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ABSTRACT

A method and system is described wherein an information
signal is gated at a frequency that is a Sub-harmonic of the
frequency of the desired output signal. In the modulation
embodiments, the information signal is modulated as part of
the up-conversion process. In a first modulation embodiment,
one information signal is phase modulated onto the carrier
signal as part of the up-conversion process. In a second modu
lation embodiment, two information signals are multiplied,
and, as part of the up-conversion process, one signal is phase
modulated onto the carrier and the other signal is amplitude
modulated onto the carrier. In a third modulation embodi

ment, one information signal is phase modulated onto the “I”
phase of the carrier signal as part of the up-conversion process
and a second information signal is phase modulated onto the
“Q' phase of the carrier as part of the up-conversion process.
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UP-CONVERSION BASED ON GATED
INFORMATION SIGNAL

0001. This is a continuation application of pending U.S.
patent application Ser. No. 13/550,492, titled “Up-Conver
sion Based on Gated Information Signal filed Jul. 16, 2012,
which is a continuation of U.S. patent application Ser. No.
12/615,326, titled, “Up-Conversion Based On Gated Infor
mation Signal.” filed on Nov. 10, 2009, now U.S. Pat. No.
8,233,855, which is a continuation of U.S. Pat. No. 7,620,378,

titled, “Method And System for Frequency Up-Conversion
with Modulation Embodiments, filed on Jul. 16, 2007, which
is a continuation of U.S. Pat. No. 7,245,886, titled, “Method

and System for Frequency Up-conversion With Modulation

Embodiments, filed Feb. 3, 2005, which is a continuation of

application of U.S. Pat. No. 7,039,372, titled, “Method and
System for Frequency Up-Conversion With Modulation
Embodiments.” filed Apr. 13, 2000, which is a continuation
in-part application of U.S. Pat. No. 6,353,735, titled “Method
for Output Signal Generation.” filed Aug. 23, 1999, which is
a continuation of U.S. Pat. No. 6,091,940, titled “Method and

System for Frequency Up-Conversion filed Oct. 21, 1998,
all of which are incorporated herein by reference in their
entireties.
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signal is at a frequency higher than the baseband frequency of
the information signal. Typical ways that the information is
imparted on the carrier signal are called modulation.
0016. Three widely used modulation schemes include:
frequency modulation (FM), where the frequency of the car
rier wave changes to reflect the information that has been
modulated on the signal; phase modulation (PM), where the
phase of the carrier signal changes to reflect the information
imparted on it; and amplitude modulation (AM), where the
amplitude of the carrier signal changes to reflect the informa
tion. Also, these modulation schemes are used in combination

with each other (e.g., AM combined with FM and AM com
bined with PM).
SUMMARY OF THE INVENTION

0017. The present invention is directed to methods and
systems to up-convert a signal from a lower frequency to a
higher frequency, and applications thereof.
0018. In one embodiment, the invention uses a stable, low
frequency signal to generate a higher frequency signal with a
frequency and phase that can be used as stable references.
0019. In another embodiment, the present invention is
used as a transmitter. In this embodiment, the invention

CROSS-REFERENCE TO OTHER
APPLICATIONS

0002 The following applications of common assignee are
related to the present application, and are herein incorporated
by reference in their entireties:
0003 “Method and System for Down-Converting Electro
magnetic Signals.” Ser. No. 09/176,022, filed Oct. 21, 1998.
0004 "Method and System for Ensuring Reception of a
Communications Signal.” Ser. No. 09/176.415, filed Oct. 21,
1998.

0005 “Integrated Frequency Translation and Selectivity.”
Ser. No. 09/175,966, filed Oct. 21, 1998, U.S. Pat. No. 6,049,

0006 “Applications of Universal Frequency Translation.”
Ser. No. 09/261,129, filed Mar. 3, 1999.

0007 “Method and System for Down-Converting Electro
magnetic Signals Having Optimized Switch Structures. Ser.
No. 09/293,095, filed Apr. 16, 1999.
0008 “Method and System for Down-Converting Electro
magnetic Signals Including Resonant
0009 Structures for Enhanced Energy Transfer.” Ser. No.
09/293,342, filed Apr. 16, 1999.
0010 “Method and System for Frequency Up-Conversion
With a Variety of Transmitter Configurations. Ser. No.
09/293,580, filed Apr. 16, 1999.
0011) “Integrated Frequency Translation And Selectivity
With a Variety of Filter Embodiments.” Ser. No. 09/293,283,
filed Apr. 16, 1999.
BACKGROUND OF THE INVENTION

00.12 1. Field of the Invention
0013 The present invention is generally directed to fre
quency up-conversion of electromagnetic (EM) signals.
0014 2. Related Art
00.15 Modern day communication systems employ com
ponents such as transmitters and receivers to transmit infor
mation from a source to a destination. To accomplish this
transmission, information is imparted on a carrier signal and
the carrier signal is then transmitted. Typically, the carrier

accepts an information signal at a baseband frequency and
transmits a modulated signal at a frequency higher than the
baseband frequency.
0020. The methods and systems of transmitting vary
slightly depending on the modulation scheme being used. For
Some embodiments using frequency modulation (FM) or
phase modulation (PM), the information signal is used to
modulate an oscillating signal to create a modulated interme
diate signal. If needed, this modulated intermediate signal is
“shaped to provide a substantially optimum pulse-width-to
period ratio. This shaped signal is then used to control a
Switch which opens and closes as a function of the frequency
and pulse width of the shaped signal. As a result of this
opening and closing, a signal that is harmonically rich is
produced with each harmonic of the harmonically rich signal
being modulated Substantially the same as the modulated
intermediate signal. Through proper filtering, the desired har
monic (or harmonics) is selected and transmitted.
0021 For some embodiments using amplitude modula
tion (AM), the switch is controlled by an unmodulated oscil
lating signal (which may, if needed, be shaped). As the Switch
opens and closes, it gates a reference signal which is the
information signal. In an alternate implementation, the infor
mation signal is combined with a bias signal to create the
reference signal, which is then gated. The result of the gating
is a harmonically rich signal having a fundamental frequency
Substantially proportional to the oscillating signal and an
amplitude substantially proportional to the amplitude of the
reference signal. Each of the harmonics of the harmonically
rich signal also have amplitudes proportional to the reference
signal, and are thus considered to be amplitude modulated.
Just as with the FM/PM embodiments described above,

through proper filtering, the desired harmonic (or harmonics)
is selected and transmitted.

0022. 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 figures. The left-most digit(s) of a refer
ence number typically identifies the figure in which the ref
erence number first appears.
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BRIEF DESCRIPTION OF THE FIGURES

0023 FIG. 1 illustrates a circuit for a frequency modula
tion (FM) transmitter;
0024 FIGS. 2A, 2B, and 2C illustrate typical waveforms
associated with the FIG.1 FM circuit for a digital information
signal;
0025 FIG. 3 illustrates a circuit for a phase modulation
(PM) transmitter;
0026 FIGS. 4A, 4B, and 4C illustrate typical waveforms
associated with the FIG.3 PM circuit for a digital information
signal;
0027 FIG. 5 illustrates a circuit for an amplitude modula
tion (AM) transmitter;
0028 FIGS. 6A, 6B, and 6C illustrate typical waveforms
associated with the FIG.5AM circuit for a digital information
signal;
0029 FIG. 7 illustrates a circuit for an in-phase/quadra
ture-phase modulation (“I/Q') transmitter;
0030 FIGS. 8A, 8B, 8C, 8D, and 8E illustrate typical
waveforms associated with the FIG.7 “I/Q circuit for digital
information signal;
0031 FIG. 9 illustrates the high level operational flow
chart of a transmitter according to an embodiment of the
present invention;
0032 FIG. 10 illustrates the high level structural block
diagram of the transmitter of an embodiment of the present
invention;

0033 FIG. 11 illustrates the operational flowchart of a first
embodiment (i.e., FM mode) of the present invention;
0034 FIG. 12 illustrates an exemplary structural block
diagram of the first embodiment (i.e., FM mode) of the
present invention;
0035 FIG. 13 illustrates the operational flowchart of a
second embodiment (i.e., PM mode) of the present invention;
0036 FIG. 14 illustrates an exemplary structural block
diagram of the second embodiment (i.e., PM mode) of the
present invention;
0037 FIG. 15 illustrates the operational flowchart of a
third embodiment (i.e., AM mode) of the present invention;
0038 FIG. 16 illustrates an exemplary structural block
diagram of the third embodiment (i.e., AM mode) of the
present invention;
0039 FIG. 17 illustrates the operational flowchart of a
fourth embodiment (i.e., “I/Q mode) of the present inven
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0046 FIG. 24 illustrates an implementation example of a
local oscillator (LO);
0047 FIG. 25 illustrates an implementation example of a
phase shifter;
0048 FIG. 26 illustrates an implementation example of a
phase modulator,
0049 FIG. 27 illustrates an implementation example of a
Summing amplifier;
0050 FIGS. 28A-28C illustrate an implementation
example of a switch module for the FM and PM modes:
0051 FIG. 29A-29C illustrate an example of the switch
module of FIGS. 28A-28C wherein the switch is a GaAsFET:

0052 FIGS. 30A-30C illustrate an example of a design to
ensure symmetry for a GaAsPET implementation in the FM
and PM modes;

0053 FIGS. 31A-31C illustrate an implementation
example of a switch module for the AM mode:
0054 FIGS. 32A-31C illustrate the switch module of
FIGS. 31A-31C wherein the switch is a GaAsFET:

0055 FIGS.33A-33C illustrates an example of a design to
ensure symmetry for a GaAsPET implementation in the AM
mode;

0056 FIG. 34 illustrates an implementation example of a

Summer,

0057 FIG. 35 illustrates an implementation example of a
filter;

0.058 FIG. 36 is a representative spectrum demonstrating
the calculation of “Q:”
0059 FIGS. 37A and 37B are representative examples of
filter circuits;

0060 FIG. 38 illustrates an implementation example of a
transmission module:

0061 FIG. 39A shows a first exemplary pulse shaping
circuit using digital logic devices for a squarewave input from
an oscillator;
0062 FIGS. 39B, 39C, and 39D illustrate waveforms
associated with the FIG. 39A circuit;

0063 FIG. 40A shows a second exemplary pulse shaping
circuit using digital logic devices for a squarewave input from
an oscillator;
0064 FIGS. 40B, 40C, and 40D illustrate waveforms
associated with the FIG. 40A circuit;

0065 FIG. 41 shows a third exemplary pulse shaping cir
cuit for any input from an oscillator;
0066 FIGS. 42A, 42B, 42C, 42D, and 42E illustrate rep

tion;

resentative waveforms associated with the FIG. 41 circuit;

0040 FIG. 18 illustrates an exemplary structural block
diagram of the fourth embodiment (i.e., “I/Q mode) of the
present invention;
004.1 FIGS. 19A-19I illustrate exemplary waveforms (for
a frequency modulation mode operating in a frequency shift
keying embodiment) at a plurality of points in an exemplary
high level circuit diagram;
0042 FIGS. 20A, 20B, 20O illustrate typical waveforms
associated with the FIG.1 FM circuit for an analog informa
tion signal;
0043 FIGS. 21A, 21B, 21C illustrate typical waveforms
associated with the FIG. 3 PM circuit for an analog informa
tion signal;
0044 FIGS. 22A, 22B, 22C illustrate typical waveforms
associated with the FIG. 5AM circuit for an analog informa
tion signal;
0045 FIG. 23 illustrates an implementation example of a
voltage controlled oscillator (VCO);

0067 FIG. 43 shows the internal circuitry for elements of
FIG. 41 according to an embodiment of the invention;
0068 FIGS. 44A-44G illustrate exemplary waveforms
(for a pulse modulation mode operating in a pulse shift keying
embodiment) at a plurality of points in an exemplary high
level circuit diagram, highlighting the characteristics of the
first three harmonics;

0069 FIGS. 45A-45F illustrate exemplary waveforms
(for an amplitude modulation mode operating in an amplitude
shift keying embodiment) at a plurality of points in an exem
plary high level circuit diagram, highlighting the character
istics of the first three harmonics;

0070 FIG. 46 illustrates an implementation example of a
harmonic enhancement module:

0071 FIG. 47 illustrates an implementation example of an
amplifier module:
(0072 FIGS. 48A and 48B illustrate exemplary circuits for
a linear amplifier;
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0073 FIG. 49 illustrates a typical superheterodyne
receiver;

0074 FIG. 50 illustrates a transmitter according to an
embodiment of the present invention in a transceiver circuit
with a typical superheterodyne receiver in a full-duplex
mode;
0075 FIGS. 51A, 51B, 51C, and 51D illustrate a transmit

ter according to an embodiment of the present invention in a
transceiver circuit using a common oscillator with a typical
superheterodyne receiver in a half-duplex mode:
0076 FIG. 52 illustrates an exemplary receiver using uni
Versal frequency down conversion techniques according to an
embodiment;

0077 FIG. 53 illustrates an exemplary transmitter of the
present invention;
0078 FIGS. 54A, 54B, and 54C illustrate an exemplary
transmitter of the present invention in a transceiver circuit
with a universal frequency down conversion receiver operat
ing in a half-duplex mode for the FM and PM modulation
embodiment;

0079 FIG.55 illustrates an exemplary transmitter of the
present invention in a transceiver circuit with a universal
frequency down conversion receiver operating in a half-du
plex mode for the AM modulation embodiment;
0080 FIG. 56 illustrates an exemplary transmitter of the
present invention in a transceiver circuit with a universal
frequency down conversion receiver operating in a full-du
plex mode;
I0081 FIGS. 57A-57C illustrate an exemplary transmitter
of the present invention being used in frequency modulation,
phase modulation, and amplitude modulation embodiments,
including a pulse shaping circuit and an amplifier module:
0082 FIG.58 illustrates harmonic amplitudes for a pulse
width-to-period ratio of 0.01;
0083 FIG. 59 illustrates harmonic amplitudes for a pulse
width-to-period ratio of 0.0556;
0084 FIG. 60 is a table that illustrates the relative ampli
tudes of the first 50 harmonics for six exemplary pulse-width
to-period ratios;
I0085 FIG. 61 is a table that illustrates the relative ampli
tudes of the first 25 harmonics for six pulse-width-to-period

ratios optimized for the 1 through 10" subharmonics;

Oct. 16, 2014

0093 FIG. 68 illustrates an exemplary circuit for a sec
ond implementation for phase modulating one information
signal and amplitude modulating a second information signal
as part of the up-conversion process;
0094 FIG. 69 illustrates an exemplary circuit for a first
implementation for phase modulating one information signal
onto the 'I' phase of a carrier and for phase modulating a
second information signal onto the "Q' phase of a carrier as
part of the up-conversion process;
(0095 FIG. 70 illustrates an exemplary circuit for a sec
ond implementation for phase modulating one information
signal onto the 'I' phase of a carrier and for phase modulating
a second information signal onto the "Q' phase of a carrier as
part of the up-conversion process;
0096 FIG. 71 illustrates an exemplary circuit for phase
modulating a first information signal and amplitude modulat
ing a second information signal onto the "I'phase of a carrier,
and for phase modulating a third information signal and
amplitude modulating a fourth information signal onto the
"Q' phase of a carrier as part of the up-conversion process;
0097 FIG. 72A is a block diagram of a splitter according
to an embodiment of the invention;

(0098 FIG. 72B is a more detailed diagram of a splitter
according to an embodiment of the invention;
(0099 FIGS. 72C and 72D are exemplary waveforms
related to the splitter of FIGS. 72A and 72B:
0100 FIG.72E is a block diagram of an I/Q circuit with a
splitter according to an embodiment of the invention;
0101 FIGS. 72F-72J are exemplary waveforms related to
the diagram of FIG. 72A;
0102 FIG. 73 is a block diagram of a switch module
according to an embodiment of the invention;
0103 FIG.74A is an implementation example of the block
diagram of FIG. 73:
0104 FIGS. 74B-74Q are exemplary waveforms related
to FIG. 74A:

0105 FIG. 75A is another implementation example of the
block diagram of FIG. 73:
0106 FIGS. 75B-75Q are exemplary waveforms related
to FIG. 75A;

0107 FIG. 76A is an exemplary MOSFET embodiment of
the invention;

(0.108 FIG. 76B is an exemplary MOSFET embodiment of

I0086 FIG. 62 illustrates an exemplary structural block
diagram for an alternative embodiment of the present inven
tion (i.e., a mode wherein AM is combined with PM);
I0087 FIGS. 63A-63H illustrate exemplary waveforms
(for the embodiment of FIG. 62) at a plurality of points in an
exemplary high level circuit diagram, highlighting the char

0110 FIG. 77A is another implementation example of the
block diagram of FIG. 73; and
0111 FIGS. 77B-77Q are exemplary waveforms related

acteristics of the first two harmonics;

to FIG. 7SA.

0088 FIGS. 64A and 64A1 illustrate exemplary imple
mentations of aliasing modules;
I0089 FIGS. 64B-64F illustrate exemplary waveforms at a
plurality of points in the FIGS. 64A and 64A1 circuits:
0090 FIG. 65 illustrates an exemplary circuit for a first
implementation for phase modulating an information signal
as part of the up-conversion process;
0091 FIG. 66 illustrates an exemplary circuit for a first
implementation for phase modulating one information signal
and amplitude modulating a second information signal as part
of the up-conversion process;
0092 FIG. 67 illustrates an exemplary circuit for a sec
ond implementation for phase modulating an information
signal as part of the up-conversion process;

the invention;

0109 FIG. 76C is an exemplary MOSFET embodiment of
the invention;

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
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Modes).
0149 3.3.4.1 Operational Description.
O150 3.3.4.2 Structural Description.
0151 3.3.5 The Summing Module (AM Mode).
0152 3.3.5.1 Operational Description.
0153. 3.3.5.2 Structural Description.
0154 3.3.6 The Switch Module (FM, PM, and “I/Q
Modes).
0155 3.3.6.1 Operational Description.
0156 3.3.6.2 Structural Description.
O157 3.3.7 The Switch Module (AM Mode).
0158 3.3.7.1 Operational Description.
0159) 3.3.7.2 Structural Description.
(0160 3.3.8 The Summer (“I/Q Mode).
(0161 3.3.8.1 Operational Description.
(0162 3.3.8.2 Structural Description.
(0163 3.3.9 The Filter (FM, PM, AM, and “I/Q
Modes).
(0164 3.3.9.1 Operational Description.
01.65 3.3.9.2 Structural Description.
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(0166 3.3.10 The Transmission Module (FM, PM,
AM, and “I/Q Modes).
(0167 3.3.10.1 Operational Description.
(0168 3.3.10.2 Structural Description.
(0169. 3.3.11 Other Implementations.
4. Harmonic Enhancement.

0170 4.1 High Level Description.
0171 4.1.1 Operational Description.
0172 4.1.2 Structural Description.

0173 4.2 Exemplary Embodiments.
(0174 4.2.1 First Embodiment: When a Square Wave
Feeds the Harmonic Enhancement Module to Create

One Pulse per Cycle.
(0175 4.2.1.1 Operational Description.
(0176 4.2.1.2 Structural Description.
(0177 4.2.2 Second Embodiment: When a Square
Wave Feeds the Harmonic Enhancement Module to

Create Two Pulses per Cycle.
0.178 4.2.2.1 Operational Description.
(0179 4.2.2.2 Structural Description.
0180 4.2.3 Third Embodiment: When Any Wave
form Feeds the Harmonic Enhancement Module.

0181 4.2.3.1 Operational Description.
0182 4.2.3.2 Structural Description.
0183 4.2.4 Other Embodiments.
0.184 4.3 Implementation Examples.
0185. 4.3.1 First Digital Logic Circuit.
0186 4.3.2 Second Digital Logic Circuit.
0187. 4.3.3 Analog Circuit.
0188 4.3.4. Other Implementations.
5. Amplifier Module.
(0189 5.1 High Level Description.
0190. 5.1.1 Operational Description.
(0191) 5.1.2 Structural Description.
0.192 5.2 Exemplary Embodiment.
0.193) 5.2.1 Linear Amplifier.
0194 5.2.1.1 Operational Description.
0195 5.2.1.2 Structural Description.
(0196) 5.2.2. Other Embodiments.
0197) 5.3 Implementation Examples.
(0198 5.3.1 Linear Amplifier.
0199. 5.3.1.1 Operational Description.
0200 5.3.1.2 Structural Description.
0201 5.3.2. Other Implementations.

6. Receiver/Transmitter System.
(0202) 6.1 High Level Description.
0203 6.2 Exemplary Embodiments and Implementa
tion Examples.
0204 6.2.1 First Embodiment: The Transmitter of
the Present Invention Being Used in a Circuit with a
Superheterodyne Receiver.
0205 6.2.2 Second Embodiment: The Transmitter of
the Present Invention Being Used with a Universal
Frequency Down Converter in a Half-Duplex Mode.
0206 6.2.3 Third Embodiment: The Transmitter of
the Present Invention Being Used with a Universal
Frequency Down Converter in a Full-Duplex Mode.
0207 6.2.4 Other Embodiments and Implementa
tions.

US 2014/0308.909 A1

0208 6.3 Summary Description of Down-conversion
Using a Universal Frequency Translation Module.
7. Designing a Transmitter According to an Embodiment of
the Present Invention.

0209 7.1 Frequency of the Transmission Signal.
0210. 7.2 Characteristics of the Transmission Signal.
0211 7.3 Modulation Scheme.
0212 7.4 Characteristics of the Information Signal.
0213 7.5 Characteristic of the Oscillating Signal.
0214 7.5.1 Frequency of the Oscillating Signal.
0215 7.5.2 Pulse Width of the String of Pulses.
0216 7.6 Design of the Pulse Shaping Circuit.
0217 7.7 Selection of the Switch.
0218 7.7.1 Optimized Switch Structures.
0219 7.7.2 Phased D2D Splitter in CMOS
0220 7.8. Design of the Filter.
0221) 7.9 Selection of an Amplifier.
0222 7.10 Design of the Transmission Module.
1. TERMINOLOGY

0223 Various terms used in this application are generally
described in this section. Each description in this section is
provided for illustrative and convenience purposes only, and
is not limiting. The meaning of these terms will be apparent to
persons skilled in the relevant art(s) based on the entirety of
the teachings provided herein.
0224 Amplitude Modulation (AM): A modulation tech
nique wherein the amplitude of the carrier signal is shifted
(i.e., varied) as a function of the information signal. The
frequency of the carrier signal typically remains constant. A
subset of AM is referred to as “amplitude shift keying which
is used primarily for digital communications where the
amplitude of the carrier signal shifts between discrete states
rather than varying continuously as it does for analog infor
mation.

0225. Analog signal: A signal in which the information
contained therein is continuous as contrasted to discrete, and

represents a time varying physical event or quantity. The
information content is conveyed by varying at least one char
acteristic of the signal, such as but not limited to amplitude,
frequency, or phase, or any combinations thereof.
0226 Baseband signal: Any generic information signal
desired for transmission and/or reception. As used herein, it
refers to both the information signal that is generated at a
Source prior to any transmission (also referred to as the modu
lating baseband signal), and to the signal that is to be used by
the recipient after transmission (also referred to as the
demodulated baseband signal).
0227 Carrier signal: A signal capable of carrying infor
mation. Typically, it is an electromagnetic signal that can be
varied through a process called modulation. The frequency of
the carrier signal is referred to as the carrier frequency. A
communications system may have multiple carrier signals at
different carrier frequencies.
0228 Control a switch: Causing a switch to open and
close. The Switch may be, without limitation, mechanical,
electrical, electronic, optical, etc., or any combination
thereof. Typically, it is controlled by an electrical or elec
tronic input. If the Switch is controlled by an electronic signal,
it is typically a different signal than the signals connected to
either terminal of the switch.
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0229 Demodulated baseband signal: The baseband signal
that is to be used by the recipient after transmission. Typically
it has been down converted from a carrier signal and has been
demodulated. The demodulated baseband signal should
closely approximate the information signal (i.e., the modu
lating baseband signal) in frequency, amplitude, and informa
tion.

0230 Demodulation: The process of removing informa
tion from a carrier or intermediate frequency signal.
0231. Digital signal: A signal in which the information
contained therein has discrete states as contrasted to a signal
that has a property that may be continuously variable.
0232 Direct down conversion: A down conversion tech
nique wherein a received signal is directly down converted
and demodulated, if applicable, from the original transmitted
frequency (i.e., a carrier frequency) to baseband without hav
ing an intermediate frequency.
0233 Down conversion: A process for performing fre
quency translation in which the final frequency is lower than
the initial frequency.
0234 Drive a switch: Same as control a switch.
0235 Frequency Modulation (FM): A modulation tech
nique wherein the frequency of the carrier signal is shifted
(i.e., varied) as a function of the information signal. A Subset
of FM is referred to as “frequency shift keying which is used
primarily for digital communications where the frequency of
the carrier signal shifts between discrete states rather than
varying continuously as it does for analog information.
0236 Harmonic: A harmonic is a frequency or tone that,
when compared to its fundamental or reference frequency or
tone, is an integer multiple of it. In other words, if a periodic
waveform has a fundamental frequency off (also called the
first harmonic), then its harmonics may be located at frequen
cies of “nf” where “n” is 2, 3, 4, etc. The harmonic corre

sponding to n=2 is referred to as the second harmonic, the
harmonic corresponding to n=3 is referred to as the third
harmonic, and so on.

0237 In-phase (“I”) signal: The signal typically generated
by an oscillator. It has not had its phase shifted and is often
represented as a sine wave to distinguish it from a "Q signal.
The “I” signal can, itself, be modulated by any means. When
the “I” signal is combined with a "Q signal, the resultant
signal is referred to as an “I/Q signal.
0238. In-phase/Quadrature-phase (“I/Q) signal: The sig
nal that results when an “I” signal is summed with a “Q'
signal. Typically, both the “I” and “Q' signals have been
phase modulated, although other modulation techniques may
also be used. Such as amplitude modulation. An I/O signal
is used to transmit separate streams of information simulta
neously on a single transmitted carrier. Note that the modu
lated “I” signal and the modulated “Q' signal are both carrier
signals having the same frequency. When combined, the
resultant “I/O signal is also a carrier signal at the same
frequency.
0239 Information signal: The signal that contains the
information that is to be transmitted. As used herein, it refers

to the original baseband signal at the source. When it is
intended that the information signal modulate a carrier signal,
it is also referred to as the “modulating baseband signal.” It
may be voice or data, analog or digital, or any other signal or
combination thereof.

0240 Intermediate frequency (IF) signal: A signal that is
at a frequency between the frequency of the baseband signal
and the frequency of the transmitted signal.
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0241 Modulation: The process of varying one or more
physical characteristics of a signal to represent the informa
tion to be transmitted. Three commonly used modulation
techniques are frequency modulation, phase modulation, and
amplitude modulation. There are also variations, Subsets, and
combinations of these three techniques.
0242 Operate a switch: Same as control a switch.
0243 Phase Modulation (PM): A modulation technique
wherein the phase of the carrier signal is shifted (i.e., varied)
as a function of the information signal. A subset of PM is
referred to as “phase shift keying which is used primarily for
digital communications where the phase of the carrier signal
shifts between discrete states rather than varying continu
ously as it does for analog information.
0244 Quadrature-phase (“O) signal: A signal that is out
of phase with an in-phase (“I”) signal. The amount of phase
shift is predetermined for a particular application, but in a
typical implementation, the "Q signal is 90° out of phase
with the “I” signal. Thus, if the “I” signal were a sine wave,
the “O'” signal would be a cosine wave. When discussed
together, the “I” signal and the "Q signal have the same
frequencies.
0245 Spectrum: Spectrum is used to signify a continuous
range of frequencies, usually wide, within which electromag
netic (EM) waves have some specific common characteristic.
Such waves may be propagated in any communication
medium, both natural and manmade, including but not lim
ited to air, space, wire, cable, liquid, waveguide, microstrip,
stripline, optical fiber, etc. The EM spectrum includes all
frequencies greater than Zero hertz.
0246. Subharmonic: A Subharmonic is a frequency or tone
that is an integer Submultiple of a referenced fundamental
frequency or tone. That is, a Subharmonic frequency is the
quotient obtained by dividing the fundamental frequency by
an integer. For example, if a periodic waveform has a fre
quency of “f (also called the “fundamental frequency” or
first Subharmonic), then its Subharmonics have frequencies of
“f/n, where n is 2, 3, 4, etc. The Subharmonic corresponding
to n=2 is referred to as the second Subharmonic, the Subhar

monic corresponding to n=3 is referred to as the third Subhar
monic, and so on. A Subharmonic itself has possible harmon

ics, and the it' harmonic of the i" subharmonic will be at the

fundamental frequency of the original periodic waveform.
For example, the third subharmonic (which has a frequency of
“f73') may have harmonics at integer multiples of itself (i.e.,
a second harmonic at "2-f73, a third harmonic at '3'f/3, and

so on). The third harmonic of the third subharmonic of the
original signal (i.e., “3 f/3) is at the frequency of the original
signal.
0247 Trigger a switch: Same as control a switch.
0248. Up conversion: A process for performing frequency
translation in which the final frequency is higher than the
initial frequency.
2. OVERVIEW OF THE INVENTION

0249. The present invention is directed to systems and
methods for frequency up-conversion, and applications
thereof.

0250 In one embodiment, the frequency up-converter of
the present invention is used as a stable reference frequency
Source in a phase comparator or in a frequency comparator.
This embodiment of the present invention achieves this
through the use of a stable, low frequency local oscillator, a
Switch, and a filter. Because it up-converts frequency, the
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present invention can take advantage of the relatively low cost
of low frequency oscillators to generate stable, high fre
quency signals.
0251. In a second embodiment, the frequency up-con
Verter is used as a system and method for transmitting an
electromagnetic (EM) signal.
0252 Based on the discussion contained herein, one
skilled in the relevant art(s) will recognize that there are other,
alternative embodiments in which the frequency up-converter
of the present invention could be used in other applications,
and that these alternative embodiments fall within the scope
of the present invention.
0253 For illustrative purposes, various modulation
examples are discussed below. However, it should be under
stood that the invention is not limited by these examples.
Other modulation techniques that might be used with the
present invention will be apparent to persons skilled in the
relevant art(s) based on the teaching contained herein.
0254. Also for illustrative purposes, frequency up-conver
sion according to the present invention is described below in
the context of a transmitter. However, the invention is not

limited to this embodiment. Equivalents, extensions, varia
tions, deviations, etc., of the following will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein. Such equivalents, extensions, variations,
deviations, etc., are within the scope and spirit of the present
invention.

2.1 Discussion of Modulation Techniques
0255 Techniques by which information can be imparted
onto EM signals to be transmitted are called modulation.
These techniques are generally well known to one skilled in
the relevant art(s), and include, but are not limited to, fre
quency modulation (FM), phase modulation (PM), amplitude
modulation (AM), quadrature-phase shift keying (QPSK).
frequency shift keying (FSK), phase shift keying (PSK).
amplitude shift keying (ASK), etc., and combinations
thereof. These last three modulation techniques, FSK, PSK,
and ASK, are subsets of FM, PM, and AM, respectively, and
refer to circuits having discrete input signals (e.g., digital
input signals).
0256 For illustrative purposes only, the circuits and tech
niques described below all refer to the EM broadcast medium.
However, the invention is not limited by this embodiment.
Persons skilled in the relevant art(s) will recognize that these
same circuits and techniques can be used in all transmission
media (e.g., over-the-air broadcast, point-to-point cable,
etc.).
2.2 Explanation of Exemplary Circuits and
Waveforms

2.2.1 Frequency Modulation
0257 FIG. 1 illustrates an example of a frequency modu
lation (FM) circuit 100 and FIGS. 2A, 2B, and 2C, and FIGS.
20A, 20B, and 20O illustrate examples of waveforms at sev
eral points in FM circuit 100. In an FM system, the frequency
of a carrier signal. Such as an oscillating signal 202 (FIG. 2B
and FIG. 20B), is varied to represent the data to be commu
nicated, such as information signals 102 of FIG. 2A and 2002
of FIG. 20A. In FIG. 20A, information signal 2002 is a
continuous signal (i.e., an analog signal), and in FIG. 2A,
information signal 102 is a discrete signal (i.e., a digital
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signal). In the case of the discrete information signal 102, the
FM circuit 100 is referred to as a frequency shift keying (FSK)
system, which is a subset of an FM system.
0258 Frequency modulation circuit 100 receives an infor
mation signal 102, 2002 from a source (not shown). Informa
tion signal 102, 2002 can be amplified by an optional ampli
fier 104 and filtered by an optional filter 114 and is the voltage
input that drives a voltage controlled oscillator (VCO) 106.
Within VCO 106, an oscillating signal 202 (seen on FIG. 2B
and FIG. 20B) is generated. The purpose of VCO 106 is to
vary the frequency of oscillating signal 202 as a function of
the input voltage, i.e., information signal 102, 2002. The
output of VCO 106 is a modulated signal shown as modulated
signal 108 (FIG. 2C) when the information signal is the
digital information signal 102 and shown as modulated signal
2004 (FIG. 20O) when the information signal is the analog
signal 2002. Modulated signal 108, 2004 is at a relatively low
frequency (e.g., generally between 50 MHz and 100 MHz)
and can have its frequency increased by an optional frequency
multiplier 110 (e.g., to 900 MHz, 1.8 GHz) and have its
amplitude increased by an optional amplifier 116. The output
of optional frequency multiplier 110 and/or optional ampli
fier 116 is then transmitted by an exemplary antenna 112.
2.2.2 Phase Modulation

0259 FIG. 3 illustrates an example of a phase modulation
(PM) circuit 300 and FIGS. 4A, 4B, and 4C, and FIGS. 21A,
21B, and 21C illustrate examples of waveforms at several
points in PM circuit 300. In a PM system, the phase of a
carrier signal, such as a local oscillator (LO) output 308 (FIG.
4B and FIG. 21B), is varied to represent the data to be com
municated, such as an information signals 302 of FIG. 4A and
2102 of FIG. 21A. In FIG.21A, information signal 2102 is a
continuous signal (i.e., an analog signal), and in FIG. 4A,
information signal 302 is a discrete signal (i.e., a digital
signal). In the case of the discrete information signal 302, the
PM circuit is referred to as a phase shift keying (PSK) system.
This is the typical implementation, and is a subset of a PM
system.

0260 Phase modulation circuit 300 receives information
signal 302, 2102 from a source (not shown). Information
signal 302, 2102 can be amplified by an optional amplifier
304 and filtered by an optional filter 318 and is routed to a
phase modulator 306. Also feeding phase modulator 306 is
LO output 308 of a local oscillator 310. LO output 308 is
shown on FIG. 4B and FIG. 21B. Local oscillators, such as

local oscillator 310, output an electromagnetic wave at a
predetermined frequency and amplitude.
0261 The output of phase modulator 306 is a modulated
signal shown as a phase modulated signal 312 (FIG. 4C) when
the information signal is the discrete information signal 302
and shown as a phase modulated signal 2104 (FIG. 21C)
when the information signal is the analog information signal
2102. The purpose of phase modulator 306 is to change the
phase of LO output 308 as a function of the value of infor
mation signal 302, 2102. That is, for example in a PSK mode,
if LO output 308 were a sine wave, and the value of informa
tion signal 302 changed from a binary high to a binary low, the
phase of LO output 308 would change from a sine wave with
a Zero phase to a sine wave with, for example, a phase of 180°.
The result of this phase change would be phase modulated
signal 312 of FIG. 4C which would have the same frequency
as LO output 308, but would be out of phase by 180° in this
example. For a PSK system, the phase changes in phase
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modulated signal 312 that are representative of the informa
tion in information signal 302 can be seen by comparing
waveforms 302,308, and 312 on FIGS. 4A, 4B, and 4C. For

the case of an analog information signal 2102 of FIG. 21A,
the phase of LO output 308 of FIG.21B changes continuously
as a function of the amplitude of the information signal 2102.
That is, for example, as information signal 2102 increases
from a value of “X” to “X+ox', the PM signal 2104 of FIG.
21C changes from a signal which may be represented by the
equation sin(cot) to a signal which can be represented by the
equation sin(ot--(p), where p is the phase change associated
with a change of OX in information signal 2102. Forananalog
PM System, the phase changes in phase modulated signal
2104 that are representative of the information in information
signal 2102 can be seen by comparing waveforms 2102,308,
and 2104 on FIGS. 21A, 21B, and 21C.

0262. After information signal 302, 2102 and LO output
308 have been modulated by phase modulator 306, phase
modulated signal 312, 2104 can be routed to an optional
frequency multiplier 314 and optional amplifier 320. The
purpose of optional frequency multiplier 314 is to increase the
frequency of phase modulated signal 312 from a relatively
low frequency (e.g., 50 MHz to 100 MHz) to a desired broad
cast frequency (e.g., 900 MHz, 1.8 GHz). Optional amplifier
320 raises the signal strength of phase modulated signal 312,
2104 to a desired level to be transmitted by an exemplary
antenna 316.

2.2.3 Amplitude Modulation
0263 FIG. 5 illustrates an example of an amplitude modu
lation (AM) circuit 500 and FIGS. 6A, 6B, and 6C, and FIGS.
22A, 22B, and 22C illustrate examples of waveforms at sev
eral points in AM circuit 500. In an AM system, the amplitude
of a carrier signal, such as a local oscillator (LO) signal 508
(FIG. 6B and FIG.22B), is varied to represent the data to be
communicated, such as information signals 502 of FIG. 6A
and 2202 of FIG.22A. In FIG.22A, information signal 2202
is a continuous signal (i.e., an analog signal), and in FIG. 6A,
information signal 502 is a discrete signal (i.e., a digital
signal). In the case of the discrete information signal 502, the
AM circuit is referred to as an amplitude shift keying (ASK)
system, which is a Subset of an AM system.
0264 Amplitude modulation circuit 500 receives infor
mation signal 502 from a source (not shown). Information
signal 502, 2202 can be amplified by an optional amplifier
504 and filtered by an optional filter 518. Amplitude modu
lation circuit 500 also includes a local oscillator (LO) 506
which has an LO output 508. Information signal 502, 2202
and LO output 508 are then multiplied by a multiplier 510.
The purpose of multiplier 510 is to cause the amplitude of LO
output 508 to vary as a function of the amplitude of informa
tion signal 502,2202. The output of multiplier 510 is a modu
lated signal shown as amplitude modulated signal 512 (FIG.
6C) when the information signal is the digital information
signal 502 and shown as modulated signal 2204 (FIG. 22C)
when the information signal is the analog information signal
2202. AM signal 512, 2204 can then be routed to an optional
frequency multiplier 514 where the frequency of AM signal
512, 2204 is increased from a relatively low level (e.g., 50
MHz to 100MHz) to a higher level desired for broadcast (e.g.,
900 MHz, 1.8 GHz) and an optional amplifier 520, which
increases the signal strength of AM signal 512, 2204 to a
desired level for broadcast by an exemplary antenna 516.
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2.2.4 in-Phase/Quadrature-Phase Modulation
0265 FIG. 7 illustrates an example of an in-phase/quadra
ture-phase (“I/Q') modulation circuit 700 and FIGS. 8A, 8B,
8C, 8D, and 8E illustrate examples of waveforms at several
points in “I/Q' modulation circuit 700. In this technique,
which increases bandwidth efficiency, separate information
signals can be simultaneously transmitted on carrier signals
that are out of phase with each other. That is, a first informa
tion signal 702 of FIG. 8A can be modulated onto the in-phase
(“I’) oscillator signal 710 of FIG. 8B and a second informa
tion signal 704 of FIG. 8C can be modulated onto the quadra
ture-phase (“Q) oscillator signal 712 of FIG. 8D. The “I”
modulated signal is combined with the “Q' modulated signal
and the resulting “I/Q modulated signal is then transmitted.
In a typical usage, both information signals are digital, and
both are phase modulated onto the “I” and “Q' oscillating
signals. One skilled in the relevant art(s) will recognize that
the “I/Q mode can also work with analog information sig
nals, with combinations of analog and digital signals, with
other modulation techniques, or any combinations thereof.
0266 This “I/Q modulation system uses two PM circuits
together in order to increase the bandwidth efficiency. As
stated above, in a PM circuit, the phase of an oscillating
signal, such as 710 (or 712) (FIG. 8B or 8D), is varied to
represent the data to be communicated. Such as an informa
tion signal such as 702 (or 704). For ease of understanding
and display, the discussion herein will describe the more
typical use of the “I/Q mode, that is, with digital information
Signals and phase modulation on both oscillating signals.
Thus, both signal streams are phase shift keying (PSK), which
is a Subset of PM.

0267 “I/Q modulation circuit 700 receives an informa
tion signal 702 from a first source (not shown) and an infor
mation signal 704 from a second source (not shown).
Examples of information signals 702 and 704 are shown in
FIGS. 8A and 8C. Information signals 702 and 704 can be
amplified by optional amplifiers 714 and 716 and filtered by
optional filters 734 and 736. It is then routed to phase modu
lators 718 and 720. Also feeding phase modulators 718 and
720 are oscillating signals 710 and 712. Oscillating signal 710
was generated by a local oscillator 706, and is shown in FIG.
8B, and oscillating signal 712 is the phase shifted output of
local oscillator 706. Local oscillators, such as local oscillator

706, output an electromagnetic wave at a predetermined fre
quency and amplitude.
0268. The output of phase modulator 718 is a phase modu
lated signal 722 which is shown using a dotted line as one of
the waveforms in FIG. 8E. Similarly, the output of phase
modulator 720, which operates in a manner similar to phase
modulator 718, is a phase modulated signal 724 which is
shown using a solid line as the other waveform in FIG. 8E.
The effect of phase modulators 718 and 720 on oscillating
signals 710 and 712 is to cause them to change phase. As
stated above, the system shown here is a PSK system, and as
such, the phase of oscillating signals 710 and 712 is shifted by
phase modulators 718 and 720 by a discrete amount as a
function of information signals 702 and 704.
0269. For simplicity of discussion and ease of display,
oscillating signal 710 is shown on FIG. 8B as a sine wave and
is referred to as the “I” signal in the “I/Q circuit 700. After
the output of oscillator 706 has gone through a phase shifter
708, shown here as shifting the phase by JL/2, oscillating
signal 712 is a cosine wave, shown on FIG.8D, and is referred
to as the “Q' signal in the “I/Q circuit. Again, for ease of
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display, phase modulators 718 and 720 are shown as shifting
the phase of the respective oscillating signals 710 and 712 by
180°. This is seen on FIG. 8E. Modulated signal 722 is
summed with modulated signal 724 by a summer 726. The
output of summer 726 is the arithmetic sum of modulated
signal 722 and 724 and is an “I/Q signal 728. (For clarity of
the display on FIG. 8E, the combined signal 728 is not shown.
However, one skilled in the relevant art(s) will recognize that
the arithmetic Sum of 2 sinusoidal waves having the same
frequency is also a sinusoidal wave at that frequency.)
0270. “I/Q signal 728 can then be routed to an optional
frequency multiplier 730, where the frequency of “I/Q signal
718 is increased from a relatively low level (e.g., 50 MHz to
100 MHz) to a higher level desired for broadcast (e.g., 900
MHz, 1.8 GHz), and to an optional amplifier 738 which
increases the signal strength of “I/Q signal 728 to a desired
level for broadcast by an exemplary antenna 732.
2.3 Features of the Invention

0271 As apparent from the above, several frequencies are
involved in a communications system. The frequency of the
information signal is relatively low. The frequency of the
local oscillator (both the voltage controlled oscillator as well
as the other oscillators) is higher than that of the information
signal, but typically not high enough for efficient transmis
Sion. A third frequency, not specifically mentioned above, is
the frequency of the transmitted signal which is greater than
or equal to the frequency of the oscillating signal. This is the
frequency that is routed from the optional frequency multi
pliers and optional amplifiers to the antennas in the previously
described circuits.

0272 Typically, in the transmitter subsystem of a commu
nications system, upconverting the information signal to
broadcast frequency requires, at least, filters, amplifiers, and
frequency multipliers. Each of these components is costly, not
only interms of the purchase price of the component, but also
because of the power required to operate them.
0273. The present invention provides a more efficient
means for producing a modulated carrier for transmission,
uses less power, and requires fewer components. These and
additional advantages of the present invention will be appar
ent from the following description.
3. FREQUENCY UP-CONVERSION
0274 The present invention is directed to systems and
methods for frequency up-conversion and applications of the
same. In one embodiment, the frequency up-converter of the
present invention allows the use of a stable, low frequency
oscillator to generate a stable high frequency signal that, for
example and without limitation, can be used as a reference
signal in a phase comparator or a frequency comparator. In
another embodiment, the up-converter of the present inven
tion is used in a transmitter. The invention is also directed to

a transmitter. Based on the discussion contained herein, one

skilled in the relevant art(s) will recognize that there are other,
alternative embodiments and applications in which the fre
quency up-converter of the present invention could be used,
and that these alternative embodiments and applications fall
within the scope of the present invention.
0275 For illustrative purposes, frequency up-conversion
according to the present invention is described below in the
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context of a transmitter. However, as apparent from the pre
ceding paragraph, the invention is not limited to this embodi
ment.

0276. The following sections describe methods related to
a transmitter and frequency up-converter. Structural exem
plary embodiments for achieving these methods are also
described. It should be understood that the invention is not

limited to the particular embodiments described below.
Equivalents, extensions, variations, deviations, etc., of the
following will be apparent to persons skilled in the relevant
art(s) based on the teachings contained herein. Such equiva
lents, extensions, variations, deviations, etc., are within the

Scope and spirit of the present invention.
3.1. High Level Description
0277. This section (including its subsections) provides a
high-level description of up-converting and transmitting sig
nals according to the present invention. In particular, an
operational process offrequency up-conversion in the context
of transmitting signals is described at a high-level. The opera
tional process is often represented by flowcharts. The flow
charts are presented herein for illustrative purposes only, and
are not limiting. In particular, the use of flowcharts should not
be interpreted as limiting the invention to discrete or digital
operation. In practice, those skilled in the relevant art(s) will
appreciate, based on the teachings contained herein, that the
invention can be achieved via discrete operation, continuous
operation, or any combination thereof. Furthermore, the flow
of control represented by the flowcharts is also provided for
illustrative purposes only, and it will be appreciated by per
sons skilled in the relevantart(s) that other operational control
flows are within the scope and spirit of the invention.
0278 Also, a structural implementation for achieving this
process is described at a high-level. This structural implemen
tation is described herein for illustrative purposes, and is not
limiting. In particular, the process described in this section
can be achieved using any number of structural implementa
tions, one of which is described in this section. The details of

Such structural implementations will be apparent to persons
skilled in the relevant art(s) based on the teachings contained

herein.

3.1.1 Operational Description
0279. The flow chart 900 of FIG. 9 demonstrates the
operational method offrequency up-conversion in the context
of transmitting a signal according to an embodiment of the
present invention. The invention is directed to both frequency
up-conversion and transmitting signals as represented in FIG.
9. Representative waveforms for signals generated in flow
chart 900 are depicted in FIG. 19. For purposes of illustrating
the high level operation of the invention, frequency modula
tion of a digital information signal is depicted. The invention
is not limited to this exemplary embodiment. One skilled in
the relevant art(s) will appreciate that other modulation
modes could alternatively be used (as described in later sec
tions).
0280. In step 902, an information signal 1902 (FIG. 19A)
is generated by a source. This information signal may be
analog, digital, and any combination thereof, or anything else
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baseband information signal. In the example of FIG. 19A, the
information signal 1902 is illustrated as a digital signal. How
ever, the invention is not limited to this embodiment. As noted

above, the information signal 1902 can be analog, digital,
and/or any combination thereof.
0281 An oscillating signal 1904 (FIG. 19B) is generated
in step 904. In step 906, the oscillating signal 1904 is modu
lated, where the modulation is a result of, and a function of

the information signal 1902. Step 906 produces a modulated
oscillating signal 1906 (FIG. 19C), also called a modulated
intermediate signal. As noted above, the flowchart of FIG.9 is
being described in the context of an example where the infor
mation signal 1902 is a digital signal. However, alternatively,
the information signal 1902 can be analog or any combination
of analog and digital. Also, the example shown in FIG. 19
uses frequency shift keying (FSK) as the modulation tech
nique. Alternatively, any modulation technique (e.g., FM,
AM, PM, ASK, PSK, etc., or any combination thereof) can be
used. The remaining steps 908-912 of the flowchart of FIG.9
operate in the same way, whether the information signal 1902
is digital, analog, etc., or any combination thereof, and
regardless of what modulation technique is used.
(0282. A harmonically rich signal 1908 (FIG. 19D) is gen
erated from the modulated signal 1906 in step 908. Signal
1908 has a substantially continuous and periodically repeated
waveform. In an embodiment, the waveform of signal 1908 is
Substantially rectangular, as is seen in the expanded wave
form 1910 of FIG. 19E. One skilled in the relevant art(s) will
recognize the physical limitations to and mathematical
obstacles against achieving an exact or perfect rectangular
waveform and it is not the intent or requirement of the present
invention that a perfect rectangular waveform be generated or
needed. However, for ease of discussion, the term “rectangu
lar waveform' will be used herein and will refer to waveforms

that are substantially rectangular, and will include but will not
be limited to those waveforms that are generally referred to as
square waves or pulses. It should be noted that if the situation
arises wherein a perfect rectangular waveform is proven to be
both technically and mathematically feasible, that situation
will also fall within the scope and intent of this invention
0283. A continuous periodic waveform (such as waveform
1908) is composed of a series of sinusoidal waves of specific
amplitudes and phases, the frequencies of which are integer
multiples of the repetition frequency of the waveform. (A
waveforms repetition frequency is the number of times per
second the periodic waveform repeats.) A portion of the
waveform of signal 1908 is shown in an expanded view as
waveform 1910 of FIG. 19E. The first three sinusoidal com

ponents of waveform 1910 (FIG. 19E) are depicted as wave
forms 1912a, b, &c of FIG. 19F and waveforms 1914a, b, &

c of FIG. 19G. (In the examples of FIGS. 19F & G, the three
sinusoidal components are shown separately. In actuality,
these waveforms, along with all the other sinusoidal compo
nents which are not shown, occur simultaneously, as seen in
FIG. 19H. Note that in FIG. 19H, the waveforms are shown

that is desired to be transmitted, and is at the baseband fre

simultaneously, but are not shown Summed. If waveforms
1912 and 1914 were shown summed, they would, in the limit,
i.e., with an infinite number of sinusoidal components, be
identical to the periodic waveform 1910 of FIG. 19E. For ease
of illustration, only the first three of the infinite number of
sinusoidal components are shown.) These sinusoidal waves

quency. As described below, the information signal 1902 is
used to modulate an intermediate signal 1904. Accordingly,
the information signal 1902 is also herein called a modulating

both graphically and mathematically. Each harmonic (wave
forms 1912a, b, & C and 1914a, b, & c) has the same infor

are called harmonics, and their existence can be demonstrated
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mation content as does waveform 1910 (which has the same
information as the corresponding portion of waveform 1908).
Accordingly, the information content of waveform 1908 can
be obtained from any of its harmonics. As the harmonics have
frequencies that are integer multiples of the repetition fre
quency of signal 1908, and since they have the same infor
mation content as signal 1908 (as just stated), the harmonics
each represent an up-converted representation of signal 1908.
Some of the harmonics are at desired frequencies (such as the
frequencies desired to be transmitted). These harmonics are
called “desired harmonics' or “wanted harmonics.” Accord

ing to the invention, desired harmonics have sufficient ampli
tude for accomplishing the desired processing (i.e., being
transmitted). Other harmonics are not at the desired frequen
cies. These harmonics are called “undesired harmonics' or
“unwanted harmonics.”

0284. In step 910, any unwanted harmonics of the continu
ous periodic waveform of signal 1908 are filtered out (for
example, any harmonics that are not at frequencies desired to
be transmitted). In the example of FIG. 19, the first and
second harmonics (i.e., those depicted by waveforms 1912a
& b of FIG. 19F and 1914a & b of FIG. 19G) are the unwanted
harmonics. In step 912, the remaining harmonic, in the
example of FIG. 19, the third harmonic (i.e., those depicted
by waveforms 1912c of FIG. 19F and 1914c of FIG. 19G), is
transmitted. This is depicted by waveform 1918 of FIG. 19I.
In the example of FIG. 19, only three harmonics are shown,
and the lowest two are filtered out to leave the third harmonic

as the desired harmonic. In actual practice, there are an infi
nite number of harmonics, and the filtering can be made to
remove unwanted harmonics that are both lower infrequency
than the desired harmonic as well as those that are higher in
frequency than the desired harmonic.
3.1.2 Structural Description
0285 FIG. 10 is a block diagram of an up-conversion
system according to an embodiment of the invention. This
embodiment of the up-conversion system is shown as a trans
mitter 1000. Transmitter 1000 includes an acceptance module
1004, a harmonic generation and extraction module 1006,
and a transmission module 1008 that accepts an information
signal 1002 and outputs a transmitted signal 1014.
0286 Preferably, the acceptance module 1004, harmonic
generation and extraction module 1006, and transmission
module 1008 process the information signal in the manner
shown in the operational flowchart 900. In other words, trans
mitter 1000 is the structural embodiment for performing the
operational steps of flowchart 900. However, it should be
understood that the scope and spirit of the present invention
includes other structural embodiments for performing the
steps of flowchart 900. The specifics of these other structural
embodiments will be apparent to persons skilled in the rel
evant art(s) based on the discussion contained herein.
(0287. The operation of the transmitter 1000 will now be
described in detail with reference to the flowchart 900. In step
902, an information signal 1002 (for example, see FIG. 19A)
from a source (not shown) is routed to acceptance module
1004. In step 904, an oscillating signal (for example, see FIG.
19B) is generated and in step 906, it is modulated, thereby
producing a modulated signal 1010 (for an example of FM,
see FIG. 19C). The oscillating signal can be modulated using
any modulation technique, examples of which are described
below. In step 908, the harmonic generation and extraction
module (HGEM) generates a harmonically rich signal with a
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continuous and periodic waveform (an example of FM can be
seen in FIG. 19D). This waveform is preferably a rectangular
wave. Such as a square wave or a pulse (although, the inven
tion is not limited to this embodiment), and is comprised of a
plurality of sinusoidal waves whose frequencies are integer
multiples of the fundamental frequency of the waveform.
These sinusoidal waves are referred to as the harmonics of the

underlying waveform. A Fourier series analysis can be used to
determine the amplitude of each harmonic (for example, see
FIGS. 19F and 19G). In step 910, a filter (not shown) within
HGEM 1006 filters out the undesired frequencies (harmon
ics), and outputs an electromagnetic (EM) signal 1012 at the
desired frequency (for example, see FIG. 19I). In step 912,
EM signal 1012 is routed to transmission module 1008 (op
tional), where it is prepared for transmission. The transmis
sion module 1008 then outputs a transmitted signal 1014.
3.2 Exemplary Embodiments
0288 Various embodiments related to the method(s) and
structure(s) described above are presented in this section (and
its subsections). These embodiments are described hereinfor
purposes of illustration, and not limitation. The invention is
not limited to these embodiments. Alternate embodiments

(including equivalents, extensions, variations, deviations,
etc., of the embodiments described herein) will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein. The invention is intended and adapted to
include Such alternate embodiments.
3.2.1 First Embodiment

Frequency Modulation (FM) Mode
0289. In this embodiment, an information signal is
accepted and a modulated signal whose frequency varies as a
function of the information signal results.
0290 3.2.1.1 Operational Description.
0291. The flow chart of FIG. 11 demonstrates the method
of operation of a transmitter in the frequency modulation
(FM) mode according to an embodiment of the present inven
tion. As stated above, the representative waveforms shown in
FIG. 19 depict the invention operating as a transmitter in the
FM mode.

0292. In step 1102, an information signal 1902 (FIG. 19A)
is generated by a source by any means and/or process. (Infor
mation signal 1902 is a baseband signal, and, because it is
used to modulate a signal, may also be referred to as a modu
lating baseband signal 1902.) Information signal 1902 may
be, for example, analog, digital, or any combination thereof.
The signals shown in FIG. 19 depict a digital information
signal wherein the information is represented by discrete
states of the signal. It will be apparent to persons skilled in the
relevant art(s) that the invention is also adapted to working
with an analog information signal wherein the information is
represented by a continuously varying signal. In step 1104.
information signal 1902 modulates an oscillating signal 1904
(FIG. 19B). The result of this modulation is the modulated
signal 1906 (FIG. 19C) as indicated in block 1106. Modu
lated signal 1906 has a frequency that varies as a function of
information signal 1902 and is referred to as an FM signal.
0293. In step 1108, a harmonically rich signal with a con
tinuous periodic waveform, shown in FIG. 19D as rectangular
waveform 1908, is generated. Rectangular waveform 1908 is
generated using the modulated signal 1906. One skilled in the

