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Wireless Telephone Using Universal Frequency Translation

Inventors:  David F. Sorrells
Michael J. Bultman
Robert W. Cook
Richard C. Looke
Charley D. Moses, Jr.

Cross-Reference to Other Applications

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

"Method and System for Down-Converting Electromagnetic Signals," Ser.
No. 09/176,022, filed October 21, 1998;

"Method and System for Frequency Up-Conversion,"Ser. No. 09/176,154,
filed October 21, 1998;

"Method and System for Ensuring Reception of a Communications Signal,"
Ser. No. 09/176,415, filed October 21, 1998;

"Integrated Frequency Translation And Selectivity," Pat. No. 6,049,706.

" Applications of Universal Frequency Translation," Ser. No. 09/261,129, filed
March 3, 1999,

"Method and System for Down-Converting Electromagnetic Signals Having
Optimized Switch Structures," Ser. No. 09/293,095, filed April 16, 1999;

"Method and System for Down-Converting Electromagnetic Signals Including
Resonant Structures for Enhanced Energy Transfer," Ser. No. 09/293,342, filed April
16, 1999,

"Method and System for Up-Conversion Having Optimized Switch
Structures," Ser. No. 09/293,097, filed April 16, 1999,
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"Method and System for Frequency Up-Conversion with a Variety of
Transmitter Configurations," Ser. No. 09/293,580, filed April 16, 1999;

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

"Method, System, and Apparatus for Balanced Frequency Up-Conversion of
a Baseband Signal," Ser. No. 09,525,615, filed on 3/14/00; and

"Matched Filter Characterization and Implementation of Universal Frequency

Translation Method and Apparatus,” Ser. No. 09/521,878, filed on 3/9/00.

Background of the Invention

Field of the Invention

The present invention is generally related to wireless phones, and more
particularly, to wireless phones that utilize universal frequency translation technology

for frequency translation.

Related Art

Wireless phone exist for receiving and transmitting information using
electromagnetic (EM) signals. Conventional wireless communications circuitry is
complex and has a large number of circuit parts. This complexity and high parts
count increases overall cost. Additionally, higher part counts result in higher power

consumption, which is undesirable, particularly in battery powered wireless units.

Summary of the Invention

The present invention is directed to a wireless phone. In embodiments of the

invention, the wireless phone includes an antenna, a diplexer, a receiver and a
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transmitter. The receiver includes at least one universal frequency translation module
that frequency down-converts a received EM signal. The transmitter includes at least
one universal frequency translation module that frequency up-converts a baseband
signal in preparation for transmission.

Wireless telephones exhibit multiple advantages by using UFT modules for
frequency translation. These advantages include, but are not limited to: lower power
consumption, longer battery life, fewer parts, lower cost, less tuning, and more
effective signal transmission and reception. These advantages are possible because
the UFT module enables direct frequency conversion in an efficient manner with
minimal signal distortion. The structure and operation of embodiments of the UFT
module, and various applications of the same 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. In the drawings, like reference numbers
generally indicate identical, functionally similar, and/or structurally similar elements.
The drawing in which an element first appears is generally indicated by the left-most

digit(s) in the corresponding reference number.

Brief Description of the Figures

The invention shall be described with reference to the accompanying figures,
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 universal frequency translation (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;
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FIG. 1Dillustrates a UFT module used in a universal frequency up-conversion
(UFU) module according to an embodiment of the invention,

FIG. 2A is ablock diagram of a universal frequency translation (UFT) module
in a diode configuration, according to an alternative embodiment of the invention;

FIG. 2B is a block diagram of a universal frequency translation (UFT) module
in a FET configuration, according to embodiments of the invention,

FIG. 3 is a block diagram of a universal frequency up-conversion (UFU)
module according to an embodiment of the invention,

FIG. 4 is a more detailed diagram of a universal frequency up-conversion
(UFU) module according to an embodiment of the invention,

FIG. 5 is a block diagram of a universal frequency up-conversion (UFU)
module according to an alternative embodiment of the invention;

FIGS. 6A-61 illustrate example 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 embodiment of the invention;

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

FIG. 12 illustrates an environment comprising a transmitter and a receiver,
each of which may be implemented using enhanced signal reception (ESR)
components of the invention;

FIG. 13 illustrates a UFT module used in a unified down-conversion and

filtering (UDF) module according to an embodiment of the invention;
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FIG. 14 illustrates an example receiver implemented using a UDF module
according to an embodiment of the invention;

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

FIG. 16 illustrates an environment comprising a transmitter 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 unified down-converting and filtering (UDF) module
according to an embodiment of the invention,

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

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

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

FIGS. 20B-20F are example 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 example waveforms used to describe the system of FIG.
21;

FIG. 23A illustrates an example transmitter in an enhanced signal reception
system according to an embodiment of the invention;

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

FIG. 23D illustrates another example transmitter in an enhanced signal
reception system according to an embodiment of the invention;

FIGS. 23E and 23F are example waveforms used to further describe the

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

FIGS. 24B-247J are example waveforms used to further describe the enhanced
signal reception system according to an embodiment of the invention,

FIG. 25A illustrates a wireless phone environment according to embodiments
of the present invention;

FIG. 25B illustrates wireline phone appliances according to embodiments of
the invention;

FIG. 26A illustrates a conventional wireless phone;

FIG. 26B illustrates a conventional wireless phone receiver;

FIG. 26C illustrates a conventional wireless phone transmitter;,

FIG. 27 illustrates a wireless phone according to embodiments of the
invention;

FIG. 28 illustrates a receiver for a wireless phone according to embodiments
of the invention;

FIG. 29 illustrates a UFD module according to embodiments of the invention,

FIG. 30A-30C illustrate various UFD modules according to embodiments of
the invention;

FIG. 31 illustrates another receiver according to embodiments of the
invention;

FIG. 32 illustrates an IQ receiver for a wireless phone according to
embodiments of the invention,

FIG. 33 illustrates a UFD module having a FET configuration according to
embodiments of the invention;

FIG. 34 illustrates an IQ receiver for a wireless phone having a quadrature
power divider according to embodiments of the invention;

FIG. 35 illustrates a receiver 3502 having a UDF module 3506 according to

embodiments of the invention;
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FIG. 36 illustrates transmitter 2702 for a wireless phone according to
embodiments of the invention,

FIG. 37 illustrates a UFU module according to embodiments of the invention,

FIGs. 38-39 illustrate various transmitter for a wireless phone according to
embodiments of the invention;

FIG. 40 illustrates a modulator 3804 according to embodiments of the
invention;

FIG. 41-42 illustrate various IQ transmitters for a wireless phone according
to embodiments of the invention;

FIGs. 43-44 illustrate an analog wireless phone according to embodiments of
the invention;

FIGs. 45-46 illustrate a digital wireless phone according to embodiments of
the invention;

FIGs. 47-48 illustrate a TDMA wireless phone according to embodiments of
the invention; ‘

FIGs. 49-50 illustrate a CDMA wireless phone according to embodiments of
the invention;

FIGs. 51-52 illustrate a GSM wireless phone according to embodiments of the
invention;

FIGs. 53-54 illustrate a satellite wireless phone according to embodiments of
the invention; and

FIGs. 55-56 illustrate a cordless phone according to embodiments of the

invention.
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Detailed Description of the Preferred Embodiments
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L Overview of the Invention

The present invention is directed to a wireless telephone that enables wireless
voice and data communications using a wireless network. The wireless telephone may
include one or more receivers, transmitters. According to embodiments of the
invention, at least some of these receivers and transmitters are implemented using
universal frequency translation (UFT) modules. The UFT modules perform frequency
translation operations including frequency up-conversion and frequency down-
conversion. Embodiments of the present invention incorporating various applications
of the UFT module are described below.

Wireless telephones exhibit multiple advantages by using UFT modules for
frequency translation. These advantages include, but are not limited to, lower power
consumption, longer battery life, fewer parts, lower cost, less tuning, and more
effective signal transmission and reception. The advantages are possible because the
UFT module enables direct frequency conversion in an efficient manner with minimal
signal distortion. The structure and operation of embodiments of the UFT module,

and various applications of the same are described in detail in the following sections.

2. 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.

FIG. 1A illustrates a universal frequency translation (UFT) module 102
according to embodiments of the invention. (The UFT module is also sometimes

called a universal frequency translator, or a universal translator.)
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As indicated by the example of FIG. 1A, some embodiments of the 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, the 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, the 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 example embodiment of the UFT module 103 is generally illustrated in
FIG. B. Generally, the UFT module 103 includes a switch 106 controlled by a
control signal 108. The 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 example UFT module 202. The
example 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 applications.

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, the 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, the UFT

module 117 frequency up-converts an input signal to an output signal.
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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 component.

3. 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 Module. The down-conversion of an EM signal by
aliasing the EM signal at an aliasing rate is fully described in co-pending U.S. Patent
Application entitled "Method and System for Down-Converting Electromagnetic
Signals," Ser. No. 09/176,022, filed October 21, 1998, 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) 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, the 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), the capacitor 2010 is in series with the input signal 2004 and the 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

1744.0070000

Page 14 of 142




25

-13-

tailored to down-convert a wide variety of electromagnetic signals using aliasing
frequencies that are well below the frequencies of the EM input signal 2004.

In one implementation, aliasing module 2000 down-converts the input signal
2004 to anintermediate frequency (IF) signal. In another implementation, the aliasing
module 2000 down-converts the input signal 2004 to a demodulated baseband signal.
In yet another implementation, the input signal 2004 is a frequency modulated (FM)
signal, and the 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, the 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 the input
signal 2004. In this embodiment, the control signal 2006 is referred to herein as an
aliasing signal because it is below the Nyquist rate for the frequency of the input signal
2004. Preferably, the frequency of control signal 2006 is much less than the input
signal 2004.

A train of pulses 2018 as shown in FIG. 20D controls the switch 2008 to alias
the input signal 2004 with the control signal 2006 to generate a down-converted
output signal 2012. More specifically, in an embodiment, switch 2008 closesona
first edge of each pulse 2020 of FIG. 20D and opens on a second edge of each pulse.
When the switch 2008 is closed, the input signal 2004 is coupled to the capacitor
2010, and charge is transferred from the input signal to the capacitor 2010. The
charge stored during successive pulses forms 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 inpuf signal 2004. For illustrative purposes, in FIG. 20C, an
analog AM carrie_r signal portion 2016 illustrates a portion of the analog AM carrier
signal 2014 on an expanded time scale. The analog AM carrier signal portion 2016

illustrates the analog AM carrier signal 2014 from time t, to time t,.
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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
the analog AM carrier signal portion 2016. In the example shown in FIG. 20D, the
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). The 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 co-pending U.S. Patent Application entitled
“Method and System for Down-converting Electromagnetic Signals,” Serial No.
09/176,022.

As noted above, the train of pulses 2020 (i.e., control signal 2006) control the
switch 2008 to alias the analog AM carrier signal 2016 (i.e., input signal 2004) at the
aliasing rate of the aliasing signal 2018. Specifically, in this embodiment, the switch
2008 closes on a first edge of each pulse and opens on a second edge of each pulse.
When the switch 2008 is closed, input signal 2004 is coupled to the capacitor 2010,
and charge is transferred from the input signal 2004 to the 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 the analog AM carrier signal portion 2016 (FIG. 20C) and the train
of pulses 2020 (FIG. 20D). The charge stored during successive under-samples of
AM carrier signal 2014 form the 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 the demodulated baseband signal 2024
after filtering on a compressed time scale. Asillustrated, down-converted signal 2026
has substantially the same “amplitude envelope” as AM carrier signal 2014.
Therefore, FIGS. 20B-20F illustrate 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
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domain drawings, and exemplary methods and systems of the invention relating
thereto, are disclosed in co-pending U.S. Patent Application entitled “Method and
System for Down-converting Electromagnetic Signals,” Serial N0.09/176,022.

The aliasing rate of control signal 2006 determines whether the 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 the input signal 2004, the aliasing rate of the control signal

2006, and the down-converted output signal 2012 are illustrated below:

(Freq. of input signal 2004) = ne(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 the 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 the control signal 2006 would be calculated as follows:

(Freqinput - Freqp)/n = Freq o
(901 MHZ - 1 MHZ)/n = 900/n
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For n =025, 1, 2, 3, 4, etc., the frequency of the 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 co-pending U.S. Patent Application
entitled “Method and System for Down-converting Electromagnetic Signals,” Serial
No. 09/176,022.

Alternatively, when the aliasing rate of the control signal 2006 is substantially
equal to the frequency of the 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 the input signal 2004.
As a result, the under-samples form a constant output baseband signal. If the 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 the control signal 2006

would be calculated as follows:

(Freqyy,y - Freqr)/n = Freqqpyg
(900 MHZ - 0 MHZ)/n = 900 MHZ/n

For n =05, 1, 2, 3, 4, etc., the frequency of the 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 exemplary methods and systems thereof, are disclosed in the co-pending
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U.S. Patent Application entitled “Method and System for Down-converting
Electromagnetic Signals,” Serial No. 09/176,022.

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). Asan 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 the 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)

(FreQup: - Freqg)/n = Frequouma
(900 MHZ - 0 MHZ)/n = 900 MHZ/n

For n = 0.5, 1, 2, 3, etc., the frequency of the 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, equal to 901 MHZ, to an
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ASK signal, the aliasing rate of the 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 forn= 0.5, 1, 2, 3, 4, etc., the frequency of
the 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 forn=0.5,
1,2, 3, 4, etc., the frequency of the control signal 2006 should be substantially equal
to 1.802 GHz, 901 MHZ, 450.5 MHZ, 300.333 MHZ, 225.25 MHZ, etc. The
frequency of the down-converted AM signal is substantially equal to the difference
between the lower frequency F, and the upper frequency F, (i.e., 1 MHZ).

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 co-pending U.S. Patent Application entitled “Method and
System for Down-converting Electromagnetic Signals,” Serial No. 09/176,022.

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

In another embodiment, the pulses of the control signal 2006 have non-
negligible apertures that tend away from zero. This makes the UFT module 2002 a
lower input impedance device. This allows the lower input impedance of the UFT
module 2002 to be substantially matched with a source impedance of the input signal
2004. This also improves the energy transfer from the input signal 2004 to the down-
converted output signal 2012, and hence the efficiency and signal to noise (s/n) ratio

of UFT module 2002.
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Exemplary systems and methods for generating and optimizing the control
signal 2006 _and for otherwise improving energy transfer and s/n ratio, are disclosed
in the co-pending U.S. Patent Application entitled “Method and System for Down-
converting Electromagnetic Signals,” Serial No. 09/176,022.

4. Frequency Up-conversion

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

An example frequency up-conversion system 300 is illustrated in FIG. 3. The
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 the input signal 302
is a 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. The information signal 602 can be analog, digital, or any
combination thereof, and any modulation 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. The harmonically rich signal
608 has a continuous and periodic waveform.

FIG. 6E is an expanded view of two sections of harmonically rich signal 608,
section 610 and section 612. The harmonically 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 substantially 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 the harmonically 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
components 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. Accofding to an embodiment of the invention, the 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. 6L

FIG. 4 illustrates an example universal frequency up-conversion (UFU)
module 401. The UFU module 401 includes an example switch module 304, which
comprises a bias signal 402, a resistor or impedance 404, a universal frequency
translator (UFT) 450, and a ground 408. The UFT 450 includes a switch 406. The
input signal 302 (designated as "Control Signal" in FIG. 4) controls the switch 406
in the UFT 450, and causes it to close and open. Harmonically rich signal 306 is

generated at anode 405 located between the resistor or impedance 404 and the switch

406.
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Also in FIG. 4, it can be seen that an example 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. The pulse shaping module 502
modifies the unshaped input signal 501 to generate a (modified) input signal 302
(designated as the "Control Signal" in FIG. 5). The input signal 302 is routed to the
switch module 304, which operates in the manner described above. Also, the filter
308 of FIG. 5 operates in the manner described above.

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

Further details of up-conversion as described in this section are presented in
pending U.S. application "Method and System for Frequency Up-Conversion," Ser.
No. 09/176,154, filed October 21, 1998, incorporated herein by reference in its

entirety.

5. 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 modulating baseband signal

2102 and generates (transmitted) redundant spectrums 2106a-n, which are sent over
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communications medium 2108. Receiver 2112 recovers a demodulated baseband
signal 2114 from (received) redundant spectrums 2110a-n. Demodulated baseband
signal 2114 is representative of the modulating baseband signal 2102, where the level
of similarity between the modulating baseband signal 2114 and the modulating
baseband signal 2102 is application dependent.

Modulating baseband signal 2102 is preferably any information signal desired
for transmission and/or reception. An example 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) representation for a voice
signal.

Each transmitted redundant spectrum 2106a-n contains the necessary
information to substantially reconstruct the modulating baseband signal 2102. In other
words, each redundant spectrum 2106a-n contains the necessary amplitude, phase,
and frequency information to reconstruct the modulating baseband signal 2102.

FIG. 22C illustrates example transmitted redundant spectrums 2206b-d.
Transmitted redundant spectrums 2206b-d are illustrated to contain three redundant
spectrums for illustration purposes only. Any number of redundant spectrums could
be generated and transmitted as will be explained in following discussions.

Transmitted redundant spectrums 2206b-d are centered at f;, with a frequency
spacing f, between adjacent spectrums. Frequencies f; and f, are dynamically
adjustable in real-time as will be shown below. FIG. 22D illustrates an alternate
embodiment, where redundant spectrums 2208c,d are centered on unmodulated
oscillating signal 2209 at f, (Hz). Oscillating signal 2209 may be suppressed if desired

using, for example, phasing techniques or filtering techniques. Transmitted redundant
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spectrums are preferably above baseband frequencies as is represented by break 2205
in the frequency axis of FIGS. 22C and 22D.

Received redundant spectrums 2110a-n are substantially similar to transmitted
redundant spectrums 2106a-n, except for the changes introduced by the
communications medium 2108. Such changes can include but are not limited to signal
attenuation, and signal interference. FIG. 22E illustrates example received redundant
spectrums 2210b-d. Received redundant spectrums 2210b-d are substantially similar
to transmitted redundant spectrums 2206b-d, except that redundant spectrum 2210c
includes an undesired jamming signal spectrum 2211 in order to illustrate some
advantages of the present invention. Jamming signal spectrum 2211 is a frequency
spectrum associated with ajamming 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).

As stated above, demodulated baseband signal 2114 is extracted from one or
more of received redundant spectrums 2210b-d. FIG. 22F illustrates example
demodulated baseband 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 si)ite of
the fact that high strength jamming signal(s) (e.g. jamming signal spectrum 2211)
exist on the communications medium. The intended baseband signal can be recovered
because multiple redundant spectrums are transmitted, where each redundant
spectrum carries the necessary information to reconstruct the baseband signal. At the
destination, the redundant spectrums are isolated from each other so that the baseband
signal can be recovered even if one or more of the redundant spectrums are corrupted

by a jamming signal.
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Transmitter 2104 will now be explored in greater detail. FIG. 23A illustrates
transmitter 2301, which is one embodiment of transmitter 2104 that generates
redundant spectrums configured similar to redundant spectrums 2206b-d. Transmitter
2301 includes generator 2303, optional spectrum processing module 2304, and
optional medium interface module 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 modulated signal 2308. First stage
modulator 2306 may implement 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
modulated signal 2308 with second oscillating signal 2312, resulting in multiple
redundant spectrums 2206a-n 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 limited to amplitude modulation.
Each redundant spectrum 2206a-n contains the necessary amplitude, phase, and
frequency information to substantially reconstruct the modulating baseband signal
2202.

Redundant spectrums 2206a-n are substantially centered around f;, which is
the characteristic frequency of first oscillating signal 2305. Also, each redundant
spectrum 2206a-n (except for 2206¢) is offset from f, by approximately a multiple of
f, (Hz), where f, is the frequency of the second oscillating signal 2312. Thus, each
redundant spectrum 2206a-n is offset from an adjacent redundant spectrum by f, (Hz).
This allows the spacing between adjacent redundant spectrums to be adjusted (or

tuned) by changing f, that is associated with second oscillator 2309. Adjusting the
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spacing between adjacent redundant spectrums allows for dynamic real-time tuning
of the bandwidth occupied by redundant spectrums 2206a-n.

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

In one embodiment, spectrum processing module 2304 includes a filter with
a passband 2207 (FIG. 23C) to select redundant spectrums 2206b-d for transmission.
This will substantially limit the frequency bandwidth occupied by the redundant
spectrums to the passband 2207. In one embodiment, spectrum processing module
2304 also up converts redundant spectrums and/or amplifies redundant spectrums
prior to transmission over the communications medium 2108. Finally, medium
interface module 2320 transmits redundant spectrums over the communications
medium 2108. In one embodiment, communications medium 2108 is an over-the-air
link and medium interface module 2320 is an antenna. Other embodiments for
communications medium 2108 and medium interface module 2320 will be understood
based on the teachings contained herein.

FIG. 23D illustrates transmitter 2321, which is one embodiment of transmitter
2104 that generates redundant spectrums configured similar to redundant spectrums
2208¢-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.
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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 modulates second oscillating signal
2312 with modulating baseband 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 signal 2322, resulting in
redundant spectrums 2208a-n, 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 modulator.

Redundant spectrums 2208a-n are centered on unmodulated spectrum 2209
(at f, Hz), and adjacent spectrums are separated by f, Hz. The number of redundant
spectrums 2208a-n generated by generator 2311 is arbitrary and unlimited, similar to
spectrums 2206a-n discussed above. Therefore, optional spectrum processing module
2304 may also include a filter with passband 2325 to select, for example, spectrums
2208c,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 techniques during redundant spectrum generation.
Finally, (optional) medium interface module 2320 transmits redundant spectrums
2208c¢,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 spectrums. 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 data extraction module 2414. Spectrum isolation module

2408 includes filters 2410a-c. Data extraction module 2414 includes demodulators

1744.0070000

Page 28 of 142




25

227-

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-24J.

In one embodiment, optional medium interface module 2402 receives
redundant spectrums 2210b-d (FIG. 22E, and FIG. 24B). Each redundant spectrum
2210b-d includes the necessary amplitude, phase, and frequency information to
substantially reconstruct the modulating baseband signal used to generated the
redundant spectrums. 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 spectrums
2210b-d to lower intermediate frequencies, resulting in redundant spectrums 2406a-c
(FIG. 24C). Jamming signal 2211 is also down-converted to jamming signal 2407, as
it is contained within redundant spectrum 2406b. Spectrum isolation module 2408
includes filters 2410a-c that isolate redundant spectrums 2406a-c from each other
(FIGS. 24D-24F, respectively). Demodulators 2416a-c independently demodulate
spectrums 2406a-c, resulting in demodulated baseband signals 2418a-c, respectively
(FIGS. 24G-241). Error check modules 2420a-c analyze demodulate baseband signal
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 spectrums, where the degree of similarity is
application dependent.

Referring to FIGS. 24G-I, arbitration module 2424 will select either
demodulated baseband signal 2418a or 2418c, because error check module 2420b will
set the error flag 2422b that is associated with demodulated baseband signal 2418b.
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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 pending U.S. application "Method and System for Ensuring Reception
of a Communications Signal," Ser. No. 09/176,415, filed October 21, 1998,

incorporated herein by reference in its entirety.

6. Unified Down-conversion and Filtering

The present invention is directed to systems and methods of unified down-
conversion and filtering (UDF), and applications 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 frequency translation (the invention is not
limited to this embodiment). The invention achieves high frequency selectivity at
substantially any frequency, including but not limited to RF (radio frequency) and
greater frequencies. It should be understood that the invention is not limited to this
example of RF and greater frequencies. The invention is intended, adapted, and
capable of working with lower than radio frequencies.

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

The effect achieved by the UDF module 1702 is to perform the frequency
selectivity operation prior to the performance of the frequency translation operation.
Thus, the 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
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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 bandwidths of less than and greater than these values.

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

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

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

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

The UDF module 1702 of the present invention includes a number of
advantages. For example, high selectivity at high frequencies is realizable using the
UDF module 1702. This feature of the invention is evident by the high Q factors that
are attainable. For example, and without limitation, the UDF module 1702 can be

designed with a filter center frequency f, on the order of 900 MHZ, and a filter
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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.

Theinvention exhibits additional advantages. For example, the filtering center
frequency f; of the UDF module 1702 can be electrically adjuSted, either statically or
dynamically.

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

Further, the UDF module 1702 can be implemented without large resistors,
capacitors, or inductors. Also, the UDF module 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 the UDF module 1702 is
friendly to integrated circuit design techniques and processes.

The features and advantages exhibited by the 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, the UDF
module 1702 performs the frequency selectivity operation and the frequency
translation operation as a single, unified (integrated) operation. According to the
invention, operations relating to frequency translation also contribute to the
performance of frequency selectivity, and vice versa.

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

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

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

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

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

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

In the example of FIG. 19, the frequency selectivity operation performed by
the UDF module 1922 comprises a band-pass filtering operation according to EQ. 1,

below, which is an example representation of a band-pass filtering transfer function.

VO = ,z'VI- §,z'VO - §,z°VO EQ. 1

It should be noted, however, that the invention is not limited to band-pass
filtering. Instead, the invention effectively performs various types of filtering,
including but not limited to bandpass filtering, low pass filtering, high pass 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
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invention s applicable to these filter representations. Thus, EQ. 1is referred to herein
for illustrative purposes only, and is not limiting.

The UDF module 1922 includes a down-convert and delay module 1924, first
and second delay modules 1928 and 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, the output smoothing module 1938 is optional. ,

As further described below, in the example of FIG. 19, the down-convert and
delay module 1924 and the 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). Asused 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 ¢, is equal to one. Thus, the
output of the 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.

The example UDF module 1922 has a filter center frequency 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 the UDF module 1922 is
approximately 1879 (i.e., 900.2 MHZ divided by 570 KHz).
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The operation of the UDF module 1922 shall now be described with reference
to a Table 1802 (FIG. 18) that indicates example values at nodes in the UDF module
1922 at a number of consecutive time increments. It is assumed in Table 1802 that
the UDF module 1922 begins operating at time t-1. As indicated below, the 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 -1, a switch 1950 in the 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 isat VI,_,. This s indicated by cell
1804 in FIG. 18. In effect, the combination of the switch 1950 and the capacitor
1952 in the 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 the capacitor 1952 represents an instance of a down-converted image
of the input signal VI.

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

Also at the rising edge of ¢, at time t-1, a switch 1958 in the first delay
module 1928 closes, allowing a capacitor 1960 to charge to VO, ,, such that node
1906 is at VO, ;. This is indicated by cell 1806 in Table 1802. (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 the second delay

module 1930 closes, allowing a capacitor 1968 to charge to a value stored in a
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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 the down-convert and
delay module 1924 closes, allowing a capacitor 1956 to charge to the level of the
capacitor 1952. Accordingly, the capacitor 1956 charges to VI,_,, such that node
1904 is at VI, ,. This is indicated by cell 1810 in Table 1802.

The UDF module 1922 may optionally include a unity gain module 1990A
between capacitors 1952 and 1956. The 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, the UDF module 1922 may include other unity
gain modules 1990B-1990G. It should be understood that, for many embodiments
and applications of the invention, these unity gain modules 1990A-1990G are
optional. The structure and operation of the 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 the first delay
module 1928 closes, allowing a capacitor 1964 to charge to the level of the capacitor
1960. Accordingly, the 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 the 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 ¢,, the switch 1950 in the down-convert and
delay module 1924 closes. This allows the capacitor 1952 to charge to VI, such that
node 1902 is at VI,. This is indicated in cell 1816 of Table 1802.

Also at the rising edge of ¢, at time t, the switch 1958 in the first delay
module 1928 closes, thereby allowing the capacitor 1960 to charge to VO,
Accordingly, node 1906 is at VO,. This is indicated in cell 1820 in Table 1802.
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Further at the rising edge of ¢, at time t, the switch 1966 in the second delay
module 1930 closes, allowing a capacitor 1968 to charge to the level of the capacitor
1964. Therefore, the capacitor 1968 charges to VO,_,, such that node 1910 is at
VO, ,. This is indicated by cell 1824 in Table 1802.

At the rising edge of ¢, at time t, the switch 1954 in the down-convert and
delay module 1924 closes, allowing the capacitor 1956 to charge to the level of the
capacitor 1952. Accordingly, the 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, the switch 1962 in the first delay
module 1928 closes, allowing the capacitor 1964 to charge to the level in the
capacitor 1960. Therefore, the 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, the switch 1970 in the second delay
module 1930 closes, allowing the capacitor 1972 in the second delay module 1930 to
charge to the level of the capacitor 1968 in the second delay module 1930. Therefore,
the 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 ¢,, the switch 1950 in the down-convert and
delay module 1924 closes, allowing the capacitor 1952 to charge to VL,;. Therefore,
node 1902 is at V1,,,, as indicated by cell 1838 of Table 1802.

Also at the rising edge of ¢, at time t+1, the switch 1958 in the first delay
module 1928 closes, allowing the 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, the switch 1966 in the second
delay module 1930 closes, allowing the capacitor 1968 to charge to the level of the
capacitor 1964. Accordingly, the capacitor 1968 charges to VO,, as indicated by cell
1846 of Table 1802.

In the example of FIG. 19, the first scaling module 1932 scales the value at
node 1908 (i.e., the output of the first delay module 1928) by a scaling factor of -0.1.
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Accordingly, the value present at node 1914 at time t+1 is -0.1 * VO, Similarly, the
second scaling module 1934 scales the value present at node 1912 (i.e., the output of
the 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 the summer 1926 are: VI, at node
1904, -0.1 * VO, at node 1914, and -0.8 * VO,_, 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 the summer 1926). Accordingly, at time t+1, the summer
generates a signal equal to VI, - 0.1 * VO, - 0.8 * VO,_,. |

At the rising edge of ¢, at time t+1, a switch 1991 in the output sample and
hold module 1936 closes, thereby allowing a capacitor 1992 to charge to VO,,,.
Accordingly, the capacitor 1992 charges to VO,,;, which is equal to the sum
generated by the adder 1926. As just noted, this value is equal to: VI, - 0.1 * VO,
- 0.8 * VO,_,. This is indicated in cell 1850 of Table 1802. This value is presented
to the 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 pending U.S. application "Integrated Frequency Translation
And Selectivity," Pat. No. 6,049,706, filed October 21, 1998, incorporated herein by

reference in its entirety.
7. Example 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.
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Example 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 example applications. Additional applications of the UFT module will be
apparent to persons skilled in the relevant art(s), based on the teachings contained
herein.

For example, the present invention can be used in applications that involve
frequency down-conversion. This is shown in FIG. 1C, for example, where an
example UFT module 115 is used in a down-conversion module 114. In this capacity,
the UFT module 115 frequency down-converts an input signal to an output signal.
This is also shown in FIG. 7, for example, where an example 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 example UFT module
117 is used in a frequency up-conversion module 116. In this capacity, the UFT
module 117 frequency up-converts an input signal to an output signal. This is also
shown in FIG. 8, for example, where an example 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 of the transmitters 902 may be implemented using a UFT
module, as shown for example in FIG. 8. Also, one or more of the 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 example transceiver
1002 is illustrated in FIG. 10. The transceiver 1002 includes a transmitter 1004 and
areceiver 1008. Either the transmitter 1004 or the receiver 1008 can be implemented

using a UFT module. Alternatively, the transmitter 1004 can be implemented using
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a UFT module 1006, and the receiver 1008 can be implemented using a UFT module
1010. This embodiment is shown in FIG. 10.

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

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

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

The ESR module (receive) 1212 includes a frequency down-conversion
module 1214. Some embodiments of this 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 example unified
down-conversion and filtering module 1302 is illustrated in FIG. 13. The unified
down-conversion and filtering module 1302 includes a frequency down-conversion
module 1304 and a filtering module 1306. According to the invention, the frequency
down-conversion module 1304 and the filtering module 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 both precedes and follows frequency down-conversion.
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FIG. 15D indicates that a unified down-conversion and filtering module 1524
according to the invention can be utilized as a filter 1522 (i.e., where the extent of
frequency down-conversion by the down-converter in the 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 utilized as a
down-converter 1526 (i.e., where the filter in the unified down-conversion and
filtering module 1528 passes substantially all frequencies). FIG. 15F illustrates that
the 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 implemented 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 spectrums. The ESR module (receive) also operates to
isolate the spectrums 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 the UDF modules 1610, 1612, 1614
operates to down-convert a received signal. The UDF modules 1610, 1612, 1614
also operate to filter the down-converted signal so as to isolate the spectrum(s)
contained therein. As noted above, the UDF modules 1610, 1612, 1614 are
implemented using the universal frequency translation (UFT) modules of the
invention.

Thé invention is not limited to the applicatiohs of the UFT module described

above. For example, and without limitation, subsets of the applications (methods
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and/or structures) described herein (and others that would be apparent to persons
skilled in the relevant art(s) based on the herein teachings) can be associated to form
useful combinations.

For example, transmitters and receivers are two applications 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 modulé. FIG. 16 illustrates a.n 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 example applications of the UFT module
discussed herein. Also, the invention is not limited to the example 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 transmission and reception in environments containing potentially jamming
signals.

Additional examples are set forth below describing applications of the UFT

module in the area of wireless telephones.
8. Wireless Telephones

The present invention is directed to wireless telephones that employ the UFT

module for performing down-conversion and/or up conversion operations. According
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to embodiments of the invention, telephones include a receiver that uses a UFT
module for frequency down-conversion, and/or a transmitter that uses a UFT module
for frequency up-conversion.

Any type of telephone falls within the scope and spirit of the present invention,
including but not limited to cordless phones, cellular phones, personal
communications service (PCS) Phones, satellite phones, etc.

FIG. 25A illustrates an example environment 2502 illustrating wireless phones
according to embodiments of the invention. Wireless phones 2504, 2508, 2512 and
2516 each include a transceiver 2506, 2510, 2514, and 2518, respectively.
Transceivers 2506, 2510, 2514, and 2518 perform transmitter and receiver functions
and enable their respective wireless phones to communicate via a wireless
communication medium with base stations 2520, 2524. According to the invention,
the transceivers 2506, 2510, 2514, and 2518 are implemented using one or more UFT
modules. FIGS. 10 and 11 illustrate example transceivers 1002 and 1102 operable
for use with the wireless phones of the present invention. Alternatively, one or more
of wireless 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.

The base stations 2520 and 2524 can be connected to the public telephone
network 2522. The public telephone network 2522 can be connected to a local PBX
2530 that is connected to one or more wireline phone appliances 2532a-n. Wireline
phone appliances 2532 refers to any communications device that can be operated to
send or receive voice and/or data communications using telephone networks. As
shown in FIG. 25B, phone appliances 2532 include but are not limited to: cordless
phones 2534, standard wireline telephones 2536, computer modems 2538, and
speciality data devices 2540 such as FAX machines, etc.

FIG. 25A also illustrates a satellite telephone 2550 that communicates via

satellites, such as satellite 2526. The satellite telephone 2550 includes a transceiver
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2552, which is preferably implemented using one or more UFT modules, such as
shown in FIGS. 10 and 11, for example. Alternatively, the satellite phone 2550 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. 25A also illustrates a cordless phone 2590 having a handset 2592 and a
base station 2596. The handset 2592 and the base station 2596 include transceivers
2594, 2598 for communicating 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, the base station 2596 of the cordless phone 2590 may communicate
with the base station 2520 via transceivers 2598, 2521, or using other communication

modules.
8.1  Conventional Wireless Telephone

FIG. 26A illustrates a high level block diagram of an example conventional
wireless phone 2600. Conventional wireless phone 2600 includes the following: a
microphone 2604, a sidetone amplifier 2632, a speaker 2634, a summer 2606, a
display 2630, a keypad 2628, a transmitter 2610, a controller 2626, a receiver 2622,
a diplexer 2612, a filter 2624, and an antenna 2614.

During transmit, the phone 2600 transmits an electromagnetic (EM) signal
2618 using antenna 2614 to a base station, such as the base station 2521 that is shown
in FIG. 25A. The EM signal 2618 carries any voice communication 2602 (or other
sounds) that are detected by the microphone 2604. Additionally, the EM signal 2618
can also carry any user data that is entered through the keypad 2628, or any other
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useful data entry device such as a touch-screen or stylis pen that may be integrated
with the display 2630. Examples of such user data include but are not limited to a
desired telephone number, a numerical selection for an automated telephone network,
etc.

Additionally, the transmit EM signal 2618 may also carry control signals that
are generated by the controller 2626, and are integral to operation of a wireless
network system. The control signals enable the wireless phone to access the wireless
network, and allow the wireless phone to roam from base station to base station,
without dropping an existing call. An example control signal includes the identification
number for the wireless phone, which is required for system access, billing purposes,
and call hand-offs between multiple base stations.

During receive, the phone 2600 receives an EM signal 2620 from a base
station through the antenna 2614. The EM signal 2620 can carry user voice
information, user data information, and control signals and/or combinations thereof.
The voice information is converted to sound waves 2636 that are broadcast by the
speaker 2634. The data information can be displayed on the display 2630 or can be
converted to voice signals that are broadcast through the speaker 2634. Examples of
data information can include specific information that was requested by the phone
user, such as sports scores, airline flight schedules, and stock quotes. As mentioned
above, the control signals are integral to wireless system operation, and enable the
wireless phone to access the wireless system and roam among the various base
stations. The control signals are sent to the controller 2626 for processing. Example
control signals that are carried by the signal 2620 include channel instructions,
automatic gain control, etc.

The components of the conventional wireless phone 2600 are described in
further detail as follows.

Microphone 2604 receives the sound waves 2602 that carry user voice and
audio information, and generates a baseband signal 2605 that is representative of the

sound waves 2602.
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Sidetone amplifier 2632 receives and amplifies (or attenuates) the baseband
signal 2605 from the microphone 2604, and generates a sidetone signal 2633 that is
sent to the speaker 2634. The sidetone signal 2633 enables a phone user to hear
his/her own voice during a telephone conversation, and assures the phone user that
a proper connection has been made.

The controller 2626 sends and receives control signals 2625 that are necessary
for the wireless phone to interface with the wireless network. Controller 2626 also
accepts any user data that the phone user inserts from the keypad 2628. In
embodiments of the invention, the control signals and user data can be comprised of
pure tones that are easily added to the baseband voice signal 2605 that is generated
by the microphone 2604.

Summer 2606 sums the voice signal 2605 from the microphone and any
control signal 2625a from the controller 2626, resulting in a combined baseband signal
2607 that is sent to the transmitter 2610. In embodiments of the invention, the control
signals 2625a that are generated by the controller 2626 are pure tones that can be
either in-band or out-of-band relative to the baseband voice signal 2605.

Transmitter 2610 receives the combined baseband signal 2607 from the
summer 2606 signal and frequency up-converts the combined signal, resulting in an
up-converted signal 2611 that is transmitted as the EM signal 2618 by the antenna
2614. In embodiments, the transmitter 2610 also modulates the combined baseband
signal 2607 before or during up-conversion.

Diplexer 2612 separates receive signal 2613 from the transmit signal 2611 so
that the same antenna 2614 can be simultaneously used for transmit operations and
receive operations. In embodiments, the transmit signal 2611 and the receive signal
2613 are at different frequencies. As such, the diplexer 2612 can be embodied as a
bank of parallel bandpass filters, that separate the transmit and receive signals 2611
and 2613, respectively.

Receiver 2622 receives the receive signal 2613 from the diplexer 2612 and

down-converts the received signal 2613, resulting in a down-converted signal 2621.
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Down-converted signal 2621 can include a control signal 2625b that carries control
information from the base station, and also a voice signal 2623. The control signal
2625b is selected by the bandpass filter 2624 that is tuned to the frequency of the
control signal 2625b, and is sent to the controller 2626. The voice signal 2623 is sent
to the speaker 2634 for broadcast.

Conventional receiver 2622 and transmitter 2610 both suffer from the
disadvantages of conventional wireless communication methods and systems. For
instance, receivers and transmitters are conventionally implemented with heterodyne
components or super-heterodyne components. Heterodyne implementations are
complex, and expensive to design and manufacture. Heterodyne implementations
often require tuning that varies among production units. Heterodyne units also suffer
from additional deficiencies that are well known in the art.

For illustration, FIG. 26B illustrates a more detailed block diagram of a
conventional receiver 2622 implemented with heterodyne components having: an RF
section 2642, an IF section 2644, an AGC 2646, and a demodulator 2648. Similarly,
FIG. 26C illustrates a more detailed block diagram of a conventional transmitter 2610
implemented with heterodyne components having a modulator 2650, an IF section
2652, and an RF section 2654. As illustrated, both the conventional receiver and the
conventional transmitter incorporate IF processing during frequency translation to
filter and amplify the desired frequencies. To do so, the both the conventional
receiver and transmitter utilize multiple local oscillator signals to realize the multiple

frequency translations.

8.2  Wireless Telephone of the Present Invention

FIG. 27 illustrates a high level block diagram embodiment of an exemplary
wireless phone 2700 of the present invention.

Wireless phone 2700 includes the following: the microphone 2604, the
sidetone amplifier 2632, the speaker 2634, the summer 2606, the display 2630, the
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keypad 2628, a transmitter 2702, the controller 2626, a receiver 2708, a filter 2624,
a diplexer 2612, and an antenna 2614. The UFU module 2704 and the UFD module
2710 include UFT modules 2706 and 2710, respectively. All of the components in the
wireless phone 2700 are the same as for the conventional wireless phone 2600, except
that the transmitter 2610 and the receiver 2622 are replaced with the transmitter 2702
and the receiver 2712, respectively. The transmitter 2702 includes a UFU module
2704 and the receiver 2708 includes a UFD module 2710. The UFU module 2704 and
UFD 2710 includes UFT modules 2706 and 2712, respectively. The details of the

receiver 2708 and the transmitter 2702 are discussed as follows.

8.2.1 Wireless Telephone Receiver Embodiments

FIG. 28 illustrates the receiver 2708 in further detail. The receiver module
2708 accepts an EM signal 2802 and down-converts the EM signal 2802, resulting
in a down-converted signal 2804. More specifically, the UFD module 2710 down-
converts the EM signal 2802 to a down-converted signal 2804. In, embodiments, the
EM signal 2802 is down-converted directly to baseband. Alternatively, the UFD
module 2710 down-converts the EM signal 2802 to an IF signal that can be further
filtered or processed as necessary. FIG. 29 illustrates the UFD module 2710 in

greater detail.

8211 Detailed UFD Embodiments

Referring to FIG. 29, the UFD module 2710 comprises an oscillator 2902, a
pulse generator 2906, a storage device 2910, and the UFT module 2712 having a
controlled switch 2914. Many embodiments exist for UFD module 2710. For
instance, in embodiments, oscillator 2902, and/or the pulse generator 2906, may be

external to UFD module 2710. Alternatively, the entire UFD module 2710 may be
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integrated on a single semiconductor substrate, such as a CMOS substrate. UFD
module 2710 is described further as follows.

Oscillator 2902 generates a periodic oscillating signal 2904. Oscillating signal
2904 can be any type of periodic signal including but not limited to a sine wave, a
square wave, a triangle wave, etc. In embodiments, the frequency of the oscillating
signal 2904 is selected for direct conversion to baseband, or down-conversion to an
IF frequency. More specifically, for direct conversion, the frequency of the oscillating
signal 2904 is a harmonic or sub-harmonic of the received EM signal 2802.
Alternatively, for down-conversion to an IF, the oscillating signal 2904 is offset from
a harmonic or sub-harmonic of the EM input signal 2802.

The pulse generator circuit 2906 receives the oscillating signal 2904 and
generates a control signal 2908, which preferably comprises a string of pulses. Pulse
generator circuit 2906 determines the pulse width of the control signal 2908. In
embodiments, the pulse width of the control signal is a non-negligible fraction of a
period associated with the EM input signal 2802. For example and without limitation,
the pulse width of the control can be 1/10, %, ¥ etc. of a period associated with the
EM input signal 2802.

The UFT module 2712 receives the EM input signal 2802 and samples the EM
input signal 2802 according to the control signal 2908. More specifically, the switch
2914 samples the EM input signal 2802 according to the pulses in the control signal
2908. The switch 2914 opens and closes as a function of control signal 2908,
resulting in the undersamples 2916. In embodiments, the pulses in the control signal
2908 are established to improve energy transfer to the undersamples 2916. For
example, and without limitation, the pulses in the control signal are established to be
a non-negligible fraction of a period associated with the EM input signal 2802,
resulting in improved energy transfer to the undersamples 2916.

The storage device 2910 stores the undersamples 2916 from the UFT module
2712. In embodiments, the storage device integrates one or more undersamples 2916,

resulting in the down-converted signal 2804. In embodiments, the storage device 2802
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is a capacitor, an inductor, or another device capable of providing an integration
function. In support thereof, FIG. 30A illustrates the storage module 2910 embodied
as a capacitor 3002. Additionally, FIG. 30B illustrates the storage module 2910 as an
inductor 3004.

Additional details pertaining to UFD module 2710 and the down-conversion
of an EM input signal to a baseband signal or an IF signal are contained in the co-
pending U.S. Patent Application entitled "Method and System for Down-Converting
an Electromagnetic Signal," Serial No. 09/176,022, which is incorporated herein by
reference in its entirety.

FIG. 31 illustrates receiver 3100 that is an extension of the receiver 2708 in
FIG.27. The receiver 3100 includes the UFD module 2710, a filter 3102, an amplifier
3104, and a demodulator 3106. The filter 3102, amplifier 3104, and the demodulator
3106 perform additional post down-conversion processing, the details of which will
be understood to those skilled in the arts, based on the discussion herein. The
operation of the receiver 3100 will be understood to those skilled in the relevant arts
based on the discussion herein.

The embodiments described herein are 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.
8.2.1.2 In-phase/Quadrature-phase (I/Q) Receiver Embodiments

FIG. 32 illustrates an exemplary I/Q modulation mode embodiment of the
receiver 2708, according to the present invention. This I/Q modulation mode
embodiment is described herein for purposes of illustration, and not limitation.
Alternate I/Q modulation mode embodiments (including equivalents, extensions,

variations, deviations, etc., of the embodiments described herein), as well as
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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 embodiments.

Referring to FIG. 32, IQ receiver 3200 comprises an I/Q down-converter
3204, a first optional amplifier 3224, a first filter 3226, a second optional amplifier
3230, and a second filter 3232.

I/Q down-converter 3204 comprises an oscillator 3210, a first UFD module
3206 having a UFT module 3207, a second UFD module 3218 having a UFT module
3220, and a phase shifter 3214. IQ down-converter 3204 down-converts an EM input
signal 3202, resulting in a first information output signal 3228 and a second
information output signal 3234. The detailed operation of the IQ down-converter
3204 is described as follows.

Oscillator 3210 generates an "I" oscillating signal 3212 that is sent to the UFD
module 3206 and the phase shifter 3214. Similar to description for receiver 2708, the
"I" oscillating signal 3212 is preferably a harmonic or sub-harmonic of a period
associated with the EM input signal 3202. Alternatively, the "I" oscillating signal is
offset from a harmonic or sub-harmonic of the EM input signal 3202.

The UFD module 3206 comprises at least one UFT module 3207. In an
embodiment, the UFD module 3206 is structured similarly to the UFD module 2710
of FIG. 29. Accordingly, the UFD module 3206 frequency down-converts the
received signal 3202 using the I oscillating signal 3212, resulting in a down-converted
"I" signal 3208. More specifically, the UFT module 3207 samples the received signal
3202 based on a control signal that is generated from the I oscillating signal 3212.

Phase shifter 3214 receives the "I" oscillating signal 3212, and generates a
"Q" oscillating signal 3216, which is substantially a replica of the "I" oscillating signal
3212 and is shifted preferably by approximately 90°.

The UFD module 3218 comprises at least one UFT module 3220. In an
embodiment, the UFD module 3218 is structured similarly to the UFD module 2710
of FIG. 29. Accordingly, the UFD module 3218 frequency down-converts the
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received signal 3202 using the Q oscillating signal 3216, resulting in a down-
converted Q signal 3222. More specifically, the UFT module 3220 samples the
received signal 3202 based on a control signal that is generated from the Q oscillating
signal 3216.

Down-converted "I" signal 3208 is optionally amplified by optional amplifier
3224 and optionally filtered by the optional filter 3226, resulting in a first information
output signal 3228.

Down-converted "Q" signal 3222 is optionally amplified by optional amplifier
3230 and optionally filtered by the optional filter 3232, resulting in a second
information output signal 3234.

In embodiments, first information signal 3228 and second information signal
3234 are distinct information signals. For example, the first information 3228 can
represent user voice information, and the second information signal 3234 can
represent use data information. Alternatively, the first and second information signals
3228 and 3234 represent a single information signal, and canbe combined for further
processing.

Alternate configurations for I/Q receiver 3200 will be apparent to persons
skilled in the relevant art(s) from the teachings herein. For instance, FIG. 34
illustrates an IQ receiver 3400. IQ receiver 3400 includes a quadrature divider 3402
that divides the EM input signal 3202 and implements the desired 90 degree phase
shift between the I and Q channels. IQ receiver 3400 and other such I/Q receiver
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.

8213 Unified Down-convert and Filter Receiver
Embodiments
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As described above, the universal frequency translation can be configured as
to provide unified down-conversion and filtering (UDF). UDF according to the
invention can be used to perform 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 ifnot all of the applications described above involve filtering operations.
Accordingly, any of the applications 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.

For example, a block diagram of a receiver 3502 i 1ncorporat1ng unified down-
convert in filtering according to an embodiment of the present invention is illustrated
inFIG. 35. Receiver 3502 comprises a UDF module 3506 and an optional amphﬂer
3512. UDF Module 3506 both down-converts and filters an EM i mput signal 3504,
resulting in a filtered baseband signal 3510. The filtered baseband signal 3510 is
optionally amplified by optional amplifier 3512, resulting in a down-converted
baseband signal 3514.

The unified down-conversion and filtering of a signal is described above and
is more fully described in the U.S. Patent No. 6,049,706, entitled “Integrated
Frequency Translation And Selectivity,” which is incorporated herein by reference in
its entirety.

These example embodiments and other alternate embodiments (including
equivalents, extensions, variations, deviations, etc., of the example embodiments
described herein) will be apparent to persons skilled in the relevant art(s) based on the
referenced teachings and the teachings contained herein, and are within the scope and
spirit of the present invention. The invention is intended and adapted to include such

alternate embodiments.
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8214 Other Receiver Embodiments

The wireless phone receiver embodiments described above are provided for
purposes of illustration. These embodiments are not intended to limit the invention.
Alternate embodiments, differing slightly or substantially from those described herein,
will be apparent to persons skilled in the relevant art(s) based on the teachings
contained herein. Such alternate embodiments include, but are not limited to, down-
converting different combinations of modulation techniques in an "I/Q" mode. Such
alternate embodiments fall within the scope and spirit of the present invention.

For example, other wireless phone receiver embodiments may down-convert
signals that have been modulated with various specific modulation techniques. These
would be apparent to one skilled in the relevant art(s) based on the teachings
disclosed herein, and include, but are not limited to, amplitude modulation (AM),
frequency modulation (FM), quadrature amplitude modulation (QAM), time division
multiple access (TDMA), frequency division multiple access (FDMA), code division
multiple access (CDMA), down-converting a signal with two forms of modulation

embedding thereon, and combinations thereof,
8.2.2 Wireless Telephone Transmitter Embodiments

The following discussion describes frequency up-converting signals to
be transmitted by a wireless phone, using a universal frequency up-conversion (UFU)
module. Frequency up-conversion of an EM signal is described above, and is more
fully described in co-pending U.S. Patent Application entitled “Method and System
for Frequency Up-Conversion,” Serial No.09/17 6,154, the full disclosure of which is
incorporated herein by reference in its entirety.

Exemplary embodiments of the wireless phone transmitter are described
below, including PM and I/Q modulation modes. However, it should be understood

that these examples are provided for illustrative purposes only. The invention is not
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limited to these embodiments. Alternate embodiments (including equivalents,
extensions, variations, deviations, etc., of the embodiments described herein) will be
apparent to persons skilled in the relevant art(s) based on the teachings contained
herein. The invention is intended and adapted to include such alternate embodiments.

FIG. 36 illustrates an exemplary embodiment of the wireless phone transmitter

2702 of FIG. 27. Transmitter 2702 up-converts a baseband signal 3602, resulting in

an up-converted signal 3606. More specifically, the UFU module 2704 up-converts
the baseband signal 3602 to an up-converted signal 3606. In embodiments, the
baseband signal 3602 is a modulated signal or an unmodulated signal. Additionally,
the baseband signal can be modulated during the up-conversion process. FIG. 37

illustrates the UFU module 2704 in greater detail.
8221 Detailed UFU Embodiments

Referring to FIG. 37, the UFU module 2704 comprises a pulse generator
circuit 3702, a first reference potential 37 12, a filter 3714, a second reference
potential 3704, a resistor 3706, and the UFT module 2706 having a controlled switch
3710. Many embodiments exist for the UFU module 2704. For instance, in
embodiments, the pulse generator 3702 may be external to UFU module 2704.
Alternatively, the entire UFU module 2704 may be integrated on a single
semiconductor substrate, such as a CMOS substrate. UFU module 2704 is described
further as follows.

InFIG. 37, the pulse generator circuit 3702 receives the baseband signal 3602.

Pulse shaping circuit 3702 generates a control signal 3703, which is preferably
comprised of a string of pulses. Control signal 3703 operates UFT module 2706,
which comprises the controlled switch 3710. More specifically, the control signal
3703 controls the sampling of the controlled switch 3710. One terminal of controlled
switch 3710 is coupled to a first reference potential 3712. The second terminal of the

controlled switch 3710 is coupled through the resistor 3706 to a second reference
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potential 3704. In a FM or PM modulation embodiment, the second reference
potential 3704 is preferably a constant voltage level. In other embodiments, such as
amplitude modulation, the second reference potential may be a voltage that varies
with the amplitude of the information signal. In other words, for AM, the information
signal in received at the second reference potential 3704.

The result of the periodic sampling by the UFT module 2706 is a harmonically
rich signal 3707. The harmonically rich signal 3707 has multiple harmonic images that
repeat at harmonics of the frequency of the pulses in the control signal 3703. Each
harmonic image contains the necessary amplitude, frequency, and phase information
to re-construct the baseband signal 3602. Therefore, each of the harmonics in
harmonically rich signal 3707 reflects and carries any modulation on the baseband
signal 3602.

The absolute amplitude of the harmonics in the harmonically rich signal 3707
is adjustable based on the reference potentials 3704 and 3712. The relative amplitude
of the harmonics in the harmonically rich signal 3707 is adjustable based on the pulse
width of the pulses in the control signal 3703. Generally, shorter pulse widths shift
more relative energy into the higher frequency harmonics, and longer pulse widths
shift energy into the lower frequency harmonics.

Harmonically rich signal 3707 is received by the filter 3714. The filter 3714
selects the harmonic (or harmonics) of interest from the harmonically rich signal 3707,
resulting in the up-converted signal 3606.

Further details pertaining to UFU module 2704 are provided in co-pending
U.S. Patent Application entitled "Method and System for Frequency Up-Conversion,"
Serial No. 09/176,154, which is incorporated herein by reference in its entirety.

Numerous embodiments for the transmitter 2702 having the UFU module
2704 will be understood to persons skilled in the relevant art(s) based on the teachings
given herein. These numerous embodiments are within the scope and spirit of the

present invention. Examples of some of these numerous embodiments are described

as follows.
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FIG. 38 illustrates wireless transmitter 3800 as an exemplary embodiment of
the wireless phone transmitter of 2702 in FIG. 36. Transmitter 3800 comprises a
modulator 3804, the UFU module 3806, and an optional amplifier 3810. Modulator
3804 of transmitter 3800 receives a baseband signal 3802, and generates a modulated
signal 3805, according to any type modulation scheme, including AM, FM, PM, etc.

FIG. 40 illustrates an embodiment of the modulator 3804. In this exemplary
embodiment, the modulation scheme implemented is phase modulation (PM) or phase
shift keying (PSK) modulation. Modulator 3804 comprises an oscillator 4002 and a
phase modulator 4004. Phase modulator 4004 receives the baseband signal 3802 and
an oscillating signal 4003 from the oscillator 4002. Phase modulator 4004 phase
modulates oscillating signal 4003 with the baseband signal 3802, resulting in a
modulated signal 3805. Phase modulators are well known to persons skilled in the
relevant art(s).

Returning to FIG. 38, the modulated signal 3805 is received by the UFU
module 3806 having at least one UFT module 3808. UFU module 3806 frequency
up-converts the modulated signal 3805, resulting in up-converted signal 3809.

When present, optional amplifier 3810 amplifies up-converted signal 3809,
resulting in an up-converted signal 3812.

In alternate embodiments, the wireless transmitter does not require a
modulator because the UFU module performs the modulation function. FIG. 39
illustrates such an alternate embodiment of transmitter of FIG. 38. Transmitter 3900
includes a UFU module 3904 and an optional amplifier 3908. UFU module 3904
includes at least one UFT module 3906. UFU module 3900 frequency modulates and
up-converts baseband signal 3902 to an up-converted signal 3907. For instance, and
without limitation, UFU module 3904 may provide for up-conversion and modulation
in an AM modulation mode. AM modulation techniques and other modulation
techniques are more fully described in co-pending U.S. Patent Application entitled
“Method and System for Frequency Up-Conversion,” Serial No. 09/1 76,154, the full

disclosure of which is incorporated herein by reference in its entirety.
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8222 In-phase/Quadrature-phase  (I/Q)  Transmitter
Embodiments

In FIG. 41, an I/Q modulation mode embodiment is presented. In this
embodiment, two information signals are accepted. The two information signals are
modulated, up-converted, and then combined to form an "I/Q" modulated signal. In
this manner, two separate information signals can be transmitted in single signal
channel, simultaneously.

FIG. 41 illustrates an exemplary block diagram of an IQ transmitter 4100 for
up-converting and transmitting a first information signal 4102 and second information
signal 4104. Transmitter 4100 comprises an 1/Q up-converter 4106 and an optional
amplifier 4114. I/Q up-converter 4106 comprises at least one UFU module 4108
having at least one UFT module 4110. 1/Q up-converter 4106 provides I/Q up-
conversion for the first information signal 4102 and the second information signal
4104, resulting in an I/Q output signal 4112. Optional amplifier 4114 optionally
amplifies I/Q output signal 4112, resulting in up-converted I/Q signal 4116.

FIG. 42 illustrates a more detailed circuit block diagram for I/Q up-converter
4106. I/Q up-converter 4106 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.

I/Q up-converter 4106 comprises an oscillator 4202, a first modulator 4204,
a phase shifter 4210, a second modulator 4213, a first UFU module 4216, a second
UFU module 4220, a summer 4224, and a filter 4228. The first UFU module 4216

includes a first UFT module 4218, and the second UFU module 4220 comprises a
second UFT module 4222.

1744.0070000

Page 58 of 142




25

-57-

Oscillator 4202 generates an "I"-oscillating signal 4206. The I oscillating
signal has a frequency that is preferably a sub-harmonic of desired output frequency.

A first information signal 4102 is input to first modulator 4204. The "I"-
oscillating signal 4206 is modulated by first information signal 4102 in the first
modulator 4204, thereby producing an "I"-modulated signal 4208.

First UFU module 4216 receives "I"-modulated signal 4208, and generates a
harmonically rich "I" signal 4219. More specifically, the UFT module 4218 in the
UFU module 4216 samples the I modulated signal 4208 according to a control signal
that is based on the oscillating signal 4206, resulting in the I harmonically rich signal
4219. The I harmonically rich signal 4219 includes multiple harmonic images that
repeat at harmonics of the oscillating signal 4206. Each harmonic image contains the
necessary amplitude, frequency, and phase information to reconstruct the first
information signal 4102.

The phase of the "I"-oscillating signal 4206 is shifted by phase shifter 4210 to
create a "Q"-oscillating signal 4212. Phase shifter 4210 preferably shifts the phase of
the "I"-oscillating signal 4206 by 90 degrees.

A second information signal 4104 is input to the second modulator 4213. The
"Q"-oscillating signal 4212 is modulated by the second information signal 4104 in the
modulator 4213, thereby producing a "Q" modulated signal 4214. Second UFU
module 4220 receives the "Q" modulated signal 4214, and generates a harmonically
rich "Q" signal 4221. More specifically, the UFT module 4222 in the UFU module
4220 samples the Q modulated signal 4214 according to a control signal that is based
on the Q oscillating signal 4212, resulting in the Q harmonically rich signal 4221. The
Q harmonically rich signal 4221 includes multiple harmonic images that repeat at
harmonics of the Q oscillating signal 4212. Each harmonic image contains the

necessary amplitude, frequency, and phase information to reconstruct the second

information signal 4104.
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Harmonically rich "I" signal 4219 and harmonically rich "Q" signal 4221 are
combined by summer 4224, resulting in the harmonically rich "I/Q" signal 4226.
Summers are well known to persons skilled in the relevant art(s).

Filter 4228 selects the harmonic of interest from the 1/Q harmonically rich
signal 4226, resulting in the I/Q output signal 4230.

Further details pertaining to an I/Q modulation mode transmitter are provided
in co-pending U.S. Patent Application entitled "Method and System for Frequency
Up-Conversion," Serial No. 09/176,154, which is incorporated herein by reference in

its entirety.

8223 Other Transmitter Embodiments

The wireless phone transmitter embodiments described above are provided for
purposes of illustration. These embodiments are not intended to limit the invention.
Alternate embodiments, differing slightly or substantially from those described herein,
will be apparent to persons skilled in the relevant art(s) based on the teachings
contained herein. Such alternate embodiments include, but are not limited to,
combinations of modulation techniques in an "I/Q" mode. Such alternate
embodiments fall within the scope and spirit of the present invention.

For example, other wireless phone transmitter embodiments may utilize other
modulation techniques. These would be apparent to one skilled in the relevant art(s)
based on the teachings disclosed herein, and include, but are not limited to, amplitude
modulation (AM), frequency modulation (FM), quadrature amplitude modulation
(QAM), time division multiple access (TDMA), frequency division multiple access
(FDMA), code division multiple access (CDMA), embedding two forms of

modulation onto a signal for up-conversion, etc., and combinations thereof.

8.2.3 UFT Wireless Phone Embodiments
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The UFD receiver and UFU transmitter embodiments described herein can
be utilized in any type of wireless phone including but not limited to: analog phones,
digital phones, TDMA phones, CDMA phones, GSM phones, satellite phones,
cordless phones, etc. An advantage of using universal frequency translation (UFT)
techniques as described herein, is that up-conversion and down-conversion are
accomplished directly with a single local oscillator signal, and in a single step. In other
words, efficient direct conversion is achievable using the UFT modules for frequency
translation. Additionally, inter-modulation distortion is minimized using the UFT

module for frequency translation.

8.2.3.1 Analog Wireless Telephones

FIG. 43 illustrates an analog wireless phone 4300 according to embodiments
of the invention. Analog wireless phone 4300 includes the receiver 2708 and the
transmitter 2702, both from FIG. 27. The receiver 2708 includes a UFD module 2710
having at least one UFT module 2712 to down-convert a received signal from an
associated analog wireless network. The transmitter 2702 includes the UFU module
2704 having at least one UFT module 2706 to up-convert a transmit signal that is to
be sent to the analog wireless network.

FIG. 44 further illustrates the analog wireless phone 4300, which is similar to
the wireless phone 2700 in FIG. 27. The difference being the analog wireless phone
4300 includes a baseband processor 4402, and a baseband processor 4404. The
baseband processor 4402 processes the baseband transmit signal prior to up-
conversion by the transmitter 2702, as necessary for system compatibility. For
example, the baseband processor 4402 may perform baseband modulation or other
signal processing functions that are necessary to interface with the analog wireless
network. Likewise, the baseband processor 4404 performs any necessary baseband
processing functions for the receive channel. For example, the baseband processor

4404 may perform baseband demodulation, or any other signal processing functions.
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In embodiments, baseband processors 4402 and 4404 are combined into a single

processor, such as digital signal processor (DSP).

8.2.3.2 Digital Wireless Telephones

FIG. 45 illustrates a digital wireless phone 4500 according to embodiments of
the invention. Digital wireless phone 4500 includes the receiver 2708 and the
transmitter 2702, both from FIG. 27. The receiver 2708 includes a UFD module 2710
having at least one UFT module 2712 to down-convert a received signal from an
associated digital wireless network. The transmitter 2702 includes the UFU module
2704 having at least one UFT module 2706 to up-convert a transmit signal that is to
be sent to the digital wireless network.

FIG. 46 further illustrates the digital wireless phone 4500, which is similar to
the wireless phone 2700 in FIG. 27. The difference being the digital wireless phone
4500 includes a baseband processor 4602, and a baseband processor 4604. The
baseband processor 4602 processes the baseband transmit signal prior to up-
conversion by the transmitter 2702, as necessary for system compatibility. For
example, the baseband processor 4602 may perform baseband modulation or other
signal processing functions that are necessary to interface with the digital wireless
network. Likewise, the baseband processor 4604 performs any necessary baseband
processing functions for the receive channel. For example, the baseband processor
4604 may perform baseband demodulation, or any other signal processing functions.
In embodiments, baseband processors 4602 and 4604 are combined into a single

processor, such as digital signal processor (DSP).

8.2.3.3 TDMA Wireless Telephones
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FIG. 47 illustrates a time domain multiple access (TDMA) wireless phone
4700 according to embodiments of the invention. TDMA wireless phone 4700
includes the receiver 2708 and the transmitter 2702, as shown in FIG. 27. The
receiver 2708 includes a UFD module 2710 having at least one UFT module 2712 to
down-convert a received signal from an associated TDMA wireless network. The
transmitter 2702 includes the UFU module 2704 having at least one UFT module
2706 to up-convert a transmit signal that is to be sent to the TDMA wireless network.

FIG. 48 further illustrates the TDMA wireless phone 4700, which is similar
to the wireless phone 2700 in FIG. 27. The difference being the TDMA wireless
phone 4700 includes a baseband processor 4802, and a baseband processor 4804. The
baseband processor 4802 processes the baseband transmit signal prior to up-
conversion by the transmitter 2702, as necessary for system compatibility. For
example, the baseband processor 4802 may perform baseband modulation or other
signal processing functions that are necessary to interface with the TDMA wireless
network. Likewise, the baseband processor 4804 performs any necessary baseband
processing functions for the receive channel. For example, the baseband processor
4804 may perform baseband demodulation, or any other signal processing functions.
In embodiments, baseband processors 4802 and 4804 are combined into a single

processor, such as digital signal processor (DSP).

8.2.3.4 CDMA Wireless Telephones

FIG. 49 illustrates an code division multiple access (CDMA) wireless phone
4900 according to embodiments of the invention. CDMA wireless phone 4900
includes the receiver 2708 and the transmitter 2702, both of FIG. 27. The receiver
2708 includes a UFD module 2710 having at least one UFT module 2712 to down-
convert a received signal from an associated CDMA wireless network. The
transmitter 2702 includes the UFU module 2704 having at least one UFT module

2706 to up-convert a transmit signal that is to be sent to the CDMA wireless network.
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FIG. 50 further illustrates the CDMA wireless phone 4900, which is similar
to the wireless phone 2700 in FIG. 27. The difference being the analog wireless phone
5000 includes a CDMA baseband processor 5002, and a CDMA baseband processor
5004. The baseband processor 5002 processes the baseband transmit signal prior to
up-conversion by the transmitter 2702, as necessary for system compatibility. For
example, the baseband processor 5002 may perform baseband modulation or other
signal processing functions that are necessary to interface with the CDMA wireless
network. Likewise, the baseband processor 5004 performs any necessary baseband
processing functions for the receive channel. For example, the baseband processor
5004 may perform baseband demodulation, or any other signal processing functions.
In embodiments, baseband processors 5002 and 5004 are combined into a single

processor, such as digital signal processor (DSP).

8.2.3.5 GSM Wireless Telephones

FIG. 51 illustrates a GSM wireless phone 5100 according to embodiments of
the invention. GSM wireless phone 5100 includes the receiver 2708 and the
transmitter 2702, both of FIG. 27. The receiver 2708 includes a UFD module 2710
having at least one UFT module 2712 to down-convert a received signal from an
associated GSM wireless network. The transmitter 2702 includes the UFU module
2704 having at least one UFT module 2706 to up-convert a transmit signal that is to
be sent to the GSM wireless network.

FIG. 52 further illustrates the GSM wireless phone 5100, which is similar to
the wireless phone 2700 in FIG. 27. The difference being the GSM wireless phone
5100 includes a baseband processor 5202, and a baseband processor 5204. The
baseband processor 5202 processes the baseband transmit signal prior to up-
conversion by the transmitter 2702, as necessary for system compatibility. For
example, the baseband processor 5202 may perform baseband modulation or other
signal processing functions that are necessary to interface with the GSM wireless

network. Likewise, the baseband processor 5204 performs any necessary baseband
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processing functions for the receive channel. For example, the baseband processor
5204 may perform baseband demodulation, or any other signal processing functions.
In embodiments, baseband processors 5202 and 5204 are combined into a single

processor, such as digital signal processor (DSP).

8.2.3.6 Satellite Wireless Telephones

FIG. 53 illustrates a satellite wireless phone 5300 according to embodiments
of the invention. Satellite wireless phone 5300 includes the receiver 2708 and the
transmitter 2702, as shown in FIG. 27. The receiver 2708 includes a UFD module
2710 having at least one UFT module 2712 to down-convert a received signal from
an associated satellite communications network. The transmitter 2702 includes the
UFU module 2704 having at least one UFT module 2706 to up-convert a transmit
signal that is to be sent to the satellite communications network.

FIG. 54 further illustrates the satellite wireless phone 5300, which is similar
to the wireless phone 2700 in FIG. 27. The difference being the satellite wireless
phone 5300 includes a baseband processor 5402, and a baseband processor 5404. The
baseband processor 5402 processes the baseband transmit signal prior to up-
conversion by the transmitter 2702, as necessary for system compatibility. For
example, the baseband processor 5402 may perform baseband modulation or other
signal processing functions that are necessary to interface with the satellite
communications network. Likewise, the baseband processor 5404 performs any
necessary baseband processing functions for the receive channel. For example, the
baseband processor 5404 may perform baseband demodulation, or any other signal
processing functions. In embodiments, baseband processors 5402 and 5404 are

combined into a single processor, such as digital signal processor (DSP).

8237 Cordless Wireless Telephones
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FIG. 55 illustrates a cordless phone 5500 according to embodiments of the
invention. Cordless phone 5500 includes the receiver 2708 and the transmitter 2702,
both of FIG. 27. The receiver 2708 includes a UFD module 2710 having at least one
UFT module 2712 to down-convert a received signal from an associated cordless
phone base station. The transmitter 2702 includes the UFU module 2704 having at
least one UFT module 2706 to up-convert a transmit signal that is to be sent to the
cordless phone base station.

FIG. 56 further illustrates the cordless phone 5500, which is similar to the
wireless phone 2700 in FIG. 27. The difference'being the cordless phone 5500
includes a baseband processor 5602, and a baseband processor 5604. The baseband
processor 5602 processes the baseband transmit signal prior to up-conversion by the
transmitter 2702, as necessary for system compatibility. For example, the baseband
processor 5602 may perform baseband modulation or other signal processing
functions that are necessary to interface with the cordless phone base station.
Likewise, the baseband processor 5604 performs any necessary baseband processing
functions for the receive channel. For example, the baseband processor 5604 may
perform baseband demodulation, or any other signal processing functions. In
embodiments, baseband processors 5602 and 5604 are combined into a single

processor, such as digital signal processor (DSP).
9. Conclusion

While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only,
and not limitation. It will be apparent to persons skilled in the relevant art that
various changes in form and detail can be made therein without departing from the
spirit and scope of the invention. Thus, the breadth and scope of the present invention
should not be limited by any of the above-described exemplary embodiments, but

should be defined only in accordance with the following claims and their equivalents.
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What Is Claimed Is:

1. A wireless phone, comprising:

an antenna,

a receiver, coupled to said antenna, comprising at least one universal
frequency down-conversion module that frequency down-converts an EM signal
received by said antenna, resulting in a first baseband signal having first baseband
information; and

a transmitter, coupled to said antenna, comprising at least one universal
frequency up-conversion module that frequency up-converts a second baseband signal

having second baseband information.

2. The wireless phone of claim 1, further comprising:
a speaker coupled to said receiver for broadcasting said first baseband

information.
3. The wireless phone of claim 1, further comprising:

a microphone coupled to said transmitter for receiving said second baseband

information.

4, The wireless phone of claim 1, further comprising:

a diplexer coupled to said antenna, said receiver, and said transmitter.
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Wireless Telephone Using Universal Frequency Translation

Abstract

A wireless telephone is described herein. The wireless telephone includes an
antenna, a diplexer, a receiver, and a transmitter. The receiver includes at least one |
universal frequency down-conversion module that frequency down-converts a |
received EM signal. The transmitter includes at least one universal frequency up- |
conversion module that frequency up-converts a baseband signal for transmission. A |
diplexer is coupled to the receiver and thé transmitter so that the same antenna can |

be used simultaneously for receive and transmit functions.

A275-03.wpd
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