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in a single step process, nultiple inmges on the photosensitive surface of
the sem - conductor wafer 14 fromthe master inmage 10. The
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t he di st gnce between the hol ogram ldoaig t he convex | ens 168 and
the di steree—between—the—sencondtet-or—water—t4—and—tte 3
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30 where m=-— fl/fz, 'thé magmﬁcauon factor. : o L 30
: Now .if the function g(x,y) is choserr to represent the Fourier transfermation of

G(u,v) and f(mx,my) represents the Fourm transformatxon of F(u,v) from equatton
(1) .then: _ o . o



(4) 30 where me=-f[err]/f[err], the magnification factor.

30 Now i f the function g(xy) is chosen to represent the Fourier
transformati on of G u,v) and f(mx;ny) represents the Fourier
transformation of F(uv) from eguarton crytTnhen. 2> .
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[err]~ and equation (3) can be witten as: :
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I mage enbodi ed i-n a hol ogriam cannot be’ det ected sincéDthe visible
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hol ogram of an array of points, the Obj ect can be an array of pin- 25
hol ed arranged in the desired h@'eWFe?r Alm(roa@rbal a hol ogram nade by
interference of 25 .- - . [light Wves: passi ng through a pi gol e array
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20 - on the photographic plate bears no resemblance to the original object but contains 20
substantially more information than a photograph. To the unaided eye, the image
embodied in a- hologram cannot be detected since the visible structure is _purely ex-
traneous and is the result of a somewhat less than perfect light transmitting gystem.

In the case of a hologram of an array of points, the object can be an array of pin-

25 holes arranged in the desired pattern. However, a hologram made by interference of 25
light wayes passing through a pmhole array thh a reference ‘wave,’ will not produce
h1gh quality images.-© -

- - In-Figure 2, the: hologram is’ prodirced by muluple exposure of a photographlc
p]ate for each image position to be registered on the photosensitive surface: of: 'the

30 semiconductor wafer 14. The system of Figure 2 includes a laser light source 17 30
generating a laser beam partially reflected by a reflective surface 18 to a reflective
surface 19. The laser:beéam from ‘the source 17, after reflection from the surface 19, is
expanded by a“'beam expander 21" and .collimated by a lens.22. The “collimated
light from the lens 22 is the reference wave required to generate an interference pat-

35 tern on a-photographic plate 23. Light passing through an aperture in the reflective 35
surface 18 is transmitted to a reflective surface 24 and reflected therefrom to a wave
expander 26. Light waves from the expander 26 are collimated by a lens 27 and
reflected to the photographic plate 23 by means of an adyustable reﬂectwe surface _

28 -

40 " In operation, the ‘photographic plate 23 is exposed oncé for- each, lmage ‘posi- 40
txon desired' on the “semiconductor wafer 14.° For ‘each image’ position, the reference
wave ls mamtamed constant and the object wave varied by means of the adjustable
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light fromthe lens 22 is the reference wave required to generate an

I nterference pat- 35 tern on a photographic plate 23. Light passing

t hrough an aperture in the reflective 35 surface 18 is transmtted
to a reflective surface 24 and reflected therefromto a wave

expander 26. Light waves fromthe expander 26 are collimated by a Ienﬁ§27
and refl ected to the photographic plate 23 by means of an

adj ustabl e refl ective surface 28. 40 I'n operation, the
phot ograpki ¢ plate 23 i's exposed oncqzafgg each image posi- 40 5

tion des++ed—oﬁ~%he—seﬁreoﬁdutfor—ma+ef—&#——For—each—rnage—posrr+on~—the

ref-erence reflecting sw@rfabes 28TEWhug, &b reedte aba désinadt melriple tithage gbitems tthenadre vari ed by

ve..surface. 285 is positioned for each exposure. To insure equal in-
means of . -t he adzsﬂb}ﬁ gﬁ};gl on the phots‘-gsenmxve curface of the semicgnductor wafer 14, the

1,204,169 . _ & 1 d for each image position. Remarkelily good image resdl! | €CULI Ve
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seni conduct or AR s’f;% mmﬂy’ S5 %(60%??%‘” v i L u%ed for each

i mage position. Remarkedly good i mage: r-eReuf2a 5 - tion i's . possitile by
the system of Fi gure 1" when usi ngRa—IA@I ogram produced by the

Syst em Of 4fi QUlefeg-, is the amplitade of 'k o Bl A ot B2DARGR D EQdUCtioO“ s
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(9) 10 where ‘Alerr] is the' a _‘°1tude of . the ref erence vvz(\w; and cu is
t he position of the re-~ 10 ference beamw th respect“to the uv

pl.ane. Al so, asgime, skt atilicsdobi e bbjesa weve) Thegimplitnde of the interferdpge pahe fo1 I oW ng
equation: 13 tern recorded on the photographic plate 23, for each exposure, B éﬂqa] to the .
[err] ‘sum of the equauons 9 and 10, and is written as follows:

(10) wher e A[ err] i.s the anplitude:of the obj ect -wave. The
anplitude of the- |nterference p_a}z,,”;ﬁ - LEey, ' d)on t hie.

phot ogr aphi c pl ate 23, fgr Y220 -% 15 sum
of the equations 9 and , and igzwitten as | ows:

[err] - The anplitude transmission is given by t(he equatlon
[err] '

(12) 20 vmérrh‘éa”@R’if‘lgFFT“s‘ﬁ‘Fﬂi’“Oﬁ“'é?P’]‘héF‘%‘atl?antants c.c. is the conplex

conjugate of [err] ' a[err u+b[err£v) and aRl the

renai ni ng terns haXg zb’eer-) Zichep cd;f? )ecf"'j' ' tion of
81t

the object wave for each i magé?pod¥ oned |nterferes n the
phot ogr aphi c _ ~ plate 23 is given by the terns a[err]/f[err] and
b[err]/f[err] of equatlon 12; where a[err]/f[err] isan . (12 angle in

the uw pl ane and b[err]/f[err] is an angle in the vw plane, as shown in

Fi 2 ' b d
U e 2 075 easort opd G I GBED. &2 0 Plat beyglcteledBu e oy

and | owi nfor ne(hmobuv):eﬁ ﬂhthehahuixgtrgams h&vel m descnbed previousipf Thenditec-on cont ent

hol ogramis de a"e it ingsperep o the Ph°t°8raphlq n Applied
Qptics, Volune t Q‘f’g Akl 2 sl JJeRet af ool con- -
aIZ' &g ﬂg|

sists of gsplura l'nhy Ha BeSg; atwawlan@mwdt acn loﬂ@,ShlEd on. 25
Al though the blknamyas sﬁary :matgked Ghedl ahd laweinfoinmtion canggty] boldgoyms. i@ Iowpl e | mage

de b B. R. Bro tgxfng
pr oduction, t hé ﬁlﬁ%w ses ;6 —969y e COm ute}xYa atra&holoé’m gjd in. t he
process. To ge tvﬁ‘rirﬂg anfl CAlthomzh the bmag
4 gur eo 3

pr ogr amTEC_l;oV\A t hmit&hai 1442 €ib is(iifibl@(fbl'\/ dnultiple image production, dieé afer fomg abgr
there is shown nationssineolved dn thormyebessi Fig stoeraterthd ﬂ@dednmmmspthe computer is
programmed with the functmn G(wv).
> Referring to- Flgure 3 there is shown a system for- producmg mtermxxed multiple
- images of two master images. A source of monochromatic light 29 illuminates. the
35  master image 31 thereby generating a:diffraction light wave pattern; the Fourier 35
transform of this pattern is established at the hologram ‘32 by means of a double
convex lens 33. A source of monochromatic light 34 illuminates a master image
36 thereby generating a complex diffraction waveform, the "Fourier transform of
. which is- established at a hologram 37 by means of a double convex lens 38. The
40 Fourier. transform' of. the light wave patterns at the holograms 32 and 37 are estab- 40
lished at the photosensitive surface of a body such as a: semmonductor wafer 39 by
means of a double convex lens 41,
In operation, the system shown in Flgure 3 operates ‘in substantially the same



| mages of two master inmages. A source of nmonochromatic light 29 illum nates

the 35 master image 31 thereby generating a diffraction |ight wave
pattern; the Fourier 35 transformof this pattern is established
at the hol ogram 32 by nmeans ©f  a double convex rens 33. A source
of nonochromatic light 34 illumnates a master inage 36 t hereby

generating a conplex diffraction waveform the Fourier gtransform of
which is established at a hol ogram 37 by neans of a doubFe convex | ens 38.

The 40 Fouri er transformof t 53]4[' ht wave pgattetns at the hokograms
32 and ﬁ_ax.e_e.st.ah : gga.t_.t_be_phat_gse.nsu-we_su_tac.e

of a
body such as gas@ihsCchd Qﬁ@ﬁwﬂ\@rfﬁ’gurgﬁ Phe equations (1) thidRANS) Whidapplpubl e convex
| ens 41. for the pioducugitrbf@rgﬁmﬁﬂd image- ﬁah&nes‘flipm tasegm)xsdm@\imqgg’)m Rngu%g 3 operates

in subst ant i a?ﬂ #k applyeto - production: of mulﬂple mgﬁa theaelastfqﬁe'ﬂ?%si%m shown in
He

Fi.gure. ' o?gn @f‘gﬁﬁkﬁt evez, the . holofor t;'Té‘
producti On of grams BRlaid $7 e lzbRGRA B kHe tfoﬁ.gaa 5’6&8 ®ihe cdiR@8ens 31, and t hey
woul d al so aﬁplestabﬂxmqgﬂecﬁmﬂmrcn'm mmtlltothpbomplexm@m at tthznphotokeesltrvast er inmge .

36. Baufa 38f Fi i cation of
Phe syt g of b e & i @“e@m AU A é %év 5 mul i pl e

i mage patt er Rologrdn@\Way B¢ gendrit@l 610th® same tographtc plateGf ﬂtﬂiﬁ tdflastef ar e
gener at ed on firthagessaeo phmte@gmﬂpbn the ptracoedlamdwafne32;dme>(f foammaster 41
est abl i shes t FfEASRAT fae et #Q;r frrme m;hﬁfepﬁl e odlFeemigendycs

er our hologra fis wou aPpe onthep n
phot oseng4 ti V€ "Referring 1o HrutedC Ghedlis o a ﬂ’f 1MBE &Y an3Rment 15

The hol ograns nﬁ&e&jﬂ(ﬂaﬁgw&ﬁa hmgramai ﬁsht;/b@ﬁﬁeﬂﬁtcaﬂemms& 1Bhad egrephi ¢ plate 10
using, for exdghslparerp n!emhm%m@mmm&m tezrreagjar e¥ler¥e, nore than
R G

10 at' eac Y2/ hi | _
two and ﬁg gﬁtﬂﬁ?th N *fﬁ@'é?;g mg%ﬁ}:‘ﬁﬂgfﬁg‘éfﬁe'; plate

if nore ghan Guo wijuld not interferd WHIJQR &
sem conduct or nmérearndﬁﬁnni@ém@yarmﬁsnfaﬂmcarrhsihenmxed - inages are to be

interm xed to fo %ﬂ‘iﬂee}ﬁd’ﬂﬂ%‘?’@r

EAOREY G e e

Referringsto ﬁ@&@uﬁmktnemupxs ifhl V\ﬁhtta‘nCiHI’di:e teradtipd,i t UBS on an
el ement 15  cither the maﬁeztilmgﬁ( oiﬁgellmethmud raamthesnml@éqjummsmen t he

(o) (<] roauced on Vi C
convex | enses % iy tgm"t%rg%mm SRS AR oot an
produces di St ishCihe SshdSHIRF Ghie i TRA b ol 1&519%nages generated®n f@Ch desired
| mage poseti Olphotﬁﬁhﬁnmm& theGSerticdn@uctoe @dtly. | MR |s very narrow 30 and
appears only aé ithleat @g?fequ@nmt mltltiﬂ?! prodi 'mproduced from

hetdorap
20 " one Rk e tgt, Lo w SR pr oduced
f rom anot her conv 13 is made a such 1tte LishEPH e RS tldBSt ers can
be intera$xed .Founer transform of thi\ligHn wiavpeat Sheshastar mfagd:1 abgexﬁ;atetxhummﬂt | pl%® i mages

fromthe varl ethe "am’“ismsm 8%6'“ ipersded %‘Ft t aneously or
successi vel y. § ﬁ ‘ﬁ, %gﬁ ﬁ‘égge o for each b mabkiess t‘;@fy ges 31 and

36 are il |l um ra#sdonaihe Mosaﬁm ffm oflilid gttt tee1£5rhus, if thewdpl et e
i nterm xd nulmapte] renagem 210 Ia:t hqudmnmrvemlpelp dmgerpattdry thise siphrpter nat4Ove, 25
either the naé’P‘?mnshm ) &S il natfd S?Qara el “and t he

1“l st Al ]
mul tiple i MQGsred multiple infd aaaeér?ﬁ' 1&&%@”@.@ 5 e . BbabhidO plath NE

phot osensi t i veordididgas @l uﬁﬂltyt h €,Qﬂhdl1ﬁ‘-each master nntg@r TR tavex s After the
first pat¥-ern 1pazendse fredp rl%P,PSIG lage to,filgcke-put all 45 39,

i g
(he’ second g SRR m T RS G o on the
30 phOt 0SensKithovgh Bidli Qt1bed OkithU e&ﬁceV\@fﬁtrmmo images

upon| & sergicaail@or pu&mdudt@t ish pr pidtocessumm:eriﬂxﬁdshmld tble pl e i mages

30
by sli gh?t erdluF t the invention tgfno t % l g9 u or Th 0
N Cor 12| SR o Y G :f‘:t;“g@té@fﬁmf'@& 168
plurality of hikeGmagesis iRitfmakd fx‘a@rﬁmﬁc@bf Riodothrétibit Hpht Iahd @R . Fols
convex | ens 1rapsformmfjthe dight weten bl seid superbr it pratrated oncthe a:tihqeshebo!@tant he deS| red
hol ogranp® t he ASE'{‘)“‘“PIG “Fﬁﬁlpi“é‘fntsrg o (of thyr regisgaatiqn, t\@atg % ot & nasPer

of ith- the- Founer o light wav
i mage 10.- To deney #Bﬁﬁ(g nt ed multiple i 1m §na he various
mast er i nages car & illmdhate updritgly ot sifatiltaRebusiyast Jh&nhedyprevmusly Fane and the

’:!

convex lens 13 p ) tabllsh t he Fourier transformat t he

desired ol ogram’ i@a mn RGP FhdcS o) (IfﬂﬁgaLa | 5 sepgrately
re- " CoiufiBE @hgel BerRBOMO en&fﬁfﬁ/&&fzﬁgﬁé&’% ﬁa B ductor wat or
14. Thus, if thsyee gbiht sounceﬂmspt@hons dingtot the Ipasitioimt efrthe imgesnmt 0 a
nultiple i rragéhﬂtl)‘altlt‘lé? fuagg A Sbé“gﬁ seand 4(Jight-sensitive . leg qsiienedir e r equi r ed.
A still furth&FERIE i g “‘3 & Benror, that mliiple; ipa (j’g{rt 144 produce an
I nter- m xed nmul tiple image pattern replaces the hologram 12 with
a phot ographic plate containing a plurality of hol ograns, one for
each master image. The convex | ens 45 13 remains fixed and a mask is

p05|t|oned over the photographlc plate to bl ock- out aII 45 but one

4 a o o o . . o e N T



upon a seniconductor wafer coated with a photoresistive material, it

shoul d be 01 understood that the invention is not |imnted thereto—Ffor—

exanpl e, the sem conductor 50 wafer in the xy plane can be
repl aced by any i mage recordi ng nmedium for exanple yby a

phot ographic plate. Either way, the operation of the system4s identical;
t he master image is illumnated froma source: of monochromatic

| i ght and téhe Fourier " transfor AP®%16¥he |ight waves at said mastdr
i s generat'ed on the sur ace of . a holo 1 @& Goudl pattern
< goneracea o ot B R I e L R LN

conbi ni ng of the adppl ato! wbductiond df mﬁlHﬁeFfmages euomtthanmfstgr imag rf 3éhe 1,
waves at Baskallyl trensystam of Figuysr s @@e # duplication; 9@ % ‘ﬁl ﬁﬁage 5 "‘”
pattern, thé rrastle‘flgg'gzﬁb g‘gg:cilf;a::t?f‘g ‘P gﬁﬁgﬁf ‘ﬁ)wéf:a&, Y 16a¢

sinmul taneously a fsHe QIQ: BrYn of both complex waves\MﬂAt-ﬁe \Mot@hnﬁiﬂm IS - 60
1. Apparatus for strﬁtémm@samﬂcdnu oewumiaiyes of “a nmaster cl udi ng a

60 mul ti pl e Therdglegr é?r 8RBT jarf pepat lbﬁgmea;edaﬁcgu;gfﬁgﬁgg pat tygr N
hol ogr am of ¥n wing, for "ﬁm o ated"@ﬁ'ﬁ fﬁi‘ lggsflrt,d,@ﬂ,sn &Rl haepondi ng
to the positions ﬂlfg?fr&@ tb "B dErmidad on the seml EctmmtfermeThusageforarma to he.
formed, and:a Ilginagesansobc mxetlx@merformso 9 t Q’H“em on the semgipopdiucior s e df: t o

1,204,169 1 %’E@"Hﬁané%ﬁfh i:ésrl 1Q3céﬁveérﬁth A wxeenies 13 kel 66 TAEi ons (1)
through (8) woul dissPpim through bgrhxhepr s distiico pndofepmateniireghlpt patierage

pattgrn fromthe aﬂ‘scstthedesm Hﬁﬂmcm i Pﬁ mm—gﬁl‘g:né fﬁfﬂ, egggéﬁ T % .
prodict i on mul 30 (FPeeass { 1 ﬂ%& d from andPEs! cald y,
t he(g*;yst em dI- Fi %fsﬁd ggﬂﬁﬁe@ effhaﬂoer beQﬁ{,exﬁ:ixedl he S);Ig:t em of - Fi gur e 5
1 conbined to6 pr odUCWita thei syttenmfmrerrﬁsl the pm%tlplen‘;% E!teri"al’1 , the

H

L et hg conf R  Endi: m&atapm c
plate and thg CO”?’-@' e m?;llu tér (£ Son faser 13#ll inCthe autaaa&tvqr m of5
bot h conpl eX™wavegm f]@ @S&I’tﬁl%hé/ﬂlummated sepsatelf,capé tlt;fmttlhée images

sem conduct or waf Gfrthaﬂlummated master prcduéﬁﬁen @gtpagwgwg e§§ conji’inem“g'lﬁf‘g;ar ately

ern has bgen Tegist
generated on a phig Fggﬂ“’a%? agiﬁ flmink §§ g{& e mt Idi6n the

arrangenent @hovvn

hol ograns can be gennrlame)dpo@stbletioenraheea inoxed lmagﬁlsét tmndaﬁcethnhan tvvo
nast er te sptem thowihin Flﬂ'tr ﬁ%@lﬁﬁ‘ﬁo SSE e;gh Bhier 39.
Thus, i1 four n'as nﬁ:e;ollétr?smllgc y p“ﬁg tia@x:teklﬁa £t [theX R e&Qol gé?nmtl&

nul tiple image pa E«% ef tritidfolnl 6 BE ﬂgtﬁ(wa ttmzr master image 10)cTfoegeneBii mfetmlxed 35
hol ograms woul d a mpre lmageb,hﬁe phmus) aat g3| 2a¢ @ndividgally inserted in at)é?ge ing to
Frawe 4, there i3 ol P qftt S 1Y i e L "1
in the xy plane lﬁﬁs %ﬁ‘ﬁgﬁ V\é%ﬁféoﬂdt”@:r%&vax THE,SEShr and
16. The tr mget afentottstr m ol ©gubiplepmagtupatterng thode sparatgnd 40
separate ir regul alopquamsexrmsqmred each desi r.e The -
wave pattern for eacﬁﬁ‘ﬁ%‘ge@ ﬂ’ gmhglggﬁ:,;“l%&‘&g,q qgﬂﬁ’%;%tﬁi% i¥e at the
i mage position. Ttﬂﬁmm’fég Eold € 6ne o0 Bl (The conveole@s mast er
woul d not i naer f eng rashai ﬁkddemwlnta eosn eser GHQ}%@“F Pb?ﬁtah’sslkﬁgastaelll_ 265
”?"St ar. and the i i w ual ace s‘iltls 111 g%cfa?ﬁ' e source 11. L
Wthithe system 0fw° l;ﬁ ti désaaaﬁﬁt rQERerct @ Yodining Umagemst er s
can be produced eig dﬁmem& goam vt CC pBaoresistive. mﬁcnal sit reuldabheous

operation, oI unddtmwmhat @he ipveniige ds @1’91 lippfyedt @Get&r%"f |"1‘ﬂ"‘l§’ Jg?m%“m e safe
time and gener ate‘YaFFe e’;ym%‘%lgfwlla %’g‘ g“@m @% s tRGEcaP 3the € N i N
one operat I on: F a source of m@bdhhﬁhhn Tight am!sﬂlerFomrrcage 31
or 36 is illum natt&dsfﬁ'ﬁpﬁltl&tlghtywavarad*ﬂldﬁ&asrm EStgeqttra@d face of a h°1°8ff9g‘e

a T
i |l um nated #st erApm dﬁ“‘t’h % £ & our AT 1o S { ol
seni conduc- at s ma uce a &rm m 11 8 imdgél ttefnntﬂaa:ast ithges
regi stered on the Epax\éﬁfveﬁr s1multaneously destdihzd evomdy. mast er i mage

Is illum nated and rrultl Ielma sgenerated onthe 30 = photosensitive

surface of the sem cd’ﬁHﬁ twcg Al 3&
1111 ultipl a master image, mcludmg a
o; o P m‘&xﬁ’ %f'tﬂﬁf Qif&edcmiﬂ&& lﬂMo@dnt @htan :

It is also pddsi b':ﬁul&ﬁe E
nodi fication array oP fpoity uﬁgssdtmxﬁdﬂamrespandfn rtge Positidiveofthd ape@rinl2 i s

repl aced by a photib mmpipleomage array to be[famed, aghe 1g s itiye glement, pg ;9;‘;;
hol ogranms, one hol sagmertole e appitiples tMage BTPEART Fﬁmges °§;(§$]%§e ens 13
I s made adj ustable such that it establishes am the 35

Fourier transformof the |light wave at the nas | To generate
I nterm xed = 35 mul tiple images, the v il m Iiﬂges are
individually inserted in the x'y' pl a s | ens 13

positioned to establish the Fou rier transformat the : desired
hol ogram The nultiple inmage pattern for each naster is separately re-

"Dc




corded on the photosensitive surface of the sem conductor wafer 14. Thus,

If three 40 master images are to be intermxed into a nultiple imge
pattern, three separate 40 _operations are required.

A st = on of the system shown in Figure 1 to produce an
inter- m xed multiple imge pattern replaces the hol ogramé2 with
a phot ographic plate containing a plurality of holograms, one for
each master image: The convex lens 45 13 remains fixed and7a mask is
positioned over the“photiogr aphi cipd,ﬁtgg to bl ock-out aII 4‘3 but
one h®l ogram pattern Thi sis—atse—a—mutipre ste Q si nce each
‘mast T %eq Dexit Brethant ahigekroyse (3¢ d@elt’fm ’qs Mmta @ne and

i1l um nat eq‘% ¢ QheY itege]of the master image when nough: t.he invention has
been descri i light er ence to f rm NG B8 krence pattern holagpon a

seni copduct or zv\mbﬁarautscsats‘ﬂ)dO i Ao rObeh 5t posmomecsp@rlmg "t should be 01
undersgood it haFoutitfetr egi) L 1§¥1 inadelatriyitete fofmsd-et 0. For exanpl e, the

seni conduct f posieps of em ¢ sl €I biheladty 2,hcduding @%?%?mea&s aced by any

i mage recor dl Pﬁ’%ﬁf gﬁ Qhe IQN@eRItee element, the Foprer I ogr aphi ¢ pl ate.

Ei t her vvay, ﬁg%q dtdgﬁmof the.systemis i ddentttcaq%mstﬂgudes a 10 nmast er
image is il pggmt rag)mta‘orsoulrﬁbmb?s t to ihblislathd t he Fouri er
transf 8 m ofyst hﬁs medwm‘é agiager g‘?@erml ﬁ:ﬂaﬁd geanetdekne@osé fhe surface of
a hol ogram Foir-tran he h%ffl irﬁ'@ﬁ el et cbmert & gihlish 28 Bt he

tegi strati ofntEm tpﬁsxudgé pat:tfcrnttvfmlneI‘“S?Ser e 4 pluralinf @fTagtirng 015 t he

hol ogr agt pats?“émve CW hust ke -foirei Epitiple S ﬁﬂg M 4 le\/\m@s at
sai d meSt er . indis piﬂomdmb@l ‘é‘ “;1 ﬁm@@ stnglphemb lasfe ﬂ“g t he master

i mages generator dRfdygs & PR 1o

ﬁtatn&ders:eaaaatnehogb%tn T%QF glsl y as

descri bed prféW(ﬁ% ngmm correspondlng to the 315 posifighed 20

Appar at IS foi;nagé)ﬁrmengulﬂplé Mlte . {:@F ,{rﬁ.&hﬁ:ﬁedl dmgcmte mﬂt}l’lﬂdl ng a
wnmkmeglfetqtﬁgénpﬁﬁ Qrhaghsis d’iﬁecfm‘m@m h ﬁfp :gerence

pat tern hol oipregspraysol ¢, on the multiple aﬁagagmghto of e m fae %{‘ posi ti ons

correspondi ng‘m st ‘ﬁ%ga@s»htn dr daref aeH ﬂt‘ C‘I,‘?E"cthe mterference ﬁaha‘nrrul t3pl e

i mage apgay to peAppanneds st’arﬁ?z aml g,httsb&&sﬁ,kwagg iti oned

with reSpect hol 198"*“";3 ﬁﬁmlmp %"Eﬂﬁh@%ﬂﬁfsﬁtzﬁts @he@:;gpﬂéﬁggeﬂ ges of the

mast er es lly interposed between a blish the Founer trans

7 @ﬁg“ﬁé‘e’ raeg Jnoﬁmahe kplper SsprE aﬁ?‘anHQS@&ﬂSels integ- t he30
e s o e L’W‘"""‘“ MR
li ght. tive °emem wrdus APREfhUs cain Ser dap t6hf“i"Her JPLidine 1" Wher ei n t he

i nterference Q@slu uhﬁteoghemralsy of hologrg %u@ cﬁglyr,h@mmtgraammtod:rm# thé5array

of poi ntgsourcess. a‘tppge‘aﬁ ¢ 20 rgl'fer B (s} : o posi tions of
the:i mages of hzhlﬁ to.il 6‘]}%@1 amhaa)/ortdnmé, erplt‘;’aalgsy :Ifdm;ﬁ(:

Appar atus as somtaes(?:loﬁfcspnnd_m&)rto (Heaﬁl‘ﬁ‘t u |ng opt1 cal means
posi'- %:%enﬁ% itiate: ther R "Itﬁﬁ‘cgfﬁl“@?ﬁsch hefe&n&etor vash @jonqrent | 4% he
Fouri er wansforhﬂoﬁpmfh‘éscelm"r ! out ut fromt{ﬂ g’rqls&g{l@m 10

4. Appar at us aerongic ] ;ﬁr 2t Bt Ghrthi i By wdq@rneuctw‘%a‘f"tﬁ"’ F 81 feans incl udes a
10 fel tlj\aﬁs&ﬁl-cpmﬂﬂl d 1 nter mediaadse: g0, ekiarte tigtge an?sthe
hol ogramto est alik.i Aprarahye ashﬁt fo lcplat ourier transform ?f t he .master” i nage
on the holsogr et “ﬁﬁﬁ g‘;ﬁfh&nﬁulmhﬁag@n@dudmg milmpi;v:vés &ggé:h ate the
hol ogram and  t hg, 0 kthap G4ithi tbnochrenh g&ﬁ;ﬁ %‘h akayg ht -
sensiitive el engntie inkber iodge prpv ghej ° i;sﬂ:i‘ ﬂiseofnfastmgeﬂ ofeide 5

5. Appar at us fofrptfllter Bsmw g ngl GPS&’Fnlt of raster
15 ! 50 ”Idlt'eﬂ!hlgrthd hghpP'éPqtrﬁ‘ﬁﬂe‘Eeﬁ ®H"he  deri ved and
anmultiple i ma&ord, medtum generator bRl yding:Andk t&hﬂpﬁtyfrdnf thaol ogr ans on
a si ngl e nenber, ba o metb g o Y d,rected onto afsﬁrtacaofrae isend qs:s masjser

i mage; an int eh@lyr@heg%t tﬁéﬁgﬁ?ﬁ Biiva inaefial ancspse ﬁiypbﬁmr'fi’é'i”ﬁtmmr

sources abd posf‘k (ﬁé ﬂiadiasngumgethe P9 1 didoQR stQ,Q of IBminké@gas of t hat
mastet 20 TRk method bfefomn'&?‘ Lo ‘ﬁ%ﬁ;&j ‘15 nf Eling ek hglndwaazes

rface

| i ght -sensiti VQ)hEﬂMﬁt of 2 re8pect1vevnﬂt:h
mul tiple inmge

6
) ﬂ1 b&tgeanrnnﬁé@ﬂ@b?ﬂ f
i mage ‘arr &@ of % ﬁ @4 bl yosmﬁnsrmmsmn dip ‘ﬁ 3"‘6; th ﬁeﬁoehga{ enment in
response master nhs:getxhehq f;:g remtenugeé @uner at or, of
the i mages of tbv@up ﬁhg array ofthe 1ura11ty@ mimimgeu rraggs_k_mben_i_he—l—at—t—er—
are |IIumnatedP°B‘§F Bt i |ght
set forth in claimb5, wherein each of the i nterference ‘mmﬁ@im L‘j
hol ograns is a Fourier transformof the array of point
respecti ve naster i mage, and further including a plurali ty of
first Ienses correspondlng to the plurallty of master inmages

o - e




tive el enent. 7. Apparatus as set forth in claim5 or

claim6, further including neans for maski ng all but one of
the plurality of hol ograns. 8. Apparatus as set forth in
any preceding claim including a nonochromatic 35 1 ght
source positioned to illum nate the master inmage(s): - 9.
Apparatus as set forth in claim5 or claim®6, including azglurality of
nono- chromatic |ight sources correspondrng the plurality
of master gmages and posi - 12@ﬂ$9ned to illumnate the plurglity
of NMast er—-ARges—i-Aht-aReoustrm 1O-——Appatr-at-ts—as—set-
forth in claim8 ot6 @A dedddasdEfofth fn iR B wwtlﬁ”lbﬂ@ahty of%ster images
chromatic |ight as@mmb@equdy dluinwgrwnh monochromatic light. - ~Appar at.us as set
forth in any pr ectg 0 an F’ﬁi“?’ljse‘ﬂi"g Hf’“é‘éﬁ’é}t Pfr 9@“1""‘1 herein

el ement issa sem - ‘Ptp mulupl%mlmages as set forth in dﬂy‘n&ﬁmlys as<set
forth in any onas &fscribétﬁhm ﬂuﬂim PR @ IoR tHe REcompadyibg drawings, - -
sensitive el ement 1% Aam ﬁg‘ emes as set forth in claim 15, substannally

45 as described, ge San%f" Figr frichgrerfistoppgsyiss A8 i ncl udi ng
the steps of il | umi nat i ng ABEL & @MRAY, MBster. image w th
monochromatic |ight, directing tmmdmmﬁEMMﬁngﬁmgenerated : - at

t he master |nag§m&ﬂ5 t.he_surf B ence- pattern hol ogram of an

array “ﬁoy Pm%gtﬁaéeé{oﬁn%%“ﬂ“&m&“f o the

positions of the, im +he— : H-Hpl e |nage array to be
Fored, and f or ST SR 73 SRR Qe e tﬁﬁﬁ%"' AY, trom

upon a recordrng nmedi um by di r echicneyriesvesy |bp ghained it put frontthe hol ogram
onto the . ‘recording nmedium 14. A net hod
as set forth in any claim 13, ‘wherein the |ight output fromthe.

hol ogram of the: array of poi nt- sources is-directed onto a surface of "a
sem conduct or a - sli'‘ce coated with a mask of photoresrstrve
material to expose. the photoresrstrve mat eri al 55 o to an
array of inmages of the. nmaster inmge. = : 15. A nethod of
form ng nultiple irmages, i ncl udi ng the steps of |Ilun1nat|ng a

plurality of master inages w th nonochromatic I'ight, directing the Iight
waves ~ .. generated at each nmaster imge onto the: surface of a
respective one of a plurality =~ - -60 - of holograns, each ‘hol ogram
being an interference pattern hol ogram of an array 60

of point sources at posrtrons correspondrng to the posrtrons of. the inmages
of that .~ . master image-in the multiple image array to be
fornmed, and drrectrng the li ght. ' out put from each hol ogram
onto a recordrng medi umto form an |ntern1xed com o posite
mul tiple i mage array of the plurality:of nmaster |nages : 8

1, 204, 169 - 16. A'nethod as set forth in claim15, wherein the
pIuraIrty of master immges - . . are si.mul t aneousl y illunminated with
monochromatic light. ' ~17. Apparatus for formng nultiple imges
substantially as described herein- - . wth'reference to and as shown in
Figures 1 or 3 of the acconpanying dramnngs 5 +18. A-nethod of
forming multiple images as set forth in‘claimi13, substantrally - as
descri bed herein w:th reference-to-Fig.. 1 of the acconpanyrng dr awi ngs.

19. A method of fornlng mul'tiple images:as set forth in claim15,

substantially = as. descrrbed herern with reference to Fig. 3 of the
acconpanyi ng dramnngs S I -~ ABEL .&
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