A VARIABLE POWER ADAPTIVE TRANSMITTER CROSS-REFERENCE
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[0001] This "application claims the benefit of U.S. Provisional

Application No. 60/773,033 filed on February 14, 2006, and U.S. Provisional
Application No. 60/763,041, filed on January 27, 2006. The disclosures of the

above applications are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION
[0002] The present invention relates to communication systems, and

more particularly to transmitters in network interfaces and other devices.

BACKGROUND OF THE INVENTION

[0003] Referring now to Figure 1, an exemplary network 10 is shown to
include one or more wireless network devices 20-1, 20-2, ..., and 20-X
(collectively wireless network devices 20) and/or one or more wired network
devices 24-1, 24-2, ..., and 24-Y (collectively wired network devices 24). The
wireless network devices 20 wirelessly communicate data packets with an
access point 30. The wired network devices 24 communicate data packets over
cable, fiber or other media with a router 40. The access point 30 also

communicates with the router 40. The router 40, in turn, communicates with a

broadband modem 44, which communicates with a service provider 48. The



include one or more wireless network devices 20-1, 20-2, ..., and 20-X
(collectively wireless network devices 20) and/or one or more wired
network devices 24-1, 24-2, ..., and 24-Y (collectively wired network
devices 24). The wireless network devices 20 wirelessly communicate
setate paokitswitB, ain docesppoiite30.athessired aetisbrib dedces@munications
communicate data packets over cable, fiber or other media with a router
nefporkHelarices & p et Bledrsel.communicates with the router 40. The router
40, in turn, communicates with a broadband modem 44, which
comtA0Akhte RAAENERRYE Brdvider4@ITRECBENAES WiwlRRs B8iwWerk device
turn, provides access to a distributed communications network 50 such as
20¢ise9RevRet. [oBoMTRISESMRiWeNK Bavies 20-lyRicahpianjudipsléshost 58 and a
_hetwork device 20 is shown. The wireless network device 20 typicall
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0005]Referri FIG, 3, layy wired, network deyice 24 i
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(nd ig%c(i) Vr\}ﬁgwork'interface 80. The wired network interface 80 typically
includes‘a wired physical layer device (PHY) 82, which includes a
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netwo erface o Includes a média access C er
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during use the transmitters 6 ve data

ne HASIRTHHEA QM e SPRELING B8 %%%ﬁ?ﬁggﬁa%%t%%et%i%lfgtﬁggﬂfées a wired

interface may pose some limitations on the dynamic rarigé o
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traHERHIUHEE HR1ANGBELr 88. The wireless network interface 60 also includes
a media access controller (MAC) 90 and/or other components (not shown).

[0006] As described above, during use the transmitters 66 and 86
receive data that is to be transmitted on a respective medium. A supply voltage
of the network interface may pose some limitations on the dynamic range of the
transmitters 66 and 86 relative to voltage references that are used to supply the
transmitter.

[0007] Referring now to FIGs. 4 and 5, the transmitters 66 and 86 in

FIGs. 2 and 3 typically receive a supply voltage that can swing between +V and

—V;. In this case, Vs is less than or equal to a supply voltage such as V.



FIGs. 2 and 3 typically receive a supply voltage that can swing between
4-V," and -V,. In this case, V is less than or equal to a supply voltage such
as vVdd. However, when a transmitter signal that is to be output by the
transmitter 100 has an amplitude that is higher than the voltage swing of
Hahesuppihsnltagenshipifingsigag cbew iFae dasrieLatl 1 amntadAiRdrlGo0 has
5. Increasing the supply voltage tends to reduce clipping. However,
aniperedsing thatsisphigheltige dise ventsto sndrepse the popsty disERGHOBIipping
of the device. SUMMARY OF THE INVENTION [0008]A circuit comprises
may dlayrrod shsahit eeabil/ts ardlgithRtiansiGit Signateasmkthgtthensupigs aoltage
delayed transmit signal. A first digital to analog converter converts the
tenfinpetPidAsAltrRgal thlawerellotueaasingsieat Wplanatiiggeatplso tends to
. circuit amplifies the analog transmit signal. An envelope generating
INGigsRadnsePeRES saiealemnpbibrstetiaged on amplitude information
related to the digital transmit signal. A supply adjustment module supplies
a voltage supply refer@ﬁ%%éﬁ@g eﬂv'%% §ihHdG8lless than a
threshold and hoosts the bias voltage of the amplifier above the voltage
supj@ﬁl%qilren FFHtROEMIESSe BigRalay gresterendhahaesrivpsl digital
¢ OOOS?]In oth rfe(éat%res, a second digital to analog converter converts the
ragRIUfopE SRy %o AR AGTSY EhRSefo e By RYl. titiesnd: sighal toArfiiRigdigital to
converter has a h&heges lutign than the second digital to analog
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. and selectively, boosts a bias current for. the amplifier. The bias current
St P]?:(frl'eas'grsl.w grluo%eoéﬁ%?oﬁg%ti'énglrgfegégﬁs%% ARpgIdratRMiliraisnal.  An
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information related to the digital transmit signal. A supply adjustment module
supplies a voltage supply reference when the envelope signal is less than a
threshold and boosts the bias voltage of the amplifier above the voltage supply
reference when the envelope signal is greater than the threshold.

[0009] In other features, a second digital to analog converter converts
the envelope signal to an analog envelope signal. The first digital to analog
converter has a higher resolution than the second digital to analog converter. A
third digital to analog converter receives the envelope signal and selectively
boosts a bias current for the amplifier. The bias current increases when the
envelope signal exceeds the threshold. The wireless network interface is
compliant with at least one of IEEE section 802.11, 802.11a, 802.11b, 802.11g,

802.11h, 802.11n, 802.16, and 802.20.



[0010]A circuit comprises an analog output module that receives a bias
signal and a control signal. A delay module receives a first signal and that
generates a delayed first signal. A control module receives the delayed
first signal and generates the control signal based thereon. An envelope
gendAih}] moduleitadticespiees mhsigmalig chudingt anmpditidethat receives a
_information related to the first signal and generates an envelope signal
biggatigaricane Iy inersedesignel bids dijagl mothd anateivestpufirsosigieal and that
when the envelope signal exceeds a predetermined threshold and before
geaRGHRs o IthiRy porfioy sianafirstsiepnirt reveivéel yctivamdioy delpyrd first
. module, [0011]In other features, the first signal includes a digital
SIghBbaRHedrOs R Sl cN e Fien Al dtrAedHaewafiefhedigitape generating
modulated carrier signal and outputs the rectified modulated carrier signal

MG KRGS Y EREPIThS AR uRC ndingitanie linale d e rvetionctsietads to the

. the envelope signal to an analog envelope signal. The envelope signal _
Il L EbAY] ASTRIP AN & PIGERESE IR A e e h AN oTieses the bias

. analog oytput madule comprises a power amplifier. The control module
SQH%TU%%S%%&%% ﬂger%%ﬁﬁle%&%lﬂv r feGtFBYEIPRRitSgnal exceeds a
unicates wit irst reference voltage and s contrglled by the. ) ,
P N B S P el GBI AREIES Wi satugnal is
re@éi%%eo” ﬁ!gpa%gfﬁ eg)%t{'ér)\gtrpnood&dfeand the switch. An inductance
' he p

commuriicates wi nalog output module and the capacitance. A

mat i@g1getwmkoqﬂmg%ﬁgg%s \th mgtasg}%ﬁorﬁrl{ﬁ%éé%z%w%gé& modulated
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anSABIRpSIEN# ectified modulated carrier signal to the envelope generating
module. A digital to analog converter converts the envelope signal to an analog
envelope signal. The envelope signal has a slower rise time than a fastest rise
time of the first signal. The analog output module comprises a power amplifier,
The control module includes a transmitter module.

[0012] In other features, a switch communicates with a first reference
voltage and is controlled by the envelope generating module. A capacitance
communicates with an output of the envelope generating module and the switch.
An inductance bommunicates with the analog output module and the
capacitance. A matching network communicates with the analog output module.

An antenna communicates with the matching network. The envelope generating

module receives the first signal and generates the envelope signal based on the



upconverter upconverts the delayed modulated carrier signal. [0013]A
circuit comprises analog output means for receiving a bias signal and a
control signal. Delay means receives a first signal and generates a
~ delayed first signal.Control means receives the delayed first signal and
firfjenigiagds thEheordelbsigniat bihsdditherete Emetopetgénesating mieans.  An
receives a second signal including amplitude information related to the
UpfipstvSifiRAILRGE tjeridsaies delarndivpe digieal tatiselsigially increases the
bias signal to the analog output means when the envelope signal exceeds
a pré@gié%ninéd fiieidhdta mRtIRsfore deoreedpohdimppertion wfabivifigta bias
_signal is received by the analog output means. [0014]In other features, the
sigiveh afhal FRatiaL s aRigitd pdu MsRescERFRIV SRy Rafiriteignel medugenerates a
ectifies the digital modulated carrier signal and outputs the rectified digital
e[%%% i Sl sigiP i theBRPER e GRNERAtinG nilkedidital tsignal and
anal%)F(g c?gvertin‘%ﬁmeans converts the envelope signal to an analog
9eRRtD Ry et THE! eAlIBhPSdRdl HREraUloweFRYEIARR BiaRcIdtERseans
e Creiase time of the first siinal H1§1e analo%outp,ut means comprises power )
ABitryS OSh SOIPAMEIHGIRG. SR AR N IR aRS R gtedr i dhkidtirg signal

eans fq(r transm|tt|r1§.88Wltch|ng}ré}(Z$@s for switfching communicates with
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analog output means.

[0014] In other features, the first signal includes a digital modulated
carrier signal. Rectifier means rectifies the digital modulated carrier signal and
outputs the rectified digital modulated carrier signal to the envelope generating
means. Digital to analog Converting means converts the envelope signal to an
analog envelope signal. The envelope signal has a slower rise time than a
fastest rise time of the first signal. The analog output means comprises power
| amplifying means for amplifying. The control means includes transmitting means
for transmitting.  Switching means for switching communicates with a first
reference voltage and is controlled by the envelope generating means.

Capacitance means provides capacitance and communicates with an output of

the envelope generating means and the switching means. Inductance means



[0015]In yet other features, matching network means for matching
communicates with the analog output means, An antenna communicates
with the matching network means. The envelope generating means
receives the first signal and generates the envelope signal based on the
Praifstesiginalu qhae eielap dneanyleiiyst tse withd dstedagarciearsignateAns and the
upconverting means upconverts the delayed modulated carrier signal.
an GIRHEtRBA O Mprises receiving a bias signal and a control signal at
an analog output module; receiving and delaying a first signal; generating
the &8%%] sighal YRisethen fisetersetnfitshiignaeiwesivimparsedondmatching
signal including amplitude information related to the first signal; and '
CO@@h‘é’ﬂ&iﬁ*@sawﬂhxfé}%@ﬁ@ﬂapa%@drﬁﬁaﬁé-se‘é@r@ﬂéﬁjm RmselETtaEdE with
increases the bias signal to the analog output module when the envelope
the,gR% NIRRT BIRABANINAE RRVSIRRE A1RN BEIERS dneRRes iy the first
._portion of the first signal is received by the analog output module. [0017]In
Sio IS IR Y SONEITREHIES] AERaPrRecE S arsadigrpe delay
The method., includes rectifying the digital modulated carrier signal and
M %ut%?r?é/ ?ﬁé?e ?ﬁi‘@é?ﬁ&?ﬂi’%a@?é%?-caﬁféﬁia@%%%% BlRAI§ggrconverts
ting module. The method includes converting the envelope signal
thetg§ %%%1(5; ogé%eé?gp%agbenaﬁfgﬂ? "envelope signal has a slower rise time

thang-fasiest rse fi f the first signal. The method further includes .
oD the SRVt S B RS S el S Fh M dtiganrol sional
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Corﬁ’t%h‘es@ﬁﬁ?rgé:g%@%wqﬂg”delayed first signal; receiving a second signal
including amplitude information related to the first signal; and generating an
envelope slignal based on the second signal that selectively increases the bias
signal to the analog output module when the envelope signal exceeds a
predetermined threshold and before a corresponding portion of the first signal is
received by the analog output module.

[0017] In other features, the first signal includes a digital modulated
carrier signal. The method includes rectifying the digital modulated carrier signal
and outputting the rectified digital modulated carrier signal to the envelope
generating module. The method includes ConVerting the envelope signal to an
analog envelope signal. The envelope signal has a slower rise time than a
fastest rise time of the first signal. The method further includes generating the

envelope signal based on the first signal. The method further includes delaying



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 disclosure, are intended

for purposes of illustration only and are not intended to limit the scope of
thehengibelossec BRYE B DESCRIP TUON O AIRE DRAWINGS [0X1A]Eed carrier

present invention will become more fully understood from the detailed
Si%\é’écription and the accompanying drawings, wherein: [0020]Figure 1 is

functional block diagram of an exemplary wireless network according to

the gHBA &k; [00RTiEHUAseR s affunptbinabbityclotidiyearpresantextsaptanre  will

wireless network device of FIG 1;(&0022]Figure 3 is a functional block

bea%%ﬁpgﬁﬁpgﬁé}%‘qg@q@@{ﬁd escription provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating
the preferred embodiment of the disclosure, are intended for purposes of

llustration only and are not intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]  The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0020] Figure 1 is functional block diagram of an exemplary wireless
network according to the prior art;

[0021] Figure 2 is a functional block diagram of an exemplary wireless
network device of FIG 1;

[0022]  Figure 3 is a functional block diagram of an exemplary wired
network device of FIG 1;

[0023] Figure 4 is a functional block diagram of a transmitter that is
powered by a voltage source according to the prior art;

[0024] Figure 5 is an exemplary waveform of a wireless signal
transmitted by the transmitter of FIG. 4;

[0025] Figure 6A and 6B are functional block diagrams of exemplary

adaptive transmitters according to the present invention;



network device of FIG 1; [0023]Figure 4 is a functional block diagram of a
transmitter that is powered by a voltage source according to the prior art;
[0024]Figure 5 is an exemplary waveform of a wireless signal transmitted
by the transmitter of FIG. 4; [0025]Figure 6A and 6B are functional block
diagifedf examplary/ddajstiventranemittrs/adoording 40 thvpkestingram and
invention; [0026]Figure 7A is an exemplary functional block diagram and
electrical schematic of a supply adjustment module;
[0027] Figure 7B is an exemplary functional block diagram and
electrical schematic of an assymetrical supply adjustment module;
[0028] Figure 7C is an exemplary functional block diagram and
electrical schematic of a symmetrical supply adjustment module;
[0029] Figure 8A illustrates a symmetrical boosted waveform;
[0030] FIG. 8B illustrates the slower signal rise time of the envelope
signail;
[0031] Figure 8C illustrates an asymmetrical boosted waveform;
[0032] Figure 9 is an exemplary functional block diagram of an
exemplary RF amplifier with boosting;
[0033] FIG. 10A is a functional block diagram and electrical schematic
of another exemplary adaptive transmitter;
[0034] FIG. 10B illustrates a rectified and boosted waveform;
[0035] Figure 11A is an exemplary implementation of the present
invention in a network accessed storage module;
[0036] Figure 11B is an exemplary implementation of the present
invention in a digital versatile disc drive;
[0037] Figure 11C is an exemplary implementation of the present
invention in a high definition television;

[0038] Figure 11D is an exemplary implementation of the present

invention in a wireless local area network device associated with a vehicle;



electrical schematic of a supply adjustment module; [0027]Figure 7B is an

exemplary functional block diagram and electrical schematic of an

assymetrical supply adjustment module; [0028]Figure 70 is an exemplary

functional block diagram and electrical schematic of a symmetrical supply

adjut@®Pt mddigerd002G Figuem 8axitiugtiates mrgyemeettitidhoostet: present

waveform; [0030]FIG. 8B illustrates the slower signal rise time of the
InRfisiBpe gigakilfoadFRjure 80 illustrates an asymmetrical boosted

waveform; _ .
[0040] Figure 11F is an exemplary implementation of the present

invention in a set top box; and

[0041] Figure 11G is an exemplary implementation of the present

invention in a media player.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0042]  The following description is merely exemplary in nature and is in
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 construed to mean a logical (AorB
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.

[0043] Referring now to FIGs. 6A and 6B, adaptive transmitters 150-1
and 150-2 (collectively adaptive transmitters 150) according to the present

invention are shown. Components of the adaptive transmitter 150 receive a



[0032]Figure 9 is an exemplary functional block diagram of an exemplary
RF amplifier with boosting; [0033]FIG. 10A is a functional block diagram
and electrical schematic of another exemplary adaptive transmitter;
0034]FIG. 10B illustrates a rectified and boosted waveform; [0035]Figure
VOh@@@@@fﬁr@%ﬁlNarWiﬂHb@mmaﬁﬁnraﬁltheqjmsenthnvmitmama‘mws can -
accessed storage module; [0036]Figure 11B is an exemplary
temRpramirateieatahthpredensimpliitioltros Mgitalersdtte discrdrivemponents

within the transmitter can be temporarily driven higher than the voltage reference
Vg to avoid clipping and increase dynamic range while maintaining relatively low
power dissipation.

[0044] In FIG. BA, the adaptive transmitter 150-1 includes a digital
signal processor (DSP) 152 that outputs a transmit signal that is to be
transmitted. A delay module 154 delays the transmit signal by a predetermined
delay and/or a variable delay that can be adjusted. A digital to analog converter
158 converts the delayed transmit signal to an analog transmit signal. The
analog transmit signal is output to an analog output circuit such as an amplifier
162, which amplifies the analog transmit signal. While an amplifier is shown, any
analog output circuit that requires a bias voltage can be used.

[0045] A boost module 164 receives the transmit signal (or amplitude
information related to the transmit signal) and selectively increases voltage Vs
supplied to the amplifier and/or any other analog output circuit above a threshold
such as the voltage supply level Vg when the analog transmit signal exceeds the
voltage supply level or any other threshold. In contrast to causal systems, the
voltage boost to the amplifier 162 occurs before the amplifier 162 receives the
corresponding transmit signal that exceeded the threshold. Therefore, clipping
can be avoided unlike in causal systems where clipping may be reduced but not
avoided. The envelope signal has also may have a rise time that is slower than

the fastest rise time of the transmit signal.

10



[0037]Figure 11C is an exemplary implementation of the present invention

in a high definition television; [0038]Figure 110 is an exemplary

implementation of the present invention in a wireless local area network

device associated with a vehicle; [0039]Figure 11E is an exemplary

impld@fEHihtion betihopsesontineehfidndorapcisiidan preomes | (00 Offeiguie 170, a

11F is an exemplary implementation of the present invention in a set top
digitid: Emcpnalog converter 172 and a supply adjustment module 174. The
transmit signal may be output to an envelope module 170. The envelope module
170 generates an envelope signal that is based on the transmit signal. The
envelope signal tracks positive and/or negative peaks of the transmit signal at a
lower bandwidth. The envelope signal is output to a digital to analog converter
172, which converts the envelope signal to an analog signal. The analog signal
from the digital to analog converter 172 is output to a supply adjustment module
174. The supply adjustment module 174 generates a variable voltage supply or
bias for the amplifier 162.

[0047] When the envelope signal is less than the threshold signal, the
supply adjustment module 174 supplies Vs = Vqq. When the envelope signal is
greater than the threshold signal, the supply adjustment module 174 temporarily
boosts V¢ above Vg The boost voltage Vaeest allows the amplifier in the
transmitter to track the transmit signal without clipping the transmit signal. The
delay provided by the delay module 154 allows the supply adjustment module
174 to generate the additional voltage required to boost V¢ above Vg4 The digital
to analog converter 158 may have a higher resolution and/or bandwidth than the
digital to analog converter 172.

[0048] As can be appreciated, the envelope signal generator does not
need to receive the same signal as the delay module 154 and D/A converter 158

as shown in FIG. 6A. For example, the digital signal processor 152 can output

amplitude information related to the digital signal to the envelope signal

11



[0041]Figure 11G is an exemplary implementation of the present invention
in a media player. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [0042] The following description is merely
exemplary in nature and is in no way intended to limit the disclosure, its
geapisteatrr dheidenFoitpigresdotuslingyadidisanleinétsrentien)umibeesdelay
will be used in the drawings to identify similar elements. As used herein,
MaHe!eetRmAOE R ACheUIEIRT/dPBeViib B Reps toRdIs Ipplic atiey ISpestid as well.
Integrated Circuit (ASIC), an electronic circuit, a processor (shared,
decilORES) or GFBLEY BEAMBrHOR st BReEetansh@ brithora SOHARTEEY SUPPlY
firmware programs, a combinational logic circuit, and/or other suitable ,
Ad e mRthist ﬁ?&wa&hwaé&m@@mm%aﬁém@@a Adrensttpapacitor

C phrqﬁe at least one of A, B, aqd C should be construed to mean a logical
B% 0

ot BIof 5 (Ring RS el iRi# e TogdNer Il R BERIRGerSBSRter 172
that st ithi thod b ted in di t ord ith )

R AR B P T R R T Wl s
FIGs. 6 d 6B, adapti itt 50- d 150-2 llectivel

oo T R R e pen e

onents, of the adaptive transmitter 150 receive,a voltage.reference
en A R AR aRa S SR st pene
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transmitter can be temporarily drivén’ Righe¥than a
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and/or other analog output circuits. In FIG. 8A, the boost voltage temporarily
increases the voltage supplied (Vs) above Vyg and reduces or prevents clipping of
the transmitter signal.

[0050] In FIG. 7B, the digital signal is output to positive and negative
envelope generating modules 176 and 177, which generate positive and negative
envelope signals, respectively. Outputs of the positive and negative envelope
generating modules 176 and 177 are input to digital to analog converters (DACs)
178 and 179, respectively. Outputs of the DACs 178 and 179 communicate with
positive and negative boost capacitors Cpoest and Cpoest., respectively. Switches
181-1 and 181-2 are operated as described above to selectively bias an amplifier
180 with Vg4 or a boost voltage.

[0051] In FIG. 7C, the digital signal is fed to a rectifier 182 (or absolute

value circuit) that rectifies the signal. If used, the absolute value circuit may

12



[0044]In FIG. 6A, the adaptive transmitter 150-1 includes a digital signal

processor (DSP) 152 that outputs a transmit signal that is to be

transmitted. A delay module 154 delays the transmit signal by a

predetermined delay and/or a variable delay that can be adjusted. A digital
selectinalpgloangertigi Sstedoverts/itie delayedindmsmitsignahterareaiogiodule

transmit signal. The analog transmit signal is output to an analog output
ougnsit sackive araramplfieatde?, amictoamplifpsatise fmaldg Gans@it and 185,

signal. While an amplifier is shown, any analog output circuit that requires
regPBIY Goldgetiedis if BedP¥0a5)Abenst HiduglernBui nicaivesithepositive and

transmit signal (or amplitude information related to the transmit signal) and
Negafd&IRAP thGeRaBL8Itagey, 80P e o RSRATSIRIY andrsiteigsolfé-1 and

analog output circuit above a threshold such as the voltage supply level
180dah AP R aHASARSeEpRG R @ lecwistHealsiRige supprymtilier 687 with
v a}gg other thre%hold. In contrast to causal systems, the voltage boost to

o4t ARBRFEY269%tcurs before the amplifier 162 receives the

corr ing_transmit signal that exceeded the threshold. Therefore
cIipEﬁQgéTn k?gl&%iagﬁtﬂ%li% i CusHP s AFERRIRRera chyPigsthiss bePoosted

R SR RS B A S RTINS AT e
RS oes mon Ao corsss i e EOUE 110
oS AL ) ST TS TS The EUERPE one
e T T

tn IO ol BRI ErnER PRI R RN SRBEENR IR Bated at

analog sig e an digital to’analog conve

185 OURHhIQ %ﬁ&%@@?@;@ggﬁ%\ It?ejg?rf's T@%%BBQ&QJ”&%@?&E%EQ of the

module 174 generate e voltagesupply or bias for the am

incléés&QQ“tMF@&%ﬁt%?‘é%ggﬁ sgmalis 165§ ngév%ehﬁi Ré‘?%!ﬂn\;ﬁeiﬁoﬂge B the

supply adjustment module™174 supplies V, =V en the en

tra§§98ﬁéis;%ﬁﬁt%ﬁweé@eég@éﬂﬂj%?ﬂgﬁl’ g o@juﬂ@w{k‘? of the

174 temporarily boosts Vs above Vdd. The boost voltage VBoost allows

eniREoRBIRIGISH 1N dBe 4T AnRBNTRE o R T R ATRRST HRional witheut g’l%}v%s,pq 90. In

the transmit s_ignal. The delay provided by the delay ch_iule 154 al
otHBewURMY adisstmeant madeledvddpaersrate tieadeiugnal ¥lidgerastest rise

required to boost Vs above Vdd. The digital to analog converter 158 may

timave aHRiohensasekstiandgnagl/acbandyidiythanihe digial 1 analog 197 of the
converter 172.

envelope signal in FIG. 8A will be less than a slope 196 of a corresponding (and

delayed) portion of the transmitter signal 190. Using an envelope signal having a

faster response or a step response (such as the one shown at 199 in FIG. 8B)

may tend to cause high frequency noise.
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[0048]As can be appreciated, the envelope signal generator does not
need to receive the same signal as the delay module 154 and D/A
converter 158 as shown in FIG. 6A. For example, the digital signal
processor 152 can output amplitude information related to the digital
signdP@5dle enveldpe 8ignah geperateiriaatiwize tfansnih signal Hadetiogted by
additional information) to the delay module 154 and D/A converter 158.
thethisewjipis bfSigR&lsitnapdrnusetines hedist thaj0B49k Refetehgsnaifferent for
FIGs. 7A-7C and 8A-80, an exemplary supply adjustment module 174 is
PEHbYEnaadiagad e vt spelblieasty adlodsh eefactothegusitiieaand negative
receives a boost voltage from the digital to analog converter 172. When
bigse alioeRpiosiifasifesentinbarindtrresrma'sigme diftesuitch Saoost is
closed and the supply adjustment module 174 supplies Vs = Vdd. When
the elAfEt8be siaREFTEARY dafh e Rrethdarjiva, o smitter SRfdcan be

._is,opened and the supply adjustment module 174 supplies V, = Vd
K RRR e hdRg St HafRicRo RIS NS DS VRS of the

A o T e S
o T RN S50 R B o

suﬁ%‘g@@pe. gg\n%g%ﬁg,g_t%%%%ﬁsn% %ﬁlg{?)rl é% Wg{ﬁ%ﬁ%%%at% {)%Srgggs%r}%l to the

tive envelope signals, respectively u’%pu S osi

I | i 6.and 177 ' t to digital t .
o A R o LD, DR R e
o HBSHIS TSR A PORS W ISR SO gl v
anaa?ocbeégmgﬂ@b%g %ﬁ@@@\fﬁy 9@33%5 %@R‘g}%ﬁ ]sﬁ’&n‘éﬂt?o\’a%d 4 og transmit

boost voltage.
signal.  The analog transmit signal is output to an upconverter 204 that

upconverts the signal. The upconverted signal is output the amplifier 162, which
amplifies the signal.

[0055] The envelope module 170 generates an envelope signal that is
based on the transmit signal and/or a threshold signal. The envelope signal is
output to a digital to analog converter 172, which converts the envelope signal to
an analog signal. The analog signal from the digital to analog converter 172 is
output to a supply adjustment module 174. The supply adjustment module 174
generates a variable voltage supply for the amplifier 162.

[0056] When the envelope signal is less than the threshold signal, the

supply adjustment module 174 supplies Vs = Vqq. When the envelope signal is

14



[0051]In FIG. 7C, the digital signal is fed to a rectifier 182 (or absolute

value circuit) that rectifies the signal. If used, the absolute value circuit

may selectively change sign bits to provide an absolute value. An

envelope module outputs positive and negative envelope signals to DACs
greiBdratheh i 85 rkspebtivelyigalptite alihe!\DAGss1B4 @inchd8ble 174 temporarily

communicate with positive and negative boost capacitors Cboast, and
boGitsodts, abspectively. Thwitdhley 186\idett HBER2 ateloperatedias! 54 allows the

described above to selectively bias an amplifier 187 with Vdd or a boost
suppivageijotBetheneitolt iV FI® TRgeretattsasyditineticabbegstegquired to

waveform that is shown in FIG. 8A. In FIGs. 8A and 8B, the transmitter
bogRrindl 2boMeaY @ hifj e ikRifaviataprie BavdD@isigriaredzsTine envelope

. envelope signal 192 anticipates the transmitter signal 190. In other words,

sigiil BRI SPRIPTOR G Giasne stk ly ToRdvam e Ungehselettively biases the

transmitter signal 190 as would be the case for traditional peak envelope
aWé‘(é’%ft&.ﬁa?gn‘%@&ﬁ%@iﬂﬁ%ﬁéﬁéé%ﬂ%dﬂ%ﬁbwﬂwéaéﬁeénap)% fé]@hﬁve boost

92 hegins to increase in anticipation of the increase in the transmitter

voliggeais 4 Y HAVE D highE AR Rs inecpativeiippeairent to the
L 182 1 o B A BRI EEhS EAHSHEST SoraPoBLAFE to the
otlhfer vy)ords a rise time ot?the envelope signal 192 is greater than a
AMROELTRSE ﬁrﬁg e é’rﬁiﬁ@nﬁbnal 190. Stated another way, a slope
197 lope signal in FIG. 8A will be less t I 196 of
cort302ling (ARG SE e RE) 016 of WE FartS AT il 85, Ekiiges and
- ignal_hayi fast t h .
i P By o VB (e R i eaUesby gaplant
0 G, ical f that ted by t
T e e R A (e R s i 0o
. : i oal. Th “th o q .
e o 1o A e Oz s 1) BErgpor v
Bluetooth and cellular phones, for example those that are compliant with GSM

4G.

[0058] Referring now to FIGs. 10A-10B, a transmitter circuit 240
includes a digital signal processor (DSP) 242 that generates a first signal
containing amplitude information and a modulated carrier signal. A rectifier 244
(or absolute value circuit) rectifies the signal and outputs the signal to an
envelope generator module 246, which generates an envelope signal as
described above. A DAC 250 converts the envelope signal to an analog
envelope signal and generates a boost voltage Vpeest across a capacitor Cgegst.

The envelope generator module 246 also generates a control signal that
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[0054]Referring now to FIG. 9, an adaptive transmitter 200 can be
implemented in an RF amplifier for a wireless transmitter, Components of
the adaptive transmitter 200 receive a voltage supply Vdd. Some
components within the transmitter, however, can be temporarily driven

seffigtieelthanehe apttadessspplyviidtl. 266igitaldrairstait medutaten2Q2 The switch
outputs the transmit signal to the delay module 154 and to a rectifier 201

is (eabtasiae darmsibectabe)yevhich outputs the rectified digital signal to the
envelope module 170. The digital to analog converter 158 converts the
delaj@@3PAnsrit dijan nodnlandfdgreanbmit SignatoThéatethlogrtiansigital and
signal is output to an upconverter 204 that upconverts the signal. The

gelipeadinrerted SRR isdplatask aanpifiesigsal. whioh amplifiesrtiee sipualle 256
[0055]The envelope module 170 generates an envelope signal that is

UPGQBXEEh i dpiRvasiisitial dhdrensntittesrEid srjreliatsecenvelopesignal for a
signal is output to a digital to analog converter 172, which converts the

COBY?%F&&@ G %W&ﬁﬁ@&f&fﬁ%ﬁ%ﬂéﬁa@@ $hmariaradtaeiyielad carrier

. analog conyerter 172 is output to a supply adjustment module 174. The
S‘gél?gp|gadﬂiy§tﬁ£éﬂ?%ﬁﬁlg‘ Yy Pgarasetes RatusendnakossbpRPRERE Cooost

mplifier 162. [0056]When the envelope signal is less than the threshold _
angig afr?f?‘ne%rﬂb[ﬁl?}sa%j SRVRORITEPYA seBflies’ PRI INYHapteK 266 is
o BT T T A Shet SO R g, e i
e R e SR G S LGP cuth e BB ORREARSE: Rianal i
o AR BUAR I SRR Lo s e SR ST v
b e o s K SRS cannually provice an adaptive bise

currggbidine HBAIRIACR f bigs adiysiment Jiopule 210 sdsts an BE. ory

bias current to the amplifier based on thé énvelope sign

im BRPHSALORSHINCHARIVBRISSS MRV P URe SRR . Referring now to Figure
11A, the present invention can be implemented in a network accessed storage
module (NAS) 901 that includes a hard disk drive 900. The present invention
may implement and/or be implemented in a wireless network interface module,
which is generally identified in Figure 11A at 904. In some implementations,
signal processing and/or control circuit 902 and/or other circuits (not shown) in
the HDD 900 may process data, communicate with the module 904, perform
coding and/or encryption, perform calculations, and/or format data that is output

to and/or received from a magnetic storage medium 9086.
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wired network devices. The network devices can be VDSL or VDSL2
compliant. The wireless network devices can be compliant with IEEE
standards 802.11, 802.11a, 802.11b, 802.11g, 802.11h, 802.11n, 802.16,
and 802.20 and/or with Bluetooth and cellular phones, for example those

that Ere@&tmpliding wADICSEN 40 {0h8IReMtEgwitwiadtHes nEBRotREd @evice
transmitter circuit 240 includes a digital signal processor (DSP) 242 that
(nefesterates sufirstsignabogmien g moiplituceninfoinpiieyiascsadhastuatedrsonal
carrier signal. A rectifier 244 (or absolute value circuit) rectifies the signal
digited assitianthesigial hanenveldize gehtPatotapedaled? 46 Vikichand/or other
generates an envelope signal as described above. A DAC 250 converts
detfiecelize e Sigidi® witethadioksed8lepe sighiae anddedredies TbedsDD 900
voltage Vsoost across a capacitor CBoost. The envelope generator
MEHRRICOINGHRS e AeeaIesaXBhFurbiGisalandproersashasyopmesiadAM), low
closes a switch 258, which is connected to Vdd. The switch is operated as
latgaeyrineavRsie. eSS R18) madirsnSBeREesand Mouarigory (ROM)
carrier signal and generates a delayed modulated carrier signal. An

anditopiteiiRNIn S B Opo At S it gRIay 6@ iRl SRErapRYnatep Jagiude a

%/enerate? a control s@{ﬂal for a control terminal of a power amplifier 264
PORSESY BR YH@%%%?/@ odulated carrier signal. An inductance 260 may be

o B P ST e
R PR 20 M Tl SR R e
g R B PR PR o
o S TR B EDE S e sl D S
o BBEUEL RAHPAEETTRERSTEISRENS AP Uil 010 mo
P el oo EoL e 0oL o Sioe Peo b At liaparor
oSS a9 R A B A M o

91 BeripmiREing SBfeRERHRlIaN. ResfosM FaleH é‘i‘iiugﬁ%’n%'?g(g{ofﬂ{@ggﬁéﬁ 912
that is output to and/or received from a magnetic storage medium :
and/or other circuits (not shown) in the DVD drive 910 can also perform other
functions such as encoding and/or decoding and/or any other signal processing
functions associated with a DVD drive.
[0063] The DVD drive 910 may communicate with an output device
(not shown) such as a computer, television or other device via one or more wired

links 917 and/or wireless links via the module 911. The DVD drive 910 may

communicate with mass data storage 918 that stores data in a nonvolatile
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[0061] The HDD 900 may communicate with another networked device

(not shown) such as a computer, a mobile computing device such as a

personal digital assistant, cellular phone, media or MP3 player and the

like, and/or other device via one or more wired links 908 and/or the
manoeule Bige nTdes HER 900 agayXd conpentddde memaryi3@usiveh(&OD). The

random access memory (RAM), low latency nonvolatile memory such as
HPRsh ayehsors {heactofiyurainn ishGRaMi dingioe othér stitabitDdeotonice a min

data storage. The HOD 900 may also include a power supply module 903.
HBdéRaRéfeHIRgBNa P Figure 1Bl e predeat invéamietecaihdleis smaller than

implemented in a digital versatile disc (DVD) drive 910. The present
anpRRsEsHaYal fnpldmere YRariveeSinthraae hte 8an Wegkkss on@mmacy 919 such

interface module, which is generally identified in Figure 11B at 911. Signal
aspifeMssRE MndRY datrrsicirany98sisnmemstheserbuits (FrReRHowmany and/or

the DVD drive 910 may process data, perform coding and/or enc(r%/fftion,
O S HHAELRC ISR BrAE? At 1t ot Arih e Molude &

written to an ig}:ical storage medium 916, In some implementations, the
po&&ﬁ&l%‘é‘e% g and/or control circuit 912 and/or other circuits (not

oS BR e SI0T B pera ohe Mnclop Mg can oo
R R RS e R A 230 ot o
S B A R s ancior
Cb%tt%@\g&r%ﬁst,h%}%tage%'%atsép)earé]%n\{ Iear%[itlt%ed in Figure 11E at 922, and a
wireless network interface module 929.

[0065] The HDTV 920 receives HDTV input signals in either a wired or
wireless format and generates HDTV output signals for a display 926. In some
implementations, signal processing circuit and/or, control circuit 922 and/or other
circuits (not shown) of the HDTV 920 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.

[0066] The HDTV 920 may communicate with mass data storage 927
that stores data in a nonvolatile manner such as optical and/or magnetic storage
devices. At least one HDD may have the configuration shown in Figure 11A
and/or at least one DVD may have the configuration shown in Figure 11B. The

HDD may be a mini HDD that includes one or more platters having a diameter

18



manner. The mass data storage 918 may include a hard disk drive (HDD).
The HDD may have the configuration shown in Figure 11A, The HDD may
be a mini HOD that includes one or more platters having a diameter that is
smaller than approximately 1.8". The DVD drive 910 may be connected to
thahdsnemedeo harh aspRAmM RSN 1 18W laiEneyHiDMvb @R meynbey sucheased to
flash memory and/or other suitable electronic data storage. The DVD drive
MO &y alsedhcigdd A\pboReMsulopty StER 0 e RE&S RNy @W o Stighras flash
110, the present invention can be implemented in a high definition
m%@@v%@m(ﬁmwggwtawé slestpninvéatiosiatagempldmenbandRizbalso may
implemented in either or both signal processing and/or control circuits,
InGlitiereahe YeherRmpdetified in Figure 11E at 922, and a wireless network
interface module 929. [0065]The HDTV 920 receives HDTV input signals
in eitfAe ired YRR e oM iRt Bl fenérdtes BB TOr8EEAI dypaEanr may
,_adispl ome implementations, signal processing circuit and/or
B LR e lﬁfﬁﬁ%%.f&w F%Féﬁd‘v@ﬁ%f‘fr@?ﬁw DR tigy 948 of
pr perform codin /or encr rform calculatlons
. ¥8ﬁ4%§? S NN R A e D B S Ueding B gy more
usre%/ 0066 t['n HDTV 920 ma%/ communlcate with mass data
&Y at sto es% L{a i g Honvol&ife MaRn8P St ad GticaIa! sensors,

req
JE
orag
a”@]n ogm ne%g(f ora wces At ast one HDD

ATl ks .g%ree&fx' P%?fgarst%@%%ﬁg&%%%%ﬁ one or

ura
o B D O, TUR RS RABEHER pamission
ted t 928
op BRI s, B aﬁi%gﬁzﬁ%m%{a?% Aoy su‘éé":s”‘f?arih
memapea ;gforrﬂ@%ﬁwa@@;s?é%@m AiRIQIAGS rgb Igu?ea@%ofﬁ&%ﬂ input

may include a power supply’923. [0067]Reterring now to
seRERREHADVERIIRN BIAY¥ut control signals to one or more output devices 944. In

sen

some implementations, the control system 940 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.

[0069] The powertrain control system 932 may communicate with mass
data storage 946 that stores data in a nonvolatile manner. The mass data
storage 946 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 Figure 11A and/or at least one DVD may have the
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implement and/or be implemented in a wireless network interface module
948 of a vehicle 930. A powertrain control system 932 receives inputs
from one or more sensors such as temperature sensors, pressure
sensors, rotational sensors, airflow sensors and/or any other suitable
cosbpistriamdimvinaingEitenates! @ne Tinend@Dutpyt SerirohisigAmeswHeh ascludes
engine operating parameters, transmission operating parameters, and/or
onethemeortrol sigrals {0068 THcwmianlisysiens Sdllendl dikexpiseosdoeitey 1.8”.
signals from input sensors 942 and/or output control signals to one or
ThierRWSIHHRID devites) S4stemsBaTe inayldraetaticse théocoterobsytdi such as
940 may be part of an anti-lock braking system (ABS), a navigation
Rﬁé\{}st%ﬁ%%h i@}éﬁ?&ﬁ@%m@waﬁ%m@m@mmaﬁbsa@ﬁ@h mdanery and/or other
departure system, an adaptive cruise control system, a vehicle
sUhISSIRSIERR ISy Shim SRR o \lebvle BYD meavmplest sk dsdarionker supply
till other implementations are contemplated. [0069] The powertrain
ontrol system 932 may communicate with mass data storage 946 that
stor jﬁ dﬁﬁ nvolatlle manner, The mass data storage 946 may
incldd8 Gtical /rcm%aaﬂ%é%tgﬂﬁﬁéedé\?lgestfb@ XSS H%Y@Qﬁ‘él@ can be
lmqﬁ es HDD and/orlEI\l/Ds At Iee%[ﬁ %HDD may have the conflguratlon
SR EiGuRe 994 R drEraeieRd & afmmas}%@tﬁ@ tigntates 951

ini HDD that includes one or

Théhoy\énsmi: ure 1B The HDD mﬁg )
Jre pratters hawﬁg A BRI §W1 Ir fRRn AP BGMEL L 8 Wireless
932 d
S S A RS oo 5
; / bl | Vehicle 930
e
d Il 950

o R O S R migRe pointing
de@pg/aremR SQ%HG&'%&%W%?S&E&W&% (k Interace madyle gﬁes&%gnd/or

some Implementations, the-cellular phone |ncIu €S da micropnone

coRPoRYGio PURIEP5R, Hﬁh@cﬁ F‘éﬂﬁ:’ %rh%g%g ﬂ%‘%%t G d' RN 950

960 and/or an mput V|ce9 ch as a keypad, pointing V|ce vice

maACHAIE ANEQLOthRI AR dRVicR é}?d%gn@ln%h@ﬁﬁélﬁ gﬁggﬂ%’r% C%%E%'lations,

circuits 952 and/or other circuits (Mot shown) in ce phone 9

foraYdURrass datBe RBFABHEIRA RN SICHRtiaBLRerform calculations,
format data and/or perform other cellular phone functlons [0071]The
cellypgpione B0 reayfammbIeA8 Wt Egssd¥Runicate with mass data
storage 964 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 Figure 11A and/or at least
one DVD may have the configuration shown in Figure 11B. 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 950 may be connected to memory
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storage 964 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 Figure 11A
and/or at least one DVD may have the configuration shown in Figure 11B.
96% e etDES RANbeROMNidHD R et inatutestine wicmore plastersshiyirgmemory
diameter that is smaller than approximately 1.8". The cellular phone 950
aniay loéheonsieittddetoctrenor ic WBBesuthragKRANCIRQN, Ioholatedey) may also
nonvolatile memory such as flash memory and/or other suitable electronic
incladie storayer eelpladBone 950 may also include a power supply 953.
[0072]Referring now to Figure 11F, the present invention can be
implEPREREd imaisstingh how 980.Fiaerprekbnt ithemimsenayiimpteinentan be
. and/or be implemented in a network interface module 996. The set top
IMplsrsiad deidesadifaRIoN & sdhre wrsnhinsdntadvaay koplesant and/or
outputs standard and/or high definition audio/video signals suitable for a
begigpigroaiedciag oo ERTeE nibRtelca®®or othee vikiotandiepx 980
audio output devices. The source may be connected to the set top box

re G a T AW R Infe R GRodUR086. Phd SIgHREANS BRSNS aRBfbroutputs
contrql circuits 984 and/or other circuits (not shown) of the set top box 930

Sty HraBALY B HEHRIRN BTG MR SERA BB E BlerorT cutataRS, such

forqn t data and/or perform an ot@ers t top, box function. ~ [0073] The

25 G P BB BT ay BT R LA AR B8 BPIGe SR Pldioiyices.

data in a nonvolatile manr!)er Th@émass (?ata stor% e 990 may include

ThEpeRAi GndllsY MSgRRNALHSTdR Ha%icst foPhampidndr RGeS Hois face
e AT MLy S E U AL v R oG Ba engli s other
e e e e SR Pt A e e B . P orRE aocing
R L O A A e e

toﬂﬁﬂrﬂ%i‘ét?ﬁ{a storage. Set top box 980 may also include a power supply
983. [0074]|Referring now to Figure 110, the present invention can be

[0073]  The set top box 980 may communicate with mass data storage
990 that stores data in a nonvolatile manner. The mass data storage 990 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
Figure 11A and/or at least one DVD may have the configuration shown in Figure
11B. 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 980 may be

connected to memory 994 such as RAM, ROM, low latency nonvolatile memory
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implemented in a media player 1000. The present invention may
implement and/or be implemented in a wireless network interface 1016. In
some implementations, the media player 1000 includes a display 1007
and/or a user input 1008 such as a keypad, touchpad and the like. In
susbrae ilplementatiprs)dhe otbdiaqldyercl 680 troaycenaitoy a @igphisal top box
user interface (GUI) that typically employs menus, drop down menus,
98 onsyaalsire poiaapakaickuptasf&&avia the display 1007 and/or user
input 1008. The media player 1000 further includes an audio output 1009
such 887t pedketeanagormavdidotifgitfack] Ghetlsigralesmuedsirentiod/aran  be
. control circuits 1004 and/or other circuits (not shown) of the media player
im pERIVGRESE pldce B eidiRy, Parern @8dingTasd esasty pilsentiwrfonay implement
calculations, format data and/or perform any other media player function.
aneysPEhdRERIRERIRFEr 0GD WHRESHIniaivatk viteraee did Gtoralie some
. 1010 that stores data such as compressed audio and/or video content in a
'mﬁkﬁwsmm%%nﬁ@r.W@@n@lmeﬁq&&aﬂaﬁg%@ WisiirssddParicmes user
inclugé files that are compliant with MP3 format or other suitable

INRYIOEE SUF R AR R FRIBR G FpRst Sreh B Hes: g dfasiBradE Riggnentations,

include optical /or magnetic storage devices for example hard disk .
R PG B T DB ATk b L BE B AT i mg kAo Pioaly
shown in Figure 11A and/or at least.one DVD ma% have, the confi ura%%gce via

eIISih TGS I IPHE 155 Wy B8 ATHI QISP RBRTGS o
o T S o R rd b TRt e IR BRRRincludes
an?aQMi Iogyié&tﬁn%dgonvo atg% rgeﬁr/r‘]J%r ksélﬂcgngfi%%%?% Qg@é}?nd/ ro]t ersignal

Itable electronic a?au%torage. edia playe fide 2'©
il ¢ ‘ - addii h
oS A B A R A B8 S o v
e " . : .
S 0 RSLOR R e S AR A A, peror
calOEliBAdNR IR tERsURR Y Blage e g%k%?th-ﬁ%'anaﬂggsgféma%%on._

supply voitage as needed. As a result, ynamic ran the circuit is

b opsIadR b ATeae PONE ERIRAHILIOOMTITIRRR s date

skilled in the art can now appreciate from the foregoing description that

stdheraad tedehingsaf e PaRanLInVRRIgRca0PS IR IeMEREF iR content in

variety of forms. Therefore, while this invention has been described in

a FOMBHIAE WHAnPRItICUAT sXaBPIeHIBRIEXLERRITUR SCORMPBFiREed audio files

invention should not be so limited since other modifications will become

inclbRarendaiae skdled PrackiteNaTH R vt A theKkrwingsniB & ompressed
specification and the following claims.

audio and/or video formats. The mass data storage may include optical and/or

magnetic storage devices for example hard diék drives HDD and/or DVDs. At

least one HDD may have the configuration shown in Figure 11A and/or at least

one DVD may have the configuration shown in Figure 11B. The HDD may be a

mini HDD that includes one or more platters having a diameter that is smaller
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N1CS CLAIMS 1. A circuit comprising: a delay module that
receives a digital transmit signal and that generates a delayed transmit
signal; a first digital to analog converter that converts said delayed
transmit signal to an analog transmit signal; an analog output circuit that
thagceiesaidtahalbg transmitrsighalplayer 1080 ensglbpecgenerstidgo memory
module that generates a digital envelope signal based on amplitude
SikfaneiatenRaldied @b diovdigitah tyansmitosigitalmemory susipplyflash memory
adjustment module that supplies a voltage supply reference when said
angigitaPEif/elptabign &l s tessichdateaistvsigye IMsoliareferesicd ADA timety also
. boosts a bias voltage of said analog output circuit to a voltage level that is
INQresret taned Vol [E0&Bor SHith aifral iemmlemss taipaswneadstiion to those
digital envelope signal is greater than said voltage supply reference;

desiherh a1 ePRieE BlHoErer that converts said digital envelope
sign\@lﬁ%ﬁr arg{a\}o envelope signal, wherein said first digital to analog
con as m%‘fﬁém%ﬂﬂﬂﬁ{ theA SarNeutonBniABRIBhAMIBY! Circuit that
converte{);, and . .
requires a bias voltage and/or current can be used. The present invention saves
power by generally lowering the required supply voltage while selectively
increasing the supply voltage as needed. As a result, the dynamic range of the
circuit is improved without significantly increasing power dissipation.

[0077] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the present invention can be implemented
in a variety of forms. Therefore, while this invention has been described in
connection with particular examples thereof, the true scope of the invention
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 third digital to analog converter that receives said digital envelope signal

and generates an analog output signal and that selectively boosts a bias

current for said analog output circuit based on said analog output signal.

2. The circuit of Claim 1, wherein said bias current increases when said MCSLLP
digital envelope signal exceeds sai e supply reference. 3.A wired

network interface comprising the circuit of Claim 1. 4. A wireless

network interface comprising the circuit of Claim 1. 5. The wireless

network interface of Claim 4, wherein said wireless network interface is
compliahtoivithitaedeagtiomg of IEEE section 802.11, 802.11a, 802.11b,

802.11g, 802.11h, 802.11n, 802,16, and 802.20. . 6..The circyjt o
Claim 22 WRBREM QAR SpeeYSTeRd fﬁ&?ﬁn&&@l%“?&c%ﬂ}é@ ang ﬁ@{tg?”erates a
delayetéat%ﬁli}rﬁ{%@lﬁﬁd generates said digital envelope signal based on said
igital transmi

t signal. 7. The circuit of Claim 1, wherein a rise time of
said digitéirsryelepetsignalog slowerrtbathatfastesintisedithdalbgaiitransmit signal

analog transmit signal.
to an analog transmit signal,

an analog output circuit that receives said analog transmit signal,

an envelope generating module that generates a digital envelope signal
based on amplitude information related to said digital transmit signal;

a supply adjustment module that supplies a voltage supply reference
when said digital envelope signal is less than said voltage supply reference and that
boosts a bias voltage of said analog output circuit to a voltage level that is greater than
a voltage level of said digital envelope signal when said digital envelope signal is
greater than said voltage supply reference;

a second digital to analog converter that converts said digital envelope
signal to an analog envelope signal, wherein said first digital to analog converter has a
higher resolution than said second digital to analog converter; and

a third digital to analog converter that receives said digital envelope signal

and generates an analog output signal and that selectively boosts a bias current for said

analog output circuit based on said analog output signal.

2. The circuit of Claim 1, wherein said bias current increases when said

digital envelope signal exceeds said voltage supply reference.

3. A wired network interface comprising the circuit of Claim 1.
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8. The circuit of Claim 1 wherein said envelope generating module

generates said envelop signal based on voltage amplitude of the digital

transmit signal. 9. A circuit comprising: a delay module that MCSLLP
receives a digital transmit signal and that generates a delayed transmit -

sjonal; o vreicBI1Ugle) 0003100 SORYEIEY that anyerie i dpiaved
transmit signal to an analog transmit sigrial; arranalog output circuit that

receives said analog transmit signal; a supply boost module that
samples a signal including amplitude information of said digital transmit
dignal ahidetivdtslelstinasiydsbdstsriaveleige!simply wtereiceastpylieless network

) said analog output circuit before a corresponding portion of said analg
It 3 AT BB 020 b SRR St DAk bife SO 11b.
802.1 Péﬁ%r(?é‘ﬁ% ReBysery ﬁ?ﬁ@?@?‘%ﬂ&%@b@?d said voltage supply

réference, wherein said supply boost module includes:

6. The circuit of Claim 1, wherein said envelope generating module receives
said digital transmit signal and generates said digital envelope signal based on said

digital transmit signal.

7. The circuit of Claim 1, wherein a rise time of said digital envelope signal is
slower than a fastest rise time of said analog transmit signal.
8. The circuit of Claim 1 wherein said envelope generating module generates said
envelop signal based on voltage amplitude of the digital transmit signal.

9. A circuit comprising:

a delay module that receives a digital transmit signal and that generates a
delayed transmit signal;

a first digital to analog converter that converts said delayed transmit signal
to an analog transmit signal,

an analog output circuit that receives said analog transmit signal,

a supply boost module that samples a signal including amplitude
information of said digital transmit signal and that selectively boosts a voltage supply
reference supplied to said analog output circuit before a corresponding portion of said
analog transmit signal is received by said analog output circuit based on a difference
between said sampled signal and said voltage supply reference,

wherein said supply boost module includes:
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fvl C S I.. L P an envelope generating module that generates a digital
envelope signal; a second digital to analog converter that converts
said digital envelope signal to an analog envelope signal; and a MCSLLP
supply adjustment module that supplies said voltage supply reference

when said cigi EAVEIBRE SGRBHIEIESHURIAIE AUASE PR 01 erelope

reference and that boos 1as volt nalog output circuit to a
valiage level that is greater than said voltage supply reference when said
digital envelope signal exceeds said voltage supply reference; and

a third digiegaochdigl dernrates wan Yetsi bt senypitalssiddligiakgiivalope

and that generates a biasl current fo%sai analog output circuit. 10.

THe ar&RifBrtRIRY ?,r\)(/ﬁgr%?nsé%ri@ i3 igital to analog converter has a

higher rgsg|HHANIHRR $REHEREANG SIBIRQRNBeHaVEER]e supbly TétBrence
circuit of Claim™9, wherein said bias current increases when said digital
anvelopaidigivitahanadsaisiyodhigdesspiblamefaicenoiage supply reference and
that boosts a bias voltage of said analog output circuit to a voltage level that is
greater than said voltage supply reference when said digital envelope signal
exceeds said voltage supply reference; and

a third digital to analog converter that receives said digital envelope

signal and that generates a bias current for said analog output circuit.

10.  The circuit of Claim 9, wherein said first digital to analog converter has a

higher resolution than said second digital to analog converter.

11.  The circuit of Claim 9, wherein said bias current increases when said

digital envelope signal exceeds said voltage supply reference.
12. A wired network interface comprising the circuit of Claim 9.
13. A wireless network interface comprising the circuit of Claim 9.
14. The wireless network interface of Claim 13, wherein said wireless network

interface is compliant with at least one of IEEE section 802.11, 802.11a, 802.11b,
802.11g, 802.11h, 802.11n, 802.16, and 802.20.
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12. A wired network interface comprising the circuit of Claim 9. 13. A
wireless network interface comprising the circuit of Claim 9. 14. The
wireless network interface of Claim 13, wherein said wireless network

interface is compliant with at least one of IEEE section 802.11, 802.11a,

§@2.11k, O&r&%ﬁ ) Q%%W&%érjé? Qe gﬁé%ratmg]rﬁogn% receives

circuit of Claim erein said enve ope generati odule recCeives said
said digigdlat Hesiamiigionadrnd generaies sidid erviolopsigigab bssddnsiaidigital

digital transmit signal. 16. The circuit of Claim 9, wherein said digital
transmétsigiddle signal has a rise time that is slower than a fastest rise time of

said analog transmit signal.

MCSLLP

16.  The circuit of Claim 9, wherein said digital envelope signal has a rise time

that is slower than a fastest rise time of said analog transmit signal.
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