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EP 0 270 700 B1 Descriptiron The invention relates to an apparatus for
produci ng a hol ogram conpri si ng: gl %jmiéﬂ%‘aans for generating and
projecting a first coherent |ight bg a substrate; 5 a second neans
for generating and projecting a second coherent |ight beamonto said
substr at epeséafitiont hat the interference of said first and second coherent
beans forns said hol ogramon said substrate; wherein said generating nmeans
of at | east THalw@emdibn foRted td dnlapparaliddorpRRIGng LRldgam dombiisigt beans generates a
| i ght beaifrsiieas for gerdtingiaia iprofctingladirse toherstilight 8&dm anroed substralens two di f f er ent
f ocal bk eragdebond imeads 1o gesdratiny anticprejentingna ssearaindhgpéna light pampatocaid slikatratd, [sadhatiad ,
sai d ¥ r dbe iptdemance of said fiistend séxgnd doberere héaprs fayfs sdivtholvglaman saidl aubsitrate)
di rect i orvenin spidigansrgtied mpang of afleastene ok sauk firstrand sérondrenherenttiight beamscgenerates a
rel at es tlighteane whichlis gstigpetise wiereingsaid dstig has teadifiarent fopa) lengfhsoip @ ditst plgnetang)
beans of acefsendepians) quiwﬂd"éﬂ‘ﬂ dhegptos (#pid tfirsh tptane \ih dafipech by, the| qepistt ofpie helpararp japd
beans 1°s dé[%‘t"?’ﬁr?éi"’f"&"’a &P of thashegffrat i sm haV| ng tvvo different focal lengths in
a first pl abHshemers; the igveationelgte Péﬂ@‘hﬁe gﬁ B‘i"@lfl 9’?’Hé§°@?‘@?‘"gsuch that t he
interfer ét"flieé"' twa bpams; ‘U\ﬁd}? tn‘t? Zpigmatic,
wher ei n §§'Fcfst’9§‘at' Paé"t"g °r 'Ef 'E 3/ f’é'}aﬁ °° ‘E?Fl 9
directjo S that aP eéetyg fsa Yors gyt I}?fﬁ 'ti t?ﬁé’%t gaa'%rt
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Si nce (feveﬁtglpman e'" ogrs%'tp 1C b"ré‘ 'e ° ary 17 S™have been

proposed 4.4 pJnrgpthghb,gtgdg.Q t he groove pattern In the flel d of
spectronmeters 1 ncorporating a concave grating, some unique patterns have
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I n the faomwgl gidove pattoiné AsSiRBh basad bn the Wse biltwd Bghefirallyudisheing tigmafie bdatns @uhidh Of
revol uti osill pgicaly ggsait inrttp urzén aftiersastiohaldadny inf the hanes oiC hperbsiaitl ioDrevaltiors orc &

hi gher orgising albstrate wheralsy fudier capipessiationi afl @gth ddghernor®b abesiioiions arks woh attdinet] lag an
vertical aieraiot ot vellied aextion bevawsa tcpnyrtionah art bised ertithe hyretbeloldgi peitdooshoild &b
pattern giirecidddo bliminite prigtaeychberpatians, suthastobspbericateor gomelnatureat i ons, such as of
spheri cal oMakingrreferaereue @.plag Riating hednestislgbidinesyn parglehith ﬁ#’%tt'ﬂt?'ig"sﬁbﬁf?h?yee"
strai ght sugmeagraiing hga pe phegrptiopjof itselbybin applyieg sHsh © & sReptopelenherpin aollipytors and
grating Helemeieys 318 nastin Gopsave, firfogssibpse coprgye mifory gﬁ o0 9fegs grieg il hishret er
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oS & 7 @t
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hol ogrggmg%m% a,agpggg sl 1drQniehor Aridtenddd® S I's a data recording hol ogram
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di f fract i iowmee fitfereon; @and yii-ad wihaxisyennislrizal ppwalortashe ard lusqarto grodde gighb-trastigraatia m
however not to a use of said hologramas a diffractive elenent. 50
Arrangenents for constructing a hol ogrgphic diffraction grating are
described in US-A-3 628 849. This docunent discloses an enbodi nent wherein
the equi phase surfaces of the grating are nonquadratic surfaces such as

t hose obtained as |loci of the maxima of |um nous intensity upon the
interference of two beans originating fromtw point surfaces, one of the



f ¥
formed thereon; and off-axi s non-axi symmetrical optical neans are used to
provide stigmatic-to-astigmatic 2 EP 700 Bl beam conversi ons.
Furthernore, the invention provides a nethod for producing a hol ogram of
the type nentioned in the beginning, which is characterized in that said
hol ogr am i geamn doaer@N&PhI C grati ng having a groove pattern; and off-axis
non- axi sy mretAuititehore) e indhtioPaNIBestd MetSidr produding W ihtiBgram of the type mentioned in the
stigmati c- begirainb, winhtis chalze@naed diatrsaid holograroMsa hdlagrapbig gratig baviag b @roogs pytbrne
grati ng pr el ofbakisnpnekisymaeirical ablics! mewdls met Usedl toofrovidecstigmatiefri-dstigmati¢ beampeopseent
i nveriti on siedsat es to a hol ographic grating which is generally defined as a
di ffrction disaedardg thedplosraphis optiomrredugert hycthmenpareiiuiznddnelthpd kidhaigyentisinythepregsyt
recordi ng #vention ralaee fochojogiaptiq grafige whichvis generdlly dafinedas aclifirstieararating baving B genye
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beam whi ch afigfatic Maarf isf Jb%‘din%&‘tfor iRERCe, ngdﬁ <§md B symiaticPdphRerids fobd}e ntDX ik hg)?nata' ng
cent er and céridfre QiiraBs HdfiRdd tgfanbm@wa of 1@Voiddbd. NCi pal rays and also in a plane
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present i n\é’éﬂ {PPIBT 2o $EPAFRIRIY nofsaigRiden aF'P °ﬂPPé incto refipgte 8‘5@&'%%%3'\/9? 4 p?'@'lpél f&hce
to Fig. A Wr%el n |‘rnatn sour ¢ e gf la rrtvav eat Flgh rpéeé G ination of
spheri cdf ped g: fl‘e nce |n nv%rge ?siézr:i‘der g%%egen ? héﬁ %i]nd rrlzlon § L e’

an s are of'the
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turg foé i in. view es:e t g to be
astlgnatlcggmf}m? ﬁ Y Lct.c@ é@e%g Sy Og.rs. géftﬁg oo o be
(vertical) gkl {sC Rt QB bi@Ye %Eﬁﬁ-
conver ges alncidaddBh b é%rlﬁ‘ %ﬂxa?t@ 1% il eBQ@ veR:‘BHnS”ab ohé) thhatShalGPiok Bdvisliély lbeen
wher ei n t hegfpehsRdfidcal p0| nts are separated or not coincident each ot her

in the refl eqNaf@iyditig@aciigit heVingt dhasofletrie spHefidl Wivb6rit RAdetekrledisy. the3vo parameters,
Sel ection @é. ddmbdom & Poidt Sburckta b igtatitesabstiate abtb&Undident@Rgle fIit. kh\bbntrag Canlastigh@tic

l'i ght's, f ubbdrehascetimiantonirgirgpraperthorthahodzordal frheidismmand e ermsk (sgitil) dpertitiisS

i S réndes edndymbyvbe rpprivgiate do tcorogensatentir trer abewatiorsl of pheavepicaladiectioh invbiesdniatoptical of
choi ce i n dedpegPracticall, emesigmatic toeann isedetived fram tap off-exis ioctianshiyraesbheticelmigort and dret
grating t odefinedrbyperameters dud to HHe distarges frorp thepoinicdodree] pidight i the (nisroppndtroparte mirror
enbodi ment tahe graing sulislyeim tadrridentzanglesip the mils andtbe gRINgSHbsyRtNE the curvatie pidhe
lights, tefWRI-cHI 94 Berease iy PraMelers | q3miba gutilized rig G9% afermrt derncogpensating remedindand
this 35 % ﬁ'?ﬁ“ tipag.of; aigher ‘@é'"ﬂ""é!‘?d’%"@' in 'ltss nore abilities to overcaone
aberrations 81!""?‘[‘3 vill B Yﬁ‘hg &g %é’ 4y aliephecdrawings faq (yrner oblects
stigmatic f’ldkg a"ﬁ‘a?/s S‘eéﬂ’fe g’b ? PROEBILY? P Rave- front is determnined by

the two pag k tancefroma point source to a grating
B o
substr aty ﬁ%%és% “Iﬁlnr(':ll) ‘{ra §| etoit. In contrast, an astigmatic beam has

a bi axi al CORY.& gl NRstRieQ REY Lrash &xat.we% Plhb R Bhveh R d .siaaa@é%l) and the

vertical (sagjttal Jsnsls'pibd A8 of & Eonvéhibhal S¥tef SordBRIHA d Gbéve pQﬁéFrPBH?&Q%ﬁahﬁ‘g
for the aberrat I onsumtatb;ne vertical direction invol ved I'n optical devices.

Practical ly, Figr2 astshaWded pian i IoF iaf ifl6Hiive/ Sydtoh RMedbdid b -grools pateinl Gfd & QRtiky a
sphericak mrror, aosats; defi ned by paraneters due to the distances from

t he point soOEig.3e Ofshdwsgilant viswt di @ndifier In@antiversyistérii Gofrdchr@ingia fgfoove paBierh Bfto g Igaitihg1g
substrate, the incisdesidte;angles to the mrror and the grating substrate, and
t he curvat urBg.gf t Hwstraes light pas$éges in@wpeciromaierdeshom apmgemmptsdrciidiog a giatinguindidentz e d
in new attenpt for conpensating renmaining 45 aberrations of a higher order
involved in optical instruments. The inwention will be hereinbel ow
explained with reference to the attached drawi ngs and further objects and
advant ages of the invention will be apparent in the follow ng. Brief
description of the draw ngs 50
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Fig. A illustrates how'an astigmatic beamin the present invention is
produced; Fig. 1 shows a pl an é@& 6)%@Bponvent| onal system for
recording a groove pattern onto a grating substrate; Fig. 2 shows a pl an
view of an inventive systemfor recording a groove pattern onto a grating
55 Slights énd adcationd-of Gesulant lods i@psctram$d| an vi ew of anot her inventive
system f or Figes or dilustiated rgsuROdicslifpinkting aboratithe incregpeéttto the irverttied gralings as-cothpardd
illustrates |i ghtwihaswagesl pmes;a spectronmeter to show arrangenents i ncl udi ng
a grating, Fign@i deshbws3 plan view dba 23%0tron@@r Beorbrayihg an ievedtivb getirigi ons of resul t ant

| oci {of spE&igtT unsshowd g plas view of jsflluanpihert ieventive sydtams fop recerdingriargiedven gattetneontond | ons
in refpect t o t hegrativgeybstralee gratings as conpared with conventional ones;
Fig. 6 Elgofhs  aShpwsmplan viay ohp spectometer ingarearaling aTEVSRYYB @4Nghg an i nventi ve
grating; 5F8-9F gs"°Ws a P'*"S‘fﬁi‘(/\@f sl 'b?’%lf‘\'”‘iﬁ’ éyprgye sygtpm for éﬁ%’f"ﬂ%? 91°H‘(?5H§F‘1r’r/%“f%?st em

for recording a %ern onto ratrn subst e,

pl an vi%ew &9 Y sp'@‘l?ﬁi?? éfes‘i" (?h';?&?? %‘t" é‘ﬁ 'H%'H? FQ?HatBP%‘f‘rﬁ?ﬂect i "@'e"tge
ShOVVS a pl ! rawin wi U I © %nti Invem 1]

o A s o AT o e e A
results ests or eI mna i ng aberrationsorn respec

be gr Oup%qefmrro QOidh s aﬁparéamrtﬁwrm anfl HAEHEE [dRWingdare %%tehlb% ary,
Fi gs. , of illushratin sBEHHc 2mbbditherBE d?&érydﬁedada&e@aewmgslsram nét! 13 TonsBuddiNd likithg |
be in W presedtierktivdlS. 8, 9and 10 will be in Goup 3. 15 Itrstobe

not ed here that all drawings are schenmatic and are not to scale, but they
ar e (desi greediption cbEmbtaiferits t 0 expl ain the invention as conmpared with rel ated
art d that these drawi ngs are presented by way of illustrating specific
enbodi nmertéreup iTher ef ore, the attached draw ngs shoul d not be construed as
limting the present invention. 20 Description of Enbodinents Goup 1
Enbodi merfmbedidgntfi g. 1 illustrates a process for the manufacture of a
grating by conventional art or a systemof recording a groove pattern on a
spherical gfi@t! :%"%%F aRippeEs on thmmpnutasture of i grptiop By sonyeniional it o g Bistemgf gecording
coat ed vm'atQT°°é(°B f"o°"sae?P§?’t°F'\ﬂéa"Pﬁa'P3e‘Fq“‘£"“°t“ﬂ aﬂeW'rerern %Wé‘ﬂ‘g sB@%érﬁec ted ‘”'th a

di ffract il-‘t!mm' ?“:;'E'Yen ata’ 'E's %‘?mE a d %13 %ﬁ

spheri ca s E 3 °'r°a! 9 'egg;rboo pRLpRE e

the 0%t %r.’.fg %se é’h ol %ranﬁ“qr el sﬂggé%o@ect' on of twp

hyper bol oi ds aser as wave nm and ot her
‘paraneters are noted beI ow [err] = 0. 9896 = [err]
rd = 0. 9908, [er Her e Aadi us of curvature
of thegspheri cal gratihg subs?r%rqg%sis uni t ngt'h 4{)‘% odinment 2 Fig. 2
illustrates a recordi ng,systen @90&8hi s i nvenﬁr orFt dl@okdd Y groove pattern
wherein the vertical |oCus of the spectrumcrosses or cuts with the
horizontal |ocus of the spectrumon their mdways (note a mark 45 "ni in
Fig. 4) ambmhamesofcdwatureaftsqoépesrlcal@lrahggsubsma'msamgteagthng substrate and 5 is a
sphe§’1’ mrror having a radius of curvature = 0.6132, and 6 is a toroidal
mrror haﬁmmgimm radii of 0.6132 horizontal and 0.5852 vertical, and 7, 8
are laser light points radiating stigmatic beanms. Qher recording

par amet er s Elﬁea' stiales aneeording-system °fa‘h'alﬂ19"80"nfﬁ1fq"a§@f°° I@#?:!: wherein thg gertical locus

[err] — of um cros eérolr uts with thf gpqz el @segf @pfftTJm on thejr rggws (note a mark
[err] _45 0 |g 4) an @Fe Lis a Elrefufallgsoncav rayng i’ d 5 is a spherical mirror having g =
[ err ] us o curvatur = 0; 132 and 6 is a toroidal mirror havmg o radii of 0.6132 horizontal and 0.5852

vertlcal and 7, 8 are laser light points radiating stigmatic beams. Other recording parameters are given with
use of a 441.6 nm laser;

i nvent jve g gt,r, §9 ereqnaa%r wiklistdle SREMAE bALHEhot &S, bmﬁaparéiaewagé pdd ||

O

50

pc = 1.5819, q. = 0.5923, 'rc'= 15.000° (degrees)
pp = 1.5831, qp = 0.5923, 7, = 15.000°
55 "= -4.764° § = 10.101°

Futher wherein h and v indicate horizontal and vertical focal points of laser beams reflected by the mirrors
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Fut her wherein h and v indicate hori zont al and vertical focal points of
| aser beans reflected by the mrrongg f270700B1 5, 6. The fact of
separated | ocations of h and v proves %hat initial stigmatic beans are
converted to be astigmatic by reflection on the mrrors 5 and 6. Here the
radi us of 6,Us.\Thé tHcofClepdril@ Italibris i hSadd) YtpravbeLthét ihifial $iigniatid Befis are Sontentbd @i e Nt
3 Fig. 3 i bdtigmtticay esledion @Cths dirg 5ayé6.em for a toroidal grating (note that
the Fig. 2 sitewshd ladiuscaisevatiire of tis(gnating subbiratpr4is umigengthn contrast) to have
substantially equal horizontal and vertical foci, as will be noted in Fig.
4, of whi ckmbaliresnt dns are coincided with the horizontal focus of ‘the
gr at |kffg manuf actured in the systemof 10 Fig. 2. And wherein 12 in Fig. 3
i s a toroi dalFiggRdiustraipsAumeaarding fystam\/pray tofojds! ﬂ'é!t&gr(""éﬁ that toeo Bio- h%FW%&HISeﬂasea?ch
0. 944 ver t SRhgtical grafing.dn coniashde have, pubsiantiallyrequal horizental apdvertical fogh a%W %E‘lﬁde" E'g
1. 000, and*19% ‘”“'f% '°&?"é“ﬁ A E?'“"fd?f’{t‘h y?grhﬁtm%u?ct‘% the,arpting |"2§E"€a E%
] —_
oln

0 h i is ing iwo r dr rlzontal and
8f 93451% 6%n &gmcal 1% he"Eﬁ\Q :? av}ng?a ra ure = 1.000, an?éi 1|5]are I_aseIr érpt}t

S = [err] ¥t F‘l’é; 'atﬁtipg?{'da'ge?"h I ¢ 'pa"'tcﬁfr PARBEYBA cal  focal points
of the beamfromthe | aser source 14 after reflection on the mrror 13.
Enbodi mgpt 4 25 Figp 44§ iggisgnded sh@wols@w | ocagd ons 5Qhglgeci of
spectrums in a spectionmeter wll chalfge accordi ng toCthe chor ce of a
concave grating which is an alternative of an inventive or a conventional
grating, wherein 214ds=ap 9zggance slyt t= a1 783 ° s th& spher.iigal or toroidal
grating to be eval uatDed and 23 is a photographic plate or array detector
whi gh i spassunmed to be positioned to attain mninmumdeparture fromthe | oci
of %ect I uFathad) h and o dididatechorkmutel dnd Ivestidal foaal geind fof Bebeamfirdrthg lated soid® t#nafter

[err], andrdfentioharthemiramst ers i nvol ved are: r = 0.9514, [err]' =
0. 9707 35 [err]' = 1.0035, [err]'= 1.1101
[err]' = 1. 6mbafliment 4 [err]'= 1.0979 [err]'= 0.9953, a =
[err] (dfégrees) 40 - [er rcl = 1.0082. [err] =
[err] [err]’ <idi4xpanded to show how | ‘@F °f' @rstT Y s'"érfﬂ“t’%[ﬂﬁ‘?]d""'cﬁ“"t%??%@lﬂ‘ﬂ
curvature &;Pﬁ“?'??éféég'@a‘ﬁfgrﬁ“ﬁq W at? ‘BQP t"@’e'?}'é? ?I °°6‘1°" H in &
1.000 as t F"GhY it fShe 3 e’f°§'°f ﬁ f I % A% es
noted in FP% "amd* aasgg Wi "°dnt8 ar t;%j’“a?ﬁ%? e o i o i
curves whet'Eth ?H?"sé""ﬂ ﬁ"?%?\ 7R ea“ err?argmet?rsdwoveg #ecording

to Figs. 1, 2 and 3 are superposed on each ot her, on which a vertical one
of the grating produced accorgdeg,to Figre3 usa-m’(so SO0 superinposed, and
two vertical curves of the gratings produced according to Figs. 1 and 2 are
separ at gg. Enbodi nent 5 This le8885di nent irs's bildAtled to show results of
conparative evaluation of inventive and conventional 55 gratings in terns
of elimnation of aberratﬁoﬁs‘-cl:q"g. 5 il Fust b9 to what extent
aberrations were observed |.n e@.’%rr ments wt ng the ectrorret er shown
in Kig. 4, wherein nonocH Fi ghts avi f f e\§ﬁf° veI engths were

i ntrdduced at the center rgf thgogéntrance I;t q?ﬂ deceived at the position
of the imge plane shown I'n 4 and erein e gratings 5 EP 0 270
700 Bl used have the samEI’Sradr 4of curv@as 680209 nm and the sane area of
40 x 40 MR manufactured in the different recording systens as shown in

Fig. 1 (conven r) 9 mnventr ve exanpl e I%e and Fig 3 (inventive
exanpl e ‘il nd ﬁ%&p Pﬁ‘@"@) c ’§?§"H% P‘P&%P&W%E n%‘fm‘g’@ "’élge)("é)h Gfat"ﬁ '31 0%0 as the
rel ates to accor

teg1 or g}g 3% Pl gl n ontal gnd
and seri es vé cal cu S W erzr hree onzo tal cu g t7ehed);;}rattg;ns protiuced jﬁi c?) |gs ,2and 3

according l'a superposed on each other, on which a vertical one of the grating produced aocordmg to Fig. 3 is also
50 superimposed, and two vertical curves of the gratings produced according to Figs. 1 and 2 are separated.

Embodiment 5

This embodiment is intended to show results of comparative evaluation of inventive and conventional
s6 gratings in terms of elimination of aberrations.
Fig. 5 illustrates to what extent aberrations were observed in experiments with use of the spectrometer
shown in Fig. 4, wherein monochromatic lights having different wavelengths were introduced at the center of
the entrance slit and received at the position of the image plane shown in Fig. 4 and wherein the gratings

5



Fig. 2, and in the sane way,® series (c) of Fig. 5 relates to results of the
grating produced according to Fi gEP6’27 s' n results observed in the
inventive series of (b) and (c) prove detinite superiority over the
conventional (a) in elimnation of vertical aberrations. In the above
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t or oi dal ,3. ayhpreip; reyits gbservgd imthe jipvantive (sarjpe chrfe) andrieherpveadediniteatyperiodly coverpihe cal
el ement s G9RveRliona 7) rplimiaatigeof vartical aheratiane i s netal | j cal |y coated, 15 Group 2
Enbodi ment 1§ 1% above empbgdiments Fq"%’l"?gaihéé“a&"fg‘ﬂé‘t?fr FAEER reconveEsiop 196 sligmalicy t°aasr| at
gratiny d\g“‘f‘tf‘few?"ﬁ\f%'nY‘P d?F°(f3f‘i‘8r"(—ﬁ"% p%"f"‘i'e’é' Byna do aaﬂliré”s"f |at sPh%‘? jaimey i
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t he hori z nm NG
wher ei |s assune nssrfa\é@'s caa\'/'e I rror 32 has a radius of curvature
= 1.00 tg1e unit of Iength and the grating 33 has a grating constant =
1/ 1200 mn of whi ch application order 25 being first order, other
pararreter@nb%a.ﬁ,e.glsven below. r =0. 7755, : D =0. 6204,

'=0. 7064 30 e =[err] (degrees), 2K=[err] Enbodi nent 7
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beam sourasased 42bd wositiorep rehiave aininminT dapartunafvinnte dortzerdd! fosal Pbintdo wenateogtie oi=300.. 000
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[err] = 4.956 y = [er§[9-77 SD=0. 6204} so Fur'efef084t wo pairs of h
and v |nd| cate hor| zopt. ver ogal points produced by the mrrors
42, 43% n the sane fu fd Gg§ %BiEdE*ﬁ&BEI nbefore. In this enbodi nent, the
tvvo reflecting mrrors 42, 43 are concave, but such is not a requisite
condition. In place, the use of the concave mirrors in either position may
be acceptgghoqimasl 7f urther the grating substrate can be of cylindrical shape
rather gt han being flat. 55 Goup 3 Enbodi nent 8 6 EP 0 270 700 Bl This

enbodi ment  sRWALERigt Dis@ SRR NGSER KR mERI ureSH A rivEhAFeOIRY gratihg twhBReln fals Go a fik
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has a spherical surface of 500 nm5 radius of curvature, and groove
pitches of 600 |ines/mmat the center of the grating. A spectroscopic
system including thps =gt874g is slgewm 0.8767,9. 10, mher®ild16d is an
entrance slit, 67 is an exit slit, and the d| stance (r), fromthe entrance
slit 68 to the center =63~Q?ﬂ9,t he grmlﬁd’ 88 s o 4@9"8@37355nm and di stance
(r') fromthe grati ygn_gg L 65 to the e {t slit 67 isr' = 410.8190 mm
and the angul ar di st F err]) be wedn?ther entrance slit and the exit
slit with respect to the grating center 65 is [err] =[err], and the
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500, thenyiB8)rthetusd biNfe Morkbvel Mifrors in either position may be accepted, and further the grating
subsirate can be of cylindrical shape rather than being flat.
® Group 3
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grating center 0 and a plane through the normal line N are assuned and a
point light source 62 is positionedErogzeroowt1 on the plane defined with a
distance r = 1999.4 mmand with an angle a = [err] 15 fromthe line N, and
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focal lengtbmjhy, h) in a fi rst pl ane and a second pl ane perpendi cul ar
thereto, said first plane being defined by the center (65, 0) of the
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hstiiive ﬂﬁéfﬁﬂwﬁg et i 0 () 4T (R dY o Py
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that of f - axi s [rgg Bt
are used to 5 ov sg{m |c to as c conver5| on of said beam

or beans. RQVEAI%@,@J bOftSduéing a ng?cZI%ls? of@ho“&l’aﬁhn@ﬂh%' BERG, 6F higSs §Bovd
Seya- Nani oka rgaHéth, s&ill §einb®sdnipRdingt Y St em ( use of an Inventive,
concave grati Nojecig #Mditolims H&oﬁ&é’ﬂﬂﬁ@ﬁb%% éuSst@iaqmzl 4, B1)Jwhesin bil 1ast 443 &haws
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di st ance (rb fromthe entrance slit 66 to the center 65 of the grating 60
is r = 409.8%F &dﬁ?ﬂﬂ‘}ﬁd distance (r') fromthe grating center 65 to the exit
slit 67 is r' = 410.8190 nm and the angul ar distance ([err]) between the
entrance slit and the exit slit with respect to the grating center 65 is
[err] = [err], and the wavel ength 7




10 wused is 100 to 700 nm F g. 9 shows an arrangenment for recording a
groove pattern in the manufacture cﬁ, .@b%l ng 60 (Fig. 8 wherein 61 is
a spherical concave substrate having a radius of curvature = 500, then a
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