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SUPER REGENERATIVE (SR) APPARATUS
HAVING PLURALITY OF PARALLEL SR
AMPLIFIERS TUNED TO DISTINCT
FREQUENCIES

BACKGROUND

1. Field

This disclosure relates generally to communications sys-
tems, and in particular, to a super regenerative (SR) apparatus
including a plurality of SR amplifiers coupled in parallel and
respectively tuned to distinct frequency bands.

2. Background

In the past, communications systems that receive informa-
tion via ultra-wide band (UWB) channels employ receivers
generally consisting of one or more cascaded linear amplifi-
ers. However, when such receivers operate at a frequency
range of, for example, several GHz or above, the one or more
cascaded linear amplifiers generally consume a substantial
amount of power. This may make this receiver architecture
undesirable for low power applications, where the power
source has a limited continued-use life, such as a battery.

Another drawback with the conventional UWB receiver is
that the one or more cascaded linear amplifiers are typically
not well suited to reject out-of-band jamming signals.
Because of this drawback, conventional UWB receivers typi-
cally employ a band pass filter (BPF) between an antenna and
the input of the one or more cascaded amplifiers, to reduce or
eliminate out-of-band jamming signals. Generally, the BPF
may be complicated in order to achieve the desired out-of-
band rejection in order to effectively reduce or eliminate
out-of-band jamming signals. This has the adverse conse-
quences of increasing the costs associated with conventional
UWRB receivers. Furthermore, conventional UWB receivers
including the one or more cascaded linear amplifiers are
generally incapable of effectively reducing or eliminating
in-band jamming signals.

SUMMARY

An aspect of the disclosure relates to an apparatus com-
prising a plurality of super regenerative (SR) amplifiers
coupled in parallel, wherein the SR amplifiers are tuned to
distinct frequency bands, respectively. In another aspect, the
distinct frequency bands lie within a defined bandwidth. In
yet another aspect, the number N of super regenerative ampli-
fiers, the respective quality factors (Q) of the SR amplifiers,
and the respective center frequencies of the distinct frequency
bands are configured to provide a defined minimum gain, a
defined gain ripple, or a defined frequency response across
the defined bandwidth. In yet another aspect, one or more
distinct frequency bands may overlap with another one or
more distinct frequency bands.

According to another aspect of the disclosure, the appara-
tus may comprise a first set of isolations amplifiers situated at
the respective inputs of the SR amplifiers. Additionally, the
apparatus may comprise a second set of isolation amplifiers
situated at the respective outputs of the SR amplifiers. The
first and second sets of isolation amplifiers isolate the SR
amplifiers from each other to prevent injection lock of one
amplifier to another. Also, the first set of isolation amplifiers
helps prevent power leakage from the SR amplifiers. The
apparatus may include an antenna coupled to the inputs of the
SR amplifiers for receiving a signal from a communications
device. The apparatus may also include a summing device
coupled to the outputs of the SR amplifiers to reconstruct the
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2

amplified received signal from the signals in the distinct fre-
quency bands amplified by the respective SR amplifiers.

According to yet another aspect of the disclosure, the appa-
ratus may further comprise a circuit adapted to determine
whether a jamming signal is present in any of the distinct
frequency bands covered by the respective SR amplifiers. In
one aspect, the circuit may be adapted to disable one or more
SR amplifiers pertaining respectively to one or more distinct
frequency bands in which one or more jamming signals are
present. In yet another aspect, the circuit may comprise a
processor adapted to be controlled by executable codes.

According to still another aspect of the disclosure, the SR
amplifiers may form at least a portion of a signal receiver or
transceiver. In yet another aspect, the SR amplifiers may form
at least a portion of a non-coherent receiver. In other aspects,
the apparatus may form part of a wireless communications
device adapted to receive audio data from a second wireless
communications device via an antenna, and adapted to trans-
mit audio data to the second wireless communications device
via the antenna. In still another aspect, the apparatus may
form part of a wireless communications device adapted to
receive data from a second wireless communications device
via an antenna, and process the received data. In still another
aspect, the apparatus may form part of a wireless communi-
cations device including a sensor adapted to generate sensed
data and a transceiver adapted to transmit the sensed data to
another communications device via an antenna.

Other aspects, advantages and novel features of the present
disclosure will become apparent from the following detailed
description of the disclosure when considered in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a block diagram of an exemplary super
regenerative (SR) apparatus in accordance with an aspect of
the disclosure;

FIG. 1B illustrates a block diagram of an exemplary super
regenerative (SR) amplifier in accordance with another aspect
of the disclosure;

FIG. 2A illustrates a block diagram of an exemplary super
regenerative (SR) receiver in accordance with another aspect
of the disclosure;

FIG. 2B illustrates a graph of an exemplary frequency
response pertaining to the exemplary super regenerative (SR)
receiver in accordance with another aspect of the disclosure;

FIG. 3A illustrates a block diagram of an exemplary super
regenerative (SR) receiver in accordance with another aspect
of the disclosure;

FIG. 3B illustrates a flow diagram of an exemplary method
of'reducing and/or eliminating in-band jamming signals from
the output of the exemplary super regenerative (SR) receiver
in accordance with another aspect of the disclosure;

FIG. 4 illustrates a block and schematic diagram of an
exemplary communications device in accordance with
another aspect of the disclosure;

FIGS. 5A-D illustrate timing diagrams of various pulse
modulation techniques in accordance with another aspect of
the disclosure;

FIG. 6 illustrates a block diagram of various communica-
tions devices communicating with each other via various
channels in accordance with another aspect of the disclosure;

FIG. 7 illustrates a block diagram of an exemplary com-
munications device including an exemplary transceiver in
accordance with another aspect of the disclosure;
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FIG. 8 illustrates a block diagram of an exemplary com-
munications device including an exemplary receiver in accor-
dance with another aspect of the disclosure; and

FIG. 9 illustrates a block diagram of an exemplary com-
munications device including an exemplary transceiver in
accordance with another aspect of the disclosure.

DETAILED DESCRIPTION

Various aspects of the disclosure are described below. It
should be apparent that the teachings herein may be embod-
ied in a wide variety of forms and that any specific structure,
function, or both being disclosed herein are merely represen-
tative. Based on the teachings herein one skilled in the art
should appreciate that an aspect disclosed herein may be
implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways.
For example, an apparatus may be implemented or a method
may be practiced using any number of the aspects set forth
herein. In addition, such an apparatus may be implemented or
such a method may be practiced using other structure, func-
tionality, or structure and functionality in addition to or other
than one or more of the aspects set forth herein.

As an example of some of the above concepts, in some
aspects, the apparatus may comprise a plurality of super
regenerative (SR) amplifiers (also referred to as SR oscilla-
tors) coupled in parallel, wherein the SR amplifiers are tuned
to distinct frequency bands, respectively. In other aspects, the
apparatus may further include isolation amplifiers at the
respective inputs and outputs of the SR amplifiers to prevent
injection locking and reduce power leakage. In other aspects,
the apparatus may include a circuit to reduce or substantially
eliminate in-band jamming signals. In yet other aspects, the
apparatus may form at least part of a receiver or transceiver. In
still other aspects, the apparatus may form at least part of a
wireless communications device adapted to receive signals
from another wireless communications device, adapted to
transmit signals to another wireless communications device,
and adapted to both transmit and receive signals to and from
another wireless communications device.

FIG. 1A illustrates a block diagram of an exemplary super
regenerative (SR) apparatus 100 in accordance with an aspect
of'the disclosure. The SR apparatus 100 is capable of receiv-
ing a signal via an input, amplifying the signal via a plurality
of parallel SR amplifiers tuned respectively to distinct fre-
quency bands, and generating the amplified signal at an out-
put. In its most typical application, the SR apparatus 100 may
be used as a receiver as part of a wired or wireless commu-
nications device. However, it shall be understood that the SR
apparatus 100 may also be used as part of a transceiver. As
discussed in more detail below, the SR apparatus 100 is
capable of effectively dealing with out-of-band jamming sig-
nals as well as in-band jamming signals.

More specifically, the SR apparatus 100 comprises a plu-
rality of SR amplifiers 102-1 through 102-N coupled in par-
allel between an input and an output. In this example, the SR
apparatus 100 has N number of SR amplifiers. Each of the SR
amplifiers is tuned to a distinct frequency band. For example,
SR amplifier 102-1 is tuned to a frequency band having a
center frequency represented as fl, SR amplifier 102-2 is
tuned to a frequency band having a center frequency repre-
sented as f2, and SR amplifier 102-N is tuned to a frequency
band having a center frequency represented as fN.

Generally, the distinct frequency bands may reside within
a defined bandwidth, such as an ultra-wide band (UWB)
channel. For example, an ultra-wide band (UWB) channel
may be defined as having a fractional bandwidth on the order
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4

of 20% or more, a bandwidth on the order of 500 MHz or
more, or a fractional bandwidth on the order of 20% or more
and a bandwidth on the order of 500 MHz or more. The
number N of SR amplifiers, the respective quality factors (Q)
of'the SR amplifiers, and the respective center frequencies f1
to fN of the distinct frequency bands may be configured to
provide a defined minimum gain, a defined gain ripple, or a
defined frequency response across the defined bandwidth.

As discussed in more detail below, the SR apparatus 100
may be useful in eliminating or reducing out-of-band jam-
ming signals as well as in-band jamming signals. For
example, each SR amplifier, and in particular, the SR ampli-
fiers at the ends of the defined bandwidth, such as SR ampli-
fiers 102-1 and 102-N, may be configured to have a relatively
high quality factor (Q). As such, the SR amplifier will have a
relatively high gain near its center frequency, and high attenu-
ation for frequencies relatively far from its center frequency.
Thus, the SR amplifier may inherently attenuate jamming
signals that may reside outside of the defined bandwidth,
thereby providing substantial rejection or elimination of out-
of-band jamming signals.

With regard to in-band jamming signals, the SR apparatus
100 may be configured with a relatively large number N of SR
amplifiers. In such as case, each SR amplifier may amplify
signals only within a relatively small sub-band within the
defined bandwidth. Thus, if the jamming signal lies within
one of the sub-bands, the corresponding SR amplifier may be
turned off or disabled to prevent or reduce the presence of the
jamming signal at the output of the SR apparatus 100. Since,
as discussed above, the sub-band may be relatively small as
compared to the defined bandwidth, the effect of turning off
or disabling the SR amplifier corresponding to the jamming
signal may be negligible or minimal to a broadband (e.g.,
UWB) signal being received and amplified by the SR appa-
ratus 100.

FIG. 1B illustrates a block diagram of an exemplary super
regenerative (SR) amplifier 150-K in accordance with
another aspect of the disclosure. The SR amplifier 150-K may
be a detailed example of any SR amplifier described herein.
The SR amplifier 150-K comprises a resonator 152-K and a
quench oscillator 154-K. The resonator 152-K may comprise
a tank circuit, a saw resonator, or others type of resonator.
Each resonator may be tuned manually or electronically such
as by an analog circuit or a digital circuit, such as a processor.
The quench oscillator 154-K may be periodically quenched.
The quench frequency may be at least twice the bandwidth of
the defined bandwidth that the SR apparatus is designed to
cover. Thus, if the defined bandwidth is between fa and fb, the
quench frequency may be at least 2*(th—fa).

FIG. 2A illustrates a block diagram of an exemplary super
regenerative (SR) receiver 200 in accordance with another
aspect of the disclosure. The SR receiver 200 may be one
example of a detailed exemplary embodiment of the SR appa-
ratus 100 discussed above. In this example, the SR receiver
200 comprises an antenna 210, a band pass filter (BPF) 208,
aplurality of input isolation amplifiers 204-1 through 204-N,
a plurality of SR amplifiers 202-1 through 202-N, a plurality
of output isolation amplifiers 206-1 through 206-N, and a
summing device 212.

More specifically, the band pass filter (BPF) 208 is coupled
between the antenna 210 and the inputs of the plurality of
input isolation amplifiers 204-1 through 204-N. The outputs
of the input isolation amplifiers 204-1 through 204-N are
coupled respectively to the inputs of the SR amplifiers 202-1
through 202-N. The outputs of the SR amplifiers 202-1
through 202-N are coupled respectively to the inputs of the
output isolation amplifiers 206-1 through 206-N. The outputs
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of the output isolation amplifiers 206-1 through 206-N are
coupled to the input of the summing device 212.

The antenna 210 receives the intended signal and possibly
out-of-band and/or in-band jamming signals. The band pass
filter (BPF) 208 provides an initial filtering of the received
signals mainly to reduce or eliminate out-of-band jamming
signals at the inputs of the input isolation amplifiers 204-1
through 204-N. Since, as discussed above, the SR amplifiers
202-1 through 202-N have inherent out-of-band rejection
characteristics, the filtering specification for the band pass
filter (BPF) 208 may be relaxed. Alternatively, the band pass
filter (BPF) 208 may be eliminated altogether.

The input and output isolation amplifiers isolate the SR
amplifiers from each other. This is to prevent injection lock-
ing of one SR amplifier to another. Additionally, the input
isolation amplifiers also assist in preventing power leaking
from the SR amplifiers to the antenna. Otherwise, this may
generate unwanted radiation, which may result in a violation
of governmental laws, rules or regulations that govern the
control of electromagnetic radiation emissions. The parallel
SR amplifiers 202-1 through 202-N respectively amplify the
corresponding frequency components of the received signal
within the distinct frequency bands, respectively. The sum-
ming device 212 reconstructs the amplified received signal
from the corresponding frequency components received
respectively from the outputs of the output isolation amplifi-
ers 206-1 through 206-N.

As discussed above with reference to the previous embodi-
ments, the SR amplifiers 202-1 through 202-N are tuned to
distinct frequency bands having respective center frequencies
represented as fl to fN. The distinct frequency bands may
reside within a defined bandwidth, such as an ultra-wide band
(UWB) channel. The number N of SR amplifiers, the respec-
tive quality factors (Q) of the SR amplifiers, and the respec-
tive center frequencies f1 to N of the distinct frequency bands
may be configured to provide a defined minimum gain, a
defined gain ripple, or a defined frequency response across
the defined bandwidth. This is better explained with reference
to the exemplary graph depicted in FIG. 2B.

FIG. 2B illustrates a graph of an exemplary frequency
response pertaining to the exemplary super regenerative (SR)
receiver 200 in accordance with another aspect of the disclo-
sure. The x- or horizontal axis of the graph represents the
frequency. The y- or vertical axis represents gain. As the
graph illustrates, the defined bandwidth ranges from a rela-
tively low frequency represented as fa to a relatively high
frequency represented as tb. The graph also shows the fre-
quency responses of the respective SR amplifiers 202-1
through 202-N. For example, the left-most frequency
response having a center frequency of {1 pertains to the SR
amplifier 202-1. Similarly, the frequency response having a
center frequency of 2 pertains to the SR amplifier 202-2. In
a like manner, the frequency response having a center fre-
quency of fn pertains to the SR amplifier 202-N.

Note that, in this example, the frequency responses of the
SR amplifiers overlap with each other. This is done to provide
an overall frequency response for the defined bandwidth. The
center frequency governs the position of the individual fre-
quency response within the defined bandwidth. The quality
factor (Q) governs the width of the individual frequency
response. For example, the higher quality factor (Q), the more
narrow is the individual frequency response. Conversely, the
lower quality factor (Q), the wider is the individual frequency
response. Also, the number N of SR amplifiers affect the
overall frequency response for the defined bandwidth. As
discussed above, by properly selecting the number N of SR
amplifiers, the respective quality factors (Q) of the SR ampli-
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fiers, and the respective center frequencies f1 to fN of the
distinct frequency bands, a desired overall frequency
response for the defined bandwidth may be achieved, which
may include a defined minimum gain and/or a defined gain
ripple.

FIG. 3A illustrates a block diagram of an exemplary super
regenerative (SR) receiver 300 in accordance with another
aspect of the disclosure. The SR receiver 300 is particularly
configured to reduce or substantially reject in-band jamming
signals. Similar to the previous embodiment 200, the SR
receiver 300 comprises an antenna 310, a band pass filter
(BPF) 308, a plurality of input isolation amplifiers 304-1
through 304-N, a plurality of SR amplifiers 302-1 through
302-N, a plurality of output isolation amplifiers 306-1
through 306-7, and a summing device 312. These items were
discussed in detail above with reference to SR receiver 200.

The SR receiver 300 further comprises a power detector
314, a signal conditioner 324, an analog-to-digital converter
(ADC) 322, an input/output (I/O) device 320, a processor
316, and a memory 318. The power detector 314 generates a
signal indicative of the power level at the output of the SR
receiver 300. The signal conditioner 324 modifies (e.g.,
amplifies, filters, etc.) the signal from the power detector 314
s0 it is at an appropriate level with reduced noise for conver-
sion into digital format. The ADC 322 converts the condi-
tioned signal into digital format, which is subsequently sent to
the processor 316 via the I/O device 320 for analysis. The I/O
device 320 receives the signal from the ADC 322 and passes
it to the processor 316, as well as passes enable/disable sig-
nals En-1 through En-N from the processor 316 respectively
to the SR amplifiers 302-1 through 302-N.

The processor 316 performs the various operations
described hereinafter to reduce or substantially eliminate in-
band jamming signals. The memory 316, which could be any
type of computer readable medium, such as random access
memory (RAM), read only memory (ROM), magnetic disk,
optical disc, and variations thereof, stores one or more soft-
ware modules that controls the processor 316 in performing
its various operations. The memory 318 may store data as
well, such as information as to which channels or SR ampli-
fiers are enabled and which channels or SR amplifiers are
disabled to reduce or eliminate in-band jamming signals. The
following describes an exemplary method performed by the
processor 316 for dealing with in-band jamming signals.

FIG. 3B illustrates a flow diagram of an exemplary method
350 of reducing and/or eliminating in-band jamming signals
from the output of the exemplary super regenerative (SR)
receiver 300 in accordance with another aspect of the disclo-
sure. It is presumed that at the time of the method 350, the
corresponding communications device including the SR
receiver 300 is not in communication with another device.
Thus, during the operation of the method 350, substantially
no intended in-band signals are being received by the SR
receiver 300.

According to the method 350, the processor 316 disables
the SR amplifiers 302-1 through 302-N (block 352). The
processor 316 may perform the disabling of the SR amplifiers
302-1 through 302-N by sending the appropriate disabling
signals thereto respectively via the En-1 through En-N. The
processor 316 then sets an index K to 1 (block 354). The index
K identifies the SR amplifier 302-K which will be currently
checked to determine whether it is amplifying an in-band
jamming signal. The processor 316 then enables the Kth SR
amplifier (block 356). The processor 316 may perform the
enabling of the Kth SR amplifier by sending the appropriate
enabling signal En-K to the SR amplifier 302-K. For example,
if K is equal to 1, the processor 316 enables SR amplifier
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302-1. As discussed above, the rest of the SR amplifiers 302-2
through 302-N have been disabled.

Then, according to the method 350, the SR amplifier 302-K
is allowed to operate for a few quench cycles (block 358).
This is to allow the SR amplifier 302-K to sufficiently stabi-
lize for the purposes of monitoring the output of the SR
receiver 300 for in-band jamming signals. The processor 316
then determines the power level at the output of the SR
receiver 300 (block 360). As discussed above, the processor
316 may determine the output power level by monitoring the
signal received from the ADC 322. The processor 316 then
determines whether the power level of the receiver output is
greater than a defined threshold (block 362). The defined
threshold may be related to the power level produced by
ambient noise. One method of determining the defined
threshold is to disconnect the antenna 310 and connect there-
fore a 50 Ohm termination. The corresponding value at the
output of the ADC 322 may then be used as the defined
threshold. Alternatively, the defined threshold may be deter-
mined by measuring the ambient temperature with a tempera-
ture sensor, and then using a look-up table to map the sensed
temperature to the defined threshold. If the processor 316
determines that the power level of the receiver output is
greater than the defined threshold, the processor 316 notes
that there is a jamming signal in the Kth channel (block 364).
The processor 316 then disables the SR amplifier 302-K as
specified in block 366.

Ifthe power level at the receiver output is below the defined
threshold, the processor 316 skips block 364 and disables the
SR amplifier 302-K (block 366). The processor 316 may
performthis by sending the appropriate disabling signal En-K
to the SR amplifier 302-K. The processor 316 then increments
the index K to select the next SR amplifier to undergo the
in-band jamming signal check (block 368). The processor
316 then checks whether the index K is equal to N+1 (block
370). If it is, which means that all of the SR amplifiers have
been checked for in-band jamming signals, the processor 316
then enables all of the SR amplifiers, except those identified
in block 364 as having an in-band jamming signal. If, in block
370, the index K does not equal to N+1, the processor 316
then returns to block 356 to perform the in-band jamming
signal check for the next SR amplifier. Thus, according to the
method 350, any SR amplifier that amplifies an in-band jam-
ming signal is disabled in order to prevent the in-band jam-
ming signal from propagating to the output of the SR receiver
300. If the number N of SR amplifiers is chosen to be rela-
tively large, the eftects on the overall frequency response due
to a small number of SR amplifiers being disabled should be
small.

FIG. 4 illustrates a block diagram of an exemplary com-
munications device 400 that includes an SR receiver front-
end in accordance with another aspect of the disclosure. The
communications device 400 comprises an antenna 402, a
transmitter/receiver (Tx/Rx) isolation device 404, an SR
receiver front-end 406, an RF-to-baseband receiver portion
408, a baseband unit 410, a baseband-to-RF transmitter por-
tion 412, and a transmitter 414. The antenna 402 serves to
receive signals from other communications devices via a
wireless medium, and to send signals to other communica-
tions devices via the wireless medium. The Tx/Rx isolation
device 404 serves to isolate the input of the SR receiver
front-end 406 from the relatively large power of the signal
generated by the transmitter 414 during transmission of sig-
nals to other communications device.

Asdiscussed above, the SR receiver front-end 406 receives
and amplifies signals received from other communications
devices. The RF-to-baseband receiver portion 408 converts
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the received signal from RF to baseband for further process-
ing by the baseband unit 410. The RF-to-baseband receiver
portion 408 may be configured as a non-coherent receiver,
such as an energy-detection receiver. The baseband unit 410
processes the baseband signal to ascertain the information
carried therein. The baseband-to-RF transmitter portion 412
converts outgoing signals generated by the baseband unit 410
into RF for transmission via the wireless medium. The trans-
mitter 414 conditions the outgoing signal (e.g., by power
amplifying, pulse modulating, etc.) for transmission of the
outgoing signals to other communications devices via the
wireless medium.

Although not shown, the receiver 406 and/or 408 may be
controlled by a pulse modulating device in order to establish
areceiving communications channel (e.g., an ultra-wide band
(UWB) communications channel) using pulse division mul-
tiple access (PDMA), pulse division multiplexing (PDM), or
other type of pulse modulation. Although not shown, the
transmitter 412 and/or 414 may be controlled by a pulse
modulating device to enable signal transmission at particular
instances defined by pulses in order to establish a transmitting
communications channel (e.g., an ultra-wide band (UWB)
communications channel) using PDMA, PDM, or other type
of'pulse modulation. The transmitting and receiving channels
may be established concurrently, although the channels may
be orthogonal so as not to interfere with each other. Using
pulse modulation techniques to enable and disable the trans-
mitter and receiver, improved power efficiency may be
achieved for the communications device 400. For example,
during times when the transmitter is not transmitting and the
receiver is not receiving, these devices may be operated in low
or no power mode to conserve power, such as power provided
by a battery.

FIG. 5A illustrates different channels (channels 1 and 2)
defined with different pulse repetition frequencies (PRF) as
an example of a PDMA modulation. Specifically, pulses for
channel 1 have a pulse repetition frequency (PRF) corre-
sponding to a pulse-to-pulse delay period 502. Conversely,
pulses for channel 2 have a pulse repetition frequency (PRF)
corresponding to a pulse-to-pulse delay period 504. This
technique may thus be used to define pseudo-orthogonal
channels with a relatively low likelihood of pulse collisions
between the two channels. In particular, a low likelihood of
pulse collisions may be achieved through the use of a low duty
cycle for the pulses. For example, through appropriate selec-
tion of the pulse repetition frequencies (PRF), substantially
all pulses for a given channel may be transmitted at different
times than pulses for any other channel.

The pulse repetition frequency (PRF) defined for a given
channel may depend on the data rate or rates supported by that
channel. For example, a channel supporting very low data
rates (e.g., on the order of a few kilobits per second or Kbps)
may employ a corresponding low pulse repetition frequency
(PRF). Conversely, a channel supporting relatively high data
rates (e.g., on the order of a several megabits per second or
Mbps) may employ a correspondingly higher pulse repetition
frequency (PRF).

FIG. 5B illustrates different channels (channels 1 and 2)
defined with different pulse positions or offsets as an example
ofa PDMA modulation. Pulses for channel 1 are generated at
a point in time as represented by line 506 in accordance with
a first pulse offset (e.g., with respect to a given point in time,
not shown). Conversely, pulses for channel 2 are generated at
a point in time as represented by line 508 in accordance with
a second pulse offset. Given the pulse offset difference
between the pulses (as represented by the arrows 510), this
technique may be used to reduce the likelihood of pulse
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collisions between the two channels. Depending on any other
signaling parameters that are defined for the channels (e.g., as
discussed herein) and the precision of the timing between the
devices (e.g., relative clock drift), the use of different pulse
offsets may be used to provide orthogonal or pseudo-orthogo-
nal channels.

FIG. 5C illustrates different channels (channels 1 and 2)
defined with different timing hopping sequences. For
example, pulses 512 for channel 1 may be generated at times
in accordance with one time hopping sequence while pulses
514 for channel 2 may be generated at times in accordance
with another time hopping sequence. Depending on the spe-
cific sequences used and the precision of the timing between
the devices, this technique may be used to provide orthogonal
or pseudo-orthogonal channels. For example, the time
hopped pulse positions may not be periodic to reduce the
possibility of repeat pulse collisions from neighboring chan-
nels.

FIG. 5D illustrates different channels defined with differ-
ent time slots as an example of a PDM modulation. Pulses for
channel L1 are generated at particular time instances. Simi-
larly, pulses for channel 1.2 are generated at other time
instances. In the same manner, pulse for channel .3 are gen-
erated at still other time instances. Generally, the time
instances pertaining to the different channels do not coincide
or may be orthogonal to reduce or eliminate interference
between the various channels.

It should be appreciated that other techniques may be used
to define channels in accordance with a pulse modulation
schemes. For example, a channel may be defined based on
different spreading pseudo-random number sequences, or
some other suitable parameter or parameters. Moreover, a
channel may be defined based on a combination of two or
more parameters.

FIG. 6 illustrates a block diagram of various ultra-wide
band (UWB) communications devices communicating with
each other via various channels in accordance with another
aspect of the disclosure. For example, UWB device 1 602 is
communicating with UWB device 2 604 via two concurrent
UWRB channels 1 and 2. UWB device 602 is communicating
with UWB device 3 606 via a single channel 3. And, UWB
device 3 606 is, in turn, communicating with UWB device 4
608 via a single channel 4. Other configurations are possible.
The communications devices may be used for many different
applications, and may be implemented, for example, in a
headset, microphone, biometric sensor, heart rate monitor,
pedometer, EKG device, watch, remote control, switch, tire
pressure monitor, or other communications devices.

FIG. 7 illustrates a block diagram of an exemplary com-
munications device 700 including an exemplary transceiver
in accordance with another aspect of the disclosure. The
communications device 700 may be particularly suited for
sending and receiving data to and from other communications
devices. The communications device 700 comprises an
antenna 702, a Tx/Rx isolation device 704, an SR receiver
front-end 706, an RF-to-baseband receiver portion 708, a
baseband unit 710, a baseband-to-RF transmitter portion 712,
a transmitter 714, a data processor 716, and a data generator
718.

In operation, the data processor 716 may receive data from
other communications device via the antenna 702 which
picks up the RF signal from the other communications device,
the Tx/Rx isolation device 704 which sends the signal to the
SR receiver front-end 706, the SR receiver front-end 706
which amplifies the received signal, the RF-to-baseband
receiver portion 708 which converts the RF signal into a
baseband signal, and the baseband unit 710 which processes
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the baseband signal to determine the received data. The data
processor 716 then performs one or more defined operations
based on the received data. For example, the data processor
716 may include a microprocessor, a microcontroller, a
reduced instruction set computer (RISC) processor, a display,
an audio device including a transducer such as speakers, a
medical device, a robotic or mechanical device responsive to
the data, etc.

Further, in operation, the data generator 718 may generate
outgoing data for transmission to another communications
device via the baseband unit 710 which processes the outgo-
ing data into a baseband signal for transmission, the base-
band-to-RF transmitter portion 712 converts the baseband
signal into an RF signal, the transmitter 714 conditions the RF
signal for transmission via the wireless medium, the Tx/Rx
isolation device 704 which routes the RF signal to the antenna
702 while isolating the input to the SR receiver front-end 706,
and the antenna 702 which radiates the RF signal to the
wireless medium. The data generator 718 may be a sensor or
other type of data generator. For example, the data generator
718 may include a microprocessor, a microcontroller, a RISC
processor, a keyboard, a pointing device such as a mouse or a
track ball, an audio device including a transducer such as a
microphone, a medical device, a robotic or mechanical device
that generates data, etc.

FIG. 8 illustrates a block diagram of an exemplary com-
munications device 800 including an exemplary receiver in
accordance with another aspect of the disclosure. The com-
munications device 800 may be particularly suited for receiv-
ing data from other communications devices. The communi-
cations device 800 comprises an antenna 802, an SR receiver
front-end 804, an RF-to-baseband receiver portion 806, a
baseband unit 808, and a data processor 810.

In operation, the data processor 810 may receive data from
other communications device via the antenna 802 which
picks up the RF signal from the other communications device,
the SR receiver front-end 804 which amplifies the received
signal, the RF-to-baseband receiver portion 806 which con-
verts the RF signal into a baseband signal, and the baseband
unit 808 which processes the baseband signal to determine
the received data. The data processor 810 then performs one
or more defined operations based on the received data. For
example, the data processor 810 may include a microproces-
sor, a microcontroller, a RISC processor, a display, an audio
device including a transducer, such as speakers, a medical
device, a robotic or mechanical device responsive to the data,
etc.

FIG. 9 illustrates a block diagram of an exemplary com-
munications device 900 including an exemplary transceiver
in accordance with another aspect of the disclosure. The
communications device 900 may be particularly suited for
sending data to other communications devices. The commu-
nications device 900 comprises an antenna 902, an SR trans-
ceiver front-end 904, a baseband-to-RF transmitter portion
906, a baseband unit 908, and a data generator 910.

In operation, the data generator 910 may generate outgoing
data for transmission to another communications device via
the baseband unit 908 which processes the outgoing data into
abaseband signal for transmission, the baseband-to-RF trans-
mitter portion 906 which converts the baseband signal into an
RF signal, the transceiver 904 which conditions the RF signal
for transmission via the wireless medium, and the antenna
902 which radiates the RF signal to the wireless medium. The
data generator 910 may be a sensor or other type of data
generator. For example, the data generator 910 may include a
microprocessor, a microcontroller, a RISC processor, a key-
board, a pointing device such as a mouse or a track ball, an
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audio device including a transducer such as a microphone, a
medical device, a robotic or mechanical device that generates
data, etc.

Various aspects of the disclosure have been described
above. It should be apparent that the teachings herein may be
embodied in a wide variety of forms and that any specific
structure, function, or both being disclosed herein is merely
representative. Based on the teachings herein one skilled in
the art should appreciate that an aspect disclosed herein may
be implemented independently of any other aspects and that
two or more of these aspects may be combined in various
ways. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be imple-
mented or such a method may be practiced using other struc-
ture, functionality, or structure and functionality in addition
to or other than one or more of the aspects set forth herein. As
an example of some of the above concepts, in some aspects
concurrent channels may be established based on pulse rep-
etition frequencies. In some aspects concurrent channels may
be established based on pulse position or offsets. In some
aspects concurrent channels may be established based on
time hopping sequences. In some aspects concurrent chan-
nels may be established based on pulse repetition frequencies,
pulse positions or offsets, and time hopping sequences.

Those of skill in the art would understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, processors, means, cir-
cuits, and algorithm steps described in connection with the
aspects disclosed herein may be implemented as electronic
hardware (e.g., a digital implementation, an analog imple-
mentation, or a combination of the two, which may be
designed using source coding or some other technique), vari-
ous forms of program or design code incorporating instruc-
tions (which may be referred to herein, for convenience, as
“software” or a “software module™), or combinations of both.
To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules,
circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the par-
ticular application and design constraints imposed on the
overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted
as causing a departure from the scope of the present disclo-
sure.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the aspects disclosed
herein may be implemented within or performed by an inte-
grated circuit (“IC”), an access terminal, or an access point.
The IC may comprise a general purpose processor, a digital
signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or
other programmable logic device, discrete gate or transistor
logic, discrete hardware components, electrical components,
optical components, mechanical components, or any combi-
nation thereof designed to perform the functions described
herein, and may execute codes or instructions that reside
within the IC, outside of the IC, or both. A general purpose
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processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more mMicroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

Itis understood that any specific order or hierarchy of steps
in any disclosed process is an example of a sample approach.
Based upon design preferences, it is understood that the spe-
cific order or hierarchy of steps in the processes may be
rearranged while remaining within the scope of the present
disclosure. The accompanying method claims present ele-
ments of the various steps in a sample order, and are not meant
to be limited to the specific order or hierarchy presented.

The steps of a method or algorithm described in connection
with the aspects disclosed herein may be embodied directly in
hardware, in a software module executed by a processor, or in
a combination of the two. A software module (e.g., including
executable instructions and related data) and other data may
reside in a data memory such as RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, regis-
ters, a hard disk, a removable disk, a CD-ROM, or any other
form of computer-readable storage medium known in the art.
A sample storage medium may be coupled to a machine such
as, for example, a computer/processor (which may be
referred to herein, for convenience, as a “processor”) such the
processor can read information (e.g., code) from and write
information to the storage medium. A sample storage medium
may be integral to the processor. The processor and the stor-
age medium may reside in an ASIC. The ASIC may reside in
user equipment. In the alternative, the processor and the stor-
age medium may reside as discrete components in user equip-
ment. Moreover, in some aspects any suitable computer-pro-
gram product may comprise a computer-readable medium
comprising codes relating to one or more of the aspects of the
disclosure. In some aspects a computer program product may
comprise packaging materials.

While the invention has been described in connection with
various aspects, it will be understood that the invention is
capable of further modifications. This application is intended
to cover any variations, uses or adaptation of the invention
following, in general, the principles of the invention, and
including such departures from the present disclosure as
come within the known and customary practice within the art
to which the invention pertains.

What is claimed is:

1. An apparatus for wireless communication comprising a
plurality of super regenerative amplifiers coupled in parallel,
wherein the super regenerative amplifiers are tuned to respec-
tive distinct frequency bands, and further wherein the number
N of super regenerative amplifiers, the respective quality
factors (Q) of the super regenerative amplifiers, and the
respective center frequencies (f,) of the distinct frequency
bands are configured to provide a defined minimum gain, a
defined gain ripple, or a defined frequency response across a
defined bandwidth.

2. The apparatus of claim 1, wherein the distinct frequency
bands lie within the defined bandwidth.

3. The apparatus of claim 1, wherein one or more of the
distinct frequency bands overlap with at least another of the
one or more distinct frequency bands.

4. The apparatus of claim 1, further comprising a plurality
of isolation amplifiers coupled respectively to inputs of the
super regenerative amplifiers.
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5. The apparatus of claim 1, further comprising a plurality
of isolation amplifiers coupled respectively to outputs of the
respective super regenerative amplifiers.

6. The apparatus of claim 1, further comprising a filter
coupled to inputs of the super regenerative amplifiers.

7. The apparatus of claim 1, further comprising an antenna
coupled to inputs of the super regenerative amplifiers.

8. The apparatus of claim 1, further comprising a summing
device coupled to outputs of the super regenerative amplifi-
ers.

9. The apparatus of claim 1, further comprising a circuit
adapted to determine whether a jamming signal is present in
any of the distinct frequency bands.

10. The apparatus of claim 9, wherein the circuit is further
adapted to disable one or more super regenerative amplifiers
pertaining respectively to one or more distinct frequency
bands in which one or more jamming signals are present.

11. The apparatus of claim 9, wherein the circuit comprises
a processor adapted to be controlled by executable codes.

12. The apparatus of claim 1, wherein the super regenera-
tive amplifiers form at least a portion of a receiver.

13. The apparatus of claim 1, wherein the super regenera-
tive amplifiers form at least a portion of a transceiver.

14. The apparatus of claim 1, wherein the super regenera-
tive amplifiers form at least a portion of a non-coherent
receiver.

15. The apparatus of claim 1, wherein the distinct fre-
quency bands lie within a defined ultra-wide band channel
that has a fractional bandwidth on the order of 20% or more,
has a bandwidth on the order of 500 MHz or more, or has a
fractional bandwidth on the order of 20% or more and has a
bandwidth on the order of 500 MHz or more.

16. A method of wireless communication comprising:

coupling a plurality of super regenerative amplifiers in

parallel;

tuning the super regenerative amplifiers to respective dis-

tinct frequency bands;

selecting the number N of super regenerative amplifiers;

selecting the respective quality factors (Q) of the super

regenerative amplifiers; and

selecting the respective center frequencies (f,) of the super

regenerative amplifiers;

wherein N, and the respective Q and f, are selected to

provide a minimum gain, a defined gain ripple or a
defined frequency response across a defined bandwidth.

17. The method of claim 16, wherein the distinct frequency
bands lie within the defined bandwidth.

18. The method of claim 16, wherein one or more of the
distinct frequency bands overlap with at least another of the
one or more distinct frequency bands.

19. The method of claim 16, further comprising electrically
isolating inputs of the respective super regenerative amplifi-
ers from each other.

20. The method of claim 16, further comprising electrically
isolating outputs of the respective super regenerative ampli-
fiers from each other.

21. The method of claim 16, further comprising:

amplifying a signal with the super regenerative amplifiers;

and

filtering the signal prior to amplifying the signal with the

super regenerative amplifiers.

22. The method of claim 16, further comprising:

receiving a signal via an antenna; and

amplifying the signal with the super regenerative amplifi-

ers.

23. The method of claim 16, further comprising summing
outputs of the super regenerative amplifiers.
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24. The method of claim 16, further comprising determin-
ing whether a jamming signal is present in any of the distinct
frequency bands.

25. The method of claim 24, further comprising disabling
one or more super regenerative amplifiers pertaining respec-
tively to one or more distinct frequency bands in which one or
more jamming signals are present.

26. The method of claim 25, wherein the steps of determin-
ing whether a jamming signal is present and disabling one or
more super regenerative amplifiers are performed by a pro-
Ccessor.

27. The method of claim 16, further comprising receiving
a signal via one or more of the super regenerative amplifiers.

28. The method of claim 16, further comprising transceiv-
ing signals using one or more super regenerative amplifiers.

29. The method of claim 16, further comprising receiving
a signal in a non-coherent manner using one or more the super
regenerative amplifiers.

30. The method of claim 16, wherein the distinct frequency
bands lie within a defined ultra-wide band channel that has a
fractional bandwidth on the order of 20% or more, has a
bandwidth on the order of 500 MHz or more, or has a frac-
tional bandwidth on the order of 20% or more and has a
bandwidth on the order of 500 MHz or more.

31. An apparatus for wireless communication comprising:

means for coupling a plurality of super regenerative ampli-

fiers in parallel;

means for tuning the super regenerative amplifiers to

respective distinct frequency bands, wherein the number
N of super regenerative amplifiers, the respective quality
factors (QQ) of the super regenerative amplifiers, and the
center frequencies (f,) of the distinct frequency bands
are configured to provide a defined minimum gain, a
defined gain ripple, or a defined frequency response
across a defined bandwidth.

32. The apparatus of claim 31, wherein the distinct fre-
quency bands lie within the defined bandwidth.

33. The apparatus of claim 31, wherein one or more of the
distinct frequency bands overlap with at least another of the
one or more distinct frequency bands.

34. The apparatus of claim 31, further comprising means
for electrically isolating inputs of the respective super regen-
erative amplifiers from each other.

35. The apparatus of claim 31, further comprising means
for electrically isolating outputs of the respective super regen-
erative amplifiers from each other.

36. The apparatus of claim 31, further comprising means
for filtering the signal.

37. The apparatus of claim 31, further comprising means
for receiving the signal.

38. The apparatus of claim 31, further comprising means
for summing outputs of the super regenerative amplifiers.

39. The apparatus of claim 31, further comprising means
for determining whether a jamming signal is present in any of
the distinct frequency bands.

40. The apparatus of claim 39, further comprising means
for disabling one or more super regenerative amplifiers per-
taining respectively to one or more distinct frequency bands
in which one or more jamming signals are present.

41. The apparatus of claim 40, wherein the means for
determining whether a jamming signal is present and means
for disabling one or more super regenerative amplifiers com-
prise a processor.

42. The apparatus of claim 31, further comprising means
for receiving a signal using one or more of the super regen-
erative amplifiers.
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43. The apparatus of claim 31, further comprising means
for transceiving signals, wherein the means for transceiving
signals comprises one or more super regenerative amplifiers.

44. The apparatus of claim 31, further comprising means
for receiving a signal in a non-coherent manner using one or
more of the super regenerative amplifiers.

45. The apparatus of claim 31, wherein the distinct fre-
quency bands lie within a defined ultra-wide band channel
that has a fractional bandwidth on the order of 20% or more,
has a bandwidth on the order of 500 MHz or more, or has a
fractional bandwidth on the order of 20% or more and has a
bandwidth on the order of 500 MHz or more.

46. A computer program product for amplifying a signal
comprising a non-transitory computer readable medium
including codes executable by at least one computer to tune a
plurality of super regenerative amplifiers coupled in parallel
to respective distinct frequency bands, wherein the number N
of'super regenerative amplifiers, the respective quality factors
(Q) of the super regenerative amplifiers, and the center fre-
quencies (f,) of the distinct frequency bands are configured to
provide a defined minimum gain, a defined gain ripple, or a
defined frequency response across a defined bandwidth.

47. A headset for wireless communications, comprising:

an antenna,

a receiver adapted to receive data via the antenna, wherein
the receiver comprises a set of super regenerative ampli-
fiers coupled in parallel, and further wherein the super
regenerative amplifiers are tuned to respective distinct
frequency bands, wherein the number N of super regen-
erative amplifiers, the respective quality factors (Q) of
the super regenerative amplifiers, and the center fre-
quencies () of the distinct frequency bands are config-
ured to provide a defined minimum gain, a defined gain
ripple, or a defined frequency response across a defined
bandwidth; and
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a transducer adapted to generate an audio output based on
the received data.

48. A watch for wireless communications, comprising:

an antenna,

a receiver adapted to receive data via the antenna, wherein
the receiver comprises a plurality of super regenerative
amplifiers coupled in parallel, and further wherein the
super regenerative amplifiers are tuned to respective dis-
tinct frequency bands, wherein the number N of super
regenerative amplifiers, the respective quality factors
(Q) of the super regenerative amplifiers, and the center
frequencies (f,) of the distinct frequency bands are con-
figured to provide a defined minimum gain, a defined
gain ripple, or a defined frequency response across a
defined bandwidth; and

a display adapted to produce a visual output based on the
received data.

49. A sensed device for wireless communications, com-

prising:

a sensor adapted to generate sensed data; and

a transceiver adapted to transmit the sensed data, wherein
the transceiver comprises a plurality of super regenera-
tive amplifiers coupled in parallel, and further wherein
the super regenerative amplifiers are tuned to respective
distinct frequency bands, wherein the number N of super
regenerative amplifiers, the respective quality factors
(Q) of the super regenerative amplifiers, and the center
frequencies (f) of the distinct frequency bands are con-
figured to provide a defined minimum gain, a defined
gain ripple, or a defined frequency response across a
defined bandwidth.



