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216 -June '2006-DESCRI:PTI.ON ‘Method ‘and Apparat us for-Producing. Obj ecti ve: Lens’
. Unit-Technical Field  This invention relates to amethod at@lluapp@dtatus for - -

. produ0| ng an objective lens wunit made up by a plural nurber of objective
- lenses and which may be used with .advant age for an optical. pickup used in -

turn for. wr|t|ng i.nf.ormation signals on a: optlcat
|nf or. mation- Si. gnals recorlﬂed thereon.. ~-Up.t 0..now; ‘an. opti-cal:
""" di sc, has ‘been. used as a

~recording rredl um for i nformat i o(DESCREVEIOMN optical - “pi ckup device is used
for witing or reading out information signals on or froman. optical- o

d duct :
5 cor Mol Ppakits 8Bt OB ARG L s o The T om mt o on”

| aser
the optical .recording medi um and.an .-objective 1ens unit for conden3|ng

. the. light beamradiated from t he semiconductor laser -for illunminating the |
| irght heam to a si.gnal recording surface of the optical recording medl um.

:,,'| n thJ@deﬂlﬁﬂl i dckup .devi ce, the spot di ameter-of the |ight beam - - -~
illuminated on' the signal recording surface of the " optical recording.

~ medi um may BEhis étention telafes 8 4 AR thdH mat '- d“'- 7.
Si gnal S recor ded on the optical rec%piﬁﬁﬁ%&%ﬂgpggmmgaﬁgbj&?“ﬂqu%

“unit made up by a plural number of objectlve ]enses and WhICh may. be used with a
B advantage for an opttcal plckup used 111 turn for wrrtmg mformatlon sxguals on aa- o

0ptlcal recOrdmg medlum and for readlng out mformatlon signals recorded thereon -

Background Art N
Up to now an optrcal recordmg medrum exemphfled by an 0pt1cal disc, has
- been used as:a recordmg medium for mformatlon srgnals An 0ptrcal prckup deviceis -
| used for wntmg or readmg out mformatlon 51gnals on or from an, optrca] recordrng :
| medmm The optrca] plckup devrce mcIudes a semlconductor. laser, asa light source
~ for radlatmg a lrght beam to be 1]Ium1nated on the optrcal recordmg medrum and an
objectlve lens umt for condensrng the hght beam radrated from the semrconductor
o laser for 1l]ummatmg the Irght beam to a srgnal recordmg surface of the optrcal |
recordlng medrum o
. In the optrcal prckup devrce the spot dlameter of the light beam rllummated on - |
B the signal recordmg surface of the optlcal recordmg medlum may be reduced to realrze |

| hlgh recordmg densrty of the mformatron srgnals recorded on the optrcal recordmg

recording. rredl um and. for o




~medisum. t'o -enabl e readout: of the.i-nformation si gnal s recorded. to hi gh S
-_"densrt"y- For . reduci ng -t he spot. di anet er--of the I i ght. beadenb,gmnenat ed on - o
_the S|gnal recordi ng surface of the optical récording nedium it is L

ef fective to shorten the wavel ength of the. i ght beamradiated fromthe

Irght source and to.enlarge the nunerical .aperture (NA). of the obj ectrve '

.l ens. condensi; ng the light beam Thezpresent .Assi.gnee.has proposed an-

Obj ective lens unit of a l'arger; numérical aperture (NA) in JP

“Layin p Py c H- 8- 315404, and JP L Patent - :
o oA SRE YRR AN, HBeR0en e ARer B BB sl T patent

' _pubI ication_is conposed.of a doubl e-1ens set made up of two'|lenses, and has
‘a numeri calor mdeemg thengpot| Ggmetaraof. the7lighspbeaon nHmnmatIedrrsn d:lnmprgrmdl of -one

| ens. set made up by a single lens; or so- called a "single |lens", has beenn

- used ercicording suyfaes cffnthebopﬁcalVr%cbﬁﬂﬁgllﬂedm%eﬁ 1s refPébt%t t&@hor@erf 'fh’é’
- .device. The single lens can be prepared by so-called. glass nold form ng A

robri chaueh RSt BUBRE LR PRURRLTRSNS IR S kbal e
Ve BT A o538k e chonBising e lighiBemn ar per - o ar ger
. refractive po i's required of the 1ens, such that the first surface of .

“the i ght tﬁefpremt desigisiedias pfopdsed Ianrmbjecerereslemmuﬂuwfalarger numerrcal __
- = ‘- aperture (NA)mJP Laymg-OpenPatent Publrcatron H-8-315404 and JPLayrng-Open - :
Patent Pubhcatron H—=10—123410 The ob]ectrve lerrs un1t drsclosed in thrs Patent

' -publrcat]@n is composed of a double-lens set made up of two lenses and has a "

numerical aperture not less than 0 7. -
Up to now, a lens composed of one lens set made up by a srngle lens or s.o-. _ o
C called a srngle lens” has been used extensrvely asan ob]ectrve lens unrt used in an
optlcal prckup devrce The srngle Iens can be prepared by so—called glass ‘mold

' ‘formlng A lens of high performance can be formed with hlgh reprodu01b111ty by

o _,-fabrlcatmg the metal dre 1o hlgh precrsron and by hrgh precrslon temperature’ o

management durmg castrng If the lens rs to have a larger value of the numerrcal o

e aperture (NA) of for exarnple 0 7 or larger a larger refractrve power 1s requrred of the
| lens such that the first surface of the lrght beam mcuient side of the lens needs to be

- ‘:' . a non-spherrcal surface w1th a larger curvature In Irght of for example mold release - )
ipropertles it is- extremely drffrcult to form the Ob_]eCtIVC lens unit havrng a non-

spherrcal surface of a large curvature usmg a rnetal dre Moreover w1th an Ob]CCthC o




ia-non-spheri-cal “surface with a larger -curvature. |n-light of ‘for exanple’

":fm)l d felease properties, it .i's extrenely dlfflcult to fott'ndtmhéoaﬂoj ective

lens unit havi ng‘a non spherical surface -of a |arge curvature using a netal
- die. Moreover; ‘with an objective liens unit having a non- spherical surface -
. of a. |.ar.ger curvat ure.and a larger nunerical aperture. (NA), ‘the light beam .
~radi-at ed -f.rom the.-¥ight- -S0Ur-ce cannol-be:candensed-accurat el yoon: the -si-gnal-
recordi ng surface even on occurrence of perturbatlons Wth the Obj ective

e St TR AR a0 DAL SRR e Ten G TR b vk e se0

to two | enses to npderate the curvature of the respective |l ens surfaces as

vel | - 2pertire DAk dbe light beam mdiated deomdhe flight sovedef caninonibe. comalenserient | y,
the objective lens unit can be formed to a. desired nachining accuracy,

~» usi ng acurttelly on ahessignahadcordinpeafie BOSH o BeéftrentRP b PerfiRbafiofl at i on.

'-of the optical performance caused by for exanple the tilt "of the lens -

= r el at i pgyttige tfgtﬁn(tﬂé sﬁghtegﬁﬁﬁr%lw&@to i pﬁ@a?taki/e bens unit of a double-| erts

. set corrpose nses respective "&Wses can be nolded with a

metal die / Its.optic charaterl from bei ng deteri orated.
" However ; tﬁ@“ﬁéﬁ%@@i%’é@lsﬁéagﬁﬁemrtse é‘@ﬂ‘ﬁ@é?%sqt@me&q{érwv@ ghly -

' .accurately, e I S necessary to get the opti-cal axes-of the resp_ectlve

I ensedeises; aﬁedleeﬁoeed ivthe ahoyedtubilicatighs;tthe eefractite pawbr cahbe dispghsed
. accurat ély w thout . producing ‘eccentricity in the respective l'enses and: to

T gglcm gt[) gs;vt; Hensés 1 aﬂ@dbratﬁtheﬂﬂfrﬁbtlu?é of mdoetsaeaaret tées rsaafaeeé aéfeeheatstes hirgh hiy |
S decrease the non;sphencal surface coeffrcrents Consequently, the objectrve Iens unlt
~canbe formed to a desired machlnmg accuracy, usmg a metal d:e SO. that it becomes
possrble to suppress deterloratlon of the optlca] performance caused by for example :
' ‘the tllt of the lens relative to the optlcal axis. |
B Wlth the ob]ectlve lens u111t of a double-lerts set composeo of two lenses the '
respectlve lenses can be molded Wlth a metal d1e to prevent its optlcal characterlstlcs |
._ from bemg deterrorated However the respective lenses need to be reglstered to each
‘ other hrghly accurately, Le., 1t is: necessary to get the optlcal axes of the respectlve B |
‘ :_-']enses of the ob]ectlve lens umt regrstered w1th each other hrgh accurateiy w1thout o
- producmg eccentrrcrty m the resPectlve lenses and to malntaln the drstance and
parallellsm between the respectrve lenses hrghly accurately. - |
For producmg an ob]ectlve Iens unlt of a double—lens set composed of two

lenses there are such a method conmstmg m causing the laser llght to fall on the

objective lenses, put together, and in forming a__n interferometer by the_ respective




 siresulting fromthe slightest tilt relative to the optical ‘axis. For
- produti ng.an obj ectlve 1 ens unit. of-a double-iens set: Con’lm.medmde t wo o
“Ignses, there are such a method consisting in causing the |aser light: to'

- fall ‘on the objective | enses, put together, -and in form ng an oo

~..int erferorreter by the respective:lenses to adjust the rel ative p05|t|on
. “t.hereof . and- such -a- met: hodconsi st nq inicausing-the laser li-ght to-be-

transm tted through the objective |l enses put toget her .and i'n.observing the e
the a ustrrent Wth these .

‘near - f of t e |as ht.to nmak
oo e TS B I et e 5Gim i Bh woaTieG aumsnad senviBnnk jo Foksing
respective adbust ment ‘paranmeters, such that adjustnent is extrenely

i me- dbsslassmibightito be thensinitted Abswight theyobjective lessesypit gethdroshdiin ch.

consists in.-providi.ng a gap between the -lens holder 3 and the lens and in

- adj ustotmgmng thensarpfisldtpadiermbf mewraseengaao&aﬂeemeuaﬁraﬁagﬁts w ﬁlfth@ge the

| ~-adj ust nment and cured. In situ to secure he lens to t Wth.,

cothis ) resi n s.-to be, Charged ’i-"f"‘.
_into %ﬁ& ens segﬂ ?l léﬁa Sgg‘li?lagnar?n&é\(h&y’%%ﬁnlgﬂe?wqeﬁ ’g(ll 19SBFEEYC with an
B adhes eio und m sregi stration due to environnental changes,
~ such ‘t%‘i‘PPB él f’éﬁﬁ@F %dJBth ilgextjemely tynersonsymingdueioanate .
- problens caused by an adhe5|ve ‘it 'has been proposed to set the tilt of ‘the:-
‘lens: alﬂ@lpftdsrdcedamsaeqmaecbftg etchww'lngdmﬁnal perforlneamptl cal . axis. .dependi. ng:
oon t he machi ni'ng accuracy or the |ens: holder. “That .is, a. step |s forrred

g T I N
_' siml i‘ﬁé l’en@‘h%'l'delt?hﬂd thie fens and in ad]ustlng the Iens posrtlon w1th1n the gap range
o Wlth this method an adhesrve such asaUV curable resin, needs to be charged into
the gap followmg the adjustment and cured in srtu to secure the lens to the Iens holder
| The Iens secured in posmon in this manner in the lens holder wnh an adhesrve is hke]y
' to undergo mlsreglstratlon due to env1ronmental changes such as mcreasrng _'
temperature or humldlty .
In order to overcome the problems caused by an adhesrve it has been proposed
*to set the t]lt of the lens and its’ locatlon along the dlrectlon of the optlca] axis :
B _dependmg on the machmlng accuracy of the lens holder That is, a step s formed S
- Wlthlll the lens holder and the outer rrm of the ]ens 1s abutted agarnst the step to set the | |
:.trlt of the lens and ifs. locatlon anng the optrcal axis. If, in lhls structure the step is

In the case of for example an ob]ectlve lens umt composed of a double lens

o | _.se_t mad__e up _by two lens_es_, w_rth_ an effective dlam_eter of 3 mm, it isnecessary_t_o__ '




I n the case of | ‘for- exarrpl e,.an Obj ective Iens unlt Corrposed of a-

" doubl e- I ens set made up by t wo | enses, wi'th an effective qlsametzeme of 3 mn o

-1t is . necessary to-tilt of the lens and its l.ocation along the optical .-

- axis. If, in this structure, the step is mai ntain . :paral l el ism between the -
S two Ienses on_the order . of '0.1deg.. For -mintaining-this accuracy., it is,

f.s:necessary o R ntain the.error ‘al-ong-the -opti cal-axi-s of -t he surface ~of

.';'_the outer |ens. rlmcarr|ed by: the step within the l'ens holder to a value’ on .
o SR epaleliibeARr B 190 ndcsth AU d%’eb;* fide Bl BRudpiibe & T T
mai nt en on of It iis however extrenely, o
diffi gﬂlﬁeéj% lfﬁ(gbit' Ig ﬂg‘iﬁiﬂq‘éﬁ%’é" ngmﬁ%r ‘P‘?ﬂ theopdical a3y of theawdaert ween

~ the stetﬁvmthln the | ens holder and the l'ens to render it difficult to: k
- mai nt & hﬁé}‘%ﬂ lens sim eartigd by the stepiwithimhedens oldeetocasaluefonatheahiect i ve - -
-l ens set, conprised of a double |ens set conposed of two |enses, the o

- di st arofel pat. Vil hovev dransrembl{ defffoul CIOTRVE IREHHS 1¢GHEY ﬁﬂ)uﬁ%d @461in %
ascribable to e.g., errors in lens thicknesses, as disclosed in 3apanese

" Layi ng : §s dhe generation of.
 spher AT ROeR s UADARR 4B of ARl S RIMER 0 ARSI, depradieeion «
sever di s of the;rel evant standard, the assenbling accuracy is = - .-
- optin ﬁﬁaﬁtﬁ’ee& TogRent, fie s and oii onghe eplesof daym danst odre imdrudeddet ect ed

L duri ng ‘assenbli.ng, .to take up an error.caused by variations in accuracy of ..
a et Hitod gpacgdr VEST thewstept within therdsns holden and ehalehnsito gerntendi diffiealt

-Q'_AI t hough 't he. spherl cal-.aberration of the Ienses be_l ng. a_dj usted may -be. .. .
- n’eaSUtﬂ?ﬂlaﬂﬁﬁalﬂgpafallleﬁsmﬂfeaﬁr@é‘i?ﬂﬂtw@lenses e ‘

In the case of an objectlve lens set, comprlsed of a double lens set composed -
oftwo lenses, the dlstance between the lens surfaces comprlsed of curved surfaces of
' the lenses may be kept constant to suppress the generatlon of sphertcal aberratlon
ascnbab]e toe. g errors in lens tlncknesses as dlSClOSed in Japanese Laylng-Open A' '
Patent Publication H—10-255303 :
| In the lenses w:th severe CO]ldlth]lS of the relevant standard the assembling |
' accuracy is. optnnlzed by ad]ustment as the amount of sphencal aberratlon 1s detected :
- dunng assemblmg, to take up an error caused by Vanatlons in accuracy of a metal d1e j, .
o used for moldmg a lens or in the moldlng condltlons Although the spherlcal -
- aberratlon of the lenses bemg adjusted may be measured usmg an 1nterferometer a | -

L comphcated apparatus Is needed whlle the productlon cost is: mcreased .

Disclosure of the lnvention -




o resin

~reonpli cated appardtus s needed;'mhiIe'the”prOductiOn"COst i S increased.
Enbodi-ments of the present invention provide, a- nethod aﬂﬂuﬁ@mamatus for
a reflecting. menber: for reflecting said tight beam converged by said

. respective.a focu3|ng ‘error signal- detecting hechan|3h1for r.ecei vi ng the '
Ilght beantreflected by sald reflectlng nenber to faII agaln on sald
2un|t mhereby the def|C|enC|es lnhere to the Enbodlhents of the present
i nvention provide a nethod and appar atus for aforenentloned conventi onal

h b whi;ch b '
gk q“ﬁbfﬁtr@g&rawté%ﬁﬁtﬁette it opﬁtréﬁc{% o St e, 0 "

-may be adj yst.ed to hjgh accuracy and- poss ble to suppress
the gend?rsareagoantﬁhes‘srer cas| u%erwltﬁreoh tllﬁaﬁeﬁees%ou eyt o‘iﬁhctl'l‘ g an
~objective lens unit, ereby an objective lens unit, with a nunerical
readily. afcmmrm tcon*aeIftl teahnigue mfy heevgreement i nvention, there is.

- provided an obj: ective Iens unit manufact uring appar at us for manuf acturl ng -
. an obj ecti ve H@bsdiiints ofithd) peesohtiiveandn pasvilleenetiod asd a Ep@ﬁtu@ fér made .. .

~up by a plurality of lenses, conprising:. a positioning mechanism for

+ positi g@t@@&ﬁgahe%&gggteﬁgphpdmeﬂ VaphBRedyt sas ik dpi fufedoett het c

ens rea noun and- secured to said"

BER N L T N L

L relatlve posrtrons of the lenses may be ad_]usted to hlgh accuracy and 111 Whrch it 1s';‘.}w_%

poss1ble to suppress the generatron of the spherrcal aberratron, may be produced a
-:_ nmdﬂy |
Accordmg to a ﬁrst aspect of the present mventron there is prov1ded an ObJeCtlve o
-lens unrt manufacturrng. upparatus-.for_ rnanufactunng‘ an objec_tr_ve lens unrt, with -a
o | .‘nurnerical tct-p.ertur'e not les.sthan‘:i“()j madé Up bya plurallty‘of len.s.es' cornprislng:' | |
: a p051t10n1ng mechamsm for pos1t10n1ng one. lens ina cylmdrrcall)r-shaped lens holder . -
‘of a syntheuc TESin materral using another lens already mounted and secured to said lens
holder as a reference-"-_ and for securr_ng sard one lens to ?’?ld lens holder, for settrng r_elatrve .
R posrt1ons of sard one and the other lenses, ' | | T
| : ‘a lléht source for causrng e l1lght beatn to-fall on the fe;pécﬁ{}e lenses in the lens
.holder S " | | | |
2 reﬂectmg rnember for reflectlng sald llght beem converged b)IJ. s"ald respectrve o
lenseS' and | | | 7
e focusmg error srgnal detectlng mechamsm for receiving the lrght beam reﬂected by
:_.sard reﬂectrng member to fall agam on sard respectrve lenses to detect the focusmg crror :

i IQ:'::Srgnals w_lth-.resp_ect to said reﬂectln_g _member; threm e




Jratli‘ght sourcte for"causing a light beamto fall' on the respective l'énses in '~

~the tens holder; 16 June 2006 respective |enses is measur eglunbasesd On
changes in said focusing error signals when the amount of spherical |
~ aberration.in the light beamtransmtted: through said said reflecting -
..rrenber s rmved aI ong the optlcal axes of the respectlve Ienses to adj ust

spher__l caI aberratlon Accord| ng to a s ond aspect of the present

~‘invention, there is provided an objecti ve | ens unit rranuf acturing nethod -

| c-said refle I ng

. for manufa urin bj ective | ens W|thanu cal, aperture not
‘less-than ‘ﬁﬁ&‘g ﬂﬁnﬁﬁl @eHPtb‘Plh’inltE‘E/ lﬁllttleéWste"’é’S ueh §#fng. a I ens; in
a cyli ndr| caI I y-shaped | ens hol der of a synthetic resin naterial, using
_anot her | emespeetivedgnses ipmeasigeds hasedcn phagzesvinswidifocasiag RuPtEgnals whan |
~reference, and forsecuring said one lens to said |lens holder, for setting.
~rel ati vad peﬁectmgmmtiersambvedteloagdhe bptmil hres bfatheeespesmaﬂenmshmohdjumwl ng a
~1ight beam to-be incident- on' the respective:lenses in said l-ens. holder; =

L refl ecmerasstsﬁﬂed)etw&htth@aeﬁactﬁe MREAREePYn Sl dioBaPEhhMEcal SAteRGOnDY 2
reflecting nmenber; causi-ng the |ight beamreflected by said reflecting

et & AlEghid el 50k AT RERL NGRS Phat A hofigarest 10
respect lve of .said s sherical . aberratlon '

e S S o B ?rﬂ%%r&%@e”?%%g%&rw PSSR on

'chhanges |n sai'd-focusing error signals when said"

aperture not less than 0 7 made up by a, plurahty of lenses by pos1t10n1ng a, lens in 2
“ cylmdmcally—shaped lens holder of a synthettc resin matenal usmg another Iens already. |
_m_ounted and secured to sald'l'ens holder, as a 'reference_, 'and'forj.is‘ecunng _satd one lens to
sai(l lens _holder,ft)r- settihé relative positiorts ofsaid one and the other lenses,i sald method B
compnsmg | |
o : causmg a hght bealh to be 11101dent on the respectlve Ienses 11t satd lells holder
reﬂectmg sald llght beam converged by said respectlve lenses, by a. reﬂeettng .- .
g ‘ﬁtember, | ‘ |
o causmg '-the' lightl:‘:_bearh' reﬂebted by said reﬂ.ecting member to. 'be'rfe'.i_ncid'ent on sai‘d. .
L respectwe lenses to deteet focusmg error 31gnals w1th respect to, sa1d reﬂectmg member S o
' .j_ based on a light beahl transnntted through sa1d respecttve lenses and R
determmmg the amouht of sa1d Sphencal aberration in sa1d light beam transmttted :
N :._:throbgh'sjatgl ‘resgegttv_e' lenses, ibase‘d‘ on chang_e_s in satd focusmg error--.srgnals_when sa_td__ -
- reflecting menib_ér is ntove(:l alongthe optical axes of said resoective Ienses, to adjttst the
e distarice betvreen said respeetive lenses. based on the amount of. said spherical- aberra'tion .
Accordmg to a third aspect of the present mventlon there is prov1ded an objectttre S

e ';-ilens unlt manufacturlng method for manufacturmg an objectlve lens umt Wlth a numerlcal




' L;through sal respec

S eflectl ng menber ig rmved al ong the optn cal axes of said- respectlve

| enses, to adJ ust .the ‘distance between sai'd respective | ensgs2besed on the, .

amount- of said spherl cal. .aberration. Accordi ng to a thi rd aspect of the
_-present i.nvention, therei Sprovi dedan objective lens uni't manufacturing
- et hod. for manuf acturinng an.objective 1 ens unlt W|th a nuneri-cal ~16.. June

2006 aperture: not I ess+than 0:7,7 ‘madeup by a- pi ural i-ty-of l-enses, inwhich: :

~..one lens is 'secur ed to . acyli ndri caél y- shaped l.ens hol der "of -a synt hetic.
~resin material by bel ng. fltted to a.lens inserting section of said lens

- hol der ens i.s alre unt ed secured, with said .
oo et st BRG T g Rr e A EEREY oS Thon PR R eSS st g o
'sai d.one _and the other Ienses sai d lens i nserting section receiving.outer |
ri m post §mdriggllysdaged t@deéﬂqrrﬁ asyheticeresiasmeaisrighoby beingt filgedotor adensof sai d -
~one and the other |enses,.,, said method. causing a |light beam to be ,
- i nci demgserting sleetrmreetmcd lenehblders &s whithsaiothér dms maikcddy mauatddemidi segursdi d
T ght beam convet.ged by sai d respective |-efises; by.a reflecting menber

- causi ngyitthéid bl 18 a8 postibaiak efehincs o effeltfclei e PBERBAInE BfR8id one

~re-incident on said respectlve | enses to-detect focusi ng error signals W|th- :

- respectu i, Sabdtel sgﬁtlb&grngb?ﬁf?ésegtrgxg?fer Al 1 emaraaotfsop%aaaad

ive Tenses unt

. spherig erratlon in.s eam trans through.said. . . :-}_
T eapecit g dhtist Yoydudl e of S oRSR bhS B0 bt St ervr 58 Beod whon
~ said reflectl ng menber is m)ved aI ong the optlcal ‘axes. of “sai d. réspective .
.l enses comprigiggist ;.. t-he idi.st'ance .bet ween, said. respectlve Ienses based on thet....;,‘

L am)unt of sai.d spherlcal ‘aberrati on.

causing a light beam to be 1nc1dent on the respectlve Ienses in sa1d lens holder
reﬂectmg said llght beam, converged by said reSpectlve lensés, by a reﬂecting
| menlber' | | h | | | N | |
' cauSmg the hght beam reﬂected by sa1d reﬂectmg member to be re—tncrdent on said
-respectwe lenses to detect focusmg error s1gnals W1th respect to sa1d reﬂectlng rnember, _
" based on a lrght beam transmrtted through sald respectlve lenses, and o |
| determmmg ,the amount of sard sphencal aberrat1on in _sald—hght beam_ transmitted_
-.'i.throu.gh satd respectit/‘ﬁief:-lenses,"ba‘sedlon c'han'ges:in said focusmg error s1gnals Wh'en Said .
; . _reﬂectmg member 1s moved along the optrcal axes of sa1d respectrve lenses, to adjl.lSt the L
' dlstance between sa1d respectrve lenses based on theamount of sard sphencal aberratlon |
Accordrng to a fourth aspect of the present mventlon, there is prowded an objecttve
lens unit manufacturmg method for manufacturmg an ob]ectlve lens unit, wrth a numerlcali_l
: aperture not less than 0.7, made up by a-plurahty of lenses, in whwh on'e lens 18 secured to
- -a cylmdncally—shaped lens holder of a synthetrc resin matenal by belng ﬁtted to a lens:_' S
) :-":.msertmg sectlon of said lens holder to Whlch another lens is already mounted and secured l_ Lo

SRS 'wrth sald other lens as: pos1t10n1ng reference, for effectmg relatwe pos1t10n1ng of satd one




““According to a fourth aspect “of the present invention; ‘there is lens unit =
‘Qnanufacturlng met hod for nanufacturlng an obJectlve Iens Yeidne 200d h- a
-nunerical” aperture not less than 0.7, nmade up by a plurality of lenses, in
whi ch-one lensis secured to a cyllndrlcally shaped | ens hol der of a S
J.‘synthetrcmresrn mat.erial by being fitted-to a lens inserting. section of
. sai.g | ens.holder.,.-t.0.which. another 1ens i s al.ready mounted and secured,. .
. with said other Iens as positioning qfferehce, for effecting relative
‘-TpositiOnrng of said one 16 June 2006 © and the other l'enses, said lens.
jnSertin n recer out.er ri.mportions of said, one_and unit_ being -
used 8 oﬂlleﬁer% S E“ {Rqrting sectign gosel ving owprimpogionsof spidongand i ng or
reading the other |enses to control the ‘of fset .of said one-and the ot her
| enses thesefher spjesdpiopirplethe offseioei saidhpoe Aed therothergienses, said objettivniean =
- optlcal recor.di ng medi um said nmethod. conprising: -deternining the distance
- .along wuhi bepigivsed asati sbjbativedens uritefol ensptenl bivkep dévisaiad Wit orcleadiagt to an
-'JOptlca| r ecor di:ng".redi-unand an’ end face of-the:l ens holder lying around

said  AgcResHiAgoh SigBalk bh bP FBEPACpIRAL Itet!erdnrgeﬁe&lﬁml e{sﬂtam cotﬂiﬁfse ks -
provided an objective aperture not | ess than 0.7, nmade up by a pIuraIrty of

Ienses, 'ncrertmnug%se Rk yR3he g@gt%ﬂallgﬁa“%nl thefnrsugu%tgrfs% Mgynod for

- manufacturing-an A CRURBr T Cal and secur ed to a

~cylindrj caII hoI er..of a syn srn erial -
£ rredoloses g ah P%Ersr?r S Ul $OHIT it Aound st nor
<. léns is al ready mount ed ‘and secured, with - ‘Sai d ‘ot her | ensas. posi ti oni ng
. referelmssuniee. ef fecting rel ative p05| tioning of said one and-the other
““lenses, 'said fens" i nser'ting.section receiving outer rim portions of sald

one and t he\anbhhrtg toemﬁél:h aspeelcvftthé) lpresbﬁ 1@#&3@&1 tHeres B provided an ob]ecnve ‘
| lens unit manufactunng method for manufacturmg an obJecttve lens unit, w1th a numencal '
aperture not less than 0.7, made up by a plurahty of lenses, in whrch one lens is pos1t1oned
3 and Secured to a cyllndncally-shaped lens holder of a synthet1c resm matenal by being | |
.ﬁtted to a lens 1nsert1ng sectlon of sa1d lens holder to- wh1ch another lens is already_‘
mounted and secur‘ed; w1th ‘satd-_ othe_r- le_ns_as positioning _referenc'e., for e‘ffe_ctlng‘ relatlve S
e Pbsiﬁoning of said one and the Votherc len,se's,jsaid lens insertlng secrion rece-iving"ou:ter_‘rim-
"'f-:".por'ti'c;ns of said one and the 'other .lenses'to« co'ntrol the 'offs'et"of ‘said"oné‘and the other- _ -'
lenses sald obJectwe lens unit belng used”as an obJectrve lens urnt for an .optrcal plckup e
. dev1ce for \rvrltmg.or readrng out lnformanon -s1gnalsr on or from an optlcal recordmg‘
rnedmm, wherem R n
: sald other Iens ‘ Vused as a posrtromng reference for sald one lens is the lens remote |
- from the optical recordmgrmedrum Wlth the surface of an outer rim of said other lens
- remote. from the opt1ca1 recordmg medmm be1ng used as . a reference surface. for .
i3 :_n0s1tromng sa1d one lens; N

e _the_Sll_rf,ace of an out_er_ nm of.:s_aid'_'on_e lens close .'to.__the. _optical recording.medium




“ilenses, ‘sai-d objective' lens unit being used as an:objective. lens unit fo 6"
- device for witing or reading out information signals. on 6 Jumeddasm - wherein

- one and the other an optical pickup froman. optical recording said other-

- lens, "used as a positi.oning reference for said one lens, is the |lens renote
. frontthe optical recording nedium with the surface of .an outer rlntof sard .
. -other .l ens renpte. from the.aoptical recordi.ng. medi.um bei ng.used-.as. a. e e
j'reference surface for positioning: S@jd one lens; the surface of an outer
“rimof -said one'l'ens close to, the- optlcal recordlng medi um 16 June 2006 -

surface us OSltIOnI aral l.el i sm bet reference
sur 20 R BTy RS g i By if apatence Bekraddtrebfy
wherein_in positioning the | ens: ref erence osi tioning nmenber is- neasured‘
usi ngSUrEiSe MSing grositinaiigraerber hepasilielipmbspeean sord xefaenesyeiaee st i on,
. there is provided an-objective lens unit nanufacturlng met hod for B
- ..nanuflmstttmumg}mambabﬁmftasuredhanglasnlrhghtwth a nurrerl cal aperture not Iess’- o
-~ than 0.7, made-up by a plurality of l.enses.- <“whi ch onelens is: Y

_ positi oned ARekdireus sisti BsproiCytt 1he Présead lnlﬁérﬁllﬂlpﬁihre @Nprobileden cﬂﬁeoﬁve =
synthetlc resin material by being: fltted to a lens inserting section of

Csaid | gy hgﬁ{lTach?j gsaﬂomﬂltstféc iafl o%£dcﬁ?9Yens Wﬁrﬁiaﬁaﬂt]eﬁew e

r.,-vmth sald ot ens posi ti oni ng r Sr enc ect| ngre

aperture not less than 0: 7 made up by a plurahty of lenses in’ whlch one lens is posrtloned
and secured to a ctrhndncally—shaped lens holder of a synthetlc resin matenal by be1ng
ﬁtted to a lens 1nsert1ng sectlon of sa1d lens holder to Wthh another lens 1s already
_motlnted and secured, jw1th sald other. lens as posmonmg reference, for effectmg relatlve
posltionin'g of -said_on_.e and the other lenses, sai_d lens‘-inserting se_ctlon reeeiving-'onter _rim
portions of said one and the other Ilense's toric'o_nt-rol- the offset o-f .s_'ai_‘c_l one and the other
i ,‘llens,es,_ Asaid-object_ivelens‘ ttn_it bemg tllsedi'as' ,ah-object_ifve‘len:s unit for_an optlcal pickup
~ device qu_ writing Vor‘-‘rea'ding Vout- lhfonnatio_n 81gnals ._on_ or -' from an o-ptical.:.r'ecor'ding- -
i} -medium,'wherein '_ o |
E *'“sai'd' othet 1ens',;'ﬁ§ed "aS'.‘a 'reference 'for'-i"positioning said ofie l'ensr'is the lens 'remote._ |
| 'Afrom the optrcal recordlng medium; w1th the surface of an outerlnm of said ‘other lens L
| rernote from the optlcal recordmg medlunt be1ng tlsed as a reference. ‘surface for |
| nosttlonlng satd.one'lens;' | | |
: the-:.snrface'fet" anouter nm of ‘said'one"l.ens CIOS.ré.-t(-_)lhe opttcal'.-recording "rnediurni_ o
being used as a posltionlng. reference surt‘ace and wherein | o |
. in posmonmg the lens reference surface usnlg a posmomng mernber, the parallehsm
: :between sald reference surface and said. posrtlomng member 1s measured with .sa1d.

-re.fetﬁmsurfacca‘?ﬂt“ng against said posmomng;memb_er.:; L S




“pesi.tiohing: of -said-one and the.other -l enses, said |ens inserting-section .7
- ‘receiving outer rimportions of said-one and the other. | eftikseascont ol
the of fset of said one and the other |enses, said objective lens unit being
- used as an.obj.ective-lens unit for:an opti-cal - pi ckup device for, witing or-
- reading out information signals on or froman . opti'cal. recording medium o
_-vvherel n.sai.d.other.lens,. used.as arefier’ence. f.or. .positioni.ng said- one. Lens;....

s the | ens r éfot e fro'mthe opti cal @?’ordi ng medium wth the surface of
“an. outer rimof ‘said other |ens renote

bei ng used as a.reference. positi sai d one | -surf, r. thesurface

of B out erAEPHIDE oA SEHEpiher edteen iy kg oG iR s
.-belng used as a ‘positioning reference surface, -and wherein in positioning
the | enkny wlémne@c@ungmh%fonglaauf@sslmg@mqbgecﬁsms unit it anamedeals m
~between said reference surface and said positioning menber is neasured with’
~ sai d . r efrerterecnt dess fileaie). almaded upobyag plural ity &8 ethso i whizhiong lenslibpositidied  June

romthe opt i cal recording; nedium.’

.2006-9b Accordi-ng.to a:seventh aspect. of the-present invention,: there is - -

. provi deghdagcaRiiastd sﬁldd%ﬁmuma&)ea%wmwrdmsﬁﬁﬁétodretmrmmeﬂmsgrbéthgng an
obj ective Iens unit, a nunerical aperture not |less than 0.7, nade up

b | | d .
by apl g anelﬁs;%gegsﬁggesmﬁg o RrRREILES sifcPRRblck PSS ARgagecured (o a

- cylindrica a-syrnt resin nater by being: .
o f f d-| I ch h S
| g;gefisr%gﬁlrﬁg%aﬁ séc%?g t I" tth'e'r(') Peng as Sp%stt:lom%g;sref] ?encci:g for e?fec‘?t@ng rela%ﬂrgt_ er’_‘ L

S posmomng of sald one and the other lenses sa1d lens 1nsert1ng sectlon recelvmg outer nm_ L

_ portlons o_f _sal_d.one and the other lense_s to contr_ol_, the offs_et of sald .one a_.nd the,othgr_ -
, l.enses, said objective lens unit bei.ng used as an oojecttVe lens umt for an optical pickop :
device for | Writing. or reztding out irlfoomttior_l signels on or from an op,tic:al recOrding
.medium ‘wherein | | o |
sa1d other lens, used es a reference for. posrtlomng said one lens, 1s the Ierls
"-' remote from the opt1cal recordmg medlum w1th the surface of an outer rim- of sa1d
other lens remote from the_ Op_tlcal- recording medium b'emg used as a reference _
',sur'ﬁice for polsitioning;"‘i:s'aid' oﬁe'leh‘sl | | o
the surface of an outer rimof: sald one lens cfose to the opttcal recordlng
o meololﬁ be1n§ used asa i).os1t1or1rng reference stlrface, and whererrl
- in posmontng the lens reference,surface, using a pOSltronmg mernb_er_,the lenses are
e attractedi.‘onder'._'érfl'pneqroatic _-fressure_differelrtial" for i'aouttin_g.,':"‘s'ai.d_'-‘reference ',StlrfaCel | ‘l . :
agarnst said r)OSitioniné méiﬁﬁer. | | “ |
| -'According to an eighth aspect of the '.present inventioo, there, is orovrded-an'obj ective S |
et .:Iens unit. manufacturlng method for. manufactlmng an’ Obj ectlve lens untt w1th a numerlcal |

o aperture not less than 0. 7 rnade up bya plurallty of lenses, in Whlch one. lens is L




. in whi cCOPtERmpeRons 9T 56 pus andthe@thss denses e eonir

~+nd-secur ed; “wi th-'sai'd.other I'ens-as positioning reference;, for effecting .
. relative . positioning of said one and the other |enses, s# fink@o® i nserting -
_section receiving outer rim ‘portions of -said one and the other |lenses to
-control the offset of said one and the other -1enses, said objective |ens
. .unit bei.ng used as .an: objective lens wunit. for.an.optical pickup device for. ..
LoWriting.or.readi-ng .out.information. signals on..or.froman-optical recording. .-
- said other lens, used as a reference for ‘positioning said one lens, is the
lens renote fromthe optical recordind medium with the surface of an outer
- rimof said other lens renbte fromthe optical -recordi'ng nmedi um bei ng used
- as a repositened and sedwed td o cylndricallpishafipdslensdhalder dfemsynthéte resinfragteridf an -
outer rim of said one | ens close to-the optical recording nediumbeing ™
used asbhybp@gi fitte@Niond 16kl iBELNEE s€dtiohadesaid Tehs IR fb whithPaBilidr dgis t he
- lens reference surface, using a positioning nenber, the |enses are

oLt AR e, iS00y
R e e e R e A
nunerical aperture not. | ess than 0.7, nmade. up bw&g&gg{ag_éﬂeo;ndrtggsgs; |
~cylindrically-shaped | ens hol der.-of a synthetic resin material already -
e L S, e chi g e sman pUspToimagnichenampsial for
| e 5 _pickup.,.,:dgi}i:cc-._for.._r;m_figing_ ;c_i,r- 'r.eac.liilril_g;_.;rouf;}‘ .inf-orrnatio_g._‘sj_‘gnf_a.lls._ on Qr_::‘rﬁbm.ﬁ._.an_ﬁ,_g.p:tical‘;.:.. .
- récbrdin;g-medium, wherem R L o -
Vl saic.l,.olther lens, used asa réference fqr- positibning saici oné lens, is the lens remote’
from thé optical--record.ii.l;g_ medium, with fhe surface of .an outt;f rim of slaid (.)_ther l¢ns -
'~ remote fro'm.-the 'opt_iqél‘:'reco_rq_iﬁg medmm being used aé a ;re'fer:ence -_sufface for
, positiq_njn.g'; s_aid_o:'n.é-.lens;' '* R - L |
s lthe _sﬁrfﬁéé of an 'o-u'te;fim.of said -01-1.e‘:lens' close to thé- Opfféai ré_(:'ordiﬁg; r_nedium} .
) bcing uS"ed asa pc.)_s-i'j:_ic;r-ling fefe:eilq;a-surfacé, ai;d wherein ., . |
. theparallehsmbet”ween fﬁé.'islilll_’face :' of -the Qlfltef_-rliliﬂfof '_.s'é,id:(-)thérllens'- remo.te.~-
. from the optical recoring medium and the sufuce of the ouer i of aid one fos
", _él;)_'s_e lto--‘sai:d .o_pﬁ.ca.'l ;ei:lélrdi-n.g‘meciium--'is;ll-néaéur:t;d byld.ete.ctiﬁ_'g. ;)'Iilyi_he ';eﬂected.-lig-l};t._ ;
from the gurfaéé .6_f'sallid out@ rlm of -s‘;aji'd‘,_‘.one lens remote 'ﬁd_m the _".op.ti'cali récording- _-
e medliiit usiig 'zﬁfpﬁéfa&étgciq:r, in a state in which the lilg:h_t':'isl in_élikd‘éhf on the outer rim ;§'f_ '
- said other lené and in Wthh the light tlidnsmittgd through saia outef rim and reflected by
i -_thquu_rfa__ce'-of said opter'ri_m close to..éaid thi_cai rec_ord_ing medium is _no_f _xetumed:tq-saidﬁ

= "pﬁbtod'etect'o_r;_ R

- Oﬂie:ﬁ_éspcqts,_'fcatxires_' and_advant_ages_bf 'i:he; pr,_e'scnt_'_i_n\'(entior_,i_w'ill___beéom_e__ '. S R




";'*7by bei ng fitted to=a lens insetti ng- secti-on of sald lens hot der t'o which:

©.another ‘lens is outer rim-portions of said one and the ot heJunk emes 't o

control the offset of said one and the relative pos|t| oni'ng of -said one.and

the other lenses, said lens inserting section receiving other |enses, said &

obj ective.. | ens. uni t. bei ng used. :as. an obj: ectl ve.: Iens -uni.t-for an optl cal
. wopiekup. ... deviice -fFor writi ng.or-.r.eadi-ng..out: info.. recordl ng-medi-um.-

. vvherel n |nformat| on. signals on or. from an optlcal sai'd other  Iens, used _
‘as a reference for posi'tioning said gge-'lens, is the lens remote fromthe
optical recording medium with the sirface of ‘an outer rim of .said other o
lens.renote fromthe optic ordln i um being used as.a reference - -
_surfacenclrgtapmlgmtI‘r:r ath 8 Wﬁsg‘fﬁl@ E’{?Ffflgéﬂv ot s o M of said

"~ one lens close to the opt| cal recordi ng medi um being used as a pOSI tioni ng. .

- - refere g%-f ace; and’ wherein the parallelismbetween the surface of the

~phot odet ec

~.outer ri m of sai d_ot her | ens renote fromthe optical recording nedium and
-the-surface"of - the outer rimof said.one, Iens close to said optical: SRR
recording: medium’is. neasured by detectlng only the reflected Ilght from o

" the suBﬁeﬁBestfntﬁwnd)théBrawh@sof said, one lens renote fromthe :opti caI
recording medium -using a. photodetector in.a state in which the 11 ght.

~incident OFtéllf‘saQBhgl"tudlhﬂ'c%ss-s%%hQnﬁt\g ff;?:g ” Vb%mpu&?acego tsat d )

'transmtted hrough™sal d outer riman the s

oouterrim tical’ recordi ng medi m s not. returnéd to. sa d: '
. ou i Or&g@ﬁgﬁ%@%@pl i g |u i u |‘ o

'ct s, features and advant ages “of 'the present

Sl nventl on-wi.l | -becone
T \fhg isa ongltudmal cross-secttonal v1ew of the Ob_]CCtIVC lens umt bu11t mto a

- _."lens holder
S Fig.3. isa nerspect_iye view looking frorn the first lens.
Fig4isa perspecttve view lookmg ﬁ'om the second lens. .
- Fi ig. 5 1s a perspecttve V1ew of a lens holder forrmng the objectwe lens umt
S lookmg from a ﬁrst lens ﬁttmg portion. “ N
| R F1g 6 is a perspectlve v1ew of the lens holder fomnng the.objectwe lens unit
- 7.look1ng from a second lens ﬁttmg port1on .
. F1g 7 is a plan v1ew showmg a lens holder fomnng the objectlve lens umt of the :

RS present mventton




416, :June 2006 9d “more- ‘appar ent from readi ng ‘the: enbodi ment's -of ' the present =

_invention as shown in the draw ngs.. Bri-ef Descri ption oféJune2@paw ngs
Fig.1 " is a |longitudinal cross-secti onal vi ew of an objective | ens unit

" accor ding to the pr ‘esent ‘inventionh. Fig-2"is-a |ongitudinal

'Z '.;:,.Fl g3 i S..a. perspeet I ve ’VI ew 1.ooki. ng

hoI der formn

. Cross-secti onal.. vi.ew of. the .obj.ect i ve 1 ens uhit-built into a. l.ens. hoI der
vom.the.first. lens. Fi g:4-is-a.

c nd 1 ens. F|95|saperspect|ve" o
~view of a I hol der form n? the -obj ective Iens uni-t I ooking froma =~ -
first, | ens i% Siagfoptsectinna ﬁﬂ@v@akegl dlopg ligp SHI-VEIN 0éFigT. t he | ens hol der
formng the Obj ective lens unit  |ooking froma.second lens fitting . - - |
portion. Filjg®Disa bationaplan awwﬁimwmgtlfe leaghohiel dermingr thit bbj iddtivedbhect i ve
|l ens. unit of the present invention. ‘Fig.8is a cross- sectlonal view t aken

- al ong Llﬂlf‘@ft‘h'egireéénﬂmﬁgntﬂrﬂ 7. Fig.9 is a bottomplan view showi ng the | ens'
the obJectlve Iens unit. of. -the present invention. Fig.10 |s

e-»a Cross-se Vi ew-t'a on Fig. 11 is a graph- - =i
_ showi ng th?égpjfﬁd:hoﬁet “8@%@ }(?Itﬁﬁtl B‘gt)g@zﬁlgﬂe | enses and t he o
. vaI ue of the wavef ront . abeffatlon

: 1g 11 is a-graph showrng the relatron between the eccentrrcrty between the - ...

- Ienses and the value of the wavefront aberratron
Flg 121s a]ongrtudrnalcross-sectronal v1ewshow1ngarnetal drweforformmglthe - - B '_
. ]ens holder : e R R S
Fig.13isa graph showmg the parallelrsm between thelenses and the vahre of .
the wavefront aberratlon | |
Frg 14isa graph showrng the drstance between the lenses and the Value of the,
| wavefront aberratlon - . - I
Frg 15isa longrtudrnal cross-sectlonal Vrevrr showmg the process of assembllng, |
,the ob}ectrve iens unlt |
| Frg 16is a schernatrc longrtudrnal cross-sectlonal vrew showrng the state in N
% ‘V_-f_whrch the second lens of the objectrve lens unrt of the present 1nventron has been o
‘-rntroduced rnto the lens holder 5 o —- e o
Frg 17 is a Iongrtudrnal cross;sectronal view showrng an- obJectrve lens umt '
o '_ --:,mounted onan ob]ectrve Iens manufactunngdevrceaccordrngtothe present 1nvent10n o

Fig.18isa longrtudrnal cross-sectronal view showrng another obJectrve lens unit

mounted on an ob]ectrve lens manufactunng devrce accordrn g to the present rnventron




__,.:'f'-frg 1275 a Iongltudl nal - cross-sectional * vi éw showing a metal die for-" e
‘-form ng the lens holder. Fig-13 is a graph showi ng the patedungbogem bet ween -
the'l enses and the value of the wavefront- aberration. Fig. 14 is a graph -
show ng the_dl_stance between the lensés and the val ue of the the obj ective -
. lens.unit. —onal view.showng the process .of . assenbl ing. Fig.16 is.a = . | -
. “schemati ¢ I ongr tudi-nal.-cross-secti. onq vi-ew showi-ng-the-stat.e i-n whi-chthew.i
_second | ens of "the objectlve | 'ens ‘uni £ of the Fig.17 is a I"'ongi t udi nal S
~cross- sectl%n Il1 Vi ew shoaaﬂég an objective lens unit nounted on an objective

| ens manuf a&idnl P i 9agited erosserfiangl Fl?évﬁmmgtstﬂllamﬁ]wobjectwﬁllglsw is a

| ongi .t udi nal cross secti-onal view show ng. another-objective lens unit =~ -
‘nount ednénmannisdj ex tainvebjective aammnufammgiewme 2odifizng the }?IQ@CIW esent
i nvention. 16 June 2006 Fig.19 is a |ongitudinal -cross- sectlona Vi ew.
- showi ngnwntibh: anot her.- obj ecti've lL.ens -unit nmounted on an, objective lens
frnanufacturlng devi.ce. accordlng to the present-. I nvention. Fig.20 is a. '~
~~1'ongi tudin nal * vi-ew sh OWI onventionhal - objective l-ens*
_unit nount eic:t1 %@gsﬁa]gq%%i AL cross SeRaon ag?%fﬁﬁﬂtj’l%aucem%mahphyﬁmt he

‘ presen,Le&Snvent I on. .21 is a longitudinal cross-sectional view show ng
- an ‘obj upd meynted lﬁ’intalh objogtivnericns mngfmu:dng demcp raoaoldm‘g tui this [ﬁesHmt ect or.
- 'Fig-22 is a plan wewthereof '
' , Jnventlon S

Frg 21 lS a longltudmal cross-sectlonal Vrew showrng an ob}ectrve .tens umt m 'V
- Wthh a lens holder IS provrded w1th a proteetor |
Flg 22isa p]an view thereof .
" Flg 23 isa side V]CW showrng a structure of an objectlve ]ens manufacturlng
devrce accordmg to the present invention, w1th a portlon thereef bemg broken away. . |
| Frg 24A is a plan view' showrng the shape of a dev1ce reference p]ane for. |
B posmomng the fll’St lens in the ob}ectlve lens manufacturmg dev1ce aecordmg to the:
: present mventlon F1g 24Bisa longltudlna] cross—sectronal view thereof and Flg 24C
isa plan view showmg a reference plane of the ﬂrst lens. |
Flg 25 isa ﬂowchart showrng the sequence of operatrons.of an objectrve lens._:
 unit producmg method employlng the ob]ectwe ]ens manufacturmg devrce accordmg 'f.
to the present 1nvent;on | . | ” |
F1g 26 is a ﬂowchart showmg the sequence of operatlons n.e)rt followrng the

sequence of operatrons of F]g 25.

= F]'g.27 is a side view showing an objective lens unit driving device p_erforming




' F| g 23 i's a si'de view shovm ng a structure of an obj ective- lens .

. manufract uri ng -devi ce accordi ng to the present- i.nvention, WJUheEOQBOI’tI on
t her eof bei ng br oken away. Fig-24A is a plan view show ng the shape of a
: dew ce reference plane for. positioning-the first. lens in the objective "
.l ens nmanuf.act uring, device accordl ng to the pfesent invention, . Fig. 24B I's a' o

I ongi t.udi nal : Gross-sect- onal--vi ew t-hereof. and- Fig. 24C.i s -a. pi an. vi'ew--

- fol I'odnventione veiels a pocton theopsf tating bgolain Iwey25. Fig.27 is d side view

. showing a ref erence. pl ane of the fi r]szt lens. Fig.25 is a flowchart shovm ng
" "the seguenge of. operatlons ‘of an objective |ens unit producing method =~ '
- enpl ofiEadipemsgt dnen objertve lenanoit asnniaeiyringdeviee acurditigtg theprdsenpr esent
~i'nvention. Fig.26 is a'flowhart. show ng the sequence of -operations next

-showi ng an obj ective lens unit driving. device performng first adj ust ment

in an obj e resent
inventi oh, R ‘ésﬁi‘}t‘?‘%h %ﬁﬁg’#%%‘%ﬁ T R L e AR

r----an obj ectiye nit: ri-ng deV| ce-according to-the Fig.28lisa =

side ?(Qﬂdsh‘g\lt?ﬁﬁe’g 6 W%ﬂ%malm faciurige dleyicscagronds Q1tjlep'resent o
I nvention, with a port|on t her eof bei ng broken away. Fig.29 is a side view .
- show pgesent bb’cetipnymﬂhaqportmntthehenﬁbngxglbmken apay, | formi.ng the mounti ng of
-.-a first lens in an objective | ens unit manufacturing met hod accordl ng

“the pr esenFig. DY &4 side visw showimodr dBRcliPe 1R yliedivind'RbsR W 30 | s
erfor mfg :

La 5| de vi ew showi-ng an-obj ective |ens: uniit driving dévice T
SRR TS MU e ARG e "
ggtegafj tﬁﬁ%rﬁséenitsmeer?tlo%ev%thegv pgitlon there f beeclrtlflg\l/)?o]le%naswauym t‘ ar! vrlng dev,l e

J Fig. 30 is a side view showmg an ob]ectlve Iens umt driving devrce performmg |

the mountmg of a second lens in an ob]ectrve lens unit manufacturmg method

accordlng to the present 1nvent10n Wlth a portlon thereof be,mg broken away

Frg 31isa s1de v1ew of the ob}ectrve lens unit drlvrng devree executrng the . |

. posrtlonlng to the lens holder of the second lens in the Ob_]eCtIVC Iens unit-

- manufaeturmg method accordmg t6'the present lnventlon, wrth a portlon thereof berng
‘ broken away | _ |
o Flg 32 Isa suie Vxew of the objectn/e lens unlt drlvrng dev1ce exeeutmg the .
N conflrmatlon of the offset between the lenses in the objectrve lens unit. manufactur]ng. :
| method accordmg to the present 1nventzon w1th a pomon thereof bemg broken away ;
Fzg 33 is a ﬂowchart showmg the sequence of operatrons for manufacturmg an -~ | B

ob}ectlve lens unit using another objective lens unlt manufacturmg dev1ce accordmg |

s | to the present. invention.




'r_};"-nanuf acturi ng et hod according to fhe: present i-nvention, wth a portlon
“.thereof being positioning-to the |ens hol der -of the seconnii.jueemoen t he
qQbj ective lens unit. broken away. Fig.32 is a side view of the objective.

- l'ens unit driving device executing the confirmation of the offset bet ween-

- the ‘lenses in _the .obj ecti.ve .l ens unit. manuf act uring nmethod. according to the L
..present. i-nventi: on,..w.th.a portion. thg,?( eof.. bei: ng-.broken. away.... Fi-¢g. 338 @i
-';-flovvt:hart shovm ng the sequence of op

“l'ens unit usj another obj ectlve lens unit nanuf acturing devi ce accordi ng
to the pres lﬁ 4 v Hovgha ngtbeéequmhﬁrmp@ﬂmmgexmlmw of
oper ati ons next foll owi ng the sequence of operations of Fig.33. Fig.35is
a si dese\quewcsbﬁmpergtlens of Big.8®&vi ce of .another objective |ens manuf act uring
devi ce according -to the present invention: Fi g 36 i's a side view show ng

. the state ipig8 ghatdife $Wgﬁiolvﬁl¥eoﬁr%e| ng hbt‘l’]@?%bﬁ&‘:_t \lbel,,tl.}'las @nlgm der

~din 't Fig 35~ wth. a portion en away

~-kongi-t n cross=sectional showi n second | ens positioned in: the‘it%5-
obj ectlﬁstuﬁghlgl% Vlﬁ%h‘iftoé %‘Pﬁéve&étﬁc&l&ﬂe%ﬁnm n Fig.35 and the lens =

" holder 3. Fig.38.is a side view showing a second device of the other

- “objective |dgs3uisi & sidenuieacshewing the istae an oohich the tseconé Ipneserteing
- invention. Fig 39 is a |ongitudinal cross-sectional: view show ng essenti-al

- “por t i qusitddnddie thekaehdldiev fie (ﬁﬁ]eétlﬂ@e l@ﬁlbﬁhﬂ‘?ﬁ’hﬁﬁ‘&d:tﬁﬁngmlée‘sﬁown in . .
manuf acturing devi ce accordi ng to t he S
Flg 35 w1th a portron thereof belng broken away
| Flg 37]8 alongltudmal Cross- sectlonal v1ew showmgthesecond lens .po51t1‘oned
inthe objectlve lens unit manufacturmg dev1ce shown in Fig. 35 and the lens holder 3. ;
: Flg 38 isa srde v1ew showmg a second dev1ce of the other objectrve lens unit
' manufactunng dev1ce accordlng to the present mvent]on |
Flg 39is a longltudmal cross-sectlonal vrew showmg essentral portlons of the |
second devrce of the other ob]ectlve Iens umt manufacturmg devrce acoordlng to the
_.present lnventlon
| F1g 40 Is a plan view showmg CSSCDt]al port:ons of the second devrce of the
R o other ob_]ecttve lens umt manufacturlng dev1ce accordmg to the present 1nventlon W1th S
‘a portlon thereof bemg broken away o | 7 TR
| Flgs 41A to 41C are graphs showmg the relatlonshlp between the spherlcal |
Flg 42 isa graph showmg the relatlonshlp between the spherlcal aberratlon m.

L the Ob_]eCtIVC lens unit and the central value of the focusmg error 51gnals

ati-ons for manufacturi ng an obj ecti ver )




-"jﬂ_-{an 40 i's'a plan-view showi’ ng essentl al - portlons of the second device of o
‘-the other .objective |ens unit. manufacturing device accor dieugné 2ooshe ° present -

ot he.rel ationship. between the. spher.i.c

d.nvention, with a portion thereof - ‘bei ng broken away. Figs.41A to 41C are
~-graphs shomnng the relationshi p between the spherical aberration in the

- obj ective.lens_unit and focusing: error signal's. Fig.42is agraph. shomnng
N i aberratlon ih t.he. obJectlve 4.ens e
“uni t and the central value of the fo ﬁ3|ng error signals. Fig.43 is a plan_h¢
Vi ew showi ng. the. structure of ‘an obj ective I ens driving device An objective -
lens unit ofigHbiss plaatiewshening the strmwdpnmbjwmel%nsdmngdavcmrhe -
objective lens unit -of the present invention is-built into an optical

- pi ckupemphypyiingiangobjectivg dens wail anmuldvtiredansihgaher sdiivsd g fheedewicBod or
the device . according to the present. invention. Fig.44 is aside view

~ show ngedoh@in ttb‘!ﬁépfe% S indBn@bjpective -l ens driving device enploying the L
. obj ective lefis uni ﬁomn In Flig. 43 obJectlve Iens uni t manuf actured- u3|ng__

-the method: ! 4@8 deé%ce accordin t he Flg i's.a side view showing -
_the, optical Bt ERFFIRVITE SR B’&HEFH@ Bbisdiveslena drivingdevispect i ve

lens unit driving device enpl oyi ng an Best -Mode for Carrying out the :
~ I nventgnaplogéngthel aigjectivet laas unitwihoyal mri?lgf4érred enmbodi nent's -of the present

‘invention will be explained in detail. - having a nunerical, aperture (NA)

- of 0.7 or Figrsds asﬁtee\qetwmkx}m tlﬁélﬁpl%tﬂl Efdldup‘%lek/ﬂéesadﬂla fedoralF dz‘@r by a.
doubl e-lens set of two |lenses 1,2, ‘and huner i cal .-aper.t re

L reproduc:mg apparatus havmg an ob]ectlve lens un1t dnvmg dev1ce employmg an
o object1ve Iens unit manufactured usmg the method or the dev1ce accord;ng to the -

' present 1nvent10n. :

| Best l\/lode for Carrying out the InVention
Refernng to the drawmgs preferred embodnnents of the present znventlon will ,-
L fj-be exp]amed in detall | | | |
An ObjeCthB lens unit of the present lnarentlon is made up by plural lenses each
o 'havmg a numerlcal aperture (NA) of 0. 7 or larger Spec1flcally, the ob_]ectwe lens umt |
g - _-;_r_ls made up by a double Iens set of two lenses 1 2 and has a numerlcal aperture (NA) .
.-:-'ofOSS asshowanlgl | - | o -
The ob]ectlve Iens anit of the present 1nvent10n is bu1lt utto an eptlcal plckup
- "':.deV1ce havmg a llght source radlatmg the l1ght beam w1th a center wavelength of 405 | " ) o
nm. That is, the ob}ectlve lens unit accordzng to the present. invention is malnly used

for condensmg the hght beam havmg a center wavelength of 405 nm.




~idevice having a’li‘ght source radiating the Ii ght  beamwi th a center

"".'Wavelength of 1405 nm That is, ‘the objective lens unit actudépmsto the

~present inventi on is mainly used for condensing the i ght beam having-a-
cent er wavel ength of 405 nm In the follow ng explanation, it is assurred
..that the. Obj ectlve l.ens uni‘t. has-an . effective di aneter of 3.$mm o

E '::.-;Spem fi.cally,. the-manufacturing. method for. the ‘obj ective .l ens: unlt “of* the :

"'present i nventi‘on is the nethod for &ssenbl | ng an obj ectlve lens unit. An

- “obj ective Iens uni t “accor di ng to the present i'nvention i's made up by first-

and secondln thedeHowing explanatiomnis isassumed3hatatherahijditive ldns unhhasad, 2, as |

shown in Figs.2, 3. and 4. .The first and second:l'enses 1, 2 are forned of“ a . :

Vi tr eoeffeatiiedintieterafd mpe SpepcAL, e mﬁnﬁﬁbhﬁfﬁl%ln@ﬁﬁ)m&h&éﬁhfebﬁge of
forming a vitreous material ‘using a netal~ die. ° shape of the |ens

- surfac it 0 h urfaces, )
* pout RS Shdtind BASER: hyefuioh B FEhaRod 0 PROBHHER an FpBANY feBC kR and
. s0 for epend pn: the machinin curacy of" the metal  dies . far nolding, -
~and owﬁ\m@)@%‘h S ABHPSSAIE fnihe BreseHomERtian is maskenubl (o Hagfpangki mat el y
- a cyI i ndri cal shape by injection . nolding of epoxy resin, using silica -
- (sili cwrond disée)l, 2and aflichs boldea$ fohbohling the basés 1,2,%8 shiliertJhIFags ens
~holder 3 -are fitted the first and second [enses I, 2 The first and second .
‘Ienses3;1mda, inserted in positi.an in the I'ens. hol der .3, “are.secured W|th
In-this. objective lens unit, . the: eccentncnty of. the'd enses 1, 2~

B T e

~ “optical- ama : ng t he- rel ati vé positjons between the lenses 1, 2, are
set' byPIERR® Lhyeﬁo %ﬂ@ﬁ‘ﬁ lassmgld ¢asting of dormings Vltraouemmﬂalnemgmgwal 2,

and by the inner “diameter of:the I ens holder 3. That

d1e The shape of the lens surfaces of the lenses 1, 2 formed as non~spher1cal or -
sphencal surfaces pos1tlon re]atlonshlps between the- lens surfaces and outer rlms la,
| 2a and SO fo:th depend on the machmlug accuracy of the metal d1es for meldmg, and
| on the castmg condltlous | | o
o The l'ensholder 3is f0rmed to approXimately a cy‘Iindrica-l‘ shape bj’rinject.ion | ,
b moldmg of epoxy resm usmg sﬂ1ca (s1hcon d10x1de) as a filler, as shown n Flgs 5to
~10. To th1s lens holder 3 are f1tted the first and second lenses 1 2 The first and-
f“__,__'-second lenses 1 2 mserted in. posmon 1n the lens holder 3 are secured w1th an.
e ‘adheswe such as UV curable Iesm | | ERE |
o In thls ob]ectlve lens unit, the eccentncny of the lenses 1 2 telatlve to the '
' opt1cal aXIS Pl, t_hat 1s pos1tlons of the lenses in bi-ax1al d1rect10ns corresPondmg to__,
- directions w1th1n the planar surface perpend:cular to the optlcal axis Pl, among the

_ relat_lve_posn__mns_ betyyeen the lenses 1, 2, are set by the outer _dlameters of _the outer




" ishown i Flgs 2.7and 5. If, " i the Obj ectivelens" un|t “for med | by combi ni ng

_.secand |enses

“ the first and second Ienses 1, first and second |ens. f1 t16 Juge pavst | ons 4 5
in which to insert the: | enses 1, 2 and which control the eccentricities.
;fthereof are formed in inner sides of the-l'ens holder 3, as 2, relative

. eccentricities are produced. between. the lens® surfaces of the first and .
4 2, wthe.aberration’i$ increased.i.n-Fig..11. .It-is.noted::

that the rel atl;(ve eccentricities betl/@en the'l ens surfaces of the fi rst: andh‘_

'.r"‘second | enses 1, osition offset:in the planar direction
per penﬂﬂ@ullaalzatﬂtg ﬂﬂfhl?né@ﬁi!ﬁh angthycthe innérsdiametdrefithe dass Hglddr 3efthat &y -about -
this optical ~axis. 1f, in an objective lens unit with an effective. di anet er

-of. 3_ firstandsecosl Ieas,ﬂtt_mg eoMorefct & #bwhidhtolinbért teleRSELT 2 hfid tifieh bet ween

the lens surfaces of the |rst second | enses 1, 2. exceed 30 pm t]he R{\/B_
. e wavefront
vl S AR Tl A eSS M T

—-and segond: I % the ef fective di'aneter - i's 3 nm -t heé nunerical-

apert e@ ‘5 d the worki ng center factors may be surmsed to be
’ responslble for these relative eccentricities between the. relative to t he .
- outer di andf.dn thé objestive benshuiitformad biyldoniteinisigthe firSimd seSbrd laisesdi ng an
~error range of the coaxial degree of the |ens surfaces of ‘the respective"

| enses) Ielafivee@neriéitibs hfe Jﬁgﬁuéeﬂbdtﬁ’@eh giesiess éurfa"ce@‘%ff%é ﬂr}s@ﬁnﬁ%@éﬁrﬁf’ t?_ the

"",'Iens hol” der 3 'so-that 16 e 2006 17: l'ens surfaces |rst an R
'seconqeﬁﬁgqeg tlre@ﬂgrrgnon is 1ncreased to deterrorate the 0pt1cal performance as shown ‘7 o

“in F1g 11.
Itis noted that the relat1ve eccentrlcltles between the lens surfaces of the frrst :
and second lenses 1, 2 mean posmon offset in the planar direction perpendlcular to the '
| co_mmon optrcal axis of the lenses 1, 2, center'e_d_ about thrs optical axis. - |
L 7 If; in’ an .obje'c_ti've_ lens” u'nit .Wit'h._'a'n -Eflfe'ctiive diarne'ter of 3mm and the .,
: -numerical aperture NA 0f 0.85, the relative elCCentricities betv-ireen-t'he leﬁs surfaces of
the ﬁrst and second Ienses. 1, 2 exceed #30 um the - RMS value of the aberratlon
7 exceeds the Marshall ¢riteria threshold (wavefront aberratmn of 0. 07 lrms) That is,
S . 1f m an objectlve lens unlt formed by comblnlng the frrst and second lenses 1, 2 the |
. effectwe dlameter is 3 mrn the numerlcal aperture NA s O 85 and the worklng center "_
' wavelength is 405 nm; the lenses 1, Zneed to be secured to the lens holder 3 so that '
. “an error range of the coaxral degree of the lens surfaces of the respectlve lenses 1 2
l- relatlve to the outer dlameter of the lens holder 3 will be within 30 um The followrng

o _factors may be surmlsed tobe responsrble for these relatrve eccentr1c1t1es between the.




i(1)- The'’error-in tthe coaxial degree: between ‘the outer - peri pheral surfaces . -+
“of the outer rims la, 2a of the lenses.1, 2 and the lens sguinacess (2) the .
error in the coaX|al degr-ee between the lens fitting portions 4, 5 of .the
. l'ens, holder 3;. and (3) the clearance between- the lens fitting portions 4, .
.5 and the. outer rinms. la, 2a of the Ienses 1, »2.. Si'nce: the accunul ation of-

_.these three factors det erm.nes: the aj unt of the eccentricities. of .the. lens.,;;.,;: :

- surfaces of the respective |enses 1, it.is essential .that at |east the
“coaxi‘al degree of i)he | ens surfaces of the respective lenses 1, 2 relative
to th eBﬁlF'é"rfa‘EﬁSé?fé g firgfrandyrecoaddensgs dand2:be within 30 m That is, since. °

- the outer peripheral surfaces 1b, 2b of the outer rinms la, 2a of the

. .the machining accuracy .o

| enses(1) Thearmrfinthe doasabdegres bbtvidenl thadutdiforipherdl uifadss oftedowapt i ng
enpl oying a netal die, the coaxial degree-between the outer peripheral

sur f aGems 18, 226 B fehises gtgﬁ%dmenﬁpgguﬁgﬁoand the lens surfaces depends'on N

et a f casting and on the casting.

SO R I U S R BT DSk S, SR b "

" surfaces are. formed so .as to have a coaxial degree with an error range

. wi t hi rholdey 3hand netal die for formiing the |ens holder 3 is conprised of. a

porti-on 101 for-casting the first lens fitti ng portion 4 and a portion 102 .. .
for fqByirglehensebsandcheslensifitting poRfiisis dnd thd i@k 1a12a f the bei ng~

| ~ forned on the sanme . convex die 103, as shown in:Fig. 12, The- rret al die-for: - - _
- form Qnsteg bens hol'der 3 is conposed- of the ‘convex di e 103 and a concave o

ﬂ'dle 104 |nt6 uhlch is., |nserted the convex diie 103..1n thls nmetal - dle

’the convex die 103 is . trodu%ﬁi 51 e concave die 104, the space .
| S ncet e accumu afion of t ese three actors etermlnes the amount of the -

- eccentrlcltles of the lens surfaces of the respectrve lenses 1, 2 it is essentlal that at
least the coaxrai degree of the lens surfaces of the respectrve lenses 1, 2 relatlve to the
| outer dlameter of the lens holder 3 be Wlthm 30 um o
That is, since the outer perlpheral surfaces 1b 2b of the outer .rrms 1a 2a of the | -
S .f lenses 1,2 are formed as one with the lens surfaces by glass mold castmg employmg
a metal dre the coaxral degree between the outer perrpheral surfaces 1b 2b of the '.
'. outer l'lIl‘lS la 2a and the lens surfaces depends onthe machlnlng accuracy of'the metal o |
o o dre for castmg and on the castmg condltlons When the effectlve dlameter of the_f- :
| ob]ectlve lens is 3n mrn the outer perlphera] surfaces Ib 2b of the outer rims 1a 2a and -
' ~the lens surfaces are, formed so as to have a coaxral degree w1th an error range wrthm '
- 30 . . | o
| A metal dle for formmg the lens holder 3is comprlsed of‘a portlon 101 for-

-casti_ng the first Iens fitting p__ortr_on 4 and a port__lon 102 fo_r formmg the second lens -




"';7_-":i-def| ned ‘between tie: convex die 103; and the concave die 104 serves as-a =
“_cavity 105 into which the nol'ten resin is introduced TheidJns2dvel der 3 is -
-formed b the nmol ten resin being charged into the cavity 105. The portions
. 101 102 for castlng the first lens fitting: portion 4 and the second |ens-

. fitting. portlon 5,. .respectively, provided:to. the.convex die:1.03 used for

;,,_:,.form ng-.t-he.: lens ‘hal.der- 3,..are. ford by concurrent.. machi ni ng. on-.a-lathe;-
“that is by- rrachl ni ng by the sane chu ing operation, so that the coaxial"

"~ “degree..is maintai to high accuracy I'n case the effective di aneter . of
the odfitig pRrtiop A5G Ppgtl@%ihenm fargied onthe Smmmvax\ﬂbelatmgaeenter
wavel ength of 405 rimis to be condensed, the first lens fitting portion 4
. of theshoswnis im&ligld?. Ateomeeal dis fbmfomdmgahadenphblﬂ& Rihcahpesakodlthelegr ee,
‘with an error range-less than 30 pm relative to the second lens fitting

- .por ti %n@ex-ﬂl@lm i5d a bomGvEidid 10@111?6’W11'1%l‘1s4nse?{eﬁ‘thg%gnv& &lé;d t[lﬁg | der,,

-3, formed: to have an |nner di amet er apprOX| mately equ e outer

':----dl arret 16 outer a of, the- f|r l-ens-1, ‘a |n Fig.2:
e unalAiS s 8 BRE clis Ths S Rtredietinfo e Pangiverdis i Hle Bpus. eam.
“with a kal@% center wavelength of 405 rimis to be condensed, the inner .

" di anetdsfingd bstweeith eanvaxedie tG&and@epmcamdm 1684 demiegned cavigui@®r an

- ~error' |l ess than 30 pmwith respect to-the outer dianeter R2 of the outer‘

_‘ rim | antofwhivh thenmbltenertsmlls 1At‘rodudied$fl"héllan@h61fdef?3 1§ffofrﬁ@d B?Qﬁélﬁhdl%iﬁ '
'—flttlng portion 5 is-. r rim2a of the first lens 2. If, the objectlve

“léns Y&ldih b‘%ﬁ%&ﬂir@gd Erﬁoztteig‘:%zﬁf?iﬁh' nvention, ‘the parall eI ' 'sm appr oxi-mat el'y.

. equal "to-an dyter.~di ane
g .tl?)s nrnnofatﬁg E te p()irﬂonsa‘fﬁl 1er2 f%]; fcgsct}ngvt(hedrllrsﬁgllg rfltt?rflg i)glgtlc?nb ?u%t[l Itl\rlee seceorlll?i uni t
‘ " lens flttlng portmn 5 respectrvely, prov1ded to the convex die 103 used for fonnmg the:. |
]ens holder 3 are formed by concurrent mach;nrng on a Iathe that is by machmmg by
| the same chuckrng 0perat10n so that the coax1al degree is malntalned to high accuracy
R In case the effectlve dlameter of the ob]ectWe ]ens unit Is 3 mm and a hght beamlr _'
havmg a workmg center wavelength of 405 nm rs to be. condensed the flrst lens flttmg - SO
: I,pomon 4 of the. lens ho]der 3 formed i is formed so-as to have a hrgh coaxral degree '-'
- w1th an error range less than 30 um relatlve to the second lens f1tt1ng poruon 5 | _ o B
: The ﬁrst lens ftttlng portlon 4 prov1ded to the lens holder 3 1s formed to have o L
' an Vrnner dlameter R approxnnately equal to the outer dlameter R2 of the outer rim la
' 'of the first lens 1 as shown m F1g 2 In case the eﬂ"ectlve drameter of the objectlve :
. lens 1s 3 mm and the llght beam w1th a worklng center Wavelength of 405 nm is to be DR

condensed the inner dlameter R, of the flrst lens ﬂttmg portron 4 is des1gned to suffer

. an error less than 30 pm with respect_to the outer dlamet_er R, of the outer.n_m laof -~

e outer rim2a of the.second |ens .2, It :




“iFi‘ght "béam wi th ‘a wer ki-ng center -wavel-engt h ‘of 405-nmis to be condensed, . “* |

-the inner diameter R3 of the second Iens fitting portion & Juged®si gned to
~-quffer anerror less than increased; thus |oweri ng the optical properti es,
~as shown in Fig. 14. 1f, in-an objectlve llens-unit with an effective
diareter. of 3. nmand W|th the .nurerical. -aperture. NA of 0.85, the light

rshal [ criteria threshold (wavef ront

 aocondh Raflichsd Kbk a6RETek 16, BF (e Schid clons Gesponton i i ens -of -

~2:mm. the parallellsm between the first and second lenses 1, 2 is to.be

_beam wi't h.a wor king.- center wavel engt fof 405..nm.is. t.a. be condensed ~the. RI\/B--::-_T:‘:

~ val ue of the aberrat i on exceeds the

~ conpr iappaoximatelyzsqyel tsf awouted digpmeter Ry, of thmewtes sim Patod the second lsupgort the

first and second lenses 1:2 by the. 3.5 pmin accordance with the follow ng

_equat ifpfx noted Wi, ¥ dase (ife eFfetewk Mizmated oﬁlhe‘dbgé&#e"lbh?ﬁﬁ'lt ﬁs ?hﬂfnf) hﬁtl"l: 'tllc]; to for m‘

~the |l ens hol der 3 nolded using the netal and whi c I rst.

~.and th th t d-
and SSRIRAek AR shvodid b EFaP RS AL AR UbHEIToh BEnTRREA wiBBhbere o
" hol d| the Eir t and second |enses 1, 2 with such high accuracy could be
,forme ameter é’}ttl"éﬁiqﬁy ddens fittig partiop i is designed s sufifer aeersorilesstives 1, 2 -

and the | ens hol der 3 t oget her w thout interposition. of fine dust and d| re.

e in- beﬁ@qan witheesprctty thermtendiametereR | obfheansentiti 2gof te i3} kaiside | ens

. unit: Asa result, it is extrenely difficult-to mount the  first and second

Jenses 1,7 g qmttétebjeeﬁﬁe lb@lls‘i'ﬁ'it a%cmdlhg@@t@ }hr%hezﬁrlh%ﬁtlbﬂ' thehﬁar"i’tll@l‘lgm R B

between the two lenses 1 and 2 is detenorated the aberrauon is 1ncreased thus -& S
o lowermg the opt1cal propertles as shown in Fig. 14 : If in an objectlve lens unlt VVVlth
an effective dlameter of 3'mm and wnh the numencal aperture NA of 0 85 the light
~beam w1th a workmg center. wavelength of 405 nm Is to be condensed the RMS Value_ :
' --of the aberratlon exceeds the Marshall crlterla threshold (wavefront aberratlon of 0. 07 '
.f‘ Arms) In case the parallehsm between the first and second lenses 1,2 exceeds +0.1 |
__degree. o o |
If w1th the outer dtameter of the lens of 2 mm the parallellsm between the first |
o . and second lenses 1 2 isfo be comprlsed ina range of +0 1 degree 1t is- necessary to .
= support the ftrst and second lenses 1 2 by the lens holder 3 w1th1n an error range of B
+3 5 nm in accordance w1th the followmg equatlon | |
2 [mm] X tan(+0 1 [deg]) = +3 5 p.m
It is extremely dtfflcult to form the lens holder 3, tno]ded us-lngathe rnetal die, |

__and which hold the first and second lenses 1, -2 w1_th_the parallelism w1tl_nn the __above_- '




. idefined error range. Wth thé objective lens unit -of the present invention,

- difficult to form the Iens holder 3, capable. of hg

- .therebet ween“of  the above- defined error rang

" _‘unless the distance  between.the first- and second |enses 16 Jude 2p08t  t Oget her y
- as. the optical axes Pl of the |enses are coincident and as the parallelism
- within a preset error range is nmaintained, is kept within a preset range,
- the’ aberratron is.increased,. while.. the:optical .characteristics are . ..
'._:_:_-:deterrorated ‘as..shown.:i.n. Frg 14.. é Wi.t-h the .effei. with the:light- beam
- to be condensed thereby havi ng -a wor png center wavel ength of the nunerl caI _
" aperture e- obj ective l.ens unit 3 pmand 0. 85, respectively, and 405 °
o Eriitaanat 6 SER rersotueiion Evennt therleas Sobncs capebls of 5
exceeds 13 m the RVB val ue of the aberration exceeds the limt of the -

“Mar shaholding therfizst andhseonddensebds Ravith suclohigh aécumm):?r gbtlld Ib(if(ﬁ]nidtﬁ fiﬁsyd
Ing the Tirst an

- secondextennely diffidult tfoqrunmnrér ind Re&sid I\éﬁséser'e an\ﬂ"th@lgetrr])g‘rl’nggdeg dsﬁt@ggtqex ty,

- -using rcuIt form the 1 ens -hol der. 3,
.capabl‘g’ltgﬁhﬂ;qt%bgghtoh Ofiidﬁ%@'tsﬁ}gd l!’éﬁ B Slda working egyopmed of i ng
accuracy in_usi nmet al di e device, as the optical. axes P, of the first .

. and seeeeabl!esége Ogrcctwerl@&legt sﬁérﬂe@shh,glﬁllglextmndlyadléﬁlwlthtrg’lmdnghee of -

 parallelismis nmaintai ned between the |l enses 1, 2, :and as the or in the "~ ..
~di st arfirst bed wecond henskeds @ontthedens hmbdertauﬁﬂrdpdrallbl@smﬂvlrﬂhih thePAtRsRL range.“‘,'

W th the objective. tens unit ofthe present -i nvention, the precision. in- they

‘.i--paral |(I%inn%ﬂ‘&ﬂ§fﬂaﬁged' stance betvween:the first. and second lenses ‘1, 2.are
.. guaranteed, . usi ng an.. assenbl ing jig capable of adJ ust ing the- assenbl 1 ng

” - accur acy. VWtitlﬂ ﬁJeggve Jens unrt of the present 1nvent10n unless the dlstance_ -
between the frrst and second lenses 1 2, put together as the optrcal axes P, of the
]enses are comc1dent and as the para]lehsm w1th1n a preset error range is maintained;
1s kept w1thm a preset range the aberratlon is 1ncreased whlle the optrcal

hE charactenstlcs are deterrorated as shown in Flg 14 If with the effectlve d1ameter and. _-

the numencal aperture of the ob]ectrve lens unrt of 3 mim and 0 85 respectlvely, and
| w1th the 11ght beam to be condensed thereby havmg a workmg center wavelength of |
405 nm an error in the drstance between the flrst and second lenses 1 2 exceeds +13 B |
nm the RMS value of the aberratron exceeds the hmit of the Marshal] crlterra_
:I:(wavefront aberratlon 0 07 Jtnns) | | o H o
| Itis extreme]y dlfflcult to form the lens holder 3 capable of holdlng the flrst |
i 'and second lenses 1 2 formmg the objectrve Iens w1th the dlstance therebetween of‘ o j‘;
'. the above-defmed e1ror range fo h]gh reproducrblhty, using 2 metal dle

_ 'It__is “extrernely difficult to form the lens. -holder _3,r.cap_able of __hold-ing the




";:fj*‘dependent oh the preC|S|on ‘i n"casti ng “t he Iens hoI der 3. That |s S
~.setting the rel ative posi tions of the first and second Ieris.eeezooez form ng -
-t,he objective lens unit of the present invention, the first-lens 1 is .~
: |nserted into using a UV curable resin. ‘At this time, the first lens 1 is -
introduced into. the first. l'ens .me first. Iensflttlng portion 4 provided. '

.!-;.:"V\Athln t he-lens: hol der..<-3-.and. i's- |m fitting.portion-4:-so that: its fifst.

~I'ens

. base bl ock 30... Meanwhile, the holding j:ig 3Llis confect e

surface S, ‘being convex with a Iarge l‘adl us of curvature Si. .of the first

““l'ens 1 o,oeratie as.an incident side for the Ilght beam radi ated froma
| i ght - ORiefFlive ensmit; (kased selsky ondhe eagtingrmasuracy, inasingwmretalndi€idevies, and

15.. .The first surface source when the objective lens .unit,. is nounted on

“a The 4s the dpical hxes & ustthd dirshand aReohd® 18mics31, zs,né%gtnéee ngﬂ;( base”
block 30 of . the jig. At this time, the first lens 1 is carried -

o sur f acgcheatk gllﬁl '
- supporting: s}lg”\rmfﬁf ce egr ovﬁdfaga%ér:tﬁgl'l&%g%@galgp g‘%ndﬁéﬂlﬁ%‘ }’I%a%d e’Second _' N
he f t 1-to formthe objective l'ens unjt-of- -

_the przeeg rle%ll%?b‘*lﬂ‘t‘ISR’ wgerh@eaewsgls Rdp daiptajned tgbe Wﬁblﬂépﬁtsﬁt/emg@& tion
~of which with maintained to high accuracy. The second lens 2 is introduced . .
. into the seVithdtheeohjeetieptans umttdfeﬂieapmsbhbuiwe&ﬁoapﬂn@precﬁgohhﬁl fhe st lens -
1. along-with the lens holder 3'1s fitting portion 5 of . the. lens holder 3, ..

carri mraﬂknsmamm disnake Betwasm i firsh A dlsODnidi 18} 1,9 dfgé%%rarﬂlé@%,ds the =
an akr. -

sucti 5 i ts distal air
. sucti gﬁl éﬁ & le ?@é@%dlg% caéﬁgdﬁgﬁgg ?’b‘l/f% P‘i?hf‘ﬁé‘ CERAGH o Wik tg ré
Cintroduced,into .the second l-ens, f|tt|n ortioon 5 0 that. the Iens surface

- bei ng%ﬁ%@t H‘QG PWP“F%&?ﬂy&l‘h%}EH&/gﬁﬁlﬁé 3faces a second surface S2 of

~the first lens 1 secured to the 1ens holder 3.
That is, in settlng the. relatrve positions of' the first and second lenses 1 2 :

formrng the objectrve lens unit of the present 1nventron the frrst lens 1is mserted into
the flrst lens fitting portron 4 provrded w1th1n the lens holder 3 and is unrnobllrzed._ I
usrng a UV curable resin. At this tnne the flrst Iens lis mtroduced mto the frrst lens |
e fi ttmg portron 4 s0 that its frrst surface S bemg convex w1th alarge radrus of curvature
B wrll be protruded from the lens holder 3, as shown in Figs.2 and 15. The frrst surface
o _. : S of the f1rst lens 1 operates asan 1nc1dent s1de for the- llght beam radrated frorn a llght “
o o source when the ob]ectrve lens unlt 1s mounted on an’ optlcal plckup devrce |
E The flrst lens 1 secured to the lens holder 3 is supported ona base block 3l) of
' the Jlg At this tnne the fn‘st ]ens lis carr1ed as its surface Ic towards the flrst surface '
s ';of the outer nm 1a is placed on-a supportrng surface prov1ded on the base block 30 of I
B the jig. | | | | |

The second lens.2, combined with the first lens 1 to form the -objective lens_ upit -~




3'-5'5-'Th'e--:c;onl/fe'><'_s‘u'r“f'ac'e‘ ‘6f "t he second 1 ens 2, facing the second surface 'S of

. the first tens 1, forrs a third surface 'S3 of the objectiefmbessw unit. B
positioned, wth t he first lens 1- secured to the first lens fitting porti on.

4 of the lens a UV curable resin. ‘The second lens 2, introduced. into the-

. ..second lens " flttlng portion. 5, is s bonded ‘to-the- Iens hol der -3, -using an
-*adhes|ve such ‘as:-When t-he-fi-rst-1-ens; 1 -i-s- secured t-0-the"l ens-hol der3;

'?-'._‘t.he position of the first lens 1 aI y its optical axis with. respect to the!"__:
| ens the tilt of the first Lens I with- respect to the center
axi s &?tﬂﬁé’r‘lsgﬁgmi‘@l]@%‘l ]%hﬁlrdebYc% ?M@P&E&ﬂaﬁh&ﬁdaﬁlﬂ@ ppidionunivalzieh waith owar ds -

the second surface S2 of the outer rimla conpressing against a step 3a

“provi despech te He bisedodkedB sapparting the firstdengt1 il ithrtht fend leslde®ligler 3.

An adhesive filmwith thickness on the order of I0mis int er posed bet ween

 the . maiﬁfﬁn@@l@hl%ﬂ’ﬁcdu@ Unpige seesm q’é.ﬁgz iCintroBuBE S TR e’h‘né‘éllhtl ?él# s used .

~-for .an opti cal tlngsrface dof the-outer rimla o I'ens |

- and- t hol de ecuring the first.lens’t to“‘.ff*.;
2ot ARG § o PR S DG b e bR RGBT R iR bRl T 1O
~illumpation by the W/ light, is_used. pickup device adapted for wr|t|ng or- .
readi Bd 15#0Y @m@s@e@sghhdc%@r or froman- optical recotding nedi um
- When used in an opti cal plckup devi ce,” the objectlve | ens " . Lo
Meanwhzle the holdmg jig31i is connected to an a1r suctlon devrce so as to hold

the second lens 2 at 1ts drstal end by a1r suctlon in'a dlrectlon mdlcated by arrow E 1n
The second lens 2is lntroduced 1nto the. second lens flttmg Iaoﬂ1on 5 SO that the .'
lens surface bemg convex to a Iarger radlus of curvature faces a second surface S, of
the frrst lens 1 secured to the lens holder 3 | |
| The convex surface of the second lens 2 facmg the second surface S, of the first . B
. lens 1 forms a thlrd surface S, of the ob]ecuve lens unit. | o o
The second lens 2, mtroduced into the second lens f1tt1ng portlon 5, is
o posrt:oned wuh the flrst lens'1 secured to the flrst lens flttmg portlon 4 of the lens
. - ,holder 3 asa reference and is bonded to the lens holder 3, us1ng an adheswe such as -
'aUchrableresm t R I o e |
: | When the first lens 1is secured to the lens holder 3, the posrtron of the flrst lens
= 1 along its optrcal axts w1th respect to the lens holder 3 and the tllt of the f1rst lens 1 "
with respect to the center axis of the Iens holder 3 are controlled by an abuttlng surface |

- 1d towards the second surface S of the outer rim Ia compressmg agaznst a step 3a




nedi um 110, the first and second l.en

f;ejjunlt ‘of ‘the present ‘inventionis arranged so ‘that the. first lens'T: and’
- the second lens 2 will be located towards the- Ilght sourcea,fuagljg@;tel ng the
-1ight beam and towards an optical = recordi ng medi um 110, respect ively,
. shovvn in Figs. land 2. -Since the Obj ective-lens unit used in the optl_cal
- pi ckup”! deV| ce_is. used: for converging the 1:ight beam radi ated..fromthe

o ght.sour.ce: on a-si-gnal- fecor-di-ng--sy éf ace-: 111 of -the- optical recording: - S
s-1, 2 are conbined so that the f|rst___

" surface S, .and the.third surface S3, being convex to a larger radius of

* cur vat Brevidg fe ﬂlfeﬁlsotf'dltséél %\Mﬂgnﬂ@fmﬁﬁ? ghtthe fansdoldedidat i ng the 1ight -
‘beam. In the objective l.ens unit of the present -invention, the nounting

 position of Anrelhssive fidmlveith tickisess ot thi dridet 6 Ovomaris intgrpRRed beveerdhet he
first lens 1 as reference. Thus, wth the Obj ective lens unit of the. :

o presenhbmaugrsttteee mtafﬂ%ees.aeftnh?l?éoﬁthefﬁ .th.thf@ﬁTeé%a}Bpl gﬂ@lgmgg Ic of

-~ the outer-rimla of frrst-l-ens eam :

RN 2 R AT ST WAL RSN

'_|s I ntroduced into and. carried by t he second lens fitting portion 5 of the :
| eris hep@ble @Salad“m\@:by|lﬁumathleh)sthesU¥dtgiﬁetssmdd that is in-which the .

-' - .offset of the first lens 1 in a planar direction a state i'n which the = =

" eccentri-ci t Yhobbjeotivé letﬁmdlmoﬂdmgt@ﬂie\fﬁeseﬁt lﬁ\ﬁenﬁbhh@ﬁsetﬁfdr%n cPtic'ﬁl2 fi rSt

perpendicul ar to the: Optl cal axis 1s suppressed: Wen introeduced . into. the,

S TRPISRIR doried AR K ffr""'l&l‘i}fﬁefs*&"ﬁ?%qtfte oD el A BoR f’Qns_;;_ﬁ,

T1iss ssed.,,. enabl es ust ment. . of rallelismof. the second lens.. .
L SHRDR ES bRl WS TR by O oblheal KD dtivhS phlarrive toman <"
.,.'-‘formng the second lens 2, the metal die is pressured in a direction o
~ di st an‘tﬂit of the Pfégfplédllwtlﬁlqntﬂg a@pmgcélsoahotshe frrst lens 1. and the second lens 2

will be located towards the llght source'radlatmg the llght-beam and towards an optlcal
L recordtng rnedmm 110 respectlvely, as shown in Flgs 1 and 2. Slnce the obJectzve lens,
) unlt used 1n the optlcal plckup dev1ce is used for convergmg the llght beam rad1ated'_ l_ '_ |
T from the hght source. on 2 31gnal recordmg surface 111 of the opt1cal recordmg‘
. .:medlum 110 the flrst and second lenses 1,2 are comblned S0 that the first surface S,
s and the thlrd surface Ss, being convex toa larger radlus of curvature W111 be located' |
i towards the l1ght source radlatmg the llght beam 7 . |
| | 7 In the ob]ecttve lens umt of the present mvent:on the mountmg }.)‘osl1t1on of the
' second lens 2 i is set w1th the mountrng posrtlon of the first lens 1 as reference Thus :
B W1th the objectrve lens umt of the" present mventlon the second lens 2 1s posmoned “ '
-w1th the surface 1c of the outer rim 1a of the first lens 1, on which falls a light beam

Iy, asa _refe.rence surface,_ as shown in Fig.2.




““along: the' thi ckness of the second 1éns 2,  that is i'n a direction parallel
to ifs opti cal- axis. Wth the second lens 2, forned t hr ougduuh&psoeol di ng

o process corner portions 2c, 2c on the outer: peripheral side of the outer

“rim2a, which the vitreous material reaches 1ast duri ng t he casting
.. process, present curved surfaces, V\/nereas the- portr on i'n-an outer- :
«-peri pheral, surface 2b-of “the outer, tl m-2a ‘whi-ch becomes -a-cyli ndri-cal:

“.surface par aI lel to the optrcal axr
with a wdth W of ppr xrmatel 100 mat a nid portion alongthe direction

~“of thicknes e%Fs"OQﬁg 2 eCPF"g] orthe lfﬂiﬁeh@]dﬁtécwﬁguhtt axnding presitvon ef '
‘peri pher al surface 2b of the outer rim?2a of the so fornmed second - Iens 2

wi t h tthe firstrlens heecwiedrialpositidicto eholens heldw X asl rdfersnck fstihi8dResd ine® 5 i S
only the ring-shaped portion of- a width Wt of the order of 100 m As a -

~resul tan&d&?né&ﬁ?"t‘l@les&i&%dzlens fi 5%‘%‘3 of i 186€ AORICE 34 fﬁ“'ggatg@ht'on 5.

~can be rotated nadrrectron e optica

ring: I| of th Wi, dt rder 100 contacted with -~
TheS A SRR ek Sl gelatice? HtBiatohe PpgHTsaRs poeshe. {he
center of . rotation, Additionally, the second |lens 2 can be noved . in a.
- di rectP%lSa‘il“@RQeSﬁ% thpt isdal which shevwfiseinof the first boms 1 ins plddar idigpapiont i on 5.
‘I'n an objectivelens unit nanufacturlng device. according to the present

" i nventpegrendiculdrtbehe opiphlaixield suppiegsdd. oWHeh ihftediitdd 1n?d tl@he‘é@hd?@ds axis of . |
“the first. lens 1l relative to the reference .surface of the-device 1s by = .

RS umfﬁﬁh$ Egrtidhes s %cddcgl'ehié(?s f sﬂ}cﬁffstﬁfec\%hi tg%fl‘?et% é;epIrbcH{]y terfl_” qul a

.of. the fiTst Obj éctlve 1 ens M

~ reflect refl r.omthe reference surface lc of t he
o first g‘t’léﬁgeg @&?Qﬁtﬁai Ao 0235‘3 glést%ﬁ%% dhpRTghiedenableeadivsiraent ofghe
<~detection rreans 'such ‘as a first CCD (imaging device) 32, and by i nputti ng

“.an ouPpualleligea @fcﬂl@cﬁmndriénﬁ:@drem“teotot the flrstsl'ensrﬂn |thatr153.ﬁe téds ashonhn in Fig.

Y distance w1th respect to the optlcal axrs
That is; when formmg the second lens 2, the metal dle ls pressured ina d1rect10n _
o \_ along the thlckness of the second lens 2 that is in a dlrectron parallel to 1ts optlcal axis. . |
- Wrth the second lens 2 formed through thls moldmg process corner portlons 2c, 20- ,
-.on the outer penpheral srde of the outer rim 2a which the v1treous materlal reaches last
o durlng the castmg process present curved surfaces whereas the portron in an outer: o
LI perlpheral surface 2b of the outer. rrm 2a whrch becomes a cylmdncal surface para]lel
'to the optrcal axrs of the second lens 2 is only a portlon w1th a w1dth W of
"approxrmately 100 um at a mrd portlon along the dlrectron of thrckness as shown in
. '-’Frg 16 The contact surface of the outer perlpheral surface 2b of the outer nm 2a of the B ) ,

so formed second lens 2 wrth the inner perlphera] surface of the second lens flttlng

portron 5is on]y the rmg-shaped port:on of a wrdth W, of the order of 1(}0 p.m Asa

f the second. lens 2 is only a portron____




“The ‘'surface it on the outer rim la of “the first Iens 1, positioned towards ="

_"..the positi.oned towards 'the optlcal T écor di ng medi um 110 i ss.fueepwd as. an _
~inclined surface, as shown in Fig:18.. That is, since the surface |e of ‘the
~outer-rimla of the. first lens 1 optical recordi ng medi um 110, is formed -~
~as a surface.inclined towards. the outer rim. the:outer.rimof .which. |s

".-.prom mat e-.t-0- the referencessurface | ¢, a-portion of-the-laser Iight-

Jillum nated on- the reference surface?? ¢ and. transmtted through thls
" reference surface |c proceeds as i ndi cat ed by ‘a broke line in Fig.18,
wi t houtesnbadieisagondlens 25 insertediintezthe sveandilens fitting pottiamss,rahlbeabtaedy  t he
surface le lying towards the optical 26 recording nmedium-110; thus assuring. .

-opt i MuimaitetionPergindififtat id the @ptichieis dbut befie-like pdARd dﬁhetﬁdﬂrw surface =
|l e of the outer rimla of the first lens 1, lying t](D)vvar ds the . optlcal :

~recor but formed as.
oo BT b, Somabie APk I hun B el G e MardDefBLIT
ctight L] um'nat ed: the reference face 1c ‘may be transm tted through -
“the r eftfétngd)@étlee t%é@e F‘“cm?boé@éﬁ‘llplt Mﬁﬁu@wb@th@eeandﬂmet 2 cag hemoved er ence
.surface is so as to be then reflected by this surface. le to proceed as
i ndi canet:kilbectmnbrlongﬂrd opticalaxis within the sgeond bertshiittin orirtiohl3. 32 after - -

'-‘reflectlon by -the mnor 42. |If the |ight reflected by the ‘reference surface;_

| - medi um 110 reach-fhe first. CCD 32 in a m: ed ‘state,.

‘1c and. -t hdnl i@ bjecitdetépd Uit QB4 de%rcé)%éoiﬁhﬁ Eto Bﬂétsegfecor di ng"'?_'

eans
| ?Ege; ?fr?gerﬂfog%ég ﬁ@ﬁﬁ@lgrq%gogﬁtseghﬁﬂ é)?rtﬁesEﬁtuﬁe&naggtllc]aﬁtaxgseofe t(ht If?rst ﬁafnstll ' Of
s .- relatrve to the reference surface of the devrce Is by rllumrnatmg the laser lrght toa R
- reference -surface 1c of an outer rim 1a of the ﬁrst ob_;ect;ve lens 1, on Whrch 1s:-"
1nc1de11t the Irght beam Ll, by reﬂectlng the llght reﬂected back from the reference
| surface 1c of the fll‘St lens 1 by a mlrror 42, so that the Jrght wrll be 1ncrdent on
' -: detectron means, such as a frrst CCD (1mag1ng devrce) 32, and by 1nputt1ng an output :
S detected by the CCd 32 to the first momtor 33 as shown in Flg 17 o
The surface 1e on the outer rim 1a of the first lens 1 posrtloned towards the
optlcal recordmg medrum 110, is formed asa surface 1nc11ned towards the outer 1im, i
o .ﬁas shown in Flg 18 That is; srnce the surface 1e of the outer rim 1a of the ﬁrst lens 1o
o .' posrtroned towards the optrcal record]ng medrum 110 is formed as an mclmed surface {
the outer 1im of whrch is prox1mate tc the reference surface 1c a portlon of the laser '
., hght 1llum1nated 011 the reference surface lc and transmrtted through thts reference :
surface 1cproceeds as. rndrcated by a broke lme in Fig.18, Wlthout reaching the frrst

. CCD 32, ev._en if the light is _ref[ect_ed by the surface_ _1e lying towards the optical




el pl e reflecti6n be produced bet ween the reference surface. -3¢ and the )
s "'surface | e towards the optical ‘recording nedium 110 to retelhe 2006i Npossi bl e -

"'-SIde of* the outer: r|m a- towar

to ‘detect the tilt -of the first l'ens 1 satisfactorily. On the. other hand, )
the surface It of the outer rimla of the first lens 1 towards the optlcaf

.- .recording medi.um 110 nmay be :f-ormed as- an'inclined surface récessed from _

~othe-outer: r|n1slde ‘of -t he ‘out-er - rlntif tomards ‘the-eenter-of-the 1 ens- Ly @g

. shown.in Fig.18. In thls “case, the ght reflected by the surface le:

' pti cal cordlng medi um 110 faC|ng the reference surface. 1c -

. .tgm?re?lfse&terﬁﬁmqstwm  dhwseassupngapsingym detestioarofithentidt ot the first lenstlens 1,
as ‘indicated by a broken line in Fig.18, thus reliably prohibiting the o
Light refl éBhatds,lifitie sirface {bef tho Guiecriield obthelfist leng 101y1h§ﬁ)&arcsfth&CD 16
June 2006 27 32. The surface le of the outer rimla of the first lens 1 may:

250 kel e amantudhiF 058 rte A HERII R 0

1, .as shoun in=

oot ptradEpAERIGLfo 15 %‘éﬁé‘%ﬁf A o Pordho vt bsebueBRer et o

-Fi g.

surface towards the. =
the reference surface lc may be transmrtted through the reference surface lcto reach”'_

_the surface 1e parallel to the reference surface 1c so as to be then reﬂected by thls : -
| ﬁl N surface 1e to proceed as mdrcated by a broken hne in F}g 20 to get to the f1rst CCD 32 _,
. .:"’:"after reﬂectlon by the mn-ror 42 It the llght reﬂected by the reference surface 1c and
o the hght reﬂected by the surface le towards the optlcal recordmg medrum 110 reach.i-'
the f1rst CCD 32 in a mixed state, the two Irght beams undergo mterference to prove .
1o be a noise agamst detectron of tllt of the first lens 1. There 1s also the risk that o
o mu]trple reﬂectlon be produced between the reference surface 1c and the surface le. .
‘towards the optlcal recordlng medlum 110 to render it lmpossxble to detect the tilt of | o

x the‘ first lens 1 satlsfactorlly

S ‘, .jthe optrcal recordmg rnedlum 110 may be formed as an 1nclmed surface recessed frorn S S
| the outer rim srde of the outer rnn Ia towards the center of the lens 1 as shown in

: 'Frg 18.- In thls case, the hght reﬂected by the surface le towards the 0ptica} recordrng |

medrum 110 facmg the reference surface leis. reﬂected from the center towards the _" ,
. outer rim of the first ]ens 1 as 1ndlcated by a broken llne in Frg 18 thus rehably

prohibiting th_e light reflected back from the sur_fa_ce le _fromrfal_h_ng on the first CCD




;foptlcal recordlng redi um 110. of thé-outer rimla of the first |ens 1 from.: *
~.falli‘ng on the first CCD'32,. an AR.coat’ (antl-reflectlonuimh@immmybe

:Rrovided on this surface 1e to inhibit reflection of the laser light
_incident on the surface Ie. Wen the objectlve 1 ens.of the present

“invention.: is. used in-an .optical pickup -device for wri-ting.or.reading out

~i-nf.or mat i on. si ghal:s-for- an--opti cal. . §7COI’dI ng- medium-such as-an- optlcal s
. disc, it is necessary for ‘the norrmal“operation to be guaranteed in a range__lr
S of a't erature environnent from-sub-freezing point to 60C or hi gher If-
the t erature environment is changed t hr oughout this range, the a|r
present in the space forned between the first and second | énses 1, 2,
inserted i e surfaceate ofttie mptdriml lensf thelfiter le@s 1imay AlodedfaARIIeR abl y i
density. The air present in the hernetically seal ed space between the

first jasnsPaRPte WHtASs docedscldSromNBE 8GR FRR %&&fﬁ%é’ o’uter‘?pﬁ‘ Li%‘th{;v%r@d essure

- due to changes I'n_:the errperature envi ronment ehperature
~ r|ses, ure tvveen e Ienses —and is_ lar er than -
oS BEnBT SRS ) B3 HTcn BRL R Mot ahe S0Gorutvrash

) separate the Ienses 1 and 2 away fromeach other. If conversely the o
-t enperthe ire lens Lsas showipieliigal9.c -pressure between the lenses-1 .and 2 is -

. smal'l'er than the at nospheric pressure, thus producing a. pressure whi ch-

.- tends to cMomvbthot pmreﬁnﬂg ﬁmhg'httr@ﬂ@ﬂ@d (baelhfdrﬁr ﬂﬁ@hrfﬁc@%wards the,
| L optrcal recordmg medlum 110 of the outer rrm 1a of the frrst lens 1 from fallmg on the | | B
'Hlii flrst CCD 32 an AR coat (antl reﬂectlon fllm) may be provrded on thls surface 1e to N
': mhrbrt reﬂectron of the laser llght mcrdent on ths surface le. | o
| When the objective lens of the present mventlon is used in an 0pt1ca1 plckup 3
“ devrce for wrrtmg or readlng out mforrnatlon s1gnals for an optlcal recordlng mechurn ;
- "_such as an optlcal dlSC it is necessary for the normal operatlon to be guaranteed na -
) .range ofa temperature envrronrnent from sub—freezmg pornt to 60°C or hrgher If the :
' .temperature envrronment is changed throughout this range, the air present in the space
' ‘formed between the frrst and second Ienses 1,2, mserted 1nto and carrred by the Iens |
L _l_‘:.';fholder 3 is changed apprecrably in densrty RN e |
. The air present n ‘the hermetrca]ly sea]ed space betureen the frrst and- second "f
lenses 1, 2 is changed apprecrabiy in- pneumatlc pressure due to changes in the '
| "-’:temperature envrronment That is, 1f the temperature rrses the pneumatrc pressure o
| between the lenses 1 and 2is larger than the atmospherrc pressure thus producrng the |

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




s Meanwhile, the fi'fst lens 1 has an ‘abutment surface 1d; |yi'ng towards the-

. second surface S2 of the outer rim-a, bonded to the stemeSan@ﬂthe
firstlens: flttlng portion 4 with-a-U curable resin. The second lens 2 on
~the other hand is bonded, in position with an adhesive, charged into three-
. ..recessed. adhesij.ve. coallng por.tions 3b; forned. by cutting out portions of
..1he-inner.. rim:of -the.second- |.ens. fltgéng portlon 5,--as.-shownin. Figs:4. and:-
7. 'Since thefirst and second | ense are secured to the lens hol der 3
“with an adhe: |Vﬁ as descrltig;n ibove ‘the adhesive securing the first and :
secondPRIEdy 1he temperatuge falls the qmematic pressyze betsracarthe hensedeand
securing the second lens 2 to the lens  holder 3; is subjected to a stress,.
_.due t oisrsepatiereifian the) gisosphetiergressatrelr thus iprodecingai rgssie Sehichl feds heat

- cycl-e,- thus producing irreversible variations-in the distance and tilt of

- the | egmist Ph&iotRes q%gdtﬂodﬁgéa&f@t% scal ‘aberration characteristics.
. Assuning that the- .space b en the flhﬁis%ll l;nd second |l enses 1, 2, carried

I VT e T I B L M A LA

~‘the second Iﬁens 2 is ingerted into the lens holder 3 after nounting the
first Sekiee Do thngulesin da) biendel toheistaphda obthd first leas fithiag portonte

acting to separate the Tenses 1, 2 away fromeach other is present at all

- out er yitKign afihédife, 'cﬁ
. and 5, such that the.

" times Withia, U ¢urablegesinj The seeorideiens 2ok thé oftes hRheSBMondBY SR PdRRioRN ai I
- vent 3c'is first and second lenses 1, 2-is-a space. conmunicati ng with an.

RN ik ﬂeee%sﬁﬁ AiRES v DEb AR f’o"’fg‘. 335‘?‘

,:__ace be Ween € -conpressin

surf { o Ia of ,the f leps. 1. so holder. 3. This ai r
ot i By hoBY o e B Be S che i pion i soeiss B <t

L the” recess 3d is not contacted with the abutment surface Id of the outer

rimil glg%‘flldﬂgy forming.a cut-out 3e for establishi. ng communi cation between
the recess 3d with the outer peri pheral surface of “the |ens hol der, 3, as

shown in FngncEe the flrst and second lenses 1,2 are secured to the lens holder 3 WIth an

| adhesrve as. described above, the adhesrve securmg the flrst and second lenses 1,2 to :

e : the Iens holder 3, in partlcular the adhesrve securmg the second lens 2 to the lens_.‘ |
-holder 3, is sub]ected foa stress due. to repeated changes n temperature representmgr -

: a so- ca]led heat cycle thus producmg irreversible varratlons in the drstance and tilt of

g the lens to. glve rise: to deterrorated optlcal aberratron charactenstlcs =

Assummgthat the space between the frrst and second ]enses 1, 2 carned by the._ :

| lens holder 3 isa hermetlcally sealed SPace the air present in- the space between thef

' rfirst and. second lenses 1 2is pressunzed when the second lens 2 is lnserted 1nto the |

| Iens holder 3 after mountmg the flrst lens 1 on the lens: holder 3, wzth the result that the _ | i

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

b_etween_the lenses 1 and 2.




_:-:-:ff'-*By form ng the-air vent: 3¢”i i the lens hol'der 3, the space bet ween 't he-
. first.and. with changes-in-tenperature, - so that no pressurss use 2pl i ed to -

“the l'ensés 1, 2, and hence second-lenses-1, 2 does not prove a hernetlcally
- seal ed space, mhlle air in this space is. “hot- subj ected to changes in-the -~
.”pneunatlc pressure .even if .the denslty i's changed -no- deterloratlon |n

~opti.cal -aberrati-on characteristics. is: -produced desp| t€e..occurrence of -

_ repeated changes i n tenperature. n%% the space :between the first and

"second | enses 1. 2 dol es not rove to be a- hernetlcally seal ed space, :
there i's nolhussiwigh the ebjscdwe dens wnif (o€ the presebbinvestionhianfiir sent8cdsd | ens
2 into the lens holder 3 after nounting.the first lens 1 to.the |ens holder .

3. ancpmmmﬂnltlembeshdlde23}:&(shmmﬁn(mg?98aﬁdgds@dhﬂrtﬁé§pa¢e‘5€£twe%n'tﬂéert1 on-
of the' For. providing the recess 3d-i‘n a 'portion of the. step 3a of thelens:

- hol d f f hol der '3,

 hot derfidt ahlSecdR hOlh 12 1P SRR Einflyfichiile BfinoB Pl e Ee e §ro§Lce
- “the ste e O h t her > hand, te G ded :f
,_.Chiré.t@daa i 05eR 0s e by o nELae?%p@éEn%%oﬁamp%h%llaﬁs@né”

~holder 3, is provided in a groove 3f formed in the outer peripheral -
- sur f acomjiressing hgaisstibe dbutBentrsurfage dideof the dhtea rinula ofthSirétdens hosd he air
- . vent “3c, as shown in Fig:5 Wen the objective |ens of the present . -

| rreplmiceatdds st tisigtanig o8 S iy o
;."'t he n%ﬁ[ﬁly ﬂﬂﬁﬁﬂé' Odht o?nt 13% r%l’%sf%%lﬁﬁﬁlxg' &)rﬁmuﬂﬂ%?iogfbe?weeme aécuesg 3d
e w1th the outer perrpheral surface of the lens holder 3,as shown in Frg 5 DR
| By formmg the air vent 3c in the lens holder 3 the space between the frrst and .
second ]enses 1 2 does not prove al hermetrcally sealed space whlle arr in this  space
| is. not sub]ected to changes in the pneumatlc pressure even rf the densrty is changed
‘ " w1th changes in temperature so that no pressure 1s applred to the lenses 1 2 and hences_
e no. detenoratlon in optrcal aberratlon characterrst;cs is produced desplte oceurrence of o o
- repeated changes in temperature - |
L Srnce the space;’ between the f1rst and second lenses 1 2 does not prove to be a .
o - hermetlcally sealed space there is: no nsk of a1r present 1n the space between the flrst S ey
| and second lenses 1 2 becomlng compressed and pressurlzed on’ 1nsert10n of the”
second lens 2 mto the lens holder 3 after mountmg the first- lens 1 to the lens holder 3. |
For prov1d1ng the recess 3d ina portlon of the step 3a of the lens holder 3 the S

portlon of the convex dre 103 for formmg the lens holder 3 whrch is destlned to form.

T - the recess 3d, is removed by cuttmg to produce the step 3a .




“environment from sub-freezing point to 60C or higher. 1f the tenperature -

" environnent is changed- throughout t-his-range, the di stancm.joeémn t he
-first and second | enses 1 2 is changed due to thernmal expansion or

- contraction of the lens.  holder .3 itsetf. If; with the effective diameter |
~of  3.mm. the .wor ki. ng center frequency -of- 405" nm and .the nuneri.cal . aperture :

of .0.-85; - the: dr stance -bet ween.the-first..and..second |l enses 1,2 is-
' ',subj ected to t" naterlal f orm ng: the:loens holder 3 is a, the foIIovu ng -
““rel ationship: axAtxL < 13x10 3 (m); is derived. Here, At (tenperature

11

~ change) "an ltﬂrerm,hgthﬂndr aghate Gepe)vmdﬂmr):hargmmtteasennrmmnmnetar\mep 60/ 2
-30(C)- and L'=2 (m). Fromthese conditions, the follow ng-.condition for

‘the 1iindaje cauroanﬂd@r%gheeéﬁs kéldet 3;’:113qfrol/l@l@dflﬂla€g‘rb§{/e BREbRGedh iREteNS.
hol der 3:" a<2x104 anwhi | e; if -an epoxy resin, having silica (silicon:

o SR SRS 4 LTS el s ok PR IR bR 00

. The- o§| ect|Ve Ien?gﬁnt of a doubl e-l.ens set; made up by two. lenses; wth =
the noitefy ¥re (NA) of. not l'ess than 0.7, has a wor ki ng

. di stance. (the physr cal  di stance bet ween. t he surface of the optlcal‘ -
. recording Néhﬁmthearﬂdectmhamﬁahe pmesanhm\mn,tlentrs‘needl @rma)l aptizhl pl‘ckfuban that

- cof a-single objecti ve | ens used in a conventional-

- dev1ce for wrrtrng or readmg out lnfonmatron 31gnals for an optlcal recordlng medrum . - o
_f 1t 1s necessary for the normal operatron to be guaranteed in a range of a temperature ) o |
envrronment from sub-freezmg pomt to 60°C or hrgher If the temperature o | :
| enrrrronment is changed throughout thls range the d1stance between the first and :
'second lenses 1 2 is changed due to therm_al expansron or contract_lon of tl_1e lens.
| holder 3 1tself | | | |
| If wrth the effectlve diameter of 3 mm, the workmgcenter frequency of 405 nm .
» and the numerical aperture of O 85, the drstance between the frrst and second Iensesr
1, 2 is sub]ected to an error within 13 ptm and the linear expansron coeff1c1ent of the .
| ' -"materral forming the lens holder 3 is o, the followmg relatronsh1p |
S ochth < 13><10 (mm)

‘1s derrved
| Here At (temperature change) and L ﬂength of the Iens holder) are set as.
Sk "’follows ' | e

A= 60/2 = 30( C) and

 L=2(mm).




~optical pickup deviice. I'n the optical pickup device, the objective lens
. positton is. controlled by facusing servo in such a nmannets dipabodshe
~dj stance between the surface  of the optical recordi ng medi um and the end:
- face of the obj ecti ve Iens wll at all tinmes be a preset wor ki ng di st ance.
. The focusrng servo, din-turn, controls. the light beam. -, converged. by the
. -obj-ecti ve lens, so-that: the - lrght -beam - converged by - the objectrve Lens;.
wll be focussed on the signal recoralng surface of the optical” recordlng
‘medi um For exanpl e, if disturbances, such as external shock, is applied to-
t he opti cal mekthpse agaditias, tthe fmllipaung\m)nkiﬁrtm dor tthEaMnb@pQﬁrpaﬂshbﬁet from
its design position. . If; in this case, the working distance is long, the - -
pr obabébdffigient acéﬂthesnalenﬁlerh‘aﬁﬁfegﬁeﬂ"ﬁle%hs fdldef 8cor di ng nedi'um and the = -
~objective lens unit is low - if the working distance 16 June 2006
- 32 1is $10t he probablllty of collision between the rimand the objective
-l ens- unit becones - hrgher I.f,- when the coIIrsron occurs between the optrcal_‘
“-recordi ng nearuntand the objectlve Iens unit; ‘the ‘surface of ‘the optical-
. recor df ﬁ% iumis directly contacted with the Iens surface of the ,
~objective lens unit, these surfaces are damaged to deteriorate recordrng R
- and/ or reperanwhdechfaancﬂpevrysrtesnﬁ haWﬂglsﬂichG(sﬂiUc@rCHiOEde)eﬁlsS aUfiler; gk the ©
~ present. invention, ‘a protector 6 is nounted- on one end. flace of t he |l ens ~

| hol derse?ecfteli aﬁh@'nﬁzﬁbllﬁlﬁfohﬁ?né’ﬂﬁle%nﬂ%lﬂ@f?rtlle Hhealibgipﬁﬁgl%ﬂ%oefﬁment can . :

be suppresscd to a value on the order of 1><10 s RO

The ob}ectlve ens umt of a double lens set made ub b3r ltwo lenses .Wlth the_ '
': 'numencal aperture (NA) of. not less than 0 7, has a Workmg dlstance (the phys1cal
dlstance between the surface of the optlcal recordmg medmm and the end face of the
| ob]ectlve lens) smal]er than that of a smgle obJectlve lens used m a conventlonal__
- ‘_ optlcal ple‘llp devxce In the optlcal prckup dev1ce the Ob_]eCtIVG lens posmon is.
controlled by focusmg servo 111 such a manner that the dlstance between the surface
- of the optical recordmg medrum and the end face of the ob]ectrve lens w1ll at aIl times |
| _be a preset work;ng dlstance The focusmg servo m turn controls the light beam --._'
o converged by the ob]ectlve lens so that the hght beam converged by the ob]ectlve co
' ‘_ lens Wl]lbe focussed on the 51gnal recordmg surface of the optrcal recordmg medium. 'f
For example if dlsturbances such as external shock is applled to the optlcal prckup
B devrce the ob]ectrve lens unrt may become offset from 1ts desrgn posrtlon If, in this _"
case, the workmg distance is long, the prob_abrhty of col]151on' betWeen the optical

.rec_orcling_medium and the objective lens unit is low. However, if the working"d_ist_ance -




“ilens 2, i'n order not” to darage.t he surface of the optical recording medium <
“lor t he Iens “surface of the objective lens unit, as showneJunEbgms. 20 and.

+21." The protector 6.is formed by for exanple a film of fluorine resin: )
- exhibiting.elasticity and is provided for,. - being protruded cl oser to the -
.. optical recording nedium 110 than the. Iens surface of the -second.lens. 2 ‘
obying.cl.osest . to.t-he- optlcal recordlgg nedlunt -as - shown:-in: Fi-g-20;: -The::
_ protector 6 helps prevent direct confact: of the surface of ‘the. optrcal
‘recordjng medium 110 with the I ens surface of the objective Iens unlt
whi | e Bushostithe prebatilitie oftcalligian tbetwaem dhoyine aind icosbjbetivedens tinit
optical recording medi um 110 and t he obj ective l-ens uni t. Moreover ; srqce,;

t-he pritcemasrhighéras an only small frictional coefficient against the-
surface of the optical recording medium it is also possible to avoid.

- hi f e ve and ,shoul d
-* .iﬁf’{Fd;”ggatn"s"?@tE%“@%%?%@é&érb%h%%‘t.ca eBcHSREpIIR R 388 B0 L
revent:,t he-syrface_ of the- opt|cal

= rotect,0 erates. effectiv P T
E ecor cﬁlﬂ‘édtﬁf : Eﬁ fhﬁ%lﬁf%eiOﬁéﬁeaaﬁeddecmewdmms ditestly wonfastedr or t he
“like material, form ng the protector 6, is-exfoliated. Such debris 6a from .
_ the pr\ﬁttbdherlees sutfone wfathaiwhjeativd lons tumit, | these surfhecse aod dahgagedctnd | ens
2. If the debris 6a is accunulated within an area of the I'ens surface. of
: _‘., f t he deterlorate recordmg and/or reproducmg characterlstlcs . ' ' :
‘ Wlﬂl the objectlve lens umt of the present 1nventlon a protector 6 1s mounted ) _- i
S on one end face of the Iens hoider 3 for encrrchng the outer perlphery of the second o |
a lens 2,in order not to damage the surface of the optical recording medlum or the lens
surface of the ob]ectlve lens unlt as shown m Flgs 20 and 21 The protector 6is
| formed by for example a fllm of ﬂuonne resm exhlbrtrng elastrcrty and is prov1ded for
o B belng protruded closer to the optlcal recordlng medlum 110 than the lens surface of the
o "secend Iens 2 ]ymg closest to the optlcal recordmg medlum as shown in Frg 20. The-
- protector 6 he]ps prevent dlrect contact of the surface of the optlca] recordrng medlum
o 110 wrth the léns surface of the ob]ectlve lens unlt whlle buffenng the force of 1mpact |
R . caused by CO]llSlOll between the optlcal recordlng medrum 110 and the objectlve Iens -

| umt Moreover since the protector 6. has an only small frlctronal coeff1c1ent agalnst the ':

surface of the optlcal recordlng medrum it is also possﬂ)le fo av01d scorchlng

If thrs protector 6i 1s prov1ded as descrlbed above and should colhde agalnst the SR

surface of the optical recordmg medium 110 the protector 6 operates effectlvely to

_ prevent the su_rface of the optical recording -medlum 110 from ._b.eln_g:darnaged._ o




" “second I'ens 2 traversed by ‘the li ght beam ‘ the | ight path-of the I'ight-beam ™
s interrupted to | ower the transmssion ratio, while-affectinagomptical =

.. c¢haracteristics, such as -optical Meanvvhlle the debris 6a, produced on

' exfoI|at|on fromthe protector 6, is 'migrated-al ong ‘the direction of
. relative novenent of- the opti.cal -recording nmedi um 110 -with respect to the -
.obj-ective Iens unit,t-hat-i-s.-al ong tf1e tangentt al - di-rection of ‘the :.opti cal:--
. recording nedi um 110 as |nd| cated- b{}q arrow. X i-n Fig.22. Thus, in the

" “objectjve lens unit _ of the present ‘i nvention, the protector 6. is fornmed -
asone NMpwever, thetflwerineresyy @,retheuhkeanatseah fermingthe piotacior &, isexfoliatete 1i ght

- beam L1 on the.lens. surface of the second | ens 2, as shown in Fig.21. In-

~.uni t- manu

-use, tSuch debjriscial frem theprofuctor & bemuméLatcutmilid ditheduhs t#facd of TN, the
pat h- of relative novenent of the optical "recording nedium 110 with respect

- to theeg htc?ahs\ze If 8ddethistoa 15%hgﬁrgthla9ec{-\9r1t§1ﬁl§aﬁﬁlae‘9{'&5?ﬁele‘h@ sﬁﬁggg htgtgedl ens,

acturr ng evi ce, . . .accor resent 1nven

's-nanufactur he:abo ed-o e i's nou/explalned U
 Rot or SERG féﬂ%?&ﬂasrselﬁtﬂﬁaﬁgb ﬁfea@gh hﬁﬁﬂtﬁhg}zttb@awgs HGrTEBtedk the

. present invention includes an assenbling unit for positioning and ‘

- assentie lowger the drangmdssiere i, Whilesaffectingdptivahcharasteristidg sudh. asngtieal

i ~detection unit for noni toring the parallelism'of the 16.June 2006 34 |ens

'surfacspa;najfffetqmntyrst and second Ienses 1 and 2 and the out er r| s Ia and B
o 2an _ o v L I
o . Meanwhlle the Vdebrls 6a produced on exfol1at1on from the protector 6 lS. f o '_ o

mlgrated alongthe d1rectlon of relatlve movement of the‘opt1cal recordmg medmm 110 -
h w1th respect to the ob]ectlve lens unit, that is along the tangennal dlrectlon of the |
- optical recordlng medium 110 as 1nd1cated by arrow X in Fig- 22 |
- Thus, in the ob]ectlve lens un1t of the present lnventlon the protector 6. Js
| formed as one w1th a cut out 7 larger in breadth than the d]ameter R5 of the l1ght beam
- L1 on the lens surface of the second lens 2 as shown in F1g 21 In use, th1s objectlve : o R
:lens unit is mounted 50 that the cut out 7-is on the path of relative movement of the-
'opt1cal recordlng medmm 110 W1th respect to the ob]ectrve lens unlt E
Refemng to: the drawmgs an Ob_]eCtIVC lens unlt manufactunng devzce .‘ .
| accordmg to the present 1nvent10n used for manufactunng the above descnbed"
' objectlve lens umt is now explamed
Referrlngto F1g 23 The ob]ectlve lens urnt manufacturmg devtceofthepresent D :
-invention includes an assembhng unit for positioning and assemblmg first and second |

lenses 1 2t0 al_ens. holder 3, and a detection unit for mon_i-toring the _par_a’lle]_ism' of the




~iThe.-assenbl i ng - unit-incl udes a-base-unit 30, havi ng a device reference:

‘i:ﬁ"_surface 30a, on which to set the first lens 1, and a hol dimgmellamae 31, o
havi ng a ‘device reference surface 31a on mhlch to set the second lens 2 in

positicon. The-device reference surface 30a, ‘as an upper surface of  the base-

S unit 30, .is adjusted so.as.to. he: precrsely nornmal.-to . the optlcal axi s of -

_cthe first leng 1. .placed.thereon.: nés 30.is. :subst ant i ally -
~cylindrically-shaped, with an |nner acing, g the outer ri mIa of the

' vi ce, reference surface 30a and by extracting the

~firsti ] ens e S
i nner 5P Sllll.sf%ceét?(fttEE)g irpiand seegnd lensgs d Angel angh dhg pyter rims ka anddp. be held in
position by the air-pressure differential across its inner and outer. S|des o

At this -t iThe assembliggamitindlules ntbasbanit 3ophav1eg aidevideaséelehye tidadd r st - ,_
lens. 1. A glass cover or hernetically sealing the i nner spacing i s -mounted .

- to_t he30appRiwHiBK t@settihe fRasRnyNi tnd?Qhotle ghgzﬂ Vil el e rgfdrEHceéj Wi th.

';respect to the devi.ce reference’ sur ace e u pper end to reflect

i o N A A A T

" cylindjcall shaped-to .delimt an i nner, . spacing, and is adapted for o
L hgl di ?@at rﬁaﬂ% apBeigsyréage of thedwse ypit 30; lqartbgstedeomsrtnéreepnemely normabss it's
~_inner side and the outer -side produced on evacuatl ng the |nner area through__:_‘:.

to the optrcal axis of the flrst lens 1 placed thereon S
- Thls base un1t 30 is substantlally cylrndrlcally—shaped wrth an- mner spacrng, -_ '
- such that by placmg the outer rim 1a of the frrst lens 1 on the devrce reference surface :
- 30a and by extractrng the i inner air via suctron bore 30b to outs1de the. frrst Iens 1 may .
be held in posrtron by the air pressure drfferentral across 1ts inner.and outer srdes At
' thls trme the upper end of the base unit 30 is closed by the frrst Iens 1. A glass cover
- for hermetlcally sealrng the innér spacrng 1s mounted to the upper end of the base unit | B
30. The glass cover 34 is 1nclrned wrth respect to the device reference surface 30a on
. ., the upper end to reﬂect €.g, the laser light 111urn1nated on the outer rim 1a of the first
'._-'Iens 1 so as not o produce stray hght | | | _ | .
The holdmg unrt 31 rs substantlally cylrndrrcally-shaped to delrmrt an rnner__'_ .
s ¥ spacmg, and is adapted for holdrng the second lens 2 under an air pressure drfferentral - |
.across its 1nner srde and the outer srde produced on evacuatlng the 1nner area through |
- "4 suctlon port 31b to outmde wrth the outer tim 2a of the second lens 2 abuttrng agarnst - _- B
| the devrce reference surface 31a at the lower end of the unit. At this trme the lower--

:‘__en_d of the holding unit 31 is closed by the second lens un’it_Z_._ The u__pper end of the




- dgesucti'on port 31b7to out'si‘de with the outer rim2a of the secondl'ers 2

ilabutflng agalnst the device reference surface 3la at thetémnwecomnd of the -
ynit. At this time, -the Tower end-of the holding unit 31 is closed by the

- second | ens. unit 2. The upper end ‘of the-35 hol ding unit 31 is fitted with

! glass cover 35 for. hernetlcally seallng -an'i.nner- spaci ng. ‘The gl ass cover -

.35 i incl.ined: wit-h- f-espect: t-0° the .device. reférence surface. 31a at.-the-

rf;lomer end of the unit so as not-to. duce the stray li‘ght ‘caused by L
““reflection of for exanpl e the laser Ilght i | l'uni nated on the second | ens

2. Theholdmg it ?ahi&fltaqdwghelntwmser%@fcs heometirallyiseatipganrinnér spagingig, t hat

'-|s a.uni axial novenent stage 36, and is novabl-e along t-he-.optical axes of

~ the fiTht ghssl covechilis inohinad Witnespoct Th ehadowios referdiRySupRke 3l atdiithe hol ding -
unit-31 may.be det ect ed by for. exanple a nmagnetic Iength measur enent . . :

- devi cpdiy eﬁ-a%frtﬂe %o“aps' ﬁot% r]iirédd% @’10 rst@y ﬁ'%ﬁtr éa\ﬁ's.@& cﬁﬁg 0&2@% i eﬂjggq

as a pneumat IC CYy PPI Ng I'TDt

--of the_out he fir ns 1, the devi ce ‘reference .-
© surfad®? Ctﬁe [R?E%d&éte‘hﬂtmlpat@a ?ﬁ@%‘é‘g&é‘ﬁ%o t he device reference

- surface 30a, may.be detectéd by a detection systemprovided wi-th a first
" laser I|ightTheoholdingaenit A% is supported tbyl zam}calletbmossmll bmrﬁ% thatyis asuiit abl e
- monochromatic light source, such as a - o
axral movement stage 36 and is movable alongthe optlcal axes of the frrst and second— o o
- lenses 1 and 2 The amount of movement of thrs holdmg unrt 31 may be detected by : o _:
; 'for example a magnetrc ]ength measurement dev1ce 37 The holdlng umt 31 1s moved -

' 'by a drlvmg power source 38 such as a pneumatrc cyllnder a llnear motor or a

stepplng motor
The parallelrsm of the outer r1m 1a of the first lens 1l set on the device

o reference surface 30a of the base umt 30 w1th respect to the devrce reference surface _:: |

- 30a, may be detected by a detectlon system provrded with a first laser hght source 39 |

'-.Asthe frrst Iaser l;ght— source 39, any surtable mono'chromatlc llght sou'rce such as a

s The hght beam radlated from the fll‘St Iaser llght source 39 is turned 1nto R s

| collnnated lrght wrth an’ enlarged beam drameter by a colhmator lens and a beam 'f'
| expander 40. The Irght beam now turned 1nto the colhmated llght is transmrtted'r
through a beam sp]rtter 41 a mirroi 42 and a glass cover r3d at the lower end of the )
| ‘base unit 30 so as to fall on the upper end of the base unit 30. I the frrst lens 1 is set

-on the devrce reference surface 30a at the upper end of the base unit 30 thls collimated L




'i:"?_‘g‘a‘sii-‘l“as"e'r*'j‘or' "4 soli'd | aser.” may be used in*&addition to a seni conductor =

~laser. ‘The Ii ght beamTadi at ed- fromthe first laser |ightesmeposs 39 is -

turned into collimated light, with an® enl arged beam di aneter, by a
“collimator lens and a beam expander 40. The-light beam now tur ned into the”
~collimated light, is transmitted- through ‘a beamsplitter 41, a mrror 42 .

. and-a-gl ass- cover -34-at--t he |-ower -eng: ‘of -t he- ~base-unit 30 se-as. to-fall-

| . the upper end of the base unit 30. | 6the first lens 1is set on the devi ce:;;‘__

'referep ﬁ surface.30a at the upper ‘end of the base unit 30, this colli rrated‘-
1 ght Hghtisaellecied B;h@ Fefercace suraec 4bof fecoutsr im mef the Hrstdens Landf the -

“first lens 1°and thence returned through the gl-ass cover 34 and the - nmirror.

42 to theacouetmmsd thraugh the. gladsaowet B¢.andhiBe ativios 4 2t61ths BB %ﬂittércﬁ 30.a at
t he upper end of the base unit 30 does. not cover:, the entire surface.of .

~the refereneRagwhiladfic devRE thge s rﬁ]de"gdaaatcthe EB& Lhg gtl{legﬂnge lflgl? t

~canpr esses ‘agai nst ‘only a‘ portion o referenc sur

+exanpl to:cover on t he_portions i n que tlon as. shown in, =
. Figs. 3@4(1(9{56%258%%5‘3“@?1@“@%%%? ‘ihied'ﬁfeeﬁ%ce BH lr}i’goftilérﬁltt%ﬂﬂbhkpfend of
‘the base _unit 30, is incident on and reflected fromthe portion of the .
- r ef er g Brsfensk but onapresses against onlym pertion afithe fefemnck ensfate i attfor s not -
‘covered by the device reference surface 30a at the upper end of the base

~uni t_ 8Ramgple tiresplices Fo ot Gl e t’@ﬁw"@ Ih'(ﬁ]l'@&t](;fﬂf e@sheeﬂnfnrge@mw face

“1b of the outer rimla of the first -1ens I .is réflected b ck fromthe: . - .
o e <SR35, O B T A S,
 The' rTdbRes 3?@"@55&? TP e et ushesab ”o?ﬂieﬁh‘%«?ﬁiﬁﬁf’ngyof 0
the | Ilag r(])tf th)g %rrnstféns 1 which is not covered by the devrce reference surface 30a atthe '
upper end of the base unit 30, as shown in Flg 24C |
| The return llght from the reference surface 1b of the outer rlrn 1a of the flrst ‘
- Iens 1i is reflected back from the reﬂectmg surface of the beam splrtter 41 and branched |

- from the return optlcal path to the first Iaser Irght source 39 to fall through mirror 43 .‘

B on the first CCD 32 operatmg as detectron means. The i 1mage plcked up by the first

' CCD 32 is d1splayed on the’ first momtor 33 The colhmatlng of the Ilght ‘beam from.
the f1rst laser hght source 39 is a,djusted on the rmagrng surface of the flrst CCD 32 SO
e that the beam dlameter W111 be mlnlmrzed | N .-

The parallellsrn of the outer ritm 2a of the second lens 2, held by suctron by the :

"'dev1ce reference surface 31a of the holdmg unlt 31 is; detected by a detectlon systern Lo

having a second faser llght source 44 As the second laser hght source 44 any surtable

_ monochromatrc hght source, such as a gas Iaser or a sohd laser may be used in- -




“sthesfirst
* first..CCD 32 so The parallelismof the outer _ et en: ‘
~held by suction by -t he device.reference surface 31a of the holding unit .31,
~is detected by a detection system‘having a- second | aser ht s

the second Iaser light: source.44, any. Ssuitable nonochromati'c |ight. source, -

e‘such as a.gas.laseror.a sol.i.d Iase

‘riay. . be.used.i.n. addition.to.a.-

- sem conductor 1aser. The'light: bear‘r?? adi at ed fromt he 'second. | aser
““source 44, is turned into  coll'i mated l'ight, with an enl arged beam"

di anet

unit.31 so as to fall on the | ower end of-the holding unit

oS A et DALY Rk Eh SERREBiHALESS, bl ik SR St e

- -hol di ng unit

L ret ur rthrqughta b@m ep

holdmg umt 31 0 as to fall on the lower end of the holdmg un1t 31 If the frrst lens 1s: ,' -

held on the dev1ce reference surface 31a at the lower end of the hold:lng unlt 31 thls ' : A

R co]lunated hght is reﬂected by the reference surface lb of the outer 1im 1a of the first |

- lens 1 and thence returned through the glass COVeTr. 3 and the mrrror 47 to the beam -

splltter 46. The return llght is reﬂected back from the reﬂectmg surface of the beam

| sphtter 46 and branched frorn the return optlcal path to the second laser 11ght source:

- i 44 to fall through mirror 48 on n the second CCD 49 operatmg as detectron means The |
nnage plcked up by the second CCD 49 is dlsplayed on the second monrtor 50 The |
: colhmat]ng of the llght beam from the second laser llght Source 44 is ad]usted on the -

L N Lmaglng surface of the second CCD 49 S0 that the beam dlameter w1ll be mrmmrzed |

The sequence of operattons for assembhng the objectrve Iens unrt descrrbed

- above is now explalned by referrrng to the ﬂowchart shown mn Frgs 25 and 26 The 'j

objectlve lens unit is assumed to be used for an optlcal plckup devrce w1th the |

o -;-_numerrcal aperture (NA) of 0 85 a center worklng wavelength ()t) of 405 nmandan - T

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

1 the Jna]or surface of the outer rim 2a of the second lens 2 closer to the optlcal :

| aser ‘li'ght source. 39 is. adjusted on the:imaging surface of ‘the =+
rim 2a of thesseeeuw | ens 2,

| i ght source 44. As-

%fldltlet}ttaaéemmmhetor|lm ‘and a beam  expander 45. The |ight beam now -
. turned into the. collimated light, is tfansmitted - through a beamsplitter .

- 46, ‘a nirr dfhetlightbedpheadiafsisfrofy e Sfvodld TabG ERNnRLE 42 sttQFne t-ﬂ. ng -

surface
ens ;1-and-thence returned through thes

£ the first
ol acs CoaaferAs Tl ehemhltimqelueam sllimetsd lightria ttmamitied 1rom

" the return optical bath to the second | aser light source splitter 46. The
45@ doaiiicof 4 landlthae ghss e@ttarmo auhé erpeenene e ﬂhsam -




“coltimating of the Tight beam fromthe second |aser li'ght source 44 i's="
~adj usted on the i mage picked up by. the second.CCD 49 is disphhagess on the
- -second nonitor 50. The 44 to fall - ‘through minor 48 on the second CCD 49
~operating as detection neans. The - i nagi ng- -surface of the second CCD 49 so S
. that the beam.dianeter. will be mnimzed. The. sequence. of. operatlons for. - o
. assenbl i ng t he ‘obj-ectiwve-l.ens-unit, %élescrl bed.-above,.-i-s .now-expl ai-ned: by
--,'referrl ng to the flowchart shown in gs. 25 and 26. The objective |ens
Lunits urred to be sed for an-optical pickup device, with the - ~ .
nurrerl@ﬁl’ 6tm3008§‘1 rfacecedrthe oulesrrian Otbtxhelfmsgldns(lﬁr)enmte405 nm-
and an effectlve d| ameter .of 3 nm It shoul'd be noted that, in the -

-conpl dirent thioppircalrecdrding medminmmpeat tobe & ik Ofang6 o f gut&&oﬁ%m?,@az Rlraghe
second lens 2 closer to the optical 38 recording medi um a he major

‘fnsurta 0 bhe within,a range__"
Sprt a6 G it THASORiY/ e OB ER IGREREAR ARSI AR i Srlibiods P

~of th | ens: 1-and: th ce.use “positioning the outer rim?2a -

. of thioih{%%haﬂt"&ft © GUIEL Y eleetﬁll grﬁtslpee?apg beswilaeeusadfos posistangagn
hi gher t han that needed for these Ienses 1 and 2. This adjustnment is by the.

-l aser the grterrimi2ateddhe serondiderssi 2 peed tisbe adjugted] atcthe ot to aggesisipmn i n.
- Fig.27. That is, in a step stl shown in- Flg 25, the:lenses 1 and 2 are--

~di sougled thamthat heedmhitrahess longesdexh@g, - and. the laser.|ight. radiated ”dm
o the fi rst laser l'i ght--source 39 and’ ref lected. ‘back - fromthe deV| ce . .

151D Ry W R R b e 8l LS,
o as. t h?ts fs (Evsvh 1rrl0151J Ig. 'ﬁ]satlrg mI gms?gp saoshor%%tl lltl rl?erg I2I rtltle rlear;:seels VII di 2 are -
: dlsmounted from the manufacturing device, and the laser hght radiated frorn the frrst |
laser hght- source 39 and reﬂected back from the dev1ce reference surface 31a of the -
'. holdlng unit 31 is caused to fall on the first CCD 32. In a step st2 the posrtron of the . :
B frrst CCD 32 Is adjusted as the flrst monltor 33 is vrewed S0 that the hght recelvrng .' _7
. posmon is the center posmon " | | | | |
| In the flrst momtor 33, srnce the device reference surface 31a of the holdlng unit
o ‘31 is torordally shaped (doughnut shaped) a concentﬂc dlffractron pattern may be |
g o observed as shown in Frg 27 In, ad]ustmg the pos1t10n of the frrst CCD 32 adjustment .'
3 is rnade $0 that the center of thrs concentrlc pattern is in regrster wrth the center of the 'f
| nnage format of the first monitor 33 |
In the next step st3 of Frg 25 a planar reﬂectlve mrrror 51 1.s. placed on the ', o

- device reference surface 30a of the base unit 30, as shown m F1g 28 In the next step

: ..st4 of Frg 25, the device reference surface 30a is adjusted for t]lt so that when the :




"::-i'f‘pesrtron is the center posrtron Inithe-first monitor 33, ‘since the dévice

~reference. surf-ace 31a of the hol ding unit 31 istoroidallyishapedos .

:‘.(‘doughnut shaped), a concentric diffraction pattern may be. -observed as
“shown in Fig 27. In adjusting the position of the first CCD 32, adj ustrrent

is made. so that . the. center of .-t hi-s concentric pattern.is in.register. with . -

';,-the “cent er--of. the “i-mage.- format:-of - f-he fi-rstponi t-or-33:: .n-the next- St-ep i |

. st3 of. Fig 25, a pI anar reflective: nf?ror 51 is pl aced on the device

“reference surface 30a of the base unit 30, as shown in Fig.28. In the next:

step o€ 36'13 Hightof the ight beawdromt hedist laser flights@nae 39 djhesteftective tilt
so that, when the reflected light of.the light beamfromthe first Iaser
light mimorc Rdnbidehhen theffisCCOTR3D] the gt bear prajébrterun 0 ﬁr@?n’ldrﬁ

32, the light beam projected on the frrst nmoni tor” 33 will be at e center

- of th%3ﬁfl95eh?tlf@bergtilp itt‘l’.tehlﬂ e 1st4 the device reference surface 3la

~of. the di ng uni:t I's ren re raIIeI to the device reference surface

—~30a-of the e: uni.t 30 arl in-a step'st5,” the position.of a. seconda%f’%f
_CCD 49 is éﬁff&l SEEH é ‘jl ¥qu erﬁﬂ@f@@ﬁéaarqféhebc)hhug wisdtdsd 0
moni tor 50. Then, processrngtransfers to a step st8 where the first lens -

.1, al meedsyred paraltaleethe devicarefeteacdadriice Ge of éinsbaseadieB03 i n t he st eps
- .st6 and st7, i's'nounted on theé. device reference surface. 30a of t he base

Cunit. 30, aSuat‘tarMy in"lalsteq} 49; thtpdsiisn Wi Ese@nd €CD B9 1??8 st hsfh%z%s dr_avvn':'_

-"t.to outsrde to Iovver t he: |nner pressure to attract the Trrst-lens o. the

?ﬁ\e“ ggctaéecﬁfcﬂﬁél"lggﬁt%hﬁ&eafg a shcrlnfd H}o&ne%rtstbat the refer ence. surface-tb of. .' i
| o Then processmg transfers toa step stS where the frrst lens 1 already mtroduced o
1nto and bonded to the lens holder 3 in the steps st6 and st7, is mounted on the dev1ce :
‘reference surface 30a of the base unit 30 as shown in Flg 29 At this tlme air in the
“ base unit 30 is drawn to outsrde to lower the inner pressure to attract the first lens 1 to____
B the dev1ce reference surface 30a 3 o -
| s n‘oted that the reference*' surfaCe ‘lb of the-outer-rim"'l'a'of -'t'he flrst lens
: lneeds to be abutted accurately agatnst the dev1ce reference surface 30a of the base
' "unrt 30 The reason 1s that if dust and d]rt for example are 1n_terposed between these |
- . Zil._,reference surfaces lb and 30a the lenses 1 and 2 underge tlltrng relatlve to each other o
T after assemblmg, thus worsenmg the optlca] performance such as aberratlon Thus ':
even when the first lens Tis placed on the dev1ce reference surface 30a of the base unlt '
K .:_ ';30 it 1s necessary for the parallellsm between the reference surface lb of the flrst lens )

1 and the device reference surface 30ato be able to be observed

Referrlng to Flg 24B, a cut-out is provrded mn the devrce reference surface 30a,

LSt rens” S et e i




“ 1 needs to be abutted a'e'cui"atfél'y'ag‘ai nst, ‘the device ref erence 'surface 30a "
~of the base wunit 30. The'reason-is that, if dust and dirteJderomxanpl e,

- .are |nterposed bet ween t hese reference surfaces 1b and 30a, .the lenses 1 -~

~ rand 2 undergo. tilting relative to each other, after assenbl ing, thus

~.Wor seni ng- t he optical- performance, -such as aberratlon Thus, . even when the .

| ~*:f1 rst- lens 1- IS placed on-t he-devi ce:fef erence surf.ace -30a of ‘the base--unit-i

. '30, it is necessary for the parallefl smbet ween the reference surface |b
~of the first nd the device reference surface 30a to . be able to be. '
~ obser v&ysh ‘F?@Fé‘ﬂ%ﬂ%ré“ﬁesq:ﬂ@t 2athigdevice seferanse pusfacd Sdaiin maintained cthe - |

reference surface 30a, as shown.in Fig.24B, so that, as this device - -
. r ef er ehight refleétad endbardferemet sthoetb of e fifsolhs flfhfla)ebé AYuAR1BEhE FERT ence.

-~ surface |b of the first lens 1" may be returned to the first CCD 32. Since

- -the retgyanpce surface 1b of the. first lens 1 is toroidally- shaped, the - .
“-reflected light on:this reference surface: Ib may be observed, in-a step st9;__

“of - Fig. 25, n concen rlc pattern. If the reference”
_-surface Ib %f‘cgﬁbc ?e&genqe sgc‘tﬁr{hee ’éilt e & ikeroidalivashapad; the he
~device reference surface 30a of the base unit 30, the concentric

di'f f r detlestedpight en this refiesgricssuefaon Tbtmay be obserwed tina st gt@ dfdhgali abecause

- . the reference surfaces I'b and 30a are conpletely- paraIIeI it .has been

E that dud to dust and .dirt beconing-trapped between the re

~veri fiteing o cansernncshﬂ’factlbﬂrpattbﬁt difghé pofefinich 8GEFa6E 16 BB . §1§t éﬁ?} gs‘a; ¢ 22es :

B T S T S

" and -30a.is. not .wi,thi.n.the eferenefor of the first-monitor 33 -
_proceg@? ﬁﬁn?eé\%@? f‘gtjﬂﬁf‘&“?ﬂ@a ?’é‘pd Et)t?ds@tn%@tfgst moettor éﬁslsﬁt ngacenterdo sweep .

1f'the reference surfaces 1h and I na

the image format because the reference surfaces. 1b and 30a:are comp]etely parallel
to each other
i 1t has been Venfled n a step st10 from the drsplay surface of the. f1rst monltor :
o 33 that due to dust and dlrt becomlng trapped between the reference surfaces 1b 30a
: ‘the parallehsrn between the reference surfaces lb and 30ais not w1th1n the reference =
. Value that is 1f the concentrlc dlffractlon pattern is not at the center of the Jmage |
format of the fiirst monitor 33, processmg revetts to the step st8 to set the first Iens 1
L agam or to sweep the reference surfaces 1b and 30a
| Up to thls step, the Vertlcahty o1 parallehsm of the outer rim 1a of thefrrstlens
1 and the optlcal axrs or the devrce reference surface 30a of the base umt 30 may be:
' 'confmned The malfunctromng state of the ﬁrst lens 1 may be detected before_i_

- proceedmg to the next step

| Then_,_p_rocesstng_ __transfers to a step st11 where the second lens 2 is he_ld bythe




Up to this step, the verticality or parallelismof the outer rim1la of the
first lens 1 and the optical axis or the device referenceléﬂ%Iﬁﬁa530a of
the base unit 30 nmay be confirned: The nal functioning state of the first
"lens 1 may be detected before proceeding to the next step. Then,
processing transfers to a step stl1ll where the second lens 2 is held by the
16 June 2006 41 device reference surface 31a of the holding unit 31 by
sucking air inside the holding wunit 31, as shown in Fig.26. Then,
processing transfers to a step st12 of Fig.25 where it is confirnmed whet her
or not the light reflected from4lhe second lens 2 is incident on the center
of the, second CCD_49,..in_.th me as abhove. If, . .Step st13, the

of f setdeHFe f#@e%ﬁf"éf‘?“éflaf’ﬁém%@ﬁ‘lgéﬁ‘fv}% by;syefing ?lbWF‘E‘Fléhelr]WgﬂEg center is not
.Coﬁpris%% mthin i reference value, processing reverts to the step stll
to rodtt 3inas shewpindigehs 2 again or to sweep the device reference surface
3la. Up to . this step, the parallelismbetween the second | ens 2 and the
first | ensIhem precessingiranstess (o stap w120t i3 0vheraitigeonfirmed pihsthet at e, the second
lens 2 is caused to descend from above, in a step stl4 of Fig.26, to the

| ens 95nefdhe light sellededsiipm the sepagd dens 2 \gjegidenhen the centerpfithessecordl | enses 1, 2
‘are attracted to the device reference surfaces 30a, 3la, the parallelism
bet we&itI} ABdw thesame avay ag abpve. Ksiniaaap. stidotiswabiset af Aseentdrofithes 1 and 2 are
not positioned with respect to offset. The lens holder 3 is nolded froma
"t her mieflected dight Bemrihe ingaggecenter Iscubt sbwprsedavithin Hesrefelence wabtei on of
suppressing the of fset between the first and second lenses 1 and 2 to |less
t han PEEESSHIZ rpverts Thelie siep stld he moufistbe stxendieas 2 apan br testweapdhsecond | enses 1
and

device reference surface 31a.

Up to this step, the parallelism between the second lens 2 and the first lens 1
isl 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 Iens 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 offéet between the first and second lenses 1 and
2 may be remove& 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




?52 nay be renoved by novrng the second lens 2 anng fwo axes perpendlcular

}: “to the optical -axis, so_.as to be p03|t|oned al-ong. the inm@juneaddeus of the

a ens hol der 3, at the sane time as the second lens 2 is introduced into

L the | ens hol.der 3. After the offset between the first and second | enses 1,

-2 has been rennved by 16 June--2006 42,. the Iens hoIder 3, the- ‘hol-di-ng un|t: :

| 31 s caused;:t 6+ descend, -in -a step- st 15+ n - Fi- g. 26, “a preset posi-tion=-

“.at which the’ second lens 2 is.to be ‘iﬁ)smloned uItlnater I'n-order. for

”"stopper for exanpl e. Meanwhile, the I engt h neasurenent device 37 may be

 used tige leasohalder tlliieﬂdmgmﬂdtﬂtise:abmﬁm@esmnnd il ey stideim Figv@6,q0 to the _'
correct position. | n a step st16, the parallelismbetween the reference R

sur f acepiebetapubitien af whivh thevecmdleadd iPtd Be Elﬁ‘ﬁﬁbﬁ&l uftfm C}ny ?ﬁ‘ ?trér%t smi's

&
‘unsatisfactory, processing reverts to.the Step stl8 an

* resontcinles Rdes e 506 B bl K 5GfBe ,i”é%e%tiﬁwdﬁt%h?ﬁg' N
""-End ‘bondi_ n he: sec ens 2l the 1 ens -hol der 3, | § possi bl e-t'o chetk"
. whet'hSTORRE ’nl?tf Y TagM'&F‘ll‘é(lll snﬁ%srlepgthénen%nemeet detmeéﬁ maebé saedso 1 and 2‘ |

~are conprised-within reference values..In the next step stl7, the second
| ens méritarombetbier or nhtetheelrtddinghdmrSBhasrbeetgl(ﬁNeerd’ 16 Hgheogeet: s@tr@ﬁlhes' ve,
" as the second | ens 2 has been positioned to the |ens hol dér. within a

- reference ®agsep MbhtﬁélﬁarﬁHBHsrﬁ%éiﬁrbgﬂ th'@i’éf‘éf'en%& %ﬁfﬂb@%ta dtfaeof) ll?sent

B I nvent I on .-1t Can

o lenses I and 2 Is checked If the parallehsm 1s unsatisfactory, processmg reverts to the -:.l; o o
o step st18 and 1f it is satrsfactory, processrng transfers to the next step st17 Thus in -
;the Ppresent manufactunng device, it is ‘possible to check before pos1tron1ng and""
bondmg the second lens 2 to the lens holder 3, 1t is possrhle to check whether or not the
| parallehsm and the dlstance between 1the lenses 1 and 2 are comprlsed Wlthlll reference L
) Values . | | | | | o |
| In the next step st17 the second Iens 2 is bonded to the leiis holder 3 usrng a B
UV hght curable adhesrve as the second lens 2 has been posrtioned to the lens holder .
3 wrtlun a reference range 7 - “
Wrth the manufacturlng devrce accordmg to the present lnventlon 1t can be SRPPE
| '_ checked ina step st18 by observmg the beam posrtron in the second CCD 49 even .

' '.after currng of the UV llght curable resrn whether or not the parallelrsm between the |

o 'frrst and second lenses 1 and 2is wrthm a reference Ievel A lens umt Is: determmed ,L S

to be a reject if the parallehsm between the two lenses 1 and 2is not confmed w1th1n

- :a reference value




“checked. in a step st18; by oﬁs’er"v"i' ng ‘the beam .po;sjilt i'onin the second €CD .. *

49, édven after curing of .the UV l4ight curabl e resin, whettnerodsot the

~parallelism betvveen:. the: first and second lenses 1 and 2 is within a- -

" reference level,. Alens unit is. ‘deternined to be a reject if the

: .parallellsmbetvxeenthetvvolenses 1 and. 2 i.s-not ‘confi:ned-w.thin. a. S
.. reference val'ue: bn-a step-st-19, -whe L{]ﬁthe adhesive-i-s-cured-eonpl et-ely,- t-he--

attraction of ”t“he second | ens 2 Wit respect to; t he device reference

““surface 31? of the holding unit 31 is cancel ed, when the adhesive is curedtf
n

conpl etel y DA ﬁf@ﬂsStaQsW@Bdb@@dheﬂvetlﬁ@r@hsempletalydtlm atichctiom bErke hol der
3 is-spaced apart fromthe device reference surface 3la. ‘I n the next step

st 20, sebmdlengiDwithiespedt to the déviearddrdivoaudfca3ay of Qﬁ'@h@lﬂlﬁ%fﬁﬁ‘f’:‘}l
confirmng mrror 52 is inserted to a space. above the lens a sy, as shown -

in F h t t 1 squrce 39
12 Phisceclethane e adidle S aHASHhALAN, ttffe%a%s% N e S
an -of f set Check m nor 52. hy a’c oo

“lens sst jved t

. third éag%end%i%l%sﬂﬂl‘ifécﬁeeﬁpﬁsﬁ 3rr9 ?t% Hasydexice Feferense surfacp3da, i s

.di splayed, on a third nonitor 54. In astep st2l, shown in Fig.26, it is -
~+ checked vmlitﬂwrnemtSli@tSﬁQ;dl&iidIdngth]ett&lbmneh‘éﬂedtoveardaabbmlmh befgses 1-and
-~ .2 is conprised within a prescribed range.. Turning to t he detection of the ' .

- of f setontmienmitier 5245 IrRBRES to hhpass ib&Ve e A€ Caadh b HIn i '3 ative to.
. the first lens 1 may be detected by transmtting.thé laser - ilghg \rough -

oI e U SRS R 4R AR e
., :jgt é?ﬁ?ﬁ%ﬁ?{e@% nlggh%eeggg)}%cﬁ% rlgljsgls l1Ca6111tdI ng Itllce l%:gs aszs?ISs%OaAs tolb?enr?ecglnvleii 8-
through an offset check mirror 52 by a third CCD 53 The dlffractlon pattern nnaged
by this thn‘d CCD 53, is dlsplayed ona third momtor 54
| In astep st21, shown in F1g 26 it 1s checked whether or not the offset between -
) “‘ . the flrst and second lenses 1 and 2is comprlsed w1th1n a prescnbed range Turnlng to
the detection of the offset between the two Ienses the offset of the second Iens 2 | ,
| relattve to the first lens 1 may be detected by transmlttmg the laser llght through the
flrst and second lenses 1and 2 and by remote detectlng the center posmon of the |
e dlffractlon pattern of the transmltted hght as dlsclosed in. Japanese Laymg-Openﬁ
'Patent Pubhcatmn H 10~255304 A lens un1t is' determmed to be" a reject if the -
- 3 parallellsm between the two lenses 1 and 2 is not. confmed w1th1n a reference value
In a step st22 the aberrat1on of the Ob_]CCtIVC lens unit, composed of the fll’St ‘_ o

and second lenses 1 and 2, is measured. With the aberratlon W1th1n the reference range,

processing transfers to a Step st23 to complete the objective._ lens unit. - 'Wi_th the




:‘ﬂ."ﬁ"‘;par all é1'i'sm’bet ieen’ the two |ensés | and 2 i's not confined within-a /=
reference value. .In a step st22, the aberration of the ol boe 28 | éns
.unit,  conposed of the first and second lenses 1 and 2, is neasured. Wth

" the aberratlon within the reference range processing transfers to a step -

st23-t0- «conpl | ete the obj ective | ens unlt “Wth the aberration.outside the

“refer ence-range]: the-objective Iens At |s deterni-ned-to-be-a reject: i |

. device for introducing the first Ien 1 in the lens hol'der 3, into Whrch
“the se ond | ens 2h£ ady been- |ntroduced and bonded in posrtlon s
now exPlcafatiah outy lSP giqesianggntireaekigetiveyl etﬂﬁelllﬂblsedﬂtﬂnnmeehm baiat; |
using the manufacturing- de\/| ce, hereinafter expldined, is now expl ai ned IR
wi-t h riefemtence to a floowchart shown i'n Figs.33 and. 34. Thé objective lens
uni t- manufacturing device is nade up by a devr ce secti.on for |ntroducrng

~the second Aefwice fd?trﬂtrhd'l?mhg@ﬁe @ﬁ‘%tdl%'hsal i SI@ﬁWPldErF gtni l:i;lcﬂt device "

" ‘section for introduci ng the Tirst Tens.1 I'h ens 0 mhlchf_

Lo SROORLIERT: Pufiielts eb BN BN S ﬁq%n@nlé%@v%gﬁaﬁ%w

~includes a holding unit 31 and a base unit-30, as in the case of the
above- descrilseprocasdfor mufaqtigmethec@?jeatmshummtmﬁngtl%]naﬁhfa:tdﬂng ce

. section introduces the second Iens 2 in position-in the, Iens holder 3. Thei

. and out ro.si.

~hol di. dgvice, heindfter enphimod, isidw ceplainst withkéfersioaned: ﬂd%éllhr@%éxﬂﬂ%i
©spaci'ng, .as in:the above-described manufacturing.device; ‘and:houses- the

"-".second:l @gg ﬁdlquer an dir pressure d| fferentlal produced across the |nner‘
£s..0n evacuating the - R e e e e

The ob]ectlve lens umt manufacturrng devrce is made up by a dev1ce sectron for
- lntroducmg the second lens 2 1nto the lens holder 3 as shown in Fig.35, and a dev;ce '
sectlon for 1ntroduc1ng the flrst lens 1 Into the lens holder 3, into Whlch the second lens
- “ 2 has been 1ntroduoed as shown in Fig38. | | |
- The dev1ce sectlon for mtroducrng the second lens 2 rnto -the lens ho]der 3 f_ |
B rncludes a holdmg un1t 31 and a base umt 30 as in the case of the above descnbed. e
- manufactunng devrce as shown in Flg 35. This dev1ce sectlon 1ntroduces the second | _
R Iens 2in posrtion in the lens holder 3 - |
The holdlng umt 31 is. substantlally cy]rndncally-shaped wrth an rnner spacrng; : .
) -_ as 1n the above-descnbed manufacturrng dev1ce and houses the second lens 2 under .l
~an exr pressure dlfferentral produced across the inner and outer s1des on evacnatlng the ‘.
o lnner spacmg by drang air to outsrde through a suctlon through-ho]e 31b with the i

‘outer rim 2a of the second lens 2 abuttrng on the Iower dev1ce refere'nce‘ surface 31a.

. The loWer_ end of the l_l_qldi_ng. unit 31 is kept closed at this time by the_second lens2. = -




_fi-s-f";rnner spacr ng by drawi ng ai'r . to out si de: through a suction’ through ‘hol'e~31b..
-with’the outer rim 2a of the second lens 2 abutting on thtsJuwesosdevi ce ‘
freference surface 31a. The | ower ~end of ‘the holding unit 31 is kept cIosedJ

at this time by t he second l'ens 2.° The upper “end of this holding unit 31

Sis fitted-with a glass .cover:~.35 for. herrretrcally seal-ing:the .i.nner spacr ng

“The-hol di ng: uni't-31i-s supported by’ a-sc-cal lied-cross--roli- bearing, that-

a uni. axial novenent stage 36, and 453 m)vabl e -al ong the optrcal axi's of

““the second |ens 2. The anmount of movement of this hol'ding unit 31 may be =

det ect Hi BPPromdeofahis Roldingumit 8il ds ifiiedtwitheaglasserover 3dekordmrsietithidy hol di ng

unit.31 is noved by a driving power source 325, -such as a pneumatic. - a

_devi ceseahﬁglthmmersspa‘ 30a. Thi's device reference surface 30a in the , ‘
- previous enbodinent, the device reference surface 30a is shaped to set the
|l ens hol der ?ITB a e i, mIa of 3
~the first Ir[elfr? Iﬂjl&ﬁ%un%hh %g'?gﬁ ?Edtb&er%ogaqgﬁh‘%o%s ‘g@ %%ri dﬂ{itijtslsa \
~-subst antial I'y col:ummar; ha ed and has i.t's -upper “surface as In the resent

. manuf 413 MPOYPTIEN SAEE 1620403 neiableiplong be ebbralaris abiheacamridennee
: ,surfaces 30a, 3la along the optical axes.are detectable by the length -
reasur émaamoumwfduomenwf:’dus ht)lzdmgumt Fumbhgde Etectetl ti C;hﬁ)ﬂ’@lainplg auni t _31 .'
- and the device reference surface 30a of the base -unit 3 adj usted ---. . -
accur ﬁtagmetit:llengfthtrﬁea*surelrhentl dbv@ceiBEpI‘ﬁé ﬁé’ldrﬁé‘ﬁni@@rlaik 'ﬁhhé&rby a drrvmg o
” power source 38 such as a pneumatlc cylmder a lmear motor or a stepprng motor
The base umt 30 is substantlally columnar—shaped and has rts upper surface as f
| a devrce reference surface 30a. Thrs device reference surface 30a in the prevrous |
embodrment is shaped to recelve the outer rim 1a of the flrst lens 1 In the present
| embodrruent the device reference surface 30a is shaped to set the lens holder 3 drrectly
) thereon | | - | |
| In r-th'e'present nrahufactuﬂng :-dev'ic'e" the absolute 'distanceS- of the .'de.vfce-
_ reference surfaces 30a 31a along the optrcal axes are detectable by the length
| -'measurement device 37, |
| Frrst m a step st31 shown in F]g 33 the parallellsm between the devrce-_
reference surface 31a of the holdrng unrt 31 and the devrce reference surface 3(}a of the .
.base unit: 30 is. ad]usted accurately at the outset If,ina step st32 the parallelrsm |

: processmg transfers to a step st33 and if otherwrse , processing reverts to the step st31

In the next step st33 the lens holder 3is set onthe devrce reference surface 30a




_ f;"’f'“processr ng transfers to a step st33°and,. i f" ot herwse processr ng- reverts .|
" to the step st3l. between the device’ ‘reference surfaces 316JunBQ@06i s°

~.gonpri.sed within a preset- value, tn-the next step st33, the lens hol der . 3
"is set on the device reference surface 30a-of ‘the base unit 30; as shown i-n-
.Fi g.35. The outer di.amet er--of ‘the device- reference .surface’30a is set so

:;.,»as to.be equaf ‘t-0.-the.outer.-di.aneter:of ‘t.he first.lens. 1, “Wi:th-the.step 3a...
~as the reference surface of the lens hol der 3 abutting agai nst the device

- st36

““reference In.a. ste‘pl st 34, shown in-Fi the reference surface 2b of the
~ secondof Hisbase) unit Bu&ft%ltp\aganri’sg 36h hednuendlanwteref\tfm devitacefeftreof t he -
hol-ding unit 31, ‘and ait within this holding uniit- 31 is drawn by suction to

at t r acsurfie Hadosd sb asto Be bqualhe thobalen dianfittr ofthe FHrdt l%n§‘leththtﬂ§§steﬁh°"m in
Fig.33, it is nonitored whether or not- t he paralle ism betveen

~refere refer nce surface

o A B 67 HRORNY o ?ééab%r”@né 48PS BT ReTRoRRRes " 2

“»paraIIeI s Wit hihar prescrrbed -range, processi ng, transfers to a stepx%ﬁ
aceip 35t herwi se, processing reverts to the step st34 for renewed

settrng or smeeprng the .reference surfaces 2b and. 3la. The above sequence.

. of “operat i dns: step stepesttosn imFig.33,lthe paferbace suifaeel 2basfahe sbdcan fefis 2 ist ep -

- st 36, the holding unit.31 is Iouered towards the lens holder 3. In a step C

©st37, dteteliomimethenicviclidtrened sedadhe éﬂ%e%&@@tuﬁﬁfﬂ %ﬁ%ﬂ%ﬁ?e 3la

of the hol di-ng - the Iens hol der 3 are selected suc at_the surrace of - the-;f___r

'.'.Vf‘.-.secon s,,sh in.Fig.36,. The ition.. -
~relat’ ﬂldi dl%g Ween r{l’%&nﬁ:&%@%péﬁgﬁg dg?tml %f%ﬂleﬁﬁagtsét@f m ned
~ dista {romthe gmsrce reference’ surface 30a of ‘the ‘base optical

: recorrdlclng ha dfenitancsharen dn FHges, ¥ istmeniteredewbethes opinot fike iperadldiishtier 3

wi Tl be spaced apart by a predeternined distance; as shown in Fig.37. 16

< June mtJ\Seen the reference surface 2b of the second lens 2 and the device reference surface
31a of the holdlng unit 31 is kept usmg the laser hght If this parallehsm is w1th1n a ,'
preserlbed range, processmg transfers to a step st36 and rf otherwrse processzng ) i
| reverts to the step st34 for renewed settmg or sweeprng the reference surfaces 2b and, -_ |
' 31a The above sequence of Operatlons is repeated untll the predetermmed parallehsm | o o
- is reached | |
| In a step st36, the holdmg unrt 31 is lowered towards the lens holder 3.Ina step
5 st37 the holdmg umt 31 1s halted when the dev1ce reference surface 31a of the holdmg :
‘. .umt 31 1S at a predetenmned dlstance from the dev1ce reference surface 30a of the base’
| umt 30, as shown in F1g 36 The posrtron reIatlonshlps between the second lens 2 and |
: optrcal recordmg rnedrum and the surface of the protector 6 of the lens holder 3 wrll

_— “be spaced ap_ar_tby a predetermined distance, as show_n. in Fig.37.




i470ft'He di'stance"fromthe step 3a:of the 'ens holder 3 to-the surface-of-

* the “protector 6, . indi cated by arfow a in Fig.37, is présbnebms

-accurately,. the distancé between-the surface of the second | ens 2 towards =

~the optical. recordi ng medi um and the surface of the protector 6 can be
prescri bed accurately by prescribing the distance from.the.device, reference -

| "_;surface 30a of the:base .unit..30. abutﬁed ‘against..the step: 3a,..shown .. Ay

“arrow b in. Flg 37, to the surface of”

lhe sécond | ens 2 towards the optlcal

“recording nedium_ The l.ens hol'der 3 is formed e.g., of a thernmosetting
resin, as dédbeidis@ngpdvem thenstep Sanef thslens h(fidcl‘ Bhte. thessurfase 6f dhe t he

step. 3a to the end face thereof carrying the protector 6 is approxi mately E
wi t hi npidtevtorToeimticitedtyr airowf arinefig®7, ds pres@ibied acdmitely,ahe dEstahcds.

~fluorine coating material, having bufferrng and low friction coefficients,

R _;and 1 det%gﬁﬂletsﬁfﬁce %Emnﬂ lé?fs'ftb%ﬁem fnld! ggtlﬂgﬂe%tdl@é ﬁ%{%ﬁ}ipiﬁgno} 6215

f- m Consequent e precision’on the or appr

|s mai nt ai ned,.for d st ince fr he st p 3a-to the surface of the
pr ot ecﬁ"dﬁ‘ 9g‘:‘?P§ﬁ erR)‘lRP%l erﬁlt Ybﬂ%eﬁﬁfltdllgﬂ??(llﬁéﬂﬁfﬁf)&hce from

- " the device r ef er ence surface 30a to the surface of the second lens 2, as.
Cindi cathediemceapfewncm Suﬁfaiteglﬂab;ftha lzaskuptt 30talrutted agalnst the step 3a,shown - .
| by arrow b in Flg 3’7 to the surface of the second lens 2 towards the optxcal recordmg | -'
medlum | e e P o o
o The lens holder 3 'ls‘formed €. g of a thennosettnlé resm as descrlbed above -
. and is molded SO that the dlstance from the step 3a to the end face thereof carrymg the B
protector 6 is approxrmately w1thm *3 um The protector is formed: of a protector
| materlal such as fluorine coatmg materlal havmg buffermg and Iow frrctlon .
B coefflclents and is formed to athlckness prec1sron Wlthln approxrmately less than tens |
.:'of um Consequently, the precrslon on the order of approxrmately tens of y,m is
- marntamed for the dlstance from the step 3ato the surface of the protector 6 as shown .
B - .'_i__to the surface of the sccond Iens 2 as 1nd1cated by arrow b 1n F1g 37 1s kept to_} L |
| approx1mately less than several um by the ob]ectrvc lens unlt manufactunng dev1ce -
' Consequently, the accuracy of approxnnately less than tens of um may be mamtamed '
for the dlstance between the surface of the second lens 2 and the surface of the : e
| 7- protector 6. | | | )

Inthe next.step st38 _of_ E.ig.34,._the lens holder 3, carrying the sec_ond lens 2,is

O P A M




"‘approxi matel'y“l'ess’ than several mby the objective-|ens unit manufacturing <

devi ée. Consequent |y, the accuracy-of -approxi.matel y | essi@uaa2etsns ‘of m

-raybe nmi ntai ned for the distance bet ween the surface of the second lens 2 =~

-and the surface of the  protector 6. 1In-the next step st38 of Fig.34, the .~
l.ens hal der 3, ‘carrying the second lens 2, is 48 . nounted on the device -

;=sectton for tntrodUC|ng the first.-lepns 1 lnto -t-he.l.ens hol der..3, ‘as. .Thi.S. o
. devi ce section” |ncIudes a nmovabl e bt uni t 59, capabl e of ‘hol ding: the_ j*

first 'shown .in Fi lens 1 on a device ' ‘feference. surface 58, by

. suct i dRounigd on the ame saefiqn &g insedaeing thy firsé latisrgintdthel lens hbbledd; a8, -
~carrying the sécond lens 2, by suction on adevi.ce reference surface. 55

- The dehowmlmdﬁgﬁéhce surface 58, ‘as an upper surface of the novabl e-base™

unit 59, is.adjusted, so as to be accurately per pendi cul ar to the optlcal

- f th .
- ?ljlazt gnt i alql‘l{/é gﬁlfﬁﬁlggllpah Tﬁgn{dﬁb%e§§ﬁlgr%é%gsbg%c (gdyé]ﬂ]ttdh aﬁrﬁids the
First di f f.erent d th

i B ob a0 Blulinie BiSe S8, B ohHepnand IRUgMaos 26 Gomblagt ornct o

' '_out5|de thro h a suction through-hole, w-th the outer rimla of the first.
-1 ens holding theigns holdes 3, aavying thesmtmddensﬂ;lbyasm:tm onlindevippeefeeasbeol t he:

- .nmovabl e base unit 59 is closed at thi's glass cover 34 for hernetically-.

- seali s@rfmteess Nae depiceirdftrendesuetads SSC Y S ugﬂeﬂsarfabb tor@hé frla%aB}e Ealy-é tir St |
__"_'_-I ens The | ower end- of - thi s novabl e base

umt 59 is adjusted so as to be accurately perpendrcular to the optrcal axrs of the flrst | . : ;:
lens 1 placed thereon s ‘ o | Co e
| The movable base unit 59 is substantlally C}'rlmdrrcally~shaped wrth an rnner
spacmg, and holds the first lens 1 under an air pressure drfferentral produced across the
| inner and outer srdes on evacuatmg the inner spacmg, by drawmg arr therem to outsrde_, o
) _': B through a suctron throughwhole w1th the outer nm 1a of the frrst lens 1 abuttrng on the . | _'
e y devrce reference surface 58 The upper end of the movable base unrt 59 1s closed at this.
tlme by the frrst lens 1. The lower end of this’ movable base umt 59 is fitted with a
glass cover 34 for hermetrcally sealmg the inner. spacmg The glass cover 34 is t}lted
L ;.;relatrve to the devrce reference surface 58 towards the upper end thereof to reﬂect the o
e : 'Iaser lrght 1llummated on the outer rlm la of the frrst lens 1 so as not to produce .the |
stray llght -
The movable base umt 59 is supported by a So- called cross roll bearrng, that is '

a uni-axial movement stage 36 and is movable along the optrcal axes of the first and:

- second lenses 1 and 2. _‘The_a_mount of movement of-thrs movable b_ase unit 59 may be




7-f"-".'r_:‘e'll’tat"j:i ve to the device reference surface 58 't ovar ds the uppet"-ehd thereof . "

to reflect the laser light i .I'umi nated - on the. outer rtmlasnhetzmﬁ first

~l.ens 1 so-as not to produce the The novabl e base unit 59 is. supported by a

~ so-called cross roll bearing, that is stray light.. a -uni-axial nmovenent :
. stage 36, -and_i.s novabl e along-the optlcal axes of the first .and second
.+lLenses | -and. 2 - The:- anount -of--movenent. -of  t hi-s. ‘movabl-e. Base- -unirt - 59-ray: beﬁﬂw
-+, detected by for exanple a nagnetlc I@%gth neasurenent deV|ce 37 “The

“hol ding unit .31 is noved by a driving power source 38, such as.a pneumati-c’
eyl ‘ndgfletﬁdthrf@éﬁmetﬁa aragactic dgngth gueasuementnidvicel B Thehskiiopdnitens 2
~under an air pressure differential produced acress the inner. The. hol ding

unit 58l issnevdibbwatiiaingposydrisoaideSd, sﬂclﬁzls?d)rﬁfbmﬂhﬂdb thdef rhel’ine:a‘i‘%bt'eg and

. outer-sides.on;evacuating the inner, spacing by drawing air therein to .
- outsiqgg uction through- hoI e, with the lens holder 3, carrying.
-t he secon%fgf)ﬁﬁ%%gﬁﬁ abutting on the devi ce reference surface 55. The. Iens

-hol. der 3 nt| t-he ;second. |'ens I-s’ hel.d: by the surface t.hereof -carryi ng:
_ the protect ’]g @ﬁ@“%‘éﬂﬂ%ﬁy Fﬂéldfti‘@lfltvcﬂlapédéwéhee inngrfspeci®s. The
" lower.end of the. holdlng unit 56 is closed at this tinme by the |ens hol der
- 3 and atnldéwi@:tbndwmnﬁeﬂs 2 @hdenspr peessiire idiffbiestibbprdduged ditoss thd fnef i tted .
with'a glass cover 35 towards its Iovver end f.or hernetically sealing the

i nner anfagiteg sidek ord baRsatiay The IAnéSspd ﬁﬁgyr@ﬂaﬁh Gl ﬂ}e&&‘ﬁ fevhfiSde

reference surface 55 towards ' its uppe tor ect el aser- |ght

L 25,40, BT S T | e B yrosse

Cfor tlLt adj ust ment This device includes a detection system i ncI uding a
- first apulmg q"l&lﬁd%"dﬁ‘? Eéemcefserfasetﬁcfl’lwdennboher élmeun‘sng(blte S&mmohter rim

'f.“of ‘the first |lens, set-on the device

lens 2is held by the surface thereof carrying the protector 6 -compressing against the -
dev1ce reference surface 55. The lower end of the holdrng unit 56 is closed at th1s time -
| by the lens holder 3 and the second ]ens 2 The upper end of thrs holdmg unlt 56 is-
. fltted Wlth 2 glass cover 35 towards 1ts lower end for hermetrcally sealmg the mner
B spacrng The glass cover 35 istilted relatrve to the device reference surface 55 towards | !
-its upper end to- reflect the laser llght 1llum1nated on the outer rim 2a of the second
o lens 2 50 as not to produce the stray llght
The holdmg unrt 56 1S supperted by an 1nclmed stage 57 for trIt ad}ustment
| Thrs devrce 1ncludes a detectlon system mcludrng a flrst laser llght source 39, f-
| for detectmg the parallellsm of the outer rim of the first lens set on. the devrce
reference surface 58 of the movable base unit 59 relatrve 1o’ the devrce reference L
surface 5 8 As the first laser hght source 39, any surtable monochromat1c llght source,

such as a gas laser or a solid laser may be used in addltron to a semrconcluctor laser. . -




~‘reference surface 58 of the novable base unit 59, relative to the-device
 reference surface 58. As the first laser |ight source 39, 1@upe 2006 abl e
;nonochronatrc Irght source, such-as a gas |l aser or a solid laser, may be

- Used in additi-on to ‘a seniconduct or | aser. 16 June. 2006 50 The Irght beam - -

.- radiated. fromthe first |aser.-Iight. source 39 .is:turned into. colli rrated
.oki‘ght,. with an enlarged- -‘beam-di anet er ;- by a ¢ol ki-mator.-lens and-a- beam ‘
' expander 40. The l'i ght- beam now turﬁ%d [ nto the.collimated |ight,

“transmitted through a beamsplitter 41, a mrror 42 and the gl ass cover 34

~at the | oweFhe Hght btamheadiated dfoom ﬂnsﬁrstrdasersl@g]noscaﬂ'ce @% i turnadtineo upper .
end of the nmovabl e base unit 59.. If the first liens is held.. on the device . .

ref er eptiematod ﬁﬂthaan bﬁﬁrgﬁpﬁéaﬁr&aﬂbte&hﬁ @H@lhh?at@ﬁﬁﬁ]s%ﬁd afRanihis

~collimated ligh is reflecte by the referente surface Ib of the outer ‘rim- |

e rar bt At e

- back- f he refi'ecting The return I ght, reflected back-fromthe is "
- refled léal Ackeam sphtterty, armimond2 and the glass peven dbat the dowanend fitheace of
- the beamsplitter 41 and branched fromthe-return optical path to the frrst
- | aser mogiitle banerundt 5D so as tafdli ditimugipenend of tht3nonabledaké uait SO G2 L

;operating as ‘detection neans. The inmage picked up by thefirst CCD 32.s .

- di spl gyediens id Hﬁd%ﬁﬁ‘h@%é@éﬁ fe‘féreﬁée su LS| tﬂﬁetﬁ];)ﬁercgndtdlethl ii ABa @m from

“‘,thefrrst laser- light source 39 1's Juste on-t

t he ba§ nl?gg t?]%s &ﬁllma 1gﬁt rs refpeé{ed 5;?( tﬁe relference surface [ib ofztﬁe outer o

" rrm 1a of the frrst lens 1 and thence returned through the g}ass cover 34 and the mlrror a
42 to the beam sphtter 41 | | o
| The retum lrght reﬂected back from the is reﬂected back from the reference :
| surface 1b of the outer rrm 1a of the frrst Iens 1 is reﬂected back from the reﬂectrng
o surface of the beam splltter 41 and branched from the return optlcal path to the first
laser hght source 39 10 fal] through mlrror 43 on the first CCD 32 operatrng as R
| '-detectron ineans. The rmage picked’ up by the first CCD 32 is dlsplayed onthe second | . o
' 'momtor 33 The colhmatmg of the hght beam frorn the flrst ]aser lrght source 39 1s' -
L '_'l._ad]usted on the 1magmg surface of the f]rst CCD 32 S0 that the beam dlameter wﬂl be _—
: -_mlnlmzzed | . - | |
' - This device':-iﬁcludes-a de'tectibn'system,- includiﬁga second laser -I:ight:'source |
o 44, for detect_ing.,'r theparallehsm of ther)uter'rihl;o_f t'hejsecohd 1e,ﬁé,ae1q uhder suction ) )
on the device reference'Surface 55 of the -holding unit 56, relattv'e to the devi'ce

' refere__nbe surface 55. _As_t_he first laser _Iight's_ource' 3_9-,_any suitable_rnbnochromat__ic

| ITB.gI ng sur ace




44 for det ect i ng ‘the par aI I e i smof the outer

timof the second Tens, “held""

":--'.under ‘suction This device includes ‘a detection system i ntd.ude2eéa . second

..as-a gas l-aser .or-a-soli-d kaser;

:Iaser 1ight source on t he 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 nonochronatlc '16.°-June. 2006 51 |.ight.-source,. such -
-ay-be- used f-n-addi-tion t0-a sentconductonww
‘. laser.. The light beam radiated: fronﬁlhe second | aser |ight source 44 is S
”turned into collimated light with an enlarged beam dianeter, by a :
col | i néglérsougess such as a)gasnlasepanderso«ilﬁ laBbg iniag e luseanmrmmubnrtaed into.

the collimated light, is transm.tted through a-beamsplitter 46, amrror

- .41 andseifieothassr agwer 35 at thée upper.end of the,

hol di ng unit 56 so, ‘as
“to fall on the. lower end of the holdlng unit 56. If the second Iens 2 is

..-heId on th Ce 55 at, th mer end . qf the hol ding .
-uniit 56, tﬁ?ls%eﬂgﬁfpléﬁn{dﬁggﬁf dgﬁ'kg % ¥ tlg%erglggh REUF & gt‘éﬁé‘é‘ nedripie e of -
of the- second l'ens 2 and.thence returned through the glass:

“th ter rim
coxE/)e'(r)lé?gIC F@“rrt"t*ﬂbtll glagged heamaliamepir; by ar colligatahenseand a Heaght i s -

- reflected back fromthe reflecting surface -of the beamsplitter 46 and o
- branceapaidends. hél"heehghhbemn,l salv tatdd inotthe ot)uhﬁatetiazigdt ts #ahsmieed ce 44 o

o O- fz?ltlllrough a beam sphtter 46 a mlrror 41 and the glass cover 35 at the upper end of the-_r
B . ho]dlng un1t 56 so as to falI on the lower end of the holdmg umt 56 If the second lens.
‘ o = 2 is held onthe dev1ce reference surface 55 at the lower end of the holdlng unlt 56 thrs
o colhmated hght is reflected by the reference surface of the.cuter:rim of the second ]ens .‘
2 and thence returned through the glass cover 35 and the mirror 41 to the beam splitt-er
'_ 46, The retarn light is reﬂected back from the reﬂectmg surface of the beam sphtter _
| 46 and branched from the retum optlcal path fo the flrst 1aser Irght source 44 to fal]
- through mlrror 48 on the second CCD 49 operatlng as. detectlon means The ‘image [
B plcked up by the second CCD 49 is dlsplayed on’ the second monltor 50 The K
| "coihmatlng of the llght beam from the second Iaser Ilght source 44 is adjusted on the |
R ._unagmg surface of the second CCD 49 50 that the beam drameter w111 be mrmmlzed e |
Thls dev1ce mcludes a focnsmg error 51gna]s detectmg optlcal system 60
Snnllarly to the optlca] system nsed in an optrca] plckup dev1ce for an optlcal d]SC this |
S ';-focuszng error s1gna1 detectmg optlcal systern 60 is an optlcal system for detectlng the : S

focusing error signals by z a so-called astlgmatlc aberratlon method ora differential

. concentn_c_ method. This focusmg.error signal _detec‘t_t_ng optical system _60 m_clud.es-a- R




'f':‘:"g'through MTror 48 oh the second oo’ 49 operat| ng ‘as’ détection nmeans. The
- i.magé -pi cked up by. the ‘second CCD 49 is .displayed on thel&boea@enonitor

"50. The collimting of the |ight" beamfromthe second |aser light source |

" 44 is adjusted on the - |rrag| ng surface of t'he second 'CCD 49 so that the
beam di anet er _ WII |- be minimnized. Thi s ‘device i-ncludes-a focusi ng error

s gnal s det-ect:i: ng ‘optical-:system-60: »+Si-m tarty-t-o-t-he optical system-used:-

“.in an optical pickup device for an- o?ﬁ i cal disc, this focusi ng error. si gnal .

‘detecting optical system®60 is an optical systemfor ‘detecting the :
f ocusiSeBIEPRdyIctar lgntn &t By a dighbsaare eandaenlligitesithe Hgbt bewnondiated fivnor a
differential concentric method. Thi's focusing error signal detecting -

-opt i cahe syatieonditombised6s, By F2cokimatondens 62, ARb dlufinatés tife @Mingour ce,
and collimates the |'ight beam radi ated fromthe sem conductor |aser 61, by.

-a.col ldo I t beam.
“thr ough“?hlgfegelg%ﬁsl%%m ﬁggu%gmém%?ﬁ]dﬁ&%%%ﬁﬁg&g a%rs&@bv%ll% %ggﬁlj %t he . | ,
ol id e bas nit 59.int:otheirside of the novable base
o R S b IR w33 st R b dbTe R (B oG R o o
.the novabl e base .unit.59, the light beamis incident on the first lens 1.
- HE t hengdSbé theshiest lzansslmsetrmehednvmeerefmmemmwsmhe heovablebag unit

| .56, the I'ight beamfalls on the second; |ens 2. The: collimated |ight beam .

. sequenhitdid, yhé Hehlesaim @ninthnt bfiShe st 186§ QNG {1RN%eSnd 1GRD B nroantéarsussed

..on. a poi nt. above the: second lens 2. .The mirror-64 is reciprocable w-th

SR RS B by Bl 2
., \L/' Pcf nﬂ%%gﬁsl?lﬁ@: Vl?éht %amh%‘é’(';uré tlgllryelhlcﬁi%hlt XS tﬁeuhis?ﬁﬁd'séﬁoﬂrc? ijerhtsgg 1Iarr]1dt he’
4 2 is focussed ona pomt above the second lens 2. The mirror 64 is recrprocable w1th
' respect to the Iower portron of the movable base umt 59, and rncludes an aperture
| correspondmg to the effectrve drameter of the objectrve lens umt |
| A glass cover 69 havrng a reﬂectrve surface is mounted 1n the v1cm1ty of the
focal pomt of the ob]ectrve Iens unlt as shown in Flg 39. Thrs g]ass cover 69 is .1
| -desrgned to be equal in thrckness and refractive mdex to the cover layer of the optical
o '. recordrng medmm used in COI]}HI’ICUOH wrth the ob]ectlve lens unlt The hght beam :
o . converged by the flrst and second lenses 1 and 2 is reﬂected by the reﬂectrve surface s
E ._of the g]ass cover 69 and returned to the beam 3p]1tter 63 through the second Iens 2,
frrst lens 1, gIass cover 34 and the mlrror 64 as shown in Flg 38 Thls retum lrght is
reﬂected by the reﬂectlng surface of the beam splltter 63 on the beam splrtter 63 and B )

branched from the retum optrca] path to the semlconductor laser 61 If the astrgmatlc

3 method is used this return hght is transmrtted through the mirror 65, convergrng lens




desi‘gned to be ‘equal” in thickhess and refractive index to the cover ‘Layer -
~.of the optical focal point of. the objective |lens unit, asishoagoln Fig. 39.
This glass cover 69is recordi ng medi um used in conj unction wi th the =

* objective lens unit: The light beam converged by-the first and second

. lenses land 2,.is reflected by -t he reflectlve surface. of the glass cover 69 -

-~ “and- returned to ‘the ‘beam spli- t-t er.--63:t'hrough-the second-1ens 2; fi r-st{-enss .-
-1, gI ass cover 34 and t he 'm rror 64, s shown in Fig. 38: Thi's return light

'"|s reflect “surface of the beamsplltter 63, on the

| beam fm %?YIH@H gns 6759@ e asfigmptic Aksrtationgistasdalbehenconvarged
~sem conduct or | aser 61. If .the astigmatic nethod i's used, this return Ilght

i s tramsthetlighd redmumglsurﬂaee of arphotédetecton8r ging | ens 66 and a cylindrical
| ens- 67 to produce astignmatic aberration so as to. be then converged on the

Clight receiMidighisediong satfaeelragqgegagﬁfde%@ﬁea lmgra&llhmﬁ‘fﬁé gy sur face

~-of. the photodetector 6871 s div m the cen ocusi'ng error 'signals

“and p n SI ls g1t} er cal cul at’i-on on |nto four et
20 Bt tolh MR g Bl e DR Bl S R driadeR @% -

~anot her. the f our phot odet ector signals, output fromthe phot odet ector 68-
- as W IEOCBEIHEW%SI@EISIW pukkdn Smnﬁgbmwamml bydabulbiomgbasedwned to -

- -the nbvabl e part of the ~‘voice coil notor as driving neans. actuatable in. - .
~the ophé fair Iﬂmtcsdetebtdimgnals @gpahfrom ihe ph%'t(ﬁ;left@dtér 68, pywillbe ekﬁﬁine‘ﬂo“ ng. 70

. s0 that ‘the glass cover 69 and the coil "72 are m)vab e Fig:89." Thi's-voice .

}ﬂnovable p

ol Qﬁﬁ a Ieaf Spl’l ng 70. The" gl ass cover. 69 and the: coil 72 as
qurady.
. The. voi.ce coi:l" nmoto is: a . fixed part and . Jncl udes A nagnet

o 7,_1 o the_ ﬂCI rlallstsyco(\)/fer t6Belscs81:nported by being secured to ‘the movable part of the

| Vorce coil motor as dr1v1ng means actuatable in the optlcal ax1s drrectron as shown in
F}g.39.- ThlS vmce-corl motor has a leaf sprmg 70 The glass cover 69 and'the coil 72
are carrled by thrs leaf sprmg 70 so that the glass cover 69 and the coﬂ 72 are movable
“as movable parts The vorce coil moto is a f;xed part and 1ncludes a magnet 7 i inthe _'
v1crn1ty of the corl 72 |
" In the voice corl motor the glass cover 69 is moved along the drrectlon of the
' "optlca] ax1s under the rnteractlon of the current supplred fo the coﬂ 72 and the__ ‘- :
magnet1c fleld generated by the magnet 71 by the drlvmg current supp]red 10 the corl
H The leaf sprmg 70 of the voice corl ‘motor mc]udes a.through—hole 73 for
- ":-transrrussron smaller in dlameter than the second lens 2 in order for the laser hght_ R
radiated from the second laser l1ght source 44 to be lllumlnated on the surface of the‘

i second lens 2 proxnnate to the optical recording med_lum, as shown for. examp]e in




“'FH the voice coil notor, the- glass "cover’ 69 is aned ‘al ong” the ditection o
of thHe optical axis, under the interaction of the currenﬂﬁsnpgomhd to the
~coil 72 and the magnetic field generated by the magnet 71, by the driving
“current supplied to the coil The leaf spring 70 of.the voice coil, notor
-i'ncl udes-a through hol.e 73 for - transnission smalier-in di ameter ‘than the

f'--:-f'second lens' 27 Fne ‘order -f or the - ]aser 14-ght - -‘radi-at ed -f-rom t-hé second: l-asef |

L ght source 44 to be i |1 uni nat ed - -on ‘{he surface of the second | ens 2
© proxi i tag gﬁtlcal recordi ng ‘medi um as shown for exanple in Figs. 39
and 4 R ith Ehe defestion sysiemabaving thessesend inset lght sdurgtdd gherce 44,

“the parallellsm of ‘the surface of the second lens 2 close to the optical .

" recor dranafletisth ofithe supfAdecofottieise ondledik Y @BsSty tfhéfcgrtrcﬁﬁréﬁordfﬁ HBYRMR) e base
unit 59 can-be .nonitored through this through-hol In a Step st39, 5
- “shown th hEi @Bvid re m ween bhe fe §rce S rface 58 of .
~ the m)vabl e E),aser Eﬂ?n@%‘gﬁtfa@b o?ﬂ%eosrtlaéfr% R%fe Hﬁﬁ $§ gngl L% 1 the .
“surfa econ 1.ens, 2, mounted to t-he | ens hol der 3 “held by the
. hol di ﬁr@r tggéﬁ @Bﬁ ‘ace is closer to the optical recording nedium-

is adjusted. If the paral |l el i sm adj usted- so that the parallelismbetween

- the surfacdn afstemst39eshown isrkigS4 ke phealldlismdethetneke debiesefdrage of the

"~ .second lens 2 and the device reference surface 58 of the novable base unit :

"".:range In a step st40, the paral 1 el i smbe

. 59. i s sorface 58fithe thoviabli basd\@rllfJB?S@.iecirf%P?@srtfohﬁl‘geﬂfd FirgJend 295

ween- t deviece re?erence surface

58 an f k and,, it the aliellsm
LS W t r n- T gﬁgrsg‘g@q)e g erg‘%t](?:ted tglgiﬁléd{@?%?% ffg‘év Mﬂ@%ﬁg nit..59..
oW |sed W thin. the preset range processing transfers to a step .

, V'Lst4l Li'tlclbf fils £los erfséhseptrgalre%tdmgtre Bﬂstlépdjﬂsted Ifthe parallehsm |

between the surface of the. second lens 2 and the dev1ce reference surface 58 of the
rnovable base unrt 59is not comprrsed wrthm the preset range the rnclmed stage 571s
| ad_]usted SO. that the parallellsm between the surface ofthe second Iens 2 and the devtce :
reference surface 58 of the movable base umt 59 w1ll be comprrsed w1th1n the preset
- range In a step st40 the parallelism between the device reference surface 58 and the' |
surface of the second lens 2is checked and if the parallehsm is wrthrn the prescrrbed
T o range p.rocessrng transfers t0 a step st41 If otherwrse processrng reverts toa step "
L 39, | - |
In a step st41 | the flrst lens 1 rs mounted on the dev;ce reference -surfa.ce 58 of .
~ the movable base unit 59 as shown in th 38 In a step st42 shown in Frg 34 the laser |
o "_t'lrght from: the ﬁrst laser llght source 39 reﬂected by t the reference surface 1b of the |
first lens 1, is checked to Verrfy the parallellsrn between the reference surface 1b of the

* first lens 1 and the device reference surface 58 of the mo’vable base u_nlt 59. At this




]5$f39fhln'a'Sfép'StZr; the'flrStVIEhSrl-ls'hDUntélenthe'deVlCe rererehce~ N
"s:urf,alce 58 of * the novabl e base unit 59, as shown inFig. 386June 28065t €p st42, -
shown .in Fig.34, the laser light fromthe first laser |ight source 39,

“reflected by the reference. surface | b of the first lens 1, is checked to"

verify the parallelrsm bet ween t he reference surface I'b of . the fi-rst Iens I__;

~.and "t he- devi-ce: reference strface: 58" the novable: ‘base ~uni t- =59 - At t-hi: 'S :
.time, the mrror.64 of the focusing etror si gnal detecting optical" system
60 is receded back fromthe position bel ow t he' novabl e base unit 59. .
- at i onstims, tegaistas 4ok the forusipg eror signehdetecting hpticaltsysione601s teedded| ue.
‘Wen -the parallelismof the reference surface Ib of the first.lens 1 wth
r especbacferomthe position belawsthe nsovableibadeamis594. | f the parallelismis .not
‘Wi thin the prescribed range processing reverts to a step st4l for :

“dovi ce rof apench g Rt ?‘E‘%‘?’r@“l@% B Al theBreBb g TRhge aTélgir%sieé.ng

0 a position below

‘error nal --det’ ec st em.6Q i§ inserted

. the nu‘\f/%lh? Sfaepy ‘l‘P 8‘8 t?liﬁl etn%t"eﬂldnthf'elersarﬂhelransedeepesrmer ues,

the spherical aberrati.on should be If the refractive curved surfaces and . - -
- t hi ckriesedstoarstestdl fop exsetting) mthesefefencheuﬁﬁcesa];b sib§Baierswrirg. IBis zero - ‘-
~when ‘the distance between the : two [enses of the set is equal to the

'_ desr gmeqeénee of operatlons 1s repeated untll the parallehsm 1s w1th1n the prescrlbed Value. R

When the parallellsm of the reference surface lb of the frrst lens 1 wrth resPect e

to the devrce reference surface 58 is conflrmed the mirror 64 of the focusmg error
| srgnal detectmg optlcal system 60 is! 1nserted toa pos;tron below the movable base unit |
59, as shown in Frg 38. |
- If the refractlve curved surfaces and thlcknesses of the respectlve lenses of the- ,
-' double lens set are all equal to ‘the desrgn values the spherlcal aberration should be . .
Zero when the dlstance between the two lenses of the set is equal 1 to the desrgn value. ,
In actualrty, however refractlve curved surfaces or the thlcknesses of the respectlve
lenses, possrbly affectlngthe spherrcal aberratron are devrated from the desrgn values,
S il\_.due te for example an offset from a desrgn value of the metal d1e for moldlng, or_.-f
| | vartatrons in the moldmg condltlons ti is known to ad]ust the dlstance between the
two lenses to minimize the spherlca] aberratron in the assembled state of the double
";-Ien_s set. _In_t__h_.rs ObJ;G?'ElV'ﬁ?:l@l}S. set -manufactmmg devu:fe, adjustmen_t may_;be made by )
exploiting this principle, 'in. such a 'mann.er:‘,that, as the focusing error' signals are

- detected, the device reference surface 58 is raised toa position where the eent_er value




“:Iens uni t

STaactual i.ty, -however; refracti've curved: surfaces. or the thi'cknesses ofthe
~respéctive | enses,. possibly affectingthe spherical aberratéame260ee deviated
“f.rom the design values due to, for exanple, an offset, front a design
value of the netal die for nolding; or variations.in t he. ol -di ng

- condi-ti-ohs; |t..i.s -known:to adjust the di stance betmeen the tens set. In.. . :
= thl g objectlve FFens “set--manuf-act-uri ng ‘devi-ce, - “adj-ustment- may:-be -nmade by t-wo:
..lenses to nminimze the spherical abe ation in the assenbl ed state of the
" doubl e exploiting this principle, in such a manner that, as the focusing -
~error oft@adpeusing esron signadnisetere dinurdesta tanintize thd spheticababerratiomdar a

condi-tion that the- | enses .nol ded. usi ng variable metal of the focusing error . .

~si gnaltheiobjetive, lengunitdeidet @ dshditivzsiat R kRSEY m%PdedQR‘?ﬂ%%if‘ Oﬁ]efjdles or
under vari abl e nol ding conditions. co-exist. introduce t I rst

-on thedlgse&ﬁ%%re‘fa‘?fa%n(gﬁ'ﬁ&fn he‘idﬁ% néo B%@Be [ ens - holder 3. That is, in g Ny

step.st44 s novabl € unit 59 is upllftedtolna

‘step st45, h l.ass cov‘g 9.is vibrated al ong ‘the.optical ~axis by the"
. voi ce coi | m?ﬁ%?P? 4 shpem inddg- 3o thgy movehlecbasajunits3o isuplifieddo a

'si nusoi dal driving voltage, for exanple,is supplied to the coil 72 of the
 voi ce inlgoduceotherfirsblenis Hr st entthe deviae sefeoarme supfaet 68dntdhedpns BaldeaRi s.
- cenpl oying an optical recording medium t In the optical pl ‘ckup device of

*the reﬁqrsﬂ%mt@wdﬁ@glarss%o@psg ﬁ@vmmﬂ%aﬁ%m@e ﬁ%ﬁ'aﬁ% by 1RY vBike {{15 FC“VEI

ri ving actuator to detect the so-cafl focu -hg: sl gna

" th 1 f t

i3 ?O?E*Ef%tgﬁzfﬂa?? R ol BB DR iR PR e aboagen
~ detect: Il -in deyi the_objective lens unit.is. fixed, instead of
- vibrat? ol JS_BEPlilvitq félﬁ §0d r?uthoftsl,fte Nﬁ@e@@ﬂen@ﬁovéo v@m@te the glass cover

69 g]qng thg optical axis. -
| In thé .O-E)tic'i.ll .pickﬁp device of 't-he'”.recording and/or réproducing apéaratus
| emp]oymg an optical recordmg medlum the objectlve lens unit is vzbrated along the
" ; optlcal axis- by an ob]ectlve lens umt dnvmg actuator to detect the so- called focusmg -
error mgnals (S-shaped 81gnal) and a sum mgnal to be-incident on a detector (pull in - "
' SIgnal) to set the app]1cat1on tlmmg of focusmg Servo. In the prescnt manufacturmg
'dev1ce the ob]ectlve Iens unit is flxed 1nstead of v1bratmg the ob]ectlve Iens unit by .
':,___Z:the Ob_]CCt}VC ]ens umt dnvmg actuator w1th the glass cover 69 bemg forced mto S .'
' 'Vlbratlons At thls t]me the focusmg error 31gnals and the pull-m SIgnals are detected f
oas shown in Flgs 41A to 41C | | | |
Referrmg to Flg 38 w1th photodetector SJgnals Ato D from the respectlve arc%as l, o
of the light receiving surface of the photodetactor 68, the signal level_s of the focusing

.. -error signals in the case of;_ for cxamp]e, an astigmatic me‘thod, are defined by [A+C-

ens -1.set -

to set




“ithdriving actuatory with the glass cover 69 being-forced into vibrations. -~
At this time, the focusmg error signals and the pull-in- $6 ymabeoear € w
- detected, as shown in Figs.41A to 41C. of the light receiving surface of
“the photodetector 68, the.signal |evels-of thefocusing Referring to F|g
38, W th-photodet ect or: 5|gnals A to D from the respective areas error

" SI gnal s i n-the case-ofy for exanpl €, an astlgmatl c-fret-hod; - are defi:ned- by

. [A+C of the focusing error signals aﬁﬁ t he spheri cal aberrat ion of the

" objective lens unit is Referring to Figs.41A to 41C, the rel ationship
- bet weeB+HY), sllﬂhatbe@uﬂemel‘emlmsﬁbﬁn&dbys[lmg}eBﬂ-ﬁ)]S| gnal s becones
‘symmetrical i'n the up-and-down, w th the.focusing herei nafter expl ai ned."

"Wth the ZeRefepitherd Eips 4AROtor AU Qﬁerémﬁmﬁlﬁvﬁﬁ%ﬁ WaHe s waveth gignal’s

g ‘
- becoming zero V for thAe maxi rumpull-in e sp |ca aberration.

~is of a vef.or m e focusing error o
si gnalggf@elqﬁsﬁ% %ﬁjﬁgﬁt@él%@}gﬁ% SSP% ﬁcglr?ﬁ?mwmﬁbﬁ|q%mqtmeﬁegﬁ %ngslsshown o
ion Fig. 41A I f conversely: the spherical ‘aberration of the objective lens =i

Cunit iRergmagiepexplaingd. Wihdhe zeeophesicakshereationg the Sshaped wavaficenofin - -

‘direction, with the focusing error polarity, the S-shaped waveformof the .
focusnthgfmmgmr@mgm]bb@mmmﬁmidallﬁﬁﬂhedpﬂarldlﬁo% didrifebcusthg h the

. .focusing error signals beconing of a positive polarity for the maxifum -

“pull e ahals RO Jor Vi ERRBUSH Dyl 19l CHS s B gnal

”Z;Ievel can bé& estimated fromthe signa e. -rocusing

~maxi the tivel the state of the -
- focusi' E%Hgi’]f)%r]g&f@nﬁ? E’\?eﬁ’o Eﬂﬁ’ Eb gf%?@d”%‘@fé@égt‘ihﬁgtaqoﬁémgﬁ’@f of . the .

. center vaI ue of 'the S—shaped si.gnal. .of the focusing error. signals. (B+D)]
. whi | e Signalspeqomes asymmetnicabiisr theap- agd{dawa-diration, Wlitietheefm:lusnfg ¢roer center
~*val ue. of the S-shaped waveform of the focusing error-

signals bemg of negative polarity at the maximum pulI-m level; as shown in Flg 41A
If conversely the sphencal aberratlon of the Ob_]CCthe lens umt is of a posmve
| poIarlty, the S-shaped waveform of the focusmg error s1gnals becomes asymmetncal e
- _in the up—and down w1th the focusmg error s1gnals becommg of a pos1t1ve polanty for -
s the maximum pull-m ]evel as  shown in Flg 41C |
B The state of the focusmg error 51gnal level can be estlmated from the stgnal level |
o of the focusmg eITors at the max1mum pomt of the pull—mlevel Alternatlvely, the state
s . of the focusmg error 31gnal ]evel can be estlmated by detectmg the Ievel of the center -
' Value of the S—shaped 31gna] of the focusmg error s;gnals |
The level of the center Value of the S-shaped waveform‘ of the focu311tg error
o ‘;slgnals v center) may be deflned by -
V.center = (Vi + Vb)/2 -

- where Vit altd Vbare a top.voltage an_d a bottom voltage of the S4shaped signal

at" the .|




‘L.conventlonal si ngl e-1 ens gl ass .no

S|gnals (V center) ‘fray be deflned by Vcenter _ (Vt + Vb)/2 where Vt and '

Vb are a top voltage and a bottom vol t age of the S- shapedi&dugaadosl f "t he
.spherlcal aberration of the obj ective lens unit is plotted against the
center val ue (voltage) of .. the S-shaped signal waveform of the focusing
error 5|gnals ~a in-which plural -1 enses nolded .using plural- ‘et al - di es

‘:.:_;c-o--exist wi-th:the-numerical const-ant relationship-is-obtained; as- shownln
" Fig.42. Meanwhile, the graph shows d#a aperture (NA) of 0.85, the working .
~wavel ength. (A) of 405. nmand wi'th the effective dianet er of 3 mm Based on

thi s rofithe fmrshlg)errotsrgnalppmperttwelp find a center value of the. S-shaped .

'signal for which the absolute value of the spherical aberration is.mninmm .

1n a step $f 4 sphBAWA dberﬁhen%ﬁhé HjcE8 Rins ¥ tll§pthtetdfehtf‘gn%s5‘tl‘ﬁ’é)€élrte15' gnal .

of the. focusing error signals is detected. to che er or not the so

RSP 00 SR SO b B RSB R AL

step-st47 and, i f.ot'herw-se, processi reverts-to.a step st44.to repeat”
. the prcongeni w@atmnsamleebtaa@ed, Reshpr nmﬁ:gﬁb’t Mernwhiles the giaph shawssdata st 47,

‘the first lens 1 is bonded to. the |ens holder 3. The objective |ens uth_--l

-+ is conpleliiel plorat Uenses tholledcivin ph:mh nfetalt &ips SbASkist, Sith the nuniepicahe . -
ded' objective 1ens or an obj ective |ens

| Lo R NATEY DS ol e VAV S0y s einugig the

' opt ! C%ranllet%l( OP 3 mm Based on thrs relatlonshlp, it is poss1b1e to frnd a center value ef the L

o S—shaped srgnal for Wthh the absolute value of the spherlcal aberratron is mmlmum
o Ina s_tep st46, shown in F1g.34, the center value of the §j—shaped.__s1gnal'of the -
focusing error‘signals is detected.to chéclt whether or not the so detected 1t'fa]ue is .
Wlthm a preset range wrth respect to a preset value It the. center value IS Wlthln a
o , ,l;prescrlbed value processmg transfers to a step st47 and 1f otherw1se processrng -
" reverts toa step st44 to repeat the processxng of ad]ustlng the posrtlon of the frrst lens‘ | o
In a step st47 the first lens 1 is bonded to the lens holder 3 The ob]ectrve lens.
5_': funlt is completed on curmg the adheSWe ina step st48 - |
| Stmllarly to the conventlonal smgle-lens glass rnolded objectlve lens er an’
- obJectlve lens forrned of synthetrc resrn the ObJCCtIVC lens unlt assembled usmg the |
. ‘t_ ._ j{devrce and the method accordmg to the present invention, 1s used for an optlcal pleUp_ .
V'deV1ce. Slrnll_arly to the conventronal objective lens, the objectlve lens unit may be

. mounted to the objective lens driving mechanism used for a conventional optical -




“devi: ce “Sinilarl y to the conventional - ‘obj-ect ive | ens the- ‘obj. ecti'velens
.unit -may be nounted to the objective lens driving rrechant@.mnuaam for a
conventlonal optlcal pi ckup device as shown in. Figs.43 and 44.  As the.
~‘obj ective lens unit driving mechani sm -on which is |oaded the objective
| ens . unit .of the present. invention, such a nechani smsinlar to the.

'_.-:_conventlonal mechanl SMATRY - be ..used... For. -exanpl- e, in.a.four-wre. type

“-arran

‘--;'Obj ective Iens driving rmechani'sm i $%whi ch the Obj ective lens unit -
‘carried in a cantilevered fashionwith tour wres, as shown rrrlgs 43 an([

44, apgg@,plum@éegsshmmgsw$ampdnt ed by a base bl ock 10 usi ng four:-
reS|I|ent wres. 9. A . dunper” materi al 11 is: provi.ded on the proxinal. sides.

of the wir r teda‘
“magnet 14 g%dﬂe S%Cbegl‘gﬁg %ﬁdgngﬁgl%el?é%s']‘ﬁ? ehyo isqééd%dr)teh% %Eﬂisuléng coi |
12 and a tracﬁ:% an coil 13 .are nounted on the coil..pobbin 8. On theﬂfase
| ANC (HESTTS AYPRIEOTb o a gRachamsT i aﬁgtoc%w coptyegHigngh aced i n
~.the. magnetic.  fiel'd thereby produced. Wien-the driving current i
_ suppl inesthanismhmayobeisised, For lexample;him atpecwizetypensbjetive dems/dngm@c ham sm

causes novenent of a coil bobbin 8 along the focusing di rection parallel.

. to thenRRRhRA, iR WIScRthd BSjcel @ s \imil ArHed a\aflaleviehdd ERhRIPRithON of -

the driving current and the magnetic field f orned by the magnet 14 and the .-

yoke ﬁn v@ﬁ%se 3%?@@‘?@@ '1‘:1,154‘23 Qﬁél Eﬂt ”&’ c81‘1' ’broBB n e ?ﬂr‘?ﬁ’é 'tt?e oﬁ;@ctn%‘%nt; R king.

e COI I

movably supported by a base block 10 usmg four resﬂlent w1res 9 A dumper materral _ o
| 11 is provrded on the proxrmal 81des of the wires 9 carrled by the base bIock 10 A
focusmg coil 12 and a trackrng corl 13 are mounted on the coil-bobbin 8. On the base
b]ock 10 are mounted a magnet 14 and a yoke 15. The magnet 14 and the yoke 15 are.
arranged so that the focusmg col 12 a:nd the. trackmg coil 13 are placed in the magnetrc _
freid thereby produced L T L
When the dnvmg current is supphed to the focu.sm.g coil 12 the ob]ectlve lens: !
umt dnvrng mechamsm causes movement of a coil bobbm 8 along the focusrng
drrectron parallel to the optrcal axis of the objectrve lens unrt under the mteractron of
the drrvrng current and the magnetlc fre]d formed by the magnet 14 and the yoke 15 PN
Moreover when the drlvmg current 1s supphed to the trackrng c011 13 the objectlve IR
Iens unit drrvmg mechanlsm causes movement of the coil bobbm 8 along the planar |
trackmg drrectron perpendrcu]ar to the 0pt1cal axis of the ob]ectlve lens unlt

The optlca] 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




ensTuni t drivi ng'-':"r'r“echanl' sin-Causes movemert of the coil bobbin. 8 al ong the

pl anar tracking direction perpendicular to the optical axii&Juk 200

“.objectlve lens unit. The optical pickup device controls the dr|V|ng )
" currents. supplied to the focusing col 12 and the tracking coil 13 to cause-
“nmovenent --of -the object|ve l.ens-unit -to control. the position of the -

‘obj-ective- } ens “uni-t-i n-such- a manner:t hat -t he i ght--spot ~of:the Ilght beam
: .‘converged by this obj ective |ens um@ will be formed at all tines on the

~signal recording surface of the optical recor di ng mediumto.follow the.

. recor dhegosltmml@ﬂtthembgbatwetlhm wimif i stch a enzomei thpt el light spdt afithe digthi cal
‘recording medium is an-optical disc, the up- and- down direction in Fig.43"

~and t t&aﬁe@aﬁva«%éa b?'thﬁcéb eetivelens it wil be ToRABY at allttiRes %ﬁ'tﬁe siliragCt i on

 of the opti-cal. disc; the l'eft ~and rlght direction in Figs.43 and 44
2222? %%ﬁe@dtﬁacaoéi@%?ﬁfaiéﬁo?%wﬁ%@ eSOkt BEREREack Forsif ‘EB;t
“operating .as<a-light sgurce, as shown-in Fig.45 A I'i near-pol ari zed

. ,-I i ght onrles hcébIeCﬁF‘UIégpn‘%fBUHbe havi ngt he objective lens unit .driving

- mechani sm and beam L1, radiated as a divergent |ight beamfromthe

~osplitte

- sem conduc THthel gl ﬂe@ordmgh@ednﬁmllb anwpticglalisy, itré m%—alndadmﬁﬂﬂiﬂett@din {PBS) 19
. The light beam'transmittied through the collimted by a -collimtor |ens 17

i ~and hiﬁg BanaRhé dapthRwide dif‘éﬂloﬁﬁpg? ml dobRs z@}{‘f & t}l]lb%gﬂfa'l dire Eﬁ&?o?ﬁ?em

19 1 s-turned:into.circu "pol ari ate (quarter.,

s BB aRS, bRutdht 168 AN B1ESE faa%ém nabﬁaﬁ?aﬁaﬁ‘dé s a1 on

- an Obj ective. |l ens unit; 51. “Thi.s objective lens unit 51 .s supported by an
. obj ectangentlehdlre@mnthcrm ng mechani sm- not shown, for novenent in the

- focusing direction F. parallel to the optical axis and in a planar tracki ng

direction Theoptmnﬂclmp davitq haiﬂmgmé bbjettivxdens unit dnvmgmechamsm and
‘ the ob]ectlve lens unit accordlng to the present mventlon, lncludes a semlconductor ‘
o ‘_ laser (LD) 16 operatmg as allght source as. shown inFig.45. Allnear-polarlzed light |
beam Ll radlated as a dlvergent llght beam from the- semlconductor laser 16 is
. colhmated by a colhmator lens 17 and has 1ts optlca] path bent by 90° by the nirros 18.:' .
= to fall ona po]arlzlng beam splitter (PBS) 19. The Ilght beam transmltted through the |
o polarlzlng beam splltter 19 1sjurned 1nto c1rcular polarlzed llght by a ?L/4 plate (quarter .
R . wave, p]ate) 20 to fall on a beam expander 21 composed of a concave mlrror and a |
' -_ _' cont/ex lens 50 as to be thereby expanded in beam dlameter to fall on an obJectlve lens
‘unit 51. ThlS objectlve lens unlt 51 is supported by an ob]ectlve lens umt dr1v1ng. h
i : mechamsm ‘not. shown for movement in the focusmg drrectlon F para]]el to the R
- optical axis and in a planar tracklng direction T1 perpendlcular to the optical axis.

" The hght beam 1nc1dent on the objective lens unit is convergedby thls obJectlve




| _‘;rj'gTh-é'I'i"g'ttt “beatn i ncidéent on the obj'eCt ive 1ens uni't-is converged by thi's™

-obj ective lens unit 51, and il | um nated on the si gnal - r ectd dinmgoqur face of-
~‘an optical “recording recording surface of the optical ‘recordi ng nedi um- 110

"1s nodul ated in a preset manner by this si gnal ‘recording surface with oo
f:respect to the_direction of polarization and'reflected to fall.on.the

- ‘opj-ective-t ens,__nmt 51 “A-return 4 i ght- beam 1:-4s- transmtted- “through @i
. beam expander 21 and turned by the -164 plate (quarter wave pl ate) 20 |nt0 o
“resulting linear polarized light is returned to the poI ari zing beam
spl i t tlens 1mit pbhnad iiHuminatedbntthe sllgrgﬂtrehndmg_smfaoel sfea optichhr: copdiin}
recor.di ng medi um 110. The linear polarized |I'ight: of the direction o

- pol ar ipadiven 106! RRHTAE agut:n dise. @Heeﬁ%lll% ﬁﬁ Lﬁ,hﬁhﬁﬁﬁfpa{tﬁ toggtmi ghgf;ﬁ} Al Lis

- reflected by the reflecti g surface W|t. eam s on.

a sec m s ter d. pol g beamsplitter
22 |s%g?m¥tshgﬂ? 8‘9 Eetﬁﬁe l[cgt ée(f(H fg@utsnnqq%rg:lﬂte din? [Presed not ..
“nodul ated by the op tlcal recor di ng rredl um 110 ~the amount. of .the = =
_transrieRgy by gnt signg] rqserquaasurtacetvmh zespent todthe direotien| aftpaldrization . The o
.-return light beam L2, transmitted through the second pol arizing beam

a-l-‘f

_'ﬁﬁw

~ - spl'i t tand reflected to Gilen thrcbbjycting lengiing S'1eAsrebyral RN bemands Bnsmitfed fi r st

- concentri.c nmetho

‘phot'odet ector (PD1) 25. The return |ight beam L2, reflect’ed by the second. .-
- pol ar itBi@hREBSEmM SRbakdes" S system"._
.26 and. gm%m fe é?jgeb27det?glgag’getgg%§%¥?@9§ﬂ ]élg GO@‘?E%EW%&’@SQ%Q ﬁﬂothe o
detec nal opt i ut. fromt todetectors 25,28, ﬂ
~ varial nggrsf @lﬂgﬁgé hgi]hﬂfﬁ}g cﬁ#ec@ r?&u fg’q rﬁ%ﬁtl?é’lﬁﬁép“étq??ﬁ ag fojthe diregtion-efking ..

errorsignals. (rg;y be generated to read out information S|gnals recorded on.
. the opplatigativacdithe hig eeany iy, incidesoon thst eptidah e oondinganediung 140r Fhesi gnal s, -
~~the so-called astlgmatlc nmethod or the knife edge nmethod. For detecting t‘he_--

* trackiesylting lines J@p‘lah&:d lifiet isecterhé® b thepulmiihg PRafPdplfttbrdid f erenti al
the so- cal g ﬂtﬁﬁﬁgﬁqﬁhb% I%lLE ?eﬁ’tﬁéthd gg&ﬂ@t’efte'i?f* b 'Egt]ﬁgéjhgﬁflé tﬁ%bgégg out

- Moreover, the presefit optic vice s a
; 'nt.or §i?1 tterri9 tofallona second polanzlng beam sphtter 22. This second polartzmg beam

splttter 22is set SO that in the state in wh;ch thc retum hght beam L2 is not modulated :
by thc optlcal recorchng medlum 110 the amount of the transnnttcd hght will be equalf L :
to the amount of the reﬂected hght The return Ilght beam L, transmlttcd through the
o second polarlzlng beam, splltter 22, is convergcd by enlarglng lens systems 23 and 24 )
i ona flrst photodetector (PDI) 25 The return hght beam Lz, reﬂected by the second
. ..polarlzmg beam splltter 22, is converged through a convergmg lens system 26 and a
'kmfe edge 27 toa second photodetector (PD2) 28 Based on the detectton s1gnals of
& ’the optical output from the photodetectors 25,28, vanab]e 51gnals such as RF 31gnals |
' .focusmg error signals or tracking error 31gnals may be generated to read out

" information SJgnals recorded on the optlcal recordmg medlum 110

maybe used in additionto the above-described . method, or - |




‘signals‘fronithe o'pt i cal- récof di ng’ medi um but - also'to write information - %

Y gnals on the optical recording medi um110." A recordi ntfanepens
;reprodUC|ng appar at us-: may be constructed by prOV|d|ng the - optical pickup
- dévi ce, described above, and a recording nedi um  hol di ng mechani sm adapt ed”

for holding and. rotationally driving the optical recordi ng- medi um 110, : such - |

woas--an opttcal _di'sei -as-shown -i-n -Fi-g. 45.--I-n- the recordi-ng -and/ or - r eproduci-ng:
. appar at us, shown in Fig.45, the mgné?s read out by the optlcal pi ckup

~ device fromthe optical_ recording nmedium 110 are processed by the signal

. processing Borrdet¢atingdhg doeusing eRbr signglsathe sanchlledristigmatic wetimidonahs. The .

' Si gnal S input to thi's recordi ng and/or . reproducl ng apparatus. fromoutside . .

‘are praseskaditiyrenfial édxﬁ:eﬁtndah@ﬂte‘éﬁhﬂ%@ﬁsr gli'h Sd&ﬁ&ﬁa?nh%%ﬁ) d,; BelY- the

optical pickup device on the optlcal recordi ng ne r| al )
- - Appl i cahi { ns,.uni t - manuf I'ng t hod .and  devi ce,
- accord é{:(?)@’e Hbd k@%{)@gg&&ﬁg g‘%‘t ﬁaﬂgpgﬂré)lrsg]@? ngl&ﬁ?tF?gf B‘l‘gl“P'gllready ‘
nmount ed &9 secured t'o the lens present invention, in which a lens is =~
_ posi t i 9RE@; AT QR‘CW caled éﬁlfftffznﬁﬁ]ap‘eﬂl-P@lﬂtmdﬁmthéDPBf migthetBrmaydeaused er ence,
and the one lens is secured to the |lens holder, for setting relative -

- | ensesMoréaver,ahe peesent tieglepickug deWe) 1m@lble|1ﬁ)$$>n11jﬂw réad ouﬂﬁ;‘foﬂﬁati’&?e”m ed
.efficiently positions of ‘the one and the other |enses, so that. a doubl e

~lens, %‘i’gnaﬂs’ﬁﬁﬁi hed Hf:aﬁé’@ofdiﬁ h@@)ﬂ@u@ﬁfso to hvrltb?nfo(}ﬁﬂtﬁtneslér?aﬁ Bn?ﬂege Lhe

-]

cast| ng tol erance ens

optlcal recordmg medlum 110
A recordlng and/or reproducmg apparatus may be constructed hy prov1dmg the
. optlcaI plekup device, descrlbed above and a recordmg medium holding mechanlsm |
adapted for holdmg and rotatlonally dnvmg the optl‘cal recordmg medlum- 110 such
as an optlcal disc, as. shown in Flg 45 In the . recordlng and/or reproducmg apparatus
a shown in Flg 45 the s1gnals read out by the 0pt1cal plckup dev1ce from the optlcal ‘ _.
recordlng medlum 110 are processed by the 31gna1 processmg cncmt to generate RF : o |
SJgnals and varlous error szgnals The 31gnals mput to th]S recordmg and/or :
o reproducmg apparatus;f;rom outszde_ a‘re‘ proc‘essed by the -slgn_al process_mg circuit so .

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

Industnal App]lcablhty
Wlth the ob_]ectlve Iens umt manufacturlng method and dev1ce accordmg to the -
‘present invention, in which a lens is positioned in a cyhndrlcal]y~shaped}ens holder of

a synthetxc resin matena] usmg another lens, already mounted and secured to the lens




witthin ca short tine” Since only the: necessary mi nj mum pr eci si-on may be

required of s-interval along the optical, -axis of the objéelmne 2e06l eris uni t-
and the parallelismbetween the | enses are mai nt ai ned by the precision.of
the objective |ens unit nanufacturlng ‘device, 'i't is possible to inprove the"

-, assenbling reproduol bi'lity and the yield.- Wth the present -invention, it-is . |
. possible to- produce “an- ‘obj ecti-ve-l-ens-unit; -w the a-numerical" -apert-ufr-e-: aot:x

.l ess than 0.7, imade. up by pl ur al Ied@% -in which the rel ative p03|t|ons L
" ‘between .the | enses may be adjusted 1o hlgh accuracy and in which the . -
spher i Ralferagep referansenand s ansdensid seaged tothedeoshalder, Gorsetiing relative -

obj ective Iens unit ‘manufacturing apparatus for ‘manufacturing. an objective . .

- lens ' positionsveftthe st iheabthepRubes; 8o thata HSaBIeIBANSA cOmpRLd dPvRY @
plurality of lenses, conprising: a positioning mechanismfor positi oni ng

* mater g ”"Jﬁ*l‘%é“éﬁ%{’ AR RG0S RS, o P BERRE GrlPly | o - |
EHERT R R A A
! N nsesthe lens holder it-is possrble to enlarge the castmg tolerance of the lens holder to -
nnprove the yleld Moreover smce the lens mterval aloag the optlcal arﬂs of the ,- -:-ij
ObjecthC 1ens umt and the parallehsm between the lenses are mamtamed by the _' |
o prec131on of the ob]echve lens umt manufactunng devrce it is posszble to rmprove the =
.; assembllng reprodu01b111ty and the yield. ..
Wlth the present mventlon itis possible to produce an ob]ectlve lens umt with
2 numerrcal aperture not less than O 7 made up by plural lenses 111 whlch the relatlve .

'_ f_posrtlons between the lenses may be adjusted to hlgh accuracy and 1n wh;ch the . |

= g sphencal aberratlon may be reduced -




““holder; a 'light source for causing a Tight beamto fall on. the respective "

" lenses in the lens a reflecti ng nenber- for reflecting-sai mJunglzooebeam

_converged by sai d respective a focusing error signal detecting mechanism -
~for receiving the |ight beam reflected by -said reflecting -‘merber to fall -
..agai.n on.sai d. respect ive l-enses to get ect-the focusing error, signhals .

=W R respect ‘tor-said- refl-ecti-ng menber ;- wherein- the. anount of ‘spheri-ecal:

. aberration in the light. beamtransmtted through sai d respectrve | 'enses |s
‘measur@dAIMSsed on changes in said:focusing ergo si gnal s when said
reerctrng nenber is foved al ong the optrcal axes of the respective | enses,

adj_ygi ob}é@tnﬁb RhaRaR ﬁﬁiu‘f&%hﬂ SpgaPRRS il MEmIBARSSe BRATBGEAYe 34isd amount
| R T

of spherr cal aberrat I.on. e I ens unit nuf act uring appar at us

7o e i LA g o Ciqﬁ L0 7RG S REE U e Fteﬁtse_,;

- -uni t manuf acturing- apparatus accordrng to claim]l wherein said reflecting

- menmberCOfMPrFME at ed -al ong ‘'t he optical  axes-of -the respective. | enses. The
_ objective lens uni't manufacturing apparatus according to claiml mherern ‘
~ the | ens hopdsitioning Inebhgnibmnior |mslepmnrggo®etpns ong ¢3rhmdnvailyeshap¢rb lfmﬂt er rins.
of the respectrve Ienses _
holder ofa synthetlc resin matenal usmg another lens, already mounted and secured to

" sald lens holder | as a reference, and for securmg‘sald one Iens to sald lens holder& for
S :. g 'setu'ng"relanve pOSIthg,S;' of iS__alﬂi or_xe 'artd’ tbe‘other lensess; o ‘.
‘a light so_urce'for'causing' a ,tight b—eam to fall on, the reSpective lenises in the lens
holder; | | ‘
a reﬂecting member for reﬂecting said light beam converged by said resp_ective '
_ I__en_ses;' an'd'glrl o | . |
a focusmg error 31gna1 detectmg mechamsm ‘for rece1v1ng the ltgbt beam reﬂected b)r '
\sald reﬂectlng member to fall agam on sald respectwe lenses to detect the focusmg error -
7‘.51g-nals Wlth respect to sard reﬂectmg member wherem | |
| the amotmt of sphencal aberrauon in the llght bearn transmltted throuéh sald
L - _I‘?@?Ctlye _len_‘ses is rr_t_‘easured_,‘-:r b_as_.ed_ ot _chang'es__ m— satd_ _f00u§1#g-l¢f¥9¥ s._lgfgars.
'_ -Wben said ':reﬂe'cting member is .move?ialong _tb_e opttcd:axes of tberesp'ecti_'\re 1enses, to.‘ :
l'adju‘st :‘the dis'ta_nce 'bet.\a,reen the respective Ienées based on .sa_id amount of spberic_al

- aberration, -

2. The object_i\_re_ lene u:rut manuf_acturing apparatus _acc_ording to _cla_im 1 further

 comprising a mechanism for measuring the state of offset between the lenses using the




“‘are‘ihserted to contfol the of fset. of sajd respective lenses; said "

o respective | enses being inserted into-said |lens inserti ngﬁd;metzmtﬁns to

- contral the offset of the respectlve | enses; said respective |enses belng
secured to said | ens holder. with an adhesive as the offset of the
respective | enses..is. controlled by gaid lens'inserting. sections The

| obj-ective.l.ens:uni-t -manuf act-uri ng--apparatus. accor.di-ng.-to . claim4. further- a-

_li'ght source for cau3| ng a light beamto fall on the respective |enses in
“the | angr@ighipri sing: hol der; a refl-ecting menber for reflecting said light
. beam converged by said Ienses and a focusing error signal detecting ‘
- mechani s espective -for receiving the |ight beam:.reflected by said.
~reflecting nmenber to fall agal n on said respectlve | enses to detect the

f ocusi nals.. vvlth ect t .0 aldr Ietl rein the
- arrountipg‘a E}}?@Wegﬁ a trtnﬁt“il Hgtalli’gara h""tcc?)r ]??gﬁt?t re[nhlsgﬁgh said
-~ -16 June 2006 66 reflectin menber i-s moved_ al ong the optical axes of. the
T es pecrteﬂg'@lqgéh%‘?ﬁf 1§ ﬁb};?é]‘jﬁd%%lpng e aptispl axewoifbe V@ﬁPPttVﬁéeftSé%pect ive | enses
_ based on said anmount -of spherical aberration. 6.. The objective lens unit. .
~manuf acturing. apparatus for manufacturing an objective lens = unit used as .
-an’ Obj ective lens unit of an optical pickup device for witing or reading
~out i nf, oT e tjeutive IR aink mumcuirmgta@aramtace@hlﬂgeeetﬁinngwﬁeewﬂme leecor di- ng

"to.claim4, further =

holder 1ncludes lens. tnsertmg sectlons ‘into whwh the outer nms of the respectwe lenses

:- - :at'e;mserfed" _t'o-' cont‘rolj;'_':the_l'offs'et of sltu‘dfre'speetlve 1_enses; "satd*-fespe'ctiye'1_en‘sesbetf‘1g e

- . in_s__erted into said lens -iilserting_ sections to control the offset of the respective lenses; said
| respective lensesb_eirng sec_t_lred to'-s_aid lens holder 'withen_adhestge as the ‘-foset‘ of the

respective lenses is controlled by said lens inserting sections.

5. ’_I"h‘e _objective--"-lens uhit _m_a_nﬁfectuﬂng_. epperatus '_ac-oordingr to" clatm 4 futth_ef.
'-comprising:'” - R o R
| a 11ght source for causmg a 11.g;ht beam to fall on the respeettve lenses in the lens K
.holder e | | S
 a refleeting member for reflcting said light bean converged by said respective
lens,es-'- and '. e o e .l
: a focusmg error. 31gnal detectmg mechamsm for rece1v1ng the hght beam reﬂected
| by sa1d reﬂectmg member to fall agam on satd respectwe lenses to detect the focusmg
| error'signals With respect to said reﬂecting meniber; wherein
| the amount of sphencal abetratlon m the llght beam transmltted throtlgh said

respectlve Ienses 1s measured based on changes in sa1d focusmg error 51gnals when sa1d




“eonpri siong: T a mechani smfor - deterninitng the distance between thelens
~surface closest, | to the' optical recording nmediumand amé&nd26tkce of a o
~I'ens holder lying around said |lens surface. .along the optical axis. 7: The
© obj ect'ive lens unit manufacturing ‘apparat us for manufacturi ng an objective
~lens. unit used. as -an Obj ective leng unit.-of. -an -optical pi ckup device for .

W Rgore 1 eading* “out---i nformati-on- si-gnal s.-on.-er from an-optical -recordi-ng- |

medi um according to cl aim 1, wherein the other |lens used as a positioning

“refer esfleetif® meated isomevédalong she dsticabieesIof It Ashediiverteisas topidjueather ecor di ng
medium with a surface of the outer rimof said one Iens renote fromthe ‘

- opt i Caistaﬁleégét%élgthféqédpéeﬁﬁelbﬂ&s B ASafl Sk 8P§1ﬁmeﬁ6£1fa%€ﬁaﬁc9{ posi tioni ng -
sai d ‘one lens; .the surface of the outer-rimof said other I'ens close to .

sai d optical recordl ng .medi um being used as said positioning reference for,‘r
~said one lens. 8. The objective lens unit nanufacturing apparat us for
~manuf %CITH ective lens 16 June 2006 67 un|t as clainmed in-claim 7
- wher ein Efemféﬁé%ﬂaa%%cmawrﬁﬁ T BARUAGIERE 20 OBjestiyRdens| ens s
. hel'd, the d| stance of said one lens to said other lens, is determined in a.
st at e unttusgrbas an ebjeetive lens 1eit ofgn optiehl Ipeqkyp rd@me for wngag & r%lmgh@n
dlrectlon of the optical axis is -
1nf0rmat10n mgnals on or from an optlcal recordmg medlum accordmg to cIalm 4 ﬁlrther‘

.' | ® meéhamsmfordetemﬁmg th¢-"di'_Sfa‘n:ceb‘etwe'éh';tfhe"—j"l'.(?ng-—l.surfacé' clOseSttOthe T e e
S - ,'Op_yi'cal r'ecofding fne'dilirriland aﬂ-,end face of a lens holder lymg around said lens surfa.lcef' -

along the optical axis.

7. Thé .‘obj eéﬁve .'Ieris‘ unit -ménufacturirig -apparatus Vfor manufai_ctuﬁng i-an. 'ij c,étive lené
. un1t used as an ob_]ectlve Iens umt of an optlcal plckup dewce for wntlng or readmg out”
1nformat10n -srlgn‘als bn or ﬁom an optlcal recordmg medlum accordmg to clazm 1, T
V‘V'vhf.:rem R | |
: the other 1ens-usel:d as é-p(ss1t1lomng refefenc;e for sa1d one lens-ls the lens remotest o
e f"‘ﬁ'om the optlcal recordlng medmm lw1th a surface of the outer rim of sald olw lenis re‘rr-u-)te‘ S
'ﬁ'on_l the opt;lqal rc;polfdlng .r'nedlum belng us_ed aé'a reference_ surfa;:e fo'r pos1t_;onmg sa1d. :
onelens; | S -
the surface oftheouternm .Vof sald 6th¢£ I'er'lsr élo se i:o sa;:l opfiéal ;reéording rh.e'dium L

- being used as said positioning reference for said one lens.

8. The objec_:t_ive_'leh_s_unit.m_énufacturing'appégrétus for manufacturing an ob_jec_:ti_iré lens =




concer ned, sai'd oné! Iens bei ng secured to said T'ens hol der by an ‘adhesive. ¢ |

The obj ective 1ens unit manufacturing apparatus for nanuf_amunelzm an 7
- objective lens unit ‘as cl aimed in'claim?7 wherein, in securing. said one i
“lens to said lens holder, said one |l ens i's held, the parallellsmof said
.-one l-ens:to said-other: lens s detegfnnedlnastate not :
- position- controlled- by sai-d-1-ens hol der, ~i-nsofar-as-the-tilt wth- respect
.to the optical axis-is . concerned, sai d one |l ens being secured to said

“lens bt declaniedin daiiesiwtRreidOin s}'&t&r@maﬁpéﬂe@ns RNaidIRink hoReY fsasatdel Ng

~ apparatus for manufacturlng an objective lens wunit as clai rred inclaim7

furt hehs GORBI ﬁiencﬂstan d?oﬁf’&%d Uﬁ@ n890 ;ﬁﬂb@cﬁeﬂc Rhs. RO ﬂrﬁﬂéd"ﬂl Flra fdience

surface of a lens a nmechantsm. nmeasuring t para I sm betvveeh

said refe f i gh |
“beam PRIE SR 120 PR o 2 ﬁﬁgqaspafisuﬂmsi Hini acturi o

an. obj ectlve I ens .unit as claimed in claim?7 further corrprlsmg

'-""-'p05| t PR draaibene leay bejag pecunditagaid lensroldasby avadhesive. of a | ens; and g

. mechani sm for neasuring the parallelismbetween said reference surface and
~.said positioning nenber in a state in mhich said reference surface is
- abutted agai nst said positioning. menber. 12. The obJectlve lens unit

_-manuf 3¢t The dBjedRRAleA Usit kmufRAHMRCpphias R nRRiRRin ?ah&)’b?edt{ﬂb terds clai rred...-_
in claim7 further. conprising:- a- p03|t|on| ng.- marrber pOSItIOI’lI ng a. Lo

- r efer %ﬁﬁ%s %}a'fr'ﬁ@rfﬁl aam‘f"?lvﬂ{e?em aiﬂ%ecunng sald one lens to sald lens holder said one -
o ‘- lens is heId fhie parallehsm of sa1d one lens to said other lens’is defermmed in a state not:' E
o v-pos;tlon-contrelled by said lens holder, insofar as the tilt with resPect' to the 0ptical aXi's is

concemed, said one lens being securéd to said lens holder by an adhesive. B :

- ‘, 10 -Th'.e-ObjéC_ﬁ;VG lens umt 'manugaewriag ap'pararus for Irlanufacfurin'g an _‘o.bjeetive lerls. )
" unit as claitned in claim 7 further comprising: o o - |
a pesiﬁoning memberfer_pe'siiiqning areferenee surface ef a'let_rs;.and B
a ameeh_an;ism for .rrreasarirrg rl_;e .parallelism be_tweerr said referenee-surface and said - |
| ;-ao..siti.c';nilflg'1;1"1emb1er,w usmga laser' liéﬁt_beara. - 2 - o
11 The’ objectWe lens un1r manufaemrrng apparatus for manufacmnng an Ob_]eCtIVG lens
- umt as clamied in clalm .7 further comprlsmg |
a pos;rromﬁg ﬁsensﬁer for pos1t10n1ng a reference surface of a lens IV and -
a mechanism for meas_unng the parallehsm between said refererice ,surfaee and
| ) sa_id' positioning m__ember ina state. in which sain referenee sﬁrfaee 1s abu‘rted aga_inst said

~ positioning member,




‘a rrechanr smfor abiitt i ng said ref er ence- surface agar nst said posr t| oni ng
menmber by attracting said‘|lens: by a pneumatic pressure di 16 &me300&al | 13:
The objective lens unit manufacturing apparatus for’ manuf act uri ng an
objective lens . unit as claimed i-n claim7 wherei.n the parallelismbetween

- the surface of..the -outer rim-of sarggother Iens renote- fromthe optical - .

.recording- medr,_um and- t-he -sur face-of ‘the-outer-ri-mof said-one l-ens-close-to

. surface of said outer. rimof said other lens remte fromthe optical I
‘recordi ng nedium said opti cal recordi ng nediumis neasured by detecting -
only the reflected light.fromthe other. lens and in which the light
trans f i
phot ogTejt g‘gggrﬁhlﬁ’%lé?%ni'? gﬁé‘%{ﬁ hlﬁ{v(\;hur{dg!l? aﬁﬁqr#& %??I?agquaﬁm ﬁatnu%ﬂ ngglhst er..rim
of sar d.sur sai er rimclose to said optical recording medi um

S s: t?aeétch gg“t 815‘%%95'%15. COIRRHgBFeCtI ve I ens unit manufacturing met hod

-~ for nanufacturr .ng:-an o trve | ens ‘uni.t, i a nurrerrcal aperture not- ... -
“less than BPoSitipRigg Ny qﬁfl OJPSF’&PEHWgtVefer?}?C‘?ISEﬁ%‘@s’ adens;aed her | ens;already

. mounted and secured to said |l ens holder; as a referénce, and for .

. posi ti oni ng neechamsmifor bty seid refelehge. str&aedgtuesmaidqtqsmontntg mesprtbetic -

- resSin material, using causing a light beamto be incident on the respective
N enseSattrmﬁ@sdxdlletiebjwbﬁkeummcrlﬁsb@etdxﬁaeﬁ@atd 1i ght :beam converged by sai d .

. respective lenses, by a reflecting said respectrve | énses to-detect.

. .Focusing. error :si gnal s wi:th respect. to sai d:reflecting Jcausr ng the’ trght
“beamreéflected by said reflecting. menber to be re-incident“on rrenber

e e Sk A PRGBS SRR ARG ?rsgﬁ[‘ﬁiim -
. transmitted, refl ectr ng-nmenber i s -noved aI ong t he optr cal axes of said
- ‘_r espediitas Ciaé‘ﬁ§@§1 Ct"én th‘]ht?%ﬁtmt he '. . o
| . the parallehsm between the surface of the outer rim of sard other lens remote from
. the optical r‘eeording medium and thet surface of the outer rim of said one lens close to ..
: sald optic.aI‘ _record_ing; mediurn is rneasured ‘bjr-detecting_ _on‘ly the retleetetl light from the
i surfaee'of satd- outer‘ rim’ of said other lens' remote‘ from the o'ptioa't r'ecording me'dium‘ "
: usmg a photodetector ina slta‘te in trvhlch the l1ght. is mmdent on the outer fim of said o
other lens and in whlch the lrght transmltted through satd outer r1m and reﬂected by the -

su:rface of sard outer rim close to sa1d optlcal recordlng medtum is ‘not returned to sa1d‘ '

S k 'photodetector

_ '1-4 An ob]ectrve lens- unrltmanufarctunngr method for manufactunng an ob_]ectlve lens unit,
. 'w1th a numerlcaluaperture ‘not. less than 0 7 made up by a pluraltty of lenses, by -
positioning a tens ina cylmdncally—shaped lens holder of a synthetic resin material, using
__ another 'lens; already rnounted anri .se__curedto saidiens holgle'r,_ as a _reference, and for

_ " securing sai_ic_l_ one lens to said lens holder, fo'r.'sett'ing relative positions of said one and the = -




“di'st'ance between said respéctiVeltehses'based'On the amount “of said"
spherical -aberration. through said respective.lenses, basetithmazodiﬁanges in-

- said focusing error- signals.when said 15. An objective |ens .unit

| enses,

_lenses, based on changes in sai.d focusing erro

manuf.acturing apparatus according to claim 14 wherein the reflective nenber”

. iI's.wvi-brated along-the:optical. axes of 'said respective.lenses.. 16.--An -

obj ecti ve 1ens: umni-t - -manuf acturi ng-met hod -f or —manuf act ur-ing an- obj ectlve
.lens unit, with a numerical aperture. not I ess than 0.7, made up. by a . o

- plur abt}teylamfsesl,sméﬁieﬂiddrconwmsnig one lens is secured to a

cyllndrlcally shaped I'ens hol der of a synthetic resin mat eri al by being

fitted, to QudifPalighteamltoHd 1ﬁﬁ@éﬂt%ﬁ tﬁg Icflvé l%'il§esllﬁlsgi%rlenstl9)ld’@?‘ ch anot her:
lens is already nount ed and-. secured sal d other |ens. as positioning,

'reference f et at of. s and.t he ot her-.
| LG SRR B ey ttes%@. RerBtivareeh o eoheRer oaia
~-one and the other l-enses to control the offset of said cau5|ng a light- beani
“to be M§BPEENt on the respective | enses ‘i n-sai'd’lens hol der:. reflecting: - =
. said light beam converged by said respective' |enses, by a reflectlng
nenber;  s&peingethsdight \beamerﬁﬂe@ed bydetdgmﬂectmgimen@ee ta be reiinpiddng oni t h

o respect to said reflecting nmenber, -based on-a light beamtransmitted
. t hr ouggaid aéspectbeplendes ie- deeemdecusixtgi cfrat sighgls twich lrespbtt Readnl refit@igged by
.said reflecti.ng nenber to be re-incident.on determ ning:the. anmount of said -

spher i gahbabesdedbhANighPb&ah ﬂahérﬁh%dhﬁ&i@ﬁia?d’é@%éch@gléngés%ﬂd‘ said. reS_p_e_C“ VE' |

si gnal's, ~when ‘sai d

Sheee 8o REpe el R e e Y O MR

“'anount of spheri : gerr ti-on. unjt, W th-.a nunerical aperture not

Tess (HRHE Sa;‘g TRERY eltﬁ?s %Ptlweem Jaightogusing grrersigpgls Bhpeetidve lens

*unit manufacturing nethod. for manuf act uri ng -an obj.ective |ens

reflecting member is moved along the optical axes of said respective lenses, to adjust the

distance b_etween said respective lenses based on the amount of said spherical aberration.

R bR A’n_’ob‘jective lens unit manufacturing al'aparatu‘s according to claim 14 wherein the

- reflective member is vibrated along tl'ie_opti'cal axes of said respective lenses. ST

_16 | An ob_]‘ective lens‘u‘mt manufactunng method for manufactlmng an ob]ectlve. lens
urut, wrth a numencal aperture not less than 0.7, made up by a plurality of lenses 1n. o
' .‘ ﬂwhrch -one lens 1s secured to a cylindrrcally~shaped lens holder of a synthetlc resml :
materral by bemg ﬁtted to a lens insertmg sectlon of said lens holder to which another
. lens is already mounted ‘a‘nd secured Wlth sald other lens as pos1tioning reference for T
| effecting relative positioning of said one and the other lenses, said lens inserting section
'_ reeeivmg outer rim portlons of sa1d one and the other Ienses to control the offset of said

' fone and the other Ienses sald method comprismg




~whi¢h one lens i's 'secured to a cylindrically: shapie'd' I'ens hol der of ‘a "~
~synthetic resin material by being fitted to a.lens insertitdunsecad on of

- said lens holder, to mhrch anot her lens is already nount ed and secur ed,

'--Iens glu

IT“and the other enses, sald obJe

~with said other | ens as positioning reference; for effecting rel ative .
positioning of said one and the othgy -l enses; said lens, inserting sectlon o
r.eceil vi ng- outer Ti-m- portlons .of sai.d-ene.and the..other. lenses to- control
. the, offset of said one and the other |enses, said objective |ens unit:

‘bei ng usedczaemgra 1odhit edrh vebé meRlerbi thle@éspadﬂ:l\%ﬂéﬂlse@in piicleupheigei;ce for
writing or reading out information signals on or froman optlcal recordi ng -
medi um sa g@gd Sehm! | t he opti cal
-axi s bet vvelee?ile%ﬁe Ieng suF?%cg%dtg&gg?gqlngdgglgud&s\ee%il&isoaﬁlgﬁr%l&?llggal recor di ng
medi um ?‘?)% an end face of the lens holder-lying 16 June 2006 71 around sai d

ACe. . 18. An obj ective lens unit manufacturing nmethod for -

~-manuf act uri ng, an_o ctlve |l ens unit, with a numerical aperture not less .
“than 0. 7i ﬁ%@gutﬁeﬁlg ébﬁl‘lﬂrrﬁll?‘tt‘iﬂ by saidstedlecting WEMORT &hbe reinsideat gBsi ti oned -

_and secured to a cylindrically-shaped | ens holder of a synthetic resin
~mat er 5l egpepdiedenses tedetoot fodusing drresigialy vatit réspectoo sad deflestisghol der

. to which another lens is already-nounted and secured, with-said other Iens
. as pogiehiber)ibagedrd@f £lightGeamfteihs@itfed elidongh saielréspedtﬁreﬂeeet ia@@i ng of said >

one-and - the other |enses, said.l.ens inserting.section recei:ving outer rim’

. portions ofuawiifingM6e ARGulHE saatg?heﬁepaeaaanqﬁ @tnqgght li@adﬂftifaﬁﬁhitt‘ed said one:
ctlve use

ens-unit.bein as an Obj ective

vi ce .for. rea -Qut,

.lens o]
i nfor oligh kit PERRRY < G8hesP iy SCL T R LI
' T reﬂectlng member is moved along the optical axes of sald respecnve lenses, to adjust the

distance between said.respeetlve lenses based on the amo_unt of said'spherical aberration.

17. An' objective lens unit rrianufat:turing-- method for manu'facturing an objective lens
N umt w1th a numerical aperture not less than 0 7, made up by a plurahty of lenses 1n‘
| wwhlch one lens is secured to a cylmdrically shaped lens holder of a synthetlc resin
| matenal by belng ﬁtted to a lens 1nsert1ng sectlon of said lens holder to which another B
lens is already mounted and secured w1th said other lens- as nosmoning reference for
"leffecting relative pos1t1omng of said one and the other lenses said lens 1ns.ert1ng section"
_rec_elvmg outcr- rimportrons of said on'e and the _other lenses to oontrol the‘.o_ffset of sald :
'one and the oth_er lenses; said obj_ectiire lens umt being usedas an ol_)ject_ive lenslnnitfor
an 0pt1calpickupdev1cefor ertll‘lg Ior reading,ont iinfon:nation 'si.gnals'_on?or frorn an : ,- :
optieal recording medium | said method comprising:
detenninmg the dlstance along the opt1cal ax1s between the lens surface of sa1d |

lens closest to an optical recording medlum and an end face of the lens holder lymg_ S




~said |WHs B adumerigal Jeriute Befderethan dhs madepp Sy P

" ‘renpte fromthe opti-cal

+"sdid ‘other lens, ‘Used as a positioning reference for said one leéens, is the
1ens-renote fromthe opti-cal recording nmedium wth the #uhaeedéof an

~~outer. rimof said other I'ens renote fromthe optical recording nedlun1be|ng_
used as a reference surface for positioning said one lens; the surface of -
...an outer -rimof. said one |ens-closesto the optical recordlng medi-um belng
~ousedas a- posypjonlng +ef eFence- 'surface, and--wherein -in-posi:tioning the: -

. lens reference surface using a positioning nenber t he parallellsn1betmeen .
sai d T gbendse leukiidse, and sai d posi tioni ng menber i's neasured using | aser
light. 19. An objective lens unit manufacturing nethod for nmanufacturing an
objective lens unit, with.a numerical aperture not |ess than 0.7, nade up

by a plurality of Ienses in 16 June 2006 ‘72_ which one Iens is p05|t|oned

and se d, .to.a Ilndrlca shape ) f a Tefere for - .
- andsoRr Rl obiife S MY bR ERETERLP RS ROMR Rl B BIGEE R T e
synthetic resin materlal by being fitted to a.lens |Mrtlgq section of -

gHas-sBcured,

_Wwith said other lens as positioning inserting section. receiving outer rim
~ por t i owkichforsalcds anositidnadhandsémawred gnseeylindricah-staped hensolidldet obk sai d one

and the other |enses, said. objective lens unit being used as an obj ective '

- lens wyntheﬁe&es&ﬂnﬁmﬂacay befmigCittsd tdemeﬁmﬁsemn\grsJet:wmgomald tiag hoRleatb o
information signals on or froman optical recording medium .wherein said

. other \ g8 anbhedidas 1§alréa‘3&%@lﬂﬁ&1 SRT sRARI WAtk B S 19 s | g@ﬁﬁonfnﬁ the lens:

ecording nedium: w th the surface of an“outer rim f

8 o7 PR PR R PRl O BERATar F B BEMRAR B 8
. rirm of, sald one | ens close to- o :
- . inserting sectlon receiving outer rim portlons of said one and the other lenses to control_ :
the pffset of said one and the other lenses, said obJe_ch;ve lens _U.nlt being used as an |
objective lens unit for an optical p1ckup dev1ce for ‘writing or readmg out mformatlon
s1 gnals on of from an opt1ca1 recordmg medlum wherem ll

_sald_ other le_ns,_ used as aAst1t10'nmg referenc_e for s_ald one leﬁé, i‘.s th‘é 'leﬁs rg’mote |
ﬁdm- tﬁe -o’pﬁéal -fecc;rding médiﬁﬁi,'with the surface of an oufer nm éf -said otﬁér lens
' rr‘eilnote ﬁ%)iﬁ the optical' reéordi’ng ,‘n‘l_f_:d'ium béing uge,d as a"refe.‘:rence surface _fdr, E
_posztlomng sa1d one lené o o | | o
‘bemg usedr as a -_pos_1t101-11ng ,referen;;e surface, ‘and where_m m po§1t1on1ng the =lens :
1_*'e-f'ercnce- s:urfa-cé usiﬁg .a.:posiltioﬁing;?rﬁémbef, the paraiiel_iém befwccn ‘said f@fgréncé

- surface and said positioning member is measured using laser light. -

- 1. An objectlve lens unlt manufactunng method for manufactlmng an objectlve lens

umt w1th a numencal aperture not less than 0 7, made up by a plurahty of lenses in




. beéing used as”a positioning reference surface, and‘wherein he optical Y

‘recording mediumin positioning the |ens reference surfacts isedgos '
posi tioning -nmenber, the. parallelismbetween said reference surface and

sai d positioning menber is nmeasured with' ‘said reference surface abutting
.- -agai nst sai d- pgsi tioni:ng member. 2072 An objective |lens unit manufacturing -
- ‘met-hod. for-manufact uring an -obj ecti-velens -unit, wth-a-nunmerical -aperture--
.not less than 0.7, made up by a plurality of lenses, in which one lens is
‘posi tivaiell casdese ¢ pedtidedaamly bécuekd. edlal yylhldapsit/-saped halsdesldef ofa
- synthetic resin material by being fitted to a lens inserting section of
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ABSTRACT
An objectrve lens umt manufacturrng apparatus for manufacturmg an ob}ectwe )

o lens umt w1th a numerrcal aperture not less than 0 7, made upbya plurahty of lenses,

| mcludes a posrtlomng mechamsm (31) for posrtlonmg one Iens (2)ina cylmdncal]ya_‘

- _--shaped lens holder (3) of a synthetrc resm materral usmg another lens (1), already

mounted and secured to the lens holder as a reference and for securmg the one Iens S

J '-'.:'to the Iens Jlolder for settlﬂg relauve posrtlons of the one. and the other Ienses




