P1PELUNED ANALOG-TO-DIGITAL CONVERTERS FIELD 100011 The
present disclosure relates to pipelined analog-to-digital converters
(ADCs). BACKGROUND [0002] Reducing power consumption of
electronic devices has become increasingly important, particularly for
battery powered devices such as laptop computers, personal digital
assistants, cellular phones, MP3 players and other devices.
Analog-to-digital converters (ADCs) are commonly used in these
electronic devices to transform analog signals to digital signals. The ADC
may include @ppelinED ARE that THHzes mAUtpENIagEEERCch stage
employs a sample and hold circuit that samples an analog input voltage
V,,, to the pipelined ADC or a residue voltage V,es from a prior stage. In
addition, each of the stages receives a reference voltage Vr f. [0003]
Referring now to FIG. 1, a typical ppfb%lﬁﬂed ADC 10 is shown. The ADO
10 incl plurality of stag 2-1, 12-2. and 12-3 (collectively stage
12) tha@@as@&e rﬁsgg%riig% uS%grﬁ%%?esedtgta%@éﬁﬁgl,aﬁ%%ﬁggﬁai
%%‘rﬁréﬁ%ré'?ﬂﬂﬁs he pipelined ADC 10 may include additional or fewer
stages. Some of the AID converter stages 12 include a sample and hold
module 14 that samples and holds the analog input signal V;,, or the
residue signal Vre, from a prior stage. A low resolution A/D subconverter
module 16 quantizes the held BAGH&ERPSIBRAl to a resolution of B, bits

where i corresponds to the current stage of _
[0002] = Reducing power consumption of electronic devices has become

increasingly important, particularly for battery powered devices such as laptop
computers, personal digital assistants, cellular phones, MP3 players and other
devices.  Analog-to-digital converters (ADCs) are commonly used in these
electronic devices to transform analog signals to digital signals. The ADC may
include a pipelined ADC that utilizes multiple stages. Each stage employs &
sample and hold circuit that sampies an analog input voltage Vi, to the pipelined
ADC or a residue voltage Vies from a prior stage. In addition, each of the stéges
receives a reference voliage Vier.

[0003] Referring now to FIG. 1, a typical pipelined ADC 10 is shown.
The ADC 10 includes a plurality of stages 12-1, 12-2, and 12-3 (coliectively
stages 12) that are cascaded in series. Although three stages 12-1, 12-2, and
12-3 are shown, the pipelined ADC 10 may include additional or fewer stages.
Some of the A/D converter stages 12 include a sample and hold module 14 that
samples and holds the analog input signal Vi, or the residue signal Vs from a

prior stage. A low resolution A/D subconverter module 16 quantizes the held



the pipefined AID converter 10. The number of bits per stage B; and/or the
number of stages may be determined in part by the desired sampling rate
and resolution, The output of the A/D subconverter module 16 is supplied
to a low- resolution DIA subconverter module 18 that converts the
resulting digital output signal back into an analog representation. [00043
The D/A subconverter module 18 may have a resolution that is equivalent
to that of the corresponding AID subconverter module 16 of the same

stage. A difference module 20 subtracts the analog output from the DIA
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module 22 may be used to amplify the residue signal. The amplified
resilkersighal demputpitite tidbnexicstagest 2rdaiithecpipefipeibADC: 10w-
The first ADC stage 12-1 of the pipefined ADC 10 operates on a most
esnielivaiifogunputveiepeoshitelthéseconERD e skrjeling -Jigkise pateyt
on the amplified residue of the prlor input sample. The third stage 12-3
@B%&P@é"ﬂﬁ%@‘aﬁﬁﬁ\%ﬁ??&?&ﬁ@ Sitput by the second ADO stage 12-2.
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stage, the current stage Is available to operate on the next sample. 2
stage. A difference module 20 subtracts the analog output from the DI/A

subconverter module 18 from the voltage input Vi, fo generate a residue signal
Vies. The residue signal Vies is equal to the difference between the held analog
signal (Vi, or Vres from the prior stage) and the reconstructed analog signal.

[0005] An analog interstage difierence module 22 may be used to
amplify the residue signal. The amplified residue signal is output to the next
stage 12-2 of the pipelined ADC 10. The first ADC stage 12-1 of the pipelined
ADC 10 operates on a most current analog input sample while the second ADC
stage 12-2 operates on the amplified residue of the prior input sample. The third
stage 12-3 operates on the amplified residue output by the second ADC stage
12-2.

[0006] The concurrency of operations aliows a conversion speed that is
determined by the time it takes in one stage. Once a current stage has
completed operating on the analog input sample received from the prior stage,

the current stage is available to operate on the next sample.
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SUMMARY [0007] A pipelined analog to digital converter comprises a
first ADO stage that receives one of an input voltage and a first residue
voltage and a first voltage reference and that generates a first digital
signal and a second residue voltage. A second ADO stage receives the
second residue voltage from the first ADO stage and a second voltage
reference and that generates a second digital signal. The second voltage
reference is lower than the first voltage reference, [0008] A system
comprises the pipelined analog to digital converter and further comprises
a first voltage source that supplies the first voltage reference. A second
voltage source supplies the seggpf Matiage reference. An analog circuit
receives the first voltage reference. A digital circuit receives the second

voltaggpgierenceidoRa] Auisiesraigftpirsieampssasrise ppREnedC

analog to digital converter and further comprises a first voltage source
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the second voltage reference. An analog circuit receives the first voltage
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stage further comprises a 3

[0008] A system comprises the pipeiined analog o digital converter
and further comprises a first voltage source that supplies the first voltage
reference. A second voltage source supplies the second voltage reference. An
analog circuit recesives the first voltage reference. A digital circuit receives the
second voltage reference.

[0008]  An integrated circuit comprises the pipelined analog to digital
converter and further comprises a first voltage source that supplies the first
voltage reference. A second voltage source supplies the second voliage
reference. An analog circuit receives the first voltage reference. A digital circuit
receives the second voltage reference.

[0010] in other features, the first ADC stage further comprises a
sampie and hold module that samples and hoids the one of the input voltage and
the first residue voltage. An analog to digital converter converts an output of the
sample and hold module to a digital signal. A digital to analog converter converts

the digital signal to an analog signal. The first ADC stage further comprises a



difference module that generates a difference between the output of the
sample and hold module and the analog signal. An amplifier module
amplifies the difference. [0011] An integrated circuit comprises the
pipelined analog to digital converter and further comprises an analog
voltage supply that generates the first voltage reference. The first voltage
reference is an analog voltage reference. A digital voltage supply
generates the second voltage reference. The second voltage reference is
a dlgltal voltage reference. [0012; A system comprises the pipelined
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gs the second voltage reference. The second voltage reference is
a digital voltage reference. [00131 Further areas of applicability of the
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provided hereinafter, It should be understood that the detailed description
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pipelined analog to
[0012] A system comprises the pipelined analog to digital converter

and further comprises an analog voltage supply that generates the first voltage
reference. The first voltage reference is an analog voltage reference. A digital
voltage supply generates the second voliage reference. The second voltage
reference is a digita! voltage reference.

[0013] Further areas of applicability of the present disciosure 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 disciosure, are intended for purposes of

iliustration only and are not intended to limit the scope of the disciosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]  The present disciosure will become more fully understood from

the dstailed description and the accompanying drawings, wherain:



digital converter (ADC) according to the prior art;. [0016] FIG. 2 is a
functional block diagram of an exemplary pipelined ADC according to the
present invention; [0017] FIG. 3 is a functional block diagram of another
exemplary pipelined ADC according to the present invention; [0016] FIG.
4 is a functional block diagram of an integrated circuit including a
pipelined ADC according to the present invention; [0019] FIG. 5is a
functional block diagram of an integrated circuit including an analog
voltage supply, a digital voltage supply, and a pipelined ADC according to
the pH&ENt inFéRtidnis[@OROCHIGal Grciskadfapetinns blppleliiegranuofao
hard disk drive; [0021] FIG. 6B is a functional block diagram of a digital
dighipl sarversk ( FCRSEHDY tadheseries arunctional block diagram of a
high [nition_jeleyision; [0023] . 6D is a functional block diagram of a
vehicle é%ﬁtrorfgygé?n? [B%'fﬂ?ré@?%ré Lagram-AbAal ?31661?@'&’@}??&‘?{@?!%
AR ORI R trﬂ@%@é&éﬂﬁ,\gﬁd&na functional block diagram of a set top

box; and [0026] FIG. 6G is a functional block diagram of a media player.

5 DE[DAIZED BIESGRIS Bl GindaerA1] Bibexfaliaydg dgsaHRHRR isxRpal,
exemplary in nature and is in
pipelined ADC according to the present invention;
[0018] FIG. 4 is a functional block diagram of an integrated circuit
including a pipelined ADC according to the present invention;
[0019] FIG. 5 is a functional block diagram of an integrated circuit
including an analog voltage supply, a digital voltage supply, and a pipelined ADC
according to the present invention;

[0020] FIG. 6A is a functional block diagram of a hard disk drive;

[0021]  FIG. 6B is a functional block diagram of a digital versatile disk

(DVD);

[0022] FIG. 6C is a functional block diagram of a high definition
television;

[0023] FIG. 6D is a functional block diagram of a vehicle control
systemn;

[0024] FIG. 6E is a functional block diagram of a celluiar phone;
[0025]  FIG. 6F is a functional block diagram of a set top box; and

[0026] FIG. 6G is a functional block diagram of a media player.



no way intended to limit the disclosure, its application, or uses. For
purposes of clarity, the same reference numbers will be used in the
drawings to identify similar elements. As used herein, the term module,
circuit and/or device refers to an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated, or group)
and memory that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable components that provide
the described functionality. As used herein, the phrase at least one of A,
B, and C should be corl¥rTA4ED MESERIBHION (A or B or C), using a
non;ﬁ(é:lu ive Iogical or. It should be understood that steps within a
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: [ ferri to FIG. 2, a pipelined
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the pipelined ADC 100. The pipelined ADC 100 Includes stages 112-1,

sifrllar2)ementsl 2A3 (seleutivelytstages hicdule, srailenand halgarednao
114, an ADC module 116, a digital to analog converter (DAC) module
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stages z;{ shown, additional or fewer stages can be used. In FIG. 2, Vref f
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phrase at least one of A, B, and C shouild be construed to mean a logical (A or B
or C), using a non-exclusive logical or. It should be understood that steps within

a method may be executed in different order without altering the principles of the
present disclosure.

[0028] Referring now to FIG. 2, a pipslined ADC 100 according to the
present invention including multiple voltage references Vrer; is shown, where /
corresponds to the current stage of the pipelined ADC 100. The pipelined ADC
100 includes stages 112-1, 112-2, and 112-3 (collectively stages 112), a/sample
and hold module 114, an ADC module 116, a digital to analog converter (DAC)
module 118, a difference module 120 and an amplifier module 122. While three
stages are shown, additional or fewer stages can be used. In FIG. 2, Vret 1 >

Vietz and Ve 1 > Ve 3. The quantization of bits by a subsequent stage of the

pipelined ADC 100 does not require the same signal to noise levels (SNR) as the



[0029] The power consumed by stages 112-1, 112-2, and 112-3 of the
pipeiined ADC 100 is related to the voltage reference of each stage. As a
result, the pipelined ADC 100 tends to consume less power than a
pipeiined ADO having stages supplied with the same voltage reference
as shown in FIG. 1. [0030] Referring now to FIG. 3, a pipeiined ADC 120
including different voltage references, Vrar_I is shown, where 1
corresponds to the current stage of the pipeiined A/D converter 120. At
least one of the voltage references Vras; is derived from an analog supply
voliage:\sngs cgnd ehfosianatopebcuifiaribe gysien ceoniainiag te ARGst
120 and at least one of the voltage references is derived from a digital
s@pEIPbRAgEONd; anminits soayital circuit in the system containing the

ADC 120. [0031] Referring now to FIG. 4, an integrated circuiEéIOC) 200 is
shown. [BR@lor mMSERoSRerEBIS 25 §t§}§’8ﬁ’e‘§%hﬁre§lﬂa%ea ftbre & the
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regulator 206 provides digital supply voltages, Valoltar-ar_s auez,
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may also include IC components 210 to perform additional circuit
functiondCERk firGtajemiageregiol &6 204 alpels@dphies dae ociwdoredifferent
analog circuits 216 in the IC 200. The second voltage regulator 206 also
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derived from an analog supply voltage Vanaiog_ref TOr @nalog circuits in the system
containing the ADC 120 and at least one of the voltage references is derived
from a digital supply voltage Vaigis_rer Tor digital circuit in the systemn containing
the ADC 120.

[0031]  Referring now to FIG. 4, an integrated circuit (IC) 200 is shown.
One or more power supply 202 supplies unregulated voltage to voitage
reguiators 204 and 208. A first voltage reguiator 204 provides analog supply
voltages, Vanaiog ref 1, Vanaieg_set 2, ..., and Vanalog_ret x, Where X is an integer
greater than zero. A second voliage regulator 206 provides digital supply
voltages, Vagital_ret_1, Voigta_ret 2. ..., @Nd Vaigital_ref v, Where Y is an integer greater
than zero. The IC 200 may also include IC components 210 {o perform
additional circuit functions. The first voliage regulator 204 also supplies one or
more analog circuits 216 in the IC 200. The second voltage regulator 208 aisc

supplies one or more digital circuits 214,



Vanalog_ref 2, ..., and Va"a,o0 _x, where X is an integer greater than zero,
A digital voltage supply 226 generates digital supply voltages, Vdlgiiai_ref
5: Vdiglta af2, and Vdigfta_ref y, where Y is an integer greater than zero.
The IC 220 may also include IC components 210 to perform additional
circuit functions, The analog voltage supply 224 also supplies one or
more analog circuits 216 in the IC 200. The digital voltage supply 226
also supplies one or more digital circuits 214. [0033] Referring now to
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memory (RAM), 8 low latency nonvolatile memory such as flash memory,
read orfBO&EmoRefRONd) amor otheFEbitablé/@troniartata stexagpiary
implementations of the device are shown. Referring now to FIG. BA, the device
can be implemented in one of more ADCs in a hard disk drive 400. The device
may implement and/or be implemented in either or both signal processing and/or
control circuits, which are generally identified in FIG. BA at 402 and/or in a power
supply 403. In some implementations, the signal processing and/or control
circuit 402 and/or other circuits (not shown) in the HDD 400 may process data,
perform coding and/or encryption, perform calculations, and/or format data that is
output to and/or received from a magnetic storage medium 406.
[0034]  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 viz one or more wired or wireless communication links 408. The HDD

400 may be connected to memory 409 such as random access memory (RAM),



[0035] Referring now to FIG. 68, the device can be implemented in one of
more ADCs in a digital versatile disc (DVD) drive 410. The device may
implement and/or be implemented in either or both signal processing
and/or control circuits, which are generally identified in FIG. 6B at 412,
mass data storage of the DVD drive 410 and/or a power supply 413, 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 thag is read fr%m}
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functions associated with a DVD drive. [00366] The DVD drive 410 may
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as RAM, ROM, low latency 9 nonvolatile memory such as flash memory
paockes atitar puitible etetitprinddatansigptige, perform calculations, and/or
format data that is read from and/or data written to an optical storage medium
418. 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.

[0036] The DVD drive 410 may communicate with an output device
(not shown) such as a computer, television or other device via ong 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
configuration shown in FIG. 6A. 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 418 such as RAM, ROM, low latency



[0037] Referring now to FIG. 6C, the device can be implemented in one
of more ADCs in a high definition television (HDTV) 420. The device may
implement and/or be implemented in either or both signal processing
and/or control circuits, which are generally identified in FIG- 6E at 422, a
WLAN interface, mass data storage of the HDTV 420 and/or a power
supply 423) The HDTV 420 receives HDTV input signals in either a wired
or wireless format and generates HDTV output signals for a display 426.

In some implementations, _signal processing cirguit %[1@/ control circui
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sqg% [m coding and/or encryption, perform calculations, format data
nd/or perform any other type of HDTV processing that may be required.

f0038}oblag; HD R¥drPdnaseamrianisaletvatiasniass cdata storagendaizdthat
stores data in a nonvolatile manner such as optical and/or magnetic
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FIG. 6A and/or at least one DVD may have the configuration shown in
imieraent TaRsliaD DenieipigeaatgRninHENDSh 8F iBE B M PH SRR BIp RHEHAPS

having a diameter that i ller th, ximately 1.6". The HDTV
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the device may implement and/or be implemented in one of more ADCs
tieeecssly I BYSternipiia seius efek3d, dsAVARRE.  in some impiementations,
signal processing circuit and/or control circuit 422 andfor other circuits (not
shown) of the HDTV 420 may process data, perform coding and/or encryption,
perform calculations, format data and/or perform any other type of HDTV
processing that may be required.

[0038] The HDTV 420 may communicate with mass dafa storage 427
that stores data in a nonvolatiie manner such as optical and/or magnetic storage
devices. At least ane HDD may have the configuration shown in FIG. 8A and/or
at least one DVD may have the configuration shown in FIG. 6B. The HDD may
be a mini HDD that includes one or more platters having a diamster that is
smalier than approximately 1.8". The HDTV 420 may be connected to memory
428 such as RAM, ROM, low latency nonvolatiie memory such as flash memory
and/or other suitable electronic data storage. The HDTV 420 also méy support

conneciions with 2 WLAN via a WLAN network interface 428.
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interface, mass data storage of the vehicle control system and/or a power
supply 433. In some implementations, the device 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
more output control signals such as engine operating parameters,
transmission operating parameters, and/or other control signals. [0040]
The device may also be implemented in other control systems 440 of the

vehid@nasp. TRefeoingyoicsysteRGIADNtay aiisentscaipr signadadiehe
_input sensors 442 and/or output control signals to one or more output
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. part of an_an '-Iocli braking s¥s_tem (ABS), a navigation system, a
m?&fé?ﬁ%{ti@?%i/ A SaraRE AL DGRl Oyt Svstem-ans/ae paremer syBRbM,
a0 adapli ru stem, a vehicle entertainment system such
4%2' ai@ergewolﬁ elcng)?ecﬁ%n?‘gag{gt%is%ﬁeanc? e Iﬁ@%ﬁ%ﬁ%ﬂ%gﬁ@n%ﬁ%
sﬁl@rﬁ%@@ﬂﬂﬁ%ﬂ@@ﬂﬁuﬂ"ﬁ&@ﬂﬁg@i%8?@@8!@3@@%&#% @rﬁrgeratu

: h e .
communicate with mass data storage 446 that stores data in a onvofatlle
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storage devices for example hard disk drives HDD and/or DVDs. At least
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one DVD may have the configuration shown in FIG, 6B. The HDD may be
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[0040] The device 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.

[0041]  The powerirain 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. 6A and/or at least one DVD may have the

configuration shown in FIG. 6B. The HDD may be a mini HDD that includes one
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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 also include mass
data storage, memory and/or a WLAN interface (all not shown). [0042]
Referring now to FIG. GE, the device can be implemented in one of more
ADCs in a cellular phone 450 that may include a cellular antenna 451.
orThere@tdtiersagvingpiedimnesndiet esmplerieanapmedneiett béth sigaal
processing and/or control circuits, which are generally identified in FIG. 6E
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candiayeacrgptionapeiorinticdle atiedsjfaorate] aeand/eanperfariiLatier
cellular phone functions. [OD43] The cellular phone 450 may
ingrapsUalcartsAWMhass data storage 464 that stores data in a nonvolatile
manner such as optical and/or magnetic storage devices for example
& S0EH

hard_@&?«z?jriv@ﬁﬁﬁ.gm&f) DS A fARIGHEFI BB TR one
of Pn%fxlg'ﬂs %r}nsta‘oé’%m%fd%n%%%%% %A%ﬁ&%g algenukar antenna 451.

The device may implement and/or be implemented in either or both signal
processing and/or control circuits, which are generally identified in FIG. 6E at
452, a WLAN interface, mass data storage of the cellular phone 450 andior a
power supply 453. in some impiementations, 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, poiniing device,
voice actuation and/or other input device. The signal processing and/or conirol
circuits 452 andfor other circuits (not shown) in the cellular phone 450 may
process data, perform coding and/or encryption, perform calcuiations, format
data and/or perform other celluiar phone functions.

[0043] The cellular phone 450 may communicate with mass data
storage 464 that stores dafia 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. BA and/or at ieast one
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DVD may have the configuration shown in FIG. BE. The HDD may be a
mini HDD that includes one or more platters having a diameter that is
smaller than approximately 1.8". The cellular phone 450 may be
connected to memory 466 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. [0044] Referring now to FIG.

%gf&trﬁageﬁ’é%% 3 é’oenggppr'a MEniedp pngcof : orerADLR r‘%t]ﬁsg%o%g}ﬁ?

[
device may | emen andr/]or be Timplementedin either or

SIPMALIORRRRIBY ST FRA BlHEFY MBI BEenatenerallysidrniilie chiy
FIG. 6F at 484, a WLAN interface, mass data storage of the set top box

480raxitHaen PenerHpphid8s pidre: sEltefab weAdtnecrivas aigneds 466
from a source such as a broadband source and outputs standard and/or

Blegh chsfimAbh &R@Nb/ e datamar| seNaiisle foremgispRyra 88 silash asemory
television and/or monitor and/or other videg and/or audio output devices.
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ipan) of e set. top bov 190 may Ripages dala, berorm cpging and/or
encryption, perform: calculations, format data and/or perform any other set

top boxgfyngtion: A045) THR RPEIGPAIXASN Ay LA HRAIRHER Mass

data storagé 490 that Stores data in a nonvolatile manner. The mass data

gioragr 4950nay dnsdideppidcaksnd/ ahenagugticratrageldedeesiabr be
example hard disk drives HDD and/or DVDs. At least one HDD may have
timepleondiniadati citstrow b athRiGnabiaued fincatieist comrd \eiicoiay whiske e
configuration shown in FIG. BE. The HDD may be a mini HDD that

iBenfIRY dirnbiied dhe Rt oh 48t o iAh diderface, mass data storage of

the set top box 480 and/or a power supply 483. The sst {fop box 480 receives
signails from a source such as a broadband source and outputs standard and/or
high definition audio/video signals suitable for a display 488 such as a television
and/or monitor and/or other video andfor audio oufput devices. The signal
processing and/or control circuits 484 and/or other circuits (not shown) of the set
top box 480 may process data, perform coding and/or encryption, perform
calculations, format data and/or perform any other set top box function.

[0045] The set top box 480 may communicate with mass data storage
490 that stores data in a nonvolatile manner. The mass data storage 490 may
include optical and/or magnetic storage devices for example hard disk drives
HDD and/or DVDs. At least one HDD may have the configuration shown in FIG,
BA and/or at least one DVD may have the configuration shown in FIG, 6B. The

HDD may be a mini HDD that includes one or more platters having a diameter
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13 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. [0046] Referring now to FIG. 6G, the
device can be implemented in one of more ADCs in a media player 500.
The device may implement and/or be implemented in either or both signal
processing and/or control circuits, which are generally identified in FIG.
toe istBoalies Iannapmsimaiely mdss dEta sebragdok 466 meadizepiayeeden
and/or a power sugply 503. In some implementations, the media player

'80DEADGES 5 HEPIRY 5O MR ol WS FRR1 BEBVSIRYPATEREY SHEN 25
fRYe ISR a B il LORIBR 'Qﬂ#’é%%?g%}f;%%}%gem‘fﬁéas%' 0% 480

may employ a graphical user interface ically emplo

AReMay dIRRoARHRHRISBHS WRRRSMDAIPTA ANt HatlickiMeriacs yir the
display 507 and/or user input 508. The media player 500 further includes

an aufbho4aitpurRe@drsigchowsia BfRaker dnel/osvcicaaubpuinpatdmaiited in
signal processing and/or control circuits 504 and/or other circuits (not
SR erRORrRii plajs BareniRP. pldsedevitamaeimmenuutiagdordior
encryption, perform calculations, format data and/or perform any other

BBl HeEOR. T84T PR STACRSIRARY SotP ey Cotiutisteare
L P, B e S i 2 S R R o

€0 content in a nonvolatile manner. ih S6Mm en

herempapstsaydndles eludeliss il ale SORPHARLIMERMER, the
format or other suitable compressed
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 user interface (GUI) that typically employs menus, drop
down menus, icons and/or a point-and-click interface via the display 507 and/or
user input 508. The media player 500 further includes an audio output 509 such
as a speaker and/or audio output jack. The signal processing and/or control
circuits 504 and/or other circuits (not shown) of the media player 500 may
process data, perform coding andfor encryption, perform calculations, format
data and/or perform any other media player function.

[0047] 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
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audio and/or video formats. The mass data storage may include optical
and/or 14 magnetic storage devices for example hard disk drives HDD
and/or DVDs. At least one HDD may have the configuration shown in
FIG. 6A and/or at least one DVD may have the configuration shown in
FIG. 63. The HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8". The media
player 500 may be connected to memory 514 such as RAM, ROM, low
latency nonvolatile memory such as flash memory and/or other suitable
mgoRtinisiaiate devivgs. [ihexardia RLaYEtiS0ANSo MY HWROBVDs. At
connections with a WLAN via a WLAN network interface 516. Still other
s Iensch BRI srryihayedhp Aadigwrtonieboripad BiH\EA anedtanie pated.
%(}848 Those skilled in the art can now appreciate from the foregoing
S TIRY d1F YR 4P th BN ERIRSFIRYE I thiuiSBiosTie BRPbeathbtemerited

[ forms. Therefore, while this disclosure includes particular
e O W St & et it <b Aroes e
aptheximadificagonstidllhes fa‘?pé’d ' ctitioner upon a
agﬁ?dyl of th(gl drgwingg?trr?e@ﬁfplgg icatior81 lﬁ\%:ﬁg %ﬂggv%r% %?apr}lesrp W %?4

SUUO¥O RAIBEROMAIME Tatehginedineslanalpe iR SiaitRhCaSMRILR memory
comprising: a first ADC stage that receives an input voltage and a first

adpageheradintieslectinacgintesivegefireigiedisigpralearsba S may

residue voltage; ) ,
Suppart connections with a WLAN via a WLAN network interface 516. Still other

implementations in addition to those described above are contemplated.

[0048] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be implemented in a
variety of forms. Therefore, while this disclosure includes particular examples,
the true scope of the disclosure should not be so limited since other modifications
will become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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a second ADC stage that receives said first residue voltage from said first

ADC stage and a second voltage reference and that generates a second

digital signal; and a digital voltage supply that generates said second LLOYD WISE
voltage reference, wherein said second voltage reference is lower than

and independent of said first voltage reference, and wherein at least one

of said first voltage reference and said second voltage reference is a

digital reference. 2. A system comprsxiatRe pipelined analog to digital

converter of Claim | and further comprising: a first voltage source that

supplies said first voltage reference; and a second voltage source that

supplies saichgsipehakuciags: teferenasodvdfie, sysipmsafgClaim 2 further

comprising: nalog circuit that receives said first voltage reference; and

= gl ALl i RS LS A6 S HE BRI SRLBES RAE A, Y g reference and
thintgeatedcr €t dogitplisingthedipetinecsanrlogliagdigital converter of

Claim 1 and further.camprising: a first volta ource that supplies.said .

ot voltdgt TS0 B 4 B SHRI S 5eh SEe T SR Gy seid fs
As¥conyoltage sefeneneeltabe Thferntegratédicitqah ahclainset dukthépital signal;
anc(i)mprising: an analog circuit that receives said first voltage reference; and

a digital circuit that receives said second voltage reference. 16 LLOYD

WISEn digital voltage supply that generates said second voltage reference,

wherein said second voltage reference is lower than and independent of said first
voltage reference, and wherein at least one of said first voltage reference and said

second voltage reference is a digital reference.

2. A system comprising the pipelined analog to digital converter of Claim 1
and further comprising:
a first voltage source that supplies said first voltage reference; and

a second voltage source that supplies said second voltage reference.

3. The system of Claim 2 further comprising:
an analog circuit that receives said first voltage reference; and

a digital circuit that receives said second voltage reference.

4. An integrated circuit comprising the pipelined analog to digital converter
of Claim 1 and further comprising:
a first voltage source that supplies said first voltage reference; and

a second voltage source that supplies said second voltage reference.
5. The integrated circuit of Claim 4 further comprising:

an analog circuit that receives said first voltage reference; and

a digital circuit that receives said second voltage reference.
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6. The pipelined analog to digital converter of Claim | wherein said first
ADC stage further comprises: a sample and hold module that samples

LLOYD WISE
and holds said one of said input voltage and said first residue voltage; an
analog to digital converter that converts an output of said sample and hold
module to a digital signal; and a digital to analog converter that converts
said digital signal to an analog signal. 7. The pipelined analog to digital

conveyter of Haigf nvaareiniseidfisstiAD o Staaer T uitiehieOMRISES R said first
difference module that generates a difference between said output of said

feLHttheid MHEdEIES and said analog signal: and an amplifier module

that am@ltﬁ;ﬁ& saitiditerestige thABainiggsaind BRI EABRESNGIBENpuUt voltage

1241 d anal g to | ital converter of Claim 1 and further comprising: an
Ueles5 L Ue B #%at generates said first voltage reference, wherein

said fiistivaligge kHfgteinceniscaer ahalegvoliager eferncs, and afligitahnd hold

vaoltage su hat ner tes said second voltage reference, wherein
mgg'b?eg&%é)b&ygh e%} nce is a digital voltage reference. er of Claim 1

9. A sydtemicompiisiggdhe:pipalinechanaleg ioddigitall simag tbamdafuittiesignal .
comprising an analog voltage supply that generates said first voltage
reference, wherein said first voltage reference is an analog voltage

referéhce. 10hehepipetihedaAldCoofligaah dofuttier obMipiisintg whéeeaist said first

AYE "%‘diét%o p[ﬁer comprises:
a difference module that generates a difference between said output of said
sample and hold module and said analog signal; and

an amplifier module that amplifies said difference.

8. An integrated circuit comprising the pipelined analog to digital converter
of Claim 1 and further comprising:

an analog voltage supply that generates said first voltage reference, wherein said
first voltage reference is an analog voltage reference; and

a digital voltage supply that generates said second voltage reference, wherein

said second voltage reference is a digital voltage reference.

9. A system comprising the pipelined analog to digital converter of Claim 1
and further comprising an analog voltage supply that generates said first voltage

reference, wherein said first voltage reference is an analog voltage reference.

10. The pipelined ADC of claim 1 further comprising at least one additional
ADC stage that receives a third voltage reference that is one of an analog reference and

a digital reference.

11.  The integrated circuit of claim 4 wherein said first voltage source and

said second voltage source include voltage regulators.
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ADC stage that receives a third voltage reference that is one of an analog

reference and a digital reference. 11. The integrated circuit of claim 4

wherein said first voltage source and said second voltage source includé.LOYD WISE

voltage regulators. 17 LLOYD WISE 12. The integrated circuit of claim 11

wherein said first voltage source and said second voltage source receive

power from a common power supply. 13. The integrated circuit of claim 4

wherein said first voltage source is independent of said second voltage

source. 18 _ o
12. The integrated circuit of claim 11 wherein said first voltage source and

said second voltage source receive power from a common power supply.

13. The integrated circuit of claim 4 wherein said first voltage source is

independent of said second voltage source.
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