;wxyz{| e3e:LjF6T: 5d/ w 1 DESCRI PTI ON Met hod and Apparatus for Producing

bj ective Lens Unit Technical Field This invention relates to a nmethod and
apparatus for producing an objective lens unit nade up by a plural nunber
of objective | enses and which may be used with advantage for an optical

pi ckup used in turn for witing information signals on a optical recording
medi um and for reading out informatiqn signals recorded thereon. Background
Art Up to now, an optical recording nmedium exenplified by an optical disc,
has been used as a recording nq§EBqHﬁ@qqgﬁ¢ornation signals. An optical

pi ckup device is used for witing or reading out information signals on or

froma tical, yecordi dji um e ti.cal (pi.ckup devi ce includes a

sem COWB?E&F“M%’PF”H@% fﬁ’é‘ﬁ'ﬁ' éBEé:?'gBrLepﬁ(}ﬁHfi ng a light beamto be
illum nated on the optical recording medium and an objective lens unit for
condensing the |light beamradi ated fromthe sem conductor |aser for
illumnating the light beamto a signal recording surface of the optical

r ecor diT'eghmieal Figld | n t he optical pickup device, the spot dianeter of the

| ight beamillum nated on the signal recording surface of the optica

recordi ng ! 1 | j I t he
ot or mat  on | LegnLentEtet G TehRd i uEalis 3o SARAL MG HERINYICRS, |
enabl e readout of the information si.gnals, recorded .t.o hi gh density. For
Foduc: NI BB YA BISALRUGDET i GGV IRRGS PROAYHGE A Re RStV R
recording surface of the optical recording nmedium it is effective to

shor t etdtadagelen amgptical pickaipl uspe: inbham foravratiegl infosmatine viggals evarce and
to enlarge the nunerical aperture (NA) of the objective | ens condensing the
l'i ght bptcal rEberdiigesediumanid Joeee puvindesnation signebtreverdednhetsvn. of a

| arger nunerical aperture (NA) in JP Layi ng- OpenPatent Publication

H 8- 315404 and JP Layi ng- Open Patent Publication H 10-123410. The objective
l ens unit disclosed in this Patent publication is conposed of a double-Iens
set naﬂeﬁkg of ;%Q | enses, and has a nunerical aperture not |less than 0.7.
Up to R8 ,IQ“PQ conposed of one lens set nade up by a single |lens, or
socalled a "single I ens", has been used extensively as an objective |ens
unit used i Wpate mpvj ambplicdkeponding oedidtheexémplified bysarcopti¢ad disggmsed by
so-called glass nold formng. A lens of high perfornmance can be forned with
hi gh rbggmoeked a3ial retordidyg frediim &b idoihatioesighald] AntoptichbpicRup desicerisand by
hi gh preci sion tenperature nanagenent during casting. If the lens is to
have a r . j . ( f . 0.7 or
ar gorusRl R uliihl B 2adiif oY TEIORIoARTEAMS Bn/c toft orl SpuEHHPORIRE ", 10
first surfacejg% t he iigpt 5ean1Lnﬁi ent side %f {hq | ens nfeBF to be a
non- spREAiEE; 18g9ptical pickip deyicedaclugdes ¢ seryeondugiarilases a5y HEAT SQUIEE| e nol d
rel ease properties, it is extremely difficult to formthe objective |ens
uni t heariradiagingonkighidrcagnto beilwpinaged an the getical reearding meidiymnaanganl die.
Moreover, with an objective 3 lens unit having a non-spherical surface

of a |abjgerive lensainit Eoracshdenkiigothe lighttbeannradipedtfiom thdAemicbadhétoht beam
radiated fromthe |ight source cannot be condensed accurately on the signal

recor dj eV ; ' t t he
1 ght s foh IRGIIANEE (RE IR0 SEEFRE £ SRl iR RECAGE UL hEDIAT | oF,
conprised of a double-lens set conposed of two | enses, as disclosed in the
above 5@8F1859P3ﬁE?Lthe refractive power can be dispersed to two | enses to
noderate the curvature of the respective |lens surfaces as wel| as to
decrease t hin theeptisalpickup device.dbe spoedipmetes of she ighihegne Hluminatedon
objective lens unit can be fornmed to a desired machining accuracy, using a
met al  thesigmd rédoadingtisutfacootthe optical recording medium may be reduced to realize

high recording density of the information signals recorded on the optical recording

IR sy
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possi ble to suppress deterioration of the optical performnce caused by for
example the tilt of the lens relative to the optical axis. Wth the
objective lens unit of a double-lens set conposed of two | enses, the
respective |l enses can be nolded with a netal die to prevent its optical
characteristics frombeing deteriorated. However, the respective |enses
need to be registered to each other pighly accurately, i.e., it is
necessary to get the optical axes of the respective | enses of the objective

| ens  Ubeliun? % ShaylE fedddl oF HEinfTbiRAIIGH SEnARGUESIRMMoHikRMhsity 0duCt N

eccentricity in e respective lenses and to nmaintain t I stance and
paral l el i sm.bet ween the respective |ens ighly.accurately. [For.producing
P obi ect | Ve teacihe (heota) diamsied.ofclhe Tet Gt JAGRARCH G i 5isdlel her o
are such a nethod consisting in causing the laser Iight to fall on the

obj ect1egerding susface af thegeptieal regagling medivinhgitas affectivieetosheren ghe t he
respective 4 4 lenses to adjust the relative position thereof, and such a
met hodwawoelshgthi o then light beam tradiateals from ithéitlight doarée andniot eelargditheigh the
obj ective | enses put together and in observing the near-field pattern of

the | etitdl ehghé;ﬁgéa%?h@gié}%s{i{?@r@ns e%uenmg%ﬁe Bhpedsm the phenonena

observed are not I ndep ently for respéctive adj ustnent
paraneters, . such that adjustnment is extrenely time-consym ng due to,many
ooped or ocBi RSt R ha PR g APTEILY e e haRn O AR eRa S el
assenbling, there is such a nethod which consists in providing a gap

bet weeapertuge (NA9 il bieying-QpenPatent Rutdicahianith-8a3l Adddiang thkayiagsOpesi ti on
within the gap range. Wth this nmethod, an adhesive, such as a UV curable

resi n, PateadPubliciorc el 0234100 Tliee obpetiveolleaswung diselosdd uatthinParnd cur ed
in situ to secure the lens to the I ens holder. The | ens secured in position

int hbﬂ@fé&pﬁh is ol &N Qoheﬁle%ﬁgﬁ%ggagge% A oo LRy ah@ HiRIET 90

m sre 1 on 0 environnenta as | ncreasi ng

tenperature qr humdity. In order to overcone the problens caused by an
adhesiWefl?ﬁﬂgﬂﬂﬁﬂo%éﬁﬁ%ﬂ?o set the tilt of the lens and its |ocation

along the direction of the optical axis depending on the machi ning accuracy
of the | ensUpdbdww, arlens dompased of priedens sefmads upiby & singledens @rder and
the outer rimof the lens is abutted against the step to set the tilt of

the | eqdlednlsifigle lowsy hasbatwused Baensgitelyads Axobjective léns drit ased iigi ur e,
the step is fornmed high accurately, the I'ens position can be set simlarly

accur 1 : RASE el i Ve hds RRyTgosed of
a douﬁ@i?ﬁér#slels({éﬁedrrade'urgﬁebgir%\%qi ensélg,be {%ﬁfg)?fgocltc?{}/id élﬁtr?et er of 3
mm it is.necessary.t.a 5 intain ral.l el i sm.he en the two.l enses on
The orteshily S IEREH heh neafiidnge daRir Lomusel PRy high RerkrOfubuty BV o

mai ntain the error along the optical, axis of the surface of the outer |ens
ri m cafabricating theemetadpdigi thibagh msecision @sddby highapiegisien oismpesatyreler of 1
hum It is however extrenely difficult to have the two | enses nounted

Wi t hi nmaha%dmem durirge casting. it shdilgis "etorkaveod lagervalue o8 theinotreerivall.
Addi ti onal dependi ng on

aperture (NA) of for example 0.7 or larger, a larger refractive power is required of the
lens, such that the first surface of the light beam incident side of the lens needs to be
a non-spherical surface with a larger curvature. In light of for example mold release

properties, it is extremely difficult to form the objective lens unit having a non-

spherical surface of a large curvature using a metal die. Moreover, with an objective



t he mounting environment, fine dust and dirt on the order of 1 umtend to
be intruded into a space between the step within the | ens hol der and the
lens to render it difficult to maintain parallelismbetween the two | enses.
In the case of an objective | ens set, conprised of a double |lens set
conposed of two | enses, the distance between the |ens surfaces, conprised
of curved surfaces of the | enses, nag be kept constant to suppress the
generation of spherical aberration ascribable to e.g., errors in |lens

R R L T I
he SRR SHE T e LR AT LR TRl SBrbLbe Tl o

caused by variations in accuracy of a netal die used for nolding a lens, or
i n t heagewraithgooothgi sigoak recardingusiirfadee expimanm oeturagnger of i pertwbatipgs | enses
bei ng adjusted nmay be neasured using an interferoneter, a conplicated

appar atesglting fre@cthe slightesetilt kelapikedothié opti€dsiid.s i ncreased. Discl osure of
the I nvention r It is therefore an object of the present invention to

provi de a -hO [ o f s OChUCH C J J unit,
Whereby ¢ hehduris e BRAtER i BB ARGt £ o BB <O SRR o £8%,
techni qgue may be over.cope. |t |s another object .of the present. i nvention to
b ovi ETSESTaY HiRFIGNTd 18 e AoV PROFCa iRy oS TRCHES BPWES Cab DESPENEd uni t
wher eby an objective lens unit, with a nunerical aperture not |ess than
0.7, woitato legsemttemodetase theucalvatircedtthe dedpective Jensrsunfraach astveclt as o i ve
positions of the |l enses may be adjusted to high accuracy and in which it is

possi bli&réfeIHO ROASPhEHEalGARAEALOEMicRints hE€oARR@EN TR thaPdjdchiviedBns Wiy be
produced readily. For acconplishing these objects, the present invention

uc ly. For accompl i sl 0 rese .

B ob) S PR et R CHin PR AR LR aSERH Bl Ro il TBRAES °T 2
0 e, W d e fdre”not “ress than

posi ¢ 1 BRIRYE EhauBrRes dFCH o iofok i ol RETRHMPBHSCHISFGY 0 SHATE net ¢

resin material, using another |ens, already nounted and secured to the | ens
hol dertheddt af theflenerelativatthecptisataxisng t he one lens to the | ens hol der
for setting relative positions of the one and the other |enses. The present
invention aigth thebje&syelensd bihft Gfiav@olsiBdensdt coRripisadtofrtivedienBés) el f or
manuf acturing an objective lens unit, with a nunerical aperture not |ess
than O i ity oni L0 a

eyt 1 iR e s in e HIbith g mCtB0IE R0 p i s dpfica Leh pLRASHLS

anot hey | ens, alread nted and secured to the l.ens holder, .as a

Fef or chiew beinadplsficedied HAySRE T BSPEHEVS lshssocdrs be ToRITATEA 10 £ath set ¢ ng
relative positions of the one and the other |enses, in which the nethod
conpr i ether bighdy agcuratel ght.c hétaimnegessery tgelethe opticahaxeseeipéle respertdvees in
the I ens holder, reflecting the |ight beam converged by the respective

| enseslenkds 6f Mef digjettiviglemniifit registfddnwithheach dthehhighegtouigiklyeotighduby t he
reflecting nenber to be re incident on the respective |enses to detect

focusi BOJGEMY eleaftilify th ifle 'fRSPEGIve! RnsE€ and to maintain the distance and
parallelism between the respective lenses highly accurately.

For producing an objective lens unit of a double-lens set composed of two

lenses, there are such a method consisting in causing the laser light to fall on the

objective lenses, put together, and in forming an interferometer by the respective



reflecting nmenber, based on a |light beamtransmtted through the respective
| enses, and determining the amount of the spherical aberration in the |ight
beam transmtted through the respective | enses, based on changes in the
focusing error signals when the reflecting nenber is noved al ong the
optical axes of the respective |lenses, to adjust the distance between the
respective | enses based on the anmoun4 of the spherical aberration. In a
manuf acturi ng met hod for an objective lens unit, according to the present

i nvent | ol QN i Ry i 4 i ch the
out or e & A OGS Bosfigh HREeal 3R SO kA B A i A " o
the regpegtiv ses., Anot her. nuf.act uri ng,.net.hod for, an aobjective |ens
uni v HECt Fghf 15 PR lRy RO i obREuTE 1ERsaS o Bhsdiirand {F ng an
obj ective lens unit used as an objective lens unit of an optical pickup
devi ceobwirvingthe ngaisfieldpaitesy of the lasenlight tognaks theadjugment. Widhthese opt i cal
recordi ng nmedium wherein the objective |lens unit manufacturing apparatus
det er mmedisodshe¢hélipheaopenbatbsenredt fire henshagedamelepbndatty for réspeetivecal
recordi ng medi um and an end face of a |lens holder |ying around the | ens
sur f acgg; IC 1S - MBI HsRatiHE | d for
an obj gcytﬁ%t\fjref&?ﬂt Eﬁ‘?“ﬁbﬁf“{s’ ﬁlgggféér%dhugsn?‘gh?ﬁgxg?@ggﬁt{l ml nver?ta ﬁgﬂé Hp ﬁte&gﬁtaﬁgr | ens,
used as a positioning reference .for the one lens, is the lens renote from
e opfacsh Brbtssbirn e s fat acpexeibe SRF RedO8att ouer rim of the ot her
lens renmpte fromthe optical recordi ng nmedi um bei ng used as a reference
surface forlrmgembbngdgemesmtea method Whishsansisisdn provadingatgap betyreen t he
one lens close to the optical recording nmedi um bei ng used as a positioning
ref er ethedefishdilee 3 and thesérs and incadjtistingenhe lend positior withihabe gapisame:. a
positioning nmenber, the parallelismbetween the reference surface and the

posi U1 HhiSRIERSA.| h ATRSWEC udtPhIS UVRGFabIE Biin, Adbadio BRIcRRHAFirkgNS uni ¢

manuf act uri ng mnet or manGfacturing an objective lens unit,

positignin e l.ens reference surface usi a posi tioni er. the

bar ol | OFi plpwataherdiumentaboudimglh ik fssmodfe R Haoet "F <
measured with the reference surface abutting against the positioning

menber The lensseejed da positiva i thismannaninfthe lensi hugdmﬁban adﬁemmsrldtﬁlur ing an
objective lens unit, in positioning the I ens reference surface, using a

posi tinﬂimﬂlc@bﬂrsregiheaticﬁﬂ&ﬁ& 26 ecrplitorAnd gl whdagess fuvhurBt ifcrpadAgur e
differential for abutting the reference surface against the positioning
menberyent r%r@B}ﬁﬁHié{ﬁy.l ens unit manufacturing nmethod for manufacturing an
objectiv ens unit, the parallelismbetween the surface of the outer rim

of the oth | ens, renote fromt optical .recordi ng nedi and the surface
of the our eln GERT it VRS hieBFeEbaity vh b AR T Pat Bl R oS i <

nmeasured by detecting only the reflected light fromthe surface of the

out er 1o pgtothet Y ofnthel lans” anshyiss docatinn talﬂélgogtﬁi dupctien of dhageptical @x¥igdi um

using a photodetector, in a state in which the light is incident on the
out er depending on the machining accuracy of the lens holder. That is, a step is formed

within the lens holder and the outer rim of the lens is abutted against the step to set the
tilt of the lens and its location along the optical axis. If, in this structure, the step is
formed high accurately, the lens position can be set similarly accurately.

In the case of, for example, an objective lens unit composed of a double-lens

set made up by two lenses, with an effective diameter of 3 mm, it is necessary to



of the other lens and in which the light transmtted through the outer rim
and reflected by the surface of the outer rimclose to the optical
recording mediumis not returned to the photodetector. O her objects,
features and advantages of the present invention will become nore apparent
fromreading the enbodi mrents of the present invention as shown in the

drawi ngs. Brief Description of the Dsawings Fig. 1 is a |ongitudinal
cross-sectional view of an objective lens unit according to the present

i nventj i i WG i L o5 1y Lhective
| ens ufrrll:agh tgﬁil ﬁraﬁ%ltlsgnge ens thgﬂ{ggﬁl{enﬁsgﬁﬁgéﬁg&% per'%gée%\tl\ll:glfen{\??g\?vﬂﬁggki ng
fromthe first lens. Fig. i s .a per,spective view |l ooking fromt second
| ens. | igacdtney. &5 aecestiilo staiRl I firalSng b KRS RS of BRs BBeScr ve

l ens unit looking froma first lens fitting portion. Fig. 6 is a

per speef theeouterelgns tim harriedrhy thelstep Wﬂtdaurmh@genﬂnbol@br teaivabid @ntheweiider | ooki ng
froma second lens fitting portion. Fig. 7 is a plan view show ng a | ens
hol derof Diwi.N i hewebEeettistBelyadifictlt to Rdvelthe twbdersys royeet iveithin the 10 Fi g.

8 is a cross-sectional view taken along line VIII-VIIl of Fig. 7. Fig. 9 1is
bot t . . i £ . . . it
of 1 neteny BoRTerés P A B 0Fq Ry R b 4, A oY Fikontfiog PR e

X-X of ,Fig. 9. Fig..|l1is raph show ng,.the rel afi on between th

eccent ‘ihlec‘ﬁf’k}mﬁ‘ég Wg‘@ﬁ‘)‘l‘ﬂ%“tb gﬂg é‘gg%ﬁ{ﬂpé)'\#emgg‘lel%d%‘f 0 Enhmgft%ﬁtmﬁﬂa?ﬁi ati on.
Fig. 12 is a longitudinal cross-sectional view showng a netal die for

f or m nigto hephenbetnaeddhe sepgyithin the lensghralder artdbihiergns frergndenitl diffieult bet ween
the | enses and the value of the wavefront aberration. Fig. 14 is a graph

show ng thatdinpaaKelishe beeesen the the1easesand the val ue of the wavefront
aberration. Fig. 15 is a longitudinal cross-sectional view show ng the

process of aﬁisﬁ,%fmgé B9 a{l !?)%Ij]é;r{?i-v%%hy §?1t|b§m8r?]lgi"l?%<§e of B “b!'@'é\ﬁ%.sghé?ﬂ’g’%g% c

| ongi tudi n Cross-sectio Vi ew s state 1n econd

| ens of . the objectiye |lens unit of the esent inventi.on h been

| nt r octid¥P Iehsts, idistance Refivian (Redens suHaces, Sompriser af CHEV U8 @ees oF i onal
vi ew showi ng an objective lens unit nounted on an objective lens

manuf adiedenses, oy be keplconnstang to suppeessrtbe ganeiatiparafi sphericababérgatien a

| ongi tudi nal cross-sectional view show ng another objective lens unit
mount edbceibable @be.8Gterkds lieMensiiekneids) ad disitosdedeinafapaneiaDayingtOpenr esent

i nvention.
Patent Publication H-10-255303.

In the lenses with severe conditions of the relevant standard, the assembling
accuracy is optimized by adjustment, as the amount of spherical aberration is detected
during assembling, to take up an error caused by variations in accuracy of a metal die
used for molding a lens, or in the molding conditions. Although the spherical

aberration of the lenses being adjusted may be measured using an interferometer, a

complicated apparatus is needed, while the production cost is increased.

Disclosure of the Invention



11 Fig. 19 is a longitudinal cross-sectional view show ng still another
obj ective lens unit nounted on an objective | ens manufacturing device
according to the present invention. Fig. 20 is a | ongitudinal
crass-sectional view showi ng a conventional objective lens unit nounted on
an objective | ens manufacturing device according to the present invention.
Fig. 21 is a longitudinal cross-sectigonal view show ng an objective | ens
unit in which a lens holder is provided with a protector. Fig. 22 is a plan
vi ew t her eoft joFiigrofdr: hit dbjekdst M PreSBtim@nRof!bUtoVidk ATmeMdRPRRG T ve
the present 1nv a

| ens manufacturing device according'to ention, wt

portion there bei ng. broken,a . Fl.g. 24A i5s L an, wi ew shawi n he
Chape SRPAHE P BROIR naEres PhTRE iy G clisa it Wity bR deficr i ORb et { e
obj ective | ens manufacturing device according to the present invention,
Fi g. 2uBhexafardmenfianediceayentional tedutijommayhecayarfemeof and Fig. 24C is a
pl an view showing a reference plane of the first lens. Fig. 25 is a

fl owchart shawangthehebjensliheHredend iefentionns pedvids aghethotiang dppasatiigi t
produci ng nmet hod enpl oying the objective | ens manufacturing device

accordgng r i ti.00.. ki i . ] he
s quentss Byl RTERET bblddER] el urit ByhdtEoy B ol jeOURE RS SRERWIY by
25. Fig. 27.is a side view showi an objective | ens unit driving device
ber f or R rical aperiure diol lass (aan Gt WHHCTS Besle up ByePIHEAl ORiRIverisAI R ur i n
device according to the present invention, with a portion thereof being

br ok enwinely theriedativkgpositians pfi the, lanaes mayi bryadjustsidl tochigheadcanacyuand idri vi ng
devi ce perform ng second adjustnment in an objective |lens unit nmanufacturing
devi cewhiepitdis bstidlé be sBppeethd ByRerhiion of Whé BpRerded] taberratioal arly bei ng.
broken away. Fig. 29 is a side view showi ng an objective lens uni't driving
devi ce f ] he nounting of a first lens in an objective lens unit
nanufagﬁﬁﬁfggq%ggh%d according to the present invention, with a portion

t her eof bei broken.away., Fig., .30 is a side,view show ng an obj ective |ens
uni € dr i vi nGORBKRQTEP R s biss rBaMITHRIT 1VeDlodaRiay e i phegfive
objective lens unit manufacturing nethod according to the present

i nvent leos unif manufastuning apparetusofor keamifattuoingranaobjgctive denssunits withsade vi ew
of the objective lens unit driving device executing the positioning to the

| ens  hahiericaf apdifurs o0 s thas 017) nidde @pbgatplvealitgnst lensds, oBmprRiig!ai ng

met hod according to the present invention, with a portion thereof being

b e e MR O PRSI b Bl 0,
obj ect Iof/ 8 sgzr?trl]lsétig rHﬁ:stin rrrnaaqlejrfigl(,:tuglrnign&other lens, already mounted and secured to the
lens holder, as a reference, and for securing the one lens to the lens holder, for setting
relative positions of the one and the other lenses.
The present invention also provides an objective lens unit manufacturing
method for manufacturing an objective lens unit, with a numerical aperture not less
than 0.7, made up by a plurality of lenses, by positioning a lens in a cylindrically-

shaped lens holder of a synthetic resin material, using another lens, already mounted

and secured to the lens holder, as a reference, and for securing the one lens to the lens



met hod according to the present invention, with a portion thereof being
broken away. Fig. 33 is a flowhart showi ng the sequence of operations for
nanuf acturi ng an objective |lens unit using another objective |ens unit
manuf act uri ng devi ce according to the present invention. 13 Fig. 34 is a
fl omchart showi ng the sequence of operations next follow ng the sequence of
operations of Fig. 33. Fig. 35 is a gide view showng a first device of
anot her objective I ens unit manufacturing device according to the present
I nvent h8E1er,ch£}- se?ﬁng %el%g%bgﬁ)s Edﬁé/ S ik hAE tRE Blifer! B! ﬁﬁ‘x*ﬁ]@hstﬁ&o”d

el tg the lens

lens is ng positrone ol der in the objective |lens unit

manuf act ur i device shown i.n, Hig. 35  wt. onRtion thereof bei br oken

ey Ao SoBsEseS g il b 1S be dhdiflef i iR usedernesiandBe ong

| ens positioned in the objective lens unit manufacturing device shown in

Fi g. 3knsnboldes teélasting|therlight thag, esnvesged Siydthey respestivosnilemses, dacand

device of the other objective lens unit manufacturing device according to

the pr egtsttingivanbentausmgtheddlit beamlroflgeted biynhe refleesing seahbental bedeew

showi ng essential portions of the second device of the other objective |ens

uni t t A b ki rgi i an itd.+h40 is a
“?riEi«fle;}ﬁ off thE Fesettive 1?1%%9 tg_dé%ét??éﬁng'éﬁ%‘?@ggdgmfﬁr% 3 pet:(ﬁ t8-th

plan VI ew OW Nng essentl a ortions o e secon evice O e ot nher

objective |lens unit nuf act ufr i devj ce accarding.tg the present

went ITECHRRTRERbE Rarth o ae B DeB riash el itk theirgSp SRR Bsosic ar e
graphs show ng the rel ationship between the spherical aberration in the
obj ect aned detgnmining thaamoniot othegpberioal abiegrasios. infthe lighbbgam dragsaptied howi ng
the rel ati onship between the spherical aberration in the objective |ens

uni t  aglfohifk tifeerebpedtivedbnsesObased @nfohangédig the fetushighiddrsignals dhehnithe 43 is
a plan view showi ng the structure of an objective l'ens driving device

enpl oy a4 Qﬁérﬁtﬁgf iéeml)@&f ald tth%@ﬂﬁé‘l‘%ﬂé@ﬁﬂ éh’éﬁﬁe&t'fkf‘e Eﬁg&?% %\gvil}s*ﬂe :

devi ce accorglng he present’ |1 nventi on. IS a side vie shomnng

the structure of. gn objective |lens drivjng device enpl qyi t he objective
| ens ulie A5G betvee, (g respeciive denses baedyan i€ A ofgfherPhgtital s

pi ckup device and a recordi ng and/ or reproducing apparatus having an

obj ect Bhesratéots unit driving device enpl oying an objective |ens unit
manuf act ured using the nethod or the device according to the present

i nvention. Besmaafectinng sesthyd far adbjettivd levsminitoacdszd diprtorthe poededne

drawi ngs, preferred enbodi ments of the present invention wll Dbe explained
in det ﬂ1\)enti'3‘ﬂ,z? rﬁ%}d& is PG Rl YerR inkEFink’ REABAs IMYSMitRThd SufBddfmyP bY
pl ural [enses’ eac

of a plurality of lenses are inserted to control the offset of the respective lenses.
Another manufacturing method for an objective lens unit, according to the
present invention, is a method for manufacturing an objective lens unit used as an
objective lens unit of an optical pickup device for writing or reading out information
signals on or from an optical recording medium, wherein the objective lens unit
manufacturing apparatus determines the distance between the lens surface closest to
the optical recording medium and an end face of a lens holder lying around the lens

surface along the optical axis.



having a nunerical aperture (NA) of 0.7 or larger. Specifically, the
objective lens unit is made up by a double-lens set of two lenses 1, 2, and
has a numerical aperture (NA) of 0.85, as shown in Fig. |. The objective

|l ens unit of the present invention is built into an optical pickup device
having a light source radiating the Iight beamwi th a center wavel ength of
405 nm That is, the objective lens gnit according to the present invention
is mainly used for condensing the |ight beam having a center wavel ength of

405 nm i i bl aﬁﬁﬂﬂF : j ective
| ens unit @sd i:athr%{ l{eéﬁ fntéégHtgéVugIﬂ §%@§?H§H gﬂ%‘ﬂ&g@é. Ica ’?dfwﬁ{géqs tﬂp

manuf acturi.n thod for the objective lens uni.t of {h resent Jinvention
T SR tons theisthed 16hs AR a8 aposiiongieraraice foafhEhreEhs s Mene. uni t
according to the present invention is nmade up by first and second |enses 1,
2 and lens smgotedratathgopiical medatding madiuing neitls the, supfacaof showterirrmpifghe 2, 3
and 4. The first and second lenses 1, 2 are formed of a vitreous materi al,

and ar gthef RRSF@HRYr&A tRabpiechl 8 ®3dingehediaastding usld 4 &@nde Yitfh&OUS
material using a nmetal die. The shape of the |ens surfaces of the | enses 1,

2, for . - spherj rLcal . s 2S5 I ti |.atj hi ps
pet weclormesrjoRfl BRI 685, TheSBHAR: BF an B0 ot (B BptneM HRaE LA on ne
machi ni ng accuracy of .the netal dies for nolding, and _on the casting

condi t PRfe] FeRREdINg Cdiumhaingsed asgnasHi N B SFROASIERSE- 0 BRI BE o
shape by injection nolding of epoxy resin, using silica (silicon dioxide)
as a fthellens redereshewarface, Rising a posivioning membrirsthiegrasahelistarbedwaer thé t t ed
the first and second lenses 1, 2. The first and second |lenses 1, 2,

i nser t Reereficd Serfadeoand thetpmiticiifg AiEBEr @,m@dser&p@yﬁgqiasefrwghan adhesi ve,
such as WV curable resin. In this objective lens unit, the eccentricity of

t he | enses ], . i j J " S..pasi t 1,0ns,:0f the

| enses in bli}l-aarﬁqﬂéﬁ%tﬁferl\é% \t”g‘ﬁbﬁ?‘éﬁ%&%@@%ﬁgﬁ%‘i f())(g "ggl}ﬁjéfgﬁﬁgﬁ a\ﬂ‘%m?ﬁ“‘fée

pl anar  surface perpendicul gr to the optical axis P1, .anmpng the rel ative
posi t i 16AS UBH: RS lﬂamgetﬁgignslr,ef%enaﬁ% sugface y5ingfporitieping BARReLs the t he
out er 16 rins la, 2a of the lenses 1, 2, and by the inner dianeter of the
| ens hpdraldelign behwmeer the feferencandrfsex and the pesitioningupeptheriiomseasuresd i n
which to insert the lenses 1, 2 and which control the eccentricities

t her eolithltRe téferBideisirfiabd @buttingefagist tepbsiiioningl Membdr. as shown in Figs. 2
and 5. If, in the objective lens unit forned by conbining the first and

second | en 2 et j it : . he | ens
sur f aces. o fstieIefit b B Rhtik Mo Hf A RABSnR G RIC A . oo
to deteriorate the optical performance, .as shown in Fig.. |Il. I is noted
that tI§8S MBItaln RRSIH Bt‘ﬁ? ﬁncsi rgterpRee RitaGen U5iR% 8 POsHioliRg mambel the ¢ st and
second lenses 1, 2 nean position offset in the planar direction

per penlgnsaslaae attractérbundenapneymatipressure dififerential fomabutting the refaierceed about
this optical axis. If, in an objective lens unit wth an effective dianeter

of 3 ratirfued a hﬂlsﬂm&p(bsﬁﬁbni@ qnémber.NA of 0.85, the relative eccentricities
bet ween the ['ens surfaces of the first and second | enses 1, 2 exceed 30 um

the RVB valye QfbildfveABis it hBufacturing method for manufacturing an objective

lens unit, the parallelism between the surface of the outer rim of the other lens remote
from the optical recording medium and the surface of the outer rim of the one lens
close to the optical recording medium is measured by detecting only the reflected light

from the surface of the outer rim of the one lens remote from the optical recording



exceeds the Marshall criteria threshold (wavefront aberration of 0.07

(err)rms). That is, if, in an objective lens unit, formed by conbining the
first and second lenses 1, 2, the effective dianeter is 3 nmm the nunerical
aperture NA is 0.85 and the working center wavel ength is 405 nm the | enses
2, 2 need to be secured to the Iens holder 3 so that an error range of the
coaxi al degree of the lens surfaces of the respective lenses 1, 2 relative
to the outer diameter of the lens holder 3 will be within 30 (um The

f ol | owrRgifAGisthSa PROtoBBteettT TS sl afedn Rehib R ERANS N R cidnt bR#RSonRE #im Ve
eccentricities between the 17 lens surfaces of the first and second

| enses : The .er I i e e 0 r

perip h%ﬁgg %g%%flg‘i%%‘dolﬂ ‘Y]ﬁgﬁ gfﬁ l@htﬁ{hﬁgﬁﬁ@é& g’{{ogﬁg{lﬁeo"ﬁgﬁs%@s QTTI P%‘] %#%gt he

| ens surfaces; (2).the error in the coaxjal degree between the lens fitting
por t i oP¥ the swtage qfithe opies rHp|chese to; thy aptical recpiding apsdinbeisitiernedhe | ens
fitting portions 4, 5 and the outer rins la, 2a of the lenses 1, 2. Since

t he actouthielphiotedetedtot.hese three factors deternmines the anount of the
eccentricities of the lens surfaces of the respective lenses 1, 2, it is
essential t ; [ f he
respective ?g{nesr Zcibj‘lf@,;fe? é{} §.§[ ?@g)&tﬁ gh?tﬁgg%gt?gg Blféggrr%ﬂt E‘r%gfﬁ% ﬁg&ﬁagﬁé&ﬂgl der 3
be within 30 hum_.That i.s ince the qut peripheral surfaces 1b,.2b of
Lhe outigre FPRATEHL ronTeadipt e SpBadittents of thenrese MyPnon s SKEMRNE” | cns
surfaces by glass nold casting enploying a netal die, the coaxial degree
bet weetMaMHBED ULt er peri pheral surfaces 1b, 2b of the outer rins la, 2a and
the | ens surfaces depends on the machining accuracy of the netal die for
casting and on the casting conditions. Wen the effective dianeter of the
objective lens is 3 mm the outer peripheral surfaces 1b, 2b of the outer

rins 1RrjefPeARH ﬁ&gofﬁ{p])w%@gfes are fornmed so as to have a coaxial degree

with an error rgnge wthin 3 im A nmetal die for form ng the | ens hol der

3 is conprised of rtion 101 for casting.the,first lens fittin ortion
2 and'a porTfEohtroBrBuaial rfoRs seRlioGl3ing B R Soiec e kY iy aphpiind 5.
t hese portions 4, 5 being formed on the same convex die 103, as shown in
Fig. |t thepsesent mvedtionf or forming the I ens holder 3 is conposed of the
convex die 103 and a concave die 104 into which is inserted the convex die
103. I n thiBigttisd latigitudaml tiossseonenal diiew b shé sbjeotivetinsachii baibt ine
concave die 104, the space defined between the convex die 103 and the
concavg|disthol@é serves as a cavity 105 into which the nolten resin is
introduceg. The I ens holder 3 is formed by the nolten resin being charged

into the camity. 105, The.portions,101. 102 . f ing the first |lens
fitting porr,J‘IE(]ig():§/nls4a g%fap?‘ﬁé‘%s%‘ég%oi‘b‘}%ﬁ?&'t“ieg‘tgsg%?‘%i on 5, respectively,
provi ded to_t he. convex die 103 used for fqQrmng e lens holder 3, are
formed by cBigchisaperspedtheyigy logking Honkthersggond tensy nachi ning by the sane
chucki ng operation, so that the coaxial degree is maintained to high
accuracy. Fig5 is a perspective view of a lens holder forming the objective lens unit

looking from a first lens fitting portion.

Fig.6 is a perspective view of the lens holder forming the objective lens unit
looking from a second lens fitting portion.

Fig.7is a plan view showing a lens holder forming the objective lens unit of the

present invention.



In case the effective diameter of the objective lens unit is 3 nmand a

| i ght beam havi ng a worki ng center wavel ength of 405 nmis to be condensed,
the first lens fitting portion 4 of the lens holder 3 formed is forned so
as to have a high coaxial degree, with an error range |less than 30 Vim
relative to the second lens fitting portion 5. The first lens fitting
portion 4, provided to the lens holdgr 3, is formed to have an i nner

di aneter R, approximtely equal to the outer dianmeter R2 of the outer rim

la of the fpf .vies'f&%s}-zseétgoﬁi‘%/‘i‘é\vitﬂ%ég{ @Pnﬁilin{gr\/ﬁf@?llg%gﬁ\;\%ﬁe?“ ve diameter

of the objec ens is mm and 't g eam w t rking center
wavel ength of 405 nmis to be cqndensed, . the inn dianmeter .R1.of the first
lone it nisdim Biltar pliyRencb pg (0t Jens holdFrdor Bl Moo iR M am w ¢ h
respect to the outer diameter R2 of the outer rim la of 19 the first

| ens 1unifhof ihmpresentdneentiolR3 of the second lens fitting portion 5 is
approxi mately equal to an outer dianeter R4 of the outer rim2a of the

second | ensFig.10 is d Srossectididiview fakasdoh ¢inefXeXtofveigd. anet er of the
objective lens unit is 3 nrmand the 1 fight beamw th a working center

wavel engt h gf { | , i r..di r. R e
second Iensplfgf]ih??ng%@?} %tgor}p ﬁ%ﬁggggféfg)ﬂe%ét%eggﬁggrc g%nﬂﬁﬁt?obréﬁvggé t{\Ean 30
umw th respe to, the.quter diameter R4 of the outer rim2a of the first

| ens 2{.23“??5, g‘l‘ﬁﬁ\et?’é‘l‘b%?%ﬁﬁw&v&]éﬁ’fg%ﬁ?ﬁp@ 98cording to the present invention,
the parallelismbetween the two lenses 1 and 2 is deteriorated, the
aberrati on Fig.12isatengitidinglgsodsengetivng) view showingd metad dég fior éerming theiown i n
Fig. 14. If, in an objective lens unit with an effective dianmeter of 3 mm
and wi feasthoideauneri cal aperture NA of 0.85, the light beamw th a working
center wavel ength of 405 nmis to be condensed, the RMS val ue of the
aberration g; i : 8.t ration of
0.07 arms) | Eoi g oS bl bhn veREAP e RGO GHRELE. )
exceed& 0.163&%‘;5 lf., with the outer dianeter of the lens of 2 nm the
par al | B %Y RIIEHRNS i rst and second lenses 1, 2 is to be conprised in
a range of 0.1 degree, it is necessary to support the first and second

| enses 1, 2Figyl4isa greph showing the distancebetweenithe lensagandthavaugmfithe
accordance with the followng equation: 2 [m] x tan(0.1 [deg]) _ 3.5 hum
It is esbveRont abeditationcult to formthe I ens holder 3, nolded using the netal
die, and which hold the first and second lenses 1, 2 with the parallelism

within the : j ere. 1a Lol i Even
" the | onst oy a7 18PRIRARPER-F Bhal APHRNE s it AERERHTRanblke , =3
wi th sych hﬁiﬁ(gh gccuracy could be fornmed, it is extrenely difficult to put
the fiMSoRiedvedeBRNltenses 1, 2 and the |ens hol der 3 together without
interposition of fine dust and dirt in-between under a working environnent
of assenbl i Fig.kthis asfhamatie longitidirglicrogssectiosgliview ishowing she stagg yn
difficult to nount the first and second lenses 1, 2 on the |ens holder 3
wi t h pahidcH eid seoomdtlens of hke abjuctivddéneditefrihe prestge.invention has been
introduced into the lens holder.
Fig.17 is a longitudinal cross-sectional view showing an objective lens unit
mounted on an objective lens manufacturing device according to the present invention.
Fig.18is a longitudinal cross-sectional view showing another objective lens unit

mounted on an objective lens manufacturing device according to the present invention.



Wth the objective lens unit of the present invention, unless the distance
between the first and second |lenses 1, 2, put together as the optical axes
R, of the lenses are coincident and as the parallelismwthin a preset
error range is maintained, is kept wwthin a preset range, the aberration is
i ncreased, while the optical characteristics are deteriorated, as shown in
Fig. 14. If, with the effective diangter and the nunerical aperture of the
objective lens unit of 3 nmand 0.85, respectively, and with the |ight beam
to be cond ; [ ' an
error in tﬂgﬁ-,;%gﬁ%@ﬁﬁgﬁﬁﬂgﬁﬂ?ﬁg%ﬁ?ﬁgﬁggﬁgﬁéﬁ@gﬁﬁ“F§ﬁ§§§h¥5éﬁﬁ§§E@§Ls 13
hum thetRNB val ue of bhe ab rrationfeﬁceeds t he Iinit.ofttQﬁ Nhr%p?l

cri t er Pt ARNEEY Oy ath ORIGCIVEIENS gnapniagtiting deviee ageording (9 the AP o
formthe | ens holder 3, capable of holding the first and second | enses 1,

2, forwivagtiehe objective lens, with the distance therebetween of the
above-defined error range, to high reproducibility, using a netal die. It

i s extrenel Rigll( fsiadohgitadinhberss-ectiqns vival skowihg £ apadngionh] bbjedting t he
21 objective lens unit, based solely on the casting accuracy in using a

met al gl j i 3 1. ses 1,
2 are PagudthafedSnbOLARVEALnOHaRu et Fing 8Lt aELordfi SR
mai nt ai ned .between the lenses 1, 2, and as the error in the distance

bet weellVPAUORenses 1, 2 is maintained to be within a preset range. Wth the
objective lens unit of the present invention, the precision in the,

par al | el i snFigrdl isteeloagiudinad crassweetiond &view sowiang asabhjeriivedgasyniting are
guar anteed, using an assenbling jig capable of adjusting the assenbling
accur aghichvd e oldiin groieided edtl a protetiorpr eci sion in casting the |ens

hol der 3. That is, in setting the relative positions of the first and

second | ens _ezl%ilsrzdsé]grirpi&gth&%oﬁbj ective lens unit of the present

i nvention, ens 1 1s inserted into the first lens fitting portion

4 provided witfhyn the lens holder 3 and is jimmpili.zed usin .curabl e
el At thiEd Bbsidenger: SOMITB ASURTwe; of T ARISSHE et MROUFITUE R ens
fitting portion 4 so that its first surface S1 being convex with a |arge
r adi usdefice aecaadingdovthe iprésenp inptentioa dwithanpertion thage ol beiig bkeasaverbwn i n
Figs. 2 and 15. The first surface S1 of the first lens 1 operates as an

i nci dent siPBig. 24X is heplanghitwbsiowingathatshdpé rafina alevightefemarceeplahe for he
objective lens unit is nounted on an optical pickup device. The first |ens

1, sec i 3 ; t he

L (SScpbsfioh g e thaEndal i gFlochise RABRREHCind dte, MeoRimonhe! he

pr ovi RS PKENIRIG FigRABA adonp iaf) s AT Rnal Bied MREEANLRISACE" ¢ 1
the first lens 1 to formthe objective |ens unit 22 of the present

i nvent issnplanyi¢weisiowynga iefegenng plane ofi thet fikst tenisat i ve position of which with
respect to the base block 30 supporting the first lens 1 along with the

| ens hol derFig.2%isnaflowehagdhbdwilg e stqasnecyf ophratisas ofidnlabjsctved Ens

introduced into the second lens fitting portion 5 of the lens hol der 3,
carri eghipprddiRifPaRtC&hpREringthe! SHjecthR! Kh§thdrudacturing device according
to the present invention.
Fig.26 is a flowchart showing the sequence of operations next following the

sequence of operations of Fig.25.

Fig.27 is a side view showing an objective lens unit driving device performing



31 is noved towards the base bl ock 30. Meanwhile, the holding jig 31 is
connected to an air suction device so as to hold the second lens 2 at its
distal end by air suction in a direction indicated by arrow E in Fig. 15.
The second lens 2 is introduced into the second lens fitting portion 5 so
that the lens surface being convex to a |larger radius of curvature faces a
second surface S2 of the first lens {b secured to the I ens holder 3. The
convex surface of the second lens 2, facing the second surface S2 of the
first ¢ . e I ] i J : i he
second Foadsim T aflobReffe Rl A FuaituREinG SRpIRBL IR BELsen]
positioned, with the first leps .1 ecEred to the first lens fitting portion
4 of tIHKENROR Wﬁ'&h&é?"rgoaéh%{e?’gg"elpgi’(f%,e'hﬁ\’fa}’s bonded to the |ens hol der 3,
using an adhesive, such as a UV curable resin. Wen the first lens 1 is
secur ed t o Kige8 ensidov ey simwinganmhbyéctivenlens uniteriving deviepapetfoamong it s
optical axis with respect to the lens holder 3 and the tilt of the first

| ens Isedbhd adpssp@ent iiPak fbfbg'é&i%elén@&hﬁ hntfaeturipsdédteaccerduig t6né rol | ed
by an abutting surface 1d towards the second surface S2 of the outer rim la

conpr ' iR9& ' 0, first lens fitting
porti ?\r@%&ﬁér rrec}[b(ﬁﬁ @ﬁ%aﬁgﬁg g%@%ﬁﬁgﬁ?@ﬁe@ € filmw th thickness on
t he order ) gum.i s jnterposed between the aputting surface 1d.of the
buter 1m HigeD BRGIHS vl Shohang ag JeHedeapunh diving deige PPEQSIIRE der 3,
for securing the first lens 1 to the lens holder 3. As the adhesive, a UV
cur abl the mesuntingoefrafirst léns inlanwbijectiviedandynit neanu¥adtighg métbod gedordime
objective lens unit according to the present invention is used for an

opt i cab tRt pketent Bivieatioadwithadp drbionthiteof e fig birokdh agagut i nfor mati on
signals on or froman optical recording nedium Wen Used in an optical

B G S A o s A
S RSB bR T o SR RIS S R, o

|l ens unit used in the optical pickup device is used for converging the
| i ght dweardingdd theepreSentninybmtion, ghith aortien direraokbejnglbrokervawiayg surface 111
of the optical recording nedium 110, the first and second lenses 1, 2 are

combi ned sqrigimtistdSidel viglv SlitHeadtesilvealehst it Whivirdl devibaeke&Btin@ehé'9

convex to a larger radius of curvature, wll be |ocated towards The |ight
> % t . g . . ¢
nvendiSaofihg ", (HE, 1ehS B Re Wb (BoREIBRY'HE U ThitBlds nd AByL e

mountin sjtion of the first lens 1 as.referenc Thuys, with the
obj ectmautiagiingnethor Apnerding B PressBRinvERfion e peHipn disieds heing
positioned with the surface 1c of the outer rimla of the first lens 1, on
whi ch Urakemawayi ght beam L" as a reference surface, as shown in Fig. 2.
24 The second lens 2, secured to the lens holder 3 with the nmounting
position ofFig.32 is a side view of the objective lens unit driving device executing the

confirmation of the offset between the lenses in the objective lens unit manufacturing

method according to the present invention, with a portion thereof being broken away.

Fig.33 is a flowchart showing the sequence of operations for manufacturing an

objective lens unit using another objective lens unit manufacturing device according

to the present invention.



the first lens 1, secured in position to the I ens holder 3, as reference,
is introduced into and carried by the second lens fitting portion 5 of the
l.ens hol der 3 and hence is such a state in which the eccentricity of the
first lens 1 relative to the optical axis of the first lens is suppressed,
that is in which the offset of the first lens 1 in a planar direction
perpendi cul ar to the optical axis isisuppressed. Wien introduced into the
second lens fitting portion 5, the second lens 2 is in such a state which,
as the ecce RA i j ; [ st | ens
lis suppreggégfliﬁa égﬁggﬂ&g%ﬁt$¥ﬁé%aFE@§bg€g#ﬁgh?gﬁbg¥p?ﬂgnggfo% l ens 2
relative to th? fiﬁﬁl lei?"13 that is the tilt and the distance with

r espectCAUSTEROf ORETALONS 4 FiE-33hat is, when forming the second |ens 2, the
metal die is pressured in a direction along the thickness of the second

| ens 2, thakig.35iis aaside vaewishowing Fiest device of amothes objzidve ensh unite
second lens 2, fornmed through this nolding process, corner portions 2c, 2c

on t henpuu€ictpdng dbeicalaceddén@fo theepresdinvdriiona, which the vitreous
mat eri al reaches | ast during the casting process, present curved surfaces,

wher eas \LnCFRPSs o, 4ille VM YEhiRE HEIRAR inSWHAE o SeBind O Blinfs ™ 2

whi ch becones’ a cylindrica arall el optical axis of °the

second lens 2.is_onl ortion Wwith awdth W o ppr oxi mat e 100 hum at
2°or " positosid by wededsBoBRt b shicstvenfisumstanba R TRRRhOwTN The
contact surface of the outer peripheral surface 2b of the outer rim2a of
t he soFigmdhpditbacurtiondhereof being brnken awey. peri pheral surface of the second
lens fitting portion 5 is only the ring-shaped portion of a width WL of the

order of 10Pig/BTis aAéngitudirbl oréssUddctionhevie@ahow inEthe secondkak peditioned t he
second lens fitting portion 5, can be rotated in a direction perpendicul ar

to the; i i [ Q=] | I O j f or der
of 100"Fam teciVEIPnER naufactiah U6 RELhORN 1P Fid 37 a1 IRk 8 ) R
fitting pori.ion,5, the center of rotatian. Additionally,. the second | ens
2 Gan' Do mobles i 5 vy B am A gecans pifs of B pbefBbisthiverlEnS 8iing | one
fitting portion 5. In an objective lens unit manufacturing device according
to themmeﬁaaqﬁurmg\demmn;:or&éngm&ne mRsgmMiimeentiodet ecti on of the tilt of an
optical axis of the first lens 1 relative to the reference surface of the

device is bFid.39 wa laigitadidaderdsssectibhalnticivashewing eswntial poitfoageofitheof an
outer rimla of the first objective lens 1, on which is incident the |ight

beam L refk | s C rface
o of TiEA Y 8 i dtidilve 18h; gl e evicy ACCORES BT L2
on detection nmeans, such as a first CCD (imagi ng device) 32, and by

i nput t PRGCRNNSEMIOR- detected by the CCd 32 to the first nonitor 33, as
shown in Fig. |7 . The surface le on the outer rimla of the first lens 1,
posi ti oned Fig0 dsamphan gisw showingessentigl pestionmof 1he seeordbdevige af thesur f ace
inclined towards the outer rim as shown in Fig. 18. That is, since the

sur f acethteobfectikelemstugit manufictuaingtdeeideiacedrdight the pasieht imvedtibaywitlls t he
optical recording medium 110 is formed as an inclined surface, the outer

rim of?xygh?&} Pﬁr&;@gig%wogeﬁh reference surface 1lc, a portion of the

| aser um nat on e reference surface 1c and transmtted through

i thout r ekt HE TG & BRRRS ahoRjun s Flhinip BeRSSE e, ntrieg] Phe

surface le |lying towards the optical 26 recordi ng nedium 110, thus
assur i #keregitdmimbhg @bieativedens unit @ndifpeusing errer pigngls. | ens 1.

Fig.42 is a graph showing the relationship between the spherical aberration in

the objective lens unit and the central value of the focusing error signals.



That s, if the surface le of the outer rimla of the first lens 1, |lying
towards the optical recording nmedium 110, is not inclined, as shown in Fig.
20, but is forned as a surface parallel to the reference surface 1lb, a
portion of the laser light illumnated on the reference surface 1lc may be
transmtted through the reference surface 1c to reach the surface 1le
parallel to the reference surface 1lcig0 as to be then reflected by this
surface le to proceed as indicated by a broken line in Fig. 20 to get to

the first grﬁgi[ﬁ i#4 P%rn Vigly %Wgﬁg thY stri@ufd ST Bf oltfiéctivd lehﬁ%lri\jiﬂgﬂeﬂ%@' ected

by the ref ce surface 1c an he Iight reflected by the surtface 1 a
towards,_the .optical.recording medium.110 reach the first, CCD,32 .in a m xed
stat o, g a4 PhiskoE JShe YniE iRt Bia IR, g T o gelichol s
agai nst detection of tilt of the first lens 1. There is also the risk that
nul ti precardngderthe prasénpinygutied: bet ween the reference surface 1c and the
surface le towards the optical recording nedium 110 to render it inpossible
to detect tR&.44 iga sidetiewishosting eiesstiuctade cffacolpective 1ems driveingtdeeicehand,
the surface le of the outer rimla of the first lens 1 towards the optical

recor délﬂ%}l@ﬁﬂé%‘%@&ﬂ]@&%’l&ﬁlfﬂ%ﬁﬁ\? Apclined surface recessed fromthe

outer r t'he outer rimla towartds the center of the lens 1, as
shown in Fig, . In.this case, the lj.ght .reflecteed by the surface, le
Cownrds. ¢ heligst? isa e sSesiVindht oplich ke BStiRe apd pafSorlibe ARFRE 1c i s
reflected fromthe center towards the outer rimof the first lens 1, as

i ndi carepaodycing mppreatus havingnariopjeative lensidmitefrising devienigaploying B8 | i ght
reflected back fromthe surface 1le fromfalling on the first CCD 27 32.
The suobjectivd ders uhiib enaniifecturédnudimgothe tiethiodr sit theedevite meyorfing tbehtor med
as an inclined surface which is recessed fromthe outer rimside of the
out er ﬁﬁﬁk inveHgsss the center of the lens 1, and which also snoothly
nmerges to the second surface S~ of the first lens 1, as shown in Fig. |9.
Mor eover, for preventing the light reflected back formthe surface towards
the optical recording nmedium 110 of the outer rimla of the first lens 1
fromfalling on the first CCD 32, an AR coat (anti-reflection film nmay be
provi dBastoModgifer €arryingoutthednventian t refl ection of the laser |ight

i ncident on the surface le. When the objective | ens of the present

i nvention iReﬂa&ﬁﬂ%imtl&rdrﬁwﬁlhgmprdfbﬁkdlBnﬂﬁﬂimemfs@ftl«M pteisent iavenganlinil out
information signals for an optical recording nmedium such as an opti cal

di sc, piekslanfEmsRiyilfor the normal operation to be guaranteed in a range
of a tenperature environnment from sub-freezing point to 60C or higher. If
t he tenperature.environment Js changed throughout, thi.s ran the ajr
oresent 1 n PO E 1EBT ilkiob e plERAT i/ HBdts Ridge Wb 40P d s Falh
inserted into and carried by the I ens holder 3, is changed appreciably in
densi thavinga rwmermabamﬂurmﬁ&m@fr@e’r’ aelargen Spesifigally, dabie@istadsapuniie fir st
and second lenses 1, 2 is changed appreciably in pneumatic pressure due to
changeis madd tip by anjueibdd-lums senuf tvog enses 1,Thaindi ks a furhedcdl appaues (NA)r i ses,
t he pneunatic pressure between the lenses 1 and 2 is |larger than the

at nos pHed g nggﬁ% Fig] s producing the pressure which tends to separate
the lenses 1 and 2 awa ?rom each other. |If

The objective lens unit of the present invention is built into an optical pickup
device having a light source radiating the light beam with a center wavelength of 405

nm. That is, the objective lens unit according to the present invention is mainly used

for condensing the light beam having a center wavelength of 405 nm.



28 conversely the tenperature falls, the pneumatic pressure between the
lenses 1 and 2 is smaller than the atnospheric pressure, thus producing a
pressure which tends to cause the lenses 1 and 2 to approach to each other.
Meanwhil e, the first lens 1 has an abutnment surface 1d, |yingtowards the
second surface S2 of the outer rimla, bonded to the step 3a of the first
lens fitting portion 4 with a W curgbple resin. The second lens 2, on the
ot her hand, is bonded in position with an adhesive, charged into three
recessed ad [V, ' ¥ : i t L ops of
the inner r pfnmgfﬁgl%ﬁ%gg%@ﬂ?%%@’q? ff{)slsgg ggﬁ ?tl @l)ré @jtegg{?gg]%u@gh% 8@ 4 and
7. Sincg the first and second lL.enses 1, 2 aje secured to.t | ens hol der 3
it apaci fpbieter DY Borri B 4 mandtustigmeti fardhe ABRHe: *and
second lenses 1, 2 to the lens holder 3, in particular the adhesive

secur i legstumet eldbe paeseahimvention ihthel raethoddbriassembling anudlhjectieel lans unitt r ess,
due to repeated changes in tenperature, representing a so-called heat

cycl e, Anheisjeptiod idisngnit at€ording b ehe/prdsehi ffventidntiBandds upnby fast ahd! t of
the lens to give rise to deteriorated optical aberration characteristics.

Assum %ghﬁalhgﬁgf i E%E%?&Ertfforfliog&ig\ggﬁg éétgg?’fdz,' %%%Yr}inpfi&s‘??r ried

by the ns , IS a hernmeti cal ace,’ the air ent in
t he spgce Qtheen the first and second lenses 1, 2 is pressurized, when the
second>P8A& 2 is inserted into the | ens holder 3 after mounting the first

lens 1 on the lens holder 3, with the result that the pressure acting to
separ at e t h€he dirseand se@mduenses dim2earefoomkdrofi & vitresenmaderiall andiares
bet ween the |l enses 1 and 2. 29 Thus, with the objective lens unit of the

pr esenprelpR¥ by §6-caléd @iaks HRIN cﬁﬁiﬂ%oﬂo@iﬁiiﬁ?ﬁi vitfeduRenARpial 19nger madtalas
shown in Figs.” 3 and 5, such that the space between the first and second

| enses j:l, i S { cat | u i _ | hol der
Ty Sty he, e HPE IERERUERCE pEMCSE T, 2 tdiingl £ nGhosBEiSH STt he
step 3a,, conpressi ng agai nst. t.he abut ment surface 1d of the outer yim la of
Che. 1 SRCTIcah ST aces oposiaen 1ofalivastiBs Defty e Thiokens SHTASHSAR S UtAT KRS Tt nent
surface 1d of the outer rimla, and by formng a cut-out 3e for

est abl 2& aAnd go dortndaperst oo tharachiming aecuracyeekthsdneial HiasHer maldingyend pher al
surface of the lens holder 3, as shown in Fig. 5. By formng the air vent
3c in @ﬂghé@mﬁhﬁgﬁdﬁankﬁm,the space between the first and second |lenses 1, 2
does not prove a hernetically seal ed space, while air in this space is not
subj ected t h it i re i SELLY.. 1S
changed i ¢ EERGRAERaL IABRESTIE ol R A Coyiieal Sudfteo SRNn, © e
| enses 1, .2, and hence no.deterigration.in qptic aberratian_..

char acTEM Bt EPRY fimising wlicn o Bont dindtadas Hhlled S sh Bt ndR Figes o
tenperature. Since the space between the first and second | enses 1, 2 does
not prbde kothva lenshholder Beare| fjtted theefirs prandesecondrlenses hol.rThk figst and
present in the space between the first and second |l enses 1, 2 becom ng

conpr essxpfdalhsps ds inseekdoin posieivhiiantheflehdbokieB)carkewsued With ahe | ens
hol der 3 after nounting the first lens 1 to the | ens hol der 3.

adhesive, such as UV curable resin.
In this objective lens unit, the eccentricity of the lenses 1, 2 relative to the
optical axis P,, that is positions of the lenses in bi-axial directions, corresponding to

directions within the planar surface perpendicular to the optical axis P, among the

relative positions between the lenses 1, 2, are set by the outer diameters of the outer



For providing the recess 3d in a portion of the step 3a of the |ens hol der
3, the portion of the convex die 103 for formng the | ens hol der 3, which
i.s destined to formthe recess 3d, is renoved by cutting to produce the
step 3a. 30 On the other hand, a gate G provided for charging nolten
resin into a nmetal die in injection nolding the |l ens holder 3, is provided
in a groove 3f forned in the outer pgyipheral surface of the | ens holder 3
inregister with a cut-out 3e formng the air vent 3c, as shown in Fig. 5.
wWhen tﬁﬁhsoﬂ' Qﬁﬁ)fﬁfél'e‘ﬁ P2 Ghg b&&ﬁé?ﬁﬁer'dﬁ(xﬂ?k‘r%‘fthéléﬁ%%lﬂ #nThgt jcal

pi ckup devi¢e for witing Or reading out Information signals for an’optical
recordin dium,it i.s,.necessary, for the, nor.nal eratio 0 be guar ant eed
e rhgand secpidieps g BORIGISb mant nichdidest filebensl o fnd YHRoC o
higher. If the tenperature environnent is changed throughout this range,

t he dieidrolghbecoendricities thereof aznedomeexb ind innemssedes1of the knshlzolded 3das to

t hermal expansion or contraction of the lens holder 3 itself. If, with the
effectgm,di@p%tsgalgﬁs mm the working center frequency of 405 nm and the
nunmerical aperture of 0.85, the distance between the first and second

| enses 1, I i . PHaTR i I

expansi on (Z:I(g’e ftﬁgpbeﬁ't% hgg l%rﬁe‘ﬂnn%@éélgglb\%%)?‘n@ Hé%tﬁgﬂrgﬁ%ﬁn%{&ggr l%%l%ss 1&, t he
followng relationship: axQxL < 13x10-3 ( i s derived,. Here, Ot

(P enpebdafiat e heemasitanara roduse REBIcenias Ioonsuias et iia iesiand S560R% | ows:
(err)t =60/2 = 30(C) and L = Zeéim’r). 31 Fromthese conditions, the

f ol | oviensescly2gltheiaberation isiactdasedito detpraostothespsical péréommanast as stowmt er i al
making up the lens holder 3: a < 2x 10-4 is derived. Meanwhile, if an epoxy
resi n,intﬁ‘gi.lqg silica (silicon dioxide) as a filler, is selected as the
material Tormng the | ens holder 3, the |inear expansion coefficient can be

suppressed f o, ﬁot\éﬁl&g@ tﬁg r%l@ﬁy%gfégﬁ@éiéi%w E\ﬁe%ﬂgleol%g gﬁf.f}a{?eg eWilist of a

doubl e- |l ens " se nuneri cal aperture (NA) of
not less than 0.7, h a workin stance (the physical distance between
[he sctedond lnges bt meal PPUCOREISG! UDE BIRE dEEHAC L RErPeRBIabgT torlae
objective lens) smaller than that of a single objective lens used in a

conventdmmain apticak axis wf dhe pengewv il £2, centeredd@bopt fhisbpicallaxgs.devi ce, t he
objective lens position is controlled by focusing servo in such a manner

that the dijg! anen SEevEed 1M unitl Wakcapfeffdetivedinfrter’ 6 & dimdan®dhe/m and
the end face of the ‘objective lens will at all tinmes be a preset working

e DO A R R R
lr 22 zr dﬂﬁgiﬁggpé%%gggg qer?srzast {1,62 %kgé‘ea(i :58 Cucl)Trl,d %hréngv% fvaa uee 8 tﬁehgbggetztiigr? |
exceeds the Marshall criteria threshold (wavefront aberration of 0.07 Arms). That is,
if, in an objective lens unit, formed by combining the first and second lenses 1, 2, the
effective diameter is 3 mm, the numerical aperture NA is 0.85 and the working center
wavelength is 405 nm, the lenses 1, 2 need to be secured to the lens holder 3 so that
an error range of the coaxial degree of the lens surfaces of the respective lenses 1, 2

relative to the outer diameter of the lens holder 3 will be within 30 um. The following

factors may be surmised to be responsible for these relative eccentricities between the



For exanple, if disturbances, such as external shock, is applied to the
optical pickup device, the objective lens unit may becone offset fromits
design position. If, in this case, the working distance is |long, the
probability of collision between the optical recording nmedi umand the
objective lens unit is |low However, if the working distance 32 is short,
the probability of collision betweenfahe rimand the objective |ens unit
beconmes higher. If, when the collision occurs between the optical recording

medi UnjeR GuiFhGs It tRE HirdtGarldeReo@ idnsel Randiuy.f ace of the optical recording

mediumis directly contacted wth the I ens surface of the objective |lens

unit, e surf.aces are maged to deteriorate. recqrdi and/.,or

Fepr odaimg SHirAIRE ePefaLEEReR Prar ThE o R B e e PT ot sent

i nvention, a prqotector 6 is nopunted on one end face of the | ens holder 3
for endmsdia &g of Hee lsnses 1,p2ang e lengsurfpeessecond 1 ens 2, in order not to
damage the surface of the optical recording nediumor the | ens surface of

t he ob{2ahe eerorénsheicohxiahdegieowetwaerrtlgslen2 ditting pbltiondd, Srafthetlons 6 i s
formed by for exanple a filmof fluorine resin exhibiting elasticity and is
provi d%pg.gﬁjng protruded closer to the optical recording medium 110
than the [ens surface of the second lens 2 lying closest to the optical
recordj dium_ as, sho in Fi.g. 20. .The otector 6 hel revent direct
cont add) Bpe clgatanie Paweeesythe lehs fiffingortionssd.d 41t thech T 5O 128 ALRES | ens
surface of the objective lens unit, while buffering the force of inpact
causedenseschbl2.i si on between the optical recording medium 110 and the
objective lens unit. Mreover, since the protector 6 has an only snall
frictional Siaeé theherimalgtionsdf thbse shret dactord defeemonds tirl ameant of nige medi um
it is also possible to avoid scorching. If this protector 6 is provided as

descr i%@nﬂ?ﬂﬁ@s aﬁﬂbéﬁgiﬁ lsflrfa0dd 69&@% ' éb?fvetllgﬁse%ul;,f?% is0§sstsnﬁa10mai G@

recording medi um 11 e protector perates effectively to prevent the

Fovey arasti: SIat dcees BEMR I6h thrbiees PR icktapt Ve Pnist (AL 518485 1 or 6

is exfoliated. Such debris 6a fromthe frotector 6 becones accunul ated on
t he Legidesdiameter offthedenskeldan3 bengithin 3G uihe debris 6a is accunul ated
within an area of the Lens surface of the second lens 2 traversed by the

l'i ght beamTﬁzhés,|sitgietth®atlt&r?éripheral surifidcesddnb of kg euterpiedl 4, Qalodwke t he
transm ssion ratio, while affecting optical characteristics, such as

optic t f i i .
okt ol 1 STTB s, RAHEAS bne WEAPHIY s sbibfecsy Ehss ol pLRTHEInPbying
relatiyve vement of the, optigcal recording nmedi,um,110.with r e to the
obj octd NETHERE (i axial ieBRes Bt RRE ikt BensPr P eten o AP BRI ot | Ca
recordi ng nmedium 110, as indicated by arrow X in Fig. 22. Thus, in the

obj ectufer Nmsd ay2s andythedews swrfacen dependsion the machinipg aeewraey obthedned) med as
one with a cut-out 7 larger in breadth than the dianmeter RS of the |ight

beam Ldie dor tchsting asd s fhieceasoihgt tenditioasdWhemsthe, effisctbleodiametefof thel . 1 n
use, this objective lens unit I's nounted so that the cut-out 7 is on the

pat h ofpje &I IeHSisPMATRAE ofter pESpheral surfaces 1b, 2b of the outer rims 1a, 2a and
the lens surfaces are formed so as to have a coaxial degree with an error range within
30 pm.

A metal die for forming the lens holder 3 is comprised of a portion 101 for

casting the first lens fitting portion 4 and a portion 102 for forming the second lens



optical recording nmedium 110 with respect to the objective lens unit.
Referring to the draw ngs, an objective |lens unit manufacturing device,
according to the present invention, used for nmanufacturing the
above-descri bed objective lens unit, is now explained. Referring to Fig.

23. The objective lens unit manufacturing device of the present invention

i ncl udes an assenbling unit for posiggoning and assenbling first and second
|l enses 1, 2 to a lens holder 3, and a detection unit for nonitoring the

per ol | GRRBHITS, hedd oRions i S8R5 WrhRPoh e oAb RRAMl fIpes, T and

2 and t ter thE a-an unit |nc es a §e uni t

30, hayj e fer rf ce 30 a set the fi | ens
1" ancohoB i g 1 ThaTheint Fiectr {268 ﬁier@rlév@tﬁe éd?ﬁ&HH’%‘EQ &l oh to
set the second Iens 2 in position. The device reference surface 30a, as an
upper somvexcdied03and alsaneavendic 184 mtuoewlalahusméw%tmcmebdlqal%ulséhr,s nor mal
to the optical axis of the first lens 2 placed thereon. This base unit 30

i's subgfetalt diel hy tifey bombid diel 105 Rhiapeducyd intoahel dvhRhve MR 00, tHeusgacehat , by
pl aci ng t he outer rimila of the first lens 1 on the device reference

surf acﬂeﬁﬁﬁ% B?@v&%’\ ﬁé%ﬁ?&k 'dFe gbg a'npgﬁé cBhéavé (ﬁesllt‘.%tée‘?ﬂesbﬁ)sr § c§9§? tl‘t’)s

out si de ens posi t alr pre

dlffere ti 0Ss.its i.nner a t At th S ti t he er end
0t neBasmigh T g rerlaéwtﬁqﬁjwﬂ fﬁ?ftnse@teerﬁl Qgmecdy: Hire 0?’@5
hermetically sealing the inner spacing is nmounted to the upper end of the

base urgsin Boingihargddaiso theveavidl@s inclined with respect to the device
ref erence surface 30a on the upper end to reflect e.g., the laser |ight
iI'lum nat edTag r? obtgo UL, 102 For 8asting!the first'Iehs ﬁﬂmg poftfbred afi@thd econgduce
stray |ight. e holdlng unit 31 is substantially cylindrically-shaped to

del i i fen?'hthﬂgﬁt)rtfoqlaf'rgﬂ%e]pﬁogl | Brf80 Bnd oI E P83 10 RESRAES 2

under an-arr essure ere acCr 0SS I I nner Si

pr oduc n cuat i nner area thr.ou uction ort 1h t outside
b o s S ks boithst Breoncasnmachiing dnadiigthal & Bemachinog by
reference surface 3la at the lower end of the unit. At thls tlne the | ower
end of thetsentethuicking opieratizm, ise thet theepaxyalidegreeds oradntaésesl tarigh accutaey.upper
end of the 35 holding unit 31 is fitted with a glass cover 35 for

her et [1f ehdey tiRedlifédity dianieier of RRE obfbctiVBded AR iSBvAIim 3ndi #1igAcbeawd with
respect to the device reference surface 31la at the | ower end of the unit so

as not e the
faser i pls “t’tﬁﬁtéﬁé‘%ﬂ‘%ﬁ‘yﬁ't@@eégﬁ’ %S#é“?ee‘ér“ﬁgt Rl ferS R
supported. by, a_so cro r earln ni axi.al novenent
ot hoe. Betiodh of I s pold SR metbisdormessoeetd Rarver Bigh vouial Hrefetrong

| enses 1 and 2. The anount of anenent of this holding unit 31 may be

det ect withan ewor mugepess thamagneni rlatévgtonthesasend lenstfittiogipostign 5. The

hol ding unit 31 is noved by a driving power source 38, such as a pneumatic
cylinder, aThe figetrlen®fittingoportiontd providetdws tic lehbaokier 3, isformadab Have outer

rimla of the first |ens 1, set on the device
an inner diameter R, approximately equal to the outer diameter R, of the outer rim 1a
of the first lens 1, as shown in Fig.2. In case the effective diameter of the objective
lens is 3 mm and the light beam with a working center wavelength of 405 nm is to be

condensed, the inner diameter R, of the first lens fitting portion 4 is designed to suffer

an error less than 30 um with respect to the outer diameter R, of the outer rim 1a of



reference surface 30a of the base unit 30, with respect to the device
reference surface 30a, may be detected by a detection system provided with
a first laser light source 39. As the first laser light source 39, any
sui t abl e monochromatic |ight source, such as a gas laser or a solid |aser,
may be used in addition to a sem conductor |aser. The |ight beam radiated
fromthe first laser light source 3919s turned into collimated light, with
an enl arged beam di aneter, by a collimtor |ens and a beam expander 40. The
l'i ght ametNQWt yr ih 0 g i pat j ;1 ; ket Lough a
beam s Trar D, 7R ifd glapfelCEIR) SELRE rconl s PN ltisg 850 he
base unit 30 so.as to.fall on t.he r d of the hase . unit 3 | f,the
iret Hagtimi@lEalaio Ahoufd figBelBRE ot S ollerrlB ASFEnERe R o5 endt of
the base unit 30, this collimated 36 light is reflected by the reference
sur f acl 1380t6H thafe inease the effeativegdiameterrafithe objepkiva leas anittis Asemrasdithaed

t hrough the glass cover 34 and the mrror 42 to the beamsplitter 41.

Meanwhiiglet bdaine wdehvd W@rkiﬁ%@é@ﬂ&@ evavieldrptie oBABS ain ishe berriderssl, dhe ihiRrbase
unit 30 does not cover the entire surface of the reference surface 1b of

t he ou LM 1ac of ' WE : : [ ortion
of t ned Pt 8t e spld S iR podictts | CRERLARERUPEL AT TEK B! | e
portio in estion, shown.in Figs. 24A to 24C_ T , s he |aser |ight
o onal iy bt RBsm et diprBetet B asTig ol fitga GHdhe Simbiens 2on and
reflected fromthe portion of the reference surface 1b of the outer rim la
of the fir sk, inthe objegtiveHensunibaceardingt® thy presend iy ensionethsrparaldelisms ace
30a at the upper end of the base unit 30, as shown in Fig. 24C. The return

l'i ght bBéatormehhber efelanes Isand X ¢ dbteplordted, the aberrativon ds dhctebsed,ithes | ens 1
is reflected back fromthe reflecting surface of the beamsplitter 41 and

branc ﬁgﬁﬁ I i erfl: i e 39 to
fall Pﬁ&ﬁ%g nl?&%?ggébgﬁﬁﬁﬁégfgrg?ﬁ@tﬁﬁ%%no5&#g?bﬁgﬁéghgg?ggppgﬁyﬁgans.
The i mage,pi cked. up b e first | 32 is .displ ayed i rst. monitor
33 THEPEEBHE A Bof i andgril BemvpRrrlARs s NA phO&S. | heHisour e
39 is adjusted on the inmaging surface of the first CCD 32 so that the beam
di anetkgamiwith dworkingeeniet wavelength of 4@ nais ¢ be kendensed, thenR S viluehe
second lens 2, held by suction by the device reference surface 31 a of the

hol di nef theiabedation excteids cliceMlabshall ctitb e threshaly §ivavretront atgreat Recsfidioy aser
| i ght source 44. As the second |aser |ight source 44, any suitable

nonoch ti Coll . | i , y be
used i oL kIR pRANEAtn (A B the i AR ond RS 0, P cBaR =(RY
fromthe second |laser |ight source 44 is turned into collimated light, with
an enl qﬁgﬁ beam di aneter, by a collinmator | ens and a beam expander 45. The
|'i ght beam_now turned into the collimated light, is transmtted through a
beam spl i t t iy with theyouter dinmeter eftheders off Zmen,dbe parablsliam hetweempher fisshd of
the holding unit 31 so as to fall on the lower end of the holding unit 37 .
I'f thearfd sesfonldessessl, 26k to ba cohiprisediig @ rangeon0.e dogréadrisdecessary the | ower
end of the holding unit 31, this collinmated light is reflected by the

refer ofUihedG Rt ARd 9§c eleAesC], 2 Bg‘éﬂﬂ]e% Hollder'3 Githih %H%rﬂoggrgﬁgés g?nce

returned t hrough the glass cover '3 a e mrror 47 to the itter
46. Th etur.n |i is reflected back fromthe reflecting surface of the
beam s%'gtﬂlgrlnfgcgrr%nﬁ? &d@h‘i‘&%ﬁB%‘%&qWé{%‘rn optical path to the second
| aser |ight_source

2 [mm] x tan(+0.1 [deg]) = +3.5 pm.

It is extremely difficult to form the lens holder 3, molded using the metal die,

and which hold the first and second lenses 1, 2 with the parallelism within the above-



44 to fall through mirror 48 on the second CCD 49 operating as detection
nmeans. The i nage picked up by the second CCD 49 is displayed on the second
monitor 50. The collimating of the Iight beam fromthe second | aser |ight
source 44 is adjusted on the imging surface of the second CCD 49 so that
t he beam di aneter will be mnimzed. The sequence of operations for
assenbling the objective lens unit, described above, is now explai ned by
referring to the flowhart shown in Figs. 25 and 26. The objective |ens
unit i Eals =1 e all i i rical
%@?m%%{f%_%g,gyzsg\é%ﬁ’ reﬁﬂadﬂgfvll‘}@. EJ%[% kg E’heﬁ Fezﬂg‘r]ﬁld%i:c 3 %nge' BiTE

aperture t er’ wor ki ng-wavel engt nm and an
ffecti di . 3 |t shaqul d, b ted that, i d

obj cct MYBPEAE R, aRaststgpiescl 2oy o et fieBiacki ey £ontd PRESERRLALS cns 2
closer to the optical 38 recordi ng nedium and the major surface of the

out er extiemglyditfigt tq puithe Sisst andissgendlensesn ,2anddpe lens halderct Wigstheredi um
need to be wwthin a range of tilt of roughly 0.2 nmrad to 0.3 nrad. Thus,
wi th t kdtheljt éaefpositicans! fund dusrand idae intbetvgeearmidee a whrkimgefvdasmmssdff or
positioning the outer rimla of the first lens 1 and the surface used for
posi ti ggd i t ng : j d at
Phe oufosn g iitcvetenfulh, 'AFs RRERCR i SRGemepRRrcaI s, RhithEe 25 o
This adjystnent is.by the ]as i ght radiated fr the first laser |ight
sour cortsy A Rgasdensesr 7 55 Fhe ek otder’s I ptalfeuisd witih the, BBy b3
the lenses 1 and 2 are disnounted fromthe manufacturing device, and the

| aser Hefjned eworgang¢. from the first laser light source 39 and reflected
back fromthe device reference surface 3la of the holding unit 31 is caused
to fall on Wih fthe sdbjédte3Rns! inif oft ¥ pitcdentt hevepoidn} udlessf theheistancet CCD
32 is adjusted, as the first nonitor 33 is viewed, so that the |ight

e doorustici B a3 sERuRENREs REP PAERSH b GPicgTAREs B, ofthes! no@
be. obs BSRS89 PaFaTe) s a8 R Roeach itop e FARERSA o1
CCD 32, adjustnent is nmade so that the center of this concentric pattern is
i n regisstkept vivithin lae peeset evangg, tthe abgamdionodsmincetasedhe Whikestthepeptieal 33. I n

the next step st3 of Fig. 25, a planar reflective mrror 51 is placed on

t he devharactegistcemealeseridratsl, 39sh@dn ihBighbd ¢f, with thekffeasivekijameien andg. 28.
In the next step st4 of Fig. 25, the device reference surface 30a is

adj ust L1t P { . wght
penm 1 P FhetitallapR Ak B e etk iFlens g e ShED &3, AtpetlivERE angd™, ¢
i nci dent..,on th i rst 32, the |ight beam projected on the first nitor
55wt 1 il 5 et o watidensed tayEbY BRFRE 4 ot E el b aYF Eha ot
device reference surface 3la of the holding unit 31 is rendered parallel to
t he dedP2am,ansregrds the distancedmiween thefisshard segonddensesi i exaegds £h3a step
sty, the position of a second CCD 49 is adjusted using a second | aser |ight
sour cepft} thedRMS eabuedofiohe taberrafion exceeds the limit of the Marshall criteria

(wavefront aberration: 0.07 Arms).

It is extremely difficult to form the lens holder 3, capable of holding the first
and second lenses 1, 2, forming the objective lens, with the distance therebetween of

the above-defined error range, to high reproducibility, using a metal die.

It is extremely difficult to form the lens holder 3, capable of holding the



Then, processing transfers to a step st8 where the first lens 1, already

i ntroduced into and bonded to the |l ens holder 3 in the steps st6 and st7,
i.s mounted on the device reference surface 30a of the base unit 30, as
shown in Fig. 29. At this time, air in the base unit 30 is drawn to outside
to lower the inner pressure to attract the first lens 1 to the device
reference surface 30a. It is noted tjat the reference surface 1b of the
outer rimla of the first lens heeds to be abutted accurately agai nst the
devi ce o4 f i ; i hat, if
dust dﬂ@ggﬁifﬂﬁﬁéﬁﬁngﬁg?g?ﬁﬁfé“?ﬁfgggggégggg% gﬁEt igﬁéépgbgﬁggﬁéurfaces
1b and 30a, the |enses, 1 d 2, undergo tilting relative to each other,
aftor BSdBbantingl e ek i firgl o Spord dpibs: Podrrfcreteded hiEHy
aberration. Thus, even when the first lens 1 is placed on the device

r ef er eaxnuratalyf, high dgseoof parellolism iumaintaned betweentbe éanses ¥, 2,andrasghe

paral l el i sm between the reference surface 1b of the first lens 1 and the

devi ceerr&ff Rrtho dfstantcl BawedRthd lenb& B i mdinRen@brebe/ ithile pedset Mhded Fi 0.
24B, a cut-out is provided in the device reference surface 30a, 40 as

shown in Figy hat hj evi r : i

mai nt ai ned,ﬁ?wgﬁﬁ aﬁﬁcﬁlggllgr&fégﬁtofr)]fs{}ﬂeeiﬂr‘%s%gg ghgée[ﬁgbﬁﬁftgg .rggﬁl(g{)ﬁg ﬁgefi rst
lens 1 ma e returned to the first 32. Sin t he reference surface 1b
of 't haptalichsinand The st freohuer T R an s EOTGIANSES b PIRESIGR A o
reference surface 1lb may be observed, in a step st9 of Fig.25, as being a
concenusing adiassembling figrapaklerof adjusting thefagsembling acquaaey, withoutbeangi r st
lens 1 is conpletely in tight contact with the device reference surface 30a

of thedfrudennon tikOprebiitort ineRMngithe (irsiicl@ér n pattern, displayed on the
first nonitor 33, i's at the center of the inmage format, because the

ref erence ace d.. 30 ro If it
nas. been. vel T4 Bt ROUE SRR FOTRORSEMETRY ofd sLuREIhES 12,
nonitogr 33 that, .due to dust d dirt hecomng tr d hetween the

rof er chfaiag reshiectivs lenpunt of the pressntanyan e fHeRIt Ions | SABSIRLINR  f aces
1b and 30a is not within the reference value, that is if the concentric

di f f r aduei fdust penst féttingi portion dapraviided wiitthén thf lemishalderg? andrisemmdbitimedf i r st
nonitor 33, processing reverts to the step st8 to set the first lens 1
agai n @ing @ Bvearablegcsial At s ¢inse!thatiest [éhs andlintfdduckld into thdiflgstsleqap, t he
verticality or parallelismof the outer rimla of the first lens 1 and the
opti ca}, j Ve i may be
cont i rTEE ARrEop AP AR} il Sl B ot o i Flark SARGESE liehnun?, T3
before ceeding to th ext. ste Then, praocessing transfers to a step
st11 vl BE prirudcitam B dens haldpios sisopybin Figs 238010 1 il sudader t ace
3la of the holding unit 31 by sucking air inside the ho[din? unit 31, as
shown $yoffthgfirstdensthepsratasas esdincidentrsidesfagthe lightbeameradéated frpfm gilight 25
where it is confirmed whether or not the light reflected fromthe second
l'ens 2sduice diedl@ht obfective lenini isoholiiRdssrcam Opikdd pibkup device. sane way as
above. If, in a step stl1l3, the offset of the center of the reflected Iight

fromthe | MREEeREGIR 1, sl 16 MPIenS B81¥r 3 i SupPBrib&oRaHSE BISHSO of
the jig. At this time, the first lens 1 is carried as its surface 1c towards the first surface
of the outer rim 1a is placed on a supporting surface provided on the base block 30 of
the jig.

The second lens 2, combined with the first lens 1 to form the objective lens unit



processing reverts to the step stll to nount the second lens 2 again or to
sweep the device reference surface 3la. Up to this step, the parallelism

bet ween the second lens 2 and the first lens 1 is conprised within a preset
range. In this state, the second lens 2 is caused to descend from above, in
a step stl1l4 of Fig. 26, to the lens holder 3, as shown in Fig.3l. Wen the
first and second lenses 1, 2 are attymacted to the device reference surfaces
30a, 3l1a, the parallelismbetween these lenses 1 and 2 is kept. However,

these b@fs ??ens%flggﬂeﬁtiaﬁ Ss 'ﬂ@%ﬂ Wéh&%d?ﬁﬂg‘ﬁﬁ“ﬂeﬁ@ﬁﬁ%gogﬁo f ich Wien | €ns

hol der 3 1 rom a thernose resin, as descri bed above, and has

the functiQn of suppr,essi t he of fset. bet ween,t he first an cond | enses
"ana BSbistlathe BREPIEER 30 Submertpaihe iSRS T with R L8R hRGEF Bs: g
second lenses 1 and 2 may be renoved by noving the second lens 2 along two
axes pBapdaacd 4o high acewracypilihsasecand denss3 i intradused gots theosesandileng t he
inner radius of the lens holder 3, at the sane tinme as the second lens 2 is

i nt r odfittidg portiontShef thenendwolder 3 carfit dy thbdasd bRk % tawekriz Hodir jigt and
second |l enses 1, 2 has been renoved by = 42 the |lens holder 3, the hol ding

uni t Q%lknggﬁfgﬂ”%%SQE§B£Q IPEE3@ step stI5in Fig. 26, to a preset

position he 'secon €ns 2 is to be positioned ultimately. In

order for t deyi.ce reference  surface 31a to be halted at this position
There 1o prilsramig o BpElEiEal & cdmmeldouharmcbon ey Kesagisro Mol ur ement
device 37 may be used to nonitor whether or not the holding unit 31 has
been |tbaseeend lens Baatdisrdistal embby airsuctipn imaskirggtion ligdicated hyaarapwdt ism

bet ween the reference surface 1b and 2a of the lenses 1 and 2 is checked.

| f theFigalrkal lelismis unsatisfactory, processing reverts to the step stl8
and, if it is satisfactory, processing transfers to the next step stl7.
Thus, int W i L | L 1ahSF; i bl before
posi 1 oni g Tt Chaas e i odlceRiniiRKE Sheord h SRR SofEF fhe

possi hl e to.check whether or not the Qﬁ;allelisgkgnd the(Pistancg bgtmeen
the | JRESSUT{acbRINg SRV JAIEEF TRFTUS Of GUEY MHEREACEY 3 1S6ENd P TREReSnekt step
stl7, the second lens 2 is bonded to the |l ens holder 3, using a W |ight
cur abltbe ditbidensy &, seauredite thetanschdlders3.2 has been positioned to the |ens

hol der 3 within a reference range. Wth the manufacturing device according

to the presEd converBuifade of the §aconiteaf2 faeihg theisecondenrfatd 8, obthedhger vi ng
the beam position in the second CCD 49, even after curing o? the UV |ight

Curabh@g§gagﬂgnﬂfﬁﬁﬁﬁgyﬂ%beQﬁﬂgﬁﬂ@ong@bbq%ﬁ§H§?et“een the first and second

| enses IS wthin a referenc evel . Tens unit is determined to
be a reject,.if the ral l,el.i sm.between {he two nses.. 1 and I S.Nnot
cont i ned v T #eEonEER o dniBHREd TRt sk TR T HibrfioheS adhesi ve
is cured conpletely, the attraction of the second lens 2 with respect to
t he depasitéonesk eviththe St flensel 3¢euredl tohe isstdiens fithing pentions4 efribelless when
the adhesive is cured conpletely. A lens assy conposed of the |enses

holder 3 as a reference, and is bonded to the lens holder 3, using an adhesive, such as

a UV curable resin.

When the first lens 1 is secured to the lens holder 3, the position of the first lens
1 along its optical axis with respect to the lens holder 3 and the tilt of the first lens 1

with respect to the center axis of the lens holder 3 are controlled by an abutting surface

1d towards the second surface S, of the outer rim 1a compressing against a step 3a



1 and 2 and the lens holder 3 is spaced apart fromthe device reference
surface 3la. In the next step st20, the holding unit 31 is retreated
towar ds above and an offset confirmng mrror 52 is inserted to a space
above the | ens assy, as shown in Fig. 32. The laser light radiated fromthe
first laser light source 39 is incident on and transm tted through the
respective lenses 1 and 2 of the Leng3assy so as to be received through an
of fset check mnor 52 by a third CCD 53. The diffraction pattern, inmaged by
this thi ik L : i i a step st2l

shown fnd‘g?gngﬁ ﬁ;@ﬁ&e@k%ﬁ%@%@%ﬂ%ﬁ@hé@oﬂ%@é %ég{g h???esﬂe? bet ween the first
and second l.ensgs .1 d 2. s.conmprised w.thi rescri bed,range. Jurning
Lo the det efrtagneye fii vt icknss B Qe oLl el iS B ernosed BPPEgn B (e
second lens 2 relative to the first lens 1 may be detected by transmtting
t he | adRuttinggsHifaceld o the eider ripsla ofihe dustdans i/én@&lse step Ad Wit pdhglens

renot e-detecting the center position of the diffraction pattern of the

t r ansnholded 3, ifghtecurimgdiheclizs dehs b tdaharieas hbhder ry-Apele Rdhesive PullJ Veat i on
H 10-255304. A lens unit is determined to be a reject if the parallelism
bet wee I ; W i Widdi n a reference value. In
a st ep&gtagge, Pétgﬁ\é cﬁﬁ?‘é ilgﬁﬁil(l) t%oﬁleegiblj]egg?if ]\}gﬁlg(laér,]\ggéyhi t, conposed of the
first and second.lenses 1 and 2, ..is asured., .Wth.the abecrration.w,thin
he"r et or end BOPRIRSEVE s B Cioegrding AT areSiit imertisS 35 BOrai SPAtdl' e
objective lens unit. Wth the 44 aberration outside the reference range,

t he obpikuipvdeviepadapied foswaising o readingrowdnformgtion signalsean eefrogn an
introducing the first lens 1 in the lens holder 3, into which the second

| ens 2opticalabc@ding redium "Wheaused iand dpviedkepickap desice] the, objsctivlens
expl ai ned. The process for manufacturing the objective lens unit, using the
TANUf ACE Uk . - : e . .

"ot or cuniiof B RS DRIGH B Ao @SR MAOBR IS (RAPUR EBIR2Z, Lni
manuf act uy i eyice is de up by a,devige s ion far, introducing.the
Secona it e SR ety Py bl B R brh s owArds i ShiN] o
section for introducing the first lens 1 into the Iens holder 3, into which
t he setespadingmeediumald Opeaspectinelpassbawnds Figsolwnd 2 $inge thsobjeadveltonsce
section for introducing the second lens 2 into the I ens holder 3 includes a
hol di ngnitimiséd 3. tlenepticab pickupnddviddis wssdifor thvevergigg tht lighe behaverdistedr i bed
manuf acturing device, as shown in Fig. 35. This device section introduces

t he se ' 0S5 Ll ' e [ ht 31 is
subst atslrt8 ﬁgltl:“g r}%}/llz SPﬁrc?rg i éllf‘;llal Sg/l%sn Lﬁ‘géée{fﬁd!fﬁ Eu@%e?ﬂlleﬁ)fs{yaac?ﬁﬁ%ﬂ a@%{)iﬁﬂ]? Ee
above-deser | facturin evice, sand houses.th copd _ | ens 2 wunder an
e or EDfH 10, IRMIAL ALY e IBReST, 2O PR uad HS i rOBRaE S0
evacuating the inner spacing by drawing air to outside through a suction

t hr ougwdw&eethmmaﬂ Sghbelégt(‘@ﬂVﬁx to paaiger raskius of ey afurgs wall %@dpeatﬁg on the
| ower device reference surface 31a. The lower end of the holding unit 31 is
kept clowsads dlie lightssduroeradyatinpethedighdeaans 2. 45

In the objective lens unit of the present invention, the mounting position of the
second lens 2 is set with the mounting position of the first lens 1 as reference. Thus,
with the objective lens unit of the present invention, the second lens 2 is positioned
with the surface 1c of the outer rim 1a of the first lens 1, on which falls a light beam

L,, as a reference surface, as shown in Fig.2.



The upper end of this holding unit 31 is fitted with a glass cover 35 for
hernetically sealing the inner spacing. The holding unit 31 is supported by
a so-called cross roll bearing, that is a uni axial novenent stage 36, and
is novabl e along the optical axis of the second | ens 2. The amount of
novenent of this holding unit 31 nay be detected by for exanple a nagnetic
| engt h neasurenent device 37. The hopgling unit 31 is noved by a driving
power source 38, such as a pneunatic cylinder, a |inear notor or a stepping
motor . The Pisedtiid 1en2! SechitpiRfiel 1Bhi YRk Wit (RO 3RSl pBGRo ot uPPer
ace a. This device re

surface as a device refetence sur nce surface
30a in.t evious enpodi ment js.shaped.to Jfeceive the.outer, ri a of the
PRt e irshley 1 tures) et emiso AR oI e, G gr ool is BHOduET iBe 508
is shaped to set the lens holder 3 directly thereon. In the present

manuf agndicamigddyvihe secortbleab $isting podiat ot the kehs thoddateland herdeissuch
surfaces 30a, 3la along the optical axes are detectable by the |length

neasur gk indelich eheddecehtridity of the firSttiefs $tdhtive viMe dptical Sxi8df thefirst
paral | el i sm between the devi'ce reference surface 31a of the holding unit 31

and t hf‘eéﬁgﬁé’ ggﬁgﬁﬁmr FHAT s ﬁfwh?&?th%o‘?ftf%fﬁ) OtSngez ?i??ﬁe}fé“ltinl%lofgiﬁﬁaxaﬂtrgﬁtti%

accur a a € ou inas e para Ism ween t he
devi ce reference surfaces,31a,  30a is ¢o ised wthin a preset | ue,

pr ocesE?rlPﬁn@\CHf%ﬁ%H&e eRyical akisgs &mge%ﬁ@é-, When i C§€,‘m}9rt88 secondfensyer ¢ s
to the step st3l. In the next step st33, the lens holder 3 is set on the

devi cefittafgepenion 5 the seeconddens 2 istinatich lasstdsa sehigh; as the ecaentsieityrthereofi g. 35.
The outer dianeter of the device reference surface 30a is set so as to be

equal {edativietoohk VptidhlPavES OF tIY fitd1erdd 1 & supphSsséd, ddbled AfjuStn®nt T the t he
reference surface of the |l ens holder 3 abutting against the device

refere 0a. i kg il e

cur f ac i g dRsah, Ens 238N Yo, HecHE AT Tt ig HE FREHIRET
surfacg,Bla of, t he holdigg unit. 31, and air within this holding unit 31 is
drawn Biptance wighrespeektortie opfigal #d8ond 1ens 2 to the holding unit 31. In a
step st35, shown in Fig.33, it is nonitored whether or not the parallelism
bet ween t heThaffis,velrndosmingibhe seoomat lenkh 2, the quetal diensp@ssurddtine dikeetion
reference surface 31a of the holding unit 31 is kept, using the |aser

l'i ght . alohgtil thidlales$ bfthie$Brded Wnk i thatisih aslifecled papdligto 1§ 6paEiaRs.
transfers to a step st36 and, if otherw se, processing reverts to the step

st 34 f g [ [ S : la. The
above Suif AREHEERd TS ZitoBheS HERRER ANt ol b pRSS A B 20T, o
ismis reached. In.a step st36, the hglding unit. 31 is |owred. towards the
| ns. hOR HiErower penpiel siegiahe opleg TR e L i ViEops MRl aCRniss Tte
device reference surface 3la of the holding unit 31 is at a predeterm ned
di st andering thn cdstinggrocessy pfesenihowved strfaecs3ehaséas the ppatienunian goteras
shown in Fig.36. The position relationshi ps between the second lens 2 and

the | epéripidralesurfaca2d sfahe ousst ri 2a witieh bbbemeyh eptinddtalishefase pardidiens 2
towards the optical recording nediumand the surface of the protector 6 of

the le | 3, Wi agﬁp t..b r 1s i €,,£as
shown ?ﬁ“&?&%ggﬂ a%ﬁ7$ﬁgﬁiﬁg |s€§ﬁ§g ?r%ﬂgkﬁeﬁgﬁgg{ggﬂg% ghghfgﬁéoﬁolder 3
tot hea;?puri)];(1an(%z(1ateﬁ}c 16(5] ﬁm at a mid portion along the direction of thickness, as shown in

Fig.16. The contact surface of the outer peripheral surface 2b of the outer rim 2a of the

so formed second lens 2 with the inner peripheral surface of the second lens fitting

portion 5 is only the ring-shaped portion of a width W, of the order of 100 um. As a



protector 6, indicated by arrow a in Fig.37, is prescribed accurately, the
di stance between the surface of the second |lens 2 towards the optical
recordi ng medi um and the surface of the protector 6 can be prescribed
accurately by prescribing the distance fromthe device reference surface
30a of the base unit 30 abutted against the step 3a, shown by arrow b in
Fig.37, to the surface of the second2kens 2 towards the optical recording
medium The lens holder 3 is fornmed e.g., of a thernobsetting resin, as

descri badaRRV& oA ttrsD ’i‘i’i’geg%q infd tthQ%Ec&gFlleﬂE ?ﬁﬁﬂ%?fb%@{/&ﬂ&m ﬁﬁﬁa%ﬂ to the

end face thereof carrying t pr ot ect or S appr pm The
protector ,is forned of. rorector t.erial, such .as fluorjine cqating
e | 44 disSgiRPapTUeRag g Srsia T PrS b S a T TikE Part e obBE ieh Wired ¢
a thickness precision within approximtely |ess than tens of dim
Conseq@éthd grder 6E1QN) po1, spotactad with the twer peripherabsurfaceofthesasond lgns i s

mai ntai ned for the distance fromthe step 3a to the surface of the

pr ot ecfigtinGporivn) ayuhel¢ ndoriofvotation. Additidnall¥ihe eéc¢aand lefis 2 bgn Be ficveele from
the device reference surface 30a to the surface of the second |lens 2, as

i ndi cat ' ' o ‘ ke t han sever al
by 8 Ao a0 ol Raliluis wiiERhe LELAARACRE KRS RS, | 7" he
accuracy of _ap roEi tel% | ess. thantlens. of ~m‘maa/ be mai nt a'hned for the
di stance belhéBnObIEtive, legs s mamifacging device 2acoqdinge 1Q the JUESEH ¢ he
protector 6. In the next step st38 of Fig.34, the lens holder 3, carrying
t he sedeatioanas Rieriexplaingd ndatectéan oftherdt aéunopticakbaxiswfitbe firsttleosidici ng
the first lens 1 into the |l ens holder 3, as shown in Fig.38. This device

secti ofelafied tslife reféferablsarfaas @fuht debfte is HyailueninhtingtHe Mkek Mightito ot | ens
1 on a device reference surface 58, by suction, and a holding unit 56,

capabl ?et%fen%@' eirﬂ@etﬂe?% ShSodter 8@? 13 of file’ ﬁ}ﬁgotﬁgai\?ee‘fé}ﬁdl | 6RSwRichP

suction on vice reference s ace evi ce ref €rence sur%ace 58,
as an u r rface of the novable base.unit 59, | diusted sq as to be
Rccur altgens bt LA beam: Ly &Yk Besing 1 1R trBetedBadl biom Fis, itefdsced
thereon. The novabl e base unit 59 is substantially cylindrically-shaped,

wi t h asuifaeeed c sxfdbe figst dems Addyws mireorf #2550 thmighe lightewilhbeancident©aur e
differential produced across the inner and outer Bides on evacuating the

i nner  gprRelion mdayis HueWal @ fidst O(’Elbgﬂhaglhg device) 82, 4 by tpudtisgigh batput

t hrough-hole, with the outer rim1la o he first lens 1 abutting on the
devi ce : f | e base unit 59 is
cIoseddésEﬁﬁﬁgngﬁgﬁgééﬁﬁgﬁ?Fggﬁnpgﬁgf%iqgﬁﬁowgag}pg¥g?bf t hi s novabl e base
unit 59 is fitted with a gl ass caver 34 for. hernetically sealing, the inner
apaci ng.  Thihtsidatt igah By Yot it Laof sifirddeds 1 AlSitboRd Bovaris BFce
surface 58 towards the upper end thereof to reflect the |aser |ight

i 11 uni aptied reeordig wedann (lilf isafosmedias afsuriace linelinet towasds thetouter prbduce
the stray light. The novabl e base unit 59 is supported by a so-called cross
rol | baashoven i Fipl18.STiaat dg)isirioci thk stEMetabf sicageted6im dadfithe fipstdbhe1al ong
the optical axes of the first and second | enses 1 and 2. The anount of

movenephsifibné fiowdTaY #Y ptREsfecdRdihg AfedB 19 is formed as an inclined surface,
the outer rim of which is proximate to the reference surface 1c, a portion of the laser
light illuminated on the reference surface 1c and transmitted through this reference
surface 1c proceeds as indicated by a broke line in Fig.18, without reaching the first

CCD 32, even if the light is reflected by the surface le lying towards the optical



49 detected by for exanple a magnetic | ength neasurenent device 37. The
hol ding unit 31 is noved by a driving power source 38, such as a pneunatic
cylinder, a linear notor or a stepping notor. The holding unit 56 is
substantially cylindrically-shaped, with an i nner spacing, and hol ds the
second lens 2 under an air pressure differential produced across the inner
and outer Bides on evacuating the inpger spacing by drawing air therein to
out side through a suction through-hole, with the | ens holder 3, carrying

the S%%Bfr?ghg?&ecﬁu PHS,tthlﬁ@%ﬁlﬂrihg%éﬁﬁféﬁrﬂgeié‘cfﬁ%%ﬁﬁe S 6hE tﬁ%t le-ﬁ?q' ens

hol der 3 ting the secon en d by the surface thereof carrying

t he protect 6 C ressi ng agai nst, the devige feference .surface . The

L over " end. of it ERRRGCE BB ek A E5OL{H% 8L Rnd e petond&fis Be nol der
3 and the second |lens 2. The upper end of this holding unit 56 is fitted
wi th aopficed seensding msdiusmdl Osisinod ingined, s aghown imEigr20,itudlis forseed ang t he

i nner spacing. The glass cover 35 is tilted relative to the device

r ef er equréacearaitel to%hd eferense istsfatpPb)a podidnooft the ey ligheillianaratéd ght
illumnated on the outer rim?2a of the second lens 2 so as not to produce

t he st j . | gihn | ' g,y@p t kNGl ge 57
for tiﬁrht% Xgﬁr%ﬁeﬁ@ﬁﬁgef}ﬁirﬂé)&gsﬁgggq]ﬁc dutgllés gtrg%r%%@@ggﬁn%@@grgﬁggi ng a
first laser.light source 39, for detecting the parallelismof the auter rim
of "¢ helE sicfack dicpaigtéi* G heiretcfindecuiifisen i & b sheéh s8Tbtei HiS bl o
base unit 59, relative to the device reference surface 58. As the first

| aser Suree ledaprecedd asdngicateidttyta brokendinerin fag.20 to gghio the ditsteCCRUBA as a
gas laser or a solid |laser, may be used in addition to a sem conductor

| aser . after5@fl€bon bylitie haaoT 420ifahetight @flccted by tiktrefasrte bufhde soOunde 39 is
turned into collimated light, with an enl arged beam di aneter, by a

col li . t i nto the
col 11 riae Qipt Fefle AR b9 (RE SREEKP AORR il the DPiclT Lo ine i IR ACA 1 4,
and th l a r. 34 at the | r en f the vabl, se unit 59 so as
ot al gt ETE SFdn 2dnied:siine Midvach enthrali TS IMPHETGERP RIBVE ans 1 s
hel d on the device reference surface 59 at the upper end of the novable
base ulgi Be 8goischagainst detegtien afithof ithe fisst| leas dd Tihpre Ircalseftbe siskethatir f ace
1b of the outer rimla of the first lens 1 and thence returned through the
gl ass maitiple éflecttbri beeproduiced béBvéem thearefaancsairfidectc did tHhsurfeteute |i ght,
reflected back fromthe is reflected back fromthe reference surface 1lb of

the OUlIoWafrﬁét meel@n%ﬁ _raingffhﬁqiﬁg%i%td &;{g@? hiGaAsBRcto {1&9@% &l EF' ecting

surface o eam splitt ranched frdamthe return optical path
to thehfirséal | aser .Iﬁg?t.source 39 to fall through mrror 43 on the first
ccp 32 853? ]te’lnﬁ Sa4s %Q:Ityi on neans. The inmage picked up by the first CCD
32 is displayed on the second nonitor 33. The collinmatin the |ight beam

f
from the fi®8the ather handHhe suifpee 1gof the eutprsimla @ﬁtherférsg }ﬂgvgiln@wdas ace of

the first CCD 32 so that the beamdianeter will be mnimzed. This device
i ncl udhs optidal recordimg meditam] 10med sk fognredesaannclirsisurfacg htcessed @nd4, for
detecting the parallelismof the outer rimof the second lens, held under
Suctl Offe outer rim side of the outer rim 1a towards the center of the lens 1, as shown in
Fig.18. In this case, the light reflected by the surface 1e towards the optical recording
medium 110 facing the reference surface 1c is reflected from the center towards the

outer rim of the first lens 1, as indicated by a broken line in Fig.18, thus reliably

prohibiting the light reflected back from the surface 1e from falling on the first CCD



on the device reference surface 55 of the holding unit 56, relative to the
device reference surface 55. As the first laser light source 39, any
sui t abl e nonochromati c 51 light source, such as a gas laser or a solid

| aser, may be used in addition to a sem conductor |aser. The |ight beam
radi ated fromthe second | aser light source 44 is turned into collimted
light, with an enl arged beam di anetepz by a collimtor |ens and a beam
expander 45. The light beam now turned into the collimted light, is
transm4ted through a beamsplitter 46, a mnor 41 and the glass cover 35
at the upper end of the holding unit 56 so as to fall on the |ower end of
t he hol din nit 56..1f.the second. |e .1s. held on the device, reference
surf ace. Ss BHE seEase et P uFT RRe L4 6T erTrslIans 5uaYalveoE SmcheSat | gnt
is reflected by the reference surface of the outer rimof the second lens 2
and t hisgbaed seifacrewhidhris egessadefrgimathe asibaraim3idespicthepaiten timoka towardst he
beam splitter 46. The return light is reflected back fromthe reflecting

sur f aceentdicofrtianeidl,idndarhith Aaslsbamtekrgeoro theaeeehd biirfagd Sgak path
to the first laser light source 44 to fall through mirror 48 on the second

CCD 4qg?ggﬁg§%§gﬁﬁ§Pﬁg&ﬁqﬁ@ﬁglgpans. The i mage picked up by the second CCD

49 is e seco nonitor 50. The collimating of the |ight beam
fromthe s nd | asgr light, source 44 is justed op the. i i ng, surface of
t he second NFI's rtﬂ’i%‘?e“t“r‘i‘g tE%i‘&hHﬁ:ﬂ?@f%%*\ﬁilfgnﬂéﬂﬁisH&ﬁF%a i8¢ devi ce
includes a focusing error signals detecting optical system60. Simlarly to
t he opeptical regosding medidm hl Gof hgtouter ripi lakaiphel&vstdens bfroanfalbing oaltheli sc,
this focusing error signal detecting optical system60 is an optical system

for defige GCH 32hen AR dsdtantreflectiodfidhy niay Be providéd 6 tinssuefase ile to
aberration nmethod or a differential concentric nethod. This focusing error

si gnal; . { NGk i i sem conduct or | aser 61,
as a Hpgﬁ%?g%h?%gﬁggﬁggkgﬁrﬁ%gfggﬂyﬁg%hﬁgﬁgu@%%%?éradiated fromthe
seniconductﬁg | aser .61,. by a cgilinator lens .62, and jllum pates. the

resul ting cHMenHAE opIgatiyhrleptanthePisseh nKentiiuis od i it opcalRickeP 64 and
the glass cover 34 fromthe | ower side of the novable base unit 59 into the
i nsi dedefice fog witing perepding amtiinfosMmatiph signals for an optinal recomlisgmeshiumhe
device reference surface 58 of the novable base unit 59, the light beamis

i nci degiichaiy dnéptidal discl 1S ndcesshryt for the aoRHal Gtgation fo BRGRhRMIEN Ihg | ens
hol der 3 by the holding unit 56, the light beamfalls on the second | ens 2.

Th . . . . S . . q
| ensed AeE R empeln @ P REAT o st REIANnEID 60 bl g e 0N
64 is reciprocable with respect to the |ower portjon.of the, abl e base
uni t SEMPsRaTe aeRRmet is s diongheutiRge b Air@resenLin s SPar et or
of the objective lens unit. A glass cover 69, having a reflective surface,
i s moueragdibetwpen thecfisst apd secardelensesal, J dnsertegf inthand pargted; bpethedans uni t
as shown in Fig.39. This glass cover 69 is designed to be equal in

t hi ckriesidepBdis'chhnged apyretialBxir derisitg. cover | ayer of the optical recording
medi um used I n conjunction with the Objective lens unit. The |ight beam

converged bynd Bt drédcit tirﬁg%gﬁ&%?éifbahgg%ggd;sggeé bRtwheh [ tiRFhRA sB¥odde

reflective sur ass cov returned eam splitter
63 through the second l.ens 2,. first |ens | ass cpver 34 and the mrror
64, - adClSh B iSerimesd appreciably, i predat StpSRie dfiglo, HaRE i fud | ng
surface of the beamsplitter 63, on the beamsplitter 63, and

temperature environment. That is, if the temperature rises, the pneumatic pressure

between the lenses 1 and 2 is larger than the atmospheric pressure, thus producing the

pressure which tends to separate the lenses 1 and 2 away from each other. If



branched fromthe return optical path to the sem conductor |aser 61. If the
astigmatic nethod is used, this return light is transmtted through the
mrror 65, converging |ens 53 66 and a cylindrical lens 67 to produce
astigmatic aberration so as to be then converged on the light receiving
surface of a photodetector 68. The light receiving surface of the

phot odet ector 68 is divided fromtheggenter into four radial areas,

out putting phot odetector signals independently of one another. Focusing

error Shpaisgl @t&ﬂhéfaitd}esfiaflg,a{lge u%n’i’ﬁ%ﬁ%ﬁ@%%h%e ﬂie%h?é%gﬂﬁ% ?ased on

t he four photodetectdr signa phot odet ect or wi ||
be expl.ai ned sybsequently. The gl ass ¢over §9 is supported.b ei secur ed
Lo ¢ noisaieE e ainokancii ik Sd%, Thitrsodicing ¢ DRt i Sdias o 1 o
the optical axis direction as shown in Fig.39. This voice coil notor has a
| eaf sprusegthedensesd ajidad o spprach o gach oer.coil 72 are carried by this |eaf
spring 70 so that the glass cover 69 and the coil 72 are novabl e as novabl e

parts. The Wieairvitild, thefirsOlens 1haé axabutprnt surfisbe I yifig sowarighesecohd n t he
vicinity of the coil 72. In the voice coil notor, the glass cover 69 is

noved h { 1 i I i I aCct:] of the
cur r ent a8 57 B B Akt Afh B9, doiclb diEhcl Satr HErHHSy RS SHORELRTOER, N
magnet 71, t he .drivi.ng.current supplied to,the coil  72.. The | eaf spring
70701 BB ST ORHE N Oh SHRRJENEs ot e fetas phided S ppslianon
smal l er in diameter than the second lens 2, in order for the laser |ight

r adi at &dthf aadhdsives ehargad infedhreeirgenssedadhasivicaadinggpartipusdbdoeared byt he
surface of the second lens 2 proximate to the optical recording nmedium as

shown tettimgxempatibns of firt inhesrinPobil #ondMdrs fiftmgdedreiohi NAssHSWeNIN havi ng
the second laser |ight source 44, the parallelismof the surface of the

seconth§§§aﬁd@Iose to the optical recording nediumto the device reference
surface of the novable base unit 59 can be nonitored through this

e devi co. Ses R duSLind Sednddentesc ket 6 ssptieddabC ToRehdlger godth A, "

positioning the first lens 1, and the surface of the second |ens 2, nounted
t o t headkesiviaisdiescribedatiayepthetddhesivie seenyingithe st andhsedonddensasel ,i2stoc| oser
to the optical recording medium is adjusted. If the parallelismbetween

t he sugfeshsdioldée3 smepdttichRnshe aéﬂ@kiﬁ@ﬁe@iﬁiﬂ%: ¢hd SESTRN IS Blselds of the
novabl e base unit 59 i's not conprised within the preset range, the inclined

st age [ S a6l t i . u f the
secondﬁﬁledr? Z 32 fgas’lrdllgj e?lgeeéﬁe%%]gégsT e ee@é%@éeiitgétlj Ircﬁélﬁc% %é@’f’eﬁﬂp«%ﬁ%@:rﬁb{%ﬁ%n@é& uni t
59 will be rised,wihin the, preset range.. |.n a.step,.st40, t
par al | 8PS BONEALY S fdhtepiadySislt R rribedariatiEnSi SRGTRRSS Y BTor ¢ ne
second lens 2 is checked and, if the parallelismis within the prescribed
range, ther lsns de iginge tisetesdateroratechoptieq) abermntion Chakagtarigtics., processi ng
reverts to a step st39.
Assuming that the space between the first and second lenses 1, 2, carried by the

lens holder 3, is a hermetically sealed space, the air present in the space between the

first and second lenses 1, 2 is pressurized, when the second lens 2 is inserted into the

lens holder 3 after mounting the first lens 1 on the lens holder 3, with the result that the

pressure acting to separate the lenses 1, 2 away from each other is present at all times

between the lenses 1 and 2.



In a step st4l, the first lens 1 is nounted on the device reference surface
58 of the novable base unit 59, as shown in Fig.38. In a step st42, shown
is-n Fig.34, the laser light fromthe first laser light source 39, reflected
by the reference surface 1b of the first lens 1, is checked to verify the
parall elismbetween the reference surface 1b of the first lens 1 and the
devi ce reference surface 58 of the mpvabl e base unit 59. At this 55 tine,
the mrror 64 of the focusing error signal detecting optical system60 is

receded bao’mﬁsﬁ A F}Feeppj?c{i:{lé”l‘elﬁ hR¥Vol e BPURRL ?rb\gﬁ ®nUBhtaiPYent Bc 5N @

step st43, e’ para mis wthin the prescri rahge, processing

transfers.to .a, st t44. 1f the paralleli S t,wthin e prescribed
+ange. DisvieElf e Ehs Bifdes 3, s sosub e and B, sictdBoe e gpach belfiaRhaREr ence
surfaces 1b and 58 are swept. This sequence of QRer ations is repeated until
t he pafiestiand second kenses hj 2 is hepacceeumirhimdcat iguwith\iieoutensidgaofahedens m of
the reference surface 1b of the first lens 1 with respect to the device

r ef er engldes3Ir fl&ﬁ@aifﬁgph%@ﬁffbhﬁﬂﬂfﬂ% féMRing d reekssB @fa pdrtioh@TuRe B@pe3al or
signal detecting optical system60 is inserted to a position below the

novabl uni S ' 1.0t f - ef r | d.surfaces
and ¢ reCRRSeg a iR RS Slbeqeent e b o i AL MBS T 51T
equal to, the design.values, the spherical aberratiop should be zero when
Che- i Banecresems, Alis Tiecaniestr Snatio hratupwegbruaceoh af e, OuRE B ckyn
value. In actuality, however, refractive curved surfaces or the thicknesses
of t heamebpdotming 4 entsest 3o fors¢ssablishing coinmgunibatiephetvwasal thebiecess 3dn, are
devi ated fromthe design values, due to, for exanple, an offset froma

desi gnwithltHe ofer ipegiphBiat'suttage HPtheTehsholer 3! aé/@lﬁé\ﬁﬁliﬂm%Sﬂ the nol di ng
conditions. It is known to adjust the distance between the two | enses to

S
mnimze t i I i el l e |l ens
et 1t ni 8 SOt SRt 3t the e BBIGRF 352 beh et R B
made by exploiting.this principle, in. such a nner that,.as {he focusing
o ror SecoRGiSnsss d°adoes mBhprevisas smelicalgrieRtedapace, v hilb aisgh i sppdEat 0 a
position where the center value 56 of the focusing error signals is zero,
i n or dismot subjieaiedi teechanges phthei preunuibier prassuse, eventif theodgnsityi Behasged uni t
under a condition that the | enses nol ded using variable netal dies or under

var i ablyghihhfgedn @@ﬁgélfahﬁe,sscﬂﬁaﬁ%é pilessur8ad applied to the Ringes Bt2l4ndhenBe i n
Fig. 34, the nbvable base unit 59 is uplifted to introduce the first lens 1

set on j . r v k . . step
ot 45, 1 aAETR JH SpFBN G IhaiselbriieS i Bogh BT oo 101 o0
coil nmotor. That is, when the novable base unit 59 is raised, a sinusoidal
dri vi nisPgaied £hangssoin tEMperAtUre.i s supplied to the coil 72 of the voice coil

motor to vibrate the glass cover 69 along the optical axis. In the optical
pi ckup deviSiacethet space betwetmidediral and senonddemsesd, 3sloas avtiprowntsl bg/a ng an
optical recording nmedium the objective lens unit is vibrated along the

opt i cahertetivally sédle@Bp&Y, itlv@eliens rigRiof afl presdig inthaispact bebwelat thet fitshe
so-cal l ed focusing error signals (S-shaped signal) and a sum signal to be

i nci defify QbdddiRhES 2! 2(Beohiih compressed and pressurized on insertion of the

second lens 2 into the lens holder 3 after mounting the first lens 1 to the lens holder 3.
For providing the recess 3d in a portion of the step 3a of the lens holder 3, the
portion of the convex die 103 for forming the lens holder 3, which is destined to form

the recess 3d, is removed by cutting to produce the step 3a.



signal) to set the application timng of focusing servo. In the present
manuf acturing device, the objective lens unit is fixed, instead of

vi brating the objective lens unit by the objective lens unit driving
actuator, with the glass cover 69 being forced into vibrations. At this
time, the focusing error signals and the pull-in signals are detected, as
shown in Figs.4l Ato 41C. Referring 3® Fig.38, with photodetector signals A
to D fromthe respective areas of the light receiving surface of the

phot odet ect j i 6 ;@ the
case of, f Or@héﬁi%ﬁ%ﬁ?ai&k%@ gr‘rét?dl) \?dﬁé{%@fi@?@?ﬂéﬁlﬁlﬁ%ﬁﬁ@&ﬂ@[ %@é&t&l dSIg

(B+D)], while the pull-in |ev is.defined b A+C+Bit: . Referring to

- gs, ainaigectipe mokEns Lic R Hfes % it Hiaioeh B sethysell trhverap ing ik
focusing error signals and the spherical aberration_of the objective |ens
uni t i petiplteralmirfase of tie teing baldendtin register with agheut Saifoummgrthe iabivent he
S-shaped waveform of the focusing error signals becones symetrical in the
up- and3gashown i [tri@es.f ocusing error signals becomng zero V for the

maxi mumpull-in level. If the spherical aberration is of a negative

polari LY, e FRSELIRRISRTAY plabeet SRR TSRk OBRlEPRERTES
AR SRR S TN T

is of a positive polarity, the S-shaped waveform of the focusing error

si gnal # ibeccassaryafoy theneinal openatiome taipe gudrandend ing rangerd & eoapgratirer r or
signals becom ng of a positive polarity for the maximumpull-in |evel, as
shown gnvikbremétCorothesst-fieezinlg tpdentl a6 USOTQ 6f ridghe. gifalthd erephperaturbe
estimated fromthe signal |evel of the focusing errors at the maxi mum poi nt
of the 10 ev t ively. shat & pf. i NG si gnal
evel  irorhnt §Glangel (RERBHOKE i, 1alEp | Bisfinet WeruBETOTAEL BRI ¥, 2
S-shaped signal o he focusing error signals.. The |evel .of t cent er

val ue #fcond CESf‘sSthidF dngesh dvgfo fhf‘é%%ﬁ??ﬂﬂogrqro‘POIgTaﬁHQPSOf}(]&‘ec]&Wer) may
be defined by: V center = (M + Vb)/2 where Vt and Vb are a top voltage and
a bot t beldeoBtitsg. of t he S-shaped si gnal 58 of the focusing error signals,
respectively. If the spherical aberration of the objective lens unit is

pl otted agalMaithitheeffedtivey didlets of Bahim gf) workihg eerfbe sfrageshcyi (fd@S mavef or m
of the focusing error signals, a constant relationship is obtained, as

shown | ' . j | Newiai I ses
ol doq L Mg dficribR € of U5, RER AR e A INCERT 400 Pl lensfe TRy
of 0.85,,the,working wavel engt.h (7~) of.405.nm and w.th the. effective

i amet &2 SSulopted ERaB TSR NG LPéimh, sk ey ERpatdion chelfistin kg "
center value of the S-shaped signal for which the absolute value of the
spher i owterigd dormingotheilensholidatitis pnthg follewing adatiensip: i n Fi g. 34, the

center value of the S-shaped signal of the focusing error signals is
det ectadAtﬂpr?,}tqmm@ﬁﬁgr or not the so detected value is

is derived.

Here, At (temperature change) and L (length of the lens holder) are set as
follows:

At = 60/2 = 30(°C) and

L =2 (mm).



Wi thin a preset range with respect to a preset value. It the center val ue
is wthin a prescribed val ue, processing transfers to a step st47 and, if
ot herwi se, processing reverts to a step st44 to repeat the processing of
adjusting the position of the first lens 1. In a step st47, the first |lens
1 is bonded to the I ens holder 3. The objective lens unit is conpleted on
curing the adhesive in a step st48. §imlarly to the conventi onal
single-1ens glass nol ded objective lens or an objective | ens formed of

synt heti c nesin, e j:ectlv i IE h i and

t he net hod %@(‘:Tgrt%‘%r%g C‘?@dlﬁ &éé’p?‘eés Zﬁ?ownm\i%ﬁto ﬁ%ﬁﬁ)@g&ﬂgﬁ ]?[geratraﬁxlg‘g}\é;'&clgl

pi ckup device, Simlarly.to the conyenti onagl, objective | ens, the objective
| ens Lﬁ‘?ieff\f‘ﬁ‘ﬁﬂ}t %@f%%maé%‘abd“ﬁiﬁg&ﬂtﬁ&ﬁ?%h‘?]gﬁrsﬂjri vi ng nechani smused for a
conventional optical 59 pickup device as shown in Figs.43 and 44. As the
objecuivéb{%H% unit driving mechanism on which is | oaded the objective

|l ens unit of the present invention, such a nechanismsimlar to the
converjt idefigkd mechani sm nay be used. For exanple, in a four-wire type
objective lens driving nechanism in which the objective lens unit is
carried in NE f i j ] I, Ne: fri 43 and
44, a coil I@S%E\Phhé’, Y@é‘?%ﬁ’%ﬂ?ﬁ@%@‘é ?ﬂ/{gal sﬂgc,%'ni g‘r:orrxiv b ylagfdg%lgﬁtsed by a
base bl ock 10 using f.our resilient wires_9 dunper nmpteriagl. 11 is

provi qefrcind e pRagyi oripgghe dpns hldey 3. dbe Gngdi Xpagsop cmﬁlﬁlggbczm ock 10.
A focusing coil 12 and a tracking coil 13 are nmounted on the coil bobbin 8.
On t hébebmapprensed ito aahrecomthenoreldr af AgA&t 14 and a yoke 15. The magnet 14
and the yoke 15 are arranged so that the focusing col 12 and the tracking

coil 13 aremy 61<5j;@étii/é‘letn|§%nwtibﬁb]%i-l@h§|séthﬂ{a‘%l'@m}pby’dt%?l@nsweﬁith Ifilge dri vi ng
current is supplied to the focusing coil 12, the objective lens unit

drivi 0 Vv t cpl I . i ng

ai r ectSEa AP AE A STOTTER iy G 75Rh p SRRyl iR b By er
the inferactjon of fhe drivi currept and the netjc field formed by the
magnetdiIS1ANEHBEtyRen Rk surface Rt ansical are lpg@#}ﬁg\%m]@wrwﬁw Ot hfppl i ed
to the tracking coil 13, the objective lens unit driving nmechani sm causes
nov enmibjedivet leasy sinallbo Biannthat aif onginghe objentive lensiekedgn di cartantional

per pendi cular to the optical axis of the objective lens unit. The optical

pi ckuppirdl prckupndédts. Enhehedbptitdlgpiekip AIel fees WD lobfsttive ehS goraisd g col 12
and the tracking coil 13 to cause novenent of the Objective lens unit to

contr t ot 0 ' ' ML 4 er that
ho. 1 1gntrolRd ioR Aok sBEfIn 0 £BiaFEEL e Y Bistllcb B BbE I uBRGET
be for at .all tinmes on.the signal cording .surface of the qptical

recor &Tﬁge Retisal Feeasoimg medruahand iscend ﬁeége pg HEORF o vlat afi sy
recording medium |f the optical recording mediumis an optical disc, the
up- andedowresgt verkingndistarkieg The fandsing seteptin-twits econitnods theolighhbeamg. 44

correspond to the radial direction of the optical disc, while the left and

ri ght odinvegled®y ihe dbjectiviBleandsotthat @li¢ Highobearh OcoMeerigad d8nthiealbjditivet i on
t hereof . The optical "pi ckup device, having the objective lens unit driving

Tec hagéﬁwﬂ%%@usg% 66 the SighfIR coiliihg 8t bt He bPtibAGe RS AGE ANt | ON.
i ncl udés’a sem conductor
For example, if disturbances, such as external shock, is applied to the optical pickup
device, the objective lens unit may become offset from its design position. If, in this

case, the working distance is long, the probability of collision between the optical

recording medium and the objective lens unit is low. However, if the working distance



| aser, (LD) 16, operating as a light source, as shown in Fig.45. A

| i near-pol arized Iight beamLl, radiated as a divergent |ight beamfromthe
sem conductor |aser 16, is collinmated by a collimtor lens 17 and has its
optical path bent by 90 by the mrror 18 to fall on a polarizing beam
splitter (PBS) 19. The |light beamtransmtted through the polarizing beam
splitter 19 is turned into circular pplarized |ight by a ~, /4 plate
(quarter wave plate) 20 to fall on a beam expander 21 conposed of a concave
mrror; n . p WA i er to
fall oﬁggﬁngb?@cxﬁégﬁﬁgﬁgqﬁkﬁih pq$ﬁ%§eggpééﬁﬁﬁgﬂfgﬁgbﬁﬁ?ﬁ%gygpgqgﬁgported
by an ﬁbéectige | ens unit driving nechanism not shown, for novenent in the
focusi RECUPFERENER FI parallel to the optical axis and in a planar tracking
direction T, perpendicular to the optical axis. The |ight beamincident on
t he obj ect i ife whensthardollisien ceeues beitveen thaiaptise] seadrding mediumrandutiet 51

and illumnated on the signal recording surface of an optical recording
medi umebltive IaR afit, ale SRifhEAbLT HeSsptichhfedokdifly rAeditint-is dirétl) Bedtactean the
signal recording surface of the optical recording nedium 110, is nodul at ed

in a pLese e t hi [ reeqr di f.a i.h, re t he

di rect :{ng;ht(t) po a%lfl?%el (@F\Stg?\cfaﬂg{;tf‘;eec?%{cf PQET zﬁseon {#eetso%]jreeggﬁl\%ge{ice}ﬁs uni t
51. Areturn Iight beaq%b, is transmtted through a beam expander 21 and

t ur ned dBtprioRate FEgordmeATd/oE (RArPAYCING FRARCIRTSHICS0 i nto | i near pol ari zed
light of the direction of polarization perpendicular to the direction of
pol ari zat i oNVigh thehabjectipe lems amit ¢f the prekent inentive, aproteator feisandiuntgdnedi um
110. The resulting linear polarized light is returned to the polari zing

beam sphidne&ndldce bh¢heé RinY ﬂi@ldér@ﬁ”‘forbﬁl@ﬁ‘cl—in% thé ol |pRefpherP¥f tHesdcdnldect i ng

surface within the beamsplitter 19 to fall' on a sécond pol ari zi ng beam

splitt . i 0 rizi ] i in the
SFate SRR sOFEL R AR B biufale N P "ELurthd BeSBm MRS
recordi ng nmedium 110, the anount of the transmtted light will be equal to
[ he. anBtIACPE {iRs OPISEINE fed Ungnas shawny ig higs- Qth ZBeglﬂaeLzr,ot@?taﬁém t ed

t hrough the second pol ari zing beamsplitter 22, is converged by enlarging

| ens sYomewkbprandmple ahilm dfifherinsrosindxhévitiog e{aBDeity 28d iThwwidedifar | i ght
beam L2, reflected by the second pol arizing beamsplitter 22, is converged

t hr ougbeimggRoiraded ¢18séradsheysticalTetdraing ekt El Ghda tRy1ens sarfaes ofthe
phot odet ector (PD2) 28. Based on the detection signals of the optical

out put i i g
o ghal SRR IERS2 IR RIGECHNE SpBcafitcol i AbdtuR B0 ERR20. Fhe., o ca
to read out i fo[nation sj.gnal s recq ged gn th opthaI recordi ng,.nmedi um
110.  PEYCHSF OhetRsqirevetchiect soniastfy 1Ry Syacs %ﬁHFQP“F deeording megium
astigmatic method or the so-called differential concentric nmethod may be
used i hl@asdththetenssurface alf thaobjestivd loasukitj WhileyHenngtlariforreof tepadt i ng
the tracking error signals, the so-called push-pull nethod, or the

s0- cal taskedibyf @lBsibh detweshthiewWpticabidroedinPRRediaihoH) andyhdebjeative lviar eover ,

the present optical pickup device is able not only to read out information
si gnal r i i i i L ion

o1 gnal ST RLG VR MRkl pEEEHCR KT AR Ry Rt Rhel Sl B AR L Glci ng
appar at us. ma e constructed b rovi.di ng the ti,cal pjckup device,

cdocer | pudacEa B cRpigaLroardnaie it Brsslint AuaRLHOrERER od T or
hol di ng and ro;ationalh%hdrivjng the optical recording nmedium 110, such as
an optical Hithis pratectirdnis pravided as 8esarbedrabove aod shaygldeendlide agaipstidgci ng
apparatus, shown in Fig.45, the signals read out by the optical pickup

devi cesifirface dhthepticabedord@idigtnbdiuife dil 0Mhtftotictos @pem@eﬁwqﬂm?rabgnal
processing circuit to generate RF signals and various error signals. The

si gnal §.4 I L a . repr i rad: tside
are prg{:égggggh%%umgésﬁ;% QBﬂg‘i‘:‘e?g"g‘%‘“gi {I’hggl sgﬂ)agmt}g lgéeﬁi%r {1{%@3%9 y the
optical pickup device on the optical recording nedium 110. |ndustri al
Applicability Wth the objective lens unit manufacturing nethod and devi ce,
according to the present invention, in which a lens is positioned in a
cylindrically-shaped | ens holder of a synthetic resin material, using

anot her | ens, already nounted and secured to the |ens 63 hol der, as a
reference, and the one lens is secured to the |lens holder, for setting

rel ative positions of the one and the other |enses, so that a double |ens
set conprised of two lenses, with a nunerical aperture (NA) not |ess than
0.7, may be assenbled efficiently within a short tine. Since only the
necessary m ni mum preci sion may be required of the lens holder, it is
possible to enlarge the casting tolerance of the |l ens holder to inprove the



a positioning nmechanismfor positioning one lens in a cylindrically-shaped
| ens hol der of a synthetic resin material, using another |ens, already
mount ed and secured to said |l ens holder, as a reference, and for securing
said one lens to said |l ens holder, for setting relative positions of said
one and the other lenses. 2. The objective |lens unit manufacturing
apparatus according to claiml furthgy conprising a nmechanismfor neasuring
the state of offset between the | enses using the laser light. 3. The

obj ecty B i g j : al . t her
corpr | DGV EE o fERALTGL e 1S, ARREAE HimRRRE BroRcld & piofialed
respective. l.enses.in the lens holder: a reflecti er for reflecting
o 01 Pt o Rrofifert b SartpSat i ialed a IRRES suPlaet Sraber r o
signal detecting mechanismfor receiving the |ight beamreflected by said
r ef | ectecand ;h@wu"grlf tle debnis 6ayisiaccomubated widupaoareacof thp dens sustageoddhe t he
focusing error signals with respect to said reflecting nenber; wherein the

amount seebnd R telersdaElsy fheilizht bearh)whellighbpathesdThé lighsdaint Rdntehruped sai d

65 respective | enses is nmeasured, based on changes In said focusing error
si gnal I ect | J - Qpd| of the
res pectt%i lég%P %@g%}g@%élggj rhgg, &ﬁgpgffng’tznrggff tﬁgﬂl\?/ehgfr‘]&tt %{Eﬁ} lrcg’sgpdecgl[a%sv@%zdrl]ses
based on thﬂ amount of spherical aberration. 4. The objective |l ens unit
manuf aeHA! HEQ4PHAr at us according to claim 3 wherein said reflecting menber
is vibrated along the optical axes of the respective |enses. 5. The

obj ective |Meanwhile, thendélads 6nj prpdacedroa exsfodiationdirony the proddaton Gwher ei n
the | ens holder includes lens inserting sections into which the outer rins

of t hemig@aneialdngtht direetioRbErelstpes hederhentsThé optiéd eecrliiptmedius@l 0
respective |l enses; said respective |l enses being inserted into said | ens

respect . _ ' e d I ens
- espoot S 03 BRRRAE ent WU e afind I, (ERCRR ARAEIPBTME"C (1

offset of the respective |lepnses, is coptrolled by saif |ens inserting
sect i oM¥IcagTecprdingnediu ﬁﬁe‘ﬁs‘“df’ﬁa{e A%t ﬁ%r@g aratus according to

claim5 further conprising: a light source for causing a light beamto fal
on t he respEus, ve themdgective leine undhef bhd pegsent imeftion; ithe) pretebtor 6 ds
reflecting said |ight beam converged by said respective | enses; and a

f ocusi fogmet a8 ons Meited cited@c? laRgerTh GRauditls MdnOthe [désifk ek RY of A lighiBeadeam
reflected by said reflecting nenber to fall again on said respective | enses

to det i ' jt ' i
ronber - SALhGl S SUERP oE ke Rl g2 e sholi Bl AR TRSE SRASELNY earm
transm tted. t.hrou aid respective_l.ens i s, .measured, based on anges in
sai d NSERGRitGS aroigHed Py ahRRu oL &5 PRATe RRINEL FUHDE MOL SR Song t he
optical axes of the respective |enses, to adjust the distance between the
r especeptical resesdingiaedivnvhl1Q avith easpeetttodhe opjestivedensawait.r ati on. 7. The
objective lens unit manufacturing apparatus for manufacturing an objective
| ens Referring to the drawings, an objective lens unit manufacturing device,

according to the present invention, used for manufacturing the above-described

objective lens unit, is now explained.

Referring to Fig.23. The objective lens unit manufacturing device of the present

invention includes an assembling unit for positioning and assembling first and second

lenses 1, 2 to a lens holder 3, and a detection unit for monitoring the parallelism of the



unit used as an objective lens unit of an optical pickup device for witing
or reading out information signals on or froman optical recording medi um
according to the present invention 5, further conprising: a nechanismfor
determ ning the di stance between the | ens surface closest to the optical
recordi ng medium and an end face of a |l ens holder |lying around said | ens
surface along the optical axis. 8 Tie objective I ens unit manufacturing
apparatus for manufacturing an objective lens unit used as an objective

lens Ui@bé sifadR dtthé §Rét ANdHEBnd otlsEs .1fagilrd Mhhd ilgigoﬂérnlgﬁ‘l?sgiaﬂgn&’%.

information signals on or froman optic recordi ng m according to
claim1l, rein the other. | used as. a.ppsitionjng reference for said
one lens | ol erasseinbingaiil insfidks 8 haenanis ac] Baving clsvthe G SHear G suTtars b o
surface of the outer rimof said one lens renmote fromthe optical recording
medi urdseiongvhish do aet the fusidenn d eardia halding anitpgds ihaving ageswedefarencens; the
surface of the outer rimof said other lens close to said optical recording

nedi urgupfice 3 1ddndvisieh sekel tROsddond e ingicitént. cTROdevied foract enfacd. The
objective lens unit manufacturing apparatus for manufacturing an objective

| ans. s andipPLrEierack B AleBale M ) Is sl BB 400 8RRy ol ° 204

| ens der, one ns 1's sald one 1{ens to said
other leps is determ.ned.in a state nat position-controlled by said | ens
hol dert0 theopfigal axds pf thegfirst lanshplaced ﬁg:r Pfical axis is concerned, said one

| ens being secured to said | eas hol der by an adhesive. 10. The objective
| ens unit rEmsbast unit3 iapphstantially oylindmcdl heshapedgwath abjreerispecingas uni t
as claimed in claim8 wherein, in securing said one lens to said | ens

hol dersuchahst, By pldcaiistheoué im Talut th@fiadtliend Bon te dvick RA€ehedsuifacsai d
other lens is determned in a state not position-controlled by said |ens

ot her Tet ina ntrol | ed b .
cai d ol FERRPRAREInt iderth Va ASREFLoRRANID ARNUE e Hiiche 130 7 0°

obj ect,ive .l ens unit manufacturin s for, manufacturing ective

ar at .an obj
ons s BeIgSn polfiondy e AR dRRTeNDEbaPRLith e A0 utToaty R mber
for positioning a reference surface of a | ens; and a nechani sm for
measurthistimhetheamppier ehd ofrtiebaseamit30 is closed bythe st fersel .ahglasaicpver
positioning nmenber, using a |laser |light beam 12. The objective lens unit

manuf afok Hetrn&li@ilRaealiig tHeoinBBspalcaty s mowntad teHieagipey enl @ $he/bade wsit ¢l ai med
in claim8 furthér conprising: a positioning nenber for positioning a

bt wears STHERSY Epr B RiRRind Vi SRR PR R lceTERIMAS S S| 31 LTe

positioning ne state

in which said reference surface i butted agai nst sai d.paositioninhg nmenber.
15 "THbe sbpec et le e TRl e nthidassr Bt nafiiidihs SoRsrtiBoi s LR g an
objective lens unit as clainmed in claim8 further conprising: a positioning
menberlensl spasinot émpreducerséfayrdighte surface of a lens; and a. nechani sm for
abutting said reference surface against said positioning nenber by

attracting 'Bid Holding udit 31 B eubRAanttallyr eplindically-Siempedttoalelimit an inner
spacing, and is adapted for holding the second lens 2 under an air pressure differential
across its inner side and the outer side produced on evacuating the inner area through
a suction port 31b to outside with the outer rim 2a of the second lens 2 abutting against
the device reference surface 31a at the lower end of the unit. At this time, the lower

end of the holding unit 31 is closed by the second lens unit 2. The upper end of the



14. The objective lens unit manufacturing apparatus for manufacturing an
objective lens unit as clainmed in claim8 wherein the parallelism between
the surface of the outer rimof said other lens renote fromthe optical
recordi ng nmedi um and the surface of the outer rimof said one |lens close to
said optical recording nediumis measured by detecting only the refl ected
light fromthe surface of said outer3simof said other lens renote fromthe
optical recording nmedium using a photodetector, in a state in which the

i ght |LSIdiRE L Off Ut rd ' : i ' he
[ gnt POAELEERY TR B RS oTens Rt HerEOEHN SATEAR M Premb. °
said oyter .rimclose.to said aoptical recording nediumis pot yetuyrped to
251 d ohbf essdorer3S isheRRedutiichBot e Hhvife R e rRG et dHoBer o
manuf acturi ng an objective lens unit, wth a nunerical aperture not |ess
t han Olowverrmgeofiihe mpitssqasunel ot grodaice tessiray hghbeauseiddni redlestioanaf foi a
cylindrically-shaped | ens holder of a synthetic resin material, using

anot hegxdmpk, thallieadightriilum dtednén grRcdscofldienssai d | ens hol der, as a
reference, and 6 or securing said one lens to said | ens hol der, for

9
setting relaf] Lk f i ne .ar I i i et hod
conprising:?%gégkﬁggghkggﬁ§9@@%%#%%9%2S?E%P%Q%FQ%ES?ﬁggﬂgggggfﬁvgu enses in
said |l ens, hol der;  refl gcti sai d . |ight Rheam. cpnver y said respective
s esTXB) MOvE B AE SorAmids movablidiane MR Rticghi etk ifs Bvelidwosjica o
reflecting menber to be re-incident on said respective |enses to detect
f ocusi legses  end & ghhd amaintofrrepement of dus holdaig weit Bhgnaphbdeteded by on a
light beamtransmtted through said respective |enses; and determ ning the
anmount farfexagiple & pivasictiellergdih micdsufinént devict 37. dihe HiddingtumnS Inis inddetihr ough
sai d respective | enses, based on changes in said focusing error signals
when sai i r2d \, : pt.ca I
respect] velfilrECbonp SEIERE s, MuER (8o BnBRRalip Ty MAEE s IHEE Mbb' e
based on the anpunt of said spherical aberration. 16. An objective |ens
uni t nHRBPREMPINg apparatus according to claim 15 wherein the reflective
menber is vibrated along the optical axes of said respective |lenses. 17. An
obj ecti ve | €he paraliekismuifateuoutag rietteodf the fiestdens tlusehgnatheodgwcei ve
lens unit, with a nunerical aperture not less than 0.7, made up by a

pl ur al elfyrente berfaes304d of theitake QAR 300 R4th I‘és%mlﬂdi et deviee fafbionde isapfaby - shaped
| ens holder of a synthetic resin nmaterial by being fitted to a | ens

i nser t3@gi r{ﬁf}%é ﬁ&egfedvslﬁ fdétﬁ?@org&ls‘gg&iprﬁ?idé’ﬁivﬁm Q?ﬁgthﬁéerllgﬁ sogrcdlgeady

mount ed secure ens as positioning erence,” for
effecting rel gtive itioni of sai.d one and the other |enses, said |ens
nser taghe i e R spudEi T ady sileblediandBiromafic Mot sapBRo TN AT  he
other lenses to control the offset of said one and the other |enses, said
met hodgasoiapen &1 msplid kager, mpayabe usgd inbaddition toa semiceshictanlasere r especti ve
| enses in said |l ens holder; reflecting said |ight beam converged by said
respective Thedfgtht tewnf radibdedctrongthe first laser light source 39 is turned into
collimated light, with an enlarged beam diameter, by a collimator lens and a beam
expander 40. The light beam, now turned into the collimated light, is transmitted
through a beam splitter 41, a mirror 42 and a glass cover 34 at the lower end of the

base unit 30 so as to fall on the upper end of the base unit 30. If the first lens 1 is set

on the device reference surface 30a at the upper end of the base unit 30, this collimated



menber; causing the light beamreflected by said reflecting nenber to be
re-incident on said respective |lenses to detect focusing error signals with
respect to said reflecting nenber, based on a |ight beamtransmtted

t hrough said respective | enses; and determ ning the anmobunt of said
spherical aberration in said |ight beamtransmtted through said respective
| enses, based on changes in said foc3gsing error signals, when said
reflecting nenber is noved along the optical axes of said respective

| ens esl’i%l;)tqs déb;%c}]g? ﬁlé’%@?&%‘ﬂ%@ sEFhAEEH g? ﬁ{edodtgl'rsﬂﬁFié of fﬂeefh%? e } pafdon the

anount sal 1cal aberration. 18. An objective | ens un

manuf agt uri ng nethod for . manuf acturin obj.ecti l.ens unit,.Wwth a
naner ;o fpfeAdRinute we s dir 59 Sl dnS dhifisy 2 pib Depfowitidlsas, i »
which one lens is _secured to a cylindrically-shaped | ens holder of a

synt heti c rMsamwhiegheaslevisng ngbdrence surfang 30 af the nippiensed of e basa usih of
said lens holder, to which another lens is already nounted and secured,

wi th s30 doe¥ m&trcoventheasntitosutfacnontheref@ertcsurficer 1tedf drt duter Figh dbiofe
positioning of said one and the other |enses, said |ens inserting section

recel g QUER 1 bl ibARpldsOS, Dind Aty LPEnRIFof BE (Ofhcd SRR PRt 1O

the oftfset of said one"an 0 nses, sal Jectiv ens unit being

used as an 71 objective |en it for an opti.cal pi,ckup.devic qr

Wit kel dhise PRGSO Kaver oy B porGin & GRSHER aCHiaHE i FESE AdEor i ng
medi um said nethod conprising: determ ning the distance along the optical
axi s bAGebhus, ke lases light Lacenedmdng frone te tivoereend o6 the bape iunitl 30,66 or di ng
medi um and an end face of the |l ens holder |lying around said | ens surface.

19. Anineljeatdh YRd keectetfroniBR Y crtibh of fig: FeféfRabe fdifaclIbiodthd bRy rim
objective lens unit, with a nunerical aperture not |less than 0.7, nade up

by a j.t l.en j I Is it dto a
oyt e SEHe Msflents FARch {ehofieheleorYy Ui enice RIBIhCORGBE AR ET |
fitted to a le i nserti, section of .said.lens hol der, to which another

| ens ﬂgﬁﬁFFggﬁg%m%ﬁﬁFﬂﬂuggg’@%@EW@H?‘@thﬂgaid other |ens as positioning
reference, for effecting relative positioning of said one and the other

| enses, sai'thd mterm hghtrfromgths gefaronce siréacei Hy ob theeputerr rimdrat obthe Bfst sai d
one and the other lenses to control the offset of said one and the other

| ensedens diigheflerabark flonmthelretlectis Sitrfateast thebédin epligeid Vand Bimchedt for
an optical pickup device for witing or reading out information signals on

posi ¢ oo EPEER epliEAieh 89 P MecIBFLORE 55 1T Inicah miftify3°

optical [ecordj dium,.with,the.surface an outer rimof sai t her
ons reanpEaTeF Rt 2 anratinl a5 SbEFionaRas: dheatiegy Rive i By Birirtnce
surface for positioning said one |lens; the surface of an outer rimof said
one | €rSDcBdisdisplayedonphe Sast mewitordd hgThe epliimatinggf thecldghisbeampdeingi oni ng
reference surface, and wherein 72 in positioning the lens reference
sur f aahe figstigset Hiphs sduredi39ds adjustd, ort the imaging surface of the first CCD 32 so

that the beam diameter will be minimized.

The parallelism of the outer rim 2a of the second lens 2, held by suction by the
device reference surface 31a of the holding unit 31, is detected by a detection system

having a second laser light source 44. As the second laser light source 44, any suitable

monochromatic light source, such as a gas laser or a solid laser, may be used in



paral.l el i sm between said reference surface and said positioning nenber is
nmeasured using |aser light. 20. An objective |lens unit manufacturing nethod
ffor manufacturing an objective lens unit, with a numerical aperture not

|l ess than 0.7, nmade up by a plurality of lenses, in which one lens is
positioned and secured to a cylindrically-shaped | ens holder of a synthetic
resin material by being fitted to a 3ens inserting section of said |ens

hol der, to which another lens is already nounted and secured, with said

ot her &ﬁﬁﬁoﬁgoEgghﬁ'égaugg”qggﬁyence, for effecting relative positioning of

said one and the ot | enses, said lens inserting section receiving outer
rimportio of. id one,and, the at her | es t.o control the offset of said
one. and t hortst ightpemS agafley brof fiec srcnnd BREr fightSibsg4 SauPue o
objective lens unit for an optical pickup device for witing or reading out
i nf or nealliovated Lght, vighh asrem arged heaspdiagagter, dryoa diolimatadilens andexr beamsai d
other lens, used as a reference for positioning said one lens, is the |ens

r enot eexpandet BE. OPtid bight bean dowotuiiel invo thetdollimatsditighecisafarmittetier rim
of said other lens renote fromthe optical recording nmedi um being used as a

. orom . _ X
reter efh?@u%#é b es.ff,’?'“g 98! 4 hﬂﬂoﬁgﬁa‘?‘\'d%Q g%rsk%aéa %ﬁg‘ﬁt ng%ﬁ&fﬁ"e‘? el GAneut er

rimof saltd one ose to t optica ecor being used as a

posi tioni,ng re ence, surfac nd wherei.n in, positiani the | ens .

Por er ottt il SL 03 3 Hl BEThe ffiniad e hOIRE ket PEMeirss Esn sai o
reference surface and said positioning nenber is neasured w 73 with said
r ef er eidd onuthe dewicgafarenee siyfaasstlasatithie power ershohthenkoldéng unit 31Athis
objective lens unit manufacturing nethod for manufacturing an objective

| ens  ugdllimatéd higltt is efiddtedby tiRereferefc Slirfh@s b b Sutés riffptig of Phedfirst
plurality of lenses, in which one lens is positioned and secured to a
cylindr..cal J v f J i rd i ng
fitt eglekl %qad e%gﬂ?&;lgeetlrl I ngﬂ?@é@q{ g‘% %l? Sszgl(%é} ?%%‘gd Fﬁfiﬁ?‘@?’g t:/(\ﬁlhgﬁy%aﬁtgt her
lens is ready. . nmount ed. gnd secure ith said gther le as

pos: t | SHies By SrEraeBirhlightds St bback tiom BeyisBefibesiaet SLicbep®. and
the other lenses, said |lens inserting section receiving outer rimportions
of saisplisiee 4@ramdt breneherbfromeHiwarsturo emiivat path tagheseeend tses light smucand t he
ot her lenses, said objective lens unit being used as an objective lens unit

for andft fatlahravighkbiiprsiel8 eethieadeconid OCTY 491opeestitiggs dutéctind preams. Thesi gnal s
on or froman optical recording nedium wherein said other |lens, used as a

opt | co e APGRPEb by It SEoqrR COPTE iERpldyRdohneSRPod Uiy A §HE, 1.,
I f h i cal di di ' d f
cur 1 ac@BRtEETe REREbLAR frasman scbha Trier e Suiis s Giedel Prihél “Sai o

one lens close to the optical_ recordi ng nedi um being used as a pasitioning
r ef er cifitaging purdace obihe seeend GCD 49sedinat i begnnhdiangier will degninimized.ace,
using a positioning nenber, the |lenses are attracted under a pneumatic

pressure di fThe ssueake bfopakations figr #s3embliagehepbrective faneurmigalesstibsdi d
positioning nmenber. 22. An objective lens unit manufacturing nmethod for

manuf i ' ' | | | 63l t not

T RN B SR T o o o i
objective lens unit is assumed to be used for an optical pickup device, with the
numerical aperture (NA) of 0.85, a center working wavelength (A) of 405 nm and an

effective diameter of 3 mm. It should be noted that, in the completed objective lens,

the major surface of the outer rim 2a of the second lens 2 closer to the optical



whi ch one lens is positioned and secured to a cylindrically-shaped |ens
hol der of a synthetic resin material by being fitted to a |lens inserting
section of said | ens holder, to which another lens is already nounted and
secured, with said other lens as positioning reference, for effecting
relative positioning of said one and the other |enses, said |lens inserting
section receiving outer rimportionsggf said one and the other lenses to
control the offset of said one and the other |enses, said objective |ens
uni t %b&ﬂlﬁgﬁgdﬁﬁn%ﬂdqm 6W§1rfa"c'ésofL{Hb]oufé?rmﬁriaQHtthS?irstpl'eﬁg‘il[}eﬂf%\{éCe for
witing or r out |n na I on 5|gna s on or ron1an optical recording
medi u rein ald ther l.ens referen n|n said
one. | dka tFE Spifen ey rram%mmfaerﬁcftﬂi c5itRiaiatRecar it g By E MR T he
surface of an outer rimof said other lens renote fromthe optical

r ecor dp g3 msad. (Phuseividh the ebljestiva lensfunitmesutagturingdevice pidisisurkase ngedai d one
| ens; the surface of an outer rimof said one lens close to the optical

recorcl’bﬂ?osmdhmgb eioiferu$Rdl 225K the i3S len9Niand the S RITRaC @setfor moanﬁl wher ei n
t he para | el i smbetween the surface of the outer rimof said other ens

r emot el o AR 2P (ISf Rl seb66QN s”@{lg&ij §'Bta ﬂ:giébeatstﬂgfo%‘ise‘et% neﬁ}%c&% rorim

of Sal one lens close to sai reco umi s ure

det ect,i.n the r ct ht fro he surface of said outer rlmof
sai d dﬂgﬁqretﬁgl){,t 8?‘%’@?1‘.?‘ i&ﬁ??ﬁ:iﬂm?@or di ng medi um using a
photodetector, in a state in which the light is incident on the outer rim
of said ot Hdrs adjustraent is hy ¢ l@heltlrghtlra@latedtfmméhefmﬁdasdfrltghjﬁowﬁdi%ut er
rimand 75 reflected by the surface of said outer rimclose to said
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Up to this step st4, the device reference surface 31a of the holding unit 31 is
rendered parallel to the device reference surface 30a of the base unit 30.

Similarly, in a step st5, the position of a second CCD 49 is adjusted using a
second laser light source 44 and a second monitor 50.

Then, processing transfers to a step st8 where the first lens 1, already introduced
into and bonded to the lens holder 3 in the steps st6 and st7, is mounted on the device
reference surface 30a of the base unit 30, as shown in Fig.29. At this time, air in the
base unit 30 is drawn to outside to lower the inner pressure to attract the first lens 1 to
the device reference surface 30a.

It is noted that the reference surface 1b of the outer rim 1a of the first lens
1needs to be abutted accurately against the device reference surface 30a of the base
unit 30. The reason is that, if dust and dirt, for example, are interposed between these
reference surfaces 1b and 30a, the lenses 1 and 2 undergo tilting relative to each other,
after assembling, thus worsening the optical performance, such as aberration. Thus,
even when the first lens 1 is placed on the device reference surface 30a of the base unit
30, it is necessary for the parallelism between the reference surface 1b of the first lens

1 and the device reference surface 30a to be able to be observed.

Referring to Fig.24B, a cut-out is provided in the device reference surface 30a,
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Since the reference surface 1b of the first lens 1 is toroidally-shaped, the

reflected light on this reference surface 1b may be observed, in a step st9 of Fig.25, as
being a concentric diffraction pattern. If the reference surface 1b of the first lens 1 is
completely in tight contact with the device reference surface 30a of the base unit 30,
the concentric diffraction pattern, displayed on the first monitor 33, is at the center of
the image format, because the reference surfaces 1b and 30a are completely parallel
to each other.

If it has been verified in a step st10 from the display surface of the first monitor
33 that, due to dust and dirt becoming trapped between the reference surfaces 1b, 30a,
the parallelism between the reference surfaces 1b and 30a is not within the reference
value, that is if the concentric diffraction pattern is not at the center of the image
format of the first monitor 33, processing reverts to the step st8 to set the first lens 1
again or to sweep the reference surfaces 1b and 30a.

Up to this step, the verticality or parallelism of the outer rim 1a of the first lens
1 and the optical axis or the device reference surface 30a of the base unit 30 may be
confirmed. The malfunctioning state of the first lens 1 may be detected before
proceeding to the next step.

Then, processing transfers to a step st11 where the second lens 2 is held by the
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or not the light reflected from the second lens 2 is incident on the center of the second
CCD 49, in the same way as above. If, in a step st13, the offset of the center of the
reflected light from the image center is not comprised within the reference value,
processing reverts to the step st11 to mount the second lens 2 again or to sweep the
device reference surface 31a.

Up to this step, the parallelism between the second lens 2 and the first lens 1
is comprised within a preset range. In this state, the second lens 2 is caused to descend
from above, in a step st14 of Fig.26, to the lens holder 3, as shown in Fig.31.

When the first and second lenses 1, 2 are attracted to the device reference
surfaces 30a, 31a, the parallelism between these lenses 1 and 2 is kept. However, these
lenses 1 and 2 are not positioned with respect to offset.

The lens holder 3 is molded from a thermosetting resin, as described above, and
has the function of suppressing the offset between the first and second lenses 1 and 2
to less than several pm. That is, the offset between the first and second lenses 1 and
2 may be removed by moving the second lens 2 along two axes perpendicular to the
optical axis, so as to be positioned along the inner radius of the lens holder 3, at the
same time as the second lens 2 is introduced into the lens holder 3.

After the offset between the first and second lenses 1, 2 has been removed by
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monitor whether or not the holding unit 31 has been lowered to the correct position.

In a step st16, the parallelism between the reference surface 1b and 2a of the
lenses 1 and 2 is checked. If the parallelism is unsatisfactory, processing reverts to the
step st18 and, if it is satisfactory, processing transfers to the next step st17. Thus, in
the present manufacturing device, it is possible to check, before positioning and
bonding the second lens 2 to the lens holder 3, it is possible to check whether or not the
parallelism and the distance between the lenses 1 and 2 are comprised within reference
values.

In the next step st17, the second lens 2 is bonded to the lens holder 3, using a
UV light curable adhesive, as the second lens 2 has been positioned to the lens holder
3 within a reference range.

With the manufacturing device according to the present invention, it can be
checked, in a step st18, by observing the beam position in the second CCD 49, even
after curing of the UV light curable resin, whether or not the parallelism between the
first and second lenses 1 and 2 is within a reference level,. A lens unit is determined
to be a reject if the parallelism between the two lenses 1 and 2 is not confined within

a reference value.
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1 and 2 and the lens holder 3 is spaced apart from the device reference surface 31a.
In the next step st20, the holding unit 31 is retreated towards above and an offset
confirming mirror 52 is inserted to a space above the lens assy, as shown in Fig. 32.
The laser light radiated from the first laser light source 39 is incident on and
transmitted through the respective lenses 1 and 2 of the Iens assy so as to be received
through an offset check mirror 52 by a third CCD 53. The diffraction pattern, imaged
by this third CCD 53, is displayed on a third monitor 54.
In a step st21, shown in Fig.26, it is checked whether or not the offset between
the first and second lenses 1 and 2 is comprised within a prescribed range. Turning to
the detection of the offset between the two lenses, the offset of the second lens 2
relative to the first lens 1 may be detected by transmitting the laser light through the
first and second lenses 1 and 2 and by remote-detecting the center position of the
diffraction pattern of the transmitted light, as disclosed in Japanese Laying-Open
Patent Publication H-10-255304. A lens unit is determined to be a reject if the
parallelism between the two lenses 1 and 2 is not confined within a reference value.
In a step st22, the aberration of the objective lens unit, composed of the first

and second lenses 1 and 2, is measured. With the aberration within the reference range,

processing transfers to a step st23 to complete the objective lens unit. With the
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second lens 2 has already been introduced and bonded in position, is now explained.

The process for manufacturing the objective lens unit, using the manufacturing
device, hereinafter explained, is now explained with reference to a flowchart shown in
Figs.33 and 34.

The objective lens unit manufacturing device is made up by a device section for
introducing the second lens 2 into the lens holder 3, as shown in Fig.35, and a device
section for introducing the first lens 1 into the lens holder 3, into which the second lens
2 has been introduced, as shown in Fig.38.

The device section for introducing the second lens 2 into the lens holder 3
includes a holding unit 31 and a base unit 30, as in the case of the above-described
manufacturing device, as shown in Fig.35. This device section introduces the second
lens 2 in position in the lens holder 3.

The holding unit 31 is substantially cylindrically-shaped, with an inner spacing,
as in the above-described manufacturing device, and houses the second lens 2 under
an air pressure differential produced across the inner and outer sides on evacuating the
inner spacing by drawing air to outside through a suction through-hole 31b with the

outer rim 2a of the second lens 2 abutting on the lower device reference surface 31a.

The lower end of the holding unit 31 is kept closed at this time by the second lens 2.
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axial movement stage 36, and is movable along the optical axis of the second lens 2.
The amount of movement of this holding unit 31 may be detected by for example a
magnetic length measurement device 37. The holding unit 31 is moved by a driving
power source 38, such as a pneumatic cylinder, a linear motor or a stepping motor.

The base unit 30 is substantially columnar-shaped and has its upper surface as
a device reference surface 30a. This device reference surface 30a in the previous
embodiment is shaped to receive the outer rim 1a of the first lens 1. In the present
embodiment, the device reference surface 30a is shaped to set the lens holder 3 directly
thereon.

In the present manufacturing device, the absolute distances of the device
reference surfaces 30a, 31a along the optical axes are detectable by the length
measurement device 37.

First, in a step st31, shown in Fig.33, the parallelism between the device
reference surface 31a of the holding unit 31 and the device reference surface 30a of the
base unit 30 is adjusted accurately at the outset. If, in a step st32, the parallelism
between the device reference surfaces 31a, 30a is comprised within a preset value,
processing transfers to a step st33 and, if otherwise, processing reverts to the step st31.

In the next step st33, the lens holder 3 is set on the device reference surface 30a
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of the base unit 30, as shown in Fig.35. The outer diameter of the device reference

surface 30a is set so as to be equal to the outer diameter of the first lens 1, with the step

3a as the reference surface of the lens holder 3 abutting against the device reference

surface 30a.

In a step st34, shown in Fig.33, the reference surface 2b of the second lens 2 is
abutted against the device reference surface 31a of the holding unit 31, and air within
this holding unit 31 is drawn by suction to attract the second lens 2 to the holding unit
31. In a step st35, shown in Fig.33, it is monitored whether or not the parallelism
between the reference surface 2b of the second lens 2 and the device reference surface
31a of the holding unit 31 is kept, using the laser light. If this parallelism is within a
prescribed range, processing transfers to a step st36 and, if otherwise, processing
reverts to the step st34 for renewed setting or sweeping the reference surfaces 2b and
31a. The above sequence of operations is repeated until the predetermined parallelism
is reached.

In a step st36, the holding unit 31 is lowered towards the lens holder 3. In a step
st37, the holding unit 31 is halted when the device reference surface 31a of the holding
unit 31 is at a predetermined distance from the device reference surface 30a of the base
unit 30, as shown in Fig.36. The position relationships between the second lens 2 and
the lens holder 3 are selected such that the surface of the second lens 2 towards the

optical recording medium and the surface of the protector 6 of the lens holder 3 will

be spaced apart by a predetermined distance, as shown in Fig.37.
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protector 6, indicated by arrow a in Fig.37, is prescribed accurately, the distance
between the surface of the second lens 2 towards the optical recording medium and the
surface of the protector 6 can be prescribed accurately by prescribing the distance from
the device reference surface 30a of the base unit 30 abutted against the step 3a, shown
by arrow b in Fig.37, to the surface of the second lens 2 towards the optical recording
medijum.

The lens holder 3 is formed e.g., of a thermosetting resin, as described above,
and is molded so that the distance from the step 3a to the end face thereof carrying the
protector 6 is approximately within 3 um. The protector is formed of a protector
material, such as fluorine coating material, having buffering and low friction
coefficients, and is formed to a thickness precision within approximately less than tens
of pm. Consequently, the precision on the order of approximately tens of pm is
maintained for the distance from the step 3a to the surface of the protector 6, as shown
by arrow a in Fig.37. The error in the distance from the device reference surface 30a
to the surface of the second lens 2, as indicated by arrow b in Fig.37, is kept to
approximately less than several pm by the objective lens unit manufacturing device.
Consequently, the accuracy of approximately less than tens of pm may be maintained
for the distance between the surface of the second lens 2 and the surface of the

protector 6.

In the next step st38 of Fig.34, the lens holder 3, carrying the second lens 2, is
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This device section includes a movable base unit 59, capable of holding the first

lens 1 on a device reference surface 58, by suction, and a holding unit 56, capable of
holding the lens holder 3, carrying the second lens 2, by suction on a device reference
surface 55. The device reference surface 58, as an upper surface of the movable base
unit 59, is adjusted so as to be accurately perpendicular to the optical axis of the first
lens 1 placed thereon.

The movable base unit 59 is substantially cylindrically-shaped, with an inner
spacing, and holds the first lens 1 under an air pressure differential produced across the
inner and outer sides on evacuating the inner spacing, by drawing air therein to outside
through a suction through-hole, with the outer rim 1a of the first lens 1 abutting on the
device reference surface 58. The upper end of the movable base unit 59 is closed at this
time by the first lens 1. The lower end of this movable base unit 59 is fitted with a
glass cover 34 for hermetically sealing the inner spacing. The glass cover 34 is tilted
relative to the device reference surface 58 towards the upper end thereof to reflect the
laser light illuminated on the outer rim 1a of the first lens 1 so as not to produce the
stray light.

The movable base unit 59 is supported by a so-called cross roll bearing, that is
a uni-axial movement stage 36, and is movable along the optical axes of the first and

second lenses 1 and 2. The amount of movement of this movable base unit 59 may be
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The holding unit 56 is substantially cylindrically-shaped, with an inner spacing,
and holds the second lens 2 under an air pressure differential produced across the inner
and outer sides on evacuating the inner spacing by drawing air therein to outside
through a suction through-hole, with the lens holder 3, carrying the second lens 2,
abutting on the device reference surface 55. The lens holder 3 mounting the second
lens 2 is held by the surface thereof carrying the protector 6 compressing against the
device reference surface 55. The lower end of the holding unit 56 is closed at this time
by the lens holder 3 and the second lens 2. The upper end of this holding unit 56 is
fitted with a glass cover 35 towards its lower end for hermetically sealing the inner
spacing. The glass cover 35 is tilted relative to the device reference surface 55 towards
its upper end to reflect the laser light illuminated on the outer rim 2a of the second
lens 2 so as not to produce the stray light.

The holding unit 56 is supported by an inclined stage 57 for tilt adjustment.

This device includes a detection system, including a first laser light source 39,
for detecting the parallelism of the outer rim of the first lens, set on the device
reference surface 58 of the movable base unit 59, relative to the device reference

surface 58. As the first laser light source 39, any suitable monochromaticlight source,

such as a gas laser or a solid laser, may be used in addition to a semiconductor laser.
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through a beam splitter 41, a mirror 42 and the glass cover 34 at the lower end of the

movable base unit 59 so as to fall on the upper end of the movable base unit 59. If the

first lens is held on the device reference surface 59 at the upper end of the movable

base unit 58, this collimated light is reflected by the reference surface 1b of the outer

rim 1a of the first lens 1 and thence returned through the glass cover 34 and the mirror

42 to the beam splitter 41.

The return light, reflected back from the is reflected back from the reference
surface 1b of the outer rim 1a of the first lens 1, is reflected back from the reflecting
surface of the beam splitter 41 and branched from the return optical path to the first
laser light source 39 to fall through mirror 43 on the first CCD 32 operating as
detection means. The image picked up by the first CCD 32 is displayed on the second
monitor 33. The collimating of the light beam from the first laser light source 39 is
adjusted on the imaging surface of the first CCD 32 so that the beam diameter will be
minimized.

This device includes a detection system, including a second laser light source
44, for detecting the parallelism of the outer rim of the second lens, held under suction

on the device reference surface 55 of the holding unit 56, relative to the device

reference surface 55. As the first laser light source 39, any suitable monochromatic



10/ SE"109%&' ()- L10% ()- 10 h 10 h 10 h4"10% h& ()- 2"10% h& ()- 0"10%

h& ()- WLEbC 10/ 10%& ()- @O0% ()-@"'10%& ()- @10%& ()- 10%& ()- @
109&' ()- 129dEbC 10/, #"109%& ()- , "10%&' ()- ,"10%& ()-

@ 109 ()- @D 10%&' ()- @ 109%& ()-9?=dEbC 10/s0 10%&' ()- ,3.T 10%& ()-

109 () - L) "10%R ()- @"10%& ()- , Y¥% 109%&' ()- =>bC 10/ "109B& () -
f"109B& ()- ~109B& ()- 10 10 10,4"109&' ()- ,2"109%& ()- ESIEbC 10/"109B& () -
109B& ()- 3109B& ()- f"109B& ()- &' 109B& ()- "109B& ()-S: AdEbC

10vase 151 TOUE (el TRk JRESRR Sl ettt e 45 0O o1 Bome () -
10988 flondud OB ) - 1 21098 () -

The light beam radiated from the second laser light source 44 is turned into
collimated light, with an enlarged beam diameter, by a collimator lens and a beam
expander 45. The light beam, now turned into the collimated light, is transmitted
through a beam splitter 46, a mirror 41 and the glass cover 35 at the upper end of the
holding unit 56 so as to fall on the lower end of the holding unit 56. If the second lens
2 is held on the device reference surface 55 at the lower end of the holding unit 56, this
collimated light is reflected by the reference surface of the outer rim of the second lens
2 and thence returned through the glass cover 35 and the mirror 41 to the beam splitter
46. The return light is reflected back from the reflecting surface of the beam splitter
46 and branched from the return optical path to the first laser light source 44 to fall
through mirror 48 on the second CCD 49 operating as detection means. The image
picked up by the second CCD 49 is displayed on the second monitor 50. The
collimating of the light beam from the second laser light source 44 is adjusted on the
imaging surface of the second CCD 49 so that the beam diameter will be minimized.

This device includes a focusing error signals detecting optical system 60.
Similarly to the optical system used in an optical pickup device for an optical disc, this
focusing error signal detecting optical system 60 is an optical system for detecting the

focusing error signals by a so-called astigmatic aberration method or a differential

concentric method. This focusing error signal detecting optical system 60 includes a
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collimated light beam through the beam splitter 63, mirror 64 and the glass cover 34
from the lower side of the movable base unit 59 into the inside of the movable base
unit 59. If the first lens 1 is set on the device reference surface 58 of the movable base
unit 59, the light beam is incident on the first lens 1. If the second lens 2 is mounted
on the lens holder 3 by the holding unit 56, the light beam falls on the second lens 2.
The collimated light beam, sequentially incident on the first and second lenses 1 and
2, is focussed on a point above the second lens 2. The mirror 64 is reciprocable with
respect to the lower portion of the movable base unit 59, and includes an aperture
corresponding to the effective diameter of the objective lens unit.

A glass cover 69, having a reflective surface, is mounted in the vicinity of the
focal point of the objective lens unit, as shown in Fig.39. This glass cover 69 is
designed to be equal in thickness and refractive index to the cover layer of the optical
recording medium used in conjunction with the objective lens unit. The light beam,
converged by the first and second lenses 1 and 2, is reflected by the reflective surface
of the glass cover 69 and returned to the beam splitter 63 through the second lens 2,
first lens 1, glass cover 34 and the mirror 64, as shown in Fig.38. This return light is
reflected by the reflecting surface of the beam splitter 63, on the beam splitter 63, and
branched from the return optical path to the semiconductor laser 61. If the astigmatic

method is used, this return light is transmitted through the mirror 65, converging lens
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66 and a cylindrical lens 67 to produce astigmatic aberration so as to be then converged
on the light receiving surface of a photodetector 68.

The light receiving surface of the photodetector 68 is divided from the center
into four radial areas, outputting photodetector signals independently of one another.
Focusing error signals and pull-in signals may be generated by calculations based on
the four photodetector signals, output from the photodetector 68, as will be explained
subsequently.

The glass cover 69 is supported by being secured to the movable part of the
voice coil motor as driving means actuatable in the optical axis direction as shown in
Fig.39. This voice coil motor has a leaf spring 70. The glass cover 69 and the coil 72
are carried by this leaf spring 70 so that the glass cover 69 and the coil 72 are movable
as movable parts. The voice coil moto is a fixed part and includes a magnet 71 in the
vicinity of the coil 72.

In the voice coil motor, the glass cover 69 is moved along the direction of the
optical axis, under the interaction of the current supplied to the coil 72 and the
magnetic field generated by the magnet 71, by the driving current supplied to the coil
72.

The leaf spring 70 of the voice coil motor includes a through-hole 73 for
transmission smaller in diameter than the second lens 2, in order for the laser light
radiated from the second laser light source 44 to be illuminated on the surface of the

second lens 2 proximate to the optical recording medium, as shown for example in
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Figs.39 and 40. With the detection system, having the second laser light source 44, the

parallelism of the surface of the second lens 2 close to the optical recording medium

to the device reference surface 58 of the movable base unit 59 can be monitored

through this through-hole 73.

In a step st39, shown in Fig.34, the parallelism between the device reference
surface 58 of the movable base unit 59, used for positioning the first lens 1, and the
surface of the second lens 2, mounted to the lens holder 3, held by the holding unit 56,
which surface is closer to the optical recording medium, is adjusted. If the parallelism
between the surface of the second lens 2 and the device reference surface 58 of the
movable base unit 59 is not comprised within the preset range, the inclined stage 57 is
adjusted so that the parallelism between the surface of the second lens 2 and the device
reference surface 58 of the movable base unit 59 will be comprised within the preset
range. In a step st40, the parallelism between the device reference surface 58 and the
surface of the second lens 2 is checked and, if the parallelism is within the prescribed
range, processing transfers to a step st41. If otherwise, processing reverts to a step
st39.

In a step st41, the first lens 1 is mounted on the device reference surface 58 of
the movable base unit 59, as shown in Fig.38. In a step st42, shown in Fig.34, the laser
light from the first laser light source 39, reflected by the reference surface 1b of the

first lens 1, is checked to verify the parallelism between the reference surface 1b of the

first lens 1 and the device reference surface 58 of the movable base unit 59. At this
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If, in a step st43, the parallelism is within the prescribed range, processing
transfers to a step st44. If the parallelism is not within the prescribed range, processing
reverts to a step st41 for re-setting, or the reference surfaces 1b and 58 are swept. This
sequence of operations is repeated until the parallelism is within the prescribed value.

When the parallelism of the reference surface 1b of the first lens 1 with respect
to the device reference surface 58 is confirmed, the mirror 64 of the focusing error
signal detecting optical system 60 is inserted to a position below the movable base unit
59, as shown in Fig.38.

If the refractive curved surfaces and thicknesses of the respective lenses of the
double lens set are all equal to the design values, the spherical aberration should be
zero when the distance between the two lenses of the set is equal to the design value.
In actuality, however, refractive curved surfaces or the thicknesses of the respective
lenses, possibly affecting the spherical aberration, are deviated from the design values,
due to, for example, an offset from a design value of the metal die for molding, or
variations in the molding conditions. It is known to adjust the distance between the
two lenses to minimize the spherical aberration in the assembled state of the double
lens set. In this objective lens set manufacturing device, adjustment may be made by
exploiting this principle, in such a manner that, as the focusing error signals are

detected, the device reference surface 58 is raised to a position where the center value
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the objective lens unit under a condition that the lenses molded using variable metal
dies or under variable molding conditions co-exist.

That is, in a step st44 shown in Fig.34, the movable base unit 59 is uplifted to
introduce the first lens 1 set on the device reference surface 58 into the lens holder 3.
In a step st45, the glass cover 69 is vibrated along the optical axis by the voice coil
motor. That is, when the movable base unit 59 is raised, a sinusoidal driving voltage,
for example, is supplied to the coil 72 of the voice coil motor to vibrate the glass cover
69 along the optical axis.

In the optical pickup device of the recording and/or reproducing apparatus,
employing an optical recording medium, the objective lens unit is vibrated along the
optical axis by an objective lens unit driving actuator to detect the so-called focusing
error signals (S-shaped signal) and a sum signal to be incident on a detector (pull-in
signal) to set the application timing of focusing servo. In the present manufacturing
device, the objective lens unit is fixed, instead of vibrating the objective lens unit by
the objective lens unit driving actuator, with the glass cover 69 being forced into
vibrations. At this time, the focusing error signals and the pull-in signals are detected,
as shown in Figs.41A to 41C.

Referring to Fig.38, with photodetector signals A to D from the respective areas
of the light receiving surface of the photodetector 68, the signal levels of the focusing

error signals in the case of, for example, an astigmatic method, are defined by [A+C—
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Referring to Figs.41Ato 41C, the relationship between the S-shaped waveform
of the focusing error signals and the spherical aberration of the objective lens unit is
hereinafter explained. With the zero spherical aberration, the S-shaped waveform of
the focusing error signals becomes symmetrical in the up-and-down, with the focusing
error signals becoming zero V for the maximum pull-in level. If the spherical
aberration is of a negative polarity, the S-shaped waveform of the focusing error
signals becomes asymmetrical in the up-and-down direction, with the focusing error
signals being of negative polarity at the maximum pull-in level, as shown in Fig.41A
. If conversely the spherical aberration of the objective lens unit is of a positive
polarity, the S-shaped waveform of the focusing error signals becomes asymmetrical
in the up-and-down, with the focusing error signals becoming of a positive polarity for
the maximum pull-in level, as shown in Fig.41C.

The state of the focusing error signal level can be estimated from the signal level
of the focusing errors at the maximum point of the pull-inlevel. Alternatively, the state
of the focusing error signal level can be estimated by detecting the level of the center
value of the S-shaped signal of the focusing error signals.

The level of the center value of the S-shaped waveform of the focusing error
signals (V center) may be defined by:

V center = (Vt + Vb)/2

where Vt and Vb are a top voltage and a bottom voltage of the S-shaped signal



S#10% U& () - 910% U&' ()- 10B 10B 10B4"109B&' () - 2"109B& () -1 dWIEbC 10BS 10%
U& ()- Z"10% U& ()-#10% U&' ()- @ 10% U& ()-"10% U& ()- @ 10% U&' ()- WN dEbC
10BF% 10% U&' ()- #- 10% U& ()- ~10% U& ()-#10% U& ()- 1"10% U& ()-,"10%
U& ()- \_dEbC 10B2"10% U& ()- 0"10% U& ()- ."10% U&' ()-+"10% U& ()- ) @10%
U& ()- "10% U&' ()-ibC 10B"10% & ()- "10% & ()-@10% & ()-&10% & ()- 10 U
10 U 10 58

of the focusing error signals, respectively.

If the spherical aberration of the objective lens unit is plotted against the center
value (voltage) of the S-shaped signal waveform of the focusing error signals, a
constant relationship is obtained, as shown in Fig.42. Meanwhile, the graph shows data
in which plural lenses molded using plural metal dies co-exist, with the numerical
aperture (NA) of 0.85, the working wavelength (1) of 405 nm and with the effective
diameter of 3 mm. Based on this relationship, it is possible to find a center value of the
S-shaped signal for which the absolute value of the spherical aberration is minimum.

In a step st46, shown in Fig.34, the center value of the S-shaped signal of the
focusing error signals is detected to check whether or not the so detected value is
within a preset range with respect to a preset value. It the center value is within a
prescribed value, processing transfers to a step st47 and, if otherwise, processing
reverts to a step st44 to repeat the processing of adjusting the position of the first lens
1.

In a step st47, the first lens 1 is bonded to the lens holder 3. The objective lens
unit is completed on curing the adhesive in a step st48.

Similarly to the conventional single-lens glass molded objective lens or an
objective lens formed of synthetic resin, the objective lens unit, assembled using the
device and the method according to the present invention, is used for an optical pickup
device. Similarly to the conventional objective lens, the objective lens unit may be

mounted to the objective lens driving mechanism used for a conventional optical
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lens unit of the present invention, such a mechanism similar to the conventional
mechanism may be used. For example, in a four-wire type objective lens driving
mechanism, in which the objective lens unit is carried in a cantilevered fashion with
four wires, as shown in Figs.43 and 44, a coil bobbin 8, carrying the objective lens, is
movably supported by a base block 10 using four resilient wires 9. A dumper material
11 is provided on the proximal sides of the wires 9 carried by the base block 10. A
focusing coil 12 and a tracking coil 13 are mounted on the coil bobbin 8. On the base
block 10 are mounted a magnet 14 and a yoke 15. The magnet 14 and the yoke 15 are
arranged so that the focusing col 12 and the tracking coil 13 are placed in the magnetic
field thereby produced.

When the driving current is supplied to the focusing coil 12, the objective lens
unit driving mechanism causes movement of a coil bobbin 8 along the focusing
direction parallel to the optical axis of the objective lens unit, under the interaction of
the driving current and the magnetic field formed by the magnet 14 and the yoke 15.
Moreover, when the driving current is supplied to the tracking coil 13, the objective
lens unit driving mechanism causes movement of the coil bobbin 8 along the planar
tracking direction perpendicular to the optical axis of the objective lens unit.

The optical pickup device controls the driving currents supplied to the focusing

col 12 and the tracking coil 13 to cause movement of the objective lens unit to control
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the position of the objective lens unit in such a manner that the light spot of the light
beam converged by this objective lens unit will be formed at all times on the signal
recording surface of the optical recording medium to follow the recording track formed
on the optical recording medium.

If the optical recording medium is an optical disc, the up-and-down direction in
Fig.43 and the depth-wise direction in Fig.44 correspond to the radial direction of the
optical disc, while the left and right direction in Figs.43 and 44 correspond to the
tangential direction thereof.

The optical pickup device, having the objective lens unit driving mechanism and
the objective lens unit according to the present invention, includes a semiconductor
laser (LD) 16, operating as a light source, as shown in Fig.45. A linear-polarized light
beam L1, radiated as a divergent light beam from the semiconductor laser 16, is
collimated by a collimator lens 17 and has its optical path bent by 90° by the mirror 18
to fall on a polarizing beam splitter (PBS) 19. The light beam transmitted through the
polarizing beam splitter 19 is turned into circular polarized light by a A/4 plate (quarter
wave plate) 20 to fall on a beam expander 21 composed of a concave mirror and a
convex lens so as to be thereby expanded in beam diameter to fall on an objective lens
unit 51. This objective lens unit 51 is supported by an objective lens unit driving
mechanism, not shown, for movement in the focusing direction F, parallel to the
optical axis and in a planar tracking direction T, perpendicular to the optical axis.

The light beam incident on the objective lens unit is converged by this objective
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lens unit 51 and illuminated on the signal recording surface of an optical recording
medium 110, such as an optical disc. The light beam L,, illuminated on the signal
recording surface of the optical recording medium 110, is modulated in a preset
manner by this signal recording surface with respect to the direction of polarization
and reflected to fall on the objective lens unit 51. A return light beam L, is transmitted
through a beam expander 21 and turned by the A/4 plate (quarter wave plate) 20 into
linear polarized light of the direction of polarization perpendicular to the direction of
polarization of the light beam L, incident on the optical recording medium 110. The
resulting linear polarized light is returned to the polarizing beam splitter 19.

The return light beam L, is reflected by the reflecting surface within the beam
splitter 19 to fall on a second polarizing beam splitter 22. This second polarizing beam
splitter 22 is set so that, in the state in which the return light beam L, is not modulated
by the optical recording medium 110, the amount of the transmitted light will be equal
to the amount of the reflected light. The return light beam L,, transmitted through the
second polarizing beam splitter 22, is converged by enlarging lens systems 23 and 24
on a first photodetector (PD1) 25. The return light beam L,, reflected by the second
polarizing beam splitter 22, is converged through a converging lens system 26 and a
knife edge 27 to a second photodetector (PD2) 28. Based on the detection signals of
the optical output from the photodetectors 25, 28, variable signals, such as RF signals,

focusing error signals or tracking error signals may be generated to read out

information signals recorded on the optical recording medium 110.
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For detecting the focusing error signals, the so-called astigmatic method or the

so-called differential concentric method may be used in addition to the above-described

knife edge method. For detecting the tracking error signals, the so-called push-pull

method, or the so-called differential push-pull method (DPP method) may be used.

Moreover, the present optical pickup device is able not only to read out information

signals from the optical recording medium but also to write information signals on the

optical recording medium 110.

Arecording and/or reproducing apparatus may be constructed by providing the

optical pickup device, described above, and a recording medium holding mechanism,

adapted for holding and rotationally driving the optical recording medium 110, such

as an optical disc, as shown in Fig.45. In the recording and/or reproducing apparatus,

shown in Fig.45, the signals read out by the optical pickup device from the optical

recording medium 110 are processed by the signal processing circuit to generate RF

signals and various error signals. The signals input to this recording and/or

reproducing apparatus from outside are processed by the signal processing circuit so

as to be written by the optical pickup device on the optical recording medium 110.

Industrial Applicability
With the objective lens unit manufacturing method and device, according to the
present invention, in which a lens is positioned in a cylindrically-shapedlens holder of

a synthetic resin material, using another lens, already mounted and secured to the lens
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holder, as a reference, and the one lens is secured to the lens holder, for setting relative
positions of the one and the other lenses, so that a double lens set comprised of two
lenses, with a numerical aperture (NA) not less than 0.7, may be assembled efficiently
within a short time. Since only the necessary minimum precision may be required of
the lens holder, it is possible to enlarge the casting tolerance of the lens holder to
improve the yield. Moreover, since the lens interval along the optical axis of the
objective lens unit and the parallelism between the lenses are maintained by the
precision of the objective lens unit manufacturing device, it is possible to improve the
assembling reproducibility and the yield.
With the present invention, it is possible to produce an objective lens unit, with
a numerical aperture not less than 0.7, made up by plural lenses, in which the relative

positions between the lenses may be adjusted to high accuracy and in which the

spherical aberration may be reduced
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CLAIMS

1. An objective lens unit manufacturing apparatus for manufacturing an objective lens

unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses,

comprising:

a positioning mechanism for positioning one lens in a cylindrically-shaped lens
holder of a synthetic resin material, using another lens, already mounted and secured
to said lens holder, as a reference, and for securing said one lens to said lens holder,
for setting relative positions of said one and the other lenses.

2. The objective lens unit manufacturing apparatus according to claim 1 further
comprising a mechanism for measuring the state of offset between the lenses using the
laser light.

3. The objective lens unit manufacturing apparatus according to claim 1 further
comprising:

a light source for causing a light beam to fall on the respective lenses in the lens
holder;

a reflecting member for reflecting said light beam converged by said respective
lenses; and

a focusing error signal detecting mechanism for receiving the light beam
reflected by said reflecting member to fall again on said respective lenses to detect the

focusing error signals with respect to said reflecting member; wherein

the amount of spherical aberration in the light beam transmitted through said
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said reflecting member is moved along the optical axes of the respective lenses, to
adjust the distance between the respective lenses based on said amount of spherical
aberration.

4. The objective lens unit manufacturing apparatus according to claim 3 wherein said
reflecting member is vibrated along the optical axes of the respective lenses.
5. The objective lens unit manufacturing apparatus according to claim 1 wherein the
lens holder includes lens inserting sections into which the outer rims of the respective
lenses are inserted to control the offset of said respective lenses; said respective lenses
being inserted into said lens inserting sections to control the offset of the respective
lenses; said respective lenses being secured to said lens holder with an adhesive as the
offset of the respective lenses is controlled by said lens inserting sections.
6. The objective lens unit manufacturing apparatus according to claim 5 further
comprising:

a light source for causing a light beam to fall on the respective lenses in the lens
holder;

a reflecting member for reflecting said light beam converged by said respective
lenses; and

a focusing error signal detecting mechanism for receiving the light beam

reflected by said reflecting member to fall again on said respective lenses to detect the

focusing error signals with respect to said reflecting member; wherein
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respective lenses is measured, based on changes in said focusmg error signals when
said reflecting member is moved along the optical axes of the respective lenses, to
adjust the distance between the respective lenses based on said amount of spherical
aberration.

7. The objective lens unit manufacturing apparatus for manufacturing an objective lens
unit used as an objective lens unit of an optical pickup device for writing or reading out
information signals on or from an optical recording medium, according to the present
invention 5, further comprising:

a mechanism for determining the distance between the lens surface closest to

the optical recording medium and an end face of a lens holder lying around said lens
surface along the optical axis.
8. The objective lens unit manufacturing apparatus for manufacturing an objective lens
unit used as an objective lens unit of an optical pickup device for writing or reading out
information signals on or from an optical recording medium, according to claim 1,
wherein

the other lens used as a positioning reference for said one lens is the lens
remotest from the optical recording medium, with a surface of the outer rim of said one
lens remote from the optical recording medium being used as a reference surface for
positioning said one lens;

the surface of the outer rim of said other lens close to said optical recording



chccelddddddE: / 10 h 10 h4"10% h& ()- 2"10% h& ()- 0 10% h& ()- .&10%

h& () - +#10% h& ()- )#10% h& ()- ddd! emeef of xY:/ 10 h, #109B& ()- #109B& () -
#109B& ()- - 109B& ()- @LOYB& ()-&10YB& ()- 10 hoffgbggh_hdE:/ 10

h#1098B& ()- , F'1098B& ()- -#109B& ()- "109B& ()- #109B& ()- |#109B& () -
_hhh;iii+dE/ 10 h+109B& ()-)"109B& ()- ' "109B& ()-3% 109B& ()-

#-109B& ()- "109B& ()- +jX]j]kkkkkxgpC 10 hL10% & ()- 10B 10B 10B4T

1098B& ()- 2109B& ()- LOL10YB& ()- . @ 1098B& ()- k6kkk3l11dEmHC 10 h"10% & () -

0 ho%‘ﬂg‘g}‘@z) nﬁol{gg/ldags‘)sg fﬁ?sﬁlé‘g%r(e erelgé)/f(ﬁ"sﬁ}d omFed¥ & () - | Smmm nnndEmbC
1094 & 93 TRt lns e gD AHnE SR e foymamigspua e an SRECIN RS v
e 11?1%??5 (cPanflég(ﬁlg%lalm 8 %v%(?rggfn( 1)n SE:,CU%]?I;/BS(ZL]d( ())neslze%g%oegal((f leng %g%%% sgld
one lens is held, the distance of said one lens to said other lens is determined in a state
not position-controlled by said lens holder, insofar as the direction of the optical axis
is concerned, said one lens being secured to said lens holder by an adhesive.
10. The objective lens unit manufacturing apparatus for manufacturing an objective
lens unit as claimed in claim 8 wherein, in securing said one lens to said lens holder,
said one lens is held, the parallelism of said one lens to said other lens is determined
in a state not position-controlled by said lens holder, insofar as the tilt with respect to
the optical axis is concerned, said one lens being secured to said lens holder by an
adhesive.
11. The objective lens unit manufacturing apparatus for manufacturing an objective
lens unit as claimed in claim 8 further comprising:
a positioning member for positioning a reference surface of a lens; and
a mechanism for measuring the parallelism between said reference surface and
said positioning member, using a laser light beam.
12. The objective lens unit manufacturing apparatus for manufacturing an objective
lens unit as claimed in claim 8 further comprising:

a positioning member for positioning a reference surface of a lens; and

a mechanism for measuring the parallelism between said reference surface and
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lens unit as claimed in claim 8 further comprising:

a positioning member for positioning a reference surface of a lens; and

a mechanism for abutting said reference surface against said positioning member
by attracting said lens by a pneumatic pressure differential.
14. The objective lens unit manufacturing apparatus for manufacturing an objective
lens unit as claimed in claim 8 wherein

the parallelism between the surface of the outer rim of said other lens remote
from the optical recording medium and the surface of the outer rim of said one lens
close to said optical recording medium is measured by detecting only the reflected light
from the surface of said outer rim of said other lens remote from the optical recording
medium, using a photodetector, in a state in which the light is incident on the outer rim
of said other lens and in which the light transmitted through said outer rim and
reflected by the surface of said outer rim close to said optical recording medium is not
returned to said photodetector.
15. An objective lens unit manufacturing method for manufacturing an objective lens
unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, by
positioning a lens in a cylindrically-shaped lens holder of a synthetic resin material,

using another lens, already mounted and secured to said lens holder, as a reference, and
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for securing said one lens to said lens holder, for setting relative positions of said one
and the other lenses, said method comprising:
causing a light beam to be incident on the respective lenses in said lens holder;
reflecting said light beam, converged by said respective lenses, by a reflecting
member;
causing the light beam reflected by said reflecting member to be re-incident on
said respective lenses to detect focusing error signals with respect to said reflecting
member, based on a light beam transmitted through said respective lenses; and
determining the amount of said spherical aberration in said light beam
transmitted through said respective lenses, based on changes in said focusing error
signals when said reflecting member is moved along the optical axes of said respective
lenses, to adjust the distance between said respective lenses based on the amount of
said spherical aberration.
16. An objective lens unit manufacturing apparatus according to claim 15 wherein the
reflective member is vibrated along the optical axes of said respective lenses.
17. An objective lens unit manufacturing method for manufacturing an objective lens
unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is secured to a cylindrically-shaped lens holder of a synthetic resin
material by being fitted to a lens inserting section of said lens holder, to which another

lens is already mounted and secured, with said other lens as positioning reference, for

effecting relative positioning of said one and the other lenses, said lens inserting
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section receiving outer rim portions of said one and the other lenses to control the

offset of said one and the other lenses, said method comprising:

causing a light beam to be incident on the respective lenses in said lens holder;

reflecting said light beam, converged by said respective lenses, by a reflecting
member;

causing the light beam reflected by said reflecting member to be re-incident on
said respective lenses to detect focusing error signals with respect to said reflecting
member, based on a light beam transmitted through said respective lenses; and

determining the amount of said spherical aberration in said light beam
transmitted through said respective lenses, based on changes in said focusing error
signals, when said reflecting member is moved along the optical axes of said respective
lenses, to adjust the distance between said respective lenses based on the amount of
said spherical aberration.
18. An objective lens unit manufacturing method for manufacturing an objective lens
unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is secured to a cylindrically-shaped lens holder of a synthetic resin
material by being fitted to a lens inserting section of said lens holder, to which another
lens is already mounted and secured, with said other lens as positioning reference, for
effecting relative positioning of said one and the other lenses, said lens inserting

section receiving outer rim portions of said one and the other lenses to control the

offset of said one and the other lenses, said objective lens unit being used as an
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determining the distance along the optical axis between the lens surface of said
lens closest to an optical recording medium and an end face of the lens holder lying
around said lens surface.
19. An objective lens unit manufacturing method for manufacturing an objective lens
unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is positioned and secured to a cylindrically-shaped lens holder of a
synthetic resin material by being fitted to a lens inserting section of said lens holder,
to which another lens is already mounted and secured, with said other lens as
positioning reference, for effecting relative positioning of said one and the other lenses,
said lens inserting section receiving outer rim portions of said one and the other lenses
to control the offset of said one and the other lenses, said objective lens unit being used
as an objective lens unit for an optical pickup device for writing or reading out
information signals on or from an optical recording medium, wherein
said other lens, used as a positioning reference for said one lens, is the lens
remote from the optical recording medium, with the surface of an outer rim of said
other lens remote from the optical recording medium being used as a reference surface
for positioning said one lens;

the surface of an outer rim of said one lens close to the optical recording

medium being used as a positioning reference surface, and wherein
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using laser light.
20. An objective lens unit manufacturing method for manufacturing an objective lens
unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is positioned and secured to a cylindrically-shaped lens holder of a
synthetic resin material by being fitted to a lens inserting section of said lens holder,
to which another lens is already mounted and secured, with said other lens as
positioning reference, for effecting relative positioning of said one and the other lenses,
said lens inserting section receiving outer rim portions of said one and the other lenses
to control the offset of said one and the other lenses, said objective lens unit being used
as an objective lens unit for an optical pickup device for writing or reading out
information signals on or from an optical recording medium, wherein

said other lens, used as a reference for positioning said one lens, is the lens
remote from the optical recording medium, with the surface of an outer rim of said
other lens remote from the optical recording medium being used as a reference surface
for positioning said one lens;

the surface of an outer rim of said one lens close to the optical recording
medium being used as a positioning reference surface, and wherein

in positioning the lens reference surface using a positioning member, the

parallelism between said reference surface and said positioning member is measured
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unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is positioned and secured to a cylindrically-shaped lens holder of a
synthetic resin material by being fitted to a lens inserting section of said lens holder,
to which another lens is already mounted and secured, with said other lens as
positioning reference, for effecting relative positioning of said one and the other lenses,
said lens inserting section receiving outer rim portions of said one and the other lenses
to control the offset of said one and the other lenses, said objective lens unit being used
as an objective lens unit for an optical pickup device for writing or reading out
information signals on or from an optical recording medium, wherein

said other lens, used as a reference for positioning said one lens, is the lens
remote from the optical recording medium, with the surface of an outer rim of said
other lens remote from the optical recording medium being used as a reference surface
for positioning said one lens;

the surface of an outer rim of said one lens close to the optical recording
medium being used as a positioning reference surface, and wherein

in positioning the lens reference surface, using a positioning member, the lenses
are attracted under a pneumatic pressure differential for abutting said reference surface
against said positioning member.

22. An objective lens unit manufacturing method for manufacturing an objective lens
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unit, with a numerical aperture not less than 0.7, made up by a plurality of lenses, in
which one lens is positioned and secured to a cylindrically-shaped lens holder of a
synthetic resin material by being fitted to a lens inserting section of said lens holder,
to which another lens is already mounted and secured, with said other lens as
positioning reference, for effecting relative positioning of said one and the other lenses,
said lens inserting section receiving outer rim portions of said one and the other lenses
to control the offset of said one and the other lenses, said objective lens unit being used
as an objective lens unit for an optical pickup device for writing or reading out
information signals on or from an optical recording medium, wherein

said other lens, used as a reference for positioning said one lens, is the lens
remote from the optical recording medium, with the surface of an outer rim of said
other lens remote from the optical recording medium being used as a reference surface
for positioning said one lens;

the surface of an outer rim of said one lens close to the optical recording
medium being used as a positioning reference surface, and wherein

the parallelism between the surface of the outer rim of said other lens remote
from the optical recording medium and the surface of the outer rim of said one lens
close to said optical recording medium is measured by detecting only the reflected light
from the surface of said outer rim of said one lens remote from the optical recording
medium, using a photodetector, in a state in which the light is incident on the outer rim

of said other lens and in which the light transmitted through said outer rim and
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