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Frequency Up- Conversi on Background of the Invention Field of the Invention
The present invention is generally directed to fr mmwniﬂmnversi on of 5
el ectromagnetic (EM signals. Related Art Modern gwmﬂ . tion systens
enpl oy conponents such as transmtters and receivers t.Qgfansmt
i nformationyg@ruaessource to a destination. To acconplish g Sseo4127
transm ssion, information is inparted on a carrier signal and the carrier
signal is 10 then transmtted. Typically, the carrier signal is at a
frequency hi gher thaystéia diabdethddffoeJueqayney U dmfepsiont i on si gnal .
Typi cal ways that the information is inparted on the carrier signal are
cal |l ed nodul ation. Three wi dely used nodul ati on schenes include: frequency
nodul ation (FM, where the frequency of the carrier wave changes to reflect
the information that has 15 taeikgrodud af ele frvdrsipisi gnal ; phase nodul ation
(PM, where the phase of the carrier signal changes to reflect the
information inparted on it; and anplitude nodul ation (AM, where the
anpl i tude of pLlyeraarml&kioni gnal changes to reflect the information. Also,
t hese nodul ati on” schenes are used in conbination with each other (e.g., AM
conbined with FM and AM conbined with PM. 20 Summary of the Invention The
present. I nventi Ofnf Syrélefi®feh&lichOisMRnBAAS A4S Rl d UPLAOBUSHLor2 i gnal
froma lower frequency to a higher frequency, and applications thereof. In
one edbodi negkcirompgnelip (BBvii $igiluuses a stable, tow frequency signal to
generate a higher frequency signal with a frequency and phase that can be
used as 25 stable references. 1 6 ~~. PP 2003 WD 00l 24116 ~
1' CT/ US99124R&Zated Artln anot her enbodi nent, the present invention is used as
atransmtter. In this enbodi nent, the invention accepts an information
signal at a baseband frequency and transmts a nodul ated signal at a
frequency hi gher Mdiam ddyecopmsehartion fysegquemmpjoy Jdveponetthecd andnsyistsns of
transmttin ary.slightl 2nendi.n n the S nodyl ation heme being used.
For sone engagéir?r%lﬁrterss tggfaﬁ%m?(r?@éﬂ%aﬁlgg ﬁ%‘%%[s%%r?eoﬁoa( g??f}nacglronpﬁ%saeccom Ulati on
(PM, the i nhoreaimiedors ighahatios ivsedrttd omacatrzt eigasl and chd tati¢rrsgpnsi gnal to
create a nodul ated i.nternedi ate signal. 1f needed,. this ul at ed
it orlfedi ac g roif SaisEhe b YRt lsba R SbE vshbiely R e
pul se-w dt h-Haegbatid Qdqueady of th&Hnferrshmpethnsi. ghiglicdl Svayh et dseafdmagonir ol a
swi tch which opens agd D .
imparted on the carrier signal are called modulation.
Three widely used modulation schemes include: frequency modulation (FM),

where the frequency of the carrier wave changes to reflect the information that has
15 been modulated on the signal; phase modulation (PM), where the phase of the carrier

signal changes to reflect the information imparted on it; and amplitude modulation

(AM), where the amplitude of the carrier signal changes to reflect the information.

Also, these modulation schemes are used in combination with each other (e.g., AM

combined with FM and AM combined with PM).
20 Summary of the Invention

The present invention is directed to methods and systems to up-convert a signal
from a lower frequency to a higher frequency, and applications thereof.

In one embodiment, the invention uses a stable, low frequency signal to
generate a higher frequency signal with a frequency and phase that can be used as

25 stable references.
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10 closes as a function of the frequency and pul se width of the shaped
signal. As a result of this opening and closing, a signal that is 16 APR 7003
harrmonically rich is produced with each harnonic of the harnonically rich
si gnal being nodul ated substantially the sane as the nodul ated internedi ate
signal. Through proper filtering, the desired harnonic (or harnonics) is
sel ected an Mg tted. |~ For sonme enbodi nents using angphtfiabdBs127

nodul ation (AM, the switch is control2l-ed by an unnodul ated oscill ating
signal (which may, if needed, be shaped). As the switch opens and cl oses,
it gates a referenerothigemabodivhént,ithé sretdme invafitGmnatubeinnssd gaaitter N @athis

alternate inpl ntation, the information signal i s conbined with a bias
Sl gnal to or DRERDHD BERPE B A e S i i Sl Teaisty sl "o
the gating i gadmPahaidoRrdcrhilt & frequesdydigher A itthasebhuhfleqeadyal f r equency
substantially propgortignal to the oscillating signal_ and an anplitude
substantial ly proﬁk‘?r meglﬁgﬁ a’t“g SYHESy Itfaf’ﬂ’d‘ém%f Véir%eszil‘lggt?%rd@ﬁ?‘g‘%i ¢hdtc Each
of thes har noRbgSat@h dche@ndBdin®d tdegalFoy sérh€ Bmbo@nahts akise iawcpmlihiges
proportional to the ref er(?nc,e S and are thus considered to be

ignal ,
anpl i t ude modidfapedhass @pduddion; (tP%/Ut e ENPIERFemsEER dntedds Befpal dbove,

t hrough propeggiidbing sibi2kd fidate b A ddREK hRemidarfPRE ] ( e A6duldi& _
selected and transmtted. Further features and advantages of the invention,

as wel | as tHeergedigetsignal Enchepser & pevidsta vehisiagtiallye ppfdmemss-vothttere

i nvention, ap&idgscs.i B8R dnfpddedidal iLekeWd bivdnrbres 8RGE Wi NGeAESRMPaNYI Ny
figures. The left-nost digi tsg of a reference nunber typically i1dentifies

the fiQure i flosspinthfyngbon @fthe Bprueneamdenlse vidth ohPisehirsd sBoalBrAsef result
Description I s kS € ; I EGUI r ency
modul abi on ( EMECESRREARE SloShE o gl UEL BRSy Gl G el el B8 DaT o7
-3 FI Gs. 2A haponigedthpdaindnicstly selesigyab peing mpdniattd pubstapdslydhasaet agitlich t he

1 UL Sl e Ly KR SH00RL oy A2 o
illustrate tlgoimenks)insebicisdand aasudicdted with the FIG 3 5 PMcircuit for a
maul Bion (AN 1P Loy pabediprie by H3RLCROBENT AL, Bl BATR ' e
wavef or ns asswophgder) an unmodhletef o@ill@ingMged! (ebich nfapy if acededjibe ahaped)f drsmat i on
moaul at i on (PRI ReE el b @en G BLORRN QURRGRLMRESBIERE,
typi cal wavehonmitcmsts aoplamentativmhthe ifofriaGon Fighd!iFondiimeduwith 4 eins dgrgi toal

i nformation sij Q%é M g: 9.l | evel . 0 at i %nal. f | owchart

il lustrates,the high g
of a transni Tter aclor ncr?gSl@%al’aﬁi’gﬁblgd?]%&?teg'f e "Bres n{heig?vg‘htlf én; 15

FIG 200 il usdrmadiesytdvd dgnghhdvinged fustianucital fizbudakp elosdhidgdiygnomftidnakbio

transmtter of an, enbodi nent, of t resent, jnvention;, FIG 11.illustrates
L ha omer 1 oS TeRE T B & s G BTl RRpr Bt Gy Bl o e
present i nvet ir€ferendel sGnat. 2Eadhl of stier latr@snienofake hgrhanigalst fieiCiigiadhisbhoek

nvent 1 on: FIHE S Pt BRAT L STttt BhPe PR bRENAF e of PETSate

enbodi ment  (ino@ulated®Must as with the FM/PM embodiments described above, through proper

23 filtering, the desired harmonic (or harmonics) is selected and transmitted.
Further features and advantages of the invention, as well as the structure and
operation of various embodiments of the invention, are described in detail below with
reference to the accompanying figures. The left-most digit(s) of a reference number

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

30 Brief Description of the Figures

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



node) of the present invention; FIG 14 illustrates an exenplary st r dd ARRal003
bl ock di agram of the second enbodinent (i.e., PM nobde) of the present
invention; 25 FIG 15 illustrates the operational flowhart of a third

enbodi ment (i.e., AMnode) of the present invention; FIG 16 illustrates an
exenpl ary structural bl ock diagramof the third enbodi nent (i.e., AM node)

of the pre inyention; FIG 17 illustrates the operatipq:plz;(lI hart of
a fourth eﬁf)&o@?(zﬁgﬁt (i.e., "I/Q 30.mnde) of the present invesr?%llkﬁ# FIG 18

illustrates an exenplary structural bl ock diagramof the fourth enbodi nent
(i.e., "I/Q node)Gsofa,2Beafy BSBINbtratdtypiodlivaiveformslasoctated with 2@G3G VO 00/ 2411b
- PCT/ U5991T§4{1Jq27 .-g} FI Gs.  19A- 19l i.IIﬁstrate exenpl ary wavefornms (for a

frequency mbdLATEEHIt & 2! BEEMARSIRETRR a frequency shift keying embodi ment)

at a plurality ofi@QiiisGatbdla @ruR ¥ EYhadeymbtiu@itioh eawe) raisigitert  di agram  FI GS.
20A, 20B, 20C illustrate typical waveforns associated with the FIG | 5 FM
circuit for an afaSdti*Rt Gt ilyHay ypigt! warpieEms ssjocptedwith fie FiG. I

illusyrate pypiical rraviefial MbrRssaciagked With the FIG 3 PMcircuit for an
anal og i nformation si ?nal ; FILGS, 22A, 22B, 22C illustrate typical waveforns

associ ated wi t h ¥lFeS gfugirates gircgit i gnemplindanodyationd AM teswpmiticen si gnal ; 10

FIG 23 illustrates &0 6k3[rmdea@imﬁﬁam?pi@aqw&ﬁnﬁé asBoctRdd RELHE @G 0! | ed
osci |l I at or V CO,; FIG 24 illustrates an inplenentation exanple of a

| ocal osci | Pt ercuftifaya digitaGinfamatipn figiakiat es an i npl enent ation exanpl e of a
phase shifter; Ff*é@n%ﬁlsflr%téw&fca&%a aﬂ%-%ﬁ}@%ﬁﬁ%&%ﬂ%em Li6n gbqa) phase

modul ator; 15 FI 27 1llustrates an i tation exanple of a summ ng
anpl 1Gier; FuEBIt8A-28C illustrate an inplenmentation exanple of a switch

o o e P g R0 SRR A SRS o e
FIG. 7 "1/Q" circuit for digital information signal;
FIG. 9 illustrates the high level operational flowchart of a transmitter according
to an embodiment of the present invention;
15 FIG. 10 illustrates the high level structural block diagram of the transmitter of
an embodiment of the present invention;
FIG. 11 illustrates the operational flowchart of a first embodiment (i.e., FM
mode) of the present invention;
FIG. 12 illustrates an exemplary structural block diagram of the first
20 embodiment (i.e., FM mode) of the present invention,
FIG. 13 illustrates the operational flowchart of a second embodiment (i.e., PM
mode) of the present invention;
FIG. 14 illustrates an exemplary structural block diagram of the second
embodiment (i.e., PM mode) of the present invention;
25 FIG. 15 illustrates the operational flowchart of a third embodiment (i.e., AM
mode) of the present invention;
FIG. 16 illustrates an exemplary structural block diagram of the third
embodiment (i.e., AM mode) of the present invention;
FIG. 17 illustrates the operational flowchart of a fourth embodiment (i.e., "I/Q"
30 mode) of the present invention,;
FIG. 18 illustrates an exemplary structural block diagram of the fourth

embodiment (i.e., "I/Q" mode) of the present invention;



20 FIGS. 30A-30C illustrate an exanple of a design to ensure syrrrretry“ﬁoc’ﬂj‘r\"amw
GaAs FET inplenentation in the FM and PM nodes; FIGs. 31A-31C illustrate an

i npl enentation exanple of a switch nodule for the AM node; FIGS. 32A-32C
illustrate the switch nodule of FIGS. 31 A-31 C wherein the 2~ switch is a
GaAs FET; FIGs. 33A-33Cillustrates an exanple of a design to ensure
symetry f%o ﬁ?f%s FET inplencntation in the AM node; FlI &T/ﬁégz‘m‘rjs”at es

an i npl enent 20 on exanpl e of a summerg.FIG 35 illustrates an

i npl ementation exanple of a filter; 30 FIG 36 is a representative spectrum

denonstrating th@‘l@sah@Amatliuoarawe @:Iarﬂvﬁ&forﬁzefoamde&%&ﬁh@dmﬁﬁhesent ative
exanples of fiJter circuits; &9% 8 illustrates an_inplepentation exanple

of a transniBicoRCAGMINA-regyeacy %%@“%Pdfm?"é)caté%g‘ﬁﬁl%ﬁ/p%w Yellishapi ng

circuit usi r&gelﬂplgﬂyt}ﬁéhlla%b@cu@@{dgﬁiﬁﬁ for a squarewave input from an
oscil |l at or; 2003 00/ 24116 - 5 - ~ PCTI1JS99124127 FIGS.

39B, 39C, and 3961(?’% ?Q@tz{ﬂgt%O%Wétf%wewals%efogpwsmtw Vit thelFES. Boa

circuist; Fl Gp 4041 sBoMndlos GEaRtLsx&opdary pul se shaping circuit using
digital |ogic devices for_a squarewave input froman oscillator; 5 FIGs.

40B, 40C, and 40BGs ?lfstZrIBt%I%W&tfaﬂmlc@lmefoaﬂwsw&twWﬁléthplF@:i '40A

circuit; FI @Mé’llcu%m aﬂalbgﬁr{f%ﬁgﬁﬂhﬁiy pul se shaping circuit for any
i nput froman oscillator . 42A, °42B, 42C, 42D, and 42E illustrate

representative wiikest S 2B02 243 Hlustiase wlicel waveforras SpGiatetwith heFl6:5 FI G 43
shows the inggr, H@Lllti%}ﬁrpéf{ato@ntéﬁg%hgﬁﬂts of FIG 41 according to an
t

enbodi nent o e Inventio 44G illustrate exenplary waveforns
{for 18 pul se nod&lGi23dinsrredearoipwleandntagion axampbud fsievolhgef donkelddrgeiBatirodi ment )
at a plural i) Z,f points in an exenplary 15 high level circuit diagram
hi ghl i ghti né tlg)’ characteristics of the first three harnonics;

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

FIG. 25 illustrates an implementation example of a phase shifter;
FIG. 26 illustrates an implementation example of a phase modulator;
15 FIG. 27 illustrates an implementation example of a summing amplifier;
FIGs. 28A-28C illustrate an implementation example of a switch module for the
FM and PM modes;
FIG. 29A-29C illustrate an example of the switch module of FIGs. 28 A-28C
wherein the switch is a GaAs FET;,
20 FIGs. 30A-30C illustrate an example of a design to ensure symmetry for a
GaAs FET implementation in the FM and PM modes;
FIGs. 31A-31C illustrate an implementation example of a switch module for the
AM mode;
FIGs. 32A-32C illustrate the switch module of FIGs. 31A-31C wherein the
25 switch is a GaAs FET;
FIGs. 33A-33C illustrates an example of a design to ensure symmetry for a
GaAs FET implementation in the AM mode;
FIG. 34 illustrates an implementation example of a summer;
FIG. 35 illustrates an implementation example of a filter;
30 FIG. 36 is a representative spectrum demonstrating the calculation of "Q;"
FIGs. 37A and 37B are representative examples of filter circuits;
FIG. 38 illustrates an implementation example of a transmission module;
FIG. 39A shows a first cxemplary pulse shaping circuit using digital logic

devices for a squarewave input from an oscillator;



FI GS. 45A-45F illustrate exenplary waveforns {for an anplitude nodul atjipppp 2003
node operating in an anplitude shift keying enbodinent) at a plurality of
points in an exenplary high level circuit diagram highlighting the
characteristics of the first three harnonics; 20 FIG 46 illustrates an

i npl enent ati on exanple of a harnoni c enhancenment nodule; FIG 47

illustrates f enent ati on exanple of an anplifier nod ok 48A and
. wodohdTR : exanp . mp A gﬁ
48B il lustrate exenplary circuits forsa linear anplifier; H{;F/&sﬁ% §

illustrates a typical superheterodyne receiver; 25 FIG 50 illustrates a
transm tter accofFizngIBdoanaeinddddilnente vwdvefohes presand withuRIGoIPA N a
transceiver circuit with a typical superheterodyne receiver in a full
dupl ex node;mrﬁ"&s. 51A) 51B, 51C, and 5IDillustrate a transmtter

according to an €rhodiAnsaoks Dfechitexemphenuldeniigitd GRrvuit Rsiag Higamaeat ver
circuit using a conmon oscil |l at Qr 30 vvi.hh a typical superheterodyne

recei ver in GRS P HIBPEY2 R e B9lRloN st r at es an exenpl ary recei ver

usi ng suni ver sal  FIGQYEBCYCHMMUOTONY R G vivelofB bk SBiRE] REE HetIO0A(A0 an
enbodinment; FIG 53 illustrates an exenplary transmitter of the present
invention; CSIFUE tyj"' 003 WO 001241 t6 ~ PCTIUS99124127 (_ FIGs. 54A

54B, and 54C i || pat.ratstowda B8 BRIy bhi8OSab ik efrci®f fol 11 iRFRSRA an NVENti ON
in a transceiver circuit with a universal frequency down conversion

receiver ope¥&t#fy in a hal f dupl ex node for the FM and PM nodul ation

enbodi nent; FI G %, b2 A USH! @SB RS ARNALY e HERNS L feShavforkie Present
invention in a 5 transceiver circuit with a universal frequency do~, vn

convefsi on reeweinied viies B Ahck@ita hal f dupl ex node for the Alvl nodul ation
enmbodi ment; FIG Fﬁ@. 45 lshé@étﬁ@}ﬁneﬂ@ir&ffﬁﬂf& @lrebﬁeltttE @f‘ﬁ]{@.m %copcfin%/(!aggpr esent

invention in a transceiver circuit wth a universal frequenc wn
conver si on reabeiligent gdperiavdantigni n a ful | - dupl ex node;

FIGs. 44A-44G illustrate exemplary waveforms (for a pulse modulation mode
operating in a pulse shift keying embodiment) at a plurality of points in an exemplary

15 high level circuit diagram, highlighting the characteristics of the first three harmonics;

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

20 FIG. 46 illustrates an implementation example of a harmonic enhancement
module;

FIG. 47 illustrates an implementation example of an amplifier module;

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

FIG. 49 illustrates a typical superheterodyne receiver;

25 FIG. 50 illustrates a transmitter according to an embodiment of the present
invention in a transceiver circuit with a typical superheterodyne receiver in a full-
duplex mode;

FIGs. 51A, 51B, 51C, and 51D illustrate a transmitter according to an
embodiment of the present invention in a transceiver circuit using a common osciltlator

30 with a typical superheterodyne receiver in a half-duplex mode;

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

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



10 FIGS. 57A-57C illustrate an exenplary transmtter of the present 3 APY 200
i nvention being used in frequency nodul ati on, phase nodul ati on, and Fb AP 7003
anpl i tude nodul ati on enbodi nents, including a pulse shaping circuit and an
anplifier nmodule; FIG 58 illustrates harnonic anplitudes for a

pul se-wi dth-to-period ratio of .01; FIG 59 illustrates harnonic anplitudes
for a pul se¥Qitefg4ii¢ o- period rati o of %5 :05S6; FIG 60 is BCT/H$9E4Rhat
illustrates the relatme anplitudes of the first 50 harnonics for six

exenpl ary pul se-w dt b:t Q- per.i atios; FIG 61 is a.tab that .illustrates
the rel ative arrpﬁ(?sugd]‘lé&s’%gg ’ ?rhdg&g I?lesttrag%anheé?rrr’rlﬁlﬁfyc%anﬁ&‘&% Pt%e present
pul se-w dt hidventuarih @dranativesciapit withzecheesn] frévgiedcySlownhvoaughiod Gecéiva0

subharmonics; FIG,. 62 jl]lustrate n e tructural bl ock diagramfor
an al ternat Ppﬁ_éaté}%eai%ﬁ@ﬁflﬁﬂ H&Oﬂ%%?@g\ﬁ@% h@éﬁﬁ%ﬁl%eﬁ@?lw%de wher ein AM
i's conbi ned W t hpfMss jlfils@atefah ddchipfity RRmiAA oL HL PRlsBiMnNAUEE fran for an
information signal "A" for the enbodi nent of FIG 62; 25 FIG 64

i |1 ustrat es tragsceixerpiiceit yithaweiversah ffagueney dowaicphversiongressivgiaipefabng intre

enbodi nment -l ; il : exenpl ary waveformfor a
phase nodul g%lgguﬁxgﬁé?e #(:%gﬁetpﬁ\g n(llad u%ﬁll)ére%%?édé ergl G 62; FIG 66 illustrates
an exenpl ary wavElotmilfusirates pudxsepihapedmitir of graatestmrintdngoBh enbodi nent  of

FIG 62, FI szirlcl'ruﬁi}:rgxgé ga ﬁé‘?e”'gl ALY ayayelolsmror, a reperence si gnal
for the enbSHISHERT BFVFIE! 2631 “Fiia “ Y VI P US P ares ai “BxE mBrarye Revef or m
for a har nofilledlpiex modeh signal for the enmbodi ment of FIG 62; 161~("1;
2003 WO 401 24116_~ P 24127 7 _ FIG 69 jlluystrates an exenplary
vvave]f(brm for theFIﬁﬁngrzi{fgﬁﬂgiﬁlsﬁ%ff AD LT RAY trARIYjt r?glthed’fresl—eflﬁm’@'ﬁmflor t he
enbodi ment  gfinfhded ifBequehéy md@iitldnUsak@edul abne xR yd WaYEA Dol for the
second harnonjc _of th

embodiments, including a pulse shaping circuit and an amplifier module;
FIG. 58 illustrates harmonic amplitudes for a pulse-width-to-period ratio of .01;
FIG. 59 illustrates harmonic amplitudes for a pulse-width-to-period ratio of
15 0556,
FIG. 60 is a table that illustrates the relative amplitudes of the first 50
harmonics for six exemplary pulse-width-to-period ratios;
FIG. 61 is a table that illustrates the relative amplitudes of the first 25
harmonics for six pulse-width-to-period ratios optimized for the 1* through 10®
20 subharmonics;
FIG. 62 illustrates an exemplary structural block diagram for an alternative
embodiment of the present invention (i.c., a mode wherein AM is combined with PM);
FIG. 63 illustrates an exemplary waveform for an information signal “A” for
the embodiment of FIG. 62;
25 FIG. 64 illustrates an exemplary waveform for an oscillating signal for the
embodiment of F1G. 62;
FIG. 65 illustrates an exemplary waveform for a phase modulated signal for the
embodiment of FIG, 62;
FIG. 66 illustrates an exemplary waveform for a pulse-shaped PM signal for the
30 embodiment of FIG. 62;
FIG. 67 illustrates an exemplary waveform for a reference signal for the
embodiment of FIG. 62;
FIG. 68 illustrates an exemplary waveform for a harmonically rich signal for

the embodiment of FIG. 62;



signal of FIG 68 for the enbodinent of FIG 62; 5 FIGS. 71A and 71B
illustrate exenplary inplenmentations of aliasing nodules; FIGS. 71 C T4 /GR 2003
illustrate exenplary waveforns at a plurality of points in the FIG. 71 A
and 71 B circuits; FIG 72A is a block diagramof a splitter according to

an enbodi rent of the invention; 10 FIG 72B is a nore detailed diagramof a
splitter ac¥o0d2Hdgé t o an enbodi ment of, the invention; Fl| GSPCYRE9AR72D are

exanpl e waveforns related to the spl ither of FIGS. 72A and 72B; FIG 72E is

a bl ock diagram ircuit th a i r .accordi to.an.15

embodi nent of thgI &’e (uqﬁa‘rie’s b =Nesis 7%5\'3?'%%&@ tg‘ gf%a‘éledt U%PBH‘H%OF%Fat ed to
t he di agr am gfnaFbfFIGI 88\ for Rie@mbodiment af PO 6R; di agram of a switch nodul e
according to an 0 nt of the inventi F T4A | s an_i npl ement ati on
exanpl e of the bI%Ek%@@‘ﬁé‘?ﬁ%f“ﬁpﬁ?wwvc%@mlﬁtge sefppd %'Qoéiﬁé’r}pélﬁarrpl e

wavef or s reg@;a@gfm@ kb @r tﬁ%boﬁln@m 0 d, g2:anot her i npl enentation exanpl e
of the bl ock di agram of 3: FIGS. 75B-75Q are exanpl e wavef or ns

relatéd to FIG 798s T ﬁ@ﬂdiéﬁ\ﬂil@traqq CESBPIBIYEMPIATEBRETetfisdiasingriedaes; t he
I nvention; FIG 7@55'7&‘1@7’1(}% HRkEe F)ng\rfg? {s Qtplu%ht% %dlﬂtgﬁ%EO??A o

FIG 76C is an exanple |vvlOSFET e | ment e I nve
anot her i npl Elisntlat amgl 18xcagpitse of t he bl ock d| agram of FIG 73; FIGS.

77B-77Q are exa vef qr el at 75A;. Fl | ust rates an
i mpl ement at i on gﬁlﬁhm 'rsélgjekr)rr?( diggy ver ?Fa %F?Mﬁre?cémrdmr%ﬁ’ta 5?130%3’3 Eqﬁl@s are
gener at ed f oihvenioh, cycl e of an osm |lating signal; 30 FIG 79 illustrates

the nndtiple apertur eneration np illustrates exenplary
4vavetforms for PflfL-l’ g%BgB‘F 5UF Q@@”"t@dﬁ%&‘i‘rﬂl E@Sf?lft@ﬁ?‘i?ﬂéjl‘}ﬁutlo§‘é PPHMSAL i ve
pul ses per c(yqul@m‘,&itl% 81l illustrates the output spectra for one puI se per

cycle; FIG 82 illustrates the out put spectra for two pul seslp cIe
FIGS. 72C and 72D are example waveforms related to the splitter of IGS

and 72B;
FIG. 72E is a block diagram of an I/Q circuit with a splitter according to an
15 embodiment of the invention;
FIGS. 72F-72] are example waveforms related to the diagram of FIG. 724,
FIG. 73 is a block diagram of a switch module according to an embodiment of
the invention;
FIG. 74A is an implementation example of the block diagram of FIG. 73;
20 FIGS. 74B-74Q are example waveforms related to FIG. 74A;
FIG. 75A is another implementation example of the block diagram of FIG. 73;
FIGS. 75B-75Q are example waveforms related to FIG. 754,
FIG. 76A is an example MOSFET embodiment of the invention;
FIG. 76B is an example MOSFET embodiment of the invention;
25 FIG. 76C is an example MOSFET embodiment of the invention;
FIG. 77A is another implementation example of the block diagram of FIG. 73;
FIGS. 77B-77Q) are example waveforms related to FIG. 75A,
FIG. 78 illustrates an implementation of the present invention wherein multiple
apertures are generated for each cycle of an oscillating signal;
30 FIG. 79 illustrates the multiple aperture generation module;
FIG. 80 illustrates excmplary waveforms for strings of pulses containing from
one pulse through five pulses per cycle;
FIG. 81 illustrates the output spectra for one pulse per cycle;

FIG. 82 illustrates the output spectra for two pulses per ¢ycle;



~ G~ ,f'"~ Z003 WO 00l 24116 ~ PCTI US99124127 g_ FIG 83 illustrates t f
out put spectra for three pul ses per cycle; FIG 84 illustrates the outpd] 1003
spectra for four pulses per cycle; FIG 85 illustrates the output spectra

for five pulses per cycle; FIG 86 conpares the anplitudes of the output
spectra at the desired output 5 frequency; FIG 87 illustrates a circuit

di agr am f o'W® #24pi6- pol ar pul ses; FIG .88 illustrates the FHSEMPH241¢sul ting

fromthe use of bi-polar pulses; FI G'889 illustrates the bi-polar pulse

stream FIG 90 t. e n tream used to generate the
bi - pol ar pul se 13 étﬁ’ Jhl*ﬁ ra%ﬁ&%ougofﬁg% ?7 f(y?g}rgea? Zseéfgrnw:%ry i npl ement ati ons
of a sw tch nodulFeG.aediistiatey tHeueyubgebice fifr $oxmfputslssq3eiray@ati on; FIGS. 92A-D

illustrate exenplary aperture generators; FIG 92E illustrates an
oscillator accor g?(:;‘rg“t u%‘ﬁteéﬁ{?d’&m%m“%? o [fige Brlesdst SyElii nvention; FIG 93

illustrates an epes®b oh@RRt Bk 8¥pBLRAR wth@o@ltswapédt@@a{he%eﬁfe%u%ansf er
si gnal nodul e according to an enbodi nent of the invention;

i | lus®rat es fEAueIcY:asi ng nmodul e with input and out put i npedance natch

according to an @[@%llmﬂt&tegg c&ﬂﬁt dl%f gbrot% 12;933: seSOA illustrates an

exenpl ary pul se generator; IUst rate ‘exenpl ary wavef or ns
related to the pEI@éSg;kbmm@BdESQ¢CtII§Ir®u1t9@Ar0nFﬂhGUS%thblmspulaases an

exenpl ary energy sfe le tch nodul e and a reactive
st orage nodul e ag%(%fsgil%sﬁr?%?gﬁ be V\faE S‘[§1 of° the invention; 25 FIGS. 97A-B

iI'lustrate exenpFHE.p0emetgys t}reaamxgﬁﬁrpﬁgesstxem usziaoigelienge tie WpbhepuEnt s of
the ipvention; FIG 98A illustrates an exenplary energy transfer signal
modutt accorsﬁ?aﬁ‘b to an enbodi nrent of the present invention; FIG 98B

illustrates a fl gwghari-mofljusitad @cemmyn@p@ﬁaﬁatdn@ef@m@dh%@@léo an 30
enbodi nent of the gmesent invention; FIG 98C is an exenplary energy
transfer si ghrdingmanbodippasts gghg igveptighemat i ¢ di agramof a circuit to

down-convert a 9% MK rpilfdke exemplary aperture generators;

FIG. 92E illustrates an oscillator according to an embodiment of the present
15 invention,
FIG. 93 illustrates an energy transfer system with an optional energy transfer
signal module according to an embodiment of the invention;
FIG. 94 illustrates an aliasing module with input and output impedance match
according to an embodiment of the nvention;
20 FIG. 95A illustrates an exemplary pulse generator;
FIGs. 95B and C 1illustrate exemplary waveforms refated to the pulse generator
of FIG. 95A,;
FIG. 96 illustrates an exemplary energy transfer module with a switch module
and a reactive storage module according to an embodiment of the invention;
25 FIGs. 97A-B illustrate exemplary energy transfer systems according to
embodiments of the invention;
FIG. 98A illustrates an exemplary energy transfer signal module according to
an embodiment of the present invention,
FIG. 98B illustrates a {lowchart of state machine operation according to an
30 embodiment of the present invention;
FIG. 98C is an exemplary encrgy transfer signal module;
FIG. 99 is a schematic diagram of a circuit to down-convert a 915 MHz signal
toa5 MHz  signal usinga 101 1 MHz clock according to an embodiment of the

present invention;



to a5 MHz signal using a 101 1 MHz clock according to an enbodi nent of the
present invention; 1 c ~ in; 2003 WO OO Z4i 16 - PCTI US99124127 _g_ FI&GPR 2003
100 shows sinul ati on waveforns for the circuit of FIG 99 according to

enbodi nents of the present invention; FIG 10l is a schematic di agramof a
circuit to down-convert a 915 MHz signal to a 5 Miz signal using a 101 M

cl ock accorwidongR4#its an enbodi nent of the present 5 inventi dfCT/H89B241202 shows

si nul ati on waveforms for the circuit "8f FIG 101 accordi ng to enbodi nments

of the present inyentjon; FI.G 103 is a schematic .diagramof a circuit to
down- convert a 9IF¥~81\/'IQ9 Sg?‘ﬁﬁ%wm{a&o%w?’%“ssf%ﬁl}&Fmd%ﬁ ‘h%qg- P0ACCANEAO ¢ ock

accordi ng t enapdpRed M PreRht ihhatipfi.esent 10 invention; FIG 104 shows
sinmul ati on wavefornms for the circuit of FIG 103 according to an enbodi nent

of the present i fMénkdldna sqhematio dagrameng chcwtirelrnienet ¢ RS Mblzsignal in FI G
raudrace. oo b3 RIS SR S50l Bl BLAeLRal s OBl IpRIR AR Adre 2 @

baud rate of i ng odi nent of the present
i nvenfi on; Fh@ntidiQ6A il lustrates an exenplary energy transfer system

according to an j f invention; .. Fl.GS. -Cllustrate
xonplary 1 m g aragrane Sl LUIR0r ol s R ' e R o
107 il | ust r andsdiarend el esgntiypasisn;net wor Kk accordi ng to an enbodi nent of

(he mvertyon: L 405 | LLtstiales, an oXomml &y ypacs, nelagek accor i e
enbodi ment  qf 2 5heH: BN tukiapa 185 1 TG cld3di0AChldligsh kRERBoEM BTN REXnt eal
ti nelgperturigvegggl;t;ro circuit accordi ng
FIG. 104 shows stmulation waveforms for the circuit of FIG. 103 according to
an embodiment of the present invention.
FIG. 105 shows a schematic of the circuit in FIG. 99 connected to an FSK
source that alternates between 913 and 917 MHz at a baud rate of 500 Kbaud according
15 to an embodiment of the present invention;
FIG. 106A illustrates an exemplary energy transfer system according to an
embodiment of the invention;
FIGs. 106B-C illustrate exemplary timing diagrams for the exemplary system
of FIG. 106A;
20 FIG. 107 iltustrates an exemplary bypass network according to an embodiment
of the invention;
FIG. 108 illustrates an exemplary bypass nctwork according to an embodiment
of the invention;
FIG. 109 illustrates an exemplary embodiment of the invention;
25 FIG. 110A illustrates an exemplary real time aperture control circuit according
to an embodiment of the invention;
FIG. 110B illustrates a timing diagram of an exemplary clock signal for real
time aperture control, according to an embodiment of the invention;
FIG. 110C illustrates a timing diagram of an exemplary optional enable signal
30 for real time aperture control, according to an embodiment of the invention;
FIG. 110D illustrates a timing diagram of an inverted clock signal for real time
aperture control, according to an embodiment of the invention;
FIG. 110E illustrates a timing diagram of an cxemplary delayed clock signal for

real time aperture control, according to an embodiment of the invention;



to an enbodi nent of the invention;, FIG 110B illustrates a timng dia rp%g,} )
of an exenplary clock signal for real tine aperture control, accordi ng”t v 2003

an enbodi ment of the invention; FIG 110C illustrates a tim ng di agram of
an exenpl ary optional enable signal 30 for real tinme aperture control,
according to an enbodi nent of the invention; FIG 11 O illustrates a

timng di adiotH26Méan i nverted cl ock _jiognal for real tine ZpEUSEF¥ILontrol
according to an enbodi nent of the invention; FIG 110E illustrates a timng
di agram of an ex I ..del ayed. cl ock si | for real {ti erture
control, accordi ﬁl?) tliéﬁa(lrlilu%@%&ﬂ%lﬂg ﬁlgfg[%frﬁ%qﬁnnc\?eerﬁi) lf’gne;ne;gyg%g%&, f*f," 2003
WO 00/ 24116 inciud@h/ piS99HR Mk 2iperturdOthkd ot cdhib@Fed Inl ruslttingd, escoadihg wiang di agr am of
an exenpl ary energgl transfer. including pul ses having apertures that are
control | ed FROPEmENtOLHHE INeBEdi ng to an enbodi nent of the invention:

FIG 11 | i1l ustrefies 1anuseyph atammirh esdbs@penadf thdvavémivantion; 5 FIG 112
illustrates an exenplary enbodi nent of the invention, FIG 113 illustrates
an exenpl ary enbolé Hertlusyrtes pe cxempday puRodime, of the inv¢nkionr at es an exenpl ary
enbodi nent of t ' i O, hSd; | SR g am for the

exenpl ary enbod?ﬁrrghitql\égpﬁélgﬁ%s a@il; Flrgé{!fgdé%iegﬂ dglﬂtl&?lrrh%nlgggl agramfor the
exenpl ary enbodi Riént 14cflusia@s ad exeiplarp erb@limestofitke iaventishng di agram for the

exonpl ary enbod et G friging e R e Gl P shbRPRo AT o )°
enbodi nent of t hEIG. N8t k amingrdiggradh 7@ the Exeatpiay esibedjuahi ofAGT bI2; det er mi ni ng

charge transfer, ﬂ‘%’n@ cordance with res i nventi |G 117C

th nt on;_.15
1T Ul it oo r ol AEICOHER B8 BT WEH B bt Pl NG R Gr L i 6. 1
accordance wi th gite] 8BS & fknidg\ M@t @8 th&E:Gniplaty Bibbdiveht GRS, 18k at i onshi ps
bet ween capaci tor_charqi Eg and aperture, |n_accordance with the present
i nvention; FI G IFIG7B A lygptespese Y eREeYrertsis 'BHIROP: equations, in
accordance with 2 {hg iLaRIbqlAYRNb! @é!émﬁm% Ellla@gél-tl;rﬁfef[r,l ih4sdor@hes

insertion | oss equations, in accordance with the presen
with the present invention,
15 FIG.117C illustrates relationships between capacitor charging and aperture, in

accordance with the present invention;
FIG.117D illustrates relationships between capacitor charging and aperture, in
accordance with the present invention;
FIG.117E illustrates power-charge relationship equations, in accordance with
20 the present invention; and
FIG.117F illustrates inscrtion loss equations, in accordance with the present

invention.
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Anpl i tude Modul ation (A VI): A nodul ation techni que wherein the anplitude
of the carrier signal is shifted (~.e., varied) as a finction of the 1§ APR 2003
information signal. The frequency of the carrier signal typically remains
constant. A subset of AMis referred 1 ~t~hp~1i)(13 W 00l 24116 .

PCTI US99124127 - is to as "anplitude shift keying" which is used primarily
for digita%cBrMIfi cations where the anplitude of the car FFUVSHHNA shifts
bet ween di screte states rather than varying continuously as it does for
anal og i nformati on. Anal 09.2§i.lgﬁﬁérétid%alsﬂ)&'8 tid) whi ch the information
contained therein is 5 continuous as contrasted to discrete, and represents
a tinme varying physical e§&nt2 Strucquaddsenyptiofhe i nf ormati on content is
conveyed by varying east an haracteristic of the signal, such as but
not linited to anpli ?Bc#e, 6ﬁ}eé§ﬁ’§ﬂ@{ﬁen%r phase, or any conbi nations thereof.
Baseband signal: Any generic information signal desired for transm ssion 10
and/ or recepti og. As _used herein, ”i refers to both the infornzation signal
that is generated at Ilaplglaa?té%%ﬁ’iaaw %o any transm-ss~on (also referred to
as the nodul ati ng bagghandinsirgapllficrand to the signal that rs to be used by
the recipient after transm ssion (also referred to as the denodul at ed
baseband signal). Carri er’3ilgn@peratioual loesativtiodpabl e of carrying i nfor mati on.
Typically, it is an 15 el egyjroqm@aglirkssifdgl that can be var red through a
process called nodul ati on. The frequency of the carrier signal ~s referred
to as the carver fregdénctheAlnpemenatioasi ons system may have nmultiple
carrier signals at different carrier frequencies. Control a switch: Causing
a switch to open and close. The switch may be, 20 without limtation,
mechani cal ,6. el e®er¢icalTrasheéwedriSgster@, optical, etc., or any conbination
thereof. Typically, it is controlled by an electrical or electronic input.
If the swwtch is controlled by an electronic signal, ~t is typically a

di f figrent si gnale.it haHighTe:vel D&atigicdonnected to either term nal of the

swi tch. Denodul at ed baseband signal: The baseband signal that is to be used
by the 25 recipient after transm ssion. Typically it has been down
converted from gcar Ek&fipighdBRodaichi AR IReRMARNBIHL AL QL. The denpdul at ed
baseband signal should closely approximate the information signal (i.e.,

t he nmodul ati ng basebfRd sFigi&mpofiment: dgeadragmitignpl the Bepeent dmigniiont or mat i on

1 G ~~ PR 2003 WO 00/ 24118, BCH 29 At bath a'SuiJZrh%F& H% RLdRR; The process
of renoving information fron%a carrier or 1 nterned at requency signal .
Digital signal: A si@gdd $ecand EmbodimentnToy faninmtiecaithaPreot itventeinn has

di screte states as contr - S| ) [ rty that may be
conthnuousI y vari abl e. Sa%dﬁgg%gdd\gl\}ﬁé ggﬁrl\(;lesys}?%%ugg% @%&%%(gg%e\%F gi‘on

techni que wherein a recei MaéDsipgraliodes directly down converted and

denodul ated, if appligabl.e,. omthe original transmited frequency (i.e.,
a carrier frequency) kgé bﬁ@g{)%rnﬁg '“f‘htotjfe AUATHG e t‘i‘ﬂrﬁf&%ﬁﬁ&i&ﬁv qlé’nfrequency.
Down conversion: A procesBeh@Us@ewifof UnhgrshireeiRASYDbWATSh@redi 4 N whi ch
the Full-Duplex Mode.

20 6.2.4 Other Embodiments and Implementations.

6.3  Summary Description of Down-conversion Using a Universal
Frequency Translation Module.
6.3.1 Optional Energy Transfer Signal Module
6.3.2 Smoothing the Down-Converted Signal
25 6.3.3 Impedance Matching
6.3.4 Tanks and Resonant Structures
6.3.5 Charge and Power Transfer Concepts
6.3.6 Optimizing and Adjusting thc Non-Neghgible Aperture
Width/Duration



10 final frequency is lower than the icntial frequency. Drive a sw tlch A 1603
Sanme as control a switch. Frequency Modul ation (FM: A nodul ation techni que
Gvherein the frequency of the carrier signal is shifted (i.e., varied) as a
function of the infornmation signal. A subset of p'’Mis referred to as
"frequency shift keying" which is used primarily for 15 digital

communi cat P& Here the frequency ofisthe carrier signal EHTIPY B ween
discrete states rather than varying COntl1111011S1)~ as |t does for anal og
information. Harnonic: A @@rﬁanhr‘iudosth@InEﬁtea%H@?ﬁ;}ﬁt%pédﬁﬂ@est hat, when
conpared to its fundanental or réference frequency or tone, is an integer
multiple of it. In other (drédkRedl{flirae ppertuselCentigdvef or m has a fundament al
frequency of "f' (al al ¢ harnmoni c), then its harnonics
may be | ocated at fr?&@é@@%@pﬂ%ﬂ% 2 "n" is 2, 3, 4, etc. The

har noni ¢ correspondi 83.8 oMud&ying thedirergye’ﬂamsfer&grtah@smgﬁeaﬂ)ahar nmoni ¢, the
har mgnl C correspondl referred to as the third harnonic, and so

"1") si gnéal Oq"Fﬁ@@lF'Bﬁ%?tl(f”ypl cally generated by an oscillator.

Fn- phase (
It has not had its plas® Bhérhjied oty Said @pwnePsitsented as a sine wave to
distinguish it froma "Q 25 signal. The "I" signal can, itself, be
nodul ated by any means. \WWen the "I" si gnal is conbined with a "Q" signal,
the resul tant Slrg:@% gs,a TifsahI@h koS @ 8n Ehb&inthosiahe Prese%tﬁwemion, z003
WO 001 241 t6 . S99124127 -18 | n-phase/ Quadrature-phase ("11Q") signal:
The signal that results when an "I" si gnal is sunmmed with a "Q' signal.

Typi cal ly, bothhe F R | been phase nodul ated, although
ot her nodul ati on tecﬁhqa%{e}' Om%/ﬂg rgo ﬁm@% such as anplitude modul at i on.

An "I/Q signal 1% u§daelrattor1$trcanéuimﬁreslerpaslanélgmlr eans of 5 information

t aneously a §j mtted carrier. Note that the nodul ated "I1"
Si g]ﬁl and the %dul y%glaﬁ@% E(éé}}%’nal aie both carrier signals having the

same frequency Mhen Chontieneds of the Infesndubastgn! ]I/Q signal is also a carrier
signal at the s frequenc I f«o tion.signal: The signal that contains
the informati onalnsﬁat Cﬁgfa’f%“?v% O(fg Sﬁ@ﬁ%%eﬂg As used herein, it refers to
the original basebandsgi gp@hu@tgybme@@unge}g g{g}@m it is |ntended that the

information signal mpdul ate a _carrier is also referred to as the

al,
"modul ati ng baseband735r29nléx‘ills'@"'vl“ith ﬁfa&?el%”\g&f@é S‘c‘ﬁ* data, analog or digital,

or gry other signal @ic@abmPalzoshdpher@phuit | nternedi ate frequency (1F)
signal: A signal that is at a frequency between the 15 frequency of the

baseband si gnal 7ahd Bplectiongdthenyyitcsf the transmitted signal .
7.7.1 Optimized Switch Structures.

7.7.2 Phased D2D - Splitter in CMOS
7.8  Design of the Filter
20 7.9  Selection of an Amplifier.

7.10  Design of the Transnmussion Module.
L Terminology.

Various terms used in this application are generally described in this section.
Each description in this section is provided for illustrative and convenience purposes
25 only, and is not limiting. The mcaning of these terms will be apparent to persons

skilled in the relevant art(s) based on the entirety of the teachings provided herein,

Amplitude Modulation (AM): A modulation technique wherein the amplitude
of the carrier signal is shifted (1.e., varied) as a function of the information signal. The

frequency of the carrier signal typically remains constant. A subset of AM is referred



Modul ati on: The process of varying one or nore physical characteri stiacg 1OF 96
. . . . 75 LR 790

a signal to represent the information to be transmtted, Three conmonly

used nodul ation techni ques are frequency nodul ati on, phase nodul ati on, and

anplitude nodul ation. There are al so variations, subsets, and conbi nati ons

of these three ~0 techniques. Operate a switch: Sanme as control a sw tch.

Phase ModuP£%8A1EPM : A nodul ation_fechni que wherein t he PRASEAH2t he

carrier signal is shifted (i.e., varied) as a function of the information

signal . A SyisehQliuBMh LEAEP Mol & BS%d RAASA,SBE o PULARGD. S used
primarily for digrta co i cations where the phase o ecarrier

si gnal shi fwisrdétewseplitaddesclr dieecagicatseal stifigbetwran disareyd ngtes aathenthansl y as
it does for anal og..information,.Quadrature-phase ("Q') signal: A signal
that is outva%n%?@gguwltyﬁsé\trﬁjoanf-oﬁﬁlglg%1(’ Irm?tpos“i'gnal. The amount of phase
shift is prcdeterrnined for a particular application, f r;Pr; zoo3 WO
001 24116 . PCTI US99124127 -19 but in g.typical_ inplenentation, the "Q
signal is 90 outAné’ngpﬁ_&‘éal: wi't 5180 I"ﬁ"@i &?fm”}fom@,n Fqntﬁlﬂ‘féj thereigiignal wer e
a sige WaveonfifiRus & caindfad t0\Bié e DondBrepRSINAE s WY arY I8 Hholisf USSR Y,
together, the "I" signal and the "Q' signal have the same frequencies.
Spect rum Spewtity.uthe Biqugigdon epnangisicpyvered By am e laastmye chfraeteusiigofici es, 5
usual Iy wi L Lhi i.Chteh &t Larmapeld ik EM v cific
comon chaggects nlglstélill(c:l)(\,naJ u@(;:‘f] wavels may be %}opégfé%@éﬁh@nghég’%%ﬁgati on
medi um botchmbatatiorslthexend. manmade, including but not linited to air, space,
wre, cable, liquid, waveguide, mcrostrip, stripline, optical fiber, etc.
The EI'VI spectrumincludes all frequencies greater than zero hertz. 10
Subhar noni c: A Sakdbandreiprali sAy beegueinéymotiont an@alt Badired Sfoanrdnshigier

subnul tiple a referenced fuyndanent frequency.or tone. .-That is, a
subﬁgrm)ni c?“&rcoécﬁ?f‘éﬂ%?f"i 5t ¥rgd Bet“?’éﬁtrg%rﬁttgi %’éﬁ ‘@%‘fz{ﬁwadi%g& 2 dtjanent al
frequency Rgnéted At @0LGrce poior exanph@asnifsich P&l R&redWaVAT @8 mdiktiag
frequency of "f' {also called the "fundanmental frequency” or first

subhar noni dpsebanbyignals and BRbG HE det 140 8¢ Freddirehe e wient ager transiissiopher e n

s 2, 3, 4’(al§$ fefertedo SURDAEAOIECOSEE&2RPRGdTY t0 n=2 is referred to as the
second subharnonic, the subl:arnmonic corrésponding to n=3 is referred to as

the third subharnonic, and so on. A subharnonic itself has possible

har noni cs, and L har j : Larryvisd BRALIRBLC e he
fundanment al f re%ﬁgﬁetlr:?lggp' t%ngiagfgicgpqnbg Sggﬂyél?ﬁ c vvavel?lé'r nwpl%})l?’ lé?%:gr‘rirpl e, the
t hi 18l subhaiaroomegnetihsighaliths @nfbeequehdyough 20roteds3h)iedrmpdhiatien. hdheroni cs at

I nteger nulf%e'de'n%? 8tf thé[ Sc%;’rger( %iggﬁl’ 2 r ﬁé)cpdtohgsr rH%é"ccarr‘f?lé[r frequency. A
communications system may have multiple carrier signals at different carrier

frequencies.

Control a switch: Causing a switch to open and close. The switch may be,

20 without limitation, mechanical, clectrical, electronic, optical, etc., or any combination
thereof. Typically, it is controlled by an electrical or electronic input. If the switch is

controlled by an electronic signal, 1t 1s typically a different signal than the signals

connected to either terminal of the switch.

Demodulated baseband signal: The baseband signal that is to be used by the

25 recipient after transmission. Typically it has been down converted from a carrier signal
and has been demodulated. The demodulated baseband signal should closely
approximate the information signal (i1.e,, the modulating baseband signal} in

frequency, amplitude, and information



"2f/3," a third harnonic at "3 f/3," and so on). The third harnionic1ngRQ®3
third subharnmonic of the original signal (i.e., "3f,3") is at the frequency
of the original signal. Trigger a switch: Same as control a sw-tcli. 25 Up
conversion: A process for performng frequency translation in which the
final frequency is higher than the initial frequency. 2. Overview of the
frivertti ol@OV244leg |~ . 2003 WO p0124116 . PCTI US99/ 2Kt ¥¥F52% 31 he
present invention is directed to systens and net hods for frequency up
conver si on, andpapRlikig@dd Of%: 1REEROTor lehoORg HIHRMHBRNrom! REAHiGAYENCY
up-converter of the present invention is used as a stable reference
frequency duamedianfrequptrysesnebnparator or in a frequency 5 conmparator. This
enbodi ment of the present invention achieves this through the use of a
stable, |low frequency |local oscillator, a switch, and a filter. Because it
up-converts frefugntyigndthd sigrsenvhicnthent foomtmarottaked davemhasghscedte t he
relatively w cost of . Jow.frequency oscillators.to generate stable, high

f requency §F §f§¥ﬁ@ﬁf%hgﬁ%%ﬁg %ﬁﬁﬁé?ﬁgﬁpth%gmypgﬁﬂgW V“%by%ﬁh@erter i's
used as a systemand 10 nethod for transmtting an el ectromagnetic (Eivl)

signal. Based on the discussion contained herein) one skilled in the

rel evant arts) WES QHbGAIEE MM dOHBr @N4FE0BIREINIAUS| VisT3iBta sC¥fbodi ment s
in which tQf”g]nﬁlri@%&%&%yd&kpﬁ:QBrY»%E‘tE@ran@fdeﬁqb@ulﬁ’cé@,si?prlhdﬁﬁ%[‘f‘fﬂoi%{‘th%%fgﬂmape_ used
in other applications, and that these alternative enbodinments fall within
tile scope tishsmitied greguensy (Lavehtchorr O@ummsy) itp| bpsebaad | veheiriposgsan vari ous
nmodul ation. é%FB r i scussed bel ow. However, it should be understood
that the i#@en |%§ﬂT%”§§ "Unmited by these exanples. O her nopdul ation

techni ques that m ght be used with the present invention will be apparent
to persons skilled in the relevant .arts ased on the achi ng. t ai ned
herein. Also fo 0?Pfﬁ§?¥%@??%mﬁﬁ?5§¥ 5?%?$%§§Eﬁ%?c B?%%ﬁvgﬁgﬁ%ﬁﬁgg%ording
to the predmatireleicpvieihtventhan siedesdalrfidaeehichel ow in the context of a
transmtter. However, the invention is not limted to this enbodinent.
Equi val ents, extensions, variations, deviations, etc., of the follow ng

wi || be apparenpriva peREORSmS Kt tdnedl 4 sivitdhe rel evant arts) based on the

t eachi ngs contai ned herein. Such equival ents, extensions, variations,

devi ations, etc., are within the scope and spirit of the present invention.

25 2.1 Discussi epqfncy Yidahlaubi (Fbid%?& mbEARNNAEERiquE SARAI IR SreBYend be D
i nfounation can be inparted onto EMsignals to be transmtted are called

nmodul at i on theheasert sigiahisoibéiéedali 8., qened ais|ay fueliqn Rindrinfosmetina sigiall éd in t he
rel evant atifs) or lsIBELUAGY oDUkedlfonghi W PhLEGnlcR, is LLEANEAR, ROV at i on
(FM, phasé ﬁnd%ﬁatlgﬁ-% IVVB? aﬁ%ﬁ%tﬁge ngﬁ%kgtioﬁ Ciﬁf, Hua%}gture-phase
shifif 30 kegitaly coQP8Kiratics egureadiic dheafienckesfi thy ¢aESK) sigpdl aghéfts hetheerkeyi ng
(PSK), anplitugf hi f in A . onbinations thereof. These
| ast t hr ee d%r& séa,[%?sorﬁttnerlﬂgngl vagylg'xo §c|>9tr’nu§1§s?y as 1{3‘5'0%5 ?orqitr)lalogmfgm?atxon.
Harmonic: A harmonic is a frequency or tone that, when compared to its
fundamental or reference frequency or tone, is an mteger multiple of it. In other words,
if a periodic waveform has a fundamental frequency of "f' (also called the first
20 harmonic), then its harmonics may be located at frequencies of "nef," where "n" is 2, 3,
4, etc. The harmonic corresponding to n=2 is referred to as the second harmonic, the

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

In-phase ("I") signal: The signal typically generated by an oscillator. It has not
had its phase shifted and is often represcnted as a sine wave to distinguish it from a "Q"
25 signal. The "I" signal can, itself, bc modulated by any means. When the "I" signal is

combined with a "Q" signal, the resultant signal is referred to as an "I/Q" signal.



~ 6 ~, P1~ 2DD3 WO 001 24116 . PCTI US99124127 -21 techniques, FSK, PSK) {ﬁp}ph 7003
ASK, are subsets of FM PM and AM respectively, and refer to circuits ‘
havi ng di screte input signals (e.g., digital input signals). For
illustrative purposes only, the circuits and techni ques descri bed bel ow al |
refer to the EM broadcast nedi um However, the nmventron is not limted by
this 5 enbB@i%%HE6 Persons skilled ip the relevant arts) BFTVSH&EBGni ze
that these same circuits and techniques can be used in all transm ssion
media (e.g., over- ' C i PoLOE - +0- Poi Nt ). 2

Expl anati on of gi%ﬁrargﬁgg%{ga%eﬁ%gl&?gE'/gn)g%rﬁt]'~Z€ee$ g}rldr?aﬁ]%a}%ﬁtﬁ‘%e&r%gg reucy

~~| ndul at i eignal iQsurirfed With h I'QS sigatle Sypinalex anthlthke Gf aad fQeggedicavetbderd at i on
{FM circuit 100 FIGS. 2A,., 2B, and. 2C, .and FlI Gs. .20A, 20B, and 20C
st v o pbagh prBtest o{Tionefoiond “ae PR T Piien o Pkp cFRb e 00 1 an
Fi VI syst eginplifi@e Ii@RUGBEY Ah '9/Takighflr isSi@dab, e 8Hamie Q&6dnd 8t i Ny

si gnal 202,(EI G, 2B and FIG 20B), is varied to represent the data to be
commini cat ddormagien sigwltaneos HaR A sielsitinsmited earigr Ntesthameappiubagnd? o FI G
15 20A. | ngBhdPand SR mdddfa@amef ishash Ohdh cAB0%siEfIhaCARLhOURSHrehaRg! {1 . €.,
an analog signal), and in FIG 2A information srgnal” 102 is a diScrete

si gnal (i .&hengcambinadalthesireprbipnt, "Q' sigealciiselsofe eddedisigorlente thef eamd at i on

si gnal 102fre&&ﬁ$)EM circuit 100 is referred to as a frequency shift keying
(FSK) system rvhrch is a subset of an FM system |0 Frequency nodul ati on
circurt 100 rccerves an information signal 102, 2002 froma source (not

shown) Informatjgn sj.gnal 102,.,2002 can, be anplified by an, optional
anplifier 104 ak‘gD'TTPW’bP‘éagjbyTg% S'(%l?li oﬁéfo?t?lg%)él?e ¥ 9}“5%‘ nintgatt ﬁeto\r/]%q t age

i npw t hat yrehisniesd. aAY akédbeciapittefld edtheseiglabbeb{dGYnal @6 theWotiten VCO
106, an osgillating. si | 202 (seen on FIG and F| G  20B). | s gener at ed.
The purposg"'ht?f‘.‘\/éd feﬁégcpg‘.aﬁ et‘B&\VéJFS‘P“t ﬁ%‘.”ﬁ F%%E‘gﬁ%? C@f“%%%“laﬁé? ISrdSosr gnal
202 as a fwigtddoRd Rfihd hBodnAy Beedhadeigndl."e It mhPHEEREI R Hakl g 402, 2002.
The output of VCO 106 is a nodul ated signal shown as nodul ated signal 108

(FIG 20) disénl erayiofres piggalobperab piwn theseafhe digital information signal 102
and shown as nodul ated srgnal 2004 (FIG 20C) when the information signal
is the anal og signal 2002. ~blodul ated signal 108, 2004 is at a relatively
| ow 30 frequenchptefmedjate figananca (i) sigetivdemgrBdthat/isit arrdudrey betweelr Yheand can

o b0 i PRl gRRE e R s BERY PRI TN sy 24127 92

have its anplitude increased by an optional anplifier 116. The output of

? P;L‘grr:]alt t ‘;geg;e@{ﬁ?(ulﬁ‘fﬂntz I'I%'e ip?orceslslo vaap)qgl,(? Emcogrt ngpeapl)hy%w ll ci:}}cairaecgeri%t]chs c!fsa then
signal to represent the information to be transmitted. Three commonly used
modulation techniques are frequency modulation, phase modulation, and amplitude
modulation. There are also varations, subsels, and combinations of these three

20 techniques.
Operate a switch: Same as control a switch.

Phase Modulation (PM): A modulation technique wherein the phase of the
carrier signal is shifted (i.e., varied) as a function of the information signal. A subset
of PM is referred to as "phase shift keying" which is used primarily for digital

25 communications where the phase of the carrier signal shifts between discrete states

rather than varying continuously as it does for analog information.

Quadrature-phase ("Q") signal: A signal that is out of phase with an in-phase

("I") signal. The amount of phase shifi is predetermined for a particular application,



exenpl ary antenna 112. 2.2.2 Phase Mddulation. S FIG 3 illustrates a

exanpl e of a phase nodul ation (PM circuit 3Q0 and FI Gs. 4A) 4B, and ! Lbdw\ 2003
and FIGs. 21 A 21 B, and 21 Cillustrate exanples of waveforns at several
points in PMcircuit 300. In a PMsystem the phase of a carrier signal,

such as a | ocal cillator (LO output 308 (FIG 4B and F
varied to WQﬂ?’é‘s‘g‘it the data to be cegmuni cated, such as Sﬁwpﬁéggghﬁtl on
signals 302 of FIG 4A and 2102 of 10 FIG 21 A In FIG 21 A information

si gnal 2102but$nat§p@m hﬂﬂ%@n@mﬂaie Q- sBnal BY02BR| TPh2deIRR fhe “BNGgdal FI G
4A, i nfonnat ~on si gna is a discrete signal (i.e., a digital signal).

In the casellss, if e "di %&naétvére.arﬁmwm b8 "9l gignal vauRl be heosimg waviec iheni s

referred ! 4ilkRisgR fh%r%@-ﬁpt&w(%g@gég@%@ma %341"}‘1 fréq%eaéc]&ltypl cal

i npl ement at1 on, I's’a subsgt ste ase nodul ation circuit
300 receives inf or mati on signal 302, 2102 from a source (not shown) .

I nformati on signal 102 ca | ified by an option anpl.ifier 304
and filtered by%g’ﬁm{)lﬁrf oﬁﬁfmﬂlllf élFCdsfogpl%‘&y iasc"f%ﬂ?"éla '£85% °€ﬁr§§@%ﬁu| at or
306. 5Al so fgediyngidehaakinnmaded atarondQfeticS(EM) Waklep hve3@Bnipedific @6@knon

oscil | ator 310 LO output 308 is shown on FIG 4B and, FIG 21B. Local

osci | | at or sChaagieHstis $‘é§@a‘1’a"2€) M3y ie| NTaRagRicd 10 any GepInIsALcl BedinBnagiRet i ¢

wave at a pradet aldhiagdadd qga@mg vando@Mmkibd WslQir, ThReOWiRULaE RiASe
nodul ator 306 is a nodul ated signhal shown as a phase nodul ated signal 3I2

(FIG 40 mwgwﬁ@ isFSHiRtSITERnG grigkl fibert Kis. difse Fad speaituor ieluden ali gnal
302 and shot\qghi %P&?e?%amg}blﬁh?d signal 2104 (FIG 21C) when the 25
n s gna

informatio s the anal og i nformati on signal 2102. The purpose of
phase modul ator 306 is to change the phase of LO out put 308 as a function

of the val ue of tlons 302, 2l Tha exanple in a PSK
m)de16 LO out pgugifl rTgwere ng)lhﬁrénov% $ fo&éu?lﬁg %)/ra 01518 tg?t ns‘f BRA%EFdn si gnal
302 changedsufamompa: o msafyrehnegrfuﬁcbmantal n‘iaqx;enby)w; tdnae masse aOfubhdtnonit put 308

woul d chang froma sine wave wi.th hs i ne ewlth for
exampl o GMEBTOR Taciob ot Byfifing WRASE e HE o Bhase
nodul at ed Slhﬁ@élf' 13k 2x@hplE] Ba fEodbivedre e Hds hawguéds o?e"aﬂe(afsbetqu&ﬁ@l}i as LO
out put 308, but ~r.-~ould be out of phase by 180 in this exa For a i

G n f'R z00Sumiermgniebligapgncy’ or ﬁﬁfl@é@@m&izgewwuéwn@mcs bwér?o FRE¥EiE hanges

in pRase rTD&iubﬁt'%e?eIg@@I 312t et s dhemiRR @3RS RlnY S po fsb@fehmfara@mtl on in
i nfornl ation signal 302 can be seen by conmparing wavef or ns 2, 308, and

312 on FI GShe monahwa@mpm; thergybl @lm@n@a@@e@rpor@mgatﬁaﬁgwﬁﬁﬁemm potiesi gnal
third subharmonic, and so on. A subharmonic itself has possible harmonics, and the i"

harmonic of the i™ subharmonic will be at the fundamental frequency of the original
periodic waveform. For example, the third subharmonic (which has a frequency of
20 "f/3") may have harmonics at integer multiples of itself (i.e., a second harmonic at
"2¢{73," a third harmonic at "3+f/3," and so on). The third harmonic of the third
subharmonic of the original signal (i.e., "3+f/3") is at the frequency of the original

signal.
Trigger a switch: Same as control a switch.

25 Up conversion: A process for perfoiming frequency translation in which the

final frequency is higher than the 1utial frequency.

2. Overview of the Invention.



2102 of FIG 21A, the phase of LO output 308 of FIG 21B changes 76 APR 2003
continuously as a 5 function of the anplitude of the information signal
2102. That is, for exanple, as information signal 2102 increases froma
value of "X" to "X r 8x", the PMsignal 2104 of FIG 21C changes from a
signal which may be represented by the equation sin{cot) to _a signal which
can be rep?’vé’s"@ﬁ%éfj by the equation sjp(cot + c~), where ~PFTUWH# N ase
change associated with a change of 8x in information signal 2102. For an

anal og PM 10 sy g4eihestlicnPlifse ic03008P 1d BsRARSHAREMbAL BE Rlgagl 104 that

are representative of the intormation I n’informtion signha an be
seen by corpavdraign, wad gipbcat®on2BRof.308, and 2104 on FIGs. 21 A 21 B, and 2

TR e e o e o S
routed to as ®pfablenaferdie fit@geenciourl ta pliase 3ddpandr @ptinondteqasmpy i fi er
320. _The purpose of _optional frequency nultiplier 314 is to increage the
freqliency SPMBHALE Pﬂgﬁ'i“ ¢ Eile'%ti‘gﬂléel praspot W%fmoaa?fé?va?ﬁ“%ﬁwge\m%a ency

(e. 9., 50 MHzath®) 130 Greiidaly 1RRalBosdRBIoE s ik DagERs Filthl eRMaREYit (f-clhvert§00 Mz,
1.8 GHzj. Optional anplifier 320 raises the signal strength of phase

nodul at ed dTegpaicy.3he presernhanvegtion grisiakeadvapipas of ieyalatiy@lyndaw ces@f B an 20
exenpl ary Bstor tPeederalel St d bl S udc Dk} l%‘atiorr. FIG 5

illustrat eg{}gﬁ&ggg%ﬁ%eoro%oz%negr‘?ﬁl I t&hé’lnggld%’g?flgﬁg AM circuit 500 and

FI Gs. 6A, 6B, ahda6&ondrthbF{i@Snt, 2XAfrc@RBy aprdor2@er islusst rat eysoranpd es of
waveforns at several iLnts i ;n. . AM circuit, 500, In an Alvi system the
anp?{)tude ﬁeﬂéo%egrrtﬁ@rsgg n%?“g?%%cltr,omsaﬁ%%wgg}vgS]g(r)l%lal oscillator (LO signal 508
(FIG 6B and FI Based2B)the discussivn echtiiged peiesentskilke idaleaclecabart@Gpmituni cat ed,

such as informatiogn signals 502 of FIG 6A and 2202 o I 22A. In FIG
22A, | nf of RRECEBRE SgRATe 350uTes olephe %@%ﬂs‘gn%tb Hhrvhv§1.tg¢ %’eélﬁe"éﬁé%g
signal), anr@nieheibGhe BhoserdtNA@miB cONd B dBe ind8Ber! ppBcations; 2l eras il (i.e.,
a digital signal). In the case of the discrete information signal 502, the
AM ci rcui t Atempteeembedimestsdy! yihiaihaseps eliterispint invRRATNg (ASK) system

Whi g& i s a subsgp, ﬂfus@ﬁivému%ése%n&rs%bw%nnmmp%'at?ﬂ aﬁcg.éseaﬁo B0
receives infor oration signal 502 froma source {not shown). [ nfor mat i on
si gnal 502 Hop@eercishpydd hephdersteet] hyt hp pniigniinot himigd by these ex@@sesWO

00124116 . Cﬁ%rg)rﬁﬁfﬁlg%éﬂ :%Dﬁm'qglés ﬁ{IP lnilélitq{e \igg Ov@lghd t?fei Args%fxﬁ gl\}&){tio%rwﬁlp%é onal

filter 518. tion citcult S0 1 nc es a | oca
osci | | at or appa@nt kOEerseni ehlldrhis taarele@ourtpiba®s08n therttahmgtcoonmingd gerain. 502,

2202 and LO out R&lsto fgro iﬁus%rra%vé B&Bos%%‘,' é&%r&c@%p@én@er%% Ec'clglrdlr?gr to%lxeo pre;gr]x{e
20 invention is described below in the context of a transmitter. However, the invention is

not limited to this embodiment. Equivalents, extensions, variations, deviations, etc., of

the following will be apparent to persons skilled in the relevant art(s) based on the

teachings contained herein. Such equivalents, extensions, variations, deviations, etc.,

are within the scope and spirit of the present invention,
25 2.1  Discussion of Modulation Techniques.

Techniques by which information can be imparted onto EM signals to be
transmitted are called modulation These techniques are generally well known to one
skilled in the relevant art(s), and include, but are not limited to, frequency modulation
(FM), phase modulation (PM), amplitude modulation (AM), quadrature-phase shift

30 keying (QPSK), frequency shift keying (FSK), phase shift keying (PSK), amplitude

shift keying (ASK), etc., and combinations thereof. These last three modulation



purpose of multiplier 510 is to cause the anplitude of LO output 508 to
vary as a 5 function of the anplitude of information signal 502, 2202.4 FhéR 1003
output of nmultiplier 510 is a nodul ated signal shown as anplitude m)dufat ed
signal 512 (FIG 6C) when the information signal is the digital information
signal 502 and shown as nodul ated signal 2204 (FIG 22C) when the

i nformati oﬁv%?(’&agﬁ is the anal og infonmation signal 2202. waﬂp 512,
2204 can then be routed to an optional frequency nultiplier 514 10 where

t he frequen ¢ g l42 1S ol LNe | ow
%%18%%“*?% 11'%% B2 z;s@?&é shissels REFRASA, f1OMVA éésgggfvg el

|l evel (e.g., Hz 00 | to a higher |evel desiré oadcast
(e.g., 900 Kefbrto tirgiitgHayingididcrals iapt signals (cappligifat epubsdgalaphi ch i ncreases the

signal strength . I , - i red vel far . broadcast by
an exenpl ary antg%n@%%‘.ggglf?g%&gIoﬁgéﬁgés%{%&? s gﬁ{reg nd?%—%?%%%’é’eq IbPISHuqqgti nn.
15 FIG 7 i kdferstortht 68V amoaeixasnphedivod. dtowiemerp iges eweputadr atiot dinpikedstey (hid / Q')
nmodul ation ciyrcuit 700 and FL.GS.. 8 B, 8C, 8D, ..and 8E illustrate exanples
of f or nEMAAAIEEYer g‘l’”%‘c‘ii %‘ﬂ@i i ‘ﬁ? f%“"%é[ﬁsgt“(llinfeﬁ‘?%ﬂ&?i that 65 14 i s
techni que, wGR dndcCleelanqss kandw dida Bf il cieBGKsi08 eRadial(® g, NdvF-FRLAON
signals can be sinmultaneously transmtted on carrier signals that are oul
of phase wi P1agasl POIEFPOITHEbIe €C)-a first 20 information signal 702 of

FI G 8A can be nodul ated onto the in-phase ("I") oscillator signal 710 of
FIG 8B and a second information signal 704 of FIG 8G can be nodul at ed
onto the quadrahi.e- phadmafioqny Evgelinvdiionis pyhHlavgbonst FIG 8D. The "I
nodul at ed signal is conbined wthethe "Q nodul ated signal and the
resulting "I/ Q nodul ated signal is then transnmtted. In a typical usage,
both information signa?$ direqRpciigitlation.and bot h are phase nodul ated onto
the "I" and "Q' oscillating signals. One skilled in the relevant arts)
Gvill recognize that the "I/ Q@ node can also work with anal og information
signal s, with copid. natiiongsah canapleef arftqdérg tneddufitign &8t civbiih1 @t her

nmodul ati on hni S, an EO?III l ol | s thereof . This "I/ Q'

nmodul ati on Eﬁ%%t gﬁ\qﬁ@d?&x}arﬁﬁl Si 192 ’?@&@FHBPS‘V‘W SEEBLES 06 WerIPEEse 30

the bandw difse@fAliRiRNBEM At Bloedn abBVBsyste, theRkqlerey 08 Hickrrict ignddhase of

an oscillati ng signal, such as 710 (or 7I 21)@ %gl GS gB or 8D), is varied to
é .

represent t$Hehaapmosedlagae sigmhafz BdCedd aad €9 29Bhfs Yaned fhigpreswt diegldl  such
as 702 (or ¢0dy con'frﬂﬁni@%@tg_s%h as mformatibn sl 1¥0PREFM A ]aﬁfl i20§§§£ﬁﬁ89124127

- 25 understanding and display, the discussion herein wl e the
nor el ypi caR0Aisdn gfiGt ReA," inf@magipeléignelh2i02i1s a eeintinuad gignal (lienfaor sratogon

21 9ma ” andagge el 0 S0 BELR 1P A0S, T, BB 157
nodul ati on ggtiatu~in A@0casecdithedisarte mfomaadn egndi gRakhe7BR tiranm 0K isr st
referred to as a frequency shift keying (FSK) system, which is a subset of an FM
system.

20 Frequency modulation circmt 100 rcecives an information signal 102, 2002
from a source (not shown) Information signal 102, 2002 can be amplified by an
optional amplifier 104 and filtcred by an optional filter 114 and is the voltage input that
drives a voltage controlled oscillator (VCO) 106. Within VCO 106, an oscillating
signal 202 (seen on FIG. 2B and FIG. 20B) is gencrated. The purpose of VCO 106 is

25 to vary the frequency of oscillating signal 202 as a function of the input voltage, i.e.,
information signal 102, 2002. The output of VCO 106 is a modulated signal shown as
modulated signal 108 (FIG. 2C) when the information signal is the digital information
signal 102 and shown as modulated signal 2004 (FIG. 20C) when the information
signal is the analog signal 2002. Modulated signal 108, 2004 is at a relatively low

30 frequency (e.g., generally between 50 MHz and 100 MHz) and can have its frequency
increased by an optional {requency multipher 110 (e.g, to 900 MHz, 1.8 GHz) and



source (not shown) and an information signal 704 froma second source{%pﬂimm
shown). Exanples of information signals 702 and 704 are shown in FIG

and 8C. Information signals 702 and 704 can be anplified by optional
anplifiers 714 and 716 and filtered by optional filters 734 and 736. It is
t hen routeg, { se nodul ators 718 10 and 720. Al so feed,|
nndulatorsa§%@m§2 720 are oscillating sSignals 710 and 71%E%E§§%?ﬁ§ting
signal 710 was generated by a local oscillator 706, and is shown in FIG
8B, and osq&abbaﬁslmmcﬁna&rea?s%@ blySant &iRioRNasep1ht fiyed ’Qiét(ﬂuf)utocff 6&16
oscillator 706. Local oscillators, such as |ocal oscillator out put an
el ect r onagnisequenciavltiplion 1 i eader opiiened smpEfeieh ks lsamnawsrmwebﬂen The

out put of | LAk, 71 ~ is a phase nodul ated signal 722 which is
shown u5|n§ggﬁ§3g?%glﬁ%ne as one of the ~. vavcforn~s in FIG 8)J.
Simlarly, the output of phase nodul ator 720 whi ch operates in a manner
simlar to phase nodyl,ato a phase nodul ated signal 724 which is
shown using a solid Pizﬂie g‘gase%w}’ﬁ (@ waveformin FIG 8E. The effect of
phase nodul ators 718 and 720 on oscillating S|gnals 710 and 20 712 is to

cause themto c ge. phase. As stated above ems is a PSK
systém and as Q;E@ § ‘lg‘ﬁtéatffhaé]seé‘a%]f’ﬁégéip? PS5 Yy @P&Z%M CHyaHi %“?Egﬁ

shifted by phase AR, ORI 28AaNE72Q DY AustkS€ ELingpl &MBURBveSA dunction
of information S|gnals 702 and 704. For simplicity of discussjon and case

of di spl ay,sevaelinoins indgV sirgiHat 007 1b 2iFH sk tkzﬂspfw | aarnags signak sughie wave
and is refeffg ots811§t§r gﬂm Sdtput%bgrapﬂc 211} 4niaem Iéﬁm Gd c&euttozgﬂese&{]ﬁ]er the

out put of oscillator has bone 't hrough a phase shifter own here
as shi fti nglatehte betsageuinicated; sueh aesmrlf¢ratat1ﬁrg81snajmé®7 71 PIG. ¢ Amargiclildef wave,

sho on FIPCIEG §B¥ ﬁpﬁd §1Aemdd'rﬁ1§€ Qorﬁﬁﬁd} 1S a Tt?riuggsaé %ag(t hgin'.}'llﬁ%l%r c shown

circuit. Agarn, easé of ase nodul ators

as shifti ngignlab, pﬂrtaaeFl:(ﬁ Mmemlfcemaeo:rt |st\gea1311)20isczi diseteiengigsdl gheal a dlgnﬂaland 712
by 180. This i n on G ,.8E. ted si I 7 .S su ith

mocdul a ed vl THEE ciy o UG diighe yaR TS HE ST B of PR iR TR ne

ari thnetic ssunptake sEdWean@dPSK) sydah. 7122 dne tdfcaddplemedatiod, /2Rl ish gnal

728. (For cl arlt of the display on FIG SE, the conbined signal 728 is not
shown. HowesVese %h@“§kﬂﬁped inthe relevant art(sl will recognize that the

aritgnetic sum Phagt modul&ion citcuit RO MR Q0hEAHAGon s1B6al/ 30259942 4bA7a - 26

si nusoi dal waves havin the sane fre uencry; is al so a sinusoidal wave at
that frequénese fnotisheynsi frenmation sigas 1Her ! Pecarobs aaplkibedhy eptopbensl

frequency fmc?ﬁmg} 3@4 ana%ﬁterwwﬁ &nlen&rfﬁeygrwndoi& rodtbddo asbxgag@kno&}l)émk

increased fr relatively l'ow |'evel .
hi gher | evel06dédiedideding plizromddastor $&,1§LO Cgm)ltMJ&OH 108a1@|SI21)1at0a31tD tldd an

s 0o achid a6 i oS RE | GEREP el @gznﬁse.gerlao' SEARME Bl /1R ST Onal

728 to a desir eve br oadca a an ﬁna

FeatQr es ofosbxhaot Bﬂ@cmrtpmtoarr eleézsora;pgnamce mtavE mom pﬂaéetahun@l frequeacyaland
f requenci esa are j.! i nvolved in a

The output of phase modulator 306 is a modulated signal shown as a phase
modulated signal 312 (FIG. 4C) when the information signal is the discrete information
signal 302 and shown as a phase modulated signal 2104 (FIG. 21C) when the
25 information signal is the analog information signal 2102. The purpose of phase
modulator 306 is to change the phasc of LO output 308 as a function of the value of
information signal 302, 2102. That is, for example in a PSK mode, if LO output 308
were a sine wave, and the value of information signal 302 changed from a binary high
to a binary low, the phase of LO output 308 would change from a sine wave with a zero
30 phase to a sine wave with, for example, a phase of 180°. The result of this phase
change would be phase modulated signal 312 of FIG. 4C which would have the same

frequency as LO output 308, but would be out of phase by 180° in this example. For a



10 communi cations system The frequency of the information signal is 7§ AR 2903
relatively low The frequency of the local oscillator (both the voltage
controlled oscillator as well as the other oscillators) is higher than that
of the information signal, but typically not high enough for efficient
transm ssion. Athird frequency, not specifically nentioned above, is the
frequency BPWRHI¢ ransnitted signal which is greater thanPoFUsH(#I?7to the
15 frequency of the oscillating signal This ~s the frequency that is routed
fromthe oppd r Pl I lLfd t he
antennas | n¥Re ey FONERCYATRL, PGS PRI R ATAZ (BT [ ARt

transmi t t er ofshbfamenenin isfopuativnsigoalt 308 r8n by seeay coppameswavefgms R62,

i nformation,Ssi gn i~oadcast_ fr i-res . . filters, 20
anplifiers, 30§hgncf# %%gneﬁfgys ' %1 ?%i’palnfled'?gu@;g%e %%9;6 hg@gh%%&éﬁ%ﬁa{ugn Flghéclost ly,
not only i n21RroafFIGS 2 ItAh) ehemhashaldleO putpet 308 dfIRBGCDIT olapts, cdatihuaklyashecause

of the powe requisred to operate them .The, pre t Lnventjon prqvides a
nor e@ef fici é‘ﬁ?“oﬂe%{ntg‘e faHWhﬁ@Bd)gél?%bﬁm%ls’ﬁg@dﬁ?gr rJF[éart 1?=otJPr F’f%ﬁg‘_ﬁi Bsion,
uses | ess pRMhatidHglafUMIiRGed:yREm G VAR BENK S o B0+ Fheske Amckigdr tokonal

advant ages of the present invention will be apparent fromthe follow ng

descri pt i onof HG. Hleehsagrsyragpa signal v ot be repssqpfaddwyribe panation sig(et) te
directed to, g 1 qf{@% S5daQy, the SURIA%iKBERYEHBE pRY.1 cations
of the sane ?lﬁl?agﬁverm%ﬁ%o !neﬁltg, tehe yfreqﬂtenlcy {JAS BO%ébnve@%?gq@F%tﬁe pr esent
i nvent i on athaoge, assadiated witls e chdnga of balyt eforimpwof siggalerify. derad araiagrPMo

~7~~i.5 [ ~~~ 00Q/.2 LCT/ -27 t kgh
freqll?ency s?y\é}’flgré]l’ %eﬁgés%% %)nfeseq}fwg%g{l %ﬁlg%%ﬁ 5[1%613]? Fqbﬁrﬁlﬁtagfﬁ Bﬁe%&g%ﬁe@g&ﬁsed as a
ref erence sinfimmbtiominainfit@seorcaippdrZdddcarobe acdirigqueneying onpafainer2103,n

anot her enbgodi nent,,.. th - te the present invention is used in a
transm tterfO%MIWQHﬁ%%Z%’Hé%%“%‘?lﬁgect ed to a transnmtter. Based on the
di scussi on cont a4 i dnbegion sighal@oe, SR lahed i dut e 08 ahevash nvdtialed Bl |

recogni ze that there are ohher, alternati vg: enmbodi nents apd applications m
rvh~ch t he Plagtmensionplt shissrmpaiabt! 1ol ol asefit cithheRUShioIRIORE used,
and fshat t hgsfieadyt Ghuliliey 8 12HRALITRALS .ARLR@PBLI. CathORtrfodd lofWigibhd t he
scope of the present invention For illustrative purposes, fre.quenCé

up- conver si feAuareyondiindert B4tinéo preegenthe (fpanence mfirdase goddaed piged 3dél ow m
the context RS Thib LR Yerso i ABPRHaRt d itng

par agr aph, f[r e aﬁrr?g/a(taﬁ?' (r)nr)1 IS qﬁ%@},@%’tbed tg tELl S en%gjg(??e&r???e %rg%?gﬁ | ow ng
secti ons deSoquetey (awt, R0U Y Hz |14t @dz)t dOrtionslamgrifiet 820 wisds fheastgrehatsength
up- converter. Struct |, exe r ho~: | t chi.evi.n hese
met hods ar eOfaPkéaSe &’éosd%!a?ege%gmlm@h%ﬁﬂ%g Jtijér?lng(?é Vc?ggg tbr%a{garg éttelgln{\)/}('a?1;1 ion is
not 20i m t edexemptabearpaint Bt@l ar 1S enbodi ments descri bed bel ow. Equi val ents,
extensions, variations, deviations, etc., of the following will be apparent
to per sons ski | led in the relevant arts) based on the teachings

cont ai ned herein. Sucle.2quinpahenisadenioansi ons, variations, deviations,
etc., are within the scope and spirit of the present invention. 20 3.1.

H gh Level Desct~iytio~r. This section (iuclud~ng its subsections) provides
a high-level desgpi piiRRatef ardXafPRVATahiaRG1iaAE riddanssh LAM)GirsliOsml sd
according to the present invention. In particular, an operational process

of frequencElGspbi.dibered 6 dnd e 28 8ntEkiand £2¢ ildsyatctexpmples phayesorms

descri bed Liohs: Lang TG atj, on i : P nted by
[l onchar t 5. B HIEHELE an FREUERAEA M NIMPRARER Mg SnBlinB0 o BRamRE

pur @sses ondignal,anch @ elopdtostillmit (Y. sidnal Py HlGudRIRNd FHe 2289, iefvafidddachart s
should not be interpreted as |im#ti invention 10.dLs or .,digital
operation. s Herieius b Rual Qhlod Syt R S o BESR B ha

appr eci at e, 220a€81@r221nhdn FEa RN goraanbasizert d20eis aicontituoas sipud (ilenwent i on

can be achieved via_ _discr gperati an, .contipuous operation, or, any
Conbi nat | OrPTRBSEB) BEE R 80T EhS SR SR 51 CHEF sieniidpt-xtisfiy by

tl~e 110" VCHAL)S Th theta&OomMEOMiARE ifoimaibh UShaIaobh Viic RW BR&EASIs PiTbrYed BN 1 t
wi |l be appréciated by persons skilled in the relevant arts) that other

oper3} i onal as@EDatiioe Shifykoyigs 4 8K) sy1ten vhich e sbspef amdM pistant of t he

I nvention. Amplitude modulation circuit 500 receives information signal 502 from a

source (not shown). Information signal 502, 2202 can be amplified by an optional
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i npl ementation for achieving this process is described at a high- | evel § APR 2003
This structural inplenentation ~s described herein for illustrative

pur poses,
section ca
of which i

and is not limting. In particular, the process described
b chi eved using any nunber of structural inpl tatio
glod@%lrlfbed inthis 5 secthgn.” The details of %Eﬁ@%{ﬁg”u

i npl enentations will be apparent to persons skilled in the rel evant
based on thm%&mhomgrsd fRRtEbNRdoRRmel Miter 314 WnigReldiz ddatdbn cREET $00t
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exanpl e of

digital sigha

Ei—lg r\]qofﬁ C{P%Qr?al a E%QOOQ 1% gl?c%'lsgsgtﬁg ﬁa rfsogst{‘nhl AV sig asad?

|nvent|on IS ho

As not ed abpizt 22(4he aidadied ekl onbsikdnal byl@Qeaparomteanab g, digital,
conmbi nation thereof. An oscillating signal 1904 (FIG 19B) is
generated in step 904. In step 906, the oscillating signal 1904 is

and/ or any

nodul at ed,

wher e t he amduliapl@e/gisdeaieSilase Dodulaigh.a function of, t

i nformation signal 1902. Ste;~ 906 ; ~ro~luccs a nodul ated oscillatin
signal 1906 (FIG 19C), also called a nodulated ntorried~ate signal.
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increases bandwidth efficiency, separate information signals can be simultaneously
transmitted on carrier signals that are oul of phase with each other. That is, a first
information signal 702 of FIG. 8A can be modulated onto the in-phase ("I") oscillator
signal 710 of FIG. 8B and a sccond information signal 704 of FIG. 8C can be
modulated onto the quadraturc-phase ("Q") oscillator signal 712 of FIG. 8D. The "I"
modulated signal is combined with the "Q" modulated signal and the resulting "I/Q"
modulated signal is then transmitted. In a typical usage, both information signals are
digital, and both are phase modulated onto the "I[" and "Q" oscillating signals. One
skilled in the relevant art(s) will recognize that the "I/Q" mode can also work with
analog information signals, with combinations of analog and digital signals, with other
modulation techniques, or any combinations thereof .

This "I/Q" modulation system uses two PM circuits together in order to increase
the bandwidth efficiency. As stated above, n a PM circuit, the phase of an oscillating
signal, such as 710 (or 712) (FIGs 8B or 8D), 1s varied to represent the data to be

communicated, such as an information signal such as 702 (or 704). For ease of
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7 6 ~' ~R 2003 WD 001 24116 . PCTI US9912412? -29 uses frequency shift ﬁeyhfngw
(FSK) as the nodul ation technique. Alternatively, any nodul ati on technique
(e.g., Flvl, AI°'M PM ASK, PSK, etc., or any conbination thereof] can be
used. The remaining steps 908-912 of the flowhart of FIG 9 operate in the
same way, Wwhether the information signal 1902 is digital, analo etc., or
any 5 combMP24ét her eof , and regargi ess of what nodul atif Gﬁ“{%@’rﬂﬁ que is
used. A harnonically rich signal 1908 (FIG 19D) is generated fromthe

modul at ed sja08),,di806nd 8 E&thgﬁcusgbg @i nlvgﬁﬁdéga%eathé #ﬁng%mdﬁ?héeﬁf e

conti nuous an erlggl ca repeated wavetorm 1 n an e
wavef onn ofthsl' I@Q'amom(ol&t i \\stlhtrlsgltarhunfenmaylom ekgtlelmgmi pirase a®dilgtiseemboth t he
expanded wayveform 191 | ed ,i.n, the nt arts)

DR L T A T e O R e o S Lk YO

agai nst achjubset ogPMn exact or perfect rectangular waveformand it is not

the intent or ire t of the esent invention that_ a f eet
rect dngul ar vvavegé @%‘Qﬁéf%‘f‘éa @Fecﬁ’é’éﬁéﬂ infpagation signph /0 gé@@ pfirst

di scussi on,gfe f(ﬁcﬁrsﬁéwﬂ)%ﬁ%'ﬁgh'ifo%ﬁatmvﬁfrﬁr 84 Wbhla REoME &R QMBI sﬁxo@rﬂjj w. I
refer to ~ vaveforns that al a substantially rect angul ar, and w |

i ncl ude butExamplesneft indermatian tegnatso 79hase Wdvearoshong ithdiGarké geqdmeS{él | y
referred tq,ac, SIS eN0%AT7 @legest,smng@fe@h@umm% J&%lﬁ’férstﬂ%tan'dfﬂghe

situation arises wherein a per ect rect veformis prove
bot h t echniapdlfiltgred it qwaorhérfﬁéttm&élﬁllayd ﬂé@sltm gen rdided @lnhawmodulamﬂsm&l so faI I

w thin the s nd int.ent, of th cont uous ri.qdi
%eforma(lsﬁeﬁ %égm%Sé?% hasié‘&fgl)ugliosrnggq%geéﬁr o m§esr1$n§§s ’}ol agl nusoi dal
waves of sp7e(21 fOscillatipd sipned €50 and gehx-aste@ by tahiecad roeqllmmc’mﬁs aond isndhoeh iar e

i nt eger ples of the. re ctl on freguen f the for

waveform s Ftrlé éﬁ’l dpseitlpting, ?f&l/ ‘qt ﬁi‘é ﬂ E‘¥tegPuEp?’h%§F5 Eﬁ@é}ﬁbq he
periodic V\@\&ﬁlodismllraﬁb@@%h&l ks &cppbgcmlfbrofoet berpweaxe treraes nengmlve 1,PR8 is
shown in an expanded vi ew as waveform 1910 of FIG 19E. he first three

si nusoi dal B wRe fregenavskertiu®10 (FIG 25 19E) are depicted as

wavegkor ms 1912a,7pb ouuf o ha's:é %od&@%r@nd 1%\6@%@"&@1@&%‘1@@@172§‘vﬁ11c9ifls FI'G
1QG (I'n the exanples of FIGS t hree sinusoidal conponents are

shown separshewh ysing s dettediieias 9nc @Mé@yavﬁ%ﬁdv HEG. & o¥igrilaily.Hhaputputied ot her
si nusoi dal ﬁ%gﬁgﬁe ’%&r M &/E‘ goﬁirgglﬁ i Aandl i 83&9%;) sgﬂfﬁohﬁﬁ?o‘?‘ﬁﬂs a8S Seen

in FIG 19H e wavcCoru~s
si mul taneomhge,md&hnﬂatmegmbﬂ.?lbhbmh 1&Dowumga soifd lwmmftber mthsr \&Mﬁ)mnd 191=1

L o BB Gy LREX OYBHL S A ST o P B Do
FI G2019E. Pap ieaseaude fhem dol dighde plias@nAscnlted dthee,fthe Sj‘!sté:nhll’sﬁ@.vmfler‘e heainftnite
nunber‘of Skgusol del sorRbncnt s el coshon, TSR Uyl delguenes are
and phase modulators 718 and 720 by a discrete amount as a function of information
signals 702 and 704.
For simplicity of discussion and case of display, oscillating signal 710 is shown
25 on FIG. 8B as a sine wave and is referred to as the "I" signal in the "I/Q" circuit 700.
After the output of oscillator 706 has gonce through a phase shifter 708, shown here as
shifting the phase by -7/2, oscillating signal 712 is a cosine wave, shown on FIG. 8D,
and is referred to as the "Q" signal in the "I/Q" circuit. Again, for ease of display,
phase modulators 718 and 720 arc shown as shifting the phase of the respective
30 oscillating signals 710 and 712 by 180° This is scen on FIG. 8E. Modulated signal
722 is summed with modulated signal 724 by a summer 726. The output of summer
726 is the arithmetic sum of modulated stznal 722 and 724 and is an "1/Q" signal 728.
(For clarity of the disptay on FIG. SE. the combined signal 728 is not shown.

However, one skilled in the relevant art(s) will recognize that the arithmetic sum of 2



1 ~~ Pf'. 2003 WO 00124116 . PCT/US99124127 -30 mat hematically. anhﬁﬁmjwm
har moni ¢ (waveforns 1912a, b, & ¢ and 1914a, b, & c) has the sane VoA
i nformation content as does wavefonn 1910 (which has the same information

as the correspondi ng portion of ivavefonn 1908). Accordingly, the
information content of waveform 1908 can be obtained fromany of its

har noni cs. WRILHRS har noni cs have 5 IF§guenci es that are i ﬁFEé‘E?g’W"ti pl es

of the repetition frequency of signal 1908, and since they have the sane

i nformationg 00 i I { LST S e h i each
opresent o aBuEomea, B e SR LRt sSh Rl uod SAT A e

har noni cs afrequentcydesi red frcquencics (such as the frequencies desired to be
transmtted). These i ed, "desi ; i csh.or tywant ed

har moni cs. » 10 AQe Ay L ocPrany e dul oy a3k ] R "RAEREH il %8
sufficient winpd thefchgquénoy ofCEQIpIghdlilAgs tnheaddstoned rplativats Sowtevéli (eg.,, bei ng

i mani s eMEl S0 PARRRLA BTt b o B deh e ORI RorS G | st ep

910, any unwamé adohRhaRiptisicOf3stWigcIC @BlchdRy eesi PRl sttlicth JFyef @fpfalohg 15
signal 1908 are filtered out (for exanple, any harnonics that are not at

fr equenci edo d&ssifed devebiopbropdaapichy e ey P Pl ket Ldhpl e of FIG 19, the first
and second harnonics {i.e., those depicted by wavefonns 1912a ~, b of FIG
19F and 1914a & b of FIG 19G are the unwanted harnonics. In step 912, the
remai ni ng harnodix, iFaatutes ofdadpyetion. FIG 19, the third harnonic (i.e.,

t hose depicted by waveforns 1912c of FIG 19F and 20 1914c of FIG 19G), is
transmtted This is depicted by waveform 1918 of FIG 191. In the exanple
of FIG 19, onl st hppmehajfrononhesatarve. show, faqdertche honwastoltato iar e
filtered out to Leave the thﬁdfharrrp,ni{:has. %he desi.re ‘harrmn;lc I n act ual
praclice, tREPENEAEOUSSYSIERY nf b IRUEBEE ObIPCHRLOTRARRS SIBRH 45 FHRIYEY (9% i ng can
be nade to TRMRGReAtHWARIELDcNasENRLEHotthat vatgchhhiolleMekillathr fas @@leecy t han
the desired harnoni¢c as well 25 as those that are higher in frequency shall
the desir edh%‘éﬁ“?ﬁﬂ‘??‘g‘?toﬁs) i Ipehsy fhan dhat Qﬁ?‘i{F infrgqation pieas, Dytitypically noghigh i ock

di a ~am of JhydhPrFONHEER QhhsaVElaM ACBRIdBMichey, atb: &FPAHENEN neRfonkne
invention. This enbodi nent of the up-conversiorn systemis shown as a
transm tt erabegs thy figauarcy pEhelonemitisg bgadsviph ckrepenather onpuial ® 04, a 30
harfenic g [ ctb magule d ; I 851 nmodul e
008t hat ey R o 2 e By But's gy, B 104

si gnal 1014ptional fiequency mulipfiee3nd\epiEo1gmlicrs tPOTY WSYOAL MR pregidusly
Preferably, ; ance nodul e 1004, harnonic generation and extraction
nodul e |ooé{e££ﬁ8@?‘?§‘ﬂ§m ssron nodul e 1008 process the information signal in
t he manner showdypiealiyheiropbe atrimsmalkerf howghan df 9O0conmumtdimns waysids,,

t itter 1000 is the structural iment f f.or nj
operat | onalPerREE A Fisiadot 6B, L by o ey SRBIRD HaothdE od ¢ hat

t heagcope anhlifipis/ idd fedquédte mrigsiend Enventiconcdmedndaiess edstigmos bialyGh ur al
enbodrncnts for performng the steps of flo art 90Q. The specifics of

t hese ot hertm&sof €N REIGE PhBACERTIENS B “i%g%’i?@ﬁ? ot e paERIMER|? | ed i n
the rel evanhe@fdiidmbbased on the dl Si;r1S51orl contai ned herein. The
operation of the transmtter 100U will now be described in detail with 10
reference to thdhe|piakehantveoen provwdesps goore efficicpt onarns i fon pspdyaime # 002 (for
exanple, s : r (X 11 ept ance
modur o1 0pdoqistid it of RRAISRNT e (008 hoer MBhod el MR BoREREP 105

i s @8ner at thesenghd mlditicapl @0Bntagds dfstherpoutdtineentivheviBibe qppectutirog the

nodul at ed sijlgnal Olq t{ Irzlor an exanple of FM see FIG 19C). The oscillating
srgnal can BB S e "usi ng any nodul ati on techni que, 15 exanpl es of

whi ch are described below In step 908, the harnonic generation and
extraction nodul.e (lHGEi 1) g%r)erates a harnmonically rich signal with a
cont i nuous Jand ﬁﬁ‘ﬁﬂ?yc Ru&/8r oty (an exanpl e of FM can be seen in FIG
19D). This waveformis preferably a rectangul ar wave, s:!ch as a square
wave or a pul se %although, the invention is not limted to this

embodr nent ), and ¢ PresepRyEEan df dgegtduralvsieys omd 2pethpdsuoni firgnentdv®s whose
frequencie el LAP rlherf r f,.t he
wavef orm 'I%ﬁgvsegmbsl?tﬁﬁ%%F%l!mé%l&i/\sla{)/g@eg{qgt re{‘ll<?lrm(9§§%?%m§g{’ttﬁgqﬁgfr}ér{r%giugs of the
undéPl yi ng omaxesteopiithe refotinvertiosalpestiansd 9isi gabdanow éregesady pesiltiardo i ne t he
anplitude of each harmonic (for e::Znmhle, see Fits. 19F and 19G). In step
910, a filter (not shown) within HGEM 1006 filters out the undesired
frequenci es (harnonics}, and 25 outputs an el ectromagnetic (El~.~1) srnnal
1012 at the desired frequency (for exanple, see FIG 191). In step 912, EM
sin~~al 1012 is routed to transm ssion nodule 1008 (optional), where it is

N 1 o o e —— . e a o A NSNS L 1



t hese enbodi nents. Alternate enbodi nents (including equival ents, o
extensions, variations, deviations, etc., of the enbodi nents descrlbé& Pl 2003
herein) will be apparent to persons skilled in the rel evant ac t(s) based

on the teachings contained herein. The invention is intended and adapted to
i nclude such alternate enbodinents. 5 3.2.1 First E11160: h1J1GJ11:
FrerlcsencyO6#i€atior: (FM Mde. _Lp_ this enbodi ment, aRCTYSI77at 1011
Sl gnal ~s accepted and a nodul ated signal whose frequency varies as a
functio:~ o

Descri pti of o E@%ea! 5?% ow %ar eg >g %?lgl El%i?t%errgmg%erzagg} e"étht%el mitt%t Haéan

operation ofse@astaaﬁsmcn'gnalimaiphmtc hemt)zrrevquemireqmdw mmthrF Ilh anaﬂlxer m)de
according to g nen.r Fm@ sent. Lngent on. 1 t he
i c~~rcscnt aetn? r\}ﬁi\/e oruPnsCO GinC 1° ISt gV AUST ¢t U™ an\/aerﬁﬁl eﬁ 8r ating
as a transmhtzdnebn Ilsi’la1§d1élréEMdntbdietranlsrlmt&t eBaded dlthe aliscusifodrgvhtaied eiegif)al 1907?
(FIG_. 19A er at by a sou nmeans and/ or process.
(Inférmatldﬁ1e %@%ﬁl”\ %%agFﬁﬁ éaa dw§WéW§ %méﬁﬁxeﬁeﬁé@§@ eerRtives ysed
to modul at ngoFingdh@l and Bpphcaicng Reyvihef efd adqleacPpsipaomRgiel akithd phagrband
signal 1902.) Information signal 19('~" IllaV be, for exanple, anal og,
digital, oﬂﬂﬁﬁyo%QWﬁﬂﬁ5ﬂ$%haﬁ%8ﬁééﬁ“3*ﬁ@vgﬁaﬁﬁwgmﬁmnﬁﬁﬁd@ﬁﬂFﬁG@“ﬂb”dep|ct a
digi tal 'nnﬁﬁﬁﬁﬂkgaxﬁ%ﬁﬂéhn&@ﬁﬂﬁmﬂnghe information is rcprc;ented by

di screte states of the signal. It be apparent to persons skilled in
the rel evant ar sy ilidsgertitchpurppseenfitonndys updesoveaiaprendrdiog 29 thoopteseny wi th an
anal.qg i nfornat.ics I e for I.Sf€ sented by a
coné?nuousﬂ?wvd?nf%gag?%%aﬁp L%QW] &T€6§°P 8Pﬁgefo%kgﬁvﬁaﬁsf@ﬁﬁanodulates
an oscill atfkmxgtmlpgemadilng 9ﬂ4gr(aﬁ1 @m lﬂl@'ﬂ"l‘tlaﬂ 1sTere11meatsautotthmferrfohdmeﬁoduI ation is

t he nodul at ed si | 906 1106.

Modul ated si gnal P i ‘Pffsedc‘iﬁcé%;‘/“et“hoélﬁ st i Tt ero (G ey

i nformati omdeogm@terl %ﬂct@fall ekdngplargkLbo@ehchi@ fGSachiRviaD bt Hie@idad are b0 St €p

| 108, a harponjca’ signal with a continuous EerIOdIC wavef orm shown

in FIG 1966@@1%(:@%#%@ bey yidegptaog gt dhsrinversn s dogipiediethe REBKURAgUI ar
wavgkorm 1%0H§néﬂ?s%§@}¥b%ﬂi bHIBW. Ed\mﬁﬁﬁtqmws%@q@ﬁh%l deb $@Bns, SA2€ o8k I 1 ed
inthe relevant arts) w reco~nee tl~. ~ vhys~cal limtations td and

mat hemat i cdhe §dowing wél 9@ SpRAEFH L pa@hn%s}ﬁllr’rﬁgi arthexgletanp prtgsp fasedton the

| ect, | neL~I - It 2003 WO
001 24116 . t%n%é@%ﬁ%@é?g% S“EZC ?fa}sl%arnntg eb‘%&gﬁ‘h gjrﬁ“a“ﬁgs %5‘”65?1}8 s

r ect angul araravaitisiholre scoppeangepeit af @d pesemesdeithn. Agai n) as st at ed above, for
ease of discussion, the term"rectangular wavefornf will be used to refer
to waveforns that arc substantially rectangular. In a simlar manner, the
term0" square wave. WHigh Lekebedcaptihiose wavefornms that are substantially
square and it is 5 not the intent of the present invention that a perfect
square wave be generated or needed. A portion of rectangul ar ~,vavcform

1908 is shown i mhaneedpan@eding i@WuBscRak) v Ley@Yiphaevel ¥clpiich &l | ~~T, .
The first part of waveform 1910 |s designated "signal A" and represents

i nf or mat ~. SORvestiRgAd tEaYDItHG g lsHEgHA™E e Prreey é&faﬂ%Pnpémparalrvu%%f orm
1910 i s desjpgRabed prostQnakeBienaneh-toorsmatih ek oh@Redr AR fighaldiow. " It
10 shoul d be noted that this conventlon ~s used for |Ilustrat|ve pur poses
onl y and alesasibad el a/bugy levst hEhe erprl Rl ispeest sLatten rppsesgsisd by Atowehartsed

bef wave
15085 as | nol RaloRA R P R AR R CRHRLELE pEbElh By A 3R AR Bl |
conponent s It ipartiowat, )usabf ﬁmmeﬂmoekl 1toh ¢ 1nderpreted tae fmmitinptht inyk®naeé t he
fundanent al ,.fr eque 5..the underlyin veforn~ (i.e., 't the Fourie
conponent fdﬂsé’&qﬁ%ﬁﬁldg% i O{I"ﬁ% 0 AP s %‘gse\é@?ﬁ%ﬁimcﬂ%ﬁaffe?vtgptrﬁri([é)l@'ﬂgr e shown
separ at el y,applracmepmd@dn eavhingHcdnhBRd HeBdm ahat tli@ﬁverﬁi'oﬂeen vayeigved m 1910
(and al so wav forn1190@%1|s shown as a square wave in this _exenplary

erhodi ment ,Vid Wet@waera MRS a5 dSrRmbination tharpRs. FHFtagTofen r g
fifth, sevapt Mowebe contfr réprefdQicd Ny fhuﬁh(ﬁzchlngs id blsh 5bARAHKER' MMl or m 1908
20 has a fundanental freque~:cy o? (al so known ‘as the first harnonic),
the third hurneses enlyiand mw}lebcaﬂﬁprr@queh'@yp@sqnbsklllred in H elevant prtsditimbni ¢ wi | |
have a fre { h har noni cs of
signal A aﬁgﬁgﬁ %ﬁé%é %E@g 6$%§9§§ QHQMfci%%muhﬁaﬁ 5ﬂ%qgw£h&gFlG 19F, and
the first, third, and fifth harnonics of signal B are shown a~. ~.vavcCorns
1914a, 1914b, and 1914c of FIG 19G 25 In actuality, these harnDnics (as v
:~cl | as all of the higher order harnonics) occur simultaneously, as shown
by waw ."'orm 1916 of FIG 19H Note that if all of the harnonic conponents
of FIG 19H ,.~.~ere shown summed together with all of the higher harnonics
{|. ., the seventh, the n|r~ | ~, etc.) the resultlng maveforn1mou|d in t he
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| ~;~r,n ?00;i WO 00124116 . PCT/US99124127 -3=1 The EM signal, showinf £y 2903
he~c as remai ni ng waveform 1918, is prepared for transm ssion in step 1116,
and in step 1118, the EMsignal is transmtted. 3.2.1.2 Structrry'al
Description. FIG 12 is a block diagramof a transmtter according to an
enbodi nent 5 invention. This enbodinent of the t tcr.is shown
as an FM t}vzlr%’zﬁﬁfer 1 200. FM transmpgter 1200 includes a%Gi%g 127
controlled oscillator (VCO 1204, a switch nodule 1214, a fil ter 1218, and
a transm ssion n}?lgé“aest;t%g.galtlh@%n?&l?a‘?i%%xa&bhie'@h@rtﬁﬁtﬂr 58 i 98ALribed0 aand
outpu~~. a tranSInl'tted signal 1224. The operation and structure of

exenpl ary cbgbﬂﬂYehtThlaﬁelC@e%emplbelﬁml@e‘wbwde@ﬁbed(hﬁfﬁmaf@lylllmtlivspl.lIDOSGescr| bed
bel ow at se 4 G i scri bed
bel ow at sec |lgﬁ§t @ng % gq%‘ar%éuéar %ﬁﬁgbcc%gqm{ aty &}Sts(eé&“{};gggebg@rcﬁﬁ‘geg bel ow
at secti onsustig3a®3n@ner 2if smdtuan impEnphariyns; pae sfivasersndeyodbddeini ths

descr,i bed bel ow a cti ons 3,3.1

th | t
o IF o et T nd A0 s A diP T eaRhsr il e maratops 18 pEdG

transm ssi ogigadutiR réleint aspPFaReesstht MchinfsyorBideaResirgnal i n the nmanner
shown in the operational flowhart 1 100. 111 other 4vords, FMtransmtter

1200 is the structural enbodi nent for perforwen~ the oper ati onal steps of
flowchart 1100. Howewer; dheskohhibhRepnserstood ~' ~~t the scope and spirit
of the present invention includes ot her structural enbodinent; for

perform ng the steps of flowhart 1100. The 20 specifics of these ot her

stnictural e~~l;: gg:‘%ﬁéh%rt%b b5, @p&ﬂ{oﬁmatés%p e? ﬁaﬁhéth&ﬁ.ﬁfeﬁ%p%@g“ on of

rel evant arts) bas on the |scm~ I on contal
the t€Mmsm au;r-cohza@xomm Ithencmmdae oﬁlersmsnmb’eg a sngrdteaeaotdmg tdhanr efibodment ctfo t he

flowghart 1100. 'n. f.or,ma ) al 1202 (for exann see
Fl G.%19A) f Smesergdﬁve{} on( no %él ventI 1 s S”?gﬁf Oboltl'gpr%n(iyzm or}vrcirS&neaﬁl 25 1104,
an oscill at ﬂrdi@miitl@g"laﬂgm(li as r@l(awp}la(e,m SHE I @eﬁlgﬁ)italtx&‘le g@ﬂéfbﬁhﬁdarésﬁgﬂlals

nodul at ed, there Ci a fre f 1210 (for
exanpl e, se¥FNFAME 1&8% Li\aﬁrbg)pe“be ﬂq {E@T‘;‘% _Fc?h pHﬁ’&&?SeOfI‘ﬁusime&m ~;cratcs
a har moni cagipty 1ervleplsbe$4tg>aadf the L6 eWdidrh f@q@@ey InfYdHS o RE aP8pit hforivaraf orm ~
~~~r e:an:plc, sec FIG 19D). This waveformis preferably a rectangul ar

wave, sue' .signalis @pscmar@wvww“en IanuirgEed gl iR GtgRp aphEN Y imEre MtFon i s

not i m tEdsk‘ilfédt Il bR felevaGdhdd ] Qg )ppr%me It CRARY h8Ela@in FndAkdiicBhiyty of
si nusoi dal waves whose frequencies ~'rc nt~vc~ nultiples of the fundanental

frequency ofltettagvelmbensseifas depaded 81 llcugohens)! | : ~ ~aves ~t a referred to

as_the harnoni Csln%t td@? anaﬁlé&émgon sr&nél 190%9% V@A?Q% geﬁ'ée?agedr#ﬁg%#gegg/ 24127

- 35 underlying waver ourrer analysis wl
anpl i tude oThxeamﬂorrhamnongrml (hayr bexanpk e digktele aﬁd&ly dBbigaichn 1@Seof, lan st ep

1112, afllte ters. out .the un |red har moni,cs), and
output e an LVEEHE Salibiietahp T GuiPIRI s 4 R ERERE SRR
freggency (cie@dfnl:!%&ajﬂ'ﬂvﬁ,thseﬁoﬁhﬁonmgﬂal 1bo2 4 G&dlfblﬁmdﬁhiﬂe&nsir@ﬁﬂhdlhtEZO IS
routed to transni ssion nodule 1222 {optjona re it i.s prepared for
transni ssi oﬂg“afnlgéilepAﬂ(Igmgltyr Ahs iy gg?@r‘?”nﬁd‘%ﬂq %221? Yo hgredn é’aﬁffdaﬁsm tted
signal 1224m,&iAing bagsaid mforAN&T Sig@t 1 the RihSi€ of ¥iRduhatteqhforidtil Mode.
In this enbodi ment, an information signal is accepted and a nodul at ed

signal 10 whense IHiRaisallysipicdss adligtal gupeli dipvames ithe ngensionss nefrimitedrial i s
t tt Je | G 13
ransm e%lsfeﬁgaogm ngeh ggﬁg ggse@%a RessL: follﬁ%%fogrélgnlpﬁ)ofl AWk Qﬂélh%%ﬁ%ﬂ

denonstr at es ) operation o transmtter in
nmodW@sat i on 4rtir pnyroahebindfios thesqgnfesent at i ve wavef or ns shown

An oscillating signal 1904 (FIG. 19B) is generated in step 904. In step 906, the

oscillating signal 1904 is modulated, where the modulation is a result of, and a function

of, the information signal 1902. Step 906 produces a modulated oscillating signal 1906

(FIG. 19C), also called a modulated interricdiate signal. As noted above, the flowchart

30 of FIG. 9 is being described in the context of an example where the information signal
1902 is a digital signal. However, alternatively, the information signal 1902 can be

analog or any combination of analog and digital  Also, the example shown in FIG. 19



in FIG 44 depict the invention oper~c~n~ :rs a transmtter in the PM npg%ppzﬂm
15 In step 1302, an information signal 4402 (FIG 44A) is generated by a

source. Information signal 4402 rllav Lie, t~,,r exanple, analog, digital,

or any conbination thereof. The signals shown mFI G =1=1 depict a digi tal
information signal wherein the information is represented by dis ete
states of t“ﬁ%o@? blr‘?al It will be appagent to persons skil |P&y§r/li1§?9/§ﬂé
relevant art(s~? ;!iat the invention is also adapted to working with 20 an
anal og i nf oppR Qe %ﬁtk E%‘(FS‘K)'[ﬂethb%&fu[%%h(?&hhﬁuéepﬁl?e?ﬁaﬂﬁ@ Qeg

conti nuously varyln gnal”. Tn st'e , an oc:llat:n nal "4404 is
gener at ed anwdithatien é@hll@@ﬁb (eghé:hé,séll\ﬂl BM rfySlsi Gl emoar amy @omhtnanon ~) is
modul ated b fLar mpt | |, d signal
1o 56 DR T, R SRl R G0g SFE Y bk Dok Bad BEFIPMAAES 2P0
signal 4. ~0imn thewameivexy, aﬁetae[fuhncmfbmmtmﬁ stgnel 190208 mmgudt;ransiognab BBarMOZ A

harmoni cal I'y r:.cll 408 onti nuous periodic

vvavefg;r m i sc%‘i’fé?téﬁ“éﬁerﬁqf %W]aerf)gaiéiss Ofw\}a“é?wlauoﬁﬁ?fﬁplﬁ’fweﬁ $¥Ynal 4406.

Har noni cal |y rich igh@6atal 4408 dignad 1S0OFH@NIIRY ¥ gen&Sie@from thetodlated
.vavcform One skilled in the relevant arts) will recognize the physical

i rnit~t~cwsighd 190RIn paR ﬁ%ﬁlgé%t 19(9%@@%&Isé@t%é%g‘?m‘é‘éﬁlﬂwdﬂ@%@lcﬁ exact
or perfect Vv 9 dijke by dvSroRAT i resent
L oS T S 4R RBT Yy ron ol TR 39?&‘5?93{’

rect angul ar rev:msnﬂ@rr,m@ée@enéheaa@wd@ﬁwwaé@fa@ml9l&gsﬁ3m K3 s0ne edllebiovs, f or
case; ol di SeyahOlysf b1 H&E %C&@Bw'mm%xﬂ A mttilelnafiEa RO TS T
to vvaveforms hat are su %nha‘l rectangul ar. a sim manner, the
term "squar egax\msv/elihxwxmg arr efagt ott mffehbsetﬁmfomvnﬁmmwﬂ iaisenas ulkesingent oal | y
square and it _is %g % in ttet g t} gsent |1nvent|fon #hat a erfect
square wave BETHBHELS @d’r%slﬁn gedegt }As é’? FHEPOFe VAL, ?ﬁ?ﬂ?{f‘é and
per!odrc ~vavedeaedn) Hewelerabr tde o drsommionaht yermi edttaiggiankvad<dOsn awili kedi cat ed
in block 1312, has si m~~?|d | co ,pfnenté ( har npni cs at frequenci es t hat
are int eger U$fdI herein @ad §ill rplET fQuREET 2y BeC #iF Y ‘HE';? Lpireqiaguifigdd Yilhg
vavefprm (t hRikdewut kil %@tnp@n@m;d fig ﬂ%‘d@%(@‘éﬁms ﬂ&m RefdeheraBY réfBh&E1NAr MONI C
waveforms are shown in 10 FIGS. 44E, 44F, and 44G |In actual pact, there
are an infi PAURES WAHeD B} PWICShHrshowil &8 nolesh the ghg Sstﬂatlortmsewmwtne@perr glquenci es
arc renoved I 4}1“{5 y is at
tl;e cl~,: ~{:egf£ﬂ%.|1§‘15x o{lﬁ%ﬁﬂsegOb%ngegﬁﬁ%ﬂrgl&{mtéﬂelaécg?ﬁ? ungl ﬁ]ghar noni ¢
4410 and t! et sw@m‘rd\mlaﬂflmfnﬂ evithmitpe sdopmgndantent afifleis fnygntidn,  f | fth etc.

har ni oni cs (not gL10. I viing the |rd

har noni ¢ 15 4414§‘a On? uou éelrmd]é E fgl%l &guf hE %::AH%H}“’] 15?@& soe((:ikqfl 316. The
EM si@nal i serjes epahue@d:laf wavds-eftspaa:nmnaﬁimhs pind sliasgs, ﬂf@]f&:quamiesmf vdtighp 1320,
the EMsignal is tran truct: | Dc~crihtiou. EIG 14 is a
bl ock c agr 2 bfeety FGiRsh € p TaELBpE RS ot BrotirRbh (brrnbras

invention. fdpesicnaUen®ns thehmuimbe dfmmg@m det@td thép@cmalvm»va&f@nﬂwbéaltsa)nsm tter
1400. PMtransm tter 1400 i ncl udes a d osci |l | at or %406 a phase

modul at or  1402prtion ahihe WRAVGFUPESaUL ) a‘SF‘Q“ffb‘:“ ap£rRandgd yiey 5 UGS on

nodul e 1418 fragr pEEEPES Bk FRL arbBliheRidl 85dhontdQransl et ismo FIGa
transrntted signal |420. The operation and structure of exenpl ary conponer~

i s at% deschiDedc datiged asahwém@ﬂ%{w bhifas ef B dBHandwareipensged daibb&d bel ow
at sccrwns | %gr% BE- @ %he & ?%?%P}F%sylbp%?b Qéqgﬂela@mgm acqﬁ@gﬁa ed bel ow
3 ~3 ; rrbed

at sections xerrp ary switch nodule 1's esc bel ow at
sections 3. Brefsh@wms@a@telyarineletuarhttrpﬂhaaewavf:formeralqng wiésdlr thd ethebahuswidalt

sections 3.3.93. 3. nd an exe n 0 ri bed
bel ow at se&PTRTENS \é—' C_“Lb%‘ 30} gy rrgb(g )émg%fa%qmsﬁ' ?sngee{locglr[ 8o ci'l SSF
1-106. phaseaatmglHiat aoH]1 404 wasedotiah anDdidven 114rﬂLiDtanédukI§/;3lbuﬂ.4ﬂe4notal§wan

transnrssron r~ocau; e 1418 process the information_ sjgnal .in the nanner
showt i n t heureped alfivgyaiorms 9 g and 1914 ppge Sﬁ‘%ﬁ@ g‘“T“F?e%tdh FWE g thephypnit,

transmtter; d4QQm an infinite number of sinusoidal components, be identical to the periodic
waveform 1910 of FIG. 19E. For easc of iflustiation, only the first three of the infinite
number of sinusoidal components aic shown.)  These sinusoidal waves are called

harmonics, and thewr existence can be dcmonstrated both graphically and



1f ~ f~ 2003 WD 00/24116 . PCTI US99124127 -37 is the structural 16 £PR 2003
enbodi nent for perform ng the operational steps of flowhart 1300. However,
it should be understood that the scope and spirit of the present invention
i ncl udes other structural enbodinments for performng the steps of flowchart
1300. The specifics of these other stwctmal enbodiments will be apparent to
persons skiWPEW4K 5 the rel evant arts) based on the di scd’s(‘s"i"éﬁ?f’/é‘g t ai ned
herein. The operation of the transmttcl 1400 will now be described in
detail with_refer f 5, hNoS 2, i nf ormation
si gnal 1402m(afﬁ Sﬁag%gﬁbﬁg?ﬁgﬁgobﬁﬁ'gﬁe@{#ﬁ 92%%5’ go%vgr@cg%%%&b’g%af?}?es rout ed
t o phase noshumeimfrmidéidcontant s¢ dgs 1304forman9 osGylitiahdsnge singhalforfiati@nad ocal
oscillator 1406 (for.exanple, . see Fl 0 44B),.i ener.at ed and nodul at ed,
t hereby pr oBGEPAGPAIHRRP! f’%ﬁf%‘i“’ﬁlﬁnoé'lnql()ﬂé% A(Crc8%d“égj3ét ‘?‘él,forg‘égorli‘roéntenh‘&%). I'n
step 1310, thagefom 1908 smdsd ebrdiddOfrganer aifes arhatiBnicahd Warfo6ils fgnal 1412
with a continuous and periodic waveform (for, exanple, see FIG 44D). This
wavefor m i sfiprusneipsatiplarg iplges pytiplat O{A/é\?é?p%lae% frequenicy @i sieealnkif8, 81 a pul se

(al though, tih& tel Vi@t ttﬂeogaknelgfﬂ&smbh %a%ﬁpl ad Qighhy %9@?@%&%5&(1), apd is

conprised IS of a plurality of sinusoidal waves whose freéquenciés are

i nt eger nul harploaiss edchtrprrefenhannepeukri¢d Baiseticaiiogfof sigaal-l W8y Soomef thEhese

si nusoi dal .are refarr 1 h r i.CcS | yi

verol m angrgtid, fo & QL0806 o Bk SaRA IPMEDERchilf: (RHRAK B,

har noni ¢ ( f gansanteely affiise hofmdnle af¢ ¢adlcd ¢ doseed hamoons'Csr, "vaaedMafisoniddE, 44F,
and 44G . 1n st 131=1. .a filter, 1414 filters out the. undesire ar noni c
20 fﬁ)equencﬁgc‘sor‘?lg%rtoe}}éenﬂi“ée,m’f”ﬁe dﬁ”rcét h?rg%?f’%n{lavﬁmsb&cfeﬁé aé’é‘%!'(S‘ng E%fr noni ¢
4412, and t hofplhidy thé dsibd p@kessing gy rBeBigaBinsmitel). SItheA harmbhi}s ar@hst out put s
an el ectromagnetic (EM signal 1416 at the desired harnonic frec; ucncy (for
exanpl e, th#¥ BRjjesirshRBIsees- sedcr fprmenef arq galigdeingletisgd haymomicy ol 141 6
1s routed tQulapRsHhsHnRe nodul e 1418 (optional ), where it is prepared for
transl I LSSIOn I n step 1320, the transm ssion nodul e 14| 8 25 outputs a
transmitted si gr{alstm@l@; arg/ govented: hapgopgsa@ie gentinuous periodic waveform of

| nrpjd turl el =~ i ~ I E'ﬁc i ~[; N~ti 00
Si gﬁleﬁ is a%:l%nealpl)? g% gxhedf‘?l g: rém lllijtl daf%re%@gl%ehgﬁy h osgﬁgﬁgﬁiﬁﬁg e/tgf??%gmégss a
functm of ddseed toflor wasingtedsi Inék ckanple ahEi-tidethe f8st2and.second harmonics

O~I('1':Iflgll |1 .1 de? |-l Di b 8w ST 1,2 ére
T Usoou 2457 Rosb pite gt By g2t D L st PR G a8 of
oper ati on ofretleurtwantedhatrhericd. nintshp HAPthe redeinimgdiatradignn (\xemptece.  The
e gfgﬂ} f{ 14 .ilﬁ',a%ﬁthrr aﬁ%gﬁ‘_é‘”?i.éﬂhc'fs'e%epi‘c‘%d AER) GLeobng 16N AN, PgHat i ng as
20 1914¢ of FIG. 19G), is transmittcd This is depicted by waveform 1918 of FIG. 191. In
the example of FIG. 19, only threc haimonics are shown, and the lowest two are
filtered out to leave the third harmonic as the desired harmonic. In actual practice,
there are an infinite number of haimonics, and the filtering can be made to remove

unwanted harmonics that are both lower in frequency than the desired harmonic as well

25 as those that are higher in frequency than the desired harmonic.
3.1.2  Structural Description.

FIG. 10 is a block diagiam ol an up-conversion system according to an

embodiment of the invention. This embodiment of the up-conversion system is shown

as a transmitter 1000. Transmutter 1000 includes an acceptance module 1004, a

30 harmonic generation and extraction modulc 1006, and a transmission module 1008 that

accepts an information signal 1002 and outputs a transmitted signal 1014,



In step 1502, an information signal 1502 (FIG 45A) is generated by a 6 FER 200
source. 5 Information signal 4502 may be, for exanple, anal og, dlgltal Br
any conbi nation thereof. The signals shown in FIG 45 depict a digital
i nformation signal wherein the information is represented by discrete
states of the si naI It will be apparent to persons skilled in e
rel evant aPCH4Me |t the invention i al'so adapted to mrEFT{BSWEH an
anal og nf or r nat | on signal whelciu the information is represented by a
continuously 10pNariNGhs a8 Blancd ModhiP 0dPOhrmBnic geRElio?
created, which, asrrngrcang@ﬁﬁcb 80 1506, rgsngﬁxanp??tu |s a
functron ofmadhis HN%OﬁWhﬁN@ﬁ“@ﬂ@n@pm450208mﬁmeﬁemenb&MNwmntS@mduhéhe
i nvention, r t ni n rnlation
si gnal 45051nh?SL&W%Sngpéﬁhﬁgﬁqﬁhﬂgﬁgg%@? Eﬂpﬁ%‘&ﬁgbhasnﬁhmnsﬂgen Gon, the
reference sirgsmahl Ieﬁ”tbOd)lmEhi ded p‘ffoﬂmhg ﬁxheopa’nitmnmatstepm st giralchatb0R). One
skilled in_15 the.r aéaﬁtrﬁ % % E reco nrze 1’ f~at any nunber of
enmbodi ment $98%VEt ey hi af dhal {b% SoPg 311 SRirtt 1o gy preseit Anvepion j on of
the i nf or middh@es siheiNdtuctuAN e@S6diHdcads iftigbesiodly tHSQdps(atldwchd®BY0.i Shegener at ed
at step 1508, and at step 1510, the reference signal (informatjion si~~~al
4502) is gakwiicaof shepy e@%ﬁwﬂrﬂaﬁnqogm&nﬁurr&t beotprarent tepesans iskidled iy si gnal
4504 The gmesgretatat@p%édarraealstrsroatbatrtrem&ahl y 20 rich signal 4506
{FIG 45C) with MCnnt1111101rS periodic waveformand is generated at step
151 2. Thi s har nbht epgratjonr ofr R tginghgier 4806 val rondbe slewdibed ibldelek il 4 i s
sub antlal v y equal

o Thetr odtibsl GEAGRARR 0BYE, 1) B Mo ibro i MAREC I, CRSTRTREY, 502)
|s gat ed. kee HAdil $A 0fingm b keurcegbasigunars mavetdmsemmsmoam‘pl i0bédBsstdphat are a
function of he a the i nf ol srgna 1
250y oteh R oRiHRne el ST S dR, BT G G iR g and b YN & o
limtati onmoﬂolaaﬂdthe&bhermipbmgh 0b&tiaed eﬁnagmmsrtora@ht)ampttgoawexact or
perfect rect qplar wavef~rmand it is n é t he .i ntent gf t he present
i nvent i on FHat P& pdhf QI3 BESEIGUIEPWRKEI VTS IS IRE-RYgBALY et Bk cded.
Agaif, as %taaxtpﬁét QR afOlestAS@ ol SRS B, tHeN@dnShIN geh&Glidadd | ar
wavef ol en" will be used to refer to 30 waveforns that are substantially
r~~ct : wgul extraciipn godpled HaEMiwarrad!cs ¢ remppicehy Bejusgnal Watha copfipyous erfder t o
those wave traRthabl YessQHaH [ e intent
of the pre gﬁ%rﬁ%%@%#%p%nfngﬁgqgg%?eé? S~ %a~~e ﬁa?g% ghgéﬁgpﬂﬁg%ngr
needed. Aspsfatay abeefcaameqlarawhacr, nowh ~al 4 squdre :wavesprgaaiulsg5@Bhoughc theas t he
rectangul ar ve i 14 i onent s
(hal - noni céft"e%ttmf lrserdct’}eﬂrgﬁeae&s?(t “f el%b%&)mal]ﬁ ngy hf@B%pG\%% E)?gzﬂﬁgm o
PCT20.1S99I 2idisdidal Bavarvehobnfregenciendrt indgesmoftiptdief therfdatmerehal fr‘éqteqayency of

the under| f the .F fin st
Lo har mhRE VAU mira G RGBS (St BT ol o £ act

there al cuaderlyhfgi Wateomtinber F@frichasnmnaesysid Dasthepustd1H, détbenivdwant ed
frequencies are repoved, and ?s |nd| cat ed |n}j‘% ock ?1 the 5 rfnal ni ng
frequency PEPHE{AS pleraglabIrPaRICEioy e B! Ee IR Ao e In ttﬁeglfq p Sifter
(fundanent otsrttarrrmmh% HEEQ arozs(mtdaseo@emmemﬁmah&m@%@aratoﬁra Md h the
fourth, fi etC., harnonics (not shown) nyht be filtered out "l'eaving the
t hi 28 har nﬁhﬁpéts«#SE]&C%ﬂatgﬁé“Cd@M)rséﬂﬂEl\@1§|a§;ﬁlﬁldea§3d frrgpenay 6@ pranilloeee | 518.
The EM si g Pr&pPas t5.a0s t tep | 522,
the 10 EM orgnbi T SRrRgEd PEu TS5 Puh (5 CRerhRe ARG RBLEP 03
16 is a bl omqinodalhgrlam iofs raertarfat FemmtmlmssuaccBlredtrmgmtseroann@mtmmOrSHmn of the
i nventi on. enbod tng 1 he ti ansno ter is shown as an AM
transmttePuTBﬁﬁ.raﬂmufF ﬂ%’?ﬁ Qer 1600 includes a local oscillator 1610, a
summ ng nodul e 1606, a 15 switch nodule 1614, a filter 1618, and a t~
ansmni ssi on rmdul e 1622 that accepts an information signal 1602 and outputs
a tr2?t-scnitteddi gnarempbyy Eimiod ¢t ati on and structure of exenpl ary
conponents are described bel ow, an exenplary |ocal oscillator is described

bel ow at sections 3.3.2-3.3 2 2; ~ n exe Iary a switch nodule is described
bel 3 at sect i oNeri@isZmpogingni rplatcd 10 thémtﬂdés and stryqtyre(s) dessribpdabpyed bel ow

at section ndt GIATN \a o! is
Gescri bea B woseted do i schub, (R ANLSHENR) 2 ke SRR Mo TBGHEAS
osci |l | at or hi-h@tkﬂfor punpniengpf rdbdutltertl @ﬁBmotsumlteclhn nﬁdmlne/cmﬁdmts ot linged &6l 8, and

transm ssion nocJule 1 &2 process an information signal 1602 in the manner

shown in the operatioeal flowJ:~I-t 1500. In other words, AMtransmtter
25 1600 is the structural enbocilment foi pcr. '>rmng the operational
steps of flowchart |500. However, it should be u;tde~stoo~:! t!lat the

scope and spr r|t of the present |nvent| on |ncI udes ot her structural

e o o, o Y o 1. . A NN —— o - Y



10 harnonics of the underlying wavcform and a Fourier analysis will 16 APR 2003
determ ne the relative anplitude of each harnonic (for an cvanple of the
first three harnonics, see FIGS. 45D, 45E, and 45F) ~, Vhen anplitude

nodul ation is applied, the anplitude of the pulses in rectangul ar waveform
1616 v, n~,- as a function of reference signal 1608. As a result, this
change in #YA%fUble of t'.~c pul ses_has-a proportional ef PETUSHR4He 1S
absol ute anplitude of all of the harnbnics. Iv other vvords the AMis

embedded Onth%g%peﬁ’lf) dcgﬁl%ms()f AlgnaRATARBE G R s nnahgag%rlégg@al éﬁt%n%{oﬁfilff

filters out e undesired harrmnlc requenci es I'r st
har noni ¢ F. &tidtiontshdewsioon dthasinbaicmbddm@nts a:ln@rrtobﬂahérolmb twhill bblafppdtrpntetbc

har nmoni ¢cs ,_ not n nal 1620
at the desﬂ?eésdmﬁglrg% "E)(er r %gedgénr{ca[ @L\?ag?dag&arrpf% e OP{?l"feﬂ IWMTD’?YD see
FI G 20 45Rhvenkion &tiependdd2ad adpal tgiraludt 620 alsrnagentbolimantst r ansm SSI on

nodul e 1622 (optional), where it is prepared for transm ssion. In step
1522, the transm ssion nodul e |1 622 outputs a transmtted signal 1624. Note

that st he descnpuon ofs % he fips Fmbd"nﬁ@hod'*”:EVPM:CJQM%@”::E&F @PMfW’S t he
information signal being gated, thus al ~~~'"_, ~ing the anplitude nodul ation

to the 25 harnonically rich si gnal However, rs v.w-ld be apparent based on

the teachings C?ﬁtet}ﬁh@ﬁgoélﬁxreﬁt' B xxﬁ%f}qn%#%‘mh@ﬂ? {eQ’?mé oddlat%flﬁgl?aqmni c at

nodul at ed onto armonicafly'ric S|gﬁ’a or ohto a f tere

ai : woi ; ~t whost frequenecvaries a8a Qundtiror et ihforEationaigrial weutlrs C Tt

~r hasel Quadrature phase | hlodulation ("I11Qmnm ~llorh. 30

| n- phase/ quadr at ur e- phase nodulat~:;v f"11 Q") is a specific subset of a
phase nodul ati on (PM enbadimedper«Bagdbseription.” 1S so pen~asive, it is
descri bed herein as ~f~~~f"f, 2003 WO 00l 24115 . PCTI US99174127 -41 a
separate enbodi ment. However, it should be remenbered that since it is a

speci fic subset o ﬂBMch&rh@thﬁﬂ&G’Eﬂbndu’ételsQﬁ thdd M vhedlisOo PRIt " 1/ Q "
In this enbodi ment, two information signals are accepted. An in-phase

si ghAl ("1} the fpgisarnmedvlaiem (famofy %CCﬁf@a%t%%{h@gb%maqufﬁb% PEAGf one of

the informaLiQfoR AkRALSLoANhA - JHAdLAILULErRNAR NSRRI, 19 dbpicSmBDdUl at ed
such that its phase varies as a function of the other |nformat| on si gnal

The tavo nodvinticedpesttingal ¢ tapenidenpilitddM mpdeorm an "1/ Q' nodul ated si gnal

arid tra osnmhte. Iﬁisteé ?%421&"1 %ﬂ'ﬁ{iﬂg“lg)ﬁ %O’ZI(%R?CPA?H @:'rﬂera?éla%y | QWcehart of

FIG 17 denonstrate Operation o
any means and/or process. (Information signal 1902 is a baseband signal, and, because

15 it is used to modulate a signal, ma+ also be referred to as a modulating baseband signal
1902.) Information signal 19C2 may be, for example, analog, digital, or any
combination thereof. The signals shown in FIG. 19 depict a digital information signal
wherein the information is represented by discrete states of the signal. It will be
apparent to persons skilled in the relevant art(s) that the invention is also adapted to

20 working with an analog informaticn signal wherein the information is represented by a
continuously varying signal In step 1104, information signal 1902 modulates an
oscillating signal 1904 (FIG. 197). The result of this modulation is the modulated
signal 1906 (FIG. 19C) as indicoted in block 1106. Modulated signal 1906 has a
frequency that varies as a functior of information signal 1902 and is referred to as an

25 FM signal.

In step 1108, a harmonica'ly rich signal with a continuous periodic waveform,
shown in FIG. 19D as rectanavlor waveform 1908, is generated. Rectangular
waveform 1908 is generated us ~z the modulated signal 1906. One skilled in the
relevant art(s) will recognize th: »hysical limitations to and mathematical obstacles

30 against achieving an exact or pe:'ect rcctangular waveform and it is not the intent of



10 transmtter in the in-phase/quadrahlre-phase nodulation ("1/Q') node. In
step 1702, a first information signal is generated '.w a tr rs source. (This?003
i nformation signal may be anal og, digital, or any conbination thereof In

step 1710, an in-phase oscillating signal (referred to as the "I" signal)
is gcnewtcd and in step 1704, it is nodulated by the first information
signal . Thi¥%OP¥¥WSs in the "I m)d_ui ted signal as indi cHELPPHPPock 1706
15 wherein the phase of the "I" nodtllat~, | s:ynal is varied as a function

of the fir i i i 7 o) oll'~.=f10rl1 s;
~nal is gefltféer g{%ﬁﬁ gégﬁlr;l}} %l%a%i zﬁ%feggéﬁtaﬁg’vkbke‘éger{gﬁ‘ ‘33’8 %ﬂ%‘:a{}gl(%r %ere d%?hy
conbi nat i orgahe as statkd ataive dor emy obeisdisfibm temnterth Haentat ndarf waveforinfi fioll bt i on

signal. In st | 71 th has of "1" qsgillati sjgnal .generated in step
5071910 1 o i Bkt Ly erRO W Ble oubstp PRl kel 0 S Rinifr AEh & e
(referred tanmaSqiidewi@" vailgefatd io.thdso vaivefornstha, art Bebstatialbi gate dng it is

rn~c-~ul at ed bﬁ}?the seﬁond i nfornmation si gnal This results in the "Q
moduf at ed SPLHI INELE OF e RIERRT itV eBiYL K131 7 131 {RRes WY YR Phageedfd Ohe " @

nodul at ed siegRa. 1 ipsrtivardraeeitgufir favkforh 11908 @f sHoh@ 5800 Pahddiosid@bE on
signal. An "I" signal with a continuous p-~: iodic waveforrn is generated at
step 1708 »sriedif mgvefpen 1910 wod(h At'ed The Gralpart of avageforn 121G iadesigpated a

continUOUS «pef ) Qg YEEQS MrbSAERSLAli8d0Rbeif SRl 7 i ofd
1170(" vl !: nggﬁil?\gnagfi% n step 1178212,l 1t:’he e %e_‘?i oa}il]’cga%*\;%fsg‘%r%ﬁggﬁ Ot?he "qQ'
period i s wayefofrorl 0 is designg@ [digr| Bednd Oforimgombighali 902 dtmgréov.t dt as t he
"1/ ¢ periqgdi vef S ic~tecf J~~ L~ ~ck t724. a~.s stated, before,
2 oShe Pruodtt i dT SR B S LSRR loheton Bsied nuliosds B Bt e”ae

i ndi cat ed iaftedhtdely, dfi2dcon8éhthascaihisseiedal conmponents (h:lrllloll!r~ at n
~~~y ~encies that are integer nmultiples of the fundanmental frequency of the
U1 o] o y RS RO BT REMEBGRT S ROIPTEREION, Sheh 8 2 reelaglig

00/ 24116 . \RGINUSO Rdik2idd 4 Bidkk equeBchiesdhartl NS BR siMAbidal fgnpenvant ed
frequencies are renoved, and as indicated in block |728, the renaining

frequency i(Bergenichent diedpeneigs BNl 8t pIsecT mHEpte offhedhydamengph Areanaicy pEpar ed
For §ransmygsiQfer| oS bBRetiB Ogi.cand HRk $bekk: | d3dponbhte rrehfiddeicEM Stiggal is
trarlf'gsm' tteé&égggérﬂfz S%j T r(éteur~rcl Descr i p%?%osnt. 'Frleg flée@lvls_ a bl ock

di agr am of harmangassofi periedic aavefodinny 10 grasheybeadpisiaht, iofexpprded eyt ion. Thi s

enmbodi nent t m & rwc'\ ho o N ' 1 00. "I/Q@Q
transm tterﬁéi%dg?iahéﬁggésélg% olégfcsh&s@f)ﬁgtcggsolgégm%ﬂ gaa eIE éﬁ(hq}%rapwlo,
two phase sgdud aboy 81 thBO4e@phB16n-ddnocrswrtly thenalfiuiaemohi8P 2repreBRiBj.c.a sumer

1832, a filter 10.1 and .a transm ssi. ule 1840, The =1/ Q)
transmi ttellhe tfl:réte 1&&,8%2‘1\%%, sle\ﬁ?nth, e‘c. AR smo..vn 19%1@0 btergct%égil r%adefc())g{lg%% a

a ormati on signal s180 pu
trapsm tt ethasiagfuatiardeh2d). frekhergpef at (ado andvisths uled dire ofrmenie)yphartlird

comonent s ot oSSl R RS Ay R Y PPSE RO Sl pdepor oed
bel ow at saett | oS sd.08. 27/ 3. Biircann@EMPhannphagesighi fA ake istowlessr i bed
waveforms 1912a, 1912b, and 19'2¢ of FIG 19F, and the first, third, and fifth
harmonics of signal B are shown as waveforms 1914a, 1914b, and 1914c¢ of FIG. 19G.

25 In actuality, these harmonics (as 'vcll as all of the higher order harmonics) occur
simultaneously, as shown by waveorm 1916 of FIG. 19H. Note that if all of the
harmonic components of FIG. 19H were shown summed together with all of the higher
harmonics (i.e., the seventh, the nirth, etc.) the resulting waveform would, in the limit,
be identical to waveform 1910

30 In step 1112, the unwanted " cquencies of waveform 1916 are removed. In the
example of FIG. 19, the fust and *hitd harmonics are shown to be removed, and as
indicated in block 1114, the rema ing wavetorm 1918 (i.e., waveforms 1912¢ and
1914c) is at the desired EM frequ-ncy Although not shown, the higher harmonics

(e.g., the seventh, ninth, etc ) are al ~removed.



15 bel ow at sections 3.3.3-3.3.3.2; an exenplary s .witch nodule is 5 APR 2003
descri bed bel ow at sections 3.3.6-3.3.6.2; an exenplary sunmer is descrlbeg
bel ow at sections 3.3.8 3.3.8.2; an exenplary filter is described bel ow at
sections 3.3.9-3.3.9.2; and an exenplary transm ssion nodule is described

bel ow at sect i 3. 3. 10 3.3.10.2. Preferably, the |ocal il 1806,
phase shifwgpm%gﬁb phase nodul atorg; 1804 20 & 1816, swit %ﬁhﬁ%ﬁééé 1822 &

1828, summer 1832, filter 1836, and transm ssion nodul e 1840 process the

i nformation si %@'EM%%A&? gﬁ%@ﬂeﬁcmsfaerrcmnﬂn@ WARFIRET 6 Qg H%JM\%PW | 700.
In other words, "11Q tTransmtter 1800 is fhe structural odi ment for

perfornlnQHmhémﬁpwﬁHdedéﬁ2@ﬂép§ﬂbf“ﬁl@@@hﬁwgmﬂﬁﬂﬂmﬁﬁﬁWéver, it should be
understood that the scope and spirit of the present invention includes
ot her structural 25 enbodinments for performng the steps of flo~, vchart
| 700. The specifics of th2se StherqasResachimal enbodi ments will be apparent
to persons skilled in the relevant arts) based on the discussion contained
herein. The operation of the transmitter 1800 will now be described in

detail with rEfFﬁBell”ECleatlﬂb&ftﬁacrﬁdrﬁ)\wlﬂaﬁhsrri;tl&ﬂ(hcb&dﬁl%&@ ah é@dodidneht 6fthe
i nformation signajl 1802 fron1a 0 source t shown) |s routed to the first
phase noddMsoken | ghia embrdigicapof peorangpittey & %Plaﬁéfh A tengniter 1488 from

| ocal osciph at.QimilB0BdosingRbES Qt\@dv@%nh&c%@ﬁelll]a?&A(VCd) 1;.%%'5@%& ng signal
1808 ~s nodul ated by first nformanon signal 18 in thé first phase i 6

~ L f'i; 200duigo 1901 24 filfer | 12pET/ ugb9/ Qammssmmsmdwgdm?at that |a8Gepts ather eby
produci ng rm€lt10n %\ l ?ﬁ(ﬁgalﬁf 9{{ lv 118@%5111}{[’&555&%1 113 LF i[%xg ef‘a'fl aﬁcw tch

nodul e 182 gener at rmoni cal | a conti nuous
and perlodnnawmveﬁ@xmmmMm smmmmbm14ueaksmbe@dmknfomn&kempbguQNKD1i8l4 from

a sQurce (,hot IS routed.t.a yhe seco e | at In

stzg | 712, e%ﬁ@¢%ﬁg§%*ﬁﬁe%§E|ﬁ|a rng 5ign¢ \megﬁéswgﬁgﬁggPE “ﬁ%gie shifter
1810 to cmemirveat s&dtionss bizal.6. Qg:de\gh\ﬁlawlBlicZ 18 ddacrsﬁeerbetbmaﬁ,sect@qs ®soillating
signal 1812 s nodul ated by second in matjon, s 181 4. in second
Shase. modar -G I HAPLY SR daC g o eSOt Srak L reiian 1898: 1 n ot ep
1720, theseppnd snitch nodul e | 828 generates a harnnnlcally rich "Q

signal 10 1830 with a continuous and periodic waveform Harnoncally rich

"1™ signal | 828redsiablnalhroRitedn $aptPiiehoscdatasi lghd Sw@éomaqhée pe b diltsh] y
reggangul %18"’3\5% tra &1cﬁ§m%gH@rle“%Y&§SSOLBe RtbagRiohad aérﬁplﬂtglfhe hiifhet NVeNtion

ishot linitedt I's enbodinent), and are conprise luralities of
S|nu50|damhmmwEsmﬂmggeﬂ¢wéﬂgwﬁ@ﬂe§Oérélpﬁ@%g@KBnEWhm%%@@Kmﬂ2®%éth@ndanenta

[ ouercy eleb ARKSAGLIF, oliene, 2t sguialyeves s shelgr gy o 17 =
deternlne}khevanmiﬂmuhdxomubammdhaﬁmbmma%wHmdswepcﬁlﬁ@puﬁaﬂnnnmcaiIy rich
SLmTZIr glng.lé 1? S 8&‘? sttlélc ﬁgm 0%18?/ Ph f(I;rI pC hfgrﬁn}l@%e steﬁﬁgfao%crzﬁartcﬁ%.i ?Eéj by
20 specifics of these other structural embtodiments will be apparent to persons skilled in
the relevant art(s) based on thc discuszion contained herein.

The operation of the tiansm ttor 1200 will now be described in detail with
reference to the flowchart 1100. fn step 1102, an information signal 1202 (for
example, see FIG. 19A) from a sou-zc (not shown) is routed to VCO 1204. In step

25 1104, an oscillating signal (for example, sce FIG 19B) is generated and modulated,
thereby producing a frequency modu'ated signal 1210 (for example, see FIG. 19C). In
step 1108, the switch module 1214 ~encrates a harmonucally rich signal 1216 with a
continuous and periodic waveform /for example, see FIG. 19D). This waveform is
preferably a rectangular wave, sucy as a squate wave or a pulse (although, the
30 invention is not limited to this c~hodiment), and is comprised of a plurality of

sinusoidal waves whose frequencies arc mteger multiples of the fundamental frequency

of the waveform. These sinusoid~! waves ate referred to as the harmonics of the



1834, In step 1726, a filter 183b filters out the undesired harnonic
frequenci es, and 20 outputs an "1/Q" el ectromagnetic (EM signal |838Gatl) 2003
the desired harnonic frequency. In step 1730, "1/Q E11~l signal | 838 is
routed to transm ssion nodule i 840 (optional), where it is prepared for
transm ssi tep 1 732, the transm ssion nodul e 1840

transmtte sqogzﬁlz%? 1 842. 1t will besgppdrent to those ski %:égg]%fi%ﬁﬂ

rel evant arts) that an alternate 25 enbodi nent exists wherein the

har moni cal thdeHWxE wavefcrmgRad ali82dhcanchiyde wiadsRRhGa! thy af ?ﬁﬂlde @ eadrgnal 1830
may be flltered efore they are sumre and further, another alternate

enbodi ment hegiosied FaueEaraRlA 9¢¢ Flod o AbOGK ghaler1d39 wbier1d18 fberaiont ed
signal 182 Sﬂ%ﬂ?&i e being
routed to g‘ egavilvll){1 testgl%drm u emtsO(hgrrnﬁmC%\)Sa%(tj hdgﬁﬁltzst ﬂfgg |L %rgg%réhgfa%&ﬂ%?gfngf

enmbodi ment $226fat theedesipeddnuenrit &cqushcy Her greawbnsed Heh?l).om Hep hg 6uERd as a

modt at i oned 1240 e SRR ARSI BP0 RO SAB H o BRI ques,

and may i nehnsdessiondulnagtem @l Bneraosminnsie niodbler AR | cupusd gnemsmasd pignk! of t he
up- conver slhgzq process. 3.2.S.1 Cornbinatiott of ulorlulntiou Techstiques
Conbi nati o of nodul ati on techni ques that woul d be apparent to those
skilled 5 in the relevant arts) based on the teachings di scl osed herein

i nclude, but are not_limted to, quadrature a i tude nodul ati on (QAM, and
enbeddi ng two forns o?znﬁdﬁﬂ”dtﬁ’ﬁlﬁ’ ‘Ghe'd: éj”gf’zgwéﬁ”lf’%‘i‘” dcYader si on. An
exenplary circuit diagramillustrating the conbination of two nodul ations
is found in FIG 62. This exanple uses AM conbined with PM The waveforns
10 shown in FI G8.thigzmpodinenygnriafoanativa sghabis aveehigdaaridon metiulatedisiginglal
infgymatio e dul ation of an
anal og i nf g’??ﬁﬁ%ﬂ?ﬁ Véf%s a@%%%q?x%g‘%ﬂ 9"/{““'”“‘8.}‘? ?ﬁ&iﬁ*ﬁﬁ%@em (FIG 64)
and information si gnal "A" 6202 (FIG 63) are received by phase nodul at or
1404, thereby creating a d si nal 6208 (FIG 65). Note that
for illustrative pur posegp)]??@’e'é’?m (G}De H’(j “the information signal 15 is
shown as a digital signal, and the phase nodul ation is shown as shifting

t he phase of t cillatin gna | 80, Those_s ed in the rel evant
arts) will appp@t"' gP%{ tR5 0 ttgﬁiél e oqefféf‘?tbjﬁes ljnﬁ‘lethegu? doRREatipaPlh e al t hough
typically irinsi$itedi9ite dhise raqEhldiBAT Mhasee. rmﬁwegieusm@nv@tméfonhb%wwo may

al so be used, FIG 62 shows a pul se shaper 6216 receiving phase nodul at ed

si gnal 6208 Féﬁd%@ﬁppﬁ&f}tenlwgena%am%%'*@Héﬁéanwt%f igala PMm@le20 (FIG 66). The
pul e shaper 'Sln%%g) 303/ an El?o%@%ﬂgmpmwﬁgﬁ@' @&,ﬁy i@%eﬁé?gte&i%?ag;ﬂuz% t he
phase nodul at or I'nf or mat i on st gnal bias signal 1604 (if
requi r ed) hnrt"@rr@bmmed PPZsmmmbag Mrodamelel stdog dbglitaé,nall ynyt gombisatios
reference Pyl uted to
switch mdﬁkggﬁlﬂ%’zgg‘g& h\%’ﬂg%)ﬁ} M éc 350§1? ﬁ@ﬁ gler er@ﬁggﬁéﬁgﬁé ?nege%gg t her eby
produci ng mfdrmmtmnnscadpteﬁerrtccbh ysdlsgneaft s@@:tz)thﬁe (skn@. &8yvill Ibb apameltetoseen t hat

the anplitude of hs 212 varies a fyuncti.on of

ref erence %ﬁrﬁoﬁélsmg%@ tﬁ%ﬁege‘fa i e 1d L m el%Stuoln R &f &Hﬁe tO%OrrKIBﬁiwétg‘l ly rich
si gmal 621z sfakgStfeshain sadday whére: nStBttTB\f(&ﬁlapblrll sereplesdmed tyM singifedusiy210.

FIGS. 69 and 70 only illustrate the funda |. and second, harnj_goni cs of
har noni cal Y‘W‘Pgé’ﬂ“@lr Jnaier 3% a“loﬁc E‘PS‘%“HE?@% R pereat a‘?dnllnlsfﬁptlé%;ﬁunber of

har moni cs, B WscifiRingl dlémun@‘t (e, 303 PUrpesLaed 8N ehdRifortdalibd kigdal 440 first
t wo harrmnl cs are sufficient to illustrate that both the phase nodul ation

and t he an{fwltmgjél Hsduedidateshsigratt'ap &'lor d4ehes drliqared lﬁalﬂmm?él | Ther i ch
| 621 t
signa g%g gm >hoBiaee g%]qrmacéwfed R ﬂaﬂ&m%ﬁﬁT irfFbinfefion 3¢

i fi
r~f'i Q03 1'US99/ 24127 - 45 1618 wi renove g{e unwant ed
harZfoni cs, 4402d a desired har rmnl C 6214 is routed to transm ssion nodul e

| 418, I622 (op onal it S, nsni ssion. Transm ssion
nodul e 14l 8, é’h‘ ‘Clss'a” trﬁﬁgm’rﬁieé% W@I %@nuﬁ%zﬁ?m Kose
skilled i nwtﬁworheisegeamteaht skp W8 11 wsappmedilate sf(ghﬂt44’()he$ﬁnﬁmﬁﬁmlyaﬁchar e
provided for illustrative pyrposes onl nd a jmti The
enbodi ment 8484404 lﬁéloFUBﬂW@Hér”é“br Vi dgbcatl‘f’réﬂ B‘F g‘ﬁb@L "24‘6 irqq‘?‘@g't #48)i on.
These enbo@llf'ﬁ%@&%‘-iuﬁrtﬁe pgksichintgnaRds toanllinftkeridiRall b¥RBed Bhinsfhdhfsvitat €
enbodi ments, differi ng slightly or substantially fromthose described

A

her¥l n, wi i eweet 5 pRer ‘trqcﬁ‘“ié‘él“sé'ri‘s'dg’lé’ [Pédt iih nehéher Bty it tharespathased on
t he teachi ngs contai ned herein. Such



10 alternate enbodinments include, but are not linited to, comnbination$ (ofPh 7103
nmodul ation techniques man "I/ Q" nobde. Such alternate enbodi nents fall

within the scope and spirit of the present invention. 3.3 ~~lethorls acid
Systens for ljrtplene~tting tl:e Errtbodinettts. Exenplary operational

and/or structural inplenentations related to the IS net hod%s@,
struct ure( ¥P,9%#df or enbodi ments desggribed above are presERTAEF X hi s
section (and its subsections). These conponents and net hods are presented
herein for; ; i r.ati.o i.m i i ion is

not lim telgpﬁlggﬁg‘%%gér{ |Clt:%ﬁd%&°Lg§<ﬂa\h%egdg&%fe%g%%%€8%¥n€%ﬁg§dX g’@?’ha%g&gescri bed
herei n. Al dbereidon aresof disrubuiei, tiy tequi'vealkepta, wayzfoems ndih b¢ usearto atferons,

devi at i , - i.h 0 i: i1l b
ki Fea m VRETEp Bl SR ARSI A, R bl enndp BB Rl soch

al t er nat i vesvef alill raférho thokheasdape thndrespbstatiaf sdquaee f1das Brot theeeadti on.
3.3.1 The voltage Controlled Oscillator (FIl~~'~lode). As discussed above,
t he fr eque?fébe W%Bel&llt H’tVF’?JtW“(tE‘I\%a Rfoget S@HﬂSdé%hF gﬁ‘feri‘tﬁcgoﬁgeqdﬁqd/egtﬁ F%Wguses a
vol tage comsre)d @fltifsuk bh@p@lod (M forSeQich A8 tRMaBAXMTBIE, ricHGRndfdgi n FI G
12. The invention supports nunerous enbodi ments of the VCO Exenplary
enbodi ment2s ipdicaterbiniteskolddd, fasisiquegpdnyl camaonsadpppraicskpiolisauensirashasr | it
shoul d be if182Lr hDGSGEX AP REGALS o PHRVIHdEyih Oy ffpative
pur poses o%?%ﬁég%hwhventﬁ on ~Is ano?ﬁrlhm&l{ee {)oht hdengglquel gcﬁlv%r%)#ﬁgh@ |~
it~ | ~-Buder oonpaddtbfrequP@Tys).| S99/MR41DRe-146MENi8 . WhavifoBpe ret showal in

Deseri pti oz~ A, ot i ign 0 i.s.accepted a an osci.llating
Si aﬁal 23 éb\?mzlés%g4%$§§%g?%’y?€%{ﬂ%§ﬂ%gsﬂ%§ ?r ﬁﬁgtlﬁ)nﬁteowq%ﬁ%%ﬁ%?%sfiIBn si gnal
2302 i s creat Bd4, @sahwhmatd frgguehgoalre 28306 cil sandl ;s andiefiaivaicblbek B 6f thequency
nodul ated internmedi ate signal 2306. The 5 information signal 2302 may be
Tral og. or BMGHIH TBRepdNoindE: Ot hor BoPuPahd Ray hEXEONG (HoNEY & o
ensure it (fgmdambita) hhenddes i @dafdangeccond Hahgoiagse Maphng Wit th@kryat i on
signal 2302 is digital, the oscillating rsi gnhal 2306 mag/ vary between

di screte fifEyetchagonips b ehie! 5% b5 fbierar Srisipatiaamthe tird karmpsiequency
corjsespondg 1k Qs fhe deGich @M siBhAR: ncandddn s1I8GON 6f r equency corresponds to a
O digrtal "low " Either frequency may correspond to the "high" or the

"l ow, " dependi rdedM sigaalddaeened dii tHepnigs ok dustermhl S, apkinati¢roB20sthe ef er r ed
to as fre i ing (FSK) which is a subset of F\1, if the

i nformati %ME%%IZIF%%B%@% anal og, the frequency of the oscillating signal
2306 will vary as a function of that analog signal, and is not limted to
t he subset of FSK descrin?rzI Above, 15 Jhe.oscillating signal 2306 is a
frequency nodul at ed si gnal™ ihi A ¢an be""a"SI nusoi dal wave, a rect angul ar
wave, a triangular wave, a pulse, or any other continuous and peirodic
wavef orm As stated abqve, one skilled in the relevant arts) w recogni ze
e physi cal © Pt G PRyt rao G Reat oHSeat e gt iral SHER ovi oo
exaot or pevdnast. WY ehbsdiBmeand tiett insmet istshewh i P @dnsinher PAES ey

invention that a perfect 20 waveform be generated or needed. Again, as
stat ed abdi@smitsr La¥sBclideyp degit 8igitor K0t & pRtser BeddHaUI A, R VEThr m' wi | |

be used tqusgfierai® yauetors thal AgsHRMRRddR! Y4 TeHANRUA ant he teen
"square wave" will refer to those waveforns that are substantially square,

the term "informpigul signahade? and Iolltpr‘b‘ffeiffﬂltsgljll'tt%@?nf\kd\ﬁé@-or% eresation raad
vevef o s VHEHe o8 @ehBlary AOGLEARL SEMLIRHIRE ntbl ohetRimlify BORE e o
t h&@5pr esentodutatent dessribdtiaticiay pescteots 3siqtrdBet wauexemplary local oscillator is
described below at sections 3.3 2-2 3 2.2: an cxemplary switch module is described
below at sections 3.3.6-3.3.6 2; an exemplary filter is described below at sections 3.3.9-
3.3.9.2; and an exemplary trtansmisston module is described below at sections 3.3.10-
3.3.10.2.
30 Preferably, the local oscillotor 1406. phase modulator 1404, switch module
1410, filter 1414, and transmission moduie 1418 process the information signal in the

manner shown in the opcrational fiervebart 1300, In other words, PM transmitter 1400



triangle wave, or pulse be generated or needed. 3.3.1.2 Strwcturul T 6 APR 7003
Description. The design and use of a voltage controlled oscillator 2304 is

wel | known to those skilled in the relevant art(s). The VCO 2304 may be
desi gned and fabricated 30 fromdiscrete conponents, or ~t may be purchased
"of f the shel VCO 2304 accepts an information signal 2302 fr sour ce.
The i nforn’g?)o%“éf gnal 2302 is at hageband ~r., r~. ~~, ECQ’,T’B&??% 00/ 2411G
. PCT/ U599124127 -47 and generally is an electri cal si gnal within a

prescri bedlsvt‘mstsﬁ"@&urraﬁ&%’odulngnttfBPFérﬂfrf?ﬂhfmtthb @eeﬂaﬁom geeb@bf fiblgna¥ol Jopge wil

be at discrete levels he information i s anal og, the voltage wll be
cont i nuous Fpweeari disheulddewsdarsipnd upgidhe agege and sweit olféh/eepresemenvvmrrzsm uses

t he vol tag i

oscillati n%c%dg%@ﬁeﬂg%@ﬁ%&%g&oﬁt% %S b %ﬁel%}ln glﬁé%gé ?8@@%’%&%@@0@ because
it is a basgbdmns oﬁtkg;smbtharnsjmcmxa]sxadbotlmemdunllldteeamamnos)cpdréom iskilesingnal , may

be referred tao as the nodul ati ba,seba nal 2302. The frequency of t he
oscill ati n&egaﬁmf arﬁ(gb%as?/d;?ri %gqggusﬁop GrEt dnlge 0f"t he vol tage of the
nmodul ati ng basebiandp&agmabs %Q&nmhfuct heocmsxdwlmw Bg dbasiegpnd dstgath 2302 10

represents digital Information, frequency of the oscillatjng signal
2306 wil | EFéera'%ced'ios@Fe‘ﬁ‘éW?héUe 3500 nsER HPE 8t Heformatin sigpd HiSduifer i ng

baseband stgnalle, %&Oﬁxd Q@A?%@ﬁ\tasso%%'(ﬂ& shas\mr]gr'eédtmo pthlé's% hb&AUENYY40f the

oscillati n? signal 2306 w |l be continuousl ¥ vari ab between its higher

and | ower i geuddRdy anjostitlatingTrignabSien lostli asgillgiog 4o Qfeosxmﬂe brge &1 nu50| dal
a I CEBNAUALNEV . BobIENAU A, $RYEcin® oPHbERac® i ABY 1 A0NED: 1~

con I nuous and periodic waveform The °f quenym) oscil'lating

si gnal 2306xamyye,t feenFlie {&B(é)d tlo dnp vlél®° Swi B\&hcfrrmmglhé 280D .geBer@e® aThe Local

Cscill ator, (PI LL A~ YI . . di,.scuss ove, the phase
nodul ati on % C%Wd“%lh%igndt A 12 Wlt uIC3 ﬁll](ﬁlﬁugzﬁld%}fwl)c %8@@3@65’5%?’5 of the
i nventi on gREIa. hmplThﬁxs\emJelfcamos pxeﬁoabtlo@rd&@@gulbh@a\tensxmhasa/sqmadwasteure phase
nmodul ation (

d nbodi nent . as an e | ocal oscillator
1406 in FI @aalas% @ KRR BRI 1 %"’PH s %%'@ ), |86@5|C°61§8ﬁq 4 at or
1806 i n Fl & aJfuraitfyeos BM@RDEdaO NaFbPRABLES fr &lgélﬁteefﬁ%@f RIMiSeObf ifee | ocal
oscillator. Exenplary enbodi ments of the local oscillator 2402 (FIG 24)

are descri Bedamentydicgyencrehiiveravefopmg F{Baﬂedlrwém@ﬂd*@wg% Yo aefemed totan dhge
exanpl es apeRLQYitad. uﬁaelulﬂyarar%nvemeuﬂr PORES QAlyKis wnﬁdét?eﬁﬁﬂé i I's not

limted to these enbodi nent’s.” 3. 1 Operatio~tal "Descri pt
osci | | at i ngmplitg¢eapf M@Alan@orgerﬁ@r av@dmﬁ*h@ffﬂnfeﬁcséme bamdntcs,ssegrfdﬁs 2404 may

be sel ect apje, %guan@%ggfs bl Yeb 9Pk gwsuq@rfﬁféstgut% WY AABP hmoniE AL TS,

t he frequency a specitic value Tor a specific
i mptlenent afrecpmncxbm([forg@qampa:l kthe firtt ‘1'\11’&9111“-]441-9 thrersesamd, han\ﬁmlleGAIZZlhmﬁ the

PCT/ US99/ 2? é}b does not. var Bl function of the nft%r i.on signal
2302 (i . S AP TRO o SR 3 R B e lestiomppagrid (BN sital 5000,
gener al | y Ilcs16aatsméudsﬁteda1armm frebuttncy t(tomi:)(araﬂ)lS,Othb&hﬁd harmonic, see FIG.

44G). In step 1318, EM signal 1416 is routed to transmission module 1418 (optional),

where it is prepared for transmission In step 1320, the transmission module 1418

25 outputs a transmitted signal 1420.
3.2.3 Third Embo-liment: Amplitude Modulation (AM) Mode.

In this embodiment, an information signal is accepted and a modulated signal

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

3.2.3.1 Operational Description.



rectangul ar wave, a triangular wave, a pulse, or any other conti nuousb &R&2003
periodic 5 waveforin. As stated above., one skilled in the relevant arts)
will recognize the physical limtations to and mat hemati cal obstacl es

agai nst achi eving exact or perfect waveforns and it is not the intent of

t he present |nvent| on that a perfect waveform be gener ate&

Again, as %¥P&¥¥d'6above, for ease ofzgli scussion, the term ec% angu ar
waveformt will be used to refer to waveforns that are substantially 10

rectangul ar, thge tEFIMhSUURT BIONaNE detbilstrateeftRE rid@hddhes @perviet afzhe s t hat
are substantl all'y square, the term"triangular_wave" will refer to those

wavef or s ttansmitiar & Sabewhmde apgdylatien sHYUITBede. ARk EGH@S%%tHﬁe"we@émsw | |
refer to t ﬁv%'ref‘ mvﬁy}etlfﬁéﬁcttt n:al}lv&ﬁ@% %@?%B@rbts'aeﬁlahé{n@telplldltl%@AIvﬁﬂgddt i s not the

intent of ® resent rnvention a perfect square wave, triangle wave,
or pul se be gemmstapeﬁiObranma”edmdlon]srgnsl 43302 (FIG. 3506t ganglataielycs *P‘Cp{fffeon The

design and e of a C 0SCi or Qpn, k|IIed in
thedrel evéﬁ%‘gn&?qo(nsﬁlgna ﬁzgh%:érf‘ayo\% gt(a(% %4%§loﬁhdlgot}§p esl 3 abri cat ed
from di scrgdeofCorfeQn@ak Shéwn it Flﬂjﬁyb kiep1pier ctllga&ledfo'hnixtiont dignas mmrem th¢\ | ocal
oscillator 2402 is generally sgt to outg th eag C flrEquenc The out put
can be "fiirfogmatipn jstrepigienisd” Bp disgisicetighre e HgR W‘tl C GRAGH Of the

circuit. qJeréoBs L81dd % 86b refhgnrautHutat e ieaRSbESr Ach Adpha s ubatiantital |y a
fixed frequency that cannot be changed. If the output freque
‘B%H‘f[yto be

sel ect abl en anhlog defoimption pigaplevihe ¢ dictin{Rrmption i (5%%56&%%1’?/ 3l °°§§*
apy! ed 1o,418; s868) 19%?%'13%05 2402,k 0 ahaNge-die, LhealEnaideq i ff erent

applicati ofts e out frequency of a local oscillator 2402 is
not consi dgsckdl 506, Ibaeaﬁua)phtalbé éﬁt as anduancf iteninsrmagorasignah #693raliwa si gnal
2302 such as the inaodulating baseband sig 1230 fioyd g8.0@sired for
t he out put® sbrogﬁ’&eélﬁc@ lé}\r/]englgc ﬁle oérjm?(% %g va§| érg?téd Eo*\a |§ln of an

i nf or mat i GRfcsmEINe sigital WS wmbllaqumrcecirer abi ynohi&r&séddl)neﬁhef tim;on\rehmrl,ng si gnal
2404 generally is a,sipusoidal re | ar wave,
a triangultaf f"?ffér\f/’%ce signgh s Lampgpedy yong‘[ ﬁu&mt'gma%aoﬁus&%f)gﬁg ;a)oerrll odl?egqblvavef orm
30 (khe outgute|@fanfalt@Fdil R364diteater 112,'41Q2ntié&)bf Bebadimienta Lixist ovhetetrethe ci r cui t
conmponents such as a phase modul at or 6@0% ghaselshlftl ng circuit 204,
swi t ch nodigfesengg eignal gtild vary asa funcpianof t Wﬂ A BEMALPCT/ | JS99/ 24127 - 49

3. 3.3 The Phase, SBldihe Gignhl @ordpk@rim)) is ASnelhse us sl 18RV 4t bep
i n- phase/ quadr at ur e- phase nodul ati on ("I/ éxm)de enbodi nment tgf the

i nventi on Ud@stha rpfezesec sipndl timforngaen sigynl ig regicd 2t gregEengyi thitds 21810 in

FIG 18. e inv s Sat&TRG fis tharRhiasdyshi fter.
5 Exenpl ar@l %th%’og%e g%allﬁnggﬁFéﬁ Egﬁggﬁgﬁl }tt er' Q%%%H]?%n%mtfs are descrl bed

belggw. Theridinygmi #6065 (RGNGIC)I w1mh t eohtingorshessiedisritrydforarang is ’W@ff’d@s%r i ption
cont ai ned her has t T a h ef. i s used
)JBF%na’tFFuanhanaﬁlacalﬁ nbﬁ ﬁ%g;}] 1T 49566”% nﬁlﬁ%%dpn\ Bfock gﬁcl\% fs

for ease offh e e relevant arts
under st andsmobtaﬁn@ltyhzerrem@mer shivé t\@manqsbe fusdaheniadl Hogquerdg peguel tvgthfer om t he

intent of the prese tion. 3 3.3..1 er,~uhi on. An
"in- phase" fr@%m Z’ét"i B ?mﬁé@Q (GpraREPy & 456%? gl}%cg?%t lc}!rilgg%has

osci 'l ati ng.s:gAah1ag Fbe | h§s Iﬁlllslem#ﬁplwdcfes tihe afenr pltasen ¢ the ampligidelof #4802 i s
referred to as .
25 reference signal (information signal 4502). One skilled in the relevant art(s) will
recognize the physical limitations to and mathematical obstacles against achieving an
exact or perfect rectangular waveform and it is not the intent of the present invention
that a perfect rectangular waveform be gencrated or needed. Again, as stated above,
for ease of discussion, the term "rectancular waveform" will be used to refer to
30 waveforms that are substantially rectangulor  In a similar manner, the term "square
wave" will refer to those waveforms that are substantially square and it is not the intent
of the present invention that a perfeet square wave be gencrated or needed.

As stated before, a harmonteally rich signal 4506, such as the rectangular wave

as indicated in block 1514, has sinusoidal components (harmonics) at frequencies that



being a sine wave, then the quadrature-phase ("Q') signal 2S06 can bgep spn 200)
referred to as being a cosine wave (i.e., the "Q" signal 2S06 is 90 out "of"™"
phase with the "I" signal 1S 2S02). However, they may al so be rectangul ar
waves, triangular waves, pulses, or any other continuous and periodic

wavef or nms. ed above, one skilled in the relevant a |

recogni ze pﬁ)éooém ical Iimtations tw .and mat henati cal obggi)&sé@“k&ai nst
achi eving exact or perfect wavefornms and it is not the intent of the
present i NyRNitRBr LAHIa dpekd BetanavaimignRe danenadeli wakec%lﬁﬂgh&gal n, as
stated above, for ease of discussion, the term"rectangul ar wavefonnt wl|
be used t o Feefiefreompopepy dregrapsicthat heafiest Siups hamnania wovafeimsasigsheawn it he term
square wavgds Wshl 43Tl ke HhaseupRvEL of it Dahn Bl SURRLARL | Bl 4y Sauare,
the term"triangul ar 'wave” w || fefer to those waveforns that are

subst ant i allbip,tthé¢ angadted freaurdcieherd emmvegudsleds wididated ehellotlo 15 Ho ke

wavef ornms that. .are.substanti_al QU and it is not the intent of the
presé:nt i nvaht''6h ];r‘f"lqélg Y ;lferaii etl(‘:%/ %gpe;éqﬁg% ) u\}'e, Ptsr iagnaﬁaglp %Na@%,ﬁr& pul se
be gener at ¢finddmenegdramoRegsn dlaed shofechhk hahmpesinh dihey wakehorlauts, the "Q'

signal 2S06_.s out of phase with the "L" signal 2S06 by one quarter period
of the vvavg‘ff%r?f?"WO?‘F%G‘GEWV“EF“Q}HE@‘ﬂltme%{%ﬂtal"’@m%‘ig@ﬂédsha?@e@cé%ﬁ:f* 2506 are
subst ant i al} ye@edirb EM figndlias td&sicom glent giged herein wal | be confined to

t he nore preval ent 30 enbodi ment wherein there are two internediate signals
separat ed by 90TherRMssigra! otrenarsd for HarsoHsstaneniskpeaed cmd in stepilpP2,pee appar ent
to {hose skikled in 408486l evant art{s) that i Gl~i'~ =Jil3 1~ 0

00/ %éjfllb .%PC'Il§U899}24112$ -sot he techni ques tough herein and applied to the
"1/ Q enbodi nent of the present invention also apply to nore exotic

enbodi ments wherein the i Lrediate sjgr are shifted by sone anount

ot her than 90, and al so \A%%%é%%%&??ﬁ%@ﬁ}gé' nore than two internediate
frequencies. 5 3.3.3.? Structural Description:. The design and use of a
phase shifter 2304 s |, known to those skilled in the rel evant art(s). A
phase shifter Zgg:h llqﬁ§/\é\§lt9c%lg§‘£ﬁﬁéﬁfo%%l \f1wgbc]ria8%&r§8gitor W’BP%‘@W&‘E‘@?&?@onents
or it may bfepitnCBseEmbafihcithe ishehdsn' A iphiase shid ASA tragEEREiS] 680.

"i nphase" ("1") oscillating si gna}l 2502 from any of a nunber of sources,
such as a V&btrepsmition 1e10 Hclugenap layeiost iter [o4e2, sumping inpRs 1806, 2

" quaglr at ur gx REAESdut 1614, 0fEd|lsat | REd aitGRhisdePhdabRt 1623 tBihstRtial |y the
sane frequency and substantially the same shape as the incomng "I" signal
2502, but vifeimatige sighals O0IHInelt @EUsy 2 B sBEEh stgnal 1924. gfbe opgratigngsrsl s 2502

and 2506 .aEt?ucg]ﬁQ%f'@i L&) RSP0 ARLs BYEShbeRWelhI8Y TBYpEhSIBcd @sdififibangul ar
triangu , I d

waves, ar waves, pulses, or any other continuous and periodic
wavef or ms. isldgsRibgdbdbw st sasfionsiied. sadpes cofexerhplaensitsh meodutenie désgtibali gnal

2506 is ou i1h.t.he, " " signal /; 3 . nerqod of the
veverorm - Bph PRANRS ARG e SRR AR BRIt LSRRI ST 5 e
output of a.pghasedshicktepla@30dsmmayiobe cdskeds dsscabed gow at secdophn3.é0-nodul at or
2606. ~0 3 3013) The Phase Il ~lodulrctor (P.Il a~td "I11 Q" !Yl odes). As

di scussed a e2 t he phase nodul ati on (PM node enbodi nent including the

i n- phase/ ' quadr Pfefi &P as GocaD et latdor6 10, bk ngnmeke e 1hes]i swkih mfdutehe
i nvention uses a phase nodul atqor. See, as an exanpl e, ghas.e nodul at or 1404

of FIG 1416Hu 0 a8 mandidiagtaisdonmeauiafe’d Beessprn mfesmatign sigpal 160k ®nt i on

supports nypehois: dRwaRed RS AR Phage mumhd: JRds, AR SIRAIN:
enbodi ments of the phase nodul ator 2606 (FI G 26) are described bel ow.

Howdver, i t6Ghouhe stecturplderizidopenttfhapct hagw &g anprienahsieprppbilowelirt or
i1 1Tustrati ye,PURRARES, AMbnbutdTDE NSRS At iefe B®be dalT B §the present
invention includes other structural cmbodiments for performing the steps of flowchart
1500. The specifics of thesc other structur el embodiments will be apparent to persons
skilled in the relevant art(s) based on the discussion contained herein,
30 The operation of the transnufter 1600 will now be described in detail with
reference to the flowchart 1500. In step 512, information signal 1602 (for example,

see FIG. 45A) from a source (rot show=! 1s routed to summing module 1606 (if



these enbodi nents. 3.3.4.1 Operational Descriptiota. i GNPy~ 1030 99
001 24116 . PCTI US99/ 24127 -51 An information signal 2602 and an h
oscillating signal 2604 are accepted, and a phase nodul ated oscill ating

si gnal 2608 mhose phase varies as a function of the information signal 2602

i s output. | nformation signal 2602 may be anal og or di nay be
condi ti one\?(c’t0 28hSure it is within e desired range. Thef gg@??g 23{}9

signal 2604 can be a sinusoidal wave, a rectangular wave, a trlangular

vave, a pu}ea@lreo?rth@l%y%ﬁemeoamfa@wsyam 186%.1 Q1 sEepWpsRf %resmﬁal t at ed
above, one skil in the refevant arts) wi || recognlze f he physi cal

| i mitationsignad 1ahdlisngeneraiedtbiydasal obstliziel &6 Odéui qxsmplacﬁneeﬂlﬁndSB)(am inor
perfect wa i t invent.ion that a
ert oct wadt o 1y 5aRgh siodiB. Bt 408 AR vAIRG NEREEE @Gl 30 115
ease of di Ancssi  dithe dhdlatieg nighalelot angud eetSulwaf/exE(gamg wal HarthenivdBdidho ref er

w1157 of or Ve 1RLE EORaTEHIR s " Trad el 6 i Bhions R HEhcls SWVERG S/

t ri angul aThlm/awaeefomhé pfsféx@us ytordchag@amayef eidiBad Daluaas vagbs taagilideal | y
triangular, and the teen "pul se” wil | rpfer to those waveforns that are
subst ant i afelthoughpthesiaventinn i o} §mpgd 1@ s icRbamimead, pib Isppemrsteed iOhvent i on
that a perfigei; %fSQHI%'bﬁiaY‘ﬂVﬁhes tEh&RIhE. WavE R4 1lﬁHzlg§18 rQﬁuﬁl%QleaHf%d or
needed. The nodul ated oscillating S|gnal 2608 is alSo referred to as the
nmodul at ed fundamentedifizesnsy ghide v2e0Rrm.| Ahesheingspsdal waseseare meferred toraprtitei on
Si | 260 - Trodul d.inte I shift
phote bet vlsiouFL 8 ol MR L IR b S PR, ogBit It
r epr esent egldiye smplit{idt #Oedch hoonsres fonati ngnmadac af dhe dirtahre? magﬂmﬁicsamd t he 20

second ph ( e sin +60 . ere 8
representgﬁﬁﬁ ggﬁﬁﬁ%i %gﬂih nghgg wéin”ﬁﬁﬂ? dfz?Bé b 855 ngkﬂ% a
digital "I@wpllskd hlh@ﬁtar}iﬁﬂl&ﬁrevdmﬁbrmdlﬁn espond i fantthe cfheghencosighdia c08.ow,
dependi ng on the convention bel us operation i ferred to as
phase shi f £ Refity P {%ngw aFdig o dbsa@seafham proportiam s Tiest 91 €1 on

si gnal  2604sbistcandlii@dic of lgoPMasem@hidhe: dma R he2DviintaberRdE a4 RpsSi gnal
2608 will vary as a function of the information signal 2602 and |s not
linmited toofaseh efifbe barmepicpsie deis bt iobel!abéve filtaneuhbaundesaad hamepied at e
signal 260843 n&es%‘%aﬂﬁgu!h@tfﬁg 12k eaal 4 M' el s@@d?ldt}anﬁora& BYEQI gl wave, a
rectangul ar a triahgul ar wave, a pulse, or any ofher continuous and
peri odi ¢ whueh,difth, ctndamiingds ,mass @ubit“amoumuﬂswntelfﬁ*@trgmmeper(EMdl sigaalt he 30

7 Yo o0 FR0 1R T e aagidia 550 PeL L Ve SRE R b, S PGS T

noddl at or 2906 Ii stepvi$A0, EM)wgntlthmsseu skid traadmissioh e dunk ]e&anjopt@nal][ s). A

phase nodul tor 2606 esi f icated fraomdiscre
conponent s¥ ﬁ q%%ﬁﬁdgﬁ %8“ 3?F“PHggéh@Fﬁm“mﬁﬁﬁﬂ%Q@mﬁkdhﬁétor 2606

accepts anmn@ﬁgﬁﬁﬁﬁhﬁmuﬁmgﬁalC2602 froma source and an oscillating signa
2604 froma 5 local oscill|ator 2402 or a gpsse shifter 2504. The

i nformation si ghif haohe | desepigasubRAd anfMPLiGEeBPT VewH shaw tecal

si gnal wi tmd?mancm %ﬁgﬁﬁl‘ Beido velit 0B LS apgein |fhct RephitdOrmEdulRn & Hegi tal,

the voltage will be at disérete |evels. F the information is anal og, t he
vol2Sage wi krmpeicelbntirhgsas! y Hesierdble™ bé‘ﬁv\kﬁ‘eﬁppa‘ﬁ“ﬂﬁ’ﬁ@d ethdheatepddies | evel as
a ft~nctio i |y .2 S 06 uses

t he voItag%m%gk%h%“%etﬁ%?@%kg&Pgﬁggg n qugﬁghﬁggggdﬁfate tﬁg&gg@ |l ating
si gnal 260ﬁdangmtaum$5a&hﬂbthaKEdVMmmenn@dmémahgmgnal 2608 to be out put.
The information signal 2602, because it is a baseband signal and is used to
nodul ate the oscillating signal, nay be referred to as the nodul ating
baseband si gnal 2604.2 #heomdutabetl;tmnt énppaicalerdsirgraphade Wodidatian
oscillating signal whose p -g& Ilgbvarles as a function of the voltage of

t he nodul ati ng baseband §i A I f the nodul ati ng baseband signal 2602
represents digital information, the phase of the nodul ated internediate
signal 2608 will shift by a di screte amy gﬁée. ., the npdul at ed

i Nt nedi at e silgripseimodane-phashinadulsyoah KD une SewBe waksst of A phest +60) and
sin (ot +Egilikion by Ahublit,0l NBLfANAC 106, fodul R 4 Mhdasehdedisional 2602
represents v anal ‘og }ornatlon e phase o e nodul ated I nternediate
signal 2608 w | contlnuously shlft between its higher and | ower phase
limts as a function of the information signal 2602. In one exenplary
enbodi nent, the upper and lower limts of the nodul ated internedi ate signal
2608 can be represented as sin(c~t+00) and sin(c.~t+60 rc). In other

enbodi nents, the range of the phase shift may be | ess than ~t) 25 The
nDduIated |nterned|ate S|gnal 2608 can be a sinusoidal ~ .vave, a

e S - I - o T T N 1



i nvention uses a summ ng nodul e. See, as an exanple, summ ng nodul e 1600 APR 7003
FI G 16. The invention suppoats nunerous enbodi nents of the summ ng nodul e.

1 Gn ~; i 0U3 WD 40/24316 . PCTI US99124127 -53 Exenpl ary enbodi nents of

the sunm ng nodul e 2706 (FIG 27) are described bel ow. However, it should

be under st god that t hese exanples are provided for illustrative purposes

only. The R8N is not linited 49 _these enbodi nents. Pe ﬁjé?/g%oﬁlugo be

used in the "1/ Q node enbodi nent when the nodulation is AM The sunm ng

modul e -5 gg%rfﬂ@?ﬂ?&ﬁ&elj&e rReded B @bl Id%Mr@xﬁgﬂg%g@%ﬂingv ﬁ g%% &gy ati onal

Descriptio~t. An information signal 2702 and a bras signa are
accept ed, asbdetaf Pbf, dircehercisiigivabt P abnotapply to THR."i nf or mati on si gnal 2702 may

proper range soratiafR L RS AERGIEl SRR b SRR, MbaiBbiete® The bias
si gnal 270@10)ss mmialateyl sactdil aem; pbase rvents {DCYurstigmal ond of theeinfametiosher e t he

i nfornmation signal ital,, refere nal 2706 shifts
bot vion. o SErAEany aftmegtdbedtder (Bl s RO B S g b i a1 hi gh, -

and the seg@pton/éft e ofeF EGRRNGM ﬁ?nﬂomdwmo@hla tddQ¥gnalsEré BehbMEd e may
correspond to the "hl% or. the "low " depending on the convention being
9

used. Thi sfwPanal/Romadylated sieapldpd #ans'es anpl it ude shift keying (ASK)
which is a subset of AM If the information signal 2702 is anal og, the

val ue of the reference signal 2708 will vary linearly between upper and

| ower extremes 4vhi ch covdekspbidetigordd copppsionand | ower limts of the

i nformation signal 2702. Again) either extreme of the reference signal 2708
range may correspond to the upper or lower limt of the information signal
20 2702 dependiTig: Glowt thertc of\Féat il@nlelm@inslgamséd mtthed rff epeeatim sf gral 2708

digital or _analo subs " ort| on o the
i nfﬁ]r mat i ofASPYHeID 5% 85 ph%eﬁl@??ﬁ”’fﬁ %’ﬂietlﬂf’ Lla 3cﬂ/ﬁ¥ﬁtrp% briep gggédn and use
of a sunmi ng: MaslHaEoR%RRLiiS shekatedkiyainiist QutdvoSESKiRdhrRdoR8ighil dyener el evant
art(s). A sunm ng, nodule 2706 may be designed and fabpricat ed fromdiscrete
conponent s20%{8, ﬁ{gltﬁh?r%’écﬁﬁpﬁlﬁﬁ%‘é‘(ﬁc"cﬁf f“‘ﬁ%@ IdHepp im-phese gsaiilaigesisatl e 2706

accepts an(bfaf0d MRds (RO §1|ogﬂ§ls r%zozma h @Mt HOMU0G Eit 1sTrH@dd1£If:(PB¥rﬁ{e'f9§l si gnal
2702 i s at baseband and genera is an el ectrical nal w

prescri bedinfmeteesigeahgdhisresuttnig haflomdeiaid ﬁl@aba@mﬂmtedﬂm@oplﬁfmnat i on
St gfsal 270%hét§inaﬁle%hta§3:65f Bl e, .ﬁ%‘?lesttﬁmh eV6hSed 5 a function of the first

information signal.

In step 1714, a second informntion s'gnal is generated. Again, this signal may
be analog, digital, or any combination therzof, and may be different than the first
information signal. In step 1712, the phase of "I" oscillating signal generated in step

20 1710 is shifted, creating a quadrature-phas2 oscillating signal (referred to as the "Q"
signal). In step 1716, the "Q" signal is moculated by the second information signal.
This results in the "Q" modulated signal as indicated in block 1718 wherein the phase
of the "Q" modulated signal is varied as a fun:tion of the second information signal.

An "1" signal with a continuous periodic waveform is generated at step 1708

25 using the "I" modulated signal, and a "Q" <ignal with a continuous periodic waveform

is generated at step 1720 using the "Q" moc:tiated signal. In step 1722, the "I" periodic

waveform and the "Q" periodic waveform o ¢ combined forming what is referred to as
the "I/Q" periodic waveform as indicated in block 1724, As stated before, a continuous
and periodic waveform, such as a "I"Q" 122t ngular wave as indicated in block 1724,
30 has sinusoidal components (harmonic<) at Toquencies that are integer multiples of the

fundamental frequency of the underlving waveform (the Fourier component



30 the information is analog, the information signal 2702 is contlnuouslg
vari abl e between i G~ .~"i; ~~03 w0 00/24116 . PCT/US99124127 -54 ari b ¢
upper and a lower |evel. The sunm ng nodul e 2706 uses the voltage of the

i nformation signal 2702 and conbines it with a bias signal 2704. The out put
of the summ ng nodule 2706 is called the reference signal_ 2708. The purpose
of the sumPAY*btul e 2706 is to cayse the reference si gnBfT/B¥984%% be
within a desired S signal range. One skilled in the relevant arts) will
recogni ze thakLibs m&af B g uﬁlvgrﬂ@d fre L%m@@aafe@&nmedarﬁ'a@%&& Lafed M t hout
being sutmed wth'a bias si [ I s al ready Wi thin the desired
range. TheMpﬁfﬁﬂﬁd®¢ﬁﬁm%mgm Fm@ﬂ@@sﬂ@had%aﬁéﬁéh@ﬂwﬂgnal but typically, in
an AM enbodi ne byl ul a sci,l.] ati ng
signal. The a n@{ud(g $N$ﬁémH2$g¥%%§gféfg%%%]%ggbhl&83??3 §@Pé §EPEV6|SIf
t he 10 infbnaamehvéf5hhﬁg%7@2mn9ﬁﬁa$ents digital information. On the ot her
hand, the anplitude of the reference signal 2708 is continuously variable
between its higher and lower |imts if the information signal 2702
reprsesents anal og |nforme4nthMQﬂaﬂgh#@yQ@ of the reference signal 2708
is substantially proportional to the information signal 2702, however, a
positive reference signal 2708 need not represent a positive 15 |nfornation
signal 2702. Thagr ef arLemes &hgmlof%z%smef%&gr%gt@ dahnfddlidnt | Pg,%t 3108 of
a switch nodule 3102. In one exenplary enbodi nent, a resistor 2

connect ed MEmmEEnTbh@H&@ﬂmumt@ﬁm@ﬁ@n%mﬁﬂ1®91M@MMi@1Q#EBH@EnnﬁméSQburce of

the infor ol 7. anplifier
2706 1's ot Gaby ARG 1Ry o 10%| SRR TR0R B IS TR ™S 5
The Sfvit chedModugl 804 & £816] twdPswilch raodudes” ISRD& MBZR &) sumbserdig3z usBled above,

oghreaueey Tl aion, (M oage TEeL L on (P B e

i nvention sugr@ salm B&hBMaﬂS%&ﬁb’oiSYa maheweed snals 160 t aihe rapdtition 2882 (FI Gs.
28A 2~ 28Q). exanP swi tch nodul e %?02 i S a conponent in swtch
modul e 12184wwr¢| XEPPIAdY; FEORB I B° 19680 ReA Pyles: 1, cxAEplany PRI nodul es
1822 and 188&1thr EldGacrib&t beld\@ al R¥EMHsI30Nu- sqmpprah%xaugﬁm%al%@a@gbmms of
the switch modul e. Exenplary enbodi ments of the swi nodul e 2802 are
descri bed dsetrdd habne e sectiors 3RSt -d-28e alnBertasy dhessathifidieis edesscibepl es ar e
Pr Qi ded Tigliod Ll Yshibll 5¥S. PUSROSRS. Rk Ty oblY SILERAVESLAGY &1 M Led to
t hese enbodi nents. The smﬁtc nodul e d its operation in the Flvl,

Pl ~i, and sebtia®s 3mbdé Xnbodi mm;darvssumhﬁstlardtescaible@ belvev shrectiass BAS-

3.3.8.2; an exemplary filter is described below at sections 3.3.9-3.3.9.2; and an

'R 12003

exemplary transmission module is described below at sections 3.3.10-3.3.10.2.
Preferably, the local oscillator 1806, phase shifter 1810, phase modulators 1804
20 & 1816, switch modules 1822 & 1828, summer 1832, filter 1836, and transmission
module 1840 process the information signal in the manner shown in the operational
flowchart 1700, In other words, "I/Q" transmitter 1800 is the structural embodiment
for performing the operational steps of flowchart 1700. However, it should be
understood that the scope and spirit of the present invention includes other structural
25 embodiments for performing the steps of flowchart 1700. The specifics of these other
structural embodiments will be apparent to persons skilled in the relevant art(s) based
on the discussion contained herein.
The operation of the transmitter 1800 will now be described in detail with
reference to the flowchart 1700 In step 1702, a first information signal 1802 from a
30 source (not shown) is routed to the first phase modulator 1804. In step 1710, an "I"
oscillating signal 1808 from local oscillator 1806 1s generated and in step 1704, "I"

oscillating signal 1808 1s modulated by first information signal 1802 in the first phase



operation in the AM node embodi ment, described msections 3.3.7-3.3. 742 rpp 9903
bel ow. "' i'~ |~~3 WD 00/ 24116 . PCT/US99I 24127 -55 3.3.6. 1 Operati onal
Description. A bias signal 2806 is gated as a result of the application of
a modul ated oscillating signal 2804, and a signal with a harnonically rich
maveforn12814 s created. The bias signal 2806 is generally a fixed

vol t age. THE *AHY at ed oscillating 54signal 2804 can be fF é %@@”7
nodulated phase nodul at ed, or any other nodul ati on schene or conbination

t her eof . [ R I [ keyi ng
oot L BB 8GRl in T 55 P Al 0D B
modul at ed. fif$teswitsduiatdel 6@é|$¢®ﬁ$ﬁgaémgw@ha@80ﬂdcéﬁ'bend $8Husothdal wave,
a rectangul i wave, a pul se, or any other continuous and
periodi c mé@%f%ﬁR&aqd%eﬁ&%? gﬁ%@@a enbodi ment, nodul ated oscillating signal
2804 woul d be aln step afigylaasecamiviaforsticat siped Iabfb\ﬁem oRreursk (ildt eowit) it he

obst hal s AFh UskFE0 G CratieBr (BLET ol R Ao i ek L BNt e

intent of tstg@alprs;@ae@&mftw@ywpms shifigt 181 0perdeed "gayRiinting bgnaernsgsated or
needed. Again, as stated above, for ease of discussion, the term15

"rect angul alepidief or ﬁﬁmk}atmg sigmalylfdd it wodulpted by é)e%%ff@m@on RighaldSd
substanti al;} y,.r&ohaBeALk %dufatbse 1"8% meraﬂ%&cmv- B mdhlatcraesﬁ%{al @6t Rose

wavef ornms that are substantially sSquaré, the terns "trian r.vave" wll
refer to t ht§9e17\2\&vté¢ oraend swaeh arodulsulsed sandrales ¢ mnn@rn@db/arrch "Ahdsignae term

pullée E3(5 \?/ t 19[ r@m?ia%d\é@y% Qnmefgmt HEh%on c"dﬁ?h@ll?t'f”%&l 1 P82Q'Z”1c§e and

i's not the I'n esent i nvention t quare wave,
20 triangl aammne.‘,allpmcblj'@eslgml g&?ﬂeamtmcfemblymeetdmghlarﬂwwem gllahlas rxtplrnre
harnmonical ly ric 4. hereafte ref dto a rnoni cal ly
rich signaﬁ%ﬁ§i%'mi§s ﬂﬁﬁﬂ%ﬁﬁ&%ﬁgegﬁﬁlﬁéPFBHV% @3?8?ﬂ?$ﬁ§?tn§%ﬁ5%ulated
subst ant i alcbiptifid of phgaliss bhenu¥pdul wied wossd frdqabidig a8d Qx’f%k:r A80ples bhat is,
if the nodul ated oscillating signal 2804 |s frequency ul ated, the

har noni cal I§¢ Mpéamepil diegirarcy Qém Wipveforms s g hps Sfl}l@efd@nweﬁﬁme%é 0 and i f

t he ;yodul ata@%e%%br‘n@st bffe %ll&?@/hngz‘.g%férﬁmpﬂﬁisﬁl:mfw|aﬁ51§§s Wil geB@tiponi cal |y
rich signal 2814 will also be phase nodul ated. (I n one enbodi nent, the

harnnnlcalﬂ@e%mmﬁm§ﬂéﬁﬁ1}@8ﬁwﬂ¢s a substantially rectangul ar mavefornl) As
stated before, gt%{)‘t '79?',%@1@1%1%El:l?dl'@mg’é’a\{elfs% Ad UG tyanéhe angul ar

wave, has sinusoi conponent s (har noni ¢ requenci es that afe 30
i nt eger nubmmﬂlé§00ﬁephemﬁuhdaﬁemnarlﬁﬁkQU@n@yP@ﬂmﬂmeﬂundérﬂﬁlhggmhveform

(LheFour| S5y ¢OTPRRRia LSMEDELF By 0kt IS DESIBOLEELLUhLED 8 o
mul 29 pl es @htptlhexnf"l[l’@datmmd)radlgnfene@Mhsignabﬂ83& $tethé des1redhﬁm~omc( frequddy03 WO

00/24116 . In ste/ llj’%goglgél%?w 31gna 1838 is routed to transmission module 1840 (optional),

where 1t 1s prepared for transmission. In step 1732, the transmission module 1840

outputs a transmitted signal 1842,

It will be apparent to those skilled in the relevant art(s) that an alternate

25 embodiment exists wherein the harmonically rich "I" signal 1824 and the harmonically

rich "Q" signal 1830 may be filtered before they are summed, and further, another

alternate embodiment exists wherein "I" modulated signal 1820 and "Q" modulated

signal 1826 may be summed to create an "I/Q" modulated signal before being routed to

a switch module.
30 3.2.5 Other Embodiments.

Other embodiments of the up-converter of the present invention being used as a

transmitter (or in other applications) may use subsets and combinations of modulation



3.3.6.2 Structural Description. 'The switch nodul e 2802 of an enbodi n@ I‘Pﬁ 2003
the present invention is conprised of a first input 2808, a second inpu o
2810, a control input 2820, an output 2822, and a snitch 281 6. A bias
signal 2806 is applied to the first input 2808 of the 5 switch nodul e 2802.
General ly),. 1h ias signal 2806 is a fixed voltage, and in di ment
of the inv‘ghpﬁ@ﬁ!(’aa resistor 2824 [g4]ocated between the %?‘gﬂg%ﬁg;ﬁ& 2806
and the switch 281 6. The second input 2810 of the switch nodule 2802 is
general |y @éhn@]uestahd gl idheRbddRlige ofdMMRE infORRSKkihAd ad parf d¥end €l evant
arts) will recognize that alternative enbodi mrents exi st wherein the second
i nput 28| MAMEONVHISION BECCETS- el ectrical ~ O ground 28l 2, but rather a second
signal 2818, provided that the second signal 2818 is different than the
bras signal 2806. A nodul ated oscillating signal 2804 is connected to the
control input 2820 of thd2swi Cohbinetul & 12802qtioTiNEechpijuksat ed oscil | ating
signal 2804 may be frequency nodul ated or phase nodul ated. (I n sone

ci rcunst ances and enbodi nents, it nay be 15 anplitude nodul ated, such as in
(r)]n/ of f ;<eyihng, Ctd)iﬂt}ibiﬁdmbﬁs df&nclrtfnlatibh&c@zﬁqlﬁslaﬂatm&ﬂ,be&@gat‘éhﬂtb thuet slblgedldescri bed
erein.) The nodul at ed osci ting .sigpal 2804 can be a sinusoidal wave, a
rectangul af tk\‘ﬁd\‘?@}“a‘%aftg?% P%&c\ﬁﬁg@flg 13cdnsed hergi 1a¢yde PR BY¥nt i nuous and
periodic Vﬁﬂ@éd%,rdhadﬂafhr@axﬂélﬁﬁ&rrﬁ&ﬁlaﬁiﬂb@gAN’IZPzInd dribe@Hb G b orfis bECt angul ar
wave. The nodul ated oscillating signal 2804 causes the switch 2816 to cl ose
and open. Reduigtienieaiofogehior ypEprUsSiignal 2814 described in section 3.3.6.1
above, is foun - i qIgA; :

har moni cal | y ri%(:rﬂéxgl g%&f%%ﬁ“&“%?ﬁ”@%ﬁ%ﬁGl%n”s?hgor‘t}‘éﬁggﬁ%ﬁ@%&%@gr mthat is
nodul at ed is fystl anfliGalbLy Thik exaepieuss AMheomipded witie 8MosTie watefargs si gnal  2804.
Th is, if the u (llatin i | 2804. 1s freguency nodul ated,
th bhar rmrﬁhggf’ Imy r|St:¢1ﬁz(?glﬁga%?a%2%‘ﬁ£%e%l0%g ggn %%a 1%58&%{%%{}51% Sf’%a]ul ated, and
i f the nodw'aedcasighdéd aith rhg asiptjnat m38adtdnsofphassogodotnatied sighdie¢B"

emboal ment6208 nA RS ARG 1 EHOS Ul Paah RS Bale e Dp i e £

rect angul afre Reavel Bf phasAsoditiabetiobah@esy craatbgRiphasaUsdased §efdl esisc

wavef orm such as a rectan ul ar wave, has sinusoi dal conponents (harnonics)
at frequerf€i@dSynpte fragiqr hl?@@%ﬁ‘verﬁh‘moisiﬂ & not Lippngs Hiwdaienedan ss92k r equency
of (5he undegling el Q5dl hieeFREe SdutROR NGB n k.t SURERGhESNase JUS, the
harnoni cally rich signal 2814 is conposed of sinusoidal signals at
frequenci gbe odsdlating signahbedel”. fhpeispilled irghe rahevapimaneibitappretiaedb@incy of

itsel f. Eagh. [ ' i f. MO :
PCT1US99/ gﬁél]]é@gm%g&i%%gpgﬁ?gggialsog (%rléhgﬁ%lgty«ggag%ﬁgg%%ﬁlg%gﬁfaﬁéhage ane as the
cont i nuousmaduthtioes dtbeli tcanedPemoy als¢ be esed. Flie 6Asbioat pdsosapér @16 ng si gnal
2804) fromwhich it is.derjved. wi t ch. nodul e 280 er at s foll ows.
hen t he. SarEure Bl P tRE YRS ol bbb B SRR R B IR 605 1 o"ai
subst ant i aFLy. doheTisapisesbdgeageptienséldepmidbigas tsé giatioR? 86bdesigaws thesi nce t he

harnonically rich si ! | 4 i.s connected directly to the output 2822 of
switch modiPe ‘?@g‘ftor?@g‘t'af?g?rf"taﬂﬂlé“%‘falﬁgrﬁgﬁia&gﬁwSéfl?:lhmbﬁg‘ﬁéqqug%‘b4 i s equal
to the amié tdman&f bytNenbh@sosiigneds 5hal) Wematt heredaciMi glad20sci | | ati ng

signal 2804 causes the suntch 2816 to beconme "c|osed," the output 2822 of

snitch nodéile G730Bulisetdaprss® M sisaal et sapwed fo swich padylet Hd Osd bideienput 281 0
of switch I WY-R i k: t he
Phvent i on)' P e aes fe (00 (R1BYBR OIS LA AT RS IR B L pecomes
equal to t(HEG B8h.elcinbe seebentie anplithée efdeunehi¢atyuich2gnel (282 gariesaer o vol t's
for the enbodi.nen i e .0 I.S.connected . to electrical
ground 2871 U?thgnr%rgﬁc%dnﬂ%g@ g§ aglgm }}egg ?%@gg‘ﬁ%n\gﬁ t}b(gfgjfng%rﬁ%aélg the switch
2816 t o agahridneceaie aleopbngitiatiheheanpt bd pde-shhpddiv hanaiod?l0aFIGs. 69 ch 15

signal 2814 agai n .hecone al to the bias signal. 2806.. us, the
anpl i t ude Q&Fﬁg HQQHB?%W@%E‘%%W?“&“E a%%ﬁ%ﬂ%’fafgf%ofé%ﬂ”a??lﬁ% T two signal
level s, i.Qonal 1125 [1$F0NHer2ROBbOM iGHARNINDBAZ; hadibhibaSuefol IRGMAREY that is
substantially equal to the frequency of the nodul ated oscillati ng si gnal

I

2804 t hat rERpses(anheotdimitieg theafiiet W haperca e wifbdent triustae HehbdRI 1y rich
signal 2814.] | @ IRl z ul ated 20
oscillati rj?ge E}?aégg]lqHgg%ﬁl%n&q%siﬁ?ﬂ%&ﬁ?ﬁﬁhpﬁ%aﬁe g\%ger?%&g)ﬁ]?g t ill recognize
that any drenoficalynishisignaldl 12 wictatsh passitgnsadhi ¢flthd hdrfnohics.t Fidtesiddpe and
spirit of the present invention as described herein. In an enbodi nent of
the invention, the swtch 2816 is a sem conductor device, such as a diode
ring. In another enbodinment, the switch is a transistor, such as a field 25
effect transistor (FET). In an enbodi nent wherein the FET is gallium

arseni de (GaAs), switch nodul e 2802 can be designed as seen in FIGS.

NN R NN N o . o, . NN A e M



3.3.7.1 Operational Description. 2~ A reference signal 3106 is gated Tak 28R 2003
result of the application of an oscillating signal 3104, and a signal with
a harnonically rich waveform 3114 is created. The reference signal 3106 is
a function of the information signal 2702 and may, for exanple, be either

t he surrmatlon f the information signal 2702 with a bias nal 2704 or it
may be the" %?Hﬁtl on signal 27d2 ky.itself. In the AM rr%ggms??{@lgo
oscillati ng SI gnal 3104 is generally not nodul ated, but can be. i B~

f; 2003 VO[O wikdfove BETHMERQ RAhaTcs, B Jh@élx@@ﬁéﬁdoﬁtc'@%% @0k 131 04 can be
a sinusoidal wave, a rectangul ar wave, a triangul ar wave, pul se, or any
ot her cont FARSBUSSICRHACGyE 1081 o248 Ihens lta}sﬁf'f@ﬂf@iﬂtf@dff’éﬁm@&lplﬂrent it would
be a recta I t arts)
W T ecogn He e B O s L PR S ol o0
agai nst achidad 1nghee>wmnt@rt(8bmlf goreoway dhiohes camdpliet areprovadedttbie i nt ent  of

t he present, invention wavef orm be generated or needed.

Agai'n, as gkuét{aéﬂeg%u\%es Oflgrangﬁgeepogﬁm "eussion, the term"rect angul ar
wavefornt w || be dasediraty@tatbet abmawesf gonded h;atpu@besss;tﬂhaisﬁﬁttdnal |y

rect angul ar theaé(frm"s uar e v(ﬂodvmll refer to those veforms that are

subst ant i all P§e Sghagiments ges nob g Wyt AnRaURr Afqrnaty gpapdipgnts, hose

wavef or ms d@tihat] 1g%fl?oﬁ%&ﬁﬁtﬂﬂl‘y@ldﬂth&d @Recahercan il B&agRIdm oPul se” wil |
refer to those waveforns that are substantially a pulse, and it is not the

intent of PHeonsskilehin thawplayerier(e fated an Fur eachings qeririacdksrain. §Id<ihangl e wave,
or pyl se b%iegr?a@fere ﬁ{mﬂ@@g@%tg@@%ﬂ&r& ltovﬂo%rﬁtlgg{{mpélc oy rich

vvaveform 3 ter erred to as the harnonic signal 3114,
is a conti mulmuwean”darpéé@"crdmdr \WavledlermtavTolgsl e faﬂluﬂémi&elssom ahdincti on of
the refer ence sfi it is an AMsignal. In one enbodi ment, the
har noni cal f%’/“r(?é presﬁﬂ Pvéﬁlfﬂ has a substantially rectangul ar waveform As
stated before, a conti nuous and peri odi ¢ waveform such as a rectangul ar

wave, w Il have, sin 0| d one har noni ¢ a uenci es that are
i nteger nulti pl3e§ Sf‘ﬁ He Q’S[f"&écéftf’é’ﬁéf@ @E’f’h@j"ﬂfﬁ’ &rlying waveform
(the Fourier conponent 20 frequenC|eSj Thus, harnonically rich signal 3114

i s conposed of sinusoidal sjgnals at freqlﬁjagncl es that are integer. multiples
of the fundamentEMmPFEqeRHEIPIBY 2PE/k| FruCthfys ENRIRIFIREPT nrelted 1@ Sifant arts)

Wilisr ecogﬁ%@d@a&m@m;e@sﬁnaﬁd/eﬁeerﬁﬁmﬁlemr@e&rﬁéa Sabowﬁfeebﬂase%abinnaisl ons of
nodul ati ons and ASK, FM and AM etc

si mul taneowh@ﬂl gﬂfh it h@l@éctb?m)ermﬁfec@?ﬁ%@itﬁﬁﬁ @Gthp‘liﬁearéﬁﬁsmtg) hqﬁgnﬁrgnal 25
31 04 may bﬁrﬁ%gylo@tlﬂ stra-trg?sﬁldaw)teﬁ ?Etfon ”b@g' éHtI%n lrﬁotQﬂ‘gﬁ&PfH %t to

persons sk i’n The rel’evant art us w |1 not be described
herei n. 3. fartiqul Starnuxtetsupfalcomesrmmtopamct)mnethO‘ﬂhed@vwhedhhmlduI Algtddvef the
present | ne{gcrl'udu?on elqgwa én Steerglo%fs ?/‘ar];a!nro%é[ Jier\]/ri)altlitons, etc., of those described
20 herein) will be apparent to persons skilled in the relevant art(s) based on the teachings
contained herein. Such alternatives fall within the scope and spirit of the present

invention.
3.3.1 The Voltage Controlled Oscillator (FM Mode).

As discussed above, the frequency modulation (FM) mode embodiment of the

25 invention uses a voltage controlled oscillator (VCO). See, as an example, VCO 1204
in FIG. 12. The invention supports numerous embodiments of the VCO. Exemplary
embodiments of the VCO 2304 (FIG. 23) are described below. However, it should be
understood that these examples are provided for illustrative purposes only. The

invention is not limited to these embodiments.



3108, a second input 3110, a control input 3120, an output 3122, and a,, 2003
swtch 3116. A 30 reference signal 3106 is applied to the first inpu't i’éi%é
of the switch nodule 3102. Generally, the reference signal 3106 is a
function of the information signal 2702, and may either be the summation of
the nformat ~on signal 2702 with a bias signal or it ~] =~ E~q~ C~~J WO
00/ 24116 WPAH$09/ 24127 -60 may bg the information si gn%ﬁTfWIB/é‘“Bi/ itself.
In one enbodi ment of the invention, a resistor 3124 is | ocated between the
reference signal 3106 angl;yhepsmdsily BldPmndhe second input 3110 of the
switch nodul e 3102 is generally at electrical ground 3112, however, one
skilled in the relevant arts) will recognize that alternative enbodi nents 5
exi st wherein : [ t - [ d 31 12,
but rat her conﬁggt@g&?ﬁgg S@@%‘&n@%?é%#@%&%?gIoglctﬂééﬁ!ngl(\si 7 ﬁg:{ogq{élﬁqg‘gdi ment ,

t he i nver tfeduaral werief ast h@uncedreoethe enfoingaah saAb230 & anaect edscltatinpe second

i nput 3110, of sw tch nodul e 3102. An oscil.lating signal 04.is

connect sd G HRPDALH T Rpts Fae sy Rl et folne Bpodne

Gengr al |y, infofnitioa siiMbim3de mayite 2a8i6¢ bt @ikitN@r SicomdlnadbDheicst, ARA mApdy! at ed,

but a person skilled in the relevant arts) will recognize that there are
enbodi mentc8ndiH@IE o CHHE 18T IHEF desiisd §4F 3104 may be frequency nodul at ed
or phase nodul af g, cabbiyntBesE It aifPLighe 24656 4888 BRI RbMatingthGeRpCi | | ating
signal 3104 can be a sinusoidal wave, & rectangufar’ wave, a tH%nguI ar
wave, a puB8emapramnietwichaliscicte foqHeneieso usoranampler incdbivameysitwr arfirsk n a
preferred I i - e e T sci| | ating

S anal 310390306 Gt pahds, BRI BKGey R el Ty i ch
si ghal 311dpideYowi"bEdhdrrregeaicy amy3oespoid abihe &high" bothadloat," tdpending put 3| 22
of the switcH rmdulte 3n1020' The &ar nonj.cal | righ signal 3114.is .a 20

cont i nuouS AR CHRFRES EMRPES o RS REE O%ﬁﬁ%fefrﬁ & PSTEYERRE I KCERE t he

anpl i t ude (B$K} Wkich &f £4u8ne ef Bivgrathe ihBredion 8EAAICI30R MY anatdgethb@cgmtgal 1y rich
signal 3114 has E]fasubs.t ant L@I |y rect angful ar v%vef orm As stated before, a
cont i nuouSt AifdPSperiBTHE NGV Et 8y FEH THBCleon A dhal fgeiPa sighaly a1d KAt

Si nusoi daljGRAReME RLikel JTFHMOM:&8)d @boder €quenci es that are integer nultiples
of the findanmental frequency of the underlying 25 waveform (the Fourier
cofponent frequbhepelytingTigns! 23 wonifieaengy modnlatidgygnal 3hich ¢ag keotrposed of

si nusoi dal I r. ' hat .. ' r j pl.es,.of e
f undanent asl“%?‘?gﬂu?%% é(()fl_@ci%thggﬁ %%&Jste %r g\%ﬁgﬂéﬁwﬁgg’sg%%ﬂ,&t angpr‘)teﬁegti ve

anpl i t ude cofitintubnes el pronilic svaytioamc gyt statesbal® vpetmic slilled wathefrelewarit sri@eneral |y a
function qf. af i h - ' - t . and the
period of Q%‘Hé&g érﬁll%%{rlrlgﬁ? gﬁléatl ﬁggtggé%lg;}%g&n@a@%mé%%l élgs?a(f%? %g%ﬁggr%ea %"ﬁn%loi ng a
Fouri er anralgy st serfeft vhelqes noditcs watefioem of Wemnedeheinagmion thad e pafect he

pﬁ%' odi ¢ waveform varies i nve change in

as_i.n,the AV e of t tion, . t
BBD T Ude "G SoE Do ErTtr OB r AEHhe PR GOy EIGHE 8] FECEth The
absol ut e agrl irkdidgudf whbeohar wNbCssed kdredérne rwavefodss tHabgreAldstartiglienbedded
on top of each of the harnonics. ,
rectangular, the term "square wave" will refer to those waveforms that are substantially
square, the term "triangular wave" will refer to those waveforms that are substantially
triangular, and the term "pulse" will refer to those waveforms that are substantially a
25 pulse, and it is not the intent of the present invention that a perfect square wave,

triangle wave, or pulse be generated or needed.
3.3.1.2 Structural Description.

The design and use of a voltage controlled oscillator 2304 is well known to
those skilled in the relevant art(s). The VCO 2304 may be designed and fabricated
30 from discrete componerts, or 1t may be purchased "off the shelf." VCO 2304 accepts

an information signal 2302 from a source. The information signal 2302 is at baseband



| 6 ~~,rn 2703 WO 00/ 2411b . PCT/LJS99124127 -61 The descri ption of IE?”””

smntch modul e 3102 is substantially as follows: Wien the switch 3116 1§ -PRT03
"open," the anplitude of the harnonically rich signal 3114 is substantially

equal to the reference signal 3I06. When the oscillating signal 3104 causes

the switch 3116 to becone "closed,” the output 3122 of the switch nodul e

3102 5 becd¥ABY24Wnnect ed electrlcallz to the second i nputPETYH!34121 he

switch nodul e 3102 (e.g., ground 3l 12 in one enbodlnent) and the anplitude

of the harponi cal ich 4 0 : | u t he

second inp%ﬁ §%%Hh%e%gg?(%%%ggbgﬁﬁé P@?ﬁkﬁgﬁgﬁﬁggiﬁéﬁ ME%1§IH?§ﬁ% second

i nput 3110mﬁﬁnﬂ®mne£ﬂ@dﬂtdﬁﬁb@mgeNdHngmoﬂﬂmmSHa&E) IfWheninfdimaacisl | ati ng

signal 3104 causes he S\ tch 116 fo agﬁ B becone Rj%en '1 t he 10 anplitude
of the harHBfiecHy Yok SRR VAHRT T DHEC TS URRISF AP Y [§¥equal to
the ref er engeveiogmi Lﬁb@ﬁie vmé,g% oﬂtﬂib?mﬁﬂ‘ﬁdahcbmﬁgnﬂﬁmilﬁ) beakeamd@laked rich

signal 3114 is at either of tw signal |evels, i.e., reference signal 3106
or ground ®tihtinggignya308 o sty YmﬁwﬁWngﬂbéﬁéﬁt?%plPe%ﬁﬁhﬂlﬁé t he
frequency Qisefdg s%ﬁﬁ’l'a‘nh A isBYich @i QiR sGANS ﬁﬁ#b@?ef@r%dﬁ ohs 3k 6 to
open and cl ose. an al ternate enbodi nent wherei n e 15 second 1 nput 3110
i s connectwadulgingthasebenbrighad2i?al 3118, the harmonical ly rich signal 3114
vari es between i, I :
skilled in the’bgﬁ%vﬁgfﬂ%ﬁﬁ (%h&?ﬁhaﬁ%g@%lzezﬁ g?égﬁﬂﬁg%ibQEQVOﬁ er o
swi t ch nodofl &edesdumimgviiakdbahdilsignkll 2308e Ia“ctbpencaimtttls@lhasetbamd sighel Pi0@sent
i nvention of .th |nvent
sen conduc';tef.’)rreSEZ:W—;R/Sﬁlré@zcl]l lﬁgeng%% e % tee Fode frtﬁ%asmﬁl méﬁ@tnﬁe%;%n%g l?er’r%nt t he
switch is @sdrétansiest Qf,,onShI@htha[Shanbuhe Ifrm)tlullahﬂig basebdnd sighaf 232depbieant
transistor (FET), In an e i ment erein the FET is gallium arsenide
(Gans), thaiagdafosmeion H@"@@@F@C@reﬁt %%ﬂééﬁfns 1BRFIG} 00 3UR bexontip¥sly + he
oscillati ng,abgna we%mélh 8erGRAANEEL @dqict hRilat R 2208 sibhe 268 snFET 3201,
the reference sig g is connected to the source 3204, and electrica
ground 311 ﬁs";mzsolé@rm@@t adeqtenselie vevai h UPIEBla( Mi4ve e Prls® ot arethether e
ground 311 S, al ue of the second input 3110 of the switch
éle 3102 nkﬁgﬁngggéﬁgﬁgrg%ﬁﬁgﬁd t he source of GaAs FETs are
i nt er changeabl elhet fremuersly enedubaedsosgialingbigeal Z3A6 beydppl bedsadaodirivher t he
source 32q$“§1n&%ueh%ogran13206 If there is concern that there m ght be
rain asynnetry in the GaAs FET 3201, the switch 3116 can be

f

sone source-
designed 30 as shown in FIGs, 33A-33C, wherein two GaAs FETs 3302 and 3304

The arain 3312 of 1 He-edbiosduoTahE rictln g 8860 e hne 11 rat 3302

bei ng connected to the source 3308 of the second 3304. This design

arrangenment wl | substantlall ba ance all as ries ~? 7003
W0 00124116 PTESbeToer Deo DaHe ArBias o aEre F KeTROB R desi g

i nejpudes  a ANdyRlolic €APSEERE ofvﬁ’eemeénﬂo@nee slddel QkilRit aBAGbS Abed he GRNNECt ed
to the first 1nput of the switch and the other side of the capacitor is

connect ed Rhss¢/aradesgenmbase pedulasion t(HEQ Jvnedencmbadémelir pp§eaohn ekEResi gn i s

to incr easl% 41 g@ 1ﬁ£)£8@ﬁ%t1nqa@ir tl&'rl@ca‘?fos&lhﬁopiﬁl@% ‘P‘Iéihpdﬂan@%ééﬁlaé&’lla'td?cr easi ng
its width. 5 Oher swtch designs and inplementationg w | apparent to

persons skl806eth FEGt h® r@h@vmnmnarﬁ@mﬁﬁsFh@ﬁ@@ﬁpunUShmﬁﬁgﬂﬂtﬁ@ beilt ch

nodul e 3102, har i C i ted to a
fiter 3soneHeieEariS Aalet ng Rl of dnibugieR: 22 tioeAD AP aGeal ) 2,

di s;sussed gdoyv.e, Holevdrnit pdhasia/ b]madaieaituas&{}pﬂnasee nodinp it | o8 p(roxhli@ Yornode
enbodi nent of the i nvention_uses a.su summer 1832
T BLG GRS AU GRS d bR P SN E S CE bR TS B he surmer
Exenpl ary enbodi nents of the summer 3402 (FIG 34) are described bel ow
However, it should be understood t hat these exanpl es are provided for
i|lustrative pur poses onPy:2. rRaerpGord PertiPéa™i s not linited to these
enbodi ments. 3.3.8.1 operational Descriptiojr. An "I" nodul ated signal 3404
and a "@Q nodul ated signal 3406 are conbined and an "1/ Q" nodul ated si gna
3408 is generah@mOMﬂkWGga@hy74@©ﬁhﬁﬂmﬂménah€Qﬁmnndub%@ed@gﬂgwﬁﬁ@WS404 and
3406 are harnoni cal rich,wavef or J | r ef s.the

har nmoni cal t?eysne?‘?ck)aﬁf%’ :bxt %ene'a“ 1?%501@%r¥&;%c%a§%§arﬁl%aﬁ@?r rc ttreéug S7 gnal
340%. Si m ay by selédtéddo hsmaiu;beatfe;dvmegﬁoah sBADR: ingpléragmaiiving Aibtl generalthitand i s

referred to as the harnonically rich "I/ Q" signal. In one enbodi nent, these
harnonically rich signals have substantially rectangul ar waveforns. As
stated above, one skilled in the relevant arts) will recognize the physical

limtations to and nmat hematical obstacl es agai nst



25 achi eving exact or perfect wavefonns and it is not the intent of tiHet"™ 2003
present invention that a perfect waveform be generated or needed. In a

typi cal enbodi ment, the harnmonically rich "I" signal 3404 and the
harrmonically rich "Q signal 3406 are phase nodul ated, as is the
harrmonically rich "1iQ signal 3408. A person skilled i I ant arts)
will recoyfit¥&hat ot her ~ 0 ~_fig. 2903 WO 001 24116 ”%éﬂﬁ%%}ﬁ%@ég/ 241 27
nodul ati on techni ques, such as anplitude nodulating the "1/Q signal, may
al so be uged | ¢ L/ fhcTRAE: Wet RedHnadey isghhingsdr ot e S6aRingnd spirit
of the in@oggtr{logr}'%gigs sta{l%%bef oree, a conti%uous ang peri odi ¢ waveform
such as hasehand sighdly rich "1/ Q' signal 3408, has sinusoidal conponents
(harnoni cs) at..freqguencies gl biddtAdePhESit ffay talds bk Yndanent al
frequency of tHS Oﬁﬁg%tmgysﬁ%né& \g\g@'ef‘%é?rﬁnﬁ( %Shrhe&%géulrl er - conponent frequenci es) .
Thus, har re@h@adrl yave] ahrifdgu@r wdvgnalpuB408 iy cheposdiduofs sidnpsielidal si gnal s

at frequencies that are, integer l.ti,pl es of, t he fundanent frequency of
itdel f. THRGEE) nySoipsd ag?\'fneﬂng nsgfl%dalps%e ABgu taggsqs‘ﬁqgfegnér}lé 3 t he sane
as the Cofﬁr%.jsﬁh'lol'ﬁﬁitﬁf@)% RERAD S Gcanal ebdmddsoipainbi ahidvigyexacteorl@rfder i ved.
That ts, this enbodi nent, the sinusoidal sjgnals arge phas dul at ed,

and i ncl udeveformsiand drigapt Ba e el Hist MeLRINv§ntoRdhal P ReECSY R dthe "Q

modul at ed%%l'e%%' 3 l%e%-e@- 2 AShihUGE Ukald RSS! ifpt £2R. o RBcE8mhgmaaRgmuse of a

sumrer 3492°1s we nown to those skilled in the 15 relevant art(s). A
summer  3402ctaeyldpevaefirghedllabd ufedbio tedre@ MRaPISSERERE BBNBBIRlts, or it
may be purchased "off th Fer wifh rSHATRE 03409 SRS s dfammical Iy rich
" % Si gnaiecfgﬂ@ﬁaraﬁla "4ha lﬁ%%?’%:va Ivi}ﬁ\rrl ch §S'S§§i g?lfgi:rﬁ:MOG,r gnd aC(.)ngi nes them
t 0 creat esqakathrnaicahhygutar slave'l Wil refir gmgtlos@was:forns thatprefustasdhlynbodi ment

of the invention, e harp~ontcally.rich "1" signal, 3404 20
har noni calfl®gHilcR d %e &y %?563%% ré?‘etobtg?ﬁ% %wgg%n%tgglaget Seug&g‘\‘f\%gﬁ % he

har moni call¥e Tdn@ht 1d notSi@nakn380the aichetith@vaiaionhacapkifeatisqitard @avsi gnal 3406
are both phase nodul ated, the harmonically rich "h Q" signal 3408 is al so
phase nodiiaagledavagr gulst BIeBeREIr PefdESGnt i nuous and peri odi ¢ waveform such
as the harnonically rich "I/ Q" signal 3408, has sinusoidal conponents
(harmoni cs) at frequencies that are 2~ integer nultiples of the fundanental
frequency of the under! ¥idd2 wlveror Refewéofour i er conponent frequenci es).
Thus, the harnmonically rich "1/Q signal 3408 is conposed of "I/Q

sinusoi dal signals at frequencies that are integer nultiples of the

f undament al f r Blguéasigy aofl upe efed focalThseidiator P4Q3 isgy wadp thesgskified Bre al so

\?\23;:6 Omdkﬂﬁg%fe\%&gﬁﬁé)?”ki ALY ode1fic? 282 A8yt BE dCQPiddNMRUELABLe P EoMOdi C
discrete components or it may be purchased "off the shelf." A local oscillator 2402 is
generally set to output a specific frequency. The output can be "fixed" or it can be

20 "selectable,” based on the design of the circuit. If it is fixed, the output is considered to
be substantially a fixed frequency that cannot be changed. If the output frequency is
selectable, the design of the circuit will allow a control signal to be applied to the local
oscillator 2402 to change the frequency for different applications. However, the output
frequency of a local oscillator 2402 is not considered to be "variable" as a function of

25 an information signal 2302 such as the modulating baseband signal 2302. (If it were
desired for the output frequency of an oscillator to be variable as a function of an
information signal, a VCO would preferably be used.) The oscillating signal 2404
generally is a sinusoidal wave, but 1t may also be a rectangular wave, a triangular wave,
a pulse, or any other continuous and periodic waveform.

30 The output of a local oscillator 2402 may be an input to other circuit

components such as a phase modulator 2606, a phase shifting circuit 2504, switch

module 3102, etc.



30 they are derived (i.e., the harnonically rich "I/Q" signal 3408). %h‘"bf'”'“’ /003
out put of the summer 3402 is then routed to a filter 3504. 1 G!'. '~
?003 WD 00l 24116 . PCT/ US99/ 24127 -64 3.3.9 The Filter (FIl1~I, PM Al~l,
and "Il Q ufodes). As discussed above, all nodul ati on node enbodi nents of
the invention use a f |ter. See, as an exanple, filter 1218 in FIG 12,
filter 14YRWR*M G 14, filter 1618gin FIG 16, and filtBFIUE¥EIN riG 1s.
The invention supports numerous errbodl ments of 5 the filter. Exenplary
embodi nents of the 33}t ey, PpPd ks @@”%Ee descri bed bel ow. However, it
shoul d be understood that these éxanpl és are provided for illustrative
purposes only. The invention is not limted to these enbodi nents. 3.3.9.1
Qper at i on: al 0 I i caIIy rich
whver or m 3502 1o eRedr e 6, MRHLEEERURLAIR Y W BUbPTRE) SRy TP 0
si gnal 35ﬁﬁb0dABeIEt0ﬁttl&’dmadﬂmrwe)usa T pltse muﬁens aevl apet ienainydle Wi chiftar such as

t he har nopj 3502, is co rlse of sipusoidal . conponents
(har noni CE%I% IF¥Q llcigurell;rf ge 'A% PUPRPES P‘HP%F rflfﬂtegp'gfp:h &Tﬁﬂanent al

f r squencyE@impidie enibe@tdets B thoauedeahifcl poom (\Mm civ)hegesatRddelhiwethe These are
call ed the Fourier conponent frequen0| es. I n one enbodjinment of the 15

i nvent i onNVEHEN ifers dnHER Ih diesrofn Rodfpenty ebhe dsscription camaipediherainds {die desi r ed

frequency, 3PGhis @HEPUtThd 0°3Ras smetemast eseerr’epe’ds@%%xp@m@ibwﬁ'd' dn¥ Of
harnoni ¢ frequencies are output. The harnonic conponents of

har noni caﬂkllliﬁ i 816 releyprapriasd] widersiod dlahpber plrse Heft%@mrebermnmmthcas t he
har noni ca% 151, Iamsthgnleém §15tgg }eEeﬁl‘?lnfve dopat is, if the harmonically rich
si gnal re guency no Pat ed, f of the harnonic conponent s of that
signal are aI so frequency nodul at ed The sane is true for phase nodul ati on,
|'i tude nodul ation, a ation 3.3.9.2 Structural
criptiorr. The deS| g%ga?}b"u%sigm)é De”f ﬁpf”é’f 3504 is well known to those
skilled in the relevant 25 art(s). Afilter 3504 nay be designed and

fabricated from di scret, onents or it may he purchased ‘'of f the shelf "
The filter 3504 a‘é‘dﬁ’ﬁ?e ctsﬁ‘@ ﬁlﬁﬁ"ﬁc?él OFyiS rreetvedi idaf quasoatiiedi®isehe swit ch

nmodul e 28&3119!"111031;19%1'2'306 e obtMt. P thandpHAbd mqeﬁgnaméoz‘ FOROFd-R@ 1gugmer 3402
inthe "I/Q m) e. The harnonically rich signal 3502 is a continuous and

peri odi ¢ WeRget HpYars tuche qP%dri*tﬁledd’ﬁiﬁrﬁ"Q BS‘éIPa1§|5ﬂ®§@1 barefermdponent s
=, == ’@éldﬁ a cosy}Q \929/(:2(41: R rQ"@%nal ?Sdgq-srbb“]@)gt%f fﬁ Ty &le .n% ) that are

at frequencies that are I nteger multiples of the ndanent a equency of
t & underd3pPhgHeraaver, theymayalsoybe teetAngilay nalv el BOmguiThwayds| pudses3B0AY r enoves

those si nﬁ&'cggtkng%gsg@fa'rpggag NG MRFEsSAL ggmaa &vge&gf Fleal me%legoa%' 3506 t hat

remains is at requency, I's calle desiT'éd’ out put

si gnal 350fs) SillTecegiveethe phipsisal rlewualtlbns acem madgntatheambembl@magzam of the
invention,.a fil tert 350r4 Cltsa(/ UI re tIﬂ;tlel / fih r&l har noni cs
of the hatthSHre ST OF PRACE MGNarys he 6#161%0 3%355 ’f‘de '8Present the
rati o of thiten p@fhbefva\fdf@ﬂuﬁd‘lg@hemﬁedtdﬂeledmn rEgbuﬁ),LHthHtecEakg)ﬁlaJ foBb6 of 0 t he hal f
power band w dth. LooK| ngg at FIG 36 we %]at%o desired_freguency 3602 of
000 Mz, RS Higtergorngs BENAVATgmE Tl P Ut AT P YaYE Oé’ﬁeq@v”%t t hat

fr equencysuiéﬁ%au? rdcl-ARSA, tHeQbkm Thude whlke Wianeht BithoB3GRAeRim L] arpover (the

so-called "3 dB down" point) should be as narrow as possible. The ratio of
frequencysu?,ewlatbswrﬁd\medﬁlﬁn Jeonsuly vier] wakredy to those pgvelegnntheinarel G 36, i f
the 1P YidHaulad A R HSmOLULYSY befer MHosd REvAfRHEm@l o Q Wi I | be
900- ( 15E§fg§mm 1881 %&%aw h the Sr c%er sel eectrl on 8? Fveerrent oarrgany

part| cul awubstareigliercyy! sernd)n i et dedetenopf 4@ mseBOxremetlcaJcthlaea/@bdf@t For crisp

adcast fre quen i.es is d 2 Sp i ble and
ct| cal® wf)rgseadc orﬁar{gllle Wa\‘c OInpu ql"gg ll&géloa%l %(eé;wr falfhs 5urpose of

t he filtegt t%@évdfc&nisothéid)f egneoaboci h@uum/\,ﬁmtsadulnafermnmgxsal QBOd teotear noni cal |y
rich signal. The 0 Ci rcui ar ned to elir "nate a,II her har nonics
except fo(}“aft?feped‘@ iof & ¥ (tS‘U@n ﬁh%gﬁ%‘e’(%{ %“k’et a%sr%ﬁ‘fl@ 3602) .
Turni ng noByshe stbéEmtialy/bpand 37B, we see exanpl es of f| lter circuits. One
skilled in the relevant arts) will recognize that a nunber of filter

designs wil| ddeofiptusgen crpladedikedn gial dofcophsed hy Hhenerespeedent r equency
""@'o' e fi lctn?d’o'dnlgenﬁ %er‘émﬁér‘erz@g tdd ﬁ%@&ﬁt@%lgna s separated by 90°. This is not

limiting on the invention. It will be apparent to those skilled in the relevant art(s) that



25 FIG 37A illustrates a circuit having a capacitor in parallel with amg ipnm
i nductor and shunted to ground. In FIG 37B, a capacitor is in series wt h

an inductor, and a parallel circuit simlar to that in FIG 37Ais

connect ed bet ween the capacitor and inductor and shunted to ground. The

nodul ated si %nal at the desired frequency 3506 may then be rout ed t70 t he 30
transm ssi BROMBHIT e 3804. 3.3.10 Thesgt ~artsrrrissiorr MBGFESPPM P-Y1,

Aryl, arid "Il Q Mdes). ~ F ~5~~ %~03 WO 0Q 24116 . PCTI US99124127 -66

As’ di scusseg, RN Gued REAMEHRLLON Hettetoetrtaomreet@omnemef'twgtvsér@n
preferably use a transm ssion nod uF as an exanple, transm ssion

nodul e | 222nyanufl @so anly ta marmixets enbcvﬁbmamemhmrsl the lmt@edme signadhapi ssi on

modul e 16225hff{ed£g§0m%§amoﬂ€td tfl&‘q 1'}%.4 ma bgln%re ilh% t-wrg'e
transm ssi on nmodule i's opti onal er en% nments nay no{l I'ncl ude a
transm ssi omenmﬂindtefreqﬂeecwmventl on supports nuner ous enbodi nents of the
transm ssi on nodul e. Exenplary enbodi nents of the transm ssion nodul e 3804
(FIG 38) are described bel ow. However, it should be understood that these
exanpl es are provided for3.BBlusticaimeDpuripgaes only. The invention is not
limted to these enbodinents. ' 0 3.3.10.1 Operational Description. A
nodul at ed signal at the desired frequency 3802 is accept ed and is

transmtted overpt B@sxﬂ?ﬁidrﬁgoﬁﬁghdﬂ%hlﬁét%oﬁ% waptndtm Lo lthbels@fled B the
over-the-air broadcast or point-to point cable. 3.3.10.2 Structural

Descri pti onelevans alitse ty abesarisbidienASHoway eesisegnqdewu fabicatese fremghisaretat t he
desired EMC%@&E%@C& 1;.3 %gtq?| gurél séds"ofm:h@réqgf“tﬂ &%s@gﬂﬁ% ?%{pt?)ﬁ?r' the air,

t he signal route rough an optional antenna In ce“and t hen to
t he ant ennahfwmt ('bl‘)aaddlasttg SIngiathOR ﬁomrﬂnermdedwfrtbler bh@umeg,nadch toa O

tra mtte er a oi nt to.ang naI

rou d to gﬁ%ﬁtl o]r‘?ﬁ (fsmr%%{od?ﬁ\%r d dltpm ro(%%Hretﬁ'}nlés (EP g?é%l lled in
t he rel evarstgnZDzaa)Btttse) 1svmubdtamﬁnpgmlsme frh@teno,t Msubﬁﬂﬂ&ﬂyﬁﬁls@me@ﬁiﬁeas may be
used. 3.3.1 Oher If] ations scri bed above
are provi déef 6P Log%"fvggézl F’Ph‘%‘f}tg‘ﬁ iP ?fe gﬂp gﬁéntg th 6‘Hg &re not

i ntended tQjdnh @12501ElﬁiZﬁO‘G@fbtdeQ&allﬂlh@mdarmhﬁﬁedh& el by QIR QirbRIHcBIaRS ©

possi bl e and covered by the invention, such as but nof limted to 25

sof tware, SEWESACHIET dhRYER, PUste Pi AHWATE FORSIMEPHSNINE: PHIS O ayHarmsy st ens
and 90”130”%%%&&5 §MRe trﬁp@smfltmfa\%t& 8 TRt élgﬁt esmnt 8hd &@;ﬁam@lth the

enbodl ment s, fering sfightly or substanti fromthose described
herein, will" s@elaha@@r@n@netwagerrmwg of i Wasgform Boihfthw'l" 2003QW\Bg00s 2411 6 .

PCT/ 1j S991 it ant arts) based on the teachings contained
her ei n. Suéﬁ&;? %’S@St”%yub@??idﬁel@ﬁ%éau ons fall within the scope and spirit of

t he present i nvéhticmut bf d—l@hﬁselﬂtﬁftdr Qe rihzabeasedfastan tplt i ghplaswy el
Description. 5 Thi ection {including its subsections) provides a

hi gh- Level npaiqt p‘?P%n of harnoni c enhancenent according to the present
invention. In particular, pulse shapi ng is described at a high-level. Also,

a structural |nplenentat| % Vi n ﬁ} , is described at a
hi gh?l evel . This str&dtiu g? ﬂﬁ?gﬁ@hﬁ g H@é iﬁﬁgﬂ herein for
illustrative purposes, and is not Ilnttlng. In particular, the process
described in this _ _ . .
As discussed above, the phase modulation (PM) mode embodiment including
the in-phase/quadrature-phase modulation ("I/Q") mode embodiment of the invention
uses a phase modulator. See, as an example, phase modulator 1404 of FIG. 14 and
phase modulators 1804 and (816 of FIG. 18. The invention supports numerous
25 embodiments of the phase modulator. Exemplary embodiments of the phase modulator
2606 (FIG. 26) are described below. However, it should be understood that these
examples are provided for illustrative purposes only. The invention is not limited to

these embodiments.

3.3.4.1 Operational Description.



10 section can be achi eved using any nunber of structural inplenentati®odsils 2903
one of which is described in this section. The details of such structural

i npl enentations will be apparent to persons skilled in the relevant arts)
based on the teachings contained herein, It is noted that sone enbodi nents
of the invention include harnonic 15 enhancerrent wher eas_ot her enbodi nent s
do not. 4.WOP@Y&t ational Descriptigp. To better understahtTPRE24Bheration
and extraction of harnonics, and the purpose behind shapi ng the waveforns

t o enhance the b yS| s as
it applies to t%?[n res?g?ﬁ Sl|Egﬂa\q/ezfr61t@| gﬁd\?rggsc?ma%ﬁgg.%h%gga Fés)%:%\b}g%%ﬁg

Bar on JeanpiBse modﬁbt@ﬂl(@plllétlﬂgaSl-gm83ZI§OSSWb%ecpltabmtvax¢®naé Aufoosiocanof ﬂn@rl od| c
wavef orms are conpr.i se a i nu50| nent cal |l ed

har noni cs.mﬁ%mnon port %? % lgo?ﬁqg{f?g%ﬁllefﬁ%@ﬁo? th ldgé ng(r)?gnatngl%groé i nt eger
mul ti pl es afitdl hed ﬁqlagqﬂemmyncmfed tmenso:rm1gisnaih1m\zaf:memrér(gal IT8e obdiatingndanent al
fre uency) E&% tude OfdﬁgCh of thesg r?onent wavef or ns_depends on
the 25 shasb%"a Otﬁén PP TN ED BIRAANBHET WAYS § SHASHET XAV BPYP<LTof  Bar on
Fourier's anabiy&i Gdnafieudehl déﬂ@tm Wavetdn@seas kiakddeshovd, slresiigdermame art(s).
The nost basic waveform which js conti nuous and peri odic is a sine wave. It

ha.s but oSEVHKAEEHIEL aeneatreithe hy$Rb ipyAtienveatad matberparal obstasics i s al so

called th : i tude
SRS haHREEkISIEGS o a08, ARk AR5 ORATRINEY b pRaarr

conponent ingengquaiat wertfmwamfpm belgersfatedhe nepdegi Hedainvay ethied abovie, fr, t he
SI ri% Wave éagesglj JISCU%; o% ﬁfeQ&rwgﬁarioﬁladevcff&%’?" ngﬁrb%qxséftot}gferps Q‘Dep ?l ly

her ex di’c Wavef orm
I\/at herrat i Cthditlayc; swbttamtsallgmnfgehaedhd temméaqearzesra@e'v\wdlt tafer Tdﬁﬂaosmwmmms cal
anal ysi s iﬁ this,5 ctaﬁ shows t hat .t her are ha nti§c§ tgt al | | tiples of
the frequehdyTof SRR T the e Friangplar ave", BINAS VPR Méncy of F
then the haitn@iuesa@@y SiidhgsRt,dall thwaves patselwhl sefetfothodFwaveddims g c. As the
anal ysis al so shows in this particular case, the anplitude of all of the

har moni cs ¢ ebs@gally arpise. pad jtiyaeidhe misnh gt the presst ipvantien thahaperest m  but i s

reglsi sti calglste i WREAGHAER WikE,NoCBLlsENe LAERAY @8hncedd. A TR BioliVREE!
waveformi s a rectangular wave, which is a series of pulses. Each pul se

will have wcilpirgsignebi08ds spisfasedyp e the mogulaed jnterarediaferignab?§08s of pul ses
in the waveformp w,l lcag@\{\ﬁxeé Bl 1n@g'rr(at18-n sYg?th hebB 1 hﬁgﬁanvﬁ{esﬁlogﬁlatteﬁ"e

frequency, i.e., T=1/F~, where "F~ f undanental frequency of the
rect angul antevasdedte s@reé 200 mlbﬁhlﬁ@besarbgm@&n dveanete vduashibe Siguidheselage, where

the si gnalfor na?rgé)rgsg @E}Zts?n Ecgﬁg M c H&?)}n%tolg cflgfahZ?f{égti il gtgé of time

that it is a con S t he pul se
w a@oh to pecarﬂdahése{b'g) ﬁosa@105a1(11=.1b1exenfedrbtymro(fwtﬁ@&ﬁanghéraré napreasits tbe her t han

S P AR LT L TP B L S5 PO, 1)
The mat hergbriesahd angkyBigh" or the "low," depending on the convention being used. This
operation is referred to as phase shift keying (PSK) which is a subset of PM.
If the information signal 2602 is analog, the phase of the modulated
25 intermediate signal 2608 will vary as a function of the information signal 2602 and is
not limited to the subset of PSK described above.
The modulated intermediate signal 2608 is a phase modulated signal which can
be a sinusoidal wave, a rectangular wave, a triangular wave, a pulse, or any other
continuous and periodic waveform, and which has substantially the same period as the

30 oscillating signal 2604,

3.3.4.2 Structural Description.



shows that there are harnonics at all of the nultiples of the fundarreptrah 103
frequency of 20 the signal. Thus, if the frequency of the rectangul ar
waveformis F~, then the frequency of the first harnonic is 1 F~, the
frequency of the second harnonic is 2F~, the frequency of the thi rd
harnmonic is F~, and so on. There are sone harnonics for which t

anpl i tudew%ﬂoézélrlg In the case of asquare ~.vave, for efgﬁﬂ‘lsgm"‘tlﬁe "nul |
poi nts" are the even harnonics. For other val ues of z/ T, the "null points"

can be 25 det ert gagh,f (4L Bea m@@ﬁm%mmy%n%mTmhgeegrﬂrea'mequat' on

for the anplitude of the harmohics in a rectangul ar wave havin
anpl i tude tod reA@/ants@'t(ﬁ)s Aspifast ImodslatonRoPd mﬂdei(md@&gmad mnrhlf@brmteAirom

{[r -~ Se]cﬁ's(c%/t ﬁ(}er[léglngﬁstg ?i frfly' é]TéL] éhag(g& "o Ilthlgml " 6/1938 ase moduptorg(gOéhOV\B the

anplltude arnoni cs for rec waves havi ng six
di f f er ent dccdpl andtfoosatiohsgndl Z60R ditohosscaree #Ad an @anszqm@rsegnmm&em froth 25) 30

recggnl zeﬁ?%gt‘)s%am' 24q0) glggtp og glﬁﬁki #ed ir‘rrg?t'h r;@rgg%ﬁéﬁ%%l From

this Iim tasgbexddnalie geretallgan emtre@mgxiaharthmraepre@rnb@d 0bltaREkERge Mdhd tO
period is a significant factor in determnin he rel ative 15~~Ri03

WO W0/ 241 1wformadier) if Jigyigh he yoltagsgvlinpt At Qﬁé@%ok"? e ThdkGrippigptiongt i ce t oo,
that for tahaogaﬁcevarragr &ill IIeTcoquélo@gry%ma@e 5AW8E Ean vrﬁ;}re% rﬁdtahlgwéxellegél![ nshi p

stat ed above har nohi cs are present at as z!'T
becones srhhction oé the mﬂqem}mmwnab%ﬁoéaahe@h@n nqeplaia P06 ukes tharpiliagades of

t he,h t littl
dedl case. i T ERAER b3 A0 hiohulle Bl oreu ik e DRI SR La 11 the
rel evant amctdsr)atanﬁ Inltermn@Ieuessngde 2608y tb deseltpeit tThe idésmpech pighsle26D2i dt h f or

[ t d t hi t ai ned I
be” shown HERERGE &) e A Bl T aeR 1 T IHE R e e pbe "™ ¥ 0

cont i nuousecfanet Pes tf&dnmumvrgbmbxndrsgnmnat ed, that nodulation is also
present on ever har nmoni ¢ of the or| n wavef orm 10 From the foregoing,
it can be seenTROAPIpidicddnifredinls sley %ﬁ%&r PRARECIHA e SN WASK Ry that the

hargoni ¢ wav&f ar Niutiod B?trféex%lt'égéjof’)HIeQHBdJIJt%%%@éHén@%ﬁgn§l‘1§502c' BNke anpl i tude
to be useful wthout requiri ngq el aborate filtering or unnecessaréq
c has

anpl i fi catpasylatpg desedpnd sigtdr 2908 BESsIn iR infemetiges theephana ofg
suffi ci ent, Apldg dHeﬁnadﬁmlsr%,ﬁ@%dshemssmfrrgha %@éréte%%u%! (I:gr @,%dum%?ﬁt and 31A)

in the switch no responds to the con sl gna
causes t hentswwedke signall 2698 wildshif ypem apiovat O hdhecaroslnl (atted)) aedisin atl ng

signal 28 f G h |3l I I n
general , (s?(v*\)ntﬁ%e L ﬁ%éﬁ ﬁ ggthte r%aensdﬁq}?eldé%'%]%gﬁibgg%gg o%q’ A %Of e?ﬁes%ﬁ;
noeoal | y apdlng itfeembtionstthe hrhesah@Ifdthb smbheatvd)lmageequu:ngmﬂi 268 cailke the

switch to close. 2 econd. th voltage | evel at, which the
S o w ISP OECetF e Do e RER kPt G 1B ebob i st at f on
and di scussfoffaticaREnfloalc0Peanénctexe@platy mﬁddnge)ntltse figder the1osas Bmier e t he

switch is tr(l:el ?nsoed?lla\tl\ggleﬂuénqx%dg‘%ms{ogé 3 (%n can Ibse rr]eI:prQsented das sin(fwt+8,) and
sin(wt+0,+m). In other embodiments, the range of the phase shift may be less than .
25 The modulated intermediate signal 2608 can be a sinusoidal wave, a rectangular wave,
a triangular wave, a pulse, or any other continuous and periodic waveform.
The phase modulated intermediate signal 2608 may then be used to drive a

switch module 2802.
3.3.5 The Summing Module (AM Mode).

30 As discussed above, the amplitude modulation (AM) mode embodiment of the
invention uses a summing module. See, as an example, summing module 1606 in

FIG.16. The invention supports numerous embodiments of the summing module.



open when the control signal is low It would be apparent to one ski l1ld{ H(3
the relevant arts) that the inverse could also be used. Typically, these
voltages are not identical, 25 but they may be. Another factor is how
rapidly the switch responds to the control input once the threshold voltage
has been applied. The objective is for the switch to close and open such
that the BWOPYEHf erence signal is "_,)rg]r_i sply" gated. That FPST/US¥&RBably, the

i npedance through the switch nmust ¢hange from a hi gh i npedance (an open

switch) t i e i in ,very short
e so Ry Ry REARRET o HiaRRE ikeibe BT 7P 8. BRI Py 1Y 2
obj ect i veHofvetdnj 8 showidritei wnletstooti batt thesesexatnpkes aesrpadideanfor tilhatrativee
intelligence in the jnformation si |, i,.s to be.transmtted. That is, the
i nf ormat | BRPPS® Al ThE BECRINGS PR e HiEss SOimrAr | R i
nodes, t oina@bi"BYe ridde ScrabydGthtMehentthe nicafilefisisi AL, STIgN@Imhsg Wi let 0
nodul ate the oscill ating sjgnal 2804. The pi ~j~f'l; ,103 m WD 00l 24116
-70 PCT/ Uéwlr?ﬂciwbéé‘éqdllpéb%ﬁ\@ cwPgHEIEN8804 t hen causes the switch 281b to
cl ose and open. The information that is nodul ated onto the oscillating
signal 2804 nust be faithfully reproduced onto the signal that is output
fromthe switch circuit 3G35.&0penariend{dlesesintioad |y rich signal 2814). For this
to occur efficiently, in enbodinments of the invention, the switch 2816 5
preferably closes and opens crisply so that the harnonically rich signal
2814 changes rapinddrynafiposgtdl@7®d aslapissngnt®Riagnalce8l)Gnd oref@eB) t o

ground 28l.2 (or the cond signal. | 2818 in the al.ternate enbodi nent).
Thi's rapi %Ig‘%f’iq SLOURY £ 5 ‘“F‘FW&‘Q %S‘a‘éaz;éﬁé%”% R OB 4\%&?% d BB o

si gnal 28dshditiohtd beenshar imonmdld she rareper rar(gk nvot 8enot as @lagbgAbby bhehe
oscillating signal 3104 is.not ated, buf the requirenment for
"CV}spnesg%ufﬁg@PWFPmang§@§?$“%§9&%ﬁém§“W@ colgugerid D& §882land open
crisply, the ogsGhé kakivigrst@natordSQsh dusl 2ab3 8 BGitAl ihehefekdnct B@nASCi | 1 ating
signal 2804 is sinusoidal, the snitch 28l 6 will open and cl ose when the

t hr eshol d21A8| hiflsehetuges hesinanicnihe fneviin sureperdingdp a fgitHahigbni cal | y
rich Stongle R8IdolRYalilolorRe ARinTRh ikl sy NOLHRHA VIR RS Yhitechlify @TPI 1 t ude

of the desired 15 harnonic of the harnonically rich sig
suf fi ci entheyhighhr the "dW.0Wepandimgminsi$e sanvweintibrobeing lusdsior Bhie opérati@r isng or

unpecessar | 1 FJ ' - o/ - ' erein the snitch 2816
isﬁg Ga%rel{eg'%ggﬁ%)sl%rgpﬁﬁ[{%%gf@éeiﬁgl%? ﬁg“%??g%%g]bgﬁg’m%at is connected to the
gate 2902 of tlficicGafasmEoh 2901 2702, ie analodehesvajurad! thh atferemessignal B8swi t ch 281
b to close..and open) is a sinusoidal wave, the .GaAs FET 290/ 20 will not
cri opy orBCETU AR et Bt LS PRl R nprrad B e AR sl ton.
(That i s, ardtiowtd limigoatdhecin fathatingsigitae 2702meA daha titidiex®and b @t tefgesdegnal i s
rising and falling bel ow .y . o

signal 2708 range may correspond to the upper or lower limit of the information signal

20 2702 depending on the convention being used.
The reference signal 2708 is a digital or analog signal and is substantially

proportional to the information signal 2702.
3.3.5.2 Structural Description,

The design and use of a summing module 2706 is well known to those skilled

25 in the relevant art(s). A summing module 2706 may be designed and fabricated from
discrete components, or 1t may be purchased "off the shelf." A summing module 2706

accepts an information signal 2702 from a source. The information signal 2702 is at

baseband and generally is an electrical signal within a prescribed voltage range. If the
information is digital, the information signal 2702 is at either of two discrete levels. If

30 the information is analog, the information signal 2702 is continuously variable between



the threshold voltages, but will not be a "short.") In order to nmake use of
the benefits of a GaAs FET's capability to close and open at high 1§ APk 2003
frequencies, the oscillating signal 2804 connected to the gate 2902
preferably has a rapid rise and fall tinme. That is, it is 25 preferably a
rectangul ar waveform and preferably has a pulse width to period ratio the
same as t WO PEFSe width to period rgtio of the harnoni caIPFE’W%W“éT’gnaI

2814. As stated above, if a signal ~. vith a continuous and periodic

wavef orm | ul at mogul gt r ¢ i f the
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nodul at edindmtrativtheigod A70L abd ngmBifesitgridd a BBO4igand210He Tiscodtpatdf g si gnal
2804 is used to cause switch 28l 6 to clos en, the resulting

har noni caFLernVlichOéﬁlﬁ%&ngé%fﬁﬁc{dhglte 'ieger%rﬁf psl.ﬁnafrzgﬁgt hET% RIPREE Prgillﬁ e 2802

wi || al sosienimpdubduled70d isttheamscht keticn@ Spgnal702804e iveittif iasqesirdche switch
2816 will close and_open crisply,, the harnmonically rich signal 2814 will be
18~ ~sieghaaapn Qo1 SHHAG T P eHTETe) A ot ohE Ao L ipformglien and each
of the hagppnhes Qlfay%@@séaedm@tg,whbm Belesuslnakit? 8 bhsWidnh! AMEftihe

information nodul ated on it. Because it 1s desired that the oscillating

si gnal 2804lwedycyitlyp therdesishiagsce nHignie OrB{onagnab e’ (Rels adwssband sigpal,

enbodi nment s. i - - " pul hapi.ng" since
Che. pur pobd yAR{GPRL 6 SRDAISGTRAL, TRAELER BRiEG FRR BOEIRE"S. Bl Mces
of a desi signhlpul’se awipdtude off thehefoosck | digl RG0siigreml discsetsi lavdoiitidle, har noni ¢

enhancenent. will shape sinusoi dal ;signal..into-a rectangul ar {or

sugfsit ant i Q#qlvab%rbtsgﬁlglu%@?m Ve t(SjrCgl l\sﬁltlﬁ%t”ﬁ%“%lesiQ%Jk%lﬂt%é %nﬁt to period
ratio. |fahpieuaseftht afféragesiggnial70280&ntisualsiyeadiybla baawean s \Wepher #1d a pul se,
har noni ¢ enhancene 10.sha%$aig to achieve the desired ratio of pulse

will
width to {98l Hl?ltSTﬁit theirfqrmaiidy Swndn L ERr FOrSrtS 13808 BIOTERIhe HSdul at ed

i nfor mat i pRplidhdosahe tTeresoM gl 2708Me suRianilyasypaubedirantistoahadiar noni ¢
enhancenent are described below fox illustrative purposes. However, the

i nvent i onsiBial A302.1oMeY @dla st Hekderent sianAe ALY, neer Hor TeRteH hreeri'eewi | | be
appar ent {0, RehGPHsnaskidol ed in the relevant art{s) based on 15 the

teachi ngs contained herein. 4.1.2 Stjuctural Description. The shape of the
osci |l l ating sifwaticrdq sigatls88 ihwuipdite e PstiBpuid lOBede sangh apwile The shape

f th | af i i d I i { i 16 will
o LMe, 0SSidal 3h LR, AR AR AL, PR FOREEL @0 Bled B SR BBRIO W)
st ays cl ostethe "sDmoongaroddict yOhdwr kenguice &t thy SnfopeationThgms! 2fed imiHel
det ' the."cri " of the h Lcal l ' ' | .2814. {That is,
T e R RIS e PRt R R0 s el PR M dones,
t rapezoi dak switéH mpgut arg2. etc.) As shown above, in order to ensure that the

desired harnonic has the desired anplitude, the shape of the oscillating
signal 2804 should be substantially optim zed. 25 The harnoni ¢ enhancenent

nodul e (HEM) 4602 (5.6 TABXSwirsh Mognie(BhePnEtioTas’ Boapyl se shaper." It
"shapes" the oscillating signals 2804 and 3104 that drive the switch
nodul es 2802 and 3102 described in sections 3.3.6-3.3.6.2 and

3.3.7-3.3.7. 2-A¢@%£@§Ed¢ab@%}@ﬁ@ﬁ@ﬁf@hcdm%ﬂlﬁticﬂ1 2P pELsE raduatbh %kggor ms a

continuous and periodic waveform 4604 nto a stri ndg of pul ses . The
string of anguihse s-AeeBquaidraturprabese angdulgion 6§Q") Tnodedembediinged ¢y thsot h t he

the. pul so G sE AT H R AP R 6 el AR e O 3602 A so.
eash pul s2BCGH |As dnaaxemalepevseh mpdltid2802i 15 'a cdetpenanit nesvitch module 1214 in
FIG. 12, switch module 1410 in FIG. 14, and switch modules 1822 and 1828 in FIG.
18. The invention supports numerous embodiments of the switch module. Exemplary
embodiments of the switch module 2802 are described below, However, it should be
understood that these examples are provided for illustrative purposes only. The
30 invention 15 not limited to these embodiments. The switch module 2802 and its

operation in the FM, PM, and "I/Q" mode embodiments is substantially the same as its

operation in the AM mode embodiment, described 1n sections 3.3.7-3.3.7.2 below.




1 or,f'1; 2003 WO 401 24116 ~ PCTI US991241 27 -72 by the design of th?pg\qgngJa
shaping circuit. The period of the pulse stream "T," determ nes the o
frequency of the switch closing (the frequency being the inverse of the
period}, and the pulse width of the pulses, "i," determ nes how | ong the
switch sta Iosed 5 In the enbodi nent described above in
3.3.6-3. 3. %E’Q UMY 3.3.7-3.3.7.2), _whenthe switch 2816 {BFT@%‘PE’)‘&QS open,
the harnonically rich signal 2814 {or 3114) will have an anplitude
substantial ly equal to thg du @sersiidn@DesBPEok.Or reference signal 3106).
When the snitch 2816 (or 3116) is closed, the harnonically rich signal 2814
(or 3114) will have an anplitude substantl ally equal to the potential of
signal 2812 or 8 k f i (or 3110)
of “The aui tch rodue S8 (or S rhue® ofore BEfalth R mcePR
oscillati rrgciﬁh@rmblgﬁoig@‘brarl©1c’041)gndrWxﬂl mgharhlen@akl}t cleh noaigfem282 Eor 3102)
i's substant c a h si 281 or 3114)
will have S0 s k{eeo Sasy&[%L%06 %g&}elgagé/[}gﬁlée@ \g)rllt 8% fhem fqﬁﬁd §m¢aﬁé shaped
oschl | ati nfpnal gﬁ;ﬂaul can8Mfrdquenc3 1 ddulitbd tphdgel me&llﬁtb@h csvunlyodlhemdwtmtiZBOZ {or
3102). 15 This is true forhthgs? cases %I’EI n the oscillatin ,si nal 2804
{or 3104) SCRCME Qraqombspy fhe N ETSRTTONEC S SH RS 18 EUaRE will
under st andhifh @&tyihfenddey, the meciuregubsalll awaglelgn@lamsoc;ehﬁy g1l @J:Iamwﬁﬁéor ns t hat
are substantij al IC% rect angul ar, including uare waves and (Ful ses. The

g

purpose ofMahiiidg Theemadised Ois%‘”@tti‘gc%iﬁ‘ﬂ%loa Of he@nahp néingfoidal Fgavehat the 20
switch 28'r@ct£r9¢ula§%a@l é?rqull P5LUavéSs ﬁ&l@é ed a?upoéiﬁeruéomﬁn%r fE?B';feﬁan}{ rich

signal 2814 (or 3114) has a substantiall'y rectan ar waveform Controlling
t hérat i o vedvefona. Julageetoiret ¢migfdimend, hedwiaied @wllaymg |Stghals29@|4ai/m@¢8ma( or 3114)

to its meriada Laleshl tulch b0 ShaRa Al WS RALNIRLEAY Yool sl onal 2814

(or 3114) y optimzed so tha i ve®anp Ftudes of
t he har nonphgsicarienstiomns tohmatl hitkergeshl @dtahlas mpnng achmawhg eXictextpedeat ed

wi t hout unnecgssary, and bora mplificati nd filterin 4.2
Bxer ol ary OEBedr e naf BHEt B B8Rronel il Pl pertid e RPREAE) and
structur e%kn&@@@rdrb@aédabovegaam easpERRe Ndtede,i fbrtd‘his§ sFegibdueslof, amd detrd
subsectlons) These e odlne descri bed ?reln for purposes of

i | Foistrati B ngHer Have W”Fn t4 b8n““$ﬁ% PR AT BRIAES AR 4P niupeientelly 30 t hese

enbodi MentSotarfhila tAiefin SFAOL VBB &ntﬂeﬂa@ kdiGhbQOw SR HE e b suggﬁrﬁﬁﬁ%, ons,
vari ations, deviations, etc.; of the enbodi nents descri bed herein) ~ vill

be appar erfiuarg the term “tangulangeys” Wil aefFole these weyefors (b oresubsigntighy sons
skilled iniherat e,Jn@wa@knarumeub@ﬁ edfed o Ma@e tv@@é}“&hﬁ%atcﬁgts%s%qmr}e{x ein. The

invention is 1ntended and adapted to include such alternate embodi ments.
4.2.1 Firoulsgr arisodiie mehthe infenf pg pheaprSepih inyeyigdie thab e dier fehle squarervat e

Er anncerqgmgle]‘;&@d%&]p% Ste%e %q&tgd% Pyl se per Cycle. 5 4.2.1.1 Operational

DeScriptio Accot £6°thi s embod iment, a continuous periodic wavefonm
4604 i s recei vdtle aigdal amﬁi harmgnio#ll )pud:}swsveicﬁ@ﬁ%lsl oot itdr .refEired comt theuous

periodi ¢ svaveform 4604. may a. squ e or any,.ot her .cont.i nuous

per zodi ¢ WAV tﬂ%t S{,gg?]i @gﬁ* rSnfa 0\9§?‘i?éls aé’(caoﬁﬁril%dé% waveformgithat (18 ) ow t o
a val ue r egahitcte@basntAlly tegiainglas haghoduldd 6Xetilapiuf Sgnkis2qendahat iedf per cycl e
of the conti nugus and periodic vef E m 4604. The C?ﬁfﬁ:%l ption given herein

will be fdbe tREUEEHSHIBES SRl FrisY i oBiGAe fraogicayisek wave,
bupsone skidnhesk junyilihgso' iR P&@ABAcy Q{l&cﬁﬂatw lahd #PRE %d@[a?edt&@ﬂlaf?ﬁg“ﬁﬁna\f\’avef or ms

may al so be "shaped" into waveform 4606 by this enbodi nent i
St r uct ur al28Pkse ralpts gyedulated, the harmonically rich signal 2814 will also be phase
modulated. (In one embodiment, the harmonically rich signal 2814 is a substantially
rectangular waveform.) As stated before, a continuous and periodic waveform, such as
a rectangular wave, has sinusoidal components (harmonics) at frequencies that are
30 integer multiples of the fundamental frequency of the underlying waveform (the
Fourier component frequencies). Thus, the harmonically rich signal 2814 is composed

of smusoidal signals at frequencies that are integer multiples of the fundamental

frequency of itself.



15 In this first enbodi nent of a harnonic enhancenent nodul e 4602, h@riRnn3
after referred to as a pul se shaping circuit 4602, a continuous periodic
wavef orm 4604 that is a square wave is received by the pul se shaping
circuit 4602. The pul se shaping circuit 4602 is preferably conprised of
digital logic devices that result in a string of pulses 4606 being_out put
that has oW@%et'® for every pul se isp_the continuous peri bEIUSZG*HAvef or m
4604, and preferably has a i/T ratio less than 0.5. 4.2.2 Second

Ernbodinterrt: Wera a Squg £sW¥vgJreedsiyhg Harrrroni c Enlrancerrrent
ryfodule to Create Two Pul ses per Cycle. "4.2.2.1 Operational Description.

25 In this enbodi nent, a continuous peuodl c waveform 4604 is received and a

string of pul ses 4 i p I hi s, e i t here. are. two pul ses
output for i @Wrgggélgﬁﬁgﬁmg&%5ﬁgf%s%@b§§ 8gc$§@§bPﬁﬁ%57“%9§F§ Beriod of
t he conti nuowsispeoi odist ingav 2808, ms460d, infth@8t@nt ¢antrousipPr2§20dirc omputef or m
4604 may b squar e ve or, any other continuous periadic ef gr m t hat
varies f roﬁng’ ?fgil %é‘“f%@égﬁi ZAe ‘_agé‘ga"_’t’.ﬁépéi”{ &P ‘F‘g\W_' the dirgy lfﬂ?ﬂt@g@/@g §ni zed as
a "di gital sfitchmoduld280de SGEn eIy theTbiNE N ME 28D i IilkedQofte, AdcCRNnkNUOUS

peri odic waveform 4604 5 that is a square wave, but one skilled in the
rel evant afelasymegit of thepByeatiPat eres KIF 282h Brlosmisrbbdiern thapiasiseal800shaped”

into wavef %{dttﬂe 4508 Ry ! hhe;se%mpﬂbﬁﬁz%ﬁo ofHth sitéh §Tog%lgt22§6§ls g@ﬁé&l&j gtiort. In

this second enbodi nent of pul se shaping circuit , cont 1 nuous

peri odi ¢ welewficyt gTo8d48 i2haliloweyven ongkitled waihe ré¢lsvanpertish el tegognine thail se
shapi ng ci .t J [ 54602 i I bly
conpri sed %%ngg%gEQQﬁégﬁggﬁgsy%%gn?ﬂggkgggﬁkﬁg#ﬁbéﬁ%&%?%%agFﬁ%ﬁﬁges 4606
beitg out pgrvundizitl2Zhiag réther piskoeissigon 288 pyovpled skt ithe tchendcogtal ARIBUS peri odi ¢
maveforn1{?%4 %Bd &rﬁferabl§8§ sail/Tratio less than 0.5. 4.2.3 Tltird
Etnboditen’.eWWE A ?Sﬁﬁwg rrt Feeds the Il ~odule. 4.2.3..1

Oper ?t i onal Desf;:liﬂo[dhiatikﬁ.osdiﬁathrrg difrias 28R don®ted ta tl@d)dftifdtﬂ’c)lulf?\lpﬁt PR0iggdi C

wavef orm 4604 of any s i.s received and a stri of pul ses 4606 is
output. 4.°% ?S‘YV?C}SP}DQBIFP?%@? Iﬁ?c’?‘? latg .Os‘ﬁr;]??“t“ﬁiség“tagi%% BAHFQi FRGRECHF a pul se
shapi ng ci h6dliidted60phas@ nfo@ihicAU QLSsoRRY diRdinstaNRY hOEMbAEREn QS it aRY behape i's
recei ved by the pulse shaping circuit 4602. The pul se 20 shaping circuit
4602 is prapriudsingodubiigsh pusdds if oo kpyieg byt thistigpetdhe generpl sasggadatilpi ng

not be described herein.) The modulated oscillating signal 2804 can be a sinusoidal
wave, a rectangular wave, a triangular wave, a pulse, or any other continuous and
pertodic waveform. In a preferred embodiment, it would be a rectangular wave. The
modulated oscillating signal 2804 causes the switch 2816 to close and open.

20 The harmonically rich signal 2814 described in section 3.3.6.1 above, is found
at the output 2822 of the switch module 2802. The harmonically rich signal 2814 is a
continuous and periodic waveform that is modulated substantially the same as the
modulated oscillating signal 2804. That is, if the modulated oscillating signal 2804 is
frequency modulated, the harmonically rich signal 2814 will also be frequency

25 modulated, and if the modulated oscillating signal 2804 is phase modulated, the
harmonically rich signal 2814 will also be phase modulated. In one embodiment, the
harmonically rich signal 2814 has a substantially rectangular waveform. As stated
before, a continuous and periodic waveform, such as a rectangular wave, has sinusoidal
components {(harmonics) at frequencies that are integer multiples of the fundamental

30 frequency of the underlying waveform (the Fourier component frequencies). Thus, the
harmonically rich signal 2814 is composed of sinusoidal signals at frequencies that are

integer multiples of the fundamental frequency of itself. Each of these sinusoidal



the waveformuntil it is substantially a string of pulses 4606 with
preferably a ilT ratio less than 0.5. 4.2.4 O her Enbodirnertts. The 6 APR 2003
enbodi ments descri bed above are provided for purposes of illustration, 25
These enbodi nents are not intended to limt the invention. Alternate

enbodi nent s, 1 Gn,~~ ?~( WO 00/241 |Ib - 75 PCT/US99/24127 differing
slightly ¥P0WeHst antially fron1th9§?_described herein, WETUB¥24Bparent to
persons skilled in the relevant arfs) based on the teachings contained

herein. S al ter i , | it hi d spirit of the
present i #%{e}}lst #So%l.sgj’.& §du?#€£?%¥%qg%%)fa? #eo ?1%% glr;rrp}regers?: 5“@5@5 r?%?a?@le%lﬁer ational
andJor stwactamgl.c. thpinexehtedtosolgingelgablex 04 pfrorth evhiet ihsdiegyed. st r uct ur es},

d/ nbodi ts. i b b d.in thi g " dit
R B e S T N

pur poses @t obithhBLP af $vAfch radthle@R02 lid Arishitanamly thBearhOWsiRkE Qvelis bgt | i mited
to the particul ar exanpl es of conponents. and net hods described herein.
Al Per nat | Y& 180 i Thes oiich fredGimomtabirsh sgrpletfd f sheonogelsd drscdndo thgevi at i ons,

etc., of §hasossestiiiREtNRIEIgnd, ik hinpRedaPPRLSBhicAIR REl Sp0F 28K k! ed in the
rel evant arts) based on the teachi n%s contai ned heréin. Such alternatives

fall withiawelkthéhesmapidudend thpbias siged 280 Phes tetmodwlasert ossilating genal Fi r st

Digital i j I Lind D ar.y. ..M ty f L Ist
enbodineh%%gggg%ggg fﬁ%§g@?f§§§g§¥2.(F%ﬂgh%ﬁgﬂég‘???Sgﬁwgpga%ngFlG. 39.

| n parti ciB0ambgcdniws conmectgidtelshmally tonthEFkGon@ i 881 ¢figuiichlmaeiutec8i0? desi gn
faor, a pul se shapin ircuit 4602 usi digital .l ogi¢ devices. so shown in
FI'lés. 39 e§9[§‘%‘$“é1 %égrlés%ﬁt%{ﬁo@&“?ﬁg\fgg%ﬁ nge FOYniEe oadré@ﬁ-k}ﬁset?{ﬂ]?ethe
circuit. HapmblitSlyendodpme g4 putones dianead 189 P0tchisLprésant MVEE tsedond9! 0 and an
AND gate 20 39|12 to produce ? s%riggﬁﬁf pul ses. An inverter, such as

i nverter BOHQSIEHaSge G Kelts [y iho e meppipereiinie sfcondongut B1058ch as AND

gate 3912 nauttdAuioSeiet@éadidr@lnd” Y1)’ whbie Meathbd @il NRcil Y sighANRLs are
digital "highs." The input to pulse shaper 3900 is waveform 3902, and, for

i 11 ust r at9ayes farposksd1e © agprawRcHeT Opan” HoSaREREe Rhthe harpenienlly pigh  of
| nyer t er O%@{aﬁ%ﬁl MavedRb St 1oWhl BRs %@nﬁb%gg.a TREY S ahiBiYtfide g#elep@ver 1

because e 25 circuitry of the inverter 10, there is a ay between
t he appl iteanpwerliyfrichsegnanpud 1aaideithhieofdyp siewpolneilng.esibips sidranZf@6of t he

output. If V. r r N I T VAR Vel i e ~high"
becguse i%ro%ﬂgsf%gb%ﬂdﬁkgagganﬁé eg@ tlhlfilt\?grstu %srty@éQb%&%gagé{a@@e%g?& %%%égsw' t ches
t o "hi gh,hoddNB:descelaBed gwdl [2B0dhrthaecrusasithy swgicd 2846 t6 hpghdndsilgaallee t hus
causing its out put . wavef 906 be "hjgh.' en_inverter 3910 has
Cver t o oyt el oB O bty oot RAvk PO FOEHRED pocore
"12ow, " ANfciflafirgy sBghhP2804Y Oneldkitled & Q031G Q0K D 4dill Gecogied tHaSAB 1 bZ7 _76_

will then see on one. "high'  si |, and the. out. put waveform 3906 wil |
bocone - ronmborabaviaiesany Bl RUED e st aoior Moo ivetgg 2ol vt he

peri od ofgetdrved héet,. bot h wavef orns 3902 and 3904 are high, which is the
time delay of the inverter 3910. Accordingly, as is apparent from FI GS.
39B-39D, pul sén ghapbedizonelithiareuenahe srisiel 8o way scmsendyevefaties a string

Of Pul seSyucitid igRenRY! RSORRRLASRIMBRInEYThS RT HSBILALP PG 432

Second Digital Logic rcuit.
25 effect transistor (FET). In an embodiment wherein the FET 1s gallium arsenide

(GaAs), switch module 2802 can be designed as seen in FIGs. 29A-29C, where the
modulated oscillating signal 2804 is connected to the gate 2902 of the GaAs FET 2901,
the bias signal 2806 is connected through a bias resistor 2824 to the source 2904 of the
GaAs FET 2901, and electrical ground 2812 is connected to the drain 2906 of GaAs
30 FET 2901. (In an alternate embodiment shown in FIG. 29C, a second signal 2818 may
be connected to the drain 2906 of GaAs FET 2901.) Since the drain and the source of
GaAs FETs are interchangeable, the bias signal 2806 can be applied to either the
source 2904 or to the drain 2906. If there is concern that there might be some source-

drain asymmetry in the GaAs FET, the switch module can be designed as shown in



An exenplary inplenentation of the second enbodi nent described in s%t{jf@q@
4.2.2-4.2.2.2 is illustrated in FIG 40. In particular, the circuit of Fl
40A is a typical 10 circuit design for a pulse shaping circuit 4602 using
digital |logic devices. Also shown in FIGS. 40B-40D are representative
waveforns at three nodes wthin the circuit. In this enbodi nent, pulse

. shapi ng ¥A®EF#64000 uses an invgr%gr 401 0 and an excl uSFYASAARIY"XNOR)
gate 4012. An XNOR, such as XNOR 48 2, outputs a digital "high" when both

i nputs ar i ght ah~"highs" When: | I rgital "lows." 15
Wavef or m g{ggng%ﬁpgh%%géﬁg\%n%ﬁere Sg’%gf%‘gdug@ a\?\/%@%n%ie%(%‘%{qggglfr’twéﬁ\]fhat shown
above as thasefro¢ A0 3062he BesgB i conhémged ook’ drainaitd2 of ey @t@rde300d handout put  of

inverter 4010.w hegi he. " hi gh" ate. Thu X ate 2 wll see
one -~ i ghiteiaing 00l T B oghBEing Shtot e soiH Hioe emretorn W06 w 11 be
"low " Wienis vew@ef ffaib AR welNBAGRS siitanhiighull asyNeRBigat € 4012 will have two
“hi gh" inputs until the waveform”'" 4004 switches to "low. " Because it

seds two "hi ght\n plippate implemeniahion of thedpaien inaluions “divell capacitos) yhereinpwhen

wavef orm N8C, ito} netRPR @t 4 | | ' ogh" i nput
(wavef or m&%%gdz). a%gg%ﬁtg l'(;‘L())\Ielgﬂle" I np%tél 1(?5\;\6.%]‘2 %% E1%04; .da\}\ﬁgﬁthggs\%ef&g{r m 4002
swi t ches tackpacisoris eyuntcixNORhe sacendiippt ofjthd svstsh. {The ptiipose ofithpdasign and its

out put w || " hj I i i Of r . 4010, 2~
wever or m AbAET tetafitent SO B WG Ll EELEN Bk T ot oo one
“hi gh" i nQter (weshefiargms 400 4hplamentaimes "Wibve dpppatt owevehonkilld®@R)he Thus,
eform 4006 wi |l again switch to "low " Accordingly, as is apparent from
FI'GS. 40B“ ﬁ‘taﬁtéﬁ)'se shaper 4000 receives a square wave and generates a
35 ri ng gf pu: S’H&SWLMISEXI\M fhialssé8h ]g@ﬂelealgeu i%rth%ygrh@ngﬁuy lfieh Si(cg:uTaar gg\g?\zle. ,
4.3.3 Analog G rcuit. 1 ~~. '~ 7 124116 77__PCTI U 41 27
An exenpl & $3G Hﬁﬁ"’l@é&?g}{ero?f%oﬁ fathe i amgﬁ“ﬁ]dai)‘i%ér?f QR SEPMSEd4Znitsect i ons
4,2.3-4. 243180k okt | ustrated in FIG 41. In particular, the circuit shown
in FIG 41 is a typical pulse shaping circuit 4602 where an input signal
4102 is shown as a sine wave. |nput signal 4102 feeds the first circuit
el ement 4104, which §n 4L & fEPN8 LR 54088, S and so on. Typically, three
circuit elenments 4104 produce 1 ncrenental 'y shaped waveforns 4120, 4122,
and 4124 before feeding a capacitor 4106. The output of capacitor 4106 is

shunted to groung 4 0 I esi . I f.eed fourth
cihllrécui t el emen"%IS %iﬂﬁé%g&ﬁﬁg%eﬂ;d%lr}?n?psl{ngd%arﬁéaﬁl[a?é&?gwgr}lg%ﬁsezngmgﬁ %‘3{’ ,flth\?\,i th a

f r equencyintdmion ivsesaa fwidtingomssafibly hefefred gpuanoyitchfmodydeiB 162 (Riak. AAB2. 10 An
exenplary, ciircuit for circuit e s 4104 is showmn in F . Qrcuit
aon i o Colipy et SRR PRI mESTOT s Ssbpat RSt b roRE 2. o

di odes 431%h jand Tﬁleriasénlsib@rsuﬁ@ﬂ@.nmo@kémb%ﬂmbms tdﬂ&hé?ﬁa&&t&?ﬁho%ﬂé.s) \é\oul d
recogni ze_t hat ot her pul se_shapi.ng circui esi gns co al so be, use

Wi t hout d%wrsvéw@"ﬂ%%mem%@f &@é%étcgmdglﬁﬁﬂ @% atsrloftpbeg RYRH: eV arsity. 3. 4
Qjger | t nglbgidnRUIALIsRol $hat THEe bXaRhBORME dtdvaRe fHesRtdRRY RRRYE @y provi ded
for purposes of illustration. These inplenentations are not intended to

limt theThnipgentiopris ngj Hresdalodhesgsmbaeiatcati o, swdich meadulegd KRiaghttsy or
substant! aldafioh P N%Rdd CaidaRRthy RRLEhrialy It shifc RPRAGRALich on T SONS

skilled i e relevant arts) based on the teachi ngs contalne erein. Such
al t er nat eFMnPMe aeh'tl4)"i roers efrdiofinwintstiieseribbkinsedppas 3:3-3pi6rd 4bowé. t he present
invention. 4.3.4.1 olultiple apertr~res

3.3.7.1 Operational Description.

25 A reference signal 3106 is gated as a result of the application of an oscillating
signal 3104, and a signal with a harmonically rich waveform 3114 is created. The
reference signal 3106 is a function of the information signal 2702 and may, for
example, be either the summation of the information signal 2702 with a bias signal
2704 or it may be the information signal 2702 by itself. In the AM mode, the

30 oscillating signal 3104 is generally not modulated, but can be.



In an alternate enbodi nent of the invention, a plurality of pulses @r()enftaszgg:j
to create nmultiple apertures fromthe svmtch nodul e. The generation of th
plurality of 25 pul ses can be through a nunber of techniques. The purpose
of using multiple apertures is because of the optim zing effect it has on
the anplitude of the harmonic content of the output waveform Looking to
FIG 78, iWOdHMIife seen that a |ocalsgoseillator 7802 geneP@l/EE? &M 27
oscillating signal 781 0. For ease of d| scussion, and not nmeant to be

o719, 0, oS Ll 3580k 00 bE SR BB ey B S ST 1012

- 78 _ 780&ianSlpi mgwafa mulss,esr ?I&O@tﬁes cpollim@ds taudaaemuﬁit:i wa\e:ﬁapertlmrae

generatl on duI e %8%._'&: WOU ut re%;i It| b ?energul}l n nodul e
7806 is a gf r’ﬁ&e meet pI e pu 8852 gy ’|cﬂl§ th ses 7804
is seen beItmgela@aﬁleEtﬁ(@ﬂwblyremgntzleplhsapl@pleﬂtluﬂh&it@ngﬁl’haﬂarﬁdtl&lmmﬁiﬁﬂlﬂbﬁa(ﬂ&()6-
String of pulses 7804 is then rout ed%too one, or, ehred_el ags 7904(i). FIG 79
i1 ust rat e8NS APEV I PR POBA(ER) N %?%ttgsw st PEYEPIEER ng of
pul ses 7906&{@)tionfthatStpeetetiayReiosh bk pen@hcP Ut S@Ied INBLiR) asistariddbet@nti al Iy
simlar to string of pulses 7804, except that it is delayed in tinme by a
desired pettse@f disguspipg thﬁteﬁurr@@énmzwaaﬁ@rm el bejesed yeepiestte wagefofmspul ses
7906(a) ar a i f

il 01 pl o pal L S EBHAR e e Rl et MR TR SR i ng o
pul ses 780mahars sabgantisky squdreatheaerer Yiriprguiar wane't witereffdrae thdse mavcfeﬂna;yed

string o ul ses 7 has I Si,m,l arl del a h as a

del L@ 7904 %arﬁlsg%%ﬁgigl? ma ullarll’gaq@ft eptﬁfrge%m%d‘ﬁﬁﬁvodtggf’?sg éﬁ% g’atto Create
n' " del ayedrestbdtagialdy apullss,emd 190 GoNthe iMédiaxT tisd pricsegt ﬁfvexptwnste& alf@fectand first
through n"" delayed strings of uI ses 7908% é"(jfgl 7906(n) are conbi ned by
"NOR' gat e P84 3Vt FipRgle ¥F Vi B iﬂk@ g50¢18%Es °% 's created having n + 1

pul ses for everyheygdaewih a&ammam riobhaesorf80414, bbinfiBQefehbdipta @lces a
pul se train 8002 that is one pulse per cycle of strlng of pul ses 7804.

Similarly, hgmsgicalyy 'tl?lailgﬂaébbl& iS|a|Ceg%rrug%%ﬂdt%%@ﬂ@égfo&rwf@wr@ﬂmdestr. ng of

pul pes 78%ai%nawnsc@tﬁmfeaerég%nal it fs; o %sar,t,m@ﬁ P $ESnPEhbIINRLR Of
string of pulses 20 78 pul’se train 8008 |IIustrates four pul ses per
cycl e of sth«:uhagn@ﬂchiulr%@gnwdl"r anga albp@n%?élwrp@tamgM(y@Vﬁﬁomsﬁsata@ﬁ five

pul ses per l e aml sired

out put f req%fé%by Ql(atslmgl%é 8&1031&9 §’§§e’ff§%g§5%¢:33 %pj e?[ﬁrg&st ri aﬁﬂé ‘(E)V Pp%l%ses is
180 MHz. TlsnussomtaheorhpcﬁrtehtsHaumummqs) ak fiefpendes ithae dirdh artegeningyltigind of e opt i num
pul se w dt E{ng meq q U| d&e I O L;}“ nrgieqf in u'vvselvefoZn§0f"thl S gur}eerf ! (])c L ho gft t he
period of f % of 5 pu ses 804" hi's exanple cH of "tE“Rddi ti onal
pul Zes ar eﬁs@mamast)edhﬁsr bamntonealleach mgnamall Beis lsymaoqed roff @ﬁlumﬁdaﬂ sigralegiual to

t he pul se and, additionally, .th each ve a p width that is
subst ant i a\I‘NF@“eéﬁfﬁsa'ih“ttaée WFF@erp‘U&QBJ%P%%ﬁ%{VS‘FaT‘%a%%&CY Oglté‘ﬁ'l ng of pul ses
7804. FIGs. 81 thyseuidheBh thé tdishfiods) g rawgaﬁ&malt&ﬁatu@ldﬁgaomﬁkhtspl e
apertures per 30 cycle. . In FIG 81, the MHz harnmonic resulting formthe

use of a sPHEIvEeERIN sEnbjeatiops ef mogylations (epgui @\é and 45K, §dHond AN, skdWiYby a
spect nun 8{02n io@ed: Eg’mltg@eou&?e IQQQeSMZi‘{ZteIIﬂ%r@MHOGHﬁé?@“tEé Q&llfa?lﬁénsfg'ﬂﬁ use of

two pul ses per cycle (t. ngu se train 8004) i's shown by a spectrum 8202.
In HG 833 ¥4hwmapbdo mneiz:lamir frise attergafk tomhgdingants wHebw gppapdnt titypetsonsul ses per

Ve oo i a8 A e D s R NS0 et harroni e

resulting formthe use of four puI ses per cycle (i.e., pulse train 8008) is
shown by a spectrum 8402. 3]512 ct § ecr tl MHz harnonic resulting fom
the use of five pul ses p 5 (’iaé)s 6’u|0§e train 8010) is shown by a

spectrum 8502. FIG 86 il I ustrates the relative anplitude of these five
spectra, 8102, 5 8202, 830 40 and 8502. As can be seen, .the desired
har moni ¢ anpl i t’El%FeS"Y‘ECthéa% ‘éﬁﬁe PIEN] HYER1 el CRBPHE < rstiBYsed as a

function offiddhe seR®RIHuCS11BU %ﬁopﬁbut@l@b edn onussamaﬁ@ﬁwm A0y ht ude
cv~l 1 be anot her consi deratl on during desi a transmtter. An

al t30 nat e eafroenersaginl 8 Y06 irppplied tonde rﬁiﬁtrﬂﬁﬁ‘ﬂt& l@grﬂfém sgfich Fedelat3d02. si gnal

Generally, the reference signal 3106 is a function of the information signal 2702, and

may either be the summation of the information signal 2702 with a bias signal or it



10 is shown in circuit 8702 of FIG 87. A string of pulses as shownjigmiRI®]
90 is phase shifted and inverted and the two strings of pul ses are conbi ned
to create the bi-polar string of pulses shown in FIG 89. The effect of the
bi -polar string of pulses is to suppress the even harnonics and increase
the anplitude of the odd harmonics. This output is showydn &he,,88. 15 5.
Arrcplifivepot4téodul e. 5.1 Hi gh Leygl Description. This 'section %i ncl udi ng
its subsections) provides a high-level description of the anplifier nodule
according to, the i 1208y itdel¥, AATdnt €HIbBAImeaN®f ihkiig@hiion al s

descri bed™4t b%t %lgﬁ?@é\%l glé}lﬁg?ﬁé}, ggfer uctural inplenmentation faop achieving
si gnal 20reait Bf14cat looxied Betdescihi iefarease wanwl ghRq wkthe swHEl 35k utRur al

i npl ementation,is cribed herej i1 ' d Ang i s not

li miting. SCARHEPES :g]ﬁﬁaorf,t et%“'ellgcglr@!&gehslésggoejs%r E&eréﬁ}? hytaﬁ?géa[s;ggzﬁiﬁlon can be

achi eved ysi&er, any skiuederthofelsanust(sreall reonghimsirt ati¢rorise aphodanenithi ch i s

described in this section.. The tails of such .str rali»i gpl tations
wild be a@ﬁ&rvékﬁfe”ﬁéhepsé’F%[@nlé‘p‘étIgilﬂﬁé’&?yi Iﬁ)tt% éfFlg{hel\g/%r# &gl;dtésil)lzbgqger on the

t eachi ngs .50pLal pefsedBd8ERil D1185. h dh dlpeaetdndnalmdeste ipeitohvaléveh t hough
the present invention is intended to be ugﬁeig W tﬂ(wt rtequi. b N9 dule

anpl i fi catheanferenprepisnak@yObe OPRIRTEP BrsCoitePus 1 1P 198 BBt BN f t he
gre_sen'ltDI i @;{&Mi on wherein it ~s being used as a transnmitter, it nay prove
esirabl e

Ganplify i G!  ~'~ iD-3 WD 00/241i6 ~_ PCTIUS99/ 24177 -80
t he nodul at ed shgnatallatblefsmﬂ_él351t04i1§0<?ﬂ*‘§?f§¢ﬁ0t@‘§69mf°r¥ l%lbﬁﬁgogﬁﬁdm%ﬁ’ent of the

i nvention erein.it is | n e SmdStiabl 8 -g'htgr{'gal RRAURCE fiPhoR
fré‘huency‘%ulﬁhg@g' cociﬁr)l%llrag%’o?l, l&?et gi\rrl\/gymgtli S0 be ?jlesi ragllg_e to anplify the
resul t ant ppidgRRY, Bt 4 bersoteskitled if tieguetavent. arkbewrlk gesogeine fhat fagfe @8e about

for a nunber of xeasons. first. nma i r f signal is
too | ow t 6MERPPERE ‘t’fF‘Fée‘?jéQ? P&cdﬁ?jgle.é{%gge%b(;ﬁéla?a%g]Ergg%eg%%urgée&%aﬁgpgresi red

out put fr eguentitulasedy Biitythbicghilinet at idvernibeal bdreinf rqueritiyting sigre 36&ci | | ati ng
signal that controls the switch, A third reasqn nay be that ape of
the har noseeh¢ pyinteidel Saypa @B R fat {”[aﬂ%ﬁ%rn%? it ﬁ&%fs%?’rtahggﬁ‘ggi red

har goni ¢ i Lo b tRBodik redveE@Se, Ih er aldfertddatmbbdimangplit twdd &k ¢ he
bi égsT})ref ercérrlltizngwésl Snalptad%tler mnes 10 the anplit

N Ne | de of tﬁ‘i Qar ni cci;\lly rich
si gnal whirettarigslapegenThatosei Hamguaigiy 3694 eEess i eiicRi3 LRty S'¢s8 sect i ons
3.3.6-3.3.6.2 and 3,3.7-3.3.7.2.) Further recall that the anplitude of the
har moni calqpf/n'ri ch signal directly inpacts the anplitude of ,e%ch of the
har moni cs. ( Seaht hemegisally veh signas b4 dsaeribed fn segiien, 3y 1 above 15 Tound at

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

amplitude of the harmonics. In other words, the AM is embedded on top of each of the

harmonics.



In the second instance, if the frequency of the oscillating signal jifsasPR 7903
relatively low 15 conpared to the desired output frequency of the

up-converter, a high harnmonic will be needed. As an exanple, if the
oscillating signal is 60 Il~IHz, and the desired out put frequency is at 900
MHz, the 15'" harmonic wll be needed. In the case where i/T is 1, it can

be seen fFOHY#4Bfe 6000 of FIG 60gfhat the anplitude of PFWéIS&%’“”harrmnl c
(A 5) is 0.0424, which is 21.5% of the anplitude of the first harnonic {A,

0.197). 20 Efaeﬁescﬁwmp@fthm@c%?&mwb@asrsugmrﬁlgu? agm%&'wge%efor the

de5| red use, and consequently it anplifi circunst ance
wher ei n tSMetChn?p\llﬁt igdéopsh,"t the womlgude whyhndednencdly aniplsigrabdlilé mhen t he

shape of ADS.BRLTRNLAALIC Cicaa! 80R 218 NabnaiChl SREERRIGRE % BE OV d

har moni cs ™ w e for i he desi red purp exanpl e,
t he 25 hajammﬂceabdityh Bibﬂwtomegnm "dlcsecguthstoatpmmﬂz;ofttlm anghlnardmeandz gi ven the

exanpl e gbove where the oscill at nal is 60 red out put
o gnal 1 eate RS S G AP i Fee S Tk T Gk e 182 00180,

This is Skghighmantily ih @eembbdimchf)Car@NBL iakiptidefortihe hdfnonidiRy Rl ¢ of the
"O 1" rectan uI ar wave {shown above to be 0.0424) and can be mathematically

shown t o Shsa H%WO@W%%QONF%M@“%PfEhﬁéeC:E’Sd iyt ﬁéPQréﬁﬂ czes9 velkefor r i angul ar

wave (Vm'tﬁé"eﬂﬂ%d%lé{%@here?-m% sedoﬂd¥ h§3 l%mhﬁectm@ eﬂcémcblagrm 19f the
triangul ar wave has an anplitude is er than earrplltude of the 1

S har non¥kenothe tomllatmgﬁlgnak@&ﬁaﬁwﬁ éhe swavé 3 to again b@oms"'bpdmarthmm c, the

t rrhangul wave. I
LT Bl PSR e Bl P 9B SR by ARELETRR, e
desired hmlm'tnermers@yxalriﬁ@d fTbusbeheeamm itfdeed th@hwhamc:dlyrmhu sngrel ghents such as
the filter Q%y 3 use at atlon i.n_the. oult naI %@r 'gh a desi gner
may w sh &6 6n¢§ Wgaq‘f%‘a ’deeS’l rreeecﬁentgﬁtslﬁf}? 8n%{l aﬁff} #58d in a
nunber Offrdb[&f}&ﬁy tKan s duBsthDially agull id fie tibguentpsf ﬂhebaﬁmmg sipngnalod i ensur e

rich wave formis high, A second -~s

that the anplitude f t he harnonjcal ly

to anpli fcﬁn*t}gﬁéheh%ﬁ“ égltP;PPF‘? B! Gt By o4 P LRt em O@ImePHWP%felfloth%rrpl ify the
desi red hgsdmanigut 9N Vis coMecRY 2T 88codl y@ﬂamw'tﬂe ﬁdr%ofli%ll)i Héiggdaat i ve
purposes only and are not nmeant to be |linmting on the present I|nvention.

Ot her t et s belyvese Hieaesreansoi el é Hidi ﬂerseﬁ%i signg] 1§ Stepkitledi gnal
woul d be ]1¢,.3PRAE QItt(S{ Qil fé@@ﬁuz%lﬁhét aﬁ?ohenoftahﬁuﬁlﬁ¥ gV aRtchahdfile desighs 2

Structural Descripti I n one enbodi nent, a |inear arnpllfler I's used to
anplify t#id ﬁhiﬁashqsebmmd@elrépéﬁmpresw inyeeidler embodi nent, a |inear

amplifier ~s k'r?grg%&g%cﬁtlg}%ntgaf?ﬁle axﬁg?nltﬁ?ﬁ WRQL&@Jh'M '1&?56%'1 P&?iluctoﬁggfi%n yej[

anot her enbodi nmen I'er 1S use desired
olodput smgctazis a dmdaeﬁngribedcbth@rmﬁmdmt ticti smgtch hseﬂ mls@fr sruohnad butemt

anpl i fi erl n‘nt to abfeeldapﬁar err]z;[ns{[s or Rﬁﬁf)on%n %rl?ielrrlb%%ment tw}?l%rerlr?ltf?evelg{‘ art(s).
gallium arsenide (GaAs), the module can be designed as seen in FIGs. 32A-32C, where
the oscillating signal 3104 is connected to the gate 3202 of the GaAs FET 3201, the
reference signal 3106 is connected to the source 3204, and electrical ground 3112 is
25 connected to the drain 3206 (in the embodiment where ground 3112 is selected as the
value of the second input 3110 of the switch module 3102). Since the drain and the
source of GaAs FETs are interchangeable, the reference signal 3106 can be applied to
either the source 3204 or to the drain 3206. If there is concern that there might be
some source-drain asymmetry in the GaAs FET 3201, the switch 3116 can be designed
30 as shown in FIGs. 33A-33C, wherein two GaAs FETs 3302 and 3304 are connected
together, with the source 3310 of the first 3302 connected to the drain 3312 of the
second 3304, and the drain 3306 of the first 3302 being connected to the source 3308
of the second 3304. This design arrangement will substantially balance all

asymmetries.



5.2 Exernplary Ern6orlirnent. An embodiment related to the methods) ahdP! 7003
structures) described above is presented in this section (and its
subsections). This enbodi nent is described herein for 20 purposes of
illustration, and not limtation. The inventionis not limted to this
enbodi nment . Al ternate enbodi ments (including equival ents, extensions,
vari ati on¥O W%t i ons, etc., of t e embodi nent descri be8CRASHHIZTni | | be
apparent to persons skilled in the el evant arts) based on the teachings
cont ai ned her gf a(g@ﬁt i e such
alternate enbod{] n%eﬂlge 15%%&?;1 &a?l HE?%ISQESQ%QEP%U? ?Sgar. leé%gactl%rl ‘g@f&ﬁl near
anpl i fi erondesiernif beapaadoras ponnedted tmdhdﬁrsebmaedoﬁtbwm aad thzfrmherfmderofcorrposed
of solid tate ectronic, devi ces n the circuit. at one or
more poi nt's SaPex! ﬁo&m EIBTSE t8$“e S§u?r¥da{ﬁlfu OF 5‘1* Sﬁétgﬁ\/\;rb%p?rﬁ%selorf\%en‘ieﬁléﬂ will be
apparent ik incﬁhsef the Bpparémnt’ apertufre] oBthWPuRO MddiblBactudACThéISQM2#sI Ridtr 82 per sons
skilled i ther vant a % ASShOV\ﬁ]In FIG 47, an arr[.)llfler nodul e
4762 rece(ir)]t\/‘%rss"%it &S ?‘é‘{ﬂﬁle TR aliRpE P bR EPRRCH 0 PCRABS 8K IpLitnsthgn
anplifi eqengﬁa}t(sﬁ% It would be apparent to one skilled in the rel evant
arts) that a plurality of enbodi nents may be enpl oyed wi t hout devi ating
fromthe scopél“hamtﬁuh%/b?ﬁtofdhe il m@ﬂ%ﬂﬁ@@ s.eddrechirmenicaldr efnsigml 2. 1. 1
Oper at i ongl 4 DERSE [0 lBe3I%A niedaayiqaut signal can be amplified in a
nunber of ways. Such anplification as described mthe section my be m
addition to the techni ques described above to enhance the shape of the
harmoni cal Iy rich si,gna ul seg, of the 10 oscillating signal that
causes the switch é?qg?:l g’éée)‘%gﬁ" “ (e”?rﬁ%gl ‘2691 2 Structural Descriptioft. In
one enbodi nent, a linear anplifier is placed between the bi as/ reference
signal and the sw tch nodul Thi.s will increase t anpl i f t he

i gs/ r ef er encé'Ssf écﬁlési‘idr%ﬂ‘ée 3@6 Q'P@é‘%‘ﬁadrwrﬁ %?Séi ]§'Bd‘ﬁﬁté°“a 1 HH’ of the

har noni cajnbpdinieal o tt@natentibatisdssa dmdre Su4t pYEn @karhfle, Sith&Mepdul e. This
wi |l have the effect of not only raisi n% t he anpl i tude of the harnonically

rich sigrdf; 18t et nvegr%lcﬁup%ﬁr@émpﬁ@uaﬁm PRSBISGH thel RTORer, KRNI Cs.  Some
pot ent i alepfyolinteRis dHthPdunidirS467pag] TRt aés%rlbédﬂﬁel@»vplﬁoweeg Ris ﬁﬁﬂ& ef erence

signal may exceed the voltage design’limt for the swtch in the switch
ci rcuit; behmdptons ihat dhdsy exjrapies pigriapvidwinfoigllevtatio pripeseswinlxchTeeércui t may

hq e an 20 anpl ;Séldgﬁmﬁéh% HEXE SEHSH; I;@Iﬁ?vol tage design limts of the filter;

and/or unwanted distortion may occur fromhaving to anplify a .vide
bandw dt h signal. A second enbodi nent errpl oys a linear anplifier between

the switch nodul e and t?gé,]b}eg;ton rbgsm ), raise the anplitude of the
harnmonically rich signal™~l 'l v

An "I" modulated signal 3404 and a "Q" modulated signal 3406 are combined

and an "I/Q" modulated signal 3408 is generated. Generally, both "I" and "Q"

modulated signals 3404 and 3406 are harmonically rich waveforms, which are referred

20 to as the harmonically rich "I" signal 3404 and the harmonically rich "Q" signal 3406.

Similarly, "I/Q" modulated signal 3408 is harmonically rich and is referred to as the

harmonically rich "I/Q" signal. In one embodiment, these harmonically rich signals

have substantially rectangular waveforms. As stated above, one skilled in the relevant

art(s) will recognize the physical limitations to and mathematical cbstacles against

25 achieving exact or perfect waveforms and it is not the intent of the present invention
that a perfect waveform be generated or needed.

In a typical embodiment, the harmonically rich "I" signal 3404 and the

harmonically rich "Q" signal 3406 are phase modulated, as is the harmonically rich

"I/Q" signal 3408, A person skilled in the relevant art(s) will recognize that other



rai se the anplitude of all of the harnonics of that signal. In an al tjef &t 803
2~ inplenmentation of this enbodi nent, the anplifier is tuned so that it
only anplifies the desired frequencies. Thus, it acts both as an anplifier
and as a filter. A potential limtation of this enbodinent is that when the
harnmonically rich signal is anplified to raise a particular harnonic to the
desired | eWBI00RHE anpl i tude of the whol e waveformis anpl PETA 281 2el | . For
exanple, in the case where the anplitude of the pulse, AP~Ise~ is 3U equal

to 1.0, to_ raise the 15 " harnoni 0 4.\ Q - . | t he

anpl i t ude ipgdbiatign 4o UFoR? So%?@ﬂ%m"g‘ﬁ%égi@ﬂ@‘agéga@é@%u| se in

t he har nonisedinltlye Mi@hmsdegriglopt Aiating frowi the sdope pedsparifafolm ibvéntipo. 11. 8 vol ts.
This may well exceed E}hfe volta‘grre desiC?n limt off the filter. A.tBi rd

embodi nent of An SHEl PP 2 FORTISURATY PR WAV TIPIL 41O A PPFRSHCaH4t ween t he
filter anddhhg/rsgnsm4asi R simesitig. cofiposientd (Harrdstios) befrsqichdies tapdre t ude of 5
the desired harnonic, rather than the entire harnmonically rich signal.

Ot hér enbotiegasninsltilescHf he mpdampaial dreadgity| ohEigr vadegying wpieforf (hepe

appar ent g, g5 o5ihbloRd roBuhbiesy elmYANhdthisly ARI ol Al Jags descri bed

herein. 5. a Ejrrbodirrrents. The enbodi ments descri bed above are
provi ded foomppsedpo esusfidal | dignatsr at ifigauencigs Ttheis erceifsdl mewtiplearod et

i nt ended t imt. the inventi. A n odi ment s, .dif i slightly
or subst arﬁ?‘lﬁmeﬁ}&% rfge@lu?%ésg dtggcf:'ri Lrﬁel%;ehgélgsloﬁc@vﬁ él{gﬁbétseaﬁpgr Ienﬁlép hl?tgd per sons
ski |l ed i nubhintinky ehcamineas ttis) cdmsigedhs and pheodie aakefags fivantvhichebeyhee ei n.  Such

alternate enbodipents.fall within the .sco and spirit of e present

i nv8nt i on.degvel Iﬂeatt bt @~ﬁ@fﬂv\gﬁdi%§?t’é§%ﬂﬁ?s Ea%l ilgnaé%&?ﬁhg?efnfﬂ%ﬂ?tg‘f’ia al andl or
struct ur aljpéiR eraptoahitRstsebattetet'0’ tvaulart hoghas hnd Ser U@t toedlated and/ or
enbodi nents descri bed above are presented in this section (and its

subsect i orf¢g"2l. These conponents and net hods are presented herein for
purposes of illustration, and not limtation. The invention is not limted
to the particul ar exanples of components and net hods descri bed herein.

Al ternatives 20 (incl udihgSeqtirurairebPecrigidransi ons, vari ations, deviati ons,
etc., of those described herein) will be apparent to persons skilled in the
rel evant arts) based on the teachings contained herein. Such alternatives
fall within th&hscopen and usppf & suiomer ped2pisexdhkngwiv enthiogmskibeinithgj near
Amlifrer~._ 25 Al though descri, | b f the

i Toer T HERSI D er "y BFbe he B adod ek ahd M EaRUERE, Bt

devi ati ng dorpandnte drnit emdy bé pulkvBasetVefft ihorsh8lf3. 1A bubper 40D reabepts a
Descriptiotr Accor di ng

AL P TN IR LR Y e
combines them to create a harmonically rich "I/Q" signal 3408. In a preferred
embodiment of the invention, the harmonically rich "I" signal 3404 and the

20 harmonically rich "Q" signal 3406 are both phase modulated. When the harmonically
rich "I" signal 3404 and the harmonically rich "Q" signal 3406 are both phase
modulated, the harmonically rich "I/Q" signal 3408 is also phase modulated.

As stated before, a continuous and periodic waveform, such as the harmonically
rich "I/Q" signal 3408, has sinusoidal components (harmonics) at frequencies that are

25 integer multiples of the fundamental frequency of the underlying waveform (the
Fourier component frequencies). Thus, the harmonically rich "I/Q" signal 3408 is
composed of "I/Q" sinusoidal signals at frequencies that are integer multiples of the
fundamental frequency of itself. These "I/Q" sinusoidal signals are also phase
modulated substantially the same as the continuous and periodic waveform from which

30 they are derived (i.e., the harmonically rich "I/Q" signal 3408).

The output of the summer 3402 is then routed to a filter 3504,



signal at a first anplitude, and outputs a second signal at a second { App 7003
anplitude, wherein the second signal is proportional to the first signal.

It is a objective of an anplifier that the information enbedded onto the
first signal waveformwi || al so be enbedded onto 5 the second signal

Typi cal 'y, is desired that there be as little distortion in

i nfor matﬂ%’”ﬁ’%“ ﬂ)‘bsm ble. In a prefgired enbodi ment, the EEE/HH%?/zé‘]z&nal IS

hi gher in anplitude than the first signal, however, there may be

i npl ement ati ons mhggqjnyygfw§,gﬁ@1p@ﬂAhh%Ldbq2%qggggy signal be |ower than
the first signal (i.e., the first signal wl e attenuated). ™~ 5.3.1.2
Strrcctural Description. The design and use of a linear anplifier is well
known to those. s o i - ifier may be
desi gned and ?éﬁ?%%é%gébgk Qﬁ&%@%%ﬁ ehggé%&@zmpf?&ég%@{mgggb ékgurchased
"of f the Hleel Bee, aEmem:alnmiey fgoapl 2 18 ief$G al X fdteetd lidnn FIG 14 Siltet hsltSh& exenpl ary

circuit g 5 X.tr nS|stor are used | eband
ol 111 et 101 HERhE ey BT de it A T B GRS SaBlrAE Sl 1 11 er
i's scorrposcﬁa ﬁQér OBy niptaap $m$b&l°nenifsQiﬂthd fRérsison qmcamd) areC@R@scd Yelowlhose
skilled in the relev? % arts) will recognize that nunerous_alternative
desi gns rRQVeYEn Uk ghpuicst %uzdfﬁtﬁ%@ that e CrerRleL BicoppYided dorriligstrative

i npl ement@tdRNSnile StHeliRRMHSPRYS! %ﬁe@troqwesel@ﬁbwﬁlew poses of illustration.
These inpl ementat’ions are not intended to limt the invention. Alternate

i npl enentations, differing slightly or substantially fromthose descri bed

herein, will be apparenj %bq(ﬁﬁggﬂnﬁﬁﬁg%:gﬁglln the relevant arts) based on
alt

t he teachlngs cont ai ned herei’n. Suc rnate inplenentations fall within
the scope and spirit of the present 25 invention. 6. ReceiverlTrartsrnitter
Systerrt

. 00l 24 CT/.US9 4127 -8 he present
invention is fbwogﬂﬂﬁéﬁ%%ﬂ‘mdl %?@HF? “ﬂbwéwﬁvg}zﬁéﬁSS%EB g ﬁlﬁnagnetlc
fsilgnal S. rbﬂérrf@cﬂleo m@mamﬁllcalyh&hl SpaNB 502N rrjgs gﬁteﬂ%bﬁﬁ ﬁlocoaltlﬁlﬁ@bhﬁd hi gh

requency reference signal. | second enbodjnent, the invention is a
transm t BEFSC YAV Mt desbe ?}Hggoraca?lm Peh EHBRPATntS qoRred ofi rd
enbodi Mentnusdile @nipoAdsMta@bned) attneeqaé@%a%aﬂ ¢ eRfeb@NmbAiphe drsgd i n a
receiver/transmtter comunjcations system This third enbodi nent nay al so

be ref er rfeapgnigl fiepeeney Pinihs é‘&@‘ffb’ﬁtg W%‘if@?ﬁl drasd dTighthey adel deHeedconbi ned

recever / tians Het {Alkd Ghé FYhdier &ﬂ&ﬁi@ﬁtrﬁgqufeﬁ)clé’ss an "dnk AORERLNER -of thbere are
several alternative enhancenents to the comunications systens enbodi nent.

105The fonve@upmgh%@@mltﬁdélaﬁ@@w fipeuesgiss aaveragiednendnibel devisst dcaeeney exenpl ary
embodi Mentsse § OF,Gu! elﬁ%Heaﬁt/e a?c”e?ﬁ@otgﬁrﬁéms:}’ﬁ ?21’17& bt %chdfr%’@ idefstood that
Cul ar enpodi nen e

the invention is not limted tot art scri bed bel ow.
EqU|vaIenmgmtextenS|ons, varlatlons deviations) etc., of the follow ng

will be apparent .to persons._s n the rel vant s% n the
t eachi ngs conﬁﬁ?ﬁgal é?%?1°n§18 }gﬁﬁ?varmﬁ Iy ks X%%%%I emogl‘I:iga:rcé)atlons
deviation5¢hekaneram@mmbiMunhmhmn&@mpewandg&pmﬁollméwihempnasﬁnhelnvent|on
harmonically rich signal 3502 is frequency modulated, all of the harmonic components
of that signal are also frequency modulated. The same is true for phase modulation,

amplitude modulation, and "I/Q" modulation.
3.3.9.2 Structural Description.

The design and use of a filter 3504 1s well known to those skilled in the relevant

25 art(s). A filter 3504 may be designed and fabricated from discrete components or it
may be purchased "off the shelf." The filter 3504 accepts the harmonically rich signal

3502 from the switch module 2802 or 3102 in the FM, PM, and AM modes, and from

the summer 3402 in the "I/Q" mode. The harmonically rich signal 3502 is a continuous

and periodic waveform. As such, it is comprised of sinusoidal components



A0 vl
6.1 Higl: Level Descriptiojt. This section provides a high-Ievel 16 A0 7003

description of a receiver/transmtter system according to the present

i nvention. The inplenentations are described herein for 20 illustratwe
purposes, and are not limting. In particular, any nunber of functional and
structural i ITJ)| enentati ons may be used, several of which are described in
this sect YA HE details of such fgnctional and struct urd™¥§ipEEAknt ati ons
will be apparent to persons skilled in the relevant arts) based on the

t eachi ngs (GeRbAby) efan 8lcChtNfre M RAEA A alO irfedel rﬁﬁltiﬁ@?%@“ e @nchide
transmtter of the present invention is 2~ used wth a traditional

super het efisayaney pEiwsiupderlyingharpiogicalih vdh asnal 350Re The dHteni3 604 renznvds t he
receiver el - - ' : [ ex node.
ma f a1 e PR G Bl 0B B el TR TEAC Bl 230 Pl

si mul t aneealutbt yesirkd fiednentialafid dupll@heddesd odtputtsiguastdiover can ei t her

transmt or receive, but cannot do both sinultaneously. The full-duplex and

the hal f dupl eX° ABYEE (s ESHE a&‘f°§§’ﬂ§§%8“t"8’§8i"ﬁ?§ﬁ” égﬁ%‘f“’?’RiOQ’ &6 ment .

~ ~ r nn 756205 \AEqRRL 24 iltbr out REET b2 tAdnics %the&aﬁﬂ&@é@ly&iﬁh%ﬁpm of the
o]

transceiver is for the transmtter of the present invention t e used with
a uni verséﬁozfrequency down conversion circuit being used as a receiver. In

this enbodi mentpd Remt TENECRENQH rbedsithcl Mud Jtahé EuBl &%qimES of And hird
enbodi nent of the transceiver is for the transmtter of the present 5

i nvent i ondesgehautgytesignal 8 H040 di Radirapaier Pandguidfc \-avbig a¢ §H eFsoreed rcui t

whefe the t.r } LR a I i nts of
EhD £r ancabi@HERIAE] 306 HEAR MllcS T Bl £ R o B ™
| rr epl er newergyastithat fRquengy 8602 Wdranguitednibbeh, therftasdweltlad @ 4t diatfipeweret hods)
and structur esChhb a | ary oper at.ipnal. and/ or
structur aftH? %'?gel}rcgnfgag ilg oaﬁ)gmr %‘g&%%f?ﬁgg é&érx Vozpi I?rOeS%]l# fs)e‘ allrge 5%5)3%% ed in
t hi s sect friequef@ndbiztts bantbyadiht 3604 39 defihbe se”" @ badshent & FERBgpifend ', and
nmet hods are desgri.bed herein for oses of illustration, d not

i tati oS TN PHVERF R penist 1 Mif B veBe oh SuuTdisol Heit® B0t o ¢ he
pard i cul awidSheyappt f%cbn 60APARRNES aaf gamiBliROGsdRSC Oshrdnberdel &

Al ternatives (includi ng{ﬂeqw val ents, extensions, variations, deviations,

etc., of tHhosd Uead¥sBRE: herein) will be apparent to persons skilled in the

rel evant arts)rhasigs bR IRREMNNASs eQNtAkRED i_kbeﬁsemgb a>pP6Rivdl LRr nati ves
fall within the scope and spirit of the present invention, and the

i nvent i onpiegliqehtberrdedn adivdappbetion aphenvemsiichThd peperstafvibs filton 6. 2. |
First Embogimenh kP Qut tedldwihiutafhols 6 88 RLASAEaly LEk YBRIL | Al

20 circutts are tuned to eliminate all other harmonics except for the desired frequency
3506 (e.g., the 900 MHz harmonic 3602). Turning now to FIGs. 37A and 37B, we see
examples of filter circuits. One skilled in the relevant art(s) will recognize that a
number of filter designs will accomplish the desired goal of passing the desired
frequency while filtering the undesired frequencies.

25 FIG. 37A illustrates a circuit having a capacitor in parallel with an inductor and
shunted to ground. In FIG. 37B, a capacitor is in series with an inductor, and a parallel
circuit similar to that in FIG. 37A is connected between the capacitor and inductor and
shunted to ground.

The modulated signal at the desired frequency 3506 may then be routed to the

30 transmission module 3804,

3.3.10 The Transmission Module (FM, PM, AM, and "I/Q" Modes).



Being Used irt a Circuit ruith a Superl:eterodyrre Receiver. A typical 5 APR 2003
super het erodyne receiver is shown in FIG 49. An antenna 4904 receives é
signal 4902. Typically, signal 4902 is a radio frequency (RF) signal which
is routed to a filter 4910 and an anplifier 4908. The filter 4910 renoves
ali but a 25 frequency range that includes the desired freguenc and the
anplifier W898*8fSures that the sigpgl strength will be SBET éﬁi "for
further processing. The output of anplifier 4908 is a signal 4911 A Local
oscil I at or 4914A9Q1”s%%%t?5ab6% Ocﬁg'rhcl)(ﬁﬁdtl'ag rﬁb&”%lnbé‘c%i‘r@ntéhbﬁlfhe' T AT ned with
signal 4911 by m xer 4912 The output of m xer 4912 1s a signal 4934 which
is 30 anpl plfefee@bbyseamtrmhssmnémodﬂgfleﬁeami ani dxpapled triyprassian meduld 823, The

pur pose of iki 24127
4918 is to”gﬁgtgg ?% ?m%ﬁ ‘?5%%?%1“F%§.gn %éﬁgé%§|§mgu?f|C|en?R%

further progesditagsmiasich tnlneu puRpdseFli. 1B | ThertraSdBsios rh@aluteeRmpdontaie
unde§|red fre enC|§ A second OCﬁﬁ%OSCI||ator 4924 n@Hetes a second
osci’l |l ati nﬂl FamREYEIHE PRy N8 & n%drwrflﬁ“%én%% fietf PP ed signal
4934 by a glipseits 4927eroukheentialdpitintsOf ofS thE X@hinsf7on Smedignal #Rhpiahgai n, an
anplifier 4928 and a filter 4930 ensure that the signal 4936 is at the
desired anpPpedimentamd freinemeyionTRed e 1508 i FdCsid§nare ideseribed bedited to
decoder 49§8wm@resmﬁdIb@tlﬁiduseemeaﬂtﬁese@xﬁﬁ?ke%é Br&mealfer hasehard signal
4938. Signal 4934 is referred to as the first intermediate frequency (IF)
signal , anehn@espynalhaggertios iyt dmitedtatbesgsmbhdimsatsond | F signal . Thus,

t he conblnatlon of local oscillator 4914 and m xer 4912 can be referred to
as the first I F stage, and the conbination of |ocal oscillator 4924 and

m xX&r 4922 can be referréd.Mo as tGeergoeohdeicHpsbomage. Exenpl ary frequencies
for the circuit of FIG 49 are as follows. Signal 4902 1~ rmay be 900 MHz.
The oscillator signal 4916 may be at 830 MHz, which will result in the
frequency of t hfenfoidnlﬁted|si§n$liagﬂﬂ|dpsxﬁid@fb@her1493@02 heaktwptedtand @& dMrgmitlell t he

second osci | | tin si gnal 49 he second, | F sigpal, signal
3636, woul b Mg ooy PudubREye] G eyt BoedasaaoRE
frequenci esointCabier superheterodyne recei ver conFgurations are well known
and these can be 20 used in the transceiver enbodi nents of the invention,
Al so, the exenplary frequencies nenti oned above are provide for
illustrative purposes onbky,pand are. nel-q b&ckhhgh. FIG 50 shows a
transmtter of the present invention in a transcewer circuit with a typical
super het erodyne recenmec . Accordingly, FIG 50 illustrates an exenplary
transcei ver C|r i b - : r I cei ver
ggle 500l , %H%8ﬁ£F§Qf““?@ﬁé??ﬁ@”%@%ﬁéé%gﬁﬁgﬁggr gﬁ%gﬂg ]k ei ver
confi gur at3&@ﬁ [Ehd imhindd t¢ se tosdniined thbevghe Ji igmltrrwahx;cremtmem«aigh@nl ncl udes
atransmtt h is.describ W, t he F d P|vI
modeoan HIPBTHAAT S O Brar s G0a UM GLE S R i i R ¢
pr oduce tHﬁe@@ﬁﬂhba%nmgmﬁmgmabmSDﬁﬂkfEmehdﬁhnﬂ@zﬁb@ﬁ@khﬁ@@ﬁlhﬁyB@ shaped
by si gnal sha er 5010 to,.produce a strin | ses see 1 he
di scussi onf4f 6%39865Wﬂng‘?WEr%@ﬁ@fﬂ¥§% fm%ﬁﬁﬁbﬁiﬁeﬁﬁgﬁdéﬁﬁﬁFyvm¢he string
of Jpul ses HRO8vibrbabesizé Mt subtiRshPdod Redfindy bkRsddie FYI/PM nodes, a
bi as/reference signal 5006 is also received gy switch nodul e CD12. The
out put of switch nodule 5012 is a harnonically rich signal 5022.
Har moni cal Iy rich S|gﬂﬂlaﬁgggm @”§ggpgh§ed of a I~ 1=~ ~ 11 WD 00/ 2al16
_$8 PCTI US99/ 2Q127 plurality si nusol dal conponents, and is routed to a
"high Q filter that wll reane al | but the desired output frequency(ies).
The desired output. 0 I L& 016 and
routed to a tréﬁgﬁlé%ﬁ%ﬁgﬁgﬁdﬁ(géﬁng ‘%ggeg¥ q%E%H§%1§%F§n si gnal
5026 mhlchTMxean&eduMGmaadupﬂexeﬁm5®20mnTh5mpwmmmsthérﬁhphnwmmmen 5020 IS

t ' ant t Ly f d
{ransm el 8% SRate e Rut PO ¢ Pub@iPente) gl wopikde "0 "

25 software, software/hardware, and firmware implementations of the systems and
components of the invention. Alternate implementations and embodiments, differing

slightly or substantially from those described herein, will be apparent to persons skilled



transm ssion signal S026 is a duplexed signal 5028. In the AM node, t.]h‘e[.pp 2
sanme circuit of FIG SO applies, except. ( 1) an information signal 5030
repl aces information signal 5004; (2} bias/reference signal 5006 is a 10
function of the information signal 503G and (3} oscillating signal 5002 is
not nodul ated. This description is for the full-duplex node of the

transcei v&OGlR3&HEeIi n the transmtti ng poertion of the comBRTAEYHE syst em
is a separate circuit than the recei'ver portion. A possible enbodi nent of a
hal f - dupl ¢ i ri el.aw, - er. nhodi ts,of .the
transceiv z'%r( t}ge;) gaﬁ‘é@% %gt?sg . l.‘>|£_§o? ogx glg}pieg?h%f—qbs‘lé(?n@%;thgrregl ug hﬁ%;f] Daltelnfaﬁest rate an
enbodi nentmpltmeiliatidns faisethiv €re sebreraaid npirit oty pleeerd ésienitéch, f or cost or ot her
considerations, for an oscillator to be shared by both the transmtter
portion and the receiver portion of the circuit. To do this, a trade off
must be mgde | HaagbREEnRGdelrend r equency of the oscillator. In FIG 51A a

| ocal oscillator 5104 generates 20 an oscillating signal 5106 which is

m xed with signal 4911 to generate a first |IF signal 5108. A | ocal

osci |l ator 5110;9engLates.d 3650, oscillating signal 5112 which is m xed
with the first I'F signal 5108 to generate a second |F signal 5114. For the
exanpl e herein, the frequencies of the oscillating signals 5106 and 5112

wild be | ower : : ' - Slanal : and. fi : signal 5108,
Feshectively. [enactiif (iofRRNRL ShsBluch ORRM ARt BRbbleba e o
because t hanwhxenbandéShéhtanardif@ R the pmbant oehtidrhdnparicand pulse siipidfger ence of
the signals. th receive, the oscill ataor frequencies coul d.be higher than

t he signal® ??’Sg% n iae%‘{gﬁ'lﬁ/sel‘de@é?’i %é%ucﬁ Ia[ HEPERSRIBIn g?)ro?/cg',‘evé{’gt Sbg‘l cal
second | Fpfoteqiedteyribes afld hilvhzevellMEhis eheeirhdmptdnentitisn Ishdcbére@uaney i s | ess
flexible than is the selectjon of the first |F 30 frequency, since the
second IFfOFr”é‘ﬁH%th"(?y’“F@S‘?soﬁl‘i d DPIINIIGR c GRartihisy eﬁ’F%e%sinﬁfélbeijén @enodul at ed
angh decodggy oY eachive QRO AL RILS: m&ﬁ%@ﬂﬁﬁl§m@rgt§tid§1ﬂ‘§§drﬂ{b?@vhﬁéﬂ receive

signal s at a predeterm ned, fixed frequency, e.g., X this is the
case, theisctaribedtip dhis gecticRe Fher datailspolsjugh siruaumB iraplementiations oot doe
oscillati J St ; i : .sqcond | F
Frecuency 9 1 PE Reenl T Prar PRem RGN bE 8 Bl i

PCT/ USQ9/ B¢ia7 -89 received signal 4902 was 900 MHz in the exanple above.
To achi eve the,sgc I.E. .Si I Ccy.c0f 1 : fr enci es of the
oscillating silénlgl g&g%lt atah(gHQQei%go\?\eﬂﬂeg&sé)tf glte égr%ﬁ_t‘ﬁ%qzﬁrg:ﬁu °5 %ﬂ?l.c Bef ore
sell i ng t beahceceguentbiess ahertehodisentsldationg si gnal s 5106 and 5112, the
desired frequency of the transmtted signal nust be 5 determned, If it,
too, is 90G MHz, then the frequency of the oscillating signal that causes
the switch in the pfesemipeidivRiMDBRijpnopen and cl ose nust be a

"sub- harnoni ¢c" of 900 MHz. That is, it nmust be the quotient of 900 MHz

di vided by an integer. (In other words, 900 Mz nust be a harnonic of the

oscillating siphakidrh@atdettany @fe tdeBerdidd G JexttiRioh adl BarkBhRW hifi el 1 St Of
sonme of the sub-harnonics of 900 MHz: ” sub-harnonic freduency 15 900 MHz

o"d 450 3PWprEgobein shapingsths: wayeggyms to enhance the harmonics, the following
discussion of Fourier analysis as it applies to the present invention is offered.

20 A discovery made by Baron Jean B. J. Fourier (1768-1830) showed that
continuous and periodic waveforms are comprised of a plurality of sinusoidal
components, called harmonics. More importantly, the frequency of these components
are integer multiples of the frequency of the original waveform (called the fundamental
frequency). The amplitude of each of these component waveforms depends on the

25 shape of the original waveform. The derivations and proofs of Baron Fourier’s
analysis are well known to those skilled in the relevant art(s).

The most basic waveform which is continuous and periodic is a sine wave. It
has but one harmonic, which is at the fundamental frequency. This is also called the

first harmonic. Since 1t only has one component, the amplitude of the harmonic



10°" 90 15'" 60 Recall that the frequency of the second oscillating signal
4926 in FIGS. 49 and 50 was 59 MHz. Notice that the frequency of the AB 7103
sub-harmonic is 60 MHz. If the 20 frequency of oscillating signal 5112 of
FIG 51 were set at 60 MHz, it could also be used as the oscillating signal
to operate the switches in switch nodule 5126 of FIG 51B and switch nodul e
51 36 of FIvwood4ife |f this were done, the frequency of thecf/UsmwR4RF signal
woul d be 71 IviHz (rather than 70 MPB-in the previ ous exanple of a stand

al one receiver), as indicated below 25 First |IF frequency = Second IF
frequency PTSSEEHE waal tp theranpiitydedd thermeiginal wavalppn, Legtheppie wave itstfy The

frequency ofe davdveliShor 0esidet @tth BY "Sir@bALaIBEAE can be determ ned fromthe
values of the first IF frequency and the frequencg of the received signal

4902. In this exanplpslse3minhs flicegthencsrtismet paser eb e \rsdodic garetpn. 900 | Vi Hz
and the fr - i I g . . t

frequoncy TRMERENGEY. i} RSohdifitly bfhae A8 L A, fh MiemlBELSHALT: 'S

i ndiscat ed daet siwws that there arer harmomcAND DOMBUIDES of tIRCTEAUSS/ ZEHNR TmpBiBe.Fi r st

oscillati frequency = Freq.of received signal -. First |IE freq = 900 MHz -
71 M = 8ot g O BR T e E e e TheT e ey HE Y S IEE %106 and
5|nt1)2dar e 80§, Dir1BeEF amd 64c.5 Aé—%d e atrﬁﬁg'scdléovﬁiows ilnlnthi%l fartibdlB; czish,eté)elw

enbodi ment i s. shown. The second osci ti signal 5112 is routed to a
phase erdLﬁr%ﬁlkS‘l‘J‘]’Sc\i}mzfﬂl ﬁﬁ&‘reehaﬁlo‘?‘%s S It ed By ?”ﬁéeq’ﬁf (jjl\aﬁﬁ‘t“i“%lysli“'é‘nal 5120
to gener at@,ardeM Bitgnablieital: inBMcstamal 5433 nslopy.ed to a_harmonic
enhancenment nodule 5124 to create a string of pul ses 5133. The string of

pulldes 5133 10 4 goas pical prvefermmbdretaeguial yaw, vaneh iss2 swiss of pubsause the
swtch in %&%?ﬁﬂc Wﬁp&ﬁ: Dl [AIOPE u@éﬁg}d@d,%er"ﬁﬂﬁghfpérg%?gguﬁwihCh modul e
Ia nmoaul e IS a

5126 is a signal 5128. The output of switc
har moni cal thy waveforrsi gillahav 1B Acriddn("Fl' G/hi®L G, the Hevewd efrthediremncyi, s.eshown.  The

second oscil/latin gnal i I he har moni g _ephancement
rodule 196 5 1Pds kOB PR BEobe PRSE Rl B IR GpE BRANECTE "5
(not nodul ratietbutad wae s therbqdirawate) whhenhesipe ss @ asfiist stie f@gyhighpb36 wher e

it causes switch to en and cl ose. Al so enfering.swtch dul e 5136 is a
r efldr ence tg? it a@?‘%&%@%‘?%ﬁcl@ aE%ﬁﬁ?OIlaétageréﬁt’éagby%?}dﬁit I8l e 5130
by conbi nimg pileé andmtd gericd Gmayl is 91200wict Forhik @8 rédtgalar Hlads, olter thanwel |

known to those skilled in the relevant arts) that %he i nformation signal
5120 may FEUYIE 3@ Vess ae ically referred to simply as "pulses,"” and have /T <0.5 (i.e., the

signal will be "high" for a shorter time than it is "low"). The mathematical analysis
shows that there are harmonics at all of the multiples of the fundamental frequency of
20 the signal. Thus, if the frequency of the rectangular waveform is F, then the frequency
of the first harmonic is 1¢F, the frequency of the second harmonic is 2¢F, the
frequency of the third harmonic is 3¢F, and so on. There are some harmonics for
which the amplitude 1s zero. In the case of a square wave, for example, the "null
points" are the even harmonics. For other values of /T, the "null points" can be
25 determined from the mathematical equations. The general equation for the amplitude

of the harmonics in a rectangular wave having an amplitude of A . is as follows:

ulse
Amplitude(n" harmonic) = A, = {[Apueel[(2/m)/m]sin[nems( T/T)]} Eg. 1

Table 6000 of FIG. 60 shows the amplitudes of the first fifty harmonics for rectangular
waves having six different =/T ratios. The /T ratios are 0.5 (a square wave), (.25,
30 0.10, 0.05, 0.01, and 0.005. (One skilled in the relevant art(s) will recognize that A,

is set to unity for mathematical comparison.) From this limited example, it can be seen

that the ratio of pulse width to period is a significant factor in determining the relative



20 reference signal w thout being conbined with the bias signal 5128 Thg 2003
out put of switch nodule 5136 is a harnonically nch signal 5134. The Eéépe

of the invention includes an FM enbodi nent wherein the oscillator 5110 of
the receiver circuit is used as a source for' an oscillating signal far the
transmtter circuit. In the enbodi nents di scussed above, the FM enbodi nent
requi res 280802431€ age control |l ed osg%l | ator (VCO) rather RGCHRUSE248RHpI e

| ocal oscillator. There are circuii”tesigns that vvoul d be apparent to those

skilled in the rel a t art based on .t he di scyss t ai ned herein,
wher o n o npntides EUR Rk No bR ES, B 4 Be ok il TS R v or

circuit. lyavklGe 2EkBonshiesthad faRE ¢l lonlynedd 1shaaats éé%{ﬂesérﬁ) hdihd exgd by a
filter 5142, 30 which renpves all but the desired out put frequency 5148.

The desi rébat@afrﬁful?ecwe-hﬁy&klc(ye5?bmui5§awcﬁ?ﬁ B MY sa}rﬁeuamrénuq%emh@ 5146 and
routed to frARSN 5RbABs gag%@a gl% " THEa QUt Lk @fve;yf Hﬂ‘ﬂl%’ﬁe%&h%gm”iﬂgu' e 5150

is a transm ssion signal . “Transmi ssi on si gnal iIs then routed to

t heSant enrralaig0amlgndes méﬁ@rhasmw One-skidled in Ewela@osmwﬁ) 90/ 2dlesBnd

PCT/ US99I %fc')lwztg s¢ e%t th Hé)s%%d ﬁg h 'fcrrl ah?% Jef’? ! t%ona@asgé thlllel tezltjcr}]lder st and
that there areé "nunerous conbi na 1 'ons of “osci r'équenci es, hep ages, and

circuits tdoatainat [hereireetit dahells@cbmpﬂloandmtmlmntcaw aﬂidﬁey@enmeeratly aimt ifThus, the

description i ded herein is f illustrati oses and not neant
Cobe 1 B gontsog il dreffstar b dn o SR RS E P AR sh 8o e

Pr esent Irp\{@seﬁtldplrbvaglmmdﬂﬁeaftmM\olaalumw@frﬁal Frequency Dorvrt-Converter in
a Half Dupl ex Mde. An exenpl ary recei ver usi ng_uni versal frequency down
confersi on tecﬁfﬁ‘ﬁlﬁ@s OFegoRBeirfaf he SR8 hayo PYlsgl Vil df PhEBPPFANE ECHT dh 6. 3,

bel ow. An a@ﬁltrﬁg NRt IROBaRER w@f@f& hilnel G tddosRER Gt dqeiedEMas Shudiddn: 5220.
Ei vl signal O is routed through a capacitor 5204 to a first term nal of

a switch 51zmmd¢hé‘3 obchapseiubr withet sfquiingt eltbgrateo filgrisgnae cerageassirgr ound
5212 in th H’Fl ary enbodi nent. A local oscillator 5206 generates an
OSC|IIat|ng S|gna 5228 which is routed through a pul se shaper 5208. The
result is a stAnatheofacioulsssurb@3bat ththdessel karmionia hof siffieicosanplinateds 5206 and

the design of . the. 1 h 5 C | the frequency. d pul se

W doh of 0K E TG aT R AL0 Rk R Ry BF Syt EREREERSBEE Yo e
openi ng arsdoz keapdrdg tothe swtiot bigh? et cAsesthe esiith toafosk hed ep@pfehr@ge ahgl cl osing
of swtch 520, a down canver 5 resy lts conv rted signal
5222 is r SRR dHess) '@H“gaﬁb%?ﬁﬁl%g‘?f’ékgg%@“éﬁge gs%ilig t‘tngrs@S‘?ﬁ\%l 9 filtered
si gnal 5224 r psgthtisl, skitcids RS RortedsRIRoM MRNhse d1d du@icBdnhaiigNamap224 is at
20 baseband and a decoder 5218 may only be needed to convert dlgltal to

anal og or P& rtBerdiE terseloypts B ‘EPétfi%ﬁ EaBiigdint £38¢) theh 8Vigs Ebelaee- | Ahor mat i on

sigpal . ThisnhheRshcld as WY VelSRl 1ehd eAUSNEY tdoWRi:GPRNET BhRNopeRC eirker
operating in a direct down conversion node, tn that it receives the EM

si gnal 522onventoriesad leswiv det east of fishasebanddissugrian (Szwtvneanbtn by equi ring
an | F or E}m(Hﬁl?B l"q?'té}%[csagé[ ,@fh?rg tt?el st\.\ﬁ\.rcﬂ?st@%s%mgh %ngonuglhs?gr?ﬁlsfﬂ %}I gﬁdad si gnal

5224 may bé a requenc érnedi at e
f r equency ,opei whérathe t:mttohailgndesbm Heﬁodbbvep}famnt tdrmleskdbddn thlé relegmal in a
decoder, 521 .8 woul d be

typi cal ne receive t
ubed to adoudracs PHat FRECrEabeaa el fafeer S ot ao et B baseband
si gpal 522t théﬁmayerAadstheﬂtﬁcams@hWearpIngtmuﬁd@brq@p@mem@tﬂemmmw@m i s shown
in FIG 53. 30 the F errbod an informatian SI 5302
modul at es S BECIEHATS HY R Sape-8 308 i Lii Jhat el (16 S 50118 ECBhapt ng
circuit 5338 oW &ioh @idt PlétiSasAeRtdntdPomil iPUliSRS" §a3é'd1 ThER s, E?e'férélﬂy Ghe pul ses
5311 controls the opening and closing of the switch 7003

impedance through the switch must change from a high impedance (an open switch) to

a low impedance (a closed switch) and back again in a very short time so that the

30 output signal is substantially rectangular.
1t is an objective of this invention in the transmitter embodiment that the
intelligence in the information signal is to be transmitted. That is, the information is
modulated onto the transmitted signal In the FM and PM modes, to achieve this

objective, the information signal 1s used to modulate the oscillating signal 2804. The



WO 001 24116 -92 PCT/ US9912412? 5312. One termnal of switch 5312 is . . £PR 7903
connected to ground 5314, and the second termnal of switch 5312 is R
connected through a resistor 5330 to a bias/reference signal 5308. In the

FM and PM nodes) bias/reference signal 5308 is preferably a non-varying
signal, often referred to sinply as the bias signal. In the AM node, the
oscil I ati ngv&éomidgreal 5306 i s not nodul ated, and the bi as/ refrussaea2si gnal

is a function of the information si-gfal 5304. In one enbodi nent,

information signal 5304 is conbined with a bias voltage to generate t he

ref erence $FEWAING5308.280h then caliseeinpal Echetfd6de meopt andiapgn hhoidrmasen si gnal

5304 is usegd, v ﬁaB&H&te@@hthhé:Qﬁmaﬂﬁ?sPéMthS@4bx'n%§bé’%ﬁh@lﬂﬁr reEYOQP&"aldnYO in the

AM node, this bias/reference si iI's referred to as the reference 10
signal to dn@ugnnb&hﬂtshomtputffrqmﬁhpﬁeltm eiscudfi(ghathe bermebniaally Weh Figal 2810. PM

modes. ThetFSPgtPth gck;c%\{“e!?ﬂet e)ﬁl@m i RpSif3hEON {h%' n¥er[doﬁhtrge 0 DAL, 9345 whi ch

is routed renoves equénci es t hat
exi si as hatefombly ctoeﬂmmldemﬁ ofsplyasortoatitib@ahdrynonicehy sicly m@hal%ll@ chdngsd r ed

frequency 5320 i.s anplifie |1 5322 ed to

transni ssi 6" é@%q’%ﬁ@f/ rﬁﬁfeél% 8‘%? &SQgéor{TﬁgﬁLﬁq %?f‘%aggz fecg%dZG
Transm ssi @ﬂgn@ngmaizsussn@wamwtnab:yemtimay 5328rapid ﬁslalaadwb@ﬂb Medikiredor the
FM and PM nodul ati on npdes,  FI GS. 54A) f4B and 54C show t he conbi nati on of

the presento 3y BAtABRTSF (ﬁt/ ﬁehtngéﬁls%ﬁlﬁﬂe bSng2PHEIGEHY vk s alln fheetise Ay

down- convengyafe beERINMEkighl 1108 ihadifmsupkex biPde rafseidhng: tQisphesebodi nent
of the invention. That is, the transceiver can transmt and recei ve, but it

canhdt do bdt topiessi mul t aneous! y. It uses a single antenna 5402, a single

osci |l ator 5444#%4?618\’(’1%%@ t(pglo enar\ﬂrtﬁ'éxb@ﬁspgyaggég 'ﬂlé ts%ﬁal' 2%011 rr'hu%he FM or

PM nodul ati on a single pu singl'e swtch 5420
to transm tlsahectisp. MEheoswdlatihg sighd 288€ ei svelschdaicthleemtch' E&lcﬁavﬂde]p/:m arajnsm tter"
(R'T) switcg

40 d 5446I 5 5 l.n t he
receive po§{g’ 8&6” tggél}“ésggd 3B CR) A merf’rli‘éseg@&‘ﬁgpcgjépcr @acr@lo yan EM
si gnal 5404clasigndl Q&Imay hottbBaoLgill & 1@&@3@6(!1 toodns o Qe arhmltﬁcreaafﬁhd dé@ndeuil ation
node, oscill ating 5436 ner at e % troll ed
oscti | at or PRIERYC §§4g a@é"@& %ﬂyt ﬁg Fl&ﬁﬁéc2¥€ |S§1?gb‘é?r%k¥r t? HiloVecei ve
function, swhdtliAdRha0NBGE% ﬁh@r}dgnﬁutmde@estsél? MR lodddh. t AU, uimek 5448.
Thus, VCO 5444 will operate as if it r@le oscillator. In the PM

modul ati on e%%me@s‘@i‘qf?l&ttb%@W’é‘ihg?'?dIG 15&3%%% Fg@ Bhetf tbe gsgpiating signal
osci | | at or ) pfl5d, Wi GhindciedBULEHatt ROGUEhHRNGSS ARHUAL Qx Sélé@lgmﬁl g€ the

transceiver 1s performng the receive function, swtch i's connected to
ground 5448ausemidic shéele2dld faclepodad apemigs M;mtsm@fd Vpavas@erﬁﬁm Br01IThus,

| oc 0oScCi h were a
Si rr%% e oscHﬂ?i “%11 g%]]oéy%qoﬁégeﬁuw 41led%trnrfebl evant %’?‘?B@ ﬂ’aﬁ% Sk’fetgﬂ(i)gﬁ%zte based
on the di scsuswbmomcblnt alrmgdhe tllhleltlat thejostARIOQ il & rlSlMddBDﬁ@Mle«? 93
herein tha

A U RE KT TN PN
i s shaped bya puhs EE$h&aﬁb115ﬁﬁﬁclbﬁ 4t ogerce hiphsfréguatiaf the oscillating signal
2804 connected to the gate 2902 preferably has a rapid rise and fall time. That is, it is
25 preferably a rectangular waveform, and preferably has a pulse width to period ratio the
same as the pulse width to period ratio of the harmonically rich signal 2814,

As stated above, if a signal with a continuous and periodic waveform is
modulated, that modulation occurs on every harmonic of the original waveform. Thus,
in the FM and PM modes, when the information is modulated onto the oscillating

30 signal 2804 and the oscillating signal 2804 is used to cause the switch 2816 to close
and open, the resulting harmonically rich signal 2814 that is output from the switch
module 2802 will also be modulated If the oscillating signal 2804 is crisp, the switch

2816 will close and open crisply, the harmonically rich signal 2814 will be



pul ses 5440. The string of pul ses 5440 cause the switch 5420 to open dndAPR 7003
close. As a 5 result of the switch opening and closing, a down converted
signal 5409 is generated. The down converted signal 5409 is anplified and
filtered to create a filtered signal 5413. In an enbodinent, filtered

signal 5413 is at baseband and, as a result of the down conversion, is
denodul at eslo otilass a decoder 5414 nmay net be required excepit/uswreanvert
digital to analog or to decrypt thélfiltered signal 5413. In an alternate

10 enbodinent, the filtered signal 5413 is at an "offset"” frequency, so

that the bBueedsplsuay andeashefdd paneshod dhcatrampmiealfy nichesigng! 88 naill and
create a geﬁ’é‘ﬂ?é’ik Qt'&ﬂﬁﬁd?ﬁﬁgd sl gnal . Wen the transceiver is performng
the transmt ungc%‘kl%o_rll,, the R'T swtches 5406, 5408, and 5446/5452 {FM or
PM are in theBgcysepdsist dasited [thpttthe dshllatiipukighiloBSEs beroatsp, ammionfcor mat i on

signal 5450 is _caonn e swi tch t 44 1o create a.frequency
ol at ed Ger R PRECE Y PEbYE LRt R ot RBitr 2ehERERERE A en sass
comnect s baabiedtulenhgigiaincbd(uipst heo pitnas ehermcilihiigigrhast 38 4tifoqr eat e a

phase nodul ated oscill.atin i ghal 5436. cillation, signal 5436 is routed
hr ough. piilicé CLHANEr OEA38AES GRUR K S g A 08 L AMEIGHIGH | n Lurn
cause sW f&hoRid26nHafcORan Wil aitghe ClheSanusonial el Nl B resMhfht 2420 is
connected to ground 5442 and the other is connected through switch R'T 5408

and resi stubptagiiply recanguispavavefognariticthe desirgh gulsewifith tq rerigdiaticdAtheal 1y rich
si gnal  5424i1Whi £ Rohat 280 @feddd aBsquitt WAvEDr £ plilLhamtbaR dMbfhRmbRyes the

unwant ed frequencres that exiSt as harnoni c conponents of harnmonically rich
silghal 54sgpe Deloiachigvs theodrshied) rwod pudsearidit fq periasdy Bhiplwitli ensurapdul e 5430
and 25 ro t 1 5SS 4 [ puts a transm ssion

si gnal 54%?%%&%“%\{69{);@@%%?g‘ﬂf&ﬁgﬂ?&gﬁgg%%%u%itg&p\)@g ormng the transmt
function, R T Bukd clenipldpcnbohimetts of herntonanstihsehent &t glharibbd bélhe ant enna
5402. In the, AM nmodul ati on,node, .t he transceiver. erates jn.the half
duplex. motfE TG FIE VSR tiavai] e Rt R b e SreBieRy

nmodul at i opthepeabaiierithe/ilFbt 3fpaadd [dPpbrsmd dkidied anthendesardang) bbed oabove, is
that the oscillating signal. S436 is generated by a |local oscillator 5502,
and t he s%f’l“’éﬁh‘%gff@“ia?eggﬁﬁ@ct ed through the R'T switch 5408 and resistor
5423 to a reference signal 5506. Reference signal 5506 is generated when
information signal 5450 and bi as signal 5422 are conbined by a sunm ng
nodul e 5504. It is 4lef| SKHSHA DS¢HHEB skilled in the relevant arts) that

t he i E: i'f; 2003 WD 00/24116 . PCT/US99124127 -94 information signal
5450 may be used as the reference signal 5506 wi thout being conbined with
t he bi as si gnalheséape ofathd oasillating signah@dldechuskisribe swvitcl Rhirtotegtioseemidst or 5423
and R/'T sw.tc M f1i } t: The
Trartsrrt el!ﬁe%l'e?h%%% %fent tg? é%@ll’]at% 1% %‘ggﬁ? ?gg%n@hésﬁﬁy’éﬁg@e% p ﬁ?gﬂ l%ﬁlﬂger sal

Fr equencydddomite iongeckle theiswvitah B84 cltxep kmkopehpced hdwaodgiit ktagugibed node

differs fromthe half duplex node in that the transceiver can ansmt and
recei ve s?oﬁ’ilﬂafegn%gﬁévl ong &esﬁaé’rs FERG ‘trgls HE W@G‘?et?rrom%?c Fe éSpflﬁsiSs?% {hﬁe

t ranscei vierrmpiieslBr @dll yigrnas 814a (Fapaisabieticr tieuhdmboitalBaddh figmaC 8 pNis A

dupl exer 5604 1?? 10 used in the tlransceii ver to p%rrit t he sharing of an
ant enna 580 ly JoHHNaiRe FaPsrdale TEABNIMe Ey b5 et WRxe, “f*rﬂédf?ré ei ver
function QRAkLKITBhAR s hOMBnic hietha AbLRAAmpRtde tBE &lape sf @B oRMigingnal 5606
and routes it through a capacitor 5607 to one termnal of a switch 5626.
The ot hersigust A§Q4ghog be sbsRtiglBtimgzedonnect ed to ground 5628, and the
swWstch is 15 dfjoeRn@s: éhhhfeteht Abdfe SHEVNERIFRIISER 2024 tgd by |ocal
o\gcsi | I at or 562(% e\zglnd pu? se shager1_56'22(.q_* ‘Il'hg ope(ni ng gnc?%cl ogﬁ%(g%oa switch
5626 genes s shapdolmit 'shapeer thedscdiating bigs8$ 2804podA | ¢biheiedrivedhsivgivhl 561 4 is

rout ed through | i,fi 5608.and. a _filter ener fidtered

si gnal 56‘118‘.&]19?—51 ?tg @E@ds?g@alaﬁeg%f%d rrlﬁly pe“at %%gé%aéng %‘r%id%bﬁ ggrjo%ul ated or
i]Efmay ]E)eHﬂ’fmoaft éhﬂﬁrfcﬁmgr'{t rﬁm@me@mﬁrefbxfablfyithfneﬂ‘oﬁds 8 icgitaluobHait ﬂeﬁio&g 20da|n g
of fset frequency, decoder 561 j empdul ate if to c te the denodul ate
baseband ¥ 1 %@%Q?tolﬁs@“%rogﬂ;g%?se%&énb i SRR ?1{ H‘H\“fﬁv‘gﬁg WiH2¥$ Pt er ed
signal 56J&iow I "bege@nderodyl piedndarghand sf anakonBhdudes@dericgfl2 may not
be required except to convert digital to analog or to decrypt filtered

si gnal 56vVaefor 4604 ard sy dgsegny Pgr‘PeoPUI\?@néh?tPF%n§’é@i“\/é/r1tbt§‘aﬁ’fleo arie

i ndependegfyl . f{QMhbige 46BNSALS k&l RALEL AL a HlRe SRathI ANSE&RINMGled ThE
transmitter function is performed as follows. I'n the FM and PM nodul ati on
nodes, an infornmation signal 5648 nodul ates an oscillating signal 5d30. In
t he AM nodul ati on node, the oscillating signal 5630 is not nodul ated. The

oscillating signal is shaped by pul se shaper 5632 and a stung of pul ses
5634 is created.



30 This string of pulses 5634 causes a snitch 5636 to open and cl ose. Qnﬁ”7
termnal of switch 563b is connected to ground 5638, and the other termi a1 2003
is connected through a resistor 5647 to a bias/reference signal 5646. In
the Flvl and PM nodul ati on nodes, i GI~ FE ~ ZOC3 WD 00/24116 -95

PCT/ US991 24127 bi as/reference signal 5646 is referred to as a bias signal
5646, and wpowR4sabstantial |y non- v, rying. In the AM nodubativssp/zdtxde, an

i nformation signal 5650 may be corbi“ied with the bias signal to create what

is referr 0 as the reference.si naI 46 Th reference signal 5646 is a
uncti on OF hCTen Ot PORC Srgia CBatio. Tht PO heR hS PRGOS THose

skill ed i Qeth@nsscheYdilendy bﬁaaewﬁ@h&bﬁng nﬁ@frameh@)nbeﬁhgﬂ@m»%@éoom be used
as the bias/reference signal 5646 di rectl(étvvlt out being summed wth a bias

si gnal . AP DoRAEEE PYsg w&ﬁhgf Hreaiuisssss." dstegapes Apwdonghiheissvirh sy ed by a
"high Q fjkder 5640, thereby producing a desired signal 5654. The desired
signal 5654 1s anplified by anplifier 5642 and routed to transm ssion

nmodul e 5644. Thethpanpedimett descalysdrilye onset@onsddub-8.3562A hnid §.3. 7-33skA)ssi on
| 56 | o) dth
si gna %vgle%measr&ﬁ%%'lﬁ é%? 19@@5 o%? Qhé Ba glcgﬁi 1?11 gxﬁg ?ﬁl éor?ﬁgﬁ):n _Lhen

transmtted by antenna ransm cei ver
can oper awgll hmémemmmdeysubstmmtmequaecceth\zmiasmgnhi 28060br teierchdeatgmaki ver .

2 Shown (R NSGTE AN L1 g5 S ST eI CAV GG R AP

nmodul at i O(brrBQd@Swﬂl]JﬁvE |an 3@1@&1@%@%@@%@& etbtttqep@émﬁ | bipbenten gtiorts.
O her enbodi nen tations recei ver/transmtter of the

pr&sent i ﬁ%’égn(ioféthV\%Lﬁlélg)o%fth‘bffﬁ?%@%@%ﬂé"@%ﬂf’] eldhe switehempdyle g8 art s)
based on the ghschag] @R tmaecraeé Wher-ghﬁe s&hpdqhg%@ha 2’%'0@ (bﬁﬁ(ﬁmﬂmg'tws

descri bed above are provided for 20 purposes of illustration hese
enmbodi nenssitdndodwplERdat 020 ssubstantigly rdcieneviaie thethermeomiallytid sigrelent i on.

Ly ornat! e (Jfiid) f@g L8 ndd ALYy AERALENGREY dialthons, q§%§r' bed

her ei n rent to erson evan based on
t he t eachshagsd cmﬂtaanglelgndiéﬁ@i for 380dHhaldrieentht ewedbmdduteﬁB@Q @nd102).

enent ati ons fal thin th andS|r|t f e.pr t. i nventi on.
o8 cud i i e ot kst arhRGR e NG Hant s & SRR Gs
Fr equency re'Et’aaglﬂhratvhﬂﬂ Shhedulied ikhee fr@b\}a@Wb.ﬂg) dvil cunglsisand degché bem

down- convertl n u5| a Uni yer sal Fregfkj)ency Transl ati on, Modul e \:I G 71 A

i Il ustrat €84 |‘é’1§| N oG €° 6700V 4 BPTRDW hVEPEI BRI Sern e dini ver sal

frequencylr{cru@nglsqﬁdr@waéégllﬁmpm@aul e 6402 which 30 down-converts an E1 I
i nput signal 6404. In partl cul ar enbodi nents, aliasing nodul e [

2003 WO 001 2411 purpgse/ afishaping thersiguad 16400 |t aRownt i) et thel and a
caggci torsx%%ﬁ%& 1®h&GE EIRRAC Al st ABRTe, @fe Halﬂﬁorﬁbe{l&%cth sghmﬁ &S 1S

flexible. That is, in one inplenentation, the swtch I's In series with
i nput si gaau4) 61494 se;hmardaﬁacﬁqtmuwvmﬁ@r@ hupnsiglling @ﬁ omtml of &iet pidsegh it may

be ot her u fi In a
second 5 W&Fé)r%l%t%ﬁngﬁc%gee&g%{%%%%?%)(?T%é?goaq% or&gil?%u?grq?}# series
with the slmpubf Ehegnaahorﬁghﬂlg rehdignhle2&wi(bchl 16168ng sutstamnalgdommmgafdmnd
(although be ot th round in con t|o suc

Gt 1 or et Ml Farie S afielRidgt HEfe rtehte oh AT beSi AtiFa TeRtS e R e easi fy
t a4 ored mra«d&wm@mmmceesaw 4 evbbiaed ampificelic@cindanrgngt i ¢ signal s using
aliasing frequencies that are well below the frequencies of the EM i nput
signal 10 6404.

4.2  Exemplary 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

30 these embodiments.  Alternate embodiments (including equivalents, extensions,

variations, deviations, etc., of the embodiments described herein) will be apparent to



In one inplenmentation, aliasing nodule 6400 down-converts the input S|gna
6404 to an internediate frequency (IF) signal. In another inplenentati

the aliasing nodul e 6400 down-converts the input signal 6404 to a
denodul at ed baseband signal. In yet another inplenentation, the input
signal 6404 is a frequency nodul ated (FIvl) 15 signal, and the aliasing
nodul e 640@odo1i€onverts it to a non-FM signal, such as acpiamedrzodul at ed
(PM signal or an anplitude nodulaﬂ@d {AN@ S|gnal Each of the above
inplenentations is described bel ow In nment, the control signa
b406 i ncl GBrEYsaskiliediin the ffﬁ"tﬂag%%“(tshé%seﬁ* @Béa% “’éﬁhlaﬁs amtag?ch@erﬁm eThhat i s
equal 10, ;REntBSSididhal addMagRed RENEINQOUENSYerRte LBodiRMBME, ST gnal 20 6404 In
this enbodi ment, the control” signal 6406 is referred to herein as an

al i asing signal because it is below the Nyquist rate for the frequency of

t he i nput signal 64 B YW, | ,Sianal 6406 is
much | ess than the ?%6u€ﬁ§%gﬁggb%ﬁﬁhhgﬁéfggygaﬁ O?L? %@%éﬁﬁﬁ%@&ggrshomn in
FIG 71E control s the sMithohcdpd@BModuilte a‘sea2£5011hé’ulsapevt Crilgnal 6404 with
the control signal 6406 to generate a down-converted output signal 6412.
More specifically, in an enbodi nent, switch 6408 closes on a first edge of
each pul se 6420 of FI G {721 EOpegiopfDeseiptwnsecond edge of each pul se. Wen
the switch 6408 is closed, the input signal 6404 is coupled to the
capacitor 6410, and charge is transferred fromthe input signal to the
capaci tor 6410Acc§5‘i’(ﬁn%3h@rtﬁ% Shos@de0 adbEdtRboKUSEEREE UeavRE i€ 86040k

down- converted output signal 6412. enpl ary waveforns are shown in FIGS.

71 C 71 Grecpived arpd a gtring] st ¢80@is aattogTkmprntiniels pasdicavetfqmm carri er

signal 4hsod Bat b3 &aEXRIR Oa% il oo B08bo SR04 waﬁ% rh i SbEAL T ve

pur poses, in an ana carrier signa
i |l ustrat &smaa pdnt respgrafedtdser éd@iabgm&l\m@ava‘xueerecogrﬁze@ as~a, Vrt@@ﬂ)rhlg)hﬂ 00/ Z4116

coli o SRR Bl Kalen8 8RR SEkorf. A RIARIAEABLIE AGROS: 4108 AR 09 AF

%rler sign ion Ré"a |gnal 6414
f romti rrEdésOrubt(Dnt given terein FHB.be ThiEthe | dontsituvat paridlic e/xeamhxanyotalhaasmng si gnal

6418 that is an exanple o 6406. Al S|n si n 6418 is on
appr oxi maf @R YHe QU ﬁﬁeﬁlf‘h%f é\ keé{ t%”fsl%é‘”gﬁ@%@atﬁ %@P‘@'ﬁal portion

6416. | n the aR¥8EMKEpdEh MO waiefbin(Gi608 b thik babadimdgd ng Si gnal 6418 includes a
train of pul ses 6420 having negligible apertures that tend towards zero

(the invention is not limted to this enbodi nent, as discussed below). The

pul se aperture may al so /ey p &hgEmRA DeSoripiol.ne pulse width as will be
understood by those skilled in the art(s). The pul ses 6420 repeat at an

aliasing rate, or 10 pulse repetition rate of aliasing signal b418. The

al jﬁaSi ng rate fnsthg%ﬁrembeﬁ%eﬂ%mbpx@(%%k%nt module 4602, herein after

referred to as a pulse shaping circuit 4602, a continuous periodic waveform 4604 that is
a square wave 18 received by the pulse shaping circuit 4602. The pulse shaping circuit
4602 is preferably comprised of digital logic devices that result in a string of pulses
4606 being output that has one pulse for every pulse in the continuous periodic

20 waveform 4604, and preferably has a /T ratio less than 0.5.
4.2.2 Second Embodiment: When a Square Wave Feeds the
Harmonic Enhancement Module to Create Two Pulses per
Cycle.

4.2.2.1 Operational Description.

25 In this embodiment, a continuous periodic waveform 4604 is received and a

string of pulses 4606 is output. In this embodiment, there are two pulses output for

2003



As noted above, the train of pulses 6420 (i.e., control signal 6406}
control the switch 6408 to alias the analog Al Vi carrier signal 6416 {ib./R 200
i nput signal 6404) at the aliasing rate of the aliasing signal 6418,
Specifically, in this enbodinent, the switch 15 6408 closes on a first edge
of each pul se and opens on a second edge of each pul se. Wen the switch
6408 i s clweadp4tiieiput signal 6404 is coupled to the capacptowseiifzy and
charge is transferred fromthe i nput -si gnal 6404 to the capacitor 6410. The
charge transferred during a pulse is referred to herein as an under-sanple.
Exenpl ary S¥gidresadsf die earsmueisy pargeinwe e felt silgnarnimons il (FI G
71 F) tha I T i ' 6416
ERRA it ik AR Rl Rt Sl e L A e
during suceessiare anatierresmnpeess of "digNpclamitere wilupnmboghied af ar'ihigitake

down- convert ed-si gnal. 642 Rl G. 7l t is an exanple of.do nverted
out put si g}%ﬂ gﬁ? aes?if?‘?%“. é %Ahegéﬁa “L}q:éj’ ngr%ncq@&louffg lgaaévr%%fﬁ%}ta@(g@baseband
si ghal 6426t iepspaentsvd, bet dentdiddah ekt hdsatadts)swinalpr@dld tiaf bser fil tering
25 on a cogp%essed tinme spgle.nﬁs illystngﬁgg, down- converted signal 6426
has subst At TAMYMEHES SRS pInfQ WG IERY LISEmbGYURERy | er signal 6414.
Therefore, FIGS. 71 G71 Gillustrate down-conversion of AVl carrier
signal 6414. The wavefornms _shown in FIGS. 71 G 71 G are di scussed herein
for illustrative purposes®dRSyuciy Leseimdt- |initing. 30 The aliasing rate
of control signal 6406 determ nes whether the input signal 6404 is
down-converted to an | F signal, down-converted to a denodul ated baseband
signal, or down donveronédnibodimeah oFM pilghahaping airPM ¢60Zme Abtgugwsal .

General ly, rel ati [ \ e Lnp ' |, .64 h |iasing rate
of the coH %ﬁ%@%%ﬁﬁéﬁl@i%g@hﬁﬁﬁg?ﬁgﬁﬁ%ﬁﬁgﬁﬁﬁbggﬁéggaﬁi%ﬁ%ﬂ@?éﬁg?ﬂ%4|2 are
i | Lust r at e6dDeTiavpulse shaping cirqut! 4602 157 DIBfVIDI P 06126k 1sk 6 of BRIt Feid.devites nput

signal 64Q4) = Freg. of cont signal 6406) t (Freq, of down-converted
out put sigﬁépyéh%iﬁ“g@ﬁ?éﬁgﬁi5@%&*"E%P%Pﬁg”éﬁ%ﬁﬁ@&?&f%ﬁ¥ﬁfﬂﬁaﬁﬁ%Fbin, only
the "+" ceonrdohtmbudpdriodeydemet 3664 and peferalyrash T ritioleReHN.S a harnonic
or sub-harnonic of input signal 6404 (e.g., n=0.5 1, 2, 3, . . . ). Wen
the aliasing rate of control signal 6406 is off set fromthe frequency of

i nput signal 6404, pf 301756 mbsoma: DaeORY OV aksordas Menisadher eof

i nput signal 6404 is down-converted to an IF signal. This is because the
under - sanpl i ng pul ses 10 occur at different phases of subsequent cycles of
input signal 6404. As a ge34ld,., e 1uLessmampl es forma |ower frequency
oscillating pattern. If the igput st gnal 6404 includes | ower frequency
changes, such as anplitude, frequency, phase, etc., or any conbination
theseof, the Cﬂa{hgseemr?&d‘?&;?ﬂ qu oh{?l%o?x?g)%&ﬁé %\%vgﬁ%’rﬁhfsﬁﬁ‘r&' 5 %x%fe' gcts the

| ower frequency changes, rfesulting msimlar changes on tHhe d6%Whconvert ed
| F si gnal recdiSed~ord asstdnpdfgpulstod@ovinewepnvert a 901 MHz input signal to a 1
MHz | F signal, the frequency of the control signal 6406 woul d be cal cul at ed
as follows: (Freq,~~~, - FreqiF)~n = Freg~a~,~oi (901 Mz - 1 M-1z)/n =
900/m For n = 0.5, 1, 2,4.83.248truelusal Dekdriptionequency of the control signal
6406 woul d be

In this third embodiment of a pulse shaping circuit 4602, a continuous periodic
waveform 4604 of any shape is received by the pulse shaping circuit 4602. The pulse
20 shaping circuit 4602 is preferably comprised of a series of stages, each stage shaping

the waveform until it is substantially a string of pulses 4606 with preferably a /T ratio

less than 0.5.
4.2.4 Other Embodiments.

The embodiments described above are provided for purposes of illustration,

25 These embodiments are not intended to limit the invention. Alternate embodiments,



20 substantially equal to 1.8 GHz, 900 IvlHz, 450 MHz, 300 MHz, 225 MHz,

etc. Alternatively, when the abasing rate of the control signal 6406 is 716 AFRZ
substantially equal to the frequency of the input signal 6404, or

substantially equal to a harmonic or sub-harnonic thereof, input signal

6404 is directly down-converted to a denodul ated baseband signal. This is
because, wbhwowtiisrodul ation, the under-sanpling pul ses ocegrug®atz7t he sane
poi nt of subsequent cycles of the i®put signal 6404. As a result, the
undersanpl es form a constant output baseband signal. If the input signal

6404 i ncl geEsR chghily pegquBHE)albh drgedi0ss dessribed anpin tilebe prretpubity, phase,
ete., or n% xors‘sosfeﬁp'eﬁ%ltf;@reﬁasmem(s)fm@d sn%aﬁeaaﬁggesg&n%{adpgraﬁs%ﬁaﬁ? ed

under -sanples r ects the I ower Trequency chan , resulting in simlar
changes onlttrhee dehotiukes &dl Wity e brrsdoB0ind isginiabf thEpreset invphtign. t o directly
down-convert a 900 MHz input signal to a denodul ated baseband signal (i.e.
zero |F), the frequency of the control signal 6406 world be cal cul ated as
fol |l ows: | Gi.3' ~Impleiz®Buditld DOIipdds16 . PCTNS99/ 24127 -99 (Freq~~p~~ -
Freq,F)/n = Freg~o~, m (900 MHz - 0 MHz)/n = 900 MHz/n For n = 0.5, 1, 2, 3,
4, etc., the frequency of the control signal 6406 should he substantially

equal to 1.8 Gokemf59 Whraudhad dde: JAQRuMIZ imgRmeMaionsetflate® @ gy natively,
to down-convert an input Flvl signal to a nogn-FM signal, a frequency wthin
(e}

the FM bariliogtsh THSHIEY: dBHAL COROEMERY deactihgd by a(q pesentedeiotiy) | As an

exanpl e, - - - r I i L (/R Sub-set
Ry e o R S SRy B e i

bet ween aphwmwess d¢fr dlgsicatiop. md aad liamtabpperTher ayertivoyisFot( imied its thd (F, + F2)
= 2]) of ' kS : CO r o] 0.l or le, to
donn, conyEREeTE EE o ToABMEOIETh b aBRIG feelny ARG 10 o
VHEG t o a(iRSKdisg gralvalehfae catengsisnganatoas,oflevidimngoetty; aif diognakscGd¥Q6 woul d be

calcul ated as.f ows: Frequency .0 he input = (F~ + Fz) - 2 . (899 Mz +
501 g *Herdy bRl EANEREY o8l Ao BT eded Bl nirntE 0 (1o
baseband) cédtsigd hrdin. - Stoheglieinatines{IAr @ifhi@nthe Gtofde9%4Ha ikt of theMiésehtn = 900
MHz/n For . n = 0.5, |, 2, 3, etc., the frequency of the control signal 6406
shoul d be' ™8 ¥pstantial |y equal to 1.8 GHz, 900 MHz, 450 MHz, 300 MHz, 225
MHz, etc. The frequency of the down-converted PSK signal is substantially
equal to one half the difference between the |ower frequency F~ and the
upper frequency Fz.#AS dfitit RégirabkegipCéci¥.0 down-convert a FSK signal to an
anplitude shift keying (ASK) signal (a subset of AM, either the | ower
frequency F, or the upper frequency Fz 25 of the FSK si%nal IS

doWn- conver t edAt exgmplaryl Fpleoentatioany| the firyy cdgwdineash vesoribegh IIFSKtigisgnal

TRV, 4SS s MBI o0 B peugled S0 ek BRIl e
(900 MHz typlral sitddz)desigef®@@ulkishapingonrcuit 4602 using digital logic devices. Also
shown in FIGs. 39B-39D are representative waveforms at three nodes within the
circuit. In this embodiment, pulse shaper 3900 uses an inverter 3910 and an AND gate
20 3912 to produce a string of pulses. An inverter, such as inverter 3910, changes the sign
of the input, and an AND gate, such as AND gate 3912, outputs a digital "high’ when
all of the input signals are digital "highs." The input to pulse shaper 3900 is waveform
3902, and, for illustrative purposes, is shown here as a squaré wave. The output of
inverter 3910 is waveform 3904, which is also a square wave. However, because of the
25 circuitry of the inverter 3910, there is a delay between the application of the input and
the corresponding sign change of the output. If waveform 3902 starts "low," waveform
3904 will be "high" because it has been inverted by inverter 3910. When waveform
3902 switches to "high," AND gate 3912 will momentarily see two "high" signals, thus
causing its output waveform 3906 to be "high." When inverter 3910 has inverted its

30 input (waveform 3902) and caused waveform 3904 to become "low," AND gate 3912



161,f'~ 2003 WO 00l 24116 . PCT/US99124127 - 100 (901 MHz - O MHz)in
901 WHz/n. For the forner case of 900 MHz/jt, and for n = 0.5, 1, 2,
etc., the frequency of the control signal 6406 should be substantially
equal to 1.8 GHz, 900 MHz, 450 WMHz, 300 MHz, 225 MHz, etc. For the latter
case of 90l MHz/n, and for n 0.5, I, 2, 3, 4, etc., 5 the frequency of
t he contr oo si/gnal 6406 should be substantlally equal t o ACTAGRAy/Gdz;, 901
Mz, 450.5 MHz, 300.333 Mz, 225.28 WHz, etc. The frequency of the down
convert ed ANIS|gnaI is subg;antlall equal to the difference between the
| over f r eifdhenseEonlypge tiHe et and éﬁ@é?ﬁeww@ﬁm P06 will hpgome ‘ligw.an

enbodi ne t Mt §0lpj e I
aperturegﬁ?ﬁaﬁgfgﬁg§?%“gémiﬂggﬁgpl%%ﬁggka m? F%Mﬁggﬁﬂéhg gtﬁa hi gh

i nput |npwdaﬁE@Sd@OI@ed3?&?@“tbﬁhl@b&hv$dw M®embéﬂuﬁ'monnermuéﬁﬂbns wher e

m ni mal ng [ Sid, d. lLn _another

enbodi rren%‘&%ﬁ%% d? épp %,?ﬁ& %@R?(I)Cr;] 39 Dnﬁglf?ghfg% %é)\(t:/)ereceéves r?eséllar&l bl e

apér t ur eswdveahd perethtaveyriig ofipulses, mfntthnespunalger&rathEpddE?jclmﬂie&qﬁ&E)Z alb

| ower input inpedance device This allows the | ower input inpedance of the
UFT nodul®¥"6402 to be substantially matched with a source inpedance of the
i nput signal 6404. This al so inproves the energy transfer fromthe input
signal 6404 to the downconverted output signal 6412, and hence the
efficiency and si gfdli? toecABY Disiesfogic Fierid of UFT nodul e 6402. 20 Wen the
pul ses of control signal 6406 have non-negligible apertures, aliasing
nodul e 6400 is referred to interchangeably herein as an energy transfer
modul e or a gatnesketphins fraremendaiion Ofmewﬁtqntﬂo%lil@héwcebﬂﬁmlSsctroe$erred to
as an eney tor f y t,hqd enerating
and opt | g A Bl Ko R B Bl B R e el o

t nansf er candi desigi @nahaullsosmpmge:lmat 14@2|tmrngrdlga kJrge:r@waes aAi;sbeshom)dul e are

descri bed 1110 BYby Yai | Sf Bi ' ~ ~lLodr~l e FI G
05111 st A0S a2t brs Pt edel vl A ISR boler ikt et Bhet onel
energy t rtall&mbdm@gnqiulsmﬂaﬂneg 8302, 40@b|u@dss aaivaedrf4n maanunadkclasivar i ety of

et or Sk SSRR e 0,56 O G RO oSl g

when both inputs are digital "highs" and when both signals are digital "lows."

b
Pl

‘}:. I

15 Waveform 4002, which is shown here as a square wave identical to that shown above
as waveform 3902, begins in the "low" state. Therefore, the output of inverter 4010
will begin at the "high" state. Thus, XNOR gate 4012 will see one "high" input and
one "low" input, and its output waveform 4006 will be "low." When waveform 4002
changes to "high," XNOR gate 4012 will have two "high" inputs until the waveform

N 4004 switches to "low." Because 1t sees two "high" inputs, its output waveform 4006
will be "high." When waveform 4004 becomes "low," XNOR gate 4012 will again see
one "high" input (waveform 4002) and one "low" input (waveform 4004). When
waveform 4002 switches back to "low," XNOR gate 4012 will see two "low" inputs,
and its output will become "high." Following the time delay of inverter 4010,

25 waveform 4004 will change to "high," and XNOR gate 4012 will again see one "high"
input (waveform 4004) and one "low" input (waveform 4002). Thus, waveform 4006
will again switch to "low." Accordingly, as 15 apparent from FIGs. 40B-40D, pulse
shaper 4000 receives a square wave and generates a string of pulses, with two pulses

generated per cycle of the square wave.

30 4.3.3 Analog Circuit,

L 7003



"I 6 t;fe; ~; ~03 WD 00/z4116 . PCTI US99124127 -101 In an enbodi nment, -
optional energy transfer signal nodule 9302 includes an aperture genér@afi‘-fcb‘rz{’03
an exanple of which is illustrated in FIG 92C as an aperture generator
9220. Aperture generator 9220 generates non-negligi ble aperture pul ses 9226
froman input signal 9224. |nput signal 9224 can be any type of periodic
signal, 5 waedathisng, but not limted to, a sinusoid, a SAVESINMIE, a
sawtooth wave, etc. Systens for ggherati ng i nput signal 9224 are descri bed
bel ow. The width or ?per,ture of ,pulfsg\g 9@6 i s determ ned by delay through
branch 9222 of AapEfry (PRKEFARGN 9291 thish AEpadimpnt desciibrsl WeSPHBd pul se

wi dt h i nos egsess 2 thglustididd GUIGY 41 N 1BAtIENG, R IBAVASGIBNER;. Qff j@perture
generator 9220 decrease. In other 10 words, to generate non-negligible
aperture tppicd@ylse é}ﬁapwggqlwﬁ4@20whqrﬁpmnpﬂw@méﬂﬂgl, is shewve ahpenenes. used in
exenpl ar r 0 .20 . quj : r I tinmes as
those. { nap PR T B R R, b BBl ' e same
EMSi nput dndeguemcyTypidady esherepbionuyt tlogems a4 ipmpdueeentratmentallys kiapad i n

aperture generatar,92 are provided.for illustrativ ur poses only, and
are not I”igar?’ie qnﬁagl%q?ezag%,t Y }&ggt?eg(’%%?dé%a CEB%“?‘P%@%% foélfpr’r‘i .O?Exerrpl ary

aperture @gpioat 6 82RA0ntedicd webmad an 1 @ EHrowghad résivver4 108 DA28s0 whdch is shown

for polarjty consistency with other. e es ovi ded herein. An exenplary

| Srrent BTG YGRS OO DRTOI08 8 PRI LfiEd: il Ry 5o,

Addi ti onahatexafRt@s TthaPRubidyef apaesaial 102l ogic are provided in FIGS. 92A

and 20 92B. FIG 92A illustrates a risi ngﬂﬁ&%e pul se gggnerator 9240, which

géRer at es pul X gIPEILAIGiSIOR §iraHigRlemets {s shpyRdn HG243. Firgit 92B
i |lustrat i ; . |
tilustratgss & Joﬂighké?igof%]g%up%@?argﬁgﬁﬁtgfgg%.f%ﬁ%ﬁmP{%ggig%ﬂﬁfe?aﬁﬁ pul ses

9226 on falling ges of I nput si In an e ment, 1nput signal
9224 i s gederestika 48R6.ePOnabkilicdin thptelaynutl ariénevapd tecegnefeghatsitignahlserodul e

9302, as j]lust.rated..i 3 ernpatiyvely., il.nput signal ,9224 25 is
gener at ecfhlgdﬁ?ge‘%lﬁcgftl&éﬁgr& Jg%ﬁ %I%Oa?e l'é%r‘#eirw di}o trae/leﬁls? 18 frg%gt?ﬁ‘glsc%&fﬂfiépl%oz | nput
si gnal 92Z4hecaavenben.generated by an oscillator, as illustrated in FIG 92E
by an oscillator 9230. Gscillator 9230 can be internal to optional energy
transfer signal nodule 9302 or external to optional energy transfer signal

modul e 9302. Osci | kaoroeBhngiametarionxt ernal to energy transfer system
9301. The output of oscillator 9230 may be any 30 periodic waveform The
type of down-conversion perforn~ed by energy transfer system 9301 depends

upon the ali aghddnpigheni@ionsdedcBYed 5308 hRIpr&VidRtor 939 3ses WRiiIGRLAGndet er m ned
by the frequency. of Ful ses 9226. The frequency of pul ses 9226 is determ ned

by the fridgiferitplegieniatipnst a3 gifil ijenglgd to limit~ the invention.  Alternate

implementations, differing slightly or substantially from those described herein, will be
apparent to persons skilled in the relevant art(s) based on the teachings contained
N herein. Such alternate implementations fall within the scope and spirit of the present

invention.
4.3.4.1 Multiple apertures

In an alternate embodiment of the invention, a plurality of pulses are used to
create multiple apertures from the switch module. The generation of the plurality of
25 pulses can be through a number of techniques. The purpose of using multiple apertures
is because of the optimizing effect it has on the amplitude of the harmonic content of
the output waveform,
Looking to FIG. 78, it can be seen that a local oscillator 7802 generates an
oscillating signal 7810. For ease of discussion, and not meant to be limiting,

30 oscillating signal 7810 1s routed through a pulse shaper 7812 to create a string of pulses



~ ~~ ~~,:~a L~~3 WD 001 24116 . PCT/tJS99/ 24127 - 102 For exanple, V\:hefl t,‘tﬁa; .
frequency of input signal 9224 is substantially equal to a harnonic or § 2003
sub- harnmoni ¢ of EM signal 9303, EM signal 9303 is directly down converted

to baseband (e.g, when EMsignal is an AMsignal or a Pll~i signal), or
converted fromFMto a non-FM signal, Wen the frequency of input signal

9224 is 5 swhbatansi al |y equal to a harnmonic or a sub-har mpairased/24a?

di fference frequency, EM signal 930 i s down-converted to an internediate

signal. Optional energy transfer signal nmodul e 9302 can be inplenented in
har dwar e, S8t w&ing o' PF] ﬁ%/\%ﬁ%é,‘s B ACBHEPITAPPSITe Earam meglue 3808rpot hi ng
the Dofvt lTh@QmEb%E beghuBipef Stk YeREARIT hbdid 9309 ©a s{ildy gﬂﬁmb&%%‘{sgued

out put signal 6412 may be snoothed by filtering as desired. 6.3.

I'tr:pedat:/8€8.ul atclrir:g Referring to FIGS. 71A and 71B, energy transfer
duty cyol e of hB,rs, SpleshRls jise R AR BN IRt " e

i npédance gofierttite modriagtlomotiuhg of pulges, 7804 padiet ooutédt kDIne @t molealefayequenci es
o o T o hol, Srgto RGN bR R AL PR RSRT s fhe B )
the EM si gabs o0, daunictgby exihed! psis@ MOehRIsseBsiaiangisivant o &g aperture
width (e.g. 20 the "closed tine P can be decreased. As the aperture width

d . . .
i s decr eadé@vsenB0¢nacsrttt Bl Bidelay B SIRT BY AtdetiFrd newpdt Shing Afwlseut put  of

the energyghs ansfial damglsﬁirﬁgr&rpags_@@o@taﬁerm@ﬁ Fo@ddo RSN’ gReture w dth
i ncreases fromone-half of the period of the EM si gnal being

dowd- convertnal, @ siHes dhpudime aulsts T8 BHdrgy mulgndferynein @ Wettdases. 25
One of the, Hpulsts 465 gbggawﬁ eceag[}f%%% hiftel at'ﬂ??t%ela’g%?tﬁﬁ%é? of the
er “nodu asur In an e

energy trans e coul d be to neasure its val ue. i ment, the
ener gy tr anbteToOftdibes sulshabiatldy i ghdr celappaichianpeldande04(s) 860ddiys. An

i npedance t chi_ng _ ci it . IS fficientl upl e i\nput El vl
N e S A A s S e
ener gy tr anlsdnesrimpdlpess 1pedatiee tabugt of delupdipdtangs3e0pudés Fhoda) Mat chi ng

thgse 1 MRS SaMbhga BF SR ANerbol! Ya5L SM SR S!S 7208 ks
having n + | pulses for every cycle of string of pulses 7804.

FIG. 80 illustrates a pulse train 8002 that is one pulse per cycle of string of
pulses 7804. Similarly, a pulse train 8004 illustrates two pulses per cycle of string of
pulses 7804; a pulse train 8006 illustrates three pulses per cycle of string of pulses

20 7804; a pulse train 8008 illustrates four pulses per cycle of string of pulses 7804; and a
pulse train 8006 illustrates five pulses per cycle of string of pulses 7804, In this
example, the desired output frequency is 900 MHz and the frequency of the string of
pulses is 180 MHz. Thus, the fifth harmonic is the desired harmonic, and the optimum
pulse width of the pulses in string of pulses 7804 is one-fifth of the period of string of

25 pulses 7804. In this example, ecach of the additional pulses are separated from the
leading pulse by a period of time equal to the pulse width, and, additionally, they each
have a pulse width that is substantially equal to the pulse width of the pulses in string
of pulses 7804.

FIGs. 81 through 85 illustrate the advantages of using multiple apertures per

30 cycle. In FIG. 81, the 900 MHz harmonic resulting form the use of a single pulse per
cycle (i.e., pulse train 8002) is shown by a spectrum 8102, In FIG. 82, the 900 MHz
harmonic resulting form the use of two pulses per cycle (1.e., pulse train 8004} is shown
by a spectrum 8202.  In FIG. 83, the 900 MHz harmonic resulting form the use of
three pulses per cycle (i.e., pulse train 8006) 1s shown by a spectrum 8302. In FIG.



1 Gr~,;,~~ ;;;03 WO 00/24116 . QCT/US99/ 24127 -1a3 providing the necessary
i npedance directly or the use of an inpedance match circuit as descri bedipn 2103
bel ow. Referring to FIG 94, an inpedance natched aliasing nodul e 9402 is
shown conprising an input inpedance match nodul e 9406, an aliasing nodul e
9404, and an 5 output inpedance match nodul e 9408. By way of exanple, and
not meant wodesié mting, FIG 94 illustrates a specif;c eogbodiwmmntr usi ng
an RF signal 9414 as an input. Assufing that an inpedance 9412 is, for
exanple, a relatively |ow inpedance of apprOX|nater 50 Chns, and an i nput

i npedance 84t 908 Milp pargiegigpiea:ltingsoruihhrarcettylowon i Chmsy cxsie {isi, phise

confi gur at e h |gured as
R L e U S il e

conf i gur atrésulingffoim diecessrof 9o e Peragyalsi G0 pgkse&amséﬁ(aopmsshomneby a

5606 and- o ERagRBIed LRT Al B LIRRIRAR S AR A e (PR R 1o !
cal 8ul at i da0nf830he 4G, ued 561. |Amdcmt bt s&60headesiredpanndrie aBplBide s wel |

known to those k|| t rel.evant arts. 15 The_.output characteristic
i mpedance "TAHS ﬁb H&h@&mnﬁﬁE ‘%“?%QésFﬁP&“SBﬁEQﬁéﬁa@P%wﬁw &S desi r ed
out put fr eguenRed. €Bhis deead mtémq;m&densuuwa dAethef FOnRide b uehaheckasd stic
out put i npedance of the energy transfer nodule could be to neasure its

val ue. BaloAa&Pmgitiéie very | ow i npedance of the storage nodul e at the input

EM frequency, 4he$haf-antoaRsit & SietlcdnbhBdmoal oMRELANGE off uf aflesired
output 20 frequencies that is preferably greater than or equa o the | oad

thad is |m&éw@ednwﬁmbegﬂﬁﬂﬁéﬁG(36rF%ﬁ@ﬂﬁwﬂpumeﬁaaﬁuenbmdﬂﬁeﬁﬁMS@R@ﬁage

nodul e | [ e t he
desired rgﬁggggﬁ%ﬁ&ag?ggﬁtpgqggyﬁﬁ%5§g£§#8adﬁ@#@%ﬁ?ﬁoﬁgﬁe R%Q% nllgrnpedance
mat chi ng issingheftpulscs tskamgl F)]fG Wwahiiceelfest ghalesbigminrabidy depdesdimad | shed

Char act or SOTFE SO BT T RBEHarR =S e et S A iftance

mat chi ng oeufpatis khaanintreGuged to efficiently couple the down- converted
signal with an output inpedance of, for exanple, 2K ohns, to a |load of, for
exanpl e, 50 ohns. Matching these inpedances can be acconplished in various
mapgers, isncl udipgsnpr aviigleng the necessary | oad 30 inpedance directly or

t he use of an inpedance match cncuit as described bel ow. Wen matching from
a high inpedance to a | ow i npedance, a capacitor 9614 and an i nductor 96|16
can be conflguqu aﬁgﬁﬁQWHIMRaﬁbﬁn 96. Capacitor 9614 and inductor 9616
constitute an "L network” matched filter. The cal culation of the values for
capacitor 9614 and inductor 9616 is well known to those skilled in the

rel evant arts. o 99124127 The
configuration o?mfﬁgﬁ P%%gr 1%3U%§%gﬁsﬁgé%?éégwgg%géhmggﬁgHg(3%%%dance

mat ch nod talnehﬁémlaoaﬂe aconsnglér da mrcsebenwnmttqnal Inspamulzng aqplifitasion gr

i npedance ng, 4.n ccor nce rese i fventi on

e ordBRhRR! AP 1B RGECT A0S Uik MR E Hon B Ehls g adhal* O™

opLy m zat Iaﬂllphﬁctdﬂloﬁﬁd”lwscﬁbcﬂlwhIh@@ﬁlcveﬂh€h5 stroéthabimslesegmnsonCiadedeaibapt i m zed
in accordance Wi th other various deS|§£ criteria E%F consi deratjons. As

ot her opt PEHFHY fOpRUSHRIYE RYPeEsS RIS BY ENERG r INd3HsY REhe ProFess deDed hej r

af fect onjf g sea%@&ah%las&bedlmg%pﬁen@& otf@@u@mrl%lénﬁamﬂ‘osg oHPQf“ e should
be taken into account in the match along with their own original criteria.
which is described in this section. The details of such structural implementations will
be apparent to persons skiiled in the relevant art(s) based on the teachings contained

25 herein.
5.1.1 Operational Description.
Even though the present invention is intended to be used without requiring

amplification, there may be circumstance when, in the embodiment of the present

invention wherein it 1s being used as a transmitter, it may prove desirable to amplify



b.3.4 Tattks and Resonant Structttres Resonant tank and ot her resonanti {j AR 700}
structures can be used to further optim ze the energy transfer
characteristics of the invention. For exanple, resonant structures,

resonant about the input frequency, can be used to store energy fromthe

i nput signal when the switch is open, a period during which one may

concl ude R{}?Bmtm% architecture 15 woul d ot herwi se be |i mR@EAUIH2418TS maxi num
possi bl e eéfficiency. Resonant tank88nd other resonant structures can

include, but are not limted to, surface acoustic wave (SAW filters,

di el ect ri gemesinbatdoignal difpleaxisrtansreitpdc it Hiosher ergodisrsof Be OVeliPlexenpl ary
enbodi ment _is. shown.in FIG . Iedyd LeRR GihARompafarshown i n

FIG 101 &'HEFE’F—“IIQSV@%.“S%{ Sear%tg[?é:&lg%ﬁgﬁggt ataﬁgﬁlsevw_yl I qJ't})le 20 ggparent to
persons  skipgdyatkoib dedimableab emalify th tes)ltabasigul arihe fesired feangds cont ai ned

herein. Alternate inplenentations fall wthin 0 1@1?1&1 Bi fat of the
present i nvent TREAUTFREREEt AH CRR AR focgr?snutm;h?[eog ggﬁg'ag\gﬁo Epl)foperti es of

serd es a“ﬁ]ep@mﬂek&éncé sk is’ @50BRNG Wbp@uiliesdesftGusd 0BAstdondgnayabes

parallel tank circuits in a differential i r}rlpl fﬁémsnttatt%o?f A20 Jridst

paral | el besoseathe dsriredapiPi FrRUUERCY( Battky MENCEREVE S B U§TRASAS t'0F 10638

and an induct or eaond Lok &l thEdidasdt mak By o i sty aftha

capaci tor Oi%l%%%gé%gglg}ﬁatéﬁ uct or S10636. As is und,ershood bd.év?ne skilled in

the rel evamimoaick(lg)iph paradls ssth thapke enpbiws of (B 858e MO Trpedance to
frequenci es be| ow r.esonance: ' A80cE it f I RakiaREe spsalalkey@ineesonance;
and hi gh i nped h@%ﬁfs C?SF’erggaélr{léi&\g{éé 2[z;:!t?}ﬁand nearllresonance;% LI, f'"r
V090! 24116 amfIGTEd ISR IR4@Tcallyl 0% sipmel tthachi is| rstanarbihcedPI ¥ BF FI G
106A, the first, and second ta ' it ( e\a rexhirmiiehy 920
Ni Hz. At anéchesst e&&ﬁé‘f‘?@@f‘s ?'llﬁieégé'ir%‘lgdaanﬁcéﬁzgnﬁié' e%@%gt}i ts is relatively
hi gh. Ther,gf8hfe of hethBgndida@yirich cignalidineciat ingracts himwmplijuddl & czg®& theot h t ank
circuits appear as relatively hicgh i edanée to the input frequency of 950
5 MHz, whibaeneiigsul(eribOIRPYOHBS PPﬁg?él%OVF' | ati vely | ow i npedance to
frequenci es ingf he SF&)%H FRGOULNHE fiE@REey Sifth&BscVzing Agnanerctyivelydovsf er
signal 10642 controls a switch 10614. Wen ener&g transfer signal 10642
consrol s swirpefd 1084lesidsyant Fagreasolehe HPGAEFEYd AMGHE C Orponent s
wi Il not pass thro i g odenkiRe sisevay 80, MHBearldothe rdesitginaltput O
conponent s“ef"%éiM 'g\? glgilg)r(\&@ﬂ%(’s&enb%sdi rreﬁgﬁ )y ﬂener ated by the s‘gste Twi |1 pass
through t amighe®yds biadloMiizt the 151 hhancaic willba resded THethe rR¥cYIS? “tlafikl  and
tank2 is to further separ t [ £ Ot B Sd06ahs 18F Rimblie sanme
node, ther(ébytiﬂ"gﬁdé?rh ° afr?glreeg@?ggﬂe&i(%gutt anagh%ht put i npedance,

Capaci t or sl 964.8.0ame WHIEAR Hc% 106 tist ondittdveof5e Kigt hotmerie (& gidal®7ener gy

bet ween energy transfer pulses. 15 Furth O¥y ! uaNSE&fedontd Mngation is
pr @i ded byhept a{E‘iYnd)eaWSiaH‘é?acfvﬁ?reTogﬁ) P nﬁéueffﬁﬁgét \)f\?rt h a storage cerllpaci t or
106l 2 as s&gg\gbtuer{t@i;ﬁgstiblglau@tiﬁed.ed exanpl e, the series resonant frequency
of this circuit arrangenent is roximately, 1 : ' j iy dencr eases
t he energy tranBfeelhird RHFHBEIE s"?l?e einyfihg ﬁ@ﬁétéget 8%1%@4@?@05% Phe

i npedance 9,[2 ﬁq}:qqgm{en 106{1Qn@pdink harmhsmedanit stfnaktronaiderigdpaongtote 10612 is
preferably pep 20 relati vei)y smal ] so, that t'hﬁ rr% or iGII{yoO]; atrrp?e aper gy

avai | abl e piokide bermaninssitidransieh anptiesledgaing 45 PEPORO 6N TS Oer at i on.

Exenpl ary out put si i Shaty @i rriah st Bt @der the Exdivple 3068 vtk 106C,

res:fongcti veﬁ . Oflﬁalli)i %}'agi%}élﬁm%gﬁt%&?ltl}egg é_onent s§10604_and bﬁ%gG fﬂsr”‘m an

i nput i Npedanseiliamis bignaCis 6UiMHz onpOivedesised 08B B 108%D el out put

i npedance match, in a 25 50 oh hSite@r Sidm AGHIY 16wdPeRentes | 0622

and 10624 PYMNE gé&?nt&la affu‘tva\frprr%gzg@gg' ng@?:ﬁgish 0 a 50 ohmresistor

10626. Cap%’gﬁ@% o10R08s B RGINELEF tet"0ad stlonguys waysaGhewh abevsr tof bfe

embodi nent . vol t age source 10646 and r.eshst,or . 152 950 Mz

si gnal wi t R.04290anshparobit ﬁ]&fheffﬁﬁ@éhén% ?\'n\?{,ﬂikﬁ: b'gr/"eoﬂihee(%g@]ttgﬁggfmeﬁt to the

cirguit. Ahﬂrﬁo&ﬁ Bf]@[{ee{gﬁﬂéulélfo@h@ WGt ke s.405)1 5ThdAn abisi dxaaply thnd a pul se
I C

30 ner at or, are used to generate energy transfer.sign 42. FI G
101 i | | ust hatmemiaobthaniangalak waye eagi 3 qn@&%{éitﬁg siai%%%neﬁi}aégm%dk oF

to-single-ended syst. 23 SQiedFo BliGt tAO9s' hdrmshicathesriangshunt t ank
circuit 10§Tbﬁgwnéog§g¥é%1?éQigﬁﬂ%hﬁaﬁM¥%nk circuits 101 10 and 10910 | ower
driving soufde id sipetiante jowshileh terBrlovesingrlah®@¥ent response. Shunt tank
circuits 10110 and 10910 are able store the ~al'lr; e003 WD 00l 24116

1' CT/ US99124127 - 106 energy fromthe input signal and provide a | ow
driving source inpedance to transfer that energy throughout the aperture of
the closed switch. The transient nature of the switch aperture can be
viewed as having a response that, in addition to including the input
frequency, has | arge conponent frequenci es above the input frequency, (i.e.

- " o o o o s o v Y -



aperture). Resonant circuits or structures, for exanple shunt tank circuits
10110 or 10910, can take advantage of this by being able to transfer TehdFgyll:
t hroughout the transient frequency response of the switch (i.e. the
capacitor in the resonant tank appears as a | ow driving source inpedance
during the transient period of the aperture). 10 The exenplary tank and
resonant wbrooediws es descri bed above are for illustrati veppoupomer7and are
not limting. Alternate configuratdlons can be used. The various resonant
tanks and stnttures discussed can be conbi ned or used independently as is
now appar ent . Agotersreason hefethy figsisGwRAT PRIy Hadk peado ko bepgmplifisd Golekpt s of
charge t LRANS SEmaHEuBRW W8 SR RBA M ek @hih ENEE ohiQub: il trWificia FIG 117A
illustrates a circuit 11702, including a swwtch S and a ;,apacitor 11706
havi ng adesdgiacineamesh ©© compenigeswitch S is controlled by a control signa
11708, which i I =0g r u i "T." In
FIG 117B, Equ,;?C?%g%@%,g&,ilufggg%rcg@g 4 \ép@?@&?@;@ég%ﬁ gfaygnbigéiﬁbaci t or

havvi ng 2@malifyapabiat/aaficrenceGjghabochsas titah thecaphcideaf tHel R@montesllyridpor t i onal

to the voltage "V: across the capaciLtor, where: g. = Charge .in ulonmbs C =
Capaci t afG& s Pishs ASLoUbfy GIBHIY Usieuncassoindicd YHe e Hsalfo v* 1 s
represenied Ryto EenRry ai de3le@namWARr enlfA =THen@uinpRisgfiadn Avmi 4rdde: Equati on
13a can be rewitten as Equation 13c. The change in charge over tine is

i || ust r atlBgraye RygRosss PTHY Befi At ¥ MeAEE ol LRItRgPode EGeRt IEpnties. Equat i on

14b. Usi phel NecHnldue® RO MBEiEHLC ainfBMatibY 2T hEAGHOBubuSsickAUabliRML4b becones
Eqr:ation 16, which 30 can be rewitten as Equation 17,7 Note that the sine

t &t min Eepasant wrihasp skidledinfthoreolqvent afs)t he aperture "T" only. Thus, "~q(t)"
is at a maxi mumwhen "T" is equal to an odd nmultiple of ~ (i.e., n, 3~c,

1 "~,nn;f;03 WO 00124116 - 107 PCT/LJS99/24127 Sn, . . . ). Therefore,
capacitor 11706 expb?i Sneesiralniesguatest change in charge when the aperture
"T" has a value of n or a tinme interval representative of 180 degrees of
the input sinusoid. Conversely, when "T" is equal to 2~, 4~t, 6n, . . .,

m ni mal char gk dig émboishett) edined dopidiet dnaseliSpo diplifante Bhissetkreacd or "q(t) "
by integrating Equation 13a, allow ng the charge on.c citor, | 706 with
spect P8 Mot TGPy S T HE A Rr b ity T Farmonically

rich signal. And in yet another embodiment, a linear amplifier is used to amplify the
15 desired output signal. Other embodiments, including the use of non-linear amplifiers,

will be apparent to persons skilled in the relevant art(s).
5.2  Exemplary Embodiment.

An embodiment related to the method(s) and structure(s) described above is

presented in this section (and its subsections). This embodiment is described herein for

20 purposes of illustration, and not limitation. The invention is not limited to this
embodiment. Alternate emBodiments (including equivalents, extensions, variations,
deviations, etc., of the embodiment 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.
25 5.2.1 Linear Amplifier.
The exemplary linear amplifier described herein will be directed towards an

amplifier composed of solid state electronic devices to be inserted in the circuit at one

or more points. Other amplifiers suitable for use with the invention will be apparent to



the input sinusoid, "sin(t)," as illustrated in the graph of FIG 117C. As
the aperture "T" decreases in value or tends toward an inpul se, the jph&s&2003
bet ween the charge on the capacitor "C' (or "q(t)") and "sin(t)" tend
toward zero. This is illustrated in the graph 10 of FIG 117D, which

i ndi cates that the maxi mum i npul se charge transfer occurs near the input

vol t age nE@0emil6As this graph indicates, considerably | eR3r/¢svanye? i s
transferred as the vaI ue of "T" dd8éreases. Povver/charge rel ati onshi ps are

[ 1 t ted ) FIG .1 i t hat
S pr opoPesnaTED TR e G A Sosn B Grsh g8 arelibs Radlsdte, "0 PO

proporti &B&kxest@mgd%&fqhirﬂ@ ahP§ Geatioh AG@PAE dmftputme&rhplmdls%ﬁr £708. ![tl lustrat ed
in FIG 117F, Generally, the noise figure of ossgﬁr passi ve device is
af

numer i calPylddgaararens ¢ Ree ghalqdis th"néeéfr"f“ilto?’it(i’r)d@%‘ a plprelipyneftambsripentshe noi se
figure fpr, ayeHa¥l&e rﬁtﬁ@ﬂogev@ﬁmk%&ntﬂﬂé‘tscbﬁé ahd Sk GF tlleogr\'s/vgnt dprasert i on

I oss can be expressed by Equation 27 or . Fromthe ab I scussi on,
i t5is obdesenlerd hetesit as the aperture "T" |ncreases, more charge is
transferred fromthe input to capacitor 1 | 706, which increases power
transfer fromthe input to the output. It has been observed that it is not
necessary to accur at el y.ZkpOpautend/Deseripgiok. vol t age at the out put because
rel ative nodul ated anplitude and phase information is retained in the
transferred power. 25 6.3.6 Opti~nizirtg and Adjt~stijtg the

Nort Negl I gl bite Apeed wueuWstinbl Bur ati@ifified 3n6a huMdkybhgvdyie $uchpctt aftd
O ~tpert n edattces | n_an enbodi nent of the invention, the energ

gy
transfer a'EIP frafion gs described Ky thg seckippymay be auwsiditpngp dhe tyehnigues desciibedd t o vary

t he i npufpovERedRNGE: ﬁl%%'ﬁaﬂkyoﬂ}{% &'agﬁ@hca%mfkh@grﬁﬂgy Rl ahYpikd18r Bt put
|rrpedancef|rmnga oad. An exanpl e hi s enbodi nent i's i~ ~! 1233

VO 001 24astdlatingriymalibgogapacsatpe switchgo Clé@s?élﬂloﬁelﬁ bel ow using a gated transfer
nodul e 9701 shown in FIG 97A. The nethod described belowis not limted to
gated transfer nodule 9701. In FIG 97A, when switch 9706 is closed, the

i npedance | ooki ng i nt 05&i kZ8rpct@idPReicgip§apst anti al ly the i npedance of a
storage nodule, illustrated here as a storage 5 capacitance 9708, in
parallel with the inpedance of a |oad 97|l 2. Wien switch 9706 is open, the

i npedance at la ¢nei émibo@ifdeht,ap pineachasgifienfid plated bétiveboltheovas/tdi@tnckhe aver age

signal and the switch module. This will increase the amplitude of the bias/reference
signal, and as a result, will raise the amplitude of the harmonically rich signal that is

15 the output of the switch module. This will have the effect of not only raising the
amplitude of the harmonically rich signal, 1t will also raise the amplitude of all of the
harmonics.  Some potential limitation of this embodiment are: the amplified
bias/reference signal may exceed the voltage design limit for the switch in the switch
circuit; the harmonically rich signal coming out of the switch circuit may have an

20 amplitude that exceeds the voltage design limits of the filter; and/or unwanted
distortion may occur from having to amplify a wide bandwidth signal.

A second embodiment employs a linear amplifier between the switch module
and the filter. This will raise the amplitude of the harmonically rich signal. It will also
raise the amplitude of all of the harmonics of that signal. In an alternate

25 implementation of this embodiment, the amplifier is tuned so that it only amplifies the
desired frequencies. Thus, it acts both as an amplifier and as a filter. A potential
limitation of this embodiment is that when the harmonically rich signal is amplified to
raise a particular harmonic to the desired level the amplitude of the whole waveform is

1s

amplified as well. For example, in the case where the amplitude of the pulse, A

ulses

30 equal to 1.0, to raise the 15" harmonic from 0.0424 volts to 0.5 volts, the amplitude of



i npedance at point 9714 can be varied fromthe inpedance of the storage
modul e illustrated in parallel with | oad 9712, to the hi ghest obt ai ndbf &R 7003
i npedance when switch 9706 is open, by varying the ratio of the tine that
switch 9706 is open to the tinme 10 snitch 9706 is closed. Switch 9706 is
controlled by an energy transfer signal 971 0. Thus the inpedance at point
9714 can b¥OPHP1EY by controlling the aperture width of pﬁ'é‘“@ﬁ?—?%Wtransfer
signal in conjunction with the aliasi ng rate An exenpl ary net hod of
altering r 9 scr W th
refer ence%% @%{5&53‘3’2@% Elrcgﬂgrll%hl E'rY%‘u 't 50 rglgléﬁ%zfé&g\gqiﬁ ﬁltg ?‘gg

oscillati ﬁ“gissrhegnadll O5e8! ttmdoltagt pesigs lamipof the fifte@i n shown as doubt er out put

si gnal 9504. Or e use era nerg transfer signal
9710. Exenpl ar§ e?rg}?s 504 agﬂpgﬁ%rh \t‘—ule ac"9§ finga a@ﬁ’rlu?ﬁre shown

t hat by VaEtWeEkgtfiehﬂted@ﬂlcﬁ&leofanirhﬁs@n mmadllepmnagalt@ﬂiy BiiseatRe hmyRfutiebf 9508, the
W d#h of the pulses in th doubher ouE5 ut si nal 9504 can be varied. 20

| nct easi nderdsairgdigyors 1t "étEE} NAGFET BicBY Hoh $1RAr t er 9508, i ncreases

the width of tbﬁlep%wﬁme&b@uai Angd uslarowagﬁﬁadarlayuﬁay%h%e afpP&ht &An be
del ayed by introducing a RFC | ow pass network in the output of inverter

9508. O héene feliaddn e raleyant pivg), @%delll%)?eéﬁcflh@i@f@hal propagat ed by
inverter 9508 will be well known to those skilled in the art. b.3.6.2 Real
Tittle Aperttcre Control 25 In an enbodi nent, the aperture w dth/duration
is adjusted in real322ngihEokmbudmphte, referring to the timng diagrans in
FIGS. 1 10B-F, a clock signal 11014 (FIG 110B) is used to generate an
energy transfer signal 11016 (FIG 110F), which includes energy transfer
pl uses 11018, 1nhaa/bmgodtmeﬂltabﬂeﬁmaablabweaﬁ-e blr@zz&d fon parpoeesbediin®idtionc| ock

signal i 14 i s inverted as, lLlustrated by an inv rted cl ock signal 11022

R 50 Moot €F gRainerdshie Gof dhy iy walerage HPodrrhiod by o
deI ayed clgekngisgp@ly br 3@RénlidilyCrrohl@6e désBM&rdt Rélein] Q6K b3i patend &022 and
del ayed cl ock S|3nal 11024 are then conbi ned an AND gate 1 1008,

gener at i nBEEATErsYIed Ay @#@vgmtg%{w hasadyai thevﬂ%i“é‘l’fﬂgs oppapefl Agreis  Such

PCT/ 1 1 S9912412d embdddRentb Bl Witi@ he scGRARGYikif é’friﬁé ﬁ‘éso‘ﬂ%‘ln@% oh! 018 - when
del ayed clock signal 11024 and inverted clock signal 11022 are both "high."

The amount of delay inparted to del ayed clock signal 11024 substantially

determ nes thesw dtll“;#ggmq)ﬁ tgjtnim”%@esvarl abl e apertures 11020. By varying
the delay in rea e apertures are adjusted in real time. 5 In an

alternative inplenentation, | nverted clock signal 11022 is del ayed rel ative

to,cl ock signa 14 an OITbI ne ock.sign 101 4 by AND
batS 15005, A piH ePgcnE e Bl ARR Y LSS R B ver t eq.
The resul methsd(cshemruemrdas)nedﬂw tibedimels Slegibed Ja]:@\ileﬁlaﬂ&ypn%ﬂlﬂtdgamethils | 008.

FI G 10A il lustrates an ex lary real ti perture contyo stem |
1002 ¢ hat eoBtRCiE SR TS iRteiousarier DB s bein T e

aperture gapbdedlorsysétembod, hil0Zol NGHERS aheRav&itioaUistnot iR thﬂieCh

i ncl udes a vol tage vari abl e capacitor 11012 and a resistor 11 026. Real tine

aperture BYHEHY SeypaienPl|compoRanio 2pchaPqiepsls dascibrdeharain. 1 YOtsenalies an AND

gaje 11008nc160h¢ QRRIvh¥ALs; A@Qe%n@ 14008nd, ngd wiRfs, aftc ORI @B deRakdee i nput
11010 for enablng/disabling AND gate 11008. Real time aperture control 15

syst em 11b@ginppili bhapnagent watenwes slahedaimghs felevantiar@eased on the teachings
contained herein. Such alternatives fall within the scope and spirit of the present
invention.

5.3.1 Linear Amplifier.

25 Although described below as if it were placed after the filter, the amplifier may

also be placed before the filter without deviating from the intent of the invention

5.3.1.1 Operational Description.



Operation of real tinme aperture control system 1002 is described WEIP’” 2003
reference to the timing diagrams of FIGs. 1 | OB-F. Real tinme aperture &%
control system 11002 receives clock signal 11014, which is provided to both
inverter 1 1006 and to RC circuit | 1004. Inverter |I 1006 outputs inverted
cl ock si I 2 and presents it to 20 AND gate 11008. [ jt 11004
del ays clqg(@llgoéﬂj‘g%al 11014 and outpyts del ayed cl ock si gn%ﬁ%ggf)é%z{’ The
delay is determned primarily by the capacitance of voltage variable

capaci t or 110A&ordieney @hbodim@ss bh@e GaRaAGE ANGR2OARHIERS §80civicl @ el ay
decreases. Del a¥ed cl ock sianal i 1024 is optionally anplified by optional
anpl i fi efigha] @b@lirghampliwds@nd guippis dspecnd stegalaNp sgeand aprowgle, wherkinf i cation is
desired, o CaNgt: : Lreu: 04
at t enuat tehfgglé.cﬁgégli%g%g%) ﬂ) Igg?ﬂévgvﬁ{lﬁoeﬁj? ﬁirrégégﬁg%ﬁ%? le‘i%tté‘gﬁeﬁﬁffg%ggmk gate 11008
conbi nesthdenhfayeation|cotbkddsidgmid the 02 4ignehvevefet wilbake b¢ gmbbdded®8®, and
optional ,enabl e signal. 1l 010,. t.0 gener.at e enef ransfer .signal 11016.
Ag)ert uretshelsffﬁﬁ 4 lg‘il'ad?y éaéﬁ ¥ edg 1Y itﬁ%t hf/rev%e%? trlllét?et a@%\%(f”t gbgwt o voltage
vari abl einB@maa@essffossibld 101 2. 1 n an enbodi nent, apertures 11020 are
controlled to optimz r transfer. For ex l e, in _an enbodi ment,
apertures 110% %rregl”(?gﬁg]%\é\ﬁwat’tt Wﬁ%?%‘%@lﬁ%ﬁgﬁeftwmlwe heh Benat i vel y,
aper t ur efrsi sigBA0 haweves Oftleohh e Be fighlcvRhlaabiewlakh £oPtde@led( @althe | L

~ L f~l, LUU3 WO 00/ 74116 . PCTIUS99/ 24127 - 110 automatic gain control -
AGC), | nseepndssigighbralopeninan hiswist siepalnse ethe fist pigerl vel bpptisnsagd)- ng apertures 1
| 020. As can no~.v be readily seen fromthis disclosure, nmany of the
aperture circuits presented. and others, can be nodified as in circuits

i ustrated in FlGs. 92A-I3 S®uapwdd Pescaipiion or sel ection of the aperhire can
be done at the design level to remain a fixed value in the circuit, or in

an alternative enbodi nent, may be dynami cally adjusted to conpensate for,
or address, VEri dugndedugnoigoihar smphfiass meddineivngo Riossiskitlad $n thiet h enhanced

efficiency that are in distinctively diifferent .bands of .operation, e.g. RF

i gnal o e sgoiURL,  Aning gt Wbl R R R, pRBSSRERROr kT b an

enbodi megimmherttd) @r itmvagHciparthasad byffarshéelet work is added to inprove the

ef ficiency of_the energy.transfer, ule. Such a bypass network can be
gl H

viewed as a nESHP%Y feticceeidB A tYr & indbn el s speHedire P a bypass

ngt wor k @ie e, egt ednSQolkshat Jdshe ibypassbaet \éﬁlFJKﬁé’prQﬁ‘rtﬁe shhstieki al 'y | ower
i npedance to transients of the 15 switch nodule (i.e., frequencies greater

t han t hec*eBpbry sHOEMOS iFHart$Bale dAppEisr 45 §8mB0TeE T Qice rarisrg four mpedance to
the inputEMSgNal clofeir, THS@LRTIed HRknel A Br@ Wil §elanfzE GEHENCY) . The
time that the input signal is now connected to the opposite side of the

swi t ch nudreusiageinamptdssigetimaiulee ¥s¢dt he shapi ng caused by this network,
which in 20 sinple realizations may be a capacitor or series resonant

i nductor-capacitor. A network that is series resonant above the input
frequency woul d be.32 t Ywhadinpienphavent ati on, This shaping i nproves the
conversion efficiency of an input signal that would otherw se, if one
considered the aperture of the energy transfer signal only, be relatively
20w i n frequeTte)mplenteatadpis deedribed above are provided for purposes of illustration.

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

25 invention.

6. Receiver/Transmitter System.



25 For exanple, referring to FIG 107 a bypass network 10702 {shomn.,in\p)[m(ﬁ3
i nstance as a capacitor 10712), is shown bypassing a sw tch nodul e fO%éAf‘
In this enbodi ment bypass network 10702 increases the efficiency of the
energy transfer nodul e when) for exanple, less than optinal aperture w dths
were chosen for a given input frequency on an energy transfer signal 10706.
Bypass ne¥Y@8¥K1%0702 coul d be of 3Q different configuratPeHES¥REA7 shown in
FI G 107. Such an alternate is illuStrated in FIG 103. Simlarly, FIG 108

tos0a i 6 1 PeoBo i BhYy 2 15 T ATRAS sBur s A AR T O g’
di scussi epctwintdgnelersgrstsr dt end ¢rebafihet be afveation wiarsbared ofpestablabéghand t he

benefit provided.by a bypassing network. i nni with an.initial circuit
navi ng. alReBpe asihel BN TR] B QG Risfoert N Bt vppy ©'s een
to be 2. 8nVppriappedtied descrébrebQ eimd trabatimentFl G tHelBid &hbaiimeg, tike aperture
tog 270ps as 5 shgﬁn in FIG 112 results in a %inianhed out put. of 2.5Vpp
appl i ed FHSRUSE OBRMPIOHY RS UHLRPCIRCHR & reqe Ve BansP I SRpSHEIRREOor  t hi s

| oss, a QxRassTHehWarckbBBYnRemafdRE be ffSRRAIGH fak thel IRIQIIRALBA QftelnS Provi ded
in FIG I' 13. The result of this addition_ is that 3,2Vpp can now be applied
to the 5oneadimeniadndsths embingd Frogvenrgamitigieciequilcif refgitet tohes Bypass
NEtWOr k dyfhEdefFer. 1 11,8k 50e NBGANLEENAL UAR. RIURL 3 0 LB RLHGHNAI nd |0
circuit to conpensate for the inpedance changes introduced by the bypass
net wor k anwgmaambodwednaperture. FIG 114 verifies that those changes added

to, the circui t wthout the hypas et wor k i d.,not .thensel ves bring
a@but t he iné@gagg W%?f?%ﬁ%ﬁc§wceﬁbbgﬁpﬁt%l %ﬁmP%%f%%%%a?ﬁ%ﬂPﬁﬁﬁ FIG 113
wi t h t heerhlyqasantn o rrkcervel/Ganshh68 shews tihehdws wet uraferstsidnthat e circuit in

FIG 114 mwhich only 1.88Vpp was able to be 15 applied to a 50 ohm | oad.
6.5 8 METYICRE pdg: 6y BB e g P SRl o BRSO3 Shoms an
enbodi megiterRiond wYisi@R) 83@:kionhi &h, user @BOYImEonVEsd gshaRingiaheSRR7 as a

f eedback 9306 to control various characteristics of the energy transfer

nodul e 98@Bdtip thegeleyant IHe) bRSGMOR BisVerbiags «nfingd bemoy . Suph caain@pys: y, t he

afpl i t udgt@kiohfie AW CANYRIhE LS| S0kt s\eﬁ}lsé £ &rifof WRGHdsR of the
frequency and phase differences between the EM signal 9303 ané t he energy

transf ering¢nfigal 9309. In an enmbodi nent, the down-converted signal 9307 is
used as the feedback 9306 to control the frequency and phase relationship
bet ween the EM signal 9303 and the energy transfer signal 9309. This can be
acconpl i shed @i ndglighéeb Desceippipary | ogic in FIG 98A. The exenplary circuit
in FIG 98A can be included in optional energy transfer signal nodul e 9302.
Alternate inplenentations will be apparent to persons skilled in the
rel evant art shhibssech providae athidekiveigesapnbaoi e dedesreeiransmiitéresystatie
impl ementations fall within the s e and spirit of th resent. i nvention.
In this SRBERENENTe 2EEE BYRER ot SUHEBEN AL P e ArepreY PG Rt he exanpl e
ofp FI G 9@&ratide phipbss, e R0t 380 4ng. eRdsirtasnlaaly G@iniber 6f @ihéthalc@averter, A/ D
9802, and controls a digital to analog cgonverter, DAC 9806. In an
enbodi meftfuctugy! ANpleRERAIGNS 0% YSHbISEEEY 05 Whishe¥s d4seibad; ip My s¢Pe%i ous and
Current, The details of such functional and structural implementations will be apparent to

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

According to a first embodiment of the transmitter of the present invention is

25 used with a traditional superheterodyne receiver. In this embodiment, the transmitter

and the receiver can operate either in a full-duplex mode or in a half-duplex mode. Ina

full duplex mode, the transceiver can transmit and receive simultaneously. In the half-

duplex mode, the transceiver can either transmit or receive, but cannot do both

simultaneously. The full-duplex and the half-duplex modes will be discussed together

30 for this embodiment.



1 G~vf'~ 203 WO 001 24116 . PCTI US99/24127 - 112 to store and recally g ke 9903
results of reading A/D 9802. In an enbodi nent, state machi ne 9804 uses at

| east one nmenory flag. DAC 9806 controls an input to a voltage controlled
oscillator, VCO 9808. VCO 9808 controls a frequency input of a pulse
generator 9810, which, in an 5 enbodinent, is substantially simlar to the

pul se gen¥PAV&hown in FI G 92Cg. Pul se generator 9810 HeHE¥AE4S7 ener gy
transfer signal 9309. In an enbodi nent, state machi ne 9804 operates in

accordance Wi/ILQec%nﬁteﬁ{b%giiﬂ?e@h%)ﬂﬁleftl'aﬂmwﬂ s %@ldg%krgnﬁiﬁ;br gtglli?le y Ent’ esul t of

this operation 1s to np the frequency an ase relationshrp between
ener gy tinaegibero k¢ gyed wid30en agrsh] BERfisingnddwi Cord8GHn dicus bbimgastd al | y

mai ntain the anpltude of d -converted si.gnal, 9307 at an optimm | evel .
The anpl 1 EG8ET0P" HORTOGNEE (4 BitsTs1 SSughm 4 BEPaMO®0 vary with the
anpl i tude of snek@ymbodinshest giegiamlscddDs fdm thantraRIMGEEr ENthe Wikde:® a swi t ch
mpdul e 9111 is a FET Cg}sé(gﬁhown in FIG 91A, wherein a gate 9104 receives

erergy tPEALPRMO P8 us§ 2y ¥ersa fieaURRGY [dOWH FOBYTEIAR LG raIRES B si gnal

9113 canggrteraminged e fulupkRalogtance of the FET, which affects the

anpl i tude of down-converted signal 9115. Optional energy transfer signal
nodul e 9302, HscHRAIPHIFdhe GReceiesAreslssaibedAalPyg circuit that enabl es an
automatic gain control function. Alternate inplenentations will be apparent
to persons skilled in the relevant aat(s) based on the teachings contained
20 herein. AlG2rndivemplapt Bmbodineiiongd fuplemegitatipm Exmwepksope and spirit of
the present nmvenhon. 6.3.9 O her huplenetitations The inplenentations
descri bed above are provided for purposes of illustration. These

iMpl ement at i dvsioas enbatimemt edadetitotthe metiod(s} hrel struverd(s)alescrided eiavat e 25

i npl ement ations,, differing,slightl r .substantially fro hose descri bed
her ei n, W%I Iexwl%pgp%rﬁ?ong{) aﬂlggéo?{émgﬁ?ll I’rgalefr’ﬁmﬁﬁ S é?lgR‘?g]nio afﬁ‘fsg) based on
t he t eacdmidvgim&eiraiprschtbeinethR. seSwaagd ttesubaétiohsypl BEBNE@bddangntd,al | Wi t hin
the scope and spirit of the present invention. b.3,10 Exenpl ary Energy

Tj ~ansf e1MIONFCERY SrFaads asp describgd herpin fop@YrPAFSSOYy Bastission) gngl Aot

PCT/ USO9Re-124. Exeemmlvadidon! ifRloe MBRatd RS ahdodReGtd bed B! owidek
illustrative purposes. The invention is not limted to these exanples. FIG

99 i s a wemeleatdfcoumnogenimagf apfhedserpcabsd bpredui tAliconadiyan (welideet a 915 Mz
si gnal téﬁuﬁ/a&n | téfs%ﬂ?,lva]iﬁt'id}lg, gll’aggnrm]s];e I f%&%lﬁ];esc%bgi %rggnq&g;ﬁlg Ws

exenpl ary sinulation wavef orns e circult o orm 9902 is
t he i npupptrent teeparsane iskilled Hovhagelthet ditst bedteid ons theatasahihgsycontamedwi t ch

cl osure. V\&veéorm? 4 i Ll.Ler . t the storage ynit.
A T T e R
di f f er enhe invemioadainended and adapted to include such alternatives.

20 6.2.1 First Embodiment: The Transmitter of the Present Invention

Being Used in a Circuit with a Superheterodyne Receiver.

A typical superheterodyne receiver is shown in FIG. 49. An antenna 4904
receives a signal 4902, Typically, signal 4902 is a radio frequency (RF) signal which
is routed to a filter 4910 and an amplifier 4908. The filter 4910 removes all but a
25 frequency range that includes the desired frequency, and the amplifier 4908 ensures
that the signal strength will be sufficient for further processing. The output of
amplifier 4908 is a signal 4911.
A local oscillator 4914 generates an oscillating signal 4916 which is combined
with signal 4911 by mixer 4912, The output of mixer 4912 is a signal 4934 which is
30 amplified by an amplifier 4918 and filtered by a filter 4920. The purpose of amplifier



FIG 10l is a schematic diagramof an exenplary circuit to downconvert aL
915 10 WHz signal to a 5 WMHz signal using a 101.1 MHz cl ock. The ci rcl iﬁ ' 2003
has additional tank circuitry to inprove conversion efficiency. FIG 102
shows exenpl ary simnul ati on waveforns for the circuit of FIG 101, Waveform
10102 is the inPut to the circuit show ng the distortions caused b_/y t he
switch cl 8QU&HMavef orm 10104 is_ghe unaltered output atfTREYMIage unit.
15 Waveform 101U6 is the output of the downconverter after the inpedance

h
GownconyePt® & S et b sferBf S PO rG AR B EREERRiB) LT ock The

circuit had ttewutphe bwmgm usd:mremoyett@ tmdmrod!éremmnms sion efficiency. FIG

104 shows exenpl ary, si nul ation orms. for the. ¢l rcuit | G . 103. 20
vaver orm 1 0302t 1ot indhe R ER ESterhEDn oGttty 3ot bohs caused
by the sutehbiédsithehe Mayetaariineldd3ishal 8934y umﬁmbﬁ@rzed TH Ridhut JF t he

storage unit. \Mveform 10306 is the output of the downconverter after the

néedancémefart"c%%? PgtA #7034 GRaInS AaHORET 2 Smd maltlfcE 4880 erareathaintBe ar v
ci r ou t ishnfl 493699 o6 ARNE&HEH afnBli@Be E%f@%gﬁ tﬁﬂatres% ther g€ Mh ween 913

and 917 , at a baud rate of 500 Kbaud igning a Transm tter
Accor di ngowted sudeeBedioi thest the hetelhgensers @Xtrwﬁ\ﬂetﬁtqb@ﬁtlﬂ basphing sgmd i on

(1 ncl udi r]@?,gts subsections) provides a high-level description of an
exenpl ary "process to be used to design a transmitter according to an
enbodi nent of Stguel ﬁﬁBésiemtfeirm/masi t’un firfhetetregtate duesende $HY)isturdl, hed ei n are

al, so appl ble to d nin uen -cqnverter for .an

Sl ont e 4Re BorERREM AT AT R LATHEREY s RO SieiarloRlor 38 o

00/ 24116 oscilldidr 4PAThAUSHLR4ANT tdhebs edtwesl (o he thke Sigdti 1ot s1ags aaf ehgont ai ned
herein for i|lustrati d are not |imtin Al ternatives

(i ncl udi ﬁ@métﬁ‘&il%‘?fj ft Cgl(!ifig ?g‘b?@%\fﬁ?% 7|°€5‘i‘1ge recﬁ?ﬂﬁdgf’ eoihg seopd I of those
descri beqtaE@rel n) wll "be apparent to persons skilled in the relevant arts)

based on the teachings contained herein. Such alternatwes fall within the
scope and spi Exempprysiregyengiiscee e Gigyeaf FEn, 49418 26 Hellavsy eFign®d#99% i nt ended

ansl adap%%gy te®ob Mz d hé&gfenna%lrts%amwﬁxaymt G PSS b ARK AT A%smt@l?scr' bes an

exenpl ary process to e used e5|gn a'transmttef according to an
enbodi menhe &fquehey pf dwelst ﬂﬁ\?emll ognal AY3éxeaipd ar 90 dMHeuiif thosecand ransmitter

of the pry RQr t in 10 FIG
57A. Li ke\(S?\Alfsﬂ(;l ngl‘—sfbégp%d%g Ius@%{%‘pggée{aﬂﬁdq?r '%\14 m i er o? \fvh@d%?gg@nt
i nvent i oMiBpeTtias imguency nshﬁndfalk/bénbmﬂllﬁﬂmquermwd FIG 57C shows the

t tt f..th t t t he AM enb d t. Th
ci roul 15 have BB BREROPA® FFEUFLte eR i e il il BELERRE ere 10

fagilit ah@ecilhehdjﬂréi@m\‘&dremb@dlmﬁzfm@ ofl@giigRntiAs Alse, thd éXImpeirp ddijwsacies of the
present invention is a supset of the PM embo rgl ment, it 15 will not be shown

in a separeatiangd agpyearpproide fprillustia e RIBRISGHOMBEE ALNAMIMitinge very simi | ar

to that for thes Wsﬁ@@@ﬂr%ﬂﬁt{er@?%%@és&g 1Nt BEi 3PNk ey Ol @n@inen t he
i npl emrentation, sone of the design considerations may not appl é@éFor

exanpl e, aglyBicel werih@terqdm aftci@’(b’la\l ﬁﬁc@é%%zﬂ@s 5@t1“1|‘ﬁ§ry?‘teﬁ@t“ HemRBEessary to

the Trarrsrrrission Sig first step 1n the e5| gn process’is to
de$ er m nevhidheis implgmenicy umflg talrrbesm@pﬁeedyw wasintrswnbgurgiignahd Bkl .is This is

RS2 YeSPLEL MRS e dOECARPLIE AN At BEP DB IRASIRERSL 15 19 PO

used. The gent’ I"nvent an-bé used for all
frequenmde&rnhedbulmft he el ectromagnetic (E~|) spectrum For the exanples

gggei\ﬁrjl’z tzg E;g ﬁﬁg Nagﬂ£$VW modgsocalles in ormatlon usslgna?f 560qe rrtlord% %ersp ;[1& er in the
intermediate signal to produce the oscillating signal 5002. Oscillating signal 5002 is
30 shaped by signal shaper 5010 to produce a string of pulses 5008 (see the discussion
above regarding the benefits of harmonic enhancement). The string of pulses 5008
drives the switch module 5012. In the FM/PM modes, a bias/reference signal 5006 is
also received by switch module 5012. The output of switch module 5012 is a

harmonically rich signal 5022. Harmonically rich signal 5022 is comprised of a



range. Those skilled in the relevant arts) will recognize that the aqad y@
contai ned herein may be used for any frequency or frequency range. "
Clraracteristics of tire Transrnission Signal. i G':i'~; 7.u03 V\D

001 24116 . PCTI US99/ 24127 - 115 Once the frequency of the desired
transm ssion signal 5714 is known, the characteristics of the signal nust
be det er A&H241these characteristigs include, but are noPCTPHOREF7t o,
whether the transmtter will operate at a fixed frequency or over a range
of frequ | r l r-an i es,

whet her ?lﬂ gﬁ%fsgtthgmgze]nd&tn gﬁ%{lﬁsga@&;gst[?hﬁggégop%gx er% lﬁq%ﬁ%l screte
"channel gl 'bul thet h@rfzci eaqumnd”gpqnamg@esos ﬂhwﬂdm&dlmtqmltdﬁrmmiyesmannel s, the

spaci ng bet the Cc n cert ai ned. As Le, cordless
phones 0381? Eka ) arr{pi"?tgr |fsﬁequlen %}S‘?da?tg% FRTEHEP APy u(B‘?ﬁﬁ%#‘é@e channel s
t hat ar EOﬁ@ltKHZratﬁlﬁﬂisﬁon ﬁénatsoxs whiéh & heutedfotd @5%xphies Thppugbs: ¢ t he 905
MHz to 915 IvlHz goe i ncl usive), the c%nel S ,cogl d be found at 10

965. 000, dutBens620 opE PRIt 2 single pengp o &) Bsegsymulipneonily HoEoth7. 3

~Yl odr ~ atdipRg SnRPRsmAM Bieﬁatgharfe%&mmgdoﬁ sthakeitabtighe #Beeiyai ned is
t he desired rmdul ation sc enme that is to be used. As déescribed above in

sect i onstrasmispion Sl@nalaﬁ@e@éa@ﬂ?@éed $#BRRLPE4S. on schemes include FM PM Al vt,
ete. . and amicorRbald e AmSLRSRorHe! apt pléée%egp )sf)oa?x"’}{ntt?)e‘rn%{%ﬁl udi ng_ the

Wi deI y used subset Just as ré ue esired
t ransm ssgmh 5§B@rra;tla®§'1ﬂfon9attcylpmgmlIS)OOéte(@r bmst@cﬂertxycetsﬁa@tai rfoemded

al%pl | cat %np?ﬂonsgftﬁeo 1) tart]t%n mdn% aStOIBBn S&Q?frf%smﬁatmﬁf 1grrtrag?$(}0§“ spl,cs of the

I'""nforrn nal". e Char acterisfic gldﬁal 5702 are
al so f actodigated the design 20 of the transmitter circuit. Specifically, the

bandwi dt h of _the informati 702 defi.nes the m ninum frequency for
an osci| | ati ngisAgKgEPt ‘@764%r é%gﬂﬁg‘*ﬂi g? Otfl‘tg C ERSCRRVET Mharern hF'rtcjdes Y

respect i ¥&sltting pénfahadsfaetee&dn&hmﬁ@au@hs tshﬁerﬁbﬁld 5ok 19 cSo@Rahan Hae desi red
frequency of the oscillating gnal 5704, 5738, 5744 is also a 25 function

of the ficeqjuEmeyioand RoRsib 8 STbpdighen caf PGl dve o aiade atiiase aeg HEBSE on i gnal

&14. Al so, t I?dli%{ i f d nsm ssi on
glljgnal 5714 a@gwﬁt@% eﬁ@g‘nﬁ@?}é&g&@& a§‘CH)16§1P glfgp%mqﬁﬁSw 2%%7 factors

in det erthrqwghéllt)hkéuspatesle embdtilhleof oftthetrwt:@ée wherein tmaynkg dsbirglufses 5706.
Not e t ha&os{ Py { PG&%Y&%VMBBS tfﬁ r?%g'élllitt@xt 'tdq?e %hgg@lblysgo%g e57r§r§m1t§¥44 s

substanti a Re Sanme as requency 0 ses 5706. (An
except i opnrtiovharsithé scdwaqus&mnbfbbé owguiti STowdrethisaa padifseff shtapbenlgaahu incuit 5722

i ncreases, the frequenc t he SCI| i 7 5738 5744 in a
manner si JﬁCP%%thFEf% h"’“tyagti‘%r.%”g abO\lggélﬂg‘Sec aﬁoscjla %??4 KOFE™S1 so t hat
taoe fregaresseilacungsignsl SE06mbith isohixbherithtsignaldtafl tpgtizese 5706 IF sigsalbst anti al |y

e 52053, LG, LSMREY PP RS A0 Lo TRRLSH Ly oi oL
osci | | atinp@d siignale SEOH sipd38108 14 4entiate Heecand OF sihhAs MRNI Boxthet he
frequency of the desired transm ssion signal 5714. A subharnonic
éxample herein, the frequencies of the oscillating Signals 5106 and 5112 will be lower
than the frequencies of signal 4911 and first IF signal 5108, respectively. {One skilled
25 in the relevant art(s) will recognize that, because the mixers 4912 and 4922 create both
the sum and the difference of the signals they receive, the oscillator frequencies could
be higher than the signal frequencies.)
As described in the example above, a typical second IF frequency is 11 MHz.
The selection of this IF frequency is less flexible than is the selection of the first IF
30 frequency, since the second IF frequency is routed to a decoder where the signal is
demodulated and decoded. Typically, demodulators and decoders are designed to
receive signals at a predetermined, fixed frequency, e.g., 11 MHz. If this is the case,

the combination of the first IF signal 5108 and the second oscillating signal 5112 must

generate a second IF signal with a second IF frequency of 11 MHz., Recall that the



is the quotient obtained by dividing the fundanmental frequency, in this
case the frequency of the desired transmission signal 5714, by an iritfeget200]
When descri bing the frequency of certain signals, reference is often nade
herein to a specific value. It is understood by those skilled in the
relevant arts) that this reference is to the nomnal 15 center frequency of
the signaVO%#ti!¢ hat the actual signal-may vary in frequBntyS86é%¢ and
bel ow this nom nal center frequency based on the desired nodul ation
techni qu i e| n, if
t he frqueecgglwglighl%ﬁ%o%g’g% rB g%ﬁ}t“rl%}ri:lsﬁrﬁ gﬁ?ﬂgﬂgg%%gﬁ g aéhgfquﬁfge%gnj] isto
be used sllgnairfrdQMmp(wéIMéﬂe,thé Gequeranpoiethe bhslldting gignis y1 91 ge 4816 the
nodul ation is, 40 | frequenc f.the 20 signal wll vary t 20
KHz ar ouRd" {&? h%m gn@éwzr e%?fg%csﬁ ’é}é tg frﬁ%‘bePF'S%O}eg‘et%EWFWTgor mat i on
bei ngI tr @:g;ﬁzm; ts1e6l. alnzrhﬂuzj she tdwared rfeagugmgg%fom @@sgﬂgdf(r) eg%%n&qgnﬂeﬁi o][l
SI nal wi actually ran e an . e first
subh&?tﬁ%‘Hm@sai)(flyémellg%@@gﬁmﬂ@i %ﬁé{eqa?r@ygﬁi fymotsaliadng sieapnwai ¢ 25 15~
ind 3 ~dedi Ebtﬁ%\ﬁ/ft&ﬂl‘d%’@%’ S%f?é@@&}ow o Qb3 FRsBB3a "subddfmafi 182. 000
1, o~ -
6° " 151. 666900 ¥tz Fbatoposmustly: thsagotieppef 400 MHzdiyiged 9y apouegeTI(uS99/ 24127
The osci thlt Wagis @f'ﬂ' H25Z1g4t beBZ%g (e ﬁ%rbsp(ﬁaﬁ'ﬁg ﬁ@ﬁalqgﬁ veg t&%se
frequencies or, desir ower subhar noni or di scussion herein,
the 9'" S\Milbdha)rﬁimuabe\bﬁllow lbehstmfsene offthe swb-lsdcimbhiedlof Y00tNHzr el evant arts)
w Il understand that the analysis herein applies regardless of which
harmoni ¢ is chosen. Thus the nom nal center frequency of '' the oscillating
signal 5704, 5%&38harmb4dt W | frethendPl. 1111 MHz. Recalling that in the FM
node, the frequenc S‘of the 9@%}? transm ssion signal 5714 is actually
910.000 WMHz t 0.02 , e shown that the frequency of the
oscillating signal 25'704 WI I hsyary f 0.00222 MHz (i.e., from 1UL. 10889 MHz
to 101.11333 MHz). _The frequency and frequency sensitivity of the
oscillating signal 35704 wilP9%rive the 15 selection or design of the
vol tage control | edgoescill atess (VCO 5720. Anot her frequency consideration
is the overall fre uency range of the desired transm ssion signal. That is,
i ¥5 t he transm’tter I's to belgged in the cordl ess phone of the above exanple
and will transmt jgm all ch el s between 905 MHz and 915 MHz, the VCO 5720
(for the FM node) or the |ocal oscillator (LO 5734 (for the PM and AM 20
modes) will be reddl’red to géherate oscillating frequencies 5704, 5738,
5744 that range from 100.5556 MHz to 101. 6667 MHz. (That is, the 9"
subharmonic of 910 Mz t 5 MHz). In sone applications, such as the cellular
phone, tRecallrtmm&nfrécmsnwdflthe:namgieosaihlhmm'gmw% inlFE 664 oandt Iewqar ot ocol s of

col 1) 18 ofifer bt b et Fatior B A8 ot PR 6704 %5 Felnenci s

vag | Chaﬂg@eb@s@ﬁos@ﬂlahxﬁlemgﬁeﬂﬁICDaﬂEIGQBIC\h@B@@a& 60| MHS O od@RRlsbGRt | ons,
different nodels of the sane transmtter will transmt si gnal s at di fferent
f requench¥d as i ogHleHngreigasl Riapprate; the gyvitches iy frw’ct‘?haﬁ’é’ijr‘l*f: 3a2ePhEl® frequency.

A possi bk g3 exARRLE n%(dutem@é@fgm she. NeRRteert ekt melfﬁéaué of HeSirseWher e each
toy car operates on its own frequency, but, m order for several toy cars to

oper at e Insigié w30ldstendl Mtieg(rathdidhan M@eveheprefmeqq@mlegf astahi ch t hey

coul d oper i of the VCO 5720 or LO 5734 will be such
that it iﬁggga Felﬂ?}lﬁ%mﬁpgteggatog’na set frequency ~f ~r;"'~ 2003 wo aan4116

-4518 PCTI US99Rizst Ii2fequency = Second IF frequency + Second oscillating frequency
=11 MHz + 60 MHz
=71 MHz
The frequency of the first oscillating signal 5106 can be determined from the values of
the first IF frequency and the frequency of the received signal 4902, In this example,
30 the frequency of the received signal is 900 MHz and the frequency of the first IF signal
is 71 MHz. Therefore, the frequency of the first oscillating signal 5106 must be 829

MHz, as indicated below"



when the circuit is fabricated, but the user wll typically not be ab]'FL‘PR’ZE]UH
adj ust the frequency. It is well known to those skilled in the rel evant
arts) that several of the criteria to be considered in the selection or
design of an oscillator (VCO 5720 or LO S734) 5 include, but are not
limted to, the nom nal center frequency of the desired transm ssion signal
5714, the VPIYEAty sensitivity cauged by the desired modBFEUEER4Eehene,
the range of all possible frequenci'es for the desired transm ssion signal
5714, and the i 1 [ q i fd: j cati on. Anot her

i nportant cri tI(;frll%}c())gé‘lhllgstﬁ’l E%erqg%ﬁ?grﬁréﬁﬁrgﬁwgﬁ{éﬁg spd h% ic to be used, but
unlike the criteria |listed above%hMth -70 Mide dependent on the desired
application, there is sone fl exgg%dw in the selection of the subharnonic.
7.5.7? Pulse Wdth of the String ul"ses. Once the frequency of the

osci | | ati mgussihgradqubnfiss, ofGHS88scilfifvhd shaslisisaea aaelsec? act, s2hRIHphmieson dt h of
the_pul ses._ mthe stream of pul ses 5706 nust be determ ned. 15 (See sections
4- &£ 3. 4, Y& ESPEEVE di scussion of harnonic enhancenent and the inpact the
pul se-w dt h-t oppEt. 968 1tBE POI dhdsodQient h%has»elh.atlile@c@msicmd?sigﬁa1tslmez har noni cs
in a harmonically rich signal 5708.) In the exanple. used above, the 9"
subhar noniscrowisd 1@ @l rbaceo at@hé”@r‘ééfﬁ%ﬁd?”t?ﬁ“'@ﬁé Yysthe infarmaigngsigaahl 5704,
5738, 574 , q t i t I.$Si on

o gnal wi 11 e e S ST et Gr "0 5738,
5744. Oneceppeaznhmoduls 1l 2ol angpta hetripg pSeulses §i 1. n lghdiribeof puifes 6133 entirel y
on .t he frequency. of i I i I 04,. 57 . 5744 an | ect a
pu}ie Wi dfshlllséi)na 8 es@%@@at??glg%%gbgg i%(%%d tlgrr‘l&gjtlsr%gg%sﬁl&%ilggwﬁg} e ﬁ@eg}az:ég wher e

t he har nomi @ehlayd closh Alsgaabrip/@8tchasdale dnRé ig adrip signati®] 28arhe bhgut

pul se-w dth-to-perjiod ratio is O. t he. anpl.i.tude of the 9°" harnonic wll
be 0. 02199P1V88Qi’?@fu§’gséizalsaatha?QB’i“(%g[&’g‘%@%a]aﬂad'Fl G 58 it can be seen that
the anplitude RfFIGhe1® the AR EFBYIEMArS isheRer Thd@Botd@tiliefing hgml@ii‘z har moni ¢
(which is zero) but is less than half the anplitude of the 8 " harnonic.
Because t Recdy enfeay thsnhasmapie SRacemeH HAfHS ¢ tifelo ¢RRE Apiag ohiPdlsE- t o peri od

rafq4 o COUBQ%SbeStHgfgf Wik ﬂ@@@ﬁft rr]ﬁddhta%rdi iAGhis IMB&&ﬁqul% thed éﬁ&eg;f. @5»6@1 ratio

m ght be selected to try and d a ratio that wou provi de a hi gher

anpl i t udemodule 5136-where itcagses jp switph to open gndpglog/ /ladq pgering switchp@ruigSo9/ 24127
Looking a | ectl Ik lSaSeeRath : ' l'i tude
of any ha?lrrsgﬁlséjf?ﬂgggé%ﬁ r%l??}){]b (])i}ejf%rﬁe&rﬁ_n%er ofﬂtet %g s%@@%{n@&%ﬁgltﬁg

pul se- wi dbhedtrobipmgiinidrmaioncignh! 1138 wathdeas|signalgS W8y éf io mell kapph ya thgsecal cul us
of variati,ons to.the eguation, t pul se-w dt h-to-per| rati at yields
t he hi ghe%lilﬁ%grrbq .‘*Fur&}ac v%‘graﬁ% if@a glr% @ﬁ)ﬁ gﬁlﬁe%%ﬁ%r%ﬁiréé}ggﬁ L%Eed gseﬁlger m ned.
Frozom Eq. ideferaversgnAt viithotthigigrpdrmbingiewdh thdbiam signhlas Ia8ni The Autput of

[AP~~s~]1 gv%jt(; r{u?clu?ei, g'l{?;%rl]s( ;[1 {xe-lrr?rlomcally rich signal 5134.
The scope of the mvention includes an FM embodiment wherein the oscillator
5110 of the receiver circuit is used as a source for an oscillating signal for the
transmitter circuit. In the embodiments discussed above, the FM embodiment requires
25 a voltage controlled oscillator (VCO) rather than a simple local oscillator. There are
circuit designs that would be apparent to those skilled in the relevant art(s) based on the
discussion contained herein, wherein a VCO is used in place of a local oscillator in the
receiver circuit.
In FIG. 51D, the harmonically rich signal 5134 is filtered by a filter 5142,
30 which removes all but the desired output frequency 5148. The desired output
frequency 5148 is amplified by amplifier module 5146 and routed to transmission
module 5150, The output of transmission module 5150 1s a transmission signal 5144,

Transmission signal 5144 is then routed to the antenna 4904 for transmission.



10 Eg. 2 If the anplitude of the pulse, Ap~~se, is set to unity (i.e.,

equal to 1}, the equation becones A~ _ [2/(nr~)]sin[n~c(z/T)] Eq. 3 {F§apm 7003
this equation, it can be seen that for any value of n (the harnonic) the
anplitude of that harnonic, A~, is a finction of the pul se-w dth-to-period
ratio, i/T. To determ ne the highest value of An for a given value of n,

the first WoRGHI¢ ve of A~ with respect-to T/ T is taken. TRIHSY24BS t he

fol l owi ng equations. 15 8(A~)/8(i/T)y = b{[2/(n~)]sin[n~:(~c/T)]}/8(i/T) Ea.

4 121 (n) 70l 5hoknotid M B CULRY: Bafs i ehtns sl npl il Tl Fo- 66 From
cal culus of variations, 1t TS Krown at when efTirs erivative is set
equal to zembjnatitie of abaildatoffrdghencieay stagel,ant hatuinlthat ik ntkeathe atapk iand naxi num

or mnimu can be .20 deternm ned. A LS /Ty = 0 Ea. . .

21 () cBknet o9 s Th s (eritintioR Y e g s s nlbsiagithome ry,
it is knowargob&tonfyodnd gt m%n&m&qimiﬁu%,_ 1 G~ ~f; 2f103 wo oo~zaub - 120
nn(~/T) _ ~t/2 (or 3~/2, S~t/2, etc.) i/T = (n/2)/(nn) i/T = 1/(2n) (or
3/(2n), 5/(2n), etc.) PCTIUS99124i27 E.g. 10 E~. | | Eq_ 12 The above

derivation is well kKnownsdg,d POSEaink:s: 1%e q@,tshﬁnwﬁy@ﬁ,tesa{zy&@)mmFr om Eg.

12, 5 it can be seen that if the pulse-width-to-pefiod ratio is equal to

1/ (2n), the anplitude ofBaitge Used wishiecUwihaen!dFigeuagh Doamt Cevesterniptd mum  For
the case of the 9" har i / 2 wll yield a pul se-wi dth-to-period
ratio of 1/(29) or O. 05?@{5‘1}?64#;5%%()%@' itude of this 9" harnonic, Table
6100 of FIG 61 shows that it is 0.0796. This is an inprovenent 15 over the

previ ous anplitude for a Qul se- W dth-to-Reriod ratio o Tabl e 61 00

f 0.1,

al so shows t hatAnteﬁ(Smgla“y Wa¥ mont lctzlgfug}vefsﬁll secbuﬁP%yegwrbf?ﬂvfjgloﬁljet??}%ﬂu?%ti o0 has
t he hi ghess stampalih FUGles2aihd @pycriBed' inhvastionrd. 35, belski. cAn betais: 200 rédeed@t i vati on
above. The frequenc ectr or. ul se-wi.dth-to-period ratiq 0. 0556
e Whoun FlreraEergs! (ROTE RS doteR pa el ivionten Bt reacias?Bh of
3/(2n), 5Shé 2mkst t@hnal o bbitdh@52€0 2MRE bihbrdesnihadf siteh SBLAL chehebled thot | arger
than this one.) This is one approach to detenni rm(ﬂ t he desired

p

pul se- wi dtgFwg-Fe 7 iipdhip grpaplavhesediRent et 1pepl toseillpter Sv8heenarates) ani | |

under st anddiang Qe s1RCPRLANC BB BLPa RISk SRfel S26521 RS re is o
string of pulses 5230. The selection of the oscillator 5206 and the design of the pulse
15 shaper 5208 control the frequency and pulse width of the string of pulses 5230. The
string of pulses 5230 control the opening and closing of switch 5210. As a result of the
opening and closing of switch 5210, a down converted signal 5222 results. Down
converted signal 5222 is routed through an amplifier 5214 and a filter 5216, and a
filtered signal 5224 results. In a preferred embodiment, filtered signal 5224 is at
20 baseband, and a decoder 5218 may only be needed to convert digital to analog or to
remove encryption before outputting the baseband information signal. This then is a
universal frequency down conversion receiver operating in a direct down conversion
mode, in that it receives the EM signal 5220 and down converts it to baseband signal
5226 without requiring an IF or a demodulator. In an alternate embodiment, the
25 filtered signal 5224 may be at an "offset" frequency. That is, it is at an intermediate
frequency, similar to that described above for the second IF signal in a typical
superheterodyne receiver. In this case, the decoder 5218 would be used to demodulate

the filtered signal so that it could output a baseband signal 5226.
An exemplary transmitter using the present invention is shown in FIG. 53. In
30 the FM and PM embodiments, an information signal 5302 modulates an oscillating
signal 5306 which is routed to a pulse shaping circuit 5310 which outputs a string of

pulses 5311. The string of pulses 5311 controls the opening and closing of the switch



7.b Design of the Pulse Shaping Grcuit. Once the determ nation has been
made as to the desired frequency of the 25 oscillating signal 5704) 5788k 2003
5744 and of the pulse width, the pulse shaping circuit 5722 can be

desi gned. Looking back to sections 4-4.3.4 it can be seen that the pul se
shaping circuit 5722 can not only produce a pulse of a desired pulse w dth,
but it camweleoticause t he frequenc§ of the string of pul sEGT/BSOERD be

hi gher than the frequency of the o %rllating signal 5704, 5738, 5744.

Recal | that the puIse-mﬁdth-to-Eerlod rati o applies

; to th
pul se-wi d?#H2t oOpefsrainat g Syitelf 5 H%“h%ﬂﬁﬁﬁ?bé%vaﬂéﬁ3§ﬁgﬁ5fﬁﬁ7ﬂgﬁﬁnd not to

the pul seg H%l%ﬁs%@ﬁﬁi@% rc@rhieae@ihré@ PR6istol 83301G 2SR erenfO digna 738, 5744,
and that the trequency and pulse wdth of the harnonically rich signal 5708

mrrors tHo8f lethedhEyndhild mudes diagirefetgnesfsignabS ¥Bris prgfepiblp angesar§ing6. Thus,
if in the_sel i 1O, 5 i : h
ot 1 of o RS 22 0E 10 B0 TR DT ARO[ eE 35

osci |l I ator
PCHB US991&4:2 75306 gslinoe dnddolatadhend ehe disbefamnomrigoal ishe fpudtme sthépi ng

circuit 5733 can he tq increase the.frequency. i ng. back.tq the
previ ous ﬁl%r) Slﬁ‘l’?i%g ﬁ%qgﬁr%l?/ egﬁoﬁﬁgn%éﬁmﬁppﬁé%%%@] ISS"P&P{’,‘“ 738, 5744
coul d be ®@h bHR6 vMetaghirratt haneftRhcddiddal 55U8. i Ih ahh@elesenbaiafingg circuit

5722 was desi gned, such as _di scussed jn sections 4.2.2 5 4.2.2.2 (shown in
FI GS. 40At-hacr>sgorrﬁﬁt0noﬂsfgf tSég‘é A peed Wéd‘?}tﬁl@é}g BRIELIEE §/1ioR PéRtbYdtaghe

frequencyry il int M taMinS6dds BiiOBiaVRFerSIRR Gidna C &l deferc@to a5 IRURES MRV E | nput,
those skilled in the relevant arts) will understand that simlar techniques
wi 10 appl sgrad tondsingeish dipnaheias sieoplmseq B the FMaangi I suiddal Theasdut This use

of the pu&ﬁ%@ﬁggm £ n%UﬁiEalhgrirgxgéi' 858 Newki ﬁ%%ﬂpeu_tba&hghggsf%ﬁé?!e

advantage in 1t allows t stgn and 10 selection o oscillator
(VCO 5720whith LembVe34he wirtwanted| Gomendiese thaerexis) asf harimatici somgpopemtsicder at i on.

It shoul d_al so under st,0 that .t ul se ping Gi it 57 i s not

al ways rgﬁﬁPPgﬁsgl?a}ﬂ@nﬂegﬂgh @%ﬂ§gﬁ%£uﬁgﬁ %?ﬁtﬁé%@%fﬁg 0*BPIHD 5734 was
such t hatmbide 6323 hidaiduted tsitgnehisSF040dbE3B24 Svkdieh vaputa astudisingsional | y

rect angul ar ve, .and that 15 substanti all tangul ar wave had a
dese-wﬁd?@wrgi eﬁ%ﬁﬁmﬁﬁPFS@PﬂdfOﬁﬁgtﬁaﬂaﬂ&igﬁ ﬂ%gg A B HYpi ng circuit
5722 coul d be kit pat 8@ PM. Modeit@athedes OFIdshe4 Sf ¥4, cidd skaestsel @etion of a
switch 5724 can now be nmade. The switch 5724 is shown in the exanpl es of

FI GS. 57Acmppgtionqf tip7preseat invepian eiethe tagwBisr and thepgijveseal drpguensyswi t chi ng

devi ce of 4 ARV EGHBRY QAW et Pathe GARIANSDMBAaGbRHE toGhi Hlcim&PeHGR t o
accomodat e the frequency and pul se width of the string of pul ses 5706.

7.7.1 Optinventivredi@iis; ¢l Binseciearrean densigihiang Heapivst bt ftfesneeitdosbotes 1n an
coho oy | f 0L Sl shuspedder S Qganabaylan ke s 70 o
SWi t ches (depending on whether the transmitter is in the FM or PM modulation mode), a single
pulse shaper 5438, and a single switch 5420 to transmit and to receive. In the receive
function, "Receiver/transmitter" (R/T) switches 5406, 5408, and 5446/5452 (FM or
PM) would all be in the receive position, designated by (R). The antenna 5402
25 receives an EM signal 5404 and routes it through a capacitor 5407. In the FM
modulation mode, oscillating signal 5436 is generated by a voltage controlied oscillator
(VCO) 5444, Because the transceiver is performing the receive function, switch 5446
connects the input to the VCO 5444 to ground 5448. Thus, VCO 5444 will operate as
if it were a simple oscillator. In the PM modulation mode, oscillating signal 5436 is
30 generated by local oscillator 5454 which is routed through phase modulator 5456.
Since the transceiver is performing the receive function, switch 5452 is connected to
ground 5448, and there is no modulating input to phase modulator. Thus, local
oscillator 5454 and phase modulator 5456 operate as if they were a simple oscillator.

One skilled in the relevant art(s) will recognize based on the discussion contained
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conprised of one type of switching device, or a conbination of different

switchin For exanple, FIG 73 illustrates a swtch | e 7300.

In FIG 3%8(3?’#2 Sswitch module is .ighl.ustrated as a seri e§W§9@$‘g‘¥77302a n.

The FETs 7302a-n can be any type 5 of FET, including, but not limted to, a

MOSFET,  Bereinfial thede S8 ASmERLs cRAbSdimERAS Whefeid %T&cﬂﬁggﬁslgnél@qhﬁ’gﬁlsbea gate
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characteristics than the other FETs. For exanpl e FET 02a-n may be of

di f f er entonaps ligital o AUESE Yelveearyn), the Huteredr gaval sj4a. aIrswwtaéﬂqmat@ (meani ng

t | arg r Il gr £ 594t gL WeB Nt regi ons),
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is due |5141[§a15me¢ct¢dao Idmgh@rlatgalneef toed bignreind cagagca ﬁamo@lmtbfabasekarﬁt s in

| arger sw hes Smal | er CMOS switches turn on in less tome, but have a

hi gher cﬂ%r? resi stance. Larger CMOS swi tches have | ower channel

resi st ance reWaéri ve transseredr| ierpeEMaBng wWhet ohemit Binkfir, ahé R/Drswitokes

characte t for. di.f.f Si switch r.ovi des f ibility in

desi gni né‘l@ g@@e qﬁg{?ﬁ?{mﬂhﬁﬁ aéetlflﬁ}éet@-j@gs‘%?‘ d]te?rfﬁ‘? hi\%og‘ﬂ"ﬁ} er 25
SM¥ t chesmeiid, bn brilsgRrios Wighl 5850 istcbeneeiaBpelitgonuliacs aawesofs tb bragver al |
switch structure can etalloredto sat | ;/glven requirements. In an

f
enbodi mefiEdUSRE RO Gshas RS SRR SEY (IR eI nefH AR drde Fuligh 498 oi zes. For
exanpl e, ;dhdcrd %ﬁ'@ﬁ)a’?@b{ sl?g%aﬁ 5898 && MheVbhdle BnSdTth €545 &R cfedled} iphet © FETS

7302b-n. FET 73 may be a swtch wth a larger size relative to FET
7302a, bmpdlaae@@emlﬂaémgsﬁ@@l pé}at OpaillptipnrEanp] 7380 ds routephdrasighamlssf FETSs
7302c-n gl, ﬁé% 48y t&&e%@%'sﬁﬂug ﬁhké’%&o%rﬁéﬂﬁ Of%gc%se fvﬂfch's'l‘i{)]%"g&n
progressmnely larger snit be use the siz
7802a- n ael desev ©nedersandl orBISWech 542@95 corngctoh ta:graznatﬁféﬁlﬂ mdl the other is

connected through switch R/T 5408 and resistor 5423 to a bias signal 5422. The result

es of FETs

is a harmonically rich signal 5424 which is routed to a "high Q" filter 5426 which
removes the unwanted frequencies that exist as harmonic components of harmonically
rich signal 5424. Desired frequency 5428 is amplified by amplifier module 5430 and
25 routed to transmission module 5432 which outpuis a transmission signal 5434. Again,
because the transceiver is performing the transmit function, R/T switch 5406 connects
the transmission signal to the antenna 5402.
In the AM modulation mode, the transceiver operates in the half duplex mode
as shown in FIG. 55. The only distinction between this modulation mode and the FM
30 and PM modulation modes described above, is that the oscillating signal 5436 is
generated by a local oscillator 5502, and the switch 5420 is connected through the R/T
switch 5408 and resistor 5423 to a reference signal 5506. Reference signal 5506 is
generated when information signal 5450 and bias signal 5422 are combined by a

summing module 5504. It is well known to those skilled in the relevant art(s) that the
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FETs 7502- 7528 sho~.vn, rather than twenty FETs 7402-7440 as shown in FIG
74A. Additionally, the FETs are of various sizes (sone "W{" and "I ng"
paraneters are different between FETs). 5 FIGS. 75B-75Q which are exanple
wavef or ms WRPUA%Y to the switch nodule of FIG 75A, corr 92421 he
simlarly designated figures of FIGS. 74B-74Q As FIG 75L shows, a | ower
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radi at i onshPE& Fithg O chrparrgmil-hrlgncunBoyrations in et ¥endrdese i nj ecti on
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rvl~[~ ~nr w WD Q0/ 24116 . PCTIUS99174127 - |26 polarity are applied to
their respective gates to turn the switches on and off, the resulting
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| ower Level noise 'spike exists at 1. than at the same frequency of

25 6.3  Summary Description of Down-conversion Using a Universal

Frequency Translation Module.

The following discussion describes down-converting using a Universal
Frequency Translation Module FIG. 7IA illustrates an aliasing module 6400 for
down-conversion using a unmiversal frequency translation (UFT) module 6402 which

30 down-converts an EM input signal 6404. In particular embodiments, aliasing module



FIG 74L. This correlates to |ower levels of circuit radiation. £ e A0 9003
Additionally, as FIG 77Q shows, the lower |evel noise spike at |.0 GHz' #as"
achieved with no loss in conversion efficiency. This is represented in FIG

77Q by the approximately 5 nV signal downconverted at approximately 10 MHZ.
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circuit of WAWHHAA |n effect, by gyranging the switches FCAE9/2412

conpl ementary configuration, which assists in reducing charge injection,
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127 The progcesses inyolv in fabrjcating sem conductor circuits, such as
MOSFETs, FaR&UFations é‘ﬂ‘i\ﬁoal‘?s‘ﬁg?rﬁn%r%o‘jiehst’%‘ﬁﬁé% madilese08 e $8 T madwat i ons may
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a non-ideally fabricated MOS may suffer from parasitic capacitances,
whi ch in $8ng abasinssirepupnciesisel arpaved bslowr Barfeianencess of ghe EMoinpuidiignaé noi se.
Byléabri caghpfng circuits with structure layouts as close to ideal as
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MOSFET 76 ith ideall haped p+ .regi ons. MOSFET 7600 incl udes a gate
7602, a c%g%%%ﬁanrlgeﬁ%%dlaf%ggqueacysgg)rSé%na ‘oﬁ%aa{l(?fhe‘?%‘g?mgﬁgtbciﬁ@’é’a:]lléﬁ?%n 7608, a
drain 10 ewdtRr@407a@ben-camdrtaitiie inegi sognal 6402, toandknsotlulangiubaséland éhdl, Sour ce

region 7608 and drain .region 7612 are. se t.ed -type. materjal of
channel r ?’Btrﬁn?g'@hfm}éﬁrﬂ%ﬁ%“olne edﬂp“féf%‘agg@%dltséi fgg@gﬁ%ﬁoﬁﬁﬁlﬁ) shown to
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mat eri al of channel d;&’gvilon 7604 by an ion inplantation/d ffusiaon process.
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in the rebgwantpRieh@ionsiH8ib@Qreibdl4 1 nsul ates gate 7602 which bridges
over the p-type material. Insulator 7614Q£eneral |y conprises a netal -oxide

i nsul at or. Thelrcaiagmadinentrtbe eonsiel sieeal 64duincidesegyiran of poigesdhef rapeat n r egi on

7612 for T o i (o} I t 6 ation of
MOSFET 76 s‘ﬁ%ﬁ%g g%&&%é%d%ﬁslél%’b(gg?Qm%hﬁgk%g%?{%%& oﬁ?tﬂgeglglg%tos%gr appl i ed
t 02Qat e 760 Ieltldsembndmicnt, tHeecoptrolypenahtd®r isatfeotd chibareielasraeglienng/504 ar e
attracted to the surfa o\. i nsul ator. 76l 4. forpi,ng a.conn i,ng

ear - our  egetacnSh i of SR PThE IS G B lnf Rstrerb PR LB e B TR S, i .
cal |l ed a Crdsagl, thEheeqharcgert ntroiogignap @404 iy enutheesy ahdmage ibgitveegnal t he gate
cont act 72%2 and source region 7608, the | ower the resistance across the
regi on be fen. 25 In FIG 76A, source region 7608 and drain region 7612

are illustrateghagaihaypilses418 8QhORS it RS, MErenfels MRGwiih G40iRalihg ed
rect angul ar regions q%ét he 1on inplantation process. FIG 76B illustrates a

cr 85s- secthedApBpizap! pthdhgrcqaranignal 8HivlA cansErie 2FoWa-qonBIEET orlY6 Wit h

non-i deal Ly, ghaped ik, 5RIIMAS, ix$9,yEﬁsocriﬁgﬁtogwm?&;o@r&%ss'{@ﬁQngﬁ%%n [
illustrated as being formed into irregularly shaped regions by the 30 ion

i npl ant at bbeachmube$420 DUBIG: §1Enaé ppetis wrisgscandtadee pbeach pplsaniéitcnde di f f usi on
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charge is transferred from the input signal to the capacitor 6410. The charge stored
30 during successive pulses forms down-converted output signal 6412.
Exemplary waveforms are shown in FIGS. 71C-71G.
FIG. 71C illustrates an analog amplitude modulated (AM) carrier signal 6414
that is an example of nput signal 6404. For illustrative purposes, in FIG. 71D, an

analog AM carrier signal portion 6416 illustrates a portion of the analog AM carrier



formrectangul ar regions as showmn in FIG 76A. FIG 76B shows source T%ij‘?%na
7620 .~ 6 t. pn Q003 WO 00/2411b -128 PCTI US99124127 and drain region
7622 form ng exenplary irregular regions, Due to these process
uncertainties, the n+ regions of source region 7620 and drain region 7622
al so may difftdse further than desired into the p-type region of chzgnnel
regi on 761§/0)0 e ndi ng underneath @gat e 7602 The extensi ohCHUSPHEI 2 our ce
region 7620 and dram region 7622 5 underneath gate 7602 is shown as source
overlap 762488194 Pnainex@¥Rich Ane’ K48, UG g VT do@Per & 1 iofls@l ) overlap
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and gate t6@l sithadsd0anwhntiegsipeal #4183 iscorcgpacdimanlyethe saye tinleacdlene Wt h
cirguit function., For instance, .th sultin rasitic acj ces may
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el ect r omagn@krgCsigml 64 fRmeNdes a ASirSHOMIseB R EBhaviBL ne Qfli6% appingMAFET 7616
may include a gate pad 7628. Gate 760§ r,ra%/ i nclude a gate extension 7630,
and a gat &Ha8VaKE ATy ghe 7pveption aat 8MERE dAshErPTEsonTY, an disRLsEY porti on
of gate 7603wl et Rtbecipertie MBL Ako HERERALALS QY (R BEIES $vid@! KT @NCEK:
limtations. Gate pad extension 7632 is a portion of gate 7602 used to
coupl e gatedergom byothesgtskilisd in the 28(s) Thie pPps£420 rapgefi at @d afispingyateeopad 7628
reguires - IrON: . 403 01 B of N:1ZE: ngt .separate the
re%l ti ngg@gﬁtr‘%gnﬁgﬁgﬁggﬂlg%gﬁ% e?mgingqsg&rgcaelérgﬁelgi%% %GQ%E%ﬁ%%d%ai n region
7622, Thi deefibglteleent s gate 7602 from shorting to the channel between
source region 7620 and drain reqgion 7 . nsul at.or 7 f FI 76B is
very thinin t%f g“?@ﬁ?%"ﬁ) ﬁleqﬁ\'/\rbn#t%ugsef‘)gr?téosfltei’cc Orété%laﬁﬁntagééoé ¢ tf/ﬁifﬂberm bet ween
gate ext epsiteN640830 adnctht bealsgihdt catia (el 6FG1E.c), snpuabighs aes) Hmhea
substrate}, and between. gate. pad extension 7632 and the substrate. By
reduci ng flli‘f’émrgeré‘ﬁé’é\t,eﬁfi/g]a ﬁ“%é‘sﬁv’?‘%f‘s“gé_t Ep% Y @ﬁh‘?moéﬁ’&r?“@a‘fl%s‘iﬁ‘éﬂ‘ 2~
ex{£nsi onedEE3dosck R P@kE&Igk 08 ecAPRBct AACHEnT &S HIstddAd LpebetiApukan be
reduced. Accordi ngl ?:16 enbodi nents address the issues of uncertainty in the

i on i npl afthenitsrimaich PHE i floprdh Ewyssignal 6444 ip copplego thsurgracitopet ornst ski | | ed
inthe re r : ex I 7630 and
gate pad E%%gsl tg%?ggg%&;ﬁ}yﬁl.t giﬁ gggﬁ? gg%?leg%e@ttﬁg%?%fscﬁfaﬁjﬁg ' pgrr?é;g}}at#c

capaci t antressfer@gd duting houlselisiyefeupdi tor erdo as ahandertsemplel Bemglarpnndst- t he

n- channel - mde. MOOEET. | - 4. Jhe present
i nventi onswgg%???% e to 2 %S}énﬁl‘ éoﬁ?f@%wﬁ%g&&%ﬁéggl 24127

- 129 depl étci amalogotld MOBFEImal pntdontther (Rlfbad$Ds ot titeyjpes of aulses 6420be

appar ent p 0 skilled in the rel evant arts)  ba n _the. di,scussi on
cont a ned g &S e bt BRLLuGNE S R Bl SRt gt

i |Iustr at esldafprarthodyvwiobnvefiedsigpdli 4R FIC. r/aH) tha? 206h btpipgeentiedni n 5 CMOS.

Thi s enbodi nent, i s pravide (|l Lustrati pur es,.and is pot limting.
In an _enbf)?ﬂ"fr‘é‘?ﬁ outpw ?‘g'iaglﬁgé ?%]lﬁst 7¥‘§0€61 ijél\éﬁseg1 ? g(’s's)z]l(i}t? gem‘?ﬂé‘%mdosci | | at or
(LO si gn@hsebditi Ridnd06428GepreahisnGe SéfstalSed hatbaal 8igaRP6Y 41RE aliti30 out of
phase. The first oscillating signal_is called the 1-channel oscillating
sighal . TR SEEBRESHECHMPalPig shyBIsTREd.c ApTBGORFE Haran@t260b%i | | ating
si gnal . Ta%s%l&ﬁgmﬂglsaﬂé%k;hlﬁaaéﬁaw%log@aés k@gﬁa&i@@sigm%%_l@.f Tl |- channel
oscillating signal by approxinately 90 . Splitter circuit 7200 I ncludes a
first |-chEmelC47hGélhtsaate 1p@R-corveseoorfdi Y cahignsighalibAlert er 7204) a third

| - channel invegter 7206, fir h |, rter, 7208, a.second

Q channel i nvg’?l%ee‘rvaw?%ﬂs Sg%wT }%Eéﬁ@ﬂé&ﬁﬁp@# {a\ésgusfﬁ(iﬂ?regln@ré“ﬁ%% ‘annel
flip-fl oppuiddsts ofdly Grd av2iot Jindtirer. exanpl e waveforns used to illustrate signal
rel ati onships Qf 15 sputter. circui.t The wavefornms shown in FIGS.
7ot Cetleot TeredinslBay T ohbSt sl GRS APREER Shech e 7306 S&BHponent s.
LO si gnal 64@ 8 doSnShawitet o h & sipdll, dbWhiSénveae€ angd dedbulhtbd beksebafghannel
inverters 7202, 7204, and 7206 invert LO ;{Aﬁnal 7216 three tinmes,

out put t i ngeMHveTdWd-nvetegiEm 2211 sggalshowhM; oF 4 &M vigwl. Kiensielland second
Qchannel  (URALIRISHAARR (RN 2l Hal d388! the HfdsSbInabs &l%lcémr&]ws? L QgEputting
non-i nverted 20 LO si gnal 7%20, as shown in FIG 72H The eFay t hr ough
first, seewhdic dawercotvierer Quwipidnahl GAhY erctibysgated@olow7204, and 7206 is
substantially equal to that through first and second Q channel inverters
7208 and 7210, so that inverted LO signal 7218 and noni nverted LO signal
7220 are approximately 180 out of phase. The operating characteristics of
the inverters may be tailored to achieve the proper delay amobunts, as 2~
woul d be understood by persons skilled in the relevant arts}.



| -channel flip-flop 7212 inputs inverted LO signal 7218. Qchannel 16 APR 70
flip-flop 7214 inputs non-inverted LO signal 7220. In the current
enbodi ment, |-channel flipflop 7212 and Q cl 5annel flip-flop 7214 are
edge-triggered flip-flops. Wien either flipf<op receives a rising edge on
its input) the flip-flop output changes state. Hence, | 30 _channel
flip-flop 24884 Q channel flip:-§gop 7214 each out put sﬂc&ﬁéﬁggz“ﬂﬁat are
~~r) n on 2n3 WO 00174116 - PCTI Us599/24127 - |30 approxi mately half of
the input signglegfdregpiengyal cAtdi Lienatd br ca@SoVQLd cB6s)ecogni zed by persons
skilled in the relevant art(s), because the inputs to’l-channel flip-flap
721 2 and Q channel fli pti¢opf pamcevertedprimyisizatididy2) 80 out of phase, their
resulting outputs are signals that are approxi mately 90 out of phase.
| -channel flip-flop 7212 5 outputs |-channel oscillating signal 7222, as
shown i n Her Ge ck2hpleCemirammuidierdib,iqohf thept 7@bditiontpllibs digkshain gk velsei | | at i ng
signal 7224, as sho in.FIG K 72J. channel oscillating signhal, 7224 | ags
e phasd 4R SRR MBI GNP kG Grar 59 Gy 666 ARSTS ok Sshown i n o
conmparisan)of FIGS. 721 and 72J. FIG 72B illustrates a nore detailed
circuit enmbodinent of the splitter circuit 10 7200 of FIG 72. The circuit
bl ocks of FI GWhenghe ﬁ]éat“%rrégs‘?frﬁopté?l St‘%“ar ﬁ%@els@lﬁ‘ﬁt Gomytha frgapench@f cat ed by
corresponghiiQ;dhell 6408N6L offLlEPELS: a FhifRnic/dCub- AR XRIRIFE i P Qkttal Wavef or s
relating to the splitter circuit 7200 of FIG 72B. FIG 72C shows I|-channel
osci | | at 6484 &9 devar-capered o @ 17 ognajholdds © keaisadhe padersamplinggpuddegnal 7224,

i s indj.cated: aki of b 7 t f.orm of
éﬁghannelq)lc%% aggig?%f?rgrp ?ggggps?vaﬁdaglgq@%@c(% Olglléq‘it %%all %49@;1 t[bhsga %gg’f@%t n of
| - channelundgresainples ifoign silgwed rg@@acyobscHla@ng 2@ rby 18 pipr owinsiged! 6400, |t

shoul d be_understood th the illustrati of .the splitter circuit 7200 in
s, 7o e R e T e Qe G ERTE oS rien %200 mmy be
conpr i sedombinatioradeedot, e tchabe Isagid dafgd seodigahduddgampley irefestsafie a vari ety
of types,1 as fwi |1 be, 20 ap aéent t.o.lger sons skilled in the %el evant arts)
based on 'PHE ERILRATE SPECL SHE LI Sy REPLIRNESS 08 tedgvgheaesidF gienler . The
desi gn offol RRarhplk! B dSwiREorivert eO@Ir MHEL thply sigha thrLquane YiFadighaf rigguency
range of the desired transm ssion signal 5714. As discussed above in

sect i ons fraaengy ofthg cantepl 5iangl|pa0e é’PHlld'%QcalF%laiﬁ@éﬁfot”BWa'escri be the ratio of
the center frequency of the output of the filter to the bandw dth of the "3
dB doGvn" point. The trade offs that were nmade in the selection of the
subharmoni ¢ to be u§&8i.s- Brefiakt 61 FieAedesi gning the filter. That is, if, as

an excursion to thg;9aopheglyeL afpye. the frequency of the desired
transm ssi on signal were agai n) 910 MHz, but the desired subharnonic were

the 50" 30 subharnonic, then the frequency of that 50'" subharnonic would

be 18. Zo%r '\AHé'O.;,hLSZ, 3, 4, etc., the frequency of the control signal 6406 would be
20 substantially equal to 1.8 GHz, 900 MHz, 450 MHz, 300 MHz, 225 MHz, etc.

Alternatively, when the aliasing rate of the control signal 6406 is substantially
equal to the frequency of the input signal 6404, or substantially equal to a harmonic or
sub-harmonic thereof, input signal 6404 is directly down-converted to a demodulated
baseband signal. This is because, without modulation, the under-sampling pulses occur
25 at the same point of subsequent cycles of the input signal 6404, As a result, the under-
samples form a constant output baseband signal. If the input signal 6404 includes
lower frequency changes, such as amplitude, frequency, phase, etc., or any
combination thereof, the charge stored during associated under-samples reflects the
lower frequency changes, resulting in similar changes on the demodulated baseband
30 signal. For example, to directly down-convert a 900 MHz input signal to a
demodulated baseband signal (i.e., zero IF), the frequency of the control signal 6406

would be calculated as follows:



~ ~~;~ %73 WO 001241 | b - 131 PCTIU599124117 nmeans that the 4B AR 200)
frequencies seen by the filter wll be 18.200 MHz apart. Thus, the d J\f/i'l"l‘“‘
need to be high enough to avoid allowi ng infornmation fromthe adjacent
frequenci es bei ng passed through. The other consideration for the "Q of

the filter_is thaf it nmust not be so tight chat it does n ermt the

usage of tﬂ)goghfli'%e range of 5 desigyed frequencies. 7 9 ngg'@@’ls?ggﬁ}z&f an
Arnplifret: An anplifier nodule 5728 will be needed if the signal is not
l'arge enough to be tigasm 1ked 0 <ifreht 1s needed for some downstream
application. This can occur because the anplitude of the resultant harnonic
is too small. It ntp0dEe- &EIm/n = 9WMHeit er 5726 10 has attenuated the
signal. 7.10 Design of the TlI"allSil118S1011 || ~lodule. A transm ssion

nmodul e 5730, which is optional, ensures that the output of the filter 5726
and t he affpt inf #ex5,npdyl B £728, ite Atuendyoobhehet canmsiristgneld f406nsiohid be

i npl enent at,i on .wher ei r 1.t t L S..u ast EM signal s over
the air, £ S?aﬁgg\/[]yreegﬁglﬁf);E%%Z’%g@m%z’%q @ﬁ&%@ﬁ%«%@% 2®!6f the out put of
thesanplifier Anethiveh(28 duwth-ddneert npUinpaf FENsighdlenna oA3M slghal 4 echni ques
is well known to thos illed.in the relevant art(s). |If the signal is to
be transnmFElEECHVEM! 55?%(%1‘3?? i st Ibieri;@wgif@ﬁv%dafott@l;e@ﬁﬁ%ﬁéwlZie\%e (or a
fiber optiyg Q@ﬁinef_)xaﬁlpﬁ, fof ARBNICR SR IR £ s1HE X8y iNRYFE) @eddl PEsullskver (or an
el ectrical -to-optical converter for fiber optic inpl er_ren%atl on). S r~.-~e;
z~a3 | 32 of BVirfo a phaae piftikeng {PUp-siaal/@rsubssl of B¢ siichgeing igtwegitd ng a
first ref i I fri s duha i rmation
si gnal to%ﬁg&g?(&e’gg?ﬁf ia}“g'? ﬁgugkéggfrésqggrﬁé/ﬁz g‘ﬁlaéq?’gﬁ'iigggi ?:l?g&g@e IFgg(gt one
hathoni ¢ eifgnalhe ddivnspngaeedo gergndl ka gemelcate dawi-costertug ESKwantled
informatign.signal . 2. h rdi cl ai wherein.step (2}

i ncl udes: Q?VQ% ggg%alné %ﬁs[gg%naggr%% é‘?aégé:ggls?\@?ﬁltgﬁn@c?& S‘?‘h@ @Sﬁl{l?sg} of a
second noeht aft teelcanmfobsigmi 6406 wodgh bt cdlanlgeharfatleva second gat ed signal ,
wherein the frequency of the second nodul ated information signal is
substantially equal to the frequency of the first nodul ated information

si gnal and thﬁ-e@@ﬁ@n@hmﬁphtat:qgl J}p;‘)erzrati on signal is substantially 90
degrees out of phase with the first nodul ated information signal; (2B)
combining the first gated si gn&t® MHd tHE ME&bnd gated signal to create a
co®i ned gated signal; and =990 MHz

Frequency of the down-converted signal = 0 (i.¢., baseband)

(Freqlnpul - Frequ)/n = Freqconlrol
(900 MHz - 0 MHz)/n = 900 MHz/n

I

For n = 0.5, 1, 2, 3, etc., the frequency of the control signal 6406 should be
20 substantially equal to 1.8 GHz, 900 MHz, 450 MHz, 300 MHz, 225 MHz, etc. The
frequency of the down-converted PSK signal is substantially equal to one half the
difference between the lower frequency F, and the upper frequency F,.
As another example, to down-convert a FSK signal to an amplitude shift keying
(ASK) signal (a subset of AM), either the lower frequency F, or the upper frequency F,
25 of the FSK signal is down-converted to zero IF. For example, to down-convert an FSK
signal having F, equal to 900 MHz and F, equal to 901 MHz, to an ASK signal, the

aliasing rate of the control signal 6406 should be substantially equal to:

(900 MHz - 0 MHz)/n = 900 MHz/n, or



(2C) isolating at |east one harnonic of the conbined gated signal to 4 ¢4pp 2003

generate an in-phase/ quadrature-phase (1/Q up-converted signal. 3. A

nmet hod according to claiml1l or 2, wherein step (1) includes: (a) shaping
the first nodul ated information signal to create a first string of

nodul at ed pul ses; and (b) gating the first reference signal under the
control of 2#{1fst string of modyh@t ed pul ses to gener af€TEEPWHIy st
gated signal. 4. A nethod according to claim2, wherein step (1) includes:

(a) shaping the firgh;mpgul ghad)lnf qyimatian si gnal to create a first string
of nodul ated pul ses; and (b) gating the first reference signal under the

control of the first string of nodul ated pulses to generate said first

gated si 9n3l incA0hANRESI0oLRRL A0 el b3er s €3 ANAR AlLAS; SEOTY,

nodul at ed I on si gna Create a Second
string of comehllsgnad4pabmakt b&aaudst(rbt)al gaquah®y & &He0hNMH=:H#60 BiitL 380 gnal

under the ntr l, . of th nd stri ted pulses_ to generate sai d
second ga ?8%13 %ﬂrﬁ?fqﬁtgeﬂ o 2?8%@%6 a@&zﬁ‘?rrﬁ 3%(55?0?51 th %% wher ei n
sai § Shap'tH&er&It@ﬁb}(éﬂtﬁa):orftwltsfgﬁﬁl 6406 Ishisl8S be l’sﬂﬂ:th'nﬁﬁl'ly’lgqt@l eOnBODPIGHRUl se wi dth
of said first strln% of npdul ated pul ses so that a first shaping ratio

i

t hereof i $O5HL% PP AYHY: € Nz.dite-2RdH2ditc- mIhafequsngy psthgslopat eger |

wherein t e, feieStaha hatg,srebsteutaaytéaﬁalrat e effrekdiRe flekwdenC @R fo@kr PUI S€
width to the period o first up-converted information signal. 6. A

met hod acér@mﬁnmgFt@ddhemﬁemfrewwy At shblii®y step (1 )(a) further
| ud f
i ncl udes: regu rfatalsl geq?ti]at e?ﬁnth%%ul{& tﬁfeth}é“ c%ﬁol‘%gﬁﬁ' Bads ¥t§ ﬁ%‘{,‘ﬁ% 0

nodul at ed pul ses iTs aping rati @ theéreo stantially
eqiral to epetial thanfenditowitds eemn |Eh1ama|kmt ﬁ@eIrJFT anctudh &40ng tEgtemp(2A) (a)
further | nCl el'clignce device. This configuration is useful for situations where minimal
disturbance of the input signal may be desired.
In another embodiment, the pulses of the control signal 6406 have non-
negligible apertures that tend away from zero. This makes the UFT module 6402 a
15 lower input impedance device This allows the lower input impedance of the UFT
module 6402 to be substantially matched with a source impedance of the input signal
6404, This also improves the energy transfer from the input signal 6404 to the down-
converted output signal 6412, and hence the efficiency and signal to noise (s/n) ratio of
UFT module 6402.
20 When the pulses of control signal 6406 have non-negligible apertures, aliasing
module 6400 is referred to interchangeably herein as an energy transfer module or a
gated transfer module, and control signal 6406 is referred to as an energy transfer
signal. Exemplary systems and methods for generating and optimizing control signal

6406 and for otherwise improving energy transfer and/or signal to noise ratio in an

25 energy transfer module are described below.
6.3.1 Optional Energy Transfer Signal Module

FIG. 93 illustrates an energy transfer system 9301 that includes an optional
energy transfer signal module 9302, which can perform any of a variety of functions or
combinations of functions including, but not limited to, generating an energy transfer

30 signal 9309.



regul ating the control pulse width of said second string of nodul atﬁd AT 2003
pul ses so that the second shaping ratio thereof is substantially equal to
one half of n, where nis an integer, wherein the first shaping ratio is
the ratio of the first control pulse width to the period of the 1/Q
up-converted signal, and the second shaping ratio is the ratio of the
second conWPc?P’z‘gl‘J‘f se width to the. P@Lr_i od of the I/Q up-coRGEPEER* Y gnal . 7.
A nmet hod according to claim5 or claim®6, wherein the or each shaping ratio
i s substanti al : (NS - ' t : f clains
0 o or 6. whiyaf BB oBionh R IARATEAN Ml OIS & Pt ed

i nf or mat i epergiyaerieraigrs ayenample e wimoh an illusfrefedrn ilBO. 92Grasl arf apemuwhi ch t he
second no edq4-nf or, ' ' rat ed. ar n signals. 9. A
ret hod aceaeA gl hlRbE beRlraPab I S RENE ROER:RICRAR: BUPET 2 o

si gnal 9224 from an 2048t dighal D324 f inpun sdmial $2 24hanfbe raay typedifilpedietic siphadr mat i on
si gnal was gener at ed ancg n information signal from which the second

modul at ed MR PBHIE A ¢ HBEOHehSRaoH S & U AP glabstrrg. A

nmet hod acggrggﬁéagintgqn@mylg@a@zpfar@h@gjcﬂse&ekﬂ& or 6, wherein an infornation
signal fromwhich the f rst nodul ated information signal was generated and

an i nf or mat i onTg it of AREFUGP iR 28 cordieierd Bt defay HrrevahebPemd si gnal
was gener g5 5, @ferk ganeneyored Wby, shne Aol bade @ﬁaﬁn\@%&g d fheany one of
clains 2, 4, or 6, wherein an information signal from whic the first

nmodul at eddiffiudly ratiesing fhgriaduinkasnly ef épertusel sarrdatan 9339 ¢acreasd. oln sthgmal from

whjch the o] | at ed it~ i s gn2l e hhase
m)i ul at ed@%%’. tIa%enné\:}t 6@53%%1%?%@ t:r)é)@flgﬂ:sm 1, & ePg?rql%ggfrgg??@é%lBr ef erence
si gnal i scanfaretth@sediinfeaemplanycpersirg igaheratanl2®aiochdt irgquire ap fasoreaetiadned si gnal

has an amplitude that is a function of said further inpfornption signal. 13.
A method JREOFUTRY T8 4 KOS ManeindProedibie seign Pyt Bt agRal 1's an
addi ti onakEM mp@rfraaténen si gnal , and said second up-converted signal has an
anplitude that_is a function 81‘, sai d additional information signal. 14. A

met hod accor di Hif T6meleRy legif2nd RRlFBEH U FOMIIR ARFTHEH BRI 9840 &icgnal is a

di g tal i pfefde®tdr AMusEhidRurgdass dAg, andhrdhdd lichiinef THE &l@s logldemployrat hod
according to claim 13, wherein said additional information signal is a

di gi tal i eAndrkeampnyrfosny el rertaresensator P2bincladestaaoptioml iXarteippar at us
for up- cCopyR LhRfA s S8R FrHolGity ddnkiSlen AV INSHEBAIRp 0 biGrefh, 17t
reference si g’g{r;]va gasnder thrzjlocor?:t rcr)ll1 o? a 1fi rst nndﬁleag){aog?%enforermti on signal
to generate a Ai p)smn;ga'yémplgmgntaﬁqn afgperture generator 9220 is illustrated in FIG,

92D. Additional examples of aperture generation logic are provided in FIGs. 92A and
20 92B. FIG. 92A illustrates a rising edge pulse generator 9240, which generates pulses

9226 on rising edges of input signal 9224. FIG. 92B illustrates a falling edge pulse

generator 9250, which generates pulses 9226 on falling edges of input signal 9224,

In an embodiment, input signal 9224 is generated externally of optional energy

transfer signal module 9302, as illustrated in FIG. 93. Alternatively, input signal 9224
25 is generated internally by optional energy transfer signal module 9302. Input signal

9224 can be generated by an oscillator, as illustrated in FIG. 92E by an oscillator 9230.

Oscillator 9230 can be internal to optional energy transfer signal module 9302 or

external to optional energy transfer signal module 9302. Oscillator 9230 can be

external to energy transfer system 9301. The output of oscillator 9230 may be any
30 periodic waveform.

The type of down-conversion performed by energy transfer system 9301
depends upon the aliasing rate of energy transfer signal 9309, which is determined by
the frequency of pulses 9226. The frequency of pulses 9226 is determined by the
frequency of input signal 9224.



i solating nmeans for isolating at |east one harnonic of the first gated . on 9
signal to ~'l~l~ A~~~ ~ 1]~ v 135 generate a first up-converted 16PN
information signal, 17. Apparatus according to claim 14, further

conprising: second gating neans for gating a second reference signal under
the control of a second nodul ated information signal to generate a second
gated si gndQRHEFei n the frequency,of the second nodul at E&TURPYI4NHL i on
signal is substantially equal to the frequency of the first nodul ated

ubst anti al 1y 80 degrSs ey PEEPARAERAt Al RRn 2 TR AR 191 o1 vt i on

si gnal ; cdwmtmmingr asapbardreniccohBMnsigpl 9883, EMstigrpavded & dinatly atednt he second

gated signal to,creat onmbi.ne ated, signal,;, and isolatin ans for

i sol ating Cg?velr%%g? o ar}a%ja&f?orwh(:eng%ﬁt%na%s %é\é SAPLT §i%ﬁaﬁ’gﬂaﬁ§?@’éner ate an
i n- phase/ quadtal doar PHase (dn/fY! sigpalc ownen tiedrauental of idfht sARPIBIRAY US
according to cl,al' m 16 orﬁgﬁlﬁai m.17, wherein saig flrst gating nmeans

i nc? udes: Sphsfagtia 8"151_3}15) H’_%O’F%Prérféb‘lhﬁ‘@“otnllfeo # gerersaUreueReYi AMbr mat i on
si gnal to sgheakes & downSdondriel MQaPhidmeuhidkgdapul ses; and first shaped
gating neans for gating the first reference si g)nal under the control of the
first string oPpheuleraradipsies senelonebed i 2ecas Be dmplementedan berdwagnal . 19.
Appar at us ¢ | Wk rei.p said first gating nmeans includes:
first shaﬁ?@l‘gé}%&aﬁ%a&(’ip% apl ngna%lﬁ@ﬁlfef\epgt nodul ated i nformati on signal to
create a first string of nodul ated pul ses; and first shaped gating neans
for gating the first . reference signal under the control of the first string
of nodul ated pul sesg't?'(% ge”ﬁoeor?%f"e%zs%%mf #?'é‘fmﬁg?lé’éfa}s)i gnhal ; and wherein said
second gating neans includes: second shapi ng neans fox shaping the second
nodul ated info tion sign to create second strjng of nodul ated pul ses;
and” shaped secéggnd’ﬁttf’ﬁédgnzg?\’s&f“ﬂ’r‘w@é‘?rit%go‘?% S%EloﬁJdgrrE?yeP%ﬁ‘@%Otg?dgnal under
the contr el retriddwe ®eeand string of nodul ated pul ses to generate said
second gated signal.

103

6.3.3 Impedance Matching

Referring to FIGs. 71A and 71B, energy transfer module 6400 has input and
output impedances generally defined by (1) the duty cycle of the switch module (i.e.,

15 UFT module 6402), and (2) the impedance of the storage module (e.g., capacitor 6410),
at the frequencies of interest (e.g. at the EM input, and intermediate/baseband
frequencies).

Starting with an aperture width of approximately one-half of the period of the
EM signal being down-converted as a preferred embodiment, this aperture width (e.g.

20 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 from one-half of the period of
the EM signal being down-converted, the impedance of the energy transfer module
decreases.

25 One of the steps in determining 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 inmpedance is 300 ohms. An impedance matching circuit
can be used to 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

30 ohms. Matching these impedances can be accomplished 1n various manners, including



i G;~~~~ 2~ 03 135 20. Apparatus according to claim18 or claim 19, G Apb 90
wherein said first shaping neans further conprises: regulating neans f&r AT 1003
regulating the control pulse width of the f rst string of nodul ated pul ses

so that the first shaping ratio thereof is substantially equal to one-half

of rn wher i n integer, wherein the first shaping ratjq.i ratio
of the conS‘fo Ufzgg%pul se width to thgsperiod of the first uﬂp??.édosgs\’/%a‘{?%ed

information signal. 21. Apparatus according to claim19, wherein said first

shapi ng mpeRsdifigiit RedeseyPijeagtre dirkdtSlor HiRAKE BF AiNBnJ¥BARS i¢h diRdikat i ng the
control pulse wwdth of said first string of nodul ated pul ses so that a
first shagPsgbeeleleyt hereof is substantially equal to one-half of m where

mis an inteekorAnd SaGeNdal SOMhAULRG HRANA JQLint FHLRI A8 L RfoGPNt T Ol
pul se wi dth of sai b;econdéstrlmr;qqll‘gm dnl&dgﬁ%te lﬁpu ses dsuimtqt(gtt ad second
shapi ng r abinprijisg srulnpbtaimpeddricy 0 s ik fiasgfz modudh 846, and an an

| nt eger , ‘é’f‘tghfinﬁ‘pe%ﬁ‘x%e%&éﬁ nfo'&%i%i &fbgra%'wvisoft@%mrft iagdonfottnp%nc%n%rm pul se
wi dth of th I'r'st string of nodulate pualysesxtopehe perlocF Bk 4 B 1/ Q
up- conver tigdtisy, §H@I94 ibustrateh e spetfonohtodmpinngsingir RF kignallvd 14 ad aminpit. t he
control pulse width of the secgn .stfrin of npdul at ed, pul.ses to the period
of "the 1} QST AR el e a5 45 bSOt AEOI K (IR0 or
25 Appar ate aecor g To any e of Gl et e o
|t or mat 1 R0 QgHaR 16 SHRABHAEolor (PR RORINGR BahReRHEPIYN A Bhal was
gener at ed ;e A ds"NhoWABE PO, § SNBInchEO M) WHLER: DBES SRLOREARGUsded

information signal was generated are anal og mggal s. 24. "Apparat us
accor di ng The carfjgupsionoff iaHedters S0P, antigcapagitop P6Otie peiassible ¢onfigumten on si gnal

i or mat i oeL g S R o B Bl s
gener at ed 9608& constituke, am [“E.| networkB matehed filte®3 TiR7calculation of the values for
inductor 9606 and capacitor 9608 is well known to those skilled in the relevant arts.

15 The output characteristic impedance can be impedance matched to take into
consideration the desired output frequencies. One of the steps in determining the
characteristic output impedance 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 should have an impedance at the desired output

20 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 desired 1MHz
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.

25 In an embodiment, the energy transfer module’s characteristic output
impedance is, for example, 2K ohms. An impedance matching circuit can be used to
efficiently couple the down-converted signal with an output impedance of, for
example, 2K ohms, to a load of, for example, 50 ohms. Matching these impedances
can be accomplished in various manners, including providing the necessary load

30 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 9614
and an inductor 9616 can be configured as shown in FIG. 96. Capacitor 9614 and
inductor 9616 constitute an “L network” matched filter., The calculation of the values

for capacitor 9614 and inductor 9616 is well known to those skilled in the relevant arts.
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digital signals. 25, Apparatus according to any one of clainms 17, 19, or

21, wherein an information signal fromwhich the first nodul ated T68PR 7103
i nformation signal was generated and an information signal from which the
second nodul ated information signal was generated are frequency nodul at ed.

26. Apparatus accaording to any one of clainms 17, 19, or 21, wherein an

i nf or mat i ofV@PYHEE from whi ch the fjgst nodul ated infor mtiFAEVEA was
generated and an information signal fromwhich the second nodul at ed

i nformation sigigl YaHuBEBE" &t ehudl fpRlaze ABAN Alede 3406 ARRAGABYS

according to claim 16; wherein said first reference signal Is a further

i nf or mat i ompsdagaal matgh dnedled 9% e wenEdnivkrte ek dhigplalstatiing apintnfiri t ude
that is a . [ . sad o ' ign 8.: rat.us

aceor di ng PRErae B2ttt jh MAERN! ADeRloHEh sorfDnaRBRL B

addi t i onal initiaf desigs inoay s grtable vardus Airties goomdation: cinotiert ¢diagorgnéle has an
anpl.i t ude IhaL ig}a fugction.o .said(@dditionﬁ% intorqftion.si%nah. 29.
Appar at us BERLAGHERY C8b 08 PRITHZSY M Gsardansy WUR §Uen VPR 4B R P MYsi gnal i s
a digital donéiesraminson signal having a plurality of states. 30. Apparatus
according to claim 28, wherein said additional information signal is a

di gi tal i nfor metS BrerePEeTal OMuRFIAg SEUCHITET ANd/qr pompoRansy ag usedy theifafigdt hod of
modul at i ng, ARd HRAEERNR' iipB8hncs SMRe! &Rl trdntler FRSduMDsidbuld b taikenfigbMaL i On
signal under the control of a first oscillating signal to generate a first
gat ed i nf cicequtii brihgingishlelong with {lpyr qredriginahgrisrie or nore harnoni cs of the
first gated information signal to generate a first up-converted and
nodul at ed si gnal . i ¢ ~~f"~ ~~~03 138 32. A nmethod according to claim
31, "wherein step (2p.3fur Térdis andResndgs: Stfizhyregat i ng a second i nformation
signal under the control of a second oscillating signal to generate a
second gated information signal, wherein the frequency of the second
oscillating si @eadnahstasiubst @indriredohant emuemired eantdeeustd agfiemeyopdimizd@ef i r st

oscillating signal_and the. seco oscillati signal is substantially 90
Gogr cee. oty Bl Sirttisise F dis WL af g SNGal SopoBs BB ni gt he
ftrst gategsdnfftabbmtth®Mpsi G8@len@Ndad heueetoR@rdaieed, ibhahemipuPfgs gnal to
create a conmbi ned gated information signal; and {2C} isolating at |east one

har moni ¢ ofhepiee EoirbilherengtP@Pd v e HEHIGHC srayranclier Yanibe atcaitere
i nqphase/ quagy sinerfisPhaaRitkd 4iQs URXGARY pbistile aftidRdulalstns taRahd

other resonant structures can include, but are not limited to, surface acoustic wave
(SAW) filters, dielectric resonators, diplexers, capacitors, inductors, etc.
An exemplary embodiment is shown in FIG. 106A. Two additional
embodiments are shown in FIG. 101 and FIG. 109. Alternate implementations will be
20 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. These implementations take advantage of properties of series and parallel
(tank) resonant circuits.
FIG. 106A illustrates parallel tank circuits in a differential impiementation. A
25 first parallel resonant or tank circuit (tank!) consists of a capacitor 10638 and an
inductor 10620. A second tank circuit (tank2) consists of a capacitor 10634 and an
inductor 10636.
As is understood by one skilled in the relevant art(s), parallel tank circuits
provide:
30 low impedance to frequencies below resonance;
low impedance to frequencies above resonance; and

high impedance to frequencies at and near resonance.



33. A nethod according to claim31 or claim32, wherein step (1) incl Hq\g@;mm
(a) shaping said first oscillating signal to create a first string of% "' * "
pul ses; and {b) gating the first information signal under the control of
the first string of pulses to generate said first gated information signal.
34. A nethod according to claim32, wherein step (1) includes: (a} shaping
said firsWOMe#ifating signal to_q{)f_ate a first string ofCHYSEEIZ7and (b)
gating the first information signal” under the control of the first string

of pulses to %?g;mgﬁra%@d Chablylie br 86404 A @ TFRL QY g&gﬂ&'@@&%ﬂ@efei n step

{2A) includes: 1apl ng sai d second oscillating signal to create a
second stesonaje of agpubgwstelydRQ NIy dtandgettheseeoanthe infredamgt iofthesé gnal under

the contraol .of the. ond rin f | ses t eper at e sai nd gated
i nf or mat icg'%lulésgilsg%egﬁl.é@g]_l& A ﬁ%‘f ﬁ%‘g’ glctggrglclﬁuﬁtgcotn glg%fig(im ah:%’ "of Fﬂ?:ﬁ%ﬁ{gm, wher ei n
shapi ng $biapaf bigats fappdahes retaivplyi lsgls impaigndeati thg iiphe frequintpbf pso se wi dt h

of _said first string of pulses so that the first shaping ratio thereof is
Subst ant My et SRERRT o1 AL GME iR o egucpder b °h°2

, =~ desii@d odi@Ot dandeadso MMperein the first shaping ratio is the ratio of
the control pulse wdth of said first string of pulses to the period of the

first up-conveneaysuAasisdigna 0§+5eqgials.a 36ich ADpih n¥Berarnetaydiangfet o cl ai m
34, wher gi'tgﬁalg?@fﬁ%ngo RIoRP skitdy )10814 ftyra;a&ﬁraaawcldgg,eﬁ%gﬁreﬁgmeﬂey' NGdufre control

pul se w e first string of pul'ses so that I'rst” shaping ratio
t her eof rcempulsstsawili abl passqthadughotapkle-dnalefikf Hewewshethe lovwies signal nt eger ;

o o0 SpADRTAR BP0l S LUREL O SRt OB BUATAE 2 1L
t her eof tamkbubstankivatt little qurahuation.oMibe hedflett af tank ! witkeragk® id & Ainther

separate the input and output signals from the same node, thereby producing a more

stable input and output impedance. Capacitors 10618 and 10640 act to store the 50

MHz output signal energy between energy transfer pulses.

15 Further energy transfer optimization is provided by placing an inductor 10610
in series with a storage capacitor 10612 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 10610 and the impedance of storage capacitor 10612 is preferably kept

20 relatively small so that the majority of the energy available will be transferred to
storage capacitor 10612 during operation. Exemplary output signals A and B are
illustrated in FIGs. 106B and 106C, respectively.

In FIG. 106A, circuit components 10604 and 10606 form an input impedance
match. Circuit components 10632 and 10630 form an output impedance match into a

25 50 ohm resistor 10628. Circuit components 10622 and 10624 form a second output
impedance match into a S0 ohm resistor 10626. Capacitors 10608 and 10612 act as
storage capacitors for the embodiment. A voltage source 10646 and a resistor 10602
generate a 950 MHz signal with a 50 ohm output impedance, which are used as the
input to the circuit. A circuit element 10616 includes a 150 MHz oscillator and a pulse

30 generator, which are used to generate energy transfer signal 10642,

FIG. 101 illustrates a shunt tank circuit 10110 in a single-ended to-single-ended
system 10112. Similarly, FIG. 109 illustrates a shunt tank circuit 10910 in a system
10912. Shunt tank circuits 10110 and 10910 lower driving source impedance, which

improves transient response. Shunt tank circuits 10110 and 10910 are able store the



i nteger, wherein the first shaping ratio is the ratio of the control ul & 210
wdth of the first string of pulses to the period of the I/Q up-conve
and nodul ated signal and the second shaping ratio is the ratio of the
control pulse width of the second string of pulses to the period of the 1/Q
up-converted and nodul ated signal. 37. A nethod according to claim35 or
clai m 36, WeP¥IM!&% he or each shapi ratio i s substantial Y§TE2#121 0 0. 5.
38. A nethod according to any one of clains 32, 34, or 36, wherein the
first info | og
signal s. ér{EPéi &Fﬁ%%{?lg{étc%%l%ggp goggdr%néjgjhg&g\? &9& %H%ﬁ%% % wher ein
the first ihaf ﬁrer@zt thoglsdug ke a;artdretckfetheseko@midsmn:hor’ﬂmttransnesu nak oétte di gital
signal s. 40. t hod accordi o claim 39 erein.the f.i ormat i on
o1 onal anc iSRRG e RF SleRlal R kiePp Aareipe g aidetdneidine isg ror e
than two siphiefeqritdey, Aas aﬁ@arcampsne‘norfreqmdluieatanaage ara;dmp@r eoqaEY, i (NE,
corrpr|S| ng: first gating nmeans for ng. a flrst i nformation sj aI under
t he Jcont r obighsr f@qvqnﬁseﬁ tftﬁgéfiqlpaltt fﬁ‘@u@cm% alyopbydsffattively mess orough
i nfor mat i oghesh@nalRes@Afk cirduité 'or ktructives, for exam;ﬁe e ftdn‘lcs&rchﬁ@l@fl'or’& means
for isolating one or nore harnonics of the first gated information signal
t o gener at 89305 fanstake gdeppge rof gbis ah’.deWablattedr@sghanergnzhrowgh@ar Heus
accordi ng gating a
second |nf%%r?%%‘?§gal§%c fréf%&l&g Ofc@l ewé@r‘l{trg%lﬁ@ccgg étggt(l)[lhg&og%l att%g si gnal
to generat @paarses:a)kw cyafnr@jsouwﬁmnpmanmmsmgﬁwtranvsﬂaarpermd bﬁtéefapmmu@ncy of the
secgnd osci 1! athaq.Shong) uhSaRtRSLAN LAk AGh. B0l 00 L KRANRRGN, OF the
first osmllatlnﬁ S|g a7 e Second. 05di flt 656 Or ﬁgtantlally
90 degr eeSp@pﬁse@ﬁncpbas@tvumlhng healtertasd ccnﬂgukduahs ogh B¢ aeal. ; Tﬁ@WBﬂl(ﬁUSng nmeans
for conbining the fir ated jinforpmation si and the second gated
i nformati off aﬁtntéilkstaél éf‘g‘étfl@séllséﬁﬁ*?ﬁ AP etR “‘? PP LT HergjieE]Wan $and
i sol ating fRaRspafeatr 1 solating at |east one harnonic of the conbi ned gated
information signal to generate an in-phase/ quadrature-phase (1/0Q
up-converted and nodul ated signal. 43. Apparatus according to claim4l or
claim42, wherein sgsf @,g,tgeg,@,ylpgg,epp%§feﬁ Bbh&pls 1 ncludes: first shaping
means for shaping said first oscillating’signal "to create a first string of
pul ses; and first shaped gating means for gating the first information
Fiopal under ! NEEaN b0haRl G 1t btk Rl RULRRS. HEIBENATALE Sai d
first gated info t1on

FIG. 117A illustrates a 01rcu1t 11702, including a switch S and a capacitor 11706

having a capacitance “C.” The switch S is controlled by a control signal 11708, which
includes pulses 11710 having apertures of duration “T.”
In FIG. 117B, Equation 13a illustrates that the charge “q” on a capacitor having
20 a capacitance “C,” such as the capacitor 11706, 1s proportional to the voltage *“V”
across the capacitor, where:
q = Charge in Coulombs
C = Capacitance in Farads
V = Voltage in Volts
25 Where the voltage “V” is represented by Equation 13b and where
A =TInput Signal Amplitude,
Equation [3a can be rewritten as Equation 13c. The change in charge over time is
illustrated as “Aq(t)”in Equation 14a, which can be rewritten as Equation 14b. Using
the trigonometric identity of Equation 15, Equation 14b becomes Equation 16, which
30 can be rewritten as Equation 17,
Note that the sine term in Equation 17 1s a function of the aperture “T” only.

Thus, “Aq(t)” is at a maximum when “T” is equal to an odd multiple of © (i.e., &, 3,



44. Apparatus according to claim42, wherein said first gating neans 16 APR 2003
further includes: first shaping neans for shaping said first OSC|IIat|ng
signal to create a first string of pulses; and first shaped gating neans

for gating the first information signal under the control of the first

string of golses to generate said first gated information S|a§al and

wher ei n sal® Y&€HAd gating neans fygther- conprises: second 8748 e ans

for shaping said second oscillating signal to create a second string of
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11020. By varying the delay in real time, the apertures are adjusted in real time.

5 In an alternative implementation, inverted clock signal 11022 is delayed
relative to clock signal 11014, and then combined with clock signal 11014 by AND
gate 11008, Alternatively, clock signal 11014 is delayed and then inverted. The result
is then combined with clock signal 11014 by AND gate 11008.

FIG. 110A illustrates an exemplary real time aperture control system 11002 that
10 can be used to adjust apertures in real time. Real time aperture controf system 11002
includes an RC circuit 11004, which includes a voltage variable capacitor 11012 and a
resistor 11026. Real time aperture control system 11002 also includes an inverter
11006 and an AND gate 11008. Optionally, AND gate 11008 includes an optional
enable input 11010 for enabling/disabling AND gate 11008. Real time aperture control
15 system 11002 optionally includes an amplifier 11028.
Operation of real time aperture control system 11002 is described with
reference to the timing diagrams of FIGs. 110B-F. Real time aperture control system
11002 receives clock signal 11014, which is provided to both inverter 11006 and to RC
circuit 11004, Inverter 11006 outputs inverted clock signal 11022 and presents it to
20 AND gatc 11008. RC circuit 11004 delays clock signal 11014 and outputs delayed
clock signal 11024. The delay is determined primarily by the capacitance of voltage
variable capacitor 11012. Generally, as the capacitance decreases, the delay decreases.
Delayed clock signal 11024 is optionally amplified by optional amplifier
11028, before being presented to AND gate 11008. Amplification is desired, for
25 example, where the RC constant of RC circuit 11004 attenuates the signal below the
threshold of AND gate 11008.
AND gate 11008 combines delayed clock signal 11024, inverted clock signal
11022, and optional enable signal 11010, to generate energy transfer signal 11016.
Apertures 11020 are adjusted 1n real time by varying the voltage to voltage variable
30 capacitor 11012,
In an embodiment, apertures 11020 are controlled to optimize power transfer.
For example, in an embodiment, apertures 11020 are controlled to maximize power

transfer. Alternatively, apertures 11020 are controlled for variable gain control (e.g.
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In an embodiment of the invention, a bypass network is added to improve the

efficiency 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 substantially lower impedance to transients of the

15 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., greater that 100 Ohms at the
RF frequency).

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

20 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 signal only,
be relatively low in frequency to be optimal.

25 For example, referring to FIG. 107 a bypass network 10702 (shown in this
instance as a capacitor 10712), is shown bypassing a switch module 10704. In this
embodiment bypass network 10702 increases the efficiency of the energy transfer
module when, for example, less than optimal aperture widths were chosen for a given
input frequency on an energy transfer signal 10706. Bypass network 10702 could be of

30 different configurations than shown in FIG 107. Such an alternate is illustrated in
FIG.103. Similarly, FIG. 108 illustrates another exemplary bypass network 10802,

including a capacitor 10804
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a specnflcoinﬁgéleﬁnentation is provided in FIG. 113. The result of this addition is that
3.2Vpp can now be applied to the 50 ohm load as shown in FIG. 116A. The circuit
with the bypass network in FIG. 113 also had three values adjusted in the surrounding
circuit to compensate for the impedance changes mtroduced by the bypass network and
narrowed aperture., FIG. 114 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. 113 with the bypass network. FIG. 116B
shows the result of using the circuit in FIG. 114 in which only 1.88Vpp was able to be
applied to a 50 ohm load.

6.3.8 Modifying the Energy Transfer Signal Using Feedback

FIG. 93 shows an embodiment of a system 9301 which uses down-converted
Signal 9307 as a feedback 9306 to control various characteristics of the energy transfer
module 9305 to modify the down-converted signal 9307.

Generally, the amplitude of the down-converted signal 9307 varies as a function
of the frequency and phase differences between the EM signal 9303 and the energy
transfer signal 9309. In an embodiment, the down-converted signal 9307 is used as the
feedback 9306 to control the frequency and phase relationship between the EM signal
9303 and the energy transfer signal 9309. This can be accomplished using the
exemplary logic in FIG 98A. The exemplary circuit in FIG. 98A can be included in
optional energy transfer signal module 9302. 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. 98A, a state machine 9804 reads an analog to digital
converter, A/D 9802, and controls a digital to analog converter, DAC 9806. In an

embodiment, state machine 9804 includes 2 memory locations, Previous and Current,
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embodiment, 15 substantially similar to the pulse generator shown in FIG, 92C. Pulse
generator 9810 generates energy transfer signal 9309.

In an embodiment, state machine 9804 operates in accordance with a state
machine flowchart 9819 in FIG. 98B. The result of this operation is to modify the
frequency and phase relationship between energy transfer signal 9309 and EM signal
9303, to substantially maintain the amplitude of down-converted signal 9307 at an
optimum level.

The amplitude of down-converted signal 9307 can be made to vary with the
amplitude of energy transfer signal 9309. In an embodiment where a switch module
9111 is a FET as shown in FIG 91A, wherein a gate 9104 receives energy transfer
signal 9113, the amplitude of energy transfer signal 9113 can determine the "on"
resistance of the FET, which affects the amplitude of down-converted signal 9115.
Optional energy transfer signal module 9302, as shown in FIG. 98C, 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

invention.

6.3.9 Other Implementations

The implementations described above are provided for purposes of illustration.
These implementations are not intended to limit the invention.  Alterate
implementations, differing slightly or substantially from those described herein, will be
apparent to persons skilled in the relevant art(s) based on the teachings contained
herein. Such alternate implementations fall within the scope and spirit of the present

invention.

6.3.10 Exemplary Energy Transfer Down-Converters
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the present invention. The techniques described herein are also applicable to designing

30 a frequency up-converter for any application, and for designing the applications



310%2) x& ()- 310%J&& ()- OMLO%R) & ()- QUELO% & ()- QELOWR) & () - 16 RPR 200
QEL0WE ()-# UV WX r_w v W -10%)& ()- 1090Kk) 9& () - Y10%k) 9& () T

(, mMLO%9k) 9&' () 102)102)102) R 9109%R) & ()-z__ g " |[:vU4  "y1090k)9& ()
1090k) 9&' ()- Y 109%0k)9& ()- F@O0%k)=& ()- [F@QOW$9& ()- Y

- 1099QW&’ ( &L aabbe] [:vUA 1 VI, 10%K) & ()- & 10981 9& () -

V&' 10% k) _&YQPU24K 1090k) d& () - u &LO%I(& ()- & 1096& ()ECEE¥dH*a9d| obus
T mlow) & () - 10|k)|10|k)|10|k)| )L/ 10% k)i & () - ul/, 10%& ()- q/,

32(6/%}&‘)?(‘) ‘(&2& t em§é(weslf=1%@%8 t?iongs agg%ﬂ?ﬁﬁq%%§%r [ﬂhﬁhjﬁtw (W&@ 4 £rd 1ot
Ys 109&X) &&ipitingd Xdtguhdtives (@pl[udmmqulvalemgm&&&mqs) varmtlmg)qz@()l@&;s@tc of

f 10%&&& Y % f bW
Er (IR Crim e
S- 10%&X) &&or( fhe tééﬂ:ﬁh%@s)@l)'aﬁ&llr(e)j Hegpﬂgg@gfﬁlahtﬁmbﬁﬂ/ks fﬂ!].@%ﬂﬂ)t&&lsc(ope and spififdx) &&' () -
lkk\% /&&fgo/é}% ,mes€5lt Pnc%g%%) %&1 tSle mv%%%&%&gr%cgnﬂecli an % §Lp8f§d (tg) mclu!ie suéh% SAPE

(1 10%V) ME' {iderrk8 &) &10&X) &10&X) & S810%&X) &&' () - kil nnoVo| [:vW4  %40%V) V&' () -

L$109) M&' () - L!#10%) M&' ()-g #109%°) P& ()-  10%) (%
\ 3TF #1099 & () - XAscHsyaeary Mrmpdefmmm\?}wdwvmmﬁﬁ/m' & 33900kp) degiep p-

transmitter according to an embodiment of the present invention. An exemplary circuit

for a transmitter of the present invention operating in the FM embodiment is shown in

10 FIG. 57A. Likewise, FIG. 57B illustrates the transmitter of the present invention

operating in the PM embodiment, and FIG. 57C shows the transmitter of the present

invention operating in the AM embodiment. These circuits have been shown in

previous figures, but are presented here to facilitate the discussion of the design. As

the "I/Q" embodiment of the present invention is a subset of the PM embodiment, it

15 will not be shown in a separate figure here, since the design approach will be very
similar to that for the PM embodiment.

Depending on the application and on the implementation, some of the design

considerations may not apply. For example, and without limitation, in some cases it

may not be necessary to optimize the pulse width or to include an amplifier.
20 7.1 Frequency of the Transmission Signal,

The first step in the design process is to determine the frequency of the desired
transmission signal 5714. This is typically determined by the application for which the
transmitter 1s to be used. The present invention is for a transmitter that can be used for
all frequencies within the electromagnetic (EM) spectrum. For the examples herein,

25 the explanation will focus on the use of the transmitter in the 900 MHz to 950 MHz
range. Those skilled in the relevant art(s) will recognize that the analysis contained

herein may be used for any frequency or frequency range.

7.2 Characteristics of the Transmission Signal,
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Another characteristic thaf must be ascertained is the desired modulation
scheme that is to be used. As described above in sections 2.1-2.2.4, above, these
modulation schemes include FM, PM, AM, etc., and any combination or subset thereof,
15 specifically including the widely used "I/Q" subset of PM. Just as the frequency of the
desired transmission signal 5714 1s typically determined by the intended application, so

too is the modulation scheme.
7.4 Characteristics of the Information Signal.

The characteristics of an information signal 5702 are also factors in the design
20 of the transmitter circuit. Specifically, the bandwidth of the information signal 5702
defines the minimum frequency for an oscillating signal 5704, 5738, 5744 (for the FM,

PM, and AM modes, respectively).

7.5 Characteristics of the Oscillating Signal.
The desired frequency of the oscillating signal 5704, 5738, 5744 is also a

25 function of the frequency and characteristics of the desired transmission signal 5714,

Also, the frequency and characteristics of the desired transmission signal 5714 are
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mfom1at10n being transmitted. That is, the frequency of the desired transmission signal

will actually range between 909.980 MHz and 910.020 MHz.

The first ten subharmonics of a 910.000 MHz signal are given below.

harmonic frequency
25 1* 910.000 MHz
2m 455.000
31 303.333...
4 227.500

5" 182.000
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Another frequency consideration is the overall frequency range of the desired
transmission signal. That is, if the transmitter is to be used in the cordless phone of the
above example and will transmit on all channels between 905 MHz and 915 MHz, the
VCO 5720 (for the FM mode) or the local oscillator (LO) 5734 (for the PM and AM

20 modes) will be required to generate oscillating frequencies 5704, 5738, 5744 that range
from 100.5556 MHz to 101.6667 MHz. (That is, the 9" subharmonic of 910 MHz + 5
MHz). In some applications, such as the cellular phone, the frequencies will change
automatically, based on the protocols of the overall cellular system (e.g., moving from
one cell to an adjacent cell). In other applications, such as a police radio, the
25 frequencies will change based on the user changing channels.

In some applications, different models of the same transmitter will transmit
signals at different frequencies, but each model will, itself, only transmit a single
frequency. A possible example of this might be remote controlled toy cars, where each
toy car operates on its own frequency, but, in order for several toy cars to operate in the

30 same area, there are several frequencies at which they could operate. Thus, the design

of the VCO 5720 or LO 5734 will be such that it is able to be tuned to a set frequency
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Looking at £g. 1 in section 4.1.1, it is seen that the relative amplitude of any
harmonic is a function of the number of the harmonic and the pulse-width-to-period
ratio of the underlying waveform. Applying calculus of variations to the equation, the
pulse-width-to-period ratio that yields the highest amplitude harmonic for any given

5 harmonic can be determined.

From Eq. 1, where A is the amplitude of the n™ harmonic,

A, = [A, ] [(2/m)/n]sin {ne e (T/T)] Eg. 2

If the amplitude of the pulse, A, i set to unty (1.e, equal to 1}, the equation

becomes
10 A, =[2/{nem)]sin[neme(t/T)] Eq. 3

From this equation, it can be seen that for any value of n (the harmonic) the amplitude
of that harmonic, A, is a function of the pulse-width-to-period ratio, ©/T. To
determine the highest value of A for a given value of n, the first derivative of A_ with

respect to /T is taken. This gives the following equations.

15 S(AYO(z/T) = 8 {[2/(nem)]sin[neme(t/T)}}/8(c/T) Eq. 4
= [2/(n*7)]&[sin[nems(t/T)}/6(t/T) Eqg. 5
= [2/(nem)]cos[nsme(t/T)) Egq. 6

From calculus of variations, it is known that when the first derivative is set equal to
zero, the value of the variable that will yield a relative maximum (or minimum) can be

20 determined.

O(AN/O(t/T)=0 Eq. 7
[2/(ne)]cos[nens(t/T)] =0 Eq. 8
cos{neme(t/T)] =0 Eq. 9

From trigonometry, it is known that for E£q. 9 to be true,
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9" harmonic, Table 6100 of FIG. 61 shows that it is 0.0796. This is an improvement

over the previous amplitude for a pulse-width-to-period ratioc of 0.1. Table 6100 also
N shows that the 9" harmonic for this pulse-width-to-period ratio has the highest
amplitude of any 9" harmonic, which bears out the derivation above. The frequency
spectrum for a pulse-width-to-period ratio of 0.0556 is shown in FIG. 59, (Note that
other pulse-width-to-period ratios of 3/(2¢n), 5/(2+n), etc., will have amplitudes that are
equal to but not larger than this one.)
15 This is one approach to determining the desired pulse-width-to-period ratio.

Those skilled in the relevant art(s) will understand that other techniques may also be

used to select a pulse-width-to-period ratio.
7.6 Design of the Pulse Shaping Circuit.

Once the determination has been made as to the desired frequency of the

. oscillating signal 5704, 5738, 5744 and of the pulse width, the pulse shaping circuit
5722 can be designed. Looking back to sections 4-4.3.4 it can be seen that the pulse

shaping circuit 5722 can not only produce a pulse of a desired pulse width, but it can

also cause the frequency of the string of pulses 5706 to be higher than the frequency of

the oscillating signal 5704, 5738, 5744. Recall that the pulse-width-to-period ratio

25 applies to the pulse-width-to-period ratio of the harmonically rich signal 5708 and not
to the pulse-width-to-period ratio of the oscillating signal 5704, 5738, 5744, and that

the frequency and pulse width of the harmonically rich signal 5708 mirrors the

frequency and pulse width of the string of pulses 5706. Thus, if in the selection of the

VCQO 5720 or LO 5734 it was desired to choose an oscillator that is lower than that
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Switches of different sizes

In an embodiment, the switch modules discussed herein can be implemented as
25 a series of switches operating in parallel as a single switch. The series of switches can
be transistors, such as, for example, field effect transistors (FET), bi-polar transistors,

or any other suitable circuit switching devices. The series of switches can be
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corresponding sources 7306a-n and drains 7308a-n of each of FETs 7302a-n are
interchangeable. Thete 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 7302a-n have similar characteristics. In another
embodiment, one or more of FETs 7302a-n have different characteristics than the other
FETs. For example, FETs 7302a-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 turn on in less time, but have 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.

In an embodiment, FETs 7302a-n are CMOS switches of different relative
sizes. For example, FET 7302a may be a switch with a smaller size relative to FETs
7302b-n. FET 7302b may be a switch with a larger size relative to FET 7302a, but
smaller size relative to FETs 7302c-n. The sizes of FETs 7302c¢-n also may be varied
relative to each other. For instance, progressively larger switch sizes may be used. By

varying the sizes of FETs 7302a-n relative to each other, the turn on characteristic
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& ()-1 illustrates the frequency spectrum of the received 1.01 GHz E
15 signal. FIG. 74G illustrates the frequency spectrum of the received energy transfer
signal. FIG. 74H illustrates the frequency spectrum of the affected received EM signal
at point 7442 of FIG. 74A. FIG. 741 illustrates the frequency spectrum of the down-
converted signal at point 7444 of FIG. 74A.
FIGS. 74]J-74M respectively further illustrate the frequency spectrums of the
20 received 1.01 GHz EM signal, the received energy transfer signal, the affected received
EM signal at point 7442 of FIG. 74A, and the down-converted signal at point 7444 of
FIG. 74A, focusing on a narrower frequency range centered on 1.00 GHz. As shown in
FIG. 74L, a noise spike exists at approximately 1.0 GHz on the affected received EM
signal at point 7442 of FIG. 74A. This noise spike may be radiated by the circuit,
25 causing interference at 1.0 GHz to nearby receivers.
FIGS. 74N-74Q 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 7442 of FIG. 74A, and the down-converted signal at point 7444 of FIG.,
74A, focusing on a narrow frequency range centered near 10.0 MHZ. In particular,

30 FIG. 74Q shows that an approximately 5 mV signal was downconverted at
approximately 10 MHZ.
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SL shows, a lower level noise spike exists at 1.0 GHz than at the same frequency of

FIG. 74L. This correlates to lower levels of circuit radiation. Additionally, as FIG.
75Q shows, the lower level noise spike at 1.0 GHz was achieved with no loss in
conversion efficiency. This is represented in FIG. 75Q by the approximately 5 mV
signal downconverted at approximately 10 MHZ. This voltage is substantially equal to
the level downconverted by the circuit of FIG. 74A. In effect, by decreasing the
number of switches, which decreases overall switch area, and by reducing switch area
on a switch-by-switch basis, circuit parasitic capacitance can be reduced, as would be
understood 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 circuit radiation.

It should be understood that the illustration of the switches above as FETs in
FIGs. 74A-74Q and 75A-75Q is for example purposes only. Any device having
switching capabilities could be used to implement the switch module, as will be
apparent to persons skilled in the relevant art(s) based on the discussion contained

herein.

Charge injection cancellation

In embodiments wherein the switch modules discussed herein are comprised of
a series of switches in parallel, 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, because signals of opposite



L#10% & () -

F10% & ()

| 10% & ()- Lt10% & ()- LF10% & ()- -#10% & ()- L10% & ()-

L1109 & ()-4|[:vU410 SOy#10% & ()- L&IOW & ()-f 10% & ()- L10% & ()-
SH10% &' () - LlO%‘&'() ):|[:vUa10 L, /10%&'() @#10% & ()- 9s' 10% & () -
$, " $#10% & VPOP24118 1096 &' ()-g L10% &) - "o [ NAA1010RGES8R4127
L610% & ()- @5#10% & ()- L310% & ( @10%&'() LO

109 & ()-"

@t10%e* e&'
& 10% & ()
&MLO% & () -
L-10% & ()
(1 m0% ?*

gty SHERNBLAL ri%ofeglm /ga‘&s( bl oot WD Plose (.

resudting) Olagge( Injeclorl B8O ppsite Il &MUy &' l{e)sultmgly, n- charmel MOSFETs

S MGG RS o8 PR B A0S ()29

Berck - 10* i:Oérﬂ;ﬂd‘dmerﬁO%e&s(vi)tch @ﬁﬂﬁ[bO%a& b9 -comprised of n-channel

| VL#10%@ @& ()-  #10%*k& ()-f @BCQ " vU410 10% & ()-
S OY(mLO%T) & () - (10*10*10* - #10% & ()- - #10%rt & ()- o\ |[: vUai

1’7r|
\Il

@5#10% * % o 6 2% & ( 10% 2% & 10% ?*
& OWPS’)F)EELS (ajlé %‘5@%‘#4 137%3}(')‘” M’éi%e% tf@ ’(“)‘*‘mg1 a-ofi ?a,cblf"{f‘é(’ zﬁ!ﬁéd‘?} 10% ?2*

&'() 0%

10

15

20

25

30

Riniizé e 1vhO%12d effectd of ctid@¥anjection.

FIG 77A illustrates an alternative embodiment of the switch module, this time
with fourteen n-channel FETs 7702-7728 and twelve p-channel FETs 7730-7752
shown, rather than twenty FETs 7402-7440 as shown in FIG. 74A. The n-channel and
p-channel FETs are arranged in a complementary configuration. Additionally, the
FETs are of various sizes (some "Wd" and "Ing" parameters are different between
FETs).

FIGS. 77B-77Q, which are example waveforms related to the switch module of
FIG. 77A, correspond to the similarly designated figures of FIGS. 74B-74Q. As FIG.
77L shows, a lower level noise spike exists at 1.0 GHz than at the same frequency of
FIG. 74L. This correlates to lower levels of circuit radiation. Additionally, as FIG.
77Q shows, the lower level noise spike at 1.0 GHz was achieved with no loss in
conversion efficiency. This is represented in FIG, 77Q by the approximately 5 mV
signal downconverted at approximately 10 MHZ. This voltage is substantially equal to
the level downconverted by the circuit of FIG. 74A. In effect, by arranging the
switches in a complementary configuration, which assists in reducing charge injection,
and by tailoring switch area on a switch-by-switch basis, the effects of charge injection
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 FIGS. 77A-77Q in the above
description is for example purposes only. From the teachings herein, it would be
apparent to persons of skill in the relevant art(s) to manage charge injection in various

transistor technologies using transistor pairs.

Overlapped capacitance
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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 as ideally as desired. For instance, a non-ideally fabricated
MOSFET may suffer from parasitic capacitances, which in some cases may cause the
surrounding circuit to radiate noise. By fabricating circuits with structure layouts as
close to ideal as possible, problems of non-ideal circuit operation can be minimized.

FIG. 76A illustrates a cross-section of an example n-channel enhancement-
mode MOSFET 7600, with ideally shaped n+ regions. MOSFET 7600 includes a gate
7602, a channel region 7604, a source contact 7606, a source region 7608, a drain
contact 7610, a drain region 7612, and an insulator 7614. Source region 7608 and
drain region 7612 are separated by p-type material of channel region 7604. Source
region 7608 and drain region 7612 are shown to be n+ material. The n+ material is
typically implanted in the p-type material of channel region 7604 by an ion
implantation/diffusion process. Ion implantation/diffusion processes are well known
by persons skilled in the relevant art(s). Insulator 7614 insulates gate 7602 which
bridges over the p-type material. Insulator 7614 generally comprises a metal-oxide
insulator. The channel current between source region 7608 and drain region 7612 for
MOSFET 7600 is controlled by a voltage at gate 7602,

Operation of MOSFET 7600 shall now be described. When a positive voltage
is applied to gate 7602, electrons in the p-type material of channel region 7604 are
attracted to the surface below insulator 7614, 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 7606 and source region 7608, the
lower the resistance across the region between.

In FIG. 76A, source region 7608 and drain regton 7612 are illustrated as having
n+ regions that were formed into idealized rectangular regions by the ion implantation
process. FIG. 76B illustrates a cross-section of an example n-channel enhancement-
mode MOSFET 7616 with non-ideally shaped n+ regions. Source region 7620 and
drain region 7622 are illustrated 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 7620 and drain region 7622 do not

form rectangular regions as shown in FIG. 76A. FIG. 76B shows source region 7620
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le‘gd-&' 0 un%g%r)eath gate 7602 is shown as source overlap 7624 and drain overlap 7626. Source
overlap 7624 and drain overlap 7626 are further illustrated in FIG. 76C. FIG. 76C
illustrates a top-level view of an example layout configuration for MOSFET 7616.
Source overlap 7624 and drain overlap 7626 may lead to unwanted parasitic
capacitances between source region 7620 and gate 7602, and between drain region
10 7622 and gate 7602. These 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 m FIG. 76C, an example MOSFET 7616 may include a gate pad
7628. Gate 7602 may include a gate extension 7630, and a gate pad extension 7632.
15 Gate extension 7630 is an unused portion of gate 7602 required due to metal
implantation process tolerance limitations. Gate pad extension 7632 is a portion of
gate 7602 used to couple gate 7602 to gate pad 7628. The contact required for gate pad
7628 requires gate pad extension 7632 to be of non-zero length to separate the resulting
contact from the area between source region 7620 and drain region 7622, This
20 prevents gate 7602 from shorting to the channel between source region 7620 and drain
region 7622 (insulator 7614 of FIG. 76B is very thin in this region). Unwanted
parasitic capacitances may form between gate extension 7630 and the substrate (FET
7616 is fabricated on a substrate), and between gate pad extension 7632 and the
substrate. By reducing the respective arcas of gate extension 7630 and gate pad
25 extension 7632, the parasitic capacitances resulting therefrom can be reduced.
Accordingly, embodiments address the issues of wuncertainty in the ion
implantation/diffusion process. it will be obvious to persons skilled in the relevant
art(s) how to decrease the areas of gate extension 7630 and gate pad extension 7632 in
order to reduce the resulting parasitic capacitances.

30 It should be understood that the illustration of the n-channel enhancement-mode

MOSFET is for example purposes only. The present invention is applicable to
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FIG. 72A illustrates an embodiment of a splitter circuit 7200 implemented in
CMOS. This embodiment is provided for illustrative purposes, and is not limiting. In
an embodiment, splitter circuit 7200 is used to split a local oscillator (LO) signal into
two oscillating signals that are approximately 90° out of phase. The first oscillating
signal 1s 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
[-channel oscillating signal by approximately 90°. Splitter circuit 7200 includes a first
I-channel inverter 7202, a second I-channel inverter 7204, a third I-channel inverter
7206, a first Q-channel inverter 7208, a second Q-channel inverter 7210, an I-channel
flip-flop 7212, and a Q-channel flip-flop 7214.

FIGS. 72F-] are example waveforms used to illustrate signal relationships of
splitter circuit 7200. The waveforms shown in FIGS. 72F-J reflect ideal delay times
through splitter circuit 7200 components. LO signal 7216 is shown in FIG. 72F. First,
second, and third [-channel inverters 7202, 7204, and 7206 invert LO signal 7216 three
times, outputting inverted LO signal 7218, as shown in FIG. 72G. First and second Q-
channel inverters 7208 and 7210 invert LO signal 7216 twice, outputting non-inverted
LO signal 7220, as shown in FIG. 72H. The delay through first, second, and third I-
channel inverters 7202, 7204, and 7206 is substantially equal to that through first and
second Q-channel inverters 7208 and 7210, so that inverted LO signal 7218 and non-
inverted LO signal 7220 are approximately 180° out of phase. The operating
characteristics of the inverters may be tatlored to achieve the proper delay amounts, as
would be understood by persons skilled in the relevant art(s).

I-channel flip-flop 7212 inputs inverted LO signal 7218. Q-channel flip-flop
7214 inputs non-inverted LO signal 7220. In the current embodiment, I-channel flip-
flop 7212 and Q-channel flip-flop 7214 are edge-triggered flip-flops. When either flip-
flop receives a rising edge on its mput, the flip-flop output changes state. Hence, I-

channel flip-flop 7212 and Q-channel flip-flop 7214 each output signals that are
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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 7212
and Q-channel flip-flop 7214 are approximately 180° out of phase, their resulting
outputs are signals that are approximately 90° out of phase. I-channel flip-flop 7212
outputs [-channel oscillating signal 7222, as shown in FIG. 721. Q-channel flip-flop
7214 outputs Q-channel oscillating signal 7224, as shown in FIG. 72]. Q-channel
oscillating signal 7224 lags the phase of I-channel oscillating signal 7222 by 90°, also
as shown in a comparison of FIGS. 721 and 72J.

FIG. 72B illustrates a more detailed circuit embodiment of the spliiter circuit
7200 of FIG. 72. The circuit blocks of FIG. 72B that are similar to those of FIG. 72A
are indicated by corresponding reference numbers. FIGS. 72C-D show example output
waveforms relating to the splitter circuit 7200 of FIG. 72B. FIG. 72C shows I-channel
oscillating signal 7222. FIG. 72D shows Q-channel oscillating signal 7224, As is
indicated by a comparison of FIGS. 72C and 72D, the waveform of Q-channel
oscillating signal 7224 of FIG. 72D lags the waveform of I-channel oscillating signal
7222 of FIG. 72C by approximately 90°.

It should be understood that the illustration of the splitter circuit 7200 in FIGS.
72A and 72B is for example purposes only. Splitter circuit 7200 may be comprised of
an assortment of logic and semiconductor devices of a variety of types, as will be
apparent to persons skilled in the relevant art(s) based on the discussion contained

herein.
7.8  Design of the Filter.

The design of the filter 5726 is determined by the frequency and frequency
range of the desired transmission signal 5714, As discussed above in sections 3.3.9-
3.3.9.2, the term "Q" is used to describe the ratio of the center frequency of the output
of the filter to the bandwidth of the "3 dB down" point. The trade offs that were made
in the selection of the subharmonic to be used is a factor in designing the filter. That
is, if, as an excursion to the example given above, the frequency of the desired
transmission signal were again 910 MHz, but the desired subharmonic were the 50"

subharmonic, then the frequency of that 50" subharmonic would be 18.2000 MHz. This
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7.10  Design of the Transmission Module.

A transmission module 5730, which is optional, ensures that the output of the
filter 5726 and the amplifier module 5728 is able to be transmitted. In the
implementation wherein the transmitter is used to broadcast EM signals over the air,

15 the transmission module matches the impedance of the output of the amplifier module
5728 and the input of an antenna 5732. This techniques is well known to those skilled
in the relevant art(s). If the signal is to be transmitted over a point-to-point line such as
a telephone line (or a fiber optic cable) the transmission module 5730 may be a line

driver (or an electrical-to-optical converter for fiber optic implementation).
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Claims

1. A method of up-converting, comprising:

(1) gating a first reference signal under the control of a first modulated
information signal to generate a first gated signal; and

(2) isolating at least one harmonic of the first gated signal to generate a first

up-converted information signal.

2, A method according to claim 1, wherein step (2) includes:

(2A) gating a second reference signal under the control of a second
modulated information signal to generate a second gated signal, wherein the frequency of
the second modulated information signal is substantially equal to the frequency of the first
modulated information signal and the second modulated information signal is substantially
90 degrees out of phase with the first modulated information signal;

(2B) combining the first gated signal and the second gated signal to
create a combined gated signal; and

(2C) isolating at least one harmonic of the combined gated signal to

generate an in-phase/quadrature-phase (I/Q) up-converted signal.

3. A method according to claim 1 or 2, wherein step (1) includes:

(a) shaping the first modulated information signal to create a first string
of modulated pulses; and

(b) gating the first reference signal under the control of the first string

of modulated pulses to generate said first gated signal.

4, A method according to claim 2, wherein step (1) includes:
(a) shaping the first modulated information signal to create a first string
of modulated pulses; and
(b) gating the first reference signal under the control of the first string
of modulated pulses to generate said first gated signal; and
wherein step (2A) includes:

(2) shaping the second modulated information signal to create a second
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regulating a control pulse width of said first string of modulated
pulses so that a first shaping ratio thereof is substantially equal to one-half of m,
where m is an integer,

wherein the first shaping ratio is the ratio of the first control pulse width to the

period of the first up-converted information signal.

6. A method according to claim 4, wherein shaping step (1)(a) further includes:
regulating the control pulse width of said first string of modulated
pulses so that the first shaping ratio thereof is substantially equal to one-half of m, where
m is an integer, and shaping step (2A)(a) further includes:
regulating the control pulse width of said second string of
modulated pulses so that the second shaping ratio thereof is substantially equal to one half
of n, where n is an integer,
wherein the first shaping ratio is the ratio of the first control pulse width to the
period of the I/Q up-converted signal, and the second shaping ratio is the ratio of the

second control pulse width to the period of the I/Q up-converted signal.

7. A method according to claim 5 or claim 6, wherein the or each shaping ratio is

substantially equal to 0.5.

8. A method according to any one of claims 2, 4, or 6, wherein an information signal
from which the first modulated information signal was generated and an information
signal from which the second modulated information signal was generated are analog

signals.

9. A method according to any one of claims 2, 4, or 6, wherein an information signal
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15. A method according to claim 13, wherein said additional information signal is a

digital information signal having a plurality of states.

16.  An apparatus for up-converting, comprising:
first gating means for gating a first reference signal under the control of a first
modulated information signal to generate a first gated signal; and

isolating means for isolating at least one harmonic of the first gated signal to
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frequency of the first modulated information signal and the second modulated information
signal is substantially 90 degrees out of phase with the first modulated information signal;

combining means for combining the first gated signal and the second gated signal
to create a combined gated signal; and
isolating means for isolating at least one harmonic of the combined gated signal to

generate an in-phase/quadrature-phase (I/Q) up-converted signal.

18. Apparatus according to claim 16 or claim 17, wherein said first gating means
includes:

first shaping means for shaping the first modulated information signal to
create a first string of modulated pulses; and

first shaped gating means for gating the first reference signal under the

control of the first string of modulated pulses to generate said first gated signal.

19.  Apparatus according to claim 17, wherein said first gating means includes:

first shaping means for shaping the first modulated information signal to
create a first string of modulated pulses; and

first shaped gating means for gating the first reference signal under the
control of the first string of modulated pulses to generate said first gated signal; and
wherein

said second gating means includes:

second shaping means for shaping the second modulated information signal
to create a second string of modulated pulses; and

shaped second gating means for gating the second reference signal under

the control of the second string of modulated pulses to generate said second gated signal.
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second regulating means for regulating the control pulse width of
said second string of modulated pulses so that a second shaping ratio is substantially equal
to one-half of n, where 7 is an integer,
wherein the first shaping ratio is the ratio of the control pulse width of the first
string of modulated pulses to the period of the I/Q up-converted signal, and the second
shaping ratio is the ratio of the control pulse width of the second string of modulated

pulses to the period of the I/Q up-converted signal.

22. Apparatus according to claim 20 or claim 21, wherein the or each shaping ratio is

substantially equal to 0.5.

23.  Apparatus according to any one of claims 17, 19, or 21, wherein an information
signal from which the first modulated information signal was generated and an
information signal from which the second modulated information signal was generated are

analog signals.

24,  Apparatus according to any one of claims 17, 19, or 21, wherein an information
signal from which the first modulated information signal was generated and an

information signal from which the second modulated information signal was generated are
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additional information signal, and said second up convefred signal has an amplitude that 1s

a function of said additional information signal.

29, Apparatus according to claim 27, wherein said further information signal is a

digital information signal having a plurality of states.

30.  Apparatus according to claim 28, wherein said additional information signal is a

digital information signal having a plurality of states.

31. A method of modulating and up-converting, comprising:

(D) gating a first information signal under the control of a first oscillating
signal to generate a first gated information signal; and

(2) isolating one or more harmonics of the first gated information signal to

generate a first up-converted and modulated signal.
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(b) gating the first info rmatlon 51gr1al under the control of the first
string of pulses to generate said first gated information signal; and wherein
step (2A) includes:
(a) shaping said second oscillating signal to create a second string of
pulses; and

(b) gating the second information signal under the control of the second

string of pulses to generate said second gated information signal.

35. A method according to claim 33 or claim 34, wherein shaping step (1)(a) further
comprises:
regulating the control pulse width of said first string of pulses so

that the first shaping ratio thereof is substantially equal to one-half of m, where m is an
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39, A method according to any one of claims 32, 34, or 36, wherein the first

information signal and the second information signal are digital signals.

40. A method according to claim 39, wherein the first information signal and the

second information signal are digital signals having more than two states.

41, An apparatus for modulating and up-converting, comprising:
first gating means for gating a first information signal under the control of a first

oscillating signal to generate a first gated information signal; and
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combining means for combining the first gated information signal and the second
gated information signal to create a combined gated information signal; and
isolating means for isolating at least one harmonic of the combined gated
information signal to generate an in-phase/quadrature-phase (/Q) up-converted and

modulated signal.

43, Apparatus according to claim 41 or claim 42, wherein said first gating means
further includes:

first shaping means for shaping said first oscillating signal to create a first
string of pulses; and

first shaped gating means for gating the first information signal under the

control of the first string of pulses to generate said first gated information signal.

44, Apparatus according to claim 42, wherein said first gating means further includes:

first shaping means for shaping said first oscillating signal to create a first
string of pulses; and

first shaped gating means for gating the first information signal under the
control of the first string of pulses to generate said first gated information signal; and

wherein said second gating means further comprises:

second shaping means for shaping said second oscillating signal to create a
second string of pulses; and

shaped seconq gating means for gating the second information signal under

the control of the second string of pulses to generate said second gated information signal.



