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clare t Nd.nR8 PR 15 pat 1987 pat ent rray FRERERHR] to Uus,
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descri be I f M\ This
i nvent i ogar el ' l;imNél}‘g 3|4?)n gigﬂ%@ogram 0 . A4 4nsform
of al ' hol ogr am of th 4 R RYY)

i n""fhn/ae ' % (55?1) ;%S:Egmm «i:j::ica%%?m lshid 3 lg%rrages of & mast ’

Mul tiple |ma§é f ecrrcurt are ‘usual | /on the

m coﬁtcfuce?%nce %a?e?’JBby a systemusing a single

10 .
Each image in the attern nust be an accurate reproductron of the
mast er i'mage and pr ecr(%%lhﬁ’gﬁﬂ%&f FABRICATINW& HOLOGRAM to the surroundi ng
i mges. The two pasi urg ntvs r ren etition circuit

pat Lern are 1 hgdhisentit of ol Ao ateden e 15
tion between oemg Expressway, Dallas, Texas, United States of America, do hereby de-

15 : clarePhﬂe@mmnyfortWﬂushm shat Lpatentt maynhe] gringed go | thyatterns are
produced by ugl ‘gi by which 1t is &g by, lgrly flescribed 4R8d:07 (Ft h | 8nses of

hi gh aper tur R O, et s ?osﬁé’-falﬂncanon o  blo B Q Ve TGulf WitV L 1 { e
st ep- and-r epeat ak an#r ¢f, polit Bankces ¢l light. AAGdogRBSH this tR@tan be used in theSt ruct ed,

and t he magepréE%fa nauklplsmfoé# mwge% sem condyct or fer th%
process d;’g ing“\;lb’s“ggrﬁ‘n?jﬂérﬂgg? ont% he

mask, it is negRaSALY e réproduction of the @ﬁceahrOUQh t he.
master i nage. wﬁh)rrespm:tb th smhm imaep OBher 9 , batid) eequirements for repeitiorr i mage nust

be positi ned °§é(§l§?‘1§t!§ﬁ§n\m¢tﬁ? prhieroet %fmghrmsﬁahahtmdrm@@wesﬁea st ep.

and-r epeld R P 58Uk Bl B RUBLY gk 2D et
systens, it I SlaBbrate step-and-rep ﬁqm E}swxﬂhltll&cs %&%ﬁffdﬂ@m&ﬁ ﬁﬁﬁg&k&!&% way to
produce nul ti pdsdvm WlchBle step-and-repeat\rpaielIe B rﬂ@u mazeoma ripderei ng nul tiple

i mges i g, t he ansiartedoig a semiconductor wafery Bty ra
system cg%srstfogm: ﬂﬁﬁéﬂf Wi agﬁfg ﬁyﬁﬂﬁfgﬁkt&%m 0 oosirds) nged .

uni f or m di anetmaster m;geﬁﬁuhtrbe@sm aéc@@ @1y Withia 0001 oftah énch, RBERSh heseped by thi s

syst em and-nemg?ngm aMdeds Yehteresale tr’ft g{f@uslls pyatlableristamiseitdé 8t ance

bet ween the pi cpensive way 1o progp ﬁ rface gan which
Che mil tF pl e Ipm%%ri' s%ﬂg'ﬁéé‘%mﬂa%% < e ‘%ﬁfi&és quzg’l ity of
a pi nhol e opemifogm |cﬁam¢ef Tltehesolu r:magdsﬁﬁlm dly byt Hissyaehhod 30

are of a | owe n h? eg;*g %@I eHowever t he
pi n- .ﬂgh h%‘f”Jf %Sf &%Eg‘:ﬁfé %ﬂﬁo, fé@ i"{é& e bg }

| nexpenSI ve. are of a Jower quah t Qath@a bydiek). HOwedd the i

reproducti on ihgle-arag caerd systom rscela Vebrckmand]tnapenmve xed arrays of

several mast e'ﬁi;eﬁﬁg%gsﬁsﬁem b ter mai&&héllso, ‘aslégzn%‘esna%ie to m‘gﬁEﬁ"m@’conpl ex 35

'-TT

pat t er ns 3of apmq,ram&gqm ks the
ability to praucenﬁéimlxedmuluple e&ommeeal rru tr e |ma es from sever al
patterns. Cvpendmg °!Pé{°eﬁ°i64 I($Q§laltN nl 59)5@814154867 (Seri al
No. 1204169) “m‘“gm “P“‘ iga,r;,%\t, Q‘j‘wﬁs ;g’l H'E?A%I mages of a
master iggge, snhdﬂQ iU ﬁrﬂnage array to be rierg
transform of also arrcluan; opﬁca meank pssmonedas pradug@oen hrhghtsemmerﬁsrpmdreng 40

to the positi & Rowi ﬁaﬁ@ trr@tnmft%b@sramag@nabeer ipdlumpr med. The
apparatus 40 "eCpy RO IR SRS, Uhlof Uy AT ROBIANGH o0 produce.
on a |ighs- Sermuﬁer nsmnﬁmmh,arﬁ Of point sources of QigHt) aaudlﬁgam s@p F ed- t heqd i ght

out put of t he peiigogreardingtrasdiutoite a eftrenge wave iamd dn| dbjseriwave of monochromatixt ed by a
nonochr onat i ¢ BeRtgFultanspysiyeone for each point sourcerjncthg, prEaycnf tpoinh euises; BRepr ovi des a
met hod of f Eipied Ssavd.r(@pd hol ogram of the 45 Fourier transform of an
array of point sources of light, including the step of ex- 45

posing a recording nediumto a reference wave and an object wave of
monochromati c | i ght simultaneously, one for each point source in
the array of point sources, while [Price 5s. Od. (25p)]
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2 varying the relative angles of incidence of the reference wave
and the object wave for _each exposure. such that.the relative
di fference between the angles of the i nci dence of the ref erenc?‘

wave and the object wave for each exposure corresponds to the
relative differences in location of the point sources |Qr; the array. 5
A hol ogram forned i n accordance with the invention mayltbe—utilized in
appar a-_2 tus for formng mul &M1& i nages of a master image. Por
exanpl e apparat us - e discl c‘)vg‘(,eed | L above nent i oned
Co- pendi ng. ApRE R AEdEE %ﬁﬁﬁam&%&e i, W

By way of exawphe, rerefiget aﬁmﬂﬂ%ﬁ&dmeeorv\aa‘c'me:tphﬁrel ORSHINIO o ﬂmll be
described 10 relativegifidnences indecativg ef thopoir epusesdn %IFW-I ng dr aw ngs i n whi ch:

g?ngl e stsep atus ﬁ%&ﬁ%ﬁi?ﬁww&m ﬁg&h}%ﬁ& &:ﬁ‘gr%?bl’:a@t 5‘2‘7 @ﬁﬂ i

osg {semge naster;
and . No Boguese 2 is a schematic of a systemfor - generating a
Fourier transfg #Y west @fexaml’le:a metg‘%i CO@Sﬂce with the inveries willrbieflgseritgd Fi qure 1,
t here |sl%hovv|‘f’1 o g”f’rjcga@glgggﬁ?l r;néa multile #om one |
si ngl e-i mage m& tern ﬁa aggaster f i hat ed- f+om a
source of m)nochFxgurat2| 5 al s ucldf a ’é;@uemefmagqaéra;nga Fager tranifirghliolo-waves from -
t he Gmﬂg hr qugh _t he nas 'i roduce 3
o 11y act o paptips i Wi LR et R 2,
establ i shed atsougce- ofhﬁ roghecaiaticl Zgty11; FRABEmOLE, nght eb@ublfﬁmcmvex | ens 13.

The conpl ex | |8@me lpanaﬁselgnhrbmgbrﬂut htesterrm&eeiﬂ l:r = rga@saastem{zﬂm hrough t he
hol ogram,, 12 § H‘t‘—f “j?;‘% 3 °°§‘P‘Pf fter -
the Four Pbr t Fé"l‘s’?ma gﬁﬁg’% EW??‘EJ‘@E*“ Gloh m iy sé%ftméﬁe o ot he e

phot osensi ti VG:eSEbimer transform offﬂas:ectmﬂ p&tehﬁiﬂ)estalﬁﬂﬁd]ataﬁe phmmrsﬁkuct or wafer
14, by neans d@ce af dduill, sudbom\aesemiconductor wafes 114, ypmeaps of a double con¥gkt h t he

rel ativel, r"’ﬁ%v.metgm bl ok G ks 15& S8R bl oduge - 25

inasingle stnep sHEIDGR rrtutdg ¢ SimbgeR G The QPHotb: 2 QR Shel et SUrface of .

t he sem - conducuu c14ofrom/a:h<erma§:et finageni. t The mstemth ofrelgecoi@®x  The

focal -1 ength ﬁl a.zf 16\ desermines the spaqlgig‘j‘fé&the convexa“lsenfpn nﬁxﬁgge:t he spaci ng

bet ween %"e vV, %{hg ?ﬁﬁ s 13, are determmed fﬁﬁ betyeen the

mast er i mage J»f)ﬂ&ndmteiaeen@qavemuhz@n&he @ﬁﬁelﬁand the bet ween the

hol ogram 12 amhwthlenscié sthe| digtance b ere&r B)G‘ya!tdhbe fooml | engths
88 AR en t he

3 AP B e

hol ogr ams 12 auon, consider £h@{ W€ hasted Bdonﬁﬁi& vﬂbé&ﬁaﬁﬁmbﬁ wegn the
sem conduct or fumdoereqdadt tcaf(d’,yt')hendcmntvmx master image ib medlﬁl e docaleglare m ned by the

focal |engths Xaf of He cg %thﬁ ZtIFO?IQ?rl iedgn a f°cal planecpf o
di st ances bet ée\f_’h v’% %’;‘; i T ey In
operati ogg COFGur e&aztstaa:tt o@th@ﬁ ﬁi(wmaié 40
transm ssion 35 o functlon equal to f(x ; y'), and that the master
image is | ocated on the focal plane ' X"y’ of the convex lens. 13. |f
the hol ogram 12 i aje f L. 2. the convex —
ek A f.@t;ﬁ D AR Dt e o
transform of the function Yy')%%on the uv pl ané' From wel I known
diffraction and 40 Four| er transformtheory, the anpli tu&e of the-light
waves on the hologramw |l be: 40
(1) Whvhere f,fi§ @k fidcalilehgth o tHe Q@A lt3 hxﬁngisfﬂteaﬁav&la@di &fke ngﬁt aanl [er r] i s—
the wave- |eng§z tlhelflth @gegrﬁmélnloc?t;% in the Wm@nsmsrwnmsmﬁt f\(llnugtlh;g hol ogr am

| ocated i Se V)
then theagnpl [ .,E(; Smce fi,e “V%n o%s als° %ﬁﬁﬁf@% am -¥s equal

to 45 © theegab tistlet’cbn dfe ntd cmamzlf e ;Eaname dteheminmd @feafer S al so-a
focal plane ofl’-’fJ fslentifierts as bemg the ?},{\f‘% gs gral- paim qfdhﬁ@é‘rextl?ﬂansf orm of
the product o F?C ?ﬁ?alcf'ﬂ\?)th 5F“B§‘ tude dispsibytion op ey RiRRe SEHER onduct or
waf er 14. The p the sem conduct or waf er 14 is identified as
being the xy pI an nd | a focal- pee#7of the convex lens - 16.
I'n mat hepat i cal ﬁVJT If?@m’ﬁéﬁw)ﬁ Uﬁg,gdlfsd-ﬂt‘f-bgf) 90 PP the xy pI ane is
gi ven by t he eqted i on
[err] 50

' @



(2) 3 1, 204, 170

3 where flerr] is the Iocal | ength of the convex |ens 16.

| T AT r Fourier transformation,
the |ight .anplitude dlstrlbutlon on the Xy plane is gi ven by the
equati on: [err]
(3) 5 where the "*" is the convolution integral. The first integral in
equation (3) is the 5 mat heymijgcal representation of the pattern

of the~fester—rage—t6—roti-fet—by—i————agtii-eat-onr—fact-or—-
f{err]/f[err]where f, dewthe Iocal length of the convex lens 16. According t§ @iel donvolution

(4) Vi for-Faufi erapﬂﬂ;'rmftep,rqle lightyemplisnde fiftribwtion emth¢ geplene is 10

Now i f ~t he f UBYER Prothe ‘is chosen to represent the Fourier transformation
10 ,~ ;of Guv) and f(px, ny) rep@eﬁg@£s+§@9 Fouri @retransformti on of
F(u v) Trontequa 4@»&77 :

(:5) and equa T ,éZ}Qgﬁ b |tten as: 15 [err]

15 :

(6) : Assune t he Fougler tran;&grqakrengpﬁ the function uv) can be
witten as: gr 7 [er ez

(7) "Then by sub {ioﬁ of €dhation (7) into equati.on (6) t he
function on the xy plane can be witten as: 20

[err] L - 20 3)

(8) where the “*” is the convolutmn integral. The first mtegral in equation (3) is the 5

mathematical representation of the pattern of the master Jmage 10 modified by a
magnification factor f;/f;:

_(277 IC g ?/y)o’ﬂafﬁ

Jcﬁna:ﬂ@d /72‘?26%76 For

)
where- m=—f,/f,, the magnification factor. '
10 Now if the function g(x.y) is chosen to represent the Fourier transformation 10
of G(u,v) and f(mx,my) represents the Fourier transformation of F(u,v) from equa-
tion (1) then :
_1”27-(2ar+zgd e
jvﬁnydf[7’¢ﬂ?eﬂe f24 thid
; . )
and equation (3) can be written as: :
" 15 % (= yJ"//mz:my) ) 7 (%) 15
\
A
// £mlng )y Ce-xy-5%) o'y
®
Assume the Fourier transformation of the function G{u,v) can be written as: '
- gy)= C(x—a,;00(y—by) |
Pq
™

Then by substttuuon of equauon @) mto equatton (6) the function on the xy plane
can be written as:

20 A(x y)./f;, f[ m/x_;f'), ny-2, )] 20

®)



4 1, 204, 170 where aferr] is the
di stance along the x axis and b[err] is the distance along-the y- axis.
Equation (8) mathematically . -
i mage 10 reduced and multiplied into an array by t he hologran112
The configuration of-the array is described by the function u,vV);
by varying the aférr] and blerr] terms any array 5 ﬁﬁn be gener at ed.
Ref erring- ro Figure 2, there is shown a system for productng the hol ogram
12 4of Frgure 1 of an array oflﬂﬁb%ﬁourrer ‘transform of points

1. MBgeS tq be forned

correspondi ng |n e .a ra of

fromthe master g @13 e ﬁﬁfﬁé{i ?bﬁsatﬂ: gﬁ;l‘bg\a&n ‘%é Hydescri bed
as nodul at ed drrédhfeaahd amlﬁglieatmtagﬁ arrhyNbyt the hologdan mmbed;ﬁg@auon of th@f formi ng
a hol ogram_-a disfriy clescnd pa thednwtionsGlug); g drawying sheph endogyrterphiany gtant e by

10 % he iR RrEERfd¥fce of a secondary wave with a reference wave?The

e _
interference pat}t gfxfre:::eg%tonlag:fa Dt tﬁfé f,o W;E él“ esenbl ance

to the original gPhkas beformedfto fornatlon
than a phot ogra.pJa freq@ndy 1@ eﬂm&h dtsﬁmmﬂatédhﬁffrhdﬁ&gg'a@@% In the usual mdﬂmer ed in a
hol ogr am cadnot Db eolIObdralm Y rktcmal Nﬂttsmb# tormadrance phrotogiaphic plate &y y exLO 15
traneous, and i § flta ’ff%‘ f"ﬁ"&ﬁ%ﬁe‘?‘ﬁé@““q% e

ic S 1l esem lance e _Oof] { ut contains~
transnmitting sy tiallydore 1nfonnatxo§a|:|ﬁn%a &, kh-arr ay Of
poi nts, the obj ®ediedciana helogam adnhaybeod etcﬁ:éd’lsmce the vmble hﬁlceﬁe Br;ru&iygw in the
desi r ed patf er n tra %easlé s tha rqﬁi‘é‘l Qf ﬂwmq@ss itdgfg system. i g
waves passing t E“ 5 ’h@j’% &yg‘f m not-
produce’ : H sih ihrdu@lﬁﬁ holt.2 ay w1th a referencelWwa odic@e hol ogram
i s produced by rhlghtquqittyeumgeposure of a photographic - pl ate

for each ifhge poslrt Fgthothbe:olbagnﬁ.stﬁo@chdcm mxﬂﬁwlqoéxpﬁsmseﬂsrmotwphmfac?@ of

t he s emPlRENg: “0140 by gl P‘q cnet es a | aser
light source 17 generatinga “c“’r m igf’(l) ch fed by a

reflective surf de1d qasa He: ghevsarf&blrisr after reﬂecuo saser beam
fromthe s@ff acexphiided &f taewearrr eiph@crt 21omd fcolblmttdﬁar 5 lamsf Zic @helé)llnnasd Eﬂlt 25

expanded by a bd® ‘b‘k’ﬁ g\ ﬁt{‘%ﬁ( E’b"Flf?hmu ang:ii‘?"ﬁ apéﬁ :ﬁ@g%ol l'i mat ed

m]t ar
i ght 25  18'is wensli Tk A LS » WAyt 1 ed to

generate an i nt esfEgienmaves It the axp@xmer 26 are counmqarhyta)lgﬂrsamruna rdfkadddero 23. Li ght
passi ng t hBdugh tenphajorrerhisr watg A3 bheleanﬁ of preedjispble gefledtivg surface 28. 18 is 30
transmitted to a réf rxrmveh lczmataﬁéi iy exppsed oregl forheacheimagmp®sio a  wave

XpaNder o ref A8 &;‘reﬁ ra%;%,&fﬁ SO wére"%f‘??%j; ol LR od by

adj ust abl esz ef | &(stablh’ eflsive dge 28 is positioned for each expo To insure equal intensityn 35

operation, the- %‘E%?o% mheto X?%E“%“l of the X "%‘H‘c‘eﬂqudr‘: %C&B'nqnzige posi -
tion desi red on ] ? ‘@ﬁ@feﬁ on, the
ref erence of Figay o | s nmal nt arn constnﬁnt odu obj ect g?sv\t/ave vari ed

"by neans a6 the a useclaidueofhologram prqdednbxexsﬂmm ag oprticad Grgag® §nthdsisimhjch t 0 ca0eat e
the desired mul f%?%@%g@mwﬂr,mﬂmhéwﬁiﬂe% wave is defied 8% e refl ective
surface 28 is positioned for each exposu,ﬁmﬁg i nsure equal intensity 35
i mages on the photosensitive surfaB&é=8f the sem conductor wafer 14, the
sane ex- posure tine is used for each image position. mar kedl y
good i mage resolwsbrk Q) it the amplitude of YAS Sciddn& Wibe WRE b I Shepositibn bfl @81k 1 when
usi ng a hol ogr arfsrgxothas edth lygsp mwm Also, assume aifat Eﬁregbwoewﬂre iglfiven
Thi s t echniue (?Vﬂ}?cf?"@w&?ﬁwwuctron i s known as optical ipage syntHfsis

which 40 can be shown nat hetrqi,,r(ac,awqwﬂassurre the reference wave
i s defined as: Ow
(9) where Alerr] is the anplltude of the reference Wi and cu is

the position of whee A; @ the amplitude of @E GYjEEwdYE A Re \bhnpltude®$ BR GilterfeRtndelpat- UV pl ane.
Al so, assune thadmn tiverdgingnetht. phaagerphis plgie\a3nfod Bach exposupy is dyeal fro kleswinng

equat i on: of the equations 9 and 10, and is written as follows: 45
[err]

(10) where Alerr] is the i tude of _t bjeck ve. The'
anplitude 8 the interference pﬁé+4(t&é}’Mth 50
phot ographi c pl ate 23, %Fdaeh exposure, 1s e l; to the sum of

t he equat|0n59and 10, and is wiften as follows:

[err] I 50 _ S (11)

1, 204,170 B ' .5



The anplitude transm ssion is given by the equation: .
[err] 13
(12) '

-i2 5 where O err] 1ap1700C{ err] are constants, c.c.s
Is the QOITp| ex—comjugateofferrt

(a[err]u+b[err]v) an@hezaniplitefiectranenpistion isrgiyent Tyrtheeqhwaions been descri bed

pr evi; @u ly. The direc- 5 tion of the Obj ect wave for
each i gge pp§7‘t|oned ;;/It interferes ag #he photographic

plate 23 is given by t heateelra tadeyr /?[?r;{- - ,],pr(ce uation
12; V\/nef‘*e alerr]/flerr] |s@z’in [5 e éﬁgl |)n t hel uw

pl ané“afid b[err]/f[-err} is an angle in the vw pl ane, as shown in Figure 2.

VWHAT VE CLAIM I S: - ~ 1. A nethod of fabrigating
a hol-ogram of the Fourier transformof an array 10% of
poi nty:spurces of 1igh | nc ding'the steps of xpos a.recordin di um
to a. 10 whete ‘o aad” of} OB He & Wy BB P &h c(%ug%te of wavegprf

rmnochr omatic |ight @iuRd$amneQushe renARGE térdk have been described previously. The direc-each
poi nt “'source in5the algrd Q)tiblePO\,I;m fag eaghgmwsge mmlr/ld a»at%a exiggest dncther Rhotggranhic 5

3 e is given of §2

. pn le in the guw Iane anflﬁ)?fz 18 and?f {tm; ge,r %&%W t he

wave for each éxposure uch
e difference betwBAT WH }Ss—of the incidence of the ref er ence
o glﬁmf‘ ’Ef“‘a ftf E:g “’Wme"ff‘b‘* e R L Y 1o
onds to { he I’ \%ﬂ “&E ave offrﬁ or;i?ig light sxmultaneously, once for
the poi nt SO&KC @8ind kbufctl@n akd @Yay of point sources, while varying the relative angles A

as set forth oﬂmnoﬂqacemfkbe wfpeqna wave laad rhefomc@ m@v,e fom vagh gxpdsurehsactpthat

ve of rmﬁo chr Bl%ﬂr:ﬁl? )ectlﬁgg for gw I;E%Egéﬁgﬁ’glf 1 S to ﬂ#ng?tweﬁ%rﬁ?fgsﬁ%qﬁ? 15

eam tion of the point spurces in edm S
3. A7pethod as set fort} A iethbdiiastset farth & ‘aaumlz,whwertm Rfeich@ waed ardethe eb-wave
and 20 ject wave of monochranjstic light atetformad by pastingch menochaainagie light beam

recor ding medi ugp by H‘Fcitb SPHET-o t upo
ar of | ecting sut f ace e fe&%z?vo@dgijésﬁt Q:Eea?n&%lé\em 1 or claim 2, Whi;etn' the regellm wa%yéﬁb %
j ect -wave onto the resergomng refiecingnsutfere.f dlremna thet rddren:entvmfaed elnceﬂqmd tola-r n

t her eon, ject wave onto the feCPf ’@EJMF“H@ e B fisgt interf K ghpeeps er n

e recording medmm, thereby to form upon
on the recording Wdfﬁﬁwﬁdﬂ%%‘ﬁ Ebﬁ§ iﬂg sfcrm of a first one of the point sources in the
recordi-ng medi wum t hethkQitay @F pbibelButcey] ihd bdjsting it angle &f Qhe feldtigpOtubthce SKIth C€S25

in fefpect 10 themb;eesrw bnfan pOPunt costeippmsling o anqdepadp@sqfuthvgleWe
angl e of the refl ect B, SHFE Ho¥ ¢ me*i’d,us ed"‘%e‘iiff. B e Do avEEﬁect

to the object wave bife i R0 WAbcdiObS LS NAVObiY HeOrebgitings GEHra tb WohmO) next
poi nt source t e fMeﬁ&dnoé Ipaferd hﬁtﬂ%lrmfdl rigQfigdich, pai ﬁt:orﬁngumeeeponnhﬁaﬁad‘n‘c'eer - 30
directing pattern on the recording tnppdiugh thexsby (Waleem ypasrthe kecordiog mediery the

thy f t

reflecting surface, HPFECEHENY ﬁ?éﬁ%ﬂ*ﬁ e éi‘udlﬁ ; repeating s%iﬁiim
the adjusted refl ect gdssph) eGanindcwen el Ajubdien 8GR GoeTeRd] fg) ith
35 respect3@ the objedt ntaeaf fee ree«thceldimaﬂal epmnt smnrot Ihetheenmy df pojnt 35

, and recordi n@j’“’[‘:;fe se&g‘ga terferehfo . o _

on the recor gj gig g iy Fﬁ‘g&e&ﬁgﬂ o e T, f(&ggﬁ%b um

of the accompaﬁmgrdrﬁfmgs.r ansform of a second one of the point

s in the #rray oprQ)mﬂpgrm@bggspd by a method as set forth in any one of the preceding A 40
met hod as set forth FH™ aj m 3, further including repeating the sequence
of steps beginning with the adjustnment ofipihe angAe of the reflecting
surface with 35 Pat&mﬁghﬁs obj ect wave for each
addi tional point source in the array of pgeaiy H %:sources

5. A nethod of fabricating a hol ogram of % er transform of an array
of point sources of light, substantially 1aaddgwacz.bed herein with reference
to Figure 2 inted M i nery ZIdeel

40 6. A hogmy%‘hr#aw Qécecgs rianCB &n‘.elongke% %pa rgzgnne
of the preceding 40 coples may.be gb
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5 1, 204, 170

5 The anplitude transm ssion is given by the equation:

[err]

(12) where ‘OCJerr] and OCerr] are constants, c.c. is the conpl ex
conjugate of [err] (aut+bv) and all the remaining ternms have;been
described previously. The direc- 5 tion of the object wave for e&€h

i mage positioned as it interferes on the photographic 5 pl ate 23

is given by the terns a[err]/f[err] amgodafrerr]./f[err] of equation 12j%
wher e a[aﬂﬁMﬁmmme]

is an angl e i n {Theamplitydé aavepissivg isgivevby theeqiatigur e 2. VHAT WE
CLAIM I S, - 1. A nethod of fabricating a hologram of the
Fouri er ;@‘ansf ormof an array fO . g;,;— poi nt sour ces of light, including

and an obj ect wave of m)nochr ﬂ?ﬁgl C Pl/bht Si mﬁ.«t néous oncqg for

t he steps of expoyﬁgw ECEES 0(4 ‘,.,. ).,r@-fcél ence wave
each point source in the array of point sources, while varying the relative

angl es of incidence of the reference wave and t he obj wave for
each exposure such that the relative difference between the angles
of the incidence of the reference wave 15 and the object w#fe for each

exposur e corr es 8IS 34 196 P1E| PYARE §Ff fsefhérﬁ‘,’@ F OVEEE- 5 tion
of the point SOW CeBy) dhdldMCth@kdniing terms have been dese?ibedppr%uhﬁdrhasdxrs@t forth in
claim1l, woerei miod bfcthe efjeet @méorwmhemaa@ﬁtheeddsat interferes on thecphbtogrgphie of 5
monochr omati ¢ | P 23a EIVeR Prrake ‘P@bqéf %Whefe ar;é?h "%eam

t hr ough ‘a beam & 1“t § uw pljne and ﬁ’ 15 an gngleAn H’f) ANes APV BAYRS 4 claim 1
or claim 2, wherei wgmewrefieamee—wave and 20 t he object wave are
directed onto the lleAamhod(}:pfrfdnﬁmmns laWOI:tgmleatfrtlmgFQuher enmt of an array wave
upon a reff@cti® P@@rﬁﬁ'&“é ? 4\? e Hl}égﬁ multaneous ‘gﬁl@ Ref | et ed
ob-  ec CTR N AL L P e ot

interference patot @icidencd16F @O Peference wave and GE @bjeb Rgvel feakh E@bsuiel’kﬁ@rt a&l‘ ence
pattern on the necwlhuvendffawmd beryeen e wigles ©oh tegingidenggonf the reference wine r ecor di ng
medi um t he ¥Four |“@’r ?Fmr‘;'é‘%fb‘ferﬁ’roﬁ“*he"i’?s\“§ fcorgsspands to the aelasixe differenges,ip daga-j y 0B

the array of poifit 3SR UbuEs e S doad] 0 InUblirh N0 whitGn BRGbEreRtE vahtSanaahd g5t i NG
surface with 2%ect wave of morroaﬂqmﬁé ligho aieff&nﬁd)]:;eﬁdssmga\/lﬁonbghmmatuaﬁghubhhm
correspondrﬁ’?g t@hr'auabab kiter.o ot the n Ipt source to be

formed frofithe f 9% mg%‘glgc;‘g m’c"gg‘) Lk hla?fga 2 the
the

obj ect wave UpOan{* de Likebriig tﬁélfee?&éé,w b T2 e IFalebAE o€ er ence
wave and ject Iweveaui; ondmt In@dhmdtocﬂn;rea:tﬁrsv\mefeun@q’am theeeomr di ng
mediumto form ec%’é@&) figgp interference, pasierncan akecy ff‘ﬁ}f s by o foEp 8ol ng

oot um angs 1 oA BT R SRR o of e AL o1 gohe

recordi ng medi Uspdc@radybjdcOwive bjek! pattnt Gerep@aRE & Mt sEpBatioardE kiiemext
Fouri er transf omppmnyfourge stebommgin’émmfthetﬁmt medtpoaomueoe,sthermftbm@reamgay of
poi nt sour ces. :Il;: zlglect wave upon ect i 1l m%l§ TS dm g‘. &}q‘%nvfﬁvga df urt her
i nel udi ng sepeatialibicomaisg @‘r’ariermdmg mediufs], andl S RRITICH et he 9
adj ust ment of t rpettean ¢he Ofcotding nied ufneﬂrezrelsygtosm apha titéd tebordify mediuni @@pect to

t he obj ect waveFTO‘e‘re ger@hrnaefoh iem érem 1 thearga of point agereet  poi nt 35
sour ces. of steps berinnt ’“L u "‘g gt& e Fourier
transform g§ an rapdcal the object wavmor nsddﬁmr safnci hgeh& ar2y) ;,omt i al by as

descri bed here| roupded. h reference to Figure of the accorrpanyl ng

; : A
dr awi ngs. Q;%é%&ﬁ%&:d%g t, sul %mmly 85?%?“%“‘ efe%f uﬁ%ﬁ?% sa%t forth in

drawings.
ABEL & | VR4Y 6. A hologram fabricated by a method as set forth in Ghybe@f @ pratdayt Ag@Nt s,

Qual ity House, claims. Quality Court,
Chancery Lane, London, WC. 2.
Printed for Her Majesty's St atronggaytﬁﬁtggf the Courier Press,

Leam ngt on Spa, 1970. ‘Publ | ety m(ylse he Patent O fice, 25
Sout hanpt on Bui | di ngs, London, WC2A &M’hy
whi ch copi es may be obtai ned. Lo:gggfywén;’

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1970.
Published by The Igatent Office, 25 Southampton Buildings, London, WC2A AY from
which copies may be obtained.

I




