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FREQUENCY·MUL TIPLEXED LOGIC, AMPLIFICATION, AND ENERGY BEAM CONTROL USING 
INTEilFERENCE 

TBCBNlcAL PIBLD 

The piesem invemion ?elates tO optical c:ompmers and to the frequency mukipJ.eDnl of 

S photonic ttaDSistor fllDclioDs such as amplification, Boolean logic, and conttol energy beam signals. 

BACKGllOUND ART 

The applicant's U.S. pateDl DO. 5~093,802 CODlaiDs the backglOuDd an for the piesem 

10 invention. It uses imerfenDce between lllfJdnlated and mnnodnlated input beams of wave-type eaqy. 

The functioDs are defined in terms of conitrucdve and desttuctive i:mel:feleDce component regions at a 

fringe componem separator, such as a mast, Which is used to separate energy from at least one 

CQJDpODeDt region to provide at least one output. ImafeleDce is produced between input beams of 

cohemlt energy capable of producins the iDrafeieDce fringes and the various omputs described. 

IS That patent provides several funcd.ons, including a two-input OR, an EXCLUSIVE OR, an . 

inverter, and an amplifier, and various biscable·devices, all having outputs Which are waveforms 

superimposed on single-frequency cmier waves. Absent from the prior an are any means or method for 

frequency multiplexing or the simultaneous operation of multiple indepeDdem functions using multiple­

carrier wave frequeDcies within a single device. 

20 At the time of the writing of U.S. pateDt DO. S,093,802, it was JeCOpized that such devices 

were not limited to one certain wavelength, as indicated by the following from col. 11 line 14 of U.S. 

Patent S,093,802: 

•since the .ability to sepamte componem legions of an intmference friqe, as 

requiled by the pment iDvemion, is not limited by the wavelength of the wave-type 

2S energy used, the openlicmal wave1engtbs are able to be selecled from the visual nnge 

of the electm-maperic specuum. 'lben a poap of mukiple ompats such as (104) are 

able to function as a dUect Visual display ompm. By using multiple wavelengtbs, 

simultaneously or in rapid succession. the muldple outputs are able to function as a 

full color visual display. • 

30 

While a group of devices desipect to operate at D101e dum one wavelength, as with the ml, 

blue, and ll=D wave1engtbs needed to pmduce a full-color display, would require •multiple outputs• 

and thus multiple componems, the idea and mechanipn for accolilplisbing simultaneou frequency­

multiplexecl operation wicbin a single device was not yet appanmr. Later, after having discovered die 

35 means for implememiq frequency muldplexing, the applicam also iecopized the advamaps of 

frequency multipleging. 
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DISCLOSUlt.B OP TBB INVBNTION 

The piesent invemion ~ a means and medlod for providing tiequency-multiplexecl 
. . 

functions iDc1udiDg losic, amplificatioa, and enersy beam conaol. A common set of optics produces 

s simultaneous, independem funcdons on.~ :&equency mannels within a single device. 

lDdiviciuaJ. Channels of the :&equency-multipJ.eud ouqRU conrain the iesulCS of iDdividuaJ. functions 

pelfonned on the channels individually. 

Input beams comlin multi-frequency eneqy wherein iDdividua1 fiequency ch•nnels fallction as 

independear carrier waves dl8t are mchdared llldependemly witb. information which is to be used within 

10 the invemion. The invemion ~ a plmalicy of such :&equency".'multiplexed inpms •. lmelference is 

produced simultaneously among all of the inputs which produces • sepuate iDteifeim:e image for each 

carrier wave flequeDcy cbannel. Because common.optics are used to produce imerference, all of the 

images tend to overlap each odler in the same general area, although some ~ separation does 

take place. 

IS While the overlapping images CID be called a composite iJnaae, the fact is that a modulatiou 

chaDge in a single channel produces a chaDge in ODly dl8t imafemlce imaae which has been produced 

by eneqy of that pardcalar wavelenatb.- .The other images produced by energy from the ocher .channels 

are unaffecred' 

An image compomm separator, such as a mast, pennies eneqy to pass rbroush imo the output 

20 from one or mme locations dl8t are chosen specifically because of dleir re)adonsbip to ·the individual · 

images. As a nsalt of ovellapping, die ouqRU is eaten from the individual images from cbese same 

locadons at the same time. The function performed using energy from each individual manne1 depends 

upon the modulation cbaWistics of the input beams for that channel, ~ sbape of the ima~ 

image for that channel, and locaaons witbin that image from which eJa8Y is being taken. These 

2S pamnem can be eqineerecl imo a panicalar device by the proper seleclion and oriemation of opdcal 

etemems. and by the selection of modulation paUems and phases of die iDllividual channels. 

As a iesult, die present ilmmlion can provide the losical· AND for Ollc channel, the losica1 OR. 

for anotber, an amplifier for a dlird, and so on, depending upon •·individual pmmetm for each 

clwannel as d1ey ieJate to the C01111D011 optics beiDs used. 

30 When C01111110D optics are used, the output is also fle\j-uency-multiphmd, and ·ii comaiDs the 

resuks witbiD each dtannel of the fuDcdoD peifomled individually within die iDvendoD. 

Fiequency-nmlripleucl Josic has the.~· of ieclucing the ~of optical componems 

needed for comolling many sipals. For nan1ple,. die illlividual bics of a complele &equea;y­

multiplexecl word can be pted on and off, individually or as a poup, by comrolling the iDpUt signals 

3S to a single device. 

The present invemion CID be· accomplished using any wave-type eDqy dl8t produces 

iniei:felence, including acoustical waves, moving patticle waves, and ~ waves. 

Multiplexing acoasdcal waves and pudcle waves is, however, moie difficult dlan widl electtolllapetic 

waves because the wave1engdls involved function at diffmmt velocidcs. Nevertbeless, the present 
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invelllion will operate using these other energy iypes. lbus, these other energy iypes can be used to 

provide image sensing and multiplHpeed e1ecttoD manipulation using imerference. For die sake of 

comisteDcy and UlldelSlanding, optical terminology will be used helein. 

Holognms produce imerfereDce images from multiple beams or seas of beams. Since holopams 

5 and, in partlcular, computer-generated holograms, ue a conveaiem •Y of implementing the present 

~ inputs to die invemion ue :next described as being sets of beams that ue modulated together 

as if they were a single beam. This is done because many rays or beams combine to produce a 

holopaphic imerfeJm biJage or friDie. Groups ·or secs of iDpm beams d1ea fuDction in UDison to 

produce various interfereDce image pattemS dlat delermiDe the ompucs. 

10 Holograms also have die ability to produce overlapping images that ue frequency-compensared 

so that the overlapping positions of the individual cbamlel images· can be located as needed to match a 

certain image component separator. Compmer-genenred holograms can also be used to produce the 

image componem separaton. This allows the hoJosraphic designer to produce complex optical 

~ for die present invemion dlat ue able to produce an engineeml iDterference-pr 

15 optic with a matcmng engineered image component separator so that the optics can be engineeleCl to 

provide spCcific fuDctions on specific channels. 

The individual imerference-based functions that occur witliin individual frequency cbamlels ue 

described in U;S. Patent S,093,802, which describes cenain imerfelence..ba functions using siDgle 

frequency images ("fringes"). and U.S. applicadon number oS/357,460, filed December 16, 1994, of 

20 which this application is a cominuadon-in-part, which describes die use of "Special :r.rterence." The 

operation of these iDdividual fuDctions is explained briefly below. 

Imerfenmce is produced by superpo$ilion of monocbromaric (or quasi-monochromatic) energy. 

Interference redistributes the energy flOm the input beams into an imerfereDce image, or fringe, made 

of areas where destruc1ive imelfenmce (DI) and consttuc1ive interference (Cl) occurs. When a portion 

2S of die iilted'ereDce image is separated into an omput, die omput waveform depends on the locadon(s) 

within the image flOm which the outpUt is rabD, and on die· modulaaed wavefmms of die input beams. 

As various ~ combiDatiODS of the iDput beams occurs due to modularion of one or mom of 

the input beams, the omput amplitude from IDY. one location is the iDsranmeous vector sum of die 

energy from the imederias input beams. If the ouaput is cakea from many locations, the omput will be 

30 a combinalion of die sipals cakea flOm each location wichin die image. 

When DI occurs at a cenain location widlin die image during a desipatecl state or ielationship 

of input beam modulalion pattemS; that location can then be called a "DI location," even though over 

time many combinalions of DI, CI, and other energy combinations occur at that same location. The 

same is ttue of "CI locations.• Such designations pmvide a conveaiem refeleDce between the 

35 instamaneous ielationsbips of the modulated input beams and the outpUt relatioDsbips that iesult from 

outpattiDg energy flOm that par1icalar location. 

When energy flOm a DI location provides the omput and die input beams ue binary­

moduJared, the outpUt follows the Boolean Exclusive OR fimction with the addition of a pbase­

moduJatecl component. If one beam is he1cl on, the NOT function is produced. If the other input beam 
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is analog-modula~ tbe output has an inverted waveform. If m:qy is sepaDled from a CI location 

and one beam is belcl on, die ompm is an amplifiecl sigDal baviDg mme modQlatecl mqy tbaa the 

amount of energy in tbe modulated input.· If both inpuls ue binary-modulated,· the OR. fimccioa is 

produced. Separa1iDa ~ from odm places within the image produces other combimdons of ompm 

S waveforms having various phase modnlarioa dlaracledscics. 

1be piesem invention is Ill impJoveDmlt over U.S. patem DO. S,093,802, which uses Young's 

type inretfereace, in that DOW muldpJe iDdependem, frequeacy-muldplend fimctions· can be 

accompHsJted sinmlmneously widlin a sinlle device iadler dlaD RqUiriDg separate devices for each 

frequeDcy as befme~ 
10 Special iarerfmmce adds another. iDiponam ange of inrerfe.teDce-h fimccioDs that can DOW 

. be incoiponted into the pleSeDl iD,vemion for fmqueacy-nmldplexecl opmdoD. 

Young's type imeDe1eDce Ddudes any type of iDtafeleDce that produces enerSY reJatiomhips 

in its interfereace image ·componems similar to those. of the classical double slit experimcilt, ~ 

of what type of imerferomeret is used to produce diem. These marbemarical reJatiomhips ·tor Young's 

IS cype imed"eleace ale defined in the followiq basic .discussion of special imerfmence, llken from 

application DO. 08/357 ,46(): 

•Basic theory of qierarion. 

Applicant dtenriRS dW the ampliaude and illleasity of m:qy at the· pmely 

CODSttUCdve imetfmence locadcms, using the filSt type of special m.ference, ·ue able 

20 to be calculated using an adaptation of the srandatd vector sum of amplitudes medlod 

used with other interference phenomena. 

The basic formula for inlemity has been derived from the law of cosines and 

ccmsiclelS just iwo incomjng mys. 

That fommJa is: 

2S A - amplitude. of the fine beam. 

30 

B - amplitude of the seccmd· beam. 

Tbeca- phase differeace between tbe two beams. 

lme:Dsity - I - A2 + B2 +2AB Cos(Tbeea) 

The Total amplitude Tc1 - squue 100t of I, just as A?- - the imeDsity of amplitude A. 

At the cenrer of the CODSttUClive inted'aence (Cl) ma, Tbela - O, and tbe 

Cos(Thera)-+1. At the ceme1' ofdle desuucdve i:metfeieDce (DI) ... Theta - 180 

degiees, and the Cos('lbera)--1. As a RSU1t, the vector SllDl of iwo ampliludes at 

these two locadons is also the alpbraic sum of die amplilades. 

35 The two mys am in phase in the CI ma, so the sum has dm same phase. As 

a result, the CI imeDsity fommJa is, la - A2 + B2 +2AB - (A + B)2 

In the DI uea: 

The two rays ue out of phase in.die DI uea, so dW die vector· sum is die 

diffaeDCe of the tw0 amplimdes, which takes on the phase of the laqest of the two.· 
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If daey am equal, the alpbraic sum is zero. Tbe DI formala for imensicy becomes: 

I. - A2 + B2 -2AB - (A - B)2 

These two ccmdidom me aJso able to be viewed as the vector sums of duee 

diffe1em mys, which will be labeled Btt Jli, and U. In the DI u:ea, B· - -B1 - Bi. so 

S dw. U is the dif&mmce betweeJi A and B, and A - B+ U 1 

When A is OD by bself, the amplitude at location 1 is the vector sum of B1 

and u. The iDrensity is (B, + U)2• 

. When beam Bi comes OD it combines with the first two. Since it is 180 

degrees out of phase with B1 and U, the totals of amplitude and m.sity are as shown 

10 in fonnnlae 1. 

lS 

Formulae 1, DI 1ocadOD for all of the iDredeience c:ypes: 

Ti - Tm - B1 + U - Bi - U 

I1 •I. - (B1 + U-Bz>2 - U2 
also, by substitmion we set: 
I1 - I. - Ai + B2 -2AB - (B+U)2 + B2 -2B(B+U) 

- B2 + 2BU + tJ2 + B2 -2B2 -2BU 

-uz 
This is eucdy what is expected because the amplitudes add algebraically, and 

die intensity is the square of the amplitude. 

20 This iJMticates dlat the addkiOD of an out-of-phase beam smaller than die first 

2S 

beam 1eaveS energy having an amplitude equal to the diffeience of the two. If it is 

viewed as the sum of three beams, two of which me equal in amplitude bm of 

opposite sign, the tbircl beam is equal to the amplitude of the energy remaining at this 

location after all dine have been p11111iei. 

The process of imerfaence relocates energy wirbin a fringe image. The 

equivalem llllDlUlt of energy dlat is missing from the DI areas appears in the CI areas. 

As shown above, when two unequal beams imedete desttuctively, DOC all of the 

energy in the DI areas is Jelocaled imO the a areas. The J:eDl8inder is eDCtly equal to 

the diffetea:e between die two unequal beams. This mmaincler has DOC beca zeJocaled; 

30 it eominues to mive at the DI 1ocadon. As a iesuk, this remaining energy is able to 

be called "undivened' energy, because it has DOC been diverted into d:le a areas by the 

imed'aeace. 

As a RSUlt, one is able to describe the emqy which is appaemly missing 

from the DI u:ea as "diverted' energy. 

3S In-Young's CI ama: 

In the case of Young's type imerfeleace, the amplitude of energy miving at a 

second location, namely the Cl aiea, when only one beam is OD is A. A is able to be 

considend as the sum of two amplitudes B1 aud U. 

Again. when beaDi Bz comes on, it combines with the first twc>. Since it is in 
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phise with B1 and U, B - B1 - B:z, and the tocals of amplitude and imemity are as 

shown in fommJae 2. 

Fonnulae 2, Young's imerference type in either ampl.ificadon or satmalion: 

T2 - Tc1 - B1 + U + B:z - 2B + U 

~ - la - (B. + u + '21 - (2B + U)2 

also, by subsdtudon we see: 
2 - la • A2 + B2 +2AB - (B+U)2 + B2 +~(B+U) 

- B2 + 2BU + U2 + B2 +2112 +2BU 

-4B2 +4BU+U2 

- (2B + U)2 

'Ibis is also exactly What is expectecl because the amplitudes add. algebraically, 

and the intensity is the square of the ampliarde. 

In this case, Young's type imel:ference has energy ditecced to this CI locadon 

when only om beam is on. It is able to be viewed as having two compoaems. When 

IS the second beam comes OD, .enel1Y from the DI area is diverted imo die CI ma. As 

20 

·, 

shown above, the amount added to the CI area by ime.tfeieuce exactly equals the 

amount iemoved from the DI area. 

As a nsult, two equal _pans exist, B1 and B:z. One came froni beam A and 

the other from beam B. The cliffema between the two is U. 

In both the CI case and the DI case, u mnains ~ It has been called 

'undiverted' eDellJ. Appumdy, it iemains UDlffected by the imerfetence 1bat is 

taking place between B1 and B:z, even in the CI area. 

If B dses to ·become equal widl A, U drops to mo at bodl places. ·The 

resuldng imeiference image goes completely dart at the DI location, and the inleusity 

2S at the CI locadon goes to 4A2 
- 4B2• All of the eDe11Y comibutes to the imerfelence 

imap. 

When A and B are not equa1.· the imaae formed is able to be viewed as being 

the sum of two imqes. One iJnaae ~ the interference image formed by ponicms B1 

and B:z in the fammar iDlerfereDce friDp pauem. The other image is a consisrent spot, 

30 having DO comast change from one part to anodm; its amplitude equals U, and its 

inrensity ii U2. 

· As a Rsult, U, die cli1femlce between two _'llDClqUll beams, can rigbtly be 

called 'undiverred.' for it arrives at the same locadons and in the same pauem as when 

B1 and B:z are off. 

3S B1 and B:z are rishtlY called 'diverted' eDellJ, becausC this eDer8Y bas been 

reamngecl, or 'diverted;' .in Older to form the iDrcrfamce· image. In 1bat image, the 

ea:rgy from the DI location is divmtecl into the CI 1ocad.oll to combine with an equal 

comribmion from the other~ dlat will anive there anyway in the ~ of 

imel'fm:mce. 
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Next, we examine special imaference. Special imed'erence has DD 

comribUdon to locadon 2, the CI locadon, wmn only one beam is on. This occms 

because the beams aie small in comparison to the DI locadon, and are ~ only 

S toward the DI locadon, and are not spl'e8d out to cover the:locadon wbet'e CI will 

evemually take place. 

·The DI area functions exactly as described above, as having two in phise 

beams from A, with the out.Of-phase B. 

The CI area has DD energy in the absence of imelfeftmce. Most importandy, it 

10 has DD 'undivened' energy (that is, U-0). 

When the second beam ~ comes on, imelference occms ProclucinB an 

imerference image that iemoves emrgy from the DI Jocaaion, <Bi - Bz), leavmg U as 

residual energy. 

The energy mnOved from the DI locadon is diverted into the CI location as 

15 B1 + Bz, It has an iiitensity of (B, + Bi>2. 

20 

25 

Again by substitution ·we get 

- (B+U)2 + B2 +2B(B+U) 

- B2 + 2BU + U2 + B2 +2B2 +2BU 

-4B2 +4BU+U2 

- (2B + U)2 

However, U - 0 at this locadon, ~ the imponam ielalion as ·shown in 

formulae 3. 

_Formulae 3, first interference type in either amplification or satmatimi: 

Ti -2B 

12 - (2B + 0)2 - 4B2 
As a ·iesult, a formula for tbe tint type of special imerfelence has been 

derived for both the amplitude and the imeasity. 

The totll amount of mleflY. in any one application depends upon the area of 

CI and the area of DI, because they aie able to be made up of many nys, even 

30 thousands or biDioJIS of rays. The total mJef1Y is able to be expanded to cover large 

aieas, or fucused co small aieas. The output characCerisl:ic will be a fancdon of die 

me, locadons, and the ntio of oulpm area to image area of the image componem 

separator relative to the image. Comributions of mqy from the oda pans of the 

image that are not pme CI or DI also contribute co the overall opendon of the 

35 invemion. 

The importance of these formulae to the process of amplification and limidng 

ClllDDt be overstated. As an examp\et a snhsnmi•Uy comcam pe>Wer beam A that is 

directed to locadon 1 and a CODttOl beam B (which is smaller dum A) pmduce an .. 
imerference image at locadons 1 and 2, with DI at 1, and CI at 2. 
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The output iDleDsity is 4B2' and tbe amplitude is 2B. It does not matter bow 

much larger A. is than B, widlin the limits of the breakdown of the optics or odler 

factors that would physically change the arrqement. S..,. diverted into die 

ompat is dinctly pmpordoaal to the COldl01 beam B. 

When die comro1 beam is amplitude moc1o1-. the 9Ul:pUt is also amplitude­

modulated. having twice die maplitade of die comrol beam. 1be enera. in the 

iDformalion carrying pOrlion of the output wavefotm bas been doubled. Unlib the 

amplifier of the prior art that uses Yoang's imerfenmce, the presem inveJdion does not 

produce the residual ouqmt. U, the undiverted leftover eneray that does not comribute 

10 to the inter&mlce image. 

As long as the modulated. beam is smaller than the COllSfaltt beam, die Output 

will be amplified. The omput amplitude is always double the smaller of the two. 

Next consider what bappeDs when the modulated control be8la rises above the level of 

tbe CODStalll poWer beam.· Wi,_ B > A, for .any given instant the ompu will be twice the 

15 · smaller of the two. It is the same as switching the beam names in the fmmulae above. Because 

the smaller one is also the constam e>De, the output will. be a constam 2A·no matter how hisblY 
B is modulated, again within the iealm of not c1esaoyiDg or modifying the opdcal ammgemem. 

This condition is called ·samraaon.' All of the. encqy from beam A that· is able to be bas been 

diverted imo tbe OUlpllt. 

20 As a result, the amplification curve of the present invemion is NON-

LINEAR. Non-linear optics that operate ·at· the speed of light is able to arromplish 

many tasks that ue otherwise impossible. A modulated waveform will be limited and 

clipped at the point where the two input beams ue equal. 

2S Second type of special imeDerence: 

The second type of special interference is also able to be viewed ·as having 

duee coioponem amplitudes. The poWer beam (A) is dhected to the DI location; none 

of it is dhected to the a location, just as with the fine type of special. interfeience. 

The comro1 beam (B) is directed to both locations. For. that reason, this type 

30· of interfereDce will not produce a losical AND in a single srqe; .however, it makes an 

excellem amplifier. · 

When the comro1 beam is off, '2 - 0, and 11 - B1 + U. 
. . 

When the comroI beam is less dwl the subslamiallY CO.- poWer beam, 

A - B1 + U, and B - Bi· The amplitude at location 1 will be B1 + U. 
35 Formulae 4, 2Dd interfmence type in amplification: 

Amplicude - Tz - B1 +Bi - 2B 

Imenshy - '2 '"" (81 + Bz)2 · - 482 

This is the same as ~th the fine type of special imerfmence. The ditJmDce 

appem when the arnngemem 1QeS imo saturation. When that OCCUIS, the undiverted 
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energy (U), which equals B-A (because B is larger) does not come from die power 

beam. In this case the i:esidua1 energy comes from the control beam which is directed 

straight imo die ouqrui. As a result, the outpat during saauraDOJJ. is as shown in 

formulae s. 
Formulae 5, 2Dd i:melference type in satmadon: 

Amplitude - T2 - B1 + Bi + U = 2B + U -2A+U 

hansity • 12 • (B1 + Bi + U)2 - 4A2 + 4AU + U2 . 
AmplificatiOJJ. is m1uced because A is CODSllDI. All of the available energy of 

the power beam bas been diverted into the ouqnu. Furd1er iDc1eases in B only increase 

10 the size of U, which is not doubled. When squaring to produce the imeDsity, the 4AU 

factor indicates that there exists some imeracd.OJJ. with energy from other pans of the 

imeifereDce image, but U xemaiDs the same. 

As a RSUlt, this second· type of special imelf=nce behaves like the first type 

of special mterfmcmce when B < A. However, it behaves like YOUDB's imerf=nce 

15 °when B > A. Amplitication is scill limited somewhat, bat it is not clipped. · 

Broad baud and narrow band arrDpmeats. 

The above-described process is phase-depeDdem. The energy mmvecl from 

the DI locatiOJJ. is i:elocated in die 0 position. But what if the sipals mive at the 

first localion ai some otbei pbase? In this case, die CI positiOJJ. is at some orher 

20 locadon, i:esuldng in near binary operatiOJJ. of a phase-modulated signal. The inputs 

woulcl have to be aactly out of phase in Older for the a localion to be die same as 

the OldpUt localioa. 

In practice, the optics used will have to be engineered in wavelength uaiis 

and wavelength mes. Most oplical arrangemems rely OJJ. an avenging of energy from 

2S multiple poims of the ·rmss secdoa of an input beam. Averaging of energy from these 

multiple points produces the fimDUar sinusnidal i:melfelence fringe. 

If the amplifier is eqi*'ed to include a l8rge mmher of such points so as 

to use the averasing principle, then it will have a wide bandwidth and will be able to 

fanctiOJJ. using a munber of input fnqU&mcies. The output locations fimcdon as if a 

30 group of c:omrollm weie pJaced Side by side, each one using an individual ray set. 

In this case, the output hole includes a large number of wavelength si&e 

locations. For sJishtly differem pbases and slisbtlY differem iiequencies, die CI 

locadon from each pair of input locadons will be at slishtlY differem omput locations. 

If those output locations happen to be within the aiea of the hole, the energy will 

35 OU1pllt. If they aie DDt, it_ will not. 

Modem opdcs is capable of operatiom at wavole.narh mes. WaveJensth size 

input beams and waveleDgdl - output boles will produce processes dw operale 

considenbly diffmemly from die multiple-locatiOJJ. averasi111 sayle of optiCs. Tlie · 

D101e precise tbe opdcs aie, tbe mom pmcisdy phases and fmqueDcies musr be. in 
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Older for the CI area to bit die omput hole. 

Waveleqth size piecision will cause a pbase-modlilated sipal to ompm only 

when the phase is close enough to 180, at die first location, in order for the CI area to 

bit the waveleDgth size output hole. The output &om an analog phase-modulated sipal 

S would be a binary output that occurs only when the two iDpuls 11e euctly out of 

phase. 

10 

15 

If multiple flequencies lie used., the only ODeS that will be able to bit die 

output hole will be those that· match die wavelenstJi-pometry so that die CI location is 

whme die tiny hole is. 

As a result, each merhod and each device DlllSt be qineerecl to produce die 

type of amplifier needed. If a phase demodulator is to openre with an analog input, it 

will have to be of che av~ multiple loCation (brOad band.) type. if it is to· be 

used in a binary cimlit, then the single waveleJJsth-si7. locad.Oll (narrow band) type 

will work qui1e well •. 

It is possible to produce a considenble number of composite. operaliobs by 

using a number of wavelength-size CODtl'Ollel's bavins .a ~ fiat 1ocuiOD, but 

separate OutpJt locadons; thus, a variety of sipals 11e able to be bandied all at once. 

· A 1iequency division demultiplaer is able to be. produced by iDpuuing die 

beams from diffemn locations directed to a commma locad.on. Each diffimlt .. 

20 fiequeDcy will produce its CI at a diffelem omput location. If each oaapat .location 

has its own Output hole in the imase component separator, a complex group of. 

frequencies in the input will be separated into separate outputs. Meanwhile, it will 

filter out any fnquencies in between, because DO output hole is provided for those 

fiequencies, and no marching input flequeDcy is provided. 

2S If die c:omml iDpUt is dincted to a c:om••'>1llocaci0Danda DDIDber of power 

inputs 11e used, each having •·different flequency and a diffenm locadon, die 

pc>llletly is able to be amused so that die CI locadons all lllltch, producing a very 

accmare flequeDcy«lectable filter. All fiequencies .that .Jlllfdl a power beam will have 

their CI at the COfDDIOll omput hole. All otber fmqveacies will not. The differeaa 

30 between this arraagemem and die broad band averaging armgemmt is that each .of the 

tiequeDcles that pass dlloqh die filter lllllSt match piecisely • bqueDcy and phase 

of the power beam. At wave1engCh sizes, filters 11e capable of .pmviclini die best 

selectivity of any known means, especially at U8bt wave fiequencies and beyond.• 

3S As can be seen from the foreSoinl discussion, che vector sums of cobetem emqy produce a 

great variecy of logic, aDJPlification, and e:nr.qy beam comm1 fmlcliom wJm dlese vector combiaadons 

11e sepamecl from vadous pares of an imerfetence image by Iii image cOmpoDeDt separalOl'. How dlese 

vector combimdons 11e poducecl Using .lll"J of the iuterfeRDce types depends upon the opdcs used to 

produce imerfemJCe and upon die phase and amplitude ieladonsbips of fhe cobelem input beams •. 

.. 
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Consequently, the mlny tefereDces helein to •construCtive imerfemlcc9 and •clesttuctive imelreRnce" 

can apply to all possibie vector Combinations of emqy within an imederence imge, iesmuess of 

whether the vector sum produces a maxima, a minima, or some RSDlt in between. The term · 

•comttucdve imeJfmeDce• can include any vector :result that is amter than or equal to the simple 

s addicion of imensides, and the rerm •desuucdve imerfe1m• can include any vector iesult that is less 

than the simple addition of imensities. However, wbeil phase reJadombips are being discussed, die 

terms apply to the maxima and minima whele such phase relalionsbips exist. 

Applicadon no. 08/357 ,460 and pateDt no. S,093,802 explain how these emqy beam comrol, 

amplification, and logic funcrlons are accomplished using cohmm emqy of a single fiequeDcy. 

10 Collectively, such devices and processes tbat produce imeifemlce-base fUDctiODS are called "photonic 

aansistors• because they are able to use photons to accomplish casks formerly accomplished using 

electroDic ttansiseots. 

The prese.or invemion adds die basic principle of frequency-mukiplaed Operaaon to provide all 

of the imerfenmce..based functions of separate photonic ·uansistors simulraneously to individual 

IS frequency-multiplexed mannets within a single device. As a RSUk, single-chanDel devices are able to be 

CODDeCted to fi:equency-mDhiplexed devices, and frequency-multiplexed devices are able to be 

imetconnected in the same orpnbaticmal anaugemems as are siDglKhaDDel devices. The advantage of 

the pteSeDt invemion is tbat the individual compound operadons now operate on a multi-clJ•nnel basis 

using a single set of optics. 

20 An imporwu ~ of the basic· physics on which fiequeDcy multiplaiDg is based was first 

demonstrated in the niDeleemh cemury when light havins several specttal lines was passed first through 

a Fably-Perot eralon and rhea through a prism. The eaalon pmdw:ed a composire multi-frequency 

imer:femlce image. Subsequent frequency separadon by the prim sepanted the composire image into a, 

set of individual imerfemlCe fringes, one frin8e tbr each wavelength. When the input slit was made 

2S very mmow, SiDall portions of each fringe weie sepmted by the prism. 

'Ibis process is used coday tbr accurately dc1emdning the ielative wavelengcbs of several 

spectral tines. A description of this proc:eSs is provided in many basic opdcs texts, includiDg 

Fund•memals of Optics by Francis A. Jenkins and Harvey E. White, copyrigbi 1976, McGriw-Hill. 

In that description and the accompanyiDs photographs, applicam noted some featmes of its operation 

30 tbat JO well beyond the topic 1lllder discussion and tbat were apparemly not discussed or 11llderstood by 

the authors. These feaames have never, to app&ant's knowledge, hem nmed or commented on in any 

sciemific journal to this day. Specifically, in spite of die fact diat the many imerfereDce fringes were 

produced simulamenusly by the ecalon. the sepanred ·images experienced no distortion because of the 

presence of imelference among the other waveleDlfbs. 'Ibis incHcated that any changes that might occur 

35 at one waveleDgth would not affect the images produced at the other waveleJJstbs. 
Applicam also noted that etalons have only one optical input, unlib photoDic transistoa tbat 

Rquiie two or more iDpUIS so tbat the various combinations of input sipals can be used to produce 

varinus combinalions of~ images, which can then be sepanred to pmduce various functions 

in the OUlpUt. 
r~, 
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Combining the ability of fai-uency-mulciplexed beams to produce iDdependem: but overJapping 

imedemDce images with the fmlcdcmal acd.vitiCS of phoumic aansistms has resa1tecl in-the pRSeDI 

inveJldon; i.e .• frequency-multip1aed logic, amplificatioii,-and eneqy beam comrol. 

Single-tiequeJICy illpats pmduce amptificadon. energy comlol. and logic by defining the input 

S beams relative to the ompui locadon{s). In die present invemioQ. mu•~&equency-cJumnels are used 

as the input. lDformadon is mulliplexed into the iadiviaual ch•nnels Oll1Side of the invemiOD. - -
Broadband optics are used so that • emile specaum band of the iilllltiplexed iDformadon is able to 

pass through into the ODtpU after having beea separated from specific locad.Olis chosen from within the 

iDdividaal ime&fe1encc; images. 
. . . 

10 Wbeleas during ippliClllt's ~ on the original phomDic traDSistor parem no. 5,093,802~ it - -

seemed that somehow one should be-able to •desip. the invemion so as t0 ·accommodate multiple 

wavelengths, the fnwlamenraJ means for accomplishing that was missing. Only aftefi:onsiderable effort C 
and study was the physical mechanism needed to accomplish- frequeDcy-multiplexed opemion ----

determined. Only then did it become clear that individual .imetfmeace images are produced for each 

15 channel wavelength, and that broadbmfopacs would be needed. beCause die CI-and DI qioas of the 

individual imerfereu:e imaps are pnerally not 1oclted at encdy the same place. 

1be em fleciuencies used for each channel muse be chosea so dial any intermediate 

frequencies that are produced by the _mixing of the input signals do not crois-talk into the .odler 

channels. Once properly selected,· the intel'femlCe. images produced by the indi~ frequeJICies 

20 foncdon separarely from one lllOther, even dloagh they me---iocated at the same geaera1· place, having­

outputs from common ouqnu. lcQdon(s) within the image COIDpODCDt -.... ~ 

Each channel of the frequency-muldpleud oucput behaves the same as diScribed above for the 
. . 

single-fiequency arraagemem. except that now many sjmu11alleoUS ~ occur within die same 

optical arrangement. As a result, die presem: ~on provides fleqmmcy-multipJexed logic, energy 

2S beam comrol, and amplification widloat demultiplexing the. signals into sepame devices for processing. 

active ftmcdoDs produces a comprehensive means and medlod of performing frequency-multiplexecC -

logic, amplificadon and energy 1Jeam CODll01 ~ comprisina the following sreps: 
1. producing a filSt flequency-multipleied input inc1udiDg a filSt beam set baviDg at least one 

30 beam of energy of at least one waveJenstb. modulaced with encoded iDfomwion, and at1east 

one.second beam set .haviDS .at least one beam of energy Of at-least one odler ~ 

modulated with eDCQded iDformatioD; 

2. producing a second flequeDcy-multiplexed i8put iDclndiog a tbird beam set having at ieast one 

tlJird beam of eDel'SY. of said at least one wave1eJl8th DiOilulated witb encoded information.· mt----

35 at least Olie ~beam sec haviDg at least one beam of eneqy of-said-at least one other 

waveleDgth modulaled witb encoded iDfm nwtion; 

3. producing a fine .imelfennce image .with said filSt ml third beam secs,. and at least one otber­

ilderfereDce image with said second and founh beam secs, -----

4. sepaming energy from at least one location within said filSt imelfemlce image and at least one 
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locadon within ~'it least one other interi'eleDce imaae~i&-provide at least one Outpllt having 

energy at said at least _one wavelensth. and said at least one other waveleqdl. 

wherein said 1Unctions ue based on the consuuctlve and destructive interference at said at least 

one locadon. 

S •ModuJation• as used in the ~ application iDc1udes the :status of being continuously on or 

cominuously off. as such conditions ue valid binary logic smes. 

The first and third beam sets, having the same wavelength. constitute the minimum of two 

inputs for a single channel. The fint imerfereDce image is separated by an image component separatOr 

at the •at least one location• to produce the •at least one owput. • 

10 The second and fourth beam sets, having the other wavelength. CODSlitute the nrininmm of two 

inputs needed for another channel. Energy from the at least one other interfelence image at the •at least 

one other wavelength• is· also separated from the •at least one location• into the •at least one outpUt. • 

Obviously, many multiple channels having multiple beam set inputs can use this basic means 

and medwd. producing many owputs from many locations within the multiple images prod\Jced. In fact, 

15 very wide portions of the electromapetic speca:um can be channelimt so as to provide frequency­

multiplexed functions cnmaining many thousands of independent simultaneous functions. Such 

arrangemems ue limited only by the engineer's ability to organii.e. orient, and produce broadband 

optics capable of properly alisning the many interfeience images with the output locations of the image 

componem separatOrS. 

20 The amplification function can be pelformed on a single channel using the basic invemion by: 

1. positioning the first imerfel'eDce image so that CODSUUCtive interfezence occurs within said first 

interference image at said at -least one location, and 

2. maintaining said fust beam set at a substamially constant above-zero level, 

thereby providing amplificalion at said at least one wavelqth by producing an output at said 

2S at least one wavelength having enersy from both the modulated cbird beam set and the CODStaDt first 

beam set. 

Amplification can then be pelformed on any one of the channels by properly modulating the 

input signals for that channel, and separadng energy from a CI posidon within the imerfelence image 

for that clvume!l. 

30 All of the logic fmlctions can be perfonned on a channel modulating the input signals with 

digital information and then separating the Outpllt from one or mme places in the appropriate 

iDterfetea:e image to accomplish the logic tbnction desimL 

In this ~ the fust and third beam sets ue modulated with digital information, thereby 

providing frequency-multiplexed digital logic based on consuuctlve and desauctive ~ within 

35 said first iDterference image at said at least one wavelensth. 

Likewise with the other channels, the second and fourth beam sets ue .moduJaled with digital 

information. tbeleby providing said flequeacy-multiplexed digital logic based OD COJISUUCtive and 

destruclive imederence within said at least one other iDterfelence image at said at least one other 

wavelqth simultaneously with and independent of said tiequency-multiplexed logic based on 
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COllSttUCdve and destructive ·imerfolence witbbi said fint imerfelm:e image at said at least one 
wavelqth. 

The present invemion provides frequency~multi.plexed beam contto1 using interference-based 
funcdons. 

S The presem invention also provides a frequency-multiplexed _amplifier using imelference-based 
functions. 

The present invention further provides frequency-multiplexed Boolean logic using imerf=Dce­
based fuaccions. 

The presem invention also provides flequency-muldplexed, imerfeleDce-bas functions, 
10 including Boolean logic, amplificadon, and energy beam comol. 

The fmqoing benefirs of the presem· iavemion will become. clearer through an eumination of 

the drawings, description of the drawings, best mode(s) for carrying out the .invemion, and claims 
which follow. 

. : 
i 
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BRmP DBSC1UP110N OF THB DRAWINGS 

Fig. 1 is.an operational view showing how the elenmrary tiequency-multiplexed energy beam 

comroller operares. 

Fig. 2 is a specual paph using veclors to illustrate and analyze the operation of the device of 

Figures 1 and 3. 

Fig. 3 is an operadonal view illusttadng operation of one embodbnem of the frequency-

10 multiplexed energy beam CODttoller utiHzing hologram optics. 

Please note that the ·beam angles, mes, and proporDons ue euggemed so as to provide for 

clarity of understanding. 
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BBST )(ODB(S) FOR CAllllYING OUT TBB INVBNTION 

Fis •. 1 is a perspective view shCJwiDB ID elementary embndhnent of the present invemion. 
Buqy from a first frequeDcy-mnldplexed input (10) is superimposed upon tbe energy from a second 

fiequency-muldplexed input (11) onto ID image component separatOr (lS). 

5 The first fiequency-multiplexed input iacludes a plurality of:diffeiem wavelqth channels 

including a first beam set having eaqy of at least one waveleJJath,. and at least one other channel 

having eiiersY of at least one other wavelengdl. Obviously, any additional cJwmels would each have 
carrier wave beam sets at sdll other wavelqtbs. 

Because muldple wavelengtbs can also be modulated with the same information, it is said dW 

10 the first beam set haS eaqy of •at least. one wavelengdl. • 

The second frequency-nmldplexed input (11) atsO includes a plurality of diffeiem wavelength 

channels, including a third beam set having energy at the same wavelensth as the first beam set above, 
and a fourth beam set having eaqy at the same wave1eJJsth as tbe second beam set above. 

Each frequeucy-muld.plexed channel in each frequeucy-multiplexed input is separately 

15 modulated with information for COJdlOlling the imerfemx:e-based fimclions. 

IDterference between input (10) and (11) produces overlapping imerfereDce images (12) and 

(13). The fust imerference image (12) is produced by the fust and third beam sets idemified as (24) and 

(25) in Fig. 2, and tbe at least one other imeifereDce image (13) is produced by the second and fourth 

beam sets identified as (28) and (29) in Fig. 2. The first, second, third, and fourth beam sets (24). 

20 (25), (28), and (29) are shown as vectors in Fig. 2. They are DOt specifically shown as iDdepeadeDt 

entities in Fig. 1 and Fig. 3 because each is constitmed of multiple individual beams. 

The cross-hatching at (12) shows dlat portion of the fust imerference image that is to be 

separated imo tbe at least one ourpm (17). Cross-harcbing at (13) is that portion of the at least one other 

interl'enmce image that is to be separated imo the at least one output (17) also. 

25 The cross-bardf at (16) is the overlapping area of the two images that are both to be seParatecl 
into the at least one output (17). 

The image component sepaiatOr (15), in this case, is a mask with ID opening (14) in it. By 

:reason of its positiODing and oriemation with iespect to the images, opening (14) permits energy from 

the deshed COJDpoDmlt parts of the images to pass dJloush into output (17). 

30 Fig. 2 shows the speca:al graphs of a mme complex arrangement of the invention. Spectrums 

(20), (21). and (22) represeni fiequency-multiplexed inputs. Spectrum (23) is a fiequency-multiplexed 

output. The amplitude vectors along each horU.ontal line represent each diffeiem frequeDcy channel. 

Vectors of the various inputs and the ourpm line up vertically. (Phase angles are not shown.) 

For eumple, vectors (24), (25), and (26) repiesem the violet input. They combine to form a 
35 violet interfeience image. The violet output separated is 1epnsemed by vecror (27). 1bis constitutes the 

violet channel. The same anangement is shown for the blue channel vectors (28), (29), (30), and (31). 

the yellow channel vectors (32). (33), (34), and (35), the orange channel vectors (36), (37), (38), and 

(39), the Jed channel vectors (40), (41), (42), and (43), and, finally, the infrared chall!lel Vectors (44). 

(45), (46), and (47). Obviously, if one weie to use while channeli7.ed light, thele would be many more 

" 



W09'/18967 PCT/US95/16458 

17 

independeDt channels d:wi:c;aD be shown in a simple illustration/ f' 

Considering Fig~ 1 and Fig. 2 together.- frequency-multiplexed input (10) bas a chmneli7.ed 

dynamic input specttUm that, for a given insram, is like specttum. (20). Frequency-multiplexed input 

(11), for that same instant, is like specttmD (21). As Fig. 1 is a two-input device, specaum (22) is not 

s used. 

Each channel, represented by vectorS such as (24) and (25), bas its own imelfem.ce image (12) 

produced by die common wide-band opdcs (not shown), and has its output {17) separated from that 

image. Each channel operares independeDdy to produce a vectmed output dW is the vector sum of its 

vector inputs for all of the locations wilbin opening (14) in image compomm separator (15). 

10 Fig. 3. shows a mme complex arrangemem using hologram optics_. This ilhlsua1ion can be 

used to depict seven! typeS of input specuums. The frequency-multiplexed inputs are (SO), (Sl), (S2), 

and (S3). Since one of die possible modulation combinations includes one in which all of the channels 

are off except one, these inputs can also be monochromatic or quasi-monocbiomadc. A quasi­

monochromatic input usually bas several close-by frequency lines dW are all modulated widl the same 

15 infmm8don. 
One of the most convenient ways of impJementing the pieseDt .invemion is wirh compmer­

generated holograms. Holograms {54), (55), {56), and (57) can be individual holopams or 

subhologram pans of a larger hologram. By tracing dlrough one channel at a dme, we can undersland 

how each channel operateS indepeDdemly, and then how it intenelates with the other channels in a 

20 panicuJar oprical desip. The &st we will rrace is the violet chamiel with output (27). 

:Energy of frequency-multiplexed input (SO) matches specttum (20) and is directed to hOlopam 

(54). Each pixel, such as (60), (61), and (62), ~ the phase, dhec1icm, and other properties of the 

energy arriving at that pixel just as if the hologram at that location were a dny set of optical elemems. 

These elemems can be dtfennined 11y a computer pmpam and produce the propa imedmence iJDaBes. 
25 The arrows from pixels (60), (61), and (62) consdtute pan of the beam set for the panicuJar 

channel (wavelength) UDder discussion. The full beam set includes all of the energy from all of the 

pixels of hologram {54) as they transmit violet lisht. · 
Holosram {54) is desiped to provide· a cooMinalion of pixel-sized optical elements sudl that 

the energy from input (SO) is directed toWanl image compoDCDt separator (72). There, a ~olet channel 

30 image, image (73), is produced. 

In order to accomplish energy conttol, amplificadon, and/or logic, at least two inputs are 

needed. Fiequency-mulliplexed input (Sl), which matdles specUum (21), is clitected by the pixel 

elemems, such as (66), (67), and (68) in hologram (55) so as to ccmttibure dJeir energy and moduJation 

pauems to image (73). The violet beam set from hologram {SS) is all of die energy from all of the 

35 violet-mnsmitring pixels of hologram (SS), each transmitting pixel pmvidiDg one beam to the beam set. 

Since the violet channel of frequency-multiplexed input (51) is modulated as a whole, all of the liule 

violet beams coming from hologram (SS) am also modulated with the same information (25). However, 

die violet channel in ftequency-multiplexed input (SO) is modulated with differem informadon {24), 

which in tum causes all· of the dny violet beams of the violet beam Nt from hologram (54) to be 
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modulated with cnmmon information. 

Frequency-multiplexed input (52) is mod11lated with infonnation (22), and is ditected by 

hologram (56) with example pixels (69), (70), and (71). The tbiee ID(>duladon pittemsJrom !Rqwmcy­

multiplexed inputs (50), (51). and (52) are dim combined to produce a dynamic imerfmeDce image 

s (73). 

Image (73) comprises CI and DI componems ·dlat change position as the input amplitudes and 

phases for dlat violet wavelength change. As a n:sult, die energy of that wave1eDgth changes depending 

on the iDstamaneous input vectors (24), (25), and (26) of the vari(JUS input· signals. 

The fullcdons performed also depend on the location(s) from which energy is separated within 

10 the channel image. Pixel-sized reflectors may be used at pixel locations (76) and (77) to separate and 

direct energy to a COllllllOD output (78). Output (78) will comain the vector ~ of the energy which 

arrives aflocations (76) and (77), which is die vector·~ of die energy within image (73) dW comes 

from fiequency-mulciplexed inputs (50), (Sl), and (52) as arranged by holograms (S4), (SS), and (S6). 

As a result, outpUt (78) is the complerely calculable n:sult of the fmquency-multiplexed inpms. 

1S Frequency-multiplexed input (S3) is an example of one of many other possible' iDpms that can 

be addecL Likewise, it bas an imederellce-prong holopam (57) and eumple pixel elements (63), 

(64), and (65), and it bas its own set of vectored input dwannels lib die odms. 

If any of the frequency-multiplexed inputs {SO) dm>U8h (S3) contain energy of the violet 

channel, then that input will comribute to that channel's waveieJlsdi omput (78). It.will contain all of 

20 the vectoled n:sults in.combination with whatever complex imaging amngemem is produced by the 

beam combiDiDg holosnms (S4) through (57). These combination vectors selected from the complex 

violet image produce the various iDdividual .imerfereDce-bas fullcdons dlat are preformed on di.at 

channel. The same is true for each.of the.other channels. 

Next, we can consider another ch•nnel; for example, the blue cluumel with insaummeoos input 

2S vecrms (28), (29), and (30) which produces oucput vector (31) at at least one location within the blue 

image (7S). 

In this case, diele me tbiee inputs having a blue compomm: tiequeDcy-multiplexed inputs (SO), 

. (51), and (52). The same pixel e1eW dlat dincc violet light may or may not direct the blue lisb£. 
After all, one of the pom'ble pixel e1emmns could be a llUIOW-band filter dial allows only a mrrow 

30 range of challl'flls through. However, all of those pixels dlat transmit blue light; such as (60) and (61), 

consdtute the blue beam set from frequency-muldplexed input (SO). Fiequency-multiplexed inputs (51) 

and (52) also baVe their respeclive blue beam sets, as shown by the mows from pixels (66), (67), and 

(68) and (69), (70), and (71) iespective.ly. 

As with the violet channel, the blue channel is independepdy moclulared with encoded . 

35 information; however, each tiny pixel beam in each input beam set is lllQdlllmd widl the same 

informarion. As a resak, the chanailll JDOduladoa pattems within the blue imerferm image (75) 

change the CI and DI locations within the imap, and the shape of the image and its lelationsbip to die 

other cJwmel images is COllllOlled by tbe positioning, oriemation, and type of opdca1 elements at each 

pixel and the way they ieJate to the odler optical eiemem pixels within die same hologram and die 
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image component separaror; ·. 
Output-separating pixels (76) and (77) need to be consideml. As can be seen by foDowiog the 

oudines for each image, owput pixel (77) is located within the blue image (75), while output pixel (76) is 

Ddt within the blue image. Thus, output pixel (77) comributes to the blue output at (78), bat output pixel 

5 (76) does not. 

The red channel, as shown by vectors (40), (41), and (42) of Fig. 2, is input on frequency­

Dl1iitiplexecl iDpms (SO), (Sl), and (52), iesulting in red beam sets from hoJosrams (S4), (SS), and (S6) that 

produce the red image (74). In this case, output pixel (76) contributes to owput (78) and output pixel (77) 

does not. 

10 ImelfereDce is a wavelength-4ependem phenomenon. As a iesult, the channel images tend to be 

spatially adjusted relative to each other. This means that pans of the images overlap, and pans of them do 

not. The pixel optical elements. that are able to make up the image componeDt separatOr (72) are swionary, 

so the amplitude and phase of any light comributed to output (78) depends on whele the images are located 

relative to the Ourput pixels, what part of the images, CI, DI or in between, appear at those output 

15 locatimis, and how die phase, direction, and other puamefm of the energy at each eiJergy-sepanani pixel 

are ueated by the ouqnu pixel optics. 

By calcuJadnr the images produced by an imay of pixel optics, a computer program is able to 

determine what output waveforms will iesult from various modulation pattemS within each channel and 

theieby detenDine the opdmal arrangement of pixel optics needed within the holograms in order to produce 

20 an optimal set of channel images. The optimal set of output pixel e1emems can be caJculated by the same 

method, producing the desired &equency-multiplexed outpUS. 

ADotber output example is shown by the duee suacegically-pJaced openings (79), (80), and (81) in 

image component separator (72). These can be pixel-si7.ed openiDp or larger openings that each take up a 

number of pixel positions as shown. Like the mirror at output pixel (76), these openings can actually 

2S include optical elemems for coordinating the energy separated from each locadon as it combines at output 

(82). Such op1ica1 elm can include temes, minors, phase shifters, filters, or any other optical element 

or group of optical e1emems dW are positioned and oriented so as to clhect energy into owput (82). 

In practicing the present invention, any number of frequency-multiplexed iDpws within the 

physical limits of the beam-coml>iJJinr optics can be used. The only real limiladon as to the number of 

30 channels that can be included is the bandpass cb.aracteristics of the oplics used. As a iesult, a peat llllDlber 

of energy beam comrol, amplification, and logic functions can be accomplisbed on the information 

frequency-multiplexed into the input and ompm beams. ·As a iesult, the present invemion can be · 

IDlllllfactured using a oommon set of optics or liOlograms, including computer-geDelated holograms. 

While the foresoinr descripdons of the presem invention have disclosed specific CODSll'UCcions, 

35 means, and methods of accomplisbblg the present invention, and because specific improvemems and 

modifications will becOme readily apparent to those skilled in the an of computm and optical devices and 

the like, it is applicant's inlent not to be .limited by any of the fotegoing descriptiom, but only by the 

c1ainls which follow. 
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What is claimed is: 

20 

CLAIMS 

1. A medlod of pedorming fiequency-multiplexed logic. amplificalion. and energy beam comrol functions 
5 comprising the following saeps: 

10 

producing a first &equeacy-multip~ input iDcludiDg a first beam set having at least 

one beaiD of energy of at least one wavelen8dl modulated with information. and at least one 
second beam set having at least one beam of eDeJ'8Y of~ least one other wavelength modulated 
with iDforma1icm; 

producing a second &equeacy-multiplexed input iDcludiDg a tbinl beam set having at least 

one beam of energy of said at least one wavelCnsth modulated with information. and at least one 
founh beam set having at least one beam of ener11 of said at least one other wavelength 

modulated with information; 
producing _a first iurerfeleuce image with _said first and third beam sets. and at least one 

; . 

15 • other iDrerfetaa image with said second and fourth beam sets, and_ 

separating energy from at least one location within said first ~ image and from 

at least one location within said at least one other imerfeieuce image. to provide at least one omput 

having energy at said at least one wavelengdl and said at least one odiei- wavelqdi, 

wbelein said f1mcrioDs are· based on the. consttucd.ve and desttuctive imerfeience at said at 

20 least one location. 

2S 

2. The invemi.on of claim 1: 

whmein: 

CODSU'UCtive iatmfeteuce occurs at said at least one location within said first inteiference 

image, and 

inchutiq~ 

maimainiq said first beam set at a subshmri•Hy ccmsram abovo-zero level. 
dlereby providing amplification at said at least one wave1eqdl. 

3. The invemion of claim 1: 

whmein: 

30 said infonnadon with which said first and thi1d beam sets are modulated is disital 

35 

iDformalion. 
thereby pmvidiJll &equeacy-multiplexed cfisital _loaic based on CODSUUCtive and 

desuuctive iatmfe,rence within said first iatmfeience image at said at least one wavelength. 

4. 1be invemion of claim 3: 

whmein: 

said information with which said second and. fourth beam sets are modulated is diaital 
information, 

thereby providing said &equency-multiplexed disital logic ~ on CODStnlCtive and 

desuuctive imerfemlCe within said at least one odledmerfeleuce image at said at least one other 
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waveleqth simultamOUSly wif)l and indepeDdem of said frequency-mulliplexed logic based on 

CODSttUCtive and destructive iDterfeleDce within said first imerfereDce image at said at least ooe 

wavelensth. 
S. The invemion of claim 1: 

wheiein: 

said at least ooe output is taken from a plunlity of localicms within said imerf~ 

images. and 

iDcluding: 

processing separated energy using at least ooe opdca1 element at each of said plurality of 

10 locations so as to coordinate energy from each of said plurality of localicms as it is directed imo 

said at least ooe output. 

6. A frequency multiplexer for use with wave-type energy, comprisiug: 

a first frequency-multiplexed input means including a first beam set having at least ooe 

beam of energy of at least ooe wavetensth modulated with information, and at least ooe second 

lS beam set having at least one beam of energy of at least ooe other wavelength modulated with 

infonnation; 

a second frequency-multiplexed input means iDclucling a third beam set having at least one 

beam of energy of said at least ooe wavelqth modulated with informadon, and at least one 

fourth beam set having at least om beam of energy of said at least om other ~elen&th 

20 modulated with information; 

dhectiDg means for dhectiDg said first, second, third, and fourth beam sets so as to 

produce a fust imerfemlce image with said first and third beam sets, and at least om other 

UtterfemJce image with said second and fourth beam sets, and 

image componem separating means for sepuating energy from at least one location within 

2S said first imetfetence image and from at least one location within said at least one other 

hlterfema image to provide at least om output having energy at said at least ooe wavelqth and 

said at least one other waveleDgth. 

30 

7. 1be invemion of claim 6: 

wherein: 

said directing means is positioned and oriented so that consrructive imerfereDce occurs at 

said at least om location within said first imetfeience image, and 

inclwtiDg: 

means for mabttaining said first beam set at a subslamially COJIS1aDt above-7.el'O level, 

thereby providing amplification at said at least om wavelqth. 

35 8. The invemion of claim 6: 

wbelein: 

said iDformalion with which said first and third beam sets me modulated is digital 

iDfomwion, 

thereby providing frequency-multiplexed digital logic based on CODSttUCtive and 
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destructive i9rfeience within said first interfelence image at said at. least one wavelqth. 

9. The invemion of claim 8: 

whmein: 

said information with which said second and fourth beam sets are modulated is digital 
s information, 

theleby providing said tiequeDcy-multiplexed digital logic based on conmucd.ve and 

destructive imerfelence within said at least one other interference image at said at least one other 

wavelqth simultaneously with and independent of said frequency-multiplexed logic based on 
CODStlUCtive and destructive imel:felence within said first imerfemlCe .image at said at least one 

10 wavelqdl. 

10. The invention of claim 6: 

whelein: 

said at least one OU1pUt is taken from a plurality of locations within said iDreifereDce 
images, and 

IS incJucling: 

processing means for processing sepuated eneray using at least one optical element at 

each of said.plurality of locations so as to coordinate energy from each of said plurality of 

locadons as it is dimcted into said at least one ouapm:. 


