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FIELD OF THE INVENTION

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

resistive D/A and A/D converters.

BACKGROUND OF THE INVENTION

[0003] Digital to analog (D/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



D/ A converter 10 includes a binary capacitor array 14,
swtches 16 and 18, an 1 operational anplifier
(opanmp) 20, and a capacitor Cf in a feedback
arrangenent wth the opanp 20. Each of the capacitors
in the array 14 have different values. More
particul arly, each capacitor in the array 14 is twce
the value of the preceding capacitor. Swi tches SW
selectively switch the capacitors in the array 14
between a voltage reference and a reference potentia
spetatiesalgaropiifier (A0@0P) 20.nand: &, capaeitey & iBoh 8ek ggrangement
has sanpling and integration stages. In the sanplin
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voltage reference.

[0006] Referring now to FIG. 1B, a non-monotonic output of a D/A
converter is shown. For eXampIe, the analog output exhibits a decrease from
one conversion step to the subsequent conversion step as shown at in FIG. 1B at
44. The non-monotonic output may be due to capacitor mismatch. For example,
the capacitor 2"'C may be different than 2"?C+2"*C + ... + 2C + C. Ideally, 2\
1C — (2¥2C+2N3C + ... + 2C +C) = C. In other words, the difference between the

MSB capacitor and the rest of the capacitors should be equal to a smaliest 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



capacitors that are selectively switched between a

vol tage reference and 2 reference potential such as
ground. While the linear capacitor array 54

i nherently nonotonic, the nunber of sw tches required
grows exponentially with the bit resolution. For

exanple, a 16-bit digital to anal og converter includes
216-1 pairs of switches, which may be inpractical
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adenenie egothntialr such Afadrewnbes WHiR 1HE o QAT SRRAGICT Laray
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the N first capacitances to one of a voltage potential and a reference potential.

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

[0009] A digital-to-analog converter (DAC) comprises first converting
means for converting a digital signal to an analog signal and that comprises N
first capacitance means for providing capacitance that are 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



converting nmeans converts a digital signal to an

anal og signal and that communicates with the common

node. [0010] A nethod for providing a

di gital -to-anal og converter (DAC) conprises

connecting N first capacitances of a first capacitive

DAC in parallel, wherein the N first capacitances

have first ends and second ends, N is an integer

greater than one, and capacitance values of the N

first capacitances are substantially equal,. The
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second ends to one of a voltage potential and a
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t he conmon node. [0011] A pipelined anal og-to-digital
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and the second phase is a resjdue anp\xhi ficati.on lo-to-
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first ratio of a first of the N ca_Paci tances divi deCFI _
bafigRaiseonvetter ADC) that includes an ampilifier having an input and an output;
N capacitances that are connected in parallel and that include first ends that
selectively communicate with the input and second ends; N switches that
selectively connect the second ends of the N capacitances to the voltage input
during a first phase, one of the second ends of the N capacitances to the output
of the amplifier during a second phase, and others of the second ends of the N
capacitances to one of a voltage reference and a reference potential during the
second phase. A second stage communicates with the output the amplifier.
[0012] In other features, the first phase is a sampling phase and the

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

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



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

voltage input during a first phase, one of the second ends of the N capacitance

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



second ends of the N capacitance neans to one of a

vol tage reference and a reference potential during

t he second phase; and second stage neans for

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 su f h
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converter (ADC) canprises providing, first. and second
scagesst thhBiskp thetnrﬂgapaqltgpggq tcpg@e vgg@g@ Iefelence; t‘fnggsgcond of the

i nput and includes a capacitive ADC | ncl uditnﬂ N 6 .
N capacitances to the output of the amplifier and others of the N capacitances to

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

[0015] A method for generating a residue voltage in a pipelined analog-
to-digital converter (ADC) comprises providing first and second stages, wherein

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



capaci tances; selectively connecting the second ends
of the N capacitances to the voltage input during a
first phase; selectively connecting one of the second
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

ref erence potenti al during t he second phase;
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first of the N capacitances to the output of the

samhivély @onnacithgootherssofthe tseeond eagaof thmbesapagitanmes to one of
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Leladiectiig therhidhedds of the N camrgitahsesto an amplifier input;
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comprises selectively connecting the first of the N capacitances to the voltage

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

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



third of the N capacitances divided by a sumof the N
capacitances. [0017] A digital to anal og converter
(DAC) conprises X capacitive DACs that are connected
in series and wherein X is an integer greater than
one. Each of the X capacitive DACs conprise M

sw tches wherein Mis an integer greater than one; a
signal input; a signal output; and M capacitances that
conmuni cate with the Msw tches, respectively, and

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

[0019] In other features, an amplifier has an input and an output. The
first ends of the M”capacitances of another one of the X DACs communicate with
a reference potential during a first phase of the another one of the X DACs. The

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



anot her one of the X DACs. The second ends of the of

the M capacitances of the another one of the X DACs
conmuni cate with the output of the anplifier during

t he second phase of the another one of the X DACs. The
first DAC conprises Y resistive DACs wherein Y is an

i nteger greater than zero. [0020] In other features,

at | east one of the Y resistive DACs conprises a

signal output', N resistances connected in series

bet ween t he voltage reference and the reference
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and the first DAC.

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

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

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

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



sel ectively communicate with a reference potentia
during a first phase of the capacitive DAC. The first
ends sel ectively communicate with the input of the
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
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val ues. The M sw tching neans sel ectively connect the

fédpakitBUDACS dhdesdlectphcicoaneet treansectod driis of gnalM second
output. The M sw tching nmeans connect the second end

Oéagp%cﬁsﬂu%st 8dhe SEHLRHULRG tHY Seondi frasef tacspdativielRAC.
si gnal I nput . Fi rst converting neans converts a

di gi taﬂoo?hgnah WRyitaN t& sy ToBlater DALY Scamnsris@Rak capacitive
out put” tha comiuni cates wth the signal input of one

: | om . !
?8%’%'%?%’25(? ﬁge%%%:fy UEnVePEEES didi@l g%:&f'to Bﬁ)%ﬁ]og' digdI R that are

ying nedans for I fying and has an

pggarﬁ%cggéj EQ?Q%&I@%IR léterieg 85&1 %%lfeiﬁ%gcéﬂ ﬁ’\'ﬂé\;aeetrﬁ?t er than one. Each

ance an conmuni cat es e | nput

20,45 B g e vt
ngh%r;(\e/igr&/‘i iggannﬁ'\?ggser greater than one. M capacitance means for providing
capacitance communicate with the M switching means, respectively, and have
first and second ends and substantially equal capacitance values. The M
switching means selectively connect the first ends of the M capacitance means to
the signal output. The M switching means connect the second end of a selected
one of the M capacitance means to the signal input. First converting means
converts a digital signal to an analog signal and has a signal output that
communicates with the signal input of one of the X capacitive converting means.
[0024]' in other features, amplifying means for amplifying and has an

input and an output. Feedback capacitance means provides capacitance and

communicates with the input and the output of the amplifying means. The first
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conmuni cates with a reference potential during a first
phase of the another one of the X converting neans.

The input of the anplifying neans sel ectively

conmuni cates with the first ends of the M capacitance
means of the another one of the X converting neans

during a second phase of the another one of the X
converting nmeans. [0025] In other features, anplifying
means for anplifying has an input and an output. The

first ends of the M capacitance neans of .anajher one

ends 7t T GAPRPIANG TABARS oL GHRiT b & ifip ik onverlii means
reference potential during a first phese of tE%
eorouicatRreWEh a Wée'ﬁnﬁ%wgﬁﬂt!aheuﬁﬂ%ﬁs.'rS*rHEa%B theggnother one
the anplifying means selectively comunicates with i
phehd i X stoneedingofeane. MTbapiagut ichensmpifviig rprans selectively
anot her one of the X converting neans during a second
pbmsuridatehevitanibe fiest ends ef tife Mheapéacitense meang oftzengnother one
The second ends of the M capacitance neans of the

NGO coertrfy hivanX diringes eogndrphase b tineianotiiee oniet ¢f the X
the out put of the anplifying neans during the second

%Bﬁ\?%‘tiﬁ mdihsanot her one of the X converting neans.
he tfirSt DAC conprises Y resistive converting neans

for  ¢eener t1iRGtReicatras, Shpifging Medhs %Taérﬂglif?ingggézs an input

and erel'n Y is an integer greater than zero. 6]

L%ﬁg%é?l[ﬂﬁgfaﬁ;gg Eizst dHds!F l\PEEpéHita?‘mB@ n%fedrﬁséfs%ﬂoxlr?er one of the

\ conprises a signal output an _
R ALURE TRRE A B AR e GER LR ANATE (15 phase
e SPERERER PR IR 2 HEEE g A e
eBehcryTasets v T B8 e G 0bE & CRRESante speans of the
tgr?otzerr grs;(iasc}fitxg )g%gx\?carr%iki\ggneans 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
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means to one of the N nodes. Control neans selectively
generates switching signals to control the X
capacitive converting nmeans and the first DAC. [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 neans for anplifying and having
an input that selectively comunicates with one of

the X capacitive DACs an Xi mati o ns .f.or .
slectbiobr baneas DR HERT G BIISY PB TREnRLIE3: BEISiveroaYerting
out put of the anplifying means. Decodi n ans e
meanaiip Gneest i N BeASSt bt mages SelRdely| generates switching
approxi mation nodule for selectively generati na

sighalsho mgnsolthaDscapacitivetppnxedingdoeans/andiesfirahdAthe

first DAC. [0028] In other features, the first DAC

conpr j(027]a ¢mptndrt features om\sectessiyarepproximation analog-to-digital
converting a digital signal to an analog signal. The
EERAHdr dEnsrsbethbi DACTETNRS stieopssiee approxirgatidn analpgito-digital
and anplifying means for anplifying and havi ng an

DRV rtéNEhrApri st Bivplifyhat mearBfBr eaipis/ing bhdtihirg) @Rahput that
out put. M second capacitance neans provides

%g%%?{/élggg?nrﬁgﬂcéés‘%@ﬂﬂgﬁé efl tHe X dvagltive! DAROS aRdsapproximation
rst ends an n

seco ends. The first ends selectively

ﬁ%n@'a%l.ﬁcc\%él@e %p?%ﬁﬁ&f%%aﬁ@ttﬁé‘tt E&Inrrﬁllr'\'id'c?’t@s ith &8 butput of

e capacitive . The first ends
Lectivel , i . '
FrahThS HREL" SRR Ml ARuhialed Mty an cutput of e
coliaeetve RRPCRIBAOLRRLisrot Rk By BRAMRARE sRREhG slonals for

means to one_of the volhg ef erence and the

riaeef earaciiig RALS Anddhef first phase 12 of the

capaci tive DAC and se] ecti vel %%Cﬁnneﬁt t he second ends it
of t helOMR8kcohy otbgpateptuifte e afiSt { PAGeCYNPIRRS @ capacitive

during the second phase of the capacitive DAC. i
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
paraliel 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



[0029] A nethod for operating a digital to anal og
converter (DAC) conprises connecting X capacitive
DACs in series and wherein X is an integer greater
t han one, wherein each of the X capacitive DACs
conprise M capacitances that have first and second
ends and substantially equal capacitance val ues;
sel ectively connecting the first ends of the M
capacitances to the signal output; connecting the

second end. of se ted. one of the M capacitan 0

Shibe rammive A Sl e '%%Wﬁ cte?wgeca?@% aﬁé?f*’%afe%%if fi2 f*second
first DACto the signal ut of one t h .
6apaRiance anesRssto t[\@@StﬂUt OHNEe s S‘F%}%P@e Cﬁﬁée fapgitive DAC.
conprises providing an anplifier having an input and

an ouf@RR9land anetbed biek koraiphing tasiaital Hat avalagranvartes (DAC)
with the input and the output of the anplifier. The
renfprses aopnestyg ¥otapecitiveaddAChdN fseries anddwherein Xeisnan integer
capaci tances of another one of the X DACs with a

rtbgtee Nthanp@nent whéretturéan) aff thestX phapacitvfe tCs comprise M
anot her one of the X DACs. The nethod conprises

s@lpaeithn@sy thannests st hend npedonal énus aand i dubstartially equal
the first ends of the M capacitances of the another

oé%e%ftaﬁé@vgfu%%%i&Hﬁélg\%oﬂnéﬁg%\ﬂe fPStesRIsalf thé'® capacitances to

er one of the X D I n ot her features,
%g%g%ggﬂﬂﬁrcbﬁﬁéctﬂbomed's@%ﬁdﬂ HPldrf 4 edelediéd idHE ¥R the M

|nput tput; sélectively connecting the first
C ﬁ’é&% & sigh& QUtpdtt 2First DAC t
Dg\%ac\%fapéégtoye Fer ncé&%gtiridtleén rlangS|g H%t ph as'rg ©

e T
o0, iz, Vi t%@?ﬁa@é AL gl S
chayingr o iipubengran Ritouh 2ot fraback EetinsErBRl fpmmunicates
Ofwith 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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the X DACs communi cate with the output of the
anplifier during the second phase of the another one
of the X DACs. 10032] In other features, the first DAC
conprises Y resistive DACs wherein Y is an integer
greater than zero. The nethod conprises sel ectively
generating swtching signals to control the X
capacitive DACs and the first DAC. The nethod
conprises using the X capacitive DACs to successively

approxi mate an anal og |nput signal e {/ DAC .

B dwing & seapas PRPYROLRE aobdapre sl die GRGssagd selectivel
applicability of the present invention will bhecone
appreating the iecone egds & teel ofidke M saPaHiapFes Pige another one of
hereinafter. It should be understood that the

gt af DACsiesomrhpticate sithl tepanitpitc ob henamndifiendurieg the second
indicating the preferred enbodi ment of the invention,

Phasé bt BRdSsbther onibibeeSDACs. i | | ustration only and
are not intended to limt the scope of the invention.

BRI EF t[@EﬁﬁRI lﬁlﬁl SiNePHedibFesDRAY fNeB DA0 3mprsespY esssidtive DACs

i nventl on "wi beconme nore fully understood from the

\‘}ﬂ%ébineﬁj ? rit@é_ér%&re%féi thAR 2G60MPRA YhétHod lcdmpHaes selectively

erein 1A is an el ect rical schematic of

rielRing 5”3?‘?‘%938@35 "BienoLUfER CHpbelyS ERCALAG e first DAC,
IQL%/ ﬁ{g dcg%)rggﬁ As U I% tfe %}Rﬁgcﬁbg“ﬂtﬁpé:ﬁl SIRCBSIRLY %gﬁf'ommate

converter accordi ng

s%r'rqéhaﬁbégp fs'épaif pheft ?@é‘@go% R O

Sﬁgng&%gﬁve%pgﬁgggrg{;% ofg %g % tﬁlgyc/;‘ ot‘l%l ! lr%%én ||$\§ent|on will
become apparent from the detailed description provided hereinafter. It should be
understood that the detailed description and specific examples, while indicating
the preferred embodiment of the invention, are intended for purposes of

illustration only and are not 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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sanpling phase for a first digital value; [0040] FIG

4B illustrates the DJA converter of FIG 3B during an
integrating phase for a first digital value; [0041)

FIG 4C -is an exenplary truth table for the circuit

of FIG 3B; [0042] FIG 4D is an exenplary truth

table for the circuit of FIG 3C, [0043] FIG 5
illustrates the D/A converter of FIG 3B during a

sanpling phase for a second digital value; [0044]

FI G illustrates the D/Aconv rt of. Fl 3B during . ..
- SamihO3E HESe SAGHC ATF I DA AUGE L2 Foppave esistive
FIG 7 illustrates the DJA converter of FIG 3B duri ng
D/dapiverigr insxeswianycoafigyationsdi gi t al val ue; [ 0046]

FIG 8A is an electrical schematic of a .
capaci[0038}- cafigci 4Aviludiates cibev BYAeeonvenien 79f Fi@ 3gB during a
is an electrical schematic of a capacitive-capacitive

RafnplFRPHIskgor 4 Arsa digtaplaluend i ntegrat e
configuration; [0048] FIG 8Cillustrates the DA

converrgghg f Fl'@ 4BBilidurateg the BANTdnNgrtphas eFior 3R during an
first digi value; [0049] FIG 8D illustrates the

t t h
E(gnréqggﬁfq?gr{ié‘édeife ﬁr&d@él daﬁftsengoggo] . nt EngE' ng phase

11 ust @hgﬁaggﬁg [Xc‘,\nscgﬁ‘éﬁérgsl(?rﬂrmﬁ' tBble3Br ther EiRgtaf FIG 38;

sanpl i a secon tal val ue; [0051]
8F i Il pstibat es&h t %ﬁ%@lwtwm.sa
sampl i @‘%ﬁasg 'o‘r(?Dzlil)4 éﬂi r%ﬁﬁglfatrffruﬁi aE'eue;r -

[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 vaiue;
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[0052] FIG 8Gillustrates the DA converter of FIG

8B during a sanpling phase for a fourth digital

val ue; [0053] FIG 8H is an exenplary timng diagram

showi 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 D/A converter of FIG 8B; [0056]

FI G ih| Ushpatgs ; Jrivh AFIG. during a
fq‘besrdJ [%ﬁén@%'@h@&% afie pAPasdriverer RIFAFIG. 8B g

conve ustrates an N stage

i tive- i Sti A ter; [00581 FIG 9C i
ggﬁgﬁ'bﬂ}lﬁ%gﬁé?cﬁ:%%?é%gaé@aé&g@%g\rm ﬁg nE)n- over | appi ngI >

li d int [ h f ddi ti I St -
L0050 N0R . gt S ISHAET ars DI el ot gurine @

over | appi ng sanpling and jntegrating phases for
adamplingridiass ferge ,|rd[c8g@j]val;u|e@ 10 is an el ectrical
'schematic of a successive approximation  A/'D converter .
accor dDB§2) o Fie PEedistraiesyEm iRIA; coorstar ef G161 186 during a
is an electrical schematic of a pipelined AID
csamuplirigephasadooa dutth digitalivalysiesent i nvention; 16

[0062] F I G 1113-11D illustrate ideal and non-i deal

resi dup0ge] t ags.; 8H 19a6 AxeRpGary 1bAng Idiagramashkewing sanmpling and
converter that generates an ideal residue voltage

ar‘rﬁ@grﬂti phésdsiter DEBsmAtMEByENtiomen; [ 0064] FIG 12B
illustrates the A/D converter of FIG 12A in a

sanpl i fb54] FIG. 8l is an exemplary timing diagram showing sampling and

integrating phases for LSB and MSB portions;

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

8B,

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

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

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

[0059] FIG. 8D 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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phase; [0065] FIG 12C illustrates the A/ D converter
of FIG 12A in a residue anplification stage for a
first voltage input value; [0066] FIG 12D is an
exenplary truth table for the A/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 value; 10068] FIG 14 illustrates
the A/D converter of FIG 12A in a resi due
anplification sta thr volta

[ 0069000628 G |1?§s%13%9‘8§“ﬁtﬁ 59l Bneg e 5‘ 'GB‘FU?W@!"EQES
12A in a residue rrpllflcatlon staefor a fourth

vol ta{;@ﬁ&iputﬂﬁal% llluétﬁ@]i a1 é/Dngqvgrtgr érpqug\enerates an ideal
illustrating variable interstage gain and an i deal
residael eoltade aceordihgtth ¢hepresentingentang. 12A; [ 0071]
FIG 17A is a functional block diagram O 2 hard disk
dri VeéOOMI]O?ZEIG:HGB iligratss thef AML coovarter loif 66B. t2Agr amampling
of a digital versatile disk (DVD); [0073] FIG 17Cis

,.{ ctl onal bl ock diagram of a high definition

evi sion; 17 [0074] FIG 17D is a functional block

d' agf]ftﬂb@é]i a RN P IkRNMh{e8lthe /Bt €3AVelBP 6bFId! {2A IV E residue

i s a functional ‘bl ock di agram of a cellular phone;
AR g o bpased bl 0 T am ot 5, e
di agr %b@%] EF(Q.' ‘ff‘ZIBlleya(?'lr exemplary truth table for the A/D converter 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 illustrates the A/D converter of FIG. 12A in a residue
amplification stage for a fourth voltage input value;
[0070] FIG. 16 is a graph illustrating variable interstage gain and an
ideal residue voltage of the circuit of FIG. 12A;
[0071] FIG. 17Ais a functional biock diagram of a hard disk drive;
[0072] FIG. 17B is a functional block diagram of a digital versatile disk
(DVDY);
[0073] FIG. 17C is a functional block diagram of a high definition

television;
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
.[0078] The foll ow ng description of the preferred
enbodi ment (s) is nmerely exenplary in nature and is in
no way intended to limt the invention, its
application, or uses. For purposes of clarity, the
sane reference nunbers wll be wused in the draw ngs
to identify simlar elenments. As used herein, the term
nodul e, circuit and/or device refers to an Application

Specific |ntegrat Crcyit.. S n electronig.

ci rcul@074} pfg%e§§gr I §h§'\”§8?$‘@ebﬁg t‘@a?f%? oér%uﬁg%'%ﬁdcontrOI
nmenory that execute one or nore software or firmware
pyelgmans, a conbinational logic circuit, and/or other
sui tabl e conponents that provide the described

f unct [@0TA]i t FIGA§7msa funstional bipakedigeram f atcelldas phenp
of A, B, and C should be construed to nean a | ogi cal
(A or é@'m] OFIGud7Rds afurmtiopakchlock diagrarogf aaset tap box; and
shoul d be understood that steps within a nethod may be
executggly7)i n M. f1gGasta fonctionahbidek iagrhmesfiaetiaeplayer.
principles of the present invention. [0079] Referring
nowto FIG 3A and 3B, capacitive-resistive DA
converters 100, 100-1 and 100-2 are shown. For
sinplicity, an N=4 bit exanple is shown in FIGs.

3A-3C. Skilled artisans will appreciate that N can be

e uDET R BESRABSIGN O FHEPREPERRED ERFSDRIENTS

out put~—circui be us Addi ti onal

connec'{oiogﬁi, 1ﬁﬁ§ ,\gﬁé\%gggg%%r éiﬁﬁ'ymn%e D& efHC BRbodiment(s) is

connec u I Nng upon the function

that is desired. F le in Fl .
15%_@“)/?@@3?%%& g Grgg%(ﬂ?r% IE nrl&pp im;;a{yeg}ez}%\eedctéHﬁlgﬁﬁféa{r}vgﬂtlon, its

din FIG 3C, DAC 100-2 is. i 1 .
ARBPHGAN CBF 34 T POPO RO GRGITn (T oe s P acH fiybers wil be
t t significant pits (NS |l acat
cBea 10 76 PTG oL KSnUYG TR SIgmRelset A8 QTR

bits (LSBs) are . N
modu(le, circ)uit and/or device refers to an Application Specific Integrated Circuit

ihtggq{'ﬁ, the term
(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 shouid 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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allocated to a resistive portion 120. In the Figures
that follow, the capacitor Cf wll be shown wth
dotted lines to indicate both sanple and hold and
sanple and integrate configurations. [0081] The
capacitive portion 110 includes capacitors Cl, C2, C3
and C4. In the preferred enbodi nent, the capacitors
Cl, 2, C 3 and C4 have a substantially equa
capacitance val ue. The capacitors may have

%QF%@&&E& bES _VEfBuS NI (ANSRoNALIEi MOD! Ry be used.

be described furt

Rapﬁsﬂgl ogﬂ%?ﬁ%&' {(%{,Mﬁ’? nﬁz@é‘gby %VbéWtE@&éj cgﬁfnectlons may
S fuseaapanlie Ui BroBieT Sﬁ?t“ﬁ?c?‘eaaweguc%&%%adpa'sn'a FiG. 38,

and a conmon nod 130 bet ween t? resi stive ortl
Irz&)DAQdW@ré '§§Bﬁ\ﬁ’i‘t'” PSYPopigiand niggra igurgtion and’n FIG. 3C,
resistive portion 110 includes resistors Rl, R2, R3
arldAR4100-2 s shawrpwith arsasple @pediaked ﬁPnﬁQLﬁ%t'Qrb& stors

R1, R2, R3 and R4 have a substantially ual

resi s{@o80] vdhuthis Frxempe) ém@rtqumvoﬂaelgnt W@n'isemté (MSBs) are
resi stance value, in other words R = R2 = R3 = R4.
Asfiovated tbe cmm'rtivbepd)rmarr 1 he mntdhedwo tieast sigiifineot bits 4:$8s) are
connected in series between V,,f and a reference

Rffoesicdab 5 tedistias poritnmd20. 19n Ahe Giures thvaddalldwethe capacitor Cy
resistors is selected by switches SWL, 9B, SWBLSB7

W%@hovﬂ’ﬂﬂntﬁ%&@@hﬁé@kd peiidate bytrs varhpleesndMlY aridsample and
connected to the comon node 130 to create a voltage

g ngs%. Céin@%g&%hoﬂ'@e sanple and integrate circuit was

ove. In the sanple and hold

Con' L2468} Ok MEpaERe DA 196 ihOBdEARALABRE 5, €L Cs and

are swtc tot eoutput of

) o MR BB Sy S W v
orsnugsttsgtlally equal capacitance value. The capacitors may have substantially the
same capacitance value, in other words C4= C2 = C3 = C4. As will be described
further below, the capacitors are selectively switched by switches SWamsg,
SWamss, SWause, and SWimse (collectively switches SWy) between a voltage
reference Vi, a reference potential such as ground, and a common node 130
between the resis.tive portion 120 and the capacitive portion 110.
[0082] The resistive portion 110 includes resistors R4, Rz, R3 and Ra.
in the preferred embodiment, the resistors R+, Rz, Ry and R4 have a substantially
equal resistance value. The resistors may have the same resistance value, in

other words R4 = Rz = R3 = R4, As will be described further below, the resistors

are connected in series between Ve and a reference potential such as ground.
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[0084] Referring nowto FIG 4A the DA converter of
FIG 3B is shown during a sanpling phase for a first
digital value (0011). Initially, the switch 16 is

cl osed, the switch 18 is opened and the capacitors C2,
C3 and C4 are switched by respective swtches 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 val ue [s between 00 a

bonate beieast inenseielmd pleclen BurouttBon s snumams. SWass,
SW2LSB, and SWLLSB is closed to create a voltage

andi D¥n.se ((¢rliegtivaly smirkes B and qonpected toithe cemriemnode 130
SWMILSB is closed to provide 3 Vref - A charge is

&e creale atvollage dividercapacitor C, that is 4 equal to

VRD. 4cC,, where Yw.lc is the voltage provided by the

resi sf00&8]porTheomarhp® and (ri8§iatdeireuit wag deseriped FbGve. in the
4B, the D/ A converter of FIG 3B is shown during an

ISain@gs ahidrhle Reakgdration, eefdecend dindistallthy apacitdibs)C,, C,, Ca
In this phase, the switch 16 is opened, the switch 18

i&&t?é@s@i&?he‘dﬂ_@ tM8 loLBHR of HeUSmbkiietiUringdhé @ecéMephase of the
anplifier 20. Using a charge equalization approach, _

tééepakﬁi’ilélpoﬁw 0. PEROfRdbe N B dtikahBE O?ﬁ’%é'tﬂé’f)‘mﬂ{edt. he

sw'tches 16 and 18 is equal to the tota harge after
SN B8R RERrARGRoRREIG. B BE TR SBREr JfFIGE 3B shown
88 3P P 4 Ao, OB e v 10
oS lEn TR BP ST Eie REE R Cratirane t g ached by
respective switches to the reference potential, which may 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 SWa s, SWaiss, SWass, and SWq sk is closed to

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

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

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

[0085] Referring now to FIG. 4B, the D/A converter of FIG. 3B is shown
during an integrating phase for the first digital value (0011). In this phase, the
switch 16 is opened, the switch 18 is closed and the voltage value is 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 VRDAC = 0, V.Ac Ir~f , or VmAc= 1| V,.f by selecting
the switch SWLSB, SW2LSB or 4 2 SWBLSB,
respectively. Scaling can be perfornmed by adjusting
the value of & relative to Cl, C2, C3 andC4. For
exanmple, if & =C1L + C2 + C3 + C4, then the output
ranges 0 to near V,f rather than O to near 4 Vr.f in
this exanple. [0086] Referring nowto FIG 4C, a truth
table for the exenplary converter of FIG 3B is
shown. In this exanpl e, ual, to C1, C2, C3
andC4 al t hough ot her \%I-uegf yosbe> used for scaling.
Referring nowto FIG 4D, a tguth table for the
exenpl ary converter of VFFépAagl s shown. [0087]
Referring nowto FIG 5, the A converter of FIG 3B
is shown during an integrating phase for a second
Theiviale saCueart ®elset)equiahid iCal Oy, Ck laeds@i bche Usedi to scale the
cl osed, the switch 18 is opened and the capacitors C3

Bt vBiEgS Whl Gl the Byudias@itCy eCsund diesin thet &eample above,
reference potential, which may be ground, The

capacifor C2 is connected to the common node 130 and

g gi t ohs Gan de eppiesiated the walue 198 SlsPabPrt pdibisted to
portioh 110 will be in this configuration when the

deS| red binary value is betvveen 0100 and 0111. One of

er stivédy SWH/Cheé —PMbphielsttiBySBe SWHRSSBI 1 &NEBW o s5 oOF
\H‘ES_E;@?/ adl @rS & toCreat & a§voel tagg di vi der I”ﬁ@t he

exanpl e shown in FIG 5, the switchSWMLSB is closed to
B\Wyisgerespicively.~ Featihgrapm be prrtumedabeadiustingshe value of Cy
capacitor C2 that is equal to AcC2 4 f . VRD where

faRgive o tdhe oLl age Of.oFbdedainpid, ileCl esCs+iCGkrer Rart Canthen the
A charge is also accunul ated on capacitor C, equal to
VoutEu@r'anges 0 to near Vs rather than 0 to near 4 Vs in this example.

[0086] Referring now to FIG. 4C, a truth table for the exemplary
converter of FIG. 3B is shown. in this example, Cs is equal to C4, C2, C3 and C4
although other values may be used for scaling. Referring now to FIG. 4D, a truth
table for the exemplary converter of FIG. 3C is shown.

[0087] Referring now to FIG. 5, the D/A converter of FIG. 3B is shown
during an integrating phase for a second digital value (0111). Initially, the switch
16 is closed, the switch 18 is opened and the capacitors C3 and C, are switched
by respective switches to the reference potential, which may be ground. The
capacitor C, is connected to the common node 130 and the capacitor C4 is

connected to Ver. The capacitive portion 110 will be in this configuration when
the desired binary value is between 0100 and 0111. One of the resistive
switches SWaise, SWarss, SWass, and SWiyss is closed to create a voltage
divider. In the example shown in FIG. 5, the switch SWy.sg is closed to provide
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[0088] During an integrating phase for the second

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

switch 18 is closed and the voltage value is applied

to the anplifier 20. Using a charge equalization

approach, the total charge before changing the

position of the swtches 16 and 18 is equal to the

total charge after changing the position of the

swtches 16 and 18: Qr = VCf = YRDACC2 + V,-,f d;

V = VRDAC C2 + Vi C, C Cf The value of Cf can be set
2qual A enfige E2accGiuatdd G dhe apasitnt Cothatds eduabto Vi, C,,
@u’ffput vol tage and not be equal to Cl, C2, C3 and C4.

If &, C and C2 are the same, V= VRDAcC + V,, f _
W89y, Refietite noltagenptavidadsby ghetrreistiyeapedioner feghasge is also
FIG 3B'is shown duri ng an integrating phase for a

third diagital_ v ) Ftially, the switch 16
eeumuyidts ,Or}%aeoag\‘/t\ngfgﬁégﬁitg I{Ybn%ﬁed and the capacitor

C4 is swtched by a respective switch to the, |

r ef er [p088] polauing &n, integratingrabass 1oy the sgcondhdigital value (0111).
capacitor C3 is connected to the common node 130 and . _
tHeeswiepath toopen@d, el s@iiclan 8 is closad @nddhe yyolrpgs valpeds applied
capacitive portion 110 will be in this configuration

heRe driglifidesio. edidmgiar ghamjeueqializatomeanprdAny thedotal charge
1011. One of the resistive swtches SWMLSB, SWBLSB,
g\é?df@%ha@i%gSWeLﬁéﬁﬁbﬁ ofl heegwitchesr eBtandal®ds tayal to the total
‘divider. in the exanple shown in FIG 6, the switch

IP%BT;' the pBE@Bh @8 the2@wikched ¥ altBt@e i s
a%}:qéu ge?e%{agg%?he gapacitor C3 that is equal to

V)WACC3, where WAC 4 s ppe_vyol t@ageypgovi ded by the
resistive portion. ATharge i &also ¥’

C
V =Vepac _Cf-l-V"f C—‘f
The value of C¢ can be set equal to C4, Cz, Cs and C4 or be used to scale the
output voltage and not be equal to C4, Ca, Cs; and C4. If Ci, Cq and C; are the
same, V=V +V,y-
[0089] ﬁeferring now to FIG. 6, the D/A converter of FIG. 3B is shown
during an integrating phase for a third digital value (1011). Initially, the switch 16
is closed, the switch 18 is opened and the capacitor C, is switched by a
respective switch to the reference potential, which may be ground. The capacitor
C, is connected to the common node 130 and the capacitors C4 and C; are
connected to Vi. The capacitive portion 110 will be in this configuration when
the desired binary value is between 1000 and 1011. One of the resistive
switches SWaLse, SWarse, SWarss, and SWyss is closed to create a voltage

divider. In the example shown in FIG. 6, the switch SWy_sp is ciosed to provide
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accunmul ated on capacitors C, and C2 that is equal to
K'" (A + C2). [0090] During an integrating phase for
the third digital value (1011). the switch 16 is
opened, the switch 18 is closed and the vol tage val ue
is applied to the anplifier 20. Using a charge
equal i zati on approach, the total charge before
changi ng the position of the switches 16 and 18 is
equal to the total charge after changi ng the position
of the switches 16 and 18: QI = VADA C C3 + V,,f
+ AZcha¥g elé/\éé&rﬁala’fed/bnfth@lca'paﬁﬂoﬂbs%air e egablu® 7,,,.C,,
of T can be set equal to Cl, C2, C3 and C4 or be used
to scale the output voltage and not be equal to CI,
%er@Vgﬂdlsﬁﬁe VditagGe, protideG@oyatiee @Risdive pdrton. DRcharge is also
2V . same, V = Vp [0091] Referring nowto FIG 7,

he D/A c nverter. u
aveugleeR B SRR v s el e e el
Initially, the switch 16 is closed and the switch 18
i s opd0ea0] ThRummgpaoi intagrating pheem hercthed thied digital value (1011).
common node 130 and the capacitors Cl, C2 and C3 are '
chBrRdicad 8 i dpieatd, fﬁbeswimhpt‘:ﬁ:istdlmwd trenvdltz@endllie seapplied
in this configuration when the desired binary val ue
I PRl wRpNfid100. audin V\%lélchaﬁ@@ fualitetioneapproack, the total charge
svmtches SWILS13, SWBLSB, SW2LSB, and SWLLSB i s

hé’f%?éj cﬁgnglhg"’lh@ ;?osYtRJrI s endliswitdess 1Bnaﬁd18183}§aﬁﬁh§l to the total
shown re .

charge is accunulated in FIG 7, the

SuhdGR RN ESEhJifg HedsestidPohesinitenes 6 8Ad 18:

O = ch = VeoacCs + qu, (C+G);

C C +C
V= VRDACE;-+K¢_[—‘C—}-—2'.

The value of C; can be set equal to C4, Cp, C3 and C, or be used to scale the
output voltage and not be equal to C4, C2, C3 and Cs. If Gy, G4, C2 and Cg are the
same, V =V c +2V,;-

[0091] Referring now to FIG. 7, the D/A converter of FIG. 3B is shéwn
during an integrating phase for a third digital value (1111). Initially, the switch 16
is closed and the switch 18 is opened. The capacitor C,4 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 SWa ss, SWarss,

SWo ss, and SWiisg is closed to create a voltage divider. in the example shown

in FIG. 7, the switch SWa g is closed to provide i s+ A charge is accumulated
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on the capacitor C4 that is equal to VRD, 4cC,, where
VRDAc is the voltage provided by the resistive
portion. A charge is accunul ated on capacitors C, C2
and C3 that is equal toVv,,f (C +C2 +C3). [0092]
During an integrating phase for the fourth digital
value (1111). the switch 16 is opened, the switch 18
is closed and the voltage value is applied to the
anplifier 20. Using a charge equalization approach,

the total . | ng-n 0Si fdl :
e el Sadfan tRRER I PR o b qle, Ppe 5 B8 RiabPprovided
changing the position of the switches 16 and 18. QT =
WOthe=raaistigeportion. (Acichargepissaceamuligied emy capagitors &, €2 and Cs
C3 ,WAC Cf V.J' Cf The value of Cf can be set equal

trait ¥ equalto IC3(@GRAC,ACHr be used to scale the output

vol tage and not be equal to Cl, C2, C3 and C4- If Cf,

C1, = .
[Oogﬁoﬂge??ﬂ'ﬁg@n@wﬂt‘%b%%&a a;:g%sgh‘f rérgé?@gﬂﬁ]eg{gz%l value (1111,
{ . iti - ot : .
BEEBV BTG (500 ae b B SHRER b s e Sl Bop Yalyeds appiied
8A, th ut put. ci it 102 | h . In_FlG 8B
it RPRTIEE b (LSIHG 7 B SRR ARG PBRPRR e total charge
shovvn: The capacitive portion ,1]h0 g era qg as tal
deferei gangiisote Pesiiop R HBSeSWHENSES |?'}F§ hi§ equal to the tota
capacitors Cl, C2, C3 and CA hayve been rel abeled O m
chergecaiteranangina tha nostion#f apawitehere®8rd i18h 150 is
associated with the two | east significant bits and

i ncl udes capaci t 0@s =@, =V, +€8 (&t CCAIC3); The vol t age
provi ded by the LSB capﬁtiv% Q@Zt_g@n 150 is 24
A

VCDAC. The secondVesfiagi wlé,,_,fpéﬂa-erh—’wo al so has a
sanpling and integrati ngcf s
The value of C; can be set equal to ' C4, Cz, C3 and C4 or be used to scale the
output voltage and not be equal to C,, Cz, Ca and Cy4. If Cs, Cq, Co, C3 and C4 are

- the same, V =V, +3V,,-

[0093] Referring ﬁow to FIG. 8A and 8B, a nested segmented
capacitive-capacitive D/A converter 108 according to the present invention is
shown. In FIG. 8A, the output circuit 102 is shown. In FIG. 8B, an exemplary
sample and integrate configuration is shown. The capacitive portion 110
operates as described above. For purposes of clarity, the capacitors C4, Cp, C3
and C, have been relabeled Cqn, Cam, Cam @and Cam. A second capacitive portion
150 is associated with the two least significant bits and includes capacitors Cy,

Ca, Ca and Cs. The voltage provided by the LSB capacitive portion 150 is
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phase as will be described below. [0094] Referring now

to FIGs. 8C and 8D, an equivalent circuit of the DA
converter of FIG 8B during a sanpling phase is shown

for VcD.4c =!:--f ' 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 V,ef. A

charge is accunul ated on the capacitor CIL that is

equal to J11.f CL * [0095] During the integrating .
Yemse, Thhsecond sapacitvg ROwRBNERY alsE hasea segpiing asidsintegrating
C4L, C3L, C2L and CIL are connected in feedback. The

plasd ashdll pedesatbedeelowe. switch 152 is opened is the

sane as the total charge after the switch 152 is
openepbogBier weferingPow t0/ETCs. &C .&ndGBD ~aw/(equivaierd circuit of the
Q3L + AdL); V=0aLCAL + CL + ClL + CAL Assum ng

that CIL, C2L, CK and CAL are equal, V 4 [0096] Vs
ReéAecarivegenaf fIG. FABGAUBEY 2usagtpling Aase 6 pRaw fof e =~
DA converter of FIG 8B during a sanpling phase is

shown for Ve .. ¢ =~"-f . in 2, samlin nase

D nasaropinEEase. 1o SuiEias (dossih 300 1o ERIHIBE Gufen and
are connected to a reference potential such_as . .
d2ane comhected ja @i refareneg potgRdalueh 2§ @rodRgy gﬁ'@ ¢apacitor C s
Vre. A charge is accunmulated on the capacitors C L and
GHargddhto Vser. Acpiairge ¢5 ecurpulatgd on- tiee Fapacitor Cqi that is equal to

V. Cip-

[0095] During the integrating phase, the switch 152 is opened and the
capacitors Ca, Ca, C2. 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:

0, =VCp =V, C,=V(C+Co  +Cy  +Cy )

C
V=V, 1L :
7 ClL + CZL + C3L + C4L

er
Assuming that Cs, Cat, Ca and Cy_ are equal, V = —Zf—

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

|4

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

sampling phase, the switch 152 is closed and the capacitors C4_ and Cs_ are
connected to a reference potential such as ground. The capacitors Cq. and CaL
are charged 10 Vier. A charge is accumulated on the capacitors C4_ and Co_ that is

equal to V,(C,, +C;,).
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25 [0097] During the integrating phase, the switch 152
is opened and the capacitors 4L, C3L, C2L and dL
are connected in feedback. The total charge before
the switch 152 is opened is the sane as the total
charge after the switch 152 is opened. Therefore: QI
= VCT =vf (CL +C2L) = V(AL + C2L + CU + C4L); V
=V'f QL + CL (AL + CL + C3L + C4L) Assum ng t hat
Cl, C, C3 and ¢4 are equal, V = V11f 2 [0098]

Referring now to FILG. 8F, an eguivaglent.circuit of the

o A 2100%nv et e inieara i GEedns Suifhi 1y sihandand the
is showmn for YcD.4c ="' . During 4 sanpling, phase,
tdapasiiors BuLlSaL G AnssBa. arfd CPRBet e v feedbagky ke total charge
connected to a reference potential such as ground. _
Theforeathaciwitths! 52 is, opePiedds thekamesas igr igéal chargey/aBer the switch
charge is accunul ated on the capacitors CL, C2L and

Ci62 isapenedeQuatefoteo V, -, f (CIL + C2L + C3J [0099]

During the integrating phase, the switch 152 is opened

and the capasitipes=¢ALc G enpd &l Lare nect ed
i n feedback. aQf’hepdtjrot af’fL(cHar gzég;gbe(fgr e@t]' hé@é\/\ﬂ?@ﬂ 152
is opened is yhe | charge after the
switch 152 is offet@g+Chhe€gficte) QT = VCT = V, -, f
(ClL +CL +CO=V(COL +CL +C3L +C4L); Vv=vdaL +
C2L + C3L 14

Assuming that C4, C2, C;3 and C,4 are equal, V=—12‘f—.

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

sampling phase, the switch 152 is closed and the capacitor C4_ is connected to a
reference potential such as ground. The capacitors C., C2. and Cg_ are charged
to V. A charge is accumulated on the capacitors Cq, Cz. and Cjy, that is equal

to V,,

(C,+GC, + Gy

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

152 is opened. Therefore:

O, =VC, = V,,f(cu_ +C +Cy )=V (C, +C + Gy +Cyy )
V=V Cp+Cu+GCy )
7 (C+C +C +Cyp)

37,
Assuming that Cy, Ca, Ca and Cq are equal, V=—41.
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W . (AL + QL + C3L + C4L) Assuming that AL, C2L,
CK and C4AL are equal, V 4 26 [0100] Referring nowto
FIG 8G an equivalent circuit of the DDA converter
of FIG 8B during a sanpling phase is shown for VcDAc
=V,,f. The switch associated with this position my
be omtted since this value can be already be

obtai ned by using the next MSB. In this case one of
the capacitors may always be connected to ground. If
a swtch is used, during sanpling phase the switch
152 is closed and the capacitorsd L, C2L, C3LandC4ALare

charged to VrO A charge Ls.agcunul ate t .
capacio@Pk CRefergpg nQ¥ QnE&'L%&naﬁm iesqu(aleag%gl chél)'/t, of the DIA
(GL+ CL + CU+ CAL) 10101] Durin% the i te%ratin
pbmmsater tafeF|6ai 8B [WuLiBg 3 Sapiing PhAse h%ho"&%g%rci trae § Vg THE
C4L, C3L, C2L and CIL are connected in feedback. The

%x%té‘ﬁ a“s‘égﬁaﬁed W\th?s LB8itiSNI el Heéb dniiie@pamed this vahe can be

ane as e total charge after the swtch 152 is

| %ﬁggggbez%?%ﬁég%&usg il %/%gg {/In(: ﬂ\l/'é_?é%l&%hi ’bé Qlé gapacitors
o sy pacsamipstestyo ot i Sk BIaRd AUl skiping phase
Soervaisnitag ' FARY 0ARP AREo e CbAT 5o 3G ALP Ghered t
L0 B B b AR, e o vt
equal to ¥, (C,, +Cy, + Gy, +Cop)-
[0101]  During the integrating phase, the switch 152 is opened and the
capacitors Ca, CaL, CzL 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, = Vref(cu. +Cy +C, +C) =V (C L + Cy +Cy +Cy);
Cp+Cy+Cy +Cy

V=V, .
o (Co+Co  +Cp +Cy)

[0102] Assuming that Cy, Czi, CaL @and Cy are equal, V=V,

[0103] Referring now to FIGs. 8H and 8|, 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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phases can be non-overl apping'as shown in FIG 8H.
Alternately, the sanpling phase of the LSB capacitive
portion can fully and/or partially overlap the

i ntegrating phase of the MSB capacitive portion as
shown in FIG 81. 27 [0104] Referring nowto FIG 8J,
atruth table for the DJA converter is shown. As can
be appreciated, the LSB switches can be connected in
feedback and/or to ground during the MSB-integrating

oconPBOH neREing dolsp Rt art iR RBED ke AR Gperer i

addi tional capacitiyv d/ resi stive DAC portipns
SREeRS B FhPrepigied Mo CRBIfERhEs CHR R FoiReiq R feedback
converter 170 is shown. The converter 170 includes,

andiacta igreunsb Buring heady SB-iegrating phaggqanier caRiRagimtle next
associated with LSB, next LSB, ..., and MSB groups.

ESB sarwpiipg @hase @sisiescryethpéreinsan i ncl ude capacitive
portions BG, B& and BG3. Each capacitive portion

may ijodiogfe Referringpaowt to SFi&s SAN additiodek mapbeitive and/or
above. Each of the capacitive portions includes

fediftive MOAENEortibA$ egdabe negidetiagiesF iGa@A maly Noastage capacitive D/A
non- over | appi ng and/ or overl appi ng as descri bed above

aBAvaIRiromo [D3RGIN.! NMTHd ConHr M0 Nchldegecapacitive portions BGy,
capacitive-resistive DIA converter 180 is shown. One

Bo ol dtld Eh;%( \@fith Hréaasotiated Wthi ESBY MeRPILEBON. 2sand MSB
estribed above. In this exanple, there are X-Y

HOAT. ! #aﬁe%gngoa% BR Sdmbiestait IntRRAdoR e pRIR BY,, BG,

aré rntegers greater than zero. en resistive
AL B P Yo PGS 4 21057 o o
SRR "o BIE R OF I SRR RGN, kP i anc
quég?é’t?nrgl 388:'32 gnaﬁarnngylf bg %o%po%eirl%&% aétnidr/]o:% &%ﬁgsaingoars described
above and below.

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

capacitive stages is shown.
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addi tional capacitive . stages. In FIG 9D, an
exenplary timng diagramshowing fully and/or
partially overlapping sanpling and integrating phases
for additional capacitive stages is shown. 28 [0107]
Referring nowto FIG 10, a successive approxi mation
Al D converter 200 is shown. The converter 200

i ncl udes a successive approxi mation register (SAR)
204 or nodul e that contains logic for resolving the

ot pUftol | aSat b o (986 9o, BB Sibdon A
ke R i o S B, ARG il matr

SWBMVBB, SWnsB, and SW ase on, VEBs

registart (SAR )24 opmodale B\g‘fﬁeﬁ F %’AF&G%X'”S p‘Prﬂﬁ'fal bits as
to a thernoneter decoder 220 that conmunicates w

witlcbec dascrilest et h@bwsmswtputsv@ﬂms ARgD&HS ot %6 decoder
SWLSB based on LSBs in the output of the SAR 204.

hodae] 209r itnal awayuiindludena modified thermpeneter cdenasier ed10 that
to ground. Ends of the capacitors are connected by

%hﬁﬁh&:%t&/\w&ﬁiahd CVhﬂOlSAMiEhGQ&YMiN&.BI Bdhmsd, MZMSB. atbSWamse
switch 16 is opened and the capacitors are

HhSEPOA RASES obiheoUththsThSBIB  Ahrautputiof thd BAR 204 is input to a
capacitor array is charged with a voltage based on

Midimohttfer S80It D20 Shatlcomrhgnica@avitt antd tontgsiesnitches SWass,
sw tches SWis, 3, which drives the comon term nal

gwg%g,\sa/vgga,aa 1agE HRaEalontiBBin thb @LERE ofthd SRR 204.
I r

stepI'n a |nary search algorithm the

capaci aﬂtettgarts bond. End
provi &Mdllan @rgf de cérl?, égﬁg%g@gﬁ 1ﬂlgo?her r nes

I BB 0 SPEI FR B r vs
8% BT oot engle BBRUES oM SHESTed A y SORERLS s

1\4591”\(/3:,._ ch capacifc'or array is charged with a voltage based on Vi,. The

capacitors are then connected to ground by switches SWhwse, 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 1/2Ve as described above. In other
words, Caw is connected to the common node, Caw, Com @nd Cqu are connected
1o V,er and the switch SWy gg is closed. For example, if Vin is equal to 3/4V e, the
common terminal will be driven to (-3/4Vig + 1/2Vie) = - 1/4Vrer. When this
voltage is compéred to ground, the output of the comparator 20 yields a logic '1',
implying that Vi, is greater than 1/2Vrer. If Vin is equal to 1/4V,e, the common

terminal voltage is (-1/4Vier + 1/2Vier) = +1/4Vrer, and the output of the comparator
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vol tage is conpared to ground, the output of the
conparator 20 yields a logic'1l", inplying that Vinis
greater than 1/2vr,f. If Vi, is equal to 1/4Vvr,f, the
common termnal voltage is (-1/4V,f + 1/2V,,.f) =
+1/4V,,.f, and the output of the conparator 29 20 is
a logic '0'. This process continues with the next NMSB
or LSB dependi ng upon the value of the conparator
output until all bits are resolved. Wile cap a

£ 558 poleeS e o ShiETro bR RERY e Wi g RRYOMSE, of L8P, ggpending
G a1 VATt o1 By BomBBIRLST ORI B AP Surespived. Wil

pi pel.ined A/D converter 250.is  shown. The converter
ozpAGitiva-RSEIVE [IRIPEIENIAHOR: 1§t SN, 263PACHIVESGapacitiney | N-stage
(collectively 252) that are cascaded in series. Each
oapatitve oaTs e NastBoe ongepaditive-tasifiive  2ipplementaliossa are  also
sanpl e and hold nodul e 254 that sanples and hol ds the
aonleotplatetdput signal froma prior stage, a | ow

resol ution A/D subconverter nodule 256 that converts

t he hgdthojnalRefesingnadw ta FiGv 1 &5.08 uiipelmed/ A/D converter 250 is
subconverter nodul e 258 that converts the resulting

dheivhal TagtdqurveRecR50 Nhcludes saplakality of ptagsn2se1pr52@, 252-3
di fference nodul e 260 and an anal og i nterstage

qEbifetieay 2524t fHre icagBsbidein2étiek hEHaochraflthé iceardeha/D converter
residue. "The residue is the difference between the

|danakaipie AR hoRERPILIUPBLthad R d holds th
;hﬁ%ygezﬁaﬁg% gsll:llli?dl] Thg Pi rst stage 252-1 of at he‘.r%igapselaii-I neg s e

%%l?&?&ﬁ%?tggi&ﬁlélf)got gr EHSIS Py AS) f4bieBh AR RBconverter

i npu econd stage 252-2 operates on

BCRE 8! S S5, e RELE SASHbRUa SEBlBluten D/
2%@605{125 ér rinsédlq%t %éﬂr{ﬁdco?\%%s m/e T‘&%ltfnign&gitél thSllfteBacj:Winto 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 inbut sample while the second stage 252-2
operates on the amplified residue of the previous input sample. The concurrency
of operations results in a conversion speed that is determined only by the time it
takes in one stage.
[0112] Referring now to FIG. 11B-11D, ideal and non-ideal residue

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

input reaches a first decision level of the A/D subconverter module 252, the
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[0112] Referring nowto FIG 1113-11D, ideal and

non-i deal residue voltages are showmn. In FIG 11 B,

an ideal residue voltage is shown. Wien the input

reaches a first decision |evel of the A/D subconverter
nodul e 252, the 30 output of the subconverter nodul e
swtches to its next higher |evel code causing the

out put of the DI A subconverter to switch to its next

hi gher level. This in turn causes the anplified

resi t r ; ] i
offibt Bl SytcslerihobBe Sfiftnes 1 Inoxd el Rvel code causing
i deal and non:uniforimt C I . her,.:... :
the-SriuE oy % Hi vt RESHidiLig B e riggeteyblicts in tm
amount. In FIG I, | D, the residue voltage exceeds the
cAdses theamplifiedvepidygde gfp%b%‘gﬂoazrﬂr% amount . [0114]
Referring nowto FIG 12A, an analog to digital

convE®ttd] 300 actual ipRiamestations, hewPHek W8I tAQRONFH are not
| ower variation according to the present invention is
igéaiveand Gapaciforoity Gicure2 In €3GaidCcAhayresidus veltage eyceeds the
connected to Vin, a reference potential such as

igeawelue dyvalfikadeamedrer elncEIG MV &, thed residusn voltage excerds the
the opanp 20. In sone inplenentations, Cl, C2, C3 and
igdaleyRiue S/ohage by maldrigbecarabuntapaci t ance val ues.
"[0115] Referring nowto FIGs. 1213-12D, the analog to

di gi tah18pnVREtRFing HowFldFIG242A s as hemaiod (o tiyital conveater 300
sanpling phase in FIG 1213, the switch 16 is closed

f2¢ de?\@ré?té@%c}ésﬂf@ 6IBageORiR abwer Lvaridion attordingeti theepresent
anpliification stage in FIG 12B for Vin between 0 and

fgeh’?{oé ishovin Flcapatdbhs i Ne,, & 2hd $34E sdiéctiveWy Emhected to

I'S opened, the capacitor 2C I's connected in

2 0B RS e, QA U Bp teBned YhuPind to
output of the opamp 20. In some implementations, C,, C2, Cz and C4 have
substantially equal capacitance values.

[0115] Referring now to FIGs. 125-12D, 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

C .
i i d 1 V.. (A" in FIG. 12D), the
in FIG. 12B for Vi, between 0 an C3C+CaC, e ), t

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

The capacitors C, Cs, and Cs4 are connected to the reference potential. A truth

table is shown in FIG. 12D.

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

o C,+C, - .
V_.and v . ("B"in FIG. 12D), the switch
between C+C,+C,+C, ™ C+C,+C,+C, ™7
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table is shown in FIG 12D. [0116] Referring now to
FIG 13, in a residue anplification stage for Vin
between S -Vand C + C - V ("B" in FIG 12D), the
switch d+C +C3+C4 ref C1L + C2 + C3 + C4 r"" 31 16 is
opened, the capacitor C2 is connected in feedback
arrangenent and the capacitor C, is connected to Vef.
The capacitors C3 and C4 are connected to a reference
potential. [0117] Referring nowto FIG 14, in a

resi due Lifl J S Vi -

1" Rrptord tes, coB Rl oy Kitrtiodt e B RR Sreliociiefit and the
C +C, +C3+C4 ref Cl + C3 + C4 16 4 s opgned, the
RBSGr ScOTectEehfheKrie I Mo CFRARIER o RaGig B AP are to @
the capacitors C, and C2 are connected to Vrd. The
refgsenee betetiali s connected to a reference potential .

[0118] Referring nowto FIGs. 15 and 16, in a residue

anpl i[P148k i oRefestingjaowde P, 14 HBtavasidugiampificatiogstage for Vi,
V,,.f and V,,.f ("D" in FI@G@;;%, the switch 16 Cil

+ +C3 +@8 +6, opeped, the, ¢ to b e :
P%@@Bd@ap@l @Czr@@?gﬁ@m @In,xl:bt.h@ " ggg&(g??orﬁqsﬁ@][ﬁ%’ g‘r?c? witeh

C_Sf?re c‘onnzect3ed_ o Vref. No’tg t hat becausg the
08 g 8PEBr ol paotar R sHRFS PRI End R At ehagmang and the

i fectly track th itor m h. Th
Paachae Gondes 2ioRPTSEIES BVaholie FAPRITG Crge cpRinged to a

is a variable inter-stage gain and a substantially
efpEangAtPotebtishum r esi due vol tage. [0119] Referring now

to FIGs. 17A-17G various exenplary . , . .
[0118] Referring now to FIGs. 15 and 16, in a residue amplification

C,+C+C

for Vi, between
stage for Vi, betwe 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 Cs are connected to Vier. 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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i npl enentations of the present invention are shown.
Referring nowto FIG 17A, the present invention can
be inplemented in DA or A/ID converters in a hard disk
drive 400. In sone inplenentations, the signa
processi ng and/or control circuit 402 and/or other
circuits (not shown) in the HDI D 400 nay process data,
perform 32 coding and/or encryption, perform

cal cul ations, and/or format data that is output to

o L
not shown

bi | t
N e R Y
ho di | VI P3 pl dthe |i
e rad sS04 BB Tt show

comuni cation |inks 408. The HDD 400 nay be connected
suchresoray cOOPUier hmabile apriopving deyices mskgh (Fangersongjydigital
| at ency nonvol atile nenory such as flash nenory, read
asdistansyoejiuiaR@Honean diedia or NP3 splayers| enc the tlikeniapd/or other
data storage. [0121] Referring nowto FIG 17B, the
BEGEESVid ONeE F inddreosineder wingdssneomradnicatid@® Anks 468 D The HDD
converters in a digital versatile disc (DVD) drive

4808 -may Be c@haBeled 16 aaEBEHMUNRBACDES camdamlaccesTriemary ZRAM),
and/or” other circuits (not shown) in the DVD 410 may

Wé@@a&éﬁcﬁﬁé@ol&% Frimorg @dtR Gs31agh MherfOs/, yétd 6ty memory (ROM)
perform” cal cul ati ons, "and/or format data that is read

?fgrer%?ﬁérosruutgﬁ \WEthdri€Bata&téagept i cal  storage medi um

some | npl enentations, the signal processing

and/ ofgq £4nt rr@%fegﬁr?ig'loh 442 @d/WB QhB n?ré‘s'eﬁ?%&éntkﬂmcan be

shovvn)[ can al so perform ot her

ic%rhg% aﬁri‘fDAao? ABCRg\8 er%r\ﬁ/ O&gﬁa%%é{g% ag@’ (%ﬁ)rﬁﬁve 410.

processi ng unc assocl

\?j/ ke, sgnaﬁg{pé%%s%rai@ﬁ@@r co Qr& élr\éﬁlt ﬂ]lg a%)'orco(%ﬁ'g?%”cﬁﬁg ?not shown)

in the DVD 410 may process data, perform coding and/or encryption, perform
calculations, and/or format data that is read from and/or data written to an optical
storage medium 416. In some implementations, the signal processing and/or
control circuit 412 and/or other circuits (not shown) in the DVD 410 can also
perform other functions such as encoding and/or decoding and/or any other
signal processing functions associated with a DVD drive.

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

storage 418 may include a hard disk drive (HDD). The HDD may have the
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(not shown) such as a conputer, television or other
device via one or nore wired or wreless

comuni cation rinks 417.-The DVD 410 rmay comruni cate
with mass data storage 418 that stores data in a
nonvol ati |l e manner. The mass data storage 418 may

i nclude a hard disk drive (HDD). The HDD may have the
33 configuration shown in FIG 17A. The HDD nmay be a
m ni HDD that i ncludes one or nore platters having a

di amet er [ a8 ot
coRtBuEomE OB Bdiocray 15endnb: I F euid M}ﬁ* Hluces
ROM low |atency nonvolatile ch,_as

anener oge Bladiers PRMAG A Siamster ﬂﬂa‘%a#@i‘ee theh EPBE"&F‘A@‘&'Y 18"
[0123] Referring nowto FIG 17C,

Thve @MD o Oc anaybbe GanpiesifshiedemroDy A?Brsw aéoﬁ(%alh%%"' low
in a high definition television (HDTV) 420. The HDTV
14@Mcy e aehwatstiieDMémonyusush gaal flash repEeeY andipF eefhgf suitable
wirel ess format and generates HDTV out put signals for
Qebiremt Antaid6raden some i npl ementations, signal

processing circuit and/or control circuit 422 and/or

ot herjgqpBfui Refdrfing noWowNFIGE 17@, M \préBenimiyvention can be
process data, perform codi ng and/ or encryption,

hreRd irfla raadﬁmnomwémmammw 420.
Pﬁ@éﬁ{e@&pinymﬁ%%wg?oces& }19 ?ﬁgat may be required.

5‘?\%% W-E VAL IR iGUTEiIgHA ireeithdrha W@ dtaliveless format

at stores data in a nonvol atile manner

|a8§2qe%(s§ﬁegg}'gﬁgﬁv al u%lg %nfSF b HisHIS) 296, lr@'%ﬂn@@ﬁple‘?ﬁ%\tatlons

ave configuration shown in

LA q?gq%)g%%sbqg ﬁ{g@‘,ﬁtan%? Igyﬂié}aéﬁr V§2§h§nd/or other circuits (not

e HDD may be a
ey & hAdioTY %Zﬁﬁrﬁ?vi?gse%snﬁ%éﬁ Qs Eopip eI Spervetion
Hp%Tr}ér#\Z%a% ati%%sc nrrnjnea ggtat 3ndfero pgrform 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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428 such as RAM ROM |ow | atency nonvol atile nmenory
such as flash nenory and/or other suitable electronic
data storage. The HDTV 420 al so may support
connections with a WLAN via a WLAN network interface
429. 34 [0125] Referring nowto FIG 17D, the present
invention may inplenment and/or be inplenented in DA
or AID converters in a control systemof a vehicle
430, a WLAN interface, nass data storage of the

hi cl t t dj 4 .
N T T T
o A SLT SOk Ul FEE AR 8 5 LR Systom o

pressure sensors, rotational sensors, i.rflow sensors
andhicte 43, 200h&N iterfags, Bass a3 §I05RGH B&h@w icle control system
generates one or nore output control signals such as i
engfone ppeentsupplypédRinenesemetimpiemestations, higeprespRlinvention
paraneters, and/or other control signals. [0126] The
RRSISRIEINt Bpowerirain cvayrobsymterhetd2thatresaived inputs fioar one or more
control systens 440 of the vehicle 430. The control

SURLED didh ERYidnijersiuse Jemsersy epressigrasandarsnTatatiortal sensors,
sensors 442 and/or output control signals to one or

6w BH aA&\k GR§ AHdr stitabi®RBNSGTS| i tiat geseratdeeone or
control system 440 may be part of an anti-Iock

%&é@%f’gg%ﬁm' (5':'3%@3 sAcH1 8Y% | &rfine® Bpédating MPar@meters, transmission

syst a vehicle telematics system a

| SOSaITPR Lo Ry ShEB) o B0ARI AL Se | cont ol

cl'eé entertal nment system such as a

|S:‘r§|r 2&8%?{? | oﬁﬁg@f%tegg n.véﬁ% aﬂﬂeayﬁf%%g%np_%géﬂte@ﬁm%er control

PRSI SOH By 3BT 72 TP G 48 o iso recoive

e B s AT B L Bl o more

eé&t?)m %evices 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, é vehicle entertainment system such as a stereo, DVD, compact
disc and the like. Still other implementations are contemplated.

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

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

configuration shown in FIG. 17B. The HDD may be a mini HDD that includes
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hard di sk drives HDD and/or DVDs. At |east one HDD nay

have the configuration shown in FIG 17A and/or at

| east one DVD may have the configuration shown in

FIG 17B. The HDD may be 2 mni HDD that includes 35

one or nore platters having a dianmeter that is smaller

than approximately 1.8". The powertrain control

system 432 may be connected to nmenory 447 such as

RAM ROM |ow latency nonvolatile menmory such as flash

menory and/ qr ltaleeectro dat a stora

OMReDIBRES PlaHers SaHe A Seaien DAl Ao er0A Bppisaroately 1.6

connections with a W.AN via a WLAN network |nterf2\?

ThesPowRETaIR GRNITEN SYSJaID A2 M YES cangectﬁﬁ@m%mea/sé such as

data storage, nenory and/or a WLAN interface (al

RéM, SQMnjow jaiens] nerwoiatie memen sushrasflashymemang and/or other

present invention can be inplenented in DDA or A/D

suitabhy elctronic datacdtbrager Pihe pewestainheantrehpysteo! 4d2 aiso may

cellular antenna 451. In sone inplenentations, the

ssidor! abnidions Akh ianWILAN sviaaa iVEADD hetveord Shterfane 448. The

audi o out put 458 such as a speaker and/or audi o output

b&ﬁl‘ol sPstehs Rh@maAtilsaindiude mass aatH stdeiges Mehfcly analorasWLAN
keypad, pointing device, voice actuation and/or

%Mc% @m%tgﬁgwﬁ)e The signal processing and/or

contr circuits 452 and/or other circuits (not

shovvni 0128 th‘?%é?@llnnﬁo%wpﬁprlﬁléfs%ﬁa)&hepbl%%@ﬁﬁ if\&nfion can be

perfofmc d| ng and encryption, perform

RO EFERIAPLAS ol Sl AR ALy e
5{3 ql@gga%lnggu 1calh o‘%)e% Enﬂ?ﬁ'\sengﬁ o?'ns meo g%r%ﬁ%néhﬁb includes

e manner SUC

T onlTi BBk & STy el s 28 ena,@f«ﬁ s ot
2203( %Ocﬂ];élgy rﬂl%%)l r osl"ha%\qﬂptﬂt deE/llc% 4&5 suc gé grkeypa pomting device,
voice actuation and/or other input device. The signal processing and/or control
circuits 452 and/or other circuits (not shown) in the cellular phone 450 may
process data, perform coding and/or- encryption, perform calculations, format
data and/or perform other cellular phone functions.

[0129] The cellular phone 450 may communicate with mass data
storage 464 that stores data in a nonvolatile manner such as optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may have the 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 cellular phone 450 may be connected to memory 466

36




DVUL. may- have the configuration shown in FIG 17B. The
HDID may be a mni HDI D that includes one or nore
platters having a dianmeter that is smaller than
approximately 1.8". The cellul ar phone 450 may be
connected to nmenory 466 36 such as RAM ROM | ow

| atency nonvol atile nenory such as flash nenory

andl or other suitable electronic data storage. The

cel lul ar phone 450 al so may support connections with

a LAl [ 2 K.l

SusPers 1V STV Mo Lotetly ol EReffly sLC D nash memory
be inplenepted in YA qr, ALD conv ers | t,=hO
FHougher FlERe i Aot e e Lol ghafleRf gk dso may
source such as a, _broadband s and qufputs
sURRATheRNNESHPTT With gﬁﬁe@ Vie & Wi AR ety Wged';ascieg‘}%'s
suitable for a display 488 such _as a television

and/ of0136hi t Heferring orowt teer 1. dbOF atle oPresenti Mvshtipnt can be
devi ces. The signal processing andl or control
rhplemiented!BAD AN AID cerverters ircaisebtopreax 4&hohhg set topHeox 480
set top box 480 may process data, perform coding

PeHis signaly ftonorg  sperdersucbaks ué albicadband crowste danida outputs
and/ or performany other set top box function. [01311

Thdeed ahaRr Bk dEfitioiaucioIvided cigralbitableos adiisgay 488 such
storage 490 that stores data in a nonvolatile nanner. :

Haes TBRSisii andbe hittof SAd/BRrYothémnvided eareifdr awdio asutiputr devices.
magneti ¢ storage devices for exanple hard disk drives

H‘H%} QA Hocddy aﬁbldre?%ﬁtrdlgﬁrdﬂ@bmwyadw&re otf¥® circuits (not
conf i gur

ation shown in F 7A and/or at | east one

%%\;&E\)B%tﬁé;;&%ggg GORT 4 TRAY oSt @MAatd) Férfarml @Bding and/or

mni H DI D that includes one or

nmore nplatter [ di f 8hy R} set to

B P sy SCHRES Matd IO E Shy Gt set top

conngcted to nmenory 494 such as RAM ROM | ow | atency

ne BINGiPMe menory

[0131] The set top box 480 may communicate with mass data storage

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

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

interface 496.
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such as flash nmenory and/or other suitable electronic
data storage. The set top box 480 al so nay support
connections with a WLAN via a WLAN network interface

496. 37 [0132] Referring nowto FIG 17G the present

i nvention can be inplenented in D)A or A/D converters

in a nmedia player 500. In sone inplenentations, the

nmedi a pl ayer 500 includes a display 507 and/or a user

i nput 508 such as a keypad, touchpad and the like. In
sonme i npl enmentations, the _nedia player 500 nmay enplo

a gr 4phs2]al Referringnom é@eﬂ%ﬂ?éh@? PYRRERL pyention cn be
enpl oys nenus, drop down nenus, icons and/or a
ipplerhented- ol IDEA DNLAEX gopverters e desia aplayer7 S8Ad/ dp some
user input 508. The nedia player 500 further includes
ifiblerabtitations) tipel newilEd playeh5@E inclusies akdisplay $Od rand(afisouser input
out put jack. The signal processing and/or contro

508 GUkh %S5Q4<eggé*d,0fou@hb&l anidr thei like. ( rososeoimplernéntations, the
nmedi a pl ayer O may process data, perform coding

@%gjagfplaggfi 50t h\‘ég;/erﬁ’l [dyO4 NBraphicallLigér Periadeo(GEI) Mat gﬁ/pically

rforma ot hér nedia player function. [013

g&%}oglggﬂngﬁgé#g? dgzgl%\r @ﬁgéomgiﬁhﬁ PoblhtZREliER irterface via

ta such as conpressed audio

i e EE RS e Ul SplAR e an

S R A SSBETBS 3 5pAbel V! S Bt Bk e s

b e BL SR Urlg 495 aPR SHRBE IEARBAS o e

Soeksgundr o8 bevarcses e PO P8 ses s, perom

DVD may have the configuration shown in Fl 17B. .The

Helruialionsefoamat data aqdPrpRormMANYRIBR rgﬁgladq?ayﬁg ynction.

P atte[i]?:i?]a\/i'rr]r?e amgidiaan%tla%lrertggé ringy Sgc?nl'lgn%%ictapear:uith mass data
storage 510 that stores data such as compressed audio and/or video content in a
nonvolatile manner. In some implementations, the compressed audio files
include files that are compliant with MP3 format or other suitable compressed
audio and/or video formats. The mass data storage may include optical and/or
magnetic storage devices for example hard disk drives HDD and/or DVDs. At
least one HDD may havé the configuration shown in FIG. 17A and/or at least one
DVD may have the configuration shown in FIG. 17B. The HDD may be a mini
HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8". The media player 500 may be connected to memory 514

such as RAM, ROM, low latency nonvolatie memory such as flash memory

and/or other suitable electronic data storage. The media player 500 also may
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approximately 1.8". The nedia player 500 may be

connected to nenory 514 such as RAM ROM | ow | atency
nonvol atil e menory such as flash nenory and/or other
suitabl e el ectronic data storage. The nedi a pl ayer 500

al so may 38 support connections with a W.AN via a

WLAN network interface 516. Still other

i npl enmentations in addition to those described above

are contenplated. [0134] Those skilled in the art can
Db BOfE bR w.mgp ANl ULEWDBN HaRor mttér@abetm Still other

teac I NgsS t he present i nvention can

{rﬁB‘S ééﬁ)?’s ih ré 8m}5 lth médéggcier{cgﬁgﬁ Iabgbg ofd 86em ?

Ion een connectl o

ventdi @E%'ae%{edb@etﬁs } en AP ARER %f%éfmhe foregoing

m)dlflcatlon nme a rent the ed
SesetRtianael g RiRed tSIUBS (DR TS e tof jan be mplmented
specification and the follow ng clains, 39 G a

A0 yatialy- elofams od hesoe, rehilg %ﬂ@) inverdian, has r'F@e’enadeSC”bed in
capacitive DAC that conprises: N first capacitances
tdomhealian odin pettisdlar exaamples dheeaed, theatrugaseons e§ithe invention
ends and second ends, wherein Nis an integer greater
tdroldnet barsd Mnfted ﬂnwmmehamdiﬁmtioselvﬁkttbiecem apparent to the
connect a sel ected one of said second ends of said N
féKildd peaatibhenaupsnt @ studprofothenddeviags, then-spetifcatih and the
ones of said second ends of said N first capacitances
tRIeRMgaimsyol t age potential and a reference

potential, wherein capacitance values of said N first

capaci tances are substantially equal; and
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a second DAC that communicates with said common node.
2. The DAC of A aim1l wherein said DAC converts an N
bit digital word into an analog output signal. 3. The
DAC of Claim1 further conprising: an anplifier

havi ng an i nput and an output; a feedback capacitance
that communi cat egyMith said input and said output of
said anplifier, erein said first ends of said N

LS, BB R SRR RS Ui LT eree

capacitive DAC__ and wherein said i nput of said
anpl i f # E3PEHIVERAG N3} COBRRERS cates with said first
ends of said N first capacitances during a second
phase of salNdfufi ¢aprcitampescthat are cO€ctedOn parallbleanDAliatdiave first ends
Caiml further conprising: an anplifier having an
and sgnond ands, avhecaih Plils an\idtegerighe e thard onicsanénds of said N
first capacitances comunicate with said reference

potential dNrfiR@switdhes Blat RIGISeBf conféd afskledfed one of said second ends
capacitive DAC, wherein said input of said anplifier

of REFT HisY Exphch AL £ Bfmolisble 3 Sork M Rhet i of g hdbnd ends o
first capacitive DAC . and wherein said second ends of
said N oy FRRRANG Fo pustor Esiet BhiabaBiar Reciee oareaiel
said output of said anplifier during said second phase
of said fir¥heripeapeeitanse prlges of Saqthg fmpicapaci@negsrarg substantially
wherei n said second DAC conprises a resistive DAC. 6.
eqieamAC of Claim5 wherein said resistive DAC
conprises: N resistances connected in series between
sai d vekémge DAC eia vomnamitasaivith $.ed esBmes npes.enti al ;

2. The DAC of Claim 1 wherein said DAC converts an N bit digital word into an

analog output signal.

3. The DAC of Claim 1 further comprising:
an amplifier having an input and an output;
a feedback capacitance that communicates with said input and said output of said
amplifier,
wherein said first ends of said N first capacitances communicate with said
reference potential during a first phase of said first capacitive DAC, and
wherein said input of said ampiifier selectively communicates with said first ends

of said N first capacitances during a second phase of said first capacitive DAC.
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nodes between sel ect ones of said N resistances and
said reference potential; and second sw tches that
sel ectively connect said commbn node to one of said N
nodes. 7. The DAC of Caim1l wherein said DAC is

i nherently nonotonic. 8. The DAC of Caiml further

conpri r.ol ul e that selectively

geher atstléegg%cf(gml %%@O’E"Bn@&ﬁt rol said N first

swi tches and, said second DAC. 41 9. A successive

appr oxi 3eamRlifieahayiog an inpit gnd an oetoniver t er conpri si ng

the DAC of Cdaim1l. 10. The successive approxi mation
anal og- whercingaiddfirstcamis ef tad NofirsCtapacitdhcésicdmiunicate with said
conprising: an anplifier having an input that
réere6d potennal amﬁgmflfs@bﬁﬁse\MftsH:dgfﬁst%aﬁaditwe DA@P acitive

DAC;, a successive approxi mati on nodul e

dé\%ﬁhg@f#ﬁgﬂw E%la?ng)%%%%?lgéltég c%rq:ﬁﬂgka{tésl \gfth tsalg first ends of said

Suc. E‘SSI t| 0 and. t

N BB e o dine Bo S ien SR i e Bl g

first switches and said second DAC. 11. The DAC of

C ai m 1igrEnaRid ssaendl ands oh sridACsaié Afitskeapasitansevemnmunicate with
capacitive DAC 42 12. The DAC of O aim 11 wherein
sgdiogtpsib obsuild amphbii¢rtduviag BAG secondrphassof said fagpdaphiieve DAC.

havi ng an i nput and an output that conmunicates with

said comon

5. The DAC of Claim 1 wherein said second DAC comprises a resistive DAC.

6. The DAC of Claim 5 wherein said resistive DAC comprises:
N resistances connected in series between said voltage reference and said
reference potential;

N nodes between select ones of said N resistances and said reference potential;

and
N second switches that selectively connect said common node to one of said N
nodes.
7. The DAC of Claim 1 wherein said DAC is inherently monotonic.
8. The DAC of Claim 1 further comprising a control module that selectively

generates switching signals to control said N first switches and said second DAC.
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node; N second capacitances connected in parallel an d
havi ng fi.rst ends and second ends, wherein said first
ends sel ectively communicate with a reference
potential during a first phase of said second
capacitive DAC and wherein said first ends selectively
conmuni cate w th said input of said anplifier during
a Secont! SPeESEVOIPPSRXimatier analog-tpdigitel ¢anvemeT, compdisiug the DAC of
second switches that selectively connect said second
(@aidsl.of said N second capacitances to one of said
vol tage reference and said reference potential during
said first phase of said second capacitive DAC and
that selectively connect said second ends of said N
segpnd hdod: . SAl [ j on
hege of PERe SR ApeoRirtalch AR Al B O PERRRS further
c HFthlz wherein said first and second phases of said
Pgy Eapacitive DAC are non-overlapping with respect
to said first and second phases of sai'd second
capaci t #anpirier havingppdnpysthas selegtiviely commpeicaten withiseid first
first phase of said first capacitive DAC at | east
cpeacitivglDACover | aps said second phase of said second
capacitive DAC. 43

a successive approximation module that communicates with an output of said
amplifier;

a decoding module that communicates with aﬁ output of said successive
approximation module and that selectively generates switching signals for said N first

switches and said second DAC.

11. The DAC of Claim 1 wherein said second DAC comprises a second capacitive

DAC.
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12, The DAC of Claim 11 wherein said second capacitive DAC comprises:

an amplifier having an input and an output that communicates with said common
node;

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

N second switches that selectively connect said second ends of said N second
capacitances to one of said voltage reference and said reference potential during said first
phase of said second capacitive DAC and that selectively connect said second ends of said N

second capacitances to said output during said second phase of said second capacitive DAC.

13. The DAC of Claim 12 wherein said first and second phases of said first capacitive

DAC are non-overlapping with respect to said first and second phases of said second

capacitive DAC.

14.  The DAC of Claim 12 wherein said first phase of said first capacitive DAC at

least partially overlaps said second phase of said second capacitive DAC.
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