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Description

[0001] The present invention relates to communication
systems, and more particularly to transmitters in network
interfaces and other devices.
[0002] Referring now to Figure 1, an exemplary net-
work 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 net-
work devices 24). The wireless network devices 20 wire-
lessly 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 broad-
band modem 44, which communicates with a service pro-
vider 48. The service provider 48, in turn, provides access
to a distributed communications network 50 such as the
Internet.
[0003] Referring now to FIG. 2, an exemplary wireless
network device 20 is shown. The wireless network device
20 typically includes a host 58 and a wireless network
interface 60. The wireless network interface 60 typically
includes a wireless physical layer device (PHY) 62, which
includes a transceiver 64 including a transmitter 66 and
a receiver 68. The wireless network interface 60 also
includes a media access controller (MAC) 70 and/or other
components (not shown).
[0004] Referring now to FIG. 3, an exemplary wired
network device 24 is shown. The wired network device
24 typically includes a host 78 and a wired network in-
terface 80. The wired network interface 80 typically in-
cludes a wired 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).
[0005] 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 in-
terface may pose some limitations on the dynamic range
of the transmitters 66 and 86 relative to voltage referenc-
es that are used to supply the transmitter.
[0006] 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 +Vs and -Vs. In this case,
Vs 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. 5. Increasing
the supply voltage tends to reduce clipping. However,
increasing the supply voltage also tends to increase the
power dissipation of the device.
[0007] EP1 536 556 A2 discloses a switching amplifier
architecture including a supply control device that varies
a supply voltage of the switching amplifier based on a

characteristic of the input signal relative to a threshold
level. A binary waveform converter converts the input
signal into a binary waveform for inputting into the switch-
ing amplifier.
[0008] A circuit comprises a delay module that re-
ceives a digital transmit signal and that generates a de-
layed transmit signal. A first digital to analog converter
converts the delayed transmit signal to an analog trans-
mit signal. An analog output circuit amplifies the analog
transmit signal. An envelope generating module gener-
ates 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 con-
verter converts the envelope signal to an analog enve-
lope signal. The first digital to analog converter has a
higher resolution than the second digital to analog con-
verter. 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 enve-
lope 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 de-
layed first signal. A control module receives the delayed
first signal and generates the control signal based ther-
eon. An envelope generating module receives a second
signal including amplitude information related to the first
signal and generates an envelope 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.
[0011] In other features, the first signal includes a dig-
ital modulated carrier signal. A rectifier module that rec-
tifies the digital modulated carrier signal and outputs the
rectified modulated carrier signal to the envelope gener-
ating module. A digital to analog converter converts the
envelope signal to an analog envelope signal. The en-
velope signal has a slower rise time than a fastest rise
time of the first signal. The analog output module com-
prises 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 out-
put module and the capacitance. A matching network
communicates with the analog output module. An anten-
na communicates with the matching network. The enve-
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lope generating module receives the first signal and gen-
erates the envelope signal based on the first signal. The
delay circuit delays the modulated carrier signal. An up-
converter upconverts the delayed modulated carrier sig-
nal.
[0013] A circuit comprises analog output means for re-
ceiving 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 gen-
erates the control signal based thereon. Envelope gen-
erating means receives a second signal including ampli-
tude information related to the first signal and generates
an envelope signal that selectively increases the bias
signal to the analog output means when the envelope
signal exceeds a predetermined threshold and before a
corresponding portion of the first signal is received by
the analog output means.
[0014] In other features, the first signal includes a dig-
ital modulated carrier signal. Rectifier means rectifies the
digital modulated carrier signal and outputs the rectified
digital modulated carrier signal to the envelope generat-
ing 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 com-
prises power amplifying means for amplifying. The con-
trol means includes transmitting means for transmitting.
Switching means for switching communicates with a first
reference voltage and is controlled by the envelope gen-
erating means. Capacitance means provides capaci-
tance and communicates with an output of the envelope
generating means and the switching means. Inductance
means provides inductance and communicates with the
capacitance means and the analog output 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 re-
ceives the first signal and generates the envelope signal
based on the first signal. The delay means delays the
modulated carrier signal. An upconverting means upcon-
verts the delayed modulated carrier signal.
[0016] A method comprises receiving a bias 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 sig-
nal including amplitude information related to the first sig-
nal; and generating an envelope signal based on the sec-
ond signal that selectively increases the bias signal to
the analog output module when the envelope signal ex-
ceeds a predetermined threshold and before a corre-
sponding portion of the first signal is received by the an-
alog output module.
[0017] In other features, the first signal includes a dig-
ital modulated carrier signal. The method includes recti-
fying the digital modulated carrier signal and outputting
the rectified digital modulated carrier signal to the enve-
lope 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 gen-
erating the envelope signal based on the first signal. The
method further includes delaying the modulated carrier
signal and upconverting the delayed modulated carrier
signal.
[0018] Further areas of applicability of the present dis-
closure will become apparent from the detailed descrip-
tion provided hereinafter. It should be understood that
the detailed description and specific examples, while in-
dicating the preferred embodiment of the disclosure, are
intended for purposes of illustration only and are not in-
tended 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 accom-
panying drawings, wherein:
[0020] Figure 1 is functional block diagram of an ex-
emplary wireless network according to the prior art;
[0021] Figure 2 is a functional block diagram of an ex-
emplary wireless network device of FIG 1;
[0022] Figure 3 is a functional block diagram of an ex-
emplary wired network device of FIG 1;
[0023] Figure 4 is a functional block diagram of a trans-
mitter 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;
[0026] Figure 7A is an exemplary functional block di-
agram and electrical schematic of a supply adjustment
module;
[0027] Figure 7B is an exemplary functional block di-
agram and electrical schematic of an assymetrical supply
adjustment module;
[0028] Figure 7C is an exemplary functional block di-
agram 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 signal;
[0031] Figure 8C illustrates an asymmetrical boosted
waveform;
[0032] Figure 9 is an exemplary functional block dia-
gram of an exemplary RF amplifier with boosting;
[0033] FIG. 10A is a functional block diagram and elec-
trical schematic of another exemplary adaptive transmit-
ter;
[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
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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;
[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 EM-
BODIMENTS

[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 pro-
vide 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 alter-
ing the principles of the present disclosure.
[0043] Referring now to FiGs. 6A and 6B, adaptive
transmitters 150-1 and 150-2 (collectively adaptive trans-
mitters 150) according to the present invention are
shown. Components of the adaptive transmitter 150 re-
ceive a voltage reference Vs. Unlike conventional sys-
tems, the voltage reference Vs can temporarily be greater
than the supply voltage Vdd. Therefore, some compo-
nents within the transmitter can be temporarily driven
higher than the voltage reference Vdd to avoid clipping
and increase dynamic range while maintaining relatively
low power dissipation.
[0044] In FIG. 6A, the adaptive transmitter 150-1 in-
cludes 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 sig-
nal to an analog transmit signal. The analog transmit sig-
nal is output to an analog output circuit such as an am-
plifier 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 am-
plifier and/or any other analog output circuit above a
threshold such as the voltage supply level Vdd 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 am-
plifier 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.
[0046] The boost module 164 comprises an envelope
module 170, a digital to analog converter 172 and a sup-
ply 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 sig-
nal 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 gener-
ates 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 sup-
plies Vs = Vdd. When the envelope signal is greater than
the threshold signal, the supply adjustment module 174
temporarily boosts Vs above Vdd. The boost voltage
VBoost 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 volt-
age required to boost Vs above Vdd. The digital to analog
converter 158 may have a higher resolution and/or band-
width 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 generator and the transmit
signal (including additional information) to the delay mod-
ule 154 and D/A converter 158. Other types of signals
may be used as well.
[0049] Referring now to FIGs. 7A-7C and 8A-8C, an
exemplary supply adjustment module 174 is shown to
include a switch SBoost and a boost capacitor CBoost that
receives a boost voltage from the digital to analog con-
verter 172. When the envelope signal is less than the
threshold signal, the switch SBoost is closed and the sup-
ply adjustment module 174 supplies Vs = Vdd. When the
envelope signal is greater than the threshold signal, the
switch SBoost is opened and the supply adjustment mod-
ule 174 supplies Vs = Vdd + VBoost. Energy stored in the
capacitor CBoost will supply bias voltages and/or current
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to the amplifier and/or other analog output circuits. In
FIG. 8A, the boost voltage temporarily increases the volt-
age supplied (Vs) above Vdd 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 enve-
lope 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 pos-
itive and negative boost capacitors Cboost+ and Cboost-,
respectively. Switches 181-1 and 181-2 are operated as
described above to selectively bias an amplifier 180 with
Vdd 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 selectively change
sign bits to provide an absolute value. An envelope mod-
ule outputs positive and negative envelope signals to
DACs 184 and 185, respectively. Outputs of the DACs
184 and 185 communicate with positive and negative
boost capacitors Cboost+ and Cboost-, respectively.
Switches 186-1 and 186-2 are operated as described
above to selectively bias an amplifier 187 with Vdd or a
boost voltage.
[0052] The circuit in FIG. 7B generates a symmetrical
boosted waveform that is shown in FIG. 8A. In FIGs. 8A
and 8B, the transmitter signal 190 has a higher bandwidth
than the envelope signal 192. The envelope signal 192
anticipates the transmitter signal 190. In other words, the
envelope signal 192 does not merely follow the increase
of the transmitter signal 190 as would be the case for
traditional peak envelope detector signals generally illus-
trated at 188. Rather, the envelope signal 192 begins to
increase in anticipation of the increase in the transmitter
signal 190 and may have a higher amplitude than the
traditional peak envelope detector signal. Furthermore,
the bandwidth 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. Stat-
ed another way, a slope 197 of the 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.
[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 nega-
tive bias voltages for the differential amplifier may also
be different.
[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 high-
er than the voltage supply Vdd. A digital transmit modu-
lator 202 outputs the transmit signal to the delay module
154 and to a rectifier 201 (or absolute value module),
which outputs the rectified digital signal to the envelope
module 170. The digital to 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 enve-
lope 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 ad-
justment 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 sup-
plies Vs = Vdd. When the envelope signal is greater than
the threshold signal, the supply adjustment module 174
temporarily boosts Vs above Vdd. The delay provided by
the delay module 154 allows the supply adjustment mod-
ule 174 to generate the additional voltage required to
boost Vs above Vdd. A digital to analog converter 208
also receives the envelope signal and generates an RF
bias current. The bias current selectively biases the am-
plifier 162. The bias current may be provided at the same
time that the boost voltage is provided and/or may con-
tinually 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 infor-
mation 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 gen-
erates an envelope signal as described above. A DAC
250 converts the envelope signal to an analog envelope
signal and generates a boost voltage VBoost across a
capacitor CBoost. The envelope generator module 246
also generates a control signal that selectively opens and
closes a switch 258, which is connected to Vdd. The
switch is operated as described above.
[0059] A delay module 255 receives the modulated
carrier signal and generates a delayed modulated carrier
signal. An upconverter module 256 upconverts the de-
layed signal. A transmitter 257 generates a control signal
for a control terminal of a power amplifier 264 based on
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the delayed modulated carrier signal. An inductance 260
may be connected between the boost capacitor Cboost
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 Vdd as needed to
prevent clipping.
[0060] Referring now to Figures. 11A-11G, various ex-
emplary implementations of the present invention are
shown. Referring now to Figure 11A, the present inven-
tion 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 imple-
mented in a wireless network interface module, which is
generally identified in Figure 11A at 904. In some imple-
mentations, 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, per-
form coding and/or encryption, perform calculations,
and/or format data that is output to and/or received from
a magnetic storage medium 906.
[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 as-
sistant, cellular phone, media or MP3 player and the like,
and/or other device via one or more wired links 908 and/or
the module 904. The HDD 900 may be connected to
memory 909 such as random access memory (RAM),
low latency nonvolatile memory such as flash memory,
read only memory (ROM) and/or other suitable electronic
data storage. The HDD 900 may also include a power
supply module 903.
[0062] Referring now to Figure 11B, the present inven-
tion 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 DVD drive 910 may process data, per-
form 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 implementa-
tions, 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.
[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 manner. The mass data stor-
age 918 may include a hard disk drive (HDD). The HDD
may have the configuration shown in Figure 11A. The
HDD may be a mini HDD that includes one or more plat-

ters having a diameter that is smaller than approximately
1.8". The DVD drive 910 may be connected to memory
919 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic
data storage. The DVD drive 910 may also include a pow-
er supply 913.
[0064] Referring now to Figure 11C, the present inven-
tion can be implemented in a high definition television
(HDTV) 920. The present invention may implement
and/or be implemented in either or both signal processing
and/or control circuits, which are generally identified in
Figure 11E at 922, and a wireless network interface mod-
ule 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 implementa-
tions, 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 that is
smaller than approximately 1.8°. The HDTV 920 may be
connected to memory 928 such as RAM, ROM, low la-
tency nonvolatile memory such as flash memory and/or
other suitable electronic data storage. The HDTV 920
also may include a power supply 923.
[0067] Referring now to Figure 11D, the present inven-
tion may implement and/or be implemented in a wireless
network interface module 948 of a vehicle 930. A pow-
ertrain 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 sensors and/or that generates one or more
output control signals such as engine operating param-
eters, transmission operating parameters, and/or other
control signals.
[0068] The control system 940 may likewise receive
signals from input sensors 942 and/or output control sig-
nals to one or more output devices 944. In some imple-
mentations, 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 com-
municate 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 ex-
ample hard disk drives HDD and/or DVDs. At least one
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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 powertrain control
system 932 may be connected to memory 947 such as
RAM, ROM, low latency nonvolatile memory such as
flash memory and/or other suitable electronic data stor-
age. Vehicle 930 may also include a power supply 933.
[0070] Referring now to Figure 11E, the present inven-
tion 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 net-
work interface 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 in-
put 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 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 966 such as RAM, ROM,
low latency nonvolatile memory such as flash memory
and/or other suitable electronic data storage. Cellular
phone 950 may also include a power supply 953.
[0072] Referring now to Figure 11F, the present inven-
tion can be implemented in a set top box 980. The present
invention may implement and/or be implemented in a net-
work interface module 996. The set top box 980 receives
signals from a source such as a broadband source and
outputs standard and/or high definition audio/video sig-
nals 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 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 approxi-
mately 1.8". The set top box 980 may be connected to
memory 994 such as RAM, ROM, low latency nonvolatile
memory such as flash memory and/or other suitable elec-
tronic data storage. Set top box 980 may also include a
power supply 983.
[0074] Referring now to Figure 11G, the present inven-
tion can be implemented in a media player 1000. The
present invention may implement and/or be implemented
in a wireless network interface 1016. In some implemen-
tations, 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 encryp-
tion, 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 com-
pressed audio and/or video content in a nonvolatile man-
ner. 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 mag-
netic storage devices for example hard disk drives HDD
and/or DVDs. At least one HDD may have the configu-
ration 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 may be connected to memory
514 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic
data storage. Media player 1000 may also include a pow-
er 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 gen-
erally lowering the required supply voltage while selec-
tively increasing the supply voltage as needed. As a re-
sult, 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 practi-
tioner upon a study of the drawings, the specification and
the following claims.
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Claims

1. A circuit comprising:

a delay module (154) that receives a digital
transmit signal and that generates a delayed
transmit signal;
a first digital to analog converter (158) that con-
verts said delayed transmit signal to an analog
transmit signal;
an analog output circuit that receives said ana-
log transmit signal;
an envelope generating module (170) that gen-
erates an envelope signal based on amplitude
information related to said digital transmit signal;
and
a supply adjustment module (174) that supplies
a voltage supply reference to said analog output
circuit and that charges a boost device when
said envelope signal is less than a threshold and
that boosts said voltage supply reference above
a voltage supply via energy stored in said boost
device when said envelope signal is greater than
said threshold.

2. The circuit of Claim 1 further comprising a second
digital to analog converter (172) that converts said
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.

3. The circuit of Claim 2 further comprising a third digital
to analog converter that receives said envelope sig-
nal and generates a third signal and that selectively
boosts a bias current for said analog output circuit
based on said third signal.

4. The circuit of Claim 3 wherein said bias current in-
creases when said envelope signal exceeds said
threshold.

5. A wired network interface comprising the circuit of
Claim 1.

6. A wireless network interface (904; 911; 929; 948;
968; 1016) comprising the circuit of Claim 1.

7. The circuit of Claim 1 wherein said envelope gener-
ating module receives said digital transmit signal and
generates said envelope signal based on said digital
transmit signal.

8. The circuit of Claim 1 wherein a rise time of said
envelope signal is slower than a fastest rise time of
said analog transmit signal.

9. The circuit of Claim 1 wherein said threshold is sub-

stantially equal to a reference voltage supply level
of said circuit.

10. The circuit of Claim 1, comprising:

a supply boost module (164) that samples a sig-
nal including amplitude information of said dig-
ital transmit signal and that selectively boosts
said voltage supply reference before a corre-
sponding portion of said analog transmit signal
is received by said analog output circuit based
on a difference between said sampled signal
and said threshold.

11. The circuit of claim 1 wherein said analog output cir-
cuit receives said analog envelope signal and am-
plifies said analog transmit signal based on said an-
alog envelope signal.

12. The circuit of Claim 1 wherein said analog output
circuit receives said analog envelope signal as a sup-
ply voltage.

13. The circuit of Claim 1 wherein said envelope signal
changes in anticipation of a change in said digital
transmit signal.

14. The circuit of Claim 1 further comprising a rectifier
(182; 201) that rectifies said digital transmit signal,
wherein said envelope generating module generates
said envelope signal based on said rectified digital
transmit signal.

15. The circuit of Claim 1 wherein said threshold is ap-
proximately equal to said voltage supply.

16. The circuit of Claim 1 wherein said boost device in-
cludes a capacitance (CBoost, Cboost+, Cboost-).

17. The circuit of Claim 1 wherein said supply adjustment
module comprises a switch (SBoost) with first and
second states, and
wherein said supply adjustment module charges
said boost device in said first state and discharges
said boost device in said second state.

18. The circuit of Claim 17 wherein said supply adjust-
ment module charges said boost device when said
envelope signal is less than said threshold and dis-
charges said boost device when said envelope sig-
nal is greater than said threshold.

Patentansprüche

1. Schaltung, die umfasst:

ein Verzögerungs-Modul (154), das ein digitales
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Übertragungssignal empfängt und ein verzöger-
tes Übertragungssignal erzeugt;
einen ersten Digital-Analog-Wandler (158), der
das verzögerte Übertragungssignal in ein ana-
loges Übertragungssignal umwandelt;
eine analoge Ausgabeschaltung, die das ana-
loge Übertragungssignal empfängt;
ein Hüllkurvenerzeugungs-Modul (170), das ein
Hüllkurvensignal auf Basis von Amplitudeninfor-
mationen erzeugt, die sich auf das digitale Über-
tragungssignal beziehen; und
einen Versorgungsanpassungs-Modul (174),
das der analogen Ausgangsschaltung einen
Spannungsversorgungs-Bezugswert zuführt
und das eine Verstärkervorrichtung lädt, wenn
das Hüllkurvensignal unter einem Schwellen-
wert liegt, und das den Spannungsversorgungs-
Bezugswert mittels in der Verstärkervorrichtung
gespeicherter Energie über eine Spannungs-
versorgung hinaus verstärkt, wenn das Hüllkur-
vensignal über dem Schwellenwert liegt.

2. Schaltung nach Anspruch 1, die des Weiteren einen
zweiten Digital-Analog-Wandler (172) umfasst, der
das Hüllkurvensignal in ein analoges Hüllkurvensi-
gnal umwandelt, wobei der erste Digital-Analog-
Wandler eine höhere Auflösung hat als der zweite
Digital-Analog-Wandler.

3. Schaltung nach Anspruch 2, des Weiteren einen drit-
ten Digital-Analog-Wandler umfasst, der das Hüll-
kurvensignal empfängt und ein drittes Signal erzeugt
und der selektiv einen Steuerstrom für die analoge
Ausgangsschaltung auf Basis des dritten Signals
verstärkt.

4. Schaltung nach Anspruch 3, wobei der Steuerstrom
ansteigt, wenn das Hüllkurvensignal den Schwellen-
wert übersteigt.

5. Kabelnetzwerk-Schnittstelle, die die Schaltung nach
Anspruch 1 umfasst.

6. Drahtlosnetzwerk-Schnittstelle (904; 911; 929; 948;
968; 1016), die die Schaltung nach Anspruch 1 um-
fasst.

7. Schaltung nach Anspruch 1, wobei das Hüllkurven-
Erzeugungsmodul das digitale Übertragungssignal
empfängt und das Hüllkurvensignal auf Basis des
digitalen Übertragungssignals erzeugt.

8. Schaltung nach Anspruch 1, wobei eine Anstiegzeit
des Hüllkurvensignals länger ist als eine kürzeste
Anstiegzeit des analogen Übertragungssignals.

9. Schaltung nach Anspruch 1, wobei der Schwellen-
wert im Wesentlichen einem Bezugs-Spannungs-

versorgungspegel der Schaltung entspricht.

10. Schaltung nach Anspruch 1, die umfasst:

ein Versorgungsverstärker-Modul (164), das ein
Signal abtastet, das Amplitudeninformationen
des digitalen Übertragungssignals enthält, und
das den Spannungsversorgungs-Bezugswert
auf Basis einer Differenz zwischen dem abge-
tasteten Signal und dem Schwellenwert selektiv
verstärkt, bevor ein entsprechender Abschnitt
des analogen Übertragungssignals durch die
analoge Ausgangsschaltung empfangen wird.

11. Schaltung nach Anspruch 1, wobei die analoge Aus-
gangsschaltung des analoge Hüllkurvensignal emp-
fängt und das analoge Übertragungssignal auf Basis
des analogen Hüllkurvensignals verstärkt.

12. Schaltung nach Anspruch 1, wobei die analoge Aus-
gangsschaltung das analoge Hüllkurvensignal als
eine Versorgungsspannung empfängt.

13. Schaltung nach Anspruch 1, wobei sich das Hüllkur-
vensignal in Erwartung einer Änderung des digitalen
Übertragungssignals ändert.

14. Schaltung nach Anspruch 1, die des Weiteren einen
Gleichrichter (182; 201) umfasst, der das digitale
Übertragungssignal gleichrichtet,
wobei das Hüllkurvenerzeugungs-Modul das Hüll-
kurvensignal auf Basis des gleichgerichteten digita-
len Übertragungssignals erzeugt.

15. Schaltung nach Anspruch 1, wobei der Schwellen-
wert annähernd der Spannungsversorgung gleich
ist.

16. Schaltung nach Anspruch 1, wobei die Verstärker-
vorrichtung eine Kapazität (CBoost, Cboost+, Cboost-)
enthält.

17. Schaltung nach Anspruch 1, wobei das Versor-
gungsanpassungs-Modul einen Schalter (SBoost) mit
einem ersten und einem zweiten Zustand umfasst,
und
wobei das Versorgungsanpassungs-Modul die Ver-
stärkervorrichtung in dem ersten Zustand lädt und
die Verstärkervorrichtung in dem zweiten Zustand
entlädt.

18. Schaltung nach Anspruch 17, wobei das Versor-
gungsanpassungs-Modul die Verstärkervorrichtung
lädt, wenn das Hüllkurvensignal unter dem Schwel-
lenwert liegt, und die Verstärkervorrichtung entlädt,
wenn das Hüllkurvensignal über dem Schwellenwert
liegt.
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Revendications

1. Circuit comprenant :

un module de retard (154) qui reçoit un signal
de transmission numérique et qui génère un si-
gnal de transmission retardé ;
un premier convertisseur numérique-analogi-
que (158) qui convertit ledit signal de transmis-
sion retardé en un signal de transmission
analogique ;
un circuit de sortie analogique qui reçoit ledit
signal de transmission analogique ;
un module générateur d’enveloppe (170) qui gé-
nère un signal d’enveloppe d’après des informa-
tions d’amplitude liées audit signal de transmis-
sion numérique ; et
un module d’ajustement d’alimentation (174) qui
fournit une référence d’alimentation de tension
audit circuit de sortie analogique et qui charge
un dispositif survolteur lorsque ledit signal d’en-
veloppe est inférieur à un seuil et qui survolte
ladite référence d’alimentation de tension au-
delà d’une alimentation de tension via l’énergie
stockée dans ledit dispositif survolteur lorsque
ledit signal d’enveloppe est supérieur audit
seuil.

2. Circuit selon la revendication 1, comprenant en outre
un deuxième convertisseur numérique-analogique
(172) qui convertit ledit signal d’enveloppe en un si-
gnal d’enveloppe analogique, dans lequel ledit pre-
mier convertisseur numérique-analogique présente
une plus haute résolution que ledit deuxième con-
vertisseur numérique-analogique.

3. Circuit selon la revendication 2, comprenant en outre
un troisième convertisseur numérique-analogique
qui reçoit ledit signal d’enveloppe et génère un troi-
sième signal et qui survolte sélectivement un courant
de polarisation pour ledit circuit de sortie analogique
d’après ledit troisième signal.

4. Circuit selon la revendication 3, dans lequel ledit cou-
rant de polarisation augmente lorsque ledit signal
d’enveloppe dépasse ledit seuil.

5. Interface réseau câblé comprenant le circuit de la
revendication 1.

6. Interface réseau sans fil (904 : 911 ; 929 ; 948 ; 968 ;
1016) comprenant le circuit de la revendication 1.

7. Circuit selon la revendication 1, dans lequel ledit mo-
dule générateur d’enveloppe reçoit ledit signal de
transmission numérique et génère ledit signal d’en-
veloppe d’après ledit signal de transmission numé-
rique.

8. Circuit selon la revendication 1, dans lequel un
temps d’élévation dudit signal d’enveloppe est plus
lent qu’un temps d’élévation le plus rapide dudit si-
gnal de transmission analogique.

9. Circuit selon la revendication 1, dans lequel ledit
seuil est sensiblement égal à un niveau d’alimenta-
tion de tension de référence dudit circuit.

10. Circuit selon la revendication 1, comprenant :

un module survolteur d’alimentation (164) qui
échantillonne un signal incluant des informa-
tions d’amplitude dudit signal de transmission
numérique et qui survolte sélectivement ladite
référence d’alimentation de tension avant
qu’une partie correspondante dudit signal de
transmission analogique ne soit reçue par ledit
circuit de sortie analogique d’après une différen-
ce entre ledit signal échantillonné et ledit seuil.

11. Circuit selon la revendication 1, dans lequel ledit cir-
cuit de sortie analogique reçoit ledit signal d’enve-
loppe analogique et amplifie ledit signal de transmis-
sion analogique d’après ledit signal d’enveloppe
analogique.

12. Circuit selon la revendication 1, dans lequel ledit cir-
cuit de sortie analogique reçoit ledit signal d’enve-
loppe analogique comme tension d’alimentation.

13. Circuit selon la revendication 1, dans lequel ledit si-
gnal d’enveloppe change par anticipation d’un chan-
gement dudit signal de transmission numérique.

14. Circuit selon la revendication 1, comprenant en outre
un redresseur (182 ; 201) qui redresse ledit signal
de transmission numérique,
dans lequel ledit module générateur d’enveloppe gé-
nère ledit signal d’enveloppe d’après ledit signal de
transmission numérique redressé.

15. Circuit selon la revendication 1, dans lequel ledit
seuil est approximativement égal à ladite alimenta-
tion de tension.

16. Circuit selon la revendication 1, dans lequel ledit dis-
positif survolteur inclut une capacité (CBoost, CBoost+,
CBoost-).

17. Circuit selon la revendication 1, dans lequel ledit mo-
dule d’ajustement d’alimentation comprend un com-
mutateur (SBoost) avec des premier et second états,
et
dans lequel ledit module d’ajustement d’alimentation
charge ledit dispositif survolteur dans ledit premier
état et décharge ledit dispositif survolteur dans ledit
second état.
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18. Circuit selon la revendication 17, dans lequel ledit
module d’ajustement d’alimentation charge ledit dis-
positif survolteur lorsque ledit signal d’enveloppe est
inférieur audit seuil et décharge ledit dispositif sur-
volteur lorsque ledit signal d’enveloppe est supérieur
audit seuil.
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