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conprises a neans and nmethod of providing either a phase-nodul ated, or

-anp| i tude- nodul at ed out put. from anplitude-nodul ated i nputs. It provides the
NAND; AND and OR functions by properly delecting the binary input |evels of
a sjngle arrangenment. 5 Concernijng the AND and the OR, it overcones
thel]limtations of the prior art by pro{iding a neans and met hod of
produci ng | ogi cal conponents that have gnplitude-nodul ated i nputs, but
phake- nodul at ed outputs. By providi ng ghase-nodul at ed outputs rather than
t he} anpl i t ude- nodul at ed out puts

(57) Abstract

: An apparatus and
method is  disclosed
for providing at least
one phase-modulated
output from at least one
amplitude-modulated

input, which is used to
produce logical AND
and OR functions having

(54) Title: AMPLITUDE TO PHASE CONVERSION LOGIC USING INTERFERENCE

phase-modulated outputs.
A constant level bias
beam set (5) of at least
one wavelength of any
wave-type  energy  is
superimposed on at least
one modulated input beam
set (3, 4) having an energy

sum out of phase with the
bias beam set at at least
one location (7). Energy
in the resulting interference
image (8) is separated from
said at least one location to
produce at least one output
(9). Input levels determine
the function performed.

also used to produce the NAND function.

When the input energy sum is greater than the bias beam set, the output changes phase. When they are equal, the output is zero, which is




of the prior art, multi-input ANDs and ORs can be provided. The

phase- nodul at ed out puts can be further processed by other conponents. 10
The out put phase of the AND and OR switches by 180 degrees to_indi t he
bi nary st&‘f(g%”é‘gfﬂ ting fromthe particular |ogic function. wﬂgﬁéiétsfs t he
"of f" phase, and the opposite phase is the "on" phase, regardl ess of the
anplitude. This nmeans and nethod provides;information in the output signals
which indicates the results of the logic action that has been perforned,
whil e al | owi ng ot her Ag#FIRDEEITo Phabe Corackrsion bogicildsioglbterfetencet ages by
renmovi ng any nodul ati on conponent that may be detrinental to the operation
of a succeedi ng stage. The present invention can be acconplished using any
wave-type energy that produces int FECENGGAB FIERR| udi ng acousti cal waves,

moving particleway . £ gﬁlﬂgﬁ ' i&EQtich SRt SRl such as th
consi stency andftjﬂg %?eg&@r}gtggllr?ll&%{fgo t églng?%% osur e?ﬂng)p?élag(l:a, tgr m'sunofsogey

wi || be $s NANDHAND.Gngh ORs wramplimdestaphase conugsterse usingveryPhbeps: inclndivg' s t ype

i nter f er enge. L GORKERIe Ausrct Wabds Chnl Michink phelilest YPE Of interferometer,) and
t he "speci %Fecl nt r%‘er ence’ gscri lged in IG.EE. application no. 08/ 357460.

Hol ograns produce interference images frommnultiple beans or sets of beans.
Si nce hol ograns and, in particul ar BACRGROUND @RTer at ed hol ograns, are a
conveni ent way qf |nplenentin e present .invention, inputs to t.he .

i nvention are irM%H’g Pt B‘éérf&%%?%%ﬂmsﬁ%g‘?w@f'%ﬁ S PR ner e
a 25 si ngl d Besinterfeiéics betveeen! mbdulded ad i armodalargd input deams of wawesyre endrgyndhe o
produce an nterference.image.or fri X@ﬁﬂ' j b3 r
sets of in;g‘llﬂm%gﬁém? hntﬁggfo%éuf%vggﬁq son %mggf%geungee&v rious l?n%a{e)#?@#e)nce
i mage pat t @pmponern sdparaket, swchias e maskewhich ismsed 10 Tparath enctay fromoan ieash 98F (PEIPPRSEF Of

the pr esem,e'dg,\{ggltoi"]ggatil&gtlouggﬁplm,g_m?@h,{@%&qhsteps: 1. A bias beamset is
t

provi ded havi ng east one beam of enerqgy having at |east one wavel ength,
- 30 mai ntTRRyReETprovides sevasal Joglc clgmepis.acluding # wp-inpay OR.an EXCLUSIVEQR; ¢y,
of ijnpUtllstﬁ'iHv&ﬁ:Tr &ﬁh@ﬁ?ﬁﬁé{i\aﬂ%ﬁﬁn@ﬁfdﬂnﬁw ' i touip&asAbsam&oigmmf ?rEiirer gy of
said at |east one wavel ength, in phase. each ot and out.o ase
with the bites iFRopaISiagic e‘e‘g“é'ﬁ' leﬁg‘a?ﬂﬁgﬁ“t%ag‘iegﬁ'@ g@Pnb“q 2 Sifhinl G,

anpl i t ude- ARy itk & cheatls kil Hetivd lof plotuicing Fraikdfd Pupmdrdnediése Ginativnener gy sum 35

3. The beam sets _are superinposed f0o DroO | nt "

i nput beam setse[é‘ﬁﬁ"%e'tﬁ’? the PO AR g’éé asaﬁ'sa?a?%g'éds’? Zgé\féﬁ@(r:ﬁaﬁfgﬁ& % r}_gﬁd

i mage conpehentongeeréranteomeanssin psletiotaccosiplish thet ANIR fiaetipy, Wheomas thi pregent JIeeaEen one
locat i onyf QUséd rlﬂ?éﬁegﬁce‘% ac!c&aﬁirsh mepr&ps@.s?éngﬁgéélnﬁttﬁ&i&%WNAND or a multi-input OR.




Because all of the input beam sets are in phase with each other but-out of
phase with the bias WO 96/ 18966

PCT/ USO5N@ G186 beam set, the out put phase will depend onPclasasrd4s? ude of
the energy sumas conpared to the anplitude of the bias beam set. Wen the
energy sumof the plurality of input begg sets is greater than the
anplitude of the bias beam set, the pha of the output will be opposite
that of the bias beam set. ]@@# bi as beam set is

| arger than the energy sum o Vﬁﬁbhe plurality of |nputﬁ beam 5 sets, the

out put wi || be Tha prsseasiaveptionomprisesy meanhind methed of ppvidipgrithers ripse-modulasesk otl at
the at |e&§bhtﬁd‘éﬁnddﬁl§t€<i bl WOR aipiRGdRahcdlibedlinfts. TfpRovidel @E NANG) QD SRTR

occurs. |If Omi%/ one of the plurality of |nPut beam sets is used as the
anpl i t ude-TASHAE BY B’Bpﬁﬂﬁﬁﬂfc““& the bigary b‘l?t“ Igye}s|of  singls areangement | at ed when t he
anpl i t udes of tdbﬁcehm%&hd)mmme endnbbeacoﬁ:mgé metaﬂﬁdstof e privsd byPrdvidinpta

equal . If that I.cul ar eam set ed bi n
oot | SR Bl o b SRR el A B o b s 1 o
the anpl i meddataf cutgus. eruhd:hgaphzssnddplammqmmmernmweahm&udmhqmmed\mtbumave

it | at ed.
Thi o s bor e BR6H i kbl RROE S org il perotoet e B Shilleg BUBRE e ©) O
are equal ﬁifﬁefeﬂmwﬁh!@msmommpom te phase. To produce a | ogical AND
havi ng fpi nary Qﬁpbd:ﬁdﬂ?ﬁﬁéga?%ﬂﬁﬁgnd OR WikndbY 180 KPR MHARKE fHe Bfhary2aRUL PUT,

the pluralit I npu m-sets _function aS AND i nputs. The substantially

const ant FeSYERe fm the, partiqulse logic fupciqny Ope;phagetis the %FIPBVE:I“‘?H‘&PPM'CIP@SSSI%%n t he
ener gy summfphisheegm&gamta&pu{e]w all of the AND | nputs are on, and greater‘
t han t he ener gy, sum of ND i s _when t he AND inputs
are on. As a ré.glﬁ em%'ffﬁ\;? “‘(‘;\ﬁp‘l"* orfpuon i ¢ E%%" ﬁ“‘&f"f‘“’sé\‘gl 'Fﬂ‘SEAND

I nputs aref thnlograladxomthathebah iperforpdia sile/diiowing mherabmpnnem tofbe 'ushe totibierfacaput s i s
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e p ur el ty of
I nput bea%@é@@%ﬁctlon as OR Inputs The substantlal |y constant |evel of

the bias beam ?ﬁéprés@m%oﬁ&n%eb@c\ﬁ%gﬁ%n%&y'ﬁ&wﬁ@%g& fbfEdy sum of
|

the OR in uts when only one of the nputs i s on reater t han zero.
As a resulnerference. inciuding;acqpsical ‘ﬁ’é"'sofmﬁ%ﬂb‘rf&s‘@"%h ‘%?F"q ic WaEs &er he OR
i nput s |5samofoaﬁhthemfy dhhl&ndaﬁﬂﬁﬁibﬂl@ oph:asecwdneno;ﬁ:bdl tePhninbibgy IR bk GRYI Fhear e of f .

gISemen { Opresggt r}lﬁvrgﬁlg){l ”pu?e e\%ﬁl bo% oru(%gt .9 {ypecl%tn rence, 90%;[/4’:1}1"& mtegt];ren%p sz gpti cal

type of interferometer,) and the "special interference” described in U.S. application no. 08/357460.
Holograms produce interference images from multiple beams or sets of beams. Since holograms
and, in particular, computer-generated holograms, are a convenient way of impiementing the present
invemtion, inputs to the invention are in sets of beams that are modulated together as if they were a
25 single beam. This is done because many rays or beams combine to produce an interference image or
fringe when making a hologram. Groups or sets of input beams then function in unison to produce
various interference image patterns that determine the outputs.
The basic means and method of the present invention includes the following steps:
1. A bias beam set is provided having at least one beam of energy having at least one wavelength,
30 maintained at a substantially constant level.

2. A pluraiity of input beam sets are provided, each having at least one beam of energy of said at
least one wavelength, in phase with each other, and out of phase with the bias beam set. each
of the input beam sets being amplitude-modulated with binary information and having an
energy sum. '

35 3. The beam sets are superimposed to produce interference between the input beam sets and the
_ bias beam set at at least one location. _

4, An image component separator is used to separate energy from the at least one location to
provide at least one phase-modulated output.

Because all of the input beam sets are in phase with each other but out of phase with the bias



optical elenents, including masks and hol ograns that permt energy at the
at least one location to go into the at | east one output, while preventing
energy fromother parts of the interference inage frombeing a part of the
out put. ThWoe&IB9G6uncti on i s produced by carefully bal anci ngPCNE’SPﬂWG"

| evel s so that when all of the 30 plurality of input beam sets are on, the
energy sum bal ances the bias beam set so t?at the at | east one output is
off at a low level. And when at | east one of the plurality of input beam

sets is off m@ﬁh ;&gtoggh ﬁes%%,tiﬁ ﬁwandmnqﬁ%phi&u@& :he“énez%%&%kh' dompdrétto MAND has

an anplitude-no ted output, whereas the AND and the OR have |
phase- modul #malifuds of ghebias beam sete Nhen the gnepgy\sum of (e RIVGHItY A dppyt bepma sqipig grepterdhany
each | ogi ¢ glanplud¥Fene bidabeant LA RePhse IDth¥aMBt lgbdloppssitp tavdfdiRchias et sep! e,

si mul t aneou i ndependent |y operating. | ogic actions cap,be produced .w thin
a single des’y‘%.‘h" fi sqfé‘}étwgg?ﬁ Sﬁ'g‘gfffﬁegg’f“bgﬁgneﬁy SP‘HSPB'F%%%V °|¥hn\%'ntief‘%n
are di scusssaéls,itie dutpbe willhplid phadei veith dieobias(h8dn® &e¥., AlGhases ek avegsnred dt thdro st ood
which this lication.is a.continuation-ip-part. A selected portion of
that appli cg‘%?‘g’ﬁsw |rseS‘Fpérf’)“r'%l tf(cﬁ‘eedmf)em%\%é%%ec I'S a discussion of the
"principle of inplienlbemmef thepiwratity of input beam\$10i§ ised 96 e amplirude-modulated input, the
PCT/ US95/ 16 2ok et W] a3 Bt b e 4501 ek 3
%ﬁ%‘ét%gflﬂgg ssi on, H!:g’ﬁé :R@adﬁhhﬁe ; sg% i

reason, in-t I as™ beam set referred to above Is the

sane as t he aretmay e olf dhaepagicpiar inpys Geanhsst s snodyuedoijth bipagy tofsmatiop and the bi

are the smBerdds dnh@plitade GBI is bidPhdif of thi Bhlithde b inptiBoam Kot 2 phagnodhiapdlt S”

are used in the present application because th‘e% are Slhqrtt?arsé (t))qe“étﬁr sui ted

to and mor e “HBEH Bive pa amgplitgds anodplanon empopent, it will begomplewely phasgymoquiatef, FhIsfS | |,

appl i cat i on besause @i3/odipit, atiplude' vebrors S itk SF3he( Biltiry sijtes| atecatjiial dangrapllicudie but @f epposite a

speci al way fhat makes threshold detection possible. There are two types of

I nput beam &% to the summi ng | ocation(s). The first type are "trigger

i nputs", and t he Togpoming adogical ANDdsYing binary ampligideimeduiatedoigputs and ¥iphaseemedustey pes

are 10 45 oumpur, e plu.qf'alit}'%q)' ﬁ‘tm&tsgﬂﬁctigé ﬁpm Faptids.{ Fhe S@stntiali] Snstark Tbvél QFTRE €X
sone” o hes eans

arrangenents, "0 I nput ave special assignnents, and are
gi ven speci &las brameset is st pf adevel dhatiis legsthan thecenerey sugpefitae AR dnpprs spengllRfithgAND
energy inputs are on, and greater than the energy sum of the AND inputs when all but one of the AND inputs

are on. As a result, the output will be of one phase when all of the AND inputs are on, and of the

other phase when one or more of the AND inputs is off.

20 To produce a logical OR having multiple, binary, amplitude-modulated inputs and a phase-
modulated output, the plurality of input beam sets function as OR Inputs. The substantially constant
level of the bias beam set is held ai a level that is less than the energy sum of the OR inputs when only
one of the OR inputs is on, and greater than zero. As a result, the output will be of one phase when at
least one of the OR inputs is on, and of the opposite phase when all of the OR inputs are off.

25 The image component separator can be constructed of any optical element or combination of
optical elements, including masks and holograms that permjt energy at the at least one location to go
into the at least one output, while preventing energy from other parts of the interference image from
being a part of the output.

The NAND function is produced by carefully balancing the imput levels so that when all of the

30 plurality of input beam sets are on, the energy sum balances the bias beam set so that the at least one
output is off at a low level. And when at least one of the plurality of input beam sets is off, the output
goes to a higher level. As a result, the NAND has an amplitude-modulated output, whereas the AND
and the OR have phase-modulated outputs.

At least one wavelength of energy is required for each logic action. When more than one

35 wavelength is provided, multiple, simultaneous, independently operating logic actions can be produced
within a single device.

The basic operating principles of the present invention are discussed in U.S. application no.
08/357,460, referenced above, of which this application is a continuation-in-part. A sclected portion of
that applications is reproduced below which is a discussion of the "principle of input beam summing” as



that is in phase with one type or the other. 15 Under the
principle of superposition, the anplitudes of the superinposed beans add
al gebr ai cal | The sum of all trigger beans bal ances the s | |

t hr eshol WO ﬁ?’?‘él ling beams. The total algebraic sum of thﬁ&%@ﬁﬁ has
the interesting and useful quality of being in phase with the

t hreshol d-control | i ng beans whenever thg 20 sum of al |

t hreshol d-controlling beans is greater than the sumof all trigger beans.
That t ot ahsed in conjunctién wites threshiolddetetror. Forr tha ineabont; inaliis tisapksionndje DiasHbeamtsemever

h | ' " . h
otal  suneiaied b dEhe BT e *uleliSiodpRRURE ghs; b, wb® WAl BB 1 "
zero or 18@edethe Saigger inputs’niglowa Theoerms (ibiass awbtimwr arcysed "( the plesept-applitatioan d

optics). t&myﬁéyub&sa&smtammm&s&% heSén Ve Ot her, the sum
wi || be only one phase or t he ot her é% | f they bal ance). 30

| f at |east onds isfmotes in application lling beans is held at a
substantial |y const arte shifiig (thﬁ)qbcidaﬁ(sj dperdte iD4 spedifl vy lapiakedie trigger

beanm(s) is increase e |itude of t.he total sumw ||
decrease, but its pﬂ‘é?@’?% ?%%W@W?ﬁ % t hreshol d-
gont r;)l ljl ngt be?rr? 3o tﬁf\mnmngﬂooaﬂnntshd'hsﬂrsmmaré Cecigder um(ts") ands ﬁepar ated and
irected into the cgn phase upon
arriving that holds %&8 Bﬁ‘%'ﬂglhggwl%um nvert aégt put off).

Becausd0any sumt haﬂ80mezrdﬁt§®9tsoflpmsswslamh ptheaska compleR RIRBZCMOMS t 1 Uct i ve

interference VO Qi LBRER input beams have 'gnmems and are gi
PCT/ US95/ 16457 5 at the ?ll rst | ocat i ans) the 1 nput | e%el to the anplifier

has no effect. The $P6§31 iDRISS Such @ EHPY OT [ TRSe(? (APYISE Yet WIELPIAYISAIergY | uct uat i ons q
in the input that is in phase with one type or the other.

15 Under the principle of superposition, the amplitudes of the
superimposed beams add algebraically. The sum of all trigger beams
balances the sum of all threshold-controlling beams. The total
algebraic sum of the two sums has the interesting and useful quality
of being in phase with the threshold-controlling beams whenever the

20 _ sum of all threshold-controlling beams is greater than the sum of all
rigger beams. That total is out of phase with the threshold-
controlling beams whenever the sum of all trigger beams is the
greater. If the two sums are equal, the total sum is zero.

25 If any of the input beams were not zero or 180 degrees, a
combination phase would result (with broad band optics). However,
because the inputs are of one phase or the other, the sum will be
only one phase or the other (or off if they balance).

30 If at least one of the threshold-controlling beams is held at a
substantially constant level, and the level of the sum of the trigger
beam(s) is increased from zero, the amplitude of the total sum will
decrease, but its phase will remain the same as that of the threshold-
controlling beam.

35 _

Energy from the summing location(s) is separated and directed into
the control input of the amplifier, having a phase upon arriving that
holds the amplifier at cutoff (uninverted output off). Because any
sum that produces this same phase produces constructive interference



levels. 5 When the trigger input sum équal s the
threshol d-controlling sum the total sumis zero; as a result, the output

of the amgy %&/?63669”3' ns cut off. As the trigger sumrises gevEsdsigssievel
of the thres controlling 10 ' sum the total anplitude

ri ses. However, its phase has swi tched 180 degrees, and is now in phase
with the trigger sum If the trigger sum §aises rapidly, the phase of the
total sumw |l not pass through all of the phases fromzerg to 180; rather,

the phase junps from ¥dhedirs docaton(s), the igpus leye) o, the puplifier s ARy effest i nciple i s

used for threshol d 15The amplifier remains in cuth®f gardi@s of BuchliofCinidiRgngubi s phase
change. As soon as thg control input to the anplifier sees the new phase,

destructive interfereft® t akes place at the first |ocation(s), and energy
appears in the uni nverted out put. 20 As long as the

t hr eshol dS control li NOwh, égertﬂgk o ﬁsqﬂéw%t{?ld‘!@ob& lﬁ:gts@glthéh t he | evel

at which this phase cross oV ace 'l 'anci ng i nput,
the anplifier wll betogbmmmamrqsﬂe th| Gugphit of she amplifiar remaing cwthr eshol d | evel
Is zero. However, addigg the summ ng | ocation(s) ahead of and outside of
the amplifier al lows a threshold to 25 be established at
sone point above zero." The présent invention provides the foll ow ng

advzmces inht he teChn&s{ﬁQlﬁgQé?%@ﬁSi@e[T_ﬁb&v@tﬂéllévlsl;i)fﬂﬁlmbﬁhﬁlﬂ-&omiliﬂgdmve ener gy
such as ght or acousti¢ ener e esen vention pr.oyjldes an

anpl i t ude’ t o- phase- nns&ﬁll'g‘t’ ‘Wﬁ“gé %?yarbptﬁglgferhﬁ F‘Y‘f“g‘?ddébso wave ener gy
to acconplish the comegneeslm:ﬁ'dv&musse;ﬁrh:henmmismnlfahmggum des a
mul-ti-input AND utili ZJ ngad’\@v ener%}zth T“f‘ﬁg&r' SAERL 9%?0“%1{8&@' so provides

a multi-input OR uti |77 esen I nventron further
provi des a | ogical NAhEprnfmmacrom nao; zanhqg thvaphsemgym ztheo pr esent

i nvention is-to provigg -ﬂ% tﬂf%%gcxﬂg isfuk R ReMoidU! ti pl exed | ogic.
g, bene |ts 0

35 . The foregoin resent invention wll becone
clearer Fhrough an exdsieftiontby derecne thiscphese 4s sopa ag the IR ¢t he

gr ﬂM ngs, best mode( s e Anpif 5ot e nétw bhabe) Gestridi@é nlefErenca BflesC| @i M5 whi ch
ol 1 OW. place at the first location(s), and energy appears in the uninverted

output.

20 As long as the threshold-controlling input is held constant, it will
establish the level at which this phase cross-over takes place. Without
this balancing input, the amplifier will be sensitive to the 'slightest
input; its threshold level is zero. However, adding the summing
location(s) ahead of and outside of the amplifier allows a threshold to

25 be established at some point above zero.”

The present invemtion provides the following advances in the techhology necessary to build
computers using wave energy such as light or acdustic energy.

The present invention provides an amplitude-to-phase-modulation converter capable of utilizing

30 wave energy to accomplish the conversion.

The present invention also provides a multi-input AND utilizing wave energy.

The present invention also provides a multi-input OR utilizing wave energy.

The present invention further prdvides a logical NAND function utilizing wave epergy.

The present invention is to provide a means and method of frequency multiplexed logic.

35 The foregoing benefits of the present invention will become clearer through an examination of

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



WD 96/ 18966 _

PCT/ US95/ 16457 6 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1. shows an

el enentary anplitude to phase logic converter. Fig. 2. gra set
‘vect or sdﬁ@ n%’é%\se note that the beam angles, sizes and p&%ﬁ%&?’g‘%?a
exaggerated so as to provide for 5 clarity of understanding. WO 96/ 18966
PCT/ US95/ 16457 7 BEST MODE(S) FOR CARRYI NG QUT THE | NVENTION Fig. 1 shows

three i nput beam sets. Beam set (3) and beam set (4) conprised at |east one
beam each, so.that the "at momummem'ommsamwmes]om in the draw ng.

Beam sets (3) a (,4), are hase d represent the
plurality. of . &?ﬁ 1 W‘f?b?l ﬁgtamgmet%%%wlbglfgance pagal nst bias 5 beam
set (5), vvhich eﬂxg;d gphs of bew seitvediwaums.one beam Beam sets (3), (4), and
(5) are super i MAsEdalud B phitf i Riolfand FobRe ot SBAREAIso SERIAMRIIor ).
which in this case i s constructe a mask. \Wen the nodul ati on of beam
sets (3) Sarfhriysf updsrsanding. t hat t he energy sumof the two is out of phase

wi th bias beam set (5), destructive interference (D) occurs at at |east
one location (7), which is also the |location of (at |east one) hole in mask
(6). 10 | mage conponent separator (6) bl ocks energy which is not a
part of the DI portion of the fringe imge (8). The hole at the at | east
one location (7) allows energy fromthe DI area to pass through the mask to
provi de at | east one output (9). Image conponent separation is vital to the
operation of the present invention. If the inmage conponent separator, be it
a mask or sone other optical element(s), did not separate energy fromthe
15 DI area of the fringe, the remainder of the energy at fringe i mage (8)
woul d mingle with the energy at location (7), and would destroy the phase ‘
rel ati onships that the present invention maintains by



sjepar ating the fringe image conponents. These phase rel ati onshi ps are shown
in Fig. 2. One inportant advantage to the present invention is its ability
t.o use mul LinlAgy@vel ength energy, whereby independent |ogi Cpagijsedfsa§n be
produced wthin a single physical device. To provide 20 nmultiple

I ndependent | ogic actions, each logic action to be perfornmed uses a
-separate frequency (or wavel ength.) The ihput beam sets react with the
portion of the bias beam set that has that sanme wavel ength. By using

mul tipl e wavel engt hs, BEE MODEELROR SARRYING QHT "iﬁfe“\”éé YN s frequency
nul ti pl exed | 0gifgg, 1FASwEKRETRDE bedin teRTB&AT ser'BInl BEanflRE @Y LdfpfiscalanIés) ofedednn g

ei ght different wavel engths can 25 produce .| ogi c operations,on entire
byte of i nietnia i he "a AR 9o BeAB, oF Aol rctiontn ip S dFavete: Bram 5 1P s AR | 1o

exact | 0gi @hapeitRedchGthfrcind eoprebeilt thé plufality [OF Rip@ibean stvsaiud a@no besbatanded agdinsolriasof
the rel atji ye be | evel one. freguency _can performthe multi-input OR

whil e anct %ﬁg}xﬁ&&éﬁa%‘?%s?“é%ﬂ@%m prior art interference based
function, and sdBeam setsT(3),<4)i sndiS)carimperinipesed petherloration off andergs chopginent Seperetor on

depends onls. el s Shal 3R L e Whedipe bpAlod ok QaBREN. @) s suc.

i ndependent uencies. A close exam nation of cl assical
whi t e- | i ghtthat the energyrsumeé the rwoigout of ehasewith biayheam 591 45); desaycrivsr ipederencees are
mer el 'y overg:aRik Rledd dnb §RioR(7)! WicH B Uhsd/ inel WRAricHRY @ RROSMRPhdIAImatINE). _
white-light is conprised of. The conponent images for each ?ol Qr (gp ear in
the sanel%l aces LBA%S cPHPupRt sepasaier (6) hlorks Ghessy; WD PP&P%@@'%HB pyrurEitecol or
i's used se[igatimdgy (8).lheSholeraflihe af 168t dnb &ication (D ralldwis eRérgy fituh @R D Gred it EsC h

frequency 35 c be mani pul ated as a separate signal, producing separate
i nt er f er endHoY8 égasléf°p:§g"é‘{§rﬂr§ﬁ'?‘8c°3fpf"o ) The present invention uses this

ef fect to produdmageepapetn sépagiion incital obe opetationf tiepréseny inventios df b inAge al | y
separate deyi . ' I A | r

opt 1 co. by Supoian el B0 Aol G 06 B oRAT ), 8 ol il BAQ AR
frequenclp Milater pf tx &rihe¢. aby remainder pfcthgrnengy pt frings\imagei (Srveuidrmipgle with be epfegye by

al i gni ng t headbilchl adidaldCdalitol ik ks YeldiBmilips BhiSthe presilY id/entibs Hafuains b
PCT/ US95/ 164%7 é) bot h bi agfognd input,)&g?g t hat Rhe IZl)I co oner?fg }z'areas are

super i npos &¢PagH fringeimage qompenents iese Phase reltionshipsare MR hE&t 2 separ at or
wher e i mage COWEﬁB%ﬁonSﬁ@Nafﬁrhéeﬁﬂ thie PleShn dvertién is ]Et_flalmﬁ?l&)l“ﬁé ﬁiumpilarmwﬁnﬁhd
arrangenents, t verlap.of.the | nages 1s,sufflclent snal |- s .
speci g| Oplcpe(ggq. wggfobgﬁb%‘#mmgw actions cgn %e produceJ within a smglé/ physncall devxcg. 'fo par})vxde
20 muitiple independent logic actions, each logic action to be performed uses a separate frequency (or
wavelength.) The input beam sets react with the portion of the bias beam set that has that same

wavelength. By using multiple wavelengths, one for each logic action, the result is frequency

multiplexed logic. . . _
For example, a logical AND (as described above) having eight different wavelengths can

25 produce logic operations on an entire byte of information, simultaneously and in parallel. In fact,
because the exact logic operation performed in the present invention is a function of the relative beam
levels, one frequency can perform the multi-input OR, while another an AND, and still another some
prior art interference based function, and so on. This is because the operation of each logic function
depends only on the relationship of beams at that same frequency, independently of the other

30 frequencies.

A close examination of classical white-light interference fringes reveals, that the interference
images are merely overlapping fringes of the individual wavelengths that the white-light is comprised
of. The component images for each color appear in the same places and in the same configurations that
they do if each color is used separately. This indicates that information impressed on each frequency

35 can be manipulated as a separate signal, producing separate interference images at a common location.
The present invention uses this effect to produce separate logic actions without having 10 use physically
separate devices. as long as the devices can be built with broad band optics. _ '

Broad bahd_ optics 10 accommodate the many wavelengths needed for frequency multiplexed

logic in the present invention can be constructed by aligning the multi-wavelength energy beam sets
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the amplitude is reduced from that shown by vector { 10), the important pnncxple used in the present

mvennon is that the phase (direction) of vector (13) is still the same as the phase of vector (10).

Graph (C) is like (B), except that input beam set (4), as shown by vector (14). has also come
on and is in phase with vector (12). In this case, the algebraic sum of vectors (12) and (14) is equal to,
but of opposiee phase from, the bias beam set vector (10). The output (9). as shown by vector (15). is
zero.

This arrangement produces a logical NAND having an amplitude-modulated output because
both input beam sets (3) and (4) must be on before the output (9) goes off. It should be noted that each
of the embodiments of the present. invention can have an amplitude-modulated component in the output.
This is acceptable, as the present invention is made to be used with other devices that either can remove
the amplitude-modulated components or are not adversely affected by it.

Graph (D) shows how the output phase changes in the present invention when it is used for

| producing a logical AND with a phase-modulated output. In this case the two input beam sets (3) and

(4) have amplitudes as shown by vectors (16) and (17) that are each larger than one-half the amplitude
of bias beam set (5) as shown by vector (10). The algebraic energy sum of the amplitudes produces an
amplitude at output (9) as shown by vector (18). By comparing (A), (B) and (D). it can be seen that the
phase ef vector (18) is the opposite of the phase of either vector (11) or (13). This phase change

I nvention IS na e to be used with ot her devices



§5 producing a logical AND with a phase-nodul ated output. In this case the
two i nput beamsets (3) and (4) have anplitudes as shown by vectors (16)

and (17) each larger than one-half the anplitude ofy i set
(5) as sh%gﬁ@’g‘ect or (10). The al gebraic energy sum of thepdglrrp f}tiu g]s

produces an anplitude at output (9) as shown by vector (18). By conparing
(A), (B) and (D). it can be seen that they phase of vector (18) is the

opposite of the phase of either vector (11) or (13).-.This phase change
WO 96/ 1896 @rovides the phase-modulated output signal that occurs only when both input beam sets (3) and (4 are
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only when both I nput beam sets (3) an are on resul resent
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of ijnput bQ?eniﬁef :pmsisesxﬂsl Whel iR Stias GRA@Lis st 16 hl&va%apuuesmhg/mmmytsha of all of
conditions for 0 ar S occurs en t set
to a level Hheimpu Fl‘é‘“ﬂsé ?ﬁﬂfgﬁfgﬁé@%&?ﬂﬁﬂ§ﬁﬁ?&m&ﬁw rpﬁ qgmfehe%er?%a{qgfﬁ%eal Cet s
when al | Ofbeidn&tslvﬂﬁhlbnehﬂalmlmthbmms mrmffaadtdnegeseaeen than the energy sum of
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I nplit beam sets (3) or (4) en on oneo t he

th
i n;e)ute ni(r)gq\;é’m setstis on and ghe malsme“@ﬂmh jogut beam WQM@P Rreioffn the oprEY phase iss

(3) and (@:n@s&ﬁ:&hhmt h&mawowhm@wﬁmmm as'Shdwh) by Betbr (WPKEB (EINY
one of the jnput beam sets cones o s?(gwn by vector (19) in (E), then
t he out put %é@@“&“ﬂ%éﬁ’“@?@ﬁm d#Br (20). Here, the phase change
occurs when any I{ufeﬂﬁfphishelmngtmdturd)mn‘aﬁ;eﬁm of the Gupyt helmn sdws ip o dvhichpragiudes gi caI

ORwth a W_t.

| ar ge nunbg?g%foﬁg’aﬁﬁﬁg& f)e mgou ?é&ﬁ“@ﬁ&‘@% #%%"gﬁﬁ@ g%s@% the
bi as beath deiut m(sctdcangﬁbytovmawbyaﬂgm fpeaim S AcE Qi ATIRgement SRt
OR or a meJc t OR, Qpﬂieﬂ b 3hr® ANDI at:&]ﬂuﬂa&&r of Me tRo, B lalohid-pst NAND.

G aph (E) can so repr sent t case where a si ngl e i nput beam set is used
to produce Nal“ﬂ?}ase- modul at ed out put from an arrpl i t ude- nodul ated i nput.

When the input kasR @flaniafio RbRghdihe &6 WheitDa §ike idfhe BRARSEER ded kd Wsﬁm
| evel of the hias beam set ne- hal f ude .0 the t beam
set (when CGPpfulg %gﬁm%ﬁ‘&f‘ 8‘8"’6‘8‘1 \V\g‘" ?éh‘iﬂl dfrb ggiﬂ
each phaxe.substaméall{ Cdnstid ieel, of the dias beam set (21) at one-half the amplitude of the input beam set
(when on) the phase-modulated output will have equal amplitudes for each phase. In other words, the
output will be phase-modulated, but there will be no amplitude-modulated component in the output
waveform. When the input beam set is not binary, then the phase cross-over point can be set by setting
the substantially constant level of the bias beam set (21).

25 While the foregoing description of the preferred embodiment of the present invention has
disclosed specific constructions, means, and methods of accomplishing the present invention, because
specific improvements and modifications will become readily apparent to those skilled in the art of
computers and opttcal devices and the like, it is applicant's intent not to be limited by any of the
foregoing descriptions, but only by the claims which follow.

30



output will be phase-nodul ated, but there will be no anplitude-nodul at ed
conponent in the output waveform Wen the input beamset is not binary,
then the WiPser186660SS-Over point can be set by setting the sppigsieadsy v
constant | evel of the bias beamset (21). 25 Whi |l e the foregoing
description of the preferred enbodi nent of the present invention has

di scl osed specific constructions, neans, 1&nd net hods of acconplishing the
present invention, because specific |n§g2ﬁﬁ nts and nodifications wll
becone readily apparent to those skill he art of conputers and
optical dewWheis chingidishe |i ke, it is-appllcant S intent not to be limted by
any of Lhe 1f a8 BEpHARA d Rlak 80 phald HhoaRed oufpie O acibdll SHE aifPeidd boluki 30
PCT/ US95/ 1 dwparromprising speNllopeg stipss cl ai med .is: 1. A nethod of providing at

| east ong phase- modulyahth q%ewmmagmaﬁ%meaﬁ@@mgyw% | at ed

I nput corrprlsmgthefollovmng st eps:; providing a bias
beam set havi ng “ayelengh Zpingiged ﬁé‘éﬁ‘?‘ﬁi‘m@hé‘ﬂ’g‘ﬁméﬁ“’dat | east one wavel ength

mai ntai ned at a substpﬁmdinala{ ljéasﬁ&ﬁSﬁpﬁM@&%m@ﬁtQ&ktcﬁnﬂﬂnﬁﬁu&%&hat&% nput

beam set, havi ng, at st o Iltud ted be ener of sal d at
| east one wavel gﬁ ﬁ lqugsogf%pbﬁ %é‘éﬁ%&?‘m

energy sum 10 energy sum; superp05| tioning said bias beam set Wi t h sal d
‘at | eastjgone input beg UGS n a n

| ocat i onlov\,hen bot h sa eam %9,% e onkenhﬁﬁ Jﬁl‘%ér?a?él'r@ g'ﬁ%?%émg’@%esai d

at | east one IOM@WC@thWMMDBWMMMéWmM&t ed out put,
t hereby provi di ng anséé@&dgteh!é? A5 s e 128 ohLRRESS p pggﬁgmuép(fh?&gyerter
a

wherein the 15 hase of sald at | east one phase-no out put
has a first phag‘@d‘%‘@r?“g’afrd energy sumis greater than the |evel of said

bi as beam set, and hagreby frohdnfaipGRdeiGilafehH6-pRsShEdalaGo 2onFerE Wletefi thd han
said bi q§ beam gh%ge of said at least one phase-modulated output has a first phase when said energy sum is
greater than the level of said bias beam set, and has a second phase when said energy sum is
smaller than said bias beam set.
2. The invention of claim 1 including:
providing a plurality of said at least one input beam sets as AND inputs amplitude- |

20 modulated with binary information, said energy sum of said AND inputs being greater than
said substantially constant level of said bias beam set when all said AND inputs are on and less
than said substantially constant level of said bias beam set when one of said AND inpus is off
and the remainder of said AND inputs are on,

thereby providing a mult-input AND with a phase-modulated output having said first
25 phase only when all said AND inputs are on.
- 3. The invention of claim 1 including:
providing a plurality of said at least one input beam sets as OR inputs amplitude
modulated with binary information, said energy sum of said OR inputs being greater than said
substantially constant level of said bias beam set when at least one of said OR inputs is on,

30 thereby providing a multi-input OR by producing an output having said first phase
when at least one of said OR inputs is on.

4. A method of providing the logical NAND function comprising the following steps:
providing a bias beam set having at least one beam of energy of at least one
wavelength maintained at a substantially constant level;

35 providing a plurality of input beam sets, each having at least one amplitude-modulated
beam of energy of said at least one wavelength out of .phase with said bias beam set, and
having an energy sum, said energy sum being substantially equal to said substantially constant
level of said bias beam set when all of said plurality of input beam sets are on;

* c L L} $ *

superpositioning said bias beam set with said plurality of input beam sets to produce



2. The invention of claim1 includi ng: providing a plurality of said at
| east one input beam sets as AND i nputs anplitude- 20 nodul at ed

wi t h bi nar, rpation, said energy sumof said AND inputs ter
YoisRidt! 'd bi P57

than said st ially constant |evel of said bias beam set sai d
AND i nputs are on and | ess than said substantially constant |evel of said
bi as beam set when one of said AND inputsiiis off and the remai nder of said
AND i nputs are on, thereby providing a multi-input AND with a

phase- modul at ed igwetfgsence ity leasyomdpadtidn whsp bt said beam sets ghag.eandnl y when al |

sai dAND i nputs are Ofgepadyind Q:Eréy%ﬁﬂsraid%le&i o&haaa@anliog Qidl:'gc'l&gron% dtgl ng a

plurality of said at |east one input beam sets as ts anpl

nmodul at ed wi t h bi nar ythérelydrovidingsriogieah NQNBfupcgign @UPFP‘HF‘“S&#QY YPuf Hb‘l!ltaﬂ %ei ng
greater than sai ﬁld%lﬂ}ﬂwmp%{ i)dm%&!ﬂﬁ'ﬁ aﬁ‘ta.nJl & ¥pher Qhp:aével Willed St 1BRASR SLLidVhEN

at | east pne of i d | nputs is , ' t hereby providing a
mul ti-i npfﬁ tﬂ?l'"ﬂ % S it Pt haV| ng said first phase when at | east
one of sai 5.@ ammhudesxnddﬁlam-to-ﬂhaseamdmlahmfhoﬁvfenaﬂbﬂtsdmwh%&nhggtdi@hmﬁﬁND
function conpr|3|ng t he foIIo pr.ovi di a_bhias bea set havi ng
at | east one beam of gb Wh‘a"?“g %%f °9§rf5bs 'Y P ove! B P é’ﬁ‘g‘é\f’F
substantially cdmltcmntwawelmg;h dif8&ed toward a first location; providing a plurality of

i nput beam sets, eac Male h%iﬁ?ﬁélt gﬁ Eg

energy of said at Ieghsfm%ne \ﬂ{‘/e en lﬁ‘%ﬂ%?ﬂ@&hm@w ?‘h&h al I as "8%5

set, andlhavi ng said acleast epp V@mhngféawte‘h@wg? sad:ﬁrswmgnsﬁéstlam ¢Dalﬂn9hl€lqual to
sai d SUDSt ant i al thdued BV ehod Heing bur R plhsdhiRSsaldAR SR selbi b anGherppl o

plurality of input beam sets are on; superpositioni ng sal d bias beam set
with said pl uralPRysaigkbiss beam sepand said ak leask Qpe inpuReam set progygingdnerfersnes at said first
PCT/ US95/ 16457 ldcaiidhtvitich BsBBe@nodndat | east one | ocation when both said beam

S o oD oS A 2 ol S oSS OB 1y
produci n a | ow frout idifirsufieeaion|td providesaileist pheptasehodulakd buput beam sets are
on, and a higher out Qﬁ'etrebk' %}/o%ldmw Qmﬁ{mde %ﬁ&la&gﬁo-ﬁﬁése%ﬁon converter wherein the
phase of said at least one phase-modulated output has a first phase when said energy sum is
greater than the level of said bias beam set, and has a second phase when said energy sum is
smaller than said bias beam set.
20 6. The invention of claim 5, including:

a plurality of said at least one input beam sets, said plurality of said at least one input
beam sets and said bias beam set each being of a level such that, when said plurality of said at
least one input beam sets are amplitude-modulated with binary information, said energy sum of
said plurality of said input beam sets is greater than said substantially constant level of said

25 bias beam set when all of said plurality of said at least one input beam sets are on and less than
said substantially constant level of said bias beam set when at least one of said plurality of said
at least one input beam sets is off,

thereby providing a multi-input AND with a phase-modulated output having said first
phase only when all of said plurality of said at least one input beam sets are on.

30 7. The invention of claim 5, including:

a plurality of said at least one input beam sets, said plurality of said at least one input
beam sets and said bias beam set each being of a level such that, when said plurality of said at
least one input beam sets are amplitude-modulated with binary information and when at least
one of said plurality of said at least one input beam sets is on, said energy sum of said

35 plurality of said at least one input beam sets is greater than said substantially constant level of
said bias beam set

thereby providing a multi-input OR with an output having said first phase when ét

least one of said plurality of said at least one input beam sets is on

8. A logical NAND which utilizes wave energy, comprising: | I III'III I"I" “l" "III " l"l
. * [ L M H *



5 plurality of input beamsets is off. 5. An anplitude
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