptagi?an%gotthgte E;Or%lgneunicates
with the input and the output of the amplifier. The method comprises 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. The
method comprises selectively connecting the input of the amplifier to the first
ends of the M capacitances of the another one of the X DACs during a second
phase of the another one of the X DACs.

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

first phase of the another one of the X DACs; selectively connecting the input of

the amplifier with the first ends of the M capacitances of the another one of the X
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[0032] In other features, the first DAC conprises Y
resistive DACs wherein Y is an integer greater than
zero. The nethod conprises selectively generating
switching signals to control the X capacitive DACs and
the first DAC. The nethod conprises using the X
capacitive DACs to successively approximte an anal og
i nput signal. The first DAC conprises a capacitive
DAC. [0033] Further areas of applicability of the
present invention will becone apparent fromthe
DACsi dwrthgde second ploasepofothiedatbther enenaf ther X DACshend selectively
be wunderstood that the detail ed description and
shdcting 16X 3BBOMS entidiof the BUtHRAM tdpacithcay o tBer sribther one of
enbodi nent of the invention, are intended for purposes
i hl Welsk i tofl hee kA
e D R e R o PR e seoond
[ knvention will becone nore
Pﬁz%\%gﬁﬁgea%%ﬁ%c?-ﬂ??oﬁnﬁ&?ﬁ@Agét ai |l ed description and
the a anyin | , I A . I
ﬁiﬁ Xh Sogn%rngetvglt@%%f tlﬁ@%rﬁ BAd gg%gyl}ltsgé @’ ré@ﬁbvc‘e DACs

an el cal _ brhary capa or ar
DAY 55 LB T A%, e DBl oo E0BheEl Sy
aemstng BB & s RS SRIENTEAEE iRt oac

3A-3C are electrical schematics of a . )
daeaoethiogeanyisesiusingd the X eanardivedPALh te Rusrasaivgly approximate
configurations; @1[ 00397] FIG 4A illustrates the DA
coraraloginpyt siBng, BB et PAG eompiansia erpasiiieAGr a

first digital value; [0040] FIG 4B illustrates the

D/ A c§0023]t erFutherl ereaBBofiuappligability of the present invention will

become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of

ilustration 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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integrating phase for a first digital value; [0041]

FIG 4Cis an exenplary truth table for the circuit of
FIG 3B; [0042] FIG 4D is an exenplary truth table

for the circuit of FIG 3C, 10043] FIG 5 illustrates
the DA converter of FIG 3B during a sanpling phase
for a second digital value; [0044] FIG 6 illustrates
the DA converter of FIG 3B during a sanpling phase
for athird digital value; [0045] FIG 7 illustrates

the DA converter of FIG 3B during a sanpling phase
for 40038]r t HFfisgidaBCrvareriectficaisihematicsgX @ sapacitive-resistive
el ectrical schematic of a capacitive-capacitive DA
DANsmEvVieee! in e@slafy canfig@ratisnsin el ectrical schematic

of a capacitive-capacitive DDA converter in a sanple

and ijobsgy at BIG:0nAl Plustatesnthe] CIASLomeRer86F FIG. 3B during a
illustrates the D/A converter of FIG 8B during a

%%Hprrig‘"‘&\é%lé%neafﬂ%t o%i’fail yatedigital value; [0049] FIG

ustrates the DJA converter of FIG 8B during an

| nt eg@gﬁpflgug r.SQBf ﬂlﬁﬁ@at%%rﬂe ESVQi&cﬁ{vegt?F gf%gk%Bﬁﬁoé@r}ng an

FI G ates t A converter of |
Ao B oA O, 2ron oh Ll v
o0 o R8T 0 BRBRA 2l b tPigcse
o Gufdodd FRETRL L8 BR8RB el frufh (a8 fof it SR of FiG. ac
[0043] FIG.5 illustrates the D/A converter of FIG. 3B during a sampling
phase for a second digital value;
[0044] FIG. 6 illustrates the D/A converter of FIG. 3B during a sampling
phase for a third digital value;
[0045] FIG. 7 illustrates the D/A converter of FIG. 3B during a sampling
phase for a fourth digital value;
[0046] FIG. 8A is an electrical schematic of a capacitive-capacitive D/A
converter;
[0047] FIG. 8B is an electrical schematic of a capacitive-capacitive D/A
converter in a sample and integrate configuration;
[0048] FIG. 8C illustrates the D/A converter of FIG. 8B during a
sampling phase for a first digital value,

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

integrating phase for a first digital value;
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[0053] FIG 8H is an exenplary timng di agram show ng
sanpling and integrating phases for LSB and MSB
portions; [0054) FIG 81 is an exenplary timng

di agram showi ng sanpling and integrating phases for
LSB and MSB portions; [0055] FIG 8J is an exenplary
truth table for the DA converter of FIG 8B,, [0056]
FIG 9A illustrates an N-stage capacitive DA
converter; [0057] FIG 9B illustrates an N-stage

capacilive-resi sfLv cQnv er; [0058], k iy S

an ejb%%aryﬁﬁ'nﬁﬁgﬁéﬂ%@eﬁnﬁ'@hm})‘nﬁoﬂ‘%er{%?ob%ﬁ@pp gdunng a
sanpling and integrating phases for additional stages;
$00B/U0 ATage forn ﬁ%g‘%l?é %')9&‘?!‘13’1331‘%/ ti mi ng di agram show ng

overl appi ng _sanpling and integrating phases for )
addi (10BR3] sFieSF [BsbapsFhe DI Fensftas) 6t riGeagB during a
schemati ¢ of a successive approximtion A/ D converter
saraplindj plgpstecfot Adhipd digdalktvaluaient i on; [0061] FIG 11 A

is an electrical schematic of a pipelined AAD

convejiose] afi®r dihdilustratdse tie d3/@ntconmerert iobri;IGL68B during a
10062] FIG 11 B-1 1 Dillustrate ideal and non-ideal
ESMbikE pNadd ReeFourth ORAI vaflds: 12A illustrates an A/D
converter that generates an ideal residue voltage

accor g t 0 Fideshrie SRNéxanipiant tirfing difgeM shb¥inglednpling and
iIIusEjroglstgges the A/D convemrﬂgf FIgG 12A in a d Ping

%ﬂg@rlaitiﬂglphg@ss% LEROSR] MEEGorkigfs:i | | ustrates the A/D

convert FIG 12A in a residue
[0054] FIG. 8l is an exemplary timing diagram showing sampiing 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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anplification stage for a first voltage input val ue;
[0066] FIG 12D is an exenplary truth table for the

Al D converter of FIG 12A; [0067] FIG 13 illustrates
the A/D converter of FIG 12A in a residue
anplification stage for a second vol tage input val ue;
[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
st agef0D6R] a FiGir 1 1B-10Dtikptraiten mieal and nen-id<x) Tédidée Goltddes;
is a graph illustrating variable interstage gain and

an ijoesB] r eFi@ué2nalibstgteiant AD conoertér tiat Ideberdtdd;an ideal
[0071] FIG 17A is a functional block diagram of a

F&ﬁdbed\boﬂtlég@rédberdmd fOR3IprEddat idvdhtibR; a functi onal
bl ock di agram of digital versatile disk (DVD);

0073 [
00r3pgRs  H. 103 b 9 Ba s o4 5 e

Pﬁg%l onal bl ock diagram of a vehicle control syst em
] FI G 17E is a functi onal bI ock diagram of a

i agr I9HeRA "5 g "ebHEes Ine AR 6Bn el 18T dopgngs Tesioue
BRSSP e %é%%}s‘éf@eﬁ 5 FVENTS [ 0078] The
FOlT oya i 556, PR &1 eameary thith G8bis P the RID (Snverter of
FIG. 12A;

[0067] FIG. 13 illustratés 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 iliustrates 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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merely exenplary in nature and is in no way intended
tolimt the invention, its application, or uses. For
pur poses of clarity, the sane reference nunbers wll
be wused in the drawings to identify simlar elenents.
As used herein, the term nodule, circuit and/or
device refers to an Application Specific Integrated
Circuit (ASIC), an electronic circuit, a processor
(shared, dedicated, or group) and nenory that execute
one or nore software or firmware prograns, a _
conbi0t4]ondIGL it izia dunctionahdlesk Biageamseli gapgkicle control
conmponents that provide the described functionality.
shstewged herein, the phrase at |east one of AL B, and C
shoul d be construed to nean a logical (A or B or O,
usi ngo@7s)oN-EEC HEE iy @ fuhét@nahblogk didgramiufa cellokar phone;
understood that steps within a nethod may be executed

in di Béﬁée]entf?@.der-'_ WiatfiRstional bRIck dthgrae dira setitep BEx;adnd
t he ;.Iir esént invention. 10079] Referring nowto FIG 3A

and pagid i 1ol LRISE i _
T00- DUREPI00 RS REhONE R disauEet & e ey
exanple is shown in FIG. 3A-3C. Skilled artisans

wi |l appreciate that N can be set to 18 other nunbers
of bits. Various types of output circuits 102 nay be
used, Additional connections 104, which may or may

not be_swit ' '
upon sRENER DSt ERao NG 2 BRer RS RE] RiROtM s
313, the DAC 100-1 |s shown .n a npl e, and, i nteqrate .
conf i 98781 oA hantPIPying Eesgption, o Z@e 1y§teITgdg egrht%g(ﬁqnent(s) is
with a sanple and hold configuration. [0080 .kg?thi S . .
mezely| exemmMarytinonatesr ard i Ne yraY higndedvgatmit i invention, its
all ocated to a capacitive portion 110 and _the two .
hpplitationgal Bsasarforurgogassilardy.dhe SEMecrefergne® ngmbers will be
resistive portion 120. In the Figures that follow, the
cspddntthe @Ghwingd to idendifiveimildrt elementsed As Heed thgrein, the term
i ndi cate both sanple and hold and sanpl e and o
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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i ntegrate configurations. [0081] The capacitive
portion 110 includes capacitors Cl, C2, C3 and C4. In
the preferred enbodi nment, the capacitors Cl, C2, C3
and &4 have a substantially equal capacitance val ue.
The capacitors may have substantially the sane
capacitance value, in other words d=C2 = C3 = 4. As
will be described further below, the capacitors are
selectively switched by switches SWMSB, SWBNVSB
VW MSB, . and V5B | lectively ' .
offonige® PoPironye orervpey BYRRBHE SVERHC PR RYVER usee
as _ground, apd a n_node 130 between th .
AR RINGGI HOA DT GRS R8T DF SETEBPY FaRnctipgs. may
[0082] The resistive portion 110 inc¢luydes resistors
bmusad]zc,ﬂemdmumn thehfttrmyoarteafeusrf&ﬁ'r@ﬁboé%%mmpi@wa FIG. 3B,
resistors Rl, R2, R3 and R4 have a substantially
theey DAIC A ©Q41sis shownvialausa mpigeandceisiegratescariiguratipa ansein FIG. 3C,
same resistance value, in other words R = R2 = R3 =

FDACAD0AR lid shmevrdeiti iai seedplé andiald benfiguratidre resi stors

are connected in series between Vref and a reference

pot enbosd] suahtas glamusid, thdStwd mookst bighifieant thite (MSBs) are
resistors is selected by switches SWMLSB, SWBLSB9
anWBLR8. to ABshaRie PR ricoH | @eihdvBe Ywe Wedst Bignifiah) bAOIELSBS) are

connected to the comon node 130 to create a voltage

%fo\ébfé”drto 4 8Re ThptisRARbe andhé FRGEatRatdbIsMi the Wapacitor Cy
escri bed above. In the sanple and hold

\g@fﬁécg%ﬁvgﬁn g&@?o&t@e IHES 86 thaRdtis beth ém?@mhénamssa%le and

are swtched to the output of the

@g%r%%in&{mgw#ﬁgsthe second phase of the capacitive

_ e feedback capacitance Cf nmay be

om gl 2298 AL 18 L EeghORr A, s e
fggn-rt @hftlli%sﬁr eirrgidtgr%bgcﬂl'nue%t,(@\%l&gpaclitgi'st 'Cf’jlI lélz’, dghgnd Cs have a
substantially equal capacitance value. The capacitors may have substantially the
same capacitance value, in other words C4= Cz = C3 = C,. As will be described
further below, the capacitors are selectively switched by switches SWyuss,
SWamss, SWamss, and SWimse (collectively switches SWy) between a voltage
reference Ve, a reference potential such as ground, and a common node 130
between the resistive portion 120 and the capacitive portion 110.

[0082] The resistive portion 110 includes resistors R4, Ry, R and Ra.
In the preferred embodiment, the resistors Ry, Rz, Rs and R4 have a substantially
equal resistance value. The resistors may have the same resistance value, in
other words Ry = Rz = 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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cl osed, the swtch 18 is opened and the capacitors C2,
C3 and C4 are switched by respective switches to the
reference potential, which nmay be ground. The
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 FI_Gh 4 theg | tch
ASwads Betweers thes esistersps Gelegted; by switc pge PWalss, SWass,

accumrmul ated on the capacitor C, that is 4 equal to
avidlB\WGiss (vbikEctvely Bwitches SWhe ang| coagecisddoithe gopynemaode 130
resistive portion 120. 10085] Referring nowto FIG
t4Bredtbe Vdithgeaividert er of FIG 3B is shown during an

i ntegrating phase for the first digital value (0011).

In t HbesPhasehe ishmpls whd ditedfate iropie e, dedwibsdi dbvel8in the
is closed and the voltage value is applied to the

bf4 . corfibi@tien CIher SR ofE Ut dsZatt thercapppitaRess, Cy, Cs, Cs
%@&Foétng{h%ﬁacr geb%efore changi ng t he posia?igon of th1e

%m% :aﬁ% sfvﬁcﬁébdtojﬁeio%t Wakhd Qnﬂﬁertdﬂrmé; tﬁ@%re%nélggﬁ%gr of the

e position of the swtches 16 and 18:

GRPazve AT T 0. THe TepttRgk chmactianB & kia e Binitiea 57

ed to scale

the | UBAL" KR8 R0 ™ME, RESRIA Eheher GEFICERR%Rown

Pine Srodpasiesytor s FaNGARRNG BOTL P, o yron 1o
tcroesegY\{htecst\]NitSc\A\%LBSE’op%\A\gclf gﬁd ?rﬁe capacitors Cz, C; and C, are switched by
respective switches to the reference potential, which may be ground. The
capacitor C4 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 SWaiss, SWaLss, SWaiss, and SWyq sg 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 ¥, 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 applied 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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4 2 SWBLSB, respectively. Scaling can be perforned by

adjusting the value of Cf relative to Cl1, C2, C3 and

. For exanmple, if f =Cl + C2 + C3 + C4, then the

out put ranges 0 to near V,.f rather than 0 to near 4

Vrf in this exanple. 10086] Referring now to FIG 4C,

a truth 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.

Referring nowto FIG 4D, a truth table for the

exenpl ary converter ofQFF UL, sErbeCshown. [0087]

Referring nowto FIG 5, the®l A converter of FIG 3B

is shown during an irife@’mt:' phase for a second

digital value (0111). InitialH7y, the swtch 16 is

cl osed, the switch 18 is opened and the capacitors C3

TABL fide af €; Tahthest edual tesped,| T8 =i Cgloedet tsdcht scale the

ref erence potential, which nmay be ground. The

oﬁﬁﬂﬁcdo'itgge (hdi ﬁotct%”éaﬁéle@ tp thecsapam). nafiethel 8Ramplé above,
capacitor C, connected to Vref. The capacitive

portion 110 wil | be in this configuration when the

Kgsi=ed, bi nAsycamlbge apprasiatede th® 1\Gluerrpero Bisp. ben@dissted to

the rési'stive switches SWLSS, SWBLSB, SWLSB, and

SWLSS is closed to criate a voltage divider. In the

xa showny, i |G _Bpt WA G I

TP T Sa i 3571 B SEUER PR, Byl g8 SlWaso o

capacitor C2 that is equal to AcC2 3 V,.,f VRD where

SMAG, respditivalpl t Seingrean dedpdrjortrize bpﬁdﬁlsitimg the value of C;

portion. A charge is also accunul ated on capacitor C,

RIRE thac V.G G .and CRO&BL eRufriphy iRCf ENCLEGH + O3 PlTasthen the

for the second digital value (0111). the switch 16 is

Ié?@sggp nigggfé 5 \Wielat L@t er thaPO&E naae4 Whginald @aenpial ue

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

[0087] Referring now to FIG. 5, the D/A converter of FIG. 3B is shown
during an integrating phase for a second digital value (0111). Initially, the switch
16 is closed, the switch 18 is opened and the capacitors C; and Cy4 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 Vier. The capacitive portion 110 will be in this configuration when
the desired binary value is between 0100 and 0111. One of the resistive
switches SWaLse, SWarss, SWaiss, and SWiiss is closed to create a voltage
divider. In the example shown in FIG. 5, the switch SWa.sz is closed to provide
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to the anplifier 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
swtches 16 and 18: Qr = VCf = VXDACC2 + V,-,f- C1
C2 +V C1 V = VADAC Cf f COf' The value of Cf can be set
equal toCl, C2, C3 andC4 or be used to scale the

out put voltage and not be equal to Cl, C2, C3 andC4.
If Cf, C andC2 are the Sanme' V=VRDAC+V,,J" [0089]

33ef er[\ 'dﬂ%r%aa% b&crhateR of MRe Q/aﬁaélﬂﬂV@% tiedt l@fecﬁléﬁto 3B scC

& 'shown ring an integrating phase for a third
dlgltal value (1011). Initially, the switch 16 is

whefs ed Rgag 1S IBQhé\MoIté@e Proviged R residtivédoctraciA ohargé is also

iS sw respectlve switch to the reference
potenti al,

rrg ﬁagy g The capacitor C3 is
ageHRKIEtesOn GaFPEPFétOE ﬁn?ﬂHa es130 and the capacitors C,
and C2 are connected to V,ef. The capacitive portion

| 10[vodd] beurimgtdn mt@gmﬁmg;lphase tor thbsecond digitas valed (0111).
bi nary value is between 1000 and 1011. One of the

thESWREH M8 is DPbhsd1aRe SWALISES i6\8RsEB,andWRk SBltaga dalue is applied
SWILSE3 is closed to create a voltage divider. In the

tSXmgpér%pﬁﬁb?V\ﬁb ' rUsﬂ'n@a Q;haFd%e eSUhItzaNSVVHspRoash, Cihesesalt ¢harge

provi de charge is accunul ated on the

@B%Zéﬁiﬁlﬁsg ﬁz éﬁ@%%sitléneéfuﬂe EQittheAC 8 and?1B0s &ded Qo the total

tage provided by the resistive
orti t apacitors
s e Che e e s Bon o SHRAGR e 1678560,

During an integrati bbhase for -t hird digital
val ue (1011). n@T ‘t‘}e?"'jwc 'pﬁrefk

V=V gz +V,efg—
s

The value of C; can be set equal to C4, Cs, C; and C4 or be used to scale the
output voltage and not be equal to C4, Co, C; and C4. If C;, Cq and C, are the
same, V =V etV

[0089] éeferring now to FIG. 8, the D/A converter of FIG. 3B is shown
during an integrating phase for a third digital value (1011). Initially, the switch 16
is closed, the switch 18 is opened and the capacitor 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 SWases, SWase, SWaiss, and SWyss is closed to create a voltage

divider. In the example shown in FIG. 6, the switch SWy.sg is closed to provide
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the switch 16 is opened, the switch 18 is closed and
the voltage value is applied to the anplifier 20.

Usi ng a charge equalization approach, the total charge
bef ore changing the position of the switches 16 and 18
Is equal to the total charge after changing the
position of the swtches 16 and 18: QI = VO = VPDACC3
+V,,-f (d +C); V=VRDACC + VII~f C + C C Cf
The value of Cf can be set equal to Cl1, C, C3 and 4
or be used to scale the output voltage and not be

l ,tg C1, .C2, N ; :
The Beoherds, i€ By G ther cdagit Cohp Y ebaRleluec .
to FIG 7, the DI A converter of FIG 3B is shown
oL 02,2 RS AR e, bk o s oo
switch 18 is opened. The capacitor C4 is connected to

achemutaterhon capaeitors €+ and Grbat igpravial 1, € + &2 and C3

are connected to Vref. The capacitive portion 110

wi | | é@@d]n tHiidn g enf in%@"réﬁﬂg'i?h%@ﬁoﬁ e dard GrftabivaREY(1011).

val u IS between 1100 “and 11. One of the resistive

tﬁg\'ismgﬁ% 6§¥\%lp§ﬁeg éﬁ%ﬁc&eﬁ/@%eoﬁﬁﬁd e mdﬁsva%@iﬁsﬁé’pplied

0 Create a volt I'n the exanpl e shown
Fl . it gh. i : '
! o gl 28, SLnE 405 S ghElgr pfRALATYD ol chare
| t .ovi.ded th ' to | I
Retpte” SRamtind 6F i neoF v BRGAR, 3B i e iR £ e
c Cacrgglél 2} grganogri]ngc eapg:olstlt%nsof%é S\%cﬁgsd%%nd 18:

Or =VC; = VipacCs + ¥,y (G, + C,);

C C +C
V = VRDAC_}—+VM_/'_]_-—_Z-'
Cf Cf

The value of C; 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 Cq4. If Gy, C4, C2 and Cj are the

same, V =V, +2V,,.

[0091] Referring now to FIG. 7, the D/A converter of FIG. 3B is shown
during an integrating phase for a third digital value (1111). Initially, the switch 16
is closed and the switch 18 is opened. The capacitor C4 is connected to the
common node 130 and the capacitors C4, C; and C3 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 SWy sg, SWass,

SW s, and SWisg is closed to create a voltage divider. In the example shown

in FIG. 7, the switch SW,_sp is closed to provide %me. A charge is accumulated

23




that is equal to V,,f (A + C + Q [0092] During an

i ntegrating phase for the fourth digital value (1111).
the switch 16 is opened, the switch 18 is cl osed and
the voltage value is applied to the anplifier 20.

Usi ng a charge equalization approach, the total charge
bef ore changi ng the position of the switches 16 and 18
is equal to the total charge after changing the
position of the switches 16 and 18: QI = VCf =
VPD. 4CC4 + Vnf (C) + C2 + CO, V = VRDACC4 + VI-fl Cl
on thR ca@3citir @F thahés eaualdo df,,oF, cwhele Vagt iethgaroltageqrovided
C2, C3 and C4 or be used to scale the output voltage

t ' |
bggcﬂe r}g& arng@tnhep\scg‘r%g% EE%?/JFr{ﬁDlgl@léa‘lon cfapg:ltorgch @&, and Cs

ferrl 8A and 8B, a nested segment ed
tl&%ﬂ%@ﬂ?? FEI ?é) ‘DI A converter 108 according to
t he present |nvent| onis shown. In FIG 8A, the

out p2082]r c uDuring 2ni istegrating, phaserfas, the Hourln digit@hyriuey(1111).
sanple and integrate configuration is shown. The

thaRaitch i16ds pEehednthklvitchpks Bt acsarsania the vdltageatabver is applied
For purposes of clarity, the capacitors C, C2, C3

t8Ne CAmbafves Q(B!enUEmlgabedrmﬂgé]aquaﬁ‘z‘ﬁﬂonC@ppr@adhCﬂM tdAal charge
second capacitive portion 150 is associated with the

tSé*@re' E%ﬁglﬁ%Kﬁéfpbd‘aﬁtMn bf tife aniichee!16086d CBORCEHGEISto the total
and C4L. The voltage provided by the LSB
g&b&éﬁ/&wé}@rﬁg e gaftidrsof tRé sWitbhés 18 Aad3geond
capac

Itive portion 150 al so has a sanpling and

i ntegrating pha Wi | d del ow, [0094]
Ref erring now t o~Fl gﬁec Sié"éﬁwd SUS(%;HQSqlﬁ)Sa | ent
circuit of the ,_, G, G+G+G

RDAC

ref
o ¢
The value of C; can be set equal to C4, Cz, C; and C4 or be used to scale the

output voltage and not be equal to C4, Cz, C3 and C.. If Cy, C4, Co, C3 and C4 are

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

[0093] Referring now to FIG. BA 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 Cy, Cz, Cs
and C, have been relabeled Ciy, Cam, Cam and Cym. A second capacitive portion
150 is associated with the two least signiﬁcanf bits and includes capacitors Cy,

Ca, Ca. and Cq. The voltage provided by the LSB capacitive portion 150 is
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"7 f DIA converter of FIG 8B during a sanpling phase

is shown for VcD.4c = 4 During sanpling phase, the
switch 152 is closed and the capacitors C4L, CK and

C2L are connected to a reference potential such as

ground. The capacitor CIL is charged to Vref. A

charge is accunul ated on the capacitor CIL that is

equal to Vle C, L' [0095] During the integrating

phase, the switch 152 is opened and the capacitors

CAL, CK, CK and CIL are connected in feedback. The _
Miegi@l Tobagegend mapecitive pertioni 1%h alse2hass acisendiing @nd Hdegrating
same as the total charge after the switch 152 is
phpesed.will berdeoritsed iglow. VC7 = V11f, CIL = V(CIL + Q +

Q3L + dL); Y=0CLOAL + CL + C3L + CIL Assum ng

t hat [6844] Chefefifgansv @ IFi@se8Coaral 8DYa# edudadédt circuit of the
Referring nowto FIG 8E, an equivalent circuit of the
D)A converter of FIG 8B during a sanpling phase is yp
Sfa0eBnierter\bf, FIS.=8Muhiring a GRmingapdsenis phaws, fot Hé,,. =—L.
swtch 152 is closed and the capacitors C4L and CK are
connected to a reference potential such as ground. The
Rayeg sampkngphase dhecsyitch 1 82 dnalpgediang the epPagiiors Sug e and
Is accunmul ated on the capacitors CIL and C2L that is .
Bguare domnecied 10 @ tefere@ee potepgial such as ground. The capacitor Gy is

charged to Vi A charge is accumulated on the capacitor Cq._ that is equal to

V. C-

[0095] During the integrating phase, the switch 152 is opened and the
capacitors C4t, Ca, Ca. and Cy. are connected in feedback. The total charge
before the switch 152 is opened is the same as the total charge after the switch
152 is opened. Therefore:

0y =VCp =V, Cyy =V (Cyy +Coy +Cy + Coy);

C
V=V, 1L :
7 CI.L + CZL + CSL + CGL

Ve
Assuming that Cqi, Ca., Ca and Cqy are equal, ¥ =—L,

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

Vg

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

During

sampling phase, the switch 152 is closed and the capacitors C,4 and C;_ are
connected to a reference potential such as ground. The capacitors Cy and CaL
are charged to V. A charge is accumulated on the capacitors Cy. and Co_ that is
equal to V,.(C,, +C,,).
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10097] During the integrating phase, the switch 152 is
opened and the capacitors 41-, C3L, C21- and CIL are
connected in feedback. The total charge before the
switch 152 is opened is the sane as the total charge
after the swwtch 152 is opened. Therefore: QI = VCT =
V,,f (CIL + C2L) = V(O L + CL + CdL + 4L); V =V'f
CL + CL (AL + CL + CGL + C4AL) Assuming that C,

C2, C3 and C4 are equal, V = V-f 2 10098] Referring
now to FIG 8F, an e,ﬂui val en

. t.circuit of t DA

Conv B ofDiing MesiRe 2415 BhEsaile syERASE IF SReRgdand the
for VeDic = LV-rLf . During 4 sanpling phase,_ the
capatitors 162, Cst, Gt Enidafeh 60RRESART b feggacks The total charge
connected to a reference potential such as ground. i
Beferecthpawitchr 5520sLopeded iaitite camégras theaioir eharae gfter thegwitch
charge is accunul ated on the capacitors ClL, C21- and

3% fehenied. Gnendforeto Vref (CIL + C2L + C3L)' [0099]

During the integrating phase, the switch 152 is opened

and the capaciyers &, @, ) E2candC,ChlC p¥ €, ,gonnect ed
in feedback@TThe fotygfld( E:Lharzée be orezp#héPSV\/i‘Ltch 152

i s opened isyLhe s_ajxe_cas'*_@zlz:e_m.t,al charge after the
switch 152 is BpehedC, Fhénef@ie: QT = VCT = V,,f (CL
+ C2L + C3L) = V(CIL + 2L + G3L + CIL); V=20CL +
C2L + C3L (L + C2L + C3L + CAL) Assuming that ClIL,
ARkumiBdlthabD¢ CAC,and @pralequel, ¥ 8 - ~f

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

sampling phase, the switch 152 is closed and the capacitor Cy_ is connected to a
reference potential such as ground. The capacitors Cq., C2. and Cg_ are charged
to V.. A charge is accumulated on the capacitors Cq., Ca and Cg that is equal

to ¥, (C, +Cyp +Cyp).

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

152 is opened. Therefore:

O, =VC, =V, (C+C, +C5y )= V(G +Co  +C +Cy)s
Cp+Cy+GC

V=", :
7 (CIL + CZL + C3L + CAL)

K14
Assuming that Cy, Ca Ca and Cs are equal, V="
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4 26 [0100] Referring nowto FIG 8G an equival ent
circuit of the DDA converter of FIG 8B during a

sanmpl i ng phase is shown for VcDc = V,.,f. The swtch
associated with this position may be omtted since

this value can be already be obtained by using the

next MSB. In this case one of the capacitors may

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

during sanpling phase the switch 152 is cl osed and

the capacitors ClL, C2L, CK and CAL are charged to

Vref. A charge is accunul ated on the capacitors ClL

C2L, CK and CAL that is equal toV,..f &CIL + C2L + ?P

+ C UP10QJo10REfering MgW KR Filt Rffa@Mngapivalsat qiquit of the DIA
switch 152 is opened and the capacitors C4L, C3L, C2L
convefiet o FGe @Bndutiegl ai serhplinth abrse Theshownalor hargel,,. The
before the switch 152 is opened is the sanme as the

t al . +.h ' ' e
LB PR Ak it by, BEZoRBPRAEH i vaug can be
,gl% qLdyZ@C%bt@Tﬁ Bx t&%lﬁgl-l?pec%\%}_ Y/l %lidé']t L%aaér%% é'fh@t%éﬁ_p,acitors
roViANERYS B CARAERES ThaFBYer] AgYRG ‘RS cURr PTG Phese
timnigcdiazqrarrs are shown for. sappling and inéﬁe;grati

HissuicT 452 19 Bipsathand/Ale ERARIPE e+ SBrG B Gnehre charged to

timng of the sanpling and integratin phases ca e ,
Ven- dv ehamgpisrereasn BT MErFaRaciprs e matel ?Pgt&é that is

sanpling phase of the LSB capacitive portion can

fequbhtoag(@y +partCaHG overl ap the integrating phase
of the MSB capacitive portion as shown in FIG 81.

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

O =VCr = qu(cu. +Cy +C, +C )=V (G, +C + Gy +Cyy);
Cu+tCy+C +Cy

V=V, .
/ (Cu+Cy+GC +Cy)

[0102] Assuming that Cqt, Cai, CaL and Cyy are equal, V =7V, .

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

integrating phase of the MSB capacitive portion as shown in FIG. 8l.
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27 [0104] Referring nowto FIG 8J, a truth table for

the D/A converter is shown. As can be appreciated,

the LSB switches can be connected in feedback and/or

to ground during the MSB-integrating phase and/or can
begin the next LSB sanpling phase as descri bed

herein. [0105] Referring nowto FIG 9A-9D, additional
capacitive and/or resistive DAC portions nay be

added. In FIG 9A, an N stage capacitive DA

converter 170 is shown. The converter 170 incl udes .
capdfil0fle bF&ferisaonatr FIAE. a truth fahle fesdthe BiAc poryeaster is
associated with LSB, next LSB, ..., and MSB groups.
stitown.e®a@nganehe appresiatedxthepSB swiichesctanbe capaested irefeedback
portions BG, B& and BG3. Each capacitive portion

andvyr ito adroded fcmumg dbpddBBentegaatirgh phasemdd/od as=or bégid the next
above. Each of the capacitive portions includes

LSBEdnpithgistihsel 4 @spcAbed erdimges that may be
non- over | appi ng and/ or overl appi ng as descri bed above

and fejony.  [REKBRing! Mol @ BRs. IA-BDStAMRtional capacitive and/or
capac:ltlve resistive D/A converter 180 is shown. One

istlR BA g:‘gghfangaﬁa Hedftfifed. S 1t FTGSQN MeN %@g e8p&stive D/A

escri ove th| s exanpl e, there are

cgﬂ\zgr%ért W@ id %EBWR”ST%%OXV&‘F ?ﬂ) Vel @s{%bg&ﬁzltl\)@{qﬁér@gng BGs,

are integers greater than zero. en resis
rt t t
LR e é}gp%szs.%%éewg*;gsgmwn a0 NS
GRS o ST SXPEREAIAP) SXE MRS oA RS TGS Fes BEY, Be;
SRR b8 %, S5k AU EaBARES bt anc
timng diagram show n fully and/or partiall
dreeribep pabyes anpPPh Pla it ,q@p@@yﬂg@, At EH%S'EE'UF’%? sampling and

addi tional capacitive stages is,  shown.
integrating stages that may be non-overiapping 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 capécitive 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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28 [0107] Referring nowto FIG 10, a successive

approxi mation AID converter 200 is shown. The

converter 200 includes a successive approximtion

regi ster (SAR) 204 or nodule that contains |logic for
resolving the digital bits as wll be described

further below. An output of the SAR 204 is input to
decoder nodule 209 that nay include a nodified

t herronet er decoder 210 that comunicates with and
controls swi tches SWAMSB, SWBNMSB, SWMSB, and SW.ns, 3
basei@16/] MBsfasting meovedep G of! O e SYSRESHiYP GRPFREIM@Hon AD
the SAR 204 is input to a thernoneter decoder 220 =
corhairter @0thin sbawes Thetdenuedercd inglusies\a sudsessiggvapgraximation
SWBLSB, SW2LSB, and SWLLSB based on LSBs in the output
redfistth €SARAR2094r rhédid8thaducdmainadaegic $ort fesnlvinchthesdigitalhbits as
16 is connected to ground. Ends of the capacitors are
wiPBEefdseHb&Y fisher Wetew SIBButput \6T thSAR 28dquiisputi tondecoder
O Vin, the switch 16 is opened and the capacitors

ndfudl S6PNRSL IRy biciswkt 6hesodiWE Bhefm@fetérndeddter 210 that

capacitor array 1s charged with a voltage based on

c\gfwn?%rﬁggtegmgﬁdt rﬁfrﬁ?sr SvikdH ?gws%s:s%ﬂgg mmgam SWnss

Ich drives t conmon term na

SREB sk & PR RIE P RO A GIAB SR 20 ot

capacitjve an LV ' . '

SRRt 3ot ZE B R G e SBRERAEER o
CAM i s nnect o the co node, i

M o SARBIEeEh T Syt e O ITE SRR e bl 0 328 007

cl osed. For exanple, .if. Vinis .equal.to 3/4Vref, the
commdA 198} ni QHT'%FF‘H”'B&N&H“\?&WWC ) Ig SRANSFed 1P opRg Ends
= - 1/4vref. \Wen this voltage |g, co red.to ground,
ofHbe sapptitore pre ﬁ@ftﬁ?#ﬁi’a%ﬁwﬁgﬁﬁ $ sl &0 Nin gﬁ?r@q%wslfhon of Vin,
implying that Vinis %reater_ than 112Vref. If Vin is
thquavitahot Bl isapesied andethe sirRBAItOTs @rerdisaPnneAted gy switches SWiss
(-1/4vref + 1/2V,,.f) = +1/4vref, and the output of

frovn VanpAhateapacitor array is charged with a voltage based on Vi,. The
capacitors are then connected to ground by switches SWwss, which drives the
common terminal negative to a voltage equal to -Vin.

[0109] As the first step in a binary search algorithm, the capacitive and
resistive portions are configured to provide 1/2V, as described above. In other
words, Cawm is connected to the common node, Cam, Cam @nd Cqm are connected
to Ve and the switch SWyss is closed. For example, if Vin is equal to 3/4Vie, the
common terminal will be driven to (-3/4Vier + 1/2Vie) = - 1/4Vie. When this
voltage is compared to ground, the output of the comparator 20 yields a logic '1',

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

terminal voltage is (-1/4Vrer + 1/2V1er) = +1/4Vrer, and the output of the comparator
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29 20 is a logic '0'". This process continues wth the
next MSB or LSB depending upon the value of the

conmparator output until all bits are resolved. Wile
capacitive-resistive inplenmentation is shown,
capacitive-capacitive, N-stage capacitive or N stage
capacitive-resistive inplenentations are al so
contenplated. [0110] Referring nowto FIG 11A a

pi pelined A/D converter 250 is shown. The converter

250 includes a plurality of stages 252-1, 2-2,.252-3 ..
20017 deais V8 y b piocennicoatueh BRRdaA ner MSH e L9 depending
of the course A/D converter stages 252 includes a )
upompthe aatiehel thensomparaton euipt yapRbDiEnareydesRivethe While
anal og out put signal froma prior stage, a | ow
gapaoltiveiresistiveD isplernentatioreris sbowhe cpecitiaicapaeitive t N-stage
the held anal og signal, a lowresolution DA

cdpennger ber Notadee 2aPatitiab-resistiver t Smpleenerdativrs ngare  also
digital output back into an analog representation, a
&HrtémprAée nodul e 260 and an anal og interstage

difference anplifier nodule 262 that anplifies the

resi digq 40T herERFHA Howstd MG, diAf & pipeandeivBetorivVefter 250 is
hel d anal'og signal™ and the reconstructed anal og

%%ﬂ@l -Tr[eoé&weé-@(gezs‘d fn%hd%%ag%l%gﬁt' ]ofoétaégse 2BpDel ?ﬁ%é, 252-3

onverter operates o st cufrent ana

t%géﬁ%ﬂ?%@ OtW?{ L& é&%aﬁgégﬁggeﬁésagﬁa&?%f the &Rﬁéﬁ%?s\z& QRverter

esi due o Previ ous I nput sa

e O e S L
8563 G SRR £ LS008 B gl B pypcomverr
AICNES N I R T DRE A
Séldgggr?vve?tretr Grzrgodq}ljg %Isg tl%gtzéorgvgerzts 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

30



30 out put of the subconverter nodule switches to its
next higher |evel code causing the output of the DA
subconverter to switch to its next higher level. This
in turn causes the anplified residue to drop back to
zero. [0113] In actual inplenmentations, however, the
conponents are not ideal and non-uniformty occurs.
In FIG 11 C, the residue voltage exceeds the idea
value by a fixed amount. In FIG | | D, the residue
eeds

oo P RS S 1 8 9B s v
g e eSS A o B SO T

present invention is shown. Capacitors Cl, C2, C3 and
caldsesrtbe aonpifiet vesigue thdrepthaskite zetd.n, a reference
potential such as ground, a voltage reference (Vref)

and [0113h dutgmiual ompléreentptions,20oweyers dme: components are not
I mpl ementations, Cl, C2, C3 and C4 have substantially

il ahd orgraghifanie ocglitsesin FO3.15] CRefecrasidug valtagecexceeds the
FI Gs. 1213-12D, the analog to digital converter of

idddPvahPbl = Shevanidunt.han. FID) & D5 atmel fesgduphastagenestde€ds the
12B, the switch 16 is closed and the capacitors are

i b18agd VArigble eshaiie. anpl i fication stage in
-'%I?@éi%%&?or Q%t?}l%etween 0 and C1 -V ("A" in FIG

tlﬁeD) (!01{ e @f&?‘rir%nd’wqaa A 26t ars whhbeh thbdibitalaReNeRer 300

apaci t or connected in feedback arrangenent.
PR PR 25l hpoB Wi SRR A, i sresem
BB R oL EapERIF X £ Bl B o Rk g
\_/-m,va (rlclar%urerimge E!)t%ntiézs%dh 5@ egrcsn\f\r'j\c}, C:P voltage reference (Vi) and to an
output of the opamp 20. In some implementations, C,, Cz, C3 and C, have
substantially equal capacitance values.

[0115] Referring now to FIGs. 12B-12D, the analog to digital converter
of FIG. 12A is shown further. In a sampling phase in FIG. 12B, the switch 16 is

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

CI
C,+C,+C,+C,

in FIG. 12B for Vi, between 0 and

v, ("A"in FIG. 12D), the

switch 16 is opened, the capacitor C4 is connected in feedback arrangement.

The capacitors C,, Cs, and C, are connected to the reference potential. A truth

table is shown in FIG. 12D.

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

C +C,

tw ‘ V. and
beteen .+ AC, Y GG, 1C +C,

Ve (‘B"in FIG. 12D), the switch
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+C +Cref f C1 + C2 3 1 C1+C2+C3+Cl 31 16 i s opened,

the capacitor C2 is connected in feedback arrangenent

and the capacitor C, is connected to Vref. The
capacitors C3 and C4 are connected to a reference
potential. [0117] Referring nowto FIG 14, in a

residue anplification stage for Vin between C + C2

and C + &2 +A3YV,,,f ("C" in FIG 12D), the switch

f +C2 +C3 +C4 C, +C, +C3+C4 re 16 is opened, the

capacitor C3 is connected in feedback arrangenment and

16He opsnsdc the£8pTSiton ¢ iIEconnectesninieedbasly a%ﬁﬁge"f'ﬁ@t and the
capacitor C4 is connected to a reference potential.
chpadigir Refsezaninegteddw . AihescapegitarsdCa @ndi Gy arer egnnfigied to a
anplification stage for Vi, between C1 + C2 + C3
raferedceapsteial, f ("D' in FIG 12D), the switch 16 Cl +

C + C + C4 is opened, the capacitor C4 is connected

in feedhack Refeaiaen®nto AIG. 1418n acepidcetampificitiorCatagedor Vin
C3 are connected to Vref. Note that because the

di fferent acitors are .$@d @ the feedback
bﬂwaehgﬁn%—r s B0 2 T Yo CtREIG: d2Pautae switch
gain c F‘y trac capacitor m smatch. The

resi due voltage now | ooks as shown in FIG 16. There

16 ismopenédidhe ¢apagitorsCaifecepnastethdn feedhaekafianogmept and the
constant maxi mum resi due voltage. [0119] Referring now
tapdeit@s C13Ad Garevainnedtsddrevrpl arhe capasitenbatisicpomected to a

of the present invention are shown. Referring now to
fdfé&entd Aotential.

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

C,+C,+C

e for Vi, between
stag " C,+C+C+C,

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

is opened, the capacitor C4 is connected in feedback arrangement and the
capacitors C4, C, and C; are connected to Vi.r. 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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the present invention can be inplenmented in DDA or AID
converters in a hard disk drive 400. In sone

i npl enent ati ons, the signal processing and/or control
circuit 402 and/or other circuits (not shown) in the
HDD 400 may process data, perform 32 coding and/or
encryption, performcal cul ations, and/or format data
that is output to and/or received froma magnetic
storage nedi um 406. [0120] The HDI D 400 may

communi cate with a host device (not shown) such as a
codinguamed/or eptryptor,gragtdrimeeldalaticns andddr fasmaledatarthbt is output
digital assistants, cellular phones, nedia or MP3

1Bl sRiryeedided frem & keagnatidstwragé hesdiurdediéces vi a one or
nore wired or wireless communication |inks 408. The

HDI D c;01@@1 NByhd &I 300 Ghed cd @ikt witb®h Rosthiedice ﬁnot shown)
random access nenory (RAM), |ow |atency nonvolatile

JRIPY SUECBARRitdr %Bbﬁ@r&frﬁpuﬁrﬁa%g%@elé YBER! ¥s (Ff%%%nﬂl digital

and/ or ot her "sui tabl'e el ectronic data storage.

Ref. I_.n r ' [
sesipnsy Sl aRoRen wobR: o SR8 AaRs, o T 168, Pjor other
ersatile disc (DVD). drive.410. ianpal .Dro Si

4565 Viechits B miarF oY 81 idhp R T Hi LN E68 g Hoo
shown in the DYLD 410 ma rocess data, perform

A0y BRAPBISKRR (9 BB JST POTHES ESh ZBreramemory (RAM),
and/or format data that is read from and/ or da}ta

i leteneyierRiabiR Memory sueh 25d'aR_ MNPy E2ad anly Figmory (ROM)
i mpl ement ati ons, the signal processing and/or control
endiouiothes spitablg/agctoiifedataiste@ges (not shown) in the

DVD 410 can also performother functions such as
encod{@f@13nd/Refedidgoaiong tankdlior 4By tae hefeses| dgangntion can be
processing functions associated with a DVID drive. _
DR erited irDDIDod AVD eoatertersyin @dtigiteliversasileviish (BWD) drive 410.
out put device (not shown) such as a conputer,
tTHecsigsdl grocasstrighamd/devdrteo! wirauib A2 andhoprotheri airedits (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
contro! 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 nonvolatiie manner. The mass data

storage 418 may include a hard disk drive (HDD). The HDD may have the

33



or wireless conmunication |inks 417. The DVD 410 nmay
communi cate with mass data storage 418 that stores

data in a nonvolatile manner. The nass data storage

418 may include a hard disk dHve (HHDID). The H DD may
have the 33 configuration showm in FIG 17A. The HDD
may be a mni HDD that includes one or nore platters
having a diameter that is smaller than approxi nately
1.8". The DVD 410 may be connected to nenory 419 such

as RAM ROM |ow_ | atency nonvol atil e nenpry ch as
configatationrahoyraindFKF. bEAerTheuHPkbmay ge & i BDgHed oludes
storage. [0123) Referring nowto FIG 17C, the present
onevenmdreplatters havirignp | diamates dhatnis ymaler thabapermxénetals 1.8
in a high definition television (HDTV) 420. The HDTV
THE DVBCHl (v esayHBEVcommdted itg makmoinn 499t hech @swRAdMI BOM, low
wirel ess format and generates HDTV out put signals for

laflerflyS MoRVoldBI8. rhémeaMsuchPeMAattat inenmry andfoal other suitable
processing circuit and/or control circuit 422 and/or

oRLhBRicHats Hotsgd.not  shown) of the HDTV 420 may
process data, perform coding and/or encryption,

gfrh‘;f&?eggl o‘{%@fﬁ%@@nﬁow‘t % "k, da7@, ane/ preserf fir‘%fe_'ﬁ‘tiégycan be

s
processing that may be required.

ir@%ﬁ%@éj%ﬁw ¥r A7 BRYeRATTRIBI G Behfilibn EERsBRYADTY) 420.

ata in a nonvol atile manner

DT 8 SR M R B 898 B ey

ntiguration shown |

17A and/ or | east one, DVD t . .
SIS ST I L RO RBISCD! EAEPI S20 i R ipglementatons,
m ni HDD t hat inc]udes one or npre tters_ having a.
SaAkeRTEPeIS SIS0 P PoT R S ARPnRbalDy e Erdg (not
HDTV 420 rmé%/ be caonnected to q;‘n'%rmr 428 auch rgc@ RAI\@ i
FeOW)| ahine MR RVA2RoTAs) RIPFESS Fifio PSR FoalSr ariler encryption,
menory

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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and/ or other suitable electronic data storage. The
HDTV 420 al so may support connections with a WLAN vi a
a WLAN network interface 429. 34 [0125] Referring now
to FIG 17D, the present invention may inplenent
and/or be inplenmented in DA or A/ID converters in a
control systemof a vehicle 430, a W.AN interface,
mass data storage of the vehicle control system

and/ or a power supply 433. In sone inplenentations,

t he present invention inpl errent1f7f)®povvert rain contr

ol
syst Bh2532 Referipacaovesto Mgk s nifhePi§SeRpgvention may
sensors such as tenperature sensors, pressure Sensors,
impieatand aat/os dadopiemenied in BYWA 98 A48 canyertgrsin appniehsystem of
suitabl e sensors and/or that generates one or nore
aOuhiké 480N MOLAN irndedace, suads datastarage ob e wehielg control system
paraneters, transm ssion operating paraneters, and/or

AU a Goverosuppiygrals. Il 832@)] infilementatiens, thes greseab invention
may al so be inplenented in other control systens 440

if\%lgnh@'\t\ée&\ﬁérﬁ'aﬂﬁ&ntﬂ gYsﬁéﬁht 437 they sécweddfpitsrom one or more

ew se receive signals frominput sensors 442

SigHWRYS bRsSOR SENSBIEE rotatibmit s,
Sg\g/{)%gssegﬁ%g f%ﬁg%@r?népmﬁt gt isons, tRe corrl(tjrol Sensor

AR TP Patl Sl SBheokOpky B gt sane o
o BRI B Sy G A Pan s
oL S8R S} B B S0, 0 oomec

o e oL A FSoRSNEY B8 S ke RS F B orwo
s B b SR S IRy s recame
T e BT S 2 4425 E oo or mor

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

configuration shown in FIG. 17B. The HDD may be a mini HDD that includes
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configuration showmn in FIG 17A and/or at |east one
DVID may have the configuration shown in FIG 17B.
The HDD nay be a mini HDID that includes 35 one or
nore platters having a dianeter that is smaller than
approximately 1.8". The powertrain control system 432
may be connected to nenory 447 such as RAM ROM | ow
| at ency nonvol atile nenory such as flash nmenory and/ or
other suitable electronic data storage. The

powertrain control system 432 al so_na port . "
b N ERRRORIE S ST AR TR gl R TBLSIoT A PPy Tglely 18"
448. The control system 440 may al so, incl ude mas
THatpevearbaingeontia systemAde gray Dy 9PN ety %@%ﬁﬁs‘ﬂnﬁ%ch as
shown). [0128] Referring nowto FIG 17E,  the present
RAM,eROMidowdatepey nonpelatiernemary spFnas flagh memavesrEpsother
in a cellular phone 450 that may include a cellular
sandisie needtfdnic idatss stoeaganp Tdweepoweitains coniel sustem (432 also may
phone 450 includes a mcrophone 456, an audi o out put
stiBBot Usdhrastionss patakerwanl eta auwLoAN utghuork jréerfacead48. The
di spl ay 460 and/or an input device 462 such as a

JRWBRS) stéfi a0 Mgy HRYiit@ude WissaiaAs sttragememdryoandibihe WLAN
I'nput ‘device. The signal processing and/or control

i,g{g:;-f%g%ga:“ ,éﬁisn@oﬁéor other circuits (not shown) in the

0 may process data, perform coding

and/ rYRES MEG@! oAt tHen prededt "RLentitd &an be
and/ 3p1g§eff ofﬂrgrfegmgepﬁ{:\’ilqlbul ar phone fusrii)g?ionsl. ??)1129]%

R Y R S R S A A e SR g olude o
SAhs P BB 51 TS PEER T RO 100 e
O RS U o BERR S e Bl B b ouo
jsatlﬁ,wé' diisr;alal:yI 4%0 %Zd%br ;rr? ?npﬂ?ldgv%g%&esu%h rg'snai keypad, pointing device,
voice actuation and/or other input device. The signal processing and/or control
circuits 452 and/or other circuits (not shown) in the celiular phone 450 may
process data, perform coding and/or. encryption, perform calculations, format
data and/or perform other cellular phone functions.

[0129] The celiular phone 450 may communicate with mass data
storage 464 that stores data in a nonvolatie 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 configuration shown in FIG. 17A and/or at least one
QVD. 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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HDD t hat includes one or nore platters having a

dianmeter that is smaller than approximately 1.8". The

cel lul ar phone 450 may be connected to nmenory 466 36

such as RAM ROM I|ow | atency nonvol atil e nmenory such

as flash nenory and/or other suitable electronic data
storage. The cellul ar phone 450 al so nay support
connections with a WLAN via a WLAN network interface

468. [0130] Referring nowto FIG 17F, the present

i nvention can be inplenented jn DDA or A/ D converters
sushaas RAM o RQMx Iy datenpy nasvolagle MBMAEoSUGh @8 memory
signals froma source such as a broadband source and
and/guother stitahlimetectiodicodatnisjerages i the Felluiaiupihene fa@@lso may
signals suitable for a display 488 such as a

$ugiperti ctinoectiond/vith abWi AN vieaa iV IiohN oebwoerkuntgédacarnBor

audi o out put devices. The signal processing and/or

cont rpgh 36] r cRifesrintB o dboFI®t &, cihec présent niovention can be
shown) of the set top box 480 may process data,

PRIEREMEAH DA RPMIDUonveREisyiRtd $ét.top @bk @80 The set top box 480
cal cul ations, format data and/or perform any other set

Fe%@ive@%igiwél@ﬁr{:ﬁ\na B8R sibe £eta brPadbnd486uidBY and outputs

comuni C mass data storage 490 that stores

ggbaﬁgd;aﬁd/amgggegégksls% SRR e B8n AR L tIAE 054 BIBRE 488 such

I ncl and/ or gneti1 c storage

devi £ ' i o
48 G888 AT HEnY Hhalb" B B, o1 BR R iPRpces
R, PR R EsEhahnd 7 eefBE APBTRA B gy cruts (ro
1 ni hat j ncl yd | at.t i ng..
ahavel & Intaeel Sk 4RO nE ERalidiipcryroty Sty ancior
ESCRANPTRORIOT GARHIEURES. RAMa0Par PRYRERBHY™ 008 set top
flash nenory and/or other suitable electronic data
fraxrfagetionThe set top

[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 suitabie 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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box 480 al so may support connections with a W.AN via a
WLAN network interface 496. 37 [0132] Referring now

to FIG 17G the present invention can be inplenented

in DDA or AID converters in a nedia player 500. In

some inplenmentations, the nmedia player 500 includes a

di splay 507 and/or a user input 508 such as a keypad,
touchpad and the like. In sone inplenentations, the

medi a pl ayer 500 may enpl oy a graphical user interface
(GUI') that typically enploys nmenus, drop down nenus,

i cong1agyd/ OReferiieg Novand- E1GCK G dhef quesentainveniion can be
di spl ay 507 and/or user input 508. The nedi a player

i OmEHe e D/AClordam ajonverdiso imud puedia0flayectbis aln some
peaker and/or audi o output jack. The signal

i ki IrQ&di i Lt dSa BRBIANBLDaNdIbhe Lser input
i BE B A6 récis BB BOO i dsha AplearSlandibne user inp

5§é %ﬂ%ﬁﬁqsd %g@(}/&%ﬁr ﬁ&fc‘fﬁbﬁ?dérﬁgtr@" fker |18y irBRmentations, the

ations, tTormat data and/or perform any

ot her nedi | ayer f [ ) [ Mypicall
RSP R L FTSAPE N e ter TEnaRd @) B pioall
stores data such,as conpressed ' 0 j ;
e@mi@ﬁwmePHS'aéf%ﬁ%'ﬂ éTt‘éT’})LE' me%s‘d]){)ﬁa?g:ﬁrrét-énd‘fblﬂﬁ%terface via
i npl ement ati ons, the co essed audi o, fi i 0C

the HisslaurRa! BRok Hl aRk SUR -+ h R0 PILp! 870 Sy Hiéfudes an
sui tabl e conpressed audi o and/or video formpts. The .
avekis audpul §(g§r%§é Afya | RE2HEE a&ﬁl{‘?rcﬁﬁ“%ﬁnayt@w J%nﬂ?? signal
storage devices for exanple hard disk drives HIPD
@rodéssingDane/or Aontrob giEeUitsn 804ENAfR{yCtA]Y S reyEs (not shown) of the
configuration showmn in FIG 17A and/or at |east one
BBianpipyéraban trizy pronessydatas perosh GRAINGnant/es encrEption, perform
HDD may be a mni HDD that includes one or nore
phiatibess, kewiatgata andioeperormhany pthes madiaplayerfynction.
approximately 1.8". The nedia player 500 may be
connead] t oTheNAiedid Iplayer 500 may communicate with mass data

storage 510 that stores data such as compressed audio and/or video contentin a
nonvolatile manner. In some implementations, the compressed audio files
include files that are compliant with MP3 format or other suitable compressed
audio and/or video formats. The mass data storage may include optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may have the configuration shown in FIG. 17A and/or at least one
DVD may have the configuration 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 18 The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatie memory such as flash memory

and/or other suitable electronic data storage. The media player 500 also may
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such as RAM ROM |ow | atency nonvol atil e nmenory such
as flash nenory and/or other suitable el ectronic data
storage. The nedia player 500 al so may 38 support
connections with a WLAN via a WLAN network interface
516. Still other inplenentations in addition to those
descri bed above are contenplated. [0134) Those skilled
in the art can now appreciate fromthe foregoing
description that the broad teachings of the present

i nvention can be inplenented | vari et f f .
sunBediconBectins it AVWLANGA @ Wi-Ahachiosk nfedess BlGt SHll other
connection with particular exanpl es thereof, the true
impEmeentttionsein; adddion torihostheeseibestaboxe sie contemaletsince
other nodifications will becone apparent to the .
ski | I[jodi34)k acThaseoskilediprotheaad taayn@w appeediptairamgshe feregoing
specification and the following clainms. 39 Cainms 1.
deRiipedmn tred teanbioag-teachings bhthecumesenttinvertiabCen be implemented
conprising: a first stage that receives an input

iHOh LRty o Hetman dTHidiefore, 0wpllé tRis imwention has been described in
anal og-to-digital converter (ADC) that includes: an
ARlectibRI witt et fdl ExdtbleanthepsbfowWhduiue Btope of the invention
capaci tances that are connected in parallel and that

LG o el 8 gnﬁ:%gssiﬁé@kgﬁ'rﬁ&ﬁihaﬁlo%s%naﬂaﬁ&bﬁ@ gpparkht to the

i nput- and second en swtches t

sel ectivel t .said.,S f [ i

ST RS R 5" APy oEE N TRORGR] 15 Sheingation and the

Eﬂﬁse qne of said second ends of said N capacitances
OWIHCIBIPBut of said anplifier during a second

phase, and others of said second ends of said N

capaci tances to one of a voltage reference and a
reference potenti al
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during said second phase; and a second stage that
communi cates with said output said anplifier. 2. The
pi pelined ADC of Claiml wherein said first phase is a
sanpling phase and wherein said second phase is a
resi due anplification phase. 3. The pipelined ADC of
Caiml wherein when said input voltage is between
zero and a firgt .ratio of a first of said N

capaci tances di-vitéd by a sum of said N capacitances,
said first of said N capacitances is connected to said
out plt of Aspipelined #pplpgiter-igiiad convsaes(AFPCyeqrapnging:
capaci tances are connected to said reference potentia
duri ng sardirsegtagedthph aseived GindinpTtheol igp esi gnak dnd\D@t afomprises an
Claim 3 wherein when said input voltage is between

asodltd-Higsth] doabeerd A tbRGRdI0ddsat i 0 of a sum of said
first and a second of said N capacitances divided by

a sum of said N capAgRELRR 53hdadd q;aﬁﬁ.said N
capaci tances is g@nnectegﬁi%lsgPdavontg e reference,

said second of st?g{pgmg&nn%?sr)@%{ E%ncﬁogl%%%t%d Fnog%%?% gfqgtﬂ%t include first

sai d out put of “sal efr a ers

capaci tances are connected tqg.said . reference
B Bk e s FRTUBIACHEY HRIC APRS E0d SEORGENGS] pel | ned

ADC of Claim4 wherein when said input voltage is

bet ween sai d setéwichestthat smectivebhrennestasdid se¢ond endn of said N
of said first, said second and a third of said N
cappaandeane esd dblagdadpinyduaing unfisf plsae,cdond of api@ciet amicaris of said N
said first and said second of said N capacitances are

cauItEsdes do ts@idSirshit \o3 | shRIOEmpIEfi & Bt a Stofld phRhded afd others of said
said N capacitances is connected to said output of

sS@hd REPbE {i LR APLIGHARNS ofid o?@lvglti\ée reigp&% Eﬁcgg I?ejel%ﬁge potential

connected to sald reference potential during

dseconq phc%sg. 6.e_ ;I'Ipae pi pelined ADC of Caiml wherein
LR A SRR PR 8D said N capacitances are
substantial ly e%yal. . . . : -

a second stage that communicates with said output said amplifier.

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

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

3. The pipelined ADC of Claim 1 wherein when said input voltage is
between zero and a first ratio of a first of said N capacitances divided by a sum of said N
capacitances, said first of said N capacitances is connected to said output of said
amplifier and others of said N capacitances are connected to said reference potential

during said second phase.
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7. A nethod for generating a residue voltage in a
pi pel i ned anal og-to-digital converter (ADQ
conprising: providing first and second stages, wherein
said first stage receives a voltage input and
i ncludes a capacitive ADC including N capacit ances;
sel ecti vel connectln sai d_second ends of said N
capati t an@%‘é Ripelingd of fg8im n WYhedeiR i Whemy Spidy dput voltage is
phase; 41 selectively connecting one of said second
betmeen edid Sabtoratib eadacecenicrtiotad a sun df eaid fimst aofl asseicdnd of said N
anplifier during a second phase; selectively
capabitares dyidddhsr Ssunh of sdid Ns egpasidane sy Saidffirstadfsal N capacitances is
capacitances to one of a voltage reference and a

chiftleBleBNE RaiOFdhAke AdfeidHEd REidS RO BE A4 l\PE‘éffaﬁrtances is connected to
sel ectively conRecting said fi rst ends of 'said N

sﬁa %?élft%%%? Sr?lp er Q&{EP he{se{nf d t 5 e]?arégar?c%ﬁ tl nlgeg%r& to said

Ier ou g Said secon
of Claim7 wherein, said fiyst phase is a sanpllng

refprence pofentiaAurng $pid sacqnd R2%Sd phase is a resi due

arrpl ification phase. 9. The nethod of Claim?7 further
conprising selectively connecting said first of said

N capacitances to said output of said anplifier and

ot hess of Thai piptliredpADIQ aofc€mimt 4 whereinr whed esarke input voltage is
potential during said second phase when said input

b¥eeAQBid sBcdiRl MBEAnd 2]hiPd #itfb & £ bursof §A4 *ﬁest0£a1@ sédoha tand a third
of said N capacitances divided by a sum of said

of SHAN Eaﬂﬁ&?ﬁmfzsl&wdgﬁ %S)/, @Esﬁélﬁﬁgf(:% ng ggi&cfg?cfeg r%aﬂffufst and %f“d second

conpri si‘fng se 1vel
itances to said voltage Frenc said se

d
oSG RaC AL RE Pimcunor 51 Gatif JaF PR Freis daid (I of said N

anplifier and others of said N capacitances to said
CRRACHARGES eispeRraN§eled| to said output of said amplifier and others of said N

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

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

capacitances are substantially equal.

7. A method for generating a residue voltage in a pipelined analog-to-digital
converter (ADC) comprising:
providing first and second stages, wherein said first stage receives a
voltage input and includes a capacitive ADC including N capacitances;

selectively connecting said second ends of said N capacitances to said

voltage input during a first phase;
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during said second phase when said input voltage is

between said first ratio and a second ratio of a sum

of said first and a second of said N capacitances

di vided by a sumof said N capacitances. 42 11. The

met hod of Claim 10 further conprising selectively
connecting said first and said second of said N .
capaci t anéelsctivgly eonneqgiang emfe of edié segond ends bl saifli ¥ gaprcitances to
said N capacitances to said output of said anplifier
saiddugiunef saidimphficr Nringpaecdmigiase;t 0 sai d reference
potential during said second phase when said input

vol tage i gelostiwPeonmdttthg GtRER M sdidlsecdnaRddPoft daid N capacitances to
ratio of a sumof said first, said second and a third

gEay il SR RISt Aoy P e
comp ¢ daBeb T AR ERREC TS AT S el 0 o

amplifier input; and

connecting an amplifier output to said second stage.

8. The method of Claim 7 wherein said first phase is a sampling phase and

wherein said second phase is a residue amplification phase.

0. The method of Claim 7 further comprising selectively connecting said first
of said N capacitances to said output of said amplifier and others of said N capacitances
to said reference potential during said second phase when said input voltage is between
zero and a first ratio of a first of said N capacitances divided by a sum of said N

capacitances.

10.  The method of Claim 9 further compn'sihg selectively connecting said first
of said N capacitances to said voltage reference, said second of said N capacitances to
said output of said amplifier and others of said N capacitances to said reference potential
during said second phase when said input voltage is between said first ratio and a second
ratio of a sum of said first and a second of said N capacitances divided by a sum of said N

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

capacitances divided by a sum of said N capacitances.

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

said N capacitances to be substantially equal.
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