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The present invention includes a system and method for ensuring reception of a communications signal. A modulating baseband
signal with desired information is accepted, and a plurality of redundant spectrums is generated. Each redundant spectrum comprises the
necessary amplitude, phase, and frequency information to substantially reconstruct the modulating baseband signal. It is expected but not
required that the redundant spectrums will be generated at a first location and sent to a second location over a communications medium.
At the second location, the redundant spectrums are independently processed to recover a demodulating baseband signal for each of the
redundant spectrums. In one embodiment, an error detection process is employed at the second location to detect and eliminate those
demodulated baseband signals that have been corrupted during transmission. An error-free demodulated baseband signal is selected from
the remaining demodulated baseband signals. The error—free demodulated baseband signal is representative of the modulating baseband

signal sent over the communications medium.
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Method and System For Ensuring Reception of
a Communications Signal

BACKGROUND OF THE INVENTION

L Field of the Invention

The present invention relates generally to electromagnetic
communications, and more particularly, to a method and system for ensuring

reception of a communications signal.

1L Description of the Related Art

Communication links utilize electromagnetic si %nals (EM), in the form of
electromagnetic waves, to carry analog or digital electronic information from a
first location to a second location. In doing so, a baseband signal, containing the
information to be transmitted, is impressed on an oscillating signal to produce a
modulated signal at the first location. The modulated signal is sent over the
communications link to the second location. At the second location, the modulated
signal is typically down-converted to a lower frequency, where the baseband signal
can be recovered.

All EM signals can be sufficiently described in both the time domain and
the frequency domain. FIG. 1A depicts a baseband signal 102 in the time domain
that starts at time t, and ends at a time t,. The baseband signal 102 can represent
any number of real world occurrences. For example, baseband signal 102 could
be the voltage output of a microphone for a given acoustical input. FIG. 1B
illustrates spectrum 104, which is the frequency domain representation of
baseband signal 102. Spectrum 104 depicts the relative amplitude of the sinusoidal
components that when summed together with the correct relative phase will

construct baseband signal 102 in the time domain. In other words, the spectrum
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104 represents the relative amplitude and phase of the sine waves that constitute
baseband signal 102 in the time domain.

Theoretically, a time-limited baseband signal (like baseband signal 102) has
an infinite number of sinusoidal frequency components. That is, the "tail" of
spectrum 104 will continue to infinity. However, the amplitude of the sinusoidal
components in spectrum 104 decrease with increasing frequency. At some point,
the higher frequency components can be ignored and filtered out. The highest
frequency remaining defines the "frequency bandwidth" (B) of the spectrum 104.
For example, if spectrum 104 corresponded to a human voice signal, the
bandwidth (B) would be approximately 3.5 KHz. In other words, those sine waves
beyond 3.5 KHz can be filtered out without noticeably affecting the quality of the
reconstructed voice signal.

The signal with the simplest frequency domain representation is that of a
single sine wave (or tone) at a given frequency f,. Sine wave 106 having a
frequency f, and its spectrum 108 are shown in FIGs. 1C, and 1D, respectively.
Sinusoidal signals are one type of periodic signals (or repeating signals) that may
also be referred to as "oscillating signals".

Amplitude modulation, a common modulation scheme, will be explored
below to illustrate the effects of modulation. FIGS. 1E and 1F illustrate
modulated (mod) signal 110 and its corresponding modulated spectrum 112.
Modulated signal 110 is the result of amplitude modulating sine wave 106 with
baseband signal 102. In the time domain, the amplitude of modulated signal 110
tracks the amplitude of the baseband signal 102, but maintains the frequency of
sine wave 106. As such, sine wave 106 is often called the "carrier signal" for
baseband signal 102, and its frequency is often called the "carrier frequency." In
this application, information signals that are used to modulate a carrier signal may
be referred to as “modulating baseband signals”.

In the frequency domain, amplitude modulation causes spectrum 104 to
be "up-converted" from "baseband" to the carrier frequency f;, and mirror imaged

about the carrier frequency f,, resulting in modulated spectrum 112 (FIG. 1F). An
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effect of the mirror image is that it doubles the bandwidth of modulated spectrum
112 to 2B, when compared to that of modulated spectrum 104.

Modulated spectrum 112 (in FIG. 1F) is depicted as having substantially
the same shape as that of modulated spectrum 104 (when the mirror image is
considered). This is the case in this example for AM modulation, but in other
specific types of modulations this may or may not be so as is known by those
skilled in the art(s).

Modulated spectrum 112 is the frequency domain representation of what
is sent over a wireless communications link during transmission from a first
location to a second location when AM modulation is used. At the second
location, the modulated spectrum 112 is down-converted back to "baseband"
where the baseband signal 102 is reconstructed from the baseband spectrum 104.
But in order to do so, the modulated spectrum 112 must arrive at the second
location substantially unchanged.

During transmission over the wireless link, modulated spectrum 112 is
susceptible to interference. This can occur because the receiver at the second
location must be designed to accept and process signals in the range of (f, - B) to
(f,+B). Thereceiver antenna accepts all signals within the stated frequency band
regardless of their origin. As seen in FIG. 1G, if a second transmitter is
transmitting a jamming signal 114 within the band of (f, -B) to (f;+B), the receiver
will process the jamming signal 114 along with the intended modulated spectrum
112 . (In this application a jamming signal is any unwanted signal regardless of
origin that co-exists in a band occupied by an intended modulated spectrum. The
jamming signal need not be intended to jam.) Ifthe power of jamming signal 114
is sufficiently large, then modulated spectrum 112 will be corrupted during
receiver processing, and the intended information signal 102 will not be properly
recovered.

Jamming margin defines the susceptibility that a modulated spectrum has
to ajamming signal. Jamming margin is a measurement of the maximum jamming

signal amplitude that a receiver can tolerate and still be able to reconstruct the
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intended baseband signal. For example, if a receiver can recover info signal 102
from spectrum 112 with a maximum jamming signal 114 that is 10 dB below the
modulated spectrum 112, then the jamming margin is said to be -10 dBc (or dB
from the carrier).

Jamming margin is heavily dependent on the type of modulation used. For

| example, amplitude modulation can have a typical jamming margin of

approximately -6 dBc. Frequency modulation (FM) can have a jamming margin
of approximately - 3dBc, and thus more resistant to jamming signals than AM
because more powerful jamming signals can be tolerated.

The Federal Communications Commission (FCC) has set aside the band
from 902 MHZ to 928 MHZ as an open frequency band for consumer products.
This allows anyone to transmit signals within the 902-928 MHZ band for
consumer applications without obtaining an operating licence, as long as the
transmitted signal power is below a specified limit. Exemplary consumer
applications would be wireless computer devices, cordless telephones, RF control
devices (e.g. garage door openers), etc. As such, there is a potentially unlimited
number of transmitters in this band that are transmitting unwanted jamming
signals.

The 900-928 MHZ frequency band is only a single example of where
jamming is a significant problem. Jamming problems are not limited to this band
and can be a potential problem at any frequency.

What is needed is an improved method and system for ensuring the
reception of a modulated signal in an environment with potentially multiple
jamming signals.

What is also needed is a method and system for generating a modulated
signal that is resistant to interference during transmission over a communications
link.

What is further needed is a method and system for generating a modulated

signal that has a higher inherent jamming margin than standard modulation
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schemes (e.g. AM, FM, PM, etc.), without substantially increasing system

complexity and cost.

SUMMARY OF THE INVENTION

The present invention is directed to methods and systems for ensuring the
reception of a communications signal, and applications thereof. .

According to an embodiment, the present invention accepts a modulating
baseband signal and generates a plurality of redundant spectrums, where each
redundant spectrum includes the information content to represent the modulating
baseband signal. In other words, each redundant spectrum includes the necessary
amplitude, phase, and frequency information to reconstruct the modulating
baseband signal.

In an embodiment, the redundant spectrums are generated by modulating
a first oscillating signal with a modulating baseband signal, ' resulting in a
modulated signal with an associated modulated spectrum. The modulated signal
can be the result of any type of modulation including but not limited to: amplitude
modulation, frequency modulation, phase modulation, or combinations thereof.
The information (that represents the modulating baseband signal) in the
modulated spectrum is then replicated to thereby achieve the plurality of
redundant spectrums that are substantially identical in information content to the
modulated spectrum. The information in the modulated spectrum can be replicated
by modulating the associated modulated signal with a second oscillating signal. In
one embodiment, the modulated signal is phase modulated with the second
oscillating signal, where the phase of the modulated signal is shifted as a function
of the second oscillating signal. In an alternate embodiment, the modulated signal
is frequency modulated with the second oscillating signal, where the frequency of
the modulated signal is shifted as a function of the second oscillating signal.

In an alternate embodiment, the redundant spectrums are generated by

modulating a first oscillating signal with a modulated signal. The modulated signal
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is generated by modulating a second oscillating signal with the modulating
baseband signal. As above, the modulated signal can be the result of any type of
modulation including but not limited to: amplitude modulation, frequency
modulation, phase modulation, or combinations thereof. In one embodiment, the
first oscillating signal is phase modulated with the modulated signal, where the
phase of the first oscillating signal is varied as a function of the modulated signal.
In an alternate embodiment, the first oscillating signal is frequency modulated with
the modulated signal, where the frequency of the first oscillating signal is varied
as function of the modulated signal.

In one embodiment, the redundant spectrums are processed before being
transmitted over a communications link. The spectrum processing can include
selecting a subset of the redundant spectrums in order to reduce the bandwidth
occupied by the redundant spectrums. The spectrum processing can also include
attenuating any unmodulated tone associated with the redundant spectrums that
is not desired to be transmitted. Finally, spectrum processing can include
frequency up-conversion and amplification, prior to transmission over the
communications medium.

It is expected but not required that the redundant spectrums will be
generated at a first location and transmitted to a second location over a
communications medium. At the second location, ademodulated baseband signal
is recovered from the received redundant spectrums. The recovery of a
substantially error-free demodulated baseband signal includes translating the
received redundant spectrums to a lower frequency, isolating the redundant
spectrums into separate channels, and extracting the substantially error-free
demodulated baseband signal from the isolated redundant spectrums. In one
embodiment, extracting the error-free demodulated baseband signal includes
demodulating each of the isolated redundant spectrums, analyzing each of the
demodulated baseband signals for errors, and selecting a demodulated baseband
signal that is substantially error-free. An error-free demodulated baseband signal

is one that is substantially similar to the modulating baseband signal used to
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generated the redundant spectrums at the first location. Detecting errors in the
demodulated baseband signals can be done in a number of ways including using
cyclic redundancy check (CRC), parity check, check sum, or any other error
detection scheme.

An advantage of transmitting a plurality of redundant spectrums over a
communications medium is that the intended demodulated baseband signal can be
recovered even if one or more of the redundant spectrums are corrupted during
transmission. The intended demodulatéd baseband signal can be recovered because
each redundant spectrum contains the necessary amplitude, phase, and frequency
information to reconstruct the modulating baseband signal.

Furthermore, the bandwidth occupied by the redundant spectrums can be
controlled by selecting a subset of redundant spectrums for transmission. Also, the
frequency spacing between the redundant spectrums can be controlled by adjusting
the frequency of the second oscillating signal. Therefore, the bandwidth occupied
by the redundant spectrum is tunable, and easily customized by acommunications
system designer.

Further features and advantages of the invention, as well as the structure
and operation of various embodiments of the invention, are described in detail
below with reference to the accompanying drawings. The drawing in which an
element first appears is typically indicated by the leftmost character(s) and/or

digit(s) in the corresponding reference number.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described with reference to the
accompanying drawings wherein:

FIGS.1A-1G depict various electrical signals in the time domain and
frequency domain;

FIG. 2A depicts an exemplary environment in which the present invention

is useful;
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FIG. 2B-2D depict various signals from the environment of FIG. 2A;

FIG. 3A depicts a flowchart 300, which illustrates generating redundant
spectrums according to the present invention;

FIGS. 3B-3E depict several signal diagrams associated with flowchart 300;

FIG. 3F depicts a structural block diagram corresponding to flowchart 300
according an embodiment of the present invention;

FIG. 4A depicts flowchart 400, which illustrates generating redundant
spectrums by replicating amodulated spectrum according to an embodiment of the
present invention;

FIGS. 4B-4H depict several signal diagrams associated with flowchart 400
according to an embodiment of the present invention;

FIG. 4l depicts a structural block diagram corresponding to flowchart 400
according to an embodiment of the present invention;

FIG. 5A depicts a flowchart 500, which illustrates amplitude modulating
an oscillating signal with a modulating baseband signal according to an
embodiment of the present invention;

FIGS. 5B-5G depict several signal diagrams that are associated with
flowchart 500 according to an embodiment of the present invention;

FIG. 5H depicts a structural block diagram associated with flowchart 500
according an embodiment of the present invention;

FIG. 6A depicts a flowchart 600, which illustrates frequency modulating
an oscillating signal with a modulating baseband signal according to an
embodiment of the present invention;

FIGS. 6B-6G depict several signal diagrams that are associated with
flowchart 600 according to an embodiment of the present invention;

FIG. 6H depicts a structural block diagram associated with flowchart 600
according to an embodiment of the present invention;

FIG. 7A depicts a flowchart 700, which illustrates phase modulating an

oscillating signal with a modulating baseband signal;
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FIGS. 7B-7G depict several signal diagrams that are associated with
flowchart 700;

FIG. 7H depicts a structural block diagram associated with flowchart 700
according to an embodiment of the present invention;

FIG. 8A depicts a flowchart 800, which illustrates phase modulating a
modulated signal with a second oscillating signal to generate redundant spectrums
according to an embodiment of the present invention,

FIGS. 8B-8H depict several signal diagrams that are associated with
flowchart 800 according to an embodiment of the present invention;

FIG. 8I depicts a structural block diagram associated with flowchart 800
according to an embodiment of the present invention;

FIG. 8] depicts a flowchart 824, which illustrates frequency modulating
amodulated signal with an oscillating signal according to an embodiment of the
present invention;

FIG. 8K depicts a structural block diagram associated with flowchart 824
according to an embodiment of the present invention;

FIG. 8K-1 depicts a structural block diagram associated with generator
318 according to an embodiment of the present invention;

FIG. 9 illustrates a structural implementation of an AM modulator
according to one embodiment of the present invention;

FIG. 10 illustrates a structural implementation of a FM modulator
according to one embodiment of the present invention;

FIGS. 11A-E illustrate a structural implementation of a phase modulator
according to one embodiment of the present invention;

FIGS. 12A-E illustrate a structural implementation of phase modulator
1200, which is an example implementation of PM modulator 820 according to an
embodiment of the present invention;

FIG. 13A depicts a flowchart 1300, which illustrates generating redundant
spectrums by phase modulating an oscillating signal with a modulated signal

according to one embodiment of the present invention;
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FIGS. 13B-K depict several signal diagrams that are associated with
flowchart 1300 according to an embodiment of the present invention;

FIG. 13L depicts a structural block diagram associated with flowchart
1300 according to an embodiment of the present invention;

FIG. 13M depicts a flowchart 1334, which illustrates generating redundant
spectrums by frequency modulating an oscillating signal with a modulated signal
according an embodiment of the present invention;

FIG. 13N depicts a structural block diagram associated with flowchart
1334 according to one embodiment of the present invention;

FIG. 13N-1 depicts a structural block diagram associated with generator
318 according to an embodiment of the present invention;

FIG. 130 depicts aflowchart 1342, which illustrates generating redundant
spectrums by modulating a first modulated signal with a second modulated signal;

FIGS. 13P-V depict several signal diagrams that are associated with
flowchart 1342 according to an embodiment of the present invention;

FIG. 13W depicts a structural block diagram associated with flowchart
1342 according to one embodiment of the present invention;

FIG. 14A depicts flowchart 1400, which illustrates processing redundant
spectrums according to one embodiment of the present invention;

FIGS. 14B-C depict signal diagrams that are associated with flowchart
1400 according to an embodiment of the present invention;

FIG. 14D depicts a structural block diagram associated flowchart 1400
according to an embodiment of the present invention.

FIG. 15A depicts flowchart 1500, which illustrates processing redundant
spectrums according to an embodiment of the present invention;

FIGS. 15B-F depict several signal diagrams that are associated with
flowchart 1500 according to an embodiment of the present invention;

FIG. 15G depicts a structural block diagram associated with flowchart

1500 according to an embodiment of the present invention;
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FIGS. 16A-F depict several signal diagrams associated with flowchart
1500 according to one embodiment of the present invention;

FIGS. 16G-I depict structural embodiments and implementations for a
frequency up-converter;

FIGS. 16J-R depict several signal diagrams associated with the up-
converter system 1620 described in FIGS. 16G-I;

FIG. 17A depicts flowchart 1700, which illustrates recovering a
demodulated baseband signal from redundant spectrums according to an
embodiment of the present invention;

FIGS. 17B-H depict several signal diagrams that are associated with
flowchart 1700 according to an embodiment of the present invention;

FIG. 171 depicts structural block diagram associated with flowchart 1700
according to an embodiment of the present invention;

FIG. 18A depicts flowchart 1800, which illustrates translating redundant
spectrums to a lower frequency according to an embodiment of the present
invention;

FIGS. 18B-18H depict several signal diagrams that are associated with
flowchart 1800 according to an embodiment of the present invention;

FIG. 18I depicts a structural block diagram associated with flowchart 1700
according to one embodiment of the present invention;

FIGS. 19A and 19A-1 depict a structural embodiments and
implementations for frequency down-conversion according to embodiments of the
present invention;

FIGS. 19B-F depict several signal diagrams that are associated with a
universal frequency transiation (UFT) module 1902 in FIG. 19A.

FIG. 20A depicts flowchart 2000, which illustrates isolating redundant
spectrums into a separate channels according to an embodiment of the present
invention;

FIG. 20B depicts a structural block diagram associated with flowchart

2000 according to an embodiment of the present invention;
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FIG. 20C depicts a structural embodiment of receiver 1730 using UFD
modules;

FIG. 21A depicts flowchart 2100, which illustrates extracting a
demodulated baseband signal from redundant spectrums according to an
embodiment of the present invention;

FIGS. 21B-H depict several signal diagrams that are associated with
flowchart 2100 according to an embodiment of the present invention;

FIG. 21I depicts a structural block diagram associated with flowchart
2100, according to one embodiment of the present invention;

FIG. 22 A depicts a flowchart 2200, which illustrates selecting an error-free
demodulated baseband signal using a process of elimination according to an
embodiment of the present invention;

FIG. 22B depicts a flowchart 2222, which illustrates selecting an error-free
demodulated baseband signal using a process of elimination according to an
embodiment of the present invention;

FIG. 23 depicts a structural block diagram of an embodiment of error
check module 2114, according to one embodiment of the present invention; and

FIG. 24 depicts the conceptual representation of a Unified Down-
Converting and Filtering Module (UDF);

FIG. 25 depicts Table 2502 associated with UDF module 2622;

FIG. 26 illustrates a structural implementation of a UFD module;

FIGS. 27A-D illustrate example implementations of a switch module
according to embodiments of the invention;

FIGS. 28H-K illustrate example aperture generators;

FIG. 28L illustrates an oscillator according to an embodiment of the
present invention;

FIG. 29 illustrates an energy transfer system with an optional energy
transfer signal module according to an embodiment of the invention;

FIG. 30 illustrates an aliasing module with input and output impedance

match according to an embodiment of the invention;
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FIG. 31A illustrates an example pulse generator;

FIGS. 31B and C illustrate example waveforms related to the pulse
generator of FIG. 71A;

FIG. 32 illustrates an example energy transfer module with a switch
module and a reactive storage module according to an embodiment of the
invention;

FIGS. 33A-B illustrate example energy transfer systems according to
embodiments of the invention;

FIG. 34A illustrates an example energy transfer signal module according
to an embodiment of the present invention;

FIG. 34B illustrates a flowchart of state machine operation according to
an embodiment of the present invention;

FIG. 34C is an example energy transfer signal module;

FIG. 35 is a schematic diagram of a circuit to down-convert a 915 MHZ
signal toa S MHZ  signal using a 101.1 MHZ clock according to an
embodiment of the present invention;

FIG. 36 shows simulation waveforms for the circuit of FIG. 86 according
to embodiments of the present invention;

FIG. 37 is a schematic diagram of a circuit to down-convert a 915 MHZ
signal to a 5 MHz signal using a 101 MHZ clock according to an embodiment of
the present invention;

FIG. 38 shows simulation waveforms for the circuit of FIG. 88 according
to embodiments of the present invention;

FIG. 39 is a schematic diagram of a circuit to down-convert a 915 MHZ
signal to a 5 MHZ signal using a 101.1 MHZ clock according to an embodiment
of the present invention;

FIG. 40 shows simulation waveforms for the circuit of FIG. 90 according

to an embodiment of the present invention;
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FIG. 41 shows a schematic of the circuit in FIG. 86 connected to an FSK
source that  alternates between 913 and 917 MHZ at a baud rate of 500 Kbaud
according to an embodiment of the present invention;

FIG. 42A illustrates an example energy transfer system according to an
embodiment of the invention;

FIGS. 42B-C illustrate example timing diagrams for the example system
of FIG. 94A; _

FIG. 43 illustrates an example bypass network according to an
embodiment of the invention;

FIG. 44 illustrates an example bypass network according to an
embodiment of the invention;

FIG. 45 illustrates an example embodiment of the invention;

FIG. 46A illustrates an example real time aperture control circuit
according to an embodiment of the invention;

FIG. 46B illustrates a timing diagram of an example clock signal for real
time aperture control, according to an embodiment of the invention;

FIG. 46C llustrates a timing diagram of an example optional enable signal
for real time aperture control, according to an embodiment of the invention;

FIG. 46D illustrates a timing diagram of an inverted clock signal for real
time aperture control, according to an embodiment of the invention;

FIG. 46E illustrates a timing diagram of an example delayed clock signal
for real time aperture control, according to an embodiment of the invention;

FIG. 46F illustrates a timing diagram of an example energy transfer
including pulses having apertures that are controlled in real time, according to an
embodiment of the invention;

FIG.47 illustrates an example embodiment of the invention;

F1G.48 illustrates an example embodiment of the invention;

FIG.49 illustrates an example embodiment of the invention;

FIG.50 illustrates an example embodiment of the invention;

FIG.51A is a timing diagram for the example embodiment of FIG. 103;
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FIG.51B is a timing diagram for the example embodiment of FIG. 104;

FIG.52A is a timing diagram for the example embodiment of FIG. 105;

FIG.52B is a timing diagram for the example embodiment of FIG. 106;

FIG.53A illustrates and example embodiment of the invention;

FIG.53B illustrates equations for determining charge transfer, in
accordance with the present invention;

FI1G.53C illustrates relationships between capacitor charging and aperture,
in accordance with the present invenﬁon;

FIG.53D illustrates relationships between capacitor charging and aperture,
in accordance with the present invention;

FIG.53E illustrates power-charge relationship equations, in accordance
with the present invention;

FIG. 53F illustrates insertion loss equations, in accordance with the present
invention; and

FIG. 54 illustrates FSK waveforms, in accordance with the present

invention.
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DETAILED DESCRIPTION OF THE PREFERRED
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1. Terminology

Various terms used in this application are generally described in this
section. The description in this section is provided for illustrative and convenience
purposes only, and is not limiting. The meaning of these terms will be apparent
to persons skilled in the relevant art(s) based on the entirety of the teachings
provided herein. These definitions may be discussed throughout the specification
with additional detail.

Analog signal: A signal that is constant or continuously variable, as
contrasted to a signal that changes between discrete states.

Baseband: A frequency band occupied by any generic information signal
desired for transmission and/or reception.

Baseband signal: Any generic information signal desired for transmission
and/or reception.

Carrier frequency: The frequency of a carrier signal. Typically, it is the
center frequency of a transmission signal that is generally modulated.

Carrier signal: An EM wave having at least one characteristic that may be
varied by modulation, that is capable of carrying information via modulation.

Demodulated baseband signal: A signal that results from processing a
modulated signal. In some cases, for example, the demodulated baseband signal
results from demodulating an intermediate frequency (IF) modulated signal, which
results from down converting a modulated carrier signal. In another case, a signal
that results from a combined downconversion and demodulation step.

Digital signal: A signal that changes between discrete states, as contrasted
to a signal that is continuous. For example, the voltage of a digital signal may
shift between discrete levels.

Electromagnetic spectrum: A spectrum comprising waves characterized
by variations in electric and/or magnetic fields. Such waves may be propagated

in any communication medium, both natural and manmade, including but not
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limited to air, space, wire, cable, liquid, waveguide, microstrip, stripline, optical
fiber, etc. The EM spectrum includes all frequencies greater than zero hertz.

EM signal: A signal in the EM spectrum. Also generally called an EM
wave. Unless stated otherwise, all signals discussed herein are EM signals, even
when not explicitly designated as such.

Jamming signal: Refers to any unwanted signal, regardless of origin, that
may interfere with the proper reception and reconstruction of an intended signal.

Modulating baseband signal: Any generic information signal that is used
to modulate an oscillating signal, or carrier signal.

Redundant Spectrums: A spectrum that includes the necessary amplitude,

phase, and frequency information to construct a modulating baseband signal.

2. Overview of the Present Invention

The present invention is directed to methods and systems for ensuring the
reception of a communications signal, and applications thereof.

According to an embodiment, the present invention accepts a modulating
baseband signal and generates a plurality of redundant spectrums, where each
redundant spectrum includes the information content to represent the modulating
baseband signal. In other words, each redundant spectrum includes the hecessary
amplitude, phase, and frequency information to reconstruct the modulating
baseband signal.

In an embodiment, the redundant spectrums are generated by modulating
a first oscillating signal with a modulating baseband signal, resulting in a
modulated signal with an associated modulated spectrum. The modulated signal
can be the result of any type of modulation including but not limited to: amplitude
modulation, frequency modulation, phase modulation, or combinations thereof.
The information in the modulated spectrum can then replicated to thereby achieve

the plurality of redundant spectrums that are substantially identical in information
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content to the modulated spectrum. The modulated spectrum can be replicated by
modulating the associated modulated signal with a second oscillating signal. In one
embodiment, the modulated signal is phase modulated with the second oscillating
signal, where the phase of the modulated signal is shifted as a function of the
second oscillating signal. In an alternate embodiment, the modulated signal is
frequency modulated with the second oscillating signal, where the frequency of the
modulated signal is shifted as a function of the second oscillating signal. Those
skilled in the arts will recognize that other modulation embodiments can be used
to replicate a modulated spectrum including but not limited to amplitude
modulation. Such other embodiments fall within the scope and spirit of the present
invention.

In an alternate embodiment, the redundant spectrums are generated by
modulating a first oscillating signal with amodulated signal. The modulated signal
is generated by modulating a second oscillating signal with the modulating
baseband signal. As above, the modulated signal can be the result of any type of
modulation including but not limited to: amplitude modulation, frequency
modulation, phase modulation, or combinations thereof. In one embodiment, the
first oscillating signal is phase modulated with the modulated signal, where the
phase of the first oscillating signal is varied as a function of the modulated signal.
In an alternate embodiment, the first oscillating signal is frequency modulated with
the modulated signal, where the frequency of the first oscillating signal is varied
as function of the modulated signal.

In one embodiment, the redundant spectrums are processed before being
transmitted over a communications link. The spectrum processing can include
selecting a subset of the redundant spectrums in order to reduce the bandwidth
occupied by the redundant spectrums. The spectrum processing can also include
attenuating any unmodulated tone associated with the redundant spectrums that
is not desired to be transmitted. Finally, spectrum processing can include
frequency up-conversion and amplification, prior to transmission over the

communications medium.
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It is expected but not required that the redundant spectrums will be
generated at a first location and transmitted to a second location over a
communications medium. At the second location, a demodulated baseband signal
is recovered from the received redundant spectrums. The recovery of a
substantially error-free demodulated baseband signal includes translating the
received redundant spectrums to a lower frequency, isolating the redundant
spectrums into separate channels, and extracting the substantially error-free
demodulated baseband signal from the isolated redundant spectrums. In one
embodiment, extracting the error-free demodulated baseband signal includes
demodulating each of the isolated redundant spectrums, analyzing each of the
demodulated baseband signals for errors, and selecting a demodulated baseband
signal that is substantially error-free. An error-free demodulated baseband signal
is one that is substantially similar to the modulating baseband signal used to
generated the redundant spectrums at the first location. Detecting errors in the
demodulated baseband signals can be done in a number of ways including using
cyclic redundancy check (CRC), parity check, check sum, or any other error
detection scheme.

An advantage of transmitting a plurality of redundant spectrums over a
communications medium is that the intended demodulated baseband signal can be
recovered even if one or more of the redundant spectrums are corrupted during
transmission. The intended demodulated baseband signal can be recovered because
each redundant spectrum contains the necessary amplitude, phase, and frequency
information to reconstruct the modulating baseband signal.

Furthermore, the bandwidth occupied by the redundant spectrums can be
controlled by selecting a subset of redundant spectrums for transmission. Also, the
frequency spacing between the redundant spectrums can be controlled by adjusting
the frequency of the second oscillating signal. Therefore, the bandwidth occupied
by the redundant spectrum is tunable, and easily customized by acommunications

system designer.
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3. Example Environment

FIG.2A illustrates an example communication system 201 in which the
present invention is useful. The communications system 201 includes: a
basestation 202, a dispatcher 204, a driver 210, a handset 214, and signals 206,
208, and 212.

In an embodiment, the dispatcher 204 and the driver 210 are employees
of a delivery company and utilize wireless communications to operate their
delivery business. For example, the dispatcher 204 may send delivery instructions
over a private paging network to the driver 210. The basestation 202 is part of a
wireless phone network and routes calls to handsets within its coverage area,
including the handset 214. In one example, basestation 202 and dispatcher 204
utilize the same frequency band.

In FIG. 2A, the dispatcher 204 is shown as sending a modulated signal
206 to the driver 210. The modulated signal 206 may be a page message with
current delivery instructions for the driver 210, and has a corresponding
modulated spectrum 214 illustrated in FIG. 2B. Simultaneously, the basestation
202 is sending a test signal 208, which is a pure sinusoidal tone at frequency f,,,,.
The test signal 208 has a spectrum 216 illustrated in FIG. 2C. Since the driver 210
ismobile, the driver 210 will arrive at a geographic location where signals 206 and
208 combine to form signal 212. As shown in FIG.2D, signal 212 includes the
combination of spectrums 214 and 216.

The driver 210 must receive and process the entire spectrum 214 to
properly reconstruct the page message from the dispatcher 204. To do so, the
sine waves in spectrum 214 must be summed together with the correct amplitude
and phase. If the power in unwanted (jamming) spectrum 216 becomes sufficiently
large, the sine wave summation will be inaccurate, and the driver 210 will not be
able to recover the message in data signal 206. The maximum power level of the
spectrum 214 that can be tolerated is defined by the "jamming margin" of the
driver 210's receiver. FIG 2D illustrates a jamming margin 218 that is equal to -

3dB, which could be possible using FM modulated signals. That is, if the
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interfering spectrum 216 power level is within 3dB of the spectrum 214 power
level, then the message carried in spectrum 214 cannot be recovered intact at the

driver 210's receiver.

4 Generating Redundant Spectrums That Have Substantially the Same
Information content According to Embodiments of the Present

Invention

The following discussion describes embodiments for generating redundant
spectrums that have substantially the same information content according to the
present invention. The invention description includes a high level description,

example embodiments, and implementation examples of the present invention.

4.1  High level Description

This section (including subsections) provides a high level description for
generating redundant spectrums that have substantially the same information
content according to an embodiment of the present invention. The following
discussion includes an operational process for generating redundant spectrums
according to one embodiment of the present invention. Also, a structural
description for achieving this process is described herein for illustrative purposes,
and is not meant to limit the invention in any way. In particular, the process
described in this section can be achieved using any number of structural
implementations, at least one of which is described in this section. The details of
the structural description will be apparent to those skilled in the art based on the

teachings herein.

4.1.1 Operational Description
FIG.3A depicts a flowchart 300 that illustrates operational steps for
generating multiple redundant spectrums that have substantially the same

information content according to an embodiment of the present invention. Each
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redundant spectrum carries the information necessary to at least substantially or
completely reconstruct the modulating baseband signal. In the following
discussion, the steps in FIG. 3A will be discussed relative to the example signal
diagrams shown in FIGS. 3B- 3E.

In step 302, a modulating baseband signal 308 (shown in FIG. 3B) is
accepted. Modulating baseband signal 308 is a representative information signal
that is shown for illustrative purposes only, and is not intended to limit the present
inventionin any way. Modulating baseband signal 308 isrepresented as an analog
signal in FIG. 3B, but modulating baseband signal 308 could alternatively be a
digital signal, or a combination thereof.

Modulating baseband signal 308 could be a voltage (or current)
characterization of any number of real world occurrences. For example, without
limiting the invention, a typical analog modulating baseband signal is the voltage
output of a microphone for a given acoustical input, such as a voice input. Again,
without limiting the invention, a typical digital modulating baseband signal may be
a digital bit stream that represents a digitized voice signal, or a digital bit stream
of computer data.

FIG. 3C llustrates the frequency spectrum 310 of the modulating baseband
signal 308. As discussed earlier, the frequency spectrum of any electrical signal
illustrates the relative amplitude of the sine waves that when summed together
with the correct phase will sufficiently reconstruct the electrical signal in the time
domain. In other words, the spectrum 310 contains the necessary amplitude,
phase, and frequency information to distinctly represent the modulating baseband
signal 308. As such, the modulating baseband signal 308 and the spectrum 310 are
equivalent representations of the same electrical signal.

The spectrum 310 is represented in FIG. 3C as having a generic shape.
Those skilled in the relevant art(s) will recognize that the actual shape of the
spectrum 310 will depend on a specific modulating baseband signal 308 input. The
spectrum 310 has a bandwidth B, meaning that frequencies beyond B (Hz) have

substantially negligible amplitude in the spectrum 310, and thus can typically be
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ignored when reconstructing modulating baseband signal 308. Spectrums (like
spectrum 310) that are unmodulated and are often referred to as "baseband"
spectrums. This is in contrast to modulated spectrums that are typically located at
much higher frequencies.

FIG. 3D illustrates the spectrum 310 and its image spectrum 311. The
image spectrum 311 is the mirror image about DC (0 Hz) of the spectrum 310.
The image spectrum 311 does not actually exist and hence the reason for the
dotted line representation in FIG. 3D. Those skilled in the relevant art(s) often
depict the image spectrum for a baseband signal to predict the shape and
bandwidth of the baseband signal once it has been up-converted to a higher
frequency using a modulation technique, as will be seen in later sections.

In step 304, multiple redundant spectrums 312a-n (FIG. 3E) are generated
based upon the modulating baseband signal 308. Each redundant spectrum 312a-n
contains the necessary amplitude, phase, and frequency information to
substantially reconstruct the modulating baseband signal 308. That is, each
redundant spectrum 312a-n contains at least substantially the same information
content of spectrum 310. There is no numerical limit to the number of spectrums |
generated, and the "a-n” designation is not meant to suggest a limit in any way.

In one embodiment, each redundant spectrum 312a-n includes an image
spectrum. In an alternate embodiment, each redundant spectrum 312a-n is
processed to suppress the image spectrum resulting in a bandwidth of B (Hz) for
each redundant spectrum 312a-n.

In one embodiment, the redundant spectrums 312a-n are at a substantially
higher frequency than the spectrum 310 which exists at baseband. This is
represented by the break 314 in the frequency axis of FIG. 3E.

In one embodiment, the amplitude of each redundant spectrum 312a-b,d-n
“rolls off” with increasing frequency distance from the center redundant spectrum
312c. For example, redundant spectrums 312b,d have a lower amplitude than
center redundant spectrums 312c as is illustrated in FIG. 3E. However, the

relative amplitude and phase of the frequency components within a given spectrum
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is conserved, and therefore, each redundant spectrum 312a-n may still be used to
reconstruct the modulating baseband signal 308 despite the amplitude rolloff. As
shown, FIG. 3E depicts this amplitude rolloff relative to the distance from the
center spectrum. But for convenience of illustration, the amplitude rolloff will not
be depicted in subsequent figures that are directed at redundant spectrums.

In step 306, the redundant spectrums 312a-n are transmitted over a
communications medium. It is expected, but not required, that the redundant
spectrums 312a-n would be generated at a first location and sent to a second
location over the communications medium. At the second location, the redundant
spectrums would be processed to recover the modulating baseband signal 308. In
one embodiment, the communications medium is an over-the-air wireless
communications link. In other embodiments, the communications medium can
include the following: wire, optical link, liquid, or any other communications
medium.

As stated above, each redundant spectrum 312a-n contains the necessary
amplitude, phase, and frequency information to substantially reconstruct the
modulating baseband signal 308. As such, even if one or more of the redundant
spectrums 312a-n are corrupted by a jamming signal in the communications
medium, the modulating baseband signal 308 can still be recovered from any of the
other redundant spectrums 312a-n that have not been corrupted.

For illustrative purposes, the operation of the invention is often
represented by flowcharts, such as flowchart 300 in FIG. 3A. It should be
understood, however, that the use of flowcharts is for illustrative purposes only,
and is not limiting. For example, the invention is not limited to the operational
embodiment(s) represented by the flowcharts. Instead, alternative operational
embodiments will be apparent to persons skilled in the relevant art(s) based on the
discussion contained herein. Also, the use of flowcharts should not be interpreted
as limiting the invention to discrete or digital operation. In practice, as will be
appreciated by persons skilled in the relevant art(s) based on the herein discussion,

the invention can be achieved via discrete or continuous operation, or a
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combination thereof. Further, the flow of control represented by the flowcharts
is provided for illustrative purposes only. As will be appreciated by persons
skilled in the relevant art(s), other operational control flows are within the scope

and spirit of the present invention.

4.1.2  Structural Description

FIG. 3F illustrates a block diagram of transmission system 317 according
to an embodiment of the present invention. Transmission system 317 comprises
a generator 318 and a (optional) medium interface 320. Transmission system 317
accepts a modulating baseband signal 308 and transmits multiple redundant
spectrums 312a-n in the manner shown in operational flowchart 300. In other
words, the transmission system 317 is the structural embodiment for performing
the operational steps in flowchart 300. However, it should be understood that the
scope and spirit of the present invention includes other structural embodiments for
performing steps in flowchart 300. The specifics of these other structural
embodiments will be apparent to persons skilled in the relevant art(s) based on the
discussion contain herein. Flowchart 300 will re-visited to further illustrate the
present invention in view of the structural components in transmission system 317.

In step 302, the generator 318 accepts the modulating baseband signal
308, which has a corresponding frequency spectrum 310. In step 304, the
generator 318 generates multiple redundant spectrums 312a-n. Each redundant
spectrum 312a-n contains the necessary amplitude, phase, and frequency
information to substantially reconstruct the modulating baseband signal 308. As
such, each redundant spectrum 312a-n could be processed to reconstruct the
modulating baseband signal 308.

In step 306, the (optional) medium interface module 320 transmits the
redundant spectrums 312a-n over a communications medium 322. In an
embodiment, the communications medium is a wireless link, and (optional)

medium interface module 320 is an antenna which transmits the redundant
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spectrums into free space. In other embodiments, the (optional) medium interface
module 320 can be (but is not limited to) one of the following: a modem,
connector, or any other device that can be used to interface to a communications

medium.

4.2  Example Embodiments

The following discussion describes example embodiments for generating
redundant spectrums that have substantially the same information content, where
the information content in each redundant spectrum represents a modulating
baseband signal. A firstembodiment generates redundant spectrums by replicating
amodulated spectrum. The redundant spectrums can be replicated by modulating
a modulated signal with an oscillating signal. A second embodiment generates
redundant spectrums by modulating an oscillating signal with amodulated signal.
A third embodiment generates redundant spectrums by modulating a first
modulated signal with a second modulated signal. These embodiments are
provided for illustrative purposes, and are not limiting. Other embodiments will

be apparent to persons skilled in the art(s) based on teachings contained herein.

4.2.1 Generating Redundant Spectrums by Replicating a

Modulated Spectrum
The following discussion is directed to amethod and system for generating
redundant spectrums by replicating a modulated spectrum according to an

embodiment the invention.

4.2.1.1 High Level Description
This section (including subsections) provides a high level description for
generating redundant spectrums by replicating a modulated spectrum. The
following discussion includes an exemplary operational process for generating
redundant spectrums by replicating a modulated spectrum. Also, a structural

description for achieving this process is described herein for illustrative purposes,
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and is not meant to limit the invention in any way. In particular, the process
described in this section can be achieved using any number of structural
implementations, at least one of which is described in this section. The details of
the structural description will be apparent to those skilled in the art based on the

teachings herein.

4.2.1.1.1 Operational Description

FIG. 4A depicts a flowchart 400 which illustrates in greater detail the
flowchart 300 of FIG. 3A. In particular flowchart 400 illustrates the operation of
step 304 in greater detail. As described above, in step 304, multiple redundant
spectrums are generated based on the input of modulating baseband signal 308.
In the following discussion, the steps in flowchart 400 will be discussed in relation
to the example signal diagrams shown in FIGs. 4B-4G.

In step 302, the modulating baseband signal 308 is accepted. FIG. 4B
illustrates an example modulating baseband signal 308, and FIGs. 4C illustrates a
corresponding the spectrum 310 and image spectrum 311 associated with
modulating baseband signal 308. It is noted that step 302, signal 308, and
spectrums 310, 311 described here are the same as those described above and
shown in FIGS. 3A-3D. They are re-illustrated here for convenience.

In step 402, a first oscillating signal 408 (FIG. 4D) is generated. The first
oscillating signal 408 is typically a sinewave with a characteristic frequency f;.
Other periodic waveforms could be used including but not limited to square wave.
As such, the first oscillating signal 408 has a frequency spectrum 410 that is
substantially a tone at f, (FIG.4E). Typically, f, for the first oscillating signal 408
is much higher than the highest frequency B in the modulating baseband signal
spectrum 310, which is represented by the break 411 in the frequency axis in FIG.
4E. For example and without limitation, if the spectrum 310 represents the
frequency components of a typical voice signal, then the spectrum bandwidth B

is approximately 3.5 KHz. Whereas, a typical first oscillating signal f, will operate
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on the order of 100 MHZ. The invention is not limited to these example
frequencies. In other embodiments, other frequencies can be used.

In step 404, the first oscillating signal 408 is modulated with the
modulating baseband signal 308, resulting in a modulated (mod) signal 412 (FIG.
4F). The modulated signal 412 depicts the result of amplitude modulation (AM),
where the amplitude of the modulating baseband signal 308 has been impressed
on the amplitude of the first oscillating signal 408. The use of AM is done for
example purposes only, and is not meant to limit the invention in any way. Any
type of modulation could be used including but not limited to: amplitude
modulation (AM), frequency modulation (FM), phase modulation (PM), etc., or
any combination thereof. Various modulation schemes will be explored in section
42.1.2.1.

The modulated signal 412 has a corresponding modulated spectrum 414
(FIG. 4F) that is centered around f,, which is the characteristic frequency of the
first oscillating signal 408. The modulated spectrum 414 carries the necessary
information to reconstruct the modulating baseband signal 308 at the receiver. (i.e.
the modulated spectrum 414 carries the necessary amplitude, phase, and frequency
information to reconstruct the modulating baseband signal 308.)

The modulated spectrum 414 has a generic shape and bandwidth. Those
skilled in the art will recognize that the actual shape and bandwidth of modulated
spectrum 414 will depend on the specific modulating baseband signal 308 and type
of modulation used to modulate the first oscillating signal 408.

In step 406, the information contained in the modulated spectrum 414 is
replicated to produce redundant spectrums 416a-n (FIG.4H). Since each
redundant spectrum 416a-n was replicated from the modulated spectrum 414,
each redundant spectrum 416a-n carries the necessary information to reconstruct
the modulating baseband signal 308 at the receiver. (i.e. each redundant spectrum
416 carries the necessary amplitude, phase, and frequency information to

reconstruct the modulating baseband signal 308.) As such, if one of the redundant
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spectrums 416a-n is corrupted by a jamming signal, then the modulating baseband
signal 308 can be recovered from one of the other redundant spectrums 416a-n.

In step 306, the redundant spectrums 416a-n are transmitted over a
communications medium. It is expected, but not required, that the redundant
spectrums 312a-n would be generated at a first location and sent to a second
location over the communications medium. At the second location, the redundant
spectrums would be processed to reconstruct the modulating baseband signal 308.
In one embodiment, the communications medium is a wireless communications
link. Preferably, each redundant spectrum 416a-n is offset from an adjacent
redundant spectrum 416a-n by an amount of AfHz. For example, spectrum 416¢
is centered at £, and spectrum 416b is centered at (f, -Af). Theoretically, there is

no limit to the number of redundant spectrums 416a-n created.

4.2.1.1.2 Structural Description

FIG. 41 illustrates a block diagram of generator 318 according to an
embodiment of the present invention. Generator 318 comprises a first oscillator
418, first stage modulator 420, and replicator 422. Generator 318 accepts a
modulating baseband signal 308 and generates multiple redundant spectrums
416a-n in the manner shown in operational flowchart 400. In other words, the
generator 318 is a structural embodiment for performing the operational steps in
flowchart 400. However, it should be understood that the scope and spirit of the
present invention includes other structural embodiments for performing steps in
flowchart 400. The specifics of these other structural embodiments will be
apparent to persons skilled in the relevant art(s) based on the discussion contained
herein. Flowchart 400 will be re-visited to further illustrate the present invention
in view of the structural components in generator 318.

Instep 402, the first oscillator 418 generates the first oscillating signal 408.
As discussed earlier, the first oscillating signal 408 is substantially a sinusoid with
frequency of f;. Typically, the first oscillating signal 408 has a frequency f, that is
substantially higher than the bandwidth B of spectrum 310, which represents the
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highest frequency component in modulating baseband signal 308. For example, a
typical bandwidth B for spectrum 310 is on the order of 10 KHz, and a typical
value for f; is on the order of 100 MHZ.

In step 404, the modulator 420 modulates the first oscillating signal 408
with the modulating baseband signal 308, resulting in the modulated signal 412
with corresponding modulated spectrum 414. As discussed earlier, the modulator
420 can be any type of modulator, as will be explored in more detail in later
sections. The modulated spectrum 414 is centered around f;, which is the
frequency of first oscillating signal 408. The modulated spectrum 414 includes the
necessary amplitude, and frequency information to reconstruct the modulating
baseband signal 308.

In step 406, the replicator 422 replicates the information in the modulated
spectrum 414 to generate redundant spectrums 416a-n. Each redundant spectrum
416a-nincludes substantially a copy of the information in the modulated spectrum
414, and thus can be used to reconstruct the modulating baseband signal 308.
This is because each redundant spectrum 416a-n contains the relative amplitude,
phase, and frequency information to reconstruct the modulating baseband signal
308.

In step 306, (optional) medium interface 320 transmits redundant
spectrums 416a-n over communications medium 322. In one embodiment,
communications medium 322 is a wireless link, and (optional) medium interface

module 320 includes an antenna.

4.2.1.2 Example Component(s) of the Embodiment(s)
Various embodiments related to the method(s) and structure(s) described
above are presented in this section (and its subsections). Specifically, the following
discussion describes example embodiments of generating redundant spectrums by
replicating a modulated spectrum. These embodiments are described herein for
purposes of illustration, and not limitation. The invention is not limited to these

embodiments. Alternate embodiments (including equivalents, extensions,
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variations, deviations, etc., of the embodiments described herein) will be apparent
to persons skilled in the relevant art(s) based on the teachings contained herein.

The invention is intended and adapted to include such alternate embodiments.

4.2.1.2.1 First Stage Modulator

The following discussion is directed to example embodiments of step 404
in flowchart 400 (FIG. 4A), and the first stage modulator 420 (FIG. 4I). The
example embodiments include but are not limited to: amplitude modulation,
frequency modulation, and phase modulation. These modulation schemes are
described herein for illustrative purposes only. Other modulation schemes,
including different forms of the ones described herein, will be apparent to persons
skilled it the relevant art(s). Such other modulation schemes are within the scope

and spirit of the present invention.

4.2.1.2.1.1 First Embodiment:
Amplitude Modulation
(AM) Mode, including
Amplitude Shift Keying
(ASK) Mode
The following discussion describes a method and system for generating
redundant spectrums using amplitude modulation, including amplitude shift keying
modulation.
4.2.1.2.1.1.1 Operational
Description
FIG. 5A depicts a flowchart 500 constituting an embodiment of the
flowchart 400 of FIG. 4A. The embodiment depicted in flowchart 500 describes
amplitude modulation(AM), which includes amplitude shift keying modulation
(ASK). In the following discussion, the steps in flowchart 500 will be discussed
inrelation to the example signal diagrams shown in FIGS. 5B-5G. FIGS. 5B-5D
illustrate AM, and FIGS. 5E-5G illustrate ASK modulation.
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In step 302, the modulating baseband signal 308 is accepted. The
modulating baseband signal 308 has been previously been described as being either
an analog or digital signal. For AM, the modulating baseband signal 308 is an
analog signal, which is illustrated by modulating baseband signal 508a in FIG. 5B.
For ASK modulation, the modulating baseband signal 308 is a digital signal, which
is illustrated by modulating baseband signal 508b in FIG. 5E.

In step 402, the first oscillating signal 408 is generated. As discussed
previously, first oscillating signal 408 is substantially a sinusoid with a
characteristic frequency f|, and a constant amplitude. FIGs. 5C and 5F illustrate
the first oscillating signal 408 for convenience.

Instep 502, for AM, the amplitude of first oscillating signal 408 (FIG. 5C)
is varied as a function of modulating baseband signal 508a, resulting in AM
modulated signal 510a (FIG. 5D). Step 502 corresponds to step 404 in the
flowchart 400 of FIG. 4A. Another way of describing AM modulation is that the
amplitude of modulating baseband signal 508a is impressed on the amplitude of
first oscillating signal 408. Likewise for ASK, the amplitude of the modulating
baseband signal 508b is impressed on the amplitude of the first oscillating signal
408, resulting in ASK modulated signal 510b (FIG. 5G).

The difference between analog AM and ASK is seen by comparing FIG.
5D to FIG.5G. The analog AM modulated signal 510a (FIG. 5D) has a smoothly
varying amplitude "envelope". In contrast, the amplitude of the ASK modulated
signal 510b shifts between two discrete levels. Furthermore, based on the forgoing
discussions and illustrations, those skilled in the art(s) will recognize that the

present invention can be implemented using all versions of AM.

4.2.1.2.1.1.2 Structural

Description
FIG. 5H illustrates an embodiment of the first stage modulator 420 in
greater detail. In the embodiment of FIG. 5H, the first stage modulator 420 is an

amplitude modulator 512, which implements either AM or specifically ASK
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modulation. For AM, the modulating baseband signal 308 is an analog
modulating baseband signal 508a. The AM modulator 512 accepts the modulating
baseband signal 508a and the first oscillating signal 408. The AM modulator 512
varies the amplitude of the first oscillating signal 408 as function of the modulating
baseband signal 508a, resulting in the modulated signal 510a.

For ASK modulation, the modulating baseband signal 308 is a digital
modulating baseband signal 508b. The AM modulator 512 accepts the modulating
baseband signal 508b and the first oscillating signal 408. The AM modulator 512
impresses the amplitude of the modulating baseband signal 508b on the amplitude
of first oscillating signal 408, resulting in modulated signal 510b. The amplitude
of the modulated signal 510b generally exists at discrete levels, as shown in FIG.

5G.

4.2.1.2.1.2 Second Embodiment:
Frequency Modulation
Mode, including
Frequency Shift Keying

Mode
The following discussion describes a method and system for generating
redundant spectrums using frequency modulation, including frequency shift keying

modulation.
4.2.1.2.1.2.1 Operational
Description

FIG. 6A depicts a flowchart 600 constituting an embodiment of the
flowchart 400 of FIG. 4A. The embodiment depicted by flowchart 600 illustrates
frequency modulation (FM), which includes frequency shift keying
modulation(FSK). In the following discussion, the steps in flowchart 600 will be

discussed in relation to the example signal diagrams shown in FIGS. 6B-6G.
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FIGS. 6B-6D illustrate FM modulation, and FIGS. 6E-6G illustrate FSK
modulation.

In step 302, modulating baseband signal 308 is accepted. Modulating
baseband signal 308 has been previously described as being either an analog or
digital signal. For FM, modulating baseband signal 308 is an analog signal thatis
illustrated by analog modulating baseband signal 608a in FIG. 6B. For FSK
modulation, modulating baseband signal 308 is a digital signal, which isillustrated
by modulating baseband signal 608b in FIG. 6E.

In step 402, first oscillating signal 408 is generated. As discussed
previously, first oscillating signal 408 is substantially a sinusoid with characteristic
frequency f,. FIGs. 6C and 6F illustrate first oscillating signal 408 for convenience.

In step 602 for FM, the frequency of first oscillating signal 408 (FIG. 6C)
is varied as a function of the modulating baseband signal 608a, resulting ina FM
modulated signal 610a (FIG. 6D). By comparing FIG. 6B and FIG. 6D, it can be
seen that the frequency of FM modulated signal 610a has been varied as a function
of the modulating baseband signal 608a.

FSK operates in step 602 in a similar fashion to the FM example described
above except that the input modulating baseband signal 608b is a digital signal
with discrete logic states. As such, FM modulated signal 610b exists at

substantially discrete frequency states.

4.2.1.2.1.2.2 Structural
Description

FIG. 6H illustrates first stage modulator 420 as an FM modulator 612,
which implements FM, including FSK modulation.

For FM, the modulating baseband signal 308 is an analog modulating
baseband signal 608a. FM modulator 612 accepts modulating baseband signal
608a and first oscillating signal 408. FM modulator 612 varies the frequency of
first oscillating signal 408 as a function of the modulating baseband signal 608a,

resulting in FM modulated signal 610a.
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FM modulator 612 operates similarly for FSK modulation, except that the
modulating baseband signal 308 is a modulating baseband signal 608b with
discrete logic states. Thus, the resulting FM modulated signal 610b has discrete

frequency states.

4.2.1.2.1.3  Third Embodiment: Phase

Modulation, including

Phase Shift Keying Mode

The following discussion describes a method and system for generating
redundant spectrums using phase modulation, including phase shift keying

modulation.

4.2.1.2.1.3.1 Operational
Description

FIG. 7A depicts a flowchart 700 constituting an embodiment of flowchart
400 of FIG. 4A. The embodiment depicted by flowchart 700 illustrates phase
modulation (PM), which includes phase shift keying modulation (PSK). In the
following discussion, the steps in flowchart 700 will be discussed in relation to the
example signal diagrams shown in FIGs. 7B-7H. FIGs. 7B-7D illustrate PM,
where modulating baseband signal 308 is an analog modulating baseband signal
708a. FIGs. 7E-7G illustrate PSK modulation, where modulating baseband signal
308 is a digital modulating baseband signal 708b.

In step 302, modulating baseband signal 308 is accepted. Modulating
baseband signal 308 has been previously been described as being either an analog
or digital signal. For PM, modulating baseband signal 308 is an analog signal,
which is illustrated by modulating baseband signal 708a in FIG. 7B. For PSK
modulation, modulating baseband signal 308 is a digital signal, which is illustrated
by modulating baseband signal 708b in FIG. 7E.

In step 402, first oscillating signal 408 is generated. As discussed

previously, first oscillating signal 402 is substantially a sinusoid with a
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characteristic frequency f,. FIGS. 7C and 7F illustrate first oscillating signal 408
for convenience.

In step 702 for PM, the phase of first oscillating signal 408 (FIG. 7C) is
varied as a function of modulating baseband signal 708a, resulting in an PM
modulated signal 710a (FIG. 7D). FIG. 7D illustrates both PM modulated signal
710a, and the first oscillating signal 408 to illustrate the phase shift of PM
modulated signal 710a relative to first oscillating signal 408. A comparison of
FIG. 7B and FIG. 7D shows the modulated signal 710a having a phase shift
relative to first oscillating signal 408 that is a function of modulating baseband
signal 708a.

PSK operates in step 702 in a similar fashion to PM, except that the input
modulating baseband signal 708b is a signal with discrete states. As shown by
comparing FIG. 7E to FIG. 7G, in one embodiment, phase modulated signal 710b
leads the first oscillating signal 408 to represent a logic "1", and is in-phase with
first oscillating signal 408 to represent a logic "0". Those skilled in the art(s) will
recognize that the amount and direction of phase shift implemented to represent

a logic state is completely arbitrary.

4.2.1.2.1.3.2 Structural
Description

FIG. 7H illustrates first stage modulator 420 as an PM modulator 712,
which implements PM, including PSK modulation.

For PM modulation, PM modulator 712 accepts modulating baseband
signal 708a and first oscillating signal 408, where modulating baseband signal 708a
is an analog modulating baseband signal. PM modulator 712 shifts the phase of
first oscillating signal 408 as a function of the modulating baseband signal 708a,
resulting in modulated signal 710a.

PM modulator 712 operates similarly for PSK modulation, except that the
modulating baseband signal 308 is a digital modulating baseband signal 708b with
logic states. As such, PM modulator 712 generates a PSK modulated signal 710b
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with a phase that varies in discrete steps relative to that of first oscillating signal
408 in order to represent the logic states of modulating baseband signal 308. The
amount and direction of phase shift implemented to represent a logic state is
completely arbitrary.
4.2.1.2.1.4  Other Embodiments

The embodiments described above for first stage modulator 420 are
provided for purposes of illustration. These embodiments are not intended to limit
the invention. Alternate embodiments, differing slightly or substantially from those
described herein, will be apparent to persons skilled in the relevant art(s) based on
the teachings contained herein. Such alternate embodiments include combinations
of the embodiments described above. Such alternate embodiments fall within the

scope and spirit of the present invention.

4.2.1.2.2 Second Stage Modulator
(Replicator Modulator)

Example embodiments of step 406 in flowchart 400 (FIG. 4A), and
replicator module 422 (FIG. 4I) will be discussed in the following section and
subsections. The example embodiments include replicating the modulated
spectrum 414 by modulating the modulated signal 412 with a second oscillating
signal to generate redundant spectrums 416a-n. Preferably, the modulated signal
412 1s phase or frequency modulated with the second oscillating signal, although
other modulation schemes could be used including but not limited to amplitude

modulation.

4.2.1.2.2.1 First embodiment:
Replicating the Modulated
Spectrum by Phase
Modulating the
Modulated Signal
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The following discussion describes a method and system for replicating
modulated spectrum 414 by phase modulating corresponding modulated signal
412 to generate redundant spectrums 416a-n with substantially the same

information content.

4.2.1.2.2.1.1 Operational
_ Description

FIG. 8A depicts a flowchart 800 which illustrates in greater detail the step
406 in flowchart 400. Step 406 generates multiple redundant spectrums 416a-n
with substantially the same information content by replicating modulated spectrum
414. In the following discussion, the steps in flowchart 800 will be discussed in
relation to the example signal diagrams shown in FIGs. 8B-8E.

In step 404, the first oscillating signal 408 is modulated with the
modulating baseband signal 308 to generate the modulated signal 412 with
corresponding modulated spectrum 414 (FIG. 8B). Modulated spectrum 414
includes the necessary amplitude, phase, and frequency information to reconstruct
modulating baseband signal 308. This step was discussed earlier, but is repeated
here for convenience.

It should be remembered that the frequency spectrum of an EM signal
comprises the relative amplitude and phase information of the frequency
components that constitute the EM signal. The time domain representation of an
EM signal can be constructed by generating a plurality of sine waves, that
implement the relative amplitude and phase contained in the frequency spectrum
of the EM signal. As such, a given EM signal is uniquely identified by either its
time-domain representation or its frequency spectrum.

In step 802, a second oscillating signal 806 (FIG. 8C) with a characteristic
frequency f, is generated. Second oscillating signal 806 is substantially periodic,
with a period 808 equal to 1/1,.

FIG. 8C illustrates without limitation two exemplary waveforms for second

oscillating signal 806. These waveforms being sinusoid 806a and square wave
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806b, both of which are periodic with frequency f,. Those skilled in the art will
recognize there are other types of periodic second oscillating signals that could be
alternatively used to implement second oscillating signal 806, including but not
limited to sinusoids, square waves, triangle waves, and arbitrary waveforms with
a period equal to 1/1,.

Second oscillating signal 806 has corresponding second oécillating signal
spectrum 810 that is centered about f,, and is depicted in FIG. 8D. Second
oscillating signal spectrum 810 has a generic shape that is shown for illustration
purposes only, and is not intended to limit second oscillating signal 806 in any
way. Those skilled in the art will recognize that the actual shape of spectrum 810
is dependent on the specific implementation of second oscillating signal 806.

FIG. 8D also illustrates modulating baseband signal spectrum 310 that
corresponds to modulating baseband signal 308, and modulated spectrum 414 that
corresponds to modulated signal 412(FIG. 4F). It will be recalled that modulated
signal 412 was generated by modulating first oscillating signal 408 with
modulating baseband signal 308 in step 404 of FIG. 4A. Preferably, second
oscillating signal spectrum 810 exists at a substantially higher frequency than
modulating baseband signal spectrum 3 10, which is represented by break 809 in
the frequency axis of FIG. 8D. Also typically, modulated spectrum 414 exists at
a substantially higher frequency than second oscillating signal spectrum 810, which
is represented by break 811 in the frequency axis of FIG. 8E. For example and
without limitation, spectrum 310 may have a bandwidth B on the order of 10
KHZ. Whereas, second oscillating signal spectrum 810 may have a center
frequency f, on the order of 1 MHZ for this example, and modulated spectrum 414
may have a center frequency f; on the order of 100 MHZ for this example.

In step 804, modulated signal 412 (having spectrum 414) is phase
modulated with second oscillating signal 806 (having spectrum 810), resulting in
redundant spectrums 812a-n (FIG. 8E). The effect of phase modulating modulated
signal 412 with a periodic second oscillating signal is to shift the phase of

modulated signal 412 at the periodic rate f, of the second oscillating signal.
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FIGS. 8F-8H illustrate phase modulation of a modulated signal 814 by a
second oscillating signal 816, resulting in signal 818. Modulated signal 814 is an
example of modulated signal 414, and second oscillating signal 816 is an example
of second oscillating signal 806. As shown, signal 818 is shifted by 180 degrees
relative to modulated signal 814 at each transition of second oscillating signal 816.
The phase shift of 180 degrees was chosen for convenience of illustration only.
Other phase shifts could be alternatively be used. In one embodiment, for
example, the amount of phase shift is on the order of 10 degrees.

FIGs. 8F-8H are shown to illustrate the effect of phase modulation on
modulated signal 814. But for ease of illustration, FIGs. 8F-8G are not drawn to
proper scale. For example and without limitation, modulated signal 814 is shown
to have a approximately 5 cycles of period 815 to represent a logic state.
Typically, on the order of 10,000 cycles would be used. Furthermore, modulated
signal 814 is illustrated to have a period 815 that is approximately 1/5 the period
817 of second oscillating signal 816, which would result in a modulated signal 814
to second oscillating signal 816 frequency ratio of 5:1. A typical modulated signal
814 to second oscillating signal 816 frequency ratio would be, for example, on the
order to 100:1. Thus, an accurate representation of this numerical example would
show 100 periods of modulated signal 814 within second oscillating signal period
816. This is not shown to ease illustration.

Referring to FIG. 8E, each redundant spectrum 812a-n carries
substantially identical information to that in modulated spectrum 414. As such,
each redundant spectrum 812a-n includes the necessary amplitude, phase, and
frequency information to substantially reconstruct the modulating baseband signal
308. Thus, any one of the redundant spectrums 812a-d can be used to reconstruct
modulating baseband signal 308 at the receiver.

As shown in FIG. 8E, redundant spectrum 812a-n are substantially
centered around f}, which is the characteristic frequency of first oscillating signal
408. Also, each redundant spectrum 812a-n (except for spectrum 812¢) is offset

from f; by approximately a multiple of f, (Hz), where £, is the frequency of second
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oscillating signal 806. Thus, each redundant spectrum 812a-n is offset from an
adjacent redundant spectrum 812a-n in frequency by approximately f, Hz. For
example, redundant spectrum 812c is centered around f|, and redundant spectrums
812b and 812d are centered at f|-f, and f,+f,, respectively.

As stated earlier, example values for f; and f, are on the order of 100 MHZ
and 1 MHZ, respectively. As such, spectrums 812b-d would be located at 99
MHZ, 100MHz, and 101 MHZ, respectively. Thus, according this numerical
example, spectrums 812b-d occupy approximately 3 MHZ of bandwidth that is
centered around 100 MHZ; which can be considered sufficiently narrowband to
use commercially under the rules of the appropriate governmental administrative
agency (i.e. the FCC). These numerical examples are given for illustration
purposes only, and are not meant to limit this invention in any way. Those skilled
in the art will recognize that the invention could be operated at other frequencies
based on the discussion herein. In other words, the those skilled in the art(s) will
recognize that the invention could be optimized and/or adjusted as desired to meet
specific electromagnetic emission rules or other criteria that may exist.

In step 306, the redundant spectrums 812a-n are transmitted over a
communications medium. It is expected, but not required, that the redundant
spectrums 812a-n would be generated at a first location and sent to a second
location over the communications medium. At the second location, the redundant
spectrums would be processed to reconstruct the modulating baseband signal 308.

In one embodiment, the communications medium is a wireless communications

link.

4212212 Structural
Description
FIG. 8l illustrates a block diagram of the replicator system 422 according
to one embodiment of the present invention. The replicator system 422 comprises
aphase modulator 820 and an second oscillator 822. Preferably, replicator system

422 accepts a modulated signal 412 and generates multiple redundant spectrums
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812a-n in the manner shown in operational flowchart 800. In other words, the
replicator system 422 is a structural embodiment for performing the operational
steps in flowchart 300. However, it should be understood that the scope and spirit
of the present invention includes other structural embodiments for performing
steps in flowchart 800. The specifics of these other structural embodiments will
be apparent to persons skilled in the relevant art(s) based on the discussion contain
herein. Flowchart 800 will re-visited to further illustrate the present invention in
view of the structural components in replicator 422.

In step 404, first stage modulator 420 (FIG. 4I) modulates first oscillating
signal 408 with the modulating baseband signal 308 to generate the modulated
signal 412 with corresponding modulated spectrum 414. Modulated spectrum 414
includes the necessary amplitude, phase, and frequency information of the
frequency to reconstruct modulating baseband signal 308. This step was discussed
earlier, but is repeated here for convenience. '

In step 802, second oscillator 822 generates the second oscillating signal
806 (FIG. 8C) with a characteristic frequency f,. Second oscillating signal 806 is
periodic with a period 808 equal to 1/£,.

In step 804, phase modulator 820 shifts the phase of modulated signal 412
as a function of second oscillating signal 806, resulting in redundant spectrums
812a-n (FIG. 8E).

In step 306, the (optional) medium interface module 320 transmits
redundant spectrums 812a-n over communications medium 322. Itis expected, but
not required, that the redundant spectrums 812a-n would be generated at a first
location and sent to a second location over the communications medium. At the
second location, the redundant spectrums would be processed to recover the
modulating baseband signal 308. In one embodiment, the communications medium

322 is a wireless communications link.

4.2.1.2.2.2  Second embodiment: Replicating
the Modulated Spectrum by
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Frequency Modulating the

Modulated Signal
The following discussion describes a method and system for replicating
modulated spectrum 414 by frequency modulating corresponding modulated signal
412 to generate redundant spectrums 416a-n with substantially the same

information content.

4.2.1.2.2.2.1 Operational
Description

FIG. 8] depicts a flowchart 824 which illustrates in greater detail the step
406 in flowchart 400. Step 406 generates multiple redundant spectrums 416a-n
with substantially the same information content by replicating modulated spectrum
414. In the following discussion, the steps in flowchart 826 will be discussed in
relation to the example signal diagrams shown in FIGs. 8B-8E. FIGS. 8B-8E were
discussed in relation to the first embodiment of generating redundant spectrums
by phase modulating modulated signal 412, but are also applicable to the present
embodiment of frequency modulating the modulated signal 412.

In step 404, the first oscillating signal 408 is modulated with the
modulating baseband signal 308, resulting in the modulated signal 412 with
corresponding modulated spectrum 414 (FIG. 8B). This step was discussed earlier
in FIG. 4A, but is repeated here for convenience.

In step 802, a second oscillating signal 806 (FIG. 8C) with a characteristic
frequency f, is generated. This step was discussed earlier in FIG. 8A, but is
repeated here for convenience. Preferably, second oscillating signal 806 is
substantially periodic, with a period 808 equal to 1/f,. Also, preferably, f, for
second oscillating signal is substantially higher that the highest frequency of
baseband spectrum 310, but is substantially lower than f, for the first oscillating
signal as represented in FIG. 8D.

In step 826, modulated signal 412 (having spectrum 414) is frequency

modulated with second oscillating signal 806 (having spectrum 810). In other
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words, the frequency of modulated signal 412 is varied as a function of second
oscillating signal 806, resulting in redundant spectrums 812a-n. Each redundant
spectrum 812a-n includes the necessary amplitude, phase, and frequency
information to reconstruct modulating baseband signal 308. As stated, frequency
modulating the modulated signal 412 with the second oscillating signal 806 (step
826) results in redundant spectrums 812a-n that are substantially similar to that
obtained by phase modulating modulated signal 412 with the second oscillating
signal 806 (step 804 in FIG. 8A).

In step 306, the redundant spectrums 812a-n are transmitted over a
communications medium. It is expected, but not required, that the redundant
spectrums 312a-n would be generated at a first location and sent to a second
location over the communications medium. At the second location, the redundant
spectrums would be processed to reconstruct the modulating baseband signal 308.
In one embodiment, the communications medium is a wireless communications

link.

4212222 Structural
Description

FIG. 8K illustrates a block diagram of the replicator system 422 according

to one embodiment of the present invention. The replicator system 422 comprises
a frequency modulator 830 and an second oscillator 828. Preferably, replicator
system 422 accepts a modulated signal 412 and generates multiple redundant
spectrums 812a-n in the manner shown in operational flowchart 824. In other
words, the replicator system 422 is a structural embodiment for performing the
operational steps in flowchart 824 (FIG. 87). However, it should be understood
that the scope and spirit of the present invention includes other structural
embodiments for performing steps in flowchart 824. The specifics of these other
structural embodiments will be apparent to persons skilled in the relevant art(s)

based on the discussion contained herein. Flowchart 824 will re-visited to further
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illustrate the present invention in view of the structural components in replicator
system 422.

In step 404, modulator 420 (FIG. 4I) modulates the first oscillating signal
408 with the modulating baseband signal 308, resulting in the modulated signal
412 with corresponding modulated spectrum 414 (FIG. 8B). This step was
discussed earlier, but is repeated here for convenience.

In step 802, second oscillator 828 generates the second oscillating signal
806 (FIG. 8C) with a characteristic frequency f,. Second oscillating signal 806 is
periodic with a period 808 equal to 1/f,

In step 826, frequency modulator 830 varies the frequency of modulated
signal 412 as a function of second oscillating signal 806, resulting in redundant
spectrums 812a-n (FIG. 8E).

In step 306, the (optional) medium interface module 320 transmits
redundant spectrums 812a-n over communications medium 322. Itis expected, but
not required, that the redundant spectrums 812a-n would be generated at a first
location and sent to a second location over the communications medium. At the
second location, the redundant spectrums would be processed to recover the

modulating baseband signal 308.

4.2.1.2.2.3 Other Embodiments

The embodiments described above for replicating a modulated spectrum
to generate redundant spectrums are provided for purposes of illustration. These
embodiments are not intended to limit the invention. Alternate embodiments,
differing slightly or substantially from those described herein, will be apparent to
persons skilled in the relevant art(s) based on the teachings contained herein. Such
other embodiments include but are not limited to amplitude modulation, and any
other modulation technique that can be used to replicate the information in a
modulated spectrum. Such alternate embodiments fall within the scope and spirit
of the present invention. FIG. 8K-1 illustrates a structural diagram of generator

318 that summarizes the embodiments described in section 4.2.1.2.2 and related
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subsections. FIG. 8K-1 illustrates the replicator 422 as a second stage modulator
832 and second oscillator 822. As discussed above, second stage modulator 832
(Replicator 422) is preferably a phase modulator or a frequency modulator, but
an amplitude modulator could also be used or any other type of modulator (or

device) that will generate redundant spectrums.

4.2.1.3 Implementation Examples

Exemplary operational and/or structural implementations related to the
method(s), structure(s), and/or embodiments described above are presented in this
section (and its subsections). These implementations are presented herein for
purposes of illustration, and not limitation. The invention is not limited to the
particular implementation examples described herein. Alternate implementations
(including equivalents, extensions, variations, deviations, etc., of those described
herein) will be apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. Such alternate implementations fall within the scope

and spirit of the present invention.

4.2.1.3.1 First Stage Modulator 420

Exemplary operational and/or structural implementations related to the
method(s), structure(s), and/or embodiments described above for first stage
modulator 420 (FIG. 4I) are presented in this section (and its subsections). As
discussed earlier, first stage modulator 420 modulates the first oscillating signal
408 with modulating baseband signal 308, resulting in modulated signal 412.
These implementations are presented herein for purposes of illustration, and not
limitation. The invention isnot limited to the particular implementation examples
described herein. Alternate implementations (including equivalents, extensions,
variations, deviations, etc., of those described herein) will be apparent to persons
skilled in the relevant art(s) based on the teachings contained herein. Such

alternate implementations fall within the scope and spirit of the present invention.
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4.2.1.3.1.1 AM Modulator as a
Variable Gain Transistor
Amplifier

FIG. 9 illustrates an AM modulator 900, which is an example circuit
implementation of AM modulator 512 (FIG. 5H). As discussed earlier, AM
modulator 512 accepts a modulating baseband signal 308 (508a or 508b), and a
first oscillating signal 408. AM modulator 512 varies the amplitude of the first
oscillating signal 408 as a function of modulating baseband signal 308, resulting
in the modulated signal 412 (510a or 510b). AM modulator 900 includes: resistors
902, 904, 906, 910, and 914; transistor 908; capacitors 903, 912, and 916.

AM modulator 900 operates as a variable gain amplifier, where the gain
is a function of the modulating baseband signal 308, and operates as follows.
Transistor 908 operates to amplify the first oscillating signal 408. The amount of
amplification (or gain) is variable and dependent on the bias current 909, as is well
known to those skilled in the art(s). Bias current 909 is determined by the
modulating baseband signal 308 and bias resistors 902, 904, 906, and 910. This
occurs because the modulating baseband signal 308 operates as the voltage supply
for transistor 908, and resistors 902, 904, 906, and 910 set the DC bias current
909 for a given value of the modulating baseband signal 308, as is well known to
those skilled in the art(s). As such, bias current 909 varies as a function of the
modulating baseband signal 308, as does the gain of transistor amplifier 902. This
results in a modulated signal 412 (modulated signal 510a or 510b) with an
amplitude that varies as a function of modulating baseband signal 308. Capacitors
903 and 916 are DC blocking capacitors. Capacitor 912 and resistor 914 improve
the AC gain that is feasible with amplifier 900, as is well known to those skilled

in the art(s).

AM modulator 900 described above is provided for illustration purposes
only, and is not meant to limit the present invention in any way. Alternate

implementations foran AM modulator, differing slightly or substantially from that
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described herein, will be apparent to those skilled in the relevant art(s) based on
the teachings herein. Such alternate implementations include, but are not limited
to atransistor oscillator configuration, where the output signal amplitude is varied
as a function of supply voltage similar to that described above. Such alternate

implementations fall within the scope and spirit of the present invention.

4.21.3.1.2 FM Modulator as a
Voltage Controlled
Oscillator

FIG. 10 illustrates voltage controlled crystal oscillator (VCX0)1000,
which is one embodiment of FM modulator 612 (FIG. 6H) and first oscillator 418
(FIG. 4I). VCXO 1000 accomplishes the functions of both first oscillator 418 and
FM modulator 612 because VCXO 1000 generates first oscillating signal 408 and
frequency modulates the first oscillating signal 408 in substantially one step,
resulting in modulated signal 412 (610a or 610b). VCXO 1000 includes varactor
bias circuit 1002, varactor 1004, and crystal oscillator 1006. Crystal oscillator
1006 includes crystal 1008 and transistor 1010.

VCXO 1000 operates as follows. The crystal oscillator 1006 oscillates at
afree-running (or unloaded) frequency that is based on the selection of the crystal
1008. The free running oscillation frequency is preferably on the order of the first
oscillating signal 408 (FIG. 4D), where first oscillating signal 408 is referenced
here for example purposes only because it has been previously identified as a
suitable oscillating signal to be modulated by the modulating baseband signal 308
(i.e. its frequency is high relative to spectrum 310 that is associated with the
modulating baseband signal 308), and is not meant to limit the invention in any
way. The varactor 1004 is preferably a reversed biased diode (or other device)
whose effective capacitance changes a function of a control voltage as shown in
FIG. 11D. The effective capacitance of the varactor 1004 loads the crystal
oscillator 1006 and pulls the oscillation frequency of the crystal oscillator 1006

from its free-running oscillation frequency. As such, by controlling the varactor
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1004 with the modulating baseband signal 308, the oscillation frequency of the
crystal oscillator 1006 varies as a function of the modulating baseband signal 308.
This results in a modulated signal 412 (610a or 610b) with a frequency that varies
as a function of the modulating baseband signal 308.

The VCXO 1000 described above is provided for illustration purposes
only, and is not meant to limit the invention in any way. Alternate
implementations, differing slightly or substantially from that described herein, will
be apparent to those skilled in the art(s) based on the teachings herein. Such
alternate implementations include, but are not limited to, voltage controlled
oscillators (VCOs) that use other means besides a crystal to determine a free-
running oscillation frequency. Such alternate implementations fall within the scope

and spirit of the present invention.

421313 PM Modulator as a
Tunable Filter

FIG. 11A illustrates a tunable bandpass filter (BPF) 1100 which is an
example circuit implementation of the PM modulator 712 (FIG. 7H). As discussed
earlier, PM modulator 712 accepts the modulating baseband signal 308 (708a or
508b), and the first oscillating signal 408. The PM modulator 712 changes the
phase of the first oscillating signal 408 as a function of the modulating baseband
signal 308, resulting in modulated signal 412 (710a or 710b). Tunable BPF 1100
includes capacitors 1102, 1104, and a voltage controlled capacitance device 1106.
Tunable BPF 1100 has a variable amplitude and phase response that
changes as a function of the effective capacitance of the voltage controlled
capacitance device 1106. FIGS. 11B and 11C illustrate the relative amplitude and
phase response vs. frequency for two effective capacitance values of voltage
controlled capacitor device 1106. As shown in FIG.11B, the amplitude response
shifts from 1108a to 1108b as the effective capacitance of voltage controlled
capacitance device 1106 changes from a first capacitance to a second capacitance.

Likewise, the corresponding phase response shifts from 1110a to 1110b as the
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effective capacitance shifts from a first capacitance value to a second capacitance
value.

Tunable BPF 1100 is used to phase modulate first oscillating signal 408 by
controlling the voltage controlled capacitance device 1106 with the modulating
baseband signal 308. In one embodiment, voltage controlled capacitance device
1106 includes varactor bias circuit 1112, varactor 1116, and capacitor 1114 as
illustrated }.n FIG. 11E. Varactor 1116 is a reversed biased varactor diode whose
junction capacitance varies as a function of a control voltage as shown in FIG.
11D. Capacitor 1114 pads or restricts the amount of tuning, and operates as a DC
block for varactor bias circuit 1112. As such, changes in modulating baseband
signal 308 from V, to V, will cause the effective capacitance of varactor 1116 to
change from C, to C,, which will cause the phase response of BPF 1100 to shift
from 1110ato 1110b. If first oscillating signal 408 has a corresponding frequency
at f}, the change in modulating baseband signal 308 from V, to V, will cause a
phase shift of approximately 45 degrees as illustrated. The phase shift occurs
because the phase response of the tunable filter 1100 has shifted from the 1110a
to the 1110b, but the frequency of the first oscillating signal 408 is still at f,. The
45 degree phase shift is meant for example only, and is not meant to limit the
invention in any way. Those skilled in the art will recognize that other values of
phase shift can be achieved based on the discussion given herein.

The present invention is not limited to the bandpass filter configuration
illustrated by BPF 1100. Those skilled in the art will recognize that other bandpass
filter configurations could be used to implement phase modulator 712.
Furthermore, the present invention is not limited to tunable bandpass filters to
implement phase modulator 712. Those skilled in the art will recognize that other
filter configurations could be used including but not limited to: tunable low pass
filters and tunable high pass filters. Also, the present invention is not limited to
filter configurations. Those skilled in the art will recognize that other circuit

configurations can be used to implement the PM modulator 712, as long as they
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shift the phase of first oscillating signal 408 as a function of modulating baseband

signal 308.

421314 O t h e r

Implementations
The implementations described above for first stage modulator 420 are
provided for purposes of illustration. These implementations are not intended to
limit the invention. Alternate implementations, differing slightly or substantially
from those described herein, will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such alternate implementations

fall within the scope and spirit of the present invention.

4.2.1.3.2 Second Stage Modulator

Exemplary operational and/or structural implementations related to the
method(s), structure(s), and/or embodiments described above for second stage
modulator (Replicator) 422 (FIG. 4I) are presented in this section (and its
subsections). These implementations are presented herein for purposes of
illustration, and not limitation. The invention is not limited to the particular
implementation examples described herein. Alternate implementations (including
equivalents, extensions, variations, deviations, etc., of those described herein) will
be apparent to persons skilled in the relevant art(s) based on the teachings
contained herein. Such alternate implementations fall within the scope and spirit

of the present invention.

4.2.1.3.21 PM Modulator as a

Tunable Filter
FIG. 12A illustrates a tunable bandpass filter (BPF) 1200 which is an
example circuit implementation of PM modulator 820 (FIG. 81), which is an
example embodiment of replicator 422. As discussed earlier, PM modulator 820

accepts the modulated signal 412 and second oscillating signal 806. The PM
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modulator 820 phase modulates modulated signal 412 with second oscillating
signal 806. In other words, the PM modulator 820 shifts the phase of modulated
signal 412 as a function of second oscillating signal 806, resulting in redundant
spectrums 812a-n. Tunable BPF 1200 includes capacitors 1202, 1204, and
voltage controlled capacitor device 1206.

Tunable BPF 1200 has a variable amplitude and phase response that
changes as a function of voltage controlled capacitance device 1206. FIGS. 12B
and 12C illustrate the relative amplitude and phase response vs. frequency for two
effective capacitance values of voltage controlled capacitance device 1206. As
shown in FIG.12B, the amplitude response shifts from 1208a to 1208b as the
effective capacitance of the voltage controlled capacitance device 1206 changes
from a first capacitance value to a second capacitance value. Likewise, the
corresponding phase response shifts from 1210a to 1210b as the effective
capacitance shifts from a first capacitance value to a second capacitance value.

Tunable BPF 1200 is used to phase modulate modulated signal 412 with
second oscillating signal 806 by controlling voltage controlled capacitance device
1206 with the second oscillating signal 806. In one embodiment, voltage
controlled capacitance device 1206 includes varactor bias circuit 1212, varactor
1216, and capacitor 1214 as is illustrated in FIG. 12E. Varactor 1216 is areversed
biased varactor diode whose junction capacitance varies as a function of a control
voltage, as seen in FIG. 12D. Capacitor 1214 pads or restricts the tuning of the
effective capacitance of voltage controlled capacitance device 1206, and also
operates as a DC block for varactor bias circuit 1212. As such, changes in second
oscillating signal 806 from V, to V, will cause the capacitance of varactor 1216
to change from C, to C,, which will cause the phase response of BPF 1200 to shift
from 1210a to 1210b. If modulated signal 412 is centered at f,, the change in
second oscillating signal 806 from V, to V, will cause a phase shift of
approximately 45 degrees in modulated signal 412, as illustrated. The phase shift
occurs because the phase response of the tunable filter 1200 has shifted from the

phase response 1210a to phase response 1210b, but the frequency of modulated
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signal 412 is still at f;. The 45 degree phase shift is meant for example only, and
is not meant to limit the invention in any way. Those skilled in the art will
recognize that other values of phase shift can be achieved based on the discussion
given herein.

The present invention is not limited to the bandpass filter configuration
illustrated by BPF 1200. Those skilled in the art will recognize that other bandpass
filter configurations could be used to implement phase modulator 820.
Furthermore, the present invention is not limited to tunable bandpass filters to
implement phase modulator 820. Those skilled in the art will recognize that other
filter configurations could be used including but not limited to: tunable low pass
filters and tunable high pass filters. Also, the present invention is not limited to
filter configurations. Those skilled in the art will recognize that other circuit
configurations can be used to implement phase modulator 820, as long as they
shift the phase of modulated signal 412 as a function of second oscillating signal

806.

4.2.1.3.2.2  Other Implementations

JSor a PM modulator
The implementations described above for PM modulator 820 are provided
for purposes of illustration. These implementations are not intended to limit the
invention. Alternate implementations, differing slightly or substantially from those
described herein, will be apparent to persons skilled in the relevant art(s) based on
the teachings contained herein. Such alternate implementations fall within the

scope and spirit of the present invention.

4.2.1.3.2.3  Implementations for
Other Embodiments of
Second Stage Modulator
As discussed above, second stage modulator 422 can also be an FM

modulator (4.2.1.2.2.2), and an AM modulator (Section 4.2.1.2.2.3). An
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implementation for an FM modulator and an AM modulator was fully described
insections4.2.1.3.1.1 and 4.2.1.3.1.2, respectively, to which the reader is directed
for an implementation level description of the second stage modulator 422 as an
AM modulator and an FM modulator. Furthermore, second stage modulator 422
can be any other type of modulator capable of replicating the information in a
modulated spectrum, and the implementation of any such other modulator will be
apparent to those skilled in the art(s) based on the discussion herein.

The implementations described above are provided for purposes of
illustration only. These implementations are not intended to limit the invention.
Alternate implementations, differing slightly or substantially from those described
herein, will be apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. Such alternate implementations fall within the scope

and spirit of the present invention.

4.2.2 Generate Redundant Spectrums by Modulating an

Oscillating Signal with a Modulated Signal
The following discussion relates to generating redundant spectrums with
substantially the same information content by modulating an oscillating signal with

a modulated signal according to embodiments of the present invention.

4.2.2.1 First Embodiment: Generating Redundant
Spectrums by Phase Modulating an Oscillating

signal With a Modulated Signal
The following discussion relates to a first embodiment of generating
redundant spectnims by modulating an oscillating signal with a modulated signal
according to embodiments of the present invention. The first embodiment includes
phase modulating the oscillating signal with a modulated signal to generate
redundant spectrums with substantially the same information content. The second
embodiment includes frequency modulating the oscillating signal with a modulated

signal. Other embodiments are also within the scope and spirit of the invention.
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4.2.2.1.1 High Level Description

The following discussion includes an operational process for generating
redundant spectrums by phase modulating an oscillating signal with a modulated
signal. Also, a structural description for achieving this process is described herein
for illustrative purposes, and is not meant to limit the invention in any way. In
particular, the process described in this section can be achieved using any number
of structural implementations, at least one of which is described in this section.
The details of the structural description will be apparent to those skilled in the art

based on the teachings herein.

4.2.2.1.1.1 Operational Description:

FIG. 13A depicts a flowchart 1300 for generating multiple redundant
spectrums by phase modulating an oscillating signal with a modulated signal. Each
redundant spectrum carries the necessary information to at least substantially or
completely reconstruct a modulating baseband signal. In the following discussion,
the steps in FIG. 13A will be discussed relative to the example signal diagrams
shown in FIGS. 13B-13K.

In step 302, the modulating baseband signal 308 is accepted. FIG. 13B
illustrates the modulating baseband signal 308, and FIG. 13C illustrates a
corresponding the spectrum 310 and image spectrum 311 for modulating baseband
signal 308. It is noted that step 302, signal 308, and spectrums 310, 311 described
herein are the same as those described in relation to FIGS. 3A-3D. They are re-
illustrated here for convenience.

In step 1302, a first oscillating signal 1310 (FIG. 13D) is generated. The
first oscillating signal 1310 is preferably a sinewave (but other periodic waveforms
could be used) with a characteristic frequency f;. As such, the first oscillating
signal 1310 has a frequency spectrum 1312 that is substantially a tone at f,
(FIG.13E). Preferably, f, for the first oscillating signal 408 is much higher than the
highest frequency B in the modulating baseband signal spectrum 310, which is

represented by the break 1311 in the frequency axis of FIG. 13E. For example, the
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bandwidth B of spectrum 310 is typically on the order of 10 KHz. Whereas, a
typical first oscillating signal f, will on the order of 100 MHZ. These frequency
numbers are given for illustration only, and are not meant to limit the invention in
any way.

In step 1304, a second oscillating signal 1314 (FIG. 13F) is generated. The
second oscillating signal 1314 is preferable a sinewave (but other periodic
waveforms could be used) with a constant amplitude and characteristic frequency
f,. As such, the second oscillating signal 1314 has a frequency spectrum 1316 that
is substantially a tone at f, (FIG.13G). Preferably, f, for the second oscillating
signal 1314 is substantially higher than the highest frequency B in the modulating
baseband signal spectrum 310, which is represented by the break 1315 in the
frequency axis of FIG. 13G. Also preferably, f, is substantially lower than f, for
the first oscillating signal 1310; which is represented by break 1311 in the
frequency axis of FIG. 13G. For example, a typical spectrum 310 has bandwidth
B on the order of 10KHz, and a typical first oscillating signal f| is on the order of
100 MHZ. Whereas, a typical second oscillating signal f, will be on the order of
1 MHZ. These frequency numbers are given for illustration only, and are not
meant to limit the invention in any way.

In step 1306, the second oscillating signal 1314 is modulated with the
modulating baseband signal 308, resulting in a modulated (mod) signal 1318 (FIG.
13H). The modulated signal 1318 depicts the result of amplitude modulation
(AM), where the amplitude of the modulating baseband signal 308 has been
impressed on the amplitude of the second oscillating signal 1314. The use of AM
is done for example purposes only, and is not meant to limit the invention in any
way. Any type of modulation could be used including but not limited to: amplitude
modulation (AM), frequency modulation (FM), phase modulation (PM), etc., or
any combination thereof. These modulation schemes were described in sections
4.2.1.2.1,4.2.1.2.2, and the reader is referred to the prior sections for additional

details.

PCT/US99/24087



10

15

20

25

30

WO 00/24120

- 65 -

The modulated signal 1318 has a corresponding modulated spectrum 1320
(FIG. 13I) that is centered around f,, which is the characteristic frequency of the
second oscillating signal 1314. The modulated spectrum 1320 carries the
necessary amplitude, phase, and frequency information to reconstruct the
modulating baseband signal 308. The modulated spectrum 1320 is illustrated to
have a generic shape and bandwidth. Those skilled in the art will recognize that
the actual shape and bandwidth of modulated spectrum 1320 will depend on the
specific modulating baseband signal 308 and type of modulation used to modulate
the second oscillating signal 1314. Furthermore, the modulated spectrum 1320 is
illustrated to represent double sideband modulation. Those skilled in the art will
recognize how to implement the present invention using single sideband
modulation, etc., based on the discussion given herein.

FIG. 13J illustrates example relative frequency locations of: spectrum 310
that corresponds to modulating baseband signal 308; modulated spectrum 1320
that corresponds to modulated signal 1318, and spectrum 1312 that corresponds
to first oscillating signal 1310. Typically, modulated spectrum 1320 exists at a
substantially higher frequency than modulating baseband signal spectrum 310,
which is represented by break 1315 in the frequency axis. Also, typically, first
oscillating signal spectrum 1312 exists at a substantially higher frequency than
modulated spectrum 1320, which is represented by break 1311 in the frequency
axis of FIG. 13J. For example, a typical modulating baseband spectrum 310 has
bandwidth B on the order of 10KHz. Whereas, a typical modulated spectrum 1320
has a center frequency on the order of IMHz, and a typical first oscillating signal
spectrum 1312 has a center frequency on the order of 100 MHZ.

In step 1308, first oscillating signal 1310 is phase modulated with
modulated signal 1318. That is, the phase of the first oscillating signal 1310 is
shifted as a function of modulated signal 1318, resulting in redundant spectrums
1322a-n. The degree of phase shift implemented per relative unit change in
modulated signal 1318 is completely arbitrary and is up to the system designer.

Each redundant spectrum 1322a-n is substantially identical in information content
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to the other redundant spectrums, and carries a copy of the necessary information
to reconstruct modulating baseband signal 308. (i.e. each redundant spectrum
contains the necessary amplitude, phase, and frequency information to reconstruct
the modulating baseband signal 308.)

As shown in FIG. 13K, redundant spectrums 1322a-n are substantially
centered around and offset from the first oscillating signal spectrum 1312 at f;;
where first oscillating signal 1312 remains substantially unmodulated. First
oscillating signal spectrum 1312 can be substantially suppressed or attenuated in
step 1308 by optimizing the amount of phase shift per unit change in modulated
signal 1318 or other phasing techniques, as is well known to those skilled in the
art(s). Also, each redundant spectrum 1322a-n is offset from f; by approximately
a multiple of f, (Hz), where f, is the frequency of the second oscillating
signal. Thus, the redundant spectrums 1322a-n are offset from each other by f,
(Hz).

As stated earlier, example values for f; and £, are on the order of 100 MHZ
and IMHz, respectively. As such, in one example, spectrums 1322b-¢ are located
at 98 MHZ, 99 MHZ, 101 MHZ, and 102 MHZ, respectively. Thus, according
this numerical example, spectrums 1322b-e occupy approximately 4 MHZ of
bandwidth that is centered around 100 MHZ; which can be considered sufficiently
narrowband to use commercially under the rules of the appropriate governmental
administrative agency (i.e. the FCC). These numerical examples are given for
illustration purposes only, and are not meant to limit this invention in any way.
Those skilled in the art will recognize that the invention could be operated at other
frequencies based on the discussion herein. In other words, those skilled in the
art(s) will recognize that the invention could be optimized as desired to meet
specific electromagnetic emission rules that may exist.

In step 306, redundant spectrums 1322a-n are transmitted over a
communications medium. It is expected, but not required, that the redundant
spectrums 1322a-n would be generated at first location and sent to a second

location over the communications medium. At the second location, the redundant

PCT/US99/24087



10

15

20

25

WO 00/24120

-67 -

spectrums would processed to reconstruct modulating baseband signal 308. In
one embodiment, the communications medium is wireless communications link.
As stated above, each redundant spectrum 1322a-n at least substantially
or entirely contains a copy of the information necessary to reconstruct modulating
baseband signal 308. As such, even if one or more of the redundant spectrums
1322a-n are corrupted by a jamming signal in the communications medium, the
modulating baseband signal 308 can still be recovered from any of the other

redundant spectrums 1322a-n that have not been corrupted.

4.2.2.1.1.2  Structural Description

FIG. 13L illustrates a block diagram of generator 1324 which is one
embodiment of generator 318 according to the present invention. Generator 1324
comprises first oscillator 1330, second oscillator 1326, first stage modulator 1328;
and phase modulator 1332. Generator 1324 accepts a modulating baseband si gnal
and generates multiple redundant spectrums in the manner shown in operational
flowchart 1300. In other words, the generator 1324 is a structural embodiment
for performing the operational steps in flowchart 1300. However, it should be
understood that the scope and spirit of the present invention includes other
structural embodiments for performing steps in flowchart 1300. The specifics of
these other structural embodiments will be apparent to persons skilled in the
relevant art(s) based on the discussion contained herein. Flowchart 1300 will be
re-visited to further illustrate the present invention in view of the structural
components in generator 1324,

In step 302, first stage modulator 1328 accepts the modulating baseband
signal 308.

In step 1302, first oscillator 1330 generates the first oscillating signal
1310. Preferably, oscillating signal 1310 is substantially a sinusoid although other

periodic waveforms can used) with a characteristic frequency f,.

PCT/US99/24087



10

15

20

25

30

WO 00/24120

-68 -

In step 1304, second oscillator 1326 generates second oscillating signal
1314. The second oscillating signal 1314 is preferably a sinewave (although other
waveforms could be used) with a characteristic frequency f,.

In step 1306, the first stage modulator 1328 modulates the second
oscillating signal 1314 with the modulating baseband signal 308, resulting in a
modulated (mod) signal 1318, with a corresponding modulated spectrum 1320
(FIG. 13J) that is centered at f,. As discussed earlier, first stage modulator 1328
can be any type of modulator including but not limited to: an amplitude modulator,
a frequency modulator, a phase modulator, etc., or a combination thereof.

In step 1308, phase modulator 1332 phase modulates the first oscillating
signal 1310 with modulated signal 1318. In other words, phase modulator 1332
shifts the phase of the first oscillating signal 1310 as a function of modulated
signal 1318, resulting in redundant spectrums 1322a-n. The degree of phase shift
perrelative unit change in modulated signal 1314 is arbitrary, and up to the system
designer.

Each redundant spectrum 1332a-n is substantially identical to the other
redundant spectrums, and carries a copy of the necessary information to
reconstruct modulating baseband signal 308. (i.e. each redundant spectrum
includes the necessary amplitude, phase, and frequency information to substantially
reconstruct the modulating baseband signal 308.)

In step 306, (optional) medium interface module 320 (FIG. 3F) transmits
the redundant spectrums 1322a-n over a communications medium 322. It is
expected, but not required, that the redundant spectrums 1322a-n are generated
at a first location and sent to a second location over the communications medium.
At the second location, the redundant spectrums are processed to reconstruct
modulating baseband signal 308. In one embodiment, the communications medium
322 is a wireless communications link.

As stated above, each redundant spectrum 1322a-n at least substantially
orentirely contains a copy of the information to reconstruct modulating baseband

signal 308. As such, even if one or more of the redundant spectrums 1322a-n are
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corrupted by a jamming signal in the communications medium 322, the modulating
baseband signal 308 can still be recovered from any of the other redundant

spectrums 1322a-n that have not been corrupted.

4.2.2.1.2 Example Components of the
Embodiments

The following section and subsections describe various embodiments

related to the method(s) and structure(s) for generating redundant spectrums by
phase modulating an oscillating signal with a modulated signal. These
embodiments are described herein for purposes of illustration, and not limitation.
The invention is not limited to these embodiments. Alternate embodiments
(including equivalents, extensions, variations, deviations, etc., of the embodiments
described herein) will be apparent to persons skilled in the relevant art(s) based of
the teachings contained herein. The invention is intended and adapted to include

such alternate embodiments.

4.2.2.1.2.1  First Stage Modulator
Example embodiments of step 1306 in flowchart 1300 (FIG. 13A), and the
first stage modulator 1328 are discussed in the following sections. The example
embodiments include but are not limited to: amplitude modulation, frequency
modulation, phase modulation, and combinations thereof.

4.2.2.1.2.1.1 First Embodiment:
Amplitude Modulation
(AM) Mode, including
Amplitude Shift Keying

(ASK) Mode
According to an embodiment of the invention, step 1306 includes
amplitude modulating the second oscillating signal 1314 with the modulating
baseband signal 308. The operational and structural description for such amplitude

modulation is substantially similar to that described in section 4.2.1.2.1.1 above.
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Specifically, steps 302, 402, 502, in flowchart 500 (FIG. 5A) and the related
discussion apply to amplitude modulation (AM), which includes amplitude shift
keying (ASK). However, in the embodiment being described herein, the second
oscillating signal 1314 replaces first oscillating signal 408 (FIG. 5C and 5F).
Furthermore, the description of AM modulator 512 (FIG. 5H) applies to first

stage modulator 1328 when modulator 1328 is an AM modulator.

4.2.2.1.2.1.2 Second Embodiment:
Frequency Modulation
(FM) Mode, including
Frequency Shift Keying
(FSK) Mode

According to an embodiment of the invention, step 1306 includes
frequency modulating the second oscillating signal 1314 with the modulating
baseband signal 308. The operational and structural description for such frequency
modulation is substantially similar to that described in section 4.2.1.2.1.2 above.
Specifically, steps 302, 402, 602, in flowchart 600 (FIG. 6A) and the related
discussion apply to frequency modulation (FM), which includes frequency shift
keying (FSK). However, in the present embodiment being described herein, the
second oscillating signal 1314 replaces first oscillating signal 408 (FIG. 6C and
6F). Furthermore, the description of FM modulator 612 (FIG. 6H) applies to first

stage modulator 1328 when modulator 1328 is an FM modulator.

4.2.2.1.2.1.3 Third Embodiment: Phase
Modulation (PM) Mode,
including  Phase Shift
- Keying (PSK) Mode
According to an embodiment of the invention, step 1306 includes phase

modulating the second oscillating signal 1314 with the modulating baseband
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signal 308. The operational and structural description for such phase modulation
is substantially similar to that described in section 4.2.1.2.1.3 above. Specifically,
steps 302, 402, 702, in flowchart 700 (FIG. 7A) and the related discussion apply
to phase modulation (PM), including phase shift keying (PSK). However, in the
embodiment being described herein, the second oscillating signal 1314 replaces
first oscillating signal 408 (FIG. 7C and 7F). Furthermore, the description of PM
modulator 712 (FIG. 7H) applies to first stage modulator 1328 when modulator
1328 is a PM modulator.

4.2.2.1.2.1.4 Other Embodiments:
The embodiments for the first stage modulator 1328 described above are
provided for purposes of illustration. These embodiments are not intended to limit
the invention. Alternate embodiments, differing slightly or substantially from those
described herein, will be apparent to those skilled in the relevant art(s) based on
the teachings contained herein. Such alternate embodiments include but are not
limited to combinations of the above mentioned embodiments. Such alternate

embodiments fall within the scope and spirit of the present invention.

4.2.2.1.3 Implementation Examples

Exemplary operational and/or structural implementations related to the
method(s), structure(s), and/or embodiments described above are presented in this
section (and its subsections). These implementations are presented herein for
purposes of illustration, and not limitation. The invention is not limited to the
particular implementation examples described herein. Alternate implementations
(including equivalents, extensions, variations, deviations, etc., of those described
herein) will be apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. Such alternate implementations fall within the scope
and spirit of the present invention.

4.2.2.1.3.1  First Stage Modulator 1328
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Implementation examples for the first stage modulator 1328 (FIG. 13L)
are described below.

42.2.1.3.1.1 AM Modulator as a
Variable Gain Transistor

Amplifier
As described in section 4.2.2.1.2.1.1, the first stage modulator 1328 can
be an AM modulator. An AM modulator can be implemented as a variable gain
transistor amplifier, which is described in detail in section 4.2.1.3.1.1 and FIG.9,

to which the reader is directed for a description of this aspect of the invention.

4.2.2.1.3.1.2 FM Modulator as a
Voltage Controlled
Oscillator
As described in section 4.2.2.1.2.1.2, the first stage modulator 1328 can
be aFM modulator. An FM modulator can be implemented as a voltage controlled
crystal oscillator (VCXO), which is described in detail in section 4.2.1.3.1.2 and
FIG. 10, to which the reader is directed for a description of this aspect of the
invention.
4.2.2.1.3.1.3 PM Modulator as a
Tunable Filter
As described in section 4.2.2.1.2.1.3, first stage modulator 1328 can be a
PM modulator. A PM modulator can be implemented as a tunable filter, which is
described in detail in section 4.2.1.3.2.1 and FIGS. 11A-E, to which the reader is

directed for a description of this aspect of the invention.

4.2.2.1.3.1.4 Other Implementations
The implementations described above for first stage modulator 1328 are
provided for purposes of illustration. These implementations are not intended to
limit the invention. Alternate implementations, differing slightly or substantially

from those described herein, will be apparent to persons skilled in the relevant
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art(s) based on the teachings contained herein. Such alternate implementation
include but are not limited to combinations of the above mentioned
implementations. Such alternate implementations fall within the scope and spirit

of the present invention.

4.2.2.1.3.2  Phase Modulator 1332
Implementation examples for the phase modulator 1332 (FIG. 13L) are
described below.
4.2.2.1.3.2.1. Phase Modulator 1332 as
a Tunable Filter
Phase modulator 1332 (FIG. 13L) can be implemented as a tunable filter.
The implementation of the phase modulator 1332 as a tunable filter is similar to
the implementation of the phase modulator 820 as a tunable filter, which was
described in detail in section 4.2.1.3.2.1 and FIGS. 12A-E. However, for phase
modulator 1332 (in contrast to the phase modulator §20), the modulated signal
1318 controls voltage controlled capacitance device 1206 (instead of second
oscillating signal 806), and first oscillating signal 1310 is the input signal to
capacitor 1202 (instead of modulated signal 412).
4.2.2.1.3.2.2 Other Implementations
The implementation described above for phase modulator 1332 is provided
for purposes of illustration only. These implementation are not intended to limit
the invention. Alternate implementations, differing slightly or substantially from
those described herein, will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein. Such alternate implementations fall

within the scope and spirit of the present invention.

4.2.2.2 Second Embodiment: Generating Redundant
Spectrums by Frequency Modulating an
Oscillating signal With a Modulated Signal
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The following discussion relates to a second embodiment of generating
redundant spectrums by modulating an oscillating signal with a modulated signal.
The second embodiment is to frequency modulate an oscillating signal with a
modulated signal to generate redundant spectrums with substantially the same

information content.

4.2.2.2.1 High Level Description

The following discussion includes an operational process for generating
redundant spectrums by frequency modulating an oscillating signal with a
modulated signal. Also, a structural description for achieving this process is
described herein for illustrative purposes, and is not meant to limit the invention
in any way. In particular, the process described in this section can be achieved
using any number of structural implementations, at least one of which is described
in this section. The details of the structural description will be apparent to those

skilled in the art based on the teachings herein.

4.2.2.2.1.1 Operational Description:

FIG. 13M depicts a flowchart 1334 for generating multiple redundant
spectrums by frequency modulating an oscillating signal with amodulated signal.
In the following discussion, the steps in flowchart 1334 will be discussed in
relation to the example signal diagrams shown in FIGS. 13B-13K. The signal
diagrams illustrated in FIGS. 13B-13K were first discussed in relation to section
4.2.2.1.1.1 (operational description of generating redundant spectrums by phase
modulating an oscillating signal), but are also applicable to the present
embodiment of frequency modulating an oscillating signal with a modulated signal.

In step 302, the modulating baseband signal 308 is accepted. FIG. 13B
illustrates the modulating baseband signal 308, and FIG. 13C illustrates a
corresponding the spectrum 310 and image spectrum 311 for modulating baseband

signal 308. It is noted that step 302, signal 308, and spectrums 310, 311 described
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herein are the same as those described in relation to FIGS. 3A-3D. They are re-
illustrated here for convenience.

In step 1302, a first oscillating signal 1310 (FIG. 13D) is generated. The
first oscillating signal 1310 is preferably a sinewave (but other periodic waveforms
could be used) with a characteristic frequency f;. As such, the first oscillating
signal 1310 has a frequency spectrum 1312 that is substantially a tone at f|
(FIG.13E). Preferably, f; for the first oscillating signal 408 is much higher than the
highest frequency B in the modulating baseband signal spectrum 310, which is
represented by the break 1311 in the frequency axis of FIG. 13E. For example, the
bandwidth B of spectrum 310 is typically on the order of 10 KHz. Whereas, a
typical first oscillating signal f; will on the order of 100 MHZ. These frequency
numbers are given for illustration only, and are not meant to limit the invention in
any way.

Instep 1304, a second oscillating signal 1314 (FIG. 13F) is generated. The
second oscillating signal 1314 is preferable a sinewave (but other periodic
waveforms could be used) with a constant amplitude and characteristic frequency
f,. As such, the second oscillating signal 1314 has a frequency spectrum 1316 that
is a tone at £, (FIG.13G). Preferably, f, for the second oscillating signal 1314 is
substantially higher than the highest frequency B in the modulating baseband
signal spectrum 310, which is represented by the break 1315 in the frequency axis
of FIG. 13E. Also preferably, f, is substantially lower than f, for the first
oscillating signal 1310; which is represented by break 1311 in the frequency axis
of FIG. 13E. For example, the bandwidth B of spectrum 310 is typically on the
order of 10 KHz, and f, for the first oscillating signal is typically on the order of
100 MHZ. Whereas, £, for the second oscillating signal is on the order of 1MHz.
These frequency numbers are given for illustration only, and are not meant to limit
the invention in any way.

In step 1306, the second oscillating signal 1314 is modulated with the
modulating baseband signal 308, resulting in a modulated (mod) signal 1318 (FIG.
13H). The modulated signal 1318 depicts the result of amplitude modulation
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(AM), where the amplitude of the modulating baseband signal 308 has been
impressed on the amplitude of the second oscillating signal 1314. The use of AM
is done for example purposes only, and is not meant to limit the invention in any
way. Any type of modulation scheme could be used including but not limited to:
amplitude modulation (AM), frequency modulation (FM), phase modulation (PM),
etc., or any combination thereof. These modulation schemes were described in
sections 4.2.1.2.1-3, and the reader is referred to the prior sections for additional
details.

The modulated signal 1318 has a corresponding modulated spectrum 1320
(FIG. 13I) that is centered around f,, which is the characteristic frequency of the
second oscillating signal 1314. The modulated spectrum 1320 carries the
necessary information to reconstruct the modulating baseband signal 308. (That
is, the modulated spectrum 1320 carries the necessary amplitude, phase, and
frequency information to reconstruct the modulating baseband signal 308.) The
modulated spectrum 1320 has a generic shape and bandwidth. Those skilled in the
art will recognize that the actual shape and bandwidth of modulated spectrum
1320 will depend on the specific modulating baseband signal 308 and type of
modulation used to modulate the first oscillating signal 1314. Furthermore, the
modulated spectrum 1320 is illustrated to represent double sideband modulation.
Those skilled in the art will recognize how to implement the present invention
using single sideband modulation, etc. based on the discussion given herein.

FIG. 13] illustrates the typical relative frequency locations of: spectrum
310 that corresponds to modulating baseband signal 308; modulated spectrum
1320 that corresponds to modulated signal 1318, and spectrum 1312 that
corresponds to first oscillating signal 1310. Typically, modulated spectrum 1320
exists at a substantially higher frequency than modulating baseband signal
spectrum 310, which is represented by break 1315 in the frequency axis. Also,
typically, first oscillating signal spectrum 1312 exists at a substantially higher
frequency than modulated spectrum 1320, which is represented by break 1311 in

the frequency axis of FIG. 13]. For example, a typical modulating baseband
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spectrum 310 has bandwidth B on the order of 10KHz. Whereas, a typical
modulated spectrum 1320 has a center frequency on the order of IMHz, and a
typical first oscillating signal spectrum 1312 has a center frequency on the order
of 100 MHZ. These frequency values are provided for illustrative purposes only,
and are not limiting. The invention can work with any frequency values.

In step 1336, first oscillating signal 1310 is frequency modulated with
modulated signal 1318. That is, the frequency of the first oscillating signal 1310
is varied as a function of modulated signal 1318, resulting in redundant spectrums
1322a-n (FIG. 13K). The amount of frequency shift implemented per relative unit
change in modulated signal 1318 is arbitrary and is up to the system designer.
Each redundant spectrum 1322a-n independently includes the necessary amplitude,
phase, and frequency information to reconstruct modulating baseband signal 308.

As shown in FIG. 13K, redundant spectrums 1322a-n are substantially
centered around and offset from the first oscillating signal spectrum 1312 at f;;
where first oscillating signal 1312 remains substantially unmodulated. First
oscillating signal spectrum 1312 can be substantially suppressed or attenuated in
step 1308 by optimizing the amount of frequency shift per unit change in
modulated signal 1318 or other frequency/phasing shifting techniques, as is well
known to those skilled in the art(s). Also, each redundant spectrum 1322a-n is
offset from f, by approximately a multiple of f, (Hz), where f, is the frequency of
the second oscillating signal. Thus, each redundant spectrum 1332a-n is offset
from each other by f, (Hz).

As stated earlier, example values for f, and f, are on the order of 100 MHZ
and IMHz, respectively. As such, in one example, spectrums 1322b-¢ are located
at98 MHZ, 99 MHZ, 101 MHZ, and 102 MHZ, respectively. As such, according
this numerical example, spectrums 1322b-€ occupy a bandwidth of approximately
4 MHZ that is centered around 100 MHZ: which can be sufficiently narrowband
to use commercially under the rules of the appropriate governmental or
administrative agency (i.e. the FCC or the equivalent thereof). These numerical

examples are given for illustration purposes only, and are not meant to limit this
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invention in any way. Those skilled in the art will recognize that the invention
could be operated at other frequencies based on the discussion herein.

In step 306, redundant spectrums 1322a-d are transmitted over a
communications medium. It is expected, but not required, that the redundant
spectrums 1322a-n would be generated at first location and sent to a second
location over the communications medium. At the second location, the redundant
spectrums would be processed to reconstruct modulating baseband signal 308.
In one embodiment, the communications medium is a wireless communications
link.

As stated above, each redundant spectrum 1322a-n at least substantially
or entirely contains a copy of the information in spectrum 310. As such, even if
one or more of the redundant spectrums 1322a-n are corrupted by a jamming
signal in the communications medium, the modulating baseband signal 308 can still
be recovered from any of the other redundant spectrums 1322a-n that have not

been corrupted.

4.2.2.2.1.2  Structural Description

FIG. 13N illustrates a block diagram of generator 1338, which is one
embodiment of generator 318 according to the present invention. Generator 1338
comprises firstoscillator 1330, second oscillator 1326, first stage modulator 1328,
and frequency modulator 1340. Generator 1338 accepts a modulating baseband
signal 308 and generates multiple redundant spectrums 1322a-n in the manner
shown in operational flowchart 1334. In other words, the generator 1338 is a
structural embodiment for performing the operational steps in flowchart 1334
(FIG. 13M). However, it should be understood that the scope and spirit of the
present invention includes other structural embodiments for performing steps in
flowchart 1334. The specifics of these other structural embodiments will be
apparent to persons skilled in the relevant art(s) based on the discussion contained
herein. Flowchart 1334 will be re-visited to further illustrate the present invention

in view of the structural components in generator 1338.
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In step 302, first stage modulator 1328 accepts the modulating baseband
signal 308.

In step 1302, first oscillator 1330 generates the first oscillating signal
1310. Preferably, first oscillating signal 1310 is substantially a sinusoid (although
other periodic waveforms can used) with a characteristic frequency f,.

In step 1304, second oscillator 1326 generates second oscillating signal
1314. The second oscillating signal 1314 is preferably a sinewave (although other
waveforms could be used) with a characteristic frequency f,.

In step 1306, the first stage modulator 1328 modulates the second
oscillating signal 1314 with the modulating baseband signal 308, resulting in a
modulated (mod) signal 1318, with a corresponding modulated spectrum 1320
that is centered at f,. As discussed earlier, first stage modulator 1328 can be any
type of modulator including but not limited to: an amplitude modulator, a
frequency modulator, a phase modulator, etc., or a combination thereof.

In step 1336, frequency modulator 1338 frequency modulates the first
oscillating signal 1310 with modulated signal 1318. In other words, frequency
modulator 1338 shifts the phase of the first oscillating signal 1310 as a function
of modulated signal 1318, resulting in redundant spectrums 1322a-n. The degree
of phase shift per relative unit change in modulated signal 1318 is arbitrary, and
up to the system designer.

Each redundant spectrum 1332a-n includes a copy of the necessary
information to reconstruct the modulating baseband signal 308. That is, each
redundant spectrum contains the necessary amplitude, phase, and frequency
information to reconstruct the modulating baseband signal 308.

In step 306, (optional) medium interface module 320 (FIG. 3F) transmits
the redundant spectrums 1322a-n over a communications medium 322. It is
expected, but not required, that the redundant spectrums 1322a-n are generated
at a first location and sent to a second location over the communications medium.

At the second location, the redundant spectrums are processed to reconstruct the
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modulating baseband signal 308. In one embodiment, the communications medium
322 is a wireless communications link.

As stated above, each redundant spectrum 1322a-n at least substantially
or entirely contains a copy of the information necessary to reconstruct the
modulating baseband signal 308. As such, even if one or more of the redundant
spectrums 1322a-n are corrupted by a jamming signal in the communications
medium 322, the modulating baseband signal 308 can still be recovered from any

of the other redundant spectrums 1322a-n that have not been corrupted.

4.2.2.2.2 Example Component(s) of the
Embodiment(s)

The following section and subsections describe various embodiments
related to the method(s) and structure(s) for generating redundant spectrums by
frequency modulating an oscillating signal with a modulated signal. These
embodiments are described herein for purposes of illustration, and not limitation.
The invention is not limited to these embodiments. Alternate embodiments
(including equivalents, extensions, variations, deviations, etc., of the embodiments
described herein) will be apparent to persons skilled in the relevant art(s) based of
the teachings contained herein. The invention is intended and adapted to include

such alternate embodiments.

4.2.2.2.2.1 First Stage Modulator
Example embodiments of step 1306 in flowchart 1334 (FIG. 13M), and the
first stage modulator 1328 include but are not limited to the use of: amplitude

modulation, frequency modulation, phase modulation, and other types of

422.1.2.12, 422.1.2.1.3, 42.2.1.2.1.4 respectively; to which the reader is
directed for a description of this aspect of the invention. Alternate embodiments,

differing slightly or substantially from those described herein, will be apparent to
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those skilled in the art(s) based on the discussion given herein. Such alternate

embodiments fall within the scope and spirit of the present invention.

4.2.2.2.3 Implementation Examples
Exemplary operational and/or structural implementations related to the
5 method(s), structure(s), and/or embodiments described above are presented in this
section (and its subsections). These implementations are presented herein for
purposes of illustration, and not limitation. The invention is not limited to the
particular implementation examples described herein. Alternate implementations
(including equivalents, extensions, variations, deviations, etc., of those described
10 herein) will be apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. Such alternate implementations fall within the scope

and spirit of the present invention.

4.2.2.2.3.1  FirstStage Modulator 1328
Implementation examples for the first stage modulator 1328 (FIG. 13N)
15 are described below.

4.2.2.2.3.1.1 AM Modulator as
a Variable Gain
Transistor

Amplifier
20 As described in section 4.2.2.2.2.1, the first stage modulator 1328 can be

an AM modulator. An AM modulator can be implemented as a variable gain
transistor amplifier, which is described in detail in section 4.2.1.3.1.1 and FIG.9,

to which the reader is directed for a description of this aspect of the invention.

4.2.2.2.3.1.2 FM Modulator as
25 a Voltage
Controlled

Oscillator
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As described in section 4.2.2.2.2.1, the first stage modulator 1328 can be

a FM modulator. An FM modulator can be implemented as a voltage controlled

crystal oscillator (VCXO), which is described in detail in section 4.2.1.3.1.2 and

FIG. 10, to which the reader is directed for a description of this aspect of the
invention.

4.2.2.2.3.1.3 PM Modulator as

_ a Tunable Filter

As described in section 4.2.2.2.2.1., first stage modulator 1328 can be a

PM modulator. A PM modulator can be implemented as a tunable filter, which is

described in detail in section 4.2.1.3.2.1 and FIGS. 11A-E, to which the reader is

directed for a description of this aspect of the invention.

4222314 O t h e r

Implementations
The implementations described above for first stage modulator 1328 are
provided for purposes of illustration. These implementations are not intended to
limit the invention. Alternate implementations, differing slightly or substantially
from those described herein, will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such alternate implementation
include but are not limited to combinations of the above mentioned
implementations. Such alternate implementations fall within the scope and spirit

of the present invention.

4.2.2.2.3.2  Frequency Modulator 1340
Implementation examples for frequency modulator 1340 (FIG. 13N) are

described below.

4222321 Frequency
Modulator 1340 as
a VCXO0
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Frequency Modulator 1340 (FIG. 13N) can be implemented as a voltage
controlled crystal oscillator (VCXO). The implementation of frequency modulator
1340 as a VCXO is similar to the implementation of FM modulator 612 as a
VCXO, which was fully described in section 4.2.1.3.1.2, and FIG. 10. Those
skilled in the arts will recognize how to implement frequency modulator 1340 as

a VCXO based on the discussion in section 4.2.1.3.1.2, and FIG. 10.

4.2.2.2.3.2.2.0ther

Implementations
The implementation described above for frequency modulator 1340 is
provided for purposes of illustration only. These implementation are not intended
to limit the invention. Alternate implementations, differing slightly or substantially
from those described herein, will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such alternate implementations
include but are not limited to voltage controlled oscillators that do not utilize a
crystal for a frequency reference. Such alternate implementations fall within the

scope and spirit of the present invention.

4.2.2.3 Other Embodiments:

The embodiments described above in sections 4.2.2.1 and 4.2.2.2 (for
generating redundant spectrums by modulating an oscillating signal with a
modulated signal ) are provided for purposes of illustration. These embodiments
are not intended to limit the invention. Alternate embodiments, differing slightly
or substantially from those described above, will be apparent to those skilled in the
arts based on the teachings given herein. Such alternate embodiments include, but
are not limited to: generating redundant spectrums by amplitude modulating an
oscillating signal with a modulated signal: and generating redundant spectrums by
using any other modulation technique to modulate an oscillating signal with a
modulated signal. FIG. 13N-1 illustrates a generalized structural embodiment to

summarize the embodiments described in section 4.2.2 and the related subsections.
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FIG. 13N-1 includes a second stage modulator 1341 that modulates first
oscillating signal 1310 with a modulated signal 1318. As discussed in sections
4.2.2.1 and 4.2.2.2, second stage modulator 1341 is preferably a phase modulator
or a frequency modulator, but may also be an amplitude modulator or any other

type of modulator (or device) that will generate redundant spectrums 1322a-n.

4.2.3 Generating Redundant Spectrums by Modulating a First
Modulated signal with a Second Modulated signal.

The following discussion relates to modulating a first modulated (first
mod) signal with a second modulated (second mod) signal to generate redundant
spectrums with substantially the same information content. This embodiment
allows for a single set of redundant spectrums to carry the necessary information

to reconstruct two distinct modulating baseband signals.

4.23.1 High Level Description

The following discussion includes an operational process for generating
redundant spectrums by modulating a first modulated signal with a second
modulated signal. Preferably, the first modulated signal is phase or frequency
modulated with the second modulated signal; although other types of modulation
could be used including but not limited to AM modulation. Also, a structural
description for achieving this process is described herein for illustrative purposes,
and is not meant to limit the invention in any way. In particular, the process
described in this section can be achieved using any number of structural
implementations, at least one of which is described in this section. The details of
the structural description will be apparent to those skilled in the art based on the

teachings herein.

4.2.3.1.1 Operational Description:
FIG. 130 depicts a flowchart 1342 for generating multiple redundant

spectrums by modulating a first modulated signal with a second modulated signal.
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In the following discussion, the steps in flowchart 1342 will be discussed in
relation to the example signal diagrams shown in FIGS. 13P-13V.

In step 1344, a first modulating baseband signal 1360 (FIG. 13P) is
accepted. First modulating baseband signal 1360 is illustrated as a digital signal for
example purposes only, and could be an analog signal as is well known to those
skilled in the art(s).

In step 1346, a second modulating baseband signal 1366 (FIG. 13S) is
accepted. Second modulating baseband signal 1366 is illustrated as an analog
signal for example purposes only, and could be an digital signal as is will be
understood by those skilled in the art(s).

In step 1348, a first oscillating signal 1362 (FIG. 13Q) is generated. The
first oscillating signal 1362 is preferably a sine wave (but other periodic
waveforms could be used) with a characteristic frequency f,. Preferably, f, for the
first oscillating signal is much higher than the highest frequency of the first
modulating baseband signal 1360.

In step 1350, a second oscillating signal 1368 (FIG. 13T) is generated. The
second oscillating signal 1368 is preferably a sine wave (but other periodic
waveforms could be used) with a characteristic frequency f,. Preferably, f, for the
second oscillating signal 1368 is much higher than the highest frequency of the
second modulating baseband signal 1366, but is substantially lower than f, for the
first oscillating signal 1362.

In step 1352, the first oscillating signal 1362 is modulated with the first
modulating baseband signal 1360, resulting in first modulated (mod) signal 1364
(FIG. 13R). The first modulated signal 1364 depicts the result of amplitude
modulation, where the amplitude of first modulating baseband signal 1360 is
impressed on the first oscillating signal 1362. The illustration of AM is meant for
example purposes only, and is not meant to limit the invention in any way. Any
type of modulation can be implemented including but not limited to: amplitude

modulation (AM), frequency modulation (FM), phase modulation (PM), etc., or
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any combination thereof. These various modulation schemes were explored in
sections: 4.2.1.2.1.1- 4.2.1.2.1.3.

In step 1354, the second oscillating signal 1368 is modulated with the
second modulating baseband signal 1366, resulting in second modulated (mod)
signal 1370 (FIG. 13U). The second modulated signal 1370 depicts the result of
amplitude modulation, where the amplitude of second modulating baseband signal
1366 is impressed on the second oscillating signal 1368. The illustration of AM
is meant for example purposes only, ahd is not meant to limit the invention in any
way. Any type of modulation can be implemented including but not limited to:
amplitude modulation (AM), frequency modulation (FM), phase modulation (PM),
etc., or any combination thereof. These various modulation schemes were
explored in sections: 4.2.1.2.1.1- 4.2.1.2.1.3.

Instep 1356, the first modulated signal 1364 is modulated with the second
modulated signal 1370, resulting in redundant spectrums 1372a:n (FIG. 13V).
Preferably, the first modulated signal is phase modulated or frequency modulated
with the second modulated signal; although other modulation techniques could be
used including but not limited to amplitude modulation. In other words,
preferably, the phase or frequency of the first modulated signal is varied as a
function of the second modulated signal.

Each redundant spectrum 1372a-n includes the necessary amplitude, phase,
and frequency information to substantially reconstruct the second modulating
baseband signal 1366. Furthermore, the amplitude level of redundant spectrums
1372a-n will fluctuate (in mass) between discrete levels over time because first
modulated signal 1364 is the result of AM modulation using digital modulating
baseband signal 1360. As such, the fluctuating power level of redundant spectrums
1372a-n carries the information to reconstruct modulating baseband signal 1360.

In step 1358, (optional) medium interface module 320 transmits the
redundant spectrums 1372a-n over communications medium 3222. It is expected
but not required that the redundant spectrums 1372a-n would be generated at a

first location and sent to a second location over the communications medium. At
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the second location, the redundant spectrums 1372a-n would be processed to
reconstruct the first modulating baseband signal 1360 and the second modulating
baseband signal 1366. In one embodiment, the communications medium is a

wireless communications link.,

4.2.3.1.2 Structural Description

FIG. 13W illustrates a block diagram of generator 1374, which is one
embodiment of generator 318 according to the present invention. Generator 1374
comprises first oscillator 1376, second oscillator 1382, first stage modulator 1378,
first stage modulator 1384, and second stage modulator 1380. Generator 1374
accepts first modulating baseband signal 1360, and second modulating baseband
signal 1366, and generates multiple redundant spectrums 1372a-n in the manner
shown in operational flowchart 1342. In other words, the generator 1374 is a
structural embodiment for performing the operational steps in flowchart 1342.
However, it should be understood that the scope and spirit of the present
invention includes other structural embodiments for performing steps in flowchart
1342. The specifics of these other structural embodiments will be apparent to
persons skilled in the relevant art(s) based on the discussion contained herein.
Flowchart 1342 will be re-visited to further illustrate the present invention in view
of the structural components in generator 1374.

In step 1344, the first stage modulator 1378 accepts first modulating
baseband signal 1360 (FIG. 13P) . First modulating baseband signal 1360 is
illustrated as digital signal for example purposes only, and could be an analog
signal as is well known to those skilled in the art(s).

In step 1346, the first stage modulator 1384 accepts second modulating
baseband signal 1366 (FIG. 13S). The second modulating baseband signal 1366
isillustrated as an analog signal for example purposes only, and could be an digital
signal as is well known to those skilled in the art(s).

In step 1348, first stage modulator 1378 generates the first oscillating
signal 1362 (FIG. 13Q). The first oscillating signal 1362 is preferably a sine wave
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(but other periodic waveforms could be used) with a characteristic frequency f.
Preferably, f, for the first oscillating signal is much higher than the highest
frequency of the first modulating baseband signal 1360.

In step 1350, oscillator 1382 generates the second oscillating signal 1368
(FIG. 13T). The second oscillating signal 1368 is preferably a sine wave (but other
periodic waveforms could be used) with a characteristic frequency f,. Preferably,
f, for the second oscillating signal 1368 is much higher than the highest frequency
of the second modulating baseband signal 1366, but is substantially lower than f
for the first oscillating signal 1362.

In step 1352, the first stage modulator 1378 modulates first oscillating
signal 1362 with the first modulating baseband signal 1360, resulting in first
modulated signal 1364 (FIG. 13R). The first modulated signal 1364 depicts the
result of amplitude modulation, where the amplitude of first modulating baseband
signal 1360 is impressed on the first oscillating signal 1362. The illustration of
AM is meant for example purposes only, and is not meant to limit the invention
inany way. Any type of modulation can be implemented including but not limited
to: amplitude modulation (AM), frequency modulation (FM), phase modulation
(PM), etc., or any combination thereof. These various modulation schemes were
explored in sections: 4.2.1.2.1.1- 4.2.1.2.1.3.

In step 1354, the first stage modulator 1384 modulates the second
oscillating signal 1368 with the second modulating baseband signal 1366, resulting
insecond modulated (mod) signal 1370 (FIG. 13U). The second modulated signal
1370 depicts the result of amplitude modulation, where the amplitude of second
modulating baseband signal 1366 is impressed on the second oscillating signal
1368. The illustration of AM is meant for example purposes only, and is not
meant to limit the invention in any way. Any type of modulation can be
implemented including but not limited to: amplitude modulation (AM), frequency
modulation (FM), phase modulation (PM), etc., or any combination thereof. These

various modulation schemes were explored in sections: 4.2.1.2.1.1- 4.2.1.2.1.3.
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In step 1356, the second stage modulator 1380 modulates first modulated
signal 1364 with the second modulated signal 1370, resulting in redundant
spectrums 1372a-n (FIG. 13V). Preferably, second stage modulator 1380 is a
phase or frequency modulator; although other types of modulators could be used
including but not limited to an AM modulator. As such, preferably, second stage
modulator 1380 phase modulates or frequency modulates the first modulated
signal 1364 with the second modulating signal 1370 to generate redundant
spectrums 1372a-n. |

Each redundant spectrum 1372a-n includes the necessary amplitude, phase,
and frequency information to substantially reconstruct the second modulating
baseband signal 1366. Furthermore, the amplitude level of redundant spectrums
1372a-n will fluctuate (in mass) between discrete levels over time because first
modulated signal 1364 is the result of AM modulation using digital modulating
baseband signal 1360. As such, the fluctuating power level of redundant spectrums
1372a-n carries the information to reconstruct modulating baseband signal 1360.

In step 1358, the (optional) medium interface module 320 generates
redundant spectrums 1372a-n are transmitted over a communications medium. It
is expected but not required that the redundant spectrums 1372a-n would be
generated ata first location and sent to a second location over the communications
medium. At the second location, the redundant spectrums 1372a-n would be
processed to reconstruct the first modulating baseband signal 1360 and the second
modulating baseband signal 1366. In one embodiment, the communications
medium is a wireless communications link, and the (optional) medium interface

module 320 is an antenna.

5.0 Spectrum Processing Prior To Transmission Over a Communications
medium
As discussed, the present invention generates redundant spectrums that
have substantially the same information content; where each redundant spectrum

contains the necessary amplitude, phase, and frequency information to reconstruct
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the modulating baseband signal. It is expected but not required that the redundant
spectrums would be generated at a first location and transmitted over a
communications medium to a second location. The number of redundant
spectrums generated by the present invention is arbitrary and can be unlimited.
However, the typical communications medium will have a physical and/or
administrative (i.e. FCC regulations) bandwidth limitation that will restrict the
number of redundant spectrums that can be practically transmitted over the
communications medium. Also, there may be other reasons to limit the number of
spectrums to be transmitted. Therefore, preferably, the redundant spectrums are

processed prior to transmission over a communications medium.

5.1  High Level Description

This section (including its subsections) provides a high level description
of processing redundant spectrums prior to transmission over a communications
medium according to the present invention. In particular, an operational
description of processing the redundant spectrums is described at a high level.
Also, a structural implementation is described herein for illustrative purposes only,
and is not limiting. In particular, the process described in this section can be
achieved using any number of structural implementations, one of which is
described in this section. The details of the possible structural implementations will

be apparent to those skilled in the relevant art(s) based on the teachings herein.

5.1.1 Operational Description
FIG. 14A depicts flowchart 1400 for processing redundant spectrums
according to an embodiment of the present invention. The steps in flowchart 1400
will be discussed in relation to the example signal diagrams in FIGs. 14B-C. It is
expected but not required that step 1402 would be performed after step 304 and
before step 306 of FIG. 3A. That is, it is expected that the steps would be

performed after the redundant spectrums are generated but before the redundant
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spectrums are sent over a communications medium. Steps 304 and 306 are
included below for convenience.

In step 302, a modulating baseband signal 308 (FIG. 3B) is accepted with
corresponding spectrum 310 (FIG. 3C).

In step 304, redundant spectrums 312a-n (FIG. 14B) are generated.
Redundant spectrums 312a-n were first illustrated in FIG. 3E, and are presented
inFIG. 14B for convenience. As discussed earlier, each redundant spectrum 312a-
n has the necessary amplitude, and phase information to substantially reconstruct
modulating baseband signal 308.

In step 1402, redundant spectrums 312a-n are processed, resulting in
spectrums 1404b-n (FIG. 14C), which are a subset of redundant spectrums 312a-
n. That is, there is at least one less redundant spectrum 1404b-n when compared
with redundant spectrums 312a-n. Although FIGS. 14B-C suggest that only
spectrum 312a was removed, any spectrum or subset of spectrums 312a-n could
be removed. Preferably, spectrum removal in step 1402 is achieved using a
filtering operation, which will be described in more detail in following subsections.
The spectrum removal need not be complete as long as the spectrum energy in the
removed spectrum is sufficiently attenuated so as to be negligible compared to the
remaining spectrums 1404b-n. Furthermore, the "a-n" designation is used for
convenience only and puts no limitation on the number of spectrums in redundant
spectrums 312a-n. In other words, "n" is a variable. Likewise, the "b-n"
designation puts no limitation on the number of spectrums in 1404b-n.

In step 306, redundant spectrums 1404b-n are transmitted over a
communications medium. It is expected, but not required, that redundant
spectrums 1404b-n are generated at a first location and sent to a second location
over the communications medium. At the second location, the redundant
spectrums are processed to reconstruct the modulating baseband signal 308. In

one embodiment, the communications medium is a wireless communications link.
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5.1.2 Structural Description

FIG. 14D illustrates a block diagram of transmission system 1406.
Transmission system 1406 includes: generator 318, spectrum processing module
1408, and (optional) medium interface module 320 according to one embodiment
ofthe present invention. Transmission system 1406 accepts a modulating baseband
signal 308 and transmits redundant spectrums 1404b-n in a manner shown in
flowchart 1400. In other words, the transmission system 1406 is a structural
embodiment for performing the operational steps in flowchart 1400. However, it
should be understood that the scope and spirit of the present invention includes
other structural embodiments for performing steps in flowchart 1400. The
specifics of these other structural embodiments will be apparent to persons skilled
in the relevant art(s) based on the discussion contain herein. Flowchart 1400 will
re-visited to further illustrate the present invention in view of the structural
components in transmission system 1406.

In step 302, generator 318 accepts modulating baseband signal 308 (FIG.
3B) that has the corresponding spectrum 310 (FIG. 3C).

In step 304, generator 318 generates redundant spectrums 312a-n (FIG.
14B). Redundant spectrums 312a-n were first illustrated in FIG. 3E, and are
presented in FIG. 14B for convenience. As discussed earlier, each redundant
spectrum 312a-n has the necessary amplitude and phase information to
substantially reconstruct modulating baseband signal 308.

In step 1402, spectrum precessing module 1408 processes redundant
spectrums 312a-n, resulting in redundant spectrums 1404b-n (FIG. 14C), which
are a subset of redundant spectrums 312a-n. That is, preferably, there is at least
one less redundant spectrum 1404b-n than in redundant spectrums 312a-n (in
other embodiments no spectrums are deleted).

In step 306, (optional) medium interface module 320 transmits redundant
spectrums 1404b-n over communications medium 322. It is expected, but not
required, that redundant spectrums 1404b-n would be generated at a first location

and sent to a second location over communications medium 322. At the second
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location, the redundant spectrums would be processed to reconstruct the
modulating baseband signal 308. In one embodiment, the communications medium

322 is a wireless communications link.

5.2 Example Embodiments:

Various embodiments related to the method(s) and structure(s) described
above are presented in this section (and its subsections). These embodiments are
described herein for purposes of illustration, and not limitation. The invention is
not limited to these embodiments. Alternate embodiments (including equivalents,
extensions, variations, deviations, etc., of the embodiments described herein) will
be apparent to persons skilled in the relevant art(s) based on the teachings
contained herein. The invention is intended and adapted to include such alternate

embodiments.

5.2.1 First Embodiment Processing Redundant Spectrums

The following discussion relates to an operational and structural
embodiment for processing redundant spectrums. Redundant spectrums can be
generated in at least two configurations. In one configuration, the redundant
spectrums are a continuous (and unbroken) string of redundant spectrums as is
illustrated by redundant spectrums 1508a-n in FIG. 15B. In an alternative
configuration, the redundant spectrums are centered on, and offset from, an
unmodulated spectrum (or tone) as is illustrated by spectrums 1602a-n in FIG.
16A. The processing of both configurations will be described concurrently in the
following discussion. Other configurations may be possible and are within the

scope and spirit of the present invention.

5.2.1.1 Operational Description
FIG. 15A depicts flowchart 1500 for processing redundant spectrums
according to one embodiment of the present invention. As such, flowchart 1500

includes an expansion of step 1402 in flowchart 1400. The steps in flowchart 1500
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will be discussed in relation to the example signal diagrams shown in FIG. 15B-D,
and the signal diagrams shown in FIGS. 16A-D.

In step 304, redundant spectrums are generated. This step was first
discussed in FIG. 3A, but is repeated here for convenience. FIG. 15B illustrates
redundant spectrums 1508a-n, which are a continuous and unbroken string of
redundant spectrums that are centered at f, (Hz), and offset from f; (Hz) by a
multiple of f, (Hz). An alternative configuration of redundant spectrums is
illustrated in FIG. 16A. FIG. 16A illustrates redundant spectrums 1602a-n which
are centered on an oscillating signal spectrum 1604, where oscillating signal 1604
is substantially unmodulated. Other configurations are possible and are within the
scope and spirit of the present invention. Breaks 1507 and 1601 in the frequency
axises of FIGS. 15B and 16A indicate that spectrums 1508a-n and 1602a-n are
located above baseband frequencies.

In step 1502, a subset of redundant spectrums is selected. FIG. 15C
illustrates subset 1509, which includes spectrums 1508c¢,d that are centered at f,
and (f,+f,), respectively. FIG. 16 illustrates subset 1606, which includes spectrums
1602c¢,d and oscillating signal spectrum 1604. The redundant spectrums selected
for the subsets 1509 and 1606 are completely arbitrary, and dependent on system
design consideration. In other words, the selection of spectrums 1508c,d in subset
1509, and the selection of spectrums 1602¢,d in subset 1606 is meant for
illustration purposes only and not meant to limit the invention in any way. Other
spectrums could have been chosen as is well known to those skilled in the art(s).
Furthermore, the number of redundant spectrums in the subsets 1509 and 1606 is
not limited to two; greater or fewer redundant spectrums could be chosen.
However, there may be a practical bandwidth limitation to the number of
redundant spectrums that should be selected if the subset of spectrums is to be
transmitted over a communications medium, as is well known to those skilled in
the art(s).

In step 1503, oscillating signal spectrum 1604 is attenuated as shown in

FIG. 16C. Step 1503 is only applicable to redundant spectrums that contain an
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unmodulated spectrum, such as oscillating signal spectrum 1604 in FIG. 16B.
Even when step 1503 is applicable, it is optional based on the choice of the system
designer. This is indicated by the dotted line representation for step 1503 in
flowchart 1500. Step 1503 is optional because there may be advantages to
transmitting an unmodulated spectrum (or tone) along with the redundant
spectrums. One advantage being that an unmodulated tone can be used as a
frequency reference at the receiver for coherent detection configurations, as is well
known to those skilled in the art(s).

Instep 1504, the subset of redundant spectrums is upconverted to a higher
frequency. FIG. 15D illustrates subset redundant spectrums 1508c,d, and also
includes redundant spectrums 1508a,b,n. Redundant spectrums 1508a,b,n are
included (despite being removed in step 1502) in order to illuminate the bandwidth
effects of up-converting a large string a redundant spectrums, which may not be
apparent if only two spectrums were discussed. FIG. 16E illustrates subset
redundant spectrums 1608c,d, and additional spectrums 1608a,n for similar
reasoning. The bandwidth effect of upconverting redundant spectrums varies
depending on whether the redundant spectrums were generated using frequency
modulation. It will be shown below that upconverting redundant spectrums that
were generated with frequency modulation (hereinafter referred to as FM-related
spectrums) results in upconverted spectrums that occupy a larger frequency
bandwidth when compared with the up-conversion of non-FM related spectrums.

FIG. 15E illustrates redundant spectrums 151 0Oa-n, which results from up-
converting spectrums 1508a-n that are non-FM related. Redundant spectrums
1510a-n contain substantially the same information as redundant spectrums 1508a-
n, and thus can be used to reconstruct the modulating baseband signal 308. But,
redundant spectrums 1510a-n are located at higher frequencies relative to
spectrums 1508a-n, which is represented by the relative placement of break 1511
in the frequency axises of FIGS. 15D and 15E. FIG. 15F illustrates redundant
spectrums 1522a-n, which result from upconverting redundant spectrums 1508a-n

that are FM related. Redundant spectrums 1522a-n also contain substantially the
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same information as redundant spectrums 1508a-n, and can be used to reconstruct
the modulating baseband signal 308..

Referring to FIGS. 15E and 15F, the difference between FM related
spectrums 1522a-n (FIG. 15F) and non-FM related spectrums 1510a-n (FIG. 15E)
is that the frequency bandwidth occupied by FM related spectrums 1522a-n is
larger than that of non-FM related spectrums 1510a-n. This occurs because the
frequency spacing between FM related spectrums 1522a-n has increased by the
frequency multiplication factor ("m" in FIGS. 15E-F) relative to the frequency
spacing of spectrums 1508a-b. This effect does not occur for non-FM related
spectrums 1510a-n, and can be seen by comparing spectrums 1510a-n (FIG. 15E)
to that of spectrums 1522a-n (FIG. 15F).

For example, FM-related spectrums 1522¢,d are located at mf, (Hz) and
mf,+mf, (Hz), respectively. Thus, the frequency spacing between FM related
spectrums 1522¢,d is mf, (Hz) Whereas, non-FM related spectrums 1510c¢,d are
located at mf, and mfi+f,, respectively, for a frequency spacing of f, (Hz). The
overall result is that up-conversion of non-FM related spectrums does not
increase the bandwidth occupied by the resulting upconverted spectrums.
Whereas, the up-conversion of FM related spectrums increases the bandwidth
occupied by the resulting up-converted spectrums by a factor of "m", where "m"
is the frequency multiplication factor implemented by the up-conversion.

The bandwidth spreading effect described above also applies to spectrums
1602a-n that are centered on unmodulated spectrum 1604, shown in FIG. 16D.
FIG. 16E illustrates redundant spectrums 1608a-n, which result from upconverting
redundant spectrums 1602a-n that are non-FM related. And, FIG. 16F illustrates
redundant spectrums 1610a-n, which result from upconverting redundant
spectrums 1602a-n that are FM related.

An advantage of upconverting redundant spectrums is that frequency up-
conversion facilitates transmission over a communications medium as is well

known to those skilled in the art(s). This particularly so for wireless links, where
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relative antenna size requirements vary inversely with frequency of the signal to
be transmitted.

In step 1506, redundant spectrums 1510c,d and/or spectrums 1608c,d are
amplified. Typically this is done to boost signal power prior to transmission over
a communications medium.

In step 306, redundant spectrums 1510c,d and/or spectrums 1608c,d are
transmitted over acommunications medium. An advantage of transmitting a subset
of the full set of redundant spectrums is that the channel bandwidth requirements
to carry the redundant spectrums is reduced. The bandwidth reduction can be
substantial since the number of redundant spectrums generated in step 304 can be
unlimited.

As stated earlier, flowchart 1500 contains an expansion of step 1402 in
flowchart 1400. Specifically, steps 1502-1506 are an expansion of step 1402.
Steps 1502-1506 are all independent and optional steps for processing redundant
spectrums after generation. As such, one or more of steps 1502-1506 can be

eliminated, and/or the order of operation of the steps can be changed.
5.2.1.2 Structural Description

FIG. 15G illustrates a block diagram of spectrum processing module 1520,
which is one embodiment of spectrum processing module 1408. Spectrum
processing module 1520 includes: filter 1512, center frequency suppressor 1514,
multiplier 1516, and amplifier 1518, according to one embodiment of the present
invention. Spectrum processing module 1408 is one structural embodiment for
performing the operational steps in flowchart 1500. However, it should be
understood that the scope and spirit of the present invention includes other
structural embodiments for performing steps in flowchart 1500. The specifics of
these other structural embodiments will be apparent to persons skilled in the

relevant art(s) based on the discussion contain herein. Flowchart 1500 will re-
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visited to further illustrate the present invention in view of the structural
components in the spectrum processing module1408.

In step 304, generator 318 generates redundant spectrums. FIGS. 15B and
16A illustrates two distinct configurations of redundant spectrums which can be
generated. FIG.15B illustrates redundant spectrums 1508a-n that are a continuous
string of redundant spectrums. FIG. 16A illustrates redundant spectrums 1602a-n
that are centered on a substantially unmodulated oscillating signal 1604. Other
configurations are possible and are within the scope and spirit of the present
invention.

In step 1502, filter 1512 selects a subset of redundant spectrums. The
passband of filter 1512 determines which redundant spectrums are selected, and
the passband is tunable by changing the effective reactance of one or more of the
filter components as was described in section 4.2.1.3.1.3. FIG. 15C illustrates a
passband 1509 containing redundant spectrums 1508c,d. FIG. 16B illustrates a
passband 1606 containing redundant spectrums 1602c¢,d and oscillating signal
1604. FIGS.15C and 16B suggest that filter 1512 is a bandpass filter. However,
those skilled in the art will recognize that high pass filters, low pass filters, or
other known filter combinations would be useful for filtering redundant spectrums
to select a subset of redundant spectrums. These other filter configurations are
within the scope and spirit of the present invention.

In step 1503, center frequency suppressor 1514 attenuates first oscillating
signal spectrum 1604 as shown in FIG. 16C. Center frequency suppressor 1514
is applicable to redundant spectrums that contain an unmodulated spectrum, such
as unmodulated oscillating signal spectrum 1604 in FIG. 16B. Even when center
frequency suppressor 1514 is applicable, it is optional because an unmodulated
spectrum (or tone) may be ignored or used as a frequency reference at the receiver
for coherent detection systems. Center frequency suppressor 1514 is typically a
bandstop filter that has a stop band 1603 that encompasses oscillating signal
spectrum 1604, but not the adjacent redundant spectrums 1602c.d, as is illustrated

inFIG. 16C. Other filter configurations may be useful including but not limited to
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acombination of lowpass and highpass filter as will be understood by those skilled
inthe art(s) based on the discussion given herein. Furthermore, phasing techniques
can be implemented during redundant spectrum generation to attenuate first
oscillating signal spectrum 1604 as was discussed in section 4.2.2.1.1.1.

In step 1504, up-converter 1516 upconverts the redundant spectrums to
a higher frequency. FIG. 15E illustrates redundant spectrums 1510a-n which
results when redundant spectrums 1508a-n are non-FM related spectrums. FIG.
15F illustrates redundant spectrums 1522a-n which results when redundant
spectrums 1508a-n are FM-related spectrums. It will be noted spectrums 1522a-n
occupy a bandwidth larger than that of spectrums 1508a-n by a factor of m, where
m is the frequency multiplication factor associated with the up-conversion.
Similarly, FIG. 16E illustrates redundant spectrums 1608a-n which results when
spectrums 1602a-n are non-FM related. FIG. 16F illustrates redundant spectrums
1610a-n which results when spectrums 1610a-n are FM related.

Upconverted redundant spectrums 1510a-n (FIG. 15E) and spectrums
1522a-n are located at frequencies that are a multiple of the frequency locations
of redundant spectrums 1508a-n. This would suggest that up-converter 1516 is
a frequency multiplier. This is but one embodiment, other up-converters could be
used including but not limited to frequency mixers. Frequency mixers are capable
of up-converting redundant spectrums to higher frequencies that are not multiples
of the lower frequencies as will be understood by those skilled in the art(s) based
on the discussion given herein.

In step 1506, amplifier 1518 amplifies redundant spectrums 1510a,b.
Likewise for spectrums 1608a,b. Typically this is done to boost signal power prior
to transmission over a communications medium.

In step 306, (optional) medium interface module 320 transmits redundant
spectrums 1510a,b and/or spectrums 1608a,b over the communications medium
322. The effect of selecting a subset of redundant spectrums for transmission is
that the channel bandwidth occupied by the transmitted spectrums is reduced

compared with that occupied by the redundant spectrums generated in step 304.
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The bandwidth reduction can be substantial since the number of redundant
spectrums generated in step 304 can be unlimited. Furthermore, the number of
redundant spectrums in the subset can be optimized so the occupied bandwidth
will be sufficiently narrow that the subset can be used commercially under the
rules of the appropriate governmental administrative agency (i.e. the FCC).

As discussed, spectrum processing module 1520 is one structural
embodiment for performing the steps 1502-1506 in flowchart 1500. As stated
above, the performance of steps 1502-1506 is optional and/or their order of
operation can be changed. Therefore, the components in spectrum processing

module 1520 are also optional and/or their order can rearranged.

5.2.2. Other Embodiments:

The embodiment described above for processing redundant spectrums is
provided for purposes of illustration. This embodiment is not intended to limit the
invention. Alternate embodiments, differing slightly or substantially from that
described herein, will be apparent to those skilled in the relevant art(s) based on
the teachings given herein. For example, up-converter 1516 can be designed to
upconvert only those frequencies containing the spectrums of interest.
Alternatively, the amplifier 1518 can be designed to amplify only those frequencies
containing the spectrums of interest. Such alternate embodiments fall within the

scope and spirit of the present invention.

5.2.3 Implementation Example(s)

Exemplary operational and/or structural implementations related to the
method(s), structure(s), and/or embodiments described above are presented in this
section (and its subsections). These implementations are presented herein for
purposes of illustration, and not limitation. The invention is not limited to the
particular implementation examples described herein. Alternate implementations
(including equivalents, extensions, variations, deviations, etc., of those described

herein) will be apparent to persons skilled in the relevant art(s) based on the
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teachings contained herein. Such alternate implementations fall within the scope

and spirit of the present invention.

5.2.3.1 Implementation Example(s) for Frequency Up-

conversion

This section provides a structural description of frequency up-conversion
system 1620 (FIG. 16G), which is an implementation for up-converter 1516. As
discussed above, up-converter 1516 upconverts redundant spectrums to a higher
frequency. The frequency up-conversion system 1620 is further described below,
and includes a discussion describing the frequency up-conversion of an input signal
(e.g. redundant spectrums 1508c,d) to generate an output signal (e.g. redundant
spectrums 1510c,d).

Frequency up-conversion system 1620 is illustrated in FIG. 16G. Aninput
signal 1622, such as a frequency modulated (FM) input signal 1652 of FIG. 16L,
is accepted by a switch module 1624. It should be noted in FIG. 16L that FM
input signal 1652 may have been generated by modulating oscillating signal 1650
(FIG. 16K) with information signal 1648 (FIG. 16J). The embodiment shown in
FIG. 16L is for the case wherein the information signal 1648 is a digital signal and
the frequency of oscillating signal 1650 is varied as a function of the value of
information signal 1648. This embodiment is referred to as frequency shift keying
(FSK) which is a subset of FM. It will be apparent to those skilled in the relevant
art(s) that information signal 1648 can be analog, digital, or any combination
thereof, and that any modulation scheme can be used. The output of switch
module 1624 is a harmonically rich signal 1626, shown in FIG 16M as a
harmonically rich signal 1654 that has a continuous and periodic waveform. FIG.
16N is an expanded view of two sections of harmonically rich signal 1654 that
includes section 1656 and section 1658.  This waveform is preferably a
rectangular wave, such as a square wave or a pulse (although, the invention is not

limited to this embodiment). For ease of discussion, the term "rectangular
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waveform" is used to refer to waveforms that are substantially rectangular. In a
similar manner, the term "square wave" refers to those waveforms that are
substantially square and it is not the intent of the present invention that a perfect
square wave be generated or needed. Harmonically rich signal 1626 is comprised
of a plurality of sinusoidal waves whose frequencies are integer multiples of the
fundamental frequency of the waveform. These sinusoidal waves are referred to
as the harmonics of the underlying waveform, and the fundamental frequency is
referred to as the first harmonic. FIG. 160 and FIG. 16P show separately the
sinusoidal components making up the first, third, and fifth harmonics of section
1656 and section 1658, respectively. (Note that there are an infinite number of
harmonics, and, in this example, because harmonically rich signal 1654 is shown
as a square wave, there will only be odd harmonics.) These three harmonics are
shown simultaneously (but not summed) in FIG. 16Q for section 1656 and section
1658. The relative amplitudes of the harmonics are generally a function of the
relative widths of the pulse width of harmonically rich signal 1626 and the period
of the fundamental frequency, and can be determined by doing a Fourier analysis
of harmonically rich signal 1626. As further described below, according to an
embodiment of the invention, the pulse width of input signal 1622 is adjusted to
ensure that the amplitude of the desired harmonic is sufficient for its intended use
(e.g., transmission). A filter 1628 filters out the undesired frequencies
(harmonics), and outputs an electromagnetic (EM) signal at the desired harmonic
frequency as an output signal 1630, shown as a filtered output signal 1660 in FIG.
16R. FIG. 16R illustrates that the fifth harmonic of sections 1656 and 1658 where
selected by filter 1628. Filter 1628 can be filtered to select other harmonics as
will be understood by those skilled in the relevant art(s).

Looking at FIG. 16H, switch module 1624 is seen as comprised of a bias
signal 1632, a resistor 1634, a switch 1636, and a ground 1638 (or another
voltage reference). The input signal 1622 controls the switch 1636, and causes
itto close and open. Harmonically rich signal 1626 is generated at a point located

between the resistor 1634 and the switch 1636.
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Also in FIG. 16H, it can be seen that filter 1628 is comprised of a
capacitor 1640 and an inductor 1642 shunted to a ground 1643. The filter is
designed to filter out the undesired harmonics of harmonically rich signal 1626.

In an alternate embodiment, FIG. 161 illustrates an unshaped input signal
1644 being routed to a pulse shaping module 1646 to become input signal 1622
and then routed to the switch module 1624. Looking to the waveforms of FIGS.
16J-R, this would have the effect of routing FM input signal 1652 into pulse
shaping module 1646. The purpose of the pulse shaping module 1646 is to
control the pulse width of the input signal 1622 controlling the opening and
closing of the switch 1636 in switch module 104. The pulse width of the input
signal 1622 controls the opening and closing of switch 206 to determine the pulse
width of the harmonically rich signal 1626. As stated above, a factor in
determining the relative amplitudes of the harmonics of harmonically rich signal
1626 is determined by its pulse width. For example, an efficient pulse width
would be approximately %2 the period of the desired harmonic that is output signal
1630. For example, if an output signal of 900 MHZ was desired, then the pulse
width would be approximately 555 pico-seconds (% - 1/900 MHZ).

5.2.3.2 Other Implementation(s)

The implementation for up-converter 1516 described above is for provided
for purposes of illustration. This implementation is not intended to limit the
invention inany way. Alternate implementations, differing slightly or substantially
from that described herein, will be apparent to those skilled in the relevant art(s)
based on the teachings contained herein. Alternate implementations include but are
not limited to various mixer circuits, various frequency multiplier circuit
configurations, and other well known up-converter apparatus. Such alternate

implementations fall within the scope and spirit of the present invention.
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6.0  Recovering a Demodulated Baseband Signal from Redundant

Spectrums that Have Substantially the Same Information content

6.1 High Level Description

This section (including subsections) provides a high level description of an
embodiment of recovering a demodulated baseband signal from redundant
spectrums that were generated with substantially the same information content.
The following discussion includes an exemplary operational process for recovering
a demodulated baseband signal from redundant spectrums. Also, a structural
description for achieving this process is described herein for illustrative purposes,
and is not meant to limit the invention in any way. In particular, the process
described in this section can be achieved using any number of structural
implementations, at least one of which is described in this section. The details of
the structural description will be apparent to those skilled in the art based on the

teachings herein.

6.1.1 Operational Description:

FIG. 17A depicts flowchart 1700 for recovering a demodulated baseband
signal from redundant spectrums according to one embodiment of the present
invention. In the following discussion, the steps in FIG.17A will be discussed in
relation to the example signal diagrams in FIGS. 17B-17GH

In step 306, redundant spectrums 1710a-c (FIG. 17B) are transmitted over
a communications medium from a first location. This step was discussed in FIGS.
3A,4A,8A, 13A, 14A, 15A, 16A, and related vdiscussions and is mentioned here
for convenience. Each redundant spectrum 1710a-c carries the necessary
information to reconstruct modulating baseband signal 308. In other words, each
redundant spectrum 1710a-c includes the necessary amplitude, phase, and
frequency information to reconstruct the modulating baseband signal 308.
Furthermore, the redundant spectrums 1710a-c are typically located at a frequency

that is substantially higher than the baseband spectrum 310 that is associated with
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the modulating baseband signal 308, as illustrated by break 1709 in the frequency
axis. As is the case throughout this specification, modulating baseband signal 308
can be any type of arbitrary signal including but not limited to an analog signal, a
digital signal, or a combination thereof.

As discussed in earlier, the number of redundant spectrums that are
transmitted over the communications medium is arbitrary. In other words, FIG.
17B depicts redundant spectrums 1710a-c for illustration purposes only; greater
or fewer redundant spectrums can be transmitted over the communications
medium. A general limit to the number of redundant spectrums that can be
transmitted is the available channel bandwidth. Legal or administrative limits (i.e.
FCC regulations) may further restrict the number of redundant spectrums that can
be transmitted over a communications medium.

In step 1702, redundant spectrums 1712a-c are received (FIG. 17C) from
the communications medium. Redundant spectrums 1712a-c are substantially
similar to redundant spectrums 1710a-c that were transmitted in step 306, except
for changes introduced by the communications medium. Such changes can include
but are not limited to signal attenuation, and signal interference. For example, FIG.
17C depicts jamming spectrum 1711 existing within the same frequency bandwidth
as that occupied by spectrum 1712b in order to illustrate the advantages of the
present invention. Jamming signal spectrum 1711 is a frequency spectrum
associated with a generic jamming signal. For purposes of this invention, a
"jamming signal" refers to any unwanted signal, regardiess of origin, that may
interfere with the proper reception and reconstruction of an intended signal.
Furthermore, the jamming signal is not limited to tones as depicted by spectrum
1711, and can have any generic spectral shape, as will be understood by those
skilled in the art(s).

In step 1704, redundant spectrums 1712a-c are translated to lower
intermediate frequencies, resulting in redundant spectrums 1714a-c (FIG. 17D)
that are located at intermediate frequencies fi;,, fiq, and firc respectively, with

frequency separation approximately equal to f, (Hz). Redundant spectrums 1714a-
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ccontain substantially the same information content as spectrums 1712a-c, except
that they exist at a substantially lower frequency; which is represented by the
relative placement of break 1709 in the frequency axis of FIG. 17D. Jamming
signal spectrum 1711 is also translated to a lower frequency since it is located
within the bandwidth of spectrum 1712b, resulting in jamming signal spectrum
1716.

In step 1706, redundant spectrum 1714a-c are isolated from each other
into separate channels, resulting in channels 1718a-c (shown in FIGS. 17E-17G).
As such, channel 1718a comprises redundant spectrum 1714a; channel 1718b
comprises-redundant spectrum 1714b and jamming signal spectrum 1716; and
channel 1718c comprises redundant spectrum 1714c. Each channel 1718a-c
carries the necessary amplitude, phase, and frequency information to reconstruct
the modulating baseband signal 308 because redundant spectrums 1714a-c carry
such information. However, channel 1718b also carries jamming signal spectrum
1716 that may prevent channel 1718b from being used to reconstruct modulating
baseband signal 308, depending on the relative signal strength of jamming signal
spectrum 1716.

In step 1708, demodulated baseband signal 1720 (FIG. 17H) is extracted
from channels 1718a-c; where demodulated baseband signal 1720 is substantially
similar to modulated baseband signal 308.

An advantage of the present invention should now be apparent. The
recovery of modulating baseband signal 308 can be accomplished in spite of the
fact that high strength jamming signal(s) (e.g. jamming signal spectrum 1711)
exist “in band” on the communications medium. The intended baseband signal can
be recovered because multiple redundant spectrums are transmitted, where each
redundant spectrum carries the necessary information to reconstruct the baseband
signal. At the destination, the redundant spectrums are isolated from each other
so that the baseband signal can be recovered even if one or more of the redundant

spectrums are corrupted by a jamming signal.
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6.1.2 Structural Description:

FIG. 171 illustrates an example receiver module 1730. Receiver module
1730 includes: (optional) medium interface module 1722, down-converter 1724,
spectrum isolation module 1726, and signal extraction module 1728. Preferably
receiver module 1730 generates demodulated baseband signal 1720 from
redundant spectrums 1712a-c. In other words, receiver module 1730 is a
structural embodiment for performing the operational steps in flowchart 1700.
However, it should be understood that the scope and spirit of the of the present
invention includes other structural embodiments for performing the steps of
flowchart 1700. Flowchart 1700 will be revisited to further illustrate the present
invention in view of the structural components in receiver module 1730.

In step 306, (optional) medium interface module 320 transmits redundant
spectrums 1710a-c (FIG. 17B) over the communications medium 322 from a first
location. This step was discussed in FIGS. 3A, 4A, 8A, 13A, 14A, 15A, 16A, and
the related discussions, and is mentioned here for convenience. Each redundant
spectrum 1710a-c carries the necessary information to reconstruct modulating
baseband signal 308. In other words, each redundant spectrum 1710a-c carries the
necessary amplitude, phase and frequency information to reconstruct the
modulating baseband signal 308. Furthermore, the redundant spectrums 1710a-n
are typically located at a frequency that is substantially higher than the baseband
spectrum 310 that is associated with the modulating baseband signal 308, as
illustrated by break 1709 in the frequency axis.

As discussed in earlier, the number of redundant spectrums that are
transmitted over the communications medium is arbitrary. In other words, FIG.
17B depicts redundant spectrums 1710a-c for illustration purposes only; greater
or fewer redundant spectrums can be transmitted over the communications
medium. One limit to the number of redundant spectrums that can be transmitted
is the available channel bandwidth.

Instep 1702, (optional) medium interface module 1722 receives redundant

spectrums 1712a-c (FIG. 17C) from the communications medium 322. Redundant
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spectrums 1712a-c are substantially similar to redundant spectrums 1710a-c that
were transmitted in step 306, except for changes introduced by the
communications medium. Such changes can include but are not limited to signal
attenuation, and signal interference. For example, FIG. 17C depicts jamming signal
spectrum 1711 existing within the same frequency bandwidth as that occupied by
spectrum 1712b in order to illustrate the advantages of the present invention.
Jamming signal spectrum 1711 is a frequency spectrum associated with a generic
jamming signal. For purposes of this invention, a "jamming signal" refers to any
unwanted signal, regardless of origin, that may interfere with the proper reception
and reconstruction of an intended signal. Furthermore, the jamming signal is not
limited to tones, and can have any generic spectrum shape, as will be understood
by those skilled in the art(s).

In step 1704, down-converter 1724 translates redundant spectrums 1712a-
¢ to a lower frequency; resulting in redundant spectrums 1714a-c (FIG. 17D) that
are located at frequencies fig,, figg, and fi;.., respectively, with frequency separation
approximately equal to f, (Hz). Redundant spectrums 1714a-c have substantially
the same information content as spectrums 1712a-c, except that they exist at a
substantially lower frequency; which is represented by the relative placement of
break 1709 in frequency axis of FIG. 17D. Jamming signal spectrum 1711 is also
translated to a lower frequency since it is located within the bandwidth of
spectrum 1712b, resulting in jamming signal spectrum 1716.

In step 1706, spectrum isolation module 1726 isolates redundant
spectrums 1714a-c from each other into separate channels, resulting in channels
1718a-c (shown in FIGS. 17E-17G). As such, channel 1718a comprises redundant
spectrum 1714a; channel 1718b comprises redundant spectrum 1714b and
jamming signal spectrum 1716; and channel 1718c comprises redundant spectrum
1714c. Each channel 1718a-c carries the necessary amplitude, phase, and
frequency information necessary to reconstruct modulating baseband signal 308
because redundant spectrums 1714a-c carry such information. However, channel

1718b also carries jamming signal spectrum 1716 that may prevent channel 1718b
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from being used to reconstruct modulating baseband signal 308, depending on the
relative signal strength of jamming signal spectrum 1716.

In step 1708, signal extraction module 1728 recovers demodulated
baseband signal 1720 from channels 1718a-c; where demodulated baseband signal
1720 is substantially similar to modulated baseband signal 308.

An advantage of the present invention should now be apparent. The
recovery of modulating baseband signal 308 can be accomplished in spite of the
fact that high strength jamming signal(s) exist “in band” on the communications
medium. The intended baseband signal can be recovered because multiple
redundant spectrums are transmitted over the communications medium, where
each redundant spectrum carries the necessary information to reconstruct the
baseband signal. At the destination, the redundant are isolated from each other so
that the baseband signal can be recovered even if one or more of the redundant
spectrums are corrupted Further illustration and discussion will be given in

following sections.

6.2. Example Embodiments

Various embodiments related to the method(s) and structure(s) described
above are presented in this section (and its subsections). Specifically, the following
discussion describes example embodiments of recovering a demodulated baseband
signal from multiple redundant spectrums. These embodiments are described
herein for purposes of illustration, and not limitation. The invention is not limited
to these embodiments. Alternate embodiments (including equivalents, extensions,
variations, deviations, etc., of the embodiments described herein) will be apparent
to persons skilled in the relevant art(s) based on the teachings contained herein.

The invention is intended and adapted to include such alternate embodiments.

6.2.1 Down-conversion
Example embodiments of step 1704 and down-converter 1724 will be

discussed as follows. A firstembodiment includes translating redundant spectrums
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to a lower intermediate frequency (IF) by mixing the redundant spectrums with a
local oscillating signal at the receiver. A second embodiment includes down-
conversion by aliasing the redundant spectrums using a universal frequency
translation (UFT) module. Other methods and systems of down-conversion are

also included.

6.2.1.1 Down-conversion by Mixing Redundant

Spectrums with an Oscillating Signal
The following discussion describes a method and system for translating
redundant spectrums to lower intermediate frequencies (IF) by mixing the

redundant spectrums with a local oscillating signal.

6.2.1.1.1 Operational Description:

FIG. 18A depicts flowchart 1800 for translating redundant spectrums to
a lower frequency (step 1704, FIG. 17A) according to one embodiment of the
present invention. In the following discussion, the steps in FIG.18A will be
discussed in relation to the example signal diagrams in FIGS. 18B-18H.

In step 1702, redundant spectrums 1712a-c are received (FIG. 18B) from
acommunications medium. Step 1702 and spectrums 1712a-c were first discussed
in FIGS. 17A and 17C, respectively, and are repeated here for convenience.

In step 1802, a local oscillating signal 1806 (FIG. 18C) is generated. The
local oscillating signal 1806 is preferably a sine wave (although other periodic
waveforms can be used) with a characteristic frequency f,. The local oscillating
signal 1806 has a spectrum 1808 (FIG. 18D) that is preferably a tone, but other
spectrums could be useful as is well known those skilled in the art(s).

In step 1804, redundant spectrums 1712a-c are mixed with local oscillating
signal 1806, resulting in redundant spectrums 1810a-c (FIG. 18E) that are located
at intermediate frequencies (f,-f,)-f;, f,-f;, and (f; +f,)-f; respectively. Redundant
spectrums 1810a-c contain substantially similar information to that of spectrums

1712a-c, except that they exist at a substantially lower frequency; which is
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represented by the relative placement of break 1709 in the frequency axis of FIG.
18E. Jamming signal spectrum 1711 is also translated to a lower frequency since
itis located within the bandwidth of spectrum 1712b, resulting in jamming signal
spectrum 1811.

The frequency (f-f;) produced by the mixing f, with f, (step 1804) is
referred to as the difference frequency by those skilled in the art(s). Typically, the
mixing process will also produce spectrums centered at a sum frequency (f;+f;),
which is not shown in FIG. 18E because it is outside the relevant frequency band
defined by break 1709 in the frequency axis. The spectrums located in and around
the sum frequency can be attenuated or suppressed by a number of methods
including but not limited to filtering, as is will be understood by those skilled in the
art(s).

In step 1706, redundant spectrum 1810a-c are isolated from each other
into channels 1812a-c (shown in FIGS. 18F-18H, respectively). As such, channel
1812a comprises redundant spectrum 1810a; channel 1812b comprises redundant
spectrum 1810b and jamming signal spectrum 1811; and channel 1812¢ comprises
redundant spectrum 1810c. Each channel 1812a-c carries the necessary amplitude,
phase, and frequency information to reconstruct modulating baseband signal 308
because redundant spectrums 1810a-c carry such information. However, channel
1812balso carries jamming signal spectrum 1811 that may prevent channel 1812b
from being used to reconstruct modulating baseband signal 308, depending on the
relative signal strength of jamming signal spectrum 1811. Step 1706 was first

discussed in relation to FIG. 17A, but is repeated here for convenience.

6.2.1.1.2 Structural Description:

FIG. 18I illustrates a block diagram of down-converter 1818, which is one
embodiment of down-converter 1724 (FIG. 17I). Down-converter 1818 includes
mixer 1814 and local oscillator 1816. Preferably down-converter 1818 translates
redundant spectrums 1712a-c to substantially lower frequencies by mixing

redundant spectrums 1712a-c with a local oscillating signal. In other words,
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down-converter 1818 is a structural embodiment for performing the operational
steps in flowchart 1800. However, it should be understood that the scope and
spirit of the of the present invention includes other structural embodiments for
performing the steps of flowchart 1800. Flowchart 1800 will be revisited to further
illustrate the present invention in view of the structural components in down-
converter 1818.

Instep 1702, (optional) medium interface module 1722 receives redundant
spectrums 1712a-c (FIG. 18B) from a communications medium. Step 1702 and
spectrums 1712a-c were first discussed in FIGs. 17A-B respectively, and are
repeated here for convenience.

Instep 1802, alocal oscillator 1816 generates local oscillating signal 1806
(FIG. 18C). The local oscillating signal 1806 is preferably a sine wave (although
other periodic waveforms could be used) with a characteristic frequency f;,. The
local oscillating signal 1806 has a spectrum 1808 (FIG. 18D) that is preferably a
tone, but other spectrums could be useful as is well known those skilled in the
art(s). Also, preferably, f; is on the order of f;.

In step 1804, mixer 1814 mixes redundant spectrums 1712a-c with local
oscillating signal 1806, resulting in redundant spectrums 1810a-c (FIG. 18E) that
are located at frequencies (f,-f))-f;, f}-f;, and (f,+f,)-f; respectively. Redundant
spectrums 1810a-c contain substantially similar information to that of spectrums
1810a-c, except that they exist at a substantially lower frequency; which is
represented by the relative placement of break 1709 in frequency axis. Jamming
signal spectrum 1711 is also translated to a lower frequency since it is located
within the bandwidth of spectrum 1712b, resulting in jamming signal spectrum
1811.

Mixer 1814 typically includes at least one non-linear circuit element
including but not limited to a diode or a transistor. Mixer 1814 can be
implemented in multiple different types of circuit implementations including but
not limited to: single diode configurations, single balanced mixers, double

balanced mixers, etc. These mixer circuit implementations are well known to those
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skilled in the art(s) based on the discussion given herein, and are within the scope
and spirit of the present invention.

In step 1706, spectrum isolation module 1726 isolates redundant
spectrums 1810a-c from each other into channels 1812a-c (shown in FIGS. 18F-
18H). As such, channel 1812a contains redundant spectrum 1810a; channel 1812b
contains redundant spectrum 1810b and jamming signal spectrum 1811; and
channel 1812c contains redundant spectrum 1810c. Each channel 1812a-c carries
the necessary amplitude, phase, and frequency information to reconstruct
modulating baseband signal 308 because redundant spectrums 1714a-c carry such
information. However, channel 1712b also carries jamming signal spectrum 1711
that may prevent channel 1712b from being used to reconstruct modulating
baseband signal 308, depending on the relative signal strength of jamming signal

spectrum 1711.

6.2.1.2 Down-conversion Using a
Universal Frequency Down-
Conversion Module

The following discussion describes down-converting redundant spectrums
using a Universal Frequency Down-conversion Module. Redundant spectrums
represent an electromagnetic signal (EM signal), as will be understood by those
skilled in the art(s). The down-conversion by aliasing an EM signal at an aliasing
rate is further described in the following sections. The following sections describe
down-converting an input signal (e.g. redundant spectrums 1712a-c) to produce
a down-converted signal (e.g. redundant spectrums 1714a-c) that exists at a
lower frequency.

FIG. 19A illustrates an aliasing module 1900 for down-conversion using
auniversal frequency translation (UFT) module 1902 which down-converts an EM
input signal 1904. In particular embodiments, aliasing module 1900 includes a
switch 1908 and a capacitor 1910. The electronic alignment of the circuit

components is flexible. Thatis, in one implementation, the switch 1908 is in series
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with input signal 1904 and capacitor 1910 is shunted to ground (although it may
be other than ground in configurations such as differential mode). In a second
implementation (see FIG. 19A-1), the capacitor 1910 is in series with the input
signal 1904 and the switch 1908 is shunted to ground (although it may be other
than ground in configurations such as differential mode). Aliasing module 1900
with UFT module 1902 can be easily tailored to down-convert a wide variety of
electromagnetic signals using aliasing frequencies that are well below the
frequencies of the EM input signal 1904.

In one implementation, aliasing module 1900 down-converts the input
signal 1904 to an intermediate frequency (IF) signal. In another implementation,
the aliasing module 1900 down-converts the input signal 1904 to a demodulated
baseband signal. In yet another implementation, the input signal 1904 is a
frequency modulated (FM) signal, and the aliasing module 1900 down-converts
it to a non-FM signal, such as a phase modulated (PM) signal or an amplitude
modulated (AM) signal. Each of the above implementations is described below.

In an embodiment, the control signal 1906 includes a train of pulses that
repeat at an aliasing rate that is equal to, or less than, twice the frequency of the
input signal 1904 In this embodiment, the control signal 1906 is referred to herein
as an aliasing signal because it is below the Nyquist rate for the frequency of the
input signal 1904. Preferably, the frequency of control signal 1906 is much less
than the input signal 1904.

The train of pulses 1918 of FIG. 19D control the switch 1908 to alias the
input signal 1904 with the control signal 1906 to generate a down-converted
output signal 1912. More specifically in an embodiment, switch 1908 closes on
a first edge of each pulse 1920 of FIG. 19D and opens on a second edge of each
pulse. When the switch 1908 is closed, the input signal 1904 is coupled to the
capacitor 1910, and charge is transferred from the input signal to the capacitor
1910. The charge stored during successive pulses forms down-converted output
signal 1912.

Exemplary waveforms are shown in FIGS. 19B-19F.
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FIG. 19B illustrates an analog amplitude modulated (AM) carrier signal
1914 that is an example of input signal 1904. For illustrative purposes, in FIG.
19C, an analog AM carrier signal portion 1916 illustrates a portion of the analog
AM carrier signal 1914 on an expanded time scale. The analog AM carrier signal
portion 1916 illustrates the analog AM carrier signal 1914 from time t, to time t.

FIG. 19D illustrates an exemplary aliasing signal 1918 that is an example
of control signal 1906. Aliasing signal 1918 is on approximately the same time
scale as the analog AM carrier signal portion 1916. In the example shown in FIG.
19D, the aliasing signal 1918 includes a train of pulses 1920 having negligible
apertures that tend towards zero (the invention is not limited to this embodiment,
as discussed below). The pulse aperture may also be referred to as the pulse width
as will be understood by those skilled in the art(s). The pulses 1920 repeat at an
aliasing rate, or pulse repetition rate of aliasing signal 1918. The aliasing rate is
determined as described below in following discussions. '

As noted above, the train of pulses 1920 (i.e., control signal 1906) control
the switch 1908 to alias the analog AM carrier signal 1916 (i.e., input signal 1904)
at the aliasing rate of the aliasing signal 1918. Specifically, in this embodiment,
the switch 1908 closes on a first edge of each pulse and opens on a second edge
of each pulse. When the switch 1908 is closed, input signal 1904 is coupled to the
capacitor 1910, and charge is transferred from the input signal 1904 to the
capacitor 1910. The charge transferred during a pulse is referred to herein as an
under-sample. Exemplary under-samples 1922 form down-converted signal
portion 1924 (FIG. 19E) that corresponds to the analog AM carrier signal portion
1916 (FIG. 19C) and the train of pulses 1920 (FIG. 19D). The charge stored
during successive under-samples of AM carrier signal 1914 forms a down-
converted signal 1924 (FIG. 19F) that is an example of down-converted output
signal 1912 (FIG. 19A). In FIG. 19F, a demodulated baseband signal 1926
represents the demodulated baseband signal 1924 after filtering on a compressed
time scale. Asillustrated, down-converted signal 1926 has Substantially the same

“amplitude envelope” as AM carrier signal 1914, but has lower characteristic
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frequency. Therefore, FIGS. 19B-19F illustrate down-conversion of AM carrier
signal 1914.

The waveforms shown in FIGS. 19B-19F are discussed herein for
illustrative purposes only, and are not limiting.

The aliasing rate of control signal 1906 determines whether the input signal
1904 is down-converted to an IF signal, down-converted to a demodulated
baseband signal, or down-converted from an FM signal to a PM or an AM signal.
Generally, relationships between the input signal 1904, the aliasing rate of the
control signal 1906, and the down-converted output signal 1912 are illustrated

below:

(Freq. of input signal 1904) = ne(Freq. of control signal 1906) +
(Freq. of down-converted output signal 1912)

For the examples contained herein, only the “+” condition will be discussed. The
value of n represents a harmonic or sub-harmonic of input signal 1904 (e.g., n =
05,1,2,3,...).

When the aliasing rate of control signal 1906 is off-set from the frequency
of input signal 1904, or off-set from a harmonic or sub-harmonic thereof, input
signal 1904 is down-converted to an IF signal. Thisis because the under-sampling
pulses occur at different phases of subsequent cycles of input signal 1904. As a
result, the under-samples form a lower frequency oscillating pattern. If the input
signal 1904 includes lower frequency changes, such as amplitude, frequency,
phase, etc., or any combination thereof, the charge stored during associated under-
samples reflects the lower frequency changes, resulting in similar changes on the
down-converted IF signal. For example, to down-converta 901 MHZ input signal
to a 1 MHZ IF signal, the frequency of the control signal 1906 would be

calculated as follows:

(Freqinput -F req]F)/ n = Freqcon!rol
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(901 MHZ - 1 MHZ)/n = 900/n

Forn=0.5,1, 2, 3, 4, etc., the frequency of the control signal 1906 would be
substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc.

Alternatively, when the aliasing rate of the control signal 1906 is
substantially equal to the frequency of the input signal 1904, or substantially equal
to a harmonic or sub-harmonic thereof, input signal 1904 is directly down-
converted to a demodulated baseband signal. This is because, without
modulation, the under-sampling pulses occur at the same point of subsequent
cycles of the input signal 1904. As a result, the under-samples form a constant
output baseband signal. If the input signal 1904 includes lower frequency
changes, such as amplitude, frequency, phase, etc., or any combination thereof, the
charge stored during associated under-samples reflects the lower frequency
changes, resulting in similar changes on the demodulated baseband signal. For
example, to directly down-convert a 900 MHZ input signal to a demodulated
baseband signal (i.e., zero IF), the frequency of the control signal 1906 would be

calculated as follows:

(Freqinput - Frequ)/ n = Freqcontrol
(900 MHZ - 0 MHZ)/n = 900 MHZ/n

Forn=05,1, 2, 3, 4, etc., the frequency of the control signal 1906 should be
substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc.

Alternatively, to down-convert an input FM signal to a non-FM signal, a
frequency within the FM bandwidth must be down-converted to baseband (i.e.,
zero IF). As an example, to down-convert a frequency shift keying (FSK) signal
(a sub-set of FM) to a phase shift keying (PSK) signal (a subset of PM), the mid-
point between a lower frequency F, and an upper frequency F, (that is, [(F,+F,)
+ 2]) of the FSK signal is down-converted to zero IF. For example, to down-

convert an FSK signal having F, equal to 899 MHZ and F, equal to 901 MHZ, to
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a PSK signal, the aliasing rate of the control signal 1906 would be calculated as

follows:

Frequency of the input = (F, +F,)+2
= (899 MHZ + 901 MHZ) + 2
=900 MHZ

Frequency of the down-converted signal = 0 (i.e., baseband)

(Freqipu - Freqie)/n = Freqeono
(900 MHZ - 0 MHZ)/n = 900 MHZ/n

For n=0.5, 1, 2, 3, etc., the frequency of the control signal 1906 should be
substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300 MHZ, 225 MHZ, etc.
The frequency of the down-converted PSK signal is substantially equal to one half
the difference between the lower frequency F, and the upper frequency F,.

As another example, to down-convert a FSK signal to an amplitude shift
keying (ASK) signal (a subset of AM), either the lower frequency F, or the upper
frequency F, of the FSK signal is down-converted to zero IF. For example, to
down-convert an FSK signal having F, equal to 900 MHZ and F, equal to 901
MHZ, to an ASK signal, the aliasing rate of the control signal 1906 should be

substantially equal to:

(900 MHZ - 0 MHZ)/n = 900 MHZ/n, or
(901 MHZ - 0 MHZ)/n =901 MHZ/n.

For the former case of 900 MHZ/n, and for n=0.5, 1, 2, 3, 4, etc., the frequency
of the control signal 1906 should be substantially equal to 1.8 GHz, 900 MHZ,
450 MHZ, 300 MHZ, 225 MHZ, etc. For the latter case of 901 MHZ/n, and for
n=205,1, 2,3, 4, etc., the frequency of the control signal 1906 should be
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substantially equal to 1.802 GHz, 901 MHZ, 450.5 MHZ, 300.333 MHZ, 225.25
MHZ, etc. The frequency of the down-converted AM signal is substantially equal
to the difference between the lower frequency F, and the upper frequency F, (i.e.,
1 MHZ).

In an embodiment, the pulses of the control signal 1906 have negligible
apertures that tend towards zero. This makes the UFT module 1902 a high input
impedance device. This configuration is useful for situations where minimal
disturbance of the input signal may be desired.

In another embodiment, the pulses of the control signal 1906 have non-
negligible apertures that tend away from zero. This makes the UFT module 1902
a lower input impedance device. This allows the lower input impedance of the
UFT module 1902 to be substantially matched with a source impedance of the
input signal 1904. This also improves the energy transfer from the input signal
1904 to the down-converted output signal 1912, and hence the efficiency and
signal to noise (s/n) ratio of UFT module 1902.

When the pulses of the control signal 1906 have non-negligible apertures,
the aliasing module 1900 is referred to interchangeably herein as an energy transfer
module or a gated transfer module, and the control signal1906 is referred to as an
energy transfer signal. Exemplary systems and methods for generating and
optimizing the control signal 1906 and for otherwise improving energy transfer

and/or signal to noise ratio in an energy transfer module are described below.

A. Optional Energy Transfer Signal Module

FIG. 29 illustrates an energy transfer system 2901 that includes an optional
energy transfer signal module 2902, which can perform any of a variety of
functions or combinations of functions including, but not limited to, generating the
energy transfer signal 2905.

In an embodiment, the optional energy transfer signal module 2902

includes an aperture generator, an example of which is illustrated in FIG. 28] as
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an aperture generator 2820. The aperture generator 2820 generates non-
negligible aperture pulses 2826 from an input signal 2824. The input signal 2824
can be any type of periodic signal, including, but not limited to, a sinusoid, a
square wave, a saw-tooth wave, etc. Systems for generating the input signal 2824
are described below.

The width or aperture of the pulses 2826 is determined by delay through
the branch 2822 of the aberture generator 2820. Generally, as the desired pulse
width increases, the difficulty in meeting the requirements of the aperture
generator 2820 decrease. In other words, to generate non-negligible aperture
pulses for a given EM input frequency, the components utilized in the example
aperture generator 6820 do not require as fast reaction times as those that are
required in an under-sampling system operating with the same EM input
frequency.

The example logic and implementation shown in the aperture generator
2820 are provided for illustrative purposes only, and are not limiting. The actual
logic employed can take many forms. The example aperture generator 2820
includes an optional inverter 2828, which is shown for polarity consistency with
other examples provided herein.

An example implementation of the aperture generator 2820 is illustrated
in FIG. 28K. Additional examples of aperture generation logic are provided in
FIGS. 28H and 28I. FIG. 28H illustrates a rising edge pulse generator 8240,
which generates pulses 2826 on rising edges of the input signal 2824. FIG. 28I
illustrates a falling edge pulse generator 2850, which generates pulses 2826 on
falling edges of the input signal 2824.

In an embodiment, the input signal 2824 is generated externally of the
energy transfer signal module 2902, as illustrated in FIG. 29. Alternatively, the
input signal 2824 is generated internally by the energy transfer signal module
2902. The input signal 2824 can be generated by an oscillator, as illustrated in
FIG. 28L by an oscillator 6830. The oscillator 2830 can be internal to the energy

transfer signal module 2902 or external to the energy transfer signal module 2902,
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The oscillator 2830 can be external to the energy transfer system 2901. The
output of the oscillator 2830 may be any periodic waveform.

The type of down-conversion performed by the energy transfer system
2901 depends upon the aliasing rate of the energy transfer signal 2905, which is
determined by the frequency of the pulses 2826. The frequency of the pulses 2826
is determined by the frequency of the input signal 2824.  For example, when
the frequency of the input signal 2824 is substantially equal to a harmonic or a
sub-harmonic of the EM signal 2703, the EM signal 2703 is directly down-
converted to baseband (e.g. when the EM signal is an AM signal or a PM signal),
or converted from FM to anon-FM signal. When the frequency of the input signal
2824 is substantially equal to a harmonic or a sub-harmonic of a difference
frequency, the EM signal 2703 is down-converted to an intermediate signal.

The optional energy transfer signal module 2902 can be implemented in

hardware, software, firmware, or any combination thereof.

B. Smoothing the Down-Converted Signal

Referring back to FIG. 19A, the down-converted output signal 1912 may
be smoothed by filtering as desired.

C. Impedance Matching

The energy transfer module 1900 has input and output impedances
generally defined by (1) the duty cycle of the switch module (i.e., UFT 1902), and
(2) the impedance of the storage module (e.g., capacitor 1910), at the frequencies
of interest (e.g. at the EM input, and intermediate/baseband frequencies).

Starting with an aperture width of approximately Y2 the period of the EM
signal being down-converted as a preferred embodiment, this aperture width (e.g.
the “closed time”) can be decreased. As the aperture width is decreased, the

characteristic impedance at the input and the output of the energy transfer module
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increases. Alternatively, as the aperture width increases from V% the period of the
EM signal being down-converted, the impedance of the energy transfer module
decreases.

One of the steps in determining the characteristic input impedance of the
energy transfer module could be to measure its value. In an embodiment, the
energy transfer module’s characteristic input impedance is 300 ohms. An
impedance matching circuit can be utilized to efficiently couple an input EM signal
that has a source impedance of, for example, 50 ohms, with the energy transfer
module’s impedance of, for example, 300 ohms. Matching these impedances can
be accomplished in various manners, including providing the necessary impedance
directly or the use of an impedance match circuit as described below.

Referring to FIG. 30, a specific embodiment using an RF signal as an
input, assuming that the impedance 3012 is a relatively low impedance of
approximately 50 Ohms, for example, and the input impedance 3016 is
approximately 300 Ohms, an initial configuration for the input impedance match
module 3006 can include an inductor 3206 and a capacitor 3208, configured as
shown in FIG. 32. The configuration of the inductor 3206 and the capacitor 3208
isapossible configuration when going from a low impedance to a high impedance.
Inductor 3206 and the capacitor 3208 constitute an L match, the calculation of the
values which is well known to those skilled in the relevant arts.

The output characteristic impedance can be impedance matched to take
into consideration the desired output frequencies. One of the steps in determining
the characteristic output impedance of the energy transfer module could be to
measure its value. Balancing the very low impedance of the storage module at the
input EM frequency, the storage module should have an impedance at the desired
output frequencies that is preferably greater than or equal to the load that is
intended to be driven (for example, in an embodiment, storage module impedance
at a desired IMHz output frequency is 2K ohm and the desired load to be driven
is 50 ohms). An additional benefit of impedance matching is that filtering of

unwanted signals can also be accomplished with the same components.
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In an embodiment, the energy transfer module’s characteristic output
impedance is 2K ohms. An impedance matching circuit can be utilized to
efficiently couple the down-converted signal with an output impedance of, for
example, 2K ohms, to a load of, for example, 50 ohms. Matching these
impedances can be accomplished in various manners, including providing the
necessary load impedance directly or the use of an impedance match circuit as
described below.

When matching from a high impedance to a low impedance, a capacitor
3214 and an inductor 3216 can be configured as shown in FIG. 32. The capacitor
3214 and the inductor 3216 constitute an L match, the calculation of the
component values being well known to those skilled in the relevant arts.

The configuration of the input impedance match module 3006 and the
output impedance match module 3008 are considered to be initial starting points
for impedance matching, in accordance with the present invention. In some
situations, the initial designs may be suitable without further optimization. In
other situations, the initial designs can be optimized in accordance with other
various design criteria and considerations.

As other optional optimizing structures and/or components are utilized,
their affect on the characteristic impedance of the energy transfer module should

be taken into account in the match along with their own original criteria.
D. Tanks and Resonant Structures

Resonant tank and other resonant structures can be used to further
optimize the energy transfer characteristics of the invention. For example,
resonant structures, resonant about the input frequency, can be used to store
energy from the input signal when the switch is open, a period during which one
may conclude that the architecture would otherwise be limited in its maximum

possible efficiency. Resonant tank and other resonant structures can include, but
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are not limited to, surface acoustic wave (SAW) filters, dielectric resonators,
diplexers, capacitors, inductors, etc.

An example embodiment is shown in FIG. 42A. Two additional
embodiments are shown in FIG. 37 and FIG. 45. Alternate implementations will
be apparent to persons skilled in the relevant art(s) based on the teachings
contained herein. Alternate implementations fall within the scope and spirit of the
present invention. These implementations take advantage of properties of series
and parallel (tank) resonant circuits.

FIG. 42A illustrates parallel tank circuits in a differential implementation.
A first parallel resonant or tank circuit consists of a capacitor 4238 and an
inductor 4220 (tank1). A second tank circuit consists of a capacitor 4234 and an
inductor 4236 (tank2).

As is apparent to one skilled in the relevant art(s), parallel tank circuits
provide: '

low impedance to frequencies below resonance;
low impedance to frequencies above resonance; and
high impedance to frequencies at and near resonance.

In the illustrated example of FIG. 42A, the first and second tank circuits
resonate at approximately 920 Mhz. At and near resonance, the impedance of
these circuits is relatively high. Therefore, in the circuit configuration shown in
FIG 42A, both tank circuits appear as relatively high impedance to the input
frequency of 950 Mhz, while simultaneously appearing as relatively low
impedance to frequencies in the desired output range of 50 Mhz.

An energy transfer signal 4242 controls a switch 4214. When the energy
transfer signal 4242 controls the switch 4214 to open and close, high frequency
signal components are not allowed to pass through tank1 or tank2. However, the
lower signal components (50Mhz in this embodiment) generated by the system are
allowed to pass through tank1 and tank2 with little attenuation. The effect of
tank1 and tank?2 is to further separate the input and output signals from the same

node thereby producing a more stable input and output impedance. Capacitors
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4218 and 4240 act to store the SO0 Mhz output signal energy between energy
transfer pulses.

Further energy transfer optimization is provided by placing an inductor
4210 in series with a storage capacitor 4212 as shown. In the illustrated example,
the series resonant frequency of this circuit arrangement is approximately 1 GHz.
This circuit increases the energy transfer characteristic of the system. The ratio
of the impedance of inductor 4210 and the impedance of the storage capacitor
4212 is preferably kept relatively small so that the majority of the energy available
will be transferred to storage capacitor 4212 during operation. Exemplary output
signals A and B are illustrated in FIGs. 42B and 42C, respectively.

In FIG. 42A, circuit components 4204 and 4206 form an input impedance
match. Circuit components 4232 and 4230 form an output impedance match into
a 50 ohm resistor 4228. Circuit components 4222 and 4224 form a second output
impedance match into a 50 ohm resistor 4226. Capacitors 4208 and 4212 act as
storage capacitors for the embodiment. Voltage source 4246 and resistor 4202
generate a 950 Mhz signal with a 50 ohm output impedance, which are used as the
input to the circuit. Circuit element 4216 includes a 150 Mhz oscillator and a
pulse generator, which are used to generate the energy transfer signal 4242.

FIG. 37 illustrates a shunt tank circuit 3710 in a single-ended to-single-
ended system 3712. Similarly, FIG. 45 illustrates a shunt tank circuit 4510 in a
system 4512. The tank circuits 3710 and 4510 lower driving source impedance,
which improves transient response. The tank circuits 3710 and 4510 are able
store the energy from the input signal and provide a low driving source impedance
to transfer that energy throughout the aperture of the closed switch. The transient
nature of the switch aperture can be viewed as having a response that, in addition
to including the input frequency, has large component frequencies above the input
frequency, (i.e. higher frequencies than the input frequency are also able to
effectively pass through the aperture). Resonant circuits or structures, for
example resonant tanks 3710 or 4510, can take advantage of this by being able to

transfer energy throughout the switch's transient frequency response (i.e. the
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capacitor in the resonant tank appears as a low driving source impedance during
the transient period of the aperture).

The example tank and resonant structures described above are for
illustrative purposes and are not limiting. Alternate configurations can be utilized.
The various resonant tanks and structures discussed can be combined or utilized

independently as is now apparent.
E. Charge and Power Transfer Concepts

Concepts of charge transfer are now described with reference to FIGS.
53A-F. FIG. 53A illustrates a circuit 5302, including a switch S and a capacitor
5306 having a capacitance C. The switch S is controlled by a control signal 5308,
which includes pulses 5310 having apertures T.

In FIG. 53B, Equation 10 illustrates that the charge q on a capacitor
having a capacitance C, such as the capacitor 5306, is proportional to the voltage

V across the capacitor, where:

q = Charge in Coulombs

C = Capacitance in Farads
V = Voltage in Volts

A = Input Signal Amplitude

Where the voltage V is represented by Equation 11, Equation 10 can be
rewritten as Equation 12. The change in charge Aq over time t is illustrated as in
Equation 13 as Aq(t), which can be rewritten as Equation 14. Using the sum-to-
product trigonometric identity of Equation 15, Equation 14 can be rewritten as
Equation 16, which can be rewritten as equation 17.

Note that the sin term in Equation 11 is a function of the aperture T only.

Thus, Aq(t) is at a maximum when T is equal to an odd multiple of & (i.e., 7, 37,
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57, ... ). Therefore, the capacitor 10906 experiences the greatest change in
charge when the aperture T has a value of 7 or a time interval representative of
180 degrees of the input sinusoid. Conversely, when T is equal to 27, 47, 67, .
.., minimal charge is transferred.

Equations 18, 19, and 20 solve for q(t) by integrating Equation 10,
allowing the charge on the capacitor 5306 with respect to time to be graphed on
the same axis as the input sinusoid sin(t), as illustrated in the graph of FIG. 53C.
As the aperture T decreases in value or tends toward an impulse, the phase
between the charge on the capacitor C or q(t) and sin(t) tend toward zero. This
isillustrated in the graph of FIG. 53D, which indicates that the maximum impulse
charge transfer occurs near the input voltage maxima. As this graph indicates,
considerably less charge is transferred as the value of T decreases.

Power/charge relationships are illustrated in Equations 21-26 of FIG. 53E,
where it is shown that power is proportional to charge, and transferred charge is
inversely proportional to insertion loss.

Concepts of insertion loss are illustrated in FIG. 53F. Generally, the noise
figure of a lossy passive device is numerically equal to the device insertion loss.
Alternatively, the noise figure for any device cannot be less that its insertion loss.
Insertion loss can be expressed by Equation 27 or 28. From the above discussion,
it is observed that as the aperture T increases, more charge is transferred from the
input to the capacitor 5306, which increases power transfer from the input to the
output. It has been observed that it is not necessary to accurately reproduce the
input voltage at the output because relative modulated amplitude and phase

information is retained in the transferred power.

F. Optimizing and Adjusting the Non-Negligible Aperture
Width/Duration

(i.)  Varying Input and Output Impedances
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In an embodiment of the invention, the energy transfer signal (i.e., control
signal 1906 in FIG. 19A), is used to vary the input impedance seen by the EM
Signal 1904 and to vary the output impedance driving a load. An example of this
embodiment is described below using a gated transfer module 3303 shown in FIG.
33A. The method described below is not limited to the gated transfer module
3303.

In FIG. 33A, when switch 3306 is closed, the impedance looking into
circuit 3302 is substantially the impedance of a storage module, illustrated here as
a storage capacitance 3308, in parallel with the impedance of a load 3312. When
the switch 3306 is open, the impedance at point 3314 approaches infinity. It
follows that the average impedance at point 3314 can be varied from the
impedance of the storage module illustrated in parallel with the load 3312, to the
highest obtainable impedance when switch 3306 is open, by varying the ratio of
the time that switch 3306 is open to the time switch 3306 is closed. The switch
3306 is controlled by an energy transfer signal 3310. Thus the impedance at point
3314 can be varied by controlling the aperture width of the energy transfer signal
in conjunction with the aliasing rate.

An example method of altering the energy transfer signal 3310 of FIG.
33A is now described with reference to FIG. 31A, where a circuit 3102 receives
an input oscillating signal 3106 and outputs a pulse train shown as doubler output
signal 3104. The circuit 3102 can be used to generate the energy transfer signal
3310. Example waveforms of 3104 are shown on FIG. 31C.

It can be shown that by varying the delay of the signal propagated by the
inverter 3108, the width of the pulses in the doubler output signal 3104 can be
varied. Increasing the delay of the signal propagated by inverter 3108, increases
the width of the pulses. The signal propagated by inverter 3108 can be delayed by
introducing a R/C low pass network in the output of inverter 3108. Other means
of altering the delay of the signal propagated by inverter 3108 will be well known
to those skilled in the art.
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(ii)  Real Time Aperture Control

In anembodiment, the aperture width/duration is adjusted inreal time. For
example, referring to the timing diagrams in FIGS. 46B-F, a clock signal 4614
(FIG. 46B) is utilized to generate an energy transfer signal 4616 (FIG. 46F),
which includes energy transfer pluses 4618, having variable apertures 4620. Inan
embodiment, the clock signal 4614 is inverted as illustrated by inverted clock
signal 4622 (FIG. 46D). The clock signal 4614 is also delayed, as illustrated by
delayed clock signal 4624 (FIG. 46E). The inverted clock signal 4614 and the
delayed clock signal 4624 are then ANDed together, generating an energy transfer
signal 4616, which is active - energy transfer pulses 4618 - when the delayed clock
signal 4624 and the inverted clock signal 4622 are both active. The amount of
delay imparted to the delayed clock signal 4624 substantially determines the width
or duration of the apertures 4620. By varying the delay in real time, the apertures
are adjusted in real time.

Inan alternative implementation, the inverted clock signal 4622 is delayed
relative to the original clock signal 4614, and then ANDed with the original clock
signal 4614. Alternatively, the original clock signal 4614 is delayed then inverted,
and the result ANDed with the original clock signal 4614,

FIG. 46A illustrates an exemplary real time aperture control system 4602
that can be utilized to adjust apertures in real time. The exarﬁple real time
aperture control system 4602 includes an RC circuit 4604, which includes a
voltage variable capacitor 4612 and a resistor 4626. The real time aperture
control system 4602 also includes an inverter 4606 and an AND gate 4608. The
AND gate 4608 optionally includes an enable input 4610 for enabling/disabling the
AND gate 4608. The RC circuit 4604. The real time aperture control system
4602 optionally includes an amplifier 4628.

Operation of the real time aperture control circuit is described with
reference to the timing diagrams of FIGS. 46B-F. The real time control system

4602 receives the input clock signal 4614, which is provided to both the inverter
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4606 and to the RC circuit 4604. The inverter 4606 outputs the inverted clock
signal 4622 and presents it to the AND gate 4608. The RC circuit 4604 delays the
clock signal 4614 and outputs the delayed clock signal 4624. The delay is
determined primarily by the capacitance of the voltage variable capacitor 4612.
Generally, as the capacitance decreases, the delay decreases.

The delayed clock signal 4624 is optionally amplified by the optional
amplifier 4628, before being presented to the AND gate 4608. Amplification is
desired, for example, where the RC constant of the RC circuit 4604 attenuates the
signal below the threshold of the AND gate 4608.

The AND gate 4608 ANDs the delayed clock signal 4624, the inverted
clock signal 4622, and the optional Enable signal 4610, to generate the energy
transfer signal 4616. The apertures 4620 are adjusted in real time by varying the
voltage to the voltage variable capacitor 4612.

In an embodiment, the apertures 9820 are controlled to optimize power
transfer. For example, in an embodiment, the apertures 4620 are controlled to
maximize power transfer. Alternatively, the apertures 4620 are controlled for
variable gain control (e.g. automatic gain control - AGC). In this embodiment,
power transfer is reduced by reducing the apertures 4620.

As can now be readily seen from this disclosure, many of the aperture
circuits presented, and others, can be modified as in circuits illustrated in FIGS.
28H-K. Modification or selection of the aperture can be done at the design level
to remain a fixed value in the circuit, or in an alternative embodiment, may be
dynamically adjusted to compensate for, or address, various design goals such as
receiving RF signals with enhanced efficiency that are in distinctively different

bands of operation, e.g. RF signals at 900 MHz and 1.8 GHz.
G. Adding a Bypass Network

In an embodiment of the invention, a bypass network is added to improve

the efficiency of the energy transfer module. Such a bypass network can be
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viewed as a means of synthetic aperture widening. Components for a bypass
network are selected so that the bypass network appears substantially lower
impedance to transients of the switch module (i.e., frequencies greater than the
received EM signal) and appears as a moderate to high impedance to the input EM
signal (e.g., greater that 100 Ohms at the RF frequency).

The time that the input signal is now connected to the opposite side of the
switch module is lengthened due to the shaping caused by this network, which in
simple realizations may be a capacitor or series resonant inductor-capacitor. A
network that is series resonant above the input frequency would be a typical
implementation. This shaping improves the conversion efficiency of an input
signal that would otherwise, if one considered the aperture of the energy transfer
signal only, be relatively low in frequency to be optimal.

For example, referring to FIG. 43 a bypass network 4302 shown in this
instance as capacitor 4312), is shown bypassing switch module 4304. In this
embodiment the bypass network increases the efficiency of the energy transfer
module when, for example, less than optimal aperture widths were chosen for a
given input frequency on the energy transfer signal 4306. The bypass network
4302 could be of different configurations than shown in FIG 43. Such an alternate
is illustrated in FIG. 39. Similarly, FIG. 44 illustrates another example bypass
network 4402, including a capacitor 4404.

The following discussion will demonstrate the effects of a minimized
aperture and the benefit provided by a bypassing network. Beginning with an
initial circuit having a 550ps aperture in FIG. 47, its output is seen to be 2.8mVpp
applied to a 50 ohm load in FIG. 51A. Changing the aperture to 270ps as shown
in FIG. 48 results in a diminished output of 2.5Vpp applied to a 50 ohm load as
shown in FIG. 51B. To compensate for this loss, a bypass network may be added,
aspecific implementation is provided in FIG. 49. The result of this addition is that
3.2Vpp can now be applied to the 50 ohm load as shown in FIG. 52A. The circuit
with the bypass network in FIG. 49 also had three values adjusted in the

surrounding circuit to compensate for the impedance changes introduced by the
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bypass network and narrowed aperture. FIG. 50 verifies that those changes added
to the circuit, but without the bypass network, did not themselves bring about the
increased efficiency demonstrated by the embodiment in FIG. 49 with the bypass
network. FIG. 52B shows the result of using the circuit in FIG. 50 in which only
1.88Vpp was able to be applied to a 50 ohm load.

H. Modifying the Energy Transfer Signal Utilizing Feedback

FIG. 29 shows an embodiment of a system 2901 which uses down-
converted signal 2907 as feedback 2906 to control various characteristics of the
energy transfer module 2903 to modify the down-converted signal 2907.

Generally, the amplitude of the down-converted signal 2907 varies as a
function of the frequency and phase differences between the EM signal 1304 and
the energy transfer signal 6306. In an embodiment, the down-converted signal
2907 1s used as the feedback 2906 to control the frequency and phase relationship
between the EM signal 2703 and the energy transfer signal 2905. This can be
accomplished using the example logic in FIG 34A. The example circuit in FIG.
34A can be included in the energy transfer signal module 6902. Alternate
implementations will be apparent to persons skilled in the relevant art(s) based on
the teachings contained herein. Alternate implementations fall within the scope
and spirit of the present invention. In this embodiment a state-machine is used as
an example.

In the example of FIG. 34A, a state machine 3404 reads an analog to
digital converter, A/D 3402, and controls a digital to analog converter, DAC
3406. In an embodiment, the state machine 3404 includes 2 memory locations,
Previous and Current, to store and recall the results of reading A/D 3402. In an
embodiment, the state machine 3404 utilizes at least one memory flag.

The DAC 3406 controls an input to a voltage controlled oscillator, VCO
3408. VCO 3408 controls a frequency input of a pulse generator 3410, which, in
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an embodiment, is substantially similar to the pulse generator shown in FIG. 28J.
The pulse generator 3410 generates energy transfer signal 6306.

In an embodiment, the state machine 3404 operates in accordance with a
state machine flowchart 3419 in FIG. 34B. The result of this operation is to
modify the frequency and phase relationship between the energy transfer signal
2905 and the EM signal 2703, to substantially maintain the amplitude of the down-
converted signal 2907 at an optimum level.

The amplitude of the down-converted signal 2907 can be made to vary
with the amplitude of the energy transfer signal 2905. In an embodiment where
the switch module 2705 is a FET as shown in FIG 27A, wherein the gate 2704
receives the energy transfer signal 2711, the amplitude of the energy transfer
signal 2711 can determine the "on" resistance of the FET, which affects the
amplitude of the down-converted signal 2907. The energy transfer signal module
2902, as shown in FIG. 34C, can be an analog circuit that enables an automatic
gain control function. Alternate implementations will be apparent to persons
skilled in the relevant art(s) based on the teachings contained herein. Alternate

implementations fall within the scope and spirit of the present invention.
L. Other Implementations

The implementations described above are provided for purposes of
illustration. These implementations are not intended to limit the invention.
Alternate implementations, differing slightly or substantially from those described
herein, will be apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. Such alternate implementations fall within the scope

and spirit of the present invention.

J. Example Energy Transfer Down-Converters
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Example implementations are described below for illustrative purposes.
The invention is not limited to these examples.

FIG. 35 is a schematic diagram of an exemplary circuit to down convert
a 915 MHz signal to a 5 MHz signal using a 101.1 MHz clock.

FIG. 36 shows example simulation waveforms for the circuit of figure 35.
Waveform 3502 is the input to the circuit showing the distortions caused by the
switch closure. Waveform 3504 is the unfiltered output at the storage unit.
Waveform 3506 is the impedance matched output of the downconverter on a
different time scale.

FIG. 37 is a schematic diagram of an exemplary circuit to downconvert a
915 MHz signal to a 5 MHz signal using a 101.1 MHz clock. The circuit has
additional tank circuitry to improve conversion efficiency.

FIG. 38 shows example simulation waveforms for the circuit of figure 37.
Waveform 3702 is the input to the circuit showing the distortions caused by the
switch closure. Waveform 3704 is the unfiltered output at the storage unit.
Waveform 3706 is the output of the downconverter after the impedance match
circuit.

FIG. 39 is a schematic diagram of an exemplary circuit to downconvert a
915 MHz signal to a 5 MHz signal using a 101.1 MHz clock. The circuit has
switch bypass circuitry to improve conversion efficiency.

FIG. 40 shows example simulation waveforms for the circuit of figure 39.
Waveform 3902 is the input to the circuit showing the distortions caused by the
switch closure. Waveform 3904 is the unfiltered output at the storage unit.
Waveform 3906 is the output of the downconverter after the impedance match
circuit.

FIG. 41 shows a schematic of the example circuit in FIG. 35 connected to
an FSK source that alternates between 913 and 917 MHz, at a baud rate of 500
Kbaud. FIG. 54 shows the original FSK waveform 5202 and the downconverted

waveform 5404 at the output of the load impedance match circuit.
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6.2.1.3 Other Embodiments
The down-conversion embodiments described above are provided for
purposes of illustration. These embodiments are not intended to limit the
5 invention. Alternate embodiments, differing slightly or substantially from those
described herein, will be apparent to those skilled in the relevant art(s) based on
the teachings given herein. Such alternate embodiments include but are not limited
to: superheterodyne down-conversion, digital down-conversion, and
downconverion using specialized mixers including harmonic mixers; and any well
10 known down-conversion apparatus. Such alternate embodiments fall within the

scope and spirit of the present invention.

6.2.2. Spectrum Isolation
Example embodiments for step 1706 of flowchart 1700 (FIG. 17A), and
spectrum isolation module1726 will be discussed in the following sections. The
15 example embodiments include isolating redundant spectrums that were isolated

into separate channels by filtering each of the redundant spectrums.

6.2.2.1 Spectrum Isolation by Filtering
Redundant Spectrums
The following discussion describes a method and system for isolating
20 redundant spectrums into separate channels by filtering each of the redundant

spectrums.

6.2.2.1.1 Operational Description
FIG. 20A depicts flowchart 2000 for isolating redundant spectrums in
separate channels according to one embodiment of the present invention. In the
25 following discussion, the steps in FIG. 20A will be discussed in relation to the
example signal diagrams in FIGS. 17D-17G. FIGs. 17D-G were initially described

in relation to flowchart 1700, and are also applicable to the discussion herein.
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In step 1704, redundant spectrums 1712a-c are translated to lower
intermediate frequencies; resulting in redundant spectrums 1714a-c (FIG. 17D)
that are located at frequencies fig,, fir5, and fi., respectively. These spectrums
1714a-c are separated by f, (Hz). Redundant spectrums 1714a-c contain
substantially the same information as spectrums 1712a-c, except that they exist
atasubstantially lower frequencies, which is represented by the relative placement
of break 1709 in frequency axis. Jamming signal spectrum 1711 is also translated
to a lower frequency since it is located within the bandwidth of spectrum 1712b,
resulting in jamming signal spectrum 1716. Step 1704 and spectrums 1714a-c
were first discussed in FIG. 17A and FIG. 17D, respectively, and are repeated
here for convenience.

In step 2002, redundant spectrum 1714a-c are filtered into separate
channels, resulting in channels 1718a-c (shown in FIGS. 17E-17G). As such,
channel 1718a comprises redundant spectrum 1714a; channel 1718b comprises
redundant spectrum 1714b and jamming signal spectrum 1716; and channel 1718¢
comprises redundant spectrum 1714c. Each channel 1718a-c carries the necessary
amplitude, phase, and frequency information to reconstruct modulating baseband
signal 308 because redundant spectrums 1714a-c carry such information.
However, channel 1718b also carries jamming signal spectrum 1716 that may
prevent channel 1718b from being used to reconstruct modulating baseband signal
308, depending on the relative signal strength of jamming signal spectrum 1716.

In step 1708, demodulated baseband signal 1720 is extracted from
channels 1718a-c, where demodulated baseband signal 1720 is substantially similar
to modulated baseband signal 308.

6.2.2.1.2 Structural Description:

FIG. 20B illustrates down-converter 1724, filter bank 2004, and signal
extraction module 1728 associated with receiver module 1730 (FIG. 171), where
filter bank 2004 is one embodiment of spectrum isolation module 1726. Filter bank
2004 includes band pass filters 2006a-c. Preferably filter bank 2004 separates

redundant spectrums 1714a-c into channels 1718a-c. In other words, filter bank
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2004 is a structural embodiment for performing the operational step 2002 in
flowchart 2000 (and step 1706 in flowchart 1700). However, it should be
understood that the scope and spirit of the of the present invention includes other
structural embodiments for performing the step 2002 of flowchart 2000.
Flowchart 2000 will be revisited to further illustrate the present invention in view
of the structural components in receiver module 1730.

In step 1704, down-converter 1724 translates redundant spectrums 1712a-
cto alower intermediate frequencies. This results in redundant spectrums 1714a-c
(FIG. 17D) that are located at frequencies fjz,, fiz5, and fizc, respectively, that are
separated by f, (Hz). Redundant spectrums 1714a-c are substantially similar to
spectrums 1712a-c, except that they exist at a substantially lower frequency; which
isrepresented by the relative placement of break 1709 in frequency axis. Jamming
signal spectrum 1711 is also translated to a lower frequency since it is located
within the bandwidth of spectrum 1712b, resulting in jamming signal spectrum
1716. Step 1704 and spectrums 1714a-c were first discussed in FIG. 17A and
FIG. 17B, respectively, and are repeated here for convenience.

In step 2002, filter bank 2004 filters redundant spectrum 1714a-c into
separate channels 1718a-c that contain spectrums 1714a-c, respectively. In doing
so, band pass filter 2006a has center frequency at f;,, and a passband that is
sufficient to pass spectrum 1714a, but rejects the remaining redundant spectrums
1714b,c. Band pass filter 2006b has a center frequency at fiz5, and a passband that
is sufficient to pass spectrum 1714b, but rejects the remaining redundant
spectrums 1714a,c. As such, band pass filter 2006b will also pass jamming signal
spectrum 1716 because it is withing the frequency bandwidth of redundant
spectrum 1714b. Band pass filter 2006¢ has a center frequency at fi., and a
passband that is sufficient to pass spectrum 1714c, but rejects the remaining
redundant spectrums 1714a,b.

The result of step 2002 is that channel 1718a comprises redundant
spectrum 1714a; channel 1718b comprises redundant spectrum 1714b and

jamming signal spectrum 1716; and channel 1718c comprises redundant spectrum
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1714c. Each channel 1718a-c carries the necessary amplitude, phase, and
frequency information to reconstruct modulating baseband signal 308 because
redundant spectrums 1714a-c carry such information. However, channel 1718b
also carries jamming signal spectrum 1716 that may prevent channel 1718b from
being used to reconstruct modulating baseband signal 308, depending on the
relative signal strength of the jamming signal spectrum 1716.

In one embodiment described in section 6.2.1.1, down-converter 1724
includes a mixer 1814 and a local oscillator 1816 with a characteristic frequency
f,. When mixer 1814 is used, fig, fr5, and . are substantially equal to (f,-f,)-f,,
(f,-f;), and (f+f,)-f; as described in section 6.2.1.1. As such, filters 2006a-c
should be centered accordingly, as would be well known to those skilled in the
art(s) based on the discussion herein. In préctice, it is possible to design and
implement the filter bank 2004 using many well known filter techniques since f},
f,, and f, are known. '

Furthermore, filter bank 2004 depicts three bandpass 2006a-c to process
three redundant spectrums 1714a-c. This is for example only. As stated in section
6.2.1.1, any number of redundant spectrums can be transmitted (and thus
received) over acommunications medium. As such, filter bank 2004 can be scaled
to include any number of band pass filters to process any number of redundant
spectrums received by (optional) medium interface module 1722, as would be well
known to those skilled in the art(s) based on the discussion given herein. The
invention is not limited to the use of bandpass filters. In other embodiments, other
well known filter techniques can be used.

In step 1708, demodulated baseband signal 1720 is extracted from
channels 1718a-c, where demodulated baseband signal 1720 is substantially similar
to modulated baseband signal 308.

6.2.2.2. Down-conversion and Spectrum
Isolation using a Unified Down-

converting and Filtering Module

(UDF)
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In one embodiment, one or more unified down-converting and filtering
modules (UDF) replace the down-converter 1724, and the spectrum isolation
module 1726. A single UDF module both downconverts and filters a redundant
spectrum in an integrated manner. FIG. 20C illustrates the relative placement of
UDF modules 2008a-c in receiver 1730 (FIG.171, see also FIG. 20B) between
(optional) medium interface module 1722 and signal extraction module 1720,
where a UDF module is implemented for each received redundant spectrum (or
each spectrum of interest) according to one embodiment of the present invention.
Down-converting and filtering in a unified manner using a UDF module is
described below, and includes down-converting and filtering an input signal (e.g.
redundant spectrums 1712a-c) to an output signal (e.g. redundant spectrums
1714a-c). The summary of the UDF module operation is as follows.

The present invention includes a unified down-converting and filtering
(UDF) module that performs frequency selectivity and frequency translation in a
unified (i.e., integrated) manner. By operating in this manner, the invention
achieves high frequency selectivity prior to frequency translation (the invention is

not limited to this embodiment). The invention achieves high frequency selectivity

~ at substantially any frequency, including but not limited to RF (radio frequency)

and greater frequencies. It should be understood that the invention is not limited
to this example of RF and greater frequencies. The invention is intended, adapted,
and capable of working with lower than radio frequencies.

FIG. 24 is a conceptual block diagram of a UDF module 2402 according
to an embodiment of the present invention. The UDF module 2402 performs at
least frequency translation and frequency selectivity.

The effect achieved by the UDF module 2402 is to perform the frequency
selectivity operation prior to the performance of the frequency translation
operation. Thus, the UDF module 2402 effectively performs input filtering.

According to embodiments of the present invention, such input filtering
involves a relatively narrow bandwidth. For example, such input filtering may

represent channel select filtering, where the filter bandwidth may be, for example,
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50 KHz to 150 KHz. It should be understood, however, that the invention is not
limited to these frequencies. The invention is intended, adapted, and capable of
achieving filter bandwidths of less than and greater than these values.

In embodiments of the invention, input signals 2404 received by the UDF
module 2402 are at radio frequencies. The UDF module 2402 effectively operates
to input filter these RF input signals 2404. Specifically, in these embodiments, the
UDF module 2402 effectively performs input, channel select filtering of the RF
input signal 2404. Accordingly, the invention achieves high selectivity at high
frequencies.

The UDF module 2402 effectively performs various types of filtering,
including but not limited to bandpass filtering, low pass filtering, high pass
filtering, notch filtering, all pass filtering, band stop filtering, etc., and
combinations thereof.

Conceptually, the UDF module 2402 includes a frequency translator 2408.
The frequency translator 2408 conceptually represents that portion of the UDF
module 2402 that performs frequency translation (down conversion).

The UDF module 2402 also conceptually includes an apparent input filter
2406 (also sometimes called an input filtering emulator). Conceptually, the

apparent input filter 2406 represents that portion of the UDF module 2402 that

- performs input filtering.

In practice, the input filtering operation performed by the UDF module
2402 is integrated with the frequency translation operation. The input filtering
operation can be viewed as being performed concurrently with the frequency
translation operation. This is a reason why the input filter 2406 is herein referred
to as an "apparent" input filter 2406.

The UDF module 2402 of the present invention includes a number of
advantages. For example, high selectivity at high frequencies is realizable using
the UDF module 2402. This feature of the invention is evident by the high Q
factors that are attainable. For example, and without limitation, the UDF module

2402 can be designed with a filter center frequency f. on the order of 900 MHZ,
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and a filter bandwidth on the order of 50 KHz. This represents a Q of 18,000 (Q
is equal to the center frequency divided by the bandwidth).

It should be understood that the invention is not limited to filters with high
Q factors. The filters contemplated by the present invention may have lesser or
greater Qs, depending on the application, design, and/or implementation. Also,
the scope of the invention includes filters where Q factor as discussed herein is not
applicable.

The invention exhibits additional advantages. For example, the filtering
center frequency f. of the UDF module 2402 can be electrically adjusted, either
statically or dynamically.

Also, the UDF module 2402 can be designed to amplify input signals.

Further, the UDF module 2402 can be implemented without large
resistors, capacitors, or inductors. Also, the UDF module 2402 does not require
that high tolerances be maintained on its individual components, i.e., its resistors,
capacitors, inductors, etc. As a result, the architecture of the UDF module 2402
is friendly to integrated circuit design techniques and processes.

The features and advantages exhibited by the UDF module 2402 are
achieved at least in part by adopting a new technological paradigm with respect
to frequency selectivity and translation. Specifically, according to the present
invention, the UDF module 2402 performs the frequency selectivity operation and
the frequency translation operation as a single, unified (integrated) operation.
According to the invention, operations relating to frequency translation also
contribute to the performance of frequency selectivity, and vice versa.

According to embodiments of the present invention, the UDF module
generates an output signal from an input signal using samples/instances of the
input signal and samples/instances of the output signal.

More particularly, first, the input signal is sampled. This input sample
includes information (such as amplitude, phase, etc.) representative of the input

signal existing at the time the sample was taken.
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As described further below, the effect of repetitively performing this step
is to translate the frequency (that is, down-convert) of the input signal to a desired
lower frequency, such as an intermediate frequency (IF) or baseband.

Next, the input sample is held (that is, delayed).

Then, one or more delayed input samples (some of which may have been
scaled) are combined with one or more delayed instances of the output signal
(some of which may have been scaled) to generate a current instance of the output
signal.

Thus, according to a preferred embodiment of the invention, the output
signal is generated from prior samples/instances of the input signal and/or the
output signal. (It is noted that, in some embodiments of the invention, current
samples/instances of the input signal and/or the output signal may be used to
generate current instances of the output signal.). By operating in this manner, the
UDF module preferably performs input filtering and frequency down-conversion
in a unified manner.

FIG. 26 illustrates an example implementation of the unified down-
converting and filtering (UDF) module 2622. The UDF module 2622 performs
the frequency translation operation and the frequency selectivity operation in an
integrated, unified manner as described above, and as further described below.

In the example of FIG. 26, the frequency selectivity operation performed
by the UDF module 2622 comprises a band-pass filtering operation according to
EQ. 1, below, which is an example representation of a band-pass filtering transfer

function.
VO = ¢, z'VI- ﬂ1 z'VO - ﬂo z2*VO EQ. 1

It should be noted, however, that the invention is not limited to band-pass
filtering. Instead, the invention effectively performs various types of filtering,

including but not limited to bandpass filtering, low pass filtering, high pass
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filtering, notch filtering, all pass filtering, band stop filtering, etc., and
combinations thereof. As will be appreciated, there are many representations of
any given filter type. The invention is applicable to these filter representations.
Thus, EQ. 1 is referred to herein for illustrative purposes only,' and is not limiting.

The UDF module 2622 includes a down-convert and delay module 2624,
first and second delay modules 2628 and 2630, first and second scaling modules
2632 and 2634, an output sample and hold module 2636, and an (optional) output
smoothing module 2638. Other embodiments of the UDF module will have these
components in different configurations, and/or a subset of these components,
and/or additional components. For example, and without limitation, in the
configuration shown in FIG. 26, the output smoothing module 2638 is optional.

As further described below, in the example of FIG. 26, the down-convert
and delay module 2624 and the first and second delay modules 2628 and 2630
include switches that are controlled by a clock having two phases, ¢, and ¢,. ¢,
and ¢, preferably have the same frequency, and are non-overlapping (alternatively,
a plurality such as two clock signals having these characteristics could be used).
As used herein, the term "non-overlapping" is defined as two or more signals
where only one of the signals is active at any given time. In some embodiments,
signals are "active" when they are high. In other embodiments, signals are active
when they are low.

Preferably, each of these switches closes on arising edge of ¢, or ¢,, and
opens on the next corresponding falling edge of ¢, or ¢,. However, the invention
is not limited to this example. As will be apparent to persons skilled in the
relevant art(s), other clock conventions can be used to control the switches.

In the example of FIG. 26, it is assumed that «, is equal to one. Thus, the
output of the down-convert and delay module 2624 is not scaled. As evident from
the embodiments described above, however, the invention is not limited to this
example. '

The example UDF module 2622 has a filter center frequency of 900.2
MHZ and a filter bandwidth of 570 KHz. The pass band of the UDF module 2622
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is on the order of 899.915 MHZ to 900.485 MHZ. The Q factor of the UDF
module 2622 is approximately 1579 (i.e., 900.2 MHZ divided by 570 KHz).

The operation of the UDF module 2622 shall now be described with
reference to a Table 2502 (FIG. 25) that indicates example values at nodes in the
UDF module 2622 at a number of consecutive time increments. It is assumed in
Table 2502 that the UDF module 2622 begins operating at time t-1. As indicated
below, the UDF module 2622 reaches steady state a few time units after operation
begins. The number of time units necessary for a given UDF module to reach
steady state depends on the configuration of the UDF module, and will be
apparent to persons skilled in the relevant art(s) based on the teachings contained
herein.

Attherising edge of ¢, at time t-1, a switch 2650 in the down-convert and
delay module 2624 closes. This allows a capacitor 2652 to charge to the current
value of an input signal, VI_,, such that node 2602 is at VI_,. This is indicated
by cell 2504 in FIG. 25. In effect, the combination of the switch 2650 and the
capacitor 2652 in the down-convert and delay module 2624 operates to translate
the frequency of the input signal VI to a desired lower frequency, such as IF or
baseband. Thus, the value stored in the capacitor 2652 represents an instance of
a down-converted image of the input signal VI.

The manner in which the down-convert and delay module 2624 performs
frequency down-conversion is further described in section 6.2.1.2 in this
application, and includes frequency down-conversion using an energy transfer
signal.

Also at the rising edge of ¢, at time t-1, a switch 2658 in the first delay
module 2628 closes, allowing a capacitor 2660 to charge to VO,_,, such that node
2606 1sat VO, ,. Thisis indicated by cell 2506 in Table 2502. (In practice, VO, ,
is undefined at this point. However, for ease of understanding, VO, , shall
continue to be used for purposes of explanation.)

Also at the rising edge of ¢, at time t-1, a switch 2666 in the second delay

module 2630 closes, allowing a capacitor 2668 to charge to a value stored in a
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capacitor 2664. At this time, however, the value in capacitor 2664 is undefined,
so the value in capacitor 2668 is undefined. This is indicated by cell 2507 in table
2502.

At the rising edge of ¢, at time t-1, a switch 2654 in the down-convert
and delay module 2624 closes, allowing a capacitor 2656 to charge to the level of
the capacitor 2652. Accordingly, the capacitor 2656 charges to VI,_,, such that
node 2604 is at VI_,. This is indicated by cell 2510 in Table 2502.

The UDF module 2622 may optionally include a unity gain module 2690A
between capacitors 2652 and 2656. The unity gain module 2690A operates as a
current source to enable capacitor 2656 to charge without draining the charge
from capacitor 2652. For a similar reason, the UDF module 2622 may include
other unity gain modules 2690B-2690G. It should be understood that, for many
embodiments and applications of the invention, these unity gain modules 2690A-
2690G are optional. The structure and operation of the unity gain modules 2690
will be apparent to persons skilled in the relevant art(s).

Also at the rising edge of ¢, at time t- 1, a switch 2662 in the first delay
module 2628 closes, allowing a capacitor 2664 to charge to the level of the
capacitor 2660. Accordingly, the capacitor 2664 charges to VO, ,, such that node
2608 is at VO,_,. Thisis indicated by cell 2514 in Table 2502.

Also at the rising edge of ¢, at time t-1, a switch 2670 in the second delay
module 2630 closes, allowing a capacitor 2672 to charge to a value stored in a
capacitor 2668. At this time, however, the value in capacitor 2668 is undefined,
so the value in capacitor 2672 is undefined. This is indicated by cell 2515 in table
2502.

At time t, at the rising edge of ¢,, the switch 2650 in the down-convert
and delay module 2624 closes. This allows the capacitor 2652 to charge to VI,
such that node 2602 is at VI,. This is indicated in cell 2516 of Table 2502.

Also at the rising edge of ¢, at time t, the switch 2658 in the first delay
module 2628 closes, thereby allowing the capacitor 2660 to charge to VO..
Accordingly, node 2606 is at VO,. This is indicated in cell 2520 in Table 2502.
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Further at the rising edge of ¢, at time t, the switch 2666 in the second
delay module 2630 closes, allowing a capacitor 2668 to charge to the level of the
capacitor 2664. Therefore, the capacitor 2668 charges to VO,_,, such that node
2610 1is at VO, ,. This is indicated by cell 2524 in Table 2502.

Attherising edge of ¢, at time t, the switch 2654 in the down-convert and
delay module 2624 closes, allowing the capacitor 2656 to charge to the level of
the capacitor 2652. Accordingly, the capacitor 2656 charges to VI,, such that
node 2604 is at VI,. This is indicated by cell 2528 in Table 2502.

Also at the rising edge of ¢, at time t, the switch 2662 in the first delay
module 2628 closes, allowing the capacitor 2664 to charge to the level in the
capacitor 2660. Therefore, the capacitor 2664 charges to VO,, such that node
2608 is at VO,. This is indicated by cell 2532 in Table 2502.

Further at the rising edge of ¢, at time t, the switch 2670 in the second
delay module 2630 closes, allowing the capacitor 2672 in the second delay module
2630 to charge to the level of the capacitor 2668 in the second delay module
2630. Therefore, the capacitor 2672 charges to VO,_,, such that node 2612 is at
VO,.,. This is indicated in cell 2536 of FIG. 25.

Attime t+1, at the rising edge of ¢,, the switch 2650 in the down-convert
and delay module 2624 closes, allowing the capacitor 2652 to charge to VI,,,.
Therefore, node 2602 is at V1,,,, as indicated by cell 2538 of Table 2502.

Also at the rising edge of ¢, at time t+1, the switch 2658 in the first delay
module 2628 closes, allowing the capacitor 2660 to charge to VO,,,.
Accordingly, node 2606 is at VO,,,, as indicated by cell 2542 in Table 2502.

Further at the rising edge of ¢, at time t+1, the switch 2666 in the second
delay module 2630 closes, allowing the capacitor 2668 to charge to the level of
the capacitor 2664. Accordingly, the capacitor 2668 charges to VO, as indicated
by cell 2546 of Table 2502.

In the example of FIG. 26, the first scaling module 2632 scales the value
at node 2608 (i.e., the output of the first delay module 2628) by a scaling factor
of -0.1. Accordingly, the value present at node 2614 at time t+1 is -0.1 * VO.
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Similarly, the second scaling module 2634 scales the value present at node 2612
(i.e., the output of the second scaling module 2630) by a scaling factor of -0.8.
Accordingly, the value present at node 2616 is -0.8 * VO,_, at time t+1.

At time t+1, the values at the inputs of the summer 2626 are: VI, at node
2604, -0.1 * VO, at node 2614, and -0.8 * VO_, at node 2616 (in the example of
FIG. 26, the values at nodes 2614 and 2616 are summed by a second summer
2625, and this sum is presented to the summer 2626). Accordingly, at time t+1,
the summer generates a signal equal to VI, - 0.1 * VO, - 0.8 = VO__,.

At the rising edge of ¢, at time t+1, a switch 2690 in the output sample
and hold module 2636 closes, thereby allowing a capacitor 2692 to charge to
VO,,,. Accordingly, the capacitor 2692 charges to VO,,,, which is equal to the
sum generated by the adder 2626. As just noted, this value is equal to: VI, -
0.1 *x VO, - 0.8 * VO,_,. This is indicated in cell 2550 of Table 2502. This value
is presented to the output smoothing module 2638, which smooths the signal to
thereby generate the instance of the output signal VO,,,. It is apparent from
inspection that this value of VO,,, is consistent with the band pass filter transfer

function of EQ. 1.

6.2.2.3 Other Embodiments
The spectrum isolation embodiments described above are provided for
purposes of illustration. These embodiments are not intended to limit the
invention. Alternate embodiments, differing slightly or substantially from those
described herein, will be apparent to those skilled in the relevant art(s) based on
the teachings given herein. Such alternate embodiments fall within the scope and

spirit of the present invention.

6.2.3 Signal extraction
Example embodiments for step 1708 of flowchart 1700 (FIG. 17A), and

signal extraction module 1728 will be discussed in the following section and
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subsections. The example embodiments include extracting a demodulated

baseband signal from redundant spectrums that are isolated into separate channels.

6.2.3.1Signal extraction by

Demodulation, with Error

Checking and/or Error Correction

The following description includes a system and method for extracting the
demodulated baseband signal from redundant spectrums that were isolated into
separate channels. The system and method includes demodulating redundant

spectrums along with error checking, and/or error correction.

6.2.3.1.1 Operational Description
FIG. 21A depicts flowchart 2100 for extracting the demodulated baseband
signal 1720 (FIG. 21H) from channels 1718a-c (FIGS. 21E-G). Demodulated
baseband signal 1720 was first presented in FIG. 17H, and is re-illustrated in FIG.
21H for convenience. Similarly, channels 1718a-c were first presented in FIGS.
17E-G, respectively, and are re-illustrated in FIGS. 21B-D for convenience. In the
following discussion, the steps in FIG. 21A will be discussed in relation to the
example signal diagrams in FIGS. 21B-21H.
In step 1706, redundant spectrum 1714a-c are isolated from each other
into separate channels, resulting in channels 1718a-c (shown in FIGS. 21B-21 D).
As such, channel 1718a comprises redundant spectrum 1714a; channel 1718b
comprises redundant spectrum 1714b and jamming signal spectrum 1716; and
channel 1718c comprises redundant spectrum 1714c. Each channel 1718a-c
carries the necessary amplitude, phase, and frequency information to reconstruct
modulating baseband signal 308 because redundant spectrums 1714a-¢ carry such
information. However, channel 1718b also carries jamming signal spectrum 1716
that may prevent channel 1718b from being used to reconstruct modulating

baseband signal 308, depending on the relative signal strength of j amming signal
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spectrum 1716. Step 1706 and channels 1718a-c were first discussed in FIGS.
17A and FIGS. 17E-G, respectively and are re-illustrated here for convenience.

In step 2102, redundant spectrums 1714a-c (in channels 1718a-c,
respectively) are preferably independently demodulated (or decoded), resulting in
demodulated baseband signals 2108a-c (FIGS. 21E-G), respectively. The type of
demodulation implemented in step 2108 is consistent with the type of modulation
scheme used to generate redundant spectrums 1714a-c. Demodulation techniques
for standard modulation schemes include but are not limited to AM, ASK, FM,
FSK, PM, PSK, etc., combinations thereof, and other modulation schemes will be
apparent to those skilled in the art(s) based on the teachings given herein.

FIGS. 21E and 21G depict demodulated baseband signals 2108a and
2108c that are substantially similar to modulated baseband signal 308 (FIG. 3A),
as is desired. However, FIG. 21F depicts a demodulated baseband signal 2108b
that is not substantially similar to modulating baseband signal 308, as would be
expected from the presence of jamming signal spectrum 1716 in channel 1718b,
from which the demodulated baseband signal 2108b is derived.

In step 2104, each demodulated baseband signal 2108a-c is analyzed to
detect errors. In one embodiment, when a demodulated baseband signal is
determined to be erroneous, an associated error flag is set. The error flag for each
demodulated baseband signal can then be examined in step 2106 to select an error-
free demodulated baseband signal.

Any of the many available error detection schemes can be used to detect
errors in step 2104. Furthermore, in some instances, methodologies can be used
to correct detected errors in digital signals. Some effective error detection
schemes for digital and analog demodulated baseband signals will be discussed
below.

Cylic Redundancy Check (CRC) and parity check can be used to detect
errors in demodulated baseband signals that are digital signals. A short summary
of each follows. CRC examines a bit stream (prior to transmission over a

communications medium) and calculates an n-bit CRC character according to a
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specific mathematical relationship based on the examined bit stream. The CRC
character is then transmitted with the examined bit stream over the
communications medium. The same calculation is performed at the receiver. If the
CRC character determined by the receiver agrees with that sent with the bit
stream, then the bit stream is determined to be error free. If there is disagreement,
then an error has been introduced. Parity check also generates n-bit character
associated with a bit stream; where the parity check character is based on the
number of logic "1"s or "0"s in the bit stream. The scope and spirit of the present
invention includes all other error checking/correction schemes including but not
limited to check sum as will be understood by those skilled in the art(s) based on
the discussion given herein. |

Error detection for analog demodulated baseband signals can be
implemented through various encoder/decoder and pattern recognition schemes.
In one embodiment, this is done by examining the separated demodulated
baseband signals to determine a consensus signal shape. Each demodulated
baseband signal can then be compared with the consensus signal, where any
demodulated baseband signal that is substantially different from the consensus
signal is deemed erroneous. Implementation of this scheme on demodulated
baseband signals 2108a-c (FIGs. 21E-21G) will result in baseband signal 2108b
being deemed as erroneous.

Inanother embodiment, error detection for analog signals is accomplished
by monitoring a pilot tone that is embedded in the redundant spectrums from
which the demodulated baseband signals are generated. After calibration, any
degradation in pilot tone may be evidence of signal interference.

In another embodiment, error detection for analog signals is accomplished
by passing each demodulated baseband signal through a high pass filter to select
the (out-of-band) high frequency components in each demodulated baseband
signal. Ideally, the amplitude of these out-of-band frequency components is small.
Therefore, if the power level of these out-of-band frequency components is above

some threshold level, then the demodulated baseband signal may be corrupted with
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unwanted interference. This method of error detection would flag demodulated
baseband signal 2108b (FIG. 21F) as erroneous.

In step 2106, a substantially error-free demodulated baseband signal is
selected; resulting in demodulated baseband signal 1720 (FIG. 17H). In one
embodiment, a particular demodulated baseband signal is substantially error-free
ifitis sufficiently similar to (i.e. representative of) the modulating baseband signal
(associated with the transmitted redundant spectrums in step 306) for the needs
of the application. Therefore, in one embodiment, the level of similarity is
application specific. For example and without limitation, voice communication
may require less similarity than data communications as will be understood by
those skilled in the relevant art(s). In the example illustrated in FIGS. 21E-G,
either demodulated baseband signal 2108a or 2108c can be selected as
demodulated baseband signal 1720.

In one embodiment, step 2106 selects a substantially error-free
demodulated baseband signal through a process of elimination. This can be done
by examining status of the error flag generated in step 2104 for each demodulated
baseband signal. If the error flag is set, then the associated demodulated baseband

signal is eliminated from consideration. This embodiment is further illustrated by

- flowchart 2200 (FIG. 22) that is discussed below.

Flowchart 2200 (FIG. 22A) is an operational process for selecting an
error-free demodulated baseband signal through a process of elimination, and is
one embodiment of step 2106 in flowchart 2100 ( FIG.21A). Flowchart 2200 will
be discussed as follows.

In step 2202, a plurality of demodulated baseband signals and associated
error flags are accepted. The demodulated baseband signals are preferable isolated
in channels A-N. For example, demodulated baseband signals 2108a-c can be
described as existing in channels that correspond to the their corresponding letter
"a-c" . The error flag associated with each demodulated baseband signal is

preferably generated as described in step 2104 above.
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In step 2204, it is determined whether the error flag associated with the
demodulated baseband signal in channel A is set. If yes, then in step 2206, the
demodulated baseband signal in channel A is eliminated from consideration, after
which control flows to step 2208. If no, then flowchart 2200 sends control directly
to step 2208.

In step 2208, it is determined whether the error flag associated with the
demodulated baseband signal in channel B is set. If yes, then in step 2210, the
demodulated baseband signal in channel B is eliminated from consideration, after
which control flows to step 2212. If no, then flowchart 2200 sends control directly
to step 2212.

In step 2212, it is determined whether the error flag associated with the
demodulated baseband signal in channel C is set. If yes, then in step 2214, the
demodulated baseband signal in channel C is eliminated from consideration, after
which control flows to step 2215. Ifno, then flowchart 2200 sends control directly
to step 2215.

The process described above continues until the N™ channel is reached. In
step 2215, it is determined whether the error flag associated with demodulated
baseband signal in channel N is set. If yes, then in step 2216, the demodulated
baseband signal in channel N is eliminated from consideration, after which control
flows to step 2217. If no, then flowchart 2200 sends control directly to step 2217.

In step 2217, it is determined whether at least one demodulated baseband
signal is viable (i.e., at least one that has not been eliminated). Ifyes, then control
flows to step 2218. If no, then control flows to step 2219, where the process
follows application specific instructions to address the situation where all de-
modulated baseband signals have been determined to be erroneous. After which,
the process ends in step 2220.

In step 2218, a demodulated baseband signal is selected from the
demodulated baseband signals that are still under consideration. If more than one
demodulated baseband signal is still viable, then the selection can be done

according to the channel order (i.e. select channel A over channel C), or inverse
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channel order (i.e. select channel C over channel A), or any other means of
selection including selection based on highest power level.

The selection process described by flowchart 2200 will now be applied to
demodulated baseband signal 2108a-c in FIGS. 21E-G, respectively. In doing so,
the error flag associated with demodulated baseband signal 2108b in channel B
will be set. Therefore, step 2208 will eliminate demodulated baseband signal
2108b from consideration. This leaves the choice between demodulated baseband
signals 2108a and 2108c. In one embodiment, demodulated baseband signal 2108a
is selected because it is in Channel A, and Channel A was the first channel
examined. In another embodiment, demodulated baseband signal 2108c is selected
because it is in Channel C, and was the last channel examined. In another
embodiment, channel power level is monitored, and the channel with the strongest
demodulated baseband signal is selected. Either way a substantially error-free
demodulated baseband signal is selected that is substantially‘ similar to the
modulating baseband signal used to generate the redundant spectrums.

Flowchart 2222 (FIG. 22B) is an alternative operational process for
selecting a substantially error-free demodulated baseband signal through a process
of elimination, and is one embodiment of step 2106 in flowchart 2100 (FIG.21A).
Flowchart 2222 will be discussed as follows.

In step 2224, a plurality of demodulated baseband signals and associated
error flags are accepted. The demodulated baseband signals are preferable isolated
in channels A-N. For example, demodulated baseband signals 2108a-c can be
described as existing in channels that correspond to the their corresponding letter
"a-c" . The error flag associated with each demodulated baseband signal is
preferably generated as described in step 2104 above.

In step 2226, it is determined whether the error flag associated with the
demodulated baseband signal in channel A is set. If yes, then control flows to step
2232. If no, then in step 2228, the demodulated baseband signal in channel A is
selected as a substantially error-free demodulated baseband signal, after which

flowchart processing ends in step 2230. As stated earlier, a particular
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demodulated baseband signal is substantially error-free if it is sufficiently similar
to and/or representative of the modulating baseband signal as needed for the
specific application in use.

In step 2232, it is determined whether the error flag associated with the
demodulated baseband signal in channel B is set. If yes, then control flows to step
2238, and the demodulated baseband signal in channel B is eliminated from
consideration. If no, then in step 2234, the demodulated baseband signal in
channel B is selected as a substantially error-free demodulated baseband signal,
after which processing ends in step 2236.

In step 2238, it is determined whether the error flag associated with the
demodulated baseband signal in channel C is set. If yes, then control flows to step
2244, and the demodulated baseband signal in channel C is eliminated from
consideration. If no, then in step 2240, the demodulated baseband signal in
channel C is selected as a substantially error-free demodulated baseband signal,
after which processing ends in step 2242.

The process described above continues until the N channel is reached. In
step 2244, it is determined whether the error flag associated with the demodulated
baseband signal in channel N is set. If yes, then control flows to step 2250, and the
demodulated baseband signal in channel N is eliminated from consideration. If no,
then in step 2246, the demodulated baseband signal in channel N is selected as a
substantially error-free demodulated baseband signal, after which processing ends
in step 2248.

If the process reaches step 2250, then all the error flags for the available
channels have been checked and determined to be set, meaning that all the
available de-modulated baseband signals have been determined to contain errors.
In such case, step 2250 follows application specific instructions, after which
processing ends in step 2252. In one embodiment, the application specific

instruction may be a request for re-transmission.
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6.2.3.1.2 Structural Description:

FIG. 211 illustrates spectrum isolation module 1726, and signal extraction
module 1728 from receiver module 1730 (FIG. 171), where in one embodiment
signal extraction module 1728 includes signal extraction mddule 2110. Signal
extraction module 2110 includes demodulators 2112a-c, error check modules
2114a-c, and arbitration module 2116. Preferably signal extraction module 2110
receives redundant spectrums 1714a-c and extracts demodulated baseband signal
1720. In other words, signal extraction module 1728 is a structural embodiment
for performing the operational steps 2102-2106 in flowchart 2100. However, it
should be understood that the scope and spirit of the of the present invention
includes other structural embodiments for performing the steps 2102-2106 of
flowchart 2100. Flowchart 2100 will be revisited to further illustrate the present
invention in view of the structural components in signal extraction module 2110.

In step 1706, spectrum isolation module 1726 isolates redundant spectrum
1714a-c from each other into separate channels, resulting in channels 1718a-c
(shown in FIGS. 21B-21D). As such, channel 1718a comprises redundant
spectrum 1714a; channel 1718b comprises redundant spectrum 1714b and
jamming signal spectrum 1716; and channel 1718c comprises redundant spectrum
1714c. Each channel 1718a-c carries the necessary amplitude, phase, and
frequency information to reconstruct modulating baseband signal 308 because
redundant spectrums 1714a-c carry such information. However, channel 1718b
also carries jamming signal spectrum 1716 that may prevent channel 1718b from
being used to reconstruct modulating baseband signal 308, depending on the
relative signal strength of jamming signal spectrum 1716. Step 1706 and channels
1718a-c were firstdiscussed in FIGS. 17A and FIGS. 17E-G, respectively, and are
re-illustrated here for convenience.

In step 2102, demodulators (or detectors) 2112a-c demodulate redundant
spectrums 1714a-c (in channels 1718a-c, respectively), resulting in demodulated
baseband signals 2108a-c, respectively. Demodulators 2112a-c are consistent with

the type of modulation used to generate redundant spectrums 1714a-c. As such,
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example embodiments of demodulators 2112a-c include but are not limited to:
AM demodulators, FM demodulators, and PM demodulators, and demodulators
that can demodulate redundant spectrums that are combinations thereof.
Furthermore, the present invention can be operated with other modulation
schemes that are not listed above, as will be recognized by to those skilled in art(s)
based on the discussion given herein. Furthermore, the number of demodulators
2112 need not be three, as is illustrated in FIG. 211. The number demodulators
2112 can be scaled to be consistent with the number of redundant spectrums, or
subset of redundant spectrums received by (optional) medium interface module
1722, as would be well known to those skilled in the arts based on the discussion
given herein.

In one embodiment, the down-converter 1516 is included in demodulators
2112a-c. In this case, down-conversion and demodulation are done in one step so
that isolated redundant spectrums are directly down-converted to demodulated
baseband signals without using any IF stages. Direct down-conversion can done
using the aliasing module 1902 that was summarized in section 6.2.1.2.

In step 2104, error check modules 2114a-c analyze demodulated baseband
signals 2108a-c, respectively, to detect errors in demodulated baseband signals
2108a-c. In one embodiment, each error check module 2114 generates an error
flag 2109 whenever the corresponding demodulated baseband signal is determined
to be erroneous. The error flags 2109a-c are sent with the demodulated baseband
signal 2108a-c to the arbitration module 2116. The arbitration module will use the
error flags to weed out erroneous demodulated baseband signals.

Error check modules 2114a-c can implement any number of the possible
available error detection schemes to detect errors in step 2104. Furthermore, in
some instances, methodologies can be used to correct detected errors in digital
signals. Some effective error detection schemes that can be used for digital and
analog signals will be discussed below.

For demodulated baseband signals that are digital signals, error check

modules 2114a-c can implement cyclic redundancy check (CRC) or parity check
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to detect errors. A brief summary of which follows. CRC examines a digital bit
stream and calculates an n-bit CRC character according to a specific mathematical
relationship. The CRC character is then transmitted with the examined bit stream
over the communications medium. The same calculation is performed at the
receiver. If the receiver CRC character agrees with that sent with the bit stream,
then the bit stream is determined to be error free. IF there is disagreement, then
an error has been introduced. Parity check also generates n-bit character
associated with a bit stream; where the parity check character is based on the
number of logic "1"s or "0"s in the bit stream. The scope and spirit of the present
invention includes all other error checking/correction schemes as will be
understood by those skilled in the art(s) based on the discussion given herein.

For demodulated baseband signals that are analog signals, error check
modules 2114a-c can monitor a pilot tone to detect errors. The pilot tone is
embedded in the redundant spectrums from which the demodulated baseband
signals are generated. After calibration, any degradation in the pilot tone may be
evidence of signal interference.

In an alternate embodiment, error detection modules 2114a-c can comprise
analog error detection module 2300 to detect errors in analog demodulated
baseband signals. Analog error detection module 2300 comprises high pass filter
2302, and comparator 2304. Analog error detection module 2300 operates as
follows. High pass filter 2302 selects the out-of-band high frequency spectral
components in the demodulated baseband signal 2108. These out-of-band spectral
components are ideally small in amplitude. Comparator 2304 compares the
amplitude of these out-of-band spectral components to some threshold level, and
sets the error flag 2109 if the threshold level is exceeded.

In alternate embodiment, arbitration module 2116 can detect errors in
analog demodulated baseband signals by examining the demodulated baseband
signals to determine a consensus signal shape. Each demodulated baseband signal
can then be compared with the consensus signal, where any demodulated baseband

signal that is substantially different from the consensus signal is deemed erroneous.

PCT/US99/24087



10

15

20

25

WO 00/24120

- 158 -

Implementation of this scheme on demodulated baseband signals 2108a-c (FIGs.
21E-21G) will result in baseband signal 2108b being deemed as erroneous. It
should recalled that exemplary de-modulated baseband signal 2108b was
demodulated from spectrum 1714b that was illustrated to be corrupted with a
jamming signal spectrum 1716.

In step 2106, arbitration module 2116 selects an error free demodulated
baseband signal, resulting in demodulated baseband signal 1720, which is
substantially similar modulating baseband signal 308. In the example illustrated in
FIGS. 21E-G, demodulated baseband signal 1720 can be either one of
demodulated baseband signals 2108a or 2108c.

In one embodiment, arbitration module 2116 uses error flags 2109
generated by error detection modules 2114, and an elimination process to select
the error-free demodulated baseband signal. Example elimination processes were
described in section 6.2.3.1.1, in flowcharts 2200 (in FIG. 22A) and 2222 (in FIG.
22B), to which the reader is referred to for further description.

6.2.3.2 Other Embodiments
The embodiment for signal extraction described above is provided for
purposes of illustration. This embodiment is not intended to limit the invention.
Alternate embodiments, differing slightly or substantially from those described
herein, will be apparent to those skilled in the relevant art(s) based on the
teachings given herein. Such alternate embodiments fall within the scope and spirit

of the present invention.

V. Conclusion

Example embodiments of the methods, systems, and components of the
present invention have been described herein. Asnoted elsewhere, these example
embodiments have been described for illustrative purposes only, and are not

limiting. Other embodiments are possible and are covered by the invention. Such
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other embodiments include but are not limited to hardware, software, and
software/hardware implementations of the methods, systems, and components of
the invention. Such other embodiments will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein. Thus, the breadth and
scope of the present invention should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents
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What Is Claimed Is:

1. A method of generating a communications signal, comprising the steps of

N accepting a modulating baseband signal;

(2)  modulating a first oscillating signal with the modulating baseband
signal, resulting in a modulated signal with an associated modulated spectrum,
wherein the modulated spectrum contains information representative of the
modulating baseband signal; and

(3) modulating the modulated signal with a second oscillating signal,
resulting in a plurality of redundant spectrums, wherein each redundant spectrum

contains information representative of the modulating baseband signal.

2. The method of claim 1, wherein step (3) comprises the step of’
(a) modulating the modulated signal with the second oscillating signal
using at least one of phase modulation, frequency modulation, and amplitude

modulation.

3. The method of claim 1, further comprising the steps of:
(4)  selecting a subset of the redundant spectrums; and
(5)  transmitting the subset of redundant spectrums over a

communications medium.

4. A method for recovering a demodulated baseband signal from a plurality
of redundant spectrums, each redundant spectrum representative of a modulating
baseband signal, the method comprising the steps of*

(1)  isolating at least a plurality of the redundant spectrums; and

(2)  extracting the demodulated baseband signal from at least one of the
isolated redundant spectrums, whereby the demodulated baseband signal is

representative of the modulating baseband signal.
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5. The method of claim 4, further comprising the step of:

3) translating the redundant spectrums to lower frequencies prior to

step (2).

6. The method of claim 5, wherein step (3) comprises the step of:
translating the redundant spectrums to lower frequencies using a controlled

switch with a non-negligible aperture so as to increase energy transfer.

7. The method of claim 4, wherein step (2) comprises the steps of:
(a) demodulating the isolated redundant spectrums, resulting in a
demodulated baseband signal for each of the plurality of redundant spectrums;
(b)  checking each of the demodulated baseband signals for errors; and
(c)  obtaining a demodulated baseband signal based on step (b) that is

substantially error-free.

8. A method of communicating a modulating baseband signal between a first
location and a second location, comprising the steps of:

(1)  accepting the modulating baseband signal at the first location;

(2)  generatinga plurality of redundant spectrums using the modulating
baseband signal, each redundant spectrum representative of the modulating
baseband signal,

(3)  transmitting a plurality of the redundant spectrums from the first
location to the second location over a communications medium;

(4)  receiving the plurality of the redundant spectrums at the second
location;

(5)  1solating the received redundant spectrums; and

(6)  extracting a demodulated baseband signal from at least one of the
isolated redundant spectrums, whereby the demodulated baseband signal is

representative of the modulating baseband signal of step (1).
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9. A method of generating a communications signal, comprising the steps of:

¢)) modulating a first oscillating signal with a modulating baseband
signal to generate a modulated signal having an associated modulated spectrum,;
and

(2) modulating the modulated signal with a second oscillating signal
to generate a plurality of redundant spectrums, wherein-each of the redundant
spectrums contains information that is representative of the modulating baseband
signal, wherein the first oscillating signal has a frequency of f, Hz and the second
oscillating signal has a frequency of f, Hz, such that the plurality of redundant

spectrums are centered on f; Hz and are offset from each other by f, Hz.

10.  The method of claim 9, further comprising the step of:
(3)  adjusting the frequency of the second oscillating signal to tune the

frequency bandwidth occupied by the redundant spectrums.
11.  The method of claim 9, wherein f, is substantially less than f;.

12.  The method of claim 9, wherein step (1) comprises the step of*
(a) modulating the first oscillating signal with the modulating baseband
signal using at least one of amplitude modulation, frequency modulation, and

phase modulation.

13 The method of claim 9, wherein step (2) comprises the step of’

(a)  phase modulating the modulated signal with the second oscillating
signal, comprising the step of shifting the phase of the modulated signal as a
function of the second oscillating signal so that the information in the modulated
spectrum is substantially replicated to produce the plurality of redundant

spectrums.

14, The method of claim 9, wherein step (2) comprises the step of:
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(a) frequency modulating the modulated signal with the second
oscillating signal, comprising the step of shifting the frequency of the modulated
signal as a function of the second oscillating signal so that the information in the
modulated spectrum is substantially replicated to produce the plurality of

redundant spectrums.

15. The method of claim 9, wherein step (2) comprises the step of:

(a) amplitude modulating the modulated signal with the second
oscillating signal, comprising the step of shifting the amplitude of the modulated
signal as a function of the second oscillating signal so that the information in the
modulated spectrum is substantially replicated to produce the plurality of

redundant spectrums.

16.  The method of claim 9, further comprising the steps of:
3) selecting a subset of the redundant spectrums;
(4)  up-converting the selected redundant spectrums to a higher
frequency; and
&) transmitting the up-converted redundant spectrums over a

communications medium.

17. A method for recovering a demodulated baseband signal from a plurality
of received redundant spectrums, wherein each of the redundant spectrums
contains information that is representative of a modulating baseband signal, the
method comprising the steps of’

(1) down-converting thereceived redundant spectrumsusing a control
signal to generate a plurality of down-converted redundant spectrums, wherein
said control signal comprises a plurality of pulses having apertures established to
improve energy transfer to the down-converted redundant spectrums;

(2)  isolating at least a subset of the down-converted redundant

spectrums, to generate a plurality of isolated redundant spectrums; and
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(3)  extractingthe demodulated baseband signal from at least one of the
isolated redundant spectrums, wherein the extracted demodulated baseband signal

1s representative of the modulating baseband signal.

18. The method of claim 17, wherein step (1) comprises the step of sampling

the received redundant spectrums using said control signal.

19.  The method of claim 17, wherein said apertures are:
(a) non-negligible; and
(b) approximately less than %2 of a period that is associated

with the received redundant spectrums.

20.  Themethod of claim 19, wherein said apertures are between approximately

Y and Y% of said period.

21.  The method of claim 20, wherein said period is associated with the center

frequency of the redundant spectrums.

22 The method of claim 17, wherein the frequency of the plurality of pulses
is equal to (Freqy,,, +/- Freqg)/n, where Freq,,, is the center frequency of the
received redundant spectrums, Freqy is the center frequency of the down-

converted redundant spectrums, and » represents a harmonic or sub-harmonic of

Fregpu:.

23. The method of claim 17, wherein step (2) comprises the step of filtering

the down-converted redundant spectrums into separate channels.

24.  The method of claim 17, wherein step (3) comprises the steps of*
(a) demodulating each of the isolated redundant spectrums to obtain

a plurality of demodulated baseband signals;
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(b) checking each of the demodulated baseband signals for errors; and
() selecting at least one of the demodulated baseband signals that is

determined in step (b) to be substantially error-free.

25. The method of claim 24, wherein each of the demodulated baseband
signals is a digital signal, and wherein said step (b) comprises the step of executing

at least one of a parity check and a cyclic redundancy check.

26. The method of claim 24, wherein each of the demodulated baseband
signals is an analog signal, and wherein said step (b) comprises the steps of’
9] determining the level of the out-of-band high frequency
components that is associated with each of the demodulated baseband signals; and
(i) setting an error flag for each of the demodulated baseband signals
that has an associated level of out-of-band high frequency components that

exceeds a threshold level.

27.  The method of claim 17, wherein step (3) comprises the steps of*
(a) demodulating each of the isolated redundant spectrums to obtain
a plurality of demodulated baseband signals; |
(b) checking each of the demodulated baseband signals for errors; and
() selecting a demodulated baseband signal that has the least amount

of errors based on step (b).

28. A method of communicating a modulating baseband signal from a first
location to a second location, comprising the steps of:
(1)  modulating a first oscillating signal with a modulating baseband
signal to generate a modulated signal having an associated modulated spectrum;
(2)  modulating the modulated signal with a second oscillating signal

to generate a plurality of redundant spectrums, wherein each of the redundant
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spectrums contains information that is representative of the modulating baseband
signal; '

(3)  transmitting at least a subset of the plurality of redundant
spectrums from the first location to the second location;

“) receiving the transmitted redundant spectrums at the second

location;

(5) isolating at least a subset of the received redundant spectrums into
separate channels; and

(6) extracting a demodulated baseband signal from the isolated
redundant spectrums, whereby the extracted demodulated baseband signal is

representative of the modulating baseband signal.

29.  The method of claim 28, further comprising the step of'
(7)  adjusting the frequency of the second oscillating signal prior to step
(3) to tune the frequency bandwidth occupied by the transmitted redundant

spectrums.

30.  The method of claim 28, further comprising the step of:
(7)  down-converting the received redundant spectrums using a
plurality of pulses with apertures established to improve energy transfer from the

received redundant spectrums to the down-converted redundant spectrums.

31.  The method of claim 30, wherein the frequency of the plurality of pulses
is equal to (Freqy,,, +/- Freqy)/n, where Freq,,, is the center frequency of the
received redundant spectrums, Freqy is the center frequency of the down-

converted redundant spectrums, and » represents a harmonic or sub-harmonic of

Freqimpy:.

32. The method of claim 30, wherein said apertures are:

(a)  non-negligible; and
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(b) approximately less than %2 a period associated with a

frequency within the bandwidth occupied by the redundant spectrums.

33.  Themethod of claim 32, wherein said apertures are between approximately

Ya and % said period.

34. The method of claim 33, wherein said period is associated with the center

frequency of the redundant spectrums.

35.  The method of claim 28, wherein said step (5) comprises the step of

filtering the isolated redundant spectrums into separate channels.

36. The method of claim 28, wherein step (6) comprises the steps of:
(a) demodulating each of the isolated redundant spectrums to obtain
a plurality of demodulated baseband signals;
(b) checking each of the demodulated baseband signals for errors; and
(c)  selecting at least one of the demodulated baseband signals that is

determined in step (b) to be substantially error-free.

37.  The method of claim 28, wherein step (6) comprises the steps of:
(a)  demodulating each of the isolated redundant spectrums to obtain
a plurality of demodulated baseband signals;
(b)  checking each of the demodulated baseband signals for errors; and
(c)  selecting one of the demodulated baseband signals that has the least

amount of errors based on step (b).

38. A system for generating a communications signal that is representative of
a modulating baseband signal, comprising;
a first stage modulator that generates a modulated signal using the

modulating baseband signal and a first oscillating signal; and
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a second stage modulator coupled to said first stage modulator that
generates a plurality of redundant spectrums using said modulated signal and a
second oscillating signal, wherein each of said redundant spectrums contains

information that is representative of the modulating baseband signal.

39. A system for recovering a demodulated baseband signal from a plurality
of received redundant spectrums, comprising:

an aliasing module for down-converting the received redundant spectrums
to generate down-converted redundant spectrums;

a filter bank coupled to said aliasing module for isolating each of the
down-converted redundant spectrums; and

a signal extraction module coupled to said filter bank for extracting the
demodulated baseband signal from at least one of the isolated redundant

spectrums.

40.  The system of claim 39, wherein said aliasing module comprises a switch

module coupled to a storage module.

41.  The system of claim 40, wherein said switch module is controlled by a
control signal comprising a plurality of pulses having apertures established to

improve energy transfer to the down-converted redundant spectrums.

42, The system of claim 40, wherein said storage module is one of a capacitor

and an inductor.

43.  The system of claim 39, wherein said signal extraction module comprises:
a plurality of demodulators coupled to said filter bank;
a plurality of error check modules coupled to said plurality of
demodulators; and

an arbitration module coupled to said plurality of error check modules.
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44. A method for recovering a demodulated baseband signal from a plurality
of received redundant spectrums, wherein each of the redundant spectrums
contains information that is representative of a modulating baseband signal, the
method comprising the steps of:

(1)  down-converting the received redundant spectrums using a control
signal to generate a plurality of down-converted redundant spectrums, wherein the
control signal comprises a plurality of pulses having apertures established to
improve energy transfer to the down-converted redundant spectrums, wherein a
frequency of the plurality of pulses is equal to (Freqy +/- Freqg)/n, where
Freqy,,, is a center frequency of the received redundant spectrums, Freqy, is the
center frequency of the down-converted redundant spectrums, and » represents
a harmonic or sub-harmonic of Freq,,,;

(2)  isolating at least a subset of the down-converted redundant
spectrums, to generate a plurality of isolated redundant spectrums; and

(3)  extracting the demodulated baseband signal from at least one of the
isolated redundant spectrums, wherein the extracted demodulated baseband signal

is representative of the modulating baseband signal.

45.  The method of claim 44, wherein step (1) comprises the step of:
sampling the received redundant spectrums using the control signal,
resulting in under-samples that charge and discharge a storage module according

to the pulses of the control signal.

46.  The method of claim 44, wherein step (1) comprises the steps of:

(a) operating a switch with the control signal to transfer energy from
the received redundant spectrums through the switch, wherein the switch is
opened and closed in accordance with the control signal, wherein the apertures of

the pulses are designed to increase the energy transferred through the switch;
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(b)  charging a storage module with the energy transferred through the
switch; and
(©) discharging the energy in the storage module to produce the down-

converted redundant spectrums.

5 47.  The method of claim 44, wherein step (1) comprises the steps of*

(a) operating a gate of a FET with the control signal, wherein the FET
conducts according to the pulses of the control signal, and wherein the apertures
of the pulses are established to increase the energy transferred through the FET;

(b) storing energy transferred through the FET in a capacitor coupled

10 to the FET; and
(c) discharging the energy stored in the capacitor when the FET is

non-conducting to produce the down-converted redundant spectrums.

48. A method of generating a communications signal, comprising the steps of’
(1)  accepting a modulating baseband signal;
15 (2)  generatinga first oscillating signal with characteristic frequency f;
and a second oscillating signal with characteristic frequency f,,
(2)  modulating the second oscillating signal with the modulating
baseband signal to generate a modulated signal;
(4)  modulating the first oscillating signal with the modulated signal, to
20 generate a plurality of redundant spectrums that are centered at f, Hz with a
frequency spacing of f, Hz, wherein each of the redundant spectrums contains

information representative of the modulating baseband signal.
49.  The method of claim 48, wherein f, is substantially less than f,.

50.  The method of claim 48, further comprising the step of:
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(5)  varying the characteristic frequency f, of the second oscillating
signal to control the spacing between the redundant spectrums, thereby affecting

the frequency bandwidth occupied by the redundant spectrums.
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