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 anaiog to digital
(AID) converters, and more particularly to capacitive and/or resistive D/A
and A/D converters- RAGKEROLND G T INVENTHON [0003] Digital
to analog (D/A) copverters tantns|ugde a@ys ok Tapacitors that are
selectively switched to convert a digital signal to an analog counterpart.
However, mismatch between capacitors may cause the D/.A converter to
be non-mdrRfonie-ReRbtahiCity TR RBLCOIYSfELMBENOat as the
digital input to the converter increases over a full-scale range, the analog
outplfiféver exhsbitgrPikaiiense BEifedhondedriViersion step dngesional
subsequent conversion step. In other words, the siope of the transfer
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Referring now to .Fl Iﬁﬁra D/A converter 10 is shown, The D/A converter

he{ﬁr?nb il (faesr%ng?ng]rilscgpa&%r array 14, switches 16 and 18, ac

operational amplifier (opamp) 20, and a capacitor C; in a feedback
arrangement with the opamp 20. Each of the capacitors in the array 14

have different values. F|ELD OF THE INVENTION
[0002] The present invention relates to digital to analog (D/A) and

analog to digital (A/D) converters, and more particularly to capacitive and/or

resistive D/A and A/D converters.

BACKGROUND OF THE INVENTION

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



More particularly, each capacitor in the array 14 is twice the value of the
preceding capacitor. Switches SW selectively switch the capacitors in the
array 14 between a voltage reference and a reference potential such as
ground. [0005] In use, the D/A converter 10 has sampling and integration
stages. In the sampling stage, the switch 16 closes and selective ones of
the capacitors are charged to the voltage reference as determined by the
switches. In the integrating phase, the switch 16 is opened and the
analog output is_generated. For example, a four bit array may close a first
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FIG. 2, a D/A converter 50 including a linear capacitor array 54 is shown.
dthgdinean capasitopimayibddnchedewitii- 1 6cajpaeiions dhatlartiselentivaly the
switched between a voltage reference and 2 reference potential such as
aepantiohile thelgesaiochraebeeeragio®nce as determined by the switches.
in the integrating phase, the switch 16 is opened and the analog output is
generated. For example, a four bit array may close a first or most significant bit
(MSB) switch and a least significant bit (LSB) switch to represent 9/16 of a
voltage reference.

[0006] Referring now to FIG. 1B, a non-monotonic output of a D/A
converter is shown. For example, the analog output exhibits a decrease from
one conversion step to the subsequent conversion step as shown at in FIG. 1B at
44. The non-monotonic output may be due to capacitor mismatch. For example,
the capacitor 2¥'C may be different than 2M2C+2V3C + ... + 2C + C. Ideally, 2
ic— (2¥2c+2VPC + ... + 2C +C) = C. In other words, the difference between the
MSB capacitor and the rest of the capacitors shouid be equal to a smaliest or
LSB capacitor

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

capacitor array 54 is shown. The linear capacitor array 54 includes 281

capacitors that are selectively switched between a voltage reference and



inherently monotonic, the number of switches required grows
exponentially with the bit resolution. For example, a 16-bit digital to
analog converter includes 2'6-1 pairs of switches, which may be
impractical, SUMMARY OF THE INVENTION [0008] A digital-to-analog
converter (DAC) comprises a capacitive DAC that comprises N first
capacitances that are connected in parallel and that have first ends and
second ends, wherein N is an integer greater than one, and N first
switches that selectively connect a selected one of the second ends of the
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substantially. equal. A second D >.C municates with the commo 16
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p(%?}gvgggwc%esa [(gtr] o Bgi a.digital signal to an analog signal and

that comprises N first capacitance means for providing capacitance that
are connected in parallel and that have first ends and second ends,
wherein N is an integer greater than one and N first switching means for

selectively connecting gue/efAle soeond cemdsoi thenN first capacitance
means to a common node and others of the second ends to one of a

voltaggopogintiahatidiairefereaiog poterdistr Capagitancerisadue safdbisid DAC
first capacitance means are substantially equal. Second 3 converting
insarropnsesth! digigiabsiiisaces dhatreiloFeigisatehdntharaliel and that have

communicates with the common node. ) _
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 secondA 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 node.

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

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



[0090] 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; selectively connecting others of the
second ends to one of a voltage potential and a reference potential; and
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selectively connect'the second ends of the N capacitances to the volt
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to the output of the amplifier during a second phase, and others of the
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reference potential during the second phase. A second stage
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first phase is a sampling phase and the second phase is a residue
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reference potential, and connecting a second DAC to the common node.

[0011] A pipelined analog-to-digital converter (ADC) comprises a first
stage that receives an input voltage signal and that 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 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 connected to the reference potential
during the second e When the i |n ut volta e is betweea the second
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(ADC) comprises first stage means for receiving an input voltage signal

dAnskthatcemplisescanyattingpmneansder cpavaringsignals thapinsldess is
amplifying means for amplifying and having an input and an output; N

conpacitance mieansdigrderondtingncapattitance;otht irareorvectatditances is
parallel and that include first ends that selectively communicate with the
doputcad sedbadbetms; ainthel awitthingameanibdor clelbetiVebaponitwutiryg are
the second ends of the N capacitance means to the voltage input during a
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output of the amplifier during a secondophase and others ofthe 5
voltage is between the second ratio and a third ratio a sum of the first, the

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

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

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



second 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
mean$ conne?t Héeﬂrst of the N capacitances to the output of the
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of the N capacitances to the reference potential during the sec phase.
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sum of the first, the second and a third of the N capacitances divided by a
setweazfitze sapaciancesy thieaNirswifahingiroepasieorBe st anshm of
the second of the N capacitances to the voltage reference, the third of the
NeaPaciepacianoshe hiapht giwiiehamgplifieersndootierstofihe ivst of the N
capacitances to the reference potential during the second phase. [0015]
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@%gg}gﬁ% 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 ampilifier 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 @ sum of the first, the second and a
third of the N capacitances divided by a sum of the N capacitances, the N
switching means connect the first and the second of the N capacitances to the
voltage reference, the third of the N capacitances to the output of the amplifier
and others of the N capacitances to the reference potential during the second
phase.

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

the first stage receives a voltage input and includes a capacitive ADC inciuding 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 capacitances to an amplifier input; and connecting an

amplifier output to.the second stage. [0016] In other features, the first
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when the input voltage is between zero and a first ratio of afirst of t
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comprises selectively connecting the first of the N capacitances to the
a Volirgge retdeenses thinseeondfeféhed\ sapacikanaasig thecowpstef hease;
amplifier and others of the N capacitances to the reference potential
selaningthesececdhphasdinathendthefinpetN atageits hetweea therfipsfisatioput;
and a second ratio of a sum of the first and a second of the N
apasatitactes aividag berosipyioptheenceapaditanees. The method further
comprises selectively connecting the first and the second of the N
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the output of the amnplifier and gthers of the N capacitances to the ,
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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



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 in series and wherein X is an integer
greater than one. Each of the X capacitive DACs comprise M switches
wherein M is an integer greater than one; a signal input; a signal output;
and M capacitances that communicate with the M switches, respectively,

and that have first and second _.ends and substantially equal capacitance
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apacitances to the signal output. The M switches connect the second
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and the output of the amplifier. The first ends of the M capacitances o
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during a first phase of the another one of the X DACs. The input of the
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capacitances of the another one of the X DACs during a second phase of
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phase of the another one of the X DACs, The _
connect the first ends of the M capacitances to the signal output. The M

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

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

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



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 another one of the

Y DACs. The first DAC comprises Y resistive DACs wherein Y is an

integer greater than zero. [0020] In other features, at least one of the Y

resistive DACs comprises a signal output; N resistances connected in
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nodes between select ones of the N resistances and the reference
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output of the one of the Y resistive DACs to one of the N nodes. A control
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an output of the amplifier. A decoding module communicates wit
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switching signals for the X capacitive DACs and the first DAC. [0022] In
otbddhfeatires)thefitsh RACCompprisbstaveapagitig BAES of the N resistances
and the reference potential; and N second switches that selectively connect the
signal output of the one of the Y resistive DACs to one of the N nodes. A control
module selectively generates switching signais to control the X capacitive DACs
and the first DAC.

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

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

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



T he 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 paraliel 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 ends selectively
communicate with the input of the amplifier during a second phase of the
capacitive DAC. M second switches selectively connect the second ends
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the X capacitive converting means comprise M switching means for
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capacitance values. The M switching means selectively connect the first
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means connect the second end of a selected one of the M capacitance
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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 converting means
converts a digital signal to an analog signal and has a signal output that
communicates with the signal input of one of the X capacitive converting means.
[0024] In other features, amplifying means for amplifying and has an

input and an output. Feedback capacitance means provides capacitance and

communicates with the input and the output of the amplifying means. The first
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[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 another one of the X
converting means communicates with a reference potential during a first
phase of the another one of the X converting means. The input of the
amplifying means selectively communicates with the first ends of the M
capacitance means of the another one of the X converting means during
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second ends of the M capacitance means of the another one of th
esnvatiitgriaeass communicate with the output of the amplifying means
during the second phase of the another one of the X converting means.

The firffi@AC comptisesidatesistiverpiifivating:means fomnoAvertng an input
digital signal to an analog signal and wherein Y is an integer greater than
2Bf02007E N dttrefifehainiss Ohtledst oarecitanee mesistivel conttestinge of the

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

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

resistance means and the reference potential. N second switching means
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means 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 li selectively connect the signal output of the one of the Y resistive
converting means to one of the N nodes. Control means selectively
generates switching signals to control the X capacitive converting means
and the first DAC. [0027] In other features, a successive approximation

SaIRAIOH: to-ERFIRAC A ST oPhIEe S tHBDATS PhdKuctessivéve converting

approximation %nalo -to-digital converter comprises amplifying means for

By HREhAING At (TS BN, SR FC ARt ORY 5hing
e Ganasing BACS std approiation meahefor successie

proximating an ommunicates w

mean, Pgoding peans.comrIunGalEs it an oUipULof e stggessive

appro on module for selectively generating ching signals

SriRPAG e PAGS and thedrstRAGIQQZR1E aMeEigalES ’éngjg%{l@—digital

DAC comprises a capacitive converting means for converting a dig

IEVEhED 2BrARARGE ek HRe ntanacibe £APNEIHE EME NS FMPTISESLA that
signal output and amplifying means for amplifying and having an input

saetanedy guuh thahicatesnwiticates wiithéhe signaditostpAOY seeaishroximation
capacitance means provides capacitance and is connected in parallel and
hasfiFsice rrisegrbiveceparexiastmngedirgt tat sorloutivietesonitmuanicatgput of
with a reference potential during a first phase of the capacitive

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

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

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

to one of the voltage reference and the reference potential during the first phase
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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 of the capacitive DAG and
selectively connect the second ends of the M second capacitance means
to the output during the second phase of the capacitive DAC. [0029] A

R R R AT, TS e
herei f th itive DAC ise M

S 0 S LS ORISR onc

capaciigsg Valge%gﬂggtlﬁlyo%%pgﬁﬁﬁng .tg%[%?tt%ng% c@%:‘]c?%'\g\éerter (DAC)

capacitances to the signal output; confiectingthe secon

ssiastedonsphe Y Xcé’%?éﬁéﬁﬁ@é;%/-t\@@ﬁ\ slgpakinput,andgonnecting ifteger

signal output of a first DAC to the signal input of one of the X capacitive

dédisr [0020] bnethamisaitresadhe Bretned SONRRASEHRIONAIRG b mprise M
amplifier having an input and an output and a feedback capacitance that
capanitznicetesthaithithesinfiuttanshthe udpnit ofdhesaraptifiesu Bharmatpod qual
comprises connecting the first ends of the M capacitances of another one
eARACIXIDACSWEE selrstérelicopotaiial theriivgteefinst phtase\bttimacitances to
another one of the X DACs, The method comprises selectively

ErniRieirlg PP RSTRE RS Stfe SRERTS fiffideRtioptiReid one of the M

capacitances of the another one of the X DACs during a second phase of
ﬁ’?é)%ﬂaﬂ%?s’&?et BiRIGRAIREEL and connecting a signal output of a first DAC to

the signal input of one of the X capacitive DACs.

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

connecting the input of the amplifier with the first ends of the M

capacitances of the another one of the X 13 DACs during a second phase

of the another one of the X DACs; and selectively connecting the second
ends of the of the M capacitances of the another one of the X DACs
e6mpntinitie Fitkane phgsat Of ttie 2mmpiitiepderifgthesBédind phaseloftively
the another one of the X DACs. [00321?2 other features, the first DAC
CMRBALRS Y7e3RARRS AES OlhEreitieidhramegerngreatditisaanaier one of

he method comprises selectively generating switching signals to control
&% X %géitm@gﬁﬁd% fifs SREYTRE hetRBWP ks SisEg ulhiRgsecond

the X iti ACs t i imat logi t

O P SRS RDECE D AGpactive DAC, [0033] Further areas of
applicafHity-of t ' ion. will: apparent from the .

ot e B arei e, SontcEE H AdSraiobe FASr@ACS
detailad dercrptipnped §P@£Hictﬁéﬁm:®r%% while mgéﬁaﬂn&ﬁgﬁié’égf%g% fively

embodiment of the invention, are intended for purposes of illustration on

gedainotiniendes dphiant thestapees theipamian DBREENJ the first DAC.
DESCRIPTION OF THE DRAWINGS [0034] The present invention will

Béeome imorediulfyiseslesstgddd s ma the itetaidecdtdasasipiies s\t proximate
accompanying drawings, wherein:
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

ilustration only and are not intended fo 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



[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 of a capacitive-resistive D/A converter in exemplary
configurations; [0039] FIG. 4A illustrates the D/A converter of FIG. 3B
during a sampling phase for a first digital value; [0040] FIG. 4B illustrates
the D/A converter of FIG. 3B during an integrating phase for a first digital
value;[[05¥1] FIB ¢ ablexsmplapjizatiseiisiefdicthefcrotipot G188 stive

42] FIG. 4D is an exemplary truth table for the circuit of FIG. 3C;
}{Mﬁépﬂmﬁﬁe@ﬂlﬁéﬁﬁf@?fﬁ@ MORBHREer of FIG. 3B during a sampling
phase for a se [0044] EIG. 6 illustrates the D/A

convet3st FIG% % 'Lt??rlfg%l%%ﬁ%%h% Mﬁsé%}\’érﬂeﬁ digit4 valgeduring a

004Er] Gh 7l srtr ggt e P/'A onverter of FIG. 3B during a sampling
% geq%lpaaf%ur& algltatl valle [?C}Hie] FIG. 8A is an electrical schematic

Ofaca[gﬁﬁ'«gk‘f’e GaRaciiue R’ﬁr&%’%"‘?@er pROTGERLBR IS Al elegtrial ng an

schematic of a capacitive-capacitive
integrating phase for a first digital value;

[0041] FIG. 4Cis 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 converier of FiG. 8B during a
sampling. phase for a first digital value;

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

integrating phase for a first digital value;
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converter in a sample and integrate configuration; [0048] FIG. 8C
illustrates the D/A converter of FIG. 8B during a sampling. phase for a
first digital value; [0049] FIG. 8D illustrates the D/A converter of FIG. 8B
during an integrating phase for a first digital value; 15 [0050] FIG. 8E
illustrates the D/A converter of FIG. 8B during a sampling phase for a
second digital value; [0051] FIG. 8F illustrates the D/A converter of FIG.
8B during a sampling phase for a third digital value; [0052] FIG. 8G

fourth O valu LS [00Rs I i e R g A during 2
EQ%I{?@ é‘ﬁgﬁ%}if@ gggcgngq;@@g\g]g es for LSB and MSB portions;
0054] FIG. [

81 is an exemplary timing diagram showing sampling and

integraf ﬂhasﬁl%fprBLFSﬁl@é’{%M§B{PQ”ﬁ9ﬁS;Mg}]tgrleo@%ﬁiép?g%g furing 2

exemplary truth table for the D/A converter of FIG, BB; [0056
Hiistratesora N-glagergapaigitve Blfsconverter; [0057] FIG. 98 illustrates

~an N-stage capacitive-resistive D/A converter; [0058] FIG. 9C is an

exempjaosaingdiagsamisheveing nem: Q/erapRgrEaMi@NAE during a
integrating phases for additional stages;
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;

[00655] FIG. 8J is an exemplary truth table for the D/A converter of FIG.

8B,

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

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

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

[0059] FIG. 9D is an exemplary timing diagram showing overlapping

sampling and integrating phases for additional stages;

[0060] FIG. 10 is an electrical schematic of a successive approximation

A/D converter according to the present invention;

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

according to the present invention;
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[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; 16 [0062] FIG. 11B-1ID illustrate ideal and non-ideal residue
voltages; [0063] FIG. 12A illustrates an A/D converter that generates an
ideal residue voltage accordin? to the present invention; L0064] FIG. 12B
lustralBQTAE AID GotBribHof RS 2128 e LESBBing Sphessus (00BS IS
12C illustrates the AID converter of FIG. 12A in a residue amplification

stage 1P Hrst Vditagbanple SRS [8068]F1e9nYsDas Hivkrehpalsstamideal

'tggil ufé)%r!l%a A/DCcon %rt%%elzl%sé%@é Eg)%g%] FIG. 13 illustrates the A/D

converteror HG C12R P aresidte ampﬁ Al H’stage for a second

voltag dﬁgg vaI!glfa?'J [q e Aé styate AID rter of FIG. .

12A in?a res#due ampli |calt!§on sf%ggl] %oﬂ@hﬁsipﬁ%ﬁ%é?ﬁﬁt \%Iﬁé? mggg]p!mg
s&5 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

variablppgsystagecgairen@itates 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. 12A;

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

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

[0068] 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;

[0672] FIG. 17B is a functional block diagram of a digital versatile disk
(DVDy;

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

television;
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ideal residue voltage of the circuit of FIG. 12A; [0071] FIG. 17Ais a
functional block diagram of a hard disk drive; [0072] F;G. 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 [00741
FIG. 17D is a functional block diagram of a vehicle control system; [0075]
FIG. 17E is a functional block diagram of a cellular phone; [0076] FIG.
17F is a functional block diagram of a set top box; and [0077] FIG. 17G is
a functional block diagram of a media player. DETAILED DESCRIPTION
OF THEPREFERRED/EMBGDIMENTS [(078] Thecfeliowing destiiptiarontrol
of the preferred embodiment(s) is merely exemplary in nature and is in no
Wﬁ ftended to limit the invention, its application, or uses. For purposes
ence_numbers will be used in the drawings to

f clar
%ecnﬂfﬁs% R AR e RIoRK SRR Sl e BT or

d t t f d Ci t ASIC
cloc ot Rt Nprote coor (ATals dher s 8Py 'aéfsm)hww
that expe#igone-qs mave g@a{vﬁ@@agr%\w&{% AT, 3, campinotonal

logic circuit, ‘and/or other suitable components t rovi en}ﬁe dR&trhed
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

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0078]  The foliowing 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 clarity, the same reference numbers will be
used in the drawings to identify similar elements. As used herein, the term
module, circuit and/or device refers to an Application Specific integrated Circuit
(ASIC), an electronic circuit, @ processor (shared, dedicated, or group) and
memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide the
described functionality. As used herein, the phrase at least one of A, B, and C
should be construed to mean a logical (A or B ar C), using a non-exclusive
iogicai or. It shouid be understood that steps within a method may be executed
in different order without altering the principles of the present invention.

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

is shown in FIGs. 3A-3C. Skilled artisans will appreciate that N can be set to
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iogicai 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 313, 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 18 other numbers of bits. Various types of output circuits
102 may be used. Additional connections 104, which may or may not be

' ions, d dependi he function that |
e S R 8 e SR oOna e Bhdion 1 SErplee wsed

AashiBleAale RN AIONANGIRENS, Pl & DAC 10002 s shown w2

sample and hold configuration. [0080] In this example. the fwo most "ons: may

siondieaaLbis dNSashare AH0calsH 0.4 ORACING PRIPO.LIOAN G o5

two least significant bits (LSBs) are allocated to a resistive port

tihe Bguresthaisfelown thecapagiiorat wibBeehewimuiagioiieddinesie. ¢,
indicate both sample and hold and sample and integrate configurations.

JaDRT] Thie Zapabitive ittt plinshlesidapaditisih. C2, C3 and C4.

In the preferred embodiment, the capacitors C1, C2, C3 and C4 have a
substdfPAR] equal trpaeiammevalbe. The capatitsinifiegnhabiess (MSBs) are
substantially the same capacitance value, in other words 01= C2 = C3 =
TR IP e FEsGibEP Hiftie HelBnd the tupderstsigrifisalectitely SBs) are

S itclle by switches SW4AMSe, SW3MSB. SW2MS6, and SW1MSB
(lGaLTR IR, SARCRRE SR batReend FoRAge. fetdnehdalipw: the capacitor C:

IsfesRngRRRIsntiakareh Asaround;and 3 cpmmon node 130

old and sample and

integrate configurations.

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

[0082]  The resistive portion 110 includes resistors R4, R., Rs; and Ra.
In the preferred embodiment, the resistors R4, Rz, R; and R, have a substantially
equal resistance value. The resistors may have the same resistance value, in
other words Ry = Ry = Rz = 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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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. The resistors may have the same
resistance value, in other words R1 = R2 = R3 = R4. As will be described
further below, the resistors are connected in series between V,ef and a
reference potential such as ground. 19 A node between the resistors is
selected by switches SWALSB, SW3LSa, SW2LSB, and SW1L5B
AR RN SKTitEH SSHRILT S i SEORFIEELEYY t6 WHERGSPNON 130 §OVEBE:. t6W 2Lss,
create a voltage divider. \%9083 The sample and integrate circuit was

SV 6OV e Wi SO coritiiatis tHe SerbeerRee 120

of the cagz\i,g‘ %ncecsvciid C2, C3 and C4 are switched to the output of the

tgrrclﬁ Feer durlnggﬁm'se(%'nd phase of the capacitive portion 110. The

reechiffaraciancenimanbe uiiel. BOR RELHTa N bR

D/A"converter o IS shown during a Sampling h%g%\’%r An the

st diouabvale &%%&_Lrﬁ%i&iﬁ"Yhéh@eaﬁﬂ&*b%%ésoflc%egzgﬁ'%‘én%‘ﬁ%g Bie, o

opened and the capacitors C2, C3 and C4 are switched by respective

sMdtchesdainereierence peteatial twaishpiaePe gy The GaRASKRNof the

Ci is connected to the common node. The capacitive portion 110 will be in
thisactiviigwaion WitenThe desibeckinancitatueis hetvasnHARR@Nd

0011. One of the resistive switches SW4LSB, SW3L5B, SW2LSB, and
SWILS80®4d|0sddeierdrgantew inofthsgieddivither Dthersxaimpté SHOVABIE shown

FIG. 4A, the switch SWALSB is closed to provide 4 Vrsc. A charge is
QEEﬂ%alﬁ?éHRUﬁ‘QHéh@éﬁééﬁcﬁ et ghigital value (0011). Initially, the switch 16 is

closed, the switch 18 is opened and the capacitors Cz, 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 SWaisg, SWaLss, SWaiss, and SWq g is closed to

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

. 3 .
closed to provide -4—me. A charge is accumulated on the capacitor C; that is

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

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

changing the position of the switches 16 and 18:
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equal to I'p,,cC, , where V~AC is the voltage provided by the resistive
portion 120. [0085] Referring now to FIG. 4B, the DJA converter of FIG.
3B is shown during an integrating phase for the first digital value (0011).
In this phase, the switch 16 is opened, the switch 18 is closed and the
voltage value is applied to the amplifier 20. Using a charge equalization
approach, the total charge before changing the position of the switches
16 and 18 is equal to the total charge after changing the position of the
switches 16 and 18: 20 -T = ~'CJ = VIDACC1' V=V C, xDec C The value
of Of can be set equal to C;, €27¢% and G4 6r:be used to scale the
output voltage and not be equal to Cs,€2, C3 and C4. In the example
above, f@DAC As can be adﬁr‘e&ate'%ﬁhe value can also be adjusted to
V~Ar =O,V~Ar _ 1lorJ 4 _ -V~ by selectihg the switch SWfLss, SW2LSS or

W3~ _sd, respectively. Scaling can.be performe adjysting the value
@eo*r“?“‘e“ra%\/é’ft&%?,\%z?gsﬁﬁg (%4?Por’éxa’rﬁﬁrég i%foﬁ B4 USed tp gaale the

e r \ixef pather than 0,to.near 4 Vref in
B B R e O 5 STt b o gt oove,
exemplary converter of FIG. 3B is shown. In this example, Of is equal to
G, C2, C3 and L AtMuGPaiReRiRIuddtaiale used felsscalingidjusted to
Referring now to FIG. 4D, a truth table for the exemplary converter of
FIG. 3C is shown. [0087] Refefring now to FIG. 5, the D/A converter of
BiG: 3@,;§ﬁhw,4,orVMAc =§me by selecting the switch SWy s, SWy sg OF

SWaLss, respectively. Scaling can be performed by adjusting the value of C;
relative to C4, Cy, Cz and C4. For example, if Cf = Cs + C, + C3 + Cy, then the
output ranges 0 to near Ve rather than 0 to near 4 Vi in this example.

[0086] Referring now to FIG. 4C, a truth table for the exemplary
converter of FIG. 3B is shown. In this example, C; is equal to Cy, Cp, C3 and C,
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 vaiue (0111). Initially, the switch
16 is closed, the switch 18 is opened and the capacitors C; and C, are switched
by respective switches to the reference potential, which may be ground. The
capacitor C, is connected to the common node 130 and the capacitor Cy is
connected to Ve The capacitive portion 110 will be in this configuration when
the desired binary value is between 0100 and 0111. One of the resistive
switches SWaiss, SWass, SWase, and SWqisg 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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during an integrating phase for a second digital value (0111). Initially, the
switch 16 is closed, the switch 18 is opened and the capacitors C3 and
C4 are switched by respective switches to the reference potential, which
may be ground. The capacitor C2 is connected to the common node 130
and the capacitor C1 is connected to Vref. The capacitive portion 110 will
be in this configuration when the desired binary value is between 0100
and 0111. One of the resistive switches SW4Lss, SW3LSB, SW2LSB,
and SWlLse is closed to create a voltage divider. In the example shown

Zi FIG 45 cthecavitch SWhusids desed tespimvide @livelsAghargs is, ¢
4accumulated on the capacitor C2 that is equal to V..AC.C" where VoAETs
the voltage provided by the resistive portion. A charge is also

WhGEEnTltatedf SR APHEREr REOHEE RY INECeSi50B8] Ivtiviy ak infjestiigalso
phase for the second digital value (0111). the switch 16 is opened, the

aswitchia8 elosephaitc the soltaide VaJug .is applied to the amplifier 20.
Using a charge equalization approach, the total charge before changing

the pqsitiss] of theswytahastdGranddgl 8rawais testhedotal ShHRE0oAIET0111).
changing the position of the switches 16 and 18: QT = VCf = VWACC2 +
thefswitc RO ACHRHY;Chef ThidchallieiotOredrabe $et eojtsddo/8leGRafidied
and C4 or be used to scale the output voltage and not be equal to C1,
te2heramlies. 3PCr, \Ghand Ghaiaettrsiusdandiov aYp@avh, 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:

O =VC, =V G, + Ve G

V= VRDAC—CLH/ —Cl

ref "
< <,
The value of Cs can be set equal to C4, C,, C; and C4 or be used to scale the

output voltage and not be equal to C4, Cy, C;3 and C4. If Cs, Cq and C; are the

same, V=V, +V,,.

[0089] Referring now to FIG. 6, the D/A converter of FIG. 3B is shown
during an integrating phase for a third digital value (1011). Initially, the switch 16
is closed, the switch 18 is opened and the capacitor C4 is switched by a
respective switch to the reference potential, which may be ground. The capacitor
Cs is connected to the common node 130 and the capacitors C4 and C, are
connected to Veer. The capacitive portion 110 will be in this configuration when
the desired binary value is between 1000 and 1011. One of the resistive
switches SWaiss, SWaLss, SWngB, and SWi s is closed to create a voltage
divider. In the example shown in FIG. 6, the switch SWa_ss is closed to provide

22



[0089] Referring now to FIG. 6, the D/A converter of FIG, 3B is shown
during an integrating phase for a third digital value (1011). Initially, the
switch 16 is closed, the switch 18 is opened and the capacitor C4 is
switched by a respective switch to the reference potential, which may be
ground. The capacitor C3 is connected to the common node 130 and the
capacitors C, and C2 are connected to V,er. The capacitive portion 110
will be in this configuration when the desired binary value is between
éOOO and 1011. One of the resistive switches SW4LSB, SW3LSB,

oL 1 ) vider,
Bximpie o In F1e B he St Lo RS clgsoi o oy 52 (e
A charge is accumulated on the capacitor C3 that is equal to LP~ACCS3,
WHSEe KraAr it tHievenirpe prevititas b HbaasisititiesporiitnnA éhatgeds is also
also accumulated on capacitors C1 and C2 that is equal toV,(C,+C2).
40090l granaptegratinty pnaise fondhi thirchigital value(§011). the
switch 16 is opened, the switch 18 is closed and the voltage value is
appliegododhe ampltier=20indsipgmshanasceaaliratan ARRIRACIE (1011).
total charge before changing the position of the switches 16 and 18 is
tequaltethestetaipehadgerafiawictianging die gositionef fog smitehes 18 appiied
and 18: OJ. =VC f = VirDACo3 +i;Ir (Cl + C2); V- VRJIJAC C3 +V C1 +
©Ztherearadiifine Qalueldfity caniveget empmEizoiG], BprédmnthE4anbenarge
used to scale the output voltage and not be equal to 01, C2, C3 and C4. If
@fcpje eEpaR T srpsiion of the switches 16 and 18 is equal to the total

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

Or =VC; =VipyeCy +V,.(C + C,);

C C+C
14 =VRDAC““%‘+V@_I—“2“~
Cf Cf

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

same, V =V, +2V,.

[0081]  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 C, is connected to the
common node 130 and the capacitors C4, C, and C; are connected to Viee. The
capacitive portion 110 will be in this configuration when the desired binary value
is between 1100 and 1111. One of the resistive switches SWass, SWaiigg,

SWo ss, and SWyiss is closed to create a voltage divider. In the example shown

in FIG. 7, the switch SWy_sp is closed to provide %me. A charge is accumulated
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same, V=T7ADc+2T7 ref' [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 configuration when the desired binary value is between
1100 and 1111. One of the resistive switches SW4LSB. SW3LSB,

SW2r5B, and SW1LSB is closed to create a voltage divider. In the _
By R IRRERERINCint G IS7e M8 SRitokr 8 W41¢BGEcIGsed b thRovRIEE@E provided
charge is accumulated 23 on the capacitor C4 that is equal to TIWA'C4,
hyHege 'osidive PrItiRtage preveteld ByaWa vedpd e perteritR chardezigind Cs
accumulated on capacitors C1, C2 and C3 that is equal toVM(C, + Ca
thet s $0082PHurifgaR-integrating phase for the fourth digital value

(1111). the switch 16 is opened, the switch 18 is closed and the voltage
value [9&§filiedDiorithe amplifiera2ddushege thatiye tgutilizegion value (1111).
approach, the total charge before changing the position of the switches
e antiaBie sqeRetethdhe Rvichat§darieseRarting eheofostivalot tseapplied
switches 16 and 18: OT =VCI =VRDACC4+V,V-(C, +C2+C3); i~ C4
*@4_@%@?;:;\1)@5;)(%%(; siNEcpcenproe equalization approach, the total charge

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

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

Or =VC, =Vpp e Co+V (€ + C, + Cy);

C C+C +C
V:VRDAC—Cv_A-}-Ifref ! CZ 3 )
i s

The value of Cf can be set equal to C4, C,, C3 and C. or be used to scale the
output voltage and not be equal to C4q, Cy, C3 and C4. 1f Gy, C4, Cy, Cz and C, are

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

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

Ca, Ca and C4.. The voltage provided by the LSB capacitive portion 150 is
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The value of Cf can be set equal to C1, C2, C3 and C4 or be used to
scale the output voltage and not be equal to C1, CZ, C3 and CA4. If Cf,
C1, C2, C3 and C4 are the same, V =V --3V [0093] Referring now to FIG,
BA and 8B, a nested segmented capacitive-capacitive D/A converter 108
according to the present invention is shown. In FIG. 8A, the output circuit
102 is shown. In FIG. 8B, an exemplary sample and integrate
configuration is shown. The capacitive portion 110 operates as described
above. For purposes of clarity, the capacitors C1, C2, C3 and C4 have
Moeen relapeiedcniveapamti 3R aRg G2l 2RSdeond capaditiveapertiggrating
150 is associated with the two least significant bits and includes
Pb&saERIICg, desrined PelY c4L. The voltage provided by the LSB

capacji orti 50 is 24 Vcong¢ The second capacitive portion 150
o S Ao HE AR MR DS R8 i b8 (R NBIET bl of the
[0094] Referring now to FIGs. 8C and 8D, an equivalent circuit of the D/A

TNyt AEFKE. 8B deBng aisgmepkngnphagepsakowndasWn 1SPAC = VAES
During sampling phase, the switch 152 is closed and the capacitors &ﬁL, 4
C3L and C2L are connected to a reference potential such as ground. The

[RUpARiRAeRlinG PORSRydRRSWISh ASdhisrgiosed arhilimatedasitae Car, CaL and
itor CIL that | [to V'-C1L.[Q095] During the i ti , ,

Gree, e SEalEn 13 18 SPHEPaRETIY LabanoIO L. CAt CRpi i

gﬁ%@éﬁ Qgr\?%gtﬁdc‘r[?afr%%dgaggcxﬁhelE%%J 8'5%3{&95 capacitor Cq_ that is equal to

V,.Co..

[0085] During the integrating phase, the switch 152 is opened and the
capacitors Cq4, Ca, Cz. 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, =V _C,=V(C,+C,, +C,, +C,,);

V=V Cy

ref .
C,+C,+C+C,

v
Assuming that Cqi, Ca., Ca. and C4 are equal, V = Zf

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

7

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

During

sampling phase, the switch 152 is clecsed and the capacitors C.. and Cs are
connected to a reference potential such as ground. The capacitors Cq_ and Cop
are charged to V. A charge is accumulated on the capacitors Cq_ and Cy_ that is
equalto V_(C, +C,,).

ref
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before the switch 152 is opened is the same as the total charge after the

switch 152 is opened. Therefore: Oa.=VCr=V.fCa =V(CIL+CIL+C3L+C")

V=V~ Cu CIL + C,L + C3L + C4L Assuming that CIL, C2L, C3L and C4L

are equal, V =V V. [0096] Referring now to FIG. BE, an equivalent circuit

of the D/A converter of FIG. 813 during a sampling phase is shown for V

4 =-. During 2 sampling phase, the switch 152 is closed and the

capacitors C4L and C3L are connected to a reference potential such as

ground. The capacitors CIL and C2L are charged to V,ef. A charge is

accumtf134d on théiegfagiiBiearsting Plozse thhe iswighal 38 Gz0p@%ed and the

%0097 During th int(e/gratin hase, the switch 152 is opened and the
GPACISTS it \CBLCCAMITC PlCaORBRTIER G fr9ebaBhck T TReaEaEhare

harge, before th itch 152 is.opened is the same as the total charge
T bRy A P tys Wicap B GFargs afer e swich

(@g_;gcdbﬁggc%%lﬂgsumu; VV CIL+CzL (CIL+CzL+C3L +CA4L)
Assuming that ClI, C2, C3 and C4 are equal, V [0098] Referring now to
FIG. 8F, an equ%@ll_gm:?lgcw;@}rlec%/ V(G +Cyy Gy +Cyy):
V = Vref ClL + CZL .

(ClL + CZL + CBL + C4L)

Assuming that C+, C,, Cs and Cy are equal, ¥ =&.
2

[0098] Referring now to FIG. 8F, an equivalent circuit of the D/A

converter of FIG. 8B during a sampling phase is shown for 7, = 3V"f_

During

sampling phase, the switch 152 is closed and the capacitor C4 is connected to a
reference potential such as ground. The capacitors C,, CaL and Cg_ are charged

to Vrer. A charge is accumulated on the capacitors Cq. Cp and Ca, that is equal

to V (G, +C, +C)).

[0098]  During the integrating phase, the switch 152 is opened and the
capacitors Ca, 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:

O =VC =V (Cu+Cy +C)=V(C, +C, + G +Cy)s
G +Cy+Gy

V=V, _
(CIL + C?.L + CS.L + C4L>

Assuming that Cq, Cz, Cs and Cy are equal, V:E’K’i
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converter of FIG. 8B during a sampling phase is shown for Vcoc =3V’
During 4 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 7;J- (CIL+CzL+C3L) [0099]
During the integrating phase, the switch 152 is opened and the capacitors
C4L, C3L, C2L and CAL are connected in feedback. The total charge
before the switch 152 is opened is the same as the total charge after the
switch 152 is opened. Therefore: Q7 =VCr = Ve/(CIL +C2L +C3L) = V(CIL

st that S oG0P T SRt S edlal VIR 55 [ty ©f e DA
ur C3Land CAL aré edial f
B a e ey e e ol e

assaociated with this_position may be omitted since this value can be
TR St By NS RO AR RISEE TG LaRB S (e can be

apacitors may al s be connected round, If a switch is used, durin
S B A R R B S L TR o5 aeMors

(o aag%_eaa&nﬁé%{gac!&%rym Archalgeiacrugulrifd, P Biing phase

capacitors Cis, C2:, C3L and C4L that is
the switch 152 is closed and the capacitors C4, Ca, CaL and C4_ are charged to

Vier. A charge is accumulated on the capacitors Cy, Co, C3. and Cg4 that is

equalto ¥, (C, +C, +C,, +C,, ).

[0101] During the integrating phase, the switch 152 is opened and the
capacitors Cai, Ca, Co 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=VC = qu’(cu. +C 7G5 +C) =V (G, +C + Gy, +Cyy ),
V:V C’11+CZL+C3L+C4L .
s (Cu+Cp+C +Cy)

[0102]  Assuming that Cq, Cy, C3.and Cy4 are equal, V = Vr-

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

integrating phase of the MSB capacitive portion as shown in FIG. 81.
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equal to Vr,J, (CIL +C2L +C3L +CIL). [0101] During the integrating phase,
the switch 152 is opened and the capacitors Cot, C3L, C2_ and C11- 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 =VCr =V,q(CIL+CIL+C3L+CIL)=V(CIL+CIL+CIL+CA4L); V _V CIL
+C2L +C3L +CIL 2f (CIL + C2L -r C3L + CI L ) [0102] Assuming that CIS,
C2L, C3L and C4._ are equal, V =Vfef. [0103] Referring now to FIGs. 8H

2 S pa-ovElonaing e Sefenpl 'm'{kﬁgéﬂ?a?fn%réé%%@er £
[ I | h

Sﬁéo\ﬁr{)ver%gc@gg}tn%ga%sﬁgk%ﬁ %n Yé]t%gﬁ W%trcr%a{zsls, ees%%’BleﬁE;edeaseee gpack

af9d-SB gm'\s%w% o8 dullyandiorPaHially ovsf %%57[ Oti'”tej%l RN

phase of the MSB capacitive Portion as shown in FIG.

L BefesinsingwHadz &s 8dsartbuthiakie,for the D/.A converter is shown. As
can be appreciated, the LSB switches can be connected in feedback

and/ofotpogroung eheringtheol SB-iregratinggrhaseiameie caaReaitdhend/or
next LSB sampling phase as described herein. [0105] Referring now to

rE4EHGA RISG guifitiomaincap aeitaedadd/dn RISstive, RA\porignsaayihies D/A
added. In FIG. 9A, an N stage capacitive D/A

converter 170 is shown. The converter 170 includes capacitive portions BGy,
BGg, ..., and BGy, which are associated with LSB, next LSB, ..., and MSB
groups. For example, a 6 bit example can include capacitive portions BG+, BG»
and BG;. Each capacitive portion may include four capacitors as shown and
described above. Each of the capacitive portions includes sampling and
integrating stages that may be non-overlapping and/or overlapping as described
above and below.

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

additional capacitive stages. "In FIG. 8D, an exemplary timing diagram showing

fully and/or partially overlapping sampling and integrating phases for additional

capacitive stages is shown.
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converter 170 is shown. The converter 170 includes capacitive portions
BGr, BG2, ..., and BGx, which are associated with LSB, next LSD, .1.,
and MSB groups. For example, a 6 bit example can include capacitive
portions BG 1, 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 andlor overlapping as described above and below.

[0100h iy HC- $Rxaflotage capariiveyesiste Daconveler 1808 A

20D
sho ne or more of the last stages is a resistive portion BE 8escr| ed

cERREer Bolis exBmPIeT thetsRis Xr L 6aRAGTYELOINNS A0 Yo IESISN S ion

portions, where X and Y are integers greater than zero. When resistive

repstignsarR) used dhensamRpling apsinteorssingahasenfan the 1attial bits as

capacitive stage and the final resistive stage can be the same as
wileseribescabeyeiutthe G ehbw . amexemplarys tindngaagiamsshews to decoder
non-overlapping sampling and integrating phases for additional capacitive
nstdges. 20F | @29 Dnan eveagdary timouifidgidgtaemshowteg fHdboasd/or0 that
partially overlapping sampling and integrating phases for additional
cegpaeiivatstayds rNSrent oEssliU T Re T riag St &Y 2@saand SWinss
successive approximation A/D converter 200 is shown. The converter 200

i W SEeCRis G K HatBA e dSEHIBIAR] LTS detle et to &
BB R oL B e R S8 T HSEL%S BUGGRLr SHOGHRS20E S
dpplude amodified fhefmomeieL §e¢0reEe 10 #12butout of the SAR 204,

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

[0108]  As the first step in a binary search algorithm, the capacitive and
resistive portions are configured to provide 1/2V,e as described above. In other
words, Cay is connected to the common node, Cay, Cow and Cqy are connected
to Vier and the switch SWase is closed. For example, if Vi, is equal 1o 3/4V g, the
common terminal will be driven to (-3/4Vwet + 1/2Vief) = - 1/4Veer. When this
voltage is compared to ground, the output of the comparator 20 yields a logic '1',

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

terminal voltage is (-1/4Vyer + 1/2Vier) = +1/4V,er, and the output of the comparator
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communicates with and controls switches SW4MSB, SW3MSB,
SW2MSB, and SWMSB 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 SWILSB 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 V;,,. After acquisition of V;,,, the

2fuftch 41> genel andbe.canagliors e AIREORRECIRL O SWIENER o cring

.,,» The capacitor array is charged with a voltage

uPRY he, £8PasitRs arshengarnasiad ta.aioundd iy syitches SWMSR,, i

which drives the common terminal negative to a voltage equal to -V;,,.

M Asthrdirst step iy sgargho@bagriﬂa@aéhﬁl%%%%i&%@eﬁn%-stage

resistive portions are configured to provide 1/2Vref as described above. In

cathesitwordsr 04M-igapnnected taitkereortneon nadte bdMatod ang Miso
are connected to V,ef and the switch SW1LSS is closed. For example, if

cdpiesnetpiedito 34V, ef, the common terminal will be driven to (-3/4Vref +
1/2Vrer) = - 1/4Vref. When this voltage is compared to ground, the output

of the [€HHaratfdeRoriigldey 16yiE'E; Ihblyingipelingd, N greaterttan250 is
1/2Vref. If Vi, is equal to 1/4Vref, the common terminal voltage is

EPrer el AN A9QVASIUERE bbbt 6f thieeBtmparator228-20352-3

locic ‘0", Thi { ith the next MSB or LSB dependi
R N B e o pArRtaP s upEh A s VRV WIEVerer

SR e TR ShOUD AR e

él%f?og 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 moduile 260 and an analog interstage
difference amplifier module 262 that amplifies the residue. The residue is the
difference between the held analog signal and the reconstructed analog signal.

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

[0112] ~ Referring now to FIG. 11B-11D, ideal and non-ideal residue
voltages are shown. In FIG. 11B, an ideal residue voltage is shown. When the

input reaches a first decision level of the A/D subconve;ter module 252, the

30



contemplated. [0110] Referring now to FIG. 11A. a pipelined A/D
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 subconverter module 258 that

ofAet e iEsilinaionahoniaykack iaan anglog dppicseniglion

a.
cdusin
erence module 260 and an analog interstage ence ampﬁ?ler E

the'BdkG 25 4B e amplfies laeEpeilu it hed fSIis 1% i6e rdlig%?m?‘f\is in turn

between the held analog signal and the reconstructed analog signal.

cd03ddIFherfisstistaaeidba-beftemriprined:81D converter 250 operates
on a most current analog input sample while the second stage 252-2
operdites 8N thenamplifie thipkicueaitibespresiesisinpiesasplse s are not
concurrency of operations results in a conversion speed that is
idgetermineshonlijdoynthedimerit. takdd G ONE stagerdOitilia] Rettayenexoosd $0the
FIG. 11B-1ID, ideal and non-ideal residue voltages are shown. In FIG. 11
idgahMalisabiesidie Y difagens showhCwhis thee irqsidveachitage finsteeds the

decision level of the A/D subconverter module 252, the 30 output of the

IdgabEBHPEREPHASEURY SWREIRRGGTOHRK higher level code causing the
cuUPE DRRBRTE G Ul s RISt TS oo
that generates a residue voltage with lower variation according to the present
invention is shown. Capacitors C4, C,, C; and C4 are selectively connected to
Vin, @ reference potential such as ground, a voltage reference (V) and to an
output of the opamp 20. In some implementations, C4, C,, C3 and C. have
substantially equal capacitance values.

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

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

) C
in FIG. 12B for V,, between 0 and ! 14 “A” in FIG. 1
n CiC-Cic ™ ( in 12D), the

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

The capacitors Cz, Csz, and C4 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,

between G V., and GG Vs
C+C,+C,+C, ™ C+C+C+C, 7

("B"in FIG. 12D), the switch
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[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 C,, C2, C3 and C4 are selectively connected to V;,,, a

eference potential such as ground, a voltage reference (V,ef) and to an
1%&%89 %?%@ettc%ﬁagnag %' s&ﬁ%eclorﬁlp %?%%%%&ig)enes({%fké’éf%’@%{ﬁar&@”d the
stanti acitanc .[0415 erring now to
B e s, Canvoilr SFIte Tom e SRaliRes o
r{estbREC!PASAMPling phase in FIG. 122, the switch 16 is closed and the
capacitors are connected to V;,,. In a residue amplification stage in FIG.
12B fayMi7; betwerh@ andwr1o/e 6 A1 AN RIS rdetile i daffort gt for Vi
switch 16 is opened, the capacitor C, is connected in feedback
arrangement; Thie capacitors C2¢G3cang C4 are connected to the _
bﬁﬂ"ﬁé?@%cg gcgémtggl+64tyuﬂ1ang@ Jrlscgnré)@grf e (12DN 614 6] Retetimgwitch
now to FIG. 13, in’a résidue amplification stage for V;, between C, Vi and

16 ?g%b(ahé"&"tkbFc!%ajc?th)’69%5%%&@%#@%’8%&'%‘%Jr%?n%n?]a the

is opened, the capacitor C2 is connected in feedback arrangement an
dﬂﬁacitors C4 and C; are connected to Vi The capacitor C, is connected to a

reference potential.

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

C +C,+C,

stage for Vi, between
C+C+C+C,

V,-and ¥, . (“D"in FIG. 12D), the switch 16

is opened, the capacitor C, is connected in feedback arrangement and the
capacitors C4, C; and C3 are connected to V. Note that because the different
capacitors are used as the feedback capacitor during residue amplification, the
residue gain can perfeétly 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.

[0118] 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 circuft

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

32



capacitor C, 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 Vn between Vrand'+C-'V 1 ("C"in FIG.
12D), the switch C1+C2+C3 +C4 C1 +C,+C1+C4 16 is opened, the
capacitor 03 is connected in feedback arrangement and the capacitors C;
and C2 are connected to Vref- The capacitor C4 is connected to a
reference potential. [0118] Referring now to FIGs. 15 and 16, in a residue

3305 08 Gtk T8 oo BT R R TR BB e idne:  outou

SARRSISGL feadhack aranasment and he  capggiors CL C2 and C3
are connec EGBtO \ﬁ’rgf NO?g al beca@senﬂ‘ne HI erent capacitors are

used ?@t%g feegha %‘%J%%B}%ﬁﬁi%‘?e%ﬁ' igﬁ%g%'&e%%ergﬁéq {Bown)

gain can perfectly track the capacitor mismatch. The residue voltage now

dogksas shawmLEC. Heplheredsmagiabls inter-stage gainand Az digita)

substantially constant maximum residue voltage. [0119] Referring now to

FKasaAtA-ddifaiarapaciscexenians ineementationsref the niesehd/or other

invention are shown. Referring now to FIG. 17A, the present invention
dzancke viplementaddre DVitedr &Y/ icoreertensinuaibatiddigkldpe 40thdrHDD
some implementations, the signal processing and/or control circuit 402

Hidroepthercoinogittethtst sronety id AResHEIDR4 0oNvay prosess atapry (RAM),
perform 32

low 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 nonvolatie manner.

The mass data

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

33



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 HOD 400 may be connected to memory 409 such as random access

memory. (RAM), low latency nonyolatile_ memory such as flash memory,
TG BN (RoND. Abror ifeh SuBRY SEciH MR (Hep sopigegudes
ol1ZH BeteringNo (9 £1G. 478, esentinuention.canbe oo 1 g

|mpciemen?e% i DIA Or ADCORVerters ina dcigl{gﬁversaf'lalré %ﬁ’s"é%?ﬂﬁﬁe yIe
THEVB\B04 Ene-slonal Riggeseing andietaentrol @it 2 andl sy,

circuits (not shown) in the DVD 410 may process data, perform coding
IREGOr epehmtion, REHRRR caleyationss and/or dprmat datgdhatisdead iapie
from and/or data written to an optical storage medium 416. In some
eigmienieatatiansrdhe. signal processing and/or control circuit 412 and/or
other circuits (not shown) in the DVD 410 can also perform other
functippesiich &sendadingandiorfiecoding anidéorpanyeothefvsignal can be
processing functions associated with a DVD drive. [0122] The DVD drive
i pEmeaytedmnilhicaté/witrarcoigsuirdevigh (sinshowe)esishrag+DTV) 420.
computer, television or other device via one or more wired or wireless
TdsnimklUnCABB T HFRY 281 7EThe IDRKMD AT0FHFa @inehhiviaes Withvirrisss format

data stora%e 418 that stores data in a nonvolatile manner. The mass data

WORGELAEHAY InchitB 4 RERFGIR FSAMSEoTh SESes ey fEGE oS,

signal processing circuit and/or control circuit 422 and/or other circuits (not

, low

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. Atleast 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 piatters having a diameter that is
smalier than approximately 1.8". The HDTV 420 may be connected to memory
428 such as RAM, ROM, low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. The HDTV 420 also may support

connections with a WLAN via a WLAN network interface 429,
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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/D
converters in a high definition television (HDTV) 420. The HDTV 420

recei TV input signals in eith wired or wireless format and
geneﬁ?é%éﬁDT%egﬁfBﬁasiaﬂgls%%rg@sdéﬁ%mﬁ sbffgent invention may
- implementations, signal processing, ¢ircuit. and/or control.circuit 42
P e SR TP AT B A ottt ystem o
RRIAD £96N0A0AQ ROANEN LA RTINS, AR B8R <vsiom
and/or perform any other type of HDTV processing that may be requwe()j,.

dURATRe R TN AR0 may cComEMIRata YNl SRssHRtSLORgEeAR % thation

stores data in a nonvolatile manner such as optical and/or magnetic

isiglertenide yeasritileashobesiidirmay have the-rrifigralion shovdPmore

FIG. 17A and/or at least one DVD may have the configuration shown in
selGpls7 3utheddDiprmpayatieea suimidif) Dotlkakinel ugdessons aomMeal sensors,
platters having a diameter that is smaller than approximately 1.8". The

oW LEIGaaBbE/ 0o M catbctoswitrhisT s 2B su cnde RAM , ROV tEOne or
latency nonvolatile memory such as flash memory and/or other suitable

BRIELRIHR SANSTBr RN AhEYID BY 2P0'BRE RS Wi pareresieRvctiansmission

with a WLAN via a WLAI\’ network interface 429.
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 anti-lock braking system (ABS), a navigation system, a telematics
system, a vehicle telematics system, a lane departure system, an adaptive cruise
control system, a vehicle entertainment system such as a stereo, DVD, compact
disc and the like. Still other implementations are contemplated.

[0127]  The powertrain control system 432 may communicate with mass
data storage 446 that stores data in a 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 inciudes
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34 [0125) Referring now to FIG. 17D, the present invention may

implement and/or be implemented in D/A or A/D 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 sensors, rotational sensors, airflow

sensors and/or any other suitable sensors and/or that generates one or
Rfofe GUpatRERTES! SRREsSHEH R LnGiRE Speraticg Pararmrtersimately 1.8”

ransmissjon o eratingﬁgaram‘g‘atgrs, and/or other control signals. [0126]
S
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44 O%P]? vehicle 430. The control system 440 ma If!ik wise receive
R R e e iR argyor otner

i 4 i trol t
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SHHBA. R iglematisswavstew arehide JelRMAKCS syeteMi A8 448. The

departure system, an adaptive cruise control system, a vehicle

@INesiansent System ueh asiadcersrsRMB semprchdisegnchihs:lkevLAN
Still other implementations are contemplated. [01271 The powertrain
inonfealesidtermt 482wndy communicate with mass data storage 446 that
stores data in a nonvolatile manner, The mass data storage 446 may
includ&0ggfital anafefrimagheic Stofd§e delicedifor preasniieirvardioliskcan be
drives HDD and/or DVDs. At least one HOD may have the configuration
SRR SIEIGN IYA 2hdYdt SRTEEEEEHE VS IHE RRGEGHSO 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 celiular 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 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 platiers having a diameter that is smaller than

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



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
WLAN via a WLAN network interface 448. The control system 440 may

Iso incl t d/or a WLAN interf Il not
R e R K o Bt gemory
| in (A - ters i I 450 th
AT UG e ALl TN iR S HE B o bl dtso may
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speaker and/or audio output jack, a display 460 a input device

462 syghsts a kayradngomsing device, voiee astuatieaandiarothsh inRHE pe

device. The signal processing and/or control circuits 452 and/or other
gk tsetiet showmbindte estiiarsphone 480A1¥oRUBESS HatdePRHAAY 480

coding and/or encryption, perform calculations, format data and/or
eedorn ativestelfular phoswufuactons. [£625] ledediudarsphone 460 roayuts
communicate with mass data storage 464 that stores data in a nonvolatile
FrROfRIE sshcas ghtideli rikiarop udiaghetie swragesdivitesdor elepiayd 88 such
hard disk drives HDD and/or DVDs. At least one HDD may have the o
ROrfiGRIRNIBAS RO TTIARICL 70 SR/ Gt e RV B YRk Mdpeithe vices.
nfiguration shown in FIG, '17B. The HDD may be a mini

‘?Ra %Pgnal processing and/or control Clz:?cusrtg %gﬁr anrglor other circuits (not
shown) of the set top box 480 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other set top
box function.

[0131]  The set top box 480 may communicate with mass data storage
490 that stores data in a nonvolatie manner. The mass data storage 490 may
include optical and/or 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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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, the

present invention can be implemented in D/A or A/D converters in a set

top box 480. The set top box 480 receives signals from a source such as

a brobtlzadid stigissrir oayute stenddreCand’er Righaddfiivention can be
audio/video signals suitable for a display 488 such as a television and/or

IMRSPIRGINERTL/ B differ YidEdlarkABY HIBMS dutsutBediRes!axtHe Sihal In some

_processing, and/or control circuits 484 and/or other circuits (not shown) of
IRISSRE R BB% 450 MR HPREEE é’,‘%&{%ﬁﬁ SHIRY 2GR GYISEOIPY!
rform calculations, format data and/or perform any other set top. box

R 1311 HRE Lol B0 400 [t Wi FAe gk, te
storage, 4 t in il - The a, .
D A S e T 88 wcaiy
Srppehatd digk-griyeRnHRn 80 d/es R VARs/ AMdeashear B MaY A via
the configuration shown in FIG. 17A and/or at least one DVD may have

ihesophiguaticnshewednirha: 438, ThertdaR maydresaoiinttdPPdhates an
includes one or more platters having a diameter that is smaller than

appeoxintpte\b23B'sukdhe set tozinek48antiyrbeudonmetted fackembey signal
494 such as RAM, ROM, low latency nonvolatile memory

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 example hard disk drives HDD and/or DVDs. At
least one HDD may have the configuration shown in FIG. 17A and/or at least one
DVD may have the configuration shown in FIG. 17B. The HDD may be a mini
HDD that includes one or more platters having a diameter that is smaller than
approximately 1.8". The media player 500 may be connected to memory 514
such as RAM, ROM, low latency nonvolatie memory such as flash memory

and/or other suitable electronic data storage. The media player 500 aiso may

38



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, touchpad and the like. in
some implementations, the media player 500 may employ a graphical

é{ﬁ?ﬂdﬂtegﬁ‘r‘?&(@%)ve‘/hﬂtéy(ﬂiﬁﬂjwvWW%W%o?&q%ggg@erg?g.USSti!I other

icons and/or a point-and-click interface via the display and/or user

INpIRO8ThesediplaNes BAM lurberipelides an, Avdip Qutput 59

such as a speaker and/or audio output jack. The signal processing and/or
controf@lizAlits SObapRIletEr BIECHS (BALSERVURLRLdRE MEHHAMANREgoing
500 may process data, perform coding and/or encryption, perform
datcuiations,dotheabdatd @adion pedotne amg aihehmedisrpiayesdupiomented
[0133] The media player 500 may communicate with mass data storage
516 thatetore’s ivatssuchastompresisedradiovanttor ek deontelskiribed in
nonvolatile manner. In some implementations, the compressed audio flies
- iRI0aelifR At RREiEEIADIRMAESMIPS R AR totRepeiabié the invention
comf%lrgsse% audio and/or video formats. The mass data storage may
"SPtiRaShiTole fhalieie e AgRifiRAtias Sor ik kerpahaRpPaIsK! to the
i HDD.and/or DVDs. At least gnge HDD may have the configuration
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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 medig-OYD WISE
player 500 also may 38 support connections with a WLAN via a WLAN

network interface 516, Stillbother implementations in addition to those
described above are contemplated. [0134] Those skilled in the art can

now apprediatériinithe foreyeing deseriptiontthat the broad teachings of

the present invention can be implemented in a variety of forms.
Thereforé, e tHis inVeMioR ¥ BeEN described in” connection with

particular examples thereof, the true scope of the invention should not be

so limited since other Tﬁ%ﬁﬁéﬁ?ﬁfﬂ@%iﬁ%%‘iﬁ@%ﬁé?éﬁ]tl%et‘h% thgkiflage first ends
RIagtitioner 1pon a st y of the drawing%‘, the specification and the

crth

following claims. 39 LLOYDWISE® 'Giaims 194 16 ai4toc converte /r. i... i.
oomonsiog: a capacitye, DAC that compnses; N.fst capacitances tha

e eCcl 2 581 ne of said second ends
are connected to parallel and that have first ends and second erag2id second ends

owhegseinthkis andniegss tg@@@ﬁmrho%%ﬁ%&ls&iégeﬁ%ﬁgg%§ %ﬁ?segond ends of

selectively connect a selected one of said second ends of said N firs

scapdditanceadeacommen sade.and-naR:sglected: ones-of said.seqend

ends of
wherein capacitance values of said N first capacitances are substantially

equal; and

a second DAC that communicates with said common node.

s}

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

analog output signal..

L

The DAC of Claim 1 further comprising:
an amplifier having an input zmd an output;
a feedback capacitance that communicares with said input and said output of said
amplifier,

wherein said first ends of said N first capacitances communicate with said
reference potential during a first phase of said capaciuve DAC; and

wherein said input of said ampii'fier selectively communicates with said first ends
of said N first capacirtances during a second phase of said capacitive DAC.
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said ,N first capacitances to one of a voltage potential and a reference

potential, wherein capacitance values of said N first capacitances are
substantially equal: and a second DAC that communicates with said LLOYD WISE
common node. The DAC of Claim 1 wherein said DAC converts an N bit~

digital word into an analog output signal. The DAC of Claim 1 further
comprisingic anamplifiar-having,an-inpytignd an output: a feedback

capacitance that communicates with said input and said output of said

amplifier, whengiiifi said first enes ohsaid-N fisst:capacitances communicate

with said reference potential during a first phase of said capacitive DAC,

and whereiresaicsing lirofesaidoamplifieriselestivescommunicaieswvith, said

first ends of said N first capacitances dunn”™ a second phase or said

refpeRitve BING. 4OILE O WD WASE! Thie PAG oivERiAT] further comprising:

an amplifier having ar. input and an output. wherein said first ends of said

N fi¥8EEahat RARRESOE sfriamibaiEs teitrsaidy referenvespotentialattiifing duds of said
first phase of said capacitive DAC, wherein said input of said amplifier

TS SIEL OB BB RN O e S ShtAsaiafiret Bidis oRsalde R fifstacapacitances

during a second phase of said capacitive DAC, and wherein said second

ends of saitcoT SANFHACHEAaAtL e HHMUHE AR MmnCes communicate with

said output of said amplifier during said second phase of said capacitive DAC.

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

6. The DAC of Claim 5 wherein said resistive DAC comprises:

N resistances connected in series between said voltage reference and said

reference potential;

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

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

generates switching signals to control said N first switches and said second DAC.
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said output of said amplifier during said second phase of said capacitive
DAC. 5. The DAC of Claim 1 wherein said second DAC comprises a
resistive DAC_ 6. The DAC of Claim 5 wherein said resistive DAC
comprises: N resistances connected in series between said voltage
reference and said reference potential; N nodes between select ones of
saidQN resistances and said reference potential: and N second switches
that selectivélyf CoRNE AR EBMH Ao ABde 2oinalofsaidtht coadesiiEhe: DAC of
%(limo{ Claim 1 wherein said DAC is inherently monotonic. 8. The DAC. of
Claim 1 further comprising a control module that selectively generates
switching signals to controi said N first switches and said second DAC. 41
LLOYD Wtis 9. A successive approximation analog-to-digital converter

co sin Claim.L. 10. The successive approximation

ang}(?g-to% %aifsal%(%%\%?t%rs é@n am 9 ?ﬁ?%ﬁ%?toégﬁ{b%§ﬁf§fe§ﬁré}%%]ﬁﬁ@r9 further
kRamipgsatyinput that selectively communicates with said capacitive DAC:

a successive approximation module that communicates with an output of

said amplhﬁhmﬂg;q@lnggrggwgt@%{ communicates with an output of

1 H communicates
said successive with said
capacitive DAC;

LLOYD WISE

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

approximation module and that selectively generates switching signals for said N first

switches and said second DAC.

1L The DAC of Claim 1 wherein said second DAC comprises a second capacitive

DAC.



approximation module and that selectively generates switching sip als for
said N first switches and said second DAC. it. The DAC of Claim 1
wherein said second DAC comprises a second capacitive DAC. 42
LLOYD WISE The DAC of Claim ! 1 wherein said. second capacitive
DA.C ; ompnses: an amplifier having an input and an output that
communicates with said common node; IN second capacitances
connected in parallel and having first ends and second ends, wherein

said frstiends selectivaly communicalgwith reference patental during a
first phase of said second capacitive DAC and w erein sal first

selectively cammericaieg withsaigha @Htcﬂtﬁa'%r@&%ﬁnqwe@gw%%%
phase of said second capacitive DAC; and N second switches that

nagiglectively connect said second ends of said N second capacitances to
one of said voltage reference and said reference potential during said first
phase of\s#iePsécone-tapasitive®AC anshthatiseleatively £aneet Said.cong
second ends of said ,"N' second capacitances to said output during said

e CHHEFPRASK. SFraeiadsceisA clpaoitivaDAC, 13: TheDACG ebelaim ding a first
wherein said first and second phases of said first capacitive DAC are

PR 68&‘]‘%&%‘&ﬁﬂﬂ%%ﬁ&:‘%’t%ﬁ@éiwhmim@éétmmmvﬁ]gammumcam
%ﬁsaﬁd cap |t|v A)j({j 14. The DAC of Claim 12 wherein said first

ase o sal SR éﬁfcfé]élsﬁl“pﬁéi‘?tf%lﬁ,a@\ﬁé?@p%@amlwcmc and

phase 0&@&90%%%%%}9@%Rﬁ‘0't've e

at selecuvely connec* said second ends of said N second

LLOYD WISE

common

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

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

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

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

capacitive DAC.

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

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



