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beam whi ch r &gelifies. Bled inyhe ByS: Paseptioffice.nt 0 an out put along with energy froma
nodul at ed i nput beam As a result, the anmobunt of energy that appears in the
nodul ated portion of the 20 out put i gregE gr than the anount of energy in
t he nodul aled i nput beam : sadvant age of the prior nethod

IS that a porti onThé presam isveatiof YelesP bnctgy Dedde Coiitrol v Gavedypeltnergy beamicinctadingu t
all the time his occurs becuethemﬁ)rror art.,us é@he m)st ula and

wel | studied Ater rare ener gy
appears at tWWWMMMWIOQan V\/nenever any
one of the input beans is on by itself. See, U S. Pat. 5,6093,802, State 2
25 of: Frgs 1 and 2,"and Col. 6, lines 7 - 45, especially lines 36 - 40.
However, tfere exi st ot her i nt erﬂ‘ eﬁt‘b'grena which may be used to

al l eviate the Pri Ghe Spkicad COMPUBEF Method fifige UoRiprdhts REPidHET @S Paene
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destroyed%ymmmmmthvmmofwinmmmm.out of - phase beamis

on, the energy Mighe @QRNGage ot T YAGE MetfidSE that 35061 oF e Srgy supplying beam appears in
the output all the time. “This occurs because the prior art uses the most popular and well studied
interference effects, such as Young's fringes, where encrgy appears at the location of fringe component -
separation, whenever any one of the input beams is on by itself. See, U.S. Pat. 5,093,802, State 2

25 of Figs. 1 and 2, and Col. 6, lines 7 - 45, especially lines 36 - 40. However, there exist other

interference phenomena which may be used to alleviate the prior art problems. '

‘These special interference phenomena are produced whenever the geometry of the apparatus is -
such that energy from a plurality of beams causes destructive interference at the first location(s) where
energy from the input beams appears when any one of the input beams is on by itself. Since the law of

30 mmvaﬁonofemgqutﬁmmmemgyinmebmnmbedmoyedbymedesmﬁve
- interference, whman.out-of-phasebeamison, the energy must appear somewhere else. Depending on
the geometry of beam superposition, the energy will be reflected, or diverted to a position adjacent to
the first location(s), or at some angle in between. The important result is that energy from the plurality
of beams is actually diverted away from the first location(s) where destructive interference occurs and
35 on to a second location where oonsmuvemmemeoccurs,mdeoftheuuwherealeastone
mmbamappmsmﬂ:eabsemeofmer&rm .

In the most elementary examples, having only two input beams, two types of special
interference are manifest. With the first type, neither of the input beams contribute energy to the
second location when either one is on by itself. When both input beams are on, interference causes




t he geonetry of beam superposition, the energy will be reflected, or
diverted to a position adjacent to the first location(s), or at sone
angl e iwoleghawggn- The inportant result is that energy fr ,ﬁ, 1Bdsgrality
of beans is actually diverted away fromthe first Iocatlo]q'{Jil \her e
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i nput s ammwwmmmummmmwﬁmmmes When

only one _beamset js on, and as.a result its i e t.he ene
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location(s), appears while interference is occurring, and does not appear at that location(s) in the
30 absence of interference. On the other hand, the input beams used in Young's fringes do appear at
" that second location(s) in the absence of interference, when any of those beams are on by themselves.

These special phenomena are analog in nature, in that the amount of energy that appears at the
secondlocation(s)isp:opotﬁomltotheamountofenergyinﬂletwo-input-bamsotimagm.The
energyappeanngndlemondbmuon(s)hasbeendwmdﬂomtheﬁmlomon(s)

35 Ifonempntnsheldconstant,andasecondmput(s)lsmcteased .the amount of energy
contributed to the second location(s) from the first input(s) reaches a limit where the addition of more
energyindwmondmput(s)is:umbhwmsémmgy_ﬁomtheﬁminpm(s)mappmathe
second location(s).
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between it and other inmages is also nodulated. Interference between such
| mges, i made by subsets of 25 all input beans, are also able to be used to
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energy beam control that has_direct catjon in optical, conputiji
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I magi ng. elecronic sensorn addi tional “ di fference between the present
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are al so mﬁeabo@sraMyedcohtBMﬁtaﬁnshmﬂnswbethecase The "mull" as well as the " construcuve
" interference” at two different positions must be sensed in order to detect a state where both input beams
are on so that his AND is actually the result of ANDing two sensor outputs, and is not a direct result.
of using interference alone. : :
" As a result of these inherent problems of the prior art, the whole conceptual process of the
30 pvaemonmgwedmmememcumofeompomtsmthomreqmnngcomemonﬁomom
energyformmanothcr andtotheuseofspecmllmerﬁeteme wlnchxsabletoprodueeefﬁectsthat
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15 lines 58 & 58, and col. 5 lines 61 & 62. These also limt the speed of
operation to that of the slow el ectroni c sensors. o

El ect r onwosAsgeunP! y too sl ow Photons are nuch faster, angefBeds/ssss vvhy the
present invention shoul d be practiced wt hout utili zi ng any corrponent S
that require changes in the energy type used, al t hough the present
invention is able to use one enbodi nent 4or acoust-i cal waves for detecting

or 20 generating acoustical | _ | ; odinment is able to use
i ght for processing those .WUMQ*W§% been converted to
optical signal Sthe present invention is a bégicgneaiswod metbal fiDconmoliing’ one 8y Of beatkdlofenérgy
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shows this to he the case The, "nul |l " as wel| as the "constructive

‘interference" 1% Ptspesial infseferpuce is completely ng tosthe, Seld; if pecassitsies the 0 dlet ect
a state mmwuu@weawmmm&memmwwsthe

result of and ot a djrect result of
usi ng int e?‘Ii ergnce%e Mmm‘ﬁ""&“?@ i('#’"?l%@é“ﬁ‘i‘ﬁe
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i nt er f er efiPmRES, FHETEY beany mdmaeﬁﬂmtm aswell\(t)unglﬂmdéoﬁudyes do
E(C)ZEI'/ USQS?ESksaMﬁmumsy%%‘vﬁla%mappmﬁmaﬁmmgofm specification. {
DI SCLOSURE | RPERTON  The present ‘invention is a basic -
means and et hﬁdmimmmmninlmmmeﬁmﬂfemﬁm&emy with

anot herl set of é]?@pﬁ th above-descr.i bed: s eC| aI i nteyference
phenorrena Qut pu are %P@F@M o af% é{’lFFR@rfer ence
i mages i MWMMM@WWMM Im:mmhninmesmmdh t he

| nterfereﬁ&ﬁ%ﬁ étéﬁuﬂgﬁ?‘ég! @I ference
is conpl etelz new to _the f hghtrgml,[ necessMates the closuﬁé of a

| ar ge nu mmwmmm<@m$mwmam@d in
New viays, terms for clafiydnd Ot bppéafls isBd R iPIBRGR e ARvedioR et N0dS

for ac h| n | i.ar .t as result, this basic means and
net hOdE(I?S %ﬁﬂﬁféﬂmﬁé‘i %F’; W‘?ﬁm ettt ags; greatible 1 o
processi ntgtltthstypqoﬂmgxmilmg active filtering, gated limting anplifying,

mul tiple bit b‘WmhmrsQ@Lhwusemgesmweuammmmabhmbemdmme
present invention, the term "beam set” mcludesbumsthathavebecnproyectedmproduc_ecomple_x
images.Infact,asimplespot_produeedbyasinglebemnis_jnsta.stibsetofthepossib!eimagesthatare
25 abie to be produced by a beam (or set of beams,) depending upon the optics used. As a result, a
"beam” or "beam set” that is on or off, or modulated with analog information, is considered to include
the production of both simple spots and complex images, wherein the entire image or spot is modulated
in unison with the same information. As a result, images are the same as beams and beam sets having
multiple similar acting locations. The first beam set gencrally refers to a power or constant beam which
30 is normally held on, while the second beam set gencrally refers to a control and/or modulation beam.
* Other beams and/or beam sets are as defined below in this specification, claims and/or abstract.
" "Interference.” The present invention uses muliple beam interference of wave-type energy. As
a result, the terms "interference” and "special interference”, unless otherwise stated, refer to multiple
beam interference, and not 1o the projection of the type of images defined as "beam sets” above. A
35 complex example of that would be holographic images that are actually produced by interference as
individual images, but the images, in turn, "interfere” with each other when nmltiple images are
present. In this case, the type of "interference” referred to would be between two or more holographic
"Diversion, divert, and diverted” are used herein to describe the phenomenon that occurs when



storage, energy beamoscillation, conputer |ogic, and signal processing, as
wel I as*a multitude of other tasks and functions, which will becone
nor e appareru,o%w full reading of this specification. Pl':rllgéyl@is&' on
of sone terns Certain terns are herein defined inorder to
make the disclosure nore clear. 15 Energy. The speci al
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abstract. depending upon the Afpafafus LRI.CA given ablbAntiOF Sxfefiylis ma& foduked SiitSa ErhalltateR ks

beam [ nterference of waye- t ener res he ter
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mul tiple lhsasi:yl mmww@gwmwcﬂmmfdﬁmmm
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PCT/ US95/ 16455 dest t| ve interference is pre ent Nor
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amount of eNelgy.r wave phase tat is able to determine if constractive ar destructive interference will occur at 8

| location when it is superimposed upon another carrier wave. Such terms as "inverted” and "uninverted"”
refer to the modulated waveform envelope, and not to the carrier wave phase. When an amplitude-
modulated carrier wave is said to be “inverted,” it is turned off during the time the "uninverted” carrier

30 wave is turned on, as is the case with its analog equivalent. '

"ci” is constructive interference.

*di® is destructive interference.

comouer‘isﬂnebamcumtofmcpresemmvemonasexplumdmsecuonszmsbebw
2. The basic means and method using the first type of special interference.

35 Thepfesmvammabasicnmsandmemodofcommngaplmﬁtyofenergybm
semm&alemomsetofdwplmhqofemrgyhamsm,mgthmhmfommsedspwﬂ
interference, comprising the steps of: : -

a. pmdumngaplmahtyofmpmbumsasmclndmgaﬁmbmsahvmgaleastomﬁm
xnpmbeamofemrgy,md;mondbumsethavmgalemomseeondmbumofmy




appearing at a second |location(s) at that time. Wen an out-of - phase beam
I S superinposed upon the first one, destructive interference occurs
causi ng ﬁ rom both beans to appear at the second 5 &96% {] .
result, thé energy is said to be "diverted" away fromthe firs ocatlon(s)
and to the second |l ocation(s) by the process of interference.

Sonme scientists have a different viewpoiéht of how interference wors;
however, the concept of diversion is very useful for explaining the
steps and conpdoduisted with onwolling information, wherein she firt\apd, sceqnd beams sets are digaeqed &0,
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and ar o cover Ao frbiinh A7kl Sl copdoecofthd BIRR, (00 Coer” T UE

sel ection of tmmmmemammwmmmthwm

uni nver t egh e 1kBonté) Waek¥ tleGai0hs ke %B&B ehddfy i 'the
for the operation of the present |nvent|on a resu , some conf Usi on can
arise dvel legmwmmwmnwos fhe inggges interfere fo grosiupe, o

phase of dab@paﬁegme' havingtinicheér i d.smﬁﬁo@amamtml mdgmefmeaﬁyﬂevel ope
i npr esse e Sarigier ey scl os term ase
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30 wave i s turned on, as. 1s the case with its anal'og equ) val en
"ci" s cWW%WfWWWM%%MW&%@“ .
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sections and 3 hel.ow. basr nd. nrethod the first type'
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a. produemieRl pWrWW!SMMMWEM the;$PREFatES $0;that it aPRERFEn O ot
havi ng at ade@ms hppedtCinfal cestdin output according to Ww&&e@w and a second

beam set havi n_gh‘at Ieansrgmglr‘l%alssggﬁgd ulsengme beam of enerqxlms The complex
30 combmanonofmegmupmndetexmnetheompm Toptoduceanompnt any two of the inputs must
be on and out of phase with each other. Beamsthataremphasemﬂpmduceconstmcuvemﬂ:erthan
desmmmemxferemeuﬁeﬁmlomon(s).ﬁewmhmomofwobmofmmmm
also able to produce a combined signal that is completely out of phase with a third beam set and so on.
 As a result, many complex means, methods, and devices are able to-be produced from the present
35 invention. | - : o _
The above list of steps describes the use of the first type of special interference where neither
 of the inputs contributes encrgy to the output when only one beam set is on. - The-second list of steps, |
below, uses the second type of special interference, whcteatleastoneofthempntbumsetsdoesnot
contnbmeencrgytotheoutputwhenonbymelf



WD 96/ 18964

PCT US95/ 16455 : 6
nodul at ed wiwigveagdds Ol | i ng i nformati on, wherein the first andpEepossichsans
sets are directed to at | east one first |ocation; b.
producing interference with that plurality of input beamsets at the at

| east one first |ocation, di vefting energy proportional to the

east ono. Sech PR HTH A HRdisge o ur B R ST RESRERFR of i nput boam

sets i s absent fr ofnmeans and method of contraliingione|setnf beams of enexgy with hwthet seoof bednssof

ei ther or botgmg;- &Gén‘siﬂgr ! mﬁifs&gpnd beam sets are off and
when the first beam Set it%fion pifase wi th said_second beam set,
(this is the frstPrdusiag afirst besw;setihaying o lcustons, Gt ippwt beam 0f guergyrdinegied tpwasd at

beams cont rs but €S B@FEe ¥irst location. Whether thb Obehr 8etS R0 $nd RAbdaf6rSa) wiiolk gritd of
absence of the others separat i ng_energy Jtrom

10 . and C.
the at | east one S®& forp ag image, they ap dixprtesito shere ingerferepr s
Therebﬁ produci;\:jI auanﬁﬂf ﬁmyh_ TR AeO6He fitst IoddtionT is lable tof Berasimple ﬂbﬁn,oragix?]agemdﬁ
n each case, all of ,the ravs in a.beam set ope in concert w ea
other to produce |W5&W{“‘K&¥'@hzﬂf‘§?§ﬂm@f}ﬁ%$ﬂw%%ﬁ§m&"
conponent s are sepwranb esionddocadmtin thy abeee gfjinterférencé;he out puts. 15 When at
| east two ppam,setgofibie 2ok tanP il ndi ghgaﬁ b ﬁﬁﬁp LG 'I!' '?959 -
interfere to g]r"oduce . ?a cor.rpos%%e | Trage %ﬁ:ng a eﬁé%lg)?/ IStribution
whi ch is diff er entcopraliingtinformationg Fhis jsrthechears set it doeecontribute same\of ifs ederaly dothe
sets. Separation isgcohdRBatiR when'the firft!tRandbeflfs DFO SIS G plidisty Aiffehc? Ghd ONS
of the di stributed energy, either conformto output positions (producing
an "on" or "high" fvee infegfergnoce and the firsh typs; odiab®¥8i to the relative
| evel s and phases Pebdutibeinterfirdiice BERéeh R fiisk andithe Scodiid belith G lat thit aDRakE breGirdN 20
"of f" or "Jow' or ,reduce utput. condi tion),. . " Separation,r in
ef ther cas 1 s at B, i AR ReER 1 50 puing ey S o B R A s
el ement (optical cme sebdndriouation;in phoortoki to the seromd ticls set weliegeby eergy ethe first hesm
permts energy fr . I | tgzﬁi( .| Q!Aép \mli im ng
energy from anot h%??'?oca Fglfll f’girﬁ‘fgg‘ﬁ ng |in 0 e %t pu U&m ‘?ﬁspllig
separator is abl e With thecfirscbearn sep find ispresgnt/ag thiz at jeastong sé¢onddodation; wher the second beam

ilTustrated), as GaPLLinddst & phase Htl @0 GERFDLaRl, di rects energy fromone set
of locatiogs in a different manner than 1t does when the ener gy coﬁn&s

from some @ her sdte frerferspesroppipplling bramset s ghic-t© be gwpfityle- o _ a
pl aced end of an  when Btk bkl seth hd¥e an eqilevel) P niamifium Aot of éhergl ddcurs @EtheREG Y

is separated by the a atus so.that i} appears, oOr <does .not. ear,
in a certain out pﬁ?uﬁ‘%@gm%‘ﬁ%mﬁ%@?wﬁﬁfﬁgw% %’)‘H
The present i nventlévels, dnd phdsasdn betiveen,ttire evebattiger second) locatibu(s) ibproportiopsido the input

i nputs. The conpl Eiéq 7 cggp'hﬂ@ ' IQIi H&? e 1}94’ ledei g%@ﬁimd e output.
To produce an outpu ,gghy WO tc‘)’*'wfghe mpu?s rr% e on an O'Et of phase
with each ¥ther. Bohns that are in phase will produce constructive rather

than _destrgict i%ﬁxﬁﬂi&ﬁg?ﬁ%ﬁ%ﬁh&%%hd@ﬁ%tmw&ﬁm,
conbi nati ons of two beans of diferent Bhases @re al so abl e to produce a

conbi ned si gnal t /ereby Broduciag)ag cnerey betm %Pl O hi rd beam set and

SO on. ' Ad. Portviéwibft moré'tudiples ibidimenseans, net hods, and devices are able
to be produced fr%ms‘é&?e Breﬁ%%l nventlgn.. cither type of special interf isa

30 “"controller.” One could even refer to it as a type one controller or a type two controller. The common
name is "photonic transistor;" however, the word controller is used herein, because the invention is able
to use non-photonic energy. 3

This basic invention is able to be reproduced and interconnected with itself and other devices |

to produce a great variety of useful functions. To accomplish this interconnection, the precise
35 locations, phases, timing, and relationships to various component types are required. -

To provide an understanding of these requirements, 3 limited number of interconnected
processes are herein disclosed that use selected principles that are not obvious in the prior art. Once
taught, these basic components and interconnecting methods are able to be rearranged and
interconnected for producing an even greater variety of functions. :



The above |ist of steps describes the use of the first type of special

I nterference whre neither of the inputs contributes energy to the
out put wiwooemsbes one beam set is on. The second list of stpeprsesieedie! OW
uses the second type of special interference, where at |east one of the
i nput beam sets does not . contribute energy to the output when on by
itself. WO 96/ 18964 8

i
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3. The basic mesns a%ﬁ%‘?‘ﬁ%ﬂ?{wvﬁ%‘eﬂgmm‘@m
| nterferememmmmmmmﬁwwmmwﬁg of

o1 | owi ng -apiors iin'cler” e fent oA ARD, St gl e, RHR k)0, 07

first inpﬂfmﬁ!ﬂw (phasg GREpngter, drtive Gilter;| Caseading anecinto angher, ﬂndtheuseltlf@ydbadnmeflrst

| ocat i o135, dyiied.hBichioh tese @M Tesilltt from leypbs tb Prodicd Q,!wg.mgr oup
of rays that forman inmage, they are di recte to V\/ner
interference is going to be produced at certain tines. The

"at | east one fAmlemﬁmmfmmbHem&ﬁmmWﬂﬁtﬁwﬁwge nmade
up of man WI|| tio und son. be t.is the one
t hat does*noéi sho%%m;llgla L%Bsﬁfcg E@E%’ﬁ' h#ﬂw*f“ﬁryfﬂg GplFgnce of

i nt er f er enwkirequacy division deaubiplexing, plong with dogit devicesauh s 4 bistabegflip flop e e
second 10N B aipp T is gg(g,gcgtuﬁﬂwwé;ﬂ ergat r ol ling
‘information. Thi gh?s t he ﬁ*ém et "t hat does COﬂtI’IBfJ e sohe of its energy
to the m&a@mmmmw@mmmm and i's
the pri o rfegdbaiki thakbsip fRsibIe fdﬁﬂﬁ mvennontoactasathx&ﬁ&@ﬁdec{ol‘pse]&é

interferepc d the flrst e expl ai ned above; ng (
i nt erfere%%@ﬂ?@‘ﬁ" in 3 yasity,of mﬂwmcwhﬂseast
one first sel/feset bistable Aipofiop] o imltipie @PuhAND, dnb@ nhep skt ORAr e on, di verting

' profsy 1 on S0epl\EE R ohSh BukPaeibs % Raedp ook syt B Ao o e reess o

set is abmmmmmemmnasmmmwQOam

set i s of hipQop kbR 1A Sble to be used as a binat}ichlludeNe first beamset and is present
at the at east one second | ocation when the second beam set

is on and out YFn§sciql ingriepence;gpens theway .o gutirely new field of invention. $amgeof the

interfer eﬂmwaﬁmh&mmmvbaawﬁm%h@m& WS OhiSds have a
phase- 5? ted At the ti when both beam sets have an equal
| evel , M%WW%@%W been included

| ocat i on(jwit firaheofus of makingl acigapgitication. CBachy of thesé amyes@imm AE piclegr fi 1 st

Iocation(ﬁ,),mg a [ n b ween, the | evel
at the secon é'ﬁtocatlon'f"s%" I'S proporl{’gona g} %b‘ﬁ? aspect of usifg ; m

sets, depbnbasigdavestionhe bandwi dth of the inplenentation, epr ai ned below.) 25

and 5. The logicatAND. 2t i ng energy fromthe at |east one second location to

pr ovi d% at Iea,ls_htc one out put,
pnmrydlﬁemmebetweendletwotypesofspemﬂmmferemeandYomgsmngesm
easily illustrated by the logical AND. Using the first type of special interference, a two-input AND
gate is able to be made, because when cither of the two inpurs is on by itself the output remains off.
(Note: "off" is able to be anything between. full "off* and a low state in comparison. to an "on” or high
state, because some implementations of the present invention may leak energy. So even if such

30 implememﬁonsarenotperfect,theymaystillbe_useﬁ:l.)Onlywhenbom_inputsa:eondoesenergy
 from both beams appear at the second location(s), where the output of the AND is taken from.

‘Thus, in order to produce the logical AND using the present invention with the first type of
special interference, meonlyaddiﬁonalstepnecessuyistomdlﬂmtheinpm.beamswithbimry
mformanon,andthemvenuonwxllaceomphshtheANDfuncnon.

35 ’I'heseoondtypeofmerferemewﬂlnotworktoprodwealoglcalAND becauseenergyfmm
oneofthebeamsdoesapparmtheompmmtheabsenceofmo—beammxfereme whxchofcoursexs
contrary to the definition of a logical AND.

Youngsmterfereme asusedmthepnoran,alsofaﬂstopmudedlelog:calANDfnncnon.
Yomgsmetfemmepmdesenergywmeoutpmwhmathﬁmbomwﬂnmpusmonmme



t hereby producing an energy beamcontroller of the second type. 4.
Forevi ew of nore conpl ex enbodi nents. A suitable nanme for this

ba5| C arrangovgisessusi ng either type of special interference, #ﬁu@sﬁ&ss
"controller." One could even refer to |t as a type one controﬁ ror atyp

two controller. The common nanme is "photonic transistor;" however, the
word controller is used herein, because th® invention is able to use

non- phot oni cﬁlg&g;& o This basic invention is able to be .
reproduced a er con e’a*‘w P‘h itself and ot her devices to produce
a great variety oﬂhmsiqhmmlpmdmeﬂ@abmbmmhﬂkmmhgnﬁﬁﬁ&idlﬁaoﬁ he

preci se 35 | pgadchddd Gerectdt) *PtEowin b AsbiSs lﬁﬂg s.to various
conponent types are requi redwm* o pr%%gmmm‘?

these requir firsts | i mited nunber of interconnected processes are
herein dissl osed Thablowi sS@ioRditin Bbw e phiséd inviitn :ﬂ%&

prior art. qéﬁ . t au ht, t hese_basi c conponents an |nterc nect’ ng

nmet hods are and - i nt erconnected for producing an

even greater vari Wﬁw&lwwmmmmgﬁﬂmmmedm
PCT/ US95/ 164&

8 2‘1“8%’8&‘% with, an explanation of sonme very basic
processes t hat exmmmmmmm&m)mmhasmwnwm t he

being 0 G aetafal i 6 SR, 80 Rl b i bl B g bl iy

gat ed anpl i fm’l WFS abje|te, be-used, becausd atisast ong oHthe mﬁmmnmy active

filter, cascadi Nnowhéaqhe sedond BamisBGE moduikited fbmgﬁq&m%i A
def i ned Each oflﬁeaese items results frot‘hﬁe ‘r% g e |npu Ehgp to
produce vari® of $he; merfulated input because energy from poth of the, m@mwatmecbf

some of the mmwmwmméfwmbéﬂ\é&rﬂx@&aémmpmmeﬁm
pri nci pl efs %i;onpl i sh nore conpl ex tasks, such as tinme division

nultlpIeX|ng and denul ti pl exi ng, and frequency di vi si on
demul ti pl exi ng, dF the geconidibeant seghas achaaxinmenleveliejial a6 that of iie tfiadd beand st 4ad id aeaand a

Wil then be UEE 50 e ot ol Wl e i L 30 et TSN e SRR

and how it uﬂmﬁ.&q@mlmanummw of the elﬂwedlbbcﬂwem&ﬁmlhe

POSSI bl'e [ Olarchd 6F cBisScaiH inisiRridl b2k dolhnd ickaridie il 1R rflte P 1 Glel here
Sel ecti on, l.,evels within certain ranges results 1n a varl ety
of usef uI %B@E’e‘é" WI‘%&FH‘@%W@!@% IPSult the gnesgy level ofghe qombined:

bi stabl e fl !optpitlns)ible ﬁwﬁhlﬂﬁﬁwwﬁmow%%%wm%%
fsloggl all’hel |ronr g3 0%""5%""”2' at %égﬂs amneeded to clogck a S%E@/@"prg!?bsuﬁ;n;lsl p
needed in oMyﬁmewhymtﬂmmmmdﬂdﬂhsﬁmﬁ@ﬂi@dfmembmw
The procedure used in making an amplifier is:
25 a. Usethcbas:cmvennonmunhnngenhertypeofspecialimeriereme,and'
Maintainth:ﬁrstbenmsetatasnbmnﬁaﬂyeonsnmabov'e-mlevel,
thereby providing an amplifier by producing an amplitude modulated uninverted output having
more energy than the second beam set has. |
If the first type of special interference is used, the amplifier is able to be gated on and off by
30 turning the first beam sct on and off, thereby providing a gated amplifier by producing an amplitude
modnlatedoutputhavmgmomenergythansudseeondbeamsethas andganngthcamphmde
modnlatedoumutoft’andonbymtchmgdleﬁtstbmsetoﬁ'andon.
Themsonthemondtypeofmemmnamphfybmmumblembemdoﬁby
shumngoﬁtheﬁ:stbmsetm&aammduﬂwtpmﬁommeseoondbamsuappmmmeabm
35 of the first beam set.
7. Inverter. -
Energy diverted into the output by interference produces an "uninverted” output. That is,
when the control beam is on, so is the uninverted output. That diverted energy is removed from the
power beam and the control beam so that their contribution to the first location(s) is diminished.



flip flop so that it is able to be used as a binary counter.

Usi ng special interference opens the way to an entirely new field of _
i nvent i oyyo ogA@sE40f t he principles taught herein have POI/USaS/6485part in
el ectronics or any other prior art. Others have a 20 counterpart, but nust

be used in unique ways. Consequently, these many itens have not been

I ncl uded just for the fun of maki ng 19 b g application. Each of these

many requigenents for. . r &&u{lﬁgﬂ&s up@mgaught
And each m T"é%{'t&a&sf%éé ‘E&nmgach a&artlcu ar _aspect of using

t he basi c vamefenm dnvelope. mmmm uninverted outppfe prlmary

di fference bet Rfcdultibd wiae M Sinl MeGmaAsl ot \Beds

fringes is Vigg'gl ust%at ed by the | ogi cal ogil\l the type
of speci a|manﬂteéme¢1mepwwma “q‘”g @%wﬂﬁ'&mﬁ Witﬁ'c}@a‘
bffcause %% a1® imotullted With by aformation Andthe st pé oft speiabimterferbnce &raddns

0

Ctaie in dnmkisbnEchintEih va%” o 1 St e o i s RN | O

i npl enent mmmmuﬁnﬁmmummmtsm So even if such
30 i npl enesntrg s are not perfect, they may still be useful.) Only when
bot h i nput’s er ' does energy from both beans appear at the second .
| ocation(s), mmwmmmw@mahmaw using either type of specigl, ;5

i n ordefy W #&wkaﬁtﬂﬁd Rl fevel, 1t/ @@blisAa a\whtivatidah e
first type pecl a |nterference the on%adwgﬁm% Rgaessary
isto mdmmmmmwm)h

i nventi on o dutpuPwiliGRdNabes s del@ibdy dBove} producing anaEphﬁedonmuLHowWee,smaevddfype of

interference wl| not work to produce |caI gy from
one of t heh&Econd bameset "“?'E ﬂf‘ﬂ%ﬁgﬁ Sence 3@@%‘ beam

interfer ernszenmau/ﬁ.lx:damﬁﬁomm Baeacind wheremarfnrlhrgmeae intm idpakt lemél tof the segénd beam

| ogi cal ﬁtﬁﬁﬁ& HREflse therd 130 RioteRner@y -
al so faﬁA fﬂ“ﬁ?S“'f’&?‘Fﬁ"’*?;og. cgﬁ! unct i on diipo Young S interference
provi des ewmailably in the fitscbeara 55y ¢ bodivsrredei t her or both of the inputs are on. In

- tpfc‘:% USo5/ 16455W%¥%Mmmmwmmmmﬁmmﬂwm.mﬁﬁm |
9 pripgteached ts mapipmm vlug Dependingjon,the optical arrangement used, increasing the sepoRd o o

ot her Way Sein?seP bvel dioft ﬂy'&%ﬁ%MWMeAmmdmummbd rigwewr,wi t h

t he use_of hr eshql tector S be di scussed bel ow, as
t here .af® m"f’t}ﬁﬂé’ﬁ’é’h *’l’“#'“m be taught first. 5
The foll ow ng smetpnm:eemqsllmimhm)thnhmetm’esent [ nvent i on responds to

changes in inpuf g‘gjgh 34 diaie Al errgy ! avdilaié -
Amplification i SOJ“@}(’G‘L{E : Ee accorrpl I'S e si'n e| t her of the basi c
enbodi nent s desfconi the first beam set into ghe amplispds Stbove. - :

mmbypmvmngahmmbypmdmgmamphﬁedoutpmwhenthemondbmsetm
25 bdowsamumlevd,mﬂhmnngamphﬁmonofmeamphmdemdmmdompmwhenmeswom
beam set exceeds the saturation level.
More information about Hmiters using the two different types of special interference is covered
in item 38 below, 'Basictheoryofopemion."
9. Time division multiplexer. '

30 Amngmemanypmcessesanddemesthatueablewbemademmgmdamphﬁemmaume
division multiplexer. Theprocedmeusedmbmldmganmedmsmnmﬂqplexens
a. Provide a plurality of gated amplifiers; '
b. Dnectﬂncoutputsoftbegmdamphﬁetsmatleastoneﬂmdlocauon.
¢. Direct energy from that third location to provide at least one common output;
35 d.

Modulateenchoftheseoondbeamsesofmegawdamphﬁmmmmfoxmonmbenme
division multiplexed, and : :

e. Sequenﬁﬂlysmthemﬁﬁusmbysewnﬁﬂlypulsinsonﬂwwwmwofﬂw
mﬂebypmMngamdwmmmNuplexerbysequemaﬂymgmgmlmfommﬁom



Even though the first beam set (power beam renmains on as a substantially
const ant’ energy 10 level, the output will be off in the absence of the

second beamgse %F;: control beam). Either type of speci QJCTIUS%IIMSS
cint erference IS able to be used, because at |east one of the inputs

~functions this way. When the second beam set is nodul at ed
with anal og or binary information, the outplit will be an anplified
versi on of the nodul ated i nput because energy fom bqoth of the input beam.
sets is diver secomh begmy sefs ofthe piprality,o fpﬁ’lﬁ%mqﬁﬁﬁ% -of the

second beam set anmad&m&mfmh@mmwﬁ% Of: DAREWHAE to

Lgttgﬁdsegogg be%m segﬂ%%ﬂ%m rTumI ﬂ%@' t 0 thﬁfg()fﬂ'*lssf“% rst beam

and provided dxﬁeemmthshmrmmchslblqpm mdeqmautxatedempl;ﬁu I'nterference WI |
occur at the {4 &ﬁ&&@ﬁ&t%l n this case, all of the energy will be

diverted into the constructive interference at the second
| ocation(s) which Aitmedivisiontdemitpleser is very similar tpjthertimerdinisionomiidipleser, troent thatshe

appears in 1 Ngn@Naeintnonland BE Githits &6 eparate. Yhe Probddiitd ubed it B1dHP 8 ¥ alvisioa! Of
t he conbi ned output 1s able to be up to twce the value of the second

beam set V\herFef”H'éPlF’éﬂ,‘Fs of both beam sets are equal . If the second

beam set is snal | ePro¥idddp @Bfﬁﬁg&ﬁﬁ&ﬁet the output will contain a

contri buti of ne m RLO oportl on.to the |level (and
phase rel aﬁ]o hi p%'"ﬂ?‘ ﬂ@\“{@@'ﬁg 8’5%1“9@5?@ '““]‘Wg"‘ﬁ{l used
in making an arpl i Direet a paztioni that meltiplexed/inputibiesm toeths second bennt set0of each gattd dniplifier()
either type of spegjal interference, and b. Mai ntain the first
beam set at a substantially constant above-zero |evel, t her eby
provi di ng an ardel |WYMMMMWWmMQﬁWMOWW

out put havi ng Yeqheddfdl ind B ond beam set has.
If the first typea(ﬁp specidl Interference Is used, the anplifier is able to

be gated off and oftherehy PRyidingatime division dempldiplexee by, sequoptially sating tige divisioger cpy
provi ding a gmilslexadiforhdtion diting Réch Gidie idRikionintd §ldphriate GGtput of eddh 0fd Frluily 6f galtdlt

havi ng nore eney, t han said second beam set has, and gating the anplitude
nodul at ed out f and on by switching the first beam set off and on.

The reason the secTime divisior nitipiexingisfar izfpdetsnt wiay bf dirgaing fayvadient ofiisformaddal sourtes be

gated off by, ting f t”%!;g gﬂ% RHE

fromthe second t%%e%#%senc%@ rst%h%eam se

7. Inverte?0 cable. mwmmmammmmmmm

produces an il ieinls6isl inveiioR i dicek whing ofR6cRopib Sighal Wil Blerelde ¥ chpaciN -
T

so is the uninverted out put . at d| verted energy I's renoved fromthe
power beam arfd fibgs gl liges.0| beam so that their contribution to the first

| ocation(s) is di nimii &8@Kw elecrronic intMiRc@ GavietRbirreplaced with faster photonic ones of the present
PCT/ US95/ 164511?venn on, time division multiplexing utilizing the present invention will allowala:gemmbetofslo]v'vgr
25 electronic systems to be multiplexed into a high bandwidth optical link by modulating each of the
separate input lines of the muitiplexer with a separate electro-optical modulator, and each separate -
output of the demuitiplexer with a photonic bistable arrangement and an electro-optical sensor.
Essentially, the mmitiplexer and denmiltiplexer are a parallel-to-serial converter and a serial-to-
parallel converter. '
30 The following sections explain how the present invention responds to changes in phase and
11. Phase demodulator. - -
X the control input of the above-described amplifier is phase modulated, an amplitude
modulated output will result thereby providing a phase demodulator wherein the amplitude-modulated
35 output is at a high level when the first and sccond beam sets are of opposite phase, at a low level when
the first and second beam sets are in phase, and proportional to the phase of the second beam set in
belweenﬂlosetwephaseexuem.(Seethe'Basictheory’ofopeuﬁon'bdow,andﬂlediscusionof
bandwidth.) |
Dependmgontheopnesused theomputsngnalproudesaclean,mhmde-modulawdslgml



Directing the remaining energy fromthe first location(s) to a separate

out put produces an inverted wavef orm envel ope. This inverted out put ,
oper at esw o ntial to te uninverted output %r,hgﬁngggul at ed
i nput is rro %Gtsed with binary information, and the inverted output used,

then the logic elenment produced is a | ogi cal NOT using either type of
special interference. Wien both 5 inputtz2beam sets are nodul ated with

binary information, and the first type of special .interference is used,
di e resul that 1§ e of 4oy phaspsmorulagerh componént becafise. cqugFGHive inperferrmce OrHrs 3t sherspeoud o

the prior igidon(s)) %Ml & in phase wilSthe fifsh Bsm's@rS Hdweler Cifithis Sutplt l&ﬁﬁﬁ(sﬁhenot located

I nterference rather ft.han Youn s i nt eferenc 8 The |
The prese e‘HT pogition whezg ﬁ'ﬁ‘?‘ﬁ?f‘ 'ﬂ“ﬂgj qugpmt
usi ng eithéllcdn;apﬁsoméplmmchlmeomhmference. When the first beamset is

hel d at %ﬁ ally constant level, it establi'shes a saturation
| evel 3epen on the exact optics used) When t he second beam set is
bel ow that sat (e plessnt ipveption is able to b used ag s phase gnd frequensy sepsitive, precisiensastivened

above, - pr GiGisiag i@ s B b spGiihl Rbkkdeidhce. HQHIRY Bf he o bl s gy dhme 1 B2

second beam set increaSes, nore and nore of th Is diverted
into the BG%WMMM?M %MMWMMW@ n a

L urther i pegilf; Wecprdsént fid”s'ambilhﬁu?le k@beaisenbb dedigdeiglé h bg..,tspm@ga.r;g
ivert re ener rom.the first a et o e output ecause there is
no rrorelgg ggm‘ﬂlﬁ? "??a'f"?fgjeﬁ"g] B4l e divert ed.

When all of thammmrmmmxksmemmmewmmthhe

OULPUL . 2 AL 4o Bemuned5 of SANE et ATTALIR B RllE enEBRE RIS @1 N
optical arrange n{“guse I'nCreasing tire Secon e eam se even rrore rray‘

or may nobsef pgwitch; separate, thﬂbo@l-bﬂdﬂmmhf ication is curtailed, however,

20.because the | pﬁevp,,,ﬂédgp e\é“?yagfmbm@ re%

~The procedure tl}sg?il n nmaking the er y (iﬂv&ﬂﬁ%iiég@]&f%hdée
second 18 fifst beam setof 3 saseck dpjesyavelgngsh; sepand heamoset, an pmplifigds - gy
avai | abl emmmmmhmmﬂmmﬂghahﬁmmymmwwmml ated

out put " wnBhTiog e s BnrveBleRy of b st byl oxcip i ol 4 WGPo TR 1 g

anplifi catdbmedfahdwmaidﬂmmmmmwbmkmﬂmhen t he second beam set

exceeds the sa x?hix? f t C%Bcuhl: ters
using the two glql erent yﬁes of'mspecr atf’ |'r"1¥§r rehce |sdr%g=\'/g%e EH

i t em 380hdenmitiplex ifrsgueacyt of all kins, including thpse ysedyin |
mul ti pl eXfgnsmizdon, microwave and'¥pdGadidl€ MaNY processes and devr ces that are able

to be nade wrth gated anplifiers is a.ting di vi si on rruIt exer The
procedur e used PACHYF ST 156 the preseps. Wl%‘?“ﬁﬁm%ﬁ""? th imbang 2o
Provi de amahw:allty of gated anplifiers;: . Direct the outputs of

t he gated arrpl rs t east. one th| rd Iog I on D| rect
ener gy frodfy %%ﬂ" afemE f%veé?toone co'%tg)'n ou‘fnf)ut
d. Masl ate emmm,tmm@mwmm:s of the gated anplifiers with

i nfor mati o Qﬁ:hfnk firs bedih dek 48 G di4b AP BIRKR of R individums €
Sequentlally gate 1 |f|ers on by sequentla y puIsr ‘ng on tvhe power - .
beam sets of t Wavelengths on; jndividual anplifiers during each sequential
time divisicon, providing mn&ﬁ%%&y&:mwﬂmdb\wmm add tipl exer
by sequentlal I¥ gatl ng l i tal |nfor the g]plewa he hing the first

30 beamsetwavelengthsandrepcnngallothetwavelengths

thereby providing a means and method of gated active filtering by producing an output only at
 wavelengths that exist simmitaneously in both input beam sets.
" 13. Removing signals using an active filter. :
nshoumumwdmeimenypeofspeciatmmnceisamtqbemforﬁm:ing.bunne
35 relationships between the input signals and output siguals in the second type of interference differ
somewhat&omthosemﬂwﬁrsttypeofmerfereme
With the second type of interference, theﬁltemd,umnmtedoutp\nwmconmnaconmbunon
from the second beam set unless the second beam set is equal to and in phase with the first beam set's
wavelengths, mwmcheaseconsuncnvemerferemew:noccurattheﬁ:stlocmon(s)atthose
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each of theweegigedbecam sets of the plurality of gated anpli fipgrRusosa64ds
common out put . There are several warys of providing sequenti al
pul sed beam sets. One sinple way is to provide an initial pulse,

direct a portion of the pulse beaminto seWral delay paths, each having a

different | engt hen direct eac a h.tg.a aratﬁgaieﬁ .
amplifier. &M ﬁ'ﬁ gﬁ'ﬂ%f”é“@iws)"ﬁgg di vi si on

demul tiplexer is vAddingan iriverged ontput! mmmmmmqmmwmmammt

t he | nput,g ugmg&mmﬂ% ] g aﬂ%lpﬁkﬁsﬁf %@E?ﬁeﬁn ng{ﬁﬁ&ggﬁl
|nbU|Id|ngat|ne I VI SI Ltp exer is: b];pﬁ rovi de

plurality of vwflelwﬂ!&rrpllflers 10 . Provide a rrultlpl exed I nput beam

nmodul ated v th ti nn:e Mﬁ% W&W y cither type of interfhen®C begfhs
portion of tha,t mu exed ngu eamto the secon eam set of each gated
anplifier, '“‘P]!‘EP“ %W‘QI%E’WMh amplifier by

sequential ly pal snmmﬂmﬁ&ﬁmmmmmmnpmwmmmmmm at
anplifier during gach succgssi ve sequential tinme division, 15 t heeby
providing a tinme o tiplexer by sequentially gating tine

di vi si on mltiWMMmmmemmwmm into a

separate Oy pu OanS'tﬁEiﬂgﬂIu@nm: @.x : t%gﬂpl: Tﬂl.”?

di vi si on nmu tl%ﬁ)|€Xl ng an 1 npor a0 vvaymg% ecting avar %y leastone
“information sour cea¥velengthjin the @MMW@MWM@W&(M%%
the nul tiplexing Qfcatidhiss RANOHS tehdodd i §, fiberoptic 20 cable. The present

“invention has a trenendous_ speed and ban w_dt h advant age over exi sting

t echnol ogy. Ustheseby iprrviding aa ipyerted acive, fijter, by panducing 4o ipvertd putppt defipient pf g of
fi belrop';]i c siménamy\/wl whikh éxie EifhaRededukl f ?lﬁmﬁﬁp&h b lSeamsetsOfmdthEdd &dipi[h lis diffefe@ial to
Until the w electronic jnter e ave been r.eplaced wit aster
phot oni ¢ o# 3'"0 mewﬁ”“'ﬁlf"ﬁmm’.w B’ﬂ'ﬁ |”n"§”°"'°f

ultl | zi ng t he wawalangths are proeided lbt_'lthwptrbosa' bfﬁtmaglmgmg,rudqufgmbmlcn@ﬁl I _&?(mb
el ectronic S)‘ﬁhﬁg?l?ﬁ 0 y ﬂkﬁ?ﬁig |g£ ?I [ PE'? W’ﬁ} ical Iink by
nodul ati ng each 0o s’@para e | hpu ‘?I nes ﬁ rl?‘ngﬁiexer with a
separate el edﬂ#rmdmﬂﬁmm ator, and each separate "~ output of the
demul ti pl exer Wi t Rargnale ith %Wﬁ B iingiad @i siyndat 6|
sensor. Essent | aI 'y, t El exer and derrul ?I pl exer are a

paral | el _ 129 Sifferent freguencies o2 copEon, begmy iplexing s more, complex, The

The foll ow ngnmewlmm{she present invention responds to
changes in phase ei[; deapfreqo ncyﬁmm 11. Phase denodul ator.

b. medea&equencymﬂuplexedbenmsahawngaplmahtyofmdnﬂmdwavelengms
c. Duectapomonoftheﬁequemymﬂnplexedbamsctnmothesecond(control)benmsetof
25 each filter, and : o
d.  Provide the first beam set of each filter with a different frequency of energy matching each of
the plurality of modulated wavelengths, _
mmbypmvidingaﬁequemydemlﬁpkxerbypmducingasepanwmduhwdoutpm,ﬁom
each filter, matching each different frequency.
30 The second type of special interference is not used, beuuseﬁ'equencxesnothavmgamatchmg
power beam will pass through into the output. _
Ifthesecondbeamsetsoftheacnveﬁlmsuseﬂ:esamemputandﬁtsthuuons step c. above
happens simultancously as the energy is being directed to that first location. Each frequency will
prodmeamatadlffetemlomon,whmmesepameoutputsareuken. o
35 15. Phase comparison.
Whm&eﬁmqpeoﬁp&iﬂimrﬁmmeisuxdwi&minpmsof;hemhvd,mewm
mmuwmmmmmmMﬂwmwmmlwmmm
locations are used; which produces ani averaged, broadband device. If a narrow band device, havmga
small number of location sets, or even just one, is used, then the phase will have to be more precise,




If the control input of the above-described anplifier is phase noduated, an
anpl i tude nodul at ed output wll result thereby providing a phas .

denmodul f¥@éerishes €i n the anplitude-noduated 35 output is apcinisbéisssevel
when the first and second beam sets are -of opposite phase, at a|low |evel

when the first and second beam sets are in phase, and proportional to
t he phase of the second beamset in l4pet ween t hose two phase extrenes.

b (7o e ot Al e 2 BBl i, B il A o Piis roiy 0 3 180, Pisison 1
provi des WMMMWM@@MaM«WV\D 96/ 18964 :
PCT/ US95/

that is fé%éﬁao any p ase ﬁm)fa{l 3 co onent ‘because constructive

i nterference dJd@githescase, WM@WWPMWE whi ch is in phase with

the first pPeanprsade thd-BEME Secordibednd SrsOiinitbrgy , ahpcat ed

directly at the posit] ere co Iete constructl |nter erence occurs,
the anpl it Pde- %&?l%ﬁ P'gr‘RW/m the ft podk e

conponent. 5 stcond Beaini sets ark iof dppbsite phase, andataloweervel apbmq:niseﬂm,on i s able
to be used as a phage_.and f u sensi.tive, precision active filter
using the first tygtgnﬁw @gglﬁ'fsﬁ ‘ence. |f either of the input beans .
cont ai ns energymmummkmmmmmmmmmm phase

g]; etsgﬁ%(pits% en.t ron 1S 3%*‘“ t o%%%tl pl M%ﬁﬁ%ncy tﬁﬁetl pl éxt e

signal s, S#B%ti ngui sh 10 col ors, and denodul ate frequency-nodul ated and

12

phase- modul ated signals. I f nmore than one col or (wavel engt h) (
I's suppli ,t bot h beam sets a SI ngl e device will operate
[ ndepende‘ﬁ fge and double sags h wavel ength. As a result, the

present i nventmmmmmwwmmeMam or gani ze
br oad- Qand _si | 5. . . By _.suppl vi Ltipl h_energy of
=" otbo i RomSer o lling e Sonyapmions 5 ShBtrie{ Syt S S oot o
a gat ed akrpighian gwermediatepyoonsst andfedbatk intg| the secopd beamcsetn Igigialtyrthie dnepmnis o8t andan
anplified, mgl #at mat ches each wavel ength that occurs

si mul taneous‘?ey I N i nputs will ear at the_output. By switching
the indi vi dua|mo@mﬂ@m¢m5§mm is;qwplified in,the QYIDRL. AIGBIORPf ¢ er i ng
process I@Wmmwwmwwmwmwwmwww

mat chi nal A plurality of these active filters are able

to be: SP“WM in atree structure to 20 denul tiplex .
frequency nul {The pervenrigesof aphtawhich ivfed bick antisthe orgamiizadbnrog tefoptivs determihes ¥owopt i cal

fiber the' el o, tive
filter useQ%%eﬁthM§%¥bn B'}I/‘L%I ng tdﬁlese c{ﬂgps 0 g’ nmeans

and it issoiall, the amplifier will regenerate to produce a greater output, but will not saturate.
Pulsing off either the first beam set or the feedback signal will reset the bistable arrangement.
25 Either type of special interference is able to be used because the energy needed to maintain the set state
comes from the first beam set. Because the control beam is off during reset, shutting off the power
causesthemtpmtoshntoff mmngoﬁthefeedbwkheamalso
maddmonmusmmalbnmrymfomauonsmgeﬁmomthxstypeofﬂ:pﬂopmablembe
madeverysensmvebyproudmgahrgefeedbacksngml. This sensitivity allows the flip flop to be set
30 bywmamglemopeﬂyphaudphbmﬂh&emondbmsuhwhgawwdmgﬁwﬁchmhes&c
first beam set's wavelength. As a result, it is very color and level sensitive.
Moreover, by powering it with multiple-wavelength energy, muitiple bits are able to be
frequency muitiplexed using the same components. The procedure used in building such a flip flop is:
a.  Use either type of controlier;
35 b Mammntheﬁzstbenmsetaasubsnmanwaabwe-mohvdmmemgyofmﬂnplewwelengms,
S -8 Pﬂsetheseeondbamsetmmﬁemrgyhmngulnstonewwdmgthwhchmmb&s_at_
least ome of those multiple wavelengths; ' _
d Dnectapomonofmeompmmwmeseoondbmsaasafeedbackmgmlmholdmeompm
.on at each wavelength pulsed on, and :



a. Providing the first beamset with energy at a constant
-above-zéro-1l evel having at |east one 25 wavel ength, and often

.several wave¥@ocighss _ b. Swi t chi ng wavel engt hs of t heptrusbs/igassn
set off and on to gate filteing of those individual

wavel engt hs of f and on; c. Providi ng the second beam set with energy
at nultiple wavel engt hs to be filtered, andl® : Pr odum ng speci al

30 o oS bl G vl od nﬁe@ﬁt@n&?%w L ol

t her eby providing ammmmwcm@rmwmmmu | tering by producing

an output only al w,v@w.ﬁ@ pﬁ%@t‘ym&aathvemmt
beam set s. Renovi ng Si aI s u5| an act lve l'ter
shoul d be not%lb!tﬁ&ﬁ%éﬂd &?‘Wtwmmmw be used

for filterigg, butOhdRaysE WWW dhiges iB beOid@ twho idieeters that
out put si gnal cond I nterference _dl sone f.rom
those in the i‘ﬁ’ﬁ‘i’t‘@ﬁ% tﬁ%W@H& e 1o Sictonica “&"ttﬂ P flpp wes aﬁ"t‘?pe
of interferenus, pithtsm sozr &mwemlmmmdnmwmwdﬁmmn a '

ggﬂyi :)gt ;ﬁg in phase wnﬁl?%%ﬁ?mg&tamgeam se \/vave?‘:gﬂe @ﬁg’%ﬁt | C

case const r ucisialse feasible; iprodncing-aciean,) Mrﬁummﬁpw mafhemaﬁedtlhose

VIO 96/ 18964,
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wavel engt-hs r edovi Wﬁﬁ@ﬂéﬁg‘}dm’t he second | ocation(s) and the
-uninverted out put. mmmmwwmww%&nﬁu&w&hma&dm

i nverter above, produces an out which is differential to the

uni nverted out put gtﬂ?’ \‘7@%% present in the power beam but is not
differential at. otbmmmma&mmmwmwm
differentia# actlv% lter, usi oftL{] ElQav?lpﬁ

with an anplifier quwtéenm}'%%ﬁt@a ﬁﬂnﬁ es Wltplﬂ l{'h oW ng
st eps: a. mmmwmmwﬁm@amm WI t hits subst ant i aI I y

const ant above- zergg&e Ewm
(% ?g%n ﬁ:b into the second
wavel engt h; rovi e secon eam set wt t| 5)

wavel engths to be Mltotdéhwer%mof%ﬁmmmcﬁm ofthe w’eﬂe
subset of those mMijylhdinferid@NRiut iithdsebodd inveree;C the at | east one

\Q/aw\e/lsl ]engtnhgﬁg ]te.lh(rasi’rlmrnﬁ'éabea‘m set tp di vew%lgy Ofﬁ‘giﬁb“‘lg%@b veI engt hs
| ocation(s), almmwwvmmmwmgmmmmdpmmmmﬂer by
pr oduci ng an |nver ed out tﬂgmewc ent %mmSaofmmmmmm
having at least one wavelength which matches at least one of those muitiple wavelengths,
thereby providing a multi-bit set/reset bistable function by holding the uninverted output of the
25 first inverter on for each wavelength set by the set signal, andholdmgtheumnvemedomputofﬂleﬁm
inverter off for each said wavelength reset by the reset signal. :
Beumethetwommmbdameagmnstmhom.ﬂwsaammwmhawmbehrge
- enough to overcome the balance to drive the flip flop into the new state. Pulses that are too small t0
cause a state change will not affect the state. As a result, this arrangement is less sensitive to incoming
30 noise. :
Anotherwaymredwemesensntmtylsbymgthresholddetecm
'17. Threshold detector. |
Threshohdewcnonlsablembeaceomphshedumngﬂwpmmvemonsothataschmu
trigger, a neuro circuit detector, a fuzzy logic element, an AND, an OR, and a less sensitive set/resct
35 flip flop are able to be produced by simply supplying the nceded mumber of inputs and adjusting the
threshold level so that the process responds as needed.
The prior optical art has no counterpart using Young's interference, mdsothcmethodof
Wmhvmmmmmmmmmmemmmwn
analogy is able to be made with the electronic world, but the architecture of the present invention



wavel engt hs whi ch exi st sinultaneously in both input beamsets. This
i nverted output is differential to 15 the uninverted output, just as wth

the i nvewoengdgave, only in this instance, inputs having apepikesibsss
wavel engt hs are provided for the purpose of filtering, renoving, and

separating one wavel ength from anot her while preserving any information
present in the wavel ength(s) being fil t dbed. 14. Frequency

demul ti pl = | f d b
Conbi i g SR tPtr9f iy R S b i s R R et P ool B Y
go_nrg_n bean}pmmonMuprmegdbmmmtmmnprocedure used |n,
ul In aflre %E}HL {ﬂlg#igf’“hs?mmﬁ s n&,ﬁ% tlﬂwésh(?
active ]gl | ers,; qﬂgw rovide a fre r]cy thI.ﬁ %ﬂgm set avi ng
a pl urallmmmmm éeamsampéwtﬁr%nmbf 't he
frequengy sitdhd lokations Wmtmﬁamumﬂhg PubstRBAIY cofkanOfirst? 5

each filter, and Provide the first beamset of each filter w-th

a di f er ente4® %WWW mat chi ng each of - the plurality
of nodul at ed Wmmmmlmoﬂbmww@ums}wmh

demul ti pl xer lg% roduci n‘? ar.at e dul. Q‘t:ggdmn'éi:t o :
A wnde{¥abaiog of Wi
(er Pl o o S e et e o

power bgamw || pass through into the output. I f the second
beam sets of the active filters use the sane |n[)ut and first |ocations,

step c. above After he iputisignals tre Summed ot ithe third s) they @55 sepgraed pydirgeted-iatoed t o
that firStnelsaomd beai setfof e ampiffidr! CAS Y pitiisd filter, mm@d?:ﬁaauﬁga&eraypélofwnt (

| ocation, ,where the separate  out puts are taken 15. . Ph se conpari son
When t he W&%W@MW PTPET t he

sane |evem.mmmwmmmm'wmwmmmmwmnm

differ cgﬁ&e ween the two when nmultipl e-wavel ength sized - |ocations are
used, I Ch produces an averaged, broadband device. If a narrow band

devi ce, havi ng The summing(¢ghifd) locaibaés) opératk drmsppainh way:that makes thresbold jdetectiomne, i s
gg?usggf?os& mw‘&@w%wamﬁ&ms)mm%%@%ﬁﬁw
and t he o%t*%%%%%%ﬂﬁ%o%%m 180 deggpes outcsif phases

fromo0 towmfwmom.wmpmmm $¥fihe iof thedd lrfp'

lixfvut! RanFHabeDspecial Gssigiieni
bandw dth to cqver a, smaller rapge. See t i scussion in."Basic
theorygb M’éﬂ“ﬁ/\?"f" Se0* or “reset” "gﬂ"‘ﬁ p‘ﬁ%PmPg's ﬂ'@‘ s used

in buildi n@hanqahpsamr er is: a. Provide the first and second
beam sets wit hmwmﬁ%%mwmwmm

algebraically. The sum of all trigger beams balances the sum of all threshold-controlling beams. The
total algebraic sum of the two sums has the interesting and useful quality of being in phase with the
25 threshold-controlling beams whenever the sum of ail threshold-controlling beams is greater than the sum
of all trigger beams. That total is out of phase with the threshold-controlling beams whenever the sum
of all trigger beams is the greater. If the two sums are equal, the wtalsumnszero _
~ Ifany of the input beams were not zero or:180 degrees, a combination phase would result
(with broad band optics). However, because the inputs are of one phase or the other, the sum will be
30 only one phase or the other (or off if they balance).
Ifmeas:omofthemzeshom-eomumgm:sheMaumbmmﬂlycommlml and
the level of the sum of the trigger beam(s) is increased from zero, the amplitude of the total sum will
decrease, but its phase will remain the same as that of the threshold-controlling beam.
Energy from the summing location(s) is separated and directed into the control input of the
35 amplifier, having a phase upon arriving that holds the amplifier at cutoff (uninverted output off).
Because any sum that produces this same phase produces constructive interference at the first
locauon(s),ﬂlemputleveltotheamphﬁerhasnoeffect mamphﬁermnsmcutoffmgardlessof
. fluctuations in the input levels. - :
Whmthemggermpmmeqmlstheﬁmhoh-comoﬂmgmtbc%mmm,asa



b. Use the special interference to produce an output that is at a high
| evel when the first and - 'second beam sets are of opposite

phase, and r level at other phase differences,

t hereby pr oﬁ%?ﬂbﬁgphase conpar er. | f both input"caﬂ"ggﬂs“ﬁe
vari able with respect to that used in other conponents, additional 10
stages will be needed to | ock the conbinatimm phase produced froma single
stage to that of the other st ages. 16. Single stage and double.
stage bi st abl esult, thg optpwsef the amplifier remains cut e pri nci pl e of feedback has

several inportant APk kfgdlr sl Siss v heREvaFeT e thredhiBIdlcoddiOiing Siim, Hik Bial iR Of
building a flip flop, a portion of the uninverted output Is redlrected

ei ther di rectP’f‘oFm' ithpiasedms syitched ﬁqmw‘ﬂ%é’s‘@“mq‘éﬂlﬁa@m
the second befigpes ¢im raised fapidly, gie phiae of tie[dothl shufi will hot p&ss through alb 6f théSpliaes from zero

f eedback si gnal a set se S nters the. se beam
st re o ENBte mmher, e phase RS i 0 aﬁ%ﬁ%&mm o e fog
back into themmmmmm@mmmammmmlmmwmﬁumme

f eedback signgly '&&M}%& QQ?F}(
The percent age o@p%u pu V\:hl chrs edblgae %%‘Jg organl a oar?p“fs tﬁle

opti cs det er ninigvertedowput. t he process operates. |f the feedback signal is

large, the anpl 'f'ﬂloﬂﬂh&%eﬂﬁh%&oﬂﬁb%hymhm&m&ﬁh%ﬁmﬁﬁbmmﬂév&athnbﬁ
smal |, the an&slfler w Il regenerate to _produce a greater output, but wll

not saturat® naﬁmdﬁmw'f%w"ﬁ%ﬁ‘ gengitive o, the
feedback si gneighst inbutf fsideshildqevel i6 kbl Hoﬂvéxa Hochuitils) dhié4dcof @ad

special interference is d bec e the ener needed to
mai ntai n the T& de‘ fg‘f ”@M%W %&mse t he

control beamis ofodmmghuMMthgmcdﬁnMehmmﬁekvdoﬁdummm-

ggfjm oﬁlotzhlts %w@@%%mw?@orage @ﬁﬁgﬁ%n tﬁlli%“styp of

flip flop 1% m@mbbvmofﬁmmweblyt@mmmm
f eedback si gnglining hﬁ%ﬁﬂ&&lﬂ&&f"&ﬁ:&%ﬁé &'%MW&M@MEH

a.single properl y phased photon I n thé second beam set having a wavel ength
whi ch mat chesdetepfonis: r st peam set' s vvaveI ength. As a result, it is very

co: or ?nd Ievlela sememwmsconel b ﬂ\l&f)tlonbbhﬁmm\whhmom
mul ti pl e-wavel engt er mul, t its are ahle to guency

nul ti pl exed usi ng ‘F’ﬁ‘g&gﬁ‘ﬂ’ég)é E’ﬂ&g“’dﬂ? Mé" *'di ng” such
aflip floR0is: (Whm&mmaﬂdmemishhﬂrashyﬂmm&xgwﬁsuijg&rmp@ﬁmldgm&ﬂmdwim

it ener gy o ARFRRRIRCE @ a R Wi o d oufil e VR B '

on with ener ghreshaldi Wheri uswassamm Mhmrmmgkammsmm

| east one of thasGdeBehdd H‘ﬁnﬁmmmh D| rect a portion of the
out put into the second beam set as a_teedback si gna to hal d the out put
on at each wavét erfgevides thssbgldspntro least one beam of epergy at a substantially
25 -consmmleveld:remedtoﬂxethnd(summng)lomon(s),
(This input determines the threshold leve} that the arrangement will respond to. It is out of
_phasewithdleuiggerbams.)

c. Produce destructive interference with the trigger beam set and the threshold-controlling beam

30 set at the third location(s) when the trigger and threshold-controlling beam sets are both on, so

- that the combined phase of energy at the third location(s) is in phase with the threshold-
controlling beam set when the trigger beam set is smaller than the threshold-controlling beam
set, and is out of phase with the threshold-controlling beam set when the trigger beam set is
greaterﬂnnthcdmshold-conn'ollmgbamset.

35 (This "third” summing location(s) is used to sum the various inputs. When the inputs have
onlyoneoftwoopposmgphases sepmungthemmofallmputsmtmslomon(s)wmproducea
signal that is of either one phase or the other, but not in between;

(The threshold-controlling input is kept constant during the time when threshold detection is to

" take place. If the trigger input(s) are off, the output from the third location(s) is of a phase that does



- wavel en
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d. Pulvpe ofrigoggr beam set off as a reset signal to term %&m%?ﬁﬁgyt put
and turn off the feedback signal to hold the"o for
each wavel ength pul sed of f, t hereby providing a nmulti-bit

bi stabl e function by hol ding the outputl8on for each wavel ength set by
the set signa and I_dig% the output off for each wavel ength reset by the
reset &é‘ﬂ%‘“ e way of providing a flip flop that is not so

sensitive d.o dimcgeagy forh the i location(s) bRy thesetonil idhtrol) bealsét o8 1€ plade Ot her t he

way static RA are made in electronics. Such a flip flop was
described in . o.” patent 5,093, 802. However, that invention uses

Young' s ‘type iwmemmm:wmmmwnmmw al so
functi gng dSmfd Re@RAESENSi tive active filter, multibit operation S

al so feaS|bIe rodUC|n a clean, uninverted, frequency nultiplexed out put
The pr'ocedure qﬁm&&‘ﬂ’& meﬂrwwmmwitter i s:
a.  Provdafised aeoF oppose PRGS thdwir@ihsphase constructive inbdieithcd P.ﬁuinlef st beam
set of both i.nverters gﬁteg% s pstanti al I%‘constant above zero level with -
energy o encrgy into the uppyegted oufpyboceyy drthec @i ut put of t he
first inloeatibm(s)."i nto the second beam set of the second inverter 15 to

hold tge invey t cond inverter off_at_ each -of the nmultiple
wavel eggths &%M%%@Qﬁ%&%ﬁ%&%?@ {5’? G’E'FB"P“‘%%“?W&

i nver t er only when the sym of t@jtrigger inpuit(e) is gremerttiganl tiwhqeshbldoWhéﬁme 8igged iut faIker t er

i Nt 0t hepehRCad trdid s el?npﬁﬁ :l:P#e d the
i nverted, out EUt of the I'rst |n\?%'h{ er ' gi"gea& We%w

the "turning on" threshold hasthe same as thel "wming off" direshdid atpeg with]
| nver t era bisdly output, M@pﬂw@ﬁbﬁn WBW@%%L&WM&Q beam set

vl SRR s, ieotateed e s 4 o e o pp oo wmmblie fraorsanc

f. ProviMwetispeedak si gnal by puI sing on the second beam set of -the second

I nverter wt MGy av t st one wavel e I ch

mat ches at Iggst Y, raary, fircujts, there is ﬂ%ﬁ@ Y'gﬁ’gﬁ s‘&&e '"'q%“m”%ereby
provi di Wﬁamwm thecsame: @smmmmmommwdmguueanm nverted

out put  Qfuickil Sntef ithied datrbatibsl’ Wﬁﬁﬁ% m?‘%tﬁe' ength set by the set :
si gna and hol di ng t he unlnver ed output of the first i nverter off for
each %aid wav &ehmitt grigear snap action, are explaineBgbayeine t he

t Wo mveh&discassiaﬁbmpaoﬁgaveasim & addddi6 he @ireshididl el PUl Ses have to

l;gwl 2{ gtee. pﬁgﬁéﬁq ?"ﬁve'i’f‘d%e’i t Ee ﬁg%janmto dri ve t he fl |§ﬁf | op int got he

af f ect tmutstsaﬁmtedmmermminz Jocition(s) amﬁmlﬁggeﬁnﬂw&& of fliasel With\iBe t O

1of 1 ey opu e an b 4 e shfaplil g & o ™1 111 1Y T B

Thr es¥ol d detv@vmdvmeolammum slotsorisirigi tdggeciinpus ﬂlgnmimnqdroewmmmvent i on
so tht an, lener, al 'ﬂﬁ%‘eﬁbacﬁ UFF ShafhaltCi
el enment, an AN gy |’éd§§ sensitive seté.ﬁ}r eset B@waﬁﬁﬂ’op are

abl e t o “fEPapTo8 @EH’%%‘? rﬂﬂ%ﬁﬂ?‘y%m%m thegrit gmspbe s and

adj ust i ngommﬁommehw@mmmmwmsdmmamm PR i3 ikSusdsn, Needed.
The pri J”gal. ar t %g n oynt erpart., |ng Young's interference, and so
t he net WHM s signals and the needed

rel atﬁoonshl pgmm thesemming docition(), memednbbdgﬂl iméediately lowers the threshold
level. If the trigger plus the feedback input is sufficient, dleamphﬁethllg_ol_mmedmelymm
saturation. This is a "snap" toggle-like action. Once the turn-on threshold has been reached by the
trigger input, the amplifier snaps directly into saturation. As long as the amplifier remains saturated,
- fluctuations in the trigger input will have little or no effect on the output because of the limiting action.
35 What happens when the trigger input goes down depends upon the level of the feedback signal
relative to the other summed inputs. If the feedback signal is smaller than the threshold-controlling
bem,bo&&emggerand&efeedbackbmwﬂbereqmredmorderwwmmmemrshold- 7
As the trigger input falls, theanq)hﬁercomesomofsamuonandtheoutputbegmstodrop



analogy is able to be made with the electronic world, but the architecture

.of the present invention - WO 96/ 18964

PCT/ US95/ 16455 _ _

16 di MOI648¥dc ause of the requirenments of beam phasi ng BREHUSEYI6AT
the relative levels of nultiple inputs, not to nention the critical
timng needed to operate energy wave interggtions. The basic

principle of multiple-beam summ ng provides the needed input signals for
threshold  As thkodugmt drops, sdBivesthe feedbckGignsl, Afsing teahrishold.CThe napidlysthewgingy

glmroff} : 2?/ F:J%gte%rrﬁl E}g@@@l*&% r@h&@% er g‘ﬁé@l n‘ggpa}"g%g%ﬂﬁt | af’?éﬂem

constant fi rmmemmmmmoammmmmmmﬂmmmmmmemmwm
However, Sep%%'a‘iﬁe}ﬁﬁe%’m& &Q%@%%%ﬁd&ﬂﬁ&hﬁsw{lwn%k?&ﬁi lgn('s)

al | ows rrultlple uts“to be prior to arrp ation, whil

providing & M&WM@MMM dhegme)ps the,wrpfE theesho the, trieger daput is
i nvol ved. Thebdve @ie@hresholll thé duwgaﬁd&,néﬁ)wue&nu&@abemmemmmrm@ﬁ: sni}l G,

signals are iu,m‘re After the input signals are sunmed at
the third | ocHf éfglﬂﬁmgmey are separated and directed into t he second
beam set of the armbhddmwal stepmdqﬂhapﬁd\foehiemahﬁgénaionmrrpl i fi er, usi ng

ei ther type of sp I terf r£spo Eggggogﬂﬁi

uni nverted out put on RRH@H°[’§'%%“§T§’?£P§‘H“?£%‘§FPH%S oper gﬁase.
The uni nvedX ed out@mmmmmmmmcmmmmwomemms

relatlvetothefl ﬂiﬂ*ﬁéﬁ' The summ ng (third).
| ocation(s) operate |n a speclal way that makes threshol d detection

possi bl e. There amawmss@mnmwbbém@e@m@ﬂ%mﬁgwmm

| ocation(s). odduft whieti i rég¥iefite Sedbick CAlSRby the feedbd2l sl is aBadl. t he second are
"t hreshol d-cagh; ol i Eg i nputs." These two types are 180 degrees out of

phase with e corrpl ex arrangenents, sone of these i'nput beans
have specirsl assi (haipfiigihe mitinfuncievel 6f the féQiback 3igl changes e Ivag the threshold deéctor Or

"reset” inputsl ¥ea¥mtlp§¥ﬁps‘%mg ﬁnergy that is in phase  wth one type

or the other. prlnC|pIe of superposition, the

anpl i tudes of t he Ifthpfeedbagkcigaal idhlargersthanchl threshobilogutiniling dnpit apd latgecnonghtoof al |

trigger bean&agﬁgﬁgﬁﬁ? Qﬁu?%@h? ki :’ﬂf"mﬁ rol |°g%mbeﬁ,?§m
total al gebraic sumo II’he sur%gJr ﬁ&?ﬁ%‘fﬁ%‘.ﬁ"{‘ usef ul qual Ity
of being in @eslodonandwillremsigon. fybecomes bistabeThe migaerjumyt tapebthere

of all thrapshglaliessd o wiys toesetians is greater than the sum of aII
‘trigger beans. That total is out of phase wth the threshg&fwntrolllng
WO

beans whenever t hehgpower beam s ablg o be pulsed off, it thit, would feguire
sums are equmwwwﬁmwmmmmdmm&ﬁmw

Con £ b ond e 5 Sefheatst s i i o SRR Hplal ) 1RGOl el o, e
t he ot her, tItlnﬁkqldnswmbeldahwethelevelofthefeedbackmgml.Thephaseofthetotalsmrevenstothe
25 phase of the threshold-controlling input, and the amplifier goes into cutoff.

However, there is also a snap action that occurs here. As the reset pulse rises, the total sum
falls. At the saturation point, the amplifier comes out of saturation, and the output (and as a result, the
feedback signal) also begins to fall. This causes a regenerative amplification of the fall time. That is,
the loss of feedback signal, in turn, causes the output to drop some more, which causes the feedback

30 signal to fall, and on and on. The combination of rising reset pulse and falling feedback causes the
' amplifier to snap quickly into cutoff.
The reset pulse must be at least large enough to bring the amplifier out of sawmation. Asa
. result, there is a “turn-off" threshold, belowwhlchtheresetpnlsewﬂlbeumbletobnngtheamphﬁer
out of saturation to toggle it off.
35 . ;
The bistable arrangement described above produces a set/reset flip flop that has an advantage
over the previously discussed flip flops, in that it is turned on and off by pulses 0 separate inputs,
wmmmmﬂ:pﬂopsmqummaomofmebmsbeshmoﬁ'
Stamngmthﬂ:ethresholddewctorabove theprocedurefmptoducmgaeompleteset/mset



30 only one phase or the other (or off if they bal ance). - I f at
| east one of the threshold-controlling beans is held at a substantlal |y
const ant woeegzigesaNd the |l evel of the sumof the tri ggei,c?@g

_increased fromzero, the anplitude of the total sumw | crease but
its phase will remain the sane as that of the threshol d-controlling beam
Energy fromthe summing location(s) is $8parated and directed into the

cont rol i qiip e 35 anplifier, having a phase upon arriving that hol ds
the anplifier a Bt (uni nverted out put of f). - Because any sumt hat
produces t hias Mphm«pmmmmmthmlmbﬂﬁiﬂmgtm&mmhkﬂ

location(s), Q%thg,ﬁl&“%rﬁ ?Pm :15 | ?E ) ffect. The anplifier
remai ns in cuto regar uctuati ﬁ?l n tsﬁé i nput | evels
When t he tr ibggddires &MMMQWMMMIWMaMMt al

SUM i S Bero; ashifl location(s), the 1AbL/sibR Gihe at least 1 being phase
PCT/ US95/ 16455 on(s), the one third location(s) being out of 17

result, the out'ﬂmméh’ﬁ?ﬁl‘?mﬁwm@fmmmmx As the

trigger suncri Paise thb Giggeribsin asq\sed pulté, dnfe t hr eshol d-controlling sum the
total anplitude, me rises. wever . its phase has sw tched 180 degrees,
and is now I'n pha Vi BA um If the trigger sumraises

rapidly, the pwmabmﬂé function by nirningihe pmplisade-nndukaéd catput @f withthe phases

phace. oS i pﬁaﬁéﬁﬁé‘gﬁ%ﬁmﬁﬂ@%%ﬁ"ﬁﬁ% e coting

thi s phasdmplitedemodulated apgpyhoffwith memmwanuqmmmmmmm t he
new phase duets He'abdehde L the Rbdtalisigaice takes place at the first l|ocation(s),

and energy appears..in the . uninverted output.. - As | ong as ‘
t he threshol d- 3@4&1" 359 Jyprks;with this bistable,arrangement Mm#mbmm.hs\nna he

| evel at mmmm&wmsbphm@mm@mrmamwwmﬁnmm%anm ng
i nput , Fﬁfw ¥}“ be sensitive to the - slightest input; its
threshold Tevel Ts ze "However, adding the summ ng | ocation(s) ahead of
and &Jtmmmm andriogidal AND. a t hr eshol d to be establ i shed at

t abo¥Rviamb I
gamee:o?lhgr gyochan aﬂ@t He | etng?er Tgﬁoe Wﬁ&q cont roglall Ingg

beam or.  bifs TR W the triggerrimputs preone Byrm the, threshold lovel, justchelowthat umyar i ous

tinmngs, sndubove ARSvePHIRR) M it Of the g af b, AireShoidefecdon v oRCaP! | shed
fromtla{) Bmt.hc hreshQId detectﬁ,g tart gwththe basi c _anplifier
or lini*tel Gom the imitery|

detection is: Ifmwmmmmomammbmtwng at

| east one e.as. third
(summ ng)% [ oﬁﬁ%%{”{é‘%ﬁ’\ﬂ?gﬂ“‘ m%mf"ﬁ"yd@l‘%ct ed; 20

(When t hléﬂ@mmmmmle&bammmhag’gm outpnit Sromra mydpiredeiofiput i S
anal og- no sources, L N€ information that is to be digitized by

turni ngson e out put V\/nenever this input is above the
this arrangement is conneaedmab:myd:gmlc:mut,thennfnncnonsasamﬁumput

logical AND. Theprocessnsedmpmdnmngamﬂu-mpntlogmlAND:s _
medeaplumluyofmggetbenmsﬂsasANDmpusmduhwdwxdlbmrymfomanomme
ANDmpmshmngmgnugymm,memrgysumoftheANDmpmsbungmtermme
| substantially constant level of the threshold-controlling beam set when all the AND inputs are
30 on and less than the substantially constant level of the threshold-controlling beam set when one
of the AND inputs is off and the remainder of the AND inputs are on,
_ _ therebyptw@ngamﬂnmpmANDbypmducmganonontpntonly
when all the AND inputs are on. :
' Thlspmcesswﬂlworkmthorwxd:mnthefeedbackcncmtofdleschmumgger The schmitt
'35 mggeracnmmspemﬂyuseﬁﬂwhenmempmmanalog,asmmeusemﬂnhenemhglc
 applications.

20, Muln-mputlogxcalOR
Ifdlemreshold-eomomngagnﬂwsmauermmthesmﬂlestofthemggetmpmsmthe



threshold. When it is used as a neuro detector, fuzzy logic detector, AND
or OR, fhis arrangenent has a nultitude of trigger inputs that are all
“in phase W o 6gigeedt her.) b. Provide a threshol d- contpc@hisokrgsdsgam
set having at |east one beam of energy at a substantially 25

constant level directed to the third (sunmm ng) |ocation(s);

(This input determnes the threshold | evel 2that the arrangenent will

respond to. i.s..out of hase with the_trigger -beans
Pr oduce destr'ﬁiﬁ‘\" m%ﬁ"&w e Limiter yilliogrg WBe'a‘mth“aﬂ%FhfWW“

t hr eshol d- conéa. @b & résglt, Hiecfiacton is a multi-input lopih]l OR. The Sepsiuséddn pduing Glie(mglti-itPen
the trigger a]nd @B shol d-control ling beam sets are both on, so

that the conbi e of energy at the third location(s) is in phase W th
t he t hreshol d- Pmdeaphnhmoﬁmmsburtgamgsmg&mgmdﬂmdmmmoset

is smaller §han thgatdi Eﬁ}p %?éi F@‘Eg ut
of phase V\Asth the thres co tro shlﬂ'oea t wﬂen tﬁe tr;%gége gﬁ"lﬁggt
i's g r%mﬂbwaﬁﬂmget ﬁr%gsmm [bram setwliemonty one gfghe OR

(This "third summ jggdigesti on(s) is used to sumthe various inputs. Wen

the inputs have onI one of, two 0 pom&gaﬁ)hases sglﬁ)aratl ng the sum of
all inputs to.this |oca ' W‘&P’h‘?"s“!ﬂs‘gﬁq{er
“one phase or th&ﬁekﬁfph@ﬁs,onbut not |n bet ween; (The

t hreshol d- ¢ontr ol | i S ant ri e oId :
det ecti on |fds) to h“?‘&'ﬁ%‘?‘wM t‘ﬁ'g {’ﬁ e% W t"ﬁ
fromthe thi rxdudeﬁdumu(malwhmhodhaeqnlmbemmdmﬂbeamphﬁed WO 96/ 18964
PCT/ US95/ 164

18 . not 5zgass n?'ﬁrugmgﬁ %He ") : Direct energy from
the third locati ommmEmm(mmsmmmmmW
demodul tor, bistable. Setting the threshORIGPIS the santé 5§ Fﬂm@ ot ASinfitficOder 4 reset
denodul at i 9 R ﬂse chamges I n_the corrbl ne e.nerg%/ll 5 at the 1;h| rd

| ocat i on(s? thresholq, igh, is the sage. tigpput AND o eyltple &t e
produces an qeseqxignalenl y when its two input " beam sets are of opp05|te

ot ructve i nt or 16k e SHERGA iRt e e tphed e SARRA Wm0 ap i ths
occurs at t hehred out of five, or somk eimiléri proposipit of infs has been reachedita furiwtion thasiisweery ustful
oty when 1 ndd S5 ol bbb, 208100 10, ATRL o han Che thr eshol B
Wien the t# g3ePngshgtut fal |l s bel ow the threshold, the anplifier goes
again into cutof f . hll3hSshot fnckibifis R td Ye'Prévided 8ngl 4By of the Gtk frangemems by adding
a delayed feedback beam, the easiest being those that have direct set and reset inputs such as the
set/reset bistable device above that uses the threshold detector. The procedure used in providing the
one-shot function is t0: _
25 a.  Direct a portion of the amplitude-modulated output along a delay path to provide a delay -
‘period and a delayed-feedback beam set, and
b.  Direct the delayed-feedback beam set o provide the reset pulse; | |
thereby providing a one-ghot function wherein the amplitude-modulated output is pulsed on by
the set pulse, held on during the delay period by the feedback signal (already a part of the set/reset flip
30 flop), and then turned off after the delay period by the delayed-feedback beam set.
mdehyedmkammmaddmonmnymkmmusedwmmmonm
arrangement bistable. Essentially, the one-shot trigger turns the bistable arrangement on, and the
delayed-feedback signal turns it off. The length of the delay also affects the duty cycle, because the
arrangement is unsble to be set again until all energy has exited the delay path. In order to allow a
35 second one shot to begin immediately upon the ending of another, the delayed-feedback signal is able.to
be differentiated and made into a shorter pulse. Differentiation is discussed below in greater detail.
To accomplish many of the tasks set out above, many embodiments will require more encrgy
for the many outputs. As a result, a number of amplifiers will be needed in place of the single



detection requires that the "turning on" threshold be the sane as the
turning off threshold, along with a binary output, then the power.
beam of widwes/m9¢d i fier is adjusted so that satuation occur fusbYdassl ©

control beamlevels. The uninverted output is then able to be cascaded into
anot her amplifier, if nore power i s needed. In many
binary circuits, there is a range of |&els available so that the turn-on

and turn-off t r eshol.ds be the ama; . ra changi ng t he
t hr eshol HPPLfRTE desrrihed.(¢ E&Edlt‘ﬁ‘%% Wﬁé ﬁ t her

saturatlwmmpon reaching the threshol d. 20"

expl i ned abogkokiis nf g8 el ARl o o Sk a‘@f@@ﬂt@t

si gnal i % caghgtage. tmxmeegmmmmewmmmemmswmmmnce

here i &9@9 etifELRAGK S inSd@heed the
uni nve?ted oua@out put, ql|§s direct e%ﬁao the s %ﬁl‘Oﬂ% S) as an
addi t | onShETBY B9 the Bt $ags, ach siage israbls i<, bepopsered by WS%PE‘SHOW-"EW inpwt| i ng

i nput T afotwmhha.pmemwe §esiek thén'tREdley/ the esnaomhg:mgarﬁ e whblP Bdséad@ SADEfeRIS - 25

When t he rreshol d i eache, sl o risin er input, the

uni nvert‘?ei?w ‘ﬁ%g’m&w'ﬂc?ﬂ‘\é“’g @E‘HWF’% fhe series, g . i pat h.
| f that pﬁdgthessmhbmmmnermfdﬂgawml | be negligible in . conparison
to theyrise t.ggq Qfine S%EL ![tt elay .ti I's not negligible,
t hen ?? must of H? BP&“ %%gf'%ﬁmﬁ”?vﬁ‘m;r est of the _
conponenk.s= En2"avhers - ¢he W@ﬁmmm&ﬁdm&m of the smlimebemn.we will

t
?ﬁzugﬁmmw%%al%%ﬁb?he feedback Sl bﬂdF’“‘%‘éﬁgﬁat tehﬁ;m[.%vver Mwl " (
t hr eshol kel of "b!"ﬁ!“’ 196 the £usagy-Rupplying oepms. sWhegithq ¢ | ent,

the ?mlmaﬁm%humfﬁmtemmm&?ﬁMaw ﬁgnﬁ?ﬁp
0gg ac ce e turn-.on resno a en a e
1 a2 R e SR 0 Ly PR P8 D 1 G g o the

anpllflempuebmunsanshﬁturableedbedlvawdhmahﬂmpwhsbmthe trigger input WI||

C\ﬁ\eltta het)t)leﬁso%w tri ggteo&mﬁ%{ goes Wﬁ%ﬁ%@%%&%w of the.

f eedbacHMSRHPRAE: =~ relative to the other sumed inputs. If the feedback
si gnal Isasneﬂrb% o phaility DCandphfi@d Vnblce® B 4 Qbcaderies; D€am Dboth the trigger

and t e edb ck beans w II be required-in order to overcome the_ threshol d-
contr the output of each amplifigrjpto theisergud. (contal) beamyseq of theynexs agpliffer o

cones out of theodeti¢éspandon and the out put begins to drop. o WO 96/ 18964
PCT/ US95/ 164 ;
19 %‘m“%dk&?%‘ﬁﬁ%%%ﬁﬁﬁ%ﬁmnmﬁwﬂl ng the |
t hreshol d. Tmmmmmmwmmﬁm@mmmmofmf t he
f eedback sig hfe?ﬂ?ﬁé output to drop just as rapidly as it rose

bef or e. cause t fegenerative nature of the snap action is qwte
rapi i n conbeeredy mm ofshe lange) beam; by a;smalies beam by diverting energy from the

hrgebum&mgh&ecascadeunesandmﬁeamphmdemdﬂmdmmofﬁehstamphﬁaof
thecascadesenesmresponsemmemllerbm. : '
Smcethelevelofﬂnemodlﬂmdslgmllssubsmauydoubledatachmge aconsxdetable
amount of amplification is able to be accomplished. Such amplifiers have the advantage of not
30 mﬂoduangmxsemothemgnalasbngasmmemmnmsemmepowerbumsandmubmonsm
24, Gawdamphﬁersusedtopmduceannﬂu-mputAND
_ Cascadedamphﬁemueablembeusedmaﬂofﬂwenergybmmmtsdmnbedmthe
presemmvennon. If the first type of special interference is used, the amplifiers are able to be gated.
35 Inﬁct,unmngoﬁ‘anyoneofﬂlepowubeqmsmsoffthemresenes.Asa:emlt,cascadmgnsan
 excellent way of providing a multi-input AND function. '
The steps are: '
1. ProudeaplmahtyoflogmlANDsmaumde,and,_ |
2. CascademeouqmofenchloglcalANDmomeseoondbenmsetofmemxtlogxcﬂANDm



of the trigger pulse, it is just ‘as easy to snap the anplifier on as it is
to snap it off. As a result, the 5 turn-on threshold will be very nearly
the sanme aswidégrigvés)- of f threshol d. Wien the trigger input ispcrusesisse
the threshold, the output snaps on, and when it drops bel ow the threshold,
the out put snaps off. It is a schmtt trigger. : The

addi tional step needed to produce the schn¥t trigger action is: e.
Direct a portion qof the awrn)l i tude nodul ated out put, -as a feedback signal ,
smal | er than the Hi§ cascade t hreshol d-controlling beam set, into the at

| east one third Imubymmdhghmtn-mmwmeofmﬁmbmmofmeplmhqof

t hreshol d-co tt
trigger by dri Hﬂ?%eﬂp ase duﬁ“baalog%rﬁqwgreaﬁer %%E%Wﬁﬁa%gm

occurs when mmmmmmmmm@tmmmmm@amm gnal is

absent. s 18. B'@&@ﬁ;&f hﬁﬁlﬂmﬁ% mformﬁhﬁ hdreVel
of the feedback signal c anges t he vvay e t reshol d detector a(E)Ht‘);erat es

after it hasagisplefo If the feedback signal is
| ar ger than béead Osclade! d control | | ng input and | arge enough to

mai ntain saturati reduct the trigger jnput has little or no effect on
the output. The a%]g‘f dﬂg&éﬂﬁi} "b\mh%?‘

becones bi st &bdwncyﬁhmlﬁlﬁnsg!;ﬁbe W@msmpmmwwwmare

bt oo 19° S e L s o gy o B8 A o G b 2005 4, B

way is to prmwmummmummmmmmmmmmmmm

;gzghazﬂesﬁgw%&t%eﬂww contwe?tﬁgng Wr&?ﬁ% {’Qﬁneosﬁ%l d

i s raised abBp#of liskeds| gnal . The phase of the tot al

sumreverts to. thw&&bmmgst hﬁu@h&em&uaaoml
arrpl ifier ?oes j.nto cytoff

ere_ls also n
action thd F@’%“EW@"“WW?& 6% ‘E“Sg'ffl | s.
At the sat urﬂmmﬂdsmemmbaﬁgw!wfuﬁrmmmmmgp&mnhmﬁmmmﬁ thdd ¢he
out put (and W@g the . eedback signal) also begins to fall. This
causes a regener of the fall time. That is, the | oss
of feedback si gnaﬁthWmWMMM%Mpmmtwﬁbm

(i sing ﬁQieI BE 2t pth flripd fh infe, cauéﬁg"“ﬁ?"“@“mﬁf@er gl

qui ckl'y i APoisoff @pmmmdwasmﬂmm@smm%

enough t o br indéell Btor { W & beslf) thoAfapBier turns/ofFS wt.tsfmtmus
a "turn-off" threshold below i ch e reset pulse wi | | beu bIeto r|ng
the anpl i fi ePeriod, TS on, Svaits foF the MW%%‘B@FQ&WW the delayed he -

bi st abl e ar r sipggkenent descrl bed above produces a set/reset flip rop t hat .
has an advant age er, V.l QUS di scussed fI hat it
I's turned on and m&s&n@ E’ﬁg?% g R%m #"Heﬂzprew ous
flip fl opgsrmmwtw’fstm shﬁmndﬁemrhedw@ndmmthemﬂmoffandonwhm
Starting w t%%%@gp%%mr above, the procedure for producing a

conpl ete set set
As a result, amsandmﬂwdofenergybeamosuﬂmonbegmwuhthebmcamphﬁerand '

xspmducedbythefollowmgptocednte
a. Pmdeanmveneddehyedmgmltotheamphﬁerbydxmnngaﬁrstpomonofenergyfrom
30 theamphmde-modtﬂatedoutpmdongadehypathandthmghanmvemrmns The
inverter means is able to be the inverter described above, or the Young's interference inverter
described in the prior art; :
b. Duectthemvemddehyeds:gnﬂmthsseoondbmsetmmﬂwamphmde—modmmd
" output on and off, with the second beam set remaining on during the period when the inverted
35 delayed signal is on, and off when the inverted delayed signal is off to produce oscillation, and
c.  Swich the (power) first beam set off during the time when oscillation s to be gated off,
merebypmdwngemrgybeamosmnauonbymcemvdymmngtheummuwdompmmm
oﬁdunngeachdehypmod mdganngoﬁ'energybeamosmﬂauonbymrmngoﬁmeﬁm(power)
beam set. ' :
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20 'wo 9bmgdeabl e flip flop is: a. Provide atpdogss reset

beam set, directed to the at |east one third (sunmm ng) Iocatlon |l%&t§he

threshol d detector, in phase with the threshold-controlling beam set;

b. Drect a feedback si gnal from a por?4 on of the anplitude-nodul at ed :

output into th | east .. .one third |8§1?th S), the feedback
ﬁ%ﬂ%wm

signal at the F’qyeb&gwaﬂf?b&?&m%
wi th and Wb@hﬂ@ﬁhﬂpﬁd@scﬂm@o&h&mwﬂmﬁmaﬁmﬁmhﬁ&mum ng

| ocati on) g, “““"ﬁE"& EQ” §§ inkelnd gggf S
d. Pul se tﬁ reset eam set as’a reset pu sm%m@w%pmgﬁher y

provi di ngrelationships:ip pederttgwerk. on by turni ng the anplitude-nodul at ed out put on
with the 2 MWW&,‘FQ the anplitude-nodul ated output on with the
then turn

f eedback si gnal he . | i tude- nodul.-ated output off with
the reset pul sé%ﬂ%ﬁ%ﬁ%%@ﬂﬂ@wﬁm‘mmm due
to the ahsecaaed o béiphaeamitihed; is ditegBPin parallel into a group of phasd/Birdré/dediolinlBe 6AL | ON

ﬁLis?i \S?(ra%wt .t his bwtﬂ%%gﬁrangegﬁhmé/ um%nqwr beam hgw ng

resetti ng)ashbbmlapigsrﬁuwemdtﬂntor Bbfficient filvexAembdulnedrs ave providedsin bRler to cover 19.

Ne | di
ITLI:J{IOtUde o#nﬂhsp{:f np ts to PM%%%%&‘% mces a #e??"él |28ma

that is diutconstant, %l%mwlawmwQMMMn By
setting tmu&m GBRR) a8 tle PHidL-fribcridling gl vk Rsbls ifit e bandpass u?ig 20y Railig | evel
t hresho 3et ect1on ‘

where all one of the trigger 1nputs are on, Wil |
occur onlﬁ;’ nall of the trigger inputs are on at the sane tine,

produci ng a smmmmeWmMﬂWMymmenmwwm&m

arran LS SOnPegted neur unction as a
neur og re 'H’S‘i"ﬁ “%%"P%W gﬁ“‘f %w&“&l Fﬂ'& BEPhei ng
the "wei diave'a swymmmmmwmmmmamwnmmmof

it uﬁﬁﬁf%%%?‘ﬂ%@?%t Bt e i § il o il i 1

ar r ange P beare gt !memwmmmﬁﬁﬂwﬁmlons as
a nul d- i Mg energy from®6d @il poRbiland PliSe-MicRiEiy bedti s & Rogdl, fid #6d RRircss HAVE Bebn | NPUL

| ogi c Provide a plurality of trlgger beam sets as
ANDI%M&TWWIH’] bi nary information, the AND i nput s
havi ng an eneuggheplm-ﬂﬁchmmmengkwumﬂimmﬁomwm&ml@m%@m t han

boam set "o vy » BRBIRY ol ek itpah Sl ety Sl 1211 1

subst ant iingvidpaliyoin sccardance with the phase stany Bivensthambegt. mmmmgmht anhen one

of the A dﬂ%m&f&m&ﬁ%ﬂgﬁ. aiPiithde MO e ofiput

t hereb glrgow di n%Fa multi-input AND by proéﬂm ng an on out put g‘%ly
Frpplicuge-godniated.

~when I This process will work w.th

?r wi t hout t t hefiaeedmleoﬁﬁnawe u@aﬁl mbmamsratbﬁba&) W?ﬂ%&eusﬁl‘ﬁrﬂpmt tﬁS
rlgger acti ﬁFeSEaeéla ¥ us'glﬁu en I NRU 1.S ana Og, %andlin e

case wt
opﬁcdphasechmngehmemwablembepomuomdmmuemgy.auchpmmdongmcbandmn

~ receive a different phase change. Then, directing all of the phase changed outputs to the phase-locked
30 output location brings them to one location with the same phase. o
The procedure used in producing the means and method of phase locking is:
a.  Use the phase demodulators of the present invention;
Provide a phase-fluctuating beam set;
: bmapomonofﬁgphase-ﬂmaungbeamsetmmhsecond(md)mmsetofmh
35 of a plurality of the demodulators; -
d . Pmdetheﬁrst(power)bamsuofmhdmduhmrmﬁadﬁetemmaseofmrgy
e. Dm&eamphuﬂem&ﬂawd-outpumofmhdmdﬂmrwaluaomthrdbnnomm
maemrgyﬁomﬂldemmﬂamroutpmamvesmthamudhcaummmnymphaseand
. Direct encrgy from that third location to provide a phase-locked ouput,



20. Ml ti-i nput | ogical OR If the threshold-controlling
signal i's smaller than the snallest of the trlgger I nputs in the
WD 96/ 18964

PCT/ US95/ 1628 96/18964 S | PCT/US9S/16455 5 |
t hreshol d deton arangenent, then the limter will turn on whenever any one
of the trigger inputs is on. As a resujd, the function is a

mul ti-input |ogical OR The.steps used in producing .the multi-input

| ogi cal OR are: mwmlo@gwﬁmmMﬂmmmblaWammS

as ORinp no aﬁﬁgl fr .said OR inputs
havi ng an ene%‘é%ﬁ S W energy SW% i nputs being greater than

t he s AIp dnuportarit luge of Ghetphase-ldcked ahtpuris phase-lodking oheywaye Gin wiltjandtheq wave
beam set when,gp wmmewammg oo iy trains 50 s 10t 0
t hereby providing a -1 nput ro ucing an on ou p't'ﬁmv\/nensoa‘{$ | east
one of $ hlosacinformation being W&Wl%@f%%i s
able to be us eb%vvlth and W|thout feedback I f no feedback i s used,

the sum signa I.s lar ethan,thethreshl w, |l he a ifie 1.
Mil tiple input bi S?QF&'@“BEFPg m“sgl’gﬂﬂﬁ’ef"g%? %‘k’? dfﬁllﬂf;?éﬁ?
when t he feedbﬂdkmgﬁ&lmofﬁcgm@nh@mﬁmmﬁmhmmmmmwm

on’ ml 41 pl o s BpREmte dolf 8 ety il & by e AR P AER P ool T

as pl acingl@ mmmmvemmmmumm(shaemwmmammqnm

Setting the tﬁﬁ.&s d:!’phgﬁ gnﬁélﬁ?ﬁf WHAR tile 58D ?gasm
two out of three or@ ree out ive, ﬂ%r so?r@b'gl“tm propo t1on of

i nputs has bemy%mw(wmmmWWWWMm ‘h?FP'-Fﬂzzy | ogi ¢
environments. 20 2%he duipft SdtPthe demodulator having the (a0dh Rdowh) Pifadel i tirdciSd Bk the t O

?:eggg\éi(dggaw i é of the b| sta,bl w% ga addi 52{"‘&{?&' de! @Med
i nput' s suchs acuguiscThe demﬁdﬂa&dteﬁ&tndns ﬂﬁﬁou@edmglmeheqinmeﬂhbawampmanpm
o 5 o, S Rl o B i
path to provide a MImofwommpMmmbmmmm
and the mumber of them being used, for that determines the resolution of the process.
Why would anyone want to combine two cw signals to produce a constant phase signal? One
20 application is to Jock wave trains together. Even the best lasers produce finite wave trains. That means
thatabtuptphasechangessomeumsoccurmthehseromputs which amounis to a form of phase
modulation.
Whenthetailendofonewaveuainislockedtodwsmnofmenextwave-min,théphase~
" locked output is able to maintain a substantially stable phase, or at least one that changes very slowly.
25 Substantially constant phase is necessary for the operation of high-speed optical computers.
These processes are able to be incorporated right into the feedback path of the laser itself so
that it will output wave trains that are phase-locked together. .
Multiple sources, even some non-laser sources, are able to be phase-locked together using this
means, The phase locking and filtering qualities of the present invention allow a sced signal, such asa
30 low-power laser, or even a high-quality color filter, to be used as a locking standard for extracting and
phase-locking energy from a thermal source, sunlight, or white light. Certainly, the present invention
will be very useful in spectroscopy.
Information extraction:
If the phase-fluctuating beam has been amplitude-modulated, the phase-locked output will also
35 be amplitude-modulated by the phase-fluctuating beam. As a result, information is able to be extracted
from one source, such as light from an optical fiber, andpmparedfmprmnsmaphase-lom
_ system such an optical computer. |
Whmmmbmmﬁequmy-modnlaed,aﬂofmephasedmmﬂamwno&wgethuwhen
the wavelength changes so that it is out of the combined bandwidth of the group of demodulators. Asa .



b. Direct the del ayedf edback beam set to provide the rset pul se,
t hereby providing a oneot fuction wherein the anpli ndud output is pul sed

on by t pulse, held on during the delay period b ack
si gnal (?ﬁ%@%‘ﬁa part of the set/reset flip 30 flop), dyﬁfgw'&s ed of f
after the delay period by the del ayed-fedback beam set. The
del ayed-feedback signal is in addition 26 any feedback that is used to nake

the original | arrangement bistable. Essentially, the one-shot ttige
turns t he‘ﬁ%mmeﬁ%ﬂ%“ able 1qjbs wapsferred owetite dévices dyiver

turns it mm&meﬁmbmmg aiplifiad Sodull@otlUt Y cycl e, because.

t he arrang S unable to be set, again unt|I al | energy has exited
the del ay pat h‘?)H‘T%ﬁI "%&’Gﬁo‘”ﬂﬂ%‘? bestFFhoRtsale di at eI y

gple? t he. ez:mh;teg Mmmm&m?k S|gtnal i s agle to b I

i ffeenkiate r.e i Q i scss eow
et ey . HdadBS ) edla Y Qe Bkl B hith s e S REH

of the tasks sMM@W@%M@MIMWm@RW o
for the many Ol srovidiig i duiphith modhialb Tpts cOfeaidlip td bt ot whng " 9 1 1

pl ace of the single
PCT/ US95/ Sebstaptially constant phase at the phase-locked output.

22 mmﬂﬁmfbed Cascaded anplifi i ers have the qualities of:

t he i nqjvi dual i fjers.plus sone ortant new features

Cascadi'Ng one Eﬁgm mm&@mmm%@ﬁ&‘ﬁy in the
nodul at edaceompliklieg by producingta défferential amplitude hlotulaced feboaibifingaieaqwdn, t he

et ro s clbonl el pBRE BtR . S ' &”l{‘éh%é%@m?h#e Sl (

provi des Mwhenthempwlsm mmmhmamlage;heemme@agdnbawahhﬂmﬂo be

power-ed Mﬁsﬂ ﬂr&kﬁi ﬁhrs# ig ﬁ f| rst
amplifier in the series t enhgecomes e coné I ng | n%ﬁ'f heé whol e

cascadd’ Peesithar type of conggolleg;y | evel input to the cascade will control
the nuch Iar gewltﬁ/ﬁ&t(ﬁ@er)cﬁdﬁﬂb&a@mishﬁnﬂ?%ﬂﬁmam&rom making the

smal | beamthe cant y ol f a er - The anount of
energy in the MW"&?%@"@@P%‘% Xi rmm | evel of E[err] =
E[err] 2[edr] nhetepmmdfMEmmmmfpmsha@gaﬁmewwmmdl&amﬂ i's

e i nput FoyctPtaC R plribd B erCAlE g oo kSR ool libbriCsin i £, 1

t he ~ maxi nihase|oppasite e firstghassuit put will be linited by the level of t he

ener gy- SUPp! Yi Bidech@a iierted gt ko Vat third locadbaCaded anpl i fier reaches this
limt, it wll_go mtog{s}gturatmn The . addition of nore energy into the 15

smal | i npuf wi Piecteneray. from ghat third lpcption iapredyce # Phasprpadulated e, s uppl yi ng beans
to be di vertemmgammwwwmlmw Owiieg di¢i verted
010 0 Pl B35 B b s e BRSO 11
25 setis off, mdcmngthephaseofewtgyamephase-modlﬂmdoutpmmchmgepmpomonﬂmme
amplitude of the second (control) beam set.
28. NAND.
Boolenndgebmpmdaformepmducuonofvanousloglcgmbyeombmngloglc
functions. When combining functions that use special interference, certain things (such as the carrier
30 wave phase) necd attention, as they have Do counterpart in electronics. As a result, this disclosure also
conmnsmmeaamples,soﬁmmwessmemonmcum:ssubsmaﬂyandclaﬂymgm
InBooleanloglc anmvenedANDoutpntproducesaNAND Thxsxstheptocedure
a. UseanyoftheprevxouslydescnbedANDﬁmcnonsand
- b. DuecttheatleastoneoutputoftheloglcalANDmtoalogxcalNOTmns,
35 thereby providing a logical NAND. |
'meNOszabletobeextherofthcpxesentmvennonorofthepnoran
29. NOR.
TheloglcalNORlsproducedbymvemngﬂletwomtstoanAND 'Iheproeedmeusedm
pmdtmngalogmalNOR:s



I nvention is: a. Provide a plurality of anplifiers connected in a
cascade series;. b. Cascade the output of each anplifier into the
second (conﬁhpg ggm set of the next anplifier in
and rOV|de at |l east one |arge beam greater than tﬁg secon
“(control) bean1set of the first anplifier in the series,
wherein the | arge beamis the first -(power)27beam set of anot her
anplifier in the serles . thereby providing control of the
| arge beam by & sn@® A%Bﬂﬁ¢b¥“ﬂﬁ0@¢?¥ﬂg energy fromthe | ar ge beam
t hrough 't he cascad&oﬁard firse logicil wammiewmdubam&umuﬁ fiesk béalhe

| ast anplifier of éﬁgne CF e series in response to the snaller beam
Since the |evel sew{ and; gnhal is substantially doubled at each

stage, a consi cler mammmmmammmwmmmmm

acconpl i shed. Sucr\,E?H‘QJl wWip he advantage of not 30 introduci ng noi se
into the si%gnal as ong as tﬁﬁae 'S no noise in the power beam and no

es,

vi brations in thereby ppadingiag a logical NOR. Gat ed anplifiers used to produce a
nul ti-input AND.  Ag common as these SRR bnd P inl the Q&chroflé Forlih iRy bive B&t bechSidnd N
all of the energy beamcircuits described . in_the present invention. If

the first typeoRfusiog enersy beqm ANDg thatnse special iwerfprencs, Agsiny fhe £rezgy
be gated. 35 while mdeting all of thé Hisiflf dnd ARCHATRqifembdiCToP @i¥Rkliviata Fers! disciosed Bértin! he

entire serje cascading is an excel l ent way of providing
a multi-i nipo %OAW% The steps are: 1. Provide a
plurality of | ogi cZue EAliidiveiOR fanctiomsafaboprive kit produceswh output having’a plisecmaidieted he
out put. of - eahud il C e bR bl FraHon™f3 SBAE! SRS bt S phdd Wil ind G $n O
PCT/ US95/ 16438 by itsclf, the output is of the other phase. The present invention corrects that probiem by separating) 3
the cascade S@rghgs-modulated qutput, correctidg thd aBd AYdnshidith lopddiaP Uithe

wherein al] of the first_beam sets of the pl urality of ioglogl cal ANDs
and the selSongediinbyildugan Exciysiye ORiif:st | ogi cal AND in the cascade series nust

be on in &1 daUse e phasé Bendulithis ofithe pRRGd inlsonpUt put of the last | ogical
AND in the cascad

les. .5 .- . Lf th b Ilfi dul d th
anal og i nf or ma¥'i o 2 r?eé‘&s%a‘m%‘%%?%“g vver o r‘gf@m@ub@hﬁsdw _

used as an anpli fynmg)lnﬁy)dnbmnondxmasdwﬁutrd@sustbmtﬁrdlocauon, The four
ma' n items needed ghQumtShdnt EQAiv OR ihfdl bédinGet tVing Wikabt lohébeam 3 B modiflitidC -
20 with binary information directed toward that third location;
d.  Produce destructive interference at that third location when the first and second Exclusive OR
input beam sets are on;

€. Dmctenergyﬁomthathxdhuummoﬁrstandsecondsudphasedemdlﬂmmmeﬁtst
beam sets of the first and second phase demodulators being of opposite phase so that the

25 amplitude-modulated output of the first phase demodulator is on when the first Exclusive OR

input beam set is on by itself, and the second phase demodulator is on when the second
Exclusive OR input beam set is on by itself;
f.  Direct energy from said first phase demodulator to provide at least one Exclusive OR output,

30 g DkeaemrgyﬁommeseéondphasedemomnawrmtheﬁxduﬁveORmtpmwhﬂepmviding

‘a 180-degree phase shift so that the energy from the first and second phase demodulators have
mamlﬁngphiusatﬁeﬁxclusiveonoucput, . '
therebypwvidinngxch:siveORhavingasubstanﬁaﬂyconmmphmouipm.

31. A Binary balf adder. ' :

35 : TheeryhalfadderﬁmcuonmpmducedbypmdmganANDompmasamyagmland
an Exclusive OR as a sum signal, from a common input. The procedure used in making a binary half
adder is: .

a.  Use the Exclusive OR of the present invention;
‘. Direct a portion of encrgy from the first Exclusive OR input beam set to a first input of a



- circuit

frequency determ ni ng device, and a feedback path. The present invention
provides the anplification. 10 The constant input beam set provides the

pover SQuhesrsdey directing the output into a delay path, '
pul se from§€1 e anplifier will be delayed for a certain pe%@%@qh"‘gtravel S

al ong the del ay path. This provides the frequency determ ning device.
By directing the out put of the del ay pagg back into the i nput of the
anplifier a feedba ath is established. . One or two ot-her t.hings,
t hough, are al® @dhuse the anplified output of a sinple 15
amplifier is nokecmyaﬁsm froRi ihb Sdchrid ExPiAiRCOR Mt h@ﬂnemws@%ﬁdggn
oscillation is s! art Aiil?t he above arrangenent 'is able t signed so
“as to continue® MMS:0r it is able to be designed so that the

oscillations dmmsmwwwmmonm asOsuiR)aHutd
sel f - stsalr#h gﬁﬁo}tﬁ"fo A?&)I nverter st be added to the feedback
0ge r e Yeeli

" then provides an inverted, delayed
si gnal t@%ﬁ%@@#%ﬁﬂlﬂﬂwtially t he anplifier 20" is off The

IC)EYSLE er Spgg?“a%ggcgkg | nver t e% %%w r eac ESOM& %I’ thg?l nput .

As a r esUeeded inglecaonics 1meémmympfmmuﬁmmmmmma turns
on, wai t&aﬁ@ﬂé'ﬁ?ﬂ&bwm arid 16! pladek Wher fnby WS Q‘E‘ﬂ§ Qsthe
deI aye si gnal ; P IIggycauseﬁbtthe f eedback si gnal is

i nvert _

t he soﬂ’e R bine GP%gy for the control input, and the 25 arrangenent is
sel f-starti ng,Amwﬂipglopbemapmmbeamnqinm fet hrdSres@fifipukd. AhOr Of f
and on . ' Lt her type of eci er ere As, .
" eaul ' iBinae-midilalf ol s sochR s o SREE Mo ko ek P A5 0 P, ¢ ne  (
basi ¢ anyitpuf. iléﬁedmdmismmmwyom@masdumm As a. -
Provi de qut%t @i %Tw g: ct i rst
golrtlon ;)f ener %ﬁ%ﬁw%MI&?R& It%idfgf:%ﬁ:ﬁ ﬁ’o‘ﬂ#@ﬁ%“‘& ong a

el ay Fatspesingd tirpp, slightlyrlongex-than theTkymgth pulses. This/insutee goodeans
i s abl e fsslidyer dnld fesét PuiSss! The kged above, or the Young's interference

t . Di t th

nvertod dbl aﬁmﬁﬁ% g P B e i i s am o et
anpl i t ude- nod ukpat #scvell as an on-pulse set inptf put OR and off,dvm31:5h t he secong :oeamoI
set renmai ni ng. the inverte el aye
si gnal |sn¢)n %ﬁ%%%%%’del ayed signal is off to produce

osci | 13 i on, &myide a clock begm set heying at feast loge gulsedeneigy beansof alirsating fitst anfl Secondr i Ng

‘the tine when J||atIOI’lIStO be gated off, . t her eby
produci ng energ eam osm |l ati on by successi veI y turning the.uninverted
output on % dfirst Gesspt intora figes inpyhof thefirst logicel ANR mepngy, beam

oscillatian bsoxburaﬂbaﬁuemememﬁnwauvdmefo)pmm tesapuBs! -
gg}ﬁggg/1645Qmaseeondpomonofﬂ1eclockbmsetmoaﬁrstmputofthesecondlogxcalAND 24
25 m' . .
g Direct an output of the second logical AND means to provide the reset pulse;
h. Dmapomonofmempnmde-mmmmmomebimblemmuonnougaﬁmdehy
 path, providing a delay time, and a delayed bistable beam set;
i.  Direct a first portion of the delayed bistable beam set into a logical NOT means;
30 j.  Direct an output of the logical NOT means to a second input of the first logical AND means,
" k. Direct a second portion of the delayed bistable beam set into a second input of the second
logical AND means,
thexebypmw&ngaclochedhstabhfnmnonbysemngdlebmblefumummgﬂwﬁm
35 pulses that pass through the first logical AND means when the second input of the first logical AND
means is held on by the logical NOT means in the absence of the delayed bistable beam set and the first
pulses are prevented from passing through the second logical AND means by the absence of the delayed
bistable beam set, then resetting the bistable function by using the second pulses that pass through the
second logical AND means when the second input of the second logical AND means is held on by the



Energy beamoscillation is able to be acconplished using any of the

anptifyi'ng conponents, I ncl udi ng the bistable and threshold processes.
Conponent s ected in circuits just as their el ect

_counterpartéy éég&%bmever each interconnection nust have theﬁgﬁﬁﬁﬁ%y“%%ase
and timng relatlonshlps i n order to work. 5 26. Phase | ocking and
denul ri pl exi ng. A phase-fluctzgati ng beam such as is the case
when beans fromtwo different |asers or other sources need to be phase -
mated, is di mmammm«wmmmmmmwmmwmms

of ° the phas g;efa% %aﬂ#ﬂlbishﬂlﬂ&mt which isGiveHsit} i oical KO8 2

gr eat bearlng on the act gﬂ epasggﬁ by each phase b

fil ter/demdtﬂ”a!sd?m@}ﬂ?tﬁ'%hsm’mme@mdul ators are provided in order to
glove;I |1? the ent ipDefaymp Qﬁtbiskhﬂkth llbiﬂﬁbehifed o ﬁthﬁbﬂh@ﬁxﬁrédwﬁomtdnﬂmaﬁmeﬁrﬁml |
enodul at or r e i fferen u ase signa
The out put & \ﬁﬁ?‘% ﬁ@%ﬁ%m@&%?%‘r%%#@? d'ffg g’q"m

i ndi vi dual ouﬁatﬂesdehyperlw phhm fhbbhtablatmﬂg)e&ngnhlablé kmmmmssecoﬂWows

bandBacs "¢\ S5 el A B e i AR SR Bt bt 1

when t he phasbckmﬁsemm&ngam&gﬂym mmmmmmwm are

180 degrees @ Eﬁmeﬁnﬁﬁf ldfﬁemeﬁmﬂﬁmﬁ . have a substantially
const ant phase ou ?ﬁdurlch time that they a?mat maxi mum Phase
adj usting ! eacl&@ﬂ”t%‘ prlses ofithe placked,bistahle srangsment s¢t forth aheve opustchs sharist ng

theminto a siah@eQele %W%%Wmmtwwm&blem% able

substantlally co st ant phae relative_to the, power . so e. of .the
control lers, biga ?‘Fg‘?ﬂ"ﬁot"ﬂ lﬁﬁ%@‘r“s&nﬂ m(ifébg@’lthf“ﬂ’&ﬂa 1S oyl

beans. As a wmhmstbéhﬁeﬂemeaources have been 20 phase-| ocked toget her.

| f the phase-fluc tin beamls at sub const lL.evel . th
t he phase-| ocked ?&?ﬁ}?ﬂu’g g&gg@*ﬁﬁ“‘t%ﬁ}% f%ﬁomfgﬁ%er

even t houghd tm&renmhnmactmdvecbcmlphu ©sulés o a ﬁtert positive pulsenﬂallwdwalaldyhy pmod

accor dance W'efpﬂa a{r%als& aaly ' be
on at any I ven | nst ant, lﬂ % tEg out But | rena on |f t he

input is anp mmﬁpeefamwmmwmtmmwﬁewm ﬁollowedby

anpl i t ude- NDQydnglofPeriod that equals the lengthfof AR RS @8 lshicd pufdé,SfolfdwRd Y £ shortt he
first Iocatlonész are able to be used for all of the controllers The
out put | ocat ¢ PhgsR QPPesye t oget her to forma continuous

band. An 20 optimmm@mamﬁwmmwmm@nmmmmdoso

(121 18, Skl RS B R ol b S R i P

phase- | ocked wiigh. mMMMwMWMMMnQMM fohe sane

phase. performing th L s HE BESQ DRl of
phase | ocking Is: ase dgérirybg‘hl ators of iwﬁ'e present

‘i nvention; shondelaypenomrmﬂe mwmmm Whes thesdelayed energy acgives from
Direct a parie@taPpadl oRB6Ks) SARE Bflts off the

0 Provi e« AP %g"f e?ﬁé‘tﬁu éte%?%g%#" BHEAR R Wi ch & G111 erent
phase of enerqgy; mmmm&w&mmmmmeth
romal - dent8dhay i e ey Uenlond T uily bl Fipmeve, tis putst 43h9 |
phase, and out of pliase witlDhe leading-pwlse.qy fromthat third location to provide a
phase-1 oclggd: OUL Pithe result is a differentiated pulse pair having opposite phases, which is produced from a
single input pulse. The advantage of such an arringement is that the off period between the two pulses
is able to be any length without affecting down stream components, while the delay period that
enﬂmﬂnsﬂwdﬂﬁmmnwdmﬂwvmﬂﬁnsﬂMawhcauﬂu&mﬂuonnmhdwlumuummmofmhn
components. Anexcellemexample:smthepmducuonofbmarycounters
35  Inonder to produce a counting stage, the bistable device must be clocked on or off on every
other binary pulse output from a bistable component that is able to have pulse widths of various
lengths. ﬂmfore,ﬂwinpmebck'isﬁmdiﬁetenﬁiwdmmmd-kngmshonpdsesﬁnbe
presented to the following binary stage. Because the energy beam AND means of the present invention
respond only to input signals of the proper phase, either of the differentiated pulses are able to be used



WD 96/ 18964

PCT/ US95/ 16455 ' 25,
ther.ebyvpa?f,fg,kpcki ng energy from the phase-fluctuating b

substantial 'y const ant phase out put having a substanti V@S%E'e%‘gfant

anpl i tude. An inportant use of the phase-|ocked output is
phase-| ocki ng one wave train wi th anotiser wave train in order to

produce a substantially constant phase output fromnultiple wave trai.ns so -

as not t @Y stonixadinstingthg phate;of the differratiatnd sigas) 1o marchtha meesied-by they ANBs.Gfke i c al
conput er Mﬂuineesﬁéndn@aﬂ?oﬁuﬁﬁelmj n t-he power sour ce.

The prin of .aper tLon S to provi enpugh phase denodul ators so the
sum of tﬁ%"??“% 'B M Eﬂ%’éﬂ’é COYHIRG TS arph e
fluctuating pt&e\mdmg gbmdry mmmmmmmumwme si gnal

wher ei ng onjy %E:Bﬂ §Sﬂ$ IQFX ven Because the
phase denodul at or's uce co "@{uu %Whelr out put

| ocat i on( s§-, twmmmofmmmmmawmmmmam y
the phase of (e RaNRhe oG Tocdhi6iasta .input is not of the correct

phase, the output wll be off (\_M-feﬁi n thé bandwi dth range deternined by
the preci s§-on fopdueingdegmictivecinterference using the binaryriggut beam et and the delayed beamyasich| at or

havi ng t he mtﬁwm@ﬂﬁuﬂm&nmﬁ%&hlﬂﬁwwwmo the . phase-Iocked
out put,.after hase | st .adjusted to match { he, phase of all the
ot her 1(9ermdul S’M‘s‘ﬁ‘ Hﬁ‘n%ﬂ‘gt Fﬁﬁgﬂ‘ﬂdﬂ%’,“ﬂependi ng
on the phake mwlmwmmmwmw\wmwwi ned
out put has a %M¥§% antially stable phase made up of energy from both beam;‘

The stability o e output phase depends on the bandwi dth of the
i ndi vi dual demma&mmcpthDMeﬂmﬂmdfMemgbmWﬂmt hat

det er m N@@n 1A AethyPide 10 cioel the tlolka bitaiiE ﬁ:ﬁ&m b%@&%ﬁ
want t co ine two cw signals to pro uce a constant phase isw‘gna e 20
appl i & leaging ppise hayige-a qonstany, uise trailing pulpe-hayiag ¢ congtans pulsenr oduce

finite thmmammmemmmmmwﬁm mes
occur r#}a%dllngatséeat out u&%gm?ch anounts to a formof phase

m)dulat|o he tail end of one wave train is Iockedto
the start of mmmmmmwammeqm hclmigqﬂlsektdiff&enﬁﬁedatfl eto

mai nt ai n, Rﬁds@ a‘g%h es very
sl owy. any ubst a t|a‘+y conh antmlg ase |s necessary ta‘h’&%rgatlon of

hi gh- &Bem peerl ont inte @, geowp of delay lines having different Jingths: 'l’p»somvsbs able ¢ behsed 00 be

| Ncor por grodiide ialfafurel ghises dr for laser itself so t hat
It will putpuyt wave trains that are phase-1|ocke 't oget her .
Mul tiple , even sone non-|aser sources, are able to be phase- Iocked

t oget her usi nmmmmawewwﬁkkmmﬁmlmwawhﬂw es of

even' o i S0 kT e e S e P e ey A i e g, "
ext r a@$ i puise hy thrning upﬁaﬁcaldabkpugd.eméﬂgym dneteinuymdmdsmdzddaynunhught or

white |ighirmbptbedi NIy, the present invention — wll be very useful in
spectroscopy. - o

Integration is the accumulation of energy over time. To accomplish integration with energy
beams, the beam to be integrated is portioned out into one or more delay lines of different lengths. The
output of the delay lines is accumulated at a summing location. To differentiate using this arrangement,

30 the delayed pulse is brought back out of phase. To integrate, the delayed energy is brought back in

The length of the input pulse relative to the delay periods determines what kind of waveform
will result. If the pulse is longer than the delay lines, then an amplitude increase will occur as energy
ﬁomthevmouspathsamvess:mﬂnneouslyatﬂxemmnnglomon. _

35 Ifthesevemldelayhneshavedehyumesthatmusebyonepulsenmeeach the integrated
ompntwﬂlbeasenesofpulsesthamablewbedose,mghmgethersoﬂm:heymﬂfumnonasa
single long pulse. In practice that may be difficult, because even the slightest break in energy flow may

 disrupt the process. The present invention cures these problems by using a threshold detector, a schmitt
trigger, a limiter or a bistable arrangement to provide a constant-level output from the varying-level



I nformati on extraction: I f the phase-fluctuating beam has been
anptitude- nodul at ed, the phase-| ocked output will also 35 be
anplitude-npdul ated by the phase-fluctuating beam As a result

i nf or mat i onW2%KP (o be extracted from one source, suchrgg’qspﬂws'?rom
an optical fiber, and prepared for processing in a phase-Iocked system
such an optical conputer. Whergit hat beami s

frequency-nodul ated, all of the phase denodul ators turn of f together when

t he wavel engtltlexmahwal so that it is out of the conbi ned bandw dth of the
I%rC(':I)';JFJngS/ Cligzggm at ffeRstingly, #frequency mmltiptier bR w%byﬁrstdxﬁermaungalongpulseandz
resul t, inf or%mmqﬂaﬁémmwwwn&% the figal weaveformething on andieff at a

transferred Getiendyogrebfty mm from anot her energy source by

usi ng elther fre uenc % or arrplltude nmodul ati on. Phase

| ocki ng is % pr oduci ng hi gh-speed connunlcatlons | i nks bet ween
opti cal corrpmeem,step n%udmgamwwwamsahﬁmmwm

syst ens. The addi t|ona S needed tqg.extra nodul at ed
i nf or mati on fPS‘Fﬂ"‘&%%‘?&“H L‘@TE}'R%F"’F mﬂm‘ Cb'mﬂ dlie- or

frequency-nodul ate the phase-fl uct uatl ng beamw th infor mat Lon to be

extracted, EQR# el | iide REgu gﬁ” Eude nodul at ed out put
cont ai ni ng that i n(frorma |onan§ avrvﬁ%lbﬂ substantially constant phase
at the phalfe- Ibckéuowmmhwofmmmmmmoeanm ator . 10

Phase encodi nge anchiRBARE arifilidé- Mbduiktba obpsp Wkﬂﬁ&ﬁ&tﬁéﬂﬂﬁ}ﬁhe
able to be . acconpl 1 shed hy produ0| ng a d| fferential
anpl i t ude- nodul at gam ey AEthe pext binasy, digit equatenin,the fascads serjeg,md ‘signal's

havi ng opposi t& pfm&mmé/ﬁﬂyﬁﬂﬁb&inkhﬁﬁbﬁr&%fﬁﬂuﬂymmﬁmm,uﬁ&mﬁ

conbi ned out put has.o when the other one is on, the conbined
signal has the opp q“@“p‘ﬂ&%%wgf‘ﬂ between it has a : conbi ned phase. -
The procedi$re for theniby providing ainsiryrceddites By cdnneking £plomality lofithe hinarg digit coumtkrsig ai S:

15 a. Maintain the first
( pover) beam%gg*&g%iﬁa s%%%%%e zero level; C.

Anpl i t ude- nod8d Sauere wave asciliatord (cont rol) beam set; d. Direct a
portion of the at ﬁea&maapmwm @W@Jgg@ a ViRES Of wive fdkins ieRidihg £ Bfe

third | ocation; Separate a por ener g fromthefirst

| ocation to ma&@ﬂmem rﬁmmﬂsw a bistable arangswent 1o, o
the first 20h3fodice oscillation. The prdcédufe Sfhae g dscillstortiiat t hird

| ocation, and rect ener fro at thl.rd location to
produce a phask- nﬂ'lfﬁl"ﬁg‘gdh’c?g?’ﬁg’mmg&“‘m rp’{‘ WP oduci ng a phase

nodul at or by clausiHuld theset gylseain dinteg the tins wielh agquaretveaveostitlation idte make place and off
aﬁgﬁn?hgnggzoﬁgant%m%w M%r}gwmfoﬂt he second phase to out put
c. Dlrectapomonoftheamphmdemodulamdontpmalongadelaypathwhchhasadelaypenod
25 andﬂnoughalognedNOTmspmwdmgadehyedbmblemgmlwhchlsmvmed and
d.  Direct the delayed bistable signal to provide the reset pulses, each of the reset pulses being
largerﬂnnthesumofthesetpulseandm&edbackslgml
' merebypmdmgagawdsqtmewaveemtgybeamoscmmrbymtedlymmngthe
blstableﬁmcnononoroﬂ'atleastomeﬁoruchdehypenod andmngoscﬂlauonoﬁbymmngoff
30 the set pulse.
36. D type flip flop.
ADtypempﬂopnsafnndamennlmantﬂmmabmarybnmpmmombmmsetupon
unningonanenabhngbeamset. The procedure used in making a D type flip flop is:
Use either of the set/reset binary flip flops having pulse set, and reset inputs;
Provide first and second logical AND means; '
vameadanbeamsethwmgaleastombeamofmrgymdulmdmthbmymfomanon
Pmdemenabhngbamsethmngalastombmofemgymodmmdwuhdmsmmge
enabling information; '
e.  Direct a first portion of the data beam set into a first input of the first logical AND means;

35

- L



25 set is off, and causing the phase of energy at the phase-nodul at ed

out put to change proportional to the - anplitude of the second (control),
beam setyg o6/1806£5: NAND. Bool ean al gebra pr%vi des _for _the
production ot various | ogic gates by conbining |ogic CIOPaeSS VWhen

conbi ning functions that use special inteference, certain things (such as
the carrier 30 wave phase) need attent3pon, as they have no counterpart in
el ectronics. As a result, this disclosure also . cont ai ns some exanpl es,
so that pr écesWﬁ!@P@dWﬂmd@Mwmamwmm@s;arly t aught .

| n Bool ean |Ogbﬁmﬁfbu@ﬂyﬁrmgaﬂ\|ﬁo?%ﬂb§m9ﬁi?ﬁ %%WI?@ANWMS

pr ocedur e: Use any of the previous y describ

and by, B’?"b‘bf"‘tm"&@f fhig suabling hearp s3t ingg a gpeond ogigal ANPo a

| ogi cal NOT nesméss, aﬂﬁamndpommammmawaimaaedoﬁghﬁﬁlofmé\h&mm

The NOIis ablgN{)o be either of the present invention or of the prior art.
29. Ncﬁ 10e85; The | ogi cal NOR is produced by inverting the two

i nputs to &n APiect dbivetppr afcledirstdogicaEAND means to provideihe sengulee, hmdgi cal NOR i s:

VD 96/ 18968  mirecsing. ' .
PCT/ US95/ 154550 recting an output of the second logical AND means to provide the reset pulse,

a. Use t he AhgrbyiprovidingsR-type bistable, fanstiop by setting or resetting thehistablefunctionf i r st
| ogi cal  NeBendiiaison i3 \claR B 812 dﬁmwseb&ﬁﬂmuwwcﬁ@aﬁﬁﬂﬁbﬁ&ﬁé gnfirst beam
Provi de a secon ogi cal

27

set of tgﬁ ogl cal AND, a NOT neans
havi ng'% #@&B@“ﬁ@a’ﬁ‘l‘%‘fw&?‘l"&ct ed i nto t he . second 5 beam set
of the | ogi calThApkiciples for interconnecting @9 Gibrei) arbWBE: to be

ﬁgt cgrenenr)]r‘t?gﬁgt hes I nt erﬁonnEct ions are.in ths eI efﬁl&@oébggll d, they hav'e

i nt erferMWMmmMmmemmﬁwWymmmmwg al |

ST szzrgsgmr el n. WWQ@MW@E% H‘%Xh%}c{mégar LS

functi nﬁmmmwimommmmmwmmmmmw

conmponen nput beam is on by itself, the output is of one phase.

When the other m i Itself, the out put I.s_ of the ot her phase.
The present N‘gﬁ%ﬁ"&m‘ &W atiooed foundagien for using, gpecial

phase- nndtnﬂmteed: mmrwm@mbmmﬁmpﬁawm&@w back
t oget herﬂe&ﬁu&&c%% USEed il bw la?:iqubean Iu | Lpim :
20 transistor.” :
TheenNessvmuyofwmpludewcesbudtﬁommndudelwmmcbuﬂwngblocksmabh
10 be duplicated using the present invention. Ifelecuomagneucenergyxsused,thsspeedofsmh
dewoes:sphemmnalmcompansontoﬂ:euelectmmcwmm : B |
Whenelecuomgneucmrgymusedmdlgmlphommcmmts,bothmepoweramphfymg
ﬁ'ameahmungMWOfthepmmvemmpmwdeamdemngeofusesthmmmmﬂy _
analogous 1o the use of amplifiers and Himiters in electronic circaits, and are sble 10 perform the same
types of tasks at a higher speed than conventional electromics. - o
Whenthewavepmpmesofelecmnbumsmusedmmepmemmvemon,&eespm
elecuomcsmmumthaperfomdw_fumnonsomhmdherﬂnarqablembeproduced, There are many
~ 30 advantages to the use of free space electrons, or electrons confined to spaces wherein their wave
~ properties are able to be exploited.
' Verysensmvemsunmemsareablembemadenmngthepresemmvennon. Forexample
smallnumbersofcermnsnbamcpmclesaxedlﬁcultmdetect. Byusmgastmmofsuchpamcles
_ asmepowerbumsetmmepmsemmmommummbmofmpmpmdesmmesecondbeamset
35 are able to be turned into proportionately larger mumbers of such particles which are then more casily
There are many embodiments that are able to be made using various energy forms. If the
present invention is incorporated into a radar antenna or X-ray machine, phase-modulated reflected or
transmitted signals are able to be detected. If an array is st up whereby each pixel is an amplifier of



a. Use the phase denodul ators of the present invention; b.
Produce a first Exclusive OR i nput beam set having at Ieast one beam of

ener gy nodul with binary information directed %P@g %ﬂ

| east one thir ocatlon - C. Produce a second Exclusi¥ Wg
beam set having at |east one beam of ener gy nodul ated 20 W th

bi nary information directed toward that thissd | ocation; d. Pr oduce

destructive interference at that third | ocation when, the first and second,
Excl usi ve OR the present invention, the owput|yilh he & eqmposite camplitude-modulated dmage of fhe geflectadiogr gy

fromthat thi fshahie@lalid br K phaderbiinREFinRES Phth Rt SiPRaios, HF HAWRRA5E! ndd®

first beam sets of the first and second phase denodul ators
matching

bei ng of oppolHaew IFAhie o becopstrysted by providing a “‘ahﬁq . COBYFTIFTS PR BRI 3T
of the first medmnﬁmmrpxﬂe&n@nmwmhe .SThe k! is! ruevfor Soltar when using

| nput beam get_is sel f .and, the second g?ase,de ulator is on when
t he second 3 m“?m‘&‘@e "ﬁg’o self;
f. Di rect energ?hdmmkueﬂoﬁmr&baﬂhmeﬂzwmme qugrmgyjmmmﬂlem

Second phase. gcHaf B bramps. que eotodimentiR i sctdle boh Wl Sl gl Y Bl

a 180-degree MMWMMSQ@WWNMMMMMOMM%

denodul at or s {ayRper media at these locdtiohss e Vkidd 82y fotins hrd SIEYo belimdd/ B ihtEra Witk dch
t her eby proyi d| ng_an Excl usive OR having a substantially constant phase
1Q 1 othex, Enfommpcon faaied by;ifferen requenciet gf b

ouput . 1€ SRS Spergiorm grg able to be
function i s piashtadomyon® by i¢)aidther”ND Out put as a carry signal, and

an Exclusive OR as su nal , froma co n_ioput. The p dyre .used in
maki ng a binary hawﬁﬁ%é"r% w B@‘S&Fﬂ ?P@“@%ﬂ”&t’“‘tﬁ
present i nvenconstructive and destiuctive ilferfeeonte s theCfitst” dovasiin of this

_ @mbimimmm:ienf
Excl usi ve OR g&a&h&m&tﬁ%&wkw%&mm wive will canse the méfn? R 964

PCT/ US95/ 1645
| ogi cal ANES rembediment tojcompress and degompress) @m%@nﬂm#m@m@w«m%

second EXCUSI ¥factbn dnPidla rlbGR Wifl Phasd-Rodula th fight bt Poing through Aol f"h‘sfjder

| ogi cal AND neans, t her eby providing a bi nar%ﬁ'
provi di ng t hels ﬂe%%%mmwmww sablp o beof the

| ogi cal AND adinplifiedcrighi/at @ié!poist of energy ﬁoaaoonoe,ﬁbﬂck signal for the b| st abl e
P LD e PP e i G & S8 AL S P ©
- 20 acousncalwaveandduectthegnhemdmfomﬂonmmaphommceompmmdeofmy
interconnected components of the present invention.
Cermntypesofmuemlsmcttohghttoproducebeat&equms Usmgsnchmatenalsman
embodm:cmofthepmentmvemonallowshglntobehewrodyned frequencynmluphed and divided,
even while the signals are being amplified.
25 Other types of materials are photosensitive to light of one frequency, while being able to cause
a reaction with light of another frequency. When such materials are placed in an embodiment of the
pmmmvemmmfomanoncommdmabumofomﬂeq\mymabhwbemfemdwabm
of another frequency.
Anytwpem:gytypuorﬁeqmmiesof&esamewave—typeemrgyisableto_beused
30 sinmitaneously to interact with the present invention by providing the proper medium for promoting the
interaction. The present invention is then used to transfer information from the one energy type to the
other by providing a sensitive, amplifying environment in which to make the transfer.
38. Basic theory of operation. | |
' Applicant theorizes that the amplitude and intensity of energy at the purely constructive
35 imterference locations, using the first type of special interference, are able to be calculated using an
adaptation of the standard vector sum of amplitudes method used with other interference phenomena.
muacfomnaformnmyhasbeendenved&omﬂwhwofmmandmdmmstmo

mcommgnys
That formmla is:

28



needed in electronics. The high-speed nature of the carrier waves used in

the present invention wll cause false signals to appear at tines, .
and in waogemoghere they would not in slower nedia, such ?i‘mﬁs?m 5
conventional el ectronics. A bistable flip flop tﬁg pr esent

I nvention is used that has separate set and reset inputs. An

anpl i t ude- nodul at ed cl ock pul se stream3fust be directed first to the set

i nput and, th t et input. If the clock signal is directed to
bot h inpq}s %ﬂ’nﬁ‘ﬁ'{ 0 %‘“unpredl ctable results will occur. As a
resul t, tmmmwmmmd to direct the clock signals to the

appropri E’Mﬂ‘ﬂ%%@ap““ 5 gates individually for a short tine
slightly than the en%h the clock pulses. This insures good
solid set and reset pul ses. The procedure i s: : ~a. Use either of the
set/r egelmmksiyp L) £ A2 - B emg&mﬁg pr esent i nvention that have an on pul se

reset ut as well 'as an qgn- puI se set i nput
Provi de f%!mh%n&m %wpfhmﬁe% ‘“‘P&“@F\Me a cl ock beam

set having at | east one pul sed energy beam of aIter nating first and .second

pul ses; rect. a first rti of I eam ge nto a
first i npufh”fmﬁqﬁgmf%wm% b ﬁﬁ%’&%ﬁ ? éﬁ ut put of
the firscenengf e (@m;ﬂcmﬁé%mhmnemsﬂhn)-f-l AsaDirect a .
secondygp econd
0 %ﬁl%%ﬁﬂo@%&pﬁﬁ@f%ect cafors d‘f ido the fitbrafd s BF .

| ogi cal AND 25 neans the 'second | ogi cal -
AND rrean&mtlﬁ“dﬁ ovi de the reset pul se; . Direct a portion of the

anpl i t ude- modth@és kaya abei phasd mtmwt@%mwe&e%&@mwﬁ&e&el ay (
pat h, providi del.ay t) % ?@3 ég ed bi stable beam set; _
Di rect a e, r}gﬂﬂ‘t'f dn=c ay tabl e beam set into a | ogical NOT
means; 3Mnthediarea: Direct an output of the | ogical NOT neans to a second

and Direct a

; f the fig
ISQE(l;'I[’I gpo';tleon 0 t%qﬁe‘f‘lfﬁ“ﬁ%&%@l?b@a%?@t%t’&més%wwpﬁ”’(S’f t he
second  amplitudes, which takescrinche phiselOf the dacgost of the two. If they areteinal, akpyalgsbraic sen isg a

cl ocked Rt "’?Mﬁ*%ﬁ* ng the bistable function using the first
35 pul ses th ss_throu t Irst . |ogical AND neans when the second
i nput of la& @APo‘gK%a AND means is held on by the |ogical NOT

means ln the mwmmmmwm&wwwomm

Fﬁlesg Mﬁa&é&ggeﬁ throu%B_;ﬂ] @?CO%&*{({?I c&ﬁ#g means by

bi stabl eAfauhBIunn by using the second pul ses that pass through the

second | g Pgl AND nmeans when the second input of the second |ogical AND-
neans i s he on by the - WO 96/ 18964 : -
PCT/ US95/ 1645When A is on by itself, theamplxmdeatlouuonllsthevecmrsmnofk,andU The
intensity is
25 (B, + UR

WhenbeamB,eomesonneombmeswnhmeﬁrsttwo aneeunslSOdegxusmuofphase
with B, and U, the totals of amplitude and intensity are as shown in formulae 1.
Formulae 1, di location for all of the interference types:
-'r--'r-..-n,q-un2 =U '
30 . =lg=(@B +U- 13,)z v
alsobysubsumuonweget. ' . L
=1, = A+ B 2AB =,=___(B+U_)’+B’-2’B_(B+U)
| =B+ 2BU + U? + B? -28? 28U
. . et |
35 - 'This is exactly what is expected because the amplitudes add algebraically, and the intensity is
the square of the amplitade. -

This indicates that the addition of an out-of-phase beam smaller than the first beam Ieaves
energy having an amplitude equal to the difference of the two. If it is viewed as the sum of three



29 del ayed bi stabl e beam set and the second pul ses are prevented from

passing ‘through the first |ogical AND neans by the presence of the
del ayed bi stvij9ehighggam set, which is inverted by the |ogical Npfrusos16d88NS
to hold the first |ogical AND neans off. Del ayi ng the bistable

beam before it is able to turn on the NOT, and turn off the first AND, 5
allows the first clock pulse to pass throudh to set the fIip flop solidly

on before that Jes .. after the dela riod. i ng t-he
bi stabl e bea fg‘t"e"%%é’éﬁﬂe Kegde Pup ptroppasite %%L’a“y‘ the

second cl ock mmdmmmamammmﬂmmmmm me period

el 00. ot her wi So. e ASPet imetoibedl oy Wilin i Al Bl 2

‘count er, eneregeysmbum wiissingcfroonth di areas appeantinitet cb apeast Anshown gbove, when twRmBeaA)

the cl ock BUlpSias iftériehe WestioVelyS bt %afabt&gaummtsaww&awlwst
be shorter than the deI aé eriod, addrtional carrier wave cicuit ry nmust
be added so ‘E%Q‘FY!E"? two uregual, - TR Egainder s not

?not her | bi st wnegtglﬁﬁmecoﬂ?ag@??wmu&gﬁmt ke, resit Cthie @dtmafning Rikdrgy @ WO b3
ong pul se t st be differntiate erentiating a
carrier mve%ﬂ'@'&% FaeTEy | Deoayse Q‘I’ %WW&%%%%H& tronic

pul se. 15 Di ff er eisiaaesulngone ispbleitd desaribe the ebargyniidchyis spperemtty missing fiom the di lawa bs

posi tive pl sw d by a delay period equal to the length of the

i nput pul se mnus thé-positive pul se,- foll owed by a negative pul se. The

anal ogous differentiation of a long carrier wave pulse results in a short

carrier wavegpi s cf ddal OWEd by a long off period that equals the

| engt h of the I nput _pul se m nus the short pul se, foIIovved by a short

pul se havi ng phasdn W5 rk vl‘g% yplityde of cherey: grriving)at a second location,

Energy beam WdufMMImlmmmwﬁmumamtsm oPtwWos ed

_beamlntoéwo . ﬁrtl?‘{l One portion is directed along a delay path
Lt G e

havi ng a differentiated pul se wi dt h. The del ayed
portion is then ragsnjwhes teaw B,vomes onitl edmbines! wilp the ificsn twal, Simcel i0is dud phase(with B; or
performng t I fferentiation. An output is provided fromthat
differentiation 1ocation(s). During that short delay period, energy is

out put as thB*@édlﬁg@%%&f@%ﬂmwwmmﬁﬂves from 25
the del ay pabbmmfles! ¥biah WfecoRi o6 P66 dupliBRAGHR Shuiont N di fferentiation

| ocation(s) which shuts off the t put As l ong as the input continues,
the di ffer@ntiated out B'uf"FeeﬁEﬁl o-th-ZB+ When the input shuts

of f, destructive interfesgpaapstraps Bjjougees ypnergy is still coming from
t he del ay path ThIS ener y s output as the trailing short pulse. However,

this pul se j 4s0y B¢ out of phase with the | eadi ng pul se. 30
The result is a dtzf-fsaremﬁataédzpnl se paiB+UAw By+eRPBetht e phases, which is

produced from a single input pulse, B;’h_ezﬁpgﬁa@t_@ge_’_gﬁz _§%§,}1 an arrangmnent
b

Is that the off period between the two puI ses e any length
wi t hout affecting down stream conponertt 48* 74BUe+ Uhe del ay period that
establishes the differentiated pul se vu.@gﬂu;u)zs able to be standardized to

mat ch the requirenents, of other nBonents An excel lent exanple is. in
the production of%ﬁé@%‘!’@?w WW@Q@”&W‘MQ
stage, the bisaﬁeatith&d@sﬂ@nmt be cl ocked on or off on every ot her

bi nary pul se out put from i,stabl e co nent t at abI to have pul se

wi dths of vari ousi s ’E‘m S YR NPT R Bas Spesey. 1 i 5 o 3%'1“5)

di f f er ent Bt beamdson, naSMQrbdmedodshguﬂx twhoompomkss&hmﬂtelseebdbumcqamsent ed

to the foll ow’ gﬁ,maq&g WPQ@ $o t‘hg
present invention respond on y to |nput SI gna S (?plt e properm%) ase,

eit her of -t hey igtersrence eRacthyt frem ths diyarea, se(
As a resuit, twoequalpamenst,nlandB, OneumefmmbumAandtheptherfrom

. beam B. The difference between the two is U.
35 In both the ci case and the di case, U remains unchanged. It has been called "undiverted®
energy. Appmnﬂy,xtmmmﬁecndhy&emr&reme&umuhngplmebuwmn,and&.
. even in the ci area. -
If B rises to become equal with A, Udmps:omabothplm Theresnlungmtexferenoe
image goes completely dark at the di location, and the intensity at the ci location goes to 4A% = 4B2,



WO 96/ 18964 _

PCT/ US95/ 16455 ' .
30 woOweasgep! y adj usting the phase of the differentiat QP

match that needed by the ANDs. The ANDs will respond to only one of
t he pul ses. The. steps used in producing this neans and net hod of
produci ng a binary counting stage are: 36 a. Provi ding a binary

I nput bea | ses. | on rthanthe delay tine; 5 b.
Directing a por%%%ﬁ% HP*8FGeam set to at [east one fourth
| ocat i on; ‘When 4 and'B e metceuat,theinagehformed ds dblean boviewddas béiiypehy suni T eivo beam

set al onguﬁgé gmgg l&ggggﬁwuélngg i Ie st _one
fourth 1ocation as %#aye eam set %’m"“‘&’“‘%roﬁ'gﬁ"ﬂﬁ“ tive

i nt er f er effiege wammmmwmmmmmm set at - .
the at 5wmngawqgm,p@uh the beam sets are on; 10 e.

Separating ene rop the | east one fourth location to ovi de
differentiat edkgé E? G‘ﬁ%‘mmmmmm m&mmmm ses
to provi cbrhhvﬁlwmksdﬁamaﬁmhbwm%mwmd%moﬁ :

t her eby provi n coynt er ich allows u e of binar I nput
beam pul ses | ghn‘gqg?ﬁ’gé %ﬁﬂk?hw % reamaegedifrst abl e
functi on “diyertsd® flepdmm&mr@m‘hwﬂmge Emwmmamaergytﬁbmﬁédnﬂmﬁe a '

const ant ey o 0419 by E’S&?'E%‘P“"?ﬁéﬁ%m i of ol el B ' 10

trailing anyway-ig theypbsence of jntegfersmcst abl e f uncti on responding to at

| east ONdn gfecihilifterRiidnS®S - . Differentiation is a very. effect|vee‘

way to build sequencer. A | on ulse is differentiated. If only on
of the pul sesqf ' éﬁfé‘ﬂ?’mmﬁ%“g'ﬁbl m%@#&mﬂ@@m% hem

The out puke mk:cﬂibn,amnbmyom@utom Thi® ocdur§ bkbiide ik behls aé shll

quar o €L sod e SRR o o & b, 2544 e o T

| nt egr at |1WWhmmmﬂwmmgemy beam equi vaI ent of an el ectronic
capacitor is thediedadinctidnd rd% anvE E?ﬁ” el th. At
sone later tinme the energy exits &g ay pa l%lﬂlsp process |5Xu'§ dto

di f f er enfieMofphse By se by turning it off after a delay period, and then

retrieving thmamwwﬁhwab&n&%w Most linfortantly, ﬁﬂQqu the pul se.
(0]

I nt egrﬁt'&ﬁ: Lhe ac rrullfltdaon of energy over tine. To acc ish
i ntegratio 6‘? “Yeans, the beamto be integrated is portioned

out into one mmmww ccukspagifubifig an fitkerference iaddpelids Of
i ng  t hicmd EerkRudls i Al o - B TAR) D% BB8 i, ° 00k oLt of - phase.
To integrate, %%WM?IMMQWMMMWaphase
B, + B,. It has an intensity of (B, + B,).
25 Again by substitution we get:
L =L = A’ + B? +2AB - = (B+U)? + B? +2BB+U)
' = B? + 2BU + U? + B* +2B* +2BU
= 4B? + 4BU +
. -(23+U)2 .
30 - However, U = Oatthlslocauon,producmgthelmpomnttelauonasshownmformnlaeS
- Fornmlae 3, ﬁrstmetﬁemetypemumetamphﬁmonorsaumon.
T, = 2B
I,--(213+0)’-43z
Asammlt,afomﬂafortheﬁratypeofspemﬂmrfermehasbmdenvedforbomme
35 amplitude and the intensity. - :
Thcwmlammmofenergymanyomapphmondependsuponﬁeuuofmandthemof
di,becmsedwymablembemdeupofmanymys,eventhousandsorbﬂhons_..ofnys_.'l‘hewul
energy is able to be expanded to cover large areas, or focused to small areas. The output characteristics
will be a function of the size, locations, and the ratio of output area to image area of the image



The length of the input pulse relative to the del ay periods determ nes what
ki nd of wavef orm Wil result. If the pulse is |Ionger than the del ay

| i nes, thenyayog§esd t ude increase will occur as energy frg@rhjﬁsyyﬁgg ous
paths arrives sinultaneously at the summ ng |ocation. 35 t he

several day lines have delay tines that increase by one pul se tine each,
the integrated output will be a series%f pul ses that are able to be

cl ose enough together so that they vvrII ction as. l e | aon
pul se. In pr MWM@ G@Bﬁfg %?“l%mb‘f'%ﬁ

i n energy flmmmtpunoﬂbﬁﬁumcdnhmwwmﬂpawwes&ammnt i on cures

t hese problens by . using a t | d _detector SC tri bed
limter or a bista é‘“&%g{%f""!"ﬂ” &7 af Eﬁ%ﬁ?"% t from

t he varyi ng- loversited. AsanexamplwaWMcommmerbmAmnmmmwdwlmonlmda

PCT/ US95/ 1 %émmf
i nt egr at edggr gna mn(wmmmmu“me?gstr ng';ﬁ ?requency °“Ft |a?)‘12|grlmdﬂt

abl e to be mdd@dwiatiZ rst differentiating a | ong puI se and del ayi ng
portions of it fOf’I‘hﬁU&ﬁEM@'ﬂd’Om%&dpﬁﬁﬁe:sQﬂ tittdbs dol'\Matlet BW mid\EER

turns on and off at equency greater than the main in uIs

34. Binary C(StEHPeF“‘h‘nﬂ‘ehm “&Wﬂ‘mﬁff’@“t m’oaﬁ'ﬁ%ﬂ%}r&m
counter by rmemmtwmmﬁemmﬁemmwmﬁmmW
flops in cascad erres e proc re king su

count er ral:0 %vm "nga%"ﬁ‘ﬁ%%ﬂ’e#ﬁgﬁ %H@%ﬁy%h
cl ocki ng; 1omwmmmwmmlmmmmmmmmmm@mn a
cascade seri g&gm mHBﬁBi' used¥ of each
binary digit unter to pr oVl h@nary I nput o faf %‘Bgm set of

t he next bi nmrmemwwmmwmemmmmm

Provide the phchg i iote bt cBRARISH iheQhiterdidiicd inagd Of the binary digit counters
in the cascade ser,ies ﬁulses to be counted, 15

t her eby pridvi di ngAal%ﬂﬂ%rW%WéF‘% (Goustans beam, theopipugwill jhe, angplified.,
di gi t count efhe éuipubamplitude Bubgedcuble iR smhifea of e M@LICES bi nary out puts

representing pul se,_count Sguar e | at o.r The
oscill ator descri Sq %%%Bﬁ@%%ﬁlﬁﬁi Mgf%l\?emfor ns
including a sémnpower\humWiﬂliim AIMWW@WMMM&MM

results fromgeo srmcﬁfnﬁ rﬁ%m;‘&%ﬁ”p Bt She sialids
The procedure used I N maagr ng the square V\glve oscillator 1s: omk%(bse

any of th&0amhegensuntome,she-output willhe swpnstant /g pmstershow highly B is moduiated, again withip)
Hol d the set EWO%W&WWWWM'WM
take place and ?theenetgyﬁombumAﬂlatlsabletobehasbeendwemdmotheoutpm

As a result, the amplification curve of the present invention is NON-LINEAR. Non-linear
optics that operate at the speed of light is able to accomplish many tasks that are otherwise impossible.

25 Amoduhwdwavefomwxﬂbehmwdandchppedumepmmwhuethemmpmbmsmeqml '
Second type of special interference:

The second type of special interference is also able to be viewed as having three component
amplitudes. The power beam (A) is directed to-the di location; none of it is directed to the ci location,
just as with the first type of special interference. -

30 The control beam (B) is directed to both locations. Forthatreuson,ﬂustypeofmerfereme
will not produce a logical AND in a single stage; however, it makes an excellent amplifier.

When the control beam is off, I, = 0, and I, = B, + U.

When the control beam is less than the substantially constant power beam,

A =B, + U, and B = B,. The amplitude at location 1 will be B, + U.
35 Formulae 4, 2nd interference type in amplification:
Amplitude = T, =B, + B,  =2B
Intensity = I, = (B, + B} = 4B
' ‘This is the same as with the first type of special interference. The difference appears when the
arrangement goes into saturation. When that occurs, the undiverted energy (U), which equals B-A



when the square wave oscillation is to be gated off; C. Direct a
portion of the anplitude nodul ated out put along a delay path which has:.a
del ay pewioadnsdss and through a | ogical NOT neans pepsekiigss

del ayed bi stabl e signal which is inverted, and d. Direct the 5e|ayed
bi stabl e signal to provide the reset pul ses, each of the reset pul ses being
‘large than the sumof the set pul se and® he feedback si gnal ,

tnre:“eﬁé ﬂ']ow hn’%]‘@%%?éd Sﬁuare \@ve ener gy b‘ﬁ‘%m O?hel I l@tlor yega%p at edI y

peri od, amdegubhhgnwhﬂbldamdmmqutmmngsomaﬂwmmmmémm 36.
Dtypefl'ph” _ _ A Dtype flip flop is a fundanental circuit
t hat storiess a c}lﬂnar b?t i nput on one beam'set upon turning on an

enabl i ng Frommisesb2nd aypelin stogtio’! i n naking a D type flip flop is:

a. Use gither of thmﬂuer.eqet_ Bl PE %G ip flops 4igvi nd.pul ¢ set, and
reset inputs; 35 . .. Provide irst and second Io I cal AND neans;

C. Provi de a dat a%%%'s = Byt By +PY 44T + AV m of ener gy modul at ed

with binary. lnwmoﬁrmmdmwnAmWﬁuwﬂew&hWWamwwng at

| east one, _beam.o ner modul.ated with.data storage enabl i ng

i nf or mat i gmmv“ws {:'ﬁﬁ'ﬁ ?“@ﬁ %E%Pﬁubgﬂfﬂf@?t into a

first i npdﬂxbld mwm&mmmmmm&w

PCT/ USQS/ 32

f. D%r:’e'c a secomoﬁ%n} on Wt(ﬁe d‘é‘f’?’ﬁ%‘a’"”%‘ét"". nm%gl cal NOT neans;
g. Di rect anAtazepif MWMMMMMWWMMM t he :

second | Ogiiefdtnod\WhinBP @& However, it belves likPYb@iig's ifterferdnsd wikd'Bl 5 ) AplikidiGon (

enabl i ng beam set into a second jnput of the first Iog| cal AND
means, aris St inted somewhat; bus it ig,pot ehippeds o) i ng beam set into a second input of
t he secorﬂoﬂwmm ND neans; . . Direct an out put

of the i rst al AN ans o, provi set
Direct g an oﬁgM 8"'1%%‘8’??31’“ M&ﬂ%d‘élwpeset

pul se, mmm@mmmmmﬁmmWIMemmmm

setting’ H&ufog ln&%ﬁ mkﬂﬁn% W% ?mgge state of
the data eamset urlngth&tlne en t na |ngbamsLeb? S on 10 37.
Ml ti pl e Tosulgted signal. The inputs, wpyld have fo e exactly out of phase in order\for the ci-Jeqationdta be or

[ ntercont.ﬁa /loeg@ed) conponents, described herein, are able to be

bt i bl oot ey CERFIESR N L AT S AL
sunmi ng, sizies. eMoso bticel atrmpémear, reli of aiiHeRging ol engrPy from fiultiple (poinfs of e elossy
o i ity A el il i ol i 1
sinusoidal interference fringe.
Ifthcamphﬁensenglmmdmlmludealargemmberofsnchpomtssoasmuseme
25 averaging principle, then it will have a wide bandwidth and will be able to function using a mumber of
input frequencies. Theomputlocaaonsfnncnonasxfagmnpofconnoﬂmwerephcedsldebysxde
each one using an individual ray set.
hﬂnscase,theontpmholemcludesahrgemmbuofwavelengthmlocauons For slightly
 different phases and slightly different frequencies, the ci location from each pair of input locations will
30 be at slightly different output locations. If those output locations happen to be within the area of the
hole, the energy will output. If they are not, it will not. -
ModernopncsmcapableofopmuonsnwwelengﬁmWwdeng&mmpmbeamsand
wavelength size output holes will produce processes that operate considerably differently from the
multiple-location averaging style of optics. The more precise the optics are, the more precisely phases
35 and frequencies must be in order for the i area to hit the ouput hole.
Wwdmgﬁmpmcmmwﬂcauseaphase—m&ﬂandmgnﬂmompmoﬂywhmthephasem
close enough to 180, atthcﬁxstlocanon.morderforthemamtohuthewuvelengthwompmhole
Theontpmﬁommamlogphas&mdﬂawdsgnﬂwmﬂdbeabmqmupmmaoccmomywhcnme
two inputs are exactly out of phase.



15 just sonme of the inportant features that allow the present invention to
be i‘nterconnected and used in conpl ex arrangenents.

.of these thw;slmxfnbeen di scl osed so as to provide a broad %&}ﬂ%ﬁ%@l&gf’for

"usi ng speci a terference. In view of the many transi st
functions described herein, and its ability to use - el ectromagnetic
ener gy, t he present invention Is able to bgorightfully referred to as a

"photonic 20 transi stor. The endl ess variety of conBlex

devi ces built fr orif sultiple frequensics ate used te pnly pes that will be Rble trlit theguiput hole willbe o
duplicated Usio3OmhtiRuch iRSPREierdgh gRothdy o thhel thedi Sochion TR thé iy MRledy, | S used,

the speed of such devices 1S henonenal In conparison to their
el ectroni ¢ count erdf&Tlt, cach method F‘FU%@H@PF‘;“% of amplifieyy
in digital pmlnawmﬁqﬁbmmmwun@nwewﬁbﬁw

ar e di r ct 1y dbe ool S (EiF o ef e el S e AP e it

el ectronic msm:lwdmn(mdwhmd)taﬂmlllwnﬂpmtémmthe same types of tasks at

a higher speed th gg&é I%E! &l gg;h \/%g@ f G
properties of el e?{l‘s gank are use |?HE presgnf | vent| rgee spgfce

el ectronic smwmmmnmmsbqumm thus, aabl e

to be producqgliery dtGigRaifirE abiPiddbe BihdRE ¥R RIAGES 1O the use of free space
el ectrons,_ or el'ectrons confined to spaces wher ein their wave

propertles1 ar e ablAcfreqyensy dixisigp denpuisiplexer is able to be produced:by, inputing the peams from different
I nstrunents WMWIWQB&&&WW its cDdt a QfRIH €,

smal | nurrbers of .certai ubat o rticles ar dlf icult to detect. By
Usng tr o P Ean 15ea Riged DraioR B s g B . ke cobore s

I nventi on, lemuﬁMmmmmmeaneﬁswﬂe
able to be t g {wget I r:glsgl 'ﬂ%ﬁﬁﬁyﬁ frgﬁ%ﬁde?'
whi ch are then er?g‘riengea [ i exam néséng e ere are ny aixf oo

embodi mentl$ MMMWGSMe using various energy forms. If the
present inventi on g §e sdnitl ik & dfebed 3 £ cotmion Iekhtich 2hé 5 Riinbief of foweingbR ekt Us&s,

phase- nodul ated refl ected or transmtted signals are able to be
det ect ed. | R hayinea different frequency i difireng locstion, -1, 8blg, 19, be arrgnged sp that

WO 96/ 18964 the ci locations all match, producing a very accurate frequency-selectable filter. All frequencies that
PCT/ US95/ 16455

the present PRYRA mwﬁ@w&?%ﬁ#wm&ﬁﬁnm%%1 gP‘ed

i mge of tmemmmmwmmwmmm ed

i mge. From gﬁl:ﬁih@%; are
able to be con tru%%‘g{ y Provi d| ng a ching arraiL/q oﬁ?{d quency
converters oMétWGMm filters arerapable of providing Fhe besd pelegtivity lof any kmov means

anplitudes t al wive R queddis s true for sonar when 5

acoustical energy_in the present i nventi on and, converting each pixel to
vi si bl e energy. These basic principles of operation produce functions similar to thé way el transistors

25 perform similar functions. As a result, the present invention warrants the common name phomc
transistors.” Even though the present invention is quite capable of using non-photonic wave-type -
energy, photonic embodiments are expected 10 become the most common in operation.
39.1hepxeseminvenﬁonpmvidesthefouowingadvamesinmeanofphotoﬁes:

a. A complete technological base for energy beam (especially photonic) computing using special

30 interference.

b. Mms,methodandappmumﬁorperﬁormg
i. Basxcamphﬁmon,hnnnng,andchppmg
. nasicm:eshaddemﬁm.
35 iv. Digital information storage.
v. Frequencyandphase-sensmveﬁlmng
c. Immonnecungmnsandnndmdfotmﬂmngemgybumoompom.
d. A clear understanding of energy beam operational principles, including:
i Multiple beam summing for function interfacing.



The present invention is also able to operate using nultiple differing
energy forns in the sane | ocati ons. For exanple, one enbodi nent is .
able to 1§84 DOt h acoustical waves and |ight by orienti #e i nput
corrponer'{‘t’dg%/or each one so that they have a commobn poi nt 1’%&"553?’5
separation, and given the proper nedia at these |ocations, the various
ener gy forms are able to be made to intderact with each 10 ot her. Likew se,
information caried by different frequencies of the sane energy formare
able to be I trafepiEptopy opjtkedusney eneliolancy to anot her .

Ref | ect ed ul trxa.soniwmainmaﬁme essentially nodul ated beam sets,

capabl e of praqduci constructive and destructive interference at the
"first" locati'tn of beam iR on enbodi ment . Const ructive and
destructive i m erf Regenemtiveifeetdbagk.acoust i cal wave wi |l cause the mediumin

t he 15 sembodi pent tﬁ!%g%gﬁﬁﬁﬁuand deconpress. Charging the density of a
medi um changes itsin refraction and, as a result, wll

phase- modul at &t he Bffegtiof mpiataining ohnbpamiconsagth it. This phase nodul ation

is able to beyfsed digiiedibyy O in cooperation wth a second beam so that

the effect is_ able to he anplified right at the point of energy form

conversion. - X Saturation. The result is a super-sensitive m crophone which

is able to detxect s changes in the 20 acoustical wave and direct the

gather d informati inta a photonic. c made of many

i nter cgnnect ed- con%gﬁ&ﬁgﬁ’g F@?@ﬁ%ﬁ&éﬂh on. “Certain

t ypes of erkstablishal besic mathematical wof@mmmmmqmwga&mmm such

mat eri al WWEWI ment of the present invention allows |ight to be
ne

het er ody requency nultiplied, and divided, "~ even while the signal
are bein§ WWWMWMWW&MWW

phot 0sen fophd, ve to light of one frequency, while being able to cause a
reacti | i ght of anot her _frequency. Wien such materials are placed in
an errt}ng\rlxé ﬁB‘F"9 %@@Mﬂv@ﬁwaﬁwmwmmm%&a beam
of one fwmwmhlmmmwmaéwﬂqwmﬁmam anot her

fr eqUENCY . peapiish e es or frequenci es of the same
wave- typ%l energy joperational sf%hﬁ a'é‘{]‘ﬁff%"?y“‘[ﬁ)%??‘a W W’fh the .

present beameircuits so et ther comingi tegm (' photopic eppmsistors® okillibe fightly gppliedotd ihe preséne

i nt eract jyolwoplne - present invention is then used to transfer information
fromthe one energy type to the ot her by providing a sensitive,
anpl i PYih %Mmmmmdw electropiz fumgtionisc t heor y

of oper at i On. The foregoing benefits 47 e/ predétit @aﬁeﬁmewmléﬁdﬂﬁm
i ntensit f ener a.t t rely constructive, 35 ipnterference | ocations,
using th g'ﬂ"g’gs f‘%é’"ﬂ? %@&MM&%&W%@?@%M%| at ed

usi ng anabstract widehpolidw.on of t he standard vector sum of anplitudes nethod

used.with other interference phenonena. The basic formula for
intensity has been derived fromthe law of cosines and considers just two

i ncom ng rays. - That fornula is: WO 96/ 18964
PCT/ US95/ 16455 _



34 A = anplitude of the first beam = anplitude of the

second beam Theta = phase difference bet vveen the two beans.
Intensity =vovefdegs’] + Blerr] + 2AB Cos(Theta) The Tot

Tlerr] = squarg root of I, just as Alerr] = the intensity of arﬁ)@ydmg
At the center of the constructive interference (ci) area, Theta = 0, and
the Cos(Theta) = +1. At the center of 4lhe destructive interference
(di) area, Theta = 180 degrees, and the Cos Theta) = -1. As a 10 result,.
the vector sumof two anplit JARIEFRESCRIETION OF THE,PRAWINGS | 5o t he

al gebraic sum of thﬁmemon&mpmmmhuponmeéﬁh&nﬁbﬁofﬁ!bﬂaﬁ?;i n
phase in the .are h as .th phase a result, the,ci
intensity for a@h! &'FM %}ﬁ“ FRTEY beAm gngjes and sizes | |,
the di area: at&&aggemwdsoastoﬁmdéum:yaymamdiml of phase in the di area, so
that the vegtor %DE lﬂ”;g[sgﬁ ﬁ;ﬁw; “anpl i tudes, which

t akes on tﬁ% phaszﬂ%f ‘the large If they are equal, the

al gebral c sumis Figs. 2Adhrongh 2Ec Controfilinghotagionsdn fivestatess i ty becones:

[err] o Aterr] v BEom omubffaig bl ofd rGhchl smerermce Tﬁﬁﬁ%ag%ff
condltlons are al sogable to be viewed as the vector sums O?Od% ree dif erent
mmenef

rays, 20 which wi |Fig78. Camofiercpsing both typesmf
-Blerr] :B[err] Fi@@@'bmidll Srsliypd 6 PREE

A=B+ A tsel th g | ?13 t | t 1
= is i tse e anpl.i tude, a oca i on
is the vecfoor sum T§- 28 &pppo % b"‘gﬁ@& Mifm%@ﬂ’(

Ulerr]. Fig. 2E. MWMWMMWW@MW&e first
two. Since it is with Bl[err] and U, the totals
of anplitude and ?ﬁgengg{y MS 'W%pvm '™ or nul ae 1. Formul ae 1, di
| ocation for all dfig.t3e Iiveree hivingdathdnpuy hraws on. : Tlerr] =
Tlerr] = Blerr] + g4 Q[‘g?mw Fil I[err] =.1[err] =
(B[ err] +U- B[erﬂ# [err L’ierri malso by substltutlonweget
ITerr] = 1¥err] = Asiplifiers.o o =(B+tU)[err] +
Bl err] - 2B(B+U) an 6 BlsubleConﬁgmuonw:thFeedback | - = Blerr] "+
2BU + Uerr] + B[%r] - 2BU
= Uerr]. .35 8 Iifé"%m what is expect ed because the anplitudes
add al gebrai cal | y,Figirsd SninmationtVeeceesst y i S t he square of the anplitude.

Fig. 8A. Threshold Detector input/output waveforms. ' '

20 Fig. 9. Feedback in Threshold Detector.

Fig. 10. Schmitt Tnggu' input/output waveforms.
Fig. 11. AND and OR Threshold Detecuonmputloutput waveforms.
Fig. 12. NAND Logic. '
Fig. 13. NOR Logic.

25 Fig. 14. Exclusive OR Logic.
Fig. 15. Binary Half Adder Logic.
Fig. 16. Clocked Bistable Logic.
Fig. 17. Binary Digit Counter mputlontput waveﬁonm

. Fig. 18. Binary Digit Counter.

30 .. Fig. 19, Binary Counter and input, intermediate and output waveforms.’
Fig. 20. Oscillator Logic.
Fig. 21. Square Wave Oscillator/Schmitt Trigger Logic.
Fig. 22. D-type Bistable Logic and input/output waveforms.
Fig. 23. Demultiplexers and Logic.

35 Fig. 24. Multiplexer Logic. '
Fig. 24A. Multiplexer input waveforms.
Fig. 25. Phase Locking Logic.



This indicates that the addition of an out-of-phase beam snaller than the -
first beam/| eaves energy having an anplitude equal to the difference of.

the twowo d67igw6d s Vi ewed as the sum of three WO

PCT/ US95/ 16455 PeR/USIS/éass

35 beam two of which are equal in anplitude but of opposite sign, the
third beamis equal to the anplitd4de of the energy remaining at this

| ocation after all th S ) The process .of |
i nterference rel ocat ei’ﬁgﬂwn&s?’ﬁ&egﬁ?%é"ﬂmg equi val ent anount I

of én’élnegysitmrgyibmmlhg fromthe di areas appears in the ci areas.

As shown abovgy, W%Umgxw um?mp ggﬁhgi garihfzﬁi el ructlvel not all
of the energy In the areas"is re ocgl? <at ol X”

r emai ndemmwm|wmmmmmmmmm| beans.
Thi s rgmsadﬁhmmmmbﬁ%&sﬁ&w&ﬂfs%k&(ﬁ%?mﬁmwﬁ% the

d| | ocati on a result, this remaining energy is a cal |l ed

"undi ver # &gondheam ssb (2) 9 at Jepstone other bean, of caprgy. that #re supsriawposed atcat jeass oms locatiams by
the int e(ﬂ)ﬂhﬂiﬂsﬂlumon.oneofeachmswﬁn,?l tLﬁle:js@B&'MHa?mt el %Eétd?ﬁ the
ener gy c Si areg ' iverte
ener gy. Whguw&%hﬁ&%éﬁg?@&”b&" those it the case of Young's
type int erfermmmmmmmwmrmmmmeﬁm&mt ion,
nanel yqt able t o, he
consiggrgg as t ﬁ@u%%m%@ﬁ%?%@[ ?“ﬁA“'Sﬂ‘a*"tﬂ (‘8

Agai n, mﬂ@ﬂnbm%msnmwb@m@s Emghﬁom&cfumwmﬁnnce it

I's in phaspovide st Beabls fﬂwmﬁ Fneti:ﬁ s t D
total s 'I'lgy I| (gge and intenS|ty aroea own |n&%orrru aeiu _ Forrrule‘e
2, Young gﬁ'ﬁ'é‘r faDy; and QReTaie ip pmifony her anplification or saturation: 20

Tlerr] T[erAilszédﬁubimt*sebhtor% this Sase’ En dpalyhe mask, prevents g;lyfromlocmumI [err]

= | 2B
sub[ster§u(tsfon \i\% panoftﬂ%} erl[err]( = IJr[g)rL]err-]A[err] + B[err] +2AB
=(B+U)[err] +Wmmwmmmmmgeofm;ﬁmwpeofwimgme,mof

Bl err] e ﬁ*ﬁm‘éhfér 'bim*(l?% (35 kel oh by #6ff'1s GiRected to location (3) and stopped
®)

= 4B[err] + U+ Uerr
= (

2B + Ry)magk {6), and output iso&.mopﬁcsdomtdimctenergyﬁom.éidle::beammwardslocadon
(4) or into cutput (5). : : : '
20 mmmmmmmmm&mmmemmwmm

beams arrive individually, including location (3), when both beams (1) and (2) are on. If beam (1) is

on first, and then beam (2) comes on, less than or equal to the level. of beam (1), the total amount of

energy in the di area, including location (3), is reduced by an amount equal to the level of beam (2).

More than di occurs. The energy does not just go away. The law of conservation of energy

25 requires that the energy which disappears from the di area mmst appear at a ci area, so that an entire
interference image is formed. The ci areas are labeled as locations (4). .

The energy which is diverted away from the di areas, such as locations (3) and into the ci
areas, such as locations (4), includes energy from both beams (1) and (2). If the beams are of equal
amplitade, then the amplitude at the locations (3) will be zero, and all of the energy from both beams

30 willappearatlocations(4).Whenevermtsy_appﬂrsatloqﬁoma),it_conﬁmonin;omupmﬁ).-

If beam (1) is larger than beam (2), energy with an amplitude equal to the difference between
(1)-and (2) will appear at locations (3) and be stopped by image component separator (6). The
amplitude of the energy diverted into locations (4) will be equal to twice the amplitude of the smaller of
the two, in this case beam (2). Al of the energy from both beams is diverted away from the di

35 locations (3) and into the ci locations (4).. -

Iftheamphtudeofbeam(Z)mcreasessothatmamphmde:sgxumﬂnnthatofbm(l),
amphmdeoftheenergychveaedbymerfereneemowtpm(S)lsequalmmeetheamphmdeofme
smaller of the two, namely, beam (1). 'The intensity of the energy, or power per unit area, is
mmﬁmmlyq@mhmﬁmmm&amaﬂt.mm&wkmmammm



This is also exactly what is éxpéct ed because the anplitudes add
al gebraiccally, and the intensity I's the square of the anplitude.

In this cas %9* 496k S type interference has energy directed t
| ocation Whgl”lo onl'y one 30 beamis on. It is able to be vi emedgaskﬁgs\'/llféﬁastv\o

conponents. WWen the second beam comes on, energy fromthe di area is
diverted into the ci area. As shown above, 43 he anount added to the ci area
by interference exactly equal s the anmount renoved fromthe di area.

As a resul t, (Duis cither of the inpyt deamsiby thempeives arlocatior @Bk orr]. One cane from beam A

?ndbtthﬁ ?Lher fromwmamawwwmwaﬁmm
n Do e CI Sg a e I, case enal NS unchange as en
cal l ed "undi mf“% 78 ﬂém [“F;P“l M ﬁ'ﬁ

interfer encem(s)ummwmwwm&mmmwm m\mmm
the ci are I @91
zero at bo?h pfngeggg ﬁ“é resu?#"%ﬁ er e%%% goes corrp?

dark at the stirffategeat i on, and the intensity at the ci |ocation goes to

4A[err] = 4B[err] 1 »
PCT/ US95/ 16455 beam ( )EWW&WE&’MW and the level of beam (2) fiuctuates, or is

36 - W@M%MWW%M%W@MM@M#WMME
When A and &ﬁ@mmmwg cgs able to be viewed as being
e inm

the sum of _two s th er rence I ma or ned by
portions Bferr] aWﬁF@P&fW%@% ‘EP""F‘Fem 5’@\“\9 %F‘ﬁﬁ@g?
pattern. Theofuuiper (5) Badenction of dRAAS] GEidenhodalaed inpitay bea (mommwmhnnge

Uarr] P gt modaifbayine sl e il e B seum 2, o v VRO,

beams, can rthgpmoupt ¢fenesgy.| ed "undi verted,’ for it arrlves at the sane
| ocations and i-n §he mﬂﬂo & W q,g“ agnd %ﬁﬂ ttada® when
Blerr] and B err] are r gh 1%; ca verte eZerlgsy ecause t hi swenergy
has been A%al as'39; anplifies.The igralisd the rcoptral beagyic o

i mage. Inthabauwmm&h&vﬁﬂaf mt&mshn&nma béa& byliblertbirensy, t €d i nto
the ci location t conb ne w n_equal coptri onfromt e oth am
that will arrivei)f MH?M ‘%FF MM B wBle

I n speci al imma&ayaﬂﬂkethcleve!ofthcpower hﬁ&ﬁoﬂmmmmmﬂdwavefomls '
i nterference,. e i nterf S Nno ,Co t.

the ci |ocatl %2‘%\5 bﬁ%ﬁgﬁgfﬁ’& %%Ng%l rs'%e%ngﬁé% @%M%beamé
are smal | anmmdwln@ldmmw¢m$mmnmummm y o

toward the di |ocghd @%?ﬁqﬁc%hs rb%ﬁ%hﬁ"wﬁﬂ]ﬁb@
where ci wl| eventua y t ake place ar ea functlons

exact |y as diedsrsiend montfully mrﬂymlmﬁ%Fw Gfh-2D agg aneoergy
the out - of - pmseo&onerofmeﬁmmpe,m&h | the xS AypeDE speélal Giérfegirce. N the absence

of interference. I\/bst |rT&ortantb&cMs ghowanlgSZA 2. Angies in the figures are
25 exaggerated for clarity. In this discussion, "beams” are sets of beams or rays that operate in unison as if
they were single beams. Such beam sets are able to have muitiple Jocations that behave in unison as
described herein, but they all function as depicted in this close-up view.
Two input beams (1) and (2), directed to a common location (3), along with location (4),
output (5) and mask (6), are depicted for four states. Fig. 2A state shows the state when both input
30 beams (1) and (2) are off, (as indicated by the cross-hatch). Energy does not appear at any of the
locations. ‘This null state is important and occurs in many applications of the present invention, -
especially digital applications. Output (5) is off. N : .
Fig. ZBsmedepictsthestatewhenbeam(l)isonandbm(Z)isoﬂ’ Energy does not
appear at location (4), because the energy is purposely not directed there. Mask(G)prevemsenergy
35 from reaching output (5), so it is off. - : _
Fig. 2Csntedep1ctsthestatewhenbeam(2)xsonandbum(l)xsoff In this state, energy
does not appear at location (4) because it is not directed there by the optics, so output (5) is off.
" -Fig. 2D state depicts the state when both beams (1) and (2) are on. The beams are
superimposed 50 as to produce destructive interference at their common location (3). Mathematically



20 "undi verted" energy (that is, UO0). When the second beam
(B[err]) conmes on, interference occurs producing an interference | mage 1t hat.

the di |ocat B - B
remveSﬁﬁ%ﬂMrom e di location, (Bferr] Lerrl), e‘g-"‘\cﬁ"ﬂ?"5}513%1%’0nls

resi dual energy. The energy renoved fromthe _
diverted into the ci location as Blerr] + B[err]. It has an |ntensrty
~of (B[err] + B[err])[err]. 25 Again by #ubstitution we get:

S0] = Sk Sk Wbt Phe by 245 b i s il T SR | 5

+ ilJ[BFr r] ]Uoﬂfieeﬂs‘is dxb?ﬁ{d&ivﬁﬂ frong Bchtion (3) and into location (4), whexeconsnucuvemterﬁueme
err

4BUJ U
(55" Liken 3. 354 Bkl o e g i e Pl 2D P 5 e i GRS B g ¢ e
i mortantmmmmwmmrm@mmmm o1, tpast mask

interf l'ification or sat uraati on:
%@E%%W{t(ﬁm (2B + O)[err] = 4B[err]

T[err] I[err

As a result, oBm®s()pad @nare shigtoibe very mmﬂpwsaﬁmmﬂerm@nm&s been
derived fguels?t holbfifn3Bed@tl)iahdlE  aré Ao hEiSto) U (pRijeRied Ymages produced by segs of 1€ T Of 2l

anount of ener%/ I n an {g e applicatiagn degends upon the area o cr and the
area of é@ﬁﬁ'gé' N state Egs.c2B; apd 0%, including fosg proguced, by hojograms,, oy
t housandsD-ﬁingbuadelFig)lzB wmmﬁbmmammﬂmmﬁwwmamme expanded

to cov ar eas [ focused to re The oyt put characteristics
will ?da”%é%'%%w ﬂﬁ%@ﬁ? M#ﬁ! of output area to
i mage area of M(IMZ)mﬂsoablemWofmmplex nmlnmputdymnncxmages

PCT/ US95/

corrponent( Sépar at or rei ati vga? ?H r%ge '&wfrr B&% I on wmpmr?er gy fromt h(
ot her parcPEpPegenty MWMWMF@MW@WOQWMMW to

t he overauonpmm@tbseéoﬂa&umm simultaneously as different CORpbddTi PadetCE Of

t hese Ls?é,g’llr i‘sto t he process, of i fication and limting cannot be

over st If@“’“‘a“'!?dlb ially constant power. beam A that is

di rgct ed to Immoﬂnmmhepmﬁmmm:mh(d)ml Bo(w\hiy' @bnmm ﬂoﬁﬁoﬂﬂ? A) "
produce QE%EI%ESV C, ns an : an
ci at 2. %Qto he g%ﬁ&pﬁ%d'%t ens?'f?y g anpl itude is

2B. |t d@impligity; am:emmmmvmmmmammmmmwae limts

of the bRQakAVW) 1 bechide the Bl $5) r lng ¥ai cally change
t he arrangerrent Energy di verted | nth 21?re out | rec ?D proporti onal
to the®¥%ontrol °MWW“WWW{%W( m%mbam greasontiof ude

modul at e@hasé fdocation(B) (whith | SfLoREE) b irdquineii Procuditg di)la.\aqumsmgm When
' these conditions are met, alloftheenergyfmmhothbamwﬂlbedmmdxmotheconsmve

interference areas at locations (4), in phase, and on into-output (5). When these energy beam controliers

mmmmmcwdwimmmom,marﬁumm_mwmpnmdwmwetwolmdom

25 (3) and (4). : : _

Thephaseofanmpmbeamnsdeﬁmdasbungusphaseatlomon@)whmonbynself
(unlmsotherwxsestated)Asa:esnlt,beams(l)and(Z)moomdemdwbe_l_SOdegrwsomofphase,
with each other in order to produce an output at output (5).

nephaseofmoutpmbemmdeﬁnedasbungthemastheeomhmdphaseofmgyu

30 location (4). When two or more controllers, or other phase-dependent components, are interconnected,

. their positions and optics are engineered so that the needed phase relationships will occur. For
example, if the output of one controller is directed into the input of another controller, the two are
located so that the output measured from location (4) will provide the proper phase of energy at
location (3) of the succeeding controller in order to accomplish its design task.

35 The precision of operation of Figs. 2A - ZEdependsontheto!enmesusedmptoducmgthe _
optics used to produce it. Ifﬂ:emluamexshrgermanwavelmgdls:m.menopmuonwﬂlgmmny
be broad band. Ifmewlmmetsmwavelengdlm,mmwbnndoperqnon;sfamkm Broad
band applications function the same as when many narrow band controllers, with slightly different band
passes, are operated in parallel, that is, when multiple precise locations (4) exit energy into cusput (5).



twi ce the anplitude of the control beam The energy in the information
carrying portion of the out put waveform has been doubl ed. Unlike the

anplifier o prior art that uses Young's interferenc ent
i nvention d égﬁb&;{)r oduce the residual -output U, the undi ver?ga;‘{gg?@%gi

energy that does not contribute to the interference inmage. 15
long as the nodul ated beamis snaller than 4she constant beam the output

will be anplified. The out put anplitude is always double the smaller of
t he two. mmmmmsmmmawmmmmmwmm
beam ri ses abgigel-ReThe it ?’&Emp@ n*lo&r@rﬁn RAs for
any given |nstant the out put \#I?ﬁeabt) e sha (a)@ t>°°v\o I t
is the sane a Chl ng the beam nanes |n t he forrrul ae above. Because the
smal | er one i§ Wthe output will be a constant 2A
no matter how hi nodyl at ed, ain wthin ‘the real mof not
dest r oyi ng nndHPé‘Hﬁ“i FPETFX ffom ong, of the beamy to;appear 18 the optput

"sat uration. "wMuMbmmm:mWrmwmmmgsammmup haeFigeen
di verted int out put .. . As resul apli fication ryve
of the prese%%@#%\Wfﬁv&%%ﬁ%gw&%gﬁ%%?%a%‘ﬁﬁ%
at the speed mmmwmm(nmmmsmmmSnm suck ingerferenosi se

i npossi bl e. anmﬁt Bjﬁg]lm Iﬁr&&mj ?ﬁg" i pped at the
poi nt where two 1 hput beans are equa m§ con type of speci al

i nterferend® 'Ihsxsanenersr conoligr of the-seeond type Botly a4 parow band 5| 5o
able to be VI bk Blo@fedONPONENE anpl i tudes. The power beam
(A is dlrecteqﬁto t d Iocatlon none of it is directed to the ci

| ocat i on, égamth the first type of special interference. 30

The control beam (Bbomuabfﬁeuﬁdqpowmbmatmmﬁmr Whebbeain© (1P axid, (2) dfé S

type of |nterf \M.|| not produ a |l ogi cal D.in a single a
evar, 1t BB e ioe toforpitth, ey S besr Gifin &) gt ol sy oAy

beami s of 15 whe both beam§ (1) amti(2) §re on.] %etBﬁtﬁerrqu(l)or(Z)lsoff output (isoff.t he

%?QH]C” +b(LaJamaln§ A mﬁéﬁt&ﬁ% arrpl [ tu e at@oat%bﬁm\sﬁmw@uﬁ

35 Formul ae 4wr°2ﬁve PEdY ZM:e type in anpllflcatlon
Ampli tude = sa.err] + Blerr]

the same as 'W[ ?Lrhﬁenéq%&w&&” sern (o mﬁé&%@mﬂmm@@e '

appears Whzon skdofid beam (2)'i§ Salpg-aiodilagi) 8 ehengyQliventtd im0 tieCuitput Willd8 giclat thaaadir S,

R i 0 A s e

(because B i gepiresengsoan)amyilified vession ofhihe mbduiatedtibput 38 bessy (2] s mreshle, the shaxingusgmouhte

resi dual e”ero@wnﬁﬁmfﬂaﬁfﬂmmeqwimemmbimﬁonofmm;mly,mice'mexmnof
 beam(2).

25 Emrgyfotaccomphshmgamphﬁmmoomesﬁommeommpowerbam(l),andxs
determined by the modulated control beam (2). ©  If the control beam (2) is binary, the output (5) will
also be binary, at up to double the leével of beam (2). :

More is occurring here than the simple changing of amplitude such as occurs when a beam of a -
cértain cross-section is focused onto a small spot. Beam (2) has a modulated envelope with a certain

30 maximum amount of energy. This is able to be represented by the actual amplitude of the beam.

' The power beam (1) also contains energy, and has an amplitude greater than or equal to that of
- the control input beam (2), but carries no information. Interference causes energy from both beams (1)
and (2) to be diverted into the cutput (5) only when beam (2) is on, and in proportion to beam (2).

Since all of the modulation changes in beams (1) and: (2) appear in the output (5), the output (5) will

35 contain information only from beam (2) simply becsuse only the control input at beam (2) has any

The modulated envelope in the output (5) has up to twice the amount of energy - not just
amplitude - as the control input (beam (2)). As a result, the action of the present invention truly is
ampﬁﬁcaﬁonanddoesnmhavearesiduﬂou@nkvelwhenthecomolbmisoﬁ,asdotheenet'gy



the control beamwhich is directed straight into the output. As a result,
the output during saturation is as shown in formule 5. For nut ae -

5, 2nd gnt erence type in saturation: 5 _ | jtude =
Tlerr] Q&g?[éhﬁ’ + B[err] + U =2B+ U Pg’ﬁi@’%
Intensity = I[err] (Blerr] + Blerr] + Uferr] = 4Aerr] + 4AU + Uerr]
Amplification is reduced because A is ggonstant. Al of the avail abl e energy

of the power beam has been diverted into the output. Further increases.

i n B onl beams qwplifiesseof thigprioi are of U, whi ch i's not doubl ed. \Wen squaring

to produce. t tﬂﬁ,ﬁp&réﬁﬁdw se%&ﬂ Pussal S some

10 |nteract|2%vmt en rom ot her parts ofga%he I nt ece | mage, but

U r emai nbeamél as its poergy dpes\qt qontribie 1 anguL(§)whap the cgntral peci o

| nt erferﬁﬂﬁwmﬁgSﬁ| i ke the first type of special [ nt ef erence when B
I—?mgqeaEW it behaves like Young's interference when B > A

Arrplrf is still limted somewhat, but it is not clipped.

Broad band amm&amb&pebmmmmﬁmm tlﬁexﬂlennpntlsablhepabiﬁvpméescri bed

P(ralognge%&lu%nﬁe Ci posr Pmn n?“lﬁv\%fwg?he S gﬂ%@?%’?/% a '2 i‘rsrst

| ocat i ortheeughsaf ewergyt frnes bepin d2e Thisrpermits thetamplifien toebe gated off by gioplyttirsing o€ at some
ot her |Q§ﬁ n, resulting in near binary operation of a phase-

nmodul ated signal. The inputs would have to be exactly out of phase in order
for tM ci location to be the sane as the output |ocation. 20

I n practs ¢emitihdle optics used will have to be engineered in wavel ength units

and wavel engt sizes. Most optical arrangenents rely, on an aveyragi ng
of energy fr ‘H'Fr]ﬁYFltqf Wﬁ%@@gﬁgm&mw %ﬁﬁﬁ‘ beal
Aver agi rlgzebi&e@ﬂabg;e mmae(m&ﬁhpbmmmr oduces the famli ar

si nusoi dal i fri i.e i neer ed
to include a arge nu @&mu@ mpboe}omtlslesggmgs Fvg’use%g{pg{/&ﬁﬁ

pri nci¥pl(@,is uhglified in the dutpuh (5. Aboveidueleved rall of the lencagychvailable fsalivatsios intooutpynct i on
USi NG 2 (S4EDGkn Bverted. w&%ﬂ&g#g?sg Bam (1 frafiticD erekeffy el 10RFor 10 T ON 8

I f a group of controllers were é si de, each one using an

i ndi vi difamerol pputpeam 2»“““‘”‘”“““%%% R0 anpeas i the pwEnt (D Asdes a
| ar ge nwmt,ﬁém%ﬁmm@dwnﬁaor sllghtly _ different

01 nput 1 oc A5 s gepook sS4 O oy et o R R PR AT oLRE. 1 1

thosmmmowgmmmmmhmm Mham—dnvm e, the.

ener gy (s ) EealOt er n
optics is capliﬁtl){)ewrSi opera |s%{ri1°s mclg\k/'&eﬁl g‘h SI zggwemribﬁ%ér ze input
beans arwsed, there will be leakageiby dlesign. dmmmmmmmmmmgem hat :

Oper at € (roiph iviF hét bk Ymplifled, HuPwill bé afenfitied By he mask (6)! WhifH preveits i O m@V €1 20i Ng
style of optics._ The nore Brecr se the optics are the nore precisely phases

35 and -fEREHFRAEY fom Sbrder for the ci area to hit the output hole.
Wavel Bngt h srwwmm&hnﬁaﬂmmmiﬁ Seam(l1 )20 someioatiord Whefety Ut

only when .th ase ose _enough to 180, at t cation, -i
or der fglr“fmﬁ%’%” P@%ﬁt‘%wkﬁm%& '%’9'8 B g'ﬁ%lugrgy%s The

out put MM%I@M%M@MNWd be a binary out put that
oCCUr's @NiNetb Gl NOE two inputs are exactly out of phase.

When destructive interference takes place at location (3).of an amplifier, the energy from both

30 beams is diverted to the areas of constructive interference such as location (4), which removes energy
from location (3). Figs. 3 and 3A show a modified arrangement whereby mask (6) has been replaced

wnhmsk(7)(shownmcmsssecnon,)thathasaholemxtatlocanonG)

_ Energy diverted into output (5) is directly proportional to the control input beam (2). As a

. result, output (5) is called an "uninverted” output. Energy that passes through location (3) into output
35 (8) is inversely proportional to the control input (2). As a result, output (8) is called an "inverted"
The maximum uninverted output (when the control input is smaller than the power input) is

equaltothepowerbeamthatnmplypassesmrommmnpm@) Asamﬂt,thzumnvemedontput

is not amplified. - - :
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[f multipl eﬁéggi@afl es are used, the only ones that will be plrRisbo1dist
the output hole wl those that match the wavel ength geonetry so
that the ci Iocatlonls where the tiny hole is. As a result,
each net hod and each devi ce nust be engi nedfed to produce the type of
anplifier eded. |If a,phase dem)dulator |stooe,rate Wt anal og
input, it will Jg diyra inge, BTATOR, the Goqfy frTEy é’fﬂ'ﬁﬂn{"ﬂ ad
band) type. hﬁm&mm(ﬂymﬁdmmbw &mdihﬁlen&enghaevelsand

Y\?Vslsegg;gl-blpg”fsbs%u %%M‘P% gg%‘p%%é%@?a RS by

usi ng a nunber of HMWMWOMMHMMMMMMMN

| ocati on, utm%?g%rnp‘gfﬁ%t f8Rson, t NUS, @ variety of signals are
able to belghan ed a at %r?% &Pﬁgﬁ‘ A frequency division

demul ti pl exer- Phasedsmedulatorisnd eomparerzed by i nputing the beans fromdifferent

| ocations direct e%&m&a&m&b@wwmﬁaﬁmﬁw&mm@ww&

produce its at a different out | gcation. |If each output |ocation
has its own E'E‘FW ﬁgf'@"ﬁ either.Fi cﬂﬁﬁdr?ént separator, a conpl ex
group of frequencummthawmwamuwmaﬁmmpmmwut S.
I\/eanwhile, it f|| er 0 fr equenci es ,i et,ween, because no
out put hoi'8 Pl 3o bess of S amglter Al YEcHRe B ke 8 SR £ RERR
frequency |stqmmndemrbeamsto - I'f the. control |nput Is directed to a
common | ocati on a rm%&w&;" MF@%M

di fferent frequencylang ere R + g% l&gn the geor'setry 'S be
arranged so tigges out of phage ag Jocstign (D MWIMMrm%m’MF%G& ate

frequency- sekggdy %ﬁatfldddoﬁr(s‘). £ linchea RG AR (4)'?@ jon't5 it Iphale BiftiErce B&WER
w |l have th e comon out put hoI e. ot her fre uenci es Wl|y|

I r
not . The: 28 e £ a2 o pErd and pmsoras Apcie AP
aver agi ng arétﬁ&gﬁﬁﬁﬁccdrﬁyhhﬁwﬁaﬁhthmens dmeésrmbmsbemmatmgmhrough

boam AL e SEER G os iedons 1 o ¥ e i o2 om0, el ififn i

selectivity mwmmw&umwdudgiw wave frequencies

Fnct i ons si i | ar 54 ot GG 0D el ik bRy Boun 65k Rubl oy Qe

functi ons mmmmmvnmm orquy atrjecation (ﬁhrlﬂmgﬁ 1 cnersy Wilh med

"phot oni ¢ blaBélS(a5; il Sutput [BY Sl Be' At Uiny1itde REaBFS B thé EARG1 idpRiochdd (2) Will ot
capabl e of ugﬂ)&ﬁ)@on photom C wave-type ener gy, photonic enbodi nents

are expected host commn |n operation 39. The present
i nvention provi demﬂo&mhbg)u afplitudel madiiated it at output (8). A

el hg. spect alf CRSVAR R B B ﬁwﬁh&sz?@m(ﬂﬁ%h%ﬁ%% 7 e Gk "0

per f orm ngs Omput(S), asllshtphase-modnlmﬁmphll shpahmahrmo b!W(S)ngl;owami narrow
cl i ppi ng. W Q% [
Basic thr eshbﬂn‘c’i % tect | on §§ t0 8P b 6%}1 gl taI or rrat |(43#m

st or age. compiete constmcavezmerfetmeocans,mdﬂ:eenergyﬁombothmu is in-phase.
If the control beam (2) has both phase and amplitude components, output (5) will contain an
amplitude-modulated combination of both the amplitude-modulated part and the phase-modulated part.
30 As a result, the highest-level output resulting from demodulating the phase changes is also affected by
" the amplitude of the input. | |
As a result, ﬂ:epzesemmvenuonlsablewbeusedasaphasedemodulmrbyphase
modulating the control beam (2) of an amplifier.
'l'hephasedemodnlatoncmallycomparesthepbaseofbums(l)anda) If one is & constant
35 standard, and the other is phase-modulated, the output is demodulated into an AM signal. If both
inputs are phase-modulated, the output will be of a high level when the two signals are out of phase, at .
Jocation (3), and at a lower level when they are in phase. Simeqonstrqcti,veinmﬁe:eweoccmsat '
location (4), the phase of the output at output (5) will be the common phase between them.
Output amplitude of broad band designs will vary proportionately over the full range of phase



V. Frequency and phase-sensitive filtering. c. Interconnecting
means and method for interfacing energy beam conponents. d. A clear

underst W ener gy beam operational principles, incl ud| r)[?s
'pl'e” beam summing for function interfacing. 93116455
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Si mul t aneous, nulti-f requency operati on. i Ener gy

bearh di f diffegemees.Narrow band designs will mmmomﬂyEoﬂygwbemwatuon

V. REJMRRK-Rdqucby SRABGAMIY active Hltering. vi.  Phase requirenents.
vii. Effectaé)ﬂ‘ mai_nt ai ni ng _one beam const ant . viii

Anpl i ficati on. wm@a’mrsé?%mhﬁdmmmmmmmtoff
10 beam (1). . In order R iiferenidead tabéplive A AMEPIEIOA o obdRt, he bem@ﬂ%ms: e.
@i stics.

Tt ort & Sniit At ol A Reuly o F?WW%MM%E%M
f. Establish MSmmmmmammmmmmmmammeous

bhci o f of il usWeW%%gonWsM%%{wem o

r eser ved freqpency mmw will funsticnzin a heopdrbaad miarnct; of itfis desiggedad only
conventi MMMPWWM%&WW% beShafow-Bdnft! | €S and
an

di fferences bWen eil ectronic transistor. circuits energ eam
circui'ts so t AP Rsm (R d {ithicpergy haviag wplgp m&gmel y
appl i ed will deb oplyasithriliose frequéndi¢EhitiaPear &ﬂnmusﬁsmbbh@hstm donadenalargi cal

and conc Jo roduc Ct on ve el ni ¢ functions.
The foregol ng b%%éﬁ?@g ﬁ%%@ﬁ % &’? gﬁﬂ’é‘ic‘ﬂ Feer througl

an exan praseitdpvention.)  t he dr awi ngs, de_scrl ption of the draw ngs, best
mode(S) 1% CAL b Wt o bresda? rvdadif el us £} e Hil. 17 2 rciBlyl Bl ©
15 bmmpmded,nmabhmbeusedwmckmumﬁomummammhesmhpowabmﬁequemy
Mamphfyn,lgnomgaummqmmmlfmeﬁmwpeofm&rememusedﬁmesecoque
of interference is used, the matching frequencies will be amplified and the others will be attenuated.
In the case of light, a single color is able to be extracted, so that any information carried by it
is able to be examined. Given the phase and frequency sensitivity of the present invention, microwave
20 and even visible portions of the spectrum are able to be divided into channels as narrow as the audio
channels in the radio bands. Naturally, the degree of separation possible also depends on the ability of
 the optics to produce standard power beams that are extremely pure.
Ifthepowetbeam(l)lssupphedwnhewgyhmngtwoormmeﬁ'equmes,theoutput(S)
wﬂlconmnamphﬁedmgmlsexmmdﬁomamde—bandmpmthamwhmeoomhnamnof
25 frequencies in the power beam (1), while rejecting all others. If the power source, such as a laser,
happens to have lines at several nearby wavelengths, they will ofien be modulated in unison. If that is
mem,mepmmemmmnﬂmamphfymemmmmﬁmeymmmmcdemgnbmdwm
of the active filter used. S -
an.4shommmkspmofammmg§mmpuﬁer.mm
30 input labeled with its beam mumber (1) has five frequencies. (P1) through (P4) have the same level;
(PS) is smaller. The control input labeled with its beam number (2) has 10 input frequencies at various

levels.
Using formulae 3, above, the output amplitude during amplification is:
if (1) > (2) then '
35 combined et ™ 28 comol input
And, dunngsamrauontheoutpntamphmdels
if 2) > (1) then

&mm"z%wiw :
" If the power input = O at the frequency in question, the combined output (5) = 0
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BRI EF DESCRI THE DRAW NGS ‘ The invention w

mor e under st% 8gaupon the exanination of the fol | ow ng %yfﬁ&?%géms
along with the detailed description below. Please note that the energy beam
angl es and si zes are exaggerat ed so as4po provide clarity of
under st andi ng. Fig. 1. Controller using special |nterfel££vr.]ge

Fi gs. 2A through ZWMIWMF%ﬁMWWMW Ehis is how they are deri
Fig. 2A. Cont r&bumﬁ@h types of special interference, having both

i nput beans of f rol |l er. .us oth types of
speci al interferenck Clhﬁ%flq‘fgcﬁ'n@glq? (ﬁagﬂF W“%rg‘m“‘i‘ ‘8‘“&‘5‘“”

Control | er u3| ng fumwpwmonmammrmmmmmwmm

beam on l, ing both types of special
I nt erference5 havi ng%%%ﬁ%‘gﬁéw Fig. 2E. Controller
usi ng second type & CBMIPIJ prodicing pepu ©1 mmmnd i nput on.

Fi'g. 3. Inverter hayig %mggg‘m,‘glm Fig. 3A. Inverter
havi ng bot h i nput beams on. Shafiils P3 F.‘S‘“’Z""ﬁ’r cl,zency S&ectrum
Filtering. 15 4. C8 nmpaches P§, produsiag gupnt Q3 swice psdar larggr than £2, the

Bi st abl e Confi guratﬁnﬁﬁﬁwﬁsﬁtﬁmm frequency. Ifthcsecomﬁyﬁ wﬁﬁﬁﬁ%dxsumd,

Det ect or. 8. Su on ctors g. 8A
Threshol d Dt ect or B ‘F‘gﬂt %}mﬂ” 23"’““ °Mpdm@l‘\’—‘gedback in
Threshol d Det ect or .5. P4ﬁndsmmhmﬁ¢g)m6ﬁnpuﬁcsbmatiodﬁmugggfodm¢mtmmqueﬁcy

wavef or Ims. FileShuse itlis a pNFo @9@% oI é%tahé)\guung for a

i nput / out put wavef or ns. Fi g.
13. NOR Logic. 25 mmwmwmmmm Logi c.

15. Binary Half Adqgke FeheGrati tﬁﬁ&ﬂ}ﬂﬁt henmh.c
Fig. 17. Binary Di glt gir?tcm? | npuab’e(%?epﬁt vvavoél?(t)‘rngs &B

Bi nary Di gi 15 disouencysinmigeously. - Fig. 19. Bi nary Counter and i nput
internedi ate and Oagikds ' resdlding fafefictidnAithin thOpkbsent

SENRIN PR e Sy

two frequencies are so close together that interference does occur between the two. In that case, a
cascade series of amplifiers, each having a slightly different frequency in succession, will allow

20 information phase- modulated into the first of the cascaded amplifiers to successively transfer
Mfoma&onwmgherandhighm(mlowaandbwa)ﬁequemiesundlmemfomﬁonhasbem
sucoessﬁnlymnsfened&omoneﬁeqwncybandtoanothet

Another exception is the interference of one frequency with its harmonics. 'l'lnsemcnsalso
ablembeusedmmepmsemmvmonformsfemngmfomnmﬁomombaseﬁeqnencym

25 another.

As a result of independent operation at each frequency, everyoneofthewns,methodsand
apparatus of the present invention are able to be operated in a multi-frequency mode, whether they are
binary flip flops, cascaded amplifiers, limiters, or other devices. '

Cmnphymcalmmﬂsmablemmmvmousﬁeqmwsothuthmchmmm

30 chmgemawhawaymmechmgeaﬁeasommqumes.Suchmmﬂsmusablemmwdem
multiply carrier wave frequencies. By including such materials as the energy transmission medium
within the present inventions, the characteristics of the medium affect interference. For example, if P4
is twice the frequency of C1, a frequency doubling medium will cause interference to take place so as
to produce a modulated output at P4 and possibly twice P4 and C1, depending on the material.

s Negative or inverted filtering is also able to be accomplished with the present invention. The
inverter of Figs. 3 and 3A directs energy away from output (8) when a frequency match occurs. As a
result, output (8) will be similar 0 the control input beam (2), but lacking the frequencies that find an
equal match with the power input beam (1). If they are unequal, the difference amplitude will output.

The following section relates to the interfacing of energy beam amplifiers and the various



Fig. 22. D-type Bistable Logic and input/output waveforns. Fi g.

-23. Demul tipl exers and Logic. 35 _ Fig. 24. Multiplexer Logic.

Fig. 24A NUlstg's.Pl exer input wavef orns. Fig. 25. Phase Locking
Logi c. WD 96/ 18964 PCT/US95/16455
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1. The basic energy beam controller. The perspective view of
Fig. 1 ilfowetlewaisand phase relusiinghips mekdadito ackomplizh lapde-stdieankplificationsni t of the’
present i energy beam controller utilizing interference of

ei ther type as discussSed in the 5 Disclosure of the Invention above. It
consi sts of a Hig. r%&hommhﬁmpomtdmkw@ﬂem erwbistbrcengrybamtf a

second bmﬁ%ﬁﬂ"& ﬁfib&indlw{m%mewa P’f‘f W‘Lﬁ?us ratlon one

superi osed at I'east one | ocation
of eac égss%w?lE mem%@mm beams st opyr Energydedivened e ar e

able to WWW% | A iSnag WO mphadt Beparadt (1DR) 6ludks aiergy APfo&ibd {115dn 2t €d.

When bot h,.beam sets are o iinterfere to pyoduce an_int erference I mage
havi ng a P L’t?"\(g%)é#?% o logation ﬁa d?‘%ﬂ'ml“ fremot her

| ocat i on tisifirst imphﬁérusdoublbmumaww&\hnm:dlomm:ubﬂt}:ew ﬁombeﬁhqw Ener gy
behaves tdtg @.i)eas of locations (4). Energy fromthe ci areas
conti nues to provi‘de an output (5). Four rays or beans of the

out putl0eam sdhe secendpmplifier israt idgations (13)ia0d £14). | Pawer is suppliei-hyybedme (14} dAgtihe sane
and oper 3nén bem 1) B, di occurs at location (13),30d bi'GRAEs & Ocatlonb,s%gafvgfwoé 6), in

this case an opague mask, prevents energy from
beconi ng SAFrEYfram beams (18) and( tWWWW(IWéhWGéXMre
de5| gned eiiedgyt ad oCatiofl (E3) Eroedl Seallfing! IBGitidn (16)] whiltPRmiiting SRy Hom! 1dafidnl (8435 pdas. 2l |

e_ener fromeither beam or, bea when on b |tself |s
d| rect edtrp' WW%@ @"d‘;]ﬂ}' mmfg]?&“% gp w‘fﬂd‘"dﬂ?%‘lf
of f. Tie (ISpisisufficickulyrhigh. d&sraaeﬂﬂt,avmggmf(smanithm b aeion t( BA)Qdntitins leGep it | on '
(4) or i Bbi pRdhisRe) . ; | - " 3 r=Jals o that
destructive I nt 3?5 gréncea%o%?wgl re area \/\Eﬁswa%ﬁ’&w %ga"%s arrive
i ndi vi du#mqriprenge gequescat ingation E1d),iso heapnd}2) iswfB reansing feased Mo be pif.ohsch iedlt, b on.
I f beam (i ,slcsmm byBRah (9)St . and then beam (2) cones on, less than or
equal to 't V$’B€Of beam (1) the total anmount of energy in the di
area,. includi rTS‘ amplificr is 48 locafious (16) and(17)p, - f ol beresye| of
beam (2) twice the maximum of beddd (1), {sb BEAN[18)AE et it . tindkh) Beay (9). OWhedWRdin (wts at Ust go

o okl sF RSG5 Sy 8 o5 il e 8 D, Rt e,
locanon(l7),wh:chpassesduectlytotheoutpm(beam(l9))ofthecasudesmes An image _
component separator (16A) prevents energy from location (16) from passing into output (beam (19)),
while allowing energy diverted into location (17) to pass into the output (beam (19)). As a result,

25 outpmbeam(l9)conninsemtgy&omwams(9).(lO),(lS)md(lS),foramtaleﬁergyStimesthatof -
"~ beam (9). thn'beam‘(9) is off, beam (14) is also off, which causes beam (19) to be off.

The output at beam (19) is completely controlled by beam (9). Since beams (15) and (18) are
larger than beam (9) and are either diverted or not diverted into output (19) by interference being
controlled by beam (9), beam (9) is controlling the large beams. Naturally, one is able to add as many

30 amplifiers as needed so that a small beam is able to control very large beams. The process is analog in
mmre,bm:salsoablewoperatemmmslgmlsbymgmhermghmlowmpmagnﬂsmpmw
beam (9).
Using the first type of special interference, smmngoﬁanyofthepowerbeams(bams(m),
(15) or (18)) shuts off output beam (19). As a result, this embodiment of the present invention is a
35 gated cascade amplifier, alsocaﬂedagaﬁedavﬂamheu:phﬁermasmnﬂmputmenergyto
avalanchethmughtheamngmmandmmeoutput.
' Usmgthesecondtypeof:merfeteme shmngoﬁanyofthepowetbemsredwesthctoﬁl
outputatbenm(l9),bmdoesmtwmmwmeontpmbecmmeoffeedmoftheeomlbamsat
mhsuge Oﬂybeam@)hasconlpletecomolofthesenes



interference image is formed. The ci areas are | abeled as | ocations (4).
The *energy which is diverted away fromthe di areas, such as |ocations (3)

and into th areas, such as locations (4 i ncl udes en oth
12 Gy 4 i [ e felss

beans (1) an f the beams are of equal anpl'i t ude,
anplitude at the locations (3) will be zero, and all of the energy from
both beans 30 will appear at |ocations (4).s51\\Wienever energy appears at

| ocations (4), it continues on into output (5). | f _beaméill) ds
| arger than beam (Al of the featemes of thenindividuah smplifices apply;alsn toths cassadediamptifiers.n Al of

bet ween (shpliBSiwit oftbrl drra RYPIRGR disRlosel1 G hisl apfiitariod hredBd W6 SHREPRH Diascade

| mge conponent separator (6). The anplitude of the energy diverted
into | ocatior¥¥4) will be equal to twice the anplitude of the smaller of
the two, in thl S Cusify thefidsl dype) of imdriereide, ifhﬁyem:f lifiére 15 dei®énl intb Sdirition Sthe series

diverted a om he di_ 35 ns an | oc

I f the anpl *W%%M&t Slio%wwﬁ}ﬁ @ﬁﬂoﬁ‘gfg’fgm
th?n ]'Ehat of . mmmmmmmmmmmgymmmmm Anyof

i nterference M’f a W&%fp@l@

smal | er of thtgp{n&bhﬁ% %)&e%lﬂe mtensggl the éenergy, or power
per unit area(l9)n%abletobasqmmﬂmmmquamﬂayammﬁﬂm@qﬂa&é&m

result, the intensying iusrehing bnd'uséTR Srrikigetiécidre dbik 1866 Biikle when the power bédfds have
96/ 18964
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gl'5) ?S F'Eh th t qt al mt of V?ﬁntm Iﬂmhtwe

o cal cul ate the a enerqy in.outpu .0on nu sQ ta ,
into account CHPPY ‘F’h M?ﬁe MW&P‘%\&“&@W OO e
only source mmwmg/uwmmmmmmmﬁmgymmudmmsw does

not exceed tw ce tw _Hng ﬂ&mﬁ the N€
fact that 5 the inten yls our sas great nerely 1 ndicates at the

ener gy hasl%mmmmmmmw surface area.
I f beam (1) i3, Melidngk ARDSUbstantially constant |evel, and the |evel of
beam (2) fluctuates, or is nodul at ed bel ow the | eveI of . beam (1)

output (5) will c&nwimwiﬁ%mrwwmmfw%&emmﬂum@m
t he nodul at edbkmpwpm“(; spetidl interference, shutdhig®ff
addi ti onal ener Qut I S d om.bea I nterference.
Since the | e %"fr&{? a% g“ﬁ'dﬁn%ﬁ%%?“ﬁ?é‘"ﬁ“bsép of the

modul at ed 2hput atﬂb(a&)Wqﬁuﬂmécﬁ)glikmmoﬂmmgymldwﬁdeemmm
nodul ation e [ v f %“?ﬂ

havi ng up to%@e H§‘{'f‘1ll'&!u§£dunt ?mje@gﬁw wgﬁp&,m&? nce ﬂé power
for this anplaifreqesncy; apbase.fan ampliraens ¢rass-section, jas cnstdy|level, beam dimpesionds) apdenmsistearen
15 the preserml.ﬁmwn.m%@&.m $ubdecding! HevidD Slich 2 B next dMplifiReam

(2) is called the "control beant because i1t controls how much energy

will be di verfateni(13nd bram(if)chas the Same FEuitpenssi o ence. ' I f the
| evel of czsntrol ki e 3 Jinsértonfistt REIAME dévites, iR \ifbredbhectititopfics /st e acbpunt all

output (5) W blezeqmrements If necessary, additional optical elements are able to be added between the various
locations and/or beams, such as between beam (12) and location (13), to correct any problems and to
match the output of one amplifier to the input of another. The same is true when very complex images
mumdﬁaesenﬁﬂyhugmalugemmbuof&mehsicdevioesopmﬁnghpmudmm
30 series with other parallel devices. - -
11. Feedback, Bistable arrangements.

Fig. 6. shows bow to include a feedback circuit in the present invention. Belm(l)supphes
energy for the amplifier. Imgeeomponemwparatpr(ﬁ)pmmanergythathasmtbeendwertedby
interference from entering the output (5). When the control beam (beam (2)) is on along with the power

'35 beam (beam (1)), di occurs at location (3), and ci occurs at location (4), resulting in output (5).

As output (5) is able to be picked up at mmitiple locations, a portion of output (5) is redirected
by optical clements (20) and (21) such as mirrors. This beam reenters the amplifier as another control
beam, the *feedback beam” (22). It is oriented so that the feedback energy is in phase with the control
beam (beam (2)) and out of phase with the power beam (beam (1)). -



hold steady at twice the |level of the power beam Anmplification stops, and
t he nodul ated waveformis clipped off. This occurs because the output
I's equal gl %hé |l e the |l evel of the smaller of the two beans, 20 and in
this case t evel of the smaller power beamis constant, PoVESWIHY a
constant out put. How t hese conponent | ocations and beans
interact to produce a variety of functiaggs are able to be under st ood
more fully by exam ning the critical |ocations nore closely. Figs. 2A - 2D
are an energy itiallyeoutput (5) is off. LAavinpuf pulseof fhie cattrol hepmn (bean £2)) isamplifiedngy t he

first typ

b o o T A T e Sl
exagger at e it or
rays that degefdsaidow Sadbg idfeGediitk bdam (22) i, hey were singl e beans. Such beam

sets areg able ltiple |oc |onsthat bhav I n, unjison as

descri b&d herei m%ﬁ@%&h ﬂ@'[ t@?ﬁ'ﬁﬁ"f’ﬂ@@miﬂ"ﬂr ew.
Two i nput a&)wnltmsqléirmﬂtdmin&hn WIWOWWEWW%OWN with
| ocati on ﬂﬁ%ﬁ, d{e k (6), are depicted for four states.
Fig. 2A stat es e when h i nput 30 beans (1) and (2) are off,
(as indicated wdummmmaamymwmmmmmmnmwme

| ocat i ons (22) 3l ohly iidugh & éhafice atupli gmgﬁq &ymg%ﬁ ns of
the pr 65 gl nvelr’r.t‘hon especr a t app | ca Ions Wﬁ% i s

of f . (@) asriveny (PuipBt(R) villremain o and
beam (2) the artiniSengit HiLOR. lmimol 3, as &
making mna@mm» a& feadld, Qnset Wom

regggﬁiynlgs :ﬁr @oa%@g direct egqulﬁ.m(l)W& revents ene ts the‘

state when beaﬁh@ﬁ)mganemnsmylsdnﬂm (ti@abh&obé&nlthﬂdpbﬂd&o&kﬁkl@ph@ﬁe
does not ARAEE RYis é%w%&@m‘diﬁ | +!‘§ ot _di. rect ed there by t he

OptICS SO OU':TE S the state
when bdfh bea m(wemmethmmu {mqrdes exibesableas t o

produce d@<hitiof i W%EV%B&M 91 detdctioh néeds e alsd6sdd.! ON (3) -

Mat hemat i 96/ 18964
PCT/ US95/ %““’dd‘m the two beams cancel however the energy in those
beams is not dPigt 7 isybreshbld dteior ukilie Ridéelde@ar Ring #n di verted

away fro%%gtl nlg %!a | nt catro #4}{ ere constructlve
interfere 15 "%ﬂg& s°g "?ﬁé@‘@“‘ﬁ“ﬁ state

Fig. 2mcmmmmmwmmmm the area covered in

Zéiieni'sﬁs ;T topﬁ'gﬁ'ﬁ%%y%ﬁ’%ﬁ%ﬁ?f%%“%&%%ﬁm (1)

and I(2) even single rays as those that corrE from
;Irgjgegte Vagesﬁl dumqgégﬂ@%%am or ras&g?@catlon (()3)e
during st amplipades: SUmmping; S 3 laswion Fre5liplg inppyts sum
Dur i ngmtmfwmmmwmmmsammﬁmmwch is
able 10 Nk His ehd?hy irom the summing location to be transmitied into beam (2) of the amplifir.
For most applications, inputs (25) and (26) are 180 degrees out of phase with each other.

When more inputs are added, they will have one of these two phases, and not some phase in the

middle. The reason for this is shown in Fig. 8 :

30 Fig. 8 shows four vector graphs, musmnngfourpossibthuesofthesnmsoftwoemgy
vmom.Thegmmlfomﬂausesmesmdardvmmmgle(SA),CMMmomofmymovmm
(sidesofﬂ:et'riang'le)produceﬂwﬂﬁrd. The length of the arrow is its amplitude, and its angle from 12
o'clock vertical is the phase angle, with straight up representing O phase, andstmghtdown
represennngaphaseoflwdegrees

35 Bymmmmngthephasexehuonxh:psofthempmbenms(%)m(zs)ofﬁg 7, 50 their

: phaserelguonshlplselﬂerorlso memammmnglogauon(ZB)wxnbe.represemedbygnphs _
(8B), (8C) and (8D) of Fig. 8. Because the input phase angles are either in or completely out of phase,
the vector triangle degenerates into a straight line. The sum will have the phase of the larger of the.
two and an amplitude equal to the difference between them. -



10 conponent parts separated so as to provide nultiple outputs such as

| ocation (4). Beans (1) and (2) are also able to be conponent
parts of CORpHGgegd! ti-1nput dynam c images (i mages t hatpcelgysdRe4ass
~continuously as conputation proceeds; as within a photonic conputer.) As
-conmponents of nore conplex imges, then Figs. 2A - 2E represent the
operation of one set of |ocations anong3many nultipl sets of |ocations

that operate sinultanequsly as di fferent conponent parts of 15 multiple-
conpl ex i mages f undt PnGPramyisikept 3t:3 constant amplitude and the other riges slopiy frnm ﬁgtﬂm

separator at Im&mwﬁ)mﬂeﬁ?&?ew(mtmlmammsﬁbmﬁd SO
of the t mage. HEBietiops f 2860 Fhefls ohebes 1HgE o o bl e, Siiok Wyl

t hat appears MIM(Mm@mmMMWQmmMMMMWMm

becone the ‘3“%1 §nsm{) are on.
20 0 pro maX| rrumo put at out put ans ~and_ 2)

must be 180 degreeénﬁlsﬂ M(ﬁ)mﬂﬂ%@emmm V\/IIFiI%thHH ¥se,
a requirenent chRfandiéver Utial Yovel liotermines thE thitGHORI wisidh'vAll B¢ Beteclé.© Beam (25) ik BibidEthe

conditions are net, all of the energy from both beans . wi |l be diverted into
the const ruct i §igeer beam" begause itoyill oneput, () when-jtsileyplrisesbove;the diysshold.  5ng on
into output (5). Waiitn blas@S)d4 68 Ik SR niiing xatahams)msmmmwnect ed

with other go ts. the carrjier, wave ases. are re t he

| ocat i ons %ﬂ"jﬂ bekid 5. r"""p‘"f%] Z’“ﬁ‘sﬂg )03 S@
defined as beialpgwe'rtbeanpmihmataMpm@“enmwamuﬂwmmmmss
ot herw se sta}&%ﬁaﬁﬁ a result, beans (1) and (2) are considered to be 180
degrees out o ase with each other in order to produce an output at

out put (5). - nymmmﬂpmmmmwmmmmmm
the sane as t QRecing'Rhphfer iR Yoriirucite it &t 1dcdton (YY) RBulfingGn 85
nore controllers, or other hase depen ent conponents, are i nt er connect ed,
t heir posM\%ﬁ?‘ﬁﬁHW Heered so that the needed phase

relationships wll meﬁrtmﬁarwmmmﬂmmm&eamnpﬁlﬁmmmhl er

So that the e Hheks SRk Y RO Sinetie b 5 probel ) B R o ComBR il
of energy at Ilevel (8B)®fiFigar8 4n@ BAOThis hansﬁmmdpmw):nm,nnkhuemﬂuwmjmrmym
B e 2n - prveflh Bieateha Sty cpanging owpm (L0 P10 000 D0 TR T 0000 s
used to prc?&luce .tmmmmosemmmmnam\mmgﬂm#ﬂamsﬂﬁm
wavel ength i SLaEE W%“&“}thmﬁtﬂf@%ﬁﬁm%ﬁ“&?%
appl i cati ons Pear2) 3k showa atER) AQUIRYR (P:xemains-off brgauss-theampiitpds of beam &
slightly different memmWscﬁw(ajkefmwmwMen
gg} EL;BBIGE pr ech_so&uocat |h%£(d‘ﬁ)mq,x(bs e gy into output (5).

PCT/ US95/ 12855 The result is a very sensitive thresholc_ldemwit’hanadjusnb_leﬂmsbold. The threshold4$
able to be adjusted statically or dynamically by changing the level of beam (26) or by providing
additional inputs to summing location (23) that are either in phase with the threshold-controlling beam
(26) ot in phase with the trigger beam (25). '
13. Schmitt trigger and Set/reset Bistable arrangement.

30 The threshold detector is able to be made bistable or into a schmitt trigger, bytheaddmonof
- feedback. Fig. 9xsathresholddewcmhkel=ig. 7, with the addition of two more inputs to the
summing location (23).

The cross-hatch in this drawing helps to identify the beams, but whether a particular beam is
on or off depends on the relationships desctibed below.

35 Apommofoutpm(S):sduemdumngmyoomememopumlsys&emsuchasmnom(”)w
provide the feedback input beam (27). Beam (27) arrives at summing location (23) out of phase with the
threshold-controlling beam (26). :

Thepmgressofnsopennonnsﬂlusmwdmthemhsofﬁg 10.
Imtlally, (5) is off, andpowerbeam(l)mdthedneshold—eomolhngbeam(%)ueon.



. This is because the precise (4) locations wll be slightly different for

di fferent frequencies and phase differences. The nore a design is.able
to si nglvﬁogm”g{emse (4) locations, the narrower will be its

bandwi dt 2. Using the second type of special inter F&TERO#16455

The second type of interference allows energy fromone of the beamto
appear in the output when it is onspy itself, but not otherw se. I.n
‘this case, also shown in Figs. 2A, 2B and 2D, state Fig. 2C does not

occur, ingmm@)mmemmBmmmyMbm@m endaddsalgebraicdilye t 0

be used tQmB'bﬂMi The thre@id1dHEP hit fobe reallied (31 dBGri ?Gavé m
ener gy- Sugatm n és} ower beam HOV\BVGI’ sugﬁ |nt%ra erence canno Boe used

to produc 2tJocasipns (3)4ad (4) Frmins 8 &g ot o anpl i fier. 10
This is an enemnhmmwmm@h%aﬂmmamm@qgj ! qﬁmb@&gl and
g ogi ca

A cont r 8 Pcfoeisp o R 9 S 8 e G, et RS B i e B beap@. B

(1) and (Mmmmwmmmmmmmwamﬁwwhkaappear

at | ocati iy €7\h lﬂﬁl‘ﬂ?t’?n into output (5) only 15 when both beans (1) and
(2) are on. eh e|t er-of beans (1) or (2) is off, output (5) is off.

In ternms of anpbetherdhesarrapgement vﬁesteblmnr|s@mbmsg¢xm@mmewmmpro

th t gﬁmﬁg threshoidMonffo lﬁl{wﬁéﬁ
Arr;e)l ?:‘J ggi‘j;t: m'& If one of t e 'i nput hﬁeams suc‘b as be m(l) is
kept or bF, Figess, iimut goes, belosy, ey thrgshold ik borsached; giephase st pucguning | s

anal og- mwm)mmmwmm dghie id!buteit, Wi | | be greater than
and propor (2 Becaus bo eans appears |n
fhe out pat _( 5) 1 IR peR’Eh M@%M@%@&w@? e s
modul at edmmmm@mwmoﬁmmmmnmwmmwergy,
when bot h f nme tw ce
the 'l eve B9 Wenipfon Wiin (o) sbhE ol AR, oS ool 5) B2 Rpe WM

anpl i filZatsFtoiPBlones from the constant power beam (1), and is determ ned
by the nmodul at eslrese teafthngiBehbdar)(28) is adlidd & i Fes&tGfiput %é&eyg.ﬁs% ary,

t he out put &g) W | ,algﬁ be tglr)lj;.s ,at up to double elei\,/%?w beam
(2). - 'hrfé? M@ @6} misingithey  of

anpl i tudemsslmldabevemmsoﬁmmwaf) feversing e ﬂsﬁﬁ:ﬁﬁﬂo&ﬁﬁi {23)\anll S

f ocused OB{.C&HD W%ygeam (2) has a nodul ated envel ope with a certain
30 maxi mum affoun ener g This is able to be represented by the actual
anpl i t @deldoMulthigpus AN and OR, andﬁluyloslchMpDV\er beam (1) al so contains

ggﬁ[ ?)cl)l aglélggabeamgzz but carri es%%bﬁgfgrn‘a |on%w¥serence cau§%s

energy fr dheythpeshold-contolling; beasw (26)is jset s thatithe thgsholdt ( 5)
ohe’ V\gel 4aa e (950 of g b g qnom;m AL o b a£i“(5sl)"alglthOf

e nodul a |o changes. in be ear in the ou pu e
out put (5F° g’m%‘b?‘;ﬂ% gﬁ‘ ipnts Are o, i s c5e PealiE ¢ 4 us e

only t®e @ﬁmm),lmmmwmwy Slneeaﬂdiffﬂﬁﬁjetﬂﬁmshavetobeonto

enr gy - "ol e KA ke S i o e R el o A A P

resul t, tfiactionses ymulgfinguhANBr esent i nvention truly is anplifi cati on and
?ﬁgseﬂgﬁghave I thi @idsBisiRbonttbllifg Heat 2365 s sH16W, do'ifie i HrdsRiia RSB S dny oftS 0O
(%dlemggerbeamcomeson,theORTI-IRBSHOLDhasbeenmchedandoutpm(S)t\nnson.Th:sls
30 a muiti-input OR.
Iftheamngem‘em'ofFig.1isused,the-levelsofalloftheinpmbeamateableto.besetso
' thatsamrétionoecuxswiﬂnheaddiﬁonofanybeamthatpmssummigg.loeation(23)aboveme
threshold. If the arrangement of Fig. 9 is used, then its inputs are set so that it functions as a schmitt
35 Since the threshold is able to be set anywhere between the AND THRESHOLD and the OR
THRESHOLD, theamngememnsabletobeusedmﬁlzzylogxcandnemocxmtty The threshold-
controlling beam (26) is able to function as an adjustable "weight" input. '
15 NAND.

}hvmgthebaslcoonuonaopemuonshownmptewousﬁgm loﬁlcmtereonnecnonsareable



WD 96/ 18964
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beam anpl i fW§aM he prior art. Ei t her type of penArEoshedss
interference is able to be used to anplify. If the second type is used,

beam (1) nust be the power beam as its eneﬁgy does not contribute to
out put (5) when the control input (bea”?(2)) is off. 5 4. Gating.

!';l;l tehtebf Hg'\[“ t &S! of 3 ecial int ferenﬁﬁ l{ S, uisai thg@éﬁet her lnﬁu‘ﬁ’&‘i %Qm
turning off tl@WﬁMMmpﬂWbﬁchﬁmwﬁmmmﬁoﬁnbﬂw

57 BT, C2) i 2 e G

const ant powecxampiep Eignid Wm mm &6 putpw disested ing aroigvertes symbol at beam (2)

General |y t3atme AND's§¥6d Rtk drrahgimbdd REPdR fodortef ekedd So
the optics used; L rieis \When the%f:i(:)ig%/?& C!‘t?eam (beam (2)) is bel o_w

the saturatio t of;Figs. M"at%m’pmamﬂfﬂ)‘ tode e ps descrihed in
t he out put (5Skectidd®atové. hat | evel, all of the ener gy avai |l abl e for diversion

) QR ol T8 kit 08 R e N Sl TS

unabl e to cauwmmnﬁmr@pﬁmmmmﬁvmmwv 5. Pateinc5,0921802: will 8so. wols as

aresult, v, fdvitesSthe
As with |ts e ctronlc co@'l erpart cﬁse or o |rregzm|)|t|es are able
‘to be cli ppedﬁmﬁm@pmmsmmmmemmmmNmMswmm

depends on t hehe NENTS funttidf 3?ver driving a device is able to
cause | eakage |n orre cases. Certain i f the second type of speci al
interference #%NOR ysed, there will be | eakage by design. Increases in

i nput | evel above i 13 siows aelopit disgetl of a NUR. dsvolivedters (32) dntl (33) e provided Wit be

fho " ©exd3s ko s Tk e ANOTEH sl AHEY sy v Bt a0 P 08 ©1
optics mny di rMODWe(NORSMt ener gy from beam (1) to sone | ocation

wher eby erference i s unable to divert that portion of the energy"
into the out put )ECE% Such energy has - r’ri?l y been nmade unavail abl e for

di versi on by the offig d4shows the lngicrdiagram for an XOR that dops not cligpge phassin its output as does
When dest r uct indQribl bk RER OR. bﬁ#ﬁ%ﬂm éng&@ar o 162btiof 1359 "THid shinfbing

the energy fr m_both 30 beams s diverted tq constructive

interferenc® rfhe gpuming Jocatipn, depigirioin (3 (@ m(m??fcﬁ*ﬁﬁé'é’c%ﬂ‘d
(3). Figs. 3 Moﬂ&?a;bmgévmd-igip,ed arrangerrent wher eby nmask (6) has been

ot location (3. TS sukuby 3Bt e pibaites 8 ol gt “Beapyg, KORE e ROREwF anfy |
proportional themselves. CThetontpht ofmnbbm(eﬁ)lswwtwo ANDs (36) and (37), which
: function as phase detectors. Although the AND symbol is used, the second type of special interference
25 is able to be used in this instance. | |

A constant powes beam is supplied to AND (36) from P. Power is also supplied to AND (37);
however,itisﬁ:stphase-sbiﬁedbylSOd_egreesbyphaseshiﬁer(38).‘Ihisphnseshiftisable_wbe
awompﬁshedbqupﬁcdelemem,mbysimplyposiﬁoningmeqompbmpmpeﬂy. As a result,
when XOR! is on by itself, AND (36), acting as a phase detector provides an output, and AND (37)

30 does not. WhenXORZisonbyitselfitisl&OdegrwsomofphasewithXORl andsoisthémtpmqf
summing Iocation (35). NowAND(SS):scutoﬂ‘ and AND (37) provides the output.

Having separated the two phases, theyarenowablembebroughtlmkmgether Theomputof
AND(36)mphas&sh;ﬁedby180degreesbyphseshfm(39),‘otpouuoml_pm The outputs of
AND(37)andd|ephase-shiMdAND(36)mbronghttogeﬂxeratmoﬂ1¢tmmnﬁng1ouﬁon(40).

35 This provides an XOR output at XOR3 that produces the same output phase regardiess of whethee
XOR1 orXORZistheXORthat_isonbyitself. XOR3 is off if XOR1 and XOR2 are on or off
_ together.
17. Binary Half Adder. .
Thebmaryhalfaddeusshowanlg 15. TheExchlslveORofFlg l4lsshownusmg



result, output (5) is called an "univerted" out put. Energy that passes
t hrough location (3) into output 35 (8) is inversely proport lonal to the:
cont rol Wutm;“) As a result, output (8) is called an "inverted"

out put . The maxi mum uni nverted output (when tRET/ESMIHS i nput
I's smaller than the power input) is equal to the power beamthat si nply
passes through into output (8). As a resglt, the uninverted output S
not anplified. | WO 96/ 18964

PCT/ US95/ Jérveational XOR symbol (41). The two mpnts (42) and (43) are apporuoned into both XOR (41) and 47

i ver ted 1o B, T Behifon Bopiad U b ol Wi SHSTHS wepiioiin OB ' T

out put phd’!!@“‘changes dependi ng on the I nput | evel s and phases. This
. aspect Wil bRce@BREmE bel ow in greater detail in the discussion on

t hreshol d deteccﬁlgg | f the control ‘nput Sﬂz of this
inverter is nmo MWWM 30 SPETEY VRVR bistable, devics (5D §FH) dswent

perforns thisabl agingeheniNekh is hCne @own in Fig. J. Bl 1259 pROIRAULEHRE, 4 HeaqBHT ©F -

Next is an_e nation of how the present invention operates given changes
I n phase m)%%w ency, reference to either Fi gs. 2A - 2E o0r 3 - 3A

The present i nﬂenmmnpmummmmmuﬁh@ O CLE clock igput Phlses Bave S

7S Unrmgurarol e U1 AL sHC A3 et b i 3 PR o Do

to. Powerds providrd e fip flon (FPhas shown jn Figa9. ImmlbutFFQ 5)rm¢ el GutppL(S) beans
(1) and (@Mmﬁer o) W RwEred byl Sbam from @F gftﬁﬁﬁﬂé Iocatlon (3)-
I ec ce

Any ot her phas dlfference greater than zero, energy

l evel at |ocati Pﬁ&%@%(45}e@éﬁ>m4wmmm to the
phase d.fbaroeaasymet(mesammmsibl&lmx& Phisé flord (LK) Pebscd A6hgh kHeFRBRAENT -

As*the op re I I se, .and ecially. as const ruction

accur acy Shﬁeq??@ %d‘ﬁ’gﬁﬂg?@m cggméﬁ' ‘ém"e(s)fo be built so that

eRer gy 18hat Amuwm@mwmm “s) mﬁnb(n&kywisbldelhepahid d@ﬁkmdby

the | magesaPaRR I tﬂs["%! futct andw dth an
ﬁ&ge sel ect Ivity 0O rﬁﬁle o ducoblshal

shar peni ng of the evi ce. If the
control input T8 from deleyspath 48 paphiss AND, @5y and is)direted inko daversm (473) |

const ructmﬁ&sm&ﬁemﬁ b QS Hikabfing AND i( erfer ence will occur at |ocation
(3). In that cggse ene wil |, be diver to location (4), and :
output (5) wil |iﬁ°o%°‘ﬂ$ %a@vemeywﬁmmmwm is eprbledy ( 2)

will nao mmwmmmmm(w) Phase nodul ating the

7"t he opt | os S BRGNSl e rtrﬁv?fﬁg*’d“' Py B PR R et

| ocat i onsThe3pcondpuise. @m@-&mmwsbeforemeendofthedehymof(ﬂ) Thenenergyfrom
delay path (48) terminates, enabling AND (46) and disabling AND (45); and the clocking cycle is

25 19. Differentiation, and the binary digit counter. :

" Fig. 17 (17A) is a graph of a typical bistable signal, found at the output of a clocked bistable
arrangement such as Fig. 16, which is to be used as an input 10 a binary digit counter. A binary digit
' muntermessemaﬂyahsubhdememamabhmbechckedbyabmrypulsedbumhmng
variable-length pulses. Fig. lSshowstheloslcdﬂsramofabmrydlgucomr '

30 (CFF) in Fig. 1smhcclockedmpﬂopof1=zgls Itteqmresclockpnlsesat(CLK)tobe
shoruerthantheumeofdelaypath(“)ofﬁg 16. Vamble-lengdlpulsenreshownmgnph(NA)of
‘Fig. 17andasthemputtotheb1mrydlgncomr Fig. 18, BD).

Theﬁrstbxmrypulsestamatume(Sl),Flg 17, Topmdueesmdaxdlengﬂ:pulses a portion
'of(Bl)lsdnectedlmoastmmnglouuon(49),andanotherpomonmoadelaypath(SO)ang 18.

35 Snmnnnglocanon(49),asyet,hasmoﬂlermpm.ltsoutpmlson,whlchsumﬂleﬁmclockpulsefor
CLK.

'I'hedeiaypath(SO)omputsnoenergylmﬁl_ﬁme(SZ)showninFig. 17,a;whichﬁmeenugy
exits delay path (50) which causes di at summing location (49), terminating the first clock pulse into
CLK. The delay time of delay path (50) is shorter than the enabling delay time of delay path(48) in



25 output (5), a slight phase-nodul ated conponent will slip through into

out put (-5). However, narrow band optics will allow energy to exit into
out put (5) HPI om | ocations such as |ocation (4) where %9 .
constructlvg‘w’Py L rence occurs, and the energy from both inpﬁ&;ﬁ %ss

I n- phase. If the control beam (2) has both phase and anplitude
conponents, output (5) will contain an a4ypl i t ude- nodul at ed conbi nati on

of both the anpl i tude- nodul ated part and the phase-nodul ated part. 30 As.a
result, the hiBel-1evel output resulting from demodul ating the phase

changes is also af fegg
aresult, the present |nvent|onl°£é; Wtﬁe usedlu&s a ?)*ase 3n‘“nﬁlut1mt0|)
by phase riisRe e Wg’“tﬂhe'seméwdbwnmmmoa wops; {Fhese is still energy in delay

The phase denogitl @60k sfniig eﬁawevexllaeemddi(@hsedhf

S demodul a bcRRRS] S‘aﬁi?@&qa?&dv%?ieﬁﬁger ofmg%‘?éf bl brar sk

t he out put w Iliatchmniﬁ 7. [Thig kholvg the Iprocdse Of diffetentimion of gicnergy puilee. out of phase,

Const ruct i ve | nt er 1 B iee esefrg SAgues S € S0 sy gl BB o7 e s

out put at outmvg(l@d thdnauefthhonetgymmmae(éo)bemmndeephmmaCLK

Qut put._anpl i ¢ gguifles B2 s4) 2R el U ppel's Mt B LioRAE 2 YOl s

fall range of phase
PCT/ US95/ 164% mproduces the CFF output BC having wave form (17C) at one-half the clocking frequency of the (BI). 48

di fferences. Neyd el bRy G gawgo{mm oportionately, only over the

bandpass range. ti -f requenc erat | on _and actjve filtering.
Each control si gnaII“°FPﬁﬁf°’ENgL ﬁ‘ﬁﬂﬂéﬁ?‘@&wwve
a mat chi ng poviasugh (49), e pulse(rike andydil falr:detmist)be mmiaﬁmennep&mm@h(ﬂoncnnmd

a1 oquency S ek e s ork 8K s PR bl B ot s e Bl B b

(2)). 15 mhlmm@mvaGMaMqummﬂmmmefor each
frequency (i kfprdrddBariof ggg% ah&ﬁam%t put openings are

| ar ge enough at Iocatl 4) to g@t%% aw?large nunber of precise .
frequency | ocat i onsThisdiEentision geopess is %NWWMM%F‘BT@MM%%W
If it is desmeﬂﬁielwanﬁa&aampmsaldeﬁmmaquabmeﬂwgy at a snal I nunmber of
frequency | oc gns then the device will be narrow band. 10 | f
the control i raf’é is provided with energy having multipl e

wavel engt h,ﬁ nt erfeﬁmsenes:funhrb d@&uﬁum( : BPCyvhidugli BDE; afershoperrin Fig>19.t Bach
appear sinu in cansider [ . har C

het er odyni ng %%Lﬁ%%&% ﬁmgg 131@@%?’8’?‘%@83%??8 %Mgﬁ%@em
used with themnonNuseBﬂclnventlon ) _ As a result, the
present invention %hg‘t %ﬂﬁé 9’%"3“ I I¢ 56 the
frequency-nul tipl eer) 1‘% eam s provi , tHietﬁrm?{snp‘él(b]t%e)q‘t‘do (us?e tooTollsck
out i nformati G0e 3§ithelecteanics, cxeept thas Fhen using she Droseny, ipweptign with hsh&ﬁhF RAPFSSicpUpIS;at

i gnoring alis afghapeelr equencies if the first type of interference is used.
1T the second TYPe g re (57) through (59) show a the typical binary count output of masching beams (57)
thmugh(59)Asmnybmuydngxtwnmetsasmmededmabhmbeadded,asshownby . BCDy
with its output (60).
21. Gated Oscillator.
30 Fig. 20 shows a Gated Oscillator. Anampﬁﬁa(sl)pmmesmnﬁcaﬁommpowermu);
. lssupphedbybeam(G) Itsoomolmputbeam(Z)lssupphedbyﬂlemnputofanmvemr(63) The
mvenerspowereomesfmmbm(?) Imt:ally,mvemt(63)nson,whwhduectsemgywbum(2)
of amplifier (61), which in turn is amplified to produce an output at output (5).
' A portion of output (5) is directed into delay path (62) to provide a delayed feedback signal.
35 The cumulative delay through the whole circuit is the frequency determining device, but the delay time
through (62) is the primary determining factor. The output of delay path (62) tums off inverter (63).
Output (8) turns off amplifier (61) and output (5), completing the cycle. : '
The oscillator continmes to turn the encrgy beams on and off as long as power is supplied to
amplifier (61). When constant level input (G) is gated off, oscillation stops: When (G) is gated on,



of interference is used, the matching frequencies will be anplified and the
others will be attenuated. In the case of Ilght -a single.

col or i$wgdeigeds0 be extracted, so that any information ca %&#

is able to be exam ned. G ves the phase and frequency sensitiVi t he
present invention, mcrowave 20 and even visible portions of the spectrum

are able to be divided into channels asS8nharrow as the audio channel s
in the radi,g pands. Naturally, the degree of separation possible also
depends oﬁaﬁ?ﬁ@“mm of ~  the optics to produce standard power beans
that are Z&Sqmqvemsﬁm I f the power beam (1) is supplied

wth energyh m)ref en'es the outpyt (5 i 1| contain
-anplified si gna e%ac%% ‘Pﬁ]“p MF{‘HM"F# L
conbi nat |Wmhﬁrm;@)m beami(1). Aipernpmomuuuea)ns(dwm delay mihc(64) whictal |

gfa\r/]g;s Ir%?ivtr“%swwave ngt hs ﬁ%%%%ﬂ%n uni soné“ltqr‘]'fst ﬁ;t

i s t 1RE delapspath (Sfds dircsted o the,tesst inpws{28)if the hisable devise ). t hem i n uni son, | f
they are vvnthlm&ﬂwo@al(smmmésﬁEMMuﬁhada&w&'d&Mﬁ&ﬁsu1 ier

Fig. 4 sh ws t hree ex e s ectrums of broad band energy beam a
The powert ﬁF‘\“&%&B wm%m%%mym i es.
(P1) thrmmmmmmam)kw@fmmdﬁahmmw R'beingsand 1 O

| ool o0 ool doef prf B ARG o8 ol [ '%%ﬁﬁﬁ%‘%@ﬁ%ﬁé far i ng

anplifi cMWdummwowmemmhommmém)!sexer@ﬂ)mmtﬁ)wbhwpassthaiugrde]aym,a[ err]

And, durlegﬂplgtﬁ,&% on the output anplitude is: if (2) > (1)
then E L@-'Za[err] . |If the power input = 0 at the ‘
frequency i n (ﬁ?&%& rergbiped:ipnyt to(bs elaw ghe threshold, 50 UNGBANBI 64
PCT/ US95/suBﬁs45:5sse1f whenmpm(ZS)comon. Oscillation is also able to be gated off by tumning off 49

They oo ”isﬁe@mpe‘r‘ soaa Q10" he i omulae above oo oS TS ?:EW o,
C6, C7, C9, arflie Gdl dscillmorishownribeveiinBigp20)all bpears wing analvg s ReLSigiod, NO
et of! 10 g Wapﬁgémﬁﬁ%?@é?%%éﬂ R
avai | abl éop amwavewmﬁommmsmnmv@m@fﬁgam oDkhet othec bands
::ggg aS i<Hinary in narure because of e AfpBOFHFC RAEE e, i PrSRUILS b Bhale Wabtlem Rupht i€ 25
9€ 35 25 0ne shot
Onlyonemodtﬁunonxsneededtochangedlesqumwmosullmrofﬁg 21, to perform a
oneshotfnncuon.Ifthesetpnlsexsgatedonﬁorashonerpenodofumethmthgumedehy_thmgh
the delay path (64), then the arrangement will cycle through one cycle only, and shut off.
24. D-type Bistable Function.
25 Fig. 22 shows a D-type bistable arrangement using a set/reset flip flop as in Fig. 9. Beam (D)
is modulated with input binary data. A portion is directed into AND (65) and Hnverter (66). The cutput
(8) of inverter (66) is directed into AND (67). AND (65) sets flip flop FF through input (25) when it
outputs, and AND (67) resets FF, through input (28) when it is on. Enabling beam (E) is directed to
the othet two inputs of AND (65) and AND (67).
30 Fig. 2Zalsohasagnphwshowhowdnsb-typebxsublefuncuonworks Initially at time
o (68), (D) is off. Anychangesmﬂwmof(D)havemaﬁect.onthesmeof(FF)aslongasANDs
- (65) and (67) are off, as shown at times (68) and (69). At time (70), enabling puise (E) comes on,
enabling ANDs (65) and (67), and causing the state of (D) to be written into FF. At time (70), (D) is
off, which causes AND (65) to be off and inverter (66) to be on. This in turn, turns on AND (67),
35 because it had also been enabled by (E). AND (67) outputs a reset pulse to input (28) that lasts as long
s (E) is an. The state of (D) now appears at ouput (5) of FF. Afier ensbling pulse (E) tecminates,
changesm(D)agmnhavenoaﬁecton(FF) _
At time (71), another enabling pulse enables ANDs (65) and (67). This time (D) is on, which
turns inverter (66) off, which keeps AND (67) off. A portion of beam (D) is now able to turn on AND



4. C8 matches P5, producing output OB twice as large as P2. Because C8 is
larger than P2, the anplificer is in saturation at this

frequency. Idesmcond type of special interference is used, pdPusos/16455
limting action occurs, as with fornulae 5, and will not clipped at the P2

| evel . 5. P4 finds no match |nthe control input, so that no
output is produced at this frequency However, because it is a
part of the c t wey e and wai.i for a

mat chi ng si gnapﬁ aﬁ@‘h@%‘ﬁ #f?ﬂi??ﬁqn S8l ok ) o’ oW appeqgR t UL (5) of} o

anplifier is &fH. ésﬁnﬁcembﬁngspﬂsu(ﬁ)tumha&beﬁte(ﬁ)r&msm and at cutof f at

anot her 15 frequency o Jai f
produces |nterferencg§) and the resuif n55’| nferaéfmon %/eﬁoén e preseﬁ%oeﬁ
i nvention, in ﬁmm@)mmm@mmt@smmbpmmw%mmmmpm

frequenci es.s B3eg tDepflibRxephen two frequencies are so close
together that interference does occur between the twg. In that case,

cascade series of aifI2fishyws thedagic dipgrym fog a frequepcyidesmyltipleaes. @ﬂ?“fPWM?sPn
successi on, Wlfhés MLm@Mkmmtp,w%eAW@d@l @dtis of the

ﬁa;ﬁgge?oarrpl ifiers {o su%:esm \é&ﬁ?f{ﬁr}’z&%rﬂ'ﬂfh for o&?') ﬁ agér and
successful ly WWQMWMmeMWMWMym

Thi's of f oat  dayeaty Vo bl Efeg ik Vi BSiailont et ety RIS

transferring iwitheuring theymulfiplexingprecedsase frequency to 25 anot her.
A a result of 1 NCaRgaE Mowd 8 Hegiedd) SealinfEkEe wiherd il 7 e ontOHES dhal Wimblon N

nmeans, nethods and éﬁgarat us o pr esent |nvent|on are able to be

operated in aC°PORfusEh rhgve a sepagge Pyt lpgation, (17 ps |
cascaded anpl I:ifmsgnsqsm,lwﬁémﬁe&mesdﬂﬂnﬁgﬁmmmha

rainboWwETHedbgarate
physi cal erials are able to.rea various _frequencjes that their
char act erlrm{s 3’5"5“@'% [‘ &MW%W f’?‘@c‘?’g ?‘ﬁﬂr“’m‘k‘
frequenci es. &ecdnomv@fs@hmmmeumahdrhwnm hﬂwmdehaahdmrequml tiply carrier
wave frequenc mF# mpﬂ ch materials as the energy transm ssion
medi um ' € present "Irnventions, the characteristics of the nmedi um
affect int erfer encmmyummwofmmmmmmm a
frequency dou il I "“‘3‘9%‘“"8‘?& gg@u
to produce a %édzl}%at ed %&%%’tga%ﬁ and possi q?vm ce P4 and Cl depend| ng

on the nmat e4V; Afrangement. Negati ve or |nverted filtering is also able
to be acconpli shedmmstweh mmmmlmﬁmmw lseienﬂ fpulbds Ofputs

gdaSA di fggtj??egerg%g?y% tggﬁﬂé%w&gen a fEeﬂuency matﬁ rs
but | acki ng t kwsh toneqlier icpuissd sequehtially ixdlitsoaen, whmmhbmﬁbmhombﬁah(ﬂ)mﬂpwm

ll'ﬂguf oPngrU % séﬁ‘?%%‘?éﬁém?@h LQ‘ferfam %W’beam gimq(&t‘f | ers

and the var#Sodeyice, is abie to be acopplished) 8964 _
PCT/ US95/ 16455 Fig. 23C shows how ANDs F, through Fy are able to share a common di location. Beam (72)

enters a complex controtier. The orientations-of each of the inputs (73) through (76) are different from
each other in order to provide different positions for the outputs (77) through (80). As the power inputs -
are sequenced, each bit frame will be picked off from beam (72) and diverted off into a different
30 direction to provide a separation of the outputs.
26. Time Division Multiplexer. ' y - |
'Tmedivisimﬂﬂﬁphxu:mmnﬁmjpmndwseﬁﬂmvm.ﬁg.%showsmelogic
diagram of a time division multiplexer. Input beams (81) through (84) are provided with parallel
information. See graph in Fig. 24A. The power inputs (85) through (88) sequentially pulse the
35 controllers CR, through CRy configured as ANDs. The outputs of the controllers are directed into a
common output beam (90) at location (89). - |
&npmbeam(%)thcncomnsasmesofpulmmkenseqwmaﬂy&ommedmmbm
(85) through (88). Summing of the signals does not ordinarily occur at location (89) because no two
inputs are on at the same time.



50 power |evels and phase rel ati onshi ps needed to acconplish

| ar ge-scal e arrpl i fication. 9. Cascaded anplifiers. ’

Fig. 5 ‘P§ ogh€e amplifiers connected in a cascade seri %s Beam (9) is

the contro beam of the first anplifier, and beam (THTYEMESSpover

beam Location (11) is the equivalent of location (3) in 5 Figs. 2A -

2E, where destructive interference takegp pl ace when both beans are on.
Energy is_diverted . by interference to beam (12). An i mage conponent :
separ at or2% Phass Leckisgcs ener gy at Iocation (11) ahd - allows it to pass -
i nto beam (12)pﬁgq liesteRifalll, kit ghigbemﬁmlﬂﬂm ngkggrrpl i fication
from this f%rs%,wﬁlrfrer I S dou he er{xe eam (10) when
all of t {Odjucteating phascbeam (12) .

10 - (91) xi'hmomeiedbﬁt taﬂpleoﬁmemofah gw Power is '
suppl i ed ai n b am ) .LS occurs at

| ocati on Wégnﬁ}w%\%ﬂﬁ(%t% f’%l t'ﬁ'(l!} nstant-

ener gy frmmwmmmmmmmwwwA) at

| ocati on gdier B trhdom reachr | ocati on
(16), while perrﬁgﬁ?ng engrr'b'y m ocatron %% % ot vﬁ'ﬁe maxi mum
anpl i fi cRqmsRt: afleastyme %%%m mmwmmmt he | evel

of beam encigh pdse smgg?a (9) is at
maxi mu | ocat ] 14) . cont ar ns ener from beams , and (15)
for a Maxi num @‘f(‘““%l%dl Qﬂﬁ"géﬁ

i nterferMesmnummecmgmﬂmeaﬂm&ﬁﬂlMWodm fhh\‘iﬁg

(14) to %ﬂ%}“t‘éﬁ" suIt beam . (14) is controlled by beam(9)

The thir rer 1S at Iocatrons (16) and (17). The maxi num anount of
anplification MMMM)WGWW bm:hmhpmtﬁmﬁoaﬂ) is

set at 4 ohd dBed® &Emgﬁp ! gﬂ@r\ 9| atron
(16) cauges the energy rom eans ;“5‘% r@ er M

| ocat i '9n Withipythe t%M@EWMMe
cascade mqml)mmmmmmb B&EME (§e gy

fromloc on from passi Il nt.o out pu beam(l .
al | owi ng%g‘hs é;mgl% M‘&M B?Fs?‘; 0 pass |nto t he out put (beam

(19)). As a r dfthé phase-fiSuming peaim ik cfomnexqritfls, an Ottkids Bser s @\be maeBedvaans (9) ,

E)éggn, (g)l I'S o%%m&ﬁz‘%'?‘g&ﬁwgng @) : tlﬁgs tg’g‘?‘bearn (19;)e?(r)n E)g) oft\‘/\hen

The offput at Hshephase MbtWMMMdWﬂGHMWMce beans
(15) andaﬁﬂlﬂlde%&um btﬁéiil or not
“di verted,into, out put t1(319) by |nter erence contr bﬂjbeam
(9), bealfragtion, bé%‘shw%arwhtohe le to add
as many pliiﬁmw MW@MO that a snmall beamis -able to control
very | ar ne. The process is analog in nature, but is also able to

operate W't 'fsﬁ’&ry signal s by using ether high or lowinput signals input
to beam (9). mpmmmmhﬁsﬁﬂgutphabkrmmmeahmﬂphgc&psrmwrference

shut ti ng; “ ( 8)) shut s
of f out put beam ? %i resul%?%?hr S en%g %&e pr esent I nvention
Firgc ﬂ’!ﬁ

is a 35URGERS. mﬂmmt%walﬂsmegm@ﬂm. anplifier

srnceamwmwwe&a and oA HallE af g&g&lwrangemnt

and into_t he out Usi the second type terference
Shut t 1 g STEOrS Pyt qptical srageaigs, i gl BRGS CORDIER S abl o S50mB 1 boam

(19), 30udesign ask, whithdr alirfow RibE ol ficadbaall put because of feed- through of the
ggntregt beans,lﬁtmmo&nh tags %(ﬁgﬂmp%&as &Pergkgte c%&dgl of the
: comoﬂasthatoccnpyeommonlouuons.Aoomplexmputbumns_ablembeopmtedonbyagroup
Together, these operations are able to be incorporated as pixel operations which are tiny parts of
35 dynamic images that are very much larger. By properly timing, orienting, modulating, and selecting
the individual rays, or sets of rays that make up complex images, whole computers that accomplish
light speed computing are able to be constructed in a very small space. -
The principle of frequency mmitiplexing broadband devices, interspersed with specific narrow
band devices, allows complex operations that have total control over the energy streams being used.
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Al'l of the f of the individual anplifiers apply also t H)@s ded
anplifiers. &ﬁw’g&f anplifiers within other-arrangerre% |
in this application are able to be replaced with a cascade serles.

Using the first type of interference, if angiof the anplifiers is driven
into saturation, the series 5 is effectively in saturation. If nultiple.
frequenci es armmWMmmﬂldea@ addrésses, timing, orege; and every other

m ssing in eithar et Remetn toi Plﬂ?ﬁw af WivelRpib&imiRiong. the m ssing one will
not be anplified. Any of anpllflers other than the first one, are

able to be fitted viotultiplexing éﬂéﬂ“‘m whether fipawsngy division or time division, @€ ' 51 o
to Be di rgct_e?ag@npupmngy@m?\gm béibidihgSopétions. By Wﬂfgfaredaydf\mﬁafm&&rsam e
to be produced. . ny interesting and usefu rangenents aye
ol oot o e Hupeageia SeqUERCts, 3 SOTLEEIHES 8 P ST A, (LR B e e i
exanpl e, if edeiperformek Mlikllﬂaﬂmmddt&egimyf liplexingiabddeshiuitiplexiog) taddress

anplitude distyg] sg{&ﬁﬁ J&%rent power inputs, then the subset of
t hose frequencies th ave n characteristics wll be selected

out, as each stage Qptical switching, sa@nsmlﬁdlh@mmlwmmmnﬂwwmdmd

ener gy Wwhich 'nﬁaniBﬁﬁqu %ﬂ%@,&ﬁmfﬁ‘?ﬁ% l?f&m&'ﬂmwi bed
in section 8 above. oF bl Imlarly, vﬁﬁn one of the arrangenents is

nar r ow bandlOaAgyention. $hemacustical wves arg need varions ipaging prosesses Such 98| Gamar and sRuagrany are
that of the nasie ngenent . 10. Multi 1 nput AND.

evwmﬂdmﬁma
In the cascade anp f1er abpve wer beang, as well as fhe contrqlling
ot beam (9) , - ar e ke DAl Or G hmaes iy oBaARom o BPpfrairon SBmiciened

the first typﬂﬁm@n@lmwmwmdﬁmwmmiﬁmem a'hgsehnlada:thethe

The. means and e o mA AR e ol ) R Ml S

devi ces, i ni§| midrosgopes, finser cutting, aachothes [proeesses which celquite endrgyy o mavingiparticlesitgbe 5. | n
order to oper%na%mw such as beam (12), nust have a
a

frequency, a phase, npl i tude, a cross-secti.on, an enerqgy |evel, beam
direction(s) and cOffst My,mmmmwwﬁ%ﬁm
envel ope. EacBodiputetss 46841 cOtructed Ging\ he bﬂwmam@mwmmmmlmwn

(13) and beam (14 as, the sa requirenents. to,
i nt er connect FPEPP‘#"H“S W ﬁ PF&?MM?H?&F“ eb“f'

account al 120 the présent iwentiam]ui rements. |f necessary, additional optical

beams,  such ag. bet uBSASRERRTP R b i P Pion BT anwroﬁfoerrs

and to maday$out the mwofeémmmmmm beaspuanipylatiom for

same is true mg%ﬁ%cmﬁuﬂm% lﬁ.ﬁ privides e DR theédhd aid methods
integrate a Iarge nupber of these basiC dev] ces operatl ng in paraIIeI and

in 30 series elecipuigs, A @ direct
ar r angenmentzs. remnoftmsexmvew WmmﬁeﬁbaﬁmWI
in the presen Eventl gl ‘bEeam 'etﬁmmw beam tecknology, and especially in

light. This is because specific examples of a variety of logic arrangements are fully explained, showing
precisely how the components are to be interconnected to accomplish complex logical tasks.
Man has been studying light, sound, particle waves and other forms of energy for centuries.
30 The principle of superposition has been well understood for over 150 years, yet the conventional
methods, even the optical ones, have run into a wall of difficulty placed there by the basic physics of
the fandamental processes used to create them. '
The world of photonic computing was at an impasse. The present invention sweeps away that
. wall, by using the here-to-fore overiooked special interference. The present invention establishes an
35 entirely new technology. As a direct result, the present invention is expected to be the foundation of
21st-century computer science. '



energy for the anplifier. Thage corrportent separator(6) prevents energy that

has not been diverte nce fromentering the out put (5)- .
~ Wen the control bea , ﬂuemm,@ m‘# along with the povgts (%'9 g (beam
(1)), droge

) | ocat icont ci occurs at-|location resuI ting -
I n out put (5). As output (5) is able to be picked up at
mul tiple |ocations, a portion of outpu2(5) is redirected by opti cal

el enents (20) and (21) such as mrrors. This beamreenters the anpli.fier as
anot her 3 ischimedis: heam the "feedback beant (22). It is orient ed so t hat

the f eedagneiaf bEdbmirsilidgs wﬁ.s@emwm SFhidiiHig o0 ) and
out of phase vmth t he powe eam e€am (1)). mg& WO 96/ 18 64
PCT/ US95 Facegy-hsam

52 *&MAMWMJ«@»%W
control, bean(bea Z)F% |s a I|f|e A d'?gb%l on of the output feeds
back ifto the set Baving f')"g'

Regenerati ve mwmwmwwmmwmmm
(22) to mcregégws w rmuch it increases’;’ depends -on how
strong t he feedbac beam I'S. 5 - If the feedback beam (22)
is a small portlonp@mmmﬂammmdmmmmmmoqem

as wWthits e Iu;saﬁieﬁnﬂ me;fu?) i's
used for feedb the gut péu!ti Et 5 . W |ncrease su enl’y to the point

of satllr ati onbeam sets to at least Qme nt output::(5) is on; what happens
when t hat input pul se twn&eb %fm ob beam sets i A%%u FSm @ ¥ enough
out ut

to enhance a flcatl \e’g{]edu Sﬁ'f';to its I st
”Bﬁ'ﬁ e8preof apde o A

out put | evel.
of saturationwhafmmbwse(ﬁinphdelmﬁemmoﬂrhumsu, anmakl ng the arrangenent

2: tst}gpl = COPLreO:‘ e%%m‘@%dgwhe povve%%deam eam ??I)d&?"ﬁm Stng

monentl8rily will rMWmhdmusma ¥ This arrangerent is

very sengitue iventioh of QIMbe built to respond to a single photon. As a
result, it 1s able to be used as a very sensitive frequency- and

phase-sensitive enatwns@hwrfom@@wmmmmm most digital applications
this energy beam CidGhdhidingp m%*emﬁ mmﬁampe abl e to

control its sensitiyvi t.he 0C | evel et ct|on need
di scl osed. WM@F&P@F@M& said &t ke Eﬁ? ’t hr eshol d

det ecR®r usi nghamdﬁmhndmndbgmstmgeonnd a phase det ector usi ng an

: arrplifieg 'ThI . g ' {or t akes advantage of two inportant

- processes: energy beam summ ng 20 and the phase filtering and sensitivity
of energy beam anpmpipining said first beam set at 2 subspptiallyy constant ghovsrzetorlevelapd dr awi.ng

hel ps to identify {fignis @iPirsttdim We6ér Bering the die Wiin Spliticition 836 B Baced off, ON
t he rel ati onshi ps descri bed bel ow Ener% beam sum*n ngis a

very inportant contiessy prpviding &.gared amplifieg by producing “have
vari ogs sw tcwww&wﬂaﬁmﬁﬁwwuﬁ@mmh&mwmﬁ@

The multiple [ Ppdty by Switching said first beam set off and on.
4. The invention of claim 3 including:
providing & plurality of said gated amplifiers;
duecnngsudamphmdemodﬂmdommnsofsmdgmedmhﬁmtoatlustone
30 third location; _
directing energy from said third location to a common output; .
modnlanngeachofsmdseeondbammofsmdgaedamphﬁetsmthmfomonm
be time division multiplexed, and '
sequmaﬂvmnsonsudsmdmphﬁetsbysequmaﬂypulsmsmsmdﬂmbem
35 suof_achofsa:dgawdamphﬁusdtmguchsequemﬂ-mdmmon,_ :
thereby providing a time division multiplexer by sequentially gating digital |
information from each of said second beam sets of said plurality of gated amplifiers into said -
5. The invention of claim 3 including:



25 image is separated, just

‘mask (24), shown in cross-section s only energy fromthe
.sunm ng Ioca;d be transj‘uu mﬂ(l Biﬂ 2) of -the anpli
For nost appl |§(§§t|ons I nput |I ‘ e 180 degr ees ouﬁ/uF phase

separated. In this case

wi th each other. V\hen nor e |nputs are added, they will have one of

t hese two phases, and not sone phase in the3 m ddl e. The reason for this
is shown in Fig. 8 30 Fig.. 8 shows four vector graphs, .
illustrating four possipmvidingiagplnrality ofisaid guedsangpiifiersio ener gy vectors. The
general fornula uses t AGHsitplek blakn AdilaRd Wit Nime §0i310h RRldpled of any
two vectors (sides.of the triangle) produce the third. The |ength of -
the arrowis its ‘Ede, and its angle from 12 o' clock vertical is

t he phase angle, with Wﬁmawmﬁ&xﬁ@p&mmdwwwhfmw

representigg a ph f. 18 By mai ntaining the phase
rel ati onshlgps of ?ﬂigﬁ Qfﬂfgsa%e(%) and (26) of Fig. 7, so their
phase rel ationship is etquéndallygading ch3aid gatbsbangplifiersby smmaﬂlpﬂsiwoﬁsidﬂrﬁa)am

wi |l be represent igthﬂlmpsl :qu'"ng g%bqfngﬁ |.g. 8. Because
t he i nput phase a%gé“'g‘?%&g. er |ﬁ§%r g‘Pe e y out o ase, t he

vector triangl e degenethsrebyprovidipg a time ﬂraisgmdmal gapingtiga-divigien
phase of the | arg%ndgiexe‘dhﬂammm W‘ﬁiﬂaﬁﬂnﬁmﬂm

di fference _between t WD 96/ 18964 .

PCT/ US95/ ]!8455 output ofeachofsud plurality of said gated amplifiers. 53

| f one beam 6STHé¢Giventidh oficlsifi3ihehilinganpl | t ude and t he ot her rises slowy from
zero, the constant beamw | initiall term ne the se. of e sum
Egg men _tPebbegms a &%%W?hdﬁm%%ﬂf%?g t T‘#]e

: en i e C tvereed lovtpw deing differertial-to caid smplivide lppdulated dwgpuyut put Wi
suddenl y shift phﬁ@&g}@@mﬁg match the greater of the two. This
sudden phase change fha ven wth 5 a slowy changing input is the
basi s for 1 e¥.cihedgventiop of¢lim iprindingt i on in the present invention.

In Fig 7, beam (26) i Spﬁﬁihinfﬁ iuhﬁ Ji"s‘&&ﬁiﬂﬂ'ﬂmﬁﬁbﬁiﬁ:‘i'c&wﬁﬁ@m It is held
at a subst antially const ant I evel . "That | evel determ nes {he thyeshold
ifade TolE) ope Of ach s PR APl

which will be detected! cause

{/\E‘\ Wi IbI tri(gg)er twffw hggéﬁ)emdighﬁuﬂml &mkﬁe&saﬁaeﬁes;hﬂ t hr eshol d.

en beam (25) is o t sumat s ocat its

det ernmi ned by 10 thresm'g'”eﬁﬂhﬂo F’Fﬁbﬁg’é #’”*ﬁ@‘%ﬁ% d’fg‘ﬁ@f‘g iq 5
di rected 20t o beaamylifipr ioaidicasardegderids) wheréimsudgleastonﬂalaxwemmmm:s(sﬁ)lﬁmbdmat
a substantially c Abther Q&YGS in the discussion of
anplification. ot SBXEAMS@PH%Q Hw path Tength properly, the phase
of beam (2) at thi's tlmwm@mmw&mmemwmmm into
cutof f by produci @gerfip Ebeby!frérh ¥iid &t Hal'ohé fafile HRanPhrobCsRid| cade Srics 408 b baid'J 1 N

no 15 energy at Ln?p(ii%'tdLon 4) . OJtpUt (Szmllgsate&)];;pmofmmmmmm
25 said smaller beam.
8. The invention of claim 3 including: .
modulating ‘said second beam set to a sufficiently high level so as to divert all energy
available from said first beam set into said amplitude modulated output,
thereby providing a limiter by producing an amplified output when said second beam
30 set is below saturation level, and limiting said amplitude modulated output when said second
beam set exceeds said saturation level. ' -
9. The invention of claim 3 including:
phase modulating said second beam set,
thereby providing a phase demodulator wherein said amplitude modulated output is at
. 35 " a high level when said first and second beam sets are of opposite phase, at a low level when
said first and second beam sets are in phase, and changes as the phase of said second beam set
changes.
10. 'Ihemvenuonofclmm9mcludmg
pmvndmguhastonemggerbumset,havmgatlastombmofenergyduemdm



[ —
It doesn't matter what the sum at summi ng location (23) is. As long as it

produces a sum haammﬂmmmﬁuum ‘to the threshold-controlling beam
26, out I I ener gy | evel
and 8A. 'S rreans that* & itnpllt ¢ rises, it is able tpﬁv%%@%ge in
any manner bel ow the threshol d W|thout chang| ng out put (5). 20

The graph at Fig. 8A shows how the trigdger input is able to fluctuate bel ow
t he THRESHOLD Wi t hout causi ng out put ( to chan When the trigger
beam ( 25) - equdt least qee thig location. nd g“‘%m'" Igdetesedn at (80

of (OUTPUT (5)) reWﬁﬁmmm atﬁis:aﬂ%ani&)enérgyiaro

When trigger m I’IS ove the threshol d ? _beam (2) is of the
proper phase tsﬁﬁ%mnﬁaﬁﬁ tosd of 81"1 At (8D). 25
The result is a vermmwmmmmmmmmmnbl e '

E:IC:]:rS]PcaICiI yTB%Wﬁ&e I eveﬁ&@f&% ?WJMy p'ﬁg%;é'ﬁ%ﬁo addi ti onal

i nputs to sum¢Pritplling WWWMMP@MWQWMMMMME

t hreshol d- contys giakd WM%%M&%Wm (25>
13. Schmtt t(rgg er and Set/reset Bi St abl e arrangenent .

t hr eshol d det %%%@ME%MWMWM%ger
by the addutumimdmgg&aadmﬁk wmmgquw li ke Fig.

7, with the addition of two e ts to, .the . Su Iocatlo (23).
The crdss-hatch in %%I‘B "d@ﬂﬁ“f‘ é‘r'}g] her a

particul ar bephase demodulator; or of f depends on the reI ati onshi. ps descri bed

bel ow. 35 1S] g any
conveni ent opti cal sys‘,’?gbud&gh as m rrorsﬁ%w&s ?‘%@4@5 sf"ﬁe feedbacl‘

i nput beam (2 Pymbimdenergy27) arrives at summing I ocation (23) out of phase

with thesp, mmmlﬂgfgﬁﬁqat&m.ng beam (26). - The progress of
its ogsratlon is illustrated in. the graphs of Fig.

Initiafly, output M’Mmmﬁ%%mwwm

t hr eshol d- confdidit|itaftond thirdidcakibh, Qidefecdback signal at said atédsink #ifQGckation being out
PCT/ US95/ 1645 54

Trigger beam ?WCMW&%%MWI@Mﬁ han the | evel of beam
(26), and adds al gmmamumwmgﬁ)mmmsmms not

been reached 33@@"4‘@ %?b?ﬁét ) SO t he
phase det ector q?gcat | onm&%2 6 enal ns cu s?inal The

ri si ng0 & uding; reaches t he threshold, and output (5)

begins to turn on. ﬁmvﬁmﬁ Wsﬂ& mwammammzn

Because it is a h the tri er beam 25 produces

regenerative VEEB’E%R@W% sajd AN d M%W%“‘b‘? fsfif oser to

saturation. WWWMWWyWWMWMIdmm
beamsetwhenausudANDmputsueonandlessthansudsubsnnmllyconstamlevelofsaxd

25 ﬂnesholdcomoﬂmgbumsetwhcnomofsadANDmpmsmoffandtheremmnderofsud
AND inputs are on, '
merebypmwdmgamuln—mputANDbypmdumnganonompmonlywhenaﬂsud
AND inputs are on.
13. Thcmvennonofclmmllmlndmg : :

30 prowdmgaplmahtyofsudatlustonemggetbeamsetsasORmpmsmod\ﬂated
withbmrymfomauon,smeRmpmshavmgmemrgymsudenetgymmofsudOR
mpumbmnggrmmmsudsubmmﬂlymnmlwdofsudmmholdmmomngbmset
when at least one of said OR inputs is on,

thmbypmwdmgamdu-mmeRbypmducmganonoutpmwhmatleastoneof

35 said OR inputs is on.

14. The invention of claim 3 including:
prov:dmganmvemddehyedsngnﬂbyduecnngaﬁrstpmuonofmrgyﬁommd
amplitade modulated output along a delay path and through an inverter means; .
" directing said inverted delayed signal to said second beam set to turn said amplitude



Whet her the arrangenent is bi stabl—eﬁ*—scﬁﬂ—tt—t—ﬁ gger depends on the | evel

of the beam (27). If it is I t hreshol d-control ling beam -
(26), the arrangenent wl|l be cl gﬂé 10 When the trigger jnput
goes bel owWPe"aﬁ?‘éshol d, the t reached, the P &ét“'g

sunm ng | ocation (23) will reverse, and the phase det ector wll go
again into cutoff. _ I f the feegpack beam (27) is larger than
the threshol d-controlling beam (26) the arrangenent is bi stabl e. Wen

the trigger beam meﬁm(mmmmmmmmwmto

Tri gger beam ( 25) e Rlnh P oR b ek Bid e BRI b f . S5 Rle

To reset the arraﬂg@mﬂﬂeam (28) |s added as a reset |nput An ener gy

pul se in beam (28) besir S8 0B AndiddCRd bl wi 3€to'e pbled he

t hreshol d-control | i.ng beam wa rai sing the th‘r‘éshol d above the |evel
of the feeflback b®&m (27), reversing the phase at sumh ng Iocatlon (23) and
forcing the threshol d teiehtiroduciaf batedergy i saidand

fuzzy | ogic el enent 1.sho ow, . Ry I N er Fig. 7
o F g 8. a’ il Pt modeiged cumpn g o SM*G;WQ *'i*m“ﬁﬂ? H

threshol d | evel abeamesdiliation Gyrwerninigroftshid ficst baxtysed. | i ng beam (26) is set so
that the thr ﬁﬁl ?ﬂ? type of operation desired. In Fig. 11,
t he AND THRE%?—!M?S\AB how ? ‘eshol d is set just bel ow the

mexi mum sdn t hat  occur provifigg a ghase-frictupting besk gehjer | nputs are on, in this case

beans 25 (25) and (28) Flmh%rpl{oéﬂ, u&@ﬁﬁﬁ Q@MWII
of the trigger |nputs ave to on to reac e threshold and as many

trigger inputs asofAd ofamivsalisy of seidphasq smpdulatorsicd to the arrangenent, it
functions as a wltl-lmhmﬁmummofmmmmﬂmhamammm '
beam (26) is set low,_ so that the threshold is reached when any one .of

the trigger beamsenﬁ‘gh'es on, the OR THRESHOLD has been reached and out put
(5) turnsi®n. This is a&mmiumummmm:ofmmmdmamwmmnt

S % that " sat or 50 R bRy oo opforsgd oy i ] RlbpOE BB ol P i

sunmmi ng | ocat i on l¢sBYneshindlocationein phase with exchoshet, andf t he arrangement of Fig. 9
is used, then its i npu&,m sa?lch? o470 toPptovide HpRMEk-idcked ou
trigger. 35 Sincet tﬁﬁﬂes g“h gﬁg to be set anywhere be?l\l/\t/een

t he AND THRESHOLD and therebycyhase phaserfluciiating hewm set & agybstantially ), o
used in fegzy | 0Qdofistbi phafkCutpat MW controlling -

e (20 T g so on e e i1l
figures, |ogic inter cosidphise-fiocuatingbeninlissamplitade or frdGuedéy/ maRkkd with information to
PCT/ US95/ 16455 ye extracted, thereby providing an amplitude modulated output contsining said information and
having a substantially constant phase at said phase-locked output. '
25 17. The invention of claim 1 including: ” '
' proudmgsudﬁrstbeamsetwnhasubsnmaﬂycommabwe—mlevelhmngat
leastonewavelength
swmhngwavelengdlsofsmdulustonewavelengthoﬁandontogueﬁltenngof
said wavelengths off and on;
30 pmwdmgsadmondbmsetmthenergyhawngmluplewavelengthstobe
filtered, and :
producing said interference with a subset of said multiple wavelengths matching said at
least one wavelength and rejecting all other wavelengths, - -
tlmxebypmwdmgagawdacuveﬁlterbypmducmganontpmonlyatwwelengtbs
35 ~ which exist simmitaneously in both said beam sets.
18. The invention of claim 6 wherein:
said substantially constant above-zero level has at least one wavelength,
said second beam set has multiple wavelength energy to be filtered, and
saidinter&leme'mcms_withambwofsaidmulﬁphmlengﬂmmhingsﬁdat



mat ch t he beam position m&”ﬂ”iu ‘duplicate nunbers are used in all,
of the W?%sﬁ agrams o "I on, they refer %&V&JP’%’W

types as described in Figs. oA - "2D® 37 and 3A as. t hey ap

I ndi vidual |ogic elenent. For exanple, Fig. 12 shows an AND synbol

with a (5) output directed into an invester synbol at beam (2). 5 The AND
synbol refers to the arrangenent of Figs. 2A - 2D, and the inverter synbol
refers to theleastoney mggmmuwmﬂnm@dsm
arrangenment s gfseloddiib® t 0 be used as described in section 9 above

Fig. 12 shows the lLogjc di.gram of a, NAND s, an AND as in Fi 2A-
2D. (31) is an "F%é o an ipyprisd %‘“‘gﬁﬁﬂ St tpxsreed optpnt

shown in U. Sofmmms&mmwlmmmw this inverter. Input
(1) ofgi c?fﬁn with a power beam (P). (30) provides the
AND unctlon on t I npu ‘gnal s (NAND1) and (NAND2), and (31)
performs the NOT fmwinonﬁpmm&xedbammmmﬂmommut at

( NAND3) . wavelehfels: Fig. 13 shows the logic diagramof a
NOR Two inverters (32) and 33) are provided with 15 power beans from (P).

Inputs (NORL) andPPN@Re3$ P %Mgﬁ%@@wmwf@@ﬂﬂﬂu s

produces a NCpedaiqiiters b3 diftrens diroenf 5t cocrgy maiching cach ofsid piubiy 3OS e
| ogi c}&ll agramfgi ﬁg‘ix hat does not change phase Inits out put” as does

the piTor art * (XOR1) and (XOR2) are i-nputs to a sunm ng -
| ocation (35). Thi &mngmmoﬁeféamwy myleyleed Beajn!sextinth isdi secénl Des/sr NQ

| ocation depi gt ‘Igﬁh ( and (8D) of Figs. 8 and 8A and
| ocation (23) eFéil{fl"g an ﬁ% The sumi ng location (35)'

55 to be depi ct ed WIWEH convent i onaI | ogi c synbolus having | abels to

produces a bi phase! memmmm@mmm@a ves.
- The out put  of gyl BomitkadhOgia lgheed! ac&vﬁmmﬂ?.tng taﬁ: ) and (37),
whi ch functlon as phase detectors. Although the Al ‘i's used, the
secontf t739p geim Kt erference 25 is able to be used in th| s i nst ance.

A colnstgnt pmgr(g?wgmmwmm) P h 96 onpl 180 4
supplied to ver i rst phase-shi y egrees
by phase shifter '3%! “\tﬁ P'P‘&'“a ‘Qg’f’b’ﬁﬁ h‘ég @by py

an optical elmmb@mnplojomswtphwngatﬂawamummatmroperly As a

resul t, W is on by itself, AND (36), acting as a phase detector
provi des an out put and AND (37) 30 does not. When XOR2 is on by itself it
is 18% degr ees outthese WM@@B\M yagprrer.and so i s the .output of summ ng
Iocatlom(ﬁﬁ)mmoﬁeﬁn(ﬁ@l .cut off, and AND (37) provides the output.
Havi ng separat ed the hases they are now abl e to be brought back

t oget her. The out g™ ANDs inaqascpde deriep\and 30 degr ees by

pEasehshlftﬁr (SQ)Mngmﬁaqu oﬁpﬁ@éﬁhm’ﬂt}]ﬁ Wﬁﬁo(ﬁﬁdseoondm&lgn and

t he .phase- shi AND,. e u er at another sunmm ng | ocation
(40). 35 Thi s}%rgow 5“%@@@ &g%w&@ t hat - produces the sane out put

phaseéSr egar dl ess dherel providing a multhigRe AND, Mnlauofhmmmmafsnd)n by

:31[ ﬁglr; I—I?;I(IC]f?BRl Wéfﬁalww%%ﬁaﬁ ﬂ%cfm 'S vvn N sIEi‘lg 115

The Excl usi v&3€3e gicsymyst bejon in grdsytg\fFrm g8 aid;at least one output of the last said logical
AND in said cascade series.
22. The invention of claim 2 including: :
30 directing said at least one output of said logical AND into a logical NOT means,
thereby providing a logical NAND. o

23. The invention of claim 2 including:
pmvmngaﬁrstloglmlNOThavmganenergybenmompmdnectedmtomd
- first beam set of said logical AND, and - _ :
35 provxdmgamondlogmlNOl‘havmganenetgybamomputduecwdlmo
said second beam set of said logical AND,
thereby producing a logical NOR.
24, 'Ihemvennonofclaxmhncludmg .
pmdumngaﬁrstExclusnveORmputbenmsethawngatleastowbeamofenergy



‘WO 96/ 18964

PCT/ US95/ 16455
appor 1 oneaWORABEC or syHIlllll ! 'm” 0" The Extl uor GuB s

(41 andt SAND (44). The Excl us
provi des the SUM out put V\:hl I e AND (44) pr ovi des the CARRY
out put . 18. d ocked Bi stabl e. 5 67 Fig. 16 shows the logic
diagram for clocking an energy wave bistable device (FF). (FF) |s a
bi stabl e ar r ange nepadulated with bingry, infosmation idiscosedtowapd g5 leasy. provi des a

set pul se, and beam ( 28&}oducing a $Eddd EQsiveUR #nfit BLam el IA@ing at least one beam of enckgy
order to produce set andwrﬂgset pul ses of the proper t| m ngi t he CLK cl ock

i nput pul ses have modulated withbingry jnfyrmation direcied tqwpard Ipeation: ( 25) and
then to the reset InpUtprdmaﬁﬂ&e&&buﬁfm&HénceaiﬁdaMommﬂ’WmW\ﬂrdadi
tofIrpr p (FF) as fw R : |n|t|aIIy, (FF) is reset, and output
(5) off I 2?7? “g’g‘pm abeamfrom(P). Its output is
on, enabl | ng AND (46). mmnngmgyﬁomsm‘lhelemrbwehrdlmmlﬁmusudwqﬁdnmmtfo
ANDs (45) and (46)gm J‘&BFE]%?&'*%P&B"F’E‘G safdf Pa|u@¥Fu|nP
(48), so AND (45) |51§Fsa I'rs e fo asses tit”%roug

enabl ed AND mﬂmmoﬁmwm,@pd@mwwmﬁ oyt of(said first phase
turning on out put aééammitﬁemg mmﬁmw& u@&ttﬂﬂﬁsefﬁ)onﬁi?ﬁ&lftmd%ﬂh

del ay path (48) Bef or e ener exits del ay pa first clock
00120 DAL PN i s Ao bmesm i i oot i DRt b o,

The del ayed ener gyitsdifs om del ay path (48) enabI es AND (45) and is directed

rA&tDo(ldfg;/erter (47). " !hIS catﬁses I%’?ei’%ﬁ” Q‘ to turagﬂ dlﬁagllng

di sabl ed and AND (Olﬁ)utpusmtmbl ed. 20 This causes energy to pul se through to

beam (28), resetting (Fla; 1 Esﬂ@?ﬁ
del ay path (48) to insure fgfhe rese% ogeratlon I'S succeslg#!‘tlj‘fﬂ"'tﬁ’“f'l

second pull§e fromowpw while providing 8 lmmhmqmmsmummmmm)

Then energy from aiRliititord Rive nfaftBithg pifaked s @i 3P leas o2 ExbiBEve DM buestp) and
di sabling AND (45); and t he cI ockr ng cycle is conpl et g. 25 " 19.
Differentiation, and t ™8y siye, QR having a substantially constnt phasejomtput; 7 )
is a graph ofzsarnbxpemaﬁomlﬁﬁab nal, found at the output of a clocked

bi st abl e ar r angenent uch as F| whi C 0 us an input
to a binary digit coun %Wﬂ' d%lﬁ?"ﬁwlﬁi"ﬂg‘ggﬁﬂ ﬁgsg
bi stabl e @8vi ce thmhtdfalodinhb&lﬂhrbmsciﬂcked by a binary pul sed beam haV| ng

counter. 30 Sesﬁ? + R el ol 28 ol AR O s R

It requires cl ock sqsondsnpmt n@mmm shorter than the tine of del ay
path (48) of Fig. 16. Wﬁbﬁﬁ@@%ﬂkmﬁrﬁwﬁmﬁwmw@mma%
output, andanoutpmofsandlogmlANDasamyomput
25 26. The invention of claim 10 including:
provndmgatleastoncmsetbeamset,d:mdwsadatleastonethndlocauonm
phase with said threshold-controlling beam set;
directing a feedback signal from a portion of said amplitude modulated output into
- said at least one third location, said feedback signal at said at least one third location being out
30 - of phase with and greater than said threshold-controlling beam set;
‘pulsing said at least one trigger beam set as a set pusc, and
pulsing said at least one reset beam set as a reset pulse, |
thereby providing a bistable function by turning said amplitude modulated output on
with said set pulse, holding said amplitude modulated output on with said feedback signal, then
35 turning said amplitude modulated output off with said reset pulse, and holding said amplitude
modnlaﬁedontputoﬁdnewdleabsemeofsaldfeedbackmgnﬂ '
27. The invention of claim 26 including: '
' provxdmgﬁrstandseeondlogxcalANDmns,
pmudmgadockbeamsethmgatleastonepulsedemrgybamofalmmngﬁrst



Fig. 17 and as the i he binary digit counter, Fig. 18, (Bl).

The first binary pul yjﬁmm E’l”’ (51), Fig. 17. To produce .

st andar dwlp®gagds4pul ses ,"i of (Bl) is directed f&,ﬁs %m ng

| ocation (49), and anot her port|6n fnto a del ay paih (50) 1n . 35
Sunmi ng | ocation (49), as yet, has no other |nput Its out put |s on, which
starts the first clock pulse for CI6R. 2 The del ay path (50)
out puts no engaP% time (52) shown in Fig. 17, at which tinme energy
exits delay p X‘(’%"a fch causes di at summi ‘ng Iocation (49), termnating
the first clock pultkmmghﬁmmmﬂjfw&hbcmmyethmamﬁnfmbagmmhogi&n) S
shorter than tﬁ@,%l ing delay time of del ay pat h(48) I n

96/ 18964 : |
PCT/ US95/ 16455 dlrecﬂnzanoutputofmdﬁ:stlogmalANDmnsmprqv:desudsetpulse; 57

Fig. 16 directingh sechFohidA o Iafdci’&kb&ﬂ&eﬁit&li%ﬂdpﬁpdftsﬁ" iid beomg!M™M Ng
| ocation (49) remain_on, until” tinme (53) when the Bl input shuts off,

and the di at Mmatlon (49) stops There is still energy |n del ay
path (50), so summwdﬁmwaWWﬁ@

- However, because di, used .at l ocat.i 0 i'S. pu se S
180 degrees out of fﬁ%‘dmwmdg &tfé'ﬁ?’%@m ‘J

hatch in Fig. ammmmhwmmmﬁmmon of an energy

pul se.qq d“yggg ts espond
to this phase of energ SO these ?g&?% are i norer?gm%\%I P *of the

energy in delay patf %MMMN%M&MMMQQMQMMK
term nates at ANDZReans4nd At time (55) the process is repeated, and CFF
clocked for a second tine. This 10 produces the CFF out put BC havi ng, wave‘

form (17C) at one- (atecfing 3 secqnd pestin, s Jefaved bisable beapset ipgp p second inug ofsaides | ¢
si ngl e bi nary selomi logicahPANDGaeais} €d i n bi nary. _ In order for all

but a.,gmall amount of  ener. he .di f ion ocess
i oudh (40) " he. SaTpERBfls A AeRaF Smiit Adon b Sofs ERRINM BBt |
del ay peri od WMMMWWWM&MM@@WM&M& di
wll be estabh&sﬁg ?Wﬁ%&’ ; ﬂ%cl? ( o 15
reach its maxi rrumgi\% ue giﬁggﬁﬁwa I d r|5|ng or Ilng put;?es will
pass through Pifable beamget mmmm throngh spid serambfogicpl pul ses
wi |l be attenaNDageans mmamiwmmwmwra&e&%aume to be

o Bt Pt o colieh o v ik su e s 8 Oroteh sif $2das RRRIAND s o i y
counter. 20 mmmammmwmw isdid dedayed bistable Rk er r |
Lo oo o o s SesSADd e o PSR eonpi ol e D il 870 1
|nput of the ﬁemfsmddehyedbmblebumsetwhchmmvemdbymdlogwﬂNOTmnsw
hold said first logical AND means off.
25 28. The invention of claim 27 including: _
providing a binary input beam set having pulses longer than said delay time;
directing a portion of said binary input beam set 10 at least one fourth location;
dxrecnngamtherpomonofsmdbmarympmbenmsetalongaseeonddehypathand
thentosudatleastonefounhlomonasadehyedbeamset, .
30 _ produmngdesaucuve:mufemmeunngsudbmuympmbmsetandsmddehyed
~ beam set at said at least one fourth location when both said beam sets are on;
sepmnngenergyﬁommdatlastoneﬁomhlomontopmwdedtﬂe:mated
pulses, and
. dlrecungsuddlfferematedpulwsmpmdesudclockbeamsetofsudclocked
s bistable function,

' therebypmudmgab:mryﬂgnommrwhchfacﬂmmgsudhmrympmbm
pulseshngerﬂ:mwddehynmewdmksmddockedhmblefmumbydﬁemnngsmd
bmarympmbeamsumpmdwealudmgpulsehmngaconmﬂselength,mdamhng
pulse having a constant puise length, wherein said leading pulse is out of phase with said




A series of pulses to be counted enters at the first input (56) and graph
(56). Operation is the sane as wWth electronics, except that when using

the present wovghigdegn W th |i counts at 25 Ilqtar?@g
G aphs (57) through (59) shovHﬂl"l Mm@ Imﬁﬂl nary count out put rratcﬁl ng
beans (57) through (59). As rfany bl'naty digit counters as are needed
are able to be added, as shown by ... BCD &8r] wth its output (60).

21. Gated Gscill ator, 20 shovvs a Gated Gscillator. An .
anplifier (61) pr mw*%%‘fg’w {?ﬁﬁ“mwtg'u_ppl i ed
by beam (G . mtmmmofcmm(Z) S suppl I ed by the out put of an
I nverter (63). The nuerter [ corre beam . Lnltlally

i nverter (63) is on, vw#g‘ﬁ&ﬁf Wg é‘?ﬁg}f? I|f|er
(61), which in termis MQM@MMMW@MMMM&W

Qefg;ggope%bggip?g%% %%#ﬁe currul ati vei“?‘.?v @%th ﬁ&%% clrcuit

is the frequency deterrﬁmn&ﬁ’ﬁlmmwm Pft%ld digityeoyniers gospid; 5
the primary determe bt of delay path (62) turns off

I nverter (63). Qut p 8 turns off Lifier and ut (5),
conpl et |bng t he cycl e. ‘H“‘bgl’;"“ %E‘gr}% 8?'5?‘“&) §?P@0ng’h?61)
energy beans on andumér inaadcaie Geries thixQpilace tinafy Gifuis @éprésenting pulsd Eint.f i er
When constﬁ)nt30 ﬂeel | Q’Bé’% l! EFFI S AL ed off, oscillation stops. Wen (G is

gated on,
PCT/ U895/ 16455 holdmgsa:dsetpulseondunngthcnmewhensqumwaveosc:ﬂanomstomke 58

oscillation start S%QN”S W%#ﬁﬂm
Fig. 21 shows a szua!e vvave osci I'I"at or. E% I'S & Set/Teset br s?‘f.gﬁd

arrangenent of Fig. Mpmmwmwwmmwmmmwmma
portion of output &@W préideatelaipdd isthBle Aigndddnl (64) , Which 5 provides

the primary tinme del ay tha,t f I ONs sthe ri frequenc determnlng
devi ce. Th& out put ‘?‘S‘B?t'?ﬁ“?ﬁ é‘P n@'c%@d*ﬂf“@“t#éd Bses oyt
(28) of the bi stalhbﬁgliﬁgerm(fﬁ)nofsudsetpulsemdsmdfe&lbidkaighgl output (5) is
off. Input (25) is gat n_and. hel ndurln th atjgn. is to
t ake place. The thresh%”@% 5%“9 %ﬁ“’%‘"?ﬁ"ﬁ@"%%@

del ay through del a3id pistable fubetion on or off #Heast ¥ period, atés@gos:qﬂuion
(28) is out of ph wﬂmﬁ ﬁ;" gonal at input (25). It brings the 10
conbi ned i nputs down"b eshol.d, and output (5) turns off. (28)
cont i nues o 3hoThe igvemtion of claim 26 incinding: nput bel ow the threshold until the-

pul se term nation at ( ShovidingdiétQnd scddd Sopichl ND Glantie| ay (64) ,
conpi ned Tnput £5 be bmmm%w&““ o e bl e g
It is self starri rgforndasion; i nput (25) cones on. Gscillation is also able to
be gated off by turni ”%m‘%fdﬁngmmbnngmmsahavmgammbamofmgymmmm
25 data storage enabling information;
dlrecungaﬁrstpomonofsnddmbmsetmoaﬁrstmpmofsadﬁrstlogxcal
AND means;
duecnngasecondpomonofsamddatabeamsetmoalogmlNOTmms,
MmmoummofsmdlogcﬂNOTmmsmaﬁmmofmdmﬁlogicﬂ .
30 AND means;
dnecnngaﬁrstpomonofmdenabhngbeamsetmtoasecondmputofsudﬁm
logical AND means, and a second portion of said enabling beam set into a second input of said
second logical AND means;
mrecunganoutpmofsudﬁrstloglcalANDmnsmpmdesaxdsetp\ﬂse,
35 directing an output of said second logical AND means to provide said reset pulse,

" thereby providing a D-type bistable function by setting or resetting said bistable
function depending upon the state of said data beam set during the time when said enabling
beam set is on. o ' '

32. The invention of claim 26 inciuding:




15 the gated power source G The gated oscillator shown above

in Fig. 20, wll opeJ H Elm as well as digital signals, . .
dependi @b ssysbeyv har back signal drives }E‘?Rﬁ?y &4§§ er As
aresult, it is able to prodlice* a si ne wave ‘wavef or m énverop

Square Wave Oscillator of Fig. 21, on the other hand, . s bi nary |n

~nature because of the flip flop FF As?® result, it produces a square

wavef orm out put SQR._ 20 23.. One Shot Only one nodification is
needed to change t &8 ARom %@g@“‘gm“%wwﬂ%a delgy ety tp propide a

one shot funcdﬂayrpmddfmﬂhddqedfepd&ekamﬁsg,md on for a shorter period of
tlmethanthetlmeﬁgﬁjﬂ%/ the el a at.h thenthe
arrangenment wl | cle sH‘E’ouE %Hﬁ %V“%ﬂgﬁ&tm%*

D-type Bistable Fum@amﬁmﬁmmmmwkabl e

tabl
modul at ed wi .nggﬁﬁﬁa O a'“x“b‘%i*t‘?on .%‘ﬁéﬂrect S A Bl 08 1

| nverter (66)" F%o directed into AND

(67). AND. AGE)hoﬂ%f&n&bﬂlﬁJ&Gﬁon ofémggcmﬂﬂ'k@g
and AND:E::(SﬁQpPrFSGtS FF, through input ( 8) V\,hen It |s on. Enabling am(E)
Is direc the other two inputs of AND (65) and AND (67). 30

Fig. 22 also has aproducipfa first beam\set/having dtilcastoné Sisrinfuic BéatUf nekgylidedesan WOT K's.
Initigdly at LLO® Jn?%%sc outg&t‘ls of f. Any changes in the state of (D)
have no affect on tﬁg S FF) as |long as ANDs (65) and (67) are
off, as shown at . tMSMM&QMmM(@OMmMﬁmI se (E)

comes on, m&mm (67) and causing the state of (D) ta
be witten into FF. At, tlrre(70 of f, which causes AND (65) t
be of f and i nvert &rodugpg gﬁwew mwwmgesasm“w@nﬁrses

because it ha&aﬁm&mm%h’Hoﬂ,M lehetdy Bonf okt udid bedin SB35 bt 10 S€ O
i nput, 28) that | ast.s _as.lon as IS on. The state of (D) now
appears(s at offh é‘}“‘lﬂ“"l‘—'?—"’g‘ﬁ‘f"é? ‘h&ﬁ‘;‘f’w’se (E) terninates,

changes in (D) again hmmmmﬁmmmmmmm(n)

nvon S RO Rl Vi R i g e R s S O o

" beam (D) is PEADhMIsed atleast oo said seqpd O] €08 an and out of phase
PCT/ US95/ 1645.5@@5,&“%“ 59
(65) ,,.Whi ch pul ses i nput 25}mmset|ng f||p flop FF. The new state of (D)
now hpears at oumg'faﬂérﬂ WA&&W 49 ProYide 3¢ lqass ong gupput,
t erm nat es bef or e tekdby ploduig | f (D) were to change

state b termnate th | east stafe o ewrlttenlnto FF
as Iongg‘gs'{f‘(w M@"m"jﬁ%@t‘%‘“’( m&gﬂ)ﬁ“f astognpfiRide set, .
or resepl“@yuloéemﬂmseplcamms 5 25. Frequency Denul ti pI exer :

Fi 9. 23A shous tNep bl Conthold st having 4 3153600 HE TRELHSAERbion s B OUP Of

controllers (as in
25 outputforomputnngenergyﬁomsa:dmndlounon,md

aplunhtyofmpntbeamsetsmclnd:ngaﬁrs;bmseunda_seeondbmset
positioned and oriented so as to produce interfierence at said first location and to divert energy.
proportional to said second beam set to said second location when said first and second beam
sets are on, - :

30 thereby controlling said output by outputting energy proportional to said second beam
35. The ivéntion of claim 34 wherein said first and second beam sets are modulated with digital

| thereby providing a logical AND.

35 36. mmvmmofclmm%whumsudmrgybamwmonermagawdamphﬁuwhensudﬁm
bmsuwmmmdaambmmﬂymmmﬁw&mlwdwhmo&aﬁasubmaﬂymnm
at-or near-zero level when off. '

37. The invention of claim 36 inchuding:
| a common output, and



Figs. 2A - 2E) are used_a_s_I;LJ_t_er—s—aF[—eF-H—-through Fferr]. A frequency

mul t'i pl exed i nput beam (72) ioned out to the control input of
each of the wolosmssss Each ‘ﬂ‘ﬁ Bl U‘lﬁjﬁmthrough (76) is PTG E4ks
with a different frequenc outputs (77) through (80) contain
only one 10 frequency each” that IS arrpl [ tude nmodul ated wi th what - ever

I nformati on that frequency was nodul ated Wi th during the nultiplexi ng

process. o
the controllers share c ‘%“Q‘?&%gﬁtgs‘g{aﬁ”‘q‘?%‘f‘%‘?w ver

each frequency w ItOMwamansUparthmm&“ﬂmmmdmmhﬁmhyWY

(80), just as the reteln] bﬂa:ﬁ:%ﬁd' m’.ﬁﬁf a
rai nbow. The separate 15% equenc%ggf)ﬁghr beaits are e tohﬁleI conbined into
a single input poviequensightime divisions grogucsts tpe divigiep multiplexe.ne geonetry of

separ ati on s8] ‘Phie iivéntit ok clifiin{36; inRlGdRR/er . that is not required. 25.
Time Division Demultiplexer, Dermul ti pl exers have the conmon
quality of providing mfRSTiofsad safedamplifers:, omon i nput . Fig 23Ais

able to be used as a tlmmmmwmhmmww&%mnt power
beam 20 arrangene n this case, input (72) has tine

di vision nul tipl exed*® n?do%%,mé hat is, serial pulses. Inputs (73)
through (76) have a sedusdiretingmesnefr dikecting spostion Bfisridcwwitiplexed mpw beamwtsiidn as
anpl i fyi nggoANDS.  AScond beafi %t t’_/s%dlgﬁ'tﬁtf f@m%sed sequentially in its turn,
what ever |nformat|on 'S on, be%%p% out put |nto the separate
outputs (77) through (gdwrein pmeedtv R @id as

setting a bistabl %Wmm tunedmstons. Fig.
23C shows how ANDs er }] t hr.ou ar.e " abl e t,o share g, conmon di
| ocation. Beam (7?7‘1“Lm“'] :m F‘P‘e 19 REodyse 2

each of the input mn(e?lﬁr)smhhéﬁlqhexér?G) are di fferent from each other in

order to per\ébdﬁw(glff% Pé%%ﬁé &guus for the outputs (77) through (80). As

t he power |nputs ‘each bit frame will be picked off from
beam (72) and di verted aoiﬂmwﬂpmwnﬂsffetrmmmndmmmdtmpowde a

‘separation of the out p‘ﬁe?ebypmvxdi%gm' Division Miltiplexer.
Ti me di vi sion nultlplexes ate essentrally parallel to serial converters.

Fig. 24 showd0.tThe igvepsion méﬁdg‘ﬂm&)f a tinme division multiplexer. Input

beans (81) through (84); pid gﬁg, fifler® @ athdchile series. | NfOrmati on. See
graph in Fg. 2@? The B‘? Ln uts (85) through (88) sequentially pulse
the 35 corf®r 8k "\ji\g'f’ err] configured as ANDs. The outputs

of the controllers aremmmmnmmmmwmmmammm

pul o6t aiken, sequdh ey e Bl bl NGl B4 Bl il

Sunmi ng of the sidmell s does not -ordinarily occur at |ocation (89) because

no two inputs are W%W%mdmﬁbum%ﬁﬂ%ﬂmhvﬂ
PCT/ US95/ 16455
2. The invention of claim 36 wherein: -
said second beam set is phase-modulated, _
thereby providing a phase demodulator wherein said output is at a high level when
.saidﬁmtandseoqndbeamsesueof.opposiwpbaseand_aahwlevdwhensddﬁrstand
secondbeamsesueinphase,mdwhichchmges'asmcphseofsaidsewﬂbumset

30 changes.

43. The invention of claim 42 including: -
amggetbumsetmoduhwdwxﬂlmformanonwbeﬂlmhold-detectedmda

threshold-controlling beam set at a substantially constant level, satdmggerbamsetandsmd

35 threshold-controlling beam set both being positioned and oriented so as to produce destructive
Mmaalustowthirdbuﬁmwhensaidthmshohmningumsetmdsaid
trigger beam sets are both on, the combined energy at said at least one third location being in
phase with said threshold-controlling beam set when said trigger beam set is smaller than said
threshold-controlling beam set and out of phase with said threshold-controlling beam set when



60 27. Phase Locki ng Phase | ocki ng is essentially tine

di vi si on phase demul tJﬂ"mumn by I n- phase -l tiplexing. .Fig..
25 i s t keobérikess d| agr Ckl ng arrangement i ng
phase beam i's éppbrtf‘on»‘ed ‘out to the control mpu[ejs é{;k‘%% array
of controllers conflgured as phase 5 denodul ators. The power inputs (92)
t hrough (95) are each provided with a dRfferent phase of constant-

| evel energy se- fI uct uat i ng beam exi sts_at one phase, then sw tches
to anot her, H@ﬂ than sajd; thresholdrcantrolling & sone patern. At

what ever phase it mwwm @érgs From said at 168800RE third Mcatiol Iid sae Of
t he phase de r err. PD[err] wi:ll produce an out put
because - % MM% are provided so as to cover the
entire range of phmmmrmmmwmm@mwmwexed each
of the scontr ol Sgind s undergoes a phase shift:(96) through (99) so
that, as each one turns on, its energy will arrive at |ocation (100) and on
into out ftThe inyention gfchim#3tiseluding: sanme phase as the ot hers. '

The power inputs (meﬁﬂéﬁm&% SaicPouftyl uboudid aP134kP Gne ditd NOUGD

phase- adj usteg from e anot her The phase ‘at each controller out put
i s al so const Wfﬁg‘f mm&ﬂmaﬂmﬁmmw

C(ﬁnt rol Ier ﬁmw&iﬂlocaﬁ‘oh& ﬂn&ﬂﬂﬂﬁﬁdﬁmmﬁ k Ib%ﬁhﬂﬂ@nﬁbké%x& ?ldl ows
the regultip ut..(101) to haye any ase patrern yi it
to prgl uce. TO pr&ﬁ’dé’ﬁ‘%ﬁééﬁ"‘f‘g’c '%ﬁuﬂ% §‘§ et s8d )y
made to out purombined loncrgyreichdsithreshaldst ant phase. - If t he

phase-fl uctuating mgﬁ"“ﬂlg M@PSH an outside laser that is to be

mat ched with | anot er, energy fromboth lasers will exit (101) ‘
havi ng t A% Tha ipventipg ofclaim @3 including: 1 f the phase 1 uct uating beam (91) is
arrplltude modul at ed piuRilityo#isaid dfker bédnk dets!th bEWbE S AND

, ddRtated WHEED

nodul 3% I{, for exa Lﬁ’f phase- fI uct uatlaug beam 91) conesug?omn '
optic fi ber Mk ﬂmgg Bsing zeached only when qetonto a beam from
a local laser so t keteby providingp maltitifipup ANDL OCeSsed photonically. This
arrange r‘l‘l¥‘4 | | 28. Conclusion 25 The present
|nvent|g¥]has na gglt%ss%m*or t hses nmany conmon | ogic steps to be

i npl ement ed usi ng enmyﬁm&mmmmmm imothdatedowithtdnaeyial i ti es
that add to tB&irkhas Mgﬁhgq%ﬂg Whealat 1 e made quite :
smal | . As deecrr bed I n the C osurieéa 8%8*&5& ? encaé occur when
theseZBrocses are rroviding 2 mplidaytbORces built, at wavel ength di mensi ons.

The nor e4‘pmmmcnﬁssmm§ angenents, the nore precise each controller
i's able to acconmplish its 30 design task, whether narrow band or broadband.

The second i nport af ™ &S Wi s that nany of these procedures are able to
be acconpli shed byadehymutdméﬂngnmbaﬁonﬁewmmmlpﬁcﬂwg@mhyﬁdconpl ex

i nput beamis & ?g of other input beans
havi n&/sl [ ghtﬁoE&g erg&f& MI es, pu‘?hg&té%lhg, frequenci es, phases,
and | &¥els. Tongmmsrfgsd;m mvdmethsmltp@mmfbmpmm ed as
pi xel Operatlm&ﬁr&w%w&m%%m e Very

nmuch | arger oper | y tim orienting, nodulatin and sel ecti ng
t he i ndi vi dua‘f‘g\;*'gf? %ﬁ%%ﬂ%&%%ﬁ?@@%%ﬂm e
conmputers tha&mmaawmbamutlm@bhmﬁgmmﬂmwmwm S
mul T1 plexi ng. br oa U AEbHRE LR Py boas oMM pect 116 narrow - band
devi c@%,48aTheomemionnf clsim 4iecladingons t hat have total control over the energy
streams being usedﬁmdxmnngmumformmmgapmumofaphase-ﬂucmungbamsetmomh
: said second beam set of each of a plurality of said phase demodulators;
phamngforpmﬂdmgsa:dﬁ:stbmsetofachofsmdphasedemodtﬂatms
with a different phase of energy;
35 . mommrecnngfordimﬁngsaidommofmhsaidphaSedemodulmtoat
' leastomﬁudhmmsomnenergyﬁomansmdoutputsammasadulastommm
" location in phase, and
thuddnecnngmunsfordnecnngenetgyﬁomsudatlustonethndlocanonto
provide a phase-locked output, .
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S e s o I o e

timng, storagé, and every othek ¢ L ki*nd*sof *i nformati on fro

pi xel , at vvavel engt h di rren5| ons. Both nul ti pl exi ng and
demul t I'pl exi ng, whether frequency division7r tine division, are

basical |y separating, sorting, and conbining operations. By arranging an

array of many contr ol | dhesebyproviding amhasedncking device fu pbase-locking fueray, from gaid phaset
gating each enbodisigBiiring B&Yseth b ists@tiallP EnGhin PSe Gt Biving alsGbstantially Bshstant

performed. These incruge time and frequency division nultlpIeX|ng and
denul ti pl exi ng, addM® decodi ng, sorting and channel sw tching.
Optical swi t @b Tig inventidh ofSlaiin48uwhesdint N f i ber optic networks, opti cal

conputing, .the control ni L on f hoI f aphi ¢

| mages aresal so able t(f"ggh’ﬁ%ﬁ%ﬁﬂgﬁ Mmf’%tvf%ﬁ%%
acoustical waves ambemuuhd Mbmmmnmmhpmuomhmmm
sonagrans are "2‘51'1!.'“3 ?ﬂf“ pi xel - by- pi xel
control of other |nages an e organi ion of application characteristics
al | ow many t RP.ihs igvention ofigsim 36iwherciper e difficult or inpossible in the past.

These include the mwmlaw&mwmmw streanms both | arge
and small for industrial, machinin eI ectron 15 m croscopes, | aser c%.i ng,

and ot her ¥rocesses whiStifl sqpnd besen st hasmpliple Favelgngths &p be-fltered s.a8 10 prg
controll ed w th prisérfeenswith a subset of said mmitipie Waveldiphs inittHing)said lahleECome MaveldngB NS

wi |l beconme nore widesprea nd val.uable as optical conput ers,

i ncl udi ng t hose céﬁg P%E’F@g"ﬁ ’e present invention, are constructed

for the purpose of ﬂmbvpmmmgngmmntuacﬁlmwmmheommymynmwelmﬁs

out put peri pheral §vb£=9 |ﬁ! Sival It using 20 the present
%ik Sel osure prow S '

i nventi on. es nore than just- the basic
i nvention lésﬁhg'lhspermuofmaﬂme It al so | ays out the principles
of conponent i nter connggl ERNbaRGetHaEd istdRAwaveRAgaRU! at i on for inplenmenting
and organi zing controllers with other energy beam processes. |t provides

t he basi c neans and m%WWﬁWW&W%Q*M

previ ously confined towwmmwmnsﬂmhﬁﬁrn e Vavelengths mitdhing 3aid @S Ul t

31; c?nhlt theiﬁ gnts;]\éte di scl osglreiI %r actical l \r/)ganﬁ I g a Io%rpﬁ,matj on or

i mpl emrent @& wi t h fikst bcasieny ener gy beam t echnol ogy, and espeC| ally i n

light. This is becauselﬁns%;d"ﬁmg ”%I"I i&ghﬁ u%?{tgpﬂgﬁe
are fully explained how preci se ow ??1 cOo nen S are to

i nt er connect ed towmmvmmm@mtmmw ' Man has

been st udyi ngp, e fventis R b ihim B9 i ludibg WVaves and other forms of energy for
centuries. 30 The principle of super positi on_has been wel | understood for
@%&Am’ﬁm‘“ﬂ%

over 150 years, yet .thd@ pavelepetisies
have run i28to a wal | OEPMﬂaWWmmme&&Mbﬁemﬁmbm&m@&d

ﬁrstbeamsetofawweleng&whchmmhesuleastoneofmdplmahtyofmoduhwd
wavelengths,
duecungmforduecnngapomonofsnd&equencymnluplexedheamsetmo '
said second beam set of each of said gated active filters, _
30 | thereby providing a frequency denmitiplexer by producing a separate modulated output
: from each said of gated active filters, matching each of said different frequencies.
- 53. 'Ihemvennonofclmm%whaun.
said first and second beam sets have energy of phases to be compared, and
' mdmmfaemepmdueeswdoutpmthatmaahghlwelwhensudﬁrstandseoond
35 beam sets are of opposite phase, andatalowerlevelwhensudﬁrstandsecondbumsetsate
at other phase differences,
thereby providing phase comparer.
54. The invention of claim 35 including: :
a plurality of said logical ANDs in a cascade serics, wherein said output of each said



t he fundanmental processes used to create them The worl d of

phot oni ¢ conputi ng V\Bﬁ ”ﬂ"}"“ﬂﬂﬂiﬁm{ﬂhe pr esent invention sweeps away.
t hat wWOdbk/isoehy USI re overl ooked speci gcprhédih sence.
The present invention est%blti sfles®an* 35 entirel y-new technol 0gy. a

direct result, the present invention is expected to be the foundation of

21st-century corrputer sci ence. 74\D 96/ 18964

PCT/ US95/ 16455 62
What is clai neagwm“mimmm*&?fﬂﬁm*ﬂ&wé? sid cagpdecner gy
beam sets wit hseties, | east one set of said plurality of energy beam sets

conprising the step Ci a plurality of

i nput beam sets i ncﬁﬂgI r‘Fm“duﬁ rm't'l TR AND hﬁ'ﬁl’\'/‘f“rllg{r %&%‘nﬁﬁ Lg”"g

i nput beam of @mtgyfﬂaﬂwé@mdsmémmapﬁgcmmmmmw beam
of energy m&mmﬂ@%ﬁ&&r%ﬁﬁ&%ﬁg&?&'oﬁﬁw'ﬂ%%ﬂwweast one

said first and second beam sets are directe
first locatio sezics producing interference with said -

plural i tpSommmmmtmmeWQﬁm said'dufput of said logical AND

| ocati on, m‘? &[I@%energy proportional to said second beam set fromsaid
pluality o ‘% beam sets to at |east one second | ocation,

wher eby ener gy frorthsdxy(trqskhngallogioﬂNANanut beam sets is absent fromsaid

at 10 56. The inv J"‘EE d location when either or both of said
first and secon eam sets are off and when said first beam

set is in phase wi tafirstdeairabNQD means bavingotenergafotam output directed into said first beam
separati ng enwsﬁdgmm @ha | east one second | ocation to provide at

| east one out put, produci ng an ener gy beam
controller. 2.3 WPMMQTMW&MMW said second
said controll |ba@sen6mmdgieamm bi nary infonation,

and i ngl udi ng, sai d fi eam set with bi nary i-nf or mat i on,
thereli}g/ provi di ng a%ﬁ"g’{) [y’%?'sgggm ng said at | east one output to be
on only 30 The invention of im42 smgluding:i r st and second beam sets are on. 3.

The invention of cClygirgEtcrsie! beam set nm@ %Ilnl ng said
first beamset at a substantia const an% aBove zer | gvaren
swi t chi ng sai &*frda leass g thisdlocaips; during the tine when anplification is to

be gated of f, -  a second Exclusive OR i WQWNW%M“” by
- produghhg an a de nndulated Q ut 25 ' Ravi ng nore energy
than $aid sec d"fo%'g "g‘g ve dnterierenes at said s deasut put

of f and on byowﬁithuﬁgmmndndﬁfssindhaﬁmmhmébkaﬂﬂt&ﬂnmmmm
first directing means for directing energy from said at least one third location into said
mbammofﬁmmmsﬁd'pmdemwm,mmﬁsaMﬁmbumsm
. of said first and second phase demodulators are of opposite phase, said output of said first
25 phase demodulator being on when said first Exclusive OR input beam set is on by itself, and
saidmtpmofsaidswondphasedemduhwrbdngmwhcnsaid'wondchsiWORinpm
beam set is on by itself:
seeondduecungmansfordnecnngenergyﬁomsmdﬁtstphsedemodlmwrw
ptowdeatleastonel’:‘xclusweORoutpm,md
30 thudduecnngmnmforduecnngenergy&omsmdseeondphasedemoduhmrmsud
at least one Exclusive OR output while providing a 180-degree phase shift so that the energy
from said first and second phase demodulators has matching phases at said at least one
Exclusive OR output, .
- . thmbypmﬂnngxdumveOthmgambsmnﬂycommmseompm
35 Ss8. 'Ihemvennonofclmm57mcludmg
fomhdxmcungmeansforduecnngapomonofenergy&omsmdﬁrstﬁxclusweOR
input beam set to a first input of a logical AND, and _
ﬁﬂhdmcnngmnsfordnecungapomonofenergy&omsudsecondeclusweOR
mpmbenmsettoaseeondmpmofsudlogmlAND



4. The invention of claim3 including: . provi ding a

i 14 ool TNV 1 1 o o Frtgit 2
al r

third | ocation; . " dirécting energyfroms
| ocation to a conmon out put; modul ati ng each of said
second beam sets of said gated anplifiers #th information to

be tine division multiplexed, and sequent ially gatl ng

on said gated anplifi erireby peoxiding & bingty helf addes by providiog:ssid Excipsive OR, enepyt assp sum

set of each of saloape%eﬁmwmu@mgsemmuentlal time division,
t hereby provi g,ﬂg a ti me ?I op ywul tiplexer by sequentially gating

di gi tal m each of said second beam sets of said
plurality of gat ed anplalrémmtdkeaaimdmdalemomﬂnrdlmmphwtmﬁtmd - S.

The inventigon of MM&J‘M% ad WD 96/ 18964
455 -

PCT/ US95/ 1
providing a plurality WMMMWPWﬁMmlm@OfWGW

providing a mul ti gHefihr eakt dhe Bitd dighail dt B 44 164kt ShRirdl WoddoR béng d

I nformati on; |rect|n a portion of said nmultiplexed
input beamto sai W‘éﬁmm %ﬂm"mm“" sai d gat ed
anplifiers, and providing a bistablé G&/ite BY tudihg/said Vuipiibnhes Sidkrigget Him

anpl |f|er by sequent i ul s fl rst heam set of
each of s Pq gateﬁ"é’tﬁﬂ‘?ﬁ%&f Hﬁgn’&?‘@%: (52l frgdback sigmal, then turning

t her eby provi di ngsﬁWmoﬂWmWwﬁMmWimm&gaﬂlmmm me

di vi si on qi hmﬂﬁi o7 gurl ng each tinme division
into a separate saldg +’|t e nodulate Jd out put of each of

63

sai d pl urallﬁwmmm%mhﬂlﬂxers 6. The invention of claim3
i ncl udi ng: first and second lopicsl ANDIsNY at | east one inverted out put
from sai d. at | east one first loca lon, said ' i nverted out put
bei ng diffldrential to é&%l“&ﬂ'ﬂ P&wmmwm
t hereby providing an lmnar for EiiRtihg W B9 poftidn Of saidl ik bem BGhiddifig:
providing a pluralit ai d anplifiers in a cascade series;
cascadi ng said anﬁﬂ"%/"a ﬁﬁﬂﬂ?&?é&%ut put of each said gated anpllfler into
sai d _ secomhdndmnﬂmﬁfot&mmomabf@dmmgianANDeopmdsal d
cascade series, a&gdmm

20 ﬁﬁhduecungmunsforduecnngaseeondpomonofmdclockbmsetmoaﬁrst

input of said second logical AND;
sixthduecnng_' ing means for directing an output of said second logical AND to provide
N a first delay path providing a first delay time; :
25 seventh directing means for directing a portion of said output of said bistable device

along said first delay path, providing a delayed bistable beam set;
eighth directing means for directing a first portion of said delayed bistable beam set

imoalogicalNOl‘m_uns;
ninﬁdirecﬁngmmnsfordireeﬁngmompmofsaidlogicalNOTmnswamond
30 mputofsudﬁrstlogxcalAND and

tcnﬁduecungmeansfordxmngasecondpomonofsuddehyedbmblebmset
into a second input of said second logical AND,
thereby providing a clocked bistable device by setting said bistable device using said
first pulses that pass through said first logical AND when said second input of said first logical
35 AND is held on by said logical NOT means in the absence of said delayed bistable beam set
| and said first pulses are prevented from passing through said second logical AND by the
absence of said delayed bistable beam set, and then resetting said bistable device by using said
second pulses that pass through said second logical AND when said second input of said
second logical AND is held on by said delayed bistable beam set and said second pulses are



provi di ng at | east oneTarge beam—greater than said second beam set of the
first .said 20 . d cascade series, wherein said-at -
| east one | arge beam i s D'% Mﬂ!’l Ft ‘beam set of anot her
sai d ga@Ps48¥difier in sal PCY/US95/16455 her eby

providing control of said at |east one Iarge_ beam by a smal | er beam by
diverting energy fromsaid at |east ong | arge beam through said cascade
series and into said - anplitude nodul ated out put of ‘the | ast

sai d gated anpkventedfrom passing thrangls siifirstdegicab ANDIby itieqeserse of said elayed bistable

said smal | er avertdE f

nodul ati ng sa%aseconcg'%eam sg* %gé&gﬁﬁlné%q{’%g#yﬁ&ﬁ%w °§s to

di vert afl T @YWOfdﬂmwmlﬂdm&&val | abl e from sai d first beamset into said

anpl i tude nodul at eglpmy having pulses longer than'said ag;n;y .oviding a
I|mte§ by produci ng an a I|f|ed out put when sald seco ¢am 30

set is°bel ow satur¥ AP a-RgrHionof; saith hinary imens beagbsgt 9kd out put
when sai d seciesstione fourth location; beam set exceeds said saturation |evel.

9. The invention of cl i.ncl udi n o - phase
modul ating said set M&%ﬁ%ﬂ&gﬁgmmym, t hereby providing a
phase denodul ar mmmwmmwmmmmwbaﬁm

2 Vo | evel vyl Bad @cfaa'defy boo {4 556 Bl 1 R o bolofiBl o AP o 7 1 phase
and cMhnges éQ#WM%@M@WWwaﬂ

10. The i nvengd @ %idht 1Gabtnd Toarth [bedaidh! whah both said beam sets are provi di ng at
| east one trigger beam set, having at | east one beamonf energy directed tq
anlmageoomponemsepugmr

WO 96/ 18964 separannsenergy _
PCT/ US95/ 1643&anonmprovxdedtﬁ'erematedpulm and 64
at -l east one th| r PR and ul h..i.nf | on reshol d -
det ect ed; M %@Fﬁ%“ﬁ%ﬁ&f ‘ﬂg‘lﬁgam set
havi nif at | eMmeﬁaﬂMWWI a : o substant ially '

constant | evel di rw%,ﬁ,@ lﬂna@rt @Ehrqﬂﬁm
produci ng destructive'interferen éll sald tri ger%g%ﬂgwmsal d

t hreshol d-  Psises WM%MMWQM%&W devide by differspriatingni r d
| ocat i on whenaid dinkky ispeOisedh s&t s/ prodiice & Radisl pulse eommpufseﬁu*ngrﬁ,unwg beam

sets are on, erel.n the conbi ned energ t said at ,least_one third -

| ocation is mm’m&%&m leging myise, é‘f‘l‘?ﬂ ot efphase Fith saidy peam
set v@fen sai drailing puls; sdths i elockied bistabé device islabis to respond to at least one B bakll :
treshol d-con ling beam set, and out of phase with said

t hreshol d-co ol | i ng beam set | when said trigger beamset is

greater @hﬁnwmpﬁmwm rolling beam set, and
a plurality of said binary digit counters in a cascade series, said binary input beam set
of the first of said binary digit counters in said cascade series having pulses to be counted, and
25 : : fourteenth directing means for directing said output-of each of said binary digit
counters into said binary input beam set of the next said binary digit counter in said cascade
thereby providing a binary counter by connecting a plurality of said binary digit
coumetsmaeasudeseneswmchpmdtmbxmryontpmnepmemngpulsem '
30 63 Themvennonofclmm59mcludmg
an enabling beam st which holds said set pulse on when square wave oscillation is to
take place, smdsetpulsebﬂngoﬁwhensaldembhngbeamsalsoff'
" a delay path which has a delay period; '
o thnrddlrecungmnsforduecnngapomonofsmdompmalongsmddehypathto
35 ' provxdeadelayedbnstablesxgml and : : :
' fourth directing means for directing said delayed bistable signal ¢ said reset beam set
toprovndesudxesetpulses sudresetpulsesbemghrgermanthemofsudsetp\ﬂseand
said feedback signal, -
- wmawsqmmwbummﬂmbymwwm



10 directing.energy—fromsaid at | east one third |ocation
I nto sai'd second beam set of said _ Ehase denodul at or,
t her eby proyiolishiged t hreshol d m‘“\t\“‘“‘“ﬂm‘m l.ati ng phase 955?161455

B L

sai d conbi ned ener .sThe invention of claim10

I ncl udi ng: 15 directing a feedback signal froma portion
of said anplitude nodul ated output into 77 said at | east one
third | ocation, said feedback signal at said at |east one third | ocation.
bei ng out said bistable dayics, o o i o least quce fon qachy saiddslay pegipd; and gating oscillation off
t hr eshol d- cont r ol Ibyngmhpamsaqiulseoff -t hereby providing a
Schmtt trig drd vi ase denpdul ator to a greater

out put than g‘?&?ﬁi""ﬁwﬁ ﬂ@’?g’g ‘i ve feedback caused by said feedback
signal . 20 12. The i nvdimst amisecwnd logimal ANDS; i ncl udi ng:

provi di ng plurality qf %ngu hnlrﬁ? “IQ‘%E %"‘Qgﬁ‘ﬁlﬁﬁ D i nputs
nodul at ed 3 Qd“? I n nformation, sal I nput s vi ng an

energy sum said mﬂsum of said - AND i nputs being greater
than said substantial | y eaBfig@edm seEhaving Of lePdnd bhddl FTHRE méRAtel With 19)s

beam set when all sajd AND inputs are on and |l ess than said substantially
constant |evel of ion; t hreshol d-control |l i ng beam set when one

of said AND inputs is e@fiki deding feans R Gired6iRy a fxkt portiofl of said data beam set infNHrktpUL S

are on, t.h providing a multi-input AND by

produ0| ng gn on omsﬁ‘mﬁtm@ﬁ"gﬁ{ sai d AND i nputs are on.
13. The invention of c djrectBig a second portion of said data begm setiimo Mg a
plurality of said, LGP e trigger beam sets as OR i nputs nodul at ed

wi th binary |nfoma Ion, sa "OR i nputs having an energy sum said energy
sum of said OR ﬁﬂmmmmmmamﬂmomuogmm@ﬁmm
constant |evel of oSaiqdedot Bgiklafpsontrol I i ng beam set when at

| east one of said OR i nputs i s on, t her eby prow d| ng a

mul ti-i npd OR by pr od St iyecting @Em%%?‘d&ﬂ@hﬁ”%ﬂ
said OR inputs i sseoshd input oflsfid fifsh Rogicdl \mnuﬂrtseéoncboaudno%smahuﬁgbemsama

providing an inverted.de si gnal. irecting a first portion of energy
fromsaid M"ﬂﬁ{)a%ﬁgaﬁ"ﬁg ‘f‘g%(gg out put along a delay path and
t hrough an inverter mnesaventh directing means for directing an outpiit pfsaidifive logical AN wesakie d
del ayed si gnal to&g&%&g&p&%&gﬂmﬁg f4r n sai d anplitude WO

96/ 18964

PCT/ US95/ 28455 eigmhdixecﬁngfordhecﬁnganontputofsaidsecondlogicalANDmsg'greset

nodul at ed out put  gEmaRdo plobide it nd beam set remnaining on during the

period when sai d |nver ed delayed 5| nal is on, and off when

said inverted del ayed Gemgbpproyidings or resetting said bistable device
depenﬂnguponmemofsmddmbeamsetdmngtheﬁmewhcnsaidmbﬁngbmsais

on,
25 65. The invention of claim 59 including:
a delay path;
dmddmcnngmnsforduecnngapomonofsmdoutputalongsuddehypathto
pmwdeadelaypenodam!adehyed—feedbackbeamset,and
fom&dmcunguamfordmcungwddehyed—ﬁeedbackhmsummdmsetbm
30 set to provide said reset pulse,
dmebypmv:dmgaom—sh&devwewhaunsmdomumpulsedmbysmdsetpﬂse
held on during said delay period by said feedback signal, and then turned off after said delay
period by said delayed-feedback beam set.
66. An energy beam controller comprising:
35 _ a first beam set directed toward at least one first location, and .
a second beam set modulated with controlling information and directed toward said at
Mamﬁmm&mmmwmmwwmsﬁdﬁmandmbmma
said at least one first location when both said beam sets are on, diverting energy from both
said beam sets to at least one second location in proportion to said second beam set, energy



switching said first beamset off during the time when said oscillation is

to be gated 5' of f, thereby producing gated .
ener gy QS%H, I | ation by successively turning said |itude
nmodul at ed out put on or off during each del ay period, and Sgplul%sl said -
ener gy beam oscillation by turning off said first beam set.
'15. The invention of claim3 including:7810 provi di ng a
phase-f | uct uat beam set directing a portion of
sai d phase-fl Lﬁﬂg sid 73t beam, st being absemtfrom said & daagt ou.veeARd) Iogation when said second

of each of a Ma&uﬁaﬁ&fmweﬁrﬁ%mﬂs&ﬂﬂ%ﬁgmawdalmmm

provi di ng sai [ st set of each sajd or wnth a

di fferent phaglgmh F’d‘g] on ad out gp&'ﬁl?'g&gﬁﬂ' it ude
nodul at ed out put ofaneamcewpmbqolmpmd @nergm‘nisaimmhstonesecond one
third lgcation gf’ﬁwl’m‘ nq&g‘r&F ml;qé'?m all said anplitude nodul ated outputs

arrives at sai one third location in phase with each
ot her, and thereby controlling saidat leagstoine, outpus using saisesondsheamd set: | east one
third location to provide a phase-I| ocked out put,

t hereby phase |ocking energy from said phase-fluctuati ng beam set to a
substantially 20 constant phase output having a substantially
constant anplitude. 16. The invention of claim 15 wherein:

. said phase-fluctuating beamis anplitude or frequency nodul ated with

i nformation t@\beeét racted, thereby providing an anplitude
nodul at ed out put containing saird informati on and havi ng a

substanti al | y mmmmﬂ\ sai d phase-1 ocked out put 25 17. The
i nvention of c W’Hﬁ providing said first ‘
beam set with a substtanti akl y*const ant above-zero | evel having at

| east one wavel engt h; swi tching wavel engths of said at
| east one wavel ength off and on to gate filtering of : said
wavel engt hs of f and on; 30 : provi ding said second beam set
wi th energy having nultlple wavel engt hs to be : filtered, and
producing said interference wwth a subset of said nultlple mavelengths

mat chi ng sai d at | east one wavel ength and rejecting all other
wavel engt hs, ' t hereby providing a gated active filter by
produci ng an out put only at wavel engths 35 whi ch exi st

simul taneously in both said beam sets. 18. The invention of claim®6
wher ei n: - ~said substantially constant above-zero | evel
has at | east one wavel engt h, sai d second beam set has.
mul tipl e wavel ength energy to be filtered, and said

interference occurs w t h a subset of said nmulti pI e wavel engt hs mat chi ng
sai d at



WD 96/ 18964

PCT/ US95/ 16455 ' 66
| east one di verting energy of natchlng wavel engt hs paypR%

said at | e\é\l@&%ﬁw first location, o 416183

t hereby providing an inverted active filter by producing said inverted

out put defi ci ent of wavel engt hs whi ch exi st sinultaneously in
bot h said beam sets. 5 19. The invention of claim17 including:

provi ding a frequency mul ti pl exed beam set having a plurality of nDduIated
wavel engt hs; provi di Wida plurality of said gated
active filters, said flrst beam set of each of said gat ed
active filters having a different frequency of energy matching each of said
plurality of 10 nodul at ed wavel engt hs;

directing a portion of said frequency nultiplexed beamset into said second
beam set of each said gated active filter,

t hereby providing a frequency denul tipl exer by producing a separate

nodul at ed : output, fromeach said gated active filter,

mat chi ng each of said different frequencies. 15 20. The invention of claim
1: wherein said first and second beam sets have
energy of phases to be cagpared, and i ncl udi ng usi ng

said interference to produce an output that is at &high | evel when said
first and second bMAm setq are of opposite phase, and at a |l ower |level at
ot her phase A SRACERA wA) B ¢ hereby

provi ding a phase colypare e 1 nvenhh of clgaim 2 i ncl udi ng:

providing a plurality§a8 ald I-;; v--'“'~\a\“~‘\pa sa)ffiseri es, and

cascadi ng said at | eayt ongss 0 X4 AND i nto said
second -beam set \\ Qﬁﬂj‘tsi ‘ﬂﬁ» ;\ AAD in sai d cascade
series, 25 ) . KN nput  AND, wherein

-lll'_u-nu';‘ NS6 “iﬂ
all of said first beam\sé ‘*-?é“s‘:::::—-"’ A
ANDs and sai d second bejm se} o ;‘ e Sp Id/
cascade series nust be oN i{Js0bR q/
the | ast said | ogical
invention of claim2 incl
| east one output of sErY | Oy
t hereby providing a | ogi g
i ncl udi ng:
an energy beam output directg ™Mirst beﬁﬁLset of
said | ogical AND, and 35 OVNdi ng a second i cal NOT
means havi ng an energy beg .

Atity of said |ogica
ogi €Cal AND in said
d_At |east one output of
sxXade S@ri es. 22. The
directing said at
’ NOT. nmeans,

vention of claim?2 :
st _LQgi cal NOT fe8ns havi ng




sai d second beam set of said | ogical AND, _ t her eby
produci ng a | ogi cal NOR 24. The invention of claim9 including:
producing a first Exclusive OR input beam set having at |eashbcpRR$HFAL Of
ener gy WO 96/18%6% 96/ 18964 Pck

PCT/ US95/ 16455 2/14 67
nodul ated with binary information directeg toward at |least one third" '
| ocat i on; produci ng a second Excl usive OR i nput beam

set having at |east one beam of energy
infornmation directed toward said at | east one thiﬂd | oc a2
produci ng destructive interference at said at |eagt gffdffl[/p¥d | ocati on when
said first and 5 . ~Yal ' i/ [k sets are on;

directing energy fromsaid 5571 o AEN
el

pp& Wi th binary

//// N e sai d second
_dermdu rsl,%?@fd
phase ‘der@du S
put of said first phase
nput beam set is on by

beam sets of
first beamsets of said first
are of opposite phase, said anpls
denodul at or bei ng on when qumey

itself, and said 10 2 A/!: al.or being on en said
second Exclusive OR input bés I's on by ' . 5
directing energy fromsaid first phase denodul at or 6o o'7euApM-ast one
Excl usi ve OR out put, and P#Cti ng
energy from said second phase denDtrs clusive OR
15 out put while providﬂmTﬁLJBO 0 that the

i”at ors have

‘ c]ﬁiﬁ?ntiﬁE&we

energy fromsaid first and second
mat chi ng phases at said at | east one EX
t hereby providing an Excl usive OR nd
out put . 25. The invention o

directing a portion of energy f R i nput beam set
toa first 20 I nput of &*1ogi cal AND negps, and
directing a portion of energy fron1saidﬂFecond 1k Bsi ve ék | nput beam set
to a second i nput of said ogi, @PiHy means,

t hereby providing a binary half adder b
as a sum
output. 25 26. Th§
providing at | eas
| ocation in

g said Exclusive OR output
id logi-cal AND as a carry

d to said at least one third
-cgb(Eolling beam set ;



directing a feedback signal froma portion of said anplitude nodul at ed
out,put .into said at |least one third location, said feedback
signal at said at |least one third | ocation being out 30 PCT/USOBM6458ase
with and gr¥QP88%6dan said t hreshol d-control | i ng beam set;

pul sing said at |east one trigger beam seg,gp a set pulse, and

pul sing said at | east one reset beam set as a reset pul se,

t hereby providing a bistable function by turning said anplitude nodul at ed

out put on with said set pulse, holding said angitude

nodul at ed output on with said feedback signal,_ then 35 :§ turning
said anplitude nodul ated output off with sai d 4eset RS d hol ding said
anpl i tude nodul at ed output off dye to ;: .4,-.,-/ e of said

f eedback signal . 27. The invention of clai\g£Y //. ng: '
providing first aMimsaggond | ogical AND rreanS' / gr

providing a clo beam se 0 at | easlsP)ed s ed e gy beam of
alternatingfir?;\L WO 96 ;._,,[////(”I‘

PCT/ US95/ 16455 . 68
and second pul ses; dietting a fi rs;_pggig)n of said

AND

cl ock beamset into a fi 4’?1,, idfir t |ogical

nmeans; £ A 28/ /0 el ard 11 rst logical AND

means to provide M” M/ﬁ’ il directing a second
ﬁy f A/

portion of said@c ol o a first inp of said second

| ogi cal AND neans, directinfg an output of said second
| ogi cal AND neans to provide said reset pul se; _ '
directing a portion of said anplitud dul gf ed output of said bistable
function al ong a firstjﬁgagy th, providing a delay tine,
and a del ayed bi stable beamset; 10 ' directing a first
portion of said del ayed bistable beam set into a | ogical NOT neans;
directing an output of said logical NOT neans to a second input of said

first |ogical AND neans, and directing
a second portion of said del ayed bi stable beamset into a second input of
said second | ogi cal AND neans, 15 t her eby
providing a clocked bistable function by settigg said bj e*function
usi ng said first pul ses that pass,throug dgirst |ogical
AND neans, when said second input of said figsSt | ogical AND
means is held on Ry said |ogical NOT neans in e absga€e of said del ayed
bi st abl e beam set anOwed first pul ses ar e fr exeni el @n passi ng t hrough
sai d second | 0giNC ey, MR negws by T pe abdence of said del ayed
bi st abl e beam set, and then reset' = g
y / ”
<
»n
2
7

Fig. 3A



20 function by using said second pul ses that pass through said
second | ogi cal AND neans when said second input of said second
| ogi cal AND means is held on by said del ayed bistable beam perusosiesss set
and said sNQM884 ses are prevented from passing through said first

| ogi cal AND neans by t he presence of said delayed bistable
beam set which is inverted by said |ogical NOT neans to hol d
said first |logical AND neans off. 25 28. The invention of claim27
-providing a binary input beam set having pul ses | onger than said del ay
tinme; directing a porgyqp of said binary input beam
set to at least one fourth |ocation; di recti ng anot her
portion of said binary input beam set al ong a second del ay path and

then to said at |east orfe fourth [ocation as a del ayed beam set; 30

produci ng destructive interfegencepgsipg d binary’input bearrBﬂMBd
sai d del ayed beapm set a id.at | east one fourth |ocation
when both said beam setg are pn; separati ng epergy
fromsaid at | east one flourthjl ocati rovideRBfferentiated

pul ses, and dir said differentiated pulses to
provi de said cl ock beamjset of sa bi stabl e function,

t hereby providing a bingry digit sing said
bi nary input beam C1 timeto clock
sai d cl ocked bistable fy bi nary

i nput beam set to prodg - pUT se | engt h,
and a trailing p 'culse | engt h, wherein
said | eading pulse is oyt of phase with said WO 96/ 18964

PCT/ US95/ 16455
trailing pul se, and at Ieast()jn of Agu%h sai d cl ocked blstable function
responds to. 29. THe in Q3 udi ng: 5
providing a plurality of i in a cascade“series;
directing said anplitu igit counter
to provide 5 said binary input beam set of the next said binary.
digit counter in said cdscade series, 3§ provi di ng
said binary input beam set of the firstfii §a4h binary digit counters in
sai d cascade series, with p ses to be counted,

thereby providing a binary counter by connecting a plurality of sai d binary
digit counter in a cascade series that produce binary outputs
representing pulse count. 10 30. The invention of claim 26 including:

69




hol di ng said set pulse on during the tinme when square wave oscillation is
to take - pl ace, and holding said set pulse off when said

square wave i ion is to be gated off; ' directing
a portion 099§§Péﬁéﬁnﬂi tude nodul ated out put al ong a-del ay pa@ﬁnaﬁpgﬁﬂﬁ%s a
delay period to provide a del ayed bistable signal, and 15
directing said delayed bistable signal to ﬁbqﬁide said reset pulses, said

t

reset pulses bei ng | arger tha e sum of said set pulse and
sai d feedback signal, t her eby "provi ding a gated
square wave energy beam oscillator by repeatedly turning 5 said
bi stable function on or off at |east once for*each s";’ﬁéVay period, and
gating oscillation of f by turni ig sgwd sef?” p e off. 20 31
The invention of "sglm 26 incl udi ng: provi ding first
and second | ogiqcal AND QS proyi ding a data beam
set having at Fgggfione beam OT™=eagr gy #Bdul 4 ca”i P nary
provi di ng an enakljng beam set havi g cagle ONe _Yeam of energy nodul at ed
1% .‘r: T on;

with 25 data Qrage o#ah] jpe -~ :
directing a first portiQhuess ‘1‘4'@%’/’{6.: into a first input of said
first |ogical AND 1mag ¢Z Aé? directing a

second portion q%_gaLd dat a beanllagﬂlﬁlﬂ:“ gdr@al NOT neans;

directing an o®tBUt of sai d Loss o a Bt input of said
second | ogi cal 3Q ! P _ directing a
first. portion of said enaj 8d i nput of said first
| ogi cal AND neans, ang &g beam set into a
second i nput of said U NN 0
directing an out pute?® N ol e 55 d set

pul se, and 35 Saffd second | ogi cal

AND reans to pR3vide sa®t reset pul se, ! t her eby
providing a D-type bistable function by setting or resetting said bistable
functi on dependi ng upon the state of said data beam set during the tine
when sai d enabling : beam set is on. 32. The invention of
claim 26 incl uding: WO 9 6

PCT/ US95/ 16455 QFigf‘4f; _

70 _ directing a portion of said anplitude nodul at ed
out put along a delay path to provide a del ay period and a
del ayed-f eedback beam set, and




directing said del ayed-feedback beam set to provide said reset pulse,
- thereby-. providing a one-shot function wherein said anplitude nodul at ed

output is ?’r? " pul sed on by said set pulse, held on G¢rvEessedss
del ay peri o §'§9a‘|“d f eedback signal, and then turned off
after said delay period by said del ayed-feedback beam set. . 33. A

nmet hod of controlling one set of beans of energy with another set of beans
-of energy conpri sing the steps of: 6/14 . produci ng a
first beam set having at |east one first input beam of energy directe 10
toward at | east one first |ocation; 4 *} produm@héi
second beam set havin t | east one second}i nput beaf of energy

nodul ated with controffl\ ng inforgmation; - produci ng
interference between galNd first fnd secondjbeam setsjat sgid at | east one
first lfogay i on whep both sai i beam set§ aejon, diverting
energy fromboth saifl bedm sets §o at |eas} _15 ne second

| ocation in proporti

wher eby energy froms

to\said s cgn bearr &eé', 8D
gﬁ rst b ent fr’m said at | east one

second | ocati on when second set s off or ¥n phase with said
first beamset and is presen at said at | east one second

| ocation when said second beam st is on ahd out of phase

with said first beamset, and 2 Y separating energy from

said at | east one second |l ocatio provi de at |east one out put,
t hereby producing an energy beaml:!L) olﬁ 34. An energy beam
ccontroller for controlling a pl urallgry energy beam sets with at | east
one of said plurality of energy beam sets conpri sing:
an i mage conponent separator_having a first |ocation and a second | ocation
and an.25 out put ting energy fromsaid second |ocation,
and JP ut beam sets including a first
OLD and oriented so as

ocation and to divert energy.
ai d second | ocation when said

s areTRIGGER (25? t her eby
t put by 9& putt iB8 energy proportional ‘to said second
Rl Ly Ent L on of claim 34 wherein said first
sets are Iated with digital i nformati on,

to produce int
proportional t
first and secopd be
controlling sa
beam
and second bea

thereby providjng a |ogica The invention of claim34 wherein
sai d energy bepm control | anplifier when said first beam
'set is maintaiped at a sugganti al onsouq'mq\/o&zgro | evel when on, and
a substantial ly constant at - -zero | evet n off. 37. The

i nvention of mEemvivimien \ a comon out put, and

Flg 8A 8B

z /
(7 %,77////,’///I///III/IIII/II/I/////////////////Z 2

29 27 29

Fig. 9
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71 - a plurality of said gated anplifiers, said

out put s of d anplifiers being directed j
comon out pﬁ@gﬁl at sequentially turning on said gated anpr&fm%f&gﬁgss
sequentially * pul sing on sai d¥/‘1l rst beam set of each of said
gated anplifiers duri ng each of a series o sequential tine
di vi si ons produces a tine division rmultiplexer. 5 38. The invention of.
cl ai m 36, including: a plurality of said gated
anplifiers; common i nput for accepting a

mul ti pl exed}i nput beamw th tifnme divyi si ogx mul i pl exed

i nformati onj=am= ===+ """"""fﬁ'meﬁﬂg,lbpn nmeans for directing a
portion of gaid nultipl nput beymto said 10 second beam set
of each of gaid gat mplifiers, wherein
sequentially gati on said gated anpl 1Y I FRGGERINPUTRI | y pul sing on

sai d first beam set of each of said gated anplifiers, during
successi ve $fouential tige divisions sequentially gates tine
di vi si on-muftipl exed information into separate said outputs to produce a
time divisieon demultiplexer. 15 39. The i r%@tm f claim 36 including:

an invertedjout put nmeans for providi W msaid first |ocation,
t her eby proyiding an inverter [ON of claim 36,

i ncl udi ng: Iurallty of sald gat ed arrpllflers in a

cascade ser]les. 20 41. The inyenti of of claim 36
sai d second] beam set is anplit dul ated to a \éﬁi’mtt I §5)1| gh | evel so
' avai | Ia#’gom said first beam set
e

as to diver
into said df | evel
thereby limti ng sai d out put whe aid second beam set exceeds said
saturation level. 25 SCHMETTWTRIGGER c! ai m 36 wherein:

sai d second beam set is phase-nodul at ed, t her eby
provi di ng a phase denodul ator wherein said output is at a high level when
said first and second beamggts are_of opposite phase and at a | ow | evel

when said first and 1 nd beam sets are in phase, and which
changes as the phase of said . cond beam set 30 changes.
43. The invention of claim42 including: a triggr beam

set nmodul ated with information to be threshold-controlling and a
t hreshol d-control li ng beam set at a substantially constant |evel, said
trigger beam set and said :

| e o | e s e = = AND  THRESHOLD

SUM AT (23)

— — — — — — — —|—— Or THRESHOLD

AND OUTPUT

I OR OUTPUT

Fig. 11



35 t hreshol d-control | i ng beam set both bei ng positioned and
oriented so as to produce destructive interference at | east
one third |l ocation when said threshol d-controlling beam set and said
trigger beawodenssear e both on, the conbined energy at sai d atPCRESAS/16HNS
third |l ocation being in phase with said threshold-controlling
beam set when said trigger beamset is s®#er than said

t hreshol d-control |l i ng beam set and out of phase with said

t hreshol d-control | i ng beam set when WO 96/ 18964

PCT/ US95/ 16455 72
said trigger beamset is greater than sajﬁ t hreshol d-control |l i ng beam set,
and first directi means for directing energy from
said at | g3 i i [ second beam set of
sai d phase "dert - t hereby providing a threshold
det ector by denodul atit wlemp conbi ned

ener gy. 44. The |
&t putwp%al d at | east

f eedback neans fgQ _
one third # 5 dback signal, said feedback neans
ensuring thgﬁhég% f eeds si gnal | east one third

| ocation is smaller than said threshold-controlling beamset and in phase

with 10 said trigge n1jﬁg% resulting in regenerative

f eedback, and a greater said t said conbi ned ener gy
reaches threshold thereby providing a schmtt
trigger. - 45. The inPention of claim43 i ncl udi ng:

a plurality of said trigle am sets to be used as AND i nputs, nodul ated

with binary 13
said AND i nputs are on

mul ti-i nput "4
a plurali ty@ﬁ;‘bi ol

t hreshol d being reached only when al
thereby prOV|d|ng a

5 OR |nputs' nodul at ed

w th binary _ ampcached when at | east
one of said OR inputs isjo | 34 provi di ng a

mul ti-input OR 47. i ,

an inverter neans; 3] ay geans dlrectlng a first

:  pat h to said
™ cdl del ayed S|gnal and 25

d 1 nverted del ayed S|gnal to said second
sai d out put on and off, said second beam set
erted del ayed signal is on, and off

portion of energy «hisem
inverter meEN@GR2 prod
di recting neans 8
beam set to

remai ning on when sald

when said inverted del a¥ed signal is off, to produce oscillation during the

Fig. 13




time when said first beamset is on, and disabling oscillation when said
fist beamset is off, t hereby pr.oduci ng a gated energy

beam osci | | 48. The invention of claim42 including:

first di recﬁ‘%"ﬁé s for directing a portion of a phase-fl ucrggtq’ssr’lsémggsam
‘set into each sai d second Qﬁqg1set of each of a plurality of
sai d phase denodul at ors; phasi ng neans for providing
said first beam set of each of said phase denopdul ators wth a
di fferent phase of energy; 35 second directing neans for
directing said output o#each Samehep R deMgdul ator to at

| east one third | ocati off*sU A I-—hi-dgwm arives at
said at |least one third &t i il pnase,

third directing neans f 11 b pom said at | east one third

| ocation to pr oyi , ; VO

96/ 18964

73 W, Ng a phase-| ocki ng device for
phase-1 ocki ng energy from sgi fluctuati ng beamset to
a substantially constant phgse output} h substantial | y constant

anpl i t ude. 49. The invdntion of fcl = CARRY

sai d phase-fluctuating beamjset | i tyde- or frequency-nodul ated with
i nformation to be t her eby providing an

anpl i t ude- nodul at ed out put contai ni ngwe®i d i nf or mati on and
havi ng a substantially constant phase at said phase-| ocked output. 50.
The invention of claim 36 wherei Q.. - said first beam
set has at |east one wavel ength, F 51015 sai d second beam
set has nmultiple wavel engths to be |tered so as to produce said

interference with a subspt of 'said nultiple wavel engths matching said at
| east . one wavel ength and rejecting other wavel engths,
t her eby providing a gat ac if™sgr by produci ng an output only at
wavel engt hs prion t s\@ul taneously in both said beam sets.

i . said first
beam set has at | gast o mMih; sai d second beam
set has nultiple : _

éihs

sai d i nt elCEKE aaie
mat chi ng said at

tive
_ el

51 62 ~ 53 54 85
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| east one wavel ength, diverting energy of matchi ng wavel engt hs away from

said at ‘l east one 20 first location, t her eby
providing an inverted active filter by producing an inverted output

defici ent ofW096/18964 wavel engt hs whi ch exi st si nul taneougﬁﬁ"ls??”(%?sn
sai d beam sets. 52. The invention of claimb50 including:

a frequency-nul tipl exed beam set having A0fMurality of nodul at ed

wavel engt hs; 25 a plurality of said gated active filters,

brs having its said - first beam
| east one of said plurality of

each of said gated act gve

nodul at ed ™% ecti ng neans
for directing a i pl exed beam into
sai d sec bea ive filters,

t her eby prdv pr i NG Q Joaidiir
nodul at ed out put Of ggyggl acti e-f'ﬁtags,
mat chi ng each off said different freglenciGeK 53. The i [
34 wherein: '
energy of phaseg #ai d i nterference
pr-oduces said out pu I's at a high level when said first and second 35
beam sets are of opposite phase,sand a}kg | ower | evel when said first and

sets have

second beam sets are - tht phase differences,

t her eby providi ng phase conparer. 54. The invention of claim 35

I ncl udi ng: a plurality of said logical ANDs i.n a
cascade series, wherein sgj put a sai d WO 96/ 18964

PCT/ US95/ 16455 aé %ht %6 Cé‘ BC Bl __ 74
|l ogical AND is fgi i nt o s dcond bg ; & Mextsaid | §@Cal AND
in said cascgge BDCX { BDCo BDCpjdugby
providing a nmulti-ignput D dr ei said
plurality of said ljogi cal B st said

| ogi cal AND in said r to turn
on said output of the | ast ' cascade
series. 55. The invephtgpn of clalf mgg incl udiggy directing @s for

directing said output of said |ogical AND into a | ogical NOT neans,
t hereby provi BEAMS odi cal NAND. 10 56. The invention of claim35
I ncl udi ng: et | o NOT havi an energy

beam out put direcB&d i

57




set of said |ogical AND,. and ' a second | ogical NO
nmeans havi ng an energy beam out put directed into said second

beam set -of said |ogical AND, 15 t her eby producin

| ogi cal NORWO96/189&%  The invention of claim 42 including: PCT/USIS/ToASS
a first Exclusive OR input beam set nmoduhgregd with binary information
directed toward at | east one third | ocation;

a second Exclusive OR input beam set nodul ated with blnary i nformation
directed 20 toward said at | eas@@one third 'l ocation so as to

produce destructive interference at saiglgat | east one third
| ocati on mhen said first and second Exoy@fve OR input beam sets are both

on; IIlrst di or directing energy from
sald at | east one thaé ocati on ifjnto sai d second beam sets of
sets of said first arjd sec q ) SQR: of

first and second sai ilna that said first beam

opposi te phase, said output of_saifd first 25 nhase denodul at or
bei ng on when said first Exc [ i on by itself, and
sai d output of said second p aszeu-nndulator belng on en said second
Excl usi ve OR i nput 8 Bumg d &

second directing neans for dfrecting energ ifrst phase :
denodul ator to east one 5ive OR output, and
30 third dissffcti ng nmegps for dir jaisdng energy fromsaid
second phase denmpdul ator to saifd ~at | epst one Exclusive OR

fromsaid first and second pha s

Ten at chi ng phases at said
at | east one Excl usi ve OR ut ut

t her eby
provi di-ng an Excl usive OR having a su :bly const ant phase output. 35
58. The invention®of claimb57 |nclud|ng fourth
directing neans for directing a portion of energy fromsaid first Exclusive
OoR i nput beamset to a first input of a |ogical AND, and
fifth directing nmeans for directing a portion of energy from said second
Excl usi ve OR i nput beam set to a second |nput of said |ogica
AND, 75
t hereby providing a binary half-adder by provi di ng sai d Excl usi ve OR out put
as a sum out put aqg an output of said logical AND as a carry

out put . .




59. The invention of claim43 including: a reset beam
set,~directed to said at least one third location in phase with said 5

t hreshol d-control |l i ng beam set, and . sec&g& directgng
nmeans for diY@&¥1%M§4a feedback signal froma portion of said /1645
into said at | east one third | ocation, sahglﬁpedback signal at said at

| east one third | ocation being out of phase with and greater
than said threshold-controlling beam set_ t her eby
provi di ng a bistable device by t e .QL_daamhen said trigger
beam 10 set is pulsed fith a set pyepof di Ng sai d out put on
with said feedback signal, then tjurm ag sai d ouput off when
said at | east one reset beam set §s pul St jy a reset pul se, and hol di ng
said output off when said feedbadk signal ig absent. 60. The invention
of claim 59 including: — {st and second | ogi cal ANDs;
15 a clock bea el navl 'aanaahpg first and second
pul ses; thigd directi e f directing a first
portion of said clock beam set irf 07§ == i nput of said
first logical AND 72 =T directing neans for
directing an output of said firstflogical AMRto provide sai d
set pul se; 20 _ 2 = \g neans for directing a
second portion of said clock beanfset into = 7 i nput of
sai d second | ogi cal AND; Ki xth 'di recting nmeans for
directing an output of said secong ?gbl AND/t 0 provi de said
reset pul se; a first ®€lay path providing a first
delay tinme; 25 seventp dgim™egting neans for directing a
portion of said output of said bi St -—viﬁe — al ong said
first delay path, providing a del ayed bi st got qyjpes :

eighth directing neans for directi npgomd=intdt pPoFtion of said del ayed biste
beam set into a |l ogica O Hap?, ni nth
directing neans for directing an output of said |logical NOT neans to a
second 30 i nput of said figst logigal AND, and

tenth directing nmeans for directing]?i poﬁﬁg tion of said del ayed

bi st abl e bea set into a Second input of said cond | ogi ca

AND, t hereby providing a cl ocked
setting said bistable device using said ' '
t hrough said first |ogical AND when said second i np#
35 AND is held on by said | ogical NOT
sai d del ayed bi st abl e beam set ¢
prevented from passing through said second
absence of said del ayed/ bi st abl e beam set
device by using sai dg81 wa econ#,
second | ogi cal AND when=aa) i
|l ogical AND is held on &
pul ses are 72 =~

igtfl e device by
rSt pul ses that pass
ymfi rst | ogical

“the absence of

st qﬂéses are -
b‘ylt

gt ting said bistable

Ppas s.-8Qugh said
second

and sai d second

73 80
yd
74 N 79
D= -~ 78
76 — |
- 77
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76 - . prevented from passing through said first |ogical AND by

t he presence of said del ayed bistable beam set which is

i nverted byVeR961896hi cal NOT nmeans to hold said first |ogi cal PRKISHYI645S

61. The invention of claim60 including: ~a binary

i nput beam set havig pul ses |longer than sk/d8first delay tine; 5

el eventh directing neans for directing a portion of said binary input beam
set to at | east one ff®mgih |ocation; - a
second del ay path pr ﬁ-'-- o _e=Nd de\ay tine;

twel fth directing nmeanhs for directilng angt her portion of said binary input

beam set al ong said g qd wemmmen ot h and then to said at

| east .one fourth Iocation#gf a del dyed bfam set K10 so as to
produce destructrve inter EliaapM]t h SAI d bi nar y§ nput beam set and said
del ayed beam : set at dae® at | east on§fourth | ocation when

both said beam sets are on; ami mage comnponent
separator for separating energx_LLtnt N d at | east orgfourth

| ocation to provi de8& e Ul S&,  and

thirteenth directing neans for dire said differentied pulses to
provi de said clock 15 bea | Ocked Wy st abl e device,
t her eby providing a bi nar G- ~-unter whi ch facT ™mihgt es §si ng bjpary

i nput beam pul sed™™nder ghan said first dove e t8Vc| ock
sai d cl ocked bistable device by difTerentiating .o 7 g-—-daF Y]

i nput beam set to produce a | eadi ng se having a conglefft /M se | engt h,

and a : agonniainlin L a const ant gl se Jength, said

| eadi ng pul se being out of phase wi sayd 20 ailing pulse, so
that said cl ocked bi stabl e device i - spond togat | east one of

sai d 62. The i'nventc?'p . in ' a
plurality of said binary digi ==ssugtergl in a cascadegberies, said binary

i nput beam set of the st of said bigary digit counters in
sai d cascade series having pul ses Qe counted, gfid 25

fourteenth directi o apans foresssgctiNg sai d ouppbut of each of said binary
digit ounters 1nto sqid biypary i nfut beam set of the next

series,
nEUFan a plurality of sai d brnary
2 series which produces binary

said binary digit counter in said {
t hereby providing a brnaré counter
digit count §

out puts representing pul se count The invention of claimb59

i ncl udi ng: an enablrng beam set whi ch hol ds said set
-pul se on when square wave oscillajion s to take place, said
'set pul se being off when said e ;néé amset is off,

a del ay path which has a del ay per%od, third directing

means for directing a portion of said output along said delay path to 35
provide a delayed bistable signal, and

2 ) I
86 II .‘
87 n

81, 82, 83, 84
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fourth directing neans for directing said delayed bistable signal to said
reset beam set to provide said reset pul ses, said reset pulses

bei ng larger_ than the sum of said set pulse and f
si gnal , WO 96/18964 t hereby providing a gated squareiggggwéﬁégg

bean1050|llator by repeatedly turning WO 96/ 18964 |
PCT/ US95/ 16455
sai d bistable device on or off at |east once for each said delay perlod

and gating oscillation off by turning said set pulse off.

64. The invention of claimb59 including: first and
second | ogical ANDs; 5 14/14at a beam set having at | east
one beam of energy modul at ed mnth bi nary . an
enabl i ng beam set having at | east one beam of energy nDduIated with data
st orage enabling information; - third
directing neans for directing a first portion of said data beamset into a
first 10 i nput of said first |ogical AND

fourth directing means for directing gsecond portion of said data beam set
into a |'ogi cal NOT neans;™ fifth
directing neans for directing an outp | of said |logical NOT neans to a
first input : of said seco ( | ogi cal AND; 15

sixth directing means for directing affirst portion of said enabllng beam

set into a second |nput(:’smud first logical AND and a second
portion of said enabling beam set iy second i nput of said
second | ogi cal AND; eventh directing nmeans for
directing an output of said firg ANQ to said trigger
beam set to provide said set ht h
directing neans. for directy sai d wgcond | ogi ca ND to said
reset beamg | reset M se, . .
t hereby providing a Dgfype bi stablfe device Qy setti nONgr rese;fﬁ%g sai d
bi stabl e device [ he state ONgai dffgta beam set
during the tinme whg on. 25 65. The
i a d:‘hy pat h;

said enabli

i nvention of clai FQ i ncl udi ng:

 oud
m.



third directing means for directing a portion oﬁm%%t})ut al pemssai d RTMP
delay path to . provi de a delay period and a del o~;;11 back coPy
beam set, and P&ET WORLD INTEELBCIUR D PROPEREY DRGAFIZAEGNS f Oor ONEEET i ng

sai d del ayed- f eedback beam set to sai G TEBEL"Blam 30 set to

e
provi de INTERNAHONAMABRLICATION PUBLISHED UNDER THE IRéFI'EU'Y GROPERATION a'RBHé'Y <PEh

L0

devi c smrmiu&asmnwwa&udnss pul'sed pn Hyy5al n Number 0'96/48964
on du ﬂo@"é@éﬂ@{' od by said fggdback si gna and t hen turned of f
after period py samnmbﬂaawuﬁmdbaak. beamosab 1996(200696)

66. Al emergy—beamcontTotter—compriSstng—735 afrrst—beam

set d] @B titeshibay\Epilcadién Nustid&t ONepdTIUSSAY 53 as:u DuSignafidfiStates: AM, AT, AU, BB, BG, BR, BY, CA} CH,
second beam set nodul ated with control i nf NT&Ei REa DENEE. &B.1F QB GE{ BhAS, dP, KE

sai d g2 International Filing Date;, ;5 t14 Pprgmtes 198344 Bﬁ%t i on %%%%ﬂ@ﬁg Egeéﬁ
between said first and second beam sets at TI. TM. TT. UA, O AT Bp_
first| bGoeabrina n both said beam sets afje on,CHIDEAIK, E&gnemrcgymrrromm , PT,
sai d beam 88353400 at |§@s@m@n@9‘%§g%?@ | 84t i on SEhg%PWﬁFow @%C@@I&%Qemm
beam lset , S8f 19 Apgh 1985 (1P US gIzR'UG)'S , TD, TG), ARIPO patent (KE, LS, MW, S
PCT/ US95/ 16455 T 78

from S(al)(dz)prpmnthﬁIama&t HAET, thn, b EeMIS;fR@in sai d at | east one second

| ocat)i on wRexf6%iaMissouly MIHIR06 (US). : bear{fs‘éifh } Off"‘gé ‘Q@I eho%se with said
first} beam set and being present at said at le }z'

| ocatfj on when said second beam set is on and ou&amgfmdqgﬁaﬁgpmsp f,':su,aelhﬂenfar rnepding the
beamset, and an i magg conpem@ndussepar ator for

separjating energy fromsaid at |east one gecond 5 | ocation to
provifde at | east one output, t hereby controlling said

at | gast one output using said second beam set.

&f1h2 Yreceipt of

(54) Title: ENERGY BEAM CONTROL, SIGNAL PROCESSING, AMPLIFICATION, AND COMPUTER LOGIC USING INTERFER-
ENCE

(57) Abstract

A method of controlling a plurality of energy beams with at least one of the plurality of beams prowdes the foundation for photonic |.
and energy beam computing using special interference and provides a basis for photonic transistor technology. At least one first beam set
(1) produces special interference with at least one second beam set (2), at at least a first location (3). Energy is diverted from both beam sets
to a second location (4) where energy does not appear from one, or any, of the beam sets in the absence of interference. By selecting the
timing, levels, phases, frequencies, and interconnection of multiple controllers, a muititude of énergy beam circuits can be made, including
gated amplifiers, gated oscillators, phase demodulators, active filters, inverters, inverted filters, and limiters as well as togic functxons such |
as AND, OR, XOR, NOT, NAND, and NOR.




