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The present invention relates to optlcal cprrputers and to the frequency
mul ti pl exing of 5 photonic transistor functions such as anplification,

Bool ean | ogi e ERED AND ENERGY BEAM CONTROL USING
BACKGROUND A W&%L ﬁ’ﬂe app ﬂm% patent no. 5,093, 802
contai ns the background art for the presen Invention. It uses

i nterference between nodul ated and u-nunumaunanut beam of wave- type

ener gy. The fynctions are defined.in ter f
destructive inter PmmE’ﬂﬁ‘ﬂ'd%@'ﬁ MM’& ;rlingé co on nt
separ at or ,5 phiotnicaansistorfdctionstsichhs amplifisatiun,t Boolbuplogietand contrplppersy ast

one conponent region to provide at |east one output. Interference is
produced between input beans of coherent energy capabl e of producing
the inteference fringes and the various outputs described. 15 That
patent provides several functions, pBackas OUNBARTO- | nput OR, an EXCLUSI VE

OR, an i nverter, and an arrpllfler .and vayi Qu i st ghl vies. all
havi ng out put s e japplicant s\ L Se patent go. 5 &M &'gﬁﬁ%ency

carrier WWSR%WWW mwmmmmmmw

frequency myltipl exin he simul tanegus Q&W&
i ndependent %ﬁg‘ﬁ Q'gﬂg‘ﬁgm %"Bﬁm % Chav e requ nci egwthl n a

si ngl e devi cfﬂnge:b&nponem separator,\t suthhas atmasic: wﬁchmwlscmng

ge?tggl ﬁo\%/avia% as |k‘é§gea{‘li%&lgﬁ%“g%ng from col I*ﬁgaﬁ gpe

U.S. Patcemensexmcmb_leofpmdwns a@%mmo
separate gpnpone W 'fﬂkﬁ&nﬁ tiwb-at ORSan EXCLUSIVE OR, an
requi red by the present 71 nventian, |s not I| ted by the vel engt h of the
wave- ype 25 inverter, and an mﬁg&%@&mﬁ '%m&% le to
be sel ect ed sigesifiipbsbiPon/dirigléctreqiedéyOarrier waves. Mﬁaﬁﬂhbﬂoﬂmﬂmmmmfm

spectrum Then a of tiple ou

able to fun&’ﬂwyg‘?ﬁm %FF@‘E’A‘F""&"E“‘F‘&% &Fﬁ? @y usl ng rru| “"‘f“‘"
wavel engt hs,carrier wave frequencies within a zingle deiice. or i n rap| d succession, the

mul tiple tputs Aar n Qéich \devides |
di spl ay. ﬁsjo &&M&ﬁwﬂgaﬂﬁ ¥ deV| ces de5| ged to opera% ;‘;
nore than ommmmwmrne Wmf@l}o‘am 1 4ing 4 %@ hs
neded to prqginss @afges:! - col or display, woul d require "multiple outputs”
and thus nmultiple corrponent S_abﬂE he i dea and nechani s;n f.or liaccoginmel shi ng

si mul t aneous frequency- "Since
required by the present invention, is not limited by the wavelength of the wave-type

25 energy used, the operational wavelengths are able to be selected from the visual range
of the electro-magnetic spectrum. Then a group of multiple outputs such as (104) are
able to function as a direct visual display output. By using multiple wavelengths,
simﬂmnémmljorinupidsmcessiomﬂlemﬂﬁpleontpmsmablemfumﬁonasa- -
full color visual display.” . '

While a group of devices designed 1o operate at more than one wavelength, as with the red,
blue, and green wavelengths needed to produce a full-color display, would require "mmitiple outputs”
and thus multiple components, the idea and mechanism for accomplishing simmitaneous frequency-
nmluplexedopmonwxdnnasingledevieewas'notyetapparem Later, after having discovered the

35 formplemnungﬂequmymnluplmng the applicant also recognized the advantages of
frequeﬂcymlﬂplﬂms



mul ti pl exed operation within a single device was not yet apparent. Later,
after having discovered the 35 neans for inplnenting fre :
i pl 90 ’ng‘”‘i i;létjlf}a‘g'ys’ll61"‘?8equency' .

mul ti pl The appl i cant al so recogni zd t he advant ages

mul ti pl exi ng. WD 96/ 18967
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DI SCLOSURE OF THE | NVENTI ON The present invention conprises a

means and met hod for provi PISGLOSUREOR FHEINVENTIQN fuctions including
| ogic, anplification, and energy beam control. A commobn set of optics

produces 5 sinmul taneous, independent functions on jndependen requency
channel s wit hWW@W‘M%M@FmH’W

f r eqGueNnC ¥mbhbnd inRth@XER WWMQGMSAW(MWMM i ons

perfor rred on the channel i ndi vi.dyal b contain
mul ti - mmmm%& g'h"an uniction as

l ndependwrmmmmmmmn@mwmf ormat i on
which is_t us Wlthf‘@l he i nvention. The invention has a plurality
of such W&&ﬁm Phputs. Interference is pr oduced

si mul t aneousl ynpunb-gswhhnoﬁultt MMMMMMMW“
|nterferw d,mdum& withShidAadn W IE & be vBRRAGARES
comon opti'cs ae used to produce |nterfernce ~all of the | es tend to

over| 48 Q&Memlm sy¢ch fpauency-mpltiplensd ippws, Jaesference B

separ at | pRdtef anafﬂul wmmmwkldepﬁmmmwgr exlBges
can be caIIed a co 03|te fact 1S t ul.atio change
in a si nwm%m%’ﬁ V"{I - “@F’#‘éﬁ’%‘ g"e i mage whi c
has beenj adovulapayhammmeainetghamwm g¢phratiofidoesot her

| mages p% ced by energy fromthe other channels are unaff ect ed.

An i mage hent separator, such as a mask, permits energy to pass
througdh into medummmmcﬂbﬂempl %&F“&Fbé“cmgﬂm
specific . &,md wﬁi‘:& |mwmpm¢,ﬁages. As
a result olegr ppI ng, t e out |s tak E 8$ﬁthe | | dual
fromthe%@'ﬂ* %Mng
ener gy f pekmd®a. i ndi vi duaI channel depends upon the nodul ati on

ot er or ence. Ak iotengrch Sy A s P Y rﬁgﬁrﬁﬂﬁ%“’?*ﬁﬁge

f r om \20i MWommeTmfmm dingdivideal ed i nt o

a partic }ng H% %Pm& Efdni ngmgm%%l cal
el errentsmug&dgg k%ﬁl‘e se n o q%i t%n@patter ns and phases. of .t he
i ndi vi dummﬁmmm mmmmmthMMn

provide m&mmmﬁwmwmwmmmmmmt her, an
anplifier for a third, and SO on Mendlggm R Q t he, |nd| Vi duaflhesgarameters
for eachimage for that channel, and

25 pammmbemg:medmmapamcﬂudemebyﬁcpmperseiecnmaﬂonmnmofopnw
dm,mwmmdmmmmofum@ﬂm. -
As a result, the present inveation can provide the logical AND for oo channel, the logical OR
for another, mamphﬁzrﬁorathud.andsoon,depaﬂmsuponthemdmdnﬂpmmformh
channel as they relate to the common optics being used.
30 When common optics are used, theontpm:salso&eqwncynnﬂuplexed and it contains the
rmﬂlsmﬂnnachchmeloftheﬁmuonperﬁomedmdmdmﬂymthmmemvmm
qunemymlnplexedhgnchasdwadvmgeofmdumngthemmberofopmdwmpom
needed for controlling many signals. For example, thcmdmdmlbnsofaeomplewﬁeqmy _
mulnplexedwordunbegmdonandoﬁ individually or as a group, bycomollmgthcmputs:gmls
35 to a single device. ‘
Ihepresemmvemoncanbeaoeomphshedmganywave-typeenergymnprodum
inierﬁaeme,nmlmgmmalwwes.mwmgpmclewwes,mdelecmmcwm.
Multipiexing acoustical waves and particle waves is, however, more difficult than with electromagnetic
' waves because the wavelengths involved function at differeat velocities. Nevertheless, the present



channel as they relate to the conmon optics being used. 30 VWhen
common optics are used, the output is also frequency-nultiplexed, and it
contai ns tW09618%%sults within each channel of the functionPEEfUSSVHAEE

i ndi vidual ly within the invention. Frequency-mul ti pl exed | ogic
has the advantage of reducing the nunber ojf optical conponents needed
for controlling many S|gnals For exanple the individual bits of a

conpl et e T GRUGGHE Will operate éﬁﬁ?f' 1yp&) TR, @esk Sfherierdy EIpeaicn be used to

i ndi vidual ly or as a group, cont |ngégw yt .si gnal sd§5 to .a |ngl e
devi ce. provide ima g@ﬁ-p E%’@o‘ﬂtﬁ%'?ﬁ% & a

wave-type eigsisigiency Soptical terrflinglogyowil ide nsed herkindi ng acoust i cal vvaves
nmovi ng partlcle es s el.ec r omagnet c way.e X

acoustical waves e%“ﬁ'é :ﬁgges ﬁb%“e m

el ect r omagnaid, dnpmhamnb&gmedwmabewm m
differ ent vl Ogoh fitas ok SvbiiSh 52 e albEeil G5l sts of beams P GhobfifET vopeter

PCT/ US95/ 16
i nvention mﬁmmmmmmmwswwmmwmbher

energy typegg) Eintbrfdeéhod fhage or Hige. GidGps! o BCof HipiSbeiits BéhChuibribd infniSos9e e d

el ectron mani pulati on using !I nterference, For the sake of ~consi stency

and -under st mdm‘%w@mmmmﬁ&mer ei n.
Hol ogr ameopr oduC giologiath MRS 96 e WBIRY 85 prbdudeTnaipio g e drequendyconpenioet s,

Convent ent - FLRste ARG FesbRtp o -ﬁ@@eﬁ@m opfy 07 ied B sB Pl ” °

i nvention abmhﬁmgedanmdnequr lﬁbmp@ermfhobmcanm beywsed mmm:m

t oget her . I@ Hﬂf" J R ﬁg!!lr 2‘%& puddPNY rays
or beans conbine to prgogﬂ‘ui cie;a Rﬁo ogr I C | te%? rence |mage or fringe.
mmfermw@{ems

Groups or s ewangeents Ky ke present-invention ths areableyn produagap sngineered

various i1t ghdeQhifn WWW%‘MW&H@B&Wm
Hol ogns al so have the ability to prodce overlapping images that are

f r equency- c BTdn Pagificjfunctionsp ver| appi ng positions of the
i ndi vi dual channghe indiRiged inBrehR-bhed Ainciibns thatvecud &ithih individusl [frequency chanels are n

T R o

desi gner towmm')owummappmmmm@mww&sdm of
i nvent i onyt Qitich GEk s ng
15 optlc%)\nt ﬁﬁs ng en |neered Fmige conpone%?u%gggs; ator so tﬁat lﬂ;éhe

optics can Mngpfrﬂ!@e ﬁmcnqmsmm;meﬂwbew unctions on speC| fi c

channel s. itioh FthoRb BB ES Qilsinoischionid:

occur withn_ indivi dual fre uency channel s are described in S tent

5, 093, 802, 35 frpmg the iopytbeams into AN, InpeeipTEnoR fmage, g&“ﬁ dmgfngl e
frequency i sbgas wheré Iﬁanda:ﬁﬁhmﬁéinﬁffemt(ﬂ)o@ﬁé hen4Gortiok i | ed

whi ch dodtr é%g“ oo “’“'%&Fa%fﬂﬁ B il Vi kol B 08 Pl

t hese i ndi vmmmmmmmmmmmmwmwmemm
Asvmmmsmnmmmwmhmuomofﬂnempmbmoecmsdmmmdtﬂmonofomormoreof
the input beams, thzoutpmamphmdefromanyoneloemonlsthemmmusvectorsumofme
emrgyﬁommem&nngmpmbums.nmeommnkcnﬁommylocanom,thewtpmwmu

30 a combination of the signals taken from each location within the image.

When DI occurs at a certain location within the image during a designated state or relationship
of input beam modulation patterns; that location can then be called a DI location,” even though over
time many combinations of DI, CI, and other energy combinations occur at that same location. The

~ same is true of "CI locations.” Such designations provide a convenient reference between the
35 instantaneous relationships of the modulated input beams and the output relationships that result from

When energy from a DI location provides the output and the input beams are binary-
modulated, the output follows the Boolean Exclusive OR function with the addition of a phase-
modulated component. If one beam is held on, the NOT function is produced. If the other input beam



Interference is produced by superposition of nonochromatic (or

quasi - nonochronmati.c) energy. Interference redistributes the energy from
the i npHWO U8 i nto an interference i mage, or fringe, neBET/USIS/KSAS8ar eas .
where destructive interference (D) and constructive interference (Cl)
occurs. \Wien a portion 25 of the |nterf{:rence I mage i s separated into an

out put, the output waveform depends on the |ocation(s) within the i mge
Lrom Whi' GanhiBg: Wﬂ&%@htﬁ%m% Mﬁf " tﬂglﬁ&ﬁwe I nput
eans. varj nst ant aneous .combi afi ons 0 e inpu eans OCCuUrs
due to nﬂﬁ‘h‘?’ﬁt"ﬁ?rf’ W‘ﬁ““ﬂﬁb“‘f'ﬂﬁﬂ’f’“ﬂ’&&ﬂ’é‘“ Sy

anpl i tu?ammwmmmn bothdngy I.f th Aot MORW t he
o170, bt e b e e W&iw

each | &caaveformphaving various phiasecrgpsinlation characteristics. V\hen DI occurs at a certain

i nput  beam Eﬂl}“f%ﬁ‘n patterns'ﬂ'?"ﬂ“"-'ﬁﬂ%a‘?l peal @ e ‘?%ﬁ“%% oiney

| ocat i onWPe Cl, and other
energy C Qé¥binplidhed Wmtamlemm%%@mmumrue of

| ocati ons. ch designations provide a convenient reference between
the 35 i éﬁ > rel ati onshi ps of the nodul ated i nput beans and the

out put1or el at i MWWWWWWWWMWW

parti cul ti.Q en_ener r.oma. DI | ocation provides

t he out p%%&%mmg%‘m% o3"['}ﬁ'§f"ed t he out put

fol |l ows t he BYohngls mmmmﬁMMmM|mMm@Mse- ‘

7 Une ofnediRaiyinse ib CUBAAEY e QAR B 5l 9l il

PCT/ U595p£p5lgsgpe interferometer is used to produce them. These mathematical relationships for Young's 4
| S anak ogpéTatbkeice aWMWMM&WWMWW.fwMy is
separ at ed [roma % tion and one beamis held on, the output is an
anplifie 7#8%or e nodul at ed energy than the anount of
energy in the Bndtlieaweﬂopmﬂon. I f both inputs are binary-nodul ated, the OR
function is e r . wthin th

| mage produces ot th 0 E{L‘rngyn% \g/'Eeﬂng'r“rrgIL avrng vari ous
phase nodul at fegsiruetive interfeesntedodatans, mstheﬁrsttypeofspmim@mmmrenhhnt ion is an
| Pr 0YGNMeNt Oy chibuledRisihé i sdiiRatioR of B stikiderd viklkir Shin O Sifplictdsd Hoberda type
interference, in that now nultiple independent, frequency-nultiplexed
functions canussbwith other mul t aneously within a single device
rather than requi rmﬁemmwmmdmmWawwas bef ore.
10 Sgegl al interference adds another inportat range of

i nterference- pHRE t can now ‘be incorporated into the
present i nvenThabformnds isf r quency- mul ti pl exed operati on. Young' s

type boiterfergne mmﬁg{u@ype of interference that produces energy
rel ationshi ps ﬁl’;;l nits interference i mage conponents sinilar to those of

the cl assi cal B qvumplide of the g09d bearent , r egar dl ess
Theta-phn_sedxfferencebetweenthetwobams._ -

Intensity = I = A? + B? +2AB Cos(Theta) |
The Total amplitude T,; = square root of I, just as A?> = the intensity of amplitude A.

30 | o |
At the center of the constructive interference (CI) area, Theta = 0, and the
Cos(Theta)=+ 1. At the center of the destructive interference (DI) area, Theta = 180
degrees, and the Cos(Theta)=-1. As a result, the vector sum of two amplitudes at
these two locations is also the algebraic sum of the amplitudes. |
35 The two rays are in phase in the CI area, 50 the sum has that same phase. As

_a'result,ﬂleCIimensityformnlais,Id-A’ + B? +2AB = (A + By

In the DI area: |

The two rays are out of phase in the DI area, so that the vector sum is the
difference of the two amplitudes, which takes on the phase of the largest of the two.



|}
.of what type of interference is used to produce them These mat hemati cal
rel ati onships for Young's 15 type interference are defined in the
f ol owi ng baWO988Fussi on of special interference, taken fronPCT/USIS/16458
application no. 08/357,460: ° "Basi c theory of operation
Appl i cant theories that the anpl i tude and i?tensity of energy at the purely
constructive interference |locations, using the first type of special
interference, are Hillef ad@qual, the algebraic infin 316 TIR\ DI Foramlla\fod im@nsity beeokagst at i on of
the standard vecto s§;n 0 %I i&udﬁ)§ met hod used w th ot her
i nterference phenoteny + 5 -sAB=(A- The basic formula for
intensity has been der i Vst dwoconditions drealsoadblecnbe viewed asithe vector sums of three

consi ders just t %&gﬁgrggq% wuwnl’&’mghﬁtdﬁwﬁi% <B,, so

A - anplitude of t tude of 'the second

beam 5 thar{bisshe diffemence etwernoAant B, @émﬁe@rﬂi he two beans.
| ntensity=l=Al err] + Bl e{hénR 4n5yHself) tte Amplitude at location 1 is dié ectbPiuad of P! i t ude
T[err]= square root of 1, just as A[e r] the intensity of anplitude A 30

At the center of tﬂ@‘%&ﬁsml‘%@!ln%rference(Cl)area Theta=0, and the
Cos(Theta) =+1. At the cwhintea? B, édids GiEii Conkbires with the Fifst fwdl cSie (¢ )80ar ea,

IQS’E gr25l11r8710 of tm“ml‘ﬁ d’g’é’g&’f&m”ﬂl}%&o‘ggg i‘glhf_ﬁdg'ﬁng%ﬁa?%%z I; af 23

t he al gebr# ¢ sumiaffortblae hnpl i udes. 35 The two rays are
in phase in the Clg gp?ﬁ EFQ hase. a
result, the Cl |ntenS| Y %r“;ﬁuﬁ?’a" 'S, h)?Fhérr erﬁi + B[err] +2AB=( A +
B)[err] In Tire Tol= Bre¢dJ-B, = U The two rays are
out of phase in the D pref .o 4 fedppheygrector sumis the

di fference of the two anplitudes, which takes on the phase of the |argest
of the two. . alsoyfy yhsingorwe get: .

PCT/ US95/ 1£458 I, = Iz = A? + B* -2AB =(B+U)’+B’-ZB(B+U) 5
If they are equal, the algebraic*sumis ngﬁ for intensity
becones: I[err]= Alerr] ¥ 2 B(%%l ]

These two conditions are also able to beﬂ’\/l evved as the vector suns of three
L e .
B, and A =B+U intensity is the square of the amplitude:.

20 : This indicates that the addition of an out-of-phase beam smaller than the first
beah:leuvesemgyhavmgan-amphnmequaltothemfferemeofthetwo. Kfitis
viewed as the sum of three beams, two of which are equal in amplitade but of

' opposmemgn,dwthudbem:sequalmtheamphmdeofﬁeenergyremmmngatthm
~ location after all three have been sumried. '

25 The process of interference relocates energy within a fringe image. The
equivalent amount of energy that is missing from the DI areas appears in the CI areas.
As shown above, when two unequal beams interfere destructively, not all of the
energy in the DI areas is relocated into the CI areas. The remainder is exactly equal to
the difference between the two unequal beams. This remainder has not been relocated;

30 it continues to arrive at the DI location. As a result, this remaining energy is able to
be called “undiverted' energy, because it has not been diverted into the CI areas by the
interference.

As a result, ope is able to describe the energy which is apparently missing
from the DI area as “diverted' energy.

35 In Young's CI area:

Intheeaseonomgstypemerimwe meamphtndeofenergyamvmgata
second location, namely the CI arca, when only one beam is on is A. A is able to be
considered as the sum of two amplitudes B, and U.

Amwnenbamn,mon,ueommmwimmcﬁmm.minsin



Wien Ais on by itself, the anplitude at location 1 is the vector sum of

Blerr] and U The intensity is (B[err] + U er

Wien b¥OPHI8967 | comes on it conbines with the first two. §16458i s 130
degrees out of phase with B[err] and U, the totals of arrplltude and
intensity are as shown 10 in fogmulae 1. Formul ae 1, DI

| ocation for all of the interference types: ' T[err]

T[err] = B[ erphaseiwitli B3[and U] Bls B, = B,,andﬂlemlsofamphwdeh{ddmﬁwirésrr] (B[err] +
UBlerr])[err al so, by substitution we get: 15
I[err]-l[err]%rr%ferr] - 2AB =(B+U)[err] + B[err] -2B(B+U)
=B[err] + ZBL,Foml!![!ez.r WW inrcithe2 Buplification or saturation:

= Uerr] +£h; |,§U3xactly what is expected because

=Ty=B +
t he anplitudes add 41 g&br al ca Iy, ‘the intensity is the
squar e of the anplhktulie= ot U "‘32)2'(25""1)2 THi s indicates that the

addi tion of %OQH}WB@WG eam smal |l er than the first beam

| eaves energy hgvi n i t ude _egu erence of the two. If it
S El"r/ e&‘}et%ée‘ e sumo "ﬁh’ '@%ﬁg I"iwo of which are equal in
anpl i tude but of oppeeB’t-eZBUgntFt-r-hB’ +20%re2BiPam i s equal to the
anplitude of the energy remai ni ng_afgatt hkﬁU+ v | ocation after all

t hree have been summed. 25 The process of interference
rel oclt es ener gy wi t hin a fringe r-n@@el- We equi val ent anount

of energy that is fiSs e{,{,ﬁfﬁ?ﬂg tednse i ipitdds Add calfiy, €8S
As shown above, Wnen _tvvo unequal beans |nterfere destruc??e\eﬁy not all of
t he fhe amplitade; s e ocated into the O areas. Te

remai nder is eactlmgﬁgw gype wldWQamQQMn the t wo

unequal beans., This r nder hee | oC at ed; 30
conti nues t.o “AFP PRI% OB E‘ﬂ“ h‘ %’qf W’e%‘ﬁr ng ener gy

is ablse to mmmmmwmnmmdﬁvmmmmmm it has not

been diverteq,l t . As a result,
one is able to escrf&%ener%&ﬁ%”%ﬁf%%?n

fromthe Dl MMMMMMergy 35 In Young's Cl area:
In the case of Youso fsulty i@ elpiai palrs s, B, ad W%mWA% arriving at a

second | ocation, namely the Carea, when on 'y one be isonis A Ais able
‘to be the other frgm beqmuB.cthe difference betwernshe tRpds Unp) i t udes B. and U.

Agai re0 when beam Eh 66th the 2 636 arthe DI cafe) Ureiififis vikliahigell. & bad betd calldid. Si nce it
s 1n “undiverted' energy. Apparently, it remains unaffected by the interference that is
taking place between B, and B,, even in the CT area.
~ If B rises to become equal with A, U drops to zero at both places. The
resulting interference image goes completely dark at the DI location, and the intensity
25 at the CI location goes to 4A2 = 4B%. All of the energy contributes to the interference
When A and B are not equal, the image formed is able to be viewed as being o
the sum of two images. One image is the interference image formed by portions B,
and B, in the familiar interference fringe pattern. The other image is a consistent spot,
30 hawngmeomstchmgeﬁomonepmmamtherusmphmdeeqmlsU and its
intensity is U2, _ .
" Asaresult, U, thediﬁumebetweentwonnequalbums can rightly be
called “undiverted,' foruamvesatﬂ:esamelounonsandmtheamepam_aswhen
B, and B, are off. | |
35 B,M&mnghﬂyeﬂed&vamdemrgyhmsednsemgyhsbeen
rearranged, or dwemd,_moniamfmmthemrﬁmmnmge.lndmmge,the
energy from the DI location is diverted into the CT location to combine with an equal
contribution from the other beam that will arrive there anyway in the absence of
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6 : 96/18%ase with Blerr] and U B= Blerr] =Bl err], BAHUBB/I6H®, s
of arrplltude and intensity are as shown in forrrul ae 2.

Formul ae 2, Young's interference type is ei g,her anpi fication or saturation:
T[err]:T[err]:B[err]-+U+B[err]:ZB+U I[err]
-1ferr]-(Blerr] + & spedill @itdrfesebods 1] =(28 + U[err] al so, by
substitution we get: . err]=Llerr] rr!!i Bl +2AB
—(B+U)[erl‘] + B[erl‘] +2%§!‘_ examne IJneriJl'm Sﬁ ﬂ“

Blerr] + 2BU + UWW@!WZ%@WMMymMmmMm

4B[err] + 4BU + (Lerl ;,J.Q,s DI location, and are directed only
=(2B+U)[err] e are swall | iﬁ% 'S a So exactly, v&%eat i S gxpected
because theSanpl i tMWWM%ﬂWWNWWWMQW ensity
is the square of tbRnmslly dkk piaste In this case, '
Yong's type interference has ener directed to this ClL location.

when only one beamis onte bt "?"sf“ﬁg W%gmm&ﬂa&'ﬁbw’?ﬂ“?\%&éﬁnponents.
When 15 t hBeatf GOMQ, Wil lRe@BrEPhEB. energy fromthe DI area is
"diverted into the C sho bov ggguﬁ! dded
to the Cl area by |nter&g°rg;§?h§<‘a’cw5'(ﬂ5°a ng m uﬁt

removed frdfnht he Dhasawéundiverted' energy (that is, U=0). As a result two equal

‘parts exist, B[err] andgﬁ!ﬁ me%ngwwhgﬁ an t he
ot her from beamB The er ence en the two 1s U 26 ing

In both the Cl casistesfrgoce ifaagerhaiomeves epergy o the Diblesstiony ) - Bk leving Yaen

call ed : residuatBidigyer t ed’ energy. Apparently, it remains unaffected
by the interference that is t aki n pl ace betweégwgerr] and
B[err], even in the C Wmmmnlm : fhe B& omre
equal withi®, U drpps B,olmsﬁ;ﬁenshpbﬂmpham? The resul ting

interference i mage,qoe l.etely dark-at the D |ocation, and the
Intensity 25 Agmgya?’&f' ¥°<5‘cat|on goes to 4Alerr] = 4B[err]. Al of
the energy contri blit=ek %(A’t-h!’ +2AR f er en@erU)® + B? +2B(B+U) i nage.

Wen A and B are not equal, the inmage f_ow%y_*_apl,,_e];i,pzﬁze,_%g@med as being
the sumof two inmages. One inage is the interference i nage forned

portions B, and B2 in the'f%"ri‘&‘i"hmerference fri nge
pattern. The other image is a consisten PRy havi ng no

contr ast changefromone art to another its Iltudee ual-s U,..and,its
intensity is Uerr]. However, U @%F dﬂ"m% hoWR B
bet ween two unequtmie3dns, can rightly be cal | ed

"undi verted,' for Lt arri .at.the sane.|ocati.on ng ig. he sane pattern
as when -#“m@feeér’\ﬁé a'%&%f% pr '%?Jé'“o‘?'?!‘&'é@”a"' ok

B[err] and B[err] are rT;ghtZBy caI | ed 'diverted _energy, because this energy
has been 55 t’ {zﬁ ,_ggz ‘diverted,' in order to formthe
In ha

I nterference inmage. the
fortheﬁtsttypeofspecnlmmfetemehasbm

denvedforbodnheamphmdeandmemnsuy
The total amount of energy in any one application depends upon the area of

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

30 thousands or billions of rays. The total energy is able t0 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 component
separator relative to the image. Contributions of energy from the other parts of the
imagethatammtpuréCIorDIalsocomibnmemtheoveranopemﬁonofme _

35 invention. ' '

| The importance of these formulae to the process of amplification and limiting
cannot be overstated. As an example, a substantially constant power beam A that is
directed 1o location 1 and a control beam B (which is smaller than A) produce an
interference image at locations 1 and 2, with DI at 1, and CT at 2.



energy fromthe DI location is diverted into the Cl location to conbine

w th an contribution fromthe other at vaI
arrive 'ﬂre 8est’ﬁ{/vvay in the absence of [ nterf%% WO
96/ 18967

PCT/ US95/ 16458 ' 8 - 7
In special interference: Next we exani ne speC| al

i nterference. SpecfHPWé%‘!eﬁdEZ aads; the, amplitude is 2B. I“‘0‘"n‘l&(ﬂ'ﬁ‘!’lhﬂﬁtt|on to
| ocation 2, t hfuchlargepAds i@i'B, Wilhiti}che hitnifs ST TaQRIOw Df 8 optics bSoth CUT S

because the b e ison to.t Dl .. | oc tlon and are
directed onl y%&wﬁw% zﬁ'ﬁﬂ et spread out

to cover the |ontmtisalirecily propéitionalitd the control beam B. event uaI |y take pl ace.

‘The DI qrea functi n in phase
M as%ﬂwm&%%%%%e Cl area

beans fromA, with the o

has no ener gy wmmmmw&mwmmmmy it 10

has no ' undi v eksRttonRaRying priddde %u?meﬁum been doubled. Unlikethe V€N the
second beam (Blerr])_cones on, int er erence occurs producig an
interference i pfthe priox 478 that uses, ¥oung's jnpesieren cthe presept inventinn dogsotr 1] -

Blerr]), leaVIpnﬂuddmmmU memdiveﬁwdemereﬂemdoesmmmm ,
The engr gy rem)éfed omthe DI location is diverted into the Cl |ocation as
15 m It has an intensity of (B[err] + :

Blerr])[err]. memmmm«mm

7)1 0t o it o g i 2%

= 4B[err] + 4BU + jextrcppsiderywhat happens when the modulated lbeamnsesabovethelevelof

—(2B +U)[err] memmmpwabmWimB>A,HﬁiﬁhSe§wm%suﬁtﬂéoﬂqﬁk§df&%p@
producla g the g}gortant relation as shown 1n formulae 3
e

For mul of Is,thesame as switching the,beam samesiin the farmpla aboves Becawsnt i on:
T2 - 2B 25 Mmm«mmmmmmmlﬁmw@we&mwmmm

Gor rved for bR, s o o el ok a2 ok i e e,

total armpunt &his conditionyisicailed sprumation. ‘ailll of dwienergy fbmpbeanisA thpdmmhe be hasheanf
diverted into the output. :

20 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 o accomplish
many tasks that are otherwise impossible. A modulated waveform will be limited and
clipped at the point where the two input beams are equal, )

25 Seeondtypeofspeaalmtm
' Ihesecondtypeofspeualmufetemexsalsoabletobevwwedashavmg
three component amplitudes. Thepowerbeam(A)xsdmctedtotheDlloemon,mne
ofmsdmctedwtthIhmomJustasmmmeﬁtsuypeofspemlmﬂume
'Ihecomolbam(B)nsduecwdtobothlomom For that reason, this type
30 ofmrferemewﬂnotpmdwealogxcalANDmasmglesngehowwernmkesan
excellent amplifier. - _
Whentheeomrolbum:soﬁ‘l, OandI,-B,+U
Whenﬂweonnolbenmnslessthanthesubmaﬂyconsnntpowerbam,
A=B +U,andB = B,.Thumphmdeatllo_uuonlwxllbeB,+U.
35 Formulae 4, 20d interference type in amplification:
. Amplitude = T, = B, + B, = 2B
Intensity = I, = (B, + B’ - = 4B’
mslsthesameaswnﬂntheﬁrsttypeofspemﬂmfume Thedlfﬁueme



[ .
Cl and the area of DI, because they are able to be nade up of nmany rays,
even 30 t housands or billons of rays. The total energy is able to
be: expanded WQIHIBIELr | ar ge areas, or focused to PFAUSIHIESE .
The output characteristics will be a function of the
si ze,l ocations, and the ratio of output arga to i mge area of the image

conponent separ at or reI at Ive to the image. Contributions of
energy fromthe ot )wgaoaﬁaﬁo@ﬁepm pure Cl
or DI also contri ut 0. the ve 0 erat| of the ent i

The i nportance of é‘ 8’55"?9‘ %5’? %E’% R‘"?%g
limting straight &Bothe bute. M/ﬂeﬂtaﬂxedutp\ﬂﬂm sautatidncis asshewabimt ant i al | y
.constant power be at is. directed to location 1 and a

-control beam B (which TS smaller than A) produce an
i nterferende i nagdommulieSc2nd intenferdncentype ip sapmtion: DI at 1, and Cl at 2.

WO 96/ 18967 -
li T.=B, + B, + =2B+U =2A+TU
PCT/ USO5/ 16458 Amplitude = T, = B, + B, + U

The output intensity i duemsiterh = @nd Bk Wip4A? dutA¥ & UB. 1t does not

matter how mw&km%&&wwﬁmﬁe&ﬁ&s of
t he breakdown of the o factor,s tonfit woul d

tICS or ot
physi cal | y change %® £'°§?é¥'§§“‘(ﬂ%ﬁé‘5’°f
output is Mirectl yhcm‘zepﬁmwm‘lak ndtGlotbled. Whed sqodrinp ecgrodice the Mtensity, the 4AU

When the control |, I I tude-

nodul at ed, havi ng%%%%%%% bﬁ?%bea Mh&genergy I n

t he MMmmnMﬁmmml on of the output waveform has

been doubl ed. Unlike t %@e&g iftbrfertince HafavRy at uses
esent | nvtyepetl oes not M%%dpb

Young's interference, t r pr oduce
the residual out p@fspesial M&M|WFeﬁAI éﬁmfnmegykqm 8 ingegtengure

fontri but ?5 1Od | wheanOAI | th th tms[lt tm?DChpped t.h t tAs

ong as the nodu is s er than the constant beam the output -
will be anplifi edgmf'gg‘"gﬂmpm%"l HBFEDNS- 2] ways doubl e the smaller of the
t wo. The abotéedebcribal process lis phiaseidependens Mhe erlergy réniveed sl | at ed

boam W Uh B - A b 31 o o in s f opion. By e e Bl o0

smal l er of the tm@rstlosaupsattmmm mmr@mmmﬁm t he

fornul ae ggove. B g*’ﬁfm%ﬁ“d“ﬁﬂ' tn%uconstaht
one, the output wl e a constan JATHO mal i ow hi gh e’
i 5 modul at ed, agaWﬁ“ﬁMMﬁWV@&IWHM@S#&}M@%PWW& the

optical arrangene output location. Thi-s condition is called 'saturation.

Al of the energy frombeam A that IS .a to be has been
DEkcHt7, th ptes umed il Kave 0 02 snipere 5 Pveleqgp s

diverted into the outp

anplification curmmmmﬂmmm&dmmofmy&MNEAR
Non- | i neats opt [ CSM&L&B&MM&%%M’ QM&%M&Q@I I sh
| If the amplifier is engineered to include a large mmber of such points so as
0 use the averaging principle, then it will have a wide bandwidth and will be sble to
function using a number of input frequiencies. The output locations function as if a
30 group of controllers weze placed side by side, each one using an individual ray set.
In this case, the output hole includes a large number of wavelength size
locations. For skightly different phases and slightly different frequencies, the CI
location from each pair of input locations will be at slightly different output locations.
Ifthoseoutpmlouuomhappentobemthmtheamofthehole,theemrgymﬂ
35 output. If they are not, it will not. :
' Modern optics is capable of operations at wavelength sizes. Wavelength size
input beams and wavelength size output holes will produce processes that operate
considerably differently from the mmuitiple-location averaging style of optics. The -
more precise the optics are, the more precisely phases and frequencies must be in



many tasks that are otherw se inpossible. A nodul ated waveformw || be
limted and clipped at the point where the two input beans are
equal . WO 2618967 Second type of special interferenc&CT/USIS16458 .
The second type of special interference is also able to be viewed as having
three conponent anplitudes. The power jageam (A) is directed to the D

| ocati on; none ~of it is directed to the Cl. |ocation, just -as

with the fir sérdéryfgrahe(] maas hiathe oitne thbler ence. _ " The

300 PP o e R ik %@e%@t%ﬁ‘?c%mbﬁ%ﬁ' singie

st age; howevewhenithe phask ésclaserenough to 180, ﬂﬁeﬁakb@mmom!im Clarea to
When t he contﬁip&m m&fJnnpuJ tﬁ,e— 6 b Sal 0#@%;,@
a constant power beam

When the control beamis Iess t han the subst ant i
A = Bl¥rr] +‘l’2“‘da1??d’1!!§"9 nWPt“Ed@WE}E outofyi || be Blerr]

+ U 35 phase. Fornul ae 4, 2nd interference type in anplification:

T s Gl s R AL i A

Intensity
This is the mmmtwmﬁmmmmqumumﬂhe
di fference ears when the arrangenent goes into saturation.

When t hat occurs, d‘ﬁﬁg’ undi'verted WO 96/ 18967 _
PCT/ U5/ 16458 As a result, eachmethodandeachdmcenmstbeengmeeredmpmdwethe 9

energy (U). Ve abftiial sbedn/ 1f i WerRodiaiot is! o6 bpbid witlimdl6y infitF f T Om the

power beam In this case. the resi dual energy cones fromthe

control beam"as 19 be of thesveraged, multiple location (broad band) PR K ftittodRe output. Asf{a
result, the WEMWMMWWWMWM)W For nul ae

5, 2nd interfe e I n saturation:
Anpl i t ude=T[ € ”%[‘E'#?S'!F Blerr] + U . 2B+U - 2A+ U
I ntenki ty= I[err] d(B[pmbkiBﬁadw}tWofml@mﬁ

Amplificati oth? gggu @b&%“mg t,..i . Q! | '“S'Eﬁ a| | abl e ener gy
of power i%as een diver the  out put. Further

i ncreases in WWMM@W“SWSWMW #gionges not

doubl ed. When - squmwmwﬁﬂmﬂ@mﬁ&wwﬁﬁm the |
factor indicates tha; t her e exi ﬁts stgrare I nter aguow ,t. etter'gy .from ot her

parts of the
20 frequency will produce its CI at a different output location. If each output location

has its own output hole in the image component separator, & complex group of
frequencies in the input will be separated into separae outputs, Meanwhile, it will
filter out any frequencies in between, because no output hole is provided for those
frequencies, and no matching input frequency is provided. -

25 If the control input is directed to a common location and a mumber of power
inputs are used, each having a different frequency and a different location, the
geometry is able to be arranged so that the CI locations all match, producing a very
accurate frequency-selectable filter. All frequencies that match a power beam will have
theerIatthceommonouthole.Allotherﬁeqmeswﬂlnot The difference

30 between this arrangement and the broad band averaging arrangement is that each of the
frequencies that pass through the filter nmst match precisely the frequency and phase
of the power beam. At wavelength sizes, filters are capable of providing the best
selectivity of any known means, especially at light wave frequencics and beyond.”

35 As can be seen from the foregoing discussion, the vector sums of coherent energy produce a
great variety of logic, amplification, and energy beam control functions when these vector combinations
are separated from various parts of an interference image by an image component separator. How these
vector combinations are produced using any of the interference types. depends upon the optics used to
produce interference and upon the phase and amplitude relationships of the coherent input beams.



i nterference | mage, but U remains the sane. As a
result, this second type of special interference behaves |ike the first
type WO 96/18967 special interference when B < A HoweverPCTPS3586488c s

i ke Young's interference 15 when B > A Anplificatjon is stil
limted somewhat, but it is not clipped. 11 - Broad band and narrow
band arrangenents. The above-described process is
phase-dependewmeqﬂamy tefceétibes @ekeih e Moonstructive interference dind "@istrictivecinterfererics”

1[|e|rgtcalt ggait Po‘gﬁ'r‘]e ﬁ@g@%’h B%t"ﬁf’%p‘gase q?ﬁ”%om 1"#“5 at

some ot her memmwmom;mthmmmnsmnMMn of a

phase- modul at gt cAmprrehiie Pl o bl B 1 ot B i Y
out of phase 1 n order e ﬁd‘ca¥| on to t he sarre as

t he out put I cdditionxf imtensities, and the term dmmvemﬁmea@m Y YeRPRIPselt thatis lpss

W 'l have t0 dia oo \SthyleRKiRion b intdikides, HAGevRr, livtieh relauomhxpsm disokissed, dan gt h
sizes. Most opti caI arran emaﬂg%s [elx onsggpn a%a | of, enbgirigy from 25
mul tiple poi gl 1 @‘c‘?’g’é’? hspe d?"'ﬂ&sgﬁf & er agi ng of energy
from]Ehese ;  Applicationaél wwasom;mnmoﬂmaemmmmmmmmd
interference fr t ere

to include aﬂ#@%n%%é?m?%ﬂ?%pwg%m?m%w %w

aver agi ng 1 iGollectively, mmmmwmmmmm to
funct i on st 5B By it uf dof S iScombifh il ey ABHIARA kg O | O

as if a 30 . group”of contro d side by side, each
one usi ng an SleAHEAMmis; tERsisons. oy set : I n this case, the
out put hol e i ncl uctq,spﬁsehﬁh@an uedopmnonwpmv:dea]l

| ocations. For slightly different hases and slight ffe ent

frequenci es, of the i based functions ?fo W@%@ﬁ%’&? v pdidpal ot i ons

will be atlSsIﬂeghhoy—xdﬂdpiamunnduwmmﬁsmglaWsAsamh smgle-channelldevrcdsmabhmpu

out put 11 Rt Bl gl B0, 0 by iyl WA Mt P

capabl e of ommmmmmmmmbm @evices. The advantage of

| nput beans Gy Givedios B @W oW Opeease 656 S50c) hids
operate consuﬁﬁ#ab ferentlyfromthe mul tiple-location
averagi ng st yFiBs bfngiptet efopticsh e nore precise the optics are,

the nore preeci sel yagipsse poRidn of @6 baR wwmmmﬂ\&saﬁ&é%m
PCT/ US95/ 16458 s

order for th@“&m%é“%wmmhwmmmmwmm
Wavel engt h siaFabrpiPerot ailenunditieh theougls £ prisap) IThs aalomprodusdda siteni
Pocati on, i nitrimosiah twmwmmﬂ&mww
setofmdmdualmerferemeﬁmges oneﬁmgeﬁotenchwavelength When the input slit was made
25 verynarrow,smllpomonsofeachfrmgeweresepamedbythepnsm.
mspmcmmusedmdayﬁormmwlydewmmngmemhnvemdengthsofm
spectral lines. A description of this process is provided in many basic optics texts, including
Fundamentals of Optics by Francis A. Jenkins and Harvey E. Whiie, copyright 1976, McGraw-Hill.
In that description and the accompanying photographs, applicant noted some features of its operation
30 mmgowenbeyommemcuﬂumxmmandm:mappuemlynmmscussedmmaby
mm.mmmm”,mmsmwge.medmemmmy
scientific journal to this day. Specifically, in spite of the fact that the many interference fringes were
produced sinmitaneously by the etalon, the separated images experienced no distortion because of the
35 at onc wavelength would not affect the images produced at the other wavelengths,

Applicant also noted that etalons have only one optical input, unlike photonic transistors that
require two or more inputs so that the various combinations of input signals can be used to produce
various combinations of interference images, which can then be separated to produce various functions
in the output. |




hit the wavel ength side output hole. The output from an anal og

phase- Wefolgsgdd si gnal 5 woul d be a binary outpef gmwccurs
only when the tvvo i-nputs are exactly out of Iﬁase ' N
If nultiple frequencies are used, the only ones that wll be able to hit

t he ' out put hole w || bel2 hose that match the wavel ength
geonetry so that the Cl_location is where the tiny hole is.__
10 Combinng e iy O BOqIFET-RABIc BP0 BHERCR HArPeRe PELoTRIPOp -

engi neeinkifedette ibageh wWith théd finctional activities of phityifictraakistoos Ris resulted in@RPedent | f a phase

o be. olvpha oo el Hhiinkaglofl safria Rl et (¢ i (o be

used in a bi HMYMWWMMWMWEMMM narrow

band) Waluh:( %&sﬁ:ﬂﬂnbn
posmbl eto proomce a cons| Ie nu %om te operatlonsf's?

usi ng aasfhsise. Igformagionis first

| ocat i OBpoadbhidd csueusedso odmwsammmmmrw et y- of

?lrggﬁlas arg B £ to be Engl ed geep at ongPla ; M&Pﬂﬂﬂﬁh’ﬂ‘l'@q

beans finamdﬁhlixieekmuhgeﬁtlons directed to a common | ocation. Each

ocaddon. |1 eemms dwife sARE Yol el o oo oflisd) plbol ] s 505 1000 |

t he i naygemeddhapsomehnw ene shouls berable g0 @sspﬂnmmlpsﬂommdm mlllﬂplef requenci es-

in the &@@Mﬁgﬂiﬁ‘ %E&?ﬁbﬁﬁe effdee W | |
filter out any (Hequenm es |§ﬁbet ween, because no ou?put ole I's provi ded
for thokod smdy was the physical mechapismynepded 1 acoranpliss fregeeney-rItnlersd operation; iency i s

provi degierndined. MymmdntummadrfMMvﬁwWWﬁeWede&m a common

| ocatjon and a_.nunpber of . nput s_aj d, ea haV|nga__'
dlffi# v@?jﬂ@ﬁg twq"&(!’&m#% &emﬁ)? oos of eetry is

abl e taﬂadﬂWhMgMyﬁmhmﬂMMyaﬁdmpm produtig a very

Doam wi |1 hayh et el GRY fy b buet o 1 SO0 Fily WBoedll ™" 0 PO

f r equerfesquancies that ar produced, by the nfixing:ofske iggyt signals do not mmemm arr angement
and t hepinga

Y SRR, e icFeYSts fHighs hial
frequenci es that pass through the filter nust natch pr-eC|-s-er the_.f requency
and a@@"mw y from ongAnothéte evsp thopehy they #re logated at the sapg gepess] placs, bayingt oy s ar e
capabl eoupls fiofh\costinbifoutpe lotutiti(s) within the image compéilemtGégatatory Of any known neans,
especially | i.ght freguenci.es. a on As can be _
seen from t%%%wwm%%m%m%%%rgy

pr oduc esingle-frequegeyarangement, exgepiCthat inow imany smmgitaneouscopetations ocmiwichinethe saniee am

var il i AE el BE peEl il W%ﬁyco%‘gﬁ‘gﬁﬁﬁ‘aﬁﬁgtwm

t hes® bammlomdmbﬁmuwm PR evicesfor prcessingr ence
types depenc&miﬁmg lﬁ?mhnc f,ﬁﬁgﬁﬁgggfnd upon the
phase and agBI itu S rel atlons veps of he ci)herent ut bena‘:lrsl ol

logxc.amphﬁunonandenergybumcomolfnmnonscompnmgmeﬁonowmgmps. -
1. pmdmmgaﬁtst&eqmymnlﬂpkxedmpﬂmhuhngaﬁmbmsahamgalemom
30  beam of energy of at least one wavelength modulated with encoded information, and at least
' omsecondbeamsuhaungalustonebumofenergyofaﬂastoneoﬂmwwdengm -
2 pmdwngaseeond&eqnmy—mnlnplexediiﬁmwhdmgadnﬁbmsethwmgmhmom
Mrdbumofenergyofsadalasonewwdmgmm:deemodedmfomnummd— _
35 alaammmmsuhmngamombmofmrgyofmdalastomom
_ waveleugﬂ:modulmdwuhenoodedmfomnon, _ :
3. modnungaﬁamer&rmmgemﬁsudﬁmmmmm,andaleaaomom
mmerferememgew!ﬂlmdmondandmmwmsets,and i _
4, sepanungenergyﬁomamomlounmmmmsmdﬁtstmmﬁnmemgemda!mom
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Consequent WO 96/H6Trany ref erences here| n to "constructive i nESTUP¥AME and
"destructive i-nterference" can apply to all possible vector

combi nations of energy within an interferepge imge, regardless of

whet her the vector sum produces a maxinma, a mninma, or some result in

bet ween. The t er Miocation wxﬁﬁ&ﬁﬂiﬂ&&i dﬁéom&tmﬁ@mmge t provide etl leastcons oytput deving

result that is greater th N or equal t Wefeﬁ}i‘ of
intensities, and FrREev q%”\%—fa‘ ﬂ?&?’?erence can include any vector

result that is |emmwmwwmm@mem“mm
when phase rglm %hl ps are being discussed, the ternms apply to the
maxi ma and m'nina Where .such phase rel ati OnShI ps exi st

Appl i catiof no. O/Medulatien’ uwm@emm% %%W@Ve‘?’fé’?gy
beam cont r ol comimous? 4! d bich Bbrdifns ik Bk gimissons are accorpl i shed
usi ng coherent energg ‘of SI ngl e fr guenc 10 CoI I ect i veIg}é .such oggvol ces

and processes t hafTt$
"photonic  inputk fo?'aSingle Gliafinel. bmwm*mmmswwme

acconplish tasks,fornerly acgonplished,usin gl ectronic transistors.
The present F‘rfgeer‘?f *%ﬁsﬁméf ?“né"%‘cgf)r#z%ﬁ'g?e”m frequency-mul ti pl exed
operati on 100 pr oviTteseadnd and fourtioliearn isets, having theoothen waveisagth.coonstimes theminingmm of two

separ ate phOF@&M&?&PﬁM@@“M'm 1 ghé'&ihéﬂﬂ&ﬂenéc’imageatthe'atlmt
frequency- mul't1 pl €xed channel's W a sl n%;g evice. As a result

si ngl e- channene ofesy Fevslsngth'ais aly separtsed feom the "3t Jpask ope lagptt lpgption; into the "at least one output.”
frequency- mul ti pl epadusile ¥d tif1e) hadrle S Ga\VBiRCuldipld Be lséipilts Giise this basiemedns e

to be i nterconnected i n the sane organi zatlo a r nﬁerrent ain[e%“
si ngl e- channd@td BRsipdcRreducing, guagy AR A0 ‘Eﬂfﬂ Eﬂﬁp ‘ft%ﬁ'alds o

t he i ndi vuduaéq@mamaﬁkamre&mgmﬁommumtduntmmm S

usmgasmgle,s ti

basi ¢ physi c TR %‘ﬁ“‘%ﬁ@‘&ﬁ‘éﬂ‘&“ﬂf‘?“‘ﬁﬁ“’e’x. ngi TS gase{q *I rs

denonst r at edmgtdmetsmerlmndmﬂy bethe mwhemmgmmw Wal
lines was pa Qiémﬁg nﬁ%ﬁﬁéffééeﬁf %ﬁ' R buipiCiodaiehs of the Bhiige 2
prism The etalon pre(s)cf onposite multri- reqetﬁency i nterference

i mage. Subseqmmmy separation by the pr| sm separated the conposite

| mage i nt gypa TRE kmpflificdial foktidh @dn HePerrns chit@l using the bisici ihgarion dy:
each wavel ength. Wien the input slit was de 25 very n Lrow.  Sie

portions of each {PPSiHAgES e rﬁézg "m%m%m pid fiest
process is used t(iadﬁsexeﬁwm&uwahqstdﬁlmmm the rel ative wavel engt hs

of several spectr al descri E“gﬂ“ ; Elpi is provided in
many basic opt% CSWSP‘H% & un ar?gn a sﬁ’o? trcs by FranC|s A

Jenki ns and Mrvewmmmmmmmlwmmmw

descriptiog &QR%MMM Snod@RE third Bdam et aBdl the CoHBtar Fws UT €S
of its operatlon %ﬁﬁeat go eyong&ﬁl% topli ¢ under discssion and that
wer e apparenb¢amr$bt di scussed or understood by t he authors. These

features have nevQimprifi@iciiéh dief B8 perfolnit@'oh @kjCsde ohiie chatielsdgl properiyamodaladngtheon

Fact ©hat t hoREpas R M Qe 254 Frarnt sy 305 » Cphnn il lpd Bt Endlt et |

t he etal on, #diehatchandent ed |mages experienced no distortion because of the

presence g interf n%%ﬂ% %‘p at
any chang 9 { hat @ﬁ?“@%ﬁ%&%% wavel ength wou not iai’?#“ect t he
i mages produdmmmmmmmmmm&ommormp the APRRPTINE SO not ed
that etal ons;haya.Q W’kﬁ Bdcrion'dedidel € PHOt ONI C tran5| stors that
require two or mor e %uts at Che varlous conbi, nat i Qns. of . ut
signal s can be uséﬁmﬁﬂr%ﬁ&mmmmm with digial Information, thersby

* providing frequency-nmiltiplexed digital logic based on constructive and destructive interference within

35 said first interference image at said at least one wavelength. '

Likewise with the other channels, thesecondandfonnhbeamsetsaremod\ﬂawdwxmd:gml
inﬁomauomﬁmbypmu&ngsmdﬁeqmy—mﬂnphxedmmbgwbasedmmnwmd
destructive interference within said at least one other interference image at said at least one other
wavelength simultaneously wimandindependemafsaid frequency-multiplexed logic based on



vari ous conbi nations of interference i mages, which can then be separated to ’

pr oducewpshgesy functions in the output. VO
PCT/ US95/ 16458 Pohbiiess |,

Combi ni ng the abili ty of frequency-nul ti pl exed beams to produce independent
but over!l appi ng interference inagdd with the functional activities of
photonic transistqrs has resulted_ in the present i nvention; i.e.,

f requencmmmmﬂﬁl?éﬂ? fiEsh inteferencn image Mcsaidhatlonst ens|
Si ngl e- f wacplengdy | nputs produce anplification, energy control, and |ogic by

deflnlngthel 5 beamre] ative to the ut Iocatlon(s) ~In the
present |nvent|o @Wﬁ@ﬁmmﬂﬁ?ﬁ% A3 interfergnce-pased | npyt |

| nf or mat fametionss mul t i pl exed into the individual channel s outside of the

i nvent ison. ﬁgﬁﬁqggmn entir ectru band
of the mul t i pl exed I nformatl ohﬁﬁgga%mus %@#ﬁﬁﬁ' f out put

after ha@i“mj“’-‘oeen separated from specific I ocatl ons chosen fromw t h| n the
i ndi vi dual i NirRY frédet HRntiol WeMEr providies fxe({nenc usidg thebefeddabe. S VVOT K
' a en? 3&9

on the OEI 8t Q al, ghotonl c transistor seened
that so shoul d be able to de5| gn the |nvent| on so as to -
accomodat e e prisestt invention Wed/Froeidkd EdGuendy

dpieRelE it ferthoe BRRH fanfeidbs,
acco [We) a ter consi derabl e effort and
st udgﬁ%@%ﬁ%%ié@? Wﬁﬁ?ﬂ&sﬁﬁ:@é&% onpl i sh frequency-nul ti pl exed
oper ation Theforegoing beasfits dDdie\preséne invelition iwill tearmcizaet thivbgh dakankifidion b ual

or oadbantt vt SeSui® hhe duiify bal mbdh'of ol Jihe sk A T " ¢

i ndi vi du™pch follg%.t er ence i mages are generally not |ocated at exactly the

sanme pl ace. The exact frequencies used for each channel nust
be chosen so that any internedi ate frequenci es that ~are produced by the
m xi ng of the input signals do not cross-talk into the other channel s.

Once properly selected, the interference i nages produced by the individual
frequencies 20 function separately from one another, even though they are

| ocated at the same general place, having out puts from commobn out put

| ocation(s) within the i mage conponent separator. ‘Each channe
of the frequency-nmultiplexed output behaves the sane as descri bed above for
t he si ngl e-frequency arrangenent, except that now many sinultaneous
operations occur within the sane optical arrangenent. As a result, the
present invention provides frequency-multiplexed |ogic, energy 25 beam
control, and anplification w thout denultiplexing the signals into separate
devi ces for processing. - Conbi ni ng the beam set concept from

hol ographi c i mages with frequency nuiti pl exi ng of . active functions
produces a conprehensive neans and net hod of perform ng
frequency-nultiplexed - -logic, anplification and energy beam contr ol
functions conprising the foll ow ng steps: 1. producing a first
frequency-nul tiplexed input including a first beam set having at | east one



30 beam of energy of at |east one wavel ength nodul ated with

encoded i nformation, and at |east . one second beam set havi ng at
| east one bWQPAPIZnergy of at |east one other wavel ength ~ PCT/USIS/16458
nodul ated with encoded i nformation; 2. produci ng a second

frequency-nul tipl exed input including a thijgd beam set having at |east one
third beam of energy of said at |east one wavel ength nodul atd wi th encoded

i nfornmation, and 35 ' BRIEF DESCRIFTIONCOF THEDRAWINGS havi ng at | east
one beam of enegy of said at |east one other wavel engt h

nodul ated wi th encoded i nformation; 3. producing a first

i nterference |nagéhmﬂuhmsqpuh¢MWﬁmwdmdmthmwdwbbmumsnﬂumuamdmhphhdaunmdnun
ot her &;ﬁﬁge imge wth said second and fourth beam sets,
and 4. separatlng energy fromat |east one location within said
first inteference image and at |east one WD 967/ 18967

| ocation within s d at her interference imge to provide at
| east one out put energy at said at |east one
wavel engt h, and sald at | east one ot her wavel engt h, wherein

said functions are.bgsed on the constuctive and destruciive interference at
said at | east %%gﬁgcmwﬁmmmﬂgﬁeiwﬁs‘g%We
present apil i cat i emitiplesdd ctergy behm contmbieruititifingdwioggmaptiesi nuousl y on or

coni nuously off, as such conditions are valid binary |ogic states.

The first and third beam sets, having the sanme wavel ength, constitute the
mni mum of two  Pleasssote shat the bogmaangles) sizes,AnA meoportious aref

PCT/ US95/ 16458 Fig. 2 is a spectral usln%vecmrstomustmeandaml yze the operation of the device &
Iegst one

image is sepamagedmh&ﬂagm¢nage conponent separ at or at the "at | east one
| ocation” to produce the "at |east one output."” 10 _ The second and
fourth beam set.s, having the other wavel ength, constitute.the. m ni mum of
two . inputs needed for another channel. Energy fromthe at |east one
other interference image at the ™at | east one ot her wavel ength"” is also

separated fromthe "at |east one |location” into the "at | east one output."
Qobvi ously, many nultiple channels having nmultiple beam set inputs can use
thi s basic neans and net hod, produci ng many out puts from many | ocati ons
within the nmultiple i mages produced. In fact, 15 very wi de portions of the
el ectromagneti c spectrum can be channelized so as to provide frequency-

mul ti pl exed functions containing many thousands of independent simnultaneous

functions. Such arrangenments are limted only by the engineer's ability
to organi ze, orient, and produce broadband optics capabl e of properly
aligning the many interference inages with the output |ocations of the

i mage conponent separators. 20 : The anplification function can
be perfornmed on a single channel using the basic invention by: 1.
positioning the first interference inage so that constructive interference

occurs within said first interference image at said at |east
one | ocation, and :



2. mai ntai ning said first beamset at a substantially constant above-zero
| evel , wo 96/18967 t hereby providing anplification at sa'&,g:rﬂ} g,e one

wavel ength by producing an output at said 25 at |east .one wavelrength having

energy fromboth the nodul ated third beam set and the constant first

beam set. Amplificatiaon cansthen be performed on any one of
the channel s by properly nbdul ating the SI nal.s for that channel,
and separating ener gyPE8 (MQBE@ ?H‘m ON[ ence i mage

for that channdig. 13¢a perspective ﬁg,gmt;ﬂ,eﬂ%for med

?Eeﬁ gggg%n%#l 3858? the |@ﬁut zwg{\&hdfwth d| ‘k"ha %rratl n and
i nt er f er efreqencyayliplesedinmo(tp) thgdwwwasﬂem red

: walrr;tlcg?\e ther%'%d pro%ﬁr equen&%ﬁfﬁp%géﬁq%&p tg?L

based on iglding afirmst 40t davingsanengy. of ap deast one-wivelength; and it ddast onegthes ghaginef | r st
i nterfer ehafhg ﬂ%‘”ﬂﬁ@hﬁ@bﬂoﬁh ) Tovidasle homlchamelswcmld Ipf\v se
wi th the other annels the second and foufth beam sets are nodulated with

digi tal 3w ey heam W%mm-di ng said frequency-nultipl exed

di gijt al : ogi ¢ Wmmnwmwwwmmm&gwwfﬁwﬁw thin
said a ast gne aother int rence i At said at | east one other

wavel etr%gtﬁegﬂw%ﬂ' é’&h \‘Xf mg%l’gﬁdent of said -

frequency- nul tms&ow&bqng\cymmpbxbddwm (11) also incié@esQpldcIfG 6f different wavelength

PCT/ U895/ 14
contructive an(fn%'edg%gr um/e .rﬁ‘é"‘f‘%‘r%ﬁ‘% V\'nhﬁsﬂmﬁwgvaef%| r‘h? lf%mf”ér’%%ﬁ‘e (
i mage at ealammmmemﬂmmummmwmesem

i nvention provm&e&mmmww&eﬂﬁhﬁ@&}m lek¥d itdat 18 Jeparatel

I nt erfgéence bas M‘ﬂ unct | ons., he present i nventyi on al so
provi d M M rﬁ'!ﬁ%%@ﬁgf“%%ference based

functi ons. mmmme)r&d (myﬁaﬁmmv&upﬁxﬁhemﬂ&wdﬂ&mn)m

The pr oo cub i BBl Ri a, (h frpdibld ) bl el ol s s ' "%

f r equency2¥hin Figp?.cand theiatleast mmmmmaas) is poduckd by the kecalidgd Benk ean
l'ogi ¢, argah bersCiddntifly as 3Y arkd ige3 Taah 3801 ng
becorre cl ea?er t ou

benefits of the present |nvent|on W gh an

exam ndt i@ GF) and COxaee showmas weesors inEig 3. pmmwmmmde( s)
for carr yemivis 2ifig. NEAIFRY 8/bedais each B cofdtiftindof multipld/fidfiink1eddfl!V.

The cross-hatching at (12) shows that portion of the first interference image that is to be
separated into the at least one output (17). Cross-hatching at (13) is that portion of the at least one other
interference image that is to be separated into the at least one output (17) also.

25 Thecmss-hamha(m)lsthewerlappmgamofmemmgesthambothmbesepmwd
- into the at least one output (17).

The image component separator (15), in this case, is a mask with an opening (14) in it. By
reasonofitsposiﬁom’ngandoriemaﬁonwiﬂuespecttotheimages.opening(lct)permitsenergyﬁ'om
the desired component parts of the images to pass through into output (17). |

30 Fig. 2 shows the spectral graphs of a more complex arrangement of the invention. Spectrums
(20), (21), and (22) represent frequency-muitiplexed inputs. Spectrum (23) is a frequency-multiplexed
Vectors of the various inputs and the output line up vertically. (Phase angles are not shown.)

For example, vectors (24), (25), and (26) represent the violet input. They combine to form a

35 violet interference image. The violet output separated is represented by vector (27). This constitutes the
violet channel. The same arrangement 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 red channel vectors (40), (4_1), (42), and (43), and, finally, the infrared channel vectors (44),
(45), (46), and (47). Obviously,ifoncweremusewhitechameﬁzedlight,ﬂlmwmﬂdbemnymre



WO 96/ 18967

PCT/ US95/ 16458 R . 15 .
BR| EF DESCRWO96189¢F THE DRAW NGS Fig. 1 is an ofCTAISPYIESS

vi ew showi ng how the el enentary frequency-nultiplexed energy beam
controller operates. 5 Fig..2 if,ha spectral graph using vectors
toillustrate and anal yze the operation of e device of Fi gures
| and 3. b@&(,gp aasruhﬁi fusedliGyv: 44 | ustrati ng operation
of one errbodl H of i o3 ﬁ{ d g

controller utilizi Me&uenﬁkg together, ﬁeq“myw' L em&@‘gﬁm

‘beam angl es, gyngis inpaf pecRi DK, Fbro ived brafX RQE sRitREh @0). ARqisacyamitigletal g

(I::,lch-/r IUthS;)];Lng ?)r %or%jsangmstam is like 12 96(/2})8%9;'13 1 is a ewo-input device, spectrum (22) is not

16 5 used BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON

or osent 1 nvent§ on. e S WS kol B Q8 %@%‘f‘%’%ﬁgﬁ% 2

(10) is superMM%@MhWﬁKM@bmmW

frequency- mul , ©4@Enindfl Sperkeds ]&dgpaﬁﬁﬂi‘ tﬁ?ﬁ@ie%&érs&ﬂn%hts
5 The Tirst frequenc nu | exed in |ncludes Iurg ty of
di fferent wavEFehigews fof MW&W ?%W%%&M

energy of ab |eastrgns m&lme&mleaada@endnﬁﬁngmanmﬁh@mcmmmmmbe
used to depict several types of input spectrums. The frequency-multiplexed inputs are (50), (51), (52),
and (53). Since one of the possible modulation combinations includes one in which all of the channels
are off except one, these inputs can also be monochromatic or quasi-monochromatic. A quasi-
~ monochromatic input usually has several close-by frequency lines that are all modulated with the same
15 information. ' |
One of the most convenient ways of implementing the present invention is with computer-
generated holograms. Holograms (54), (55), (56), and (57) can be individual holograms or
subhologram parts of a larger hologram. By tracing through one channel at a time, we can understand
how each channel operates independently, and then how it interrelates with the other channels in a
20 particular optical design. The first we will trace is the violet channel with output (27).
Energy of frequency-multiplexed input (50) matches spectrum (20) and is directed to hologram
(54). Each pixel, such as (60), (61), and (62), adjusts the phase, direction, and other properties of the
energy arriving at that pixel just as if the hologram at that location were a tiny set of optical elements.
~ These clements can be determined by a computer program and produce the proper inerference images.
25 The arrows from pixels (60), (61), and (62) constitute part of the beam set for the particular
chaml(wmlmg&)nﬁammmmmubeamsamdndesaﬂofmemrgyﬁomauof&e
pixels of hologram (54) as they transmit violet light,
Hologmm(ﬁ)mdeugnedmprmdeacmrdxmﬁmofpixd—siudopﬁcﬂdememssuchtha
_ meenergy&ommput(SO)lsduecwdtowatdmgeeomponemsepammm) There, a violet channel
30 image, image (73), is produced.
Mordermawomphshenergymmol.unpﬁﬁuﬁommdmmgic,uleasnwomm
needed. Frequency-mmitiplexed input (51), which matches spectrum (21), is directed by the pixel
elements, such as (66), (67), and (68) in hologram (55) 50 as to contribute their encrgy and modulation
patterns to image (73). The violet beam set from hologram (55) is all of the energy from all of the
35 violet-transmitting pixels of hologram (55), each transmitting pixel providing one beam to the beam set.
Since the violet chamnel of frequency-multiplexed input (51) is modulated as a whole, all of the little
violet beams coming from hologram (55) are also modulated with the same information (25). However,
the violet channel in frequency-multiplexed input (50) is modulated with different information (24),
which in turn causes all of the tiny violet beams of the violet beam set from hologram (54) to be



havi ng energy of at |east one other wavel engh. Qoviously, any additional

channel s woul d each have carrier wave beam sets at still other '
wavel eWg9648967 Because nul tipl e wavel engt hs REHUSSEE458 .
nodul at ed vvith t he sanme i nformation, it is said that 10 the first beam set
has energy of "at |east one wavel engt The second

frequency-nultiplexed input (11) also ‘includes a pI urality of diferent _
wavel enmﬂwm@mlm uding a thi.rd beam set having energy at the

sane wavel ength as t first beam set  abov a fourth_ beam set
~ having energgé P@HM&@ mﬂgm@gam%
Each freﬂmmxﬁmmlmmnmm),m(mcmfm &dqzmut is

B T o SRS

and ( BLYX73r oduces overlapping interference images (12) and (13). The

first interf. 05%5].@,3( cﬂp&@ﬂﬁ mnie '- m set s
identified as ;23% é%S I N FI %, ?Ssu?]e at Ieast oﬁgﬁot er

i nterfe ue\?d + e Wmm sets

I denti f Ioﬁw &5 M%)T&%fw third, and fourth
beam sets (2 20 an ar.e own vectors I n. Fj 2.
They are not MMM%@QM%W@ Eganed pitln ¢ 5
Fi g. D liechamel imspeh Pixel-sizod feflectond msy Wefused st pixell iecations! (76) dﬂe(?nlmapameand

mage. ¢ gt ey 8 i S0 ol 70/ Al e Yk olh o e e

Cr 0s's- hariyes at dpcationy (76))and gn.n&ichm Yyestor gim ofithe energy mlme(m mtreomes

(
i nt erfep ﬁﬂé&di}gﬁﬂ g?&nsl 0 9441 put
(17) al gg g ! Boﬁﬁl?ﬁgl(ﬁ& b%?ﬁ{ he ovef(%ia)pglﬁng alroea of
the two#s Hﬁﬁ&'&mﬂ%?r‘%mbmmm‘gﬁiw Meast one
out puss (17) Frequency-multiplexed inp@ lothkrQossibiOihputd datlchi S case,

or 1 ent aBT tod, HPvEL OpESaﬁs%«é#mm%w' i B!‘foaq;em{@ﬁ” °f5m€m§ﬁ%"s”k§5}' rom

t he des(ﬂ%dﬁ(ﬂﬁpo@hhspammbfmmmmpmoMugh into output (17).

30 rangenent
of the |nventlﬂn 'ggec r U : E (?g?; 2 ?3’555; ﬁéesen%%ﬂ‘r

f r equenciangel;| them thad jopes wpwmlm msw)'em &l eontain all of x e d

out PYp. thEREIPrledults BToNiBindiBh Wi hﬂi&e@&ﬁﬂeﬁ‘ﬁ&?ﬁ? plo@iReEBds each '
di fferent f.r.eq_u,enc chann | . Vectors of trhe various t'IronPUtS and t he

out put Peafesompinipg hpk (94) thrpwgh £37). Fhgse sombipation,
exanpl eyioléciniagy produce!the v(tﬁﬁs)mdn’u’ﬂldl Wmﬁmw@mmmey

conbi ne to forma 35 VI | rence i mage. The vi oI et output separated
S reprg?gﬁi m Pé’ﬁ'ﬂ'ﬁ?%mm es the ‘violet channel. The
same arrangemntwmmm«mmmwblm@zwmmw) _

gpgngelc anntza?)t %%%@%%%%Qﬁ;huﬁ%%wﬁe red cﬁ@nnelt e

vetors {mR8§(7S%.41), (42), and (43), and finally, the infrared channel :
vectors (44) In this case,/thore aré fede. inphid bmavﬁbau&lneque&y M Snpufd (09, Whi t e

gg??agggﬁgg%é%hmthere w&m%ﬁm mayormayvgt %1&9&7 light.

After all, oneofthcposm‘blepmdelemcouldbeamnow-bmdﬁlm&aaﬂowsoﬂyamnuw

30 range of channels through. However, all of those pixels that transmit biue light; such as (60) and (61),
constitute the blue beam set from frequency-muitiplexed input (50). Frequency-multiplexed inputs (51)
and(sz)alsohavemmmspecmuuebamsets,asshownuymmwsﬂompnels(ss),(67),
(68) and (69), (70), and (71) respectively. :

Aswxﬂnhevroletchmel theblnechannel:smdependenﬂymodtﬂmdmmmoded

35 mromanomhowwer,eachunymxdbmmwhmpmbumsaxsmpdlﬂmd_mththem :
information. As a result, the changing modulation patterns within the blue interference image (75)
change the CI and DI locations within the image, and the shape of the image and its relationship to the
other channel images is controlled by the positioging, orientation, and type of optical clements at each
pixel and the way they relate to the other optical element pixels within the ssme hologram and the

For '



17 i ndependent channel s than can be shown in a sinple illustraion.
Considering Fig. 1 and Fig. 2 togeter, frequency-nultiplexed input (10) has
a_ channel i »eai96/18967 dynani c i nput spectrum that, for a given PREUSAYICS

| i ke spectrum (20). Frequency-nul tiplexed input (11), for that sane
instant, is |ike spectrum(21). As Fig. 1 IE a two-input device, spectrum
(22) is not 5 used. Each chafhel represented by vectors
such as (24) ‘ﬁa}lm F?é'”b'ts own |nterference i mge (12) produced by
t he conmon "g%g op cs (not shown% and has s, out E,% 7%}, ara&med
from t hat eeving P 98 41 00 % e opent s G b ot by S
vectored Outlahmnéshﬁteadh CoutREHifel (7Y B 16%ted Wwithin the biug @mAge (75), rwhile sutbuw pixell (76)ds

b Toca Vot A W . A O PRGBS 55 e b e

il lustrati @n(T5)d0es dot. used to depict several types of input spectruns.

- The frequency-nul Ll'ép éﬁﬂ ? 8 Q?Q ,ﬂﬁgm{ﬁ%),mﬁl nce
. one of the possi bl F% ulat’i on coqr'rjgl na Qﬁ% ug‘g@foprltge 2| lns whi ch
" the channel s multiplexesrinputsf(§0) et be pad (éaemmsemmssmbalm@% (55), and (36) that

| ”Dnochronatlgmaam HN1R R dade; i(76) contribufE® RAGIPAOTBY 408 ol pixel (77)
usual Iy has evergféa‘a ose- y frequency ggg(t hat are all nodul at ed W th
the sane 15 F’?FFGP#mtmn One of the nost convenient ways of

I mpl ement i199 the tphenOmenohlt A 2 result, the cmamel intaged tend to be

gel ograrrgubh yﬁ%@%ﬁﬁgﬂé gﬁlﬂglﬁwyp?’?ac%&%ﬁoug Q{m

channel at anbtl W pixetoptiaal elmehumtatechblem maltmtbamhge@hmm Wat

ipg?telpgﬂﬁgpt lo‘?"’g"ﬂp%ngl g “t’rﬁﬁﬁ{&W‘f’W ISt e Vi oI et channew

wi th out put Q‘@)letothewtpntptxels Whﬂmgil%imwﬁeﬁhai@y%m“pm&‘ thess SRS 0)

mat ches spgc ghised dthel Pdridbtedy Bf the endrfpy’at eack aficigylNepablting pixel
such as (60), and adi usts the phase, di rect?ygah and ot her
properties off® M ing at that pixel just as if. the hol ogram
at that |ocation \ngr wm&ﬁm@mhﬁdpﬁﬂtmw,aw@hmoa&mw&hbm

Cnges, o5 Uelihe ShadieSl Pt il o) MW@W{"&?&%“ ot

part of the iterchy desdrmin the toprimab anrangement-of pixel opti¢scneeded withim the

pi Xl 3 of ”lﬁo%%ﬂé]‘ %&W?‘hﬁéﬁ raﬂ’?"‘? " OW?*%W“W‘” b Sme

Hol ogr am ( 54 ynethad, (peoshcing-the pcpUtERRS; on of pi xel -sized optical

el ements such t hatanoer duipét sﬁm idithtbe §-pliiell ©pdaidgs (79))460Y) andt8IFin

conponent separator 72 here a Vi 0 et ha ne 30 | e _ i.m 3 |s
produced. (i lgﬁ%& q’“&h&h

amplificati oaummdi asdtowtnem mtewnorrapamnpm(%).thcsemdssmacwaﬂy

Frequency: WW@{%%W‘?%W@W%% @g}ﬂ |

as to contrlmleeSncltmml

The violet bga g)o@e&nﬁammh?gﬁp?} s(;;geoaﬂe‘r 8gf the
35 violet-tranSm'tti | Xe gram§55) each t Gfﬁgttlr%gﬁh&l&e'
provi di ng one beamm emmmom 1"5'{"1’

frequency- Wbﬁysiehenmofw%mmlmhﬁ 66,2 Thetonlyhred] timitstion a9éo the wamibértof | €

:/lmeloretmhlegﬁs com ntilq‘sfromlmci)mmg,rgﬁ s g are al so rparul at ed V\%thmﬁ{l}refgﬁxeﬂw
i nput (50) lafmmltmmmlommmmwmmmmturn
causes al | Oty albietda 2o e Bt Yo Ven, R e, o i 3 6" 2
' mmﬁcmredusmgacommonsetofopﬁcsorholognms including computer-generated holograms.
_ Whﬂemefoxegmngdmnpnomofmepmemmvemmhawmsclosedspemﬁccommnom,
35 means, and methods of accomplishing the present invention, and because specific improvements and
‘modifications will become readilly apparent to those skilled in the art of computers and optical devices and
the like, 1t1sapphcantsmentnottobehm1tedbyanyofthefoxegomgdescnpuons but only by the
claims which follow.
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i nput (52) is nodulated with i nf ormation(22), and is directed by
hol ogam (56) with exanple pixels (69), (20), and (71). The three nodul ation
patterns from frequency- mul tipl exed i nputs(50), (51), and (52) are: '
then conbined to produce a dynamic int GEABM8nce image 5 (73).

| mage (73wHaCiePhina€s: C' and DI conponents that change position as the input
anpl i tudes and phases for that violet wavelength change. As a result,
the energy of that wavel ength-changes depending on the instantaneous

i nput vecﬂoAm&BdlbﬁpeﬂaﬁﬁngﬁhaMyZﬂr Togic)aiplificatiod, AR nefgy BEH Gntrol functions
The fungt I"%?‘ﬂ'gﬁ&ig’r nmed al so depend on the location(s) fromwhich energy is
separat eéd "W hnel image. Pixel-sized reflectors may be used

at pixel |ocations Mmmmmmammmﬁmam a

common out PUt  LleBegin 9’{"9@9 !'9‘9@“?! g!ms Wi Gl ? ozner gy
whi ch - arrives at 1o a?f%%’t% an which Ts ‘ﬂ'é E ®um of

t he ener gy wi t Froendibeamyset haying at least ong beansof energy ¢frapleast precpthen wyvelength mpdubated d
~inputs (50), ( oiul infodddstion,>2) as arranged . by hol oganms (54), (55), and (56).
As a rﬁﬁult output (78) is the conpl etely cal cul able result of the
frequenty-nul ti pl exM second, fgequency-multiplexed ingutipciuding, 4 third;bease sot bpving at leass 3)
is an exanpl e akmomﬁmuahhmmwm@mmmwm and R9essctiAe d.

ol emont s (63) | D b %?ﬁﬁ%"k el 8t WL oy oot g el o' noug

channel s |i ke mbdylated hwith If any of the frequency-mul tipl exed
i nputs (50) through{,,(,‘ﬁ%)‘IF ﬁ”“ﬁ"'@% Hhird

that input will contribule to at cha nems vvaveggn ou%&af&e“’@&‘)ﬁ
will cdhtain ather gperisrenqeimage with spid secondpod foyrth m'l&tlon Wi t h what over

conpl ex imaging arr m aw%wwﬁm@mmam&ﬂpmﬂrm
T esg CO Igay.‘t

(54) through (5 | vectors sel ect.ed fromthe conplex
viol et i mage. p‘? ?ﬂ?‘ WEWM(%P‘B&%{! lagt om ouimve

that are prefdmmdmmyhhﬂdamomaéngmﬂwmmwmmph of the

gigrenral g?atnﬂgl EI ue. c anneﬁmdvm 1 nst%%an%ﬁ%@#%@%% sf“g

and (3% whi cHeastameldpsttionout put vector (31) at at |east one |ocation V\Athl n
the bl ue 2, The inVeaBéh df chRim 1: I'n this case, there are three inputs
havi ng a bl ue conponent: frequency- nultlplexed i nputs (50), .(51), and
(52). The sanme pi xeé¥*®f%rents that direct violet |ight may or may not

direct the blue |i ghstructive infferiice dbdurs 2D AR £ leadt BB BAGH Wiin Rid<Srkt iREEIRE S

- could be a narrovg/-b nd filter that allows only a narrow 30 range of
channel s throdﬂ?ﬁ wever, all of those pixels that transmt bl ue Ilght
such a® (60). and ( Gécluding: constitute the blue beam set from

frequency-nul ti pl ew&}d )Il [LE GRS%a Em (51) and
(52) also have their respective %eam se s; as shom%gvm‘fi‘e arrows from
pi xel s (66), (67), medmgamphﬁuuonatmdaleastomwavelengm. '

3. The invention of claim 1:

wherein: :
30 | saidmfomaﬁonwiﬂxwhichsaidﬁrst_lthﬁirdbmsgtsmmdlﬂaedisdiginl
theteby providing ﬁequency-mnluplaed dlgml logzc based on oonstmmve and
dmucnvemr&rmemﬂnnsudﬁmmrfetememgeasudalustmwavehngm
_ 4Themvennonofclalm3
35 wherein: S o . :
mmmmmmm_mmwmmﬁﬁm
information, |
thereby pmdmgmdfrequency—mﬂnplaeddlgmlloglcbasedonconsmuvemd
destructive interference within said at least one other interference image at said at least one other



(68) and (69), (70), and i'71) respectively E ' As with the violet

channel, the bl ue cha Mu "ﬂ"lmﬂﬂtﬂmrtly modul at ed wi th encoded 35
i nfor rrat I Owo dsasserer , beam i n each i nput beaPCHESIS 16458

nmodul ted with the sane hfolnetidn As a result, the changi ng nodul ation
patterns within the blue mterference |mag§ (75) . change the CI and DI
| ocations within the image and the shape } the I mge and its reI ationship

to the ot her ch {nE%Lﬂcﬁﬂ Plaid fuddysmbitipiBied theic
orientation, and pe o op Ica e*herrent at gach pI xelﬂglnd the Waéﬁ]
they relate to t onsgudiue andidestrgetive intesiomsnpe Withinsid figst foprriFreRen 4mags

and t he VO 96, g,@&G?
~ PCT/ US95/ 16458
19 - i made Thesigysationaf cliohbir at or . Qut put - separ ating pi xel s

. (76) and (s77) need to vaRremonsi dered. As can be seen by follow ng the

- outlines for each inmage, O ut el FAREI S !9@2 F‘Ei'm'{‘ 8 l.mage
(75), - whil e output pi%é'fi #ﬁ? s"&"l>|$ ﬁ‘(‘)‘tnf)v(\’nmtwn Ie’ ue imlrrtglgtes;hTus,

out put pixel (77)imagesitand butes to the blue output at (78), but output pixel

5 (76) does not. . The red channel-, as shown by vectors (40),
(41), and (42) of Fi gmémﬁgs | nput on frequency . .multiplexe

(50), (51), and (52), presessing separatpd enersy usiugatleas oue E*@ﬁtﬁ&*ﬁ?m‘?%f
and (56) fohat  jodafidhe P e %ﬁﬁémﬂmmammwwmwm

(76) contributes to out BUt (78) and out put pixel (77) - does not. 10

Interference is ependent phenonenon. As a result, the channel

i mages tend&ﬁﬁﬁwymﬁﬁﬁ&bﬁbfﬁeﬁdhuﬁeamrmmimmmgzeach other. This neans

that parts of the im verlap _and ? of ale Qi havirg 4t 1635066
optical elenents that %WWM |mage corrponent separ at or

(72) are stati onmofmcammwmmmmw @tjeast one second

cont i butgd to oupy ,f@a? Rast DRLARr & Rbithied with
relative to the o p%ﬁ zﬁ% g\%at part of taﬂe I mages, CI, DI or in
bet ween, appear anfomm out put 15 | ocations, and how the phase, direction,

and ot her paraneters Qf sedold® frifustic mwwmmmmamm

treated by the output_pixel optlcs | mpges
produced by an arbeafofsmergy ofspid W%M"%%@} m&m@
determ ne what owtwseemmwmmmenﬁmﬂmmmmﬂmwem

patterns wthin ea channel a t hereby determ ne the opti nal
ar r angeng of pi?@fq"ﬁ‘g r&bg&oﬁ'@&?&d wi thin the hologramin order to produce

20 an optimal set of dmmehnmﬁgm“d@m »@nd fourthbeam 5613, 0| as to
el enents can be P Gl erdnbl i With said 9P bfdQkrd $06c 46 1aitar 1032 OBkt €0
frequency-mul i pl exe outputs Anot her out put exanple is shown

by the three st r dtesfreses impgevighsaid swpuland fourth by sescd * og (81) i n
| mge_ conponent SCPAr dinife chupobent g ko paeivg ey homasiesn o lecaiduarig

T or atBout put HAEF merye s a5 pe S oY iy e i e et 1 7€
mm&rememgempmdealuaoneoutpmhavmgemrgyasmdaleastonewwdmgmm
said at least one other wavelength.

7. The invention of claim 6:

wherein:

30 said directing means is positioned and oriented so that constructive interference occurs at

said at least one location within said first interference image, and

including:
means for maintaining said first beam set at a substantially constant above-zero level,
thereby providing amplification at said at least one wavelength.

35 8. The invention of claim 6:
wherein:
said information with which said first and third beam sets are modulated is digital
thereby providing frequency-multiplexed digital logic based on constructive and



25 include opt| cal rd| nating the energy separated from each :'
| ocat i o igé‘.,c Iﬂﬂm h (82). Such optical elenents can
i ncl ude ens ers filters, or any SERESI¥MRal

el ment or group of optical el enents that are positioned and oriented so
as to direct energy into output (82). 2 In practicing the
present invention, any nunber of frequency-nultiplexed inputs within the
physical lim twﬂmmwmenmmsm&ﬁmmreal

lim tati oy T8 idv@uib'6r ciige’ ©f 30 channels that can be included is the
bandpass characteristics of the optics used. As a resut, a great number

of energy beam contW’éﬂ"marrpl ification, and |l ogic functions can be

acconpl i shed on t hessidHiformiBén With which $aidS6Hdad G -Foith tbeda QKA thodbiated RigicaP Ut
and output bea As a result, the present invention can be

manuf act ur ed Jgﬁﬁﬁ"’?‘comn set of optics or hol ograns,- including

conput er - gener at ed thertbygraviding said ﬁequmy-mﬂnpléf&i&ﬁnlhﬁcbﬁmmsm ptions

of the presentglavend wgﬂ ng f| cons.truc neans,
and net hods of acconplis |ng 'ﬁh present |§t\§éern 6&6‘5{’3& 7‘%‘
i nprovement s gtpyelength sipgipariepuskytwi mmmmm&mmmmwmose

skilled in theomrhctivf add &Mﬂ‘g g%e.é?m ohek i's
applicgnt's intent not to be Imted by any ?t e oreg(?ng&éescrlp i ons,

but onftly by t [f@velengthe| i g which fol | ow. WO 96/ 18967

PCT/ U895/10.6m68nvennon of claim 6:

20 - CLA I\/B What
is clained is: Whml A nmet hod of perform ng frequency-nultipl exed

| ogic, anplifi catl ewid atcieust ane outpyt idweicemfromi plurhlity 0 10dations Wwithin Sai€ ibepedetideNg ¢ he
followng ste producing a first

and
frequency-nul ti pl exed i nput including a first beam set having at |east
one bedam of energym Ieast one wavel engt h. nodul ated ‘wi t'h i nformation,

and at |east one processing means %ﬁ':trgahgiﬁk g@ﬁﬂ %Euﬁfam of
energy of at “fgg}wdnem&x h‘efr vvavel engtBh npdul at’e et o
i nformati on; aesedinggs epergy. from gach ot Ridnlglitnof t i pl exed

i nput i ncl udi hgatians dsiirisl difseed infocdaid a8 1ehsh gnecdutpa S t one beam of

energy of said at |east one wavel ength nmodul ated with i nformation, and at

| east one ' fourth beam set having at | east one beam of energy

of said at |east one other wavel ength modul ated with
~information; - producing a first interference inage

with said first and third beam sets,and at | east one 15 ot her

i-nterference, image with said second and fourth beam sets, and
separating energy fromat |east one location within said first interference
i mge and from '



at" | east one location within said at |east one otheir interference inmage to

provi de at | east one out put havi ng energy at said at |east one
wavel engt h wode/ssderl at | east one ot her wavel engt h, PCT/US95/16458
wherein said f.unctions are based on the constructive and destructive
interference at said at 20 |l east one location. - 2. The
invention of claim1: /2 Wherein:

constructive interference occurs at said at | eas one location within said
first interference i mge, and 25 i ncl udi ng:
mai ntaining said first beamset at a substantially constant above-zero

| evel , - thereby provi dlrﬂarrpllflca'ré on at said at

| east one wavel engt h. 3. The invention claiml1: _

wherein: 30 said informatjfon, with wfich said first and
third beam sets are nodul ated is digital “" ynformation

t hereby providing frequency- nultlplexed difd j onstructive

based 0[]
and destructve inteLfe+en Te mn i@\l er ence
i mge at said at I_gsL—ene‘ﬁhvelengrgy/ laim3: 35

Y-
wher ei n: RRARY 3 gdetecond and
.quLa ’/,dlglt-h- AM”V Ne#OT mat i on,
queacy- nul ti pl | | o c based on

fourth beam setfs

t her eby provi di

constructive ants> destructlv.l n erfeq cCO W tNin said a | east
one ot her intergere v iage at said at |lleast one pthey, 16 WO 96/ 18967
PCT/ US95/ 16458 =~ _ | { 21
wavel engt h si

' Wi\ndea}ndent oft aid  §
frequency-nul ti pl'exed.0gi c base Qustructive and

destructive interference Wehig_sai d T+ tCTnlerﬂ= ernct, i nage at said at

| east one wavel engt hT™ 5. N\ MrydhtionNf claimi1: 5
wher ei n: said at |east xfSagll put is¥taken froma
plurality of locations within said interferencs 1 i mages, and

i ncl udi ng: processi ng separaged energy using at |east

one optical elenent at each of said plurality of

Fig. 1
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10 | ocations so as to coordi nate energy fromeach of said plurality
of locations as it is directed into said at | east one out put.

6.y A frequewO9eM8d67 pl exer for use with wave-type energy, conPCT/E$95(16458

a first frequency-nultiplexed input neans including a first beam set having

at | east one beam of energR/®df at | east one wavel ength

nodul ated wth information, and at | east one second 15 ' beam set
havi ng at | east one beam of energy of at geast one ot her wavel engt h

nodul ated with : information; ey a second
frequency-nul tipl exed i nput neans includigg a third beam set having at

| east one beam of energy of ;Raid at | east one wavel ength

nodul ated with information, and at | eastgdne fourth beam set
having at | east one beam of energy of s at | east _pne ot her wavel ength 20
modul ated with information; N wdi ReCting neans for

Yeam sets so as to
and third beam sets, and

directing said first, second, third
produce a first interference inmage
at | east one other © | ntEer
fourth beam sets, and ~
for separating energy from at ¢ n 25 said first
interference i mage and from af™ ‘ ithin said at | east one
ot her _ interference i nagé ™= | east one out put having
energy at said at |east one way, said at | east one

= B&

pnent separating neans

ot her wavel engt h. 7. The inwenti g 6:

wherein: 30 " sai ns is positioq€d and
oriented so that constructive intdésfer \§ at ., sSaid at
| east one location within said first jimerfer enci mage, and

i ncl udi ng: . : mean r i nt ai ng sai d fiE beam set
at -a substantially constant above-ze t her eby

providing anplification at said at | .’ wavel ”'\: 35 8. The
i nvention of claim6: i

said infornmation with which said firgt] an ets are nodul ated is

di gi tal - information, Nt hereby providing
frequency-nul tiplexed digital |ogic onstructive and WO
96/ 18967 f 58

22 destructive interfergncg W said first interference

i mge .at said at |east one wavel eng e invention of claim8:

' ©
all \\, "
B :o': m‘oh
© fo |9 | 'R N
| \ i
NLIR
; 8 |"3=* 8\ \ '8
| 18 131




wher ei n: sai d infor nat?b%%%?ﬁ?h sai d (ElPoe
fourth beams e nodul a§, IMF | Ln f or mat | MR
ther eby provi mial d frequg'ﬁ'gy o o w?ﬁ??%“?ogl c based on
const r UGNTERNATYONAL APPUCAnor\dwtmnED\tmnm THE PATERE OUOPERATION TREAT®ABET)

one pth It er et CE_T [T at—sarfatTteast—onme-ottreT
wave SJE 'P?H;T"& M‘i‘ *™wi't h and ndeﬁé‘h&%ﬁ’i‘!’“ﬂ?’ Rubljcption Number: WO 96/18967
frequen@ﬂﬁﬁﬂm,&@'ew ogi ¢ based 01A1 @ m“mﬂgmmmt;ouﬁéve aNg) June 1996 (20.06.96)

desttuctive interference within sai arence |

| eas} zﬁ Dermaional Appumﬁonvi@um‘%erengt hrOcTn.{sw'anst Tﬁwg&&w AR A A%L &G, BR, BY, CA, CH,

wher g ? dB) GEAHU, IS, IP, KB,
pl ur p(zz)umrﬂmoﬂannmglmas vmlubeeantsmgds (141295 fl er enKG, KP, KR, KZ, LK LR w L\a

i ncl udi ng: processi ng neansM‘iVF&”" E 1, SK.
ener 9(}‘0 ?ﬁ | east one optical el emrent CH, DE,ﬁS% MC f;{ ?,f:
plurg %3327 cat | ONf% DRQmES 19916294 WBY e eness)pabrpaE: BFOH, CF, caanctm GA, GN, ML,

pl urfl i ty ossfs4070 30 Maj (B9R(30.0695) as | WSi[s di (MR INBCISN, AD.OTG, AREPOeaterit GKEBs LS, Y6 SD,
out put . . 5z, UG. :

{71)X(72) Applicant and Inventor: HAIT, John, N. [US/US]; P.O.
Box 4694, Missoula, MT 59806 (US). Published
: With international search report.
Before the expiration of the time limit for amending the
" claims and to be republished in the event of the receipt of
amendments.

(54) Title: FREQUENCY-MULTIPLEXED LOGIC, AMPLIFICATION, AND ENERGY BEAM CONTROL USING INTERFERENCE

(57) Abstract

A means and method are disclosed for performing frequency-multxplexed logic, amplification, and energy beam control functions on
individual channels simultaneously within a single device by using a plurality of frequency-multiplexed inputs (10, 11), each having beam
sets of matching channel frequencies. A set of interference images (12, 13), one for each channel, are simultaneously produced, and energy
from the images is separated to produce a frequency-multiplexed output (17). The individual functions performed on individual channels
are the result of constructive and destructive interference within each channel’s image.




