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WIRELESS AND WIRED CABLE MODEM
APPLICATIONS OF UNIVERSAL
FREQUENCY TRANSLATION
TECHNOLOGY

This application claims the benefit of U.S. Provisional
Application No. 60/178,741, filed Jan. 28, 2000.

CROSS REFERENCE TO OTHER
APPLICATIONS

The following applications of common assignee are
related to the present application, and are herein incorpo-
rated by reference in their entireties:

“Integrated Frequency Translation And Selectivity,” Ser.
No. 09/175,966, filed Oct. 21, 1998, now U.S. Pat. No.
6,049,706.

“Method and System for Down-Converting Electromag-
netic Signals,” Ser. No. 09/176,022, filed Oct. 21, 1998, now
U.S. Pat. No. 6,061,551.

“Method and System for Ensuring Reception of a Com-
munications Signal,” Ser. No. 09/176,415, filed Oct. 21,
1998, now U.S. Pat. No. 6,061,555.

“Method and System for Frequency Up-Conversion,” Ser.
No. 09/176,154, filed Oct. 21, 1998, now U.S. Pat. No.
6,091,940.

“Universal Frequency Translation, and Applications of
Same,” Ser. No. 09/176,027, filed Oct. 21, 1998.

“Applications of Universal Frequency Translation,” Ser.
No. 09/261,129, filed Mar. 3, 1999.

“Method and System for Down-Converting Electromag-
netic Signals Having Optimized Switch Structures,” Ser. No.
09/293,095, filed Apr. 16, 1999.

“Integrated Frequency Translation and Selectivity with a
Variety of Filter Embodiments,” Ser. No. 09/293,283, filed
Apr. 16, 1999.

“Method and System for Down-Converting Electromag-
netic Signals Including Resonant Structures for Enhanced
Energy Transfer,” Ser. No. 09/293,342, filed Apr. 16, 1999.

“Method and System for Frequency Up-Conversion with
a Variety of Transmitter Configurations,” Ser. No. 09/293,
580, filed Apr. 16, 1999.

“Method, System, and Apparatus for Balanced Frequency
Up-Conversion of a Baseband Signal,” Ser. No. 09/525,615,
filed Mar. 14, 2000.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is generally related to frequency
translation, and applications of same, and more particularly
to wireless and wired applications of cable modems using
universal frequency translation technology.

2. Related Art

Various communication components exist for performing
frequency down-conversion, frequency up-conversion, and
filtering. Also, schemes exist for signal reception in the face
of potential jamming signals. Furthermore, cable modems
exist which communicate over cable TV network cables.
These cable modems transmit and receive signals using
conventional means.

SUMMARY OF THE INVENTION

The present invention is directed to frequency translation,
and applications of same. Such applications include, but are
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2

not limited to, frequency down-conversion, frequency
up-conversion, enhanced signal reception, unified down-
conversion and filtering, and combinations and applications
of same.

The invention may include one or more receivers,
transmitters, and transceivers. According to embodiments of
the invention, at least some of these receivers, transmitters,
and transceivers are implemented using universal frequency
translation (UFT) modules. The UFT modules perform
frequency translation operations. Embodiments of the
present invention incorporating various applications of the
UFT module are described below.

Implementations of the invention exhibit multiple advan-
tages by using UFT modules. These advantages include, but
are not limited to, lower power consumption, longer power
source life, fewer parts, lower cost, less tuning, and more
effective signal transmission and reception. The present
invention can receive and transmit signals across a broad
frequency range. The structure and operation of embodi-
ments of the UFT module, and various applications thereof
are described in detail in the following sections.

Further features and advantages of the invention, as well
as the structure and operation of various embodiments of the
invention, are described in detail below with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

The present invention is described with reference to the
accompanying drawings, wherein:

FIG. 1A is a block diagram of a universal frequency
translation (UFT) module according to an embodiment of
the invention;

FIG. 1B is a more detailed diagram of a UFT module
according to an embodiment of the invention;

FIG. 1C illustrates a UFT module used in a universal
frequency down-conversion (UFD) module according to an
embodiment of the invention;

FIG. 1D illustrates a UFT module used in a universal
frequency up-conversion (UFU) module according to an
embodiment of the invention;

FIG. 2 is a block diagram of a UFT module according to
an alternative embodiment of the invention;

FIG. 3 is a block diagram of a UFU module according to
an embodiment of the invention;

FIG. 4 is a more detailed diagram of a UFU module
according to an embodiment of the invention;

FIG. 5 is a block diagram of a UFU module according to
an alternative embodiment of the invention;

FIGS. 6A—6I illustrate exemplary waveforms used to
describe the operation of the UFU module;

FIG. 7 illustrates a UFT module used in a receiver
according to an embodiment of the invention;

FIG. 8 illustrates a UFT module used in a transmitter
according to an embodiment of the invention;

FIG. 9 illustrates an environment comprising a transmitter
and a receiver, each of which may be implemented using a
UFT module of the invention;

FIG. 10 illustrates a transceiver according to an embodi-
ment of the invention;

FIG. 11 illustrates a transceiver according to an alternative
embodiment of the invention;

FIG. 12 illustrates an environment comprising a transmit-
ter and a receiver, each of which may be implemented using
enhanced signal reception (ESR) components of the inven-
tion;
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FIG. 13 illustrates a UFT module used in a unified
down-conversion and filtering (UDF) module according to
an embodiment of the invention;

FIG. 14 illustrates an exemplary receiver implemented
using a UDF module according to an embodiment of the
invention;

FIGS. 15A-15F illustrate exemplary applications of the
UDF module according to embodiments of the invention;

FIG. 16 illustrates an environment comprising a transmit-
ter and a receiver, each of which may be implemented using
enhanced signal reception (ESR) components of the
invention, wherein the receiver may be further implemented
using one or more UFD modules of the invention;

FIG. 17 illustrates a UDF module according to an embodi-
ment of the invention;

FIG. 18 is a table of exemplary values at nodes in the UDF
module of FIG. 17,

FIG. 19 is a detailed diagram of an exemplary UDF
module according to an embodiment of the invention;

FIGS. 20A and 20A-1 are exemplary aliasing modules
according to embodiments of the invention;

FIGS. 20B-20F are exemplary waveforms used to
describe the operation of the aliasing modules of FIGS. 20A
and 20A-1;

FIG. 21 illustrates an enhanced signal reception system
according to an embodiment of the invention;

FIGS. 22A-22F are exemplary waveforms used to
describe the system of FIG. 21;

FIG. 23A illustrates an exemplary transmitter in an
enhanced signal reception system according to an embodi-
ment of the invention;

FIGS. 23B and 23C are exemplary waveforms used to
further describe the enhanced signal reception system
according to an embodiment of the invention;

FIG. 23D illustrates another exemplary transmitter in an
enhanced signal reception system according to an embodi-
ment of the invention;

FIGS. 23E and 23F are exemplary waveforms used to
further describe the enhanced signal reception system
according to an embodiment of the invention;

FIG. 24 A illustrates an exemplary receiver in an enhanced
signal reception system according to an embodiment of the
invention;

FIGS. 24B-24]J are exemplary waveforms used to further
describe the enhanced signal reception system according to
an embodiment of the invention;

FIG. 25 illustrates an environment comprising telephones
and base stations according to an embodiment of the inven-
tion;

FIG. 26 illustrates a positioning unit according to an
embodiment of the invention;

FIGS. 27 and 28 illustrate communication networks
according to embodiments of the invention;

FIGS. 29 and 30 illustrate pagers according to embodi-
ments of the invention;

FIG. 31 illustrates a security system according to an
embodiment of the invention;

FIG. 32 illustrates a repeater according to an embodiment
of the invention;

FIG. 33 illustrates mobile radios according to an embodi-
ment of the invention;

FIG. 34 illustrates an environment involving satellite
communications according to an embodiment of the inven-
tion;
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FIG. 35 illustrates a computer and its peripherals accord-
ing to an embodiment of the invention;

FIGS. 36-38 illustrate home control devices according to
embodiments of the invention;

FIG. 39 illustrates an exemplary automobile according to
an embodiment of the invention;

FIG. 40A illustrates an exemplary aircraft according to an
embodiment of the invention;

FIG. 40B illustrates an exemplary boat according to an
embodiment of the invention;

FIG. 41 illustrates radio controlled devices according to
an embodiment of the invention;

FIGS. 42A-42D illustrate exemplary frequency bands
operable with embodiments of the invention, where FIG.
42D illustrates the orientation of FIGS. 42A-42C (some
overlap is shown in FIGS. 42A-42C for illustrative
purposes);

FIG. 43 illustrates an exemplary radio synchronous watch
according to an embodiment of the invention;

FIG. 44 illustrates an exemplary radio according to an
embodiment of the invention;

FIGS. 45A-45B illustrate exemplary cable modem
environments, according to embodiments of the present
invention;

FIG. 45C illustrates a rear view of an exemplary cable
modem, according to an embodiment of the present inven-
tion.

FIGS. 46 A-46C illustrate exemplary cable modem types,
according to embodiments of the present invention;

FIGS. 47-50 illustrate exemplary cable modem block
diagrams, according to embodiments of the present inven-
tion;

FIG. 51 illustrates an exemplary cable modem network
block diagram, according to an embodiment of the present
invention;

FIG. 52 illustrates an exemplary detailed cable modem
network block diagram, according to an embodiment of the
present invention;

FIG. 53 illustrates an exemplary UFD module according
to an embodiment of the invention;

FIGS. 54A-54B illustrate exemplary block diagrams of
receivers, according to embodiments of the present inven-
tion;

FIG. 55 illustrates an exemplary UFU module, according
to an embodiment of the present invention;

FIGS. 5657 illustrate exemplary block diagrams QPSK
modulation mode transmitters, according to embodiments of
the present invention;

FIGS. 58-59 illustrate exemplary block diagrams QAM
modulation mode transmitters, according to embodiments of
the present invention;

FIG. 60 illustrates a modem network block diagram;

FIG. 61 illustrates an exemplary block diagram of a
modem transceiver, according to an embodiment of the
present invention;

FIG. 62 illustrates an exemplary block diagram of an
Ethernet network;

FIGS. 63-64 illustrate exemplary Ethernet interfaces,
according to embodiments of the present invention;

FIG. 65 illustrates an exemplary block diagram of an
satellite receiver 6500, according to an embodiment of the
present invention; and

FIG. 66 illustrates an exemplary block diagram of an
telephone wiring interface 6600, according to an embodi-
ment of the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Table of Contents

. Universal Frequency Translation

. Frequency Down-Conversion

. Frequency Up-Conversion

. Enhanced Signal Reception

. Unified Down-Conversion and Filtering

. Exemplary Application Embodiments of the Invention

N R W N

6.1 Telephones
6.2 Base Stations
6.3 Positioning
6.4 Data Communication
6.5 Pagers
6.6 Security
6.7 Repeaters
6.8 Mobile Radios
6.9 Satellite Up/Down Links
6.10 Command and Control
6.10.1 PC Peripherals
6.10.2 Building/Home Functions
6.10.3 Automotive Controls
6.10.4 Aircraft Controls
6.10.5 Maritime Controls
6.11 Radio Control
6.12 Radio Synchronous Watch
6.13 Cable Modem
6.13.1 Cable Modem Environments
6.13.2 Cable Modem Types
6.13.3 Cable Modem Configurations
6.13.4 Quadrature Amplitude Modulation (QAM)
6.13.5 Quadrature Phase-Shift Keying (QPSK)
6.13.6 Receiver Embodiments
6.13.6.1 Detailed UFD Module Block Diagram
6.13.6.2 QPSK/QAM Modulation Modes Receiver
Embodiments
6.13.7 Transmitter Embodiments
6.13.7.1 Detailed UFU Module Embodiments
6.13.7.2 QPSK Modulation Mode Transmitter Embodi-
ments
6.13.7.3 QAM Modulation Mode Transmitter Embodi-
ments
6.13.8 Further Applications for the QAM & QPSK Modu-
lation Mode Receivers and Transmitters of the Present
Invention
6.13.8.1 Modems
6.13.8.2 Ethernet Interface
6.13.8.3 Satellite Interface
6.13.8.4 Telephone Interface
7. Other Exemplary Applications
7.1 Applications Involving Enhanced Signal Reception
7.2 Applications Involving Unified Down-conversion and
Filtering
8. Conclusion
1. Universal Frequency Translation
The present invention is related to frequency translation,
and applications of same. Such applications include, but are
not limited to, frequency down-conversion, frequency
up-conversion, enhanced signal reception, unified down-
conversion and filtering, and combinations and applications
of same.
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FIG. 1A illustrates a universal frequency translation
(UFT) module 102 according to embodiments of the inven-
tion. (The UFT module is also sometimes called a universal
frequency translator, or a universal translator.)

As indicated by the example of FIG. 1A, some embodi-
ments of UFT module 102 include three ports (nodes),
designated in FIG. 1A as Port 1, Port 2, and Port 3. Other
UFT embodiments include other than three ports.

Generally, UFT module 102 (perhaps in combination with
other components) operates to generate an output signal
from an input signal, where the frequency of the output
signal differs from the frequency of the input signal. In other
words, UFT module 102 (and perhaps other components)
operates to generate the output signal from the input signal
by translating the frequency (and perhaps other
characteristics) of the input signal to the frequency (and
perhaps other characteristics) of the output signal.

An exemplary embodiment of UFT module 103 is gen-
erally illustrated in FIG. 1B. Generally, UFT module 103
includes a switch 106 controlled by a control signal 108.
Switch 106 is said to be a controlled switch.

As noted above, some UFT embodiments include other
than three ports. For example, and without limitation, FIG.
2 illustrates an exemplary UFT module 202. Exemplary
UFT module 202 includes a diode 204 having two ports,
designated as Port 1 and Port 2/3. This embodiment does not
include a third port, as indicated by the dotted line around
the “Port 3” label.

The UFT module is a very powerful and flexible device.
Its flexibility is illustrated, in part, by the wide range of
applications in which it can be used. Its power is illustrated,
in part, by the usefulness and performance of such applica-
tions.

For example, a UFT module 115 can be used in a
universal frequency down-conversion (UFD) module 114,
an example of which is shown in FIG. 1C. In this capacity,
UFT module 115 frequency down-converts an input signal
to an output signal.

As another example, as shown in FIG. 1D, a UFT module
117 can be used in a universal frequency up-conversion
(UFU) module 116. In this capacity, UFT module 117
frequency up-converts an input signal to an output signal.

These and other applications of the UFT module are
described below. Additional applications of the UFT module
will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein. In some
applications, the UFT module is a required component. In
other applications, the UFT module is an optional compo-
nent.

2. Frequency Down-Conversion

The present invention is directed to systems and methods
of'universal frequency down-conversion, and applications of
same.

In particular, the following discussion describes down-
converting using a Universal Frequency Translation Mod-
ule. The down-conversion of an EM signal by aliasing the
EM signal at an aliasing rate is fully described in U.S. patent
application entitled “Method and System for Down-
Converting Electromagnetic Signals,” Ser. No. 09/176,022,
filed Oct. 21, 1998, now U.S. Pat. No. 6,061,551, the full
disclosure of which is incorporated herein by reference. A
relevant portion of the above mentioned patent application is
summarized below to describe down-converting an input
signal to produce a down-converted signal that exists at a
lower frequency or a baseband signal.

FIG. 20A illustrates an aliasing module 2000 for down-
conversion using a universal frequency translation (UFT)
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module 2002 which down-converts an EM input signal
2004. In particular embodiments, aliasing module 2000
includes a switch 2008 and a capacitor 2010. The electronic
alignment of the circuit components is flexible. That is, in
one implementation, switch 2008 is in series with input
signal 2004 and capacitor 2010 is shunted to ground
(although it may be other than ground in configurations such
as differential mode). In a second implementation (see FIG.
20A-1), capacitor 2010 is in series with input signal 2004
and switch 2008 is shunted to ground (although it may be
other than ground in configurations such as differential
mode). Aliasing module 2000 with UFT module 2002 can be
easily tailored to down-convert a wide variety of electro-
magnetic signals using aliasing frequencies that are well
below the frequencies of EM input signal 2004.

In one implementation, aliasing module 2000 down-
converts input signal 2004 to an intermediate frequency (IF)
signal. In another implementation, aliasing module 2000
down-converts input signal 2004 to a demodulated baseband
signal. In yet another implementation, input signal 2004 is a
frequency modulated (FM) signal, and aliasing module 2000
down-converts it to a non-FM signal, such as a phase
modulated (PM) signal or an amplitude modulated (AM)
signal. Each of the above implementations is described
below.

In an embodiment, control signal 2006 includes a train of
pulses that repeat at an aliasing rate that is equal to, or less
than, twice the frequency of input signal 2004. In this
embodiment, control signal 2006 is referred to herein as an
aliasing signal because it is below the Nyquist rate for the
frequency of input signal 2004. Preferably, the frequency of
control signal 2006 is much less than input signal 2004.

A train of pulses 2018 as shown in FIG. 20D controls
switch 2008 to alias input signal 2004 with control signal
2006 to generate a down-converted output signal 2012.
More specifically, in an embodiment, switch 2008 closes on
a first edge of each pulse 2020 of FIG. 20D and opens on a
second edge of each pulse. When switch 2008 is closed,
input signal 2004 is coupled to capacitor 2010, and charge
is transferred from input signal 2004 to capacitor 2010. The
charge stored during successive pulses forms a down-
converted output signal 2012.

Exemplary waveforms are shown in FIGS. 20B-20F.

FIG. 20B illustrates an analog amplitude modulated (AM)
carrier signal 2014 that is an example of input signal 2004.
For illustrative purposes, in FIG. 20C, an analog AM carrier
signal portion 2016 illustrates a portion of analog AM carrier
signal 2014 on an expanded time scale. Analog AM carrier
signal portion 2016 illustrates analog AM carrier signal 2014
from time t, to time t,.

FIG. 20D illustrates an exemplary aliasing signal 2018
that is an example of control signal 2006. Aliasing signal
2018 is on approximately the same time scale as analog AM
carrier signal portion 2016. In the example shown in FIG.
20D, aliasing signal 2018 includes a train of pulses 2020
having negligible apertures that tend towards zero (the
invention is not limited to this embodiment, as discussed
below). The pulse aperture may also be referred to as the
pulse width as will be understood by those skilled in the
art(s). Pulses 2020 repeat at an aliasing rate, or pulse
repetition rate of aliasing signal 2018. The aliasing rate is
determined as described below, and further described in U.S.
patent application entitled “Method and System for Down-
converting Electromagnetic Signals,” application Ser. No.
09/176,022, Filed Oct. 21, 1998, now U.S. Pat. No. 6,061,
551, and is incorporated herein by reference in its entirety.

As noted above, train of pulses 2020 (i.e., control signal
2006) control switch 2008 to alias analog AM carrier signal

20

25

30

35

40

45

50

55

60

65

8

2016 (i.e., input signal 2004) at the aliasing rate of aliasing
signal 2018. Specifically, in this embodiment, switch 2008
closes on a first edge of each pulse and opens on a second
edge of each pulse. When switch 2008 is closed, input signal
2004 is coupled to capacitor 2010, and charge is transferred
from input signal 2004 to capacitor 2010. The charge
transferred during a pulse is referred to herein as an under-
sample. Exemplary under-samples 2022 form down-
converted signal portion 2024 (FIG. 20E) that corresponds
to analog AM carrier signal portion 2016 (FIG. 20C) and
train of pulses 2020 (FIG. 20D). The charge stored during
successive under-samples of AM carrier signal 2014 form
down-converted signal 2024 (FIG. 20E) that is an example
of down-converted output signal 2012 (FIG. 20A). In FIG.
20F, a demodulated baseband signal 2026 represents
demodulated baseband signal 2024 after filtering on a com-
pressed time scale. As illustrated, down-converted signal
2026 has substantially the same “amplitude envelope” as
AM carrier signal 2014. Therefore, FIGS. 20B-20F illus-
trate down-conversion of AM carrier signal 2014.

The waveforms shown in FIGS. 20B-20F are discussed
herein for illustrative purposes only, and are not limiting.
Additional exemplary time domain and frequency domain
drawings, and exemplary methods and systems of the inven-
tion relating thereto, are disclosed in U.S. patent application
entitled “Method and System for Down-converting Electro-
magnetic Signals,” application Ser. No. 09/176,022, Filed
Oct. 21, 1998, now U.S. Pat. No. 6,061,551, and is incor-
porated herein by reference in its entirety.

The aliasing rate of control signal 2006 determines
whether input signal 2004 is down-converted to an IF signal,
down-converted to a demodulated baseband signal, or
down-converted from an FM signal to a PM or an AM
signal. Generally, relationships between input signal 2004,
the aliasing rate of control signal 2006, and down-converted
output signal 2012 are illustrated below:

(Freq. of input signal 2004)=~-(Freq. of control signal
2006)=(Freq. of down-converted output signal 2012)

For the examples contained herein, only the “+” condition
will be discussed. The value of n represents a harmonic or
sub-harmonic of input signal 2004 (e.g., n=0.5, 1,2, 3, . ..

When the aliasing rate of control signal 2006 is off-set
from the frequency of input signal 2004, or off-set from a
harmonic or sub-harmonic thereof, input signal 2004 is
down-converted to an IF signal. This is because the under-
sampling pulses occur at different phases of subsequent
cycles of input signal 2004. As a result, the under-samples
form a lower frequency oscillating pattern. If input signal
2004 includes lower frequency changes, such as amplitude,
frequency, phase, etc., or any combination thereof, the
charge stored during associated under-samples reflects the
lower frequency changes, resulting in similar changes on the
down-converted IF signal. For example, to down-convert a
901 MHZ input signal to a 1 MHZ IF signal, the frequency
of control signal 2006 would be calculated as follows:

(Freqy,pp,—Freqzp)/n=Freq, g,,,;(901 MHZ-1 MHZ)/n=900/n

For n=0.5, 1, 2, 3, 4, etc., the frequency of control signal
2006 would be substantially equal to 1.8 GHz, 900 MHZ,
450 MHZ, 300 MHZ, 225 MHZ, etc.

Exemplary time domain and frequency domain drawings,
illustrating down-conversion of analog and digital AM, PM
and FM signals to IF signals, and exemplary methods and
systems thereof, are disclosed in U.S. patent application
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entitled “Method and System for Down-converting Electro-
magnetic Signals,” application Ser. No. 09/176,022, Filed
Oct. 21, 1998, now U.S. Pat. No. 6,061,551, and is incor-
porated herein by reference in its entirety.

Alternatively, when the aliasing rate of control signal
2006 is substantially equal to the frequency of input signal
2004, or substantially equal to a harmonic or sub-harmonic
thereof, input signal 2004 is directly down-converted to a
demodulated baseband signal. This is because, without
modulation, the under-sampling pulses occur at the same
point of subsequent cycles of input signal 2004. As a result,
the under-samples form a constant output baseband signal. If
input signal 2004 includes lower frequency changes, such as
amplitude, frequency, phase, etc., or any combination
thereof, the charge stored during associated under-samples
reflects the lower frequency changes, resulting in similar
changes on the demodulated baseband signal. For example,
to directly down-convert a 900 MHZ input signal to a
demodulated baseband signal (i.e., zero IF), the frequency of
control signal 2006 would be calculated as follows:

(Freq . Freqzp)/n=Freq, .o (900 MHZ~0 MHZ)/n=000 MHZ/n

For n=0.5, 1, 2, 3, 4, etc., the frequency of control signal
2006 should be substantially equal to 1.8 GHz, 900 MHZ,
450 MHZ, 300 MHZ, 225 MHZ, etc.

Exemplary time domain and frequency domain drawings,
illustrating direct down-conversion of analog and digital AM
and PM signals to demodulated baseband signals, and exem-
plary methods and systems thereof, are disclosed in the U.S.
patent application entitled “Method and System for Down-
converting Electromagnetic Signals,” application Ser. No.
09/176,022, Filed Oct. 21, 1998, now U.S. Pat. No. 6,061,
551, and is incorporated herein by reference in its entirety.

Alternatively, to down-convert an input FM signal to a
non-FM signal, a frequency within the FM bandwidth must
be down-converted to baseband (i.e., zero IF). As an
example, to down-convert a frequency shift keying (FSK)
signal (a sub-set of FM) to a phase shift keying (PSK) signal
(a subset of PM), the mid-point between a lower frequency
F, and an upper frequency F, (that is, [(F,+F,)+2]) of the
FSK signal is down-converted to zero IF. For example, to
down-convert an FSK signal having F, equal to 899 MHZ
and F, equal to 901 MHZ, to a PSK signal, the aliasing rate
of control signal 2006 would be calculated as follows:

Frequency of the input= (F| + F)/2

= (899 MHZ + 901 MHZ)/2
=900 MHZ

Frequency of the down-converted signal=0 (i.e., baseband)
(Freq . Freqzp)/n=Freq, .o (900 MHZ~0 MHZ)/n=000 MHZ/n

For n=0.5, 1, 2, 3, etc., the frequency of control signal 2006
should be substantially equal to 1.8 GHz, 900 MHZ, 450
MHZ, 300 MHZ, 225 MHZ, etc. The frequency of the
down-converted PSK signal is substantially equal to one half
the difference between the lower frequency F, and the upper
frequency F,.

As another example, to down-convert a FSK signal to an
amplitude shift keying (ASK) signal (a subset of AM), either
the lower frequency F, or the upper frequency F, of the FSK
signal is down-converted to zero IF. For example, to down-
convert an FSK signal having F, equal to 900 MHZ and F,
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equal to 901 MHZ, to an ASK signal, the aliasing rate of
control signal 2006 should be substantially equal to:

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

For the former case of 900 MHZ/n, and for n=0.5, 1, 2, 3,
4, etc., the frequency of control signal 2006 should be
substantially equal to 1.8 GHz, 900 MHZ, 450 MHZ, 300
MHZ, 225 MHZ, etc. For the latter case of 901 MHZ/n, and
for n=0.5, 1, 2, 3, 4, etc., the frequency of control signal
2006 should be substantially equal to 1.802 GHz, 901 MHZ,
450.5 MHZ, 300.333 MHZ, 225.25 MHZ, etc. The fre-
quency of the down-converted AM signal is substantially
equal to the difference between the lower frequency F, and
the upper frequency F, (i.e., 1 MHZ).

Exemplary time domain and frequency domain drawings,
illustrating down-conversion of FM signals to non-FM
signals, and exemplary methods and systems thereof, are
disclosed in the U.S. patent application entitled “Method and
System for Down-converting FElectromagnetic Signals,”
application Ser. No. 09/176,022, Filed Oct. 21, 1998, now
U.S. Pat. No. 6,061,551, and is incorporated herein by
reference in its entirety.

In an embodiment, the pulses of control signal 2006 have
negligible apertures that tend towards zero. This makes UFT
module 2002 a high input impedance device. This configu-
ration is useful for situations where minimal disturbance of
the input signal may be desired.

In another embodiment, the pulses of control signal 2006
have non-negligible apertures that tend away from zero. This
makes UFT module 2002 a lower input impedance device.
This allows the lower input impedance of UFT module 2002
to be substantially matched with a source impedance of
input signal 2004. This also improves the energy transfer
from input signal 2004 to down-converted output signal
2012, and hence the efficiency and signal-to-noise (s/n) ratio
of UFT module 2002. In this embodiment, control signal
2006 has an aliasing frequency selected as described above,
an aliasing period, “T,” that is the inverse of the aliasing
frequency, and each of the non-negligible apertures of the
pulses of control signal 2006 are said to have an aliasing
pulse width, “PW ,.” The output of UFT module 2002 is
stored in capacitor 2010.

In order to effectively transfer energy from input signal
2004 to down-converted output signal 2012, the size of
capacitor 2010 is selected based on the ratio of “PW_” to
“T” and must be matched with the other circuit elements.
Preferably, the capacitor will be “large,” as will be under-
stood by one skilled in the relevant art(s). When the size of
the capacitor is properly selected for the open-switch and
closed-switch impedances and for a specific “PW ,” to “T”
ratio, the capacitor will charge quickly when switch 2008 of
UFT 2002 is closed, and will discharge slowly when switch
2008 is open. The difference in the charging and discharging
rates is due to the switching of impedances in and out of the
circuit. That is, when switch 2008 is closed, the closed-
switch impedance can be said to be R, and when switch
2008 is open, the open-switch impedance can be said to be
R,

The voltage on capacitor 2010 during charging (i.e., when
switch 2008 is closed) can be represented by the equation
(assuming there is no charge on the capacitor at t=0)

v V;

—[#/(Re
caplcharging™ mput'(l‘e L/ Re Ol
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and the voltage on capacitor 2010 during discharge (i.e.,
when switch 2008 is open) can be seen by the equation
(assuming the capacitor is fully charged at t=0)

[#(Ro
Vcap/discharging=Vfull.e L/ ke Q])

It should be noted that for the capacitor to charge quickly
and discharge slowly, the discharging time constant, R ,-C,
must be greater than the charging time constant, R _-C.

Capacitor 2010 can be characterized as having a first
charged state corresponding to the charge on capacitor 2010
at the end of each pulse of control signal 2006 (i.e., at the end
of the charging cycle); a second charged state corresponding
to the charge on capacitor 2010 at the beginning of the next
pulse in control signal 2006 (i.e., at the end of the discharge
cycle); and a discharge rate which is the rate at which the
first charged state changes to the second charged state and is
a function of the size of capacitor 2010. The ratio of the
second charged state to the first charged state is the charged
ratio, and to effect large energy transfer, the capacitance
should be chosen so that the charged ratio is substantially
equal to or greater than 0.10. In an alternate embodiment, the
capacitor fully discharges while switch 2008 is closed. The
discussion herein is provided for illustrative purposes only,
and is not meant to be limiting. In another embodiment, the
capacitor is replaced by another storage device, such as, and
without limitation, an inductor.

When the pulses of control signal 2006 have non-
negligible apertures, aliasing module 2000 may be referred
to herein as an energy transfer module or a gated transfer
module, and control signal 2006 may be referred to as an
energy transfer signal. Exemplary systems and methods for
generating and optimizing control signal 2006, and for
otherwise improving energy transfer and s/n ratio, are dis-
closed in the U.S. patent application entitled “Method and
System for Down-converting FElectromagnetic Signals,”
application Ser. No. 09/176,022, Filed Oct. 21, 1998, now
U.S. Pat. No. 6,061,551, and is incorporated herein by
reference in its entirety.

3. Frequency Up-Conversion

The present invention is directed to systems and methods
of frequency up-conversion, and applications of same.

An exemplary frequency up-conversion system 300 is
illustrated in FIG. 3. Frequency up-conversion system 300 is
now described.

An input signal 302 (designated as “Control Signal” in
FIG. 3) is accepted by a switch module 304. For purposes of
example only, assume that input signal 302 is an FM input
signal 606, an example of which is shown in FIG. 6C. FM
input signal 606 may have been generated by modulating
information signal 602 onto oscillating signal 604 (FIGS. 6A
and 6B). It should be understood that the invention is not
limited to this embodiment. Information signal 602 can be
analog, digital, or any combination thereof, and any modu-
lation scheme can be used.

The output of switch module 304 is a harmonically rich
signal 306, shown for example in FIG. 6D as a harmonically
rich signal 608. Harmonically rich signal 608 has a continu-
ous and periodic waveform.

FIG. 6E is an expanded view of two sections of harmoni-
cally rich signal 608, section 610 and section 612. Harmoni-
cally rich signal 608 may be a rectangular wave, such as a
square wave or a pulse (although, the invention is not limited
to this embodiment). For ease of discussion, the term
“rectangular waveform” is used to refer to waveforms that
are substantially rectangular. In a similar manner, the term
“square wave” refers to those waveforms that are substan-
tially square and it is not the intent of the present invention
that a perfect square wave be generated or needed.
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Harmonically rich signal 608 is comprised of a plurality
of sinusoidal waves whose frequencies are integer multiples
of the fundamental frequency of the waveform of harmoni-
cally rich signal 608. These sinusoidal waves are referred to
as the harmonics of the underlying waveform, and the
fundamental frequency is referred to as the first harmonic.
FIG. 6F and FIG. 6G show separately the sinusoidal com-
ponents making up the first, third, and fifth harmonics of
section 610 and section 612. (Note that in theory there may
be an infinite number of harmonics; in this example, because
harmonically rich signal 608 is shown as a square wave,
there are only odd harmonics). Three harmonics are shown
simultaneously (but not summed) in FIG. 6H.

The relative amplitudes of the harmonics are generally a
function of the relative widths of the pulses of harmonically
rich signal 306 and the period of the fundamental frequency,
and can be determined by doing a Fourier analysis of
harmonically rich signal 306. According to an embodiment
of the invention, input signal 606 may be shaped to ensure
that the amplitude of the desired harmonic is sufficient for its
intended use (e.g., transmission).

A filter 308 filters out any undesired frequencies
(harmonics), and outputs an electromagnetic (EM) signal at
the desired harmonic frequency or frequencies as an output
signal 310, shown for example as a filtered output signal 614
in FIG. 61.

FIG. 4 illustrates an exemplary universal frequency
up-conversion (UFU) module 401. UFU module 401
includes an exemplary switch module 304, which comprises
a bias signal 402, a resistor (or impedance) 404, a universal
frequency translator (UFT) 450, and a ground 408. UFT 450
includes a switch 406. Input signal 302 (designated as
“Control Signal” in FIG. 4) controls switch 406 in UFT 450,
and causes it to close and open. Harmonically rich signal
306 is generated at a node 405 located between resistor (or
impedance) 404 and switch 406.

Also in FIG. 4, it can be seen that an exemplary filter 308
is comprised of a capacitor 410 and an inductor 412 shunted
to a ground 414. The filter is designed to filter out the
undesired harmonics of harmonically rich signal 306.

The invention is not limited to the UFU embodiment
shown in FIG. 4.

For example, in an alternate embodiment shown in FIG.
5, an unshaped input signal 501 is routed to a pulse shaping
module 502. Pulse shaping module 502 modifies unshaped
input signal 501 to generate a (modified) input signal 302
(designated as the “Control Signal” in FIG. 5). Input signal
302 is routed to switch module 304, which operates in the
manner described above. Also, filter 308 of FIG. 5 operates
in the manner described above.

The purpose of pulse shaping module 502 is to define the
pulse width of input signal 302. Recall that input signal 302
controls the opening and closing of switch 406 in switch
module 304. During such operation, the pulse width of input
signal 302 establishes the pulse width of harmonically rich
signal 306. As stated above, the relative amplitudes of the
harmonics of harmonically rich signal 306 are a function of
at least the pulse width of harmonically rich signal 306. As
such, the pulse width of input signal 302 contributes to
setting the relative amplitudes of the harmonics of harmoni-
cally rich signal 306.

Further details of up-conversion as described in this
section are presented in U.S. application “Method and
System for Frequency Up-Conversion,” Ser. No. 09/176,
154, filed Oct. 21, 1998, now U.S. Pat. No. 6,091,940,
incorporated herein by reference in its entirety.
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4. Enhanced Signal Reception

The present invention is directed to systems and methods
of enhanced signal reception (ESR), and applications of
same.

Referring to FIG. 21, transmitter 2104 accepts a modu-
lating baseband signal 2102 and generates (transmitted)
redundant spectra 2106a—, which are sent over a commu-
nications medium 2108. Receiver 2112 recovers a demodu-
lated baseband signal 2114 from (received) redundant spec-
tra 2110a-». Demodulated baseband signal 2114 is
representative of modulating baseband signal 2102, where
the level of similarity between modulating baseband signal
2114 and modulating baseband signal 2102 is application
dependent.

Modulating baseband signal 2102 is preferably any infor-
mation signal desired for transmission and/or reception. An
exemplary modulating baseband signal 2202 is illustrated in
FIG. 22A, and has an associated modulating baseband
spectrum 2204 and image spectrum 2203 that are illustrated
in FIG. 22B. Modulating baseband signal 2202 is illustrated
as an analog signal in FIG. 22a, but could also be a digital
signal, or combination thereof. Modulating baseband signal
2202 could be a voltage (or current) characterization of any
number of real world occurrences, including for example
and without limitation, the voltage (or current) representa-
tion for a voice signal.

Each transmitted redundant spectrum 2106a—#» contains
the necessary information to substantially reconstruct modu-
lating baseband signal 2102. In other words, each redundant
spectrum 2106a—# contains the necessary amplitude, phase,
and frequency information to reconstruct modulating base-
band signal 2102.

FIG. 22C illustrates exemplary transmitted redundant
spectra 22065—d. Transmitted redundant spectra 220656—d
are illustrated to contain three redundant spectra for illus-
tration purposes only. Any number of redundant spectra
could be generated and transmitted as will be explained in
following discussions.

Transmitted redundant spectra 22065—d are centered at f;,
with a frequency spacing f, between adjacent spectra. Fre-
quencies f; and f, are dynamically adjustable in real-time as
will be shown below. FIG. 22D illustrates an alternate
embodiment, where redundant spectra 2208¢,d are centered
on unmodulated oscillating signal 2209 at f; (Hz). Oscillat-
ing signal 2209 may be suppressed if desired using, for
example, phasing techniques or filtering techniques. Trans-
mitted redundant spectra are preferably above baseband
frequencies as is represented by break 2205 in the frequency
axis of FIGS. 22C and 22D.

Received redundant spectra 2110a—n are substantially
similar to transmitted redundant spectra 2106a—#, except for
the changes introduced by communications medium 2108.
Such changes can include but are not limited to signal
attenuation, and signal interference. FIG. 22E illustrates
exemplary received redundant spectra 22106—d. Received
redundant spectra 22105—d are substantially similar to trans-
mitted redundant spectra 22065—d, except that redundant
spectrum 2210c¢ includes an undesired jamming signal spec-
trum 2211 in order to illustrate some advantages of the
present invention. Jamming signal spectrum 2211 is a fre-
quency spectrum associated with a jamming signal. For
purposes of this invention, a “jamming signal” refers to any
unwanted signal, regardless of origin, that may interfere
with the proper reception and reconstruction of an intended
signal. Furthermore, the jamming signal is not limited to
tones as depicted by spectrum 2211, and can have any
spectral shape, as will-be understood by those skilled in the
art(s).
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As stated above, demodulated baseband signal 2114 is
extracted from one or more of received redundant spectra
22105-d. FIG. 22F illustrates exemplary demodulated base-
band signal 2212 that is, in this example, substantially
similar to modulating baseband signal 2202 (FIG. 22A);
where in practice, the degree of similarity is application
dependent.

An advantage of the present invention should now be
apparent. The recovery of modulating baseband signal 2202
can be accomplished by receiver 2112 in spite of the fact that
high strength jamming signal(s) (e.g. jamming signal spec-
trum 2211) exist on the communications medium. The
intended baseband signal can be recovered because multiple
redundant spectra are transmitted, where each redundant
spectrum carries the necessary information to reconstruct the
baseband signal. At the destination, the redundant spectra
are isolated from each other so that the baseband signal can
be recovered even if one or more of the redundant spectra
are corrupted by a jamming signal.

Transmitter 2104 will now be explored in greater detail.
FIG. 23 A illustrates transmitter 2301, which is one embodi-
ment of transmitter 2104 that generates redundant spectra
configured similar to redundant spectra 22065—d. Transmit-
ter 2301 includes generator 2303, optional spectrum pro-
cessing module 2304, and optional medium interface mod-
ule 2320. Generator 2303 includes: first oscillator 2302,
second oscillator 2309, first stage modulator 2306, and
second stage modulator 2310.

Transmitter 2301 operates as follows. First oscillator 2302
and second oscillator 2309 generate a first oscillating signal
2305 and second oscillating signal 2312, respectively. First
stage modulator 2306 modulates first oscillating signal 2305
with modulating baseband signal 2202, resulting in modu-
lated signal 2308. First stage modulator 2306 may imple-
ment any type of modulation including but not limited to:
amplitude modulation, frequency modulation, phase
modulation, combinations thereof, or any other type of
modulation. Second stage modulator 2310 modulates modu-
lated signal 2308 with second oscillating signal 2312, result-
ing in multiple redundant spectra 2206a—» shown in FIG.
23B. Second stage modulator 2310 is preferably a phase
modulator, or a frequency modulator, although other types
of modulation may be implemented including but not lim-
ited to amplitude modulation. Each redundant spectrum
2206a-n contains the necessary amplitude, phase, and fre-
quency information to substantially reconstruct modulating
baseband signal 2202.

Redundant spectra 2206a—# are substantially centered
around fj, which is the characteristic frequency of first
oscillating signal 2305. Also, each redundant spectrum
2206a-n (except for 2206¢) is offset from f; by approxi-
mately a multiple of f, (Hz), where f, is the frequency of
second oscillating signal 2312. Thus, each redundant spec-
trum 22064 is offset from an adjacent redundant spectrum
by f, (Hz). This allows the spacing between adjacent redun-
dant spectra to be adjusted (or tuned) by changing £, that is
associated with second oscillator 2309. Adjusting the spac-
ing between adjacent redundant spectra allows for dynamic
real-time tuning of the bandwidth occupied by redundant
spectra 2206a—n.

In one embodiment, the number of redundant spectra
2206a-n generated by transmitter 2301 is arbitrary and may
be unlimited as indicated by the “a—n” designation for
redundant spectra 2206a—n. However, a typical communi-
cations medium will have a physical and/or administrative
limitations (i.e. FCC regulations) that restrict the number of
redundant spectra that can be practically transmitted over the
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communications medium. Also, there may be other reasons
to limit the number of redundant spectra transmitted.
Therefore, preferably, transmitter 2301 will include an
optional spectrum processing module 2304 to process redun-
dant spectra 2206a— prior to transmission over communi-
cations medium 2108.

In one embodiment, spectrum processing module 2304
includes a filter with a passband 2207 (FIG. 23C) to select
redundant spectra 22065—d for transmission. This will sub-
stantially limit the frequency bandwidth occupied by the
redundant spectra to passband 2207. In one embodiment,
spectrum processing module 2304 also up converts redun-
dant spectra and/or amplifies redundant spectra prior to
transmission over communications medium 2108. Finally,
medium interface module 2320 transmits redundant spectra
over communications medium 2108. In one embodiment,
communications medium 2108 is an over-the-air link and
medium interface module 2320 is an antenna. Other embodi-
ments for communications medium 2108 and medium inter-
face module 2320 will be understood based on the teachings
contained herein.

FIG. 23D illustrates transmitter 2321, which is one
embodiment of transmitter 2104 the generates redundant
spectra configured similar to redundant spectra 2208¢c—d and
unmodulated spectrum 2209. Transmitter 2321 includes
generator 2311, spectrum processing module 2304, and
(optional) medium interface module 2320. Generator 2311
includes: first oscillator 2302, second oscillator 2309, first
stage modulator 2306, and second stage modulator 2310.

As shown in FIG. 23D, many of the components in
transmitter 2321 are similar to those in transmitter 2301.
However, in this embodiment, modulating baseband signal
2202 modulates second oscillating signal 2312. Transmitter
2321 operates as follows. First stage modulator 2306 modu-
lates second oscillating signal 2312 with modulating base-
band signal 2202, resulting in modulated signal 2322. As
described earlier, first stage modulator 2306 can effect any
type of modulation including but not limited to: amplitude
modulation frequency modulation, combinations thereof, or
any other type of modulation. Second stage modulator 2310
modulates first oscillating signal 2304 with modulated sig-
nal 2322, resulting in redundant spectra 2208a—#, as shown
in FIG. 23E. Second stage modulator 2310 is preferably a
phase or frequency modulator, although other modulators
could used including but not limited to an amplitude modu-
lator.

Redundant spectra 2208a—# are centered on unmodulated
spectrum 2209 (at f; Hz), and adjacent spectra are separated
by f, Hz. The number of redundant spectra 2208a—n gen-
erated by generator 2311 is arbitrary and unlimited, similar
to spectra 2206a—n discussed above. Therefore, optional
spectrum processing module 2304 may also include a filter
with passband 2325 to select, for example, spectra 2208¢,d
for transmission over communications medium 2108. In
addition, optional spectrum processing module 2304 may
also include a filter (such as a bandstop filter) to attenuate
unmodulated spectrum 2209. Alternatively, unmodulated
spectrum 2209 may be attenuated by using phasing tech-
niques during redundant spectrum generation. Finally,
(optional) medium interface module 2320 transmits redun-
dant spectra 2208¢,d over communications medium 2108.

Receiver 2112 will now be explored in greater detail to
illustrate recovery of a demodulated baseband signal from
received redundant spectra. FIG. 24A illustrates receiver
2430, which is one embodiment of receiver 2112. Receiver
2430 includes optional medium interface module 2402,
down-converter 2404, spectrum isolation module 2408, and
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data extraction module 2414. Spectrum isolation module
2408 includes filters 2410a—c. Data extraction module 2414
includes demodulators 2416a—c, error check modules
2420a—c, and arbitration module 2424. Receiver 2430 will
be discussed in relation to the signal diagrams in FIGS.
24B-24].

In one embodiment, optional medium interface module
2402 receives redundant spectra 221054 (FIG. 22E, and
FIG. 24B). Each redundant spectrum 22105—d includes the
necessary amplitude, phase, and frequency information to
substantially reconstruct the modulating baseband signal
used to generated the redundant spectra. However, in the
present example, spectrum 2210c¢ also contains jamming
signal 2211, which may interfere with the recovery of a
baseband signal from spectrum 2210c¢. Down-converter
2404 down-converts received redundant spectra 2210564 to
lower intermediate frequencies, resulting in redundant spec-
tra 2406a— (FIG. 24C). Jamming signal 2211 is also
down-converted to jamming signal 2407, as it is contained
within redundant spectrum 24065. Spectrum isolation mod-
ule 2408 includes filters 2410a—c that isolate redundant
spectra 2406a—c from each other (FIGS. 24D-24F,
respectively). Demodulators 2416a—c independently
demodulate spectra 2406a—c, resulting in demodulated base-
band signals 2418a—c, respectively (FIGS. 24G—-241). Error
check modules 2420a—c analyze demodulate baseband sig-
nal 2418a—c to detect any errors. In one embodiment, each
error check module 2420a—c sets an error flag 2422a—c
whenever an error is detected in a demodulated baseband
signal. Arbitration module 2424 accepts the demodulated
baseband signals and associated error flags, and selects a
substantially error-free demodulated baseband signal (FIG.
24]). In one embodiment, the substantially error-free
demodulated baseband signal will be substantially similar to
the modulating baseband signal used to generate the
received redundant spectra, where the degree of similarity is
application dependent.

Referring to FIGS. 24G-1, arbitration module 2424 will
select either demodulated baseband signal 2418a or 2418c¢,
because error check module 242056 will set error flag 24225
that is associated with demodulated baseband signal 241854.

The error detection schemes implemented by the error
detection modules include but are not limited to: cyclic
redundancy check (CRC) and parity check for digital
signals, and various error detections schemes for analog
signal.

Further details of enhanced signal reception as described
in this section are presented in U.S. application “Method and
System for Ensuring Reception of a Communications
Signal,” Ser. No. 09/176,415, filed Oct. 21, 1998, now U.S.
Pat. No. 6,061,555, incorporated herein by reference in its
entirety.

5. Unified Down-Conversion and Filtering

The present invention is directed to systems and methods
of unified down-conversion and filtering (UDF), and appli-
cations of same.

In particular, the present invention includes a unified
down-converting and filtering (UDF) module that performs
frequency selectivity and frequency translation in a unified
(i.e., integrated) manner. By operating in this manner, the
invention achieves high frequency selectivity prior to fre-
quency translation (the invention is not limited to this
embodiment). The invention achieves high frequency selec-
tivity at substantially any frequency, including but not
limited to RF (radio frequency) and greater frequencies. It
should be understood that the invention is not limited to this
example of RF and greater frequencies. The invention is
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intended, adapted, and capable of working with lower than
radio frequencies.

FIG. 17 is a conceptual block diagram of a UDF module
1702 according to an embodiment of the present invention.
UDF module 1702 performs at least frequency translation
and frequency selectivity.

The effect achieved by UDF module 1702 is to perform
the frequency selectivity operation prior to the performance
of the frequency translation operation. Thus, UDF module
1702 effectively performs input filtering.

According to embodiments of the present invention, such
input filtering involves a relatively narrow bandwidth. For
example, such input filtering may represent channel select
filtering, where the filter bandwidth may be, for example, 50
KHz to 150 KHz. It should be understood, however, that the
invention is not limited to these frequencies. The invention
is intended, adapted, and capable of achieving filter band-
widths of less than and greater than these values.

In embodiments of the invention, input signals 1704
received by UDF module 1702 are at radio frequencies.
UDF module 1702 effectively operates to input filter these
RF input signals 1704. Specifically, in these embodiments,
UDF module 1702 effectively performs input, channel select
filtering of RF input signal 1704. Accordingly, the invention
achieves high selectivity at high frequencies.

UDF module 1702 effectively performs various types of
filtering, including but not limited to bandpass filtering, low
pass filtering, high pass filtering, notch filtering, all pass
filtering, band stop filtering, etc., and combinations thereof.

Conceptually, UDF module 1702 includes a frequency
translator 1708. Frequency translator 1708 conceptually
represents that portion of UDF module 1702 that performs
frequency translation (down conversion).

UDF module 1702 also conceptually includes an apparent
input filter 1706 (also sometimes called an input filtering
emulator). Conceptually, apparent input filter 1706 repre-
sents that portion of UDF module 1702 that performs input
filtering.

In practice, the input filtering operation performed by
UDF module 1702 is integrated with the frequency transla-
tion operation. The input filtering operation can be viewed as
being performed concurrently with the frequency translation
operation. This is a reason why input filter 1706 is herein
referred to as an “apparent” input filter 1706.

UDF module 1702 of the present invention includes a
number of advantages. For example, high selectivity at high
frequencies is realizable using UDF module 1702. This
feature of the invention is evident by the high Q factors that
are attainable. For example, and without limitation, UDF
module 1702 can be designed with a filter center frequency
f. on the order of 900 MHZ, and a filter bandwidth on the
order of 50 KHz. This represents a Q of 18,000 (Q is equal
to the center frequency divided by the bandwidth).

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

The invention exhibits additional advantages. For
example, the filtering center frequency f. of UDF module
1702 can be electrically adjusted, either statically or dynami-
cally.

Also, UDF module 1702 can be designed to amplify input
signals.

Further, UDF module 1702 can be implemented without
large resistors, capacitors, or inductors. Also, UDF module
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1702 does not require that tight tolerances be maintained on
the values of its individual components, i.e., its resistors,
capacitors, inductors, etc. As a result, the architecture of
UDF module 1702 is friendly to integrated circuit design
techniques and processes.

The features and advantages exhibited by UDF module
1702 are achieved at least in part by adopting a new
technological paradigm with respect to frequency selectivity
and translation. Specifically, according to the present
invention, UDF module 1702 performs the frequency selec-
tivity operation and the frequency translation operation as a
single, unified (integrated) operation. According to the
invention, operations relating to frequency translation also
contribute to the performance of frequency selectivity, and
vice versa.

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

More particularly, first, the input signal is under-sampled.
This input sample includes information (such as amplitude,
phase, etc.) representative of the input signal existing at the
time the sample was taken.

As described further below, the effect of repetitively
performing this step is to translate the frequency (that is,
down-convert) of the input signal to a desired lower
frequency, such as an intermediate frequency (IF) or base-
band.

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

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

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

FIG. 19 illustrates an exemplary implementation of a
unified down-converting and filtering (UDF) module 1922.
UDF module 1922 performs the frequency translation opera-
tion and the frequency selectivity operation in an integrated,
unified manner as described above, and as further described
below.

In the example of FIG. 19, the frequency selectivity
operation performed by UDF module 1922 comprises a
band-pass filtering operation according to EQ. 1, below,
which is an exemplary representation of a band-pass filtering
transfer function.

VO=0,z" VI-B 1z VO-Bz 2 VO EQ. 1

It should be noted, however, that the invention is not
limited to band-pass filtering. Instead, the invention effec-
tively performs various types of filtering, including but not
limited to bandpass filtering, low pass filtering, high pass
filtering, notch filtering, all pass filtering, band stop filtering,
etc., and combinations thereof. As will be appreciated, there
are many representations of any given filter type The inven-
tion is applicable to these filter representations. Thus, EQ. 1
is referred to herein for illustrative purposes only, and is not
limiting.

UDF module 1922 includes a down-convert and delay
module 1924, first and second delay modules 1928 and
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1930, first and second scaling modules 1932 and 1934, an
output sample and hold module 1936, and an (optional)
output smoothing module 1938. Other embodiments of the
UDF module will have these components in different
configurations, and/or a subset of these components, and/or
additional components. For example, and without limitation,
in the configuration shown in FIG. 19, output smoothing
module 1938 is optional.

As further described below, in the example of FIG. 19,
down-convert and delay module 1924 and first and second
delay modules 1928 and 1930 include switches that are
controlled by a clock having two phases, @, and ®,, @, and
@, preferably have the same frequency, and are non-
overlapping (alternatively, a plurality such as two clock
signals having these characteristics could be used). As used
herein, the term “non-overlapping” is defined as two or more
signals where only one of the signals is active at any given
time. In some embodiments, signals are “active” when they
are high. In other embodiments, signals are active when they
are low.

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

In the example of FIG. 19, it is assumed that o, is equal
to one. Thus, the output of down-convert and delay module
1924 is not scaled. As evident from the embodiments
described above, however, the invention is not limited to this
example.

Exemplary UDF module 1922 has a filter center fre-
quency of 900.2 MHZ and a filter bandwidth of 570 KHz.
The pass band of the UDF module 1922 is on the order of
899.915 MHZ to 900.485 MHZ. The Q factor of UDF
module 1922 is approximately 1879 (i.e., 900.2 MHZ
divided by 570 KHz).

The operation of UDF module 1922 shall now be
described with reference to a Table 1802 (FIG. 18) that
indicates exemplary values at nodes in UDF module 1922 at
a number of consecutive time increments. It is assumed in
Table 1802 that UDF module 1922 begins operating at time
t-1. As indicated below, UDF module 1922 reaches steady
state a few time units after operation begins. The number of
time units necessary for a given UDF module to reach steady
state depends on the configuration of the UDF module, and
will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein.

At the rising edge of @, at time t-1, a switch 1950 in
down-convert and delay module 1924 closes. This allows a
capacitor 1952 to charge to the current value of an input
signal, VI, ,, such that node 1902 is at VI,_,. This is
indicated by cell 1804 in FIG. 18. In effect, the combination
of switch 1950 and capacitor 1952 in down-convert and
delay module 1924 operates to translate the frequency of the
input signal VI to a desired lower frequency, such as IF or
baseband. Thus, the value stored in capacitor 1952 repre-
sents an instance of a down-converted image of the input
signal VI.

The manner in which down-convert and delay module
1924 performs frequency down-conversion is further
described elsewhere in this application, and is additionally
described in U.S. application “Method and System for
Down-Converting Electromagnetic Signals,” Ser. No.
09/176,022, filed Oct. 21, 1998, now U.S. Pat. No. 6,061,
551, which is herein incorporated by reference in its entirety.

Also at the rising edge of ®, at time t-1, a switch 1958
in first delay module 1928 closes, allowing a capacitor 1960
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to charge to VO,_,. such that node 1906 is at VO,_,. This is
indicated by cell 1806 in Table 18 02. (In practice, VO,_, is
undefined at this point. However, for ease of understanding,
VO,_, shall continue to be used for purposes of explanation.)

Also at the rising edge of @, at time t-1, a switch 1966
in second delay module 1930 closes, allowing a capacitor
1968 to charge to a value stored in a capacitor 1964. At this
time, however, the value in capacitor 1964 is undefined, so
the value in capacitor 1968 is undefined. This is indicated by
cell 1807 in table 1802.

At the rising edge of @, at time t-1, a switch 1954 in
down-convert and delay module 1924 closes, allowing a
capacitor 1956 to charge to the level of capacitor 1952.
Accordingly, capacitor 1956 charges to VI,_; such that node
1904 is at VI,_,. This is indicated by cell 1810 in Table 1802.

UDF module 1922 may optionally include a unity gain
module 1990A between capacitors 1952 and 1956. Unity
gain module 1990A operates as a current source to enable
capacitor 1956 to charge without draining the charge from
capacitor 1952. For a similar reason, UDF module 1922 may
include other unity gain modules 1990B-1990G. It should
be understood that, for many embodiments and applications
of the invention, unity gain modules 1990A-1990G are
optional. The structure and operation of unity gain modules
1990 will be apparent to persons skilled in the relevant
art(s).

Also at the rising edge of @, at time t-1, a switch 1962
in first delay module 1928 closes, allowing a capacitor 1964
to charge to the level of capacitor 1960. Accordingly,
capacitor 1964 charges to VO,_,, such that node 1908 is at
VO,_,. This is indicated by cell 1814 in Table 1802.

Also at the rising edge of @, at time t-1, a switch 1970
in second delay module 1930 closes, allowing a capacitor
1972 to charge to a value stored in a capacitor 1968. At this
time, however, the value in capacitor 1968 is undefined, so
the value in capacitor 1972 is undefined. This is indicated by
cell 1815 in table 1802.

At time t, at the rising edge of ®,, switch 1950 in
down-convert and delay module 1924 closes. This allows
capacitor 1952 to charge to V1, such that node 1902 is at V1,.
This is indicated in cell 1816 of Table 1802.

Also at the rising edge of @, at time t, switch 1958 in first
delay module 1928 closes, thereby allowing capacitor 1960
to charge to VO,. Accordingly, node 1906 is at VO,. This is
indicated in cell 1820 in Table 1802.

Further at the rising edge of @, at time t, switch 1966 in
second delay module 1930 closes, allowing a capacitor 1968
to charge to the level of capacitor 1964. Therefore, capacitor
1968 charges to VI,_;, such that node 1910 is at VO,_,. This
is indicated by cell 1824 in Table 1802.

At the rising edge of @, at time t, switch 1954 in
down-convert and delay module 1924 closes, allowing
capacitor 1956 to charge to the level of capacitor 1952.
Accordingly, capacitor 1956 charges to VI,, such that node
1904 is at VI,. This is indicated by cell 1828 in Table 1802.

Also at the rising edge of @, at time t, switch 1962 in first
delay module 1928 closes, allowing capacitor 1964 to
charge to the level in capacitor 1960. Therefore, capacitor
1964 charges to VO,, such that node 1908 is at VO,. This is
indicated by cell 1832 in Table 1802.

Further at the rising edge of @, at time t, switch 1970 in
second delay module 1930 closes, allowing capacitor 1972
in second delay module 1930 to charge to the level of
capacitor 1968 in second delay module 1930. Therefore,
capacitor 1972 charges to VO, such that node 1912 is at
VO,_,. This is indicated in cell 1836 of FIG. 18.

At time t+1, at the rising edge of @, switch 1950 in
down-convert and delay module 1924 closes, allowing
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capacitor 1952 to charge to VI, . Therefore, node 1902 is at
VI,,,, as indicated by cell 1838 of Table 1802.

Also at the rising edge of ®@, at time t+1, switch 1958 in
first delay module 1928 closes, allowing capacitor 1960 to
charge to VO,,,. Accordingly, node 1906 is at VO,,, as
indicated by cell 1842 in Table 1802.

Further at the rising edge of @, at time t+1, switch 1966
in second delay module 1930 closes, allowing capacitor
1968 to charge to the level of capacitor 1964. Accordingly,
capacitor 1968 charges to VO, as indicated by cell 1846 of
Table 1802.

In the example of FIG. 19, first scaling module 1932
scales the value at node 1908 (i.e., the output of first delay
module 1928) by a scaling factor of -0.1. Accordingly, the
value present at node 1914 at time t+1 is (-0.1-VO,_)).
Similarly, second scaling module 1934 scales the value
present at node 1912 (i.e., the output of second scaling
module 1930) by a scaling factor of -0.8. Accordingly, the
value present at node 1916 is (-0.8-VO,_)) at time t+1.

At time t+1, the values at the inputs of summer 1926 are:
VI, at node 1904, (-0.1-VO,_,) at node 1914, and (-0.8-VO,_
1) at node 1916 (in the example of FIG. 19, the values at
nodes 1914 and 1916 are summed by a second summer
1925, and this sum is presented to summer 1926).
Accordingly, at time t+1, the summer generates a signal
equal to

[VL-(0.1-VO)—(0.8VO, )]

At the rising edge of @, at time t+1, a switch 1991 in the
output sample and hold module 1936 closes, thereby allow-
ing a capacitor 1992 to charge to VO,,. Accordingly,
capacitor 1992 charges to VO,, ,, which is equal to the sum
generated by summer 1926. As just noted, this value is equal
to:

[VL-(0.1-VO)—(0.8VO, )]

This is indicated in cell 1850 of Table 1802. This value is
presented to optional output smoothing module 1938, which
smooths the signal to thereby generate the instance of the
output signal VO,, . It is apparent from inspection that this
value of VO,,, is consistent with the band pass filter transfer
function of EQ. 1.

Further details of unified down-conversion and filtering as
described in this section are presented in U.S. application
“Integrated Frequency Translation And Selectivity,” Ser. No.
09/175,966, filed Oct. 21, 1998, now U.S. Pat. No. 6,049,
706, incorporated herein by reference in its entirety.

6. Exemplary Application Embodiments of the Invention

As noted above, the UFT module of the present invention
is a very powerful and flexible device. Its flexibility is
illustrated, in part, by the wide range of applications in
which it can be used. Its power is illustrated, in part, by the
usefulness and performance of such applications.

Exemplary applications of the UFT module were
described above. In particular, frequency down-conversion,
frequency up-conversion, enhanced signal reception, and
unified down-conversion and filtering applications of the
UFT module were summarized above, and are further
described below. These applications of the UFT module are
discussed herein for illustrative purposes. The invention is
not limited to these exemplary applications. Additional
applications of the UFT module will be apparent to persons
skilled in the relevant art(s), based on the teachings con-
tained herein.

For example, the present invention can be used in appli-
cations that involve frequency down-conversion. This is
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shown in FIG. 1C, for example, where an exemplary UFT
module 115 is used in a down-conversion module 114. In
this capacity, UFT module 115 frequency down-convert s an
input signal to an output signal. This is also shown in FIG.
7, for example, where an exemplary UFT module 706 is part
of a down-conversion module 704, which is part of a
receiver 702.

The present invention can be used in applications that
involve frequency up-conversion. This is shown in FIG. 1D,
for example, where an exemplary UFT module 117 is used
in a frequency up-conversion module 116. In this capacity,
UFT module 117 frequency up-converts an input signal to an
output signal. This is also shown in FIG. 8, for example,
where an exemplary UFT module 806 is part of
up-conversion module 804, which is part of a transmitter
802.

The present invention can be used in environments having
one or more transmitters 902 and one or more receivers 906,
as illustrated in FIG. 9. In such environments, one or more
transmitters 902 may be implemented using a UFT module,
as shown for example in FIG. 8. Also, one or more receivers
906 may be implemented using a UFT module, as shown for
example in FIG. 7.

The invention can be used to implement a transceiver. An
exemplary transceiver 1002 is illustrated in FIG. 10. Trans-
ceiver 1002 includes a transmitter 1004 and a receiver 1008.
Either transmitter 1004 or receiver 1008 can be implemented
using a UFT module. Alternatively, transmitter 1004 can be
implemented using a UFT module 1006, and receiver 1008
can be implemented using a UFT module 1010. This
embodiment is shown in FIG. 10.

Another transceiver embodiment according to the inven-
tion is shown in FIG. 11. In this transceiver 1102, transmitter
1104 and receiver 1108 are implemented using a single UFT
module 1106. In other words, transmitter 1104 and receiver
1108 share a UFT module 1106.

As described elsewhere in this application, the invention
is directed to methods and systems for enhanced signal
reception (ESR). Various ESR embodiments include an ESR
module (transmit) 1204 in a transmitter 1202, and an ESR
module (receive) 1212 in a receiver 1210. An exemplary
ESR embodiment configured in this manner is illustrated in
FIG. 12.

ESR module (transmit) 1204 includes a frequency
up-conversion module 1206. Some embodiments of fre-
quency up-conversion module 1206 may be implemented
using a UFT module, such as that shown in FIG. 1D.

ESR module (receive) 1212 includes a frequency down-
conversion module 1214. Some embodiments of frequency
down-conversion module 1214 may be implemented using a
UFT module, such as that shown in FIG. 1C.

As described elsewhere in this application, the invention
is directed to methods and systems for unified down-
conversion and filtering (UDF). An exemplary unified
down-conversion and filtering module 1302 is illustrated in
FIG. 13. Unified down-conversion and filtering module
1302 includes a frequency down-conversion module 1304
and a filtering module 1306. According to the invention,
frequency down-conversion module 1304 and filtering mod-
ule 1306 are implemented using a UFT module 1308, as
indicated in FIG. 13.

Unified down-conversion and filtering according to the
invention is useful in applications involving filtering and/or
frequency down-conversion. This is depicted, for example,
in FIGS. 15A-15F. FIGS. 15A-15C indicate that unified
down-conversion and filtering according to the invention is
useful in applications where filtering precedes, follows, or
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both precedes and follows frequency down-conversion. FI1G.
15D indicates that a unified down-conversion and filtering
module 1524 according to the invention can be used as a
filter 1522 (i.e., where the extent of frequency down-
conversion by the down-converter in unified down-
conversion and filtering module 1524 is minimized). FIG.
15E indicates that a unified down-conversion and filtering
module 1528 according to the invention can be used as a
down-converter 1526 (i.e., where the filter in unified down-
conversion and filtering module 1528 passes substantially
all frequencies). FIG. 15F illustrates that unified down-
conversion and filtering module 1532 can be used as an
amplifier. It is noted that one or more UDF modules can be
used in applications that involve at least one or more of
filtering, frequency translation, and amplification.

For example, receivers, which typically perform filtering,
down-conversion, and filtering operations, can be imple-
mented using one or more unified down-conversion and
filtering modules. This is illustrated, for example, in FIG. 14.

The methods and systems of unified down-conversion and
filtering of the invention have many other applications. For
example, as discussed herein, the enhanced signal reception
(ESR) module (receive) operates to down-convert a signal
containing a plurality of spectra. The ESR module (receive)
also operates to isolate the spectra in the down-converted
signal, where such isolation is implemented via filtering in
some embodiments. According to embodiments of the
invention, the ESR module (receive) is implemented using
one or more unified down-conversion and filtering (UDF)
modules. This is illustrated, for example, in FIG. 16. In the
example of FIG. 16, one or more of UDF modules 1610,
1612, 1614 operates to down-convert a received signal. UDF
modules 1610, 1612, 1614 also operate to filter the down-
converted signal so as to isolate the spectrum or spectra
contained therein. As noted above, UDF modules 1610,
1612, 1614 are implemented using the universal frequency
translation (UFT) modules of the invention.

The invention is not limited to the applications of the UFT
module described above. For example, and without
limitation, subsets of the applications (methods and/or
structures) described herein (and others that would be appar-
ent to persons skilled in the relevant art(s) based on the
herein teachings) can be associated to form useful combi-
nations.

For example, transmitters and receivers are two applica-
tions of the UFT module. FIG. 10 illustrates a transceiver
1002 that is formed by combining these two applications of
the UFT module, i.e., by combining a transmitter 1004 with
a receiver 1008.

Also, ESR (enhanced signal reception) and unified down-
conversion and filtering are two other applications of the
UFT module. FIG. 16 illustrates an example where ESR and
unified down-conversion and filtering are combined to form
a modified enhanced signal reception system.

The invention is not limited to the exemplary applications
of the UFT module discussed herein. Also, the invention is
not limited to the exemplary combinations of applications of
the UFT module discussed herein. These examples were
provided for illustrative purposes only, and are not limiting.
Other applications and combinations of such applications
will be apparent to persons skilled in the relevant art(s)
based on the teachings contained herein. Such applications
and combinations include, for example and without
limitation, applications/combinations comprising, and/or
involving one or more of: (1) frequency translation; (2)
frequency down-conversion; (3) frequency up-conversion;
(4) receiving; (5) transmitting; (6) filtering; and/or (7) signal
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transmission and reception in environments containing
potentially jamming signals.

Additional exemplary applications are described below.

6.1 Telephones

The present invention is directed to telephones that
employ the UFT module for performing down-conversion
and/or up conversion operations. According to embodiments
of the invention, telephones include a receiver that uses a
UFT module for frequency down-conversion (see, for
example, FIG. 7), and/or a transmitter that uses a UFT
module for frequency up-conversion (see, for example, FI1G.
8). Alternatively, telephone embodiments of the invention
employ a transceiver that uses one or more UFT modules for
performing frequency down-conversion and/or
up-conversion operations, as shown, for example, in FIGS.
10 and 11.

Any type of telephone falls within the scope and spirit of
the present invention, including but not limited to cordless
phones (wherein UFT modules can be used in both the base
unit and the handset to communicate therebetween, and in
the base unit to communicate with the telephone company
via wired or wireless service), cellular phones, satellite
phones, etc.

FIG. 25 illustrates an exemplary environment 2502 illus-
trating cellular phones and satellite phones according to
embodiments of the invention. Cellular phones 2504, 2508,
2512 and 2516 each include a transceiver 2506, 2510, 2514,
and 2518, respectively. Transceivers 2506, 2510, 2514, and
2518 enable their respective cellular phones to communicate
via a wireless communication medium with base stations
2520, 2524. According to the invention, transceivers 2506,
2510, 2514, and 2518 are implemented using one or more
UFT modules. FIGS. 10 and 11 illustrate exemplary trans-
ceivers 1002 and 1102 operable for use with the cellular
phones of the present invention. Alternatively, one or more
of cellular telephones 2504, 2508, 2512, and 2516 may
employ transmitter modules and receiver modules. Either or
both of such transmitter modules and receiver modules may
be implemented using UFT modules as shown in FIGS. 7
and 8, for example.

FIG. 25 also illustrates a satellite telephone 2590 that
communicates via satellites, such as satellite 2526. Satellite
telephone 2590 includes a transceiver 2592, which is pref-
erably implemented using one or more UFT modules, such
as shown in FIGS. 10 and 11, for example. Alternatively,
satellite phone 2590 may include a receiver module and a
transmitter module, wherein either or both of the receiver
module and the transmitter module is implemented using a
UFT module, as shown, for example, in FIGS. 7 and 8.

FIG. 25 also illustrates a cordless phone 2590 having a
handset 2592 and a base station 2596. Handset 2592 and
base station 2596 include transceivers 2594, 2598 for com-
municating with each other preferably over a wireless link.
Transceivers 2594, 2598 are preferably implemented using
one or more UFT modules, such as shown in FIGS. 10 and
11, for example. Alternatively, transceivers 2594, 2598 each
may be replaced by a receiver module and a transmitter
module, wherein either or both of the receiver module and
the transmitter module is implemented using a UFT module,
as shown, for example, in FIGS. 7 and 8. In embodiments,
base station 2596 of cordless phone 2590 may communicate
with base station 2520 via transceivers 2598, 2521, or using
other communication modules.

6.2 Base Stations

The invention is directed to communication base stations
that generally represent interfaces between telephones and
telephone networks. Exemplary base stations 2520, 2524
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according to the invention are illustrated in FIG. 25. The
invention is directed to other types of base stations, such as
but not limited to base stations in cordless phones (see, for
example, base station 2596 in cordless phone 2590 in FIG.
25). Base stations 2520, 2524, 2596 each include a trans-
ceiver 2521, 2525, 2598. According to embodiments of the
invention, transceivers 2521, 2525, 2598 are each imple-
mented using one or more UFT modules (see, for example,
FIGS. 10 and 11). Alternatively, base stations 2520, 2524,
2596 can be implemented using receiver modules and trans-
mitter modules, wherein either or both of the receiver and
transmitter modules are implemented using UFT modules
(see, for example, FIGS. 7 and 8).

As illustrated in FIG. 25, base stations 2520, 2524, 2596
operate to connect telephones together via telephone net-
works 2522, satellites 2526, or other communication
mediums, such as but not limited to data networks (such as
the Internet). Also, base stations 2520, 2524, enable tele-
phones (such as cellular telephones 2508, 2512) to commu-
nicate with each other via a base station 2520 and not
through a network or other intermediate communication
medium. This is illustrated, for example, by dotted data flow
line 2528.

The invention is directed to all types of base stations, such
as macro base stations (operating in networks that are
relatively large), micro base stations (operating in networks
that are relatively small), satellite base stations (operating
with satellites), cellular base stations (operating in a cellular
telephone networks), data communication base stations
(operating as gateways to computer networks), etc.

6.3 Positioning

The invention is directed to positioning devices that
enable the determination of the location of an object.

FIG. 26 illustrates an exemplary positioning unit 2608
according to an embodiment of the invention. Positioning
unit 2608 includes a receiver 2610 for receiving positioning
information from satellites, such as satellites 2604, 2606.
Such positioning information is processed in a well known
manner by a positioning module 2614 to determine the
location of positioning unit 2608. Preferably, receiver 2610
is implemented using a UFT module for performing fre-
quency down-conversion operations (see, for example, FIG.
D.

Positioning unit 2608 may include an optional transmitter
2612 for transmitting commands and/or other information to
satellites 2604, 2606, or to other destinations. In an
embodiment, transmitter 2612 is implemented using a UFT
module for performing frequency up-conversion operations
(see, for example, FIG. 8).

In an embodiment, receiver 2610 and optional transmitter
2612 are replaced in positioning unit 2608 by a transceiver
which includes one or more UFT modules (see, for example,
FIGS. 10 and 11).

The invention is directed to all types of positioning
systems, such as but not limited to global positioning
systems (GPS), differential GPS, local GPS, etc.

6.4 Data Communication

The invention is directed to data communication among
data processing devices. For example, and without
limitation, the invention is directed to computer networks
(such as, for example, local area networks and wide area
networks), modems, etc.

FIG. 27 illustrates an exemplary environment 2702
wherein computers 2704, 2712, and 2726 are communicat-
ing with one another via a computer network 2734. In the
example of FIG. 27, computer 2704 is communicating with
network 2734 via a wired link, whereas computers 2712 and
2726 are communicating with network 2734 via wireless
links.
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In the teachings contained herein, for illustrative
purposes, a link may be designated as being a wired link or
a wireless link. Such designations are for purposes of
example only, and are not limiting. A link designated as
being wireless may alternatively be wired. Similarly, a link
designated as being wired may alternatively be wireless.
This is applicable throughout the entire application.

Computers 2704, 2712 and 2726 each include an interface
2706, 2714, and 2728, respectively, for communicating with
network 2734. Interfaces 2706, 2714, and 2728 include
transmitters 2708, 2716, and 2730 respectively. Also, inter-
faces 2706, 2714 and 2728 include receivers 2710, 2718,
and 2732 respectively. In embodiments of the invention,
transmitters 2708, 2716 and 2730 are implemented using
UFT modules for performing frequency up-conversion
operations (see, for example, FIG. 8). In embodiments,
receivers 2710, 2718 and 2732 are implemented using UFT
modules for performing frequency down-conversion opera-
tions (see, for example, FIG. 7).

As noted above, computers 2712 and 2726 interact with
network 2734 via wireless links. In embodiments of the
invention, interfaces 2714, 2728 in computers 2712, 2726
represent modems.

In embodiments, network 2734 includes an interface or
modem 2720 for communicating with modems 2714, 2728
in computers 2712, 2726. In embodiments, interface 2720
includes a transmitter 2722, and a receiver 2724. Either or
both of transmitter 2722, and receiver 2724 are implemented
using UFT modules for performing frequency translation
operations (see, for example, FIGS. 7 and 8).

In alternative embodiments, one or more of interfaces
2706, 2714, 2720, and 2728 are implemented using trans-
ceivers that employ one or more UFT modules for perform-
ing frequency translation operations (see, for example,
FIGS. 10 and 11).

FIG. 28 illustrates another exemplary data communica-
tion embodiment 2802. Each of a plurality of computers
2804, 2812, 2814 and 2816 includes an interface, such as an
interface 2806 shown in computer 2804. It should be under-
stood that computers 2812, 2814, 2816 also include an
interface such as an interface 2806. Computers 2804, 2812,
2814 and 2816 communicate with each other via interfaces
2806 and wireless or wired links, thereby collectively rep-
resenting a data communication network.

Interfaces 2806 may represent any computer interface or
port, such as but not limited to a high speed internal
interface, a wireless serial port, a wireless PS2 port, a
wireless USB port, etc.

Interface 2806 includes a transmitter 2808 and a receiver
2810. In embodiments of the i5 invention, either or both of
transmitter 2808 and receiver 2810 are implemented using
UFT modules for frequency up-conversion and down-
conversion (see, for example, FIGS. 7 and 8). Alternatively,
interfaces 2806 can be implemented using a transceiver
having one or more UFT modules for performing frequency
translation operations (see, for example, FIGS. 10 and 11).

6.5 Pagers

The invention is directed to pagers that employ UFT
modules for performing frequency translation operations.

FIG. 29 illustrates an exemplary pager 2902 according to
an embodiment of the invention. Pager 2902 includes a
receiver 2906 for receiving paging messages. In embodi-
ments of the invention, receiver 2906 is implemented using
a UFT module for performing frequency down-conversion
operations (see, for example, FIG. 7).

Pager 2902 may also include a transmitter 2908 for
sending pages, responses to pages, or other messages. In
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embodiments of the invention, transmitter 2908 employs a
UFT module for performing up-conversion operations (see,
for example, FIG. 8).

In alternative embodiments of the invention, receiver
2906 and transmitter 2908 are replaced by a transceiver that
employs one or more UFT modules for performing fre-
quency translation operations (see, for example, FIGS. 10
and 11).

Pager 2902 also includes a display 2904 for displaying
paging messages. Alternatively, or additionally, pager 2902
includes other mechanisms for indicating the receipt of a
page such as an audio mechanism that audibly indicates the
receipt of a page, or a vibration mechanism that causes pager
2902 to vibrate when a page is received.

The invention is directed to all types of pagers, such as
and without limitation, one way pagers, two way pagers, etc.
FIG. 30 illustrates a one way pager 3004 that includes a
receiver 3006. One way pager 3004 is capable of only
receiving pages. In the scenario of FIG. 30, one way pager
3004 receives a page 3005 from an entity which issues pages
3008. One way pager 3004 includes a receiver 3006 that is
implemented using a UFT module for performing frequency
down-conversion operations (see, for example, FIG. 7).

FIG. 30 also illustrates a two way pager 3010. Two way
pager 3010 is capable of receiving paging messages and of
transmitting pages, responses to paging messages, and/or
other messages. Two way pager 3010 includes a receiver
3012 for receiving messages, and a transmitter 3014 for
transmitting messages. One or both of receiver 3012 and
transmitter 3014 may be implemented using UFT modules
for performing frequency translation operations (see, for
example, FIGS. 7 and 8). Alternatively, receiver 3010 and
transmitter 3014 can be replaced by a transceiver that
employs one or more UFT modules for performing fre-
quency translation operations (see, for example, FIGS. 10
and 11).

6.6 Security

The invention is directed to security systems having
components which are implemented using UFT modules for
performing frequency translation operations. FIG. 31 illus-
trates an exemplary security system 3102 which will be used
to describe this aspect of the invention.

Security system 3102 includes sensors which sense poten-
tial intrusion/hazard events, such as the opening of a
window, the opening of a door, the breakage of glass,
motion, the application of pressure on floors, the disruption
of laser beams, fire, smoke, carbon monoxide, etc. Upon
detecting an intrusion/hazard event, the sensors transmit an
intrusion/hazard event message to a monitor panel 3116 that
includes a monitor and alarm module 3120. Monitor and
alarm module 3120 processes intrusion/hazard event mes-
sages in a well known manner. Such processing may
include, for example, sending messages via a wired link
3134 or a wireless link 3136 to a monitoring center 3130,
which may in turn alert appropriate authorities 3132 (such as
the police, the fire department, an ambulance service, etc.).

FIG. 31 illustrates a one way sensor 3109 that is
positioned, for example, to detect the opening of a door
3106. One way sensor 3109 is not limited to this application,
as would be apparent to persons skilled in the relevant arts.
One way sensor 3109 includes contacts 3108 and 3110 that
are positioned on door 3106 and frame 3104 of door 3106.
When contacts 3108 and 3110 are displaced from one
another, indicating the opening of door 3106, a transmitter
3112 contained in contact 3110 transmits an intrusion/hazard
event message 3114 to monitor panel 3116.

In an embodiment, one way sensor 3109 also transmits
status messages to monitor panel 3116. Preferably, these
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status messages are transmitted during a time period that is
assigned to one way sensor 3109. The status messages
include information that indicates the status of one way
sensor 3109, such as if sensor 3109 is operating within
normal parameters, or if sensor 3109 is damaged in some
way. Monitor panel 3116, upon receiving the status
messages, takes appropriate action. For example, if a status
message indicates that sensor 3109 is damaged, then moni-
tor panel 3116 may display a message to this effect, and/or
may transmit a call for service. If monitor panel 3116 does
not receive a status message from one way sensor 3109 in
the time period assigned to one way sensor 3109, then
monitor panel 3116 may issue an alarm indicating a potential
intrusion or other breach in perimeter security.

Preferably, transmitter 3112 is implemented using a UFT
module to perform frequency up-conversion operations (see,
for example, FIG. 8).

One way sensor 3109 is capable of only transmitting. The
invention is also directed to two way sensors, an example of
which is shown as 3125. Two way sensor 3125 is shown in
FIG. 31 as being positioned to detect the opening of a door
3138. Two way sensor 3125 is not limited to this application,
as would be apparent to persons skilled in the relevant arts.

Two way sensor 3125 includes contacts 3124 and 3126 for
detecting the opening of door 3138. Upon detection of the
opening of door 3138, a transceiver 3128 in contact 3126
sends an intrusion/hazard event message to monitor panel
3116. Preferably, transceiver 3128 is implemented using one
or more UFT modules for performing frequency translation
operations (see, for example, FIGS. 10 and 11).
Alternatively, two way sensor 3125 may employ a receiver
and a transmitter, wherein one or both of the receiver and
transmitter includes UFT modules for performing frequency
translation operations (see, for example, FIGS. 7 and 8).

Two way sensor 3125 is capable of both receiving and
transmitting messages. Specifically, as just discussed, trans-
ceiver 3128 in two way sensor 3125 sends intrusion/hazard
event messages to monitor panel 3116. Additionally, two
way sensor 3125 may receive commands or other messages
(such as polls) from monitor panel 3116 via transceiver
3128.

In an embodiment, two way sensor 3125 also transmits
status messages to monitor panel 3116. In an embodiment,
these status messages are transmitted during a time period
that is assigned to two way sensor 3125. The nature of these
status message is described above.

In an alternative embodiment, monitor panel 3116 polls
for status messages. When two way sensor 3125 receives an
appropriate polling message, it transmits its status message
to monitor panel 3116. If monitor panel 3116 does not
receive a status message in response to a polling message,
then it may issue an alarm indicating a potential intrusion or
other breach in perimeter security.

Monitor panel 3116 includes a transceiver 3118 for com-
municating with sensors, such as sensors 3109 and 3125,
and for also communicating with external entities, such as
monitoring center 3130, appropriate authorities 3132, etc.
Transceiver 3118 is preferably implemented using one or
more UFT modules for performing frequency translation
operations (see, for example, FIGS. 10 and 11).
Alternatively, transceiver 3118 may be replaced by a
receiver and a transmitter, wherein one or both of the
receiver and transmitter is implemented using UFT modules
for performing frequency translation operations (see, for
example, FIGS. 7 and 8).

In an embodiment, monitor panel 3116 communicates
with monitoring center 3130 via a wired telephone line
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3134. However, communication over telephone line 3134
may not always be possible. For example, at times, tele-
phone line 3134 may be inoperative due to natural events,
failure, maintenance, sabotage, etc. Accordingly, embodi-
ments of the invention include a back-up communication
mechanism. For example, in FIG. 31, monitor panel 3116
includes a cellular phone backup system for communication
with monitoring center 3130. This wireless link between
monitor panel 3116 and monitoring center 3130 is repre-
sented by dotted line 3136. Transceiver 3118 (or perhaps
another transceiver contained in monitoring panel 3116 or
located proximate thereto) communicates with monitor cen-
ter 3130 via wireless link 3136. As noted, transceiver 3118
is preferably implemented using one or more UFT modules
for performing frequency translation operations (see, for
example, FIGS. 10 and 11).

6.7 Repeaters

The invention is directed to communication repeaters
which, generally, receive a signal, optionally amplify the
signal, and then transmit the amplified signal at the same or
different frequency or frequencies. A repeater is often used
in combination with one or more other repeaters to transmit
a signal from a first point to a second point, where the first
and second points are widely spaced from one another
and/or are not in line of sight with one another.

This is illustrated, for example, in FIG. 32, where a signal
is being transmitted from a station 3204 to another station
3218, where stations 3204, 3218 are separated by a moun-
tain. Signals from station 3204 are sent to station 3218 via
repeaters 3206, 3208, and 3210. Similarly, signals from
station 3218 are sent to station 3204 via repeaters 3206,
3208, and 3210.

Each of repeaters 3206, 3208, 3210 includes a transceiver
3212, 3214, 3216, respectively. In embodiments of the
invention, transceivers 3212, 3214, 3216 are implemented
using UFT modules for performing frequency translation
operations (see, for example, FIGS. 10 and 11).
Alternatively, transceivers 3212, 3214, 3216 may be
replaced by receivers and transmitters, wherein the receivers
and transmitters are implemented using UFT modules for
performing frequency translation operations (see, for
example, FIGS. 7 and 8).

The invention includes all types of repeaters. For
example, the repeater scenario described above represents a
long distance or long range use of repeaters (for example,
macro use). The invention is also applicable to short distance
use of repeaters (for example, micro use). An example of this
is shown in FIG. 32, where a repeater 3252 having a
transceiver 3254 is positioned in a building or home 3250.
Repeater 3252 relays signals from a cell phone 3256 or other
communication device (such as a computer with a modern,
a television with an input for programming, a security
system, a home control system, etc.) to a base station 3218
and/or another repeater 3210. In the exemplary scenario of
FIG. 32, the combination of cell phone 3256 and repeater
3252 is generally similar to a cordless telephone. In embodi-
ments of the invention, transceivers 3254, 3258 are imple-
mented using UFT modules for performing frequency trans-
lation operations (see, for example, FIGS. 10 and 11).
Alternatively, transceivers 3254, 3258 may be replaced by
receivers and transmitters, wherein the receivers and trans-
mitters are implemented using UFT modules for performing
frequency translation operations (see, for example, FIGS. 7
and 8).

6.8 Mobile Radios

The invention is directed to mobile radios that use UFT
modules for performing frequency translation operations.
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The invention is applicable to all types of mobile radios
operating in any and all bands for any and all services, such
as but not limited to walkie-talkies, citizen band, business,
ISM (Industrial Scientific Medical), amateur radio, weather
band, etc.

See FIGS. 42A-42D for examples of frequency bands
operable with the present invention (the invention is not
limited to these bands).

FIG. 33 illustrates an exemplary scenario 3302 where a
first mobile radio 3304 is communicating with a second
mobile radio 3306. Each of mobile radios 3304, 3306
includes a transmitter 3308, 3312 and a receiver 3310, 3314,
respectively. Transmitter 3308, 3312, and/or receivers 3310,
3314 are implemented using UFT modules for performing
frequency translation operations (see, for example, FIGS. 7
and 8). Alternatively, transmitters 3308, 3312 and receivers
3310, 3314 can be replaced by transceivers which use one or
more UFT modules for performing frequency translation
operations (see, for example, FIGS. 10 and 11).

The invention is also directed to receive-only radios, such
as radio 4402 shown in FIG. 44. Radio 4402 includes a
receiver 4404 to receive broadcasts. Radio 4402 also
includes a speaker 4406 and other well known radio mod-
ules 4408. Radio 4402 may work in any band, such as but
not limited to AM, FM, weather band, etc. <See FIGS.
42A-42D for an example of the bands. Receiver 4404 is
preferably implemented using a UFT module (see, for
example, FIG. 7).

6.9 Satellite Up/Down Links

The invention is directed to systems and methods for
communicating via satellites. This includes, for example,
direct satellite systems (DSS), direct broadcast satellite
(DBS), ultra wideband public/private services, etc.

FIG. 34 illustrates an exemplary environment 3402 where
content transmitted from a content provider 3420 is received
by a private home 3404 via a satellite 3416. A satellite unit
3408 is located in home 3404. Satellite unit 3408 includes a
receiver 3410 for receiving signals from satellite 3416 and
a transmitter 3412 for transmitting signals to satellite 3416.

In operation, content provider 3420 transmits content to
satellite 3416, which then broadcasts that content. The
content is received at home 3404 by an antenna or satellite
dish 3414. The received signals are provided to receiver
3410 of satellite unit 3408, which then down-converts and
demodulates, as necessary, the signal. The data is then
provided to a monitor 3406 for presentation to the user.
Monitor 3406 may be any device capable of receiving and
displaying the content from content provider 3420, such as
a TV, a computer monitor, etc.

In embodiments of the invention, receiver 3410 and/or
transmitter 3412 are implemented using UFT modules for
performing frequency translation operations (see, for
example, FIGS. 7 and 8). In other embodiments, receiver
3410 and transmitter 3412 are replaced by a transceiver
which employs one or more UFT modules for performing
frequency translation operations (see, for example, FIGS. 10
and 11).

Satellite unit 3408 can be used to send and receive large
amounts of data via ultra wide band satellite channels. For
example, in addition to receiving content from the content
provider, is possible to use satellite unit 3408 to exchange
data with other locations 3418 via the satellite links provided
by satellites (such as satellite 3416).

6.10 Command and Control

The invention is directed to command and control appli-
cations. Exemplary command and control applications are
described below for illustrative purposes. The invention is
not limited to these examples.
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6.10.1 PC Peripherals

The present invention is directed to computer peripherals
that communicate with a computer over a wireless commu-
nication medium. FIG. 35 illustrates an exemplary computer
3502 which includes a number of peripherals such as but not
limited to a monitor 3506, a keyboard 3510, a mouse 3514,
a storage device 3518, and an interface/port 3522. It should
be understood that the peripherals shown in FIG. 35 are
presented for illustrative purposes only, and are not limiting.
The invention is directed to all devices that may interact with
a computer.

The peripherals shown in FIG. 35 interact with a com-
puter 3502 via a wireless communication medium. Com-
puter 3502 includes one or more transceivers 3504 for
communicating with peripherals. Preferably, transceivers
3504 are implemented using UFT modules for performing
frequency translation operations (see, for example, FIGS. 10
and 11). Alternatively, transceiver 3504 in computer 3502
may be replaced by receivers and transmitters, wherein any
of the receivers and transmitters are implemented by using
UFT modules for performing frequency translation opera-
tions (see, for example, FIGS. 7 and 8).

Each of the peripherals includes a transceiver for com-
municating with computer 3502. In embodiments of the
invention, the transceivers are implemented using UFT
modules for performing frequency translation operations
(see, for example, FIGS. 10 and 11). In other embodiments,
the transceivers are replaced by receivers and transmitters
which are implemented by UFT modules for performing
frequency translation operations (see, for example, FIGS. 7
and 8).

Computer 3502 may send a signal to the peripherals that
indicates that it is receiving signals from the peripherals. The
peripherals could then provide an indication that a link with
computer 3502 is established (such as, for example, turning
a green light on).

In some embodiments, some peripherals may be transmit-
only, in which case they would include a transmitter instead
of a transceiver. Some peripherals which may be transmit
only include, for example, keyboard 3510, mouse 3514,
and/or monitor 3506. Preferably, the transmitter is imple-
mented using a UFT module for performing frequency
up-conversion operations (see, for example, FIG. 8).

6.10.2 Building/Home Functions

The invention is directed to devices for controlling home
functions. For example, and without limitation, the inven-
tion is directed to controlling thermostats, meter reading,
smart controls, including C-Bus and X-10, garage door
openers, intercoms, video rabbits, audio rabbits, etc. These
examples are provided for purposes of illustration, and not
limitation. The invention includes other home functions,
appliances, and devices, as will be apparent to persons
skilled in the relevant art(s) based on the teachings contained
herein.

FIG. 36 illustrates an exemplary home control unit 3604.
Home control unit 3604 includes one or more transceivers
3606 for interacting with remote devices. In embodiments of
the invention, transceivers 3606 are implemented using UFT
modules for performing frequency translation operations
(see, for example, FIGS. 10 and 11). In other embodiments,
transceivers 3606 are replaced by receivers and transmitters
that employ UFT modules for performing frequency trans-
lation operations (see, for example, FIGS. 7 and 8). In some
embodiments, home control unit 3604 can be transmit only,
in which case transceiver 3606 is replaced by a transmitter
which is preferably implemented using a UFT module.

Home control unit 3604 interacts with remote devices for
remotely accessing, controlling, and otherwise interacting
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with home functional devices. For example, home control
unit 3604 can be used to control appliances 3608 such as, but
not limited to, lamps, televisions, computers, video
recorders, audio recorders, answering machines, etc. Appli-
ances 3608 are coupled to one or more interfaces 3610.
Interfaces 3610 each includes a transceiver 3612 for com-
municating with home control 3604. Transceiver 3612
includes one or more UFT modules for performing fre-
quency translation operations (see, for example, FIGS. 10
and 11). Alternatively, interfaces 3610 each includes a
receiver and a transmitter, either or both of which include
UFT modules for performing frequency translation opera-
tions (see, for example, FIGS. 7 and 8).

Home control unit 3604 can also remotely access and
control other home devices, such as a thermostat 3618 and
a garage door opener 3614. Such devices which interact with
home control unit 3604 include transceivers, such as trans-
ceiver 3620 in thermostat 3618, and transceiver 3616 in
garage opener 3614. Transceivers 3620, 3616 include UFT
modules for performing frequency translation operations
(see, for example, FIGS. 10 and 11). Alternatively, trans-
ceivers 3616, 3620 can be replaced by receivers and trans-
mitters for performing translation operations (see, for
example, FIGS. 7 and 8).

The invention is also directed to the control of home
electronic devices, such as but not limited to televisions,
VCRs, stereos, CD players, amplifiers, tuners, computers,
video games, etc. For example, FIG. 36 illustrates a televi-
sion 3650 and a VCR 3654 having receivers 3652, 3656 for
receiving control signals from one or more remote controls
3658, where each of remote controls 3658 includes a trans-
mitter 3660. Receivers 3652, 3656 are preferably imple-
mented using UFT modules (see, for example, FIG. 7), and
transmitter 3660 is preferably implemented using a UFT
module (see, for example, FIG. 8).

In some cases, it may be necessary to install an adapter
3666 to enable a device to operate with remote controls
3658. Consider a stereo 3662 having an infrared receiver
3664 to receive infrared control signals. Depending on their
implementation, some embodiments of remote controls
3658 may not transmit signals that can be accurately
received by infrared receiver 3664. In such cases, it is
possible to locate or affix a receiver 3668 (preferably imple-
mented using a UFT module) and an adapter 3666 to stereo
3662. Receiver 3668 operates to receive control signals from
remote controls 3658. Adapter 3666 converts the received
signals to signals that can be received by infrared receiver
3664.

The invention can also be used to enable the remote
access to home control components by external entities. For
example, FIG. 37 illustrates a scenario 3702 where a utility
company 3704 remotely accesses a utility meter 3710 that
records the amount of utilities used in home 3708. Utility
company 3704 may represent, for example, a service vehicle
or a site or office. Utility meter 3710 and utility company
3704 include transceivers 3712, 3706, respectively, for com-
municating with each other. Preferably, transceivers 3706,
3712 use UFT modules for performing frequency translation
operations (see, for example, FIGS. 10 and 11).
Alternatively, transceivers 3706, 3712 are replaced by
receivers and transmitters, wherein the receivers and/or
transmitters are implemented using UFT modules for per-
forming frequency translation operations (see, for example,
FIGS. 7 and 8).

The invention is also directed to other home devices. For
example, and without limitation, the invention is directed to
intercoms. As shown in FIG. 38, intercoms 3804, 3806
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include transceivers 3808, 3810, respectively, for commu-
nicating with other. In embodiments of the invention, trans-
ceivers 3808, 3810 include UFT modules for performing
frequency translation operations (see, for example, FIGS. 10
and 11). In other embodiments, transceivers 3808, 3810 are
replaced by receivers and transmitters, wherein the receivers
and/or transmitters are implemented using UFT modules for
performing frequency translation operations (see, for
example, FIGS. 7 and 8).

The invention can also be used to transmit signals from
one home device to another home device. For example, the
invention is applicable for propagating video and/or audio
signals throughout a home. This is shown, for example, in
FIG. 38, where TVs 3812, 3814 include transceivers 3816,
3818 for communicating with one another. Transceivers
3816, 3818 enabled video signals to be sent from one of the
TVs to another. In embodiments of the invention, transceiv-
ers 3816, 3818 are implemented using UFT modules for
performing frequency translation operations (see, for
example, FIGS. 10 and 11). In other embodiments, trans-
ceivers 3816, 3818 are replaced by receivers and
transmitters, wherein the receivers and/or transmitters are
implemented using UFT modules for performing frequency
translation operations (see, for example, FIGS. 7 and 8).

FIG. 38 also illustrates an embodiment where transceivers
3824, 3826 are used to communicate audio signals between
a CD player 3820 and a multi-media receiver 3822. In
embodiments, transceivers 3824, 3826 are implemented
using UFT modules for performing frequency translation
operations (see, for example, FIGS. 10 and 11). In other
embodiments, transceivers 3824, 3826 are replaced by
receivers and transmitters, wherein the receivers and/or
transmitters are implemented using UFT modules for per-
forming frequency translation operations (see, for example,
FIGS. 7 and 8).

In the figures described above, many of the components
are shown as including transceivers. In practice, however,
some components are receive only or transmit only. This is
true for some of the devices discussed throughout this
application, as will be apparent to persons skilled in the
relevant art(s). In such cases, the transceivers can be
replaced by receivers or transmitters, which are preferably
implemented using UFT modules for performing frequency
translation operations (see, for example, FIGS. 7 and 8).

6.10.3 Automotive Controls

The invention is directed to automotive controls, and
other devices often used in or with automobiles.

FIG. 39 illustrates an exemplary car 3902 according to an
embodiment of the invention. Car 3902 includes a number
of devices that communicate with objects.

For example, car 3902 includes an interface 3904 (or
multiple interfaces) for communicating with external
devices, such as but not limited to gasoline pumps 3912 and
toll booths 3916. In operation, for example, when car 3902
approaches toll booth 3916, interface 3904 communicates
with toll booth 3916 in an appropriate and well known
manner to enable car 3902 to pass through toll booth 3916.
Also, when car 3902 is proximate to gasoline pump 3912,
interface 3904 interacts with gas pump 3912 in an appro-
priate and well known manner to enable the driver of car
3902 to use gas pump 3912 to fill car 3902 with gas.

The car also includes a controllable door lock 3908. Upon
receipt of an appropriate signal from a keyless entry device
3914, controllable door lock 3908 locks or unlocks (based
on the signal received).

The car further includes a controller 3910, which controls
and interacts with the systems, instrumentation, and other
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devices of car 3902. Controller 3910 communicates with a
control unit 3918. It is possible to control car 3902 via use
of control unit 3918. Control unit 3918 sends commands to
controller 3910. Controller 3910 performs the functions
specified in the commands from control unit 3918. Also,
control unit 3918 sends queries to controller 3910. Control-
ler 3910 transmits to control unit 3918 the car-related
information specified in the queries. Thus, any car functions
under the control of controller 3910 can be controlled via
control unit 3918.

It is noted that the features and functions described above
and shown in FIG. 39 are provided for illustrative purposes
only, and are not limiting. The invention is applicable to
other car related devices, such as but not limited to security
systems, GPS systems, telephones, etc.

Interface 3904, door lock 3908, controller 3910, and any
other car devices of interest include one or more transceivers
3906A, 3906B, 3906C for communicating with external
devices. Also, gasoline pump 3912, keyless entry device
3914, toll booth 3916, control unit 3918, and any other
appropriate devices include transceivers 3906D, 3906E,
3906F, 3906G for communicating with car 3902.

Preferably, transceivers 3906 are implemented using UFT
modules for performing frequency translation operations
(see FIGS. 10 and 11). Alternatively, one or more of trans-
ceivers 3906 can be replaced by receiver(s) and/or
transmitter(s), wherein the receiver(s) and/or transmitter(s)
are implemented using UFT modules for performing fre-
quency translation operations (see, for example, FIGS. 7 and
8).

6.10.4 Aircraft Controls

The invention is directed to aircraft controls, and other
devices often used in or with aircrafts.

FIG. 40A illustrates an exemplary aircraft 4002 according
to an embodiment of the invention. Aircraft 4002 includes,
for example, a GPS unit 4012 for receipt of positioning
information. GPS unit 4012 is coupled to a transceiver
4004D for receiving positioning information.

Aircraft 4002 also includes one or more radio(s) 4010 for
communication with external entities. Radio(s) 4010 include
one or more transceivers 4004C for enabling such commu-
nication.

Aircraft 4002 also includes monitors 4008 for displaying,
for example, video programming, and computers 4009 that
transmit and receive information over a communication
network. Monitors 4008 and computers 4009 include one or
more transceiver(s) 4004B for communicating with external
devices, such as video programming sources and/or data
communication networks.

Aircraft 4002 includes a controller 4006 for controlling
the systems, instrumentation, and other devices of aircraft
4002. Controller 4006 can communicate with external
devices via a transceiver 4004A. External devices may
control aircraft 4002 by sending appropriate commands,
queries, and other messages to controller 4006.

It is noted that the features and functions described above
and shown in FIG. 40A are provided for illustrative purposes
only, and are not limiting. The invention is applicable to
other aircraft related devices, such as but not limited to
security systems, telephones, etc.

Preferably, transceivers 4004 are implemented using UFT
modules for performing frequency translation operations
(see FIGS. 10 and 11). Alternatively, one or more of trans-
ceivers 4004 can be replaced by receiver(s) and/or
transmitter(s), wherein the receiver(s) and/or transmitter(s)
are implemented using UFT modules for performing fre-
quency translation operations (see, for example, FIGS. 7 and
8).
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6.10.5 Maritime Controls

The invention is directed to maritime controls, and other
maritime-related devices.

FIG. 40B illustrates an exemplary boat 4050 according to
an embodiment of the invention. The devices in exemplary
boat 4050 of FIG. 40B are similar to the devices in exem-
plary aircraft 4002 of FIG. 40 A. Accordingly, the description
above relating to FIG. 40A applies to FIG. 40B.

6.11 Radio Control

The invention is directed to radio controlled devices, such
as but not limited to radio controlled cars, planes and boats.

FIG. 41 illustrates radio controlled devices according to
embodiments of the invention. A controller 4104 includes
control logic 4106 for generating commands to control
various devices, such as a plane 4110, a car 4116, and a boat
4122. Controller 4104 includes a transceiver 4108 for com-
munication with plane 4110, car 4146, and boat 4122.

Plane 4110, car 4116, and boat 4122 includes control
modules 4112, 4118 and 4124 for processing commands
received from controller 4104. Also, control modules 4112,
4118, and 4124 maintain status information that can be
communicated back to control 4104. Plane 4110, car 4116
and boat 4122 include transceivers 4114, 4120, and 4126,
respectively, for communicating with controller 4104.

Preferably, transceivers 4108, 4114, 4120, and 4126 are
implemented using UFT modules for performing frequency
translation operations (see FIGS. 10 and 11). Alternatively,
transceivers 4108, 4114, 4120, and 4126 can be replaced by
receivers and transmitters, wherein the receivers and/or
transmitters are implemented using UFT modules for per-
forming frequency translation operations (see, for example,
FIGS. 7 and 8).

6.12 Radio Synchronous Watch

The invention is directed to radio synchronous time
devices. Radio synchronous time devices are time pieces
that receive signals representative of the current time. An
exemplary source of such time signals is radio station WWV
in Boulder, Colo. Radio synchronous time devices update
their internal clocks with the current time information con-
tained in the signals.

The invention is directed to all types of radio synchronous
time devices, such as alarm clocks, clocks in appliances and
electronic equipment such as clocks in computers, clocks in
televisions, clocks in VCRs, wrist watches, home and office
clocks, clocks in ovens and other appliances, etc.

FIG. 43 illustrates an exemplary radio synchronous time
piece 4302, an example of which is shown in FIG. 43. Radio
synchronous time piece 4302 includes a display 4304 to
display the current time and time zone (and perhaps the
position of time piece 4302), receiver(s) 4306, a time
module 4310, a GPS module 4308, and a battery 4312.

Receiver 4306 receives time signals from a time infor-
mation source 4314. Based on the time signals, time module
4310 determines the current time in a well known manner.
Depending on the nature of the received time signals, the
current time may be GMT. The current time is displayed in
display 4304.

Receiver 4306 may receive the time signals continuously,
periodically, upon user command, or sporadically
(depending on the signal strength of time information source
4314, for example). At times when receiver 4306 is not
receiving time signals, time module 4310 determines the
current time in a well known manner (i.e., time module 4310
operates as a clock), using the indication of time in the last
received time signal. In some embodiments, time piece 4302
may provide some indication when it is receiving time
signals from time information source 4314. For example,
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time piece 4302 may provide a visual or audible indication
(such as lighting an LED or beeping when time signals are
being received). The user can elect to disable this feature.

Receiver 4306 may also receive positioning information
from global positioning satellites 4316. GPS module 4308
uses the received positioning information to determine the
location of time piece 4302. Time module 4310 uses the
location information to determine the time zone and/or the
local time. The time zone, the local time, and/or the location
of time piece 4302 may be displayed in display 4304.

Preferably, receiver(s) 4306 are implemented using UFT
modules for performing frequency translation operations
(see, for example, FIG. 7).

The invention is particularly well suited for implementa-
tion as a time piece given the low power requirements of
UFT modules. Time pieces implemented using UFT mod-
ules increase the effective life of battery 4312.

6.13 Cable Modem

Cable Modems refer to modems that communicate across
ordinary cable TV network cables. A cable modem allows a
computer system to interface with networks, such as the
Internet, at a greater speed than currently available with
conventional data modems, which transmit across phone
lines, for example. The present invention is directed to all
types of cable modems.

A variety of cable modem environments, according to
embodiments of the present invention, are discussed below
in the following sub-section. Various cable modem types
according to embodiments of the present invention, includ-
ing external, internal, and interactive set-top boxes, are
discussed in the subsequent sub-section. Various cable
modem circuit configurations, according to the present
invention, are then discussed. This is followed by a discus-
sion of a variety of modulation schemes that may be
employed by cable modem embodiments of the present
invention, including QPSK, QAM, OQPSK, I/Q, and others,
and circuits for implementing these modulation scheme
embodiments are provided. Furthermore, embodiments for
various other communication devices, such as data modems,
Ethernet interfaces, satellite receivers, and telephone inter-
faces using similar techniques, are provided.

These embodiments are described herein for purposes of
illustration, and not limitation. 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 teach-
ings contained herein. The invention is intended and adapted
to include such alternate embodiments.

6.13.1 Cable Modem Environments

FIGS. 45A-45B illustrate exemplary cable modem
environments, according to embodiments of the present
invention. FIG. 45A illustrates an exemplary wired cable
modem environment 4500. Wired cable modem environ-
ment comprises a cable modem 4502, a splitter 4504, a
personal computer 4506, a cable converter (set-top box)
4508, and a television 4510.

Personal computer 4506 is coupled to cable modem 4502
via cable 4516. Personal computer 4506 transmits signals to
and receives signals from cable modem 4506 across cable
4516.

Cable modem 4502 is coupled to splitter 4504 via cable
4514. Cable 4514 may be a coaxial cable, or HFC (Hybrid
Fiber Coax) cable.

Splitter 4504 is coupled to a cable service 4512 via a cable
(not shown). Splitter 4504 splits the signal from cable
service 4512 such that independent cables may be run to
cable modem 4502 and cable converter 4508, if necessary.
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Splitter 4504 is coupled to cable converter 4508 via cable
4518. Cable modem 4502 transmits signals to and receives
signals from cable service 4512 via a cable coupling cable
service 4512 and splitter 4504, splitter 4504, and cable 4514.

Cable converter (set-top box) 4508 provides user access
to the TV channels broadcast on the cable TV network by
cable service 4512. Cable converter 4508 receives TV
channel signals from cable service 4512 via a cable coupling
cable service 4512 and splitter 4504, splitter 4504, and cable
4518. In alternative embodiments, cable converter (set-top
box) 4508 may be an interactive set-top box, and hence may
include cable modem capabilities. For instance, an interac-
tive cable converter (set-top box) 4508 may be able to
transmit signals to cable service 4512. An interactive set-top
box is described in more detail below.

Television 4510 is coupled to cable converter 4508, and
displays TV channels as provided by cable converter 4508.

FIG. 45C illustrates an exemplary rear view of a cable
modem 4502. Cable modem 4502 comprises a coaxial cable
connector 4548, a reset switch 4534, a data modem connec-
tor 4544, an Ethernet connector 4546, and a power supply
connector 4548. These connectors and switches and their
functions are well known.

FIG. 45B illustrates a wireless cable modem environment
4520. Wireless cable modem environment 4520 comprises a
cable modem 4522, a splitter 4504, a personal computer
4506, a cable converter (set-top box) 4508, a television
4510, a wireless cable interface 4524, and an antenna 4526.
Cable modem 4522 comprises an antenna for wireless
communication with cable service 4512.

For example, in one environment, a wireless communi-
cation 4530 occurs between cable modem 4522 and wireless
cable interface 4524. Wireless cable interface 4524 is
coupled to splitter 4504. Wireless cable interface 4524
comprises an antenna that receives signals from cable
modem 4522 and transmits them to cable service 4512 via
cables coupling splitter 4504 and cable service 4512. Wire-
less cable interface 4524 also receives signals from cable
service 4512 via cables coupling splitter 4504 and cable
service 4512, and transmits them to cable modem 4522.

In another environment, a wireless communication 4530
occurs between cable modem 4522 and antenna 4526.
Antenna 4526 is coupled to cable service 4512. Antenna
4526 may be located a substantial distance from cable
modem 4522 relative to the typical distance from cable
modem 4522 to wireless cable interface 4524. Antenna 4526
receives signals from cable modem 4522 and transmits them
to cable service 4512. Antenna 4526 also receives signals
from cable service 4512 and transmits them to cable modem
4522.

6.13.2 Cable Modem Types

FIGS. 46 A—46C illustrate exemplary cable modem types,
according to embodiments of the present invention.

FIG. 46A illustrates an external modem configuration
4600. An external cable modem is typically a small box
external to a computer system that connects to the computer
system through an Ethernet connection, a USB port, or other
applicable interface.

External modem configuration 4600 comprises an exter-
nal cable modem 4602, a first computer system 4604, a
second computer system 4606, and an Ethernet link 4608 (or
other type links). External cable modem 4602 is external to
any computer system, and may operate as a cable modem for
one or more computer systems. External cable modem 4608
is coupled to first and second computer systems 4604 and
4606 via Ethernet link 4608. In embodiments, a single
computer system may be present, or two or more computer
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systems may be present. External cable modem 4602 allows
first and second computer systems 4604 and 4606 to com-
municate with cable service 4512 of FIGS. 45A-C via cable
or wireless link 4610.

FIG. 46B illustrates an internal modem configuration
4612. An internal modem may be a PCI bus add-in card for
a personal computer, for example. Internal modem configu-
ration 4612 comprises a computer system 4614 and an
internal cable modem 4616. Internal cable modem 4616 is
internal to computer system 4614, and operates as a modem
for computer system 4614. Internal cable modem 4616
allows computer system 4614 to communicate with cable
service 4512 of FIGS. 45A-C via cable or wireless link
4618.

FIG. 46C illustrates an interactive set-top box modem
configuration 4612. A set-top box provides multiple TV
channels on a limited number of frequencies. This is pos-
sible with the use of digital television encoding (DVB). An
interactive set-top box provides a return channel, in some
cases through the telephone system, that allows the user to
access web-browsing, email, etc. directly on the TV screen.
Set-top box modem configuration 4612 comprises an inter-
active set-top box 4622, a TV 4624, and a keyboard/mouse
4626. Interactive set-top box 4622 operates as a modem for
TV 4624 and keyboard/mouse 4626. Interactive set-top box
4622 allows TV 4624 and keyboard/mouse 4626 to com-
municate with cable service 4512 of FIGS. 45A-C via cable
or wireless link 4628.

DOCSIS is a Cable Modem Standard that stands for Data
Over Cable Service Interface Specification (DOCSIS), and
defines the interface requirements for cable modems
involved in high-speed data transmission over cable televi-
sion networks. The present invention is not limited to this
standard, but to additional standards, and non-standard con-
figurations.

6.13.3 Cable Modem Configurations

FIGS. 47-50 illustrate exemplary cable modem circuit
block diagrams, according to embodiments of the present
invention.

FIG. 47 illustrates a wired cable modem system 4700.
Wired cable modem system 4700 comprises a cable system
4512, a cable 4514, a cable modem 4502, and a computer
system 4706. Cable 4514 couples cable system 4512 with
cable modem 4502, as described above. Cable 4516 couples
cable modem 4502 to computer system 4706, as described
above.

Cable modem 4502 comprises a tuner 4702, a
demodulator/error correction module 4704, a MAC 4706, an
interface 4708, and a burst demodulator 4710.

Tuner 4702 receives an input RF signal via tuner cable
4514. The input signal received by tuner 4702 is typically a
QAM or QPSK modulation mode RF signal. Tuner 4702
comprises a UFT module 4712. Tuner 4702 may down-
convert the input signal to an intermediate frequency, or may
down-convert and demodulate the input signal directly to
baseband, according to the present invention, as described
herein.

Demodulator/error correction module 4704 receives the
down-converted signal from tuner 4702. Demodulator/error
correction module 4704 demodulates the received signal if
the received signal is at intermediate frequency, and perform
error correction and MPEG synchronization, etc. For
example, demodulator 4704 may comprise a 64/256-QAM
demodulator, as described below. In an embodiment, when
tuner 4702 down-converts and demodulates the input signal
to baseband, demodulator/error correction module 4704 is
not required to perform down-conversion and demodulation
functions.
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MAC 4706 receives the demodulated and error corrected
signal from demodulator/error correction module 4704.
MAC 4706 may comprise software or hardware, or any
combination thereof. MAC 4706 may extract data from
MPEG frames, filter data for other cable modems, run the
protocol, time transmission of upstream bursts, etc. MAC
4706 outputs data for computer system 4706. MAC 4706
also receives data from computer system 4706 via interface
4708, provides signal processing, and outputs the processed
data to burst modulator 4710.

Interface 4706 receives data output by MAC 4706 for
computer system 4706. Interface 4706 may be a PCI, USB,
Ethernet, or other interface. Interface 4706 outputs data for
computer system 4706 to cable 4516.

Burst modulator 4710 receives data to be transmitted to
cable system 4512 from MAC 4706. Burst modulator 4710
may perform R-S encoding modulation, frequency
conversion, D/A conversion, etc. Burst modulator 4710
modulates and up-converts the resulting data for transmis-
sion to cable system 4512 over cable 4514. For example,
burst modulator 4710 may comprise a QPSK/QAM-16
modulator, as described below. In embodiments where tuner
4702 comprises a transmitter and receiver, or transceiver,
according to the present invention, burst modulator may not
be required to handle signal up-conversion and modulation.

FIG. 47 illustrates a wired configuration. FIG. 48 illus-
trates a wireless cable modem system 4800. Cable system
4512 is coupled to an antenna 4526 for receiving and
transmitting wireless signals 4530 from and to a wireless
cable modem 4804. Wireless cable modem 4804 comprises
an antenna 4802 for receiving and transmitting wireless
signals 4530 from and to cable system 4512.

FIG. 49 illustrate a wireless cable modem system 4900,
wherein cable modem 4910 does not comprise a tuner. In
this embodiment, demodulator/error correction 4902 and
burst modulator 4904 comprise a first UFT module 4906 and
a second UFT module 4908, respectively. Demodulator/
error correction 4902 down-converts and demodulates input
signal 4530 directly to baseband.

FIG. 50 illustrates a wireless cable modem system 5000,
wherein demodulator/error correction 5004 and burst modu-
lator 5004 comprise a common UFT module 5008, which
handles both signal up-conversion and signal down-
conversion.

The embodiments of FIGS. 48-50 are also applicable to
a wired modem configuration, such as shown in FIG. 47.

FIG. 51 illustrates a wired or wireless cable modem
network 5100. Cable modem network 5100 comprises a
head-end 5102 and a first, second, third, fourth, fifth, and
sixth cable modem 5108, 5110, 5112, 5114, 5116, and 5118.
The present invention is applicable to any number of one or
more cable modems. Head-end 5102 and first, second, third,
fourth, fifth, and sixth cable modems 5108, 5110, 5112,
5114, 5116, and 5118 are coupled by a coax or wireless link
5104. Coax or wireless link 5104 may be completely wired,
completely wireless, or any combination thereof.

Head-end 5102 is located at cable service 4512. Head-end
5102 is a central distribution point for a CATV system.
Video signals are received by head-end 5102 from satellites
and other sources, are frequency converted to the appropri-
ate channels, combined with locally originated signals, and
re-broadcast onto the cable network. Head-end 5102 com-
prises a cable modem termination system (CMTS) 5106.
CMTS 5106 is a central device for connecting the cable TV
network to a data network, such as the Internet.

“Downstream” refers to data flowing from the CMTS to
the cable modem. In embodiments, this frequency is in the
42/65-850 MHZ range.
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“Upstream” refers to the data flowing from the cable
modem to the CMTS. In embodiments, this frequency is in
the 5-42 MHZ range for US systems and 5-65 MHZ for
European systems.

FIG. 52 illustrates a detailed example of a wired or
wireless cable modem system 5100, according to an
embodiment of the present invention.

DOCSIS is a Cable Modem Standard that stands for Data
Over Cable Service Interface Specification (DOCSIS), and
defines the interface requirements for cable modems
involved in high-speed data transmission over cable televi-
sion networks. The present invention is not limited to this
standard, but to additional standards, and non-standard con-
figurations. For instance, the present invention also is appli-
cable to the DVB/DAVIC standard (mostly European) and
IEEE 802.14 standard.

The cable modem receivers, transmitters, and transceivers
of'the present invention may be implemented using a variety
of well known devices. In embodiments, these receivers,
transmitters, and/or transceivers may be implemented by a
BCM3415 CMOS Digital Cable Tuner, a BCM3125 QAM-
Link™ Universal Set-Top Box Transmission Solution, a
BCM3120-Set-Top Box Transceiver, a BCM3116-
QAMLInk™ 64/256-QAM ITU-B Receiver, a BCM3118B-
QAMLink™ 64/256-QAM DVB/DAVIC Receiver, a
BCM3115-QAMLink™ 64/256-QAM Dual-Channel
Receiver, a BCM3037-QAMLink™ QPSK/16-QAM Burst
Modulator, a BCM3033-QAMLink™ Universal Modulator,
a BCM3137-QAMLink™ QPSK/16-QAM Burst
Demodulator, a BCM3360 QAMLink™ Single-Chip
MCNS/DOCSIS Cable Modem, a BCM93310 DOCSIS
External Cable Modem, a BCM93310i DOCSIS Internal
PCI Cable Modem, and/or a BCM3300-QAMLink™
Single-Chip MCNS/DOCSIS Cable Modem, manufactured
by Broadcom™ Corporation.

6.13.4 Quadrature Amplitude Modulation (QAM)

Quadrature Amplitude Modulation (QAM) is a well
known technique for modulating digital signals using both
amplitude and phase coding. Multiple signals may be trans-
mitted using quadrature carriers. An in-phase signal (“1”) is
modulated such that its amplitude varies discretely as a
function of one of the information signals, and a quadrature-
phase signal (“Q”) is modulated such that its amplitude
varies discretely as a function of the other information
signal. The two modulated signals are combined to form an
“QAM” modulated signal and transmitted. In this manner,
for instance, two separate information signals could be
transmitted in a single signal simultaneously. For determin-
ing the number of possible discrete levels, M-QAM uses a
signal structure where each data signal may take on the
square-root of M different possible levels.

Embodiments are provided below for implementing
QAM transmitters and receivers that may be implemented in
cable modems, according to embodiments of the present
invention. For example, the QAM transmitters described
below may be implemented in burst modulators 4710, 4904,
5006, and upstream modulator 5206 and downstream modu-
lator 5204 of FIG. 52. The QAM receivers described below
may be implemented in demodulator/error correction mod-
ules 4704, 4902, 5004, and upstream demodulator 5202 and
downstream demodulator 5208 of FIG. 52.

6.13.5 Quadrature Phase-Shift Keying (QPSK)

Quadrature Phase-Shift Keying (QPSK) is a well known
technique for modulating digital signals using four phase
states to code two digital bits per phase shift. An in-phase
signal (“I”) is modulated such that its phase varies as a
function of one of the information signals, and a quadrature-
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phase signal (“Q”) is modulated such that its phase varies as
a function of the other information signal. The two modu-
lated signals are combined to form an “QPSK” modulated
signal and transmitted. In this manner, for instance, two
separate information signals could be transmitted in a single
signal simultaneously.

Embodiments are provided below for implementing
QPSK transmitters and receivers that may be implemented
in cable modems, according to embodiment of the present
invention. For example, the QPSK transmitters described
below may be implemented in burst modulators 4710, 4904,
5006, and upstream modulator 5206 and downstream modu-
lator 5204 of FIG. 52. The QAM receivers described below
may be implemented in demodulator/error correction mod-
ules 4704, 4902, 5004, and upstream demodulator 5202 and
downstream demodulator 5208 of FIG. 52.

6.13.6 Receiver Embodiments

FIG. 54A illustrates an exemplary receiver 5400, accord-
ing to embodiments of the present invention. Receiver 5400
may be configured to receive, down-convert, and demodu-
late a wide range of RF signal types, at least including QPSK
and QAM modulated signals. These QPSK and QAM modu-
lated signals include signals transmitted by a cable modem
termination system (CMTS) and/or by a cable modem.
These signals may have been transmitted over many pos-
sible mediums, including coaxial cable, phone cable,
twisted-pairs, wireless, and other mediums. Receiver 5400
may be located in a CMTS and/or a cable modem, and in
other locations, as described elsewhere herein. This receiver
embodiment is described herein for purposes of illustration,
and not limitation. Alternate receiver embodiments
(including equivalents, extensions, variations, deviations,
etc., of the embodiments described herein), as well as
embodiments of other modulation modes, will be apparent
to persons skilled in the relevant art(s) based on the teach-
ings contained herein. The invention is intended and adapted
to include such alternate embodiments.

Receiver 5400 comprises a QPSK/QAM modulation
mode receiver 5402, a first optional amplifier 5404, a first
filter 5406, a second optional amplifier 5408, and a second
filter 5410. Methods and structures related to receiver 5400,
including methods and structures related to QPSK/QAM
modulation mode receiver 5402, are described in more detail
in the following sections.

QPSK/QAM modulation mode receiver 5402 comprises
at least one UFD module 5412. UFD module 5412 com-
prises at least one UFT module 5414. Numerous embodi-
ments for QPSK/QAM modulation mode receiver 2602 will
be recognized by persons skilled in the relevant art(s) from
the teachings herein, and are within the scope of the inven-
tion. In embodiments, UFD module 5412 frequency down-
converts received signal 2610 to a baseband signal. In
alternative embodiments, UFD module 2702 down-converts
received signal 2610 to an intermediate frequency. Methods
and structures related to UFD module 5412 are described
more fully in the following sections.

6.13.6.1 Detailed UFD Module Block Diagram

FIG. 53 illustrates an embodiment of a UFD module. This
embodiment is described herein for purposes of illustration,
and not limitation. 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.

UFD module 5300 comprises a storage device 5302, an
oscillator 5304, a pulse-shaping circuit 5306, a reference
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potential 5308, and a UFT module 5310 . As described
elsewhere herein, many embodiments exist for UFD module
5300. For instance, in embodiments, oscillator 5304, or both
oscillator 5304 and pulse-shaping circuit 5306, may be
external to UFD module 5300.

Oscillator 5304 outputs oscillating signal 5316, which is
input by pulse-shaping circuit 5306. The output of pulse-
shaping circuit 5306 is a control signal 5318, which pref-
erably comprises a string of pulses. Pulse-shaping circuit
5306 controls the pulse width of control signal 5318.

In embodiments, UFT module 5310 comprises a switch.
Other embodiments for UFT module 5306 are within the
scope of the present invention, such as those described
above. One terminal of UFT module 5310 is coupled to a
received signal 5312, and a second terminal of UFT module
5310 is coupled to a first terminal of storage device 5302. A
second terminal of storage device 5302 is coupled to a
reference potential 5308 such as a ground, or some other
potential. In a preferred embodiment, storage device 5302 is
a capacitor. In an embodiment, the switch contained within
UFT module 5310 opens and closes as a function of control
signal 5318. As a result of the opening and closing of this
switch, a down-converted signal, referred to as UFD module
output signal 5314, results.

In an embodiment, UFD module 5300 may be used to
down-convert an input RF signal to an intermediate fre-
quency. For instance, UFD module 5300 may receive an
input RF signal modulated according to QAM or QPSK
modulation techniques. UFD module 5300 may then down-
convert the received input RF signal to an intermediate
frequency. Subsequent down-converter(s) may the lower the
signal frequency even further, and/or demodulate the QAM
or QPSK modulated signal. For example, additional UFD
modules may be used to further down-convert the input RF
signal to further intermediate frequencies, or may be used to
demodulate the QAM or QPSK modulated signal as
described in the following subsection.

Additional details pertaining to UFD module 5300 are
contained in U.S. patent application entitled “Method and
System for Down-Converting Electromagnetic Signals,”
Ser. No. 09/176,022, filed Oct. 21, 1998 (now U.S. Pat. No.
6,061,551), which is incorporated herein by reference in its
entirety.

6.13.6.2 QPSK/QAM Modulation Modes Receiver
Embodiments

FIG. 54B illustrates receiver 5400, showing more detail of
QPSK/QAM modulation mode receiver 5402 than FIG.
54A. QPSK/QAM modulation mode receiver 5402 down-
convert s and demodulates an input signal that is modulated
according to QAM or QPSK modulation techniques. QPSK/
QAM modulation mode receiver 5402 may be used to
directly down-convert and demodulate a received RF input
signal to two baseband information signals, or may down-
convert and demodulate a received signal that is at an
intermediate frequency to two baseband information signals.
QPSK/QAM modulation mode receiver 5402 is described
herein for purposes of illustration, and not limitation. Alter-
nate 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 embodi-
ments.

In the example of FIG. 54B, QPSK/QAM modulation
mode receiver 5402 comprises an oscillator 5426, a first
UFD module 5422, a second UFD module 5424, a first UFT
module 5430, a second UFT module 5432, and a phase
shifter 5428.
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Oscillator 5426 provides an oscillating signal used by
both first UFD module 5422 and second UFD module 5424
via phase shifter 5428. Oscillator 5426 generates an “I”
oscillating signal 5434.

“I” oscillating signal 5434 is input to first UFD module
5422. First UFD module 5422 comprises at least one UFT
module 5430. In an embodiment, first UFD module 5422 is
structured similarly to UFD module 5300 of FIG. 53, with
oscillator 5426 substituting for oscillator 5304, and “T”
oscillating signal 5434 substituting for oscillating signal
5316. First UFD module 5422 receives received signal 5416.
Received signal 5416 comprises two information signals
modulated with an RF carrier signal according to either
QAM or QPSK modulation techniques. First UFD module
5422 frequency down-converts and demodulates received
signal 5416 to down-converted “I” signal 5438 according to
“I” oscillating signal 5434. Down-converted “I” signal 5438
may be an information signal with two possible states or
voltage levels (QPSK), or with more than two possible states
or voltage levels (QAM).

Phase shifter 5428 receives “I” oscillating signal 5434,
and outputs “Q” oscillating signal 5436, which is a replica
of “T” oscillating signal 5434 shifted preferably by 90°.

Second UFD module 5424 inputs “Q” oscillating signal
5436. Second UFD module 5424 comprises at least one UFT
module 5432. In an embodiment, second UFD module 5424
is structured similarly to UFD module 5300 of FIG. 53, with
“QQ” oscillating signal 5436 substituting for oscillating signal
5316. Second UFD module 5424 frequency down-converts
and demodulates received signal 5416 to down-converted
“QQ” signal 5440 according to “Q” oscillating signal 5436.
Down-converted “Q” signal 5440 may be an information
signal with two possible states or voltage levels (QPSK), or
with more than two possible states or voltage levels (QAM).

Down-converted “I” signal 5438 is optionally amplified
by first optional amplifier 5404 and optionally filtered by
first optional filter 5406, and a first information output signal
5418 is output.

Down-converted “Q” signal 5440 is optionally amplified
by second optional amplifier 5408 and optionally filtered by
second optional filter 5410, and a second information output
signal 5420 is output.

Alternate configurations for QPSK/QAM modulation
mode receiver 5402 will be apparent to persons skilled in the
relevant art(s) from the teachings herein. For instance, an
alternate embodiment exists wherein phase shifter 5428 is
coupled between received signal 5416 and UFD module
5424, instead of the configuration described above. This and
other such QPSK/QAM modulation mode receiver embodi-
ments will be apparent to persons skilled in the relevant
art(s) based upon the teachings herein, and are within the
scope of the present invention. Furthermore, it will be
recognized by persons skilled in the relevant art(s) that
receiver 5402 may receive, down-convert, and demodulate
signals modulated according to other modulation schemes,
including all types of I/Q modulation and OQPSK (offset
QPSK).

6.13.7 Transmitter Embodiments

Embodiments for modulating and up-converting signals
are provided herein. FIGS. 56 and 58 illustrate exemplary
transmitters 5600 and 5800, respectively, according to
embodiments of the present invention. Transmitters 5600
and 5800 may be configured to modulate, up-convert, and
transmit a wide range of RF signal types, at least including
QPSK and QAM modulated signals. These QPSK and QAM
modulated signals include signals to be transmitted by a
cable modem termination system (CMTS) and/or by a cable
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modem. These signals may be transmitted over many pos-
sible mediums, including coaxial cable, phone cable,
twisted-pairs, wireless, and other mediums. Transmitters
5400 and 5800 may be located in a CMTS and/or a cable
modem, and in other locations, as described elsewhere
herein. These transmitter embodiments are described herein
for purposes of illustration, and not limitation. Alternate
transmitter embodiments (including equivalents, extensions,
variations, deviations, etc., of the embodiments described
herein), as well as embodiments of other modulation modes,
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 embodi-
ments.

Transmitter 5600 of FIG. 56 comprises a QPSK modu-
lation mode transmitter 5602 and an optional amplifier 5604.
Transmitter 5600 receives two input signals, first informa-
tion signal 5612 and second information signal 5614. QPSK
modulation mode transmitter 5602 provides QPSK modu-
lation to first information signal 5612 and second informa-
tion signal 5614, outputting QPSK output signal 5610.
Optional amplifier 5604 optionally amplifies QPSK output
signal 5610, outputting up-converted signal 5616. Methods
and structures related to transmitter 5600, including methods
and structures related to QPSK modulation mode transmitter
5602, are described in more detail in the following sections.

QPSK modulation mode transmitter 5602 comprises at
least one UFU module 5606. UFU module 5606 comprises
at least one UFT module 5608. Numerous embodiments for
QPSK modulation mode transmitter 5602 will be recognized
by persons skilled in the relevant art(s) from the teachings
herein, and are within the scope of the invention. In
embodiments, UFU module 5606 frequency up-converts an
input signal to an RF signal. Methods and structures related
to UFU module 5606 are described more fully in the
following sections.

Transmitter 5800 of FIG. 58 comprises a QAM modula-
tion mode transmitter 5802 and an optional amplifier 5804.
Transmitter 5800 receives two input signals, first informa-
tion signal 5810 and second information signal 5812. QAM
modulation mode transmitter 5802 provides QAM modula-
tion to first information signal 5810 and second information
signal 5812, outputting QAM output signal 5816. Optional
amplifier 5804 optionally amplifies QAM output signal
5816, outputting up-converted signal 5814. Methods and
structures related to transmitter 5800, including methods and
structures related to QAM modulation mode transmitter
5802, are described in more detail in the following sections.

QAM modulation mode transmitter 5802 comprises at
least one UFU module 5806. UFU module 5806 comprises
at least one UFT module 5808. Numerous embodiments for
QAM modulation mode transmitter 5802 will be recognized
by persons skilled in the relevant art(s) from the teachings
herein, and are within the scope of the invention. In
embodiments, UFU module 5806 frequency up-converts an
input signal to an RF signal. Methods and structures related
to UFU module 5806 are described more fully in the
following sections.

6.13.7.1 Detailed UFU Module Embodiments

FIG. 55 illustrates a more detailed exemplary circuit
diagram of an embodiment of a UFU module. UFU module
5500 is described herein for purposes of illustration, and not
limitation. 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.
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UFU module 5500 comprises a pulse-shaping circuit
5502, a first reference potential 5504, a filter 5506, a second
reference potential 5512, a resistor 5508, and a UFT module
5510.

In FIG. 55, pulse shaping circuit 5502 receives input
signal 5518. Pulse shaping circuit 5502 outputs control
signal 5514, which is preferably comprised of a string of
pulses. Control signal 5514 controls UFT module 5510,
which preferably comprises a switch. Various embodiments
for UFT module 5510 are described above. One terminal of
UFT module 5510 is coupled to a first reference potential
5504. The second terminal of UFT module 5510 is coupled
through resistor 5508 to a second reference potential 5512.
In a PM or PSK modulation embodiment, second reference
potential 5512 is preferably a constant voltage level. In other
embodiments, such as in an amplitude modulation (AM)
mode, second reference potential 5512 may be a voltage that
varies with the amplitude of the information signal.

The output of UFT module 5510 is a harmonically rich
signal 5516. Harmonically rich signal 5516 has a fundamen-
tal frequency and phase substantially proportional to control
signal 5514, and an amplitude substantially proportional to
the amplitude of second reference potential 5512. Each of
the harmonics of harmonically rich signal 5516 also have
phase proportional to control signal 5514, and in a PM or
PSK embodiment are thus considered to be PM or PSK
modulated.

Harmonically rich signal 5516 is received by filter 5506.
Filter 5506 preferably has a high Q. Filter 5506 preferably
selects the harmonic of harmonically rich signal 5516 that is
at the approximate frequency desired for transmission. Filter
5506 removes the undesired frequencies that exist as har-
monic components of harmonically rich signal 5516. Filter
5506 outputs UFU module output signal 5520.

Further details pertaining to UFU module 5500 are pro-
vided in U.S. patent application entitled “Method and Sys-
tem for Frequency Up-Conversion,” Ser. No. 09/176,154,
filed Oct. 21, 1998 (now U.S. Pat. No. 6,091,940), which is
incorporated herein by reference in its entirety.

6.13.7.2 QPSK Modulation Mode Transmitter Embodi-
ments

FIG. 57 illustrates a more detailed circuit block diagram
for QPSK modulation mode transmitter 5602. QPSK modu-
lation mode transmitter 5602 up-converts and modulates an
input signal according to QPSK modulation techniques.
QPSK transmitter 5602 is described herein for purposes of
illustration, and not limitation. 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 teach-
ings contained herein. The invention is intended and adapted
to include such alternate embodiments.

QPSK transmitter 5602 comprises a first UFU module
5702, a second UFU module 5704, an oscillator 5710, a
phase shifter 5712, a summer 5714, a first UFT module
5726, a second UFU module 5728, a first phase modulator
5706, a second phase modulator 5708, and a filter 5716.

Oscillator 5710 generates an “I”-oscillating signal 5718.

A first information signal 5612 is input to first phase
modulator 5706. First information signal 5612 is preferably
a first data signal with two discrete voltage values, such as
0V and +5 V. Other voltage values are within the scope of
the present invention. “I”-oscillating signal 5718 is modu-
lated by first information signal 5612 in first phase modu-
lator 5706, thereby producing an “I”’-modulated signal 5720.

First UFU module 5702 inputs “I”-modulated signal
5720, and generates a harmonically rich “I”” signal 5730 with
a continuous and periodic wave form.
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The phase of “I”-oscillating signal 5718 is shifted by
phase shifter 5712 to create “Q”-oscillating signal 5722.
Phase shifter 5712 preferably shifts the phase of “I”-
oscillating signal 5718 by 90 degrees.

A second information signal 5614 is input to second phase
modulator 5708. Second information signal 5612 is prefer-
ably a second data signal with two discrete voltage values,
such as 0 V and +5 V. Other voltage values are within the
scope of the present invention. “Q”-oscillating signal 5722
is modulated by second information signal 5614 in second
phase modulator 5708, thereby producing a “Q” modulated
signal 5724.

Second UFU module 5704 inputs “Q” modulated signal
5724, and generates a harmonically rich “Q” signal 5732,
with a continuous and periodic waveform.

Harmonically rich “I” signal 5730 and harmonically rich
“QQ” signal 5732 are preferably rectangular waves, such as
square waves or pulses (although the invention is not limited
to this embodiment), and are comprised of pluralities of
sinusoidal waves whose frequencies are integer multiples of
the fundamental frequency of the waveforms. These sinu-
soidal waves are referred to as the harmonics of the under-
lying waveforms, and a Fourier analysis will determine the
amplitude of each harmonic.

Harmonically rich “I” signal 5730 and harmonically rich
“QQ” signal 5732 are combined by summer 5714 to create
harmonically rich “QPSK” signal 5734. Summers are well
known to persons skilled in the relevant art(s).

Filter 5716 filters out the undesired harmonic frequencies,
and outputs an QPSK output signal 5610 at the desired
harmonic frequency or frequencies.

It will be apparent to persons skilled in the relevant art(s)
that an alternative embodiment exists wherein harmonically
rich “I”” signal 5730 and harmonically rich “Q” signal 5732
may be filtered before they are summed, and further, another
alternative embodiment exists wherein “I”-modulated signal
5720 and “Q”-modulated signal 5724 may be summed to
create an “QPSK”-modulated signal before being routed to
a switch module. Other “QPSK”-modulation embodiments
will be apparent to persons skilled in the relevant art(s)
based upon the teachings herein, and are within the scope of
the present invention. Furthermore, it will be recognized by
persons skilled in the relevant art(s) that transmitter 5602
may up-convert and modulate signals according to other
modulation schemes, including all types of 1/QQ modulation
and OQPSK (offset QPSK).

Further details pertaining to an I/Q modulation mode
transmitter are provided in U.S. patent application entitled
“Method and System for Frequency Up-Conversion,” Ser.
No. 09/176,154, filed Oct. 21, 1998 (now U.S. Pat. No.
6,091,940), which is incorporated herein by reference in its
entirety.

6.13.7.3 QAM Modulation Mode Transmitter Embodi-
ments

FIG. 59 illustrates a more detailed circuit block diagram
for QAM modulation mode transmitter 5802. QAM modu-
lation mode transmitter 5802 up-converts and modulates an
input signal according to QAM modulation techniques.
QAM transmitter 5802 is described herein for purposes of
illustration, and not limitation. 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 teach-
ings contained herein. The invention is intended and adapted
to include such alternate embodiments.

QAM transmitter 5802 comprises a first UFU module
5902, a second UFU module 5904, an oscillator 5910, a
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phase shifter 5912, a summer 5914, a first UFT module
5926, a second UFT module 5928, a resistor 5906, a second
resistor 5908, and a filter 5916.

Oscillator 5910 generates an “I”-oscillating signal 5918.

A first information signal 5810 is input to first UFU
module 5902. First information signal 5810 is preferably a
first data signal with multiple discrete voltage values. For
example, in 64-QAM, first information signal 5810 may
have 8 discrete levels, such as +a, +3a, =5a, and %*7a,
wherein “a” is equal to any applicable voltage value, such as
0.5 V. Other voltage values are within the scope of the
present invention. In 256-QAM, first information signal
5810 may have 16 voltage levels. Other m-QAM types are
within the scope of the present invention. “I”-oscillating
signal 5918 is modulated by first information signal 5810 in
first UFU module 5902, thereby producing an “I”’-modulated
signal 5930. First UFU module 5926 comprises a first switch
5920. As first switch 5920 opens and closes, it gates first
information signal 5810. The result of the gating is a
harmonically rich “I” signal 5930 having a fundamental
frequency substantially proportional to “I”-oscillating signal
5918 and an amplitude substantially proportional to the
amplitude of first information signal 5810. Each of the
harmonics of harmonically rich “I” signal 5930 also have
amplitudes proportional to first information signal 5810, and
are thus considered to be amplitude modulated.

The phase of “I”-oscillating signal 5918 is shifted by
phase shifter 5912 to create “Q”-oscillating signal 5922.
Phase shifter 5912 preferably shifts the phase of “I”-
oscillating signal 5918 by 90 degrees.

A second information signal 5812 is input to second phase
modulator 5908. Second information signal 5810 is prefer-
ably a second data signal with multiple discrete voltage
values similarly to those of first information signal 5810.
“QQ-oscillating signal 5922 is modulated by second infor-
mation signal 5812 in second UFU module 5902, thereby
producing an “Q”-modulated signal 5932. Second UFT
module 5928 comprises a second switch 5924. As second
switch 5924 opens and closes, it gates second information
signal 5812. The result of the gating is a harmonically rich
“QQ” signal 5932 having a fundamental frequency substan-
tially proportional to “Q”-oscillating signal 5922 and an
amplitude substantially proportional to the amplitude of
second information signal 5812. Each of the harmonics of
harmonically rich “Q” signal 5922 also have amplitudes
proportional to second information signal 5812, and are thus
considered to be amplitude modulated.

Harmonically rich “I” signal 5930 and harmonically rich
“QQ” signal 5932 are preferably rectangular waves, such as
square waves or pulses (although the invention is not limited
to this embodiment), and are comprised of pluralities of
sinusoidal waves whose frequencies are integer multiples of
the fundamental frequency of the waveforms. These sinu-
soidal waves are referred to as the harmonics of the under-
lying waveforms, and a Fourier analysis will determine the
amplitude of each harmonic.

Harmonically rich “I” signal 5930 and harmonically rich
“QQ” signal 5932 are combined by summer 5914 to create
harmonically rich “QAM” signal 5934. Summers are well
known to persons skilled in the relevant art(s).

Filter 5916 filters out the undesired harmonic frequencies,
and outputs an QAM output signal 5816 at the desired
harmonic frequency or frequencies.

It will be apparent to persons skilled in the relevant art(s)
that an alternative embodiment exists wherein harmonically
rich “I” signal 5930 and harmonically rich “Q” signal 5932
may be filtered before they are summed, and further, another
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alternative embodiment exists wherein “I”-modulated signal
5920 and “Q”-modulated signal 5924 may be summed to
create an “QAM”-modulated signal before being routed to a
switch module. Other “QAM”-modulation embodiments
will be apparent to persons skilled in the relevant art(s)
based upon the teachings herein, and are within the scope of
the present invention. Furthermore, it will be recognized by
persons skilled in the relevant art(s) that transmitter 5600
may up-convert and modulate signals according to other
modulation schemes.

6.13.8 Further Applications for the QAM & QPSK Modu-
lation Mode Receivers and Transmitters of the Present
Invention

Receiver 5400, transmitter 5600, and transmitter 5800 are
applicable to any of the applications described in any of the
sections herein. For example, applications falling under the
sections herein entitled Data Communications and Satellite
Up/Down Links are particularly applicable to the use of
QAM, QPSK, OQPSK, and/or 1/Q signal modulation
schemes.

6.13.8.1 Modems

FIG. 60 illustrates a block diagram of a modem network
6000. Conventional modems, such as first and second
modems 6002 and 6004 may communicate via link 6006,
over virtually any distance, at rates typically around 50
Kbits/sec, using traditional communications techniques.
Link 6006 includes communication over phone lines, satel-
lite hops, cables, etc.

FIG. 61 illustrates an exemplary block diagram of a
modem 6100 comprising a transceiver 6102, according to an
embodiment of the present invention. Transceiver 6102
comprises a UFT module 6104. Transceiver 6102 transmits
and receives signals through wired or wireless link 6106 to
link 6006. Transceiver 6102 may comprise receiver 5400,
transmitter 5600, and/or transmitter 5800, which allow for
transmitting and receiving signals modulated according to
QAM, QPSK, OQPSK, and/or 1/Q signal modulation
schemes. Transceiver 6102 may additionally or alternatively
be configured to transmit and receive signals modulated
according to AM, FM, PM and/or other modulation
schemes, using methods and systems described herein.

6.13.8.2 Ethernet Interface

FIG. 62 illustrates an exemplary block diagram of an
Ethernet network 6200. Conventional computer systems,
such as first, second, third, fourth, and fifth computer
systems 6202, 6204, 6206, 6208, and 6210 communicate
with each other via Ethernet 6212, using traditional com-
munication interfaces. An Ethernet connection may be typi-
cally 10 Mbit/sec or 100 Mbit/sec.

FIG. 63 illustrates an exemplary computer system 6300
with Ethernet interface 6302, according to an embodiment
of the present invention. Ethernet interface 6302 transmits
signals to and receives signals from Ethernet 6212 via wired
or wireless link 6306. Ethernet interface 6302 supports
Ethernet 6212 data transfer rates of 10 Mbps, Fast Ethernet
(100Base-T) data transfer rates of 100 Mbps, and Gigabit
Ethernet data rates of 1 Gbps, and any other data transfer
rates. HEthernet interface 6302 comprises a UFT module
6304.

FIG. 64 shows an exemplary Ethernet interface 6302,
according to an embodiment of the present invention. Eth-
ernet interface 6302 comprises a UFU module 6402 and a
UFD module 6404. UFU module 6402 provides for signal
up-conversion. UFD module 6404 provides for signal down-
conversion. FIG. 64 shows that UFU module 6402 and UFD
module 6404 comprise a common UFT module 6304. In an
alternative embodiments, UFU module 6402 and UFD mod-
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ule 6404 do not comprise common components, and com-
prise separate UFT modules.

Ethernet interface 6302 may be configured to transmit and
receive signals modulated according to AM, FM, PM and/or
other modulation schemes, using methods and systems
described herein. For instance, Ethernet interface 6302 may
comprise receiver 5400, transmitter 5600, and/or transmitter
5800, which allow for transmitting and receiving signals
modulated according to QAM, QPSK, OQPSK, and/or I/Q
signal modulation schemes.

Ethernet interface 6302 may be implemented using a
variety of well known devices. In an embodiment, Ethernet
interface 6302 is implemented by a BCMS5400 100/
1000Base-T Gigabit Ethernet Transceiver, manufactured by
Broadcom™ Corporation. Further products produced by
Broadcom™ Corporation in which Ethernet interface 6302
may be implemented include BCM5226, BCM5218,
BCM5216, BCM5201/5202, BCM5203, BCM5208
transceivers, and BCM5204, BCM5205 repeaters.

6.13.8.3 Satellite Interface

FIG. 65 illustrates an exemplary block diagram of an
satellite receiver 6500, according to an embodiment of the
present invention. Satellite receiver 6500 receives signals
from a satellite via wireless link 6508. For example, satellite
receiver 6500 is applicable to DIRECTV, DVB and Prime-
star digital satellite reception, and other satellite broadcasts.

Satellite receiver 6500 comprises a UFU module 6502
and a UFD module 6504. UFU module 6502 provides for
signal up-conversion. UFD module 6504 provides for signal
down-conversion. FIG. 65 shows that UFU module 6502
and UFD module 6504 comprise a common UFT module
6506. In an alternative embodiments, UFU module 6502 and
UFD module 6504 do not comprise common components,
and comprise separate UFT modules.

Satellite receiver 6500 may be configured to transmit and
receive signals modulated according to AM, FM, PM and/or
other modulation schemes, using methods and systems
described herein. For instance, satellite receiver 6500 may
comprise receiver 5400, transmitter 5600, and/or transmitter
5800, which allow for transmitting and receiving signals
modulated according to QAM, QPSK, OQPSK, and/or I/Q
signal modulation schemes.

Satellite receiver 6500 may be implemented using a
variety of well known devices. In embodiments, satellite
receiver 6500 is implemented by a BCM4201 Universal
Satellite Receiver and/or a BCM94201 Universal Satellite
Receiver, both manufactured by Broadcom™ Corporation.

6.13.8.4 Telephone Interface

FIG. 66 illustrates an exemplary block diagram of an
telephone wiring interface 6600, according to an embodi-
ment of the present invention. Telephone wiring interface
6600 transmits and receives signals traveling on telephone
wires via wired or wireless link 6608. For example, tele-
phone wiring interface 6600 is applicable communicating on
telephone wires, including twisted pairs, shielded or
unshielded, and also single or dual coaxial cables.

Telephone wiring interface 6600 comprises a UFU mod-
ule 6602 and a UFD module 6604. UFU module 6602
provides for signal up-conversion. UFD module 6604 pro-
vides for signal down-conversion. FIG. 66 shows that UFU
module 6602 and UFD module 6604 comprise a common
UFT module 6606. In an alternative embodiments, UFU
module 6602 and UFD module 6604 do not comprise
common components, and comprise separate UFT modules.

Telephone wiring interface 6600 may be configured to
transmit and receive signals modulated according to AM,
FM, PM and/or other modulation schemes, using methods
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and systems described herein. For instance, telephone wiring
interface 6600 may comprise receiver 5400, transmitter
5600, and/or transmitter 5800, which allow for transmitting
and receiving signals modulated according to QAM, QPSK,
OQPSK, and/or 1/QQ signal modulation schemes.

Telephone wiring interface 6600 may be implemented
using a variety of well known devices. In an embodiment,
telephone wiring interface 6600 is implemented by a
BCMG6020 Scalable DSL Transceiver, a BCM6010 Scalable
ADSL/VDSL Transceiver, and/or ilLinel10 chipsets, manu-
factured by Broadcom™ Corporation.

7. Other Exemplary Applications

The application embodiments described above are pro-
vided for purposes of illustration. These applications and
embodiments are not intended to limit the invention. Alter-
nate and additional applications and 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. For example, such alternate and
additional applications and embodiments include combina-
tions of those described above. Such combinations will be
apparent to persons skilled in the relevant art(s) based on the
herein teachings.

Additional applications and embodiments are described
below.

7.1 Applications Involving Enhanced Signal Reception

As discussed above, the invention is directed to methods
and systems for enhanced signal reception (ESR). Any of the
exemplary applications discussed above can be modified by
incorporating ESR therein to enhance communication
between transmitters and receivers. Accordingly, the inven-
tion is also directed to any of the applications described
above, in combination with any of the ESR embodiments
described above.

7.2 Applications Involving Unified Down-conversion and
Filtering

As described above, the invention is directed to unified
down-conversion and filtering (UDF). UDF according to the
invention can be used to performed filtering and/or down-
conversion operations.

Many if not all of the applications described, herein
involve frequency translation operations. Accordingly, the
applications described above can be enhanced by using any
of the UDF embodiments described herein.

Many if not all of the applications described above
involve filtering operations. Accordingly, any of the appli-
cations described above can be enhanced by using any of the
UDF embodiments described herein.

Accordingly, the invention is directed to any of the
applications described herein in combination with any of the
UDF embodiments described herein.

8. Conclusion

Exemplary implementations of the systems and compo-
nents of the invention have been described herein. As noted
elsewhere, these exemplary implementations have been
described for illustrative purposes only, and are not limiting.
Other implementation embodiments are possible and cov-
ered by the invention, such as but not limited to software and
software/hardware implementations of the systems and
components of the invention. Such implementation embodi-
ments will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein.

While various application embodiments of the present
invention have been described above, it should be under-
stood that they have been presented by way of example only,
and not limitation. Thus, the breadth and scope of the present
invention should not be limited by any of the above-
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described exemplary embodiments, but should be defined
only in accordance with the following claims and their
equivalents.

What is claimed is:

1. A cable modem for down-converting an electromag-
netic signal having complex modulations, comprising:

an oscillator to generate an in-phase oscillating signal;

a phase shifter to receive said in-phase oscillating signal
and to create a quadrature-phase oscillating signal;

a first frequency down-conversion module to receive the
electromagnetic signal and said in-phase oscillating
signal;

a second frequency down-conversion module to receive
the electromagnetic signal and said quadrature-phase
oscillating signal; wherein

said first frequency down-conversion module further
comprises a first frequency translation module and a
first storage module, wherein said first frequency trans-
lation module samples the electromagnetic signal at a
rate that is a function of said in-phase oscillating signal,
thereby creating a first sampled signal; and

said second frequency down-conversion module further
comprises a second frequency translation module and a
second storage module, wherein said second frequency
translation module samples the electromagnetic signal
at a rate that is a function of said quadrature-phase
oscillating signal, thereby creating a second sampled
signal.

2. The cable modem of claim 1, wherein said quadrature-
phase oscillating signal is out of phase with said in-phase
oscillating signal by substantially 90 degrees.

3. The cable modem of claim 1, wherein said first storage
device has a first storage first port and a first storage second
port, said first storage first port being connected to said first
sampled signal, and said first storage second port is con-
nected to a first reference potential, and said second storage
device has a second storage first port and a second storage
second port, said second storage first port being connected
to said second sampled signal, and said second storage
second port is connected to a second reference potential.

4. The cable modem of claim 3, wherein said first storage
device is a first capacitor, and said second storage device is
a second capacitor.

5. The system of claim 3, wherein said first reference
potential is substantially equal to ground, and said second
reference potential is substantially equal to ground.

6. The cable modem of claim 1, wherein said first sampled
signal is comprised of two or more voltage levels.

7. The cable modem of claim 6, wherein said first sampled
signal is comprised of eight voltage levels.

8. The cable modem of claim 6, wherein said first sampled
signal is comprised of sixteen voltage levels.

9. The cable modem of claim 1, wherein said second
sampled signal is comprised of two or more voltage levels.

10. The cable modem of claim 9, wherein said second
sampled signal is comprised of eight voltage levels.

11. The cable modem of claim 9, wherein said second
sampled signal is comprised of sixteen voltage levels.

12. The cable modem of claim 1, wherein said first
sampled signal is a first information output signal, and said
second sampled signal is a second information output signal.

13. The cable modem of claim 1, further comprising a first
amplifier receiving said first sampled signal and outputting
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a first amplified signal, and a second amplifier receiving said
second sampled signal and outputting a second amplified
signal.

14. The cable modem of claim 13, further comprising a
first filter receiving said first amplified signal and outputting
a first filtered signal, and a second filter receiving said
second amplified signal and outputting a second filtered
signal.

15. The cable modem of claim 1, further comprising a first
filter receiving said first sampled signal and outputting a first
filtered signal, and a second filter receiving said second
sampled signal and outputting a second filtered signal.

16. The cable modem of claim 1, wherein the electro-
magnetic signal has been transmitted over a coaxial cable to
the cable modem.

17. The cable modem of claim 1, wherein the electro-
magnetic signal has been transmitted by a wireless method
to the cable modem.

18. The cable modem of claim 1, wherein said first
frequency translation module comprises a first switch
coupled to said first storage module, and said second fre-
quency translation module comprises a second switch
coupled to said second storage module, and

wherein said first frequency down-conversion module
further comprises a first control signal generator
coupled to said first switch and coupled to receive said
in-phase oscillating signal, and said second frequency
down-conversion module further comprises a second
control signal generator coupled to said second switch
and coupled to receive said quadrature-phase oscillat-
ing signal.

19. The cable modem of claim 18, wherein each of said

first and second switches comprises:

a first port;
a second port; and

a third port.

20. The cable modem of claim 19, wherein said first port
of said first switch receives the electromagnetic signal, said
second port of said first switch receives a first control signal
generated by said first control signal generator, and said third
port of said first switch is coupled to said first storage device,
and

wherein said first port of said second switch receives the
electromagnetic signal, said second port of said second
switch receives a second control signal generated by
said second control signal generator, and said third port
of said second switch is coupled to said second storage
device.

21. The cable modem of claim 19, wherein said first port
of'said first switch is coupled to said first storage device, said
second port of said first switch receives a first control signal
generated by said first control signal generator, and said third
port of said first switch is coupled to a first reference, and

wherein said first port of said second switch is coupled to

said second storage device, said second port of said
second switch receives a second control signal gener-
ated by said second control signal generator, and said
third port of said second switch is coupled to a second
reference.
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