CAPACITIVE DIGITAL TO ANALOG AND ANALOG TO DIGITAL
CONVERTERS CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application
No. 60/715,078, filed on September 8, 2005, which is incorporated herein
by reference in its entirety. FIELD OF THE INVENTION [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 sRAGHAERESNEAOR G AR HYWENAMN [0003] Digital

to analog (D/A) coppgiesscen inehitatRyN OE RaBREHors that are
selectively switched to convert a digital signal to an analog counterpart.

However, mismatch between capacitors may cause the D/A converter to
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digital input to the converter increases over a full-scale range, the analog
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subsequent conversion step. In other words, the slope of the transfer
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Referring now to FIG. 1A, a D/A converter 10 is shown. The D/A
hetemvieytezfeteinctuidets @nlinetty capacitor array 14, switches 16 and 18, an

1 operational amplifier (opamp) 20, and a capacitor Cr in a feedback
arrangement

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 convérters.

BACKGROUND OF THE INVENTION

[0003] Digital to énalog (D/IA) converters can include arrays of
capacitors that are selectively switched to convert a digital signal to an analog
counterpart. However, mismatch between capacitors may cause the DIA
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



with the opamp 20, Each of the capacitors in the array 14 have different
values. More particularly, each capacitor in the array 14 is twice the value
of the preceding capacitor. Switches SW selectively switch the capacitors
in the array 14 between a voltage reference and a reference potential
such as ground. [00051 In use, the D/A converter 10 has sampling and
integration stages. In the sampling stage, the switch 16 closes and
selective ones of the capacitors are charged to the voltage reference as
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converter I1s shown. For example, the analog output exhibits a decrease
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In FIG. I'B at 44. The non-monotonic output may be due to capacitor
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2N"2C+2N"3C + ... + 2C + C. Ideally, 2N- C _ (2N-2C+2N-3C + ... + 2C

+C) = fpolspthermvosds, e differencedrtweth thes MSBpiiagacitar amdgration
the rest of the capacitors should be equal to a smallest or LSB capacitor
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In the integrating phase, the switch 16 is opened and the analog output is
generated. For example, a four bit array may close a first or most significant bit
(MSB) switch and a least significant bit (LSB) switch to represent 9/16 of a
voltage reference.

[0006} Referring now to FIG. 1B, a non-monotonic output of a D/A
converter is shown. For eXamp!e, the analog output exhibits a decrease from
one conversion step to the subsequent conversion step as shown at in FIG. 1B at
44. The non-monotonic output may be due to capacitor mismatch. For example,
the capacitor 2%'C may be different than 2¥2C+2"°C + ... + 2C + C. Ideally, 2"
1c - (2¥2%C+2V3C + ... + 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. While the linear capacitor array 54
inherently monotonic, the number of switches required grows
exponentially with the bit resolution. For example, a 16-bit digital to
analog converter includes 2i6-1 pairs of switches, which may be
impractical. SUMMARY OF THE INVENTION [0008] A digital-to-analog
converter (DAC) comprises a capacitive DAC that comprises N first
capacitances that are connected in parallel and that have first ends and
second ends, wherein N is an integer I hah QReANPUR array 54
ref&ms%tgpgé]eéﬁ\%\y %%nﬁre%f%g'selge{ggﬁone of tﬁe secon% ends of tﬁ/e
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a reference potential, Capacianee yalsepidheNdsstsanationerriase -1
th%&i{gﬁ%gﬁf ré’qua : Xéeg%%%nd DAC communicates évl?th the common
o10de; [0NARLA digital-fesgnalasernuiser (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 integes\gradieRhaTF TREANYENIT$Oitching means for
selectively connecting one of the second ends of the N first capacitance

means (0 conmndaitabtie aralagiersvef it BRI mPewdses aifapacitive DAC
voltage potential and a reference potential. Capacitance values of the N
tHisstonpatitanbefmé amp asiandridheapie §oaNSdearn PRERIRlSRfdhat have

means converts a digital signal to an analog signal and that .
first ends and second ends, wherein N is an integer greater than one, and N first

switches that selectively connect a selected one of the second. ends of the N first
capacitances to a common node and non-selected ones of the second ends of
the N first 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 n‘ode.

[0009] A digital-to-analog converter (DAC) comprises first converting
means for converting a digital signal to an analog signal and that comprises N
first capacitance means for providing capacitance that are connécted in parallel
and that have first ends and second ends, wherein N is an integer greater than |
one and N first switching means for selectively connecting one of the second
ends of the N first capacitance means to a common node and others of the
second ends to one of a voltage potential and a reference potential. Capacitance

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



communicates with the common node. [0010] A method for providing a
digital-to-analog converter (DAC) comprises 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 method includes selectively connecting a selected
one of the second ends of the N first capacitances to a common node;
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input and an output; N capacitances that are cOnnected in
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ut and second ends; N switches that selectively connect the second
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of the second ends of the N capacitances to the output of the amplifier
gréltERGResecasl PAssecapscrinees obthesasiontdendsfptthead¥acitances are

capacitances to one of a voltage reference and a reference potential
sudutingidng aqeandrmsethcsetohdistagelectivelyrioatestingh shestreimat one

the amplifier. [0012] In other features, the first phase is a sampling phase
ofahd tecsetamd prufsthis M fesidtrpaniEiiitetidn ghesenwherdss ipglactively

voltage is between zero and a first ratio of a first of the N capacitances
cativridion @ycahsim ef the second ends to one of a voltage potential and a
reference potential; and connecting a second DAC to the common node.

[0011] A pipelined analog-to-digital converter (ADC) comprises a first
stage that receives an input voltage signal and that comprises an analog-to-
digital converter (ADC) that includes an amplifier having an input and an output;
N capacitances that are connected in parallel and that include first ends that
selectively communicate with 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



the N capacitances, the first of the N capacitances is connected to the
output of the amplifier and others of the N capacitances are connected to
the reference potential during the second phase. When the input voltage
is between the 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 first of the N capacitances is connected to the voltage reference, the
second of the N capacitances is connected to the output of the amplifier
and others of the N capacitances, are conpected to the reference potenii
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and that’comprises converting means for converting signals that includes:
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capacitance means for providing capacitance, that are connected in
Baralabang that inslbdedirgiendsphas selectviblyrcofmmericampaititethees are
input and second ends; and N switching means for selectively connecting
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first phase, one of the second ends of the N capacitance means to the_
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second and a third of the N capacitances divided by a sum of the N
capacitances, the first and the second of the N capacitances are connected to
the voltage reference, the third of the N capacitances is connected to the output
of the amplifier and others of the N capacitances are connected to the reference
potential during the second phase.

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

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



5 second ends of the N capacitance means to one of a voltage reference

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

means for communicating with the output of the amplifying means of the

first stage means. [0014] 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 N switching
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amplifier and others of the N capacitances to the reference potential
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means connect the first of the N capacitances to the voltage reference,
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of the N capacitances to the reference potential during the second phase.
SWhpa thedapulsvealtagadsebatwsidit Hiseshask atipvaed atibirthpaioveiage is
sum of the first, the second and a third of the N capacitances divided by a
sstweehtberdl aapaditanest®; thfeaNirstvitttiiadNnoeaasizomreat thédir dtyaadum of
the second of the N capacitances to the voltage reference, the third of the
thecdpacipacisncethe thetpit afwftehanglifimarsdootrestoftiiee Rrst of the N
capacitances to the reference potential during the second phase. [0015]
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converter (ADC) comprises providing first and second stages, wherein )
the reference potential during the sécond phase. When the input voltage is

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

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

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



the first stage receives a voltage input and includes a capacitive ADC
including N 6 capacitances; 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 amplifier during a second phase; selectively connecting others of the
second ends of the N capacitances to one of a voltage reference and a
reference potential during the second phase; selectively connecting the

first ends of the N it lifier input; '
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capacitances to the reference potential during the second phase
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capacitances divided by a sum of the N capacitances. The method further
a COMBHsesIeleptikelws@naecingdhedirpbedihalNdiapasitencesdeo it phase;

voltage reference, the second of the N capacitances to the output of the
saBwplier enchathegstat thes\ecapasitances cagbeiteferante potemtiifier input;

during the second phase when the input voltage is between the first ratio
amdansectmyl aatorgflifisurntpiittetfisssecwhd séapnd of the N

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

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

the reference potential during the second phase when the input voltage is
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the reference potential during the second phase when the input voltage is
7 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. [0017] A digital to analog converter (DAC) comprises X
capacitive DACs that are connected together in series and wherein X is
an integer greater 5 than one. Each of the X capacitive DACs comprise M
switches wherein M is an integer greater than one; a s%ﬂal |n§ut a signal
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pac ance v switches Selectively connect the first ends of
the M capacitances to the signal output. 10 The M switches connect the

second end of g selected one of the M capacit to th | pp
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PRCHM switches connect the second end of a selected one of the M
capacitances to the signal input when the second ends of non-selected ones of
the M capacitances are not connected to the signal input. A first DAC has a
signal output that communicates with the signal input of one of the X capacitive
DACs.

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

[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



[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. 25 The input of the amplifier selectively communicates with the first
ends of the M 8 capacitances of the another one of the X DACs during a
second phase of the another one of the X DACs. The second ends of the
of the M capacitances of the another one of the X DACs communicate

with the output of the amplifier during the_second phase of the angther
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successive approximation analog-to-digital converter of comprises an
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capacitive DACs. A successive approximation module communicates with

298 eneprifefdhecapbifica ANdecddindatedele sedachomisatddiveithl aesistances
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and the reference potential; and N second switches that selectively connect the

signal output of the one of the Y resistive DACs to one of the N nodes. A control

module selectively generates switching signals to control the X capacitive DACs

and the first DAC.

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

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

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

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



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 9 are connected in parallel and have first ends

and second ends. The first ends selectively communicate with a

reference potential during a first phase of the capacitive DAC. The first
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converting means for converting a digital signal to an analog signal and
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signal output. The M switching means connect the second end of § .
selectiP23] A digital to analog converter (DAC) comprises X capacitive

converting means for converting a digital signal to an analog signal and that are
connected together in series and wherein X is an integer greater than one. Each
of the X capacitive converting means comprise M switching means for switching
wherein M is an integer greater than one. 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 converiing means
converts a digital signal to an analog signal andkhas a signal output that
communicates with the signal input of one of the X capacitive converting means.
[0024] in other features, amplifying means for amplifying and has an
input and an output. Feedback capacitance means provides capacitance and

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

10



one of the M capacitance means to the signal input. First converting

means converts a digital signal to an analog signal and has a signal

output that communicates with the signal input of one of the X capacitive

converting means. [0024] In other features, amplifying means for

amplifying and has an input and an output. Feedback capacitance means

provides capacitance and communicates with the input and the output of

the amplifying means. The first 10 ends of the M capacitance means of
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converting means: [0025] In other features, amplifying means for
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capacitance means of another one of the X converting means
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another one of the X converting means. The input of the amplifying means
cSRlRstiMghearynunicates with the first ends of the M capacitance means
of the another one of the X converting means during a second phase of

the apot2s] onmaftther Xeatrres tamg pibams . ritersetonaeridgng thesNan input
capacitance means of the another one of the X converting means

acdnamonigate Witk firstoengetabftiiseMapaplEgiia) arcaesdsvhgrrthseeosdf the
phase of the another one of the X converting means. The first DAC _
%ow@%m%%@@@f@mw’éﬂ%sm@&hé tgference potential during a first phase

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

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

resistance means and the reference potential. N second switching means
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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 selectively connect the signal output of the

sISILN Saniesle e canuaring, eanaio 8AR AR Iodes: COUblverting

ectively genet% és switching signalsto control the X capacitive

megnveting means and thgdirst DA 4 Q022 QhekiRAuER efates switching

successive approximation analog-to-digital converter comprises the DAC.

sigﬁﬁﬁb?%%%%ﬁﬁw%aé@m 2palnsiaigiiahcanvarersamntises

mplifying means for amplifying and having an input that selectively

commyiyeates withpaerabihe X capastMaRAGariiaRRIoNiBRdies-to-digital
means for successive approximating and that communicates with an

cOMeHEPTdreRmmlifiBdneanTHaesocirg svenas moxImuticatasavsgtoigital
output of the successive approximation module for selectively generating .
cEWitahen-signassonitigifticapactive RAGsalityihg &rst DAMJod8a8hput that
other features, the first DAC comprises a capacitive converting means for
sentiedingandigitaicsigpsaivith amarcdl doesi) ealp 3¢ty e dpAceian daviakigation
means comprises a signal output and amplifying means for amplifying
neerhhdvinguaransiHeaAERIRGuRNGtRIEAhah GRIOMES RAle Shuitigam  output of

the amplifying means. Decoding means communicates with an output of the
successive approximation module for selectively generating switching signals for
the X capacitive DACs and the first DAC.

[0028] In other features, the first DAC comprises a capacitive
converting means for converting a digital signal to an analog 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 sécond 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
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15

20

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

oﬁﬁ%@aﬁ%&ﬂﬁj@ Seieqre9fdbanciiage rsierrrremiydhthe M second

erence potential during the first phase 12 of the capacitive DAC and .
aapeciienisecnesns thdheeviruE USRI the Fesershahaspalithrarasitie DAC.
to the output during the second phase of the capacitive DAC. [0029] A

methog faroppepatingteiifat toparingranveigial 8 Gnatwypdseserter (DAC)
connecting X capacitive DACs jn series and wherein X |s an integer. 5_ .
R e PORECHMe i ARRITBR AR SAD R SRE IS [ an mteger
SrepAsitanees hakhawedrsiranshsacaiid edsancapaatiastidlf@guabmprise M
capacitance values; selectively connecting the first ends of the M .
ERACIRIRGS 1B3he RRYRI Bh%)u? nﬁ%‘gﬁﬂ th%nggco% Lrefbptantially - equal
Saleciashene/afibe; Mekanaeiipnoenéeting shendirsmridshentties ldecapacitances

(BT A S N CORPREANEER! Syt BUEhH Sl hra DU e O the M

0 the
Sigvaritnss ote e iheaX inppacitien HRCseclHtB@ndsotierdeatalesethenes of

method comprises providing, an amplifier hayjng an input and .
B eore e S PR R0 SRR, A Bhecins =
SyilRithe empfifier DR@ toetecsigreipist ot onecotiti XScpmiitve DACs.

ends of the M capacitances of another one of the X DACs with a

[0030] In other features, the method comprises providing an amplifier
having an input and an output and a feedback capacitance that communicates
with the input and the output of the amplifier. The method comprises connecting
the first ends of the M capacitances of another one 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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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. 20 [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

duri first ph f.th f the X DACs; ivel .
D BSFBARR SR 6188 S BT WA AL ] SR 3 i slectvely
it f th { fit ; '
o R O B 1 B X DAL P el IRy oot o ateben o

th%ngs[s),gﬂase 8&%“@%%%?@%??@% QS%%@% Oé?ﬁﬁfﬁép%%ﬂg@% second

communicate wi e output of the amplifier during the second phase of

paggeagp{ngraggg\g;%>ggﬁgﬁ. £0Q32] In other features, the first DAC

comprises Y resistive DACs wherein Y is an integer greater than zero.

The mafhof ComPHgRs Selacive e RpsatnAGVEINGSIgNAlsdOGRRIDACS
the X capacitive DACs and the first DAC. The method comprises using

wherefrcapasitiveRAGs tg-surtessiveheRNPIUKiMaietan atwtagitutelectively
signal. The first DAC comprises a capacitive DAC. [0033] Further areas of
gappligatilisnat egosesent itveotipolwile Hecapaeitippdréisiamd the first DAC.

detailed description provided hereinafter. It should be understood that the
Tohetaileth ok sonptitseandisgetifiecapaplive WHiledidisaapessive preppnedmate
embodiment of the invention, are intended for purposes of
an analog input signal. The first DAC comprises a capacitive DAC.
[0033] Further areas of applicability of the present invention will
become apparent from the detailed description provided hereinafter. it should be
understood that the detailed description and specific examples, while indicating

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

illustration only and are not 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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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; 14 [0038] FIGs. 3A-3C are electrical schematics ofa _ -
capalifiidlesi&iGs. B 36ries BlantEsRhIRRMEIRy Ot AiGREAPRY T esistive
FIG. 4A illustrates the D/A converter of FIG. 313 during a sampling phase
DiBreRRYsriGGItaPyaIR AR I8eEa YR fiustrates the D/A converter of FIG.

3B during an integrating .phase for g first.djgital value; [0Q4 IG, 4C.is.

an ei@ﬁ%ﬂry tr%jﬁ%ta @f%ﬁ%’[%?rcﬁ?teolb?&}.%Y?BSEZ?C%F%.EZL %éinurlng @
exertr;rflar% truth tablﬁ f%hth Fi\yg\lﬂ]i(ta, of FIG. 3C; [0043] FIG. 5 illustrates

SEPH)E ROAVE R DI YE di5ig a sampling phase for a second digital

value-c;gggf] o0 UHSRISRANS e COMCHSR AL TEE P Aduring an

sampling phase for a third digital value; [0045] FIG. 7 illustrates the D/A

irBPMANS G 0B Fring R SamRing

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

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

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

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

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

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

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

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

[0049] FIG. 8D illustrates the D/A ‘con\/erter of FIG. 8B during an

integrating phase for a first digital value;
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phase for a fourth digital value; [0046] FIG. BA 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. BD
illustrates the D/A converter of FIG. 8B during an integrating phase for a
first digital value: 15 [0050] FIG. SE illustrates the D/A converter of FIG.

88 dugqg%g]' sam 'n%ghﬂﬁ&&g{%sefégn%mg'@n@f{@r [B0S&|d '%B?’qunng a

illustr e D/Aconverter o B during a sampling phase for a

g}}(?lwgﬁa\@lrgr 10052) GRS Jsigates the DA converter of FIG. 88

sampling phase for a fourth digital value; [0053] FIG. 8H is an

exem%@@ ing| diagran Shewisg SABPHNG ik iieeraling lpNases Wiring a
LSB and MSB portions; [0054] FIG. 81 is an exemplary timing diagram

sShowi §ﬁgg@l|@g andrdrirgEatiRgehases for LSB and MSB portions;
[0055] FIG. 8J is an exemplary truth table for the D/A converter of FIG.
813; [p0S$2FIGF AR iIbGtratesratedl-strgerapaotiverBfAcoM@rtesB during a
sampling phase for a fourth digital value;

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

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

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

8B;

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

[0057] FIG. 9B Iillustrates 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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[0057] FIG. 98 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

s AU al Ao b BTG e BB s s AR
z:‘e’;;i@%%ﬁ:rg#%oéga B RS R R AR e
rﬁ@ |na I|n PA}%\ ﬁ%&?ﬁ E%t?r%/ rHB trates the AID converter of

reS| ion stage for a |rst voltage input value;

[0066]6 @:]112%@ %qmek@éyet;%ta%eé&weﬁé%/a%vw&% B dFiGmpling

12A; [0067] FIG. 13 illustrates the A/D converter of FIG. 12A in a residue

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

[0065] FIG. 12C illustrates the A/D converter of FIG. 12A in a residue

amplification stage for a first voltage input value;

[0066] FIG. 12D is an exemplary truth table for the A/D converter of
FIG. 124,

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

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

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

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

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

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

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

felevision;
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amplification stage for a third voltage input value; [0069] FIG. 15 illustrates
the AID converter of FIG. 12A in a residue amplification stage for a fourth
voltage input value; [0070] FIG. 16 is a graph illustrating variable
interstage gain and an ideal residue voltage of the circuit of FIG. 12A;
[0071] FIG. 17A is a functional block diagram of a hard disk drive; [0072]
FIG. 17B is a functional block diagram of a digital versatile disk (DVD);,
[0073] FIG. 17C is a functional block diagram of a high definition.
television; 17 [0074] FIG. 17D is a functional block diagram of a vehicle
contrPemf (G741 Pids fréi@caqaﬁ&t#aﬁ&kbﬁjéeraagf%{nﬁovam@m?ntro'
phone; [0076] FIG. 17F is a functional block diagram of a set top box; and
1 FIG. 17G is a functional block diagram of a media player.

DETAI DE IPTION OF THE PR RED EMBODI NTS

(007X PREYolohig Heseh R GFPE RIert MR B GPHL & ol

onioelor LS T8 5 0o R s %Tai%fé?éﬁé‘ﬁ%%ﬁa&%
illb d I

r\kllle t PFrJrllﬁrzf)dule cw?:aallagg%%/or gea%%!r% eérgrstjo n App |£§P§r§ %%Eg{fg &

Integrated Circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group) and

S

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0078] The following description of the preferred embodiment(s) is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of ctarity, the same reference numbers will be
used in the drawings to identify similar elements. As used herein, the term
module, circuit and/or device refers to an Application Specific integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and
memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide the
described functionality. Asv 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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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-resistjve, D/A gonvert rs 100 (()é)1| éé’ 100- 2 ?eshown For

otBRRMLMP S NE4BF-ex ﬁrb? SishERiSRP FAGES SR d A s RRS used:
hat N 18 other numbers of bits. Var
AR SR AR o S TE TR S PR RS R e ons, may
hich
g, e ‘n’i”;%H%Bfi%%l‘?ﬁ%ﬁﬁfﬁﬁéﬁﬁﬁ@é T GRS o
t“§o§’§d§q 8.3 SRIRLGA iegrale SeRfigns g?% g Lﬁgéo?e%n@m%. 3C,

shown with a sample and hold configuration. [0080) In this

2 DRENGe HewoomAstigianiicapidiis dMSRIHRg@arRted to a

capacitive portion 110 and the two least significant bits (LSBs) are

allocaigskis) 2 resistivie ROGEIPRIA20hE theoFigives Saiiftow, the qapeBIEIr are
Cf will be shown with dotted lines to indicate both sample and hold and

afonapiel and iegtateccpofiigurati®as 68 jvbhe astpagitiiespotion (LBBs) are
includes capacitors C1, C2, C3 and C4. In the preferred embodiment, the
allapatstbts @1reCRIiGSamtioB4 Rave andhlestaaticgly tbgt flcapaititanspacitor C;
value, The capacitors may have substantially the
will be shown with dotted lines to indicate both sample and hold and sample and
integrate configurations.
[0081] The capacitive portion 110 includes capacitors C4, Cz, C; and
C4. In the preferred embodiment, the capacitors C4, Cy, Cz and C4 have a
substantially equal capacitance value. The capacitors may have substantially the
same capacitance value, in other words Cq= Cz = C; = C4. As will be described
further below, the capacitors are selectively switched by switches SWayss,
SWamss, SWomss, and SWiuss (collectively switches SWy) between a voltage
referencé V5es, & reference potential such as ground, and a common node 130
between the resistive portion 120 and the capacitive portion 110.
[0082] The resistive portion 110 includes resistors R4, Ry, Rz and Ra.
in the preferred embodiment, the resistors R4, Rz, Rz and Ry have a substantially
equal resistance value. The resistors may have the same resistance value, in

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

are connected in series between Vs and a reference potential such as ground.
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same capacitance value, in other words C1= C2 = C3 = C4. As will be

described further below, the capacitors are selectively switched by

switches SW4MSB, SW3MSS, SW2MSB, and SW,MSB (collectively

switches SWM) between a voltage reference Vref, 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 R1, R2, R3 and R4. In the preferred embodiment, the

resistors R1, R2, R3 and R4 have a substantially equal resistance value.
ATl ee Sistoem dychaisthes Sarmelestizdaby s vikies S Bthep @Yz g1 SWoiss,

R2 = R3 = R4. As will be described further below, the resistors are
andriiébied (nalectvaheandishas & \ind anebfreneagsbientia saeHnay node 130

ground. 19 A node between the resistors is selected by switches

tcouents B, \SIWARIESHY G’V 2L SB, and SW1LSB (collectively switches SWL)
and connected to the common node 130 to, create a voltage divider.

[0083]CAR3kamphe SRl Gde URANiF RS GHL MBR FEBSVRSthaRgve- I the

sample and hold configuration, the second erclzds %fﬁﬁ,he caé)ac'{tances 1,C C

sempie3anA el SATNGHTEHRR (i the BeRR: BTtk AMBIfiEr At e U C2 ©2
d ph ft iti ion_110..The f k it

e e LT 0 AT PR 3 R A SERBER A ne

. 3B is show i [ st digital .
v g e sanmine alasedtie Bshdpiayamedooty

s closed, the switch 18 is opened and the

capac'ﬁ%%ﬁz, B0 g e Ve gD n ECONR iy SMEICHER 119,18 is shown
reference potential, which may be ground. The capacitor C1 is connected

dRHRE cPLHMPNPERad R caPRetivRartieng1@udl). initially, the switch 16 is
closed, the switch 18 is opened and the capacitors C,, C3 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 SWauise, SWalse, SWaiss, and SWy s is closed to

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

closed to provide %wa. A charge is accumulated on the capacitor C4 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 46 is opéned, the switch 18 is closed and the voltage value is épplied to
the amplifier 20. Using a charge equalization approach, the total charge before
changing the position of the switches 16 and 18 is equal to the total charge after
changing the position of the switches 16 and 18:
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be in this configuration when the desired binary value is between 0000
and 0011. One of the resistive switches SW4LSB, SW3LSB, SW2LSB,
and SWILSB is closed to create a voltage divider. In the example shown
in FIG. 4A, the switch SWA4LSB I'S closed to provide 3 V,e,. A charge is
accumulated on the capacitor C1 that is equal to V,,DAcC, , where
V,mAC 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 swit€h £81s,cidéeg-&d the voltage value is
applied to the amplifier 20. Using a ch@rge equalization approach, the
total charge before changlngViheVmsngm of the switches 16 and 18 is
equal to the total charge after changing'the position of the switches 16
and 18: 20 QT =Y C,' = VxneCq; V=V DAC Cfr The value of Cfcanb
Tét wjtisl % 1%5*2%:@%%%%&' dPtieruSe %&%‘Pe%é’rog?ptiﬁ%lfgg%cale the

and not be equal to C C4.In ple abgve, V' D,,c
oytput Xo! E%??b@gpﬁﬁiéﬁt(?&“lﬁe?@a (Eéngsarﬁzgﬂjué?e fo SVRBP above
=0,YWAC =V ,,orV~AC = 2V,,, by selecting the switch SW1LSB,

/24 Seor SWSLER, tespestiveiutSealing oastibe perfortsed by adjusted to
adjustlﬁg he value of Cf relative to C1, C2, C3 and C4. For example, if Cf
=C1 + C2 + C3 + C4, then the output ranges 0 to near Vref rather than 0

o neaofwretlﬁthlsmakmplewOSI:‘;yFé@?@mm@ ey vitts. W, adrewW, o5 or
table for the exémplary

SWa sg, respectively. Scaling can be performed by adjusting the value of G;
relative to C4, C,, Cz and Cy. For example, if Cf = Cq + C,o + C3 + Cy4, then the
output ranges 0 to near Ve rather than 0 to near 4 V. in this example.

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

[0087] Referring now to FIG. 5, the D/A converter of FIG. 3B is shown
during an integrating phase for a second digital value (0111). Initially, the switch
16 is closed, the switch 18 is opened and the capacitors C; and C, are switched
by respective switches to the reference potential, which may be ground. The
capacitor C; is connected to the common node 130 and the capacitor C4 is
connected to V. The capacitive portion 110 will be in this configuration when
the desired binary value is between 0100 and 0111. One of the resistive
switches SWaiss, SWarss, SWass, and SWysp is closed to create a voltage
divider. In the example shown in FIG. 5, the switch SW, g is closed to provide
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converter of FIG. 3B is shown. In this example, Cf is equal to C1, C2, C3
and C4 although other values may be used for scaling. Referring now to
FIG. 4D, a truth table for the exemplary converter of FIG. 3C is shown.
[0087] Referring now to FIG. 5, the D/A converter of FIG. 3B is shown
during an integrating phase for a second digital value (0111). Initially, the
switch 16 is closed, the switch 18 is opened and the capacitors C3 and
C4 are switched by respective switches to the reference potential, which
may be ground. The capacitor C2 is connected to the common node 130
..@nd the gapaeityy edcismonagciediies\Vitapabitecapatitivespetiien BLOWILC,,
4 B&in this configuration when the desired binary value is between 0100
and 0111. One of the resistive switches SW4LSB, SW3LSB, SW2LSa,
whaig i S8 ReRlRoe Brewred Wit raniribe IR RxainpREE M 2ls
in FIG. 5, the switch SWA4LSB is closed to provide 21 A charge is
acaoenuiatedenh aa e iapacikaudadahigl s equal to V,m4CC2, where
VCoAC is the voltage provided by the resistive portion. A charge is also

accurp Uh’aﬁ%d 0N\ ARGt ataY BhEEE ior 088bEIHING gitaintadratog 11).

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

theveiaicA ) i isloped énditeesvaktagesvialuipiscapptiedhtovibieagmplifier R0applied
Using a charge equalization approach, the total charge before changing

tothagestipifiel t@ swikihgsal Gleardd Seizuetizatitm the potatichtrgeatiercharge
changing the position of the switches 16 and 18: Q. = VCf VVDAcC2

befgr@fehangingdvihaCpcdtion, of Ithe switches 16 and 18 is equal to the total

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

Or =VC, =VppcCy + Ve G

C G
V =Vipac C2 +V, = C
s

The value of C; can be set equal to C4, Cy, C3 and C; or be used to scale the

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

same, V="V, +V.,-

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

divider. In the example shown in FIG. 6, the switch SWa.sp is closed to provide
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Cf Cf The value of Cf can be set equal to Cf, C2, C3 and C4 or be used to
scale the output voltage and not be equal to C1, C2, C3 and C4. If Cf, C1
and C2 are the same, V =V, 4C+Vtf. [0089] Referring now to FIG. 6, the
DIA converter of FIG. 3B is shown during an integrating phase for a third
digital value (1011). Initially, the switch 16 is closed, the switch 18 is
opened and the capacitor C4 is switched by a respective switch to the
reference potential, which may be ground. The capacitor C3 is connected
to the common node 130 and the capacitors C, and C2 are connected to
3Vref. T, itiv i il.be inthi friguratioR.w, t
el A O DBt o ook e regeuey G
switches SW4LSB, SW3LSS, SW2LSB, and SW1LSB is closed to create
wasreltage, digidee. WolthgeyaovidesHowinm ikstBetipogioitch SWHAISB is also
closed to provide 22 4VPef. A charge is accumulated on the capacitor C3

alRaliRiseaLR whaigite ¢aieopirgareyides by, toesesistive portion.

A charge is also accumulated on capacitors Cf and €2 that is equal

toV,,(G, . [@090] Durir j ' third.digi I
0110 OBT Lt g S EEARE RS B AR R o)
tﬁ’@'&&%&iérﬁﬁ’ﬁjﬁ%%%ﬁ&,Wﬁwcﬁor@@%@é&‘%%tﬁgw OYalye is applied

approac e to arge before changing the position of the switches

t&@@&%kﬁgim@ﬂ%.tom% tg! Shagee afesichanainsieaesitipe abie charge
switches 16 and 18: Q. =VCf =VJDACCa+V,< (C,+C2);
before changing the position of the switches 16 and 18 is equal to the total

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

Or =VC, =Vips e+ V(€ +C,);

C C +C.
V=Vepse =+ V,ef—-l———"-—.
C, C,

The value of Cs can be set equal to C4, Cz, Cs and C4 or be used to scale the
output voltage and not be equal to C4, Cz, Cz and C4. 1f C, C4q, C2 and Cs are the

same, V =Vyp,e +2V,,

[009“] 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 cabacitors C4, C2 and Cj are connected to Vs The
capacitive portion 110 will be in this configuration when the desired binary value
is between 1100 and 1111. One of the resistive switches SWarse, SWaLss,

SWoiss, and SWysp is closed to create a voltage divider. in the example shown

in FIG. 7, the switch SWy s is closed to provide %V,@,. A charge is accumulated
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CaC,+C2V-VBDAC CfC ffThe value of Cf can be set equal to Cf,
C2, C3 and C4 or be used to scale the output voltage and not be equal to
C1, C2,C3 and CA4. If Cf, C1, C2 and C3 are the same, V =VXDAC+2V f.
[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 C1, C2 and C3
are connected to Vref. The capacitive portion 110 will be in this
oRahBgtaatiottowartihe idesied inkgy,va]uevisisekisenid 108 wpitrge1arovided
One of the resistive switches SW4LSB, SW3LSE, SW2LSB, and SW
§7L§% ipselaged ppRIeate A vpliage diddeumnlthecexamplpaitonnGn BiSand C
the switch SWA4LSB is closed to provide V1,f. A charge is accumulated
et g]é&@aqza@auggr% that,i s equal to VPDACCA4, where T~AC is the
voltage prowded by the reS|st|ve portion. A charge is accumulated on
Capa s %%ﬁﬁk?' &3 .ﬁ'ﬂé’éﬂét BhiM, M€ IneGRurh)di {RAPbRering 11).
an |nt gratihg p r the fourth |taI value (1111). the switch 16 is
tRPNGEHNS WEBQ&&&I%@%Q@@S@ vekageavalusds/apatied dméhie applied
amplifier 20. Using a charge equalization approach, the total charge
1Befge shansingrhie nositigreotineguitthesizfiendabpisasyalite totatothlarge
charge after changing the position of the switches 16 and 18:
before changing the position of the switches 16 and 18 is equal to the total

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

Or =VC, =V G4V, (C+ G+ C);

C+C +C
V=VRDAC%+VWI———‘———EL——3—.
! i

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

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

[0093] Referring now to FIG. 8A and 8B, a nested segmented
capacitive-capacitive D/A converter 108 according to the present invention is
shown. In FIG. 8A, the output circuit 102 is shown. In FIG. 8B, an exemplary
sample and integrate configuration is shown. The capacitive portion 110
operates as described above. For purposes of clarity, the capacitors Cy, Cy, Cj
and C; have been relabeled Cqy, Com, Cam and Cum. 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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Qr =VCf =VVACC4+1;ef(C,+CZ +C,); V=VenAC C4+V=f C,+C2+C, C f Cf
The value of Cf can be set equal to C1, C2, C3 and C4 or be used to
scale the output voltage and not be equal to C1, C2, C3 and C4. If Cf, C1,
C2, C3 and C4 are the same, V =Vx0Ac+3V,,. [0093] Referring now to
FIG. BA and. 88, 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
V gescrifiés alsovedFamaniiveosiataity techigscroraoplioe ang ipjegrating
C4 have been relabeled CIM, C2M, C3M and C4r,4. A second capacitive
phastas Whobie desodraed@fl the two least significant bits and includes
capacitors C1L, C2L, CK and C4L. The voltage provided by the LSB .
capadfifR4bortiBriesing M TAES THe %&ﬁ@cﬁﬁaﬁm}é RtiGHCHe! the
also has a sampling and integrating phase as will be described below. v
094] Referri (oL - al IRt gfthe |V = &
Rt M G O Pl A AR e e
4 During sampling phase, the switch 152 is closed and the capacitors
[E4ihgG3imaling PRasarditeméised 56 dsrefesef cengoten rarasiRrgsCa CaL and

ground. The capacitor C1L is . _ :
C,. are connected to a reference potential such as ground. The capacitor Cq_ is
charged to Vi A charge is accumulated on the capacitor Cq that is equal to

7 ,Cypo

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

Or =VCy = Vrefcw =V(C+C + Gy +C )
Cy _
C+Cy +C +Cy,

V=V,

Ve
Assuming that Cqi, CaL, CaL and Cy are equal, V= L

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

14 .
converter of FIG. 8B during a sampling phase is shown for V. = 7 During

2

sampling 'phaSe,‘the switch 152 is closed and the capacitors C4 and Ca are
connected to a reference potential such as ground. The capacitors Cq and Cqu
are charged to Vyer. A charge is accumulated on the capacitors Cq_ and Cy that is
equal to V(G +C,.)
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charged to Vrer. A charge is accumulated on the capacitor CIL that is
equal to t:~f CIL [0095] During the integrating phase, the switch 152 is
opened and the capacitors C4L, C3L, CaL and CIL are connected in
feedback. The total charge before the switch 152 is opened is the same
as the total charge after the switch 152 is opened. Therefore: QT =VCT
=V,gCIL =V(CI+C2L+C3L+C4L); V=V CUCIL + CIL + C3L + C4L
Assuming that CIL, C21-, C3L and CA4L are equal, V = V4 'ef . [0096]
Referring now to FIG. 8E, an equivalent circuit of the D/A_converter of

FIG. BE8Tling Buitaphity HRESIRSRBRTPIONSHIEWED I 3215 SiarRgd and the

CRFENETE o oatcd o HTbieroRtE GOUTRAFSLU EoghBiha, THE 1ial charge
itors C1L and C21 h d to V,eq. [ lajed .

BNt EATHABECRE (b EArS VonE Pty 28 fhorp™icr

During the integrating phase, the switch 152 is opened and the capacitors
8ais %%‘?_r,"gﬂ%}%e&ﬁeare connected in feedback. The total charge

before the switch 152 is opened is the s a§§1elcgalﬂg rge after the
switch 152 is o(éléﬁe&l’fhgrfé ore’ é’lﬁ—-vﬁﬁ—" (Cit + GZL??L / (CIL C2L
+C3L+CAL); o _p CutCy .

i (Cll_ + CZL + CSL + CAL)

|4
Assuming that Cy, Cz, C3 and C4 are equal, V' = ;f
[0098] Referring now to FIG. 8F, an equivalent circuit of the D/A
. . . 3, .
converter of FIG. 8B during a sampling phase is shown for ¥, = During

sampling phase, the switch 152 is closed and the capacitor G4 is connected to a
reference potential such as ground. The capacitors Cqi, Cz. and Cg_ are charged
to Vier. A charge is accumulated on the capacitors Cq, Ca1 and Cy_ that is equal

to Vrzf(cu, +Ct CL)-

[0099] During the integrating phase, the switch 152 is opened and the
capacitors Cyt, Ca, Ca 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:

Op =VC, =V, (Cp+C, +Cyy) = V(G +C + G +Cyy )
CutCy+GCy

V=7, .
7 (CIL + CZL + CBL + CdL)

K14
Assuming that Cq, Ca, Ca and Ca are equal, V=-Z’ff—.
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V=V CIL+C2L (CIL+C2L+C3L+C4L) Assuming that C1, C2, C3 and C4
are equal, V = 2f [0098] Referring now to FIG. 8F, an equivalent circuit of
the D/A converter of FIG. 8B during a sampling phase is shown for
VCDA4C =E 4"f. During sampling phase, the switch 152 is closed and the
capacitor C4L is connected to a reference potential such as ground. The
capacitors CIL, C2L and C3L are charged to Vref. A charge is
accumulated on the capacitors CIL, C2L and C3L that is equal to J (CIL +
C2L + C3L)' [0099] During the integrating phase, the switch 152 is opened
and the capacitors C4L, C3L, C2L and CIL are connected in feedback.

The tqt ar efore the switc 2 is.opened is.th n the total
chardh s (B RICRE 18 BoelGn. Srergion e o dh oreth 67 e oia
=Vef(C11l+ +C3L)=V(CIL+C2L+C3L+C4L); .V= IL+C2L+C3 ,
C?@iﬁé%’zﬁi%?@%%& ls&r%ir?&%aﬁ:r@ﬁ%ﬁf%g\ﬁé%% 2%;% é-qufél, Vi
4 26 [0100] Referring now to FIG. 8G, an equivalent circuit of the D/A
swispherfEosiated. Wit aihin PR LA Mg PR ORILR WIS WiipA@ius can be

The switch associated with this L!J[.?ﬁpsition ai?b omitted since this value

alEaAtePBIRRIN B BhtRTE BY 1iKh M thext MEBHI T Bale BRé BpCTOrS
A B B Haaet 16 SR SRR SARHIY 1Sl MG U phase
the switch 152 is closed and the capacitors Cq., Ca, CaL and C, are charged to

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

equal to ¥, (C,, +C,, + G, +Cyp)-

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

Or=VC, = Vref(ClL +Co + G+ G ) =V(C, +C + G +Cy )
C+C +Cy +Cyy

V=V, .
/ (ClL + C2L + CSL + C4L)

[0102] Assuming that Cq, Ca, Ca and Cy are equal, V= Vo

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

integrating phase of the MSB capacitive portion as shown in FIG. 8.
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the switch 152 is closed and the capacitors CIL, C2L, C3L and CA4L are
charged to Vref. A charge is accumulated on the capacitors CIL, C2L,
C3L and C4L that is equal to V,f(CIL+C2L-"CsL+CIL) [0101] During the
integrating phase, the switch 152 is opened and the capacitors C4L, C.L.
C2L and CIL are connected in feedback. The total charge before the
switch 152 is opened is the same as the total charge after the switch 152
is opened. Therefore: QT = VCT =V,,V(CIL + C2L + C3L+ C4L) =V (CIL
+ C2L + C3L + C4L ); V=V /ICIL+C2LCIL+CA4L eJ (CIL +C2L+C3L+CA4L)
[010ZPAG4LImIMRelesinGIna®Rto EBE. dhd elulirdatuadpnhayDYACroRErter is
Referring now to FIGs. 8H and 81, non-overlapping and overlapping
shipmiRg diagrihereriBsiRiefbriBarhpih §WiehRcHanme) hassiedin fegrdback
and MSB capacitive portions. The timing of the samplin? and integrating
apHLs e R HNBRIBG s PR EQ%Q%W% piaseRnAiesrAatelegie the next

sampling . phase of the LSB,cag%citiv,e portion can fully and/or partially
LSRRI RARS RRGRAR G BRIEEO TREEVISB capacitive portion as shown in

N S e el RS LT
SR S R N R e o
BRRAIOLAS] REIRIHAT revs Rl 24-9R additianalcapagitue s Ba:,
BG,, ..., and BGyx, which are associated with LSB, next LSB, ..., and MSB
groups. For example, a 6 bit example can include capacitive portions BG4, BG,
and BGas. Each capacitive portion may include four capacitors as shown and
described above. Each of the capacitive pdrtions includes sampling and
integrating stages that may be non-overlapping and/or overlapping as described
above and below.

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

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

portions BG1, BG2, ..., and BGx, which are associated with LSB, next

LSB, ..., and MSB groups. For example, a 6 bit example can include
capacitive portions BG1, BG2 and BG3. Each capacitive portion may

include four capacitors as shown and described above. Each of the
capacitive portions includes sampling and integrating stages that may be
non-overlapping and/or overlapping as described above and below.
[010dPHPFIG. dtfaringstage dapatitvelResRtifeaspsYufvarpioxnadon A/D
shown. One or more of the last stages is a resistive portion as described

capier A0S sRample [ TiferoRrere 2R RCIHAEH GRS & FRBrSHj@ation

portionzgérvhere X and Y are integers %reater,th?n zero. When resjstive

TR GAE) R84, hE S I SR ARG/ TBRASSY 1B .de al bits as
oGBS arf B B R Sadh i SHBR (0 cocoder
AR, P10 N e MRy g e SRty oo 10 et

c%amf%%@a\{sg'%ﬂm%aq%ﬁi@%ﬁmmsg@W&b@%ﬂgr agditional 4 SW. e

capacitive stages is shown. 28 [0107] Referring now 16 FIG. 12&5 Y

EHCCESRIYRARPEPHBAIAB AR 1RO VR HET 208 isthwhd BRROVEIEHRAPH 2

Includes a successive approximation register (SAR) 204 or module that

tRepirinsteeisdesdepobving dheshgtiakiviaas withl Secdeserbiediithes SWss,
below. An output of the SAR 204 is input to decoder
SWiiss, SWarse,"and SWqss based on LSBs in the output of the SAR 204.

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

[0109] As the first step in a binary search algorithm, the capacitiye and
resistive portions are configured to provide 1/2V,e as described above. In other
words, Casy is connected to the common node, Cav, Cov and Cqm are connected
to Vier and the switch SWq gp is closed. For example, if Vin is equal to 3/4V g, the
common terminal will be driven to (-3/4Vi + 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 1/2Ves. If Viy is equal to 1/4V,, the common

terminal voltage is (-1/4Vyer + 1/2V1e1) = +1/4V,e1, and the output of the comparator
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module 209 that may include a modified thermometer decoder 210 that
communicates with and controls switches SW4MSB, SW3MSB,
SW2MSB, and SWIMSB based on MSBs of the output of the SAR. An
output of the SAR 204 is input'to a thermometer decoder 220 that
communicates with and controls switches SW4LSB, SW3LSB,
SW2LSB,and SW1LSS based on LSBs in the output of the SAR 204.
[0108] During acquisition, the switch 16 is connected to ground. Ends of

the capacitors are connected by switches SWMSB to After acquisition
20,5/, 0816 SitcH 5 REOGBER P RHRUAS PABaCIBReN ARk Sirecfd Bpening

itches SWMSB f V;,. Th it [ d with | ,
S NS o T oacka i 9 OSSO
AR S e e SN S R S

GRS IRRIE Portiang are conllasd jodiavice YeMahandEsiodre  aiso

er wor IS connected to the common node,

CE%W&&:M are connected to Vref and the switch SW1LSB is closed.
or example, if V;,, is equal to 3/4Vref, the common terminal will be

driveryq{o3/4V il il Hbw 13/£Yd. When &h @F\éqkae‘eplﬂm@@@éﬁért%o is
ground, the output of thé comparator 20 yields a logic 11', implying that

sMbimareater dBatcHaV ol lindiuisceauaplorditdV eaf stagespmenon, ESmnaps52-3
voltage is (-1/4Vf + 1/2Vref) = +114Vret, and the output of the comparator
(291138tiselyI0gR) thal bie presessecontisarsswithable oktttdvisBree I28B converter
depending upon the value of the comparator output until all bits are
sesplvarh2\niledeapaskive! resistiveit predigat2fdntimtsamnles and holds the

capacitive-capacitive, N-stage
analog output signal from a prior stage, a low resolution A/D subconverter
module 256 that converts the held analog signal, a low-resolution D/A
subconverter module 258 that converts the resulting digital output back into an
analog representation, a difference module 260 and an analog interstage
difference amplifier module 262 that amplifies the residue. The residue is the
difference between the held analog signal and the reconstructed analog signal.

[0111] The first stage 252-1 of the pipelined A/D converter 250
operates on a most current analog input sample while the second stage 252-2
operates on the amplified residue of the previous input sample. The cancurrency
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



capacitive or N-stage capacitive-resistive implementations are also
contemplated. [0110] Referring now to FIG. 11A, a pipelined AID
converter 250 is shown. The converter 250 includes a plurality of stages
252-1, 252-2, 252-3 (collectively 252) that are cascaded in series. Each
of the course A/D converter stages 252 includes a sample and hold
module 254 that samples and holds the analog output signal from a prior
stage, a low resolution A/D subconverter module 256 that converts the
held analog signal, a low-resolution D/A %}lbconver er module

[

58 th .
OB RGN T QB SUNISHER T S B o Leer e
DG 253 )AL YRB e SO U 14 I LR n tur

eresidue is the differenc
between the held.analeg sj structed analog signal.
Cafbsffl h%"%f)r[s'ﬁ%?argeg‘ggi-@%?%?éb %‘%ﬁée /D converter 250 operates
on agppst.eurr q['H. G SARIsHYhiR fhesecand SREBARME are not
opergtes C}ﬁ thgpatar%g%?e res%é‘ue of the previous input sampIBe. The

id%&”&HHWuHTfBRﬁ@@&&F@.SU!F? i @.convetsonsnged ilbise exceeds the
e

termined only by the time it takes in one stage. [0112] Referring now to

idEABv Al By P ridaslansunen-idesl esidue wltageis aseveiioye. drdelsds the

116, an ideal residue voltage is shown. When the input reaches a first

iddacisignleveefgbeyiatbsrnaeitemmodule 252, the 30 output of the
subconverter module switches to its next higher level code causing the
outpyodfitie DRefrhiognmevtetotd-EwitdRAo s mnalbigtedigitel. Ttmyénter 300

thtgtrrg];enerates a residue voltage with lower variation according to the present
invention is shown. Capacitors C4, C2, C3 and C4 are selectively connected to
Vi, a reference potential such as ground, a voltage reference (Vi) and to an
output of tﬁe opamp 20. In some implementations, C4, Cz, C3 and C4 have
substantially equal capacitance values.

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

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

in FIG. 12B for Vi, between 0 and

G V. (A" in FIG. 12D), the
C,+C,+C, +C,

switch 16 is opened, the capacitor C4 is connected in feedback arrangement.
The cépacitors C,, Ca, 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 +C,
. V,sand
C,+C,+C,+C, C+C+C+C,

between

V. ('B" in FIG. 12D), the switch
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causes the amplified residue to drop back to zero. [0113] In actual
implementations, however, the components are not ideal and
non-uniformity occurs. In FIG. 11 C, the residue voltage exceeds the ideal
value by a fixed amount. In FIG. 11D, the residue voltage exceeds the
ideal residue voltage by a variable amount. [0114] Referring now to FIG.
12A, an analog to digital converter 300 that generates a residue voltage
with lower variation according to the present invention is shown.
Capacitors C1, CZ, C3 and C4 are selectively connected to V1, a
1§ dfeRRTEE HotBREARRRIPE CgruRIN B8RRI E f&% ACE AIFaPosHee nd the
output of the opamp 20. In some_implementations, C1, C2, C3 and C4
CARARIO i N RSl LA TS SRR foe s Kehir G fNpEsted to @
FIGs. 12B-12D, the analog to digital converter of FIG. 12A is shown
rSGHHES RP&GEE%OHW phase in FIG. 12B, the switch 16 is closed and the

128 RO Toethorn D o0 T AR SRR e g i

16 is opened, the capacitor C, is gonnected in feedback arrangement.
béﬂﬁ@eapae&%lﬁ%%r%ahpdr@?ﬁm‘?eﬁ?d Mo thiéreferdfcd Polethimswich
truth tahte’isshowhn FIG. 12 1.T 16I'RE érring now to FIG. 13, in a
residue amplification stage for V;, V ("B" ig FIG. 1§D , the switch
1BdRVRRENE th%’c_'_a@’agltqraga Q’cp@vzegt@’ _g&’f&e back arrangement and the

capacitors Cy and C; are connected to V. The capacitor C, is connected to a

reference potential.

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

C +C,+C,

stage for Vi, between
9 " C,+C,+Cy+C,

v,and ¥ . (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 V. Note that because the different
capacitors are used as the feedback capacitor during residue amplification, the
residue gain can perfectly track the capacitor mismatch. The residue voltage
now looks as shown in FIG. 16. There is a variable inter-stage gain and a
substantially constant maximum residue voltage.

[0119] Referring now to FIGs. 17A-17G, various exemplary
implementations of the present invention are shown. Referring now to FIG. 17A,
the present invention can be implemented in D/A or A/D converters in a hard disk
drive 400. In some implementations, the signal processing and/or control circuit

402 and/or other circuits (not shown) in the HDD 400 may process data, perform
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31 16 is opened, the capacitor C2 is connected in feedback arrangement
and the capacitor Ci is connected to Vref. The capacitors C3 and C4 are
connected to a reference potential. [0117] Referring now to FIG. 14, in a
residue amplification stage for V;,, between C, C, VYefand C, +C2 +C3
V, ("C"in FIG. 12D), the switch C,+C2+C,+C, C,+C2+C3+C, 16 is
opened, the capacitor C3 is connected in feedback arrangement and the
capacitors C, and C2 are connected to V,er. The capacitor C4 is
connected to a reference potential. [0118] Referring now to FIGs. 15 and
cadn andsidaecaRbRic R SlagR FelalionserdrépiCormataataihiah iy output
V,ef ("D" in FIG. 12D), the switch 16 C'+C2 +C~ | C1 is opened, the
tcapa@idecavet i A S PenRIEIHRER %G MR APENd the capacitors

C1, and C3 are connected to V,ef. Note that be auzegthe differ?nt

G2 .
capadfdrfire UdeiRARIhAGR Som ER THBHRIEEH I 3 fevice (not shown)

P oo i [5G SRS S poclo B

Apter sage i Anda, Subslantal CORIET MU BIHE UGB otner

, various exemplary

BRSNS PLIBRARRENL IO AG AR RBICIRG AOY rhe HOD

present invention can be implemented in D/A or A/D

LRHEIEES iRk Rarskdisk AENR AP0 SRRl iRions fhensigpakam),

processing and/or control circuit
fow latency nonvolatile memory such as flash memory, read only memory (ROM)

and/or other suitable electronic data storage.

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

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

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

33



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

perform 32 coding and/or encryption, perform calculations, and/or format

data that is output to and/or received from a magnetic storage medium

406. [0120] The HDD 400 may communicate with a host device (not

shown) such as a computer, mobile computing devices such as personal

digital assistants, cellular phones, media or MP3 players and the like,

and/or other devices via one or more wired or wireless communication

links 408. The HDD 400 may be_connected to memory 409 such as .
copfieusatiar RARdMEIF (RARY, 167 IBRHCNAYRRIEHRIRh Ay (EakinglLides

flash memory, read only memory (ROM) and/or qther,suitable electronic , _,
Orath S5F GBS RUIBOR T F1E 1A BBt Ueh T el &

b I ted in D/A or A/ ters i jgital tile, di )
ThRVA o TN GrOCIREETD Ko oM o SHE D% s R o
circuits (aot h?

a3 RO, BTN CeEflatand ot e A LA Shiable

ulations, and/or format data tﬁat IS read
e|‘§8{r?> %réd(:/!%{ d&t&, g{\é{ét'te_n to an optlca_l storage medium 4_16. _In some
Implementations, the signal processing and/or control circuit 412 and/or

othergﬁl{gg' S (NRERNANEVABINGP HRALQFON &he0 Reder piléHtion can be

functions such as encoding and/or decoding and/or any other signal

irSRGASIAGY funsHRRy ARSQEAtRehaighia BMigrddynn i3 24 ieiVPioNve 420.

410 may communicate with an output device (not shown) such as a
TeaNMIVTeY 4etevisiensy ATV depigesvimaiscoeittaneavivedd asrwitedisss format

communication links 417. The DVD 410 may communicate with mass
and generates HDTV output signals for a display 426. In some implementations,
signal processing circuit and/or control circuit 422 and/or other circuits (not
shown) of the HDTV 420 may process data, perform coding and/or encryption,
perform calculations, format data and/or perform any other type of HDTV
processing that may be required.

[0124] The HDTV 420 may communicate with mass data storage 427
that stores data in a nonvolatile manner such as optical and/or magnetic storage
devices. At least one HDD may have the configuration shown in FIG. 17A and/or
at least one DVD may have the configuration shown in FIG. 178B. 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 428,
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data storage 418 that stores data in a nonvolatile manner. The mass data
storage 418 may include a hard disk drive (HDD), The HDD may have the
33 configuration shown in FIG. 17A. The HDD may be a mini HDD that
includes one or more platters having a diameter that is smaller than
approximately 1.8". The DVD 410 may be connected to memory 419 such
as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. [0123] Referring now to

FIG. 17C, the present invention can be implemented in D/A or A/ID .
convESlin AHRETHRGINTBH telRviSili (HDPv) 130 Wﬁé%gﬂ?\’%on may

receives HDTV input si%nals in e_itl'@y a wired or wireless format
r éi?ﬁ a

AR MIST TP EGRIA o iShA) 408 R S = Cortr system of

= SREIEPGHCr RISl SRR A A0y el AL system
f ding and/ i f ions, -

S e e SR Sy

B I E'&E\ér%%?%ﬁg%gmfﬁﬁ With Bass dafairagmdste Hahore

stores data’in a honvo ner such as optical and/or magnetic

sSlage sdexices 1Atlsaskane ERRJRaY havehe senlgralionsboysbhsors,

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

aitiEwl€Ehsthe EHeRmayy Reramynithi® dbatdrslucesoprdtr gaateates one or
platters having a diameter that is smaller than approximately 1.8". The

T YutB0traayithe sigmiztstedcto aseangiyed@Besathap RaMe ROMrdormission
latency nonvolatile memory such as flash memory
operating parameters, and/or other control signals.

[0126] The present invention may also be implemented in other control
systems 440 of the vehicle 430. The control system 440 may likewise receive
signals from input sensors 442 and/or output control signals to one or more
~ output devices 444. In some implementations, the control system 440 may be
part of an an’ci-loc-k 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 nonvolatie 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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and/or other suitable electronic data storage. The HDTV 420 also may
support connections with a WLAN via a WLAN network interface 429. 34
[0125] Referring now to FIG. 17D, the present invention may implement
and/or be implemented in D/A or AID converters in a control system of a
vehicle 430; a WLAN interface, mass data storage of the vehicle control
system and/or a power supply 433. In some implementations, the present
invention implement a powertrain control system 432 that receives inputs
from one or more sensors such as temperature sensors, pressure
osensonsom plddiaat Semsogsa didfoetise tsatrssaatalienp atheppoxabigely 1.8”.
sensors and/or that generates one or more output control signals such as
Thagoeepeiatingrparanysters, 42 snsg siencoparesiied isaraeneeeystandiaeh as
other control signals. [0126] The present invention may also be
Rifdyenieivitdainathae oemup!alienemy shele AR 43N IHeadsHaopther
system 440 may likewise receive signals from input sensors 442 and/or

suii@pln ehraraigsiaatstormosr nidre RANRIalvieast A2 also may
implementations, the control sr);stem_440 may be part of an anti-lock

SHPHARGSYEERIPRB IR RaVifatidn'dster ORIt d)igdarea448. The
vehicle telematics system, a lane departure system, an adaptive cruise
CEGRbPLS B VBN PG R AR Y By G B SR e WLAN
.CO actg?gisctar}g the, like. Still other implementations are contemplated.
‘Tfﬁ%er ngserfjr\giﬂ)bontrol system 432 may communicate with mass

o R B e TR e e T Ot oo
BB ted in D/A or A/D converters in a cellular phone 450 that may include a
cellular antenna 451. In some implementations, the cellular phone 450 includes
a microphone 456, an audio output 458 such as a speaker and/or audio output
jack, a display 460 and/or an input device 462 such as a keypad, pointing device,
voice actuation and/or other input device. The signal processing and/or control
circuits 452 and/or other circuits (not shown) in the cellular phone 450 may
process data, perform coding and/or- encryption, perform calculations, format
data and/or perform other cellular phone functions.

[0128] 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 conﬁguréﬁon shown in FIG. 17A and/or at least one
DVD. may.have the configuration shown in FIG. 178. The HDD ‘may be a mini

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

approximately 1.8". The celiular phone 450 may be connected to memory 466



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 35 one or more platters having a diameter that is smaller than
approximately 1.8". The powertrain control system 432 may be connected
to memory 447 such as RAM, ROM, low latency nonvolatile memory such
as flash memory and/or other suitable electronic data storage. The
powertrain control system 432 also may support connections with a

syvh A6 VRAMWRRN nidWolk e Ao 12l i eneBinrs| RY<tert 4hesmagemory

also include mass data storage, memory and/or a WLAN interface (all not

BRI 28T AR R IR Pt 15 RIBLT 78S thd PreRRi A Eaff Blso may

implemented in D/A or AID converters | ellular phone 450 that may
AR BRI P M BB BIS 278 Hefclar
phone 450 includes a microphone , udio output 458.such as a
Cpeatl Ahor SERE BRItk b Moot 460 EndIge A pLK Al ecan be

SEIHER @ [XRAh RRIING AeR: OIS ACLiRlIIRANIIRI QUPELIBY 450

€ Sighal processing an /or control circults 4

rs'kr%wé% (29 showdn thesgglularphane 459 may, HesessSata: PRI Bhtputs

coding and/or encryption, perform calculations, format data and/or

RERRER Qmépﬁ’w@aﬁhﬁm Bngtang 9 szMalhs rebaopRonsAaP /8% uch

communicate with mass data storage 464 that stores data in a nonvolatile
F9aNNBISHIEAS PEEahanEdorafdasnetissstaiage dadieesalatie autnle devices.

hard disk drives HDD and/or DVDs. At
The signal processing and/or control circuits 484 and/or other circuits (not
shown) of the set top box 480 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other set top
box function.

[0131] The set top box 480 may communicate with mass data storage
490 that stores data in a 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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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 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic
data storage. The cellular phone 450 also may support connections with
a WLAN via a WLAN network interface 468. [0130] Referring now to FIG.

17F, fheaeserdryangonsantbe FintlenT@tetthén PrifsentAlbveativertes be
in a set top box 480. The set top box 480 receives signals from a source
ingIshastadroadbandbsokfde eonbvedprtsirstandzediangdlay¢ighlfefinitiorsome
audio/video signals suitable for a display 488 such as a television and/or
impltiientatidfes, dtteemeidiekayeob GUidiclodasue déantasSOmhensigia user input
processing and/or control circuits 484 and/or other circuits (not shown) of
50i8e sathopsbaxkegpathaioprbess angh therikem dﬁﬁﬁg‘énmﬁ}eg}%}%ﬁﬂﬁ the
perform calculations, format data and/or perform any other set top b
m‘a«:ixaumﬁam@Ormage@t@@J%mstﬁm%ovﬁﬁ{um?d{é%tﬁ%&éféﬁtéyp'ca"y
storage 490 that stores data in a ngnvolatile manner. The
cmBlage GH0¥ay AR ot 8{.@&8&5@3@9@% fipriace vi
example hard disk drives HDD ast 0 D a
HRASTR G S ARG S Ay ] Tl eEs an

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

[0133] The media player 500 may communicate with mass data
storage 510 that stores data such as compressed audio and/or video content in 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 examvp!e hard disk drives HDD and/or DVDs. At
least one HDD may have the configuration shown in FIG. 17A and/or at least one
DVD may have the configuration shown in FIG. 17B. The HDD may be a mini
HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8". The media player 500 may be connected to memory 514

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

and/or other suitable electronic data storage. The media player 500 also may
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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. 37 [0132] Referring now to FIG. 17G,

the present invention can be implemented in D/A or A/D converters in a
media player 500. In some implementations, the media player 500

includes a display 507 and/or a user input 508 such as a keypad,
stopimp ad et tbe diketH rasdma ke enéfitafib nettrerk rindditepiapd 6 568Kl other
may employ a graphical user interface (GUI) that typically employs
imeleustesooivadihess Hehes anigeerippdinbayel alkckantermpteteda the
display 507 and/or user input 508. The media player 500 further includes

an audid3dlitputl Bosesgkiled i heakEr@idnavariBracipia: fEik. theeforegoing
signal processing and/or control circuits 504 and/or other circuits (not
dgasiRjion that e dEPpR IR SUDIHAY e RESSIH A VEEHBMT o dh d e ted
_encryption, perform calculatigns, format data and/qr perform any other . ,
it &disapIRY e PTARERSN. [0S PRe MR BTé%zé?‘é%'ﬂﬁ‘aF%n?ﬁﬁﬁiéﬁ?&“bed in
with mass data storage 510 that stores data sych as compressed audio ..
CHRIBF Rol KBrRBMHIE ORI METFS0r. SaTUE eI Bhilr ention

Sher?e’r. nesome irsrcfp %?nenta 1ons,

%Eﬁﬁqa%rgn%e g’ esdo 7 di)%gl%?nci:g%t{ggrﬁlgééﬂﬁéﬁé%o% Q\%P'ﬁ%@o%@ M1B§’(raent to the

other suitable’compressed a eo formats.

g&ﬂr%sdd Fgafﬁ%ﬁg%igg%vping'%is&g)%?akﬁ@ddwmggﬂm StYagdeMireshd the

or example har rives HDD and/or DVDs.
following claims.
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least one HDD may have the configuration shown in FIG. 17A and/or at
least one DVD may have the configuration shown in FIG. 176. The HDD
may be a mini HDD that includes one or more platters having a diameter
that is smaller than approximately 1.8". The media player 500 may be
connected to memory 514 such as RAM, ROM, low latency nonvolatile
memory such as flash memory and/or other suitable electronic data
storage. The media player 500 also may 38 support connections with a
WLAN via a WLANH8Hvork interface 516. Still other implementations in
addition to those described above are contemplated. [0134] Those skilled
in the art can now appreciate from the foregoing description that the
bro:itq teachin stglf ttge resent inventiﬁg can be implemented in a variety

of forms. Théretore- waﬁ%éoﬁféﬁﬁ’\‘?gﬁﬁ HEBPd&8¢&ibed in connection

with partic the true scope of the invention should

ar exampl reof, d
not be so ﬁem?fg)él %ll%g%e@t‘lgeﬁs r%ggﬂﬁfgaﬁg?&e\(f\;ﬁfjbré’é’&mgrdﬁﬁﬁf’éaﬁt el X is an

inteSkillgd pragtitioner u study of the drawings, the specification and the

M ollowing ¢ a?PnS%QE%/%‘gg%?fﬁmf%%g%aé%#;?%B AHANG &ﬂﬁ%&?ﬁ@?’@%m
comprising: X capacitive DACs that are.connected together in series,
wherein X is an ?rﬁeggelfc ghr%sa Elrefﬁ%q\ofﬁé ,agﬁgt\%ﬁ%é%agééh%foﬁid X
capacitive DACs g%mgﬁgpm.switches wherein M is an integer greater
than one; © ’

MCSLLP

a signal output; and
M capacitances that communicate with said M switches,
respecuvely, and that have first and second ends and substantialiy equal capacitance

values,

wherein said M switches selectively connect said first ends of said

M capacitances to said signal output, and

wherein said M switches connect said second end of a selected
one of said M capacitances to said signal input when said second ends of non-selected

ones of said M capaci_t;ances are not connected to said signal input; and

a first DAC that has a signal output that communicates with said signal

input of one of said X capacitive DACs.
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a signal input; a signal output; and M capacitances that communicate with

said M switches, respectively, and that have first and second ends and
substantially equal capacitance values, wherein said M switches MCSLLP
selectively connect said first ends of said M capacitances to said signal

output, and wherein said M switches connect said second end of a

selected ope id M capacitances to said signal input when said
secénd en?&%%r%ﬁg‘fgﬁg‘ﬂ% SO SHIH N B&pacitances are not
connected to said signal input; and a first DAC that has a signal output
that. comnﬁh?&%&%%\ﬂﬁ??ﬁ%@d%‘ft iﬁ‘éj%%%lto said X capacitive

DACs, 40 g%s P.2. The DAC of Claim 1 further compri sing: an .
amplitior hAIRRFBFFInERRERHEPSE, SUteR i IR AR g seid outpu
communicates with said input and said output of said amplifier, wherein
s%ﬁg%‘rﬁr%ﬁ f said M capacitances of another one of said X capacitive

DACs communicates. ith a reference.patential during a first phase of said .
oo ond B o B A R e AnBer S oF Shia
amplifier selectively communicates with. said first ends of said IV .
R B A P AT A5 g8 PRV ISR @ Hrst phase of sid
another one of said X capacitive DACs, and ‘

wherein said input of said amplifier selectively communicates with said

first ends of said M capacitances of said another one of said X capacitive DACs

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

3. The DAC of Claim 1 further comprising:

an amplifier having an input and an output,

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

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

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

said second phase of said another one of said X capacitive DACs.
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during a second phase of said another one of said X capacitive DACs. 3.
The DAC of Claim 1 further comprising: an amplifier having an input and
an output, wherein said first ends of said M capacitances of another one
of said X capacitive DACs communicate with a reference potential during
a first phase of said another one of said X capacitive DACs, wherein said
input of said amplifier selectively communicates wijth said first ends of.

v oA AS b ST A S B DA U D ACE Sive DACs
d ring, a.second phase of sai(ilanother one of said X capacitive DACs,
a‘lﬁ?]e{/vﬁle e} %%iléﬁgégro%lgaéﬁrdt Bt &4 of said M capacitances of said

another one of said X capacitive DACs communicate with said output of

said amplifier during said second phase of said another one of said X
capacitive RACs, 41 M LP 4. The DAC of Claim | wherei id first

DA 'comp%sﬁ\gsif‘rés?sfi\%_aﬁ%\éswv}\}ﬁlée 8inatY1f>sa§;1tnC?ﬂ?e8 Pﬁ@aﬁﬁﬁéﬂve DACs
zero. IE§J.S;:I'Sr_1e DAC of Claim 4 wherein at least one of said Y_ resistive DACs
comBrlses‘: a signal output; N resistances connected in series between

said voltage refeancte atnd said reference potential; N nodes between

select ones'ot €4id N Pesistances and said reference potential; and

MCSLLP

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 signal output of said one

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

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

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

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

DAC of Claim 1.
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N second switches that selectively connect said signal output of said one

of said Y resistive DACs to one of said N nodes. 6. The DAC of Claim 1

further comprising a control module that selectively generates switching

signals to control said X capacitive DACs and said first DAC_. 7 A MCSLLP
successive approximation analog-to-digital converter comprising the DAC

of Claim 1. 42 MCSLLP 8. The successive approximation o
analag to-di el NS BTN QrARBE B EIAG Y SRpRGim 7
h@lymxagug‘%%ithat selectively communicates with one of said X

ng. . . . .
capacitive s;ga successive approximation module that communicates

with an output of said amplifier; a decading module that communicates
with an outpaﬁlt abl?ggl rs%%\gggs?\l}emgﬁgr %,%g%ﬁ’ ERUTRECRigE with one of

S t witching signals for said X capacitive DACs and
TR

said first BAC of Claim 1 wherein said first DAC F:pmprises a
capacitive D The DAC of Claim hegreln said capacitive DAC
comprises: g%s%%éas iaﬁ% 3 %)ng%lrﬂﬁigqur% \@l/‘?r'l: aéﬁclﬁ%‘lugf%eénwdﬁ’tﬁﬂtoﬂﬁﬁ?t of
com ieaies with said signal output; M second capacitances connected

in parallel and’having first ends and

a decoding module that communicates with an output of said successive
approximation module and that selectively generates switching signals for said X

capacitive DACs and said first DAC.

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

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

a signal output; |

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

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

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

second capacitances to one of said voltage reference and said reference potential
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second ends, wherein said first ends selectively communicate with a

reference potential during a first phase of said capacitive DAC and

wherein said first ends selectively communicate with said input of said .
amplifier during a second phase of said capacitive DAC; and M second MCSLLP
switches that selectively connect said second ends of said M second
capacitances to one of said voltage reference and said reference potential

43 F;JIC?L P during said first phase of z;'#(é:ca citive DAAC,a d that :
ST R, TR Satt B PR 51 AT N RecB SR aBeet said
said putput during said second phase of said capacitive DAC. 11. A

T S G T e S50 oM e A B g phase f
Kol ge%tiqgvg(]g%[aacitive DACs in series and wherein X is an integer
grea r%an‘one, wherein each of said X capacitive DACs comprise M
capacitances that have first and second ends and substantially equal
capacitance values; selectively connecting said first ends of said M
capacitanges 1a saig signal output: connecting said se o%ﬁ# ofa . .
selected one o%said ﬁl gipa]g}f’ance%1 0 é’a%fagéqﬁ&%‘i‘i%%ﬁ%f Z\n Sigl PHSInE:
second e%Gﬁr%fcﬁgg -§@| %gglt?%e?x&éélqnl\ﬂsgﬁgsa %%ngﬁ’\se Cgl'el g?itsﬂ an integcr

connected to said Signal input; and connecting a signal output o rst

grea%gxatﬁ) §@éd wighahinpy ok eng &f é@gc%ﬁ@@zg@y%%%% 5% capacitances that
have first and second ends and substantiall y equal capacitance values;

selectively connecting said first ends of said M capacitances to said signal
output;

connecting said second end of a selected one of said M capacitances to
said signal input when said second ends of non-selected ones of said M capacitances are
not connected to said signal input; and

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

said X capacitive DACs.
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MCSLL.P 12. The method of Claim 11 further comprising: providing an

amplifier having an input and an output and a feedback capacitance that
communicates with said input and said output of said amplifier; i
connecting said first ends of said M capacitances of another one of said X MCSLLP
capacitive DACs with a reference potential during a first phase of said

another ong,of sai capacitive DACs; and selectively connecting said

input of sai?%rﬁ%ﬁ#éﬁfﬁ%%%& E?Hcéeafgg?anm%pacitances of said

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

another on8'8 *s%fbgﬁ I&a%gghﬁl;%r B{&}‘}le@? ?ﬂ%%@’ﬁﬁioanof)a%ﬂnaﬁ? a feedback
further. compyising: providing an.amplifier having an input and an output; ‘

o R e LA U ke R i o e
one of said )é %%%?cnl\égig)ﬁCs wi h)(zafcr%%ﬂf)%r i \gg H%%tégg%!e d rlng % ;lg%te of said X

phase of said Another DRe By SA

connectin id inpyt of said amplifier with said first ends of said M

T S R R B R RS R ol gpthes one o

secg?gc %)hast?vgfﬁgi&agg her one of said X capacitive DACs; and :
ve

selec 9a€(1)nnect|ng sald second ends of said of said M capacitances of

said another one of, said X capacitive DACs communjcate with said output
of said amf)eillolggv uIanCé) ' tlsﬁ)gcsc%% 16R3%8%§F§Eﬁj"§r’x§{ P Spshfgde of said

C@sz%g\c/l agég%fdégiﬁ/l e%%gﬁléf one of said X capacitive DACs during a second phase

of said another one of said X capacitive DACs.

13. The method of Claim 11 further comprising;

providing an amplifier having an input and an output;

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

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

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

amplifier during said second phase of said another one of said X capacitive DACs.
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14. The method of Claim 11 wherein said first DAC comprises Y resistive

DACs wherein Y is an integer greater than zero. 15. The method of Claim

11 further comprising selectively generating switching signals to control

said X capacitive DACs and said first DAC. 16. The method of Claim 11 MCSLLP
further comprising using said X capacitive DACs to successively

appr élmgf@n an?hog mfp& rgnia{ 17}81%-\% Ein%xéhp rst {)c/ilélrcr:]o]rhlpl\rlivshe%r%}nres1st1ve

said first comprises a capacmve

DACs wherein Y is an integer greater than zero.

15. The method of Claim 11 further comprising selectively generating

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

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

to successively approximate an analog input signal.

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

DAC.
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