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Method and System for Down-Converting an Electromagnetic Signal 

Background of the Invention 

Field of the Invention 

The present invention relates to down-conversion of electromagnetic (EM) signals. More 

s particularly, the present invention relates to down-conversion of EM signals to intermediate 

frequency signals, to direct down-conversion of EM modulated carrier signals to demodulated 

baseband signals, and to conversion ofFM signals to non-FM signals. The present invention also 

relates to under-sampling and to transferring energy at aliasing rates. 

10 

Related Art 

Electromagnetic (EM) information signals (baseband signals) include, but are not limited 

to, video baseband signals, voice baseband signals, computer baseband signals, etc. Baseband 

signals include analog baseband signals and digital baseband signals. 

It is often beneficial to propagate EM signals at higher :frequencies. This is generally trile 

regardless of whether the propagation medium is wire, optic fiber, space, air, liquid, etc .. To 

IS enhance efficiency and practicality, such as improved ability to radiate and added ability for 

multiple channels of baseband signals, up-conversion to a higher frequency is utilized. 

Conventional up-conversio.n processes modulate higher frequency carrier signals with baseband 

signals. Modulation refers to a variety of techniques for impressing information from the 

baseband signals onto the higher frequency carrier signals. The resultant signals are referred to 

20 herein as modulated carrier signals. For example, the amplitude of an AM carrier signal varies 

in relation to changes in the baseband signal, the frequency of an FM carrier signal varies in 

relation to changes in the baseband signal. and the phas~ of a PM carrier signal varies in relation 

to changes in the baseband signal. 

In order to process the information that was in the baseband signal, the information must 

25 be extracted, or demodulated, from the modulated carrier sigrull. However, because conventional 

signal processing technology is limited in operational speed. conventional signal processing 

technology cannot easily demodulate a baseband signal from higher frequency modulated carrier 

signal directJy. Instead, higher frequency modulated carrier signals must be down-converted to 
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an intermediate frequency (IF), from where a conventional demodulator can demodulate the 

baseband signal. 

Conventional down-converters include electrical components whose properties are 

frequency dependent. As a result, conventional down-converters are designed around specific 

5 frequencies or frequency ranges and do not work well outside their designed frequency range. 

10 

Conventional down-converters generate unwanted image signals and thus must include 

filters for filtering the unwanted image signals. However, such filters reduce the power level of 

the modulated carrier signals. As a result, conventional down-converters include power 

amplifiers, which require external energy sources. 

When a received modulated carrier signal is relatively weak, as in, for example, a radio 

receiver, conventional down-converters include additional power amplifiers, which require 

additional external energy. 

What is needed include~ without limitation: 

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

15 a method and system for directly down-converting modulated carrier signals to 

20 

demodulated baseband signals; 

a method and system for transferring energy and for augmenting such energy transfer 

when down-converting EM signals; 

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

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

signal; 

a method and system for down-converting EM signals using a universal down-converter 

design that can be easily configured for different frequencies; 

a method and system for down-converting EM signals using a local oscillator frequency 

25 that is substantially lower than the carrier frequency; 

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

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

conventional down-converters; 

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

30 down-converters; 

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

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

conventional down-converters; 

a method and, system for down-converting EM signals that can be implemented on an 

integrated circuit (IC); and 

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

and system for up-converting a baseband signal. 

Summary of the Invention 

Briefly stated, the present invention is directed to methods, systems, and apparatuses for 

down-converting an electromagnetic (EM) signal by aliasing the EM signal, and applications 

10 thereof. 

Generally, the invention operates by receiving an EM signal. The invention also receives 

an aliasing signal having an aliasing rate. The invention aliases the EM signal according to the 

aliasing signal to down-convert the EM signal. The term aliasing, as used herein and as covered 

by the invention, refers to both down-converting an EM signal by under-sampling the EM signal 

15 at an aliasing rate, and down-converting an EM signal by transferring energy from the EM signal 

at the aliasing rate. 

In an embodiment, the invention down-converts the EM signal to an intermediate 

frequency (IF) signal. 

In another embodiment, the invention down-converts the EM signal to a demodulated 

20 baseband information signal. 

In another embodiment, the EM signal is a frequency modulated (FM) signal, which is 

down-converted to a non-FM signal, such as a phase modulated (PM) signal or an amplitude 

modulated (AM) signal. 

The invention is applicable to any type of EM signal, including but not limited to, 

25 modulated carrier signals (the invention is applicable to any modulation scheme or combination 

thereof) and unmodulated carrier signals. 

Further features and advantages of the invention. as well as the structure and operation 

of various embodiments of the invention, are described in detail below with reference to the 

accompanying drawings. It is noted that the invention is not limited to the specific embodiments 

30 described herein. Such embodiments are presented herein for illustrative purposes only. 
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Additional embodiments will be apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. 

The drawing in which an element first appears is typically indicated by the leftmost digit(s) 

in the corresponding reference number. 

·.··: 
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Brief Description of the Drawings 

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

wherein: 

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

FIG. 2 illustrates an example analog modulating baseband signal; 

FIG. 3 illustrates an example digital modulating baseband signal; 

FIG. 4 illustrates an example carrier signal; 

FIGS. 5A-5C illustrate example signaJ diagrams related to amplitude modµlation; 

FIGS. 6A-6C illustrate example signal diagrams related to amplitude shift keying 

modulation; 

FIGS. 7 A-7C illustrate example signal diagrams related to frequency modulation; 

FIGS. 8A-8C illustrate example signal diagrams related to frequency shift keying 

modulation; 

FIGS. 9A-9C illustrate example signal diagrams related to phase modulation; 

FIGS. I OA-1 OC illustrate example signal diagrams related to phase shift keying 

modulation; 

FIG. 11 illustrates a structural block diagram of a conventional receiver; 

FIG .12A-D illustrate various flowcharts for down-converting an EM-signaJ according to 

20 embodiments of the invention; 

FIG. 13 illustrates a structural block diagram of an aliasing system according to an 

embodiment of the invention; 

FIGS. 14A-D illustrate various flowcharts for down-converting an EM signal by 

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

25 FIGS. 1 SA-E illustrate example signal diagrams associated with flowcharts in FIGS. 

14A-D according to embodiments of the invention; 

FIG. 16 illustrate~ a structural block diagram of an under-sampling system according to 

an embodiment of the invention; 

FIG. 17 illustrates a flowchart of an example process for determining an aliasing rate 

30 according to an embodiment of the invention; 
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FIGS. 18A-E illustrate example signal diagrams associated with down-converting a digital 

AM signal to an intermediate frequency signal by under-sampling according to embodiments·of 

the invention; 

FIGS. 19A-E illustrate example signal diagrams associated with down-converting an 

5 analog AM signal to an intermediate frequency sign.al by under-sampling according to 

embodiments of the invention; 

10 

FIGS. 20A-E illustrate example signal diagrams associated with down-converting an 

analog FM signal to an intermediate frequency signal by under-sampling according to 

embodiments of the invention; 

FIGS. 2 lA-E. illustrate example signal diagrams associated with down-converting a digital 

FM signal to an intermediate frequency signal by under-sampling according to embodiments of 

the invention; 

FIGS. 22A-E illustrate example signal diagrams associated with down-converting a digital 

PM signal to an intermediate frequency signal by under-sampling according to embodiments of 

15 the invention; 

FIGS. 23A-E illustrate example signal diagrams associated with down-converting an 

analog PM signal to an intermediate frequency signal by under-sampling according to 

embodiments of the invention; 

FIG. 24A illustrates a structural block diagram ofa make before break under-sampling 

20 system according to an embodiment of the invention; 

FIG. 24B illustrates an example timing diagram of an under sampling signal according to 

an embodiment of the invention; 

FIG. 24C illustrates an example timing diagram ·of ari isolation signal according to an 

embodiment of the invention; 

25 FIGS. 2SA-H illustrate example aliasing signals at various aliasing rates according to 

embodiments of the invention; 

FIG. 26A illustrates a structural block diagram of an exemplary sample and hold system 

according to an embodiment of the invention; 

FIG. 268 illustrates a structural block diagram of an exemplary inverted sample and hold 

30 system according to an embodiment of the invention; 

FIG. 27 illustrates a structural block diagram of sample and hold module according to an 

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

embodiments of the invention; 

FIGS. 29A-F illustrate example implementations of a holding module according to 

embodiments of the present invention; 

5 FIG. 29G illustrates an integrated under-sampling system according to embodiments of 

10 

the invention; 

FIGS. 29H-K illustrate example implementations of pulse generators according to 

embodiments of the invention; 

FIG. 29L illustrates an example .oscillator; 

FIG. 30 illustrates a structural block diagram of an under-sampling system with an 

wider-sampling signal optimizer according to embodiments of the invention; 

FIG. 31 illustrates a structural block diagram of an under-sampling signa1 optimizer 

according to embodiments of the present invention; 

FIG. 32A illustrates an example of an under-sampling signal module according to an· 

15 embodiment of the invention; 

FIG. 32B illustrates a flowchart of a state machine operation associated with an 

under-sampling module according to embodiments of the invention; 

FIG. 32C illustrates an example under-sampling module that incJudes an analog Circuit 

with automatic gain control according to embodiments of the invention; 

20 FIGS. 33A-D illustrate example signal diagrams associated with direct down-conversion 

of an EM signa1 to a baseband signal by under-sampling according to embodiments of the present 

invention; 

FIGS. 34A-F illustrate example signal diagrams associated with an inverted sample and 

hold module according to embodiments of the invention; 

25 FIGS. 35A-E illustrate example signal diagrams associated with directly down-converting 

an analog AM signal to a demodulated baseband signal by under-sampling according to 

embodiments of the invention; 

FIGS. 36A-E illustrate example signal diagrams associated with down-converting a digital 

AM signal to a demodulated baseband signal by under-sampling according to embodiments of the 

30 invention; 
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FIGS. 37 A-E iJlustrate ~xample signal diagrams associated with directly ~own-converting 

an analog PM signal to a demodulated baseband signal by under-sampling according to 

embodiments of the invention; 

FIGS. 38A-E m1:1strate example signal diagrams associated with down-converting a digital 

5 PM signal to a demodulated baseband signal by under-sampling according to embodiments of the 

invention; 

FIGS. 39A-D illustrate down-converting a FM signal to a non-FM signal by 

under-sampling according to embodiments of the invention; 

FIGS. 40A-E illustrate down-converting a FSK signal to a PSK signal by under-sampling 

10 according to embodiments of the invention; 

FIGS. 41A-E illustrate down-converting a FSK signal to an ASK signal by 

under-sampling according to embodiments of the invention; 

FIG. 42 illustrates a structural block diagram of an inverted sample and hold according 

to an embodiment of the present invention;. 

15 FIGS. 43A and B illustrate example waveforms present in the circuit of FIG. 31; 

FIG. 44A illustrates a structural block diagram of a differential system according to 

embodiments of the invention; 

FIG. 44B illustrates a structural block diagram of a differential system with a differential 

input and a differential output according to embodiments of the i~vention; 

20 FIG. 44C illustrates a structural block diagram ofa differential system with a single input 

and a differential output according to empodiments of the invention; 

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

the invention; 

FIG. 44E illustrates an example differential input to single output system according to 

25 embodiments of the invention; 

FIGS 45A-B illustrate a conceptual illustration of aliasing including under-sampling and 

energy transfer according to embodiments of the invention; 

FIGS. 46A-D illustrate various flowchart for. down-converting an EM signal by 

transferring energy from the EM signal at an aliasing rate according to embodiments of the 

30 invention; 

FIGS. 47A-E illustrate example signal diagrams associated with the flowcharts in FIGS. 

46A-D according to embodiments of the invention; 
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FIG. 48 is a flowchart that ilJustrates an example process for determining an aliasing rate 

associated with an aliasing signa] according to an embodim~~t of the invention; 

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

invention; 

FIGS. SOA-G illustrate example signal diagrams associated with down-converting an 

analog AM signal to an intermediate :frequency by transferring energy at an aliasing rate according 

to embodiments of the invention; 

FIGS. 51A-G illustrate example signal diagrams associated with down-converting an 

digital AM signal.to an intermediate frequency by transferring energy at an aliasing rate according 

10 to embodiments of the invention; 

FIGS. 52A-G illustrate example signal diagrams associated with down-converting an 

analog FM signal to an intermediate frequency by transferring energy at an aliasing rate according 

to embodiments of the invention; 

FIGS. 53A-G illustrate example signal diagrams associated with dovi.'11-converting an· 

15 digital FM signal to an intermediate frequency by transferring energy at an aliasing rate according · 

to embodiments of the invention; 

FIGS. 54A-G illustrate example signal diagrams associated with down-converting an 

analog PM signal to an intermediate frequency by transferring energy at an aliasing rate according 

to embodiments of the invention; 

20 FIGS. 55A-G illustrate example signal diagrams associated with down-converting an 

digital PM signal to ari intermediate frequc;:ncy by transferring energy at an aliasing rate according 

to embodiments of the invention; 

FIGS. 56A-D illustrate an example signal diagram associated with direct down-conversion 

according to embodiments of the invention; 

25 FIGS. 57 A-F illustrate directly down-converting an analog AM signal to a demodulated 

baseband signal according to embodiments of the invention; 

FIGS. 58A-F iJlustrate directly down-converting an digital AM signal to a demodulated 

baseband signal according to embodiments of the invention; 

FIGS. 59A-F iJlustrate directly down-converting an analog PM signal to a demodulated 

30 baseband signal according to embodiments of the invention; 

FIGS. 60A-F iJlustrate directly down-converting an digital PM signal to a demodulated 

baseband signal according to embodiments of the invention; 
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FIGS. 61A-F illustrate down-converting an FM signal to a_PM signal according to 

embodiments of the invention; 

FIGS. 62A-F illustrate down-converting an FM signal to a AM signal according to 

embodiments of the invention; 

FIG. 63 illustrates a block diagram of an energy transfer system according to an 

embodiment of the invention; 

FIG. 64A illustrates an exemplary gated transfer system according to an embodiment of 

the invention; 

FIG. 64B illustrates an exemplary inverted gated transfer system according to an 

10 embodiment of the invention; 

15 

FIG. 65 illustrates an example embodiment of the gated transfer module according to an 

embodiment of the invention; 

FIGS. 66A-D illustrate example implementations of a switch module according to 

embodiments of the invention; 

FIG. 67 A illustrates an example embodiment of the gated transfer module as including a 

break-before-make module according to an embodiment of the invention; 
. ·•. . . ' 

_ , FIG. 67B illustrates an example timing di~ramfor an energy transfer signal according to 

an embodiment of the invention; 

FIG. 67C illustrates an example timing diagram for an isolation signal according to an 

20 embodiment of the invention; 

25 

FIGS, 68A-F illustrate example storage modules according to embodiments of the 

invention; 

FIG. 68G illustrates an integrated gated transfer system according to an embodiment of 

the invention; 

FIGS. 68H-K illustrate example aperture generators; 

FIG. 68L illustrates an oscillator according to an embodiment of the present invention; 

PIO. 69 illustrates an energy transfer system with an optional energy transfer signal 

module according to an embodiment of the invention; 

FIG. 70 ilJustrates an aliasing module with input and output impedance match according 

30 to an embodiment of the invention; 

FIG. 7l illustrates an example pulse generator; 

FIGS. 72A and B illustrate example waveforms related to the pulse generator of FIG. 71 ; 
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FIG. 73 ilJustrates an example energy transfer module with\i~~itch module and a reactive 

storage module according to an embodiment of the invention; 

FIG. 74 illustrates an example inverted gated transfer module as including a switch module 

and a storage module according to an embodiment of the invention; 

5 FIGS. 75A-F il1ustrate an example signal diagrams associated with an inverted gated 

energy transfer module according to embodiments of the invention; 

FIGS. 76A-E illustrate energy transfer modules in configured in various differential 

configurations according to embodiments of the invention; 

FIGS. 77 A-C illustrate example impedance matching circuits according to embodiments 

10 of the invention; 

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

invention; 

FIGS. 79A-F illustrate example timing diagrams for under-sampling systems according 

to embodiments of the invention; 

15 · FIGS. 80A-F illustrate example timing diagrams for an under-sampling system when the 

load is a relatively low impedance load according to embodiments of the invention; 

FI GS. 8 lA-F illustrate example timing diagrams for an under~sampling system when the 

holding capacitance has a larger value according to embodiments of the invention; 

FIGS. 82A-B ilJustratc example energy transfer systems according to embodiments of the 

20 invention; 

FI GS. 83A-F illustrate example t~ming diagrams for energy transfer systems according 

to embodiments of the present invention; 

FIGS. 84A-D illustrate down-converting an FSK signal to a PSK signal according to 

embodiments of the present invention; 

25 FIG. 85A illustrates an example energy transfer signal module according to an 

30 

embodiment of the present invention; 

FIG. 858 illustrates a flowchart of state machine operation according to an embodiment 

of the present invention; 

FIG. 85C is an example energy transfer signal module; 

FIG. 86 is a schematic diagram of a circuit to down-convert a 915 MHZ signal to a 5 

MHZ signal using a 101.1 MHZ clock according to an embodiment of the present invention; 
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FIG. 87 shows simulation waveforms for the circuit of FIG. 86 according to embodiments 

of the present invention; 

FIG. 88 is a sch~matic diagram of a circuitto down-convert a 915 MHZ signal to a 5 MHz 

signal using a 101 MHZ clock according to an embodiment of the present invention; 

5 . FIG. 89 shows simulation waveforms for the circuit of FIG. 88 according to embodiments 

of the present invention; 

FIG. 90 is a schematic diagram of a circuit to down-convert a 915 MHZ signal to a 5 

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

FIG. 91 shows simulation waveforms for the circuit of FIG. 90 according to an 

IO embodiment of the present invention; 

15 

20 

25 

FIG. 92 shows a schematic of the circuit in FIG. 86 connected to an FSK source that 

alternates between 913 and 917 MHZ at a .baud rate of 500 Kbaud according to an 

embodiment of the present invention; 

FIG. 93 shows the original FSK waveform 9202 and the down-converted waveform 9204 

at the output of the load impedance match circuit according to an embodiment of the 

present invention; 

FIG. 94A illustrates an example energy transfer system according to an embodiment of 

the invention; 

FIGS. 948-C illustrate example timing diagrams for the example system of FIG. 94A; 

FIG. 95 illustrates an example bypass network according to an embodiment of the 

invention; 

FIG. 96 illustrates an example bypass network according to an embodiment of the 

invention; 

FIG. 97 illustrates an example embodiment of the invention; 

FIG. 98A illustrates an example real time aperture control circuit according to an 

embodiment of the invention; 

FIG.. 98B illustrates a timing diagram of an example clock signal for real time aperture 

control, according to an embodiment of the invention; 

FIG. 98C illustrates a timing diagram of an example optional enable signal for real time 

30 aperture control, according to a:ii embodiment of the invention; 

FIG. 98D illustrates a timing diagram of an inverted clock signal for real time aperture 

control. according to an embodiment of the invention; 
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FIG. 98E ilJustrates a timing diagram of an example delayed clock signal for real time 

aperture control, according to an embodiment of the invention; 

FIG. 98F ilJustrates a timing diagram of an example energy transfer including· pulses 

having apertures that are controlled in real time, according to an embodiment of the invention; 

s FIG. 99 is a block diagram of a differential system that utilizes non-inverted gated transfer 

10 

IS 

units, according to an embodiment of the invention; 

FIG.100 illustrates an example embodiment of the invention; 

FIG.101 illustrates an example embodiment of the invention; 

FIG.102 illustrates an example embodiment of the invention; 

FIG.103 illustrates an example embodiment of the invention; 

FIG.104 illustrates an example embodiment of the invention; 

FIG.105 illustrates an example embodiment of the invention; 

FIG.106 illustrates an example embodiment of the invention; 

FIG.107A is a timing diagram for the example embodiment of FIG. 103; 

FIG.107B is a timing diagram for the example embodiment of FIG. 104; 

FIG.108A is a timing diagram for the example embodiment of FIG. 105; 

FIG.108B is a timing diagram for the example embodiment of FIG. 106; 

FIG.109A illustrates and example embodiment of the invention; 

FIG.109B illustrates equations for determining charge transfer, in accordance with the 

20 present invention; 

FIG. l 09C illustrates relationships petween capacitor charging and aperture, in accordance 

with the present invention; 

FIG. I 090 illustrates relationships between capacitor charging and aperture, in accordance 

with the present invention; 

25 FIG. I 09E illustrates power-charge relationship equations, in accordance with the present 

30 

invention; 

FIG. I 09F illustrates insertion loss equations, in accordance with the present invention; 

FIG. 11 OA illustrates aliasing module 11000 a single FET configuration; 

FIG.11 OB illustrates FET conductivity vs. Vos; 

FIGs.11 lA-C illustrate signal wavefonns associated with aliasing module 11000; 

FIG. 112 illustrates aliasing module 11200 with a complementary FET configuration; 

FIGs. l 13A-E illustrate signal wavefonns associated with aliasing modulel 1200; 
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FIG. 114 illustrates aliasing module 11400; 

FIG. 115 illustrates aliasjng module 11500; 

FIG. 116 illustrates aliasing module 11602; 

FIG. 117 illustrates aliasit1g module 11702; 

PCT/US99/l4299 

FIGs. 118-120 illustrate signal waveforms associated with aliasing module 11602; 

FIGs. 121-123 illustrate signal waveforms associated with aliasing module 11702. 

FIG. 124A is a block diagram. of a splitter according to an embodiment of the invention; 

FIG. 124B is a more detailed diagram of a splitter according to an embodiment of the 

invention; 

10 FIGS. 124C and 124D are example waveform.s related to the splitter of FIGS. 124A and 

15 

124B; 

FIG. l 24E is a block diagram of an l/Q circuit with a splitter according to an embodiment 

of the invention; 

FIGS. 124F-124J are example waveforms related to the diagram of FIG. 124A; 

FIG. 125 is a block diagram of a switch module according to an embodiment of the 

invention; 

FIG. 126A is an implementation example of the block diagram of FIG. 125; 

FIGS. 126B-l 26Q are example waveforms related to FIG. 126A; 

FIG. 127A is another implementation example of the block diagram of FIG. 125; 

20 FIGS. 127D-127Q are example waveforms related to FIG. l27A; 

25 

FIG. 128A is an example MQSFET embodiment of the invention; 

FIG. 128B is an example MOSFET embodiment of the invention; 

FIG. 128C is an example MOSFET embodiment of the invention; 

FIG. 129A is another implementation example of the block diagram of FIG. 125; 

FIGS. 129B-129Q are example waveforms related to FIG. 127A; 

FIGS. 130 and 131 illustrate the amplitude and pulse width modulated transmitter 

according to embodiments of the present invention; 

FIGS. 132-134 illustrate example signal diagrams associated with the amplitude and pulse 

width modulated transmitter according to embodiments of the present invention; 

30 FIG. 13 5 shows an embodiment ofa receiver block diagram to recover the amplitude or 

pulse width modulated information; 
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FIG. 136 illustrates example signal diagrams associated with a waveform generator 

according to embodiments of the present invention; 

FIGS. 137-139 are example schematic diagrams illustrating various circuits employed in 

the receiver of FIG. 135; 

FIGS. 140-143 illustrate time and frequency domain diagrams of alternative transmitter 

output waveforms; 

FIGS. 144 and 145 illustrate differential receivers in accord with embodiments of the 

present invention; and 

FIGS. 146 and 147 illustrate time and frequency domains for a narrow bandwidth/constant 

10 carrier signal in accord with an embodiment of the present invention. 
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1. . General Terminology 

For i11ustrative purposes, the operation of the invention is often represented by flowcharts, 

such as flowchart 1201 in FIG. 12A. It shou1d be understood, however, that the use of flowcharts 

is for i1lustrative purposes only, and is not limiting. For example, the invention is not limited to 

5 the operationaJ ernbodiment(s) represented bythe flowcharts. lnstcad, alternative operational 

embodiments will be apparent to persons skilled in the re]evant art(s) based on the discussion 

contained herein. Also, the use of flowcharts should not be interpreted as limiting the invention . 

to discrete or digital operation. In practice, as will be appreciated by persons skilled in the 

relevant art(s) based on the herein discussion, the invention can be achieved via discrete or 

10 continuous operation, or a combination thereof. Further, the flow_ of control represented by the 

flowcharts is provided for illustrative purposes only. As wi11 be appreciated by persons skilled in 

the relevant art(s), other operational control flows are within the scope and spirit of the present . 

invention. Also, the ordering of steps may differ in various embodiments. 

Various terms used in this application are generally described in this section. The ' 

15 description in this section is provided for illustrative and convenience purposes only;· and.is not. 

limiting. The meaning of these terms wiJI be apparent to persons skilled in the relevant art(s) 

based on the entirety of the teachings provided herein. These terms may be discussed throughout :. 

the specification with additional detail. 

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

20 modulated by a baseband signal. 

The term unmodu]ated carrier signal, when used herein, refers to a signal having an 

amplitude that osci11ates at a substantially uniform frequency and phase. 

The term baseband signal, when used herein, refers to an information signal including. but 

not limited to, analog infonnation signals, digital infonnation signals and direct current (DC) 

25 information signals. 

The term carrier signal, when used herein, and unless otherwise specified when used 

herein, refers to modulated carrier signals and unmodulated carrier signals. 

information signals, digital information signals and direct current (DC) information signals. 

The term electromagnetic (EM) signal, when used herein, refers to a signal in the EM 

30 spectrum. EM spectrum includes all frequencies greater than zero hertz. EM signals generally 

include waves characterized by variations in electric and magnetic fields. Such waves may be 
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propagated in any mediwn, both natural and manmade, including but not limited to air, space, 

wire, cable, liquid, waveguide, micro-strip, strip-line, optical fiber, etc. Unless stated otherwise, 

all signals discussed herein are EM signals, even when not explicitly designated as such. 

The tenn intertnediate frequency (IF) signal, when used herein, refers to an EM signal that 

5 is substantially similar to another EM signal except that the IF signal has a lower frequency than 

the other signal. An IF signal frequency can be any frequency above zero HZ. Unless otherwise 

stated, the terms lower frequency, intermediate frequency, intermediate and IF are used 

interchangeably herein. 

The term analog signal, when used herein, refers to a signal that is constant or 

10 continuously variable, as contrasted to a signal that changes between discrete states. 

The term baseband, when used herein, refers to a frequency band occupied by any generic 

information signal desired· for transmissiOn ·and/or reception. 

·The term baseband signal, when used herein, refers to any generic information signal 

desired for transmission and/or r~ception. 

15 The term carrier frequency, when used herein, refers to the frequency of a carrier signal. 

20 

25 

Typically, it is the cei)ter frequency of a transmission signal that is generally modulated. 

· The term carrier signal, when used herein, refers to an EM wave having at least one 

characteristic that may be varied by modulation, ¢.at is capable of carrying information via 

modulation. 

The term demodulated baseband signal, when used herein, refers to a signal that results 

from processing a modulated signal. I~ some cases, for example, the demodulated baseband 

signal results from demodulating an intermediate frequency (IF) modulated signal, which results 

from down converting a modulated carrier signal. In another case, a signal that results from a 

combined downconversion and demodulation step. 

The term digital signal, when used herein. refers to a signal that changes between discrete 

states, as contrasted to a signal that is continuous. For example, the voltage of a digital signal 

may shift between discrete levels. 

The term electromagnetic· (EM) spectrum, when used herein. refers to a spectrwn 

comprising waves characterized by variations in electric and magnetic fields. Such waves may be 

30 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. 
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The term electromagnetic (EM) signal, when used herein:, refers to a ~ignal in the EM 

spectrum. Also generally c~lled an EM wave. Unless stated otherwise, all signals discussed 

herein are EM signals, even when not explicitly designated as such. 

The term modulating baseband signal, when used herein, refers to any generic information 

5 signal that is used to modulate an oscillating signal, or carrier signal. 

1.1 Modulation 

It is often beneficial to propagate electromagnetic (EM) signals at higher frequencies. This 

includes baseband signals, such as digital data information signals and analog information signals. 

A baseband signal can be up-converted to a higher frequency EM signal by using the baseband 

10 signal to modulate a higher frequency carrier signal, Fe. When used in this manner, such a 

baseband signal is herein called a modulating baseband signal FMB· 

Modulation imparts changes to the carrier signal F c that represent information in the 

modulating baseband signal FMB. The changes can be in the form of amplitude changes, frequency 

changes.· phase changes, etc .• or any combination thereof. The resultant .signal. is referred to 

15 herein as a modulated carrier signal FMc· The modulated carrier signal FMC includes the carrier 

signal Fe modulated by the modulating baseband signal, FMB, as in: 

20 

F MB combined with F c __. F ~c 

The modulated carrier signal FMc oscillates at, or near the frequency of the carrier.signal F c and 

can thus be efficiently propagated. 

FIG. 1 illustrates an example modulator 110, wherein the carrier signal Fe is modulated. 

by the modulating baseband signal F MB• thereby generating the modulated. carrier signal F Mc· 

Modulating baseband signal FMB can be an analog baseband signal, a digital baseband 

signal, or a combination thereof. 

FIG. 2 illustrates the modulating baseband signal FMB as an exemplary analog modulating 

25 baseband signal 210. The exemplary analog modulating baseband signal 210 can represent any 

type of analog information including, but not limited to. voice/speech data. music data, video data, 

etc. The amplitude of analog modulating baseband signal 210 varies in time. 
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Digital information includes a plurality of discrete states. For ease of explanation, digital 
. . . . . . . 

information signals are di$cussed below as having two discrete states. But the invention is not 

limited to this embodiment. 

FIG. 3 illustrates the modulating baseband signal FMB as an exemplary digital modulating 

5 baseband signal 310. The digital modulating baseband signal 310. can represent any type of digital 

data including, but not limited to, digital computer information and digitized analog information. 

The digital modulating baseband signal 310 includes a first state 312 and a second state 314. In 

an embodiment, first state 312 represents binary state 0 and second ·state 314 represents binary 

state 1. Alternatively, first state 312 represents binary state 1 and second state 314 represents 

10 binary state 0. · Throughout the remainder of this disclosure, the fonner convention is followed, 

whereby first state 312 represents binary state zero and second state 314 represents binary state 

one. But the invention is not limited to this embodiment. First state 312 is thus referred to herein 

as a low state and second state 314 is referred to herein as a high state. 

Digital modulating baseband signal 31 o can change between first state 312 and second 

15 state 314 at a data rate, or baud ·rate, measured as bits per second. 

<:;arrier sigrial F c is modul~ted by the modulating baseband signal F MB. by any modulation 

technique, including, but not limited to, amplitude modulation (AM), ~equency modulation (FM), 

phase modulation (PM), etc., or any combination thereof.. Examples are provided below for 

amplitude modulating, frequency modulating, and phase modulating the analog modulating 

20 baseband signal 210 and the digital modulating baseband signal 310, on the carrier signal F c· The 

examples are used to assist in the descrip~ion of the invention. The invention is not limited to, or 

by, the examples. 

FIG. 4 illustrates the carrier signal Fe as a carrier signal 410. In the example of FIG. 4, 

the carrier signal 410 is illustrated as a 900 MHZ carrier signal. Alternatively, the carrier signal 

25 410 can be any other frequency. Example modulation schemes are provided below. using the 

examples signals from FJGS. 2, 3 and 4: 

J.1.1 Amplitude Modulation 

In amplitude modµlation (AM), the amplitude of the modulated carrier signal FMc is a 

function of the amplitude of the modulating baseband signal F MB· FIGS. SA-SC illustrate example 

30 timing diagrams for amplitude modulating the carrier signal 41 0 with the analog modulating 
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baseband signal210. FIGS. 6A.~6c illustrate exatnple timing di~ffefuris for ampl~tude modulating 

the carrier signal 410 with the digital modulating baseband signal 310. 

FIG. 5A illustrates the analog modulating baseband signal 210. FIG. 5B illustrates the 

carrier signal 410. Fl G. SC illustrates an analog AM carrier signaJ 516, which is generated when 

5 the carrier signal 410 is amplitude modulated using the analog modulating baseband signal 210. 

As used herein, the term "analog AM carrier signal" is used to indicate that the modulating 

baseband signal is an analog signal. 

The analog AM carrier signal 516 oscillates at the frequency of carrier signal 410. The 

amplitude of the analog AM carrier signal 516 ·tracks the amplitude of analog modulating 

10 baseband signal 210, illustrating that the info~tion contained in the analog modulating baseband · 

signal 210 is retained in the analog AM carrier signal 516. 

FIG. 6A i11ustrates the digital modulating ha.c;eband signal 310. FIG. 6B illustrates the 

carrier signal 410. FIG. 6C illustrates a digital AM carrier signal 616, which is generated when 

the carrier signal 410 is amplitude modulated using the digital modulating baseband signal 310. · .• 

15 As used herein, the term "digital AM carrier signal" is used to indicate that the modulating 

baseband signal is a digital signal. 

The digital AM carrier signal 616 oscillates at the frequency of carrier signal 410. TQ.e 

amplitude of the digital AM carrier signal 616 tracks the· amplitude of digital modulating baseband 

signal 310, illustrating that the information contained in the digital modulating baseband signal 310 

20 is retained in the digital AM signal 616. As the digital modulating baseband signal 310 changes 

states, the digital AM signal 616 shifts amplitudes. Digital amplitude modulation is often referred 

to as amplitude shift keying (ASK) , and the two terms are used interchangeably throughout the 

specification. 

1.1.2 Frequency Modulation 

25 In frequency modulation (FM), the frequency of the modulated carrier signal FMc varies 

as a function of the amplitude of the modulating baseband signal FMn· FIGS. 7A-7C illustrate 

example timing diagrams for frequency modulating the carrier signal 410 with the analog 

modulating baseband signal 210. FIGS. 8A-8C illustrate example timing diagrams for frequency 

modulating the carrier signal 410 with the digital modulating baseband signal 3 J 0. 
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FIG. 7 A illustrates the analog modulating baseband signal 210. FIG. 78 illustrates the 

carrier signal 410. FIG. 7C illustrates an analog FM carrier signal 716, which is generated when 

·the carrier signal 410 is frequency modulated using the analog modulating baseband signal 210. 

As used herein, the term "analog FM carrier signal" is used to indicate that the modulating 

5 baseband signal is an analog signal. 

The frequency of the analog FM carrier sigxial 716 varies as a function of amplitude 

changes on the analog baseband signal 210. In the illustrated example, the frequency of the 

analog FM carrier signal 716 varies in proportion to the amplitude of the analog modulating 

baseband signal 210. Thus, at time tl, the amplitude of the analog baseband signal 210 and the 

10 frequency of the analog FM carrier signal 716 are at maximums; At time t3, the amplitude of the 

analog baseband signal 210 ·and the 'frequency of the analog AM carrier signal 716 are at 

minimums. 

The frequency of the analog FM carrier signal 716 is typically centered around the 

· 'frequency of the· carrier signal 410. ·Thu5, at time t2, for e:icatnple, when the amplitude of the 

· 15 · anaiog baseband Signal 210 is at a mid-point, illustrated here a.S zero volts, the frequency of the 

·analog FM carrier signal 716 is substaritially the same as th~ frequency of the carrier signal 410. 

FIG. 8A iUustrates the digital modulating baseband signal 310. FIG. SB illustrates the 

carrier signal 410. FIG. 8C illustrates a digital FM carrier signal 816, which is generated when 

the carrier signal 410 is frequency modulated using the digital baseband signal 310. As used 

20 herein, the term "digital FM carrier signal" .is used to indicate that the modulating baseband signal 

is a digital signal.· 

The frequency of the digital FM carrier signal 816 varies as a function of amplitude 

changes on the digital modulating baseband signal 310. In the illustrated example, the frequency 

of the digital FM carrier signal 816 varies in proportion to the amplitude of the digital modulating 

25 baseband signal 310. Thus, between times tO and tl, and between times t2 and t4, when the 

amplitude of the digital baseband signal 310 is at the higher amplitude second state, the frequency 

of the digital FM carrier signal 816 is at a maximum. BetWeen times t1 and t2, when the 

amplitude of the digital baseband signal 310 is at the lower amplitude first state. the frequency of 

the digital FM carrier signal 816 is at aminimuin. Digital frequency modulation is often referred 

30 to as frequency shift keying (FSK), and the terms are used interchangeably throughout the 

specification. 
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Typically, the frequency of the digital FM carrier ·signal 816 is centered about the 

frequency of the carrier signal 410, and the maximum and minimum frequenCies are equally offset 

from the center frequency. Other variations can be employed but, for ease of illustration. this 

convention will be followed herein. 

J.J.3 Phase Modulation 

. In phase modulation (PM), the phase of the modulated carrier signal FMc varies as a 

function of the amplitude of the modulating baseband signal F MB. FIGS. 9A-9C illustrate example 

timing diagrams for phase modµlating the carrier signal 410 with the analog modulating baseband 

signal 210. FIGS. 1 OA-1 OC illustra:te example timing diagrams for phase modulating the carrier 

10 signal 410 with the digital modulating baseband signal 310. 

FIG. 9A illustrates the analog modulating baseband signal 210. FIG. 9B illustrates the 

carrier signal 410. FIG. 9C illustrates an analog PM carrier signal 916, which is generated.by 

phase modulating the carrier signal 410 with the analog baseband signal 210. As used herein, the . 

term "analog PM carrier signal" is used to indicate that the modulating baseband signal is an 

15 analog signal. 

Generally. the frequency of the analog PM carrier signal 916 is substantially the same as 

the frequency of carrier signal 410. Butthe phase of the analog PM carrier signal 916 varies with 

amplitude changes on the analog modulating baseband signal 210. For relative comparison, the 

carrier signal 410 is illustrated in FIG. 9C by a dashed line. 

20 The phase of the analog PM carrier signal 916 varies as a function of amplitude changes 

of the analog baseband signal 21 O. In the illustrated example, the phase of the analog PM signal 

916 lags by a varying amount as determined by the amplitude of the baseband signal.210. For 

example, at time t1. when the amplitude of the analog baseband signal 210 is at a maximum, the 

analog PM carrier signal 916 is in phase with the carrier. signal 410. Between times t 1 and t3, 

25 when the amplitude of the analog baseband signal 210 decreases to a minimum amplitude, the 

phase of the analog PM carrier signal 916 lags the phase of the carrier signa1410, until it reaches 

a·maximum out of phase value at time t3. In the illustrated example, the phase change is 

illustrated as approximately 180 degrees. Any suitable amount of phase change, varied in any 

manner that is a function of the baseband signal, can be utilized. 
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FIG. 1 OA illustrates the digital modul~ting baseband signal 310. FIG. 1 OB illustrates the 

carrier signal 410. FIO. lOC illustrates a d.igital PM carrier signal 1016, which is generated by 

phase modulating the carrier signal 410 with the digital baseband signal 310. As used herein, the 

term "digital PM carrier signal" is used to indicate that the modulating baseband signal is a digital 

5 signal. 

The frequency of the digital PM carrier signal 1016 is substantially the same as the 

frequency of carrier signal 410. The phase of the digital PM carrier signal 1016 varies as a 

function of amplitude changes on the digital baseband signal 310. In the illustrated example, when 

the digital baseband signal 310 Is at the first state 312, the digital PM carrier signal l 016 is out 

10 of phase with the carrier signal 410. When the digital baseband signal 310 is at the second state 

314, the digital PM carrier signal 1016 is in..;phase with the carrier signal 410. Thus, between 

times tl and t2, when the amplitude of the digital baseband signal310 is at the first state 312, the 

digital PM carrier signal 1016 is out of phase with the carrier signal 410. Between times tO and 

tl, and between times t2 and t4, when the amplitude of the digital baseband signal 310 is at the 

15 second State 314, the digital PM carrier· signal 1016 is in phase with the carrier signal 410. 

In the illustrated example, the out of phase value between times tl and t3 is illustrated as 

approximately 180 degrees out of phase. Any suitable amount of phase change, varied in any 

maimer that is a function of the baseband.signal, can be utilized. Digital phase modulation is often 

referred to as phase shift keying (PSK) , and the terms are used interchangeably throughout the 

20 specification. 

1.2 Demodulation 

When the mo~ulated carrier signal FMc is received, it can be demodulated to extract the 

modulating baseband signal Ft.fs· Because of the typically high frequency of modulated carrier 

signal FMc• however. it is generally impractical to demodulate the baseband signal FM8 directly 

25 from the modulated carrier signal FMc· Instead, the modulated carrier signal FMc must be down­

converted to a lower frequency signal that contains the original modulating baseband signal. 

When a modulated carrier signal is down-converted to a lower frequency signal, the lower 

frequency signal is referred to herein as an intermediate frequency (IF) signal FiF· The IF signal 

F1F oscillates at any frequency, or frequency band, below the frequency of the modulated carrier 

30 frequency FMc· Down-conversion ofFMc to F1F is illustrated as: 
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After F Mc is down-converted to the IF modulated carrier signal F1F• F IF can be demodulated 

to a baseband signal FoMs• as illustrated by: 

s FnMB is intended to be substantially similar to the modulating baseband signal F MB• illustrating that 

the modulating baseband signal FMB can be substantially recovered. 

It will be emphasized throughout the disclosure that the present invention can be 

implemented with any type of EM signa], including, but not limited to, modulated carrier signals 

and unmodulated carrier signals. The above examples of:modulated carrier signals are provided 

IO for illustrative purposes only. Many variations to the examples are possible. For example, a 
carrier signal can be modulated with a plurality of the modulation types described above. A 

carrier signal can also be modulated with a plurality of baseband signals, including analog 

baseband signals, digital baseband signals, and combinations ofboth analog and digital baseband 

signals. 

15 2. Overview of the Invention 

Conventional signal processing techniques follow the Nyquist sampling theorem, which 

states that, in order to faithfully reproduce a sampled signal, the signal must be sampled at a rate 

that is greater than twice the frequency of the signal being sampled. When a signal is sampled at 

less than or equal to twice the frequency of the signal, the signal is said to be under-sampled, or 

20 aliased. Conventional signal processing thus teaches away from under-sampling and aliasing, in 

order to faithfully reproduce a sampled signal. 

2.1 Aspects of the Invention 

Contrary to conventional wisdom, the present invention is a method and system for down­

converting an electromagnetic (EM) signal by aliasing the EM signal. Aliasing is represented 

25 generally in FIG. 45A as 4502. 
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By taking a carrier and aliasing it at an aliasing rate, the invention can down-convert that 

carrier to lower frequencies. One aspect that can be exploited by this invention is realizing that 

the carrier is not the item of interest. the lower baseband signal is of interest to reproduce 

sufficiently. This baseband signal's frequency content, even though its carrier may be aliased, 

5 does satisfy the Nyquist criteria and as a result, the baseband information can be sufficiently 

reproduced. 

FIG. 12A depicts a flowchart 1201 that illustrates a method for aliasing an EM signal to 

generate a clown-converted signal. The process begins at step 1202, which includes receiving the 

EM signal. Step 1204 includes receiving an aliasing signal having an aliasing rate. Step 1206 

IO: · includes aliasing the EM signal to down-convert the EM signal. The term aliasing, as used herein, 

refers to both down-converting an EM signal by under-sampling the EM signal at an aliasing rate 

and to down-converting an EM signal by transferring energy from the EM signal at the aliasing 

rate. These concepts· are described below.· 

FIG; 13 illustrates a block diagram of a gen~ric aliasing system 1302, which includes an 

lS. aliasing module 13Q6. In an embodiment, the aliasing system 1302 operates in accordance with 

the flowchart 1201. For example, in step 1202, the aliasing module 1306 receives an EM signal 

1304. In step 1204,the aliasing module 1306 receives an aliasing signal 1310. In step 1206, the 

aliasing module 1306 down-converts the EM signal _1304 to a down-converted signal 1308. The 

generic aliasing system 1302 can also be used to implement any of the flowcharts 1207, 1213 and 

20 1219. 

In an embodiment, the inventio;n down-converts the ·EM signal to an intermediate 

frequency (IF) signal. FIG. 12B depicts a flowchart 1207 that illustrates a method for under­

sampling the EM signal at an aliasing rate to doWll-convert the EM signal to an IF signal. The 

process begins at step 1208, which includes receiving an EM signal. Step 1210 includes receiving 

. 25 an aliasing signal having an aliasing rate FAR· Step 1212 includes under-sampling the EM signal 

at the aliasing rate to down-convert the EM signal to an IF signal. 

In another embodiment, the invention down-converts the EM signal to a demodulated 

baseband information signal. FIG. 12C depicts a flowchart 1213 that illustrates a method for 

down-oonverting the EM signal to a demodulated baseband signal. The process begins at step 

30 1214, which includes receiving an EM signal. Step 1216 includes receiving an aliasing signal 

having an aliasing rate FAR· Step 1218 includes down-converting the EM signal to a demodulated 
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baseband signal. The demodulated baseband signal can be processed witho~t further down­

conversion or demodulation. 

In another embodiment, the EM signal is a frequency modulated (FM) signal, which is 

down-converted to a non-FM signal, such as a phase modulated (PM) signal or an amplitude 

s modulated (AM) signal. FIG. 120 depicts a flowchart 1219 that illustrates a method for down­

converting the FM signal to a non-FM signal. The process begins at step 1220, which includes 

receiving an EM signal. Step 1222 includes receiving an aliasing signal having an aliasing rate. 

Step 1224 includes down-converting the FM signal to a non-FM signal. 

The invention down-converts any type of EM signal, including, but not limited to, 

10 modulated carrier signals and unmodulated carrier signals. For ease of discussion. the invention 

is further described herein using modulated carrier signals for examples. Upon reading the 

disclosure and examples therein, one skilled in the relevant art(s) will understand that the 

invention can be implemented to down-convert signals other than carrier signals as well. The 

invention is not limited to the example embodiments described above. 

15 In an embodiment, down-conversion is accomplished by under-sampling an EM signaL 

20 

This is described generally in Section 1.2.2. below and in detail in Section II and its sub-sections. 

In another embodiment, down-conversion is achieved by transferring non-negligible amounts of 

energy from an EM signal. This is described generally in Section I.2.3. below and in detail in 

Section III. 

2.2 Down-Converting by Um/er-Sampling 

The term aliasing, as used herein, refers both to down-conv~g an EM signal by under­

sampling the EM signal at an aliasing rate and to down-converting an EM signal by transferring 

energy from the EM signal at the aliasing rate. Methods for under-sampling an EM signal to 

down-convert the EM signal are now described at an C?_verview level. FIG. 14A depicts a 

25 flowchart 1401 that illustrates a method for under-sampling the EM signal at an aliasing rate to 

down-convert the EM signal. The process begins at step 1402, which includes receiving an EM 

signal. Step 1404 includes receiving an under-sampling signal having an aliasing rate. Step 1406 

includes under-sampling the EM signal at the aliasing rate to down-convert the EM signal. 

Down-converting by under-sampling is illustrated by 4504 in FIG. 45A and is described 

30 in greater detail in Section II. 
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2.2.1 Down-Converting to an Intermediate Frequency (IF) Signal 

In an embodiment, an EM signal is under-sampled at an aliasing rate to do\\'n-convert the 

EM signal to a lower, or intermediate frequency (IF) signal. The EM signal can be a modulated 

earner signal or an unmodulated carrier signal. In an exemplary example, a modulated carrier 

5 signal FMc is down-converted to an IF signalFiF· 

FIG. 14B depicts a flowchart 1407 that illustrates a method for under-sampling the EM 

·signal at an aliasing rate to down-convert the EM signal to an IF signal. The process begins at 

step 1408, which includes receiving an EM signal. Step 1410 includes receiving an under-

10 sampling signal having an aliasing rate. Step 1412 includes l.inder-sampling the EM signal at the 

15 

20 

aliasing rate to down-convert the EM signal to an IF signal. 

This embodiment is illustrated generally by 4508 in FIG. 45B and is described in Section 

II.I. 

2.2.2 Direct-to-Data Down-Converting 

In another embodiment, an EM signal is directly down-converted to a demodulated 

baseband signal (direct-to-data down-conversion), by under-sampling the EM signal at an aliasing 

rate. The EM signal can be a modulated EM signal or an unmodulated EM signal. In an 

exemplary embodiment, the EM signal is the modulated carrier signal FMC• and is directly down­

converted to a demodulated baseband signal FDMB· 

FIG. 14C depicts a flowchart 1413 that illustrates a method for under-sampling the EM 

signal at an aliasing rate to directly down-convert the EM signal to a demodulated baseband 

signal. The process begins at step 1414. which includes receiving an EM signal. Step 1416 

includes receiving an under-sampling signal having an aliasing rate. Step 1418 includes under-



5 

· ... · 

W000/24117 PCT/US99/24299 

-33-

sampling the EM signal at the aliasing rate to directly down-convert the EM signal to a baseband 

information signal. 

This embodiment is illustrated generally by 4510 in FIG. 45B and is described in Section 

II.2 

2.2.3 Modulation Conversion 

In another embodiment, a frequency modulated (FM) carrier signal FFMc is converted to 

a non-FM signal FcNoN-FMJ• by under-sampling the FM carrier signal FFMc· 

FFMC-+ FCNON-FM) 

FIG. 14D depicts a flowchart 1419 that illustrates a method for under-sampling an FM 

10 . signal to convert it to a non-FM signal. The process begins at step 1420, which includes receiving 

15 

the FM signal. Step 1422 includes receiving an under-sampling signal having an aliasing rate. 

Step 1424 includes under-sampling the FM signal at the aliasing rate to convert the FM signal to· 

a non-FM signal For example, the FM signal can be under-sampled to convert it to a PM signal 

or an AM signal. 

This embodiment is illustrated generally by 4512 in FIG. 45B. and described in Section 

Il.3 

2.3 Down-Converting by Transferring Energy 

The term aliasing, as used herein, refers both to down-converting an EM signal by under­

sampling the EM signal at an aliasing rate and to down-converting an EM signal by transferring 

20 non-negligible amounts energy from the EM signal at the aliasing rate. Methods for transferring 

energy from an EM signal to down-convert the EM signal are now described at an overview level. 

More detailed descriptions are provided in Section III. 

FIG. 46A depicts a flowchart 4601 that illustrates a method for transferring energy from 

the EM signal at an aliasing rate to down-convert the EM signal. The process begins at step 

25 4602, which includes receiving an EM signal. Step 4604 includes receiving an energy transfer 
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signal having an aliasing rate. Step 4606 includes trclllsferring energy from the EM signal at the 

aliasing rate to down-convert the EM signal. 

Down-converting by transferring energy is illustrated by 4506 in FIG. 45A and is 

described in greater detail in Section III. 

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

In an embodiment, EM signal is down-converted to a lower, or intermediate frequency 

(IF) signal, by transferring energy from the EM signal at an aliasing rate. The EM signal can be 

a modulated carrier signal or an unmodulated carrier signal. In. an exemplary example, a 

modulated carrier signal FMc is down-converted to an IF signal FIF. 

FIG. 46B depicts a flowchart 4607 that illustrates a method for transferring energy from 

the EM signal. at an aliasing rate to down-convert the EM signal to an IF signal. The process 

begins at step 4608, which includes receiving an EM signal. Step 4610 includes receiving an 

energy transfer signal having an aliasing rate. Step4612 includes transferring energy from the EM 

15 signal at the aliasing rate. to down-convert the EM signal to an IF signal. 

This embodiment is illustrated generally by 4514 in FIG. 45B and is described in Section 

III.I. 

23.2 Direct-to-Data Down-Converting 

In another. embodiment, an EM signal. is down".'converted to a demodulated baseband 

20 signal by transferring energy from the EM signal at an aliasing rate. This embodiment is referred 

to herein as direct-to-data down".'conversion. The EM signal can be a modulated EM signal or 

an unmodulated EM signal. In an exemplary embodiment. the EM signal is the modulated carrier 

signal FMC• and is directly down-converted to a demodulated baseband signal F oMe· 
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-FIG. 46C depicts a flo'Wchart 4613 that illustrates a meth:dd-for transferring energy from · 

the EM signal at an aliasing rate to directly down-convert the EM signal to a demodulated 

baseband signal. The process begins at step 4614, which includes receiving an EM signal. Step 

4616 includes receiving an energy transfer signal having an aliasing rate. Step 4618 includes 

s transferring energy from the EM signal at the aliasing rate to directly down-convert the EM signal 

to a baseband signal. 

10 

This embodiment is illustrated generally by 4516 in FIG. 45B and is described in Section 

III.2 

2.3.3 Modulation Conversion 

In another embodiment, a frequency modulated (FM) carrier signal F FMC is converted to 

a non-FM signal F1NoN.fM)' by transferring energy from the FM carrier signal FFMc at an aliasing 

rate. 

F FMC -+ F(NON-FM) 

The FM carrier signal F 1-"Mc can be converted to, for example, a phase modulated (PM) signal or 

15 an amplitude modulated (AM) signal. FIG. 46D depicts a flowchart 4619 that iHustrates a method 

for transferring energy from an FM signal to convert it to a non-FM signal. Step 4620 includes 

receiving the FM signal. Step 4622 includes receiving an energy transfer signal having an aliasing 

rate. In FIG. 46D, step 4612 includes transferring energy from the FM signal to convert it to a 

non-FM signal. For example, energy can be transferred from an FSK signal to convert it to a PSK 

20 signal or an ASK signal. 

This embodiment is illustrated generally by 4518 in FIG. 45B, and described in Section 

III.3 

2.4 Determining die Aliasing rate 

In accordance with the definition of aliasing. the aliasing rate is equal to. or less than, 

25 twice the frequency of the EM carrier signal. Preferably, the aliasing rate is much less than the 

frequency of the carrier signal. The aliasing rate is preferably more than twice the highest 
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frequency component of the modulating baseband signal FM8 that-is to be repro~uced. The above 

requirements are illustrated in EQ. (1). 

2 • FMc <!: FAR >2 • (Highest Freq. Component ofFMe) EQ. (1) 

In other words, by taking a carrier and aliasing it at an aliasing rate, the invention can 

5 down-convert that carrier to lower frequencies. One aspect thatcan be exploited by this invention 

is that the carrier is not the item ofinterest; instead the lower baseband signal is of interest to be 

reproduced sufficiently. The baseband signal's frequency content, even though its carrier may be 

aliased, satisfies the Nyquist criteria and as a result, the baseband information can be sufficiently 

reproduced, either as the intermediate modulating carrier signal Fw or as the demodulated direct-

10.. to-data baseband signal FoMB· · 

In accordance with the invention, relationships between the frequency of an EM carrier 

signal, the alia5ing rate, and the intermediate frequency of the down-converted signal, are 

illustrated in EQ. (2). 

EQ. (2) 

15 Where: 

20 

25 

Fe is the frequency of the EM cmrier signal that is to be aliased; 

FAR is the aliasing rate; 

n identifies a harmonic or sub:..harmonic of the aliasing rate (generally, n=0.5, l , 2, 3, 4, 

... );and 

F1F is the intermediate frequency of the down-converted signal. 

Note that as (n • FAR) approaches F c• F1F approaches zero. This is a special case where 

an EM signal is directly down-converted to a demodulated baseband signal. This special case is 

referred to herein as Direct-to-Data down-conversion. Direct-to-Data down-conversion is 

described in later sections. 

High level descriptions, exemplary embodiments and exemplary implementations of the 

above and other embodiments of the invention are provided in sections below. 
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3.. Benefits of the Invention Using an Example ConventiOnal Receiver for Comparison 

FIG; 11 illustrates an example conventional receiver system 1102. The conventional 

system 1102 is provided both to help the reader to understand the functional differences between 

conventional systems and the present invention, and to he1p the reader to understand the benefits 

5 of the present invention. 

The example conventional receiver system 1102 receives an electromagnetic (EM) signal 

1104 via an antenna 1106. The EM signal 1104 can include a plurality of EM signals such as 

modulated carrier signals. For example, the EM signal 1104 includes one or more radio frequency 

(RF) EM signals, such as a 900 MHZ modulated carrier signal. Higher frequency RF signals, such. 

10 as 900 MHZ signals, generally cannot be directly processed by conventional signal processors~ 

Instead, higher frequency RF signals are typically down-converted to lower intermediate 

frequencies (IF) for processing. The receiver system 1 I 02 down-converts the EM signal I I 04 

to an intermediate frequency (IF) signal 1108n, which can be provided to a signal processor 1110. 

When the EM signal l I 04 includes a modulated carrier signal; the signal processor 1110 usually .. 

15 includes a demodulator that demodulates the IF signal 1108n to a baseband information signal 

(demodulated baseband signal) . 

20 

. Receiver system 1102 includes an RF stage 1112 and one or more IF stages 1114. The 

RF stage 1112 receives the EM signal I 104. The RF stage 1112 includes the antenna 1106 that 

receives the EM signal 1104. 

The one or more IF stages 1114a-1 l l 4n down-convert the EM signal 1104 to 

consecutively lower intermediate frequencies. Each of the one or more IF sections l l l 4a-11l4n 

includes a mixer 11 l 8a-1 1 18n that down-converts an input EM signal 1 1 16 to a lower frequency 

IF signal I I 08. By cascading the one or more mixers 1 l l 8a-11 l 8n. the EM signal 1104 is 

incrementally down-converted to a desired IF signal 1108n. 

25 In operation, each of the one or more mixers 1118 mixes an input EM signal 1 1 16 with 

a local oscillator (LO) signal 1119, which is generated by a local osci11ator (LO) 1120. Mixing 

generates sum and difference signals from the input EM signal 1116 and the LO signal 1119. For. 

example, mixing an input EM signal l 116a, having a frequency of 900 MHZ. with a LO signal 

11l9a, having a frequency of 830 MHZ, results in a sum signal, having a frequency of 900 MHZ 

30 + 830 MHZ= 1.73 GHZ, and a difference signal, having a frequency of 900 MHZ - 830 MHZ 

=70MHZ. · 
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Specifically, in the example of FIG. 11, the one or more mixers 1118 generate a sum and 

difference signals for all signal components in the input EM signal 1116. For example, when the 

EM signal 1l16a includes a second EM signal, having a frequency of760 MHZ, the mixer 1ll8a 

generates a second sum signal, having a frequency of 760 MHZ+ 830 MHZ = 1.59 GHZ, and 

5 a second difference signal, having a frequency of 830 MHZ ~ 760 MHZ = 70 MHZ. In this 

example, therefore, mixing two input EM signals, having frequencies of900 MHZ and 760 MHZ, 

respectively, with an LO signal having a frequency of830 MHZ, results in two IF signals at 70 

MHZ. 

Generally, it is very difficult, if not impossible, to separate the two 70 MHZ signals. 

10 Instead, one or more filters 1122 and t 123 are provided upstream from each mixer 1118 to filter 

the unwanted frequencies, also known as image frequencies. The filters 1122 and 1123 can 

include various filter topologies and arrangements such as bandpass filters, one or more high pass 

filters, one or more low pass filters, combinations thereof, etc. 

Typically, the one or more mixers 1118 and the one or more filters 1122 and 1123 

15 attenuate or reduce the strength of the EM signal 1104. F<>r example, a typical mixer reduces the 

EM signal strength by 8 to 12 dB. A typical filter reduces the EM signal strength by 3 to 6 dB. 

· As a result, one or more low noise amplifiers (LNAs) 1121 and ll24a-1124n are provided 

upstream of the one or more filters 1123 and 1122a-1122n. The LNAs and filters can be in 

reversed order. The LNAs compensate for fosses in the mixers 1118, the filters 1122 and 1123, 

20 and other components by increasing the EM signal strength prior to filtering and mixing. 

Typically, for example, eachLNA contri_butes 15 to 20 dB of ampJification. 

However, LNAs require substantial power to operate. Higher frequency LNAs require 

more power than Jower frequency LNAs. When the receiver system 1102 is intended to be 

portable, such as a cellular telephone receiver, for example, the LNAs require a substantial portion 

25 of the total power. 

At higher frequencies, impedance mismatches between the various stages further reduce 

the strength of the EM signal 1104. In order to optimize power transferred through the receiver 

system 1102, each component should be impedance matched with adjacent components. Since 

no two components have the exact same impedance characteristics. even for components that 

30 were manufactured with high tolerances, impedance matching must often be individually fine 

tuned (or each receiver system 1102. As a result.impedance matching in conventional receivers 

tends to be labor intensive and more art than science. Impedance matching requires a significant 
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amo1Jnt of added time and expense to both the design and manufacture of conve~tional receivers. 

Since many of the components, such as LNA, filters, and impedance matching circuits, are highly 

frequency dependent, a receiver designed for one application is generally not suitable for other 

applications. Instead, anew receiver must be designed, which requires new impedance matching 

5 circuits between many of the components. 

Conventional receiver components are typically positioned over multiple IC substrates 

instead of on a single IC substrate. This is partly becauc;e there is no single substrate that is 

optimal for both RF, IF, and baseband frequencies. Other factors may include the sheer number 

of components, their various sizes and different inherent impedance characteristics, etc. 

10 Additional signal amplification is often required when going from chip to chip. Implementation 

over multiple substrates thus involves many costs in addition to the cost of the ICs themselves. 

Conventional receivers thus require many components, are difficult and time consuming 

to design and manufacture, and require substantial external power to maintain sufficient signaJ 

levels. Conventional receivers are thus expensive to design, build, and use. 

15 In an embodiment, the present invention is implemented to replace many, if not all, of the 

components between the antenna 1106 and the signal processor 111 o. with an aliasing module . 

that includes a universal frequency translator (UF1) module. The UFT is able to down-convert 

a wide range of EM signal frequencies using very few components. The UFT is easy to design 

and build. and requires very little external power. The UFT design can be easily tailored for 

20 different frequencies or frequency rang~s. For example, UFT design can be easily impedance 

matched with relatively little tuning. In a direct-to-data embodiment of the invention, where an 

EM signal is directly down-converted to a demodulated baseband signal, the invention also · 

eliminates the need for a demodulator in the signal processor 1110. 

When the invention is implemented in a receiver system, such as the receiver system 1102, 

25 power consumption is significantly reduced and signal to noise ratio is significantly increased. 

In an embodiment, the invention can be implemented and tailored for specific applications 

with easy to calculate and easy to implement impedance matching circuits. ·As a result, when the 

invention is implemented as areceivet, such as the receiver 1102, specialized impedance matching 

experience is not required. 

30 In conventional receivers, components in the IF sections comprise roughly eighty to ninety 

percent of the total components of the receivers. The UFT design eliminates the IF section(s) and 
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thus eliminates the roughly eighfY. to ninety percent of the total components of conventional 

receivers. 

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

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

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

oscillator; 

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

The invention can be implemented as a receiver using unit delay filters; 

The invention can be implemented as a receiver that can change frequencies and receive 

. different modulation fonnats with no hardware changes; 

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

transmitter; 

The invention can be also be implemented as a combination up-converter (transmitter) and 

down-converter (receiver), referred to herein as a transceiver; . 

The invention can be implemented in a differential configuration, whereby signal to noise 

·ratios. are increased;. · 

A receiver designed in accordance with the invention can be implemented on a single IC 

substrate, such as a silicon-based IC substrate; 

A recei~er designed in accordance with the Invention and implemented on a single IC 

substrate, such as a silicon-based IC substrate, can down-convert EM signals from 

frequencies in the giga Hc;rtz range; 

A receiver built in accordance with the invention has a relatively flat response over a wide 

range of frequencies. For example, in an embodiment, a receiver built in 

accordance with the invention to operate around 800 MHZ has a substantially flat 

response (i.e., plus or minus a few dB of power) from 100 MHZ to 1 GHZ. This 

is referred to herein as a wide-band receiver; and 

A receiver built in accordance with the invention can include multiple, user-selectable, 

Impedance match modules, each designed for a different wide-band of frequencies, 

which can be used to scan an ultra-wide-band of frequencies. 
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JI. Down-Converting by Under-Sampling 

I. Down-Converting an EM Carrier Signal to an EM Intermediate Signal by Under­
Sampling the EM Carrier Signal at the Aliasing Rate 

In an embodiment, the invention down-converts an EM signal to an IF signal by under-

5 sampling the EM signal. This embodiment is illustrated by 4508 in FIG. 45B. 

This embodiment can be implemented with modulated and unmodulated EM signals. This 

embodiment is described herein using the modulated carrier signal FMc in FIG. l, as an example. 

In the example, the modulated carrier signal FMc is down-converted to an IF signal FrF· The IF 

signal F1F can then be demodulated, with any conventional demodulation technique to obtain a 

10 demodulated baseband signal FoMe· Upon reading the disclosure and.examples therein, one skilled 

in the relevant art(s) will understand that the invention can be implemented to down-convert any 
EM signal, including but not limited to, modulated carrier signals and unmodulated carrier signals. 

The following sections describe example methods for down-converting the modulated 

carrier signal FMc to the IF signal Fw, according to embodiments of the invention. Exemplary 

15 structural embodiments for implementing the methods are also described. It should be understood 

that the invention is not limited to the particular embodiments described below. Equivalents, 

extensions, variations, deviations, etc., of the following wiJI 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. 

20 The following sections include a high level discussion, example embodiments, and 

implementation examples. 

1.1 Hig/1 Level Description 

This section (including its subsections) provides a high-level description of down­

converting an EM signal to an IF signal F1F, according to the invention. In particular, an 

25 operational process of under-sampling a modulated carrier signal F Mc to down-convert it to the 

IF signal F1F• is described at a high-level. Also, a structural implementation for implementing this 

process is described at a high-level. This structural implementation is described herein for 

illustrative purposes, 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 
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section. The details of such structural implementations will be apparent to persons skilled in the 

relevant art(s) based on the teachings contained herein. 

1.1.J Operational Description 

. FIG. 14B depicts a flowchart 1407 that illustrates an exemplary method for under-

5 Sampling an EM signal to down-convert the EM signal to an intermediate signal FiF· The 

exemplary method illustrated in the flowchart 1407 is an embodiment of the flowchart 1401 in 

FIG. 14A. 

10 

15 

Any and all combinations of modulation techniques are valid for this invention. For ease 

of discussion~ the digital AM carrier signal 616 is used to illustrate a high level operational 

description of the invention. Subsequent sections provide detailed flowcharts and descriptions 

for AM, FM and PM example embodiments. Upon reading the disclosure and examples therein, 

one skilled in the relevant art(s) will understand that the invention can be implemented to down­

convert any type of EM signal, including any form of modulated carrier signal and unmodulated 

carrier signals. 

The method illustrated in the flowchart 1407 is now described at a high level using the 

digitai AM carrier signal 616 of FIG. 6C. The digital AM carrier signal 616 is re-illustrated in 

FIG. l5Afor convenience. FIG. 15E illustrates a portiOn 1510 of the AM carrier signal 616, 

between time tl and t2, on an expanded time scale. 

The process begins at step 1408, which includes receiving an EM signal. Step 1408 is 

20 represented by the digital AM carrier signal 616. 

Step 1410 includes receiving an under-sampling signal having an aliasing rate FAR· FIG. 

1 SB illustrates an example under-sampling signal 1502, which includes a train of pulses 1504 

having negligible apertures that tend toward zero time in duration. The pulses 1504 repeat at the 

aliasing rate, or pulse repetition rate. Aliasing rates are discussed below. 

25 Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

EM signal to the intermediate signal FaF· When down-converting an EM signal to an IF signal, 

the frequency or aliasing rate of the pulses 1504 sets the IF. 

FIG. lSC illustrates a stair step AM intermediate signal 1506, which is generated by the 

down-conversion process. The AM intermediate signal 1506 is similar to the AM carrier signal 

30 616 except that the AM intermediate signal 1506 has a lower frequency than the AM carrier signal 
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616. The AM carrier signal 616 has thus been down-converted to the AM intermediate signal 

1506. The AM intermediate signal 1506 can be generated at any frequency below the frequency 

of the AM carrier signal 616 by adjusting the aliasing rate. 

FIG. 1 SD depicts the AM intermediate signal 1506 as a filtered output signal 1508. In an 

5 alternative embodiment, the invention outputs a stair step, non-filtered or partially filtered output 

signal. The choice between filtered, partially filtered and non-filtered output signals is generally 

a design choice that depends upon the application of the invention. 

The intermediate frequency of the down-converted signal F1F, which in this example is the 

AM intermediate signal 1506, can be determined from EQ. (2), which is reproduced below for 

10 convenience. 

Fc=n ·FAR:!:: F1F EQ. (2) 

A suitable aliasing rate FAR can be determined in a variety of ways. An example method 

for determining the aliasing rate FAR• is provided below. After reading the description herein, one· . 

skilled in the relevant art(s) will understand how to determine appropriate aliasi~g rates for EM · 

15 signals , including ones in addition to the modulated carrier signals specifically illustrated herein .. · 

In FIG. 17, a flowchart 1701 illustrates an example process for determining an aliasing rate 

FAR· But a designer may choose, or an application may dictate, that the values be determined in 

an order that is different than the illustrated order. The process begins at step 1702, which 

includes determining, or selecting, the (requency of the EM signal. The frequency of the FM 

20 carrier signal 616 can be, for example, 90 I MHZ. 

Step 1704 includes determining, or selecting, the intermediate frequency. This is the 

frequency to which the EM signal wi11 be down-converted. The intermediate frequency can be 

determined, or selected, to match a frequency requirement of a down-stream demodulator. The 

intermediate frequency can be, for example, 1 MHZ. 

25 Step 1706 includes determining the aliasing rate or rates that will down-convert the EM 

signal to the IF specified in step 1704 . 

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

n •FAR = F c ± F1F EQ. (3) 
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Which can be rewritten as EQ. (4): . 

n = EQ. (4) 

or as EQ. (5): 

n 
EQ. (5) 

(Fe± F1F) can be defined as a difference value F0 IFI'• as illustrated in EQ. (6): 

EQ. (6) 

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

FDIFF 
n- --

• FAR 

EQ. (7) 

From EQ. (7), it can be seen that; for a given n and a constant FAR• FrnFF is constant. For 

the case ofF DIFF = F c - F IF• and for a constant F oJFF• a.~ F c increases, F1F necessarily increases. For 

the case ofFmFF = F c + F1F, and for a constant FoiFF• as F c increases, Fil' necessarily decreases. In 

10 the latter case ofF01FF ==Fe+ F1p, any phase or frequency changes on Fe correspond to reversed 

or inverted phase or frequency changes on F IF" This is mentioned to teach the reader that ifF DJFF 

= F c + F1F is used, the above effect will affect the phase and frequency response of the modulated 

intermediate signal F1p. 

EQs. (2) through (7) can be solved for any valid n. A suitable n can be determined for any 

15 given difference frequency F 01Ft".and for any desired aliasing rate FAR<Desired>· EQs. (2) through (7) 

can be utilized to identify a specific hannonic closest to a desired aliasing rate F AR<DesircdJ that will 

generate the desired intermediate signal FJF. 
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An example is now provided for determining a suitable n for a given diff~ence frequency 

F01FF and for a desired aliasing rate F ARCDesircdJ· For ease of illustration, only the case of (Fe - F1F) 

is illustrated in the example below. 

Fe - F1F Fo1FF 
n - ----

F ARCIJusi .. d) F AR(l)..;.ot!J 

5 The desired aliasing rate F ARCDcsiredl can be, for example, 140 MHZ. Using the previous 

examples, where the carrier frequency is 901 MHZ and the IF is 1 MHZ, an initial value of n is 

determined as: · 

= 901 MHZ - 1 MHZ= 900 = 6.4 · 
n 140MHZ 140 

The initial value 6.4 can be rounded up or down to the valid nearest n, which was defined above 

10 as including (0.5, 1, 2, 3, ... ). In this example, 6.4 is rounded down to 6:0, which is inserted into 

EQ. (5) for the case of (F c - FIF) = Fo1FF·: 

FAR • 901 MHZ-1 MHZ~ 900 MHZ. lSO MHZ 
6 6 . 

In other words, under-sampling a 901 MHZ EM carrier signal at 150 MHZ generates an 

15 intermediate signal at 1 MHZ. When the under-sampled EM carrier signal is a modulated carrier 

signal, the intermediate signal will also substantially include the modulation. The modulated 

intermediate signal can be demodulated through any conventional demodulation technique. 

Alternatively, instead of starting from a desired aliasing rate. a list of suitable aliasing rates 

can be determined from the modified form ofEQ. (5), by solving for various values of n. Example 

20 solutions are listed below. 

(Fe .F1F) FotFF 901 MHZ-1 MHZ 900 MHZ 
FAR= =-- =-------

n n n n 
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Solving for n = 0.5, 1, 2, 3, 4, 5 and 6: 

900MHZ/0.5 = 1.8 GHZ (i.e., second harmonic, illustrated in FIG. 25A as 2502); 

900MHZ/l = 900 MHZ (i.e., fundamental frequency, illustrated in FIG. 25B as 2504); 

900MHZ/2 = 450 MHZ (i.e., second sub-harmonic, illustrated in FIG. 25C as 2506); 

900MHZ/3 = 300 MHZ (i.e., third sub-harmonic, illustrated in FIG. 250 as 2508); 

900MHZ/4 = 225 MHZ (i.e., fourth sub-harmonic, illustrated in FIG. 25E as 2510); 

900 MHZ/5 = 180 MHZ(i.e., fifth sub-harmonic, illustrated in FIG. 25F as 2512); and 

. 900 MHZ/6 = 150 MHZ(i.e., sixth sub-harmonic, illustrated in FIG. 25G as 2514). 

The steps described above can be performed for the case of (F c +F1F) in a similar fashion. 

10 ·· The results can be compared to the results obtained from the case of CFc-F1F) to determine which 

, provides better result for aii application. 

· · In an embodiment, the invention doWll-converts an EM signal to a relatively standard IF 

· · in the range of, for example, 1 OOKHZ to 200 MHZ. In another embodiment, referred to herein 

· : as a small off-set implementation, the invention down"".converts an EM signal to a relatively low 

15 · frequency of, for example, less than 100 KHZ. In another embodiment, ref erred to herein as a 

large off-set implementation, the invention down-converts an EM signal to a relatively higher IF 

·signal, such as, for example, above 200 MHZ. 

The various off-set implementations provide selectivity for different applications. 

Generally, lower data rate applications can operate at lower intermediate frequencies. But higher 

20 intermediate frequencies can allow more information to be supported for a given modulation 

technique. 

In accordance with the invention, a designer picks an optimum information bandwidth for 

an application and an optimum intermediate frequency to support the baseband signal. The 

intermediate frequency should be high enough to support the bandwidth of the modulating 

25 baseband signal F MB· 

Generally. as the aliasing rate approaches a harmonic or sub-harmonic frequency of the 

EM signal, the frequency of the down-converted IF signal decreases. Similarly, as the aliasing 

rate moves away from a harmonic or sub-harmonic frequency of the EM signal, the IF increases. 
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Aliased frequencies occur above and below every harmonic of the ali~ing frequency. In 

order to avoid mapping other aliasing frequencies in the band of the aliasing frequency (IF) of 

interest, the IF of interest is preferably not near one half the aliasing rate. 

As described in example implementations below, an aliasing module. including a universal 

5 frequency translator (UFT) module built in accordance with the invention, provides a wide range 

of flexibility in frequency selection and can thus be implemented in a wide range of applications. 

Conventional systems cannot easily offer, or do not allow, this level of flexibility in frequency 

selection. 

10 

1.1.2 Structural Descriptio~ 

FIG. 16 illustrates a block diagram of an under-sampling system 1602 according to an 

~mbodiment of the invention. The under-sampling system 1602 is an example embodiment of the 

generic aliasing system 1302 in FIG: 13. The under-sampling system 1602 includes an un~er­

sampling module 1606. The wider-sampling module 1606 receives the EM signal 1304 and an 

under-sampling signal 1604, which includes under-sampling pulses having negligible apertures that 

15 tend towards zero time, occurring at a frequency equal to the aliasing rate FAR· . The under­

sampling signal 1604 is an example embodiment of the aliasing signal 1310. The under-sampling 

module 1606 under-samples the EM signal 1304 at the aliasing rate FAR of the under-sampling 

signal 1604. The under-sampling system 1602 outputs a down-converted signal 1308A. 

Preferably, the under-sampling ~odule 1606 under-samples the EM signal 1304 to down-

20 convert it to the intermediate signal F1p in the manner shown in the operational flowchart 1407 of 

FlG. 14B. But it should be understood that the scope and spirit of the invention includes other 

structural embodiments for performing the steps of the flowchart 1407. The specifics of the other 

structural embodiments will be apparent to persons skilled in the relevant art(s) based on the 

discussion contained herein. In an embodiment, the aliasing rate FAR of the under-sampling signal 

25 1604 is chosen in the manner discussed in Section II. L 1.1 so that the under-sampling module 

1606 under-samples the EM carrier signal 1304 generating the intermediate frequency F1p­

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

flowchart 1407 and to the timing diagrams in FIGS. 15A-D. In step 1408, the under-sampling 

module 1606 receives the AM signal 616 (FIG. 1 SA). In step 1410, the under-sampling module 

30 1606 receives the under-sampling signal 1502 (FIG. 15B). In step 1412, the under-sampling 
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module 1606 under-samples the AM carrier signal 616 atthe aliasing rate of th~ under-sampling 

signal 1502, or a multiple thereof, to down-convert the AM carrier signal 616 to the intermediate 

signal 1506 (FIG. 15D). 

Example implementations of the under-sampling module 1606 are provided in Sections 

5 4 and 5 below. 

1.2 Example Embodiments 

Various embodiments related to the method(s) and structure(s) described above are 

presented in this section (and its subsections). These embodiments are described herein for 

purposes of illustration, and not limitation. The invention is not limited to these embodiments. 

10 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 

· enibodiments. 

The method for down-converting the EM signal 1304 to the intermediate signal F1F, 

15 · illUStrated in the flowchart 1407 of FIG. 14B, can be implemented with any type of EM signal, 

· including unmodulated EM carrier signals and modulated carrier signals including, but not limited 

to; AM, FM, PM, etc., or any combination thereof. Operation of the flowchart 1407 of FIG. 14B 

is described below for AM, FM and PM carrier signals. The exemplary descriptions below are 

intended to facilitate an understandi~. of the present invention. The present invention is not 

20 limited to or by the exemplary embodiments below. 

1.2.J First Example Embodiment: Amplitude Modulation 

1.2.J .1 Operational Description 

Operation of the exemplary process of the flowchart 1407 in FIG. 14B is described below 

for the analog AM carrier signal 516, illustrated in FIG. 5C, and for the digital AM carrier signal 

25 616, illustrated in FIG. 6C. 
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1.2.1.1.1 Analog AM Ca"ierSignal 

A process for down-converting the analog AM carrier signal 516 in FIG. SC to an analog 

AM intermediate signal is now described with reference to the flowchart 1407 in FIG. 148. The 

analog AM carrier signal 516 is re-iJlustrated in FIG. l 9A for convenience. For this example, the 

5 analog AM carrier signal 516 oscillates at approximately 90 I MHZ. In FIG. 19B, an analog AM 

carrier signal 1904 illustrates a portion of the analog AM carrier signal 516 on an expanded time 

scale. 

10 

The process begins at step 1408, which includes receiving the EM signal. This is 

represented by the analog AM carrier signal 516 in FIG. 19A. 

Step 1410 includes receiving an under-sampling signal having an aliasing rate FAR· FIG, 

19C illustrates an example under-sampling signal 1906 on approximately the same time scale as 

FIG. 198. The under-sampling signal 1906 include_s a train of pulses 1907 having negligible 

aperfures that tend towards zero time in duration. The pulses 1907 repeat at the aliasing rate, or 

pulse repetition rate~ which is detennined or selected as previously described. Generally, when 

15 down-converting to an intermediate signal. the aliasing rate FAR is substantially· equal to a 

harmonic or, more typically, a sub-harmonic of the difference frequency FoiFF· For this example, .· 

the aliasing rate is approximately 450 MHZ. 

Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

EM signal to the intermediate signal Fw. Step 1412 is illustrated in FIG. 19B by under-sample 

20 points 1905. 

Because a harmonic of the aliasing rate is off-set from the AM carrier signal 516, the 

under-sample points 1905 "walk through" the analog AM carrier signal 516. In this example, the 

under-sample points 1905 "walk through" the analog AM carrier signal 516 at approximately a 

one megahertz rate. In other words, the under-sample points 1905 occur at different locations 

25 on subsequent cycles of the AM carrier signal 516. As a result, the under-sample points 1905 

capture varying amplitudes of the analog AM signal 516. For example, under-sample point 1905A 

has a larger amplitude than under-sample point 1905B. 

In FIG. l 9D, the under-sample points 1905 correlate to voltage points 1908. In an 

embodiment, the voltage points 1908 form an analog AM intermediate signal 1910. This can be 

30 accomplished in many ways. For example, each voltage point 1908 can be held at a relatively 
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constant level until the next voltage point is received. This results in a stair-step output which can 

be smoothed or filtered if desired, as discussed below. 

In FIG. 19E, an AM intermediate signal 1912 represents the AM intermediate signal 1910, 

after filtering, on a compressed time scale. Although FIG.19E illustrates the AM intermediate 

5 signal 1912 as a filtered output signal, the outpUt. signal does not need to be filtered or smoothed 

to be within the scope of the invention. Instead, the output signal can be tailore~ for different 

applications. 

The AM intermediate signal 1912 is substantially similar to the AM carrier signal 516, 

except that the AM intermediate signal 1912 is at the 1 MHZ intermediate frequency. The AM 

10 intermediate signal 1912 can be demodulated through any conventional AM demodulation 

technique. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

the invention. For example, the AM intermediate signal 1910 in FIG. 19D and the AM 

interinediate signal 1912 in FIG. 19E illustrate that the AM carrier signal 516 W8$ successfully 

15 . down-converted to an intermediate signal by retaining enough baseband information for sufficient 

reconstruction. 

1.2.1.1.2 DigitalAM Carrier Signal 

A process for down-converting the digital AM carrier signal 616 in FIG. 6C to a digital 

AM intermediate signal is now described with reference to the flowchart 1407 in FIG. 14B. The 

20 digital AM carrier signal 616 is re-illustrated in FIG. l 8A for convenience. For this example, the 

digital AM carrier signal 616 oscillates at approximately 901 MHZ. In FIG. 18B, an AM carrier 

signal 1304 illustrates a portion of the AM signal 616, from time tO to tl, on an expanded time 

scale . 

. The process begins at step 1408, which includes receiving an EM signal. This is 

25 represented by the AM signal 616 in FIG. 18A. 

Step 1410 includes receiving an under-sampling signal having an aliasing rate FAR. FIG. 

18C illustrates an example under:sampling signal 1806 on approximately the same time scale as 

FIG. 18B. The under-sampling signal 1806 includes a train of pulses 1807 having negligible 

apertures that tend towards zero time in duration. The pulses 1807 repeat at the aliasing rate, or 

30 pulse repetition rate, which is detennined or selected as previously described. Generally. when 
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down-converting to an intermediate signal, the aliasing rate FAR is substantially equal to a 

harmonic or, more typically, a sub-harmonic of the difference frequency F oiFF· For this example, 

the aliasing rate is approximately 450 MHZ. 

Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

s EM signal to the intermediate signal F IF· Step 1412 is illustrated in FIG. l 8B by under-sample 

points 1805. 

Because a harmonic of the aliasing rate is off-set from the AM carrier signal 616, the · 

under-sample points 1805 walk through the AM carrier signal 616. In other words, the under­

sample points 1805 occur at different locations of subsequent cycles of the AM signal 616. As 

10 a result. the under-sample points 1805 capture various amplitudes of the AM signal 616. In this 

example, the under-sample points 1805 walk through the AM carrier signal 616 at approximately 

a 1 MHZratc. For example, under-sample point 1805Ahasalargeramplitude.thanunder-sample 

point 1805B. 

In FIG. 180, the under-sample points 1805 correlate to voltage points 1808. In an 

15 embodiment, the voltage points 1805 form an AM intermediate signal 1810 .. This can.be 

accomplished in many ways. For example, each voltage point 1808 can be held at a relatively 

constant level until the next voltage point is received. This results in a stair-step output which can 

be smoothed or filtered if desired, as discussed below. 

In FIG. I SE, an AM intermediate signal 1812 represents the AM intermediate signal 1810, 

20 after filtering, on a compressed time scale. Although FIG. I SE illustrates the AM intermediate 

signal 1812 as a filtered output signal, th~ output signal does not need to be filtered or smoothed 

to be within the scope of the invention. Instead, the output signal can be tailored for different 

applications. 

The AM intermediate signal 1812 is substantially similar to the AM carrier signal 616, 

25 except that the AM intermediate signal 1812 is at the I MHZ intermediate frequency. The AM 

intermediate signal 1812 can be demodulated through any conventional AM demodulation 

technique. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

the invention. For example, the AM intermediate signal 1810 in FIG. 180 and the AM 

30 intermediate signal 1812 in FIG. 18E illustrate that the AM carrier signal 616 was successfully 

down-converted to an intermediate signal by retaining enough baseband information for sufficient 

reconstruction. 
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1.2.1.2 Structural Description 

The operation of the under-sainpling system 1602 is now described for the analog AM 

carrier signal 516, with reference to the flowchart 1407 and to the timing diagrams of FIGS. 19A­

E. In step 1408, the under-sampling module 1606 receives the AM carrier signal 516 (FIG. 19A). 

5 In step 1410, the under-sampling module 1606 receives the under-sampling signal 1906 (FIG. 

19C). In step 1412, the under-sampling module 1606 under-samples the AM carrier signal 516 

at the aliasing rate of the under-sampling signal 1906 to down-convert it to the AM intermediate 

signal 1912 (FIG. 19E). 

The operation of the under-sampling system 1602 is now described for the digital AM 

10 carrier signal 616, withreferencetotheflowchart 1407 and to the timing diagramsofFIGS. 18A­

E. ·in step 1408, the under-sampling module 1606 receives the AM carrier signal 616 (Fl G. l 8A). 

In step 1410, the under-sampling :r:nqdule 1606 receives the under-sampling signal 1806 

(FIG. 18~). Jn step .1412, the under-s8'1)pling;module 1 ,606 under-samples the AM carrier signal 

616 at· the aliasing rate of the under-_sampling signal .1806 to down-convert it to the AM 
; .;:'. . . . 

15 intermediate signal 1812 (FIG. l.8E).. :; 

Example implementations of tlie under-sampling module 1606 are provided in Sections 

: 4 and 5 below. 
;,. ,; 

1.2.2 Second Example Emb.odiment: Frequency Modulation 

1.2.2.1 Operational Description 

20 Operation of the exemplary process of the flowchart 1407 in FIG. 14B is described below 

for the analog FM carrier signal 716, illustrated in FIG. 7C, and for the digital FM carrier signal 

816, illustrated in FIG. SC. 

1.2.2.1.1 Analog FM Carrier Signal 

A process for down-converting the analog FM carrier signal 716 to an analog FM 

25 intermediate signal is now described with reference to the flowchart 1407 in FIG. 14B. The 

analog FM carrier signal 716 is re-illustrated in FIG. 20A for convenience. For this example, the 

analog FM carrier signal 716 oscillates at approximately 901 MHZ. In FIG. 20B, an FM carrier 
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signal 2004 illustrates a portion of the analog FM carrier signal 716, from time tl to t3, on an 

expanded time scale. 

The process begins at step 1408, which includes receiving an· EM signal. This is 

represented in FIG. 20A by the FM carrier signal 716. 

Step 14 lO includes receiving an under-sampling signal having an aliasing rate FAR· FIG. 

20C illustrates an example under-sampli_ng signal 2006 on approximately the same time scale as 

FIG. 20B. The under-sampling signal 2006 includes a train of pulses 2007 having negligible 

apertures that tend towards zero time in duration. The pulses 2007 repeat at the aliasing rate or 

pulse repetition rate, which is determined or selected as previously described. Generally, when 

10 down-:-converting to an intermediate signal, the aliasing rate FAR is substantially equal to a 

harmonic or, more typically, a sub-harmonic of the difference frequency F orFF· For this example, 

where the FM carrier signal 716 is centered around 901 MHZ, the aliasing rate is approximately 

450MHZ. 

Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

15 EM signal to the intermediate signal FiF· Step 1412 is illustrated in FIG. 208 by under-sample 

points 2005. 

Because a harmonic of the aliasing rate is off-set from the FM carrier signal 716, the 

under-sample points 2005 occur at different locations of subsequent cycles of the under-sampled 

signal 716. ln other words, the under-sample points 2005 walk through the signal 716. As a 

20 result, the under-sample points 2005 capture various amplitudes of the FM carrier signal 716. 

In FIG. 20D, the under-sample_points 2005 correlate to voltage points 2008. In an 

embodiment, the voltage points 2005 form an analog FM intermediate signal 2010. This can be 

accomplished in many ways. For example, each voltage point 2008 can be held at a relatively 

constant level until the next voltage point is received. This results in a stair-step output which can 

2S be smoothed or filtered if desired, as discussed below. 

ln FIG. 20E, an FM intermediate signal 2012 illustrates the FM intermediate signal 20 I 0, 

after filtering, on a compressed time scale. Although FIG. 20E illustrates the FM intermediate 

signal 2012 as a filtered output signal, the output signal does not need to be filtered or smoothed 

to be within the scope of the invention. Instead, the output signal can be tailored for different 

30 applications. 

The FM intermediate signal 2012 is substantially similar to the FM carrier signal 716, 

except that the FM intermediate signal 2012 is at the I MHZ intermediate frequency. The FM 
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intermediate signal 2012 can be demodulated through any conventional FM demodulation 

technique. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

the invention. For example, the FM intermediate signal 2010 in FIG. 200 and the FM 

5 intermediate signal 2012 in FIQ. 20E illustrate.that the FM carrier signal 716 was successfully 

down-converted to an intermediate signal by retaiiling enough baseband information for sufficient 

reconstruction. 

1.2.2.1.2 Digital FM Carrier $ignal 

A process for down-converting the digital FM carrier signal 816 to a digital FM 

10 intermediate signal is now described with reference to the flowchart 14_07 in FIG. 14B. The 

digital FM carrier signal 816 is re-illustrated in FIG. 2 lA for convenience. For this example, the 

.·digital FM carrier signal 816 oscillates at approximately 901 MHZ. In FIG. 21B, an FM carrier 

' · signa] 2104 illustrates a portion ofthe FM carrier signal 816, from time tl to t3, on an expanded 

.. ·time scale. 

15 . The process begins at step 1408, which includes receiving an EM signal. This is 

represented in FIG. 21A, by the FM carrier signal 816. 

Step 1410 includes receiving an under-sampling signal having an aliasing rate FAR· FIG . 

. 21 C illustrates an example under-sampling signal 2106 on approximately the same time scale as 

FIG. 21B. The under-sampling signal 2106 includes a train of pulses 2107 having negligible 

20 apertures thattend toward zero time in duration. The pulses 2107 repeat at the aliasing rate, or 

pulse repetition rate, which is determined or selected as previously described. Generally, when 

down-converting to an intermediate signa], the aliasing rate FAR is substantially equal to a 

hannonic or, more typically, a sub-harmonic of the difference frequency FmFi:· In this example, 

where the FM carrier signal 816 is centered around 901 MHZ, the aliasing rate is selected as 

25 approximately 450 MHZ, which is a sub-harmonic of900 MHZ, which is off-set by 1 MHZ from 

the center frequency of the FM carrier signal 816. 

Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

EM signal to an intermediate signal FiF· Step 1412 is illustrated in FIG. 21B by under-sample 

points 2105. 
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Because a harmonic of the aliasing rate is off-set from the FM carrier signal 816, the 

under-sample points 2105 occur at different locations of subsequent cycles of the FM carrier 

signal 816. In other words, the under-sample points 2105 walk through the signal 816. As a 

result, the under-sample points 2105 capture various amplitudes of the signal 816. 

5 In FIG. 210, the under-sample points 2105 correlate to voltage points 2108. In an 

embodiment, the voltage points 2108· fonn a digital FM intermediate signal 2110. This can be 

accomplished in many ways. For example, each· voltage point 2108 can be held at a relatively 

constant level until the next voltage pointis received. This results in a stair-step output which can 

be smoothed or filtered if desired, as described below. 

10 In FIG. 21 E, an FM intennediate signal 2112 represents the FM intermediate· signal 2110, 

after filtering, on a compressed time scale. Although FIG. 21E illustrates the FM intermediate 

signal 2112 as a filtered output signal, the output signal does not need to be filtered or smoothed 

to be within the scope of the invention. Instead, the output signal can be tailored for different 

applications. 

15 The FM intermediate signal 21 12 is substantially similar to the FM carrier signal 816, 

except that the FM intermediate signal 2112 is at the 1 MIIZ intermediate frequency. The FM 

intermediate signal 2112 can be demodulated through any conventional FM demodulation 

technique. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

20 the invention. For example, the FM intermediate signal 2110 in FIG. 210 and the FM 

intermediate signal 2112 in FIG. 21 E ilJ~strate that the FM carrier signal 816 was successfully 

down-converted to an intermediate signal by retaining enough baseband infonnation for sufficient 

reconstruction. 

1.2.2.2 Structural Description 

25 The operation of the under-sampling system 1602 is now described for the analog FM 

carrier signal 716, with reference to the flowchart 1407 and the timing diagrams of FIGS. 20A-E. 

In step 1408, the under-sampling module 1606 receives the FM carrier signal 716 (FIG. 20A). 

In step 1410. the under-sampling module 1606 receives the under-sampling signal 2006 (FIG. 

20C). In step 1412, the under-sampling module 1606 under-samples the FM carrier signal 716 
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at the alia5ing rate of the under-sampling-signal 2006 to down-convert the FM carrier signal 716 

to the FM intermediate signal2012 (FIG. 20E). 

The operation of the under-sampling system 1602 is now described for the digital FM 

carrier signal 816, with·~fere:nce to the flowchart 1407 and the timing diagrams of FIGS. 21 A-E. 

5 Instep 1408, the under-sampling module 1606 receives the FM carrier signal 816 (FIG. 21A). 

In step 1410, the under-sampling module 1606 receives the under:"'sampling signal 2106 (FIG. 

21C). Instep 1412, the under-sampling modu]e 1606under-samples the FM carrier signal 816 

at the aliasing rate of the under.;sampling signal 2106 to down-convert the FM carrier signal 816 

to the FM intermediate signal 2112 (FIG. 21E). 

10 . ·Example implementations of the under-sampling module 1606 are provided in Sections 

4 and S below. 

1.2.3 Third Example Embodiment: Phase Modulation 

1.2.3.J Operational J).escription 

. Operation of the exemplary process of the flowchart 1407 in FIG. 14B is described below 

15 ·· for'the ailalog PM carrier sigria1 916, illuStrated iri FIG. 9C, and for the digital PM carrier signal 

1016, illustrated in FIG. lOC. 

1.2.3.J.l Analog PM Carrier Signal 

A process for down-converting the ailalog PM carrier signal 916 to an analog PM 

intermediate signal is now described with reference to the flowchart 1407 in FIG. 14B. The 

20 analog PM carrier signal 916 is re-illustrated in FIG. 23A for convenience. For this example, the 

analog PM carrier signal 916 oscillates at approximately 901 MHZ. In FIG. 23B. a PM carrier 

signal 23 04 illustrates a portion of the analog PM carrier signal 916, from time t 1 to t3, on an 

expanded time scale. 

The process of down-converting the PM carrier signal 916 to a PM intermediate signal 

25 begins at step 1408, which includes receiving an EM signal. This is represented in FIG. 23A, by 

the ailalog PM carrier signal 916~ 

Step 1410 inchidesreceiving an under-samp]ing signal having an aliasing rate FAR· FIG. 

23C illustrates an example under-sampling signal 2306 on approximately the same time scale as 
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FIG. 23B. The under-sampling signal 2306 includes a train of pulses 2307 having negligible 

apertures that tend towards zero time in duration. The pulses 2307 repeat at the aliasing rate. or 

pulse repetition rate, which is determined or selected as previously described. Generally, when 

down-converting to an intermediate signal, the aliasing rate FAR is substantially equal to a 

s harmonic or, more typically, a sub-harmonic of the difference frequency ForFF· In this example, 

the aliasing rate is approximately 450 MHZ. 

10 

Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

EM signal to the intermediate signal F11.-. Step 1412 is illustrated in FIG. 23B by under-sample 

points 2305. 

Because a harmonic of the aliasing rate is off-set from the PM carrier signal 916, the 

under-sample points 2305 occur at different locations of subsequent cycles of the PM carrier 

signal 916. As a result, the under-sample points capture various amplitudes of the PM carrier 

signal 916. 

In FIG. 23D, voltage points 2308 correlate to the under-sample points 2305. In an 

15 embodiment, the voltage points 2308 form an analog PM intermediate signal 2310. This can be 

accomplished in many ways. For example, each voltage point 2308 can be held at a relatively 

constant level until the next voltage point is received. This results in a stair-step output which can 

be smoothed or filtered if desired, as described below. 

In FIG. 23E, an analog PM intermediate signal 2312 illustrates the analog PM intermediate 

20 signal 2310, after filtering, on a compressed time scale. Although FIG. 23E illustrates the PM 

intermediate signal 2312 as a filtered 01:1tput signal, the output signal does not need to be filtered 

or smoothed to be within the scope of the invention. Instead, the output signal can be tailored 

for different applications. 

The analog PM intermediate signal 2312 is substantially similar to the analog PM earner 

25 signal 916, except that the analog PM intermediate signal 2312 is at the 1 MHZ intermediate 

frequency. The analog PM intermediate signal 2312 can be demodulated through any 

conventional PM demodulation technique. 

The drawings referred to herein illustrate frequency down-conversion in accordance ~ith 

the invention. For example, the analog PM intermediate signal 2310 in FIG. 23D and the analog 

30 PM intermediate signal 2312 in FIG. 23E illustrate that the analog PM carrier signal 2316 v.'as 

successfully down-converted to an intermediate signal by retaining enough baseband information 

for sufficient reconstruction. 



W000/24117 PCT/US99/24299 

-58-

1.2.3.1.2 Digital PM Carrier Signal 

A process for down-converting the digita1 PM carrier signal 1016 to a digital PM 

intermediate signal is now described with reference to the flowchart 1407 in FIG. 14B. The 

digital PM carrier signal 1016 is re-illustrated in FIG. 22A for convenience. For this example, the 

5 digital PM carrier signal 1016 oscillates at approximately 901 MHZ. In FIG. 22B, a PM carrier 

signal 2204 il1ustrates a portion of the digital PM carrier signal 1016, from time t1 to t3, on an 

expanded time scale. 

10 

15 

20 

The process begins at step 1408, which includes receiving an EM signal. This is 

represented in FIG. 22A by the digiU:tl PM carrier signal 1016. 

Step 1408 includes receiving an under-sampli~g signal having an aliasing rate FAR. FIG. 

22C illustrates example under-sampling signal 2206 on approximately the same time scale as FIG. 

22B. The under-sampling signal 2206 includes a train of pulses 2207 having negligible apertures 

flu.lt tend towards zero time in ~uration. The pulses 2207 repeat at the aliasing rate, or a pulse 

repetition rate. which is determined or selected as previously descrilled. Generally, when down-

converting to an intermediate signal, the aliasing rate FAR is substantially equal to a harmonic or, 

more typically, a sub-harmonic of the difference frequency F oiFF· In this example, the aliasing rate 

is approximately 450 MHZ. 

Step 1412 includes under-sampling the EM signal at the aliasing rate to down-convert the 

EM signal to an intermediate signal FiF· Step 1412 is illustrated in FIG. 22B by under-sample 

points 2205. 

Because a harmonic of the aliasing rate is off-set from the PM carrier signal 1016, the 

under-sample points 2205 occur at different locations of subsequent cycles of the PM carrier 

signal 1016. 

In FIG. 22D, voltage points 2208 correlate to the under-sample points 2205. In an 

25 embodiment, the voltage points 2208 form a digital analog PM intennediate signal 2210. This can 

be accomplished in many ways. For example, each voltage point 2208 can be held at a relatively 

constant level until the next voltage point is received. This results in a stair-step output which can 

be smoothed or filtered if desired, as described below. 

In FIG. 22E, a digital PM intermediate signal 2212 represents the digita1 PM intermediate 

30 signal 2210 on a compressed time scale. Although FIG. 22E illustrates the PM intermediate signal 

2212 as a filtered output signal, the output signal does not need to be filtered or smoothed to be 
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within the scope of the invention. Instead, the output signal can be tailored for different 

applications. 

The digital PM intermediate signal 2212 is substantially similar to the digital PM carrier 

signal 1016, except that the digital PM intermediate signal 2212 is at the 1 MHZ intermediate 

5 frequency. The digital PM carrier signal 2212 can be demodulated through any conventional PM 

demodulation technique. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

the invention. For example, the digital PM intermediate signal 2210 in FIG. 22D and the digital 

PM intermediate signal 2212 in FIG. 22E illustrate that the digital PM carrier signal 1016 was 

10 successfully down-converted to an intermediate signal by retaining enough baseband information 

for sufficient reconstruction. 

1.2.3.2 Structural Description 

The operation of the under-sampling system 1602 is now described for the analog PM 

carrier signal 916, with reference to the flowchart 1407 and the timing diagrams ofFIGS. 23A-E. 

IS In step 1408, the under-sampling module 1606 receives the PM carrier signal 916 (FIG, 23A). 

20 

In step 1410, the under-sampling module 1606 receives the under-sampling signal 2306 (FIG. 

23C). In step 1412, the under-sampling module 1606 under-samples the PM carrier signal 916 

at the aliasing rate of the under-sampling signal 2306 to down-convert the PM carrier signal 916 

to the PM intermediate signal 2312 (FIG. 23E). 

The operation of the under-sampling system 1602 is now described for the digital PM 

carrier signal 1016, with reference to the flowchart 1407 and the timing diagrams ofFIGS. 22A­

E. In step 1408, the under-sampling module 1606 receives the PM carrier signal 1016 (FIG. 

22A). In step 1410, the under-sampling module 1606 receives the under-sampling signal 2206 

(FIG. 22C). In step 1412, the under-sampling module 1606 under-samples the PM carrier signal 

25 I 016 at the aliasing rate of the under-sampling signal 2206 to down-convert the PM carrier signal 

1016 to the PM intermediate signal 2212 (FIG. 22E). 

Example implementations of the under-sampling module 1606 are provided in Sections 

4 and 5 below. 
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1.2.4 OtherEmbodiments 

The embodiments described above are provided for purposes of illustration. These 

embodiments are not intended to limit the invention. Alternate ~mbodiments, differing slightly 

or substantially from those describe~ herein, wil1 be apparent to persons skilled in the relevant 

s art(s) based on the teachings contained herein. Such alternate embodiments fall within the scope 

and spirit of the present invention. Example implementations of the under-sampling module 1606 

are provided in Sections 4 and 5 below. 

1.3 Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s), 

10 structure(s), and/orembodimentS described above are presented in Sections 4 and 5 below. The 

15 

20 

. . 

implementations are presented for purposes of illustration, and not limitation. The invention is 

··not limit~ to the particular implementation examples described therein. Alternate implementations 

(including equivalents, extensions, vanations, deviations, etc., ofth~se described herein) will be 

apparoot to persons skilled iri the relevant art(s) Jbased on the teachings contained herein. Such 

alternate implementations fall within the scope and spirit of the present invention. 

2. Directly Down-Converting an EM Signal to a Baseband Signal (Direct-to-Data) 

In an embodiment, the invention directly doW11-converts an EM signal to a baseband 

signal, by under-sampling the EM signal. this embodiment is referred to herein as direct-to-data 

down-conversion and is illustrated in FIG. 45B as 4510. 

This embodiment can be implemented with modulated and unmodulated EM signals. This 

embodiment is described herein using the modulated carrier signal FMC in FIG. 1, as an example. 

In the example. the modulated carrier signal FMc is directly down-converted to the demodulated 

baseband signal F DMB· Upon reading the disclosure and examples therein, one skilled in the 

relevant art(s) will understand that the invention is applicable to down-convert any EM signal, 

25 including but not limited to, modulated carrier signals and unmodulated carrier signals. 

The following sections describe example methods for directly down-converting the 

modulated carrier signal FMc to the demodulated baseband signal FoMB· Exemplary structural 
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embodiments for implementing the methods are also described. It should be understood thatthe 

invention is not limited to the particular embodiments described below. Equivalents. extensions, 

variations,· deviations, etc., of the foJlowing will be apparent to persons skilled in the relevant 

art(s) based on the teachings contained herein. Such equivalents, extensions; variations, 

5 deviations, etc., are within the scope and spirit of the present invention. 

The following sections include a high level discussion, example embodiments, and 

implementation examples. 

2.1 High Level Description 

This section (including its subsections) provides a high-level description of directly down-

1 o converting the modulated carrier signal F Mc to the demodulated baseband signal FoMe• according 

to the invention. In particular, an operational process of directly down-converting the modulated 

carrier signal FMc to the demodulated baseband signal FoMe is described at a high-level. Also, a 

structural implementation for implementing this process is described at a high-level. The 

structural implementation is described herein for illustrative purposes, and is not limiting. In, 

15 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 wiJJ be apparent to persons skilled in the relevant art(s) based on the teachings 

contained herein. 

20 

2.1.J Operational Description 

FIG. I 4C depicts a flowchart 1413 that illustrates an exemplary method for directly down­

converting an EM signal to a demodulated baseband signal FoMB· The exemplary method 

illustrated in the flowchart 1413 is an embodiment of the flowchart 1401 in FIG. 14A. 

Any and all combinations of modulation techniques are valid for this invention. For ease 

of discussion, the digital AM carrier signal 616 is used to illustrate a high level operational 

25 description of the invention. Subsequent sections provide detailed descriptions for AM and PM 

example embodiments. FM presents specia1 considerations that are dealt with separately in 

Section II .3, below. Upon reading the disclosure and examples therein. one skilled in the relevant 
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art(s) will understand that the invention can be implemented to down".'convert any type of EM 

signal, including any form of modulated carrier signal and unmodulated carrier signals. 

The method illustrate4 in the flowchart 1413 is now described at a high level using the 

digital AM carrier signal 616,from FIG. 6C. The digital AM carrier signal 616 is re-illustrated 

5 in FIG. 33A for convenience. 

The process of the flowchart 1413 begins at step 1414, which includes receiving an EM 

signal. Step 1414 is represented by the digital AM carrier signal 616 in FIG. 33A. 

Step 1416 includes receiving an under-sampling signal having an aliasing rate FAR· 

FIG. 33B illustrates an example under-sampling signal 3302 which includes a train of pulses 3303 

10 having negligible apertures that tend towards zero time in duration. The pulses 3303 repeat at 

the aliasing rate or pulse repetition rate. :The aliasing rate is determined in accordance with EQ . 

. (2), reproduced below for convenience. 

Fe= n •FAR :I: F1¥ · EQ. (2) 

When directly down-converting an EM signal to baseband ( i.e., zero IF), EQ. (2) 

15 . becomes: 

EQ. (8) 

Thus, to directly down-convert the AM signal 616 to a demodulated baseband signal, the aliasing 

rate is substantially equal to the frequency of the AM signal 616 or to a harmonic or sub-harmonic 

thereof. Although the aliasing rate is too low to permit reconstruction of higher frequency 

20 components of the AM signal 616 (i.e., the carrier frequency), it is high enough to permit 

substantial reconstruction of the lower frequency modulating baseband signal 310. 

Step 1418 includes under-sampling the EM signal at the aliasing rate to directly down­

convert it to the demodulated baseband signal FoMB· FIG. 33C illustrates a stair step demodulated 

baseband signal 3304, which is generated· by the direct down-conversion process. The 

25 demodulated baseband signal 3304 is similar to the digital modulating baseband signal 310 in FIG. 

3. 

FIG. 330 depicts a filtered demodulated baseband signal 3306. which can be generated 

from the stair step demodulated baseband signal 3304. The invention can thus generate a filtered 
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output signal, a partially filtered output signal, or a relatively unfiltered stair step output signal. 

The choice between filtered, partially filtered and non-filtered output signals is generally a design 

choice that depends upon the application of the invention. 

2.1.2 Structural Description 

FIG. 16 illustrates the block diagram of the under-sampling system 1602 according to an 

embodiment of the invention. The under-sampling system 1602 is an example embodiment of the 

generic aliasing system 1302 in FIG. 13. 

In a direct to data embodiment, the frequency of the under-sampling signal 1604 is 

substantially equal to a harmonic of the EM signal 1304 or, more typically, a sub-harmonic 

IO thereof Preferably, the under-sampling module 1606 under-samples the EM signal 1304 to directly 

down-convert it to the demodulated baseband signal FoMB• in the manner shown in the operational 

flowchart 1413. But it should be understood that the scope and spirit of the invention includes. 

other structural embodiments for performing the steps of the flowchart 1413. The specifics of the 

other structural embodiments will be apparent to persons skilled in the relevant art(s) based on 

15 the discussion contained herein. 

The operation of the aliasing system 1602 is now described for the digital AM carrier · 

signal 616, with reference to the flowchart 1413 and to the timing diagrams in FIGS. 33A-D. In 

step 1414, the under-sampling module 1606 receives the AM carrier signal 616 (FIG. 33A). In 

step 1416, the under-sampling module 1606 receives the under-sampling signal 3302 (Fl G. 33B). 

20 In step 1418, the under-sampling module 1606 under-samples the AM carrier signal 616 at the 

aliasing rate of the under-sampling signal 3302 to directly down-convert the AM carrier signaJ 616 

to the demodulated baseband signal 3304 in FIG. 33C or the filtered demodulated baseband signal 

3306 in FIG. 33D. 

Example implementations of the under-sampling module 1606 are provided in Sections 

25 4 and 5 below .. 

2.2 Example Embodiments 

Various embodiments related to the rnethod(s) and structure(s) described above are 

presented in this section (and its subsections). These embodiments are described herein for 
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purposes of illustration, and not limitation. The invention is not limited to these embodiments. 

Alternat.e 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 

5 embodiments. 

The method for down-converting the EM signal 1304 to the demodulated baseband signal 

FDMB~ illustrated in the flowchart 1413 ofFIG. 14C, can be implemented with any type EM signal, 

including modulated carrier. signals, including but not limited to, AM, PM, etc., or any 

combination thereof. Operation of the flowchart 1413 of FIG. 14C is described below for AM 

· 10 and PM carrier signals. The exemplary descriptfons below are intended to facilitate an 

underStanding of the present invention. The present invention is not limited to or by the 

exemplary embodiments below. 

15 

2.2.I First Example Embodiment: Amplitude Modulation 

1.2.L 1 Operational Description 

Operation of the exe~plary process of the ~o~chart 1413 in FIG. 14C is described below 

for the analog AM carrier signal 516, illustrated in.FIG. SC and forthe digita1 AM carrier signal 

616, illustrated in FIG. 6C. 

2.1.1.1.1. Analog AM Carrier Signal 

A process for directly down-converting the analog AM carrier signal 516 to a 

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

25 

The analog AM carrier signal 516 is re-illustrated in 35A for convenience. For this example, the 

analog AM carrier signal 516 oscillates at approximately 900 MHZ. In FIG. 35B, an analog AM 

carrier signal 3504 illustrates a portion of the analog AM carrier signal 516 on an expanded time 

scale. 

The process begins at step 1414, which includes receiving an EM signal. This is 

represented by the analog AM carrier signal 516. 

Step 1416 includes receiving an under-sampling signal having an aliasing rate FAR· FIG. 

35C illustrates an example under-sampling signal 3506 on approximately the same time scale as 
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FIG. 35B. The under-sampling signal 3506 includes a train of pulses 3507 having negligible 

apertures that tend towards zero time in duration. The pulses 3507 repeat at the aliasing rate or 

pulse repetition rate, which is determined or seleeted as previously described. Generally, when 

directly down-converting to a demodulated baseband signal, the aliasing rate FAR is substantially 

s equal to a hannonic or, more typically, a sub-harmonic of the under-sampled signal. In this. 

example, the aliasing rate is approximately 450 MHZ. 

Step 1418 includes under-sampling the EM signal at the aliasing rate to directly down­

convert it to the demodulated baseband signa1 FoMe· Step 1418 is illustrated in FIG. 35B by 

under-sample points 3505. Because a harmonic of the aliasing rate is substantially equal to the 

IO frequency of the signal 516, essentially no IF is produced. The only substantial aliased component 

is the baseband signal. 

In FIG. 350, voltage points 3508 correlate to the under-sample points 3505. In an 

embodiment, the voltage points 3508 form a demodulated baseband signal 3510. This can be 

accomplished in many ways. For example, each voltage point 3508 can be held at a relatively 

15 constant level until the next voltage point is received. This results in a stair-step output which can 

be smoothed or filtered if desired, as described below. 

In FIG. 35E, a demodulated baseband signal 3512 represents the demodulated baseband 

. signal 3510, after filtering, on a compressed time scale. Although FIG. 35E illus~ates the 

demodulated baseband signal 3512 as a filtered output signal, the output signal does not need to 

20 be filtered or smoothed to be within the scope of the invention. Instead, the output signal can be 

tailored for different applications. 

The demodulated baseband signal 3512 is substantially similar to the modulating baseband 

signal 21 0. The demodulated baseband signal 3512 can be processed using any signal processing 

technique(s) without further down-conversion or demodulation. 

25 The aliasing rate of the under-sampling signal is preferably controlled to optimize the 

demodulated baseband signal for amplitude output and polarity, as desired. 

In the example above, the under-sample points 3505 occur at positive locations of the AM 

carrier signal 516. Alternatively, the under-sample points 3505 can occur at other locations 

including negative points of the analog AM carrier signal 516. When the under-sample points 

30 3505 occur at negative locations of the AM carrier signal 516, the resultant demodulated 

baseband signal is inverted relative to the modulating baseband signal 210. 
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The drawings referred to herein illustrate direct to data down-conversion in accordance 

with the invention. For example, the demodulated baseband signal 3510 in FIG. 350 and the 

demodulated baseband signal 3512 in FIG. 35E illustrate that the AM carrier signal 516 was 

successfully down-co~verted to the demodulated baseband signal 3510 by retaining enough 

5 baseband information for sufficient reconstruction. 

2.2.1.1.2 Digital AM Carrier Signal 

A process for directly down-converting the digital AM carrier signal 616 to a demodulated 

baseband signal is now described with reference to the flowchart 1413 in FIG. 14C. The digital 

AM carrier signal 616 is re-illustrated in FIG. 36A for convenience. For this example, the digital 

10 AM carrier signal 616 oscillates at approximately 901 MHZ; In FIG. 36B, a digital AM carrier 

signal3604 illustrates a portion of the digital AM carrier signal 616 on an expanded time scale. 
. . 

The process begins at step ..1414, which includes receiving an EM signal. This is 

represented by the digital AM carrier signal 616. 

Step 1416 includes receiving an under-sampling signal having an aliasing rate FAR. 

· 15 . FIG. 36C illustrates an example undet-sanipling signal 3606 on approximately the same time scale 

a8 FIG. 368. The under-sampling signal 3606 includes a train of pulses 3607 having negligible 

apertures that tend towards zero time in duration. The pulses 3607 repeat at the aliasing rate or 

pulse repetition rate, which is determined or selected as previously described. Generally, when 

directly down-convening to a demodulated baseband signal, the aliasing rate FAR is substantially 

20 equal to a harmonic or, more typically, a sub-harmonic of the under-sampled signal. In this 

example, the aliasing rate is approximately 450 MHZ .. 

Step 1418 includes under-sampling tbe EM signal at the aliasing rate to directly down­

convert it to the demodulated baseband signal FDMs· Step 1418 is illustrated in FIG. 368 by 

under-sample points 3605. Because the aliasing rate is substantially equal to the AM carrier signal 

25 616, or to a harmonic or sub-harmonic thereof, essentially no IF is produced. The only substantial 

aliased component is the baseband signal. 

In FIG. 36D, voltage points 3608 correlate to the under-sample points 3605. In an 

embodiment, the volta~e points 3608fonn a demodulated baseband si~nal 3610. This can be 

accomplished in many ways. For example, each voltage point 3608 can be held at a relatively 
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constant level until the next voltage pointis received. This results in a stair-step output which can 

be smoothed or filtered if desired, as described below. 

Jn FIG. 36E, a demodulated baseband signal 3612 represents the demodulated baseband 

signal 3610, after filtering, on a compressed tiine scale. Although FIG. 36E illustrates the 

5 demodulated baseband signal 3612 as a filtered output signal, the output signal does not need to 

be filtered or smoothed to be within the scope of the invention. Instead~ the output signal can be 

tailored for different applications. 

The demodulated baseband signal 3612 is substantially similar to the digital modulating 

baseband signal 310. The demodulated analog baseband signal 3612 can be processed using any 

10 signal processing technique(s) without further down'"conversion or demodulation. 

The aliasing rate of the under-sampling signal is preferably controlled to optimize the 

demodulated baseband signal for amplitude output and polarity, as desired. 

In the example above, the under-sample points 3605 occur at positive locations of signal 

portion 3604. Alternatively, the under-sample points 3605 can occur at other locations including 

15 negative locations of the signal portion 3604. When the under-sample points 3605 occur at 

negative points, the resultant demodulated baseband signal is inverted with respect to the 

modulating baseband signal 310. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

the invention. For example, the demodulated baseband signal 3610 in FIG. 36D and the 

20 demodulated baseband signal 3612 in FIG. 3.6E i!Justrate that the digital AM carrier signal 616 

was successfully down-converted to the ~emodulated baseband signal 3610 by retaining enough 

baseband information for sufficient reconstruction. 

2.2.J.2 Structural Description 

The operation of the under-sampling module 1606 is now described for the analog AM 

25 carrier signal 516, with reference to the flowchart 1413 and the timing diagrams of FIGS. 35A-E. 

In step 1414, the under-sampling module 1606 receives the analog AM carrier signal 516 (FIG. 

35A). In step 1416, the under-sampling module 1606 receives the under-sampling signal 3506 

{FIG. 35C). In step 1418, the under-sampling module 1606 under-samples the analog AM carrier 

signal 516 at the aliasing rate of the under-sampling signal 3506 to directly to down-convert the 
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AM carrier signal 516 to the demodulated analog baseband signal 3510 in FIG. 350 or to the 

filtered demodulated analog baseband signal 3512 in FIG. 35E. 

The operation of the under-sampling system 1602 is now described for the digital AM 

carrier signal 616, with reference to the flowchart 1413 and the timing diagrams of FIGS. 36A-E. 

5 In step 1414, the under-sampling module 1606 receives the digital AM carrier signal 616 (FIG. 

36A) .. In step 1416, the under-sampling module 1606 receives the under-sampling signal 3606 

(FIG. 36C). In step 1418, the under-sampling module 1606 under-samples the digital AM carrier 

signal 616 at the aliasing rate of the under-sampling signal 360~ to down-convert the digital AM 

carrier signal 616 to the demodulated digital baseband signal 3610 in FIG. 360 or to the filtered 

10 demodulated digital baseband signal 3612 in FIG. 36E. 

Example implementations of the under-sampling module 1606 are provided in Sections 

4 and Sbelow. 

2.2.2 Second Example Embodiment: Phase Modulation 

2.22.1 Operational Description 

15 .Operation of the exemplary process Qf the flowchart 1413 in FIG. ·14C is described below 

for the analog PM catrier signal 916, illustrated in FIG. 9C, and for the digital PM carrier signal 

1016; illustrated in FIG. lOC'. 

2.2.2.J.l · Analog PM Carrier Signal 

A process for directly down-converting the analog PM carrier signal 916 to a demodulated 

20 baseband signal is now described with reference to the flowchart 1413 in FIG. 14C. The analog 

PM carrier signal 916 is re-illustrated in 37A for convenience. For this example, the analog PM 

carrier signal 916 oscillates at approximately 900 MHZ. In FIG: 37B. an analog PM carrier signal 

3704 illustrates a portion of the analog PM carrier signal 916 on an expanded time scale. 

The process begins at step 1414, which includes receiving an EM signal. This is 

25 represented by the analog PM signal 916. 

Step 1416 includes receiving an under-Sampling signal having an aliasing rate FAR· FIG. 

37C illustrates an example under-sampling signal 3706 on approximately the same time scale as 

FIG. 37B. The under-sampling signal 3706 includes a train of pulses 3707 having negligible 
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apertures that tend towards zero time in duration. The pulses 3707 repeat at the aliasing rate or 

pu]se repetition rate, which is determined or selected as previously described. Generally, when 

directJy down-converting to a demodulated baseband signal; the aliasing rate FAR is substantia11y 

equal to a harmonic or, more typically, a sub-harmonic of the under-sampled signal. In this 

5 example, the aliasing rate is approximately 450 MHZ. 

Step 14 I 8 includes under-sampling the analog PM carrier signal 916 at the aliasing rate 

to directly down-convert it to a demodulated baseband signal. Step 1418 is illustrated in FIG. 

37B by under-sample points 3705. 

Because a harmonic of the aliasing rate is substantiaUy equal to the frequency of the signal 

10 916, or substantially equal to a harmonic or sub-harmonic thereof, essentially no IF is produced .. 

The only substantial aliased component is the baseband signal. 

In FIG. 37D, voltage points 3708 correlate to the under-sample points 3705. In an. 

embodiment, the voltage points 3708 form a demodulated baseband signal 3710. This can be 

accomplished in many ways. For example, each voltage point 3708 can be held .at a relatively: 

15 constant level until the next voltage point is received. This results in a stair-step output which can . 

be smoothed or filtered if desired, as described below. 

In FIG. 37E, a demodulated baseband signal 3712 represents the demodulated baseband· 

signal 3710, after filtering, on a compressed time scale. Although FIG. 37E illustrates ~e 

demodulated baseband signal 3712 as a filtered output signal, the output signal does not need to. 

20 be filtered or smoothed to be within the scope of the invention. Instead. the output signal can be 

tailored for different applications. 

The demodulated baseband signal 3 712 is substantially similar to the analog modulating· 

baseband signal 210. The demodulated baseband signal 3712 can be processed without further 

down-conversion or demodulation. 

25 The aliasing rate of the under-sampling signal is preferably controlled to optimize the 

demodulated baseband signal for amplitude output and polarity, as desired. 

In the example above, the under-sample points 3705 occur at positive locations of the 

analog PM carrier signal 916. Alternatively, the under-sample points 3705 can occur at other 

locations include negative points of the analog PM carrier signal 916. When the under-sample 

30 points 3705 occur at negative locations of the analog PM carrier signal 916, the resultant 

demodulated baseband signal is inverted relative to the modulating baseband signal 210. 
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The drawings referred to herein illustrate direct to data down-conversion in accordance 

with the invention. For example, the demodulated baseband signal 3710 in FIG. 37D and the 

demodulated baseband signal 3712 in FIG. 37E illustrate that the analog PM carrier signal 916 

was successfully down-converted to the demodulated baseband signal 3710 by retaining enough 

5 baseband information for sufficient reconstruction; 

1.2.2.1.2 Digital PM Carrier Signal 

A, process for directly. down-conve~g the digital PM carrier signal I 016 to a 

demodul~ted baseband signal is n?w described with reference to the flowchart 1413 in FIG. l 4C. 

The digital PM carrier signal I 016 is re-illustrated in 38A for convenience. For this example, the 

.10 digital PM carrier signal 1016 oscillates at approximately 900 MHZ. In FIG. 38B, a digital PM 

carrier signal 3804 illustrates a portion of the digital PM ca,rrier.signal 1016 on an expanded time 

15 

. ! . . 

scale . 
. . ·:· : •I 

The process begins at step 1414, which includes receiving an EM signal. This is 
. . ~ . . . . . . . 

represented by the digital PM signal 1016. 

Step 1416 includes receiving an und~r-s~pling signal having an aliasing rate FAR· FIG. 

.. 38C illustrates an ex.ample under-sampling signal 3806 on approximately the same time scale as 
: . ' . .. ·. : . 

FIG. 38B. The under-sampling signal 3806 includes a train of pulses 3807 having negligible 

apertures that tend towards zero time in duration. The pulses 3807 repeat at the aliasing rate or 

pulse repetition rate, which is determined or selected as described above. Generally, when directly 

20 down-converting to a demodulated baseband signal, the aliasing rate FAR is substantially equal to 

a harmonic or, more typically, a sub-harmonic of the under-sampled signal. In this example, the 
. . 

aliasing rate is approximately 450 MHZ. 

Step 1418 includes under-sampling the digital PM carrier signal 1016 at the aliasing rate 

to directly down-convert it to a demodulated baseband signal. This is illustrated in FIG. 38B by 

25 under-sample points 3705. 

Because a hannonic of the aliasing rate is substantially equal to the frequency of the signal 

1016, essentially no IF is produced. The only substantial aliased component is the baseband 

signal. 

In FIG. 38D, voltage points 3808 c~rrelate to the under-sample points 3805. In an 

30 embodiment, the voltage points 3808 form a demodulated baseband signal 3810. This can be 
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accomplished· in many ways. For example, each voltage point 3808 can be held at a relatively 

constant level until the next voltage point is received; This results in a stair-step output which can 

be smoothed or filtered if desired, as described below. 

In FIG. 3 SE, a demodulated· baseband signaJ 3812 represents the demodulated baseband 

5 signal 3810, after filtering, on a compressed time scale. Although FIG. 38E illustrates the 

demodulated baseband signal 3812 as a filtered output signaJ, the output signaJ does not need to 

be filtered or smoothed to be within the scope of the invention. Instead, the output signal can be 

tailored for different applications. 

The demodulated baseband signal 3 812 is substantially similar to the digitaJ modulating 

10 baseband signal 310. The demodulated baseband signal 3812 can be processed without further 

down-conversion or demodulation. 

The aliasing rate of the under-sampling signal is preferably controlled to optimize the 

demodulated baseband signal for amplitude output and polarity, as desired. 

In the example above, the under-sample points 3805 occur at positive locations of the 

15 digitaJ PM carrier signal I 016. Alternatively, the under-sample points 3 805 cari occur at other 

locations include negative points ~f the digital PM carrier signal 1016. When the under-sample 

points 3805 occur at negative locations of the digital PM carrier· signal 10 I 6, the resultant 

demodulated baseband signal is inverted relative to the modulating baseband signal 310. 

The drawings referred to herein illustrate frequency down-conversion in accordance with 

20 the invention. For example, the demodulated baseband signal 3810 in FIG. 38D and the 

demodulated baseband signaJ 3812 in FI.G. 38E i1lustrate that the digitaJ PM carrier signal IO 16 

was successfully down-converted to the demodulated baseband signal 38 I 0 by retaining enough 

baseband information for sufficient reconstruction. 

2.2.2.2 Structural Description 

25 The operation of the under-sampling system I 602 is now described for the analog PM 

carrier signal 916, with reference to the flowchart 1413 and the timing diagrams ofFIGS. 37 A-E. 

In step 1414, the under-sampling module 1606 receives the analog PM carrier signal 916 (FIG. 

37A). In step 1416, the under-sampling module 1606 receives the under-sampling signal 3706 

{FIG. 3 7C). In step 1418, the under-sampling module 1606 under-samples the anaJog PM carrier 

30 signal 916 at the aliasing rate of the under-sampling signal 3706 to down-convert the PM carrier 
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signal 916 to the demodulated analog baseband signal 3710 in FIG. 370 or to the filtered 

demodulated analog baseband signal 3712 in FIG. 37E. 

The operation of the under-sampling system 1602 is now described for the digital PM 

carrier signal 1016, with reference to the flowchart 1413 and the timing diagrams ofFIGS. 38A-

5 E. In step 1414, the under-sampling module 1606 receives the digital PM carrier signal 1016 

(FIG. 38A). In step 1416, the under-sampling module 1606 receives the under-sampling signal 

3806 (FIG. 38C). In step .] 418, the under-sampling module 1606 under-samples the digital PM 

carrier signal 1016 at the aliasing rate of the under-sampling signal 3806 to down-convert the 

digital PM carrier signal 1016 to the demodulated digital baseband signal 3 810 in Fl G. 3 SD or to 

10 the filtered demodulated digital baseband signal 3812 fo FIG; 38E. 

2.2.3 Other Embodiments 

The embodiments described above are provided for purposes of illustration. These 

~bodiment& are not .intended. to limit the invention. Alternate embodiments, differing slightly 

• or substantially from those described herein, will be ~pparent to persons skilled in the relevant 

15 art(s) based on the teachi11gs contained herein. Such alternate embodiments fall within the scope 

·and spirit of the present invention. 

2.3 Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s), 

structure(s), and/or embodiments described above are presented in Sections 4 and 5 below. These 

20 implementations are presented for purposes of illustration, and not limitation. The invention is 

not limited to the particular implementation examples described therein. Alternate implementations 

(including equivalents, extensions, variations, deviations, etc., of those described herein) will be 

apparent to persons skilled in the relevant art(s) based on the teachings contained herein. Such 

alternate implementations fall within the scope and spirit of the present invention. 
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3. Modulation Conversion 

In an embodiment, the invention down-converts an FM carrier signal FFMc to a non-FM 

signal F1NoN-FM» by wider-sampling the FM carrier signal FFMc· This embodiment is illustrated in 

FIG. 45B as 4512. 

In an example embodiment, the FM carrier signal F FMC is down-converted to a phase 

modulated (PM) signal FPM. In another example embodiment, the FM carrier signal F FMC is down­

converted to an amplitude modulated (AM) signal FAM· The invention is not limited to these 

embodiments. The down-converted signal can be demodulated. with any conventional 

demodulation technique to obtain a demodulated baseband signal F DMB· 

10 The invention can be implemented with any type of FM signal. Exemplary embodiments . 

are provided below for down-converting a frequency shift keying (FSK) signal to a non-FSK 

signal. FSK is a sub-set of FM, wherein an FM signal shifts or switches between two or more 

~uencies. FSK is typically used for digital modulating baseband signals, such as the digital 

modulating baseband signal 310 in FIG. 3. For example, in FIG. 8, the digital FM sigrull 816 is · 

15 an FSK signal that shifts between an upper frequency and a lower frequency, corresponding to 

amplitude shifts in the digital modulating baseband signal 310. The FSK signaL816is used in 

example embodiments below. 

In a first example embodiment, the FSK signal 816 is under-sampled at an aliasing rate that 

is based on a mid-point between the upper and lower frequencies of the FSK signal 816. When 

20 the aliasing rate is based on the mid-point, the FSK signal 816 is down-converted to a phase shift 

keying (PSK) signal. PSK is a sub-set of phase modulation, wherein a PM signal shifts or . 

switches between two or more phases. PSK is typically used for digital modulating baseband . 

signals. For example, in FIG. 10, the digital PM signal 1016 is a PSK signal that shifts between 

two phases. The PSK signal 1016 can be demodulated by any conventional PSK demodulation 

25 technique(s). 

In a second example embodiment, the FSK signal 816 is under-sampled at an aliasing rate 

that is based upon either the upper frequency or the lower frequency of the FSK signal 816. 

When the aliasing rate is based upon the upper frequency or the Jower frequency of the FSK signal 

816, the FSK signal 816 is down-converted to an amplitude shift keying (ASK) signal. ASK is 

30 a sub-set of amplitude modulation, wherein an AM signal shifts or switches between two or more 

amplitudes. ASKistypicaUy used for digital modulating baseband signals. For example, in FIG. 
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6, the digital AM signal 616 is an ASK signal that shifts between the first amplitude and the 

second amplitude. The ASK signal 616 can be demodulated by any conventional ASK 

demodulation techilique(s ). 

The following ~ections describe methods for under-sampling an FM carrier signal FFMc to 

s down-convert it to the non.;FM signal F<NON-FM>· Exemplary structural embodiments for 

implementing the methods are also described. It should be understood that the invention is not 

limited to the particular embodiments described below. Equivalents, extensions, variations, 

deViations, etc., of the following will be apparent to persons skilled in the relevant art(s) based on 

the teachings contained herein. Such equivalents, extensions, variations, deviations, etc., are 

· 10 within the scope and spirit of the present invention. 

The following sections include a high level discussion, example embodiments, and 

implementation examples. 

3.1 · High Lnel Description'· 

This section (including its subsec:tions) provides a high-level d~scription of under-sampling 

. 1~ the FM carrier signal FFM to down-convert it to the non-FM signal F<NON-FMJ• according to the 

invention. In particular, an operational process for down-converting the FM carrier signal FFM 

. tQ the non-FM signal F<NON-FM> is described at a high-level. Also, a structural implementation for 

implementing this process is described at a high-level. The structural implementation is described 

herein for illustrative purposes, and is.not limiting. In particular, the process described in this 

20 section can be achieved using any number of structural implementations, one of which is described 

in this section. The details of such structural implementations will be apparent to persons skilled 

in the relevant art(s) based on the teachings contained herein. 

3.1.1 Operational Description 

FIG. 140 depicts a flowchart 1419 that illustrates an exemplary method for down-

25 converting the FM carrier signal FFMC to the non-FM signal F<NON-FMl· The exemplary method 

illustrated in the flowchart 1419 is an embodiment of the flowchart 140 I in FIG. l 4A. 

Any and all forms of frequency modulation techniques are valid for this invention. For 

ease of discussion, the digital FM carrier (FSK) signal 816 is used to illustrate a high level 
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operational description of the invention. Subsequent sections provide detail~d flowcharts and 

descriptions for the FSK.signal 816. Upon reading the disclosure and examples therein, one 

skilled in the relevant art(s) will understand that the invention can be implemented to down­

convert any type of FM signal. 

The method illustrated in the flowchart 1419 is described below at a high level for down­

converting the FSK signal 816 in FIG; 8C to a PSK signal. The FSK signal 816 is re-illustrated 

in FIG. 39A for convenience. 

The process of the flowchart 1419 begins at step 1420, which includes receiving an FM 

signal. This is represented by the FSK signal 816. The FSK signal 816 shifts between an upper 

10 frequency 3910 and a lower frequency 3912. In an exemplary embodiment, the upper frequency 

3910 is approximately 901 MHZ and the lower frequency 3912 is approximately 899 MHZ. 

Step 1422 includes receiving an under-sampling signal having an aliasing rate FAR· FIG. 

39B illustrates an example under-sampling signal 3902 which includes a train of pulses 3903 

having negligible apertures that tend towards zero time in duration. The pulses 3903 repeat.at 

15 the aliasing rate or pulse repetition rate. 

When down-converting an FM carrier signal FFMc to anon-FM signal F<NON-FM>• the aliasing 

rate is substantially equal to a frequency contained within the FM signal, or substantially equal. to 

a harmonic or sub-harmonic thereof. In this example overview embodiment, where the FSK'.. 

signal 816 is to be down-converted to a PSK signal, the aliasing rate is based on a mid-point 
. . 

20 between the upperfrequency 3910 and the lower frequency 39 I 2. For.this example. the mid-point 

is approximately 900 MHZ. In another eµibodiment described below, where the FSK signal 816 

is to be down-converted to an ASK signal, the aliasing rate is based on either the upper frequency 

39iO or the lower frequency 3912, not the mid-point. 

Step 1424 includes under-sampling:the FM signal FFMC at the aliasing rate to down-convert 

25 the FM carrier signal FFMc to the non-FM signal F<NoN-FM>· Step 1424 is illustrated in FIG. 39C, 

which illustrates a stair step PSK signal 3904, which is generated by the modulation conversion 

process. 

When the upper frequency 3 910 is under-sampled, the PSK signal 3 904 has a frequency 

of approximateJy l MHZ and is used as a phase reference. When the lower frequency 3912 is 

30 under-sampled, the PSK signal 3904 has a frequency of I MHZ and is phase shifted 180 degrees 

from the phase reference. 
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FIG. 390 depicts aPSK signal 3906, which is a filtered version ofthe_PSKsignal 3904. 

The invention can thus generate a filtered output signal, a partially filtered output signal, or a 

relatively unfiltered stair step output signal. The choice between filtered, partially filtered and 

non-filtered output signals is generally a design choice that depends upon the application of the 

5 invention. 

10 

The aliasing rate of the under-sampling signal is preferably controlled to optimize the 

down-converted signal for amplitude output and polarity, as desired. 

Detailed exemplary embodiments for down-converting an FSK signal to a PSK signal and 

for down-converting an FSK signal to an ASK signal are provided below. 

3.1.2 Structural Description 

FIG. 16 ilJustrates the bl«,>ck diagram of the under-sampling system 1602 according to an 

embodiment of~e invention .. The under-sampling.system 1602 includes the under-sampling 

module 1606. The under-sampling system 1602 is an example embodiment of the generic aliasing 

system 1302 in FIG. 13. 

15 . In a modulation conversion embodiment, the EM signal 1304 is an FM carrier signal and 

the under-sampling module 1606 under-samples the Fo/( carrier signal at a frequency that is 

subst~tially equal to a harmonic of a frequency within the FM signal or, more typically, 

substantially equal to a sub-harmonic of a frequency with.in the FM signal. Preferably. the under­

sampling module 1606 under-samples the FM carrier signal FFMc to down-convert it to a non-FM 

20 signal F<NON-FM) in the manner shown in the operational flowchart 1419. But it should be 

understood that the scope and spirit of the invention includes other structural embodiments for 

performing the steps of the flowchart 1419. The specifics of the other structural embodiments 

will be apparent to persons skilled in the relevant art(s) based on the discussion contained herein. 

The operation of the un4er-sampling system 1602 shall now be described with reference 

25 to the flowchart 1419 and the timing diagrams of FIGS. 39A-39D. In step 1420, the under­

sampling moduJe, 1606 receives the FSK signal 816. In step 1422, the under-sampling module 

1606 receives the under-sampling signal 3902. In step 1424, the under-sampling module 1606 

under-samples the FSK signal 816 at tb.e aliasing rate of the under-sampling signal 3902 to down­

convert the FSK signal 816 to the PSK signal 3904 or 3906. 
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Example implementations of the under-sampling module 1606 are pro~ided in Section 4 

below. 

3.2 Example Embodiments 

Various embodiments related to the method(s) and structure(s) described above are 

5 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 ihe 

embodiments described herein) will be apparent to persons skilled in the relevantart(s) based on 

the teachings contained herein. The invention is intended and adapted to include such alternate 

10 embodiments. 

The method for down-converting an FM carrier signal FFMc to a non-FM signal, F<NoN-FM)' 

illustrated in the flowchart 1419 ofFIG.14D, can be implemented with any type of FM carrier 

signal including, but not limited to, FSK signals. The flowchart 1419 is described in detail below 

for down-converting an FSK signal to a PSK signal and for down-converting a PSK signal to an 

15 ASK signal. The exemplary descriptions below are intended to facilitate an understanding of tlie 

present invention. The present invention is not limited to or by the exemplary embodiments 

below. 

20 

3.2.J First Example Embodiment: Down-Converting an FM Signal to a PM 
Signal 

3.2.1.1 Operational Description 

· Operation of the exemplary process of the flowchart 1419 in FIG. 14D is now described 

fordown-convertingtheFSK signal 816 illustrated in FIG. 8C to aPSK signal. TheFSK signal 

816 is re-illustrated in FIG. 40A for convenience. 

The FSK signal 816 shifts between a first frequency 4006 and a second frequency 4008. 

25 In the exemplary embodiment, the first frequency 4006 is lower than the second frequency 4008. 

In an alternative embodiment, the first frequency 4006 is higher than the second frequency 4008. 

For this example, the first frequency 4006 is approximately 899 MHZ and the second frequency 

4008 is approximately 901 MHZ. 



.wo 00124117 PCT/US99/14299 

-78-

FIG. 408 illustrates an FSK signal portion 4004 that represents a portion of the FSK 

signal 816 on an expanded time scale. 

The process of down-converting the FSK signal 816 to a PSK signal begins at step 1420, 

which includes receiving an FM signal. This is represented by the FSK signal 816. 

5 Step 1422 includes receiving an under-sampling signal having an aliasing rate FAR· FIG. 

40C illustrates an example under-sampling signal 4007 on approximately the same time scale as 

FIO. 40B. The under-sampling signal 4007 includes a train of pulses 4009 having negligible 

apertures that tend towards zero time in dliration. The pulses 4009 repeat at the aliasing rate, 

which is determined or selected as described above. Generally, when down-converting an FM 

10 signal to a non-FM signal, the aliasing rate is substantially equal to a harmonic or, more typically, 

a sub-hamionic of a frequency contained within the FM signal. 

In this example, where an FSK signal is being down-converted to a PSK signal, the 

aliasing rate is substantially eqUal to a barnlonic of the mid-point between the frequencies 4006 

and 4008 or, more typically, substari.tially equal to a sub-harmonic ofthemid-point between the 

15 frequencies 4006 and.4008. In this example, Where the.first frequency 4006 is 899 MHZ and 

second frequency 4008 is 901 MHZ, the mid-point is approximately 900 MHZ. Suitable aliasing 

ratesinclude·l.8 GHZ, 900 MHZ. 450 MHZ, etc. In this example. the aliasing rate oftheunder­

sampling signal 4008 is approximately 450 MHZ. 

Step 1424 includes under-sampling the FM signal at the aliasing rate to down-convert it 

20 to the non-FM signal F<NON-FMJ· Step 1424 is illustrated in FIG. 40B by under-sample points 4005. 

The under-sample points 4005 oecur at 1}ie aliasing rate of the pulses 4009. 

In FIG. 40D, voltage points 4010 correlate to the under-sample points 4005. In an 

embodiment, the voltage points 4010 fonn a PSK signal 4012. This can be accomplished in many 

ways. For example, each voltage point 4010 can be held at a relatively constant level until the 

25 next voltage point is received. This results in a stair-step output which can be smoothed or 

filtered if desired, as described below. 

When the first frequency 4006 is under-sampled. the PSK signal 4012 has a frequency of 

approximately 1 MHZ and is used as a phase reference. When the second frequency 4008 is 

under-sampled, the PSK signal 4012 has a frequency of 1 MHZ and is phase shifted 180 degrees 

30 from the phase reference. 

In· FIG. 40E, a PSK signal 4014 illustrates the PSK signal 4012, after filtering, on a 

compressed time scale. Although FIG. 40E illustrates the PSK signal 4012 as a filtered output 
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signal 4014:, the output signal does not need to be filtered or smoothed to be within the scope of 

the invention. Instead, the output signal can be tailored for different applications. The PSK signal 

4014can be demodulated through any conventional phase demodulation technique. 

The aliasing rate of the wider-sampling signal is preferably controlled to optimize the 

5 down-converted signal for amplitude output and polarity, as desired. 

In the example above, the wider-sample points 4005 occur at positive locations of the FSK 

signal 816. Alternatively, the under-sample points 4005 can occur at other. locations including 

negative points of the FSK signal 816. When the under-sample points 4005 occur at negative 

locations of the FSK signal 816, the resultant PSK signal is inverted relative to the PSK signal 

10 4014. 

15 

The drawings referred to herein illustrate modulation conversion in accordance with the 

invention. For example, the PSK signal 4014 in FIG. 40E illustrates that the FSK signal 816 was 

successfully down-converted to the PSK signal 4012 and 4014 by retaining enough baseband 

information for sufficient reconstruction. 

3.Z.J .Z Structural Description 

The operation of the under-sampling system 1602 is now described for down-converting 

the FSK signal 816 to a PSK signal, with reference to the flowchart 1419 and to the timing 

diagrams of FIGS. 40A"."E. In step 1420, the under-sampling module 1606 receives the FSK 

signal 816 (FIG. 40A). In step 1422, the under-sampling module 1606 receives the under-

20 samplingsignal4007 (FIG.40C). Instep 1424, the under-sampling module 1606under-samples 

the FSK signal 816 at the aliasing rate of the under-sampling signal 4007 to down-convert the 

FSK signal 816 to the PSK signal 4012 in FIG. 40D or the PSK signal 4014 in FIG. 40E. 

25 

3.1.2 Second Example Embodiment: Down-Converting an FM Signal to an 
AM Signal 

3.2.2.1 Operational Description 

Operation of the exemplary process of FIG. 140 is now described for down-converting 

theFSKsignal 816, illustrated in FIG. 8C, to an ASK signal. The FSKsignal 81.6 isre-iUustrated 

in FIG. 41A for convenience. 
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The FSK signal 816 shifts between a first frequency 4106 and a second frequency 4108. 

In the exemplary embodiment, the first frequency 4106 is lower than the second frequency 4108. 

In an alternative embodiment, the first frequency 4106 is higher than the second frequency 4108. 

For this example, the first frequency 4106 is approximately 899 MHZ and the second frequency 

5 4108 is approximately 901 MHZ. 

FIG. 418 illustrates an FSK Signal portion 4104 that represents a portion of the FSK 

signal 816 on an expanded time scale. 

The process of down-converting the FSK signal 816 to an ASK signal begins at step 1420, 

which includes receiving an FM signal. This is represented by the FSK signal 816. 

10 ·Step 1422 includes receiving an under-sampling signal having an aliasing rate FAR. FIG. 

41 C illustrates an example under-sampling signal 4107 illustrated on approximately the same time 

scale as :FIG. 42B. The under-sampling signal 4107 includes a train of pulses 4109 having 

negligible apertures that tend towards zero time in duration. The pulses 4109 repeat at the 

aliasing rate, or pulse repetition.rate. The aliasing rate is determined or selected as described 

15 . above. 

Generally, when down-converting an FM. signal to a non-FM signal, the aliasing rate is 

substantially equal to a harmonic of a frequency Within the FM signal or. more typically, to a sub­

harmonfo ofa frequency within the FM signal. When an FSK signal 816 is being· down-converted 

to an ASK signal, the aliasing rate is substantially equal to a harmonic of the first frequency 4106 

20 or the second frequency 4108 or, more typically~ substantially equal to a sub-harmonic of the first 

frequency 4106 or the second frequency .4108 . In this example, where the first frequency 4106 

is 899 MHZ and the second frequency 4108 is 90 I MHZ, the aliasing rate can be substantially 

equal to a harmonic or sub-hannonic of 899 MHZ or 901 MHZ. In this example the aliasing rate 

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

25 Step 1424 includes under-sampling the FM signal at the aliasing rate to down-convert it 

to anon-FM signal F(NON-FM>" Step 1424 is illustrated in FIG. 41B by under-sample points 4105. 

The under-sample points 4105 occur at the aliasing rate of the pulses 4109. When the first 

frequency 4106 is under-sampled, the aliasing pulses 4109 and the under-sample points 4105 

occur at the same location of subsequent cycles of the FSK signal 816. This generates a relatively 

30 constant output leveL But when the second frequency 4108 is under-sampled, the aliasing pulses 

4109 and the under-sample points 4005 occur at different locations of subsequent cycles of the 
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FSK signal 816. This generates an oscillating pattern at approximately (90 I ~HZ - 899 MHZ) 

=2MHZ. 

In FIG. 4iD, voltage points 4110 correlate to the under-sample points 4105. In an 

embodiment, the voltage points 4110 form an ASK signal 4112. This can be accomplished in 

5 many ways. For example, each voltage point 4110 can be held at a relatively constant level until 

the next voltage point is received. This results in a stair-step output which can be smoothed or 

filtered if desired, as described below. 

In FIG. 41E, an ASK signal 4114 ilJustrates the ASK signal 4112, after filtering, on a 

compressed time scale. Although FIG. 41E illustrates the ASK signal 4114 as a filtered output 

JO signal, the output signal does not need to be filtered or smoothed to be within the scope of the 

invention. Instead, the output signal can be tailored for different applications. The ASK signal 

4114 can be demodulated through any conventional amplitude demodulation technique 

When down-converting from FM to AM, the aliasing rate of the under-sampling signal is 

preferably controlled to optimize the demodulated baseband signal for amplitude output and/or 

15 polarity, as desired. 

In an alternative embodiment, the aliasing rate is based on the second frequency and the 

resultant ASK signal is reversed relative to the ASK signal 4114; 

The drawings referred to herein illustrate modulation conversion in accordance with the 

invention. For example, the ASK signal 41 14 in FIG. 41 E illustrates that the FSK carrier signal 

20 816 was successfully down-converted to the ASK signal 4114 by retaining enough baseband 

information for sufficient reconstruction. 

3.2.2.2 Structural Description 

The operation of the under-sampling system 1602 is now described for down-converting 

the FSK signal 816 lo an ASK signal, with reference to_ the flowchart 1419 and to the. timing 

25 diagrams of FIGS. 41A-E. In step 1420. the under-sampling module 1606 receives the FSK 

signal 816 (FIG. 41A). In step 1422, the under~sampling module 1606 receives the under­

sampling signal 4107 (FIG. 41 C). In step 1424, the under-sampling module 1606 under-samples 

the FSK signal 816 at the aliasing of the under-sampling signal 4107 to down-convert the FSK 

signal 816 to the ASK signal 4112 of FIG. 41D or the ASK signal 4114 in FIG. 4IE. 
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3.2.3 Ot/1er Example Embodiments 

The embodiments described above are provided for purposes of illustration. These 

embodiments are not intended to limit the invention. Alternate embodiments, differing slightly 

or substantially from those described herein, will be apparent to persons skilled in the relevant 

5 art(s) based on the teachings contained herein. Such alternate embodiments fall within the scope 

and spirit of the present invention. 

3.3 Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s), 

structure(s), and/or embodiments described above are presented in Sections 4 and 5 below. 'Ibese 

10 implementations are presented for purposes of illustration, and not limitation. The invention is 

n~t limited to the particular implementation examples deseribed therein. Alternate implementations 

(including equivalents, extensions, variations, deviations, etc., of those described herein) will be 

apparent to persons ski11ed in the .relevant art(s) based on ~he teachings contained herein. Such 

alternate implementations fa11 within the scope and spirit of the present invention. 

15 4. Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s). 

structure(s). and/ or embodiments describ~d in the Sub-Sections above are presented in this section 

(and its subsections). These implementations are presented herein for purposes of illustration, and 

not limitation. The invention is not limited to the particular implementation examples described 

20 herein. Alternate implementations (including equivalents, extensions, variations, deviations, etc., 

ofthose described herein) will be apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. Such alternate implementations fall within the scope and spirit of the 

present invention. 

FIG. 13 illustrates a generic aliasing system 1302, including an aliasing module 1306. 

25 FIG. 16 illustrates an under-sampling system 1602, which includes an under-sampling module 

1606. The under-sampling module 1606 receives an under-sampling signal 1604 having an 

aliasing rate FAR· The under-sampling signal 1604 includes a train of pulses having negligible 

apertures that tend towards zero time in duration. The pulses repeat at the aliasing rate FAR· The 
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under-sampling system 1602 is an example implementation of the generic aliasing system 1303. 

The under-sampling system 1602 outputs a down-converted signal l 308A. 

FIG. 26A illustrates an exemplary sample and hold system 2602, which is an exemplary 

implementation of the under-sampling system 1602. The sample and hold system 2602 is 

5 described below. 

10 

FIG. 26B illustrates an exemplary inverted sample and hold system 2606, which is an 

alternative example implementation of the under-sampling system 1602. The inverted sample and 

hold system 2606 is described below. 

4.1 The Under-Sampling System as a Sample and Hold System 

FIG. 26A is a block diagram of a the sample and hold system 2602, which is an example 

embodiment of the under-sampling module 1606 in FIG. 16, which is an example embodiment of 

the generic aliasing module 1306 in FIG. 13. 

The sample and hold system 2602 includes a sample and ·hold module 2604, which 

15 receives the EM signal 1304 and the under-sampling signal 1604. The sample and hold module 

2604 under-samples the EM signal at the aliasing rate of the under-sampling signal 1604, as 

described in the sections above with respect to the flowcharts 1401 in FIG. 14A, 1407 in FIG. 

14B, 1413inFIG.14Cand1419inFIG.14D. The under-sampling system 1602outputsadown­

converted signa] 1308A. 

20 FIG. 27 illustrates an under-sampling system 2701 as a sample and hold system. which is 

an example implementation of the under-sampling system 2602. The under-sampling system 2701 

includes a switch module 2702 and a holding module 2706. The under-sampling system 2701 is 

described below. 

FIG. 24A illustrates an under-sampling system 2401 as a break before make under-

25 sampling system, which is an alternative implementation of the under-sampling system 2602. The 

break before make under-sampling system 2401 is described below. 

4.1.1 Tlie Sample and Hold System a.~ a Switch Module and a Holding 
Module 
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FIG. 27 illustrates an e~emplary embodiment of the sample and hold module 2604 from 

FIG. 26A. Jn the exemplary e!Pbodiment, the sample and hold module 2604 includes a switch 

module 2702, and a holding lll;Odule 2706. 

Preferably, the switch module 2702 and the holding modul~ 2706 under-sample the EM 

5 signal 1304 to down-conven irin any of the manners shown in the operation flowcharts 1401, 

1407, 1413 and 1419. For ex~ple, the sample and hold modul~ 2604 can receive and under-
,. 
. .· 

sample any of the modulated c@Irier signal signals described above, including, but not limited to, 

the analog AM signal 516, the digital AM signal 616, the analog FM signal 716, the digital FM 

signal 816, the analog PM signal 916, 1he digital PM signal 1016, etc., and any combinations 

10 thereof. 

The switch module 2702 and the holding module 2706 down-convert the EM signal 1304 

to an intermediate signal, to a demodulated baseband or to a different modulation scheme, 

depending upon the aliasing rate. 

For example, operation of the switch module 2702 and the holding module 2706 are now 

15 described for down-converting the EM signal 1304 to an intermediate signal, with reference to 

the flowchart 1407 and the example timing diagrams in FIG. 79A-F. 

In step 1408, the switch module2702 receives the EM signal 1304 (FIG. 79A). In step 

1410, the switch module 2702 receives the under-sampling signall 604 (FIG. 79C). In step 1412, 

the switch module 2702 and the holding module 2706 cooperate fo under-sample the EM signal 

20 1304 and down-convert it to a.n intermediate signal. More specifically, during step 1412, the 

switch module 2702 closes during each ~der-sampling pulse to couple the EM signal 1304 fo the 

holding module 2706. In an embodiment, 1he switch module 2702 closes on rising edges of the 

pulses. In an alternative embodiment, 1he switch module 2702 closes on falling edges of the 

pulses. When the EM signal p04 is coupled to the holding module 2706, the amplitude of the 

25 EM signal 1304 is captured by the holding module 2706. The holding module 2706 is designed 

to capture and hold the amplitude of the EM signal 1304 within the short time frame ofeach 

negligible aperture pulse. FIG. 798 illustrates the EM signal 1304 after under-sampling. 

The holding module 2706 substantially holds or maintains each under-sampled amplitude 

1lntil a subsequent under-sample. (FIG. 790). The holding module 2706 outputs the under-

30 sampled amplitudes as the down-converted signal 1308A. The holding module 2706 can output 

the down-converted signal 1308A as an unfiltered signal, such as a stair step signal (FIG. 79E), 



W000/24117 PCT/US99/24299 

-85-

as a filtered down-converted:~ignal (FIG. 79F) or.as a partially:.':fiit~d down-converted signal. 

4.1.2 The Sample and Hold System as Break-Before-Make Module 

FIG. 24A illustrates a break-before-make under-sampling system 2401, which is an 

alternative implementation of the under-sampling system 2602. 

s Preferably, the break-before-make under-sampling system 2401 under-samples the EM 

signal 1304 to down-convert it in any of the manners shown in the operation flowcharts 1401, 

1407, 1413 and 1419. For example, the sample and hold module 2604 can receive and under­

sample any of the unmodulated or modulated carrier signal signals described above, including, but 

not limited to, the analog AM signal 516, the digital AM signal 616. the analog FM signal 716, 

IO the digital FM signal 816, the analog PM signal 9.J6, the digital PM signal 1016, etc., and· 

combinations thereof. 

The break-before-make under-sampling system 2401 down-converts the EM signal 1304 

to an intermediate signal, to a demodulated baseband or to a different modulation scheme, 

depending upon the aliasing rate. 

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

includes a normally open switch 2404 and a normally closed switch 2406; The normally open 

switch 2404 is controlled by the under-sampling signal 1604, as previously described. · The 

normally closed switch 2406 is controlled by an·isolation signal 2412. In an embodiment, the 

isolation signal 2412 is generated from the under-sampling signal 1604. Alternatively, the under-

20 sampling signal 1604 is generated from the isolation signal 2412. Alternatively, the isolation 

signal 2412 is generated independently from the under-sampling signal 1604. The break-before­

make module 2402 substantially isolates a sample-and hold input 2408 from a sample and hold 

output 2410. 

FIG. 24B illustrates an example timing diagram of the under-sampling signal 1604 that 

25 controls the normally open switch 2404. FIG. 24C illustrates an example timing diagram of the 

isolation signal 2412 that controls the normaUy closed switch 2406. Operation of the break.­

before-make module 2402 is described with reference to the example timing diagrams in FIGS. 

24B and 24C. 
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Prior to time tO, the norma1ly open switch 2404 and the normally closed switch 2406 are 

at their nonnal states. 

AttimetO, the isolation signal 2412 in FIG. 24C opens the normally closed switch 2406. 

Then, just after time tO, the normally open switch 2404 and the normally closed switch 2406 are 

5 open and the input 2408 is isolated from the output 2410. 

At time tl, the under-sampling signal 1604 in FIG. 24B briefly closes the normally open 

switch 2404. This couples the EM signal 1304 to the holding module 2416. 

Prior to t2, the under-sampling signal 1604 in FIG. 24B opens the normally open switch 

2404. This de..;couples the EM signal l304from the holding modille 2416. · 

IO:· At time t2, the isolation signal 2412 in FIG. 24C closes the normally closed switch 2406. 

This couples the holding module 2416 to the output 2410. 

The break-before-make under-sampling system 2401 includes a holding module 2416, 

. which can be similar to the holding module 2706 in FIG. 27. The break'."'before-make under­

. sampling system 2401 down .. converts the EM signal 1304 in a manner similar to that described 

15 with reference to the under.,.sampling system 2702 in FIG. 27. 

4.1.3 Example Implementations of the Switch Module 

. The switch module 2702 in FIG. 27 and the switch modules 2404 and 2406 in FIG. 24A 

can be any type of switch device that preferably has a relatively low impedance when closed and 

a relatively high impedance when open. The switch ~odu1es 2702, 2404 and 2406 can be 

20 implemented with normally open or norma1ly closed switches. The switch device need not be an 

ideal switch device. FIG. 28B illustrates the switch modules 2702, 2404 and 2406 as, for 

example, a switch module 2810. 

The switch device28 l 0 (e.g., switch modules 2702, 2404 and 2406) can be implemented 

with any type of suitable switch device, including, but not limited to mechanical switch devices 

25 and electrical switch devices, optical switch devices, etc .• and combinations thereof. Such devices 

include, but are not limited to transistor switch devices, diode switch devices, relay switch 
-· 

devices, optical switch devices, micro-machine switch devices, etc .. 

In an embodiment, the switch module 2810 can be implemented as a transistor, such as, 

for example, a field effect transistor (FET), a bi-polar transistor, or any other suitable circuit 

30 switching device. 
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In FIG. 28A, the switch modlile 2810 is illustrated as a FET 2802. The PET 2802 can be 

any type ofFET, including, but not limited to, a MOSFET, a JFET, a GaAsFET. etc .. The FET 

2802 includes a- gate 2804, a source 2806 and a drain 2808; The gate 2804 receives the under­

sampling signal 1604 to control the switching action between the source 2806 and the drain 2808. 

5 Generally, the source 2806 and the drain 2808: are interchangeable. 

It should be understood that the illustration of the switch module 2810 as a FET 2802 in 

FIG. 28A is for example purposes only. Any device having switching capabilities could be used 

to implement the switch module 2810 (e.g., switch modules 2702, 2404 and 2406), as will be 

apparent to persons skilled"in the relevant art(s) based on the discussion contained herein. 

IO In FIG. 28C, the switch module 2810 is illustrated as a diode switch 2812, which operates 

15 

as a two lead device when the under-sampling signal 1604 is coupled to the output 2813. -

In FIG. 28D, the switch module 2810 is illustrated as a diode switch 2814, which operates 

as a two lead device when the under-sampling signal 1604 is coupled to the output 2815. -

4.1.4 Example Implementations oftlie Holding Module 

The holding modules 2706 and 2416 preferably captures and holds the amplitude of the -

original, unaffected, EM signal 1304 within the short time frame of each negligible apertureunder­

sampling signal pulse. 

In an exemplary embodiment, holding modules 2706 and 2416 are implemented as a 

reactive holding module 2901 in FIG. 29A, although the invention is not limited to this 

20 embodiment. A reactive holding module is a holding module that employs one or more reactive 

electrical components to preferably quickly charge to the amplitude of the EM signal 1304. 

Reactive electrical components include, but are not limited to, capacitors and inductors. 

In an embodiment, the holding modules 2706 and 2416 include one or more capacitive 

holding elements, illustrated in FIG. 29B as a capacitive holding module 2902. In FIG. 29C, the 

25 capacitive holding module 2902 is illustrated as one or more capacitors illustrated generally as 

capacitor(s) 2904. RecalJ that the preferred goal of the holding modules 2706 and-2416 is to 

quickly charge to the amplitude of the EM signal 1304. Iii accordance with principles of 

capacitors, as the negligible aperture of the under-sampling pulses tends to zero time in duration, 

the capacitive value of the capacitor 2904 can tend towards zero Farads. Example values for the 

30 capacitor 2904 can range from tens of pico Farads to fractions of pico Farads. A terminal 2906 
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serves as an output of the sample and hold module 2604. The capacitive holding module 2902 

provides the under-samples at the terminal 2906, where they can be measured as a voltage. FIG. 

29F illustrates the capacitive holding module 2902 as including a series capacitor 2912, which can 

be utilized in an inverted sample and· hold system as described below. 

s In an alternative embodiment, the holding modules 2706 and 2416 include one or more 

inductive holding elements, illustrated in FIG. 290 as aninductive holding module 2908. 

In an alternative embodiment, the holding modules 2706 and.2416 include a combination 

of one or more capacitive holding elements and one or more inductive holding elements, 

illustrated in FIG. 29E as a capacitive/inductive holding module 2910. 

10 FIG. 29G illustrates anintegrated under-sampling system that can be implemented to 

down-convert the EM signal 1304 as illustrated in, and described with reference to, FIGS. 79A-F. 

4.1.5 Optional Under-Sampling Signal Module 

.FIG. 30 illustrates an under-sampling system 3001, which is an example embodiment of 

. the under-sampling system l 602. The under-sampling system 3001 includes an optional under-. 

15 · · .. sampling signal module 3002 that can perform any of a variety of functions or combinations of 

. functions, including, but not limited to, generating the under-sampling signal 1604. · 

In an embodiment, the optional under-sampling signal module 3002 includes an aperture 

generator, an example of which is illustrated in FIG. 291 as an aperture generator 2920. The 

aperture generator 2920 generates negligible aperture pulses 2926 from an input signal 2924. The 

20 input signal 2924 can be any type of periodic signal, including, but not limited to, a sinusoid, a 

square wave, a saw-tooth wave, etc. Systems for generating the input signal 2924 are described 

below. 

The width or aperture of the pulses 2926 is determined by delay through the branch 2922 

of the aperture generator 2920. Generally, as the desired pulse width decreases, the tolerance 

25 requirements of the aperture generator 2920 increase. In other words, to generate negligible 

aperture pulses for a given input EM frequency, the components utilized in the example aperture 

generator 2920 require greater reaction times, which are typically obtained with more expensive 

elements, such as gallium arsenide (GaAs), etc. 

The example logic and implementation shown in the aperture generator 2920 are provided 

30 for illustrative purposes only, and are not limiting. The actual logic employed can take many 
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forms. The example aperture generator 2920 includes an optional inverter 2928; which is shown 

for polarity consistency with other examples provided herein. An example implementation of the 

aperture generator 2920 is illustrated in FIG. 29K. 

Additional examples of aperture generation logic is provided in FIGS. 29H and 291. FIG. 

5 29H illustrates a rising edge pulse generator 2940, whieh generates pulses 2926 on rising edges 

of the input signal 2924. FIG. 291 illustrates a falling edge pulse generator 2950, which generates 

pulses 2926 on faJling edges of the input signal 2924. 

In an embodiment, the input signal 2924 is generated externally of the under-sampling 

signal module 3002, as illustrated in FIG. 30. Alternatively, the input signal 2924 is generated 

10 internally by the under-sampling.signal module 3002. The input signal 2924 can be generated by 

an oscillator, as illustrated in FIG. 29L by an oscillator 2930. The oscillator 2930 can be internal 

to the under-sampling signal module 3002 or external to the under-sampling signal module 3002 .. 

The oscillator 2930 can be external to the under-sampling system 3001. 

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

15 upon the aliasing rate of the under-sampling signal 1604, which is determined by the frequency . 

of the pulses 2926. The frequency of the pulses 2926 is determined by the frequency of the input . 

signal 2924. For example, when the frequency of the input signal 2924 is substantially eqUal to 

a harmonic or a sub-harmonic of the EM signal 1304, the EM signal 1304 is directly down-. 

converted to baseband (e.g. when the EM signal is an AM signal or a PM signal), or converted 

20 from FM to a non-FM signal. When the frequency of the input signal 2924 is substantially equal 

to a harmonic or a sub-harmonic of a diff~nce frequency, the EM signal 1304 is down-converted 

to an intermediate signal. 

25 

The optional under-sampling signal module 3002 can be implemented in hardware, 

software. firmware, or any combination thereof. 

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

FIG. 268 illustrates an exemplary inverted sample and hold system 2606, which is an 

alternative example implementation of the under-sampling system 1602. 

FIG. 42 illustrates a inverted sample and hold system 4201. which is an example 

implementation of the inverted sample and hold system 2606 in FIG. 268. The sample and hold 

30 system 4201 includes a sample and hold module 4202, which includes a switch module 4204 and 
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a holding module 4206. The switch module 4204 can_ be implemented as described above with 

reference to FIGS. 28A-D. 

The holding module 4206 can be implemented as described above with reference to FIGS. 

29A-F, for the holding modules 2706 and 2416. - In.the illustrated embodirnent,-the holding 

5 module 4206 includes one or more capacitors 4208. The capacitor(s) 4208 are selected to pass 

higher frequency components of the EMsignal 1304 through to a terminal4210, regardless of the 

state of the switch module 4204. The capacitor-4202 stores charge from the EM signal 1304 

during aliasing pulses of the under-sampling signal 1604 and the signal at the terminal 4210-is 

thereafter off-set by an amount related to the charge stored in the capacitor 4206. 

10 Operation of the inverted sample and hold system 4201 is illustrated in-Fl.GS. 34A-F. 

FIG. 34A illustrates an example EM signal 13.04. FIG. 348-illustrates the EM si~l 1304 after 

under-sampling. FIG. 34C illustrates the under-sampling signal-1606,--which includes a train of 

aiiasing pulses having negligible apeit~s. ---- -

· FIG. 34D illustrates an example down-converted ·signal l 308A. FIG. 34E illustrates the 

is down..:c~nverted signal 1308A on a_compre~sed time scale. Since the holding module 4206 is 

sedes-~lement, the higher frequencie~ (e.g., RF) of the EM signal 1304 can be seen on the down;., 

converted signal. This can be filtered as illustrated in FJ-G. 34F. 

· The inverted sample and.hold sy~teni'4201 can be used to-doWn-convert any type of EM 

. ·~ignal,including modulated carrier sign&ls and unmodulated carrier signals; to IF signals.and to 

20 demodulated ba8eband signals. 

· 4.3 Ot/1er Implementations · --

The implementations described above are provided for purposes of illustration. These 

-implementations are not intended to limit the invention. Alternate hnplementations, differing 

slightly or substantially from those described herein, will be apparent to persons skilled in the 

25 relevant art(s) based on the teachings contained herein. Suchaltemate implementations fall within 

the scope and spirit ofthe present invention. 

i~iiiiliUf 
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5. ·Optional Optimizations of Under-Sampling at an Aliasing Rate 

The methods and systems described in sections above can be optionally optimized with 

one or more of the optimization methods or systems described below. 

5.1 Doubling the Aliasing Rate (FA,J oft/1e Under-Sampling Signal 

In an embodiment, the optional under-sampling signal module 3002 in FIG. 30 includes 

a pulse generator module that generates aliasing pulses at a multiple of the frequency of the 

oscillating source, such as twice the frequency of the oscillating source. The input signal 2926 

may be any suitable oscillating source. 

FIG. 31 illustrates an example circuit 3102 that generates a doubler output signal 3104 

10 (FIG. 31 and 43B) that may be used as an under-sampling signal 1604. The example circuit 3102 

generates pulses on rising and falling edges of the input oscillating signal 3106 of FIG. 31 B. Input 

oscillating signal 3106 is one embodiment of optional input signal 2926. The circuit 31 02 can be 

implemented as a pulse generator and aliasing rate (FAR) doubler, providing the under-sampling 

signal 1604 to under-sampling module 1606 in FIG. 30. 

15 The aliasing rate is twice the frequency of the input oscillating signal F osc 3106, as shown 

by EQ. (9) below. 

FAR=2.Fosc EQ. (9) 

The aperture width of the aliasing pulses is determined by the delay through a first 

inverter 3108 of FIG. 31. As the delay is increased, the aperture is increased. A second inverter 

20 3112 is shown to maintain polarity consistency with examples described elsewhere. In an 

alternate embodiment inverter 3112 is omitted. Preferably, the pulses have negligible aperture 

widths that tend toward zero time. The doubler output signal 3104 may be further conditioned 

as appropriate to. drive a switch module with negligible aperture pulses. The circuit 31 02 may be 

implemented with integrated circuitry, discretely, with equivalent logic circuitry, or with any valid 

25 fabrication technology. 

5.2 Differential Implementations 

The invention can be implemented in a variety of differential config\Jrations. Differential 

configurations are useful for reducing common mode noise. This can be very useful in receiver 
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systems where common mode interference can be caused by intentional or unintentiona] radiators 

such as cellular phones, CB radios, electrical appliances etc. Differential configurations are also 

useful in reducing any common mode noise due to charge injection of the switch in the switch 

module or due to the design and layout of the system in which the invention is used. Any spurious 

s signalthat is induced in equaJ magnitude and equal phase in both input leads of the invention will 

be substantiaJly reduced or eliminated. ·Some differential, configurations, including some of the 

configurations below, are also useful for increasing the voltage and/or for increasing the po~er 

of the down-converted signal 1308A. While an example of a differential under-sampling module 

is shown below, the example is shown for the purpose of illustration, not limitation. Alternate 

10 embodiments (including equivalents. extensions, variations, deviations, etc.) of the embodiment 

described herein will . be apparent to those skilled in the relevant art based. on the teachings 

contained herein. The invention is intended and adapted to include such alternate embodiments. 

FIG. 44A illustrates an example differential system 4402 that can be mcluded in the w1der­

sampling module 1606. The differential system 4202 includes an inverted under-sampling design 

15 similar to that described with reference to FIG. 42. The differential s}rstem 4402 includes inputs 

4404 and 4406 and outputs 4408 and 4410. The differential system 4402 includes a first inverted 

Sample and hold module 4412, which includes aholdfog module 4414 and a switch module 4416. 

The differential system 4402 also includes asecoiid inverted sample and hold module 4418, which 

includes a holding module 4420 and the switch module 4416, which it shares in common with 

20 sampJe and hold module 4412. 

One or both of the inputs 4404. and 4406 are coupled to ar1 EM signal source. For 

· 'example, the inputs can be coupled to an EM signal· source, wherein the input voltages at the 

. · iriputs 4404 and 4406 are substalitiaJly equaJ in amplitude but 180 degrees out of phase with one 

another. Alternatively, where dual inputs ate unavailable, one of the inputs 4404 and 4406 can 

25 be coupled to ground . 

. In operation, when the switch module 4416 is closed, the holding modules 4414 and 4420 

are in series and, provided they have similar capacitive values, they charge to equal amplitudes 

but opposite polarities. When the switch module 4416 is open, the voltage at the output 4408 is 

relative to the input 4404, and the voltage at the output 4410 is relative to the voltage at the input 

30 4406. 

Portions of the voltages at the outputs 4408 and 44 I 0 include voltage resulting from 

charge stored in the holding modules 4414 and 4420, respectively. when the switch module 4416 
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was closed. The portions bf the voltages at the outputs 4408 and 4410 resulting from the stored 

charge are generally equal in amplitude to one another but 180 degrees out. of phase. 

Portions of the voltages at the outputs 4408 and 4410 also include ripple voltage or noise 

resulting from the switching action of the switch module 4416. But because the switch module 

5 is positioned between the two outputs, the noise introduced by the switch module appears at the 

outputs 4408· and 4410 as substantially equal and in-phase with one another. As a result, the· 

ripple voltage can be substantially filtered out by inverting the voltage at one of the outputs 4408 

or 4410 and adding it to the other remaining output. Additionally, any noise that is iJl1pressed with . 

substantially equal amplitude and equal phase onto the input terminals 4404 and 4406 by any other. 

10 noise sources will tend to be canceled in the same way. 

15 

The differential system 4402 is effective when used with a differential front end (inputs) 

and a differential back end {outputs). It can also be utilized in the following configurations, for 

example: 

a) A single-input front end and a differential back end; and 

b) A differential front end and single-output back end. 

Examples of these system are provided below. 

5.2.1 Differential Input-to-Differential Output 

FIG. 44B illustrates the differential system 4402 wherein the inputs 4404 and 4406 are 

coupled to equal and opposite EM signal sources, illustrated here as dipole antennas 4424 and 

20 4426. In this embodiment, when one of the outputs 4408 or 4410 is inverted and added to the 

other output, the common mode noise due to the switching module 4416 and other common 

mode noise present at the input terminals 4404 and 4406 tend to substantially cancel out. 

5.2.2 Single Input-to-Differential Output 

FIG. 44C illustrates the differential system 4402 wherein the input 4404 is coupled to an 

25 EM signal source such as a monopole antenna 4428 and the input 4406 is coupled to ground. 
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FIG. 44E illustrates an example single input to differential output receiver/down-converter 
. . 

system 4436. The system 4436 includes the differential system 4402 wherein the input 4406 is 

coupled to ground. The inp11t 4404is coupled to an EM signaJ source 4438 . 

. · The outputs 44~8 and 4410 are coupled to a differential circuit4444 such as a filter, which 

5 preferably inverts one of the outputs 4408 or 4410 and adds it to the other output 4408 or 4410. 

.. 10 

15 

This substantial1y cancels common mode noise generated by the switch module 4416. The 

differential circuit 4444 preferably filters the higher frequency components of the EM signal 1304 

that pass through the holding modules 4414 and 4420. The resultant filtered signaJ is output as 

.· the down-converted signal 1308A. 

5.2.3 Differential lnpUt-to.Single Output · 

FIG. 44D illustrates the differential system 4402 wherein the inputs 4404 and 4406 are 

, co~pled to equal and opposite EM signal soµrces illustrate_d here as dipole antennas 4430 and 

. 4432. J'he output is tilken fr.om t<mninal _4408. . .. 
. . . : . ' . . 

.5.3 Smoothing the Down-Converted Signal 
. . . . : . . . 

The down:..Converted signal 1308A may be smoothed by filtering as desired. The 
. . 

differential circuit 4444 implemented as a filter in FIG 44E illustrates btit one eXall1ple. Filtering 

may be accomplished in any of the described embodiments by hardware, finnware and software 

· implementation as is well known by those skilled in the arts. 

20 5.4 Load Impedance and Input/Output Buffering 

Some of the characteristics of the down-converted signal 1308A depend upon 

characteristics of a load placed on the down-converted signal 1308A. For example, in an 

embodiment, when the down-converted signal 1308A is coupled to a high impedance load, the 

charge that is applied to a holding module such as holding module 2706 in FIG 27 or 2416 in FIG. 

25 24A during a pulse generally remains held by the holding module until the next pulse. This results 
.. 

. 

in a substantially stair-step-like representation of the down-converted signal l 308A as illustrated 

in FIG. I SC, for example. A high impedance load enables the under-sampling system 1606 to 

accurately represent the voltage of the original unaffected input signal. 
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The down-converted signal 1308A can be buffered with a high impedance amplifier, if 

desired. 

Alternatively, or in addition to buffering the down-converted signal 1308A, the input EM 

signal may be buffered or amplified by a low noise amplifier. 

SS Modifying the Under-Sampling Signal Utilizing Feedback 

FIG. 30 shows an embodiment of a system 3001 which uses down-converted signal 1308A 

as feedback 3006 to control various characteristics of the under-sampling module 1606 to modify 

the down-converted signal 1308A. 

Generally, the amplitude of the down-converted signal 1308A varies as a function of the 

10 frequency and phase differences between the EM signal 1304 and the under-sampling signal 1604. 

In an embodiment, the down-converted signal l 308A is used as the feedback 3006 to control the 

frequency and phase relationship between the EM signal 1304 and the under-sampling signal 

1604. This can be accomplished using the example block diagram shown in FIG 32A.· The 

example circuit illustrated in FIG. 32A can be included in the under-sampling signal module 3002. 

15 Alternate implementations will be apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. Alternate implementations fall within the scope and spirit of the 

present invention. In this embodiment a state-machine is used for clarity, and is not limiting. 

In the example of FIG. 32A, a state machine 3204 reads an analog to digital converter, 

AID 3202, and controls a digital to analog converter (DAC) 3206. In an embodiment, the state 

20 machine 3204 includes 2 memory locations, Previous and Current, to store and recall the results 

of reading AJD 3202. In an embodiment. the state machine 3204 utilizes at least one memory 

flag. 

DAC 3206 controls an input to a voltage controlled oscillator, VCO 3208. VCO 3208 

controls a frequency input of a pulse generator 3210, which, in an embodiment, is substantially 

25 similar to the pulse generator shown in FIG. 29J. The pulse generator 3210 generates the under­

sampling signal 1604. 

In an embodiment, the state machine 3204 operates in accordance with the state machine 

flowchart 3220 in FIG. 32B. The result of this operation is to modify the frequency and phase 

relationship between the under-sampling signal 1604 and the EM signal 1304, to substantially 

30 maintain the amplitude of the down-converted signal 1308A at an optimum level. 
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The amplitude of the down-converted signal l308A can be made . to vary with the 

amplitude of the under-sampling signal 1604. In an embodiment where Switch Module 2702 is 

a FET as shown in FIG 28A, wherein the gate 2804 receives the under-sampling signal 1604, the 

amplitude of the under-sampling signal 1604 can determine the "on" resistance of the FET, which 

5 affects the amplitude of down-converted signal 1308A. Under-sampling signal module 3002, as 

shown in FIG. 32C, can be an analog circuit that enables an automatic gain control function. 

Alternate implementations will be apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. Alternate implementations fall within the scope and spirit of the 

.. present inventioil. 
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UI. Down-Converting by Transferring Energy 

The energy transfer embodiments of the invention provide enhanced signal to noise ratios 

and sensitivity to very smal1 signals, as well as permitting the down-converted signal to drive 

lower impedance Joads unassisted. The energy transfer aspects of the invention are represented 

5 generallyby4506inFIGS.45Aand45B. Fundamentaldescriptionsofhowthisisaccomplished 

is presented step by step beginning with a comparison with an under-sampling system. 

0.1 Energy Transfer Compared to Under-Sampling 

Section II above disclosed methods and systems for down-converting an EM signal by 

under-sampling. The under-sampling systems utilize a sample and hold system controlled by an 

10 under-sampling signal. The under-sampling signal includes a train of pulses having· negligible 

apertures that tend towards zero time in duration. The negligible aperture pulses minimize the 

amount of energy transferred from the EM signal. This protects the under.,;.sampled EM signal = 

from distortion or destruction. The negligible aperture pulses also make the sample .and hold 

system a high impedance system. An advantage of under-sampling is that the high impedance 

15 input allows accurate voltage reproduction of the under-sampled EM signal. The methods and 

systems disclosed in Section II are thus useful for many situations including, but not limited to, 

monitoring EM signals without distorting or destroying them. 

Because the under-sampling systems disclosed in Section II transfer only negligible 

amounts of energy, they are not suitable for all situations. For example, in radio communications, 

20 received radio frequency (RF) signals are typically very weak and must be amplified in order to 

distinguish them over noise. The negligible amounts of energy transferred by the under...:sampling 

systems disclosed in Section II may not be sufficient to distinguish received RF signals over noise. 

In accordance with an aspect of the invention, methods and systems are disclosed below 

for down-converting EM signals by transferring non-negligible amounts of energy from the EM 

25 signals. The resultant down-converted signals have sufficient energy to allow the down-converted 

signals to be distinguishable from noise. The resultant down-converted signals also have sufficient 

energy to drive lower impedance circuits without buffering~ 



W000/24117 PCT/US99/24299 

-98-

Down-converting by transferring energy is introduced belqw in an incremental fashion to 

distinguish it from under-sampling. The introduction begins with further descriptions of under-sampling. 

0.1.1 Review '1/ Under-Sampling 

FIG. 78A illustrates an exemplary under-sampling system 7802 for down-converting an 

5 input EM signal 7804. The under-sampling system 7802 includes a switching module 7806 and 

a ~oldi~g module shoWn as a holding capacitance 7808. An under-sampling signal 7810 c~n~ols 
the switch module 7806. The under-sampling signal 7810 includes .. a train of pulses having 

negligible pulse widths that tend toward zero time. An example of a negligible pulse width or 

d~ation can be in the range of 1-10. psec for under-sampling a 900 MHZ sign~l. Any other 

10 suitabl~ negligible pulse duration can be used as well, where accurate reproduction of the original 

. unaffected input signal voltage is desired without substantially affecting the original input signa} 

voltage. 

In an under-sampling environment, the holding capacitance 7808 prefercibly has a small 

capacitance value. This allows the holding capacitance 7808 to substantially charge to the voltage 

15 of the inpu~ EM signal 7804 during the negligible apertures of the under-sampling signal pulses. 

For example, in an.embodiment, the holding capacitance 7808 has a value in the range of lpF. 

Other suitable capacitance values can be used to achieve substantially the voltage of the original 

unaffected input signal. Various capacitances can be employed for certain effects, which are 

described below. The under:-:sampling system is coupled to a load 7812. In FIG. 78B, the 

20 load 7812 of FIG. 78A is illustrated as a high impedance load 7818. A high impedance load is 

one that is relatively insignificant to an output drive impedance of the system for a given output 

frequency. The high impedance load 7818 allows the holding capacitance 7808to substantially 

maintain the charge accumulated during the under-sampling pulses. 

FJGS. 79A-F illustrate example timing diagrams for the under-sampling system 7802. 

25 FIG. 79A illustrates an example input EM signal 7804. 

FIG. 79C illustrates an example wider-sampling signal 7810, including pulses 7904 having 

negligible apertures that tend towards zero time in duration. 

FIG. 79B illustrates the negligible effects to the input EM signal 7804 when under­

sampled, as measured at a terminal 7814 of the under-sampling system 7802. In FIG. 79B, 

30 negligible distortions 7902 correlate with the pulses of the under-sampling signal 7810. In this 
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embodiment, the negligible distortions 7902 occur at different locations of subsequent cycles of 

the input EM signal 7804. As a result, the input EM signal will be down-converted. ·The 

negligible distortions 7902 represent negligible amounts of energy, in the form of charge that is 

transferred to the holding capacitance 7808. · 

5 When the load 7812 is a high impedance load, the holding capacitance 7808 does not 

significantly discharge between pulses 7904. As a result, charge that is transferred to the holding 

capacitance 7808 during a pulse 7904 tends to "hold" the voltage value sampled constant at the 

terminal 7816 until the next pulse 7904. When voltage of the input EM signal 7804 changes 

between pulses 7904, the holding capacitance 7808 substantially attains the new voltage and the 

10 resultant voltage at the terminal 7816 fonns a stair step pattern, as illustrated in FIG~ 790. ·· 

FIG. 79E illustrates the stair step voltage of FIG. 790 on a compressed time scale. The 

stair step voltage illustrated in FIG. 79E can be filtered to produce the signal illustrated in FIG. 

79F. The signals illustrated in FIGS. 790; E, and F have substantially all of the baseband 

characteristics of the input EM signal 7804 in FIG. 79A, except that the signals illustrated in · 

15 FIGS. 790, E, and F have been successfully down-converted. 

Note that the voltage level of the down-converted signals illustrated in FIGS. 79E and 79F 

are substantially close to the voltage level of the input EM signal 7804. The under-s8.m.pling 

system 7802 thus down-converts the input EM signal 7804 with reasonable voltage reproduction, . 

without substantially affecting the input EM signal 7804. But also note that the power available 

20 at the output is relatively negligible (e.g. : V2/R; - Sm V and 1 MOhm), given the input EM signal 

7804 would typically have a driving impedance, in an RF environment, of SO Ohms (e.g.: V2/R; 

- 5mV and 50 Ohms). 

0.1.1.1 Effects of Lowering the Impedance oft/1e Load 

Effects of lowering the impedance of the load 7812 are now described. FIGS. 80A-E 

25 iJlustrate example timing diagrams for the under-samplingsystem 7802 when the load 7812 is a 

relatively low impedance Joad, one that is significant relative to the output drive impedance of the 

system for a given output frequency. 

FIG. 80A illustrates an example input EM signal 7804, which is substantially simiJar to that 

illustrated in FIG. 79A. 
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FIG. SOC illustrates an example under-sampling signal 7S 10,including pulses 8004 having 

negligible apertures that tend towards zero time in duration. The example under-sampling signal 

7810 illustrated in FIG. SOC is substantially similar to that illus~ted in FIGS. 79C .. 

FIG.SOB illustrates the negligible effects to the input EM signal 7804 when under-

5 sampled, as measured at a terminal 7814 ofthe under-sampling system 7802. In FIG. SOB, 

negligible distortions S002 correlate with the pulses 8004 of the under'.'"sampling signal 7810 in 

FIG. SOC. In this example, the negligible distortions S002 occur at different locations of 

subsequent cycles of the input EM signal 7S04. As a tesult, the input EM signal 7S04 will be 

down-converted. The negligible distortions 8002 represent negligible amounts of energy, in the 

IO 

15 

form of charge that is transferred to the holding capacitance 780S. 

When the load 7812 is a ~ow impedance load, the holding capacitance 7808 is significantly 

discharged by the load between pulses '8004 (FIG. SOC). As a result, .the holding capacitance 

7~0S dmnot reasonably attainot "hold" the voltage of the original EM input signal 7804, as was 

see1Uii the case of FIG. 790. fustead; the charge appears as the outpUt illustrated in FIG. SOD. 

·FIG. SOE illustrates the output ffom FIG. lfoD on a compressed time scale. The output 

· in:Fia. ·8oE can be filtered to prodtice the si~al illustrated:in Flo. BOF. The down-converted 

~igrutl illustrated in FIG. 80F is S1lbstantlally simiiarto ihe down-converted signal illustrated in 

FI;G~ 19F' except that the sigruil :illustrated i~ FIG. SOF is substantially s.mallerin magnitude than 

the 81llplitude of the down-converted signal illustrated in FIG . .79F. This is because the.low 

20 impedance of the load 7812 prevents the holding capacitance 7808 from reasonably attaining or 

"holding" the voltage of the original E~ input signal 7804. As a result, the down-converted 

signal illustrated in FIG. SOF cannot provide optimal voltage reproduction, and has relatively 

negligible power available at the output (e.g.: V2/R; - 200µ V and 2KOhms), given the input EM 

signal 7804 would typically have a driving impedance, in an RF environment, of 50 Ohms (e.g.: 

25 V2/R;-5mV and 50 Ohms). 

0.1.1.2 Effects oflncreasmg the Value oftl1e Holding Capacitance 

Effects of increasing the value of the holding capacitance 7808, while having to drive a 

low impedance load 7812, is now described. FIGS. 8 lA":"F illustrate example timing diagrams for 

the under-sampling system 7802 when the holding capacitance 7808 has a larger value, in the 

30 range of 18pF for example. 
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FIG~ Sl A illustrates an example input EM signal 7804, which is substantially siniilar to 

that illustrated in FIGS. 79A and 80A. 

FIG. Sl C illu8trates an example under-sampling signal 7810, including pulses S104 having 

negligible apertures that tend towards zero time in duration. The example under-sampling signal 

s 7810 illustrated in FIG. 81C is substantially similar to that illustrated in FIGS. 79C and SOC. 

FIG .81 B illustrates the negligible effects to the· input EM signal 7S04 when under­

sampled, as measured at a terminal 7S14 of the under-sampling system 7S02. Jn FIG. 81B, 

negligible distortions S 102 correlate with the pulses 8104 of the under-sampling signal 7810 in 

FIG. 81C. Upon close inspection, the negligible distortions 8102 occur at different locations of 

10 subsequent cycles of the input EM signal 7804. As a result, the input EM signal 7S04 will be 

down-converted. The negligible distortions 8102 represent negligible amounts of energy, in the 

form of charge that is transferred to the holding capacitance 7808. 

FIG. SlD illustrates the voltage measured at the terminal 7816, which is a result of the 

holding capacitance 780S attempting to attain and "hold" the original input EM signal voltage, 

· 15 but failing to· do so, during the negligible apertures of the pulses 8104 illustrated in FIG. 81C 

Recall that when the load 7812 is a low impedance load, the holding capacitance 7808 is 

significantly discharged by the load between pulses 8104 (FIG. 81C), this again is.·seen in FIGS. 

810 and E. As a· result, the holding capacitance 7808 cannot reasonably attain·or "hold" the 

voltage of the original EM input signat 7804, as was seen in the case of FIG. 790. Instead, the 

20 charge appears as the output illustrated in FIG. SlO. 

FIG. 81E illustrates the down-c~nverted signal 8106 on a compressed time scale. Note 

that the amplitude of the down-converted signal 8106 is significantly less than the amplitude of 

the down-converted signal illustrated in FIGS. SOD and SOE. This is due to the higher capacitive 

value of the holding capacitance 7808. Generally, as the capacitive value increases, it requires 

25 more charge to increase the voltage for a given aperture. Because of the neg1igible aperture of 

the pulses 8104 in FIG. SIC, there is insufficient time to transfer significant amounts of energy 

or charge from the input EM signal 7804 to the holding capacitance 7808. As a result, the 

amplitudes attained by the holding capacitance 7808 are significantly less than the amplitudes of 

the down-converted signal illustrated in FIGS. 800 and SOE. 

30 In FIGS. SOE and 80F, the output signal, non-filtered or filtered, cannot provide optimal 

voltage reproduction. and has relatively negligible power available at the output (e.g.: V2/R; -
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.150µ V and 2K0hms), given the.input EM signal 7804 would typically have a driving impedance, 

in an RF environment, of SO Ohms (e.g.: V2/R; -SmV and ·so Ohms). 

In swnmary, under-sampling systems, such as the under-sampling system 7802 illustrated 

in FIG. 78, are well suited for down-converting EM signals with relatively accurate voltage 

5 reproduction. Also, they have a negligible affect on the original input EM signal. As illustrated 

above, however, the under-sam:pling systems, such as the under-sampling system 7802 illustrated 

in FIG. 78, are not well suited for transferring energy or for driving lower impedance loads. 

0.1.2 Introduction to Energy Transfer 

··.:. 

In an embodiment, the present invention transfers energy from an EM signal by utilizing 

IQ ·· an energy transfer signal instead of an under-sampling signal. Unlike under-sampling signals that 

. have negligible aperture pulses, the energy transfer signal includes a train of pulses having non-

• negligible apertures that tend away :from zero. This provides more time to transfer energy from .. 

. an.EM input signal .. One direct benefit is that the input imp~ce of the system is reduced so ~t 

practical impedance matching circuits can.be implemented to further improve energy transfer and . 

15·: thus overall efficiency. The non-negligible transferred energy significantly improves the signal to 

.. noise ratio and sensitivity to very small signals, as well as permitting the down-converted signal 

.to drive lower impedance loads unassisted. Signals that especjally beriefit include low power ones 

typified by RF signals. One benefit of a non-negligible aperture is that phase noise within the 

energy transfer signal does not have as drastic of an effect on the down-converted output signal 

20 as under-sampling signal phase noise or conventional sampling signal phase noise does on their 

respective outputs. 

FIG. 82A illustrates an exemplary energy transfer system 8202 for down-converting an 

input EM signal 8204. The energy transfer system 8202 includes a switching module 8206 and 

a storage module illustrated as a storage capacitance 8208. The terms storage module and 

25 storage capacitance, as used herein, are distinguishable from the terms holding module and 

holding capacitance; respectively. Holding modules and holding capacitances, as used above, 

identify systems that store negligible amounts of energy from an under-sampled input EM signal 

with the intent of"holding" a voltage value. Storage modules and storage capacitances, on the 

other hand, refer to systems that store non-negligible amounts of energy from an input EM signal. 
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The energy transfer system 8202 receives an energy transfer signal 8210, which controls 

the switch module 8206. The energy transfer signal 8210 includes a train of energy transfer pulses 

having non-negligible pulse widths that tend away from zero time in duration. The non-negligible 

pulse widths can be any non-negligible amount. For example, the non-negligible pulse widths can 

s be Yz of a period of the input EM signal. Alternatively, the non-negligible pulse widths can be any 

other fraction of a period of the input EM signal, or a multiple of a period plus a fraction. In an 

example embodiment, the input EM signal is approximately 900 MHZ and the non-negligible 

pulse width is approximately 550 pico seconds. Any other suitable non-negligible pulse duration 

can be used. 

10 In an energy transfer environment, the storage module, illustrated in FIG. 82 as a storage 

capacitance 8208, preferably has the capacity to handle the power being transferred, and to allow 

it to accept a non-negligible amount of power during a non-negligible·aperture period. This 

allows the storage capacitance 8208 to store energy transferred from the input EM signal 8204, 

without substantial concern for accurately reproducing the original, unaffected voltage levelof 

15 the input EM signal 8204. For example, in aii embodiment, the storage capacitance 8208 has a 

value in the range of 18pF. Other suitable capacitance values and storage modules can be used. 

20 

One benefit of the energy transfer system 8202 is that, even when the input EM signal 

8204 is a very small signal, the energy transfer system 8202 transfers enough energy from the 

input EM signal 8204 that the input EM signal can be efficiently down-converted. 

The energy transfer system 820~ is coupled to a load 8212. Recall from the overview of 

under-sampling that loads can be classified as high impedance loads or low impedance loads. A 

high impedance load is one that is relatively insignificant to an output drive impedance of the 

system for a given output frequency. A low impedance load is one that is relatively significant. 

Another benefit of the energy transfer system 8202 is that the non-negligible amounts of 

25 transferred energy permit the energy transfer system 8202 to effectively drive loads that would 

otherwise be classified as ]ow impedance loads in under-sampling systems and conventional 

sampling systems. In other words, the non-negligible amounts of transferred energy ensure that, 

even for lower impedance loads, the storage capacitance 8208 accepts and maintains sufficient 

energy or charge to drive the load 8202. This is illustrated below in the timing diagrams ofFIGS. 

30 83A-F. 
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FIGS. 83A-F illustrate example timing diagrams for the energy transfer system 8202 in 

FIG. 82. FIG. 83A illustrates an ~ample input EM signal 8302. 

FIG. 83C illustrates an example under-sampling signal 8304, including energy transfer 

pulses 8306 having non-negligible _apertures that tend away from zero time in duration. 

5 FIG.83B illustrates the effects to the input EM signal 8302, as measured at a terminal 

· 8214 in FIG. 82A, when non-negligible amounts of energy are transfer from it. In FIG. 83B, non­

negligible .distortions 8308 correlate with the energy transfer pulses 8306 in FIG. 83C.· In this 

example, .the non-negligible distortions 8308 occur at different locations of subsequent cycles of 

the input EM signal 8302. The mm-negligible distortions 8308 represent non-negligible amounts 

10 · of transferred energy, in the form of charge that is transferred to the storage capacitance 8208 in 

·FIG. 82; 

· FIG. 830 illustrates a down-converted signal 8310 that is formed by energy transferred 

from the input EM signal 8302. 

FIG. 83E illustrates the down-converted signal 8310 on a compressed time scale. The 

15 down-converted signal 8310 can be fihered to produce the down-converted signal 8312 illustrated 

in FIG. 83F. The down-converted signal 8312 is similar .to the down-converted signal illustrated 

in FIG. 79F, except that the down-converted signal 8312 has substantially more power (e.g.: 

V2/R; approximately (-) 2m V and 2K Ohms) than the down-converted signal illustrated in FIG. 

· 79F(e.g.:V2/R;-5rnV and IM Ohms). Asa result, the down-converted signals 8310 and 8312 

20 can effi.Ciently drive lower impedance loads, given the input EM signal 8204would typically have 

a driving impedance, in an RF enviro~ent, of 50 Ohms {V2/R; - Sm V and 50 Ohms). 

25 

The energy transfer aspects of the invention are represented generally by 4506 in FIGS . 

. 45A and 458. 

1. Down-Converting an EM Signal to an IF EM Signal by Transferring Energy from the 

EM Signal at an Aliasing Rate 

In an embodiment, the invention down-convertS an EM signal to an IF signal by 

transferring energy from the EM signal at an aliasing rate. This embodiment is illustrated by 4514 

in FIG. 45B. 

This embodiment can be implemented with any type of EM signal, including, but not 

30 limited to, modulated carrier signals and unmodulated carrier signals. This embodiment is 
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described herein using the ~bdulated carrier signal F Mc in FIG. 4-'h~<an example. In the example, 

the modulated carrier signal Fr.tc is down-converted to an intermediate frequency (IF) signal FiF· 

The intermediate frequency signal F1F can be demodulated to a baseband signal FnMB using 

conventional demodulation techniques. Upon reading the disclosure and examples therein, one 

s skilled in the relevant art(s) will understand that the invention can be implemented to down­

convert any EM signal, including, but not limited to, modulated carrier signals and unmodulated 

carrier signals. 

The following sections describe methods for down-converting an EM signal to an IF signal 

F1F by transferring energy from the EM signal at an aliasing rate. Exemplary structural 

10 embodiments for implementing the methods are also described. It should be understood that the 

invention is not limited to the particular embodiments described below. Equivalents, extensions, 

variations, deviations, etc., of the following will be apparent to persons skilled in the relevant 

art(s) based on the teachings contained herein. Such equivalents, extensions, variations, 

deviations, etc., are within the scope and spirit of the present invention. 

15 The following sections include a high level discussion, example embodiments, and 

implementation examples. 

1.1 High Level Description 

This section (including its subsections) provides a high-level description of down­

converting an EM signal to an IF signal F1F by transferring energy, according to the invention. In 

20 particular, an operational process of doWn-converting the modulated carrier signal FMc to the IF 

modulated carrier signal F,F, by transferring energy, is described at a high-level. Also, a structural 

implementation for implementing this process is described at a high-level. This structural 

implementation is described herein for illustrative purposes, and is not limiting. In particular, the 

process described in this section can be achieved using any number of structural implementations, 

25 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. 
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. J.J.J Operatio~al Description 

FIG. 46B depicts a flowchart 4607 that illustrates an exemplary method for" down­

converting an F~ signal to an intermediate signal F IF• by ttansferring energy from the EM signal 

at an ali~ing rate. The exemplary method illusttated in the flowchart 4607 is an embodiment of 

5 the flowchart 4601 in FIG. 46A. 

Any and all combinations of modulation techniques are valid for this invention. For ease 

of_ discussion, the. digital AM carrier signal 616 is used to illustrate a high level operational 

description of the invention. Subsequent sections provide detailed flowcharts and descriptions 
: . . . . . ' . ' . . . . . . . . : : 

for AM, FM and PM example embodiments. Upon reading the disclosure and examples therein, 
::··.. . 

10 one ski~led in the relevant art(s) will understand that the invention can be implemented to down­

convert any type of EM signal, including any form of modulated carrier signal and unmodulated 

carrier s_ignals. 

The method illustrated in. the flowchart 4607 is now described at a high level using the 
. . . . . . . . . . -~- . . . 

. digital AM carrier signal 616 of FIG. 6C. Subsequent sections provide detail_ed flowcharts and 
. . . .· . :·· , . ·. . . 

. . . 

15 des~riptions for AM, FM and PM exam~le e~~odiments. Upon reading the disclosure and 

examples therein. one skilled in the relevant art(s) wiJl understand that the invention can be 

.implemented to down~onvert any type of EM signal, including any form of modulated carrier 

signal and unmodulated carrier signals. 

. . The process begins at step 4608, which includes receiving an EM signal. Step 4608 is 

20 illustrated by the digital AM carrier signal 616. The digital AM carrier signal 616 of FIG. 6C is 

re-illustrated in FIG. 47 A for convenience: FIG. 4 7E illustrates a portion of the digital AM carrier 

signal 616 on an expanded time scale. 

Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR· FIG. 

47B illustrates_ an example energy transfer signal 4 702. The energy transfer signal 4 702 includes 

25 a train of energy transfer pulses 4704 having non-negligible apertures 470 l that tend away from 

zero time duration. Generally, the apertures 4701 can be any time duration other than the period 

of the EM signal. For example, the apertures 4701 can be greater or less than a period of the EM 

signal. Thus, the apertures 4701 can be approximately 1110, V.., Yl, 314. etc., or any other fraction 

of the period of the EM signal. Alternatively, the apertures 4701 can be approximately equal to 

30 one or more periods of the EM signal plus 1110, V.., Yz. 314, etc .• or any other fraction of a period 
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of-the EM signal. The apertures 4701 can be optimized based on one or more of a variety of 

criteria, as described in sections below. 

The energy transfer pulses 4704 repeat at the aliasing rate. A suitable aliasing rate can be 

determined or selected as described below. Generally, when down-converting an EM signal to 

s an intermediate signal, the aliasing rate is substantially equal to a difference frequency, which is 

described below, or substantially equal to a harmonic or, more typically, a sub-harmonic of the 

difference frequency. 

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

convert the EM signal to the intermediate signal FrF· FIG. 47C illustrates transferred energy 4706, 

10 which is transferred from the EM signal during the energy transfer pulses 4 704. Because a 

harmonic of the aliasing rate occurs at an off-set of the frequency of the AM signal 616, the pulses 

4704 "walk through" the AM signal 616 at the off-set frequency. ay "walking through" the AM 

signal 616, the transferred energy 4706 forms an AM intermediate signal4706 that is similar to 

the AM carrier signal 616, except that the AM intermediate signal has a lower frequency than the 

15 AM carrier signal 616. The AM carrier signal 616 can be down-converted to any frequency 

below the AM carrier signal 616 by adjusting the aliasing rate FAR• as described below. 

FIG. 47D depicts the AM intermediate signal 4706 as a filtered output signal 4708. In an 

alternative embodiment, the invention outputs a stair step, or non-filtered output signal. The 

choice between filtered, partially filtered and non-filtered output signals is generally a·design 

20 choice that depends upon the application of the invention. 

25 

The intermediate frequency of th~ down-converted signal F1F, which, in this example, is 

the intermediate signal 4706 and 4708, can be determined from EQ. (2), which-is reproduced 

below for convenience. 

F c = n · FAR± F1F EQ. (2) 

A suitable aliasing rate FAR can be determined in a variety of ways. An example method 

for determining the aliasing rate FAR• is provided below. After reading the description herein, one 

skilled in the relevant art(s) will understand how to determine appropriate aliasing rates for EM 

signals, including ones in addition to the modulated carrier signals specifically illustrated herein. 

In FIG. 48, a flowchart 4801 illustrates an example process for determining an aliasing rate 

30 FAR· But a designer may choose, or an application may dictate. that the values be determined in 

an order that is different than the illustrated order. The process begins at step 4802, which 
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includes determining, or selecting, the frequency of the EM signal. The frequency of the AM 

carrier signal 616 can be, for. example, 901 MHZ. 

Step 4804 includes determining, or selecting, the intermediate frequency .. This is the 

frequency to which the. EM signal will be down-converted The intermediate frequency can be 

s determined, or selected; to match a frequency requirement of a down-stream demodulator. The 

intermediate frequency can be, for example, 1 MHZ. 

10 

15 

Step 4806 includes determining the aliasing rate or rates that will down-convert.the EM 

signalto the IF specified in step 4804. 

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

n•FAR =Fe ± F1F 

Whieh ~be rewritten as EQ. (4): 

Fc.,F11• 
n - --=F,..-R-

or a.~ EQ. (5): 

Fc:1:Fw 
FAit - ---

n 

EQ. (3) 

EQ. (4) 

EQ. (5) 

(Fe :l: F1F} can be defined as a difference value FolFF• as illustrated in EQ. (6): 

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

FDIFF 
n~ -­

FAR 

EQ. (6) 

EQ. (7) 

From EQ. (7), it can be seen that, for a given n and a constant FAR• F oiFF is constant. For 

the case ofF01FF= Fe- F11', and for a constant F01m as Fe increases, F1F necessarily increases. For 

the case of F ~IFF = Fe+ F1F, and for a constant FoJFF• as Fe increases, F1F necessarily decreases. In 

20 the latter case ofFoiFF =Fe+ F1F• any phase or frequency changes on Fe correspond to reversed 
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or-inverted phase or frequency changes on FiF· This is mentioned to teach the reader that ifFoiFF 

= F c + F IF is used, the above effect will occur to the phase and frequency response of the 

modulated intermediate signal F1F. 

EQs. (2) through (7) can be solved for any valid n. A suitable n can be determined for any 

5 given difference frequency FmFF and for any desired aliasing rate F AR(Desired>" EQs. (2) through (7) 

can be utilized to identify a specific harmonic closest to a desired aliasing rate F ARCDesired> that will 

generate the desired intermediate signal F1p. 

An example is now provided for determining a suitable n for a given difference frequency 

F01pp and for a desired aliasing rate FAR(Uesired)· For ease of illustration, only the-case of(Fc - F1p) 

10 is illustrated in the example below. 

15 

20 

n- Fe - F1F 

F AR(l)cai..,JJ. 

Fo1FF 

F ARcD .. in:dJ 

The desired aliasing rate F AR<Dcsired) can be, for example, 140 MHZ. Using the previous 

examples, where the carrier frequency is 901 MHZ and the IF is 1 MHZ, an initial value of n.is 

determined as: 

901 MHZ - 1 MHZ 900 
n = 140MHZ = 140 =6·4 

The initial value 6.4 can be rounded up or down to the valid nearest n. which was defined above 

as including (0.5, 1, 2, 3, ... ). In this example, 6.4 is rounded down to 6.0. which is inserted into 

EQ. (5) for the case of (Fc-F1F) = FmFF·: 

n 

901 MHZ- I MHZ 900 MHZ 
FAR. :--·-- JSOMHZ 

6 6 

In other words, transferring energy from a 901 MHZ EM carrier signal at 150 MHZ 

generates an intermediate signal at 1 MHZ. When the EM carrier signal is a modulated carrier 

signal, the intermediate signal wilJ also substantially include the modulation. The modulated 

intennediate signal can be demodulated through any conventional demodulation technique. 
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Alternatively, instead of starting from a desired aliasing rate, a list of suitable aliasing rates 

can be determined from the modified form ofEQ. (S), by solving for various values of n. Example 

solutions are listed below. 

FAR_ (Fe -FtF) = Fo1FF _ 901 MHZ-I MHZ 900 MHZ 

n n n n 

s Solving for n = 0.5, I, 2. 3, 4, 5 and 6: . 

10 

900MHZ/O.S = 1 .S. GHZ (i.e., second harmonic); 

900MHZ/I = 900 MHZ (i.e., fundamental frequency); 

900MHZl2 = 450 MHZ (i.e., second sub-harmonic); 

900MHZ/3 = 300 MHZ (i.e;, third sub-harmonic); 

900MHZl4 = 225 MHZ (i.e., fqurtl1;slib-hannonic); 

900 MHZ/5 = 180 MHZ(i.e., fifth sub-harmonic); and 

900 MHZ/6 = 150 MHZ(i.e., sixth sub-harmonic). 

The steps described above can be performed for the case of (F c+F1f) in a similar fashion. 

The results can be compared to the results obtained from the case of (F c-F rF) to determine which 

15 provides better result for an application: 

In an embodiment, the invention down•converts an EM signal to a relatively standard IF 

in the range of, for example, 1 OOKHZ to 200 MHZ. In another embodiment, referred to herein 

as a small off-set implementatfon, the invention down-converts an' EM signal to a relatively low 

frequency of, for example, less than I 00 KHZ. In another embodiment, referred to herein as a 

20 large off-set implementation, the invention down-converts an EM signal to a relatively higher IF 

signal, such as, for example~ above 200 MHZ. 

The various off-set implementations provide selectivity for different applications. 

Generally, lower data rate applications can operate atlower intermediate frequencies. But higher 

inteniiediate frequencies can allow more information to be supported for a given modulation 

25 technique. 
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In accordance with the invention, a designer picks an optimum informati.on bandwidth for 

an application and an optimum intennediate frequency to support the baseband signal. The 

intermediate frequency should be high enough to support the ·bandwidth of the modulating 

baseband signal F Me· 

5 Generally, as the aliasing rate approaches a harmonic or sub~harmoriic frequency of the 

EM signal, the frequency of the down-converted IF signal decreases. Similarly, as the aliasing 

rate moves away from a harmonic or sub-harmonic frequency of the EM signal, the IF increases. 

Aliased frequencies occur above and below every harmonic of the aliasing frequency. In 

order to avoid mapping other aliasing frequencies in the band of the aliasing frequency (IF) of 

10 interest, the IF of interest should not be near one half the aliasing rate. 

As described in example implementations below, an aliasing module, including a universal 

frequency translator (UFl) module built in accordance with the invention provides a wide range 

of flexibility in frequency selection and can thus be implemented in a wide range of applications. 

Conventional systems cannot easily offer, or do not allow, this level offlexibility in frequency 

15 selection. 

1.1.2 Structural Description 

FIG. 63 illustrates a block diagram of an energy transfer system 6302 according to an 

embodiment of the invention. The energy transfer system 6302 is an example embodiment of the 

generic aliasing system 1302 in FIG. 13. The energy transfer system 6302 includes an energy 

20 transfer module 6304. The energy transfer module 6304 receives the EM signal 1304 and an 

energy transfer signal 6306, which includes a train of energy transfer pulses having non-negligible 

apertures that tend away from zero time in duration, occurring at a frequency equal to the aliasing 

rate FAR. The energy transfer signal 6306 is an example embodiment of the aliasing signal 1310 

in FIG. 13. The energy transfer module 6304 transfers energy from the EM signal 1304 at the 

· 25 aliasing rate FAR of the energy transfer signal 6306. 

Preferably, the energy transfer module 6304 transfers energy from the EM signal 13 04 to 

down-convert it to the intermediate signal F1F in the manner shown in the operational flowchart 

4607 of FIG. 46B. But it should be understood that the scope and spirit of the invention includes 

other structural embodiments for performing the steps of the flowchart 4607. The specifics of the 
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other structural embodiments will be apparent to persons skilled in the.relevant art(s) based on 

the discussion contained herein; 

The operation of the energy transfer system 6302 is now described in detail with reference 

to the flowchart 4607 ~d to the timing diagrams illustrated in FIGS. 4 7 A-E. In step 4608, the 

5 energy transfer module 6304 receives the AM carrier signal 616. In step 4610, the energy transfer 

module 6304 receives the energy transfer signal 4 702. In step 4612, the energy transfer module 

6304 transfers energy from the AM carrier signal 616 at the aliasing rate to down-convert the AM 

carrier signal 616 to the intermediate signal 4706 or 4 708. 

Example impiementations of the energy transfer system 6302 are provided in Sections 4 

10 ·and 5 below. 

1~2 Example Embodiments 

Variou~ embodiments related to the method(~) and structure( s) described above are 

presented in this section (and its subsections) .. Thes~ .. embodiments are described herein for 

.purposes of illustration, and not limi~tion. The inven~on is not limited to these embodiments. 

15 Alternate embodiments (including equivalents;. extensions,. variations,. deviations, etc., of the 

embodiments described herein) will be apparent to persons skilled in the relevant art(s) based on 

' . the teachings contained herein. The invention is intended and adapted to include such alternate 

embodiments. 

The. method for down-converting the EM signal 1304 by transferring energy can be 

20 . implemented with any type of EM signal, including modulated carrier signals and unmodulated 

carrier signals. For example, the method of the flowchart 4601 can be implemented to down­

convert AM signals, FM signals, PM signals, etc., or any combination thereof. Operation of the 

flowchart 4601 of FIG. 4.6A is described below for down-converting AM. FM and PM. The 

down-conversion descriptions include down-converting to intermediate signals, directly down-

25 . converting to demodulated baseband signals, and down-converting FM signals to non-FM signals. 

The exemplary descriptions below are intended to facilitate an understanding of the present 

. invention. The present invention is not limited to or by the exemplary embodiments below. 
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1.2.i First Example Embodiment: Amplitude Modulation 

J.2.1.1 Operational Description 

Operation of the exemplary process of the flowchart 4607 in FIG. 46B is described below 

for the analog AM carrier signal 516, illustrated in FIG. SC, and for the digital AM carrier signal 

5 616, illustrated in FIG. 6C. 

1.2.1.1.1 Analog AM Carrier Signal 

A process for down-converting the analog AM carrier signal 516 in FIG. 5C to an analog 

AM intermediate signal is now described for the flowchart 4607 in FIG. 46B. The analog AM 

carrier signal S 16 is re-illustrated in FIG. 50A for convenience. For this example, the analog AM 

IO carrier signal 516 oscillates at approximately 901 MHZ. In FIG. SOB, an analog AM carrier signal 

5004 illustrates a portion of the analog AM carrier signal S 16 on an expanded time scale. · 

The process begins at step 4608, which includes receiving the EM signal~ This. is 

represented by the analog AM carrier signal 516. 

Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR' FIG. 

15 SOC illustrates an example energy transfer signal 5006 on approximately the same time scale as 

FIG. SOB. The energy transfer signal S006 includes a train of energy transfer pulses S007 having 

non-negligible apertures S009 that tend away from zero time in duration. The energy transfer 

pulses 5007 repeat at the aliasing rat~ FAR• which is determined or selected· as previously 

described. Generally, when down-converting to an intermediate signal, the aliasing rate FAR is 

20 substantially equal to a harmonic or, more typically, a sub-harmonic of the difference frequency 

FDIFF· 

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

convert the EM signal to an intermediate signal F1p. Jn FIG. 500, an.affected analog AM carrier 

signal SOOS illustrates effects of transferring energy from the analog AM carrier signal 516 at the 

25 aliasing rate FAR· The affected analog AM carrier signal 5008 is illustrated on substantially the 

same time scale as FIGS. SOB and SOC. 

FIG SOE illustrates a down-converted AM intermediate signal 5012, which is generated 

by the down-conversion process. The AM intermediate signal SOI 2 is illustrated with an arbitrary 

load impedance. Load impedance optimizations are discussed in Section 5 below. 
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The down-co11verted signal 5012 includes portions 5010A, which correlate with the 

energy transfer pulses 5007 in FIG. SOC, and portions 5010B, which are between the energy 

transfer pulses 5007. Portions 501 OA represent energy transferred from the AM analog signal 

516 to a storage device, while simultaneously driving an output load. The portions 501 OA occur 

5 when a switching module is closed by the energy transfer pulses 5007. Portions 501 OB represent 

energy stored in a storage device continuing to drive the load. Portions 501 OB occur when the 

switching module is opened after energy transfer pulses 5007. 

Because a harmonic of the aliasing rate is off-set from the analog AM carrier signal 516, 

the energy transfer pulses 5007 "walk through" the analog AM carrier signal 516 at the difference 

10 frequency FoiFF· In other words, the energy transfer pulses 5007 occur at different locations of 

subsequent cycles of the AM carrier signal 516. As a result, the energy transfer pulses 5007 

capture varying amounts of energy from the analog AM carrier signal 516, as illustrated by 

portions 501 OA, which provides the AM intermediate signal 5012 with an oscillating frequency 

F1F· 

15 . In FIG. 50F, an AM intermediate s~gnal 5014 illustrates the AM intermediate signal 5012 

on a compressed time scale. In FIG. 500, an AM intermediate signal 5016 represents a filtered 

version of the AM intermediate signal 5014. The AM intermediate signal 5016 is substantially 

similar to the AM carrier signal 516, except that the AM intermediate signal 5016 is at the 

intermediate frequency. The AM intermediate signal 5016 can be demodulated through any 

20 conventional demodulation technique. 

The present invention can output_ the unfiltered AM intermediate signal 5014, the filtered 

AM intermediate signal 5016, a partially filtered AM intermediate signal, a stair step output signal, 

etc. The choice between these e1pbodiments is generally a design choice that depends upon the 

application of the invention. 

25 The signals referred to herein illustrate :frequency down-conversion in accordance with the 

invention. For example, the AM intermediate signals 5014 in FIG. 50F and 5016 in FIG. 50G 

illustrate that the AM carrier signal. 516 was. successfully down-converted to an intermediate 

signal by retaining enough baseband information for sufficient reconstruction. 
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1.2.1.1.2 ·Digital AM Ca"ier Signal 

A pro.cess for down-converting the digital AM carrier signal 616 to a digital AM 

intermediate signal is now described for the flowchart 4607 in FIG. 46B. The digital AM carrier 

signal 616 is re-illustrated in FIG. 5 lA for convenience. For this example, the digital AM carrier 

s signal 616 oscillates at approximately 901 MHZ. In FIG. 51 B, a digital AM carrier signal ~ 104 

illustrates a portion of the digital AM carrier signal 616 on an expanded time scale. 

The process begins at step 4608, which includes receiving an EM signal. This is 

represented by the digital AM carrier signal 616. 

Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR" FIG. 

10 51 C illustrates an example energy transfer signal 5106 on substantially the same time scale as FIG. 

S 1 B. The energy transfer signal 5106 includes a train of energy transfer pulses 5107 having non­

negligible apertures 5109 that tend away from zero time in duration. The energy transfer pu.Jses 

5107 repeat at the aliasing rate, which is determined or selected as previously described. 

Generally, when down-converting to an intermediate signal, the aliasing rate is substantially equaJ 

15 to a harmonic or, more typically, a sub-harmonic of the difference frequency F01FF· 

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

convert the EM signal to the intermediate signal F1F. In FIG. 510, an affected digital AM' carrier 

signal 5108 illustrates effects of transferring energy from the digital AM carrier signal 616 at the ·, · 

aliasing rate FAR· The affected digital AM carrier signal 5108 is illustrated on substantially the;: 

20 same time scale as FIGS .. 51B and 51C. 

FIG 51E illustrates a down-converted AM intermediate signal 5112, which is generated 

by the down-conversion process. The AM intermediate signal 5112 is illus.trated with an arbitrary 

load impedance. Load impedance optimizations are discussed in Section 5 below. 

The down-converted signal 5112 includes portions 5110A, which correlate with the 

25 energy transfer pulses 5107 in FIG. SIC, and portions ~.llOB, which are between the energy 

transfer pulses 5107. Portions 511 OA represent energy transferred from the digital AM carrier 

signal 616 to a storage device, while simultaneously driving an output load. The portions 511 OA 

occur when a switching module is closed by the energy transfer pulses 5 J 07. Portions 511 OB 

represent energy stored in a storage device continuing to drive the load. Portions 511 OB occur 

30 when the switching module is opened after energy transfer pulses 5107. 



W000/24ll7 PCT/US99/24299 

-116-

Because a harmonic ofthe aliasing rate is off-set from ~ :frequency of the digital AM 

carrier signal 616, the energy transfer pulses 5107 "walk through" the digital AM signal 616 at 

the difference frequency F DIFF· In other words, ·the energy transfer pulse 5107 occur at different 

locations of subsequei:it cycles of the digital AM carrier signal 616. As a result, the energy 

s transfer pulses 5107 capture varying amounts of energy from the digital AM carrier signal 616, 

as illustrated· by portions 5110, · which provides th.e AM intermediate signal 5112 with an· 

oscillating frequency FiF· 

In FIG. 51 F, a digital AM intermediate signal 5114 illustrates the AM intermediate signal 

5.112 on a compressed time scale. In FIG. 5JG, an AM intermediate signal 5116 represents a· 

10 filtered version of the AM intermediate signal 5114. The AM intennediate signal 5116 is 

substantially similar to the AM carrier signal 616, except that the AM intermediate signal SI 16 

is at the intermediate frequency. The AM intennediate signal 5116 can be demodulated through 

. any conventional .demodulation technique. 

The present invention can output the unfiltered .AM intermediate signal S 1 14, the filtered 

15 A.M intermediate signal 5116, a partially filtered AM intennediate signal, a stair step output signal, 

etc. The choice between these embodiments is generally a design choice that depends upon the 

application of the· invention. 

The signals referred to herein illustrate frequency down-cOnversion in accordar.ice With the 

invention~ For example, the AM intermediate signals SI 14 in Fiff 51F and 5116 in FIG. SIG 

20 illustrate that the AM carrier signal 616 was successfully down-converted to art intermediate 

signal by retaining enough baseband inf?rmation for sufficient reconstruction. 

1.2.1.2 Structural Description 

. The operation of the energy transfer system 6302 is now described for the analog AM 

carrier signal 516, with reference to the flowchart 4607 and to the timing diagrams in FIGS. SOA., 

25 G. In step 4608, the energy transfer module 6304 receives the analog AM carrier signal S 16. In 

step 4610, the enerb'Y transfer module 6304 receives the energy transfer signal 5006. In step 

4612, th~ energy transfer module 6304 transfers energy from the analog AM carrier signal 516 

at the aliasing rate of the energy transfer signal 5006, to down-convert the analog AM carrier 

signal 516 to the AM intennediate signal 5012 .. ·. 
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The operation of the energy transfer system 6302 is now described for the digital AM 

carrier signal 616; with reference to the flowchart 1401 and the timing diagrams in FIGS. 51 A-G. 

In step 4608, the energy transfer module 6304 receives the digital AM carrier signal 616. In step 

4610, the energy transfer module 6304 receives the energy transfer signal 5106. In step 4612, the 

s energy transfer module 6304 transfers energy from the digital AM carrier signal 616 at the aliasing 

rate of the energy transfer signal 5106, to doWn-convertthe digital AM carrier signal 616 to the 

AM intermediate signal 5112. 

10 

15 

Example embodiments of the energytransferrnodule 6304 are disclosed in Sections 4 and 

5 below. 

1.2.2 Second Example Embodiment: Frequency Modulation 

1.2.2.J Operational Description 

Operation of the exemplary process of the flowchart4607 in FIG. 46B is described below 

for the analog FM carrier signal 716, iUustrated in FIG. 7C, and for the digital FM carrier signal 

816, illustrated in FIG. SC. 

J.2.2.1.1 Analog FM Carrier Signal 

A process for down-converting the analog FM carrier signal 716 in FIG. 7C to an FM 

intermediate signal is now described for ~he flowchart 4607 in FIG. 46B. The analog FM carrier 

signal 716 is re-illustrated in FIG. 52A for convenience. For this example, the analog FM carrier 

signal 716 oscillates around approximately 901 MHZ. In FIG. 52B, an analog FM carrier signal 

20 5204 illustrates a portion of the analog FM carrier signal 716 on an expanded time scale. 

The process begins at step 4608, which includes receiving an EM signal. This is 

represented by the analog FM-carrier signal 716. 

Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR. FIG. 

52C illustrates an example energy transfer signal 5206 on approximately the same time scale as 

25 FIG. 52B. The energy transfer signal 5206 includes a train of energy transfer pulses 5207 having 

non-negligible apertures that tend away from zero time in duration. The energy transfer pulses 

5207 repeat at the aliasing rate FAR• which is detennined or seleeted as previously described. 
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Generally, .when down,.converting to an intermediate signal. the aliasing .rate FAR is substantially 

equal to a harmonic or, more typically, a sub-harmonic ofthe difference frequency FoiFF· · . 

Step 4612 includes transferring energy from the EM sign~ at the aliasing rate to down­

convert the EM signal to an int~ediate signal F1F. In FIG. 520, an affected analog FM carrier 

5 signal 5208 illustrates effects of transferring energy from the analog FM carrier signal 716 at the 

aliasing rate FAR· The affected analog FM carrier signal 5208 is illustrated on substantially the 

same time scale as FIGS. 52B and 52C. 

FIG 52E illustrates a down-converted FM intermediate signal 5212, which is generated 

by the down-conversion process. The FM intermediate signal 5212 is.illustrated with an arbitrary 

10 load impedance. Load impedance optimizations are discussed in Section 5 below. 

The down-converted signal 5212 includes portiOns 5210A, which correlate with the 

energy transfer pulses 5207 in FIG. 52C, and portions 5210B, which are between the energy 

transfer pulses 5207. Portions 52 lOA represent energy transfel:red from the analog FM carrier 

signal 716 to a storage device. while simultaneously driving an output load. The portions 521 OA 

15.. occm when a switching module is closed by the energy transfer pulses 5207. Portions 521 OB 

represent energy stored in a storage device continuing to drive the load. Portions 5210B occur 

when the switching module is opened after energy tran8fer pulses 5207. 

Because a harmonic of the aliasing rate is off-set from the frequency of the analog FM 

carrier signal 716, the energy transfer pulses 5207 "walk through" the analog FM carrier signal 

20 716 at the difference frequency FoiFF· In other words, the energy transfer pulse 5207 occur at 

different locations of subsequent cycles. of the analog FM carrier signal 716. As a result, the 

energy transfer pulses 5207 capture varying amounts of energy from the analog FM carrier signal 

716, as illustrated by portions 5210, which provides the FM intermediate signal 5212 with an 

oscillating frequency F1p• 

25 In FIG. 52F, an analog FM intermediate signal 5214 illustrates the FM intermediate signal 

5212 on a compressed time scale. In FIG. 52G. an FM intermediate signal 5216 represents a 

filtered version of the FM intermediate signal 5214. The FM intermediate signal 5216 is 

substantially similar to the analog FM carrier signal 716, except that the FM intermediate signal 

5216 is at the intermediate frequency. The FM intermediate signal 521_6 can be demodulated 

30 through any conventional demodulation technique. 

The present invention can output the unfiltered FM intermediate signal 5214. the filtered 

FM intermediate signal 5216, a partially filtered FM intermediate signal, a stair step output signal, 
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etc. The choice between these embodiments is generally a design choice that depends upon the 

application of the invention. 

The signals refened to herein illustrate frequency do\Vn-conversion in accordance with the 

invention. For example, the FM intermediate signals 5214 in FIG. 52F and 5216 in FIG. 520 

5 illustrate that the FM carrier signal 716 was successfully down-converted to an intermediate signal 

by retaining enough baseband information for sufficient reconstruction. 

1.2.2.1.2 Digital FM Carrier Signal 

A process for down-converting the digital FM carrier signal 816 in FIG. 8C is now 

described for the flowchart 4607 in FIG. 468. The digital FM carrier signal 816 is re-illustrated 

10 in FIG. 53A for convenience. For this example, the digital FM carrier signal 816 oscillates at 

approximately 901 MHZ. In FIG. 538, a digital FM carrier signal 5304 illustrates a portion of 

the digital FM carrier signal 816 on an expanded time scale. 

The process begins at step 4608, which includes receiving an EM signal. This is 

·represented by the digital FM carrier signal 816. 

15 Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR. FIG. 

53C illustrates an example energy transfer signal 5306 on substantially the same time scale as FIG. 

538. The energy transfer signal 5306 includes a train of energy transfer pulses 5307having non-. 

negligible apertures 5309 that tend away from zero time in duration. The energy transfer pulses 

5307 repeat at the aliasing rate, which is determined or selected. as previously described. 

20 Generally, when down-converting to an intermediate signal, the aliasing rate FAR is substantially 

equal to a harmonic or, more typically, a sub-hannonic of the difference frequency FoiFF· 

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

convert the EM signal to the an intermediate signal F1F. In FIG. 530, an affected digital FM 

carrier signal 5308 illustrates effects of transferring energy from the digital FM carrier signal 816 

25 at the aliasing rate FAR· The affected digital FM carrier signal 5308 is illustrated on substantially 

the same time scale as FIGS. 538 and 53C. 

FIG 53E illustrates a down-converted FM intermediate signal 5312. which is generated 

by the down-conversion process. The down-converted signal 5312 includes portions 531 OA, 

which correlate with the energy transfer pulses 5307 in FIG. 53C, and portions 531 OB. which are 
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between the energy transfer pQlses 5307. Down-converted signal 5312. is illustrated with an 

arbitrary load impedance. Load impedance optimizations are discussed in Section 5 below. 

Portions5310A represent energy transferred from the digital.FMcarrier signal 816 to a 

storage device, while simultan~ously driving an output. load. The portions 531 OA occur when a 

s switching module is closed by the energy transfer pulses. 5307. 

Portions 531 OB represent energy stored in a storage device continuing to drive the load .. 

Portions 531 OB occur when the switching module is opened after energy transfer pulses 5307. 

Because a harmonic of the aliasing rate is off-set from the frequency of the digital FM 

carrier signal 816, the energy transfer puJses 5307 .. walk through" the digital FM carrier signal 
. . . 

10 816 at the difference frequency FDIFF· In other words, the energy transfer pulse 5307 occur at 

different locations of subsequent cycles of the digital FM carrier signal 8l6. As a result, the 

. energy transfer pulses 5307 capthre varying amounts of energy from the digital FM carrier signal 

816, as illustrated by portions 5310, which provides th~ FM intermediate signal 5312 with an 
' 

~scilla'.ting frequency FiF· · • .. 

15 · In FIG. 53F, a digital FM iritennediate signal s3°i4 illustrates the FM intermediate signal · 

5J 12 ori a compressed tiine sc~ie ... In.FIG·. '530, an FM iritermediate signal 5316 represents a 

filtered versibn of the FM intermediate ~ignal 5314:. · The FM intermediate signal' 5316 is 

subsfuntially similar to the digi.tal FM ~airier signal 816, except that the FM intermediate signal 

5316 is at the intermediate frequency. The FM intermediate signal 5316 can be demodulated 

20 through any conventional demodulation ~echnique. 

The present invention can output the unfiltered FM intermediate signal 5314, the filtered 

FM intermediate signal 5316, a partially filtered FM intermediate signal. a stair step output signal, 

etc. The choice between these embodiments is generally a design choice that depends upon the 

application of the invention. 

25. The signals referred to herein illustrate frequency down-conversion in accordance with the 

invention. For example, the FM intermediate sigrials 5314 in FIG. 53F and 5316 in FIG. 53G 

illustrate that the FM carrier signal 816 was successfully down-converted to an intermediate signal 

by retaining enough baseband information for sufficient reconstruction. 
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· 1.2.2.2 Structural Description 

The operation of the energy transfer system 6302 is now described for the analog FM 

carrier signal 716, with reference to the flowchart 4607 and the timing diagrams in FIGS. 52A-G. 

In step 4608, the energy transfer module 6304 receives the analog FM carrier signal 716. In step 

s 4610, the energy transfer module 6304 receives the energy transfer signal 5206. In step 4612, the 

energy transfer module 6304 transfers energy from the analog FM carrier signa] 716 at the aJiasing 

rate of the energy transfer signal 5206, to down-convert the analog FM carrier signal 716 to the 

FM intermediate signal 5212. 

The operation ofthe energy transfer system 6302 is now described- for the digital FM 

10 carrier signal 816, with reference to the flowchart4607 and the timing diagrams in FIGS. 53A-G. 

In step 4608, the energy transfer module 6304 receives the digital FM carrier signal 816~ In step 

4610, the energy transfer module 6304 receives the energy transfer signaJ 5306. In step 4612, the 

energy transfer module 6304 transfers energy from the digital FM carrier signaJ 816 at the aJiasing 

rate of the energy transfer signal 5306, to down-convert the digital FM carrier signal 816 to the 

15 FM intermediate signal 5212. 

20 

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

5 below. 

1.2.3 Third Example Embodiment: Phase Modulation 

1.2.1.1 Operational Description 

Operation of the exemplary process of the flowchart 4607 in FIG". 468 is described below 

for the analog PM carrier signal 916, illustrated in FIG. 9C, and for the digiutl PM carrier signal 

1016, illustrated in FIG. toe. 

1.2.3.1.1 Analog PM Carrier Signal 

25 A process for down-converting the analog PM carrier signal 916 in FIG. 9C to an analog 

PM intermediate signaJ is now described for the flowchart 4607 in FIG. 468. The analog PM 

carrier signal 916 isre-ilJustrated in FIG. 54A for convenience. For this example, the analog PM 
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carrier signal 916 oscillates at approximately 901 MHZ. In FIG. 54B .. an analog_ PM carrier signal 

5404 illustrates a portion of the analog PM carrier signal 916 on an expanded time scale. · 

The process begins at step 4608, which includes receiving an EM signal. This is 

represented by the analog PM carrier signal 916. 

Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR· FIG.· 

54Cillustrates an example energy transfer signal 5406 onapproximately the same time scale as 

FIG. 548. The energy transfer signal 5406 includes a train of energy transfer pulses 5407 having 

non-negligible apertures that tend away from zero time in duration. The energy transfer pulses 

5407 repeat at the aliasing rate, which is determined or selected as previously described. 

10 Generally, when down-converting to an intermediate signal, the aliasing rate FAR is substantially 

equal to a harmonic or, more typically, a sub-harmonic of the difference frequency FoiFF· · . 

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

convert the EM signal to the IF signal F1p. In FIG. 54D, an affected analog PM carrier signal 

5408 illustrates effects of transfemng energy from the analog PM carrier signal 916 at the aliasing 

15 rate FAR· The affected analog PM carrier signal 5408 is iJl~t~ted on substantially the same time 

scale as FIGS. 54B and 54C. 

FIG 54E illustrates a down-converted PM intermediate signal 5412, which is generated 

by the down-conversion process. The down-converted PM intermediate signal 5412 includes 

portions 541 OA, which correlate with the energy transfer pulses 5407 in FIG. 54C, and portions 

20 5410B, which are between the energy .transfer pulses 5407. Down-converted signal ~412 is 

illustrated with an arbitrary load imped~ce. Load impedance optimizations are discussed in 

Section 5 below. 

Portions 541 OA represent energy transferred from the analog Pfv.1 carrier signal 9.16 to a 

storage device, while simultaneously driving an output load. The portions 541 OA occur when a 

25 switching module is closed by the energy transfer pulses 5407. 

Portions 541 OB represent energy stored in a storage device continuing to drive the load. 

Portions 541 OB occur when the switching module is opened after energy transfer pulses 5407. 

Because a hannonic of the aliasing rate is off-set from the frequency of the analog PM 

carrier signal 716, the energy transfer pulses 5407 "walk through" the analog PM carrier signal 

30 916-at the difference frequency Foii'F· In other words, the energy transfer pulse 5407 occ'ur at 

different locations of subsequent cycles of the analog PM carrier signal 916. As a result. the 
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energy transfer pulses 5407 capture varying amounts of energy from the analog PM carrier signal 

916, as illustrated by portions 5410, which provides the PM intermediate signal 5412 with an 

oscillating frequency F IF-

In FIG. 54F, an analog PM intermediate signal 5414 illustrates the PM intermediate signal 

5 5412 on a compressed time scale'. In FIG. 54G, an PM intermediate signal 5416 represents a 

filtered version of the PM intermediate signal 5414. The PM intermediate signal 5416 is 

substantially similar to the analog PM carrier signal 916, except that the PM intermediate signal 

5416 is at the intermediate frequency. The PM intermediate signal 5416 can be demodulated 

through any conventional demodulation technique. 

IO The present invention can output the unfiltered PM intermediate signal 5414, the-filtered 

PM intermediate signal 5416; a partially filtered PM intermediate signal, a stair step output signal, 

etc. The choice between these embodiments is generally a design choice that depends upon the 

application of the invention. 

·· The signals referred to herein illustrate frequency down-conversion in accordance with the 

15 invention. For example, the PM intermediate signals 5414 in FIG. 54F and 5416 in FIG. 54G 

illustrate that the PM carrier signal 916 was successfu1ly down-converted to an intennediate signal 

by retaining enough baseband information for sufficient reconstruction. 

1.2.3.1.2 Digital PM Carrier Signal 

A process for down-converting the digital PM carrier signal I 016 in FIG. 1 OC to a digital 

20 PM signal is now described for the flowchart 3607 in FIG. 46B. The digita1 PM carrier signal 

1016isre-illustrated in FIG. SSA for convenience. For this example, the digital PM carrier signal 

1016 oscillates at approximately 901 MHZ. In FIG. 55B, a digital PM carrier signal 5504 

illustrates a portion of the digital PM carrier signal 1016 on an expanded time scale. 

The process begins at step 4608, which includes receiving an EM signal. This is 

25 represented by the digital PM carrier signal 1016. 

Step 4610 includes receiving an energy transfer signal having an aliasing rate FAR· FIG. 

SSC illustrates an example energy transfer signal 5506 on substantially the same time scale as FIG. 

558 .. The energy transfer signal 5506 includes~ train of energy transfer pulses 5507 having non­

negligible apertures 5509 that tend away from zero time in duration. The energy transfer pulses 

30 5507 repeat at an aliasing rate, which is detennined or selected as previously described. 
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Generally, when down-converting to an intermediate signal, the aliasing rate FAR is substantially 

equal to a harmonic or, more typically, a sub-harmonic of the difference frequency FoiFF· 

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

convert the EM signal_to an intermediate signal F1y. In FIG. 550, an affected digital PM carrier 

5 signal 5508 illustrates effects of transferring energy from the digital PM carrier signal 1016 at the 

aliasing rate FAR· The affected digital PM carrier signal 5508 is illustrated on substantially the 

same time scale as FlGS .. 558 and 55C. 

FIG 55E illustrates a down-converted PM intermediate sig~l 5512, which is.generated 

by the down-conversion process. The down-converted PM intermediate signal 5512 includes 

10 portions 551 OA, which correlate with the energy transfer pulses 5507 in FIG. 55C, and portions 

5510B, which are between the energy transfer pulses 5507. DOwn-converted signal 5512 is 

illustrated with an arbitrary· load· impedance. Load impedance optimizations are discussed in 

Section 5 below~ 

Portions 5510A represent energy transferred from the digital PM carrier signai·l016 to 

15 a storage device, while simultaneously driving an output load. The portions 551 o.A occur when 

a switching module is closed by.the energy transfer pulses 5507. 

Portions 551 OB represeilteriergy stated in a storage device continuing to drive the load. 

Portforis 551 OB occur when the switching module is opened after energy transfer pulses 5507. 

Because a hannonic of the aliasing rate is off-set from the frequency of the digital PM 

20 carrier signal 716, the energy transfer PU:lses 5507 "walk through" the digital PM carrier signal 

1016 at the difference frequency Fmw· In other words, the energy transfer pulse.5507 occur at 

different locations of subsequent cycles of the digital PM carrier signal 1016. As a result, the 

energy transfer pulses 5507 capture varying amounts of energy from the digital PM carrier signal 

1016, as illustrated by portions 5510, which provides the PM intermediate signal 5512 with an 

25 oscillating frequency F1y. 

In FIG. 55F, a digital PM intermediate signal 5514 illustrates the PM intermediate signal 

5512 cin a compressed time scale. In FIG. 55G, an PM intermediate signal 5516 represents a 

filtered version of the PM intermediate signal 5 514. The PM intermediate signal 5516 is 

substantially similar to the digital PM carrier signal 1016, except that the PM intermediate signal 

30 5516 is at the intermediate frequency. The PM intermediate signal 5516 can be demodulated 

through any conventional demodulation technique. 
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The present invention can output the unfiltered PM intermediate signal 5514, the filtered 

PM intermediate signal 5516, a partially filtered PM intermediate signal, a stair step output signal, 

etc. The choice between these embodiments is generally a design choice that depends upon the 

application of the invention. 

5 The signals referred to herein illustrate frequency down-conversion in accordance with the 

invention. For example, the PM intermediate signals 5514.in FIG. 55F and 5516 in FIG. 55G 

illustrate that the PM carrier signal 1016 was successfu11y down-converted to an intermediate 

signal by retaining enough baseband information for sufficient reconstruction. 

1.2.3.2 Structural Description 

10 Operation of the energy transfer system 6302 is now described for the analog PM carrier · 

signal 916, with reference to the flowchart 460.7 and the timing diagrams in FIGS. 54A-G. In step. 

4608, the energy transfer module 6304 receives the analog PM carrier signal 916. In step 4610, 

the energy transfer module 6304 receives the energy transfer signal 5406. In step 4612, the 

energy transfer module 6304 transfers energy from the analog PM carrier signal 916 at the aliasing 

IS rate of the energy transfer signal 5406, to down-convert the analog PM carrier signal 916 to the 

PM intermediate signal 5412. 

Operation of the energy transfer system 6302 is now described for the digital PM carrier 

signal 1016, with reference to the flowchart 1401 and the timing diagrams in FIGS. 55A-G. In 

step 4608, the energy transfer module 6304 receives the digital PM carrier signal 1016. In step. 

20 4610, the energy transfer module 6304 receives the energy transfer signal 550~. In step 4612, the 

energy transfer module 6304 transfers energy from the digital PM carrier signal 1016 at the 

aliasing rate of the energy transfer signal 5506, to down-convert the digital PM carrier signal I 016 

to the PM intermediate signal 5512. 

Example embodiments of the energy transfc:r module 6304 are disclosed in Sections 4 and 

25 5 below. 

1.2.4 Otl1er Embodiments 

The embodiments described above are provided for purposes of illustration. These 

embodiments are not intended to limit the invention. ·Alternate embodiments, differing slightly 
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or substantially from those described herein, will be apparentto 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. Example implementations of the energy transfer module 6304 

are disclosed in Sections 4 and 5 below. 

J.3 ·Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s), 

structure(s ), and/or embodiments described above are presented in Sections 4 and 5 below. These · 

implementations are presented for purposes of illustration, and not limitation. The invention is 

not limited to the particular implementation examples described therein. Alternate implementations 

10 (including equivalents~ extensions, variations, deviations, etc., of those described herein) will be 

apparent to persons skilled in the relevant art(s) bas.ed on the teachings contained herein. Such 

alternate implementations fall within the scope and spirit of the present invention; 

15 

2. Directly Down-Converting an EM Signal to an Demodulated Baseband Signal by 

Transferring Energy from the EM. Signal 

In an embodiment, the invention directly down-converts an EM sigrtal to a baseband 

signal, by transferring energy from the EM signal. This embodiment is referred to herein as direct­

to-data down-conversion and is illustrated by 4516 in FIG. 458. 

This embodiment can be implemeµted with modulated and unmodulated EM signals. This 

embodiment is described herein using the modulated carrier signal FMc in FIG. 1, as an example. 

20 In the example, the modulated carrier signalFMc is directly down-converted to the demodulated . 

baseband signal FoMB· Upon reading the disclosure and examples therein, one skilled in the 

relevant art(s) will understand that the invention can be implemented to down-convert any EM 

signal, including but not limited to, modulated carrier signals and unmodulated carrier signals. 

The following sections describe methods for directly down-converting the modulated 

25 carrier signal FMc to the demodulated baseband signal FoMs· Exemplary structural embodiments 

for implementing the methods are also described. It should be understood that the invention is 

not limited to the particular embodiments described below. Equivalents, extensions, variations, 

deviations, etc., of the following will be apparent to persons skilled in the relevant art(s) based on 
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the teachings contained herein. Such equivalents, extensions, variations, deviations, etc., are 

within the scope and spirit of the present invention. 

The following sections include a high level discussion, example embodiments, and 

implementation examples. 

2.1 High Level Description 

This section (including its subsections) provides a high-level description of transferring 

energy from the modulated carrier signal FMC to directly down-convert the modulated carrier 

signal FMc to the demodulated baseband signal FoMB• according to the invention. In particular, 

an operational process of directly down-converting the modulated carrier signal FMC to the 

10 demodulated baseband signal F DMB is described at a high-level. Also, a structural implementation 

for implementing this process is described at a high-level. The structural implementation is 

described herein for illustrative purposes, and is not limiting. In particular, the process described 

in this section can be achieved using any number of structural implementations, one of which is ·. 

described in this section. The details of such structural implementations will be apparent to 

15 persons skilled in the relevant art(s) based on the teachings contained herein. 

2.1.J Operational Description 

FIG. 46C depicts a flowchart 4613 that illustrates an exemplary method for transferring 

energy from the modulated carrier signal FMc to directly down-convert the modulated carrier 

signal FMc to the demodulated baseband signal FoMB· The exemplary method illustrated in the 

20 flowchart 4613 is an embodiment of the flowchart 4601 in FIG. 46A. 

Any and all combinations of modulation techniques are valid for this invention. For ease 

of discussion, the digital AM carrier signal 616 is used to illustrate a high level operational 

description of the invention. Subsequent sections provide detailed flowcharts and descriptions 

for AM and PM example embodiments. FM presents special considerations that are dealt with 

25 separately in Section 111.3. Upon reading the disclosure and examples therein, one skilled in the 

relevant art(s) will understand that the invention can be implemented to down-convert any type 

of EM signal, including any form of modulated carrier signal and unmodulated carrier signals. 
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The high-level process illustrated in the flowchart 4613 is nowdescribed.~t a high. level 

using the digital AM carrier signal 616, from FIG. 6C. The digital AM carrier signal 616 is re­

illustrated in FIG.· 56A for convenience. 

The process of the flowchart 4613 begins at step 4614, which includes receiving an EM 

5 signal. Step 4613 is represented by the digital AM carrier signal 616. 

10 

Step 4616 includes receiving an energy transfer signal having an aliasing rate FAR' FIG. 

56B illustrates an example energy transfer signal 5602, which includes a train of energy transfer 

pulses 5604 having apertures 5606 that are optimized for energy ·transfer. The optimized 

apertures 5606 are non-negligible and tend away from zero. 

The non-negligible apertures 5606 can be any width other than the period of the EM 

signal, or a multiple thereof. For example, the non-negligible apertures 5606 can be foss than the 

period. of the signal 616 such as, 1/8, Y.., Yi, 3/4, etc., of the period of the signal 616. 

Alternatively, the-non-negligible apertures 5606 can be greater than the period of the signal 616. 

The width and amplitude· of the apertures 5606 can be optimized based on one or. more of a 

15 variety of criteria, as described in sections below. 

• The energy transfer pulses 5604 repeat at the aliasing rate or pulse repetition rate. The 

aliasing rate is determined in accordance with EQ. (2), reproduced below for convenience. 

Fc=n•FAR±F1F EQ. (2) 

When directly down-converting an EM signal to baseband ( i.e., zero IF), EQ. (2) 

20 becomes: 

EQ. (8) 

Thus, to directly down-convert the AM signal 616 to a demodulated baseband signal, the aliasing 

rate is substantially equal to the frequency of the AM signal 616 or to a harmonic or sub-harmonic 

thereof. Although the aliasing rate is too low to permit reconstruction of higher frequency 

25 components of the AM signal 616 (i.e., the carrier frequency), it is high enough to permit 

substantial reconstruction of the lower frequency modulating baseband signal 310. 

Step 4618 includes transferring energy from the EM signal at the aliasing rate to directly 

down-convert the EM signal to a demodulated baseband signal FnMs FIG. 56C illustrates a 
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deinodulated baseband signal 5610 that is generated by the direct do'Wn;.conversion process. The 

demodulated baseband signal 5610 is similar to the digital modulating baseband signal 310 in FIG. 

3. 

FIG. 560 depicts a filtered demodulated baseband signal 5612, which can be generated 

s from the demodulated baseband signal 5610. The invention can thus generate a filtered output 

signal, a partially filtered output signal, or a relatively unfiltered output signal. The choice 

between fi1tered;. partially filtered and non-filtered output signals is generally a design choice that 

depends upon the application of the invention. 

10 

2.1.2 Structural Description 

In an embodiment, the energy transfer system 6302 transfers energy from any type of EM 

signal, including modulated carrier signals and unmodulated carrier signal, to directly down­

convert the EM signal to a demodulated baseband signal. Preferably, the energy transfer system 

6302 transfers energy from the EM signal 1304 to down-convert it to demodulated baseband 

signal in the manner shown in the operational flowchart 4613. However, it should be understood 

15 that the scope and spirit of the invention includes other structural embodiments for performing 

the steps of the flowchart 4613. The specifics of the other structural embodiments will be 

apparent to persons skilled in the relevant art(s) based on the discussion contained herein. 

Operation of the energy transfer system 6302 is now described in at a high level for the 

digital AM carrier signal 616, with reference to the flowchart 4613 and the timing diagrams 

20 illustrated in FIGS. 56A-D. In step 4614, the energy transfer module 6304 receives the digital 

AM carrier signal 616. In step 4616, the energy transfer module 6304 receives the energy transfer 

signal 5602. In step 4618, the energy transfer module 6304 transfers energy from the digital AM 

carrier signal 616 at the aliasing rate to directly down-convert it to the demodulated baseband 

signal 5610. 

25 Example implementations of the energy transfer module 6302 are disclosed in Sections 

4 and 5 below. 

2.2 Example Embodiments 

Various embodiments related to the method(s) and structure(s) described above are 

presented in this section (and its subsections). These embodiments are described herein for 
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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 

5 embodiments. 

The method for down-converting the EM signal to the demodulated baseband signal FoMB• 

illustrated in the flowchart 4613 of FIG. 46C, can be implemented with various types of 

modulated carrier signals including, but not limited to, AM, PM, etc., !lrany combination there<;>f. 

The flowchart 4613 ofFIG. 46C is c\escribed below for AM and PM. The exemplary descriptions 

10 below are intended to facilitate an understanding of the present invention. The present invention 

is not limited to or by the exemplary embodiments below. 

2.2.J First Example Embodiment: Amplitude Modulation 

2.2.J.1 Operatio11atDescription 

. Operation of the exemp~ary .process of the flowchart 4613 in FIG. 46C is described below 
.' ' l •• : ·,, , 1 •• ' • 

15 for the analog AM carrier signal 516, illustrated in FIG. 5C, and for the digital AM carrier signal 

616, illustrated in FIG. 6C. 

2.2.1.1.1 Analog AM Carrier Signal 

A process for directly down-converting the analog AM carrier signal 516 in FIG. SC to 

a demodulated baseband signal is now described with reference to the flowchart 4613 in FIG. 

20 46C. The analog AM carrier signal 516 is re-illustrated in 57 A for convenience. For this example, 

the analog AM carrier signal 516 oscillates at approximately 900 MHZ. In FIG. 578, an analog 

AM carrier signal portion 5704 illustrates a portion of the analog AM carrier signal 516 on an 

expanded time scale. 

The process begins at step 4614, which includes receiving an EM signal. This is 

25 represented by the analog AM carrier signal 516. 

Step 4616 includes receiving an energy transfer signal having an aliasing rate FAR. In FIG. 

57C, an example energy transfer signal 5706 is illustrated on approximately the same time scale 

as FIG. 578. The energy transfer signal 5706 includes a train of energy transfer pulses 5707 
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having non-negligible apertures that tend away from zero time in duration. The energy transfer 

pulses 5707 repeat at the aliasing rate, which iS determined or selected as previously described. 

Generally, when down-converting an EM signal to a demodulated baseband signal. the aliasing 

rate FAR is substantially equal to a harmonic or, more typically, asuh--hannonic of the EM signal. 

s Step 4618 includes transferring energy from the EM signal at the aliasing rate to directly 

10 

15 

down-convert the EM signal to the demodulated baseband signal FoMs· In FIG. 570, an affected 

analog AM carrier signal 5708 illustrates effectS of transferring energy from the analog AM carrier 

signal S 16 at the aliasing rate FAR· The affected analog AM carrier signal 5708 is illustrated on 

substantially the same time scale as FIGS. 57B and 57C. 

FIG. 57E illustrates a demodulated baseband signal 5712, which is generated by the down:-

conversion process. Because a harmonic of the aliasing rate is substantially equal to the frequency 

of the signal 516, essentially no IF is produced. The only substantial aliased component is the 

baseband signal. The demodulated baseband signal 5712 is illustrated with an arbitrary load 

impedance. Load impedance optimizations are discussed in Section 5 below. 

The demodulated baseband signal 5712 includes portions 571 OA, which correlate with the 

energy transfer pulses 5707 in FIG. 57C, and portions 5710B, which are between the energy 

transfer pulses 5707. Portions 571 OA represent energy transferred from the analog AM carrier 

signal 516 to a storage device, while simultaneously driving an output load. The portions 571 OA 

occur when a switching module is closed by the energy transfer pulses 5707. Portions 57 lOB 

20 represent energy stored in a storage device continuing to drive the load. Portions 571 OB occur 

when the switching module is opened after energy transfer pulses 5707. 

In FIG. S7F, a demodulated baseband signal 5716 represents a filtered version of the 

demodulated baseband signal 5712, on a compressed time scale. The demodulated baseband 

signal 5716 is substantially similar to the modulating baseband signal 210 and can be further 

25 processed using any signal processing technique(s) without :further down-conversion or 

demodulation. 

The present invention can output the unfiltered demodulated baseband signal 5712, the 

filtered demodulated baseband signal 5716, a partially filtered demodulated baseband signal, a 

stair step output signal, etc. The choice between these embodiments is generally a design choice 

30 that depends upon the application of the invention. 

The aliasing rate of the energy transfer signal is preferably controlled to optimize the 

demodulated baseband signal for amplitude output and polarity, as desired. 
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The drawings referred to herein illustrate direct down-conversion in accordance with the 
. . . . , . . 

invention. For example, the demodulated baseband signals 5712 in FIG. 57E and 5716 in FIG. 

57F illustrate that . the analog AM carrier signal 516 was directly down-converted to a 

demodulated. baseband signal by retaining enough baseband information for sufficient 

5 reconstruction. 

2.2.1.1.2 Digita/AM Carrier Signal 

A process for directly down-converting the digital AM carrier signal 616 in FIG. 6C to 

a demodulated baseband signal is now described for the flowchart4613 in FIG. 46C. The digital 

AM carrier signal 616 is re-illustrated in 58A for convenience. For this example, the digital AM 

10 carrier signal 616 oscillates at approximately 900 MHZ. In FIG. 58B, a digital AM carrier signal 

portion 5804 illu.Strates a portion of the digital AM carrier signal 616 on an expanded time scale. 

15 

The process begins at step 4614, which includes receiving an EM signal. This is 

represented by the digital AM carrier·signal 616. 

Step 4616 includes receiving an energy transfer signal· having an aliasing rate FAR· In FIG. . 

SSC, an example energy transfer signal 5806 is illustrated on approximately the same time scale 

as FIG. 58B. ·The energy transfer signal 5806 includes a train of energy transfer pulses 5807 

having non-negligible apertures that tend away from zero time in duration. The energy transfer 

pulses 5807 repeat at the aliasing rate, Which is determined or selected as previously described. 

Generally, when directly down-converting an EM signal to a demodulated baseband signal, the 

20 aliasing rate FAR is substantially equal to a harmonic or, more typically' a sub-harmonic of the EM 

signal. 

·step 4618 includes transfernng energy from the EM signal at the aliasing rate to directly 

down-convert the EM signal to the demodulated baseband signal F DMs· In FIG. 580, an affected 

digital AM carrier signal 5808 illustrates effects of transferring energy from the digital AM carrier 

25 signal 616 at the aliasing rate FAR· The affected digital AM carrier signal 5808 is illustrated on 

substantially the same time scale as FIGS. 588 and 58C. 

FIG. 58E illustrates a demodulated baseband signal 5812, which is generated by the down­

conversion process. Because a harmonic of the aliasing rate is substantially equal to the frequency 

ofthe signal 616, essentially no IF is produced. The only substantial aliased component is the 
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baseband signal. The demodulated baSeband signal 5812 is jllustrated with an arbitrary load 

impedance. Load impedance optimizations are discussed in Section 5 below. 

The demodulated baseband signal 5812 includes portions 581 OA, which correlate with 

the energy transfer pulses 5807 in FIG~ SSC, and portions 581 OB; which are between the energy 

5 transfer pulses 5807. Portions 581 OA represent energy transferred from the digital AM carrier 

sign.a] 616 to a storage device, while simultaneously driving an output load. The portions 581 OA 

occur when a switching module is closed by the energy transfer pulses 5807. Portions 5810B 

represent energy stored in a storage device continuing to drive the load. Portions 581 OB occur 

when the switching module is opened after energy transfer pulses 5807. 

10 In FIG. 58F, a demodulated baseband signal 5816 represents a filtered version of the 

demodulated baseband signal 5812, on a compressed time scale. The demodulated baseband 

signal 58 l 6 is substantially similar to the modulating baseband signal 310 and can be further 

processed using any signal processing technique(s) without further down-conversion or 

demodulation. 

15 The present invention can output the unfiltered demodulated baseband signal 5812! the 

filtered demodulated baseband signal 5816, a partially filtered demodulated baseband sigrial, a 

stair step output signal, etc. The choice between these embodiments is generally a design choice 

that depends upon the application of the invention. 

The aliasing rate of the energy transfer signal is preferably controlled to optimize the 

20 down-converted signal for amplitude output and polarity, as desired. 

The drawings referred to herein i~lustrate direct down-conversion in accordance with the 

invention. For example, the demodulated baseband signals 5812 in FIG. 58E and 5816 in FIG. 

58F illustrate that the digital AM carrier signal 616 was directly down-converted to a 

demodulated baseband signal by retaining enough baseband information for sufficient 

25 reconstruction. 

· 2.2.J.2 Structural Description 

In an embodiment, the energy transfer module 6304 preferably transfers energy from the 

EM signal to directly down-convert it to a demodulated baseband signal in the manner shown in 

the operational flowchart 4613. But it should be· understood that the scope and spirit of the 

30 invention includes other structural embodiments for performing the steps of the flowchart 1413. 
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The specifics of the . other structural embodiments will be apparent to persons skilled in the 

relevant art(s) based on the discussion contained herein. . 

. Operation of the energy transfer system 6302 is now described for the digital AM carrier 

signal 516, with reference to th~ flowchart 4613 and the timing diagrams in FIGS. 57 A-F. In step 

5 4612, the energy transfer module 6404receives the analog AM carrier signal 516. In step 4614, 

tl1e energy transfer module 6404.receives the energy transfer signal 5706. In step 4618, the 

energy· transfer module 6404 transfers energy from the analog AM carrier signal S 16 at the 

aliasing rate of the energy transfer signal 5706, to directly down-convert the digital AM carrier 

signal 516 to the demodulated baseband signals 5712 or 5716. 

10 The operation of the energy transfer system 6402 is now described for the digital AM 

carrier signal 616, with reference to the flowchart 4613 and the timing diagrams in FIGS. 58A-F. 

In step 4614, the energy transfer module 6404 receives the digital AM carrier signal 616. In step 

4616, the energy transfer module 6404 receives the energy transfer signal 5806. In step 4618, the 

energy transfer module 6404 transfers energy from the digital AM carrier signal 616 at the aliasing. 

15 rat~ of the energy transfer signai 5806, to directly down-convert the digital AM carrier signal 616 

to the demodulated baseband signals 5812 or 5816. 

20 

Example implementations of the energy transfer module 6302 are disclosed in Sections 

4 and 5 below. 

2.2.2 Second &ample Embodiment: Phase Modulation 

2.2.2.l Operational Description 

Operation of the exemplary process of flowchart 4613 in FIG. 46C is described below for 

the analog PM carrier signal 916, illustrated in FIG. 9C and for the digital PM carrier signal 1016, 

illustrated in FIG. 10C. 

2.2.2.1.1 Analog PM Carrier Signal 

25 A process for directly down-converting the analog PM carrier signal 916 to a demodulated 

baseband signal is now described for the flowchart 4613 in FIG. 46C. The analog PM carrier 

signal 916 is re-illustrated in 59A for convenience. For this example, the analog PM carrier signal 

916 oscillates at approximately 900 MHZ; In FIG. 598, an analog PM carrier signal portion 5904 

· illuStrates a portion of the analog PM carrier signal 916 on an· expanded time· scale. 



:•_··· ... : 

·WO 001241l7 PCT/US99124299 

-135-

The process begins at step 4614, which includes receiving an E~ signaL This is 

represented by the analog PM carrier signal 916. 

Step 4616 includes receiving an energy transfer signal having an aliasing rate FAR· In FIG. 

59C, an example energy transfer signal 5906 is illustrated on approximately the sai:ne time scale 

5 as FIG. 59B. The energy transfer signal 5906 includes a train of energy transfer pulses 5907 

having non-negligible apertures that tend away from zero time in duration. The energy transfer 

pulses 5907 repeat at the aliasing rate, which is determined or selected as previously described. 

Generally, when directly down-converting an EM signal to a demodulated baseband signal, the 

aliasing rate FAR is substantially equal to a harmonic or, more typically, a sub.;.harrnonic of the EM 

IO signal. 

Step 4618 includes transferring energy from the EM signal at the aliasing rate to directly 

down-convert the EM signal to the demodulated baseband signal FoMB· In FIG. 590, an affected 

analog PM carrier signal 5908 illustrates effects of transferring energy from the analog PM carrier 

signal 916 at the aliasing rate FAR· The affected analog PM carrier signal 5908 is illustrated on 

15 substantially the same time scale as FIGS. 59B and 59C. 

FIG. 59E illustrates a demodulated baseband signal 5912, which is generated by the down­

conversion process. Because a harmonic of the aliasing rate is substantially equal to the frequency· 

of the signal 516, essentially no IF is produced. The only substantial aliased component is the 

baseband signal. The demodulated baseband signal 5912 is illustrated with an arbitrary load 

20 impedance. Load impedance optimizations are discussed in Section 5 below. 

The demodulated baseband signaj 5912 includes portions 591 OA, which correlate with the 

energy transfer pulses 5907 in FIG. 59C, and portions 5910B, which are between the energy 

transfer pulses 5907. Portions 5910A represent energy transferred from the analog PM carrier 

signal 916 to a storage device, while simultaneously driving an output load. The portions 591 OA 

25 occur when a switching module is closed by the energy transfer pulses 5907. Portions 5910B 

represent energy stored in a storage device continuing to drive the load. Portions 59108 oc~ur 

when the switching module is opened after energy transfer pulses 5907. 

In FIG. 59F, a demodulated baseband signal 5916 represents a filtered version of the 

demodulated baseband signal 5912, on a compressed time scale. The demodulated baseband 

30 signal 5916 is substantially similar to the modulating baseband signal 210 and can be further 

processed using any signal processing technique(s) without further down-conversion or 

demodulation. 
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· The present invention can output the unfiltered demodulated baseband 5912, the filtered 

demodulated baseband signal 5916, a partially filtered demodulated baseband signal, a stair step 

output signal, etc. The choice between these embodiments is generally a design choice that 

depends upon the app1.ication of the invention .. 

5 The aliasing rate of the energy transfer signal is preferal:>ly controlled to optimize the 

down-converted signal for amplitude output and polarity, as desired. 

The drawings referred to herein illustrate direct down-conversion in accordance with the 

invention. For example, the demodulated baseband signals ,5912 in FIG. 59E and 5916 in FIG. 

59F illustrate that the analog PM carrier signal 916 was successfully down-converted to a 

10 demodulated baseband signal by retaining enough baseband information for sufficient 

:r:econstruction. 

. 2~2.2.1.2 . . Digital PM Carrier Signal 

A process for directly down'.'converting the digital PM carrier signal 1016 in FIG. 6C to 

a demodulated baseband sign~ is now described for the flowchart 4613 in FIG. 46C. The digital 
.. ·: ·' ·. : . ~ . . 

15 PM carri~ signal 1016 is re-illustrated in 60A for convenience. For this example, the digital PM 

20 

~arrier _signal 1016 oscillate~ at approximately 900 .MHZ. In FIG. 60B, a digital PM carrier signal 

portion 6004 illustrates a portion of the digital PM carrier signal 1016 on an expanded time scale. 

The process begins at step 4614, which includes receiving an EM signal. This is 

represented by the digital PM carrier signal 1016. 

Step 4616 includes receiving an· energy transfer signal FAR· In FIG. 60C, an example 
. . 

energy transfer signal 6006 is illustrated on approximately the same time scale as FIG. 608. The 

energy transfer signal 6006 includes a train of energy transfer pulses 6007 having non-negligible 

apertures that tend away from zero time in duration. The energy transfer pulses 6007 repeat at 

the aliasing rate, which is determined or selected as previously described. Generally, when 

25 directly down-converting an EM signal to a demodulated baseband signal, the aliasing rate FAR 

is substantially equal to a harmonic or, more typically, a sub-harmonic of the EM signal. 
. . 

Step 4618 incl~des transferring energy fro11l the EM signal .at the aliasing rate t~ directly 

down-convert the EM signal to the demodulated baseband signal FoMe· In FIG. 60D, an affected 

digital PM carrier signal 6008 illustratCs effects of transferring energy from the digital PM carrier 
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signal lO 16 at the aliasing rate FAR· The affected digital PM carrier signal 6008 is illustrated on 

substantially the same time scale as FIGS. 60B and 60C. 

FIG. 60E illustrates a demodulated baseband signal 6012, which is generated by the down­

conversion process. Because a harmonic of the aliasing rate is substantially equal to the frequency 

s of the signal 1016, essentially no IF is produced. The only substantial aliased component is the 

baseband signal. The demodulated baseband signal 6012 is illustrated with an arbitrary load 

impedance. Load impedance optimizations are discussed in Section 5 below. 

The demodulated baseband signal 6012 inclUdes portions 601 OA, which correlate with the 

energy transfer pulses 6007 in FIG. 60C, and· portions 60108, which are between the energy 

10 transfer pulses 6007. Portions 60 I OA represent energy transferred from the digital PM carrier 

signal 1016 to a storage device, while simultaneously driving an output load. The portions 601 OA 

occur when a switching module is closed by the energy transfer pulses 6007. Portions 601 OB 

represent energy stored in a storage device continuing to drive the load. Portions 60lOB occur 

when the switching module is opened after energy transfer pulses 6007. 

15 In FIG. 60F, a demodulated baseband signal 6016 represents a filtered version of the 

demodulated baseband signal 6012, on a compressed time scale.· The demodulated baseband 

signal 6016 is substantially similar to the modulating baseband signal 310 and can be further 

processed us~ng any signal processing technique(s) without further down-conversion or 

demodulation. 

20 The present invention can output the unfiltered demodulated baseband signal 6012, the 

filtered demodulated baseband signal 6~16, a partially filtered demodulated baseband signal, a 

stair step output signal, etc. The choice between these embodiments is generally a design choice 

that depends upon the application of the invention. 

The aliasing rate of the energy transfer signal is preferably controlled to optimize the 

25 down-converted signal for amplitude output and polarity, as desired. 

The drawings referred to herein illustrate direct down-conversion in accordance v.ith the 

invention. For example, the demodulated baseband signals 6012 in FIQ. 60E and 6016 in FIG. 

60F illustrate that the digital PM carrier signal 1016 was successfully down-converted to a 

demodulated baseband signal by retaining enough baseband information for sufficient 

30 reconstruction. 
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2.2~2.2 Structural Description 

In an embodiment, the energy transfer system 6302 preferably transfers energy from an 

EM signal to directly down-convert it to a demodulated baseband signal in the manner shown in 

the operational flowchart 4613 ~ But it should be understood that the scope and spirit of the 

5 invention includes other structural embodiments for performing the steps of the flowchart 1413. 

The specifics of the other structural embodiments will be apparent to persons skilled in the 

relevant art(s) based on the discussion contained herein. 

Operation of the ~ergy transfer system 6302 is now described for the analog PM carrier 

signal 916, with reference to the flowchart 4613 and the timing diagrams in FIGS. 59A-F. In step 

10 4614, the energy transfer modul~ 6304 receives the analog PM carrier signal 916. In step 4616, 

th~ ene~gy transfer module 6304receives the energy transfer signal 5906. In step 4618, the 

energy transfer module 6304 transfers energy from the analog PM carrier signal 916 at the aliasing 

rate of the energy transfer signal 5906, to directly down-convert the analog PM carrier signal 916 

to the demodulated baseband signals 5912 or 5916. 
. . . 

15 Operation of the energy ,transfer system 6302 is now described for the digital PM carrier 

.. signal 1016, with reference to the flowchart 4613 and to the timing diagrams in FIGS. 60A-F. 

ln step 4614, the energy transfer module 6404 receives the digital PM carrier signal 1016. In step 

4616, the energy transfer module 6404 receives the energy transfer signal 6006. In step 4618, the 

energy transfer module 6404 transfers energy from the digital PM carrier signal 1016 at the 

20 . aliasing rate of the energy transfer signal 6006, to directly down-convert the digital PM carrier 

25 

signal 1016 to the demodulated baseband signal 6012 or 6016. 

Example implementations of the energy transfer module 6302 are disclosed in Sections 

4 and 5 below. 

2.2.3 Other Embodiments 

The embodiments described above are provided for purposes of illustration. These 

embodiments are not intended to limit the invention. Alternate embodiments, differing slightly 

or substantially from .those described herein, will be apparent to persons skilled in the relevant 

art(s) based on the teachings contained herein. Such alternate embodiments fall within the scope 
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and spirit of the present invention. Example implementations of the energy transfer module 6302 

are disclosed in Sections 4 and S below. 

2.3 Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s}, 

5 structure(s), and/or embodiments described above are presented in Sections 4 and 5 below. These 

implementations are presented for purposes of illustration, and not limitation. The invention is 

not limited to the particular implementation examples described therein. Alternate implementations 

(including equivalents, extensions, variations, deviations, etc., of those described herein) will be 

apparent to persons skilled in the relevant art(s) based on the teachings contained herein. Such 

10 alternate implementations fall within the scope and spirit of the present invention. 

15 

3. Modulation Conversion 

In an embodiment, the invention down-converts an FM carrier signal FFMc to a non-FM 

signal FcNoN-FM» by transferring energy from the FM carrier signal FFMcat an aliasing rate .. This 

embodiment is i11ustrated in FIG. 45B as 4518. 

In an example embodiment, the FM carrier signal FFMc is down-converted to a phase 

modulated (PM) signal F PM· In another example embodiment, the FM carrier signal F FMC is down­

converted to an amplitude modulated (AM) signal F Aw The down-converted signal can be 

demodulated with any conventional demodulation technique to obtain a demodulated baseband 

signal FoMe· 

20 The invention can be implemented with any type of FM signal. Exemplary embodiments 

are provided below for down-converting a frequency shift keying (FSK) signal to a non-FSK 

signal. FSK is a sub-set of FM, wherein an FM signal shifts or switches between two or more 

frequencies. FSK is typically used for digital modulating baseband signals, such as the digital 

modulating baseband signal 310 in FIG. 3. For example, in FIG. 8. the digital FM signal 816 is 

25 an FSK signal that shifts between an upper frequency and a lower frequency, corresponding to 

amplitude shifts in the digital modulating baseband signal 310. The FSK signal 816 is used in 

example embodiments below. 
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Ina first example embodiment, energy is transf~ from the FSK signal 816 at an aliasing. 

rate that is based on a mid-point between the upper and lower frequencies of the FSK signal 816. 

When the aliasing rate is based on the mid-point, the FSK signal 816 is down-converted to a phase 

shi1'.t keying (PSK)signal. PSK is a sub-set of phase modulation, wherein a PM signal shifts or 

5 switches between two or more phases. PSK is typically used for digital modulating baseband 

signals. For example, in FIG. 10, the digital PM signal 1016is aPSK signal that shifts between 

two phases. The PSK signal 1016 can be demodulated by any conventional PSK demodulation 

technique(s). 

In a second example embodiment, energy is transferred from the FSK signal 816 at an 

10 aliasing rate that is based upoil either the upper frequency or the lowerfrequency of the FSK 

. signal 816. When the alia8ing rate is based upon the upper frequency or the lower frequency of 

the FSK signal 816, the FSKsignal 816 is down-converted to an amplitude shift keying (ASK} 

... , signal. ASK is a sub-set of amplitude modulation, wherein an AM signal shifts or switches 

between two or more amplitudes. ASK is.typically used for digital modulating haseband signals. 

15 For example, in FIG. 6, the digital ;\M signal 616 is an ASK signal that shifts between the first 

amplitude .and the second amplitude. The. ASK signal 616 can be demodulated by any 

conventional ASK demodulatio~ technique(s). 

The following sections.describe methods for transferring energy from an FM carrier signal 

. FFMt to down-convert it to the non..:FM signal FcNbN-FM>· Exemplary structural embodiments for 

20 implementing the methods are also described. lt should be understood that the invention is not 

limited to the particular embodiments. ~escribed below. Equivalents, extensions, variations, 

deviations, etc., of the following will be apparent to persons skilled in the relevant art( s) based on 

the teachings contained herein. Such equivalents, extensions. v~ations, deviations, etc., are 

within the scope and spirit of the present invention. 

25 The following sections include a high level discussion, example embodiments, and. 

implementation examples. 

3.1 High Level Description 

This section (including its subsections) provides a high-level description of transferring 

energy from the FM carrier signal FFM to down-convert it to the non-FM signal F<NON-FM» 

30 according to the invention. In particular. an operational process for down-converting the FM 
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c@Irier signal FFM to-the non-FM signal FcNON-FM> is described at a high-level. _Also, a structural 

implementation for implementing this process is described at a high-level. The structuraJ 

implementation is described herein for illustrative purposes, and is not limiting. In particular, the 

process described in this section can be achieved using any numberofstructural implementations, 

5 one of which is described in this section. The details of such structural implementations will be 

apparent to persons skilled in the relevant art(s) based on the teachings contained herein. 

3.1.1 Operational Description 

FIG. 46D depicts a flowchart 4619 that illustrates an exemplary method for down­

converting the FM carrier signal FFMC to the non-FM signal FcN~N-FM>· The exemplary method 

10 illustrated in the flowchart 4619 is an embodiment of the flowchart 4601 in FIG. 46A. 

Any and all forms of frequency modulation techniques are valid for this invention. For 

ease of discussion, the digital FM carrier (FSK) signal 816 is used to illustrate a high level 

operational description of the invention. Subsequent sections provide deuµled flowcharts and .. 

descriptions for the FSK signal 816. Upon reading the disclosure and examples therein, one . 

15 skilled in the relevant art(s) will understand that the invention can be implemented to down­

convert any type of FM signal. 

The method illustrated in: the flowchart 4619 is described below at a high level for down- · 

converting the FSK signal 816 in FIG. SC to a PSK signal. The FSK signal 816 is re-ilh.1strated 

in: FlG. 84A for convenience. 

20 The process of the flowchart 4619 begins at step 4620, which includes receiving an FM 

signal. This is represented by the FSK signal 816. The FSK signal 816 shi~s between a first 

frequency 8410 and a second frequency 8412. The first frequency 8410 can be higher or lower 

than the second frequency 8412. In an exemplary embodiment, the first frequency 8410 is 

approximately 899 MHZ and the second frequency 8412 is approximately 901 MHZ. 

25 Step 4622 includes receiving an energy transfer signal having an aliasing rate FAR· FIG. 

84B illustrates an example energy transfer signal 8402 which includes a train of energy transfer 

pulses 8403 having non-negligible apertures 8405 that tend away from zero time in duration. 

The energy transfer pulses 8403 repeat at the aliasing rate FAR' which is determined or 

selected as previously described. Generally, when down-converting an FM carrier signal F FMC to 

30 a non-FM signal F (NON-FM» the aliasing rate is substantially equal to a harmonic or, more typically, 
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a, sub-harmonic of a frequency within the FM signal.· In ~s example overview embodiment, 

where. the FSK signal 816 is to be down-converted to a PSK signal, the aliasing rate is 

substantially equal to a harmonic or, more typically, a sub-harmonic of the mid-point between the 

first frequency 8410 and the second frequency 8412. For the present example, the mid-point is 

5 approximately 900 MHZ. 

Step 4624 includes transferring energy from the FM carrier signal F FMC at the aliasing rate 

to down-convert the FM carrier·signal FFMC to the non-FM signal F1NoN-FMi· FIG. 84C illustrates 

a PSK signal 8404, which is generated by the modulation conversion process. 

When the second frequency 8412 is under-sampled, the PSK signal 8404 has a frequency 

10 .of approximately l MHZ· and is used as a phase reference. When the first frequency 8410 is 

under-sampled, the PSK signal 8404 has a frequency ofl MHZ and is phase shifted 180 degrees 

i ·. from the phase reference.:. 

FIG. 84D depicts a PSK signal 8406, which is a·filtered version of the PSK signal 8404. 

The invention can thus generate a filtered output signal, a parti8lly filtered output signal, or a 

15 . ·· relatively unfiltered stair step output signal. The choice between filtered, partially filtered and 

·. non-filtered output signals is generally a design choice that depends upon the application of the 

··invention. 

·. ····. · · The aliasing rate of the energy transfer signal is preferably controlled to optimize the 

down-converted signal for amplitude output and polarity, as desired. 

20 ·Detailed exemplary embodiments for down-converting an FSK signal to a PSK signal and 

for down-converting an FSK signal to an ASK signal are provided below. 

· .... 
3.1.2 Structural Description 

FIG. 63 illustrates the energy transfer sy~em 6302 according to an embodiment of the 

invention. '.fhe energy transfer system 6302 includes the energy transfer module 6304. The 

25 energy transfer system 6302 is an example embodiment of the generic aliasing system 1302 in 

FIG. 13. 

In a modulation conversion embodiment, the EM signal 1304 is an FM carrier signal FFMC 

and the energy transfer module 6304 transfers energy from FM carrier signal at a harmonic or, 

more typically, a sub-hannonic of a frequency within the FM frequency band. Preferably, the 

30 energy transfer module 6304 transfers energy from the FM carrier signal F FMC to down-convert 
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it.to a non-FM signal FcNON·FM> in the manner shown in the operational flowchart 4619. But it 

shou]d be understood that the scope and spirit of the invention incJucies other structural 

embodiments for performing the steps of the flowchart 4619. The specifics of the other structura1 

embodiments will be apparent to persons skil1ed in the relevant art(s) based on the discussion 

5 contained herein. 

The operation of the energy transfer system 6302 shall now be described with reference 

to the flowchart 4619 and the timing diagrams of FIGS. 84A-84D. In step 4620, the energy 

transfer module 6304 receives the FSK signa1 816. In step 4622, the energy transfer module 6304 

receives the energy transfer signal 8402. In step 4624, the energy transfer module 6304 transfers 

10 energy from the FSK signal 816 at the aliasing rate of the energy transfer signal 8402 to down­

convert the FSK signal 816 to the PSK signal 8404 or 8406. 

15 

Example implementations of the energy transfer module 6302 are provided in Section 4 

below. 

3.2. Example Embodiments 

Various embodiments related to the method(s) and structure(s) described above are 

presented in this section (and its subsections). These embodiments are described herein for 

purposes of illustration, and not limitation. The invention is not limited to these embodiments .. 

Alternate embodiments (including equivalents, extensions, variations, deviations, etc., of the 

embodiments described herein) will be apparent to persons skilled in the relevant art(s) based on 

20 the teachings contained herein. The invention is intended and adapted to include such a1ternate 

embodiments. 

The method for down-converting an FM carrier signal F FMC to a non-FM signal, F CNON"FM» 

illustrated in the flowchart 4619 of FIG.46D, can be implemented with any type of FM carrier 

signal including, but not limited to, FSK signals. The flowchart 4619 is described in detail below 

25 for down-converting an FSK signa1 to a PSK signal and for down-converting a PSK signal to an 

ASK signa1. The exemplary descriptions below are intended to facilitate an understanding of the 
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pi:esent invention. The present invention is not limited to or by the exemplary embodiments 

below .. 

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

·signal 

3.2.J.1 Operational Description 

A process for down-converting the FSK signal 816 in FIG. 8C to a PSK signal is now 

described for the flowchart 4619 in FIG. 46D. 

The FSK signal 816 is re-illustrated in FIG. 61A for convenience. The FSK signal 816 

shifts between a first frequency 6106 and a second frequency 6108. In the exemplary 

10 embodiment, the first frequency 6106 is lower than the second frequency 6108. In an alternative 

embodiment, the :first frequency 6106 is higher than the second frequency 6108. For this example, 

the first frequency 6106 is approximately 899 MHZ and the second frequency 6108 1s 

approximately 901 MHZ. 

FIG. 61B illustrates an FSK signal portion 6104 that represents a portion of the FSK 

15 signal 816 on an expanded time scale. 

The process begins at step 4620, which includes receiving. an FM signal. This is 

represented by the FSK signal 816. 

Step 4622 includes receiving an energy transfer signal having an aliasing rate FAR· FIG. 

61 C illustrates an example energy transf~ signal 6107 on approximately the same time scale as 

20 FIG. 6 lB. The energy transfer signal 6107 includes a train of energy transfer pul5es 6109 having 

non-negligible apertures that tend away from zero time in duration. The energy transfer pulses 

6109 repeat at the aliasing rate FAR• which is determined or selected as described above. 

Generally, when do\.vn-convertiilg an FM signal to a non-FM signal, the aliasing rate is 

substantially equal to a harmonic or, more typically, a sub-harmonic of a frequency within the FM 

25 signal. 

In this example, where an FSK signal is being down-converted to a PSK signal, the 

aliasing rate is substantially equal to a harmonic or, more typically, a sub-harmonic, of the mid­

point between the frequencies 6106 and 6108. In this example, where the first frequency 6106 

is 899 MHZ and second frequency 6108 is 901 MHZ, the mid-point is approximately 900 MHZ. 

30 Suitable aliasing rates thus include 1.8 GHZ, 900 MHZ, 450 MHZ, etc. 
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Step 4624 includes transferring energy from the FM signal at the aliasing rate to down-· 

convert it to the non-FM signal F(NoN-FM» In FIG. 61D, an affected FSK signal 6118 illustrates 

effects of transferring energy from the FSK signal 816 at the aliasing rate FAR· The affected FSK 

signal 6118 is illustrated on substantially the same time scale as FIGS. 61 B ·and 61 C. 

s FIG. 61 E illustrates a PSK signal 6112, which is generated by the modulation conversion 

process. PSK signal 6112 is illustrated with an arbitrary load impedance. Load: impedance 

optimizations are discussed in Section 5 below. 

The PSK signal 6112 includes portions 611 OA, which correlate with the energy transfer 

pulses 6107 in FIG. 61 C. The PSK signal 6112 also includes portions 611 OB, which are between 

10 the energy transfer pulses 6109. Portions 611 OA represent energy transferred from the FSK 816 

to a storage device, while simultaneously driving an output load. The portions 611 OAoccur when 

a switching module is closed by the energy transfer pulses 6109. Portions 611 OB represent energy 

stored in·a storage device continuing to drive the load. Portions 611 OB occur when the switching 

module is opened after energy transfer pulses 6107. 

15 In FIG. 61F, a PSK signal 6114 represents a filtered version of the PSK signal 6112, on 

a compressed time scale. The present invention can output the unfiltered demodulated baseband 

signal 6112, the filtered demodulated baseband signal 6114, a partially filtered demodulated 

baseband signal, a stair step output signal, etc. The choice between these embodiments is 

generally a design choice that depends upon the application of the invention. The PSK signals 

20 6112 and 6114 can be demodulated with a conventional demodulation technique(s). 

The aliasing rate of the energy ~sfer signal is preferably controlled to optimize the 

down-converted signal for amplitude output and polarity, as desired. 

The drawings referred to herein iJlustrate modulation conversion·in accordance with the 

invention. For example, the PSK signals 6112 in FIG. 61E and 6114 in FIG. 61F illustrate that 

25 the FSK signal 816 was successfully down-converted to a PSK signal by retaining enough 

baseband information for sufficient reconstruction. 

3.2.1.2 Structural Description 

The operation of the energy transfer system 1602 is now described for down-converting 

the FSK signal 816 to a. PSK signal, with reference to the flowchart 4619 and to the timing 

30 diagramsofFIGS. 61A-E. Instep4620, theenergytransfermodule 1606receivestheFSKsignal 
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816 (FIG. 6 IA). In step 4622, the energy transfermodule· 1606 receives the·energy transfer signal 

6107 (FIG. 61C). In step 4624, the energy transfer modulel606 transfers energy from the FSK 

signal 816 at the aliasing rate of the energy transfer signal 6107 to down-convert the FSK signal 

816 to the PSK signal 6112inFIG. 61E or the PSKsignal 61l4 in FIG. 61F. 

3.2.2. Second Example Embodiment: Down-Converting an FM Signal to an 

AM Signal 

3.2.2.J Operational Description 

· A process for down-converting the FSK signal 816 in FIG. 8C to an ASK signal is now 

deseribed for the flowchart 4619 in FIG. 460. 

The FSK signal 816 is re-illustrated in FIG. 62A for convenience. The FSK· signal 816 · 

shifts between a first frequency 6206 and a second frequency 6208. In the exemplary 

embodiment, the first frequency 6206 is lower than the second frequency 6208. In an alternative · 

~mbodiment, the first frequency 6206 is higher than the second frequ~cy 6208. Forthis example, 

the first frequency 6206 is approximately 899 MHZ and the second frequency 6208 is 

15 approximately 901.MHZ. 

20 

FIG. 628 illustrates an FSK signal portion 6204 that represents a portion of the FSK 

. signal 816 on an expandec.t time scale. 

The process begins at step 4620, which includes receiving an FM signal. This is 

represented by the FSK signal 816~ · 

Step 4622 includes receiving an energy transfer signal having an aliasing rate FAR· FIG; 

62C illustrates an example energy transfer signal 6207 on approximately the same time scale as 

FIG. 62B. The energy transfer signal 6207 includes a train of energy transfer pulses 6209 having 

non-negligible apertures that tend away from zero time in duration. The energy transfer pulses 

6209 repeat at the aliasing rate FAR• which is determined or selected as described above. 

25 Generally, when down-converting an FM signal to a non-FM signal, the aliasing rate is 

substantially equal to a harmonic or, more typically, a sub-harmonic of a frequency within the FM 

signal. 

In this example, where an FSK signal is being down.;.converted to an ASK signal, the 

aliasing rate is substantially equal to a harmonic or, more typically, a sub-harmonic, of either the 

30 first frequency 6206 or the sec0nd frequency 6208. In this example. where the first frequency 



_. ..... 

. WO 00/2411'7 PCT/US99124299 

-147-

6206 is 899 MHZ and the second frequency 6208 is 901 MHZ, the aliasing rate can be 

substantia1ly equa1 to a harmonic or sub-harmonic of899 MHZ or 901 MHz. 
Step 4624 includes transferring energy from the FM signal at the aliasing rate to down­

convert it to the non-FM signal FcNON·FM>· In FIG. 62D, an affected FSK signal 6218 illustrates 

s effects of transferring energy from the FSK signal 816 at the aliasing rate FAR· The affected FSK 

signal 6218 is illustrated on substantially the same time scale as FIGS. 62B and 62C. 

FIG. 62E illustrates an ASK signal 6212, which is generated by the modulation conversion 

process. ASK signal 6212 is illustrated with an arbitrary load impedance. Load impedance 

optimizations are discussed in Section 5 below. 

10 The ASK signal 6212 includes portions 621 OA, which correlate with the energy transfer 

pulses 6209 in FIG. 62C. The ASK signa1 6212 also includes portions 621 OB, which are between 

the energy transfer pulses 6209. Portions 621 OA represent energy transferred from the FSK 816 

to a storage device, while simultaneously driving an output load. Portions 621 OA occur when a 

switching module is closed by the energy transfer pulses 6207. Portions 621 OB repres.entenergy 

15 stored in a storage device continuing to drive the load. Portions 621 OB occur when the switching . 

module is opened after energy transfer pulses 6207. 

In FIG. 62F, an ASK signal 6214 represents a filtered version of the ASK signal 6212, on 

a compressed time scale. The present invention can output the unfiltered demodulated baseband 

signa1 6212, the filtered demodulated baseband signal 6214, a partia1ly filtered demodulated 

20 baseband signal, a stair step output signal, etc. The choice between these embodiments is 

generally a design choice that depends ~pon the application of the invention. The ASK signals 

6212 and 6214 can be demodulated with a conventional demodulation technique(s). 

The aliasing rate of the energy transfer signal is preferab1y conttolJed to optimize the 

down-converted signa1 for amplitude output and/or polarity, as desired. 

25 The drawings referred to herein illustrate modulation conversion·in accordance with the 

invention. For example, the ASK signals 6212 in FIG. 62E and 6214 in FIG. 62F illustrate that 

the FSK signa1 816 was successfully down-converted to an ASK signal by retaining enough 

baseband information for sufficient reconstruction. 



W000/24117 PCT/US99/24299 

-148-

3.2.2.2 Structural Description 

The operation of the energy transfer system 1602 is now described for down-converting 

the FSK signal 816 to an ASK signal, with reference to the flowchart 4619 and to the timing 

diagrams of FIGS. 62A-F. In step 4620, the energy transfer module 6304 receives the FSK signal 

5 816 (FIG. 62A). In step 4622, the energy transfer module 6304 receives the energy transfer signal 

6207 (FIG. 62C). In step 4624, the energy transfer module 6304 transfers energy from the FSK 

signal 818 at the aliasing rate of the energy transfer signal 6207 to ·down-convert the FSK signal 

816 to the ASKsignal 6212 in FIG. 62E or the ASK signal 6214 in FIG. 62F. 

3.2.3 Other Example Embodiments 

10 The embodiments described above are provided for purposes of illustration. These 

15 

embodiments are not intended to limit the invention. Alternate embodiments, differing slightly 

or substantially from those described herei~ 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. 

Example implementations of the energy transfer module 6302 are disclosed in Sections. 

4 and 5 below. 

3.3 Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s), 

structure(s ), and/or embodiments descn"bed above are presented in Sections 4 and 5 below. These 

20 implementations are presented for purposes of illustration, and not limitation. The invention is 

not limited to the particular implementation examples described therein. Alternate implementations 

(including equivalents, extensions, variations, deviations, etc .• of those described herein) will be 

apparent to persons skilled in the relevant art(s) based on the teachings contained herein. Such 

alternate implementations fall within the scope and spirit of the present invention. 
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4. Implementation Examples 

Exemplary operational and/or structural implementations related to the method(s), 

structure(s), and/or embodiments described above are presented in this section (and its 

subsections). These implementations are presented herein for purposes of iJlustration, and not 

5 limitation. The invention is not limited to the particular implementation examples described 

herein. Alternate implementations (including equivalents, extensions, variations, deviations, etc.~ 

of those described herein) will be apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. Such alternate implementations fall within the scope and spirit of the 

present invention. 

10 FIG. 63 i11ustrates an energy transfer system 6302, which is an exemplary ernbodimentof 

the generic aliasing system 1302 in FIG~ 13. The energy transfer system 6302 includes an energy 

transfer module 6304, which receives the EM signal 1304 and an energy transfer signal 6306. The 

energy transfer signal 6306 includes a train of energy transfer pulses having, non-negligible· 

apertures that tend away from zero time in duration. The energy transfer pulses repeat at an 

15 aliasing rate FAR· 

The energy transfer module 6304 transfers energy from the EM signal 1304 at the aliasing ·· 

rate of the energy transfer signal 6306, as described in the sections above with respect to the .. 

flowcharts 4601 in FIG. 46A, 4607 in FIG. 46B, 4613 in FIG. 46C and 4619 in FIG. 46D. The 

energy transfer module 6304 outputs a down-converted signal 1308B, which includes non-

20 negligible amounts of energy transferred from the EM signal 1304. 

FIG. 64A illustrates an exemplary gated transfer system 6402. which is an example of the 

energy transfer system 6302. The gated transfer system 6402 includes a gated transfer module 

6404, which is described below. 

FIG. 64B illustrates an exemplary inverted gated transfer system 6406, which is an 
25 alternative example of the energy transfer system 6302. The inverted gated transfer system 6406 

includes an inverted gated transfer module 6408, which is described below. 

4.1 The Energy Transfer System as a Gated Transfer System 

FIG. 64A illustrates the exemplary gated transfer system 6402. which is an exemplary 

30 implementation of the energy transfer system 6302. The gated transfer system 6402 includes the 
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gated transfer module 6404, which receives the EM signal 1304 and the energy transfer signal 

6306. The energy transfer signal 6306 includes a train of energy transfer pulses having non­

negligible apertures that tend away fu>m zero time in duration. The energy transfer pulses repeat 

at an aliasing rate FAR. 

s The gated transfer module 6404 transfers energy from the EM signal 1304 at the aliasing 

10 

rate of the energy transfer signal 6306, as described in the sections above with respect to the 

flowcharts 4601 in FIG. 46A, 4607 in FIG. 46B, 4613 in FIG. 46C and 4619 in FIG. 46D. The· 

gated transfer module 6404 outputs the down-converted signal 1308B, which includes non­

negligible amounts of energy transferred from the EM signal 1304. 

4.1.1 Tlte Gated Transfer System as a Switclt Module and a Storage Module 

· .. FIG.6Sillustratesanexampleembodimentofthegatedtransfermodule6404asincluding. 

a switch module 6502 and a sto,rage,moqul.e6506. Preferably, the switch module 6502. and the 

stprage module 6506 transfer ~:nergr .fr.om the EM signal 1304 to down-convert it in any of the 

,manners shown in the operational flowcJiarts 4601 in FIG:46A, 4607 in FIG. 46B, 4613 in FIG. 

'i' .' 15 46C and 4619 in FIG. 4~D. . 

:·· ..... For example, operation of the switch module 6502 and the storage module 6506 is now . 

.described for down-converting the EM signal 1304 to an intermediate signal, with reference to 

the flowchart 4607 and the ex~ple timing diagrams in FIG. 83A-F. 

In step 4608, the switch module 6502 receives the EM signal 1304 (FIG. 83A). In step. 

20 4610, the switch module 6502 receives the energy transfer signal 6306 (FIG. 83C). In step 4612, 

the switch module 6502 and the storage module 6506 cooperate to transfer energy from the EM 

signal 1304 and down-convert.it to an intermediate signal. More specifically, during step 4612, 

the switch module 6502 closes during each energy transfer pulse to couple the EM signal 1304 

to the storage module 6506 .. In an embodiment,. the switch module 6502 closes on rising edges 

25 of the energy transfer pulses .. Ip. an alternative embodiment, the switch module 6502 closes on 

falling edges of the energy transfer pulses. While the EM signal 1304 is coupled to the storage 

module 6506, non-negligible amounts of energy are transferred from the EM signal 1304 to the 

storage module 6506. FlG. 83B illustrates the EM signal 1304 after the energy is transferred 

from it. FIG. 830 illustrates the transferred energy stored in the storage module 6506. The 

30 storage module 6506 outputs the transferred energy as the down-converted signal l 308B. The 
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storage module 6506 can output the down-converted signal 1308B as an wifi~tered signal such 

as signal shown in FIG. 83E, or as a filtered down-converted signal (FIG. 83F). 

4.1.2 The Gated Transfer System as Break,;,.Before-Make Module 

FIG. 67A iUustrates an example embodiment of the gated transfer module 6404 as 

5 including a break-before-make module 6702 and a storage module 6716. Preferably, the break 

before make module 6702 and the storage module 6716 transfer energy from the EM signal I 304 

to down-convert it in any of the manners shown in the ope:rational flowcharts 4601 in FIG. 46A, 

4607 in FIG. 46B, 4613 in FIG. 46C and 4619 in FIG. 46D. 

In FIG. 67A, the break-before-make module 6702 includes a includes a normally open 

10 switch 6704 and a normally closed switch 6706. The normally open switch 6704 is controlled by 

the energy transfer signal 6306. The normally closed switch 6706 is controlled by an isolation 

signal 6712. In an embodiment, the isolation signal 6712 is generated from the energy transfer· 

signal 6306. Alternatively, the energy transfer signal 6306 is generated from the isolation signal 

6712. Alternatively, the isolation signal 6712 is generated independently from the energy transfer 

15 signal 6306. The break-before-make module 6702 substantially isolates ail input 6708 from an 

output 6710. 

FIG. 67B illustrates an example timing diagram of the energy transfer signal 6306, which 

controls the normally open switch 6704. FIG. 67C illustrates an example timing diagram of the 

isolation signal 6712, which controls the normally closed switch 6706. Operation of the break-

20 before-make module 6702 is now described with reference to the example timing diagrams in 

FIGS. 678 and 67C. 

Prior to time tO, the normalJy open switch 6704 and the normally closed switch 6706 are 

at their normal states. 

At timetO, the isolation signal 6712 in FIG. 67C opens the normally closed switch 6706. 

25 Thus, just after time tO, the normalJy open switch 6704 and the norma11y closed switch 6706 are 

open and the input 6708 is isolated from the output 6710. 

At time tl, the energy transfer signal 6306 in FIG. 67Bcloses the normally open switch 

6704 for the non-negligible duration of a pulse. This couples the EM signal· 1304 to the storage 

module 6716. 
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Prior to t2, the energy transfer signal 6306 in FIG. 67B opens the no~ally open switch 

6704. This de-couples the EM signal 1304 from the storage module 6716 .. 

At timet2, the isolation signal 6712 in FIG. 67C closes the normally closed switch 6706. 

This couples the storage module 6716 to the ouq>ut 6710. 

5 The storage module 6716, is similar to the storage module 6506 FIG. 65. The break-

before-make gated transfer system 6701 down-converts the EM signal 1304 in a manner similar 

to that described With reference to the gated transfer system 6501 in FIG. 65. 

4.13 Example Implementations of tlie Switch Module 

The switch module 6502 in FIG. 65 and the switch modules 6704 and 6706 in FIG. 67 A 

10 ".an be any type of switch device that preferably has a relatively low impedance when closed and 

a. _re~atively high impedance when ()}Jell.. The switch modules 6502, 6704 and 6706 can be 

.. ~plem~J;J.ted with normally open or normally ~losed swi«:hes. The switch modules need not be 

ideal s\\fitch modules. 

FIG. 668 illustrates the switch modules 6502, 6704 and 6706 as a switch.module 661 O. 

15 Switch module 6610 can be iinplemented in either normallt open or normally closed architecture. 

The switch module 6610 (e.g., switch modules 6502, 6704. aµd 6706) can be implemented with 

any type of suitable switch device, including, but not limitec1, to mechanical switch devices and 

electrical switch devices,_ optical switch devices, etc., and combinations thereof. Such devices 

include, but are not limited to transistor switch devices, diode switch devices, relay switch 

20 devices, optical switch devices, micro-machine switch devices, etc., or combinations thereof. 

In an embodiment, the switch module 6610 can be implemented as a transistor, such as, 

for example, a field effect transistor (FET), a bi-polar transistor, or any other suitable circuit 

switching device. 

In FIG. ~6A, the switch module 6610 is illustrated as a FET 6602. The FET 6602 can be 

25 any type ofFET, including, but not limited to, a MOSFET, a JFET. a GaAsFET, etc .. The FET 

6602 includes a gate 6604, a source 6606 and a drain 6608. The gate 6604 receives the energy 

tran~fer signal 630,6 to control the switching action between the source 6606 and the drain 6608. 

In an embod~ment, the source 6606 and the drain 6608 are interchangeable. 

It should be understood that the illustration of the switch module 6610 as a FET 6602 in 

30 FIG. 66A is for example purposes only. Any device having switching capabilities could be used 
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tQ imp1ement the switch modu]e 6610 (i.e., switch modules 6502, 6704 and 6706), as will be 

apparent to persons skiUed in the relevant art(s) based on the discussion contained herein. 

In FIG. 66C, the switch module 6610 is illustrated as a diode switch 6612, which operates 

as a two lead device when the energy transfer signal 6306 is coupled to the output 6613. 

In FIG. 66D, the switch module 6610 is illustrated as a diode switch 6614, which operates 

as a two lead device when the energy transfer signaJ 6306 is coupled to the output 6615. 

4.1.4 Example Implementations of tl1e Storage Module 

The storage modules 6506 and 6716 store non-negligible amounts of energy from the EM: 

signal 1304. In an exemplary embodiment. the storage modules 6506 and 6716 are implemented. 

IO as a reactive storage module 6801 in FIG. 68A, although the invention is not limited to this 

embodiment. A reactive storage module is a storage module that ~ploys one or more reactive 

electrical components to store energy transferred from the EM signal 1304. Reactive electrical 

components include, but are not limited to, capacitors and inductors. 

In an embodiment, the storage modules 6506 and 6716 include one or more capacitive 

15 storage elements, illustrated in FIG. 688 as a capacitive storage module 6802. In FIG; 68C, the 

capacitive storage module 6802 is illustrated as one or more capacitors illustrated generally as. 

capacitor(s) 6804. ·. · · · 

The goal of the storage modules 6506 and 67.16 is to store non-negligible amounts of 

energy transferred from the EM signal 1304. Amplitude reproduction of the originaJ, unaffected 

20 EM input signal is not necessarily important. In an energy transfer environment, the storage 

modu1e preferably has the capacity to handle the power being transferred, and to allow it to accept 

a non-negligible amount of power during a non-negligible aperture period. · 

A terminal 6806 serves as an output of the capacitive storage module 6802. The 

capacitive storage module 6802 provides the stored energy at the terminal 6806. FIG. 68F 

25 illustrates the capacitive storage module 6802 as including a series capacitor 6812; which can be 

utilized in an inverted gated transfer system described below. 

In an alternative embodiment, the storage modules 6506 and 6716 include one or more 

inductive storage elements, illustrated in FIG. 68D as an inductive storage module 6808. 
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In an alternative embodi111ent, the storage modules 6506 and 6716 include a combination 

of one or more capacitive storage elements and one or more inductive storage elements, illustrated 

in FIG. 68E as a capacitive/inductive storage module 6810. 

FIG. 68G illustrates an integrated gated transfer system 6818 that can be implemented to 

5 down-convert the EM signal 1304 as illustrated in, and described with reference to, FI GS. 83A-F. 

4.J.5 Optional Energy Transfer Signal Module 

FIG. 69 illustrates an energy transfer system 6901, which is an example embodiment of 

the energy transfer system 6302. The energy transfer system 6901 includes an optional energy 

transfer signal module 6902, which can perform any of a variety of functions or combinations of 

10 functions including, but not limited to, generating the energy transfer signal 63 06. 

·In an embodiment, the optional energy transfer signal module 6902 includes an aperture 

generator, an example of which is illustrated in FIG. 68J as an aperture generator 6820. The 

aperture generator 6820 generates non-negligible aperturepulses 6826 from an input signal 6824. 

The input signal 6824 can be any type of periodic signal, including, but not limited to, a sinusoid, 

· ··ts a square wave, a saw-tooth wave, etc. Systems for generating the input signal 6824 are de~ribed 

below.' 

The width or aperture of the pulses 6826 is determined by delay through the branch 6822 

of the aperture generator 6820. Generally, as the desired pulse width increases, the difficulty in 

meeting the requirements of the aperture generator 6820 decrease. In other words, to generate 

20 non-negligible apenure pulses for a given EM inpu,t frequency, the components utilized in the 

example aperture generator 6820 do not require as fast reaction times as those that are required 

in an under-sampling system operating with the same EM input frequency . 

. The example logic and implementation shown in the aperture generator 6820 are provided 

for illuSt:rative purposes only, and are not limiting. The actual logic. employed can take many 

25 fonns. The example aperture generator 6820 includes an optional inverter 6828, which is shown 

for polarity consistency with other examples provided herein. 

An example implementation of the apertme generator 6820 is illustrated in FIG. 68K. 

Additional examples of aperture generation logic are provided in FIGS. 68H.and 681. FIG. 68H 

illustrates a rising edge pulse generator 6840, which generates pulses 6826 on rising edges of the 
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input signal 6824. FIG. 681 illustrates a falling edge pulse generator 6850, whic? generates pulses 

6826 on falling edges of the input signal 6824. 

In an embodiment, the input signal 6824 is generated externally of the energy transfer 

signal module 6902, as iUustratedin FIG. 69. Alternatively. the input signal 6824 is generated 

5 internally by the energy transfer signal module 6902. The input signal 6824 can be generated by 

an oscillator, as illustrated in FIG. 68L by an oscillator 6830. The oscillator 6830 can be internal 

to the energy transfer signal module 6902 or external to the energy transfer signal module 6902. 

The oscillator 6830 can be external to the energy transfer system 6901. The output of the 

oscillator 6830 may be any periodic waveform. 

10 The type of down-conversion performed by the energy transfer system 690 I depends upon 

the aliasing rate of the energy transfer signal 6306, which is determined by the :frequency of the 

pulses 6826. The :frequency of the pulses 6826 is determined by the :frequency of the input signal 

6824. For example, when the :frequency of the input signal 6824 is substantially equal to a 

harmonic or a sub-harmonic of the EM signal 1304, the EM signal 1304 is directly do"Wn-. 

15 converted to baseband (e.g. when the EM signal is an AM signal or a PM signal), or converted 

:from FM to a non-FM signal. When the frequency of the input signal 6824 is substantially equal 

to a harmonic or a sub-harmonic of a difference frequency, the EM signal 1304 is down-convened 

to an intermediate signal. 

The optional energy transfer signal module 6902 can be implemented in hardware, 

20 software, firmware, or any combination thereof. 

4.2 . The Energy Transfer System as an Inverted Gated Transfer System 

FIG. 64B illustrates an exemplary inverted gated transfer system 6406, which is an 

exemplary implementation of the energy transfer system 6302. The inverted gated transfer system 

6406 includes an inverted gated transfer module 6408~ which receives the EM signal 1304 and 

2S the energy transfer signal 6306. The energy transfer signal 6306 includes a train of energy transfer 

. pulses having non-negligible apertures that tend away from zero time in duration. The energy 

transfer pulses repeat at an aliasing rate FAR· The inverted gated transfer module 6408 transfers 

energy from the EM signal 1304 at the aliasing rate of the energy transfer signal 6306, as 

described in the sections above with respect to the flowcharts 4601 in FIG. 46A, 4607 in FIG. 

30 46B, 4613 in FIG. 46C and 4619 in FIG. 46D. The inverted gated transfer module 6408 outputs 
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the down-convened signal 1308B~ which includes non-negligible amounts of energy transferred 

from the EM signal 1304. 

4.2.J. · The Inverted Gated Transfer System as a Switch Module a1id a Storage 

Module 

5 FIG. 74 illustrates an example embodiment of the inverted gated transfer module 6408 as 

including a switch module 7404 and a storage module 7 406. Preferably, the switch module 7404 

and the storage module 7406 transfer energy from the EM signal 1304 to down-convert it in any 

of the manners shown in the operational flowcharts 4601 in FIG. 46A. 4607 in FIG. 46B, 4613 

in FIG. 46C and 4619 in FIG. 46D. 

10 · The ~witchmodule 7404 caD. be implemented as described above with reference to FIGS. 

66A-D. The storage module 7406 can be implemented .as described· above with reference to 

FIGS. 68A·F. 

Inthe illustrated embodiment, the storage module 7206 includes one or· more capacitors 

7408; The capacitor(s) 7408 are selected to pass higher frequency components of the EM signal 

15 · 1304 through to a terminal 7410, regardless of the state of the switch module 7404. The 

capacitor 7408 stores non-negligible amounts of energy from the EM signal 1304. Thereafter, 

the signal at the terminal 7410 is off-set by an amount related to the energy stored in the capacitor 

7408. 

Operation of the inverted gated transfer system 7401 is illustrated in FJGS. 75A-F. ·FIG. 

20 75Aillustrates the EM signal 1304. FiG. 75B illustrates the EM signal 1304 after transferring 

energy from it. FIG. 75C illustrates the energy transfer signal 6306, which includes a train of 

energy transfer pulses having non-negligible apertures. 

FIG. 75D illustrates an example down-converted signal 1308B. FIG. 75E illustrates the 

down-converted signal 1308B on a compressed time scale. Since the storage module 7406 is a 

25 series element, the higher frequencies (e.g., RF) of the EM signal 1304 can be seen on the clown­

converted signal. This can be filtered as illustrated in FIG. ?SF. 

The inverted gated transfer system 7401 can be used to down-converfany type of EM 

signal, including modulated carrier signals and unmodulated carrier signals. 
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4.3 Rail to Rail Operation for Improved Dynamic Range 

4.3.1 lntrodudion 

FIG. l lOA illustrates aliasing module 11000 that down-converts EM signal 11002 to 

down-converted signal 110 J 2 using aliasing signal 11014 (sometimes called an energy transfer 

5 signal). Aliasing module 11000 is an example of energy transfer module 6304 in FIG. 63. Aliasing 

module 11000 includes UFT module 11004 and storage module 11008. As shown in FIG. 11 OA, 

UFT module 11004 is implemented as a n-channel FET 11006, and storage module 11008 is 

implemented as a capacitor 11010, although the invention is not limited to this embodiment 

FET 11006 receives the EM signal 11002 and aliasing signal 11014. In one. embodiment,. 

10 aliasing signal 11014 includes a train of pulses having non-negligible apertures that repeat at an 

aliasing rate. The aliasing rate may be harmonic or sub-harmonic of the EM signal 11002. FET 

11006 samples EM signal 11002 at the aliasing rate of aliasing signal 11014 to generate down­

converted signal 11012. Inoneembodiment,aliasingsignal 11014controlsthegateofFET 11006 

so that FET 11006 conducts (or turns on) when the FET gate-to-source voltage (Vos). exceeds 

15 a threshold voltage (VT) . When the FET 11006 conducts, a channel is created from source to 

drain of FET 11006 so that charge is transferred from the EM signal 11002 to the capacitor 

11010. More specifically, the FET 11006 conductance (1/R) vs Vas is a continuous function that 

reaches an acceptable level at VT• as illustrated in FIG. 11 OB. The charge stored by capacitor 

11010 during successive samples forms down-converted signal 11012. 

20 As stated above, n-channel FET 11006 conducts when Vos exceeds the threshold voltage 

VT. As shown in FlG.1 lOA, the gate voltage of FET 11006 is determined by aliasing signal 

11014, and the source voltage is determined by the input EM signal 11002. Aliasing signal 11014 

is preferably a plurality of pulses whose amplitude is predictable and set by a system designer. 

However, the EM signal 11002 is typically received over a communications medium by a coupling 

25 device (such as antenna). Therefore, the amplitude of EM signal 11102 may be variable and 

dependent on a number of factors including· the strength of the transmitted signal. and the 

attenuation of the communications· medium. Thus, the source voltage on FET 11006 is not 

entirely predictable and will affect Vas and the conductance of FET 11006, accordingly. 

For example, FIG.11 lA illustrates EM signal 1 J 102, which is an example of EM signal 

30 11002 that appears on the source of FET 11006. EM signal 11102 has a section 11104 with a 



W000/24117 
PCT/US991242!J9 

-158-

relatively high amplitude as shown. FIG. 11 lB illustrates the aliasing signal 1 ~ 106 as an example 

of aliasing signal 11014 that controls the gate of FET 11006. FIG. 111CillustratesV05 11108, 

which is the difference between the gate and source voltages shown in FIGs. 1118 and 11 lA, 

·respectively. FET 110~6 has ari inherent threshold voltage VT 11112 shown in FIG. 111 C, above 

5 which FET 11006 conducts. It is preferred that Vas > VT during each pulse of aliasing signal 

11106, so that FET 11006 conducts and charge is transferred fr9m the EM signal 11102 to the 

capacitor 11010 during each pulse of aliasing signal 11106. As shown in FIG. 111 C, the high 

amplitude section 11104 of EM signal 11102 causes a V 05 pulse 1111 O that does exceed the VT 

. U 112, and therefore FET 11906 will not fully conduct as is desired. Therefore, the resulting 

10 sample of EM signal 11102 may be degraded, which potentially negatively affects the down­

converted signal 11012. 

As stated earlier, the conductance ofFET 11006 vs Vas is mathematically continuous and 

is nota hard cutoff. In other w°'rds, FET 11006 will marginally conduct when controlled by pulse 

. . 
. . . ; 

11110, even though pulse 111 ~()is belowV1 11112. However, the insertion loss ofFET 11006 

15 .. willbe increased when comp~~ with aV0s pulse. 11111, which is greaterthanV1 11112. The 

perforIJ1ance reduction caused by a large ampli~ude input signal is often referred to as clipping or 

·compression. Clipping causes. distortion in the down-converted signal 11012, which adversely 

affects the faithful down-conversion ofinput EM signal 11102. Dynamic range is a figure of merit 

associated with the range of input signals that can be faithfully down-converted without 

20 introducing distortion in the down-converted signal. The higher the dynamic range of a down­

conversion circuit, the larger the input signals that can down-converted without introducing 

distortion in the down-converted signal. 

4.3.2 Complementary UFT Structure for Improved Dynamic Range 

FIG. 112illustratesaliasingmodule 11200,accordingtoanembodimentoftheinvention, 

25 that down-converts EM signal 11208 to generate down-converted signal 11214 using aliasing 

signal 11220. Aliasing module 11200 is able to down-convert input signals over a larger 

amplitude range as compared to aliasing module 11000, and therefore aliasing module 11200 has 

an improved dynamic range when compared with aliasing module 11000. The dynamic range 

improvement occurs because aliasing module 11200 includes two UFT modules that are 

30 implemented with complementary FET devices. In other words, one FET is n-channel. and the 
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other FET is p-channel, so that at least one FET is a]ways conducting during an aliasing signal 

pu]se, assuming the input signal does not exceed the power supp]y constraints. Aliasing module 

11200 includes: delay 11202; UFT modules 11206, 11216; nodes 11210, 11212; and inverter 

11222. Inverter 11222 is tied to vo1tage supplies V+ 11232 and V_ 11234. UFT module 11206 

5 comprises n-channel FET 11204, and.UFT moduie 11216 comprises p-channel FET 11218. 

As stated, aliasing module 11200 operates two complementary FETs to extend· the 

dynamic range and reduce any distortion effects. This requires that two complementary aliasing 

signals 11224, 11226 be generated from aliasing signal 11220 to control the sampling by FETs 

11218, 11204, respectively. To do so, inverter 11222 receives and inverts a]iasing signal .11220 

10 to generate aliasing signaJ 11224 that controls p-chanilel FET 11218: Delay 11202 deJays aliasing 

signal 11220 to generate aliasing signal 11226, where the amount of time delay is approximately 

equivalent to that associated with inverter 11222. As such, aliasing signals 11224 and 11226 are 

approximateJy complementary in amplitude. 

Node 11210 receives EM signal 11208, and couples EM signals 11227, 11228 to the 

15 sources of n-channel FET 11204 and p-channel FET 11218, respectively, where EM signals 

11227, 11228 are substantially replicas of EM signal 1 1208. N-channel FET 11204 samples EM 

signal 11227 as controlled by aliasing signal 11226, and produces samples 11236 at the drain of 

FET 11204. Likewise, p-channel FET 11218 samples EM signal 11228 as controlled by aliasing ·· 

signal 11224, and produces samples 11238 atthe drain ofFET 11218. Node 11212 combines the 

20 resulting charge samples into charge samples 11240, which are stored by capacitor 11230. The 

charge stored by capacitor 11230 during ~uccessive samples forms down-converted signal 11214. 

Aliasing module 11200 offers improved dynamic range over aliasing module 11000 because n­

channel FET 11204 and p-channel PET 11214 are complementary devices. Therefore, if one 

device is cutoff because of a large input EM signal 11208, the other device will conduct and 

25 sample the input signal, as long as the input signal is between the power supply voltages V + 11232 

and V. 11234. This is often referred to as rail-to-rail operation as will be understood by those 

skilled in the arts. 

For example, FIG. 113A illustrates EM signal 11302 which is an example of EM signals 

11227, l 1228thatarecoupledtothesourcesofn-channelFET11204andp-channelFET11218, 

30 respectively. As shown, EM signal 11302 has a section 11304 with a relatively high amplitude 

including pulses 11303, 11305. FIG. 113B illustrates the aliasing signal 11306 as an example of 

aliasing signal 11226 that controls the gate of n-channel FET 11204. Likewise for the p-channel 
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FET, FIG. I 130 illustrates the aliasing signal 11314asanexampleof aliasing signal 11224 that 

controls the gate of p'."channelFET 11218. Aliasing signal 11314 is the amplitude complement of 

aliasing signal 11306. 

FIG. 113C illustrates Vos 11.308, which is the difference between the gate and source 

5 voltages on n-channel FET 11 io4 that are depicted in FI Gs. 113B and 113A, respectively. FIG. 

113C also illustrates the inherent threshold voltage VT 11309forFET11204, above which FET 

11204 conducts. Likewise for ~e p-~el FET, FIG. l l 3E illustrates Y os 11316, which is the 

difference between ~e gate and source voltages for p-channel FET 11218 that are depicted in 

FI Gs. 1130 and 113;\, respectively'. FIG. l 13E also illustrates the inherent threshold voltage VT 

10 11317 for fET 11218, below which FET 11218 co~ducts. 

As stated, n-channel ;n::T 11204 conducts when V 05 11308 exceeds VT 11309, and p­

channel FET.11218 co11ducts when.Yos 11316 drops below VT 11317. As illustrated by FIG. 

· l 13C~ n-Channel FET 11204 condµcts over the range ofEM signal 11302 depicted in FIG. I 13A, 

except for th~ EM signal pulse) 1305 that results in a co,rr_esponding Vos pulse 11310 (FIG. 

15 · 1130) that does not exceed VT J 13,09~ Hqwever, p:-channel FET 11218 does conduct because the 

same EM signal pulse 11305.caus~s.a Vas pulse.113.20 (FJ.G. l 13E) that drops wen below that 

ofVT 11317 for the p-channelFET .. There~ore, the sample.of the EM signal 11302 is.properly 

taken by p-channel FET 11218, and no distortion is introduced in qown-converted signal 11214. 

Similarly,EMsignalpulse 11303resultsinV05 pulse 11322 (FIG.113E)thatisinadequateforthe 

20 p-channel FET 11218 to fully conduct. However, n-channel FET 11204 does fully conduct 

because the same EM signal pulse 1130~ results in a V 05 11311 (FIG. 113C) that greatly exceeds 

VT 11309. 

As illustrated above, aliasing module 11200 offers an improvement in dynamic range over 

aliasing module 11000 because of the complimentary FET structure. Any input signal that is 

25 within the power supply voltages V+ 11232 and V. 11234·wm cause either FET 11204 or FET 

11218 to conduct, ~rcause bothFETstoconduct, as is demonstrated by FIGs. 113A-113E. This 

occurs because any input signal that produces a V 08 that cuts-off the n-channel FET 11204 will 

push the p-channel FET 11218 into. conduction. LikeWise, any input signal that cuts-off the p­

channe) FET 11218 will push then-channel FET 11204 into conduction, and therefore prevent 

30 any distortion of the down-converted output signal. 
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4.3.3 Biased Configurations 

FIG. 114 illustrates aliasing module 11400, which is an alternate embodiment of aliasing 

module 11200. Aliasing module 11400 includes positive voltage supply (V +) 11402, resistors 

11404, 11406, and the elements in aliasing module 11200. V ... 11402 and resistors 11404, 11406 

5 produce a positive DC voltage at node 11405. This allows node 11405 to drive a coupled circuit 

that requires a positive voltage supply, and enables unipolar supply operation of aliasing module 

11400. The positive supply voltage also has the effect of raising the DC level of the input EM 

signal 1.1208. As such, any input signal that is within the power supply voltages V + 11402 and 

ground will cause either FET 11204 or FET 11218 to conduct, or cause both FETs to conduct, 

10 as wil1 be understood by those skilled in the arts based on the discussion herein. 

FIG. 115 illustrates aliasing module 11500, which is an alternate biased configuration of . 

aliasing module 11200. Aliasing module 11500 includes positive voltage supply 11502, negative · 

voltage supply l 1508, resistors 11504, 1 I 506, and the elements in aliasing module 11200. The · 

use of both a positive and negative voltage supply allows for node 11505 to be biased anywhere 

15 between v ... 11502andV.I1508. This allows node 11505 to drive a coupled circuit that requires 

eithera positive or negative supply voltage. Furthermore, any input signal that is within the power 

supply voltages V+ 11502 and V_ 11508 will cause either FET 11204 or FET 11218 to conduct, 

or cause both FETs to conduct, as will be understood by those skilled in the arts based on the 

discussion herein. 

20 4.3.4 Simulation Examples 

As stated, an aliasing module with a complementary FET structure offers improved 

dynamic range when compared with a single (or unipolar) FET configuration. This is further 

illustrated by comparing the signal waveforms associated aliasing module 11602 (of FIG. 116) 

which has a complementary FET structure, with that of aliasing module 11702 (of FIG.117) 

25 which has a single (or unipolar) FET structure. 

Aliasing module 11602 (FIG. 116) down-converts EM signal 11608 using aliasing signal 

11612 to generate down-converted signal 11610. Aliasing module 11602 has a complementary 

FET structure and includes n-channel FET 11604, p-channel FET 11606, inverter 11614, and 

aliasing signal generator 11608. Aliasing module 1 I 602 is biased by s\ipply circuit 11616 as is 
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shown. Aliasing module 11702 (FIG. 117) down-converts EM signal 11704 us~ng aliasing signal 

11708 to generate down-converted signal 11706. Aliasing module 11702 is a single FET structure 

comprising n-channel FET 11712 and aliasing signal generator 11714, and is biased using voltage 

supply circuit 11710. 

s FIGs. 118-120 are signal wavefonns that correspond to aliasing module 11602, and 

FIGs. 121-123 are signal waveforms that correspond to aliasing module 11702. FIGs. 118, 121 

are down-converted signals 11610, 11706, re!>-pectively. FIGs. 119, 122 are the sampled EM 

signal 11608, 11704, respectively. FIGs. 120, 123 are the aliasing signals 11612, 11708, 

respectively. Aliasing signal 11612 is identical to aliasing signal 11708 in order that a proper 

. 10 comparison between modules 11602 and 11702 can be made. 

EM signals 11608, 11704 are relatively large input signals that approach the power supply 

voltages of:I: 1.65 volts, as is shoWni~ FIGs. 119, ~22,respectively. In FIG. 119,sections 11902 

and 11904 of signal 11608 depict energy transfer from EM signal 11608 to down-converted signfil 

116 lO during by aliasing module 116?2. More specifically ,_section 11902 depicts energy transfer 

15 · · :near the -l .65v supply, and section 11904 depicts energy transfer near the + 1.65v supply. The 
. . . . : . 

. 

. symmetrical quality of the energy trap.~fer near the vol~e supply rails indicates that at least one. 

·of complementary FETs 11604, 11606 are appropriately sampling the EM signal during each of 
·.. . :,· 

. ..· . 

the aliasing puls~ 11_612. This results in a down-converted signal 11610 that has minimal high 

frequency noise, and is centered between -1.0v and 1.0v (i.e. has negligible DC voltage 

20 component). 

Similarly in FIG. 122, sections 12202 and 12204 illustrate the energy transfer from EM 

signal 11704 to down-converted signal 11706 by aliasing module 11702 (single FET 

configuration). More specifically, section 12202 depicts energy transfer near the -1.65v supply, 

. and section 12204 depicts energy tr~sfer near the+ l .65v supply. By comparing sections 12202, 

25 12204 with sections 11902, 11904 of FIG. 119, it is clear that the energy transfer in sections 

12202, 11204 is not as symmetrical near the power supply rails as that of sections 11902, 11904. 

This is evidence that the EM signal 11704 is partially pinching off single FET 11712 over part of 

the signal 11704 trace. This results in a down-converted signal 11706 that has more high 

frequency noise when compared to down-converted signal 11610, and has a substantial negative 

30 DC voltage component, 

In summary, down-converted signal 11706 reflects distortion introduced by a relatively 

large EM signal that is pinching-off the single FET 11712 in aliasing module 11702. Down-
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converted signal 11610 that is.produced by aliasing module 11602 is relatively distortion free. 

This occurs because the complementary FET configuration in aliasing module 1 1602 is able to 

handle input signals with large amplitudes without introducing distortion in the down-converted 

signal 11610. Therefore, the complementary FET·configuration in the aliasing module 11602 

s offers improved dynamie range when compared with the single PET configuration of the aliasing 

module 11702. 

4.4 Optimized Switch Structures 

4.4.1 Splitter in CMOS 

FIG. 124A illustrates an embodiment of a splitter circuit 12400 implemented in CMOS. 

10 This embodiment is provided for illustrative purposes, and is not limiting. In an embodiment, 

splitter circuit 12400 is used to split a local oscillator (LO) signal into two oscillating signals that 

are approximately 90° out of phase. The first oscillating signal is called the I-channel oscillating 

signal. The second oscillating signal is called the Q-channel oscillating signal. The Q-channel 

oscillating signal lags the phase of the I-channel oscillating signal by approximately 90°. Splitter 

IS circuit 12400 includes a first I-channel inverter 12402, a second I-channel inverter 12404, a third 

I-channel inverter 12406, a first Q-channel inverter 12408, a second Q-channel inverter 12410, 

an I-channel flip-flop 12412, and a Q-channel flip-flop 12414. 

FIGS. 124F-J are example wavefonns used to illustrate signal relationships of splitter 

circuit 12400. The waveforms shown in FIGS. 124F-J reflect ideal delay times through splitter 

20 circuit 12400 components. LO signal 12416 is shown in FIG. 124F. First~ second, and third!­

channel inverters 12402, 12404, and 12406 invert LO signal 12416 three times, outputting 

inverted LO signal 12418, as shown in FIG. 124G. First and second Q-channel inverters 12408 

and 12410 invert LO signal 12416 twice, outputting non-inverted LO signal 12420~ as shown in 

FIG. 124H. The delay through first, second, and third I-channel inverters 12402, 12404, and 

2S 12406 is substantialJy equal to that through first and second Q-channel inverters 12408 and 

12410, so that inverted LO signal 12418 and non-inverted LO signal 12420 are approximately 

180 ° out of phase. The operating characteristics of the inverters may be tailored to achieve the 

proper deJay amounts, as would be understood by persons skilled in the relevant art(s). 
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I-channel flip-flop 12412 inputs inverted LO signal l24l8 .. Q-channel flip-flop 12414 

inputs non-inverted LO signal 12420. In the current embodiment, I-channel flip-flop 12412 and 

Q-channel flip-flop 12414 are edge-triggered flip-flops. When either flip-flop receives a rising 

edge on its input, the flip-flop output changes state. Hence, I-channel flip-flop 12412 and Q-

5 channel flip-flop 12414 each output signals that are approximately half of the input signal 

frequency. Additionally, as would be recognized by persons skilled in the relevant art(s), because 

the inputs to I-channel flip-flop 12412 and Q-channel flip-flop 12414 are approximately 180 ° out 

of phase, their resulting outputs are signals that are approximately 90 ° out of phase. I-channel 

flip-flop 12412 outputs I-channel oscillating signal 12422, as shown in FIG. 1241. Q-channf:l flip-

10 · flop 12414 outputs Q-channel oscillating signal 12424, as shown in FIG. 124J. Q-channel 

oscillating signal 12424 lags the phase ofl-channel oscillating signal 12422 by 90 °, also as shown 

in a.comparison of FIGS. 1241and1241. 

FIG. 124B illustrates a more detailed circuit embodiment of the splitter circuit 12400 of 

FIG. 124. The circuit bfocks ofFIG. l24B that are' similar to those of FIG. 124A are indicated 

· 15 by corresponding reference numbers. FIGS. 124C-D show example output waveforms relating 

20 

2S 

.·to the splitter circuit 12400 of FIG. 124B. FIG.124C shows I-channel oscillating signal 12422. 

FIG~ 124D shows Q;.channel oscillating signal 12424. A.sis indicated by a comparison ofFIGS .. 

124C and 1240, the waveform of Q-channel oscillating signal 12424 of FIG. 1240 lags the 

waveform ofl-channel oscillating signal 12422 of FIG. 124C by approximately 90°. 

It should be understood that the illustration of the splitter circuit 12400 in FIGS. 124A 

and 124B is for example purposes only. ~plitter circuit 12400 may be comprised of an assortment 

oflogic and semiconductor devices of a variety of types, as will be apparent to persons skilled in 

the relevant art(s) based on the discussion con1ained herein. 

4.4.2 IIQ Circuit 

FIG. l 24E illustrates an example embodiment of a complete I/Q circuit 12426 in CMOS. 

I/Q circuit 12426 includes a splitter circuit 12400 as described in detail above. FUrther description 

regarding l/Q circuit implementations are provided herein, including the applications referenced 

above. · 
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4.5 Example 1 and Q Implementations 

4.5.1 . Switches of Different Sizes . 

In an embodiment, the switch modules discussed herein can be implemented as a series of 

switches operating in parallel as a single switch. The series of switches can be transistors, such 

5 as, for example, field effect transistors (FE1), bi-polar transistors, or any other suitable circuit 

switching devices. The series of switches can be comprised of one type of switching device, or 

a combination of different switching devices. 

For example, FIG. 125 illustrates a switch module 12500. In FIG. 125, the switch module 

is illustrated as a series of FETs 12502a-n. The FETs 12502a-n can be any type of FET, 

IO including, but not limited to, a MOSFET, a JFET, a GaAsFET, etc. Each ofFETs 12502a-n 

includes a gate 12504a-n, a source l 2506a-n, and a drain 12508a-n, similarly to that ofFET 280i 

of FIG. 28A. The series ofFETs 12502a-n operate in parallel. Gates 12504a-n are coupled 

together, sources 12506a-n are coupled together, and drains l 2508a-n are coupled together. Each 

of gates 12504a-n receives the control signal 1604, 8210 to control the switching action between 

· 15 corresponding sources t2506a-n and drains 12508a-n. Generally, the corresponding sources 

12506a-n and drains 12508a-n of each of FETs 12502a-n are interchangeable. There is no 

numerical limit to the number of FETs. Any limitation would depend on the particular 

application, and the "a-n" designation is not meant to suggest a limit in any way. 

In an embodiment, FETs 12502a-n have similar characteristics. In another embodiment, 

20 one or more ofFETs 12502a-n have different characteristics than the other FETs. For example, 

FETs 12502a-n may be of different sizes. In CMOS, generally, the larger size a switch is 

(meaning the larger the area under the gate between the source and drain regions), the longer it 

takes for the switch to turn on. The longer turn on time is due in part to a higher gate to channel 

capacitance that exists in larger switches. Smaller CMOS switches tum on in less time, but have 

25 a higher channel resistance. Larger CMOS switches have lower channel resistance relative to 

smaller CMOS switches. Different turn on characteristics for different size switches provides 

flexibility in designing an overall switch module structure. By combining smaller switches with 

larger switches, the channel conductance of the overall switch structure can be tailored to satisfy 

given requirements. 
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In an embodiment, FETs 12502a-n are CMOS switches of different relative sizes. For 

example, FET 12502a may be a switch with a smaller size relative to FETs 12502b-n. FET 

12502b may be a switch with a larger size relative to FET l 2502a, but smaller size relative to 

FETs 12502c-n. The sizes of FETs 12502c-n also may be varied relative to each other. For 

5 instance, progressively larger switch sizes may be used. By varying the sizes ofFETs 12502a-n 

relative to each other, the tum on characteristic curve of the switch module can be 

correspondingly varied. For instance, the turn on characteristic of the switch module can be 

10 

. . . 

tailored such that it more closely approaches that of an ideal switch. Alternately, the switch 

module could be tailored to produce a shaped conductive curve. 

By configuring FETs 12502a-n such that one or more of th~m are of a relatively smaller 

size, their faster tum on characteristic can improve the overall switch module turn on 

characteristic curve. Because smaller switches have a lower gate to channel capacitance, they can 

turn on more rapidly than larger switches. 

By configuring FETs 12502a-n such that one or more oftheni are of a relatively larger 

15 size, their lower channel resistance also can !~prove the overall swhch module· tum . on 

characteristics. Because larger switches h8ve a lower charuicl resistance, they can provide the 

·overall switch ~ucture with a lower channel r~sistance, even wheri combined with smaller 

·switches. This improves the overalJ switch struCture's ability to drive a wider range ofloads. 

Accordingly, the ability to tailor switch sizes relative to each other in the overall switch structure 

20 allows for overall switch structure operation to more nearly approach ideal, or to achieve 

application specific requirements, or to balance trade-offs to achieve specific goals, as will be 

understood by persons skilled in the relevant arts(s) from the teachings herein. 

It should be understood that the illustration of the switch module as a series of FETs 

12502a-n in FIG. 125 is for example purposes only. Any device having switching capabilities 

25 could be used to implement the switch module (e.g., switch modules 2802, 2702, 2404 and 2406), 

as will be apparent to persons skilled in the relevant art(s) based on the discussion contained 

herein. 

4.5.2 Reducing Overall Switch Area 

Circuit performance also can be improved by reducing overall switch area. As discussed 

30 above, smaller switches (i.e., smaller area under the gate between the source and drain regions) 
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have a lower gate to channel capacitance relative to larger switches. The lower gate to channel 

capacitance allows for lower circuit sensitivity to noise spikes. FIG. 126A ·illustrates an 

embodiment of a switch module, with a large overall switch area. The switch module of FIG. 

126A includes twenty FETs 12602~12640: As shown, FETs 12602-12640 are the same size 

5 ("Wd" and "Ing" parameters are equal). Input source 12646 produces the input EM signal. Pulse 

generator 12648 produces the energy transfer signal for FETs 12602-12640. Capacitor CI is the 

storage element for the input signal being sampled by FETs 12602-12640; FIGS.126B-126Q 

illustrate example waveforms related to the switch module of FIG. 126A. FIG.1268 shows a 

received 1.01 GHz EM signal to be sampled and downconverted to a 10 MHZ intennediate 

IO frequency signal. FIG. 126C shows an energy transfer signal having an aliasing rate of200 MHZ, 

which is applied to the gate of each of the twenty FETs 12602-12640. The energy transfer signal 

includes a train of energy transfer pulses having non-negligible apertures that tend away from zero 

time in duration. The energy transfer pulses repeat at the aliasing rate. FIG. 126D illustrates the 

affected received EM signal, showing effects of transferring energy at the aliasing rate, at point 

15 12642 of FIG. 126A. FIG. 126E illustrates a down-converted signal at point 12644 of FIG. 

126A, which is generated by the down-conversion process. 

FIG. 126F illustrates the frequency spectrum of the received 1.01 GHz EM signal. FIG. 

1260 illustrates the frequency spectrum of the received energy transfer signal. FIG. 126H 

illustrates the frequency spectrum of the affected received EM signal at point 12642 of FIG. 

20 126A. FIG. 1261 illustrates the frequency spectrum of the down-converted signal at point 12644 

ofFIG. 126A. 

FIGS. l 26J-126M respectively further illustrate the frequency spectrums of the received 

1.01-GHz EM signal, the received energy transfer signal, the affected received EM signal at point 

12642 of FIG. 126A, and the down-converted signal at point 12644 of FIG~ 126A, focusing on 

25 a narrower frequency range centered on 1.00 GHz. As shown in FIG. I 26L, a noise spike exists 

at approximately 1.0 GHz on the affected received EM signal at point 12642 of FIG. 126A. This 

noise spike may be radiated by the circuit, causing interference at 1.0 GHz to nearby receivers. 

FIGS. 126N-126Q respectively illustrate the frequency spectrums of the received 1.01 

GHz EM signal, the received energy transfer signal, the affected received EM signal at point 

30 12642 of FIG. 126A, and the down-converted signal at point 12644 of FIG. 126A, focusing on 
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a narrow frequency range centered near 10.0 MHZ. In particular, FIG. 126Q shows that an 

approximately 5 m V signal was downconverted at approximately J 0 MHZ .. 

FIG 127 A illustrates an alternative embo(fiment of the f;witch module, this time with 

fourteen FETs 12702-12728 shpwn, rather than twenty FETs 12602-12640 as shown in FIG. 

s 126A. Additionally. the FETs are of various sizes (some "W d" and "lng" parameters are different 

between FETs}. 

FIGS. 127B-127Q, which are example waveforms related to the switch module of FIG. 

127 A, correspond to the similarly designated figures of FIGS. l26B-126Q. As FIG. 127L shows, 

a lower level noise spike exists at 1.0 GHz than at the same frequency of FIG. 126L. This 

10 correlates to lower levels of circuit radiation. Additionally, as FIG. 127Q shows, the lower level 

noise spike atJ .0 GHz was achieved with no loss in conversion efficiency. Thi~ is represented 

. inFIG.127Q by the approximately 5 mV signal downconverted at approximately 10 MHZ. This 

.. voltag~ is substantially equal to the level downconverted by ,91e circuit of FIG. 126A. In effect, 

by. de~reasing the. number of switches, which decreases overall. switch area, and. by reducing 

15 . switch. area on a switch-by-switch basis, circuit parasitic capacitance can be reduced, as would 

be und.erstood by persons skilled in the relevant art(s) from the teachings herein. In particular this 

may reduce overall gate.to channel capacitance, leading to lower amplitude noise spikes and 

reduced unwanted circuitradiation. 

It should be understood that the illustration of the switches above as FETs in FIGSs. 

20 126A-126Q and l27A-127Q is for example purposes only. Any device having switching 

capabilities could be used to implement ~e switch module, as will be apparent to persons skilled 

in the relevant art(s) based on the discussion contained here~:q. 

4.5.3 Charge Injection Cancellation . 

In embodiments wherein the switch modules discussed herein are comprised of a series 

25 of switches in paralJel, in some instances it may be desirable to minimize the effects of charge 

injection. Minimizing charge injection is generally desirable in order to reduce the unwanted 

circuit radiation resulting therefrom. In an embodiment, unwanted charge injection effects can 

be reduced through the use of complementary n-channel MOSFETs and p-channel MOSFETs. 

N-channel MOSFETs and p-channel MOSFETs both suffer from charge injection. However, 

30 because signals of opposite polarity are applied to their respective gates to tum the switches on 
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and off; the resulting charge injection is of opposite polarity. Resultingly, n-channel MOSFETs 

and p-channel MOSFETs may be paired to cancel their corresponding charge injection. Hence, 

in an embodiment, the switch module may be comprised of n-channel MOSFETs and p-channel 

MOSFETS, wherein the members of each are sized to minimize the undesired effects of charge 

5 injection. 

FIG 129A illustrates an alternative embodiment of the switch module, this time with 

fourteen n-channel FETs 12902-12928 and twelve p-channel FETs 12930-12952 shown, rather 

than twenty FETs 12602-12640 as shown in FIG. 126A. Then-channel and p-channel FETs are 

arranged in a complementary configuration. Additionally, the FETs are of various sizes (some 

10 "Wd" arid "Ing" parameters are different between FETs). 

FIGS. 129B-129Q, which are example waveforms related to the switch module ofFIG. 

129A, correspond to the similarly designated figures ofFIGS. 126B-126Q. As FIG. 129L shows, 

a lower level noise spike exists at 1.0 GHz than at the same frequency of FIG. 126L. This 

correlates to lower levels of circuit radiation. Additionally, as FIG. 129Q shows, the lower level 

15 noise spike at 1.0 GHz was achieved with no loss in conversion efficiency. This is represented . 

in FIG. 129Q by the approximately 5 m V signal downconverted at approximately I 0 MHZ~ This 

voltage is substantially equal to the level downconverted by the circuit of FIG. 126A. In effect, 

by arranging the switches in a compleinentary configuration, which assists in reducing charge 

injection, and by tailoring switch area on a switch-by-switch basis, the effects of charge injection 

20 can be reduced, as would be understood by persons skilled in the relevant art(s) from the 

teachings herein. In particular this leads_ to lower amplitude noise spikes and reduced unwanted 

circuit radiation. 

It should be understood that the use of FETs in FIGSs. 129A-129Q in the above 

description is for example purposes only. From the teachings herein, it would be apparent to 

25 persons of skill in the relevant art( s) to manage charge injection in various transistortechnoJogies 

using transistor pairs. 

4.5.4 Overlapped Capacitance 

The processes involved in fabricating semiconductor circuits, such as MOSFETs, have 

limitations. In some instances. these process limitations may lead to circuits that do not function 

30 as ideally as desired. For instance, a non-ideally fabricated MOSFET may suffer from parasitic 
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capacitances, which in some cases.may cause the surrounding. circuit, to radiate noise .. By 

fabricating circuits with structllre layouts as close to ideal as possible, problems of non-ideal 

circuit operation can be minimized. 

FIG. 128A illustrates a cross:-section of an example n-channel enhancement-mode 

5 MOSFET 12800, with ideally shaped n+ regions. MOSFET 12800 includes a gate 12802, a 

channel region 12804, a source contact 12806, a source region 12808, a drain contact 12810, a 

drain region 12812, and an insulator 12814. Source region 12808 and drain region 12812 are . 

separated by p-type material of channel region 12804. Source region 12808 and drain region 

12812 are shown to be n+ material. Then+ material is typically implanted in the p-type material 

10 ~fchannel region 12804 by an ion implantation/diffusion process. Ion implantation/diffusion 

processes are well known by persons skilled in the relevant art(s ) .. Insulator 12814 insulates gate 

. 12802 which bridges over the p-type material. Insulator 12814 generally comprises a metal-oxide 

. insulator. The chann~l current between source region 12808 and drain region 12812 for 

MOSFET 12800 is controlled by a voltage at gate 12802. 

15 .. Operation ofMOSFET 12800 shall now be described. When a positive voltage is applied 
. ' . 

to gate 12802, electrons in the p-type material of channel regiQn 12804 are attracted to the 
. . - . . . . . 

surface below insulator 12814,· forming a connecting near-surface region of n-type material 

between. the source and the drain, called a channel. The larger or more positive the voltage 

between the gate contact 1280() and source region 12808, the lower the resistance across the 

20 region between. 

In FIG. J28A, source region 12~08 and drain region 12812 are illustrated as having n+ 

regions that were formed into idealized rectangular regions by the ion implantation process. FIG. 

128B illustrates a cross-section of an example n-channel enhancement-mode MOSFET 12816 

with non-ideally shaped n+ regions. Source region 12820 and drain region 12822 are illustrated 

25 as being formed into irregularly shaped regions by the ion. implantation process. Due to 

uncertainties in the ion implantation/diffusion process, in practical applications, source region 

12820 and drain region 12822 do not form rectangular regions as shown in FIG. 128A. FIG. 

128B shows source region 12820 and drain region 12822 forming exemplary irregular regions. 

Due to these process uncertainties, then+ regions of source region 12820 and drain region 12822 

30 also may diffuse further than desired into the p-type region of channel region 12818, extending 

underneath gate 12802 · The extension of the source region 12820 and drain region 12822 

underneath gate 12802 is shown as source overlap 12824 and drain overlap 12826. Source 
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overlap 12824 and drain overlap 12826 are further illustrated in FIG. 128C. FIG.: 128C 

illustrates a top-level view of an example layout configuration for MOSFET 12816. Source 

overlap 12824 and drain overlap 12826 may lead to unwanted parasitic capacitances betweeri 

source region 12820 and gate 12802, and between drain region 12822 and gate 12802~ These 

5 unwanted parasitic capacitances may interfere with circuit function. For instance, the resulting 

parasitic capacitances may produce noise spikes that are radiated by the circuit, causing unwanted 

electromagnetic interference. 

As shown in FIG. 128C, an example MOSFET 12816 may include a gate pad 12828. 

Gate 12802 may include a gate extension 12830, and a gate pad extension 12832. Gate extension 
10 12830 is an unused portion of gate 12802 required due to metal implantation proceS5tolerance 

limitations. Gate pad extension 12832 is a portion of gate 12802 used to couple gate 12802 to 

gate pad 12828. The contact required for gate pad 12828 requires gate pad extension 12832 to 

be of non-zero length to separate the resulting contact from the area between source region 12820 

and drain region 12822. This prevents gate 12802 from shorting to the channel between source 

15 region 12820 and drain region 12822(insulator12814 of FIG. 1288 is very thin in this region). 

Unwanted parasitic capacitances may fonn between gate extension 12830 and the substrate (FET 

12816 is fabricated on a substrate), and between gate pad extension 12832 and the substrate. By 

reducing the respective areas of gate extension 12830 and gate pad extension 12832, the parasitic 

capacitances resulting therefrom can be reduced~ Accordingly, embodiments address'the issues . 
20 · of uncertainty in the ion implantation/diffusion process. it will be obvious to persons skilled in 

the relevant art(s) how to decrease the !ll'eas of gate extension 12830 and gate pad extension 

12832 in order to reduce the resulting parasitic capacitances. 

It should be understood that the illustration of then-channel enhancement-mode MOSFET 

is for example purposes only. The present invention is applicable to depletion mode MOSFETs, 
25 and other transistor types, as will be apparent to persons skilled in the relevant art( s) based on the 

discussion contained herein. 

4.6 Other Implementations 

The implementations described above are provided for purposes of illustration. These 

implementations are not intended to limit the invention. Alternate implementations, differing 
30 slightly or substantially from those described herein, will be apparent to persons skilled in the 
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relevant art(s) based on the teac~gs contained herein Such alternate implementations fall within 

the scope and spirit ofthe present invention. 

5. Optional Optimizations of Energy Transfer at a11 Aliasing Rate 

The methods and systems described in sections above can be optimized With one or more 

5 of the optimi~tion methods or systems described.below. 

5.1 Doubling the Alias_ing Rate (FA,,) of the Energy Transfer Signal 

In an embodiment, the optionai energy transfer signal module 6902 in FIG .. 69 includes 

a pulse generatOr module that generates aliasing pulses at twice the frequency of the oscillating 

source. The input signal 6828 may be any suitable oscillating source.· 

10 .. ·. FIG. 'it iJlustrates a circuit 7102 that generates a doubler output signal 7104 (FIG. 728) 

that may be used as an energy trarisfer' signal 6306 .. The circuit 7102 generates pulses. on both 

rising and falling edges of the input oscillating signa17106 of FIG. 72A. The circuit 71 o:i can be 

implemented as a pulse generator an.cl aiiasingrate (F ~iJ doubler. The <loubter output signal 1104 

can be used as the energy transfer signal 6306. 

15 .. In the exainple 'of Flo'. 71, the aliasing rate is twice the frequency ofthe input oscillating 

signal F osc: 7106, as shown by EQ. (9) below. 

EQ. (9) 

The aperture width of the aliasing pulses is determined by the delay through a first in verier 

7108 of FIG. 71. A~ the delay is increased, the aperture is increased. A second inverter 7112 is 

20 shown to maintain polarity consistency with examples described elsewhere. In an alternate 

embodiment inverter 7112 is omitted. Preferably, the pulses have non-negligible aperture widths 

that tend away from zero time. The doubler output signal 7104 may be further conditioned as 

appropriate to drive the switch module with non-negligible aperture pulses. The circuit 7102 may 

be implemented with integrated circuitry, discretely, with equivalent logic circuitry, or with any 

25 valid fabrication technology. 
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5.2 Differential Implementations 

The invention can be implemented in a variety of differential configurations. Differential 

configurations are useful for reducing common mode noise. This can be very useful in receiver 

systems where common mode interference can be caused by intentional or unintentional radiators 

5 such as cellular phones, CB radios, electrical appliances etc .. Differential configurations are also 

useful in reducing any common mode noise due to charge iajection of the switch in the switch 

module or due to the design and layout of the system in which the inve_ntion is used. Any spurious 

signal that is induced in equal magnitude and equal phase in both input leads of the invention will 

be substantially reduced or eliminated. Some differential configurations, including some of the 

10 configurations below, are also useful for increasing the voltage and/or for increasing the power 

of the down-converted signal 13088. 

Differential systems are most effective when used with a differential front end (inputs) and 

a differential back end (outputs). They can also be utilized in the following configurations, for 

example: 

15 a) A single-input front end and a differential back end; and 

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

Examples of these system are provided below, with a first example illustrating a specific method 

by which energy is transferred from the input to the output differentially .. 

While an example of a differential energy transfer module is shown below, the example 

20 is shown for the purpose of illustration, not limitation. Alternate embodiments (including 

equivalents, extensions, variations, deviations etc.) of the embodiment described herein will be 

apparent to those skilled in the relevant art based on the teachings contained herein. The invention 

is intended and adapted to include such alternate embodiments. 

25 

5.2.1 An Example Illustrating Energy Transfer Differentially 

F~G. 76A illustrates a differential system 7602 tliat can be included in the energy transfer 

module 6304. The differential system 7602 includes an inverted gated transfer design similar to 

that described with reference to FIG. 74. The differential system 7602 includes inputs 7604 and 

7606 and outputs 7608 and 7610. The differential system 7602 includes a first inverted gated 

transfer module 7612, which includes a storage module 7614 and a switch module 7616. The 
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djfferential system 7602 also includes a second inverted gated µansfer, module 7618, which 

includes a storage module 7620 and a switch module 7616, which it shares in common with 

inverted gated transfor module 7612. 

One or both ~f the inputs 7604 and 7606 are coupled to an EM signal source. For 

5 example, the inputs can be coupled to an EM sigrial source, wherein the input voltages at the 

inputs 7604 and 7606 are substantially equal in amplitude but 180 degrees out of phase with one 

another. Alternatively, where dual inputs are unavailable, one of the inputs 7604 and 7606 can 

be coupled to ground. 

In operation, when the switch module 7616 is closed, the storage modules 7614 and 7620 

10 are in series and, provided they have similar capacitive values, accumulate charge of equal 

magnitude but opposite polarities. When the switch module 7616 is open, the voltage at the 

output 7608is relative to the input 7604, and the voltage at the output 7610 is relative to the 

voltage at the input 7606. 

· Portions of the· signals at the outputs 7608 and 7610 include signals resulting from energy 

15: stored in the storage modules 7614 and 7620, respectively, when the switch module 7616 was 

closed. The portions of the signals aqhe outputs 7608 and 7610 resulting from the stored charge 

. are generally equal in amplitude.to one another but -180 degrees out of phase. 

: Portions of the signals at.the outputs 7608 and 7610 also include ripple voltage or noise 

resulting from the switching action of the switch module 7616. But because the switch module 

20 is positioned between the two outputs 7608 and 7610, the noise introduced by the switch module 

appears at the outputs as substantially eq~al and in-phase with one another. As a result, the ripple 

voltage can be substantially canceled out by inverting the signal at one of the outputs 7608 or 

7610 and adding it to the other remaining output. Additionally, any noise that is impressed with 

equal amplitude and equal phase onto the input terminals 7604 and 7606 by any other noise 

25 sources will tend to be canceled in the same way. 

5.2.J.J Differential Input-to-Differential Output 

FlG. 76B illustrates the differential system 7602 wherein the inputs 7604 and 7606 are 

coupled to equal and opposite EM signal sources~ illustrated here as dipole antennas 7624 and 

7626. In this embodiment, when one of the outputs 7608 or 7610 is inverted and added to the 
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Qther output, the common mode noise due to the switching module 7616 and other common 

mode noise present at the input terminals 7604 and 7606 tend to substantially cancel out. 

5.2.J.2 Single Input-to-Differential Output 

FIG. 76C illustrates the differential system 7602 wherein the input 7604 is coupled to an 

5 EM signal source such as a monopole antenna 7628 and the input 7606 is coupled to ground. In 

this configuration, the voltages at the outputs 7608 and 7610 are approximately one half the value 

of the voltages at the outputs in the implementation illustrated in FIG. 76B, given _all other 

parameters are equal. 

FIG. 76EiUustrates an example single input to differential output receiver/down-converter 

10 system 7636. The system 7636 includes the differential system 7602 wherein the input 7606 is 

coupled to ground as in FIG. 76C. The input 7604 is coupled to an EM signal source 76~8 

through an optional input impedance match 7642. The EM signal source impedance can be 

matched with an impedance match system 7642 as described in section 5 below. · 

The outputs 7608 and 7610 are coupled to a differential circuit 7644 such as a filter, which 

15 preferably inverts one of the outputs 7608 or 7610 and adds it to the other output 7608 or 7610. 

20 

25 

This substantially .cancels common mode noise generated by the switch module 7616. The 

differential circuit 7644 preferably fl.hers the higher frequency components of the EM signal 1304 

that pass through the storage modules 7614 and 7620. The resultant :filtered signal is output as 

the down-converted signal 1308B. 

5.2.J.3 Differential Input-to-Single Output 

FIG. 760 illustrates the differential input to single output system 7629 wherein the inputs 

7604 and 7606 ofthe differential system 7602 are coupled to equal and opposite EM signal dipole 

antennas 7630 and 7632. In system 7629, the common mode noise voltages are not canceled as 

in systems shown above. The output is coupled from terminal 7608 to a load 7648. 

5.2.2 Specific Alternative Embodiments 

In specific alternative embodiments, the present invention is implemented using a plurality 

of gated transfer modules controlled by a common energy transfer signal with a storage module 
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coupled between the outputs of the plurality of gated transfer modules.· For example, FIG. 99 

illustrates a differential system 9902 that includes 1first and second gated transfer modules 9904 

and 9906, and a storage module 9908 coupled between. Operation of the differential system 9902 

will be apparent to one skilled in the relevant art(s}, based·oIJ, the description herein. 

As with the first implementation described above in section 5 .5.1 and its sub-sections, the 

gated transfer differential system 9902 can be implemented with a single input, differential inputs, 

a single output, differential outputs, and combinations thereof. For example, FIG. I 00 illustrates 

an example single· input-to-differential output system 10002. 

· Where common-mode rejectiott is desired to protect the input from various common-

10 mode effects, and where common mode rejection to protect the output is not necessary, a 

diffetential input-to-single outputimplementation can be utilized. FIG. I 02 illustrates an example 

differential-to-single ended system 10202, where a balance/unbalance (balun) circuit I 0204 is 

utilized to generate the differential input. Other input configUrations are eonteII1plated. A irrst 

. output I 0206 is coupled to a load .10208. A second output 1021 O' is coupled to· ground point 

15 . 10212 .. 

Typically, in a balanced-t~unbalanced system,: where a single output is taken from a 

· differential system withoutthe use ofa balun, (i.e., where one of the output signals is groitnded}~ 

. a loss of about 6 db is obserV'ed. In the configuration ofFIG. 102, however. the ground point 

I 0212 simply serves as a DC voltage reference for the circuit. The system 10202 transfers charge 

20 . · :from the input· in the same manner as if it were full differential, With its conversion efficiency· 

generally affected only by the parasitics 9fthe circuit components used, such as the Rds(on) on 

FET switches if used in the switch module. In other words. the charge transfer still continues in 

the same manner of a single ended implementation, providing the necessary single-ended ground 

to the input circuitry when the aperture is active, yet configured to allow the input to be 

25 differential for specific common-mode rejection capability and/or interface between a differential 

input and a single ended output system. 

5.2.3 Specific Examples of Optimizations and Configurations for Inverted 

and Non-Inverted Differential Designs 

Gated transfer systems and inverted gated transfer systems can be implemented with any 

30 of the various optimizations and configurations disclosed through the specification, such as. for 
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example, impedance matching, tanks and resonant structures, bypass networks, etc. For example, 

the differential system 10002 in FIG. 100 , which utilizes gated transfer modules with an input· 

impedance matching system I 0004 and a tank circuit 10006, which share a common capacitor. 

Similarly. differential system 10102 in FIG. 101 , utilizes an inverted gated transfer module with 

5 an input impedance matching system 10104 and a tank circuit 10106,which share a common 

capacitor. 

5.3 Smoothing the Down-Converted Signal 

The down-converted signal 1308B may be smoothed by filtering as desired. The 

differential circuit 7644 implemented. as a filter in FIG 76E illustrates but one example. This may 

10 be accomplished in any of the described embodiments by hardware, :ijnnware and software 

implementation as is well known by those skilled in the arts. 

5.4 Impedance Matching 

The energy transfer module has input and output impedances generally defined by (1) the 

duty cycle of the switch module, and (2) the impedance of the storage module, at the frequencies 

15 of interest (e.g. at the EM input, and intermediate/baseband frequencies). 

Starting with an aperture width of approximately Yz the period of the EM signal being 

down-converted as a preferred embodiment, this aperture width (e.g. the "closed time") can be 

decreased. As the aperture width is decreased, the characteristic impedance at the input and the 

output ·of the energy transfer module increases. Alternatively, as the aperture width increases 

20 from Yz the period of the EM signal being down-converted, the impedance of the energy transfer 

module decreases. 

One of the steps in detem:iining the characteristic input impedance of the energy transfer 

module could be to measure its value. In an embodiment, the energy transfer. module's 

characteristic input impedance is 300 ohms. Ah impedance matching circuit can be utilized to 

25 efficiently couple an input EM signal that has a source impedance of, for example, 50 ohms. with 

the energy transfer module's impedance of, for example. 300 ohms. Matching these impedances 

can be accomplished in various manners, including providing the necessary impedance directly or 

the use of an impedance match circuit as described below. 
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Referring to FIG. 70; a specific embodiment using an RF signal as an iD:put, assuming that 

the impedance 7012 is a relatively low impedance of approximately 50 Ohms, for example, and 

the input impedance 7016 is approximately 300 Ohms, an initial configuration for the input 

impedance match module 7006 can include an inductor 7306 and a capacitor 7308, configured 

5 as shown in FIG. 73. The configuration of the inductor 7306 and the capacitor 7308 is a possible 

configuration when going from a low impedance to a high impedance. Inductor 7306 and the 

capacitor 7308 constitute an L match, the calculation of the values which is weli known to those 

skilled in the relevant arts. 

The output characteristic impedance can be impedance matched to take into consideration 

10 · the desired output ·frequencies. One· of the steps in determining the characteristic output 

nnpedance of the energy transfer module could be to measure its value .. Balancing the very low 

impedance of the storage module at the input EM frequency, the storage module sh~uld have an 

impedance at the desired output frequencies that is preferably greater than or equal to the load 

that is intended to be driven (for example~ in an embodiment, ·storage module impedance at a 

15 desired lMHz output frequency is 2K ohm and the desired load to be driven is 50 ohms). An 

additional benefit of impedance matching is ·that filtering of unwanted signals can also be 

accomplished with the same components. · 

. In a.it embodiment, th~ energy transfer module's characteristic output impedance is 2K 

ohms. An impedance matching circuit can be utilized to efficiently couple the down-converted 

20 signal with an output impedance of, for example, 2K ohms, to a load of, for example, 50 ohms. 

Matching these impedances can be accc;>mplished in various manners, including providing the 

necessary load impedance directly or the use of an impedance match circuit as described below. 

When matching from a high impedance to a low impedance, a capacitor 7314 and an 

inductor 7316 can be configured as shown in FIG. 73. The capacitor 7314 and the inductor 7316 

25 constitute an L match, the calculation of the component values being well known to those skilled 

in the relevant arts. 

The configuration of the input impedance match module 7006 and the output impedance 

match module 7008 are considered to be initial starting points for impedance matching, in 

accordance with the present invention. In some situations, the initial designs may be suitable 

30 without further optimization. In other situations, the initial designs can be optimized in 

accordance with other various design criteria and considerations. 



5 

W000/24117 PCT/US99/24299 

-179-

As other optional optimizing structures and/or components are utilized,their affect on the 

characteristic impedance of the energy transfer module should be taken into account in the match 

along with their own original criteria. 

5.5 Tanks and Resonant Structures 

Resonant tank and other resonant structures can be used to further optimize the energy 

transfer characteristics of the invention. For example, resonant structures, resonant about the 

input frequency, can be used to. store energy from the input signal when the switch is. open, a 

period during which one may conclude that the architecture would otherwise be limited in its 

maximum possible efficiency. Resonant tank and other resonant structures can include, but.are 

10 not limited to, surface acoustic wave (SAW) filters, dielectric resonators, diplexers, capacitors, 

inductors, etc. 

An example embodiment is shown in FIG. 94A. Two additional embodiments are shown 

in FIG. 88 and FIG. 97. Alternate implementations will be apparent to persons skilled in the 

relevant art(s) based on the teachings contained herein. Alternate implementations fa}) within the 

15 scope and spirit of the present invention. These implementations take advantage of properties of 

series and parallel (tank) resonant circuits. 

20 

FIG. 94A illustrates parallel tank circuits in a differential implementation. A firstparallel 

resonant or tank circuit consists ofa capacitor 9438 and an inductor 9420 (tank.I). A second tank 

circuit consists of a capacitor 9434 and an inductor 9436 (tank2). 

As is apparent to one skilled in the relevant art(s), parallel tank circuits provide: 

low impedance to frequencies below resonance; 

low impedance to frequencies above resonance; and 

high impedance to frequencies at and near resonance. 

In the illustrated example of FIG. 94A, the first and second tank circuits resonate at 

25 approximately 920Mhz. At and near resonance, the impedance of these circuits is relatively high. 

Therefore, in the circuit configuration shown in FIG 94A, both tank circuits appear as relatively 

high impedance to the input frequency of 950Mhz, while simultaneously appearing as relatively 

low impedance to frequencies in the desired output range of 50Mhz. 

An energy transfer signal 9442 controls a switch 9414. When the energy transfer signal 

30 9442 controls the switch 9414 to open and close, high frequency signal components are not 
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allowed to pass through tank.I or tank2. However, the lower signal ~mpone~ts (50Mhz in this 

embodiment) generated by the system are allowed to pass through tank.I and tank.2 with little 

attenuation. The effect of tankl and tank2 is to further separate the µiput and output signals from 

the same node thereby producing a more stable input and output impedance. Capacitors 9418 and 

s 9440 act to store the 50Mhz output signal energy between energy transfer pulses. 

Further energy transfer optimization is provided by placing an inductor 9410 in series with 

a storage capacitor 9412 as shown. In the illustrated example, the series resonant frequency of 

this circuit arrangement is approximately 1 GHz. This circuit increases the energy transfer 

characteristic of the system. The ratio of the impedance of inductor 9410 and the impedance of 

10 the storage capacitor 9412 is preferably kept relatively small so that the majority of the energy 

available will be transferred to storage capacitor 9412 during operation. Exemplary output signals 

A and Bare illustrated in FIGs. 948 and 94C, respectively. 

In FIG. 94A, circuit components 9404 and 9406 form an input impedance match. Circuit 

components 9432 ~d 9430 f~rm an output impedance match Into a so ohm resistor 9428. Circuit 

15 components 9422 and 9424fonn a second o~tput impedance match into a 50 ohm resistor 9426. 

Capacitors 9408. and 9412 a~t a5 storage capacitor$ for the embodiment. Voltage source 9446 

and resistor 9402 generate a 950Mhz signal with a 50ohm output impedance, which are used as 

the input~ the circuit. Circuit element 9416 includes a 150Mbz oscillator and a pulse generator, 

which are used to generate the energy transfer signal 9442. 

20 FIG. 88 illuSt:rates a shunt tank circuit 8810 in a single-ended to-single-ended system 8812. 

Similarly, FIG. 97 illustrates a shunt~ circuit 9710 in a system 9712. The tank circuits 8810 

and 9710 lower driving source impedance, which improves transient response. The tank circuits 

8810 and 9710 are able store the energy from the input signal and provide a low driving source 

impedance to transfer that energy throughout the aperture of the closed switch. The transient 

25 nature of the switch aperture can be viewed as having a response that, in addition to including the 

input frequency, has large component frequencies above. the input frequency, ·(i.e. higher 

frequencies than the input frequency are also able to effectively pass through the aperture). 

Resonant circuits or structures, for example resonant tanks 8810 or 9710, can take advantage of 

this by being able to transfer energy throughout the switch's transient frequency response (i.e. the 

30 capacitor in the resonant tank appears as a low driving source impedance during the transient 

period of the apertlire). 
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The exampletimk and resonant structures described above are for illustrative purposes and 

are not limiting. Alternate configurations can be utilized. The various resonant tanks and 

structures discussed can be combined or utilized independently as is now apparent. 

5.6 Charge and Power Transfer Concepts 

Concepts of charge transfer are now described with reference to FIGS. 109A-F. FIG. 

109A illustrates a circuit I 0902, including a switch Sand a capacitor 10906 having a capacitance 

C. The switch S is controlled by a control signal l 0908, which includes pulses 10910 having 

apertures T. 

In FIG. 109B, Equation 10 illustrates that the charge q on a capacitor having a capacitance 

10 C, such as the capacitor 10906, is proportional to the voltage V across the capacitor, where: 

15 

q = Charge in Coulombs 

C =Capacitance in Farads 

V = Voltage in Volts 

A = Input Signal Amplitude 

Where the voltage V is represented by Equation 11, Equation 10 can be rewritten as 

Equation 12. The change in charge Aq overtime tis illustrated as in Equation 13 as Aq(t), which 

can be rewritten as Equation 14. Using the sum-to-product trigonometric identity of Equation 

15, Equation 14 can be rewritten as Equation 16, which can be rewritten as equation 17. 

Note that the sin tenn in Equation 11 is a function of the aperture T only. Thus, Aq(t) is 

20 at a maximum when T is equal to an odd multiple of 1t (i.e., 1t, 31t, Sx, ... ). Therefore, the 

capacitor 10906 experiences the greatest change in charge when the aperture T has a value of 1t 

or a time interval representative of 180 degrees of the input sinusoid. Conversely, when Tis equal 

to 2x, 4x, 6n, ... , minimal charge is transferred. 

Equations 18, 19, and 20 solve for q(t) by integrating Equation I 0, allowing the charge 

25 on the capacitor I 0906 with respect to time to be graphed on the same axis as the input sinusoid 

sin(t), as illustrated in the graph of FIG. 109C. As the aperture T decreases in value or tends 

toward an impulse, the phase between the charge on the capacitor C or q(t) and sin(t) tend toward 
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zero. This is illustrated in th~ graph of FIG. 109D, which indicate$ that the ~aximum impulse 

charge transfer occurs near the input voltage maxima. As this graph indicates, considerably less 

charge is transferred as the value ofT decreases. 

Power/charge relationships are illustrated in Equations 21-26 of FIG. 109E, where it is 

5 shown that power is proportional to charge, and transferred charge is inversely proportional to 

insertion loss. 

Concepts of insertion loss are illustrated in FIG. 109F. ·Generally, the noise figure of a 

lossy passive device is numerically equal to the device insertion loss. Alternatively, the noise 

figure for any device cannot be less that its insertion loss. Insertion loss can be expressed by 

10 Equation 27 or 28. 

From the above discussion, it is observed that as the aperture T increases; more charge 

.. is transferred from the input to the capacitor I 0906, which increases power transfer from the input 

to the output. It has been observed that it is not necessary to accurately reproduce the input 

voltage at the output because relative modulated ainplitude and phase information is retained in 

15 the transfel-red power. 

5. 7 Optimizing and Adjusting the Non-Negligible Aperture Width/Duration 

5. 7.1 Varyhig input and Output Impedances 

In an embodiment of the invention, the energy transfer signal 6306 ofFIG.63 is used to 

vary the.input impedance seen by the EM Signal 1304 and to vary the output impedance drlving 

20 a load. An example of this embodiment is described below using the gated transfer module 6404 

shown in FIG. 680, and in FIG. 82A. The method described below is not limited to the gated 

transfer module 6404, as it can be applied to all of the embodiments of energy transfer module 

6304. 

In FIG. 82A, when switch 8206 is closed, the impedance looking into circuit 8202 is 

25 substantially the impedance of storage module illustrated as the storage capacitance 8208. in 

parallel with the impedance of the load 8212. When the switch 8206 is open, the impedance at 

point 8214 approaches infinity. It follows that the average impedance at point 8214 can be varied 

from the impedance of the storage module illustrated as the storage capacitance 8208. in parallel 

with the load 8212, to the highest obtainable impedance when switch 8206 is open, by varying 
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the ratio of the time that switch 8206 is open to the time switch 8206 is closed. Since the switch 

8206 is controlled by the energy transfer signal 8210, the impedance at point 8214 can be varied 

by controlling the aperture width of the energy transfer signal, in conjunction with the aJiasing 

rate. 

An example method of altering the energy transfer signal 6306 of FIG. 63 is now 

described with reference to FIG. 71, where the circuit 7102 receives the input oscillating signal 

7106 and outputs a pulse train shown as· doubler output signal 7104. The circuit 7102 can be 

u5ed to generate the energy transfer signal 6306. Example waveforms of7104 are shown on FIG. 

72B. 

It can be shown that by varying the delay of the signal propagated by the inverter 7108, 

the width of the pulses in the doubler output signal 7104 can be varied. Increasing the delay of 

the signal propagated by inverter 7108, increases the width of the pulses. The signal propagated 

by inverter 7108 can be delayed by introducing a RIC low pass network in the output ofinverter 

7108. Other means of altering the delay of the signal propagated by inverter 7108 will be well 

known to those skilled in the art. 

5. 7.2 Real Time Aperture Control 

In an embodiment, the aperture width/duration is adjusted in real time. For example, 

referring to the timing diagrams in FIGS. 988-F, a clock signal 9814 (FIG. 98B) is utilized to 

generate an energy transfer signa19816 (FIG. 98F), which includes energy transfer pulses 9818, 

20 having variable apertures 9820. In an embodiment, the clock signal 9814 is inverted as illustrated 

by inverted clock signal 9822 (FIG. 98D). The clock signal 9814 js also delayed, as illustrated 

by delayed clock signal 9824 (FIG. 98E). The inverted clock signal 9814 and the delayed clock 

signal 9824 are then ANDed together, generating an energy transfer signaJ 9816, which is active -

energy transfer pulses 9818 - when the delayed clock signal 9824 and the inverted clock signal 

25 9822 are both active. The amount of delay imparted to the delayed clock signal 9824 substantially 

determines the width or duration·ofthe apertures 9820. By varying the delay in real time, the 

apertures are adjusted in real time. 

In an alternative implementation, the inverted clock signal 9822 is delayed relative to the 

originaJ clock signal 9814, and.then ANDed with the original clock signal 9814. Alternatively, 
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the Qriginal clock signal 9814 is delayed.then inverted, and the result ANDed with the original 

clock signal 9814. 

FIG. 98A illustrates an exemplary real time aperture control system 9802 that can be 

utilized to adjust apertures in real time. The example real time aperture control system 9802 

5 includes an RC circuit 9804, which includes a voltage variable capacitor 9812 and a resistor 

9826. The real time aperture control system 9802 also includes an inverter 9806 and an AND 

gate 9808. The AND gate 9808 optionally includes an enable input 9810 for enabling/disabling 

the AND gate 9808. The RC circuit 9804. The real time aperture control system 9802 optionally 

includes·an amplifier 9828. 

to Operation of the real time aperture control circuit is described with reference to the timing 

15 

20 

diagrams of FIGS. 98B-F. The real time control system 9802 receives the input clock signal 

9814, which is provided to both the inverter 9806 and to the RC circuit 9804. The inverter 9806 

outputs the inverted·clock signal 9822 and presents it to the AND gate 9808. The RC circuit 

·· 9804 delays the clock signal ·9314 and outputs the delayed clock signal 9824. The delay is 

determined primarily by the capadtance of the voltage variable capacitor 9812. Generally;, as the 

capacitance decreases, the delay decreases. 

The delayed clock sigrial '9824 is optionally amplified by the optional amplifier 9828, 

before being presented to the A.ND gate 9808. Amplification is desi~d. for example, where the 

RC constant of the RC circuit 9804 attenuates the signal below the threshold of the AND gate 

9808:. 

The AND gate 9808 ANDs the dt?laycd clock signal 9824, the inverted clock signal 9822, 

and the optional Enable signal 9810, to generate the energy transfer signal 9816. The apertures 

9820 are adjusted in real time by varying the voltage to the voltage variable capacitor 9812. 

In an embodiment. the apertures 9820 are controlled to optimize power transfer. For 

25 example, in an embodiment, the apertures 9820 are controlled to maximize power transfer. 

Alternatively; the apertures 9820 are controlled for variable gain control· (e.g. automatic gain 

control - AOC). In this embodiment, power transfer is reduced by reducing the apertures 9820. 

As can now· be readily seen from this disclosure, many of the aperture circuits presented, 

and others, can be modified in the manner described above (e.g. circuits in FIGS. 68 H-K). 

30 Modification or selection of the aperture can be done at the ·design level to remain a fixed value 

in the circuit, or in an alternative embodiment, may be dynamically adjusted to compensate for, 



·WO 00124117 PCTJUS99/24299 

-'i85-
. :·,: 

or address, various design goals such as receiving RF signals with enhanced efficiency that are in 

distinctively different bands of operation, e.g. RF signals at 900MHz and 1 ~8GHz. 

5.8 Adding a Bypass Network 

In an embodiment of the invention, a bypass network is added to improve the efficiency 

5 of the energy transfer module. Such a bypass network can be viewed as a means of synthetic 

aperture widening. Components for a bypass network are selected so that the bypass network 

appears substantia1Jy lower impedance to transients of the switch module (i.e., frequencies greater 

than the received EM signal) and appears as a moderate to high impedance to the input EM signal · 

(e.g., greaterth8t 100 Ohms at the RF frequency). 

10 The time that the input signal is now connected to the opposite side of the switch module 

is lengthened due to the shaping caused by this network, which in simple realizations may be a 

capacitor or series resonant inductor-capacitor. A network that is series resonant above the input 

frequency would be a typical implementation. This shaping improves the conversion efficiency • 

of an input signal that would otherwise, if one considered the aperture of the ·energy transfer . 

15 signal only, be relatively low in frequency to be optimal. 

For example, referring to FIG. 95 a bypass network 9502 (shown in this instance as 

capacitor 9512), is shown bypassing switch module 9504. In this embodiment the bypass network 

increases the efficiency of the ·energy transfer module when, for example, less than optimal 

aperture widths were chosen for a given input frequency on the energy transfer signal 9506. The 

20 bypass network 9502 could be of different configurations than shown in FIG 95. Such an 

alternate is illustrated in FIG.90. Similarly, FIG. 96 illustrates another example bypass network 

9602, including a capacitor 9604. 

The following discussion will demonstrate the effects of a minimized aperture and the 

benefit provided by a bypassing network. Beginning with an initial circuit having a550ps aperture 

25 in FIG. 103, its output is seen to be 2.8mVpp applied toa 50 ohm load in FIG. 107A. Changing 

the aperture to 270ps as shown in FIG. 104 results in a diminished output of 2.5Vpp applied to 

a 50 ohm load as shown in FIG. 107B. To compensate for this loss, a bypass network may be 

added, a specific implementation is provided in FIG. 105. The result of this addition is that 

3.2Vpp can now be applied to the 50 ohm load as shown in FIG. 108A. The circuit with the 

30 bypass network in FIG. 105 also had three values adjusted in the surrounding circuit to 



W000/24117 PCT/US99/24299 

-186-

compensate for the impedance changes introduced by the bypass network and narrowed aperture. 

FIG. 106 verifies that those changes added to the circuit, but without the bypass network, did not 

themselves bring about the increased efficiency demonstrated by the embodiment in FIG. 105 with 

the bypass network. FIG. I 08B shows the result of using the circuit in FIG .. 106 in which only 

5 1.88Vpp was able to be applied to a 50 ohm load. 

5. 9 Modifying tlie Energy Transfer Signal Utilizing Feedback 

FIG. 69 shows an embodiment of a system 6901 which uses down-converted Signal 

130.SB as feedback 6906 to control various characteristics of the energy transfer module 6304 to 

modify the down-converted signal 1308B. 

10 Generally, the amplitude of the down-converted signal 130SB varies as a function of the 

frequency and phase differences between the EM signal 1304 and the energy transfer signal 6306. 

In an embodiment, the down-converted signal 1308B is used as the feedback 6906 to control the 

frequency and phase relationship between.the EM signal 1304 an.d the energy transfer signal 6306, 

This can be accomplishe~ using ille example logic in FIG SSA.. The example circuit in FIG. SSA 

15 can be included in the energy transfer signal module 6902. Alternate implementations will be 

apparent. to persons skilled in the relevant art(s) based on the teachings contained herein. 

Alternate implementations fall within. the scope and spirit of the present invention. ·In this 

embodiment a state-machine is used as an example. 

In the example of FIG. 85A, a state machine 8504 reads an analog to digital converter, 

20 AID 8502, and controls a digital to analog converter, DAC 8506. In an embodiment, the state 

machine 8504 includes 2 memory locations, Previous and Current, to store .and recall the results 

of reading AID 8502. In an embodiment, the state machine 8504 utilizes at least one memory 

flag. 

The DAC 8506 controls an input to a voltage controlled oscillator, VCO 8508. VCO 

25 8508 controls a frequency input of a pulse generator S510,. which, in an embodiment, is 

substantially similar to the pulse generator shown in FIG. 6SJ. The pulse generator 8510 

generates energy transfer signal 6306. 

In an embodiment, the state machine 8504 operates in.accordance with a state machine 

flowchart 8519 in FIG. 85B. The result of this operation is to modify the frequency and phase 
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relationship between the energy transfer signal 6306 and the EM signal 1304, to substantially 

maintain the amplitude of the down"'converted signal 1308B at an optimum level. 

The amplitude of the down-converted signal 1308B can be made to vary with the 

amplitude of the energy transfer signal 6306. In an embodiment where the switch module 6502 

5 is a FET as shown in FIG 66A, wherein the gate 6604 receives the energy transfer signal 6306, 

the amplitude of the energy transfer signal 6306 can determine the "on" resistance of the FET, 

which affects the amplitude of the down-converted signal 13088. The energy transfer signal 

module 6902, as shown in FIG. 85C, can be an analog circuit that enables an automatic gain 

control function. Alternate implementations will be apparent to persons skilled in the relevant 

10 art(s) based on the teachings contained herein. Alternate implementations fall within the scope 

and spfrit of the present invention. 

5.10 Other Implementations 

The implementations described above are provided for purposes of illustration. These 

implementations are not intended to limit the invention. Alternate implementations, differing . 

15 slightly or substantially from those described herein, will be apparent to persons. skilled .in the . 

relevantart(s) based on the teachings contained herein. Such alternate implementations fall within 

the scope and spirit of the present invention. 

20 

6. Example Energy Transfer Downconverters 

Example implementations are described below for illustrative purposes. The invention is 

not limited to these examples. 

FIG. 86 is a schematic diagram of an exemplary circuit to down convert a 915 MHz signal 

to a 5 MHz signal using a 101.1 MHz clock. 

FIG. 87 shows example simulation waveforms for the circuit of figure 86. Waveform 

25 8602 is the input to the circuit showing the distortions caused by the switch closure. Waveform 

8604 is the unfiltered output at the storage unit. Waveform 8606 is the impedance matched 

output of the downconverter on a different time scale. 

_; .. _ 
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FIG. 88 is a schematic diagram of an exemplary circuit to downconvert a 915 MHz signal 

to a 5 MHz signal using a 101.1 MHz clock. The circuit has additional tank circuitry to improve 

conversion efficiency. 

FIG. 89 shows example simulation waveforms forthe circuit of figure 88. Waveform 

5 8802 is the input to the circuit showing the distortions caused by the switch closure. Waveform 

8804 is the unfiltered output at the storage unit. Waveform 8806 is the output of the 

downconverter after the impedance match circuit. 

FIG. 90 is a schematic diagram of an exemplary circuit to downconvert a 915 MHz signal 

to a 5 MHz signal using a 101.1 MHz clock. The circuit has switch bypass circuitry to improve 

10 conversion efficiency •. 

FIG. 91 shows example simulation waveforms for the circuit of figure 90. Waveform 

. 9002 is the input to the circuit showing the distortions caused by the switch closure. Waveform 

.. 9004 is. the unfiltered output at the storage unit. Waveform 9006 . is the. output of the 

downconverter after the impedance match circuit. 

15 FIG. 92 shows a schematic of the example circuifin FIG. 86 connected to an FSK source 

that alternates between 913 and 917 MHz, at a baud rate of 500 Kbaud. FIG. 93 shows the 

original FSK waveform 9202 and the downconverted waveform9204 at the output of the load 

impedance match circuit. 

IV. Additional Embodiments 

20 Additional aspects/embodiments of the invention are considered in this section. 

In one embodiment of the present invention there is provided a method of transmitting 

information between a transmitter and a receiver comprising the steps of transmitting a first series 

of signals each having a known period trom the transmitter at a known first repetition rate; 

sampling by the receiver each signal in the first series of signals a single time and for a known time 

25 interval the sampling of the first series of signals being at a second repetition rate that is a rate 

different from the first repetition rate by a known amount; and generating by the receiver an 

output signal indicative of the signal levels sampled in step Band having a period longer than the 

known period of a transmitted signal. 

In another embodiment of the invention there is provided a communication system 

30 comprising a transmitter means for transmitting a first series of signals of known period at a 
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known first repetition rate, a receiver means for receiving the first series of signals, the receiver 

means including sampling means for sampling the signal level of each signal first series of signals 

for a known time interval at a known second repetition rate, the second· repetition rate being 

different from the first repetition rate by a known amount as established by the receiver means. 

s The receiver means includes first circUit means for generating a first receiver output signal 

indicative of the signal levels sampled and having a period longer than one signal of the first series 

of signals. The transmitter means includes an oscil1ator for generating an oscillator output signal 

at the first repetition rate, switch means for receiving the osci11ator output signal and for 

selectively passing the oscillator output signal; waveform generating means for receiving the . 

IO oscillator output signal for generating a waveform generator output signal having a time domain 

and frequency domain established by the waveform generating means. 

The embodiment of the invention described herein involves a single or multi-user 

communications system that utilizes coherent signals to enhance the system perfo~e over 

conventional radio frequency schemes while reducing cost and complexity. The design allows 

15 direct conversion of radio frequencies into baseband components for processing and. provides a · 

high level of rejection for signals that are not related to a known or controlled slew rate between 

the transmitter and receiver timing oscillators. The system can be designed to take advantage of 

broadband techniques that further increase its reliability and permit a high user density within a 

given area. The technique employed allows the system to be configured as a separate transmitter-

20 receiver pai.r or a transceiver. 

The basic objectives of the prese~t system is to provide a new communication technique 

that can be applied to both narrow and wide band systems. In its most robust form, all of the 

advantages of wide band communications are an inherent part of the S)_'stem ·and the invention 

does not require complicated and costly circuitry as found in conventional wide band designs. 

25 The communications system utilizes coherent signals to send and receive information and consists 

of a transmitter and areceiverin its simplest form. The receiver contains circuitry to tum its radio 

frequency input on and off in a known relationship in time to the transmitted signal. This is 

accomplished by· allowing the transmitter timing oscillator and the receiver timing oscillator to 

operate at different but known frequencies to create a known slew rate between the oscillators. 

30 If the slew rate is small compared to the timing oscillator frequencies, the transmitted waveform 

will appear stable in time, i.e., coherent (moving at the known slew rate) to the receiver's switched 

input. The transmitted waveform is the only waveform that will appear stable in time to the 
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receiver and thus the receiver's input can be averaged to achiev~ the. desired level filtering of 

unwanted signals. This methodology makes the system extremely selective without complicated 

filters and complex encoding and decoding schemes and a,Jlows the direct conversion of radio 

frequency energy from an antenna or cable to baseband frequencies with a minimum number of 
. . ~. 

s standard components further reducing cost and complexity. The transmitted waveform can be 

a constant carrier: (narrowband), a controlled pulse (wideband. and ultra-wideband) or a 

combination of both such as a dampened sinusoidal wave and or any arbitrary periodic wavefonn 

thus the system can be designed to meet.virtually any bandwidth requirement. Simple standard 

· modulation and demodulation techniques such as AM and Pulse Width Modulation can be easily 

10 applied to the system. 

Depending on the system requirements such as the rate ofinformation transfer, the process 

gain, and the intended use, there are multiple preferred embodiments of the invention. The 

~mbodiment discussed herein will be the amplitude and pulse width modulated system. It i.s one 

of the simplest implementations of the technology and haS many common components with the 

15 subsequent systems. A amp1itilde· mod~ted'transmitter consists of a Transmitter Timing. 

Oscillator, a Mtiltiplier, a Wav~fonn Generator, ~d an Optional Amplifier. The Transmitter 

Timing Oscillator frequency ca.Ii be determined by a number of resonate circuits including an 

inductor and capacitor, a ceramic resonator, a SAW resonator, or a crystal. The output wavefonn 
. . . 

is sinusoidal, alth6ugh a sqilarewave oscillator would ptoduce identical system performance. 

20 The Multiplier component multiplies the Transmitter Timing Oscillator output signal by 

0 or 1 or other constants, Kl and K2, to ~witch the oscillator output on and off to the Wavefonn 

Generator .. ·In this embodiment, the information input can be digital data or analog data in the 

form of pulse width modulation. The Multiplier allows the Transmitter Timing Oscillator output 

to be present at the Wavefonn Generator input when the informatjon input is above a 

25 predetermiJted value. In this state the transmitter will produce an output waveform. When the 

information input is below a predetermined value, there is no input to the Waveform Generat~r 

.and thus there will be no transmitter output waveform. The output of the Waveform Generator 

determines the system's bandwidth in the frequency domain and consequently the numberofusers, 

process gain immunity to interference and overall reliability), the level of emissions on any given 

30 frequency, and the antenna or cable requirements. The Waveform Generator in this example 

creates a. one cycle pulse output which produces an ultra-wideband signal in the frequency 
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domain. An optional power Amplifier stage boosts the output of the Waveform Generator to a 

desired power level. 

With reference now to the drawings. the amplitude and pulse width modulated transmitter 

in accord with the present invention is·depicted at numeral 13000 in FIGS. 130 and 131. The 

5 Transmitter Timing Oscillator 13002 is a crystal-controlled oscillator operating at a frequency of 

25 MHZ: Multiplier 13004·includes a two-input NAND gate 13102 controlling the gating of 

oscillator 13002 output to Waveform Generator 13006. Wavefonn. Generator: 13006 produces 

a pulse output as depicted at 13208 in FI GS. 132 and 133, which produces a frequency spectrum 

13402 in FIG; 134. Amplifier 13008 is optional. The transmitter 13000 output is applied to .· 

10 antenna or cable 13010, which as understood in the art, may be of various designs as appropriate 

in the circumstances. 

FIGS. 132-134 illustrate the various signals present in transmitter 13000. The outputof 

transmitter 13000 at "A" may be either a sinusoidal or squarewave signal 13202 that is provided 

as one input into NAND gate 13102. Gate 13102 also receives an information signal 13204 at . .. 

15 "B" which, in the embodiment shown, is digital in form. The output 13206 of Multiplier 13004 · 

can be either sinusoidal or squarewave depending upon the original signal 13202. Waveform 

Generator 13006 provides an output of a single cycle impulse signal 13208. The single cycle 

impulse 13210 varies in voltage around a static level 13212 and is created at 40 nanoseconds 

intervals. In the illustrated embodiment, the frequency of transmitter 13002 is 25 MHZ and 

20 accordingly, one cycle pulses of 1.0 GHZ are transmitted every 40 nanoseconds during the total 

time interval that gate 13102 is "on" an~ passes the output of transmitter oscillator 13002. 

FIG. 135 shows the preferred embodiment receiver block diagram to recover the 

. amplitude or pulse width modulated information and consists of a Receiver Timing· Oscillator 

13510, Waveform Generator 13508, RF SWitch Fixed or Variable Integrator 13506, Decode 

25 Circuit 13514, two optional Amplifier/Filter stages 13504 and 13512~ antenna or cable input 

13502, and Information Output 13516. The Reeeiver Timing Oscillator 13510 frequency can be 

determined by a number of resonate circuits including an inductor and capacitor, a ceramic 

resonator, a SAW resonator, or a crystal. As in the case of the transmitter, the oscillator 13510 

shown here is a crystal oscillator. The output waveform is a squarewave. although a sinewave 

30 oscillator would produce identical system performance. The squarewave timing oscillator output 

13602 is shown as A in FIG. 136. The Receiver Timing Oscillator 13510isdesigned to operate 

within a range of frequencies that creates a known range of slew rates relative to the Transmitter 
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Timing Oscillator 13002. In this embodiment, the Tnmsmitter Timing Oscillato! 13002 frequen~y 

is 25 MHZ and the Receiver Timing Oscillator 13510 outputs between 25.0003 ,MHZ and 

25.0012 MHZ which creates a+ 300 to+ 1200 Hz slew rate. 

The Receiver Timing Oscillator 13510 is connected to the Waveform Generator 13508 

5 which shapes the. oscillator signal into the appropria~e output to control the amount of the time 

that the RF switch l 3506 is on and .off. The on~time of the RF switch 13506 should be less than 

% of a cycle{l/10 of a cycle is preferred) or in the case of a single pulse, no wider. than the pulse 

width of the transmitted waveform or the signal gain of the system will be reduced. Examples are 

illustrated in Table Al. Therefore the output of the Waveform Generator 13508 is a pulse of the 

10 appropriate width that occurs once per cycle of the receiver timing oscillator 13510. The outpu~ 

13604 of the Waveform Generator is shown as Bin FIG. 136. 

15 

Transmitted Waveform Gain Limit on-time Preferred on-time 

Single 1 nanosecond pulse 1 nanosecond 
. . 

I Gigahertz 1,2,3 .. etc. cycle outPut 500 picoseconds 

JO Gigahertz 1,2,3 .. etc. cycle output 50 picoseconds 

Table At 

l 00 picoseconds 

50 picoseconds 

5 picoseconds 

The RF Switch/Integrator 13506. samples the RF signal 13606 shown as "C" in FIG. 136 

when the Waveform Generator output 13604 is below a predetermined. value .. When the 

Waveform Generator output 13604 is above a predetermined value. the RF Switch 13506 

20 becomes a high impedance node and allows the Integrator to hold the last RF sign~ sample.13606 

until the next cycle of the Waveform Generator 13508output. The Integrator section of 13506 

is designed to charge the Integrator quickly (fast attack) and discharge the Integrator at a 

controlled rate (slow decay). This embodiment provides unwanted signal rejection and is a factor 

in determining the baseband frequency response of the system. The sense of the switch control 

25 is arbitrary depending on the actual hardware implementation. 

In an embodiment of the present invention, the gating or sampling rate of the receiver 

13500 is 300 Hz higher than the 25 MHZ transmission rate from the transmitter 13000. 

Alternatively, the sampling rate could be less than the transmission rate. The difference in 

•i ' .. :_, ·:, ·' L 
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repetition rates between the ~r~nsmitter 13000 and receiver 13~8&'~he ','slew rate, II is 300 Hz and 

results in a controlled drift of the sampling pulses over the transmitted pulse which thus appears 

''stable" in time to the receiver 13500. With reference now to FIGS. 132 and 136, an example is 

illustrated for a simple case of an output signal 13608 (FIG; 13 6, "D") that is constructed of four 

s samples from four RF input pulses 13606 for ease of explanation. ·As can be clearly seen, by 

sampling the RF pulses 13606 passed when the transmitter information signal 13204 (FJG. 132) 

is above a predetennine threshold the signal 13608 is a replica of a signal 13606 but mapped into 

a different time base. In the case of this example, the new time base has a period four times longer 

than real time signal. The use of an optional amplifier/filter 13512 results in a further refinement 

lO of the signal 13608 which is present at "E" as signal 13610. 

Decode Circuitry 13514 extracts the information contained in the transmitted signal and 

includes a Rectifier that rectifies signal 13608or13610 to provide signal 13612 at "G" in FIG. 

136. The Variable Threshold Generator circuitry in circuit 13514 provides a DC threshold signal 

level 13614 for signal 13610 that is used to determine a high (transmitter output on) or low . 

15 (transmitter output off) and is shown at "H." The final output signal 13616 at "F" is created by 

an output voltage comparator in circuit 13514 that combines signals 13612 and 13614 such that 

when the signal 13612 is a higher voltage than signal 13614, the information output signal goes 

high. Accordingly, signal 13616 represents, for example, a digital "1 " that is now time-based to 

a 1 :4 expansion of the period of an original signal 13606. While this illustration provides a 4:1 

20 reduction in frequency, it is sometimes desired to provide a reduction of more than 50,000: 1; in 

the preferred embodiment, I 00,000: 1 or greater is achieved. This results in a shift directly from 

RF input frequency to low frequency baseband without the requirement of expensive intennediate 

circuitry that would have to be used if only a 4: 1 conversion was used as a first stage. Table A2 

provides information as to the time base conversion and includes examples. 

25 Units 

s = 1 ps = 1·l012 ns = 1·10-9 us = l · 10"6 MHz= 1·106 KHz = l · 103 

Receiver Timing Oscillator Frequency = 25.0003 MHz 

Transmitter Timing Oscillator Frequency = 25 MHz 
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period = · · 1 · , · 
Transmitter Ti~ing Oscillator Frequency 

period = 40 ns 

. . . : . . . 1 . 
slew rate= ·. . . ·. · 

. . Receiver llming Oscllator Frequency - Transmittr TimmgOscillatorFrequency 

· slew rate = 0.003 s 

slew rate .· 
time base multiplier = . . seconds per nanosecond 

penod • · 

ti~e bas~ multiplier= 8.333· 1 e>4: 

Example I: 

I nanosecond translates into 83.33 microseconds 

time base= (1 ns)· time base multiplier 

10 time base= 83.333 us 

15 

Example2: 

2 Gigahertz translates into 24 Kilohertz 2 Gigahertz = 500 picosecond period 

time base= (500 ps)· time base multiplier 

time base = 41.667 us 

1 
:frequency= -.--­

time base 

:frequency = 24 KHz 

Tab1eA2 
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In the illustrated prefe~ed embodiment, the signal 13616 at "F" has a period of 83.33 

usec, a frequency of 12 KHz and it is produced once every 3.3 msec for a 300 Hz slew rate. 

Stated another way, the system is converting a 1 gigahertz transmitted signal into an 83.33 

microsecond signal. 

s Accordingly, the series of RF pulses 13210 that are transmitted during the presence of an 

"on" signal at the information input gate 13102 are used to reconstruct the information input 

signal 13204 by sampling the series of pulses at the receiver 13500. The system is designed to 

provide an adequate number of RF inputs 13606 to allow for signal reconstruction. 

An optional Amplifier/Filter stage or stages 13504 and 13512 may be included to provide 

IO additional receiver sensitivity, bandwidth control or signal conditioning for the Decode Circuitry 

13514. Choosing an appropriate time base multiplier will result in a signal at the output of the 

Integrator 13506 that can be amplified and filtered with operational amplifiers rather than RF 

amplifiers with a resultant simplification of the design process. The signal 13610 at "E" illustrates 

the use of Amplifier/Filter 13512 (FIG. 137). The optional RF amplifier 13504 shown as the first 

15 stage of the receiver should be included in the design when increased sensitivity and/or additional ... 

filtering is required. Example receiver schematics are shown in FIGS. 137-139, 

FIGS. 140-143 illustrate different pulse output signals 14002 and 14202 and their 

respective frequency domain at 14102and14302. As can be seen from FIGS. 140 and 141,the 

half-cycle signal 14002 generates a spectrum less subject to interference than the single cycle of · · · 

20 FIG. 133 and the 10-cycle pulse of FIG. 142. The various outputs determine the system's 

immunity to interference, the number _of users in a given area. and the cable and antenna 

requirements. FIGS. 133 and 134 illustrate example pulse outputs. 

FIGS. 144 and 145 show example differential receiver designs. The theory of operation 

is similar to the non-differential receiver of FIG. 135 except that the differential technique 

25 provides an increased signal to noise ratio by means of common mode rejection. Any signal 

impressed in phase at both inputs on the differential receiver will attenuated by the differential 

amplifier shown in FIGS. 144 and 145 and conversely any signal that produces a phase difference 

between the receiver inputs will be amplified. 

FIGS. 146 and.147 illustrate the time and frequency domains of a narrow band/constant 

30 carrier signal in contrast to the ultra-wide band signals used in the illustrated embodiment. 

V. Conclusions 
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Example embodiments of the methods, systems, and components of th~ present invention 

have been described herein. As noted elsewhere, these example embodiments have been described 

for iJlustrative purposes only, and are not limiting. Other ·embodiments are possible and are 

covered by the invention. Such other embodiments include but are not limited to hardware, 

s software, and software/hardware implementations of the methods, systems, and components of 

the invention; Such other embodiments will be apparent to persons skilled in the relevant art(s) 

based on the teachings contained herein. Thus, the breadth· and scope of the present invention 

should not be limited by any of the above-described exemplary embodiments, but should be 

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

1. A method of down-converting an electromagnetic (EM) signal, comprising the steps of: 

(l) receiving an EM signal; and 

(2) aliasing said EM signal according to an aliasing signal having an aliasing rate to 

s down-convert said EM signal, comprising the step of transferring energy from said EM signal at 

said aliasing rate. 

2. The method of claim 1, further comprising the· step of: 

(3) generating said aliasing signal, said aliasing signal comprising a plurality of pulses 

having non-negligible aperatures~ 

10 3. The method of claim 1, wherein said EM signal is down-converted to a demodulated 

baseband information signal. 

4. The method of claim 1, wherein said EM signal is down-converted to an intermediate · 

frequency (IF) signal. 

5. The method of claim J, wherein said EM signal is a frequency modulated (FM) signal, and 

15 said EM signal is down-converted to a non-FM signal. 

6. The method of claim 5, wherein said non-FM signal is a phase modulated (PM) signal. 

7. The method· of claim 5, wherein said non-FM signal is an amplitude modulated (AM) 

signal. 

8. A method for directly down-converting a modulated carrier signal to a demodulated 

20 baseband signal, comprising the steps of: 

(1) receiving the modulated carrier signal; and 

(2) transferring non-negligible amounts of energy from the modulated carrier signal, at a rate 

that is substantially equal to a sub-harmonic of the modulated carrier signal, whereby the 

transferred non-negligible amounts of energy forms the demodulated baseband signal. 

I 1111111111111 11111 1111111 1111 
* C L M S * 
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9. The method according to claim 8, wherein step (2) comprises generating an energy 

transfer signal having a harmonic sub~tantially equal to a frequency of the modulated carrier signal 

and using the asynchronous energy transfer signal to transfer the· energy from the modulated 

carrier signal. 

5 ' 10. The method according to claim 9, ~herein step (2) further comprises generating a train 

of pulses having non-negligible apertures that tend away from zero time in duration. 

11. The method according to claim 9, wherein step (2) further comprises·optimizing a phase 

of the energy transfer signal. 

12. The method according to claim 9, wherein step (2) further comprises optimizing the 

10 frequency of the energy transfer signal. 

13.. The method according to claim 8, wherein step (1) comprises receiving an amplitude 

· modulated carrier signal. 

· .• 14. The method according to claim 8, wherein step (1) comprises receiving a phase modulated 

carrier signal, 

15 15. The method according to claim. 8, wherein step (1) comprises receiving a modulated 

carrier signal having a frequency greater than 1 giga Hertz. 

16. The method according to claim 8, wherein step (1) comprises receiving a modulated 

carrier signal having a frequency between 10 mega Hertz and 10 giga Hertz. 

17. The method according to claim 8. wherein step (1) comprises receiving the modulated 

20 carrier signal through a relatively low input impedance path. 

18. The method according to claim 8, wherein step ( 1) comprises receiving the modulated 

carrier signal through a relatively efficient power transfer path. 

11111111111111 1111111111111111 ' 
'*· ·.· •· C L M S * 
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19. The method accordfug to claim 8, wherein step (1) corttprlses receiving the modulated 

carrier signal through a substantially impedance matched input path. 

20. The method according to claim 8, further ~omprising the step of: 

(3) providing the demodulated baseband signal directly to a relatively low impedance load. 

21. 

(3) 

The method according to claim 8, further comprising the step of: 

providing the demodulated baseband signal directly to a load through a relatively efficient 

power transfer path. 

22. The method according to claim 8, further comprising the step of. 

(3) providing the demodulated baseband signal to a load through a substantially impedance 

10 matched path. 

23. The method according to claim 8, wherein step (2) comprises coupling the modulated 

carrier signal to a reactive storage device at the rate that is substantially equal to a subharmonic 

of the modulated carrier signal. 

24. The method according to claim 8, wherein step (2) comprises generating the energy 

15 transfer signal without synchronizing it with the modulated carrier signal. 

25. The method according to claim 8, wherein step (2) comprises generating the energy 

transfer signal without synchronizing it to a phase of the modulated carrier signal. 

26. The method according to claim 8, wherein step (2) comprises generating the energy 

transfer signal independent of the modulated carrier signal. 

20 27. The method according to claim 8, wherein step (2) comprises generating an asynchronous 

energy transfer signal. 

28. The method according to claim 27, wherein step (1) comprises receiving the modulated 

carrier signal through a relatively low input impedance path. 

111111111111111111111111111111 
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29. The method accordfag to claim 27, wherein step (l) comprises receiving the modulated 

carrier signal through a relatively efficient powey transfer path. 

30. An apparatus for directly down-converting a modulated carrier signal to a demodulated 

baseband signal, comprising: 

31. 

an energy transfer signal generator; 

a switch module controlled by said energy transfer signal generator; 

a_storage module coupled to said switch module; and 

a circuit for efficiently·transferring power from the modulated carrier signal. 

The apparatus according.to claim 30, wherein said circuit comprises: 

an inputimpedance match circuit coupled to an inputof said apparatus. 

"32.· ·. The apparatU.s according to claim 30, wherein said cfrcuitcomprises: 

· .. an output itn.pedance.inatch circuit coupled to an output of said apparatus. 

33. · The· apparatus according to cla.im 30, wherein said switcih module is coupled between an 

input of said apparatus and said storage.module. 

15 ·34. The apparatus according to claim 30, whereiil said circuit comprises: 

a tank circuit coupled between ap input of said apparatus and said switch circuit. 

35. The apparatus according to claim 30,wherein said circuit comprises:. 

a feed forward cireuit in parallel with said switch module. 

36. The apparatus according to claim 30, wherein said storage module is coupled between an 

20 input of said apparatus and said switch module. 

37. The apparatus according to claim 30, wherein said apparatus is tuned for at least one 

frequency greater than one giga Hertz. 

11111111111111 111111111111 1111 
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3-8. The apparatus according to claim 30, wherein said apparatus is tuned for at least one 

frequency between 10 Mega Hertz and 10 Giga Hertz. 

39. The apparatus according to claim 30, wherein said energy transfer signal generator 

comprises an asynchronous energy transfer signal generator. 

40. A system for down-converting an electromagnetic (EM) signal, comprising: 

means for integrating and transferring energy from an EM signal to thereby down-convert 

said EM signal, said means including a resonant structure to enhance said energy transfer. 

41. A system for down-converting an electromagnetic (EM) signal, comprising: 

means for integrating and transferring energy from an EM signal to. thereby down-convert 

to said EM signal, said means including an optimized switch structure. 
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