A VARIABLE POWER ADAPTIVE TRANSMITTER CROSS-REFERENCE
TO RELATED APPLICATIONS [00011This application is a continuation of
United States Patent Application No. 11/368,308 filed on March 3, 2006,
which application claims the benefit of U.S. Provisional Application No.
60/773,033 filed on February 14, 2006, and U.S. Provisional Application
No. 60/763,041YABd BLEBRGYYER A0AFTTVE diRA0s8MsaftRe 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 &rd ©herAeviEey: BAEKCRRELMD EIF APELIKAENTNGN

[OOO?%Referring now to Figure 1, an exemplary network 10 is shown to

[0001] This application is a continuation of United States Patent

Application No. 11/368,308 filed on March 3, 2006, which 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



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
breghandicansdeamaddackéisvverableditesowither swdiasvitfoziturtets. The

40. The access point 30 also communicates with the router 40. The router
SEAYCH RIRYIEMMRunitaies wiRroaidseaabeses ntoden idttibubich communications

communicates with a service provider 48. The service provider 48, in turn,
”%Y’&fi‘élé@ £6Bs3xdNe drdepeted communications network 50 such as the

Internet. [0004]Referring now to FIG. 2, an exemplary wireless network

deviddRHE shBRicTRE MRS B rRISKea PRy pidstierciewak device
5 ost 58 and a wireless network interface 60. The wireless network
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(n@@éWB%Kwi terface 60 also includes a media access controller (MAC) 90
and/or other components (not shown). [0006] As described above,

during sy ine Rensiier fRandEs seeae daia ol s Lohe

transmitted on a respective mediu supply ag'é/ c\)/’f'[ﬁg r?éatwgflb device 24
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transmitters 66 and 86 relative to vo nces that are use

neSiBRALiHIEERRSUIETHAANFIREIRAMSHO MRS B G Aot fhcludes a wired
transmitters 66 and 86 in
physical layer device (PHY) 82, which includes a transceiver 84 including a
transmitter 86 and a receiver 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



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

+V, and -Vs. In this case, V, is less than or equal to a supply voltage such

as Vdd. 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

the supply voltage, clipping may occur, for example at 110 and 112 in FIG.
~V&. Inorébisingatire SGpfilylesttdyeatendsspueddicce clippinly. Widwegeesuch as V.

increasing the supply voltage also tends to increase the power dissipation
Hostakerdedies. Ssansmityr OF T EhHN BN DOLEPOOB]A b duitneonifieise S0 has

a delay module that receives a digital transmit signal and that generates a
anRR/dy deHsmissiigaer Aastibiivaltecenardg s of veeterugpyertdtdge, clipping

delayed transmit sigfnal to an analog transmit signal. An analog output
MayreGRUmSIRGIMG arl dd & anshid Signdil Andenlesspesieadhatiagpply voltage

module generates an envelope signal based on amplitude information
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a voltag%supply reference when the envelope signal is less than a
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signal.  An analog output circuit amplifies the analog transmit signal. An
envelope generating module generates an envelope signal based on amplitude
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
Ccotheliedritritsighée fstsedetdroh EAseetivel 60& Jdnerafing! mositde rebeiges. 11g,
a second signal including amplitude information related to the first signal
808t e REratdnafEhiblopedsigiakthat selectively increases the bias
signal to the analog output module when the envelope signal exceeds a
predBiBinedAn sl CamPpeR e cansisgontingtoortonlef theffirsceives a
. signal is received by the analog output module. [0011]In other features,
b‘%ﬁé%?%%ﬁrf@ﬁé’@é S PNGital nealaxtewdalaciesigivgs A fistifignal and that
module that rectifies the digital modulated carrier signal and outputs the
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. di litalt analog conyerter converts the envelope signal to an analog _
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rise time of the first signal. The analog.output module comprises a power
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the envelope signha on the first signal. The delay circuit delays the

modiatefl cariersianarAn, HRCOVEFRLUBEAMVEHR INFdelaYRlital modulated
modulated carrier signal.
carrier signal. A rectifier module that rectifies the digital modulated carrier signal
and outputs the rectified 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 communicates with the analog output module and the

capacitance. A matching network communicates with the analog output module.



[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
generates the control signal based thereon. Envelope generating means
receives a second signal including amplitude information related to the
Artigstteyralcanttietiepdessveathdeeloptebiggaiehabdeletiveniveimas es trerating
bias signal to the analog output means when the envelope signal exceeds
megdgledeasivisdteniieshoisnaha néfoes er emsddsontirmiopsr tidpnef thesirdton the
_ signal is received by the analog output means. [0014]In other features, the
firglrstigiomlal inChriededaigRECHibdifiayE cdheiemsgniaiebcmsianesigsal.  An
rectifies the digital modulated carrier signai and outputs the rectified digital
UPRBYRERIHBR erestg R rte Sy efvBRfE }jeA <ty §ieaak. Digital to
analog converting means converts the envelope signal to an analog .
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. rise time of the first signal. The analog output means comprises power
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[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



at an analog output module; receiving and delaying a first signal;
generating the control signal based on the delayed first signal; receiving a
second signal including amplitude information related to the first signal;
and generating an envelope signal based on the second signal that
selectively increases the bias signal to the analog output module when the

theerveiop® sigealextagds afpredeaidrmiseshibipiiplchandPefaigdtance means
corresponding portion of the first signal is received by the analog output

praviocslenf@0tZHneothed featurasntbetéiestignahénaogesitdigitaheans and the
modulated carrier signal. The method includes rectifying the digital

anphodwatpdtcaaderssignal and outputting the rectified digital modulated
carrier signal to the envelope generating module. The method includes
coml@fihy thelsnyelopéhsigrabtoras anteh eyvalepesignaledhe for matching
envelope signal has a slower rise time than a fastest rise time of the first

Co BlgHNCRiesnyithoth fidheldg chidesigarearasingtheariersiepecsiynanicated with
on the first signal. The method further includes delaying the modulated

thegratahinghaeimerseeasridd ehenysinredanbarating taeRs srprives the first

. [0018]Further areas of applicability of the present disclosure will become
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understood that the detailed description and specific examples, while
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rposes of illustration only and are not intended to limit the scope of the
the e rRderde E3ERIPIIOA OF THE DRAWINGS [0019]The

resent jnyentipn will become more fully understood from _
P ﬁﬂﬂ@( me“‘xog comprises rec%/azv{!llg a bcl)as signal and a control signal

at an analog output module; receiving and delaying a first signal; generating the
control signal based on the delayed first signal; receiving a second signal
including amplitude information related to the first signal; and generating an
envelope signal 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



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
enel0p23jigar&dsiscadunittiofied thiapkadiagraemoéth rarfaptieritaides delaying

powered by a voltage source according to the prior art;
the modulated carrier signal and upconverting the delayed modulated carrier

signal.

[0018] Further areas of applicability of the present disclosure 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 disclosure, are intended for purposes of

illustration 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;



[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; [0026]Figure 7A is an exemplary functional block diagram and
electrical schematic of a supply adjustment module; [0027]Figure 73 is an
exerfid2§] funétigned dck diagEararani etticnishlscblerdatigaiancf exemplary
assymetrical supply adjustment module;
adaptive transmitters according to the present 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
signhal;
[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;



[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. 83 illustrates the
slower signal rise time of the envelope signal; [0031]Figure 8C illustrates
an asymmetrical boosted waveform; [0032]Figure 9 is an exemplary
funcfi@d38plockidiagram Df 4 exeropanpRFyainpitenayitathaostinghe present
[0033]FIG. 10A is a functional block diagram and electrical schematic
invention in a wireless local area network device associated with a vehicle:
[0039] Figure 11E is an exemplary implementation of the present
invention in a cellular phone;
[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

[0‘042] 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 Integréted 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 (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.



of another exemplary adaptive transmitter; [0034]FIG. 103 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

implgateigatiorReffthergresanttin\REonsia atigbBlelindisn teleMisioniters 150-1
and 150-2 (collectively adaptive transmitters 150) according to the present
invention are shown. Components of the adaptive transmitter 150 receive a
voltage reference Vs. Unlike conventional systems, the voltage reference Vs can
temporarily be greater than the supply voltage Vq4. Therefore, some components
within the transmitter can be temporarily driven higher than the voltage reference
Vqq to avoid clipping and increase dynamic range while maintaining relatively low
power dissipation.

[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 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 sig.nal) 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 Vqq 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
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[0038]Figure 11D 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 implementation of the present invention
in a cellular phone; [0040]Figure 11F is an exemplary implementation of
the present invention in a set top box; and [0041]Figure 11G is an

cagxkeenplariylén pielikentatizu sbtihy pepsenihave Wi pindg medieptayeted but not
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

avoided. The envelope signal has also may have a rise time that is slower than

the fastest rise time of the transmit signal.

[0046] The boost module 164 comprises an envelope module 170, a
digital to analog 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 = Vgs. When the envelope signal is
greater than the threshold signal, the supply adjustment module 174 temporarily
boosts Vs above Vgyq. 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 Vs above Vg The digital
to analog converter 158 may have a higher resolution and/or bandwidth than the

digital to analog converter 172.
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[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

elect{00U8GiIrcUAsacRiPeRs sPhiehaied, dreicaiedicpe0spum I aNthBIgBPYoes not

that execute one or more software or firmware programs, a combinational

ndegitccirsiyantos athersigitable eampengnisdhalormddeiedesiRedter 158
functionality. As used herein, the phrase at least one of A, B, and C

askboldrbéendoiiirbed tBoneamatgicakb(Aigitd eidahIusiioEs SON SIS Sutput
logical or. It should be understood that steps within a method may be
araretited infelifferéon ordeatedthtut tieerifigithe pimeiples oftike presthite signal
disclosure. [0043]Referring now to FIGs. 6A and 6B, adaptive
genengiaitans 16e- Iransmiciziedi(Fctivelpadajttitionsisfitteatid’s0)o the delay
according to the present invention are shown. Components of the
maddistivedranditfecaBaierileda Wiregd\edsrohsigvaltmikebe used as well.
conventional systems, the voltage reference V, can temporarily be greater
than e ppyRRSradieoverv tReréfsre! Aohte 206 BéndRtsanittisthplary supply

ransmitter can be temporarily driven higher than the voltage reference
AR AL B W soinf dREhrehie iaghsinie mmiehwdiemristaiingst capacitor
relati¥]el low power dissipation. [0044]In FIG. 6A, the adaptive transmitter
Copgp. ¥ ﬁ’?(/:ﬁ?&gévﬁ%iaitgpgﬁhgpﬂﬂﬂ?e&%n([g@fji@?fh& ANPOG sarvestar 172.
ign Hhat is to be transmitted. A delay module 154 delays the transmit .
WEEAG, SVFIRReHI R S4%5 AR eVABBIROlL B ik i BT Soocs i
‘adbi stedd Aﬁqdigitalt analog converter 158 converts the delayed transmit
C%lsgréa% a gnﬁﬂ?dﬁ}(aﬁgﬁf%ﬁ%ﬁ%%eﬂgé tRHRASYnaT i outplY fen the
n.analog output circuit sych as an,amplifiey 162, which amplifies the
o S AN D S RREFIS SHEA: 4 SHAMG Senpuds opened
jreult ujres, a bias voltage,can be used, [0045]A boost module 164
an%c?éjlévég%y t%gﬁ%%%i %nao(%‘?%raz?ftﬁéfé"?j%ﬁ atiorY felAtéaopsithgnergy stored
- transmit signal)-and selectively,ingreases voltage V, supplied to the »
e Ao A ol A D CLF e sPRYP (hLERGPslieh agreife
I dd. n the log fransmit signal exceeds the .
B R L R st e ClFGragmporariy

inéP@a\é_@éatﬂ% 989@5@ §Uﬁd§:‘_‘[§8tlrg\'§sg r%‘ggv%cgprsai;}%fg[aedhh%%gp i&‘}tiﬁ\rf,é at%ﬁipping of

receives the correspon It sngnafdtha exceeded th

thd RelicMRer ! NBING.

[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. Qutputs of the DACs 178 and 179 communicate with

positive and negative boost capacitors Cpgost+ and Cooost, respectively. Switches
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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. [0046] The
boost module 164 comprises an envelope module 170, a digital to analog
converter 172 and a supply adjustment module 174. The transmit signal

18May RO 18r8rb SBMAUIP G SNPKURIID ahBELRY SRETNAYUWEL h amplifier

generates an envelope signal that is based on the transmit signal. The

18O Ne signalbidasky dlesiéve and/or negative peaks of the transmit
signal at a lower bandwidth. The envelope signal is output to a digital to

anal¢ga®tivertén ET@, woichsanyrHisdiie snvalopecsiynattaanaraled absolute
signal. The analog signal from the digital to analog converter 172 is output
vato@ sirpplf) ddpisteetiflonddelesbihl The siseply edjustssiotenodule bftbuit may
generates a variable voltage supply or bias for the amplifier 162,
sdleotvaly heratigeesigel dpis sigpabdisdessrtharsthetthresheld Aigralythepe module
supply adjustment module 174 supplies Vs = V. When the envelope signal
outpyteatershive therthrosteddi sigratvite sapplyrealistme BGedulB4 74nd 185,
temporarily boosts Vs above Vdd. The boost voltage VBoost allows the
regpqslifielin lelpdssaiities BAGeKIB aadsheib signathwithete cliipineptitve and
transmit signal. The delay provided by the delay module 154 allows the
negadiys KefstrhanealicdsE kit rdrierate thesauitivelsl vQwidehesuifdl1 and
to boost Vs above Vdd. The digital to analog converter 158 may have a
188iharecRpRitiCane de sriidicharariarsetrgtispty bissiancemaifier 187 with
172. [00484AS can be appreciated, the envelope signal generator does
V& ifebBast eliAgE the same signal as the delay module 154 and D/A
converter 158 as shown in FIG. 6A. For example, the digital signal
procé2882h 52 E55 ofifsittaribliftiGe infEimasiarrAitied tsiBAREgal  boosted
si(%?al to the envzlope signal generator and the transmit signal (including

WAERIGRANFHSTSRESK 8 e didy iodiies3arBthR coeraRamiter signal
190 a8 AR BT B B R e S0 SIpRR, SRt DB AR olgRs signal
19 ow{n to ipclu eagswitch ddst arqé bo%it capacitor CBgoost that _

e VSRR B3 ISR FRAST Y R digitaPio AhAGTéRidReN £nXplgRe signal

O R R e T A e s o
PSSP SR et i e et o

NSRS TR SRR Cante B SRS ARIERES o1 v

and/or currén e amp and/or'o ana u
e e e A AR v e
tra@HsAUD Eé9k7§nJB%B@iEaét§ié{B?l é‘?’g%%mFggtrﬂ%m\/grg,n%@e%aa%vc?width of the
envelope signal 192 is lower than the bandwidth of the transmitter signal 190. In
other words, a rise time of the envelope signal 192 is greater than a fastest rise

time of the transmitter signal 190. Stated another way, a slope 197 of the

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

deﬂé@@ﬁtb@iﬁd@%vé@%ﬁﬁwﬁi@J!’ii@@ﬁsu%%]aﬁ%%éﬂdaég? nal having a

operated as described above to selectively bias an amplifier 180 Wﬁh Vdd

fastea hegsvsdtagen K105 1 fdfsd Csisndigitglsighal is dophiap 1e8lifier . sp)

182 (or absolute value circuit) that rectifies the signal. If used, the absolute
megltenditouibonsy isigle dtiplye cbamgassign bits to provide an absolute value.
An envelope module outputs positive and negative envelope signals to
DACH083hnd I85 Gespk clivelyy Dmiptiisafibedddasthes end B8%enerated by
communicate with positive and negative boost capacitors Cboosii_ and
thesdisstit, feshEstividy iSwhohes 186:¢ aubiiB2taie aperatatdsis different for
described above to selectively bias an amplifier 187 with Vdd or a boost
POFHlikR N OsZRthe drtiens PFGheBigenkraibsrafeymtietricablinestad! negative
_waveform that is shown in FIG. 8A. In FIGs. 8A and 8B, the transmitter
bigfgvritagesiias heidiferertirlaaalfieney elsehpdifigrentlo2. The
envelope signal 192 anticipates the transmitter signal 190. In other words,
the eﬂﬁ\Béébe siRtariog dve et mMerel). feowdaptivieréeamsofittar 200 can be
._transmitter signal 190 as would be the case for traditional peak envelope
MRS RES S ThR Y EHeraPilat fes Patvirste RatrrirsthistenvElepwsigeials of the
d19%5 be?ins to increase in anticipation of the increase in the transmitter
aCGHHLT 160 St iRag (TAVRCE MR feY AFmEIPBAAY the BanRaMIeaRents within
envelogeﬁete%si nal. Furthermore, the bandwidth of the envelope
'3

thSigRT Y85 R 1o Shr 178 DR BWRRPOr 81y trdF¥RTtdiagathan. the voltage
s AR S i cope SIS et 2 o e
oob] BB AP olin G oA Wil pleop g sope 108 LR i
o B e R R R R e ddend bl o
analog converter 158 converts the delayed transmit signal to an analog transmit
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
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[0053]In FIG. 8C, an asymmetrical waveform that can be generated by the
circuit in FIG. 7C is shown. The boost that is generated is different for
positive and negative portions of the signal. Therefore, the positive and
negative bias voltages for the differential amplifier may also be different.
[0054]Referring now to FIG. 9, an adaptive transmitter 200 can be

oupalemented inanRfs anaplifieina Wigless i ?&Eﬂ@i@%&%&%&ﬁ@%&f le 174

the adaptive transmitter 200 receive a voltage s ome

SRIRRBBNB NI BR RS (N Eh R Pedsmporarily driven
° higher than the voltageatg%;%{y%%d. A digitalptqransmit modulator 202

outpyt® 583 trangRuhsinaadiedhs delaynmadulesdshandde areshfigd %ﬁ%al, the

(or absolute value module), which outputs the rectified digital signal to
suppelapie sonddterddOuitheTdigiiab tnanRIog apnVeren B8ORS signal is

delayed transmit signal to an analog transmit signal. The analog transmit

grewgpaltismalttputitossholdcoigverteh204uhsy urijopuadathecsignal 7hesmporarily
upconverted signal is output the amplifier 162, which amplifies the signal.

bdo85YEhebeneelbpe Mbautis B menelate s\athendelegersgmalkthis4saliows the
based on the transmit signal and/or a threshold signal. The envelope

sugiglyabidjesitpattoraatigital 1@ <artalagecensterténd 72 ditiictacvovierte thequired to

envelope signal to an analog signal. The analog signal from the digital to
bm&:jgmk{ea.lmgital to analog converter 208 also receives the envelope
signal and generates an RF bias current. The bias current selectively biases the
amplifier 162. The bias current may be provided at the same time that the boost
voltage is provided and/or may continually provide an adaptive bias current to the
amplifier 162. A bias adjustment module 210 adjusts an RF bias current to the
amplifier based on the envelope signal.

[0057] Suitable applications include wireless network devices and
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 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
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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 V =Vdd. When the envelope signal is
greater than the threshold signal, the supply adjustment module 174

ertesmpadyrzeass \mabane Ydd, Theieklayprovges %thsr%i%}b@og?l%l as

154 allows the supply adjustment module 174 to generate the additiona

deeotibgel required to/baDSICY , I HM sk ehgital iABpdseaesr 298analog

also receives the envelope signal and generates an RE bias current. The
enizlspersiiiaeletivysy diakas shecamiplitend62/J )16 biew sHrsebhPatee Coyost.
provided at the same time that the boost voltage is provided and/or may
Theoreimuelty roede racad aptiveldidstGurstsd todhe axtudifier £6Rtrd biggnal that
adjustment module 210 adjusts an RF bias current to the amplifier based
setntiive ¥ masopasid e sDB AB it 6 & pplicatiansondededviteléss The switch
network devices and wired network devices. The network devices can be
is yrssated wpdesceheglirbrvEhe wireless network devices can be
compliant with IEEE standards 802.11, 802.11a, 802.11 b, 802.11g,
802.100v%02. A rtleday. tedine 862 Zeceaider thihrBhuleteded aadriwtialgnal and

phones, for example those that are compliant with GSM 4G
geftRiaBIRefedRlg YRAy FaadidatetD 42108, Sigarbmiter ciReinRadaicindesie 256
digital signal processor (DSP) 242 that ‘%%nerates a first signal containing
UPSRTpIRTIGIrSPRRM HHa 3. nfbdianssaitaré sipnerales ditentas gignal for a
absolute value circuit) rectifies the signal and outputs the signal to an
control terminal of a power amplifier 264 based on the delayed modulated carrier
signal. An inductance 260 may be connected between the boost capacitor Cpeest
and a first terminal of the power amplifier 264. A matching network 266 is
coupled to the first terminal and to an antenna 268. In FIG. 10B, the digital
transmit signal is rectified (for example at 300) and an analog envelope signal is
generated as shown. The voltage bias to the amplifier selectively increases
above Vg4 as needed to prevent clipping.

[0060] Referring now to Figures. 11A-11G, various exemplary
implementations of the present invention are shown. 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
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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 Vgd"t across a capacitor
Boost. The envelope generator module 246 also generates a control
signal that selectively opens and closes a switch 258, which is connected

théo NOO TdEOswitsh isussatadtas desmribakakovalORIIAdeiAY B9gUerform

255 receives the modulated carrier signal and generates a delayed

cotiodudmietbcarieystpnal pbromeaventationeda e wRaVess theat is output
delayed signal. A transmitter 257 generates a control signal for a control

to tenhivratefalveoWesraraplitign264 basadomtwidaleped modulated carrier
signal. An inductance 260 may be connected between the boost capacitor
Cbcd8081d a fifstetetMIMAIOST theyposvarramislifienzitd sAstasehisgnrgkear§evice
266 is coupled to the first terminal and to an antenna 268. In FIG. 10B, the
(neligitiwahskuhsignalde muiified 4 forabienuule pt 860 )dendcansanalag a personal
_envelope signal is generated as shown. The voltage bias to the amplifier
digitab apr®jantreaieinapbve &/ da adiasedePth playenactiptiiegike, and/or other
[0060]Referring now to Figures. 11A-11G, various exemplary
deigferiras s BPReiredelitkaventiomare rstitavmaieler®9g nolints HDD 900
Figure 11A, the present invention can be implemented in a network
ma¢ §8&%%8F§§%%6@5T@(NR@9 Sochhas irNGess adnassdisrIve GRAM), low
The present invention may implement and/or be implemented in a
'af\%/ﬂ%@g%\é%éﬂﬁ iMEMRXY Mioeluieswiieh iggemenalyaaenansy memgmne (ROM)

an(]g]}A at 904. In some implementations, signal processing and/or control

US55 RO DHEF ERBIRS AR SLREER) inf e HBDML Mry pascérelude a
data, communicate with the module 904, perform coding and/or
P O@'r%r%ﬁg)k B@r@éﬁ}% %\iulaﬁons, and/or forma_t data that is output to
e e 0 el Oo LI con b0
R D LR RN i e s e
S S 8 e R T e,
R SN IS D5 1 oG reed Sl
coRHBIBALASE12CUIAH G RRKET SHBBR TR $38%) in the DVD drive 910 may
process data, perform coding and/or encryption, perform calculations, and/or
format data that is read from and/or data written to an optical storage medium
916. In some implementations, the signal processing and/or control circuit 912
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.
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[0062]Referring now to Figure 11B, the present invention can be

implemented in a digital versatile disc (DVD) drive 910. The present

invention may implement and/or be implemented in wireless network

interface module, which is generally identified in Figure 11B at 911. Signal

processing and/or control circuit 912 and/or other circuits (not shown) in

the OVWBdfive 9he rpridessodatanpgricsmraadiag@nd/en enerptiom; device

perform calculations, and/or format data that is read from and/or data
(noiritternwo) s Opticad storageteretileni Sb6. dn shredsyitemenatatiens;, there wired

signal processing and/or control circuit 912 and/or other circuits (not
lingpoWiT) iangve DWinelizhse U1t can dlve perfolm BtHer flihetidNéBudtivas 910 may

encoding and/or decoding and/or any other signal processing functions
COaYXGE el withha Dessddaée [B06RIThE Bvthaliei@es maja in a nonvolatile

communicate with an output device (not shown) such as a computer,
MaBRYTsioEr BT deinciviadsn8 bt mareinvhedaiakkard Tigtdibiveifeleds). The

links via the module 911. The DVD drive 910 may communicate with mass
HIRaw e dhs erifigsrationehpnariarivertie HnnEreTHB hasaydagaa mini

[iﬁ)r ge 918 may include a hard disk drive (HDD). The HOD may have the
ARGt RIS RRGOE GipEe1 R AT R hsipgnayirmeisntrrb s tsapaller than

o R R S ot

S S , ROM, low latency nonvolatile memory such as flash
asm%% rwbﬁ%gtgﬂﬂbip@?@éﬂ@ﬁimgo% PR BYD sy prnd/or
ay also inclyde,a power supply 913. [006 ferring now to Figure 11C
Oﬂﬁ%{e [S)lr“'éiacébrg i#v%% f())%'%a agae§ ffierited ﬁ\/jil Hvégeig?r%ﬁ/oﬁ‘?é'ie?)@?bmdwe a

powgﬁes%ogﬁwe present invention may implement and/or be
implemented in‘either or both signal processing and/or control circuits,

hi identified in Fi 11 922, and irel etwork
RGO
1€l | Wi f V Qutput signals f .
AR e ek AT s BT P R o

m&PHBl ekt 933/8PELO5 A 851‘35‘}85%@{@?0&‘@0‘1“@%# gyo%%gs%a and/or

process data, perform coding and/or encryption, perform-calculations,

Cofg%el‘fyezt:uﬁ"ée([ﬁtaé",nwmcﬂe@?gng@?%@wri%ﬁiﬂég' o VFPéBFc?S?Lf@ hAtB3Y ang 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.
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[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 HOD may be a mini HDD that includes one or more
platt¢d9 66} ingTendiaheter ¢2at insynedeirthancapererimaiabslddd Rorage 927
HDTV 920 may be connected to memory 928 such as RAM, ROM, low
th#atstacg datolatite menwayiisuctaasdlashomes aytrad/endbhersujaile storage
electronic data storage. The HDTV 920 also may include a power supply
degizz: 40067 |Reférong ridiaRorfigureataDhthe pnésemsiivrentiowmay Figure 11A
implement and/or be implemented in a wireless network interface module
ang4y itdaagiiclecoBY IA pawdravintoentmifiystetivd 3hreceiiresigpres1 18. The
from one or more sensors such as temperature sensors, pressure
HLRnawe, etatiohal sEMRoiRakhiffive esnsoes emaloreameditrer kaitatyea diameter
sensors and/or that generates one or more output control signals such as
thalnigirensieraiiay papareeierataladsfissidh e geRifiMgdP4r anmtdrs, aadrected to
other control signals. 0068%The control system 940 may likewise receive
MR HERURPLAS EHN s LM a Mo lasatsut BeRvelatinme tocsisueh as flash
more output devices 944. In some implementations, the control system
MYRG AP BOPaIEF SHIRRIARRBraKiCS)atsir@uss), T AdvigaNoR20 also may

. tem, a tlelematics system, a vehicle telematics system, a lane
n %%ﬁu?@%%t%‘r‘ﬁ,p%%d%ptive cruise control system, a vehicle

SR A Bt he e
R B S SRR 2 oo o
S Dl e BT -
T RONE YA DTS R R e s e ol
DRSS I S A I A TSR o o

SRS FON U o IR WA SR ragsmison

!
memory ana/or other suita ata’stora

opBlSRIRLRle ADRNETSHIBNORS: control signals.

[0068] The control system 940 may likewise receive signals from input
sensors 942 and/or output control signals to one or more output devices 944. in
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.
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[0070]Referring now to Figure 11E, the present invention can be
implemented in a cellular phone 950 that may include a cellular antenna
951. The present invention may implement and/or be implemented in a
wireless network interface module 968. In some implementations, the
cellular phone 950 includes a microphone 956, an audio output 958 such
as a[gssier anaéopawditraivtpuhiacks asthsplag Detbansiairannigite with mass
device 962 such as a keypad, pointing device, voice actuation and/or
datthetdrged deMicehathetsigsatiptacessingranddtaitdontralrcikauits @52 mass data
and/or other circuits (not shown) in the cellular phone 950 may process
stafags Erformaygoditiydadptiericayption, rpegoerticcatondage ks Viasafatatexample
and/or perform other cellular phone functions. [0071]The cellular phone
hagb0disdy EoiveauniCile witd/afass\daga stohbgleasd dra stdd3 daayintave the
nonvolatile manner such as optical and/or magnetic storage devices for
cogfigHipléionafhaieR drivEOHBD H/eéndiepstatdeastare BYD naghdwve the
the configuration shown in Figure 11A and/or at least one DVD may have
COtHIS EiRuEtRM s Kb iierGlife 1hiEe THOHDBYRRey EMIHPRDDAhscludes
includes one or more platters having a diameter that is smaller than
OngnprdRIMhateIGieE . Wehdnse furirpifiRE 115t iy rllebrinattedrsanienadaly 1.8

966 such as RAM, ROM, low latency nonvolatile memory such as flash

THAYS RISV SYftaTe Secilic RAEPaRRALRE! CRMRIMPROME §57ich as
R A RS S R RO S oo BB o ot
s B E RO S08, THEGE 1 D0 80 (LeLOLR By P SHErEPP Y

93%uch as a broadband source and outputs standard and/or high definition

audio/video signals suitable for a display 988 such as a television and/or

monj /or t?}er video and/or audio oytput devices. The source may

M L T G S e R TN RS
im-éLéemségﬂ% HE%%?IRH@%%’S%Q@%B' %%%”%8958#1888’ or.other, Gt F“a{%%/éﬂ%% 951,

own) of the set top bo may process data, perform coding and/or

THENGY , rE Wt té?é (o] I othe

OO A B s
netRHSIABBEce module 968. In some implementations, the cellular phone 950
includes a microphone 956, an audio output 958 such as a speaker and/or audio
output jack, a display 960 and/or an input device 962 such as a keypad, pointing
device, voice actuation and/or other input device. The signal processing and/or
control circuits 952 and/or other circuits (not shown) in the cellular phone 950
may process data, perform coding and/or encryption, perform calculations,
format data and/or perform other cellular phone functions.

[0071] The cellular phone 950 may communicate with mass data

storage 964 that stores data in a nonvolatile manner such as optical and/or
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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 HOD 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

miGledessene 98 melsRlatsr shaunga diams; %é%ﬁfgﬂ#e%ha%r DVDs. At

approximately 1.8". The set top box 980 may be connec 0 memory

le8Q4oricBDRAM: ROM tivlate &%VQI%U%WE‘?@%M%U%&%%%%& at least

memory and/or other suitable electronic data storage. Set top box

oray\atsenisgIigecatReweh S HDRA S8 SHONAAIREIIBHMEW oAU ARy be a

the present invention can be implemented in a media player 1000. The

miples@D itventiwiuney shelesnenbrndritlesalameRteddna Wi eledSis smaller
network interface 1016. In some implementations, the media player 1000

thanckioleosidisflyy 1.607 areéosel uRRTIRPUEIPNB SIEN RS adMaEd to memory

touchpad and the like. In some implementations, the media player 1000

Ghiay emptoRANgrRDING| lasetantedaceotGblbtileat iy pioallyseaPlgyFlash memory
menus, drop down menus, icons and/or a point-and-click interface via the
angisplagtn @0 Baitaitr wecinmic 1086 Bheragedia Qlalyeai Qbiwttes0 may also
~includes an audio output 1009 such as a speaker and/or audio output
inghttke Pheosighalp@iye¥sihg and/or control circuits 1004 and/or other
circuits (not shown) of the media player 1000 may process data, perform
codin8 & /or Erlgpitian, pesfoten Eigoutatiohs, firenatrdatnandierenforran be
_any other media player function. [0075] The media player 1000 may
IMetpRrRiRchte ditehiarext8trddie1uesenbirnterdidatsasuichpsment and/or
compressed audio and/or video content in a nonvolatile manner. In some
bepimelamiaairshdnife beiMsresdatesiaen MmeslieludRbilesTihat as¢ top box 980
compliant with MP3 format or other suitable compressed audio and/or

reGRikeSoRtAaRS THEMaRs SRIHECSIOPEE nddy hdhigedanrdl aadiee and outputs

standard and/or high definition audio/video signals suitable for a display 988 such
as a television and/or monitor and/or other video and/or audio output devices.
The source may be connected to the set top box 980 via the network interface
module 996. The signal processing and/or control circuits 984 and/or other
circuits (not shown) of the set top box 980 may process data, perform coding
and/or encryption, perform calculations, format data and/or perform any other set
top box function.

[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
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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 media player 1000

Figuey beicandested loasieorenDYH sughras &AM, RRMUewdAeMvn in Figure
nonvolatile memory such as flash membry and/or other suitable electronic

118atd btotdd®. MegliaplayeirlitdD ntnaliselindt e reponensppittdlBaving a
Still other implementations in addition to those described above are

diatoatentpleites SioEN6IVihile ap@nophiieielf2 8" sholie asy mmlogoddoumay be
circuit that requires a bias voltage and/or current can be used. The

coprested ity aminnsabed sowbrdsy JAMerRYNbwerintptaeagquiredistippinemory
voltage while selectively increasing the supply voltage as needed. As a

sugBsatt ligehdyeanaity rangoo e cralinhivieaivediaitatussigafica@it top box
increasing power dissipation. [0077]Those skilled in the art can now

983 IPRYCRARE fRSIH Hser rRYBIng @e4CHSRon that the broad teachings of the
present invention can be implemented in a variety of forms. Therefore,
whilé¥®fHinve SR RS bBRY desdriBrEein'dshndBBoR RRRNBalvaRtion can be

. _examples thereof, the true scope of the_invention should not be so limited

IMBIAMeBiREr IhGieficn S RiEpeldihe apparneas e RkARIPPratatoBaplement

on a study of the drawings, the specification and the following claims.

an @SIH_GP ﬂ%@mgnted 11N &ircis 8ﬁ§pr&%ﬁprk 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 some implementations,
the media player 1000 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 1007 and/or user input 1008. The media player 1000 further includes
an audio output 1009 such as a speaker and/or audio output jack. The signal
processing and/or control circuits 1004 and/or other circuits (not shown) of the
media player 1000 may process data, perform coding and/or encryption, perform
calculations, format data and/or perform any other media player function.

[0075] The media player 1000 may communicate with mass data
storage 1010 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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an analog output module that receives a bias signal and a control signal; a
delay module that receives a first signal and that generates a delayed first
signal; a control module that receives said delayed first signal and
that generates said control signal based thereon; and an envelope
generating module that receives a second signal including amplitude

magfeetitattmragkatddvicssitbfirsksigpil, hard diskwhizteds JaibleavelapeDVDs. At
generating module generates an envelope signal to selectively increase

leasdi@ dakBignalay baidkathal o ofigousticodateowhein Saglfiest $ilyratd/or at least
exceeds a voltage supply reference and before a corresponding portion of

OngaliMpstgiy e Ve résenenfipyredichasiatogoflignredui®. The HiPemsdty be a
said envelope generating module selectively increases voltage of said

miRidd 3l rtarfoiacleftag e cdtianre gritersavitegqudiamatesithge levemaller
of said envelope signal when said envelope signal exceeds said voltage

thay spprrsfgratRly, hid wideimedia atmtan MSHLRB R ESENectedito memory
switch that is connected to said analog output module and that receives

5144 oirsyBANDIRIMetercketaney nonvolatie memory such as flash memory

and/or other suitable electronic data storage. Media player 1000 may also
include a power supply 1013. Still other implementations in addition to those
described above are contemplated.

[0076] While an amplifier 162 is shown, any analog output circuit that
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 thev
skilled practitioner upon a study of the drawings, the specification and the

following claims.

23



a capacitance that is connected between a first digital to analog converter
and said switch. 2. The circuit of Claim 1, wherein said first signal
includes a digital modulated carrier signal. 3. The circuit of Claim 2,
further comprising a rectifier module that rectifies said digital modulated
carrier signal and that outputs saigieglifigd modulated carrier signal to
said envelope generating module, 4. The circuit of Claim 2, wherein
said delay circuit delays said modulated carrier signal and further
comprising an upconverter that upconverts said delayed modulated carrier
slgnal. A CIESURRORMRIISRG Claim 1, further comprising a digital to analog

°°”"e”%%tQ:‘%‘%F"&r‘I‘éﬁéﬁ?%%g%e%RBFr%@é\%%oaaﬂiS‘E%’iﬁ%”&’ 1PRE S signal:
m 1, pe sig

MCSLLP

6. The circuit oP wherein said envelope signal ias a srﬁower rise
time thay gdiRsterbHsrtihe: dbsaifdissh Signasignal Antheeir géhei&idna delayed

1, wherein said analog output module comprises a power amplifier. 8.
first sigial;circuit of Claim 1, wherein said control module includes a transmitter
module.

a control module that receives said delayed first signal and that generates
said control signal based thereon; and
an envelope generating module that receives a second signal including
amplitude information related to said first signal,
wherein said envelope generating module generates an envelope signal to
selectively increase said bias signal to said analog output module when said first signal
exceeds a voltage supply reference and before a corresponding portion of said first
signal is received by said analog output module,
wherein said envelope generating module selectively increases voltage of
said bias signal to a voltage level that is greater than or equal to a voltage level of said
envelope signal when said envelope signal exceeds said voltage supply reference, and
wherein said control module comprises:
a switch that is connected to said analog output module and that
receives said voltage supply reference; and
a capacitance that is connected between a first digital to analog

converter and said switch.

2. The circuit of Claim 1, wherein said first signal includes a digital modulated

carrier signal.
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9. The circuit of Claim 1, further comprising an inductance that

communicates with said analog output module and said capacitance, MCSLLP
wherein said switch communicates with a first reference voltage

and is controlled by said envelope generating module; and MCSLLP

S?'d caﬁ\%mta §%|e éﬂ?fg&ﬁ%ﬁdﬁ%ﬁ%&’é%ﬁﬂ%@'%‘é Y%P%dutj hat rectifies

generatlng mo Swit II’CUItO Claim 1, further

said FGIFAPHEHML atERIcAINerNSkyYRIK Ahat oo Bupaalesaldtheaitianalegiulated carrier
output module; and

signal to said envelope generating module.

4. The circuit of Claim 2, wherein said delay circuit delays said modulated
carrier signal and further comprising an upconverter that upconverts said delayed

modulated carrier signal.

5. The circuit of Claim 1, further comprising a digital to analog converter that

converts said envelope signal to an analog envelope signal.

6. The circuit of Claim 1, wherein said envelope signal has a slower rise time

than a fastest rise time of said first signal.

7. The circuit of Claim 1, wherein said analog output module comprises a

power amplifier.

8. The circuit of Claim 1, wherein said control module includes a transmitter
module.
9. The circuit of Claim 1, further comprising an inductance that

communicates with said analog output module and said capacitance,
wherein:
said switch communicates with a first reference voltage and is controlled

by said envelope generating module; and
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an antenna that communicates with said matching network. 11. The
circuit of Claim 1, wherein said envelope generating module receives said  yicgp 1 p
first signal and generates said envelope signal based on said first signal.

said capacitance communicates with an output of said envelope

generating module and said switch.

10.  The circuit of Claim 1, further comprising:
a matching network that communicates with said analog output module;
and

an antenna that communicates with said matching network.

11.  The circuit of Claim 1, wherein said envelope generating module receives

said first signal and generates said envelope signal based on said first signal.
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