re3eM 6<TTO 2 J U L 2003 OPTI CAL ELEMENT, | TS MANUFACTURI NG METHOD 2NDL 2003
OPTI CAL ELEMENT MANUFACTURI NG METAL DI E BACKGROUND OF THE | NVENTI ON FI ELD
OF THE | NVENTI ON The present invention relates to an optical el enent which
has a diffraction grating and a plurality of mirror su ‘ﬂmﬁmwﬂmmw“ nol ded
by plastic nolding, its manufacturing nethod and an op

manuf acturing netal die suited for use to nmanufacture the oeptisseal el enent.
DESCRI PTION OF THE PRI OR ART Up to now, various kinds of patterning nethods
utili ziORTECAT (RIGHENThy 1Ty MADTEFACKHBAMNGaMBTEPDI B3NP EPERGAL SEBEMENTS an
optical"Tntegrated device, a diftraction grating and the Trke which are
manuf act ured based on t he "BAUFACAURENGeMBdAE BEEBome commerciali zed. These
optical elenments are generally manufactured as follows. First of all, a
resist is coated on a sJ¥¥%%%y DyC&s SHENGNYEPALPEr n is drawn on the resist
to make a resist pattern. Next, using the resist pattern as a naster, a
nlckeflﬁﬁthF ngaﬁﬂgﬁyTFQNobtalned by way of a nickel electrofornlng

met hod. Then, he o tlcal Je nts caq'be obt ai ned

e et hog o ”?ea%aﬁpﬂgveﬁmga FEates Tk R St or by o
met hog, (:59- ﬁs”sdd%fﬁrgsggem e raﬁéfﬂ%ﬁlrm@%wﬁ%@eg' et -setting

resin on the rraster an en ng i1t ravi irradiation

t , | ded 0
0 pe"shr%g%g@prégguiﬁamofhéﬁ b ggfé?é@ 8%&‘&1&% f L fd RN QR g de

Cts, as rep ent &d by a gehe optical disc such as a
Conpa%bt%bﬁpaﬂﬂd ahheptiksi Qmeﬂ@ﬁtsﬂéﬁ@fébéﬁrfﬁﬁfhé%ﬁf£ﬁ¥55éﬂlﬁ@a ¢bra
pattern or patterns are formed. Such products can be obtained by carrying
out i RyseCtdoomanBlrdagref thQprtaéaEremi\éwg the above-nentioned nmaster to
an injection nolding machi ne. OBJECTS AND SUMVARY OF THE | NVENTI ON However,
wi th UEscRIeaoeomeoFi GHEdPRESREBRTVE nanuf acturing net hods, the surface on
which a pattern is fornmed is limted to a plane. This nakes it difficult to
manuf act ure t hdie teomowgx vetrivosukésdef of f pateeanphe, metlsedsict ure having an
inclined surface which is angled relative to a main surface in a plane
wher e W iddtaiadgn aediigheographyabareubaent kpewe narethept se2a @ i8eetd/i ng a
| evel difference in a plane where a pattern exists. Further, when an

opt i cfucd @fefn I‘Pé\’\ﬁlﬁélmlPFSBréEP@a@%‘éng f B r bEE B gD (ﬂr%‘hu}%jaé@tl on

nmol di n nd the Iike, i S necess to obtajn predetern ned

[ at ned diie gy P&&gﬂ‘ﬁé‘é‘SaSFuﬁe (Pragd dp Ehi PREFCTRING MEHHS on i n a

netal(gé%for for 1lzmrror surface of the optical elenent by

pollsﬁ) Wklngnwb Mg for exanple, after carrying out grind-working

t her eon usi ng e [ e ufacturing a
fﬁ“%%r?%%nt ele en%@ ﬁéﬁ ﬁéﬂ@r gd Sur?a@éuf@@ %%

shape wherein a surface an |nc ace m xedly exist as

in, foforraid! eiddie sabara-, rr%ntrbg&@@ FQueaHtbaPbhSA shirade NGEEFEAY tO
di vi de a nesting in a net al’ die being a portion formng the shape into a

pl uraldhy HfpRasddds sHemsnoRBef @bs2st B8oZ2mdkb 2088sist pattern.

Next, using the resist pattern as a master, a nickel master
(stamper) is obtained by way of a nickel electroforming method.

Then, using the nickel master, the optical elements can
be obtained by a method of, for example, pressing a film against
the master or by a method (so-called 2 P method) of, for
example, pouring ultraviolet-setting resin on the master and
then hardening it by way of ultraviolet irradiation to peel off
a replica.

Also, in some cases, there are injection molded
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formng the horizontal surface and another for forming the inclined?2 JUL 2003
surface. Consequently, there is an increase in the nunber of parts of the
nmetal die, which nmakes not only assenbling of the nmetal die conplicated but
al so the overall precision of the netal die inaccurate due to accunul ation
of mechani cal shape precision of each of the nestings. Therefore, it
becones inpossible to obtain a m cron-order dinensional precision necessary
for the optical elenent as a nol ded product. Moreover, particularly in the
case ofredictoudciulneprasenteghdy ahgenesal ngpbicahedbns sfuch ead & di vi ded
into a plurality of nestings to formthe optical elenment, nolding flashes
occur RMRAGH|GSP|adkke tdre r cOnyenfeSUrAgse Thebob? i T fagemedt wherein
fl ashes occur at the joint plane has involved a problemthat optical

char actRiFR 13 RAIATY i AL ST ATPadeFMBeantPak sRECFitidrAR e j oi nt

pl ane bet ween_ the horizontal suyrf.ace. and tggéinclined surfgc . In order to

sol ve PREA LY NSATIHEY SEhIBIECtiRE PPESEAT PRVERTIDA F%’fli des an
optical e{ema_n{_g whi coh eh_as q 9 I ex %t r u%t ure such as rtlheogﬁ,f raction
gratlnﬁ?t %%SIFRSI%&) SUrTace, Bgi-Ffer8nll HRIFEVET | Y&d surface

and t a&%fﬁéas wel | as has good optical characteristics, its manufacturing
met hod and an optical elenent manufacturing netal die capable bf injection

nDIdin@Bgy t Xy CRiedly Qe s ﬂﬁ@é&@goﬁuconplex structure. An optical

el enent the present invention has a plurality of mrror surfaces

including at |gasévéMo R MMM BBV Ylentybhdeesedpdctvéor med by plastic
nolding wwth a netal 3 ~2J UL 2003 die, the netal die being

const i hehedatOuPivg ndtHRBS! 1Re ST fAREe oRewhiBBSaepabt&f n Wié Chofiasd a
mrror surface formng portion, and the two adjoining mrror surfaces being
nol dedibylimbted) o i nglane s Arhisumfakes fier difigipalti eosménd fedtwre t he sane
nesting. According to the optical elenment of the present invention, because
it is bbbdedchyplidre stwnadjmEmiofy rfior exagpdkace Sbruthygreohavomg an
integrated into the sane nesting, there occurs no nolding flashes at the

j oi nt phahanedt seefaehehigh my rngledr redatayewspl aghahp gerbacerimian of
optical _characteristics at the joint plane. A manufacturing_nethod of the
opt i caPlBPenEheradfa tPREYRE LSt SVCGho R S| FO¥GAHLIENRELEMeaRBtAlI die for
carrying ou% t he glastic i?ﬂéﬂr1 s at | east oEe or re nestings each of
whi ch REEUEEPFarAtTH39 ot ol SHCEr foPrPrig FolPPbRis2aRat HHED
pIuraIE%x QE adjoining mrror surfaces of the optical elenent are nol ded by
a plura |Fy of mrror surface formng portions of the sane nesting.

According to t f [ fog #ﬂg% OoRLi.Gal, e resent
i nvention, by %@Fgﬁﬁg'?ﬁ%g%|€§éﬁ?%y o] Q%’jOlﬁiﬁ%k%%'robggggkagggkgge?he
opti caliselrerRal By Wwa¢ &f Wl idjedliAfin1ding Methel aHaf taee1igem pg
portions, the optical el enent can be manufact'ured w thout generating

mol di ngsf hasbesaay tdeohpOanh Pralercdmiddd Wlakinkysohsmvenor asur faces. The
manuf acturi ng nmethod of the optical elenment of the present invention is
such t raughhessebdél adserface caf ryimigrrayt fidrmiplgapore ival dong hasaat | east
one or nore nestings each of 4 0 2J UL 2003 which has a plurality of

t he m dier four farmifigrai mijrpor tswnfacatofl ddst opvdcal edemenkr bgr surface
formng portions of the plurality of mrror surface formng portions of the
nest i ngpoBdshgwpskirpd bpogiﬁhim@r,sﬂn¢aw@ngﬁmndwﬁgemephgayiagdoatnirror
surface of the optical elenent being nolded by the mrror surface formng
por t i 09T iACcHPHEKARTIt BheReoRn by ER Frehtd ol Sk -act uri ng met hod of the
optical elenment of the present invention, by formng at |east one or nore
mrror surfaceFPsr fPhg PEREPBNsIBY tFRSF % JreEFHNE IS FdiSRGPRet hod, one
of two mrrar suLfaces haxin& émo g%%{or surfaces, which forn1ag angle, for
exanpl &DSEENReBn 9T REPP LN BT E3TE Y HFLmad faFLaGer Je&<8iYone of two

mrror surfaces.having a difference i.n | evel .can gﬁégplde usiﬁg the mrror

surfacéngFhﬁﬁngOrFP n“FaPRES” b ?r&??ﬁ??%ﬁn%ﬁﬂﬁe &ﬁﬁ? Fn&r Maodt This
makes I RASRLRLey! foTROYEAStUr foL e OPLY SRl SLATRNL MANIDD 3 60l gX

structure such as € I ncl'ined SuUrfac he erence in-l ev t he

i ke. i nt nyf | J 4 r.e t Lavention
IS conE?ﬁF@Q d%?% Eggg@a%n ea§t§%§£§%§@%g$%q#§§#iﬁgiféggh%gf%%%ighg
conprises the plurality of adjoining mrror surface form ng portions for
nol ding the mrror surfaces of the optical elenent. According to the
above-nenti oned optical el enment manufacturing netal die of the present

i nvention, because the nesting has t he plurality of adjoining mrror
surface formng portions, it is possible to carry out the nolding wthout
generating the nolding flashes at the joint plane between the 5



02 .1 UL 2003 mrror surfaces of the optical elenment which are nof§deyibg03
the plurality of mrror surface formng portions. The optical el enent

manuf acturing nmetal die of the present invention is constituted to have at
| east one or nore nestings each of which has the plurality of mrror
surface formng portions for nmolding the mrror surf aces of the optical

el emrent and at | east one or nore mrror surface form ng portions of the
plurality of mrror surf ace form ng portions of the nesting are formed by
t he nifior@iinguichacBogliz68taY Sethace £Hed bkt Fdherdptingaln enment

manuf acturing netal die of the present invention, because at |east one or
nor e ninaldmeslushacactor gongegacht bns Eierd arsregh hiyhddemgy rirprehgr | ndi ng

nmet hod out of the plurality of mrror surface form ng portions of the

nest i mpmbene odf paest wé ther netslrdbeeswiniedi nupleas amgd eynlfyor exanpl e,

bet ween the horizontal surface and the inclined surface or one of the two
m rr orass@rddey kivihg methlf diencemphicated huwtn desardiitedvgralie nirror
grinded portion forned by the mrror surface grinding method. This nakes it
possi MEeGis ieanofathar BetRé gpei tapcenedemtdud P At inyiafy the two
mrror surfaces formng an angle, the two mrror surfaces having a

di ff er%@qlﬁalle\?glapﬁngr?ﬁésFLPRe‘?fT?l‘éc}é)p‘?ﬁ chre aresfietIaiifer@iftieng net al
die of, the present invepntion is constituted to include a nesting having a
di f f r act i YRt ilﬁ‘BoFﬁﬁﬁitlﬁgtBoPPF%“i A %?E‘Pm“éo%fg%%é&d‘-‘wlpat tern for
| di the diff ti ti f th tjical el t is. f d t
east s St cstrsa2y0str, Ml onk LG Bl Tert 1 B avlind oot ca
el enent 6 ’i&o&olzeté,h gﬁt@%ﬂg}lﬁ&gibngh@&é‘%edbf %e?ﬁ@u&éffte“t

i nvention, because it s the ction grafirng formng portion wherein

the prgdeler Mmed +HRNGA%R16gN¥exX Rt het i | §id of&egdi Pyl 1Masty one surface
of the substrate of the nesting in the netal die, 1t is possible to carry

out theumdditig of nlbe ippki ¢al rekANERd 1681 téeefbhd f afdiPImPrating nore
easily than the conventional nolding nethod using a nickel master. BRI EF
DESCRI fld sl Ofoctidr BIRAW NoSnk! Bl adeAof Oréspect sedenadét tngd I uriair al  di agr ans
of an optical elenent as one enbodi nent of the present invention; FIG 2 is
a di agrgtmcdiowlregnearte wheraiaf faasbesi oatuel tenhe npmidiagbLanechawet al di e
used for injection nolding of the optical elenent in FIG 1; FIG 3 is a

di agr alehbigth@ fRuokd.eaf thaest opgécadbneharactayisticxederex oratie vherFl G 2;
FIG 4 is a partially enlarged diagram of the second nesting in FIG 3;

FIG 52528l RRads PIAFSEGr &Neéﬁhaﬁgedja#aerah@w hepueen &RRwing a

manuf acturin rocess of the tirst pesting; FIG 6 is a process di agram
(enl aﬁb%”o‘? rﬁ“&l‘fsaé:ep tg‘ﬁo@of‘ﬁglf‘ﬁg g’éﬁﬁ?ﬁ%turi ng process of the first
nesting; FIG IS rocess .di agra enl arged di ggra f a part) show ng

t he manuf act urgl}lgorpreocetsos SH1 3 I %&Vﬁé%ﬂﬁé?nﬁgcfrg%%mﬁ’ p%b%ess di agram
(enl ar ' g:{{g;g . . owi.n : rj r ss of the first
nest i ngfg%%g I srpcfaiL Oglr %%%é’é‘d%a\gpagp%gﬁﬁgﬁggéﬁ%bggerqg?ncgfHggp%rt) show ng

the moghadHrd AL ShcH aﬁhghfei a&kfegéghaﬂ: ?gagﬁg%? thd) inPPRd!1 G 10

is a process diagram (enlarge Iagram o part) ng the nanufacturing
processupfadde did HifRSldnee inl Tevél,ia aubban ¥hevrasé anaciheul fke

substrate with a diffraction grating (ornlng portion forned thereon; FIG
12 is aspeebbesd ihes o efptdralf eherattbkestiest its manufacturing
method and an optical element manufacturing metal die capable of
injection molding even the optical element having a complex
structure.
An optical element of the present invention has a

plurality of mirror surfaces including at least two adjoining

mirror surfaces and is formed by plastic molding with a metal



: : : : : 02 JuL 2003
nesting; FIG 13 is a process di agram show ng the manufacturing process of

the first nesting; FIG 14 is a process di agram show ng the manufacturing
process of the first nesting; FIG 15 is a process diagram show ng the
manuf acturi ng process of the first nesting; FIG 16 is a process di agram
show ng the manufacturing process of the first nesting; FIG 17 is a
process di agram showi ng the manufacturing process of the first nesting;
FIG 18 is a process diagram show ng the manufacturing process of the first
nest i njie Flthe bhfetad dipeteyiagt coastieutell toehdwe natofledset seoorar nesti ng;
FIG 20 is a process diagram show ng a manufacturing process of the second
nest i mpréim@st2ingss eaqhr odfesdhidhapaanashonray shefasaufeonimgng process of
the second nesting; FIG 22 is a process diagram show ng the manufacturing
pr ocesRORHiqhe ajuk diie Aesy iafyoiRiagy PIrrerasprbeces bebeg drebdreiity t he
manufacturing 8., 0 2 J UL 2003 process of the second nesting; FIG 24 is
a procedd A IPERSIIGERT e IRgRuLEPERPNEORE 5888 sTRFMeR OB et F ARt i ng;
FIG 25 is, a process diagram show ng the manufacturing process of the
second®§®Est¥%y; FIG 26 is a process di agram showi ng the nanufacturing

According to the optical element of the present
invention, because it is molded by the two adjoining mirror
surface forming portions integrated into the same nesting, there
occurs no molding flashes at the joint plane between the two
mirror surface as well as no deterioration of optical
characteristics at the joint plane.

A manufacturing method of the optical element of the
present invention is such that the metal die for carrying out
the plastic molding has at least one or more nestings each of
which has a plurality of adjoining mirror forming portions and
the plurality of adjoining mirror surfaces of the optical
element are molded by a plurality of mirror surface forming
portions of the same nesting.

According to the manufacturing method of the optical
element of the present invention, by molding the plurality of
adjoining mirror surfaces of the optical element by the
plurality of adjoining mirror surface forming portions, the
optical element can be manufactured without generating molding
flashes at the joint plane of a plurality of mirror surfaces.

The manufacturing method of the optical element of the
present invention is such that the metal die for carrying out

the plastic molding has at least one or more nestings each of



process of the second nesting; FIG 27 is a process diagram show ngD?PH«yL 2003
manuf acturing process of the second nesting; FIG 28 is a process diagram
showi ng the manufacturing process of the second nesting; and FIG 29 is a
process di agram showi ng the manufacturing process of the second nesting.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present invention is an
optical elenent which has a plurality of mrror surfaces including at |east
two adjoining mrror surfaces and is formed by plastic nmolding with a netal
di e whiltilch $asomas pllurhedtiyoobavke ahitvastswntacs fomeimegdmgenggclthavi ng
a mrror surface formng portion, and its two adjoining mrror surfaces are
nol ded dastt lomet war adirei niingom sunfacer faceiigrpemg gre tafortshd orned on t he
same nesting. Moreover, the above-nentioned optical el enent according to

t he prdswraliityy eft manros svnpasedfofmangrpeousopd|ghlEie masdsing
Furthernore, in the above-nentioned optical elenment according to the

pr esereing danmed by @ mirzeri snrfraei ayindingrigiehest, aand endtirg®s mrror
surface of a plurality of mrror 9 0,2 J UL 2003 surfaces and the

di f f r RUTTRACYf ithe OPtiGRAc8LB Rt dPeiRG P B RY i Hhe fO¥ My portion
havi ng a concavo-convex pattern which is forned on the nesting. The present
i nventTn-4F qﬁ&H@ﬁa@PﬁEﬁﬁB'nethod of the optical elenent, in which

I i | di ' arried ' | .dj ' h I

Tore. nesti ngs SHSTHAN 16 41 apaPEyBaFaipa; hEnbEREryEte BhaukTiof i ng.
e CHHAA g 471 PRI Y-8 &1

o1 erontie o F1ient, B, SerbRePint ShOEREXATTRY Bt IR, g
m | g o Torm

ot hod 21 TR oSt QLT Col AeRE PAC AR et o BATY coner aPhg LB PR 1

a met alydf feditihdias aethRRSt ofBEoer tWB RiPLEE HFSF £3EH NaYiny @Bepl urality
of mrror surface formng portions, at |least one or nore mrror surface

f or m ngipest | QNSE fed R iRIhU falrint ¥nokngilel, OFoguekanplé privétigedrd i ons of the
nesting being formed by a mrror surf ace form ng grinding nethod, and

m rr orhenitacesl cfultfleeceopindcan dhedenedbeunfiacel dedoby dhHhetwo rmixrraur f ace
formng portions. The present invention is an optical elenent nmanufacturing
met al slefapeshhavingest idigSfegeplehan Agvelptanabét poldedi wginarthens for

mol di ng_the el enent. The present invention is nmanufacturing netal die which
i s nesPiRHRT cBEHE IR i fRFming Poatiop éorBer: by eihe omhayer ofier HrCPore of
adjoining mrror surface mrror syrfaces of the ogtical an ogtécal el enent

const | PELRALRY FRERPIN TGS MEKeSof tnPPREAPLGr FcBARBEATRYT G ot

optical element having a complex structure such as the inclined
surface, the difference in level and the like.

The optical element manufacturing metal die of the
present invention is constituted to have at least one or more
nestings each of which comprises the plurality of adjoining
mirror surface forming portions for molding the mirror surfaces
of the optical element.

According to the above-mentioned optical element
manufacturing metal die of the present invention, because the
nesting has the plurality of adjoining mirror surface forming
portions, it is possible to carry out the molding without

generating the molding flashes at the joint plane between the



02 J UL 2003 portions for nolding the mrror surfaces of the opticglz“’u'—m3
el enment, and at | east one or nore mrror surface formng portions of the
plurality of mrror surface formng portions of the nesting is formed by
the mrror surface grinding nethod. The present invention is an optical

el ement manufacturing netal die which is constituted to include a nesting
having a diffraction grating form ng portion of which a predeterm ned
concavo-convex pattern for nolding the mrror surface of the optical

el ememirorf crurehoas atf daesbpadeaiuvelementf whishbate ahelddd doy the t he
above-nenti oned optical el enment manufacturing netal die of the present

i nventplugality mefsmiing drasuafackf farmiog geatiogsform ng portion and mirror
surface formng portions for nolding the mrror surfaces of the optical

el enent, and t MRRtisals glieneats sapufgcsoringnsetadl dde afnkheor surface
formng portion fornmed at |east by a mrror surface grinding nethod.

Mor eoVRFESEIH t HV IO\ RdnGoBRsed thperdc kP BREfeAt HaReE@RGrPhg' %2 al die of
the present invention Jraterial of the sybstrate of the nesting is
conpos%ﬁﬁ?ﬁnﬁ%ﬁ¥¥ﬂbfﬁé“gFgﬁhﬁ@§st§?e8ﬂu6P1&EMeﬂFeHlEE?5iﬂ%?f¢%$ther, in the

bove- penti oned qpti cal_ el enent. facturi |_die_of th t
rvent FOHT 56 YIS it AS oAl iy aRaSBhgareal ) FaSi SREHEat o

lith f i !
and protaniyr EREEE Tash e Srarke Y R2EEE " 3PSO e PEIRd HERERES ) e
) . ich -di.f : | 2J UL
On0S"SEHASTPBlaLhy SUOSLEALE AABLEn iG] bhoetong dF 8 20 UL
di agr apeof i AdeaWtisdle£IMMe 3 r20e %gm@b@eahaaiﬁa_em@ﬁﬁé@nt i nventi on.

FI G 1A shows an upper surface view, FI 1B shows a Side view, FIG 1C

shows a bott on&sf@Lteg e Vehel ipt el @lerRineMRhu¥dcearshigt mbeg1ageenpl ex
optical elenent wherein a diffraction grating is formed on the upper
surf acef stie pfeserst rimteaireidmr edausieo aaz deastsbapeoanfioes mnherdptt om
surface side, a diffraction grating and an optical surface angled relative
t o a naunface f foening gartemhs Brst fiogmedn byheéheppérreur fatedinde, a first
diffraction grating 16 is forned on a first mrror surf ace 11 which
descentiethpd it ridhe thamgdgdymedt mdurioac suaddcen fonaiogpperhgonst t om
surface side are forned a second mrror surf ace 12 which is parallel to
the fiP&ttherpeFtigf Lue ©f 4he 43I To%e syrdgceeoRrkhBILBR BAFLAY f ace, a
ce .13 ,and a fourth

second _diffractjon gratin 7, .athird mrror surf )
nirrorfgﬁr?ﬁiﬁpa 'vékﬁﬂﬁ%ﬁtghﬁKHQQ}%QQ i POLEECE APdgEPPnenGL 1PRE second
mrror _surface 12, Al sp, .at .an adjqQinin sition t.o the third mrror

sur f acE iEaBE ot cond ! SPL et A BB RhuBBRh: Wi B dGTERRRHRS! B he
secondq QL O . {4l 11 J.Qr r 3 he fifLh
nirrorlgkégaégﬁgéééﬁgﬁgéfH@ghﬁﬁ%@Egﬂggtf?gﬁ¥$§h%§hggﬁévgggﬂFHnQYi%ﬁéof
separ ahii o L@5LAcHEFFIhI Ry HAHIAT AR ik ikeils8gpik RasS through a
joint plane of respective surfaces. It is desirable“that the optical

el enenhahQrhetaROUERE topeIL DY dlera pf B edirmeturel Bakdngethedcwben 12 0
2 J UL 2003 conplexity of a shape, mass-productivity, and further costs or

the |ikérave sakeacent boomivsg dar alriglie, Mieaw®y mias dro shieFakeBbhakialy used

as a material of the optical elenment 10, resin of anorphous polyolefin

syst emar dpféeeaned Dy ldéreehogpidisthe Yidssn of norbornene systemand the |ike
whi ch are excellent in heat resistance, noldability, |ow hygroscopicity and
the like i s defheabpeicaikbxelenert framm bictuminpmeatsl eliensft thenuf act uring

metal die used for injection nolding of the optical elenment 10 is shown in

FI G 2PIR§e8hoWAVERL PG, 12 Ccongititied W elimlude @omesitddy dRvang a

diffraction grating forming portion in which a concavo-convex
pattern for molding the diffraction grating of the optical
element is formed on at least one surface of a substrate.

According to the above-mentioned optical element



movabl e metal die 21 and a fixed metal die 22. when the novabl e net ail Z1/8L 2008
21 and the fixed netal die 22 are made to butt each other, there is

provi ded a space to be filled in with the resin material. The nutually
opposi ng surfaces 2la and 22a in the novable netal die 21 and the fixed
metal die 22 forman optical nolding surface necessary for allow ng an
optical function of the optical elenent 10 its full play. In the fixed
metal die 22, a collective body 22a of a plurality of surf aces including
an i ndamEREWT g Nfhadh die efgtbe pepaehveinventhoni AZwralsea uitf des f or ns
the optical nolding surface. In case of this fixed nmetal die 22, the

opt i cathersl i HRSHoma X atdmsr ifeE8ingoPoERARP| Bhebepdrihen for form ng the
diffraction grating, a portion for formng.the mrror surface which is
angl eoPIFeéi%’i‘?g’V‘é”% RRGRYA-£oRVER PAFESER, 181 TarBadt POAY okedr ARy t he

F | i he |ike. 13 2 J U.L 2003 Additi ly, Iin FIG 2,
oo At e Thel sy i el ot kBEoBRSF ATAG RN ER S EET L Ui Yo dia
d th i d.sid tal .di i i.tted, f ti ]
Sonst [iot B 2 B3 Buelihid Ro3BihiBe RS PEELLEL, SR ying, o (he
const g e fied mta AL i ere, the
| haCo et Aifhadidp SHAGHR o0 Ll 10 EhafiIonel obfifeldighalo! | N9 ST an

secondyd d{gy Mﬁ&?%é‘i‘?{dﬁdﬁ%'%@ﬂ fBsderon which a diffraction grating
form ng portion 37 having a predeterm neé concavo-convex pattern is formed

and a fourth mrror sggrigeepkotRIPBIGR bF OB Gicdecones an inclined
surface angled relative to the second mrror surface formng portion 32.
The second ni rrpe. suUrf ace dZanddhenaitae shriictuealsuihgeamd 4oofah he
optical elenment are each nol ded by these adjoining second mrror surface
f or m ngppiedl crldemnds and kembodimentuofactel presagtpbnvénvidd; and al so,
the second diffraction grating 17 of the optical elenent 10 is nol ded by
the diffracti oRIGr a2 i by 4 otiagrapehcawimg3 pneFformecf an bheisatond nesting
39, afifth mrror surface formng portion 35 and a third mrror surface
f or mi nglpBeRt oPABBt I LK dhed dde Needné@rsaniactinnvialding avfl e aYe
formed adjoi njng one another. The third mrror surface 13 and the fifth

mi rror tREr PREECAL SFCRERE Ot iFd&- difenent 10 are nol ded by these adj oi ni ng

third mrror s ace form ortign 33 and fifth mrror surface formn
portion 35, thgiébygcﬁis"{‘icﬁ]ﬂ? F?d“t%?“ﬁdl?c rtmsplolr%sr?leﬁﬁ&Bgﬂ 02JU Lg
2003 o . , . .Ih iS,.the two adjoining mrror
surfacéo%gﬁﬁl{%l%{rg%r%%%g%g?e% fd(])ir% f'or %lrlrcfg '?He Foucault prismare
integrated by gpg sgc é‘%ﬁ%éﬂ ﬁg-enﬁm db ﬂ%@%ﬁ}eoﬂ BnbNEeEaRE Of

Foucault prism the division of t nesti’ng at t'he joint plane causes an
occurrgeseifg RI@i®g 3} ashes thereat and in turn an deterioration of the
optical characteristics when a | aser beam passes through the joint plane
between the horigonsais sarpoccesdidigrdncldnied gdr idegrabbeoyepare)
portion of the inclined surface, nanely, the third mrror formng portion
33 i s sboyidgf&imaht faotyolnglphtedso dft shehdiestAneetdnnggl y, the shape of
the inclined surface is work-forned by a mrror surface grindi ng nethod.
Specifically, EIGa paisial byoessdardisahthmgrevhagfgadhel isgramd ofiest pagt 9 i s
shown in FIG 4, mnute radii Rl, R2 at connecting portions at the joint
pl ane BBPWaBH the Banyfagiwrbrg ndeass fadr rihey figst ogs83ngei ng t he
inclined surf ace and the fifth mrror surf ace form ng portion 35 being
the horizont al F&Grf AcéSaR ePEPFET -$lagEaR (RWHiatued ddassedneieguBRRIEd or

| ess th%fr; Sum respectively. The third mrror surface formng portion 33
and t h&"PWEPE HPfr ?n‘éﬁ‘?‘Ft‘é‘E-b“‘J RIRGRF H R ithe I3 55dedePE1BE/f or ned so t hat

the fl atness i /10.0r less as

., |1 as the surface roughness Ra is | Onm
o I ese 1 an BBEcHI 181 PeBEPTEST AR TR SIS CHARFay Sue Part)
Pol i sho R chR9endNfefuthe sl S5 AL Y SRe9dNesiing 39 are formed 15
FIG. 9 is a process diagram (enlarged diagram of a part)

showing the manufacturing process of the first nesting;



02 J UL 2003 in a manner that each of their |ower portions is foréE%Ja}de

like trailing a skirt, and the wi de portions are conbined with | ow portions
of outer franes 23 and 24 of the respective netal dies in arrow directions
so that the nestings 38, 39 may not junp out upward in the diagram when the
metal dies are assenbled. In this regard, when it is arranged that the
respective mrror surface formng portions 32, 33, 34, and 35 are fornmed by
respective different nestings, the nmolding flashes occur at a time of

mol di ng as nmedti®ndd dBofePirgethedhagtamgtebi®edeth AImA™AL & nol ding
due to the existence of a clearance of each nesting, thereby nmaking it

di ffi RA%E )k ShOMH&IN thPeRERBEATRRELRDt PERFCTh L LS i GithSds NaS¥F @ IShape
preci si on of sever%I m cron_order. For this.reason, in the present

enbodi ment, t HF%djldi A*n§ FLAPoV1EUr PhcR0f SHRF WA H ST B 34 are

i nt egr ygﬁ by.the fiEst n stina 38 o{.uni%ied $truc%yrq wi t hout bei ng

di vi ded; SR8 GRG Ty SPTRGPP RREFHP %fTﬁ)t?Qﬁﬁ;QfB and 35 for nmaking

t he Foucaul t i sm.porsti Qn_are | byt S [ ng: of a

uni fied ot ructl® wa Heut %rgé’eg%@igég%igﬁ‘héffgﬁ% ﬁ‘é%?%@?%iéegﬁo’?% he first
nestirgbégﬁ_ d the second nesting 39 will be described with reference to

dr awi ngs. ‘any of the nestings 38 and 39, shapes of the nestings

repeat edly di spased At PrLplRENAabPHAr ¥AbWiRG ShO MEkh PA- Qe y)r f ace of
a substrate having an area several deCade to several thousand tines as

| ar ge §gbéé§g o ﬁﬂaaﬂﬁr@&r@@gkgnggrating 16 02 J UL 2003 form ng
portion 37 and further, the substrate is cut thicknesswise to forma

requi red shapernf. tihe ires ip1@cd8§sodidgramhshbdbeing ngherosestactutieg first
nesting 38 will be described first. Here, FIG 5 to FIG 10 show enl arged
porti opsoedss edfh thepdiitrern nefstting;di ffraction grating form ng portions 37
is formed . In the beginning, as showmn in FIG 5, a groundwork processing
of a surface iBIper¥orifed trrasesgr fdegramasbpwihay bheamphafagiguXiktit ment or
a vacuum fil m ng, on which a concavoconvex pattern of the diffraction

grati nBre7est @f sustiigise Besitdngér med. Further, a mirror-surface-working
and the like are carried out on the surface which wll becgne a mrror
surface for mi nELBOrLS oHe & tRIOGHES GHOGRANoFROBIBTCELP ARG BEEAF 1Y

snoot hness. As terial far the substrate 51, from view points of

bei ng 8&%%??%n?£?#ﬁ% b Q§5%&3§Fivity and corrosion resistance for an
i ect | di . . . e ' ) i ng.
o £oner e ot of BFotE) ek PRlod Meant G100, Ol male ERcELIORE 0

martensite stailnless e an e are preferable.
Al so, §§Oggsghgft{ﬁélfifggrnggyj ., for the groundwork processing, a
mat eri al having hardness of HV300 or nore in Vickers hardness suitable for

the mrror-surface-v@rké g procedBidER@anMehokipgy sheambiudadtahengcal |y
endures the lithography, is suited for a dry etching process as well as
endur eprbeapsr af utlte afitr Pt assdiqggt a tinme of the injection nold 17 021
U L 2003 process of the optical elenent is desirable. Fromthese points,

mat eri al s of NFIf.o0i9Cis #tperspechivendritche dfi kaealferpr efethbl eecdgdi n,
conmpounds which are equivalent to these materials can be used if they have
t he aboeetamati oned characteristics. Next, as shown in FIG 6, a resist 55
is applied to the surface 5la of the substrate 51 on which a surface
treatnent is pEffor ARdis NexProgessbayian phgwing e e fariegdi8got s of the
resist 55 corresponding to a transferred pattern are exposed to |ight by

| aser BFSpRPAgOLeFRRtFeTPRA ReHh i %phi ng or a stepper and the IiKke.

FIG. 21 is a process diagram showing the manufacturing
process of the second nesting;

FIG. 22 is a process diagram showing the manufacturing
process of the second nesting;

FIG. 23 is a process diagram showing the manufacturing



Next, as shown in FIG 8, the resist 55 at unnecessary portions is Ordlle 4003
If the resist 55 is, for exanple a positive resist, the |ight-exposed

resist 55 is devel oped and then elim nated. Subsequently, as shown in FIG

9, the resist 55 which remains without being elimnated is made a nask to
performthe dry etching process to the substrate 51 as deep as desired by,
for exanple, ion mlling and the like. Finally, as shown in FIG 10, the
resist 55 made a mask is renoved by washing and the concavo-convex pattern
of thePxREgTePUither secoad §estingi:formng portion 37 is formed. At this
nmonent, since an area of the substrate 51 is several decade to several

t housand ti mesF&s 1% g6 & ROPLESSH HRITAN FRAVENSntHR AP RYERGEMF HI porti on

37, several decr?d%%to several hundreds of diffraction grating form ng
por t i JECEA SR g 8P 8§tdR%¢onst ant intervals on the surface 5la are

18 02JU 032[%farrred. Then, i1 correspondence,to the_diffraction

Srating form Mipod ot s pnaess Sladarhs3Beh 8 Ebnorantertter 85 < "on the
f t bst ich the diff ti ti f

Sort | HESaEs, o A R el o e L ekneawrse. that 1o Pn a
tical di i l.ati f . F

bxamml o o EEPS € Y brdbdsil dotane shiifh HHE ReRARAGLEc g TOT

It s bhGcsddMomidife &Y heiilitlyate. This makes it possible to
manuf acture the required first nesting 38 of which the concavo-convex

pattern of therptlhffracid an gifidsyd diRlgFangd spekiingntBé manhi@a8BEr 9gt he
surface, or the second mrror surf ace formng portion 32. Now, of the
manuf aptocesy Of ofes Reedfd e tinggt nesting 38, cutting, mirror surface
grinding or polishing processes will be described in nore detail. A
perspective vi BWGof2®nes forprafedshel ifagrsim sdctwiing 38el mashdantunifgG 12.
In the first nesting 38, optical nolding surfaces, that is, surfaces which
need tproees®| otcthe seaant yngstddd@eamdned optical characteristics are two
surfaces of the second mrror surface formng portion 32 with the

di ffracti on grBIfng23729Hed mrInshed 13938 Fhovd noh&heoBaPB LAFERBANGUr f ace

form ngﬁgortion 3 \/\hichljms an inclined surface angled relative to the
secondPRPFES?F Qhir¥iRk SEWNM MEFIMNG-on 32. First of all, a diagram of the

substrate 51 in a [ cut i S\ i e shown in FIG
13. A 19 021 Lﬁ%%%%@f#ga@?e? r%%!%%i}r%%%bﬁﬁfracti on grating
patterns 37 ar i 0 subsi e . i I I a.55mm
square surfaceﬁggaggmg%%g% ‘lrréc}ﬁtnle%{g lo% 33}&1, %rl%ﬁa%eér{e m%r’ifl ggﬂsgésﬁi ng
these Bahighneyase dnfE&F Ahfraddl SHIRIAP a2l 1bastUbwB0al oAt al n 2
stick-Shaped efongated cut piece 52. 52b in the figure denotes its cut
surfac@irkBrt BhBf4GES, andUls PESYGRS Wy RASAIRS el dlifg Wikhr achkeaigrating
form ng portions 37 are disposed in the |longitudinal direction in FIG 13,
but i ndfiacwhseleial conectsutad seydizate dacdaddasgy enes oof nblre pastengs 37 are

di sposed in the longitudinal direction. In this connection, in order to
make weekhnpamihgwamgierror surface forming portion, and its two

adjoining mirror surfaces are molded by the two adjoining mirror
surface forming portions formed on the same nesting.

Moreover, the above-mentioned optical element according
to the present invention is composed of amorphous polyolefin
resin.

Furthermore, in the above-mentioned optical element
according to the present invention, a diffraction grating is

formed on at least one mirror surface of a plurality of mirror



of a grinding process equal to or |less than 5um after the cutting, a0 2 JuL 2003
di aneter of an abrasive grain of a cutting grind stone is desirably equal

to or less than 50um In addition, the surf ace 5la of the substrate 51 nay
be a circular shape of, for exanple, 55mm di aneter as shown in FIG 11.

Next, as shown in FIG 14, the cut surfaces 52b, 52g of the cut piece 52

are grinded to finish a wwdth of the cut piece 52 to a predeterm ned

di mensi on. Next, as shown in FIG 15, the cut piece 52 is_cut along a

br okerPUL i€ andGthes did TraFkiPRoIsatE+ag eks Fpeldad by slitffirasdiiopher al
surfaces of the first nesting 38, Next, as shown in FIG 16, a surface 52d

g
of t hITARIY dOFMPT PORELPALPRRGNEINR FORFRTCTRIRERX RAYREID fEidPndSpor ti on
34 is rk-§or to a predeterm ned dinension by the mrror 20 02J UL
2003 §%§?§%Lcﬁ$%%& RGShef'fod. A dianeter of an abrasive grain of a grind
stone used hergin is desirably equal. to or | ess than 5Nm, This.is for
formng the 5 esc?ﬁeﬁa%n%l @vﬁﬁgﬁﬁgs Snﬁy“‘%ﬂ“ ?ﬁ%‘l’r o oIPet[l'é%cg cffhatﬁlq , /10 as

wel | gcfptz*tfila‘éelern%‘f&h”iis vﬁﬁcﬂ%%gg{;%”ﬁbléfn%ﬁ eégérfﬂf?d“mér C%”Héi'?m,gg%

optic ective rarigé even Wi carrying rrn I ng. reover,

there j& 2 negd Jiiddh Hhe $aReaqt bhe gr! ﬂgrétﬁé‘&gxtﬁkgélg%ctb}gilﬁagffrﬁjtﬁw W th

extrenme high precision in a grinding nachine (a st ted on

the grpnghi PUY RRHoIMinQUiredert BeEeae (Boshhis SorvEdmy denpunted from

the grinding machine). Addi'tionally, after the working by the mrror
sur f acendra nsivia Ineiyhed, aldierieimgy mberarCa6Eef ibes cofl Higd i Sheidking is

carried out as need arises. Next, as shown in FIG 17, the stick-shaped
el onga¢bsinent are molded by a plurality of adjoining mirror surface
forming portions of the same nesting.

The present invention is a manufacturing method of the
optical element in which plastic molding is carried out with a
metal die which has at least one or more nestings each having a
plurality of mirror surface forming portions, at least one or
more mirror surface forming portions of the plurality of mirror
surface forming portions of the nesting being formed by a mirror
surface forming grinding method, and mirror surfaces of the
optical element being molded by the mirror surface forming
portions.

The present invention is an optical element
manufacturing metal die which is constituted to have one or more
nestings each having a plurality of adjoining mirror surface
forming portions for molding the mirror surfaces of the optical
element.

The present invention is an optical element

manufacturing metal die which is constituted to have one or more

nestings each having a plurality of mirror surface forming

10



cut piece 52 is cut one by one into the first nestings 38. On this02 JUL 2003
occasion, in order to nmake working all owance equal to or |less than 5pm
after the cutting, a dianeter of an abrasive grain of a cutting grind stone
is desirably equal to or less than 50um Finally, as shown in FIG 18, by
pol i sh-working the cut surface 38A in the cutting process of FIG 17 to
finish it to a predeterm ned dinension, the first nesting 38 is conpl et ed.
Next, a manufacturing process of the second nesting 39 will be described. A
per sp@SLibieng daromoddangothe orirker ssworrere Rl fdies®pticalg elemegt,~00~ is
shown in FIG. 19. The second nesting 39 has, in addition to the structure
of thansk@dndedest PR 3V BABANTIRCQE Haetice fiAgtays RArtiaas ofkler a4,
a sixth mrror surface forningcgortion 41 as anot her .inclined surface

[

furt SRy Pl BEFYeT: SUFAECEi FORMRY RIS TSNS Pd% i6n 35. The

opticg% nnkﬂhgg urfaces in the second, nesti 39 are three surfaces

i ncl udiMgINSYs P Faldd T RhePBY ﬁgef9¥%ﬁdﬁ?$rT§§@ face forming portion 35

and the thirdqgirr%r X QT ce B%nging PQ t& Q'éﬁﬁtéﬂéﬁb n inclined surface
G FERE |$P Fror 8 %acg T '

angl ed rel ati ve R emrror —guf ormng portion 35 adjoin to

formt ingPn | g hegi fase; tion 41
bl ng TR EHdne et B3E WAZoR' K oBhEE Ry ol af Ar L Pre 5o
conposgedofnd hﬁ.hvg%f el ¢eirabedsnt §abt Phgt PSrristpStei Sl s a

manuf act uri1 ng t Irst nesting 3871s prepared first. Next, by carrying out

M 1T OrpSaH a5 iGHeR0 Hong a@blbdnoeki patterh NeosURsSId Bl® €1k agishawn in FIG
20, grooves 42 which will becone the fifth mrror surface form ng portions

35 ar esdfakd.ofTihegiopiesal421ament of sedobyedoski ag beser ore tdarfadg or
surface grinding nmethod at intervals of 5nmmon a mrror surface of the
subst raf ea Sl rafter. exanpl e, di aneter 55nmm or a 55mm square and the

t hi ckness of about 9nm |In this connection, a dianeter of an abrasive grain
of a grind stoksaseh ithalediavabinensdoaedt opbicadselenant5~rm Al so, the
shape of the grind stone nmust be corrected with high 22 0 2 J UL 2003
preci shaputacHEmnbmatradbsiie oflekhe PReFeNEaANBRNEleRs cthhicR@SHLMDt t om of
the groove 42 is subjected to palish-working so as to inprove_ surface

r oughnBa% ?%Qlﬁiﬁéqtkﬂﬁfﬂﬁiﬁ%qﬁﬁfPF@%“QlPOFEgogu%E@r%%%r%é $erfifeat right

| ith th [ 42 t bt ai t. pi 4, 54b._i the fi
Gonot oEoHing B e F ot mialedien Hhe e BRE B F Fareg Ut oEn® (Rt

r gy 4,0, W Lk L6, GIA.SLAN% 81 BEEntL gl A5S 1 dRLETHOf g, When he
arrng tne g

grind stoné éScapes from a worKpi eCe t rooveworking, the cut

pi ece §$r£§rb§%ﬁ¥§%§”¥%éﬂ%ﬁ%§ﬂ$§%ﬂ@ﬁ 3BeHba2am 188X bRSaShPMEN FIG 22,

cut surfaces 5 54g o cut prece are grinded to finish themto

pr edet gﬁfr‘fg@g[@pi?&lir{gexﬁetm,shovm in FIG 23, in order to forma structure

Moreover, in the above-mentioned optical element

manufacturing metal die of the present invention, a material of

the substrate of the nesting is composed of martensite stainless

steel or cemented carbide.
Further, in the above-mentioned optical element

manufacturing metal die of the present invention, a material

which is chemically and physically resistant to lithography,

capable of a dry etching process, and endures a temperature and

pressure at an injection molding process of the optical element

films on one surface of the substrate on which the diffraction

11



of the Foucault prism (See FIG 19) in which the third mrror sur f ade? JUL 2003
formng portion 33 adjoins the fifth mrror surface formng portion 35 at
an angle relative to the latter, an inclined grooves 43 relative to the
hori zontal grooves 42 are formed between the previously formed grooves 42.
In this case, since it is very difficult to polish-work due to its shape
the inclined groove 43, that is, the inclined surface groove 43 which w ||
become the third mrror surface formng portion 33, it is working-forned by
t he nigragAnguipamangr PABEREN neS hRkMed- t hi s regard, a di ameter of an
abrasive grain of a grind stone for use is desirably Sumor | ess. Al so, the
shape of the §&tndlsEBRESnAsEChamebis ettrycParal dpagram oHad® with extrene
hi gh precision_as described above, In addition, after the warking by the

m rr oCP&dCRAc E1GPEREI AT ABENBHCOT HaRE n%éj e PERRN WHEE A sh- wor ki ng i s

al so carried qut, as need arises. Specificall a p ctéio bet ween t he

hori zontal gr e jﬁ‘ §§8Wr°*h8ni HBP? eﬁugt?‘fea%jee‘&f oﬁ/ t 4 is}% Ked so that

m nut & adis 1, pR2. 31 cConneet s g POt Sy PfaddS Qi Nt Pl ane as shoun in
or I'ess by the

FI G nay be, ‘e. g. "5uUm mTrof suUrface grinding nethod.

Furt her mor e, ?ﬂ{i&i%ﬁ?}%ﬁcEl%&htbfgo%n%ﬁﬁt&@éé dy né:&{é[gf%%%étﬂigfa]{ gr m ng

portion 33 an th mrror surface formng porfti a

bot t org1pdrAC refrelihe al Hﬁkkﬂﬁét%ﬁféﬁét%%oi/@ fSrmdd éh bald Qippey face of
the horizontal surface groove 42 need both to be manufactured so that

flat nessrfae B9 de 0¥0a0ktk@EsuRE P8Ihed@Sintd fa atfcd OslHEe Snd®h R Onm or
less in the optical effective range w thout any grind-working. By formng

t he i nutitwad ssiflhaee sjdegva 43fpesveeont feabndg zamd adn gspoMesl 42, the
second nesting 39 to be later fornmed becones a structure in which the joint
pl ane sifrfidwe fanfglledniredartiser tace haim sgrpace i ane 3bomsed. hori zont al
surface and the third mrror surface formng portion 33 as an inclined
surface is intByptatied. ofs tdeseppbedsabdace sfideheat Airgtnfiifbracidn ace
formng portion 33 and the fifth mrror surface form ng portion 35 which
adj oi %3kt H fotifefoxmeds OPapafdESENMSTEPE f 8RERRCHalt swhigh jdesgandscult to
obtain predeterm ned optical characteristic_and shape precision of several
m cr orP dtreP HRAR HRe Wpﬁteéalpaiceauﬁgaceoaadaom ‘Eh%oﬁ%g%‘f”r%t‘iﬁ%t%‘f this

sort is_desirabl xt, _as .shown i

) , , i f
Shout SwhERse A ¥ pordl” Ao hCePld BirERE sieaPRcEE IR PR o ked. 1n

thi's rgaRithel RORIE! 4i0Ta WRLKLOALLOMANGRA' LodnBO! bill fgepr ocess

after ing equal to ar [eSs than 5p i anmeter of an abrasive

%; >6<“t n géoxgh% tl?cﬂﬂzlzc?r(els‘%‘ziéﬁatc%f)e al $e6884" aRk¥ ragtabnt ?rQ{:iﬁgS?ﬂ han 50pm
, , by polishing the cut surfaces 54b, 54g, a width
of thetgitdphBEOOEUrFdddNiisheddt @ &ourth mirror surface 14 which are
angled relative to a ridgeline of the second mirror surface 12.
Also, at an adjoining position to the third mirror surface 13,
there is a fifth mirror surface 15 which is parallel to the
second mirror surface 12.
The third mirror surface 13 and the fifth mirror surface
15 are called the Foucault prism and have a funﬁtion of
separating a laser beam into arbitrary angles by letting it pass
through a joint plane of respective surfaces.

It is desirable that the optical element 10 is

manufactured by an resin injection molding method when

12



predet erm ned di nension. Next, as shown in FIG 26, the cut piece 582 3ucuwon
along the broken line in FIG 25 and tw surf aces 54e, 54f are worked as
outer peripheral surfaces of the second nesting 39. Next, as shown in FIG
27, an inclined surf ace which will becone the sixth mrror surface form ng
portion 41 is formed and the inclined surface is worked to predeterm ned

di nensions by the mrror surface grinding nethod. A dianeter of an abrasive
grain of a grind stone used herein is desirably SNmor |ess. Al so, a shape
of t heCPRRIRKISoRE Rusthape cHasecPEaduFthvityh ar@cierdirasafdscGibed

above. After the working by the mrror surface grinding nethod, there may

be a cE® W& @5soltadewdion§ons 1dPEatdarri ed out as need arises. Next, as

shown in FIG 28, the stick-shaped el ongated cu iece 54 is cut_one by one
“nto the shapd QHCTHRE sctsorkd J65 1m0 mITeTen] 3569 RBet i ARLABLAGPS e

[ Ny d k Ki |l f he. pol i shi
o tor TRELELR (PRIt o5 S0 2RI PLPLRELE SHTeeh abr asi ve
. g G 85 °Fhe v
R e R e R N T S L S

cut ting; pl WO‘I’:J 'e%ce%lelet& fi%lésﬁsi &ﬁg%esﬁgsﬁm@gﬁiﬂgg%@ps, the

second nes 9 1s conpleted. t I xe e neta

conpri gy §odispid 11§ AIREUHAI 13%e2Nd 1REi$869RI nesting 39 thus _
manuf actured, the optical elenment 10 can be manufactured by the plastic

i njection nol diggt MedkwdtoAe X A dprilche ahewentenhh@Redeerbrgi nent ,
since the first nesting 38 and the second nesting 39 of the fixed side

met al wéeaP2d s eudent niek i j@eddiens molatingeottnthgr apt Ngal helgheriwlid y of
adj oining optical nolding surf aces 32, 34, and 33, 35, 41, the optical

el enenis 16ho aimedidy 2wl ding with the fixed netal die 22 has no nol di ng
fl ashes between the second mrror surface 12 including the diffraction
grating 17 andA$hghewuyrim MG s of, avifsageeted WdengOaisogompudeedi @fld ned
surface, and also no nolding flashes between the third mrror surface 13
and t hBOYaPie Retabrdigrdlacnd s Hixed &ehadi diee22neWiBnchie tmQyakis

Therefore, it.is_possjble to obtain the optical elenment 10 which can stably
provi dBepRrEdetRr rT%’Hiofﬂl‘? dxedh Meterledist 22238 Refie 59 Rukt L2afhipe

preCISbggegt éﬁgfgegsrgfgéghégcgﬂgpg%% toob% %iyl%dZQQBWith the resin

material.

The mutually opposing surfaces 2la and 22a in the
movable metal die 21 and the fixed metal die 22 form an optical
molding surface necessary for allowing an optical function of
the optical element 10 its full play.

In the fixed metal die 22, a collective body 22a of a
plurality of surfaces including an inclined surface which is
angled relative to a horizontal surface forms the optical
molding surface. In case of this fixed metal die 22, the optical
molding surface comprises, for example, a portion for forming
the diffraction grating, a portion for forming the mirror
surface which is angled relative to the horizontal surface, or a

portion for forming the Foucault prism and the like.

13



Moreover, since the first nesting 38 with the diffraction grating f8rndilg 2003
portion 37 has the transferred pattern formed on a hard thin filmcoated on
the surface 5l1a of the substrate 51 directly by the |ithography, the dry
etching and the like, as conpared with the case of using a nickel master on
which the pattern of the diffraction grating is fornmed by the conventi onal
ni ckel electroformng and the like, the netal die structure can be
sinplified. More further, it is possible to inprove the surface precision
of the diffraddddtignadilig ﬂBrﬁiEg Pordj bram- Rl detade dghd@ econvex
pattern is formed and because, in the diffractjon grating formng portion
37, t RESEThdetr §TRYNELERSI BAVEPLPr o1 R tTeli botts G dtha H*&thsifgt e 51 due
to protecHLon bé_the. ard thin film it is possible to inplenent a |ong
life Qilofliendst PPAEREsting 38, that is, the netal die 20. Furthernore,
by using the tical el ement nuf acturj ng netal .die. 20 ich Js,.conprised
of the di ffraﬁ eor%%&lmatol%na &P i Ha 58?#5%]%%%5}?%9%)5% c’%%%aivoqlé:‘onvex
atter est. 8.3 aving the mrror surface formn ortions
52, g2 3 TS B anCRapE Y one

32, 3§, I'S possI o manufacture the optical elenment 10

having a part mitd the ifckhnpdeayr §36e;9nit N PRidga nd®! digg surface such
as the Foucault prismthereon. It is also possible to manufacture an

opti cale @R OLIRr flikar hegtihgwsnﬁ@!m@cg@émwmin f3ca conpl ex
structure wherein there are a difference in level on the optical nolding
surface and t hghd iflde- gty ndsititiga 38etahpdi 8e§ 08N | SEEf &feNESE | DUSedtnd N a
plurality of mrror surface form ng portions 27 0 2J UL 2003 which have
a di f fieierme durflageelforninagt bertwonds? @ cwiititinga tdi f fweadt Eserjrativent i on,
it is possible to easily formthe concavo-convex pattern of the diffraction
gr at i nipfmokng gpidicn 31 dlavting Aepredgtenmsned utomeptdrecomtert mhtdedir ect |y
by the lithography, the dry etching and the like as well as to formthe

m rr orissukezRed fagdhiand ouaithi sdreprt ferfacei feansng fpeket gn di4 adrigh
conducting the mrraor, surface grinding. Furthernore, by defining the state
of thePREATET AbNHENFd sorfaGer aBgLe8r FPAYLHBR t FANCRE t TRCIRRE BALTL:
surfacqﬁg&%ndi as descri.bed _above, it is possible to formthe nesting of

a high® ‘f%i%ﬁF“ﬁN‘gr HOLEIP™ Hé -shape precision of the mrror surface

form ng portiap.. Therefore, even w.th an,opti.c e having a conpl ex
structure conp i%i%ﬁfé?ihﬂ%ﬁﬁﬁﬁiﬁgﬁfafgt?%ggngn%b%cFsﬁggﬁsﬂ%¥ﬁgg, a

differ i v d ke, a i Lk N ecli nol ding with
a nmeta |%é%o%%fﬁié%ﬁhf&ﬂggkﬂn%%e é&?néEé ﬁgaﬁu%%g%%agégc%2§%#|capable of
carryi 5850 i hd) KLd RN AN Gk ader eeym&ﬁg BOEHEONT §2 Ohn@ncgptisgal
element, it is possible to obtain an optical el enent which has no nol di ng
f1 ashegi ahélr s @bl dde efb1oMin L Porehanagher halll 83so]heh@psééand el enent
according to the present invention can be applied to, other than the
Foucaudifprastichaywating g afforheabgténhbdelenentf b0 exampléed aby aser

non- aberration optical elenent of a nonochromatic light, a reference wave
sur f acthet dhfifracoformrgptingplfammtiegf pootéber 3@k vari ous ki nds of opti cal
el enents, optical devices, etc. represented by an 28 0 2J UL 2003
aspherical | enBurthex hobe the egcanso neistiwgl BSbeasGiftbi BALres construct a
netal die having the nesting of a shape corresponding to a structure of an
opt i caPUEfaf@nfOHRN PUHIIP Ax aNdadt ithird] BALTron FBFERAY GIFRENY he net al
die. The present invention is not |im.ted to the abovenenti oned. enbodi nent,
but caHOEEﬁPBy3x"/a‘f’1Pb% RRIRMeS A AgeteRes FREREGE HRPAPE AR RRBHRtAER gi st

of the_present invention. According to the present invention, since nolding
FPERSd d

is car uBdIRFIY RS At heTe constituted so that adjoining mirror
f f i L be i ted into t . ti th
exi st no ol di ABST FALRA PR YR dioa e s oA g PFo P IS G Paces of
. ( . . U R ol
St abry 5 oF; EhETRAticet Qe J S Pl BIPLARLCI BN BanshaPORELY P

the OpanEE‘bre%ﬁP‘fQée Ay feh eﬁéfij,ilorpiﬁh%rndsQﬁ&%hpfﬁgkﬁirogur cgover,

according to e present 1n tion, by constituting the neta ie using the
nesti ngsrRakhNgokBSoR! 35 al Lk &fy MBI tiihRC e nEOFBLRAURY' b-e8h Whash are
formed by thé mrror surface gri'nding nethod,” it wll becone possible to
manuf acture the optical elenment of the conplex structure conprised of the
plurality of mrror surfaces each having an angle, the plurality of mrror
surfaces having a difference in level,Z and the |[ike. Furthernore, according
to the present invention, one surface®f the substrate of the nesting of
the netal die has the diffraction grating formng portion with the

pr edet er m ned




29 ~ 2 J L~ L 2003 concavo-convex pattern being formed thereon, arft2WHe 2003
predet er m ned concavo-convex pattern is capable of being easily forned by,
for exanple, the |lithography, the dry etching, and the like, so that, as
conpared with the conventional case of using the nickel master formed by

t he conventional m ckel electroformng nethod and the |ike, the structure

of the netal die can be sinplified. In addition, when the structure is
arrangid $9 that the hard thi? Zi%HNI s formed on the surface of the

subst Pat &76f "LhECheSTT hy ahd th ffraction grating fornlng portion having

Lo i ol enent BV R o0ERe R0t Ipa Lid bl %fégieiﬁaéc%e e F.%?riﬁf?%ﬁ'e
Ui T B0Edb tﬁépﬁéé't?ﬁg‘)ﬁ%*émﬁ% HF RO, B RS I8 DSy O

e”bOd%%E”%éc8BdtH@s@iﬁ§e§§ invention with reference to the acconpanyi ng
drawings, It is to be tnderstood that the present invention is not linited

to the above- mgnti 98efdeeaR8d], MEAt Bh@NEaddad F VRS QIS € Y , e _
nodi fications can be effected therein by those skilled in the art without

depar tdiRd sficAmotthehephest 18§ &€ 0PkRe Ofoirde \m.aﬁﬁé?rﬁads@ée@d rcagreéatened in
t he appended cl ains. 30 02 J UL 2003 is clained is: 1. An optical

el enentf h@didiggatphenaki thepéati 4ndris utdat esn | deldidicigtalon @&Sthewo
adjoining mrror surfaces and being formed by plastic nolding with a netal
di e, cipurizetlechasdciaribticsavblened dlaske bheamw gedsduttddaugbhahe at | east
one or nore nestings having a mrror surface formng portion and a

di f f r detdindn pJeaei hgtweehothedhonizsortal s faceljanditdye timsldinedor surf aces,
said diffraction grating being nolded by a mirror formng portion having a
concaviBUE@fPex pattern formed on said nesting. 2. An optical elenent as
claimed in aiml, characterized in that said optical elenent. is conposed

of anor phous PBLFGVERi n 3 ESTHIOB, OﬁntﬁﬁtFﬂﬁ}l%?%n%%¥f%8?cl%ﬁmﬁiyﬂ Fh@ aim 1,
chet 2Ch el St s BLDEC o1 5101 SUEL PSR £ 5 P ElEent 1S
prismeg; ¢y TRAPLACKAELIE: HE1P0ULRE MRaPRILFANE BIPYndY surface is
work-formed by a mirror surface grinding method.
Specifically, as a partially enlarged diagram of the
second nesting 39 is shown in FIG. 4, minute radii R1l, R2 at
connecting portions at the joint plane between the third mirror
surface forming portion 33 being the inclined surface and the
fifth mirror surface forming portion 35 being the horizontal
surface are mirror-surface polished to become equal to or less
than 5um, respectively.
The third mirror surface forming portion 33 and the

fifth mirror surface forming portion 35 need to be formed so

that the flatness is A /10 or less as well as the surface

roughness Ra is 10nm or less in an optical effective range even
without carrying out polish-working.

These first nesting 38 and second nesting 39 are formed
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plastic nolding with a netal die, characterized in that renew |ine QgiﬂULsz
netal die has at |l east two or nore nestings having a plurality of adjoining
mrror surface formng portions and a diffraction grating and a plurality

of mirror surfaces of the optical elenent are nolded by said plurality of
adjoining mrror surface formng portions of said nesting. 31 02 ~a-~
2003 5. A manufacturing nmethod of an optical elenent by plastic nolding

with a nmetal die, characterized in that renew |ine said netal die has at

| east i8n@ BenRSrethatt PAGR ABVIRRLGE IMRGIRASE S Sils Sordeds wdef or mi ng
portiqgns, renew.line of said gluralit of mrror surface torging Rortions
2 nhg

of saild*¥FedfRdding: a| 854t onddr i relde iR igns a3 CLRDINS portions
of § bR BeER BRI beE nEE ATt TP S A ol TEFReRE o PREAy
Phat PR, dn, A2rB% HiRerGiBHFChy (BRAL M I IS AL 3 MBNEREEL70r hore
for o2t Gl 48 Lht Q1adfa (R ML el IdiRRe de M 10 POt ons

pluraljdep@fidd.rror surface formng portions of said nesting, at |east one
or nore said mrror surface formng portions are nolded by a mrror surface

grinding methog thisAre@Rird;alvheheTenis MappiAgédrtige Bt rdigective

characterized in that
mirror surface forming portions 32, 33, 34, and 35 are formed by
respective different nestings, the molding flashes occur at a
time of molding as mentioned above and the nestings move in the
midst of molding due to the existence of a clearance of each
nesting, thereby making it difficult to obtain predetermined
optical characteristics and a shape precision of several micron
order.

For this reason, in the present embodiment, the
adjoining mirror surface forming portions 32 and 34 are
integrated by the first nesting 38 of unified structure without
being divided, and the two mirror surface forming portions 33
and 35 for making the Foucault prism portion are integrated by
the second nesting 39 of a unified structure without being
divided.

The forming processes of the first nesting 38 and the
second nesting 39 will be described with reference to drawings.

In any of the nestings 38 and 39, shapes of the nestings
repeatedly disposed at predetermined intervals are formed on one

surface of a substrate having an area several decade to several

thousand times as large as that of the diffraction grating
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a predeterm ned concavo-convex pattern for nolding x diffraction gr aq?ﬁ]é”‘o

an optical elenent is formed on a nesting having a diffraction grating
form ng portion forned on at |eas one surface of a substrate. 8. An opti cal
el ement manufacturing netal die as claimed in claim7, characterized in

t hat 32 0 2J UL 2003 said nesting has said diffraction grating form ng
portion and a mrror surface formng portion for nolding a mrror surface
of the optical elenen and renew line said mrror surface form ng portion
i ncl U(fé’sr?“&tngl 88§F188ch70ﬂ3ga§“¥59%d He SRS IS & gri ndi ng net hod.

nuf acturin t.al die clainmed.,.n clag mS8,

9. A i.cal el
char 253@.%:@%8s§&ggﬁ§% ggﬁl&tar Fapupted ot RPRT KL % IS 3 & g “consi st s

of martensite  stai steel or t ed. bide.. 10.,An ti,cal el ement
manuf act ur i ng'Irﬁr’e afll&g'ﬁzlgag’rgtcglgrsmé??ﬁﬁ%lg‘?‘ﬁr?g,ﬁ%%%}%%t%gﬁi“?e ibr?that a
mat erid@sc‘f‘iz‘lib‘é ie§ (BRYsi cal |y and chem cally resistant against |ithography,
capabl'eof "a dry etching process as well as can endure tenperature and

pressure in anddy eelicon smebdghg. PigCcs éwoéxawf?&cﬂ)tﬁ&ﬂiﬂ§%%ré'id B on

one surf ace of said substrate on which said diffraction grating formng

porti GhdterdOgedhe3diffraction grating forming portions 37 is

CACCACA3LA A AN AL A A AN AU ATA3LA A A AAAA L AH AAAH A A A5 AL A A3
A A A MER7gkne * +H

.1 EJ{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cTa] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cajrc ajheabegliomlinga] aa] shapnaid L MG di & x| & t gFd Rdedck

zupkfa\ W ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]c
a] ca] e ssHingn jofajpe shedpce] daUperfgrmest to a surface 5la by way of

el f!"0&&&&&&&S T a()) X ],1,,,-1----- . 3.].zupkfa\Wca] ca] ca] ca] ca] ca]caJca]c
a] ca] ca| Rt T dreatagntapEapcHafeunc Uimaljl@a] en] waleh|a gendawd—ca] cal ca] c
alj..../2/i//17//0S0r00001121i111111242k22223: 3} xsni d_Z] c] ca] ca] ca] ca] ca] ca]

ca] ca] A Rgttadardatds) daféapehien) garbArgal taPE A cikHeaie Alal ca] ca]
caj ca!; 3c335>5{5555267696F666777899:::8; 9; W

<<, =23 1R X] ] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

. L=h '
LEELEMHE%‘%%T%’? !ﬁ(i . av %?%%]%])EI%%%%& %%I(::L 3?3 é}%a F ﬁ%] fch% g?f:%] caJ ca] ca] ca
1 cay C%%f-ﬁi&&]&?é G 3 Bheahedl GREER] &3 Yh CRLEAS &) Ol £AL£ 3l gA MMAVINNROOOPT S

sSSSSS
TTT T T MWD oot ol A4ty Ehebh¥blinalekCcpleabssl 63l €8] 681 &4 cal cal ca] ca] ¢

a] ca] ca] ca] calU] ca] cal] ca] ca] ca] ¢a] ca] ca] ca]ca]ca]ca]Jca]ca]ca![c[d[g\7]8]&"

"G'H'_smoothndsd. MV "a
a>bbbQc} c~c| dddhhzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

a] cal] cal] ca] crd] ta] & ajatad izl Ic oralehie] capsalragpbc sl ¢afbbmAy GV ppMNEkul vl noo
000;

p{ ppp. qioding rexsesl lsOdi sig) idwirthaz] cpodlicalivakiyahnd] cairajtahcal ca] ca] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ssssstté&t G ztt
t | ubuubeSYSYARGE WERIK BOOSRIGAIAORS Fiod AZNg] Beked] dapcafchesaycaftbgda] cal calc

a] ca] ca] ca] ca] ca] ca] ca] ca] ca].ca] ca] ca]ca].ca]ca]ca]ca]ca calca] calyyzNzzzz{{
for mirror-surface-working, martensite stainless steel, cemented

;) LZ?Lé%ﬁEi S o EATH A oL Fe CAPEYPeal ca cal cal EVo VALY bl & oo €

API id_Z . .

ca] Ca] oal Ga] cabbay ot eal o) KGRy AT SENGEFRE JPEo VR PERUABHDRKa\ W | ca &

U] ca) cBFEEFEEHE) CL R R GTORR, FRLRSY) B B bE b R EAL Oy oy S

ooo) coherbrel haddndsa) Sa AR Bkt Gk TRk eale2healGBkRahG bk oal calt OB

U oa] e e aaf e R ool B Ly Brpeel easeal el el cal calea
lithography, is suited for a dry etching process as well as

endures temperature and pressure at a time of the injection mold
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| f#1 J(a) g of MR, L‘H (C)r,ZP@ 1(§%UE1( 2 the like are preferable.

Again, compounds which are equivalent to these materials can be
used if they have the above-mentioned characteristics.

Next, as shown in FIG. 6, a resist 55 is applied to the
surface 5la of the substrate 51 on which a surface treatment is
performed.

Next, as shown in FIG. 7 predetermined spots of the
resist 55 corresponding to a transferred pattern are exposed to
light by laser graphing, electronic beam graphing or a stepper
and the like.

Next, as shown in FIG. 8, the resist 55 at unnecessary
portions is removed.

If the resist 55 is, for example a positive resist, the
light-exposed resist 55 is developed and then eliminated.

Subsequently, as shown in FIG. 9, the resist 55 which
remains without being eliminated is made a mask to perform the
dry etching process to the substrate 51 as deep as desired by,
for example, ion milling and the 1like.

Finally, as shown in FIG. 10, the resist 55 made a mask
is removed by washing and the concavo-convex pattern of the
desired diffraction grating forming portion 37 is formed.

At this moment, since an area of the substrate 51 is
several decade to several thousand times as large as that of the
diffraction grating forming portion 37, several decades to
several hundreds of diffraction grating forming portions 37

which are disposed at constant intervals on the surface 5la are
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formed.

Then, in correspondence to the diffraction grating
forming portions 37 which are disposed at constant intervals on
the surface 5la, the substrate 51 on which the diffraction
grating forming portions 37 are formed in this manner is cut
thicknesswise, that is, in a vertical direction relative to the
surface 5la of the substrate 51.

For example, a circular substrate 51 shown in FIG. 11 is
cut in a grid shape. It is the same with a square substrate.

This makes it possible to manufacture the required first
nesting 38 of which the concavo-convex pattern of the
diffraction grating forming portion 37 is formed on the

surface, or the second mirror surface forming portion 32.

Now, of the manufacturing processes of the first nesting
38, cutting, mirror surface grinding or polishing processes will
be described in more detail.

A perspective view of one form of the first nesting 38
is shown in FIG. 12.

In the first nesting 38, optical molding surfaces, that
is, surfaces which need to be molded to satisfy predetermined
optical characteristics are two surfaces of the second mirror
surface forming portion 32 with the diffraction grating 37 being
formed thereon and the fourth mirror surface forming portion 34
which is an inclined surface angled relative to the second
mirror surface forming portion 32.

First of all, a diagram of the substrate 51 in a state

of being cut thicknesswise will be shown in FIG. 13. A
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Predetermined number of the diffraction grating patterns 37 are
disposed on the substrate 51 having, for example, a 55mm square
surface 5la with a thickness of d, for example, 9mm or so.

Using these patterns as a reference, the substrate 51 is
cut so as to obtain a stick-shaped elongated cut piece 52. 52b
in the figure denotes its cut surface.

In this case, four pieces of patterns of the diffraction
grating forming portions 37 are disposed in the longitudinal
direction in FIG. 13, but in fact several pieces to several
decade pieces of the patterns 37 are disposed in the
longitudinal direction.

In this connection, in order to make working allowance
of a grinding process equal to or less than 5um after the
cutting, a diameter of an abrasive grain of a cutting grind
stone is desirably equal to or less than 50um.

In addition, the surface 5la of the substrate 51 may be
a circular shape of, for example, 55mm diameter as shown in FIG.
11.

Next, as shown in FIG. 14, the cut surfaces 52b, 52g of
the cut piece 52 are grinded to finish a width of the cut piece
52 to a predetermined dimension.

Next, as shown in FIG. 15, the cut piece 52 is cut
along a broken line in FIG. 14 to form two surfaces 52e, 52f as
outer peripheral surfaces of the first nesting 38.

Next, as shown in FIG. 16, a surface 52d of the cut
piece 52, constituting the fourth mirror surface forming portion

34 is work-formed to a predetermined dimension by the mirror

20



10 U 10 U 10 UF="10% U& ()-!Lg#10% U U& ()-$! Lg#10% U U& ()-$, , - | - - - DBEQUE 2003
10! F10% U& () -fF10% U& ()-s10% U& ()- 10% U& ()-s10% U& ()-s! 10%

U& ()---.3.j...dE{\= 10!10% U& ()-10% U& ()-10% U& ()-10% U& () - 10%

U& ()-&10% U& ()-../2/i///dE{\= 10')L10% U& ()- @ 10% U& ()-940% U& ()-, $10%
U& ()-3"10% U& ()-,f 10%

surface grinding method.
A diameter of an abrasive grain of a grind stone used

herein is desirably equal to or less than 5uym. This is for

forming the 52d so that its flatness may be equal to or less

than A /10 as well as surface roughness Ra may be equal to or

less than 10nm in an optical effective range even without
carrying out grind-working.

Moreover, there is a need that the shape of the grind
stone should be corrected with extreme high precision in a
grinding machine (a state of being mounted on the grinding
machine), or outside thereof (a state of being demounted from
the grinding machine).

Additionally, after the working by the mirror surface
grinding method, there may be a case where a polish-working is
carried out as need arises.

Next, as shown in FIG. 17, the stick-shaped elongated
cut piece 52 is cut one by one into the first nestings 38.

On this occasion, in order to make working allowance
equal to or less than 5uym after the cutting, a diameter of an
abrasive grain of a cutting grind stone is desirably equal to or
less than 50um. |

Finally, as shown in FIG. 18, by polish-working the cut
surface 38A in the cutting process of FIG. 17 to finish it to a
predetermined dimension, the first nesting 38 is completed.

Next, a manufacturing process of the second nesting 39

will be described.

A perspective view of one form of the second nesting 39
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of the second nesting 39 shown in schematic diagrams of FIG. 3
and FIG. 4, a sixth mirror surface forming portion 41 as another
inclined surface further angled relative to the fifth mirror
surface forming portion 35.

The optical molding surfaces in the second nesting 39
are three surfaces including two surfaces where the fifth
mirror surface forming portion 35 and the third mirror surface
forming portion 33 being an inclined surface angled relative to
the fifth mirror surface forming portion 35 adjoin to form the
Foucault prism, and the sixth mirror surface forming portion 41
being yet another inclined surface.

Though not shown, a substrate 53 composed of the same
material as that of the substrate 51 used for manufacturing the
first nesting 38 is prepared first.

Next, by carrying out mirror surface grooving grind-
working to the substrate 53 as shown in FIG. 20, grooves 42
which will become the fifth mirror surface forming portions 35
are formed.

The grooves 42 are formed by working based on the mirror
surface grinding method at intervals of 5mm on a mirror surface
of the substrate 53 of, for example, diameter 55mm or a 55mm
square and the thickness of about Smm.

In this connection, a diameter of an abrasive grain of a

grind stone used is desirably equal to or less than 5uym. Also,

the shape of the grind stone must be corrected with high
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precision as mentioned above.

Next, there can be a case where a bottom of the groove
42 is subjected to polish-working so as to improve surface
roughness Ra.

Next, as shown in FIG. 21, the substrate 53 is cut at
right angles with the grooves 42 to obtain cut pieces 54. 54b in
the figure denotes its cut surface.

Furthermore, in the mirror surface grooving grind-
working with the grind stone, since flatness deteriorates when
the grind stone escapes from a workpiece during the groove-
working, the cut piece 54 is beforehand cut wider by about 2mm.

Next, as shown in FIG. 22, cut surfaces 54b, 54qg of the
cut piece are grinded to finish them to predetermined[0073]

Next, as shown in FIG. 23, in order to form a structure
of the Foucault prism (See FIG. 19) in which the third mirror
surface forming portion 33 adjoins the fifth mirror surface
forming portion 35 at an angle relative to the latter, an
inclined grooves 43 relative to the horizontal grooves 42 are
formed between the previously formed grooves 42.

In this case, since it is very difficult to polish-work
due to its shape the inclined groove 43, that is, the inclined
surface groove 43 which will become the third mirror surface
forming portion 33, it is working-formed by the mirror surface
grinding method.

In this regard, a diameter of an abrasive grain of a

grind stone for use is desirably 5um or less.

Also, the shape of the grind stone must be corrected
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grinding method, there may be a case where polish-working is
also carried out as need arises.

Specifically, a portion between the horizontal groove 42
and the inclined surface groove 43 is worked so that minute
radii R1, R2 at connecting points of the joint plane as shown in
FIG. 4 may be, e.g. 5um or less by the mirror surface grinding
method.

Furthermore, surfaces which will become the third mirror
surface forming portion 33 and the fifth mirror surface forming
portion 35, that is, a bottom surface of the inclined surface

groove 42 and a bottom surface of the horizontal surface groove

42 need both to be manufactured so that flatness may be A /10 or

less as well as surface roughness may be 10nm or less in the
optical effective range without any grind-working.

By forming the inclined surface groove 43 between the
horizontal grooves 42, the second nesting 39 to be later formed
becomes a structure in which the joint plane of the fifth mirror
surface forming portion 35 as a horizontal surface and the third
mirror surface forming portion 33 as an inclined surface is
integrated.

As described above, if the third mirror surface forming
portion 33 and the fifth mirror surface forming portion 35 which
adjoin to each other are separated into different parts, it is
difficult to obtain predetermined optical characteristic and

shape precision of several micron order. Thus, the integrated
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cut-worked.

In this regard, in order to make working allowance for a
polishing process after the cutting equal to or less than 5um, a
diameter of an abrasive grain of a cutting grind stone is
desirably equal to or less than 50um.

Next, as shown in FIG. 25, by polishing the cut surfaces
54b, 54g, a width of the cut piece 54 is finished to a
predetermined dimension.

Next, as shown in FIG. 26, the cut piece 52 is cut
along the broken line in FIG. 25 and two surfaces 54e, 54f are
worked as outer peripheral surfaces of the second nesting 39.

Next, as shown in FIG. 27, an inclined surface which
will become the sixth mirror surface forming portion 41 is
formed and the inclined surface is worked to predetermined
dimensions by the mirror surface grinding method.

A diameter of an abrasive grain of a grind stone used
herein is desirably 5um or less.

Also, a shape of the grind stone must be corrected with
high precision as described above.

After the working by the mirror surface grinding method,
there may be a case where polish-working is also carried out as
need arises.

Next, as shown in FIG. 28, the stick-shaped elongated

cut piece 54 is cut one by one into the shape of the second
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nesting 39.

On this occasion, in order to make working allowance for
the polishing process after the cutting equal to or less than
5um, a diameter of an abrasive grain of a cutting grind stone is
desirably equal to or less than 50um.

Finally, as shown in FIG. 29, by polish-working a cut
surface 39A in the cutting process of FIG. 28 to finish it to
predetermined dimensions, the second nesting 39 is completed.

Using the fixed side metal die 22 comprising the first
nesting 38 and the second nesting 39 thus manufactured, the
optical element 10 can be manufactured by the plastic injection
molding method.

According to the above-mentioned embodiment, since the
first nesting 38 and the second nesting 39 of the fixed side
metal die 22 are formed into the structure integrating the
plurality of adjoining optical molding surfaces 32, 34, and 33,
35, 41, the optical element 10 obtained by molding with the
fixed metal die 22 has no molding flashes between the second
mirror surface 12 including the diffraction grating 17 and the
fourth mirror surface 14 being a continuous inclined surface,
and also no molding flashes between the third mirror surface 13
and the fifth mirror surface 15 which constitute the Foucault
prism.

Therefore, it is possible to obtain the optical element
10 which can stably provide predetermined optical
characteristics as well as has a shape precision of several

micron order.
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Moreover, since the first nesting 38 with the
diffraction grating forming portion 37 has the transferred
pattern formed on a hard thin film coated on the surface 5la of
the substrate 51 directly by the lithography, the dry etching
and the like, as compared with the case of using a nickel master
on which the pattern of the diffraction grating is formed by the
conventional nickel electroforming and the like, the metal die
structure can be simplified.

More further, it is possible to improve the surface
precision of the diffraction grating forming portion 37 on which
the concavo-convex pattern is formed and because, in the
diffraction grating forming portion 37, there occurs no abrasion
of projecting portions of the substrate 51 due to protection by
the hard thin film, it is possible to implement a long life span
of the first nesting 38, that is, the metal die 20.

Furthermore, by using the optical element manufacturing
metal die 20 which is comprised of the diffraction grating
forming portion 37 having the concavo-convex pattern and the
nestings 38, 39 having the mirror surface forming portions 32,
33, 34, 35, 41, it is possible to manufacture the optical
element 10 having a part with the inclined surface on the
optical molding surface such as the Foucault prism thereon.

It is also possible to manufacture an optical element
other than the above-mentioned embodiment, of a complex
structure wherein there are a difference in level on the optical
molding surface and the like by using a metal die comprised of

nestings having a plurality of mirror surface forming portions
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which have a difference in level.

In other words, according to the present invention, it
is possible to easily form the concavo-convex pattern of the
diffraction grating forming portion on the nesting constituting
the metal die directly by the lithography, the dry etching and
the like as well as to form the mirror surface forming portion
of the inclined surface by directly conducting
the mirror surface grinding.

Furthermore, by defining the state of the surface of the
mirror surface forming portion after the mirror surface grinding
as described above, it is possible to form the nesting of a high
precision by raising the shape precision of the mirror surface
forming portion.

Therefore, even with an optical element having a complex
structure comprising a diffraction grating, an inclined surface,
a difference in level and the like, by carrying out an injection
molding with a metal die comprised of nestings having a high
shape precision capable of carrying out injection molding of a
required structure of an optical element, it is possible to
obtain an optical element which has no molding flashes and
stabilized optical characteristics.

The optical element according to the present invention
can be applied to, other than the Foucault prism shown in the
aforesaid embodiment, for example, a laser non-aberration
optical element of a monochromatic light, a reference wave

surface standard of an optical interferometer or various kinds

of optical elements, optical devices, etc. represented by an
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'Z'Ed%§§ic%ure of an optical element and to carry out plastic
injection molding using the metal die.

The present invention is not limited to the above-
mentioned embodiment, but can employ various other arrangements
without departing from the gist of the present invention.

According to the present invention, since molding is
carried out using the metal die constituted so that adjoining
mirror surface forming portions may be integrated into the same
nesting, there exist no molding flashes in the joint plane of
adjoining mirror surfaces of the optical element obtained by the
molding, thereby making it possible to stably provide the
predetermined optical characteristics as well as to mold the
optical element having a still higher shape precision.

Moreover, according to the present invention, by
constituting the metal die using the nestings having the
plurality of mirror surface forming portions which are formed by
the mirror surface grinding method, it will become possible to
manufacture the optical element of the complex structure
comprised of the plurality of mirror surfaces each having an
angle, the plurality of mirror surfaces having a difference in
level and the like.

Furthermore, according to the present invention, one
surface of the substrate of the nesting of the metal die has the

diffraction grating forming portion with the predetermined
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predetermined concavo-convex pattern is capable of being easily

formed by, for example, the lithography, the dry etching, and

the like, so that, as compared with the conventional case of

using the nickel master formed by the conventional mickel

electroforming method and the like, the structure of the metal

die can be simplified.

In addition, when the structure is arranged so that the

hard thin film is formed on the surface of the substrate of the

nesting and the diffraction grating forming portion having the

predetermined concavo-convex pattern is formed thereon, it is

possible to implement the improvement of the surface precision

of the diffraction grating forming portion on which the pattern

is formed as well as the long life span of the nesting and the

metal die.

Having described preferred embodiments of the present

invention with reference to the accompanying drawings, it is to

be understood that the present invention is not limited to the

above-mentioned embodiments and that various changes and

modifications can be effected therein by those skilled in the

art without departing from the spirit or scope of the present

invention as defined in the appended claims.
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What is claimed is:
1. An optical element having a plurality of mirror
surfaces including at least two adjoining mirror surfaces and
being formed by plastic molding with a metal die, characterized
in that
said metal die is constituted to have at least one or
more nestings having a mirror surface forming portion and
a diffraction grating is formed on one of said adjoining
two mirror surfaces, said diffraction grating being molded by a
mirror forming portion having a concavo-convex pattern formed on
said nesting.
2. An optical element as claimed in Claim 1,
characterized in that said optical element is composed of
amorphous polyolefin resin.
3. An optical element as claimed in Claim 1,
characterized in that the other mirror surface of said optical
element is molded as a mirror surface angled relative to the
horizontal plane, or a prism.
4. A manufacturing method of an optical element by
plastic molding with a metal die, characterized in that
renew line said metal die has at least two or more
nestings having a plurality of adjoining mirror surface forming
portions and
a diffraction grating and a plurality of mirror

surfaces of the optical element are molded by said plurality of

adjoining mirror surface forming portions of said nesting.
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renew line of said plurality of mirror surface
forming portions of said nesting, at least one or more said
mirror surface forming portions being formed by a mirror surface
grinding method, and

the mirror surfaces of the optical element being
molded by said mirror surface forming portions.

6. An optical element manufacturing metal die
characterized in that

renew line said metal die is constituted to have at
least two or more nestings having a plurality of adjoining
mirror surface forming portions for molding the mirror surfaces
of the optical element, and

of said plurality of mirror surface forming portions
of said nesting, at least one or more said mirror surface
forming portions are molded by a mirror surface grinding method.

7. An optical element manufacturing metal die
characterized in that

a predetermined concavo-convex pattern for molding &
diffraction grating of an optical element is formed on a nesting
having a diffraction grating forming portion formed on at least
one surface of a substrate.

8. An optical element manufacturing metal die as

claimed in claim 7, characterized in that
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includes at least such one as formed by a mirror surface
grinding method.

9. An optical element manufacturing metal die claimed
in claim 8, characterized in that a material of said substrate
of said nesting consists of martensite stainless steel or
cemented carbide.

10. An optical element manufacturing metal die as
claimed in claim 8, characterized in that a material which is
physically and chemically resistant against lithography, capable
of a dry etching process as well as can endure temperature and
pressure in an injection molding process of the optical element
films on one surface of said substrate on which said diffraction

grating forming portion is formed.

33



