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5,602,868 
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5,633,815 
5,634,207 
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5,648,985 
5,650,785 
5,659,372 
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5,668,836 
5,675,392 
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5,682,099 
5,689,413 
5,691,629 
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5,697,074 
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5,703,584 
5,705,949 
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5,714,910 
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6,097,762 
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6,437,639 
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6,512,544 
6,512,785 
6,512,798 
6,516,185 
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8, 2000 
8, 2000 
8, 2000 
9, 2000 
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10, 2000 
11, 2000 
11, 2000 
11, 2000 
11, 2000 
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11, 2000 
11, 2000 
12, 2000 
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Rowland et al. 
Clark et al. 
Bazarjani 
Vice et al. 
Jiang 
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Damgaard et al. 
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Bonn et al. 
Kannell et al. 
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Ward 
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Souetinov et al. 
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Nishijima et al. 
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Nash 
Luz et al. 
Hadden et al. 
Traylor et al. 
Swartz et al. 
Sasaki 
Goldfarb et al. 
Sorrells et al. 
Furukawa et al. 
McNicol 
Brown et al. 
Hongo et al. 
Sorrells et al. 
Hellberg 
Reber 
Glöckler et al. 
Wang 
Grange et al. 
Dent 
Cook et al. 
Nguyen et al. 
Lindfors et al. 
Turcotte et al. 
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Mochizuki et al. 
Razavi et al. 
Merrill et al. 
Zhou et al. 
Akiyama et al. 
MacNally 
Hynes 
Sorrells et al. 

6,546,061 
6,560,301 
6,560,451 
6,567.483 
6,580,902 
6,591.310 
6,597,240 
6,600,795 
6,600,911 
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7,050,508 
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7,065,162 
7,072,390 
7,072,427 
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7,082,171 
7,085,335 
7,107,028 
7,110,435 
7,110,444 
7,149,487 
7, 190,941 
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5/2003 
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T/2003 
T/2003 
T/2003 
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Claxton et al. 
Sorrells et al. 
Pleasant et al. 
Riley 
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METHOD AND SYSTEM FOR FREQUENCY 
UP-CONVERSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of U.S. patent 
application Ser. No. 12/435,595, “Method and System for 
Frequency Down-Conversion and Frequency Up-Conver 
sion.” filed May 5, 2009, now U.S. Pat. No. 8,019,291, which 
is a continuation of U.S. patent application Ser. No. 1 1/802, 
389, “Frequency Up-Conversion Using a Harmonic Genera 
tion and Extraction Module,” filed May 22, 2007, U.S. Pat. 
No. 7.546,096, which is a divisional of U.S. patent applica 
tion Ser. No. 10/086,367, “Method and System for Frequency 
Up-Conversion.” filed Mar. 4, 2002, U.S. Pat. No. 7,236,754, 
which is a continuation of U.S. patent application Ser. No. 
09/379,497, “Method for Output Signal Generation.” filed 
Aug. 23, 1999, U.S. Pat. No. 6,353,735, which is a continu 
ation of U.S. patent application Ser. No. 09/176,154, 
“Method and System for Frequency Up-Conversion.” filed 
Oct. 21, 1998, U.S. Pat. No. 6,091,940, all of which are herein 
incorporated by reference in their entireties. 
The following applications of common assignee are related 

to the present application and are herein incorporated by 
reference in their entireties: 

U.S. patent application Ser. No. 09/176,022, “Method and 
System for Down-Converting Electromagnetic Sig 
nals, filed Oct. 21, 1998, U.S. Pat. No. 6,061,551. 

U.S. patent application Ser. No. 09/176.415, “Method and 
System for Ensuring Reception of a Communications 
Signal filed Oct. 21, 1998, U.S. Pat. No. 6,061,555. 

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

U.S. patent application Ser. No. 09/176,027, “Universal 
Frequency Translation, and Applications of Same filed 
Oct. 21, 1998 (abandoned). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is generally directed to frequency 

up-conversion of electromagnetic (EM) signals. 
2. Related Art 
Modern day communication systems employ components 

Such as transmitters and receivers to transmit information 
from a source to a destination. To accomplish this transmis 
Sion, information is imparted on a carrier signal and the 
carrier signal is then transmitted. Typically, the carrier 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. 

Three widely used modulation schemes include: frequency 
modulation (FM), where the frequency of the carrier 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 information. Also, 
these modulation schemes are used in combination with each 
other (e.g., AM combined with FM and AM combined with 
PM). 

SUMMARY OF THE INVENTION 

The present invention is directed to methods and systems to 
up-convert a signal from a lower frequency to a higher fre 
quency, and applications thereof. 
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2 
In one embodiment, the invention uses a stable, low fre 

quency signal to generate a higher frequency signal with a 
frequency and phase that can be used as stable references. 

In another embodiment, the present invention is used as a 
transmitter. In this embodiment, the invention accepts an 
information signal at a baseband frequency and transmits a 
modulated signal at a frequency higher than the baseband 
frequency. 
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 intermediate sig 
nal. 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 controla 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 modu 
lated substantially the same as the modulated intermediate 
signal. Through proper filtering, the desired harmonic (or 
harmonics) is selected and transmitted. 

For some embodiments using amplitude modulation 
(AM), the switch is controlled by an unmodulated oscillating 
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 information 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 pro 
portional to the oscillating signal and an amplitude Substan 
tially 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 filter 
ing, the desired harmonic (or harmonics) is selected and 
transmitted. 

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 reference 
number typically identifies the figure in which the reference 
number first appears. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG.1 illustrates a circuit for a frequency modulation (FM) 
transmitter, 

FIGS. 2A, 2B, and 2C illustrate typical waveforms associ 
ated with the FIG. 1 FM circuit for a digital information 
signal; 

FIG. 3 illustrates a circuit for a phase modulation (PM) 
transmitter, 

FIGS. 4A, 4B, and 4C illustrate typical waveforms associ 
ated with the FIG. 3 PM circuit for a digital information 
signal; 

FIG. 5 illustrates a circuit for an amplitude modulation 
(AM) transmitter; 

FIGS. 6A, 6B, and 6C illustrate typical waveforms associ 
ated with the FIG. 5 AM circuit for a digital information 
signal; 

FIG. 7 illustrates a circuit for an in-phase/quadrature-phase 
modulation (“I/Q') transmitter; 
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FIGS. 8A, 8B, 8C,8D, and 8E illustrate typical waveforms 
associated with the FIG. 7 “I/Q circuit for digital informa 
tion signal; 

FIG. 9 illustrates the high level operational flowchart of a 
transmitter according to an embodiment of the present inven 
tion; 

FIG. 10 illustrates the high level structural block diagram 
of the transmitter of an embodiment of the present invention; 

FIG. 11 illustrates the operational flowchart of a first 
embodiment (i.e., FM mode) of the present invention; 

FIG. 12 illustrates an exemplary structural block diagram 
of the first embodiment (i.e., FM mode) of the present inven 
tion; 

FIG. 13 illustrates the operational flowchart of a second 
embodiment (i.e., PM mode) of the present invention; 

FIG. 14 illustrates an exemplary structural block diagram 
of the second embodiment (i.e., PM mode) of the present 
invention; 

FIG. 15 illustrates the operational flowchart of a third 
embodiment (i.e., AM mode) of the present invention; 

FIG. 16 illustrates an exemplary structural block diagram 
of the third embodiment (i.e., AM mode) of the present inven 
tion; 

FIG. 17 illustrates the operational flowchart of a fourth 
embodiment (i.e., “I/Q mode) of the present invention; 

FIG. 18 illustrates an exemplary structural block diagram 
of the fourth embodiment (i.e., “I/Q mode) of the present 
invention; 

FIGS. 19A-19I illustrate exemplary waveforms (for a fre 
quency modulation mode operating in a frequency shift key 
ing embodiment) at a plurality of points in an exemplary high 
level circuit diagram; 

FIGS. 20A, 20B, 20O illustrate typical waveforms associ 
ated with the FIG. 1 FM circuit for an analog information 
signal; 

FIGS. 21A, 21B, 21C illustrate typical waveforms associ 
ated with the FIG. 3 PM circuit for an analog information 
signal; 

FIGS. 22A, 22B, 22C illustrate typical waveforms associ 
ated with the FIG. 5 AM circuit for an analog information 
signal; 

FIG. 23 illustrates an implementation example of a voltage 
controlled oscillator (VCO); 

FIG. 24 illustrates an implementation example of a local 
oscillator (LO); 

FIG. 25 illustrates an implementation example of a phase 
shifter; 

FIG. 26 illustrates an implementation example of a phase 
modulator; 

FIG. 27 illustrates an implementation example of a sum 
ming amplifier, 

FIGS. 28A-28C illustrate an implementation example of a 
switch module for the FM and PM modes; 

FIG. 29A-29C illustrate an example of the switch module 
of FIGS. 28A-28C wherein the switch is a GaAsFET: 

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

FIGS. 31A-31C illustrate an implementation example of a 
switch module for the AM mode; 

FIGS. 32A-32C illustrate the Switch module of FIGS. 31 A 
31C wherein the Switch is a GaAsFET: 
FIGS.33A-33C illustrates an example of a design to ensure 

symmetry for a GaAsPET implementation in the AM mode: 
FIG. 34 illustrates an implementation example of a sum 

mer, 
FIG. 35 illustrates an implementation example of a filter; 
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4 
FIG. 36 is a representative spectrum demonstrating the 

calculation of “Q.” 
FIGS. 37A and 37B are representative examples of filter 

circuits; 
FIG. 38 illustrates an implementation example of a trans 

mission module: 
FIG. 39A shows a first exemplary pulse shaping circuit 

using digital logic devices for a squarewave input from an 
oscillator, 

FIGS. 39B, 39C, and 39D illustrate waveforms associated 
with the FIG. 39A circuit; 

FIG. 40A shows a second exemplary pulse shaping circuit 
using digital logic devices for a squarewave input from an 
oscillator, 

FIGS. 40B, 40C, and 40D illustrate waveforms associated 
with the FIG. 40A circuit; 

FIG. 41 shows a third exemplary pulse shaping circuit for 
any input from an oscillator, 

FIGS. 42A, 42B, 42C, 42D, and 42E illustrate representa 
tive waveforms associated with the FIG. 41 circuit; 

FIG. 43 shows the internal circuitry for elements of FIG. 41 
according to an embodiment of the invention; 

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; 

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 exemplary 
high level circuit diagram, highlighting the characteristics of 
the first three harmonies; 

FIG. 46 illustrates an implementation example of a har 
monic enhancement module; 

FIG. 47 illustrates an implementation example of an ampli 
fier module: 

FIGS. 48A and 48B illustrate exemplary circuits for a 
linear amplifier; 

FIG. 49 illustrates a typical superheterodyne receiver; 
FIG. 50 illustrates a transmitter according to an embodi 

ment of the present invention in a transceiver circuit with a 
typical Superheterodyne receiver in a full-duplex mode; 

FIGS. 51A, 51B, 51C, and 51D illustrate a transmitter 
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: 

FIG. 52 illustrates an exemplary receiver using universal 
frequency down conversion techniques according to an 
embodiment; 

FIG. 53 illustrates an exemplary transmitter of the present 
invention; 

FIGS. 54A, 54B, and 54C illustrate an exemplary trans 
mitter of the present invention in a transceiver circuit with a 
universal frequency down conversion receiver operating in a 
half-duplex mode for the FM and PM modulation embodi 
ment; 
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-duplex mode for 
the AM modulation embodiment; 

FIG. 56 illustrates an exemplary transmitter of the present 
invention in a transceiver circuit with a universal frequency 
down conversion receiver operating in a fall-duplex mode; 

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; 
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FIG. 58 illustrates harmonic amplitudes for a pulse-width 
to-period ratio of 0.01; 

FIG. 59 illustrates harmonic amplitudes for a pulse-width 
to-period ratio of 0.0556; 

FIG. 60 is a table that illustrates the relative amplitudes of 5 
the first 50 harmonics for six exemplary pulse-width-to-pe 
riod ratios; 

FIG. 61 is a table that illustrates the relative amplitudes of 
the first 25 harmonics for six pulse-width-to-period ratios 
optimized for the 1 through 10" Subharmonics; 10 

FIG. 62 illustrates an exemplary structural block diagram 
for an alternative embodiment of the present invention (i.e., a 
mode wherein AM is combined with PM); 

FIGS. 63A-63H illustrate exemplary waveforms (for the 
embodiment of FIG. 62) at a plurality of points in an exem- 15 
plary high level circuit diagram, highlighting the character 
istics of the first two harmonics; 

FIGS. 64A and 64A1 illustrate exemplary implementa 
tions of aliasing modules; and 

FIGS. 64B-64F illustrate exemplary waveforms at a plu- 20 
rality of points in the FIGS. 64A and 64A1 circuits. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 
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Operational Description. 
Structural Description. 
The Filter (FM, PM, AM, and “I/Q Modes). 
Operational Description. 
Structural Description. 
The Transmission Module (FM, PM, AM, and “I/Q 

Modes). 
Operational Description. 
Structural Description. 
Other Implementations. 
Harmonic Enhancement. 
High Level Description. 
Operational Description. 
Structural Description. 
Exemplary Embodiments. 
First Embodiment: When a Square Wave Feeds The Har 

monic Enhancement Module to Create One Pulse per Cycle. 
Operational Description. 
Structural Description. 
Second Embodiment: When a Square Wave Feeds The 

Harmonic Enhancement Module to Create Two Pulse per 
Cycle. 

Operational Description. 
Structural Description. 
Third Embodiment: When Any Waveform Feeds the Har 

monic Enhancement Module. 
Operational Description. 
Structural Description. 
Other Embodiments. 
Implementation Examples. 
First Digital Logic Circuit. 
Second Digital Logic Circuit. 
Analog Circuit. 
Other Implementations. 
Amplifier Module. 
High Level Description. 
Operational Description. 
Structural Description. 
Exemplary Embodiments. 
Linear Amplifier. 
Operational Description. 
Structural Description. 
Other Embodiments. 
Implementation Examples. 
Linear Amplifier. 
Operational Description. 
Structural Description. 
Other Implementations. 
Receiver/Transmitter Systems. 
High Level Description. 
Exemplary Embodiments and Implementation Examples. 
First Embodiment: The Transmitter of the Present Inven 

tion Being Used in a Circuit with a Superheterodyne 
Receiver. 

Second Embodiment: The Transmitter of the Present 
Invention Being Used with a Universal Frequency Down 
Converter in a Half-Duplex Mode. 
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Third Embodiment: The Transmitter of the Present Inven 
tion Being Used with a Universal Frequency Down Converter 
in a Full-Duplex Mode. 

Other Embodiments and Implementations. 
Summary Description of Down-conversion Using a Uni- 5 

versal Frequency Translation Module. 
Designing a Transmitter According to an Embodiment of 

the Present Invention. 
Frequency of the Transmission Signal. 
Characteristics of the Transmission Signal. 
Modulation Scheme. 
Characteristics of the Information Signal. 
Characteristic of the Oscillating Signal. 
Frequency of the Oscillating Signal. 
Pulse Width of the String of Pulses. 
Design of the Pulse Shaping Circuit. 
Selection of the Switch. 
Design of the Filter. 
Selection of an Amplifier. 
Design of the Transmission Module. 

Terminology 
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 25 
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. 

Amplitude Modulation (AM): A modulation technique 
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 information. 

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 40 
content is conveyed by varying at least one characteristic of 
the signal. Such as but not limited to amplitude, frequency, or 
phase, or any combinations thereof. 

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 modulating base 
band signal), and to the signal that is to be used by the 
recipient after transmission (also referred to as the demodu 
lated baseband signal). 

Carrier signal: A signal capable of carrying information. 
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 com 
munications system may have multiple carrier signals at dif 
ferent carrier frequencies. 

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. Typi 
cally, it is controlled by an electrical or electronic 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. 

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 
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8 
closely approximate the information signal (i.e., the modu 
lating baseband signal) in frequency, amplitude, and informa 
tion. 

Demodulation: The process of removing information from 
a carrier or intermediate frequency signal. 

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. 

Direct down conversion: A down conversion technique 
wherein a received signal is directly down converted and 
demodulated, if applicable, from the original transmitted fre 
quency (i.e., a carrier frequency) to baseband without having 
an intermediate frequency. 
Down conversion: A process for performing frequency 

translation in which the final frequency is lower than the 
initial frequency. 

Drive a switch: Same as control a switch. 
Frequency Modulation (FM): A modulation technique 

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 pri 
marily for digital communications where the frequency of the 
carrier signal shifts between discrete states rather than vary 
ing continuously as it does for analog information. 

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. 

In-phase (“I”) signal: The signal typically generated by an 
oscillator. It has not had its phase shifted and is often repre 
sented 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. 

In-phase/Quadrature-phase (“I/Q) signal: The signal 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. 

Information signal: The signal that contains the informa 
tion 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 combi 
nation thereof. 

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. 

Modulation: The process of varying one or more physical 
characteristics of a signal to represent the information to be 
transmitted. Three commonly used modulation techniques 
are frequency modulation, phase modulation, and amplitude 
modulation. There are also variations, Subsets, and combina 
tions of these three techniques. 

Operate a switch: Same as control a switch. 
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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 continuously as it 
does for analog information. 

Quadrature-phase ("Q") 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. 

Spectrum: Spectrum is used to signify a continuous range 
of frequencies, usually wide, within which electromagnetic 
(EM) waves have some specific common characteristic. Such 
waves may be propagated in any communication medium, 
both natural and manmade, including but not limited to air, 
space, wire, cable, liquid, waveguide, microstrip, Stripline, 
optical fiber, etc. The EM spectrum includes all frequencies 
greater than Zero hertz. 

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 inte 
ger. For example, if a periodic waveform has a frequency of 
“f (also called the “fundamental frequency” or first Subhar 
monic), 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 Subharmonic 
corresponding to n=3 is referred to as the third Subharmonic, 
and so on. A Subharmonic itself has possible harmonics, and 
the i' harmonic of the i' subharmonic will be at the funda 
mental 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. 

Trigger a Switch: Same as control a Switch. 
Up conversion: A process for performing frequency trans 

lation in which the final frequency is higher than the initial 
frequency. 
2. Overview of the Invention 
The present invention is directed to systems and methods 

for frequency up-conversion, and applications thereof. 
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 
present invention can take advantage of the relatively low cost 
of low frequency oscillators to generate stable, high fre 
quency signals. 

In a second embodiment, the frequency up-converter is 
used as a system and method for transmitting an electromag 
netic (EM) signal. 

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. 
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For illustrative purposes, various modulation examples are 

discussed below. However, it should be understood 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. 

Also for illustrative purposes, frequency up-conversion 
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, variations, 
deviations, etc., of the following will be apparent to persons 
skilled in the relevant art(s) based on the teachings contained 
herein. Such equivalents, extensions, variations, deviations, 
etc., are within the scope and spirit of the present invention. 
2.1 Discussion of Modulation Techniques. 

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, frequency 
modulation (FM), phase modulation (PM), amplitude modu 
lation (AM), quadrature-phase shift keying (QPSK), fre 
quency shift keying (FSK), phase shift keying (PSK), ampli 
tude 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 sig 
nals). 

For illustrative purposes only, the circuits and techniques 
described below all refer to the EM broadcast medium. How 
ever, 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. 
FIG. 1 illustrates an example of a frequency modulation 

(FM) circuit 100 and FIGS. 2A, 2B, and 2C, and FIGS. 20A, 
20B, and 20O illustrate examples of waveforms at several 
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 communicated, 
such as information signals 102 of FIGS. 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 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. 

Frequency modulation circuit 100 receives an information 
signal 102, 2002 from a source (not shown). Information 
signal 102, 2002 can be amplified by an optional amplifier 
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 
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of optional frequency multiplier 110 and/or optional ampli 
fier 116 is then transmitted by an exemplary antenna 112. 

2.2.2 Phase Modulation. 
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 communicated, such 
as an information signals 302 of FIGS. 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. 

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 fil 
tered by an optional filter 318 and is routed to a phase modu 
lator 306. Also feeding phase modulator 306 is LU 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. 
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 information signal 
302, 2102. That is, for example in a PSK mode, if LO output 
308 were a sine wave, and the value of information 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 modulated signal 
312 that are representative of the information 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 signal2102 increases from a value of 
“X” to “X+öx', the PM signal 2104 of FIG. 21C changes 
from a signal which may be represented by the equation 
sin(ot) to a signal which can be represented by the equation 
sin(ot--(p), where p is the phase change associated with a 
change of Öx in information signal 2102. For an analog PM 
system, the phase changes in phase modulated signal 2104 
that are representative of the information in information sig 
nal 2102 can be seen by comparing waveforms 2102,308, and 
2104 on FIGS. 21A, 21B, and 21C. 

After information signal 302, 2102 and LO output 308 
have been modulated by phase modulator 306, phase modu 
lated 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 fre 
quency (e.g., 50 MHz to 100 MHz) to a desired broadcast 
frequency (e.g., 900 MHz, 1.8 GHz). Optional amplifier 320 
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12 
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. 
FIG. 5 illustrates an example of an amplitude modulation 

(AM) circuit 500 and FIGS. 6A, 6B, and 6C, and FIGS. 22A, 
22B, and 22C illustrate examples of waveforms at several 
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 FIGS. 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. 

Amplitude modulation circuit 500 receives information 
signal 502 from a source (not shown). Information signal 502, 
2202 can be amplified by an optional amplifier 504 and fil 
tered by an optional filter 518. Amplitude modulation 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 mul 
tiplier 510 is to cause the amplitude of LO output 508 to vary 
as a function of the amplitude of information signal 502, 
2202. The output of multiplier 510 is a modulated 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 infor 
mation 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 100 
MHz) 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. 

2.2.4 In-Phase/Quadrature-Phase Modulation. 
FIG. 7 illustrates an example of an in-phase/quadrature 

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 information signal 
702 of FIG. 8A can be modulated onto the in-phase (“I’) 
oscillator signal 710 of FIG. 8B and a second information 
signal 704 of FIG. 8C can be modulated onto the quadrature 
phase (“O) oscillator signal 712 of FIG. 8D. The “I” modu 
lated 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 signals, with 
combinations of analog and digital signals, with other modu 
lation techniques, or any combinations thereof. 

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 
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signals and phase modulation on both oscillating signals. 
Thus, both signal streams are phase shift keying (PSK), which 
is a Subset of PM. 

“I/Q modulation circuit 700 receives an information sig 
nal 702 from a first source (not shown) and an information 
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 modulators 718 and 
720. Also feeding phase modulators 718 and 720 are oscil 
lating signals 710 and 712. Oscillating signal 710 was gener 
ated 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 frequency 
and amplitude. 
The output of phase modulator 718 is a phase modulated 

signal 722 which is shown using a dotted line as one of the 
waveforms in FIG. 8E. Similarly, the output of phase modu 
lator 720, which operates in a manner similar to phase modu 
lator 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. 

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 -7 L/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 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 sum 
mer 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.) 

“I/Q signal 728 can then be routed to an optional fre 
quency 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. 
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. 
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Typically, in the transmitter Subsystem of a communica 

tions system, upconverting the information signal to broad 
cast frequency requires, at least, filters, amplifiers, and fre 
quency 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. 
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 apparent from the 
following description. 
3. Frequency Up-Conversion. 
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 invention 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 frequency up 
converter of the present invention could be used, and that 
these alternative embodiments and applications fall within 
the scope of the present invention. 

For illustrative purposes, frequency up-conversion accord 
ing to the present invention is described below in the context 
of a transmitter. However, as apparent from the preceding 
paragraph, the invention is not limited to this embodiment. 
The following sections describe methods related to a trans 

mitter and frequency up-converter. Structural exemplary 
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, exten 
sions, variations, deviations, etc., of the following will be 
apparent to persons skilled in the relevant art(s) based on the 
teachings contained herein. Such equivalents, extensions, 
variations, deviations, etc., are within the scope and spirit of 
the present invention. 
3.1. High Level Description. 

This section (including its Subsections) provides a high 
level description of up-converting and transmitting signals 
according to the present invention. In particular, an opera 
tional process of frequency 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. 

Also, a structural implementation for achieving this pro 
cess is described at a high-level. This structural implementa 
tion 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 
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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. 
The flow chart 900 of FIG.9 demonstrates the operational 

method of frequency up-conversion in the context of trans 
mitting 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 modulation 
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 sections). 

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 that is 
desired to be transmitted, and is at the baseband frequency. As 
described below, the information signal 1902 is used to 
modulate an intermediate signal 1904. Accordingly, the infor 
mation signal 1902 is also herein called a modulating base 
band 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. 
An oscillating signal 1904 (FIG. 19B) is generated in step 

904. In step 906, the oscillating signal 1904 is modulated, 
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. 
A harmonically rich signal 1908 (FIG. 19D) is generated 

from the modulated signal 1906 in step 908. Signal 1908 has 
a Substantially continuous and periodically repeated wave 
form. 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 
A continuous periodic waveform (such as waveform 1908) 

is composed of a series of sinusoidal waves of specific ampli 
tudes and phases, the frequencies of which are integer mul 
tiples of the repetition frequency of the waveform. (A wave 
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forms 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 components of wave 
form 1910 (FIG. 19E) are depicted as waveforms 1912a, b, & 
c of FIG. 19F and waveforms 1914a, b, &c of FIG. 19G. (In 
the examples of FIGS. 19F & G, the three sinusoidal compo 
nents are shown separately. In actuality, these waveforms, 
along with all the other sinusoidal components which are not 
shown, occur simultaneously, as seen in FIG. 19H. Note that 
in FIG. 19H, the waveforms are shown 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 are called harmonics, and 
their existence can be demonstrated both graphically and 
mathematically. Each harmonic (waveforms 1912a, b, & c 
and 1914a, b, & c) has the same information content as does 
waveform 1910 (which has the same information as the cor 
responding 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 frequency of signal 
1908, and since they have the same information content as 
signal 1908 (as just stated), the harmonics each represent an 
up-converted representation of signal 1908. Some of the har 
monics are at desired frequencies (such as the frequencies 
desired to be transmitted). These harmonics are called 
"desired harmonics' or “wanted harmonics.” According to 
the invention, desired harmonics have sufficient amplitude 
for accomplishing the desired processing (i.e., being trans 
mitted). Other harmonics are not at the desired frequencies. 
These harmonics are called “undesired harmonics' or 
“unwanted harmonics.” 

In step 910, any unwanted harmonics of the continuous 
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 FIGS. 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 FIGS. 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. Inactual practice, there are 
an infinite number of harmonics, and the filtering can be made 
to remove unwanted harmonics that are both lower in fre 
quency than the desired harmonic as well as those that are 
higher in frequency than the desired harmonic. 

3.1.2 Structural Description. 
FIG. 10 is a block diagram of an up-conversion system 

according to an embodiment of the invention. This embodi 
ment of the up-conversion system is shown as a transmitter 
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. 

Preferably, the acceptance module 1004, harmonic genera 
tion and extraction module 1006, and transmission module 
1008 process the information signal in the manner shown in 
the operational flowchart 900. In other words, transmitter 
1000 is the structural embodiment for performing the opera 
tional steps of flowchart 900. However, it should be under 
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stood 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. 
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 
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 

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

3.2.1 First Embodiment: Frequency Modulation (FM) 
Mode. 

In this embodiment, an information signal is accepted and 
a modulated signal whose frequency varies as a function of 
the information signal results. 

3.2.1.1 Operational Description. 
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 invention. 
As stated above, the representative waveforms shown in FIG. 
19 depict the invention operating as a transmitter in the FM 
mode. 

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. 
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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. 

In step 1108, a harmonically rich signal with a continuous 
periodic waveform, shown in FIG. 19D as rectangular wave 
form 1908, is generated. Rectangular waveform 1908 is gen 
erated using the modulated signal 1906. 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 of the present 
invention that a perfect rectangular waveform be generated or 
needed. Again, as stated above, for ease of discussion, the 
term “rectangular waveform' will be used to refer to wave 
forms that are substantially rectangular. In a similar manner, 
the term "square wave' will refer 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. 
A portion of rectangular waveform 1908 is shown in an 
expanded view as periodic waveform 1910 in FIG. 19E. The 
first part of waveform 1910 is designated “signal A' and 
represents information signal 1902 being “high, and the 
second part of waveform 1910 is designated “signal B and 
information signal 1902 being “low. It should be noted that 
this convention is used for illustrative purposes only, and 
alternatively, other conventions could be used. 
As stated before, a continuous and periodic waveform, 

such as a rectangular wave 1908 as indicated in block 1110 of 
flowchart 1100, has sinusoidal components (harmonics) at 
frequencies that are integer multiples of the fundamental 
frequency of the underlying waveform (i.e., at the Fourier 
component frequencies). Three harmonics of periodic wave 
form 1910 are shown separately, in expanded views, in FIGS. 
19F and 19G. Since waveform 1910 (and also waveform 
1908) is shown as a square wave in this exemplary embodi 
ment, only the odd harmonics are present, i.e., the first, third, 
fifth, seventh, etc. As shown in FIG. 19, if rectangular wave 
form 1908 has a fundamental frequency off (also known as 
the first harmonic), the third harmonic will have a frequency 
of 3 “f, the fifth harmonic will have a frequency of 5f, and so 
on. The first, third, and fifth harmonics of signal A are shown 
as waveforms 1912a, 1912b, and 1912c of FIG. 19F, and the 
first, third, and fifth harmonics of signal B are shown as 
waveforms 1914a, 1914b, and 1914c of FIG. 19G. In actual 
ity, these harmonics (as well as all of the higher order har 
monics) occur simultaneously, as shown by waveform 1916 
of FIG. 19H. Note that if all of the harmonic components of 
FIG. 19H were shown summed together with all of the higher 
harmonics (i.e., the seventh, the ninth, etc.) the resulting 
waveform would, in the limit, be identical to waveform 1910. 

In step 1112, the unwanted frequencies of waveform 1916 
are removed. In the example of FIG. 19, the first and third 
harmonics are shown to be removed, and as indicated in block 
1114, the remaining waveform 1918 (i.e., waveforms 1912c 
and 1914c) is at the desired EM frequency. Although not 
shown, the higher harmonics the seventh, ninth, etc.) are also 
removed. 
The EM signal, shown here as remaining waveform 1918, 

is prepared for transmission in step 1116, and in step 1118, the 
EM signal is transmitted. 

3.2.1.2 Structural Description. 
FIG. 12 is a block diagram of a transmitter according to an 

embodiment of the invention. This embodiment of the trans 
mitter is shown as an FM transmitter 1200. FM transmitter 
1200 includes a voltage controlled oscillator (VCO)1204, a 
switch module 1214, a filter 1218, and a transmission module 
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1222 that accepts an information signal 1202 and outputs a 
transmitted signal 1224. The operation and structure of exem 
plary components are described below: an exemplary VCO is 
described below at sections 3.3.1-3.3.1.2; an exemplary 
switch module is described below at sections 3.3.6-3.3.6.2; an 
exemplary filter is described below at sections 3.3.9-3.3.9.2: 
and an exemplary transmission module is described below at 
Sections 3.3.10-3.3.10.2. 

Preferably, the voltage controlled oscillator 1204, Switch 
module 1214, filter 1218, and transmission module 1222 
process the information signal in the manner shown in the 
operational flowchart 1100. In other words, FM transmitter 
1200 is the structural embodiment for performing the opera 
tional steps of flowchart 1100. However, it should be under 
stood that the scope and spirit of the present invention 
includes other structural embodiments for performing the 
steps offlowchart 1100. 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. 
The operation of the transmitter 1200 will now be 

described in detail with reference to the flowchart 1100. In 
step 1102, an information signal 1202 (for example, see FIG. 
19A) from a source (not shown) is routed to VCO 1204. In 
step 1104, an oscillating signal (for example, see FIG. 19B) is 
generated and modulated, thereby producing a frequency 
modulated signal 1210 (for example, see FIG. 19C). In step 
1108, the switch module 1214 generates a harmonically rich 
signal 1216 with a continuous and periodic waveform (for 
example, see FIG. 19D). This waveform is preferably a rect 
angular wave, such as a square wave or a pulse (although, the 
invention is not limited to this embodiment), and is comprised 
of a plurality of sinusoidal waves whose frequencies are inte 
ger multiples of the fundamental frequency of the waveform. 
These sinusoidal waves are referred to as the harmonics of the 
underlying waveform, and a Fourier analysis will determine 
the amplitude of each harmonic (for example, see FIG.S. 19F 
and 19G). In step 1112, a filter 1218 filters out the undesired 
frequencies (harmonics), and outputs an electromagnetic 
(EM) signal 1220 at the desired harmonic frequency (for 
example, see FIG. 19I). In step 1116, EM signal 1220 is 
routed to transmission module 1222 (optional), where it is 
prepared for transmission. In step 1118, transmission module 
1222 outputs a transmitted signal 1224. 

3.2.2 Second Embodiment: Phase Modulation (PM) Mode. 
in this embodiment, an information signal is accepted and 

a modulated signal whose phase varies as a function of the 
information signal is transmitted. 

3.2.2.1 Operational Description. 
The flow chart of FIG. 13 demonstrates the method of 

operation of the transmitter in the phase modulation (PM) 
mode. The representative waveforms shown in FIG. 44 depict 
the invention operating as a transmitter in the PM mode. 

In step 1302, an information signal 4402 (FIG. 44A) is 
generated by a source. Information signal 4402 may be, for 
example, analog, digital, or any combination thereof. The 
signals shown in FIG. 44 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 repre 
sented by a continuously varying signal. In step 1304, an 
oscillating signal 4404 is generated and in step 1306, the 
oscillating signal 4404 (FIG. 44B) is modulated by the infor 
mation signal 4402, resulting in the modulated signal 4406 
(FIG. 44C) as indicated in block 1308. The phase of this 
modulated signal 4406 is varied as a function of the informa 
tion signal 4402. 
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A harmonically rich signal 4408 (FIG. 44D) with a con 

tinuous periodic waveform is generated at step 1310 using 
modulated signal 4406. Harmonically rich signal 4408 is a 
substantially rectangular waveform. One skilled in the rel 
evant 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 of the present 
invention that a perfect rectangular waveform be generated or 
needed. Again, as stated above, for ease of discussion, the 
term “rectangular waveform' will be used to refer to wave 
forms that are substantially rectangular. In a similar manner, 
the term "square wave' will refer 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. 
As stated before, a continuous and periodic waveform, Such 
as the harmonically rich signal 4408 as indicated in block 
1312, has sinusoidal components (harmonics) at frequencies 
that are integer multiples of the fundamental frequency of the 
underlying waveform (the Fourier component frequencies). 
The first three harmonic waveforms are shown in FIGS. 44E, 
44F, and 44G. In actual fact, there are an infinite number of 
harmonics. In step 1314, the unwanted frequencies are 
removed, and as indicated in block 1316, the remaining fre 
quency is at the desired EM output. As an example, the first 
(fundamental) harmonic 4410 and the second harmonic 4412 
along with the fourth, fifth, etc., harmonics (not shown) might 
be filtered out, leaving the third harmonic 4414 as the desired 
EM signal as indicated in block 1316. 
The EM signal is prepared for transmission in step 1318, 

and in step 1320, the EM signal is transmitted. 
3.2.2.2 Structural Description. 
FIG. 14 is a block diagram of a transmitter according to an 

embodiment of the invention. This embodiment of the trans 
mitter is shown as a PM transmitter 1400. PM transmitter 
1400 includes a local oscillator 1406, a phase modulator 
1404, a switch module 1410, a filter 1414, and a transmission 
module 1418 that accepts an information signal 1402 and 
outputs a transmitted signal 1420. The operation and structure 
of exemplary components are described below: an exemplary 
phase modulator is described below at sections 3.3.4-3.3.4.2: 
an exemplary local oscillator is described below at Sections 
3.3.2-3.3.2.2; an exemplary switch module is described 
below at sections 3.3.6-3.3.6.2; an exemplary filter is 
described below at sections 3.3.9-3.3.9.2; and an exemplary 
transmission module is described below at sections 3.3.10 
3.3.10.2. 

Preferably, the local oscillator 1406, phase modulator 
1404, Switch module 1410, filter 1414, and transmission 
module 1418 process the information signal in the manner 
shown in the operational flowchart 1300. In other words, PM 
transmitter 1400 is the structural embodiment for performing 
the operational steps offlowchart 1300. However, it should be 
understood that the scope and spirit of the present invention 
includes other structural embodiments for performing the 
steps offlowchart 1300. 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. 
The operation of the transmitter 1400 will now be 

described in detail with reference to the flowchart 1300. In 
step 1302, an information signal 1402 (for example, see FIG. 
44A) from a source (not shown) is routed to phase modulator 
1404. In step 1304, an oscillating signal from local oscillator 
1406 (for example, see FIG. 44B) is generated and modu 
lated, thereby producing a modulated signal 1408 (for 
example, see FIG. 44C). In step 1310, the switch module 
1410 generates a harmonically rich signal 1412 with a con 
tinuous and periodic waveform (for example, see FIG. 44D). 
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This waveform is preferably a rectangular wave, such as a 
square wave or a pulse (although, the invention is not limited 
to this embodiment), and is comprised of a plurality of sinu 
soidal waves whose frequencies are integer multiples of the 
fundamental frequency of the waveform. These sinusoidal 
waves are referred to as the harmonics of the underlying 
waveform, and a Fourier analysis will determine the ampli 
tude of each harmonic (for an example of the first three 
harmonics, see FIGS. 44E, 44F, and 44G). In step 1314, a 
filter 1414 filters out the undesired harmonic frequencies (for 
example, the first harmonic 4410, the second harmonic 4412, 
and the fourth, fifth, etc., harmonics, not shown), and outputs 
an electromagnetic (EM) signal 1416 at the desired harmonic 
frequency (for example, the third harmonic, see FIG. 44G). In 
step 1318, EM signal 1416 is routed to transmission module 
1418 (optional), where it is prepared for transmission. In step 
1320, the transmission module 1418 outputs a transmitted 
signal 1420. 

3.2.3 Third Embodiment: Amplitude Modulation (AM) 
Mode. 

In this embodiment, an information signal is accepted and 
a modulated signal whose amplitude varies as a function of 
the information signal is transmitted. 

3.2.3.1 Operational Description. 
The flow chart of FIG. 15 demonstrates the method of 

operation of the transmitter in the amplitude modulation 
(AM) mode. The representative waveforms shown in FIG. 45 
depict the invention operating as a transmitter in the AM 
mode. 

In step 1502, an information signal 4502 (FIG. 45A) is 
generated by a source. Information signal 4502 may be, for 
example, analog, digital, or any combination thereof. The 
signals shown in FIG. 45 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 repre 
sented by a continuously varying signal. In step 1504, a 
“reference signal' is created, which, as indicated in block 
1506, has an amplitude that is a function of the information 
signal 4502. In one embodiment of the invention, the refer 
ence signal is created by combining the information signal 
4502 with a bias signal. In another embodiment of the inven 
tion, the reference signal is comprised of only the information 
signal 4502. One skilled in the relevant art(s) will recognize 
that any number of embodiments exist wherein the reference 
signal will vary as a function of the information signal. 
An oscillating signal 4504 (FIG. 45B) is generated at step 

1508, and at step 1510, the reference signal (information 
signal 4502) is gated at a frequency that is a function of the 
oscillating signal 4504. The gated referenced signal is a har 
monically rich signal 4506 (FIG. 45C) with a continuous 
periodic waveform and is generated at step 1512. This har 
monically rich signal 4506 as indicated in block 1514 is 
Substantially a rectangular wave which has a fundamental 
frequency equal to the frequency at which the reference signal 
(information signal 4502) is gated. In addition, the rectangu 
lar wave has pulse amplitudes that are a function of the ampli 
tude of the reference signal (information signal 4502). One 
skilled in the relevant art(s) will recognize the physical limi 
tations to and mathematical obstacles against achieving an 
exact or perfect rectangular waveform and it is not the intent 
of the present invention that a perfect rectangular waveform 
be generated or needed. Again, as stated above, for ease of 
discussion, the term “rectangular waveform' will be used to 
refer to waveforms that are substantially rectangular. In a 
similar manner, the term "square wave' will refer to those 
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waveforms that are substantially square and it is not the intent 
of the present invention that a perfect square wave be gener 
ated or needed. 
As stated before, a harmonically rich signal 4506, such as 

the rectangular wave as indicated in block 1514, has sinusoi 
dal components (harmonics) at frequencies that are integer 
multiples of the fundamental frequency of the underlying 
waveform (the Fourier component frequencies). The first 
three harmonic waveforms are shown in FIGS. 45D, 45E, and 
45F. In fact, there are an infinite number of harmonics. In step 
1516, the unwanted frequencies are removed, and as indi 
cated in block 1518, the remaining frequency is at the desired 
EM output. As an example, the first (fundamental) harmonic 
4510 and the second harmonic 4512 along with the fourth, 
fifth, etc., harmonics (not shown) might be filtered out leaving 
the third harmonic 4514 as the desired EM signal as indicated 
in block 1518. 
The EM signal is prepared for transmission in step 1520, 

and in step 1522, the EM signal is transmitted. 
3.2.3.2 Structural Description. 
FIG. 16 is a block diagram of a transmitter according to an 

embodiment of the invention. This embodiment of the trans 
mitter is shown as an AM transmitter 1600. AM transmitter 
1600 includes a local oscillator 1610, a summing module 
1606, a switch module 1614, a filter 1618, and a transmission 
module 1622 that accepts an information signal 1602 and 
outputs a transmitted signal 1624. The operation and structure 
of exemplary components are described below: an exemplary 
local oscillator is described below at sections 3.3.2-3.3.2.2, 
an exemplary a Switch module is described below at Sections 
3.3.7-3.3.7.2; an exemplary filter is described below at sec 
tions 3.3.9-3.3.9.2; and an exemplary transmission module is 
described below at sections 3.3.10-3.3.10.2. 

Preferably, the local oscillator 1610, summing module 
1606, Switch module 1614, filter 1618, and transmission 
module 1622 process an information signal 1602 in the man 
ner shown in the operational flowchart 1500. In other words, 
AM transmitter 1600 is the structural embodiment for per 
forming the operational steps of flowchart 1500. However, it 
should be understood that the scope and spirit of the present 
invention includes other structural embodiments for perform 
ing the steps of flowchart 1500. The specifics of these other 
structural embodiments will be apparent to persons skilled in 
the relevant art(s) based on the discussion contained herein. 
The operation of the transmitter 1600 will now be 

described in detail with reference to the flowchart 1500. In 
step 1502, information signal 1602 (for example, see FIG. 
45A) from a source (not shown) is routed to Summing module 
1606 (ifrequired), thereby producing a reference signal 1608. 
In step 1508, an oscillating signal 1612 is generated by local 
oscillator 1610 (for example, see FIG. 45B) and in step 1510, 
switch module 1614 gates the reference voltage 1608 at a rate 
that is a function of the oscillating signal 1612. The result of 
the gating is a harmonically rich signal 1616 (for example, see 
FIG. 45C) with a continuous and periodic waveform. This 
waveform is preferably a rectangular wave, such as a square 
wave or a pulse (although, the invention is not limited to this 
embodiment), and is comprised of a plurality of sinusoidal 
waves whose frequencies are integer multiples of the funda 
mental frequency of the waveform. These sinusoidal waves 
are referred to as the harmonics of the underlying waveform, 
and a Fourier analysis will determine the relative amplitude of 
each harmonic (for an example of the first three harmonics, 
see FIGS. 45D, 45E, and 45F). When amplitude modulation 
is applied, the amplitude of the pulses in rectangular wave 
form 1616 vary as a function of reference signal 1608. As a 
result, this change in amplitude of the pulses has a propor 
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tional effect on the absolute amplitude of all of the harmonics. 
In other words, the AM is embedded on top of each of the 
harmonics. In step 1516, a filter 1618 filters out the undesired 
harmonic frequencies (for example, the first harmonic 4510, 
the second harmonic 4512, and the fourth, fifth, etc., harmon 
ics, not shown), and outputs an electromagnetic (EM) signal 
1620 at the desired harmonic frequency (for example, the 
third harmonic, see FIG. 45F). In step 1520, EM signal 1620 
is routed to transmission module 1622 (optional), where it is 
prepared for transmission. In step 1522, the transmission 
module 1622 outputs a transmitted signal 1624. 

Note that the description of the AM embodiment given 
herein shows the information signal being gated, thus apply 
ing the amplitude modulation to the harmonically rich signal. 
However, is would be apparent based on the teachings con 
tained herein, that the information signal can be modulated 
onto the harmonically rich signal or onto a filtered harmonic 
at any point in the circuit. 

3.2.4 Fourth Embodiment: In-Phase/Quadrature-Phase 
Modulation (“I/Q) Mode. 

In-phase/quadrature-phase modulation (“I/O) is a specific 
subset of a phase modulation (PM) embodiment. Because 
“I/Q is so pervasive, it is described herein as a separate 
embodiment. However, it should be remembered that since it 
is a specific subset of PM, the characteristics of PM also apply 
to “I/Q.” 

In this embodiment, two information signals are accepted. 
An in-phase signal (“I’) is modulated Such that its phase 
varies as a function of one of the information signals, and a 
quadrature-phase signal ("Q") is modulated Such that its 
phase varies as a function of the other information signal. The 
two modulated signals are combined to form an "I/Q modu 
lated signal and transmitted. 

3.2.4.1 Operational Description. 
The flow chart of FIG. 17 demonstrates the method of 

operation of the transmitter in the in-phase/quadrature-phase 
modulation (“I/Q') mode. In step 1702, a first information 
signal is generated by a first source. This information signal 
may be analog, digital, or any combination thereof. In step 
1710, an in-phase oscillating signal (referred to as the “I” 
signal) is generated and in step 1704, it is modulated by the 
first information signal. This results in the “I” modulated 
signal as indicated in block 1706 wherein the phase of the “I” 
modulated signal is varied as a function of the first informa 
tion signal. 

In step 1714, a second information signal is generated. 
Again, this signal may be analog, digital, or any combination 
thereof, and may be different than the first information signal. 
In step 1712, the phase of “I” oscillating signal generated in 
step 1710 is shifted, creating a quadrature-phase oscillating 
signal (referred to as the “Q' signal). In step 1716, the “Q' 
signal is modulated by the second information signal. This 
results in the “Q' modulated signal as indicated in block 1718 
wherein the phase of the “Q' modulated signal is varied as a 
function of the second information signal. 
An “I” signal with a continuous periodic waveform is gen 

erated at step 1708 using the “I” modulated signal, and a “Q' 
signal with a continuous periodic waveform is generated at 
step 1720 using the “Q' modulated signal. In step 1722, the 
“I” periodic waveform and the "Q' periodic waveform are 
combined forming what is referred to as the “I/Q periodic 
waveform as indicated in block 1724. As stated before, a 
continuous and periodic waveform, Such as a “I/Q rectangu 
lar wave as indicated in block 1724, has sinusoidal compo 
nents (harmonics) at frequencies that are integer multiples of 
the fundamental frequency of the underlying waveform (the 
Fourier component frequencies). In step 1726, the unwanted 
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frequencies are removed, and as indicated in block 1728, the 
remaining frequency is at the desired EM output. 
The “I/Q EM signal is prepared for transmission in step 

1730, and in step 1732, the “I/Q EM signal is transmitted. 
3.2.4.2 Structural Description. 
FIG. 18 is a block diagram of a transmitter according to an 

embodiment of the invention. This embodiment of the trans 
mitter is shown as an “I/Q transmitter 1800. “I/Q transmit 
ter 1800 includes a local oscillator 1806, a phase shifter 1810, 
two phase modulators 1804 & 1816, two switch modules 
1822 & 1828, a summer 1832, a filter 1836, and a transmis 
sion module 1840. The “I/Q transmitter accepts two infor 
mation signals 1802 & 1814 and outputs a transmitted signal 
1420. The operation and structure of exemplary components 
are described below: an exemplary phase modulator is 
described below at sections 3.3.4-3.3.4.2; an exemplary local 
oscillator is described below at sections 3.3.2-3.3.2.2, an 
exemplary phase shifter is described below at sections 3.3.3- 
3.3.3.2; an exemplary switch module is described below at 
sections 3.3.6-3.3.6.2; an exemplary summer is described 
below at sections 3.3.8-3.3.8.2; an exemplary filter is 
described below at sections 3.3.9-3.3.9.2; and an exemplary 
transmission module is described below at sections 3.3.10 
3.3.10.2. 

Preferably, the local oscillator 1806, phase shifter 1810, 
phase modulators 1804 & 1816, switch modules 1822 & 
1828, Summer 1832, filter 1836, and transmission module 
1840 process the information signal in the manner shown in 
the operational flowchart 1700. In other words, “I/Q trans 
mitter 1800 is the structural embodiment for performing the 
operational steps of flowchart 1700. However, it should be 
understood that the scope and spirit of the present invention 
includes other structural embodiments for performing the 
steps offlowchart 1700. 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. 
The operation of the transmitter 1800 will now be 

described in detail with reference to the flowchart 1700. In 
step 1702, a first information signal 1802 from a source (not 
shown) is routed to the first phase modulator 1804. In step 
1710, an "I' oscillating signal 1808 from local oscillator 1806 
is generated and in step 1704, “I” oscillating signal 1808 is 
modulated by first information signal 1802 in the first phase 
modulator 1804, thereby producing an “I” modulated signal 
1820. In step 1708, the first switch module 1822 generates a 
harmonically rich “I” signal 1824 with a continuous and 
periodic waveform. 

In step 1714, a second information signal 1814 from a 
Source (not shown) is routed to the second phase modulator 
1816. In step 1712, the phase of oscillating signal 1808 is 
shifted by phase shifter 1810 to create “O'” oscillating signal 
1812. In step 1716, “Q' oscillating signal 1812 is modulated 
by second information signal 1814 in the second phase modu 
lator 1816, thereby producing “Q' modulated signal 1826. In 
step 1720, the second switch module 1828 generates a har 
monically rich "Q signal 1830 with a continuous and peri 
odic waveform. Harmonically rich “I” signal 1824 and har 
monically rich "Q signal 1830 are preferably rectangular 
waves, such as square waves or pulses (although, the inven 
tion is not limited to this embodiment), and are comprised of 
pluralities of sinusoidal waves whose frequencies are integer 
multiples of the fundamental frequency of the waveforms. 
These sinusoidal waves are referred to as the harmonics of the 
underlying waveforms, and a Fourier analysis will determine 
the amplitude of each harmonic. 

In step 1722, harmonically rich “I” signal 1824 and har 
monically rich “Q signal 1830 are combined by summer 
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1832 to create harmonically rich “I/Q signal 1834. In step 
1726, a filter 1836 filters out the undesired harmonic frequen 
cies, and outputs an “I/Q electromagnetic (EM) signal 1838 
at the desired harmonic frequency. In step 1730, “I/Q EM 
signal 1838 is routed to transmission module 1840 (optional), 
where it is prepared for transmission. In step 1732, the trans 
mission module 1840 outputs a transmitted signal 1842. 

it will be apparent to those skilled in the relevant art(s) that 
an alternate embodiment exists wherein the harmonically rich 
“I” signal 1824 and the harmonically rich "Q signal 1830 
may be filtered before they are summed, and further, another 
alternate embodiment exists wherein “I” modulated signal 
1820 and “Q' modulated signal 1826 may be summed to 
create an “I/Q' modulated signal before being routed to a 
switch module. 

3.2.5. Other Embodiments. 
Other embodiments of the up-converter of the present 

invention being used as a transmitter (or in other applications) 
may use Subsets and combinations of 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, quadrature amplitude modulation (QAM), and 
embedding two forms of modulation onto a signal for up 
conversion. 
An exemplary circuit diagram illustrating the combination 

of two modulations is found in FIG. 62. This example uses 
AM combined with PM. The waveforms shown in FIG. 63 
illustrate the phase modulation of a digital information signal 
'A' 6202 combined with the amplitude modulation of an 
analog information signal “B” 6204. An oscillating signal 
6216 (FIG. 63B) and information signal'A' 6202 (FIG. 63A) 
are received by phase modulator 1404, thereby creating a 
phase modulated signal 6208 (FIG. 63C). Note that for illus 
trative purposes, and not limiting, the information signal is 
shown as a digital signal, and the phase modulation is shown 
as shifting the phase of the oscillating signal by 180°. Those 
skilled in the relevant art(s) will appreciate that the informa 
tion signal could be analog (although typically it is digital), 
and that phase modulations other than 180° may also be used. 
FIG. 62 shows a pulse shaper 6216 receiving phase modu 
lated signal 6208 and outputting a pulse-shaped PM signal 
6210. The pulse shaper is optional, depending on the selection 
and design of the phase modulator 1404. Information signal 
“B” 6304 and bias signal 1604 (if required) are combined by 
Summing module 1606 (optional) to create reference signal 
6206 (FIG. 63E). Pulse-shaped PM signal 6210 is routed to 
switch module 1410, 1614 where it gates the reference signal 
6206 thereby producing a harmonically rich signal 6212 
(FIG. 63F). It can be seen that the amplitude of harmonically 
rich signal 6212 varies as a function of reference signal 6206, 
and the period and pulse width of harmonically rich signal 
6212 are substantially the same as pulse-shaped PM signal 
6210. FIG. 63 only illustrates the fundamental and second 
harmonics of harmonically rich signal 6212. In fact, there 
may be an infinite number of harmonics, but for illustrative 
purposes (and not limiting) the first two harmonics are suffi 
cient to illustrate that both the phase modulation and the 
amplitude modulation that are present on the harmonically 
rich signal 6212 are also present on each of the harmonics. 
Filter 1414, 1618 will remove the unwanted harmonics, and a 
desired harmonic 6214 is routed to transmission module 
1418, 1622 (optional) where it is prepared for transmission. 
Transmission module 1418, 1622 then outputs a transmitted 
signal 1420, 1624. Those skilled in the relevant art(s) will 
appreciate that these examples are provided for illustrative 
purposes only and are not limiting. 
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The embodiments described above are provided for pur 

poses 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. 
3.3 Methods and Systems for Implementing the Embodi 
mentS. 

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

3.3.1 The Voltage Controlled Oscillator (FM Mode). 
As discussed above, the frequency modulation (FM) mode 

embodiment of the invention uses a Voltage controlled oscil 
lator (VCO). See, as an example, VCO 1204 in FIG. 12. The 
invention supports numerous embodiments of the VCO. 
Exemplary embodiments of the VCO 2304 (FIG. 23) are 
described below. However, it should be understood that these 
examples are provided for illustrative purposes only. The 
invention is not limited to these embodiments. 

3.3.1.1 Operational Description. 
The information signal 2302 is accepted and an oscillating 

signal 2306 whose frequency varies as a function of the infor 
mation signal 2302 is created. Oscillating signal 2306 is also 
referred to as frequency modulated intermediate signal 2306. 
The information signal 2302 may be analog or digital or a 
combination thereof, and may be conditioned to ensure it is 
within the desired range. 

In the case where the information signal 2302 is digital, the 
oscillating signal 2306 may vary between discrete frequen 
cies. For example, in a binary system, a first frequency cor 
responds to a digital “high, and a second frequency corre 
sponds to a digital “low. Either frequency may correspond to 
the “high” or the “low” depending on the convention being 
used. This operation is referred to as frequency shift keying 
(FSK) which is a subset of FM. If the information signal 2302 
is analog, the frequency of the oscillating signal 2306 will 
vary as a function of that analog signal, and is not limited to 
the subset of FSK described above. 
The oscillating signal 2306 is a frequency modulated sig 

nal which can be a sinusoidal wave, a rectangular wave, a 
triangular wave, a pulse, or any other continuous and periodic 
waveform. As stated above, one skilled in the relevant art(s) 
will recognize the physical limitations to and mathematical 
obstacles against achieving exact or perfect waveforms and it 
is not the intent of the present invention that a perfect wave 
form be generated or needed. Again, as stated above, for ease 
of discussion, the term “rectangular waveform' will be used 
to refer to waveforms that are substantially rectangular, the 
term "square wave' will refer to those waveforms that are 
substantially square, the term “triangular wave' will refer to 
those waveforms that are Substantially triangular, and the 
term “pulse' will refer to those waveforms that are substan 
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tially a pulse, and it is not the intent of the present invention 
that a perfect square wave, triangle wave, or pulse be gener 
ated or needed. 

3.3.1.2 Structural Description. 
The design and use of a voltage controlled oscillator 2304 

is well known to those skilled in the relevant art(s). The VCO 
2304 may be designed and fabricated from discrete compo 
nents, or it may be purchased “off the shelf.” VCO 2304 
accepts an information signal 2302 from a source. The infor 
mation signal 2302 is at baseband and generally is an electri 
cal signal within a prescribed Voltage range. If the informa 
tion is digital, the voltage will be at discrete levels. If the 
information is analog, the Voltage will be continuously vari 
able between an upper and a lower level. The VCO 2304 uses 
the voltage of the information signal 2302 to cause a modu 
lated oscillating signal 2306 to be output. The information 
signal 2302, because it is a baseband signal and is used to 
modulate the oscillating signal, may be referred to as the 
modulating baseband signal 2302. 
The frequency of the oscillating signal 2306 varies as a 

function of the Voltage of the modulating baseband signal 
2302. If the modulating baseband signal 2302 represents 
digital information, the frequency of the oscillating signal 
2306 will be at discrete levels. If, on the other hand, the 
modulating baseband signal 2302 represents analog informa 
tion, the frequency of the oscillating signal 2306 will be 
continuously variable between its higher and lower frequency 
limits. The oscillating signal 2306 can be a sinusoidal wave, 
a rectangular wave, a triangular wave, a pulse, or any other 
continuous and periodic waveform. 
The frequency modulated oscillating signal 2306 may then 

be used to drive a switch module 2802. 
3.3.2 The Local Oscillator (PM, AM, and “I/Q Modes). 
As discussed above, the phase modulation (PM) and ampli 

tude modulation (AM) mode embodiments of the invention 
use a local oscillator. So too does the in-phase/quadrature 
phase modulation (“I/Q') mode embodiment. See, as an 
example, local oscillator 1406 in FIG. 14, local oscillator 
1610 in FIG. 16, and local oscillator 1806 in FIG. 18. The 
invention Supports numerous embodiments of the local oscil 
lator. Exemplary embodiments of the local oscillator 2402 
(FIG. 24) are described below. 

However, it should be understood that these examples are 
provided for illustrative purposes only. The invention is not 
limited to these embodiments. 

3.3.2.1 Operational Description. 
An oscillating signal 2404 is generated. The frequency of 

the signal 2404 may be selectable, but generally is not con 
sidered to be “variable.” That is, the frequency may be 
selected to be a specific value for a specific implementation, 
but generally it does not vary as a function of the information 
signal 2302 (i.e., the modulating baseband signal). 
The oscillating signal 2404 generally is a sinusoidal wave, 

but it may also be a rectangular wave, a triangular wave, a 
pulse, or any other continuous and periodic waveform. As 
stated above, one skilled in the relevant art(s) will recognize 
the physical limitations to and mathematical obstacles against 
achieving exactor perfect waveforms and it is not the intent of 
the present invention that a perfect waveform be generated or 
needed. Again, as stated above, for ease of discussion, the 
term “rectangular waveform' will be used to refer to wave 
forms that are Substantially rectangular, the term "square 
wave' will refer to those waveforms that are substantially 
square, the term “triangular wave' will refer to those wave 
forms that are substantially triangular, and the term “pulse' 
will refer to those waveforms that are substantially a pulse, 
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and it is not the intent of the present invention that a perfect 
square wave, triangle wave, or pulse be generated or needed. 

3.3.2.2 Structural Description. 
The design and use of a local oscillator 2402 is well known 

to those skilled in the relevant art(s). A local oscillator 2402 
may be designed and fabricated from discrete components or 
it may be purchased “off the shelf.” A local oscillator 2402 is 
generally set to output a specific frequency. The output can be 
“fixed' or it can be “selectable.” based on the design of the 
circuit. If it is fixed, the output is considered to be substan 
tially a fixed frequency that cannot be changed. If the output 
frequency is selectable, the design of the circuit will allow a 
control signal to be applied to the local oscillator 2402 to 
change the frequency for different applications. However, the 
output frequency of a local oscillator 2402 is not considered 
to be “variable' as a function of an information signal 2302 
such as the modulating baseband signal 2302. (If it were 
desired for the output frequency of an oscillator to be variable 
as a function of an information signal, a VCO would prefer 
ably be used.) The oscillating signal 2404 generally is a 
sinusoidal wave, but it may also be a rectangular wave, a 
triangular wave, a pulse, or any other continuous and periodic 
waveform. 
The output of a local oscillator 2402 may be an input to 

other circuit components such as a phase modulator 2606, a 
phase shifting circuit 2504, Switch module 3102, etc. 

3.3.3 The Phase Shifter (“I/Q Mode). 
As discussed above, the in-phase/quadrature-phase modu 

lation (“I/Q') mode embodiment of the invention uses a phase 
shifter. See, as an example, phase shifter 1810 in FIG. 18. The 
invention Supports numerous embodiments of the phase 
shifter. Exemplary embodiments of the phase shifter 2504 
(FIG. 25) are described below. The invention is not limited to 
these embodiments. The description contained herein is for a 
“90° phase shifter.” The 90° phase shifter is used for ease of 
explanation, and one skilled in the relevant art(s) will under 
stand that other phase shifts can be used without departing 
from the intent of the present invention. 

3.3.3.1 Operational Description. 
An “in-phase' oscillating signal 2502 is received and a 

“quadrature-phase' oscillating signal 2506 is output. If the 
in-phase (“I”) signal 2502 is referred to as being a sine wave, 
then the quadrature-phase (“O”) signal 2506 can be referred 
to as being a cosine wave (i.e., the “Q' signal 2506 is 90° out 
of phase with the “I” signal 2502). However, they may also be 
rectangular waves, triangular waves, pulses, or any other 
continuous and periodic waveforms. As stated above, one 
skilled in the relevant art(s) will recognize the physical limi 
tations to and mathematical obstacles against achieving exact 
or perfect waveforms and it is not the intent of the present 
invention that a perfect waveform be generated or needed. 
Again, as stated above, for ease of discussion, the term “rect 
angular waveform' will be used to refer to waveforms that are 
substantially rectangular, the term "square wave' will refer to 
those waveforms that are substantially square, the term “tri 
angular wave' will refer to those waveforms that are substan 
tially triangular, and the term “pulse' will refer to those 
waveforms that are Substantially a pulse, and it is not the 
intent of the present invention that a perfect square wave, 
triangle wave, or pulse be generated or needed. Regardless of 
the shapes of the waveforms, the "Q signal 2506 is out of 
phase with the “I” signal 2506 by one-quarter period of the 
waveform. The frequency of the “I” and “Q signals 2502 and 
2506 are substantially equal. 
The discussion contained herein will be confined to the 

more prevalent embodiment wherein there are two interme 
diate signals separated by 90°. This is not limiting on the 
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invention. It will be apparent to those skilled in the relevant 
art(s) that the techniques tough herein and applied to the “I/Q 
embodiment of the present invention also apply to more 
exotic embodiments wherein the intermediate signals are 
shifted by some amount other than 90°, and also wherein 
there may be more than two intermediate frequencies. 

3.3.3.2 Structural Description. 
The design and use of a phase shifter 2504 is well known to 

those skilled in the relevant art(s). A phase shifter 2504 may 
be designed and fabricated from discrete components or it 
may be purchased “off the shelf. A phase shifter accepts an 
“in-phase” (“I’) oscillating signal 2502 from any of a number 
of sources, such as a VCO 2304 or a local oscillator 2402, and 
outputs a “quadrature-phase” (“O'”) oscillating signal 2506 
that is Substantially the same frequency and Substantially the 
same shape as the incoming “I” signal 2502, but with the 
phase shifted by 90°. Both the “I” and “Q signals 2502 and 
2506 are generally sinusoidal waves, but they may also be 
rectangular waves, triangular waves, pulses, or any other 
continuous and periodic waveforms. Regardless of the shapes 
of the waveforms, the “Q' signal2506 is out of phase with the 
“I” signal 2502 by one-quarter period of the waveform. Both 
the “I” and “Q signals 2502 and 2506 may be modulated. 

The output of a phase shifter 2504 may be used as an input 
to a phase modulator 2606. 

3.3.4. The Phase Modulator (PM and “I/Q Modes). 
As discussed above, the phase modulation (PM) mode 

embodiment including the in-phase/quadrature-phase modu 
lation (“I/Q') mode embodiment of the invention uses a phase 
modulator. See, as an example, phase modulator 1404 of FIG. 
14 and phase modulators 1804 and 1816 of FIG. 18. The 
invention supports numerous embodiments of the phase 
modulator. Exemplary embodiments of the phase modulator 
2606 (FIG. 26) are described below. However, it should be 
understood that these examples are provided for illustrative 
purposes only. The invention is not limited to these embodi 
mentS. 

3.3.4.1 Operational Description. 
An information signal 2602 and an oscillating signal 2604 

are accepted, and a phase modulated oscillating signal 2608 
whose phase varies as a function of the information signal 
2602 is output. The information signal 2602 may be analog or 
digital and may be conditioned to ensure it is within the 
desired range. The oscillating signal 2604 can be a sinusoidal 
wave, a rectangular wave, a triangular wave, a pulse, or any 
other continuous and periodic waveform. As stated above, 
one skilled in the relevant art(s) will recognize the physical 
limitations to and mathematical obstacles against achieving 
exact or perfect waveforms and it is not the intent of the 
present invention that a perfect waveform be generated or 
needed. Again, as stated above, for ease of discussion, the 
term “rectangular waveform' will be used to refer to wave 
forms that are Substantially rectangular, the term "square 
wave' will refer to those waveforms that are substantially 
square, the term “triangular wave' will refer to those wave 
forms that are substantially triangular, and the term “pulse' 
will refer to those waveforms that are substantially a pulse, 
and it is not the intent of the present invention that a perfect 
square wave, triangle wave, or pulse be generated or needed. 
The modulated oscillating signal 2608 is also referred to as 
the modulated intermediate signal 2608. 

In the case where the information signal 2602 is digital, the 
modulated intermediate signal 2608 will shift phase between 
discrete values, the first phase (e.g., for a signal represented 
by sin(cot+0)) corresponding to a digital “high, and the 
second phase (e.g., for a signal represented by sin(cot+0+6). 
where 8 represents the amount the phase has been shifted) 
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corresponding to a digital “low” Either phase may corre 
spond to the “high” or the “low” depending on the convention 
being used. This operation is referred to as phase shift keying 
(PSK) which is a subset of PM. 

If the information signal 2602 is analog, the phase of the 
modulated intermediate signal 2608 will vary as a function of 
the information signal 2602 and is not limited to the subset of 
PSK described above. 
The modulated intermediate signal 2608 is a phase modu 

lated signal which can be a sinusoidal wave, a rectangular 
wave, a triangular wave, a pulse, or any other continuous and 
periodic waveform, and which has substantially the same 
period as the oscillating signal 2604. 

3.3.4.2 Structural Description. 
The design and use of a phase modulator 2606 is well 

known to those skilled in the relevant art(s). A phase modu 
lator 2606 may be designed and fabricated from discrete 
components, or it may be purchased “off the shelf.” A phase 
modulator 2606 accepts an information signal 2602 from a 
Source and an oscillating signal 2604 from a local oscillator 
2402 or a phase shifter 2504. The information signal 2602 is 
at baseband and is generally an electrical signal within a 
prescribed Voltage range. If the information is digital, the 
voltage will be at discrete levels. If the information is analog, 
the voltage will be continuously variable between an upper 
and a lower level as a function of the information signal 2602. 
The phase modulator 2606 uses the voltage of the information 
signal 2602 to modulate the oscillating signal 2604 and 
causes a modulated intermediate signal 2608 to be output. 
The information signal 2602, because it is a baseband signal 
and is used to modulate the oscillating signal, may be referred 
to as the modulating baseband signal 2604. 
The modulated intermediate signal 2608 is an oscillating 

signal whose phase varies as a function of the Voltage of the 
modulating baseband signal 2602. If the modulating base 
band signal 2602 represents digital information, the phase of 
the modulated intermediate signal 2608 will shift by a dis 
crete amount (e.g., the modulated intermediate signal 2608 
will shift by an amount 8 between sin(t+0) and sin (cot+0+ 
Ö)). If, on the other hand, the modulating baseband signal 
2602 represents analog information, the phase of the modu 
lated intermediate signal 2608 will continuously shift 
between its higher and lower phase limits as a function of the 
information signal 2602. In one exemplary embodiment, the 
upper and lower limits of the modulated intermediate signal 
2608 can be represented as sin(ot--0) and sin(cot+0+7t). In 
other embodiments, the range of the phase shift may be less 
than L. The modulated intermediate signal 2608 can be a 
sinusoidal wave, a rectangular wave, a triangular wave, a 
pulse, or any other continuous and periodic waveform. 
The phase modulated intermediate signal 2608 may then 

be used to drive a switch module 2802. 
3.3.5 The Summing Module (AM Mode). 
As discussed above, the amplitude modulation (AM) mode 

embodiment of the invention uses a Summing module. See, as 
an example, summing module 1606 in FIG.16. The invention 
Supports numerous embodiments of the Summing module. 
Exemplary embodiments of the summing module 2706 (FIG. 
27) are described below. However, it should be understood 
that these examples are provided for illustrative purposes 
only. The invention is not limited to these embodiments. It 
may also be used in the “I/Q mode embodiment when the 
modulation is AM. The summing module 2706 need not be 
used in all AM embodiments. 

3.3.5.1 Operational Description. 
An information signal 2702 and a bias signal 2702 are 

accepted, and a reference signal is output. The information 
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signal 2702 may be analog or digital and may be conditioned 
to ensure it is within the proper range so as not to damage any 
of the circuit components. The bias signal 2704 is usually a 
direct current (DC) signal. 

In the case where the information signal 2702 is digital, the 5 
reference signal 2706 shifts between discrete values, the first 
value corresponding to a digital “high, and the second value 
corresponding to a digital “low” Either value may correspond 
to the “high” or the “low” depending on the convention being 
used. This operation is referred to as amplitude shift keying 10 
(ASK) which is a subset of AM. 

If the information signal 2702 is analog, the value of the 
reference signal 2708 will vary linearly between upper and 
lower extremes which correspond to the upper and lower 
limits of the information signal 2702. Again, either extreme of 15 
the reference signal 2708 range may correspond to the upper 
or lower limit of the information signal 2702 depending on 
the convention being used. 

The reference signal 2708 is a digital or analog signal and 
is substantially proportional to the information signal 2702. 20 

3.3.5.2 Structural Description. 
The design and use of a summing module 2706 is well 

known to those skilled in the relevant art(s). A Summing 
module 2706 may be designed and fabricated from discrete 
components, or it may be purchased “off the shelf.” A sum- 25 
ming module 2706 accepts an information signal 2702 from a 
source. The information signal 2702 is at baseband and gen 
erally is an electrical signal within a prescribed Voltage range. 
If the information is digital, the information signal 2702 is at 
either of two discrete levels. If the information is analog, the 30 
information signal 2702 is continuously variable between an 
upper and a lower level. The summing module 2706 uses the 
voltage of the information signal 2702 and combines it with a 
bias signal 2704. The output of the summing module 2706 is 
called the reference signal 2708. The purpose of the summing 35 
module 2706 is to cause the reference signal 2708 to be within 
a desired signal range. One skilled in the relevant art(s) will 
recognize that the information signal 2702 may be used 
directly, without being summed with a bias signal 2704, if it 
is already within the desired range. The information signal 40 
2702 is a baseband signal, but typically, in an AM embodi 
ment, it is not used to directly modulate an oscillating signal. 
The amplitude of the reference signal 2708 is at discrete 
levels if the information signal 2702 represents digital infor 
mation. On the other hand, the amplitude of the reference 45 
signal 2708 is continuously variable between its higher and 
lower limits if the information signal 2702 represents analog 
information. The amplitude of the reference signal 2708 is 
substantially proportional to the information signal 2702, 
however, a positive reference signal 2708 need not represent 50 
a positive information signal 2702. 
The reference signal 2708 is routed to the first input 3108 of 

a switch module 3102. In one exemplary embodiment, a 
resistor 2824 is connected between the output of the summing 
module 2706 (or the source of the information signal 2702 in 55 
the embodiment wherein the summing amplifier2706 is not 
used) and the switch 3116 of the switch module 3102. 

3.3.6 The Switch Module (FM, PM, and “I/Q Modes). 
As discussed above, the frequency modulation (FM), phase 

modulation (PM), and the in-phase/quadrature-phase modu- 60 
lation (“I/Q') mode embodiments of the invention use a 
switching assembly referred to as switch module 2802 (FIGS. 
28A-28C). As an example, switch module 2802 is a compo 
nent in Switch module 1214 in FIG. 12, Switch module 1410 
in FIG. 14, and switch modules 1822 and 1828 in FIG. 18. The 65 
invention Supports numerous embodiments of the Switch 
module. Exemplary embodiments of the switch module 2802 
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are described below. However, it should be understood that 
these examples are provided for illustrative purposes only. 
The invention is not limited to these embodiments. The 
switch module 2802 and its operation in the FM, PM, and 
“I/Q mode embodiments is substantially the same as its 
operation in the AM mode embodiment, described in sections 
3.37-3.3.7.2 below. 

3.3.6.1 Operational Description. 
A bias signal 2806 is gated as a result of the application of 

a modulated oscillating signal 2804, and a signal with a 
harmonically rich waveform 2814 is created. The bias signal 
2806 is generally a fixed voltage. The modulated oscillating 
signal 2804 can be frequency modulated, phase modulated, or 
any other modulation scheme or combination thereof. In cer 
tain embodiments, such as in certain amplitude shift keying 
modes, the modulated oscillating signal 2804 may also be 
amplitude modulated. The modulated oscillating signal 2804 
can be a sinusoidal wave, a rectangular wave, a triangular 
wave, a pulse, or any other continuous and periodic wave 
form. In a preferred embodiment, modulated oscillating sig 
nal 2804 would be a rectangular wave. As stated above, one 
skilled in the relevant art(s) will recognize the physical limi 
tations to and mathematical obstacles against achieving exact 
or perfect waveforms and it is not the intent of the present 
invention that a perfect waveform be generated or needed. 
Again, as stated above, for ease of discussion, the term “rect 
angular waveform' will be used to refer to waveforms that are 
substantially rectangular, the term "square wave' will refer to 
those waveforms that are substantially square, the term “tri 
angular wave' will refer to those waveforms that are substan 
tially triangular, and the term “pulse' will refer to those 
waveforms that are substantially a pulse, and it is not the 
intent of the present invention that a perfect square wave, 
triangle wave, or pulse be generated or needed. 
The signal with harmonically rich waveform 2814, here 

after referred to as the harmonically rich signal 2814, is a 
continuous and periodic waveform that is modulated Substan 
tially the same as the modulated oscillating signal 2804. That 
is, if the modulated oscillating signal 2804 is frequency 
modulated, the harmonically rich signal 2814 will also be 
frequency modulated, and if the modulated oscillating signal 
2804 is phase modulated, the harmonically rich signal 2814 
will also be phase modulated. (In one embodiment, the har 
monically rich signal 2814 is a Substantially rectangular 
waveform.) As stated before, a continuous and periodic wave 
form, Such as a rectangular wave, has sinusoidal components 
(harmonics) at frequencies that are integer multiples of the 
fundamental frequency of the underlying waveform (the Fou 
rier component frequencies). Thus, the harmonically rich 
signal 2814 is composed of sinusoidal signals at frequencies 
that are integer multiples of the fundamental frequency of 
itself. 

3.3.6.2 Structural Description. 
The switch module 2802 of an embodiment of the present 

invention is comprised of a first input 2808, a second input 
2810, a control input 2820, an output 2822, and a switch 2816. 
A bias signal 2806 is applied to the first input 2808 of the 
switch module 2802. Generally, the bias signal 2806 is a fixed 
Voltage, and in one embodiment of the invention, a resistor 
2824 is located between the bias signal 2806 and the switch 
2816. The second input 2810 of the switch module 2802 is 
generally at electrical ground 2812. However, one skilled in 
the relevant art(s) will recognize that alternative embodi 
ments exist wherein the second input 2810 may not be at 
electrical ground 2812, but rather a second signal 2818, pro 
vided that the second signal 2818 is different than the bias 
signal 2806. 
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A modulated oscillating signal 2804 is connected to the 
control input 2820 of the switch module 2802. The modulated 
oscillating signal 2804 may be frequency modulated orphase 
modulated. (In some circumstances and embodiments, it may 
be amplitude modulated, such as in on/off keying, but this is 
not the general case, and will not be described herein.) The 
modulated oscillating signal 2804 can be a sinusoidal wave, a 
rectangular wave, a triangular wave, a pulse, or any other 
continuous and periodic waveform. In a preferred embodi 
ment, it would be a rectangular wave. The modulated oscil 
lating signal 2804 causes the switch 2816 to close and open. 
The harmonically rich signal 2814 described in section 

3.3.6.1 above, is found at the output 2822 of the switch 
module 2802. The harmonically rich signal 2814 is a continu 
ous and periodic waveform that is modulated substantially the 
same as the modulated oscillating signal 2804. That is, if the 
modulated oscillating signal 2804 is frequency modulated, 
the harmonically rich signal 2814 will also be frequency 
modulated, and if the modulated oscillating signal 2804 is 
phase modulated, the harmonically rich signal 2814 will also 
be phase modulated. In one embodiment, the harmonically 
rich signal 2814 has a Substantially rectangular waveform. As 
stated before, a continuous and periodic waveform, Such as a 
rectangular wave, has sinusoidal components (harmonics) at 
frequencies that are integer multiples of the fundamental 
frequency of the underlying waveform (the Fourier compo 
nent frequencies). Thus, the harmonically rich signal 2814 is 
composed of sinusoidal signals at frequencies that are integer 
multiples of the fundamental frequency of itself. Each of 
these sinusoidal signals is also modulated Substantially the 
same as the continuous and periodic waveform (i.e., the 
modulated oscillating signal 2804) from which it is derived. 
The switch module 2802 operates as follows. When the 

switch 2816 is “open the output 2822 of switch module 
2802 is at substantially the same voltage level as bias signal 
2806. Thus, since the harmonically rich signal 2814 is con 
nected directly to the output 2822 of switch module 2802, the 
amplitude of harmonically rich signal 2814 is equal to the 
amplitude of the bias signal 2806. When the modulated oscil 
lating signal 2804 causes the switch 2816 to become “closed.” 
the output 2822 of switch module 2802 becomes connected 
electrically to the second input 2810 of switch module 2802 
(e.g., ground 2812 in one embodiment of the invention), and 
the amplitude of the harmonically rich signal 2814 becomes 
equal to the potential present at the second input 2810 (e.g., 
Zero volts for the embodiment wherein the second input 2810 
is connected to electrical ground 2812). When the modulated 
oscillating signal 2804 causes the switch 2816 to again 
become “open the amplitude of the harmonically rich signal 
2814 again becomes equal to the bias signal 2806. Thus, the 
amplitude of the harmonically rich signal 2814 is at either of 
two signal levels, i.e., bias signal 2806 or ground 2812, and 
has a frequency that is Substantially equal to the frequency of 
the modulated oscillating signal 2804 that causes the switch 
2816 to open and close. The harmonically rich signal 2814 is 
modulated Substantially the same as the modulated oscillat 
ing signal 2804. One skilled in the relevant art(s) will recog 
nize that any one of a number of switch designs will fulfill the 
Scope and spirit of the present invention as described herein. 

In an embodiment of the invention, the Switch 2816 is a 
semiconductor device, such as a diode ring. In another 
embodiment, the Switch is a transistor, such as a field effect 
transistor (FET). In an embodiment wherein the FET is gal 
lium arsenide (GaAs), switch module 2802 can be designed 
as seen in FIGS. 29A-29C, where the modulated oscillating 
signal 2804 is connected to the gate 2902 of the GaAsFET 
2901, the bias signal 2806 is connected through a bias resistor 
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2824 to the source 2904 of the GaAsFET 2901, and electrical 
ground 2812 is connected to the drain 2906 of GaAsFET 
2901. (In an alternate embodiment shown in FIG. 29C, a 
second signal 2818 may be connected to the drain 2906 of 
GaAsPET 2901.) Since the drain and the source of GaAs 
FETs are interchangeable, the bias signal 28.06 can be applied 
to either the source 2904 or to the drain 2906. If there is 
concern that there might be some source-drain asymmetry in 
the GaAsFET, the switch module can be designed as shown in 
FIGS. 30A-30C, wherein two GaAsFETs 3002 and 3004 are 
connected together, with the source 3010 of the first 3002 
connected to the drain 3012 of the second 3004, and the drain 
3006 of the first 3002 being connected to the source 3008 of 
the second 3004. This design arrangement will balance sub 
stantially all asymmetries. Other Switch designs and imple 
mentations will be apparent to persons skilled in the relevant 
art(s). 
The output 2822 of the switch module 2802, i.e., the har 

monically rich signal 2814, can be routed to a filter 3504 in the 
FM and PM modes or to a Summer 3402 in the “I/Q mode. 

3.3.7 The Switch Module (AM Mode). 
As discussed above, the amplitude modulation (AM) mode 

embodiment of the invention uses a Switching assembly 
referred to as switch module 3102 (FIGS. 31A-31C). As an 
example, switch module 3102 is a component in switch mod 
ule 1614 of FIG. 16. The invention supports numerous 
embodiments of the switch module. Exemplary embodiments 
of the switch module 3102 are described below. However, it 
should be understood that these examples are provided for 
illustrative purposes only. The invention is not limited to these 
embodiments. The switch module 3102 and its operation in 
the AM mode embodiment is substantially the same as its 
operation in the FM, PM, and “I/Q mode embodiments 
described in sections 3.3.6-3.3.6.2 above. 

3.3.7.1 Operational Description. 
A reference signal 3106 is gated as a result of the applica 

tion of an oscillating signal 3104, and a signal with a har 
monically rich waveform 3114 is created. The reference sig 
nal 3106 is a function of the information signal 2702 and may, 
for example, be either the summation of the information 
signal 2702 with a bias signal 2704 or it may be the informa 
tion signal 2702 by itself. In the AM mode, the oscillating 
signal 3104 is generally not modulated, but can be. 
The oscillating signal 3104 can be a sinusoidal wave, a 

rectangular wave, a triangular wave, a pulse, or any other 
continuous and periodic waveform. In a preferred embodi 
ment, it would be a rectangular wave. As stated above, one 
skilled in the relevant art(s) will recognize the physical limi 
tations to and mathematical obstacles against achieving exact 
or perfect waveforms and it is not the intent of the present 
invention that a perfect waveform be generated or needed. 
Again, as stated above, for ease of discussion, the term “rect 
angular waveform' will be used to refer to waveforms that are 
substantially rectangular, the term "square wave' will refer to 
those waveforms that are substantially square, the term “tri 
angular wave' will refer to those waveforms that are substan 
tially triangular, and the term “pulse' will refer to those 
waveforms that are Substantially a pulse, and it is not the 
intent of the present invention that a perfect square wave, 
triangle wave, or pulse be generated or needed. 
The signal with a harmonically rich waveform 3114, here 

after referred to as the harmonically rich signal 3114, is a 
continuous and periodic waveform whose amplitude is a 
function of the reference signal. That is, it is an AM signal. In 
one embodiment, the harmonically rich signal 3114 has a 
Substantially rectangular waveform. As stated before, a con 
tinuous and periodic waveform, Such as a rectangular wave, 
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will have sinusoidal components (harmonics) at frequencies 
that are integer multiples of the fundamental frequency of the 
underlying waveform (the Fourier component frequencies). 
Thus, harmonically rich signal 3114 is composed of sinusoi 
dal signals at frequencies that are integer multiples of the 
fundamental frequency of itself. 

Those skilled in the relevant art(s) will recognize that alter 
native embodiments exist wherein combinations of modula 
tions (e.g., PM and ASK, FM and AM, etc.) may be employed 
simultaneously. In these alternate embodiments, the oscillat 
ing signal 3104 may be modulated. These alternate embodi 
ments will be apparent to persons skilled in the relevantart(s), 
and thus will not be described herein. 

3.3.7.2 Structural Description. 
The switch module 3102 of the present invention is com 

prised of a first input 3108, a second input 3110, a control 
input 3120, an output 3122, and a switch 3116. A reference 
signal 3106 is applied to the first input 3108 of the switch 
module 3102. Generally, the reference signal 3106 is a func 
tion of the information signal 2702, and may either be the 
summation of the information signal 2702 with a bias signal 
or it may be the information signal 2702 by itself. In one 
embodiment of the invention, a resistor 3124 is located 
between the reference signal 3106 and the switch 3116. The 
second input 3110 of the switch module 3102 is generally at 
electrical ground 3112, however, one skilled in the relevant 
art(s) will recognize that alternative embodiments exist 
wherein the second input 3110 may not beat electrical ground 
3112, but rather connected to a second signal 3118. In an 
alternate embodiment, the inverted value of the reference 
signal 3106 is connected to the second input 3110 of the 
Switch module 3102. 
An oscillating signal 3104 is connected to the control input 

3120 of the switch module 3102. Generally, in the AM mode, 
the oscillating signal 3104 is not modulated, but a person 
skilled in the relevant art(s) will recognize that there are 
embodiments wherein the oscillating signal 3104 may be 
frequency modulated or phase modulated, but these will not 
be described herein. The oscillating signal 3104 can be a 
sinusoidal wave, a rectangular wave, a triangular wave, a 
pulse, or any other continuous and periodic waveform. In a 
preferred embodiment, it would be a rectangular wave. The 
oscillating signal 3104 causes the switch 3116 to close and 
open. 
The harmonically rich signal 3114 described in section 

3.3.7.1 above is found at the output 3122 of the switch module 
3102. The harmonically rich signal 3114 is a continuous and 
periodic waveform whose amplitude is a function of the 
amplitude of the reference signal. In one embodiment, the 
harmonically rich signal 3114 has a Substantially rectangular 
waveform. As stated before, a continuous and periodic wave 
form, such as a rectangular wave, has sinusoidal components 
(harmonics) at frequencies that are integer multiples of the 
fundamental frequency of the underlying waveform (the Fou 
rier component frequencies). Thus, harmonically rich signal 
3114 is composed of sinusoidal signals at frequencies that are 
integer multiples of the fundamental frequency of itself. As 
previously described, the relative amplitude of the harmonics 
of a continuous periodic waveform is generally a function of 
the ratio of the pulse width of the rectangular wave and the 
period of the fundamental frequency, and can be determined 
by doing a Fourier analysis of the periodic waveform. When 
the amplitude of the periodic waveform varies, as in the AM 
mode of the invention, the change in amplitude of the periodic 
waveform has a proportional effect on the absolute amplitude 
of the harmonics. In other words, the AM is embedded on top 
of each of the harmonics. 
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The description of the switch module 3102 is substantially 

as follows: When the switch 3116 is “open, the amplitude of 
the harmonically rich signal 3114 is substantially equal to the 
reference signal 3106. When the oscillating signal 3104 
causes the switch 3116 to become “closed, the output 3122 
of the switch module 3102 becomes connected electrically to 
the second input 3110 of the switch module 3102 (e.g., 
ground 3112 in one embodiment), and the amplitude of the 
harmonically rich signal 3114 becomes equal to the value of 
the second input 3110 (e.g., Zero volts for the embodiment 
wherein the second input 3110 is connected to electrical 
ground 3112). When the oscillating signal 3104 causes the 
switch 3116 to again become “open the amplitude of the 
harmonically rich signal 3114 again becomes Substantially 
equal to the reference signal 3106. Thus, the amplitude of the 
harmonically rich signal 3114 is at either of two signal levels, 
i.e., reference signal 3106 or ground 3112, and has a fre 
quency that is Substantially equal to the frequency of the 
oscillating signal 3104 that causes the switch 3116 to open 
and close. In an alternate embodiment wherein the second 
input 3110 is connected to the second signal 3118, the har 
monically rich signal 3114 varies between the reference sig 
nal 3106 and the second signal 3118. One skilled in the 
relevant art(s) will recognize that any one of a number of 
switch module designs will fulfill the scope and spirit of the 
present invention. 

In an embodiment of the invention, the switch 3116 is a 
semiconductor device, such as a diode ring. In another 
embodiment, the Switch is a transistor, such as, but not limited 
to, a field effect transistor (FET). In an embodiment wherein 
the FET is gallium arsenide (GaAs), the module can be 
designed as seen in FIGS. 32A-32C, where the oscillating 
signal 3104 is connected to the gate 3202 of the GaAsFET 
3201, the reference signal 3106 is connected to the source 
3204, and electrical ground 3112 is connected to the drain 
3206 (in the embodiment where ground 3112 is selected as 
the value of the second input 3110 of the switch module 
3102). Since the drain and the source of GaAsPETs are inter 
changeable, the reference signal 3106 can be applied to either 
the source 3204 or to the drain 3206. If there is concern that 
there might be some source-drain asymmetry in the GaAS 
FET 3201, the switch 3116 can be designed as shown in 
FIGS. 33A-33C, wherein two GaAsFETs 3302 and 3304 are 
connected together, with the source 3310 of the first 3302 
connected to the drain 3312 of the second 3304, and the drain 
3306 of the first 3302 being connected to the source 3308 of 
the second 3304. This design arrangement will substantially 
balance all asymmetries. Other Switch designs and imple 
mentations will be apparent to persons skilled in the relevant 
art(s). 
The output 3122 of the switch module 3102, i.e., the har 

monically rich signal 3114, can be routed to a filter 3504 in the 
AM mode. 

3.3.8 The Summer (“I/Q Mode). 
As discussed above, the in-phase/quadrature-phase modu 

lation (“I/Q') mode embodiment of the invention uses a sum 
mer. See, as an example, summer 1832 in FIG. 18. The inven 
tion Supports numerous embodiments of the Summer. 
Exemplary embodiments of the summer 3402 (FIG. 34) are 
described below. However, it should be understood that these 
examples are provided for illustrative purposes only. The 
invention is not limited to these embodiments. 

3.3.8.1 Operational Description. 
An “I” modulated signal 3404 and a “Q' modulated signal 

3406 are combined and an “I/Q modulated signal 3408 is 
generated. Generally, both “I” and “Q' modulated signals 
3404 and 3406 are harmonically rich waveforms, which are 
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referred to as the harmonically rich “I” signal 3404 and the 
harmonically rich “Q' signal 3406. Similarly, “I/Q' modu 
lated signal 3408 is harmonically rich and is referred to as the 
harmonically rich “I/Q signal. In one embodiment, these 
harmonically rich signals have substantially rectangular 
waveforms. As stated above, one skilled in the relevant art(s) 
will recognize the physical limitations to and mathematical 
obstacles against achieving exact or perfect waveforms and it 
is not the intent of the present invention that a perfect wave 
form be generated or needed. 

In a typical embodiment, the harmonically rich “I” signal 
3404 and the harmonically rich “Q' signal 3406 are phase 
modulated, as is the harmonically rich “I/Q signal 3408. A 
person skilled in the relevant art(s) will recognize that other 
modulation techniques, such as amplitude modulating the 
“I/Q signal, may also be used in the “I/Q mode without 
deviating from the scope and spirit of the invention. 
As stated before, a continuous and periodic waveform, 

such as harmonically rich “I/Q signal 3408, has sinusoidal 
components (harmonics) at frequencies that are integer mul 
tiples of the fundamental frequency of the underlying wave 
form (the Fourier component frequencies). Thus, harmoni 
cally rich “I/Q signal 3408 is composed of sinusoidal signals 
at frequencies that are integer multiples of the fundamental 
frequency of itself. These sinusoidal signals are also modu 
lated Substantially the same as the continuous and periodic 
waveform from which they are derived. That is, in this 
embodiment, the sinusoidal signals are phase modulated, and 
include the information from both the “I” modulated signal 
and the “Q' modulated signal. 

3.3.8.2 Structural Description. 
The design and use of a summer 3402 is well known to 

those skilled in the relevant art(s). A summer 3402 may be 
designed and fabricated from discrete components, or it may 
be purchased “off the shelf.” A summer 3402 accepts a har 
nonically rich “I” signal 3404 and a harmonically rich “Q' 
signal 3406, and combines them to create a harmonically rich 
“I/Q signal 3408. In a preferred embodiment of the inven 
tion, the harmonically rich “I” signal 3404 and the harmoni 
cally rich “Q' signal 3406 are both phase modulated. When 
the harmonically rich “I” signal 3404 and the harmonically 
rich "Q signal 3406 are both phase modulated, the harmoni 
cally rich “I/Q signal 3408 is also phase modulated. 
As stated before, a continuous and periodic waveform, 

such as the harmonically rich “I/Q signal 3408, has sinusoi 
dal components (harmonics) at frequencies that are integer 
multiples of the fundamental frequency of the underlying 
waveform (the Fourier component frequencies). Thus, the 
harmonically rich “I/Q signal 3408 is composed of “I/Q 
sinusoidal signals at frequencies that are integer multiples of 
the fundamental frequency of itself. These “I/Q sinusoidal 
signals are also phase modulated Substantially the same as the 
continuous and periodic waveform from which they are 
derived (i.e., the harmonically rich “I/Q signal 3408). 
The output of the summer 3402 is then routed to a filter 

3504. 
3.3.9 The Filter (FM, PM, AM, and “I/Q Modes). 
As discussed above, all modulation mode embodiments of 

the invention use a filter. See, as an example, filter 1218 in 
FIG. 12, filter 1414 in FIG. 14, filter 1618 in FIG.16, and filter 
1836 in FIG. 18. The invention supports numerous embodi 
ments of the filter. Exemplary embodiments of the filter 3504 
(FIG. 35) are described below. However, it should be under 
stood that these examples are provided for illustrative pur 
poses only. The invention is not limited to these embodi 
mentS. 
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3.3.9.1 Operational Description. 
A modulated signal with a harmonically rich waveform 

3502 is accepted. It is referred to as the harmonically rich 
signal 3502. As stated above, a continuous and periodic wave 
form, such as the harmonically rich signal 3502, is comprised 
of sinusoidal components (harmonics) at frequencies that are 
integer multiples of the fundamental frequency of the under 
lying waveform from which they are derived. These are called 
the Fourier component frequencies. In one embodiment of the 
invention, the undesired harmonic frequencies are removed, 
and the desired frequency 3506 is output. In an alternate 
embodiment, a plurality of harmonic frequencies are output. 
The harmonic components of the harmonically rich signal 

3502 are modulated in the same manner as the harmonically 
rich signal 3502 itself. That is, if the harmonically rich signal 
3502 is frequency modulated, all of the harmonic components 
of that signal are also frequency modulated. The same is true 
for phase modulation, amplitude modulation, and “I/Q 
modulation. 

3.3.9.2 Structural Description. 
The design and use of a filter 3504 is well known to those 

skilled in the relevant art(s). A filter 3504 may be designed 
and fabricated from discrete components or it may be pur 
chased “off the shelf.” The filter 3504 accepts the harmoni 
cally rich signal 3502 from the switch module 2802 or 3102 in 
the FM, PM, and AM modes, and from the Summer 3402 in 
the “I/Q mode. The harmonically rich signal 3502 is a con 
tinuous and periodic waveform. As such, it is comprised of 
sinusoidal components (harmonics) that are at frequencies 
that are integer multiples of the fundamental frequency of the 
underlying harmonically rich signal 3502. The filter 3504 
removes those sinusoidal signals having undesired frequen 
cies. The signal 3506 that remains is at the desired frequency, 
and is called the desired output signal 3506. 
To achieve this result, according to an embodiment of the 

invention, a filter 3504 is required to filter out the unwanted 
harmonics of the harmonically rich signal 3502. 
The term “Q is used to represent the ratio of the center 

frequency of the desired output signal 3506 to the half power 
band width. Looking at FIG. 36 we see a desired frequency 
3602 of 900 MHz. The filter 3504 is used to ensure that only 
the energy at that frequency 3602 is transmitted. Thus, the 
bandwidth 3604 at half power (the so-called “3 dB down” 
point) should be as narrow as possible. The ratio offrequency 
3602 to bandwidth 3604 is defined as “Q.” As shown on FIG. 
36, if the “3 dB down” point is at plus or minus 15 MHz, the 
value of Q will be 900+(15+15) or 30. With the proper selec 
tion of elements for any particular frequency, QS on the order 
of 20 or 30 are achievable. 

For crisp broadcast frequencies, it is desired that Q be as 
high as possible and practical, based on the given application 
and environment. The purpose of the filter 3504 is to filter out 
the unwanted harmonics of the harmonically rich signal. The 
circuits are tuned to eliminate all other harmonics except for 
the desired frequency 3506 (e.g., the 900 MHZ harmonic 
3602). Turning now to FIGS.37A and 37B, we see examples 
of filter circuits. One skilled in the relevant art(s) will recog 
nize that a number of filter designs will accomplish the 
desired goal of passing the desired frequency while filtering 
the undesired frequencies. 

FIG. 37A illustrates a circuit having a capacitor in parallel 
with an inductor and shunted to ground. In FIG. 37B, a 
capacitor is in series with an inductor, and a parallel circuit 
similar to that in FIG.37A is connected between the capacitor 
and inductor and shunted to ground. 
The modulated signal at the desired frequency 3506 may 

then be routed to the transmission module 3804. 
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3.3.10 The Transmission Module (FM, PM, AM, and “I/Q 
Modes). 
As discussed above, the modulation mode embodiments of 

the invention preferably use a transmission module. See, as an 
example, transmission module 1222 in FIG. 12, transmission 
module 1418 in FIG. 14, transmission module 1622 in FIG. 
16, and transmission module 1840 in FIG. 18. The transmis 
sion module is optional, and other embodiments may not 
include a transmission module. The invention Supports 
numerous embodiments of the transmission module. Exem 
plary embodiments of the transmission module 3804 (FIG. 
38) are described below. However, it should be understood 
that these examples are provided for illustrative purposes 
only. The invention is not limited to these embodiments. 

3.3.10.1 Operational Description. 
A modulated signal at the desired frequency 3802 is 

accepted and is transmitted over the desired medium, Such as, 
but not limited to, over-the-air broadcast or point-to-point 
cable. 

3.3.10.2 Structural Description. 
The transmission module 3804 receives the signal at the 

desired EM frequency 3802. If it is intended to be broadcast 
over the air, the signal may be routed through an optional 
antenna interface and then to the antenna for broadcast. If it is 
intended for the signal to be transmitted over a cable from one 
point to another, the signal may be routed to an optional line 
driver and out through the cable. One skilled in the relevant 
art(s) will recognize that other transmission media may be 
used. 

3.3.11 Other Implementations. 
The implementations described above are provided for 

purposes of illustration. These implementations are not 
intended to limit the invention. Other implementation 
embodiments are possible and covered by the invention, such 
as but not limited to software, software/hardware, and firm 
ware implementations of the systems and components of the 
invention. Alternate implementations and embodiments, dif 
fering 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 implemen 
tations fall within the scope and spirit of the present invention. 
4. Harmonic Enhancement. 
4.1 High Level Description. 

This section (including its Subsections) provides a high 
level description of harmonic enhancement according to the 
present invention. In particular, pulse shaping is described at 
a high-level. Also, a structural implementation for achieving 
this process is described at a high-level. This structural imple 
mentation is described herein for illustrative purposes, and is 
not limiting. In particular, the process described in this sec 
tion can be achieved using any number of structural imple 
mentations, 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. 

It is noted that some embodiments of the invention include 
harmonic enhancement, whereas other embodiments do not. 

4.1.1 Operational Description. 
To better understand the generation and extraction of har 

monics, and the purpose behind shaping the waveforms to 
enhance the harmonics, the following discussion of Fourier 
analysis as it applies to the present invention is offered. 
A discovery made by Baron Jean B.J. Fourier (1768-1830) 

showed that continuous and periodic waveforms are com 
prised of a plurality of sinusoidal components, called har 
monics. More importantly, the frequency of these compo 
nents are integer multiples of the frequency of the original 
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waveform (called the fundamental frequency). The amplitude 
of each of these component waveforms depends on the shape 
of the original waveform. The derivations and proofs of Baron 
Fourier's analysis are well known to those skilled in the 
relevant art(s). 
The most basic waveform which is continuous and periodic 

is a sine wave. It has but one harmonic, which is at the 
fundamental frequency. This is also called the first harmonic. 
Since it only has one component, the amplitude of the har 
monic component is equal to the amplitude of the original 
waveform, i.e., the sine wave itself. The sine wave is not 
considered to be “harmonically rich.” 
An impulse train is the other extreme case of a periodic 

waveform. Mathematically, it is considered to have Zero 
width. The mathematical analysis in this case shows that there 
are harmonics at all multiples of the frequency of the impulse. 
That is, if the impulse has a frequency of F, then the harmon 
ics are sinusoidal waves at 1-F, 2F, 3 F., 4-F, etc. As the 
analysis also shows in this particular case, the amplitude of all 
of the harmonics are equal. This is indeed, a “harmonically 
rich waveform, but is realistically impractical with current 
technology. 
A more typical waveform is a rectangular wave, which is a 

series of pulses. Each pulse will have a width (called a pulse 
width, or 't'), and the series of pulses in the waveform will 
have a period (“T” which is the inverse of the frequency, i.e., 
T1/F, where “F” is the fundamental frequency of the rectan 
gular wave). One form of rectangular wave is the square 
wave, where the signal is at a first state (e.g., high) for the 
same amount of time that it is at the second state (e.g., low). 
That is, the ratio of the pulse width to period (T/T) is 0.5. Other 
forms of rectangular waves, other than square waves, are 
typically referred to simply as “pulses.” and have T/T<0.5 
(i.e., the signal will be “high for a shorter time than it is 
“low”). The mathematical analysis shows that there are har 
monics at all of the multiples of the fundamental frequency of 
the signal. Thus, if the frequency of the rectangular waveform 
is F, then the frequency of the first harmonic is 1-F, the 
frequency of the second harmonic is 2F, the frequency of the 
third harmonic is 3F, and so on. There are some harmonics 
for which the amplitude is Zero. In the case of a square wave, 
for example, the “null points' are the even harmonics. For 
other values oft/T, the “null points' can be determined from 
the mathematical equations. The general equation for the 
amplitude of the harmonics in a rectangular wave having an 
amplitude of A is as follows: ztise 

Amplitude(n" harmonic)=A={A, II(2/T)/n) sin puise 
In Tr(T/T)): 

Table 6000 of FIG. 60 shows the amplitudes of the first fifty 
harmonics for rectangular waves having six different T/T 
ratios. The T/T ratios are 0.5 (a square wave), 0.25, 0.10, 0.05, 
0.01, and 0.005. (One skilled in the relevant art(s) will rec 
ognize that A is set to unity for mathematical compari 
son.) From this limited example, it can be seen that the ratio 
of pulse width to period is a significant factor in determining 
the relative amplitudes of the harmonics. Notice too, that for 
the case where T/T-0.5 (i.e., a square wave), the relationship 
stated above (i.e., only odd harmonics are present) holds. 
Note that as tT becomes Small (i.e., the pulse approaches an 
impulse), the amplitudes of the harmonics becomes Substan 
tially “flat.” That is, there is very little decrease in the relative 
amplitudes of the harmonics. One skilled in the relevant art(s) 
will understand how to select the desired pulse width for any 
given application based on the teachings contained herein. It 
can also be shown mathematically and experimentally that if 

Eq. 1 
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a signal with a continuous and periodic waveform is modu 
lated, that modulation is also present on every harmonic of the 
original waveform. 

From the foregoing, it can be seen how pulse width is an 
important tactor in assuring that the harmonic waveform at 
the desired output frequency has sufficient amplitude to be 
useful without requiring elaborate filtering or unnecessary 
amplification. 

Another factor in assuring that the desired harmonic has 
sufficient amplitude is how the switch 2816 and 3116 (FIGS. 
28A and 31A) in the switch module 2802 and 3102 responds 
to the control signal that causes the Switch to close and to open 
(i.e., the modulated oscillating signal 2804 of FIG.28 and the 
oscillating signal 3104 of FIG. 31). In general, switches have 
two thresholds. In the case of a switch that is normally open, 
the first threshold is the voltage required to cause the switch to 
close. The second threshold is the voltage level at which the 
Switch will again open. The convention used hereinforease of 
illustration and discussion (and not meant to be limiting) is for 
the case where the switch is closed when the control signal is 
high, and open when the control signal is low. It would be 
apparent to one skilled in the relevant art(s) that the inverse 
could also be used. Typically, these Voltages are not identical, 
but they may be. Another factor is how rapidly the switch 
responds to the control input once the threshold Voltage has 
been applied. The objective is for the switch to close and open 
such that the bias/reference signal is “crisply” gated. That is, 
preferably, the impedance through the Switch must change 
from a high impedance (an open Switch) to a low impedance 
(a closed Switch) and back again in a very short time so that 
the output signal is substantially rectangular. 

It is an objective of this invention in the transmitter 
embodiment that the intelligence in the information signal is 
to be transmitted. That is, the information is modulated onto 
the transmitted signal. In the FM and PM modes, to achieve 
this objective, the information signal is used to modulate the 
oscillating signal 2804. The oscillating signal 2804 then 
causes the switch 2816 to close and open. The information 
that is modulated onto the oscillating signal 2804 must be 
faithfully reproduced onto the signal that is output from the 
switch circuit (i.e., the harmonically rich signal 2814). For 
this to occur efficiently, in embodiments of the invention, the 
switch 2816 preferably closes and opens crisply so that the 
harmonically rich signal 2814 changes rapidly from the bias/ 
reference signal 2806 (or 3106) to ground 2812 (or the second 
signal level 2818 in the alternate embodiment). This rapid rise 
and fall time is desired so that the harmonically rich signal 
2814 will be “harmonically rich.” (In the case of AM, the 
oscillating signal 3104 is not modulated, but the requirement 
for “crispness still applies.) 

For the switch 2816 to close and open crisply, the oscillat 
ing signal 2804 must also be crisp. If the oscillating signal 
2804 is sinusoidal, the switch 2816 will open and close when 
the threshold voltages are reached, but the pulse width of the 
harmonically rich signal 2814 may not be as Small as is 
needed to ensure the amplitude of the desired harmonic of the 
harmonically rich signal 2814 is sufficiently high to allow 
transmission without elaborate filtering or unnecessary 
amplification. Also, in the embodiment wherein the switch 
2816 is a GaAsFET 2901, if the oscillating signal 2804 that is 
connected to the gate 2902 of the GaAsFET 2901 (i.e., the 
signal that causes the Switch 2816 to close and open) is a 
sinusoidal wave, the GaAsFET 2901 will not crisply close 
and open, but will act more like an amplifier than a Switch. 
(That is, it will conduct during the time that the oscillating 
signal is rising and falling below the threshold Voltages, but 
will not be a “short.) In order to make use of the benefits of 
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a GaAsFET's capability to close and open at high frequen 
cies, the oscillating signal 2804 connected to the gate 2902 
preferably has a rapid rise and fall time. That is, it is prefer 
ably a rectangular waveform, and preferably has a pulse width 
to period ratio the same as the pulse width to period ratio of 
the harmonically rich signal 2814. 
As stated above, if a signal with a continuous and periodic 

waveform is modulated, that modulation occurs on every 
harmonic of the original waveform. Thus, in the FM and PM 
modes, when the information is modulated onto the oscillat 
ing signal 2804 and the oscillating signal 2804 is used to 
cause the switch 2816 to close and open, the resulting har 
monically rich signal 2814 that is output from the switch 
module 2802 will also be modulated. If the oscillating signal 
2804 is crisp, the switch 2816 will close and open crisply, the 
harmonically rich signal 2814 will be harmonically rich, and 
each of the harmonics of the harmonically rich signal 2814 
will have the information modulated on it. 

Because it is desired that the oscillating signal 2804 be 
crisp, harmonic enhancement may be needed in some 
embodiments. Harmonic enhancement may also be called 
"pulse shaping since the purpose is to shape the oscillating 
signal 2804 into a string of pulses of a desired pulse width. If 
the oscillating signal is sinusoidal, harmonic enhancement 
will shape the sinusoidal signal into a rectangular (or Substan 
tially rectangular) waveform with the desired pulse width to 
period ratio. If the oscillating signal 2804 is already a square 
wave or a pulse, harmonic enhancement will shape it to 
achieve the desired ratio of pulse width to period. This will 
ensure an efficient transfer of the modulated information 
through the switch. 

Three exemplary embodiments of harmonic enhancement 
are described below for illustrative purposes. However, the 
invention is not limited to these embodiments. Other embodi 
ments will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. 

4.1.2 Structural Description. 
The shape of the oscillating signal 2804 causes the switch 

2816 to close and open. The shape of the oscillating signal 
2804 and the selection of the switch 2816 will determine how 
quickly the Switch 2816 closes and opens, and how long it 
stays closed compared to how long it stays open. This then 
will determine the “crispness” of the harmonically rich signal 
2814. (That is, whether the harmonically rich signal 2814 is 
Substantially rectangular, trapezoidal, triangular, etc.) As 
shown above, in order to ensure that the desired harmonic has 
the desired amplitude, the shape of the oscillating signal 2804 
should be substantially optimized. 
The harmonic enhancement module (HEM) 4602 (FIG. 

46) is also referred to as a “pulse shaper.” It “shapes” the 
oscillating signals 2804 and 3104 that drive the switch mod 
ules 2802 and 3102 described in Sections 3.3.6-3.3.6.2 and 
3.3.7-3.3.7.2. Harmonic enhancement module 4602 prefer 
ably transforms a continuous and periodic waveform 4604 
into a string of pulses 4606. The string of pulses 4606 will 
have a period, “T” determined by both the frequency of the 
continuous and periodic waveform 4604 and the design of the 
pulse shaping circuit within the harmonic enhancement mod 
ule 4602. Also, each pulse will have a pulse width, “t.” deter 
mined by the design of the pulse shaping circuit. The period 
of the pulse stream, “T” determines the frequency of the 
Switch closing (the frequency being the inverse of the period), 
and the pulse width of the pulses, “t,” determines how long 
the Switch stays closed. 

In the embodiment described above in sections 3.3.6- 
3.3.6.2 (and 3.3.7-3.3.7.2), when the switch 2816 (or 3116) is 
open, the harmonically rich signal 2814 (or 3114) will have an 
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amplitude substantially equal to the bias signal 2806 (or ref 
erence signal 3106). When the switch 2816 (or 3116) is 
closed, the harmonically rich signal 2814 (or 3114) will have 
an amplitude Substantially equal to the potential of signal 
2812 or 2818 (or 3112 or 3118) of the second input 2810 (or 
3.110) of the switch module 2802 (or 3102). Thus, for the case 
where the oscillating signal 2804 (or 3104) driving the switch 
module 2802 (or 3102) is substantially rectangular, the har 
monically rich signal 2814 (or 3114) will have substantially 
the same frequency and pulse width as the shaped oscillating 
signal 2804 (or 3104) that drives the switch module 2802 (or 
3102). This is true for those cases wherein the oscillating 
signal 2804 (or 3104) is a rectangular wave. One skilled in the 
relevant art(s) will understand that the term “rectangular 
wave' can refer to all waveforms that are substantially rect 
angular, including square waves and pulses. 
The purpose of shaping the signal is to control the amount 

of time that the switch 28.16 (or 3116) is closed. As stated 
above, the harmonically rich signal 2814 (or 3114) has a 
Substantially rectangular waveform. Controlling the ratio of 
the pulse width of the harmonically rich signal 2814 (or 3114) 
to its period will result in the shape of the harmonically rich 
signal 2814 (or 3114) being substantially optimized so that 
the relative amplitudes of the harmonics are such that the 
desired harmonic can be extracted without unnecessary and 
elaborate amplification and filtering. 
4.2 Exemplary Embodiments. 

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

4.2.1 First Embodiment: When a Square Wave Feeds the 
Harmonic Enhancement Module to Create One Pulse per 
Cycle. 

4.2.1.1 Operational Description. 
According to this embodiment, a continuous periodic 

waveform 4604 is received and a string of pulses 4606 is 
output. The continuous periodic waveform 4604 may be a 
square wave or any other continuous periodic waveform that 
varies from a value recognized as a “digital low to a value 
recognized as a “digital high. One pulse is generated per 
cycle of the continuous and periodic waveform 4604. The 
description given herein will be for the continuous periodic 
waveform 4604 that is a square wave, but one skilled in the 
relevant art(s) will appreciate that other waveforms may also 
be “shaped into waveform 4606 by this embodiment. 

4.2.1.2 Structural Description. 
In this first embodiment of a harmonic enhancement mod 

ule 4602, herein after referred to as a pulse shaping circuit 
4602, a continuous periodic waveform 4604 that is a square 
wave is received by the pulse shaping circuit 4602. The pulse 
shaping circuit 4602 is preferably comprised of digital logic 
devices that result in a string of pulses 4606 being output that 
has one pulse for every pulse in the continuous periodic 
waveform 4604, and preferably has a t/T ratio less than 0.5. 

4.2.2 Second Embodiment: When a Square Wave Feeds the 
Harmonic Enhancement Module to Create Two Pulses per 
Cycle. 

4.2.2.1 Operational Description. 
In this embodiment, a continuous periodic waveform 4604 

is received and a string of pulses 4606 is output. In this 
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embodiment, there are two pulses output for every period of 
the continuous periodic waveform 4604. The continuous 
periodic waveform 4604 may be a square wave or any other 
continuous periodic waveform that varies from a value rec 
ognized as a “digital low to a value recognized as a "digital 
high.” The description given herein will be for a continuous 
periodic waveform 4604 that is a square wave, but one skilled 
in the relevant art(s) will appreciate that other waveforms may 
also be “shaped into waveform 4606 by this embodiment. 

4.2.2.2 Structural Description. 
In this second embodiment of a pulse shaping circuit 4602, 

a continuous periodic waveform 4604 that is a square wave is 
received by the pulse shaping circuit 4602. The pulse shaping 
circuit 4602 is preferably comprised of digital logic devices 
that result in a string of pulses 4606 being output that has two 
pulses for every pulse in the continuous periodic waveform 
4604, and preferably has a t/T ratio less than 0.5. 

4.2.3 Third Embodiment: When Any Waveform Feeds the 
Module. 

4.2.3.1 Operational Description. 
In this embodiment, a continuous periodic waveform 4604 

of any shape is received and a string of pulses 4606 is output. 
4.2.3.2 Structural Description. 
In this third embodiment of a pulse shaping circuit 4602, a 

continuous periodic waveform 4604 of any shape is received 
by the pulse shaping circuit 4602. The pulse shaping circuit 
4602 is preferably comprised of a series of stages, each stage 
shaping the waveform until it is substantially a string of 
pulses 4606 with preferably a t/T ratio less than 0.5. 

4.2.4 Other Embodiments. 
The embodiments described above are provided for pur 

poses 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 fall within the 
Scope and spirit of the present invention. 
4.3 Implementation Examples. 

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

4.3.1 First Digital Logic Circuit. 
An exemplary implementation of the first embodiment 

described in sections 4.2.1-4.2.1.2 is illustrated in FIG. 39. In 
particular, the circuit shown in FIG. 39A is a typical circuit 
design for a pulse shaping circuit 4602 using digital logic 
devices. Also shown in FIGS. 39B-39D are representative 
waveforms at three nodes within the circuit. In this embodi 
ment, pulse shaper 3900 uses an inverter 3910 and an AND 
gate 3912 to produce a string of pulses. An inverter, such as 
inverter 3910, changes the sign of the input, and an AND gate, 
such as AND gate 3912, outputs a digital “high when all of 
the input signals are digital “highs. The input to pulse shaper 
3900 is waveform 3902, and, for illustrative purposes, is 
shown here as a square wave. The output of inverter 3910 is 
waveform 3904, which is also a square wave. However, 
because of the circuitry of the inverter 3910, there is a delay 
between the application of the input and the corresponding 
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sign change of the output. If waveform 3902 starts “low.” 
waveform3904 will be “high” because it has been inverted by 
inverter 3910. When waveform 3902 switches to “high.” 
AND gate 3912 will momentarily see two “high signals, thus 
causing its output waveform 3906 to be “high. When inverter 
3910 has inverted its input (waveform 3902) and caused 
waveform 3904 to become “low”. AND gate 3912 will then 
see only one “high signal, and the output waveform 3906 
will become “low” Thus, the output waveform 3906 will be 
“high” for only the period of time that both waveforms 3902 
and 3904 are high, which is the time delay of the inverter 
3910. Accordingly, as is apparent from FIGS. 39B-39D, pulse 
shaper 3900 receives a square wave and generates a string of 
pulses, with one pulse generated per cycle of the square wave. 

4.3.2 Second Digital Logic Circuit. 
An exemplary implementation of the second embodiment 

described in sections 4.2.2-4.2.2.2 is illustrated in FIG. 40. In 
particular, the circuit of FIG. 40A is a typical circuit design 
for a pulse shaping circuit 4602 using digital logic devices. 
Also shown in FIGS. 40B-40D are representative waveforms 
at three nodes within the circuit. In this embodiment, pulse 
shaping circuit 4000 uses an inverter 4010 and an exclusive 
NOR (XNOR) gate 4012. An XNOR, such as XNOR 4012, 
outputs a digital “high when both inputs are digital “highs' 
and when both signals are digital “lows. Waveform 4002, 
which is shown here as a square wave identical to that shown 
above as waveform 3902, begins in the “low” state. There 
fore, the output of inverter 4010 will begin at the “high state. 
Thus, XNOR gate 4012 will see one “high’ input and one 
“low” input, and its output waveform 4006 will be “low” 
When waveform 4002 changes to “high.” XNOR gate 4012 
will have two “high’ inputs until the waveform 4004 switches 
to “low” Because it sees two “high’ inputs, its output wave 
form 4006 will be “high.” When waveform 4004 becomes 
“low. XNOR gate 4012 will again see one “high’ input 
(waveform 4002) and one “low” input (waveform 4004). 
When waveform 4002 switches back to “low” XNOR gate 
4012 will see two “low” inputs, and its output will become 
“high. Following the time delay of inverter 4010, waveform 
4004 will change to “high, and XNOR gate 4012 will again 
see one “high’ input (waveform 4004) and one “low” input 
(waveform 4002). Thus, waveform 4006 will again switch to 
“low.” Accordingly, as is apparent from FIG.S. 40B-40D, 
pulse shaper 4000 receives a square wave and generates a 
string of pulses, with two pulses generated per cycle of the 
square wave. 

4.3.3 Analog Circuit. 
An exemplary implementation of the third embodiment 

described in sections 4.2.3-4.2.3.2 is illustrated in FIG. 41. In 
particular, the circuit shown in FIG. 41 is a typical pulse 
shaping circuit 4602 where an input signal 4102 is shown as 
a sine wave. Input signal 4102 feeds the first circuit element 
4104, which in turn feeds the second, and so on. Typically, 
three circuit elements 4104 produce incrementally shaped 
waveforms 4120, 4122, and 4124 before feeding a capacitor 
4106. The output of capacitor 4106 is shunted to ground 4110 
through a resistor 4108 and also feeds a fourth circuit element 
4104. An output signal 4126 is a pulsed output, with a fre 
quency that is a function of the frequency of input signal 
4102. 
An exemplary circuit for circuit elements 4104 is shown in 

FIG. 43. Circuit 4104 is comprised of an input 4310, an output 
4312, four FETs 4302, two diodes 4304, and a resistor 4306. 
One skilled in the relevant art(s) would recognize that other 
pulse shaping circuit designs could also be used without 
deviating from the scope and spirit of the invention. 
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4.3.4. Other Implementations. 
The implementations described above are provided for 

purposes of illustration. These implementations are not 
intended to limit the invention. Alternate implementations, 
differing slightly or substantially from those described 
herein, will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. Such alternate 
implementations fall within the scope and spirit of the present 
invention. 
5. Amplifier Module 
5.1 High Level Description 

This section (including its Subsections) provides a high 
level description of the amplifier module according to the 
present invention. In particular, amplification is described at a 
high-level. Also, a structural implementation for achieving 
signal amplification is described at a high-level. This struc 
tural implementation is described herein for illustrative pur 
poses, and is not limiting. In particular, the process described 
in this section can be achieved using any number of structural 
implementations, one of which is described in this section. 
The details of such structural implementations will be appar 
ent to persons skilled in the relevant art(s) based on the teach 
ings contained herein. 

5.1.1 Operational Description. 
Even though the present invention is intended to be used 

without requiring amplification, there may be circumstance 
when, in the embodiment of the present invention wherein it 
is being used as a transmitter, it may prove desirable to 
amplify the modulated signal before it is transmitted. In 
another embodiment of the invention wherein it is being used 
as a stable signal source for a frequency or phase comparator, 
it may also be desirable to amplify the resultant signal at the 
desired frequency. 
The requirement may come about for a number of reasons. 

A first may be that the bias/reference signal is too low to 
Support the desired use. A second may be because the desired 
output frequency is very high relative to the frequency of the 
oscillating signal that controls the Switch. A third reason may 
be that the shape of the harmonically rich signal is such that 
the amplitude of the desired harmonic is low. 

In the first case, recall that the amplitude of the bias/refer 
ence signal determines the amplitude of the harmonically rich 
signal which is present at the output of the switch circuit. (See 
sections 3.3.6-3.3.6.2 and 3.3.7-3.3.7.2.) Further recall that 
the amplitude of the harmonically rich signal directly impacts 
the amplitude of each of the harmonics. (See the equation in 
section 4.1, above.) 

In the second instance, if the frequency of the oscillating 
signal is relatively low compared to the desired output fre 
quency of the up-converter, a high harmonic will be needed. 
As an example, if the oscillating signal is 60 MHz, and the 
desired output frequency is at 900 MHz, the 15" harmonic 
will be needed. In the case where T/T is 0.1, it can be seen from 
Table 6000 of FIG. 60 that the amplitude of the 15' harmonic 
(As) is 0.0424, which is 21.5% of the amplitude of the first 
harmonic (AD0.197). There may be instances wherein this is 
insufficient for the desired use, and consequently it must be 
amplified. 
The third circumstance wherein the amplitude of the output 

may need to be amplified is when the shape of the harmoni 
cally rich signal in not “crisp' enough to provide harmonics 
with enough amplitude for the desired purpose. If, for 
example, the harmonically rich signal is substantially trian 
gular, and given the example above where the oscillating 
signal is 60 MHz and the desired output signal is 900 MHz, 
the 15' harmonic of the triangular wave is 0.00180. This is 
significantly lower than the amplitude of the 15" harmonic of 
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the “0.1 rectangular wave (shown above to be 0.0424) and 
can be mathematically shown to be 0.4% of the amplitude of 
the 1 harmonic of the triangular wave (which is 0.405). Thus, 
in this example, the 1 harmonic of the triangular wave has an 
amplitude that is larger than the amplitude of the 1 harmonic 
of the “0.1” rectangular wave, but at the 15" harmonic, the 
triangular wave is significantly lower than the “0.1 rectan 
gular wave. 

Another reason that the desired harmonic may need to be 
amplified is that circuit elements such as the filter may cause 
attenuation in the output signal for which a designer may wish 
to compensate. 

The desired output signal can be amplified in a number of 
ways. One is to amplify the bias/reference signal to ensure 
that the amplitude of the harmonically rich wave form is high. 
A second is to amplify the harmonically rich waveform itself. 
A third is to amplify the desired harmonic only. The examples 
given herein are for illustrative purposes only and are not 
meant to be limiting on the present invention. Other tech 
niques to achieve amplification of the desired output signal 
would be apparent to those skilled in the relevant art(s). 

5.1.2 Structural Description. 
In one embodiment, a linear amplifier is used to amplify the 

bias/reference 
In another embodiment, a linear amplifier is used to 

amplify the harmonically rich signal. And in yet another 
embodiment, a linear amplifier is used to amplify the desired 
output signal. Other embodiments, including the use of non 
linear amplifiers, will be apparent to persons skilled in the 
relevant art(s). 
5.2 Exemplary Embodiment 
An embodiment related to the method(s) and structure(s) 

described above is presented in this section (and its subsec 
tions). This embodiment is described herein for purposes of 
illustration, and not limitation. The invention is not limited to 
this embodiment. Alternate embodiments (including equiva 
lents, extensions, variations, deviations, etc., of the embodi 
ment 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 alter 
nate embodiments. 

5.2.1 Linear Amplifier 
The exemplary linear amplifier described herein will be 

directed towards an amplifier composed of Solid state elec 
tronic devices to be inserted in the circuit at one or more 
points. Other amplifiers suitable for use with the invention 
will be apparent to persons skilled in the relevant art(s). As 
shown in FIG. 47, an amplifier module 4702 receives a signal 
requiring amplification 4704 and outputs an amplified signal 
4706. It would be apparent to one skilled in the relevant art(s) 
that a plurality of embodiments may be employed without 
deviating from the scope and intent of the invention described 
herein. 

5.2.1.1 Operational Description. 
The desired output signal can be amplified in a number of 

ways. Such amplification as described in the section may be 
in addition to the techniques described above to enhance the 
shape of the harmonically rich signal by pulse shaping of the 
oscillating signal that causes the Switch to close and open. 

5.2.1.2 Structural Description. 
In one embodiment, a linear amplifier is placed between 

the bias/reference signal and the switch module. This will 
increase the amplitude of the bias/reference signal, and as a 
result, will raise the amplitude of the harmonically rich signal 
that is the output of the switch module. This will have the 
effect of not only raising the amplitude of the harmonically 
rich signal, it will also raise the amplitude of all of the har 
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monics. Some potential limitation of this embodiment are: the 
amplified bias/reference signal may exceed the Voltage 
design limit for the switch in the switch circuit; the harmoni 
cally rich signal coming out of the Switch circuit may have an 
amplitude that exceeds the voltage design limits of the filter; 
and/or unwanted distortion may occur from having to amplify 
a wide bandwidth signal. 
A second embodiment employs a linear amplifier between 

the switch module and the filter. This will raise the amplitude 
of the harmonically rich signal. It will also raise the amplitude 
of all of the harmonics of that signal. In an alternate imple 
mentation of this embodiment, the amplifier is tuned so that it 
only amplifies the desired frequencies. Thus, it acts both as an 
amplifier and as a filter. A potential limitation of this embodi 
ment is that when the harmonically rich signal is amplified to 
raise a particular harmonic to the desired level the amplitude 
of the whole waveform is amplified as well. For example, in 
the case where the amplitude of the pulse, A, is equal to 
1.0, to raise the 15" harmonic from 0.0424 volts to 0.5 volts, 
the amplitude of each pulse in the harmonically rich signal, 
A will increase from 1.0 to 11.8 volts. This may well 
exceed the voltage design limit of the filter. 
A third embodiment of an amplifier module will place a 

linear amplifier between the filter and the transmission mod 
ule. This will only raise the amplitude of the desired har 
monic, rather than the entire harmonically rich signal. 

Other embodiments, such as the use of non-linear amplifi 
ers, will be apparent to one skilled in the relevant art(s), and 
will not be described herein. 

5.2.2 Other Embodiments 
The embodiments described above are provided for pur 

poses 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 fall within the 
Scope and spirit of the present invention. 
5.3 Implementation Examples 

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

5.3.1 Linear Amplifier. 
Although described below as if it were placed after the 

filter, the amplifier may also be placed before the filter with 
out deviating from the intent of the invention 

5.3.1.1 Operational Description. 
According to embodiments of the invention, a linear ampli 

fier receives a first signal at a first amplitude, and outputs a 
second signal at a second amplitude, wherein the second 
signal is proportional to the first signal. It is a objective of an 
amplifier that the information embedded onto the first signal 
waveform will also be embedded onto the second signal. 
Typically, it is desired that there be as little distortion in the 
information as possible. 

In a preferred embodiment, the second signal is higher in 
amplitude than the first signal, however, there may be imple 
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mentations wherein it is desired that the second signal be 
lower than the first signal (i.e., the first signal will be attenu 
ated). 

5.3.1.2 Structural Description. 
The design and use of a linear amplifier is well known to 

those skilled in the relevant art(s). A linear amplifier may be 
designed and fabricated from discrete components, or it may 
be purchased “off the shelf.” 

Exemplary amplifiers are seen in FIG. 48. In the exemplary 
circuit diagram of FIG. 48A, six transistors are used in a 
wideband amplifier. In the more basic exemplary circuit of 
FIG. 48B, the amplifier is composed of one transistor, four 
resistors, and a capacitor. Those skilled in the relevant art(s) 
will recognize that numerous alternative designs may be 
used. 

5.3.2. Other Implementations. 
The implementations described above are provided for 

purposes of illustration. These implementations are not 
intended to limit the invention. Alternate implementations, 
differing slightly or substantially from those described 
herein, will be apparent to persons skilled in the relevant art(s) 
based on the teachings contained herein. Such alternate 
implementations fall within the scope and spirit of the present 
invention. 
Receiver/Transmitter System. 
The present invention is for a method and system for up 

conversion of electromagnetic signals. In one embodiment, 
the invention is a source of a stable high frequency reference 
signal. In a second embodiment, the invention is a transmitter. 

This section describes a third embodiment. In the third 
embodiment, the transmitter of the present invention to be 
used in a receiver/transmitter communications system. This 
third embodiment may also be referred to as the communica 
tions system embodiment, and the combined receiver/trans 
mitter circuit is referred to as a “transceiver.” There are sev 
eral alternative enhancements to the communications 
systems embodiment. 
The following sections describe systems and methods 

related to exemplary embodiments for a receiver/transmitter 
system. 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. 
High Level Description. 

This section provides a high-level description of a receiver/ 
transmitter system according to the present invention. The 
implementations are described herein for illustrative pur 
poses, and are not limiting. In particular, any number of 
functional and structural implementations may be used, sev 
eral of which are described in this section. The details of such 
functional and structural implementations will be apparent to 
persons skilled in the relevant art(s) based on the teachings 
contained herein. 

According to a first embodiment of the transmitter of the 
present invention is used with a traditional Superheterodyne 
receiver. In this embodiment, the transmitter and the receiver 
can operate either in a full-duplex mode or in a half-duplex 
mode. In a full duplex mode, the transceiver can transmit and 
receive simultaneously. In the half-duplex mode, the trans 
ceiver can either transmit or receive, but cannot do both 
simultaneously. The full-duplex and the half-duplex modes 
will be discussed together for this embodiment. 
A second embodiment of the transceiver is for the trans 

mitter of the present invention to be used with a universal 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

50 
frequency down conversion circuit being used as a receiver. In 
this embodiment the transceiver is used in a half-duplex 
mode. 
A third embodiment of the transceiver is for the transmitter 

of the present invention to be used with a universal frequency 
down conversion circuit, where the transceiver is used in a 
full-duplex mode. 

These embodiments of the transceiver are described below. 
Exemplary Embodiments and Implementation Examples 

Various embodiments related to the method(s) and struc 
ture(s) described above and exemplary operational and/or 
structural implementations related to those embodiments are 
presented in this section (and its Subsections). These embodi 
ments, components, and methods are described herein for 
purposes of illustration, and not limitation. The invention is 
not limited to these embodiments or to the particular 
examples of components and methods described herein. 
Alternatives (including equivalents, extensions, variations, 
deviations, etc., of those described herein) will be apparent to 
persons skilled in the relevant art(s) based on the teachings 
contained herein. Such alternatives fall within the scope and 
spirit of the present invention, and the invention is intended 
and adapted to include such alternatives. 

First Embodiment: The Transmitter of the Present Inven 
tion Being Used in a Circuit with a Superheterodyne 
Receiver. 
A typical superheterodyne receiver is shown in FIG. 49. An 

antenna 4904 receives a signal 4902. Typically, signal 4902 is 
a radio frequency (RF) signal which is routed to a filter 4910 
and an amplifier 4908. The filter 4910 removes all but a 
frequency range that includes the desired frequency, and the 
amplifier 4908 ensures that the signal strength will be suffi 
cient for further processing. The output of amplifier 4908 is a 
signal 4911. 
A local oscillator 4914 generates an oscillating signal 4916 

which is combined with signal 4911 by mixer 4912. The 
output of mixer 4912 is a signal 4934 which is amplified by an 
amplifier 4918 and filtered by a filter 4920. The purpose of 
amplifier 4918 is to ensure that the strength of signal 4934 is 
sufficient for further processing, and the purpose of filter 
4920 is to remove the undesired frequencies. 
A second local oscillator 4924 generates a second oscillat 

ing signal 4926 which is combined with the amplified/filtered 
signal 4934 by a mixer 4922. The output of mixer 4922 is 
signal 4936. Again, an amplifier 4928 and a filter 4930 ensure 
that the signal 4936 is at the desired amplitude and frequency. 
The resulting signal is then routed to decoder 4932 where the 
intelligence is extracted to obtain baseband signal 4938. 

Signal 4934 is referred to as the first intermediate fre 
quency (IF) signal, and signal 4936 is referred to as the second 
IF signal. Thus, the combination of local oscillator 4914 and 
mixer 4912 can be referred to as the first IF stage, and the 
combination of local oscillator 4924 and mixer 4922 can be 
referred to as the second IF stage. 

Exemplary frequencies for the circuit of FIG. 49 are as 
follows. Signal 4902 may be 900 MHz. The oscillator signal 
4916 may be at 830 MHz, which will result in the frequency 
of the first IF signal, signal 4934, being at 70 MHz. If the 
second oscillating signal 4926 is at 59 MHz, the second IF 
signal, signal 4936, would be at 11 MHz. This frequency is 
typical of second IF frequencies. 

Other superheterodyne receiver configurations are well 
known and these can be used in the transceiver embodiments 
of the invention. Also, the exemplary frequencies mentioned 
above are provide for illustrative purposes only, and are not 
limiting. 
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FIG. 50 shows a transmitter of the present invention in a 
transceiver circuit with a typical Superheterodyne receiver. 
Accordingly, FIG. 50 illustrates an exemplary transceiver 
circuit of the invention. The transceiver includes a receiver 
module 5001, which is implemented using any superhetero 
dyne receiver configuration, and which is described above. 
The transceiver also includes a transmitter module 5003, 
which is described below. 

In the FM and PM modes, an information signal 5004 
modulates an intermediate signal to produce the oscillating 
signal 5002. Oscillating signal 5002 is shaped by signal 
shaper 5010 to produce a string of pulses 5008 (see the dis 
cussion above regarding the benefits of harmonic enhance 
ment). The string of pulses 5008 drives the switch module 
5012. In the FM/PM modes, a bias/reference signal 5006 is 
also received by switch module 5012. The output of Switch 
module 5012 is a harmonically rich signal 5022. Harmoni 
cally rich signal 5022 is comprised of a plurality of sinusoidal 
components, and is routed to a “high Q filter that will remove 
all but the desired output frequency(ies). The desired output 
frequency 5024 is amplified by an amplifier 5016 and routed 
to a transmission module 5018 which outputs a transmission 
signal 5026 which is routed to a duplexer 5020. The purpose 
of duplexer 5020 is to permit a single antenna to be used 
simultaneously for both receiving and transmitting signals. 
The combination of received signal 4902 and transmission 
signal 5026 is a duplexed signal 5028. 

In the AM mode, the same circuit of FIG. 50 applies, 
except: (1) an information signal 5030 replaces information 
signal 5004; (2) bias/reference signal 5006 is a function of the 
information signal 5030; and (3) oscillating signal 5002 is not 
modulated. 

This description is for the fall-duplex mode of the trans 
ceiver wherein the transmitting portion of the communica 
tions system is a separate circuit than the receiver portion. A 
possible embodiment of a half-duplex mode is described 
below. 

Alternate embodiments of the transceiver are possible. For 
example, FIGS. 51A through 51D illustrate an embodiment 
of the transceiver wherein it may be desired, for cost or other 
considerations, for an oscillator to be shared by both the 
transmitter portion and the receiver portion of the circuit. To 
do this, a trade off must be made in selecting the frequency of 
the oscillator. In FIG. 51A, a local oscillator 5104 generates 
an oscillating signal 5106 which is mixed with signal 4911 to 
generate a first IF signal 5108. A local oscillator 5110 gener 
ates a second oscillating signal 5112 which is mixed with the 
first IF signal 5108 to generate a second IF signal 5114. For 
the example herein, the frequencies of the oscillating signals 
5106 and 5112 will be lower than the frequencies of signal 
4911 and first IF signal 5108, respectively. (One skilled in the 
relevant art(s) will recognize that, because the mixers 4912 
and 4922 create both the sum and the difference of the signals 
they receive, the oscillator frequencies could be higher than 
the signal frequencies.) 
As described in the example above, a typical second IF 

frequency is 11 MHz. The selection of this IF frequency is 
less flexible than is the selection of the first IF frequency, 
since the second IF frequency is routed to a decoder where the 
signal is demodulated and decoded. Typically, demodulators 
and decoders are designed to receive signals at a predeter 
mined, fixed frequency, e.g., 11 MHz. If this is the case, the 
combination of the first IF signal 5108 and the second oscil 
lating signal 5112 must generate a second IF signal with a 
second IF frequency of 11 MHz. Recall that the received 
signal 4902 was 900 MHz in the example above. To achieve 
the second IF signal frequency of 11 MHz, the frequencies of 
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52 
the oscillating signals 4916 and 4926 were set at 830 MHz 
and 59 MHz. Before setting the frequencies of the oscillating 
signals 5106 and 5112, the desired frequency of the transmit 
ted signal must be determined. If it, too, is 900 MHz, then the 
frequency of the oscillating signal that causes the Switch in 
the present invention to open and close must be a “sub 
harmonic” of 900 MHz. That is, it must be the quotient of 900 
MHz, divided by an integer. (In other words, 900 MHz must be 
a harmonic of the oscillating signal that drives the Switch.) 
The table below is a list of some of the sub-harmonics of 900 
MHZ: 

Sub-harmonic frequency 

1st 900 MHz 
2nd 450 
3rd 300 
4th 225 
5th 18O 

10th 90 
15th 60 

Recall that the frequency of the second oscillating signal 
4926 in FIGS. 49 and 50 was 59 MHz. Notice that the fre 
quency of the 15" sub-harmonic is 60 MHz. If the frequency 
of oscillating signal 5112 of FIG. 51 were set at 60 MHz, it 
could also be used as the oscillating signal to operate the 
Switches in Switch module 5126 of FIG. 51B and Switch 
module 5136 of FIG.51C. If this were done, the frequency of 
the first IF signal would be 71 MHz (rather than 70 MHz in the 
previous example of a stand-alone receiver), as indicated 
below: 

First IF frequency = Second IF frequency + 

Second oscillating frequency 

= 11 MHz - 60 MHz 

= 71 MHz 

The frequency of the first oscillating signal 5106 can be 
determined from the values of the first IF frequency and the 
frequency of the received signal 4902. In this example, the 
frequency of the received signal is 900 MHz and the fre 
quency of the first IF signal is 71 MHz. Therefore, the fre 
quency of the first oscillating signal 5106 must be 829 MHz, 
as indicated below: 

First oscillating frequency = Freq of recieved signal 

First IF freq 

= 900 MHz - 71 MHz 

= 829 MHz 

Thus the frequencies of the oscillating signals 5106 and 
5112 are 829 MHz and 60 MHz, respectively. 

In FIG. 51B, the PM embodiment is shown. The second 
oscillating signal 5112 is routed to a phase modulator 5122 
where it is modulated by the information signal 5120 to 
generate a PM signal 5132. PM signal 5132 is routed to a 
harmonic enhancement module 5124 to create a string of 
pulses 5133. The string of pulses 5133 is also a phase modu 
lated signal and is used to cause the Switch in Switch module 




















