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METHOD AND SYSTEM FOR DOWN-
CONVERTING ELECTROMAGNETIC

SIGNALS

CROSS-REFERENCE TO OTHER
APPLICATIONS

The following applications of common assignee are
related to the present application, have the samefiling date
as the present application, and are herein incorporated by
reference in their entireties:

“Method and System for Frequency Up-Conversion,”
Attorney Docket No. 1744.0020000.

“Method and System for Ensuring Reception of a Com-
munications Signal,” Attorney Docket No. 1744.0030000.

“Integrated Frequency Translation and Selectivity,” Attor-
ney Docket No. 1744.0130000.

“Universal Frequency Translation, and Applications of
Same,” Attorney Docket No. 1744.0140000.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to down-conversion of elec-
tromagnetic (EM) signals. More, particularly, the present
invention relates to down-conversion of EM signals to
intermediate frequency signals, to direct down-conversion
of EM modulated carrier signals to demodulated baseband
signals, and to conversion of FM signals to non-FM signals.
The present invention also relates to under-sampling and to
transferring energy at aliasing rates.

2. Related Art

Electromagnetic (EM) information signals (baseband
signals) include, but are not limited to, video baseband
signals, voice baseband signals, computer basebandsignals,
etc. Baseband signals include analog baseband signals and
digital baseband signals.

It is often beneficial to propagate EM signals at higher
frequencies. This is generally true regardless of whether the
propagation medium is wire, optic fiber, space, air, liquid,
etc.. To enhance efficiency and practicality, such as
improved ability to radiate and added ability for multiple
channels of baseband signals, up-conversion to a higher
frequencyis utilized. Conventional up-conversion processes
modulate higher frequency carrier signals with baseband
signals. Modulation refers to a variety of techniques for
impressing information from the baseband signals onto the
higher frequency carrier signals. The resultant signals are
referred to herein as modulated carrier signals. For example,
the amplitude of an AM carrier signal varies in relation to
changes in the baseband signal, the frequency of an FM
carrier signal varies in relation to changes in the baseband
signal, and the phase of a PM carriersignal varies in relation
to changes in the basebandsignal.

In order to process the information that was in the
baseband signal, the information must be extracted, or
demodulated, from the modulated carrier signal. However,
because conventional signal processing technology is lim-
ited in operational speed, conventional signal processing
technology cannot easily demodulate a basebandsignal from
higher frequency modulated carrier signal directly. Instead,
higher frequency modulated carrier signals must be down-
converted to an intermediate frequency (IF), from where a
conventional demodulator can demodulate the baseband

signal.
Conventional down-converters include electrical compo-

nents whoseproperties are frequency dependent. As a result,
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conventional down-converters are designed around specific
frequencies or frequency ranges and do not work well
outside their designed frequency range.

Conventional down-converters generate unwanted image
signals and thus must include filters for filtering the
unwanted image signals. However, such filters reduce the
powerlevel of the modulated carrier signals. As a result,
conventional down-converters include power amplifiers,
which require external energy sources.

When a received modulated carrier signal is relatively
weak, as in, for example, a radio receiver, conventional
down-converters include additional power amplifiers, which
require additional external energy.

What is needed includes, without limitation:

an improved method and system for down-converting EM
signals;

a method and system for directly down-converting modu-
lated carrier signals to demodulated basebandsignals;

a method and system for transferring energy and for
augmenting such energy transfer when down-converting
EM signals;

a controlled impedance method and system for down-
converting an EM signal;

a controlled aperture under-sampling method and system
for down-converting an EM signal;

a method and system for down-converting EM signals
using a universal down-converter design that can be easily
configured for different frequencies;

a method and system for down-converting EM signals
using a local oscillator frequency that is substantially lower
than the carrier frequency;

a method and system for down-converting EM signals
using only one local oscillator;

a method and system for down-converting EM signals
that uses fewer filters than conventional down-converters;

a method and system for down-converting EM signals
using less power than conventional down-converters;

a method and system for down-converting EM signals
that uses less space than conventional down-converters;

a method and system for down-converting EM signals
that uses fewer components than conventional down-
converters;

a method and system for down-converting EM signals
that can be implemented on an integrated circuit (IC); and

a method and system for down-converting EM signals
that can also be used as a method and system for
up-converting a baseband signal.

 
SUMMARYOF THE INVENTION

Briefly stated, the present invention is directed to
methods, systems, and apparatuses for down-converting an
electromagnetic (EM)signal by aliasing the EM signal, and
applications thereof.

Generally, the invention operates by receiving an EM
signal. The invention also receives an aliasing signal having
an aliasing rate. The invention aliases the EM signal accord-
ing to the aliasing signal to down-convert the EM signal. The
term aliasing, as used herein and as covered by the
invention, refers to both down-converting an EM signal by
under-sampling the EM signal at an aliasing rate, and
down-converting an EM signal by transferring energy from
the EM signal at the aliasing rate.

In an embodiment, the invention down-converts the EM
signal to an intermediate frequency (IF) signal.
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In another embodiment, the invention down-converts the
EM signal to a demodulated baseband information signal.

In another embodiment, the EM signal is a frequency
modulated (FM) signal, which is down-converted to a non-
FM signal, such as a phase modulated (PM) signal or an
amplitude modulated (AM)signal.

The invention is applicable to any type of EM signal,
including but not limited to, modulated carrier signals (the
invention is applicable to any modulation scheme or com-
bination thereof) and unmodulated carrier signals.

Further features and advantages of the invention, as well
as the structure and operation of various embodimentsof the
invention, are described in detail below with reference to the
accompanying drawings.It is noted that the invention is not
limited to the specific embodiments described herein. Such
embodiments are presented herein for illustrative purposes
only. Additional embodiments will be apparent to persons
skilled in the relevantart(s) based on the teachings contained
herein.

The drawing in which an elementfirst appears is typically
indicated by the leftmost digit(s) in the correspondingref-
erence number.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG.1 illustrates a structural block diagram of an example
modulator;

FIG.2 illustrates an example analog modulating baseband
signal;

FIG.3 illustrates an example digital modulating baseband
signal;

FIG.4 illustrates an example carrier signal;
FIGS. 5A-5C illustrate example signal diagrams related

to amplitude modulation;
FIGS. 6A-6C illustrate example signal diagramsrelated

to amplitude shift keying modulation;
FIGS. 7A-7Cillustrate example signal diagramsrelated

to frequency modulation;
FIGS. 8A-8Cillustrate example signal diagramsrelated

to frequency shift keying modulation;
FIGS. 9A-9C illustrate example signal diagrams related

to phase modulation;
FIGS. 10A-10C illustrate example signal diagrams

related to phase shift keying modulation;
FIG. 11 illustrates a structural block diagram of a con-

ventional receiver;
FIGS. 12A—D illustrate various flowcharts for down-

converting an EM-signal according to embodiments of the
invention;

FIG. 13 illustrates a structural block diagram of an
aliasing system according to an embodiment of the inven-
tion;

FIGS. 14A-D illustrate various flowcharts for down-

converting an EM signal by under-sampling the EM signal
according to embodiments of the invention;

FIGS. 15A-E illustrate example signal diagrams associ-
ated with flowcharts in FIGS. 14A—D according to embodi-
ments of the invention;

FIG. 16 illustrates a structural block diagram of an
under-sampling system according to an embodimentof the
invention;

FIG.17 illustrates a flowchart of an example process for
determining an aliasing rate according to an embodimentof
the invention;
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FIGS. 18A-E illustrate example signal diagrams associ-
ated with down-converting a digital AM signal to an inter-
mediate frequency signal by under-sampling according to
embodiments of the invention;

FIGS. 19A-E illustrate example signal diagrams associ-
ated with down-converting an analog AM signal to an
intermediate frequency signal by under-sampling according
to embodiments of the invention;

FIGS. 20A-E illustrate example signal diagrams associ-
ated with down-converting an analog FM signal to an
intermediate frequency signal by under-sampling according
to embodiments of the invention;

FIGS. 21A-E illustrate example signal diagrams associ-
ated with down-converting a digital FM signal to an inter-
mediate frequency signal by under-sampling according to
embodiments of the invention;

FIGS. 22A-E illustrate example signal diagrams associ-
ated with down-converting a digital PM signal to an inter-
mediate frequency signal by under-sampling according to
embodiments of the invention;

FIGS. 23A-E illustrate example signal diagrams associ-
ated with down-converting an analog PM signal to an
intermediate frequency signal by under-sampling according
to embodiments of the invention;

FIG. 24Aillustrates a structural block diagram of a make
before break under-sampling system according to an
embodiment of the invention;

FIG. 24B illustrates an example timing diagram of an
under sampling signal according to an embodimentof the
invention;

FIG. 24C illustrates an example timing diagram of an
isolation signal according to an embodiment of the inven-
tion;

FIGS. 25A-H illustrate example aliasing signals at vari-
ous aliasing rates according to embodiments of the inven-
tion;

FIG. 26A illustrates a structural block diagram of an
exemplary sample and hold system according to an embodi-
ment of the invention;

FIG. 26B illustrates a structural block diagram of an
exemplary inverted sample and hold system according to an
embodiment of the invention;

FIG. 27 illustrates a structural block diagram of sample
and hold module according to an embodimentof the inven-
tion;

FIGS. 28A-D illustrate example implementations of a
switch module according to embodiments of the invention;

FIGS. 29A-F illustrate example implementations of a
holding module according to embodiments of the present
invention;

FIG. 29G illustrates an integrated under-sampling system
according to embodiments of the invention;

FIGS. 29H-K illustrate example implementations of
pulse generators according to embodimentsof the invention;

FIG. 29Lillustrates an example oscillator;

FIG. 30 illustrates a structural block diagram of an
under-sampling system with an under-sampling signal opti-
mizer according to embodiments of the invention;

FIG. 31 illustrates a structural block diagram of an
under-sampling signal optimizer according to embodiments
of the present invention;

FIG. 32A illustrates an example of an under-sampling
signal module according to an embodimentof the invention;
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FIG. 32Billustrates a flowchart of a state machine opera-
tion associated with an under-sampling module according to
embodiments of the invention;

FIG. 32C illustrates an example under-sampling module
that includes an analog circuit with automatic gain control
according to embodiments of the invention;

FIGS. 33A-Dillustrate example signal diagrams associ-
ated with direct down-conversion of an EM signal to a
baseband signal by under-sampling according to embodi-
ments of the present invention;

FIGS. 34A-F illustrate example signal diagrams associ-
ated with an inverted sample and hold module according to
embodiments of the invention;

FIGS. 35A-E illustrate example signal diagrams associ-
ated with directly down-converting an analog AM signal to
a demodulated baseband signal by under-sampling accord-
ing to embodiments of the invention;

FIGS. 36A-E illustrate example signal diagrams associ-
ated with down-converting a digital AM signal to a demodu-
lated baseband signal by under-sampling according to
embodiments of the invention;

FIGS. 37A-E illustrate example signal diagrams associ-
ated with directly down-converting an analog PM signal to
a demodulated baseband signal by under-sampling accord-
ing to embodiments of the invention;

FIGS. 38A-E illustrate example signal diagrams associ-
ated with down-converting a digital PM signal to a demodu-
lated baseband signal by under-sampling according to
embodiments of the invention;

FIGS. 39A-Dillustrate down-converting a FM signal to
anon-FM signal by under-sampling according to embodi-
ments of the invention;

FIGS. 40A-Eillustrate down-converting a FSK signal to
a PSKsignal by under-sampling according to embodiments
of the invention;

FIGS. 41A-FEillustrate down-converting a FSK signal to
an ASK signal by under-sampling according to embodi-
ments of the invention;

FIG. 42 illustrates a structural block diagram of an
inverted sample and hold according to an embodimentof the
present invention;

FIGS. 43A and B illustrate example waveformspresent in
the circuit of FIG. 31;

FIG. 44A illustrates a structural block diagram of a
differential system according to embodiments of the inven-
tion;

FIG. 44B illustrates a structural block diagram of a
differential system with a differential input and a differential
output according to embodiments of the invention;

FIG. 44C illustrates a structural block diagram of a
differential system with a single input and a differential
output according to embodiments of the invention;

FIG. 44D illustrates a differential input with a single
output according to embodiments of the invention;

FIG. 44Eillustrates an example differential input to single
output system according to embodiments of the invention;

FIGS. 45A-Billustrate a conceptualillustration of alias-
ing including under-sampling and energy transfer according
to embodiments of the invention;

FIGS. 46A-D illustrate various flowchart for down-

converting an EM signal bytransferring energy from the EM
signal at an aliasing rate according to embodiments of the
invention;

FIGS. 47A-E illustrate example signal diagrams associ-
ated with the flowcharts in FIGS. 46A-D according to
embodiments of the invention;
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FIG.48 is a flowchart that illustrates an example process
for determining an aliasing rate associated with an aliasing
signal according to an embodiment of the invention;

FIG. 49A-H illustrate example energy transfer signals
according to embodiments of the invention;

FIGS. 50A-—Gillustrate example signal diagrams associ-
ated with down-converting an analog AM signal to an
intermediate frequency by transferring energy at an aliasing
rate according to embodiments of the invention;

FIGS. 51A-G illustrate example signal diagrams associ-
ated with down-converting an digital AM signal to an
intermediate frequency by transferring energy at an aliasing
rate according to embodiments of the invention;

FIGS. 52A-G illustrate example signal diagrams associ-
ated with down-converting an analog FM signal to an
intermediate frequency by transferring energy at an aliasing
rate according to embodiments of the invention;

FIGS. 53A-G illustrate example signal diagrams associ-
ated with down-converting an digital FM signal to an
intermediate frequency by transferring energy at an aliasing
rate according to embodiments of the invention;

FIGS. 54A-G illustrate example signal diagrams associ-
ated with down-converting an analog PM signal to an
intermediate frequency by transferring energy at an aliasing
rate according to embodiments of the invention;

FIGS. 55A-G illustrate example signal diagrams associ-
ated with down-converting an digital PM signal to an
intermediate frequency by transferring energy at an aliasing
rate according to embodiments of the invention;

FIGS. 56A-Dillustrate an example signal diagram asso-
ciated with direct down-conversion according to embodi-
ments of the invention;

FIGS. 57A-Fillustrate directly down-converting an ana-
log AM signal to a demodulated baseband signal according
to embodiments of the invention;

FIGS. 58A-Fillustrate directly down-converting an digi-
tal AM signal to a demodulated baseband signal according
to embodiments of the invention;

FIGS. 59A-Fillustrate directly down-converting an ana-
log PM signal to a demodulated baseband signal according
to embodiments of the invention;

FIGS. 60A-Fillustrate directly down-converting an digi-
tal PM signal to a demodulated baseband signal according to
embodiments of the invention;

FIGS. 61A-Fillustrate down-converting an FM signal to
a PM signal according to embodiments of the invention;

FIGS. 62A-Fillustrate down-converting an FM signal to
a AM signal according to embodiments of the invention;

FIG. 63 illustrates a block diagram of an energy transfer
system according to an embodiment of the invention;

FIG. 64A illustrates an exemplary gated transfer system
according to an embodimentof the invention;

FIG. 64B illustrates an exemplary inverted gated transfer
system according to an embodiment of the invention;

FIG. 65 illustrates an example embodimentof the gated
transfer module according to an embodiment of the inven-
tion;

FIGS. 66A-D illustrate example implementations of a
switch module according to embodiments of the invention;

FIG. 67A illustrates an example embodimentof the gated
transfer module as including a break-before-make module
according to an embodimentof the invention;

FIG. 67B illustrates an example timing diagram for an
energy transfer signal according to an embodiment of the
invention;
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FIG. 67C illustrates an example timing diagram for an
isolation signal according to an embodiment of the inven-
tion;

FIGS. 68A-F illustrate example storage modules accord-
ing to embodiments of the invention;

FIG. 68G illustrates an integrated gated transfer system
according to an embodimentof the invention;

FIGS. 68H-K illustrate example aperature generators;
FIG.68L illustrates an oscillator according to an embodi-

ment of the present invention;

FIG. 69 illustrates an energy transfer system with an
optional energy transfer signal module according to an
embodimentof the invention;

FIG. 70 illustrates an aliasing module with input and
output impedance match according to an embodimentof the
invention;

FIG.71 illustrates an example pulse generator;
FIGS. 72A andB illustrate example waveformsrelated to

the pulse generator of FIG. 71;

FIG. 73 illustrates an example energy transfer module
with a switch module and a reactive storage module accord-
ing to an embodimentof the invention;

PIG. 74 illustrates an example inverted gated transfer
module as including a switch module and a storage module
according to an embodimentof the invention;

FIGS. 75A-Fillustrate an example signal diagrams asso-
ciated with an inverted gated energy transfer module accord-
ing to embodiments of the invention;

FIGS. 76A-Eillustrate energy transfer modules in con-
figured in various differential configurations according to
embodiments of the invention;

FIGS. 77A-C illustrate example impedance matching
circuits according to embodiments of the invention;

FIGS. 78A-B illustrate example under-sampling systems
according to embodiments of the invention;

FIGS. 79A-F illustrate example timing diagrams for
under-sampling systems according to embodiments of the
invention;

FIGS. 80A-Eillustrate example timing diagrams for an
under-sampling system when the load is a relatively low
impedance load according to embodiments of the invention;

FIGS. 81A-F illustrate example timing diagrams for an
under-sampling system when the holding capacitance has a
larger value according to embodiments of the invention;

FIGS. 82A-Billustrate example energy transfer systems
according to embodiments of the invention;

FIGS. 83A-F illustrate example timing diagrams for
energy transfer systems according to embodiments of the
present invention;

FIGS. 84A—D illustrate down-converting an FSK signal
to a PSK signal according to embodiments of the present
invention;

FIG. 85A illustrates an example energy transfer signal
module according to an embodiment of the present inven-
tion;

FIG. 85B illustrates a flowchart of state machine opera-
tion according to an embodimentof the present invention;

FIG. 85C is an example energy transfer signal module;
FIG. 86 is a schematic diagram of a circuit to down-

convert a 915 MHZ signal to a 55 MHZ signal using a 101.1
MHZ clock according to an embodiment of the present
invention;

FIG. 87 shows simulation waveforms for the circuit of

FIG. 86 according to embodiments of the present invention;
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FIG. 88 is a schematic diagram of a circuit to down-
convert a 915 MHZsignal to a 5 MHZsignal using a 101
MHZ clock according to an embodiment of the present
invention;

FIG. 89 shows simulation waveforms for the circuit of

FIG. 88 according to embodimentsof the present invention;

FIG. 90 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. 91 shows simulation waveforms for the circuit of

FIG. 90 according to an embodimentof the present inven-
tion;

FIG. 92 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. 93 showsthe original FSK waveform 9202 and the
down-converted waveform 9204 at the output of the load
impedance match circuit according to an embodimentof the
present invention;

FIG. 94A illustrates an example energy transfer system
according to an embodimentof the invention;

FIGS. 94B-C illustrate example timing diagramsfor the
example system of FIG. 94A;

FIG. 95 illustrates an example bypass network according
to an embodimentof the invention;

FIGS. 96 and 97 illustrate the amplitude and pulse width
modulated transmitter according to embodiments of the
present invention;

FIGS. 98A—98Dillustrate example signal diagrams asso-
ciated with the amplitude and pulse width modulated trans-
mitter according to embodiments of the present invention;

FIG. 99 illustrates an example diagram associated with
the amplitude and pulse width modulated transmitter accord-
ing to embodiments of the present invention;

FIG. 100 illustrates an example diagram associated with
the amplitude and pulse width modulated transmitter accord-
ing to embodiments of the present invention;

FIG. 101 shows an embodiment of a receiver block

diagram to recover the amplitude or pulse width modulated
information;

FIG. 102A-102Gillustrate example signal diagramsasso-
ciated with a waveform generator according to embodiments
of the present invention;

FIGS. 103-105 are example schematic diagramsillustrat-
ing various circuits employed in the receiver of FIG. A6;

FIGS. 106-109 illustrate time and frequency domain
diagrams of alternative transmitter output waveforms;

FIGS. 110 and 111 illustrate differential receivers in

accord with embodiments of the present invention; and

FIGS. 112 and 113 illustrate time and frequency domains
for a narrow bandwidth/constant carrier signal in accord
with an embodimentof the present invention.
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1. General Terminology
For illustrative purposes, the operation of the invention is

often represented by flowcharts, such as flowchart 1201 in
FIG. 12A.It should be understood, however, that the use of
flowcharts is for illustrative purposes only, and is not lim-
iting. For example, the invention is not limited to the
operational embodiment(s) represented by the flowcharts.
Instead, alternative operational embodiments will be appar-
ent 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 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 andspirit of the present invention. Also,
the ordering of steps may differ in various embodiments.

Various terms used in this application are generally
described in this section. The description in this section is
providedfor illustrative and convenience purposesonly, 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 terms may be
discussed throughoutthe specification with additional detail.

The term modulated carrier signal, when used herein,
refers to a carrier signal that is modulated by a baseband
signal.

The term unmodulated carrier signal, when used herein,
refers to a signal having an amplitude that oscillates at a
substantially uniform frequency and phase.

The term baseband signal, when used herein, refers to an
information signal including, but not limited to, analog
information signals, digital information signals and direct
current (DC) information signals.

The term carrier signal, when used herein, and unless
otherwise specified when used herein, refers to modulated
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carrier signals and unmodulated carrier signals. information
signals, digital information signals and direct current (DC)
information signals.

The term electromagnetic (EM)signal, when used herein,
refers to a signal in the EM spectrum. EM spectrum includes
all frequencies greater than zero hertz. EM signals generally
include waves characterized by variations in electric and
magnetic fields. Such waves may be propagated in any
medium, both natural and manmade, including but not
limited to air, space, wire, cable, liquid, waveguide, micro-
strip, strip-line, opticalfiber, etc. Unless stated otherwise, all
signals discussed herein are EM signals, even when not
explicitly designated as such.

The term intermediate frequency (IF) signal, when used
herein, refers to an EM signal that is substantially similar to
another EM signal except that the IF signal has a lower
frequency than the other signal. An IF signal frequency can
be any frequency above zero HZ. Unless otherwise stated,
the terms lower frequency, intermediate frequency, interme-
diate and IF are used interchangeably herein.

The term analog signal, when used herein, refers to a
signalthat is constant or continuously variable, as contrasted
to a signal that changes between discrete states.

The term baseband, when used herein, refers to a fre-
quency band occupied by any generic information signal
desired for transmission and/or reception.

The term baseband signal, when used herein,refers to any
generic information signal desired for transmission and/or
reception.

The term carrier frequency, when used herein,refers to the
frequency of a carrier signal. Typically, it is the center
frequency of a transmission signal that is generally modu-
lated.

The term carrier signal, when used herein, refers to an EM
wavehavingat least one characteristic that may be varied by
modulation, that is capable of carrying information via
modulation.

The term demodulated baseband signal, when used
herein, refers to a signal that results from processing a
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modulated signal. In somecases, for example, the demodu-
lated baseband signal results from demodulating an inter-
mediate frequency (IF) modulated signal, which results from
down converting a modulated carrier signal. In anothercase,
a signal that results from a combined downconversion and
demodulation step.

The term digital signal, when used herein, refers to 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.

The term electromagnetic (EM) spectrum, when used
herein, refers to a spectrum comprising waves characterized
by variations in electric and magnetic fields. Such waves
may be propagated in any communication medium, both
natural and manmade, including butnotlimited to air, space,
wire, cable, liquid, waveguide, microstrip, stripline, optical
fiber, etc. The EM spectrum includesall frequencies greater
than zero hertz.

The term electromagnetic (EM)signal, when used herein,
refers to 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.

The term modulating baseband signal, when used herein,
refers to any generic information signal that is used to
modulate an oscillating signal, or carrier signal.
1.1 Modulation

It is often beneficial to propagate electromagnetic (EM)
signals at higher frequencies. This includes baseband
signals, such as digital data information signals and analog
information signals. A baseband signal can be up-converted
to a higher frequency EM signal by using the baseband
signal to modulate a higher frequency carrier signal, F..
Whenused in this manner, such a basebandsignal is herein
called a modulating baseband signal Fy,,.

Modulation imparts changes to the carrier signal F, that
represent information in the modulating baseband signal
Fy5- The changes can be in the form of amplitude changes,
frequency changes, phase changes,etc., or any combination
thereof. The resultant signal is referred to herein as a
modulated carrier signal F,,.. The modulated carrier signal
Fy,c includes the carrier signal F.. modulated by the modu-
lating baseband signal, F,,,, as in:

Fyyg combined with FoFyc

The modulated carrier signal F,,.. oscillates at, or near the
frequency of the carrier signal F.. and can thus beefficiently
propagated.

FIG.1 illustrates an example modulator 110, wherein the
carrier signal F. is modulated by the modulating baseband
signal F,,,, thereby generating the modulated carrier signal
Fyre:

Modulating baseband signal F,,, can be an analog base-
band signal, a digital baseband signal, or a combination
thereof.

FIG.2 illustrates the modulating baseband signal Fy,, as
an exemplary analog modulating baseband signal 210. The
exemplary analog modulating baseband signal 210 can
represent any type of analog information including, but not
limited to, voice/speech data, music data, video data, etc.
The amplitude of analog modulating baseband signal 210
varies in time.

Digital information includesa plurality of discrete states.
For ease of explanation, digital information signals are
discussed below as having two discrete states. But the
invention is not limited to this embodiment.
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FIG.3 illustrates the modulating basebandsignal F,,, as
an exemplary digital modulating baseband signal 310. The
digital modulating baseband signal 310 can represent any
type of digital data including, but not limited to, digital
computer information and digitized analog information. The
digital modulating baseband signal 310 includesa first state
312 and a secondstate 314. In an embodiment, first state 312
represents binary state 0 and second state 314 represents
binary state 1. Alternatively,first state 312 represents binary
state 1 and second state 314 represents binary state 0.
Throughout the remainder of this disclosure, the former
convention is followed, wherebyfirst state 312 represents
binary state zero and secondstate 314 represents binary state
one. But the invention is not limited to this embodiment.
First state 312 is thus referred to herein as a low state and

second state 314 is referred to herein as a highstate.
Digital modulating baseband signal 310 can change

between first state 312 and second state 314 at a data rate,
or baud rate, measured as bits per second.

Carrier signal F. is modulated by the modulating base-
band signal F,,,, by any modulation technique, including,
but not limited to, amplitude modulation (AM), frequency
modulation (FM), phase modulation (PM), etc., or any
combination thereof. Examples are provided below for
amplitude modulating, frequency modulating, and phase
modulating the analog modulating baseband signal 210 and
the digital modulating baseband signal 310, on the carrier
signal F... The examplesare usedto assist in the description
of the invention. The invention is not limited to, or by, the
examples.

FIG.4 illustrates the carrier signal F,, as a carrier signal
410. In the example of FIG. 4, the carrier signal 410 is
illustrated as a 900 MHZ carrier signal. Alternatively, the
carrier signal 410 can be any other frequency. Example
modulation schemesare provided below, using the examples
signals from FIGS. 2, 3 and 4.
1.1.1 Amplitude Modulation

In amplitude modulation (AM), the amplitude of the
modulated carrier signal F,,- is a function of the amplitude
of the modulating baseband signal Fy,,. FIGS. 5A-5C
illustrate example timing diagrams for amplitude modulat-
ing the carrier signal 410 with the analog modulating
baseband signal 210. FIGS. 6A-6C illustrate example tim-
ing diagrams for amplitude modulating the carrier signal 410
with the digital modulating baseband signal 310.

FIG. 5Aillustrates the analog modulating basebandsignal
210. FIG. 5B illustrates the carrier signal 410. FIG. 5C
illustrates an analog AM carrier signal 516, which is gen-
erated when the carrier signal 410 is amplitude modulated
using the analog modulating baseband signal 210. As used
herein, the term “analog AM carrier signal” is used to
indicate that the modulating baseband signal is an analog
signal.

The analog AM carrier signal 516 oscillates at the fre-
quency of carrier signal 410. The amplitude of the analog
AM carrier signal 516 tracks the amplitude of analog
modulating baseband signal 210,illustrating that the infor-
mation contained in the analog modulating baseband signal
210 is retained in the analog AM carrier signal 516.

FIG.6A illustrates the digital modulating baseband signal
310. FIG. 6B illustrates the carrier signal 410. FIG. 6C
illustrates a digital AM carrier signal 616, which is generated
whenthecarrier signal 410 is amplitude modulated using the
digital modulating baseband signal 310. As used herein, the
term “digital AM carrier signal” is used to indicate that the
modulating baseband signal is a digital signal.

The digital AM carrier signal 616 oscillates at the fre-
quency of carrier signal 410. The amplitude of the digital
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AM carrier signal 616 tracks the amplitude of digital modu-
lating baseband signal 310, illustrating that the information
contained in the digital modulating baseband signal 310 is
retained in the digital AM signal 616. As the digital modu-
lating baseband signal 310 changesstates, the digital AM
signal 616 shifts amplitudes. Digital amplitude modulation
is often referred to as amplitude shift keying (ASK), andthe
two terms are used interchangeably throughout the specifi-
cation.

1.1.2 Frequency Modulation
In frequency modulation (FM), the frequency of the

modulated carrier signal F,,. varies as a function of the
amplitude of the modulating baseband signal F,,,. FIGS.
7A-7C illustrate example timing diagrams for frequency
modulating the carrier signal 410 with the analog modulat-
ing baseband signal 210. FIGS. 8A-8Cillustrate example
timing diagramsfor frequency modulating the carrier signal
410 with the digital modulating baseband signal 310.

FIG.7A illustrates the analog modulating baseband signal
210. FIG. 7B illustrates the carrier signal 410. FIG. 7C
illustrates an analog FM carrier signal 716, which is gener-
ated when the carrier signal 410 is frequency modulated
using the analog modulating baseband signal 210. As used
herein, the term “analog FM carrier signal” is used to
indicate that the modulating baseband signal is an analog
signal.

The frequency of the analog FM carrier signal 716 varies
as a function of amplitude changes on the analog baseband
signal 210. In the illustrated example, the frequency of the
analog FM carrier signal 716 varies in proportion to the
amplitude of the analog modulating baseband signal 210.
Thus,at time t1, the amplitude of the analog baseband signal
210 and the frequency of the analog FM carrier signal 716
are at maximums. At time t3, the amplitude of the analog
baseband signal 210 and the frequency of the analog AM
carrier signal 716 are at minimums.

The frequency of the analog FM carrier signal 716 is
typically centered around the frequency of the carrier signal
410. Thus,at time t2, for example, when the amplitude of the
analog basebandsignal 210is at a mid-point, illustrated here
as zero volts, the frequency of the analog FM carrier signal
716 is substantially the same as the frequency of the carrier
signal 410.

FIG.8A illustrates the digital modulating baseband signal
310. FIG. 8B illustrates the carrier signal 410. FIG. 8C
illustrates a digital FM carrier signal 816, which is generated
whenthecarrier signal 410 is frequency modulated using the
digital baseband signal 310. As used herein, the term “digital
FM carrier signal” is used to indicate that the modulating
basebandsignal is a digital signal.

The frequency of the digital FM carrier signal 816 varies
as a function of amplitude changesonthe digital modulating
baseband signal 310. In the illustrated example, the fre-
quency of the digital FM carrier signal 816 varies in pro-
portion to the amplitude of the digital modulating baseband
signal 310. Thus, between times t0 and tl, and between
times t2 and t4, when the amplitude of the digital baseband
signal 310 is at the higher amplitude second state, the
frequency of the digital FM carrier signal 816 is at a
maximum. Between times tl and t2, when the amplitude of
the digital baseband signal 310 is at the lower amplitudefirst
state, the frequency of the digital FM carrier signal 816 is at
a minimum.Digital frequency modulation is often referred
to as frequency shift keying (FSK), and the terms are used
interchangeably throughout the specification.

Typically, the frequency of the digital FM carrier signal
816 is centered about the frequencyofthe carrier signal 410,
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and the maximum and minimum frequencies are equally
offset from the center frequency. Other variations can be
employedbut, for ease ofillustration, this convention will be
followed herein.
1.1.3 Phase Modulation

In phase modulation (PM), the phase of the modulated
carrier signal F,,.. varies as a function of the amplitude of
the modulating baseband signal F,,, FIGS. 9A—9Cillustrate
example timing diagrams for phase modulating the carrier
signal 410 with the analog modulating baseband signal 210.
FIGS. 10A-10C illustrate example timing diagrams for
phase modulating the carrier signal 410 with the digital
modulating baseband signal 310.

FIG. 9Aillustrates the analog modulating basebandsignal
210. FIG. 9B illustrates the carrier signal 410. FIG. 9C
illustrates an analog PM carrier signal 916, which is gener-
ated by phase modulating the carrier signal 410 with the
analog baseband signal 210. As used herein, the term
“analog PM carrier signal” is used to indicate that the
modulating baseband signal is an analog signal.

Generally, the frequency of the analog PM carrier signal
916 is substantially the same as the frequency of carrier
signal 410. But the phase of the analog PM carrier signal 916
varies with amplitude changes on the analog modulating
baseband signal 210. For relative comparison, the carrier
signal 410 is illustrated in FIG. 9C by a dashedline.

The phase of the analog PM carrier signal 916 varies as
a function of amplitude changes of the analog baseband
signal 210. In the illustrated example, the phase of the
analog PM signal 916 lags by a varying amount as deter-
mined by the amplitude of the baseband signal 210. For
example, at time tl, when the amplitude of the analog
baseband signal 210 is at a maximum,the analog PM carrier
signal 916 is in phase with the carrier signal 410. Between
times t1 and t3, when the amplitude of the analog baseband
signal 210 decreases to a minimum amplitude, the phase of
the analog PM carrier signal 916 lags the phaseof the carrier
signal 410, until it reaches a maximum outof phase value at
time t3. In the illustrated example, the phase change is
illustrated as approximately 180 degrees. Any suitable
amount of phase change, varied in any manner that is a
function of the baseband signal, can be utilized.

FIG. 10A illustrates the digital modulating baseband
signal 310. FIG. 10B illustrates the carrier signal 410. FIG.
10C illustrates a digital PM carrier signal 1016, which is
generated by phase modulating the carrier signal 410 with
the digital baseband signal 310. As used herein, the term
“digital PM carrier signal” is used to indicate that the
modulating baseband signal is a digital signal.

The frequency of the digital PM carrier signal 1016 is
substantially the sameas the frequencyof carrier signal 410.
The phase of the digital PM carrier signal 1016 varies as a
function of amplitude changeson the digital baseband signal
310. In the illustrated example, when the digital baseband
signal 310 is at the first state 312, the digital PM carrier
signal 1016 is out of phase with the carrier signal 410. When
the digital baseband signal 310is at the secondstate 314,the
digital PM carrier signal 1016 is in-phase with the carrier
signal 410. Thus, between times t1 and t2, when the ampli-
tude of the digital baseband signal 310 is at the first state
312, the digital PM carrier signal 1016 is out of phase with
the carrier signal 410. Between timest0 and t1, and between
times t2 and t4, when the amplitude of the digital baseband
signal 310 is at the second state 314, the digital PM carrier
signal 1016 is in phase with the carrier signal 410.

In the illustrated example, the out of phase value between
times tl and 13 is illustrated as approximately 180 degrees
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out of phase. Any suitable amount of phase change, varied
in any mannerthatis a function of the baseband signal, can
be utilized. Digital phase modulation is often referred to as
phase shift keying (PSK) , and the terms are used inter-
changeably throughout the specification.
1.2 Demodulation

Whenthe modulated carrier signal F,,. is received, it can
be demodulated to extract the modulating baseband signal
Fy~- Because of the typically high frequency of modulated
carrier signal F,,-, however, it is generally impractical to
demodulate the baseband signal F,,, directly from the
modulated carrier signal F,,-.. Instead, the modulated carrier
signal F,,- must be down-converted to a lower frequency
signal that contains the original modulating basebandsignal.

When a modulated carrier signal is down-converted to a
lower frequency signal, the lower frequency signal is
referred to herein as an intermediate frequency (IF) signal
F,,. The IF signal F,, oscillates at any frequency, or fre-
quency band, below the frequency of the modulated carrier
frequency F,,-. Down-conversion of Fy,< to F,, is illus-
trated as:

Puctkir

After Fy,c is down-converted to the IF modulated carrier
signal F,,., F,, can be demodulated to a baseband signal
Fpyp> as illustrated by:

FyeFome

Fp18 intended to be substantially similar to the modu-
lating basebandsignal F,,,, illustrating that the modulating
baseband signal F,,, can be substantially recovered.

It will be emphasized throughout the disclosure that the
present invention can be, implemented with any type of EM
signal, including, but not limited to, modulated carrier
signals and unmodulated carrier signals. The above
examples of modulated carrier signals are provided for
illustrative purposes only. Many variations to the examples
are possible. For example, a carrier signal can be modulated
with a plurality of the modulation types described above. A
carrier signal can also be modulated with a plurality of
basebandsignals, including analog basebandsignals,digital
baseband signals, and combinations of both analog and
digital baseband signals.

2. Overview of the invention

Conventional signal processing techniques follow the
Nyquist sampling theorem, which states that, in order to
faithfully reproduce a sampled signal, the signal must be
sampled at a rate that is greater than twice the frequency of
the signal being sampled. Whena signal is sampledat less
than or equal to twice the frequency of the signal, the signal
is said to be under-sampled,or aliased. Conventional signal
processing thus teaches away from under-sampling and
aliasing, in order to faithfully reproduce a sampled signal.
2.1 Aspects of the Invention

Contrary to conventional wisdom,the present invention is
a method and system for down-converting an electromag-
netic (EM) signal by aliasing the EM signal. Aliasing is
represented generally in FIG. 45A as 4502.

By taking a carrier and aliasing it at an aliasing rate, the
invention can down-convert that carrier to lower frequen-
cies. One aspect that can be exploited by this invention is
realizing that the carrier is not the item of interest, the lower
basebandsignalis of interest to reproduce sufficiently. This
baseband signal’s frequency content, even though its carrier
may be aliased, does satisfy the Nyquist criteria and as a
result, the baseband information can be sufficiently repro-
duced.
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FIG. 12A depicts a flowchart 1201 that illustrates a
method for aliasing an EM signal to generate a down-
converted signal. The process begins at step 1202, which
includes receiving the EM signal. Step 1204 includesreceiv-
ing an aliasing signal having an aliasing rate. Step 1206
includes aliasing the EM signal to down-convert the EM
signal. The term aliasing, as used herein, refers to both
down-converting an EM signal by under-sampling the EM
signal at an aliasing rate and to down-converting an EM
signal by transferring energy from the EM signal at the
aliasing rate. These concepts are described below.

FIG.13 illustrates a block diagram of a generic aliasing
system 1302, which includes an aliasing module 1306. In an
embodiment, the aliasing system 1302 operates in accor-
dance with the flowchart 1201. For example, in step 1202,
the aliasing module 1306 receives an EM signal 1304. In
step 1204, the aliasing module 1306 receives an aliasing
signal 1310. In step 1206, the aliasing module 1306 down-
converts the EM signal 1304 to a down-converted signal
1308. The generic aliasing system 1302 can also be used to
implement any of the flowcharts 1207, 1213 and 1219.

In an embodiment, the invention down-converts the EM
signal to an intermediate frequency (IF) signal. FIG. 12B
depicts a flowchart 1207 that illustrates a method for under-
sampling the EM signal at an aliasing rate to down-convert
the EM signal to an IF signal. The process begins at step
1208, which includes receiving an EM signal. Step 1210
includes receiving an aliasing signal having an aliasing rate
FAR. Step 1212 includes under-sampling the EM signal at
the aliasing rate to down-convert the EM signal to an IF
signal.

In another embodiment, the invention down-converts the
EM signal to a demodulated baseband information signal.
FIG. 12C depicts a flowchart 1213 that illustrates a method
for down-converting the EM signal to a demodulated base-
band signal. The process begins at step 1214, which includes
receiving an EM signal. Step 1216 includes receiving an
aliasing signal having an aliasing rate FAR. Step 1218
includes down-converting the EM signal to a demodulated
baseband signal. The demodulated baseband signal can be
processed without further down-conversion or demodula-
tion.

In another embodiment, the EM signal is a frequency
modulated (FM) signal, which is down-converted to a non-
FM signal, such as a phase modulated (PM) signal or an
amplitude modulated (AM) signal. FIG. 12D depicts a
flowchart 1219that illustrates a method for down-converting
the FM signal to a non-FMsignal. The process beginsat step
1220, which includes receiving an EM signal. Step 1222
includes receiving an aliasing signal having an aliasingrate.
Step 1224 includes down-converting the FM signal to a
non-FM signal.

The invention down-converts any type of EM signal,
including, but not limited to, modulated carrier signals and
unmodulated carrier signals. For ease of discussion, the
invention is further described herein using modulated carrier
signals for examples. Upon reading the disclosure and
examples therein, one skilled in the relevant art(s) will
understand that the invention can be implemented to down-
convert signals other than carrier signals as well. The
invention is not limited to the example embodiments
described above.

In an embodiment, down-conversion is accomplished by
under-sampling an EM signal. This is described generally in
Section [.2.2. below and in detail in Section II and its

sub-sections. In another embodiment, down-conversion is
achieved by transferring non-negligible amounts of energy
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from an EMsignal. This is described generally in Section
1.2.3. below and in detail in Section III.

2.2 Down-Converting by Under-Sampling
The term aliasing, as used herein, refers both to down-

converting an EM signal by under-sampling the EM signal
at an aliasing rate and to down-converting an EM signal by
transferring energy from the EM signalat the aliasingrate.
Methods for under-sampling an EM signal to down-convert
the EM signal are now described at an overview level. FIG.
14A depicts a flowchart 1401 that illustrates a method for
under-sampling the EM signal at an aliasing rate to down-
convert the EM signal. The process begins at step 1402,
which includes receiving an EM signal. Step 1404 includes
receiving an under-sampling signal having an aliasingrate.
Step 1406 includes under-sampling the EM signal at the
aliasing rate to down-convert the EM signal.

Down-converting by under-sampling is illustrated by
4504 in FIG. 45A andis described in greater detail in Section
I.

2.2.1 Down-Converting to an Intermediate Frequency (IF)
Signal

In an embodiment, an EM signal is under-sampled at an
aliasing rate to down-convert the EM signal to a lower, or
intermediate frequency (IF) signal. The EM signal can be a
modulated carrier signal or an unmodulated carrier signal. In
an exemplary example, a modulated carrier signal Fy,. is
down-converted to an IF signal F,,..

PucfF

FIG. 14B depicts a flowchart 1407 that illustrates a
method for under-sampling the EM signal at an aliasing rate
to down-convert the EM signal to an IF signal. The process
begins at step 1408, which includes receiving an EM signal.
Step 1410 includes receiving an under-sampling signal
having an aliasing rate. Step 1412 includes under-sampling
the EM signal at the aliasing rate to down-convert the EM
signal to an IF signal.

This embodimentis illustrated generally by 4508 in FIG.
45B and is described in Section II.1.

2.2.2 Direct-to-Data Down-Converting
In another embodiment, an EM signalis directly down-

converted to a demodulated baseband signal (direct-to-data
down-conversion), by under-sampling the EM signal at an
aliasing rate. The EM signal can be a modulated EM signal
or an unmodulated EM signal. In an exemplary embodiment,
the EM signal is the modulated carrier signal F,,-, and is
directly down-converted to a demodulated baseband signal
Foue .

Euc?Foms

FIG. 14C depicts a flowchart 1413 that illustrates a
method for under-sampling the EM signal at an aliasing rate
to directly down-convert the EM signal to a demodulated
baseband signal. The process begins at step 1414, which
includes receiving an EM signal. Step 1416 includes receiv-
ing an under-sampling signal having an aliasing rate. Step
1418 includes under-sampling the EM signal at the aliasing
rate to directly down-convert the EM signal to a baseband
information signal.

This embodimentis illustrated generally by 4510 in FIG.
45B and is described in Section II.2
2.2.3 Modulation Conversion

In another embodiment, a frequency modulated (FM)
carrier signal Fyy,¢ is converted to a non-FM signal Fwow.
FM), by under-sampling the FM carrier signal Fray.

FrucFwon-rm)y
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FIG. 14D depicts a flowchart 1419 that illustrates a
method for under-sampling an FM signal to convert it to a
non-FM signal. The process begins at step 1420, which
includes receiving the FM signal. Step 1422 includesreceiv-
ing an under-sampling signal having an aliasing rate. Step
1424 includes under-sampling the FM signalat the aliasing
rate to convert the FM signal to a non-FM signal. For
example, the FM signal can be under-sampled to convert it
to a PM signal or an AM signal.

This embodimentis illustrated generally by 4512 in FIG.
45B, and described in Section II.3
2.3 Down-Converting by Transferring Energy

The term aliasing, as used herein, refers both to down-
converting an EM signal by under-sampling the EM signal
at an aliasing rate and to down-converting an EM signal by
transferring non-negligible amounts energy from the EM
signal at the aliasing rate. Methods for transferring energy
from an EM signal to down-convert the EM signal are now
described at an overview level. More detailed descriptions
are provided in Section III.

FIG. 46A depicts a flowchart 4601 that illustrates a
method for transferring energy from the EM signal at an
aliasing rate to down-convert the EM signal. The process
begins at step 4602, which includes receiving an EM signal.
Step 4604 includes receiving an energy transfer signal
having an aliasing rate. Step 4606 includes transferring
energy from the EM signal at the aliasing rate to down-
convert the EM signal.

Down-converting by transferring energyis illustrated by
4506 in FIG. 45Aandis described in greater detail in Section
Tl.

2.3.1 Down-Converting to an Intermediate Frequency (IF)
Signal

In an embodiment, EM signal is down-converted to a
lower, or intermediate frequency (IF) signal, by transferring
energy from the EM signalat an aliasing rate. The EM signal
can be a modulated carrier signal or an unmodulated carrier
signal. In an exemplary example, a modulated carrier signal
Fyc 18 down-converted to an IF signal F,,..

PucfF

FIG. 46B depicts a flowchart 4607 that illustrates a
method for transferring energy from the EM signal at an
aliasing rate to down-convert the EM signalto an IF signal.
The process begins at step 4608, which includes receiving an
EMsignal. Step 4610 includes receiving an energy transfer
signal having an aliasing rate. Step 4612 includes transfer-
ring energy from the EM signal at the aliasing rate to
down-convert the EM signal to an IF signal.

This embodimentis illustrated generally by 4514 in FIG.
45B and is described in Section [II.1.

2.3.2 Direct-to-Data Down-Converting
In another embodiment, an EM signal is down-converted

to a demodulated baseband signal by transferring energy
from the EM signal at an aliasing rate. This embodimentis
referred to herein as direct-to-data down-conversion. The

EMsignal can be a modulated EM signal or an unmodulated
EMsignal. In an exemplary embodiment, the EM signal is
the modulated carrier signal F,,-, and is directly down-
converted to a demodulated baseband signal Fyyyp-

Euc?Foms

FIG. 46C depicts a flowchart 4613 that illustrates a
method for transferring energy from the EM signal at an
aliasing rate to directly down-convert the EM signal to a
demodulated baseband signal. The process begins at step
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4614, which includes receiving an EM signal. Step 4616
includes receiving an energy transfer signal having an alias-
ing rate. Step 4618 includes transferring energy from the EM
signal at the aliasing rate to directly down-convert the EM
signal to a baseband signal.

This embodimentis illustrated generally by 4516 in FIG.
45B and is described in Section II.2
2.3.3 Modulation Conversion

In another embodiment, a frequency modulated (FM)
carrier signal Fy- is converted to a non-FM signal Fwow.
FM), by transferring energy from the FM carrier signal Frac
at an aliasingrate.

FoucFwon-rm)

The FM carrier signal Fpy,- can be converted to, for
example, a phase modulated (PM) signal or an amplitude
modulated (AM)signal. FIG. 46D depicts a flowchart 4619
that illustrates a method for transferring energy from an FM
signal to convert it to a non-FM signal. Step 4620 includes
receiving the FM signal. Step 4622 includes receiving an
energy transfer signal having an aliasing rate. In FIG. 46D,
step 4612 includestransferring energy from the FM signal to
convert it to a non-FM signal. For example, energy can be
transferred from an FSKsignal to convert it to a PSK signal
or an ASK signal.

This embodimentis illustrated generally by 4518 in FIG.
45B, and described in Section III.3
2.4 Determining the Aliasing rate

In accordance with the definition of aliasing, the aliasing
rate is equal to, or less than, twice the frequency of the EM
carrier signal. Preferably, the aliasing rate is much less than
the frequency of the carrier signal. The aliasing rate is
preferably more than twice the highest frequency component
of the modulating baseband signal F,,, that is to be repro-
duced. The above requirements are illustrated in EQ. (1).

EQ. (1)

In other words, by taking a carrier and aliasing it at an
aliasing rate, the invention can down-convert that carrier to
lower frequencies. One aspect that can be exploited by this
inventionis that the carrier is not the item ofinterest; instead
the lower baseband signal is of interest to be reproduced
sufficiently. The baseband signal’s frequency content, even
though its carrier may be aliased, satisfies the Nyquist
criteria and as a result, the baseband information can be
sufficiently reproduced, either as the intermediate modulat-
ing carrier signal F,,. or as the demodulated direct-to-data
baseband signal Frayp.

In accordance with the invention, relationships between
the frequency of an EM carriersignal, the aliasing rate, and
the intermediate frequency of the down-converted signal,
are illustrated in EQ. (2).

FawFyptFjp

Where:

Fo is the frequency of the EM carrier signal that is to be
aliased;

Fy, is the aliasing rate;
n identifies a harmonic or sub-harmonic of the aliasing

rate (generally, n=0.5, 1, 2, 3, 4, .. .); and
F,,- is the intermediate frequency of the down-converted

signal.
Note that as (n-F4,) approaches F,, F,,, approaches zero.

This is a special case where an EM signal is directly
down-converted to a demodulated baseband signal. This
special case is referred to herein as Direct-to-Data down-
conversion. Direct-to-Data down-conversion is described in
later sections.

2Fyc=F4r>2-(Highest Freq. Component of Fayg)

EQ.(2)
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High level descriptions, exemplary embodiments and
exemplary implementations of the above and other embodi-
ments of the invention are provided in sections below.

3. Benefits of the Invention Using an Example Conven-
tional Receiver for Comparison

FIG.1 illustrates an example conventional receiver sys-
tem 1102. The conventional system 1102 is provided both to
help the reader to understand the functional differences
between conventional systems and the present invention,
and to help the reader to understand the benefits of the
present invention.

The example conventional receiver system 1102 receives
an electromagnetic (EM) signal 1104 via an antenna 1106.
The EM signal 1104 can include a plurality of EM signals
such as modulated carrier signals. For example, the EM
signal 1104 includes one or more radio frequency (RF) EM
signals, such as a 900 MHZ modulated carrier signal. Higher
frequency RF signals, such as 900 MHZsignals, generally
cannot be directly processed by conventional signal proces-
sors. Instead, higher frequency RF signals are typically
down-converted to lower intermediate frequencies (IF) for
processing. The receiver system 1102 down-converts the
EM signal 1104 to an intermediate frequency (IF) signal
1108, which can be provided to a signal processor 1110.
When the EM signal 1104 includes a modulated carrier
signal, the signal processor 1110 usually includes a demodu-
lator that demodulates the IF signal 11087 to a baseband
information signal (demodulated baseband signal).

Receiver system 1102 includes an RF stage 1112 and one
or more IF stages 1114. The RF stage 1112 receives the EM
signal 1104. The RF stage 1112 includes the antenna 1106
that receives the EM signal 1104.

The one or moreIF stages 1114¢—1114” down-convert the
EM signal 1104 to consecutively lower intermediate fre-
quencies. Each of the one or more IF sections 1114a—1114n
includes a mixer 1118a—1118» that down-converts an input
EM signal 1116 to a lower frequency IF signal 1108. By
cascading the one or more mixers 1118a—1118n, the EM
signal 1104 is incrementally down-converted to a desired IF
signal 1108n.

In operation, each of the one or more mixers 1118 mixes
an input EM signal 1116 with a local oscillator (LO) signal
1119, which is generated by a local oscillator (LO) 1120.
Mixing generates sum and difference signals from the input
EM signal 1116 and the LO signal 1119. For example,
mixing an input EM signal 1116a, having a frequency of 900
MHZ, with a LO signal 1119, having a frequency of 830
MHZ, results in a sum signal, having a frequency of 900
MHZ+830 MHZ=1.73 GHZ,and a difference signal, having
a frequency of 900 MHZ-830 MHZ=70 MHZ.

Specifically, in the example of FIG. 11, the one or more
mixers 1118 generate a sum and difference signals for all
signal components in the input EM signal 1116. For
example, when the EM signal 1116a includes a second EM
signal, having a frequency of 760 MHZ, the mixer 1118a
generates a second sum signal, having a frequency of 760
MHZ+830 MHZ=1.59 GHZ, and a second difference signal,
having a frequency of 830 MHZ-760 MHZ=70 MHZ.In
this example, therefore, mixing two input EM signals,
having frequencies of 900 MHZ and 760 MHZ,respectively,
with an LO signal having a frequency of 830 MHZ,results
in two IF signals at 70 MHZ.

Generally,it is very difficult, if not impossible, to separate
the two 70 MHZsignals. Instead, one or morefilters 1122
and 1123 are provided upstream from each mixer 1118 to
filter the unwanted frequencies, also known as image fre-
quencies. Thefilters 1122 and 1123 can includevariousfilter



Case 6:21-cv-00520-ADA   Document 32-16   Filed 02/23/22   Page 150 of 207Case 6:21-cv-00520-ADA Document 32-16 Filed 02/23/22 Page 150 of 207

6,061,551
25

topologies and arrangements such as bandpassfilters, one or
more high passfilters, one or more low passfilters, combi-
nations thereof, etc.

Typically, the one or more mixers 1118 and the one or
morefilters 1122 and 1123 attenuate or reduce the strength
of the EM signal 1104. For example, a typical mixer reduces
the EM signal strength by 8 to 12 dB. A typicalfilter reduces
the EM signal strength by 3 to 6 dB.

As a result, one or more low noise amplifiers (LNAs)
1121 and 1124a-1124n are provided upstream of the one or
more filters 1123 and 1122a—1122n. The LNAs andfilters

can be in reversed order. The LNAs compensate for losses
in the mixers 1118, the filters 1122 and 1123, and other
components by increasing the EM signal strength prior to
filtering and mixing. Typically, for example, each LNA
contributes 15 to 20 dB of amplification.

However, LNAs require substantial power to operate.
Higher frequency LNAs require more power than lower
frequency LNAs. Whenthe receiver system 1102 is intended
to be portable, such as a cellular telephone receiver, for
example, the LNAs require a substantial portion of the total
power.

At higher frequencies, impedance mismatches between
the various stages further reduce the strength of the EM
signal 1104. In order to optimize powertransferred through
the receiver system 1102, each component should be imped-
ance matched with adjacent components. Since no two
components have the exact same impedancecharacteristics,
even for components that were manufactured with high
tolerances, impedance matching mustoften be individually
fine tuned for each receiver system 1102. As a result,
impedance matching in conventional receivers tends to be
labor intensive and moreart than science. Impedance match-
ing requires a significant amount of added time and expense
to both the design and manufacture of conventional receiv-
ers. Since many of the components, such as LNA,filters, and
impedance matching circuits, are highly frequency
dependent, a receiver designed for one application is gen-
erally not suitable for other applications. Instead, a new
receiver must be designed, which requires new impedance
matching circuits between many of the components.

Conventional receiver components are typically posi-
tioned over multiple IC substrates instead of on a single IC
substrate. This is partly because there is no single substrate
that is optimal for both RF, IF, and baseband frequencies.
Other factors may include the sheer number of components,
their various sizes and different inherent impedance
characteristics, etc. Additional signal amplification is often
required when going from chip to chip. Implementation over
multiple substrates thus involves many costs in addition to
the cost of the ICs themselves.

Conventional receivers thus require many components,
are difficult and time consuming to design and manufacture,
and require substantial external power to maintain sufficient
signal levels Conventional receivers are thus expensive to
design, build, and use.

In an embodiment, the present invention is implemented
to replace many, if notall, of the components between the
antenna 1106 andthe signal processor 1110, with an aliasing
module that includes a universal frequency translator (UFT)
module. The UFT is able to down-convert a wide range of
EM signal frequencies using very few components. The
UFTis easy to design and build, and requires very little
external power. The UFT design can be easily tailored for
different frequencies or frequency ranges. For example, UFT
design can be easily impedance matched with relatively little
tuning. In a direct-to-data embodiment of the invention,
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where an EM signal is directly down-converted to a
demodulated basebandsignal, the invention also eliminates
the need for a demodulator in the signal processor 1110.

When the invention is implemented in a receiver system,
such as the receiver system 1102, power consumption is
significantly reduced andsignal to noiseratio is significantly
increased.

In an embodiment, the invention can be implemented and
tailored for specific applications with easy to calculate and
easy to implement impedance matchingcircuits. Asaresult,
whenthe invention is implemented as a receiver, such as the
receiver 1102, specialized impedance matching experience
is not required.

In conventional receivers, components in the IF sections
comprise roughly eighty to ninety percent of the total
components of the receivers. The UFT design eliminates the
IF section(s) and thus eliminates the roughly eighty to ninety
percent of the total components of conventional receivers.

Other advantages of the invention include, but are not
limited to:

The invention can be implemented as a receiver with only
a single local oscillator;

The invention can be implemented as a receiver with only
a single, lower frequency, local oscillator;

The invention can be implemented as a receiver using few
filters;

The invention can be implementedasa receiver using unit
delay filters;

The invention can be implemented as a receiver that can
change frequencies and receive different modulation formats
with no hardware changes;

The invention can be also be implemented as frequency
up-converter in an EM signal transmitter;

The invention can be also be implemented as a combi-
nation up-converter (transmitter) and down-converter
(receiver), referred to herein as a transceiver;

The invention can be implemented as a method and
system for ensuring reception of a communications signal,
as disclosed in co-pending patent applicationtitled, “Method
and System for Ensuring Reception of a Communications
Signal,” Attorney Docket No. 1744.0030000, incorporated
herein by reference in its entirety;

The invention can be implemented in a differential
configuration, whereby signal to noise ratios are increased;

Areceiver designed in accordance with the invention can
be implemented on a single IC substrate, such as a silicon-
based IC substrate;

A receiver designed in accordance with the invention and
implemented on a single IC substrate, such as a silicon-
based IC substrate, can down-convert EM signals from
frequencies in the giga Hertz range;

A receiver built in accordance with the invention has a

relatively flat response over a wide range of frequencies. For
example, in an embodiment, a receiver built in accordance
with the invention to operate around 800 MHZ has a
substantially flat response (i.e., plus or minus a few dB of
power) from 100 MHZto 1 GHZ.Thisis referred to herein
as a wide-band receiver; and

A receiver built in accordance with the invention can

include multiple, user-selectable, Impedance match
modules, each designed for a different wide-band of
frequencies, which can be used to scan an ultra-wide-band
of frequencies.
II Down-Converting By Under-Sampling
1. Down-Converting an EM Carrier Signal to an EM Inter-
mediate Signal by Under-Sampling the EM Carrier Signal at
the Aliasing Rate
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In an embodiment, the invention down-converts an EM
signal to an IF signal by under-sampling the EM signal. This
embodimentis illustrated by 4508 in FIG. 45B.

This embodiment can be implemented with modulated
and unmodulated EM signals. This embodimentis described
herein using the modulated carrier signal F,,.. in FIG. 1, as
an example. In the example, the modulated carrier signal
Fyc is down-converted to an IF signal F,,, The IF signal F,,.
can then be demodulated, with any conventional demodu-
lation technique to obtain a demodulated baseband signal
Frye. Upon reading the disclosure and examples therein,
one skilled in the relevant art(s) will understand that the
invention can be implemented to down-convert any EM
signal, including but not limited to, modulated carrier sig-
nals and unmodulated carrier signals.

The following sections describe example methods for
down-converting the modulated carrier signal F,,. to the IF
signal F,,, according to embodiments of the invention.
Exemplary structural embodiments for implementing the
methods are also described. It should be understood thatthe

invention is not limited to the particular embodiments
described below. Equivalents, extensions, variations,
deviations, etc., of the following will be apparent to persons
skilled in the relevantart(s) based on the teachings contained
herein. Such equivalents, extensions, variations, deviations,
etc., are within the scope and spirit of the present invention.

The following sections include a high level discussion,
example embodiments, and implementation examples.
1.1 High Level Description

This section (including its subsections) provides a high-
level description of down-converting an EM signal to an IF
signal F,,, according to the invention. In particular, an
operational process of under-sampling a modulated carrier
signal F,,. to down-convert it to the IF signal F,,, is
described at a high-level. Also, a structural implementation
for implementing this process is described at a high-level.
This structural implementation is described herein forillus-
trative purposes, 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 such structural

implementations will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein.
1.1.1 Operational Description

FIG. 14B depicts a flowchart 1407 that illustrates an
exemplary method for under-sampling an EM signal to
down-convert the EM signal to an intermediate signal F;,..
The exemplary methodillustrated in the flowchart 1407 is an
embodimentof the flowchart 1401 in FIG. 14A.

Any and all combinations of modulation techniques are
valid for this invention. For ease of discussion, the digital
AM carrier signal 616 is used to illustrate a high level
operational description of the invention. Subsequent sec-
tions provide detailed flowcharts and descriptions for AM,
FM and PM example embodiments. Upon reading the dis-
closure and examples therein, one skilled in the relevant
art(s) will understand that the invention can be implemented
to down-convert any type of EM signal, including any form
of modulated carrier signal and unmodulated carrier signals.

The method illustrated in the flowchart 1407 is now

described at a high level using the digital AM carrier signal
616 of FIG. 6C. The digital AM carrier signal 616 is
re-illustrated in FIG. 15A for convenience. FIG. 15E illus-

trates a portion 1510 of the AM carrier signal 616, between
time tl and t2, on an expanded timescale.

The process begins at step 1408, which includesreceiving
an EM signal. Step 1408 is represented by the digital AM
carrier signal 616.
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Step 1410 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 15B illustrates an example
under-sampling signal 1502, which includesa train of pulses
1504 having negligible apertures that tend toward zero time
in duration. The pulses 1504 repeat at the aliasing rate, or
pulse repetition rate. Aliasing rates are discussed below.

Step 1412 includes under-sampling the EM signal at the
aliasing rate to down-convert the EM signal to the interme-
diate signal F,,,. When down-converting an EM signal to an
IF signal, the frequency or aliasing rate of the pulses 1504
sets the IF.

FIG. 15C illustrates a stair step AM intermediate signal
1506, which is generated by the down-conversion process.
The AM intermediate signal 1506 is similar to the AM
carrier signal 616 except that the AM intermediate signal
1506 has a lower frequency than the AM carrier signal 616.
The AM carrier signal 616 has thus been down-converted to
the AM intermediate signal 1506. The AM intermediate
signal 1506 can be generated at any frequency below the
frequency of the AM carrier signal 616 by adjusting the
aliasing rate.

FIG. 15D depicts the AM intermediate signal 1506 as a
filtered output signal 1508. In an alternative embodiment,
the invention outputs a stair step, non-filtered or partially
filtered output signal. The choice betweenfiltered, partially
filtered and non-filtered output signals is generally a design
choice that depends upon the application of the invention.

The intermediate frequency of the down-converted signal
F,,, which in this example is the AM intermediate signal
1506, can be determined from EQ. (2), which is reproduced
below for convenience.

FoewFyptFip EQ (2)

Asuitable aliasing rate F,, can be determinedin a variety
of ways. An example method for determining the aliasing
rate F,,, is provided below. After reading the description
herein, one skilled in the relevant art(s) will understand how
to determine appropriate aliasing rates for EM signals,
including ones in addition to the modulated carrier signals
specifically illustrated herein.

In FIG. 17, a flowchart 1701 illustrates an example
process for determining an aliasing rate F,,,. But a designer
may choose,or an application maydictate, that the values be
determined in an order that is different than the illustrated

order. The process begins at step 1702, which includes
determining, or selecting, the frequency of the EM signal.
The frequency of the FM carrier signal 616 can be, for
example, 901 MHZ.

Step 1704 includes determining, or selecting, the inter-
mediate frequency. This is the frequency to which the EM
signal will be down-converted. The intermediate frequency
can be determined, or selected, to match a frequency
requirement of a down-stream demodulator. The intermedi-
ate frequency can be, for example, 1 MHZ.

Step 1706 includes determining the aliasing rate or rates
that will down-convert the EM signal to the IF specified in
step 1704.

EQ. (2) can be rewritten as EQ. (3):

WEpakCAFip EQ.(3)
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Which can be rewritten as EQ. (4):

Pepe Fo — Fir
_ Fot Fir EQ (4) wn
"Far 901 MHZ-1 MHZ 900 MHZ

5 AR = 150 MHZ

or as EQ. (5):
In other words, under-sampling a 901 MHZ EM carrier

Fo Fp EQ. (5) signal at 150 MHZ generates an intermediate signal at 1
Far = — jo MHZ. When the under-sampled EM carrier signal is a

(F-+F,,) can be defined as a difference value Fpy-,, as
illustrated in EQ. (6):

 

FotFip)=Fpirr EQ.(6)

EQ. (4) can be rewritten as EQ. (7):

ne Firr EQ. 7)
Far

From EQ. (7), it can be seen that, for a given n and a
constant F,z, Foyer 18 constant. For the case of Fay-p=Fe-
F,,, and for a constant Fy,-,-, aS Fe increases, F,,, neces-
sarily increases. For the case of Fyy--=Fo+F,, and for a
constant Fp, aS Fe. increases, F,,. necessarily decreases. In
the latter case of Fyyy-p=Feot+F,, any phase or frequency
changes on F,. correspond to reversed or inverted phase or
frequency changes on F,,. This is mentioned to teach the
reader that if Fyy--=Fo+F, is used, the above effect will
affect the phase and frequency response of the modulated
intermediate signal F,,..

EQs. (2) through (7) can be solved for any valid n. A
suitable n can be determined for any given difference
frequency Fp; and for any desired aliasing rate Fy,
Wesired). EQs. (2) through (7) call be utilized to identify a
specific harmonic closest to a desired aliasing rate F,,
(Desired) that will generate the desired intermediate signal
Fy.

An example is now provided for determining a suitable n
for a given difference frequency F,,,,- and for a desired

aliasing rate Fyp(pesirea For ease of illustration, only the
case of (F.-F,,-) is illustrated in the example below.

Fo - Firn= ——_ =

FARDesired)

FDiFF

FARDesired)

The desired aliasing rate Far(nesireay Can be, for example,
140 MHZ. Using the previous examples, where the carrier
frequency is 901 MHZ andthe IF is 1 MHZ,aninitial value
of n is determined as:

901 MHZ-1 MHZ 900
=— =64

140 MHZ 140

The initial value 6.4 can be rounded up or downto the valid
nearest n, which was defined above as including (0.5,
1,2,3, . . .). In this example, 6.4 is rounded down to 6.0,
which is inserted into EQ. (5) for the case of (F.-F,,)=
Fore

15

20

25

30

35

40

45

50

55

60

65

modulated carrier signal, the intermediate signal will also
substantially include the modulation. The modulated inter-
mediate signal can be demodulated through any conven-
tional demodulation technique.

Alternatively, instead of starting from a desired aliasing
rate, a list of suitable aliasing rates can be determined from
the modified form of EQ. (5), by solving for various values
of n. Example solutions are listed below.

_ Fe-Fir) _ Foire _
901 MHZ-1 MHZ 900 MHZ

ff ff ff
 

AR

Solving for n=0.5, 1, 2, 3, 4, 5 and 6:
900 MHZ/0.5=1.8 GHZ(i.e., second harmonic,illustrated in

FIG. 25A as 2502);
900 MHZ/1=900 MHZ(i.e., fundamental frequency, illus-

trated in FIG. 25B as 2504);
900 MHZ/2=450 MHZ(i.e., second sub-harmonic, illus-

trated in FIG. 25C as 2506);
900 MHZ/3=300 MHZ(i.e., third sub-harmonic,illustrated

in FIG. 25D as 2508);
900 MHZ/4=225 MHZ (i.e., fourth sub-harmonic,illustrated

in FIG. 25E as 2510);
900 MHZ/5=180 MHZii.e., fifth sub-harmonic,illustrated in

FIG, 25F as 2512); and
900 MHZ/6=150 MHZ(ie., sixth sub-harmonic,illustrated

in FIG. 25G as 2514).
The steps described above can be performed for the case

of (Fo+F,-) in a similar fashion. The results can be com-
pared to the results obtained from the case of (F.-F,,) to
determine which provides better result for an application.

In an embodiment, the invention down-converts an EM
signal to a relatively standard IF in the range of, for example,
100 KHZ to 200 MHZ.In another embodiment, referred to
herein as a small off-set implementation, the invention
down-converts an EM signal to a relatively low frequency
of, for example, less than 100 KHZ.In another embodiment,
referred to herein as a large off-set implementation, the
invention down-converts an EM signaltoarelatively higher
IF signal, such as, for example, above 200 MHZ.

The various off-set implementations provide selectivity
for different applications. Generally, lower data rate appli-
cations can operate at lower intermediate frequencies. But
higher intermediate frequencies can allow more information
to be supported for a given modulation technique.

In accordance with the invention, a designer picks an
optimum information bandwidth for an application and an
optimum intermediate frequency to support the baseband
signal. The intermediate frequency should be high enough to
support the bandwidth of the modulating baseband signal
Fuge-

Generally, as the aliasing rate approaches a harmonic or
sub-harmonic frequency of the EM signal, the frequency of
the down-converted IF signal decreases. Similarly, as the
aliasing rate moves away from a harmonic or sub-harmonic
frequency of the EM signal, the IF increases.

Aliased frequencies occur above and below every har-
monic of the aliasing frequency. In order to avoid mapping
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other aliasing frequencies in the band of the aliasing fre-
quency (IF) of interest, the IF of interest is preferably not
near one half the aliasing rate.

As described in example implementations below,analias-
ing module, including a universal frequency translator
(UFT) module built in accordance with the invention, pro-
vides a wide range of flexibility in frequency selection and
can thus be implemented in a wide range of applications.
Conventional systems cannot easily offer, or do not allow,
this level of flexibility in frequency selection.
1.1.2 Structural Description

FIG.16 illustrates a block diagram of an under-sampling
system 1602 according to an embodimentof the invention.
The under-sampling system 1602 is an example embodiment
of the generic aliasing system 1302 in FIG. 13. The under-
sampling system 1602 includes an under-sampling module
1606. The under-sampling module 1606 receives the EM
signal 1304 and an under-sampling signal 1604, which
includes under-sampling pulses having negligible apertures
that tend towards zero time, occurring at a frequency equal
to the aliasing rate F,,. The under-sampling signal 1604 is
an example embodiment of the aliasing signal 1310. The
under-sampling module 1606 under-samples the EM signal
1304 at the aliasing rate F,, of the under-sampling signal
1604. The under-sampling system 1602 outputs a down-
converted signal 1308A.

Preferably, the under-sampling module 1606 under-
samples the EM signal 1304 to down-convert it to the
intermediate signal F,,. in the manner shown in the opera-
tional flowchart 1407 of FIG. 14B. But it should be under-

stood that the scope and spirit of the invention includes other
structural embodiments for performing the steps of the
flowchart 1407. The specifics of the other structural embodi-
ments will be apparent to persons skilled in the relevant
art(s) based on the discussion contained herein. In an
embodiment, the aliasing rate F,, of the under-sampling
signal 1604 is chosen in the manner discussed in Section
II.1.1.1 so that the under-sampling module 1606 under-
samples the EM carrier signal 1304 generating the interme-
diate frequency F,,..

The operation of the under-sampling system 1602 is now
described with reference to the flowchart 1407 and to the

timing diagrams in FIGS. 15A-D.In step 1408, the under-
sampling module 1606 receives the AM signal 616 (FIG.
15A). In step 1410, the under-sampling module 1606
receives the under-sampling signal 1502 (FIG. 15B). In step
1412, the under-sampling module 1606 under-samples the
AM carrier signal 616 at the aliasing rate of the under-
sampling signal 1502, or a multiple thereof, to down-convert
the AM carrier signal 616 to the intermediate signal 1506
(FIG. 15D).

Example implementations of the under-sampling module
1606 are provided in Sections 4 and 5 below.
1.2 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.

The method for down-converting the EM signal 1304 to
the intermediate signal F,,., illustrated in the flowchart 1407
of FIG. 14B, can be implemented with any type of EM
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signal, including unmodulated EM carrier signals and modu-
lated carrier signals including, but not limited to, AM, FM,
PM,etc., or any combination thereof. Operation of the
flowchart 1407 of FIG. 14Bis described below for AM, FM
and PM carrier signals. The exemplary descriptions below
are intended to facilitate an understanding of the present
invention. The present invention is not limited to or by the
exemplary embodiments below.
1.2.1 First Example Embodiment: Amplitude Modulation
1.2.1.1 Operational Description

Operation of the exemplary process of the flowchart 1407
in FIG. 14Bis described below for the analog AM carrier
signal 516, illustrated in FIG. 5C, and for the digital AM
carrier signal 616, illustrated in FIG. 6C.
1.2.1.1.1 Analog AM Carrier Signal

A process for down-converting the analog AM carrier
signal 516 in FIG. 5C to an analog AM intermediate signal
is now described with reference to the flowchart 1407 in

FIG. 14B. The analog AM carrier signal 516 is re-illustrated
in FIG. 1 9A for convenience. For this example, the analog
AM carrier signal 516 oscillates at approximately 901 MHZ.
In FIG. 19B, an analog AM carrier signal 1904 illustrates a
portion of the analog AM carrier signal 516 on an expanded
time scale.

The process beginsat step 1408, which includes receiving
the EM signal. This is represented by the analog AM carrier
signal 516 in FIG. 19A.

Step 1410 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 19C illustrates an example
under-sampling signal 1906 on approximately the same time
scale as FIG. 19B. The under-sampling signal 1906 includes
a train of pulses 1907 having negligible apertures that tend
towards zero time in duration. The pulses 1907 repeat at the
aliasing rate, or pulse repetition rate, which is determined or
selected as previously described. Generally, when down-
converting to an intermediate signal, the aliasing rate F,, is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the difference frequency Fp,-,. For this
example, the aliasing rate is approximately 450 MHZ.

Step 1412 includes under-sampling the EM signal at the
aliasing rate to down-convert the EM signal to the interme-
diate signal F,,. Step 1412 is illustrated in FIG. 19B by
under-sample points 1905.

Because a harmonicof the aliasing rate is off-set from the
AM carrier signal 516, the under-sample points 1905 “walk
through” the analog AM carrier signal 516. In this example,
the under-sample points 1905 “walk through” the analog
AM carrier signal 516 at approximately a one megahertz
rate. In other words, the under-sample points 1905 occurat
different locations on subsequent cycles of the AM carrier
signal 516. As a result, the under-sample points 1905 capture
varying amplitudes of the analog AM signal 516. For
example, under-sample point 1905A has a larger amplitude
than under-sample point 1905B.

In FIG. 19D, the under-sample points 1905 correlate to
voltage points 1908. In an embodiment, the voltage points
1908 form an analog AM intermediate signal 1910. This can
be accomplished in many ways. For example, each voltage
point 1908 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
discussed below.

In FIG. 19E, an AM intermediate signal 1912 represents
the AM intermediate signal 1910, after filtering, on a com-
pressed time scale. Although FIG. 19E illustrates the AM
intermediate signal 1912 as a filtered output signal, the
output signal does not needto befiltered or smoothed to be
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within the scope of the invention. Instead, the output signal
can be tailored for different applications.

The AM intermediate signal 1912 is substantially similar
to the AM carrier signal 516, except that the AM interme-
diate signal 1912 is at the 1 MHZ intermediate frequency.
The AM intermediate signal 1912 can be demodulated
through any conventional AM demodulation technique.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the AM intermediate signal 1910 in FIG. 19D and
the AM intermediate signal 1912 in FIG. 19E illustrate that
the AM carrier signal 516 was successfully down-converted
to an intermediate signal by retaining enough baseband
information for sufficient reconstruction.

1.2.1.1.2 Digital AM Carrier Signal
A process for down-converting the digital AM carrier

signal 616 in FIG. 6C to a digital AM intermediate signalis
now described with reference to the flowchart 1407 in FIG.

14B. The digital AM carrier signal 616 is re-illustrated in
FIG. 18A for convenience. For this example, the digital AM
carrier signal 616 oscillates at approximately 901 MHZ. In
FIG. 18B, an AM carrier signal 1804 illustrates a portion of
the AM signal 616, from time t0 to tl, on an expanded time
scale.

The process begins at step 1408, which includesreceiving
an EM signal. This is represented by the AM signal 616 in
FIG. 18A.

Step 1410 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 18C illustrates an example
under-sampling signal 1806 on approximately the same time
scale as FIG. 18B. The under-sampling signal 1806 includes
a train of pulses 1807 having negligible apertures that tend
towards zero time in duration. The pulses 1807 repeat at the
aliasing rate, or pulse repetition rate, which is determined or
selected as previously described. Generally, when down-
converting to an intermediate signal, the aliasing rate F,, is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the difference frequency Fp,-,. For this
example, the aliasing rate is approximately 450 MHZ.

Step 1412 includes under-sampling the EM signalat the
aliasing rate to down-convert the EM signal to the interme-
diate signal F,,. Step 1412 is illustrated in FIG. 18B by
under-sample points 1805.

Because a harmonicofthe aliasingrate is off-set from the
AM carrier signal 616, the under-sample points 1805 walk
through the AM carrier signal 616. In other words, the
under-sample points 1805 occur at different locations of
subsequent cycles of the AM signal 616. As a result, the
under-sample points 1805 capture various amplitudesof the
AM signal 616. In this example, the under-sample points
1805 walk through the AM carrier signal 616 at approxi-
mately a 1 MHZ rate. For example, under-sample point
1805A has a larger amplitude than under-sample point
1805B.

In FIG. 18D, the under-sample points 1805 correlate to
voltage points 1808. In an embodiment, the voltage points
1805 form an AM intermediate signal 1810. This can be
accomplished in many ways. For example, each voltage
point 1808 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
discussed below.

In FIG. 18E, an AM intermediate signal 1812 represents
the AM intermediate signal 1810, after filtering, on a com-
pressed time scale. Although FIG. 18E illustrates the AM
intermediate signal 1812 as a filtered output signal, the
output signal does not needto be filtered or smoothed to be
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within the scope of the invention. Instead, the output signal
can be tailored for different applications.

The AM intermediate signal 1812 is substantially similar
to the AM carrier signal 616, except that the AM interme-
diate signal 1812 is at the 1 MHZ intermediate frequency.
The AM intermediate signal 1812 can be demodulated
through any conventional AM demodulation technique.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the AM intermediate signal 1810 in FIG. 18D and
the AM intermediate signal 1812 in FIG. 18E illustrate that
the AM carrier signal 616 was successfully down-converted
to an intermediate signal by retaining enough baseband
information for sufficient reconstruction.

1.2.1.2 Structural Description
The operation of the under-sampling system 1602 is now

described for the analog AM carrier signal 516, with refer-
ence to the flowchart 1407 and to the timing diagrams of
FIGS. 19A-E. In step 1408, the under-sampling module
1606 receives the AM carrier signal 516 (FIG. 19A). In step
1410, the under-sampling module 1606 receives the under-
sampling signal 1906 (FIG. 19C). In step 1412, the under-
sampling module 1606 under-samples the AM carrier signal
516 at the aliasing rate of the under-sampling signal 1906 to
down-convert it to the AM intermediate signal 1912 (FIG.
19E).

The operation of the under-sampling system 1602 is now
described for the digital AM carriers signal 616, with
reference to the flowchart 1407 and to the timing diagrams
of FIGS. 18A-E.In step 1408, the under-sampling module
1606 receives the AM carrier signal 616 (FIG. 18A). Instep
1410, the under-sampling module 1606 receives the under-
sampling signal 1806 (FIG. 18C). Instep 1412, the under-
sampling module 1606 under-samples the AM carrier signal
616 at the aliasing rate of the under-sampling signal 1806 to
down-convert it to the AM intermediate signal 1812 (FIG.
18E).

Example implementations of the under-sampling module
1606 are provided in Sections 4 and 5 below.
1.2.2 Second Example Embodiment: Frequency Modulation
1.2.2.1 Operational Description

Operation of the exemplary process of the flowchart 1407
in FIG. 14B is described below for the analog FM carrier
signal 716, illustrated in FIG. 7C, and for the digital FM
carrier signal 816, illustrated in FIG. 8C.
1.2.2.1.1 Analog FM Carrier Signal

A process for down-converting the analog FM carrier
signal 716 to an analog FM intermediate signal is now
described with reference to the flowchart 1407 in FIG. 14B.

The analog FM carrier signal 716 is re-illustrated in FIG.
20A for convenience. For this example, the analog FM
carrier signal 716 oscillates at approximately 901 MHZ. In
FIG. 20B, an FM carrier signal 2004 illustrates a portion of
the analog FM carrier signal 716, from timet1 to t3, on an
expanded time scale.

The process beginsat step 1408, which includes receiving
an EM signal. This is represented in FIG. 20A by the FM
carrier signal 716.

Step 1410 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 20C illustrates an example
under-sampling signal 2006 on approximately the same time
scale as FIG. 20B. The under-sampling signal 2006 includes
a train of pulses 2007 having negligible apertures that tend
towards zero time in duration. The pulses 2007 repeat at the
aliasing rate or pulse repetition rate, which is determined or
selected as previously described. Generally, when down-
converting to an intermediate signal, the aliasing rate F,, is
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substantially equal to a harmonic or, more typically, a
sub-harmonic of the difference frequency F,,;-,. For this
example, where the FM carrier signal 716 is centered around
901 MHZ,the aliasing rate is approximately 450 MHZ.

Step 1412 includes under-sampling the EM signalat the
aliasing rate to down-convert the EM signal to the interme-
diate signal F,,. Step 1412 is illustrated in FIG. 20B by
under-sample points 2005.

Because a harmonicofthe aliasingrate is off-set from the
FM carrier signal 716, the under-sample points 2005 occur
at different locations of subsequent cycles of the under-
sampled signal 716. In other words, the under-sample points
2005 walk through the signal 716. As a result, the under-
sample points 2005 capture various amplitudes of the FM
carrier signal 716.

In FIG. 20D, the under-sample points 2005 correlate to
voltage points 2008. In an embodiment, the voltage points
2005 form an analog FM intermediate signal 2010. This can
be accomplished in many ways. For example, each voltage
point 2008 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
discussed below.

In FIG. 20E, an FM intermediate signal 2012 illustrates
the FM intermediate signal 2010, after filtering, on a com-
pressed time scale. Although FIG. 20E illustrates the FM
intermediate signal 2012 as a filtered output signal, the
output signal does not needto be filtered or smoothed to be
within the scope of the invention. Instead, the output signal
can be tailored for different applications.

The FM intermediate signal 2012 is substantially similar
to the FM carrier signal 716, except that the FM intermediate
signal 2012 is at the 1 MHZ intermediate frequency. The FM
intermediate signal 2012 can be demodulated through any
conventional FM demodulation technique.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the FM intermediate signal 2010 in FIG. 20D and
the FM intermediate signal 2012 in FIG. 20Eillustrate that
the FM carrier signal 716 was successfully down-converted
to an intermediate signal by retaining enough baseband
information for sufficient reconstruction.

1.2.2.1.2 Digital FM Carrier Signal
A process for down-converting the digital FM carrier

signal 816 to a digital FM intermediate signal is now
described with reference to the flowchart 1407 in FIG. 14B.

The digital FM carrier signal 816 is re-illustrated in FIG.
21A for convenience. For this example, the digital FM
carrier signal 816 oscillates at approximately 901 MHZ.In
FIG. 21B, an FM carrier signal 2104 illustrates a portion of
the FM carrier signal 816, from timet1 to t3, on an expanded
time scale.

The process begins at step 1408, which includesreceiving
an EM signal. This is represented in FIG. 21A, by the FM
carrier signal 816.

Step 1410 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 21C illustrates an example
under-sampling signal 2106 on approximately the same time
scale as FIG. 21B. The under-sampling signal 2106 includes
a train of pulses 2107 having negligible apertures that tend
toward zero time in duration. The pulses 2107 repeat at the
aliasing rate, or pulse repetition rate, which is determined or
selected as previously described. Generally, when down-
converting to an intermediate signal, the aliasing rate F,, is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the difference frequency Fp;In this
example, where the FM carrier signal 816 is centered around
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901 MHZ,thealiasing rate is selected as approximately 450
MHZ,whichis a sub-harmonic of 900 MHZ, whichis off-set
by 1 MHZ from the center frequency of the FM carrier
signal 816.

Step 1412 includes under-sampling the EM signal at the
aliasing rate to down-convert the EM signal to an interme-
diate signal F,,. Step 1412 is illustrated in FIG. 21B by
under-sample points 2105.

Because a harmonicof the aliasing rate is off-set from the
FM carrier signal 816, the under-sample points 2105 occur
at different locations of subsequent cycles of the FM carrier
signal 816. In other words, the under-sample points 2105
walk through the signal 816. As a result, the under-sample
points 2105 capture various amplitudes of the signal 816.

In FIG. 21D,the under-sample points 2105 correlate to
voltage points 2108. In an embodiment, the voltage points
2108 form a digital FM intermediate signal 2110. This can
be accomplished in many ways. For example, each voltage
point 2108 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
described below.

In FIG. 21E, an FM intermediate signal 2112 represents
the FM intermediate signal 2110, after filtermg, on a com-
pressed time scale. Although FIG. 21E illustrates the FM
intermediate signal 2112 as a filtered output signal, the
output signal does not needto befiltered or smoothed to be
within the scope of the invention. Instead, the output signal
can be tailored for different applications.

The FM intermediate signal 2112 is substantially similar
to the FM carrier signal 816, except that the FM intermediate
signal 2112 is at the 1 MHZ intermediate frequency. The FM
intermediate signal 2112 can be demodulated through any
conventional FM demodulation technique.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the FM intermediate signal 2110 in FIG. 21D and
the FM intermediate signal 2112 in FIG. 21E illustrate that
the FM carrier signal 816 was successfully down-converted
to an intermediate signal by retaining enough baseband
information for sufficient reconstruction.

1.2.2.2 Structural Description
The operation of the under-sampling system 1602 is now

described for the analog FM carrier signal 716, with refer-
ence to the flowchart 1407 and the timing diagrams of FIGS.
20A-E. In step 1408, the under-sampling module 1606
receives the FM carrier signal 716 (FIG. 20A). In step 1410,
the under-sampling module 1606 receives the under-
sampling signal 2006 (FIG. 20C). In step 1412, the under-
sampling module 1606 under-samples the FM carrier signal
716 at the aliasing rate of the under-sampling signal 2006 to
down-convert the FM carrier signal 716 to the FM interme-
diate signal 2012 (FIG. 20E).

The operation of the under-sampling system 1602 is now
described for the digital FM carrier signal 816, with refer-
ence to the flowchart 1407 and the timing diagrams of FIGS.
21A-E. In step 1408, the under-sampling module 1606
receives the FM carrier signal 816 (FIG. 21A). In step 1410,
the under-sampling module 1606 receives the under-
sampling signal 2106 (FIG. 21C). In step 1412, the under-
sampling module 1606 under-samples the FM carrier signal
816 at the aliasing rate of the under-sampling signal 2106 to
down-convert the FM carrier signal 816 to the FM interme-
diate signal 2112 (FIG. 21E).

Example implementations of the under-sampling module
1606 are provided in Sections 4 and 5 below.
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1.2.3 Third Example Embodiment: Phase Modulation
1.2.3.1 Operational Description

Operation of the exemplary process of the flowchart 1407
in FIG. 14B is described below for the analog PM carrier
signal 916, illustrated in FIG. 9C, and for the digital PM
carrier signal 1016, illustrated in FIG. 10C.
1.2.3.1.1 Analog PM Carrier Signal

A process for down-converting the analog PM carrier
signal 916 to an analog PM intermediate signal is now
described with reference to the flowchart 1407 in FIG. 14B.

The analog PM carrier signal 916 is re-illustrated in FIG.
23A for convenience. For this example, the analog PM
carrier signal 916 oscillates at approximately 901 MHZ.In
FIG. 23B, a PM carrier signal 2304 illustrates a portion of
the analog PM carrier signal 916, from timetl to t3, on an
expanded time scale.

The process of down-converting the PM carrier signal 916
to a PM intermediate signal begins at step 1408, which
includes receiving an EM signal. This is represented in FIG.
23A,by the analog PM carrier signal 916.

Step 1410 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 23C illustrates an example
under-sampling signal 2306 on approximately the same time
scale as FIG. 23B. The under-sampling signal 2306 includes
a train of pulses 2307 having negligible apertures that tend
towards zero time in duration. The pulses 2307 repeat at the
aliasing rate, or pulse repetition rate, which is determined or
selected as previously described. Generally, when down-
converting to an intermediate signal, the aliasing rate F,, is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the difference frequency Fp;In this
example, the aliasing rate is approximately 450 MHZ.

Step 1412 includes under-sampling the EM signalat the
aliasing rate to down-convert the EM signal to the interme-
diate signal F,,, Step 1412 is illustrated in FIG. 23B by
under-sample points 2305.

Because a harmonicofthe aliasingrate is off-set from the
PM carrier signal 916, the under-sample points 2305 occur
at different locations of subsequent cycles of the PM carrier
signal 916. As a result, the under-sample points capture
various amplitudes of the PM carrier signal 916.

In FIG. 23D, voltage points 2308 correlate to the under-
sample points 2305. In an embodiment, the voltage points
2308 form an analog PM intermediate signal 2310. This can
be accomplished in many ways. For example, each voltage
point 2308 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
described below.

In FIG. 23E, an analog PM intermediate signal 2312
illustrates the analog PM intermediate signal 2310, after
filtering, on a compressed time scale. Although FIG. 23E
illustrates the PM intermediate signal 2312 as a filtered
output signal, the output signal does not need to be filtered
or smoothed to be within the scope of the invention. Instead,
the output signal can be tailored for different applications.

The analog PM intermediate signal 2312 is substantially
similar to the analog PM carrier signal 916, except that the
analog PM intermediate signal 2312 is at the 1 MHZ
intermediate frequency. The analog PM intermediate signal
2312 can be demodulated through any conventional PM
demodulation technique.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the analog PM intermediate signal 2310 in FIG.
23D and the analog PM intermediate signal 2312 in FIG.
23E illustrate that the analog PM carrier signal 2316 was
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successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.3.1.2 Digital PM Carrier Signal
A process for down-converting the digital PM carrier

signal 1016 to a digital PM intermediate signal is now
described with reference to the flowchart 1407 in FIG. 14B.

The digital PM carrier signal 1016 is re-illustrated in FIG.
22A for convenience. For this example, the digital PM
carrier signal 1016 oscillates at approximately 901 MHZ.In
FIG. 22B, a PM carrier signal 2204 illustrates a portion of
the digital PM carrier signal 1016, from time t1 to t3, on an
expanded time scale.

The process beginsat step 1408, which includes receiving
an EM signal. This is represented in FIG. 22A by the digital
PM carrier signal 1016.

Step 1408 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 22C illustrates example
under-sampling signal 2206 on approximately the same time
scale as FIG. 22B. The under-sampling signal 2206 includes
a train of pulses 2207 having negligible apertures that tend
towards zero time in duration. The pulses 2207 repeat at the
aliasing rate, or a pulse repetition rate, which is determined
or selected as previously described. Generally, when down-
converting to an intermediate signal, the aliasing rate F,, is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the difference frequency Fp,-;. In this
example, the aliasing rate is approximately 450 MHZ.

Step 1412 includes under-sampling the EM signal at the
aliasing rate to down-convert the EM signal to an interme-
diate signal F,,. Step 1412 is illustrated in FIG. 22B by
under-sample points 2205.

Because a harmonicof the aliasing rate is off-set from the
PM carrier signal 1016, the under-sample points 2205 occur
at different locations of subsequent cycles of the PM carrier
signal 1016.

In FIG. 22D, voltage points 2208 correlate to the under-
sample points 2205. In an embodiment, the voltage points
2208 form a digital analog PM intermediate signal 2210.
This can be accomplished in many ways. For example, each
voltage point 2208 can be held at a relatively constant level
until the next voltage point is received. This results in a
stair-step output which can be smoothed or filtered if
desired, as described below.

In FIG. 22E, a digital PM intermediate signal 2212
represents the digital PM intermediate signal 2210 on a
compressed time scale. Although FIG. 22E illustrates the
PM intermediate signal 2212 asafiltered output signal, the
output signal does not needto befiltered or smoothed to be
within the scope of the invention. Instead, the output signal
can be tailored for different applications.

The digital PM intermediate signal 2212 is substantially
similar to the digital PM carrier signal 1016, except that the
digital PM intermediate signal 2212 is at the 1 MHZ
intermediate frequency. The digital PM carrier signal 2212
can be demodulated through any conventional PM demodu-
lation technique.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the digital PM intermediate signal 2210 in FIG.
22D and the digital PM intermediate signal 2212 in FIG.
22E illustrate that the digital PM carrier signal 1016 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.3.2 Structural Description
The operation of the under-sampling system 1602 is now

described for the analog PM carrier signal 916, with refer-
ence to the flowchart 1407 and the timing diagrams of FIGS.
23A-E. In step 1408, the under-sampling module 1606
receives the PM carrier signal 916 (FIG. 23A). In step 1410,
the under-sampling module 1606 receives the under-
sampling signal 2306 (FIG. 23C). In step 1412, the under-
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sampling module 1606 under-samples the PM carrier signal
916 at the aliasing rate of the under-sampling signal 2306 to
down-convert the PM carrier signal 916 to the PM interme-
diate signal 2312 (FIG. 23E).

The operation of the under-sampling system 1602 is now
described for the digital PM carrier signal 1016, with
reference to the flowchart 1407 and the timing diagrams of
FIGS. 22A-E. In step 1408, the under-sampling module
1606 receives the PM carrier signal 1016 (FIG. 22A). In step
1410, the under-sampling module 1606 receives the under-
sampling signal 2206 (FIG. 22C). In step 1412, the under-
sampling module 1606 under-samples the PM carrier signal
1016 at the aliasing rate of the under-sampling signal 2206
to down-convert the PM carrier signal 1016 to the PM
intermediate signal 2212 (FIG. 22E).

Example implementations of the under-sampling module
1606 are provided in Sections 4 and 5 below.
1.2.4 Other Embodiments

The embodiments described above are provided for pur-
posesofillustration. 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 embodimentsfall
within the scope and spirit of the present invention. Example
implementations of the under-sampling module 1606 are
provided in Sections 4 and 5 below.
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 Sections 4 and 5 below.
The implementations are presented for purposes of
illustration, and not limitation. The invention is not limited
to the particular implementation examples described therein.
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 alter-
nate implementations fall within the scope and spirit of the
present invention.
2. Directly Down-Converting an EM Signal to a Baseband
Signal (Direct-to-Data)

In an embodiment, the invention directly down-converts
an EM signal to a baseband signal, by under-sampling the
EMsignal. This embodimentis referred to herein as direct-
to-data down-conversion andis illustrated in FIG. 45B as
4510.

This embodiment can be implemented with modulated
and unmodulated EM signals. This embodimentis described
herein using the modulated carrier signal F,,.. in FIG. 1, as
an example. In the example, the modulated carrier signal
Fyrc is directly down-converted to the demodulated base-
band signal Fyy,. Upon reading the disclosure and
examples therein, one skilled in the relevant art(s) will
understand that the invention is applicable to down-convert
any EM signal, including but not limited to, modulated
carrier signals and unmodulated carrier signals.

The following sections describe example methods for
directly down-converting the modulated carrier signal Fasc
to the demodulated baseband signal F,,,,. Exemplary struc-
tural embodiments for implementing the methods are also
described. It should be understood that the invention is not

limited to the particular embodiments described below.
Equivalents, extensions, variations, deviations, etc., of the
following will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such
equivalents, extensions, variations, deviations, etc., are
within the scope and spirit of the present invention.
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The following sections include a high level discussion,
example embodiments, and implementation examples.
2.1 High Level Description

This section (including its subsections) provides a high-
level description of directly down-converting the modulated
carrier signal F,,- to the demodulated baseband signal
Frag according to the invention. In particular, an opera-
tional process of directly down-converting the modulated
carrier signal F,,,. to the demodulated basebandsignal Fpy,p
is described at a high-level. Also, a structural implementa-
tion for implementing this process is described at a high-
level. The structural implementation is described herein for
illustrative purposes, 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 such structural

implementations will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein.
2.1.1 Operational Description

FIG. 14C depicts a flowchart 1413 that illustrates an
exemplary method for directly down-converting an EM
signal to a demodulated baseband signal Fp,,;,. The exem-
plary method illustrated in the flowchart 1413 is an embodi-
ment of the flowchart 1401 in FIG. 14A.

Anyand all combinations of modulation techniques are
valid for this invention. For ease of discussion, the digital
AM carrier signal 616 is used to illustrate a high level
operational description of the invention. Subsequent sec-
tions provide detailed descriptions for AM and PM example
embodiments. FM presents special considerations that are
dealt with separately in Section II.3, below. Upon reading
the disclosure and examples therein, one skilled in the
relevant art(s) will understand that the invention can be
implemented to down-convert any type of EM signal,
including any form of modulated carrier signal and unmodu-
lated carrier signals.

The method illustrated in the flowchart 1413 is now

described at a high level using the digital AM carrier signal
616, from FIG. 6C. The digital AM carrier signal 616 is
re-illustrated in FIG. 33A for convenience.

The process of the flowchart 1413 begins at step 1414,
which includes receiving an EM signal. Step 1414 is rep-
resented by the digital AM carrier signal 616 in FIG. 33A.

Step 1416 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 33B illustrates an example
under-sampling signal 3302 which includesa train of pulses
3303 having negligible apertures that tend towards zero time
in duration. The pulses 3303 repeat at the aliasing rate or
pulse repetition rate. The aliasing rate is determined in
accordance with EQ. (2), reproduced below for conve-
nience.

Fo =Fap2Fjp EQ.(2)

Whendirectly down-converting an EM signal to baseband
(i.e., zero IF), EQ. (2) becomes:

Fo=nFap EQ.(8)

Thus, to directly down-convert the AM signal 616 to a
demodulated baseband signal, the aliasing rate is substan-
tially equal to the frequency of the AM signal 616 or to a
harmonic or sub-harmonic thereof. Although the aliasing
rate is too low to permit reconstruction of higher frequency
components of the AM signal 616 (i.e., the carrier
frequency), it is high enough to permit substantial recon-
struction of the lower frequency modulating baseband signal
310.
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Step 1418 includes under-sampling the EM signal at the
aliasing rate to directly down-convertit to the demodulated
baseband signal Frag. FIG. 33C illustrates a stair step
demodulated baseband signal 3304, which is generated by
the direct down-conversion process. The demodulated base-
band signal 3304 is similar to the digital modulating base-
band signal 310 in FIG.3.

FIG. 33D depicts a filtered demodulated baseband signal
3306, which can be generated from the stair step demodu-
lated baseband signal 3304. The invention can thus generate
a filtered output signal, a partially filtered output signal, or
a relatively unfiltered stair step output signal. The choice
between filtered, partially filtered and non-filtered output
signals is generally a design choice that depends upon the
application of the invention.
2.1.2 Structural Description

FIG. 16 illustrates the block diagram of the under-
sampling system 1602 according to an embodimentof the
invention. The under-sampling system 1602 is an example
embodimentof the generic aliasing system 1302 in FIG. 13.

In a direct to data embodiment, the frequency of the
under-sampling signal 1604 is substantially equal to a har-
monic of the EM signal 1304 or, more typically, a sub-
harmonic thereof Preferably, the under-sampling module
1606 under-samples the EM signal 1304 to directly down-
convert it to the demodulated baseband signal Fp,,,, in the
manner shown in the operational. flowchart 1413. But it
should be understood that the scope and spirit of the inven-
tion includes other structural embodiments for performing
the steps of the flowchart 1413. The specifics of the other
structural embodiments will be apparent to personsskilled in
the relevant art(s) based on the discussion contained herein.

The operation of the aliasing system 1602 is now
described for the digital AM carrier signal 616, with refer-
ence to the flowchart 1413 and to the timing diagrams in
FIGS. 33A-D. In step 1414, the under-sampling module
1606 receives the AM carrier signal 616 (FIG. 33A). In step
1416, the under-sampling module 1606 receives the under-
sampling signal 3302 (FIG. 33B). In step 1418, the under-
sampling module 1606 under-samples the AM carrier signal
616 at the aliasing rate of the under-sampling signal 3302 to
directly down-convert the AM carrier signal 616 to the
demodulated baseband signal 3304 in FIG. 33C or the
filtered demodulated baseband signal 3306 in FIG. 33D.

Example implementations of the under-sampling module
1606 are provided in Sections 4 and 5 below.
2.2 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.

The method for down-converting the EM signal 1304 to
the demodulated baseband signal Fp,,,, illustrated in the
flowchart 1413 of FIG. 14C, can be implemented with any
type EM signal, including modulated carrier signals, includ-
ing but not limited to, AM, PM,etc., or any combination
thereof. Operation of the flowchart 1413 of FIG. 14C is
described below for AM and PM carrier signals. The exem-
plary descriptions below are intended to facilitate an under-
standing of the present invention. The present invention is
not limited to or by the exemplary embodiments below.
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2.2.1 First Example Embodiment: Amplitude Modulation
2.2.1.1 Operational Description

Operation of the exemplary process of the flowchart 1413
in FIG. 14C is described below for the analog AM carrier
signal 516, illustrated in FIG. 5C and for the digital AM
carrier signal 616, illustrated in FIG. 6C.
2.2.1.1.1 Analog AM Carrier Signal

A process for directly down-converting the analog AM
carrier signal 516 to a demodulated basebandsignal is now
described with reference to the flowchart 1413 in FIG. 14C.

The analog AM carrier signal 516 is re-illustrated in 35A for
convenience. For this example, the analog AM carrier signal
516 oscillates at approximately 900 MHZ.In FIG. 35B, an
analog AM carrier signal 3504 illustrates a portion of the
analog AM carrier signal 516 on an expanded timescale.

The process beginsat step 1414, which includes receiving
an EMsignal. This is represented by the analog AM carrier
signal 516.

Step 1416 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 35C illustrates an example
under-sampling signal 3506 on approximately the same time
scale as FIG. 35B. The under-sampling signal 3506 includes
a train of pulses 3507 having negligible apertures that tend
towards zero time in duration. The pulses 3507 repeat at the
aliasing rate or pulse repetition rate, which is determined or
selected as previously described. Generally, when directly
down-converting to a demodulated baseband signal, the
aliasing rate F,, is substantially equal to a harmonic or,
moretypically, a sub-harmonic of the under-sampled signal.
In this example, the aliasing rate is approximately 450 MHZ.

Step 1418 includes under-sampling the EM signal at the
aliasing rate to directly down-convertit to the demodulated
baseband signal Frag. Step 1418 is illustrated in FIG. 35B
by under-sample points 3505. Because a harmonic of the
aliasing rate is substantially equal to the frequency of the
signal 516, essentially no IF is produced. The only substan-
tial aliased component is the baseband signal.

In FIG. 35D, voltage points 3508 correlate to the under-
sample points 3505. In an embodiment, the voltage points
3508 form a demodulated baseband signal 3510. This can be
accomplished in many ways. For example, each voltage
point 3508 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
described below.

In FIG. 35E, a demodulated baseband signal 3512 repre-
sents the demodulated baseband signal 3510,after filtering,
on a compressed time scale. Although FIG. 35E illustrates
the demodulated baseband signal 3512 as a filtered output
signal, the output signal does not need to be filtered or
smoothed to be within the scope of the invention. Instead,
the output signal can be tailored for different applications.

The demodulated baseband signal 3512 is substantially
similar to the modulating baseband signal 210. The demodu-
lated baseband signal 3512 can be processed using any
signal processing technique(s) without further down-
conversion or demodulation.

The aliasing rate of the under-sampling signal is prefer-
ably controlled to optimize the demodulated basebandsignal
for amplitude output and polarity, as desired.

In the example above, the under-sample points 3505 occur
at positive locations of the AM carrier signal 516.
Alternatively, the under-sample points 3505 can occur at
other locations including negative points of the analog AM
carrier signal 516. When the under-sample points 3505
occur at negative locations of the AM carrier signal 516, the
resultant demodulated basebandsignal is inverted relative to
the modulating basebandsignal 210.
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The drawings referred to herein illustrate direct to data
down-conversion in accordance with the invention. For

example, the demodulated baseband signal 3510 in FIG.
35D and the demodulated basebandsignal 3512 in FIG. 35E
illustrate that the AM carrier signal 516 was successfully
down-converted to the demodulated baseband signal 3510
by retaining enough baseband information for sufficient
reconstruction.

2.2.1.1.2 Digital AM Carrier Signal
A process for directly down-converting the digital AM

carrier signal 616 to a demodulated basebandsignal is now
described with reference to the flowchart 1413 in FIG. 14C.

The digital AM carrier signal 616 is re-illustrated in FIG.
36A for convenience. For this example, the digital AM
carrier signal 616 oscillates at approximately 901 MHZ. In
FIG. 36B, a digital AM carrier signal 3604 illustrates a
portion of the digital AM carrier signal 616 on an expanded
time scale.

The process begins at step 1414, which includesreceiving
an EMsignal. This is represented by the digital AM carrier
signal 616.

Step 1416 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 36C illustrates an example
under-sampling signal 3606 on approximately the same time
scale as FIG. 36B. The under-sampling signal 3606 includes
a train of pulses 3607 having negligible apertures that tend
towards zero time in duration. The pulses 3607 repeat at the
aliasing rate or pulse repetition rate, which is determined or
selected as previously described. Generally, when directly
down-converting to a demodulated baseband signal, the
aliasing rate F,, is substantially equal to a harmonic or,
more typically, a sub-harmonic of the under-sampled signal.
In this example, the aliasing rate is approximately 450 MHZ.

Step 1418 includes under-sampling the EM signal at the
aliasing rate to directly down-convertit to the demodulated
basebandsignal Fpy,7. Step 1418 isillustrated in FIG. 36B
by under-sample points 3605. Because the aliasing rate is
substantially equal to the AM carrier signal 616, or to a
harmonic or sub-harmonic thereof, essentially no IF is
produced. The only substantial aliased component is the
basebandsignal.

In FIG. 36D, voltage points 3608 correlate to the under-
sample points 3605. In an embodiment, the voltage points
3608 form a demodulated baseband signal 3610. This can be
accomplished in many ways. For example, each voltage
point 3608 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
described below.

In FIG. 36E, a demodulated baseband signal 3612 repre-
sents the demodulated baseband signal 3610,after filtering,
on a compressed time scale. Although FIG. 36E illustrates
the demodulated baseband signal 3612 as a filtered output
signal, the output signal does not need to be filtered or
smoothed to be within the scope of the invention. Instead,
the output signal can be tailored for different applications.

The demodulated baseband signal 3612 is substantially
similar to the digital modulating baseband signal 310. The
demodulated analog baseband signal 3612 can be processed
using any signal processing technique(s) without further
down-conversion or demodulation.

The aliasing rate of the under-sampling signal is prefer-
ably controlled to optimize the demodulated basebandsignal
for amplitude output and polarity, as desired.

In the example above, the under-sample points 3605 occur
at positive locations of signal portion 3604. Alternatively,
the under-sample points 3605 can occur at other locations
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including negative locations of the signal portion 3604.
When the under-sample points 3605 occur at negative
points, the resultant demodulated basebandsignal is inverted
with respect to the modulating baseband signal 310.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the demodulated baseband signal 3610 in FIG.
36D and the demodulated basebandsignal 3612 in FIG. 36E
illustrate that the digital AM carrier signal 616 was success-
fully down-converted to the demodulated baseband signal
3610 by retaining enough baseband information for suffi-
cient reconstruction.

2.2.1.2 Structural Description
The operation of the under-sampling module 1606 is now

described for the analog AM carrier signal 516, with refer-
ence to the flowchart 1413 and the timing diagrams of FIGS.
35A-E. In step 1414, the under-sampling module 1606
receives the analog AM carrier signal 516 (FIG. 35A). In
step 1416, the under-sampling module 1606 receives the
under-sampling signal 3506 (FIG. 35C). In step 1418, the
under-sampling module 1606 under-samples the analog AM
carrier signal 516 at the aliasing rate of the under-sampling
signal 3506 to directly to down-convert the AM carrier
signal 516 to the demodulated analog baseband signal 3510
in FIG. 35D orto the filtered demodulated analog baseband
signal 3512 in FIG. 35E.

The operation of the under-sampling system 1602 is now
described for the digital AM carrier signal 616, with refer-
ence to the flowchart 1413 and the timing diagrams of FIGS.
36A-E. In step 1414, the under-sampling module 1606
receives the digital AM carrier signal 616 (FIG. 36A). In
step 1416, the under-sampling module 1606 receives the
under-sampling signal 3606 (FIG. 36C). In step 1418, the
under-sampling module 1606 under-samples the digital AM
carrier signal 616 at the aliasing rate of the under-sampling
signal 3606 to down-convert the digital AM carrier signal
616 to the demodulated digital baseband signal 3610 in FIG.
36D orto the filtered demodulated digital baseband signal
3612 in FIG. 36E.

Example implementations of the under-sampling module
1606 are provided in Sections 4 and 5 below.
2.2.2 Second Example Embodiment: Phase Modulation
2.2.2.1 Operational Description

Operation of the exemplary process of the flowchart 1413
in FIG. 14C is described below for the analog PM carrier
signal 916, illustrated in FIG. 9C, and for the digital PM
carrier signal 1016, illustrated in FIG. 10C.
2.2.2.1.1 Analog PM Carrier Signal

A process for directly down-converting the analog PM
carrier signal 916 to a demodulated basebandsignal is now
described with reference to the flowchart 1413 in FIG. 14C.

The analog PM carrier signal 916is re-illustrated in 37A for
convenience. For this example, the analog PM carrier signal
916 oscillates at approximately 900 MHZ.In FIG. 37B,an
analog PM carrier signal 3704 illustrates a portion of the
analog PM carrier signal 916 on an expanded timescale.

The process beginsat step 1414, which includes receiving
an EMsignal. This is represented by the analog PM signal
916.

Step 1416 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 37C illustrates an example
under-sampling signal 3706 on approximately the same time
scale as FIG. 37B. The under-sampling signal 3706 includes
a train of pulses 3707 having negligible apertures that tend
towards zero time in duration. The pulses 3707 repeat at the
aliasing rate or pulse repetition rate, which is determined or
selected as previously described. Generally, when directly
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down-converting to a demodulated baseband signal, the
aliasing rate F,, is substantially equal to a harmonic or,
more typically, a sub-harmonic of the under-sampled signal.
In this example, the aliasing rate is approximately 450 MHZ.

Step 1418 includes under-sampling the analog PM carrier
signal 916 at the aliasing rate to directly down-convertit to
a demodulated baseband signal. Step 1418 is illustrated in
FIG. 37B by under-sample points 3705.

Because a harmonic of the aliasing rate is substantially
equal to the frequency of the signal 916, or substantially
equal to a harmonic or sub-harmonic thereof, essentially no
IF is produced. The only substantial aliased componentis
the basebandsignal.

In FIG. 37D, voltage points 3708 correlate to the under-
sample points 3705. In an embodiment, the voltage points
3708 form a demodulated baseband signal 3710. This can be
accomplished in many ways. For example, each voltage
point 3708 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
described below.

In FIG. 37E, a demodulated baseband signal 3712 repre-
sents the demodulated baseband signal 3710,after filtering,
on a compressed time scale. Although FIG. 37E illustrates
the demodulated baseband signal 3712 as a filtered output
signal, the output signal does not need to be filtered or
smoothed to be within the scope of the invention. Instead,
the output signal can be tailored for different applications.

The demodulated baseband signal 3712 is substantially
similar to the analog modulating baseband signal 210. The
demodulated baseband signal 3712 can be processed without
further down-conversion or demodulation.

The aliasing rate of the under-sampling signal is prefer-
ably controlled to optimize the demodulated basebandsignal
for amplitude output and polarity, as desired.

In the example above, the under-sample points 3705 occur
at positive locations of the analog PM carrier signal 916.
Alternatively, the under-sample points 3705 can occur at
other locations include negative points of the analog PM
carrier signal 916. When the under-sample points 3705
occur at negative locations of the analog PM carrier signal
916, the resultant demodulated baseband signal is inverted
relative to the modulating baseband signal 210.

The drawings referred to herein illustrate direct to data
down-conversion in accordance with the invention. For

example, the demodulated baseband signal 3710 in FIG.
37D and the demodulated basebandsignal 3712 in FIG. 37E
illustrate that the analog PM carrier signal 916 was success-
fully down-converted to the demodulated baseband signal
3710 by retaining enough baseband information for suffi-
cient reconstruction.

2.2.2.1.2 Digital PM Carrier Signal
A process for directly down-converting the digital PM

carrier signal 1016 to a demodulated baseband signal is now
described with reference to the flowchart 1413 in FIG. 14C.

The digital PM carrier signal 1016 is re-illustrated in 38A for
convenience. For this example, the digital PM carrier signal
1016 oscillates at approximately 900 MHZ.In FIG. 38B,a
digital PM carrier signal 3804 illustrates a portion of the
digital PM carrier signal 1016 on an expandedtimescale.

The process begins at step 1414, which includesreceiving
an EM signal. This is represented by the digital PM signal
1016.

Step 1416 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 38C illustrates an example
under-sampling signal 3806 on approximately the same time
scale as FIG. 38B. The under-sampling signal 3806 includes
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a train of pulses 3807 having negligible apertures that tend
towards zero time in duration. The pulses 3807 repeat at the
aliasing rate or pulse repetition rate, which is determined or
selected as described above. Generally, when directly down-
converting to a demodulated baseband signal, the aliasing
rate F,, is substantially equal to a harmonic or, more
typically, a sub-harmonic of the under-sampled signal. In
this example, the aliasing rate is approximately 450 MHZ.

Step 1418 includes under-sampling the digital PM carrier
signal 1016 at the aliasing rate to directly down-convertit to
a demodulated baseband signal. This is illustrated in FIG.
38B by under-sample points 3705.

Because a harmonic of the aliasing rate is substantially
equal to the frequency of the signal 1016, essentially no IF
is produced. The only substantial aliased componentis the
baseband signal.

In FIG. 38D, voltage points 3808 correlate to the under-
sample points 3805. In an embodiment, the voltage points
3808 form a demodulated baseband signal 3810. This can be
accomplished in many ways. For example, each voltage
point 3808 can be held at a relatively constant level until the
next voltage point is received. This results in a stair-step
output which can be smoothed or filtered if desired, as
described below.

In FIG. 38E, a demodulated baseband signal 3812 repre-
sents the demodulated baseband signal 3810,after filtering,
on a compressed time scale. Although FIG. 38E illustrates
the demodulated baseband signal 3812 as a filtered output
signal, the output signal does not need to be filtered or
smoothed to be within the scope of the invention. Instead,
the output signal can be tailored for different applications.

The demodulated baseband signal 3812 is substantially
similar to the digital modulating baseband signal 310. The
demodulated baseband signal 3812 can be processed without
further down-conversion or demodulation.

The aliasing rate of the under-sampling signal is prefer-
ably controlled to optimize the demodulated basebandsignal
for amplitude output and polarity, as desired.

In the example above, the under-sample points 3805 occur
at positive locations of the digital PM carrier signal 1016.
Alternatively, the under-sample points 3805 can occur at
other locations include negative points of the digital PM
carrier signal 1016. When the under-sample points 3805
occur at negative locations of the digital PM carrier signal
1016, the resultant demodulated basebandsignal is inverted
relative to the modulating baseband signal 310.

The drawings referred to herein illustrate frequency
down-conversion in accordance with the invention. For

example, the demodulated baseband signal 3810 in FIG.
38D and the demodulated basebandsignal 3812 in FIG. 38E
illustrate that the digital PM carrier signal 1016 was suc-
cessfully down-converted to the demodulated basebandsig-
nal 3810 by retaining enough baseband information for
sufficient reconstruction.

2.2.2.2 Structural Description
The operation of the under-sampling system 1602 is now

described for the analog PM carrier signal 916, with refer-
ence to the flowchart 1413 and the timing diagrams of FIGS.
37A-E. In step 1414, the under-sampling module 1606
receives the analog PM carrier signal 916 (FIG. 37A). In
step 1416, the under-sampling module 1606 receives the
under-sampling signal 3706 (FIG. 37C). In step 1418, the
under-sampling module 1606 under-samples the analog PM
carrier signal 916 at the aliasing rate of the under-sampling
signal 3706 to down-convert the PM carrier signal 916 to the
demodulated analog basebandsignal 3710 in FIG. 37D orto
the filtered demodulated analog baseband signal 3712 in
FIG. 37E.
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The operation of the under-sampling system 1602 is now
described for the digital PM carrier signal 1016, with
reference to the flowchart 1413 and the timing diagrams of
FIGS. 38A-E. In step 1414, the under-sampling module
1606 receives the digital PM carrier signal 1016 (FIG. 38A).
In step 1416, the under-sampling module 1606 receives the
under-sampling signal 3806 (FIG. 38C). In step 1418, the
under-sampling module 1606 under-samples the digital PM
carrier signal 1016 at the aliasing rate of the under-sampling
signal 3806 to down-convert the digital PM carrier signal
1016 to the demodulated digital baseband signal 3810 in
FIG. 38D orto the filtered demodulated digital baseband
signal 3812 in FIG. 38E.
2.2.3 Other Embodiments

The embodiments described above are provided for pur-
posesofillustration. 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 embodimentsfall
within the scope and spirit of the present invention.
2.3 Implementation Examples

Exemplary operational and/or structural implementations
related to the method(s), structure(s), and/or embodiments
described above are presented in Sections 4 and 5 below.
These implementations are presented for purposes of
illustration, and not limitation. The invention is not limited
to the particular implementation examples described therein.
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 alter-
nate implementations fall within the scope and spirit of the
present invention.
3. Modulation Conversion

In an embodiment, the invention down-converts an FM

carrier signal Frac to a non-FM signal Fwon.ray, by
under-sampling the FM carrier signal Fyy,c . This embodi-
mentis illustrated in FIG. 45B as 4512.

In an example embodiment, the FM carrier signal Fyy,¢ is
down-converted to a phase modulated (PM)signal Fpy,. In
another example embodiment, the FM carrier signal Fray 1S
down-converted to an amplitude modulated (AM) signal
F,,7- The inventionis not limited to these embodiments. The
down-converted signal can be demodulated with any con-
ventional demodulation technique to obtain a demodulated
baseband signal Frayp-

The invention can be implemented with any type of FM
signal. Exemplary embodiments are provided below for
down-converting a frequency shift keying (FSK)signal to a
non-FSK signal. FSK is a sub-set of FM, wherein an FM
signal shifts or switches between two or more frequencies.
FSK is typically used for digital modulating baseband
signals, such as the digital modulating baseband signal 310
in FIG. 3. For example, in FIG.8, the digital FM signal 816
is an FSKsignal that shifts between an upper frequency and
a lower frequency, corresponding to amplitude shifts in the
digital modulating baseband signal 310. The FSK signal 816
is used in example embodiments below.

In a first example embodiment, the FSK signal 816 is
under-sampled at an aliasing rate that is based on a mid-
point between the upper and lower frequencies of the FSK
signal 816. Whenthe aliasing rate is based on the mid-point,
the FSK signal 816 is down-converted to a phase shift
keying (PSK)signal. PSK is a sub-set of phase modulation,
wherein a PM signal shifts or switches between two or more
phases. PSK is typically used for digital modulating base-
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band signals. For example, in FIG. 10, the digital PM signal
1016 is a PSK signal that shifts between two phases. The
PSKsignal 1016 can be demodulated by any conventional
PSK demodulation technique(s).

In a second example embodiment, the FSK signal 816 is
under-sampled at an aliasing rate that is based upon either
the upper frequency or the lower frequency of the FSK
signal 816. Whenthe aliasing rate is based upon the upper
frequency or the lower frequency of the FSK signal 816, the
FSK signal 816 is down-converted to an amplitude shift
keying (ASK) signal. ASK is a sub-set of amplitude
modulation, wherein an AM signal shifts or switches
between two or more amplitudes. ASKis typically used for
digital modulating basebandsignals. For example, in FIG.6,
the digital AM signal 616 is an ASK signal that shifts
between the first amplitude and the second amplitude. The
ASKsignal 616 can be demodulated by any conventional
ASK demodulation technique(s).

The following sections describe methods for under-
sampling an FM carrier signal F,,,. to down-convertit to
the non-FM signal Fwow.rxy. Exemplary structural embodi-
ments for implementing the methods are also described.It
should be understood that the inventionis not limited to the

particular embodiments described below. Equivalents,
extensions, variations, deviations, etc., of the following will
be apparent to persons skilled in the relevantart(s) based on
the teachings contained herein. Such equivalents,
extensions, variations, deviations, etc., are within the scope
and spirit of the present invention.

The following sections include a high level discussion,
example embodiments, and implementation examples.
3.1 High Level Description

This section (including its subsections) provides a high-
level description of under-sampling the FM carrier signal
Fry to down-convert it to the non-FM signal Fwon-raps
according to the invention. In particular, an operational
process for down-converting the FM carrier signal F;,, to
the non-FM signal Fwon-ray is described at a high-level.
Also, a structural implementation for implementing this
process is described at a high-level. The structural imple-
mentation is described herein for illustrative purposes, and
is not limiting. In particular, the process described in this
section can be achieved using any numberof structural
implementations, one of which is described in this section.
The details of such structural implementations will be appar-
ent to persons skilled in the relevant art(s) based on the
teachings contained herein.
3.1.1 Operational Description

FIG. 14D depicts a flowchart 1419 that illustrates an
exemplary method for down-converting the FM carrier
signal Fyygc to the non-FM signal Fwon-ray The exemplary
methodillustrated in the flowchart 1419 is an embodiment
of the flowchart 1401 in FIG. 14A.

Anyandall forms of frequency modulation techniques are
valid for this invention. For ease of discussion, the digital
FMcarrier (FSK) signal 816 is used to illustrate a high level
operational description of the invention. Subsequent sec-
tions provide detailed flowcharts and descriptions for the
FSKsignal 816. Upon reading the disclosure and examples
therein, one skilled in the relevant art(s) will understand that
the invention can be implemented to down-convert any type
of FM signal.

The method illustrated in the flowchart 1419 is described

below at a high level for down-converting the FSK signal
816 in FIG. 8C to a FSK signal. The FSK signal 816 is
re-illustrated in FIG. 39A for convenience.

The process of the flowchart 1419 begins at step 1420,
which includes receiving an FM signal. This is represented
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by the FSK signal 816. The FSK signal 816 shifts between
an upper frequency 3910 and a lower frequency 3912. In an
exemplary embodiment, the upper frequency 3910 is
approximately 901 MHZand the lower frequency 3912 is
approximately 899 MHZ.

Step 1422 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 39E illustrates an example
under-sampling signal 3902 which includesa train of pulses
3903 having negligible apertures that tend towards zero time
in duration. The pulses 3903 repeat at the aliasing rate or
pulse repetition rate.

When down-converting an FM carrier signal Frac to a
non-FMsignal Fywoy.rx, the aliasing rate is substantially
equal to a frequency contained within the FM signal, or
substantially equal to a harmonic or sub-harmonic thereof.
In this example overview embodiment, where the FSK
signal 816 is to be down-converted to a PSK signal, the
aliasing rate is based on a mid-point between the upper
frequency 3910 and the lower frequency 3912. For this
example, the mid-point is approximately 900 MHZ. In
another embodiment described below, where the FSK signal
816 is to be down-converted to an ASK signal, the aliasing
rate is based on either the upper frequency 3910 or the lower
frequency 3912, not the mid-point.

Step 1424 includes under-sampling the FM signal Frac at
the aliasing rate to down-convert the FM carrier signal Frac
to the non-FM signal Fwon.rxy Step 1424 is illustrated in
FIG. 39C, which illustrates a stair step PSK signal 3904,
which is generated by the modulation conversion process.

When the upper frequency 3910 is under-sampled, the
PSKsignal 3904 has a frequency of approximately 1 MHZ
and is used as a phase reference. When the lower frequency
3912 is under-sampled, the PSK signal 3904 has a frequency
of 1 MHZandis phase shifted 180 degrees from the phase
reference.

FIG. 39D depicts a PSK signal 3906, which isa filtered
version of the PSK signal 3904. The invention can thus
generate a filtered output signal, a partially filtered output
signal, or a relatively unfiltered stair step output signal. The
choice between filtered, partially filtered and non-filtered
output signals is generally a design choice that depends upon
the application of the invention.

The aliasing rate of the under-sampling signal is prefer-
ably controlled to optimize the down-converted signal for
amplitude output and polarity, as desired.

Detailed exemplary embodiments for down-converting an
FSKsignal to a PSK signal and for down-converting an FSK
signal to an ASK signal are provided below.
3.1.2 Structural Description

FIG. 16 illustrates the block diagram of the under-
sampling system 1602 according to an embodimentof the
invention. The under-sampling system 1602 includes the
under-sampling module 1606. The under-sampling system
1602 is an example embodiment of the generic aliasing
system 1302 in FIG.13.

In a modulation conversion embodiment, the EM signal
1304 is an FM carrier signal and the under-sampling module
1606 under-samples the FM carrier signal at a frequency that
is substantially equal to a harmonic of a frequency within the
FM signal or, more typically, substantially equal to a sub-
harmonic of a frequency within the FM signal. Preferably,
the under-sampling module 1606 under-samples the FM
carrier signal F,,,- to down-convert it to a non-FM signal
Fwon-rmy in the manner shown in the operational flowchart
1419. But it should be understood that the scope and spirit
of the invention includes other structural embodiments for

performing the steps of the flowchart 1419. The specifics of
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the other structural embodiments will be apparent to persons
skilled in the relevant art(s) based on the discussion con-
tained herein.

The operation of the under-sampling system 1602 shall
now be described with reference to the flowchart 1419 and

the timing diagrams of FIGS. 39A-39D. In step 1420, the
under-sampling module 1606 receives the FSK signal 816.
In step 1422, the under-sampling module 1606 receives the
under-sampling signal 3902. In step 1424, the under-
sampling module 1606 under-samples the FSK signal 816 at
the aliasing rate of the under-sampling signal 3902 to
down-convert the FSK.signal 816 to the PSK signal 3904 or
3906.

Example implementations of the under-sampling module
1606 are provided in Section 4 below.
3.2 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 relevantart(s) based on
the teachings contained herein. The invention is intended
and adapted to include such alternate embodiments.

The method for down-converting an FM carrier signal
Feuc to a non-FM signal, Fwoy-exy, Ulustrated in the
flowchart 1419 of FIG. 14D, can be implemented with any
type of FM carrier signal including, but not limited to, FSK
signals. The flowchart 1419 is described in detail below for
down-converting an FSK signal to a PSK signal and for
down-converting a PSK signal to an ASK signal. The
exemplary descriptions below are intended to facilitate an
understanding of the present invention. The present inven-
tion is not limited to or by the exemplary embodiments
below.

3.2.1 First Example Embodiment: Down-Converting an FM
Signal to a PM Signal
3.2.1.1 Operational Description

Operation of the exemplary process of the flowchart 1419
in FIG. 14D is now described for down-converting the FSK
signal 816 illustrated in FIG. 8C to a PSK signal. The FSK
signal 816 is re-illustrated in FIG. 40A for convenience.

The FSKsignal 816 shifts betweena first frequency 4006
and a second frequency 4008. In the exemplary
embodiment, the first frequency 4006 is lower than the
second frequency 4008. In an alternative embodiment, the
first frequency 4006 is higher than the second frequency
4008. For this example, the first frequency 4006 is approxi-
mately 899 MHZ andthe second frequency 4008 is approxi-
mately 901 MHZ.

FIG. 40B illustrates an FSK signal portion 4004 that
represents a portion of the FSK signed 816 on an expanded
time scale.

The process of down-converting the FSK signal 816 to a
PSKsignal beginsat step 1420, which includes receiving an
FM signal. This is represented by the FSK signal 816.

Step 1422 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 40C illustrates an example
under-sampling signal 4007 on approximately the same time
scale as FIG. 40B. The under-sampling signal 4007 includes
a train of pulses 4009 having negligible apertures that tend
towards zero time in duration. The pulses 4009 repeat at the
aliasing rate, which is determined or selected as described
above. Generally, when down-converting an FM signal to a
non-FM signal, the aliasing rate is substantially equal to a
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harmonic or, more typically, a sub-harmonic of a frequency
contained within the FM signal.

In this example, where an FSK signal is being down-
converted to a PSK signal, the aliasing rate is substantially
equal to a harmonic of the mid-point between the frequen-
cies 4006 and 4008 or, more typically, substantially equal to
a sub-harmonic of the mid-point between the frequencies
4006 and 4008. In this example, where the first frequency
4006 is 899 MHZandsecond frequency 4008 is 901 MHZ,
the mid-point is approximately 900 MHZ. Suitable aliasing
rates include 1.8 GHZ, 900 MHZ, 450 MHZ,etc. In this
example, the aliasing rate of the under-sampling signal 4008
is approximately 450 MHZ.

Step 1424 includes under-sampling the FM signal at the
aliasing rate to down-convertit to the non-FM signal Fwon.
FM). Step 1424 is illustrated in FIG. 40B by under-sample
points 4005. The under-sample points 4005 occur at the
aliasing rate of the pulses 4009.

In FIG. 40D, voltage points 4010 correlate to the under-
sample points 4005. In an embodiment, the voltage points
4010 form a PSK signal 4012. This can be accomplished in
many ways. For example, each voltage point 4010 can be
held at a relatively constant level until the next voltage point
is received. This results in a stair-step output which can be
smoothed orfiltered if desired, as described below.

Whenthe first frequency 4006 is under-sampled, the PSK
signal 4012 has a frequency of approximately 1 MHZ andis
used as a phase reference. When the second frequency 4008
is under-sampled, the PSK signal 4012 has a frequency of 1
MHZ and is phase shifted 180 degrees from the phase
reference.

In FIG. 40E, a PSK signal 4014 illustrates the PSK signal
4012, after filtering, on a compressed time scale. Although
FIG.40E illustrates the PSK signal 4012 asa filtered output
signal 4014, the output signal does not needto be filtered or
smoothed to be within the scope of the invention. Instead,
the output signal can be tailored for different applications.
The PSK signal 4014 can be demodulated through any
conventional phase demodulation technique.

The aliasing rate of the under-sampling signal is prefer-
ably controlled to optimize the down-converted signal for
amplitude output and polarity, as desired.

In the example above, the under-sample points 4005 occur
at positive locations of the FSK signal 816. Alternatively, the
under-sample points 4005 can occur at other locations
including negative points of the FSK signal 816. When the
under-sample points 4005 occur at negative locations of the
FSKsignal 816, the resultant PSK signalis inverted relative
to the PSK signal 4014.

The drawings referred to herein illustrate modulation
conversion in accordance with the invention. For example,
the PSK signal 4014 in FIG. 40E illustrates that the FSK
signal 816 was successfully down-converted to the PSK
signal 4012 and 4014 by retaining enough baseband infor-
mation for sufficient reconstruction.

3.2.1.2 Structural Description
The operation of the under-sampling system 1602 is now

described for down-converting the FSK signal 816 to a PSK
signal, with reference to the flowchart 1419 andto the timing
diagrams of FIGS. 40A—E.In step 1420, the under-sampling
module 1606 receives the FSK signal 816 (FIG. 40A). In
step 1422, the under-sampling module 1606 receives the
under-sampling signal 4007 (FIG. 40C). In step 1424, the
under-sampling module 1606 under-samples the FSK signal
816 at the aliasing rate of the under-sampling signal 4007 to
down-convert the FSK signal 816 to the PSK signal 4012 in
FIG. 40D or the PSK signal 4014 in FIG. 40E.
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3.2.2 Second Example Embodiment: Down-Converting an
FM Signal to an AM Signal
3.2.2.1 Operational Description

Operation of the exemplary process of FIG. 14D is now
described for down-converting the FSK signal 816, illus-
trated in FIG. 8C, to an ASK signal. The FSK signal 816 is
re-illustrated in FIG. 41A for convenience.

The FSKsignal 816 shifts betweena first frequency 4106
and a second frequency 4108. In the exemplary
embodiment, the first frequency 4106 is lower than the
second frequency 4108. In an alternative embodiment, the
first frequency 4106 is higher than the second frequency
4108. For this example, the first frequency 4106 is approxi-
mately 899 MHZ andthe second frequency 4108 is approxi-
mately 901 MHZ.

FIG. 41B illustrates an FSK signal portion 4104 that
represents a portion of the FSK signal 816 on an expanded
time scale.

The process of down-converting the FSK signal 816 to an
ASKsignal begins at step 1420, which includes receiving an
FM signal. This is represented by the FSK signal 816.

Step 1422 includes receiving an under-sampling signal
having an aliasing rate F,,. FIG. 41C illustrates an example
under-sampling signal 4107 illustrated on approximately the
same time scale as FIG. 42B. The under-sampling signal
4107 includes a train of pulses 4109 having negligible
apertures that tend towards zero time in duration. The pulses
4109 repeat at the aliasing rate, or pulse repetition rate. The
aliasing rate is determined or selected as described above.

Generally, when down-converting an FM signal to a
non-FM signal, the aliasing rate is substantially equal to a
harmonic of a frequency within the FM signal or, more
typically, to a sub-harmonic of a frequency within the FM
signal. When an FSKsignal 816 is being down-converted to
an ASKsignal, the aliasing rate is substantially equal to a
harmonic of the first frequency 4106 or the second fre-
quency 4108 or, more typically, substantially equal to a
sub-harmonic of the first frequency 4106 or the second
frequency 4108 . In this example, where the first frequency
4106 is 899 MHZ and the second frequency 4108 is 901
MHZ, the aliasing rate can be substantially equal to a
harmonic or sub-harmonic of 899 MHZ or 901 MHZ.Inthis

example the aliasing rate is approximately 449.5 MHZ,
which is a sub-harmonic of the first frequency 4106.

Step 1424 includes under-sampling the FM signal at the
aliasing rate to down-convert it to a non-FM signal Fwow.
FM). Step 1424 is illustrated in FIG. 41B by under-sample
points 4105. The under-sample points 4105 occur at the
aliasing rate of the pulses 4109. When the first frequency
4106 is under-sampled, the aliasing pulses 4109 and the
under-sample points 4105 occur at the same location of
subsequent cycles of the FSK signal 816. This generates a
relatively constant output level. But when the second fre-
quency 4108 is under-sampled,the aliasing pulses 4109 and
the under-sample points 4005 occurat different locations of
subsequent cycles of the FSK signal 816. This generates an
oscillating pattern at approximately (901 MHZ-899
MHZ)=2 MHZ.

In FIG. 41D, voltage points 4110 correlate to the under-
sample points 4105. In an embodiment, the voltage points
4110 form an ASKsignal 4112. This can be accomplished in
many ways. For example, each voltage point 4110 can be
held at a relatively constant level until the next voltage point
is received. This results in a stair-step output which can be
smoothed orfiltered if desired, as described below.

In FIG. 41E, an ASK signal 4114 illustrates the ASK
signal 4112, after filtering, on a compressed time scale.
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Although FIG. 41E illustrates the ASK signal 4114 as a
filtered output signal, the output signal does not need to be
filtered or smoothed to be within the scope of the invention.
Instead, the output signal can be tailored for different
applications. The ASK signal 4114 can be demodulated
through any conventional amplitude demodulation tech-
nique When down-converting from FM to AM,the aliasing
rate of the under-sampling signal is preferably controlled to
optimize the demodulated baseband signal for amplitude
output and/or polarity, as desired.

In an alternative embodiment, the aliasing rate is based on
the second frequency and the resultant ASK signal is
reversed relative to the ASK signal 4114.

The drawings referred to herein illustrate modulation
conversion in accordance with the invention. For example,
the ASK signal 4114 in FIG. 41E illustrates that the FSK
carrier signal 816 was successfully down-converted to the
ASKsignal 4114 by retaining enough baseband information
for sufficient reconstruction.

3.2.2.2 Structural Description
The operation of the under-sampling system 1602 is now

described for down-converting the FSK signal 816 to an
ASKsignal, with reference to the flowchart 1419 and to the
timing diagrams of FIGS. 41A-—E.In step 1420, the under-
sampling module 1606 receives the FSK signal 816 (FIG.
41A). In step 1422, the under-sampling module 1606
receives the under-sampling signal 4107 (FIG. 41C). In step
1424, the under-sampling module 1606 under-samples the
FSKsignal 816 at the aliasing of the under-sampling signal
4107 to down-convert the FSK signal 816 to the ASK signal
4112 of FIG. 41D or the ASK signal 4114 in FIG. 41E.
3.2.3 Other Example Embodiments

The embodiments described above are provided for pur-
posesofillustration. 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 embodimentsfall
within the scope and spirit of the present invention.
3.3 Implementation Examples

Exemplary operational and/or structural implementations
related to the method(s), structure(s), and/or embodiments
described above are presented in Sections 4 and 5 below.
These implementations are presented for purposes of
illustration, and not limitation. The invention is not limited
to the particular implementation examples described therein.
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 alter-
nate implementations fall within the scope and spirit of the
present invention.
4. Implementation Examples

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

FIG. 13illustrates a generic aliasing system 1302, includ-
ing an aliasing module 1306. FIG. 16 illustrates an under-
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sampling system 1602, which includes an under-sampling
module 1606. The under-sampling module 1606 receives an
under-sampling signal 1604 having an aliasing rate F,,. The
under-sampling signal 1604 includesatrain of pulses having
negligible apertures that tend towards zero time in duration.
The pulses repeat at the aliasing rate Fy. The under-
sampling system 1602 is an example implementation of the
generic aliasing system 1303. The under-sampling system
1602 outputs a down-converted signal 1308A.

FIG. 26Aillustrates an exemplary sample and hold sys-
tem 2602, which is an exemplary implementation of the
under-sampling system 1602. The sample and hold system
2602 is described below.

FIG. 26B illustrates an exemplary inverted sample and
hold system 2606, which is an alternative example imple-
mentation of the under-sampling system 1602. The inverted
sample and hold system 2606 is described below.
4.1 The Under-Sampling System as a Sample and Hold
System

FIG. 26A is a block diagram of a the sample and hold
system 2602, which is an example embodiment of the
under-sampling module 1606 in FIG. 16, which is an
example embodimentof the generic aliasing module 1306 in
FIG. 13.

The sample and hold system 2602 includes a sample and
hold module 2604, which receives the EM signal 1304 and
the under-sampling signal 1604. The sample and hold mod-
ule 2604 under-samples the EM signalat the aliasing rate of
the under-sampling signal 1604, as described in the sections
above with respect to the flowcharts 1401 in FIG. 14A, 1407
in FIG. 14B, 1413 in FIG. 14C and 1419 in FIG. 14D. The
under-sampling system 1602 outputs a down-converted sig-
nal 1308A.

FIG. 27 illustrates an under-sampling system 2701 as a
sample and hold system, which is an example implementa-
tion of the under-sampling system 2602. The under-
sampling system 2701 includes a switch module 2702 and a
holding module 2706. The under-sampling system 2701 is
described below.

FIG. 24Aillustrates an under-sampling system 2401 as a
break before make under-sampling system, which is an
alternative implementation of the under-sampling system
2602. The break before make under-sampling system 2401
is described below.

4.1.1 The Sample and Hold System as a Switch Module and
a Holding Module

FIG. 27 illustrates an exemplary embodiment of the
sample and hold module 2604 from FIG. 26A. In the
exemplary embodiment, the sample and hold module 2604
includes a switch module 2702, and a holding module 2706.

Preferably, the switch module 2702 and the holding
module 2706 under-sample the EM signal 1304 to down-
convert it in any of the manners shown in the operation
flowcharts 1401, 1407, 1413 and 1419. For example, the
sample and hold module 2604 can receive and under-sample
any of the modulated carrier signal signals described above,
including, but not limited to, the analog AM signal 516, the
digital AM signal 616, the analog FM signal 716, the digital
FM signal 816, the analog PM signal 916, the digital PM
signal 1016, etc., and any combinationsthereof.

The switch module 2702 and the holding module 2706
down-convert the EM signal 1304 to an intermediate signal,
to a demodulated baseband or to a different modulation

scheme, depending upon the aliasing rate.
For example, operation of the switch module 2702 and the

holding module 2706 are now described for down-
converting the EM signal 1304 to an intermediate signal,
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with reference to the flowchart 1407 and the example timing
diagrams in FIG. 79A-F.

In step 1408, the switch module 2702 receives the EM
signal 1304 (FIG. 79A). In step 1410, the switch module
2702 receives the under-sampling signal 1604 (FIG. 79C).
In step 1412, the switch module 2702 and the holding
module 2706 cooperate to under-sample the EM signal 1304
and down-convert it to an intermediate signal. More
specifically, during step 1412, the switch module 2702
closes during each under-sampling pulse to couple the EM
signal 1304 to the holding module 2706. In an embodiment,
the switch module 2702 closes on rising edges of the pulses.
In an alternative embodiment, the switch module 2702
closes on falling edges of the pulses. When the EM signal
1304 is coupled to the holding module 2706, the amplitude
of the EM signal 1304 is captured by the holding module
2706. The holding module 2706 is designed to capture and
hold the amplitude of the EM signal 1304 within the short
time frame of each negligible aperture pulse. FIG. 79B
illustrates the EM signal 1304 after under-sampling.

The holding module 2706 substantially holds or maintains
each under-sampled amplitude until a subsequent under-
sample. (FIG. 79D). The holding module 2706 outputs the
under-sampled amplitudes as the down-converted signal
1308A. The holding module 2706 can output the down-
converted signal 1308A as an unfiltered signal, such as a
stair step signal (FIG. 79E), as a filtered down-converted
signal (FIG. 79F) or as a partially filtered down-converted
signal.
4.1.2 The Sample and Hold System as Break-Before-Make
Module

FIG. 24Aillustrates a break-before-make under-sampling
system 2401, which is an alternative implementation of the
under-sampling system 2602.

Preferably, the break-before-make under-sampling sys-
tem 2401 under-samples the EM signal 1304 to down-
convert it in any of the manners shown in the operation
flowcharts 1401, 1407, 1413 and 1419. For example, the
sample and hold module 2604 can receive and under-sample
any of the unmodulated or modulated carrier signal signals
described above, including, but not limited to, the analog
AM signal 516, the digital AM signal 616, the analog FM
signal 716, the digital FM signal 816, the analog PM signal
916, the digital PM signal 1016, etc., and combinations
thereof.

The break-before-make under-sampling system 2401
down-converts the EM signal 1304 to an intermediate
signal, to a demodulated baseband orto a different modu-
lation scheme, depending upon the aliasing rate.

FIG. 24A includes a break-before-make switch 2402. The

break-before-make switch 2402 includes a normally open
switch 2404 and a normally closed switch 2406. The nor-
mally open switch 2404 is controlled by the under-sampling
signal 1604, as previously described. The normally closed
switch 2406 is controlled by an isolation signal 2412. In an
embodiment, the isolation signal 2412 is generated from the
under-sampling signal 1604. Alternatively, the under-
sampling signal 1604 is generated from the isolation signal
2412. Alternatively, the isolation signal 2412 is generated
independently from the under-sampling signal 1604. The
break-before-make module 2402 substantially isolates a
sample and hold input 2408 from a sample and hold output
2410.

FIG. 24B illustrates an example timing diagram of the
under-sampling signal 1604 that controls the normally open
switch 2404. FIG. 24C illustrates an example timing dia-
gram ofthe isolation signal 2412 that controls the normally
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closed switch 2406. Operation of the break-before-make
module 2402 is described with reference to the example
timing diagrams in FIGS. 24B and 24C.

Prior to time t0, the normally open switch 2404 and the
normally closed switch 2406 are at their normalstates.

Attime 10, the isolation signal 2412 in FIG. 24C opensthe
normally closed switch 2406. Then, just after time 10, the
normally open switch 2404 and the normally closed switch
2406 are open and the input 2408 is isolated from the output
2410.

At time tl, the under-sampling signal 1604 in FIG. 24B
briefly closes the normally open switch 2404. This couples
the EM signal 1304 to the holding module 2416.

Prior to t2, the under-sampling signal 1604 in FIG. 24B
opens the normally open switch 2404. This de-couples the
EM signal 1304 from the holding module 2416.

At time 12, the isolation signal 2412 in FIG. 24C closes
the normally closed switch 2406. This couples the holding
module 2416 to the output 2410.

The break-before-make under-sampling system 2401
includes a holding module 2416, which can be similar to the
holding module 2706 in FIG. 27. The break-before-make
under-sampling system 2401 down-converts the EM signal
1304 in a mannersimilar to that described with reference to

the under-sampling system 2702 in FIG. 27.
4.1.3 Example Implementations of the Switch Module

The switch module 2702 in FIG. 27 and the switch

modules 2404 and 2406 in FIG. 24A can be any type of
switch device that preferably has a relatively low impedance
when closed and a relatively high impedance when open.
The switch modules 2702, 2404 and 2406 can be imple-
mented with normally open or normally closed switches.
The switch device need not be an ideal switch device. FIG.

28Billustrates the switch modules 2702, 2404 and 2406 as,
for example, a switch module 2810.

The switch device 2810 (e.g., switch modules 2702, 2404
and 2406) can be implemented with any type of suitable
switch device, including, but not limited to mechanical
switch devices and electrical switch devices, optical switch
devices, etc., and combinations thereof. Such devices
include, but are not limited to transistor switch devices,
diode switch devices, relay switch devices, optical switch
devices, micro-machine switch devices,etc..

In an embodiment, the switch module 2810 can be imple-
mented as a transistor, such as, for example, a field effect
transistor (FET),a bi-polar transistor, or any other suitable
circuit switching device.

In FIG. 28A, the switch module 2810 is illustrated as a
FET 2802. The FET 2802 can be any type of FET,including,
but not limited to, a MOSFET,a JFET, a GaAsFET,etc.. The
FET 2802 includes a gate 2804, a source 2806 and a drain
2808. The gate 2804 receives the under-sampling signal
1604 to control the switching action between the source
2806 and the drain 2808. Generally, the source 2806 and the
drain 2808 are interchangeable.

It should be understood that the illustration of the switch

module 2810 as a FET 2802 in FIG. 28A is for example
purposes only. Any device having switching capabilities
could be used to implement the switch module 2810 (e.g.,
switch modules 2702,2404 and 2406), as will be apparentto
personsskilled in the relevant art(s) based on the discussion
contained herein.

In FIG. 28C, the switch module 2810 is illustrated as a
diode switch 2812, which operates as a two lead device
when the under-sampling signal 1604 is coupled to the
output 2813.

In FIG. 28D, the switch module 2810 is illustrated as a
diode switch 2814, which operates as a two lead device
when the under-sampling signal 1604 is coupled to the
output 2815.
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4.1.4 Example Implementations of the Holding Module
The holding modules 2706 and 2416 preferably captures

and holds the amplitude of the original, unaffected, EM
signal 1304 within the short time frame of each negligible
aperture under-sampling signal pulse.

In an exemplary embodiment, holding modules 2706 and
2416 are implemented as a reactive holding module 2901 in
FIG. 29A, although the invention is not limited to this
embodiment. A reactive holding moduleis a holding module
that employs one or more reactive electrical components to
preferably quickly charge to the amplitude of the EM signal
1304. Reactive electrical components include, but are not
limited to, capacitors and inductors.

In an embodiment, the holding modules 2706 and 2416
include one or more capacitive holding elements,illustrated
in FIG. 29B as a capacitive holding module 2902. In FIG.
29C,the capacitive holding module 2902 is illustrated as one
or more capacitorsillustrated generally as capacitor(s) 2904.
Recall that the preferred goal of the holding modules 2706
and 2416 is to quickly charge to the amplitude of the EM
signal 1304. In accordance with principles of capacitors, as
the negligible aperture of the under-sampling pulses tends to
zero time in duration, the capacitive value of the capacitor
2904 can tend towards zero Farads. Example values for the
capacitor 2904 can range from tens of pico Farads to
fractions of pico Farads. A terminal 2906 serves as an output
of the sample and hold module 2604. The capacitive holding
module 2902 provides the under-samples at the terminal
2906, where they can be measured as a voltage. FIG. 29F
illustrates the capacitive holding module 2902 as including
a series capacitor 2912, which can be utilized in an inverted
sample and hold system as described below.

In an alternative embodiment, the holding modules 2706
and 2416 include one or more inductive holding elements,
illustrated in FIG. 29D as an inductive holding module 2908.

In an alternative embodiment, the holding modules 2706
and 2416 include a combination of one or more capacitive
holding elements and one or more inductive holding
elements, illustrated in FIG. 29E as a capacitive/inductive
holding module 2910.

FIG. 29G illustrates an integrated under-sampling system
that can be implemented to down-convert the EM signal
1304 as illustrated in, and described with reference to, FIGS.
T9A-F.

4.1.5 Optional Under-Sampling Signal Module
FIG.30 illustrates an under-sampling system 3001, which

is an example embodiment of the under-sampling system
1602. The under-sampling system 3001 includes an optional
under-sampling signal module 3002 that can perform any of
a variety of functions or combinations of functions,
including, but not limited to, generating the under-sampling
signal 1604.

In an embodiment, the optional under-sampling signal
module 3002 includes an aperture generator, an example of
which is illustrated in FIG. 29J as an aperture generator
2920. The aperture generator 2920 generates negligible
aperture pulses 2926 from an input signal 2924. The input
signal 2924 can be anytype of periodic signal, including, but
not limited to, a sinusoid, a square wave, a saw-tooth wave,
etc. Systems for generating the input signal 2924 are
described below.

The width or aperture of the pulses 2926 is determined by
delay through the branch 2922 of the aperture generator
2920. Generally, as the desired pulse width decreases, the
tolerance requirements of the aperture generator 2920
increase. In other words, to generate negligible aperture
pulses for a given input EM frequency, the components
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utilized in the example aperture generator 2920 require
greater reaction times, which are typically obtained with
more expensive elements, such as gallium arsenide (GaAs),
etc.

The example logic and implementation shown in the
aperture generator 2920 are provided for illustrative pur-
poses only, and are not limiting. The actual logic employed
can take many forms. The example aperture generator 2920
includes an optional inverter 2928, which is shown for
polarity consistency with other examples provided herein.
An example implementation of the aperture generator 2920
is illustrated in FIG. 29K.

Additional examples of aperture generation logic is pro-
vided in FIGS. 29H and 29]. FIG. 29H illustrates a rising
edge pulse generator 2940, which generates pulses 2926 on
rising edges of the input signal 2924. FIG. 29] illustrates a
falling edge pulse generator 2950, which generates pulses
2926 on falling edges of the input signal 2924.

In an embodiment, the input signal 2924 is generated
externally of the under-sampling signal module 3002, as
illustrated in FIG. 30. Alternatively, the input signal 2924 is
generated internally by the under-sampling signal module
3002. The input signal 2924 can be generated by an
oscillator, as illustrated in FIG. 29L by an oscillator 2930.
The oscillator 2930 can be internal to the under-sampling
signal module 3002 or external to the under-sampling signal
module 3002. The oscillator 2930 can be external to the

under-sampling system 3001.
The type of down-conversion performed by the under-

sampling system 3001 depends uponthe aliasing rate of the
under-sampling signal 1604, which is determined by the
frequency of the pulses 2926. The frequency of the pulses
2926 is determined by the frequency of the input signal
2924. For example, when the frequency of the input signal
2924 is substantially equal to a harmonic or a sub-harmonic
of the EM signal 1304, the EM signal 1304 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 a
non-FM signal. Whenthe frequency of the input signal 2924
is substantially equal to a harmonic or a sub-harmonic of a
difference frequency, the EM signal 1304 is down-converted
to an intermediate signal.

The optional under-sampling signal module 3002 can be
implemented in hardware, software firmware, or any com-
bination thereof.

4.2 The Under-Sampling System as an Inverted Sample and
Hold

FIG. 26B illustrates an exemplary inverted sample and
hold system 2606, which is an alternative example imple-
mentation of the under-sampling system 1602.

FIG. 42 illustrates a inverted sample and hold system
4201, which is an example implementation of the inverted
sample and hold system 2606 in FIG. 26B. The sample and
hold system 4201 includes a sample and hold module 4202,
which includes a switch module 4204 and a holding module
4206. The switch module 4204 can be implemented as
described above with reference to FIGS. 28A-D.

The holding module 4206 can be implemented as
described above with reference to FIGS. 29A-F, for the
holding modules 2706 and 2416. In the illustrated
embodiment, the holding module 4206 includes one or more
capacitors 4208. The capacitor(s) 4208 are selected to pass
higher frequency components of the EM signal 1304
through to a terminal 4210, regardless of the state of the
switch module 4204. The capacitor 4202 stores charge from
the EM signal 1304 during aliasing pulses of the under-
sampling signal 1604 and the signal at the terminal 4210 is
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thereafter off-set by an amountrelated to the charge stored
in the capacitor 4206.

Operation of the inverted sample and hold system 4201 is
illustrated in FIGS. 34A-F. FIG. 34Aillustrates an example
EM signal 1304. FIG. 34B illustrates the EM signal 1304
after under-sampling. FIG. 34C illustrates the under-
sampling signal 1606, which includes a train of aliasing
pulses having negligible apertures.

FIG. 34D illustrates an example down-converted signal
1308A. FIG. 34E illustrates the down-converted signal
1308A on a compressed time scale. Since the holding
module 4206is series element, the higher frequencies(e.g.,
RF) of the EM signal 1304 can be seen on the down-
converted signal. This can befiltered as illustrated in FIG.
34F.

The inverted sample and hold system 4201 can be used to
down-convert any type of EM signal, including modulated
carrier signals and unmodulated carrier signals, to IF signals
and to demodulated baseband signals.
4.3 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 alter-
nate implementations fall within the scope and spirit of the
present invention.

5. Optional Optimizations of Under-Sampling at an Alias-
ing Rate

The methods and systems described in sections above can
be optionally optimized with one or more of the optimiza-
tion methods or systems described below.
5.1 Doubling the Aliasing Rate (FAR) of the Under-
Sampling Signal

In an embodiment, the optional under-sampling signal
module 3002 in FIG. 30 includes a pulse generator module
that generates aliasing pulses at a multiple of the frequency
of the oscillating source, such as twice the frequency of the
oscillating source. The input signal 2926 may be any suit-
able oscillating source.

FIG. 31 A illustrates an example circuit 3102 that gener-
ates a doubler output signal 3104 (FIG. 31 and 43B) that
may be used as an under-sampling signal 1604. The example
circuit 3102 generates pulses on rising and falling edges of
the input oscillating signal 3106 of FIG. 31B. Input oscil-
lating signal 3106 is one embodiment of optional input
signal 2926. The circuit 3102 can be implemented as a pulse
generator and aliasing rate (FAR) doubler, providing the
under-sampling signal 1604 to under-sampling module 1606
in FIG.30.

The aliasing rate is twice the frequency of the input
oscillating signal Fo.- 3106, as shown by EQ. (9) below.

Bap=2*Fosc EQ.(9)

The aperture width of the aliasing pulses is determined by
the delay through a first inverter 3108 of FIG. 31. As the
delay is increased, the aperture is increased. A second
inverter 3112 is shown to maintain polarity consistency with
examples described elsewhere. In an alternate embodiment
inverter 3112 is omitted. Preferably, the pulses have negli-
gible aperture widths that tend toward zero time. The
doubler output signal 3104 may be further conditioned as
appropriate to drive a switch module with negligible aper-
ture pulses. The circuit 3102 may be implemented with
integrated circuitry, discretely, with equivalent logic
circuitry, or with any valid fabrication technology.
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5.2 Differential Implementations
The invention can be implemented in a variety of differ-

ential configurations. Differential configurations are useful
for reducing common mode noise. This can be very useful
in receiver systems where common modeinterference can
be caused by intentional or unintentional radiators such as
cellular phones, CBradios, electrical appliances etc. Differ-
ential configurations are also useful in reducing any com-
mon mode noise due to charge injection of the switch in the
switch module or due to the design and layout of the system
in which the invention is used. Any spurious signal that is
induced in equal magnitude and equal phase in both input
leads of the invention will be substantially reduced or
eliminated. Somedifferential configurations, including some
of the configurations below,are also useful for increasing the
voltage and/or for increasing the power of the down-
converted signal 1308A. While an example of a differential
under-sampling module is shown below, the example is
shown for the purpose of illustration, not limitation. Alter-
nate embodiments (including equivalents, extensions,
variations, deviations, etc.) of the embodiment described
herein will be apparent to those skilled in the relevant art
based on the teachings contained herein. The invention is
intended and adapted to include such alternate embodi-
ments.

FIG. 44Aillustrates an example differential system 4402
that can be included in the under-sampling module 1606.
The differential system 4202 includes an inverted under-
sampling design similar to that described with reference to
FIG. 42. The differential system 4402 includes inputs 4404
and 4406 and outputs 4408 and 4410. The differential
system 4402 includes a first inverted sample and hold
module 4412, which includes a holding module 4414 and a
switch module 4416. The differential system 4402 also
includes a second inverted sample and hold module 4418,
which includes a holding module 4420 and the switch
module 4416, which it shares in common with sample and
hold module 4412.

Oneor both of the inputs 4404 and 4406 are coupled to
an EM signal source. For example, the inputs can be coupled
to an EM signal source, wherein the input voltages at the
inputs 4404 and 4406 are substantially equal in amplitude
but 180 degrees out of phase with one another. Alternatively,
where dual inputs are unavailable, one of the inputs 4404
and 4406 can be coupled to ground.

In operation, when the switch module 4416 is closed, the
holding modules 4414 and 4421) arein series and, provided
they have similar capacitive values, they charge to equal
amplitudes but opposite polarities. When the switch module
4416 is open, the voltage at the output 4408is relative to the
input 4404, and the voltage at the output 4410 is relative to
the voltage at the input 4406.

Portions of the voltages at the outputs 4408 and 4410
include voltage resulting from charge stored in the holding
modules 4414 and 4420, respectively, when the switch
module 4416 was closed. The portions of the voltages at the
outputs 4408 and 4410 resulting from the stored charge are
generally equal in amplitude to one another but 180 degrees
out of phase.

Portions of the voltages at the outputs 4408 and 4410 also
include ripple voltage or noise resulting from the switching
action of the switch module 4416. But because the switch

module is positioned between the two outputs, the noise
introduced by the switch module appearsat the outputs 4408
and 4410 as substantially equal and in-phase with one
another. As a result, the ripple voltage can be substantially
filtered out by inverting the voltage at one of the outputs
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4408 or 4410 and adding it to the other remaining output.
Additionally, any noise that is impressed with substantially
equal amplitude and equal phase onto the input terminals
4404 and 4406 by any other noise sources will tend to be
canceled in the same way.

The differential system 4402 is effective when used with
a differential front end (inputs) and a differential back end
(outputs). It can also be utilized in the following
configurations, for example:

a) Asingle-input front end and a differential back end; and
b) A differential front end and single-output back end.

Examples of these system are provided below.
5.2.1 Differential Input-to-Differential Output

FIG. 44B illustrates the differential system 4402 wherein
the inputs 4404 and 4406 are coupled to equal and opposite
EMsignal sources,illustrated here as dipole antennas 4424
and 4426. In this embodiment, when oneof the outputs 4408
or 4410 is inverted and added to the other output, the
common mode noise due to the switching module 4416 and
other common mode noise present at the input terminals
4404 and 4406 tend to substantially cancel out.
5.2.2 Single Input-to-Differential Output

FIG.44C illustrates the differential system 4402 wherein
the input 4404 is coupled to an EM signal source such as a
monopole antenna 4428 and the input 4406 is coupled to
ground.

FIG. 44Eillustrates an example single inputto differential
output receiver/down-converter system 4436. The system
4436 includes the differential system 4402 wherein the input
4406 is coupled to ground. The input 4404 is coupled to an
EM signal source 4438.

The outputs 4408 and 4410 are coupled to a differential
circuit 4444 such asafilter, which preferably inverts one of
the outputs 4408 or 4410 and addsit to the other output 4408
or 4410. This substantially cancels common mode noise
generated by the switch module 4416. The differential
circuit 4444 preferably filters the higher frequency compo-
nents of the EM signal 1304 that pass through the holding
modules 4414 and 4420. The resultant filtered signal is
output as the down-converted signal 1308A.
5.2.3 Differential Input-to-Single Output

FIG. 44Dillustrates the differential system 4402 wherein
the inputs 4404 and 4406 are coupled to equal and opposite
EMsignal sources illustrated here as dipole antennas 4430
and 4432 The output is taken from terminal 4408.
5.3 Smoothing the Down-Converted Signal

The down-converted signal 1308A may be smoothed by
filtering as desired. The differential circuit 4444 imple-
mented as a filter in FIG. 44E illustrates but one example.
Filtering may be accomplished in any of the described
embodiments by hardware, firmware and software imple-
mentation as is well known by those skilled in thearts.
5.4 Load Impedance and Input/Output Buffering

Someof the characteristics of the down-converted signal
1308A depend upon characteristics of a load placed on the
down-converted signal 1308A. For example, in an
embodiment, when the down-converted signal 1308A is
coupled to a high impedanceload, the charge that is applied
to a holding module such as holding module 2706 in FIG. 27
or 2416 in FIG. 24A during a pulse generally remains held
by the holding module until the next pulse. This results in a
substantially stair-step-like representation of the down-
converted signal 1308A as illustrated in FIG. 15C, for
example. A high impedance load enables the under-sampling
system 1606 to accurately represent the voltage of the
original unaffected input signal.

The down-converted signal 1308A can be buffered with a
high impedance amplifier, if desired.
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Alternatively, or in addition to buffering the down-
converted signal 1308A, the input EM signal may be buff-
ered or amplified by a low noise amplifier.
5.5 Modifying the Under-Sampling Signal Utilizing Feed-
back

FIG. 30 shows an embodiment of a system 3001 which
uses down-converted signal 1308A as feedback 3006 to
control various characteristics of the under-sampling module
1606 to modify the down-converted signal 1308A.

Generally, the amplitude of the down-converted signal
1308A varies as a function of the frequency and phase
differences between the EM signal 1304 and the under-
sampling signal 1604. In an embodiment, the down-
converted signal 1308A is used as the feedback 3006 to
control the frequency and phase relationship between the
EM signal 1304 and the under-sampling signal 1604. This
can be accomplished using the example block diagram
shown in FIG. 32A. The example circuit illustrated in FIG.
32A can be included in the under-sampling signal module
3002. Alternate implementations will be apparent to persons
skilled in the relevantart(s) based on the teachings contained
herein. Alternate implementations fall within the scope and
spirit of the present invention. In this embodimenta state-
machine is used for clarity, and is not limiting.

In the example of FIG. 32A, a state machine 3204 reads
an analog to digital converter, A/D 3202, and controls a
digital to analog converter (DAC) 3206. In an embodiment,
the state machine 3204 includes 2 memory locations, Pre-
vious and Current, to store and recall the results of reading
A/D 3202. In an embodiment, the state machine 3204
utilizes at least one memoryflag.

DAC 3206 controls an input to a voltage controlled
oscillator, VCO 3208. VCO 3208 controls a frequency input
of a pulse generator 3210, which, in an embodiment, is
substantially similar to the pulse generator shown in FIG.
29J. The pulse generator 3210 generates the under-sampling
signal 1604.

In an embodiment, the state machine 3204 operates in
accordance with the state machine flowchart 3220 in FIG.

32B. Theresult of this operation is to modify the frequency
and phase relationship between the under-sampling signal
1604 and the EM signal 1304, to substantially maintain the
amplitude of the down-converted signal 1308A at an opti-
mum level.

The amplitude of the down-converted signal 1308A can
be made to vary with the amplitude of the under-sampling
signal 1604. In an embodiment where Switch Module 2702
is a FET as shown in FIG. 28A, wherein the gate 2804
receives the under-sampling signal 1604, the amplitude of
the under-sampling signal 1604 can determine the “on”
resistance of the FET, which affects the amplitude of down-
converted signal 1308A. Under-sampling signal module
3002, as shown in FIG. 32C, can be an analog circuit that
enables an automatic gain control function. Alternate imple-
mentations 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.
I. Down-Converting by Transferring Energy

The energy transfer embodimentsof the invention provide
enhancedsignal to noise ratios and sensitivity to very small
signals, as well as permitting the down-converted signal to
drive lower impedance loads unassisted. The energy transfer
aspects of the invention are represented generally by 4506 in
FIGS. 45A and 45B. Fundamental descriptions of how this
is accomplished is presented step by step beginning with a
comparison with an under-sampling system.
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0.1 Energy Transfer Compared to Under-Sampling
Section II above disclosed methods and systems for

down-converting an EM signal by under-sampling. The
under-sampling systems utilize a sample and hold system
controlled by an under-sampling signal. The under-sampling
signal includesa train of pulses having negligible apertures
that tend towards zero time in duration. The negligible
aperture pulses minimize the amount of energy transferred
from the EM signal. This protects the under-sampled EM
signal from distortion or destruction. The negligible aperture
pulses also make the sample and hold system a high imped-
ance system. An advantage of under-sampling is that the
high impedance input allows accurate voltage reproduction
of the under-sampled EM signal. The methods and systems
disclosed in Section II are thus useful for many situations
including, but not limited to, monitoring EM signals without
distorting or destroying them.

Because the under-sampling systemsdisclosed in Section
II transfer only negligible amounts of energy, they are not
suitable for all situations. For example, in radio
communications, received radio frequency (RF) signals are
typically very weak and must be amplified in order to
distinguish them over noise. The negligible amounts of
energy transferred by the under-sampling systems disclosed
in Section II may notbe sufficient to distinguish received RF
signals over noise.

In accordance with an aspect of the invention, methods
and systems are disclosed below for down-converting EM
signals by transferring non-negligible amounts of energy
from the EM signals. The resultant down-converted signals
have sufficient energy to allow the down-converted signals
to be distinguishable from noise. The resultant down-
converted signals also have sufficient energy to drive lower
impedance circuits without buffering.

Down-converting by transferring energy is introduced
below in an incremental fashion to distinguish it from
under-sampling. The introduction begins with further
descriptions of under-sampling.
0.1.1 Review of Under-Sampling

FIG. 78A illustrates an exemplary under-sampling system
7802 for down-converting an input EM signal 7804. The
under-sampling system 7802 includes a switching module
7806 and a holding module shownas a holding capacitance
7808. An under-sampling signal 7810 controls the switch
module 7806. The under-sampling signal 7810 includes a
train of pulses having negligible pulse widths that tend
toward zero time. An example of a negligible pulse width or
duration can be in the range of 1-10 psec for under-sampling
a 900 MHZ signal. Any other suitable negligible pulse
duration can be used as well, where accurate reproduction of
the original unaffected input signal voltage is desired with-
out substantially affecting the original input signal voltage.

In an under-sampling environment, the holding capaci-
tance 7808 preferably has a small capacitance value. This
allows the holding capacitance 7808 to substantially charge
to the voltage of the input EM signal 7804 during the
negligible apertures of the under-sampling signal pulses. For
example, in an embodiment, the holding capacitance 7808
has a value in the range of 1 pF. Other suitable capacitance
values can be used to achieve substantially the voltage of the
original unaffected input signal. Various capacitances can be
employed for certain effects, which are described below.

The under-sampling system is coupled to a load 7812. In
FIG. 78B, the load 7812 of FIG. 78Ais illustrated as a high
impedance load 7818. A high impedance loadis onethat is
relatively insignificant to an output drive impedance of the
system for a given output frequency. The high impedance
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load 7818 allows the holding capacitance 7808 to substan-
tially maintain the charge accumulated during the under-
sampling pulses.

FIGS. 79A-F illustrate example timing diagramsfor the
under-sampling system 7802. FIG. 79A illustrates an
example input EM signal 7804.

FIG. 79C illustrates an example under-sampling signal
7810, including pulses 7904 having negligible apertures that
tend towards zero time in duration.

FIG. 79Billustrates the negligible effects to the input EM
signal 7804 when under-sampled, as measured at a terminal
7814 of the under-sampling system 7802. In FIG. 79B,
negligible distortions 7902 correlate with the pulses of the
under-sampling signal 7810. In this embodiment, the neg-
ligible distortions 7902 occur at different locations of sub-
sequent cycles of the input EM signal 7804. Asaresult, the
input EM signal will be down-converted. The negligible
distortions 7902 represent negligible amounts of energy, in
the form of charge that is transferred to the holding capaci-
tance 7808.

Whenthe load 7812 is a high impedanceload, the holding
capacitance 7808 does not significantly discharge between
pulses 7904. As a result, charge that is transferred to the
holding capacitance 7808 during a pulse 7904 tends to
“hold” the voltage value sampled constant at the terminal
7816 until the next pulse 7904. When voltage of the input
EM signal 7804 changes between pulses 7904, the holding
capacitance 7808 substantially attains the new voltage and
the resultant voltage at the terminal 7816 formsa stair step
pattern, as illustrated in FIG. 79D.

FIG. 79Eillustrates the stair step voltage of FIG. 79D on
a compressed time scale. The stair step voltage illustrated in
FIG. 79E can befiltered to produce the signal illustrated in
FIG. 79F. The signals illustrated in FIGS. 79D, E, and F
have substantially all of the baseband characteristics of the
input EM signal 7804 in FIG. 79A, except that the signals
illustrated in FIGS. 79D, E, and F have been successfully
down-converted.

Note that the voltage level of the down-converted signals
illustrated in FIGS. 79E and 79C are substantially close to
the voltage level of the input EM signal 7804. The under-
sampling system 7802 thus down-converts the input EM
signal 7804 with reasonable voltage reproduction, without
substantially affecting the input EM signal 7804. But also
note that the power available at the output is relatively
negligible (e.g. :V7/R; ~5 mV and 1 MOhm), giventhe input
EM signal 7804 would typically have a driving impedance,
in an RF environment, of 50 Ohms(e.g.: V7/R; ~5 mV and
50 Ohms).
0.1.1.1 Effects of Lowering the Impedance of the Load

Effects of lowering the impedance of the load 7812 are
now described. FIGS. 80A—E illustrate example timing
diagramsfor the under-sampling system 7802 whenthe load
7812 is a relatively low impedanceload, onethat is signifi-
cantrelative to the output drive impedance of the system for
a given output frequency.

FIG. 80A illustrates an example input EM signal 7804,
whichis substantially similar to that illustrated in FIG. 79A.

FIG. 80C illustrates an example under-sampling signal
7810, including pulses 8004 having negligible apertures that
tend towards zero time in duration. The example under-
sampling signal 7810 illustrated in FIG. 80C is substantially
similar to that illustrated in FIGS. 79C.

FIG. 80Billustrates the negligible effects to the input EM
signal 7804 when under-sampled, as measured at a terminal
7814 of the under-sampling system 7802. In FIG. 80B,
negligible distortions 8002 correlate with the pulses 8004 of
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the under-sampling signal 7810 in FIG. 80C. In this
example, the negligible distortions 8002 occur at different
locations of subsequent cycles of the input EM signal 7804.
As a result, the input EM signal 7804 will be down-
converted. The negligible distortions 8002 represent negli-
gible amounts of energy, in the form of charge that is
transferred to the holding capacitance 7808.

Whenthe load 7812 is a low impedanceload, the holding
capacitance 7808 is significantly discharged by the load
between pulses 8004 (FIG. 80C). As a result, the holding
capacitance 7808 cannot reasonably attain or “hold” the
voltage of the original EM input signal 7804, as was seen in
the case of FIG. 79D. Instead, the charge appears as the
output illustrated in FIG. 80D.

FIG. 80E illustrates the output from FIG. 80D on a
compressed time scale. The output in FIG. 80E can be
filtered to produce the signal illustrated in FIG. 80F. The
down-converted signal illustrated in FIG. 80F is substan-
tially similar to the down-converted signal illustrated in FIG.
79F, except that the signal illustrated in FIG. 80F is sub-
stantially smaller in magnitude than the amplitude of the
down-converted signal illustrated in FIG. 79F. This is
because the low impedance of the load 7812 prevents the
holding capacitance 7808 from reasonably attaining or
“holding” the voltage of the original EM input signal 7804.
As a result, the down-converted signal illustrated in FIG.
80F cannot provide optimal voltage reproduction, and has
relatively negligible power available at the output (e.g.:
V7/R; ~200 « V and 2 KOhms), given the input EM signal
7804 would typically have a driving impedance, in an RF
environment, of 50 Ohms(e.g.: V7/R; ~5 mV and 50 Ohms).
0.1.1.2 Effects of Increasing the Value of the Holding
Capacitance

Effects of increasing the value of the holding capacitance
7808, while having to drive a low impedance load 7812, is
now described. FIGS. 81A-F illustrate example timing
diagrams for the under-sampling system 7802 when the
holding capacitance 7808 has a larger value, in the range of
18 pF for example.

FIG. 81 A illustrates an example input EM signal 7804,
whichis substantially similar to that illustrated in FIGS. 79A
and 80A.

FIG. 81C illustrates an example under-sampling signal
7810, including pulses 8104 having negligible apertures that
tend towards zero time in duration. The example under-
sampling signal 7810 illustrated in FIG. 81C is substantially
similar to that illustrated in FIGS. 79C and 80C.

FIG. 81Billustrates the negligible effects to the input EM
signal 7804 when under-sampled, as measured at a terminal
7814 of the under-sampling system 7802. In FIG. 81B,
negligible distortions 8102 correlate with the pulses 8104 of
the under-sampling signal 7810 in FIG. 81C. Upon close
inspection, the negligible distortions 8102 occurat different
locations of subsequent cycles of the input EM signal 7804.
As a result, the input EM signal 7804 will be down-
converted. The negligible distortions 8102 represent negli-
gible amounts of energy, in the form of charge that is
transferred to the holding capacitance 7808.

FIG. 81D illustrates the voltage measured at the terminal
7816, which is a result of the holding capacitance 7808
attempting to attain and “hold” the original input EM signal
voltage, but failing to do so, during the negligible apertures
of the pulses 8104 illustrated in FIG. 81C.

Recall that when the load 7812 is a low impedance load,
the holding capacitance 7808 is significantly discharged by
the load between pulses 8104 (FIG. 81C), this again is seen
in FIGS. 81D and E.Asaresult, the holding capacitance
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7808 cannot reasonably attain or “hold” the voltage of the
original EM input signal 7804, as was seen in the case of
FIG. 79D. Instead, the charge appears as the output illus-
trated in FIG. 81D.

FIG. 81Eillustrates the down-converted signal 8106 on a
compressed time scale. Note that the amplitude of the
down-converted signal 8106 is significantly less than the
amplitude of the down-converted signal illustrated in FIGS.
80D and 80E. This is due to the higher capacitive value of
the holding capacitance 7808. Generally, as the capacitive
value increases, it requires more charge to increase the
voltage for a given aperture. Because of the negligible
aperture of the pulses 8104 in FIG. 81C,there is insufficient
timeto transfer significant amounts of energy or charge from
the input EM signal 7804 to the holding capacitance 7808.
As a result, the amplitudes attained by the holding capaci-
tance 7808 are significantly less than the amplitudes of the
down-converted signal illustrated in FIGS. 80D and 80E.

In FIGS. 80E and 80F, the output signal, non-filtered or
filtered, cannot provide optimal voltage reproduction, and
has relatively negligible power available at the output (e.g.:
V7/R; ~150 « V and 2 KOhms), given the input EM signal
7804 would typically have a driving impedance, in an RF
environment, of 50 Ohms(e.g.: V7/R; ~5 mV and 50 Ohms).

In summary, under-sampling systems, such as the under-
sampling system 7802 illustrated in FIG. 78, are well suited
for down-converting EM signals with relatively accurate
voltage reproduction. Also, they have a negligible affect on
the original input EM signal. As illustrated above, however,
the under-sampling systems, such as the under-sampling
system 7802 illustrated in FIG. 78, are not well suited for
transferring energy or for driving lower impedanceloads.
0.1.2 Introduction to Energy Transfer

In an embodiment, the present invention transfers energy
from an EM signal by utilizing an energy transfer signal
instead of an under-sampling signal. Unlike under-sampling
signals that have negligible aperture pulses, the energy
transfer signal includes a train of pulses having non-
negligible apertures that tend away from zero. This provides
more time to transfer energy from an EM input signal. One
direct benefit is that the input impedance of the system is
reduced sothat practical impedance matching circuits can be
implemented to further improve energy transfer and thus
overall efficiency. The non-negligible transferred energy
significantly improves the signal to noise ratio and sensitiv-
ity to very small signals, as well as permitting the down-
converted signal to drive lower impedanceloads unassisted.
Signals that especially benefit include low power ones
typified by RF signals. One benefit of a non-negligible
aperture is that phase noise within the energy transfer signal
does not haveas drastic of an effect on the down-converted

output signal as under-sampling signal phase noise or con-
ventional sampling signal phase noise does on their respec-
tive outputs.

FIG. 82A illustrates an exemplary energy transfer system
8202 for down-converting an input EM signal 8204. The
energy transfer system 8202 includes a switching module
8206 and a storage module illustrated as a storage capaci-
tance 8208. The terms storage module and storage
capacitance, as used herein, are distinguishable from the
terms holding module and holding capacitance, respectively.
Holding modules and holding capacitances, as used above,
identify systems that store negligible amounts of energy
from an under-sampled input EM signal with the intent of
“holding” a voltage value. Storage modules and storage
capacitances, on the other hand, refer to systems that store
non-negligible amounts of energy from an input EM signal.
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The energy transfer system 8202 receives an energy
transfer signal 8210, which controls the switch module
8206. The energy transfer signal 8210 includesatrain of
energy transfer pulses having non-negligible pulse widths
that tend away from zero time in duration. The non-
negligible pulse widths can be any non-negligible amount.
For example, the non-negligible pulse widths can be % of a
period of the input EM signal. Alternatively, the non-
negligible pulse widths can be any otherfraction of a period
of the input EM signal, or a multiple of a period plus a
fraction. In an example embodiment, the input EM signalis
approximately 900 MHZ andthe non-negligible pulse width
is approximately 550 pico seconds. Any other suitable
non-negligible pulse duration can be used.

In an energy transfer environment, the storage module,
illustrated in FIG. 82 as a storage capacitance 8208, pref-
erably has the capacity to handle the power being
transferred, and to allow it to accept a non-negligible amount
of power during a non-negligible aperture period. This
allows the storage capacitance 8208 to store energy trans-
ferred from the input EM signal 8204, without substantial
concern for accurately reproducing the original, unaffected
voltage level of the input EM signal 8204. For example, in
an embodiment, the storage capacitance 8208 has a value in
the range of 18 pF. Other suitable capacitance values and
storage modules can be used.

One benefit of the energy transfer system 8202 is that,
even when the input EM signal 8204 is a very small signal,
the energy transfer system 8202 transfers enough energy
from the input EM signal 8204 that the input EM signal can
be efficiently down-converted.

The energy transfer system 8202 is coupled to a load
8212. Recall from the overview of under-sampling that loads
can be classified as high impedance loads or low impedance
loads. A high impedance load is one that is relatively
insignificant to an output drive impedance of the system for
a given output frequency. A low impedanceloadis one that
is relatively significant. Another benefit of the energy trans-
fer system 8202 is that the non-negligible amounts of
transferred energy permit the energy transfer system 8202 to
effectively drive loads that would otherwise be classified as
low impedance loads in under-sampling systems and con-
ventional sampling systems. In other words, the non-
negligible amounts of transferred energy ensure that, even
for lower impedance loads, the storage capacitance 8208
accepts and maintains sufficient energy or chargeto drive the
load 8202. Thisis illustrated below in the timing diagrams
of FIGS. 83A-F.

FIGS. 83A-F illustrate example timing diagrams for the
energy transfer system 8202 in FIG. 82. FIG. 83A illustrates
an example input EM signal 8302.

FIG. 83C illustrates an example under-sampling signal
8304, including energy transfer pulses 8306 having non-
negligible apertures that tend away from zero time in
duration.

FIG. 83B illustrates the effects to the input EM signal
8302, as measured at a terminal 8214 in FIG. 82A, when
non-negligible amounts of energy are transfer from it. In
FIG. 83B, non-negligible distortions 8308 correlate with the
energy transfer pulses 8306 in FIG. 83C.In this example, the
non-negligible distortions 8308 occur at different locations
of subsequent cycles of the input EM signal 8302. The
non-negligible distortions 8308 represent non-negligible
amounts of transferred energy, in the form of charge that is
transferred to the storage capacitance 8208 in FIG. 82.

FIG. 83D illustrates a down-converted signal 8310 thatis
formed by energy transferred from the input EM signal
8302.
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FIG. 83Eillustrates the down-converted signal 8310 on a
compressed time scale. The down-converted signal 8310 can
be filtered to produce the down-converted signal 8312
illustrated in FIG. 83F. The down-converted signal 8312 is
similar to the down-converted signalillustrated in FIG. 79F,
except that the down-converted signal 8312 has substantially
more power(e.g.: V7/R; approximately (~) 2 mV and 2K
Ohms) than the down-converted signal illustrated in FIG.
79F (e.g.. V7/R; ~5 mV and 1M Ohms). Asaresult, the
down-converted signals 8310 and 8312 can efficiently drive
lower impedance loads, given the input EM signal 8204
would typically have a driving impedance, in an RF
environment, of 50 Ohms (V7/R; ~5 mV and 50 Ohms).

The energy transfer aspects of the invention are repre-
sented generally by 4506 in FIGS. 45A and 45B.
1. Down-Converting an EM Signal to an IF EM Signal by
Transferring Energy from the EM Signalat an Aliasing Rate

In an embodiment, the invention down-converts an EM
signal to an IF signal by transferring energy from the EM
signal at an aliasing rate. This embodimentis illustrated by
4514 in FIG. 45B.

This embodiment can be implemented with any type of
EMsignal, including, but not limited to, modulated carrier
signals and unmodulated carrier signals. This embodimentis
described herein using the modulated carrier signal F,,. in
FIG. 1 as an example. In the example, the modulated carrier
signal F,,- is down-converted to an intermediate frequency
(IF) signal F,,.. The intermediate frequency signal F,,. can be
demodulated to a baseband signal Fp,,5, using conventional
demodulation techniques. Upon reading the disclosure and
examples therein, one skilled in the relevant art(s) will
understand that the invention can be implemented to down-
convert any EM signal, including, but not limited to, modu-
lated carrier signals and unmodulated carrier signals.

The following sections describe methods for down-
converting an EM signalto an IF signal F,,. by transferring
energy from the EM signal at an aliasing rate. Exemplary
structural embodiments for implementing the methods are
also described. It should be understood that the invention is

not limited to the particular embodiments described below.
Equivalents, extensions, variations, deviations, etc., of the
following will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such
equivalents, extensions, variations, deviations, etc., are
within the scope and spirit of the present invention.

The following sections include a high level discussion,
example embodiments, and implementation examples.
1.1 High Level Description

This section (including its subsections) provides a high-
level description of down-converting an EM signal to an IF
signal F,,. by transferring energy, according to the invention.
In particular, an operational process of down-converting the
modulated carrier signal F,,<. to the IF modulated carrier
signal F,, by transferring energy, is described at a high-
level. Also, a structural implementation for implementing
this process is described at a high-level. This structural
implementation is described herein for illustrative purposes,
andis not limiting. In particular, the process described in this
section can be achieved using any numberof structural
implementations, one of which is described in this section.
The details of such structural implementations will be appar-
ent to persons skilled in the relevant art(s) based on the
teachings contained herein.
1.1.1 Operational Description

FIG. 46B depicts a flowchart 4607 that illustrates an
exemplary method for down-converting an EM signal to an
intermediate signal F,,., by transferring energy from the EM
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signal at an aliasing rate. The exemplary methodillustrated
in the flowchart 4607 is an embodiment of the flowchart
4601 in FIG. 46A.

Any and all combinations of modulation techniques are
valid for this invention. For ease of discussion, the digital
AM carrier signal 616 is used to illustrate a high level
operational description of the invention. Subsequent sec-
tions provide detailed flowcharts and descriptions for AM,
FM and PM example embodiments. Upon reading the dis-
closure and examples therein, one skilled in the relevant
art(s) will understand that the invention can be implemented
to down-convert any type of EM signal, including any form
of modulated carrier signal and unmodulated carrier signals.

The method illustrated in the flowchart 4607 is now

described at a high level using the digital AM carrier signal
616 of FIG. 6C. Subsequentsections provide detailed flow-
charts and descriptions for AM, FM and PM example
embodiments. Upon reading the disclosure and examples
therein, one skilled in the relevant art(s) will understand that
the invention can be implemented to down-convert any type
of EM signal, including any form of modulated carrier signal
and unmodulated carrier signals.

The process begins at step 4608, which includes receiving
an EM signal. Step 4608 is illustrated by the digital AM
carrier signal 616. The digital AM carrier signal 616 of FIG.
6C is re-illustrated in FIG. 47A for convenience. FIG. 47E

illustrates a portion of the digital AM carrier signal 616 on
an expandedtimescale.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 47B illustrates an example
energy transfer signal 4702. The energy transfer signal 4702
includes a train of energy transfer pulses 4704 having
non-negligible apertures 4701 that tend away from zero time
duration. Generally, the apertures 4701 can be any time
duration other than the period of the EM signal. For
example, the apertures 4701 can be greater or less than a
period of the EM signal. Thus, the apertures 4701 can be
approximately 11° 4. 14, 3,4, etc., or any other fraction of the
period of the EM signal. Alternatively, the apertures 4701
can be approximately equal to one or more periods of the
EM signal plus 11° 14. 14, 3,4, etc., or any other fraction of a
period of the EM signal. The apertures 4701 can be opti-
mized based on one or more of a variety of criteria, as
described in sections below.

The energy transfer pulses 4704 repeat at the aliasingrate.
A suitable aliasing rate can be determined or selected as
described below. Generally, when down-converting an EM
signal to an intermediate signal, the aliasing rate is substan-
tially equal to a difference frequency, which is described
below, or substantially equal to a harmonic or, more
typically, a sub-harmonic of the difference frequency.

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to
the intermediate signal F,,. FIG. 47C illustrates transferred
energy 4706, which is transferred from the EM signal during
the energy transfer pulses 4704. Because a harmonic of the
aliasing rate occurs at an off-set of the frequency of the AM
signal 616, the pulses 4704 “walk-through” the AM signal
616 at the off-set frequency. By “walking through” the AM
signal 616, the transferred energy 4706 forms an AM
intermediate signal 4706 that is similar to the AM carrier
signal 616, except that the AM intermediate signal has a
lower frequency than the AM carrier signal 616. The AM
carrier signal 616 can be down-converted to any frequency
below the AM carrier signal 616 by adjusting the aliasing
rate F,,p, as described below.

FIG. 47D depicts the AM intermediate signal 4706 as a
filtered output signal 4708. In an alternative embodiment,
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the invention outputs a stair step, or non-filtered output
signal. The choice between filtered, partially filtered and
non-filtered output signals is generally a design choice that
depends upon the application of the invention.

The intermediate frequency of the down-converted signal
F,,, which, in this example, is the intermediate signal 4706
and 4708, can be determined from EQ. (2), which is repro-
duced below for convenience.

FawFyptFjp EQ.(2)

Asuitable aliasing rate F,, can be determinedin a variety
of ways. An example method for determining the aliasing
rate F,,, is provided below. After reading the description
herein, one skilled in the relevant art(s) will understand how
to determine appropriate aliasing rates for EM signals,
including ones in addition to the modulated carrier signals
specifically illustrated herein.

In FIG. 48, a flowchart 4801 illustrates an example
process for determining an aliasing rate F,,. But a designer
may choose,or an application maydictate, that the values be
determined in an order that is different than the illustrated

order. The process begins at step 4802, which includes
determining, or selecting, the frequency of the EM signal.
The frequency of the AM carrier signal 616 can be, for
example, 901 MHZ.

Step 4804 includes determining, or selecting, the inter-
mediate frequency. This is the frequency to which the EM
signal will be down-converted. The intermediate frequency
can be determined, or selected, to match a frequency
requirement of a down-stream demodulator. The intermedi-
ate frequency can be, for example, 1 MHZ.

Step 4806 includes determining the aliasing rate or rates
that will down-convert the EM signal to the IF specified in
step 4804.

EQ. (2) can be rewritten as EQ. (3):

 

WEpFCAFip EQ.(3)

Which can be rewritten as EQ. (4):

ne Fot Fir EQ. 4)
Far

or as EQ. (5):

Fan = Fe “" EQ. (5)

(F-+F,,) can be defined as a difference value Fpj--, as
illustrated in EQ. (6):

 

€ctFin)=Firr EQ.(6)

EQ. (4) can be rewritten as EQ. (7):

_ PDIFF EQ. 7)
Far

From EQ. (7), it can be seen that, for a given n and a
constant F4p, Foyer 18 constant. For the case of Fay-p=Fe-
F,,, and for a constant Fp,-,, aS Fo increases, F,,. neces-
sarily increases. For the case of Foy-p=Fe+F),, and for a
constant F577, as Fe increases, F,,. necessarily decreases. In
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the latter case of Fyyy-p=Feot+F,, any phase or frequency
changes on F,. correspond to reversed or inverted phase or
frequency changes on F,,.. This is mentioned to teach the
reader that if F,.--=Fo+F;, is used, the above effect will
occur to the phase and frequency response of the modulated
intermediate signal F,,..

EQs. (2) through (7) can be solved for any valid n. A
suitable n can be determined for any given difference
frequency Fp; and for any desired aliasing rate Fy,
Wesired). EQs. (2) through (7) can be utilized to identify a
specific harmonic closest to a desired aliasing rate Fy,
(Desired) that will generate the desired intermediate signal
Fy.

An example is now provided for determining a suitable n
for a given difference frequency F,,,,- and for a desired
aliasing rate Fyp(pesireay For ease of illustration, only the
case of (F.-F,,-) is illustrated in the example below.

Fo - Firn= ——_ =

FARDesired)

FDiFF

FARDesired)

The desired aliasing rate Fyppesired) Can be, for example,
140 MHZ. Using the previous examples, where the carrier
frequency is 901 MHZ andthe IF is 1 MHZ,aninitial value
of n is determined as:

901 MHZ—-1 MHZ_900 _
~ 140 MHZ ~ 140° 7

The initial value 6.4 can be rounded up or downto the valid
nearest n, which was defined above as including (0.5, 1, 2,
3,...). In this example, 6.4 is rounded downto 6.0, which
is inserted into EQ. (5) for the case of (Fe-Fy-)=Fpyrr:

_ 901 MHZ—-1 MHZ 900 MHZ
AR = j = 150 MHZ

 

In other words, transferring energy from a 901 MHZ EM
carrier signal at 150 MHZ generates an intermediate signal
at 1 MHZ. Whenthe EM carriersignal is a modulated carrier
signal, the intermediate signal will also substantially include
the modulation. The modulated intermediate signal can be
demodulated through any conventional demodulation tech-
nique.

Alternatively, instead of starting from a desired aliasing
rate, a list of suitable aliasing rates can be determined from
the modified form of EQ. (5), by solving for various values
of n. Example solutions are listed below.

(Fo: Fir) Fore 901 MAZ-1 MHZ 900 MHZ
ff ff ffAR

Solving for n=0.5, 1, 2, 3, 4, 5 and 6:
900 MHZ/0.5=1.8 GHZ (i.e., second harmonic);
900 MHZ/1=900 MHZ(i.e., fundamental frequency);
900 MHZ/2=450 MHZ(i.e., second sub-harmonic);
900 MHZ/3=300 MHZ(ie., third sub-harmonic);
900 MHZ/4=225 MHZ(ie., fourth sub-harmonic);
900 MHZ/5=180 MHZ(ie., fifth sub-harmonic); and
900 MHZ/6=150 MHZ(i.e., sixth sub-harmonic).
The steps described above can be performed for the case

of (Fo+F,-) in a similar fashion. The results can be com-
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pared to the results obtained from the case of (F.-F,,) to
determine which provides better result for an application.

In an embodiment, the invention down-converts an EM
signal to a relatively standard IF in the range of, for example,
100 KHZ to 200 MHZ.In another embodiment, referred to
herein as a small off-set implementation, the invention
down-converts an EM signal to a relatively low frequency
of, for example, less than 100 KHZ.In another embodiment,
referred to herein as a large off-set implementation, the
invention down-converts an EM signaltoarelatively higher
IF signal, such as, for example, above 200 MHZ.

The various off-set implementations provide selectivity
for different applications. Generally, lower data rate appli-
cations can operate at lower intermediate frequencies. But
higher intermediate frequencies can allow more information
to be supported for a given modulation technique.

In accordance with the invention, a designer picks an
optimum information bandwidth for an application and an
optimum intermediate frequency to support the baseband
signal. The intermediate frequency should be high enough to
support the bandwidth of the modulating baseband signal
Fuge-

Generally, as the aliasing rate approaches a harmonic or
sub-harmonic frequency of the EM signal, the frequency of
the down-converted IF signal decreases. Similarly, as the
aliasing rate moves away from a harmonic or sub-harmonic
frequency of the EM signal, the IF increases.

Aliased frequencies occur above and below every har-
monic of the aliasing frequency. In order to avoid mapping
other aliasing frequencies in the band of the aliasing fre-
quency (IF)of interest, the IF of interest should not be near
one half the aliasing rate.

As described in example implementations below,an alias-
ing module, including a universal frequency translator
(UFT) module built in accordance with the invention pro-
vides a wide range of flexibility in frequency selection and
can thus be implemented in a wide range of applications.
Conventional systems cannot easily offer, or do not allow,
this level of flexibility in frequency selection.
1.1.2 Structural Description

FIG. 63 illustrates a block diagram of an energy transfer
system 6302 according to an embodimentof the invention.
The energy transfer system 6302 is an example embodiment
of the generic aliasing system 1302 in FIG. 13. The energy
transfer system 6302 includes an energy transfer module
6304. The energy transfer module 6304 receives the EM
signal 1304 and an energy transfer signal 6306, which
includes a train of energy transfer pulses having non-
negligible apertures that tend away from zero time in
duration, occurring at a frequency equal to the aliasing rate
Fy. The energy transfer signal 6306 is an example embodi-
ment of the aliasing signal 1310 in FIG. 13. The energy
transfer module 6304 transfers energy from the EM signal
1304 at the aliasing rate F,, of the energy transfer signal
6306.

Preferably, the energy transfer module 6304 transfers
energy from the EM signal 1304 to down-convert it to the
intermediate signal F,,. in the manner shown in the opera-
tional flowchart 4607 of FIG. 46B. But it should be under-

stood that the scope andspirit of the invention includes other
structural embodiments for performing the steps of the
flowchart 4607. The specifics of the other structural embodi-
ments will be apparent to persons skilled in the relevant
art(s) based on the discussion contained herein.

The operation of the energy transfer system 6302 is now
described in detail with reference to the flowchart 4607 and

to the timing diagramsillustrated in FIGS. 47A—E.In step
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4608, the energy transfer module 6304 receives the AM
carrier signal 616. In step 4610, the energy transfer module
6304 receives the energy transfer signal 4702. In step 4612,
the energy transfer module 6304 transfers energy from the
AM carrier signal 616 at the aliasing rate to down-convert
the AM carrier signal 616 to the intermediate signal 4706 or
4708.

Example implementations of the energy transfer system
6302 are provided in Sections 4 and 5 below.
1.2 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.

The method for down-converting the EM signal 1304 by
transferring energy can be implemented with any type of EM
signal, including modulated carrier signals and unmodulated
carrier signals. For example, the method of the flowchart
4601 can be implemented to down-convert AM signals, FM
signals, PM signals, etc., or any combination thereof. Opera-
tion of the flowchart 4601 of FIG. 46A is described below

for down-converting AM, FM and PM. The down-
conversion descriptions include down-converting to inter-
mediate signals, directly down-converting to demodulated
baseband signals, and down-converting FM signals to non-
FM signals. The exemplary descriptions below are intended
to facilitate an understanding of the present invention. The
present invention is not limited to or by the exemplary
embodiments below.

1.2.1 First Example Embodiment: Amplitude Modulation
1.2.1.1 Operational Description

Operation of the exemplary process of the flowchart 4607
in FIG. 46B is described below for the analog AM carrier
signal 516, illustrated in FIG. 5C, and for the digital AM
carrier signal 616, illustrated in FIG. 6C.
1.2.1.1.1 Analog AM Carrier Signal

A process for down-converting the analog AM carrier
signal 516 in FIG. 5C to an analog AM intermediate signal
is now described for the flowchart 4607 in FIG. 46B. The

analog AM carriersignal 516is re-illustrated in FIG. 50A for
convenience. For this example, the analog AM carrier signal
516 oscillates at approximately 901 MHZ. In FIG. 50B, an
analog AM carrier signal 5004 illustrates a portion of the
analog AM carrier signal 516 on an expanded timescale.

The process begins at step 4608, which includes receiving
the EM signal. This is represented by the analog AM carrier
signal 516.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 50C illustrates an example
energy transfer signal 5006 on approximately the same time
scale as FIG. 50B. The energytransfer signal 5006 includes
a train of energy transfer pulses 5007 having non-negligible
apertures 5009 that tend away from zero time in duration.
The energy transfer pulses 5007 repeat at the aliasing rate
F,z, which is determined or selected as previously
described. Generally, when down-converting to an interme-
diate signal, the aliasing rate F,, is substantially equal to a
harmonic or, more typically, a sub-harmonic of the differ-
ence frequency Frypp.

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to
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an intermediate signal F,,.. In FIG. 50D, an affected analog
AM carrier signal 5008 illustrates effects of transferring
energy from the analog AM carrier signal 516at the aliasing
rate F,,. The affected analog AM carrier signal 5008 is
illustrated on substantially the same time scale as FIGS. 50B
and 50C.

FIG. 50E illustrates a down-converted AM intermediate

signal 5012, which is generated by the down-conversion
process. The AM intermediate signal 5012 is illustrated with
an arbitrary load impedance. Load impedance optimizations
are discussed in Section 5 below.

The down-converted signal 5012 includes portions
5010A, which correlate with the energy transfer pulses 5007
in FIG. 50C, and portions 5010B, which are between the
energy transfer pulses 5007. Portions 5010A represent
energy transferred from the AM analog signal 516 to a
storage device, while simultaneously driving an output load.
The portions 5010A occur when a switching module is
closed by the energy transfer pulses 5007. Portions 5010B
represent energy stored in a storage device continuing to
drive the load. Portions 5010B occur when the switching
module is opened after energy transfer pulses 5007.

Because a harmonicof the aliasing rate is off-set from the
analog AM carrier signal 516, the energy transfer pulses
5007 “walk through” the analog AM carrier signal 516 at the
difference frequency Fp,-;. In other words, the energy
transfer pulses 5007 occur at different locations of subse-
quent cycles of the AM carrier signal 516. As a result, the
energy transfer pulses 5007 capture varying amounts of
energy from the analog AM carrier signal 516, asillustrated
by portions 5010A, which provides the AM intermediate
signal 5012 with an oscillating frequency F,,..

In FIG. 50F, an AM intermediate signal 5014 illustrates
the AM intermediate signal 5012 on a compressed time
scale. In FIG. 50G, an AM intermediate signal 5016 repre-
sents a filtered version of the AM intermediate signal 5014.
The AM intermediate signal 5016 is substantially similar to
the AM carrier signal 516, except that the AM intermediate
signal 5016 is at the intermediate frequency. The AM
intermediate signal 5016 can be demodulated through any
conventional demodulation technique.

The present invention can output the unfiltered AM inter-
mediate signal 5014, the filtered AM intermediate signal
5016, a partially filtered AM intermediate signal, a stair step
output signal, etc. The choice between these embodiments is
generally a design choice that depends upon the application
of the invention.

The signals referred to herein illustrate frequency down-
conversion in accordance with the invention. For example,
the AM intermediate signals 5014 in FIG. 50F and 5016 in
FIG. 50G illustrate that the AM carrier signal 516 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.1.1.2 Digital AM Carrier Signal
A process for down-converting the digital AM carrier

signal 616 to a digital AM intermediate signal is now
described for the flowchart 4607 in FIG. 46B. The digital
AM carrier signal 616 is re-illustrated in FIG. 51A for
convenience. For this example, the digital AM carrier signal
616 oscillates at approximately 901 MHZ. In FIG. 51B, a
digital AM carrier signal 5104 illustrates a portion of the
digital AM carrier signal 616 on an expandedtimescale.

The process beginsat step 4608, which includes receiving
an EMsignal. This is represented by the digital AM carrier
signal 616.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 51C illustrates an example



Case 6:21-cv-00520-ADA   Document 32-16   Filed 02/23/22   Page 175 of 207Case 6:21-cv-00520-ADA Document 32-16 Filed 02/23/22 Page 175 of 207

6,061,551
75

energy transfer signal 5106 on substantially the same time
scale as FIG. 51B. The energytransfer signal 5106 includes
a train of energy transfer pulses 5107 having non-negligible
apertures 5109 that tend away from zero time in duration.
The energy transfer pulses 5107 repeat at the aliasing rate,
which is determined or selected as previously described.
Generally, when down-converting to an intermediate signal,
the aliasing rate is substantially equal to a harmonic or, more
typically, a sub-harmonicof the difference frequency Fyypp-

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to
the intermediate signal F,,.. In FIG. 51D,an affected digital
AM carrier signal 5108 illustrates effects of transferring
energy from the digital AM carrier signal 616at the aliasing
rate F,,. The affected digital AM carrier signal 5108 is
illustrated on substantially the same time scale as FIGS. 51B
and SIC.

FIG. 51E illustrates a down-converted AM intermediate

signal 5112, which is generated by the down-conversion
process. The AM intermediate signal 5112 is illustrated with
an arbitrary load impedance. Load impedance optimizations
are discussed in Section 5 below.

The down-converted signal 5112 includes portions
5110A,which correlate with the energy transfer pulses 5107
in FIG. 51C, and portions 5110B, which are between the
energy transfer pulses 5107. Portions 5110A represent
energy transferred from the digital AM carrier signal 616 to
a storage device, while simultaneously driving an output
load. The portions 5110A occur when a switching module is
closed by the energy transfer pulses 5107. Portions 5110B
represent energy stored in a storage device continuing to
drive the load. Portions 5110B occur when the switching
module is opened after energy transfer pulses 5107.

Because a harmonicofthe aliasingrate is off-set from the
frequency of the digital AM carrier signal 616, the energy
transfer pulses 5107 “walk through” the digital AM signal
616 at the difference frequency F,,;;-. In other words, the
energy transfer pulse 5107 occur at different locations of
subsequent cycles of the digital AM carrier signal 616. As a
result, the energy transfer pulses 5107 capture varying
amounts of energy from the digital AM carrier signal 616, as
illustrated by portions 5110, which provides the AM inter-
mediate signal 5112 with an oscillating frequency F,,..

In FIG. 51F, a digital AM intermediate signal 5114
illustrates the AM intermediate signal 5112 on a compressed
time scale. In FIG. 51G, an AM intermediate signal 5116
represents a filtered version of the AM intermediate signal
5114. The AM intermediate signal 5116 is substantially
similar to the AM carrier signal 616, except that the AM
intermediate signal 5116 is at the intermediate frequency.
The AM intermediate signal 5116 can be demodulated
through any conventional demodulation technique.

The present invention can output the unfiltered AM inter-
mediate signal 5114, the filtered AM intermediate signal
5116,a partially filtered AM intermediate signal, a stair step
output signal, etc. The choice between these embodiments is
generally a design choice that depends upon the application
of the invention.

The signals referred to herein illustrate frequency down-
conversion in accordance with the invention. For example,
the AM intermediate signals 5114 in FIG. 51F and 5116 in
FIG. 51G illustrate that the AM carrier signal 616 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.1.2 Structural Description
The operation of the energy transfer system 6302 is now

described for the analog AM carrier signal 516, with refer-
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ence to the flowchart 4607 and to the timing diagrams in
FIGS. 50A-G. In step 4608, the energy transfer module
6304 receives the analog AM carrier signal 516. In step
4610, the energy transfer module 6304 receives the energy
transfer signal 5006. In step 4612, the energy transfer
module 6304 transfers energy from the analog AM carrier
signal 516 at the aliasing rate of the energy transfer signal
5006, to down-convert the analog AM carrier signal 516 to
the AM intermediate signal 5012.

The operation of the energy transfer system 6302 is now
described for the digital AM carrier signal 616, with refer-
ence to the flowchart 1401 and the timing diagramsin FIGS.
51A-G. In step 4608, the energy transfer module 6304
receives the digital AM carrier signal 616. In step 4610, the
energy transfer module 6304 receives the energy transfer
signal 5106. In step 4612, the energy transfer module 6304
transfers energy from the digital AM carrier signal 616 at the
aliasing rate of the energy transfer signal 5106, to down-
convert the digital AM carrier signal 616 to the AM inter-
mediate signal 5112.

Example embodiments of the energy transfer module
6304 are disclosed in Sections 4 and 5 below.

1.2.2 Second Example Embodiment: Frequency Modulation
1.2.2.1 Operational Description

Operation of the exemplary process of the flowchart 4607
in FIG. 46B is described below for the analog FM carrier
signal 716, illustrated in FIG. 7C, and for the digital FM
carrier signal 815, illustrated in FIG. 8C.
1.2.2.1.1 Analog FM Carrier Signal

A process for down-converting the analog FM carrier
signal 716 in FIG. 7C to an FM intermediate signal is now
described for the flowchart 4607 in FIG. 46B. The analog
FM carrier signal 716 is re-illustrated in FIG. 52A for
convenience. For this example, the analog FM carrier signal
716 oscillates around approximately 901 MHZ.In FIG. 52B,
an analog FM carrier signal 5204 illustrates a portion of the
analog FM carrier signal 716 on an expanded timescale.

The process beginsat step 4608, which includes receiving
an EMsignal. This is represented by the analog FM carrier
signal 716.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 52C illustrates an example
energy transfer signal 5206 on approximately the same time
scale as FIG. 52B. The energytransfer signal 5206 includes
a train of energy transfer pulses 5207 having non-negligible
apertures that tend away from zero time in duration. The
energy transfer pulses 5207 repeat at the aliasing rate F,,,
which is determined or selected as previously described.
Generally, when down-converting to an intermediate signal,
the aliasing rate F,, is substantially equal to a harmonicor,
more typically, a sub-harmonic of the difference frequency
Fore:

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to
an intermediate signal F,,.. In FIG. 52D, an affected analog
FM carrier signal 5208 illustrates effects of transferring
energy from the analog FM carrier signal 716at the aliasing
rate F,,. The affected analog FM carrier signal 5208 is
illustrated on substantially the same time scale as FIGS. 52B
and 52C.

FIG. 52E illustrates a down-converted FM intermediate

signal 5212, which is generated by the down-conversion
process. The FM intermediate signal 5212 is illustrated with
an arbitrary load impedance. Load impedance optimizations
are discussed in Section 5 below.

The down-converted signal 5212 includes portions
5210A, which correlate with the energy transfer pulses 5207
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in FIG. 52C, and portions 5210B, which are between the
energy transfer pulses 5207. Portions 5210A represent
energy transferred from the analog FM carrier signal 716 to
a storage device, while simultaneously driving an output
load. The portions 5210A occur when a switching module is
closed by the energy transfer pulses 5207. Portions 5210B
represent energy stored in a storage device continuing to
drive the load. Portions 5210B occur when the switching
module is opened after energy transfer pulses 5207.

Because a harmonicofthe aliasingrate is off-set from the
frequency of the analog FM carrier signal 716, the energy
transfer pulses 5207 “walk through” the analog FM carrier
signal 716 at the difference frequency Fy,,-,. In other words,
the energy transfer pulse 5207 occurat different locations of
subsequent cycles of the analog FM carrier signal 716. As a
result, the energy transfer pulses 5207 capture varying
amounts of energy from the analog FM carrier signal 716, as
illustrated by portions 5210, which provides the FM inter-
mediate signal 5212 with an oscillating frequency F,,..

In FIG. 52F, an analog FM intermediate signal 5214
illustrates the FM intermediate signal 5212 on a compressed
time scale. In FIG. 52G, an FM intermediate signal 5216
represents a filtered version of the FM intermediate signal
5214. The FM intermediate signal 5216 is substantially
similar to the analog FM carrier signal 716, except that the
FM intermediate signal 5216 is at the intermediate fre-
quency. The FM intermediate signal 5216 can be demodu-
lated through any conventional demodulation technique.

The present invention can output the unfiltered FM inter-
mediate signal 5214, the filtered FM intermediate signal
5216, a partially filtered FM intermediate signal, a stair step
output signal, etc. The choice between these embodiments is
generally a design choice that depends upon the application
of the invention.

The signals referred to herein illustrate frequency down-
conversion in accordance with the invention. For example,
the FM intermediate signals 5214 in FIG. 52F and 5216 in
FIG. 52G illustrate that the FM carrier signal 716 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.2.1.2 Digital FM Carrier Signal
A process for down-converting the digital FM carrier

signal 816 in FIG. 8C is now described for the flowchart
4607 in FIG. 46B. The digital FM carrier signal 816 is
re-illustrated in FIG. 53A for convenience. Forthis example,
the digital FM carrier signal 816 oscillates at approximately
901 MHZ.In FIG. 53B, a digital FM carrier signal 5304
illustrates a portion of the digital FM carrier signal 816 on
an expandedtimescale.

The process begins at step 4608, which includes receiving
an EM signal. This is represented by the digital FM carrier
signal 816.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 53C illustrates an example
energy transfer signal 5306 on substantially the same time
scale as FIG. 53B. The energytransfer signal 5306 includes
a train of energy transfer pulses 5307 having non-negligible
apertures 5309 that tend away from zero time in duration.
The energy transfer pulses 5307 repeat at the aliasing rate,
which is determined or selected as previously described.
Generally, when down-converting to an intermediate signal,
the aliasing rate F,, is substantially equal to a harmonicor,
more typically, a sub-harmonic of the difference frequency
Fore:

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to

10

15

20

25

30

35

40

45

50

55

60

65

78

the an intermediate signal F,,. In FIG. 53D, an affected
digital FM carrier signal 5308 illustrates effects of transfer-
ring energy from the digital FM carrier signal 816 at the
aliasing rate F,,. The affected digital FM carrier signal 5308
is illustrated on substantially the same time scale as FIGS.
53B and 53C.

FIG. 53E illustrates a down-converted FM intermediate

signal 5312, which is generated by the down-conversion
process. The down-converted signal 5312 includes portions
5310A, which correlate with the energy transfer pulses 5307
in FIG. 53C, and portions 5310B, which are between the
energy transfer pulses 5307. Down-converted signal 5312 is
illustrated with an arbitrary load impedance. Load imped-
ance optimizations are discussed in Section 5 below.

Portions 5310A represent energy transferred from the
digital FM carrier signal 816 to a storage device, while
simultaneously driving an output load. The portions 5310A
occur when a switching module is closed by the energy
transfer pulses 5307.

Portions 5310B represent energy stored in a storage
device continuing to drive the load. Portions 5310B occur
when the switching module is opened after energy transfer
pulses 5307.

Because a harmonicof the aliasing rate is off-set from the
frequency of the digital FM carrier signal 816, the energy
transfer pulses 5307 “walk through” the digital FM carrier
signal 816 at the difference frequency F,,,,-,. In other words,
the energy transfer pulse 5307 occurat different locations of
subsequent cycles of the digital FM carrier signal 816. As a
result, the energy transfer pulses 5307 capture varying
amounts of energy from the digital FM carrier signal 816, as
illustrated by portions 5310, which provides the FM inter-
mediate signal 5312 with an oscillating frequency F,,.

In FIG. 53F, a digital FM intermediate signal 5314
illustrates the FM intermediate signal 5312 on a compressed
time scale. In FIG. 53G, an FM intermediate signal 5316
represents a filtered version of the FM intermediate signal
5314. The FM intermediate signal 5316 is substantially
similar to the digital FM carrier signal 816, except that the
FM intermediate signal 5316 is at the intermediate fre-
quency. The FM intermediate signal 5316 can be demodu-
lated through any conventional demodulation technique.

The present invention can output the unfiltered FM inter-
mediate signal 5314, the filtered FM intermediate signal
5316, a partially filtered FM intermediate signal, a stair step
output signal, etc. The choice between these embodiments is
generally a design choice that depends upon the application
of the invention.

The signals referred to herein illustrate frequency down-
conversion in accordance with the invention. For example,
the FM intermediate signals 5314 in FIG. 53F and 5316 in
FIG. 53G illustrate that the FM carrier signal 816 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.2.2 Structural Description
The operation of the energy transfer system 6302 is now

described for the analog FM carrier signal 716, with refer-
ence to the flowchart 4607 and the timing diagramsin FIGS.
52A-G. In step 4608, the energy transfer module 6304
receives the analog FM carrier signal 716. In step 4610, the
energy transfer module 6304 receives the energy transfer
signal 5206. In step 4612, the energy transfer module 6304
transfers energy from the analog FM carrier signal 716 at the
aliasing rate of the energy transfer signal 5206, to down-
convert the analog FM carrier signal 716 to the FM inter-
mediate signal 5212.
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The operation of the energy transfer system 6302 is now
described for the digital FM carrier signal 816, with refer-
ence to the flowchart 4607 and the timing diagramsin FIGS.
53A-G. In step 4608, the energy transfer module 6304
receives the digital FM carrier signal 816. In step 4610, the
energy transfer module 6304 receives the energy transfer
signal 5306. In step 4612, the energy transfer module 6304
transfers energy from the digital FM carrier signal 816 at the
aliasing rate of the energy transfer signal 5306, to down-
convert the digital FM carrier signal 816 to the FM inter-
mediate signal 5212.

Example embodiments of the energy transfer module
6304 are disclosed in Sections 4 and 5 below.

1.2.3 Third Example Embodiment: Phase Modulation
1.2.3.1 Operational Description

Operation of the exemplary process of the flowchart 4607
in FIG. 46B is described below for the analog PM carrier
signal 916, illustrated in FIG. 9C, and for the digital PM
carrier signal 1016, illustrated in FIG. 10C.
1.2.3.1.1 Analog PM Carrier Signal

A process for down-converting the analog PM carrier
signal 916 in FIG. 9C to an analog PM intermediate signal
is now described for the flowchart 4607 in FIG. 46B. The

analog PM carrier signal 916 is re-illustrated in FIG. 54A for
convenience. For this example, the analog PM carrier signal
916 oscillates at approximately 901 MHZ.In FIG. 54B, an
analog PM carrier signal 5404 illustrates a portion of the
analog PM carrier signal 916 on an expanded timescale.

The process begins at step 4608, which includes receiving
an EMsignal. This is represented by the analog PM carrier
signal 916.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 54C illustrates an example
energy transfer signal 5406 on approximately the same time
scale as FIG. 54B. The energytransfer signal 5406 includes
a train of energy transfer pulses 5407 having non-negligible
apertures that tend away from zero time in duration. The
energy transfer pulses 5407 repeat at the aliasing rate, which
is determined or selected as previously described. Generally,
when down-converting to an intermediate signal, the alias-
ing rate F,, 1s substantially equal to a harmonic or, more
typically, a sub-harmonic of the difference frequency Frypr.

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to
the IF signal F,,.. In FIG. 54D,an affected analog PM carrier
signal 5408 illustrates effects of transferring energy from the
analog PM carrier signal 916 at the aliasing rate F,,. The
affected analog PM carrier signal 5408 is illustrated on
substantially the same time scale as FIGS. 54B and 54C.

FIG. 54E illustrates a down-converted PM intermediate

signal 5412, which is generated by the down-conversion
process. The down-converted PM intermediate signal 5412
includes portions 5410A, which correlate with the energy
transfer pulses 5407 in FIG. 54C, and portions 5410B, which
are between the energy transfer pulses 5407. Down-
converted signal 5412 is illustrated with an arbitrary load
impedance. Load impedance optimizations are discussed in
Section 5 below.

Portions 5410A represent energy transferred from the
analog PM carrier signal 916 to a storage device, while
simultaneously driving an output load. The portions 5410A
occur when a switching module is closed by the energy
transfer pulses 5407.

Portions 5410B represent energy stored in a storage
device continuing to drive the load. Portions 5410B occur
when the switching module is opened after energy transfer
pulses 5407.
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Because a harmonicof the aliasing rate is off-set from the
frequency of the analog PM carrier signal 716, the energy
transfer pulses 5407 “walk through” the analog PM carrier
signal 916 at the difference frequency F,,,,-,. In other words,
the energy transfer pulse 5407 occurat different locations of
subsequent cycles of the analog PM carrier signal 916. As a
result, the energy transfer pulses 5407 capture varying
amounts of energy from the analog PM carrier signal 916, as
illustrated by portions 5410, which provides the PM inter-
mediate signal 5412 with an oscillating frequency F;,.

In FIG. 54F, an analog PM intermediate signal 5414
illustrates the PM intermediate signal 5412 on a compressed
time scale. In FIG. 54G, an PM intermediate signal 5416
represents a filtered version of the PM intermediate signal
5414. The PM intermediate signal 5416 is substantially
similar to the analog PM carrier signal 916, except that the
PM intermediate signal 5416 is at the intermediate fre-
quency. The PM intermediate signal 5416 can be demodu-
lated through any conventional demodulation technique.

The present invention can output the unfiltered PM inter-
mediate signal 5414, the filtered PM intermediate signal
5416, a partially filtered PM intermediate signal, a stair step
output signal, etc. The choice between these embodiments is
generally a design choice that depends upon the application
of the invention.

The signals referred to herein illustrate frequency down-
conversion in accordance with the invention. For example,
the PM intermediate signals 5414 in FIG. 54F and 5416 in
FIG. 54G illustrate that the PM carrier signal 916 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.3.1.2 Digital PM Carrier Signal
A process for down-converting the digital PM carrier

signal 1016 in FIG. 10C to a digital PM signal is now
described for the flowchart 3607 in FIG. 46B. The digital
PM carrier signal 1016 is re-illustrated in FIG. 55A for
convenience. For this example, the digital PM carrier signal
1016 oscillates at approximately 901 MHZ.In FIG. 55B, a
digital PM carrier signal 5504 illustrates a portion of the
digital PM carrier signal 1016 on an expandedtimescale.

The process beginsat step 4608, which includes receiving
an EM signal. This is represented by the digital PM carrier
signal 1016.

Step 4610 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 55C illustrates an example
energy transfer signal 5506 on substantially the same time
scale as FIG. 55B. The energytransfer signal 5506 includes
a train of energy transfer pulses 5507 having non-negligible
apertures 5509 that tend away from zero time in duration.
The energy transfer pulses 5507 repeat at an aliasing rate,
which is determined or selected as previously described.
Generally, when down-converting to an intermediate signal,
the aliasing rate F,, is substantially equal to a harmonicor,
more typically, a sub-harmonic of the difference frequency

DIFF:

Step 4612 includes transferring energy from the EM
signal at the aliasing rate to down-convert the EM signal to
an intermediate signal F,,-. In FIG. 55D, an affected digital
PM carrier signal 5508 illustrates effects of transferring
energy from the digital PM carrier signal 1016at the aliasing
rate F,,. The affected digital PM carrier signal 5508 is
illustrated on substantially the same time scale as FIGS. 55B
and 55C.

FIG. 55E illustrates a down-converted PM intermediate

signal 5512, which is generated by the down-conversion
process. The down-converted PM intermediate signal 5512
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includes portions 5510A, which correlate with the energy
transfer pulses 5507 in FIG. 55C, and portions 5510B, which
are between the energy transfer pulses 5507. Down-
converted signal 5512 is illustrated with an arbitrary load
impedance. Load impedance optimizations are discussed in
Section 5 below.

Portions 5510A represent energy transferred from the
digital PM carrier signal 1016 to a storage device, while
simultaneously driving an output load. The portions 5510A
occur when a switching module is closed by the energy
transfer pulses 5507.

Portions 5510B represent energy stored in a storage
device continuing to drive the load. Portions 5510B occur
when the switching module is opened after energy transfer
pulses 5507.

Because a harmonicofthe aliasingrate is off-set from the
frequency of the digital PM carrier signal 716, the energy
transfer pulses 5507 “walk through” the digital PM carrier
signal 1016 at the difference frequency Fp;--. In other
words, the energy transfer pulse 5507 occur at different
locations of subsequent cycles of the digital PM carrier
signal 1016. As a result, the energy transfer pulses 5507
capture varying amounts of energy from the digital PM
carrier signal 1016, as illustrated by portions 5510, which
provides the PM intermediate signal 5512 with an oscillating
frequency F,,..

In FIG. 55F, a digital PM intermediate signal 5514
illustrates the PM intermediate signal 5512 on a compressed
time scale. In FIG. 55G, an PM intermediate signal 5516
represents a filtered version of the PM intermediate signal
5514. The PM intermediate signal 5516 is substantially
similar to the digital PM carrier signal 1016, except that the
PM intermediate signal 5516 is at the intermediate fre-
quency. The PM intermediate signal 5516 can be demodu-
lated through any conventional demodulation technique.

The present invention can output the unfiltered PM inter-
mediate signal 5514, the filtered PM intermediate signal
5516, a partially filtered PM intermediate signal, a stair step
output signal, etc. The choice between these embodiments is
generally a design choice that depends upon the application
of the invention.

The signals referred to herein illustrate frequency down-
conversion in accordance with the invention. For example,
the PM intermediate signals 5514 in FIG. 55F and 5516 in
FIG. 55G illustrate that the PM carrier signal 1016 was
successfully down-converted to an intermediate signal by
retaining enough baseband information for sufficient recon-
struction.

1.2.3.2 Structural Description
Operation of the energy transfer system 6302 is now

described for the analog PM carrier signal 916, with refer-
ence to the flowchart 4607 and the timing diagramsin FIGS.
54A-G. In step 4608, the energy transfer module 6304
receives the analog PM carrier signal 916. In step 4610, the
energy transfer module 6304 receives the energy transfer
signal 5406. In step 4612, the energy transfer module 6304
transfers energy from the analog PM carrier signal 916 at the
aliasing rate of the energy transfer signal 5406, to down-
convert the analog PM carrier signal 916 to the PM inter-
mediate signal 5412.

Operation of the energy transfer system 6302 is now
described for the digital PM carrier signal 1016, with
reference to the flowchart 1401 and the timing diagrams in
FIGS. 55A-G. In step 4608, the energy transfer module
6304 receives the digital PM carrier signal 1016. In step
4610, the energy transfer module 6304 receives the energy
transfer signal 5506. In step 4612, the energy transfer
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module 6304 transfers energy from the digital PM carrier
signal 1016 at the aliasing rate of the energy transfer signal
5506, to down-convert the digital PM carrier signal 1016 to
the PM intermediate signal 5512.

Example embodiments of the energy transfer module
6304 are disclosed in Sections 4 and 5 below.
1.2.4 Other Embodiments

The embodiments described above are provided for pur-
posesofillustration. These embodiments are not intended to
limit the invention. Alternate embodiments, differing
slightly or substantially from those described herein, will be
apparentto personsskilled in the relevant art(s) based on the
teachings contained herein. Such alternate embodimentsfall
within the scope and spirit of the present invention. Example
implementations of the energy transfer module 6304 are
disclosed in Sections 4 and 5 below.

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 Sections 4 and 5 below.
These implementations are presented for purposes of
illustration, and not limitation. The invention is not limited
to the particular implementation examples described therein.
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 alter-
nate implementations fall within the scope and spirit of the
present invention.
2. Directly Down-Converting an EM Signal to an Demodu-
lated Baseband Signal by Transferring Energy from the EM
Signal

In an embodiment, the invention directly down-converts
an EMsignal to a baseband signal, by transferring energy
from the EM signal. This embodimentis referred to herein
as direct-to-data down-conversion andis illustrated by 4516
in FIG. 45B.

This embodiment can be implemented with modulated
and unmodulated EM signals. This embodimentis described
herein using the modulated carrier signal F,,.. in FIG. 1, as
an example. In the example, the modulated carrier signal
Fyrc 1s directly down-converted to the demodulated base-
band signal Fpyy,,. Upon reading the disclosure and
examples therein, one skilled in the relevant art(s) will
understand that the invention can be implemented to down-
convert any EM signal, including but not limited to, modu-
lated carrier signals and unmodulated carrier signals.

The following sections describe methods for directly
down-converting the modulated carrier signal F,,. to the
demodulated baseband signal Fryazz. Exemplary structural
embodiments for implementing the methods are also
described. It should be understood that the invention is not

limited to the particular embodiments described below.
Equivalents, extensions, variations, deviations, etc., of the
following will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such
equivalents, extensions, variations, deviations, etc., are
within the scope and spirit of the present invention.

The following sections include a high level discussion,
example embodiments, and implementation examples.
2.1 High Level Description

This section (including its subsections) provides a high-
level description of transferring energy from the modulated
carrier signal F,,. to directly down-convert the modulated
carrier signal F,,- to the demodulated baseband signal
Fpyp, according to the invention. In particular, an opera-
tional process of directly down-converting the modulated
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carrier signal F,,-. to the demodulated basebandsignal Frasp
is described at a high-level. Also, a structural implementa-
tion for implementing this process is described at a high-
level. The structural implementation is described herein for
illustrative purposes, 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 such structural

implementations will be apparent to persons skilled in the
relevant art(s) based on the teachings contained herein.
2.1.1 Operational Description

FIG. 46C depicts a flowchart 4613 that illustrates an
exemplary method for transferring energy from the modu-
lated carrier signal F,,,. to directly down-convert the modu-
lated carrier signal F,,- to the demodulated basebandsignal
Frag. The exemplary method illustrated in the flowchart
4613 is an embodimentof the flowchart 4601 in FIG. 46A.

Any and all combinations of modulation techniques are
valid for this invention. For ease of discussion, the digital
AM carrier signal 616 is used to illustrate a high level
operational description of the invention. Subsequent sec-
tions provide detailed flowcharts and descriptions for AM
and PM example embodiments. FM presents special con-
siderations that are dealt with separately in Section III.3.
Upon reading the disclosure and examples therein, one
skilled in the relevant art(s) will understand that the inven-
tion can be implemented to down-convert any type of EM
signal, including any form of modulated carrier signal and
unmodulated carrier signals.

The high-level process illustrated in the flowchart 4613 is
now described at a high level using the digital AM carrier
signal 616, from FIG. 6C. The digital AM carrier signal 616
is re-illustrated in FIG. 56A for convenience.

The process of the flowchart 4613 begins at step 4614,
which includes receiving an EM signal. Step 4613 is rep-
resented by the digital AM carrier signal 616.

Step 4616 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 56B illustrates an example
energy transfer signal 5602, which includesa train of energy
transfer pulses 5604 having apertures 5606 that are opti-
mized for energy transfer. The optimized apertures 5606 are
non-negligible and tend away from zero.

The non-negligible apertures 5606 can be any width other
than the period of the EM signed, or a multiple thereof. For
example, the non-negligible apertures 5606 can be less than
the period of the signal 616 such as, ¥* 1%,1, 34, etc., of the
period of the signal 616. Alternatively, the non-negligible
apertures 5606 can be greater than the period of the signal
616. The width and amplitude of the apertures 5606 can be
optimized based on one or more ofa variety of criteria, as
described in sections below.

The energy transfer pulses 5604 repeat at the aliasing rate
or pulse repetition rate. The aliasing rate is determined in
accordance with EQ. (2), reproduced below for conve-
nience.

FawFyptFjp EQ.(2)

Whendirectly down-converting an EM signal to baseband
(i.e., zero IF), EQ. (2) becomes:

FoonFyp EQ.(8)

Thus, to directly down-convert the AM signal 616 to a
demodulated baseband signal, the aliasing rate is substan-
tially equal to the frequency of the AM signal 616 or to a
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harmonic or sub-harmonic thereof. Although the aliasing
rate is too low to permit reconstruction of higher frequency
components of the AM signal 616 (i.e., the carrier
frequency), it is high enough to permit substantial recon-
struction of the lower frequency modulating baseband signal
310.

Step 4618 includes transferring energy from the EM
signal at the aliasing rate to directly down-convert the EM
signal to a demodulated baseband signal Fpyazz. FIG. 56C
illustrates a demodulated baseband signal 5610 that is gen-
erated by the direct down-conversion process. The demodu-
lated baseband signal 5610 is similar to the digital modu-
lating baseband signal 310 in FIG.3.

FIG. 56D depicts a filtered demodulated baseband signal
5612, which can be generated from the demodulated base-
band signal 5610. The invention can thus generate a filtered
output signal, a partially filtered output signal, or a relatively
unfiltered output signal. The choice between filtered, par-
tially filtered and non-filtered output signals is generally a
design choice that depends upon the application of the
invention.

2.1.2 Structural Description
In an embodiment, the energy transfer system 6302 trans-

fers energy from any type of EM signal, including modu-
lated carrier signals and unmodulated carrier signal, to
directly down-convert the EM signal to a demodulated
baseband signal. Preferably, the energy transfer system 6302
transfers energy from the EM signal 1304 to down-convert
it to demodulated baseband signal in the manner shown in
the operational flowchart 4613. However,it should be under-
stood that the scope andspirit of the invention includes other
structural embodiments for performing the steps of the
flowchart 4613. The specifics of the other structural embodi-
ments will be apparent to persons skilled in the relevant
art(s) based on the discussion contained herein.

Operation of the energy transfer system 6302 is now
described in at a high level for the digital AM carrier signal
616, with reference to the flowchart 4613 and the timing
diagrams illustrated in FIGS. 56A-D. In step 4614, the
energy transfer module 6304 receives the digital AM carrier
signal 616. In step 4616, the energy transfer module 6304
receives the energy transfer signal 5602. In step 4618, the
energy transfer module 6304 transfers energy from the
digital AM carrier signal 616 at the aliasing rate to directly
down-convert it to the demodulated baseband signal 5610.

Example implementations of the energy transfer module
6302 are disclosed in Sections 4 and 5 below.

2.2 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 relevantart(s) based on
the teachings contained herein. The invention is intended
and adapted to include such alternate embodiments.

The method for down-converting the EM signal to the
demodulated baseband signal Fp,,,, illustrated in the flow-
chart 4613 of FIG. 46C, can be implemented with various
types of modulated carrier signals including, but not limited
to, AM,PM,etc., or any combination thereof. The flowchart
4613 of FIG. 46C is described below for AM and PM.The

exemplary descriptions below are intended to facilitate an
understanding of the present invention. The present inven-
tion is not limited to or by the exemplary embodiments
below.
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2.2.1 First Example Embodiment: Amplitude Modulation
2.2.1.1 Operational Description

Operation of the exemplary process of the flowchart 4613
in FIG. 46C is described below for the analog AM carrier
signal 516, illustrated in FIG. 5C, and for the digital AM
carrier signal 616, illustrated in FIG. 6C.
2.2.1.1.1 Analog AM Carrier Signal

A process for directly down-converting the analog AM
carrier signal 516 in FIG. 5C to a demodulated baseband
signal is now described with reference to the flowchart 4613
in FIG. 46C. The analog AM carrier signal 516 is
re-illustrated in 57A for convenience. For this example, the
analog AM carrier signal 516 oscillates at approximately
900 MHZ.In FIG. 57B, an analog AM carrier signal portion
5704 illustrates a portion of the analog AM carrier signal 516
on an expanded timescale.

The process begins at step 4614, which includesreceiving
an EMsignal. This is represented by the analog AM carrier
signal 516.

Step 4616 includes receiving an energy transfer signal
having an aliasing rate F,,. In FIG. 57C, an example energy
transfer signal 5706 is illustrated on approximately the same
time scale as FIG. 57B. The energy transfer signal 5706
includes a train of energy transfer pulses 5707 having
non-negligible apertures that tend away from zero time in
duration. The energy transfer pulses 5707 repeat at the
aliasing rate, which is determined or selected as previously
described. Generally, when down-converting an EM signal
to a demodulated baseband signal, the aliasing rate F4, is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the EM signal.

Step 4618 includes transferring energy from the EM
signal at the aliasing rate to directly down-convert the EM
signal to the demodulated baseband signal Fpy;g. In FIG.
57D, an affected analog AM carrier signal 5708 illustrates
effects of transferring energy from the analog AM carrier
signal 516 at the aliasing rate F,,. The affected analog AM
carrier signal 5708 is illustrated on substantially the same
time scale as FIGS. 57B and 57C.

FIG. 57Eillustrates a demodulated baseband signal 5712,
which is generated by the down-conversion process.
Because a harmonic of the aliasing rate is substantially equal
to the frequency of the signal 516, essentially no IF is
produced. The only substantial aliased component is the
baseband signal. The demodulated baseband signal 5712 is
illustrated with an arbitrary load impedance. Load imped-
ance optimizations are discussed in Section 5 below.

The demodulated baseband signal 5712 includes portions
5710A, which correlate with the energy transfer pulses 5707
in FIG. 57C, and portions 5710B, which are between the
energy transfer pulses 5707. Portions 5710A represent
energy transferred from the analog AM carrier signal 516 to
a storage device, while simultaneously driving an output
load. The portions 5710A occur when a switching module is
closed by the energy transfer pulses 5707. Portions 5710B
represent energy stored in a storage device continuing to
drive the load. Portions 5710B occur when the switching
module is opened after energy transfer pulses 5707.

In FIG. 57F, a demodulated baseband signal 5716 repre-
sents a filtered version of the demodulated baseband signal
5712, on a compressed time scale. The demodulated base-
band signal 5716 is substantially similar to the modulating
basebandsignal 210 and can be further processed using any
signal processing technique(s) without further down-
conversion or demodulation.

The present invention can output the unfiltered demodu-
lated baseband signal 5712, the filtered demodulated base-
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band signal 5716, a partially filtered demodulated baseband
signal, a stair step output signal, etc. The choice between
these embodiments is generally a design choice that depends
upon the application of the invention.

Thealiasing rate of the energy transfer signal is preferably
controlled to optimize the demodulated basebandsignal for
amplitude output and polarity, as desired.

The drawings referred to herein illustrate direct down-
conversion in accordance with the invention. For example,
the demodulated baseband signals 5712 in FIG. 57E and
5716 in FIG. 57F illustrate that the analog AM carrier signal
516 was directly down-converted to a demodulated base-
band signal by retaining enough baseband information for
sufficient reconstruction.

2.2.1.1.2 Digital AM Carrier Signal
A process for directly down-converting the digital AM

carrier signal 616 in FIG. 6C to a demodulated baseband
signal is now described for the flowchart 4613 in FIG. 46C.
The digital AM carrier signal 616 is re-illustrated in 58A for
convenience. For this example, the digital AM carrier signal
616 oscillates at approximately 900 MHZ. In FIG. 58B, a
digital AM carriersignal portion 5804 illustrates a portion of
the digital AM carrier signal 616 on an expandedtimescale.

The process beginsat step 4614, which includes receiving
an EMsignal. This is represented by the digital AM carrier
signal 616.

Step 4616 includes receiving an energy transfer signal
having an aliasing rate F,,. In FIG. 58C, an example energy
transfer signal 5806 is illustrated on approximately the same
time scale as FIG. 58B. The energy transfer signal 5806
includes a train of energy transfer pulses 5807 having
non-negligible apertures that tend away from zero time in
duration. The energy transfer pulses 5807 repeat at the
aliasing rate, which is determined or selected as previously
described. Generally, when directly down-converting an EM
signal to a demodulated baseband signal, the aliasing rate
F,,x is substantially equal to a harmonic or, moretypically,
a sub-harmonic of the EM signal.

Step 4618 includes transferring energy from the EM
signal at the aliasing rate to directly down-convert the EM
signal to the demodulated baseband signal Frpyj,z. In FIG.
58D, an affected digital AM carrier signal 5808 illustrates
effects of transferring energy from the digital AM carrier
signal 616 at the aliasing rate F,,. The affected digital AM
carrier signal 5808 is illustrated on substantially the same
time scale as FIGS. 58B and 58C.

FIG. 58E illustrates a demodulated basebandsignal 5812,
which is generated by the down-conversion process.
Because a harmonic of the aliasing rate is substantially equal
to the frequency of the signal 616, essentially no IF is
produced. The only substantial aliased component is the
baseband signal. The demodulated baseband signal 5812 is
illustrated with an arbitrary load impedance. Load imped-
ance optimizations are discussed in Section 5 below.

The demodulated baseband signal 5812 includes portions
5810A,which correlate with the energy transfer pulses 5807
in FIG. 58C, and portions 5810B, which are between the
energy transfer pulses 5807. Portions 5810A represent
energy transferred from the digital AM carrier signal 616 to
a storage device, while simultaneously driving an output
load. The portions 5810A occur when a switching module is
closed by the energy transfer pulses 5807. Portions 5810B
represent energy stored in a storage device continuing to
drive the load. Portions 5810B occur when the switching
module is opened after energy transfer pulses 5807.

In FIG. 58F, a demodulated baseband signal 5816 repre-
sents a filtered version of the demodulated baseband signal
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5812, on a compressed time scale. The demodulated base-
band signal 5816 is substantially similar to the modulating
basebandsignal 310 and can be further processed using any
signal processing technique(s) without further down-
conversion or demodulation.

The present invention can output the unfiltered demodu-
lated baseband signal 5812, the filtered demodulated base-
band signal 5816, a partially filtered demodulated baseband
signal, a stair step output signal, etc. The choice between
these embodiments is generally a design choice that depends
upon the application of the invention.

Thealiasingrate of the energy transfer signal is preferably
controlled to optimize the down-converted signal for ampli-
tude output and polarity, as desired.

The drawings referred to herein illustrate direct down-
conversion in accordance with the invention. For example,
the demodulated baseband signals 5812 in FIG. 58E and
5816 in FIG. 58F illustrate that the digital AM carrier signal
616 was directly down-converted to a demodulated base-
band signal by retaining enough baseband information for
sufficient reconstruction.

2.2.1.2 Structural Description
In an embodiment, the energy transfer module 6304

preferably transfers energy from the EM signal to directly
down-convert it to a demodulated baseband signal in the
manner shown in the operational flowchart 4613. But it
should be understood that the scope and spirit of the inven-
tion includes other structural embodiments for performing
the steps of the flowchart 1413. The specifics of the other
structural embodiments will be apparent to personsskilled in
the relevant art(s) based on the discussion contained herein.

Operation of the energy transfer system 6302 is now
described for the digital AM carrier signal 516, with refer-
ence to the flowchart 4613 and the timing diagramsin FIGS.
57A-F. In step 4612, the energy transfer module 6404
receives the analog AM carrier signal 516. In step 4614, the
energy transfer module 6404 receives the energy transfer
signal 5706. In step 4618, the energy transfer module 6404
transfers energy from the analog AM carrier signal 516 at the
aliasing rate of the energy transfer signal 5706, to directly
down-convert the digital AM carrier signal 516 to the
demodulated baseband signals 5712 or 5716.

The operation of the energy transfer system 6402 is now
described for the digital AM carrier signal 616, with refer-
ence to the flowchart 4613 and the timing diagramsin FIGS.
58A-F. In step 4614, the energy transfer module 6404
receives the digital AM carrier signal 616. In step 4616, the
energy transfer module 6404 receives the energy transfer
signal 5806. In step 4618, the energy transfer module 6404
transfers energy from the digital AM carrier signal 616 at the
aliasing rate of the energy transfer signal 5806, to directly
down-convert the digital AM carrier signal 616 to the
demodulated baseband signals 5812 or 5816.

Example implementations of the energy transfer module
6302 are disclosed in Sections 4 and 5 below.

2.2.2 Second Example Embodiment: Phase Modulation
2.2.2.1 Operational Description

Operation of the exemplary process of flowchart 4613 in
FIG. 46Cis described below for the analog PM carrier signal
916, illustrated in FIG. 9C and for the digital PM carrier
signal 1016, illustrated in FIG. 10C.
2.2.2.1.1 Analog PM Carrier Signal

A process for directly down-converting the analog PM
carrier signal 916 to a demodulated basebandsignal is now
described for the flowchart 4613 in FIG. 46C. The analog
PM carrier signal 916 is re-illustrated in 59A for conve-
nience. For this example, the analog PM carrier signal 916
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oscillates at approximately 900 MHZ. In FIG. 59B, an
analog PM carrier signal portion 5904 illustrates a portion of
the analog PM carrier signal 916 on an expandedtimescale.

The process beginsat step 4614, which includes receiving
an EMsignal. This is represented by the analog PM carrier
signal 916.

Step 4616 includes receiving an energy transfer signal
having an aliasing rate F,,. In FIG. 59C, an example energy
transfer signal 5906 is illustrated on approximately the same
time scale as FIG. 59B. The energy transfer signal 5906
includes a train of energy transfer pulses 5907 having
non-negligible apertures that tend away from zero time in
duration. The energy transfer pulses 5907 repeat at the
aliasing rate, which is determined or selected as previously
described. Generally, when directly down-converting an EM
signal to a demodulated baseband signal, the aliasing rate
F,,x is substantially equal to a harmonic or, moretypically,
a sub-harmonic of the EM signal.

Step 4618 includes transferring energy from the EM
signal at the aliasing rate to directly down-convert the EM
signal to the demodulated baseband signal F,,,,. In FIG.
59D, an affected analog PM carrier signal 5908 illustrates
effects of transferring energy from the analog PM carrier
signal 916 at the aliasing rate F,,. The affected analog PM
carrier signal 5908 is illustrated on substantially the same
time scale as FIGS. 59B and 59C.

FIG. 59E illustrates a demodulated basebandsignal 5912,
which is generated by the down-conversion process.
Because a harmonic of the aliasing rate is substantially equal
to the frequency of the signal 516, essentially no IF is
produced. The only substantial aliased component is the
baseband signal. The demodulated baseband signal 5912 is
illustrated with an arbitrary load impedance. Load imped-
ance optimizations are discussed in Section 5 below.

The demodulated baseband signal 5912 includes portions
5910A, which correlate with the energy transfer pulses 5907
in FIG. 59C, and portions 5910B, which are between the
energy transfer pulses 5907. Portions 5910A represent
energy transferred from the analog PM carrier signal 916 to
a storage device, while simultaneously driving an output
load. The portions 5910A occur when a switching module is
closed by the energy transfer pulses 5907. Portions 5910B
represent energy stored in a storage device continuing to
drive the load. Portions 5910B occur when the switching
module is opened after energy transfer pulses 5907.

In FIG. 59F, a demodulated baseband signal 5916 repre-
sents a filtered version of the demodulated baseband signal
5912, on a compressed time scale. The demodulated base-
band signal 5916 is substantially similar to the modulating
baseband signal 210 and can be further processed using any
signal processing technique(s) without further down-
conversion or demodulation. The present invention can
output the unfiltered demodulated baseband 5912, the fil-
tered demodulated basebandsignal 5916,a partially filtered
demodulated basebandsignal, a stair step output signal, etc.
The choice between these embodimentsis generally a design
choice that depends upon the application of the invention.

Thealiasing rate of the energy transfer signal is preferably
controlled to optimize the down-converted signal for ampli-
tude output and polarity, as desired.

The drawings referred to herein illustrate direct down-
conversion in accordance with the invention. For example,
the demodulated baseband signals 5912 in FIG. 59E and
5916 in FIG. 59Fillustrate that the analog PM carrier signal
916 was successfully down-converted to a demodulated
baseband signal by retaining enough baseband information
for sufficient reconstruction.
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1 2.2.2.1.2 Digital PM Carrier Signal
A process for directly down-converting the digital PM

carrier signal 1016 in FIG. 6C to a demodulated baseband
signal is now described for the flowchart 4613 in FIG. 46C.
The digital PM carrier signal 1016is re-illustrated in 60A for
convenience. For this example, the digital PM carrier signal
1016 oscillates at approximately 900 MHZ.In FIG. 60B, a
digital PM carrier signal portion 6004illustrates a portion of
the digital PM carrier signal 1016 on an expanded time
scale.

The process begins at step 4614, which includesreceiving
an EM signal. This is represented by the digital PM carrier
signal 1016.

Step 4616 includes receiving an energy transfer signal
F,x- In FIG. 60C, an example energytransfer signal 6006 is
illustrated on approximately the same time scale as FIG.
60B. The energy transfer signal 6006 includes a train of
energy transfer pulses 6007 having non-negligible apertures
that tend away from zero time in duration. The energy
transfer pulses 6007 repeat at the aliasing rate, which is
determined or selected as previously described. Generally,
when directly down-converting an EM signal to a demodu-
lated basebandsignal, the aliasing rate F,, is substantially
equal to a harmonic or, more typically, a sub-harmonic of the
EMsignal.

MFStep 4618 includes transferring energy from the EM
signal at the aliasing rate to directly down-convert the EM
signal to the demodulated baseband signal Fpy;g. In FIG.
60D, an affected digital PM carrier signal 6008 illustrates
effects of transferring energy from the digital PM carrier
signal 1016 at the aliasing rate F,,. The affected digital PM
carrier signal 6008 is illustrated on substantially the same
time scale as FIGS. 60B and 60C.

FIG.60E illustrates a demodulated baseband signal 6012,
which is generated by the down-conversion process.
Because a harmonic of the aliasing rate is substantially equal
to the frequency of the signal 1016, essentially no IF is
produced. The only substantial aliased component is the
baseband signal. The demodulated baseband signal 6012 is
illustrated with an arbitrary load impedance. Load imped-
ance optimizations are discussed in Section 5 below.

The demodulated baseband signal 6012 includes portions
6010A, which correlate with the energy transfer pulses 6007
in FIG. 60C, and portions 6010B, which are between the
energy transfer pulses 6007. Portions 6010A represent
energy transferred from the digital PM carrier signal 1016 to
a storage device, while simultaneously driving an output
load. The portions 6010A occur when a switching module is
closed by the energy transfer pulses 6007. Portions 601B
represent energy stored in a storage device continuing to
drive the load. Portions 6010B occur when the switching
module is opened after energy transfer pulses 6007.

In FIG. 60F, a demodulated baseband signal 6016 repre-
sents a filtered version of the demodulated baseband signal
6012, on a compressed time scale. The demodulated base-
band signal 6016 is substantially similar to the modulating
basebandsignal 310 and can be further processed using any
signal processing technique(s) without further down-
conversion or demodulation.

The present invention can output the unfiltered demodu-
lated baseband signal 6012, the filtered demodulated base-
band signal 6016, a partially filtered demodulated baseband
signal, a stair step output signal, etc. The choice between
these embodiments is generally a design choice that depends
upon the application of the invention.

Thealiasingrate of the energy transfer signal is preferably
controlled to optimize the down-converted signal for ampli-
tude output and polarity, as desired.
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The drawings referred to herein illustrate direct down-
conversion in accordance with the invention. For example,
the demodulated baseband signals 6012 in FIG. 60E and
6016 in FIG. 60F illustrate that the digital PM carrier signal
1016 was successfully down-converted to a demodulated
baseband signal by retaining enough baseband information
for sufficient reconstruction.

2.2.2.2 Structural Description
In an embodiment, the energy transfer system 6302 pref-

erably transfers energy from an EM signal to directly
down-convert it to a demodulated baseband signal in the
manner shown in the operational flowchart 4613. But it
should be understood that the scope and spirit of the inven-
tion includes other structural embodiments for performing
the steps of the flowchart 1413. The specifics of the other
structural embodiments will be apparent to personsskilled in
the relevant art(s) based on the discussion contained herein.

Operation of the energy transfer system 6302 is now
described for the analog PM carrier signal 916, with refer-
ence to the flowchart 4613 and the timing diagramsin FIGS.
59A-F. In Step 4614, the energy transfer module 6304
receives the analog PM carrier signal 916. In step 4616, the
energy transfer module 6304 receives the energy transfer
signal 5906. In step 4618, the energy transfer module 6304
transfers energy from the analog PM carriersignal 916 at the
aliasing rate of the energy transfer signal 5906, to directly
down-convert the analog PM carrier signal 916 to the
demodulated baseband signals 5912 or 5916.

Operation of the energy transfer system 6302 is now
described for the digital PM carrier signal 1016, with
reference to the flowchart 4613 and to the timing diagrams
in FIGS. 60A-F. In step 4614, the energy transfer module
6404 receives the digital PM carrier signal 1016. In step
4616, the energy transfer module 6404 receives the energy
transfer signal 6006. In step 4618, the energy transfer
module 6404 transfers energy from the digital PM carrier
signal 1016 at the aliasing rate of the energy transfer signal
6006, to directly down-convert the digital PM carrier signal
1016 to the demodulated baseband signal 6012 or 6016.

Example implementations of the energy transfer module
6302 are disclosed in Sections 4 and 5 below.
2.2.3 Other Embodiments

The embodiments described above are provided for pur-
posesofillustration. These embodiments are not intended to
limit the invention. Alternate embodiments, differing
slightly or substantially from those described herein, will be
apparentto personsskilled in the relevant art(s) based on the
teachings contained herein. Such alternate embodimentsfall
within the scope and spirit of the present invention. Example
implementations of the energy transfer module 6302 are
disclosed in Sections 4 and 5 below.

2.3 Implementation Examples
Exemplary operational and/or structural implementations

related to the method(s), structure(s), and/or embodiments
described above are presented in Sections 4 and 5 below.
These implementations are presented for purposes of
illustration, and not limitation. The invention is not limited
to the particular implementation examples described therein.
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 alter-
nate implementations fall within the scope and spirit of the
present invention.
3. Modulation Conversion

In an embodiment, the invention down-converts an FM

carrier signal Frac to a non-FM signal Fwon.ray, by
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transferring energy from the FM carrier signal F,,,- at an
aliasing rate. This embodimentis illustrated in FIG. 45B as
4518.

In an example embodiment, the FM carrier signal Fya,c is
down-converted to a phase modulated (PM)signal Fpy,. In
another example embodiment, the FM carrier signal F-4¢ 1s
down-converted to an amplitude modulated (AM) signal
F,,- The down-converted signal can be demodulated with
any conventional demodulation technique to obtain a
demodulated baseband signal Fyyzp-

The invention can be implemented with any type of FM
signal. Exemplary embodiments are provided below for
down-converting a frequency shift keying (FSK)signal to a
non-FSK signal. FSK is a sub-set of FM, wherein an FM
signal shifts or switches between two or more frequencies.
FSK is typically used for digital modulating baseband
signals, such as the digital modulating baseband signal 310
in FIG. 3. For example, in FIG.8, the digital FM signal 816
is an FSKsignal that shifts between an upper frequency and
a lower frequency, corresponding to amplitude shifts in the
digital modulating baseband signal 310. The FSK signal 816
is used in example embodiments below.

In a first example embodiment, energyis transferred from
the FSK signal 816 at an aliasing rate that is based on a
mid-point between the upper and lower frequencies of the
FSK signal 816. When the aliasing rate is based on the
mid-point, the FSK signal 816 is down-converted to a phase
shift keying (PSK) signal. PSK is a sub-set of phase
modulation, wherein a PM signal shifts or switches between
two or more phases. PSK is typically used for digital
modulating baseband signals. For example, in FIG. 10, the
digital PM signal 1016 is a PSK signal that shifts between
two phases. The PSK signal 1016 can be demodulated by
any conventional PSK demodulation technique(s).

In a second example embodiment, energy is transferred
from the FSK signal 816 at an aliasing rate that is based upon
either the upper frequencyor the lower frequency of the FSK
signal 816. Whenthe aliasing rate is based upon the upper
frequency or the lower frequency of the FSK signal 816, the
FSK signal 816 is down-converted to an amplitude shift
keying (ASK) signal. ASK is a sub-set of amplitude
modulation, wherein an AM signal shifts or switches
between two or more amplitudes. ASKis typically used for
digital modulating basebandsignals. For example, in FIG.6,
the digital AM signal 616 is an ASK signal that shifts
between the first amplitude and the second amplitude. The
ASKsignal 616 can be demodulated by any conventional
ASK demodulation technique(s).

The following sections describe methods for transferring
energy from an FMcarrier signal F,-,,- to down-convertit
to the non-FM signal Fwon.rxy. Exemplary structural
embodiments for implementing the methods are also
described. It should be understood that the invention is not

limited to the particular embodiments described below.
Equivalents, extensions, variations, deviations, etc., of the
following will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such
equivalents, extensions, variations, deviations, etc., are
within the scope and spirit of the present invention.

The following sections include a high level discussion,
example embodiments, and implementation examples.
3.1 High Level Description

This section (including its subsections) provides a high-
level description of transferring energy from the FM carrier
signal F,,, to down-convert it to the non-FM signal Fwow.
FM), according to the invention. In particular, an operational
process for down-converting the FM carrier signal F;,, to
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the non-FM signal Fwon-ray is described at a high-level.
Also, a structural implementation for implementing this
process is described at a high-level. The structural imple-
mentation is described herein for illustrative purposes, and
is not limiting. In particular, the process described in this
section can be achieved using any numberof structural
implementations, one of which is described in this section.
The details of such structural implementations will be appar-
ent to persons skilled in the relevant art(s) based on the
teachings contained herein.
3.1.1 Operational Description

FIG. 46D depicts a flowchart 4619 that illustrates an
exemplary method for down-converting the FM carrier
signal F;.,7¢ to the non-FM signal Fwoy.¢yn- The exemplary
methodillustrated in the flowchart 4619 is an embodiment
of the flowchart 4601 in FIG. 46A.

Anyandall forms of frequency modulation techniques are
valid for this invention. For ease of discussion, the digital
FMcarrier (FSK) signal 816 is used to illustrate a high level
operational description of the invention. Subsequent sec-
tions provide detailed flowcharts and descriptions for the
FSKsignal 816. Upon reading the disclosure and examples
therein, one skilled in the relevant art(s) will understand that
the invention can be implemented to down-convert any type
of FM signal.

The method illustrated in the flowchart 4619 is described

below at a high level for down-converting the FSK signal
816 in FIG. 8C to a PSK signal. The FSK signal 816 is
re-illustrated in FIG. 84A for convenience.

The process of the flowchart 4619 begins at step 4620,
which includes receiving an FM signal. This is represented
by the FSK signal 816. The FSK signal 816 shifts between
a first frequency 8410 and a second frequency 8412. Thefirst
frequency 8410 can be higher or lower than the second
frequency 8412. In an exemplary embodiment, the first
frequency 8410 is approximately 899 MHZ andthe second
frequency 8412 is approximately 901 MHZ.

Step 4622 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 84B illustrates an example
energy transfer signal 8402 which includesa train of energy
transfer pulses 8403 having non-negligible apertures 8405
that tend away from zero time in duration.

The energy transfer pulses 8403 repeatat the aliasing rate
F,r, Which is determined or selected as previously
described. Generally, when down-converting an FM carrier
signal Fyyc to anon-FM signal Fwon-rap» the aliasing rate
is substantially equal to a harmonic or, more typically, a
sub-harmonic of a frequency within the FM signal. In this
example overview embodiment, where the FSK signal 816
is to be down-converted to a PSK signal, the aliasing rate is
substantially equal to a harmonic or, more typically, a
sub-harmonic of the mid-point between the first frequency
8410 and the second frequency 8412. For the present
example, the mid-point is approximately 900 MHZ.

Step 4624 includes transferring energy from the FM
carrier signal F,.,,- at the aliasing rate to down-convert the
FM carrier signal Frac to the non-FM signal Fwon-rm:
FIG. 84Cillustrates a PSK signal 8404, which is generated
by the modulation conversion process.

When the second frequency 8412 is under-sampled, the
PSKsignal 8404 has a frequency of approximately 1 MHZ
and is used as a phase reference. When thefirst frequency
8410 is under-sampled, the PSK signal 8404 has a frequency
of 1 MHZandis phase shifted 180 degrees from the phase
reference.

FIG. 84D depicts a PSK signal 8406, which isa filtered
version of the PSK signal 8404. The invention can thus
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generate a filtered output signal, a partially filtered output
signal, or a relatively unfiltered stair step output signal. The
choice between filtered, partially filtered and non-filtered
output signals is generally a design choice that depends upon
the application of the invention.

Thealiasingrate of the energy transfer signal is preferably
controlled to optimize the down-converted signal for ampli-
tude output and polarity, as desired.

Detailed exemplary embodiments for down-converting an
FSKsignal to a PSK signal and for down-converting an FSK
signal to an ASK signal are provided below.
3.1.2 Structural Description

FIG. 63 illustrates the energy transfer system 6302
according to an embodiment of the invention. The energy
transfer system 6302 includes the energy transfer module
6304. The energy transfer system 6302 is an example
embodimentof the generic aliasing system 1302 in FIG. 13.

In a modulation conversion embodiment, the EM signal
1304 is an FM carrier signal F,-,,- and the energy transfer
module 6304 transfers energy from FM carrier signal at a
harmonic or, more typically, a sub-harmonic of a frequency
within the FM frequency band.Preferably, the energy trans-
fer module 6304 transfers energy from the FM carrier signal
Frac to down-convert it to a non-FM signal Fyyon-yy 10
the manner shownin the operational flowchart 4619. But it
should be understood that the scope and spirit of the inven-
tion includes other structural embodiments for performing
the steps of the flowchart 4619. The specifics of the other
structural embodiments will be apparent to personsskilled in
the relevant art(s) based on the discussion contained herein.

The operation of the energy transfer system 6302 shall
now be described with reference to the flowchart 4619 and

the timing diagrams of FIGS. 84A—84D.In step 4620, the
energy transfer module 6304 receives the FSK signal 816. In
step 4622, the energy transfer module 6304 receives the
energy transfer signal 8402. In step 4624,the energy transfer
module 6304 transfers energy from the FSK signal 816 at the
aliasing rate of the energy transfer signal 8402 to down-
convert the FSK signal 816 to the PSK signal 8404 or 8406.

Example implementations of the energy transfer module
6302 are provided in Section 4 below.
3.2 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.

The method for down-converting an FM carrier signal
Fryc to a non-FM signal, Fwoy-ryn, illustrated in the
flowchart 4619 of FIG. 46D, can be implemented with any
type of FM carrier signal including, but not limited to, FSK
signals. The flowchart 4619 is described in detail below for
down-converting an FSK signal to a PSK signal and for
down-converting a PSK signal to an ASK signal. The
exemplary descriptions below are intended to facilitate an
understanding of the present invention. The present inven-
tion is not limited to or by the exemplary embodiments
below.

3.2.1 First Example Embodiment: Down-Converting an FM
Signal to a PM Signal
3.2.1.1 Operational Description

A process for down-converting the FSK signal 816 in
FIG. 8C to a PSKsignal is now described for the flowchart
4619 in FIG. 46D.
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The FSK signal 816 is re-illustrated in FIG. 61A for
convenience. The FSK signal 816 shifts between a first
frequency 6106 and a second frequency 6108. In the exem-
plary embodiment,the first frequency 6106 is lower than the
second frequency 6108. In an alternative embodiment, the
first frequency 6106 is higher than the second frequency
6108. For this example, the first frequency 6106 is approxi-
mately 899 MHZ andthe second frequency 6108 is approxi-
mately 901 MHZ.

FIG. 61B illustrates an FSK signal portion 6104 that
represents a portion of the FSK signal 816 on an expanded
time scale.

The process beginsat step 4620, which includes receiving
an FMsignal. This is represented by the FSK signal 816.

Step 4622 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 61C illustrates an example
energy transfer signal 6107 on approximately the same time
scale as FIG. 61B. The energytransfer signal 6107 includes
a train of energy transfer pulses 6109 having non-negligible
apertures that tend away from zero time in duration. The
energy transfer pulses 6109 repeat at the aliasing rate Fp,
which is determined or selected as described above.

Generally, when down-converting an FM signal to a non-FM
signal, the aliasing rate is substantially equal to a harmonic
or, more typically, a sub-harmonic of a frequency within the
FMsignal.

In this example, where an FSK signal is being down-
converted to a PSK signal, the aliasing rate is substantially
equal to a harmonic or, more typically, a sub-harmonic, of
the mid-point between the frequencies 6106 and 6108. In
this example, where the first frequency 6106 is 899 MHZ
and second frequency 6108 is 901 MHZ, the mid-point is
approximately 900 MHZ. Suitable aliasing rates thus
include 1.8 GHZ, 900 MHZ, 450 MHZ,etc.

Step 4624 includes transferring energy from the FM
signal at the aliasing rate to down-convertit to the non-FM
signal Fywoy-ran: In FIG. 61D, an affected FSK signal 6118
illustrates effects of transferring energy from the FSK signal
816 at the aliasing rate F,,. The affected FSK signal 6118is
illustrated on substantially the same time scale as FIGS. 61B
and 61C.

FIG. 61E illustrates a PSK signal 6112, which is gener-
ated by the modulation conversion process. PSK signal 6112
is illustrated with an arbitrary load impedance. Load imped-
ance optimizations are discussed in Section 5 below.

The PSK signal 6112 includes portions 6110A, which
correlate with the energy transfer pulses 6107 in FIG. 61C.
The PSK signal 6112 also includes portions 6110B, which
are between the energy transfer pulses 6109. Portions 6110A
represent energy transferred from the FSK 816 to a storage
device, while simultaneously driving an output load. The
portions 6110A occur when a switching module is closed by
the energy transfer pulses 6109. Portions 6110B represent
energy stored in a storage device continuing to drive the
load. Portions 6110B occur when the switching module is
opened after energy transfer pulses 6107.

In FIG. 61F, a PSK signal 6114 represents a filtered
version of the PSK signal 6112, on a compressed timescale.
The present invention can output the unfiltered demodulated
baseband signal 6112, the filtered demodulated baseband
signal 6114, a partially filtered demodulated baseband
signal, a stair step output signal, etc. The choice between
these embodiments is generally a design choice that depends
upon the application of the invention. The PSK signals 6112
and 6114 can be demodulated with a conventional demodu-

lation technique(s).
Thealiasing rate of the energy transfer signal is preferably

controlled to optimize the down-converted signal for ampli-
tude output and polarity, as desired.
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The drawings referred to herein illustrate modulation
conversion in accordance with the invention. For example,
the PSK signals 6112 in FIG. 61E and 6114 in FIG. 61F
illustrate that the FSK signal 816 was successfully down-
converted to a PSK signal by retaining enough baseband
information for sufficient reconstruction.

3.2.1.2 Structural Description
The operation of the energy transfer system 1602 is now

described for down-converting the FSK signal 816 to a PSK
signal, with reference to the flowchart 4619 andto the timing
diagrams of FIGS. 61A-E.In step 4620, the energy transfer
module 1606 receives the FSK signal 816 (FIG. 61A). In
step 4622, the energy transfer module 1606 receives the
energy transfer signal 6107 (FIG. 61C). In step 4624, the
energy transfer module 1606 transfers energy from the FSK
signal 816 at the aliasing rate of the energy transfer signal
6107 to down-convert the FSK signal 816 to the PSK signal
6112 in FIG. 61E or the PSK signal 6114 in FIG. 61F.
3.2.2 Second Example Embodiment: Down-Converting an
FM Signal to an AM Signal
3.2.2.1 Operational Description

A process for down-converting the FSK signal 816 in
FIG.8C to an ASKsignal is now described for the flowchart
4619 in FIG. 46D.

The FSK signal 816 is re-illustrated in FIG. 62A for
convenience. The FSK signal 816 shifts between a first
frequency 6206 and a second frequency 6208. In the exem-
plary embodiment,the first frequency 6206 is lower than the
second frequency 6208. In an alternative embodiment, the
first frequency 6206 is higher than the second frequency
6208. For this example, the first frequency 6206 is approxi-
mately 899 MHZ andthe second frequency 6208 is approxi-
mately 901 MHZ.

FIG. 62B illustrates an FSK signal portion 6204 that
represents a portion of the FSK signal 816 on an expanded
time scale.

The process begins at step 4620, which includesreceiving
an FMsignal. This is represented by the FSK signal 816.

Step 4622 includes receiving an energy transfer signal
having an aliasing rate F,,. FIG. 62C illustrates an example
energy transfer signal 6207 on approximately the same time
scale as FIG. 62B. The energytransfer signal 6207 includes
a train of energy transfer pulses 6209 having non-negligible
apertures that tend away from zero time in duration. The
energy transfer pulses 6209 repeat at the aliasing rate Fy,,
which is determined or selected as described above.

Generally, when down-converting an FM signal to a non-FM
signal, the aliasing rate is substantially equal to a harmonic
or, more typically, a sub-harmonic of a frequency within the
FM signal.

In this example, where an FSK signal is being down-
converted to an ASKsignal, the aliasing rate is substantially
equal to a harmonic or, moretypically, a sub-harmonic, of
either the first frequency 6206 or the second frequency 6208.
In this example, where the first frequency 6206 is 899 MHZ
and the second frequency 6208 is 901 MHZ,the aliasing rate
can be substantially equal to a harmonic or sub-harmonic of
899 MHZor 901 MHZ.

Step 4624 includes transferring energy from the FM
signal at the aliasing rate to down-convert it to the non-FM
signal Fwoy-esy: In FIG. 62D, an affected FSK signal 6218
illustrates effects of transferring energy from the FSK signal
816 at the aliasing rate F,,. The affected FSK signal 6218
is illustrated on substantially the same time scale as FIGS.
62B and 62C.

FIG. 62E illustrates an ASK signal 6212, which is gen-
erated by the modulation conversion process. ASK signal
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6212 is illustrated with an arbitrary load impedance. Load
impedance optimizations are discussed in Section 5 below.

The ASK signal 6212 includes portions 6210A, which
correlate with the energy transfer pulses 6209 in FIG. 62C.
The ASKsignal 6212 also includes portions 6210B, which
are betweenthe energy transfer pulses 6209. Portions 6210A
represent energy transferred from the FSK 816 to a storage
device, while simultaneously driving an output load. Por-
tions 6210A occur when a switching module is closed by the
energy transfer pulses 6207. Portions 6210B represent
energy stored in a storage device continuing to drive the
load. Portions 6210B occur when the switching module is
opened after energy transfer pulses 6207.

In FIG. 62F, an ASK signal 6214 represents a filtered
version of the ASK signal 6212, on a compressed timescale.
The present invention can output the unfiltered demodulated
baseband signal 6212, the filtered demodulated baseband
signal 6214, a partially filtered demodulated baseband
signal, a stair step output signal, etc. The choice between
these embodiments is generally a design choice that depends
upon the application of the invention. The ASKsignals 6212
and 6214 can be demodulated with a conventional demodu-

lation technique(s).
Thealiasing rate of the energy transfer signal is preferably

controlled to optimize the down-converted signal for ampli-
tude output and/or polarity, as desired.

The drawings referred to herein illustrate modulation
conversion in accordance with the invention. For example,
the ASK signals 6212 in FIG. 62E and 6214 in FIG. 62F
illustrate that the FSK signal 816 was successfully down-
converted to an ASKsignal by retaining enough baseband
information for sufficient reconstruction.

3.2.2.2 Structural Description
The operation of the energy transfer system 1602 is now

described for down-converting the FSK signal 816 to an
ASKsignal, with reference to the flowchart 4619 and to the
timing diagrams of FIGS. 62A-F. In step 4620, the energy
transfer module 6304 receives the FSK signal 816 (FIG.
62A). In step 4622, the energy transfer module 6304
receives the energy transfer signal 6207 (FIG. 62C). In step
4624, the energy transfer module 6304 transfers energy from
the FSK signal 818 at the aliasing rate of the energy transfer
signal 6207 to down-convert the FSK signal 816 to the ASK
signal 6212 in FIG. 62E or the ASKsignal 6214 in FIG. 62F.
3.2.3 Other Example Embodiments

The embodiments described above are provided for pur-
posesofillustration. These embodiments are not intended to
limit the invention. Alternate embodiments, differing
slightly or substantially from those described herein, will be
apparentto personsskilled in the relevant art(s) based on the
teachings contained herein. Such alternate embodimentsfall
within the scope and spirit of the present invention.

Example implementations of the energy transfer module
6302 are disclosed in Sections 4 and 5 below.

3.3 Implementation Examples
Exemplary operational and/or structural implementations

related to the method(s), structure(s), and/or embodiments
described above are presented in Sections 4 and 5 below.
These implementations are presented for purposes of
illustration, and not limitation. The invention is not limited
to the particular implementation examples described therein.
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 alter-
nate implementations fall within the scope and spirit of the
present invention.
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4. 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 purposesof 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.

FIG.63 illustrates an energy transfer system 6302, which
is an exemplary embodimentof the generic aliasing system
1302 in FIG. 13. The energy transfer system 6302 includes
an energy transfer module 6304, which receives the EM
signal 1304 and an energy transfer signal 6306. The energy
transfer signal 6306 includesa train of energy transfer pulses
having non-negligible apertures that tend away from zero
time in duration. The energy transfer pulses repeat at an
aliasing rate F4p.

The energy transfer module 6304 transfers energy from
the EM signal 1304 atthe aliasing rate of the energy transfer
signal 6306, as described in the sections above with respect
to the flowcharts 4601 in FIG. 46A, 4607 in FIG. 46B, 4613
in FIG. 46C and 4619 in FIG. 46D. The energy transfer
module 6304 outputs a down-converted signal 1308B,
which includes non-negligible amounts of energy trans-
ferred from the EM signal 1304.

FIG. 64A illustrates an exemplary gated transfer system
6402, which is an example of the energy transfer system
6302. The gated transfer system 6402 includes a gated
transfer module 6404, which is described below.

FIG. 64B illustrates an exemplary inverted gated transfer
system 6406, which is an alternative example of the energy
transfer system 6302. The inverted gated transfer system
6406 includes an inverted gated transfer module 6408,
which is described below.

4.1 The Energy Transfer System as a Gated Transfer System
FIG. 64Aillustrates the exemplary gated transfer system

6402, which is an exemplary implementation of the energy
transfer system 6302. The gated transfer system 6402
includesthe gated transfer module 6404, which receives the
EM signal 1304 and the energy transfer signal 6306. The
energy transfer signal 6306 includes a train of energy
transfer pulses having non-negligible apertures that tend
away from zero time in duration. The energy transfer pulses
repeat at an aliasing rate Fyp.

The gated transfer module 6404 transfers energy from the
EM signal 1304 at the aliasing rate of the energy transfer
signal 6306, as described in the sections above with respect
to the flowcharts 4601 in FIG. 46A, 4607 in FIG. 46B, 4613
in FIG. 46C and 4619 in FIG. 46D. The gated transfer
module 6404 outputs the down-converted signal 1308B,
which includes non-negligible amounts of energy trans-
ferred from the EM signal 1304.
4.1.1 The Gated Transfer System as a Switch Module and a
Storage Module

FIG. 65 illustrates an example embodiment of the gated
transfer module 6404 as including a switch module 6502 and
a storage module 6506. Preferably, the switch module 6502
and the storage module 6506 transfer energy from the EM
signal 1304 to down-convert it in any of the manners shown
in the operational flowcharts 4601 in FIG. 46A,4607 in FIG.
46B, 4613 in FIG. 46C and 4619 in FIG. 46D.

For example, operation of the switch module 6502 and the
storage module 6506 is now described for down-converting
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the EM signal 1304 to an intermediate signal, with reference
to the flowchart 4607 and the example timing diagrams in
FIG. 83A-F.

In step 4608, the switch module 6502 receives the EM
signal 1304 (FIG. 83A). In step 4610, the switch module
6502 receives the energy transfer signal 6306 (FIG. 83C). In
step 4612, the switch module 6502 and the storage module
6506 cooperate to transfer energy from the EM signal 1304
and down-convert it to an intermediate signal. More
specifically, during step 4612, the switch module 6502
closes during each energy transfer pulse to couple the EM
signal 1304 to the storage module 6506. In an embodiment,
the switch module 6502 closes on rising edges of the energy
transfer pulses. In an alternative embodiment, the switch
module 6502 closes on falling edges of the energy transfer
pulses. While the EM signal 1304 is coupled to the storage
module 6506, non-negligible amounts of energy are trans-
ferred from the EM signal 1304 to the storage module 6506.
FIG. 83B illustrates the EM signal 1304 after the energy is
transferred from it. FIG. 83D illustrates the transferred

energy stored in the storage module 6506. The storage
module 6506 outputs the transferred energy as the down-
converted signal 1308B. The storage module 6506 can
output the down-converted signal 1308B as an unfiltered
signal such as signal shown in FIG. 83E,or as a filtered
down-converted signal (FIG. 83F).
4.1.2 The Gated Transfer System as Break-Before-Make
Module

FIG. 67A illustrates an example embodimentof the gated
transfer module 6404 as including a break-before-make
module 6702 and a storage module 6716. Preferably, the
break before make module 6702 and the storage module
6716 transfer energy from the EM signal 1304 to down-
convert it in any of the manners shown in the operational
flowcharts 4601 in FIG. 46A, 4607 in FIG. 46E, 4613 in
FIG. 46C and 4619 in FIG. 46D.

In FIG. 67A, the break-before-make module 6702
includes a includes a normally open switch 6704 and a
normally closed switch 6706. The normally open switch
6704 is controlled by the energy transfer signal 6306. The
normally closed switch 6706 is controlled by an isolation
signal 6712. In an embodiment,the isolation signal 6712 is
generated from the energy transfer signal 6306.
Alternatively, the energy transfer signal 6306 is generated
from the isolation signal 6712. Alternatively, the isolation
signal 6712 is generated independently from the energy
transfer signal 6306. The break-before-make module 6702
substantially isolates an input 6708 from an output 6710.

FIG. 67B illustrates an example timing diagram of the
energy transfer signal 6306, which controls the normally
open switch 6704. FIG. 67C illustrates an example timing
diagram of the isolation signal 6712, which controls the
normally closed switch 6706. Operation of the break-before-
make module 6702 is now described with reference to the

example timing diagrams in FIGS. 67B and 67C.
Prior to time t0, the normally open switch 6704 and the

normally closed switch 6706 are at their normalstates.
Attime 10, the isolation signal 6712 in FIG. 67C opensthe

normally closed switch 6706. Thus, just after time t0, the
normally open switch 6704 and the normally closed switch
6706 are open and the input 6708is isolated from the output
6710.

At time tl, the energy transfer signal 6306 in FIG. 67B
closes the normally open switch 6704 for the non-negligible
duration of a pulse. This couples the EM signal 1304 to the
storage module 6716.

Prior to t2, the energy transfer signal 6306 in FIG. 67B
opens the normally open switch 6704. This de-couples the
EM signal 1304 from the storage module 6716.
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Attime t2, the isolation signal 6712 in FIG. 67C closes
the normally closed switch 6706. This couples the storage
module 6716 to the output 6710.

The storage module 6716,is similar to the storage module
6506 FIG. 65. The break-before-make gated transfer system
6701 down-converts the EM signal 1304 in a mannersimilar
to that described with reference to the gated transfer system
6501 in FIG. 65.

4.1.3 Example Implementations of the Switch Module
The switch module 6502 in FIG. 65 and the switch

modules 6704 and 6706 in FIG. 67A can be any type of
switch device that preferably has a relatively low impedance
when closed and a relatively high impedance when open.
The switch modules 6502, 6704 and 6706 can be imple-
mented with normally open or normally closed switches.
The switch modules need not be ideal switch modules.

FIG. 66B illustrates the switch modules 6502, 6704 and
6706 as a switch module 6610. Switch module 6610 can be

implemented in either normally open or normally closed
architecture. The switch module 6610 (e.g., switch modules
6502, 6704 and 6706) can be implemented with any type of
suitable switch device, including, but not limited, to
mechanical switch devices and electrical switch devices,
optical switch devices, etc., and combinations thereof. Such
devices include, but are not limited to transistor switch
devices, diode switch devices, relay switch devices, optical
switch devices, micro-machine switch devices,etc., or com-
binations thereof.

In an embodiment, the switch module 6610 can be imple-
mented as a transistor, such as, for example, a field effect
transistor (FET), a bi-polar transistor, or any other suitable
circuit switching device.

In FIG. 66A, the switch module 6610 is illustrated as a
FET 6602. The FET 6602 can be any type of FET,including,
but not limited to, a MOSFET, a JFET, a GaAsFET,etc. The
FET 6602 includes a gate 6604, a source 6606 and a drain
6608. The gate 6604 receives the energy transfer signal 6306
to control the switching action between the source 6606 and
the drain 6608. In an embodiment, the source 6606 and the
drain 6608 are interchangeable.

It should be understood that the illustration of the switch

module 6610 as a FET 6602 in FIG. 66A is for example
purposes only. Any device having switching capabilities
could be used to implement the switch module 6610 (ie.,
switch modules 6502, 6704 and 6706), as will be apparent
to persons skilled in the relevant art(s) based on the discus-
sion contained herein.

In FIG. 66C, the switch module 6610 is illustrated as a
diode switch 6612, which operates as a two lead device
whenthe energy transfer signal 6306 is coupled to the output
6613.

In FIG. 66D, the switch module 6610 is illustrated as a
diode switch 6614, which operates as a two lead device
whenthe energy transfer signal 6306 is coupled to the output
6615.

4.1.4 Example Implementations of the Storage Module
The storage modules 6506 and 6716 store non-negligible

amounts of energy from the EM signal 1304. In an exem-
plary embodiment, the storage modules 6506 and 6716 are
implementedas a reactive storage module 6801 in FIG. 68A,
although the invention is not limited to this embodiment. A
reactive storage module is a storage module that employs
one or more reactive electrical components to store energy
transferred from the EM signal 1304. Reactive electrical
components include, but are not limited to, capacitors and
inductors.

In an embodiment, the storage modules 6506 and 6716
include one or more capacitive storage elements, illustrated
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in FIG. 68B as a capacitive storage module 6802. In FIG.
68C,the capacitive storage module 6802 is illustrated as one
or more capacitorsillustrated generally as capacitor(s) 6804.

The goalof the storage modules 6506 and 6716is to store
non-negligible amounts of energy transferred from the EM
signal 1304. Amplitude reproduction of the original, unaf-
fected EM input signal is not necessarily important. In an
energy transfer environment, the storage module preferably
has the capacity to handle the power being transferred, and
to allow it to accept a non-negligible amount of power
during a non-negligible aperture period.

A terminal 6806 serves as an output of the capacitive
storage module 6802. The capacitive storage module 6802
provides the stored energy at the terminal 6806. FIG. 68F
illustrates the capacitive storage module 6802 as including a
series capacitor 6812, which can be utilized in an inverted
gated transfer system described below.

In an alternative embodiment, the storage modules 6506
and 6716 include one or more inductive storage elements,
illustrated in FIG. 68D as an inductive storage module 6808.

In an alternative embodiment, the storage modules 6506
and 6716 include a combination of one or more capacitive
storage elements and one or more inductive storage
elements, illustrated in FIG. 68E as a capacitive/inductive
storage module 6810.

FIG. 68Gillustrates an integrated gated transfer system
6818 that can be implemented to down-convert the EM
signal 1304 as illustrated in, and described with reference to,
FIGS. 83A-F.

4.1.5 Optional Energy Transfer Signal Module
FIG.69 illustrates an energy transfer system 6901, which

is an example embodiment of the energy transfer system
6302. The energy transfer system 6901 includes an optional
energy transfer signal module 6902, which can perform any
of a variety of functions or combinations of functions
including, but not limited to, generating the energy transfer
signal 6306.

In an embodiment, the optional energy transfer signal
module 6902 includes an aperture generator, an example of
which is illustrated in FIG. 68J as an aperture generator
6820. The aperture generator 6820 generates non-negligible
aperture pulses 6826 from an input signal 6824. The input
signal 6824 can be anytype of periodic signal, including, but
not limited to, a sinusoid, a square wave, a saw-tooth wave,
etc. Systems for generating the input signal 6824 are
described below.

The width or aperture of the pulses 6826 is determined by
delay through the branch 6822 of the aperture generator
6820. Generally, as the desired pulse width increases, the
difficulty in meeting the requirements of the aperture gen-
erator 6820 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 6820 are provided for illustrative pur-
poses only, and are not limiting. The actual logic employed
can take many forms. The example aperture generator 6820
includes an optional inverter 6828, which is shown for
polarity consistency with other examples provided herein.

An example implementation of the aperture generator
6820 is illustrated in FIG. 68K. Additional examples of
aperture generation logic are provided in FIGS. 68H and
68]. FIG. 6H illustrates a rising edge pulse generator 6840,
which generates pulses 6826 on rising edges of the input
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signal 6824. FIG. 68] illustrates a falling edge pulse gen-
erator 6850, which generates pulses 6826 on falling edges of
the input signal 6824.

In an embodiment, the input signal 6824 is generated
externally of the energy transfer signal module 6902, as
illustrated in FIG. 69. Alternatively, the input signal 6924 is
generated internally by the energy transfer signal module
6902. The input signal 6824 can be generated by an
oscillator, as illustrated in FIG. 68L by an oscillator 6830.
The oscillator 6830 can be internal to the energy transfer
signal module 6902 or external to the energy transfer signal
module 6902. The oscillator 6830 can be external to the

energy transfer system 6901. The output of the oscillator
6830 may be any periodic waveform.

The type of down-conversion performed by the energy
transfer system 6901 depends upon the aliasing rate of the
energy transfer signal 6306, which is determined by the
frequency of the pulses 6826. The frequency of the pulses
6826 is determined by the frequency of the input signal
6824. For example, when the frequency of the input signal
6824 is substantially equal to a harmonic or a sub-harmonic
of the EM signal 1304, the EM signal 1304 is directly
down-converted to baseband (e.g. when the EM signalis an
AM signal or a PM signal), or converted from FM to a
non-FMsignal. Whenthe frequency of the input signal 6824
is substantially equal to a harmonic or a sub-harmonicof a
difference frequency, the EM signal 1304 is down-converted
to an intermediate signal.

The optional energy transfer signal module 6902 can be
implemented in hardware, software, firmware, or any com-
bination thereof.

4.2 The Energy Transfer System as an Inverted Gated
Transfer System

FIG. 64B illustrates an exemplary inverted gated transfer
system 6406, which is an exemplary implementation of the
energy transfer system 6302. The inverted gated transfer
system 6406 includes an inverted gated transfer module
6408, which receives the EM signal 1304 and the energy
transfer signal 6306. The energy transfer signal 6306
includes a train of energy transfer pulses having non-
negligible apertures that tend away from zero time in
duration. The energy transfer pulses repeat at an aliasing rate
Fy. The inverted gated transfer module 6408 transfers
energy from the EM signal 1304 at the aliasing rate of the
energy transfer signal 6306, as described in the sections
above with respect to the flowcharts 4601 in FIG. 46A, 4607
in FIG. 46B, 4613 in FIG. 46C and 4619 in FIG. 46D. The
inverted gated transfer module 6408 outputs the down-
converted signal 1308B, which includes non-negligible
amounts of energy transferred from the EM signal 1304.
4.2.1 The Inverted Gated Transfer System as a Switch
Module and a Storage Module

FIG. 74 illustrates an example embodiment of the
inverted gated transfer module 6408 as including a switch
module 7404 and a storage module 7406. Preferably, the
switch module 7404 and the storage module 7406 transfer
energy from the EM signal 1304 to down-convertit in any
of the manners shownin the operational flowcharts 4601 in
FIG. 46A, 4607 in FIG. 46B, 4613 in FIG. 46C and 4619 in
FIG. 46D.

The switch module 7404 can be implemented as described
above with reference to FIGS. 66A—D. The storage module
7406 can be implemented as described above with reference
to FIGS. 68A-F.

In the illustrated embodiment, the storage module 7206
includes one or more capacitors 7408. The capacitor(s) 7408
are selected to pass higher frequency components of the EM
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signal 1304 through to a terminal 7410, regardless of the
state of the switch module 7404. The capacitor 7408 stores
non-negligible amounts of energy from the EM signal 1304.
Thereafter, the signal at the terminal 7410 is off-set by an
amountrelated to the energy stored in the capacitor 7408.

Operation of the inverted gated transfer system 7401 is
illustrated in FIGS. 75A-F. FIG. 75A illustrates the EM

signal 1304. FIG. 75B illustrates the EM signal 1304 after
transferring energy from it. FIG. 75C illustrates the energy
transfer signal 6306, which includes a train of energy
transfer pulses having non-negligible apertures.

FIG. 75D illustrates an example down-converted signal
1308B. FIG. 75E illustrates the down-converted signal
1308B on a compressed time scale. Since the storage module
7406 is a series element, the higher frequencies (e.g., RF) of
the EM signal 1304 can be seen on the down-converted
signal. This can befiltered as illustrated in FIG. 75F.

The inverted gated transfer system 7401 can be used to
down-convert any type of EM signal, including modulated
carrier signals and unmodulated carrier signals.
4.3 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 alter-
nate implementations fall within the scope and spirit of the
present invention.
5. Optional Optimizations of Energy Transfer at an Aliasing
Rate

The methods and systems described in sections above can
be optimized with one or more of the optimization methods
or systems described below.
5.1 Doubling the Aliasing Rate (F,,) of the Energy Transfer
Signal

In an embodiment, the optional energy transfer signal
module 6902 in FIG. 69 includes a pulse generator module
that generates aliasing pulses at twice the frequency of the
oscillating source. The input signal 6828 may be any suit-
able oscillating source.

FIG.71 illustrates a circuit 7102 that generates a doubler
output signal 7104 (FIG. 72B) that may be used as an energy
transfer signal 6306. The circuit 7102 generates pulses on
both rising and falling edges of the input oscillating signal
7106 of FIG. 72A. The circuit 7102 can be implemented as
a pulse generator and aliasing rate (F4,) doubler. The
doubler output signal 7104 can be used as the energy transfer
signal 6306.

In the example of FIG. 71, the aliasing rate is twice the
frequency of the input oscillating signal Fo.< 7106, as
shown by EQ. (9) below.

Fap=2-Fosc EQ.(9)

The aperture width of the aliasing pulses is determined by
the delay through a first inverter 7108 of FIG. 71. As the
delay is increased, the aperture is increased. A second
inverter 7112 is shown to maintain polarity consistency with
examples described elsewhere. In an alternate embodiment
inverter 7112 is omitted. Preferably, the pulses have non-
negligible aperture widths that tend away from zero time.
The doubler output signal 7104 may be further conditioned
is appropriate to drive the switch module with non-
negligible aperture pulses. The circuit 7102 may be imple-
mented with integrated circuitry, discretely, with equivalent
logic circuitry, or with any valid fabrication technology.



Case 6:21-cv-00520-ADA   Document 32-16   Filed 02/23/22   Page 189 of 207Case 6:21-cv-00520-ADA Document 32-16 Filed 02/23/22 Page 189 of 207

6,061,551
103

5.2 Differential Implementations
The invention can be implemented in a variety of differ-

ential configurations. Differential configurations are useful
for reducing common modenoise. This can be very useful
in receiver systems where common modeinterference can
be caused by intentional or unintentional radiators such as
cellular phones, CBradios, electrical appliances etc. Differ-
ential configurations are also useful in reducing any com-
mon mode noise due to charge injection of the switch in the
switch module or due to the design and layout of the system
in which the invention is used. Any spurious signal that is
induced in equal magnitude and equal phase in both input
leads of the invention will be substantially reduced or
eliminated. Somedifferential configurations, including some
of the configurations below,are also useful for increasing the
voltage and/or for increasing the power of the down-
converted signal 1308B. While an example of a differential
energy transfer module is shown below, the example is
shown for the purpose of illustration, not limitation. Alter-
nate embodiments (including equivalents, extensions,
variations, deviations etc.) of the embodiment described
herein will be apparent to those skilled in the relevant art
based on the teachings contained herein. The invention is
intended and adapted to include such alternate embodi-
ments.

FIG. 76A illustrates a differential system 7602 that can be
includedin the energy transfer module 6304. The differential
system 7602 includes an inverted gated transfer design
similar to that described with reference to FIG. 74. The

differential system 7602 includes inputs 7604 and 7606 and
outputs 7608 and 7610. The differential system 7602
includesa first inverted gated transfer module 7612, which
includes a storage module 7614 and a switch module 7616.
The differential system 7602 also includes a second inverted
gated transfer module 7618, which includes a storage mod-
ule 7620 and a switch module 7616, which it shares in
common with inverted gated transfer module 7612.

One or both of the inputs 7604 and 7606 are coupled to
an EM signal source. For example, the inputs can be coupled
to an EM signal source, wherein the input voltages at the
inputs 7604 and 7606 are substantially equal in amplitude
but 180 degrees out of phase with one another. Alternatively,
where dual inputs are unavailable, one of the inputs 7604
and 7606 can be coupled to ground.

In operation, when the switch module 7616is closed, the
storage modules 7614 and 7620 are in series and, provided
they have similar capacitive values, accumulate charge of
equal magnitude but opposite polarities. When the switch
module 7616 is open, the voltage at the output 7608 is
relative to the input 7604, and the voltage at the output 7610
is relative to the voltage at the input 7606.

Portions of the signals at the outputs 7608 and 7610
include signals resulting from energy stored in the storage
modules 7614 and 7620, respectively, when the switch
module 7616 was closed. The portions of the signals at the
outputs 7608 and 7610 resulting from the stored charge are
generally equal in amplitude to one another but 180 degrees
out of phase.

Portions of the signals at the outputs 7608 and 7610 also
include ripple voltage or noise resulting from the switching
action of the switch module 7616. But because the switch

module is positioned between the two outputs 7608 and
7610, the noise introduced by the switch module appears at
the outputs as substantially equal and in-phase with one
another. As a result, the ripple voltage can be substantially
canceled out by inverting the signal at one of the outputs
7608 or 7610 and adding it to the other remaining output.
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Additionally, any noise that is impressed with equal ampli-
tude and equal phase onto the input terminals 7604 and 7606
by any other noise sources will tend to be canceled in the
same way.

The differential system 7602 is most effective when used
with a differential front end (inputs) and a differential back
end (outputs). It can also be utilized in the following
configurations, for example:

a) Asingle-inputfront end andadifferential back end; and
b) A differential front end and a single-output back end.

Examples of these system are provided below.
5.2.1 Differential Input-to-Differential Output

FIG. 76B illustrates the differential system 7602 wherein
the inputs 7604 and 7606 are coupled to equal and opposite
EMsignal sources,illustrated here as dipole antennas 7624
and 7626. In this embodiment, when oneofthe outputs 7608
or 7610 is inverted and added to the other output, the
common mode noise due to the switching module 7616 and
other common mode noise present at the input terminals
7604 and 7606 tend to substantially cancel out.
5.2.2 Single Input-to-Differential Output

FIG. 76C illustrates the differential system 7602 wherein
the input 7604 is coupled to an EM signal source such as a
monopole antenna 7628 and the input 7606 is coupled to
ground. In this configuration, the voltages at the outputs
7608 and 7610 are approximately one half the value of the
voltages at the outputs in the implementation illustrated in
FIG. 76B, given all other parameters are equal.

FIG. 76Eillustrates an example single input to differential
output receiver/down-converter system 7636. The system
7636 includes the differential system 7602 wherein the input
7606 is coupled to ground as in FIG. 76C. The input 7604
is coupled to an EM signal source 7638 through an optional
input impedance match 7642. The EM signal source imped-
ance can be matched with an impedance match system 7642
as described in section 5 below.

The outputs 7608 and 7610 are coupled to a differential
circuit 7644 such asafilter, which preferably inverts one of
the outputs 7608 or 7610 and addsit to the other output 7608
or 7610. This substantially cancels common mode noise
generated by the switch module 7616. The differential
circuit 7644 preferably filters the higher frequency compo-
nents of the EM signal 1304 that pass through the storage
modules 7614 and 7620. The resultant filtered signal is
output as the down-converted signal 1308B.
5.2.3 Differential Input-to-Single Output

FIG. 76D illustrates the differential input to single output
system 7629 wherein the inputs 7604 and 7606 of the
differential system 7602 are coupled to equal and opposite
EMsignal dipole antennas 7630 and 7632. In system 7629,
the common mode noise voltages are not canceled as in
systems shown above. The output is coupled from terminal
7608 to a load 7648.

5.3 Smoothing the Down-Converted Signal
The down-converted signal 1308B may be smoothed by

filtering as desired. The differential circuit 7644 imple-
mented asafilter in FIG. 76E illustrates but one example.
This may be accomplished in any of the described embodi-
ments by hardware, firmware and software implementation
as is well knownby those skilled in the arts.
5.4 Impedance Matching

The energy transfer module has input and output imped-
ances generally defined by (1) the duty cycle of the switch
module, and (2) the impedanceof the storage module,at the
frequencies of interest (e.g. at the EM input, and
intermediate/baseband frequencies).

Starting with an aperture width of approximately % the
period of the EM signal being down-converted as a preferred
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embodiment, this aperture width (e.g. the “closed time”) can
be decreased. As the aperture width is decreased, the char-
acteristic impedanceat the input and the outputof the energy
transfer module increases. Alternatively, as the aperture
width increases from % the period of the EM signal being
down-converted, the impedanceof the energy transfer mod-
ule decreases.

One of the steps in determining the characteristic input
impedanceof the energy transfer module could be to mea-
sure its value. In an embodiment, the energy transfer mod-
ule’s characteristic input impedance is 300 ohms. An imped-
ance 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 imped-
ance of, for example, 300 ohms. Matching these impedances
can be accomplished in various manners, including provid-
ing the necessary impedance directly or the use of an
impedance match circuit as described below.

Referring to FIG. 70, a specific embodiment using an RF
signal as an input, assuming that the impedance 7012 is a
relatively low impedance of approximately 50 Ohms, for
example, and the input impedance 7016 is approximately
300 Ohms, an initial configuration for the input impedance
match module 7006 can include an inductor 7306 and a

capacitor 7308, configured as shown in FIG. 73. The con-
figuration of the inductor 7306 and the capacitor 7308 is a
possible configuration when going from a low impedanceto
a high impedance. Inductor 7306 and the capacitor 7308
constitute an L match, the calculation of the values which is
well knownto those skilled in the relevantarts.

The output characteristic impedance can be impedance
matched to take into consideration the desired output fre-
quencies. One of the steps in determining the characteristic
output impedanceof the energy transfer module could be to
measure its value. Balancing the very low impedanceof 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 impedanceat a desired 1 MHz
output frequency is 2K ohm andthe desired load to be driven
is 50 ohms). An additional benefit of impedance matchingis
that filtering of unwanted signals can also be accomplished
with the same components.

In an embodiment, the energy transfer module’s charac-
teristic output impedance is 2K ohms. An impedance match-
ing circuit can be utilized to efficiently couple the down-
converted signal with an output impedanceof, 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 matchcircuit as described below.

When matching from a high impedance to a low
impedance, a capacitor 7314 and an inductor 7316 can be
configured as shown in FIG. 73. The capacitor 7314 and the
inductor 7316 constitute an L match, the calculation of the
componentvalues being well knownto those skilled in the
relevantarts.

The configuration of the input impedance match module
7006 and the output impedance match module 7008 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 compo-
nents are utilized, their affect on the characteristic imped-
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ance of the energy transfer module should be taken into
account in the match along with their own originalcriteria.
5.5 Tanks and Resonant Structures

Tanks and resonant circuits can be used to further opti-
mize the energy transfer characteristics of the invention. An
example embodiment is shown in FIG. 94A. 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. This embodiment takes advantage of
the properties of series and parallel (tank) resonant circuits.

A first parallel resonant or tank circuit consists of a
capacitor 9438 and an inductor 9420 (tank1). A second tank
circuit consists of a capacitor 9434 and an inductor 9436
(tank2). In the illustrated example, the first and second tank
circuits resonate at approximately 920 Mhz. At and near
resonance, the impedanceof these circuits is relatively high.
Therefore, in the circuit configuration shown in FIG. 94A,
both tank circuits appear as relatively high impedanceto the
input frequency of 950 Mhz, while simultaneously appear-
ing as relatively low impedanceto frequencies in the desired
output range of 50 Mhz.

An energy transfer signal 9442 controls a switch 9414.
Whenthe energy transfer signal 9442 controls the switch
9414 to open and close, high frequency signal components
are not allowed to pass through tank1 or tank 2. However,
the lower signal components (50 Mhz 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 9418 and 9440 act to store the 50
Mhzoutput signal energy between energy transfer pulses.

Further energy transfer optimization is provided by plac-
ing an inductor 9410 in series with a storage capacitor 9412
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 9410
and the impedance of the storage capacitor 9412 is prefer-
ably kept relatively small so that the majority of the energy
available will be transferred to storage capacitor 9412 during
operation. Exemplary output signals A and B areillustrated
in FIGS. 94B and 94C,respectively.

In FIG. 94A,circuit components 9404 and 9406 form an
input impedance match. Circuit components 9432 and 9430
form an output impedance match into a 50 ohm resistor
9428. Circuit components 9422 and 9424 form a second
output impedance match into a 50 ohm resistor 9426.
Capacitors 9408 and 9412 act as storage capacitors for the
embodiment. Voltage source 9446 and resistor 9402 gener-
ate a 950 Mhz signal with a 50 ohm output impedance,
which are used as the input to the circuit. Circuit element
9416 includes a 150 Mhz oscillator and a pulse generator,
which are used to generate the energy transfer signal 9442.

The example tank and resonantstructures described above
are for illustrative purposes and are not limiting. Alternate
configurations can be utilized.
5.6 Optimizing and Adjusting the Non-Negligible Aperture
Width/Duration

In an embodiment of the invention, the energy transfer
signal 6306 of FIG. 63 is used to vary the input impedance
seen by the EM Signal 1304 and to vary the output imped-
ance driving a load. An example of this embodiment is
described below using the gated transfer module 6404
shownin FIG. 68G,and in FIG. 82A. The method described
below is not limited to the gated transfer module 6404,as it
can be applied to all of the embodiments of energy transfer
module 6304.
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In FIG. 82A, when switch 8206 is closed, the impedance
looking into circuit 8202 is substantially the impedance of
storage module illustrated as the storage capacitance 8208,
in parallel with the impedance of the load 8212. When the
switch 8206 is open, the impedance at point 8214
approachesinfinity. It follows that the average impedanceat
point 8214 can be varied from the impedanceof the storage
module illustrated as the storage capacitance 8208, in par-
allel with the load 8212,to the highest obtainable impedance
when switch 8206 is open, by varying the ratio of the time
that switch 8206 is open to the time switch 8206 is closed.
Since the switch 8206 is controlled by the energy transfer
signal 8210, the impedance at point 8214 can be varied by
controlling the aperture width of the energy transfer signal,
in conjunction with the aliasing rate.

An example methodofaltering the energy transfer signal
6306 of FIG. 63 is now described with reference to FIG. 71,
where the circuit 7102 receives the input oscillating signal
7106 and outputs a pulse train shown as doubler output
signal 7104. The circuit 7102 can be used to generate the
energy transfer signal 6306. Example waveforms of 7104
are shown on FIG. 72B.

It can be shown that by varying the delay of the signal
propagated by the inverter 7108, the width of the pulses in
the doubler output signal 7104 can be varied. Increasing the
delay of the signal propagated by inverter 7108, increases
the width of the pulses. The signal propagated by inverter
7108 can be delayed by introducing a R/C low pass network
in the output of inverter 7108. Other means of altering the
delay of the signal propagated by inverter 7108 will be well
known to those skilled in the art.

As can now bereadily seen from this disclosure; many of
the aperture circuits presented, and others, can be modified
in the manner described above (e.g. circuits in FIGS. 68
H-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 MHzand 1.8 GHz.

5.7 Adding a Bypass Network
In an embodiment of the invention, a bypass network is

added to improve the efficiency of the energy transfer
module. For example, referring to FIG. 95 a bypass network
9502 (shown in this instance as capacitor 9512), is shown
bypassing switch module 9504. In this embodiment the
bypass network increasesthe efficiency of the energy trans-
fer module when, for example, less than optimal aperture
widths were chosen for a given input frequency on the
energy transfer signal 9506. The bypass network 9502 could
be of different configurations than shown in FIG. 95. Such
an alternate is illustrated in FIG. 90.

5.8 Modifying the Energy Transfer Signal Utilizing Feed-
back

FIG. 69 shows an embodiment of a system 6901 which
uses down-converted Signal 1308B as feedback 6906 to
control various characteristics of the energy transfer module
6304 to modify the down-converted signal 1308B.

Generally, the amplitude of the down-converted signal
1308B 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 1308B is used as the feedback 6906 to control the
frequency and phase relationship between the EM signal
1304 and the energy transfer signal 6306. This can be
accomplished using the example logic in FIG. 85A. The
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example circuit in FIG. 85A can be included in the energy
transfer signal module 6902. Alternate implementations will
be apparent to persons skilled in the relevantart(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. 85A, a state machine 8504 reads
an analog to digital converter, A/D 8502, and controls a
digital to analog converter, DAC 8506. In an embodiment,
the state machine 8504 includes 2 memory locations, Pre-
vious and Current, to store and recall the results of reading
A/D 8502. In an embodiment, the state machine 8504
utilizes at least one memoryflag.

The DAC 8506 controls an input to a voltage controlled
oscillator, VCO 8508. VCO 8508 controls a frequency input
of a pulse generator 8510, which, in an embodiment, is
substantially similar to the pulse generator shown in FIG.
68J. The pulse generator 8510 generates energy transfer
signal 6306.

In an embodiment, the state machine 8504 operates in
accordance with a state machine flowchart 8519 in FIG.

85B. Theresult of this operation is to modify the frequency
and phase relationship between the energy transfer signal
6306 and the EM signal 1304, to substantially maintain the
amplitude of the down-converted signal 1308B at an opti-
mum level.

The amplitude of the down-converted signal 1308B can
be made to vary with the amplitude of the energy transfer
signal 6306. In an embodiment where the switch module
6502 is a FET is shown in FIG. 66A, wherein the gate 6604
receives the energy transfer signal 6306, the amplitude of the
energy transfer signal 6306 can determine the “on”resis-
tance of the FET, which affects the amplitude of the down-
converted signal 1308B. The energy transfer signal module
6902, as shown in FIG. 85C, can be an analog circuit that
enables an automatic gain control function. Alternate imple-
mentations 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.
5.9 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 alter-
nate implementations fall within the scope and spirit of the
present invention.
6. Example Energy Transfer Downconverters

Example implementations are described below forillus-
trative purposes. The invention is not limited to these
examples.

FIG.86 is a schematic diagram of an exemplary circuit to
down convert a 915 MHz signal to a 5 MHzsignal using a
101.1 MHz clock.

FIG. 87 shows example simulation waveforms for the
circuit of FIG. 86. Waveform 8602 is the input to the circuit
showingthe distortions caused by the switch closure. Wave-
form 8604 is the unfiltered output at the storage unit.
Waveform 8606 is the impedance matched output of the
downconverter on a different time scale.

FIG.88 is a schematic diagram of an exemplary circuit to
downconvert a 915 MHzsignal to a 5 MHzsignal using a
101.1 MHz clock. The circuit has additional tank circuitry to
improve conversion efficiency.

FIG. 89 shows example simulation waveforms for the
circuit of FIG. 88. Waveform 8802 is the input to the circuit
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showingthe distortions caused by the switch closure. Wave-
form 8804 is the unfiltered output at the storage unit.
Waveform 8806is the output of the downconverter after the
impedance match circuit.

FIG.90 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. 91 shows example simulation waveforms for the
circuit of FIG. 90. Waveform 9002 is the input to the circuit
showingthe distortions caused by the switch closure. Wave-
form 9004 is the unfiltered output at the storage unit.
Waveform 9006is the output of the downconverter after the
impedance match circuit.

FIG. 92 shows a schematic of the example circuit in FIG.
86 connected to an FSK source that alternates between 913

and 917 MHz,at abaud rate of 500 Kbaud. FIG. 93 shows
the original FSK waveform 9202 and the downconverted
waveform 9204 at the output of the load impedance match
circuit.
IV. Additional Embodiments

Additional aspects/embodiments of the invention are con-
sidered in this section.

In one embodiment of the present invention there is
provided a method of transmitting information between a
transmitter and a receiver comprising the steps of transmit-
tingafirst series of signals each having a knownperiod from
the transmitter at a knownfirst repetition rate; sampling by
the receiver each signal in the first series of signals a single
time and for a knowntimeinterval the sampling ofthefirst
series of signals being at a secondrepetition rate that is a rate
different from the first repetition rate by a known amount;
and generating by the receiver an output signal indicative of
the signal levels sampled in step B and having a period
longer than the known period of a transmitted signal.

In another embodimentof the invention there is provided
a communication system comprising a transmitter meansfor
transmitting a first series of signals of known period at a
knownfirst repetition rate, a receiver meansfor receiving the
first series of signals, the receiver means including sampling
means for sampling the signal level of each signalfirst series
of signals for a known time interval at a known second
repetition rate, the second repetition rate being different
from the first repetition rate by a known amountas estab-
lished by the receiver means. The receiver means includes
first circuit means for generating a first receiver output
signal indicative of the signal levels sampled and having a
period longer than one signal of the first series of signals.
The transmitter means includes an oscillator for generating
an oscillator output signal at the first repetition rate, switch
means for receiving the oscillator output signal and for
selectively passing the oscillator output signal, waveform
generating means for receiving the oscillator output signal
for generating a waveform generator output signal having a
time domain and frequency domain established by the
waveform generating means.

The embodiment of the invention described herein

involves a single or multi-user communications system that
utilizes coherent signals to enhance the system performance
over conventional radio frequency schemes while reducing
cost and complexity. The design allows direct conversion of
radio frequencies into baseband components for processing
and provides a high level of rejection for signals that are not
related to a known or controlled slew rate between the

transmitter and receiver timing oscillators. The system can
be designed to take advantage of broadband techniques that
further increase its reliability and permit a high user density
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within a given area. The technique employed allows the
system to be configured as a separate transmitter-receiver
pair or a transceiver.

The basic objectives of the present system is to provide a
new communication technique that can be applied to both
narrow and wide band systems.In its most robust form,all
of the advantages of wide band communications are an
inherent part of the system and the invention does not
require complicated and costly circuitry as found in con-
ventional wide band designs. The communications system
utilizes coherent signals to send and receive information and
consists of a transmitter and a receiver in its simplest form.
The receiver contains circuitry to turn its radio frequency
input on and off in a knownrelationship in time t0 the
transmitted signal. This is accomplished by allowing the
transmitter timing oscillator and the receiver timing oscil-
lator to operate at different but known frequencies to create
a knownslew rate between the oscillators. If the slew rate is

small compared to the timing oscillator frequencies, the
transmitted waveform will appearstable in time, 1.e., coher-
ent (moving at the known slew rate) to the receiver’s
switched input. The transmitted waveform is the only wave-
form that will appear stable in time to the receiver and thus
the receiver’s input can be averaged to achieve the desired
level filtering of unwanted signals. This methodology makes
the system extremely selective without complicated filters
and complex encoding and decoding schemesandallowsthe
direct conversion of radio frequency energy from an antenna
or cable to baseband frequencies with a minimum numberof
standard components further reducing cost and complexity.
The transmitted waveform can be a constant carrier

(narrowband), a controlled pulse (wideband and_ultra-
wideband) or a combination of both such as a dampened
sinusoidal wave and or anyarbitrary periodic waveform thus
the system can be designed to meet virtually any bandwidth
requirement. Simple standard modulation and demodulation
techniques such as AM and Pulse Width Modulation can be
easily applied to the system.

Depending on the system requirements suchasthe rate of
information transfer, the process gain, and the intended use,
there are multiple preferred embodiments of the invention.
The embodimentdiscussed herein will be the amplitude and
pulse width modulated system. It is one of the simplest
implementations of the technology and has many common
components with the subsequent systems. A amplitude
modulated transmitter consists of a Transmitter Timing
Oscillator, a Multiplier, a Waveform Generator, and an
Optional Amplifier. The Transmitter Timing Oscillator fre-
quency can be determined by a numberof resonate circuits
including an inductor and capacitor, a ceramic resonator, a
SAW resonator, or a crystal. The output waveform is
sinusoidal, although a squarewaveoscillator would produce
identical system performance.

The Multiplier component multiplies the Transmitter
Timing Oscillator output signal by 0 or 1 or other constants,
K1 and K2,to switch the oscillator output on and off to the
Waveform Generator. In this embodiment, the information
input can be digital data or analog data in the form of pulse
width modulation. The Multiplier allows the Transmitter
Timing Oscillator output to be present at the Waveform
Generator input when the information input is above a
predetermined value. In this state the transmitter will pro-
duce an output waveform. When the information input is
below a predetermined value, there is no input to the
Waveform Generator and thus there will be no transmitter

output waveform. The output of the Waveform Generator
determines the system’s bandwidth in the frequency domain
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and consequently the numberof users, process gain immu-
nity to interference and overall reliability), the level of
emissions on any given frequency, and the antenna or cable
requirements. The Waveform Generator in this example
creates a one cycle pulse output which produces an ultra-
wideband signal in the frequency domain. An optional
power Amplifier stage boosts the output of the Waveform
Generator to a desired powerlevel.

With reference now to the drawings, the amplitude and
pulse width modulated transmitter in accord with the present
invention is depicted at numeral 9100 in FIGS. 96 and 97.
The Transmitter Timing Oscillator 9602 is a crystal-
controlled oscillator operating at a frequency of 25 MHZ.
Multiplier 9604 includes a two-input NAND gate 9202
controlling the gating of oscillator 9602 output to Waveform
Generator 9606. Waveform Generator 9606 producesa pulse
output as depicted at 9808 in FIGS. 988A-98D and 99, which
produces a frequency spectrum 10002 in FIG. 100. Ampli-
fier 9608 is optional. The transmitter 9600 output is applied
to antenna or cable 9610, which as understood in the art,
may be of various designs as appropriate in the circum-
stances.

FIGS. 98A-98D, 99 and 100 illustrate the various signals
present in transmitter 9600. The output of transmitter 9600
in FIG. 98A maybeeither a sinusoidal or squarewave signal
9802 that is provided as one input into NAND gate 9702.
Gate 9702 also receives an information signal 9804 in FIG.
98B which,in the embodiment shown,is digital in form. The
output 9806 of Multiplier 9604 can be either sinusoidal or
squarewave depending uponthe original signal 9802. Wave-
form Generator 9606 provides an output of a single cycle
impulse signal 9808. The single cycle impulse 9810 varies
in voltage aroundastatic level 9812 and is created at 40
nanosecondsintervals. In the illustrated embodiment, the
frequency of transmitter 9602 is 25 MHZ and accordingly,
one cycle pulses of 1.0 GHZ are transmitted every 40
nanoseconds during the total time interval that gate 9702 is
“on” and passes the output of transmitter oscillator 9602.

FIG. 101 showsthe preferred embodimentreceiver block
diagram to recover the amplitude or pulse width modulated
information and consists of a Receiver Timing Oscillator
10110, Waveform Generator 10108, RF Switch Fixed or
Variable Integrator 10106, Decode Circuit 10114, two
optional Amplifier/Filter stages 10104 and 10112, antennaor
cable input 10102, and Information Output 10116. The
Receiver Timing Oscillator 10110 frequency can be deter-
mined by a numberof resonate circuits including an inductor
and capacitor, a ceramic resonator, a SAW resonator, or a
crystal. As in the case of the transmitter, the oscillator 10110
shownhere is a crystal oscillator. The output waveform is a
squarewave, although a sinewave oscillator would produce
identical system performance. The squarewavetiming oscil-
lator output 10202 is shown in FIG. 102A. The Receiver
Timing Oscillator 10110 is designed to operate within a
range of frequencies that creates a known rangeof slew rates
relative to the Transmitter Timing Oscillator 9602. In this
embodiment, the Transmitter Timing Oscillator 9602 fre-
quency is 25 MHZ and the Receiver Timing Oscillator
10110 outputs between 25.0003 MHZ and 25.0012 MHZ
which creates a +300 to +1200 Hz slewrate.

The Receiver Timing Oscillator 10110 is connected to the
Waveform Generator 10108 which shapes the oscillator
signal into the appropriate output to control the amount of
the time that the RF switch 10106 is on and off. The on-time

of the RF switch 10106 should be less than % of a cycle (‘Ao
of a cycle is preferred) or in the case of a single pulse, no
wider than the pulse width of the transmitted waveform or
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the signal gain of the system will be reduced. Examplesare
illustrated in Table Al. Therefore the output of the Wave-
form Generator 10108 is a pulse of the appropriate width
that occurs once per cycle of the receiver timing oscillator
10110. The output 10204 of the Waveform Generator is
shown in FIG. 102B.

TABLE Al

Transmitted Waveform Gain Limit on-time Preferred on-time

Single 1 nanosecond pulse 1 nanosecond
1 Gigahertz 1,2,3 ... etc. cycle 500 picoseconds

output
10 Gigahertz 1,2,3... etc. cycle 50 picoseconds
output

100 picoseconds
50 picoseconds

5 picoseconds

The RF Switch/Integrator 10106 samples the RF signal
10206 shown in FIG. 102C when the Waveform Generator

output 10207 is below a predetermined value. When the
Waveform Generator output 10204 is above a predetermined
value, the RF Switch 10106 becomesa high impedance node
and allows the Integrator to hold the last RF signal sample
10206 until the next cycle of the Waveform Generator 10108
output. The Integrator section of 10106 is designed to charge
the Integrator quickly (fast attack) and discharge the Inte-
grator at a controlled rate (slow decay). This embodiment
provides unwanted signal rejection and is a factor in deter-
mining the baseband frequency response of the system. The
sense of the switch control is arbitrary depending on the
actual hardware implementation.

In an embodimentof the present invention, the gating or
sampling rate of the receiver 10100 is 300 Hz higher than the
25 MHZ transmission rate from the transmitter 9600.

Alternatively, the sampling rate could be less than the
transmission rate. The difference in repetition rates between
the transmitter 9600 and receiver 10100, the “slew rate,” is
300 Hz and results in a controlled drift of the sampling
pulses over the transmitted pulse which thus appears
“stable” in time to the receiver 10100. With reference now

to FIGS. 98A-98D and 102A-102G, an example is illus-
trated for a simple case of an output signal 10208 (FIG.
102D)that is constructed of four samples from four RF input
pulses 10206 for ease of explanation. As can be clearly seen,
by sampling the RF pulses 10206 passed when the trans-
mitter information signal 9804 (FIG. 98B) is above a pre-
determine threshold the signal 10208 is a replica of a signal
10206 but mappedinto a different time base. In the case of
this example, the new time base has a period four times
longer than real time signal. The use of an optional
amplifier/filter 10112 results in a further refinement of the
signal 10208 whichis present in FIG. 102E as signal 10210.

Decode Circuitry 10114 extracts the information con-
tained in the transmitted signal and includes a Rectifier that
rectifies signal 10208 or 10210 to provide signal 10212 in
FIG. 102G. The Variable Threshold Generator circuitry in
circuit 10114 provides a DC threshold signal level 10214 for
signal 10210 that is used to determine a high (transmitter
output on) or low (transmitter output off) and is shown in
FIG. 102G. The final output signal 10216 in FIG. 102F is
created by an output voltage comparatorin circuit 10114 that
combinessignals 10212 and 10114 such that whenthe signal
10212 is a higher voltage than signal 10214,the information
output signal goes high. Accordingly, signal 10216
represents, for example, a digital “1” that is now time-based
to a 1:4 expansion of the period of an original signal 10206.
While this illustration provides a 4:1 reduction in frequency,
it is sometimes desired to provide a reduction of more than
50,000:1; in the preferred embodiment, 100,000:1 or greater
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is achieved. This results in a shift directly from RF input
frequency to low frequency baseband without the require-
ment of expensive intermediate circuitry that would have to
be used if only a 4:1 conversion was used asa first stage.
Table A2 provides information as to the time base conver- 5
sion and includes examples.

TABLE A2

Units

114

FIGS. 106-109 illustrate different pulse output signals
10602 and 10802 andtheir respective frequency domain at
10702 and 10902. As can be seen from FIGS. 106 and 107,
the half-cycle signal 10602 generates a spectrum less subject
to interference than the single cycle of FIG. 99 and the
10-cycle pulse of FIG. 108. The various outputs determine

s=1 ps=1-10"% ns=1-10° us=1-10°° MHz=1-10° KHz=1- 10°
Receiver Timing Oscillator Frequency = 25.0003 MHz
Transmitter Timing Oscillator Frequency = 25 MHz

1
period = =——__________—_

Transmitter Timing Oscillator Frequency

period = 40 ns

1
slew rate = ££ANAM

Receiver Timing Oscillator Frequency—
Transmitter Timing Oscillator Frequency

slew rate = 0.003 s

. oo slew rate
time base multiplier =

 
seconds per nanosecond

time base multiplier = 8.333 - 10*
Example 1:

1 nanosecondtranslates into 83.33 microseconds

time base = (1 ns) - time base multipliertime base = 83.333 us

Example 2:

2 Gigahertz translates into 24 Kilohertz 2 Gigahertz = 500 picosecond period
time base = (500 ps) - time base multipliertime base = 41.667 us

1
frequency = —————time base

frequency = 24 KHz

In the illustrated preferred embodiment, the signal 10216
in FIG. 102F has a period of 83.33 usec, a frequency of 12
KHzandit is produced once every 3.3 msec for a 300 Hz
slew rate. Stated another way, the system is converting a 1
gigahertz transmitted signal into an 83.33 microsecond
signal.

Accordingly, the series of RF pulses 9810 that are trans-
mitted during the presence of an “on” signal at the infor-
mation input gate 9702 are used to reconstruct the informa-
tion input signal 9804 by samplingthe series of pulses at the
receiver 10100. The system is designed to provide an
adequate number of RF inputs 10206 to allow for signal
reconstruction.

An optional Amplifier/Filter stage or stages 10104 and
10112 may be included to provide additional receiver
sensitivity, bandwidth control or signal conditioning for the
Decode Circuitry 10114. Choosing an appropriate time base
multiplier will result in a signal at the output of the Inte-
grator 10106 that can be amplified and filtered with opera-
tional amplifiers rather than RF amplifiers with a resultant
simplification of the design process. The signal 10210 in
FIG. 102Eillustrates the use of Amplifier/Filter 10112 (FIG.
103). The optional RF amplifier 10104 shown as the first
stage of the receiver should be included in the design when
increased sensitivity and/or additional filtering is required.
Example receiver schematics are shown in FIGS. 103-105.
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the system’s immunity to interference, the numberof users
in a given area, and the cable and antenna requirements.
FIGS. 99 and 100 illustrate example pulse outputs.

FIGS. 110 and 111 show example differential receiver
designs. The theory of operation is similar to the non-
differential receiver of FIG. 101 except that the differential
technique provides an increased signal to noise ratio by
means of common moderejection. Any signal impressed in
phase at both inputs on the differential receiver will attenu-
ated by the differential amplifier shown in FIGS. 110 and 111
and conversely any signal that produces a phase difference
between the receiver inputs will be amplified.

FIGS. 112 and 113 illustrate the time and frequency
domains of a narrow band/constantcarrier signal in contrast
to the ultra-wide band signals used in the illustrated embodi-
ment.
V. Conclusions

Example embodiments of the methods, systems, and
components of the present invention have been described
herein. As noted elsewhere, these example embodiments
have been described for illustrative purposes only, and are
not limiting. Other embodiments are possible and are cov-
ered by the invention. Such other embodiments include but
are not limited to hardware, software, and software/
hardware implementations of the methods, systems, and
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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.

Whatis claimedis:

1. A method for down-converting a carrier signal to a
lower frequency signal, comprising the steps of:

(1) receiving a carrier signal;
(2) transferring non-negligible amounts of energy from

the carrier signal, at an aliasing rate that is substantially
equal to a frequencyof the carrier signal plus or minus
frequency of the lower frequency signal, divided by n,
where n represents a harmonic or sub-harmonic of the
carrier signal; and

(3) generating a lower frequency signal from the trans-
ferred energy.

2. The method according to claim 1, wherein step (2)
comprises the step of generating an energy transfer signal
having the aliasing rate and using the energy transfer signal
to transfer the energy from the carrier signal.

3. The method according to claim 2, wherein step (2)
further comprises the step of generating a train of pulses
having non-negligible apertures that tend away from zero
time in duration.

4. The method according to claim 2, wherein step (2)
further comprises the step of optimizing a phase of the
energy transfer signal.

5. The method according to claim 2, wherein step (2)
further comprises the step of optimizing the frequency of the
energy transfer signal.

6. The method according to claim 1, wherein step (1)
comprises the step of receiving an amplitude modulated
carrier signal.

7. The method according to claim 1, wherein step (1)
comprises the step of receiving a phase modulated carrier
signal.

8. The method according to claim 1, wherein step (1)
comprises the step of receiving a carrier signal having a
frequency greater than 1 giga Hertz.

9. The method according to claim 1, wherein step (1)
comprises the step of receiving a carrier signal having a
frequency between 10 mega Hertz and 10 giga Hertz.

10. The method according to claim 1, wherein step (1)
comprises the step of receiving the carrier signal through a
relatively low input impedance path.

11. The method according to claim 1, wherein step (1)
comprises the step of receiving the carrier signal through a
relatively efficient power transfer path.

12. The method according to claim 1, wherein step (1)
comprises the step of receiving the carrier signal through a
substantially impedance matched input path.

13. The method according to claim 1, further comprising
the step of:

providing the lower frequency signal directly to a rela-
tively low impedanceload.

14. The method according to claim 1, further comprising
the step of:

providing the lower frequency signal directly to a load
through a relatively efficient powertransfer path.

15. The method according to claim 1, further comprising
the step of:

providing the lower frequency signal to a load through
substantially impedance matched path.
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16. The method according to claim 1, wherein step (2)
comprises the step of coupling the carrier signal to a reactive
storage device at the aliasing rate.

17. The method according to claim 2, wherein step (2)
comprises the step of generating the energy transfer signal
without synchronizing it with the carrier signal.

18. The method according to claim 2, wherein step (2)
comprises the step of generating the energy transfer signal
without synchronizing it to a phase of the carrier signal.

19. The method according to claim 2, wherein step (2)
comprises the step of generating the energy transfer signal
independent of the carrier signal.

20. The method according to claim 2, wherein step (2)
comprises the step of generating an asynchronous energy
transfer signal having the aliasing rate and using the asyn-
chronousenergy transfer signal to transfer the energy from
the carrier signal.

21. The method according to claim 20, wherein step (1)
comprises the step of receiving the carrier signal through a
relatively low input impedance path.

22. The method according to claim 20, wherein step (1)
comprises the step of receiving the carrier signal through a
relatively efficient power transfer path.

23. An apparatus for down-converting a carrier signal to
a lower frequency signal, comprising:

an energy transfer signal generator;

a switch module controlled by said energy transfer signal
generator; and

a storage module coupled to said switch module;
wherein said storage module receives non-negligible
amounts of energy transferred from a carrier signal at an
aliasing rate that is substantially equal to a frequency of the
carrier signal plus or minus a frequency of the lower
frequency signal, divided by n where n represents a har-
monic or sub-harmonicofthe carrier signal, wherein a lower
frequency signal is generated from the transferred energy.

24. The apparatus according to claim 23, wherein said
circuit comprises:

an input impedance match circuit coupled to an input of
said apparatus.

25. The apparatus according to claim 23, wherein said
circuit comprises:

an output impedance match circuit coupled to an output of
said apparatus.

26. The apparatus according to claim 23, wherein said
switch module is coupled between input of said apparatus
and said storage module.

27. The apparatus according to claim 23, wherein said
circuit comprises:

a tank circuit coupled between an input of said apparatus
and said switch circuit.

28. The apparatus according to claim 23, wherein said
circuit comprises:

a feed forward circuit in parallel with said switch module.
29. The apparatus according to claim 23, wherein said

storage module is coupled between a input of said apparatus
and said switch module.

30. The apparatus according to claim 23, wherein said
apparatus is tuned for at least on frequency greater than one
giga Hertz.

31. The apparatus according to claim 23, wherein said
apparatus is tuned for at least on frequency between 10
Mega Hertz and 10 Giga Hertz.

32. The apparatus according to claim 23, wherein said
energy transfer signal generator comprises an asynchronous
energy transfer signal generator.
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33. The method according to claim 1, wherein step (2)
comprises the step of gating the carrier signal according to
a control signal comprising a stream of pulses, having
non-negligible apertures, that repeat at the aliasing rate.

34. The method according to claim 33, wherein step (2)
further comprises the step of optimizing the control signal
based on the lower frequency signal.

35. The method according to claim 34, wherein step (2)
further comprises the step of controlling a frequencyrela-
tionship between the carrier signal and the control signal.

36. The method according to claim 34, wherein step (2)
further comprises the step of controlling a phase relationship
between the carrier signal and the control signal.

37. The method according to claim 34, wherein step (2)
further comprises the step of controlling a frequencyrela-
tionship and a phase relationship between the carrier signal
and the control signal.

38. The method according to claim 33, wherein step (2)
further comprises thestep of gating the carrier signal accord-
ing to an asynchronouscontrol signal comprising a stream of
pulses, having non-negligible apertures, that repeat at the
aliasing rate.

39. The method according to claim 1, wherein step (2)
further comprises thestep of gating the carrier signal accord-
ing to a control signal comprising a stream of pulses, having
non-negligible apertures that are equal in duration to
approximate half cycles of the carrier signal.

40. The method according to claim 1, wherein step (3)
comprises the step of generating a analog lower frequency
signal from the transferred energy.

41. The method according to claim 1, wherein step (2)
comprises the steps of:

(a) transferring a non-negligible portion of energy con-
tained in a portion of the carrier signal; and

(b) repeating step (2)(a) at the aliasingrate.
42. The method according to claim 41, wherein step (2)(a)

comprises the step of transferring at least one tenth of one
percent of the energy contained in a half period of the carrier
signal.

43. The method according to claim 41, wherein step (2)(a)
comprises the step of transferring at least one percent of the
energy contained in a half period of the carrier signal.

44. The method according to claim 41, wherein step (2)(a)
comprises the step of transferring at least ten percent of the
energy contained in a half period of the carrier signal.

45. The method according to claim 41, wherein step (2)(a)
comprises the step of transferring at least twenty five percent
of the energy contained in a half period ofthe carrier signal.

46. The method according to claim 41, wherein step (2)(a)
comprises the step of transferringat least fifty percent of the
energy contained in a half period of the carrier signal.

47. The method according to claim 41, wherein step (2)(a)
comprises the step of transferring at least seventy five
percent of the energy contained in a half period of the carrier
signal.

48. The method according to claim 41, wherein step (2)(a)
comprises the step of transferring at least eighty percent of
the energy contained in a half period of the carrier signal.

49. The method according to claim 41, wherein step (2)(a)
comprises the step of transferring at least ninety percent of
the energy contained in a half period of the carrier signal.

50. The method according to claim 41, wherein step (3)
comprises the step of integrating the transferred energy and
generating the lower frequency signal from the integrated
energy.

51. The method according to claim 1, wherein step (3)
comprises the step of integrating the transferred energy and
generating the lower frequency signal from the transferred
energy.
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52. The method according to claim 1, wherein step (2)
comprises the steps of:

(a) transferring a substantial portion of energy contained
in N periods of the carrier signal, wherein N equals A
plus B, where A is a positive integer and B is approxi-
mately equal to a fraction of an integer; and

(b) repeating step (2)(a) at the aliasing rate.
53. The method according to claim 52, wherein step (3)

comprises the step of integrating the transferred energy and
generating the lower frequency signal from the integrated
energy.

54. The method according to claim 1, wherein step (2)
comprises the step of transferring non-negligible amounts of
energy from the carrier signal, at an aliasing rate that is
substantially equal to a harmonic or sub-harmonic frequency
of the carrier signal.

55. The method according to claim 1, wherein step (1)
comprises the step of receiving a modulated carrier signal.

56. The method of claim 55, wherein step (3) comprises
the step of generating a lower frequency modulated carrier
signal from the transferred energy.

57. The method of claim 55, wherein step (3) comprises
the step of generating a demodulated baseband signal from
the transferred energy.

58. The method of claim 55, wherein step (1) comprises
the step of receiving at least one of an amplitude modulated
signal, a frequency modulated signal, and a phase modulated
signal.

59. The method of claim 1, wherein step (1) comprises the
step of receiving the carrier signal via a communication
medium.

60. The method of claim 59, wherein step (1) further
comprises the step of receiving the carrier signal via a wire
communication medium.

61. The method of claim 1, wherein step (1) comprises the
step of receiving an unmodulated carrier signal.

62. The method of claim 1, wherein step (3) comprises the
step of generating an intermediate frequency signal from the
transferred energy.

63. The method of claim 1, wherein step (3) comprises the
step of generating a substantially zero frequency signal from
the transferred energy.

64. The method of claim 1, wherein step (2) comprises the
step of:

(a) generating an energy transfer signal comprising a train
of pulses, said pulses controlling opening and closing
of a switch to transfer energy from the received carrier
signal.

65. The method of claim 64, wherein step (2)(a) com-
prises the step of establishing apertures of said pulses to
increase the time that said switch is closed, thereby reducing
an impedanceof said switch.

66. The method of claim 64, wherein step (2)(a) com-
prises the step of widening apertures of said pulses of said
energy transfer signal by a non-negligible amountthat tends
awayfrom zero time in duration to extend the time that said
switch is closed, thereby increasing energy transferred from
said carrier signal.

67. The method of claim 66, wherein step (2)(a) further
comprises the step of widening said apertures of said pulses
to one of:

(J) a non-zero fraction of a period of said carrier signal;
and

(II) one or more periods of said carrier signal plus or
minus a non-zero fraction of period of said carrier
signal.
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68. The method of claim 66, wherein step (2) further
comprises the step of transferring sufficient energy from said
carrier signal to drive loads without additional buffering or
amplification, including high impedance loads and low
impedance loads.

69. The method of claim 66, wherein said widening of
said apertures of said pulses substantially prevents accurate
voltage reproduction of said carrier signal during said aper-
tures.

70. The method of claim 66, wherein step (2) further
comprises the step of matching an impedance of said switch
to a source impedance, thereby increasing energy transferred
from said carrier signal.

71. The method of claim 64, wherein step (2) further
comprises the step of matching an impedance of said switch
to a load impedance, thereby increasing energy transferred
from said carrier signal.

72. The method of claim 64, wherein step (2) further
comprises the step of:

coupling said carrier signal to said switch via a resonant
circuit, said resonant circuit storing energy from com-
ponentsof said carrier signal while said switch is open,
and wherein energy stored in said resonant circuit is
discharged via said switch while said switch is closed,
thereby increasing energy transfer from said carrier
signal.

73. The method of claim 72, wherein said resonantcircuit
is configured to appear as high impedancetoafirst range of
frequencies including a frequencyofsaid carrier signal, and
configured to appear as a low impedance to a second range
of frequencies including a frequencyof said lower frequency
signal, such that passage of componentsof said carrier signal
in said first range of frequencies is impeded through said
resonant circuit, and such that passage of componentsof said
carrier signal in said second range of frequencies is not so
impeded through said resonant circuit.

74. The method of claim 1, wherein step (2) comprises the
step of:

(a) generating an energy transfer signal comprising a train
of pulses, said pulses controlling opening and closing
of a switch to transfer energy from said carrier signal;

wherein step (2)(a) comprises the step of establishing
apertures of said pulses to increase the time that said
switch is closed, thereby reducing an impedanceof said
switch;

wherein step (2)(a) comprises the step of widening aper-
tures of said pulses of said energy transfer signal by a
non-negligible amount that tends away from zero time
in duration to extend the time that said switchis closed,
thereby increasing energy transferred from said carrier
signal;

wherein said apertures of said pulses of said energy
transfer signal are oneof:
(1) a non-zerofraction of a period of said carrier signal;

and

(II) one or more periods of said carrier signal plus or
minus a non-zero fraction of a period of said carrier
signal;

wherein energy transferred from said carrier signal is
sufficient to drive loads without additional buffering or
amplification, including high impedance loads and low
impedance loads; and

wherein said widening of said apertures of said pulses
substantially prevents accurate voltage reproduction of
said carrier signal during said apertures.

75. The method of claim 74, wherein step (2) further
comprises the step of:
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matching an impedance of said switch to a source
impedance, thereby increasing energy transferred from
said carrier signal.

76. The method of claim 74, further comprising the step
of:

matching an impedance of said switch to a load
impedance, thereby increasing energy transferred from
said carrier signal.

77. The method of claim 74, further comprising the step
of:

transferring said carrier signal to said switch via a reso-
nant circuit, said resonant circuit storing energy from
components of said carrier signal while said switch is
open, and wherein energystored in said resonantcircuit
is discharged via said switch while said switch is closed
thereby increasing energy transfer from said carrier
signal.

78. The method of claim 77, wherein said resonantcircuit
is configured to appear as high impedancetoafirst range of
frequencies including a frequencyof said carrier signal, and
configured to appear as a low impedanceto a second range
of frequencies including a frequency of said lower frequency
signal, such that passage of componentsof said carrier signal
in said first range of frequencies is impeded through said
resonantcircuit, and such that passage of componentsof said
carrier signal in said second range of frequencies is not so
impeded through said resonant circuit.

79. The method according to claim 1, wherein step (1)
comprises the step of receiving a frequency modulated
carrier signal.

80. The method according to claim 79, wherein step (3)
comprises the step generating an intermediate frequency,
frequency modulated signal, from the transferred energy.

81. The method according to claim 79, wherein step (3)
comprises the step of generating an intermediate frequency,
non-frequency modulated signal, from the transferred
energy.

82. The method according to claim 79, wherein step (3)
comprises the step of generating an intermediate frequency,
amplitude modulated signal, from the transferred energy.

83. The method according to claim 79, wherein step (3)
comprises the step of generating an intermediate frequency,
phase modulated signal, from the transferred energy.

84. The method according to claim 1, wherein step (2)
further comprises the step of generating an asynchronous
energy transfer signal having a harmonic substantially equal
to a frequencyof the carrier signal minus a frequencyof the
lower frequency signal, and using the asynchronous energy
transfer signal to transfer the energy from the carrier signal.

85. The method according to claim 2, wherein step (2)
further comprises the step of controlling a sample and hold
system with the energy transfer signal.

86. The method according to claim 85, wherein step (2)
further comprises the step of using the energy transfer signal
to control a switching device that couples the received
carrier signal to a storage device.

87. The method according to claim 85, wherein step (3)
comprises the step of integrating the transferred energy in
the storage device.

88. The method according to claim 2, wherein step (2)
further comprises the step of optimizing an amplitude of the
energy transfer signal.

89. The method according to claim 3, wherein step (2)
further comprises the step of optimizing an amplitude of the
pulses.

90. The method according to claim 3, wherein step (2)
further comprises the step of optimizing a shape of the
pulses.
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91. The method according to claim 2, wherein step (2)
further comprises the step of optimizing the energy transfer
signal based on the lower frequencysignal.

92. The method according to claim 3, wherein step (2)
further comprises the step of controlling a frequencyrela-
tionship between the pulses and the carrier signal, based on
the lower frequency signal.

93. The method according to claim 3, wherein step (2)
further comprises the step of controlling a frequencyrela-
tionship and a phase relationship between the pulses and the
carrier signal, based on the lower frequency signal.

94. The method according to claim 2, wherein step (2)
further comprises the step of optimizing an amplitude of the
energy transfer signal, based on the lower frequencysignal.

95. The method according to claim 3, wherein step (2)
further comprises the step of optimizing an amplitude of the
pulses, based on the lower frequency signal.

96. The method according to claim 3, wherein step (2)
further comprises the step of optimizing a shape of the
pulses, based on the lower frequency signal.

97. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in duration to
approximate half cycles of the carrier signal.

98. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in durationto at least
one tenth of one percent of approximate half cycles of the
carrier signal.

99. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in durationto at least
one percent of approximate half cycles of the carrier signal.

100. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in duration to ant
least ten percent of approximate half cycles of the carrier
signal.

101. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in durationto at least
twenty five percent of approximate half cycles of the carrier
signal.

102. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in durationto at least
fifty percent of approximate half cycles ofthe carrier signal.

103. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in durationto at least
seventy five percent of approximate half cycles of the carrier
signal.

104. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in durationto at least
ninety percent of approximate half cycles of the carrier
signal.

105. The method according to claim 3, wherein step (2)
further comprises the step of generating the pulses with
non-negligible apertures that are equal in duration N cycles
of the carrier signal, wherein N equals A plus B, where A is
a positive integer and B is a fraction of an integer.

106. The method according to claim 1, wherein step (2)
comprises the step of transferring non-negligible amounts of
energy relative to energy contained in half cycles of the
carrier signal.

107. The method according to claim 1, wherein step (2)
further comprises the step of generating a train of pulses
having non-negligible apertures relative to a period of the
carrier signal.

wn

10

15

20

25

30

35

40

45

50

55

60

65

122

108. The method according to claim 1, wherein step (3)
comprises the step of integrating the transferred energy
during apertures.

109. The method according to claim 1, wherein step (2)
comprises the step of transferring controlled non-negligible
amounts of energy.

110. The method according to claim 1, wherein:

step (2) comprises the step of transferring non-negligible
amounts of energy from the carrier signal during aper-
ture periods, which occurat the aliasing rate; and

step (3) comprises the step of integrating the transferred
energy over the aperture period and generating the
lower frequency signal from the integrated energy.

111. The method according to claim 1, wherein step (2)
comprises the step of transferrmg controlled substantial
amounts of energy from the carrier signalat the aliasing rate.

112. The method according to claim 1, wherein:

step (2) comprises the step of transferring controlled
substantial amounts of energy from the carrier signal
during aperture periods, which occur at the aliasing
rate, wherein said transferring of energy substantially
prevents accurate voltage reproduction of the carrier
signal during the apertures; and

step (3) comprises the step of integrating the transferred
energy over the aperture periods;

and generating the lower frequency signal from the inte-
grated energy.

113. The method according to claim 1, wherein:
step (2) comprises the step of transferring controlled

substantial amounts of energy from the carrier signal
during aperture periods, which occur at the aliasing
rate, wherein said transferring of energy substantially
prevents accurate voltage reproduction of the carrier
signal during the apertures; and

step (3) comprises the step of integrating the transferred
energy over the aperture periods and generating the
lower frequency signal from the integrated energy.

114. The method according to claim 33, wherein step (2)
further comprises the step of gating the carrier signal accord-
ing to a control signal comprising a stream of pulses having
non-negligible apertures that are equal in duration to
approximate half cycles of the carrier signal and that are
substantially aligned with positive half cycles of the carrier
signal.

115. The method according to claim 33, wherein step (2)
further comprises the step of gating the carrier signal accord-
ing to a control signal comprising a stream of pulses having
non-negligible apertures that are equal in duration to
approximate half cycles of the carrier signal and that are
substantially aligned with negative half cycles of the carrier
signal.

116. The method according to claim 40, wherein step (2)
further comprises the step of gating the carrier signal accord-
ing to a control signal comprising a stream of pulses having
non-negligible apertures that are equal in duration to
approximate half cycles of the carrier signal and that are not
synchronized with the carrier signal.

117. The method according to claim 1, wherein step (2)
comprises the steps of:

(a) convolving a portion of a cycle of the carrier with a
shaped waveform; and

(b) repeating step (2)(a) at the aliasing rate.
118. The method according to claim 117, wherein step (3)

comprises the step of integrating the results of steps (2)(a)
and (2)(b) and generating the lower frequency signal from
the integrated results.



Case 6:21-cv-00520-ADA   Document 32-16   Filed 02/23/22   Page 199 of 207Case 6:21-cv-00520-ADA Document 32-16 Filed 02/23/22 Page 199 of 207

6,061,551
123

119. The method according to claim 118, wherein step
(2)(a) comprises the step of convolving the portion of a cycle
of the carrier signal with a substantially square waveform.

120. The method of claim 59, wherein step (1) further
comprises the step of receiving the carrier signal via a
wireless communication medium.

121. The method according to claim 2, wherein step (2)
further comprises the step of optimizing an amplitude of the
energy transfer signal.

122. The method according to claim 1, wherein step (2)
comprises the step of transferring non-negligible amounts of
energy from the carrier signal, at the aliasing rate that is
substantially equal to a frequency of the carrier signal plus
or minus a frequency of the lower frequency signal divided
by n, where n is equal to 0.5 or any positive integer.

123. The method according to claim 33, wherein step (2)
further comprises thestep of gating the carrier signal accord-
ing to a control signal comprising a stream of pulses, having
non-negligible apertures that are substantially synchronized
with the carrier signal.

124. The method according to claim 33, wherein step (2)
further comprises thestep of gating the carrier signal accord-
ing to a control signal comprising a stream of pulses, having
non-negligible apertures that are not synchronized with the
carrier signal.

125. The method according to claim 1, wherein step (3)
comprises the step of generating the lower frequency signal
directly from the transferred energy.

126. The method according to claim 1, wherein step (3)
comprises the step of generating the lower frequency signal
at baseband directly from the transferred energy.

127. The method according to claim 1, wherein step (3)
comprises the step of preserving modulation information
without the carrier signal.

128. The method according to claim 1, wherein step (3)
comprises the step of preserving modulation information
without reproducing the carrier signal.

129. The method according to claim 1, wherein step (3)
comprises the step of:

(a) controlling the amount of energy transferred from the
carrier signal.

130. The method according to claim 129, wherein step
(3)(a) comprises the step of controlling an aperture.

131. The method according to claim 130, wherein step
(3)(a) further comprises the step of controlling an aperture
width.

132. The method according to claim 130, wherein step
(3)(a) further comprises the step of controlling an aperture
frequency.

133. The method according to claim 130, wherein step
(3)(a) further comprises the step of controlling an aperture
shape.

134. The method according to claim 129, wherein step
(3)(a) comprises the step of controlling energy transfer
characteristics.

135. The apparatus according to claim 23, wherein said
energy transfer signal generator generates an energy transfer
signal comprising a train of pulses having non-negligible
apertures that tend away from zero time in duration.

136. The apparatus according to claim 136, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least one
tenth of one percent of approximate half cycles ofthe carrier
signal.

137. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least one
percent of approximate half cycles of the carrier signal.

10

15

20

25

30

35

40

45

50

55

60

65

124

138. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least ten
percent of approximate half cycles of the carrier signal.

139. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least twenty-
five percent of approximate half cycles of the carrier signal.

140. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least fifty
percent of approximate half cycles of the carrier signal.

141. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least
seventy-five percent of approximate half cycles of the carrier
signal.

142. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to at least ninety
percent of approximate half cycles of the carrier signal.

143. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration to approximate
half cycles of the carrier signal.

144. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration of up to ninety
percent of a full cycle of the carrier signal.

145. The apparatus according to claim 135, wherein said
energy transfer signal generator generates the pulses with
non-negligible apertures equal in duration N cycles of the
carrier signal, wherein N equals A plus B, where A is a
positive integer and B is a fraction of an integer.

146. The apparatus according to claim 135, wherein said
energy transfer signal generator optimizes an amplitude of
the energy transfer signal.

147. The apparatus according to claim 135, wherein said
energy transfer signal generator optimizes an amplitude of
the energy transfer signal pulses.

148. The apparatus according to claim 135, wherein said
energy transfer signal generator optimizes a shape of the
energy transfer signal pulses.

149. The apparatus according to claim 23, further com-
prising:

a feedback loop that couples an output of said switch
module to said energy transfer signal generator.

150. The apparatus according to claim 149, wherein said
energy transfer signal generator generates an energy transfer
signal comprising a train of pulses having non-negligible
apertures that tend away from zero time in duration.

151. The apparatus according to claim 150, wherein said
energy transfer signal generator optimizes a frequencyof the
energy transfer signal based on said feedback loop.

152. The apparatus according to claim 151, wherein said
energy transfer signal generator controls a frequency rela-
tionship between the carrier signal and the energy transfer
signal.

153. The apparatus according to claim 150, wherein said
energy transfer signal generator optimizes a phase of the
energy transfer signal based on said feedback loop.

154. The apparatus according to claim 153, wherein said
energy transfer signal generator controls a phase relationship
between the carrier signal and the energy transfer signal.

155. The apparatus according to claim 150, wherein said
energy transfer signal generator optimizes a frequency and
phase of the energy transfer signal, based on said feedback
loop.
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156. The apparatus according to claim 155, wherein said
energy transfer signal generator controls a frequency rela-
tionship and a phase relationship between the carrier signal
and the energy control signal.

157. The apparatus according to claim 150, wherein said
energy transfer signal generator optimizes an amplitude of
the energy transfer signal based on said feedback loop.

158. The apparatus according to claim 157, wherein said
energy transfer signal generator optimizes an amplitude of
the energy transfer signal pulses based on said feedback
loop.

159. The apparatus according to claim 150, wherein said
energy transfer signal generator optimizes a shape of the
energy transfer signal pulses based on said feedback loop.

160. The apparatus according to claim 23, wherein said
storage device comprises a capacitive storage device sized to
store substantial amounts of energy relative to energy con-
tained in approximate half cycles of the carrier signal.

161. The apparatus according to claim 23, wherein said
storage device comprises a capacitive storage device sized to
store substantial amounts of energy relative to energy con-
tained in a percentage of half cycles of a carrier signal,
whereby said capacitive storage device integrates the trans-
ferred energy.

162. The apparatus according to claim 26, further com-
prising at least one of the following:

an input impedance match circuit coupled between said
switch module and an apparatus input;

an output impedance match circuit coupled between said
storage module and an apparatus output;

a feed forward circuit in parallel with said switch module;
and

a tank circuit coupled between said switch circuit and said
apparatus input.

163. The apparatus according to claim 23, wherein said
switch module is implemented in a complimentary, metal
oxide, semi-conductor (C-MOS) material.

164. The apparatus according to claim 23, wherein said
switch module and said storage module are implemented in
a single integrated circuit.

165. The apparatus according to claim 164, wherein said
switch module and said storage module are implemented in
a complimentary, metal oxide, semi-conductor (C-MOS)
material.

166. The apparatus according to claim 23, wherein said
switch module, said storage module and said energy transfer
signal generator are implemented in a single integrated
circuit.

167. The apparatus according to claim 166, wherein said
switch module, said storage module, and said energy trans-
fer signal generator are implemented in a complimentary,
metal oxide, semi-conductor (C-MOS) material.

168. The apparatus according to claim 23, wherein said
switch module comprises at least two switch devices.

169. The apparatus according to claim 168, wherein said
at least two switch devices are configured differentially.

170. The apparatus according to claim 23, wherein said
energy transfer signal generator comprises:

a clock generator that generates a clock signal at the
aliasing rate; and

an aperture generator that generates pulses having non-
negligible apertures, based on the clock signal.

171. The apparatus according to claim 170, wherein said
aperture generator generates the pulses with apertures that
are non-negligible relative to a period of a carrier signal.

172. The apparatus according to claim 170, wherein said
aperture generator generates the pulses with apertures equal
to a substantial portion of a half period of the carrier signal.
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173. The apparatus according to claim 170, wherein said
clock generator generates the clock signal with rising and
falling edges and said aperture generator is configured to
generate a pulse for each of said rising edges.

174. The apparatus according to claim 170, wherein said
clock generator generates the clock signal with rising and
falling edges and said aperture generator generates a pulse
for each of said falling edges.

175. The apparatus according to claim 170, wherein said
clock generator generates the clock signal with rising and
falling edges and said aperture generator generates pulses
for each of said rising edges and eachofsaid falling edges.

176. The apparatus according to claim 173, wherein said
aperture generator generates multiple pulses for each of said
rising edges.

177. The apparatus according to claim 23, further com-
prising a controllable output impedance.

178. The apparatus according to claim 23, further com-
prising an output impedance device that substantially sets an
output voltage level.

179. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level higher than a voltage level of a received carrier
signal.

180. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level lower than a voltage level of a received carrier
signal.

181. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level equal to a voltage level of a received carriersignal.

182. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level to approximately two volts peak to peak.

183. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level to approximately three volts peak to peak.

184. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level to approximately four volts peak to peak.

185. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level to approximately five volts peak to peak.

186. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level to approximately eight volts peak to peak.

187. The apparatus according to claim 178, wherein said
output impedance device substantially sets the output volt-
age level to approximately ten volts peak to peak.

188. The apparatus according to claim 23, further com-
prising an controllable output impedance device that sub-
stantially sets an output voltage level.

189. The apparatus according to claim 23, wherein said
apparatus generates a lower frequency signal having a
voltage level that is higher than a voltage level of an input
carrier signal.

190. The apparatus according to claim 23, wherein said
apparatus generates a lower frequency signal having a
voltage level that is lower than a voltage level of an input
carrier signal.

191. The apparatus according to claim 23, wherein said
energy transfer signal generator generates an energy transfer
signal having the aliasing rate that is substantially equal to
a frequency of the carrier signal plus or minus a frequency
of the lower frequencysignal, divided by n, where n is equal
to 0.5 or a positive integer.

192. The apparatus according to claim 23, wherein the
aliasing rate is substantially equal to frequency of the carrier
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signal divided by n and the lower frequency signal is a
basebandsignal.

193. The apparatus according to claim 23, wherein the
aliasing rate is substantially equal to frequency of the carrier
signal divided by n, and the lower frequency signal is a
demodulate basebandsignal.

194. The apparatus according to claim 23, wherein the
aliasing rate is substantially equal to a frequency of the
carrier signal divided by n and the lowerfrequency signalis
a zero frequency signal.

195. The apparatus according to claim 23, wherein said
storage module receives non-negligible amounts of energy
transferred from a carrier signal at an aliasing rate that is
substantially equal to a frequency of the carrier signal plus
or minus a frequency of the lower frequency signal, divided
by n, where n is equal to one of 0.5 or an integer.

196. The apparatus according to claim 23, wherein said
energy transfer signal generator generates an energy transfer
signal having an aliasing rate that is substantially equal to a
frequency of the carrier signal plus or minus a frequency of
the lower frequencysignal, divided by n, where n represents
a harmonic or sub-harmonic of the carrier signal.

197. The apparatus according to claim 23, further com-
prising a circuit to efficiently transfer power from the carrier
signal.

198. The apparatus according to claim 23, wherein said
storage module receives and integrates the non-negligible
amounts of energy from the carrier signal and generates the
lower frequency signal from the integrated energy.

199. The apparatus according to claim 23, wherein said
storage module receives and integrates controlled non-
negligible amounts of energy transferred from the carrier
signal and generates the lower frequency signal from the
integrated energy.

200. The apparatus according to claim 23, wherein said
storage module receives and integrate controlled non-
negligible amounts of energy transferred from a carrier
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signal over aperture periods, wherein said storage module
generates a lower frequency signal from the integrate trans-
ferred energy.

201. The apparatus according to claim 23, wherein said
storage module receives and integrate controlled substantial
amounts of energy transferred from the carrier signal over
aperture periods wherein said storage module generates a
lower frequency signal from the integrated energy.

202. The apparatus according to claim 23, wherein said
storage module receives and integrate controlled substantial
amounts of energy transferred from the carrier signal over
aperture periods wherein said storage module generates a
lower frequency signal from the integrated energy wherein
the transferring of energy substantially prevents accurate
voltage reproduction of the carrier signal during the aper-
tures.

203. The apparatus according to claim 23, wherein:

said energy transfer signal generator generates an energy
transfer signal having an aliasing rate that is substan-
tially equal to a frequency of the carrier signal plus or
minus a frequency of the lower frequency signal,
divided by n, where n represents a harmonic or sub-
harmonic of the carrier signal; and

said storage module receives and integrates controlled
substantial amounts of energy transferred from the
carrier signal over aperture periods, wherein said stor-
age module generate a lower frequency signal from the
integrated energy, wherein the transferring of energy
substantially prevents accurate voltage reproduction of
the carrier signal during the apertures.

204. The method according to claim 3, wherein step (2)
further comprises the step of controlling a phase relationship
between the pulses and the carrier signal, based on the lower
frequency signal.
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